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the greater the numbers, the greater proportionately are the inroads
made by predators. If it is a generally operative principle, it is un-
doubtedly modified by the age composition of the migration to sea,
and the latter probably exercises a greater influence than does the
number of fish. In general, it appears that survival to various stages
of life history follows essentially the same pattern in the various species
of trout and salmon and that usually loeal conditions (amount of
silting, character of bottom, size of spawning run, and spawning runs
of other species of salmonids present) play a more important role than
do the factors peculiar to the species involved.

So far, the discussion of survival has dealt only with primary sur-
vival, i.e., survival to first spawning. It is also of interest and practical
significance in fisheries management to consider secondary survival, i.e.,
survival following spawning. Here again we shall deal with survival
;;monag(‘ sea-run fish, since it is only for them that we have quantitative
data.=®

From a viewpoint of fisheries management, we desire to know what
percentage of sea-run steelhead survive to spawn more than once under
normal and optimum conditions, in order to know what efforts should
be expended to enable spent adults to reach the sea. If the number of
fish that would return to spawn for a second time or more is suffi-
ciently large to warrant such efforts, they could be directed toward
(1) greater protection of spent fish in the streams, by (a) maintenance
of flow and screening of diversions in streams in which diversions and
dams exist, (b) proteetion against predators, and (e) legislation, and
(2) greater protection by more careful handling at egg collecting
stations.

From Table 57 it is seen that the percentage of fish returning to
spawn for a second time or more varies considerably from season to sea-
son. Among the fish taken in the upstream trap, it has varied from 2.6
(1934-35) to 24.6 (1937-38) percent for the males and from 5.1 (1934-
35) to 34.4 (1941-42) percent for the females. Averages for the nine
years are 13.9 percent for males, 20.0 percent for females, and 17.1
percent for males and females combined. In other words, in the spawn-
ing run approximately one fish in seven among the males, one fish in five
among the females, and one fish in six among males and females com-
bined is returning to spawn for a second time or more. The percentage
of females returning to spawn for a second time or more is higher than
that of the males in seven out of the nine years, so the higher secondary
survival among females is apparently real (the sex ratio among the
first spawners has been shown to be approximately 1:1). At first
thought, this may appear to be somewhat surprising, since it might be
expected that the spawning and redd building act would be harder on
the fermnales than the males and since among the first spawners the
males on the average are younger than the females. However, the males
are believed to serve more than one female and so in the end not only
exhaust themselves more but also remain in the stream longer, thus
lessening their chances of survival. At least theoretically, an excess of
males over females in a given season, including repeat spawners, should
;‘—m of various stream fish examined at Waddell Creek, including both upstream

and downstream migrants, show that some of them spawn more than aone time,
but no attempt has been made to analyze these data.
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inerease the number of male repeat spawners in the following season,
and a reverse situation shonld have the reverse effect. At Waddell
Creek, the difference in sex ratio in any season probably has not been
oreat enough to prove this theory, if it is true. In support of this
theory, it might be pointed out that the two seasons of greatest excess
of females over males (1933-34 and 1938-39) were followed by seasons
in which the lowest percentages of repeat spawners were obtained
among the males, and that the one season of marked excess of males over
females (1940-41) was followed by the second highest percentage of
repeat spawners among the males. At the same time, it will be noted
that the 1934-35 and 1939-40 seasons were also the ones with the Jowest
percentages of female repeat spawners, and that general seasons
with a high percentage of repeat spawners for one sex are also seasons
with a high percentage of repeat spawners for the other sex, and that
seasons with a low percentage of repeat spawners for one sex are also
seasons with a low percentage of repeat spawners for the other sex. It
appears, then, that environmental conditions existing at the time of
first spawning, or occurring between the time of first spawning and
second spawning, exercise a greater inﬁuepce 'than does the sex ratio
at first spawning, although the sex ratio, in line with the theory ad-
vanced, may be a contributing factor. )

What are the factors that have caused poor or good survival of first
spawners at Waddell Creek, where fishing and diversions of water have
played no part or at most a very minor role? A plausible .explanatlon
is readily found for the two low survivals. In 1933-34 the disease called
furunculosis was extremely severe, and may well have accounted for
ihe small number of repeat spawners in the following season. In 1938-39
the precipitation was light and water conditions very poor, and these
conditions may well have resulted in the small number of repeat
spawners in the following season.

Pathology
Diseases

The occurrence of disease among trout and salmon under naturall and
artificial conditions was discussed in the comparable section on silver
salmon (pages 101-102).

Some mortality, especially among adults, las resulted at Waddell

Oreek during the course of the experiments from some form or strain
of furunculosis, which is caused by a bacterinm, Bacillus salmonicida.
J. H. Wales of the department made cultures of the bacteria from
kidney blood of dead and dying adult steelhead in Waddell Creek in
February and April, 1934. Frederic Fish of the U. S. Fish and Wildlife
Service also examined adults at Waddell Creek and tentatively con-
firmed the identification of the disease. Although the symptoms caused
by the disease at Waddell Creek are not entire;ly typical of those
present among salmonids in the British Isles, it appears that the
disease organism is at least closely allied to the form found there, and
so will be referred to as ‘‘furunculosis’ in the present paper.
Furunculosis as manifested at Waddell Creek is not evident among
the adult steelhead in the early fish, but appears around February or
March, perhaps associated with higher water temperatures. Some of the
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fish show boils and lesions along the sides of the body, and bleeding at
the vent, while others die without exhibiting external signs of the
disease. The kidneys have an abnormal appearance in most of the fish
examined.

As stated previously, the relationship of the form of furunculosis
present in Waddell Creek to that found in the British Isles, and also
to other strains along the Pacific Coast, is not yet entirely clear. Neither
is it known whether the disease is indigenous to the Pacific Coast or was
introduced from some other area. Snyder (1914) noted that ‘‘The dead
bodies of large steelhcads were occasionally seen in Uvas, Arroyo Seco,
the Nacimiento Creeks’’ (tributaries of the Pajaro and Salinas rivers,
tributary to Monterey Bay), but the ecause of death is not known. Out-
breaks of the disease oceurred regularly in the steelhead held in the
tanks at the Scott Creek Egg Collecting Station at least since the
spring of 1932, appearing about the same time as at Waddell Creek.

Wales and Berrian (1937) found that fingerlings of Scott Creck
steelhead and silver salmon, Klamath River steelhead, eastern brook
trout from Mt. Whitney Hatechery, and brown trout from Mt. Shasta
Hatchery were all susceptible to one strain of furunculosis (from
eastern brook trout from Mt. Shasta Hatchery). This strain was intro-
duced into the food of these fish, which were held together in a pond
at the Big Creek Hatchery, on August 14, 1936. During the course of
the disease, which ran approximately 70 days, the losses ranged from
98 percent for the eastern brook trout to 50 percent for the brown trout.
Although the different lots were not equally susceptible, the authors
correetly point out that differences due to age, fin rot, or some other
predisposing influence may have played a part.

At Waddell Creek many of the adults have succeeded in spawning
before succumbing to furunenlosis, but some mortality has oceurred
among unspawned steelhead, particularly during the 1933-34 season,
when 161 dead adults in all were found. It is estimated that 17 females
died without spawning during this season. In all other seasons mor-
tality is believed to have been very much less, although variations in
water conditions prevented uniformity in searching for fish. Estimates
of the numbers which died without spawning or spawned only par-

. tially were made for each season and considered in calculating ecg

production and survival.

Abnormal mortality among adnlts, such as that caused by furuncu-
losis in 1933-34, of course results in abnormally low numbers of repeat
spawners in subsequent seasons. Thus, in 1934-35 the number of repeat
spawners was the lowest on record, a further indication that mortality
in 1933-34 was correctly assessed as being the heaviest during the
course of the experiments.

The extent of losses from furunculosis among the stream steelhead
is not known exactly, but is not believed to have been nearly as severe
as among adults. Observations on the stream have not shown large
numbers dead in the stream at any time. Only occasional fish among
the downstream migrants have possessed red spots on the body
(usually at the bases of the fins) or shown other external signs of
disease. Particularly in 1933-34 many of the downstream fish bled
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abnormally when a pectoral fin was dlipped off in marking; it 1S Pos-
sible that furunculosis played a part in this, but this is not known
definitely. .

It was pointed out in the comparable section on silver salmon that
during the 1933-34 season an abnormally large number of dead fish,
including juvenile silver salmon, adult and stream steelhead, squlpms,
and sticklebacks, were found, but that absence of external signs of
Jisease or injury made assessment of mortality to different causes
very difficult. It was also noted that during the same season an ab-
normally large number of other animals, mostly rodents, was found
dead in the stream, but that their relation to the dead fish was not
known. )

Fungus (Saprolegnia parasitica) is present in all or practically all
trout and salmon streams; it is a secondary infection which gains a
foothold on breaks in the skin caused by mechanical injury or disease.
Under normal conditions it does not cause much damage to salmonids
in their natural environment. )

As a rule many of the downstream migrants, especially yearhngs
and older fish, possess from a few to many eyvsts under the .skln on the
sides of the body, but otherwise appear to be in good condition. These
eysts, which appear in the form of blackish spots, are formed by
encvsted strigeid larvae (Trematoda).

The upstream stream steelhead also not infrequeptly possess cysts.
For example, in 1934-35 ont of 28 upstream fish examined (Deceplber 3-
February 23, size range 93-254 mm.) 19 possessed cysts, especially on
the caudal fin. ’

Freshwater copepods are found attached to many of the downstream
migrants, but apparently cause 10 serious damage. Apparently these
copepods are specific, being found much more frequently on the steel-
head than on the salmon migrating downstream at the same time. The
species found in Waddell Creek has been identified as Salnmw_ola cali-
forniensis Dana by Charles B. Wilson. Tn the stream fish it is found
most commonly attached to the bases of the fins, especially the pec-
torals and dorsal. Occasional specimens may be found 'attached to
almost any part of the fish, including the ventrals, adipose, head,
hranchiostegal membranes, and gills. Usually not more than one or
1wo are found on a fish. On adults which have remained in the stream
for some time following spawning, copepods may be found in much
larger numbers. Steelhead which have summered over in Waddell
Creek have been found with eopepods swarming in the mouth and on
the gills. Their prevalence in the mouths of such fish evidently results
from the cessation of feeding by the fish. Circumstantial evidence 1s
strong that these copepods die when the fish reach salt water, since
no adult steelhead (or salmon) returning from the ocean with these
parasites have been encountered. Another species of freshwater cope-
pod, Salmincola falculata, has been taken from an adult steelhead
from Shackleford Creek, tributary of Scott River, in Northern Cali-
fornia (identification by Charles B. Wilson). _ )

Marine copepods (‘‘sea lice’’) probably occur on adult fish entering
the stream, but have never been found on any of the fish by the time
that they have reached the dam.
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Nematodes (unideutified) were sometimes extruded along with egos
from adults during the course of spawning operations at the Seoty
Creek Egg Collecting Station. These probably also occur in the fish at
Waddell Creek, but have not been recovded from there. They are not
known to do particular damage to the fish.

Discases or parasites other than those noted above bave not been
observed in the steelhead at Waddell Creek, but have been noted among
fish in other California coastal streams, particularly in association
with unfavorable enviroumental conditions. For example, during pevi-
ods of exceptionally hot weather (water temperatures reaching 80-83
degrees F.) mass mortality of varying severity occurs almost every
yvear among the juvenile steelhead in portions of the Eel River system
in Northern California. Many of the affected young steelhead turn a
pale yellow, due to loss of black pigment, and stand out clearly in the
water. Parasites commonly found on these fish are the following four
(identifications by J. FI. Wales): Iehthyoptherius sp.; bacterium iun
the moutly (not identified); fin rot (one or more bacteria, not identi-
fied) ; and ZLernaca sp. (anchor parasite). Losses occurring in July,
1938, were particularly severe and were described in detail by Wales
(1938). It is of interest that furunculosis has not been observed in
connection with these outbreaks.

Two other instances of Lernace attacking Salmo gairdneri in natural
waters or reservoirs in California are known to the present writers.
In July, 1943, C. E. Holladay and the writer collected infested speci-
mens at the head of Stevens Creek Reservoir, Santa Clara County.
Previously A. C. Taft had observed Lernaea to be common on trout i
Little Rock Reservoir, Lios Angeles County. (The parasite attacks
many other species of fishes in natural waters in California.)

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

As in the adult silver salmon, fish that were blind or partially blind
in one or both eyes, as evidenced by opaqueness of the eye, were fairly
common among the adult steelhead but were met with only rarvely
among the juveniles. Consideration is here given only to fish in which
no mechanical injury to the eye was apparent. The writers believe
that such opaqueness often, if not usually, is the result of fish seraping
the eye after entering fresh water, c.g., in leaping falls, passing through
log jams, spawning, or being handled in nets at traps. This condition
has been noted frequently at various egg collecting stations, especially
when the fish had been handled in dip nets made of seine material
with prominent knots. _

The records at Waddell Creek indicate that the diseases encoun-
tered, including the external parasites, have not been associated with
size of fish, within an age class.

At Waddell Creek there has been no known loss of steelhead because
of high temperatures or lack of oxygen.

Teratology

Deformities are rare among trout and salmon in their natural en-
vironment, and this general rule has held good at Waddell Creek. Of
particular interest are abnormalities of the fins, because of their rela-
tion to marking programs.
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Although abnormal or naturally missing fins were watched for in all
seasons among the downstream 11\1g1'a11t§, it is possible that a few were
missed. No fish with fins completely missing were recorded, however,
and only on rare occasion one with an .at.roplned or partially missing
fin. The oceurrence of salmonids with missing fins in other streams and
the relation of naturally missing fins to marking programs has been
discussed in the comparable section on silver salmon.

The oceurrence of missing and deformed fins among adult fish was
somewhat greater than among juveniles, principally due to injuries to
these fins that had taken place at sea. Several fish with the adipose or
other single fins missing were encountered. Since n each case the pos-
sibility existed that the fish was one in which ano?her fin had been
missed in the course of marking at Waddell orﬁcott cre'eks, or a
hatchery fish whose fin had been destroyed b\ disease (this applies
particularly to the dorsal being destroyed by Gyrodactylus or fin rot)
or bitten off by another fish, no record of such fish is presented in this
paper, . S |

Deformities of the body, like abnormalities in the fins, are rare among
suimonids in their natural environment. Occasionally steelhqad \\"lth
deformed upper or lower jaws have been taken among the juveniles
and the adults. Trout with various deformities ave much more common
among hatchery fish, but such fish rarely survive to return as sea-1un
spawners.

Food

One of the greatest difficulties in analyzing the food of steelhead in
coastal streams lies in the faet that usually the nvestigator is not able
to distinguish individuals of sea-run stock from those of resident stock.
Tayll (1942), studying steelhead,? Cutthroat Trout (Salmo cl(g'kz),
and brown trout 25.4-50.8 em. (10-20 inches) long in the Cowichan
River, British Columbia, found that fish formed an insignificant pro-
portion of the food of the steelhead, but were an important @tem in the
food of the brown trout and an exceedingly important item in the food
of the cutthroat trout. Among the fish of the size listed, individuals
consuming fish were as follows: of 104 steelhead. 4 (3.8 percent) ; of 37
cutthroat trout, 29 (78.3 percent); and of 67 brown trout, 39 (h84

;The author lists these fish by the scientific name “Salmno gairdneri,” but by the
common name “rainbow trout”.

TABLE 82
Waddell Creek, Steelhead: Foods Consumed by 22 Stream Fish *
Total Percentage
Class of food number . of

present total
Trichoptera (Caddisflies) - - - .- _.._ 537 50.5
Diptera (True flies) ____.___ . 4(_)0 3(_5?
Hemiptera (True bugs) - . :_)6 :.8
Coleoptera (Beetles) . -« - oo — o cvcaeenan-- I, 53 1.8
Hymenoptera (Ants, bees, wasps) 13 12
MiSCOIMANEOUS - - - o o o o e e mmmmmmm e mmeeeoeooas 23 2

Total o o e e e et wmmmmmmmm e m e 1,102

* Taken August 9, 19, 1933. Average length, 4 inches; maximum, 6.9 inches: minimum. 2.6 inches.
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percent). If such differences exist between species and are significant,
the possibility exists that differences, although perhaps of not equal
magnitude, also exist between migratory and nonmigratory races or
strains of steelhead in the same stream. In the present state of our
knowledge it is necessary to consider foods eaten by fish listed as Salmo
gairdneri by the authors on an equal basis, unless the author specifically
notes that the fish which he studied were nonmigratory.

Several data on the food of steelhead in Waddell Creek are available.

Table 82 is based on data from Needham (1934a).

Of the 557 caddisflies eaten, only one was eaten in the adult stage,
at the surface of the water. All the rest were taken as larvae or pupae
below the water surface, where they normally live in their immature
stages. :

Shepherd (1928) found that 5
eaten the items listed in Table 83.

It will be seen from this table that caddisflies, as in the case of
the fish cited by Needham, form the dominant food. Of the 1,615
caddisflies eaten, all but two were in the larval stage. It is of interest
that T1 percent of all the inseects found in the 55 stomachs were larvae
belonging to the genus Notidobia, larvae living in small cornucopia-
shaped eases. As Shepherd (loc. cit.) states: ‘‘Their great abundance
may be aceounted for in the following manner: (1) The larvae have a
general distribution and are very abundant along the whole length of
Waddell Creek; (2) the larvae ave typically bottom feeders and as a
result may easily be taken into the mouths of the fishes; (3) the larvae
are protected by a type of portable ease which may easily be swallowed ;
(4) ordinarily the larvae are gregarious, feeding in groups, either in
the shallow or deep water.’’

5 steelhead from Waddell Creek had

TABLE 83
Waddell (reek, Steethead: Foods Consumed by 55 Stream Fish »
Total I’el;_centagc Pz;c:::.:[ge
Class of food number of total number
present. number of insects
of organisms (2,135)
A
Trichopters (Caddisflies)...__.________________ 1,615 43.5 75.6
Diptera (True flies)______. 393 10.6 18.4
Hemiptera (True bugs) ... 22 0.6 1.0
Homoptera (Leafhoppers)_ . _ 10 0.3 0.5
Coleoptera (Beetles)._______ 24 0.6 1.1
Plecoptera (Stoneflies) ______ 39 1.1 1.8
Ephemeroptera (Mayflies).__ 24 0.6 1.1
Odonata (Dragonflies)_____._____ 1 + +
Hymenoptera (Ants, bees, wasps) . 6 0.2 0.3
Corrodentia (Psocids)_.____________ 1 + +
Arachnida (Water mites) . 7 0.2
Isonoda (Isopods)._______ 1,046 28.0
Amphipoda (Amphipods)_.._________ "~ 424 11.4
Nemathelminthes (Roundworms) (probably parasitic) 91 2.5
Salmon eggs___.__.. e e . 35 -
Total. .. ___________ USRI 3,738

* Fish taken October 16, 1926 (2), July 2, 1927 (12), July 4, 1927 (12), December 27, 1927 (5), January
7, 1928 (10), January 8, 1928 (13), and January 9, 1928 (1), Average length, 16.9 cm.; maximum,
41.7 em.; minimum, 10.1 cm. (The 41.7 cm. fish may have heen a sea-run individual; the next largest fish
was 25.2 cm. long.)

Empty
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TABLE 84
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It will be noted that although in the case of the fish cited by Needhan
all forms other than insects formed only 2.1 percent of all items eaten
in the case of the fish cited by Shepherd isopods (pill bugs) formed
28.0 percent of all the organisms and amphipods 11.4 percent. This dif-
ference emp}]asizes the fact that conclusions regarding the food of steel-
head in a given stream must be based on adequate sampling, which
takes into account the time of year, size of fish, sexual development of
fish, locality in the stream, and method of eapture and preservation. Tn
regard to the latter point, it is not improbable that mayflies are repre-
sented in the food of the Waddell Creek steelhead much more strongly
than is indicated by Shepherd’s analysis, which is based on fish eauelt
by angling and not preserved immediately. This statement is based oy
the great abundance of mayflies at Waddell Creek and their tendency
to be digested quickly. The 35 salmon eggs were eaten by 14 fish canght
on January 7 and 8, 1928; the maximum number of eges in a single
stomach was five. Since all of these fish were canght on Tyee (salmon
egg clusters), it appears possible that at least some of the egEs were
preselc‘lved ones used for bait. Shepherd makes no statement in this
regard.

Chapman and Quistorff (1938) examined the stomach contents of 81!
steelhead 32 to 240 mm. in length collected from various portions of the
north central Columbia River drainage in 1937 (May 14 to Oectober 2)
and 1938 (May 1 to October 29). The organisms contained formed a
wide variety, comprising 11 orders of insects, two orders of arachnids,
annelid worms, crustaceans, mollusks, and fish, as well as some vegetable
matter. However, insects formed the great bulk of the foods eaten.
Among the insects, the nymphs and larvae of stoneflies, mayflics,
dragonflies, and caddisflies, ‘‘although everywhere abundant in the
streams’’, were not well represented in the stomachs. A considerable
amount of the insect food was composed of purely terrestrial forms
which had fallen into the water. Only five fish, none of which was a
salmonid, were found in the 819 stomachs, despite the abundance of
various small fishes in the streams.

The stomach contents of 27 stream steelhead taken in the upstream
trap at Waddell Creek during the 1934-35 season are listed in Table 84.

It will be seen from this table that caddisflies, as in the cases of the
fish cited by Needham and by Shepherd, were the principal food eaten
and formed over 50 percent of the items. Mayflies, which were entirely
absent from the fish talken in August, 1933, appear as the second most
numerous insects in the upstream fish, and salmon eggs (which are not
available in August) also form an ifem of some importance. The
majority of eggs eaten probably had been washed-out of the spawning
beds or dislodged from them by other spawning fish. Eggs of whatever
species of salmonids are spawning at the time are generally found in
the stomachs of various species of trouts in all parts of the world.

Idyll (loc. ¢it.) found no appreciable change in the type of food as
size of fish increased for the Cowichan River steelhead. Insects were
distinetly dominant for every size group, true flies (particularly
Simuliidae) being eaten in the greatest numbers, although caddisflies
were found in a larger number of stomachs, The foods eaten by these
fish are shown in Table 85 (Table I of Idyll).
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Idyll (loc. cit.) also presents data on the winter food of steelhead.
These data are veproduced in Table 86. Salmon eggs, mainly from
silver salmon spawnings, constituted the principal food during this
period (October to TFebruary), although inseets were still important.
No fish had been consumed.

A comparison of the data in the preceding tables indicates essential
harmony of results. Insects ave the most important summer food, caddis-
flies and true flies predominating among the aguatic foods. In some
streams and at certain times of the year mayflies and stoneflies are also
of some importance, perhaps, as noted, out of proportion to their repre-
sentation in the tables. During the winter salmonid eggs are of definite
importance. Other observations indicate additional seasonal changes,
with terrestrial organisms contributing considerably more to the diet in
the summer months than in the winter months.

The data presented in the preceding tables do not indicate other fish
to be an item of importance, but it is known that under certain condi-
tions steelhead do consume fish. Various authors have found fish to be
present in considerable quantities in the stomachs of “‘rainbow trout’’
from interior waters of the United States, particularly in larger fish. A
steelhead 165 mm. long (female), taken in the downstream trap at
Waddell Creek on December 4, 1934, contained four steelhead, 47, 53.

57, and 60 mm. long. A downstream migrant steelhead six inches long,

taken at Benbow Dam on the South Fork of Eel River, contained nine -
fry, four of which were silver salmon one to one and one-fourth inches
long, and the other five fish too digested to be identifiable. Another from
the same locality, 135 mm. long, taken on April 28, 1939, contained a
“*ymall salmon in throat.”’

It is of interest that none of the steelhead listed in this section had
eaten sculpins or sticklebacks. The present writers believe that these
fishes do not form an important part of the steelhead diet, although they
may be eaten occasionally.

The food organisms found in the lagoons of California streams are
considerably different from those found in the streams proper, and the
diet of the steelhead resident in the lagoons is also quite different.
Needham (1940) presented data on the foods consumed by 14 out of
100 vearling steelhead held in a cage (dimensions: 3 x 3 x 4 feet) in the

TABLE 86
Winter Food of Steelhead From the Upper Cowichan River, British Columbia
35 steethead (20 - 35.5 em. )
Class of food
A B C
Trichoptera (larvae, pupae, adults) . _._.____. 47 7.4 34.3
Simuliidae (larvae, pupae, adults) __....____.. 26 4.1 11.3
Chironomidae (larvae, pupae, adults). ... ...__ 10 1.6 22.7
Plecoptera (nymphs, adults).______________... 4 0.5 5.6
Arachnida__. ..o .o_. _ 3 0.4 5.6
Gastropoda.._ .. . 11 1.7 5.6
Salmonid eggs- ... - _ 529 84.0 65.6

4 = total number of organisms eaten; B — percentage of total number caten; C = percentage of stomachs eon-
taining this organism.
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middle of Waddell Creek lagoon during the spring of 1933. These are
shown in Table 87. Needham also presented data on foods present in
Waddell Creek lagoon and compared them with those eaten by the troyt
in the experimental cage. As he points out, such a comparison may not
be truly representative of foods consumed under natural conditions,
since the fish were coufined and dependent upon organisms entering
the cage. The data do show that steelhead in the lagoon will eat the
organisms indicated and make growth (0.93 inches in 91 days, February
28-May 30, 1933).

