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FOREWORD

The California Department of Fish and Game has received a con-
tinuing stream of requests from a(_hnn.ns‘tratorg, leglslat01‘§, bllo'logr?".tsi
and sportsmen for basic, qnantltatlve‘\ information on the 11f<'3 ns.toil.es
of the.steelhead and silver salmon. This bulletin has been prepared n
X hese requests. )
1esAp;)naS§dt§;it;;1:16 in%ormation about the steelhead and silver salmon is
gathered the concepts regarding their managex'nent.\\'lll be broadened
and in some instances changed to meet new situations. 'I'Ioweve_r, the
fundamental facts about the life histories of t_hese_ﬁshes will remain wn-
chunzed and from this viewpoint this bulletin will have Jasting value.

Lieo Sarovarov and Anan C. Tarr
May, 1954
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The Life Histories of the Steelhead Rainbow Trout (Salmo
gairdneri gairdneri) and Silver Salmon
(Oncorhynchus kisutch)

With
Special Reference to Waddell Creek, California, and
Recommendations Regarding Their Management

LEO SHAPOVALOV
Inland Fisheries Branch
California Deportment of Fish and Game

and

ALAN C. TAFT'

INTRODUCTION

The Steelhead Rainbow Trout, Salmo gaivdneri gabrdiers Richard-
son, and Silver Salmon, Oncorhynchus kisuteh (Walbaum), are two of
the most important fishes found alone the Pacific Coast of North
Anwoviea. A considerable amount of published material regarding their
biology, distribution, systematic status, propagation, and management
already exists. Towever, up to the present time. and espeeially to the
start of the experiments described in the present paper, there has been
a notable lack of quantitative data reearding hoth specjes, particularly
with regard to their life histories.

Because of this lack of quantitative data, so mecessary for sound
regulatory, stocking, and other management programs, the California
Trout Investigations, a cooperative unit of the (alifornia Division of
Fish and Game (now the California Deparvtment of Fish and Game)
and the U. 8. Bureau of Fisheries (now a part of the T, S. Fish and
Wildlife Serviee) in 1932 initiated a program of study at Waddell
Creek, a typieal coastal stream in Santa Cruz County, California. Upon
the termination of the formal cooperative agrcement in 1937, these
studies were conducted independently by the California Division of
Fish and Game.

The plan of the experiment was to study the steelhead and the silver
salmon in their natural habitat. Since both fishes ave anadromous, the
lozical approach was to coustruct a dam or weir at which both the
upstream and downstream migrants could be counted. In the process of
counting, observations could be made on the migrants (measurements,
scale samples, sexual maturity, parasites, ete.), fluetuations of popula-

1 Chief, Bureau of Fish Conservation, California Department of Fish and Game (Re-
tired).

(9)
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tions do?ermined from the counts, and the counts complementegd
observations made on the fishes in the stream (spzl\\‘nin(; -t'(vv(' o
feeding habits, ete.). £ faehies,
Waddell Creek was chosen for the following reasons: It was a stre;
under as nearly natural conditions as could be tound in ()z\l.if(xx"xxl;efl}ll
the present time and was still reasonably accessible; it was lavge enla i
to possess a full biota and small enough to be dammed at reaso?ulablem}gh
and to permit eomplete counts of at least all upstream migrants ?Ohi
thus .a\‘md errors that might rvesult from sampling; it \\'asaso S'lltl,l';lt“’(
that it conld be kept under observational and legal control 'm. a it
with the general public excluded, N i
Waddell Creek in its eeneral characteristics 1s typical of the vre:
majority of California coastal streams of like size, Morcover ill Jmﬁ'ln("ilt
‘tln-c it is almost a replica of the larger stream systems sn’u-h a 'l ltll‘L
Klamath and the Eel. This fact s of great in’\])ortnn'uo in that t.’hc(): ! :(
and ccoloay of the trout and salimon m the small streams and the I(:n)-l.r:
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WiGurRe 1. Steclhead and salmon streams of the California coast.
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ones are similar. Conseyuently, the conclusions regarding the proper
management of these fishes derivedd from the present study ave appli-
cable, at least in the broader aspects, to the coastal streams in general.

Obviounsly, vertain limitations are mposed by a program that consists
of studying the natural fnctnations of a popnlation in a limited area.
Large-scale sampling involving the killing of specimens cannot be
cartied on without danger of disturbing the natural balance. Thus, it s
not. possible to make various measurements such as egy counts and
svloric caeea counts, stomach analyses, ete. The very great advantage
of Waddell Creek in this respect was that its drainage basin is adjacent
to that of Secott Creek, a stream ot comparable size, with comparable
environmental conditions and a cimilar fauna, in which the lacking data
could be gathered. Scott Creek had the advantage of being the location
of a State egg collecting station and a State hatehery (the latter situ-
ated on a tributary, Big Creck) and of being set aside as a State Fish
Refuze. Consequently, it was possible not only to gather data on egy
pruduction and to seenre measurements but also. through marking of
the naturally-spawned fish in Waddel Creek and the artificially-
spawned and hatehery-reared fish in Seott Creek, to carry out a com-

arative study of two adjacent streams, one under natural conditions
and the other under artificial management, and to study the amount of
“homing’’ and ‘‘straying’’ hetween the two streams.

As will be discussed further in this paper, certain conditions already
existed or were created by the experiment which altered natural condi-
tions to varying degrees, especially in the dirvection of making diffieult
a trie evaluation of population fAvetuations under natural conditions,
but the essential guantitative pictuve of the life histories of the species
concerned has remained a correct one.

DESCRIPTION OF THE EXPERIMENTAL PLAN

The basie physical portion of the Waddell Creek experiments eon-
cisted of a dam and a fwo-way trap for counting upstream and down-
stream migrants (Figurve 2). This trap was designed by Taft, who has
presented accounts of its operation in two papers (1934, 1936). A de-
tailed description and illustrations of the physical plan are contained
in the latter publication. This detailed deseription will not be repeated
in the present paper, but a general explanation of the nature and opera-
tion of the dam and trap is in order.

The dam and trap were construeted during the summer of 1933,
approximately 7,250 to 9,250 feet above the mouth of the stream (the
distance depending upon the varying location of the mouth} and 3.300
feet above the uppermost limit of tidewater. The location of the dam
(elevation about 25 feet) was the point farthest downstream at whieh it
was believed that a dam could be constructed without daunger of flood-
water washing around it.

The dam acted as a barrier which the fish could not pass on their
migration upstream. As a result they songht the “‘fish ladder’’ which
led into a tank, where they were trapped. Downstream migrants were
brought into another compartment of the same tank by way of a short
flume leading from the stream above the dam. They were separated
from the upstream fish and weve prevented from passing downstream
by a double set of sereens, the finest of which was of quarter-inch mesh.
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Ficure 2. Waddell Creek dam and trap at low water, showing apron to prevent up-
stream fish from jumping over dam. California Department of Fish and Game photo-
graph.

All of the adult fish coming to the dam were taken in the trap and
were counted and scale samples taken for purposes of life history
determination. The number-of adults of each life history category in
cach season ® was thus determined. This was the first and most im-
portant step in determining the population fluctuations from season to
season. (During extreme flood water in some seasons a certain number
Jumped upstream over the dam and in each season some fish spawned
below the dam. The numbers of such fish and their effects on the experi-
ment will be discussed further in this paper.)

The second and more difficult step was the determination of the
number of juvenile fish of cach age moving from the stream to the ocean
in each season. It was possible to strain only a small portion of the
water passing downstream during high water (Figure 3) and it there-
fore follows that only a portion of the total number of fish migratine
could be trapped. ITowever. the caleulation of the percentage of fish
taken in the trap was possible through the marking of the migrants
caught in the trap. Alternate pectoral fins and the adipose were re-
moved in each season during the scasons 1933-1934 to 1937-1938, inclu-
sive, so that the fish migrating downstream in each scason could be
recognized when they returned as adults. The total number of migrants
2 At Waddell Creek, the vearly period chosen for the purpose of the studies was that

included from October 1st of a given year to September 20th of the following year.
To avoid confusion with calendar years, such a period is cualled a “season.” Thus,

the season of 1937-1938 comprised the period from October 1, 1937, to September

30, 1938, inclusive. This season also coincides with the U. S. Cieological Survey
water year. The rainy season in California, which, together with its direct effect
(water flows, etc.), under natural conditions is the dominating factor in the life
history of the Pacific snlmons and the steelhead, normally lasts from November
into April, and so also falls within the season chosen. Thus, at Waddell Creek and
in neighboring streams the spawning seasons, hatching seasons, periods of emer-
gence from gravel, and principal upstream and downstream migrations of both
Juveniles and adults of the steelhead and silver salmon are completed within the
period from October st of one year through September 30th of the next.

STIRELHEAD AND SILVER SALMON L1 i HISTORTES 13

FieUre 5. Waddell Creelk dam and trap at high water; apron submergel

Photograph by Leo Shaporalor.

in any one year was then calenlated in ;1f:f:01'(}zl11cc with the proportlonl
of marked to unmarked fish of the same life }nstm‘y. Dm‘mg the seasons
1038.1939 to 1941-1942 the downstream migrants taken m the traps
were not marked, but were counted and measured.

DESCRIPTION OF W ADDELL CREEK

Waddell Creek is located in cenfcral California, a])])roxmmtely‘ t\tvlo—
thirds of the way from San Franeisco to Monterey Bay. It ent("ls. 'I‘i
Pacific Ocean approximately 17 air-line nn)]es and 20 nnl‘e;sl.b.\ cof;s‘
northwest of. the northern end of Monterey Bay a_pd t]n’(?e air ine mi ez
sonthwest of Aiio Nuevo Point, on the cuast.of Santa Cruz Clom\t_\i, .a‘
lat. 37° 6’ N, long. 122° 17" W. The location of the stream and 1t2
relation to nearby features of interest in eomnection with the present
study are shown in Figure 4. .

T1‘1e area is near the southern bovder _of the humid coast belt."‘l‘he
headwaters of most of the streams in ths bolt' are subject t-(‘) a g_;'eat
deal of precipitation duving the winter months. I'he headwaters 1)011.1%1(1)
of Waddell Creek has a mean annual rainfall of between 55 ap(f !
inches. The lower portion of the watershed receives much less rfunﬂa ,
averaging in the neighborhood of 30 inches near the coas:ﬂt. 1\-{01(.:‘ han
one-half of the rain falls during December, January, and ¥ ebruary. _

Because of the distinet wet and dry seasons, there ave tremendousf
fluctuations in the flow of most of the coastal streams. The erx‘tent 0
these fluctnations in Waddell Creek may be 'f__vathered from l.ab‘le hl,
whieh shows the peak tloods and low points in each year during the
period 1934-1942.
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Fi1eure 4. Waddell Creek and nearby streams.
During a portion of the year, whi 1
o he year, which may be spr - - or
both. aog. o portier, o th l, ¥ be spring or summer or
ot gs roll in from the ocean and blanket the lower portion
of the stream. These cool the water and even temporarily increase the
flow to a slight extent. ‘

Like nearly all California coastal streams, small or large, Waddell
Creek terminates m a drowned mouth or lagoon, which is subject to
tidal action during those portions of the year when it is not closed by
a sand bar. The mouths of only a few of the larger California streams
(Klamath River, Eel River, Noyo River) regularly stay open through-

. out the sammer months. Depending upon stream flows, tides, and wind
2

and wave action, from approximately April to July or August sand
bars intermittently open and close the mouths even of such streams as
the Russian River and the San Lorenzo River. During July or August

STIRISLHISAD AND SILVIER SATLMONX LIFE HISTORLES 15

the bars nsually form to remain until they are broken (October-Novem-
per) by the first heavy rains of the wet season. Following this there may
1 of intermittent. closings, until the bavs finally break

again be a period . . . .
out (usually December) fo remam open until the following spring or

summer, Table 2 shows the openings and closings of the mouth of

TABLE 1
Waddell Creek: Yearly Maximum and Minimum Flows *
Maximum How Minimum flow
Year
Date Second-fect Date Second-feet

February 26 278 September 8. ___....- 0.7
Aprit 3.~ - 625 September 19___ - 2
February 22 1,390 October 3. __. - 1
March 2V ... 1,390 November 7_ .- . 3
January 31 .. o..-- 1,540 September 27___ .- 2
Marech 9. _- 114 September 28_ ... __. 4
March 30 6,460 November 15, 16, 22___ B
February 9__. 2,065 October 15 oo o- 4
January 24__ . _..._. 1,800

+ Measurements made at the dam.

Waddell Creek. The mouth of Scott Creek has usually opened and
closed on the same dates.

The lagoons of the different California streams are not all of a size
proportionate to the size of the stream. Some streams have character-
istically ““large’’ lagoons, while others have ““small”’ lagoons. In a
given stream, too, the size and shape is not constant from year to yvear,
especially in those cases in which man-made construction (bridges,
jetties, etc.) has affected the lower end of the stream or caused abnor-
mal fluctuations of flow. The mouth of Waddell Creek has shifted over
a distance of 2500 feet during the course of these experiments and
the depth of the lagoon has varied from only a few inches of running
water to over eight feet. The area of the lagoon has also varied widely.
Tn 1933 it was subjeet to tidal action for abont one mile from the ocean.

TABLE 2
Waddell Creek: Openings and Closings of Mouth

First
clcsing date

Permanent
closing date

First’
opening date

Permanent
opening date

September 25

October 31

- December 28

Deceimnber 13

April 21 May 11 November 18

May 30 July 19 October 11 December 29

June 19 July 3 November 19 December 26
Auvgust 24 August 24 October 26 December 8
October 23 October 25 October 27 October 27 -

June 29 July 9 November 24 December 7

July 26 August 14 September 13 Deceember 16

July 24 September 14 October 9 December 9
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Ficere 5. Tower Waddell Creek in late summer, showing the dryjg

Waddell Creek has its source in the Redwood belt of the Santa Cruz
Mountains, at an altitude of 1,500 to 2,300 feet, in the form of half a
dozen or so small tributary streams located in the California Redwood
State Park (Big Basin). These small tributaries unite to form two
larger streams, the East Branch and the West Branch, which in turn
join to form the main branch of Waddell Creek. The length from
mouth to source is approximately 12 miles. The hydrographic basin of
Waddell Creek has an area of 26 square miles.

The distance from the uppermost limit of tidewater to the junction
of the East Branch with the West Branch (ealled ‘‘The Forks’) is
14,500 feet. The distance from The Forks (elevation about 90 feet) to
Slippery Falls (elevation about 185 feet) on the West Branceh, usually
the uppermost limit fo which upstream migrants can ascend on the
West Braneh, is 14,000 feet. The distanee from The Forks to the Main
Tralls on the East Branch (elevation about 210 feet), the nppermost
limit to which upstream migrants can ascend the East Branch, is
almost exactly one mile,

The current of Waddell Creek is rapid to moderate throughout its
course. The small headwater tributaries of Waddell Creek first meander
over sandy bottoms or tumble through ravines among the virgin red-
woods of Big Basin. As they become larger and unite to form the East
and West branches, they cascade and fall over boulders and bedrock
and cut through steep-walled, fern-covered gorges. Especially the East
Branch has many deep pools (up to 15 feet), which are separated by
short stretches of stream flowing over large rubble and boulders and
bedrock and culminating in falls up to five feet m vertical drop. These
upper reaches of stream flow through the Transition Life Zone, charac-
terized here by a forest of Redwood (Sequoia sempervirens) and
Douglas Fir (Psendotsuga taxifolia)?

3 The major plant associations of the region have been discussed by Orr (1942).

right ).
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Photograph by Leo Shapovalor, Lugust 31, 1139,

The lower portion of the West Branch (from Henry Creek to The
Forks) and the main stream (below The Forks) are broader and con-
tain fewer deep pools. Here there are abundant gravel and small rubble
beds, interspersed with stretches of sandy bottom or coarse rubble.
The strecam bauks are lined by Red Alder (Alnus rubre), Big-leaf
Maple (Acer macrophyllunt), Buckeve (Aesculus californice), Madrono
(Ardutus menzicsit), California Laurel (Umbellularia californica),
and, in the lowermost portion, by willows (Saliz spp.). Also encoun-
tered occasionally are Tan Oak (Lithocarpus densiflora), Box Elder
(Acer negundo), White Alder (Alnus rliombifolia), Black Cottonwood
(Populus trichocarpa), California Nutmeg (Torreya californica), Red-
wood, and Douglas Fir.

The redwoods extend to within about a mile of the coast at this
point and the lowermost portion of the stream flows through the Upper
Sonoran Life Zone. lere several patches of cultivated grassland and
crop fields are scattered through a valley, which is about 2,000 feet
wide at its broadest point anc extends inland about 6,000 feet. The
hill-slopes are populated mostla- by chaparral, pines, and Douglas fir,
The predominant sandstone formation is covered with a loose, whitish,
diatomaceous shale. : ‘

Immediately above the lagoon the stream flows through a small
area of marshland. The lagoon is bordered by shifting sand dunes.

Some changes from the primitive condition of the area have taken
place as a result of human usage. The redwood forest of the watershed
below Big Basin was logged oft by 1870 and is now covered by a second
growth. The early luwmbering operations have resulted in the creation
of several semipermanent log jams and temporary aceumulations of
logs, which have hastened erosion of the stream banks, with consequent
inerease in silting during flood stage.
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OUTLINE OF THE LIFE HISTORIES OF THE SILVER SALMON
AND STEELHEAD RAINBOW TROUT

Ti order that those not Fully acquainted with the silver salmon and
steelhead might iave a better understanding of the purposes and chay.
acter of the experiments, a brief outline of the life histories of these
species is here presented.

Both the silver salmon and the steclhead ave members of the family
Salmonidae, which includes such groups as the trouts, salmons, charrs
and whitefishes. . '

Generally. the salmonids ave inhabitants of cool, clear waters m the
temperate and boreal regions of the world. A good, readily under.
standable deseription of the distribution and relationships of the sal.
monids, particularly the trouts. and the species present in California
is eiven by Snvder (1940).

Tn appeavance, the steclhead and the silver salmon, although he-
longing to different genera, are very similar. The outstanding dif-
ference hetween the two and also the wenera that. they represent is
not a morphological, but a biological one. The several species of the
cenus Oncorhynchus, commonly called the Pacifie salmons, all die after
spawning once, whereas the numerous species of the wenus Salmo,
which inelndes not only all of the trne trouts but also the Atlantie
Salmon (Salmo salar), arve biologically capable of spawning more
than once. .

Under the proper envirommnental conditions both the steelhead and
silver salmon are anadromous, i.e., they spend a portion of their lives,
during which they put on the greater part of their growth and attain
soxual maturity, in the ocean and then ascend streams for spawning
purposes. The cges are deposited in pits, known as redds or nests, dug
in the eravel of the stream bottom by the female fish, Immediately after
deposition and simualtaneous fertilization by the male fish, the eggs are
covered with gravel by the females. After a ecertain period in the gravel,
the leneth of which depends upon temperature, oxygen. and other fac-
tors, as well as the species involved, the young fish hateh from the
oravel and gradually worlk their way to the surface of the stream bed.
After emergence from the gravel, the yvoung fish spend a certain time
in the stream, which is usually a yvear or Jonger but depends primarily
upon the species and secondly upon various envivonmental factors, and
then descend to the occan. Tn the case of the silver salmon, some of the
males mature and return to spawn after one summer in the occan, while
the females and the remaining males return to spawn after two sum-
mers in the ocean. Tu the case of the steelhead, some of both males and
females mature and return to spawn after one summer in the ocean, and
practically all of the remaining fish return after the second summer.
Tt must be pointed out that a certain proportion, in some cases perhaps
a considerable proportion, of the steelhead may remain in the stream,
attain sexnal maturity, and spawh without descending to the ocean.
Silver salmon do not spawn until they have spent some time in the
ocean.t

1A few males may attain precocious sexual maturity prior to their entry into the
ocean, but such fish do not participate in the spawning.
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From the foregoing account I is seen Hmf., 1‘|w~ li.If(- histories ‘ul" the
steelhead and silver salmon ave m :_:cmjml quite similar, exeept in 1.|u|1
all of the silver salmon die a H_vr spawning ()m-(t.aml (]'()' not spawn \}'Itll—
out a pcriod in the ovean. This bref aceount of U\u }Hu hlshn"u‘x'n{_ Hw.
two fishes will suffice for the ])l‘(‘s(‘l.lt, but more (l('.t;ll}ud deseriptions Ql.
the various life history phases will be |_n-osgnt.c(l further on in this
paper, along with references to the pnhhsl\gd literature. It should be
kept in mind that there ave certain exeeptions to most of the above
wencral statements. . ‘
“ The gencral distribution of the steelhead s 1n 1,'3(‘..(:()2&?_}11 streams of
the Pacific Coast of North America, from the United Statgs-.\[u_x.lco
poundary ot possibly even Baja California northward t_o and nn’:lu(llng
Alaska. "The general distribution of the silver salmon is from some of
the streams entering Monterey Bay, California, to the ;\1}1ur River in
Asia. Again, it must be kept in wmind that certain exceptions oceur. A
discussion of the geographic Jdistribution of the Pacific salmons 15 given
by Davidson and Hutchinson (1938).

"o a varving but in each case marvked extent, both the steelhead and

silver salmon exhibit a Choming instinet,”’ e, the yvoung fish which
descend from fresh water to the ocean return to their ‘“parent §trcam”
for spawning purposes (young fish artificially hatched and liberated
return to the stream in which they were liberated, not to the stream to
which their patents returned or in which they were hatched). Some of
the experiments on which these conclusions ave based ave deseribed by
Taft and Shapovalov (1938). and the whole subject of a hommg m-
stinet in tront and salmon is reviewed and discussed by Shapovalov
(1941b).

Iu California, the steclhead (us well as all other trout) are barred to
commercial fishermen, but are taken in very large numbers by sports
anglers, both as adult and as immature fish, at sea and in fresh or
brackish water. The silver salmon is of hoth commercial and game 1m-
portance, being taken in the mature form by commercial fishermen at
sea, and by sports anglers both as adult and as immature fish at sea
and in fresh or brackish water.

A biological and economic comparison of the two gpecies is given in
Table 3.

TERMINOLOGY

In order that further portions of this paper may.be better under-
stood, the writers believe that it 1s well at this point to define the
terminology that will be used. i

Common and Scientific Names

First, the use of common names <hould be clarified. Tn this paper, the
common name Silver Salmon will apply to the species Oncorhynchus
kisutch. One popular misconception that has oxisted along various parts
of the Pacific Coast is that the hook-nosed satmon, ealled ‘dog salmon !
by local residents, form a distinet species. Such fish ave simply males
whose snouts have become hooked and elongated during the spawning
season. This phenomenon takes place to a greater or less extent in all
of the species of Pacific salmons and to some extent in the steelhead. A
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TABLE 3

Steelhead and Silver Salmon: Biological and Economic Comparison

Steethead Sitver salmon

Die after first spawning?____ .. L. .. No Yes
Sometimes spawn without some time spent in the ocean?___ . Yes No
Females dig spawning nestsingravel? ___________ . ... _. . Yes Yes

Some males return to spawn after one summer in ocean?_____. Yes Yes

Some females return to spawn after one sumnier in ocean?___ . Yes No
Remaining males and females return to spawn after two sunimers

i 0CeRNT L e e e eeaeeiaiaeeaaaae Yes* Yes*

Spawning range. ..o - . . .o oo oo o - i, 8-Mexico | Monterey RBuy

boundary toand | to Amur River,
including Alaska | Siberia

Exhibit homing instinet?.__________ .. ... .. Lo Yes Yes
Caught commercially in California?_ .. .. __ o . No Yes
Caught as game fish in Californin?_ ... .. . ... ..., e Yes Yes

+ A few fish, probably less than 1 percent in most streams, may return to spawn after three summers in ocvan,

distinet species of salmon, the Chum Salmon (Gucorlynelis keta), is
sometimes also known as dog salmon, but it oceurs comparatively in-
frequently in California. Common names applied to the silver salmon
are jack salmon (applied especially to young males), doy salmon or
hookbill (applicd to males with hooked snouts and red sides), coho, and
silversides. '

In this paper, the common name Steelhead Rainbow Trout will apply
to the subspecies Salmo gairdneri gairdnert, ivvespective of the habitat,
size, or sexual condition of the individuals coneerned, but for the sake
of brevity the unofficial common name “‘steelhead’” will be used. When
individuals of this subspecies remain in a stream throughout their life-
time they grow at a much slower rate than those individuals which have
entered the ocean, and take on the typical bright coloration of ‘‘stream
trout’’ or ‘‘rainbow trout.’’

Some writers fully recognize that the small ecoastal trout and the
adult spawning fish form a single species or subspecies, but prefer to
use the term ‘‘steelhead’’ not as the common name of a distinet speeies
or subspecies but as a term designating any species of trout that has
been in salt water. According to this system of nomenclature, there are
both “‘rainbow steelhead’’ aud “‘cutthroat steelhead.”” In the east there
would then be “‘eastern brook steelhead.’”” This terminology has certain
merits, but its chief fault is that it has not ‘‘stuck’” in the popular
usage of the vast army of anglers.

There has also been some difference of opinion as to which scientific
name should be applied to the steclhead, Salmo gairdneri or Salmo
irideus. This is a technical point, depending upon the date and va-
lidity of the original descriptions which first used these names. Inas-
much as the great majority of scientists up and down the Pacific Coast
now use the name Salmo gairdneri and because the writers have satisfied
themselves that the deseription of the fish which accompanied the first
use of this name could apply only to the form herein called steelhead,
this name will be used in this paper. A discussion of the scientific name
that should be applied to this species is given by Shapovalov (1941a).

Among common names that are applied to the steelhead are the fol- .

lowing : rainbow (applied to individuals that color up and/or mature

-
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in fresh water), half-pounder (applied to small sea-run individuals or
large, silvery individuals that have vemained in fresh or brackish water,
weighing usually from one pound to two and one-half pounds; term
ased partienlarly on the el River system of California), summer
salmon (applied to green spring-run fish, especially in the Middle Fork
of Eel River), and sea-run rainbow.

Terms Applied to Various Life History Stages

The following list is one of terms applied in this paper to various
stages in the life histories of the steelhead and silver salmon.
Juvenile. Tish which is sexually immature.

Adult. Fish which has matured sexually in one or move summers of
sea life. This term includes grilse.

Grilse. Wish whieh has matured sexually in only one sumwer of sea
life.

Icsident fish. Yish which is an offspring of parents that spawned
without having been to sea and which itself has not heen to sea.
Sci-run fish. Fish which has entered a stream to spawn after one or

more summers of sea life

Stream fish. TFish which has not been to sea. irvespective of its pavent-
age or sexual maturity. ) o

Ripening fish. Fish whose sexual produets are developing preparatory
to spawning.

Spent fish. TFish which has not yet recovered from the effeets of
spawning.

Foll-run fish.  Fish which enters a stream at any time from the late
summer through the following spring and will spawn sometime dur-
ing that same period.®

Spring-run fish. TFish which enters a stream in the spring or early
summer, but which will not spawn until the following fall, winter,
or spring.

Maiden fish. TFish, whether male ov female, which has not spawned.

Ripe fish. TFish which is ready for spawning.

Most of the terms in the above list are in general use. but some often
have been used dissimilarly in different publications or have not been
sharply definéd. The term ““grilse’” has sometimes been used to des-
ignate not only those fish which have matured after only one summer
of sca life, but also those which have matured prior to the modal year
of maturity for the species. Sometimes the term ‘“mature fish’’ has
been nsed as a synonvm for what in this publication is called ‘‘sca-run
fish.”” Pautzke and Meigs (1940) apply the term “‘immature’” to steel-
head prior to their initial entrance into salt water and ‘“mature’” to

51n the Tel River and in some other streains, especially the larger ones, Some steel-
head apparently return to fresh water after a hrief sojourn (less than one sum-
mer) at sea without having attained sexual maturity. Some of the “half-pounders”
fall in this category. Such fish are not ‘‘sea-run fish” within the meaning of the
definition used herein.

¢ The term “‘winter-run” is sometimes applied, especially in the case of the steelhead,
to fish entering fresh water during the \winter months, but fundamentally such fish
are part of the “fall-run,” in that they will not “summer over”’ before spawning.
In the past, the terms “fall-run” and “spring-run’” have been applied mainly to the
King Salmon (Onecorhyunchus tshawytseha), but they have application to other
species as well
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fish which ave veturning from salt water to fresh water for the purpose
of spawning., Since steclhead often become sexually matuve without
entering salt water, the writers believe that the terms used in the
present paper ave wmore applicable. The term “trout’” has not infre-
quentiy been applied, especially in the parlance of the angler, to those
steelhead which in the present paper are defined as ‘‘stream fish”
and the term “‘steelhead’” to what ave heve called “‘adult.”” Sueh usage
has been based on misconception.

Terminology of “Scale Reading”

As las long been known, the deternination of the lite histories of
salmonids is possible from a miceroscopic examination of the scales.
The developed seale shows ridges which appear as concentric rings,
and are termed eirenli, Tn general, the scales start to register the growth
of the fish immediately atter their formation, the c¢ireuli being more
widely spaced during rapid growth and more narrowly spaced during
slow erowth. A prolonged cessation. brief interruption, or disturbance
of erowth is reflected by notably closer spacing and usually by irree-
ularities and anastomosis of the civeuli. ITn the present paper any such
closely spaced and irregular group of cireuli will be termed a cheek.
One that forms between annual growing seasons will be termed an
annulus ov year check, while one that forms as a result of some dis-
turbance during the course of the growing season will be termed a
false annulus ov false check. Over the range of salmonids as a whole
the annulus forms during the winter, but in Waddell Creek and other
California coastal waters with mild winters and dry summers such
orowth cessation or slowing-down often takes place in the antumn or
even in the late summer. as will be disenssed more fully further in
this paper. Freshwater growth will be used to denote that part of the
seale which had tormed during vesidence in fresh water, and sca
orowth or saltwater growth to designate the part formed at sea. Inter-
mediate growth will indicate the portion of the scale formed during
the season of migration to the sea, prior to entry into salt water. New
growth will be used to designate that part of the scale which had
formed during the erowing season in which the scale was collected.
Spawning is reflected in the scale by a more or less marked erosion
or absorption of the edge of seale. Since spawning usually takes place
at the time of formation of the annulus, this erosion usually replaces
or obliterates the annnlus that has just formed or is forming. Since the
silver salmon spawns but once, the spawning erosion is found only
at the edee of a scale. Tn the ease of the steelhead, however, spawning
is normally followed by a growing period, so that in following years
the erosion of the spawning season is reflected in the scale as a jageed
sear or line tvpically cutting across a number of cirenli. Such a forma-
tion is known as a spawning mark. Regeneratcd scales ave those which
have replaced lost scales. Tn regenerated scales the portion represented
by the lost scale is ““blank,”” i.e., without cireuli, and so such scales
are generally of little use in scale reading.

h

STERLIEAD AND SILVIER SALMON LIFE HISTORSS

[V
T

Designation and Recording of Age

Standard methods of (1) designating and (2% recording the age of
fishes, and even of salmonids as a evoup, have never been ‘;u'lnpmi and
are very diffienlt to compose. Some of the difficulties encountered in
attempting to designate age are posed by the following questions:
Should the beginning of life be computed from the time of fertilization
of eggs or time of hatehing of cggs ? Should the end of a year of life be
computed as the end of a calendar vear. the anniversary of the date
of fertilization or hatching, or the end of a growing pm.'iod ?

In the ease of human beings, the exact date of birth of an individual
is ordinarily known, and so it is an easy matter to mark age by birth-
day anniversaries. This method of awve desienation for human beings
is satisfactory because it is acenvate and because we arve often inter-
c‘sted. ifl human beings as individuals, In the case of fish under natural
eond.ltwns, however, it is impossible in practice to determine from scale
reading the exact time of either fertilization or hatehine, Fuarthermope,
from the viewpoint of fisheries managenent and especially in the case
of salmonids, the thing that we are interested in and around which
the l{iological work centers is not individuals as sueh but brood years,
and individuals only as units of the year clusses that result from the
brood years. '

In the present paper the year in which the fish hafched is considered
as the broond year of a fish and the cnd of v yrowing period as the end
of a year of life.

The year in which a fish hatched vather than the one in which the
egg was fertilized is chosen as the brood year for the following reasons.
(1) Although in some waters the calendar vear in which the fish
hatched and in which the egp was fertilized are the same, in many
others the beginning of a calendar year comes in the middle of the
spawning season for various salmonids, while the hatel from a given
spawning run always or practically always takes place within a ealen-
dar vear. (2) The time of hatching places the beginning of life in
salmonids on a comparable basis with the beginning of life for human
beings, while the time of fertilization would not for purposes of age
(‘ues!gnation. The time of hatching also makes this system of age desii'-
nation more readily applicable to viviparous fishes, while the time of
J‘e'rtlhzat.ion would not. (3) The time ot hatehing marks the beeinnine
of growth of the fish in its approximate final form. (4) The time of
hatehing in all fishes is ordinarily followed by a 5_-'|'0\\'in;:ﬁi*ri()d within
the same calendar year, while the time of fertilization often is not.

Salmonids spawn only once a year and. althoueh in some cases they
have a prolonged spawning scason, a definite growing period normally
intercedes between the spawning scasons. Thus, it is logical to use
growing periods as indexes of yvears of life and the end of a growing
period to mark the end of a ““year’’ of life. From scale exaniinatio;
1t 18 usually impossible to mark exactly the beginning of the formation
of the annulus for the reason that this is not a (‘vl(*arl.\,L marked point but
appears as a graduwal narrowing of the cireuli. (This is particularly
true of waters in which there is no season of markedly low tempera-
tures.) On the other hand, the e¢nd of the formation of the annulus
which is alse the beginning of new growth, is nearly always qnite’
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clearly marked. In this paper, then, the end of the annulus and the
beginning of new growth have been chosen as the point marking {he
completion of one year of life and the heghming of another. Tn the
case of fish thal spawn at the end of a growing secason an annulus ofien
is not formed, so the beginning of new growth following the spawning
mark is used as the point marking the completion of that year of life?

The computation of the end of a year of life on the basis of anni-
versary of date of fertilization or hatching would both be wusatisfae-
tory, if only from the point of view that these dates cannot he
determined in scale reading. The basis of the end of a calendar ycar
would also be unsatisfactory, for the reason that the fish of a g:i\'(-n
age group would change their age with the end of that year withont
any biologieal basis. Confusion in recording age would be apt to result
in the case of a species whose spawning season extended from one
calendar year into the next, as in the case of both steelhead and silver
salmon at Waddell Creek.

The procedure herein outlined places the age of the fish on a biologi-
cal basis and thus makes possible the comparison of the age and erowth
of the same species from different waters, even when the spawning and
hatching times are quite different for such waters. i

In accordance with the system outlined above, a fish is in its first
year of life from the time that it hatehes until the beginning of forma-
tion of new growth following completion of the first annulus. The age
group of such a fish is recorded by the sign “ (Some writers, e,
Hile (1941) record fish which have not yet formed their first annulus
as members of the ‘O’ group.) From the time that new growth begins
following completion of formation of the first annulus until completion

of the second annulus or formation of a spawning mark and the be--

ginning of new growth, the fish is in its second year and its age is
recorded by the numeral ‘‘1,”” and so on. In other words, the numerals
used to show the age of the fish also show the number of annuli and
spawning marks. If the annulus is thought of as the birthday anni-
versary of the fish, this system places the age on the same basis as that
for human beings and becomes understandable to the layman as well
as the biologist.

The procedure outlined in the preceding pavagraph is adequaic
when the discussion is concerned only with fofal age. Tt is sometimes
also desirable to rccord the details of the life histories of individuals
or groups, and for this purpose the following system is proposed and
used in the present paper. The sign ““/77 is used to separate life in
fresh water (stream life) from that in salt water (sce life). Thus, a
fish which lad spent two growing seasons in fresh water only would be
represented by the formula 2/ and one that had migrated to sea in its
first year and had spent its first two years at sea would be represented
by the formula /2. Continuing, the formula 2/1 represents a fish that
had spent two years (growing seasons) of stream life and oune year of
sea life. In the case of steelhead, a capital-*‘S’’ is used to indieate a
7In comparatively rare instances it happens that a fish makes no growth during a

normal growing seagon or for other reasons fafts to form an annulus. This may

occur during the first normal growing season or in later seasons. In such cases the
end of a year of life must be judged by the normal time of annulus formation or

othelr criteria of the end of the growing season for the species in the particular
locality.
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gpawning, normally represented on the seales by a spawning mark. The
S is not added nntil a fish has completed spawning. Thus, if & fish had
spent two years of stream life and one vear of sea life and had then
entered fresh water and spawned it would be represented by the for-
mula 2/18. A period is used to sepavate years (growing scasons)
followed by a spawning from years not followed by a spawning. Conse-
quently, if the same fish had not entered fresh water and spawned
until the end of a second year of sea life it would be represented by
the formula 2/1.18. If instead the fish had spawned at the end of both
its first and second vears of sea life it would be represented by the
formula 2/2S. It the same fish began another year of sea life it would
be represented by the formula 2/25.1 until it had again entered fresh
water and spawned, when it would be represented by the formula 2/3S.
By this system, the total age of the fish may casily be computed by
adding the numerals in the formula.

This system for recording life histories is easily understood and had
the advantage over some other systems that have been used n that
it is readily reproduced on a typewriter. It has been deseribed in
further detail by Shapovalov (1947 ) ; the system used for recording
measurements is also desceribed in this paper.

TECHNIQUES AND METHODS OF MEASUREMENT

Seales were removed from the side of the body in the region between
the lateral line and the anterior portion of the dorsal fin and stored
for mounting in scale books. Scale samples from javeniles, vesident fish,
and stream fish were taken from the right side of the body and those
tyom adults from the left side of thie body. This system was followed
in order to avoid taking regenerated seales in sea-run fish that had
been sampled as juveniles.

All fish were measured according to fork length, which is here de-
fined as the distance from the tip of the snout to the fork of the caudal
fin, and hereafter references to ““length” will mean sueh length. Tt was
not practicable to take the standard length (distanee from tip of snout
to end of hypural fan) with live fish. The measnrement used was also
deemed more accurate than a total length based on distance from tip
of snout to end of the caudal fin, for the veason that the tips of the
caudal fin are often frayed or worn off, especially in spawning trout
and salmon. In both sea-run steelhead and silver salmon the relation
of the standard length to the fork length appears to be fairly constant,
the standard length varying from 884 to 90.1 pereent of the fork
length in seven specimens from Waddell and Scott eveeks. All measure-
ments were made in a straight line between the points indicated with
the fish placed on a rule and were vecorded to the following unit of
nmeasurement. Fish 300 mn. or undler in length were measured to the
following millimeter and those over 300 mm. to the following centi-
meter. In practically all cases sca-run fish are more than 300 mm. in
length and juveniles, stream fish, and resident fish are less than 300
mm. in length.
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Preparation and Examination of Scale Samples

The scales were soaked in water and eleaned with a small brush, or
merely hy rubbing between the fingers. They were mounted ““dyyr
(in air), with the edges of the cover glass glued down with ““Dueo
Ilonschiold Cement,”” in some cases and in white “Karo Syrap’ in
others. Each form of mounting produces a permanent &ide. Two or
three scales were mounted in the case of sea-rnn fish and from that
number to a dozen in the case of the smaller fish. Care was taken to
avoid scales with regenerated centers or of highly asymmetrieal or
othevwise irvegular form.

All measarements were made along the anterior rading of the secale,
using a microscope and a mechanical stage, with attached micrometer
which recorded in hundredths of a millimeter.

The following procedure generally was used to gage the validity of
scale interpretations. The investigator recorded his measurements and
immediately denoted doubtful features. ITe then re-examined the doubt-
ful scales only, without veference to his initial interpretation. If a
doubtful but probable feature was interpreted the same way on cach
occasion, the interpretation was listed as ‘certain.”” In a few stances
the other investizator checked the doubtful scales, again without ref-
erence to the initial interpretation.

FISH FAUNA OF WADDELL CREEK

In commion with the other coastal streams from the Golden Gate to
Monterey” Bay, Waddell Creek contains no strictly fluvial fishes. As
Snyder (1914) has pointed out, the San Lorenzo. Pajaro, and Salinas
rivers. farther to the south, possess a Huvial fish fauna whose affin-
ities are with that of the Sacramento River system.

The species regnlarly found in flowing (fresh) water in Waddell
Creek, besides the steclhead and silver salmon, are the Prickly Sculpin
(Cottus asper), the Aleutian Sculpin (€. aleuticis), the Three-spined
Stickleback (Gasterosteus oculealus), and the Tidewater Goby (Eucy-
clogobius newberryl).

Other native species that are found only in the brackish water of the
lagoon or only occasionally enter the fresh water of the stream are
the following: Starry Flounder (Platichthys stellatus), Staghorn Secul-
pin (Leptocotins armatus), and Top Smelt (Atherinops affinis).

The only introduced species in Waddell Creek ix the Striped Bass
(Roceus saxatilis), which in some years enters the lagoon from the
ocean, but insofar as the writers have been able to ascertain, does not
spawn in the Waddell Creek drainage.

Lampreys, so common in many of the larger California coastal
streams, and usnally called ‘‘eels’” by local residents, do not enter
Waddell Creek nor Scott Creek. They are, however, found in the San
Lorenzo River.

A number of facts concerning the habits and ccology of the vavious
non-salmonid species mentioned have been discovered in the course of
the studies, but these will be discussed in the present paper only 1n
part and only as they concern the steelhead and/or silver salmon.
However, just enough facts regarding the local distribution and breed-
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habitat of these species will be stated at this time to orient the

ing . , B s e
for further discussion of theiv interrelationships with the trout

reader
and salmon.
Cottus asper is the larger and by far the more abundant of the two

species of sculpins present. Althongh at times occurring farther up-
stream, both species apparently breed within 3,300 feet above the
uppermost limit of tidewater. Both species make r(}gu]ar upstream and
downstream migrations. The downstream migrations apparently are
for spawning purposes.

The Three-spined Stickleback is found in fresh water, brackish
water, and in the salt water of the ocean and apparently breeds in all
three habitats. At times there is a marvked downstream migration of this
species in Waddell Creek.

The Tidewater Goby has been found only in the brackish portion of
the upper part of the lagoon and in the lower half-mile of flowing
water. No intrastream migrations have heen observed.

The Starey Flounder, Top Smelt, and Staghorn Sculpin are nor-
mally saltwater forms and only oceasionally enter the lagoon. ITow-
c\rer; apparently the same individuals may remain in the lagoon for
days and even weeks. In nearby Pescadero Creek, the Starry Floander
has been caucht by angling with salmon cggs seve al hundred yards
above the lower end of the flowing water of the stream.

The Striped Bass enters the Jagoon only oceasionally, but at such
times may remain for over a month. In former vears this species was
reported by Jocal residents on oceasion to have ascended about a mile
into the flowing water of the stream, but since the start of the experi-
ments, in 1933, no individnals of this species have been seen above the
limits of tidewater. No evidence has been gathered to show that the
species spawns in Waddell Creek.

WADDELL CREEK VERTEBRATES OTHER THAN FISHES
Amphibians

The amphibians which regularly enter the stream are the following:
California Newt (Triturus t. torosux), Pacifie Giant Salamander (Di-
caomplodon ensatus), California Yellow-legeed Frog { Rana boyli boyli),
and California Red-legged ¥rog (Fana awrora draytont). The Pacific
Giant Salamander has been scen but infrequently in Waddell Creck.
The other specics are more or less common and make regular down-
stream wigrations.

Reptiles

The rveptiles which regularly enter the stream ave the following:
Pacific Pond Turtle (Clemmys m. marmorate) and one or two species
of garter snake (Thamnophis). Some of the gavter snakes make regu-
lar downstream migrations.

Birds

Several species of aquatic or semiaquatic birds are regularly asso-
ciated with the stream, as follows: California Heron (Ardea herodias
hyperonca), American Egret (Casmerodius albus egretta), Black-
crowned Night Heron (Nycticora:x nycticorar hoaétlr), American Bit-
tern (Botaurus lentiginosus), Wood Duek (Air sponsa), American
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Coot (I'ulica americana americana), Western Belted Kingfisher (Mee.
ceryle aleyon caurina), and Dipper (Cinclus mexicanus unicolor). Sev.
eral other bivds, such as loons, grebes, ducks, various shore bivds, eullyg
and terns arve oceasional visitors to the lagoon or lower stream, but j,i
all probability do not affect their cconomy to a marked’extent. None
of the speecies present arve to be found in great abundance. Over the
entire drainage of Waddell Creek, probably no species is represented by
more than a dozen ov at the most several dozen individuals. Both the
Golden Eagle (Aquila chrysaélos canadensis) and the Southern Bali
Bagle (Halieetus leucocephalus lewcocephalus) are represented by g
few individuals, and at least the latter species feeds on the carcasses of
spent salmon, but they do not play an important role in the economy
of the stream. The American Merganser, often called ‘‘fish duck,”’
which in other California streams appears to eat appreciable numbersy
of trout and salmon and trout and salmon eggs, and the American
Osprey are absent from the avea or are rare visitants.

Mammals

The only mammal that is known to have a direct relationship to fhe
salmon and trout in Waddell Creek is the California Coon (Procyon
lotor psore), which cats dead or weakened adult steelhead and salmon.
No beaver or mink are present.

WADDELL CREEK INVERTEBRATES

The assemblage of native aquatic invertebrates in Waddell Creek is
quite varied, with numerous genera represented, and is rather typical
of the invertebrate life in other coastal streams. Nearly all of the
aquatic invertebrates have some relation to the trout and salmon and
most of them are caten by these fishes to a greater or less extent. The
importance of the various groups as trout and salmon food will be dis-
cussed further in the paper.

The largest mollusk present in the stream is the freshwater mussel
f=

Margaritifera margaritifera falcata. During the course of ;the experi-
ments 1t has not been observed in abundance anywhere in the stream.
Several other mollusks, consisting mainly of scveral species of small
snails, are present. _

The introduced (?) erayfish Pacifastacus klamathensis apparently
inereased greatly in abundance during the last three years of the expe-
riments (1940-42). It is the largest and most conspicuous crustacean.
Several other crustaceans are present. Corophium, Gammarus, Neomy-
sis, and FExrosphacroma are abundant in the lagoon.

The aquatic inseets are strongly represented by the orders Trichop-
tera, Ephemerida, Diptera, Plecoptera, and Neuroptera. The order
Coleoptera is represented chiefly by the Parnidae (riffle beetles).

Several references to aquatic invertebrates in Waddell Creek and its
lagoon have appearved in the literature, as follows: Needham (1934a.
1934b, 1935, 1938, 1940), Shapovalov (1936), and Shepherd (1928).

A list of the agnatic invertebrates recorded from Waddell Creek and
its Jagoon, which undoubtedly is not a complete list of the invertebrate
fauna of the stream, is given below. Terrestrial forms eaten by trout
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or salmon have been included. Sy mbols used have the following mean-
ings: 1= larvae; p = pupae; n — nymphs; a = adults; A = typically
aquatic; T = typically terrestrial ; T/ = semiaquatic. inhabiting shoves
of streams, ete. The symbol (X) wunder the columm heading “*Stream™
means that the organism has been found under freshwater conditions,
but in an area covered at times by brackish water.

"
2.
=8
iteratur >
Scientific name Comnion name Ir‘:_‘f(:;';::_\e z ~:
PROTOZOA
Class Ciliata
Spirostomus_ . ______ ... Needham 1940 A he
Euplotes Needham 1940 A X
Pleuronema _ .- .. ____. .. S R Needham 1940 A ; X
Colpidium_ ____ ... ... Needham 1940 A AN
Prorodon__.. .. __. - Needham 1940 A AN
Oxytricha_ _ ..o . oo... Needham 1940 A AN
ROTIFERA . ... Needham 1940 A X
ANNELIDA
Class Chaetopoda
Order Oligochaeta____.._._.__.|.. . .________ Needham 1940 X
Shepherd 1928 X X
ARTHROPODA
Class Crustacea
Order Ostracoda_____________ [ .__...______. Needham 1940 A X
Order Isopoda
Ezxosphacrama aregonensis
[057:3:7:) J U R Needhan 1940 A (N) X X
S8hapovalov M3 T X X
“Pill bugs™ - __| Shepherd 1928 X X
Order Copepoda Needham 1940. ., A X
Salmincola californiensis
Dana_ .o _._______ ee-eo--_____| Shapovalov M3 A X
Order Amphipoda
Gammarus confervicolis
(Stimpson) - -.._.._.....| Scud_..._ _.._| Needham 1940__| A | (X) X AN
Corophium spinicorne
Stimpson_ - ... ___._.._ eeeeeooo-_._.1 Necdham 1940__| A X
Order Mysicacea
Neomysis mercedis Holmes. __|______.______.| Needham 1940__ A X
Order Decapoda
Crago 8p. e oo Shrimp___ _ . __| Shapovalov MS3_; A X
Pacifastacus klamathensis_ __ _| Crayfish___ ___| Shapovalov MS_{ A X
Class Diplopoda.__ .. ___._____.__ Millipeds_ _ __.{ Shapovalov A[S_; T X X
Class Insecta
Order Corrodentia__..__.___.__ Psocids, bark
lice, cte.
Fam. Psocidaea.___.__.__._ Shepherd 1928__{ T X N
Order Ephemeridan__________. Shapovalov MS_| A X X
" Fam. Heptageniidae n_ .- Shepherd 1928_.| A X X
Fam. Baetidae n___. __ 1. Shepherd 1928_ .1 A X X
Baetissp.n__ .. _._....._ . Shapovalov ME_| A X X
Paraleptophlebia sp. n.__._|________.______} Shapovalov M3.| A X X
Order Odonata__ - ___________ Dragonfllics
Damselflies
Damsel iy a__| Shepherd 1928_ | A X X
Order Neuroptera_________.... Dobson flies,
ant lions, ete. | Shapovalov____. A X
Fam. Myrmeleonidue 1. ____ Ant Hons_ _ ___ shepherd 1928__( T X 2
Fam. Sialidac
Stalts 5Pie - o oo ee o ieee e e Shapovalov MS_| A X X
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Scientific name

Common name

Literature
reference

head

Eaten by steel-
} Eaten by s

Habitat
Stream
Lagoon

ARTHROPODA—Continued
Class Insecta—Continued

Order Plecoptern______________
Fam. Perlidae n__
Alloperla sp...___.
Order Trichoptera 1, p,
Fam. Rhyacophilidac.
(lossvsoma sp. 1..__
Agapetus sp. 1_
Fam. Hydroptilida
Hydroptile sp. 1___
Fam. Philopotamidae.
Chimarrha sp. .. ____..____
Fam. Odontoceridae_________

Nerophilus calijornicus

Hydropsychesp. Y. _ ... ___
Fam. Sericostomotidae |1, p..
Brachycentrus sp..___.___..
Lepidostoma zincreum
Atomyia unicolor Banks (?)
Notidobia nigricula
MecLachtan (?) 1. __.____
Notidobia sp. .
Fam. Limnophilidae 1. ______
Limnophilussp. b____..___
Halesus spo.....
Genus Isp._.._.
Glyphopsyshe sp. (1) |
Apatania sp. -
Order Homoptera___________._

Fam. Cercopidae a_..__.___.
Fam. Jassidaea_._______.... .
Fam. Chermidaca_____.
Order Hemiptera. . __
Fam. Corixidae a__
Fam. Notonectidae
Fam. Reduviidac a.__
Fam. Coredidaea___.__...._
Fam. Saldidae a_ .
Fam. Gerridac_____
Fam. Belostomatidne_______.

Lethocerus americanus

(Teidy) o oo
Abedus hungerfordi

DeCarlo___ . ... ...
Order Coleoptera___..________
Fam. Pyrochoridae a.
Fam. Carabidae a._
Fam. Histeridae a__
Fam. Dytiscidaca______
Fam. Cryptophagidae a__
Fam. Staphylinidae a__
Fam. Scolytidac a.____
Fam. Curculionidaea_.__.__
Fam. Parnidae |, a
Order Diptera_.________
Fam. Cecidomyiidae 1
Fam. Scatophagidae a
Fam. Muscidae a

Stoneflies

Leafhoppers,
aphis, ete.

Water striders
Giant water
bugs

Shepherd 1928_
Shapovalov M8
Shepherd 1928_
Shepherd 1928
Shepherd 1928_ .
Shepherd 1928__
Shepherd 1928_
Shepherd 1928__
Shepherd 1928
Shepherd 1928_ 2
Shepherd 1928

Shepherd 1928
Shapovalov MS_
Shepherd 1928_
Shepherd 1928__
Shepherd 1928__
Shepherd 1928_

Shepherd 1928 _
Shepherd 1928_ -

Shepherd 1928 _
Shapovalov MS.
Shepherd 1928 _
Shapovalov MS_
Shephuerd 1928 __
Shepherd 1928__
Shepherd 1928_ .
Shepherd 1928

Shepherd 1928. _
Shepherd 1928
Shepherd 1928_

Shepherd 1928_ _
Shepherd 1928_ .
Shepherd 1928__
Shepherd 1928__
Shepherd 1928__
Needham 1935_.

Shapovalov MS_
Shapovalov MS.

Shepherd 1928. _
Shepherd 1928_
Shepherd 1928 _
Shepherd 1028 _
Shepherd 1928_
Shepherd 1928__
Shepherd 1928_ .
Shepherd 1928__
Shapovalov MS_
Needham 1940__
Shepherd 1928_
Shepherd 1928.._
Shepherd 1928 _
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Y. . P
Scientific name Common nane ll:'f:“":::'(t E = 5 .__; = __?
ARTHROPODA—Continued
(tass Insceta—Continued
Order Diptera—Continued
Tam. Phoridae n__. . | ... __.__... Shepherd 1928 T N X
Fam. Chirenomidae |, p-___. shepherd 19281 A X X
el oo oLt Shapovalov ME| A X X
Fanu. Mycctophilidae - Shepherd 1928 .| T X X
Fam. Syrphidac 1, a . Shepherd 1928_ 5 T X X
Fam. Simuliidac 1, p. . Shepherd 1928_ | A X X
| T, . .| Shapovalov NS_| A X N
Stmulivm spo__ o .. ... .. ___....| Needham 1934b_ A X
Needham 1040__} A X
Fam, Tipulidae oo oo .0 . . .__._.. Shepherd 1928 X X
Fam. Tabanidac 1___ ... ._.. e e eeo| Shepherd 1028 1 X X
Fam. Dixidae:
Dicasp. b ... ez oo oo Shapovalov MS_ X X
Order Lepidoptera bo. oo e oo o —u. Shepherd 1928 X X
Order Hymenoptera
Fam. Chaleididae a__ ... .. ____._... Shepherd 1928__F 0 X X
Fam. Vespidaea__.___ ... | .______.. Shepherd 1928__| F X X
Fam. Apidaea____________. Shepherd 1928__] T X . X
Fam. Bombidae a__ Shepherd 19281 T N X
Class Arachnida_ _________._._.___ Shepherd 1928 _ X X
Order Acarina
Fam. Hydrachnidae____..__. Water mites_.! Needham 1940 | A X
MOLLUSCA
Class Pelecypoda
Order Eulamellibranchia
Margaritifera  margarilifera
Jalzatn (Gould) _ ______.___ Freshwater
mussel _ _ . ___| Shapovalov M3_} A N

LIFE HISTORIES OF THE SILVER SALMON AND STEELHEAD

In the following pages for the sake of clarity the life histories of the

silver salmon and of the steelhead will be treated separvately. That of
the silver salmon will be treated firgt because in nearly all of its aspects
i ds the simpler, for the following reasons: (1) all of the adults die
atter spawning once, (2) all of the juveniles migrate to sea and reach
sexual maturity there, (3) all of the adults return to spawn either in
their second or third year, (4) practically all of the juveniles migrate
to sea in their second year.

Before the separate life histories ave considered, however, it is felt

apropos to make sonie general remarks in connection with them. Fivst,
we must constantly keep in mind that varviation, ie., deviation from
the norm, is one of the most marked characteristics of animal life. And
of the vertebrates, the trouts are among the most variable of all. Fur-
ther, of the trouts the steelhead is onc of the most variable forms.
Variation is also often encountered among the silver salmon, but to a
lesser extent. Such variation applies not so much to the essential biology
of the two species as to their habits, form, and behavior. This does not
mean that on a mass basis we cannot prediet what each species will do
in a given environment, but it does mean that a departure from the
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norm, often a wide departure, may be expeeted among individuals. As
an example, in the coastal streams most of the Juvenile steelhead
migrate to sea in their seeond year, but some fish migrate in theie® first,
third, fourth, or fifth vears, or do not migrate at all. )

This factor of variation is of considerable importanee in planning
a management program for the species involved.

Sceondly, we must constantly keep in mind the factor of compensa-
tion. Thus, if environmental factors act to interfere with the normal
course of the life history of an individual trout or salmon or a certain
vear class, that individual or year class attempts to overcome the oh-
stacle in its path toward the normal completion of its life eycle. For
example, if a barrier is placed in a strcam the fish will either try to
ascend the barrier or drop down and spawn below it; if the best spawn.
ing beds are erowded a fish will either try to drvive off the other fish or
will select a less favorable site, which it would not use if the crowding
did not exist; if a certain type of food is scaree or not available, the
fish will switch to some other type of food.