Conditions in Waddell Creek lagoon are similar to or paralleled by
conditions in lagoons of other Pacific Coast streams. The crustaceang
and fishes common in Waddell Creek lagoon, or their close relatives, are
generally distributed in brackish water along the Pacific Coast.

Studies by Needham (1934b, 1940) indicate that Waddell Creek com-
pares favorably with other streams as regards its supply of bottom
organisms. However, an expression of the adequacy of such organisms
to support a certain trout population is impossible at the present time,
for we do not fully know (1) the amount of natural foods of various
kinds required to produce a given weight of trout, (2) the amounts of
the same food organisms consumed by fishes other than trout, and (3)
the relation of so-called ‘‘available’’ or ‘‘potential’’ foods to the foods
actually consumed.

In Waddell Creek and all or practically all other salmon and trout
streams other fishes which are competitors of the salmonids are present.
Both sculpins and sticklebacks are competitors of trout. An examina-
tion of a number of sculpin stomachs at Waddell Creek has shown that
many of the food items are also caten by steelhead. Munro and Clemens
(1937) have shown the food of Cotfus asper and of Three-spined
Sticklebacks to include many items consumed by trout. Further studies
in regard to the foods consumed by sculpins and sticklebacks in com-
parison with the importance of sculpins and sticklebacks as foods for
salmonids are needed.

Evidence indicates that the composition of the foods actually eaten
by trout in a given locality may be different from that of the so-called
‘‘available’’ or ‘‘potential’’ foods (Needham, 1938, p. 142; Chapman
and Quistorft, 1938, p. 2; and others). These differences probably result
from (1) the degrec of accessibility of the different potential food
organisms and (2) selectivity practiced by the trout. Of the more im-
portant items, mayflies and stoneflies are usually represented more

TABLE 87
Foods Consumed by 14 Yearling Steelhead Held in Cage in Waddell Creek Lagoon, Spring of 1933 *
Class of food Number Percentage
Gammarus confervicolis_ _ _________ _____ .. ____..___ 122 93.8
Corophium SPIRICOTRe____ . __ e 0 0.0
Exosphaeroma oregonensis_____ . _ ____._____.._.._.___ 5 3.8
Miscellaneous.. _ ... ___ .. ... 3 2.3
Totals__ e ll- 130

* Average size of fish 3.4 inches; range 2.8 to 4.7 inches. Fish were removed for stomach examination hetween
March 1st and March 10th.
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strongly on the stream bottom than they are in the stomachs, while the
reverse is true for caddisflies. 1t is the belief of the present writers that
considerable selectivity is praeticed by steelliead in their choice of food.
The data for the three species of trout in the Cowichan River (Idyll,
loc. cit.) suggest that the fish may diseriminate among potential food
organisms and that definite selection may therefore take place.

Adult steelhead, like the Pacific salmons, do not commonly eat dur-
ing their spawning migration in fresh water. Examinations by the
writers of stomachs of steelhead from various California streams, as
well as findings by other workers (e.g., Chapman and Quistorft, 1938),
support this view.

Feeding in fresh water following spawning is not typical, but has
peen noted in the case of some Waddell Creek fish, although the
stomachs of only a few individuals have been examined. A spent male,
56 em. in length, taken in good condition in the downstream trap on
June 16, 1937, contained seven caddisfly larvae. A spent female, 49 em.
in length, taken in the downstream trap on July 10, 1937, had eaten
two steelhead, 81 and 86 mm. in length, and one silver salmon, 80 mm.
in length. A spent male, 40 cm. in length, taken in the downstream trap
on April 28, 1939, was listed as having its stomach ‘‘ full of young fish;
one tail had not yet disappeared’’; it is assumed the *‘voung fish’’ listed
by the field observer were salmonids. The stomachs of a few dead spent
adults have also been examined and found to be empty.

Very little is. known of the food of steelhead in the sea, although be-
cause of similarities in morphology it is probably not grossly different
from that of silver salmon.

Summing up, it is not improbable that throughout the life history of
the steelhead its food in its general character is similar to that of the
silver salmon : juveniles in fresh water live very largely upon insects,
both aquatic and terrestrial, smaller individuals in salt water depend
heavily upon marine invertebrates (and those in brackish water,
especially in lagoons, on brackishwater ecrustaceans), and the larger

- fish in salt water are chiefly piscivorous.

PREDATORS

Inasmuch as one of the main purposes of the Waddell Creek project
was to study a stream under as nearly as possible natural conditions,
hesitation was felt in killing suspected predators, because of the danger
of upsetting the biclogical balance. However, it is believed worth while
to make evaluations of the effects of various possible predators on the
basis of incomplete data and observations on other streams.

Predators in Fresh Water

In previous sections of this paper it was stated that tremendous losses
occurred soon after the fish had emerged from the gravel, and that
these losses were caused principally by fishes. Under normal conditions,
in Waddell Creek and other California streams the greatest numbers
of juvenile silver salmon and steelhead are probably eaten by juvenile
steelhead. Freshwater sculpins (Cottus) are probably an important
predator in most Pacific Coast streams; at Waddell Creek and prob-
ably in most other streams the species which causes the greatest damage
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is Cottus asper. During the period immediately following cmergence
from the gravel some young fish may also be caten by juvenile silver
salmon of older year classes; this has not been noted in Waddell Creek
but has been reported from another stream (Pritchard, 1936b). Other
predators on fish of such small size are limited in Waddell Creek and
most other California streams to the Dipper and to garter snakes.
Usually these two ave not sufficiently numerous to be the principal
cause of loss at this stage. A few are consumed by crayfish and giant
water bugs. : o

As the young salinon and trout grow, the percentage of loss declines,
but they become attractive as food to an increasing number of preda-
tors. When they are too large to be taken by the Dipper, the smaller
garter snakes, and many of the steelhead, they are taken in varying
amounts by fish-eating birds (kingfishers, blue herons, and others).
In some cases, striped bass may make serious inroads into the seaward
migrants. The losses caused by each of these depend upon a variety
of factors, including the size of the populations of trout and salmon
and the predators, the abundance of other foods for the predators, the
character of the stream and the particular portion of the stream, and
climatic and water conditions. Some of the predators are able to secure
fish in appreciable quantities only when the latter are confined to
drying pools or some spot like the traps at Waddell Creek. Fignre 32
shows the common food interrelations at Waddell Creek.

Sea-run steclhead and silver salmon, except individuals dying after
spawning or from old age, disease, or injury, arve subject to very little
predation tfrom any source once thev have entered fresh water. It is
probable that less than 1 percent of the run of either species is normally
taken by predators in any stream in California.

Fishes

(a¢) Steelhecad. Because of the nature of the program at Waddell
Creek, it was not possible to make a detailed study of the predation
of steelhead on other steelhead and silver salmon. Ilowever, from
scattered data it is known that it is not uncommon for stream steel-
head to prey upon both of them. The numbers and sizes consumed
depend upon the size and composition of the populations of both species,
the time of year, the abundance of other food, and other factors.

A steelhead 165 mm. long, taken in the downstream trap on De-
cember 4, 1934, contained four steelhead, 47, 53, 57, and 60 mm. long.

A downstream migrant steelhead six inches long, taken at Benbow
Dam on the South Fork of Eel River, contained nine fry, four of which
were silver salmon one to one and one-fourth inches long, and the other
five fish too digested to be identifiable.

Nine out of 32 upstream juvenile steelhead taken during the 1934-35
season contained several to 12 or more silver salmon eggs apiece. Most
of these eggs probably had been washed out of the spawning beds.

Idyll (1942) found that salmonids formed only a small proportion
of the food of steelhead 38 25.4-50.8 em. (10-20 inches) long from the
Cowichan River, British Columbia.

38 The author lists these fish by the scientific name “Salmo gairdneri,”” but by the
common name ‘‘rainbow trout’.
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As a general rule, adult steelhead do not feed in fresh water. Ap-
parently a few resume feeding while still in fresh water after spawn-
ing, but the inroads into the salmon and tront populations made by
such fish cannot be considered important.

(b) Silver Salmon. As in the case of the steelhead, it was not pos-
sible to make a detailed study of the predation of silver salmon on other
silver salmon and steelhead. During their first vear of life the silver
salmon are so nearly of the same size as other silver salmon and steel-
head of the same age class that they probably rarely eat them. In
their second year of life at Waddell Creek and in most other Cali-
fornia streams the silver salmon migrate to sea before the bulk of the
silver salmon and steelhead of the following year class have emerged
from the gravel, and so probably constme comparatively few fish of
the season. , ’

The preceding statements do not mean that silver salmon are not
fish eaters when they have the opportunity to be so. Pritchard (1936h)
stndied pink salmon predators at MeClinton Creek, British Columbia,
fram February to June in the springs of 1931 and 1933. The stomachs
of 385 yearling silver salmon (including 76 which were empty) 2 to
63 inches long contained a total of 1,027 pink salmon fry (average 2.7
per stomach, maximum 13), 10 chum salmon fry, and 35 silver salmon
fry and fingerlings. None of the stomachs contained other food. These
results were corroborated by examination of 1,523 additional stomachs
from a mixture of silver salmon and entthroat trout, of whielh over
90 percent were young silver salmon.

Pritehard correctly points out that the results of the analyses may
ba more extrenie than those which would be obtained under natural
conditions, since the pink salmon fry were concentrated along the
screens and in the pen of a counting fence. On the basis of stomach
examinations and general observations on the numbers of the different
predatory fishes in the stream, Pritchard assessed the absolute damage
caused to the young pink salmon iu the stream, from greatest to least,
in the following order: silver salmon, cutthroat trout, Dolly Varden
Trout (Salvelinus malma spectablis), and sculpins (Cottus sp.).

We are led to conclude that in Waddell Creck and other (alifornia
sireams, silver salmon cannot be considered serious predators on silver
saimon or steclhead. In those streams in which king salmon are also
present, silver salmon yearlings may do considerable damage, since the
king salmon hatceh earlier than do the steelhead and silver salmon and
since many of them migrate to sea as fish of the season, about the same
time as do the yearling silver salmon. v

With extremely rare exceptions, adult silver salmon do not feed in
fresh water and therefore are not predators.

(¢} Sculpins (Cottus). Two species of freshwater seulpins are pres-
ent in Waddell Creek and a number of other California coastal trout
and salmon streams: Cottus asper and C. aleuticus. The former is the
larger and more abundant species.

These species appear to be of considerable interest in a discussion
of salmon and trout predators, first, because it appears that they may
make considerable inroads into the populations of these fishes and
affect survival rates noticeably, and second, because a practicable
method of control appears to exist.
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One of the things discovered upon start of operation of the traps
was the existence of a definite annual downstream migration of the two
species, and to some extent an upstream migration. The downstrean
migration takes place in connection with high water during the winter
and spring months, and is evidently a spawning migration, since most
of the fish are large and sexually mature. The extent of the upstream
migration that would occur under netural conditions is not known,
since the sculpins are not leapers and so had only partial success in
passing through the fishway into the upstream trap. At first some of the
upstream migrants were put upstream, but when it became apparent.
that most of them could not enter the upstream trap it was decided
to ‘‘go the whole hog’’ and kill them.

That this downstream migration, with the upstream migration
stopped, was steadily diminishing the population of seulpins above the
dam seems evident from Table 88. Tabulations for the two species sepa-
rately (Tables A-37 and A-38 of the Appendix) show that more than
90 percent of the downstream migrants were the lavger Cottus asper.

It seems, then, that low dams (%= three fect high) across the lower

parts of streams might prove an effective way of eliminating the senlpin
populations above such dams. Dams of this height would not stop adult
salmon and steelhead if they were constructed without an apron.
Nearby Scott Creek seems to be an example of a stream in which the
elimination of sculpins above a dam actually took place. This dam was
built for egg taking purposes about 1908. Extensive seining and obser-
vations during the 1930’s revealed 7o sculpins above the dam, while
they were plentiful below it. An old-time resident told Shapovalov that
sculpins were abundant above the site of the dam before the dam was
built. _ v

There remains the possibility that such dams might cause an un-
natural concentration of sculpins below them. Elimination of sculpins
below the dams might be accomplished through chemical treatment of

TABLE 88

Waddell Creek: Sculpins Checked Through Downstream Trap, by Four-week Periods
(Cottus asper and Cotus aleuticus)
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TERRESTRIAL
BIRDS SNAKES INSECTS

~~ Y /

STEELHEAD SGULPINS

——————— s
e i

? Y

SILVER STICKLE -
SALMON BACKS
AQUATIGC
CRUSTACEANS INSEGTS MOLLUSKS

1933- | 1934~ | 1935- | 1936- | 1937- | 1938- | 1939- | 1940- | 1941~
Period 3¢ | 85 | 3 | 37 | 38 | 30 | 40 | a1 | 42 |Total
Oct. 1-Oct. 28 __ . __.___ - - -- - —- .- 1 - - 1
Oct. 29-Nov. 25__________._ - 23 - _- .- - - - .- 23
Nov. 26-Dec. 23___________ 92 18 .- . 21 - - - . 131
Deec. 24-Jan. 20___ ... __.___ 124 618 199 26 34 11 2 10 111,025
Jan. 21-Feb. 17 ___________ 2,075 771 258 163 38 20 19 19- 15 {3,378
Feb. 18-Mar. 17____________ 944 278 108 86 25 26 8 7 5 |1,487
Mar. 18-Apr. 14________..._ 94 99 41 43 9 16 5 13 6 326
Apr. 15-May 12____________ 20 24 37 17 13 1 8 4 2 126
May 18-June 9_____________ 8 5 4 1 - 7 1 1 1 28
June 10-July 7__..____ A 1 2 1 - [ - .- o 10
July 8-Aug. 4. - - 2| . 12 2| . 3| - 19
Aug. 5-Sept. 1______ . ... ._ - - .- - 1 2 1 4 - 8
Sept. 2-Sept. 30___ . ________ - - 2 - 2 - -- - - 4
Totals_._____.________ 3,357 | 1,837 653 337 155 91 45 61 30 | 6,566

FIGURE 32. ‘Waddell Creek food interrelationships.

the streams below them at low water. Elimination of sculpins below
the dams should not be attempted until the populations above had been
eliminated through the downstream migrations. )

The upstream migrations of sculpins in Waddell Creek are shown in
Table A-39 of the Appendix. The upstream migrations occur generally
later in the season than the downstream migrations. The average size
of the upstream migrants is definitely less than that of the downstream
migrants.

Stomachs of sculpins taken from the downstream trap have revealed
considerable numbers of young trout and salmon. That confinement of
the fishes in the trap aided the sculpins in capturing their prey is
probable. At the same time, on various occasions sculpins have been
observed to rise to the surface of the pool below the dam and seize
freshly liberated downstream migrant salmon and trout. Fish at least
as large as 111 mm. long have been observed to be taken by sculpins in
this manner. It is possible that such trout and salmon had been tem-
porarily weakened by measuring, marking, and scale-taking operations.
Under natural conditions seulpins probably more often secure salmon
and trout by sudden darts when their prey is close to the bottom of
the stream, since sculpins are not capable of sustained rapid swimming
away from the bottom.

Sculpins from the downstream trap have also contained salmon and
trout eggs. Most of these eggs probably had been washed out of the
spawning beds. C. asper, being the larger and more abundant species,
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probably does the greater damage. Sculpins continue to feed during
sexual maturity.

Pritchard (1936b) cxamined the stomachs of 165 sculpins (Cotius
sp.) from McClinton Creek, British Columbia, from February to June
in the springs of 1931 and 1933, and found them to contain: 175 pink
salmon fry (maximum in single stomach, 8) 2 chum salmon fry, and
10 silver salmon fry and fingerlings; only one stomach contained other
materials (insects), and 98 out of the 165 were empty. These data are
presented in Table 89. Concentration of the salmon along the sereens
and 1n the pen of a counting fence probably aided the sculpins in
capturing thiem. Munro and Clemens (1937) record silver salmon fry
and steelhead cggs from the stomaehs of . asper from British Co-
lumbia.

Measurements werc made of ncarly all of the downstream and up-
stream senlpins taken in all seasons except 1933-34, and of some of
those taken in 1933-34, but are not presented in this paper.

Some of the sculpins taken in the traps were marked or tagged, but
the returns were not sufficient to warrant discussion at this time.

It is believed by the writers that a concentration of sculpins below
the dam during the 1933-34 season may have contributed to the poor
survival of the year class (1932-33) migrating downstream at that time,
although disease (see pages 239-242) or some other factor may have
been of greater importance.

(d) Three-spined Stickleback. The food of the stickleback at Wad-
dell Creek was not studied. In view of its small size, it is doubtful that

TABLE 89
Stomach Confenfs of Sculpins Taken af McClinfon Creek, Brifish Columbia (Affer Prifchard, 1936b) -
Cotius sp.
1931 1933
A2 C o o e 134"—7° 134"—7°
Number examined . - ... ..o ... 81 84
Number empty . ooo oo ool 59 39
Number containing:
1 pink salmon fry___ . .. .o aaLllo 7 13
2 pink salmon fry . ... ... ... . 3 12
3 pinksalmon fry. .. L 3 9
4 pink salmon fry___ ... ...l 5 6
5 pink salmon fry_ . - ... e 1 2
6 pink salmon fry.___ .- L. aaeaaao - 1
7 pink salmon fry_......___ - .
.8 pink salmon fry____._....__ 1 2
Total pink salmon in stomachs 55 120
Average number per stomach__.____ . __ .. ... _.____ 0.7 1.4
Total chum salmon fry . . ..o 2 -
Total silver salmon fry and fingerlings.- -~ -----.._.. 8 2
Stomachs containing insects. ... oo . - 1
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this species is a serious predator on even small trout and salmon. How-
ever, it is considered at this point because of its reputation in this
regard in certain quarters, as noted by Kincaid (1919): ‘“The damage
done by the Stickieback is out of proportion to his size as he is able to
kill the fry of larger fish, notably the salmon, for which reason the
Stickleback is known locally as the Salmon Killer.’”’ Kincaid does not
cite supporting evidence for his statement and it is the belief of the
writers that it cannot be accepted without adequate data. Munro and
Clemens (1937) found no fish remains in 61 stickleback stomachs from
British Columbia.

(e) Striped Bass. Under certain conditions striped bass which have
entered a streamn may consume large quantities of seaward migrant
trout and salmon, as shown by Shapovalov (1936). In that paper the
writer desecribed the stomach contents of 47 striped bass seined by
A. C. Taft and himself in the upper end of Waddell Creek lagoon on
April 26, 1935. The larger of these fish (37 to 49 em. long) had been
feeding largely on silver salmon and steelhead fingerlings and sculpins
(Cottus), while the smaller bass (20 to 31 em. long) had been feeding
almost entirely on small crustaceans (Gammarus, Exzosphaeroma, and
Corophium), sticklebacks (Gasterosteus), and gobies (Eucyclogobius).

Shapovalov (loc. ¢it.) also reported on a collection of young trout
and salmon from the stomachs of six striped bass taken in the Coos Bay
region, Oregon, in April and June, 1930 and 1931. These striped bass
contained 10, 11, 14, 15, 20, and 22 trout and salmon fingerlings, re-
spectively. The salmon were practically all silver salmon 100-140 mm.
long, evidently seaward migrants.

Tt is evident from the foregoing that striped bass may cause serious
depredations, especially when they are in a position to intercept all
seaward migrants, as were the 47 fish seined from the narrow upper
end of Waddell Creek lagoon in 1935. It is also possible, although no
data are at hand, that striped bass may consume numbers of trout
and salmon that have entered salt water.

The effect of the presence of striped bass on survivals at Waddell
Creek is not evident, since in 1935 they were seined out about the time
of the beginning of the seaward migrations and in other seasons they
may have entered the lagoon without being noticed, because of the
depth and the murky condition of the water, although a wateh was
kept for them. It is known that some striped bass have entered Waddell
Creek in various years, as shown by the following record:

1927. Unknown number of striped bass of second, fifth, sixth,
seventh, and eighth age groups scined in ' Waddell Creek in May (Sco-
field, 1931).

1931. Two dozen striped bass of approximately the same size com-
position as those taken in 1935 seined in Waddell Creek lagoon by A. C.
Taft and J. H. Wales on November 24th. One large, dead striped bass
found at the same time.

_ 1932, Two one-year-old striped bass 113 and 114 mm. long seined
In Waddell Creek lagoon by J. . Wales and Leo Shapovalov on
April 26th.

9—99945
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1934. One dead striped bass 260 1 1 i

lagl(.;(?gll byg‘Aeo Shapovalov on March 21313l ong found in Waddell. Gree
5. Forty-seven striped bass 20 to 49 g sei in u

21;11 .?f22Y13C1%elg f?reek lagoon by A. C(.) 'l‘aiitc nzll.11(]10%4%0868111113(11)01\111312?per

Apri 1, but first noticed duri y y o

o e s during the early part of March. A fey

1938. The field observer, J. H. C i

) , J. H. Cook, caught a 13-inch stri

11:: ?S]fru?f? ;ev:r?ll héltndred gards north of the mouth of Wadlt‘ileg(lad(ll)::]i
3 , and afterwards caught t i i

the; ;;;f alSong the beach near \Vadgell C‘:',Zel(()ther small striped bass in
. Several striped bass were re orted- tob i

e11;1 of Waddell Creek lagoon in late J Sne. Reportenl;iexsrgl;itﬁ::é the vpper

) 9141. .Anglers caught numerous striped bass in the surf. from t}

each adjacent to Waddell Creek during the first two weeks of A i

One fish is reported to have weighed 16 pounds. pril

Reptiles

The only aquatic or semiac 1 i
Yy juatic reptiles found at Waddell Creck
are the 1"ac1ﬁc Po_nd Turtle (Clemmys m. marmorata) anel rrc‘llfe'd\
sna(kes (Thamnophis). ¢ arer
a) Pacific Pond Turtle. Durin i
; tle. g the nine seasons of o i
gglgllzireél P?Olﬁc pogd tl}rtles were recorded as being taken ?izirl(t)lr::
' eam trap, and only very occasionally ha indivi
observed in the stream. The seven f it e o Tette
1 . g ¥ the trap were tak
April 8-14 and August 26-Se T > © poocen betrean
. g -September 1. Not more than two we
: \ y t |-
;)I;t?ggl (f);]éedzga:og. Thi E?mfic pond turtle is largely a seavenlgera;ig
nd probably 1s rarely, if ever, a trout or salm
. - ’. . - On a-
g%r'th?(;:ﬁ llllgd}é iduals 1_)1obably hibernate dl,ll'illg the greater pl())ll“i‘ij(il
monid spawning seaso IS T i ’
Ve?y P g n and for this reason, if no other, eat
b) Garter Snakes. Garter snakes i
G : es. es in general have been ac
?Iigiﬂs)n Ztst?zile&attmltlls OIfl yé)_ung trout and salmon by angler(;usg‘(iltglf
L at the feeding habits of the different ie:
widely, and that some ¢ ly W 1o others ave laracly
widely, an 1e commonly enter water, while others are largely
During the nine seasons of o i
g perations, 160 garter snakes were tak
ir(;(x)n‘ltf)heT(}iIO\vnstl‘-eanl tank, with the seasonal number varying fr\()€;1r1l
Octobef o gsealghe§t giflter snake was taken April 1-7 and thg latest
2-28. During the same time of year garter snak .
observed in and about the stream. Duri he peri e orten
the stream. During the period October
}\P’[}?rch garter snakes usually hibernate in the Waddell Creetl}tlrgl:‘]gl
e occurrence of garter snakes in the downstream tank durin the
various seasons is shown in Table A-40 of the Appendix B e
Suf};ﬁzgdlbng 1&) krjownlv;l1s§ributional records and information recently
lied by Mr. Jay M. Savage, Stanford University ( )
munication to Shapovalov, February 2 o ot
povalov, F y 28, 1954), the Commo :
gna%(e (Thamnoz_)lns sirtales infernalis) a,nd the ’Coast Aquatilé ggﬁ::
nfh('ed(T. coucht atratus) are known to occur at Waddell Creek while
a third, the Coast Terrestrial Garter Snake (T'. elegans terre’stris),
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rded from there, almost cortainly is present. Mr.

lthough not reco ' ]
& forms, while the latter 1s a

gavage states that the first two are aquatie
terrestial type. ) )

Unfortunately, an attempt to identify the species taken in the trap
was not made until the season of 1941-42, and in that season only one
individual was taken. This individual, taken in the trap on June 10,
1942, was probably T' ¢ atratus. Iowever, there 1s eonsidgrable doubt
regarding the identity of the other individuals taken during the var-
jous seasons.

As stated previously, many, if not most, of the salmonids taken by
garter snakes are those from drying portions of a stream. At \Vadd'ell
Creek, the depredations of garter snakes are probably not of major
proportions, both because garter snakes are not very abundant and
because dropping stream Jevels do not isolate many pools.