Under natwral conditions, then, with no control of environmental
conditions, it is extremely diffienlt to analyze the indivi(h@l influence
of the mani factors affecting the life history of an individnal or a year
class. This does not mean that each of these factors is not exercising an
influence, but that, it is very difficult or impossible to analyze the quan-
titative amount of the influence of a particular factor. .To illustrate,
an unsuccessful attempt was made (Frances Felin, unpublished MS)
to establish a correlation between water volume and temperature and
the spawning migration of silver salmon at Waddell Creek. Yet
poachers and other interested loeal residents and biologists who have
an intimate field acquaintance with the vavious species of anadromous
salmonids usually know rather definitely at what times a particular
species is going to enter and ascend a particular stream. Certainly,
water volume aud temperature (there is a general correlation between
the two, sinee rainfall creates a water temperature of approximgltel_\'
50 to 55 degrees F.) do exercise an influence on the spawning migra-
tion, but the extent of their influence is greatly altered by other com-
plicating factors (vaviables), such as the time of year, the number of
fish that have already entered and ascended the stream, the length of
time that it has been raining and consequently the length of time that
the stream has been high, the condition of the tides, ete. The existence
of homing. which has been briefly mentioned on page 19 and will be
discussed in greater detail further in this paper, limits the potential
total number of fish that may enter the stream. Obviously, if most of
this number have already entered the stream. comparatively few more
will enter even with optimal physical conditions of water height, tem-
peratures, tides, cte. This approach seems so obvious that it would not
be necessary to mentioun it, except for the fact that biologists so often
have tended to disregard it, by ignoring influencing factors if they
could not be graphed to show correlation, or conversely, by considering

their graphs in error if exeeptions occurred. Actually, graphs suitable.

for a given set of conditions could be made, but the trouble often has
been that no eraph showing a correlation could be prepared when all
of the variables that enter into the problem exerted their influences.
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LIFE HISTORY OF THE SILVER SALMON
Spawning Migration

There may be some question as to what is the proper point in the
life cyele of the silver salmon to begin a diseussion of its life history,
put the writers believe that the clearest presentation can be obtained
by starting with the adults that are about to cnter the stream for

spawning purposes. e

Time and Size of the Spawning Migration

Over the range of the species, spawning runs of silver salmon enter
streams, move upstream, and spawn within the period September
through March. The major spawming takes place during the period
November through January. In most streams entry, upstream migra-
tion, and spawning take place within the confines of a more limited
season charvacteristic of the particular stream or area. Spring-run silver
salmon are not known.

As has been noted earlicr in this paper, Waddell Creek and most
other California streams are closed by sand bars at their mouths during
a portion of the annual dry seasomn. Obviously, under such conditions
no fish can enter the stream until the bar breaks open. The permanent
breaking of the bar occurs with the first heavy rains of the wet season,
or after a series of light rains sufficient to increase the discharge of the
stream to an appreciable extent. On occasion the bar will open with
early rains or high tides and winds and will then again close the stream
for a period of days or weeks, before it finally breaks out to remain
open until the following spring or summer,

Figure 6. Waddell lagoon at low water, showing tenuous connection with the ocean.
. Photograph by Leo Shapowvalev, December 11, 1939,

2—99945
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At Waddell Creek (and Scott, Creek) some silver salmon have entered
the stream whenever the first opening of the bar has been of sufficiont
extent ta enable them to do so. The dates of openings of fhe bar and
those on which the first sitver salmon have been taken in the trap are
shown in Table 4. This implies that the fish are “waiting’® at or very
near the mouth of the stream for the bar to open, or make a rapid

Journey to the mouth of the stream with the approaching storm.

TABLE 4

Waddell Creek, Silver Salmon: Time of Initial Caplure in Trap, in Relation lo Opening of fhe Bar

Year

First

opening of bar

Trirst silver
salimon taken
in trap

Permancnt
opening of bar

October 31
November 19
October 11
November 19
Qctober 26
Octaber 27
November 24
September 13
Qctober 9

December 8§
November 21
Deceember 29
December 25
December 12
December 2
December 11
December 17
Novembher 30

December 28
December 13
December 29
i December 26
" December 8
October 27
December 7
December 16
December Y

However, all or even the majority of the seasonal ‘‘run’’ has never
entered the stream at one time, ie., during one storm or within a
period of a week. On the contrary, each succeeding storm results in the
entry of a fresh run of fish, until the whole season’s run has entered
the stream.

The entry of the fish into the stream is not dependent on their sexual
maturity, for examinations made at the mouth have revealed that some
of the fish are sexually immature, or ‘‘green,”’ while others are com-
pletely sexually mature, or *“‘ripe.’’ Tt may be further pointe€l out that
at various egg collecting stations in California, both green and ripe
silver salmon have been taken in the traps.

In streams the mouths of which remain permanently open, the same
pattern of migration occurs, ie., fresh runs keep entering and ascend-
ing the stream, with the difference that the initial entry is not vregulated
by the opening of a har.

The question might be vaised whether any salmon would enter Wad-
dell (reek if unscasonal heavy rains oecurred in September or October.
Since such rains did not occur during the course of the experiments,
a direct answer was not obtained. However, an indirect or partial an-
swer may be obtained from an examination of what oecurs in streams
the mouths of whieh are open permanently. We find that in such
streams silver salmon do not enter thronghout the year, but within the
general confines of a season charaeteristic of that particular stream.
For example, in the lower portion of the Eel River of Northern Cali-
fornia the first silver salmon of the season are regularly caught each
vear in September, and this is probably close to the date of their initial
entry into the stream. (The actual spawning of silver salmon in the
Eel River takes place later, mainly in December and Jannary.)
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In Northern California the rainy scason hegins earlier than at Wad-
dell Creek and the runs of silver salmon also oceur carlier. For example,
at Redwood Creek the first fish wsually enter the stream in September
and complete their spawning by~ the time the fiest fish are cutering
Waddell Creck (November-December).

Over their range, silver salmon spawn mostly within the period No-
vember-January. In southeastern Alaska (Prince of Wales Island) sil-
ver salmon have been reported (Chamberlain, 1907) sometimes to
spawn in small numbers throughout the winter. eéven as late as March.
The latest that an unspawned aclult was taken in the upstream trap at
Waddell Creek is March 21st.

Most of the earlier studies o silver salmon and other anadromous
salmonids on the Pacific Coast have been made in large streams. Per-
haps as a result of this there has existed the Impression among some
workers that the different runs of fish in a stream constitute different
“races.”’ The writers do not wish to dispute the existence of different
biological or morphological races within large stream systems, and in

fact are inclined to believe that sueh races do exist, but they do wish

to point out that the existence of races probably does not explain en-
tirely the different runs of the same species durine a season. There is
no evidence to support the belief, and it is havrdly to be expected, that
different races would exist in a stream ag small as Waddell Creek.

Just what is the explanation of the ditferent runs—why the fish do
not all enter the stream at one time—is not known, but the reason is
probably determined by the habits and migrations of the fish in the
ocean. The ocean life history of the silver salmon is still much of a
mystery. We do know that the fish make very rapid growth in the oceau,
that they are powerful and rapicl swimmers, and that they make long
journeys.

During the nine seasons of opevation of the upstream trap, 1933-34
through 1941-42, 2,218 adult silver salmon were faken. The numbers of
fish taken during each season, arranged by sexes and weekly periods,
are shown in Table 5 and FFigure 7.
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120l j ! From the above table and graph, it will be scen that the carliest fish
g0l was taken during the week ending November 25, and the latest, dur-
60— ° ing the week ending Marveh 24. Despite this long spread, it will be
30~ 1933734 noted that 33 percent of all fish were taken during the weekly period

9 B — — -] December 31-Jaunary 6. 81 pereent were taken during the six weeks
29" December 10-January 20, and 96 percent duving the nine weeks De-
ZZ— cember 10-February 10. It is thus evident that the run is quite con-
210k 1 centrated from point of view of time.

180l At Benbow Dam on the South Fork of the Kel River and Sweasey
150/ Dam on the Mad River the runs are cqually concentrated, although
120} slightly earlier than at Waddell Creek (Figure 8). At Benbow Dam 83
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pereent of all silver salmon duving six seasons passed upstream in the
six weeks November 26-January 6, and at Sweasev Dam 81 percent
during nine seasons passed upstream in the six weeks November 12-
December 23 (Tables 6 and 7).
In other streams as well, the bulk of the upstream migration and
the spawning appear to cover a fairly short period. Foerster (1944)
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TABLE 6

South Fork of the Ee! River (al Benbow Dam), Silver Salmon: Adults Counted Upstream
Through Fishway, by Two-week Periods

Percent.
. 1938- 1939- 1940- 1941- 1942- 1943- a, f
I N £¢ 0
eriod 29 40 a1 42 43 4 | Total |5
run
Oct. 1-14_ . _________.
Oct. 15-28________.__ ...
QOct. 20-Nov. 11, ___..
Nov.12-25______ 1,766
Nov. 26-Deec. 9.

4,808
1,943

Dec. 10-23___ .
Dec. 24-Jan. 6 __
Jan 720 ... ...
Jan. 21-Feb. 3_ __
Feb. 4-17_._____.
Feb. 18-Mar. 3.
Mar. 4-17

............. s 11,073 15,037

reports that the spawning run of 1942 in the Cowichan River, British
Columbia, ‘‘reached the spawning grounds in 20-30 days (one to two
months in 1941) and were spawned-out in 30 to 60 days.’’

There has been considerable fluctuation in the size of the seasonal
runs at Waddell Creek. The largest number taken in the trap was
583, during the season of 1934-35, and the smallest number 84, during
the season of 1937-38. Possible reasons for these fluctuations will be
discussed in the sections on survival and pathology (pages 95-104).

Age and Size of the Fish

Waddell Creek scale examinations and marked fish returys indicate
that all adults return either as males in the season following down-
stream migration (age 1/1, one growing season in ocean) or as males
and females in the second season following downstream migration (age
172, two growing seasons in ocean).

Table 8 shows the numbers of silver salmon taken in each season in
the upstream trap at Waddell Creek, arranged by age-sex categories
and size.

Scale examinations and returns of marked fish at Seott Creek during
several seasons arc in entire agreement with the above findings.

Other workers have reported that the great majority of silver salmon
adults fall into the above age categories, but have noted some excep-
tions. For example, Marr (1943) recorded that of 885 silver salmon
taken in the commercial gill net fishery of the lower Columbia River
in 1914, 1/2 fish comprised 83.9 percent of the total sample and 1/1
fish 6.1 percent.® Thus, the two categories represented at Waddell Creek
;Marr concludes that “the samples are representative of that part of the commercial
are not truly representative of the total

for the smaller and larger sizes to be in-
ective action of the gill nets by which the

catch from which they were drawn, but
run, inasmuch as there will be a tendency
adequately represented, because of the sel
fish were taken.”
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TABLE 7
Mad River (a Sweasey Dam), Silver Salmon: Adults Counted Upsiream Through Fishway, by Two-week Periods
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TABLE 8

Waddell Creek, Silver Salmon: Adulfs Checked Through Upstream Trap; Length-frequency Distributions, by Seasons

ot

1033-34 1034-35 1935-36 1036-37 1937-38
Length in cm. 1/1 1/2 1/1 1/2 1/1 1/2 1,1 1/: 1/1 1/2

d o8 Q fed d Q d d @ o4 J d <3 Q

6 . - .. .. . 1 i o ) - 1 - ) =
10 .- P .n - .- 1 . . . - - .- N =
4 .. - ] - .. .. .. B .. 2 - .. s
s .. .. .. 1 . § . R . - 2 .. . -
12 . . 3 . .. 8 _ - . . 3 .. . =
14 .. . 3 .- .- 7 . R .- 3 -- - =
13 .. .. 3 1 . 2 .. - . .. 3 - . =
14 .. .. 3 . .. 2 - _. . - . ~
13 . R 1 .- R 8 - . H . 2 -- - Z
6 . .. 1 .. . 7 - _ .. - 1 . =
A . .- 1 2 .. 4 - - - P -- .- =
4 .. .. 2 1 - 2 .. . . ] .

2 .. - . .. 1 2 .. . .. B 1 .. ..
. 3 1 .. 3 2 . 3 . - - .. . ..
.. 2 1 .. 1 2 .. .. 1 . .. - .. -
.- .- 1 - 2 G . | 1 - - .- .- -
.- 2 .- - 7 B .. .. .- . 2 .- .- !
.. 2 .. .. 3 nt - .. .. .. 2 _ 1 ..
. 0 4 . 7 5 . . . - 2 . .. _.
.- 2 4 .- i Y - .- 2 | .. 3 —- 1 .
.- G 8 .. 7 14 .. 1 O 2 . 1 ..

.. 3 1 . 9 17, .. 2 3 L. 4 9 - 4 -

- 0 10 .. 13 24 - 1 I N 5 4 . . .

- 3 11 .. 26 36 . 1 2 .. 7 7 - 2 1

.. 13 32 .. 20 17 . 2 4 - 10 8 . 4 ..

.. 7 7 .. 21 36 - 2 .. - 10 ; . 3 2

- 12 20 .. 27 20 - 3 3 - 5 . 6 2

.. 10 21 _. 20 26 - 2 4 .. 8 - 2 5

.. 10 12 .- 19 25 - o3 3 . 12 - 4 3 =
.- 8 17 - 13 13 - 1 4 - 8 - 1 2 =
. 10 11 . 12 7 - 2 3 .. 4 - 4 2 >
.. 0 12 - 14 2 - 3 2 . 6 - 3 .. =
. 0 5 .. 7 3 .. 1 1 .- 3 .. 2 ! b
. 8 1 - 9 - . . . .. 8 - 3 2 =
.. 9 2 .. 3 _ - 3 - - i - . i

- - - - 2 - - = 1 - -
- 1 - e - - - .. .. 1

f
—
'
'

39.8 05.7 65,2 41.2 4.0 63.2 41.0 065.8 63,4 42,95 065.8

Number. cceeaacacananoz 118 152 177 21 275 287 5G 33 39 3 104

Percentuge in cach age
EPOUP C e aeeeem e 26.4 34.0 39.6 3.6 47.2 49.2 43.7 25.8 30.5 1.4 48.6

.
7

e
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Waddell Creek, Silver Salmon: Adults Checked Through Upstream Trap; Length-frequency Disfributions, by Seasons

TABLE 8—Continued

1938-39

1939-40

1940-41

1941-42

Total

i

1/1 1/2 1/1 1/2 1/1 1,2 11 1/2 1/1 1/2
Length in cm.
4 P Q =4 & Q ey & Q = & ? & g Q
. .- - - - .. - = - - - 8 - - o
.- - .. - .- 2 - . - - .- 15 - .- =
.- - 1 - .- 2 .- .- . .- - 11 - - ﬁ
.- - 4 - - 5 .. .- 2 .. - 28 1 -
.- .- 5 . .. 10 .- . - V- .- 44 . .. =
.- - 5 .- . 2 .- .- .- - i 31 1 - E
.- .- 7 -- .- 8 .. - 1 - - 37 - -
- - 12 .- - 3 - - 1 - - 47 .- . Z
- - 3 .- .- 6 - - .. 1 .. 25 1 .. o
-- - 1 .- .. 6 - 1 - . .. 17 2 1 ©
-- -- 2 -- - 9 .- - .- 1 .- 20 2 .- e
.- .- 3 - .- 3 .. 1 . - 1 12 . 3
.- - 3 - - 1 . - - 1 .. 9 4 -
.- - 1 - .. 3 - .. .. 2 - 4 3 2
. 1 - 1 . - - 1 .. 3 2 .- 5 6
.- - - .- 2 - .. .- - 2 4 .. 11 9
1 .. .. -- .- .. .. 2 .. 2 2 . 6 8
2 - - .- .- - 1 2 .- 1 3 - 7 13
. - - . 2 51 - . 2 .- 4 3 - 15 14
- 2 a| . 2 - .. 1 2 .. 5 1 .. 16 12
.- .. - - 2 - 3 3 .. 1 9 - 19 25
. .. . 2 5 - 3 6 .. 4 10 - 24 43
3 2 - 1 .- - 5 3 - 1 14 . 27 50
2 4 .. 2 2 . 4 5 - 8 5 . 38 56
1 3 - .. 6 - 9 7 -- 7 8 . 45 64
3 5 - 3 9 - 10 13 .. 6 2 - 66 86
1 7 .. 2 10 .- 8 10 -- 2 3 .. 68 71
6 2 . 7 8 - 6 14 .. 8 5 - 70 87
3 2 - 5 10 .- 7 10 - 4 2 .- 72 88 w
1 4 .. 8 17 .- 8 9 - 1 - .- 60 90 =
4 3 .. 9 15 -. 13 5 .. - 1 - 74 68 g
1 1 -- 8 7 - 6 4 . 1 1 - 47 53 &
1 3 - 11 10 .. 1 3 . 1 .. . 46 46 =
! 1 - 5 13 . 3 1 .- - .. .- 43 34 =
= 8 2 - 2 .. .. - - - 32 14 5
- - - 6 3 - 2 - - . .. . 36 12 T
-- - - o - - . - . 19 5 .
S R S o RS SR S 7
- - = 1 1 - .- .- - - - __ 3 2 z
. 1 .- -- -- -- .- .- -- - 3 - .
- - i - - - - - - - 1 - :
o - - - - - mt -- .- -- - T 1 --
5 41.9 67.8  63.9 42.4 643  62.5 40.3  59.2 58, 40.9  64.7 63

63.

10

16.5 26.7

23.3

29

52 88

66

10.8

33.7

46.5

19.5 33.1

44,9

« Lengths for these three fish not recorded.

t Length for this fish not recorded.
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. 3
form 90 percent of Marr's samples. The other categories recorded by S‘\, ;
Marr are composed of 2/2 fish (9.7 pereent) and 2.1 fish (0.3 pereenty, & | =
Pritchard (1936a, 1940), in addition to the above age categories, has IR B b deiubiseltan i
reported +-/2, +/3, /4, and 1/3 silver salmon from British Cohumbia, § | = | FwamEEess|F
Other writers have reported oceasional specimens of other age eato. Y ~memmasone [
gories. To what extent the categories not represented at Waddell Creek = ATETRRIAT =
but reported by other writers are dne to actual differences rather than g = gl
misinterpretations of scale reading or wmisidentifications of species, s N E i i
not known. The fact that Mary (Joc. cit.) found his 2/2 fish to be of & — P
shightly smaller average size than his 1/2 fish leads one to assune somp 2| o =5
skepticism, although it is possible, as Marr points out, that the oldor s = -
fish have a slower vate of growth than the latter. Tn fairness to the 71 R | u283R=383 2
other investigators. it should be said that they did not have the benefit = =
of marked fish for purposes of comparison in their seale examinations, - o | 5RBTIAZET|E
The disagreements noted above probably are not important insofar £ = - -
as the fishery is concerned, since the 1/2 age class undoubtedly is ENTT T =T 222 Pz
evervwhere the dominant one in the fishery. S 2| T P
From Table 8 it is seen that there is a slight, but consistent. tendeney 2 —— - =1
: for males to attain a lavger size than females, and also that in generul 3 @ | RES = i 8
i the average size attained by fish of one sex in a given scason is propor- e = = — T
tionate to the average size attained by the other sex. Marr (loc. ¢il.) a = o | SRESRZET2|Z
also found that males tend to be slightly laveer than females. 2 =t =
: 3 Measurements of Scott Creek silver salmon are quite lhmited. Those S o[ 2-g-zZvese g
available do not indicate that the fish from that stream differ in average = =
+ size from the Waddell Creek fish. The mean length of 41 Seott Creck o E = 2
: females taken during the 1935-36 season was 65.6 cm. ; the mean length =y B &
: of Waddell Creek females in the same season was 63.9 en. Thg mean = £ E o | cmooeccon |z
length of 297 Scott Creek females taken during the 1937-38 season E 5 @) B
4 was 67.0 em.; the mean length of Waddell Creck females in the same . E -
’ it season was 67.2 cm. s E o | greessesss
E ~t
: From Table 8 it is seen that there is but little overlap between the = =
1/1 and 1/2 age groups. A demareation line of 49 em. (19.3 inclies) 5 - o | reeceossee ! -
separates 99.1 percent of all fish correctly. None of the 1/1 fish falls = = !
i below it and only 1.1 percent of the 1/2 fish fall above it. Such a 3 = ®
3 demarcation line may prove of general application. Applied to Marr's S = i
i Columbia River data, it would separate the one-year-ocean fish from the 3 - =
i two-year-ocean fish with an accuraey of 99.9 pereent. 3 2 2
Marr (1943) presents a comparative table of lengths of his Columbia = — R
River silver salmon and fish from other localities, and notes that * the 5 3
reduction in mean length of each age group, from south to north. is =
very evident.”” The Waddell and Scott Creek data indicate that such o 3
a statement may not be applied to the silver salmon over the entire = -
range of the species. There is also some evidence at hand {(unpublished) A
to indicate that the silver salmon, king salmon, and steelhead of the A
Klamath River in Northern California are smaller than fish of the R
same species both to the north and south, and that size of fish is not - A
correlated with size of stream. _ 2 R :
3 There is no corrclation between the mean length attained by the i ; . | &
grilse (age 1/1) of a given brood season and the two-year-ocean (1/2) D ER IS
fish of the same brood season (Appendix, Table A-1). There is also no :"f % £z
i correlation between the average size of the downstream migrants of a 222 z
' -
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unchecked fish, since in the former the adipase (one season) or anterior corner of
the dorsal (remaining seasons) were clipped when the fish were checked. Estimates
of the numbers of males and females, respectively, which jumped over the dam
in each season were based on the proportions of clipped to unclipped fish seen
spawning and found dead and on other field observations. The males estimated to
have jumped over the dam were divided into 1/1 and 1/2 fish in accordance with
the ratio of these age categories among the males checked through the trap during
the periods that fish could jump over the dam.

Estimates of the numbers of females which spawned below the dam in each season
were based on the numbers seen spawning and found dead and on other field ob-
servations. The numbers of 1/1 and 1/2 males were estimated in proportion to the
females, in accordance with the ratio of each age-sex category in the run above the
dam in that season. Field observations and other data indicate that the composi-
tion of the run below the dam was essentially the same as that of the run above
the dam in the same season. ’

1®There -is no ready explanation for the dominance of males in the 1937-38 run, but —
mistaken sex identification may be ruled out with reasonable certainty. The small
size of the run that season shows that something abnormal happened ; whatever
it was apparently affected one sex disproportionately.

Also, there is no ready explanation for the shortage of males in the 1939-40 run, but
again mistaken sex identification can be ruled out with reasonable certainty.

3 R ~
3 [ R~ R o
~

*
given brood season and the adults of the same brood season (Appen- Y N SN
dix, Tables A-1, A-14). The brood with downstream migrants of the o | o TFESRERFS %
largest average size produeed both 1/1 and 1/2 fish of below average g o] rancxese B
size. The brood that produced 1/2 fish of the smallest average size ] £| 'I8B2RLRY (R
resulted from downstream migrants of slightly above average size. Thus, S TR amacmone | %
it may be stated that the growth made during the last growing season = ‘ mEegang
outbalances previous growth in determining average size. £ - c v 1o

3 H : ) = = e Rk =t ) S C)
Tables 5 and 8 and Figare 7 presented the fish which were checked 4 5| SES8SCRREE | &
throngh the upstream trap. Tn addition, in all seasons a number of fish ) ] _E -
spawned below the dam and in three seasons a comparatively smali 2| RSBERRRIET 4
number of fish succeeded in jumping over the dam at extreme flood = =
stage. Bstimates of the numbers of such fish were made and are in- Nl paeaResgs~ g
cluded in Table 9, which shows the estimated total runs into ‘Waddell B e A=
Creek.® Y — o
The adults returning in any given season, falling into two age groups, Sy = i
are the product of two successive brood seasous {and two successive 3 B A
downstream migrations). In Table 10 the fish listed in Table 9 are 2 g ] wEsawr AT | g
rearranged according to the brood season in which they originated. = z =
Sex Ratio E z S‘ RESBRRAERT ]
s z >
From Tables 9 and 10 it is seen that whether the fish taken in the g 2 o nRgRnnTg- )2
upstream trap arve arranged aceording to the spawning run or aceord- 3 E g "
ing to adults veturning from a brood season, there is characteristically ( B a 5| camg~zrgon|g
an excess of females over males in the 1/2 group, but an excess of ail s < -
males (1/1 and 1/2 combined) over all females (1/2), although there o & =] mocoossomol~
1s less fluctnation in the proportions of the three groups when the fish o g 21 %= R
are arranged according to brood season. These data are in agreement 2 & e
with expected returns, assuming a 1: 1 sex ratio among migrants enter- - £ o | Amessesens g
ing the occan and an equal mortality rate among males and females z =
in the ocean, since some of the males return to spawn after only one ‘9‘ b ®rocoocoge |
growing season at sea, while all of the females spend two seasons s = |
at sea. 10 ;E T ~t~co0 :::o oo |~
? Fish which had been checked through the upstream trap could be distinguished from i;’ =
= 3
S
— o
2 2
E =

hecked through

upstream trap

.

C

/1 ‘]/207‘
?

Brood season
6
Tomis____.“..u._..._! 356‘ 8821 480

* Mean of seasonal percentayes.
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one oceasion a number of salmon have entered Waddell Creck during
a storm or series of storms, but. have “*holed up”” in pools in the lower
portion of the stream. below the trap, ax a result of sudden cessation
e A S I of the storm and lowering of How. Such fish will wot move up so long
as the fair weather continues, cven though they be sexually ripe and
begin to deteriorate in physical condition and even dic. Ifollowing such
a period, even a light rain and small rise in stream level will cause a
Jarge number of these fish to ascend through the trap or spawn below
the trap. We may now turn to a consideration of diurnal fluctuations
in migration.

Counts of silver salmon, king salmon, and stecthead at the Benbow
Dam station of the California Department of Iish and Game and of
silver salmon and steelhead at Waddell and Scott creeks indicate that
as a rule these fishes move upstream mainly in the daytime. Studies of
varions workers in other aveas generally are in agreement with these
findings.

Neave (1943) formd that silver salmon (and king salmon) at Skutz
Iralls, Cowichan River, B. C., migrated mainly duving daylight hours,
s but found no correlation between dinrnal fluctuations in number of
o | s migrants and water temperature or stream discharge. Within the day-
T T light period, either one or two peaks of major activity were observed.
s : / Artificial light, as used, had no effect on night migratory movements.

Chapman (1941), studying steelhead, king salmon, and red (sock-
eve) salmon (Oncorhynchus aerka) passing throngh the fishways at
e Roek Island Dam on the upper Columbia River, concluded that the
; red salmon as a whole “‘showed a preference for running in the early
e ~ b morning, the number decreasing as the day progressed, but those going
; through the middle ladder acted ina divectly opposite manner, running
- predominantly in the late afternoon.”” ITe found that the king salmon
R and steelhead ran heavily throueh the middle of the day. Chapman
S states that he ““was never able to arrive at a conclusion as to the fae-
tors influencing the movements of the fish through the ladder (probably
o multiple with complex inter-relationships). . . .77 (Night counts were
not made at Rock Island Dam.)

i Neave (1943) and others have noted the oceasional occurrvence of
f P periods of relative inactivity In upstream movement of various sal-
| ; monids within the daxlight hovrs. No correlations between such fluctu-
' ations in movement during the daxtime and environmental factors have
been demonstrated. Such fluctuations have been noted at Benbow Dam
for silver salmon, king salmon, and steelthead and at Scott and Wad-
dell ereeks for silver salmon andl steelhead, but to date it has not been
possible to form definite conelusions reearding the factors ereating
them. As Chapman (loc. ¢it.) pointed out. they are ““probably multiple
with complex inter-relationships.” Ripeness of fish, size of run at the
immediate loeality, and water and climatic conditions may all play a
part in determining the pattern of the fluctuations under discussion.
Tt may be noted that particularly at Scott Creek two daily peaks of
migration among ‘the steelhcad have been noted by the writers on
successive days, without any marked changes in streamr discharge,
tarbidity of water, or general weather conditions (other than light and

temperature). .
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Changes in Body Form and Coloration Associated With Maturation

The changes in body form and coloration which are associated with
maturation in the different species of the Pacific salmons are well
known and have been described elsewhere (e.g., Chamberlain, 1907).
Consequently, only a brief résumé will be presented at this time.

The changes which take place vary with species, sex, and size, and
also with individual fish. In the males, the changes in form are char-
acterized by the elongation of the jaws, the growth of canine-like teeth,
and the increase in depth of body by the ridging of the back. (The
latter character has given rise to the term ‘‘razor-back.”’) These
changes are most pronounced in the larger fish. (They are seen also
in the steelhead, but usually to a lesser extent.) (Juvenile salmon
which mature prior to entry into salt water show no evident change
in bones or teeth.)

In the male silver salmon, the upper jaw eclongates and often be-
comes quite hooked. Individuals in which this process has been exten-
sive are often known as ‘‘hook-bills’’ or ‘‘dog salmon.”’” Sometimes the
hooking and knobbing are so great as to prevent closure of the mouth.
The lower jaw also elongates, but more often becomes knobbed than
hooked. The jaws of the female elongate only slightly and rarely be-
come hooked. With a little experience, these differences between males
and females enable the observer to determine the sex of the fish at a
glance.1?

In the sea, all speeies of the Pacific salmons are quite silvery. In
fresh water, the changes in body coloration soon take place. These
vary with the species. The larger male silver salmon often acquire a
red on the sides which is sometimes guite bright. The grilse and fe-
males are usually not nearly so brilliantly colored. The females most
often assume a brassy greenish color.

The scales, which are loosely attached in individuals in salt water
and in recent arrivals from the sea, become firmly imbedded with the
approach of spawning, particularly in the males.

Spawning Beds

Silver salmon ascend practically all accessible streams within their
range flowing into the Pacific Ocean, from the largest to the very
smallest. This statement is borne out by the observations of other
writers. For example, Chamberlain (1907) wrote in regard to choice
of spawning streams by silver salmon in southeastern Alaska:

““The coho is probably less particular (in eomparison with the other
Pacific salmons) in its requirements. The fry were found, without
exception, in every stream and brook examined; even a tiny seepage
rill entering Naha Bay which would become dry with the first week
of fair summer weather contained its little school of coho fry.”’

Females choose the redd sites, as is the case with other species of
salmon and trout. Examination of many redds shows that the site se-
lected is typically near the head of a riffle (which is also the lower end

12 While some bones increase their size and acquire new material, parts of others and
of the scales are absorbed. The changes which take place in the skulls of breeding
salmonids have been described in a series of papers by Tchernavin (1918, 1921,

19 937b, 19382, 1938b, 1938¢, 19384).
“\.&J\\_/_’//’
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of a pool) composed of medium and small gravel. Usually the site is
close to the point where the smooth surface water ‘‘breaks’ into the
riffle.

No differences could be found between the individual sites chosen by
silver salmon and steelhead at Waddell Creek. Occasionally fish of the
two species spawned at the same time on the same riffle, while in other
instances fish of one species spawned in the exact spot used by earlier
spawners of the other species. If the runs are considered as a whole,
the silver salmon consistently spawn lower in Waddell Creek than do
the steclhead. The spawning beds of the lower portion of the stream
are composed of gravel not so coarse as that found in the upper
stream, but whether or not this is the factor that causes the silver
salmon to spawn lower down than the steelhead is not known.

The silver salmon do not ascend streams for as great distances as
do the king salmon, red salmon, or steelhead, usually not proceeding
upstream in large numbers more than 150 miles even in the larger
rivers. This characteristic has been noted by others writers, e.g., Cham-
berlain (1907), who said: . .. Iong journeys do not find favor

- with it. Wallowa (northeastern Oregon) and Baker (northern Wash-

ington, tributary to the Skagit River) lakes seem to be about the limit
to which it travels.”’ '

The nature of the redd site insures a good supply of oxygen for the
eggs, since in streams a considerable portion of the water flowing
through a swift riffle flows below the surface. The circulation of the
water through the gravel no cdoubt also is of considerable aid to the
fry in making their way to the surface.

Silver salmon often spawn in very shallow water, but so choosc
iheir redds that they are rarely exposed by naturally falling stream
levels, in either Waddell Creek or other California streams.

Spawning

Insofar as the writers know, there is no published account of the
spawning of silver salmon, but in its general features it is similar to
that of other species of salmon and of trout. A generalized account is
here presented.

The female may select and abandon several trial sites. Having

" chosen a satisfactory site, she begins digging. One or more males may

accompany the female, but the males do not participate in the digging.
Usually one male becomes the mate; the other males, although some-
times persistent in approaching the female, seem to sense this and
usually yield to the dominant male when he makes a rush at them.
Probably more often than mnot the mate is a larger fish than the
““accessory’’ attendant males, but even if smaller, his “‘right’’ to the
female is usually recognized. The fighting and digging often result in
a great deal of commotion, especially when several males are in attend-
ance. Occasionally a male, nsually a grilse, becomes hurt so badly in
the fighting that he dies without spawning.

While the female is digging the nest, the mate assumes a position
slightly behind (downstream) and to one side of her. At frequent
intervals this male approaches the side of the female closely and the
two fish quiver, together or separately. This quivering has often been
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mistaken for the emission of the sexual products, but the behaviay
accompanying the latfer action is quite different. Fish of both sexes
face upstream dwring the spawning activities.

In digeing the nest the female turns partly on her side and with
powerful and rapid movements of the tail disturbs the bottom mate.
vials, which are then earried a short distance downstream by the
current. As this process is repeated the nest takes form and finallv
results in an oval or roundish pit or depression, at least as deep and
as long as the fish.

The writers have not witnessed the actual deposition of the sexual
products, but it is probably very similar to that of the steelhead, de-
seribed in the comparable section of this paper (pages 144-148). Since
the site of the redd. the coustruction of the pit, and the behavior of the
spawning fish arve so similar in silver salmon and steelhead, it may he
confidently expected that the efficiency of fertilization and covering of
eggs will also be much alike.

For many years the view was generally held that natural reprodue-
tion of salmonids is a rather ineffective process, but various studies
contradict this opinion.

Probably at least 97 percent of the eges spawned lodge in the pit
and ave properly buried. Apparently both the eges and milt are held
i the pit by current eddies below the normal level of the stream bed.
This view has been advanced for the spawning of various salmonids
by Peart (1920) and others. In the spawning of steelhead witnessed
by P. R. Needham, A. C. Taft, and Leo Shapovalov and recorded by
Needham and Taft (1934) and in the observations of Greeley (1932) on
Bastern Breook Trout (Salvelinus fontinalis), Brown Trout (Salies
Trutta), and ““rainbow trout’ very few cges ‘were swept out of the
pit. Hobbs (1937), in his studies in New Zealand, concluded that at.
least 97.5 pereent of the brown trout cggs lodged in the redds at the
time of spawning. His data did not admit of the quantitative expres-
ston of the non-lodgment loss in the case of king salmon and “‘rainbow
trout”’, but his observations suggest that, as was the case with brown
trout, the great majority of the eggs produced hy them lodged in the
places prepaved for them by the pavent fish, unless interfered with,

On the basis of observations on numbers of silver salmon redds, it
is known that the female may dig several pits to complete spawning.
The pits are arranged progressively upstream, in chronological order.
Probably normally a few hundred eggs arve deposited in each pit.

To complete spawning may take a week or more. The length of time
probably depends npon the ripeness of the fish, water and atmospheric
conditions (especially temperature and volume of water), and the
extent to which the mating fish ave interrupted by intruders (human
beings, stream-side mammals, birds, and other fish).

No quantitative estimate can be made of the amount of damage done
to redds by subsequent spawners, which may be steelhead or other
silver salmon. It is probable that although the losses from this cause
may be severe in individual nests, the percentage loss for all eges
deposited in the stream is not large. Superimposition probably causes
more damage to silver salmon than to steelhead redds, since most of
the steelhead in California streams spawn after the salmon.
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Eee-cating species of fishes ])rv.\'unt.ﬂ(mvsuhnnnid “s]m\\‘ning‘ ;:}‘n\mds
often contain cggs in their stomachs. Tn Waddell Creek SH('I‘I fish are
stream steelhead and silver salmon and suulpms (Collus). Sueh eges
are probably occasional ones shed by fish on th(‘.n' way upstream or in
the course of nest digging, disturbed by superimposition of nests on
nests prepared by previous fish, or swept out of the spawning pits
before they were covered. ITobbs (1937) records brown trout and king
salmon eggs in the stomachs of brown trout, and kmg_s;_\hm_m eous it
the stomachs of rainbow trout, and is also of the opinion that such
exgs are oceasional ones made available in some of the wa_\-s‘(:m:d‘
above. Greeley (1932) expressed a simtlav view. ’.l.‘h.o. rapid .burml of
eges precludes any but an insignificant proportion o't egrus being caten.

All sitver salmon, both males and females. die after fnﬁl' spawning.
Degeneration of the conads and certain othm,' physiological changes
take place, even before the death of the fish. The ocenwrrence of su_ch
changes in a stream such as Waddell Creek, where many u‘f the fish
spawn within two miles of the streawm mouth‘. shows conelusively ‘t’-h}lt
death is not cansed by the rigors of a long journey, but resalts from
independent physiological changes.

Egg Production

The caleulation of nuwbers of eges produced by Waddell (‘.rm-k
silver salmon is based on the numbers produced by Seott Creck silver
salmon, since collection of egus frmn.\\"a(ldol_l fish \\'01.11‘1.11;1\'6 de-
stroyed the experimental plan. There is no evidence to indicate that
the Seott Creek salmon produce a different average number of cges for
a given size of fish from Waddell salmon.

Correlation of Number of Eggs With Size of Fish

The relationship between the length of the ﬁsh and the number of
eggs produced is shown in Figure 10. This relationship was determined
from 29 actunal counts of egps plus 36 measurements of the amount
(volume) of cggs and the size (volume) of individual eges from fish
of known lengths.’® 4 )

Measurements of the eges were earried out aqcoyd;ng to a method
orizinated by Taft. This, in esscnee, consists of dividing the actual
- f=] o .
total volume of eges from one fish by the average measured volume
per ege for that fish. In practice, the eggs from one fish are placed
in a eradnated glass cylinder, with sufficient water to cover them, ft‘nd

< y » T 3 - ., vy N
a reading is taken of the volume oceupied by the total egg mass. The
volume of individual egus is obtained by taking the average of a series
XS 18 : c
of eges (usually 10 at Scott Creek) measured in a burette. The meas-
ce d . . . . .
ured volume oceupied by the total egg mass is then multiplied by a
predetermined factor (F) which reduces it to the actual volume of the
eges. The actual volume is then divided by the volume per egg, which
gives the caleulated number of eggs produced by that fish. _
sere obtained from one Waddell Creek fish taken during the 1933-34
" Cosl:agtsil?f Fgﬁgrs g%&%rée‘( fish spawned during the 1935-36 season, and 24 Scott
Creek fish spawned during the 1937-3§ season. Measurements of eggs were ob-
tained from 36 fish spawned at Scott Creek in 1935-36. The spawning was domaj
by the incision method (in which the fish is cut open and the eggs §'61110\e(1) by‘
experienced hatchery personnel. The measurements of fish and eggs were made by

the writers and various assistants. After the eggs were fertilized they were placed
in two-quart glass jars.
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Ficure 10. Igg production of Scott Creek silver salmon.
B, the reduction factor, or volume factor, as it will be called hence-

forth in this paper, is calculated according to the following procedure:
(1) the volume of the total egg mass and the volume per egg for one

fish are measured in the manner outlined, (2) an actual count of the

number of cges is made, (3) the counted number of cggs is multiplied
by the volume per egg to give the actual volume oceupied by the eggs,
(4) the actual volume occupied by the eges is divided by the graduate
reading (volume of total egg mass) to give the volume factor (I).
The calculation of the volume factor may be represented by the follow-
ing formula : ‘
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Counted number of eggs (N) X volume of individual cgg (v) = Actunal
volume of eggs (V)
Actual volume of eggs (V)
Then : = Volume factor, or portion of
Measured volume of eggs (M) measured egg volume occupied
by eggs (F)

In calculating the volume factor for Secott Creek silver salmon, actual
counts of eggs and measurements of total volume from two fish were
used. For each of the two fish selected, the volume in c.c. of individual
eggs was obtained by averaging the volume of 50 eggs measured in
lots of 10 in a burctte. Total volume of eges was measured in water
in a 1,000 c.c. glass graduate. From these values a volume factor of
0.680 was obtained. The data used in obtaining I are shown in Table
A2 of the Appendix. The frequency distribution of quantity of eggs
(in c.c.) obtained from Scott Creek silver salmon is given in Table
A-3 of the Appendix.1

Using the volume factor of 0.680, the calculated number of eggs was
obtained for cach of the 36 fish for which egg volumes had heen meas-
ured. To it was added the number of eggs remaining in the fish to
obtain the fotal number of eggs.

The total number of eggs contained in the above 36 fish and in the
29 for which actual total egg counts had been made was plotted in 200-
egg intervals against fish length in I-cm. intervals and a regression
line was fitted to the points. This line was fitted by the method of least
squares and, since the relationship 1is curvilinear, the regression line
was determined on a logarithmic scale and later transposed to a linear
scale. This regression line is not as accurate as one determined from
the original paired variates, but is close enough to the true one to be
used here, considering all possible sources of ervor. Its equation is
Number of Eggs = 0.01153 X Length #9403 The correlation ratio, vy, for
the relationship between eggs produced and fish length is 0.682.

Other workers have found a correlation between number of eggs and
size of fish for various species of salmonids, including other species of
Pacific salmons. For example, Foerster and Pritchard (1941) found
4 positive significant correlation between the number of eggs contained
in the ovaries and both length and weight of individuals in the red
salmon (Oncorhynchus nerka) and the pink salmon (0. gorbuscha).
Weights of the Scott Creek silver salmon were not obtained.

As Foerster and Pritchard (loc. eit.) have pointed out for the red
salmon and pink salmon, the existence of a definite positive correlation
between size of females and egg content suggests two important impli-
cations, namely, (1) ‘. .. any fishing effort which tends to remove the
larger fish will proportionately reduce the extent of the ege deposition
1 The volume factor will vary with (1) size and shape of graduate used, (2) amount

of eggs in the graduate, (3) average size of eggs, (4) amount of water over the

eggs, and (5) amount of shaking of eggs to settle them in the graduate. All Scott

Creek silver salmon and steelthead eggs +were measured in a 1,000 c.c. graduate

and the eggs were shaken down. Inaccuracies resulting from the “packing effect,”

which increased with increasing volume of eggs, and the change in the relative
amount of the loose “floating layer” of eggs on top with changes in the total
volume, are not believed to be large enough to affect the results seriously. For

Golden Trout (Salmo agua-bonita) eggs measured in a 100 c.c. graduate and not
shaken down, Curtis (1934) obtained a volume factor of 0.59.
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of the spawning cscapement and militate against the normal conserva-
tion of the speeies™ and (2) . . . due eaution must be observed in
using data pertaining to egg content to indicate racial differences be-
tween populations . . . in different vivers.”’ -

Published studies of egg production by silver salmon are quite
limited. Foerster (1944); summarizing studies in two small streams
tributary to the Cowichan River in British Columbia, reported that
88 females in Oliver Creek presmmmably deposited 199,500 eggs (an
average of 2,267) and that 28 in Beadnell Creek deposited 78,100
{average 2,789).

Percentage of Eggs Deposited

The average total number of cgas produced was discussed in the
preceding section. To calenlate the total number of eegs deposited in
Waddell Creek in cach season it was necessary to know the average
number of eges left in the fish after spawning.

The silver salmon that spawn do so quite completely. Actual eounts
of eggs remaining were recorded for only five fish, as follows: 20, 85
47, 100, 100 (average 60). However, a number of others were found to
have spawned qguite completely, the average number of eggs remaining
in the fish being well under 100 and probably under 50. It is likely that
the number of eggs left in the fish after natural spawning bears little or
no relation to the size of the fish (and econsequently the number of eges
produced).

The small number of eggs remaining after naturval spawning is in
agreement with the findings of other workers for various species of
salmon and trout. Hobbs (1937) found an average veteution of eight
eggs per female (range 0 to 53 for 22 fish) in the case of king salmon
and 6.7 eggs per female (14 fish) in the case of brown trout. Foerster
(1929) found that over 75 percent of 57 dead red salmon examined at
Cultus Lake, British Columnbia, contained 20 ov fewer cges. (Only three
of these salmon, or 5 percent of the total, were found unspawned.
Several others had apparently died before completing spawning.)

On the basis of these various observations, it was decided not to
subtract any number in ecalenlating the eggs deposited by Waddell
Creek silver salmon which are beliceed 1o have completed spawning,
but to use the fotal egg production figures obtained for Scott Creek
silver salmon of the same lengths and expressed by the regression line
m Figure 10. However, allowanee was made for fish whieh died without
completing spawning in each season. The figures previonsly cited are
for eggs remaining in fish that had completed spawning. In most
streams a certain (usually small) percentage of fish dies without com-
pleting spawning. Such fish die from (a) disease, (b) injuries caused
by predators, fishermen, fighting, and'stream obstacles, and (¢) old
age, and the numbers dying from such causes depend upon local con-
ditions. The number of eggs remaining after completion of spawning
1s largely independent of local conditions.

Percentage of Eggs Fertilized

Although quantitative data for Waddell Creek silver salmon are not
available, theve is every indication that the percentage of eges fertilized
is very high and rather constant.
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Extensive spawning work done by personnel of the Department of
Fish and Game has shown that the pereentage of fertilization of silver
salmon cggs can be quite high under the close to ideal conditions ex-
isting in artificial fertilization. But the only data available to show
what happens in Waddell Creck and other coastal streams under natu-
ral conditions are the extensive investigations of TTobbs (1937) in New
Zealand, the observations of other workers, and eencral observations
(not strietly quantitative) on the emergence of fish from the gravel in
Waddell Creek.

It is true that the observations of other workers have been made on
other species of salmonids, but the conclusions reached by them fit in so
well with the observations of the writers that it appears legitimate to
apply them in the present studies, especially since the spawning of the
various salmons and trouts follows essentially the same pattern and
local conditions usnally play a more Important role than the factors
peealiar to the species involved.

Hobbs found that his material, talken as a whole, indicated a uni-
formly high efficiency of fertilization in the eggs of all three species
which he observed, king salmon, brown trout, and ‘‘rainbow trout’’:
over 99 percent. In 32 brown trout redds in 10 different streams the
average fertility was 99.17 percent, with a range of from 96.73 to 100
percent.

Hazzard (1932) examined an average sample of 201 eges in the eyed
stage from each of 21 eastern brook trout nests in New York streams.
He found that 27 to 98.5 percent, with an avevage of 79.8, of the egas
contained embryos. In all but one nest more than 69 percent of the
eres were found to be alive.

The observations of the writers and the vavious seasonal observers
consistently indicated a tremendous emergence from the gravel in most
seasons ; during the few weeks following peak emergence the shallows
of the stream secemed alive with fry, which of course could not ocenr
if a high percentage of the egges had not been fertilized.

Embryology and Hatching of Eggs

The embryology of the silver salmon is in general similar to that of
the other Pacific salmons and of trout. The length of time for the eges
to develop to various stages and to hatch is in general dependent upon
average temperaturc of the water, but for a given temperature the
average hatching time may vary several days between ceg lots taken
from different fish and even between eges taken from the same fish.

The number of days required for silver salmon eges to hateh varies
from about 38 at an average temperature of 51.3 degrees F. to about
48 at an average temperature of 48.0 degrces F. At the temperatures
prevailing in Waddell Creck, the nsual hatching time is from 35 to
20 days.

Chemical conditions (oxygen, pll, ete.) have some effect on the rate
of development of salmon and trout eggs, but probably do not play a
significant role within the limits found in Waddell Creek and in the
great majority of other coastal streams. Cheyne (1941) found that
chum salmon eggs developed at approximately the same rate and pro-
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duced healthy fry in waters with dissolved oxygen levels lying between
3.55 and 7.84 p.p.m., although the eggs held at the highest oxygen level
produced the largest fry.

Most experiments dealing with the rate of development of salmon
and trout eggs have been conducted with uncovered eggs placed in
hatchery baskets or incubators. Shapovalov (1937) showed that steel-
head eggs in gravel hateh at approximately the same time as those in
hatchery baskets.

The percentage of silver salmon eggs which hateh probably varies
widely under natural conditions, and in Waddell Creek and other
coastal streams free from mining is likely dependent principally upon
the amount and character of silting caused by floods occurring between
fertilization and hatching. Such silting smothers the eggs, i.c., deprives
them of the oxygen necessary for development. Mining silt has a similar
effect.

The adverse effect of silting on the development of silver salmon eges
is indicated by the experiments of Shapovalov and Berrian (1940) and
Shaw and Maga (1943). The latter authors conclude that “mine silt
deposited on gravel spawning beds during either the early or later
stages of incubation results in negligible yields of fry and is therefore
a serious menace to natural propagation.’’ Hobbs (1937) found that
in New Zealand streams the mortality of salmon and trout eggs was
greatest in redds containing the largest proportion of fine materials
(under 0.03 inch in diameter). Harrison (1923) cites a series of experi-
ments with the eges of red salmon to determine#vhich of a number of
kinds of bottom material was most suitable for the artificial planting
of eges. They show that the finer the material is the heavier is the loss.

Under normal hatehery conditions the hatch is between 80 and 90
percent of silver salmon eggs taken.

Hobbs (1937, 1940) conducted an extensive series of investigations
on the natural reproduction of salmonids in New Zealand streams. A
large proportion of his studies was concerned with the extent of losses
oceurring at different stages while the eggs and Jarval fish were in the

ravel.

Hobbs (1937) found that in one stream, Winding Creek, a hatch of
over 97 percent of king salmon eggs lodged in redds sampled was
indicated in 1933. For brown trout he found that in Black Creek, where
losses (of unmeasured extent) oceur through the disturbance of earlier
redds by later spawners, a hatch in undisturbed redds or portions of
redds of over 95 percent of eggs lodged was indicated. In the Selwyn
River, where it was not known if later spawners disturbed the contents
of early redds, in undisturbed redds or portions of redds a hateh of
over 97 percent of brown trout eggs wds indicated. In a third stream
(Slovens Creek), however, in which redds were not disturbed by sub-
sequent spawners, a loss of something over 25 percent of the eggs of
brown trout lodged was indicated. For the streams examined, Hobbs
concluded that heavy losses of fertilized eggs are the outcome of adversc
environmental conditions and not of inherent weakness, that the extent
of losses of fertilized eggs in undisturbed redds depends primarily on
the amount of very fine material in the redds during the development
of eggs before eyeing, that losses, of unmeasured extent, of the eggs
of brown trout occur through the superimposition of redds of later
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spawners, that all floods tend to he havmtul in that they inerease the
deposition of fine material in vedds, and that although Hoods rarely
effect substantinl modification of the contonrs of redids, they may cause
Josses considerable enoueh o account for the partial failure of a yeav
class when they do so.

In further studies, based on 529 samples consisting of 422 841 speci-
mens from natural redds of hrown trout and ‘‘rainbow trout’ in nine
New Zealand river systems, Tlobbs (1940) estimated survival to time
of hatehing among cges of both brown trout and “rainbow’’ trout to
have been approximately as follows: 96.580, 05.36, 94.50, 93.92, 93.15,
90.64, 88.62, 87.14, and 70.71 pereent, giving an average of 90.1 per-
cent. In commenting on these fignres, an editorial in The Salmon and
Trout Magazine, No. 101, January, 1941, states: ““This last district,
however, must be exceptional, as the next highest [loss] is only 12.86
pereent, and if this particulariy bad one is omitted the average loss
is less thau 74 pereent.”” However, the unusually heavy losses appear
to be characteristic of that particular viver system, since in 18 of 28
srmples dead egs excecded 10 percent, and in 19 of the 18 were in
excess of 20 percent, so probably shonld he inchuled in arriving at an
average. The problem of the treatment of exceptional cases is one that
often confronts the biologist, and one that cannot always be solved by
statistical analysis. In the case under discussion, for example, Ilobbs
stated that the heavy losses “‘reflect unsatisfactory features of the

spawning medium.”’ These features consist of the presence of clay and
swamp detritus in the gravel in oxeessive guantities, and the inimical
conditions were aggravated by the massing of redds, so that material
disturbed by late spawners had frequently settled in redds immediately
helow. Any investigator, in attempting to apply some average from
data obtained by another investigator to his own studies, must decide
whether or not the nnmsual cases of the other investicator are also
unusual in his data, or entively absent, or characteristie. Thus, if spawn-
ing grounds in some area are uniformly of high quality, we have some
justification for using the fiewre of T.5 peveent as probable pre-hateh-
ing loss; if poor spawning areas occur in the approximate ratio of 1:§,
we should expect to be more nearly corveet if we use the fienre of 9.1;
while if the spawning grounds are uniformly poor we should probably
use the pre-hatching loss figure of 29 percent.

Some criticism has been made of ITobbs” method of calenlating Josses
in the gravel, which consists of digeinge up the natural redds and deter-
mining the propovtional numbers of dead and live eees and larvae in
different stages. Some workers believe that TTobbs’ survival ficures may
be too high, because of irvecoverable eees (eegs nof reeovered because
of decomposition, crushing in digging up the redds, or throngh over-
sicht in digging up the redds). Tt is true that in ecg burial experiments
with known numbers of eges, in which dead eges and larvae have been
dug up, there has been an unaccounted for loss. Carl (1940), in an ex-
periment directed toward determining the possibility of the produetion
of differences in eye diameter by ineubation in eravel and in open
hatehery troughs, planted 2,000 silver salmon eges from several females
in gravel (taken from an area normally used for spawning) to a depth
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of 6 to 8 inches in a hatehery trough screencd at both ends and oh-
tained a survival of 53.7 percent, with 160 cggs (8 pereent) wnae-
counted for. The same number of control eggs in a standard hatehery
basket vielded a hatch of 87.9 percent. Carl states: “'The high losses
were probably the result of the extra handling during the intermingling
of the eggs of different fish and during the subsequent counting.”’ And
in regard to the unaccounted for eggs, ‘‘A similar disintegration in
nature may e:VpIain in part the high rates of efficiency obtained by
basing the estlmatec] loss in eggs in the redd only upon the number of
‘blank’ eggs found in the gravel.”” If in the same experiment a calenla-
tion had been based on the number of fry produced as compared with
the number of dead eggs recovered, the survival figure obtained wonld
have been 58.5 percent, a difference of only 4.8 percent from the true
figure. With the higher survival figures obtained by ITobbs (about 90
percent in his 1940 paper), the percentage differente wonld also be
somewhat higher. Assuming a total deposition of 2.000 eggs and an uu-
accounted for loss of 8 percent, or 160 eges, the caleulated survival
would be 1,656 eggs (90 percent of 2,000 — 160 = 1,840) and the num-
ber of dead eggs found would be 184 (10 percent of 2,000 — 160 =
1,840). The true loss would then be 184 4 160 = 344, or 17 percent, a
difference of only 7 percent. ' '
In experiments described by Shaw and Maga (1943) both the mor-
tality and unaccounted for loss were much higher than in the experi-
ment of Carl (loc. cit.). In these experiments 21 lots of 500 silver sal-
mon eggs each (altogether from 17 females) were buried in gravel to a
depth of 3 or 4 inches. Since mining silt was artificially introduced
into some of the lots, only the seven eravel control lots will be con-
sidered at this time. I'rom Table 13 it is seen that the average survival
to time of emergence was 16.2 percent, with a maximum of 25.4 percent,
that the average recovery of dead eggs and fry from the gravel was

TABLE 13
Sitver Salmon: Yield and Recoveries of Fry and Eggs From Gravel in Haichery Troughs
. N X Fry and eggs
Yield of fry Fry and eggs . -
iel Ty reec vered from gravel unrecovered from
R gravel
Nest*
Nummber | Percent- | Number | Number | Percent- Number | Percent-
of fry age yvield of fry of egas arge fry age
and eggs
30 6.0 36 4 8.0 430 86.0
8 1.6 3 4 1.4 485 97.0
64 12.8 5 9 2.8 422 84 .4
127 25.4 24 1 5.0 348 69.6
106 21.2 12 11 4.6 371 74.2
111 22.2 7 14 4.2 368 73.6
120 24.0 35 3 7.6 342 68.4
Totals_____... 566 122 46 ) 2,766 B
Averages_.__.. 81 16.2 17 7 4.8 395 79.0

* Five hundred eggs buried in each nest.
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48 pereent, and that the average nnaceounted for loss was 79.0 per-
cent. As Shaw and Maga (loc. cil.) point out, while the eggs and fry
were in the gravel “several storms brought in natural sediment which
tended to settle in the upper nests of the trough.” And: ' Visunal obser-
cation indicated that most of this sediment . settled on the first
three nests while the last four were relatively free from silt.”” The
authors go on to say ‘‘The higher and fairly constant yield of live fry
from the last four nests is therefore representa tive of development with-
out appreciable silting, while the lower values from nests 1-3 represent
vield of fry for gravel beds that were subject to natural silting.”” In
recard to the survival to emergence, the present writers agree that the
differences between the first three and the last four nests reflect rela-
tive differences in the amount of silting, but it also seems quite possible
that there was sufficient silting in the case of the last four nests to make
it a factor of some consequence in the vield.

An experiment on the survival of silver galmon eges in gravel con-
ducted by Shapovalov and Berrian (1940) resulted in the low emer-
vence of 10.2 pereent, which was attributed to silting from severe
ciorms. In the control, 63.9 pereent of the eggs hatched and 48.2 per-
cent survived to the time that the experimental fish had finished emerg-
ing from the gravel.

In justification of the figures obtained by Hobbs: (1) He considered
the possibilities of dead ewgs and fry having decomposed to stages
which would not permit of their recovery by the methods employed
(1937, pages 32-33), and carried out tests on the rate of decomposition
of freshly killed eges artifically buried in the gravel at various tempera-
tnves. TTobbs counclnded (1940, page 43): ‘‘Generally. data available
do not suggest that failure to take dlecomposition of dead ova into ac-
count will cause errors comparable in extent to any resulting from the
exigencies of sampling.”” (2) Many of Tobbs’ samples were collected
at early stages of development, while jn the burial experiments cited by
Carl (1940) and Shaw and Maga (1943) the dead eggs and fry were
not dug up until the live fry had finished emerging from the gravel.
The time between burial and removal of eggs was not recorded by Carl,
but it was 98 days in the experiments cited by Shaw and Maga. From
the viewpoint of the time element alone, then, one would expect an un-
aceounted for loss to be mueh less in the case of Iobbs.

In view of the low survival fisuves obtained in the different ege burial
experiments, compared to TTobbs’ ficures, one might be led to ask,
“YWhat accounts for the difference, if not an unaccounted for loss?’’
In reply, the following facts might be pointed out. (1) In at least two
of the experiments cited (Shapovalov and Berrian, 1940; Shaw and
Maga, 1943) vavying quantities of silt were brought into the water by
storms. Conditions in this respect in the experiments of Carl (1940) are
not known. (2) It scems likely that the same amount of silt carried in
water in a hatchery trough would settle In greater quantities and cause
ereater mortality than in natural stream water, which would have a
higher velocity. (3) Losses in experiments may be increased by (a)
handling of the eggs in counting and burial, (b) introduction of Sapro-
legnia (fungus) and its greater development than would occur under
natural eonditions, - (¢) improper reproduction of natural conditions
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{(kind and size of gravel. depth and manner of burial, flow of waiep
through the svavel). In regavd o fungussing, Hobbs (1937) savs thay
s Naproleguio appeared to be the only important factor in the reduetioy,
of dead ova from a recoverable fo an irrecoverable state™ and that i¢
was clear in the ease of trout redds ““that the ¢leaner the vedd was the
more rapid was the infeetion of the dead ova with fungus.’”

Less complete studies made by other workers do not disagree mate.
rially with the findings of ITobbs. For example, White (1930) obtained
a hatech of 77 percent (342 of 452) castern brook trout eges dug from 4
redd on Prince Edward Island immediately after spawning. The losses
included eggs that died from injuries received when they were gemoved
from the gravel. Tn another test naturally fertilized ewes placed on a
sereen filled with gravel and buried in a redd yielded a hateh of 66 per-
cent.

In conelusion, it appears to the present writers that if Hobbs' sur-
vival figures are too high because of unaccounted for loss, the error ig
probably not more than 10 percent of the fotal: in other words, if this
error exists, Ilobbs™ 1940 previously cited average of 90 percent mav
actually be between 80 and 90 perveent. which would still make natwyal
reproduction under normal conditions guite an efficient process.

The losses computed by Hobbs (loc. cit.) necessarily did not inelude
those that occurred through vemoval of eges from the redds, which is
caused prinetpally by floods and superimposition. Losses resulting from
these two factors will vary tremendously from stream to stream aud
from season to season. Hobbs concludes that the general tenor of such
information as is available regarding the extent of losses caused by
direet flood action *“is o sageest that in many streams the chances of
flood loss are very remote, while in others, while losses ocenr, they do
so only at irregular intervals.”” In Waddell Creek, serious losses proh-
ably oceur only in the case of exceptional floods. FHobbs found super-
imposition to be general in the streams which he studied, but was unable
to measure the extent of losses resnlting from displacement of eggs. In
Waddell Creek, utilization of aveas used by earlier spawners has bheen
noted on various occasions, but no quantitative estimate of the amonnt
of loss ean he made, although it is not believed o form a laree per-
centage of all the eges deposited.

Emergence From the Gravel

Silting, which has been pointed out in the preceding section as the
principal faetor determining the snrvival rate from deposition and
fertilization of eges to hatching, is also probably the principal factor
determining the sarvival rate from hatching to emergence from the
gravel.

In various experiments with burial of silver salmon eogs in pravel,
it has been impossible to segregate survival from time of bnrial to hateh-
ing from survival from hatching to emergence, but the following per-
centage survivals to time of emerzence have been obtained: Harrison
(1923) T5; Cavl (1940) 53.7; Shapovalov and Bervian (1940) 102
(heavy silting) ; Shaw and Maga (1943) 16.2 average (some silting),
1.16 average (artificially introduced mining silt).

From the above figures it is evident that the percentage emerging
may vary widely and that it probably depends upon the amount and
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character of silting. In the presence of silting t,llc- ll(!il]\(')lt‘it ];;SSCS 11)11'1(:}:‘-
ably oceur in pre-hatehing stages. bhz_l woand Mag_a ( .-l—.))v ] om;c t‘t](
the"artiﬁcial introduetion of mining silt only durmg the .tl?lle,tlal ‘.1‘(:
fsh had hatehed but were still in the gravel vesults in less gr\zu(,)_.u?sl?(.\.
(134 percent survival) than when the silt s lll.tl'()(ll’lc.(‘d]dlt &‘11 ier
stages. Hobbs (1940) tfound it to bo generally true 1mqt ml.\:}llgu:
species of salmonids which he studied that the loss bct\\c‘cn 1ate m;?
and time of emergence was extremely Jight, exceeding 1 percent 1 only

: river system.

()1\_1.]:11\:]?(1: ?dqltlirlll% experiments cited the water in the hatchery tl'Ol‘lj_é'lls
had a considerably lower ve]ocit}_’ than \\'mgld water i a nmm)al\ b.t:tidjl'{
laden with an equal amount of silt and 80 it may he that nmvl‘c} tllld .111 ,‘1)
conditions the percentage of cmergence 1s ravely as low as was the case
i » e experiments. )

mls?%rflfl:safrtl(lif)eﬂl), summarizing studies in two small st.rem.us tn?)‘u‘ta‘r]_\f.
to the Cowichan River in British Co]umbm., rvpm-fed tlm!. the M\L{)}(.%
of percentage efficiency of natural propagation in terins of w»m.\.tu. ﬁl\
were: Oliver Creek, 144, 11.8, 304, 26.0, and 25.6 percent during five
vears, and Deadnell Creek, 40.0, 307, and 163 percent Jduring three
)Czjl\lzzain, there is no quantitative l)qsis for estimating t,h(f n\ielliil\g‘(e‘ pc]1-
centage of silver salmon emerging ir(ﬁ)m the geravel n W zld(l(;. 'jmh\i
but the writers believe that under favorable C(l]ldltl()n.S_ (p]rmﬁ(‘.lpa \
absence of heavy silting) it is high, probably between 6 {111(1 85 ‘pe}—'
cent of the eggs deposited. There is, of course. no stage in h?t.c lflt_\.
operations divectly comparable to the 'p_omod from time of hf:t.-u'u’n!C 1'0
time of emergence under natural conditions, but under hatchery ufn;l-
tions the losses during the equivalent period of time normally are ]1;% 1t,.
so that batehery survival to time that silver salmon finish emergmgj
from the gravel under natural conditioms is still between 80 and 9(

-cent of the eggs taken. '
pe'II‘clfe ez])erimeoltljts conducted by Sha pm'a}O\' and Berrian (1940) a1-1(.1
Shaw and Maga (1943) indicate that the snll\'er salmon fry start e%lfelg-
ing from the gravel two to three weeks after hatehing ;ind require in
addition two to seven weeks to complete emergence, }\vltll peak emer-
gence oceurring within three weeks of h_atchi_ng. This s probz}bly ,“]}mt«
happens under normal conditions in California coastal streams. Slm11 ol:\r
burial, loose gravel, absence of silt, and high temperatures ma_\,r a e
expected to speed emergence, while the opposite conditions may be ex-
pected to retard it.

Under normal conditions the fry rarely emerge from the eravel be-
fore the yolk sac is absorbed. Shallow burial .results m pren}z%ture
emergence, a fact noted by Babcock (.191].).'le time of peak emergence
from the gravel approximately coincides with the beeinuing of feeding
in the hatcheries. :

Because of the normal long period of emergence, the first fish t(é
emerge have usnally put on considerable erowth by t'h’e time the“]as
fish emerge, despite the fact that the eggs were deposited at the same
time.
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In the experiments cited by Shapovalov and Berrian (1940) appar.
ently most of the fish emerged at night. It is probable that a similay

emergence in nature pumdes the young fish considerable 1)10to(tmn
from enemies.

Stream Life Prior to Seaward Migration
(Genera!l Features)

At Waddell Creck the only quantitative data regarding numbers of
fish were obtained at times of migration through the trap, so the tol-
lowing account will necessarily be based on general observations.

As the young fish emerge from the aravel tlle\ seek out and take up
vesidence in the shallow ova\'el aveas, L’\p(‘udll\ at the sides of the
stream. At first they tend to congregate in schools, but as time passes
and the fish grow these schools break up and the fish spread up anq
down the stream. Individuals tend to take up niches, and to drive out
other fish of approximately the same size from their selected ‘‘terri-
tories.”” As in the vase of the adults at spawning time, individuals spem
to recognize the ‘‘right’’ of possession. and it is not uncommon to see
a fish that has taken up residence in a particular spot dart at and dvive
away a larger individual of the same age class without much opposi-
tion from the intruder.

The fry in the shallows feed avidly and grow rapidly (Table 14).
They rise to nearly every small object drifting downstream or falling
into the water, selecting those that are suitable and rejecting those that
are not wanted. Following the rise, they return to the original position.

It is obvious from general observations that following the peak of
emergence there is a marked decline in the numbers of fry in the
stream. It will be seen from the following section that very few fish of
the season migrate to sea, so the losses must oceur in the stream.

Possible causes of losses at Waddell Creek are the following: (1)
predators, (2) drying stream channels, and (3) disease.’® The propor-
tionate losses from these different causes during the first growing season
are not known, but through a process of elimination one is led to the
conclusion that predatory fishes make the greatest inroads. Other
predators on fish of such small size are limited in Waddell Creek
and most other California streams to garter snakes and the Dip-
per. These are not present in sufficient numbers to be the princi-
pal cause of loss at this stage. Many, if not most, of the fish taken by
garter snakes are those from drying portions of the stream. The fry
persist in hugging the shallows even when such areas are likely to go
dry because of dropping stream levels. In some California streams,

especially in their lower portions, appreciable losses oceur in drying
side pools and even main stream channels, but in Waddell Creek such

- losses are not of major proportions. Disease is the third possible cause

of losses at this stage. Normally disease among salmon and trout in
natural surroundings is not prevalent. It is possible that in 1933-34
furunculosis took a eertain toll, but disease is not believed to be a prinei-
pal cause of loss of fry in Waddell Creek.

As the fish grow, they gradnally move into deeper water and eat
coarser food. Around July or August they move into the deeper pools,
15 In other California streams high temperatures, pollution, and lack of suitable food.

-at times also cause losses, but may be ehmmated from consideration in the case
of Waddell Creek.

TABLE 14
Waddell Creek, Silver Salmon: Growth During First Year of Life, by Two-week Periods
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TABLE 15
Waddell Creek, Silver Salmon: Juveniles Checked Through Downstream Trap, b often thosc_ with overhanging logs. ‘,lit',_z_\ppe;.n's that a'l)(mt this t.'{mc ‘thc
; Seasons and Weekly Periods P o fsh cease feeding ov at least greaply Jdiminish 1it, since thf\. grow th }gte
A e B e e s slows dowun. Movement of the fish into the holes and cessation of feeding
T and growth are associated with the period of maximum stream tempera-
YR | 195 | 1936- | 1937 | 1038 | 1030- ] 1940- ) 10414 | 2 g tures and minimumn flow. It is of interest that silver salmon in hatchery
s a6 ar fas | s b0 | oan | | 3| 58 ponds, in which the water volume is constant, also take a greatly
e SYSUES NOUNUUNS NS, ISR R _! o Eri=z diminished amount of food beginuing about July. 'l.‘his indicates that
5 Oct B ] | ; T stream temperatures may be the influencing factor in the cessation of
i Qct 4 ! - o b - - " l feeding in late sunumer. In this conncetion it may be pointed out that
I‘ g:: - - e i, 2 S ) rate of inerease or relative increase in temperatures, as well as absolute
gf,‘ ¢ 0 O A R B | ey temperatures reached, may determine the time and extent of cessation
; o 1 L R T U s i B R s of feeding. )
;’:: m 322 - e ! : -- a3 3 Dm‘ingb the period of heavy rainfall and Towest tglllperatures, De-
; 1\)2; S - | o 3;7;‘(13 N cember through February, feeding continues to be llght and growth
Dec. 10 T ( - I S 8 1 negligible, according to measurements _and scale l'gacllllg. fl‘he stream
Dee SO S B v o : is often at flood stage and turbid during this period. 1t is therefore
Dec. 3 R i P B A B ! N difficult to }nake obsorvations in the stream, but judging by counts of
{:2 2 §: 2 . . A 7 ] qsh taken in the traps at the dam and such general observations <:'s
Jan, ; o ‘é ? . e R 2 have beeu possible, it appears that the_ﬁsl} are not swept downstream
F;\‘, o T B T _? ! and do not move downstrean \»'glunt-arll_v in lavge numbers. _
: Feb, T I R ! L 6 1 Following the period of maximum precipitation the fish start making
{2',’, - 1 - . n - ? +‘ extremely rapid .gro“-’th (March). Rising ten}pera_tures at @1115 time of
Mar. f l . i T X 3|+ year, coupled with an abundance of _21([113:[,10 food organisms, hkgly
i:j“ .- s| - 0 R S B I : influence the fish to resume heavy f.eed'mg. l‘he‘ resumption _of feeding
Mar. 252 1 f S B 6l .0 ) om 1 and growth is reflected in the rapicl increase In average size of fish,
Apr. al .1 1 1 e 3 o :;? 2 and consequently in the structure ot: thq scales. _
b ; S s [ N BES ER B N a Toward the end of Mavch or sometime in April, approximately a year
Apr. ! 200 | 120 fé i 1;7; 1617 3 } 1?‘(7)1 4 following their emergence from the gravel, the fish begin to migrate to
\‘["‘r‘ . ggi ll.ggc 24 a9 63| 7 5] 40 |3210 'f,? the ocean. . : . o
May 13100 .. 1 143 | 353 ]:I_,;; i B B 0| 19 8,722 | 414 Data to be presented in a subsequent section (page 101) indicate
May 2026... . .} 61} 624 343 ) g3z | 781 ol d2s| 0| 1m0 ok | e that there is‘an inverse corvelation beteen average amount of growth
June 3.0 a9 ?é{ 123 8§ "ﬁé R 61 3271160 120 made to time of migration and the nuimber of migrants (= total stream
June 10-060.... | £ T e S (O I B B - population of age 1 fish).
Jume 24307 AR AT Y IS It B S B B
July 17 O st 0 ! - I B 61 19 2 Seaward Migration of Juveniles
July 8&14..._ ... . G o o 5 .- a 1:2 1 _ . . X i _ ) .
A - L = S Y During the nine seasons of operation of the trap 17, 18,362 juvenile
:1::13- 20 Aug 4. ' : i R - -- - ; { 2 3 + silver salmon were checked on .then" downstream m.lgratxon. Tlxe number
Aug. 511 [ A E S S DL I B taken during each weekly period In each season 1s shown in Table 15.
;::i B ; - - o = I "I T 5 Table 16 shows the sizes of the Juvenile silver salmon mig}'ating
Avg. b2 R - B downstream, grouped by 5 mm. intervals and two-week periods for the
22::: . - -- - o - - - + nine seasons combined. The same data for _the individual seasons are
Sept. 16-22. ... b Lo . . i : - ! + given in Tables A-4 to A-12 of the A.ppendix. The length of these fish
Sept. 23-30____.__.. . | ! A O R R X :[ from tip of snout to fork of caudal fin was recorded in mm., measure-
Totals...._.. __| 3,430 | 3,573 }4,9” imm 1026 | w2 |10 | 133 | a1t hsaesl ment being made to the next highest mm.!®
5 The fish probably make use of backwater and eddies in maintaining their position
t in the stream. Even after the greatest floods, practically no fish have been found
in the areas from which the water has receded.
17 In 1933-34, t.he first season, the trap was not put into operation until the week of
w Fr]?ne'x?el{?zl:;r‘lg;% through September 30th of the 1933-34 season and from October 1st
through November 20th of the 1934-35 season the fish were measured only as
three inches and under or over three inches (approximately 76 mm. and under or
over 76 mm.). This system was in effect during a period when a regular observer
was not available and the fish were checked by hatchery personnel. The demarca-
! tion line of three inches was chosen as the approximate line between fish of the
season and older fish.
.
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TABLE 16

Waddall Creek, Silver Salmon: Juveniles Checked Through Downstream Trap; Length-frequency
Distribution by Two-week Periods, All Seasons Combined

Oct. | Oct. | Oct. | Nov.| Nov.| Dec. | Dec. | Jan. | Jan. | Feb. | Feb. | Mar.| Mar.| Apr,

Length 1- | 15- { 29- [ 12- | 26- {10- | 24~ | 7- { 21- ] 4- |18 | 4 [ 18 | 1-
in mm. 14 28 [ Nov.| 25 |Dec.| 23 |Jan.| 20 |Feb.} 17 | Mar| 17 31 14
11 9 6 3 3
*4 *2 *6

- - .. 1 .- - . 2 . - . -- . .-
1 - - 4 1 .- 2 _- . - a- - .- -
- - .- 33 5 .- 4 1 - - - - . -
. - - 94 18 1 6 4 2 2 - - 1 o
- _- .. | 128 26 1 8 2 2 2 1 2 3 1
. - . 98 20 .- 5 12 1 1 1 3 3 Bl
. - - 44 10 - 3 5 3 3 - 7 3 [
. - - 18 3 . 2 5 - 3 - 6 3 5
- . . 3 1 .- 3 .- . - . 2 2 16
_- - - 1 2 . - - .- 1 1 - 4 25
- - _- -- 1 .- - —- . - 1 - 2 45
- _- - _- .- - - - - - - _ - 2 57
—- - - - - -- - - - _- _- - 6 87
. - . - . - . - - - - . - 65
- - . - -~ .- . - - - - .- 1 20
. -- - - - -- - .- - - . - - 5
- . . .- - . - . . -- - -- 1 5
. - - - - - - . - .- . -- . 5
- - - . - . - -- . .- - _- .- 1
- - - - - .- - - - - - - - 1
11 14
Age + - . . - -- - - - - . - - - 10

Age 1 5 2 1] 431 87 2 34 31 8 12 4 20 | 31} 349

* Recorded only as 3 iInches or under.

+ Recorded only as over 3 inches.

NOTE: In this and other length-frequency tables, the central figure of the three consecutive length frequencies
representing the greatest total number of fish is printed in bold face type.

Scale samples were taken from the great majority of the fish during
the first six seasons of operation, i.e., 1933-34 through 1938-39. Al-
though time permitted reading of only a small portion of them, it is
evident from Table 16 that all of the fish fall into two groups, represent-
ing a very few fish of the season and a large number of age 1 fish.
Examination of scale samples of the largest fish taken and also of fish
taken at abnormal migration periods confirms this view. Of the 18,362
fish taken in the downstream trap, 18,256 were age 1 fish and only 106
age + fish. '

All scales of adult silver salmon taken at Waddell Creek show the
fish to have migrated to the ocean at age 1. From this and general
observations we know that the juveniles go to sea in the same season
in which they migrate downstream. It is therefore proper to speak of
the downstream migration as a seaward migration. Whether the very
few age -+ fish oceurring in the migration remain in fresh water until
the following season or go to sea and perish is not known, but their
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)
TABLE 16—Continued
Waddell Creek, Silver Salmon: Juveniles Checked Through Downstream Trap; Length-frequency
Distribution by Two-week Periods, All Seasons (ombined
Apr. | Apr. | May | May | June | June | July July | Aug. | Aug. | Sept.| Sept.
Length 15- | 20- | 13- | 27- | 10- | 24 | 8 |22-{ 5 |19-| 2- | 16~ | To-
in mm. 28 {May| 26 |June} 23 |July| 21 Aug.{ 18 |Sept.| 15 30 tal
12 9 7 4 1
*1 * 14
- .- 2 - . . .- - . - - 3
2 I - 2 TR I [ N S SR A1
. 21 . Y RS R S IS B BRI 4
- 2| . 1 5 1] - .. 9
. s 2 1 6] 5] 1 AGE + .| 18
. 44 a4l 5] 8| .} . -] --| -t 2
I 1 1 4] 3 1 I 1) 21
.. I 1 1 PO A AU I IR BN I
S I 1 2 1| - -- U U N B K X1
NN RS B 1 P2 [ R SO N B B I ¥ £}
5 1 P e (R U (R S 1] .. - |es
20 | 29 7 3 P8 (O R AR R R 154
105 | 114 | 43 ofi 1 o | | . .. .. p3s
328 | 373 | 126 | 25 i T T - T -1 - | --]om6
757 | 765 | 248 | 30 ' N R S S R R ?.1gé
1371]1,163) 334 | 20| -} .} -- 134
1,5621,277| 361 [ 16 i .o -- AGE 1 .. |3.824
13721090 255 | 10| | - - - .- .-} -- (3373
781 | 613 | 152 4 1 I A IR S T B b K {1
388 | 208 | 54 6l | | | 1 -] -] --|898
159 | 105 | 16 PO DR T R DO S RS B I
51| 20 4 " U T EA I B (RO SR I 8 ¢4
18] 13 s| __ | o1 o1 o o o] -} - 60
6 5 .- - . - .- .- - - - 18
4 3| - ' SR DU (U SO (R SR 9
1 1 PO I TR RO A R U R 5
'O S U IO SO R RGN BN R PR S 1
139 t1 145
Age + | 12 2] 12 6| 13| 26| 16 2 2 2 1 21106
Totals
Age 1 |2,556]6,930]5073|1,647| 126 | 5 1 1) oo oo} -] -- {18236

numbers are so small that it is a matter of little consequence. Therefore,
this section of the paper will deal only with the age 1 migrants.

An examination of Table 16 reveals that there is a distinet increase
in length of the fish from the time that they are taken during the fall
and winter as atypical migrants to the time of the beginning of the
spring migration. Scale reading shows that the great majority of the
fish in the spring migration have started growth of the new season,
even in the early part of the migration. This fact indicates that the
difference in size between the abnormally early migrants and those of
the regular spring migration represents growth taking place in the year
class as a whole. The early start of the growing season at Waddell Creek
holds good for the steelhead as well (pages 160-163). Mean lengths of
age -+ and age 1 seaward migrant silver salmon by two-week periods’
for each season are given in Tables A-13 and A-14 of the Appendix.

The question now arises to what extent the migration through the
trap is representative of the total downstream migration (i.e., migra-
tion through the trap plus the uncounted niigration over the dam and
migration of fish produced below the dam), as regards time of migra-
tion.
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Fictrg 20. Waddell Creek in flood, about one-half mile above the dam.
Photograph by Paul R. Ncedham.

Nearly all of the downstream migrants passing through the trap were
taken during April and May, when there was generally about three
times as much water flowing over the dam as through the trap (Figures
11-19). Thus one would expect that about three-cuarters of the down-
stream migrants went over the dam (and eseapedd marking). The num-
bers of unmavked aud marked returning adults indiecate that in normal
seasons somewhat more than two-thivds of the downstream migrants
went over the dam.

There is no way of knowing if many fish migrated downstream over
the dam during the period of heavy rainfall (December through March)
when the stream was often at flood stage and turbid (Figure 20), but
general observations at Waddell and Scott creeks and data obtained
from other streams strongly indicate that there is little downstream
migration of silver salmon during this period. Part-season connts made
at the California Department of Fish and Game’s Benbow Dam Sta-
tion show that the migration there takes place at approximately the
same time of year as in Waddell Creck. Stndies conduneted in 1935 by
Taft in a diversion diteh from Beaver Creek. a tributary of the
Klamath River 160 miles above the mouth. indicate that a downstream
migration of age 1 silver salmon also takes place there during ap-
prosimately the same period. Catches made in a trap at the head of
Naha Bay, Revillagigedo Island, southeastern Alaska, in 1903 and 1904
(Chamberlain, 1907) indicated a heavy migration of silver salmon
yearlings into salt water in May.'® .
o Chamberlain nevertheless believed that ‘“‘the greater part seek the sea as soon as -

they become free-swimming”, evidently basing his statement at least in part on a
heavy migration of fry in Steelhead Creek on Naha Bay in 1904, Chamberlain re-
ports over 1,100 fry taken on May 19, water temperature 48 degrees F., with the
run reaching its maximum 10 days later, when over 3,000 fry were taken in a
single night, and continuing ‘‘until sometime in July.” Chamberlain reports that
the fry taken in the trap from May to July 9 averaged between 37 and 40 mm. in
length, with no appreciable increase in size. “The main movement was early in the
evening, the lifting of the trap at 1.30 a.m. and 6.30 a.m. of the same day showing
a catch of 2,015 between dusk (about 10 pan.) and 1.30 a.m. and 50 during the
morning twilight.”
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Probably the general period of migraiion is shown quite accurately
in Figures 11-19, but it is to be expected that proportionately largor
numbers than are shown on the graphs migrate downstream in the
early stages of the migration, when move water is passing over the dam.
As the flow decreases and the proportion of water passing through the
trap increases, probably the proportion of fish passing through the trap
also increases.

Variations from the basic pattern as regards time of migration ave
infrequent. The great majority of juvenile silver salmon migrate down-
stream within a very limited portion of the season, over 95 percent
coming during the nine-week period April 8-June 9. Tn all seasons the
peak of the migration is reached not earlier than the week of April 22.
28 and not later than the week of May 20-26.

Factors Inflvencing the Time of Migration and Size at Migration

In discussing possible factors influencing the time of migration and
the size of migrants it will simplify our analysis to assume that we have
a homogeneous population of potential downstream migrants, i.e., that
racial characteristies or mherent factors such as inherent growth raie
are not playing a part. In fact, there is no evidence to indicate that
different ‘‘races’’ of silver salmon are present in Waddell Creek.

Environmental factors which may influence both the time of migra-
tion and the size of the fish ave (a) flow (relative or abhsolute), (bh)
temperature, (c¢) chemical factors (e.g., oxygen), (d) light, and (e)
food.

Time of migration may also be influenced by size of fish, while the
size of the fish, eonversely, may depend upon the time of migration.
Most of the environmental factors are related to both time of migration
and size of fish and also to each other.

Any of the factors mentioned may be an influencing factor (the one
which as such impels the fish to migrate) or simply an incidental factor,
correlated with the time of migration but not influencing it. For exam-
ple, temperature and flow are correlated with each other, but it may
be that only one 1s an influencing factor and the other merely an in-
cidental factor. Actually, it is likely that more than one factor exer-
cises an influence during the migration period. One factor may he
governing or dominating at one time, and another at another time.

Also, it should be noted that the factors mentioned are not of equal
magnitude in all portions of the stream at the same time. 'or example,
in Waddell Creek and in other California streams in general, proceed-
ing upstream we find progressively lower temperatures and a progres-
sively smaller but more constant flow. :

In regard to size of fish and the factors influencing i, the discussion
will deal with the size distribution within a season, rather than with the
size fluctuations occurring from season to season in comparable fish.

From Table 15 we see that the migration as a whole oceurs later or
earlier in some seasons than in others. An examination of Figures 11-
19 reveals that the ‘‘early’’ seasons (notably 1933-34 and 1938-39) are
those with generally low stream levels during the migration period for
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the same dates ou which in late seasons (notably ]_.‘?34~'%?, 1937-38.
1939-40, and 1940-41) stream levels were cenerally !ngh. T'he effects
of the absolute stream levels on the time of migration are probably
modified by rate of drop in stream tevel, 5\\(1}\(31\ spring tres.hets, ete.
It may be noted that theve is a similar assoeiation between spring water
levels and time of migration among the steelhead (Iigures 11-19).

1t will also be scen from an examination of Table 16 that the}‘e 15 a
oradual decrease in the average size of the age 1 fish migrating in
the spring. (The same phenomenon ogenrs among the steelhead of a
oiven age class: see page 179.) What m:tnally happens is not known,
put the same result could be achieved by (1) ’r.,he larger fish from all
portions of the stream migrating first, (2) the fish from the lower por-
tions of the stream (on-the Whole, larger than the ﬁs_h‘fmm the upper
portions, because of more favorable growing conditions) migrating
first, or (3) the fish from all p01ztions of t.he_'stroam starting migration
at the same time. Fov the Atlantic Salmon (Salmo salar) British inves-
ticators (e.c., Went, 1942) believe that what they call the 1aw‘of
¢ orowth for age’” at migration is generally operative : thth_,,the/q.}nck
gilb\\fel'sV‘mig-m_t_(} first. but that the later. migrants are al\.\'a.ys a little
pizger when the¥ o to sea than the quicker growers which migrated
earlier. Tt is not evident that such a law operates 1 the case.of the
Waddell Creek silver salmon (or steelhead). since the later migrants
are usually smaller than the earlier migrants. .

1t should also he noted that speed of nngm.'atlon1 may 111ﬂuen<}§ th}e;
size composition of migrants past a fixed point. For example, if fis :
from the same point in the upper reaches of a stream start their
migration at different times, as they reach a certain size, b\}t ‘th.ose
which migrate later travel at a greater speed than those 11}1g1at1}1g
earlier, the later migrants will be smaller when they reach a fixed point
than were the earlier migrants, proxtldmg ’gllat the same_grc.)wth rate
has prevailed during the time. No evidence 1s at hand to indicate th'ellt
speed of migration increases within a season 1m the case ?f Juvemli
salmon, but various authors have pointed out that in large rivers adu
salmonids which enter late in the season ascend at a faster ratTe than
do those entering early. Speed probably plays & minor rol(f, n W addell.
Creck and other short streams, but may be of importance in the longer
ones. . . .
Tn some seasons at Waddell Creek a gradual increase 1n average size
of downstream migrants precedes the t_yp\c-al g\_'z\du.al. glecrease, which
has already been discussed. The initial increase in size is probably due
to a rapid growth rate outhalaneing the conditions which create a
de"zl‘rlfgsxef':n'i0115 possible factors influencing time of migration al_ld m}zlze
at migration have been discussed at lengtll in order to emphasize t ﬁ
point that even when the downstream migration takes place in a sma
stream and involves a single age class, various ﬂuetl}atlons may be
expected. Although supporting data are megmplete, it may now be
useful to develop the following .hypo.thetlcal plcture of the downstrear'n
migration as regards time of migration gmd size of fish, and to use this
picture until such time as portions of it may be proved erroneous.

The fish are influenced in starting their downstream migration by
both size and environmental factors. Even if an individual has reached
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the size at which the group migration begins, that individual teny
not to migrate downstream unless the proper environmental faetorg
have also been rveached. Conversely, the fish as a group tend unot tg
start their migration, even if the proper environmental factors have
been reached, unless the proper size has also been reached. Now, as the
approximate proper size and general, more or less fixed environmenta]
conditions (probably prineipally light) arve reached the fish start
migrating downstream, with the migration somewhat retarded or ad-
vaneed by local, fluctuating environmental conditions, prineipally flow
and temperaturves. Lower flow and higher temperatures advance the
time of migration. The larger fish from all portions of the stream stat
migrating first. If size is an influencing factor, this happens becaunse
these fish have reached the approximate ‘“migration size.”” If envirvon-
nental factors dominate, this happens because the larger fish in each
pool ave the fiest to be affected by the diminishing volume. Also, pro-
portionately morve fish from the lower portions of the stream, with the
more favorable growing conditions, have reached the approximate
migration size, and so are move heavily vepresented in the early part
of the migration than those from the upper portions. Deereasing
average size at a fixed point, such as the dam, results both because the
lavger fish from all portions of the strcam migrate first and because
the fish from the lower portions of the strecam migrate first. Fluctua-
tions in growing conditions both before and after the start of migra-
tion further vary the pattern of the size composition of the anigrants
through the period of migration, in proportion to their magnitude.
Despite variations caused by seasonal conditions, within any Sseason
95 pereent of the migrants passed the dam during the nine-week period
April § to June 9 at age 1 and at an average size of from 103.11
to 116.61 mm.

The significance of the time of migration in regard to management
will be discussed on pages 266-267.

Characteristics of the Migration

The migrating fish move downstream in schools. The size limits of
these schools have not been determined, but those seen were composed
of some 10 to 50 individuals. It is possible that their size is influenced
by the size of the stream and the total population of migrants. It is
likely that individuals of the same general size school together.

Quantitative observations were not made in regard to diurnal dis-
tribution of the migration. General observations indicate that most
fish move downstream in the night or twilight, although some may
mave down duving the day.

In approaching irregularities in the stream, such as falls or barriers,
that break up the regular pattern of flow, the schools ““play around,”’
often spurting upstream from the falls several times before being
carried over them as a group.

Sufficient numbers of downstream migrants have not been sexed to
determine quantitatively the representation of sexes, but the sex ratio
among the returning adults indicates that approximately a 1:1 sex
ratio exists among the downstream migrants.

(eneral color notes were taken for a number of the 1933-34 season
migrants. They indicate that the parr marks were prominent in the
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carliest migrants of the spring mig'rnt,ion”(M;m'('h). As the scason
prog‘resscd, the fish beeame more ‘‘silvery,” \\’1.1;11 parr }11;\1']_(5 harely
visible. Forty-three fish taken April 4-7, nclusive, ranging m length
from 102 to 128 mm., were recorded as being ““silvery but with parr
marks visible’”.

Sea Life

The extremely rapid growth made in the sea, as cf)mparcd with that
made in fresh water, is well known and has been (,lu"ect.ly observed at
Waddell Creck by measurements of juveniles dcs«:endlqg to thq sea q1ul
of fish of the same ycar elasses returning to spawn in the following
and in the second seasons. Since the seaward migration consists almost
entirely of one age class and sinee the periods covered by both the
seaward and spawning migrations ave faily compact, cach being
concentrated in twe months, it is possible to obtain an accurate picture
of the growth made (Figure 21). .

Little is known regarding the movements of silver salmon in the sea.
Only a very few marked Waddell Creek fish Thave been veported
caught at sea, by cither commercial fishermen or sporvts anglers. Marked
salmon from Waddell Creek have been caught off Fort Bragg, 200
miles to the north (Taft, 1937). A single marked salmon from Waddell
Creek was taken by a sports angler at the mouth of the San Lorenzo
River, 20 miles to the south. It is evident from these records that ‘a]l
fish do mot simply remain near the mouth of the stream from which
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they migrated, but may travel considerable distances. To what extent
fish as adults return to that stream or stray to other streams will b
diseussed in the following section of this paper.

Although it has been seen that silver salmon travel considerable (jg.
tances along the coast, this does not mean that they travel cqual
distances directly away from the coast. Along the California coast the
continental shelf extends approximately 100 miles from the shoreline
and there is some cvidence to indicate that all of the anadromous sal.
monids remain within its limits.

Probably the young salmon, on first migrating to the sea, remain
fairly close to the shoreline. Very little is known regarding how soon
and to what extent they begin to spread out, but after a few months
they begin to he taken at various points at sea, sometimes in laree
numbers away from the mouth of any stream possessing & ran of
consequence.

Considerable evidence gathered by various agencies indicates that
the migrations of the various Pacific salmons take place in the form
of mass movements. As one example, let us consider Monterey Day,
where for many years there has existed a considerable fishery for both
king salmon and silver salmon. At times the ratio between these species
changes rapidly and in orderly progression within a limited area, indi.
cating the influx of one species and the departure of the other.

Also on the basis of the similar pattern of ocean growth reflected
in the scales of king salmon marked and liberated in the Klamath
River as a single lot but taken at widely seattered points in the ocean
at different times. Snyder (1924) inferred that ‘‘king salmon after
entering the ocean may remain together in the same locality or migrate
in the sane school for one or more years, possibly throughout Tife.”
Tt is not improbable that silver salmon exhibit similar behavior.

Little is known of the extent to which silver salmon from different
streams mix while at sea. Marked king salmon from both the Klamath
and the Sacramento river systems, hundreds of miles apart, have been
caught off Fort Bracg, and also in Monterey Bay (Snyder 1921b, 1923,
and 1924). It is fairly certain that masses of silver salmon from dif-
ferent streams visit some of the same areas at sea.

Basing his statements largely on collections of the ALBATROSS in
Alaskan waters in various years, Chamberlain (1907) has the following
to say regarding silver salmon upon entrance into salt water:

“Tyom the above data it is seen that the cohos remain for some
months about the shores near the streams whence they issue. They may
be found about the mouths of the streams in brackish water perhaps
soon after their descent of the stream. Tt may be they remain about
the streams for a time to aceustom themselves to the salt water, but
this is not evident in case of the fry. The sea-run examples are readily
distinguished by the silvery appearance and usually by the greater
depth of body which follows habitual distension of the stomach. In
some cases, while near in shorve, insects appear to continue a staple
article of diet, as in the fresh water. The cohos feed less on crustacea
than the sockeyes, perhaps inhabiting slighter depths; correlated to
this is the abundance of small fishes found in their stomachs—stickle-
backs in brackish water and herring and sand launces in more open
regions. '
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¢ Jrpom the catches at Naha and Yes bays 1t would scem that. the
s continue to school after veaching salt water. The results of the
hauls indicate that the different species of salmon sehool together,
or at least in the same waters.”’ ) -
Regarding the approach of silver sulm(in to laund, on their way to
the spawning grounds, Chamberlam (1907) states: . )
Crhe presence of salmon can be noted ounly by tl}elr habit of leaping
from the water as they approach the land. It 1s often possible by this
means not only to recognize the presence of a school, but also to dis-
tinguish the species. In jumping, salmon.do not leal\:c the \\’;1t~(‘l‘_\\'lth
their ventral surface downward, as do flying-fishes. They always jump
sidewise with one side at an acute angle to the water surface.
Cohos usually leave the water entirely, falling back (m_the caudal
pcdunc]e held rigid with the fin d_irccto(l l_lp\\‘nrd."l‘ho‘, tail may then
drag through the water a short distance till the fish falls on its side

and disappears. i

cohwo!
seine

Homing and Straying

Considerable discussion exists in the literature regarding “homing™
among anadromous members of the salmon family—its existence, sig-
nificance, and causes. 1t is the opinion of the present writers t.h.at evi-
dence obtained through marking experinents carried out by scientific
workers in this and other countries has established as a fact the exist-
ence of such homing. Briefly, young salmonicls which descend from
fresh water to the sea return to thelr '‘parent s:'.tream” for spawning
purposes. (Young fish artificially hatched and liberated return to the
stream in which they were liberated, not to the stream to whlel} their
pavents returned or in which they were hatched.) For a review of
the subject of homing in trout and salmon and the important litera-
ture concerning it, the reader is referred to a paper by Shapovalov
(1941Db). o

Taft and Shapovalov (1938) presented prelimmary data for the
extent of homing and straying among silver salmon between Waddell
Creelt and Scott Creek, 4% miles apart. Table 17 shows the complete fig-
ures for the six seasons of marking (1933-34 through 1938-39) and the
seven seasons for which returns were possible (1934-35 through 1940-
413 .20

Tiish listed as returning inelude only those taken at the traps in cach
‘stream, to obtain as nearly comparable a basis as p'os'51ble. Males and
females have been grouped together in the table, since no significant
sexual differentiation has been revealed in the straying fish as compared
with those of the same year class returning to their parent stream. It
should be kept in mind that the fish marked and liberated in Scott
Creek were hatchery-reared.

From Table 17 it is seen that during the entire period 3142t (85.1
percent) of the fish marked at Waddell Creek returned there and 55
(14.9 percent) strayed to Scott Creek. Of those marked at Scott Creek,
41 (73.2 percent) returned there and 15 (26.8 percent) strayed to
Waddell Creel. The percentage of straying is considerably larger than

Creek in 1931 and at Scott Creek during the

2 Returns for marking done at waddell B the

1932-33 season are omitted, because of incomplete records at Scott Creek in

. 4 and 1934-35. . - f
'-"E)::cluding se\'er"l) fish returning to Waddell Creck dAuring the 1934-35 season, since

strays to Scott Creek for that season were not available for comparison.
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Other marked Waddell silver salmon have been reported eaught hy
anglers in the surf or offshore along the Santa Cruz County coast
usually in November. Foi example, a fish of the 1933-34 vear clags
(marked Ad-LP at Waddell Creek) was taken in the surf at the mouty
of Soquel Creek in November, 1936, and “‘quite a few’ were reporteq
being caught in that vieinity at the same time. Without further eyi.
dence, these fish cannot be treated as strays.

Between Scott Creek and the San Lorenzo River are several smal
streams, namely, San Vieente, Liddell, Respini, Laguna, Coja, Baldwin,
and Medler creeks; these streams support few, if any, salmon. Ng
marked fish have been reported from any of these streams, although
no facilities to secure returns were in operation and any reports wonld
have resulted from chance catehes made by anglers.

To the north of Waddell are three small streams, P'inny, Ano Nnevo,
and Whitehouse creeks. which probably do mnot have salmon runs,
(tazos Creek, 63 miles north of Waddell, and Pescadero Creek, 141
miles north, both have salmon runs, but again, no marked Waddell
fish have been reported from these two localities, where no speeial
facilities to secure returns weve in operation.

In the preceding diseussion we saw that apparently the rate of stray-
ing is fairly constant for fish returning in different seasons but result-
ing from a single year class. From this it appears that by the time
adults first start returning (as 1/1 males) the amount of straying that
will result has already been determined and is more dependent upon
conditions existing up to that time than on conditions existing at the
time of entry into the streams for spawning. Until contradictory evi-
denee is presented, it appears satisfactory to set up the hypothesix that
conditions existing at the time of the migration to the ocean determine
the amount of straying that will take place one and two seasons later.
What these conditions are, it has not been found possible to state defi-
nitely on the basis of the data which are available and have been ana-
lyzed, but it appears worthhile to call attention to certain possibilities.
(1) There is a tendency toward a positive correlation between size of
downstream migration and rate of straying. (2) There is a tendency
toward a negative correlation between average size of fish at down-
stream migration and rate of straying. In other words, the greater the
number of downstream migrants and the smaller the size of down-
stream migrants, the greater is the amount of straying. Possible ex-
planations for these correlations may be advanced. One is that an un-
usually large number of downstream migrants attracts predators out of
proportion to the average, with the result that the fish entering the
ocean are rapidly seattered or in some other way affected so they do
not return to their home stream in average numbers. Another is that
unfavorable growing econditions (resulting in small size of fish) in some
way affect the fish so they do not return to their home stream in aver-
age numbers. It must be emphasized that the significance of these ten-
dencies has not been established; it would be of interest and profitable
to carry out marking experiments planned to test the indicated ten-
dencies.

Tt was pointed out in the previous section that upoen descending to
the ocean the young fish do not simply remain near the mouth of the
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stream of liberation, but may wander great distances. In answer to the
view that sueh fish are “lost’” and will not vetarn to the parent stream,
and that only fish which remain nnder the influence of water from the
parent stream will return to it, it is pointed out that the mouths of
most California silver salmon streams are closed by sand bars during
the sammer months and that in some cases the lower courses of the
gtreams are entirely dry, so that no fresh water reaches the ocean.

One other phase of homing remains to be considered, and that is the
extent to which fish returning to the parent stream veturn to the same
portion of the stream. For Waddell Creek, an attempt to determine this
matter was made on the basis of the distribution of marked and un-
marked adults within the stream. The problem was made difficult by
the fact that only fish which had completed spawning could be nsed
with certainty, with the result that the numbers available for compari-
con in any one season were too small to obtain conclusive evidence. In
view of this and the fact that some spent marlked fish were found helow
the dam. for the purposes of the present studies the proportion of
marked to unmarked fish has been considered to be the same above
and below the dam.

Survival

Since nearly all of the silver salmon migrate downstream at age 1
and go to sea in the same season, and since they spawn only once, it
is relatively simple to calculate survival to maturity at Waddell Creek
cither from eggs produced (over-all survival) or from downstream
migration (secondary survival).

Qver-all survival, without a breakdown into survival at intervening
stages, is shown in Table 18. It is seen that the survival varies from
0.02 to 0.30 percent for the six seasons for which complete returns
were possible, with a mean of 0.13 percent.??
mle 18 and subsequent tables dealing with survival of both silver salmon and

steelhead, calculations have been made of (1) the total percentage of survival,

and (2) the mean of seasonal percentages of survivals. The former is based on

total numbers for all seasons, with the survivors under discussion considered as a

percentage of the fish or eggs from which they originated. In each instance only

the mean percentage of survival is noted in the text. This figure is probably the

more significant one, the assumption being that the seasonal percentage survivals
are representative for the individual seasons.

TABLE 18

Waddell Creek, Sifver Salmon: Over-afl Survival

Spawn- Total Returned as adults Percent-
Season ing egg age

females | production 11 @] 1/2 @172 9! Total survival
1933-34__ 222 560,690 85 153 157 395 0.07
1934-35__ 309 725,014 4 70 37 111 0.02
1935-136__ 59 141,233 34 40 56 130 0.09
1936-37__ 157 377,352 24 105 150 279 0.07
1937-38_. . 37 91,728 62 102 1135 279 0.30
193839 _ .o eeoee- 56 130,074 71 124 129 324 | 0.25
Totals. oo e e 840 | 2,026,091 280 594 644 1,518 | 0.07
LTS DI P B B E - iuiainiabinieiel Il Q.13

* Mean of seasonal percentages.
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One of the striking features to be noted in Table 18 is the fuverpge
correlation between the total ege production and the survival 1>(‘l'c(-vn.t.
age. The fact that the same phenomenon is eneountered for steclheaq
(pares 204-205 and Table H8) indicates strongly that the correlation iy
not due to chanee but is veal.

In Table 18, the numbers of spawning females arve the estimate(

total numbers in Waddell Creek in each season, including those checkeq )

upstream through the trap, the dam jumpers, and those spawning below
the dam. It was nceessary to include all three groups for the reason
that in caleulating swrvival from eggs deposited it was impossible tg
recognize the fish produced by one group from those produced by an.
other group. Survival may also be caleulated on the basis of markeqd
fish, and this ix done on pages 97-101, but sueh survival dates from
time of downstream migration (te., time of marking) and not from
time of egg production.

Tu calenlating the number of eggs deposited by each spawning run,
the number of eves produced by cach fish was calenlated on the basis
of the e number-fish leneth relationship previously established (pages
59-62) and shown in Figuve 10. The Tengths of all fish checked wp-
stream were, of course, known. Egg preduction estimates for fish jumyp-
ing upstream over the dam and for those spawning below the dam
were based on fish teneths when known. For the remaining fish they
were based on the auerege egy production for fish checked upstream
through the trap. This is shown in Table 19.

For purposes of estimating survival, fish straying from other streams
to Waddell Creek weve ineluded, i.e., it was assumed that the straving
of surviving fish to and from Waddell Creek had been equal.

TABLE 19
Waddell Creek, Silver Salmon: Estimate of Tofal Egg Production, by Seasons
Females checked .
“":l:‘:‘::;;( © ch:\.lc:s Jumped Total l?’cnm.les spawn- Total
upstream trap over dam cug ing below dam Waddetl
Season : prqduc— Creek
tion [0
. Egy ~ Egx above Ege produc-
‘\I"_‘{" produc- .\Iu‘u}- produte- dam Nlum- produc- tion
et tion et tion ber tion
1933-34 ... ... 177 440,675 25 20 | 49,340 560.690
193435 .. ..., 287 675,492 2 20 | 45,020 725,014
1935-36. . 39 0 ; 20 | 47,180 141,233
1936-37__ - 107 0 259,350 50 | 118,002 377,352
1937-38. . .- 22 0 51,243 15 | 40,485 91,728
1938-39_ . O 40 95,271 0 95,271 16 | 34,803 130,074
193940 _ ... ... 126 334,353 0. 334,353 24 { 61,968 396,321
1940-41__ 105 236,400 [0 PR 236,400 10§ 21,480 257,886
194142 .. __. 77 147,945 2 3,714 151,659 50 92,850 244,509
Totals. __..__ 980 | 2,343,788 29 | 69,891 | 2,413,679 225 1 511,128 | 2,924,807
Seasonal means __ _ 109 260,421 3 7,766 268,187 25 { 56,792 324,079
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Phe previous discussion of survival and the m;(:nmpun:\'ing tables
pave ineluded both marked and unm;u'kcfl fish. Now (:(}11._\'1(1(\1'1.113_:' Snr-
vival among marked fish, we are able to mercase our insight into _thv

rocesses that take place, since possible ervors vesulting from straying
are eliminated.

survival of Marked W addell Creek Silver Salmon

Table 20 shows the number of downstream Juveniles marked (as age

1 fish) in each season, and the number of 1l}exo marked fish that ve-
turned to the trap ax adults. Marked Scott Creele strays, fish marked
in Waddell Creek in 1931-32, and all unmarkecl fish have been ex-
cluded, since none of them is comparable to those marked on a down-
stream migration.
" From Table 20 it is seen that the percentage of survival from time
of downstream migration varies from 0.6 to 5.4 with a mean of 233,
1t must be noted that these ficures are based only on marked adults
returning to the trap, and that some additional marked adults returned
to the stream but spawned below the dam. It is of interest that theve
is o tendency toward an inverse correlation between the number marked
and the pereentage of returning adults, with the lowest survival rate
resultine from the greatest number marked and the hichest survival
rate resulting from the smallest number marked. The sienificance ol
this phenomenon will be discussed later in this section.

A comparison of Table 20 with Table 76 for the steelhead indicates
basie similaritics as regards survival. The average veturn to the trap
from the nmmber marked at the same age (1) is much the same for
both speeies (2.3 pereent for silver salmon and 2.4 pereent for steel-
head). There is also a rough correlation between the season of marking
and the survival, when salmon and steelhcad of the same age (1) are
compared. However, survival does not appear to be correlated with the
mark given, as such. The same mark used oun silver salmon iu ditferent
seasons (Ad-RP) resulted in both a survival much above average and
one much below average.

In the preceding pages we have determined the survivals from eges
deposited to returning adults for the strecam as a whole and from
dovnstream migrants to adults returning to the trap for marked fish.
Tn srder also to. determine the survival from eges deposited to down-
stream mievants (primary survival) it is necessavy to know the total
number of downstream migrants, including those that went over the
dam uncounted and those that were produced below the dam. The total
number of downstream migrants was ealeulated by applying the ratio
of marked to nunmarked fish among the adults of a given brood year
(returning during the course of two scasons) to the marked downstream
migrants of the same brood vear.?t The total downstream migrauts were
then expressed as a pereentage of the cges deposited for each brood
year,

Table 21 shows the ratio of marked to unmarked adults among the
age 1/1 and 1/2 fish, respectively, resulting from each brood season
and the division according to this ratio of the fish of the same life
historv categories estimated to have spawned below the dam.

% “Unmarked” fish include marked strays from Scott Creek.
4—09945
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TABLE 20
Waddell Creek, Silver Salmon: Secondary Survival of Marked Fish
Marked fish returning to trap as adults i
Season N”:t)'bcr . Percentage z
Brood of Mark . , First season Second season Total rvival -
season marking juveniles survival -
marked " =
d Q &+ Q a3 Qe g+ © 7 Q d+ @ o
1933-34. | Ad-RP... 3,202 7 - 7 11 9 20 18 9 27 0.8 =
1934-35. .| Ad-LP___ 3,481 15 - 15 52 44 96 67 44 111 3.2 b
1935-836. .| Both P_._ 4,392 0 - 0 20 6 26 20 6 26 0.6 Z<
1936-37. .1 Ad-RP... 1,059 9 - 9 19 29 48 28 29 57 5.4 =~
1937-38..] Ad-LP... 1,895 10 - 10 40 50 90 50 50 100 3.3 =
.................... | ‘34 1
2.3
b
/A
2
TABLE 21 z
Waddell Creek, Silver Salmon: Enfire Spawning Runs From Five Brood Seasons, Ratio of Marked to Unmarked Fish ™ T
==
1/1d 172 & + @ ~
"
V4
Chiecked throngh Checked througly -y L . 2
Brood scason upstrenm trap Run below dam npstream trap Run below dam All returning adults o
>
] 4
! Un- . o™ ' Un- Tark Un- . - o Un- . Un- . =
Marked marked Ratio Total | Marked marked Muarked marked Ratio Total | Marked marked Marked marked Total B
m
-
1432-33. 7 14 33.3:66.7 1 0 1 20 H2 37 10 27 37 94 131 S
1933-34. 15 41 2(.8:73.2 29 8 21 Qi 115 94 45 54 164 231 3495 ‘3
1934-35. 0 3 0:3 1 0 1 20 38 43 17 26 43 68 111 7
1935-36. 9 11 45.0:55.0 14 [ 8 48 21 27 14 8 82 48 ‘ 130 ‘
1936-37__. 10 7 58.8:41.2 7 4 3 90 124 41 . 17 24 121 158 279 :
. . [T DS SR P - -
Totals. ... 41 76 P 52 18 34 ‘ 280 350 ‘ 247 | 108 (B ’I’ 147 599 ’ 1,046 &
| ! | e 1 | z
-
* No salmon from these five hrooth seasons jumped over the dam, @
3
=

66
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.07
0.02
0.09
0.07
4.05
0,06

Over-all

survival from eges deposited to downstream miwrants is faivly constant,
varying from 1.16 to 1.56, with a mean of 1,35, These ficures indicate
that awithin the Limits of condilions encountered during the above four
am micrants is approximately propor-

|

~ogeit- | =
~St-0n |

TOoNG { o™

seasons the number of downstre

tional to the number of exgs deposited.

Secondary

estimated pereentage of sur-

Trom Table 22 it is also seen that the

adults for the stream as

Percentage survival

vival from downstream migrants to returning

Al

3 4 whole varied markedly, from 0.98 to 7.72, with a mean of 4.95. 1t
— will be noted that there is an inverse correlation hetween the number
=

Primury
1.43

of downstream migrants and the percentage of return as adualts. 1f
correlation is generally representative and not due to

this inverse
< chance conditions oceurring during the seasons under discussion, it
ER e appears that the most plausible explanation for the phenomenon is
! that the greater the concentration of fish, the more likely are predators
! ] to he atlracted to them, and the proportionately greater are the -
5 | rencls made on the fish. The tendency toward an inverse correlation
i beiween the namber of fish marked and number surviving (page 97)
probably resulted only because the number of fish marked also was
e number of fish in the total downstream

10,827
7

Misrked

roughly proportional to th
“migration.

From data presented in the section on ‘‘Homing and Straying”’
(page 93) it was seen that it appears likely that the rate of stray-
ing from Waddell Creek to Seott Creek and vice verse may vary to

ass. If this is the case the various caleu-

.22

1:1.238

Ratio
marked

unmarked

1:1

’ somie extent with each year cl
lated survivals which are based partly on unmarked fish of unknown
origin are affected. The year class at Waddell Creelk which resulted
in the most straying to Scott Creek also resulted in the lowest survival
at Waddell Creek (brood season 1934-35). while the two year classes
whiech resulted in the least straying to Scott Creek also resulted in the
two highest survivals at Waddell Creek (brood scasons 1935-36 and
193G-37). Caleulated survivals are probably also affected to some extent

68
48
58
5
126

Unmarked
31

03

@
a
=
3
=3
]
=
i
~

Marked
1G4
43
82
121
410
1

of strays contributed by cach stream result-

by Qifferences in numbers
adults of a given vear class

ing from different nombers of returning
i nroduced by each stream, irrespective of rate of straying.

One other interesting fact may be derived from Table 220 A com-
pavison of the total numbers of downstream migrants with the average
K size of downstream migrants (Appendix. Table A-14) indicates that
= an inverse correlation exists between the two. .

TABLE 22
Waddell Creek, Silver Salmon: Primary, Secondary, and Over-all Survival

Total
305
11t
130
279
915

5,014
141,233

560,600
377,352

Total
e
7
1,804,289
1

production

Pathology

Diseases

As a rule disease is not prevalent among trout and salmon in their
natural environment. Occasionally epidemics occur, often in the pres-

ence of unusual environmental conditions, such as abnormally high
onditions one or more disease organ-

water temperatures. Under such ¢
isms, most frequently protozoa or bacteria, which probably have been
may Hourish and cause considerable mor-

Brood season

present in small numbers,
tality.

High temperatuves and
selves cause loss of vitality and mor

1934-35. . ceei oo

Totals.

adverse chemical conditions may in them-
tality, but strictly speaking are not

Seasonal means._____.....__

1983-34. . ...
1935-36
1086-37_ .o _..