Birds

The fish-eating birds of some importance at Waddell Creek are the
Weostern Belted Kingfisher, California Heron, and Dipper. Birds pres-
ent but whose fish-eating propensities in this area are not well known
are the Common Loon, Pacific Loon, Red-throated Loon, Awmerican
Egret, Black-crowned Night Heron, American Bittern, Red-breasted
Merganser, Southern Rald Eagle, and Caspian Tern. None in this
group is present in sufficient numbers to be a serious factor. The Amer-
jcan Osprey and American Merganser, which may be serious predators
in other California salmon and trout waters, arve absent from the
Waddell Creek area or are rare visitants. Fish-eating birds which have
not been observed to take fish from fresh water in this area, such as
the California Brown Pelican, are omitted from consideration.

Of the above birds the only species large enough to attack and eat
sea.run steelhead and silver salmon are the California Heron and
Southern Bald Eagle, and possibly the American Egret and American
Bittern. Altogether, the adult fish killed by all birds form probably
less than 1 percent of the runs.

Orr (1942) has given an account of the bivds of the Waddell Creek
area, but does not discuss their foods.
~ (a) Western Belted Kingfisher. The Western Relted Kingfisher is
undoubtedly more adept at catching trout and salmon than any of
the other birds present at Waddell Creek, with the possible exception
of the Dipper. Very likely an individual bird consumes a considerable

- pumber of trout and salmon during the course of a year. However, the

number of birds along Waddell Creek is not believed to be large, prob-
ably not numbering over a dozen. The Western Belted Kingfisher ap-
pears to show a decided prefevence for the lower, more open portions
of the stream over the upper portions in the redwood forest. Tt is the
writers’ opinion that the complete elimination of this bird from Wad-
dell Creek would not affect the survival of either steelhead or silver
salmon to an appreciable degree. -
(b) California Heron. The population of California Herons in the
Waddell Creek drainage was not large, numbering probably less than
half-a-dozen birds. Some time prior to the start of the experiments in
1933 some California Herons, which then roosted in a large tree beside
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Waddell Creek in its lower portion, were shot. Since the start of the
experiments never more than two birds were seen on any single ocea-
sion.

Because of its size, the California Heron is capable of consuming
large numbers of fair-sized fish, but it is probably rarely that such
an occasion presents itself at Waddell Creek or in other streams unless
isolated pools have formed.

In the majority of instances in which California Herons have been
observed in the Waddell Creek area they have been in areas not in-
habited by trout and salmon, such as the marshy areas around the
lagoon and the grassy fields. It is probable that the California Heron
finds frogs, rodents, and other foods preferable to or easier to obtain
than trout or salmon.

Both at Waddell Creek and at Scott Creek an occasional unspent
adult fish with a deep, round hole at the nape, but otherwise in good
condition, has been taken in the upstream trap. These holes are believed
to have been made by the bills of California Herons.

(¢) Dipper. The Dipper has often been accused by anglers of
extensive depredations on trout, not only because of the fish consumed,
but also because of a habit of catehing fish and leaving them on exposed
stones. One angler told Shapovalov of seeing 22 small tront laid out
on a stone by a Dipper (not at Waddell Creek). Shapovalov has also
seen a single bird consume 15 small trout that had died in a hatchery
in the Sierra Nevada and had been thrown into the adjacent stream.
To secure these trout the bird lhad to dive to the bottom of a fairly
deep pool.

In favor of the bird it may be said that it is known to feed exten-
sively on other foods, such as aquatic insects, and that it is not usually
abundant. By its own size the Dipper is limited to fish of small size.
There is no way of estimating the effect of the Dipper on the trout and
salmon populations at Waddell Creek, but the writers do not believe
it to be serious.

(d) Southern Bald Eagle. Southern Bald Eagles have been seen in
the Waddell Creek area on various occasions, but they may be classed
as only occasional visitors. As regards adult steelhead and silver salmon,
these birds probably very largely consume spent dead or dying fish.
Southern Bald Eagles probably are not a factor of consequence to the
salmon and trout populations of any streams in California.

Mammals

The only terrestrial fish-eating mammal found at Waddell Creek is
the California coon. Coons eat comsiderable quantities of adult steel-
head and silver salmon, but the writers believe that the fish consumed
are very largely dead or dying spent individuals, and that it is doubt-
ful that coons have an appreciable adverse effect on the salmon and
trout populations of the stream or of other streams.

As coons eat the fish, they peel the skins back from head to tail until
the empty skin is left like a glove turned inside out. During the 1933-34
season, when the adult steelhead were tagged, it was often necessary to
turn the skins right side out to locate and remove tags.

STEELHEAD AND SILVER SALMON LIFE HISTORIES 261

Croyfish

The species present in Waddell Creek has been identified by W. L.
gehmitt of the 1. S. National Museum as Astacus klamathensis, which
is found also in the Columbia, Smith, and Klamath rivers.* Its origin
in Waddell Creek remains obscure. It may be endemic, since there are
early records of crayfish in neighboring streams. On the other hand,
various individuals have informed Shapovalov of transplantings of
erayfish made by different persons in neighboring streams during the
past 40 or so years, so the species may have been introduced. This view
is supported by the statement of Rathbun (1884, page 813) that
A. wigrescens was ‘‘the only species found in the vicinity of San
Franeiseo’” at that time. Mr. Theodore Hoover, owner of the property,
had not seen crayfish in the stream until some were taken in the trap.
The rapid increase of the species in Waddell Creek during the course
of the experiments indicates either a comparatively recent introduc-
tion or a tremendous population increase. During the first five seasons
of aperations (1933-34 through 1937-38) Shapovalov made repeated
trips along the stream, wading the length of the lower portions many
times, but saw only one or two small individuals, During the same five
seasons not over two were taken in the downstream trap. In 1938-39
three were taken in the downstream trap, in 1939-40 there were 77,
in 1940-41, 276, and in 194142, 471. At the close of the experiments
they were quite common in sections of the stream where very few were
seen during the first five seasons. The nnmbers taken in the downstream
trap in each season by four-week periods are shown in Table A-41 of

"the Appendix.

The significance of the downstream migration has not been deter-
mined. Crayfish with eggs have been recorded from October 8-14
through December 31-January 6. One with two yvoung (11 and 14 mm.
long) was taken during the week of March 4-10, 1942.

Crayfish have sometimes been accused of predation on young salmon
and trout. At Waddell Creek, however, many hours of observation (by
several observers) failed to indicate such predation.

Crayfish were found rather to subsist largely on organic detritus
stirred up from the stream bottom, and occasionally on carrion. They
sometimes caught small steelhead and silver salmon in the trap, al-
though they were never seen to stalk them there. It is probable that
the confinement of the trap aided the capture. Crayfish probably cap-
ture some diseased and injured fish in the stream, but it is doubtful
that they are capable of catching healthy fish.

" Insects

At Waddell Creek, two species of giant water bugs (family Belosto-
matidae) are present and may occasionally prey on young trout and
salmon when the opportunity presents itself. However, their fish depre-
dations probably play a minor role in the economy of the stream.

It is of interest that beth species, a very large one, Lethocerus
americanus (Leidy), and a small, oval one, Abedus hungerfordi De
Carlo (identifications by Robert T.. Usinger of the University of Cali-
fornia), migrate downstream, especially during the spring and summer
months. Table A-42 of the Appendix shows this. In the table the two

»
In accordance with recent nomenclature, the generic name becomes Pacifastacus.

__.*—-.—————-_
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species have been lumped together, since the field notes did not dis.
tinguish the speecies in all instances, but probably 90 percent of the
total is represented by the smaller speecies, Abedus hungerfordi. The
males of this species, but not those of the larger one, carry the eggs
on their backs. The significance of the downstream migrations is not
known to the present writers, and the cause of the apparent decline
in numbers of migrants during the course of the experiments is not
apparent.

In the comparatively hmited confines of the downstream trap the
giant water bugs occasionally seize and eat a small trout or salmon,
but it is doubtful that they have an opportunity to do so in the open
stream, unless the fish are sick or injured.

The giant water bugs just discussed represent the two common
species in California.

Predators at Sea

As has been seen in the seetions on ““Survival”’, considerable Yosses
occur among both silver salmon and steellhiead between the time that
they leave fresh water and the time that they return as adults. Little is
known of the life of salmon and trout at sea, and so little of the propor.
tionate toll taken by predators, disease, and lack of food. The latter
cause of mortality, if and when a faetor of importance, probably occurs
only soon after the fish have entered salt water.

It is not improbable that the major mortality in the ocean is caused
by predators, of which there are some capable of preying on salmon
and trout of all sizes.

Sea lions have been accused of extensive depredations on steelhead
and salmon by sportsmen and commercial fishermen. The extent of
such depredations is difficult to determine, largely because of the diffi-
culty in securing stomachs of sea lions at the proper time of the year.
Individuals swimming in the water are difficult to shoot, and many of
those that are shot sink or cannot be recovered because of difficulties in
reaching them.

It must be recognized that because of their size and agility sea lions
are capable of catching large, fast-swimming fishes. Therefore, if they
are partial to salmon and steelhead, they may be expected to cause
extensive depredations, because of their large numbers along the north-
ern and central California coasts.?® Whether they actually favor salmon
and steelhead as a food over other forms of marine life is a moot point.
Many individuals have reported seeing sea lions catch salmon and steel-
head along the coast, particularly near piers and wharves. Observers
have reported that occasionally the sea lions on catching a large fish
have not eaten it, but have tossed 1t into the air and gone to another
fish, as in play. Uncertainties in identification of the fish involved help
to make it difficult to analyze the significance of such reports.

Circumstantial evidence that sea lions feed on salmon and steelhead
lies in the appearance of the sea lions near the mouths of California
mpecies of sea lions are found along the coast of California. The Steller Sea

Lion (Eumetopias jubata) ranges from the Channel Islands of southern California

northward to the Bering Sea, while the California Sea Lion (Zalophus californi-

anus) occurs from Pt. Reyes and the Farallone Islands off San Francisco south-

ward into Mexico. The former is by far the more abundant species off the Cali-
fornia coast.

——

STIMLHIEAD AND SILVER SALMON LIFE HISTORTES 263

streams during the time of entry of the salmon and steelhead. Fr(r)m one
to half-a-dozen sca lions may usually be seen at ﬂ_le moutl} of Waddell
Creek (and other streams of comparable size) during the times that the
salmon and steellhicad are ontvri!lg. During these periods the armma]s
come very close to shove, swihmming throngh .therb\'oﬂkors. At Waddell
Creek they have been seen to approach within 50 A_\'ax:d‘.s of the mouth
of the stream. It is not known whether 'the same 111(11\'1(111'&!3 are seen
during the course of the steelhead and silver salmon spawning season,
or whether they ave replaced by oth_ers. )

A considerable number of the silver salmon and steelhead taken in
the upstream traps at Waddell Creek and at Scott Cre‘z?kr}’l’ave El‘ad7 scars
in the form of a ““V’’ or ““W’’ or some portion of a ““V’? or “W,”" or
an inverted V7 ov ““W,”” on their sides. Usually these scars, the lines
of which ave several inches long, are well healed. It has been suspected
that these sears were made by sea lions, but this has not been proved.
During portions of several seasons a graphic record was madeT of all
cears on silver salmon and steelhead taken in the traps at Waddell
Creek and at Scott Creek; it is hoped to analyze this record at some
future time. . )

Further knowledge regarding the extent of depvredat\ons by sea lions
would be of particular interest in the case of W addell Creek in view
of the fact that the largest Steller sea lion rookery m California is
located only a little over three miles away, at Afio Nuevo Island. The
herd there numbers 2,500 animals at times, and up to 200 California
sea lions have also been counted at this rookery. Accordlng to Bonnot,
Clark, and Hatton (1938) the sea lion population along the entire
coast of California at the time numbered on the average approxnnatre]_v
5,600 Steller sea lions and 1,600 California sea lions. Bonnot (1951)
listed 9,000 as the approximate number of sea lions along the coast of
California. . )

An accurate picture of the relationship of sea lions to salmon and
steelhead could be obtained only by examining stomachs taken from
animals not only in the open sea or on land but also off the mouths of
salmon and steelhead streams during the period of the spawning runs.

The Harbor Seal (Phoca witulina) is cccasionally to be seen off the
mouth of Waddell Creek. Its relationship to steelhead and silver salmon
is not known, but is not believed to be of importance.

RECOMMENDATIONS FOR MANAGEMENT

Proper recommendations for the management of any species should
consider that species in relation to its total environment, including the
human beings who will be concerned with its utilization. The deman.ds
of various segments of the population for its sporting or commercial
utilization, the funds, facilities, and personnel available to conservation
agencies, and expected changes in these factors must all'bg considered.
To be able to formulate such recommendations, however, it 1s first neces-
sary to know the basic facts about the biology of the species conecerned.
To gather these basic facts and present them in usable form has been
the main function of the present study.

The problems that concern the steelhcad have been well presented
by Taft (1933). Intensive fisheries for both the adult and immature
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steelhead create too great a drain on the species. In many of our coasta]
streams the immature fish face the additional difficulty of low water
during the dry summer season. Such streams can support only limiteq
numbers of fish of angling size. :

By contrast, immature silver salmon (and king salmon) are subjected
to relatively little fishing. The adult salmon, however, must withstand
in addition to the sport fishery, an extensive commercial fishery. The
numbers of seaward migrants must be great enough to maintain thege
fisheries with adequate numbers of adults.

Detailed studies such as the present one, although yielding much
indispensable information, cannot alone provide direct answers to al]
problems of management. For example, no matter how definitely, cor-
rectly, and completely we know the biology of the steelhead, we cannot
on that basis alone answer positively what the bag limit should be,
Knowledge of the biology of the fish is essential to an understanding of
what effect certain regulatory measures will achieve, but such regula-
fions must also be made on the basis of the factors previously outlined—
environment, demand, and management resources—and anticipated
changes in these factors.

Although specific management practices will be proposed in this sec-
tion, it must be realized that even if put completely into effect they
will not create complete management. The Department of Fish and
Game does not have control over the land, except in some limited
phases. Many of the problems encountered and many of the ill effects
on the fishes have resulted from the methods of land and water use
now in effect. Deforestation through lumbering and pasture clearing
has caused erosion along the streams, greater floods, higher water
temperatures, and lower water in the summer months. Grazing has had
approximately the same effects. Many new dams have impeded or
blocked the runs of spawning fishes, destroyed spawning areas, diverted
the natural flow of the streams, increased water temperatures, and
caused fluctuation of the water. Control over these factors lies largely
outside the province of the Department of Fish and Game.

One other fact must be realized to evaluate correctly the measures
and recommendations proposed and now in effect, namely, that some-
times different management methods will give the same results. For
example, the maintenance of the population of silver salmon in a given
stream may be expected to be achieved either by a given season and bag
limit, or a larger bag limit but shorter season, other things being equal.
The choice must in this case depend upon the desires of the angling
public. Similarly, in another instance a population may be maintained
with a certain season and bag limit, and natural propagation, or with
a more liberal season and bag limit, and intensive stocking. In this
case also the choice must depend upon the desires of the angling publie,
plus the funds, facilities, and personnel available to conservation agen-
cies.

Of the five species of Pacific salmons found along the Pacific Coast,
only the king salmon and silver salmon oceur in significant numbers in
California. Although the king salmon is still much the more important,
the silver salmon may be expected to become inecreasingly important in
the future with the construction of still more dams and diversions.
The silver salmon is more commonly found in the smaller streams and

STEELHIEAD AND SILVER SALMON LIFE HISTORIES 265

tributaries neav the coast, which are less subject to.lmman interference
and development than the large St,rea_m systems, like .the SQCI‘ElIIIOI'l‘t(,)-
gan Joaquin and Klamath, that are favored by the king salmon. The
elaborate water utilization plaus fo.r these stream systems will ulti-
mately cut off most of the present king sahmon spawning areas.

Present trends point toward a vast development of the northern
areas of the world: Siberia, Canada, and Alaska. It 1s to be expected
that many phases of this development will adversely atfect the salmon
fisheries of those arveas in the manner that has talgen place n the Umte_ad
Giates, with the result that the salmqn fisheries of California will
assume a relatively more important position.

From this long view of the present and future place of the sahpon
and trout fisheries in California, we may now proceed to an examina-
tion of specific measures to be applied in a management program. A
sound program of management should include wise conservation legis-
lation, good enforcement of this legislation, improvement of the physi-
cal and biological habitat, pollution control, and fish rescue and arti-
ficial propagation, when and if necessary. These various phases of
management are treated below.

Regulation

Regulations governing the taking of salmon and steelhead should
be designed to provide the mazimum sustained yield, that is, the widest
use of the resource possible without causing depletion. Regulations
formulated for any given area should also consider adjacent areas,
for if the regulation of adjacent areas is mnot coordinated, there is
danger of an undue burden being placed on one or more Qf them. Tllls
applies especially to seasons. If the trout season opens at different times
on two nearby streams, anglers naturally concentrate on one and then
the other. Quite mnaturally, too, the more regulations there are the
more confusing and irritating it is to the angler and the more difficult
is made the work of the law enforcement officer. A multiplicity of local
regulations also hinders studies of the effects of management policies.
In general, therefore, regulations should be as uniform as is consistent
with basic biological requirements.

The California Fish and Game Commission (like the Oregon Game
(Commission and the Washington Game Commission) has the power to
promulgate regulations governing game fish. Such regulations are
formulated anuually. Additional laws and regulations concerning game
fish are enacted by the state legislatures in all three states.

The take is vavionsly regnlated by means of bag limits, size limits,
season lmits, closed aveas, and restrictions on angling gear and
methods. One very important fact which must be considered is that
only the take of the individual angler is restricted; the total annual
take of game fish is not directly limited in any body of water. Under
sich conditions angling regulations will remain a management tool of
limited effectiveness in the maintenance of the steelhead and salmon
fisheries.

Since steelhead are taken by anglers as sea-run adults and also as
fish which have not yet migrated to salt water, and since the latter are
very difficult to distinguish from resident rainbow trout, it is inevitable
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that the freshwater regulations governing the species arve quite con-
plex. Comparatively little fishing for steelhead exists in offshore waters,
and so regulations governing such angling are relatively simple. '

It is the general practice in Calitornia (and also in Orcgon and
Washington) to set up a winter season for the sea-vun adults and a
summer season for the immature and resident fish.

The daily bag limit in the three states during the winter season is
mostly two or three fish. Oregon and Washington also have weekly
and seasonal limits, while California does not.

Oregon and Washington both employ minimum size limits duringe
the summer season, while California does not, using other means (such
as closed areas and closed seasons) to protect the immature steelhead
and salmon.

In Califoruia, the laws pertaining to steelhead and salmon angling
had grown so complex that in January, 1948, the IMish and Game Com-
mission, on the recommendation of the Bureau of Fish Conservation,
revised them. These greatly simplified regulations have remained essen-
tially unchanged since then.

The present offshore sport fishing regulations for salmon and troui
provide a yearlong open season in the northern part of the State and »
season extending from February 15 to November 15 in the southern
part with a daily bag limit of three fish in the aggregate in the north
and two fish in the south; one undersize salmon may be included In
this daily bag limit.

The river fishery regulations provide a winter season and a summer
season for taking trout and salmon. The winter season is designed to
regulate the fishery for the adult steelhead and salmon. It varies to
some extent for different groups of streams, with the longest season for
any group extending from November 1st to the last day of February
and the largest bag and possession limit consisting of three trout or
salmon in the aggregate. IFishing in tributary streams other than those
listed in the regulations is prohibited.

The summer season is designed to regulate the fishery for juvenile
steelhead and salmon. In northern California steelhead and salmon
waters it extends from the end of May through October, with a bag and
possession limit of not more than 15 trout and salmon in the aggregate.
nor more than 10 pounds and one fish in the aggregate in the round.
provided that irrespective of weight at least three such fish in the aggre-
gate may be included in the daily bag and possession limit.,

Although these existing regulations are aenerally satisfactory, some
changes are desirable. It is espeeially important that the summer season
in the coastal steelhead and salmon waters, if permitted at all, open not
earlier than the end of May. Quite a number of coastal streams are now
open during May, which is one of. the prineipal periods of seaward
migration of the young steethead. Most of these fish are under six inches
in length. They are too small to provide much pleasure for the true
sportsman, yet large enough to take good care of themselves and insure
the survival of a sizable proportion as spawning fish a year ov two years
later. A closed season until the end of May protects large numbers of
stream steelhead that have not completed spawning, as well as a certain
number of spent sea-run steethead returning to the ocean. Tt also affords
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great protection to the yvoung silver salmou. Most anglers do not distin-
guish young silver salmon from young steclhead and are unaware that
their catehes during the early part of May often contain from 30 to 50
percent young silver salmon. The seaward migration of these fish, prac-
tically all of which are under six inches in length, is heaviest during
the month of May. Protection of this migration not only insures better
angling for the adwlt silver salmon in the atumn, but also helps to
preserve the important commercial fishery for this species.

It is also very important that at least the lagoons and tidal waters of
all coastal steelhead streams and in some instances additional portions
of their lower reaches be closed at all times except during the winter
season for adult fish. Tt is in these portions of the streams that young
steelhead make their most rapid growth before entering the sea.

Study is being given to the following possible changes:

(1) Closure of the summer season and bag limit on September 30th
instead of October 31st and opening of the winter season on October 1st
instead of November 1st.

(2) Extension of the winter season through March 31st instead of the
last day of February.

(3) Extension of angling during the winter season to some major
tributary streams.

(4) Abolition of or changes in size limits for ocean-caught salmon.

Just what would be aceomplished by these changes?

(1) The closure of the summer season on September 30th would
greatly curtail the take of young steelhead which had migrated to the
Jower reaches of the streams in the spring and remained there through-
out the summer, making rapid growth. In certain vears of late rainfall
large numbers of such steelhead have been taken in October, especially
in the Eel River.

The September 30th closing date would also provide a considerable
measure of protection for the so-called ‘‘half-pounders,”’ the young
steelhead weighing usually from one to two and one-half pounds. The
writers believe that these fish are inadeqnately protected by present
regulations. They usually make their appearance in the lower Eel River
in August (sometimes even in July) and from then until November 1st
may be taken legally at the rate of 10 fish weighing one pound each
plus one fish of any size.

Under the proposed regulation these fish could still be taken at this
rate through September 30th, but would be protected in October.

From October 1Ist to the last day of February. inclusive, they could
still be taken along with the large fish, so long as the total number of
fish did not exceed three. It is hard to believe that a greater daily bag
limit may be allowed without causing depletion, unless the taking of
small fish be prohibited eutirely.

(2) A study of the merit of extending the winter season through
Mareh 31st has been proposed because of the possibility that certain seg-
ments of the runs are not now contributing to the fishery. In -other
words, if the late running fish which ascend the streams in Marech also
produce fish which are late running, a resource is not being utilized.

Shapovalov (1954) has shown that in California such an extended
winter season would expose 94 percent of all male steelhead and 89
percent of all female steelhead to angling, whereas under the present
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general open season 71 percent of the males but only 53 percent of the
females are exposed to angling. From the viewpoint of total age, the
voungest fish ran first during the season and are followed in sueeession
by progressively older fish. Thus, the present general open season of
November through February, especially in the first three months, ex-
poses mainly males and vounger fish, while an extension of the season
throungh March would expose an additional group in which females and
older fish predominated.

Unfortunately, the two most critical factors bearing on an extension
of the steelhead season have not been determined : (1) the proportion
of the total run whieh is being harvested by anglers each year in various
types of streams is not known: {2) it is not known if the progeny of
fish ruuning in March return to spawn primarily in March, like their
parents, or scatter throughout the season.

While it is possible that the offspring of steelhead which run in
March also return as adults primarily in Mareh, it appears more prob-
able that they do not, in view of the preponderance of females in March.
These late-tunning fish may be important out of all proportion to their
numbers in maintaining the runs, since survival of eggs and fry is
probably highest from late spawuers becanse of reduced loss from floods
and in view of the preponderance of females.

Efforts should be directed toward obtaining the answers to the two
problems outlined above. but it will take several vears to get the
answers. Until we are sure of the facts, it seems wise to take no chance
of jeopardizing our valuable steelhead resource. Therefore, the writers
recommend against any general extension of the winter steelhead season
at the present time.

(3) Consideration should be given to the extension of the winter
season to include some major tributaries ivhich are now closed. The
purpose of closing the tributaries for adult fish during the winter
season has been to protect the fish on their spawning grounds. The
theory of such regulation is correct, but the writers do not believe that
in practice sufficient fish would be taken in some major tributaries now
closed to warrant keeping them closed. Extension of the winter season
open areas, if carried out judicionsly, might prove to be the most effec-
tive wayv of increasing the harvest to the maximum allowable without
injury to the resource.

(4) Consideration should be given to changes in the ocean size
limit. or to abolition of minimum size limits altogether. Any changes
<hould be made only after careful study. since they could have unfore-
seen consequences. For example, scale examinations of samples of king
salmon caught some 30 vears ago and recently indicate that the taking
of the larger fish (and therefore the fish of the older year classes) has
changed the populations so that now the dominant age at maturity
is three vears instead of four years.

With the existing size limit, many undersized salmon are caught in
the ocean fisheries, both commercial and sport. Except for the single
undersized salmon allowed in a daily sport bag limit, such fish are
cenerally released by a flip or violent jerk of the line, which often

.

seriously injuries the mouth parts of the fish. Subsequent examination
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iu streams has shown that many such fish survive these injuries, but it
is not known how many die and the whole question of minimum size
Jimits needs further evaluation from this standpoint.