.
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: - trrom Table 22 it is scen that for the four hrood scasons (1933-34

LI Cd =3 > | 2 through 1936-37) for whieh ficures are possible the pereentage of
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diseases, and generally speaking do not oceur in the natural envirey
ment of trout and salmon. Such eonditions are more apt to "‘“-0}]‘
impounded and polluted waters. ! peen i
In hatcheries and rearing ponds, in which the fish are concentrat
to a far gyeater extent than in their natural environment ) 11‘ . 'Od
are much more common. o iseases
Vol
l):‘}t W atlld'ell Creek .therevhas been no known loss of silver salmon
ecause of lngh' temperatures or lack of oxygen, and very little evid
of disease causing mortality. R denee
lm;\TdL'seaie ‘beheved to bevfurunculosis caused some mortality among
pawned steelhead at Waddell Creek during the course of the X
periments (see pages 239-241). However, practically all of the 1(\
salmon females are believed to have succeeded in épawninv n;os'l "o
less completely before dying, so if this disease has been presgnt 3111e .
th?‘adu]ts it has not materially affected deposition of en'n's“ o
1 g il‘e e.\’vtent; of losses from this disease among the jhvzﬁil'e salmon ig
tlaonkénla‘\-]; igsgftl.]l);al.)}lt‘?li.?erl\'atl(.)ns on the downstream migrants in th;;
s e veale \.ex_\; it Ye evidence of this disease, and observations
¢ stream have not shown large numbers dead at any time
. Tn 1933-34 abnormally large numbers of dead fish including lj-uvenil )
silver salmo]}, adult and stream steelhead, scu]pin:;. and stir_(:'l\"leba ale (
were found in the trap and in the stream both above an.d below (Jt]\hi
dam. Some of the salmonids had red spots on the body pal'ticularll('
at fche bases of the fins, and were believed to be infected \’vith furuncm.‘
losis. However, many of the salmonids and nearly all of the scul )inl-
{«lll.d stlcklgbqeks found dead showed no external signs of di;eaﬁé 0?-
Injury, so it is very difficult to assess even the pmpo?ti()nafﬂ n;orialil\-
from different causes. There is also no way of determining the tot:'xl
number that died, since we do not know what percentage %f the ﬁ;h
that died in the stream was found. It is of interest that during tile
same season abnormally large numbers of other animals mbos’ﬂ\-;
rodents (rats, gophers, etc.) were found dead in the streams The
rel_atlon to the dead fish is not known. In any ease, however it. éeems
evident that some condition in the stream, either a disease or(’ranism 0;'
organisms or some condition of the water, caused abnormal z’morltalit\:'
among the juvenile silver salmon and other fishes. .
During the 1933-34 season the trap itself was appavently a source of
mortality. In that season 171 dead juvenile silver salmon .were re-
moved from the trap and an additional 67 dead marked juveniles were
found below_the dam. Most of these were probably l;ill’ed or injured
by the buffeting they received in the trap. Yearling silver salmoanere
found to be helpless in turbulent water in which steelhead of the same
size could easily maintain themselves. When this was discovered the
downstream trap was modified to reduce turbulence. In the succeeding
cight years only 60 juvenile silver salmon were found dead in the tra ).
Fungus (Saprolegnia parasitica) is present in all or practically aIH
tront and salmon streams; it is a secondary infection which Jgains a
foo_thold on breaks in the skin caused by mechanical injury or disease
It is very common in the form of white patches on spa\\;niﬁw and spent;
adult Pacific salmon. Under normal conditions it does not Ccamse much
damage to salmonids in their natural environment.
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As a rule many of the downstream migrant vearlings possess from a
few to many cysts under the skin on the sides of the body, but other-
wise appear to be in good condition. These eysts, which appear in the
form of black spots, arve formed by eneysted strigeid Jarvae (Trema-
toda). .

Treshwater copepods are found attached to some of the downstream
migrants, but apparently cause 1o serions clamage. Appavently these
copepods are specific, being found much less freguently on the salmon
than on the steelhead migrating downstream at the same time. The
species found in Waddell Creck has been identified as Salmincolu
californiensis Dana by Charles 13. Wilson. In the juvenile fish it is
found most commonly attached to the bases of the fins, especially the
pectorals and dorsal. Usually not more than oue or two are found on
a fish. Cireumstantial evidence is strong that these copepods die in salt
water, since they were not found on any adult silver salmon (or steel-
bhead) returning from the ocean.

Marine copepods (‘‘sea lice’) occur on adult fish entering the
stream, but have never been found on any of the fish by the time that
tiiey have reached the dam. Three marine copepods taken from a silver
salmon stranded on the beach in attempting to enter Waddell Creek
were identified by Charles B. Wilson as Lepeophtheirus salnonis.
Kroyer. Apparently this species had not previously been recorded from
silver salmon, but since it has been found on various species of sal-
monids (Wilson, 1908), its occurrence on silver salmon is not sur-
prising.

At least one other species of marine copepod (Argulus pugettensis
1pana) has been recorded from silver salmon (Wilson, loc. ¢it.).

Lampreys, which sometimes cause damage when they attach them-
selves to fish, do not occur in Waddell Creek.

During the 1933-34 season the field observer, F. . Sumner, recorded
two downstream migrants lacking pigment, as follows:

April 19, 102 mm,, ‘‘Jacking pigment, whitish™.

April 23, 115 mm., ‘partly albino {whitish) .

No other such records appear among the field notes.

On oceasion downstream migrants with one or both opercles turned
under have been taken. In 1933-34, during the period April 29-June 2,
the following such fish were recovded: right opercle turned under, 8;
left opercle, 5; both opereles, 2. During this period 1,535 yearlings
were handled, but it is not known whether or not all of them were
examined for this feature. The cause of this abnormality is not known,
In hatcheries opercles that do not fully cover the gills result from a
variety of causes, nsually associated with the diet of the fish.

Fish that were blind or partially blind in oue or both eyes, as evi-
denced by opaqueness of the eye, were fairly common among the adults
but were met with only rarely among the juveniles. Consideration is
here given only to fish in which no mechanical injury to the eye was
apparent. The writérs believe that such opacguencss often, if not usually,
is the result of fish scraping the eye after it has entered fresh water,
e.g., in leaping falls, passing through log jams, spawning, or being
handled in nets at traps. This condition has been noted frequently at
various ege collecting stations, especially when the fish had been
handled in dip nets made of seine material with prominent knots.
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" The records at Waddell Ctreek indieate that the discases encounterp]
ineluding the external parasites, have not been associated with size of
fish, within a veav class.

Teratology

Deformities are rave among salmon and trout in their natural en.
vironmment, and this general rule has held good at Waddell Creek. Of
partieular interest are abnormalitics of the fins, beeanse of their rela.
tion to marking programs.

Although abnormal or naturally missing fins werve watched for iy
all seasons among the downstream migrants, it is possible that a Jew
were missed. An especially earetul wateh was kept during the 1934.35
season and the reeord for the 3,532 vearling migrants is as follows;
Left pectoral fin naturally missing (scar present), three fish; adipose
very small, three fish; “practically no adipose fin,”” one fish. The fact
that a sear was present in the case of the nussing pectoral fins
indieates that the fing were lost through injury or disease. Ovea-
sionally salmonids with fing missing from birth are encountered in
natuve. On several oceasions the writers have encountered salmonils
with the adipose fin completely absent, and on one occasion one of
them (Shapovalov) examined an adult king salmon with both ventral
fins and the supporting bone structure (pelvie girvdle) completely
missing. Migrants with a part of the caudal fin missing or with de-
formed fin rays have also been taken on rare occasions.

The record for 1934-35 and the discussion of the preceding paragraph
show that although missing fins are not common, they do occur and
may influence the apparent returns of a marking program if enly one
fin is elipped. Sueh naturally missing fins are not to bhe expected to
interfere with a program in which mass returns for' a given locality are
expected, but may prove a serious hindrance in those cases in which
reliance is placed upon small returns, as in the cases of straying or
individual fish taken at sea. Tn any case, the extra labor involved in
marking two separate fins is well worth while in terms of veliability
of results.

The frequency with which a given fin is missing may vary with the
population under consideration, and also from season to season. In one
case the writers encountered approximately 17 fish with three ventval
fins ont of a lot of approximately 10,000 trout being marked. Almost
certainly these abnormal fish were the product of a single female. Tn
the same way, a number of fish with similar abnormalities may be
produced in nature by a single female. Probably the fin most commonly
completely absent from hirth is the adipose, but the fins most commonly
missing as a result of injury ave the pectorals or ventrals. Among
hatchery fish the fins most commonly missing or deformed arve the pee-
torals or ventrals, due to biting by other fish. and the dorsal, due to
discase (fin rot or Gyrodactylus). Almost no fish with fins missing be-
cause of these discases were enconntered at Waddell Creek. except in
adults straying from Scott Creck.

The oceurrence of missing and deformed fins among adult fish is
perhaps somewhat greater than among juveniles, principally due to
injuries to these fins that have taken place at sea.
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Deformities of the body. like abnovmalities mn th.c fins, ave rare amony
salmonids in their natural environment. ()cwlslpnnlly silver salmon
with twisted snouts or defornted upper or lower jaws have been taken
poth among the juveniles and the adults. Even more rarely so-called
cecr figh, with a curvature of the spine, have I"'m,‘. taken anong .th(‘,
juveniles and adults. Similarly, vare specimens of ““stubby’’ fish, i.c.,
fish which are abnormally short for theiv depth and age, have been
taken. The various deformities Histed ave mueh more common among
hatchery fish. but such fish ravely urvive to return as sea-run spawners.

Food

Tt is evident from the accumulating literature on llwl food .nfi young
salmonids that there 1% vnnsidoral_>lu \f;l}‘l;mun in 1]1‘:- .l()ml of a given
species. Jdepending upon l(.n-nlii‘\', time of year. size of fish, zmd_ th‘(: l'(']'il—
tive abundance of the various food ‘l‘ro.nm._lhf_- greater the variations in
these fartors, the greater is the vaviation in food likely ta be, but espe-
ciallv in trout there is sometimes even a marked variation in the food
of individuals of the same size taken at the same time and in the same
place. ) . . _ o

In California. the streams inhabited by silver salmon_are generally
similar. and so the food of the young fish is probably similar at a given
time of vear and for the same size of fish. 1t is not unlikely that in
most California streams the food of the young silver salmon is similar
to that of steelhead of the same size. .

Almost nothing is known of the food of juvenile silver salmon at
Waddell Creek on the hasis of stomach examiniations. The only stomach
examined was that of a juvenile upstream female 100 mn. long, ta.ken‘
on Jauuarv 30. 1933 ; this stomach contained only “a little debris.’”

I the section on ~*Predators’™ (page 253 )it will be seen that
Pritehard (1936b) had found that during fhe.soa\\'nrd migrat‘u'm of
various species of Pacific salmon in the spring of the year at MeClinton
Creek. British Columbia, yearling silver salmon had consumed large
guantities of pink salmon fry, and small numibers of chum salmon fry
and silver salmon fry and fingerlings. In the same section 1t will also be
noted that in California silver salmon probably do not consume large
numbers of steelhead and silver salmon hecause of the faet that the
latier two species emerge from the gravel after the scaward migration
of the vearling silver salmon, but that they may eat lavger ugmber.s
of kine salmon. which generally hateh carlier and many of which ni-
grate as fry. _

Chamberlain (1907) veported that in Alaska silver salmon fish of
the season. taken from May throngh July (Tengths 33 to 43 mm.), had
fed mainly on inscets. Lavger fish, taken in night haunls in Angust and
Septemher, had eaten most tervestrial insects. and also aquatic Insect
larvae (principally caddisflies), snails, and sticklebacks., with a scat-
teritiz of miscellancous items. The data for the Angust-September fish
have been gathered into Table 23. '

Chamberlain adds: ““The yearling cohos taken m the Naha were
found to eat the voung salmon fry whenever taken with them in the
nets. That thev sometimes were able to prey upon them in a natural
state was evidenced by the presence of digested fry in some examples
that were seined in Roosevelt Liagoon in May.’’
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TABLE 23

Alaska, Silver Salmon: Foods of Young Fish

I’ercentage of fish cating class of food listed

Aug. 2215 fish, Aug. 24—55 fish, Sept. 10—88 fish
av. length 95 mm., | av.length 85.6 mm., | av. length 83 mn,
range 63-122 mm. range 33-130 mm. range 51-120 mm:'

Class of food

Winged insects (fies, ants, ete.). 64 a1 14
13 42 20
13 5 44
13 .- T
26 T 5
13 7 2
- 14 11

The general feeding habits and growth of silver salmon at Waddeli
Creek have already been described in the section on “‘Stream Life Prior
to Seaward Migration (General Features)’ (pages 70-73).

Bradley (1908) recorded the tube-dwelling amphipod, Coropliwm
salmonis, from many stomachs of young silver salmon 71 to 79 mm. in
length taken at Karluk Beach and in the estuary of Karluk River
Alaska, June 8 and July 24, 1903. A closely related species, C. Sp'lf'n'i:
corne, 15 one of the most abundant organisms in Waddell Creek lagoon

Chamberlain records that young silver salmon taken with a hook in
brackish water at the Klawak cannery wharf contained insects and a
few beach crustaceans.

In regard to the food of small silver salmon in salt water, Cham-
berlain has the following to say: ’

““The young coho in salt water is more easily observed than the other
species. It readily takes the hook, and apparently is less timid than the
others in approaching surface and shore. In 1904, 45 were taken at the
Loring cannery wharf August 2. They averaged 190 mm. (158-226)
On Julv 10 at the same place about 30 were taken. No measurement.é
were made except of the largest, which was 138 mm. On August 2 1905,
a scattered school came about the ArmaTROss while anchored at th(:
extreme head of Yes Bay; 26, averaging 202 mm. (152-237), were taken
with a hook over the ship’s side. Only a few, 6 or 8, woulli appear at
once, and they took the hook baited with hits of meat, ete., very shylv
in the perfectly clear water. Most of the stomachs contained offal from
the ship’s messes; 5 contained fishes up to 65 mm. in length, all that
could be identified being sand launces; 2 contained young sticklebacks
one of them 10 individuals; 2 had 1sopods, and only 3 hacf taken inseet;
from the surface. Another example taken later, a male of 265 mm., con-
tained 4 small herring. ' ’

-\ Karluk young cohos are occasionally taken in the cannery
seines; two, 180 mm. long, preserved from the catch of June 8 con-
tained 2 species of amphipods and one a young cottoid; one, 158 Tam.
preserved from the seine July 3, was an empty female; July 24, another’.
175 mm. long, contained Ammodytes. As will be seen, these records
indicate the presence of very few young cohos about Karluk Beach.

STEELHEAD AND SILVER SALMON LIFE HISTORIES 107

:rPhe general collections of the ALBATROSS afford the following data:

¢« A number of cohos were taken at Karta Bay with larger sockeyes
and smaller dog salmon on June 26, 1897. Of the specimens preserved
g males average about 80 mm. (56-100), and 14 females average nearly
100 mm. (80-140). They were teeding mainly on insects and crustacea.

¢« At Thorne Bay, July 5, of a number of small cohos together with
a few dog salmon, seined probably at the mouth of the river, 24 males
averaced about 55 mm. and 50 females about 56 mm., the high average
of the latter being due to the presence of a few slightly larger indi-
viduals (extremes, males 45-65 mm,, temales 45-78 mm.). The stomachs
examined contained insects for the most part; a few had small erusta-
ceans and 2 had flatfishes.

¢« At Port Alexander, July 3, 1903, many young cohos were taken in
the seine; 4 males and 2 females were preserved ; average about 150 mmn.
They were feeding on young herring and sand launees, also larval erabs
and amphipods.

<< (Of the specimens saved from Uganuk, June 3, 1903, 5 are males,
averaging 138 man., and 8 females, 130 mm. All but 3, which were
empty, were feeding on young herring, each containing from 1tob
individuals. . . .

¢« At Unalaska 6 examples, taken July 23, 1888, average 148 mm,
contained insects, erustaceans, grubs, and in one case a small fish like
a salmon fry. One humpback fingerling was in this lot.

¢rpyvelve examples, taken at Sumner Harbor July 2, 1896, averaged
about 60 mm. and were feeding on insects and crustacea. They were in
company with the smaller sockeyes. 7

Pritechard and Tester (1944), in a study directed toward shedding
licht on possible conflict between salmon and herring fisheries, pre-
sented an account of the food of silver salmon along the coast of
British Columbia and summarized the results of some studies for other
areas. The investigations probably give an indication of the types of
food eaten elsewhere at sea, although the authors emphasize that there
was a marked variation between areas and years in the kind and guan-
tity of the organisms forming the major food items during the three
vears of their studies. Examinations of 257 silver salmon stomachs in-
dicated the food of this species to be similar to that of king salmon in
that herring and sand lances were the two most important items, but
the silver salmon appeared to feed somewhat move extensively on other
fish and invertebrates than the king salmon. The silver salmon also had
a greater range of diet than the king salmon, since more types of food
organisms were found in the smaller number of stomachs examined.
The authors believe it to be probable that there svas no active selection
of the kind of food eaten by either species and that both fed on what-
ever food of suitable size was present in sufficient quantity to repay
them for the effort. Certain types of organisms, namely, herring, sand
lance, amphipods, euphasiids (ved feed), and crab larvae, were found
in all three vears; others, namely, sardines, anchovies, capelin, rockfish,
black cod, and isopods, were found in two of the three years; still
others, namely, silver salmon, lanternfish, Pacific saury, hake, whiting,
seulpin, squid, goose barnacles, and jellyfish, were found in one year
only. The authors believe that ¢‘this variation is doubtless related, in
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part at least, to variation in the number of stomachs examined in cae,
of the three years. . . .7 ’

Chapman (1936 tound the food of 400 silver salmon from the Neap
Bav, Washineton, region to consist of enphasiids, sardines, and herring
in the order named, to the practical exclusion of all other organisms.
3oth in numbers and weight the euphasiids were the most importmR
single item of food. Black cod and squid were only incidental. Twenty-.
five stomachs were empty. '

In the same paper. Chapman notes that the data on 85 silver salmaoy
from Westport differed considerably from those for Neah Bay: (1) a
wueh higher percentage of the stomachs was empty (Westport 39 ]:;m-.
cent, Neah Bay 6 percent), (2) euphasiids were completely absent, aild
(3) sardines were of greater importance in comparison with herring
than they were at Neall Bay. The Neah Bay fish were pm'se»sein(:
canght fish, while the Westport fish were caught by troll.

Chamberlain (1007) lists the food of only fowr adnlt silver salmon
taken at sea in Alaskan waters. Two individnals seen at Karta Bay the
first of Angust were filled with saud lances; another contained a hor-
ring. A female taken at Quadra early in August was filled with crab
Jarvae.

Apparently, scasonal studies of the food of silver salmon in the sea
have not yet been conducted.

Summing up, it appears that young silver salmon in fresh water live
very largely upon inseets. both aquatic and terrestrial, that smaller
individuals in salt water depend heavily upon marine invertebrates,
and that the larger fish in salt water are chiefly piscivorous.

LIFE HISTORY OF THE STEELHEAD

Spawning Migration
As with the silver salmon, the discussion of the life history of the
steelhead is begun with the adults that are about to enter the stream
for spawning purposes.

Time and Size of the Spawning Migration )

Both over its range as a whole and in individual streams, the spawn-
ing season of the steelhead extends over a much longer period of time
than does that of the silver salmon. In general, the bulk of ‘the fish
enter the streams and spawn in the winter and spring, but it is probable
that in the larger rivers, such as the Saeramento, Eel, Klamath, and
Columbia, some steclhead enter from the sea in all or nearly all months.

Roughly, steelhead -may be divided into those of the spring run (fish
in general entering and migrating upstream on dropping stream levels,
while quite green, and spawning in the following season) and those of
the fall run (fish in general entering on rising stream levels, with
sexual products in various stages of development, but spawning within
the same season). With local variations, the spring-run fish enter the
streams in April and May and recach the pools in which they ‘‘summer
over’’ in June and July. Such fish generally do not feed in fresh water,
but remain fat and in good condition until they spawn, usually in
November and December. Spring-run steelhead do not oceur in most
California streams, ascending probably only those that are snow-fe
and possess deep pools. Fall-run fish may enter from salt water
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throughout the year, from Aungust (early fish) through July (late
fish), but spawn within about four months of their entry. The late-
running fish generally spawn within a month or so.

Several specific instances of the vecurrence of spring-run steelhead
in California may be cited. Tn 1938 the attention of one of the writers

" (Shapovalov) was called to the presence of “‘summer salmon’” in the

Middle Fork of Rel River.. These fish were found to constitute a true
spring run of steelhead, entering the main el River probably mostly
in May and migrating upstream (Shapovalov, 1939b). They usually
make their appearance in the Middle Fork in July, and ascend to the
seetion from its confluence with Black Butte River to Asa Bean Falls.
Here they rest in deep pools, gradually “ripening’’ until the following
October, November, or December, when thes spawn. Tike the fall-run
steelhead, they do not feed in fresh water, with possible vare exceptions,
put remain in good condition throughout the summer. At times they
refuse to strike at a lure, while at other times they avidly seize a
spinner or grasshopper. The fish often rin from 7 to 12 pounds in
welight.

The only other portion of the el River in which their presence is
known to the writers is the section of the VVan Duzen River known as
Eaton Roughs, above Bridgeville. Here they are reported to beralready
present when the water levels drop and the water clears enough to see
into these ‘‘salmon holes’’; this is probably usnally in June. Runs that
are probably comparable aseend certain of the snow-fed tributaries of
the Klamath River. For example, steelhead of averawe size, which were
green and would not spawn until the following winter, were ascending
Elk Creek, tributary to the Klamath 100 miiles above its mouth, on
June 3, 1934 (Taft and Shapovalov. 1935, page 66).

In the comparable section on silver salmon it was pointed out that
Waddell Creek and most other California streams ave closed by sand
bars at their mouths dnring a portion of the annual dry season, as a
result of which the entry of the first fish of the spawning ran is de-
pendent upon the breaking of the bar with the start of the rainy
season. The same consideration, of course, applies to the steelhead.

As with the silver salmon, at Waddell Creek (and Seott Creek) somce
steciliead have entered the stream with the first opening of the bar,
whenever that has occurred, as shown in Table 24 This implies that

TABLE 24
Waddell Creek, Sfeelhead: Time of Inifial Capture in Trap, in Relation to Opening of the Bar
v Tirst opening First steclhead Permanent opening
ear of bar taken in trap . of bar
October 31 December 14 December 28
November 18 November 21 December 13
October 11 December 29 December 29
November 19 December 30 Pecember 26
QOctober 26 Diecember 12 December 8§
October 27 December 2. Qctober 27
November 24 December 11 December 7
September 13 October 27 December 16
October 9 | October 31 December 9
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the fish are ‘‘waiting’’ very near the mouth of the stream for the hay
to open, or make a rapid journey to the mouth of the stream with 1;11
approaching storm. e
Again as in the case of the silver salmon, only a portion of the sey
sonal “‘run’’ enters Waddell Creek with the first storm and with eac};
suceeeding storm. Iun the case of the steelhead, however, a smaller pro
portion of the total run enters the stream with the first storm !
especially if these oceur early, and the run stretches out past the salmo?{
spawning season. ‘
The entry of the fish into the stream is not determined entirely by
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(Figure 92). Table 25 shows the runs in the South IFork of the Kel
River by two-weck periods for six seasons, and Table 26 shows the Mad
River runs for nine seasons.

As in the case of the silver salmon. the writers have wondered if any
steelhead would enter Waddell Creek if unseasonal rains occurred in

TABLE 25

south Fork of Eel River, Steelhead: Adults Counfed Upstream Through Fishway at
Benbow Dam, by Two-week Periods

their sexual maturity, for examinations made at the very mouth have .
revealed that some of the fish are sexnally immature, or ‘‘green,’ I Percent-
;I . . . . H 9 939- 940- 941- 042- 1 1943- ag
while others are completely sexually mature, or ‘‘ripe.”” There is a Period '(’3'“?,& 1989 1940 A 1942 1 1985 ) ol e of
e . : ] . . . : = R i
| greater tendency for the early steclhead, in comparison with the silver ! run
N salmon, to be green. Such a situation is to be expected in view of the - S -
fact that although the spawning seasous of the two species overlap, the LR O VR [N IUURUNE SR RS e T itk Dars e
bulk of the steelliead spawning takes place later than that of the silver Oct. 15280 : N 5! Bl o o8 ’
: * - -Nov. 7 L DO E +
salmon in Waddell Creek and most other California streams. %ff\ P - 2 19 139 1 26 186 0.2
The increasing earliness of the runs and the spawning season with Nov. 26-Dec. 9. .- ' p PR Iy I et
TG . e e . ; Dee. 10-23.._..-- 62 304 ¢ 215 27 2.
progression to the north, \\lu_d\ was noted for the silver salmon, is not Dec. 24-Jsn. 6___ 5123 | 1,515 3.481 1 1,600 | 13,445 | 12.0
apparent in the steelhead. It is true that some steelhead enter the Jon. 7-20.--- 2498 | A 221 4,622 | 184481 J6.0
«treams of northern California earlier tl 1 ) ) . Jan. 21-Feb. 3 o700 | 2130 | 7517 | 4165 236161 21.2
> g -alifornia earlier than do any of those running Feb. 4-17------ 2,708 085 | 5.525 | 3.892 | 17,383 | 15.7
into Waddell Creek and its neighbors, but even 11 ] Feb. 18-Mar. 3. .. 1147 | 1.820 | =2.047] 2,103] 9,306 8.3
; 2 ! even In those streams the a72 | 3775 | 2.000| 4251 | 15320 13.7
spawning season takes place about the same time as in the southern ﬁ’i’;ﬁ eI 05 | 1643 | 640 1330 | 3831 52
: streams. Although steelhead enter the mouth of the Eel River in con- Apr. 1-14.__.. . 194 771 436 l 1,009 | 3,297 3.3
i slderable numbers as early as August, they do not ascend the South 'ﬁ‘;' ;3:%?;;? 12 = ¥ S bt B IR
it Fork until about the time of the Waddell Creek and Mad River runs May 13-26 10 +
. . May 27-Sept. IO S,
; T T 1 7 ' T T T y [ o’ 5 35 N I 5
"i . NOVEMBER OECEMBER JANUARY FEBRUARY MARCH APRIL MAY Totals ... _.---- 12,095 |. 14,476 | 18,308 | 17,336 25,032 I 23,445 | 111,612 f. .. __
i
1
TABLE 26
L ! Mad River, Steelhead: Adults Counted Upsiream Through Fishway at Sweasey Dam, by Two-week Periods
8 20
So. Fork Per-
=z E_el River—-\ cent-
: = Period toa1- | 1942- | 1946 | 1047- | 1948- | 1940- | 1950-} 1951 | 1952- ] Total | ageof
; o 42 | 43 | 47 | 48 | 49 | 30 11 52 | 53 total
" ’<_( s ! run
R [} -
e = / Woddelt ]
h 5 -Creek Oct. 1-98 oo e e e e
z > Oct. 20.Nov 11 VT 6] 1 B0 1 64} 0.1
5 3 Nov. 12-25__ ... ... 3l 621} 1.4
g g v Nov. 26-Dec. 9._.__- 4 935 | 2.2
g / \ Dec. 10-23__..____.. 229 11,253 | 2.9
w / i Dec. 24-Jan. 6___ ... 50| 782 1.8
| Jan. 7-20_____. X 62 1,113 | 2.6
I ; \ .II?an. 21 Feb. 3.._.__. 1,565 {3,802 | 8.9
5 & : - ' eb. 1-17...___ 215 | 6,607 | 15.4
/ T Mad River N\ Feb. 1S-Mar. 3. 362 |7.499 | 17.5
l~ A / Mar, 417_____ ] 2,078 |7.884 | 18.4
R 2= N ey Mar. 1831_ . 259 16,263 | 14.6
! AT AN Apr. 1-14..___._.... 526 {4,790 | 11.1
E. - Apr. 15-28._..._ ... 257 11,284 | 3.0
0ct15 0ct29 Nov Nov26 DeclO Dec24 Jan7 Jan2l Febd Febl8 Mar Moarl8 Apr Apr  Apr29 May U TR POR T AU AR N NRp P e B S R 36| 0.1
28 Novll 12-25Dec9 -23 Jan6 -20 Feb3 -I7 Mar3 4-I7 -3i I-14 15-28 Moyl2 13-26 May 13-8ept. 80 ..o |onoom (oo mmman|memmm|rmmmm e m e e
B FIGURE 22. Seasonal distrifblixltionEolf g\e'steelhsad r‘ﬁms in Waddell Creek, South Fork  Totals....___.._[4,583 | 6,640 |5,110 |3,582 3,139 | 4,074 | 4,631 | 5,584 | 5,610 42,953 |__ ...
% R of the Ee iver, and Mad River.
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September. Since such rains have not occurred during the conrse of
the experiments, a diveet answer has not been obtained.

The ocenrrence of different runs or *“waves’” of migrating fish hrings
up the question of “vaces.”” Tt is possible that different biolowical '(’n.
morphological races exist within large stream systems, but the oceng.
venee of fresh runs with each succeeding stormin Waddell Creek apg
other small streams indicates that different runs during a season arve not
necessarily the result of diffevent races. There is no evidence to indieate
that different races exist in Waddell Creek and one would hardly expeet
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ITicune 23.  Adult steelhead checked through the upstream trap at Waddell Creek,
by weekly periods.

o s il

i i i Fest Branch of
F . lippery IFalls, barrier to upstream migrants, on the Wes
roun 24 s l\’{)’gd{iell Creek. Photograph by Paul R. N eedhan.

different sea-run races to oceur in a stream so small and in which the
entry of the fish was restricted to a portion of the season.

Just what is the explanation of the different runs—why the fish do
not enter the stream at one time—is not known, but the Teason 1s prob-
ably tied up with the habits and migrations of the fish in the ocean.
The life history of the steelhead at sea is even more of a mystery than
that of the silver salmon. Some of those facts that we do know will be
presented in the section on *‘Sea Life’” (pages 191-197).
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? a Dun]n% ‘)t-ille i})me seasons of operation of the upstream trap, 1933.34 TABLE 27—Continued
i id J41-42, - s ore tal ! . 4
g 1}1;011,3 h 19 2, 3,888 adult steelhead were taken. The numbers of fig), Waddeli Creek, Steelhead: Adults (hecked Through Upsiream Trap, by Seasons and Weekly Periods
i taken during each season, arranged by sexes and weekly periods, are
H . , : nH . A “ B 2y
| Sh‘i;‘ nm Eable 27 and Figure 23. 1037-38 1938-39 193040 1940-1941
; bl rom t 12 above_ table and graph, it will be seen that the earliest Period i
! sh w < i .
; was taken during the week ending October 28, and the latest fisy a1 o |Totail @ | @ [Total]l @ | @ [Totall & | ¢ Total
TABLE 27 o
. Oct. 1T emmmmmmmmmmam = = S R B o R I R T R L R B
i Waddell Creek, Steelhead: Adulfs Checked Through Upsiream Trap, by Seasons and Weekly Periods : Qet. 8-14 AR R RN RS ERPURS R R e B N (R
: Oct, 15-21. I B e e e R T T BT B
= Oct. 22-28__- -bo-- ] -- -- -- -- -- -- g ! -- 1
i 1933-34 1934-35 1935-36 1936-37 Oct. 29-Nov. 4 I8 U PO I R S R T e R I
i Period Nov. 5-11.-.- J R O e B e Nl B I AL S !
: Nev: et 50 U000 N H EA i i R (o R B
G | ¢ |Totall & | @ |Totall & | ¢ [Totall & | @ [Totat Nov. 19-25 [ R (R R R R R B R
. Nov. 26-Dec. 2. N 1 - Ly o-- -- ST B B
f - Dec. 3-9----- R .- - -- 3 2 5 - __ S .- .
i pgeyy 000000 Qe t.. ..----o0-one- -- .- . .- _ - . o . . . Dee. 10-16__ 18 6 24 -- -- - 3 1 - .- --
I ———————— -- I T O D N e Deo. 17-23 oo = - 2 - 2] - 2 20 o] .- -- g 22 39
- - - -- - .- . - . R T Dec. 24-30_---- - 1 - 1 - -- - - 1 1 3 42 | 104
Oct. 22-28___ [0 R TR R R R R R Dec, 31-Jan. 6. o9t T2l s 18| s 23| 79| a6 |12a 254 274 82
Oct. 20-Nov. 4- AL I [ IR I I T - Jan 713, .- 1 T D) 1] e 19| 24| 12 ) 364 33| 28} 62
Nov. 5-11.___ N . . . . . B o o o 11 31 . - - 4 3 7 14 9 23
Nov. 12-18_..----- - R D O T R B B 10 38t 2| T2l T2t 22 14} 36} 4} 3} 7
{ Nov. 19-25.__... . - . 6 . 6 B - - o i 23 45 24 5 29 27 29 36 | 10 14 24
; Nov. 26-Dec. 2-- [ R N | B . | RS U R . 7| 10| 43| 48 91 3 4 7 4 11| 15
k gez. 1136?{6_..-_ 1ot st sl s st el o o1 ] - - 81 10| 15 24| 39 4 5 9| -- 3 3
ec. e [ 5 7 3| 0] .. ) - 38| 70} .| -- .- 18| 35 33 1 9| 10
Dec. 17-23 - -ccemeaeon 1 1 1] . 1 IR R 28 | 46 1 1 2 9 | -- 5 5
Dec. 24-30. ... B 3| 6| al Jf af 6l | 6f 2| 1f gl 12| 22| 22| 44| 6| 10| 16| _. 2] 2
Dec. 31-Jan. 6- 27| 16] 43| 64| 27| 91| u| ef 17| 2| 2 8| 9 38| 00|18} 12} 21 3 41 8
Jan. 7-13...... | 2] 2| 3} 27] 62| 31| 16| 47| af 3 ; ol 17y 1) 4y s 4| 23| 7| 1} 1} 2
Jan., 1420 .. 2] 2| 0| 6] 26| 19| 13] 32| 2| 3| 3 sl 0] 20 1l | s| 7| w2 | 4f ¢
Jyan. g;?i{'é' 2 1 3{ 21| 16! 37 1 1 2l ? 12| 15 5 8| 10| -} -- [ I R .
Jan. Feb, 3- . . - 3 6 9 21 21 49 = 16 i1 11 16 4 8 12 —- 5 51 --
Feb. 4-10___ 36| 32 68 15 18| 33| . 1| 1 g; . 173 :'; st 7| 2t s| 7| -- 1 I B R
Feb. 11-17___ 22| 33| s3] 2| 1| 3| 20| 23| 43 19] 18] ¥ CA S S R - S e S B B
Feb. 18-24___.-.-. [ 32| 55| 87 2 3 5 8 7] 15| 14 1 3 2 21 -- 1 1 1 - O T e
Feb. 25-Mar. 3 61 18{ 24| 30| ao{ 79| 20| 30| 50| 34! 37| 7 1 | B [ (R [ e R B
Mar. 4-10__. 3| 11 14| 13) 28| a1 11 33| aa| 39 44| 3. - - 1r - 1y - 1 L e
Mar. 11-17_. 12! 21 ) 33( 12| 16| 28| .11 | 21| 32| 36| 44| 80 - - po-- R S L B
Mar. 1%-24»- ----------- 4 8 12 6 6 12 8 16 24 2 1 3 May 27-June 2 - - . - - . . e . -
Mar. 2531 . .- - .- 3 3 16 28 44 8 8 16 8 20 28 June 3-9._._. . - - - .- - - - - - -- --
Apr. 1-7_. R 1 3 4 9 17 26 11 22 33 5 1 ~9 June 10-16 - - _- .- -- .- -- -- - - . -- -
Apr. 8-14 -1 3 4 4 8| 12| 14] 14| 28 6l 12 18 June 17-23 . . R [ TR T T S B R R R
Apr. 15-21.. I I 8 8 3 1 4 2 2 4 5 5 10 June 24-30______ | .. . - - - - - - . E .- - --
Apr. 22-28 ... 401 2 3 1 3 4 . 4 4 2 4 o July 1-7__. .. [ RPN R U B R S T B N R
Apr. 29-May 5. . JS IS I R O E R T B U 2| ol July 8-14__ o BN T R HEDUER IR RN (RS R (DS S BT IS
May 6-12____. . 1 .. 1 . B . o B B - July 15-21__ R . - . . . . . IR - .-
May 13-18.. 1A T O A S R AR S A SR A July 22-28 . [ U SRR A S S (P (R R R R
May 2026 .- oo~ N NN R T R R R B A R July 29-Aug. 4. .. .- 0 S FE A IR (R R DR R B e
May 27-June 2- - ... ... - - . . . Avg. 511 .. . ._._ __ - . .- - . - P . -
June 3-9_.._..- _ I N T I e R B A Aug. 12-18__ i R I o [ T R R SR S
June 10-16__ I S R R T St E R T R SR S Avg, 1925 1 SR A A (R T RS B R JERER I B
June 17-23.. S R e R T R T (R A S A A Aug. 26-Sept. 1. o et 0t N A N (N R IR (RS S B
June 24-30. . _ .- __-. . - . . . Sept. 2-8____ _ . - . - . .- . [ . . -
July 1-7 o e I O R R e D e Sept. 9-15_._ S R U [ S R JE S I N
July 8-14_ 0t T R R R T B Rt N A B N B Sept.'16-22__ 2 A T T AR S RO IR B N R
ju{y ;5-2;._ [ A N U AR R A R B Sept. 23-30____ ... - [ RS A N R R [ B e O (R
uly 22-28_ ... N R e R O R S S S - ——— — —
July 29-Aug. 4. ... D R R S R R T R R R - Totals_ ____..._._..._ | 165 | 208 | 373 | 212 | 243 | 455 | 214 | 228 | 442 | 205 | 185 | 390
Aug. 5-11.__. I O e e SRR I B !
Aug. 12-18_. IR R o I S A R R R -
Aug. 19-25__. LR T N A T O R R R S B i
Aug. 26-Sept. 1 __._____ I R i R I R B R N
Sept. 2-8..__-.---- . D N ) B R B R N
Sept 9-15. I T . - B B o i - A
Sept 16-22. S S N R S A R R D )
Sept. 23-30... - ... 0 e e e e e e T e e e I
Totals.....---------- 166 | 223 | 389 | 265 | 274 | 539 | 202 | 248 | 450 | 228 | 245 | 473
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TABLE 27—C(ontinued

Waddell (reek, Steelhead: Adulis Checked Through Upstream Trap, by Seasons and Weekly Periods

Period

Dec. 23-30. ... ...
Dec. 31-Jan. .

Feb. 25-NMar.
ar, 4-10___

June
June
July
July
July
July
July
Aug. 5
Aug.
Aug.
Aug.
Sept.
Sept.
Sept.
Sept.

Totals__.. . __.___.__

1941-42 Total Average
——
J Q Total fed Q Total Q Total
- .. 1 B 1
3 3 3 : 3 i : H
O RS N R R R S
- - - 6 - 6 1 o \
. 1 3 . 3 + .
G 2 8 9 4 13 1 .ﬁ
3 . 3 34 12 16 4 1 3
24 4 28 75 28 103 8 3 11
-’:7 3 8 o1 50 141 10 6 16
H - 3 232 131 363 26 15 40
28 23 B3 166 120 286 18 13 32
- 2 2 69 54 128 8 7 B
1 7 8 70 63 133 8 7 i
1 2 3 133 116 240 15 13
2 .- 2 129 141 270 14 16
9 8 17 93 123 216 10 14
18 20 38 125 174 299 14 19
2 i 3 113 186G 2499 13 21
14 23 37 112 181 243 12 20
23 G2 83 164 287 451 18 32
3 12 14 36 81 17 4 Y 13
2 3 5 45 90 135 a5 10 15
o 28 37 43 91 134 5 10 143
2 12 13 36 73 109 4 8 12
2 1 3 16 28 44 2 3 5
1 . 1 7 17 24 1 2 3
1 . 1 5 6 11 1 1 !
- .- - 1 1 2 + + +
. - .- 1 -1 2 + + +
R . - 1 1 2 + + +
. R R . 1 i . + +
. . . .- 1 1 - + =+
165 212 377 | 1,822 | 2,066 | 3,888 202 230 432
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was taken during the week ending July 21. Despite this long spread,
3,864 (96 percent) of all fish were taken during the 22 wecks December
3.May 5. Within any of these 22 weeks steelhead may be expected In
most California steelhead streams, depending upon seasonal weather
and water conditions. Tt will be noted from the nine-ycar averages for
Waddell Creek that there are two peaks, occurring during the weeks
ending January 6 and March 17, respectively. The occurrence of these
two peaks so far apart is not a matter of chance, but is the result of
the tendeney of fish of different sex-life history categories to run at
different times of the season.

It is of interest that 38.7 percent of all fish have been taken after
February 28, the usual closing date of the winter steelhead season in
California. At Benbow Dam 242 percent have been taken after the
end of February, and at Sweasey Dam, 53.1 percent. The significance
of these facts will be discussed in the section on ‘‘Recommendations for
Management’’ {pages 267-268).

Trom Table 27 and Figure 23 it will also be seen that there has not
been nearly so much fluetuation in the size of the seasonal runs as i
the case of the silver salmon. The reason for the lesser fluctuation, aud
possible eauses of the fluctnations which do ocenr, will be discussed
in the sections on ‘< Survival’’ and “‘Pathology’" (pages 204-243). The
largest number taken in the trap was 539 (265 males, 274 females),
during the season of 1934-35, and the smallest number 373 (165 males,
208 females), during the season of 1937-88. (These are the same seasons
in which the largest and smallest numbers of salmon were taken in the

trap.)
Age and Size of the Fish

Steelhead of many life history categories make up the runs in Wad-
dell Creek. Unlike silver salmon, steelhead migrate to sea at various
ages and over a long period within a season, spend varying amounts
of time in the ocean and return over a fairly long period within a
season, are capable of spawning more than once, sometimes spawn
before their first journey to sea, and may even remain in fresh water
for their entire lives. This combination of possible life histories makes
steelhead scale reading laborious and subject to some error.

The writers believe, however, that the great majority of the scale
readings are unquestionably accurate. At Waddell Creek interpretation
of the seales was facilitated by the fact that (1) an entire population
was being studied over a considerable period of time, (2) fish length
and time of migration were known, (3) returning marked and tagged
fish with known ocean histories were available in large numbers for
comparison, and (4) all scale readings were made by the same person
(Shapovalov), with occasional corroborative readings by others.

Scales from all adult steelhead taken in the upstream trap were ex-
amined. The assignment to life history category was considered defi-
nitely correct for 86 percent of these fish, and probably correet, but
somewhat doubtful, for 8 percent. For 2 percent, stream history was
unknown (although ocean history could be ecalculated) because all
scales had regenerated eenters, and tor 4 percent, stream history was
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§ doubtful. (with a possible error of one year). All of the doubtfn] fish # TABLE 28
1 ;\l'ereﬁaiq‘shf;fned to thet\'gricln‘ls possible groups in the same proportions Ias Waddell Creek, Steelhead: Adulls Checked Through Upstream Trap, by Sex and Life History Category
i he fish of more certain history. (Percentages)
i : The present discussion of age and size at maturity will be confined to
‘ ‘ Sea-run fish. Also, any spawnings prior to initial migration to sea gvill Fish spawning for first time
| b(; disregarded, since such spawnings are often very diffienlt to recog. Season Sex
? mze In scale examinations. In other words, fish listed as “firgt Vv p2/1 ) 8/1 )4 1/2 ) 2/2 1372 1 4/2 1 1731 2/3 1 3/3 ) 43
? spawners’’ are those spawning for the first time after one or 1110;'0 '_'
5 seasons at sea, irrespective of possible spawnings prior to initial miora. ] 39])152) 36| _..) 051310} __1 .| .} o} .-
; tion to sea. Fish that have spawned prior to their initial migrationbl to 1A o | S8 S a) 330 03 3030828 0 o ]
; sea are believed to be in the great minority, and confined largely to the ol | 40 | ZLEI 08 08 A ALY B
: comparatively few fish that go to sea for the first time after three or G| 091 20.0013.7) 025 241 76426 | )04 L
i four years in fresh water. L A IS R I B e e e o
Fotal | 1.7 | 28.0/380.2) 07] 85l208)ass! _ | “joe| _-| .-
i In Table 28 the adult steelhead taken in the upstream trap in eacl, 2
: i season have been divided according to number of spawnings, life his. 193536 - 3113 'Sal i oi| ol molretes | ST )
It tory category, and sex. A number of interesting points are revealed by B C|Total | 27| 24 T LT 09 B2 004 ) o2 )
il - a study of this table. _ el efuaal o) gl es ] o toe2| o] L.
i Iirst, we see that 82.8 percent (range 70.0-96.1 percent) of all adunlts LS T 20 064 1101 14,21 3.0 1.7 1104 5 L7 f b o L]
} : had entered the stream for their first spawning. Although first spawners Total | 0.6 | 22.6 | 28.6 | 5.1 B U e B Bl B B
, N are in the great majority, repéat spawners are sufficiently numerous Ao | 129 1.9 .| 0.5 214603 JN I 25 2 R
il (17.2 percent) to be given serious consideration in a study of the 1937-38 - - Sl o ;g'(l) i B N B B I I R e
l biology of the species and in a management program. As is to be ex- o : . B O N S
5; gectgd, among the repeat spawners the 1'ep1'esentutiqn of each group 103830 fg 03 f;i g:g g:;’ o }gz g:; Of O_f’ Of 0_? -
é,! 5 ¢ eclines as the number of spawnings increases. There is a sharp decline Total | 1.8 | 39.2| 3.7 | 0.4 0f31.2]26|02|0o2]lo2|o02] _.
f;’{ - in numbers from. second spawners (15.0 percent) to third spawners ol 7.5 28.7] 1.4 1.6 5.9]0.7
i (2.1 percent). Fish spawning for the fourth time form a negligible 1939-40_ - __. o an {2zl 0| 1| 2o fwrojas| I LI
proportion of the run (0.1 percent), and none spawning more than a Total [ 11.5 | 51.1f 2.3 [ 3.6 28 f1.2| __| | i .| _-
fourth time was encountered. However, at Scott Creek two fish spawn- o) 69f274f | | 2382 _jo3jo3| | .| _.
bl ing for the fifth time (both females, season 1931-32) have been re- 194041 @1 23411004 0.8 . ..} 2911401154 Lo |03 0
fii corded. These fish add two additional life history categories to the 32 Total } 9.2} 3741 0.8 .| 7.2128.1{1.510.3105] -] --
g shown in Table 28: 1/4S.1 and 2/4S.1. g 9.0 138 5.0 03 05| 4805} __ | __f | .}
It is believed that this general picture in regard to composition of 194142 ot lf'i 1;'3 1?'} Z; §'§ }3'2 h 3 N 8'2 - 8'3
the runs is representative of California steelhead streams where more : : - : ‘ : —|———  —
or less natural conditions ezist. It is evident that unfavorable factors Averages* 7133 ot I I ES-S IRl B B Oi ol =~ ¥
(physical conditions hampering return of fish to the ocean, holding of S rotal | 47 | 300 | 11.4a| 12| 42|253|3310.3 |onloe| ¥| +
I fish in tanks at spawning stations, and fishing) tend to diminish the 3 186| 5.1 0.4 1.2 9514101 {o1fo1 ]| +
e . number of repeat spawners. This phase of the subject will be discussed Aviragest_ . ST AT3] 2a| 08 a0|ro(s0loz| ol S| ¥
| in greater detail in the section on ‘‘Recommendations for Manage- Totad ;4.0 1 29.8110.5 | 1.2/ 421 26.514.4]10.3 101102} 4 ) +
' ment.’’ & | 127 730 | 213 16 47 | 367 | 54 3 2 6 1| -
A further examination of Table 28 shows that, despite the great Totals. | 0| 56 [ 4381 229 1 31} 118 655 | 1134 7 14 34 ) 1
g number of life history categories, on the average only four of them are Total | 183 T1I68 T adz L4 1163 11,022 Tane 110 et '
Al of sufficient importance to exceed 5 percent of the run, as follows: a 1,566 (40.3%) :
. 2/1 (29.8 percent), 2/2 (265 percent), 3/1 (105 percent), and 2/18.1 Grand tolals | 3590 (5 gonyj 1 st epuwners
: (8.1 percent). Together, these four categories form 75 percent of the '
run.
; Obviously, all second spawners are derived from first spawners, all
i 4 third spawners from second spawners, and all fourth spawners from
i3 . third spawners. An examination of the table shows that the life history
pill - categories represented most heavily among each group of the repeat
spawners are derived from categories most strongly represented among
the preceding group. This is strikingly shown in Table 29.
|
|
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TABLE 28—Continued

Waddell Creek, Steelhead: Adulis Checked Through Upstream Trap, by Sex and Life History Gategory
(Percentages)

TABLE 28—Continued

Waddell Creek. Steelhead: Adults Checked Through Upstream Trap, by Sex and Life History Category
(Percentages)

N — e —_— e —— — =
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S.1 | 8.1 | 81 |8 |s.2 8.1 S.1 S.1 S.1 5.1 S.1

0.5 ..o —--.

[ 0.3
S .... 0.3

-3 [ 24 0.3 0.3 ] ... 0.3 0.5 0.5
034 v 198332 - e Totul 0.5 0.3 03| ... 0.3 0.5 0.5

193334 . . o] 03] .-
03] ...

T o
W
'
o
2 -

Y
)
-
i
<
<
=X

193435 . . N R

cce
L=

193435 - e Q - B B -

5
g
-
o0
o
[y
)
=

'

'

'

'

'

w WS

1935-36._ . . . Q?

1
.
o
o
G
o0 cw

P

193336 - - .- o

g -1 029 4.7) 0.8 2o o - ({3 g ... 0.8 C 0.2 _ -
1936-37_.__._...... (<2 R A 2.1 0.8 ... 0 2.7 . 03017 ¢ 0.4 1.1 . 0.2 R 0.2
Total [ ... | 0.2] 68| 1.7} 0.2 21 2.7 v 1930 o Total | ... 1.3 1.3 . 0.2 .. 0.2

& 0.5} .
1937-38____ ... .._.. L=20 IR (.
Total 0.5 ....

0y

oy
Do
=W
oW
b~ —
w
- o Q
- 00w
Uk O

—

(<4 RS R 4.2 0.7 oo —an ] 04| o oL . & 0.4 I - R --
1938-39 ... ool ot e ot o) o) 29) 15 0.2y Ll 1038-39 o | ... 1.8 0.1 - 0.2 0. -
Tetal | .| ... | 8.6 1.1 ____|..._| 33| 1.5] 0.2 ... e - Total | ... 2.2 0.4 0.2 0.4 ...
PS8 N TR 3 AU D O 5 RO SR B - B J5- 20 BRSNS RS . & I U IR .-
1939-40_ ... e 02 o 2o oo Lo 0T ) Jns 40 el .- 05| oo o 0.2 0.2
Total | 0.7 | ..o} 4.8) ... | _....| 0.2] 091 _. . T Total | .. 05| oo n.2 02| ...

I O O IR - o3| bbb ol ) IUEE I R

1040-41_.___.___... Q? 1 - G. 1.3 __._ 2.1 1.3 ... _ L. 0.5 o - .- U -
) - ' S R - )

Totu | 28] T l{us| 1s| 2| I 1940- R T osl o} o

“oo o
Low wo

-
©
o
[

)
-
[~
'
‘
'
'
©

0O -

own

,
)
.
o e w
'
'
[,
[= ST -]
- 0o W

EIRCEN]
2
W W
v

e

T 194142 . ..., Q

i

N~ O [=N=-N=]

)
.
H
\
o
QU
=2
-
— < A "
oo | oo

g 04| +| 4.4 8 +] 01 0z2] .. 3 1) ..
Averages*.______.__ e 03] ...} 3.3 31 02} 054§ 2.8] 05 + 1o Averames® o Q N 0.7 2 + 0.1 0.4 0.2
Total { 0.7] + | 7.7 il 0o2f 05 31| 051 +1 01 T T Total 0.1 0 3 + 0.1 0.4 0.2

-4 0.5 + 4.6 0.9 + 0.1 0.2 . ___. (L8] & 0.1 0.3 0.1 R . eem- -

Averagest.....___.. Q 0.3 ... 3.5 1.3 0.2 0.6 3.2 0.5 + | ---- Averagest . Q 0.1 0.7 0.2 + 0.1 0.4 0.2
Total | 0.8 + | 8.1] 2.2| 0.2} 0.6] 3.4] 0.5 + | 01 e Total 0.1 1.1 0.3 + 0.1 0.4 0.2

& 17 1| 172 33 1 2 ol o) .. 4 &
Totals___ . ____. Q 10 .| 120 49 7 1 111 18 [ . Totals. - onoeeo . 9
Total 27 11 30 82 8 211 1201 18 1 4 T Total

& 239 (6.2%)) J 17 (0‘4%)1
Grand totals_____.. Q . 344 (8.8%)} All second spawners Grand totids. . oo oo oo ) 63 (1.6%) All third spawners
Total 583 (15.0%) ’ Total 80 (2.1%))

4 14 6
1 4 14 6

FRy RS
s
=18
—

— N




192 IISH BULLKTIN NO. 98 STEELHEAD AND SILVER SALMON LIFE HISTORIES 123

TABLE 28—Continued
Waddell (reck, Steelhead: Adults Checked Through Upstream Trap, by Sex and Life History Category

From Table 29 it will be seen that the representation of the different
life history categories among the second spawners is not directly pro-

(Percentages) ortional to the representation of the life historv categories from which
e derived among the first spawners. For example, among the
. they werT N 5 P ple, o c
— . 3 . 9
Vish spawning for fourth time first spawners the 2/2 fish are represented almost as strongly (26.5
« s ercent) as the 2/1 fish (29.8 percent), while among the second
DeAS X Myt .
won . n?-:;:‘l‘:l‘.r spawners the 2/1.18.1 fish, derived from the former, form only 3.4
1381 2351 2/1.38.1 percent of all fish, while the 2/18.1 and 2/18.2 fish, derived from the
> O N TABLE 29
1933-34_ ... ... ? . . .
Total 8;:;’ Waddell Creek, Steelhead: Derivation of Repeat Spawners From Previous Groups
1934-35__ ... ... o ?: o 0.2 o ;;‘: First spawners Second spawners Third spawners Fourth spawners
Total - 0.2 . 539
. I - o Sex Percent- Percent- Percent- Percent-
1935-36__ ... ... o o T T .'02 . Category age of Category age of Category age of Category age of
‘ Tot 248 all fish all fish all fish all fish
al [ ——-- R 450
1936-37__ ... . ... ‘2§ T 18.6 2/18.1 4.7 l 0.3 |
Total ) 5 2/1 11.2 2/18.2 3.5 2,251 0.7 2/35.1 0
oo Total 29.8 8.2 J 1.1 ] 0.1
193738, ... ... ? Y e & 9.5 02 . h L
Total 0.3 o ? 2/2 17.0 2/1.18.1 | 3.2 2,1.98.1 0.4 2/1.38.1 +
‘otal R . R 373 Total 26.5 J 3.4 0.4 +
193830 ... ... g o s e 7 5.1 ) 0.9 0.1 )
Total 2 ; 2 3/ 5.4 3/18.1 1.3 3/28.1 0.2 13/38.1 0.0
otal 0.2 455 Total 10.5 J 2.9 0.3
& N 214
193940 . . P - o b 2 3.5 lx/ls.l 0.5 1 0.1 )
Total . e 2| 1/ 1.5 J1/1s.1 0.3 J1/-zsA1 0.1 [1/38.1 +
2 Total 4.9 0.8 0.1 ) +
W01 . o 203 ¢ ra | o
Total 300 Q 3/2 3.0 JS/US‘I 0.5 J3/1.28.1 0.2 $3/1.38.1 1 0.0
: Total 4.4 0.5 0.2 J
o PR _——— 3
194142 ... ... 0 0.3 é?; g 1.2 ] 0.1 )
Total 0.3 377 Q 1/2 3.0 f1/1.1s.1 0.6 1/1.28.1 0.1 |;‘1/1.355.1 0.0
e o Total 4.2 0.6 0.1 ]
p — —
Averages*. . ... a1 T s 0.4 + o
e Totm :[ o i 2| 41 0.8 }4/13.1 0.2 }4/254 T }-4/35.1 0.0
: Total 1.2 0.2 +
Ju B R
Averaygeest oo .. .. . Q A T & 0.1 N
" Lot T o ¥ o | a2 0.2 }4/1.15.1 }4/1.2&1 c.0 }-4/1.33.1 0.0
: Total 0.3 + !
. J - 1,822 \
Totals....____... R ° I 3 1 2,066 ?; 2/3 g} 2/2.18.1 0.0 2/2.28.1 0.0 12/2.38.1 0.0
Total ! 3 1 3.888 Total 0.2 o ’ o ) T ’
& 0 (0.0%)
Grand totals.. .___...._____.. Q 5 (0.1%) ¢ All fourth spawners ¢ 0.1
. awners . "
Total 5 (0.1%)) Tnt:l 1/3 0-;; 1/2.18.1| 0.0 1/2.28.1 0.0 1/2.38.1 ] 0.0
* Means of lotals, 3 e—a ] ]
T Mceans of seasonal perecniages. Q 4/3 —+ 4/2.18.1 0.0 4/2.28.1 0.0 4/2.38.1 0.0
Total + I I
4 +
o | a3 ... |ta/2.181] 0.0 }3/2.2s.1 0.0 3/2.38.1 [ 0.0
Total -+




TABLE 30

Waddell Creek, Steethead: Adulls Checked Through Upstream Trap, by Spawning Experience and Total Age

Season

Tish spawning for first time

Fish spawning for sccond time

Total age 2 3 ; 4 5 7 2 3 4 5] [}
I 15 61 58 4 23 3| .--
108334 e mam e Q 3 40 132 12 1 14
Total 18 101 190 16 1 37 15 -
. 5 121 115 17 2 3 20 .. z
193435 . oo e Q 1 76 160 20 18] ... -
Total 9 197 275 37 2 3 151 —a. =
& 7 76 67 n 31 10 ... o
1085436 o e ccmm e nnannas 9 5 40 19 36 fl - 9 33 B
Total 12 116 186 47 ! - 10 13 =
A z
g 63 113 16 f 1 22 7 ’
103637 - e e ccmmmm e —mmmenas Q 3 60 116 22 . 11 17 i
Total 3 123 22y 38 1 24 =
I 50 55 18 2 23 5 e %
PR T T Q 56 50 23 : - 24 43
Total 106 105 41 ; 2 17 48
& 6 102 72 4 B i E .
1938-30 . o cemeemmaenats | Q 2 85 88 11 il . 20 15
Total 8 187 160 15 1 _. 30 20
F a3 134 32 3 | 2 u IR T
103940 - oo e Q 18 108 7 2 i | 13 DY .
Total 51 22 11 5 ! 3 22 ! .
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TABLE 30—Continued

Waddell Creek, Steelhoad: Adulfs Checked Through Upsiream Trap, by Spawning Experience and Tofal Age

Fish spawning for third time

Tish spawning for fourth time

Season

Total age
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2/1 group, form 8.2 percent of all fish. Therefore, it appears that sue.
vival beyond fivst spawning is a funetion of total age, as well as of
number of spawnings.