Tn econclusion, it may be pointed out that rvegulations are the one
form of management which requires no monetary expenditure, except
for enforcement. It is obvious that good enforcement of sensible regu-
Jations is essential.

Physical Habitat Improvement

Phiysical habitat improvement is perhaps the most obvious type of
management, other than artificial propagation, in that it produces
visible results which can be measured at least partially, e.g., in terms
of miles of spawning stream opened by removal of a dam ov other
barrier. ]

Certainly, it appears sensible to effect all reasonable physical habitat
improvement before indulging in other forms of management, if there
must be a choice. In northern California, desirable physical habitat 1m-
provement ineludes principally (1) stream clearance (removal of log
jams and debris clogging stream chianmels) ; (2) removal of unused
Jams and reduction of natural barriers; (3) mamtenance and improve-
ment of stream flows; (4) uniting of flows at mouths of small tributary
streams, generally making entrance and exit for fish to and from these
streams move accessible; (9) opening channels fron streamns and pools
cut off from the main streams at low water; and (6) screening of water
diversions.

There can be but little doubt that improvement of the type outlined
above would aid materially in the conservation of salmon and trout 1n
ihe eoastal streams by improving shelter and spawning grounds, making
spawning grounds miore accessible to adults, facilitating egress of juve-
hile seaward migrants from tributaries to the main streams, and assist-
ing fingerlings in their ascent of small tributaries when the water in the
main streams becomes too warn. However, the activation of such a
program remains a complex matter.

The principal obstacles to the carrying out of such a program appear
to be (1) private ownership of property and (2) lack of man power.
Some of the streams in which improvements would be desirable lie on
National Forest land, in State Parks, or on munieipally-owned prop-
erty, but others are on privately-owned land. The matter of personnel
from the Department of Fish and Game working on private property
involves (1) the question of the propriety of the State’s making im-
provements to private property, and (2) possible damage suits, for
example, in the case of damage to property from material from log
jams that had been broken up. Despite these obstacles, it is believed by
the writers that such improvements would bring so much good to the
angling public and to the commercial fisheries, that improvements even
on private property would be justified and that releases to preclude
damage suits could be arranged. :

In years of deficient runoff, late summer flows in the lower reaches
of some of the north coast streams, including the Eel River, are not
satisfactory. Occasionally large numbers of adult fish, especially king
salmon, which have made their entrance from the ocean are unable to
ascend upstream and are vulmerable to natural mortality and illegal
snageging and spearing.
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bu(tl‘ 1the heaviest work, if provided with the mt(();g: Srlglti];gl‘;n]:;(l‘ form
o ggﬁaaé% el;ulx;,oiewr wat-c;r dwe}'sxous in the north coast area and xo
i COculltieS ho“I')e‘t?s%nd'a major problem there. In Trinity and Sis-
e i o % howe e1,’ '1vers1ons are more numerous and adequate
hihly dsirable. For ple\envt loss of young salmon and steethead is
ey de. or many years unsatisfactory laws formed a major
blo 195(; in {tleq11a}te screening program. These laws were revised by
the 1 vegls atui e and the sereening of diversions in these two coun-
t s is 'HO"‘I‘ ‘z%b(_)u't 75 percent complete. The Department’s present pro-
gram in Trinity and Siskiyou counties has been deseribed by Wales
(1948) and Wales, Murphey, and Handley (1950). o
One of the most important things that could be done for the improve
ment of the coastal trout and salmon waters would he the rohi%'tio;‘
(t)f glattlngdof trees within a certain distance of any sirea'm .Is)ay aOlfeoA;
t(})]i f%ralt ks), and the {'ecommgndaﬁon is here made that 123gislation to
s effect be sought. Such legislation would not only be of help to im-
Egrt:qt fisheries, poth comm_ercial and sporting, but would also be of
Ehea importance in preventing erosion, thus effecting flood control at
e source, and in maintaining a more esthetically pleasing appearancc
of ’I?;l]r streams for the many thousands of sportsmen and vacationists.
o zfposmblhty of environmental improvement through the installa-
stream improvement devices that are suitable to California’s
coastal streams from the points of view of durability and creation O.f
desired effect should be explored further. These devices should probably
be of the }nnd that cause the stream to ereate holes by a digging action
An ‘experlmental program to determine the most snitable t;rvpeso of sucﬁ
devices and to study their mechanical action and influence on fish was
started at Waddell Creek in 1940. The program was diSCOII.tillue(i
:?I?rtlfhafter tlhe start of World War 11, due to lack of man poWer, and
o f}?is t? I;:.su ts achieved were inconclusive, will not be reported upon
In summary, physical habitat improvement in northern California
salmon and steelhead waters offers definite possibilities which should
be immediately and thoroughly explored and exploited when found to
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pe feasible. The general stream clearance and barrier removal program
should be continued. Some of the specific situations would require the
expenditure of considerable sums, but might produce results worth
much more. Certainly, it seems wise to increase the carrying eapacities
of the streams to the practicable maximum before spending large sums
on other forms of management to increase the numbers of fish.

Biological Habitat improvement

By biological habitat improvemeut is meaut the improvement of the
biological environment for the fishes which it is desired to maintain.
1t means the control of predators and competitors, and the maintenance
of an adequate food supply. Among predators are included animals
poth within and outside the waters: other fishes and snakes, birds,
mammals, and invertebrates. Competitors are composed chiefly of other
fishes. These may be competitors for food, for spawning grounds, or
simply for space. Predators may affect the adults, the immature fish,
or the eggs.

Biological habitat improvement in salmon and steelhead waters has
received relatively little study, but several leads which have been
uncovered should be followed wup. Quecess in eacll case is by no means
certain, but the potentialities are 50 great that thorough investigation
should not be neglected. Witness the rough fish control programs that
have been made possible by the chemical treatment of lakes and reser-
VOIrs.

One promising lead was discovered recently when it was found in
the course of studies made by the Department in Prairie Creek (Briges.
1953) that apparently oligochaete worms are causing econsiderable
damage to eggs of salmonids in the spawning gravels. If a means of
control could be found, the survival among the eggs might be inereased
appreciably.

Contrary to the hopes of some sportsmen, there appears ta be little
reason to expect that much can be accomplished through the intro-
duction of the smaller food organisms or of plants. In general, such
organisms spread rapidly and easily by natural means, and the absence
of desirable organisms in a body of water usnally means that environ-
mental conditions are not suitable for them or comparable forms.

The introduction of fishes, and mammals sueh as beaver, is easier to
accomplish, but is a very complex matter, with manifold ramifications
within the field of ecological relationships, and must be studied care-
fully. It is the belief of the writers that in the eoastal streams generally
the native salmon and trout should be prescrved, and that exotic species
of fishes should not be introduced, unless new and very conclusive
evidence points in their favor. In nearly all cases the introduction of
exotic species of fishes where 2 valuable game ov commercial fishery
for native species has existed has vielded wnsatisfactory or doubtful
results. If a native game or commercial fishery has produced unsatis-
factory results, it will usually be fonnd either that various man-intro-
duced factors have produced depletion, or that natural environmental
conditions are responsible for the unsatistactory conditions. Conse-
quently, the introduced species are liable to be affected in the same
manner by the depletion-creating factors or the adverse environmental
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conditions. The remedy then obviously lies in improving such factors
and conditions for the native species, as diseussed in other portions of
this section. .

The improvement of existing stocks through selective breeding and the
introduetion of various strains or races is a somewhat different matter,
and offers some promise, particularly in the case of the steelhead. Some
work along these lines has alrcady been started by the California De-
partment of Fish and Game.

The elimination or eontrol of undesirable species offers more promise
than the introduction of desirable species, but like the latter is a
matter involving complex ecological relationships and therefore possibly
unforseen results.

The role of birds as predators on salmon and steelhead should be
determined more exactly. An important start on one phase of this
subjeet was made in 1938 and 1939 by Elden H. Vestal of the Depart-
ment’s staff, who made a study of the feeding habits and other phases
of the life history of mergansers, the ‘“fish dneks’’ of local residents, in
the Bel River drainage.

The control of undesirable species of fishes, the so-called “‘rough
fish’’ or ‘‘serap fish,”” might be executed by several means. Rough fish
could be removed on a large scale by seining, trapping, or chemieal
treatment, if it is decided that it is desirable to reduce their numbers
or to attempt to eliminate them. It might also be possible to control cer-
tain of the species(e.g., lampreys, sculpins, suckers, and some cyprinids)
by erecting barriers in the streams high enough to bar their upstream
migration, but low enough to permit steelhead and salmon to jump
them. Lampreys appear to constitute a very real menace to salmon and
steelhead in certain instances and should receive further study. .

The introduced sunfishes and brown bullhead are probably undesir-
able elements in stream systems such as the Eel and Klamath, but there
appears to be no economically justifiable way of eliminating them from
the entire systems. Where they are found locally there is a possibility of
climinating them entirely, if the effort is deemed justifiable.

The matter of predators has been discussed in the preceding section,
in which it was pointed out that other fishes are usually the most
serious predators. The possibilities for the eontrol or elimination of
undesirable species of fish predators have already been noted. The
greatest danger in making a great issue of predators in general, as is
done by many anglers in California, lies in diverting attention from
other causes of depletion, such as diversion of water, deforestation,
and overfishing, which alone could eause depletion, even if no predators
existed or if all predators were eliminated. ‘

Pollution Control

Strenuous efforts and constant vigilance should be maintained in
_order that all forms of pollution in the salmon and trout streams be
prevented. Any violations of the pollution laws should be vigorously
prosecuted and the conditions immediately remedied. In general, in-
dustrial pollution is not a major problem in the coastal area, being
confined to isolated instances, principally from wineries, creameries,
tanneries, dumps, sawmills, and millponds. Pollution from mining silt
is of considerable importance in the Klamath River watershed; efforts
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are now being made and should be continued to give the utmost pos-
sible protection to salmon and trout. Pollution from sewage is not a
general problem, but has had ill effects in some cases; a number 91.
communities are now installing sewage disposal systems. Great dis-
regard for proper disposal of slashings and u}lwanted logs from lum-
pering operations is still practiced. The log jams thus created block
spawning fish, destroy spawning grounds, and so change the character
of the stream bottom that fish food organisms are destroyed. In his
1938 survey of the Eel River system, Shapovalov (1939¢) found .that
practically every stream whose watershed had been I‘ogged off contained
log jams. Conversely, these were rarely found in streams flowing
through virgin timber. .
Fish Rescue

The fish rescue work in the north coast area has been very worth-
while and should be continued and expanded to provide as complete
coverage as possible. Tt should be improved by planning a regular stock-
ing program for each rescue crew, this program to be based on 'n_ecd.
for stocking, rather than on simply accessibility of the waters being
ctocked. At least one man with each crew should have had fish rescue
cxperience in that area during a previous year. This is highly important
for both the fish rescue and the stream improvement.

Although the numbers of steclhead and salmon rescued in the north
coast area are impressive in themselves, they take on added sigmﬁc_ance
from the viewpoint that it is to be expected that their survival is higher
than that of hatchery fish of comparable size.

Artificial Propagation

It is diffieult to break old concepts and to think along new lines.
But when the evidence points strongly in favor of a change of thought,
then it is fair and neeessary to do so. o

For many years it has been the popular conception that artificial
propagation of trout and salmon and the stocking of streams were the
complete solution to the problem of maintaining the fisheries of a stream
of stream system. It is the writers’ belief, however, that stocking alone
cannot hope to maintain fishing at its present level in the coastal
streams. Moreover, the writers believe that the amount of natural prop-
agation is so great that even with a very favorable survival rate arti-
ficially propagated fish would not form more than a minor part of
the total production. Shapovalov (1939a, 1939h) made the statement
that “‘probably . .. if no fish cultural work had ever been done on
the Eel River the quality of fishing and the size of the spawning runs
would be at least 90 percent of what they are today’’. This statement
was based on careful field observations which showed no apparent dif-
ferences between stocked and unstocked streams, either in the number
of fish present or the quality of the fishing. It has been shown definitely
that adult silver salmon, steelhead, and king salmon return to the
stream which they left on their seaward migration as young fish ; con-
sequently, if stocking of the type that had been carried on for many
years (small fingerlings planted mostly in midsummer) were producing
results that gave the stocked streams a marked advantage over the
unstocked streams, the spawning runs in them should have been notice-
ably larger, but this was not the case. The quoted statement was in a
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sense speenlative in that it attempted to show what would have takeyp
place had not something else been done. Additional support for tje
statement now appears from the fact that since the almost complete
abandonment of stocking in the Eel River system in 1939 the runs,
as judged by the counts of adults at Benbow Dam on the South Fork
of Bel River, have not shown a downward trend (Table 90). Of course,
change of the opening date of trout season from May 1 to the end of
May, a limited amount of stream improvement work, and a greatly
expanded fish reseue program, all in effect since 1938, have to varving
and unknown extents contributed to the maintenance of the rnus.

The indicated inefficiency of stocking as carried on in the Eel River
svstem should by no means be interpreted to mean that all artificial
propagation is useless. The experimental programs at Waddell and
Scott creeks have shown that although extremely small returns may he
expected from fish in their first vear of life, on the average approx-
imately 2 to 5 percent of yearling steelhead and silver salmon allowed
to descend to sea at their normal migration time may be expected {o
return as adults, and that survival among older and larger steelhead
is considerably higher, increasing with the size and age of the fisl.
Therefore, some stocking of aged fish may be desirable in the coastal
streams, especially in heavily fished streams. In such case, emphasis
should be placed on planting yearling fish in barren sections of streams
above falls and other barriers and the planting of areas in which ad-
verse climatic conditions or very small spawning runs have caused
subnormal natural propagation. In other words, artificial propagation
should be considered an aid to natural propagation, rather than a re-
placement of it.

The most hopeful solution to the problem of maintaining successful
and varied angling in the coastal area of California as a whole appears
to be to provide summier fishing by planting aged trout in heavily fished
bodies of water, often those blocked to sea-run fish, and to have the
winter fishing for adult salmon and trout depend largely upon natural
propagation, aided by habitat improvement, fish rescue, and specialized

TABLE 90

South Fork of the Eel River (at Benbow Dam): Adult Fish Checked Upsiream Through Fishway
Year King salmon Sitver sahnon Steelhearl

6,051 7,370 12,995

3,424 8,629 14,476

14,691 11,073 18,308

21,011 13,694 17,356

10,612 15,037 25,032

7,264 13,030 23,445

13,966 18,309 20,172

12,488 16,731 13,626

16,024 14,109 19,005

13,160 25,280 18,225

16,312 12,872 13,963

3,803 7,495 13,715

14,357 12,050 15,138

12,476 11,441 13,774

7,256 3,711 . 19,448

* 1938 refers to counting year 1938-39, ctc.
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stoeking. Under such a program summer fishing in the streams in which
g winter fishery 1s to be maintained should be limited in the ways
recommended previously in this report.

SUMMARY

The Steelhead Rainbow Trout, Salmo gatrduneri gairdneri Richard-
son, and Silver Salmeon, Oncorhynchus kisutch (Walbaum), are two of
the most important fishes found along the Pacific Coast of North Amer-
jca. Despite the existence of cousiderable published information about
them, quantitative life history data have been lacking. To secure such
data, so necessary for sound regulatory, stocking, and other manage-
ment programs, a program of study was initiated at Waddell Creek,
a typical coastal stream in Santa Cruz County, California, in 1932,

The plan of the experiment was to study the steelhead and the silver
salmon in their natural habitat.

Waddell Creek was chosen as a vepresentative California coastal
stream under more or less natural conditions, large enough to possess
a full biota and small enough to be dammed at reasonable cost, and
so sitnated that 1t could be kept under observational and legal control
as a unit, with the general publie excluded.

The information gathered at Waddell Creek was complemented by
other types of data (especially egg counts) secured at nearby Scott
Creek, where a State egg collecting station was located. ‘‘ Homing’’ and
“‘straying’’ between the two streams were also studied.

The basic physical portion of the Waddell Creek experiments con-
sisted of a dam and two-way trap for counting and examining upstream
and downstream migrants. This trap has been deseribed in detail by
Tatt (1936).

The dam and trap were constructed 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.

A yearly ‘‘season’’ from October 1 of a given year to September 30
of the following year was chosen for the purpose of the studies. At
Waddell Creek and neighboring streams the spawning seasons, hatch-
ing seasons, periods of emergence from gravel, and principal upstream
and downstream migrations of both juvenile and adult steelhead and
silver salmon are completed within this period.

All adult fish entering the trap were sexed and measured and scale
samples were taken from them for life history determination. The
number of adults of each life history category in each season was thus
determined. This was the first and most important step in determining
the population fluctuations from season to season.

The second and more difficult step was the determination of the
number of juvenile fish of each age moving from the stream to the
ocean in each season. During hich water only a portion of the water
could be strained through the trap and thus only a portion of the
downstream migrants could be captured. The percentage of such fish
taken in the trap was caleulated through the marking of trapped mi-
grants by the removal of alternate pectoral fins and the adipose in
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gach season from 1933-34 through 1937-38 and the recover -
ing adults. The total number of migrants in any one yeg’rofv;: t?;:n
calculated in accordance with the proportion of marked to unmarked
fish of the same life history.

Waddell Crgek is located in central California, entering the Pacific
Ocean approximately two-thirds of the way from San Francisco to
Mopte.rey Bay. In its general characteristics it is typical of the great
ma_)orl'ty.of California coastal streams of like size. Moreover, in mini-
ature it is almost a replica of the larger stream systems such as the
Klamath and the Eel. This fact is of great importance’ in that the
habits and ecology of the trout and salmon in the small streams and
large ones are basically similar. Consequently, the conclusions regard-
ing the proper management of these fishes derived from the present
study are applicable, at least in.the broader aspects, to the coastal
streams in general. a '

Waddell Creek is near the southern border of the humid coast belt
The headwaters of most of the streams in this belt are subject to a
great deal of precipitation during the winter months. The headwaters
_ portion of Waddell Creek has a mean annual rainfall of between 55
and 60 inches, while the watershed near the coast receives about 30
More than one-half of the rain falls during December, January and
February. ’ ’

Because of the distinet wet and dry seasons, there are tremendous
ﬁuct.uatlons in the flow of most of the coastal streams.

_ Like nearly all California coastal streams, Waddell Creek terminates
in a drowned mouth or lagoon, which is subject to tidal action when
not closed by a sand bar. Some streams have characteristically ‘‘large’’
lagoons, while others have ‘‘small’’ lagoons. The mouths of only a
few of the larger California streams (Klamath River, Eel River, Noyo

River) regularly stay open during the summer months. At Waddell

Creek the permanent closing date varied from May 11 to October 25
and the permanent opening date from October 27 to December 29.

Waddell Creek has its source in the redwood belt of the Santa Cruz
Mountains, at an-altitude of 1,500 to 2,300 feet. Several small tribu-
taries unite to form two main branches, which in turn create the main
stream. The length from mouth to source is approximately 12 miles
The hydrographic basin 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 is 14,500 feet. Upstream
migrants can ascend the West Branch an additional 14,000 feet, and
the BEast Branch an additional one mile. Natural falls bar their a,scent
at these points.

The current of Waddell Creek is rapid to moderate throughout its
course. Cascades and deep pools typify the upper reaches of the stream
which flow through the Transition Life Zone, characterized here by z;
forest of redwood and Douglas fir. The redwoods extend to within a
mile pf the coast at this point. The lower portions are broader and
contain fewer deep pools. Gravel and small rubble beds, interspersed
with stretches of sandy bottom or coarse rubble, are abundant. The
stream banks are lined by red alder, big-leaf maple, buckeye, madrono
California laurel, and, in the lowermost portion, by willows. ’ ’
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The lowermost portion of the stream flows through the Upper
Sonoran Life Zone. Here several patches of cultivated grassland and
crop fields are scattered through a valley, which is. about 2,000 feet
wide at its broadest point and extends inland about 6,000 feet. The
hillslopes are populated mostly by chaparral, pines, and Douglas fir.
The predominant sandstone formation is covered with a loose, diato-
maceous 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. Part of the redwood forest was
logged off by 1870 and is now covered by a second growth. The early
lumbering operations have resulted in the creation of several semi-
permanent log jams and temporary accumulations of logs, which have
hastened erosion of thie stream banks, with consequent increase in
silting during flood stage.

In common with the other coastal streams from San Francisco to
Monterey Bay, Waddell Creek contains no strictly fluvial fishes. The
species regularly found in flowing (fresh) water, besides the steelhead
and silver salmon, are the Prickly Sculpin (Cottus asper), the Aleutian
Sculpin (C. aleuticus), the Three-spined Stickleback (Gasterosteus
aculeatus), and the Tidewater Goby (Eucyclogobius newberrys). The
only introduced species in Waddell Creek is the Striped Bass (Roccus
sazatilis), which in some years enters the lagoon from the ocean but
apparently does not spawn in the drvainage. Lampreys do not enter
‘Waddell Creek. :

Several species of aguatic or semiaquatic birds are regularly asso-
ciated with the stream, but none is found in great abundance.

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

The assemblage of native aguatic invertebrates in Waddell Creek is.
quite varied and is rather typical of the invertebrate life in other
coastal streams. Nearly all of the aquatic invertebrates have some rela-
tion to the trout and salmon and most of them are eaten by these fishes
to a greater or less extent. The introduced (1) crayfish Pacifastacus
Flamathensis apparently increased greatly in abundance during the
last three years of the studies (1940-42). ,

Silver Salmon

In Waddell Creek, and over their range as a whole, silver salmon
spawn mostly within the period November-January. The earliest fish
was taken in the upstream trap during the week ending November 25,
and the latest during the week ending March 24. However, 81 percent
of the fish were taken Auring the six weeks December 10-January 20,
and 96 percent during the nine weeks December 10-February 10.

During the nine seasons of operation of the upstream trap, 1933-34
through 1941-42, 2,218 adult silver salmon were taken. The seasonal
runs varied from 84 (1937-38) to 583 (1934-35).

Scale examinations and marked fish returns indicated that all adults
return either as males in the season following downstream migration
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(age 1/1, one growing season in ocean) or as males and females in the
second season following downstream migration (age 1/2, two growing
seasons in ocean). Other workers have reported that the great majority
of silver salmon adults fall into the above age categories, but have
noted some exceptions. The 1/2 age class is everywhere the dominant
one in the fishery.

At Waddell Creek, the 1/1 fish (all males) formed 18.3 percent of
the total runs, 1/2 males 39.5 percent, and 1/2 females 42.2 percent,
These data are in agreement with expected returns, assuming a 1:]
sex ratio among migrants entering the ocean and an equal mortality
among males and females in the ocean, since some of the males return
to spawn after only one growing season at sea, while all of the females
spend two seasons at sea. They are also in essential agreement with
data obtained at ‘Scott Creek and at Benbow Dam on the South Fork
of Eel River in northern California. _

The mean fork lengths of the respective groups were 40.6, 64.7, and
63.9 em. (16.0, 25.5 and 25.1 inches). There is a slight, but consistent,
tendency for males to attain a larger size than females. In general,
the average size attained by fish of one sex in a given season is pro-
portionate to the average size attained by the other sex.

A demarecation line of 49 em. (19.3 inches) separated 99.1 percent
of 1/1 fish from 1/2 fish correctly and appears to have general
application. S

Over the range of the silver salmon, size of fish does not appear
to be correlated with size of stream.

There is no correlation between the mean length attained by the grilse
(age 1/1) of a given brood season and the two-vear-ocean (1/2) fish of
the same brood season. There is also no correlation between the average
size of the downstream migrants of a given brood season and the adults
of the same brood season. Thus, the growth made during the last grow-
ing season outbalances previous growth in determining average size.

Males predominate in the early portions of the run, while females
predominate in the latter portion. Sinece the sexes and age categories are
associated, it follows that changes in the representation of the age cate-
gories also occur throughout the run.

There is a correlation between the general period of the spawning
run and the general period of rainfall. Silver salmon (and steelhead)
ascend both on rising and falling stream levels, but cease movement
during peak floods. They move upstream mainly during the daytime.
The factors influencing fluctuations in upstream movement are ‘‘prob-
ably multiple with complex inter-relationships’’ (Chapman, 1941).

Maturation of silver salmon (and other species of Pacific salmons)
is aceompanied by changes in body form and coloration.

Silver salmon ascend practically all accessible streams within their
range flowing into the Pacific Ocean, from the largest to the very
smallest. They do not ascend streams for as great distances as do king
salmon, red salmon, or steelhead, usually not proceeding upstream in
large numbers more than 150 miles even in the larger rivers. In Wad-
dell Creek, they consistently spawned lower than the steelhead, with
individual exeeptions.

Females choose the redd sites, as is the case with other species of
salmon and trout. The site selected is typically near the head of a
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riffle (which is also the lower end of a pool) composed of medium and
small gravel. Usually the site chosen is close to the point where the
smooth water ‘‘breaks’’ into the riffle. The naturve of the redd site
insures a good supply of oxygen.

In its general features the spawning of silver salmon is similar to
that of other species of salmon and trout. The female digs the nest.
One or more males, one of which usually becomes the mate, may
accompany her, but do not participate in the digging. In digging the
nest the female turns partly on her side and with powerful and rapid
movements disturbs the bottom materials until a roundish depression,
at least as deep and as long as the fish, has been formed. A portion
of the eggs is then deposited, simultaneonsly fertilized by the male,
and then covered with gravel by the female. The female may dig several
pits to complete spawning, probably normally depositing a few hun-
dred eggs in each one. Probably at least 97 pevcent of the eggs spawned
lodge in the pit and ave properly buried. To complete spawning may
take a week or morve.

Probably the over-all percentage Joss of eggs as a result of damage
by subsequent spawners 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.

The rapid burial of eggs precludes any but an insignificant propor-
tion of eggs being eaten by fishes.

All silver salmon die after first spawning. Death results from physio-
logical changes independent of the rigors of spawning.

The calculation of numbers of eggs produced by Waddell Creek
silver salmon was based on the numbers produced by Scott Creek silver
salmon of known lengths. Measurements of the eggs were carried out
according to a method which in essence consisted of dividing the actual
total volume of eggs from one fish by the average measured volume
per egg for that fish. The total number of eggs contained in these fish
was plotted in 200-egg intervals against fish length in 1-cm. intervals
and a regression line fitted to the points by the method of least squares.
Since the relationship is curvilinear, the regression line was determined
on a logarithmic scale and later transposed to a linear scale. Its equa-

" tion is Number of Eggs=0.01153 X Length *?*%: The correlation

ratio, y, 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 salmounids, including other species

of Pacific salmons.

The number of eggs left in silver salmon after spawning was found
to be so small that it was decided not to subtract any number in cal-
culating the eggs deposited by Waddell Creek fish which had completed
spawning, but to use the total egg production figures obtained for Scott
Creek silver salmon of the same lengths and expressed by the above-
cited regression line. However, allowance was made for fish which died
without completing spawning in each season.

Although quantitative data for Waddell Creek silver salmon are not
available, there is every indication that the percentage of eggs fer-
tilized is very high and rather constant.

The embryology of the silver salmon is in general similar to that
of the other Pacific salmons and of trout. The number of days required
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for the eggs to hatch varies from abont 38 at an average water tem.
perature of 51.3 degrees F'. to about 48 at an average temperature of
48.0 degrees I'. At the temperatures prevailing in Waddell Creek, the
usual hatching time is from 35 to 50 days.

Chemical conditions 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.

The percentage of silver salmon eggs which hatch 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 oceurring between
fertilization and hatching. Suech silting smothers the eggs, i.e., deprives
them of the oxygen necessary for development. Mining silt has a similar
effect.

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

In Waddell Creek, serious losses probably occur only in the case of
exceptional floods. Utilization of areas used by earlier spawners has
been noted on various ocecasions, but no quantitative estimate of the
amount of loss can be made, although it is not believed to form a large
percentage of all the eggs deposited. .

There is no quantitative basis for estimating the average percentage
of silver salmon emerging from the gravel in Waddell Creek, but the
writers believe that under favorable conditions it is probably between
65 and 85 percent of the eggs deposited. Again, silting is probably the

principal factor determining the survival rate from hatching to emer-

gence from the gravel.

Silver salmon fry start emerging from the gravel two to three weeks
after hatching and require in addition two to seven weeks to complete
emergence, with peak emergence occurring within three weeks of hatch-
ing. Shallow burial, loose gravel, absence of silt, and high temperatures
all speed emergence, while the opposite conditions retard it. It is
probable that most fish emerge at night.

As the young fish emerge from the gravel they take up residence in .

the shallow gravel areas, especially at the sides of the stream, where
they feed avidly and grow rapidly. At first they tend to congregate in
schools, but as the fish grow these schools break up and the fish spread
up and down the stream. Following the peak of emergence there is a
marked decline in the numbers of fry, caused by mortality rather than
emigration. At Waddell Creek predatory fishes are believed to make
the greatest inroads.

As the fish grow, they gradually move into deeper water and eat
coarser food. Around July or August they move into the deeper pools,
often those with overhanging logs. It appears that about this time the
fish cease feeding or at least greatly diminish it, since the growth rate
slows down. High stream temperatures may be the influencing factor
in the cessation of feeding in late summer.

During the period of heavy rainfall and lowest temperatures, De-
cember through February, feeding continues to be light and growth
negligible.
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Following the period of maximum precipitation the fish start making
extremely rapid growth (March). Rising temperatures and an abun-
dance of aquatic food organisms likely influence the fish to resume
heavy feeding.

Toward the end of March or sometime in April, approximately a
year following emergence from the gravel, the fish begin to migrate
to the ocean. There is an inverse correlation between average amount of
growth made to time of migration and the number of migrants (= total
stream population of age 1 fish).

During the nine seasons of operation of the trap, 18,362 juvenile
silver salmon were checked on their downstream migration. Of these,
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, so the juveniles go to sea in
the same season in which they migrate downstream.

The great majority of the fish in the spring migration had started
growth of the new season, even in the early part of the migration.

Nearly all of the downstream migrants passing through the trap
were taken during April and May. Observations in various streams
indicate that there is little downstream migration prior to this and that
few fish are swept downstream by high water. Over 95 percent mi-
grated downstream during the nine-week period April 8-June 9 at age
1 and at an average size of from 103 to 117 mm. (4.1 to 4.6 inches).
In all seasons the peak of the migration was reached not earlier than
the week of April 22-28 and not later than the week of May 20-26.

The migration as a whole occurs later or earlier in some seasons than
in others. The ‘‘early’’ seasons are those with generally low stream
levels during the migration period for the same dates on which in late
seasons stream levels were generally high.

There is a general decrease in the average size of the age 1 fish
migrating in the spring (the same phenomenon oceurs among the steel-
head of a given age class). The hypothesis is advanced that the fish
are influenced in starting their downstream migration by both size and
environmental factors, with the larger fish from all portions of the
stream migrating first.

The migrating fish move down in schools; those seen were composed
of some 10 to 50 individuals. General observations indicate that most
fish move downstream in the night or twilight, although some may move
down during the day.

The sex ratio among the returning adults indicates that approxi-
mately a 1:1 sex ratio exists among the downstream migrants.

General color notes taken during the 1933-34 season indicate that
the parr marks were prominent in the earliest migrants of the spring
migration (March). As the season progressed, the fish became more
“silvery,”” with parr marks barely visible.

The extremely rapid growth made in the sea is well known; it is

“shown in Figure 21. .

Little is known regarding the movements of silver salmon in the sea.
Marked salmon from Waddell Creek have been caught off Fort Bragg,
200 miles to the north. There is some evidence that silver salmon (and
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other anadromous salmonids) remain within the limits of the continen-
tal shelf, which along the California coast extends approximately 100
miles from the shoreline. '

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 be taken at various points at sea, sometimes in large num.
bers away from the mouth of any stream possessing a run of conse-
quence.

Evidence indicates that the migrations of the varions Pacific salmons
take place in the form of mass movements. Although little is known of
the extent to which silver salmon from different streams mix while at
sea, it is fairly certain that masses of fish from different streams visit
some of the same areas at sea.

Tt is the opinion of the present writers that evidence obtained through
various marking experiments has established as a fact the existence of
‘‘homing’® among anadromous salmonids. Briefly, young salmonids
which descend from fresh water return to their ‘‘parent stream’’ to
spawn. _

The extent of homing and straying among silver salmon between
Waddell Creek and Scott Creek, 4% miles apart, was studied. Figures
for the six seasons of marking (1933-34 through 1938-39) and the seven

seasons for which returns were possible (1934-35 through 1940-41)
- show that 314 (85.1 percent) 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 Creek. (The percentage of straying is considerably
larger than among steelhead.)

It appears that the rate of straying from a given stream is fairly
constant for a given year class, but may vary considerably from year
class to year class, and consequently from the total run entering in one
season to the total run entering in another season. 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. The
hypothesis is advanced that conditions existing at the time of seaward
migration determine the amount of straying which will take place one
and two seasons later, since there is a tendency toward (1) a positive
correlation between size of downstream migration and rate of straying
and (2) 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 their size, the greater
is the amount of straying. The significance of these tendencies has not
been established.

Over-all survival (survival to maturity from eggs produced) varied
from 0.02 to 0.30 percent for the six seasons for which complete re-
turns were possible, with a mean of 0.13 percent. A striking feature
was the inverse correlation between total egg production and survival
(the same phenomenon was encountered for the steelhead).

The percentage of survival from time of downstream migration (sec-
ondary survival) varied from 0.6 to 5.4, with a mean of 2.3, on the
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basis of marked adults returning to the trap. (The average return to
the trap from the number marked at the same age (1) was 2.4 percent
for steelhead.)

The calculated percentage of survival from eggs deposited to down-
stream migrants (primary survival) for the four brood seasons (1933-34
through 1936-37) for which figures were possible was fairly constant,
varying f_rom 1.16 to 1.56, with a mean of 1.35. These figures indicate
that within the lumits of conditions encountered during the above four
scasons the number of downstream migrants is approximately propor-
tional to the number of eggs deposited.

The estimated percentage of survival from downstream migrants to
returning adults for the stream as a whole varied markedly, from 0.98
to 7.72, with a mean of 4.95, for these four brood seasons. An inverse
correlation between the number of downstream migrants and the per-
centage of return as adults was found. The over-all survival for these
four brood seasons was 0.06.

The calculated survivals, which are based partly on unmarked fish

.of unknown origin, may be affected by straying from and to Waddell

Creek.

As a rule, disease is not prevalent among trout and salmon in their
natural environment. In 1933-34 a disease believed to be furunculosis
caused abnormal mortality among juvenile silver salmon and other
fishes at Waddell Creek.

Deformities are also rare among salmon and trout in their natural
environment. Only a very few fish with naturally missing fins were
encountered at Waddell Creek.

_ In general, young silver salmon in fresh water live very largely on
insects, both aquatic and terrestrial; smaller individuals in salt water
depend heavily upon marine invertebrates; larger fish in salt water are
chiefly piscivorous. Probably in most California streams the food of
the young silver salmon is similar to that of steelhead of the same size.

Steelhead

_ 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 or spring, but it is probable that
In the larger rivers, such as the Sacramento, Eel, Klamath, and Colum-
bia, some steelhead 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 seasor® 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). Spring-run fish do not ocecur in Waddell Creek or in
most other California streams. : :

In the section on silver salmon it was pointed out that Waddell Creek
and most other California streams are closed by sand bars at their
mouths during a portion of the annual dry season, as a result of which
the entry of the first fish of the spawning run is dependent upon the
breaking of the bar with the start of the rainy season. The same con-
sideration, of course, applies to the steelhead. As with the silver salmon,
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at Waddell Creck (and Scott Creek) some steelhcad have entered the
stream with the first opening of the bar, whenever that has occurre(.
The earliest fish was taken in the upstream trap during the week end-
ing October 28, and the latest during the week ending July 21. How.
ever, 96 percent of all fish were taken during the 22 weeks 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. Some steelhead enter northern California streams
earlier than do any of those running into Waddell Creek and its neigh-
bors, but even in those streams the spawning season takes place about
the same time as in the southern ones.

At Waddell Creek there are two peaks, occurring during the weeks
ending January 6 and Mavch 17, respectively. These peaks so far apart
result because fish of different sex-lite history categories run at different
times.

It is of interest that 38.7 percent of all fish were taken after February
28, the usual closing date of the winter steelhead season in California.
At Benbow Dam on the South Fork of the Hel River 24.2 percent were
taken after the end of February, and at Sweasey Dam on the Mad River
(both in northern California) 53.1 percent.

During the nine seasons of operation of the upstream trap, 1933-34
through 1941-42) 3,888 adult steelhead were taken. The seasonal runs
varied from 373 (1937-38) to 539 (1934-35). (These are the same sea-
sons in which the smallest and largest numbers of salmon were taken in
the trap.) There was less fluctuation in the size of the seasonal runs
than in the case of the silver salmon. _

Steelhead of many life history categories made 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.

Despite the great number of life history categories, on the average
only the following four exceeded five percent of the run: 2/1 (29.8 per-
cent), 2/2 (26.5 percent), 3/1 (10.5 percent), and 2/18.1 (8.1 percent).
Together, these four categories formed 75 percent of the run.

First spawners composed 82.8 percent (range 70.0-96.1 percent) of
all adults, second spawners 15.0 percent, third spawners 2.1 percent,
and fourth spawners 0.1 percent. (At Scott Creek two fish spawning for
the fifth time have been recorded.)

Survival beyond first spawning is a function of total age, as well as

of number of spawnings. No steelhead with a total age of more than ‘

seven years were encountered.

It is believed that on the whole the composition of the runs in Wad-
dell Creek is representative of that in many other Pacific Coast streams
under natural conditions. In general, (1) at least 59 percent of the fish
(at Waddell, at least 70 percent) are spawning for the first time (ex-
cluding fish that have spawned prior to initial entry into salt water) ;
(2) fish spawning for a second time may form an important contribu-
tion, constituting as high as 36 percent of the total run; (3) fish spawn-
ing for the third time form a very minor part of the total run; (4) fish
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spawning for the fourth and fifth times form a negligible portion of
the run; (5) fish of a total age of over six yvears form a negligible por-
tion of the run; (6) no fish more than seven vears old have been en-
countered; (7) probably 2/1 and 2/2 fish predominate among normal
populations, with 3/1, 1/1, 3/2, and 2/1S.1 occasionally contributing
significantly.

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
of fish of a given sex and life history category in a given season.

Generally, males tend to reach a larger size than females among fish
spending two years at sea before spawning, while females tend to reach
a larger size than males among fish spending one vear at sea.

Growth is resumed following spawning among all life history cate-
gories. The greatest increase is made by the smallest fish.

As in the case of the silver salmon, the size attained by one sex of a
given life history category is paralleled by the size attained by the other
sex. This faet, coupled with other data, indicates that conditions in the
ocean may vary sufficiently from season to season to affect markedly the
size of steelhead from a given stream. The summer of 1941 appears to
have been a very poor one for growth of both steelhead and silver
salmon.

The repeat spawners of a given life history category are markedly
smaller than first spawners of the same year class which have spent the
same number of seasons in fresh water and in the ocean.

Waddell Creek steelhead achieve approximately the same length as
silver salmon of the same life history categories. )

It appears that the size of steelhead is not correlated with the size
or latitude of the home stream.

In all seasons but one a comparatively small number of steelhead sue-
ceeded in jumping over the dam at extreme flood stage. Among such
fish males were in excess of females out of all proportion to the sex
ratio among fish checked through the upstream trap.

Among both first 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.

Survival following spawning is higher among females than among
males. The lower survival among males probably results because the
males serve more than one female, and so are exposed not only to pro-
longed physical exertion, but also to the dangers of being stranded by
lowering flows and the closing of the bar at the stream mouth.

The sex ratio for the steelhead runs as a whole was one male to 1.1
females. It is evident that some unnatural factors are operating at egg
collecting stations and other places where females greatly exceed males,
sometimes six to one.

Females are represented to some extent among all categories of steel-
head grilse.

As in the case of the silver salmon, males predominate in the early
portions of the steelhead runs, while females predominate in the latter
portions. :

Since the sexes and life history categories are associated, it follows
that changes in the representation of the life history categories also
occur throughout the run. Of the principal categories, the 2/1 fish of
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smaller size predominate in the early part of the run, 2/2 fish reach a
peak at midseason, and the larger grilse, composed of the 3/1 fish and
the larger 2/1 fish, appear strongly in March or the latter part of
February and thenceforth increase in relative abundance during the
remainder of the season. ,

As in the case of the silver salmon, the writers believe that in Wad-
dell Creek and similar small streams there is a definite relationship
between ascension of the streams by spawning steelhead 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. In general, they appear to be less exacting
than silver salmon as regards the eonditions under which they will
spawn or ascend an obstacle in a stream, such as a fishway.

Steelhead (like silver and king salmon) move upstream mainly in
the daytime. Fluctuations in movement during the daytime likely are
caused by factors which are ‘‘probably multiple with complex inter-
relationships’’ (Chapman, 1941).

The changes in body form and coloration which are associated with
maturation in sea-run steelhead are of the same character as those in
the silver salmon, but usually much less marked.

The spawning of steelhead is very similar to that of silver salmon.
It has been described in detail by Needham and Taft (1934). The
female chooses the redd site, digs the pit, and covers the eggs. One or
more males, one of which becomes the mate, may accompany the female.
A female 60 em. (23.6 inches) long dug six or seven pits to complete
spawning, averaging a deposition of from 550 to 1,300 eggs in each.
The completed redd was approximately 12 feet long and 5 feet wide
(60 square feet). Spawning can be completed within 12 hours, but is
believed often to take a week or more.

The writers believe that 97.5 percent would express a minimum
average for the number of eggs buried in the redds by steelhead.

It is probable that although the losses resulting from damage to redds
by subsequent spawners may be severe in individual nests, the percent-
age loss for all eggs deposited in Waddell Creek was small.

Spawning sea-run steelhead are very often accompanied by stream
trout, which may eat loose eggs, but whose primary purpose in being
present probably is to participate in the spawning activities.

The caleulations of numbers of eggs produced by Waddell Creek
steelhead were based on the numbers produced by Scott Creek steelhead.
The relationship between fish length and number of eggs produced was
determined from 562 measurements of the amount (volume) of eggs
and the size (volume) of individual eggs obtained from manually
spawned fish of known lengths. Measurement of the eggs was carried
out aceording to the method described for the silver salmon. Since only
about 90 percent of the number of eggs contained in a fish are obtained
in ordinary hatchery spawning, to obtain the total number of eggs the
calculated number was multiplied by 1.1.

The total number of eggs was plotted in 400-egz intervals against
fish length in 2-em. intervals and a regression line fitted to the points
by the method of least squares. Since the relationship is curvilinear,
the regression line was determined on a logarithmic scale and later
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transposed to a linear scale. Its equation is Number of Eggs — 0.9471
X Length >11% The correlation ratio, y, for the relationship between
eggs produced and fish length is 0.838. Regressions of eggs produced on
fish length calculated separately for first spawners and second spawners
showed such slight differences that a single regression was used.

The number of eges left in steelhead after natural spawning was
found to be so few that no allowance for them was made in caleculating
total egg deposition in the stream.

Although no quantitative data for Waddell Creek steelhead are avail-
able, there is every indication that the percentage of eggs fertilized is
consistently very high.

After spawning, the spent adult steelhead which have not succumbed
to old age, disease, or predators descend to the sea. At Waddell Creek
the bulk of such ‘‘downstreamers’’ have been taken during the period
April-June. Spent adult steelhead typically do not resume feeding while
in fresh water.

The embryology of steelhead is in general similar to that of other
trout and of salmon; it has been described in detail by Wales (1941).
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
average temperature of 40 degrees F. At the temperatures prevailing
in Waddell Creek, the usual hatching time is from 25 to 35 days.

As in the case of the silver salmon, silting occurring between fertili-
1za,f;ion and hatching is probably the principal cause of pre-hatching
osses.

The writers believe that under favorable conditions (principally
absence of heavy silting) the percentage of eggs hatching in Waddell
Creek is comparable to that of hatchery eggs, or 80 to 90 percent of the
eggs deposited.

At time of hatching steelhead are approximately 17 to 18 mm. (0.7
inch) long and weigh about 0.1 gram (270 fish per ounce).

Silting is also probably the principal factor in determining survival
rate from time of hatching to emergence from the gravel. The writers
believe that under favorable conditions the average percentage of steel-
head emerging from the gravel is between 70 and 85 percent of the eggs
deposited.

Steelhead fry probably start emerging from the gravel two to three
weeks after hatching and require another two to three weeks to com-
plete emergence. Shallow burial, loose gravel, absence of silt, and high
temperatures speed emergence, while the opposite conditions retard it.
Shallow burial results in premature emergence. At time of emergence
from the gravel steelhead are approximately 23 to 26 mm. (0.95 inch)
long and weigh about 0.16 gram (180 fish per ounce).

The behavior of juvenile steelhead during their first year of life,
especially during the first couple of months following emergence, is
generally similar to that of young silver salmon, which has been sum-
marized previously.

_Soon after the first steelhead have emerged from the gravel, marked
dlﬁerences in size are noticeable among them. Such differences result
Principally from the prolonged spawning season and therefore pro-
longed hatching and emergence periods.
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Soon after the peak of emergence there is a marked deeline in the
numbers of fry in the stream, due to mortality. Predatory fishes arg
believed to make the greatest invoads.

As the fish grow, they gradually move into deeper water and eat
coarser food. 1lowever, unlike the silver salmon, in late summer the
young steelhead do not appear to move into the deep, quiet pools, but
inhabit moderately swift portions of the stream. Diurnal movementg
within limited areas may occur. '

The growth rate of the fish slows down (probably not as early noy
as markedly as in the case of the silver 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.

Feeding continues to be generally quite light and growth negligible
until after the period of maximum precipitation, when the fish start
making extremely rapid growth (usually in March). The resumption
of heavy feeding is probably influenced both by rising temperatures
and the abundance of aquatic food organisms.

Probably the sex ratio is close to 1:1 among stream steelhead two
years of age or under.

Young steelhead exhibit much greater variation in individual be-
havior than do juvenile silver salmon. This is most markedly brought
out by the fact that the young steelhead migrate downstream at various
ages from - to 4, while practically all of the silver salmon migrate
downstream as yearlings. While the salmon go to sea almost immedi-
ately, 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 go to sea before maturing, some
fish of both sexes spawn before going to sea, while still others complete
their life cycles entirely in fresh water. (Among the silver salmon
perhaps a few males reach precocious sexual maturity prior to their
seaward migration, but none of the females do so.) There are other
variations in the behavior of individual young steelhead, especially in
regard fo feeding and growth. These variations in behavior are reflected
in the structure of the scales.

During the nine seasons of operation of the trap, 36,779 stream steel-
head were checked on their downstream migration.

Some stream steelhead, unlike the juvenile silver salmon, migrate
downstream at all times of the year, but the largest numbers migrate
in the spring and summer, with a secondary migration in the late fall
or early winter. Migration during January and February is very light.

Since it was impossible to examine scales from all of the fish, the
age classes were segregated according to modal groups of length fre-
quencies, with ‘‘reading’’ of scales where overlaps between the modal
groups occurred. ‘

The four age classes which, except for occasional older fish, make up
the downstream migration in each season move down in sequence dur-
ing the main (spring) migration. The oldest appear first and are
_ followed by progressively younger fish.

The 36,779 stream steelhead checked through the trap on their
downstream migration consisted of 14,734 (40 percent) fish of age -},
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14,707 (40 percent) of age 1, 6,938 (19 percent) of age 2, 386 (1 per-
cent) of age 3, and 14 of age 4.

It is probable that the migrations through the trap are indicative of
put not strictly proportionate to the numbers migrating down in the
stream as a whole. Because of the large volume of water in the early
stages of the migration, proportionately larger numbers pass uncounted
over the dam. Since the older age classes migrate first in the spring
migration, it is to be expected that they show up in disproportionately
small number among the fish taken in the trap.

Possible factors influencing the time of migration and the size of fish,
and their interrelationships, were summarized for the silver salmon.
Most of that discussion is also applicable to the steelhead, except in
that the situation is made still more complex because a heterogeneous
population is involved. In the steelhead, each age class must be treated
as a separate unit.

The main (spring) migration occurs earlier in some seasons than in
others, as was the case with the silver salmon. Similarly, the early
seusons are those with generally low stream levels, while the late seasons
are those with generally high stream levels.

The fish that migrate down in the late fall are principally of the
previous season’s year class. These migrations exhibit a fluctuating
character, apparently through the influence of the fall rains. The fall
migration probably should properly be thought of as the tail-end of
the spring migration of age - fish, which has been interrupted by
low water and perhaps other factors associated with low water.

Climatic factors not only affect the general starting time of the main
(spring) migration, but also create breaks in its pattern.

As the spring migration as a whole is retarded or advanced within
a season, S0 the age composition pattern within the migration is pushed
backward or forward. As a result, the age composition of the fish mi-
grating at any given time in two seasons may be quite different. Also,
the strength of a given age class, i.e., its representation within a season
both in absolute numbers and in proportion to thée other age classes
individually and as a whole, varies considerably from season to season.

As a rule, there is a distinct increase in length of fish of a given age
class within a season between the end of the fall migration and the
beginning of the spring migration. Scale examinations reveal that the
great majority of the fall migrants have completed or nearly com-
pleted growth of the season, while the great majority of the spring
migrants, even the early ones, have renewed growth. The increase in
size within an age class therefore represents growth made by that age
class as a whole.

Through the season there is often a decrease in the average size of
the migrants of a given age class. This phenomenon results because the
larger individuals of the age class migrate earlier than the smaller ones.

The summarized hypothetical pieture of the downstream migration
of silver salmon, as regards time of migration and size of fish, applies
also to the steelhead.