I Table 30 the fish discussed previously are grouped according to
total age.

1t is believed that the weneral composition of the runs in Waddell
Creek is representative of the ecomposition of the runs in many other
Pacifie Coast streams under natural conditions. Comparisons ave alnost
impossible to make, however, becanse the few published or otherwise
available data ave either (1) not representative of the entire runs for
the localities in question or {2) not taken from localities in which nor-
mal conditions prevail. Tven numerically adequate samples of the run
in a given locality are apt not to be representative of the composition
of the run, for the reason that the composition of the run changes
markedly dnring a scason, as will e shown on pages 141-142. Abnovmal
conditions are apt to alter the normal composition of a run in the fol-
lowing and other ways: (1) traps al coy taking stations often permit
the escape of steelhead of small size; (2) the longer holding of males ar
erg taking stations is apt to diminish the pereentage of repeat spavwners
among the males of the run; (3) the selection of parts of the run ab an
ceg taking station for stripping of eggs is apt to diminish the number
of repeat spawners among the fish selected for stripping, whieh are apt
to represent certain life history categoties nore strongly than others;
(4) a heavy fishery is apt to draw an eertain life history categories
more strongly than on others. An attempt at comparison with other
localities is further complicated by the fact that some published mate-
rial has combined first spawners with repeat spawners. As we have seen
from the preceding tabies, the sex ratios witnin the life history cate-
gories and total age groups and the proportions of the total ruun formed
by the various life history categories and total age groups must be con-
sidered separately for first spawners and the varions repeat spawners.

An analysis of the complete run at Scott Creek during the 1932-33
ceason is available, but it is doubttul that this run is representative of
normal conditions, u~ evidenced by the fact that the males formed only
26 percent of the total run, while females formed 74 pereent of the run.
Of the total run of 377 fish, 59 percent had entered to spawn for the
“first time, 36 pereent for the socondd time, 4 percent for the thivd rime,
and 1 pereent for the fourth time. Although the proportion of repeat
spawners was greater than the aserage for Waddell Creek, it may be
pointed out that in individual seasons the varvious groups of repeat
spawners at Waddell (reck have approached or exceeded those from
Seott Creek eited ahove. Tn 1937-38 the second spawners Formed 27.6
percent of the run at Waddell Creck, while in 1941-42 the third
spawners formed 7.2 pereent of the run there,

Pautzke and Meigs (1940) reported that of a sample of 99 sea-run
Puget Sound steelhead, only five fish (5.1 pereent) had spawned pre-
viously.?> Of these, two fish (2.0 percent), onc male and one female,
were spawning for the second time and three fish (3.0 percent), all fe-
males, were spawning for the third time. Total ages of the 99 fish wert
as follows: three years, 13 percent; four years, 60 percent ; five years, 23
percent; six years, 4 percent. At Waddell Creek, the total ages of the

= Two other fish, both males, had spawned prior to initial entry into salt water.
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TABLE 31
Waddell Creek, Steelhead: Adulfs Checked Through Upstream Trap, by Spawning
Experience and Total Age (Summary)
. Total age
Spawning experience Totals
2 3 4 5 6 7
1st spawners. 225 11 1 3,220
9d spawners. . 206 26 1 583
3d spawners.__ 44 25 7 80
4th SPAWNErS_ .o ommomo oo 1 3 1 5
Totals. o woco oo 476 65 10 3,888
Percentages .. ___ - - —-—-- 4.7 35.0 46.1 12.2 1.7 0.3 100.0

3,888 fish checked through the upstream trap have been as follows: two
years, 4.7 percent; three years, 35.0 percent; four years, 46.1 percent;
five years, 12.2 percent; six years, 1.7 percent; seven years, 0.3 percent.
These figures are presented in tabular form in Table 31.

In summing up the results from the available data, we may state
that for steelhead runs the following facts exist: (1) at least 59 per-
cent of the fish (at Waddell, at least 70 percent) are spawning for the
first time (excluding fish that have spawned prior to initial entry into
salt water) ; (2) fish spawning for a second time may form an impor-
tant contribution, constituting as high as 36 percent of the total run;
(3) fish spawning for the third time form a very minor part of the
total run; (4) fish spawning for the fourth and fifth times form a neg-
ligible portion of the run; (5) fish of a total age of over six years form
a negligible portion of the run; (6) no fish more than seven years old
have been encountered. Fluctuations in the representation of the vari-
ous life history categories and inadequate data prevent definite state-
ments regarding the representation of the various categories beyond the
one that it is probable that 2/1 and 9/2 fish form the most important
contributions among normal populations, with 3/1, 1/1, 3/2, and
9/1%.1 ocecasionally contributing to au appreciable extent. No other
categories have formed as much as 10 percent of the total run in any
season at Waddell Creek, and also do not appear to be of importance
in other streams.

We may now turn to a discussion of size. In Table 32 the seasonal
average lengths of adults checked through the upstream trap have been
arranged in the same manner as were percentages in Table 28. In pre-
paring Table 32, however, all fish for which there was any question re-
garding sex or scale interpretation of age, and also all known hatchery
fish, have been eliminated, since in the present case it was necessary
only to obtain sufficient numbers to show representative lengths for the
fish of each sex, by life history categories, in each season.

The rate of growth is so much greater in the ocean than in fresh
water that it is obvious the ocean growth in general determines the size

5—99945



TABLE 32

Waddell Creek, Sfeelhead: Adulls Checked Through Upstream Trap, by Life History Calegory and Sex
Mean Length (in ¢m.)

Fish spawning for first time
Season Sex
1/1 2/1 3/1 4/1 1/2 2/2 3/2 4/2 1/3
g | 38.3 44 .8 543) 48.3 67.0 (2) 71.0 (30 { 77.0 (2)
1933-34_____ ? | 38.0 49.9 (18) 49.3 64.3 (12) 67.0 (108) | 67:9 (T)
Total | 38.3 46.3 (61) 48.8 64.7 (14) 68.0 (147) [ 69.9 (9)
o | 38.1 43.6 (100) | 56.9 63.9 (13) 71.1 ( 38) | 75.9 (10)
1934-35..... Q | 41.3 44.4 ( 41) | 56.2 65.8 (32) 67.6 ( 66) | 68.5 (12)
Total | 30.5 43.9 (141) | 56.5 65.3 (45) G8.9 (104) | 71.49 (22)
J | 39.6 42.8 (67) 48.8 68.5 (1) 67.8 (49) | 70.2 (&) I
1935-36_____ Q1 39.1 43.4 (32 49.4 62.0 (2) 65.1 ( U2) | 70.0 (29) =
Total | 39.4 43.0 (99) 49.2 64.2 (3) 66.0 (141) | 70.0 (33) 2
I G I 51.3 537) 57.7 68.3 (4) 70.9 (36) | 69.2 (3) =
1936-37_.___ Q | 37.5 53.3 (29) | 55.7 66.5 (5) 67.0 (41) | 68.5 (5) A
Total | 37.5 52.2 (66) | 56.8 67.3 (9) 68.8 (77) | 69.3 (8) =
[
= o I, 46.5 243) 51.3 71.5 (2) 70.0 (42) 72.7 (13 | ...... FJ
1937-38_.__. Q | 40.2 31.3 (48) 51.5 64.1 (5) 67.4 (39) 60.7 (17) 70.5 (2) -
Total | 40.2 49.1 (91) 51.4 66.2 (7) 68.8 (81) 71.0 (30) 70.5 (2) E
g} 36.3 49.0 ( 93) { 53.8 66.0 (2) 72.4 547) ...... 79.5 (1) A
1938-39_____ Q| 45.5 51.8 { 70) | 53.8 ( 68.0 (6) 69.2 69.6 (8) | ...... 5
Total | 38.6 50.2 (163) | 53.8 67.5 (8) 70.4 (128) | 69.6 (8) 79.5 (1) .
& | 41.0 45.0 (114) | 52.5 (2 64.6 (6) | 70.0 (22) | 73.0 (2) &
1939-40..... Q| 42.1 50.0 ( 90) | 55.5 (4) 64.5 ( 8) 65.4 (69) 68.56 (1)
Total | 41.4 47.7 (204) 54.5 (6) 64.6 (14) 66.5 (91) 70.8 (3)
J | 38.5 43.7 (96) |  ooo--- 69.0 ( 2) 71.2 (28 | ......
1940-41____. 9 |38.8 ( 45.5 { 37) 2.5 (1) 67.9 (12) 66.8 (51) 70.6 (6)
Total | 38.6 44.2 (133) | 52.5 (1) 68.1 (14) 68.3 (79) 70.6 (6)
o | 37.0 42.1 (48) 52.8 (12) 58.0 (2) 68.2 (15) 64.5 (1)
1941-42_____ Q | 38.1 ( 44.3 (12) 54.6 §7) 60.9 (16) 65.1 (50) 66.5 (1)
‘Total | 37.3 42.6 (60) 53.4 (19) 60.6 (18) 65.8 (65) 65.5 (2)
g | 38.5 (106) | 45.3 (641) | 55.6 (163) 65.4 ( 34) | 70.4 (316) | 72.9 ( 37)
Averages® __ Q| 40.2 ( 48) | 49.0 (377) | 54.9 (164) 65.0 ( 98) | 66.7 (597) | 9.4 ( 86)
Total | 39.1 (152) | 46.7 (1018)| 55.3 (327) 65.1 (132) { 68.0 (913) [ 9.5 (123)
o 384 15.5 52.8 5(;41% 323 Zg ;x fé,s,
T . o .2 I ,‘ 506. . . 33,0
Averagesf...- Total 0.0 168 3.8 386 65.4 1 87.9 8
_ TABLE 32—Continued
Wadde!l Creek, Steelhead: Adults Checked Through Upsiream Trap, by Life History Category and Sex
’ Mean Length (in cm.)
Fish spawning for second time
Season Sex
1/18.1 1/18/1 2/18.1 3/18.1 T 4/18.1 1/1.18.1 2/1.18.1 3/1.18.1 S
ol
...... 61.1 (22) | 60.0 (2) ceeee | 675 (D) g
1033-34. ... @825 () Laalll 62.0 (11) |  ceuace | ceeean 69.5 (1) 75.2 (12) [
...... 61.4 (33) 60.0 (2) P, 69.5 (1) 74.6 (13) =
=
...... 57.2 (3) R, [ O PN =
1934-33 ool 9 ialii b aieeie | e 69.0 (2) | ae--en 1 aaiiol 74.7 (11) o}
...... 57.2 (3) 69.0 (2) 4.7 (1) 5
9 58.6 (26) | 66.6 (0) | ... i 74.0 (2) é
1035-36. oo eonnn Q 50.4 (8) |64.3 (16) | 68.5 (1) | 73.2 (13)
Total 58.8 (34) 65.0 (22) | 68.5 (1) 73.3 (13) @
o I 63.0 (17) 65.0 (2) 64.3 (1) | cceeen | eceea- 2
1036-37. ... ... Lo e 62.6 (9) 65.2 8) | aceeel ] aooo-- 74.2 (M =
Total § ... | ... 3.3 (26) 65.1 (5) 64.5 (1y | o..-. 74.2 (9 =
o8 S ) T N 63.6 (19) 66.8 (12) | _-.-. 73.5 (1 66.0 ( 2) n
1937-38.....__.... S U S 66.5 (20) 65.7 (14) 69.0 (2) 69.2 (3) 71.6 (13) -
Total 3 | - 64.8 (39) 66.2 (26) 69.0 (2) 70.3 (4) 71.0 (17) t_;'
R 2
: S| b 63.7 (15) 66.5 (1Y | oo | ooaa.. 77.0 (2) @]
193839 ... L N B, 67.0 (19) 66.5 (2) | -—-aol | aao-- 75.1 (1) Z
Total | ... ] .....- 65.5 (34) 66,5 (3) | aeea-. THho4 (13) =
=
g 0@ | . 60.2 (6) | ceeeee ] aaaiao 6T () | L. =
1930-40. e oo Q1545 () | oo.o-- 63.0 (11) | weemee 1 eeaaal 75.5 (3) &
Total | 57.5 (8) | ---... 62.0 (17) |  cocace | eeeeas 75.5 (3) o
Fl605 @ | ... 50.8 (20) | aeeooe | oceeeoe | el . @
1940-41 o _.___ 1623 ) | o-.--. 61.9 (20) 4.8 (3 69.0 (6) 5 (: =]
Total | 61.4 (8) | ___.__ 60.8 (40) 64.8 (3) $59.0 (6) & g
. . ]
FIBHT.TB) | s 59.3 (21) 5 (1) | aeaa- R A(D =
1941-42____ . __._. Q@ [56.0 (2) | _....C 59.6 (18) 63.5 (1) | -o.--. (: 72.5 (19) w
Total | 57.2 (70 | -..... 59.4 (39) 59.5 (2) | - 5 (f 72.6 (20)
@ 57.3 (14 | ... 60.8 (149) | 65.5 (24) | 64.5 (1) 70.5 (2) | 72.0 ( 8)
Averages*..__...._ Q| 58.5 (8 | ... 63.1 (116) | 65.2 (41} | 68.8 (3) 69.2 (15) | 73.4 ( 98)
Total } 57.7 (22) | ...... "61.8 (265) | 65.3 (63) 67.8 (4) G9.4 (17) 73.3 (106)
- d 54.7 | _..... 60.7 63.4 64.5 7005 71.8
Averagesto-....... ? 56.3 | _._... 62.8 65.6 8.8 69.3 73.5
Total 54.2 | ... 61.5 64.5 67.3 6.2 73.4
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Tt appears that the reason why among the 3/1 fish the males avey
larger than the females in those seasons in which the fish of this cute.
gory are larger than average, while the females average larger thay
the males in those seasons in which the fish are smaller than avery
may be bound up with the proportionate numbers of fish of each
reaching precocions sexual maturity under conditions producing larger
than average fish and smaller than average fish. Tt will be noticeq
that among both the 3/1 and 2/1 fish there is proportionately moye
fluetuation in size from season to season than among other life histopy
categovies. The reason for this lies partly in growth conditions at sen.
but is probably even more dependent upon the proportion which have
spent a growing season in the lagoon. The proportion which does thig
is determined not only by the biology of the fish but also by fluctuating
physical conditions. In some seasons a deep and large lagoon has pey.
sisted through the summer, while in other seasons there has beey
hardly any lagoon. In those seasons in which a large proportion of
the fish had spent a summer in the lagoon, the average size is larger,
while in those seasons in which a small proportion had spent a summey
in the lagoon, the average size is smaller. The presence of fish of Lot
types in the same season results in bimodal length-frequency distribu.
tions for fish of the same life history category.

It is possible that secondary sexual characters, especially the elon.
gated snout of males, play some part in determining the relative size
of males and females among the different life history ecategories, but
that these are not of primary importance is indicated by the fact that
among the various categories of fish spawning for a second or third
time we find that the same size relationships persist: among the repeat
spawners derived from first spawners which had returned to fresh
water after one year at sea the females are larger than the males.
This is clearly brought out in Table 33. Numbers of repeat spawners
derived from first spawners which had returned to fresh water after
two or more years at séa are so small that the probable reverse tend-
ancy among them is not clearly marked,

The data in Table 33 also indicate that growth is resumed following
spawning among all life history categories. The only exceptions oceur
among two minor groups, 3/1.1S.1 and 1/28.1; small numbers of figl
may well be the cause of the apparent lack of growth in these cases.

From Table 33 it is also seen that the greatest increase in growth
following first spawning, both absolute and relative, is made by the
1/1 group (males 18.8 em., 49 percent; females 18.3 cm., 46 percent;
total 18.6 em., 48 percent), followed by the 2/1 fish (males 15.5 cm.,
34 percent; females 14.1 em., 29 percent; total 15.1 em., 32 percent).
Thus, it is evident that the greatest increase is made by the smallest
fish. That increase is dependent upon size and not age may be seen
from a comparison of the growth made by the 1/2 fish (males 5.1 em.,
8 percent; females 4.2 em., 6 percent; total 4.3 em., 7 percent), with
that made by the 2/1 fish, which are of the same age.

That relative size attained by males and females is not a funection
of age alone is shown by the fact that among 2/1 fish females con-
sistently attain a larger average size than do males, while among 1/2
fish males consistently attain a larger average size than do females.
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An extremely interesting and impm__'la.nt fact to be poted f_rom
Table 32 is that, as in the case of 1‘]10 s1l_ve1‘ S.;ﬂmon, the size flttmned
in a given season by ome sex of a given life history category is paral-
leled by the size attained 13)' the other sex, \‘\'lﬂl due allowance in those
cases in which nwmbers of fish are sm_all. This ann.p]cd \Vl.th the faects
(1) that significant differences exist n average size attained by fish
of the same life history category in (l{fferent seasons and (2) that
there appears to be a lack of correlation between the average size

TABLE 33

Waddell Creek, Steelhead: Adults Checked Through Upsiream Trap, Arranget} to Show Growth of
Repeat Spawners Derived From Various Life History Categories

First spawners Second spmvﬁers> . ‘Third spawners Tourth spawners
Sex Mean Mean Mean AMean
Category length Category length Category .lengtl; Category Alem:tl\*
in em.* in cm.* in cm. in em.
45.3(641){) 60.8(149) 1) 68.2 (1)) e
O; 2/1 49,0(377) | L2/18.1 63.1(116)[}2/28.1 69.4 (20)|'2/38.1 _llg..? ((};
Total 46.7 (1018) | 61.8(265) |} 69.0 (30){] .5
Ed 70.4(316) ) 72.0 (8)
Q 2/2 66.7(597)[Y2/1.1S.1 | 73.4 (98) 12/1.28.1 Z7.1 (11) 12/1.3&1 2(0)3 E:))
Total 68.0(913)1} 73.3(106)|) 77.1 (1)) 5
g 55.6(163) 65.5 (29)])
? 3/1 54.9(164) 13/15.1 65.2 (41.) ¥3/28.1 71.9 () 13/38.1 J—
Total 55.3(327)|) 65.3 (65)}) 71.9 (9|}
57.3 (14 .0 @) PR
i’: 11 33:2(‘(323 11 18.1 585 ((8; 11/23.1 73.5 (2) 11/35‘1 67.5 (1)
Total 39.1(152)t) - 57.7 (22)|) 72.3  (D}) 67.5 (1)
72.9 (37) [ — -
g 3/2 69.4 (86) 13/1.18.1 76.7 (13) ];3/1.25.1 74.2  (3) ].»3/1433_1 I
Total 69.50123)]}) 76.7 (13)}) 74.2 (3} -
65.4 (34) 70.5 (2) PR -
i‘ 1/2 (;5,0 (98) \y]/].]S.l 69.2 19) 1«1/1.2’5.1 Zf;)? [§)] ]‘-]/1,33_1
Total 65.1(132)[) 69.4 (17)|) 75.5 (D1} o=
g 57.3 (9) 64.5 (1) R S
Q 4/1 56.7 (9 {ta/18.1 68.8 (3) 14/28.1 14/35.1
Total 57.0 (18)]] 67.8 @] . | I
& 79.5 (2)) oo R
Q 4/2 71.8 (1)}t4/1.18.1 (1}*1/1.28.1 L4/1.35.1
Total 74.3  (6)}) i} ) .
3 75.7 (3) R \ - P
Q 2/3 70.0 (2) \72/2.18.1 - “2/2,28.1 cee- 1»2/2.33.1 C e
Total 741 (D1} I J - J U
q 77.5 (1)1 ] -
Q 1/3 79.5 (1))+1/2.18.1 - |r/2.28a ).»1/2.35.1
Total 78.5 (2)}) e Y o Y
d - - R ] P
Q 4/3 P, 14/2_18.1 J— ]:4/2.25,1 . 4/2.38.1 R
Total .- ) -} PR eee
o8 . . - - -
9 3/3 I 13/2_15.1 13/2.25.1 - },3/2.35.1
Total . J R R ee

* Mean of totals.




Waddell Creek, Steelhead: Mean Length (in cm.) of Comparable First Spawners and Repeat Spawners fo Show Effect of Spawning on Growth

TABLE 34

Season

One stream, two ocean

Two strean, two ocean

Three stream, two ocean

Four stream, two ocean

Sex
1/2 1/18.1 2/2 2/18.1 3/2 3/18.1 4/2 4/18.1
ol 670 @ | ..oee. 71.0 (39 61.1 (22) 77.0 (2 60.0  (2)
193334 < veememmmcccmmann e | 64.3 (12) 52.5 (1) 67.0 (108) 62.0 (11) 67.9 (D
Total | 64.7 (14) 52.5 (1) 68.0 (147) 61.4 (33) 69.9 (9 600 @ I aeeen ] eeaee-
g | 63.9 (13) 57.0 (2 711 (38) 57.2  (3) 750 0) b eeees o s
198435 e mmemeanane o | 6358 @32 | coae. 67.6 (66) |  eeee- 68.5 (12) 600 (2 | oeeee | eeeee
Total | 03.3 (45) 57.0 (2 68.9 (104) 57,2 (3) 71.9  (22) 69.0 (2 || ameeee | eeeee-
Gl 685 (1) | aeeees 67.8 (49) 58.6  (26) 70.2  (6) 66.6 (6) || eeeee- | eeeie-
193536 c o c e cmmmmmamn ° | s2.0 @ | ooe.- 65.1 (02) 59.4  (8) 70.0  (29) 64.3 (16) 73.0 (2 68.5 (1)
Total | 64.2 (8 |  <co--- 66.0 (141) 58.8 (34) 70.0  (35) 65.0 (22) 73.0  (2) 68.5 (1)
ol e83 @ | . 70.9 (30 63.0 (17) g9.2 (3 | 65.0 (2 64.5 (1)
1036-37 e Q1 66.5 (3 67.0 (1) 62.6  (9) 68.5 (5 65.2  (3) || aeeeem | mmeeee
Total | 67.3 () 68.8 (77) 63.3  (26) 69.3  (8) 65.1 (5) 64.5 (1)
s 1.5 (@) 70.0  (42) 63.6 (19) 72.7 (13)
103738 - e ceemmmm e | G641 () | ceeee- 67.4  (39) 66.5 (20) 69.7 (17)
Total | 66.2 () 39.5 (1) 08.8 (81) 64.8 (39) 71.0  (30)
| 86.0 (@ 724 (47) 63.7 (A5) || eeeen-
193830 cceanaccenmmn 9| 680 (© 69.2  (81) 67.0 (19) 69.6 (8
Total | 67.5 (8) 70.4 (128) 65.5 (34) 69.6 (8)
g | 646 ©® 59.0 (2 70.0 (22) 60.2  (6) 73.0 (2
103040 - - meammcmc o meman Q| 64.5 (8 54.5 (1) 65.4 (69) 63.0 (11) 68.5 (1)
Total | 64.6 (14) 57.5 () 66.5 (91) 82.0 (17) 708 (3
g1 69.0 (@ 60.5 (4 71.2 (28) 59.8 (20) fl  e-een-
194041 - oo ceccemmacanan - Q 67.9 (12) 62.3 @) 66.8 (51) -61.9 (20) 7.6 (6)
Total | 68.1 (14) 6.4 (8 68.3  (79) 60.8 (40) 0.6 (0)
( 15 59.3  (21) 64.5 (1) 55.5 (1) 1 aceeee | meemes
4 71 %0 an U] fed an || oea (o | es @ i e |
104142 oo mmmommmm e o Total | 60.6 (18) ©3 | 59.4 (39) || 63.5 @ | 895 @ Y -0 ) T
. o : 64.5 (1)
5.4 (316) 60.8 (149) 72.9 (37 65.5 (24) .
o cg gjé Eggg oy | 631 (g 0| o0.4 88y | 6s.2 (1) 71.8 (4 g’;-g ((i))
Averages™ocooc.ocoo-ooenes ot | 65.1 (132) (013) 61.8 (265) 69.5 (123) 65.3 (65) 74.3 (6 :
79.5 64.5
g ) w3 008 o0 5.0 A 3.8
Averagest.oceoeaonommmmoes Tot:l s 61.5 69.8 4.5 75.6 67.3

* Mean of totals.
+ Mean of scasonal averages.
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of the downstream migrants of a given ag ;
of t ¢ ! ; ag age and vear clas ‘¢
::s 'a(}ults d(.‘}'lyed from them, mdicates x:that c(;ntdlilti(():}?sgsil? nt(}\el ('m—rm
v vary sufficiently _from season to season to affeet marvkedl oeean
of jteelhead from a given stream. mavkedly the size
ny attempt to determine the influence of a parti :
on the average size of the adults of a given llflpllxtllsctl(l)lr‘;} é);fé? S
;)lll)ls‘gztured by many factors, including small numbers, precocio?xzry "
rity ang] residence in the lagoon (particularly in the case "f o
gl:llse), different average lengths of time spent at sea during the(:) S the
g%tc%wth season by ﬁsl} of different life history categories (tl,)ecau;iq o
ifferent migration times both downstream and upstream), ar 1“L 8
ferent sex ratios among the different life history categories ’ Hol(~ air
there doe:s appear to be a tendency for the 1/2, 2/2 and ‘%./2 “"evm.'
fish of clhffel:ent year classes and life history c;tten'o;'ies bl;t tll%mups’
ocean histories, to parallel each other in gi‘owth Uaehieved n tain
seasons. We may note that in the 1941-42 season the fish not oC e{t'am‘
these categories, but also of all the other more important eaterlvl- ).-'0}
were of markedly belo'w average size. It is of extreme interest ﬁ(;\ne's,
’ghe same season the silver salmon were also decidedly below a . ]t ]?1
in size (Table 8). Thus, the occan growth season of 1941-4(2\ i
principally summer of 1941) appears to have been a ver or e
both steelhead and silver salmon. Y poor one for
One other interesting faet may be demonstrated by the data i
Table 32: the repeat spawners of a given life histom; category e
markedly smaller than first spawners of the same year class 3 'h{ule
have spent the same number of seasons in fresh water and in th'e 0‘c an
For example, the 1/2 fish may be compared with the 1/18.1 fish e?]n.
2/2 fish with the 2.18.1 fish, ete. These data are singled out in Ta.blye ‘3?48
which shows clearly how spawning cuts down the subsequent size' £
the fish. Exceptions oceur: individual fish complete their spawning od
return to sea in short order, and so make rapid growth a:gaill B

TABLE 35
Waddell Creek, Steelhead: Spawning Runs, by Seasons

Checked through Jumped S:
pawned Total
Seson upstream trap over dam below dam run
& Q@ |Total| & Q@ |[Total| o Q (Total] & @ | Total
;gg ggi ggg 33 9 42 2(; 3:; 55 | 219 | 267 486
3¢ - 12 5
ggg z:? ;;g 42 6 48 | 7 8 15 32? g;’ig .55:1);
2e 20; ars 10 - 10 11 10 21 249 255 504
> 208 i 10 - 10 25 20 45 200 228 428
- - 5 6 11 217 249 466

A R
20
165 | 212} 377 30 10 40 16 16 32 gﬁ. ggg ﬁig

Totals_ ___--- 1,822 | 2,066 |3,888 | 178 35| 213 i1 120 | 231 {2,111 {2,221 |4,332

Averages._--- 202 230 | 432 20 4 24 12 13 25 234 | 247 481
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It is of interest that Waddell Creek steclhead achieve approximately

the same length as silver salmon of the same life history categories, as

follows:

1/1 males 1/2 wnales 1/2 females
gteelbead - —omommmmmmmmmmmm TS 380 G5.4 65.0
40.6 64.7 63.9

gilver salnon oo ———mo—— =TT

Very few data on lengths of steelhead from other streams are avail-
able for comparison, but there is some unpublished evidence that steel-
pead (and silver salmon) from the Columbia River are larger, while
those from the Klamath River are smaller, than comparable ‘Waddell
Creek fish. It appears, therefore, that the size of steclhead is not corre-
lated with the size or latitude of the home stream.

The previous tables of this section have dealt with the fish which
were checked through the upstream trap. In addition, in all seasons
a number of fish spawned below the dam and in all seasons but one
a comparatively small number of fish succeeded in jumping over the
dam at extreme flood stage. Xstimates of the numbers of such fish were
made and are included in "Table 35, which shows the estimated total
runs into Waddell Creek.26 Tt is assumed that the sex-life history com-
position of the fish spawning below the dam was essentially the same
as that of those spawning above; field observations yielded no evidence
to indicate that this assumption was not valid. From an examination of
the figures in Table 35 it is obvious that among fish jumping over the
dam males were in excess of females out of all proportion to the sex
ratio among fish checked through the upstream trap. Examination of
unclipped fish seen spawning or found dead above the dam and checked

downstream after spawning, as well as general field observations, has

shown that males are much more suceessful than females in jumping

a fall such as that created by the dam. However, the numbers of fish

which jumped over the dam are comparatively so small that they alter

the general picture of the composition of the expected steelhead spawn-

ing run but little.

Sex Ratio

From Tables 28 and 29 it is seen that both among first spasners and
second spawners, males characteristically predominate in certain cate-
gories, while females predominate in others. Tt will be found that among
both first spawners and second spawners, males predominate in the life
history categories forming the fish of the lesser total ages, while females
predominate in those forming the fish of the greater total ages. This
was shown clearly in Table 30, in which the fish discussed previously
were grouped according to total age.

From this table it is seen that in considering sex ratios when the
fish are grouped according to total age, the first, second, third, and
fourth spawners must be considered separately. It will be noticed that

he upstream trap could be distinguished from

unchecked fish, since in the former the anterior corner of the dorsal was clipped
when the fish were checked. Estimates of the numbers of males and females, re-
spectively, which jumped over the dam in each season were based on the propor-
tions of clipped to unclipped fsh seen spawning, found dead, and checked down-
stream after spawning and on other field observations. Estimates of the numbers

of males and females which spawned below the dam in each season were based
on the numbers seen spawning and on other field ohservations.
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among the first spawners, females predominate among the four-year
fish, while among the second spawners males predominate among the
four-year fish.

Referring back to Table 29, we sce that survival following spawning
is higher among females than among males. Even in those groups in
which males predominated when the fish entered as first spawners, the
relatively higher survival among females persists through each suc.
cessive spawning, until finally the females are numerically superior,
As a result, there are very few males among the older groips of repeat
spawners. One might expect that the spawning act would affect the
females more than the males, especially since the females dig the nests,
and so that a reverse phenomenon would be encountered. ITowever,
the lower survival among males probably results from the fact that
males serve more than one female, and so are exposed not only to
prolonged physical exertion, but also to the dangers of being stranded
in the stream by lowering water levels and the elosine of the hay at the
mouth of the stream. It is possible that in large streams, the mouths of
which remain permanently open, survival among males is somewhat
higher than in the smaller streams, like Waddell Creek.

It is obvious from the preceding discussion that we eannot speak of
the sex ratio of the steelhead run as a whole, without considering the
ramifications and complexities created by the multiplicity of life his
tory categories, differential survival of sexes among repeat spawners,
and variations of behavior within certain life history categories. How-
ever, it may be of interest also to consider the end result as regards
sex ratio, keeping in mind the various factors that create it. From
Tables 28 and 35 we see that on the average the sex ratio for the run-
as a whole is one male to 1.13 females (47 pevcent to 53 percent) if
only the fish checked upstream are considered, and one male to 1.03
females (49 percent to 51 percent) if the estimated total run is used.
Among first spawners, the ratio is 1:1.05 (49:51 percent) for fish
checked upstream, and 1.02:1 (50:50 percent) for those in the esti-
mated total run.

Despite possible slight variations from the above figures in the ratios
actually existing under natural conditions in various streams, it is
evident that some unnatural factors are operating at egg collecting
stations and other places where females are greatly in excess of males,
sometimes as much as six females to one male.

An excess of females over males among the first spawners that have
spent two years or more at sea prior to return to fresh water is theo-
retically to be expected, assuming a 1:1 sex ratio among juveniles and
an equal mortality rate among males and females in the ocean, since
males predominate among the grilse. The gencral picture for the steel-
head first spawners is much the same as that for .the silver salmon,
although females are represented to some extent among all categories
of steelhead grilse, while the silver salmon grilse are all males.

In.the following subsection we shall consider another phase of this

subject, the normally changing sex ratios during the ecourse of a spawn-
ing run,
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Changes in Sex-Life History Category Composition During the Run
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Deviations from the basic pattern are cansed by abnormal envirgy.
mental conditions, such as prolonged low stream flow, whieh delays the
movement of some categories and the subsequent bhunching of varioyg
categories when conditions again become suitable for upstream migra.
tion, and abnormal abundance or scarcity of certain life history cate.
gories.

The changing sex ratio in the steelhead run as a whole is accenty.
ated by the fact that within certain life history categories the sex ratig
changes in the same direction within the course of a season. Withip
the 2/1 group, males are greatly in excess at the beginning of the run
the sexes are approximately equally represented by the latter part of
February or the early part of Mareh, while females are usually some-
what in excess by the end of the run. Within the 2/2 group, there is
some indication that males are more abundant in the early than in
the late part of the run. Trends among the other categories are not
evident.

Factors Influencing the Time of Upstream Migration

It has already been pointed out that in certain streams entry and
upstream migration may necessarily be delayed by physical eonditions,
In many streams the first heavy upstream migrations coincide with
large increases in stream flow, especially in streams which attain low
summer levels, but such migrations often do not occur with the first
large increases in stream flow.

As in the ecase of the silver salmon, the writers believe that in
Waddell Creek and similar small streams there 1s also a definite rela-
tionship between ascension of the streams by spawning fish and flow
of water, which so far it has proved impossible to show quantitatively,
because of the existence of several variables. Steelhead, like silver sal-
mon, ascend both on rising and falling stream levels, but cease move-
ment during peak floods. However, the number of fish taken during
any given ~water height is not approximately the same, but depends
upon the proportion of the run that has already ascended the stream
during the storm and during the season, upon preceding flows and
climatic conditions, and possibly upon other factors, such as sexual
ripeness of fish and turbidity of water. For example, on more than one
oceasion a number of steelhead have entered Waddell Creek during a
storm or series of storms, but have ‘““‘holed up’’ in pools in the lower
portion of the stream, below the trap, as a result.of sudden cessation
of the storm and lowering of flow. These fish tend to remain ‘‘holed
up’’ until a change of weather occurs, in which case even a light rain
and small rise in stream level will cause a large number to ascend the
stream or spawn below the pool in which they had waited. In this
respect the steelhecad appear to be less demanding than the silver
salmon, sometimes ascending the stream or dropping below to spawn
if the period of fair weather is quite prolonged. In general, the steel-
head appear to be less exacting than silver salmon as regards the
conditions under which they will spawn or ascend an obstacle in a
stream, such as a fishway. Diurnal fluctuations in migration may now
be considered.

Steelhead, silver salmon, and king salmon move upstream mainly in
the daytime. Observations by Chapman (1941), Neave (1943), and the
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rops which substantiate {his statement were discussed n 'the _com-
wot i> section for silver salmon (page 5%). 1t was also pmptc(l out
ambvb-i(‘;r;w workers have noted the oceasional occurrence Qt periods
that 1\- ;t\:\( i‘nzu'fi\’il\' in upstream movement of various salmonids \v,ﬂglml
of reld\"li‘rht howrs. but that 1o correlations between such fluctuations
t’he (a.ve\:\e\v\t during the daytime and environmental fnctor:‘;‘ have
b l:lgmnonst»mted. ;"\s Chapman (1941 pointed out, they are ‘‘ prob-
:f,?:f m‘ultiple with complex intcr-l_'o]atinns]nps.” ‘Xt‘ was nozeﬂ“ti\ﬁg
articularly at Scott Creck two daily peaks of nllg'l.atl()]ll a 07‘,&“mt
teclhead have been observed by the writers on snceessive d ays,‘ wi 1
Sy marked changes in stream discharge, tnrbidity of water, or genera
f‘zgather conditions (other than light and temperature).

Changes in Body Form and Coloration Associated With Maturation . .

The changes in body form and colorvation which ale ns)s‘ocmtf]i);zlgz
maturation in sea-run steethead ave of the san_le_cham(:itm aslp ;cllese
the silver salmon, but usually mu(:h. less.marl\.od.. Tn"t]lelvm(al ];?;1” b{xt
chanees are characterized by Mm\g;\_,t.um 'ot the jaws, wit 11\1t1],)),' 1cﬁ-que
rarely with hooking, the gl:m\'_th of canine-like t.ceth, an}c ]1(3‘11er ﬁ‘gﬁ
in depth of body Dby the ridging oi.i the back. ;\11'1011% the lalgth‘u:l.in,
the extent of these ehanges 1s 511fﬁmentl_v greater in the ma e}s , (X o
the females to enable the expericnced observer to determmgﬁt he se ¥
external examination. Among the smaller fish the sexual di ereiltlces 1v
these characters are sometimes so slight that considerable clhfﬁcn yc lnalﬁ\
be experienced in distinguishing hetween males .and fema es, esg;)le'S 1y
in fish which are not ripe. Following spawnng these gl'o-\\ };n'_f ¢
partially resorbed, but the jaws never fully recover their origima

. 27
Sl];}:ﬁe the Pacific salmons. steelhead at sea ave quite silvery. In fresl;
water a pink ov reddish lateral band, usually mos‘t pron;}lnlentV ?;:()
brightest in males, (lle\'e(;(‘)ps along the body. The opercles (gill cover:

. y similavly colored. .
be(j{);ningltl.l‘w l"zxmﬁ( calmons, the seales, whicl arve ]pnf:aly attached n
individuals in salt water and in those recently m'rn'(}d from tche sea,
become firmly imbedded with the approach of spawning, particularly
in the males.

Spawning Beds

Females choose the redd sites. Examination of many redds shows
that the site sclected is typically neav the head of a riffie_fwhich is
also the lower end of a pool) composed of medium and small gravel.
Usually the site is close to the point where the smooth surface water
“breaks’” ir he riffle.

b’i‘?laev:k;atu:-zoog ‘fhe redd site insures a good supply of oxygen for the .
eggs, since in streams a considerable portion of the water flowing
through a swift riffle passes through the aravel. y 1

Although steelhead ordinarily spawn in places that also 10013 1:gc()io
to the experienced observer, and which he would have seiected as
e o Do e e, “he changes acauire new material, parte ol S e ding

salmonids have been described in a series of papers by Tehernavin (1918, 1921,
19372, 1937b, 1938a, 1938b, 1938¢, 19384d).
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probable spawning sites before the fish had arrived, occasional indivi.
duals pick sites which the observer would have picked as being unfavor.
able, either because of the composition or configuration of the bottom
or the character of the flow. The power of the fish to dig a pit in ap-
parently unfavorable bottom is illustrated by one example cited by
Needham and Taft (1934). The female in question dug a nest in a hard,
gravelly, semicemented mixture of decomposing rock forming a portion
of a ford built for automobile passage in the East Branch of Waddel]
Creek just above The Forks. This ford had been construeted by piling
up rocks which were held in place by wire poultry netting along the
downstream margin. The female had erumbled this hardpan and worn
away the edge of the outerop so that it was evenly broken off near the
edge of the ford. Fish seleet unusual and apparently unfavorable sites
even when there is no overcrowding and apparently more favorable
unused sites are available in readily accessible portions of the stream.

Steelhead so choose their redds that they are very rarely exposed by
falling stream levels, in both Waddell Creek and other California
coastal streams.

Spawning

The first complete, recorded observations on the spawning of sea-run
steelhead were made during the spring of 1933 in Waddell Creek by
P. R. Needham, A. C. Taft, and Leo Shapovalov and were described
in detail by Needham and Taft (1934). Their account was confined
largely to observations on three fish placed in a pen in the natural
stream. A generalized account of the spawning of steelhead is here
presented, as follows.

The female first selects a suitable spawning site. In this process
several sites may be selected and abandoned. After a satisfactory site
is finally chosen, the female begins nest digging. One or more males
may accompany the female, but the males do not participate in the
digging. Usually one male becomes the mate; the other males, although
sometimes persistent in approaching the female, seem to sense this and
usually yield to the dominant male when he makes a rush at them.
Probably more often than not the mate is a larger fish than the attend-
ant males, but even if smaller, his “‘right’’ to the female is usually
recognized. On occasion the dominant males chase the accessory males
viciously, even to the extent of driving them into the riffle above or
below the nest. The fighting and digging often result in a great deal of
commotion, especially when several males ave in attendance, so that the
resultant splashing may be heard several hundred feet from the stream.

While the female is digging the nest, the male assumes positions
slightly behind (downstream) and to one side of her. The dominant
male often changes his position from one side to the other, and ap-
parently attempts to stimulate her. At frequent intervals he approaches
the side of the female closely and the two fish quiver, together or separ-
ately. This quivering and also the nest digging have often been mistaken
for the emission of the sexual products by different writers (e.g.,

Kendall and Dence (1929) for eastern brook trout), but the behavior.

accompanying the latter action is quite different. When several males
accompany a female, the accessory males usually arrange themselves in
an arc on the downstream side of the female. The distance that they
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intai s upon the puenacity of the dominant male. In the
magxlx:;l;n\(r"i?}?re?)(ll:otgégaph (Flig;re 26) four males wi}l be seen r_anged
af)‘(:)ut the m;:ting pair and nest. T'wo other males, six to nine inches
ilona (stream fish), participated but do not appear m the photograpl\i
Thg dominant male then alternates between darts at theseh fish all;(
courting of the female. Upon returning from an attack on ot ert lmata§{
the dominant male often rubs his 51_1out both over and upder . he 2
of the female, probably either to stunulate.her or as a sign o .re_',g_ Ds
nition. Fish of both sexes face upstream during the spawning activi lfe 1

In digging the nest the female turns on her side and with powir.u}
and rapid movements of the tail disturbs the bottom ma‘terlals,AW 1,1}&1
arve then carried a short distance downstream by the current. As : Os
process is repeated the nest takes form and finally resultg in ?n 1(1)vaﬁSlr
roundish pit or depression. Depending partly on the size Otht e a .11:—;
the pit is approximately from fm‘u- inches to a foot dep n afn KW
inches in diameter. After several vigorous digging operations t e't?nhe
psually drops back into the pit and may test 1ts dimensions with her
an’(}lhgnlength of time that elapses between the beginning of c_ogrtmr_i
and nest building aetivities on the chosen redd and the de%)ossl)t:;gntf)
the sexual products varies greatly. In the observa?lons ot } 3 ﬁ:y:
deposition of the eggs and milt took place four hours and \:1 eil ?e— )
minutes after the fish were pl;clc;ed in tthet plen and one hour and twenty-
ive mi ieging had been started. )
i j\]tntlllll:trrelf);fegg &%%po%ition, the female drops into the pit and lowers
her vent and anal fin into the deepest part. The male 1ns§ant13;} oz
«imultaneously moves into a position pzn:al]el and next to her, ;o “ 12.1‘
{he vents are opposite. Both fish open their mouths wide and arcb 1(?11
bodies so that they are rigid, with their backs concave (in the o sgr; }511-
tions of 1933, the tip of the female’s snout broke the surfaceho e
water), and the eggs and milt are exuded simultaneously. T e1 egg;
drop into the bottom of the pit in a compact group and are envg ope1
by a cloud of milt. The whole process, from the tlme'tha't th}:a entlae1
drops into the pit until the syn%hrox}lzed orga?m resulting in the actua
leposit e eggs, takes only a few seconds.
de%‘?l}tlls:n(;ff ),trle:rs ghe view was generally held that natural reproc};;c-
tion of salmonids is a rather ineffective process, but various stu 1ei
contradict this opinion. Probably r'arely_ ave any of the eggs ;“;e}alpt O'lit
of the pit, even when the current 1s swift. Sometimes some.(;1 the mi
mav be swept downstream, but an ample amount settles wit tle egg@
to insure thorough fertilization. Apparently both the eggs and ! 1efn§l
arve held in the pit by current eddies below the normal 1eV(E of the
stream bed. This view has been acllvanced for the spawning of various
S ids by Peart (1920) and others.
83111}1311)11;;8(1?)37), in glis stzldies in New Zealapd, concluded thlaltt :txt leasit%
97.5 percent of the brown trout eggs lodged in the I:edds aTt tl 5, 1m§e<;s
spawning. The present writers believe that 97.5 pe_leen_t W (})111 (zlzilp .
a minimum average for the number of eggs buried in the redds by
steelhead. ‘

Tmmediately upon deposition of the eggs and milt, the femalel,_ 1111n-
aided by the male, begins to cover up the eggs. This she ac}clorr}(pl) is e;
in a few seconds by turning on her side and digging to each side an
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es ranged around the nest. IPhotograph by IPawl

with four smaller

R. Needham, April, 1933,

A pair of Waddell Creek steelhead over spawning nest,

Fiaure 20.
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forward of the nest, the current sweeping the gravel into the pit. The
eggs are well covered in a brief period of time. The males appear unin-
terested in this process.

When the eggs are well covered the female begins to dig another pit
two or three feet directly upstream from the first. By working upstream
in this manner the eggs of the first pit are buried deeper by materialg
washed downstream from the subsequent digging. This process is
repeated as other pits are dug. In the 1933 observations the eggs were
deposited in the second pit one hour and forty minutes after initial
deposition, and digging of the third pit was started shortly. Apparently
the fish in question completed spawning during the night, since by
morning she had left the redd and retired to the adjoining pool. When
she was killed for examination in the early afternoon it was found that
only seven eggs remained.

Judging by the separately raised piles of gravel, which were in a
straight line following the current, the 1933 fish dug six or seven pits
to complete spawning. Since fish of similar size (60 cm. long) contain
from 3,800 to 7,800 eggs, this female may have averaged a deposition
of anywhere from 550 to 1,300 eggs at a time. '

The completed redd was approximately 12 feet long and 5 feet wide
(60 square feet). The depth of the water averaged about five inches
over this area.

Although the 1933 fish completed spawning within 12 hours, it is
believed that often the process takes a week or more. The length of
time probably depends upon the ripeness of the fish, water and at-
mospherie conditions (especially temperature and height of water),
and the extent to which the mating fish are interrupted by intruders
(human beings, stream-side mammals, birds, and other fish).

Fish after natural spawning do not have much blood in the coelomie
cavity, while in artificial spawning blood is often found in the coelomiec
cavity and is sometimes extruded with the last eggs, due to rupture
of blood vessels. The amount of damage thus done to the fish depends
principally upon (1) the skill of the spawner and (2) the extent to
which he attempts to secure a high percentage of eges contained.

No quantitative estimate can be made of the amount of damage done
to redds by subsequent spawners, which may be silver salmon or other
steelhead. It is probable that although the losses from this cause may
be severe in individual nests, the percentage loss for all eggs deposited
in the stream is small. .

Spawning sea-run.steclhead are very often accompanied by stream
trout. Most of these are sexually mature males which act much like
the smaller acecessory sea-run males, darting in and out during the
nest-building and courting process. Such fish are often called ‘‘egg-
eaters’” by anglers. However, their primary purpoese in being present
1s probably to participate in the spawning activities. This is indicated
by the fact that in oceasional instances in which a single stream
male has been seen to accompany a nest-building sea-run female un-
accompanied by a sea-run male, the behavior of the stream male has
been quite similar to that of a sea-run dominant male, the fish main-
taining a position parallel to the female and slightly behind and to
one side of her.
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Accompanying stream fish often do contain a few eggs In their
stomachs. Sueh eggs are probably oceasional ones shed by fish on their
way upstream or in the course of nest digging, disturbed by super-
imposition of nests on nests prepared by previous fish, or swept out of
the spawning pits beforc they were covered. It is a general thing for
trout of various species to contain eggs of whatever species of salmonids
are spawning at the time. Some examples were cited in the comparable
section on silver salmon spawning (page 59). Eggs eaten by sculpins
(Cottus) are most likely occasional ones of the types described pre-
viously.

Egg Production

The calculations of numbers of eges produced by Waddell Creek
steelhead are based on the numbers produced by Scott Creek steelhead,
since collection of eggs from Waddell fish would have destroyed the
experimental plan. There is no evidence to indicate that the Scott
Creek fish produce a different averace number of egas for a given size
of fish from Waddell figh. -
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Correlation of Number of Eggs With Size of Fish

The relationship between length of the fish and the number of eggs
produced is shown in Figure 27. This velationship was determined from
562 measurements of the amount (volume) of cges and the size (vol-
ume) of individual eggs obtained from manually spawned fish of known
lengths, taken at Scott Creck during the 1931-32, 1932-33, and 1933-34
seasons.28

Measurement of the eggs was carried out according to the Taft
method, deseribed in the comparable section for silver salmon (pages
59-61). This method is particularly valuable for securing data on trout
egg production, since it permits the seeuring of the data without de-
stroying either the fish or the eges. As in the case of the salmon, total
egg volume was measured in a 1,000 cc. glass graduate, and the volune
of individual eggs by averaging the displacement of 10 eggs in a
burette.

In caleulating the volume factor (I7) for Scott Creek steelhead,
three egg counts and measurvements from two fish were used. The
volume in cec. of individual eges was obtained from two of these meas-
urements by averaging the volume of 110 egzes measured in lots of 10
and for the other by averaging the volume of 100 eggs measured in lots
of 10. From these values a volume factor of 0.674 was obtained. The
data used in obtaining ¥ are shown in Table A-16 of the Appendix.
The frequency distribution of quantity of eces (in ce.) stripped from
Scott Creek steelhead is given in Table A-17 of the Appendix.

Examination of 12 manually spawned fish taken at random during
the seasons of 1931-32 and 1932-33 showed that in ordinary hatchery
spawning only about 90 percent of the number of eggs contained in the
fish is obtained, the remaining 10 percent being left in the ovaries (see
Appendix, Table A-18). Therefore, to obtain the fotal number of eggs
the calculated number was multiplied by 1.1.

Although the number of fish examined (12) to determine the per-
centage of eggs left in the fish in artificial spawning may not be large
enough to give an exact figure, there is evidence to support the view
that the percentage obtained is not far from the average. For 151 red
salmon spawned by the expression method at Cultus Iake, British
Columbia, in 1931 and 1932, Foerster (1936) records the average num-
ber of eggs left in the stripped fish as 14.5 percent of the total number
of eggs. For 16 manually spawned golden trout (Salmo agua-bonita),
Curtis (1934) found the number of eggas left in the fish to be about 7
percent of the number contained. The percentage of eggs obtained in
artificial spawning of steelhead probably depends principally upon
(1) the skill of the spawner and (2) the ripeness of the fish. It does
not appear to depend upon size or life history of the fish, or the number
or size of eggs produced.

The total number of eggs was plotted in 400-egg intervals against fish
length in 2-em. intervals and a regression line was fitted to the points.
28 Normal hatchery spawning procedure was followed in obtaining the eggs: in spawn-

ing steelhead the fish are not killed and cut open, as is often the case with Pacific
salmon, but are “stripped” by means of manual pressure applied to the sides and
belly of the fish. This is known as the ‘‘expression’” method. The stripping was
carried out by experienced hatchery personnel. The measurements of fish and

eggs were made by A. C. Taft, J. H. Wales, Leo Shapovalov, and various assist-
ants. After the eggs were stripped from the fish and fertilized they were placed in

two-quart glass jars.
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This line was fitted by the method of least squares and, since the rela-
tionship is curvilinear, the regression line was determined on a loga-
rithmic seale and later transposed to a linear scale. This regression line
is not as accurate as one determined from the original paired variates,
but is close enough to the true one to be nsed here, considering all
possible sources of error. Its equation is Number of Bggs — 0.9471 %
Length *'%. The correlation ratio, y, for the relationship between
eggs produced and fish length is 0.838.

Before the factor used to obtain the caleculated number of egos
(0.674) was chosen, a factor of 0.6888 had been used. Using this latter
factor, and omitting the data for 1934-35, the regression of egegs pro-
duced on fish length had been calenlated separately for first spawners,
second spawners, and all fish combined. While these regressions are
not believed to be as accurate as the present ones and therefore are
not presented at this time, they do show that the differences between
first and second spawners and between each of these categories and all
fish combined are so slight that a single regression may be wsed.

Prior to the adoption of the method finally used, an attempt was
made to calculate the number of eggs on the basis of the average
diameter of 10 eggs rather than volume. This method was found to he
unreliable.

In the corresponding section for silver salmon a correlation was
shown to exist between number of eggs and length of fish, and it was
pointed out that other workers had found a positive signifieant correla-
tion between number of eggs and both length and weight in other
species of salmonids. Weights of the Scott Creek steelhead were not
obtained. The significance of such a correlation in the management and
study of the species involved was also noted.

FPercentage of Eggs Deposited

It was shown in the preceding section that in artificial stripping

approximately 10 percent of the eggs are left in the fish. To caleulate
the total number of eggs deposited in Waddell Creek in each season
1t was necessary to know the average number of eggs left in the fish
after spawning. .

By the very nature of the plan of the experiments at Waddell Creek
it was impossible to. kill spent steelhead to determine the number of
eggs left in the fish after spawning. Reliance therefore had to be placed
on (1) chance dead spent steelhead found in Waddell Creek, (2) ob-
servations on other streams, and (3) observations on closely related
adult salmonids of similar size and habits. There are only four records
for counts of eggs in dead spent steelhead found in Waddell Creek.
These fish contained 0, 3, 16, and 58 eggs, respectively. As noted in a
previous section, the 60 ecm. Scott Creek steelhead used in the 1933
spawning pen experiment at Waddell Creek contained only seven eggs
after spawning. The average for the five fish for which definite counts
are recorded is therefore only 16.8. This meager record is supported
by a number of notes for dead steelhead at Waddell Creek made by
different field observers to the effect that the fish were “‘completely
spent’’. As stated in the corresponding section for silver salmon (page
62), these observations are in close agreement with the findings of

the writers and other workers for other species of salmonids. Therefore,’
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it was decided not to subtract any eggs in calculating the number
deposited by Waddell Creek steelhead, but to use the tofal egg produc-
tion figures obtained for Scott Creek steelhead of the same lengths and
expressed by the regression line in Figure 27. It is likely that the num-
ber of cggs left in the fish after natural spawning bears little or no
relation to the size of the fish (and consequently the number of eggs
produced).

Percentage of Lggs Fertilized

Although ¢uantitative data for Waddell Creek steelhead are not
available, there is every indication that the percentage of eggs fertilized
is very high and rather constant. Extensive spawning work by person-
nel of the California Department of Fish and Game has shown that the

‘percentage of steclhead eggs fertilized can be quite high under the close

to ideal artificial conditions. In the corresponding section for silver
salmon (page 63) it was noted that the observations of Hobbs (1937)
indicated a uniformly high efficiency of fertilization (over 99 percent)
for other species of salmonids, and that since the spawning of the
various trouts and salmons follows essentially the same pattern and
local conditions usually play a more important role than the factors
peculiar to the species involved, it appears legitimate to apply them
n the present studies. :

The previously cited observations on the spawning act of steelhead
in Waddell Creek (pages 144-148) support the view that the percentage
of fertilization is quite high. Besides, the observations of the writers
and the various ‘seasonal observers consistently indicate a tremendous
cmergence from the gravel,

Return of Adults to the Sea (Post-spawning Behavior)

After spawning the spent steelhead which have not succumbed to old
age, disease, or predators descend to the sea. In the parlance of the
angler, such fish are ‘‘downstreamers’’.

In certain streams, steelhead are reported to return to sea immedi-
ately after spawning, while in others they are known to ‘delay their
return, lingering in the larger pools for considerable periods of time.

In Waddell Creek, within the same season some fish have returned
to sea almost immediately after spawning, while others have been taken
as late as the week of December 10-16 of the following season. However,

_the bulk of the fish have been taken during the period April-June. The

spent adults taken in the downstream trap at Waddell Creek during
the nine seasons of operation are shown in Table 36. The figures do
not represent total numbers, since a number of fish are known to have
passed downstream over the dam, especially during the earlier portions
of the migration, but do show the approximate period of migration.
The fish which do not proceed immediately to the sea gather in the
larger pools, where they swim lazily about close to the surface. There
is some tendency for the fish to gather in small groups, or for indi-
viduals to follow one another, but no real schooling takes place. In
Waddell Creek, the same group of fish has been seen week after week in
the pool above the dam. At times an individual will leave the pool and
resume his downstream journey, or not uncommonly half-a-dozen or so
may start toward the sea. The factors which influence the fish to resume
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Waddell Creek, Steelhead: Spenf Adulls Checked Through Downstream Trap, by Seasons and Weekly Periods
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Waddell Creek, Steelhead: Speni Aduits Checked Through Downstream Trap, by Seasons and Weekly Periods
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the seaward journcy following such prolonged interludes in pools are
not yet fully kunown, althougl some such ewigrations have followed
light rains. .l.!l the lavger streams much greater numbers of spent stee-
head gather 1n the lavger pools, especially behind dams. For example
hundreds of such fish have been observed in the extensive pool abovg
Benbow Dam, on the South Fork of Eel River.

Spent adult steelhead typically do not resmme feeding while in fresh
water. As a result, those taken soon after spawning (unless weakened
by disease or old age) ave thin, but active and in good condition, while
those taken several months after spawning are quite emaciated. Indi-
viduals captured in October-December of the following seasons appar-
ently have not eaten following spawning; their stomachs are exﬁpty
and shrm}k.en and theilr mouths and gills are often covered by numer-
ous parasitic copepods (Salmincola). The male taken during the week
o‘t December 10-16, 1939, must not have eaten for at least 34 weeks
since the last upstream male of the same size in the preceding season
was taken during the week of April 15-21; it is remarkable that fish
can remain alive and active following the rigors of spawning and such
a prolonged. fast. It is not known if individuals which have abstainéll
from food for so long a period that their stomachs are shrunken are
physiologically capable of resuming feeding.

Spent adults which have not resumed feeding will nevertheless strike
at vartous objects, suclt as coins or pebbles thrown into the water. Fish
in the pool back of Benbow Dam have been observed to rush at coins
tossed in 10 or 12 feet away. In suclh cases one fish after another has
been seen to seize and then ‘‘spit out’’ the coin in its descent to the
bottom. A valid explanation of this interesting behavior seems to be
lacking. It havdly seems likely that the fish see such an object as an
enemy, vet we know that the fish are not seeking food. In any ease, this
behavior has resulted in the taking of spent steelhead on spin’ners
especially with a May 1 opening of the trout season. )

‘Only a very few adults which have completed spawning have been
talken again in the same season in the upstream trap at Waddell Creek.
However, fish which have been artificially stripped, often return in
la?ge_ numbers to the upstream trap at spawning stations, usually
within a few days of spawning. The incomplete removal of the sexual
produects under artificial conditions and the completeness of spawning
under natural conditions may play a role in this difference in post?i
spawning behavior.

Following spawning, adult steelhead, which typically ‘“eolor up’’ in
fresh water before spawning, gradually assume a pale, ‘‘washed-out’’
appearance, althongh some of the redness may be retained. The scales
remain firmly imbedded. Only following their re-entry into the sea does
the silveriness typical of salmonids in salt water return.

Embryology and Hatching of Eggs

The best and only complete account of the development of steelhead
eggs is that by Wales (1941). The embryology of the steelhead is in
general similar to that of other trout and of salmon, and the details
will not be presented in this paper.

The number of days required for steelhead eggs to hatch varies from
about 19 at an average temperature of 60 degrees F. to about 80 at an
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average temperature 'of 40 degrees I At the temperatures prevailing in
Waddell Creek, the usual hatehing time is from 25 to 35 days.

Various exeeptions and special considerations in regard to develop-
ment and hatching have been cited and discussed under the comparable
section for silver salmon and have general application to the steelhead.
As in the case of the silver salmon, silting occwrring between fertiliza-
tion and hatching and caused by severe floods or mining is probably
the principal cause of pre-hatching losses. Various experiments weve
cited to show this. Experiments conducted by Shapovalov (1937) on
steelhead substantiate the results obtained with other species.

Under normal hatehery conditions the hatch is between 80 and 90
percent of steelliead eggs taken. There is no quantitative basis for esti-
mating the average percentage of steelhead eggs hatching in Waddell
Creek, but the writers believe that uunder favorable conditions (prin-
cipally absence of heavy silting) it is comparable to that of hatchery
ecos, or 80 to 90 percent of the eggs deposited. Even in periods of
heavy floods, when the water is laden with silt, stream velocities in
areas utilized for spawning by trout and salmon are probably sufficient
to prevent excessive deposition of silt and thus damage to the eggs in
the gravel.

At time of hateling steelhead ave approximately 17 to 18 mm. (0.7
inch) long and weigh about 0.1 gram (270 fish per enince).

Emergence From the Gravel

Silting is also probably the principal factor in determining the sur-
vival rate from time of hatching to emergence from the gravel.

Tn the experiments conducted by Shapovalov (1937) it was impos-
sible to segregate the survival from time of burial to hatching from the
survival from hatching to emergence, but the over-all survival to time
of emergence was 29.8 percent in the presence of comnsiderable silting
and 79.9 percent in the absence of much silting. In the former instance
the water flowing over the gravel had a considerably lower veloeity
than would water in a natural stream laden with an equal anmount of
silt and so it may be that under natural conditions the percentage of
emergence is rarely as low as 29.8 percent. Again, there is no guantita-
tive basis for estimating the average percentage of steelhead emerg-
ing from the gravel in Waddell Creek, but the writers believe that
under favorable conditions (principally absence of heavy silting) it
is high, probably between 70 and 85 percent of the eges deposited.
There is, of course, no stage in hatchery operations directly comparable
to the period from time of hatching to time of emergence under natural
conditions, but under hatchery conditions the losses during the equiva-
lent period of time normally are light, so that hatchery survival to
time that steelhead finish emerging from the gravel under natural con-
ditions is still-between 80 and 90 pereent of the eggs taken.

Tor the areas which he examined, Hobbs (1937) conecluded that 1)
the incidence of loss subsequent to fertilization, where heavy loss occurs,
is much greater in the pre-eyed than in the eyed eggs or in the hatched-
fish-in-the-gravel stage, (2) heavy losses of fertilized eggs are the out-
come of adverse environmental conditions and not of inherent weak-
ness, (3) the extent of losses of fertilized eggs in undisturbed redds
depends primarily on the amount of very fine material in the redds

#
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during the development of eggs before eyeing, and (4) Saprolegnig
(fungus) infection of dead pre-eyed eggs is responsible for losses of
eggs at later stages.

Hobbs (1940) found the loss between hatehing and the time of emer.
gence to be extremely light, exceeding 1 percent in only one river
system.

The experiments conducted by Shapovalov (1937) indicate that the
steelhead fry start emerging from the gravel two to three weeks after
hatehing and reguire another two to three weeks to complete emergence.
This is probably what happens under normal conditions existing ip
California coastal streams. Shallow burial, loose gravel, absence of silt,
and high temperatures may all be expected to speed emergence, while
the opposite conditious may be expected to retard emergence.

Under normal conditions the fry rarely emerge from the gravel be-
fore the yolk sac is absorbed. Shallow burial results in premature emer-
gence. This was indicated by the experiments of Shapovalov (loc. cit.)
and had previously been cited for Pacific salmon ( Oncorhynchus) by
Babeoek (1911). The tiine of emergence from the gravel approximately
coincides witli the beginning of feeding in the hatcheries.

Because of the normal long period of emergence, at the time that the
last fish emerge the first fish to have emerged are usually considerably
larger than the former, despite the fact that the eggs were deposited
at the same time.

At time of emergence from the gravel steelhead are approximately
23 to 26 mm. (0.95 inch) long and weigh abont 0.16 gram (180 fish per
ounce).

Stream Life Prior to Seaward Migration
) (General Features) :

At Waddell Creek the only quantitative data regarding numbers of
fish were obtained at times of migration through the traps, so the fol-
lowing account vwill necessarily be based on general observations.

The behavior of juvenile steelhead during their first year of life,
especially during the first couple of months following emergence from
the gravel, is generally similar to that of the silver salmon fry. The
freshly-emerged fish first take up residence in the shallow gravel areas,
especially at the sides of the stream. At first they tend to congregate m
schools, but as time passes and the fish grow these schools break up and
the fish spread up and down the stream, selecting individual small
‘‘territories’’, from which they drive other fish of the same size or some-
what larger.

The fry in the shallows feed avidly and grow rapidly. The individual
fry rise to nearly every small object drifting downstream or falling
into the water, selecting those that are suitable and rejecting those that
are not. Following their rise, they return to the original position.

Soon after the first steelhead have emerged from the gravel, marked
differences in size are to be noted among the fish of the season, within
the same section of stream. For example, 20 fish seined in one pool in
‘Waddell Creek on July 12, 1932, by J. H. Wales ranged from 43 to 77
mm. in length. Such differences result principally from the prolonged
spawning season and therefore prolonged hatching and emergence pe-
riods of the steelhead. Of course, different growth rates of individuals
play some role in creating fish of different sizes, but the long spawning
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season is the principal cause. In addition, the fish of the lower portions
of the stream, with the warmer temperatures, are on .the average larger
than those of the upper portions. Targer average size 1n the warmer

ortions of the stream results both from a more rapid growth rate and
a somewhat shortened hatching period, so that these fish have a head
start on those from the cooler waters. o

Goon after the peak of emergence there 18 o mzu:ked decline in the
pumbers of fry in the stream, due to mortality. Possible causes of'losses
at Waddell Creek are predators, drying stream channels,. and disease,
and have already been discussed in the comparable section on silver
salmon. Predatory fishes are believed to malke the greatest inroads.

As the fish grow, they gradually move into deeper water and eat
coarser food. However, unlike the silver salmon, in late summer the
young steelhead do not appear to move into the deep, quiet pools, but
inhabit the moderately swift portions of the stream. Dlul‘l'lal movements
within limited areas may occur, but have not been studied in any de-
tail. At this time the growth rate of the fish begins to slow down (prob-
ably not as early nor as markedly as in the case of the stlver salmon)
in association with the period of maximum stream temperatures and
minimum flow, with some evidence to indicate that the former plays the
greatest part. During the period of heavy re}mfall and lowest tempera-
tures, December through February, feeding is generally quite light and
growth negligible, according to measurements and scale 're‘admgs. It ap-
pears that during this period of floods and great turbidity the young
steelhead, like the silver salmon, are not swept downstream and do not
migrate downstream voluntarily in large numbers, but make use of
backwater and eddies in maintaining their position m the stream.

Following the period of maximum precipitation, the fish start making
extremely rapid growth (usunally in March), as w1t_nessed by the sharp
increase in average size of fish and new growth registered on the sc_a}es.
The resumption of heavy feeding is probal_)ly mﬁuenced. both by rising
temperatures and an abundance of aguatic foqd organisms. Although
a steady lowering of stream flow takes place during the ensuing months,
adverse water conditions ordinarily are not reached before midsummer.

Some data are available regarding the sex ratio among stream steel-
head and indicate that great care should be taken in drawing conclu-
sions, for the reason that apparent differences may depgnd upon the
time of year at which the fish are taken and the manner 1n which they
are caught. Actual differences may exist i_n certain age groups (espe-
cially the older ones) and certain categories (e.g., upstream or down-
stream migrants), although' the available data have not yet revealed
such differences. Probably the sex ratio is close to 1:1 among stream
steelhead two years of age or under. o 1000

38), reporting on data obtained from upwards of 1,
trosurty(ifg}g%y ')l‘heogore J’T Hoover by hook and line in Waddell Creek
between May 1, 1927, and May 1, 1928, found that of 866 fish sexed
466 (53.8 percent) were males and 400 (46.2 percent) females. Hovwv-
ever, the sex representation among fish caught by anghqg 1S not neces-
sarily representative of the sex Tratio of a stream population, and, more-
over, in the case under discussion the numbers caught in the different
months were not equal. Males predominated in the catches most strongly
during the period February-July, while females predominated or the
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sex ratio was approximately equal during the period Aungust-January,

Snyder concludes that ‘‘A seasonal variation in the sex is indicate
. although the numbers involved are too small to warrant definite

conclusions.”’

Shepherd (1928) reported on 55 stream steclhead canght by hook and
line in Waddell Creek in October, 1926, July and December, 1927, and
January, 1928. Of the 55, 32 (58.2 percent) were males and 23 (41.8
percent) females. There was a slight predominance of males in all four
months, but the fizures are too small to make comparative analyses.
Data obtained during the course of the present experiments support the
evidence that males predominate in anglers’ cateches in the spring of
the year. Of 24 tront caught by two anglers in the East Branch of Wad-
dell Creek (above the closed area) on May 1, 1942, 23 were males.
Nineteen of the 23 males were ripe; the female was spawned out. It is
not unlikely that at least during the spawning season males strike at a
ba]ted hook or Iure more readily than do females. If this is the case, it
is interesting to speculate that a short angling season during the spring
months may create a marked shortage of males where an intensive fish-
ery exists. .

The sex ratio of yvearling steelhead held in rcaring ponds at the Bie
Creek State Fish Hatchery was, on the basis of six samples, approxi-
mately 1:1. These samples contained a total of 207 males and 193 fe-
males.

At this point it may be noted that the young steelhead exhibit much
greater variation in individual behavior than do the juvenile silver
salmon. This is most markedly broneht out by the faet that the young
steelhead migrate down at various ages from 4 to 4, while practically
all of the silver salmon migrate downstream as yearlings. While the
salmon go to sea almost immediately, some of the steelhead remain for
a whole season in the lagoon or the lower portion of the stream, after
which some move out to sea, while others make an upstream migration
and then a second downstream migration. While most of the steelhead
o to sea before maturing, some fish of hoth sexes spawn before going to
sea, while still others complete their life cyeles without going to sea at
all. (Among the silver salmon perhaps a few males reach precocious sex-
ual maturity prior to their seaward migration, but none of the females
do s0.) There are other variations in the behavior of individual young
steelhead ; for example, although most of the fish diminish feeding and
growth in the late summer or early autumn, some continue to feed and
make rapid growth deep into the winter. Some resume heavy feeding
and growth in the middle of the wiuter, while others do not do so until
spring. Some diminish feeding and growth for a prolonged period,
while others resume feeding and growth after only a brief interlude.
These variations in behavior are reflected in the structure of the scales;
for example, some scales are just beginning to form an annulus at the
same time that others show considerable new growth. Some of the varia-
tions in regard to growth and annulus formation undoubtedly are as-
sociated with sexual maturity and migration.

The various migrations made by stream steclhead will be discussed
in subsequent sections.
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TABLE 37
Wadde!l Creek, Steelhead: Stream Fish Checked Through Downsiream Trap, by
Seasons and Weekly Periods .

4

> | =3

Period 1933- | 1934- | 1935- | 1936- | 1937- | 1938 | 1939- [ 1940- | 1941-| 23 [ 35 &

34 35 36 37 38 39 40 41 2 |22 238

=
Oct. 1-7 .. - 2 6 60 21 5| 131 235 28
Oct. 8-14___ - 7 3 10 39 84 11 25| 199 24
Oct. 15-21_. - - 3 12 4 20 1 97 137 17
Oct. .. - - 13 12 14 44 70 | 155 19
Oct. O . 26| 216 i 43| 145 | 437 55
Nov. 0] - - 24 42 22 14 43| 155 19
Nov. 66 14 1| 107 2 n 18 32| 261 33
Nov. 21 71 8 131 2| 8 7| 248 31
Nov. 26-Dec. 2______ 8 10 1 35| 285 2 G 7| 354 44
Dec. 3 5 11 2 231 174 . 2 87 | 307 34
Dec. 28 9 15 i 26 17 20 i 31| 183 20
Dec. 5 3 2 26 5 220 131 134 34| 442 49
Dec. 8 5 77 ] 02 1 S0 20 3 23] 329 39
Dee. - 12 | 330 90 8 43 1 I 1| 3501 56
Jan. - 7 53 12 5 65 7 15 1{ 165 18
Jan. 4 19 10 7 33| -- 10 1 84 a
Jan. 3 1 8 5 9 32 3 ol _ 70 8
Jan. 3 4 6 3 . 37| - 1 9 63 7
Feb. 16 9 1 17 1 17 2| . - 63 7
Feb. 11 4 3 18] .. 6 3 3 1 52 G
Feb. 30 3 3 23 14 2 2 4 13 94 10
Feb. 27 3 16 19 11 2 2 2 42 | 124 14
Mar, 22 12 68 37 3 26 2 1 79 | 250 28
Mar. 11-17 70 20 83 28 19 10 3 33 8| 304 34
Mar, 1824 _____.___ 159 50 | 105 10 2 7 54 31 26 | 514 57
Mar. 25-31______.__ 201 54 81 15 1| 297 17 25 | 152 | 843 94
Apr. 1-7.__. 308 { 126 43 10 10 | 369 1 1| 209 1,107 | 123
Apr. 814_._ 411 18 83 31 30 | 511 11 1 89 {1,185 | 132
Apr. 15-21.. 344 53| 173 33 16 | 414 58 30 81,179 | 131
Apr. 22-28___ 391 85 | 118 41 29 | 559 28 74 52 {1,377 | 153
Apr. 29-May 5_ 150 § 101 | 147 57 45| 348 9 24 | 161 (1,042} 116
May 6-12.._.._ 105 51 94 75| 108 | 649 37| 214 | 223 [1,586 | 176
May 13-19. 111 32| 248 | 142 174 | 404 33| 287 | 2251656 184
May 20-26....______ 138 50| 213 236 | 235| 243 47 | 521 480 [2,163 | 240
May 27-June 2______ 68 62 | 207 | 246 | 187 68| 218 | 400 | 112 {1,568 | 174
June3-9... ... ___ 225 84 | 102| 374 163 37| 213 | 307 | 400 {1905 222
June 10-16....._____ 67 68 | 224 | 217 98 | 147 | 165 532 | 621 2,159 | 240
June 18-23_...______ 13| 159 345 | 108 | 183 81| 120| 812 421 [2275] 233
June 24-30_ _ 2| 108 | 309 95 | 332 14| 293 416 | 390 1,979 | 220
July 1-7.___ | 41| 136 29 [ 370 | 212 60 | 251 145 | 265 1,527 | 169
July 8-14.._ | 49 20 35| 519 | 183 69 | 153 57| 333 {1,438 | 160
July 15-21.._.______ 28 76 | 138 | 162 | 170 16| 116 | 117 | 308 | 1,131 | 126
July 22-28_____._.__ 19 47 82 20| 214 441 130 | 164 | 128 | 868 a6
July 29-Aug. 4_.____ 9 57 59 10 66 21 | 319 31 14 | 816 o1
Aug.5-11______..__| 1 55 26 92 57 37 | 101 19 18| 716 80
Aug. 12-18. . . ____ 18 20| 101 [ 13 48 | 175 11 23 | 500 56
Aug. 19-25___ 6 5 87 33 77 2] 18 22 9| 308 34
Aug. 26-Sept. 1. 6 26 50 20 87 46 32 21 8| 296 33
Sept. 2-8.____._____ 4 12 12 42 16 9 17 39 18 | 199 22
Sept. 9-15____ ... 3 16 7 28 16 28 27| 119 31| 275 31
Sept. 16-22_ - 3 5 9 26 21 15 | 240 15§ 334 37
Sept. 23-30_____.___ - 1 3 8 32 33 8| 391 62 | 541 60
Totals_________.__ 3,117 | 1,791 {3,943 | 3,529 | 3,390 | 6,189 | 3,484 | 5,615 | 5,721 -

36,779
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Downstream Migration of Stream Fish
Time and Size of the Migration

During the nine seasons of operation of the trap,??- 36,779 strcam
steelhead were checked on their downstream migration. The number
taken during each weekly period in each season is shown in Table 37
and Figures 11-19.

The length of these fish from tip of snout to fork of caudal fin was
recorded in mm., measurement being made to the next highest mm.3?

Scale samples were taken from the great majority of the fish duvine

the first six seasons of operation, ie., 1933-34 through 1938-39.31 Sealn .

samples werc not taken during the last three seasons, 1939-40 through
1941-42, largely because it was believed that further scale samples from
downstream steelhead would not yield information commensurate with
the effort expended.

Time permitted ‘‘reading’’ of only a portion (1,695) of the scale
samples taken. Of these, 1,412 were measured as well as read. .

From Table 37 and Figures 11-19 it is apparent that some streaw
steelhead, unlike the juvenile silver salmon, migrate downstream at al)
times of the year, but that the largest numbers migrate in the spring
and summer, with a secondary migration in the late fall or early winter,

It 1s also seen that during January and February the migration is very
light.

Age and Size of the Fish

Since it was impossible to examine scales from all of the fish, some
alternative system of age analysis had to be adopted. Assignment of
fish to age classes at any given point of time in one season on the basis
of scale reading for another season proved unsatisfactory because of
seasonal differences resulting from (1) varying time of the migration
as a whole, (2) varying growth rate (and consequently size of fish) of
one or more age classes, (3) varying numerical size of one or more age
classes, and (4) other changes in the pattern of the downstream migra-
tion of one or more age classes brought about by their place of origin
in the stream, rate of migration, cte. Therefore, the logical method that
presented itself was that of segregation of age classes according to
modal groups of length frequencies, with reading of scales where over-
laps between the modal groups occurred.

By definition in this paper, an age -+ fish becomes age 1 with the
completion of its first annulus, an age 1 fish becomes age 2 with the

completion of its second annulus, ete. In Waddell Creek, annulus for--

mation is generally completed in Deeember or January, but varies

2 In 1933-34, the first season of operation, the trap was not put into operation until 3

the week of December 3-9.
% From May 29th through September 30th of the 1933-34 season and from October 1st
. through November 20th of the 1934-35 season the fish were measured only as
three inches or under or over three inches (approximately 76 mm. or under or
over 76 mm.). This system was in effect during a period when a regular observer
was not available and the fish were checked by hatchery personnel. The demarca-
tion line of three inches was chosen as the approximate line between fish of the
season, which made up the bulk of the fish taken during this period, and older fish.
3 The major exceptions include the period May 28-September 30 in 1933-34, October 1-
November 20 and July 4-September 30 in 1934-35, October 1-December 8, Decem-
ber 10-29, and July 1-September 30 in 1935-36, October 1-December 16 and July
17-September 30 in 1936-37, October 1-27 in 1937-38, and October 1-9 and June
14-September 30 in 1938-39. Also, scales were not taken from a number of fish
under 80 mm. in length during other portions of these seasons, but were taken
from samples of fish under 80 mm. at various times.
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widely for individual fish. However, for the sake of simplieity, in the
tables and figures dealing with stream steelhead the break between sea-
sons (September 30-October 1) has been used as the changeover

oint from one age to another. Thus, fish of the season’s l}atch are
called age +, fish of the previous season’s hateh (although including
some fish that have not yet formed an annulus) are called age 1, fish of
the second previous season’s hatch (although including a few fish that
have not yet formed a second annulus) are called.agg 2 ete. )

In Table 38 (and Tables A-19 to A-27 for the individual seasons, in
the Appendix) the different age classes stand out rather conspicuously,
with occasional overlaps. We see that in general the two youngest age
classes in cach season (i.e., the fish of tlle‘s_eason and of the previous
season’s hatch) stand out as separate entities. The older age classes,
however, althongh generally distinet from the younger ones, are not
distinet from each other, but tend to form unimodal groups. These older
age class groups are composed p_rmcxpall_v.of fish of one age class (fish
completing their second year or in their third year, depending upon the
portion of the season in which they are veeorded), with fish of older
aue classes scattered through most of the length-frequency group.
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TABLE 38 TABLE 38—Continued
Waddell Crack, Stoalhoad: Stream Fish Checked Through Downsiream Trap, ANl Seasons Combined: Wadde!l Creek, Steelhead: Stream Fish Checked Through Downsiream Trap, All Seasons Combined;
Lengih-trequency Distribution by Two-week Periods ' Length-frequency Disiribution by Two-week Periods
Oct. [ Oct. | Oct. | Nov.| Nov.| Dec. | Dec. | Jan. | Jan. | Feb. Feb, Apr.} Apr. | Apr. | May | May | June | June | July | July | Aug. | Aug. | Sept.| Sept.
Length I- | 151 29- (12- [ 26- | 10- | 24- | 7- | 21- | 4- | 18 Nﬁr' I:’;_" Length 1p 15- | 29- | 13- | 27- J 10- | 24- | 8 j22- | 5 [19- | 2- | 16
in mm. 14 28 | Nov.| 25 TDec.| 23 {Jan.| 20 |Feb.! 17 Mar.| 17 31 in mm. 14 28 {May| 26 [Junel 23 {July{ 21 [Aug.| 18 [Sept| 15 30
11 9 6 3 3 12 9 7 4 1
%G | *55 — 1189 | $72 | 342 | 174 | 127 | 328 | 312 17
N IR B I e U R R B R S A R -2 A N R R .. .-
P B R R R U e e i R T e - 1 2 6 5 2| 1 AGE + .. -
-- 2 N R RS TR RPN R B A men B 1 1 I sl 19l 32 12 1y 3] .. 3 .
1 6 2 [ - 1 F 3 U R R R . 4 2 3 6] 21 [120 114 23| 12 9 3| .
sl ) 1} 13| 4§ 13| 1 ' R B e b oo 3] 16 11| e6t|133|185| 56| 45| 20| 16| 9
81 31| 46 37) 32| 30 8| 6] 2] - __| ] 3| 4] 39| a7{r26f171 {202 |5 82| 55| 18] 14
26 61 69 | 109 68 79 19 18 S5 - 2 B - -- 3 87 | 140 | 292 | 294 | 295 | 150 | 155 94 54 35
9 88 72 | 116 76 | 138 35 18 8 3 2 B - 1 7 | 186 | 204 | 498 | 393 | 833 | 203 | 168 | 116 38 44
11| 60| 60]101| 84 {146 | 89 ] 18| 15 6 P 1 - 5123 | 269 | 637 | 492 | 340 | 251 | 173 ) 94 | 50| 47
22 56 44 66 63 | 160 28 13 14 6 3 1 1 8 5 68 | 172 | 400 { 466 | 261 | 201 | 130 60 88 81
31 61 33 49 49 | 101 39 9 16 5 5 3 8 13 12 43 | 100 | 315 | 317 | 238 | 208 | 140 39 41 | 110
45 43 29 52 39 62 17 7 8 2 6 Iy 19 26 51 62 84 [ 244 | 213 | 153 [ 135 85 29 47 | 138
29 41 20 20 44 24 11 4 3 2 4 6 29 751 122 | 138 | 105 | 174 | 169 74 85 63 10 28 | 109
32 27 14 16 28 25 6 10 1 1 . [} 51| 114 | 184 | 244 § 158 { 152 | 106 74 79 55 11 36 83
21 20 7 17 24 10 8 4 1 1 3 7 45 | 158 | 230 | 397 § 239 | 158 99 48 47 22 14 18 65
12 13 10 13 16 5 2 5 - 3 3 6 34 | 161 | 268 | 464 | 285 | 213 99 32 40 19 5 17 40
6 7 7 11 13 6 7 2 2 1 5 4 28 | 120 | 253 | 466 | 333 ) 217 79 26 16 11 6 10 30
6 11 4 9 15 4 3 - 2 5 8 3 21 91 [ 215 { 381 | 286 | 195 77 19 13 8 8 5 28
8 7 3 8 11 6 6 4 4 7 9 3 17 56 | 134 |} 315 | 241 | 194 77 18 5 8 8 3 12
5 7 2 8 8 5 5 - 3 13 5 2 13 35 99 | 180 ) 204 | 134 53 14 8 4 3 7 12
3 5 4 1 16 1 2 3 8 9 6 10 20 33 64 | 114 | 151 80 26 12 7 2 1 3 6
1 6 7 5 7 2 3 3 2 5 4 18 26 32 43 72 91 50 18 10 - - 2 4 7
3 6 3 4 6 2 1 1 5 12 8 27 47 43 57 60 62 36 14 6 5 3 2 2 4
2 3 3 1 4 1 1{ .. 3| 14 10 24 75| 72 56 ( 47 | 36 ( 11 8 . 3 6 1 1 6
-- 1 .- 1 T 1 i 2 3 9 13 62 115 | 108 76 49 24 13 2 3 2 - 2 2 4
2 2 1 . 2 1 3 2 2 7 19 73 145 | 140 | 126 53 13 G 2 1 1 3 - —- 1
2 3 [ | U AN I B 1 7| 21| o4 179 {203 | 111 | 86 | 21 6 1) - 1§ - -] - 1
-- - -- -- 1 1 - 2 .- 9 32 99 207 | 219 98 53 8 2 - - 1 - 2 - -
1 . . 1 4 . . 2 10 36 | 127 211 | 178 | 116 47 12 2 - - AGE 1 -- 1
- 2 - - 1 - - 1 1 8 41 | 111 213 | 164 99 37 6 1 oo -- . -
-] -- | -- 1 ) -] - 1 8| 48| 108 177 | 147 | 65 ] 20 4 171 _. -1 -- -- -- -- 1
JRE IO R R I 21 .. 1 1] 19| 41 ¢6 156 {103 | 37| 10 4 J O I R R B 1] .
e e e | e o o 10 37| oss 16| 60| 20 8| 4 . o ST - T - -
-- - -- 1 - - - 1 2 10 32 80 94 59 19 3 3 . 1 - - -- -- 1 -
S R I U Bl 2| o171 _ 9| 30| 53 66| 38| 7| | - -4 | --| --| -- 1 1| .
-- -- -- - -- -- - - - 2 27 64 56 20 1 .- -- - -- - -- .- .- --
-- - -- - - - - .- - 6 15 45 32 10 1 2 1 - .- .- - -- . -- --
-- -- -- -- 1 - . - - 2 14 25 26 11 3 1] - . - - - . - - “-
-- -- -- .- - .- 1 - - 5 12| 23 19 9 1 -- 1 =z -- -- -- -
L N R R R U R SR I B 2] 14| 23 12 5 2| o o -l .1 -- AGE 2 ] --
-- -- . -] -- - .- 1 . . 71 14 10 7 4 2 .- -- - - - - -- -- --
-- - -- - - - - - . - 7 9 4 7 _- 2 - - - - . - —- e -
- | - | S N AU (O AR SR N Y 4 3l s 23 2§ 2| o 1| [T -1 11 --
-- - -- O -- - - - = 6 7 7 2 - 1 . 1 - -- . . - - --
-- -- 1 - -- -- - e - . 1 8 5 1 2 1 - . -- -- - -- - - --
- -- -- - - - - - - e 3 3 3 2 - - .- - - .- - - -- - -
B e B e B el Ml e s N IO s Al dy o) o] aees |y
-- -- -- - -- - - - - - 1 2 1 . = - - - - -- -- -- -- -
-~ - -- - - - - - - - - . - - 1 1 - 1 _— - - - - - -
IR RO U REFTU AU R N R R S R 1] - o o ol o T o - -1 T —1 =
S D R R S B B Bl B B Bl B SN DU U R S B B AGE 4 B
-- - 1 -- .- .- - . - - - e - - 11 1| §36 §8 §1 §3 | 4§t §1 -- - -
292 | 592 | 509 | 661 | 625 | 830 | 249 | 133 | 115 218 | 554 ]1,357 2,292| 2,556) 2,628| 3,819| 3,563| 4,434| 3,506| 2,569/ 1,684{ 1,216| 604 | 474 | 875
GRAND TOTAL {36,779
* Measured only 25 75 mm. or under.
1 Length not recorded.
1 Measured only as 3 inches or under.
§ Measured only as over 3 inches.
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Figure 28 shows the downstream migration for the 1938-39 scuso
by time-length-number. In this graph the modal groups stand Ollt‘¢‘.4\'(:\1)
more clearly than they do in some other seasons and there is little oive;
lap. The modal groups for the fish of the season (which begin theiy
downstream migration almost immediately after emergence from the
gravel), and for the next older age class are clearly discernible. The
fish o_f the other age classes are not distinet from each other but form
a series of single modal gronps which are highly skewed in the divee.
tion of the greater lengths. Fish completing their second year an;l
entering their third (and called age 2) form the majority of fish in this
series of modal groups. Older fish are scattered throughout, but teng
to be more prevalent in the upper, skewed portions, especially toward
the earlier part of the migration. Such older fish in turn are composed
principally of one age class, with only an occasional older fish. -
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FIGURE 28.

Stream steelhead checked through the downstream trap at
‘Waddell Creek, by age groups. N v

STICELHEAD AND SILVIER SALMON [LIFTE HISTORIIES 165

IMigures 11-19 and 29 show the age composition of the downstream
migration in each season. Irom theso graphs it is seen that the four
age classes which, except for an oceasional older fish, make up the down-
stream migration in cach season, move down m sequence during the
main (spring) migration. The oldest fish appear first and are followgd
by progressively younger fish. There is often considerable overlap in
the migration times of the different age groups, but ordinarily there 1s
4 distinet time interval between the oceurrence of the peak numbers of
each group. :

The dividing lines used to separate the age classes are shown n
Table 38 (and A-19 to A-27 of the Appendix). Where an overlap
oceurs, the dividing line does not indicate that all of the fish below the
Jine are thought to belong to one age class and those above it to another,
put it does indicate that the two modal groups have been separated to
show the correct numbers of fish in the two age classes. If the slope of
the curves of the two modal groups is the same at the overlap (mo .
skewness or equal skewness) and the number of fish in each modal
oroup is the same, there will be equal numbers from each modal group
(and thevefore age class) above and below the line, respectively, and
the dividing line will decrease the apparent size range of cach age class
equally. 1t the slope of the curves is not the same or the number of fish
in each modal group is not the same, the dividing line will decrease the
apparent size range of the age class that has the smaller numbers and/
or the greater skewness, but will increase the apparent size range of
the other age class, with the larger number of fish and/or the lesser
skewness. In general, the length-frequency distributions of each age
class are skewed positively, i.e., in the direction of the larger fish.

For the great bulk of the data at hand, the method of dividing the
age classes by eye is considered to be quite satisfactory. The great
majority (probably over 90 percent) of all the downstream migrants
are so grouped that there can be little question regarding their assign:
ment to the proper age. Of the remainder (approximately 10 percent),
those oceurring at points of overlap ean be divided with a high degree
(probably 90 percent) of accuracy, even without seale reading, since
the pattern of each modal group for any given weekly or two-week
period is usually fairly obvious from its pattern in the preceding and
following periods. Reading of scales at various points of overlap has
served to further increase the aceuracy of assignment of these doubt-
ful fish to the proper age classes. The greatest difficulty is encountered
in segregating age 2 from age 3 fish in the spring migration at those
points at which no scale reading was done, because by the time the
fish have reached this size and age their size range is so scattered that
the fish do not form sharply defined modal groups. However, scale
reading for the entire size range of these two age groups combined,
carried out for some periods in different seasons, indicates that the
aze 3 fish are greatly in the minority (forming approximately 5 per-
cent of the fish in the modal group for these two age classes combined)
and occur mostly in the earlier portion of the spring migration.
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It is believed that over 95 percent of all the fish in the downstrean
migrations were assigned to the correct age class.32

The numbers of fish of each age group passing through the down.
stream trap in each season, by weekly periods, are shown in Tableg
40-44. Their proportionate representation in the various seasons is
shown in Tables 45 and 46.

The question now arises to what extent the migration through the
trap is representative of the total downstream migration (iLe., migra.

tion through the trap plus the uneonnted migration over the dam and-

a-
tion and age of fish. An estimate of the nwmbers and age composition
of the fish passing uncounted over the dam will be made in the section
on “‘Survival’’ (pages 204-239), but there is no way ot showing the
time at which such fish migrated.

During the fall all of the water passes through the trap, so that the
numbers of fish shown in Figures 11-19 are the entire numbers migrat-
ing downstream at that time. The very light migration at this time is
therefore an actual thing and is almost certainly influenced by the
minimum flow which is reached during that period. The very light
migration at this time (not only of the downstream stream steelhead
but also of other categories of steelhead and other fishes), coupled with

migration of fish produced below the dam), as regards time of migr

32 The fact that the age classes stand out sufficiently as modal groups to permit them
to be picked out readily is shown by the fact that out of 19,688 fish in the five
seasons for which two observers (l.eo Shapovalov and E. S. Herald) assigned ali
of the fish to age classes, there was disagreement in the case of only 769 fish, or
less than 4 percent. The disagreement was not greater than 6 percent in any one
season. Since the disagreement was not all in one direction, the disagreement
regarding numbers assigned to each age class is even less. Table 39 shows that
the effect of these differences of opinion is practically negligible in showing the
numher of fish in any given age class expressed as a percentiage of fish in all nge
classes.

TABLE 39

Waddell Creek, Steethead: Stream Fish Checked Through Downstream Trap; Assignment
to Age Groups by Two Observers

£ 2 3 2 3

Els 8| gl 3| gl

o 2 @ o & [ - & 8 o & [ & @

og &£ 5.8 § g . & & c .8 &% £ 5.2 | &

5 s, |51 g8 | 3255 |2e] s 88| 2F 8

Season | ST |SE| B |EE |8~ |52 |3 |52 |8 E

2 Ze o X Ee 2. £ ot £ o o5 Ea ©

2 SR FEN R | SE Y| 55| 28| sE |28 5

s} z [ z = Z 5 Z ~ z A
1933-34_ .. _______ LS. 604 | 19| 741 24 11,657 531 112 4 3 +
ESH. | 604 19] 748 | 241,673 54 89 3 3 +
1935-36. ... __ LS. 1,365 [ 351,655 42| 830 21 90 2 3 +
ESH. (1,370 | 35 (1,567 | 40| 937 24 66 2 3 +
1936-37___ ... __ LS. 1,875 53 {1,191 34| 451 13 11 + 1 +
ES.H. | 1,856 52 {1,181 331 413 12 78 2 1 +
1939-40____._____ LS. 2,239 64 | 945 27 | 292 8 7 + 1 +
ES.H. | 2,221 64 | 943 27 | 286 8 33 1 1 +
194041 . _________ L.S. 3,306 50 |2,049 | 36| 251 4 9 + 0 +
ES.H. |3,463 | 62 1,797 | 32| 328 6 27 + 0 +
Totals (19,688)__| L.S. 9,389 48 | 6,581 33 | 3,481 18 | 229 1 8 +
ES.H. 9,514 48 |6,236 [ 32 [3,637 18 | 203 1 8 +
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TABLE 40

Waddell Creek, Steethead: Age + Stream Fish Checked Through Downsiream Trap, by Weekly Periods
<

B =

R 22D P

1933- | 1934- | 1935- | 1936- | 1937- | t9as- | 1939- | 1n40- | 1041- | EF | F 5

Period 3|35 | 36 [ 37 | 38 | 30 | 40 | 41 |42 | S| 2%

A TN I I AR RN I R A ' +

Apr. 1521 ... 1, - . - . . .- ; - é 4;
Ao S0aTas i IS R IS IS SO Ao B B Y 4 B
s| - L. ik 2 1l 5 7| 23 3

38 - | a 7 1 E 00 21 131 15

May 2026 __ o 1 71 6] ae S| o) a7 oana 2
May 27-Junc 2__. .. 30 10 G 58 71 7 G 168 21 377 ;L.
Tune 3-9 18] . | 158 | 86| 26| 16| 200] 125 80| o
June 10-16__. 39| oo | o ise | 67| 12a| 8| a3 | 2as 1267 | 1n
June 17-23 13] 131] 216!l 58| 150) 67| 74| 709 | 189 | 1.667 | 183
June 24-30_ 2 ea| 272 | 82| a2aa| 14| 253 342 | 230 1611 | 179
July 1-7___ 50| 129 24| 309 | 200 60| 241 | 105| 218 |1.386 | 154
Tuly 814 | 48| 1ol 54| ses| 1721 68| 18| 41| 3001358 131
July 15-21 L. 26 75| 134| 150 | 65| 15| 13| o8| o288 |1.073 | 119
Tuly 2228 .. . 18| 47| 82| 20| 210 44| 139 10| 128 | 838 | 93
July. 29-Aug. 4. 9 a7 59 10 66 20 494 2y 43 ZSt 87
Aug i nl sl 25| 92| s7| 37| 3ss| 17| 18| 700| 78
Aug. 1] 20 w0t 61| 42 47| 164 g| 21| 48| 33
Aug. 6 5| s71| 32| 77| ] a1 90 8| 207 | 33
Aus, 6| 25| 40| 201! 81| 1] 25| 20 6| 280 ] 31
Sept. o w2l n} al 46 70 15 6| 14| 16| 21
Sept. 3| 13 71 28] 16| o7 21| 14| 24| 26| 28
Sent. - 3 5 o| 26| 10! 2f 28| 10| 32| 35
Sept. = 1 3 gl 32| 2 50 30| 43| 404| 35

Totals_ ... 604 | 699 | 1,365 | 1,875 | 1,046 | 691 | 2.230 | 3,306 | 2,000 J14,734] __
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TABLE 41 TABLE 42
Waddell Creek, Steelhead: Age 1 Stream Fish Checked Through Downsfream Trap, by Weekly Periods Waddell Creek, Steelhead: Age 2 Stream Fish Checked Through Downstream Trap, by Weekly Periods
> S g -2’,_ 2 %
. Period 1933- | 1934- | 1035- [ 1936- | 1937- | 1938- | 1030- | 1940- [ 1941- | ¥ 5 | Z § . 1933- | 1934- | 1935- | 1936- | 1937- [ 1938- | 1939- | 1940- | 1941-| =8 | % &
ertec 34 | 35 | 36 | 37 | 38 { 39 | 10 [ 41 | 42 | 23| 5% Period 3¢ | 35 | 36 | 37 | 38 | 39 | 40 | 41 | 42 | 2R/ 23
= = =
_
Oct. . - 2 6 60 19 31 1261 216 27 .. -- - - .- 2 2 5 9 1
Oct. 2 - 7 3 9 57 71 9 25| 181 23 .. . . 1 2 12 21 _. 17 2
Oct. g . .- 2 11 4 18 1 91| 127 16 b - .. 1 1] . B R 6 9 1
Oct. o .- - - 15 12 14 26 67 134 7 g . . - . - - 18 3 24 3
Oct. N - -- . 26 215 1 33| 125 403 a0 - [ . . 1 2 10 20 34 4
Nov. Z 6| .. . 24 42 21 12 38| 143 18 : I 4 .. . . - 1 2 5 12 2
Nov. 56 14 10| 104 2 11 16 29 | 242 30 Nov.12-18_____.... z. 7 . 1 3| - - 2 3 16 2
Nov. 13 67 8| 128 21 . 8 71 233 29 Nov. 8 E T 30 - - - 15 2
Nov. 7 10 1 33 | 284 2 4 51 346 43 Nov. | I - - 2 1 N 2 2 8 1
Dec. 1 5 9l 2 221 188 | _. 2 74| 283 31 Dec. | S 2 ! 6 N . 11 21 2
Dec. 13 9 15 6 21 47 14 1 30| 156 17 Dec. 53 - - . E 6 .. 1 26 3
Dec. 3 2 2 24 51 216 13 ] 10 30 | 396 44 Dec. 2 [ 2 . 1 R 33 4 46 H
Dec. 6 14 76§ 101 1 80 15 2 23 | 318 35 Dee. 2 | I I - - 1 1) . 9 1
Dec. R 10| 324 85 7 42 9 6 1| 484 A4 Dee. - . 2 5 5 1 1 20 . 16 2
Jan, .- 6 48 12 5 64 1 9 1] 146 16 Jau. 7 .- 1 51 .. - 1 i 6] - 19 2
Jan. 2 . 19 10 7 33 .- 8 - 79 9 Jan. 2 . . .- .- .- - 1 1 4 +
Jan. 3 1 6 5 6 32 2 9l _. 64 K Jan. . .. 2. . 3 - | S .- 6 1
Jan. . 3 2 21 . 36| . 1 8 52 [ Jan. 2 2 1 4 | S - I - .- 1 10 1
Feb. 11 8 1 11 1 16 1] .. - 49 3 Feb. 5 1] .. 6| -. 1 | I - 14 2
Feb. 5 2 3 61 .. 5| .. 1 3 25 3 Feb. 6 2| .. 12| .. 1 3 1 1 26 3
Feb. 3§ 2 8 3| - .- 4 6 26 3 Feb. 25 3 1 14 9 2 2| .. 7 63 7
Feb. 2| _. 4 1) .. . . 2 3 12 1 Feb. 20 3 9 16 9 2 2| .. 37 98 11
Mar. 2 3 6 3f - 1n| .. - 2 27 3 Mar. 12 6 55 30 3 14 2 1 70 | 193 21
Mar. 4 3 5 2 4 71 -. 4 1 30 3 Mar. 50 14 56 25 12 25 3 27 5{ 217 24
Mar. 10 3 1 1 1 4 2 21 24 3 Mar. 128 41 85 8 1 68 47 27 24 | 429 48 -
Mar. 10 1 2 - . 12 [ - 1 27 3 Mar. 178 46 63 15 1| 236 16 24 | 143 | 742 82
Apr. 23 15 2 4 2 20 1 1 10 78 9 Apr. 272 | 103 39 36 8| 83| _. . 190 | 984 | 109
Apr. 59 3 3 1 2| n3 2 1 9| 193 21 Apr. 337 14 75 30 26 | 386 ol . 80 | 957 [ 106
Apr. 115 9 2 ) S I 185 [ 25 1] 344 18 Apr. 221 44 | 169 32 44 | 229 62 22 7| 820 91
Apr. 124 9 8 1 1] 349 3 47 7| 549 i Apr. 257 76 | 103 39 27 | 205 25 23 45 | 800 89
61 41 30 2 41 241 3 13 58 | 453 a0 Apr. 29-May 5_._._. 83 60 § 116 55 39 | 106 6 9| 102] 576 64 s-
66 32 67 20 29 | 699 22 | 224 | 187 | 1,246 138 May 6-12___. | o3 19 24 54 17 47 15 15 29 | 311 35 b, 1
68 22 [ 231 92 811 381 18| 228 189 | 1,310 | 146 T:]133 May 13-19. - 5 10 9 43 85 18 15 9 12| 206 23
May 20-26_____ 65 37 | 206 200 149 207 28 | 336 | 411 |1,658| 181 May 20-26_.. . 2 121 20 37 7 19 10 21| 128 14
May 27-June 2. 35 51 ] 199 | 184} 105 60 | 194 | 230 86 | 1,144 | 127 May 27-June 2 - 1 1 2 4 11 .- 18 2 5 44 5
June 3-9_.___ 36 83 82 | 216 76 11| 186 | 195 272 [1,156 | 128 June 3-9._.__ g 1 1] . I - 12 2 3 20 2
June 10-16_. 8 68 84 78 31 23 76 130 | 375 882 a8 June 10-16_ N - - - - . 8 -- - 8 1
June 17-23_ - 28 69 49 33 17 46 133 | 232 607 67 . June 17-23. 4 - . - . . . . - - - -
June 24-30- - 16 37 13 28| . 40 74| 160 | 368 41 June 24-30____. ... . - . .. .- - - - . .- -
July 1-7_. 1 7 4 10 12 8 10 40 47 | 139 15 July 1.7 ... . . | - .- . . - 1l 4 =
July 8-14_ . ... __. 1 1 1 11 11 1 5 16 33 80 [ July 8-14_ _ N .. . .- _. - . - - . -
July 1521 _._.___ . 2 1 4 3 5 1 3 19 20 58 6 July 15-21_ N . - - . .- .- .- .- .- -
July 22-28.___. 1 - - - 41 . 11 ) E N 30 3 July 22-28_ __ N - - . .. - . . . - -
July 29-Aug. 4. -- - -- - - 1 25 2 1 29 3 July 29-Aug. 4_____. - - . - - -- -- - | -- --
Aug. 5-11.__ -- - | S -- - 13 2 . 16 2 Aug. 511 . . . . . -- . - -~ -- .
Aug. 12-18_ - .- . 1 1 11 3 2 19 2 Aug. 12-18_ .- - - . . . -- - - - --
Aug. 19-25..__.___| .. . .- . | - .- 7 2 1 11 1 Aug. 19-25__ L. - . . . .- -- .- .- - -
Aug. 26-Sept. 1- .- 1 ) S 2 1 7 1 2 15 2 Aug. 26-Sept. 1. - .- - - 1 -- . - - -1 +
Sept. 2-8.._. - . 1| .- - 2 2 3 4 12 1 Sept. 2-8_ _ . .- . 1] - .- - - - 1] +
Sept. 9-15.. -- 2 L -- - 1 3 5 7 18 2 Sept. 9-15___ .- I I . . - -- -- - o+
Sept. 16-22_._______ -- .- - .- - 2 3 12 5 22 2 Sept. 16-22_ _ . .- .- .- .- .- .- .- .- - -
Sept. 23-30. ... ... - -- - - - 4 3 21 19 47 5 Sept. 23-30 .. . - .- .- . - .- . - .-
Totals....____.. 741 | 578 1,655 |1,191 | 1,015 | 3,699 | 945 | 2,049 | 2,834 {14,707| __ Totals_____._...|1,657 | 484 | 830 451 | 410 [1,720 | 202 [ 251 | 843 (6,938 | __
I
1631 /yn . /4R
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TABLE 43 TABLE 44
Waddell Creek, Steelhead: Age 3 Stream Fish Checked Through Downstream Trap, by Weekly Periods Waddell Creek, Steethead: Age 4 Stream Fish Checked Through Downsiream Trap, by Weekly Periods
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1933- | 1034- | 1935- [ 1936- | 1937- | 1938- | 1039- | 1940- | 1941-
34 35 36 37 38 39 40 41 42

total
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Period Period
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TABLE 45
Waddell Creek, Steelhead: Siream Fish Checked Through Downstream Trap, by Age Groups and Seasons
Per- Per- Per- Per- | Per-
ﬁ!u M| et | Num- cent- | Num-[ o ony | Num- cent | Num-| o np [Num.
er of ber of ber of ber of ber of ber
Season age + g 1] Bee e2 | 28° 3 28¢ 4] 38° {
b rgni of mi- gxei of mi- aﬁxi of mi- “Ignei of mi- ﬂrgnc; of mi- omf‘“
- ! - i - ! - i - ! i
grants tgil;an grants fi:)nn grants :;i::’l grants tgil;: grants fil;;x grants
1933-34.________.__ 604 19 741 24 | 1,657 53 112 4 3 + 3,117
1934-35_ - 699 39 578 32 484 27 28 2 2 ER 1,7ut
1935-36_ ____.____.__ 1,365 35 1,655 42 830 21 90 2 3 + [3.943
1936-37.___ 1,875 53 1,191 34 451 13 11 -+ 1 + 3.520
1937-38__ -1 1,946 57 | 1,015 30 410 12 19 1 0 0 |3,390
1938-39 691 11 ] 3,699 60 | 1,720 28 77 1 2 + ]6,189
1939-40 2,239 64 945 27 292 8 7 + 1 + 3,484
1940-41_________ 3,306 59 | 2,049 36 251 4 9 + 0 015615
194142 . ______ 2,009 35 | 2,834 50 843 15 33 1 2 + 5,721
Totals_.._______ 14,734 40 | 14,707 40 {6,938 19 386 1 14 4+ 138,770

the fact that the steelhead and silver salmon have virtually completed
their growth of the season, makes the end of September a convenient
point to end a season.

Except by general observation, there is no way of knowing how many
fish migrate downstream over the dam during the apparent slack
period of January-February. This is a period of heavy rainfall and
the stream is often at flood stage and turbid. General observations at
Waddell and Scott creeks and data obtained from other streams all
indicate that actually there is little downstream migration of steelhead
during this period. Comparatively few steelhead have been observer

Ficure 30. Mouth of Waddell Creek after a storm. Photograph by
Leo Shapovalov, January 11, 1936.
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TABLE 46
Waddell Creek, Steelhead: Siream Fish Checked Through Downstream Trap, by Age Groups
and Weekly Periods, All Seasons Combined
ent-| Percent- Percent-| Percent- Percent-] Percent-
Number l;egr: of age of Nux;\ber age of age of / Nu;;\ber age of age of
of age all age o age all ngé age 2 age all age
Period age + group groups age 1 group groups ii_ group groups
migrants{ (during | (during mi- (during | (during rants (during | (during
season) | week) grants season) | week) L season) | wecek)
" . 216 1 96 9 + 4
IV IR 181 1 91 17 + 9
o - o 127 1 93 9 + 6
I 134 1 86 21 + 14
-Nov. e N 103 3 92 4 +
(1\)1?)2:.25?-11\1](_]4. 4__ IO R B 143 1 92 12 + 8
Nov. 12-18_ PR R U 242 2 93 16 4 6
Nov.19-25.....] _... . 233 2 94 15 + 6
Nov. 26-Dec. 2. N N 346 2 98 8 + 2
. 283 2 92 21 + 7
156 1 85 26 + 14
T 396 3 90 6 1 10
o .. 318 2 97 9 + 3
- o 484 3 97 16 + 3
e 146 1 88 19 + 12
DO 79 1 94 4 + 5
D 64 + 01 6 + ?
3 I 52 + 83 10 + 16
oy AT e B B 49 + 78 11 + 22
Feb. 11-17_ 25 + 48 26 + 50
Feb. 18-24_____ P R 26 + 28 63 1 67
Feb. 25-Mar. 3] _.__ 12 o+ 10 98 1 79
Mar. 4-10___...| -._. - 27 + 1 193 3. 77
Mar, 11-17_ 30 + 10 217 3 71
Mar. 1824 ___. 24 + 5 429 6 83
Mar. 25-31...__ R U PO, 27 + 3 742 11 88
ey R | e | 1| | | | &
1 + + 19
flﬂi‘. Tasi 4 + + 344 2 29 820 12 70
Apr. 22-28_____ 6 + + 549 4 40 800 12 52
Apr. 29-May 5 6 + 1 453 3 -33 576 8 50
May 6-12._.... 23 + 1] 1,246 8 79 31 4 2
131 1 8| 1,310 9 79 206 3 12
May 20-26_____ 374 3 17| 1,658 11 7 128 2 g
May 27-June 2._ 377 3 24 | 1,144 8 73 44 1 ]
June 3-9_______ 819 6 41 1,156 8 58 20 +
June 10-16. 1,267 9 59 882 6 4t 8 + +
June 17-23. 1,667 11 73 607 4 27 ———- e e
Tune 24-30__... 1,611 11 82 368 2 0| .
fuly 1-7_____.. 1,386 9 9l 139 1 9 1 + +
July 8-14_ 4 1338 [ 94 80 1 6| ----
July 15-21_____| 1,073 7 95 58 + 51 .-
July 22-28_ ____ 838 6 97 30 + 3] ... e
July 29-Aug. ¢ 787 5 96 29 + I S
700 5 98 16 + 2 -
481 3 96 19 + 4
297 2 96 11 i é ____1 __.:'. ____+
Aug. 26-Sept. 1 280 2 95 15
Se;ft. 2—8__l_) 186 1 93 12 -+ § 1 + +
Sept. 9-15__ 256 2 93 18 + 7 1 + +
Sept. 16-22_____ 312 2 93 22 + 70 .
Sept. 23-30..... 494 3 91 47 + 9! ... e
Totals ... 14,734 | ... 40 | 14707 | ... 40| 6,938 --.- 19
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TABLE 46—Continued
Waddell Creek, Steelhead: Siream Fish Checked Through Downsiream Trap, by Age Groups
and Weekly Periods, All Seasons Combined
Percentage} Percentage Percenta, e
o ge} Perecentage!
- Number ef age of all age | Number of age of all agg Numbe
Period o( age 3 group groups of age 4 group groups of all i
migrants (during (during migrants (during {during migrants
season) weck) scason) week)

Oct. 17 ... S 2u5
Oct. 814 ______ 1 B2 g
Oct. 15-21.____ .. 1 + 1 47
Oct. 22-28__._____. - il
Oct. 20-Nov. 4...{ ____ P
Nov. 511 .______ - ?ql
Nov. 12-18_._.___. 1 + o T T 201
Nov. 19-25________ R R ‘_\+ - " t ::()]
Nov. 26-Dec. 2. .| ____ . 7;??
Dec. 3-9_ .. 2 1 T Ty 07
Dec. 10-16__ .. __ 1 + ] l ' * e
Dec.17-23_ .| ... o o
Dec. 24-30 .. ... 2 1 1 by
Dec. 31-Jan. 6____. 1 o o o "_”.
Jan. 7-13_ ... do M.._+ _ \+ J :1'«"‘1
Jan. 1420 . 1 + T 9
Jan. 21-27._ _ . - . 5(1)
Jan. 28 Feb. 3 ___. 1 + sy o
Feb. 4-10_.___.__. _ o o g
Feb. 11-17_____._. 1 + 2 o
Feb. 1824 . ___. 5 1 E%
Feb. 25-Mar. 3. .. 14 1 ool 194
Mar. 4-10.._. ... 28 7 1 21 Tl T 250
Mar. 11417 .. ... 56 15 8 1 7 + 304
Mar. 18-24_ _______ 61 14 12 514
Mar. 2531 ___.. 73 19 ol Tl T2 T S
Apr. 1-7__.__._ - 14 il 4 1 7 i IS;(I)E
Apr. 814 ____ -~ 34 9 3| .. 1185
Apr. 1521 ... 11 3 N 1179
Apr.22.98 . ____ 22 6 2| L1 o 1377
6 2 1 1 7 1,042
6 2 + 1,586
8 2 + 1 7 1,656
2 1 + 1 2,163
1 + 1,568
- e 1,993
1 + + 1 15
June 1723 __ 1 ; i ;;;q
June 2430 . i . 1979
July 1-7___. . 1 + + | 2 1597
July 814_________ - /438
July 15-21.__._____ 1'13?
July 2228 ___ o e ‘868
July 29-Aug. 4__ . P S FUN o S o 8?0
Aug. 5-11 R 716
Aug 128 | 1] o 500
Aug. 1925 ... o 308
Aug. 26-Sept. 1____ N O R P o o 296
Sept. 2.8 i 199
Sept. 9-15_ A o 275
Sept. 16-22. i . e 334
Sept. 23-30.....___ 541
Totals-._.____ 386 U 1 14 el + 36,779
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moving downstream during this period at Waddell and Scott creeks
and at the various counting and cgg taking stations of .the California
Department. of Fish and Game, such as the ones at Benbow Dam on
the South Fork of Eel River, Van Arsdale Dam on the Fel River, San
Lorenzo Bge Taking Station on the San Tovenzo River, Sweasey Dam
on the Mad River, and various stations in the KNlamath River system.
Pautzke and Meigs (1940), drawing ob unpublished data of Toyd A.
Roval and C. H. Eilis for the Minter Creck Experimental Station in
the State of Washington, state that no downstream steelhead were taken
in their trap from September 1. 1938, to April 2, 1939. At Minter
Creek, all fish passing downstream ave taken, since large rotary screens
prevent the escape of any past the trap.

Evidence based on general observations at Waddell and Scott creeks
and data obtained from other streams also indicate that the largest
nmmbers of stream steelhead migrate downstream at the approximate
times indicated in Figures 11-19. Pauntzke and AMeigs (1940), quoting
Roval and Ellis, state that of the total of 672 steclhead downstream
migrants counted through the trap between April 2, 1939, and June 11,
1939, 449 or 71.6 percent passed through the trap during the three-
week period from May 1st to May 21st. Part-season counts and observa-
tions at the various counting and ege taking stations of the California
Department of Fish and Game indicate a heavy migration during this
same period and a marked tapering-off in September and October.