The extent of schooling at migration time has not been noted suffi- -
ciently to be recorded at this time. Young steelhead do school in streams

10—99945
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under certain conditions, indivi 17
oty ns, individuals of the same size tenumg to group
General observations indieate that
) - some fish move down at all hour
of the day a.nd night, but that the bulk of the fish move downst1~0 s
dull;mg the night or at least at twilight. Srream
arr marks are generally pronounced on the s 1
‘ e g ly pr maller migrant
. su.c%l fi‘sh are no’t; silvery, while the larger ones are silver;. h&li;r:]]]ltd
g’ltl ram.bow coloration (prominent parr marks and rich body an?
n‘coloratlon) are usnally sexually mature and are believed t )(
me;l)nly the offspring of stream fish. o
uring the nine seasons of operation of the trap, 3,1
D . , 3104 ¢
migrant sfream steelhead were checked (seasonal varilzaxtioil 37 ;:)pifg%n)n
Tﬁle pfak of this migration usually occurs close to the befrinni’ng of
the calendar year, and a secqndary, quite minor rise takes zi)lace near
t_ e end.of J}ﬂy._The latter migration is composed of fish younger th
th?ﬁe migrating in the winter. & o
he upstream migration is composed of fish that had i i
‘ (rean > reviousl -
g}faiied downstream and spent some time in the lagoon (I:)r the se};tli];;l
i '1t he ;tream below the _dam) and fish that had hatched below the dam
il}' ke the downstream migrants, they are probably composed largely of
% 1fprmg of sea-run fish but to a minor extent of offspring of stream
sh. Most of the upstream migrants make a subsequent downstream
migration in the same season (some after spawning). Probably follow
mgr 1t1111s3s§eond migration most of them go to sea -
e 3,104 upstream migrants consisted of 44 (1
ercent) fish of
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ﬁpstl?eiﬁceg') 1?a{?t_atge g, 51 (2 percent) of ‘age 4, and 1 of age 5, The
n mi d i nti
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; e upstream migration of st
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usions rega C 1
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As in the case of the silver salmon, the i
: , extremely rapid growth mad
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well known. Prqbably the young steelhead, on first migrating to %he
o}(iean, remain fairly close to the shoreline. How soon and to what extent
they begin to spread out is not known, and practically nothing is known
regarding their movements in the sea. For unknown reasons, very few
igle caught at sea by comm_ercial salmon trollers. Almost ’nothing is
hqwq of the extent to which steelhead from different streams mix
while in the sea. It is not known, but is not improbable, that steelhead
in %l}lle sea, like Ehe Pacific salmons, migrate in schools '
e views of the writers regarding ‘‘homing’’ ‘

) s g’’ among anadromous
salmonids were expressed in the summary discussion of silver sallllln(l)ln
a;lld will not be repeated. During nine seasons of marking (1931
12 11{')031;%1412}318-39)}131113411112;)seasons during which returns were obtained

- roug - 476 (98.1 percent) steelhead m
arked at
gVaddelI Creek returned there and 9 (1.9 percent) strayed to Scott
reek. Of those marked at Scott Creek, 932 (97.1 percent) returned
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there and 28 (2.9 percent) strayed to Waddell Creek. Thus, the rate
of straying among steelhead is considerably less than among silver
salmon for the streams involved.

The simplest procedure to calenlate survival to maturity among sea-
run steelhead at Waddell Creek is to calenlate the number of eges
deposited in a given season and then to total the numbers of sea-run
fish of that brood season returning to spawn for the first time. Sur-
vival calculated in this manner may be termed primary over-all sur-
vival.

In calculating primary over.all survival, the first spawners among
the fish comprising the estimated fotal Tun into Waddell Creek were
divided into total age classes. It was then possible to assign all return-
ing 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. The percentage of survival varied from
0.017 to 0.028 for the four seasons for whieh returns were complete
or practically complete, and from 0.017 to 0.029 when an additional
scason (1937-38), for which the number of five-vear-old returning fish
was not available but was calculated on the basis of the average return
of five-year-olds in the other four seasons, was ineluded. In the former
case the percentage is 0.021 and in the latter case it is 0.023. The latter
figure is used for the purposes of the present report.

One of the striking features to be noted is the inverse correlation
between total egg production and gurvival percentage (the same phe-
nomenon was encountered among the silver salmon).

In caleulating the number of eggs produced by each spawning run,
the number of eggs produced by each fish was calculated on the basis
of the egg number-fish length relationship previously established.

Altogether, returns were obtained for 388 marked first spawners.
Of these, 220 (57.4 percent) had made their initial downstream migra-
tion at age 2 (in their second year), 116 (30.3 percent) at age 1, and
45 (11.8 percent) at age 3 There was one fish apiece in the 4 and 4
groups.

The ages at initial downstream migration of these adult first
spawners oceur in guite different proportions from those of the 12,679
downstream stream fish which produced them. This results both from
differing survival rates among downstream stream fish of different
ages and the fact that varying percentages of the downstream fish re-
main in the stream for an additional season.

Of the 383 fish under discussion, 937 (61.9 percent) migrated to
sea in the season of marking, while 146 (38.1 percent) migrated in the
following season. Of the latter, three made an upstream migration and
a second downstream migration, while the remainder stayed in the
stream below the dam, most likely in the lagoon in the great majority
of cases.

Among the age 1 group, only 9 (7.8 percent) had migrated in the
same season and 107 (92.2 percent) in the following; among the age 2
group, 196 (89.9 percent) had migrated in the same season and only
24 (10.1 percent) in the following ; among the age 3 group, 31 (689
percent) had migrated in the same season and 14 (311 percent) in
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the following. This sequence, but not order of magnitude, is also trye
for each sex. Within each age group a greater proportion of the femaleg
than of the males had migrated in the following season.

Of the 383 adult first spawners under discussion, 303 (79.1 percent)
had migrated to sea at age 2, 55 (14.4 percent) at age 3, 15 (3.9 per-
cent) at age 4, and 10 (2.6 percent) at age 1.

A comparison of probable age as downstream migrant with age at

entry into ocean shows striking differences between them in the repre.’

sentation of the different age groups. Although the age 2 fish are
dominant in both cases, they are much stronger among the latter group.
The age 1 fish represent 30.3 percent of the former group, but slump
to only 2.6 percent in the latter. These examples show how easy it would
be to reach erroneous conclusions regarding survival by considering
the downstream migrants to be equivalent to seaward migrants.

Survival to adult first spawning for the 12,679 fish marked on their
initial downstream migration was as follows: age 4+, 1 out of 3,820
(+ percent); age 1, 116 out of 4,811 (2.4 percent) ; age 2, 220 out of
3,793 (5.8 percent) ; age 3, 45 out of 249 (18.1 percent) ; age 4, 1 out
of 6 (16.7 percent). Since size of fish is correlated positively with age,
there is also a positive correlation between size at time of marking
(initial downstream migration) and survival to first spawning.

In no instance did a marked fish return for first spawning later than
the third season following marking. Thus, probably in most California
coastal streams in which it is desired to carry out marking of stream
juvenile steelliead and secure survival rates in terms of returning first-
spawning, sea-run adults, returns should be sought for three seasons
following season of marking, but need not be watched for beyond that.

In order to determine the survival from eggs deposited to down-
stream migrants it was necessary to know the fotel number of down-
stream migrants, including those that went over the dam wuncounted
and those that were produced below the dam. In the case of the steel-
head, all of the young fish do not migrate to the ocean at the same age
at which they migrate downstream, so the total number of downstream
migrants could not be calculated simply by applying the ratio of
marked to unmarked fish among the adults of a given brood year to the

marked downstream migrants of the same brood year. The ecalculation .

of the total number of downstream migrants was therefore made by a
less direct method, illustrated by Tables 78 and 79.

The general occurrence of disease among trout and salmon under
natural conditions was summarized for the salmon and will not be
repeated. At Waddell Creek some mortality oceurred among unspawned
steelhead from some form or strain or furunculosis, particularly during
the 1933-34 season, when 161 dead adults in all were found. It is esti-
mated that 17 females died without spawning during that season. In
all other seasons mortality is believed to have been much less. Estimates
of the numbers which died without spawning or spawned only partially
were made for each season and considered in calculating egg produc-
tion and survival.

Abnormal mortality among adults, such as that caused by furuncu-
losis in 1933-34, of course results in abnormally low numbers of repeat
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spawners in subsequent seasons. Thus, in 1934-35 the number of repeat
spawners was the lowest on record, a further indication that mortality
in 1933-34 was correctly assessed as being the heaviest.

The extent of losses from furunculosis among the stream steelhead
is not known exactly, but is not believed to have been nearly as severe
as among adults. ) . o

Freshwater copepods (Salnincola californtensis) were found at-
tached to many of the downstream migrants, but apparently cause no
serious damage. These copepods were found much more frequently on
the steelhead than on the salmon migrating downstream at the same
time. ) ) _

No downstream migrant stream steelhead with fins completely miss-
ing were recorded.

Tt is not improbable that throughout the life history of the steelhead
its food is similar to that of the silver salmon: juveniles in fresh water
live very largely upon insects, both aguatic and t(ﬂtl‘est}‘lal; smaller
individuals in salt water depend heavily upon marine 1nver.tcbrates
(and those.in brackish water, especially in lagoons, on prz}cklshwatcr
crustaceans) ; the larger fish in salt water are chiefly piscivorous.

Predators

Inasmuch as one of the main purposes of the project was to study a
stream under as nearly as possible natural eonditions, suspected preda-
tors were not killed because of the danger of upsetting the biological
balance. Evaluations of the effects of various possible predators are
therefore based on incomplete data and observations on other streams.

In Waddell Creek and other California streams juvenile silver sal-
mon and steelhead are probably most heavily preyed upon by juvenile
steelhead. Freshwater seculpins (Cottus) are probably important preda-
tors in most Pacific Coast streams; at Waddell Creek and probably in
most other streams Cottws asper is the species which causes the great-
est damage. Stomachs of sculpins taken from the downstream trap
contained considerable numbers of young trout and salmon. That con-
finement of the fish in the trap aided the sculpins in capturing their
prey is probable. During the period immediately following emergence
from the gravel some young fish may also be eaten by juvenile silver
salmon of older year classes; this has not been noted in Waddell Creek
but has been reported from another stream (Pritchard, 1936b). Other
predators on fish of such small size are limited in Waddell Creek and
most other California streams to the dipper and to garter snakes.
Usually these two are not sufficiently numerous to be the principal
cause of loss at this stage.

As the young salmon and trout grow, the percentage of loss declines,
but they become attractive as food to an increasing number of preda-
tors. When they are too large to be taken by the dipper, the smaller
garter snakes, and many of the steelhead, they are taken in varying
amounts by fish-eating birds (kingfishers, blue herons, and others). In
some cases, striped bass nnay make serious inroads upon the seaward
migration. The losses caused by each of these depend upon a variety of
factors, including the size of the populations of trout and salmon and
the predators, the abundance of other foods for the predators, the char-
acter of the stream and the particular portion of the stream, and
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climatic and water conditions. Some of the predators are able to sceure
fish in appreciable quantities only when the latter are confined to dry.
ing pools or some spot like the traps at Waddell Creek. i

The American osprey and American merganser, which may bhe
serious predators in other California salmon and trout waters, aye
absent from the Waddell Creek area or are rare visitants.

Sea-run steelhead and silver salmon, except individuals dying aftep
spawning or from old age, disease, or injury, are subject to very little
predation from any source once they have entered fresh water. It is
probable that less than 1 percent of the run of either species is nor-
mally taken by predators in any stream in California.

Considerable losses occur among both silver salmon and steelhead
between the time that they leave fresh water and the time that they
return as adults. Little is known of the life of salmon and trout at sea,
but it is not improbable that the major mortality is caused by predators,
of which there are some capable of preying on salmon and trout of all
sizes.

Sea lions have been accused of extensive depredations on steelhead
and salmon by sportsmen and commercial fishermen. The extent of
such depredations is difficult to determine, largely because of the diffi-
culty in securing stomachs of sea lions at the proper time of the year.
Circumstantial evidence that sea lions feed on salmon and steelhead
lies in the appearance of the sea lions near the mouths of California
streams during the time of entry of salmon and steelhead. The extent
of depredations by sea lions is of particular interest in the case of
Waddell Creek in view of the fact that the largest Steller sea lion

rookery in California is located only a little over three miles away, on
Afio Nuevo Island.
- Management

Proper recommendations for the management of any species should
consider that species in relation to its total environment, including
the human beings who will be concerned with its utilization. To be
able to formulate such recommendations, however, it is first necessary
to know the basic facts about the biology of the species concerned. To
gather these basic facts and present them in usable form has been the
main function of the present study. .

The problems that concern the steelhead have been well presented by
Taft (1933). Intensive fisheries for both the adult and immature steel-
head create too great a drain on the species. Most California coastal
streams can support only limited numbers of fish of angling size.

By contrast, immature silver salmon (and king salmon) are sub-
jected to relatively little fishing. The adult salmon, however, must with-
stand, in addition to the sport fishery, an extensive commercial fishery.
The numbers of seaward migrants must be great enough to maintain
these fisheries with adequate numbers of adults.

Many of the problems encountered and many of the ill effects on the
fishes have resulted from the methods of land and water use now in
effect. Control over these factors lies largely outside the provinee of
the Department of Fish and Game.

Sometimes different management methods will give the same results.
The choice of methods must often depend upon the desires of the
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Biologieal habitat improvement in salmon and steelhead waters las
received relatively little study, but several leads which have been un-
covered should be followed up. Success in cach ecase is by no means
certain, but the potentialities are so great that thorough investigation
should not be neglected.

The improvement of existing stocks throngh selective breeding and
the introduetion of various strains or races offers some promise, par-
ticularly in the case of the steelhead.

The elimination or control of undesirable fishes offers more promise
than the introduction of desirable species, but like the latter is a matter
involving complex ecological relationships and therefore possibly un-
foreseen results. The control of these unwanted fishes might be executed
by seining, trapping, or chemical treatment. Control of certain of the
species (e.g., lampreys, sculpins, suckers, and some cyprinids) might
also be effected by erecting barriers in the streams high enough to bar
their upstream migration, but low enough to permit steelhead and
salmon to jump them. Lampreys appear to constitute a very real men-
ace to salmon and steelhead in certain instances and should receive
further study.

In general, industrial pollution is not a major problem in the coastal
area, being confined to isolated instances, principally from wineries,
creameries, tanneries, dumps, sawmills, and millponds. Pollution from
mining silt is of considerable importance in the Klamath River water-
shed. Pollution from sewage is not a general problem, but has had ill
effects in some cases. Proper disposal of slashings and unwanted logs
from lumbering operations is frequently disregarded. The log jams thus
created block spawning fish, destroy spawning grounds, and so change
the character of the stream bottom that fish food organisms are de-
stroyed. '

The fish rescue work in the north coast area has been very worth-
while and should be continued and expanded to provide as complete
coverage as possible.

For many years it has been the popular conception that artificial
propagation of trout and salmon and the stocking of streams were the
"~ complete solution to the problem of maintaining the fisheries of a
stream or stream system. It is the writers’ belief, however, that stocking
alone cannot hope to maintain fishing at its present level in the coastal
streams. Moreover, the writers believe that the amount of natural
propagation is so great that even with a very favorable survival rate
artificially propagated fish would not form more than a minor part of
the total production.

The inefficiency of stocking as carried on in the past does not mean
that all artificial propagation is useless. The experimental programs
at Waddell and Scott creeks have shown that although extremely small
returns may be expected from fish in their first year of life, on the
average approximately 2 to 5 percent of yearling steelhead and silver
salmon allowed to descend to sea at their normal migration time may
be expected to return as adults, and that survival among older and
larger steelhead is considerably higher, increasing with the size and
age of the fish. Therefore, some stocking of aged fish may be desirable
in the coastal streams, especially in heavily fished streams. In such
case, emphasis should be placed on planting yearling fish in barren
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sections of streams above falls and other barriers and the planting of
areas in which adverse climatic conditions or very small spawnimg runs
have caused subnormal matural propagation. In other words, artificial
propagation should be considered an aid to natural propagation, rather
than a replacement of it. o

The most hopeful solution to the problem of maintaining successful
and varied angling in the coastal area of California as a whole appears
to be to provide summer fishing by planting aged trout in heavily fished
bolies of water, often those blocked to sea-run fish, and to have the
winter fishing for adult salmon and trout depend largely upon n_atl'lral
propagation, aided by habitat improvement, fish rescue, and spgc:ahged
stocking. Under such a program summer fishing in the streams in which
a winter fishery is to be maintained should be limited in the ways
recommended previously in this report.
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TABLE A-1 TABLE A3
Waddell Creek, Silver Salmon: Adulfs Checked Upstream Through Trap; Mean Scott Creek, Silver Salmon: Volumes of Eggs Obfained From 40 Spawned Fish, 1935-36
Lengths (in cm.)} by Brood Seasons -
Measured vol. of eggs (cc.) No. of fish Measured vol. of eggs (ce.) No. of fish
1/1 g 172 ¢ & 1/2 @9 1
Brood season » --
. Mean Mean Mean --
Number length Number length Number length I ;
5
- - 152 65.7 177 65.2 g
118 39.8 275 64.0 287 63.2 p
21 41.2 33 65.8 39 63.9 4
56 41.0 104 65.8 107 64.3 3
3 42.5 42 66.1 22 67.2
20 39.6 29 63.2 40 63.6
17 39.5 88 67.8 126 65.9
52 41.8 93 64.3 105 62.5 \
65 42.4 66 59.2 77 58.9
4 40.2 .- - - -
356 40.9* 882" 64.7% 980 63.8%

* An average of the seasonal means, the assumption being that seasonal means are representative of seasonal

conditions.
TABLE A-2
Scolt Creek, Silver Salmon: Dafa Used in Calculation of Volume Factor (F)
Measured Actual Volume
Date Fish no. | Counted vol. of Vol. per vol. of factor No. eges
0. 6888 | oos (co) | B8 (ee.) eges (co.) ® measured
Jan. 16, 1936._._.. 27 2,789 805 0.213 594 0.738 90(9 lots)
Jan. 30, 1936%. . _._ 31 2,782 995 0.2226 619 0.622 50 (5 lots)
0.738 + 0.632 = 1.360 4 1.360
_T = 0.680 — Average volume factor (F)

* Stray from Waddell Creek.

NOTE: The volume factor was also calculated for two other fish, for which the data are tabulated below. How-
ever, these data were not used, since the measured egg volumes approached the extremes of the egg volume fre-
quency distribution, Table A-3 of the Appendix. Admittedly, it would be desirable to have a larger series of
measurements and counts to test the validity of the volume factor used, but such data are not available. Iis
validity is substantiated to a certain degree by the closeness of the volume factor found for steelhead (0.674),
using the same methods and apparatus.

Measured Actual Volume
Date Fish no. Counted vol. of Vol. per vol. of factor No. eggsd
0. egS | oo0q (cc.) | 88 (cc.) eges (co) ) measure
Jan. 8, 1936.______ 13 4,479 1,325 | 0.187 838 0.632 90(9 lots)
Feb. 6, 1936_____._ 41 1,396 350 | 0.2103 293 0.840 30(3 lots)
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TABLE A-4 TABLE A-4—Continued

I Waddell Creek, Silver Salmon: Juveniles Checked Through Downstream Trap, : Waddell (reek, Silver Saimon: Juveniles Checked Through Downstream Trap,
L 1933-34, by Two-week Periods 1933-34, by Two-week Periods

Seasonal
total

1-14
15-28
Oct, 29-
Nov. 11
Nov.
12-25
Nov. 26-
Dec. 9
Dec.
10-23
Dec. 24-
Jan. 6
"Jan.
7-20
Jan, 21-
Feb. 3
Feb.
4-17
Feb. 18-
Mar. 3
Mar
18-31
Apr, 29-
May 12
May 27-
June 9
June
10-23
June 24-
July 7
July
8-21
July 22-
Aug. 4
Aug.
5-18
Aug. 19-
Sept. 1
Sept.
2-15
Sept,
16-30

Oct.
Oct.
Mar
4-17

|

U RS R SRR O N R R - _- ) U IR I R R I R R R e 1
i [ I R I R T I 1 - ) I (R I (UR (R (R RO R A 2
PO R RO T IR AR BT S - - 0 R [ RN R R RO S R 2
[ R SR TR B R IR R - - b U IR N ¢V I I I R L (2)*42
R (R R DU R B TR R R - - [ 2% [N R B R T RN SO R 4
- ) U IO U R SUR AR A - - O RO I R IR R R R R 1
O U I A 2 . - .. .- - FURE BN IS R S R R R R R 2
No|Rec|ord U R N P R U B 1} . - - o] -- RN B T B A T R R 2
RN BN T R R R R 1 2 - 4 2 ) N I R B P A IR 1 10
R R R R R R 2 2 8 18 5 P20 R RO R R RSN S R 38
EONN R U RN R R I 1 47 76 1 20 [ 20 RRPURU B R NN AU NON R N 154
R R IR O B I R 2 165 151 | 23 | 5
@B - - o[ - -2 ] -2 -] (40)1+369
R R R R U R R 313 279 | 44 [ 3% SN R R R S T R 684

370 816 | 44 3| - | b o) aa} e -] -2 -- 789
306 288 [ 30 2| - | o oo o] oo -- 711

PR I U (U IR R R R A 165] 117113 2| - | | o o] o a ] - 357
[N U O PR R SR R I 65 a7f 5 | oo oo oo e - - 134
R IR U R I S NP R 41 170 41 2| o e eaf ee e a o - 67
JUNE R A R I R N 1 21 61 1| o = o] oa | o] an ] =t -2 ] - 32
ORI S RN RURN RPN R U 11 51 2] 2| - o] o | a2 oot o] - 21
PR RO R R R SR IR R 3! .. ) I (RN DU RS R A R N SN R 4
FURN IO R NN AR R IO R . . JEO [ U I R U R U N N B 1

1,516 | 1,324 [204 | 66 | _._ 1] .. 1] .. -- 1 1 3,430

* Recorded only as 3 inches or under.
t Recorded only as over 8 inches,
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TABLE A-5 TABLE A-5—Continued

Waddell Creek, Silver Salmon: Juveniles Checked Through Downstream Trap, ( Waddell Creek, Silver Salmon: Juveniles Checked Through Downsfream Trap,
1934-35, by Two-week Periods 1934-35, by Two-week Periods

o | Seasonal
& total
&

=1

QOct, 20-
Nov. 11
Nov.
12-25
Nov. 26-
Dec. 9
Deec.
10-23
Dec. 24-
Jan, 6
Jan.
7-20
15-28
Apr. 29-
May 12
May
13-26
May 27-
June 9
June
10-23
July
8-21
July 22-
Aug. 4
Aug. 19-
Sept. 1

. - - - . . . _ . o . 5 9 - - .- - - - - - __ . .. 14
R ()20 IR I S R N . . . N .. . .. .- -- 5 2 o o -] - o u2*47
O I R R IO I IO U R N A R .. . . - 2 P I (O (R A R R 4
- - - - - - L . . . . - - . - .- - - 2 . . . - 1 3
O TS R R R O T N N S A B . . . . - 1 | S I I R I 4

; - .- . . . . - - 1 . . . 19
: JEU I I N R A (R I I A R S 28 | 340 | 247 | 106 JR I (R A IR R R 724
) FUR R A R IR IR I I I R R 1 39 | 304 | 224 44 N TR RO R R S 617
) [N I I R R A U R I S N B 33| 1801 101 28 b U IR IR I N R R 345

JO R O I IO R IO U R AU A S 22 89 61 10 RO R R R R R R 183
: NN IR S O R N R N I R R 9 41 37 3| -. JEU R I RN R R 90

JRUR IS R A R U A R U S U 3 18 12 3| .- R I A A R R S 36
U [ R R IR R I I I A A B 1 4 7| -- - JE N I R R R 12
[N I R I R S R N I SN R 2 5 4 - - JE T R R R T 11
JR I I I IR R R I R S R B 1 4 3| .- 1 U I I T AP R R 9

Totals.__ . 4 2 1 10 - . 1 2 - 249 | 1,636 | 1,179 | 402 34 13 6 - - 2 - 1 3,573

* Recorded only as 3 inches or under.
1 Recorded only as over 3 inches.
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TABLE A-6

» TABLE A-6—Continued
Waddell reek, Silver S'a;glson“']nglye '}':,e:_ﬂ:;k;grmr: ugh Downsiream Trap, Waddell Creek, Silver Salmon: Juveniles Checked Through Downstream Yrap,

1935-36, by Two-week Periods

o | Beasonal
=*;-‘ total
&

2

Nov, 26-
Dec. 9
Dec. 24-
Jan. 6
Jan

Dec.

Nov. 11
Nov.
10-23
Feb.
4-17
May 27-
June 9
July 22-
Aug. 4

1-14
15-28
Oct. 29-

Oct.

12-25
13-26

Oct.
Mar
18-31
Apr.
| 1-14
B
g
8
Apr. 29-
May 12
June
10-23
June 24-
July 7
July
8-21

May

NN SRR R R N B R N IR R N I R N JR TR IO I N A A B T B U R
| I S 4 1 .- P2 I I U I A SR S - -- - -- -- e et e B e g
J U SN (T - A N1 N O A I N R R B D R B [ DR R R (O 2
| - - 92} 18] . 5 3 2 | I A R I -- -- -- -- -- R BTN TEEEN RS B IS B 120
-- -- .- | 125 26| .. 5 2 2 - - 1 . . -- -- -- -- -- --| -- -- -- -- -- - 161
- - .-} 964 20| .. 4 9 1 . 1 2 . . -- -- -- -- -- - -- - -- -- - --

-- 1 1 2 -- - .- - - - .- .- 137
O I R % 3 I () A 1 4 3 o - 4| .| - 2 5 1 74
- - o 18 3 .- . 4 3 -- -- - -- -- -- -- . -

2

1 Ty - 4| 225 | 269 30 6l __ | - -t -t - . 538

’ D R e e e e e 8| 440} 387 32| . JEU I (R R AR RIS B 877
IS R R R A A I A A A S IR A Mk 20| 680 | 877 30| - JEUT R (RS S I I B 1,007

D O N D O D O T R e e e ar| s521| 276 26 -- N R IR R R I B 850

S N I O A E A R S A A R - 33| 335 120 5 - JEOS I I IR AR R 493

D R U O O D A S R R S 3 17 | 137 42 1| - JEURN I (RO I SRR SO 198

B R T e e e e i 15 50 6| . - SO R T S I R S 72

N e e D e e R T A St el 5 1my .. - - T U IR R I O 16

I O O T R T R R A AR I E N 4 3| . - - FERUE I I A R U R 7

Totals____ 1 -- - 417} 87 - 22 25 8] 1 1 12 3 2

g

(ine

s
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TABLE A-7 ’ TABLE A-7—Continued

Waddell Creek, Silver Salmon: Juveniles Checked Through Downstream Trap, Waddell Creek, Silver Salmon: Juveniles Checked Through Downstream Trap,
1936-37, by Two-week Periods 1936-37, by Two-week Periods

Seasonal
total

Oct.
15-28
Oct. 29-
Nov. 11
Nov.
12-25
Nov. 26-
Dec. 9
Dec.
10-23
Dec. 24~
Jan. 6
Mar
18-31
Apr.
Apr.
15-28
Apr. 29-
May 12
May
13-26
May 27-
June 9
June
10-23
June 24-
July 7
July
8-21
July 22-
Aug. 4
Aug.
5-18
Aug. 19-
Sept. 1
Sept.
2-15
Sept.
16-30

1-14

- - - - -- - _- - - - 1 - - o - -- -- .- .- = -- - .- .- -- - 1
- -- .- - - . - 1 - 2 - .- - . 1 - - -- - - .- -- -- _- _- - 4
.- _- - .- .- . 2 1 - 3 - __ . . 1 - 3 - -- - .- -- -- _- s - 10
O I R R U R PO I N R A R 2 2 15 3| o - U R S I R R 23
. N IR Y S R R R AR S I R A N 4 16 43 0] .. .. N R S N I R 74
: 0N R R A (e U K (N O AR A R N B 8 61 77 20 __ | __ U R O N U B 166
U R R A A I A N A S A R R B 11 97 |- T 22 1] . [ R S N R 208
__ . L . . - . . e . . . . 1 6 119 97 13 2 o . __ . . - . 238
. N I (U R E I R R A S R R R S 1 70 60 9| . _. N U R R IR 140
__ - - - - . - . . __ . . o __ 4 66 41 9 - .- - - . - - - 120
U I R AR R O A AN S AU A R R SR 2 30 20 4 | __ [ U I R AR R 56
[ U N U A R N I I R R R R S .- 8 4 il .| - JN O R R R A 13
o . __ . - o - . . . . . . . - 1 1 1 _- - .- .- - - . - 3

R A T
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TABLE A-8 TABLE A-8——Continued

Waddell Creek, Siiver Salmon: Juveniles Checked Through Downstream Trap, Waddell (reek, Silver Salmon: Juveniles Checked Through Downstream Trap,
193138, by Two.week Periods 1937-38, by Two-week Periods

- & <+ - &b g c':;oa c‘é; &‘f‘ é"

Length &7 L |Te Vo & ~0 . - o | VT © oo o as, "1 s | so Seasonal
nmm. sl 58| 525 SR 55188 55| agle|an| s8] 85|53 2|88 33|3E (22| E2|25| 52| g g8 dn (8| twl
oAjolloziza|zAlAS (Al | Sl S |me =SS =% A R -l - FCR SR S BN -0 PN - I RON

F (RN IR KR RN SN RN A A N1 R R S S U U AU A N I R S R R B 1
JR IO [ R I I (NS R I IR SR R R N U S0 RN S IR (N R RN A 2
J T TN AN S AN AR R R A R A - -- 5 b2 N R SN SRR R N SR N 7
- - - - . = . - - . .- . . 1 - 14 9 - - - __ . . . . 24
O - -- o e e e e 1 1 56 24 2 U B - - o -- 85
R - e o e e R A e _ 3] 127 34 1 1] - -~ -- PO R 166
N e T - - N 2 13| 216 78 -3 N [ R I R R 313
ol e e e e e N e e R 14 328 69 50 | - -] o o - -- 406
ol D e s e i Ut A R T e e 2 23| 366 56 2 B IEETN I RN R R 449
e -] - - o e e e e e e A 2 23| 199 31 1 [EOE [ [ R B BN 256
AN N I I R A I A S S R R N 1| esf aw0f wo| af | o) TV DF D)o 150
[ I A A R R R AR AN A AN R S - 14| 33 -3 NI [ KR U R AR R S 53
JN AR I IO I I I R AR S A S R - 3 3| - I IR TS R R R R R 7
I R N N S R S - 3 3| .. S D R R R T R R 6
IO U T IS SR N I R A E S R S N I IR I B RN EU RO R D S R 1

Totals._._| .| = - | < = -} =] -1 1| o -} -- 91 123 |1,460| 309 { 21 b U O R AU P T 1,926
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TABLE A-9 TABLE A-9—Continued

Waddell Creek, Silver Salmon: Juveniles Checked Through Downsiream Trap, ( Waddell Creek, Silver Salmon: Juveniles Checked Through D
1938-39, by Two-week Periods 1938-39, by Two-week Periods oh Downsiream Trap,

Seasonal
total

1-14
15-28
Oct. 29-
Nov. 11
Nov.
12-25
Nov. 26-
Dec. 9
10-23
Dec. 24-
Jan. 6
Jan, 21-
Feb. 3
Feb. 18-
Mar. 3
Mar.
18-31

pr
Apr.
15-28
Apr, 29-
May 12
May
13-26
May 27-
June 9
June
10-23
June 24-
July 7
July
8-21
July 22-
Aug. 4
Aug.
5-18
Aug. 19~
Sept. 1
Sept.
2-15
Sept.
16-30

Oct.
7-20

Oct.
Dec.
Jan.
Feb.
4-17
4-17
Mar.

30 ... JONN N I I (RS SR A A IS H A A S R S R R IR R e N
35 ... JN TR I e N O O E I A I A R B Tl o N o] ]

40 .. JN IO R R I KOS SR R AR N R I B R N NSt R IR B B B R N R B

45 ... JO R TN AN A NN I NS RN S I S A R T i e e A

50 .- JN IR I A A AR A A N AR R A S N T Ty I B A

55 oo I S S R I RO R A A A I S R o ) . NS e -

60- oo S I KN O S ER I T SR A S S R B T N o I N

65— —ooe S I I S R A AR S IR A R N B R N A N e -

70 ... JO0N I IS R S S A S AR S R R R T L e e e -

75 . JU TS T KRN I SRS T A R N A S B SR IS B RS I I R B B I R
80 ... IO IO R IR R NN BN A R S I R R R S0 A R R Bl B R B IS N I B RS
85 ... S IO R I A AN AR R SR SR A S A R S S A B B B A R
90 -~ - -- L - - - - - . . - __ 1 . .. . - o - o R B ;

o
w
)
1
|
1
'
v
'
‘
«
'
[
1
)
'
'
'
I
’
1
'
'
'
'
'
'
'
'
'
.
1
'
'
)
'
'

1
2
7
101 80 11 1 .- . - . . . 196
7 .- .
2
2

145 . SR R I (S N AU E I R R N A S N R T U
150 - AN RS A N (U A A I AR I N SR R S - -- -- R I O T I R R 1
155 ... SN R U S I A ORI R A I I R R e - R I D U R U T R
160 . JOU (RN R U RN IS AU I O S ER RO R R -] - PPN RS IR I ROt I R S R 1
165 .. JRE T I N (R I (U i S R U AR R S N BTN T . S R T I I I R S
Totals___.| .. . . . . - . . . . . o . 32 459 320 33 3 2 . —2— . 1 . . . 852
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TABLE A-10 TABLE A-10—Continued

Waddell Creek, Silver Salmon: Juveniles Checked Through Downsfream Trap, ) Waddell Creek, Silver Salmon: juveniles Checked ]hrough Downstream Trap,
1939.40, by Two-week Periods 1939-40, by Two-week Periods

Seasonal
total

Length
in mm.

Oct.
1-14
Oct.
15-28
Oct. 29-
Nov. 11
Nov.
12-25
Nov. 26-
Dec. 9
Dec,
10-23
Dec, 24-
Jan. 6
Jan.
7-20
Jan, 21-
Feb. 3
Feb.
4-17
Mar,
4-17
Apr,
15-28
Apr. 29-
May 12
May
13-26

Y

e
June
10-23
June 24-
July 7
July 22-
Aug. 4

144

-18 .

Aug, 19-
Sept.
-15
Sept.
16-30

1 S Bl e Bl e EE e I B B B R R T AR DU N I R R R A e e

- . .- .- . - . . . . . 1 B 4 1 2 - - - .- . . - .. 27
S I U R S A R A R R S SR R ; 30 21 12 15 2| . DR I S R R R 81

o _ A D SR T SR R B 8| 77] 81 45| 9| . U I R AR R 250
I O R R - o 22 | 104 125 81 4 [N IR R R R 336
R I R U R T R O R R R R A 25 85| 1531 122 4 1 N I A S R 390
N IR R R R A I A A R R 1 45 162 | 111 [ IOEN N R R I 330
I D R A O E A I I A A R R B 1 21| 111 77 1] .. IO R R R R B 211
| I O TR R R T S R IR R - 7| 37| 24 I O U R SR R A 69
JR R SR (N IR SO A R S EA NN S R R -- 4 5 2 .| - U O R N 11
J O A TV O A A KN A O IO AR E 10 I I VR D T I I T I 1

Totals_.__[ __ -- - 4 -- 1 5 - - 2 -- 3 9 2

11—99945
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TABLE A-11

. ' ' TABLE A-11—Continued
= Waddell Creek, Silver s&'%’"“ f'ﬂ'f?&?:::;k;gr;g:‘lﬂh Downstream Trap, Waddell Creek, Silver Salmon: Juveniles Checked Through Downsiream Trap,

{ : 1940-41, by Two-week Periods

; X @ < 0 ob . ,
: Length |87 8% %o [ w e o S 3 & %
' - . ., . N A - . .- — - —
: in mm. s¥|lsaleled| gl || s gs|lan|ss| 50|50 o= Length w0 | N o | - ~ & . . .o | Seasonal
. S 0L 202N | 22| RS | R&| | So|loy| o383~ |2H| &~ in mm s | e 2| 22| gnmalpu] v wEl S| S8 total
o4O ozlz zo|lAa=|(Aa . [S o 4 - i : [ 2l | 2.4 ] L SlSN [T o~ 28] 2~ &4
' ol de o Il sl o bl ke I S5 83| 52|55 |582| 52| 50|25 25|38) 80| &8
ot e e e e e e I A e i e I A O I A A TR i I Rt i HEs R 1
R N e e gl IS el I ol B Bl Sl el M
o e I Il S N B B R o e I Y e e e e 2
R il et e el Rl I e B
o o o o o T o o o o o o o - . 7 7 - - - -- - - - - - 14
n o o - o . o - o o T o - o 1 12 18 2 - - - _- - .- - - 33
o T o o o o o o - o - - o - 1 18 17 2 - . - - - - . . 38
o o N o o o o 0T o o o o - o - 16 9 3 - .- _- _- - o2 - - 28
o o o . o - o o - T - T o - 1 7 6 .- - _- — . . - . - 14
o o7 o . T o T o - o - o oT - 1 6 2 _- - - - - . - . - 9
o - o -7 o o - o o o oT - o o - 5 1 - - - - _- - - - . 6
o o - : o o o 0T o o o 0T o o .- 2 .- .- -- - - . -- - — -- 2
x e e e 0 I ol S Wl e I
L1 - - -- - - - - - - -- .- - - -
g _- .- __ - .- - - .- .- . - -
i Totalsoo| o} wod o} ol ol g e - ] - 4| 75| 62 7| 2| 2| | o | o ] - 152
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TABLE A-12 ] TABLE A-12—Continued

Waddell Creek, Silver Salmon: Juveniles Checked Through Downstream Trap, Waddell Creek, Silver Salmon: Juveniles Checked Through Downsiream Trap,
1941-42, by Two-week Periods 1941.42, by Two-week Periods

12-25
Nov. 26-
Dec. 24-
Jan, 6
Apr. 29-
May 12
13-26
May 27-
June 9
10-23
July 22-
Aug. 4

Qct. 29-
Nov. 11
Nov.
Deec. 8
Dec.
10-23
Mar
18-31
Apr.
1-14
15-28
May
June
July
8-21

‘Apr.

- - .. . . . . - . - . . . - 50. ... .- . - - - 2 1 - . . - - 3
. - . - . - = . - - - - - .- 55. - .-_ . - = 1 1 1 3 1 . - - - 7
.- . .- .- - - - . . - .- - - - 60. ... - . - . 1 3 4 .- - . .- -- 8
- - . - = - - . - V- - -- - - 65..... . - - - .- 3 1 1 1 - .- .- 6
- - - - - - . . . . - - - - 70 __ . - - - 1 - - - - . - . 1
. .- - .- .- - -- . - - . - -- .- 75 ... - - . - 1 . - - - .- - 1

1

R R O N A R S R R O R R 125. ... . 3 5] -- A= [ ISP [ T S R 8
-- - .- - . - .- - - .- - .- - . 130..... - 1 1 - - - | -- - ] - - 2
[ B O I A (R A R R SO I RO HE 135.._.. .- - .- .- - [ I O T T O e,
- - . - - .- .- _- - . - - - - 140 .___ . - . - P -- -- - . - . -
R I R Rt B RO e R B I R R R 145..... . - . -- ] -- [ PR RO R [
NN R (R R R A (N RS RSO RN U RN A R 150..._. - - .. . ] -- SO U RO [ R R
PR IR U R R I e R R R i R e 155..... . - .- .- O O U RO O R
R R R N N UNN (U S R R [ U I 160.____ . - - . U B U I O I R R
R R R R U R R R SRR i R (R A 185 ... .- - - .- ] -- RN R R [N O R
PO IR R RN R 2 R IO RN R B 2 Totals _ 2| 198 [ 300 | 144 | 40| 11 9 2 ) O R R 711

i
5
e
5
|
¢
&

Er
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TABLE A-13

Waddell Creek, Silver Salmon: Age -+ Juveniles Checked Through Downstream Trap; Mean Length
(in mm.) by Two-week Periods

STEELHIEAD AND SILVER SALMON LIFE HISTORIES 327

TABLE A-13—Continued

Waddell Creek, Silver Salmon: Age + Juveniles Checked Through Downsfream Trap; Mean Length

(in mm.) by Two-week Periods

Two-week period ending: Two-week period ending:
Brood Brood
It — —_ Iten 1
season em b - ~ g © & © S . o o | = = b season ! 2 x 2 > 3 - 21 o« | @ - =218 Total
e 3 > > S g : 3 1 5 s P : : > > 2 @ > > o @ < o3 o
5 o 5 o & g g 2 2 G a G} 5 a G o £ g = 3 5 S 2 >
S|olzjz|a|la|S|S|a|&|= 3|52 S22 lz|l22 8|82
Number._..| -- - . .- - - - - . - -- - - . Number..__ 1 .. 10 - .. - - - - - - 143
1033-34 1933-34 not meas-
ured = 14
Mean length| . - - - - . . - .- .- - - - . Mean length{44.00] __ [52.00] .. - - . . - - . -
Number.___| -- - .- - _- -- - - - - . - .- ) Number.... 9 . . - 2 12 6 - - 2 . 1|41
1934-35 1934-35
Mean length| _. - - .- - -- - - - - - - -~ 135.67 Mean length|37.56] __ _- ~- |58.50]55. 50]62.33] _._ __ |78.50] __. |64.00
Number.... - - - .- - .- - - . - - - - . Number____ - - - . - 1 . - . - - __ 1
1935-36 1935-36
Mean length| -_ - - - - -- _- - - - .- .- - R Mean length] __ - . . _. |64.00] __ - - - - .
Number._...| -- - - . - - .- - - - - . . . Number_._ [ __ 1 1 3 3 - . - - .- - - 8
1936-37 1936-37
Mean length| .. - - -- - .- - .- - .- - - - . Mean length| __ 141.00{43.00{35.00{38.67 __ . - - - - -
Number____| - | - | - - -} --| -- | -] -- PO B PO - Number___.{ __ -- - -- [ B O I R S
1937-38 1937-38
Mean length| .. - .- .- -- - . .- - .- . - - Mean length{ __ .- - - - - - - .- - - _
Number....| -- - -- - - - _- - - -- - - . Number____| __ - 1 2 2 - 1 - 1 - - - 7
1938-39 1938-39
Mean length| __ - - - - -- - - - - - - .- Mean length| __ .. 151.00157.50/52.50| __ |58.00| _. |65.00 .. - -
Number..__| -- .- - - - - - - - . - - - Number____| __ .- - - - - . - . - . - 0
1939-40 1939-40 ——
Meanlength| -} - | -} .| - | - - --| -}t -=| -] -} -- Mean length| _._ ] - - - .- R R R T B R
Number..__[ .- - - . - - - - -- _- . - - Number____| _. _- - - 2 2 - _- - - - - 4
1940-41 1940-41
Meanlength| - | - - -] - = --{ -] -- | o-- .- Mean length| __ . .- _- |70.50{73.50| _.| .. AU R I B
Number..._| -} .| -} - - | - - -} - - - - --  Number..__[ 2 1| - 1 41 10 9 2 1| - | -} --|31
1941-42 1041-42 :
Mean length| . - _ - - -- . - . . . - . Mean length|37.50{36.00] .. [52.00|63.25|57.70|56.56/57.50/65.00{ __ . .
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TABLE A-14

k, Sllver Salmon: Age {1 Juveniles Checked Through Downstream Trap;
Waddall Cree ':;ean Length (in mm.) by Two-week Periods

Two-week period ending:
. iy
Brood season Item . o - - 5
' Oct.14 | Oct.28 | Nov.11 | Nov.25 | Dec.9 | Dec. 23 an 2
2 os]
1 .- - -

' = - - - 78.00 c
1992-33 - - = - - 71.00 -~ 5 - 8. g
19s-54 e e e NI B -
1 - (sl
103485 62 1oo - - ;;13713 80.48 - 77;09 81412 81.00 72600 S
. -- = = = = = 93.67 2
103536 - - - - - - 91.75 86.75 -- Z
- - - = - - - - - 71.00 -
1036-37 - - - -- - - - - " ¥ :

198738 " - - - - - : -_ . -

- B o : o = - 87.00

1098-89 - - - 79.25 - 76.00 79.80 - -- 7.

198040 - - o :: - : : :: » :

- - - - - - 87.00 - - -

104041 Mean length......__ - - .- . -

TABLE A-14—Continued

Waddell Creek, SHver Salmon: Age 1 Juveniles Checked Through Downsiream Trap;
Mean Length {in mm.) by Two-week Perlods

Two-week period ending:
Brood season Ttem
Mar, Mar. 17 | Mar. 31 Apr, 14 Apr. 28 May 12 May 26 l June 9 June 23 , July 7
19832-38. oL Number._.____.____ 4 18 20 1,515 1,324 194 27 - .-
Mean length. _ 89.50 108.83 115.82 114.20 112.57 111.28 112.89 .- -
1988834 Number_.___. 1 1 18 240 1,636 1,179 402 32 1
Mean length._ 89.00 101.00 92.56 113.80 113.47 113.59 110.35 109.38 123.00
193435 . Number...___ 12 3 2 136 2,413 1,621 148 12
Mean length 89.42 110.33 140.00 121.89 114.37 110.80 108.36 100.75 98.00
1985-86meec oo umber.__.__ .- - 1 40 470 438 92 3 .
Mean length. . .- - 118.00 112,32 118.49 115.40 114.66 116.33 -
1936-37 oo, -e--| Number...._._____. - . 2 9 123 1,460 309 21
Mean length : - - 92.00 113.00 121.94 114.86 111.37 116.33 105.00
103738 . ... Number_____ -- -- 32 459 320 32 1 . .-
Mean length__ - - 121.00 118.63 111.62 108.37 106.00 - -
1038-39. . ____.____._. Number.______ 3 9 2 153 372 687 479 22
. Mean length_ _ _ 87.33 81.56 90.00 103.61 109.95 114.38 114.28 108.18 111.00
19839-40. ... .. __________ Number....___ - . - 4 75 62 7 .- -
Mean length__ . - . - 114.25 111.19 107.18 108.57 - -
194041 . . _______ . ... Number.._.__._.___. - .- - 1 . 197 300 143 36
Mean length_. . _____ - - - 120,00 - 105.10 102.40 102.45 100.83 86.00
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TABLE A-16
; TABLE A-17
Scoft Creek, Steelhead: Data Used in Calculation of Volume Factor (F) . .
Scolt (reek, Steelhead: Volumes of Eggs Obfained From 537 Spawned Fish, 1932-33
Fish Counted Measured Vol Actual Volume N
Date 1sh ounte vol. of o .(pe:)- vol. of factor 0. eges Measured volume of eggs (ce.) No. of fish Measured volume of eggs (cc.) No. of fish
no. no. egegs eggs (cc.) egg (ce. eggs (cc.) ) measured
47
1932 oo - 3,874 550 0.0978 379 0.689 | 100 (10 lots) 33
Mar, 5, 1936. _ - 6,172 900 0.0958 591 0.657 | 110 (11 lots) 16
Mar, 5, 1936 - 4,013 568 0.0958 384 0.676 | 110 (11 lots) 14
16
10
0.689 + 0.657 4 0.676 = 2.022 2.022 2
= 0.674 = Average volume factor (F) 3
. 3
NOTE: The latter two sets of data represent complete and partial counts and measured egg volumes from the !
same fish. The volume factor was also calculated for three other fish, for which the data are tabulated below. 3
However, these data were not used, since either the measured egg volumes approached the extremes of the egg --
volume frequency distribution, Table A-17 of the Appendix, or the number of eggs measured for individual 1
volume was too small.
. Measured Actual Volume
Date Fish Counted vol, of Vol.(pe; vol. of factor No. eggz Total - - - oo 537
no. DO. €BES | ouus (o) | B8 (66 | epps (cc.) (F) measure
Feb. 2, 1933__. 87,927 8,859 1,325 0.101 895 0.675 | 10
Feb. 13, 1933 _ 87,950 4,217 425 0.070 295 0.694 | 10
Feb. 19, 1935 . 54 2,403 190 0.053 127 0.668 | 20 (2 lots)
) TABLE A-18
Scoft Creek, Steelhead: Eggs Remaining in Spawned Fish
. . Eggs remaining
Fish Vol. per | Cale. Total
Date length Age egg (cc.) no. eggs no. eggs
in em. obtained | N ber |Percentage
1932
February 25..__.__. - - .087 7.347 325 4.2 7,672
March 10_ ________ 62 2/2 .099 4,174 925 18.1 5,099
April 14__________ 66 -- .076 7,476 740 9.0 8,216
Aprit14__________ - - .091 5,294 400 7.0 5,694
April21._.____._. 52 - L111 4,691 445 8.8 5,036
April 21_ _ 51 .- .072 3,395 344 9.2 3,739
April 28_____..._. 58 2/18.1 .072 4,687 539 10.3 5,226
April28__________ 48 2/1 .058 2,969 264 8.2 3,233
May5_ . ... 53 2?/1 .094 3,150 415 11.6 3,565
May 5. ____.____. 53 31/1 .080 2,838 475 14.3 3,313
1033 '
February 13____... 72 2(0/2 .088 11,153 1,047 8.6 12,200
March 6__.________ 71 1/1.18.1 .090 6,122 659 9.7 6,781
Mean_.__________ - - - .- .- 9.92 .-

NOTE: The total number of eggs in the fish less 9.92 percent — 1.11 X the number of eggs obtained in
spawning. For purposes of calculation of total egg production in this paper, the factor 1.1 has been used to
multiply the number of eggs obtained in spawning.
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TABLE A-19 . TABLE A-19—Continued

Waddell Creek, Steelhead: Stream Fish (hécked Through Downsfream Trap, 1933-34; Waddell Creek, Steelhead: Stream Fish Checked Through Downsiream Trap, 1933-34;
Length-frequency Distribution by Two-week Periods Length-frequency Distribution by Two-week Periods
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GRAND TOTAL 3,117

* Measured only as 8 inches or under.
1+ Measured only a3 over 3 inches.
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TABLE A-20

Waddell Creek, Steclhead: Stream Fish Checked Through Downstream Trap, 1934-35;
Length-frequency Distribution by Two-week Periods

NO. 98

Length

in mm.