The fact that the same flows at which the main migration takes
place through the trap are often reached at times when no migration
ccenrs through the trap (Figures 11-19) is a strong indication that
the migrations through the trap are in general indicative of the migra-
tion taking place in the stream as a whole.

Although heavy and light migrations of downstream stream steelhead
in the stream as a whole occur at the times shown in Figures 11-19,
it is probable that the numbers shown in this graph are not propor-’
tionate to the numbers migratine down in the stream as a whole,
especially during the period of heaviest migration. Probably the time
of beginning of the spring migration is shown fairly aeccurately on
the graph, but it is to be expected that, because of the large volume
of water passing over the dam, proportionately larger numbers than
ave shown by the graph migrate downstream over the dam in the early
stages of the spring migration. As less and less water passes over the
dam (except for occasional freshets), the proportion of fish passing
through the trap increases, until the water stops flowing over the dam
and all of the fish enter the trap. If the age groups making up the
downstream migration occurred in the same proportions throughout
the season, Figure 29 would show the correet age composition of the
downstream migration, even if it did not show the true distribution of
numbers at all times of the season. IHowever, the age composition of the
downstream migration is very different at different times of the season,
as we saw from Figures 11-19. Since the older age classes migrate first
in the spring migration, it is to be expected that they will be the most
affected by fish passing over the dam and so will show up in dispropor-
tionately small numbers among the fish taken in the trap and shown
in Figures 11-19 and 29.
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Since only abont one-fourth of the returning adults are marked i
would appear, at first glance, that three-fourths of the fish (1) pass l%
downstream over the dam uncounted, (2) were produced in \\ré(cic;;;}
Creek bglow the dam, or (3) strayed from other streams. The amount
of straying from other streams will be shown to be a very minor fact’,ol
Spages 197-201). The fish that spawn below the dam form only abmlt‘
5 percent of the fotal spawning run into the stream. Thus it woulld
still appear that a considerable number of fish pass downstream over
tl}e dam, uncounted and unmarked. IHowever, it will be shown, in thi
dlscussyon of the survival of the different age classes amo’ng tIhL“
marked fish that there 1s a mueh higher survival rate among the ﬁs]li
of the older age classes. Comparatively small numbers of age 2 and 3
fish, the ones that are migrating after the spring migration has Starteél
but while there is yet counsiderable water going ovel? the dam, produce
the bulk of the marked adults. This being the case, it beco111és evidel;t
that comparatively small numbers of fish of these’ older elasses could
pass aver the dam and still produce the unmarked adults ““unaccounted
for’’, i.e.,, the unmarked adults not resulting from fish produced belbl\\-

t} e dan or strayvin fl 0O S l A\
) = g Othel streams. 1 1at 18 pr b
1 1 01 ray o m o ] roova )]' hdt actlld“_\

Sex Ratio

Sufficient numbers of downstream migrants have not been sexed to
determine quantitatively the representation of sexes. The sex ratio
may vary somewhat with the age of the fish. Probably it approaches
1:1 among the fish two years old and younger, but may deviate frm{\
equal representation among the oldev fish. i

Foctors Influencing the Time of Migration and Size at Migration

Possible factors influencing the time of migration and the size of the
fish, and their interrelationships, were discussed for the silver salmon
(pages 86-88). The reader is referred to that discussion, since most
of it is also applicable to the steelhead, except in that the situation for
the latter is made still more complex because a heterogeneous popula-

tion is involved, while the silver salmon formed a homogeneous popu--

1ati.on. The steelhead downstream migrants form a heterogeneous popu-
lation not only becanse they are formed of different agce classes, but
also because this migration is composed of offspring of sea-run, fish
which .(a) have made a previous downstream migration and are going
to sea in the current season, (b) are making their initial downstream
migration and are going to sea in the current season, and (e) are
making their initial downstream migration but will not ,go to sea until
the following season, and to a minor extent of other offspring of sea-
run fish that will not go to sea and offspring of stream fish that may
or may not go to sea. No attempt was made and no method is known to
distinguish these various groups, except in individual cases, nor to
determine the extent of the representation of these groups in the down-
stream migrations. ’

In applying the discussion of influencing factors contained in the
section on silver salmon to the steelhead, each age class must be treated
as a separate unit.
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From Fignres 11-19 we see that the main (spring) migration as a
whole oecurs later or carlier in some seagsons than in others, as was the
case with the silver salmon. Similarly, Figures 11-19 reveal that the
early seasons are those with generally low stream levels for the same
dates during the migration peviod (notably 1933-34 and 1938-39),
while the late seasons are those with wenerally high stream levels for
the same dates during the migration period (notably 1934-35, 1937-385,
1939-40, and 1940-41). The cffects of the absolute stream levels on the
{ime of migration are probably modified by rate of drop in stream level,
sudden spring freshets, ete.

The fish that migrate down in the late fall ave principally of the
previous season’s year class. From an examination of Figures 11-19,
it is apparent that there is a great deal of fluctuation in the size of
this migration from season to season and also that this migration may
have several peaks within a season. Both of these phenomena are
aceounted for by the faet that this migration, or rather series of migra-
tions, is associated with rainfall, which is fairly well brought out in
Wigures 11-19. However, these graphs probably do not bring out the
association between migration and rainfall as clearly as graphs showing
rainfall 38 or the proper combination of rainfall and stream flow would
do. Naturally, there is an association between rainfall and stream flow,
but the early rains are not as well reflected in the stream flow imme-
diately following as are the later rains, when the ground has become
soaked and a much larger proportion of the precipitation goes into
surface runoff. The fall migrations appear to be influenced by the
rainfall out of proportion to its effect on the amount of stream flow.
Qinece the autumn rains vary greatly, both regarding amount and time
of oceurrence, the migrations occurring at this time assume a fluctuat-
ing character.

The fall migration, althongh often oceurring near the beginning of
the season chosen for the present studies, probably should properly be
thought of as the tail-end of the migration of fish of the season in the
previous season, which has been interrupted by low water and perhaps
other factors associated with low water. The basis for this view lies
principally in the faet that in some years theve is no break between
the fish of the fall migration and the fish of the same vear class in the
previous season’s spring-summer migration (e.g., 1937-38 to 1938-39
and 1940-41 to 1941-42), while there is always a break between the
fall migration and the following spring migration of fish of the same
year class. Also, it appears charactevistic for a migration of a given
age class to rise rather steadily and rapidly to a peak and then taper
off for a longer period. Normally, in the spring the migration of fish
of the season rises steadily and rapidly to a peak and stretches out,
with fluctuations, far into the summer, so that it appears correct to
consider the secondary rise in numbers of fish of the same year class
as the tail-end of the spring-summer migration, rather than as the
flnctuating beginning of the spring migration.

Climatic factors not only affect the general starting time of the main
migration, but also create breaks in the pattern once it has gotten
3 No record of rainfall at Waddell Creek is included in this publication. Such a record

for a point at the dam would mean little, since the rainfall in different parts of

the stream is greatly different, being approximately twice as heavy in the head-
waters as at the mouth.
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u'nder way. However, a given factor does not have the same effect at ap
times of the year but ean, on the contrary, have an opposite eﬁ‘{-m
from one time to another. For example, during the normal period. I(;r:
hca‘\'_\' migration a rain stops or markedly slows down the migration.
while a rain during a period when there is normally very little migra.
tion accelerates it. This phencmenon is true also of other streams. :ii‘m-
9xample, J. H. Wales (unpublished data) reports the following regard-
ing the stream steelhead downstream migration during May, 1942, in
the Grenada irrigation diteh of the Klamath River szgfstem7 Siskiyo
County, California : : ’ ot

‘““‘Fairly good catches were made in the irrigation ditch [with a fyke
net| just below the bar sereen on those days when the steelhead finger-
lings were migrating downstream. A cold rain storm caused an abrtl’lpt
cessation of the run but with warm weather this migration was re-
sumed.’”’ (Monthly report to the Division of Fish and Game for May
1942.) ’

As the spring migration as a whole is pushed backward or forward
within a season, so the age composition pattern within the migration
is pushed backward or forward. The result of this is, of course, that
the age composition of the fish migrating at any given time or brief
period of time, such as a weekly or two-week period, in two seasons
may be quite different.

From an examination of Figures 11-19, it is also apparent that the
strength of a given age class, ie., its representation within a season
both in absolute numbers and in proportion to the other age classes
individually and as a whole, varies considerably from season to season.
The result of this is, of course, that even when the growth rate and
the water levels are the same in two seasons, so that the fish of a giveﬁ
age class start migrating at the same time and are of the same sizc

when they migrate in the two seasons, their proportionate representa-’

tion among all the fish migrating at any given point of time may be
quite different, and so the age composition of the total migration at the
same point of time will be different.

An examination of Table 38 and Iigure 28 reveals that there is, as
a rule, a distinct increase in length of the fish of a given age class
within a season between the end of the fall migration and the begin-
ning of the spring migration. Since the fall migration is composed
larggly of fish of a single year class (age 4 fish, which become age 1
fish in the spring), in the tables and graph this is evident only for
that age class, but from a careful analysis of scattered fish of older
year classes in all seasons is also true for them. An examination of
a large number of scales reveals that the great majority of the fish in
the fall migration have nearly completed growth of the season or are
forming an annulus, while the great majority in the spring migration
even in the early part of the migration, have started growth of the ne“;
season. The increase in size within the age class therefore represents
a growth made by that age class as a whole, rather than a migration
of the smaller fish of the age class in the fall, followed by a spring
migration of the larger fish of the same age class. (The early start
of the growing season at Waddell Creek, fairly evident in the tables
and graph under discussion, has been discussed on pages 73, 157.) (It
happens that the fall migration of 1938-39, shown in Figu’re 28, was
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the largest in numbers and extended farther into the winter in steady
pumbers than that of any other season and so from this standpoint is
atypical.)

Tt will also be seen from an examination of Table 38 and Figure 28
that once a migration of a given age class begins, there is often, al-
though not always, a decrease in the average size of the migrating fish
of that age class. Quite obviously, individuals do not become smaller,
and so this phenomenon must result because the larger individuals of
a given age class migrate earlier than the smaller ones. The same
phenomenon was encountered in the case of the silver salmon and
discussed on pages 87-88; it is evident from that discussion that it
could come about in any one of three ways.

Since the later migrants are sometimes smaller than the earlier
migrants, it is evident that the law of ‘‘growth for age’’ at migration—
that the quick growers migrate first, but that the later migrants are
always a little bigger when they go to sea than the quicker growers
which migrated earlier—held by British investigators (e.g., Went, 1942)
to be gencrally operative for the Atlantic salmon (Salmo salar), is not
applicable to the Waddell Creek steelhead. It is still possible, however,
that among the latter the earlier migrants are the guick growers. It
this is true, it is possible either that they are quick growers because
of inherent factors, or simply because they happen to be in the portions
of the stream with conditions suitable for rapid growth.

Rapid growth does not necessarily mean large size of fish; but, other
things being approximately equal, size and rapid growth are associated.
(Two cases in which rapid growth would not mean large size of fish
may be given. Case 1. Of two fish hatched at the same time in different

. portions of the stream, one has an inherent rapid growth rate, while

the other has a slow growth rate; the fish with the rapid growth rate,
hatching in a portion of the stream with less favorable growing con-
ditions than the slow grower, makes less absolute growth in a season
than does the slow grower, and so at the end of the season is smaller
than the slow grower. Case 2. Two fish, one with an inherent rapid
growth rate and the other with an inherent slow growth rate, are
hatched in the same section of stream, or in sections having equally
favorable conditions; however, the rapid grower is hatched consider-
ably later than the slow grower and again malkes less absolute growth
during the season than the slow grower. If the rapid grower happened
to hateh both later in the season and in a portion of the stream with
less favorable growing conditions, the result previously cited would be
further accentuated.)

(British investigators have concluded that Atlantic salmon making
the best growth in their first year continue to make the best growth
throughout life, and that the average length of juvenile Atlantic sal-
mon (parr) which migrate to sea at a particular age is always greater
than that of those of the same age which remain for an additional year,
or years, in fresh water. This has not been worked out in the case of
the Waddell Creek steelhead.) : v

The hypothetical picture of the downstream migration of silver sal-
mon, as regards time, of migration and size of fish, presented on pages
87-88, applies also to the steelhead, with different age classes considered

separately.
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Characteristics of the Migration

The extent of schooling at migration time has not been noted suffi-
ciently to be recorded at this time. Young steelhiead do sehool in streams
under certain conditions, individnals of the same size tending to group
together. Yearling steelhcad planted at one point in the San Lorenzo
River on one day have been observed gathered in a school of over 1,000
individuals on the following day approximately one-half mile below the
point of stocking.

Quantitative observations were not made in regard to diurnal dis-
tribution of the migration. General observations indicate that some fish
move down at all hours of the day and night, but that the bulk of the
fish move downstream during the night or at least in the early morning
or late evening.

General color notes were taken for a number of the 1933-34 season
migrants, during the period December through April. They indicate
that on the fish of smaller size the parr marks are generally pronounced
and that such fish are not ‘‘silvery,” while the larger fish are silvery.
There are varions individual variations; some of the silvery fish are «
“silvery blue,”” while others are silvery with a pink or red lateral
stripe. Aside from noting the association of ‘‘silveriness’” with size of
fish, no attempt was made to correlate coloration with sex, sexual devel-
opment, or other such characteristics of the fish. Both in 1933-34 and
in subsequent seasons individuals with ‘‘rainbow’’ coloration, promi-
nent parr marks and rich body and fin coloration, have been noted
among the downstream migrants. Examination of such fish has usually
revealed them to be sexually mature, and these fish are believed to be
mainly the offspring of stream fish.

Upstream Migration of Stream Fish
Time and Size of the Migration’

During the nine seasons of operation of the trap3* 3,104 stream

steelhead were checked on their upstream migration. The number
taken during each weekly period in each season is shown in Table 47.

The length of all of these fish from tip of snout to fork of caudal
fin was recorded in mm., measurement being made to the next highest
mm. :

Scale samples were taken from practically all of the fish during
the first six seasons of operation, i.c., 1933-34 through 1938-39. Scale
samples were not taken during the last three seasons, 1939-40 through
1941-42, largely because it was believed that further scale samples from
these fish would not yield information commensurate with the effort
expended.

Of the 1,245 scale samples taken, 1,126 were mounted and read (131
for 1933-34 read only, those for other seasons read and measured),

‘including all for the 1933-34, 1934-35, 1935-36, and 1936-37 seasons,

480 for the 1937-38 season, and a few scattered ones for other seasons.

Table 47 is an over-all presentation of the upstream migration, with-
out distinction as to age or origin of the fish involved. Even without
3 In 1933-34, the first season of operation, the trap was not put into operation until

the week of December 3-9 and was not operated from June 3d to the end of the
season. ’
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TABLE 47

waddell Creek, Steelhead: Stream Fish Checked Through Upsiream Trap, by Seasons and Weekly Periods
9

- 1933- | 1934- | 1935- | 1036- | 1937 | 1938- | 1039 | 1040- | 1941- | ZF | 2 £

Period 34 | 35 [ 36 | 37 | 38 | 30 | 40 | 4 42 | 82| B3

= =

- - - - - - .- 3 1 1

.. . .- . - . 1 6 7 1

T .. - » Pl - .. 2 3 +

S I R U RN U 1 4 1

= .. . .. 1 22| . 11 7 41 5

° . - .. . 8 4 5| - 17 2

2 of - 2 o) 13 . L. 3| 24 3

. - .- 2 17 - 3 22 3

.- - .- 3 24 2 7 10 46 6

4 5 9 1 7 29 1 6 16 78 9

5 20 _. . 150 17 2 3 40| 219 24

15 1 .. 8| 110 4 5 77| 766 | 986 | 110

6l . 33 2} 129 5 1 68 75 | 322 36

27 4 68 2| 120 G 1 61 215] 504 36

7 2 48 _. 14 15| - 12 24 | 122 14

6] .- 38 2 10 1 17 4 50 | 138 15

4 4 8 1 15 1 7 8 2 53 6

1 11 6 13 2 2| .. 3 14 52 6

10 I 11 3 5 1 5 4 10 4

5t .. 4 4 2 1 1 10 4 3t 3

. 2 40 1] -- 1 5] .. 16 2

2| .. 1 2] . - .- 2| 7 1

1 | O . 1 2 2 3 2 12 1

11 . .. . 1] - 1 2 2 7 1

1| .. 1! . .- . 1| - 3 +

- .- - . - .. - [ 1 +

1| . . 2 4] - . 1 2 10 1

. .- - 2| . . - 1 1 4 +

S . - 2 3| .. . . 1 7 1

1] .. . 21 . - . 0 .. 13 1

4| .. - .- O . 50 .. 10 1

2| .. I . . _ I 4 1

9| .. - .. . - - 3 2 i4 2

8! .. 1 1 1) . 5| - 16 2

- - . 1 5 8] _. 7 1 22 2

. . . . 2 1 1 2 6 1

.- - - - 1 1 I 3 +

.- - 5 2 3 2 Tl 19 2

.- 1 1 1] - 1 6 2 15 2

- - 1 | 5 1| - 8 1

.- - 8| .. 1o ] 2 12 2

= - . 6 2 T 6 3| 17 2

5 .- 2 S 240 | Lo 73 9

2 .- - - 41 . 6 25 2 37 5

__________ - .- . 4 - .- 6 34 13 2

) 2 ] "2 P 6 1

Aug. 19-25 .- _- - - -- 5 - .- 5 1
Aug. 26-Sept. 1. . 1 4 1 .- 5 . o 11 1
Sept. 2-8____ .- - . 1] .- ! 3 2 7 1
Sept. 9-15_ .. - . - - I - 3 3 +
Sept. 16-22.________ - . .- - . - 5 - 3 1
Sept. 23-30___. ... .. . . i . - .. . 3 4 1
Totals_______._. 131 37| 229 91| 601 | 190 | 119 | 435 {1,271 {3,104 | *365

* The average scasonal total is hased on 8.5 years, since 1933-34 was only a half year.
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Ficure 31. ‘Waddell lago?)r]\wa;ggf;x‘z;]sli%eﬁ ;};?Zyllrégl\sr.:g;lihzr;'llt and ocean in background.
a bre-akdown into age groups, it is apparent that this upstream migra-
tion is not a haphazard affair, but follows a definite pattern, with the
peak of migration usually oceurring close to the beginnil,lg of the
calendar year, and a secondary, quite minor rise oceurring near the
end of July. As will be seen from the subsequent discussion, the latter
migration is not comparable to the main, or winter, migration and is
composed of fish younger than those in the winter migration.

There is tremendous fluctuation in the size of the upstream migration

from season to season and the weekly total and average ﬁgurescfor all
seasons are influenced by one season (1941-42). However, the pattern in
other seasons is much the same as that in the 1941.42 s’eason.
_ Unlike the downstream migrations, the upstream migrations do not
mvolve sampllng, but represent the entire runs (with the possible
exception of a fe\Y quite small fish—mostly fish of the season—that may
have wanted to migrate upstream during the summer but were too small
to make the ascent of the fishway).

The upstream migration is composed of fish that had previously
migrated downstream and spent some time in the lagoon (or the sec-
thIl. of the stream below the dam) and fish that had hatched in the
section of the stream below the dam. Like the downstream migrants
they' are probably composed largely of offspring of sea-run fish but tc;
a minor extent of offspring of stream fish. Most of the upstream mi-
grants make a subsequent downstream migration in the same season
(some after spawning). In 1933-34, for example, 72 of the 129 up-
stream fish were recorded downstream in the same season. Since some
fish probably went downstream over the dam (unrecorded), it is quite
likely that the number returning downstream was even hiéher.

Probably following their second downstream migration most of the
fish go to sea. That some of them go to sea is known from marking.
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Age and Size of the Fish

Since scales were not examined from all of the fish, the system of
dividing lines (used for separating the age groups in the downstream
migrants and discussed on pages 165-166) was used to supplement the
segregation into age groups according to scale readings. As in the case
of the downstream migrants, the dividing lines were drawn more or less
arbitrarily by eye, but taking into consideration the pattern of the
migration, including time, size of age classes, and size of fish in the age
classes. Where numbers of fish were not sufficient to form conspicuous

"modal groups, the dividing lines used for the downstream migrants

were used as a guide, with allowance made for the fact (as will be dis-
cussed later) that the upstream fish of a given age class are not quite
of the same size as the downstrcam fish of the same age class at the
same time. The dividing lines used are shown in Table 43. It is believed
that over 95 percent of all the fish in the upstream migrations were
assigned to the correct age classes. Length-frequeney distributions
of upstream stream fish in each season ave shown in Tables A-28 to
A-36 of the Appendix. :

From Tables 49-55 it is apparent that not only does the size of the
entire migration fluctuate considerably from season to season, but also
that the strength of a given age class, ie., ifs representation within
a season both in absolute numbers and in proportion to the other age
classes individually and as a whole, varies considerably from season
to season.

Sex Ratio

Data regarding the sex of upstream stream steelhead are not suffi-
cient to warrant definite conclusions regarding the sex ratio. In the
one season in which the upstream fish were killed and examined in-
ternally (1934-35), the run conmsisted of 14 males and 14 females.
However, the run was small and the fish below average in size, so the
sex ratio may not be representative of conditions in other seasons. In
other seasons individual males and females were recognized in the case
of fish with flowing sexual produets, but were not sufficiently numerous
to establish sex ratios. Secondary sexunal characters are not sufficiently
developed in most of the upstream stream steelhead to permit sex
differentiation on the basis of external characters.

Factors Influencing the Time of Migration and Size at Migration

In all probability the great majority of the upstream stream steel-
head have spent a summer in the lagoon. Possibly or probably a few
have spent all or part of the time between the dam and the lagoon,
and some may have migrated in and out of the lagoon with the tides
(i.e., out to sea). In all probability, then, the size of the upstream
migration will depend upon the physical conditions that have existed
in the lagoon during the preceding summer, especially the size of the
lagoon and the closing and opening dates of the bar at the mouth.
The physical character of the lagoon and the opening and closing dates
have fluctuated considerably during the course of the experiments. Un-
doubtedly the food supply in the lagoon is also influenced by these
factors, and in turn influences the number of fish produced and their
size.
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TABLE 48 TABLE 48—Continued

Waddell (reek, Steelhead: Stream Fish Checked !hrougﬁ Upstream Trap, All Seasons Combined; Length. Waddell Creek, Steelhead: Stream Fish Checked Through Upsfream Trap, All Seasons Combined; Length-
frequency Distribution by Two-week Periads frequency Distribution by Two-week Periods

Oct. | Oct. [ Oct. | Nov.| Nov.| Dec. | Dec. | Jan. | Jan. | Feb. | Feb. | Mar.| Mar.| Apr Apr. | Apr. [ May | May | June [ June [ July | July [ Aug. | Aug. | Sept.| Sept.
Length 1- | 15- 20 [ 12- 1 2- | 10- | 24- | 7- [ 21- | 4 |18 | 4- |1g | 1o Length 15- | 20- | 130 | 27- { 10- | 24| 87 | 22l | s {192 | 2- | 16- | To-
in mm. 14 28 | Nov.] 25 |Dec.| 23 {Jan.| 20 |Feb.| 17 | Mar{ 17 31 14 in mm. 28 |May| 26 1June| 23 |July; 21 1Aug.| 18 |[Sept| 15 30 | tals
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® Recorded only as 31 em.
t4at33 cm.; 4 at 35 em.; 2 at 39 em.; 1 at 40 cm.; I at 44 cm.
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TABLE 49 TABLE 50
Waddell Creek, Steelhead: Age + Siream Fish Checked Through Upstream Trap, by Weekly Periods Waddell Creek, Steelhead: Age 1 Stream Fish Checked Through Upstream Trap, by Weekly Periods

total

Period 1933- 1 1934- | 1935- { 1036- | 1937- | 1938-{ 1939- | 1940- | 1941-
34 35 306 37 38 39 40 41 42

average

. 1933 | 1934- | 1935- | 1036- | 1937- | 1938- | 1039- | 1940- | 1941-
Period 34 | 35 | 36 | 37 | 38 | 30 | 10 | 41 | a2

total
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e -- - -- -- -- -- - - - -- - Apr. 29-May S
. . . . - May 6-12____ -

1

5

1

2

Apr. 29-May 5 1 »ti g
1 1 2

- -- . - - . - May 13-19. R 8l .. -- . . . - 3 1 12
- . .. - 6 3 11

G 17

1 4

2

May 6-12____ . -
May 13-19_ P
May 20-26___ .- .

May 27-June .- -- - - - - - A - . - May 27-June 2._.__| _. - -- -- 3

-- -- . - - -- June 3-9___._ —_— .- - -- --
June 10-16______ . ... .- . - .- - . . - - -- June 10-16_

June 17-23______.___ . .- . .- . - .- - - June 17-23

_ . 4
.;u{:f: l2_47-30_ ] 3 + June 24-30__._ .. R -- 3 1
July - - - _- - - . 3 . . 3 + July 1-7_. N - - 1
20+ 8
1 3

1

1

W N =)
‘
'
—

g:}y ?:f;.;i __________ July 8-14.

y 15-21__________ July 15-21 .
July 22-28___ July 22-28___
.Lx:lly 25!3;.-1\ug. 4_____. July 29-Aug. 4.
Aug. - -- -- -- -- Aug. 5-11_ ...

8 . - .- -- -- -- -- - -- -- Aug, 12-18 ... __._
Aug. 19-25_.___ . - - -- - .- - - -- -- -- Aug. 19-25___

Seps 28T Aug. 26Sent. |
Sept. 9-15_ _

Sept. 16-22_ _ _-
Sept. 23-30____._.__

'
'
'
V]
'
'
'
'
'
—

No Record

No Record

,

1

.

)
ENFCRCIS

.

h

.

H

LR ok JURSRURSRIURE JURTE S STITE TN T e b e JURURVENNUIRRCIPE- A SV U R

1
+

1 Sept. 16-22_
+ Sept. 23-30

Totals.________. 0 /] 0 4 3 0 20 12 a 44 *3 Totals

*
—
e
o

__________ 21 4 34 31 36 30 a1 145 541 893

* The average seasonal total is based on 8.5 vears. since 1933-34 wis only a hadf year.

* The average seasonal lotal is hased on 8.5 years, since 1933-34 was only a half year.
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TABLE 49
Waddell Creek, Steelhead: Age -+ Stream Fish Checked Through Upsiream Trap, by Weekly Periods

as

o
Pesiod 1933- 1936- | 1937~ | 1038 | 1039- | 19s0- | oa- | B3 ne
34 37 | 38 | 39 | s | w | a2 [ 3382
Oct. - .
Oct. B N o N N R -
Oct. Z = : = L [N R R B
Oct. 3 R - - - . - - o )
Oct. = I I R DN IR I B
Nov. S ) - o - o o » -
Nov. 2 IO B I o N
Nov. I o I o N R T
Nov. . N o I DN O R R
Dec. - R AU R = I T
Dec. . __ . o o A o A o -
Dec. . - . o o o . o ) N
Dec. - R - T i I
Deec. - - R I o . N
Jan. o IO - D = N
Jan. - N o I - : S
Jan. . . -: a - — i = )
Jan. . . .- - 4 o » ) ) o
Feb. - I o I I I
Feb. - .. N D o I R
Feb. = I N T U ST R
Feb. - - - ) ) - ) - o
_\Iﬂr. - - :_ - o o o A o -
Mar. - N I R b ‘ :
Aar. - - _- ) - o o o o B
Mar. - I : - ' I R N S
:\pr. - - _ o o o - o o N
A[)l’. - -- - » o o o N ) -
Apr. - - :- o o o o o o B
.A])r. - - -v o o o o ) - )
Apr. - - _: - - - . i - o
May 6-12._____ 1o - - N o o - R I
May 13-19__ - - _ ) ) - ) . bl
May 20-26_____ ) _ . o i N i I
May 27-June 2 ... _ ) - - . " o
June3-9.____ ... _ -, ) - N R
June 10-16__ B} - . i R
June 17-23__ _ - - ) N _ o
June 24-30__ ) - ) 2| T3] ]
July 1-7... - - A . 3 ! : :: H
July 8-14_ oo . - . o "o 9 +
July 1521 1o .. 2 ' R N ) S I
July 22-28_____ z - [ T 9 - 10 l
July 29-Aug. 4 ___ b - - v o b 6 H
Aug. 5-11._____.____ = - - i} o
Aug. 12-18_. J oz A I O R R T
Aug 19925 .| % . - I O B U R A
Aug. 26-Sept. 1 - - . - —: o = o - - -
Sept. 2.8 ______. . I sl | e T
Sept. 9-15__ i _. - IR O '13 ! 2 Y
Sept. 1622 _ U D R A N 50 - i
Sept. 2330 .. = 1 N I B = -
Totals..____.___ 0 0 4 3 o| 20 12 sl 44| =5

* The average seasonal total is based on 8.5 years. since 1933-34 was only a half year.

STIELHIZAD AND SILVER SALMON LIFE HISTORIES

TABLE 50
Waddell Creek, Steelhead: Age 1 Stream Fish Checked Through Upstream Trap, by Weekly Periods

187

o
&

- 1933- | 1935- | 1035- | 1936- | 1937- | 1038- | 1939- | 1940- | 1041-| 53 | 25

Period 24 | 35 | 36 | ac | 38 | 39 | 40 | 1 | a2 |83 55

2 | =

Oct. 1-7 .- - - . . - . 4 4 1
Oet. ~ . . . - .- . 1 3 4 1
Oct. 15-21. z .- - . .- .. - . 1 1 +

Qct. £ -~ -- -- .- . .- -~ -- .- --
Oct. 29-Nov. 4 g o= . - .- . 5 . .- 2 7 i
Nov. 5-11. . ..t 7—“ . - .- - 1 2 - - 3 +
Nov. 1218 ____._..| 7 i - - .- . - . 3 4 1
Nov. 19-25_ ... - - . 2 - . . 1 3 +
_. .- - .- B 1 - 5 11 1

_- 1 7 - - 3 1 { 3 16 2

.- - -- .- 7 1 .- - 17 25 3

- -- -- -- 7 1 1 2 446 457 51

_- - 1 - . .- - 9 12 22 3

. -- 1 . 4 - . 4 8 17 2

1 - 4 oo - . . 1 2 8 1

- -- 1 . 1 - - 1 a9 1

- .- 3 .- .- - . 3 1 7 L

Jan. 28-Feb. 3 . i 2 - - . R .- 11 14 2
Feb, 4100 3 - - - - . 1 - 2 6 1
Feb. 11-17 . . - 1 . _- - - 4 3 8 1
TFeb, 18-24__ .. .- 1 - - .- N 2 ! . 4 +
Feb. 25-Mar., 3. 1 - ! t .- - - 2 - 5 1
Mar. 4-10_.__ - . - - - .- - 1 2 4 +
Mar. 11-17_ .- . - - _ - - 1 i 2 -+
Mar, 1824 ... - - .- .- - - - - . - -
NMar. 25-31_ ... .. .. - .- - . - . 1 . )] +
Apr.1-7._ N .- - - 2 . . 1 2 Y 1
Apr, 814. . = . .- - - - 1 1 +
Apr. 15-2%_ .- - . 1 - - . - 1 2 +
Apr, 22-28___ . - .- 1 . . .- 7 - 8 1
Apr. 29-May 5_._.... 1 - - . 1 - . 4 o 6 1
May 6-12_.__ 1 - - - - . - 1 - 2 -+
May 13-19. 8 . - .- - .- .- 3 1 12 1
May 20-26. .. [} -— 1 1 - - .- 3 - 11 1
May 27-June 2_ - - .- - 3 7 - 6 1 17 2
June 3-9_..__ —_ - . -- . 2 .- 1 1 4 +
June 10-16. - . _- -- . 1 1 . .- 2 +
June 17-23._. - - 4 2 3 .- 7 - 16 2
June 24-30._. - 3 1 1 .- 1 .- 10 1
July 1.7 ... - .- 1 1 .- 2 - .- 4 +
July 8-14__ - .- 8 .- 1 - 1 - 10 1
July 15-21. .- - 3 1 - 2 2 - 8 1
July 22-28_ . - - 2 - - - 14 46 .- 62 7
July 29-Aug. 4. R - - - . 2 .- 2 24 2 30 3
Aug. 5-11.. - . - 40 - .. 6 3] .. 13 1
Aug. 12-18 - é - - 2 . - 4 - - 6 1
Aug. 19-25. o - - 2 _- . 5 - - 5 1
Z - 1 4 1 - a5 . .- 11 1
- . -- 1 _- 1 - 1 3 +
. - - - - - 1 - 1 +
o= - -- - .- . .- 3 3 +
21 4 34 31 36 30 51 145 341 893 I *105

* The average scasonal fotal is based on 8.5 years, since 1033-34 was only a half year.
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TABLE 51
Waddell Creek, Steelhead: Age 2 Stream Fish Checked Through Upstream Trap, by Weekly Periods

NO,

98

=)

Period 1933- 193_4- 1935- | 1936- | 1937~ | 1938- | 1939- | 1940- | 1941- :E'E 5‘5

34 35 36 37 38 39 40 41 42 22| 8%

= B

- . - . -- - - 1 1 +4-

- .- . . - - - 3 3 =+

. - . 1 - - . 1 2 =

- - - .- - - - 1 1 -4-

N - . 1 17 - 4 5 27 3

Nov. . - .- 7 2 2 - 11 1
Nov. 2 . 2 1 13 - - -- 18 2
Nov. 19-25_ __ _ . - - - 17 - - 2 19 2
Nov. 26-Dec, 2. o0 e} . . .- 3 19 1 5 3 3t 4
Dee. 3-9._.__._ - 3 2 1 7 21 - 1 9 44 5
Dec. 10-16_ - 2 - . 134 15 2 - 22 175 19
Dec. 17-2: - 1 1 . 7 101 2 4 8 315 439 44
Dec. 2 .- bl 2 125 Y 3 20 61 223 25
Dee. : 1 1 112 2 -- 29 203 349 30
Jan, 2 . 3 - 13 13 - 3 22 56 [t
Jan, 9 - 13 2 5 1 16 1 48 95 n
Jan. 2 3 4 4 1 14 4 [} 2 1 39 4
Jan. 1 7 2 9 2 - .- 1 3 25 3
Feb. 2 - - 7 3 2 - 1 2 17 2
Feb. 1 . 3 2 1 1 4 1 13 1
Feb. - - . 2 3 - 5 )]
Feb. 25-Mar. 3__._. 1 B R - - - R . - 1 +
Mar. 4-10._________. 1 - - 1 1 2 1 - 6 1
Mar. 11-17 1 R - 1 = I . 1 4 +
AMar. 18-24__ . 1 - .- 1 - 2 +

Mar. 25-31. .- - - . - - .o N _- --
Apr. 1-7.__ H - . 2 2 _ - - - 5 ]
Apr. 814 ___.__.. . - - 2 . L. - 1 3 +
Apr. 15-2._ ... ... | - - 1 - . . . 2 -
Apr. 22-28__ 1 - 1 . . - 2 . 4 —+-
Apr. 20-May 5. - - .. . - .- .- 1 - 1 4

May 6-12______ - . . . . . - - - - -

May 13-19_____ N - - .- - . o- .- . - .-
May 20-26.____ 2 . - . t o . 2 - 5 1
May 27-June 2_ . . - - 2 1 - 1 . 4 +

June 3-9_______ e . - - - . . - . - -

June 10-16..___._ . .. . .- - . - - . .- - -
June 17-23____._.... . - 1 . - 2 . - 3 +
June 24-30__ - 1 - - .- - . .- 1 +
- R - - .- . 1 .- 1 +

z . - . . . 1 - - 3 +

§ .- - - I - -- -- .- 1 +

= . . - . . - - - - .

5 . R - .- - . . . - .

Z, - . - . . . - . - .-

Sept. 9-15_ R - - - - - - - - - .

Sept. 16-22_ _____ ... . .. . . . . - - - -

Sept. 23-30. ... S - - - - - - - .. - -
Totals. ... __._. 29 20 32 42 532 141 43 94 704 | 1,637 *193

* The average seasonal total is based on 8.5

years, since 1933-34 was only a half year.

STERLHEAD AND SILVER SALMON LIFE HISTORIES

TABLE 52
Waddell Creek, Steelhead: Age 3 Stream Fish Checked Through Upsiream Trap, by Weekly Periods

189

[+
&
. 1933 | 1934- | 1935- | 1936- | 1037- | 1938- | 1030- | 1040- | 1041- | 25 | 2§
Period 3¢ | 35 | 36 | 37 | 38 | 30 [ 40 | 41 | 42 |2 |E%
e |z
] - - - .- _ B 3] .. 3 +
é’ - . - - . 4 - 6 1
Nov. 5-11. ..o __ - AU R . . : 3] . 3| +
Nov.12-18__.._ _.__ 4 _. - - 1 . - - 1 +
Nov. 19-25_ __._ - - . - - . - .. - --
Nov. 26-Dec. 2_. . . - .- . - 2 1 3 4
Dec. 3-9________ 4 1 . - . 3 - 4 4 16 2
Dec. 10-16. 5 - . - 8 1 .- 3 1 18 2
Dec. 17-23_ - 14 . - 1 2 1 . 63 5 86 10
Dec. 24-30___. - 4 _- 26 . 4 _- 1 34 2 T1 8
Dee. 31-Jan. 6. - 27 1 63 - 4 4 i 28 3 131 15
i, 7-13__ - _ 4 - 37 .- 1 2 . 7 . al 1]
jan. 14-20___ - 7 - 17 - 1 _- 1 3 1 30 3
fan. 21-27 ____ - 1 - 1 - 1 .- 1 2 .- 6 1
Jan. 28-Feb. 3_ R S 3 1 4 - 1 .- 2 - 11 1
Feb. 4-10_... - 1 1 . 2 - 2 P 4 - 13 1
Feb. 11-17____..____ 4 . 3 - P - . 1 .- 8 1
Feb. 18-24___._.___. -- 1 1 - 1 - 1 - 7 1
Feb. 25-Mar. 3______| __ .- -- . .- - . - - - -
Mar, 4-10____ - .- . - . - . 1 -- 1 +
Mar. 11-17__ g -- - . . - - R 1 .- 1 +
Mar, 18-24_________ 1 - . o - - .- .- 1 +
Mar, 25-31 - - - . . - - - - . .-
Apr. 1-7__. o . N . . . . . . - .
Apr. 8-14__ - . - - - . N - - - .-
Apr. 15-21 . .- - - 3 . - .- -- 3 +
\pr. 22-28___._.____ . .- .- - - .- .- 1 .- 1 +
Apr. 29-May 5__..__ 2 - - - . = . - .- 2 +
May 6-12____ .- 1 . . - .- . . - - 1 +
May 13-19_ . 1 . - . . - .. . 1 2 +
May 20-26____.___.__| .. - - . . - N . . . .
May 27-June 2 - - . - . .- . - - - -
June 3-9_____... .- .- .- . . . . 1 1 +
June 10-16_ .- - - . - - . -
June 17-23_ - . oo . - B - - - .
June 24-30______.___ .- - .- .- - i 1 +
July 1-7__ .. ___ - . - - . N - - . -
July 8-14__ R - - .- R - - . . .
July 15-21___ S 1 - .- - - N . . - -
duly 22-28_________. 2 . = _ . N . . . . -
July 29-Aug. 4. _____ = . . . B . . . - .
Aug. 5-11___ ] e . . . - . R - - .. .-
Aug. 12-18. 4 .- - - N - . - -
Aug. 19-25__ - - .. . .- . - R
Aug. 26-Sept. 1._____ .- - . R - - . . .
Sept. 2-8__ _._._____ - _ . - N . _- . - --
Sept. 9-15__ N - - - - _ _ - . -
Sept. 16-22 . _ - o - - . - . - . - -
Sept. 23-30.________ . . . __ . . - . . .
Totals._._______ 79 7 152 7 26 14 4 170 19 478 | * 56

* The average seasonal total is hased on 8.5 years, since 1933-34 was only a half year,
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TABLE 53
Waddell (reek, Steelhead: Age 4 Stream Fish Checked Through Upsiream Trap, by Weekly Periods
e
. . ;ﬂ
Period 1933~ | 1934- | 1935- | 1936- | 1937- | 1038 | 1939- { 1940- [ 1041-| 23 | 5§
erio 34 35 | 36 37 38 39 10 11 42 | 85 |33
= =
20 P U I SRR IR R SRR AR N
2
8 - - .- - - - - - .
8 -- - - - - .- 1 1 +
P20 R IR R R RO R IO RS ST I
I TR I RO R ST T T
- . .- - .. 2 .- .- 2 +
. . .- - I .- - . 1 +
. . .- - .- .- .- 1 . 4 +
- . I . - . 50 _. 6 1
- 2 3 1 - - _ 1 7 1
- 2 4| .. - _ 1| .. 7 1
- . 1] - 3 . o . - 1
- - - . . .. . 1] . 1 +
- o O . 1 - - 2 -+
| I - 2 ) i N .- 1 +
. - ' | 2 +
D U R T A i S T
- 1 o .- - 1 __ - 2 +
[E T VU R R R AR RN RN B ST R
R RO R TS D I RS I RSN R B
June 3-9________.___ . _- - .- - 1 .. - 1 +
June 10-16.__ . ______ . . . - . - H . 1 +
June 17-23_.._____.__ .- . .- . . - - . - -
June 24-30____ .. ____ - - . -- - . . .- - -
July 1-7... - - - .- -- . .- - - -
July 8-14_. - - - - - . - _ - -
o = - 1 .- - o= - . i +
Q - - - . - - I - - -
& - - - - - .. . , .
z . - - . - .. B R .
Sept. 9-15_________. [ R I I RO B . I N
Sept. 16-22___ ______ . .- . - - . - - - -
Sept. 23-30_____.__. .. - - . - - .. .. - .
Totals______.__. 2 6 10 7 4 5 1 14 2 51 *6

* The average seasonal total is based on 8.5 vears, since 1933-34 was only a half year.

STEELIEAD AND SILVER SALMON LIFE HISTORLES
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Characteristics of the Migration

At least in some seasons, many of the upstream stream steelhead
are sexually mature. For example, many ripe fish were encountered
during the 1940-41 season. Others, however, probably do not spawn
in the season.in which they migrate upstream, and the reason for
their migration is not known.

Sea Life

As in the case of the silver salmon, the extremely rapid growth made
in the sea, as compared with that made in fresh water, is well known
and has been divectly observed in the case of Waddell Creek by meas-
urements of juveniles descending to the sea and of fish of the same age
classes returning to spawn in the following and in subsequent seasons.
Since the seaward migration consists of several age classes, and since

- the periods covered both by the seaward and spawning migrations are

spread over a number of months, it is not possible to present an accu-
rate picture of the growth made, as was done for the silver salmon.
Practically nothing is known regarding the movements of steelhead

“in the sea. For nnknown veasons, very few are caught at sea by com-

mercial sahmon trollers. Snyder (1923a) described 16 such fish caught
oft the coast near Fort Brage, California, and brought into the harbor
in the nearby Noyo Estuary from July 23 to August 25, 1920. These
steelhead measured 19 to 29 inches, and weighed 22 to 92 pounds.

No Waddell Creek steelhead have been reported caught at sea, either
by commercial fishermen or sports anglers. One steelhead tagged at the
Scott Creek Heg Collecting Station on March 19, 1934 (male, 57 em.,
Tag No. 88463) was caunght off Santa Cruz during early March, 1935,
by a commercial fisherman. However, considerable numbers of steel-
head, along with silver salmon, are taken by sports anglers in Monterey
Bay off the coast of Santa Cruz County, especially between Watson-
ville Beach and Santa Cruz. The usual size of such fish, caught mostly
in October and November, just prior to the opening of the mouths of
the spawning streams, is 15 to 19 inches. Most of them are caught from
piers or from boats operating within half-a-mile of shore. Five steel-
head marked in the San Lorenzo River and two marked in Scott Creek
ave known to have been caught in this fishery. Also, marked fish from
Scott Creek have been checked upstream at Waddell Creek and marked
fish from Waddell Creek at Scott Creek. It is evident from these ree-
ords that all steelhead do not simply remain near the mouth of the
stream from which they migrated. The greatest minimum distance that
any of the fish in the above records had traveled is approximately 19
miles (Scott Creek to Capitola Pier), but some steelhead almost cer-
tainly travel considerably greater distances. To what extent fish as
adults return to the stream from which they migrated or stray to other
streams will be discussed in the following section of this paper.

As was noted in the comparable section on silver salmon, along the
California coast the continental shelf extends approximately 100 miles
from the shoreline, and there is some evidence to indicate that all of
the anadromous salmonids remain within its limits.

Probably the young steelhead, on first migrating to the ocean, re-
main fairly close to the shoreline. How soon and to what extent they




TABLE 54

Waddell Creek, Steelhead: Stream Fish Checked Through Upstream Trap, by
Age Groups, All Seasons Combined

6T

: Percentage Percentage Percentage Percentage Percentage Percentage
Weekly Number of of age group of all age Number of of age group of all nge N“"‘be,f of of wge group of ull age
period a.ge. + {during groups {during uie 1 (during aroups (during age = {during gronps {during
migrants scason) senson) migrants scason) seuson) migrants senson) season)
e 4 + 0.1 1 + +
. e 4 + 0.1 3 + 0.1
Oct. 15-21. 1 + + 2 + 0.1 =
Oct. 22-28_.. . 1 + + =
Oct. 29-Nov. 4. - - - - 7 1 0.2 i 27 2 0.9 =
Nov. 5-11__. - 3 + 0.1 : 1t 1 0.4 -
Nov. 12-18__ - [ 4 + 0.1 ! 18 1 0.6 =
Nov. 19-25_. 3 + 0.1 ‘ 19 1 0.6 =
11 1 0.4 : 31 2 1.0 o
- 16 2 0.5 i 44 3 1.4 & .
.- - ———— 25 3 0.8 ’ 175 11 5.6 =
PR s e 457 51 14.7 : 430 27 14.2 4
22 2 0.7 ! 223 14 7.2 N
17 2 0.5 | 349 21 11.3 “
8 1 0.3 ; 560 3 1.8 >
9 1 0.3 i 95 6 3.3 >
7 1 0.2 30 2 1.3 @
e -- 14 2 0.5 25 2 0.8
Feb. 4-10..__ . - 6 1 0.2 ; 17 1 0.5
Feb, 11-17. 8 1 0.3 ! 13 1 0.4
Feb. 18-24. ... 4 + 0.1 ! 3 + 0.2
Feb. 25-Mar. 3. I I PN 5 1 0.2 | 1 -+ +
Mar. 4-10... ———— R PR 3 + 0.1 ! 6 -+ 0.2
Mar, 11-17.. PR, - PR 2 + 0.1 4 -+ 0.1
Mar. 18-24_. e 2 + 0.1
Mar. 25-31 . ean P 1 + + i e e e
Apr. 17, I 5 1 0.2 ! 5 + 0.2
Apr. 8-14__ S eaea S 1 + + i 3 + 0.1
Apr, 15-21 S ———— 2 + 0.1 H 2 + 0.1
Apr. 22-28____ ———- - 8 ] 0.3 : 4 + 0.1
Apr. 29-May 5.. —em - e 6 1 0.2 i 1 + +
I
0.1 PR P -
PR +
| May 13-19__. ---- ---- 1 '1 0.4 5 + 0.2
2 May20-26__.. - 17 2 0.5 | 4 + 0.1
2 May 27-June 2 ..o b 4 + 0.1 | . - O
w June3-9_..... EEEES -.-- by o + 0.1 | s R O "
June 10-16_ - - ---- bl 16 9 0.5 | 3 + 0.1 e
June 17-23. 0.3 | 1 + + =
June 24-30 3 7 0.1 10 1 . | =
une R - 4 + 0.1 1 + + =
July 17 e 3 7 0.1 " | 0.3 f ;
July 8-1d .o cocennn- 2 5 0.1 s 1 0.3 3
July 15-21. . 8 18 0.3 K 1 93 | ; ¥ ¥ =
Tuly 22-28. . 10 23 0.3 bt 5 Yo | 1 + + 3
TJuly 20-Aug. 4ecnnne-- 5 14 0.2 o : o4 o
Aug, 5-11...... - a.e- - i 6 1 0.2 : s e - o
Aug. 12-18 - ---- 5 1 0.2 ! e =
Aug. 19-25..... - .n-- 1'1 1 0.4 ! e . - °
Aug. 26-Sept. 1- - ---- 3 + 0.1 | . J O =
Sept. 2-8. - @ 1 + + ! - . ae-- o
Sept. 9-15. - 1‘; - I . i f:
Sept. 16-22 o1 i =
Sept. 23-30. ... <----- 2 8 + } — -
2 H 1.637 R 52.7 s
Totalg.cooevnaaenn 44 P 893 ‘ i 28.8 ! . ;
=
V4
=

IMOESTH D

g

€61



TABLE 54—Continued

Waddell Creek, Steelhead: Stream Fish Checked Through Upsiream Trap, by
Age Groups, All Seasons Combined

Weekly period

Number
of age 3
migrants

Percent~
age of age’
group
(during
seasen)

Percent-~

age of all

age groups
(during
season)

Number
of age 4
migrants

Percent-
age of age
group
(during
s¢a80n)

Percent-
age of all
e gronps |
(during |
season)

Number
of wue B
migrants

Percent-
age of age
group
{during
season)

Percent-
age of all
aEe groups

(during
season)

Numher |

of alil
migrants

Percent~
axe of
total
niigration
all seasons

Oct. 22-28.__
Oct. 29-Nov.

Teb, 25-Mar. 3
Mar, 4-10_.. .
Mar. 11-17__ -
Mar, 18-24_._.___..
Mar 25-31...ca_...
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ApPr. 20-May 5. oo ccaeac e

1S W
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'
'

'
'
'
'

'
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S

et —

— 1

—L WY — D — N L
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TABLE 56
Waddell and Scoft Creeks, Steelhead: Homing and Straying of Marked Fish
Returned te Waddell Creek
Place and season of marking Mark
1933-34 1934-35 1935-36 103637 1937-38 1038-39 1939-10 1940-41 1941-42 _
Waddell Creek =
1080 oL Ad-LV 3 (100%)| 3 (100%) ! -
1032 I R =
1933-34 . .-| Ad-RP 65(98.5%)| 62(08.4%)] 15 (100%)| 1 (100%) =
1934-35.._ .| Ad-LP 17 (100%| 38 (100%)| 17 (1009)| 4 (100%,) o
1935-36. ..| Both P 27(90.0%)| 43(95.6%)| 26 (100%)| 1 (100%) 2
1936-37_.. ... -.--| Ad-RP 13 (100%){ 53 (100%)] 15(93.8%)| 1.(100%) =
1937-38. ... Ad-LP 15 (100%)| 37(97.4%)| 15 (100%)| 5 (100%) 4
%
) i z
Ad-RV 0 0 0 ! b
Both v 0 1 (1.2%) 0
Ad-LV 1 (0.5%) 6 (2.7%) O 0
Ad-RV | o 0 0
Ad-Ant1/2D [ ] 1(14.3%) 0 0
Both V 1 0 0 0
Ad-LV : 0 1 (4.3%) 1(33.3%)
Ad-RV Il b8 (5.9%)] 10 (8.3%)| 0
{ i
. /A
TABLE 56—Continued 3
Wadde!l and Scoft Creeks, Steelhead: Homing and Straying of Marked Fish :
Returned to Scott Creek :
Place and season of marking Mark l 42 %
- : 1033-34 ‘ 1034-33 ] 1935-36 1936-37 193738 1938-39 193940 1940-41 104142 -
| ! j 2
{l Creek ! ) ] i | ; =
W?ggf ____________________ AdeLY o 0 l 1 { | | 3
o o ARP pasg tasm| oo p o =
03435 - | Ad-LP i o , . o o
T | oy i sao.0%) o 4%)!. o 1 (6.2%)| 0 z
193637 .- S| Ad-RP ‘ | o 1(2.6%) 0 .0 L
103738 e e cicccema s Ad-LD - | l i =
‘ : ] : Z
i -
Sc?f)t.;srweaek Ad-RV 0(I00% B (u;ﬂ%r! A 00%) ) | ; ' i =
1 R Tt v S8 0% | Tows. 8% 10 aoog| N ‘1 \ ' =
Ad-LY | CANTW0.09) | 1TT M7 8% A8 (00%) 1 (H0sy ‘ =
ARV : ] : 0 |2 ooy o b1 ooss %
Ad-Ant 172D i o (0% ?(?".'()()3’)% 1 oo (0% ’ 2
| ‘ = ) 3 ) ) . =
Buth 3 i I 0 T (mn%)i 22095.7%) | 2(66.G%) =
o| Ad-LY * \ \ RG] 1I0M1.T%) ] 2 000%) =
193839 o icmcimaeae Ad-RYV ; ! | ; =
SN S [ S IS s
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Although it appears likely that the rale of straying from Wad.
dell Creek to Seott Creck and »ice verse may vary to some extent with
each year class, the rate of straying even when it is greatest apparently
is so small that the various caleulated survivals (discussed in the fol-
lowing seetion), which arc based partly on unmarked fish of unknown
origin, are not seriously affected. In view of this and because data on
straying of marked fish both from Waddell Creek to Secott Creek and
from Scott Creek to Waddell Creek are not available for the whole

period of the experiments, it was decided that for the purpose of the .

present studies it was satisfactory to assume that the rvate of straying
between the two strecams was the same.

Even if the rate of straying between the two streams is the same,
differences in the numbers of strays contributed by each stream would
result from different numbers of returning adults of a given year class
produced by each stream. During most of the seasons under considera-
tion the runs into Scott Creek have been considerably larger than those
mto Waddell Creek, and so it is not improbable that the contribution
made by Scott Creek to Waddell Creek has been somewhat greater than
vice versa, but it was decided that because of the low rate of straying
and the complexity of the problem, involving various year classes with
the same mark and different survival rates, any caleulations based on
the runs into each stream might result in greater errors than calcula-
tions based on the assumption that the numbers of steelhead that
strayed from Waddell Creek to Scott Creek were equal to the numbers
that strayed from Scott Creek to Waddell Creek.

It is not considered probable that streams other than Scott Creck
have contributed sufficient strays to alter the survival figures appre-
ciably. The San Lorenzo River, 13} miles to the south of Scott Creck,
possesses a run of steelhead, but no marked Waddell or Scott Creek
fish have been taken at the egg collecting station on that stream, shown
in Figure 3. Neither have any marked steelhead from Waddell or Scott
creeks been taken in the San Lorenzo River by anglers, of whom there
are a considerable number.

As noted in the previous section, some marked Scott Creek and San
Lorenzo River steelhead have been caught by anglers in the surf or
offshore along the Santa Cruz County coast, mostly in October and
November. Without further evidence, however, these fish cannot be
treated as strays. In answer to the view that such fish are ‘““lost’’ and
will not return to the parent stream, and that only fish which remain
under the influence of water from the parent stream will return to it,
it is pointed out the the mouths of most California steelhead streams
are closed by sand bars during the summer months and that in some
cases the lower courses of the streams are entirely dry, so that no fresh
water reaches the ocean. In this connection it may be well to consider
again the case recorded by Taft and Shapovalov (1938) of a marked
Scott Creek steelhead that was first taken in Waddell Creek and later
in Scott Creek, without spawning first in Waddell Creek. This case,
although perhaps an isolated one, apparently indicates that we can
never quite conclude that a marked fish which wanders into another
stream is really ‘‘lost’’ until we are definitely sure that it has spawned
in the strange stream. This finding points to the possibility that sup-
posed large-scale wandering among salmonids cited in the literature

STIEELHEAD ANTY SILVIER SALMON LFE HISTORIES J01

may have been ouly temporary ‘stra,\'in;_v. 1“0_1' <_-.xmnplcl t.his may ha\.'e
been the situation in the expeviments deseribed by White (19,{6), mn
which marked Atlantie salmon in numbers cnt(‘zr(‘.(l (;llc West bl‘fﬁl}cll
of Apple River, Nova Scolia. ax well as the East Branch, in whieh
they had been marked, espectally sinee these streams have a cqmmlon
estnary, and approximately tl{c lower mile of each of them 1s also
tidal. Certainly, those fish which have been taken in the sea at any
place away from the parent stream might eventually have come back
if they had not been taken. _ . "

Between Scott Creek and the San Lovenzo River are se\:el_'al sma
streams, namely, San Vincente, lede_ll, Respini, .LagunAa, Co'Ja, Bald:
win, and Medler creeks; the runs Qt steelhead n thnsc-stle.ams d‘,“
<maller than those in Waddell and Scott cvecks. No marked fish have
been reported from any of .thes.e streams, although no facilities to
secure returns were in operation m them, and any reports would have
resulted from chance catches made by anglers. . i

To the north of Waddell Creek ave three small streams, Finny, Ano
Nuevo, and Whitehouse creeks, \\’1117011 have very small steelhe‘adl-rul);si
itazos Creek, 62 miles north of Waddell, fm_d Pescadero Creek, 143
miles north, both have steelhead runs of fair extent, but again, no
marked Waddell fish have been reported from these two localities, 1n
which no special facilities to secure returns were in operation.