Oct. | Oct. | Oct. | Nov.] Nov.| Dec. | Dec.} Jan. | Jan. | Feb. | Feb. | Mar. Mar
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TABLE A-20—Continued

Waddell Creek, Steelhead: Stream Fish Checked Through Downsiream Trap, 1934-35;
Length-frequency Distribution by Two-week Periods
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Waddell Creek, Steelhead: Stream Fish (heck.ed Throu

TABLE A-21

FISH BULLETIN NO. 98

Lengfh-frequency Distribution by Two-week Periods

gh Downstream Trap,

1935-36;

Waddell Creek, Sfeelhead: Sfream Fish Checked Through Downstream Trap, 1935-36

STERLHEAD AND SILVER SALMON LIFE HISTORIES

TABLE A-21—Continued

Length-frequency Distribution by Two-week Periods
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TABLE A-22

Waddell Creek, Steelhead: Stream Fish Checked Through Downstream Trap, 1936-37;
Length-frequency Disiribution by Two-week Periods

FISH BULLETIN NO. 98

TABLE A-22-—Continued

Waddell Creek, Sfeelhead: Stream Fish Checked Through Downsiream Trap, 1936-37;
Length-frequency Distribution by Two-week Periods

STEELHEAD AND SILVER SALMON LIFE HISTORIES
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TABLE A-23 ’ ) TABLE A-23—Continued
: i Downstrea T3 -38;
Waddell Creek, Steothead: Siream Fish Checked Through Downstream Trap, 1937-38; Waddell (reck, s't::,h‘;;f"'m“;::g Fl;;r,,i(::ﬁt:db;h;:,ugteek pe,isd',n Trap, 1937:38
Length-frequency Distribufion by Two-week Periods 9 g
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TABLE A-24

Waddell Creck, Steclhead: Siream Fish Checked Through Downstream Trap, 1938-39; TABLE A-24—Confinued

Lengih-frequency Distribution by Two-week Periods Waddell Creek, Steethead: Stream Fish (hecked Through Downstream Trap, 1938-39;
- " Length-frequency Distribution by Two-week Periods
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TABLE A-25 TABLE A-25—Confinued

Waddell (reek, Steethead: Stream Fish Checked Through Downsiream Trap, 1939-40; Waddell Creek, Steelhead: Stream Fish Checked Through Downsiream Trap, 1939-40;
Length-frequency Distribution by Two-week Periods Length-frequency Distribution by Two-week Periods
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TABLE A-26 . TABLE A-26—Continued

Waddsll Creek, Steelhead: Stream Fish Checked Through Downstream Trap, 1940-41; Waddell Creek, Steelhead: Stream Fish Checked Through Downstream Trap, 1940-41;
Lengfh-frequency Distribufion by Two-week Periods Length-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- | 29- 1 12- | 26- | 10- | 24- 7- 21- 4- 18- 4- 18- Length I- 15- 29- | 13- | 27- | 10- | 24- 8- 22. 5- 19- 2- 16-

in mm. 14 | 28 | Nov.| 25 |Dec.| 23 |Jan.| 20 |Feb.| 17 | Mar.| 17 | 3 in mm. 14 28 {May| 26 |June| 23 | July{ 21 {Aug.| 18 |[Sept{ 15 [ 30
11 9 6 3 3 12 9 7 4 1

29 62 | 211 92 28 24
23 62 | 146 72 43 53

—_—
bt Rt B B BEEEN BT BEE L BT E BTN B AGE + - i I B B B T Sl B IR B
R U I PN R R U R R R I R T - O I R 1] . . _. PRV I R B
(RO (R A IO R R I I SRR RN S R B .- 1 1 s .. 2 1| _. PR R R
O R I R R 1| .. | O (R R R B - - 1| o2 12 2| . 1 U U S
O URS RN R SO (R R N R SR B B - -] 24 31| 63| 1n 6 2| -t o] .. 1
U I S R B ) O . | S IR 1] .. N -- 1 73] 5411827 61 6| 10 __ 1 1
- _ N - O RO R 1) -] -. 31 - 2 .- 69| 90 271|102 10| 27 2| 21
2 7 2 1 1 .| - ..
2

[
—
]
=
]

30 | 111

R L TN

]
v
(LR N R LN NN
-
]
i}
]
¢
.
‘

7 - -- 6 4 121 36

__ . 8 1 - - -- 1 - - 74 68 39 15 4 2 == 4 23
- - - 1 13 - 1 - -- -- -- 57 36 51 11 3 1 1 3 24
— 2 1 1 ] -- == == -- -- 1 -- 15 4 1 2 1 7
1 2 - - 4 -- -- - -- -- -- -- 1 31 22 20 9 3 2 1 4 8

- 2 -- - 7 - - - o 1 - == 24 18 13 3 1 1 - .- 1 2
- 1 - - 5} _. 2) .. - -] 113 } 130._____ - 12 12 7 4 1 2l - - 2 6
1 3 1 . 2 1 1 - - -- -1 1 p 135 ..... - 11 5 2 3 1 1 - - -] 2

2 - - - - 1 - 1 - 1 -- 1 .- 7 2 .- 1 - 1 - - - 3

- o - - - 4 - -- - -- -- - 1 1 -- - - - - - 2
. 1 - - - 2 - 1 - .- -- - - 2 .- .- - 1 - - 1
1 -

+
'
[ [y [
NRHWOONRWH N R M ORMONARN =i ¢ 6

) S [N U [ IO A R B 1
I | S (R R IR PR U SR S S 170. .- R I R (VURE AR S RN SR R
R R O R ) 35 (R R [P RN 175. - N SRR R D e IR R A 1
RN IR VRS SO U BN U SRR (RN S R 180, | - N R IR (RN I i R A R R
IO SRR RO IO SR R N I RN NN O 185.. ... I _ S R R R R R A DR R
bl B At R S i I el B _{ - f {gg """"" -T 1 e i - - - - AGE 2 -
R R S O SR R N SR RN I R R 200 | .- PSS IR (SO NS DRV B R IO R I R
R U R I R U R PO -l -- 11 . 205_ - __ | -. - T - - . - I -
U IR RN IR DI Rt Ry BRI AR R R R S 210. N PO IR T R N D T T e
RN R U R N R B 1 o - -} -] - 215, I U U DR B D I B R S R R
U I TR Raiy R (RSO (R TR R RPN SR R R 220_ O 1] .o} o .| -.

R I R R R R B i IR R N -- 225, | - - ) U IR R R T T IR U
R (R T R (U [y s D T URE SR IO S gg | -- R [ S R MR R R i R R R
o e el e ol e ol Bl Bl D DS (" TPy o o o o | Aees )
[ U I R R R R R B R .- 1 245 - _ I - .. - . . . N
S RS At R A A R (e (O U (U T 250_ I U IR TP R RO U Ty Sy T R R
S R U ISR DR U RN [T RO R RO RN 255, 1l - SO R B B BN R D AU I R R

PR U R R R R | -1 -- 1 260 . . e . . . . . . R R
JUS (RO RN IR IR IR N (R IO IR IR IR B o, T SO DU RN IR R R R Ot i R R O

Totals..________ 2| 124 | 268 | 808 | 797 [1.394| 561 | 174 | 195 | 30 43 | 158 | 631

GRAND TOTAL 5,615

|




350 FISH BULLISTIN NO. 8% STEELHEAL AND SILVER SATMON L1UIPE [11STORSS 35

TABLE A-27 TABLE A-27—C(ontinued

Waddell Creek, Steelhead: Stream Fish Checked Through Downsiream Trap, 1941-42; Waddell Creek, Steethead: Siream Fish Checked Through Downsiream Trap, 1941-42;
Length-frequency Distribution by Two-week Periods Length-frequency Distribution by Two-week Periods
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TABLE A-30 TABLE A-30—Continued

Waddell Creek, Steelhead: Stream Fish Checked Through Upsiream Trap, 1935-36; Waddell Creek, Steethead: Stream Fish Checked Through Upsiream Trap, 1935-36;
Length-frequency Distribution by Two-week Periods Length-frequency Distribution by Two-week Periods
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TABLE A-3t . TABLE A-31—Continued
Waddell Creek, Steelhead: Stream Fish Checked Through Upsiream Trap, 193631 Waddell Creek, Steethead: Stream Fish (hecked Through Upstream Trap, 1936:37;
Length-frequency Distribution by Two-week Periods Length-frequency Distribution by Two-week Periods
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TABLE A-32 TABLE A-32—Confinued

Waddell (reek, Steelhead: Siream Fish Checked Through Upsiream Trap, 1937-38; ' Waddell (reek, Steclhead: Stream Fish Checked Through Upstream Trap, 1937-38;
Length-frequency Distribution by Two-week Periods , Length-frequency Distribution by Two-week Periods
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TABLE A-33

Waddell Creek, Steefhead: Stream Fish Checked Through Upstream Trap, 1938-39;
) Length-frequency Distribution by Two-week Periods

TABLE A-33—Continued

Waddell Creek, Steethead: Stream Fish Checked Through Upsiream Trap, 1938-39;
Length-frequency Distribution by Two-week Periods

Length

_in mm,
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TABLE A-34—Continued

Waddell Creek, Sfeelhead: Stream Fish Checked Through Upstream Trap, 1939-40;
Length-frequency Distribution by Two-week Periods

TABLE A-34

Waddell Creek, Steelhead: Stream Fish Checked Through Upstream Trap, 1939-40;
Length-frequency Distribution by Two-week Periods

Length
in mm,

Oct. 29-
Nov. 11
Nov.
12-25
Nov. 26-
Dec. 9
Dec.
10-23
Dec. 24
Jan, 6
Jan,
7-20
Jan. 21
Feb. 3
Feb.
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Feb. 18
Mar. 3
Mar.
4-17
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15-28
Apr. 29
May 12
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13-26
May 27-
June 9
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July 7
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Aug. 4
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total
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TABLE A-35

Waddell Creek, Steelhead: Stream Fish Checked Through Upsiream Trap, 1940-41; t
Length-frequency Distribution by Two-week Periods \

TABLE A-35—Continued

Waddell Creek, Steelhead: Stream Fish Checked Through Upstream Trap, 1940-41;
Length-frequency Distribution by Two-week Periods

Length
in mm.
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TABLE A-36 TABLE A-36—Continued

Waddell Creek, Steefhead: Siream Fish Checked Through Upsiream Trap, 1941-42; | Waddell Creek, Steethead: Stream Fish Checked Through Upstream Trap, 1941-42;
Length-frequency Distribution by Two-week Periods Length-frequency Distribution by Two-week Periods
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TABLE A-37
Waddell Creek: Numbers of Cottus asper Checked Yhrough Downstream Trap, by Four-week Periods
. 1935 | 1936- | 1937- | 1938 { 1939- | 1940- | 194i-
Period 36 37 38 39 40 41 a2 | Total
Oct. 1-Oct, 28__ _ ____.__ - . - . .. ..
Oct. 20-Nov. 25__ ____.__ - - - - - _. . o
Nov. 26-Dec. 23 ___ .| . - 21 - - - = 21
Dec. 24-Jan. 20 _ _______ 189 25 32 10 2 10 1 269
Jan. 21-Feb. 17 ___ 254 160 37 19 19 18 15 522
Feb. 18-Mar. 17____ 81 83 23 19 .8 7 5 226
Mar. 18-Apr. 14____ - 38 43 8 15 4 13 4 125
Apr.15-May 12 ________ 28 11 12 - 7 4 1 63
May 13~June 9. ________. 3 . 1 4 1 1 1 11
June 10-July 7__ ______.. 2 1 - 4 - - . 7
July 8-Aug. 4. ________ 2 - 12 2 - 3 - 19
Aug. 5-Sept, 1. ___ - - 1 1 - 4 - 6
Sept. 2-Sept. 30 2 - 1 - .- _. . 3
Totals_ ________.... 599 323 148 74 41 60 27 | 1,272
TABLE A-38

Waddell Creek: Numbers of Coftus aleuticus Checked Through Downstream Trap, by Four-week Periods

. 1935~ | 1936~ | 1937- | 1938 | 1939- | 1940~ | 1941-
Period 36 37 38 39 40 41 42 | Total

Oct. 1-Oct. 28 __.... - - - - - - -
Oct. 29-Nov. 25_ B - - - - - _ -
Nov. 26-Dec. 23_ i - - - - .- - =
Dec. 24-Jan, 20 _ - 4 10 1 2 1 - - - 14
Jan. 21-Feb. 17__ _ - 7 3 1 1 - 1 .. 13
Feb. 18-Mar. 17___ - 26 3 2 7 - - . 38
Mar. 18-Apr. 14_________ 3 - 1 1 1 - 2 8
Apr. 16May 12_________ 9 - - 1 1 - 1 12
May 13-June 9_________. 1 1 .- 3 - - - 5
June 10-July 7. ___.... - .- - 2 - - - 2
July 8Aug. 4. _______. - .- - - - .- .- -
Aug. 5-Sept. 1. _____ - - - 1 1 - - 2
Sept. 2-8ept. 30_ _ ______. - . 1 - - -- - 1

Totals_ .o ooooo. 56 8 7 17 3 1 3 95
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TABLE A-39
Waddelt Creek: Sculpins Taken in Upstream Trap, by Four-week Periods
iod 1933 | 1034 | 1935 | 1936 | 1937 | 1938 | 1939 | 1040 | 1041 | .
Period 34 | 35 | 36 | 37 | 38 | -39 | -40 | -41 | .42 | ot
QOct. 1-Oct. 28 ______.._._. - .- - - - -- 1 . .- 1
Oct. 29-Nov. 25.._____. A - .- - - .. 3 i - .- 4
Nov. 26-Deec. 23__ . - - - . 1 - 4 1 6
- - 49 _ . 5 | 22 .- 76
- - 46 . . . I 1) 9 76
4 - 7 3 . - - 1 - 15
5 68 - 5 1 . - 4 - 83
36 17 | 231 3 . . 1 1 _. | 289
2 19 | 108 15 .. - - 1 | 145
.- 4 16 18 - 1 2 1 - 42
. . - 5 - - 6 2 - 13
. .- - 3 - - 3 1 .. 7
Totals. _._......ceome. 47 | 108 | 457 52 1 5 22 | 58 10 | 760
TABLE A-40
Waddell Creek: Garfer Snakes Checked Through Downstream Trap, by Four-week Periods
Period 1933 | 1934 | 1935 | 1936 | 1937 | 1938 | 1939 | 1940 | 1941 Total
erio 34 | 35 | -36 | -37 | -38 | -39 40 | -41 | -2 | 1Ot
Oct. 1-Oct. 28__ ____....._. .- .. - . .. 1 . - .. 1
Qct. 29-Nov. 25__._ IO - . .- . .- . - - .
Nov. 26-Dec. 23___ O - - - . .- - .- . -
Dec. 24-Jan. 20 ___ R R - - - - - - - - --
Jan. 21-Feb. 17____ O R . . .- . .- . - . .
Feb. 18-Mar. 17_____._..___ - .- . - . _- .- . . -
Mar. 18-Apr. 14._.__.____.. 1 - - . . 2 . . .- 3
Apr.15-May 12_.___.______ .- 2 9 3 2 7 .- - - 23
May 13-June9._________.__ - 16 15 5 5 10 1 2 - 54
June 10-July 7. ... .__.... .- 7 9 7 3 8 1 - 36
July 8Aug. 4. ... ..o .- - 5 5 1 8 2 . - 21
Aug. 5-Sept. ... ___... .- . 1 2 4 4 - . . 11
Sept. 2-Sept. 30.___ ... ... . - 2 .. 2 5 1 1 - 11
Totals._...____.._.... 1 25 41 22 17 45 5 3 1 |160
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TABLE A-41 TABLE A-43
Waddell Creek: Crayfish Checked Through Downsiream Trap, by Four-week Periods Conversion Table, Inches fo Millimefers
)
Period 1938-39 1939-40 1940-41 1941-42 Total Inches Mm Inches Mm Inches M Inches M
. . . m.
Oct. 1-Oct, 28__ _ ..o __ 1 - 10 11 22 } 3 3% 7
A 9 6% 156 95 232
gct. 2;’6_1‘115)v. 22% ...... -- .- f 22 22 6 3y 83 634 159 9 %3 235
DOV-%_J 60-20 - -- -- X . 5 10 3% 86 6% 162 934 238
T A Feb 327" -- -- 1 h 8 13 314 89 614 165 93¢ 241
Feb. 18-Mar. 17 ... 1 - 6 28 : 18 3% o2 634 168 954 244
eb. 18-Mar. 17 .- - 35 19 3y 95 634 171 934 248
Mar. 18-Apr. 14__ .. - - 10 29 39 22 . 3% 98 6%% 175 974 251
Apr. 15May 12__.._.. - 1 11 49 61 25 ; 102 7 178 10
May 13-June §_ __.._. - 3 13 103 119 29 4y 105 7% 181 105 2
June 10-July 7____.... - 11 68 42 121 32 arg 108 7 184 105¢ ped
July 8-Auvg. 4.____.__.. -- 20 77 85 182 35 434 111 73 187 1034 264
Aug. 5-Sept. 1. _______ ) -- 9 28 33 70 38 414 114 714 191 1054 267
Sept. 2-Sept. 30% . _ooo__oo 1 35 45 54 135 41 454 17 754 194 1054 270
: 44 43 121 734 197 10 273
Totals_____ .. 3 79 276 468 826 48 1% 124 7;% 200 103/f 276
51 5 127 8 203 11 279
54 544 130 8y 206 11% 283
57 53 133 8y 210 1y 286
60 534 137 834 213 113 289
g‘; gi/s 140 814 216 1134 202
x 143 854 219 1% 205
TABLE A-42 ’ 70 5% 146 83 222 113 298
. . 73 5% 149 87 225 7
Waddell Creek: Giant Water Bugs Checked Through Downstream Trap, by Four-week Periods 76 6 152 9/€ 229 };A §3§
Period 1033 | 1934 | 1935 | 1936 | 1937 | 1938 | 1939 | 1940 | 1941
erio 3¢ | 35| 38 | 37 | 38 | 39 | 40 | -1 | -2 |Total
Oct. 1-Oct. 28_ _ o eeeeen -- - - - 1 1 2 1 - 5
Oct. 29-Nov. 25__. ... -- - - 6 1 1 - . - 8
Nov, 26-Dec. 23 __ .- - - - - 1 - - 1 2
Dec. 24-Jan. 20__ . 2 2 3 | .- U HRU IR IR B 8 !
Jan. 21-Feb, 17 _ _. - - 1 - 2 1 - . - 4 ?
Feb. 18-Mar. 17_._ .- -- - 4 1 4 2 - - 11 i
Mar. 18-Apr. 14__. .. 3 1 3 1 3 - .. . 11
Apr. 15-May 12___ -- 58 16 7 4 6 2 . .- 93
May 13-June 9____ .- 106 33 62 28 14 9 1 - 253
June 10-July 7. _ .- -- 73 | 33 58 22 12 23 |1 .| 222
July 8-Aug. 4__ .- - - 1 14 10 1 24 . - 50
Aug. 5-8Bept. I _ ______.__.._ . - - 6 7 4 8 1 . 26
Sept. 2-8ept. 30 . __..._ - -- 3 8 - 1 1 - - 13
Totals. .. _meoeeaeean 2 242 | 91 | 168 78 49 71 4 1 | 706
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TABLE A-44 -
Waddell Creek: Water Analyses/Chemical Dafa
Temp. Oxygen | M.O. alk. . Ca and COs
Locality Date water Oxygen per};znt p.p.m. Chlorides Mg ce/l pH Sulphatest Observer
OF . * P-p.-M. | gaturation | CaCOs p.p.m. p.p.m.t | (approx.)
West Branch.____......... 11/27/33 48.2 9.5 82 168 36 46 2.2 7.6 Fairly high.._| P. A. Shaw
West Branch... 1/30/34 46.4 10.3 87 108 26 38 . L T P, P. A. Shaw
West Branch...... 3/24/34 55.4 8.3 88 90 22 34 e 7.8  foooeiiaaao.. P. A. Shaw
West Branch..___. 4/30/34 56.3 8.5 81 116 26 37 e A P P. A. Shaw —
West Branch.._. 1/28/41 51.0 15.4 e 32 [ - e T4 ool M. Moore =
West Branch.. . 2/ 1/41 53.0 11.2 s 40 R - - (A T M. Moore w
West Branch. .. 2/ 5/41 11.4 52 A% 2 M. Moore T
West Branch. .. 2/ 6/41 ———- 10.2 e 44 ——— R cee- AT T M. Moore =
West Branch... 4/19/41 53.5 9.5 e 44 . R, e S S P M. Moore -
West Branch... 5/ 2/41 54.5 11.5 ——— 48 ———— J— - % T P M. Mocre -
West Branch. .. 5/ 9/41 60.0 9.2 o 52 ———- - ——- A S M. Moore =
West Branch. .. 5/24/41 60.5 9.4 ce-- 60 R e O % T PO M. Moore ]
West Branch_ . .__.__...... 6/14/41 60.5 10.4 S 68 _——- a—-- - (AR T M. Moore Z
East Branch ... _..... 11/27/33 49.1 9.6 84 156 33 54 1.9 7.6 P. A. Shaw A
East Branch._. --| 1/30/34 44.6 11.5 84 90 22 40 ean 7.7 P. A. Shaw ]
East Branch_. .- 8/24/34 55.4 9.8 92.5 84 20 39 - 7.8 P. A. Shaw .
Fast Branch______________ 4/30/34 56.3 9.2 87.6 100 23 44 ceee 7.9 P. A. Shaw ez
East Branch_ .. ...____.... 1/28/41 R 12.4 S 48 e R U, 7.4 M. Moore
East Branch... 2/ 1/41 e 13.0 e 52 ——— - e 7.3 M. Moore
East Branch_ .. 2/ 5/41 e 11.2° e 60 e- —-- ee- 7.2 M. Mocre
East Branch_ .. 2/ 6/41 S 11.2 o 40 e e e 7.5 M. Moore
East Branch___ 4/19/41 53.0 9.6 32 e 7.4 M. Moore
East Branch_ .. 5/ 2/41 54.5 11.9 U 68 R R I 7.3 M. Moore
East Branch._. 5/ 9/41 60.5 9.0 S 72 R - P 7.2 M. Moore
East Branch_ .. 5/24/41 61.5 9.0 I 80 .- I ———— 7.3 M. Moore
East Branch_. .._..____._.._. 6/14/41 61.5 10.0 J— 88 I R en 7.5 M. Moore
Main Stream at Dam_____. 11/27/33 50.0 8.5 75 148 35 43 2.6 7.5 P. A. Shaw
Main Stream at Dam_____. 1/30/34 46.4 10.7 90 98 25 39 - 7.5 P. A, Shaw
Main Btream at Dam_.._.. 3/24/34 57.2 9.6 92 86 21 38 - 7.6 P. A. Shaw
Main Stream at Dam____.. 4/30/34 59.0 8.4 82.7 105 25 39 R 7.5 P. A. Shaw
Main Stream at Dam___.._ 3/ 2/36 52.0 R ——- 36.5 .- - PO - M. Hanavan
Main Stream at Dam. . -l 3/ 9/36 55.0 8.96 eea- 59.5 - [ cee- R M. Hanavan
Main Stream at Dam._ . 3/31/36 51.5 11.01 een 56.5 ———- [ - N M. Hanavan
Main Stream at Dam__._.. 4/15/36 57.0 10.18 e 69.8 - I U e M. Hanavan
Main Stream at Dam_.._._ 5/18/36 58.0 9.72 e 71.0 aea- e - - M. Hanavan
Main Stream at Dam . _____ 8/ 2/36 57.0 10.64 U 70.5 ——- e I ——- M. Hanavan o
Main Stream at Dam.____._ 12/18/40 ———— 8.0 . 176 R ——— PR 7.5 Leo Shapovalov 3
Main Stream at Dam____._. 1/28/41 e 15.0 .- 36 R I I 7.6 M. Moore =
Main Stream at Dam._.____ 2/ 1/41 14.0 42 7.6 M. Moore =
Main Stream at Dam..__.. 2/ 5/41 51.0 12.8 S 52 - - P 7.4 M. Moore =
Main Stream at Dam_.____ 2/ 6/41 52.0 12.4 ee- 44 c——- - F 7.5 M. Moore =
Main Stream at Dam___... 4/19/41 55.5 9.6 S 48 [ 7.3 M. Moore i
Main Btream at Dam__._._ 5/ 2/41 55.5 11.8 R 60 e R . 7.3 M. Moore o]
Main Stream at Dam . _..... 5/ 9/41 64.5 9.8 I 60 ———— I - 7.4 M. Moore .
Main Stream at Dam.____._ 5/24/41 |  66.0 9.8 72 - .- 7.2 M. Moore z
Main Stream at Dam______ 6/14/41 65.0 8.4 - 72 . O JO 7.4 M. Moore =
9/ 5/41 | ... 1.2 56 7.4 . Moore L
2/ 6/41 | ... 13.6 48 7.3 . Moore <
4/19/41 57.5 9.2 PR 52 .- ——— R 7.3 1. Moore =
5/ 2/41 52.0 11.5 56 7.3 1. Mecre =
5/ 9/41 67.0 10.6 60. 7.6 1. Moore ’
5/24/41 68.5 9.6 64 A% T M. Moore z
6/14/41 69.5 10.0 - 80 - - [ T3 .. AL Moore =
f =
S
* Temperatures by Shaw converted from °C. to °F. 7
t Calcium and magnesium determined together and computed as caleium. -
1 Qualitative tests. =
2
=
&
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