From the preceding discussion we saw that the amount of stray.mg'; beé
tween Waddell and Scott creeks 1s 50 small that it is difficult to plel\ 0\.11
trends, but that there was some indication that, as in the case ot‘ t}1e0‘51_ -
ver salmon, a given rate of straying 1s assocmted with fish retur n}}}a .111
different seasons but resulting from a single vear class (or mall\.lng).
[f this is true, it appears that the rate of straying that will result is dei
termined by the time that adults first start returning (as 1/1 fish) al{§
is more dependent upon conditions existing up to the time than on c%n(t}i
tions existing at the time of entry into the streams _for spawning. llll
contradictory evidence is presented, it appears satisfactory to se’ri upt 1t 1€t5
same hypothesis which was set up for t..he s!l\'er salmon, name y,‘ ha
conditions existing at the time of the migration to the ocean deter mf]in]e
the rate of straying that will take place in the vears of return of the | s]1
to fresh water. What these conditions arve, it has not been found possm’c
10 state definitely on the basis of the data whicl are avm]abl_e_an(} hal\ e
been analvzed, but attention was ealled to cortam possibilities in the
case of the silver salmon, and it appears not improbable that the slam'e
considerations apply to the steethead. In the ease of the sa_lmoiy there
was found to be (1) a tendeney toward a positive correlation mbveeny
size of downstream migration and rate of straying and (2) a tleletenC)f
toward a negative corrclation between average S17.€ of fish al::(‘ rate o] f
straying. In other words, the greater the numbers‘of do»wnsi1 learfl 111;1 '
orants and the smaller the size of downstream migrants, t e? grea e,l.
is the amount of straying. Possible explanations for these cor re‘latlolzs
were (1) that an unusually large number of downstrff,::xlmt lmxgran]i
attracts predators out of proportion tq the average, \\1.t1» he rets}lll :
that the fish entering the ocean are rapidly scattered or in some other
way affected so they do not return to their home stream In average
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TABLE 57

Waddell (reek, Steelhead: Allocation of Fish Which Jum
. : ped Upstream Over the D.
Below the Dam to Tofal Age (Ignes © Dam and Spauned

. Pre-
Run in season 2 3 4 5 vious Total
° 6 7 |spawn. | Totals | “gop
ers
1933-34
< (RIS 5 4
. - 28 166
D%d" _______ . . 2.4%| ... - 16.9%] -
am jumpers : 1 1 - 5 33
Below dam spawners-_ ... 2 7 7 1 o o
- - 3
[« 2, 3 40 132 12 I - 36 253 B
%? _________________ 1.3%] 17.9%] 59.2%| 5.4%| -.. - 16.19,
Dam jumpers_ ... —--_.. - 2 5 1 - 1 ° ‘o
Below dam spawners- - _..{ -.- 6 21 2 - o
2 2 - 6 35 267 Q ¢
128 235 21 . I 79 486 486
121 115 17 . - 7 265
45.7% 43.4%| 6.14%]| --. .- 2.6% »0
2 1 A 3
3 3 1 - 5
76 | 160 20 i |om i
27.7%\ 58.4%) 7.3%{ __. - 5.1%) _._
1 3 1 O D] D s jemeee
203 282 39 - .- 21 554 554
76 67 11 . .- 41 202
37.6%] 33.2%| 5.4%| ___ C.. | 20.39% __
16 14 2 b4 a2
3 2 - 2 5
- - I 7
40 119 36 2 - 46 248 Pt d
2 . 16.19,| 48.0%| 14.5%| 0.8%| -.-- 18.5%
Dam jampers i 3 1 .- . 1 6
Below dam spawners___._. -—- 1 4 1 .- ——— 2 8 262 Q @
13 137 209 51 2 - 101 513 513
-- 63 113 16 - - 36 228
- 27:;6% 49.6%) 7.0%| --. .- 15.8%| -
5 1 1 10
P 3 5 1 I - 2
3 60 116 22 .. R 44 2‘11.; i
U 1.29%| 24.59| 47.39,| 9.09] ... .. | 18.0%
Dam jumpers —-- --- - --- .-- .- |
Below dam spawners_____ o 2 5 1 27 | 107 fessee
41 . e 85 504 504
18 1 . 41 165
10.9%| 0.6%| --- 24.8%| ---
é - . 3 10
- .- 6 25 200 &
1?317 2547 .- 71 208
. . . 34.2
Dam jumpers. ...--- - -=- 0 - ’ -~- -- A
Below dam spawnerS__.__. - 5 5 2 1 ae- 7 20 |228¢ Q
Meamtn oo oeemmme e em 3 |12 {121 47 7 .- |128 {128 |4z
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TABLE 57—Continued

Waddell Creek, Steelhead: Allocation of Fish Which Jumped Upstream Over the Dam and Spawned
Below the Dam to Tofal Age Classes

Tre-
Run in season 2 3 4 3 6 7 51‘\:\()\:"151- Totals 1li(:I.\lI
crs
1938-39
1% (RPN 72 4 2 R 26 212
LA . . . 34.0%| 1.9% 90.9%| --- 12.3%| --.
Dam jumpers - - . DR OO R
Below dam spawners. .- .. 2 —_— . P 1 5 2178
88 11 . . 57 243
36.2%| 4.5%) --- - 23.5%) ---
Dam jumpers_ _ - ... .--- - - .- - R oo R e
Below dam spawners._-_. —— 2 2 o - - 2 6 2499 9
164 15 2 —— 86 466 466
32 3 - - 12 214
15.0%| 1.4%| --- 5.6%| -
4 R P R 1 25
2 - I P . 10 2409
............ 79 - o 21 228
........ . 34.6%! 0.9%! --. O 9.2%| -..
Dam jumpers 2 2 - - - B
Below dam spawners..--. 1 5 3 I - - 1 10 243 Q@ Q
MeBN_ o ccccemmmam 58 271 122 5 - - 36 492 492
1940-41
P> (DRI 33 —— 1 . 28 205
D/ JUEEEER . 16.1%| --- 0.5%! --- 13.7%| --.
Dam jumpers 3 4 .- - - 4 25
Below dam spawners... - 1 6 2 ol .- R 1 10 240 F &
............... - 9 58 62 6 .- I 50 185
/7 JR. 4.79%| 31.4%)| 33.5% 3.3%| --- . 27.0%| ---
Dam jumpers — 2 2 - o - 1 5
Below dam spawners...-. 1 3 3 - R I 3 10 200 ¢ Q@
199 106 6 1 I 87 440 1440
54 37 3 . P 37 165
32.7%] 22.4%| 1.8%| --- P 22.4%| ---
Dam jumpers_ . ---- 6 10 7 - - - 7 30
Below dam spawners - 3 5 4 .- I - 4 16 2ned
..... U - @ 33 79 17 . 1 73 212
L7/% + . 4.29) 15.6%| 37.3% 8.0%| --- 0.5%| 34.4%| ---
Dam jumpers —— 2 4 1 - - 3 10
Below dam spawners.._.. 1 2 6 1 - . 6 16 2389 ¢
Mean . _occccamnanann= 53 106 137 22 - 1 130 449 449

numbers, and (2) that unfavorable growing conditions (resulting in
small size of fish) in some way affect the fish so they do not return to
their home stream in average numbers. For the present, because of the
complex life history categories among the steelhead, the above men-
tioned correlations have not been tested. As in the case of the silver
salmon, it would be of interest and profitable to earry out marking
experiments planned to reveal and to test the indicated tendencles.
One other phase of homing remains to be considered, and that is
the extent to which fish returning to the parent stream return to the
same portion of the stream. Taft and Shapovalov (1938) found that
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within a large river system, the Klamath in Northern California, the
amount of straying among sca-run steelhead between tributaries was
not greater than between Waddell and Scott creeks., For Waddell
Creek an attempt to determine this matter was made on the basis of
the distribution of marked and wnmarked adults above and below the
dam. The problem was made difficult by the fact that only fish which
had completed spawning could be used with certainty, with the result
that the number of such fish found below the dam {9) was too smal}
to obtain conclusive evidence. None of these was marked, but for the
purposes of the present studies the proportion of marked to unmarked
fish has been considered to be the same above and below the dam.

Survival

The simplest procedure to caleulate survival to maturity among sea-
run steelhead at Waddell Creek is to caleulate the number of eges
deposited in a given season and then to total the numbers of sea-run
fish of that vear class returning to spawn for the first time. Survival
caleculated in this manner may be termed primary over-all survival:
primary in the sense that it is caleulated to first spawning, and does
not include survival to subsequent spawnings, which may be termed
secondary survival, and over-all in the sense that it is ealculated from
egg to sca-run fish, without a breakdown into survival at intervening
stages. .

In caleulating primary over-all survival, the first spawners among the
fish comprising the total estimated runs into Waddell Creek (see Table
35) were divided into total age classes. In this division, the numbers of
fish estimated to have jumped upstream over the dam and to have
spawned below the dam, respectively, were segregated into first and
repeat spawners and the first spawners assigned to total age classes
aceording to the ratios of first and repeat spawners and age classes in
fish checked through the upstream trap (Table 30). It was not neces-
sary to assign ages to the repeat spawners, since they do not enter into
the calculation of primary survival. The results of the division are
shown in Table 57.

From Table 57 it was possible to assign all returning first spawners
to the proper brood season (season in which they were produced), and
to express them as a percentage of the number of eggs which produced
them.3% The results are shown in Table 58. )

From an examination of Table 58 it is seen that the percentage of
survival vavies from 0.017 to 0.028 for the four seasons for which re-
turns are complete or practically complete, and from 0.017 to 0.029 if
an additional season (1937-38), for which the number of five-year-old
returning fish was not available but was calculated on the basis of the
*1In the present paper any offspring of sea-run steelhead which do not 80 to sea and

return as adults are included among “mortality” in calculation of primary over-

all survival. For example, if by the time that the fish of a given year class have
finished coming in as sea-run fish for their first spawning there are present any
fish of sea-run parentage of the same year class remaining in the stream they
must be counted as ‘‘mortality,” since such fish are lost to the sea-run spawning
migrations. This procedure must be followed even in the case of those fish which
attain sexual maturity as stream fish, for the following reasons: (1) Some of
them probably appear later among the sea-run first spawners (it is difficult to

recognize with surety the spawning mark on the stream steelhead scales), (2)

among the upstream fish it is difficult to recognize fish that are going to spawn in

the current season unless they are approaching ripeness, (3) resident fish might

be included if fish other than sea-run individuals were included in primary aver-
all survival.
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average return of five-ycar-olds in the other four scasons, 18 inc!uded.
In the former case the mean pereentage of return is 0.021 aud in the
latter case it is 0.023. Of course, these arve so close to each other that the
selection of one ov the other would make very little difference, but for
the purposes of the present report the_h\tter figure will be use(},
especially since the partially assumed survival percentage for 1937-38 is
in harmony with the figures for other scasons. o ]

One of the striking features to be noted in Table 58 is the inverse
correlation between the total egg production and the survival per-
centage. The fact that the same phenomenon is cncoyntered among the
silver salmon (see page 96 and Table 18}, and also in general for both
steelhead and silver salmon when the survival is caleulated from the
downstream mivration rather than frowm the eegs produced, indicates
strongly that the correlation is not due to chance but is real. 'I“he fact
that there is a chronologieal sequence as well in the present instance
might lead one to believe that specific or general improving environ-
mental conditions, rather than the size of the egg production, were
responsible for the steady inerease in the survival rate, exeept fm: the
faet that this chronological sequence does not prevail in the case of th.c.
silver salmon nor in the case of the survival following downstream mi-
gration. . . '

In Table 58, the numbers of fish listed wnder the heading ““Spawn-
ing run’’ are the total fish estimated to have spawned in Waddell
Creek in each season, including fish of all ages and all life histories, and
both marked and unmarked fish. They include fish which were checked
upstream through the trap (the great majority of the fish), those which
jumped upstream over the dam, and those which spawned below the
dam. It was necessary to include all three groups for the reason that
in caleulating survival it is impossible to recognize the fish produced
in one group from those produced by another group. Survival may also

TABLE 58
Waddell Creek, Steelhead: Primary Over-all Survival
Spawning Returned as adult first spawners
: run Total . Percent-
Brood season egg Total age
pro- 2 3 4 5 6 7 survival
d Q duction yr. | yr. | yr. | yr ¥T I
1933-34.____. 219 267 ] 1,654,239 13 ] 131 | 121 520 NN 280 0.017
1934-35___.__ 275 279 | 1,567,366 31122} 164 b] 1 1 246 0.019
1935-36*__.._.| 251 262 | 1,523,360 3] 191} 122 6 .- ? 3'2? 0.0j_’l
249 255 | 1,459,534 8] 271 | 106 22 ? ? 407 0.028
200 228 | 1,422,641 58 1199 1 137 | (1) ? ? (409 (0.029)
217 249 - 41 | 106 ? ? 2 ? P | PR
249 243 P 53 ? ? ? ? ? R, ! -
240 200 P ? ? ? ? ? ? P, | ——
211 | 2381 .. TR R U LN R U
7,627,140 1,716 | 0.022
R 0.023

* No returns possible for 7-vear fish. 0

t No returns possible for G- or T-year fish. : s "

+ No returns possible for 5-, G-, or T-year fish, but the average (3.7 percent) return for H-year fish in previous
seasons has been used.
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be calculated on the basis of mavked fish, and this is dene on pages 206.
239, but such survival dates from time of downstream migration (ie,
time of marking) and not from time of egg deposition.

In calculating the number of eggs produced by each spawning run,
the number of eggs proudeed by each fish was calculated on the basis
of the egg number-fish length relationship previously established and
discussed on pages 149-150 and shown in Figure 27. The lengths of all
fish checked through the upstream trap were, of course, known. Ege
production for fish jumping upstream over the dam and those spawn-
ing below the dam was based on fish lengths when known. Egg produc-
tion for the remaining fish was estimated on the basis of average egg
production for fish checked upstream through the trap. This is shown
in Table 59.

For purposes of estimating survival, it was assumed that the straying
of surviving fish to and from Waddell Creek has been equal. For.a
discussion of the justification of this assumption see page 200.

The previous discussion of survival and the accompanying tables have
included both marked and unmarked fish. Now considering primary
survival among marked fish, we are able to check on the previous cal-
culations and to inerease our insight into the processes that take place
for the following reasons: (1) possible errors resulting from straying
are eliminated, (2) in addition to the age at time of migration to sea,
the age at time of initial downstream migration is also known (the two
are not always the same) for the surviving fish.

Survival of Marked Waddell Creek Steelhead

In Tables 60-68, tabulations have been made of all acult steelhead
which were marked as juveniles on a downstream migration through the
traps and were taken in the upstream trap as first spawners. The pur-
pose of these tabulations is to calculate survival among marked down-
stream juvenile steelhead, so (1) marked fish which have spawned in
previous seasons, (2) marked Seott Creek strays, (3) fish marked at
various points in Waddell Creek in 1931-32, (4) fish tagged but not

TABLE 59
Waddell (reek, Steelhead: Estimate of Tofal Egg Production, by Seasons
Fish checked upstream ] Estimated dam jumpers "Estimated namber fish Total
spawning below dam o
egg
Season r production
Calec. egg Calc. egg Calc. egg n
g ¢ production g ? production d ? production stream
1933-34_._| 166 223 | 1,375,093 33 9 50,946 20 35 228,200 | 1,654,239
1934-35...] 265 274 { 1,550,440 3 - - 7 5 16,926 | 1,567,366
1035-36___| 202 248 | 1,455,473 42 © 26,538 7 8 41,349 | 1,523,360
1036-37__.} 228 245 } 1,412,902 10 - - 11 10 46,632 | 1,459,534
1937-38___{ 165 208 | 1,285,301 10 . .- 25 20 127,340 | 1,422,641
1938-39_._t 212 243 | 1,557,032 . - .- 5 6 .- --
1939-4G.__| 214 228 | 1,153,840 25 5 .- 10 10 o~ .-
1940-41___) 205 185 | 1,072,271 25 5 - 10 10 .- -
1941-42__.| 165 212 | 1,237,458 30 10 _- 16 16 - --
Totals. .| 1,822 [ 2,066

SrRISLHIAD AND =1

TABLE 60
Waddel) Creek, Steelhead: Marked Fish Refurning (as First Spawners), Brood Year of 1929-30

Age a3 .
returning 1931-32
adnlt
migrant

stream

Probable
age a8
down-

\

Mark

\
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TABLE 6t
Waddell (reek, Sieelhead: Marked Fish Returning (as First Spawners), Brood Year of 1930-31
Season of return as adult
Probable
Season when first age as Age as {
marked downstream Mark down- returning 1032-33 l 1933-34 1034-35 1935-36 193G-37 1937-38 Total
stream adult
migrant I [ N -
! [ Q o ? =8 i 4 o g o Q =8 ' R -/—
| i RSN S, WA Z
| | | ? T =
VO3B No marking . . ... | i : b | j [ 7 bee!
1930-31.... .1 No marking. ... _. + ) ? ? k H ? =
1931-32.. . -1 No marking.__... 1 | ? ? I | 4 ? g
193233 ... No marking. ... 2 [ ? : i ? ? %
1031-32. . oo No marking . ... 1 | ? ? ! J , ? ? 3z
1031-32. -] Nomarking.__... ] | ? ? : i ! ? ? ;'
103233 ool N waking . L oL 2 { ] ! ? ? ; : ? ’ ‘
1931-32. -l No marking . ] ‘é’ ? ? [ ? ? PA
1033-34. B VN T S 3 z { 3 ; 5 3 °
1932-33.. ~..} Nao wmarking 2 o ? ? ? ? -
1932-33._.._. ---| No marking 2 o ‘ ? ? ? ? %
1933-34.. ool ACRP__.__. 3 z 2 7 ' 2 7
1932-33... 2 ? ? i ? ?
1933-34.. 3 0 1 0 1
1934-35. . oo oeieaas 4 by b Lo
1933-34. i 3 ! i 0 0 0 0
1934-35. 4 ! 0 4] 0 0
193435 e 4 { | 0 0 0 0
N1 7: 2 Y FR SRS RUO (SIS P ? ? ? 5342 ] 347 1 3472 ? 8+7? 0 1] Q 4] 8§42 {1147
TABLE 62
Waddell Croek, Steethead: Marked Fish Refurning (as First Spawners), Brood Year of 1931-31 7
Sesson of return as adult =
Probable N | =
age s Age as tal =
Season when first Mark Hown | rewarning | 193334 1934-35 1035-36 1036-37 1037-38 1938-39 Tota =
marked downstream stream adult <
migrant & . @ ‘ ® & ‘ ° & \ [} I IS4 ( Q d ? _ ;
| ! <
? ? 7
No marking-.-. -~ i 11 ? ! ‘| K 2 =
No marking.. .. + 1/2 ' v ? =
No miarking._ . ! 1/2 42 14 ot
Ad-RPL. oLl 2 21 : B =
No marking.. ] 2/1 N N » > -
No marking 1 1/3 15 2 15 22 >
o 2/2 15 22 " S =
2 2 2? . : b
1 g/g i o 3 0 2 =
Ad-LP 3 3/1 e ) 2 ~
:.?l-LP 2 3/1 .0 2 0 0 0 0 “
o 2 as3 o 1 0 1 -
Ad-LP. . 3 372 ° ° I 0 0 :;
2 372 2 A% =
Ad-RP... 3 2 5+ 2 =
Ad-LP. oo 3 /t ] 0 0 0 0 =
Bath P 1 4/1 0 0 0 0 b
Ad-LP 3 3/3 ! 1 4 1 4 %
Ad-LP_ . 3 4/2 § 0 0 0 0 3
Both I 4 472 ! 0 0 0 0 =
Both . 4 43 __.[ D [, AR AN :—:—;
: — T T e 14+7i 1542 26+ 2 \ 6 | ‘ 4 ‘ o L 0 [ 80+7) 80+ 5
Totals. o vcomcaic|omanrnae e s e 2 m e TS Co l

* One of these marked Ad 4 Both P (marked downstream hath In 1934-35 and 1935-36).

-

60
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TABLE 63
Waddell (reek, Steelhead: Marked Fish Refurning (as First Spawners), Brood Year of 1932-33
Season of return as adult
Probable
. age as Age as
mii‘;{i‘;“;l&“n“sf'ei‘m Mark down- | returning 1934-35 1935-36 1036-37 1937-38 1038-39 1039-40 Total
T stream adult
migrant
J Q a ? o ? o Q o Q g Q & ° ”7’
I
1033-34. . 1 1/1 0 1 0 1 =
1932-33 . + 1/2 ? ? » N =
1933-34._ - 1 1/2 0 1 0 1 g
1934-35_ _ .- 2 2/1 a 3 9 3 =
1933-34 . _ . 1 2/1 0 0 0 0 ]
1933-34. ... _ . 1 1/3 ] 0 0 0 =
1934-35. ... - 2 2/2 4 7 1 7 A
1033-34____ . 1 2/2 1 0 1 0 4
1935-36. - 3 3/1 5 3 3 3 =
1934-35. _ _ 2 3/1 6 6% 6 6% -
1934-35_ . . 2 2/3 0 0 0 0 b4
1935-36. . . 3 3/2 2 0 2 0
1934-35_ . ____... 2 3/2 0 2 0 2
1936-37 e .. 4 4/1 0 0 0 0
1935-36. . . 3 3/3 0 0 0 0
1936-37.. - 4 4/2 0 0 0 0
1936-37___.. .- 4 4/3 0 0 0 0
Totals. _ . | e e (1) 1 9 4 16 16 2 2 0 1] 4] 0 27 23
* One of these marked Ad 4 Both P (marked downsteeam hoth in 1934-33 and 1935-36).
TABLE 64
Waddell Creek, Steelhead: Marked Fish Refurning (as First Spawners), Brood Year of 1933.34
Seascn of return as adult ;
Probable =
L
Season when first Mark ﬁifv?: rf:t\%:n?:g 1035-36 1936-37 1037-38 1038-39 1939-40 1040-41 Total 3
marked downstream stream adult W
v . /.
migrant @ 9 @ 9 g Q s Q d Q Es Q s Q =
'._{:
0 1 -
1084-35. ... ___.__. Ad-LP___...._... 1 1/1 0 ! o o 0 0 =
1933-34._. ... Ad-RP.___....... + 1/:-: o X 0 1 zZ
1934-35. ... Ad-LP_._........ 1 172 o ! 10 : =
1035-36_ - - - Both P._..._..... 2 2/1 . X : 7
103435 .. Ad-LP_.. 1 2/1 ! o | o 040 =
1934-35____ Ad-LP. 1 1/3 . 7 12 7 L
1935-36_ .- . Both P_. 2 2/2 2 4 ; . 2
1934-35. . .| Ad-LP... ! 2/2 0 0 0 0 pZ
1936-37.. ~o.-| Ad-RP... 3 3/1 0 y | 0 ! -
1935-36_ . .. -..| Both P.. 2 3/1 * : 0 1 0 =
1035-36 - _ - .| Both Po..__._.._. 2 2/3 | ) o O 3
1036-37 - - | AdRP. .. 3 3/2 | | S Lol =
1035-36. . .| Both P_ 2 3/2 \ 0 0 0] o z
1937-38_ . .| Ad-Lr_. 4 /1 1 0 0 o0 Yo =
1936-37 - __| Both P._ 3 3/3 | | Loy 0 ! %
1037-38_ T gLl 4 472 | i 1{ ‘ . 0 0 | z
1037-38 .. ... ... Ad-LI'_ 4 s : : : o ol o [ B ,_’ o -
: ! [ [ 3 g 1 0 0 0
Totals . . .o lem e oo - 0 ! 2 " E 10 ’! 2 " i | i 1 ‘
i . [P

1
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TABLE 65
Waddell Creek, Steelhead: Marked Fish Refurning (as First Spawners), Brood Year of 1934.35
Season of return as adult
Probable
Season when first age a8 Age s
) Mark down- returning 1936-37 1937-38 1038-39 1939-40 1940-41 1941-42 Total
marked downstream stream adult
migrant -
d Q d Q s Q J Q a Q a Q J Q 7:
- =
1935-36. .o enni.o. 1 1/1 0 4] 0 0 =
1034-35.__ + 1/2 Q ] Q 0 =]
1935-36_ .. 1 1/2 o] o o| o g
1936-37_ . 2 2/1 9 4 9 4 =
1935-36.__ 1 2/1 5 7 5 7 -
1035-36. ... 1 1/3 0 0 0 0 %
1936-37___ 2 2/2 5 6 5 6
1935-36. . _ 1 2/2 6 8 6 8 2
1937-38__. 3 3/1 1 0 1 0 >
1936-37___ 2 3/1 0 1 0 1 =
1936-37.__ 2 2/3 0 0 0 0 i
3 3/2 0 0 0 0
2 3/2 0 1] 0 0
4 4/1 ? ? ? ?
3 3/3 0 0 0 0
3 4/2 1 0 1 0
No marking..._.. 4 4/2 ? ? ? ?
No marking....... 4 4/3 ? ? ? ?
Totals. - .o e R - 0 [} 14 11 12 15 0+? | 042 [ 147 | 047 ? ? 2747 |264-7
TABLE 66
Waddell Creek, Steelhead: Marked Fish Refurning (as First Spawners), Brood Year of 1935-36 ]
L;
)
Season of return as adult ;
Probable =
age as Age as ;’
Season when first Mark down- | returning | 1937-38 1938-39 1939-40 1940-41 1941-42 1942-43 Total -
marked downstream stream adult ;
migrant ;
J Q d Q ol 4 d Q d ? <8 Q :-
(-ﬁ
1936-37_ ... 1 1/1 0 0 0 0 o
1935-36. . + 1/2 0 0 0 0 =
1936-37.. ) 172 1 0 1 () B
1037-38 2 2/1 7 4 7 4
1936-37_. 1 2/1 16* | 20 16% | 20 Z
1936-37 .. 1 1/3 0 0 0 0 =
1937-38_. 2 2/2 2 6 2 2 6 &
1936-37 . oL Ad-RP._._....... 1 2/2 3 7 3 3 7 =
1938-39 .| No marking_ R 3 3/1 ? ? 2 ? ? Z
1937-38. . Ad-LP___ ... 2 3/1 1 1 ~ 1 1 =
1937-38.. Ad-LP____..._ .. 2 2/3 0 0 2 0 0 =
1938-39. No marking..._.. 3 3/2 ? ? ? ? L;
1937-38.. ] Ad-LP__________._ 2 3/2 [} o 0 0 “
1939-40_ ... ....... No marking....... + 4/1 ? ? ? ? E
1938-39. . ..o No marking._ ._... 3 3/3 ? ? ? ? ™
1939-40. - .| No marking.___.. 4 4/2 ? ? ? ? ;Z
1939-40. .. oo No marking.__ ... 4+ 4/3 ? ? ? =
) ! 3
Totals. o oeeeao | - IO, l .......... ‘ .......... ’ 0 0 | 24 | 24 ' B+7 |14+7 | 042 | 047 | ? ? ? 30+7 [38+7 s

* One of these marked Ad + Both P (D) (marked downstream both in 1936-37 and 1937-38).

€Te
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TABLE 67
Waddell Creek, Steethead: Marked Fish Returning (as First Spawners), Brood Year of 1936-37
Senson of return as adult
Probable
age as Age as
Season when first Mark down- | returning |  1938-39 1939-40 1940-41 1941-42 104243 1943-44 Total
marked downstream stream adult
migrant =
a9 ? e Q <4 @ 4 Q d Q bt
=
1937-38. o= 1 1/1 1 0 1 0 E
1936-37 1 172 0 0 0 0 =
1937-38_ 1 1/2 2 1 2 1 L
1938-39._ 2 2/1 ? ? ? ? o)
1937-38.. 1 2/1 6 17 6 17 j
1937-38 1 1/3 0 0 - ” 0 0 7
1938-39__ 2 2/2 ? ? 2 2 ? ? '_
1937-38... 1 2/2 1 4 ] ] 1 4 Z
1939-40._ 3 3/1 ? ? é é ? ? ~
1938-39.. 2 3/1 ? ? ° ° ? ? >
1938-39._. 2 2/3 ? ? -4 4 ? ? B
1939-40.. 3 3/2 ? ? ? ?
1938-39. . 2 3/2 ? ? ? ?
1940-41_. 4 4/1 ? ? ? ?
1939-40_. 3 3/3 ? ? ?
1040-41__ 4 4/2 ? ? ?
1940-41.Lconn - 4 4/3 ? ? ?
Y TN PR NP PSR 1 0 | 847 {1847 | 142 1 447 ? ? ? ? 1047 2247
TABLE 68
Waddelf Creek, Steethead: Marked Fish Returning (as First Spawners), Brood Year of 1937-38
Scason of return as adult -
Probable =
Season when first Mark ol (v sden 1939-40 1940-41 1941-42 1942-43 1943-44 1944-45 Total 2
marked downstream stream adult 2 - T - g R ota v}
migrant ;
| el | e | @ | @ @ | e Z
103839 ... ... No marking. ... 1 11 ? ? ’ J =
1937-38__ Ad-LP__..__._.... + 1/2 0 1 0 1 -
1938-39 No marking...... 1 1/2 ? ? ? ? 2
1839-40. . No marking. - 2 2/1 ? ? ? ? ~
1938-39_ . No marking_ . 1 2/1 ? ? KA ” » o
1938-39__ No marking._____ 1 1/3 ? ? S i 2 z
1939-40_ No marking. . ... 2 2/2 ? ? z 2 2 ? ’ b
1938-39. ... No marking...... 1 2/2 ? ? = 3 ] o > =
1940-41____ No marking. __ ... 3 3/1 ? ? z 2 gé ? ? A
1939-40_ . No marking. ... 2 3/1 ? ? s 5 ? ’ -
1938-40. . No marking_ . __.. 2 2/3 2 Z z. ? 4 =
1940-41. . No marking _ . 3 3/2 ? M d 2]
1939-40__ No marking. - 2 3/2 ? 3 >
1941-42__ No marking__ 4 4/t 2 N > =
1040-41_ No marking._ _.___ 3 3/3 v » 4 I
1941-42 No marking. ... _. 4 4/2 ? ? ! =
1041-42_______..___ ---] No marking.____. 4 4/3 ? K q ]
Tntnls_._ ................................................ ? ? 0+? 1 1+47? k4 b v ? ? o+ t147 7
&4

=
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marked, and (5) all unmarked fish have been excluded, since noune of
them is comparable to those marked on a downstream migration.

The data are arranged aceording to the returns in all seasons from
warked fish of a given brood year, for males and females separately.
The total number of marked first spawners resulting from a given brood
vear is shown in the extreme right-hand column of each table. In addi-
tion, the first spawners returning from fish marked 1 a given season,
irrespective of brood year, have also been obtained from these data.
These tabulations must be obtained from more than one table.

Only those freshwater plus ocean age-combinations which have actu.
allv been encountered among Waddell Creek returning adult first-
spawning steelhead duving the seasons of 1933-34 through 1941-42 have
heen listed (three of these combinations, 1/3, 3/3, and 4/3, have not
been encountered among the marked fish; among the unmarked fish,
only one has been found in each of these combinations, and the scale
readings for the latter two of them are somewhat doubtful, so these
three combinations do not play a significant role).

The first column shows the season in which the fish was first marked
on a downstream migration. (Three fish among the marked first
spawners made an upstream migration subsequent to the downstream
migration on which they were first marked and then a second down-
stream migration, on whiech they were again marked. These fish thus
carry the mark Ad-Both P and are individually noted.) Seasons during
which no marking was carried on are shown for those age combinations
for which returns have been obtained in other seasons.

The second column shows the mark given, or carries the -notation
‘‘No marking’’.

The third column shows the probable age of the fish at the time that
it was first marked on a downstream migration. It must be kept in mind
that the mark given shows only the season in which the fish was marked,
and not the age. In most cases, returning adults with different marks
will have different life histories, but a few may have different marks
but the same life history. For example, a fish marked in September
of one season and one marked in October of the following season (i.e.,
in the following month) will have different marks, but could well have
the same life histories. In the case of fish marked during the principal
{spring) migrations those with different marks will have different life
histories in those cases in which the fish went to sea in the same season
in which they were marked. However, as was noted previously, a num-
ber of fish remain in fresh water for one season after their first down-
stream migration, i.e., migrate to sea in the season following the one
in which they were marked. Such fish are shown in bold face type in
the columns under ‘‘Season of return as adult’’.

The fourth column shows the age combination (life history category)
of the fish as a returning adult.

The remaining columns show the season in which the fish returned
as a first spawner. Similarly to the case of the first column, those sea-
sons in which the upstream trap was not operated (‘‘No Records’’) or
in which no returns were possible because no marking had been carried
on in the proper season are shown for those combinations for which
returns have been obtained in other seasons. Such returns, which might
have oceurred if marking had been carried on and the upstream trap
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had been operated, ave indicated by a question marvk, 777, A zero,
407’ means that no returns were obtained, but that marking had been
carried out and the upstream trap opervated,

There are nine brood years, 1929-30 through 1937-3S, for which at
least partial returns could be expected, on the basis of the marking
carried out, the seasons during which the upstream trap was operated
(nine seasons, 1933-34 through 1941-42), and the life history categories
which have been encountered among Waddell Creck adult first-spawn-
ing steelhead. At least partial returns were obtained for all but the
1929-30 brood year, for which returus for only three minor age com-
binations were possible. Complete veturns were posstble for only two
brood years, 1932-33 and 1933-34, but nearly complete returns (com-
plete except for minor age combinations) were possible for two other
brood years, 1934-35 and 1935-36. The largest returns were obtained
for still another brood yeav, 1931-32, despite the fact that returns for
two major age eombinations were not possible.

Altogether, returns were obtained for 383 marked first spawners.
(One marked fish, male Ad-LP, 71 ¢m., taken during the 1936-37 season
had all of the scales badly regenerated and was omitted from this series
of tabulations. It is not known whether this fish was a first spawner
or not. For all other marked fish the scales were sufficiently complete
to determine whether or not the fish were spawning for the first time.)
These 383 fish werc composed of 187 (48.8 percent) males and 196
(51.2 percent) females. This is almost exactly the sex ratio among all
3,220 first spawners checked upstream through the trap (Table 28).
Returns for the two complete brood years (1932-33 and 1933-34)
{Tables 63 and 64) and for the four complete or nearly complete brood
years (1932-33 through 1935-36) (Tables 63-66) also show a sex ratio

TABLE 69
Waddell Creek, Steelhead: Marked Fish Refurning (as First Spawners), All Brood Years Combined
s
! ?ob\l\l':lirz;ii\as Ag? as return- Number Numher Number Numbcr;)f
migrant ing adult o3 ?9Q gF + 99 scasons
1/1 1 2 3 5
172 3 3 G 5
172 0 1 1 5
2/1 77 32 109 5
2/1 28 46 74 5
1/3 0 0 [} 5
2/2 38 48 86 5
2/2 11 22 33 5
3/ 1 8 19 5
3/1 7 1 18 5
2/3 1 0 1 5
3/2 4 8 12 5
3/2 1 5 6 5
4/1 1 0 1 5
4/1. 2 6 8 5
3/3 0 0 0 5
472 0 0 ] 5
4/2 2 4 6 5
4/3 0 0 0 5
.- 187 196 383 .

* Number of seasons for whieh returns were possible.
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of approximately 1:1. Tu the former case it is 52 (52.0 percent) maleg
and 48 (48.0 percent) females and in the latter case 109 (49.3 pereent)
males and 112 (50.7 pereent) females.

An analysis of the data (Table 69) shows that of the 383 markeq
adult first spawners, 220 (57.4 pereent) had made their initial dowy.
stream migration as age 2 fish (in their second year), 116 (30.3 per.
cent) as age 1 fish, and 45 (11.8 percent) as age 3 fish. There was one
fish apiece in the -+ and 4 groups. This sequence, but not order of
magnitude, is also true for each sex. It is seen that there were moye
males than females in the 2 group, whercas the reverse was true ip
the 1 and 3 groups. These sexual differences are probably real.

For purposes of comparison with the returning adults, Table 7q
also shows the age at initial downstream migration of the 12,679 down.
stream stream fish which were marked and produced those adults. From
this table it is seen that the ages at initial downstream migration of
adult steelhead first spawners oceur in quite different proportions
from those of the stream fish producing them. This results both from
differing survival rates among downstream stream fish of diffierent
ages and the fact that many of the downstream stream fish remain in
the stream for an additional season, the percentage doing so varying
considerably with age.

That many of the fish which migrate downstream do not go to sea
in the same season, but remain in the stream until the following season,
has been noted previously and is seen clearly from Table 71. Of the
383 fish under discussion, 237 (61.9 percent) migrated to sea in the
same season, while 146 (38.1 percent) migrated in the following season.
Of the 146 fish that migrated to sea in the following season, threec made
an upstream migration and a second downstrecam migration, while the
remainder stayed in the stream below the dam, most likely in the lagoon
in the great majority of cases.

In this connection, a striking difference in behavior is to be noted
in the different age groups. Among the age 1 group, only 9 (7.8 per-
cent) had migrated in the same season and 107 (92.2 percent) had
migrated in the following scason; among the age 2 group, 196 (89.9

TABLE 70

Waddell (reek, Steelhead: Age at Initial Downsiream Migrafion of Marked Adult First Spawners and
Marked Downstream Stream Fish, All Seasons Combined

Adults Stream fish
Age feale4 e9Q qgF + 29
Num- Per- Num- Per- Num- Per- Num- Per-
ber centage ber centage ber centage ber contage
(¢} - 1 0.5 1 0.3 3,820 30.1
43 23.0 73 37.2 116 30.3 4,811 38.0
124 66.3 96 49.0 220 57.4 3,793 29.9
19 10.2 26 13.3 45 11.8 249 2.0
1 0.5 0 - 1 0.3 6 +
Totals_ ... ___.___. 187 -- 196 - 383 . I 12,679 -
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ercent) had migrated in the same season and only 24 (10.1 percent)
in the following scason; among the age 3 group. 31 (638.9 perecent) had
migrated in the same season and 14 (31.1 percent) in the following
$eason.

This sequence, but not order of magnitude, is also true for each sex.
Among the males, 136 (72.7 percent) had migrated to sea in the same
season and 51 (27.3 percent) in the following season, while among the
females 101 (51.5 percent) had migrated in the same season and 95
(48.5 pereent) in the following. Thus, a greater proportion of the fish
had migrated to sea in the same season following their initial down-
gtream migration amoeng the females than among the males. Among the
age 1 group, 9.3 percent of the males and 6.8 percent of the females
had migrated in the same season and 90.7 percent of the males and
93.2 percent of the females in the following; among the age 2 group,
93.5 percent of the males and 83.3 pevcent of the females had migrated
in the same season and 6.5 pereent of the males and 16.7 percent of
the females in the following ; among the age 3 group, 78.9 percent of
the males and 61.5 percent of the females had migrated in the same
season and 21.1 peveent of the males and 38.5 percent of the females
in the following. It is seen, then, that within each group a greater pro-
portion of the females than of the males had migrated in the following
season.

Any definite quantitative explanation of the relation between down-
stream migration and actual entry info the ocean would involve data
regarding the actual or proportionate numbers of marked downstream
migrants that went to sea during the same season and during the fol-
lowing season, respectively. Such data are not available, and we know
only the numbers that survived out of unknown numbers of such fish.

TABLE 71

Waddell Creek, Steelhead: Comparison of Fish Migrating fo Sea in the Sezson of Their Initial Dowastream
Migration With Those Migrating in the Following Season, Among Marked
Adult First Spawners, All Seasons (ombined

|
gaq QQ : I+ 99
Season of
migration
* > _ ereent- > -
to sea Number Percent Number Pereent Number Percent
age age age
FeL Same____.____ 0 - a 0.0 0 0.0
Following __ . 0 - 1 100.0 1 100.0
) PR Same______._ 4 9.3 3 6.8 9 7.8
Following _ _ _ 39 90.7 68 3.2 107 92.2
2 Same___.___. 116 93.5 80 88.3 196 89.9
Following____ 8 6.5 16 16.7 24 10.1
L Same___.___. 15 78.9 16 61.5 31 68.9
Following _ _ __ 4 1.1 10 38.5 14 31.1
. Same.__..._.. 1 100.0 0 - 1 100.0
Following_ _ __ 0 0.0 0 - 0 0.0
Totals.__|.____.._____._. 187 . 106 - 383 -

L] : PEY . .
In relation to season of initial downstream migration.
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However, it might be pointed out that the same results could be oh.
tained whether the numbers of fish whieh went to sea in the season of
their initial downstream migration and in the following season, respee-
tively, were proportionate to the representation of the two eategories
among the adult first spawners, or greatly out of proportion to them,
If they were proportionate to them, it necessarily means that after the
fish within each age group had made their initial downstream migra.
tion the rate of mortality was the same in the fish that went to sea
in the same season as in those that went to sea in the following season,
On the other hand, if, for example, equal numbers of age 1 wroup
downstream migrants migrated to sea in the same season and in the
following season, but the ocean mortality was mueh greater than the
freshwater mortality, there would be a much higher survival of the
fish that migrated to sea in the scason following their downstream
migration, with results among the adults corresponding to those ob-
tained. At the same time, among the age 2 group, many more fish
might migrate to sea in the same season than in the following scason,
with results again corresponding to those obtained, despite higher ocean
mortality.

Whatever the proportions of these categories among the downstream
migrants, it is probable that the great majority of the fish in the age
1 and 2 groups are sexually immature and that their behavior in regard
to time of migration to sea is not governed by sexual development. It is
possible that the fish of the age 1 group have a strong tendency to
remain in the lower stream and lagoon in order to make use of the
extremely favorable growing conditions to be found there, while the
fish of the age 2 group, having reached a size at which they can most
favorably make use of the growing conditions (including kind and size
of food) to be found in the ocean, migrate to sea in the season of their
downstream migration. The shift back to a higher percentage remain-
ing for another season among the age 3 group might then be accounted
for by the attainment of sexual maturity among a greater percentage of
this group than of the age 1 and 2 groups. A different approach to this
phase of the discussion, one that would lay the stress on the funda-
mental biology of the species rather than on the environmental condi-
tions, would be to say that it is in the nature of the species to migrate
to sea as age 2 group fish and that deviations from such behavior occur
only when either environmental conditions (favorable ov unfavorable)
or sexnal development are strong enough to overbalance the funda-
mental behavior pattern. To a greater or less extent, this is probably
what happens. When population pressure or other ecological factors
eause some of the fish to migrate downstream as age 1 group fish, these
fish still have a strong tendeney to remain in fresh water into the fol-
lowing season, conforming to their fundamental behavior pattern, while
those that migrate downstream as age 2 group fish have a strong tend-
ency to migrate to sea during the same season.

The fact that among the downstream migrants the age 1 and 2 groups
form by far the largest age groups, combined with the fact that the
great majority of the age 1 group probably remain in fresh water until
the following season, while the great majority of the age 2 group prob-
ably migrate to sea in the same season, results, of course, in the fact
that the great majority of the downstream migrants migrate to sea as
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TABLE 72
Waddell (reek, Sieelhead: Marked Fish Returning (as First Spawners), All Brood Years Combined

Returning as adults

-
Ageat on o 99 EEERY
i 2
Number Percentage Number Percentage Number Percentage
......... [} 0.0 0 0.0 0 0.0
= B 4 2.1 6 3.1 10 2.6
- 155 82.9 148 73.5 303 79.1
. 23 12.3 32 16.3 55 14.4
o 5 2.7 10 5.1 15 3.9
Totals. .- -- 187 - 196 - 383 -

e

fish of the age 2 group. This is shown in Table 72, from which 1t 1s
seer: that of the 383 fish under disemssion, 303 (79.1 percent) had
migrated to sea as fish of the age 2 group, 99 (14.4 percent) as fish
of the age 3 group, 15 (3.9 percent) as fish of the age'il group, and
10 (2.6 percent) as fish of the age 1 group. In examining these per-
centages and others previously noted, it must constantly be kept In
mind that the discussion deals with percentages among returning
adults, and that these percentages did not necessarily prevail among
the downstream marked migrants. This point has often been over-
looked or not sufficiently stressed by various investigators who have
discussed age at time of migration among salmonids. The same sequence
and approximate ovder of magnitude for the different age groups
migrating to sea prevails in the two sexes, although there may be a
somewhat greater tendency for females to remain longer in fresh water.

A comparison of Table 69 (probable age as downstream pngrant)
with Table 72 (age at entry into ocean) shows strikingly the differences
in the representation of the different age groups in these two groups.
Although the age 2 group Is dominant in both cases, it is much stronger
among the latter group. The age 1 eroup represents 30.3 percent of
the former group, but slumps to only 2.6 percent in the latter omne.
These examples show very clearlv how casy it would be to reach
erroneous conclusions regarding survival by considering the down-
stream migrants to be equivalent to seaward migrants.

Table 73 shows the number of fish in each life history category among
the 383 marked adult first spawners. It is seen that the 2/1 fish pre-
dominate (47.8 percent), followed strongly by the 2/2 group (311
percent). The other categories are represented as follows: 3/1 (9.7 per-
cent), 3/2 (4.7 percent), 4/1 (2.3 percent), 1/2 (1.8 percent), 4/2
(1.6 percent), 1/1 (0.8 percent), and 9/3 (0.3 percent). It is to be
noted that in both males and females the life history categories occur
in the same sequence, but not in the same magnitude. In the 2/1 group
the males predominate, while in all other categories of importance the
females predominate. These sexual differences, borne out by the much
more extensive data for all first spawners, shown in Table 28, mean
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TABLE 73 o
+ | —=2=eviy
Waddell Creek, Steelhead: Marked Fish Returning (as First Spawners), by Lite History % ’
Categories, All Seasons Combined R T
o o = o STt
Number returning as adults _E ®
[
Age as a
returning J ° g+ @ § o — oM g
adult —— ; P 3
o N } y-1
Number OI':ll;rk“{ Numnber Oxrrzl‘(:lrkuf Number l’crccntugu[ O'::I“‘-‘]"knf §
I - ‘i--»_._\ &
4
1 S 2 8 3 0.8 S =
3 3 4 G 7 1.8 6 = e g
105 ] T(S 1 183 7.8 1 _g = g SHZHS S
0 . ) . 0 - . 2
PN 2 70 2 119 31.1 2 £ £ | o e -
18 i 3 19 3 37 0.7 3 s g
1 8 0 -- 1 0.3 9 = 2 L e S —
5 4 13 4 18 4.7 1 S 2
3 5 6 5 % 2.3 5 2 _2‘5 :
> E ) : B - o
- ! ‘ mman e b
0 - ] _ ,:c: 4 % SIS ==2 ; :' ;
— s e e e T T T T T - - ™y ! :
Totals._.----- 187 . 196 .- 383 - .. S ; .
& E| o | 2eg=v a
= = I
that the mnales on the average mature at an earlier total age (fresh- - ; j
water and ocean vears combined) than the females, as is shown more el B GERTS R
clearly in Table 74 The data for marked first spawners are 1m general w E i
agreement with those for all fivst spawners checked upstream through z 2 B . i
¢ S &2 cmame
the trap (Table 28). = Zig 5352 R
- . . = 8 A
Table 74 shows the total age at maturity among the 383 fish under & Py g
discussion. It is seen that 190 (49.6 percent) or about one-half matured 3 B i =
= : - La e z
at 3 vears of age. 156 (40.7 percent) or approximately two-fifths at E = SE | ngmEni2 s
N - - = o Sror~— oo =
4.98 (7.3 percent) at 5, 6 (1.6 percent) at 6, and 3 (0.8 percent) at 2. = El s { i3
The sequence is somewhat different in the two sexes. Among the males 2 ;, o ! 2
the ages occur in the following sequence: 3 (57.8 percent), 4 (358 = o + ZEERNRG L=
percent), 5 (4.8 pereent), 6 (1.1 percent), and 2 (0.5 percent). Among = g : Z
2 = 3 =
@ s £
TABLE 74 & : o z
. . . . S = z
Waddell Creek, Steelhead: Marked Fish Returning (as First Spawners), by Ages, All Seasons Combined = g s
= Z " £
Returning as adults H
Age as . %
returning g ? g+ ? £ 5% =
adult - — 2z g x
Number Percentage Number Pereentage Number Percentase R ;
— — % Easea b | g
G [P Py ] ' =
1 1 0.5 2 1.0 3 0.8 = —L~L~‘5—L~L| : -
108 57.8 82 41.8 190 49.6 AR ]2
67 35.8 86 45.4 156 40.7 e H
0 4.8 19 9.7 28 7.3 _— [
2 1.1 4 2.0 6 1.6 o£ A
Y -- 0 -- -- -- g% foone 2 | =
— o — gz 27 ‘;.’ :é‘ T3 E
= o e~ =
Totals___.___ 187 .- 196 - 383 . -- o foggs & :




Waddell Creek, Steelhead: Secondary Survival of Marked Fish, by Seasons

TABLE 76

Fée

Survival Survival Survival
Number Number Number
. marked marked ¢ i marked
Brood year Mark* age Per. age ; i | Per- ate Per-
+ J Q [+ @ cent- 1t 4 Q id'+ @ cent- 21 o4 e {d'+ Q| cent-
age l age age
|
! 4
1029-30. v eieam it
. - .- - - .- - . .- .- .- - - .- .- o]
1930-31 2 e caceaeieeeeean =
-
1981-32 oo =
-- - . . - - .- .. - . 1,652 | 57 38 95 | 5.8 &
. .- .- - -- .- - . - . . .- .- .- .- =
| Z
1032-33. Loiomiiiianes z
- -- - .- .- 687 1 2 3 0.4 - - - .- - .
- . .. .. - - .- .. - . 470 { 19 17 36 (7.9 =
1033-34. o eeiaae
3
- . .. - .. 507 1 7 8 1.6 - - . .. .
- RN R I - D Y O g0 24 | 18 | 42 | 5.1
1034435 - o oo |
_ - .- .- 48U | 1L | 15 1 26 j1s s IO R RO B
.- - e ) -- .- . } .- 413 14 11 25 8.6
Ad-Both I' __j .. - .. PO ’ - .- ! S - 4. .- - / .
Ad-LP. ... | .- .. .. .. - - .. - } J - - .- - ..
— ———
w - I L146 | 19 27 | 46 \ 4.2 B A T
J__, - - .- PO - ) U C T R - Lo .- -
@ .- - -- .- . .- J U A R 104 | 10 11 21
£ | :
5 i ! 1
142 | . .. . .- .. B .- .- .. .- %
- U U RO 088 | 10 | 22 ! 32 1302 - JURE AR B 2
: | ; &
108738 i ei e ; : | T
Ad-LP. ... 1,945 | .. 1 1 . .- IO PR B, .- - . . .. =
! ! ] - =
TOtalS e e o e e [ 3,820 | .. 1 1 .- 4,811 | 43 ‘ 73, 116 1L 3,703 { 124 096 | 220 .- z
i -
Percentage survival ...l ...___.._. - - - -- + - B .- - - . |58 z
'J_.
=
F_,‘
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TABLE 76—Continued

Waddell Creek, Steethead: Secondary Survival of Marked Fish, by Seasons

Survival Survival Survival
Number Number
| om o marked marked } ; Total
Brood year Mark* age Per- age i " Per- number Per-
3 & Q d+ 91 cent- 4t ed ? 19+ ) cent- marked s Q &+ ¢! cent-
nge ! | age age
. i
1928-30 - o eanes i 2 .- . .. 10.09
Ad-RP..__._. .- .- .- .- .- 2 .- .- - o .- .- .- dee
10830-31 e e e 111 8 11 19 !17.17[
Ad-RP.....__ 110 7 1t 18 116.4 - _- - - .- - . - P R
Ad-LP.___... - -- .- .- -- 1 1 -- 1 {100.0 - . - -- .-
1981-32. i 1682 | 60 | 30 | 110 !6.59
Ad-RP. .- .- - - .- - -- . = -- .- = - .- -
Ad-LP. 27 3 124 15 [55.6 - - - .- - - - -- . .-
Both P______. - -- .- - - 3 - .- . . -- .- .- -- .-
1932-33. -ecoecceon oL , 1245 {27 | 23 | 30 |4.08
Ad-RP. .. .- . . .. - . .- .- .- .- .- - IO
Ad-LP.._._.. . . .- . .- .- .- .- - .- .- - .- PO
Ad-Both P ... .- - - .- .- - . -- . .- —- —- -- PR
Both P__.._.. 88| 7 30 w0 (14 . I B N - U O R
Lkt R DU a4 25 | 25 | os0 | 3.7§
Ad-RP. .- . . .- - .- .- .- . . . . . R .
Ad-LP..__... -. .- . .- .- .- .- - . .- .- .- .- .- .-
Ad-Both P . - .- - .- - .- .- .. .- . - .- . I
Both P..._._. .- .- - - - .- .- .. . .- - - .- P
Ad-RP....__. 9 .- .- —- -- -- .- .- . —- .- .- .- P
;
i
LT R FO . ! | ngw | 2r (26 | 83272
Ad-LP. . - .- .- .- - PO B - v | . .- .- U
Both . R .- - .- - ) e I .- .- . O
Ad-RP___ ) o - . o R o I O .. o I
Ad-Both . .- - . - . .- .- } . | - .- -
Ad-LP... 15 2 -- 3 - P e . [ . i o
| 2,274 \ 30 38 68 3.04
\ - - - — . -
2,130 10 22 32 1.59
1,945 | . 1 1 +1
Totals. i |eeiiiaiaeaoaa 249 19 26 45 - [} 1 - 1 - 12,679 | 187 196 383 -
Percentage survival _._|. .. .o _.. - . —- -- [18.1 - . - _. 6.7 - - _— _— 3.0

* Final mn;'k given.
1 Age at time of first marking.

1 One of these marked Ad-Both P (must be ervor; thought to have been 4/1 adult marked downstream in both 1934-35 and 1933-36 and first migrating downstream at age 3).

§ Complete.

2 Complete except for minor age combinations.

{ Tncomplete.
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TABLE 77

Waddell Creek, Steclhead: Marked Fish Returning (as First Spawners), by Season of Marking and Age

Marked fish by ages
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returns for the last marking, that of 1937-38, were complsate, singe the
upstream trap was operated for four seasons following. This analysig
indicates that probably in most California coastal streams in whiej, it
is desired to carry out marking of stream juvenile steclhead and Secure
survival rates in terms of returning first-spawning, sea-run adultg
returns should be sought for three-seasons following season of markiy,
but need not be watched for beyond that. For each marking fewer ﬁsb};
have returned in the third season following marking than in eithe,
the first or second scason. With the exception of the 1933-34 markine
for which the largest number returned in the first season, the large:{
number of fish have returned in the second season following markine
From the marking of 1934-35, which yielded the greatest returns, 26?2'
percent of the fish returned in the fivst season, 57.3 percent in tle
second season, and 16.4 pereent in the third, while from the markine
of 1937-38, which yielded the smallest returns, 23.2 pereent returnea
in the first scason, 643 peveent in the second, and 12.5 percent in the
third. Thus, it is seen that the patftern of return is mueh the same for
the returns from the two markings which exhibited the greatest (if.
ference in rate of survival.

A comparison of Table 76 with Table 20 for the silver salmon seems
to indieate basic similarities as regards survival. The average return
from the number marked at the same age (1) is much the same for
hoth species (2.4 perecent for steelhead and 2.3 percent for silver sal-
mon). Although an inverse correlation between the number of fish
marked and the number returning does not follow in sequence through
the five years for the silver salmon, as it does in the case of the steel-
head, it is still true that the lowest return was obtained from the
largest number marked and the seeond highest return from the smallest
number marked. When survival is based on the estimated total number
of downstream migrants, including both marked and unmarked fish, it
is seen (Table 22) that an inverse correlation does exist for the four
vears for which data are available. In other words, it appears that in
the silver salmon the number of fish marked is roughly correlated with
the total downstrecam migration, that the number of adults returning
has a f7ue relationship (inverse correlation) to the number in the down-
stream migration, and that this relationship (inverse correlation) exists
between the number of marked downstream migrants and the number
of marked adults returning only to the extent that the marked down-
stream migrants form a portion of the total downstream migration. (A
possible explanation of the inverse correlation has already been given.)
In the case of the silver salmon the situation is easier to analyze than
in the case of the steelhead, since the downstream migrants (except
for a few unmarked fish of the season) in the former are all of one
age class and all migrate to sea in the same season that they migrate
downstream. Thus, the mark given represents not only the season of
marking but also the age class. In the case of the steelhead, as we have
seen, several age classes migrate down during one season and are given
the same mark and, conversely, fish of the same age class migrate
down in different seasons and are given different marks. Furthermore,
a large number of the downstream migrants do not migrate to sea until
the following season, and some migrate upstream and make a second
downstream migration. In the case of the steelhead, when an estimate
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.. made of the total downstream migration 1t is found that an inverse
- ‘htion does exist between the number of dowunstream migrants and
corri:mber of returning adults, with certain vaviations. Tt is also found
tt{ll:tl the number of fish marked is roughly corrclatgd wit_h the total
lownstream migration, which aceounts for the approximate mverse cor-
¢ Jation found between the number of fish marked and the number of
lea?'\l(ed adults returning. The variations just mentioned which occur
:1:1 the case of the steclhead are broug-ht_ abou’f. l__)y the varying propor-
tions of age classes, and consequently sizes of fish, in the total down-
ctreame migrations of different seasons. In other words, the phenomenon
of inverse correlation of number of fish in the downstream migration
to the number of adults returning operates, but is modified by the size
composition of the downstream migration. Now, the size composition
of the fish marked on the downstream migration 1s not identical with
the size composition of the total downstream migration, and so some
variation in the degree of inverse correlation may be e:\'pegted in the
two eroups. The fact that a rough inverse correlation qoes qxxst between
the number of fish marked on the downstream migration and the
qumber of marked fish rveturning indieates (1) that there is a rough
correlation between the number of fish marked and the total down-
stream migration, (2) that there is a rough correlation between the
size-age composition of the fish marked downs