














































































































































































































































populations wonld otherwisc interbr('ed, ther!.' is it strong f.1'IHlcnl·y fo)'
them to be kept apart in spawning' hoth frOI1J the standpoint of tilllC
and spawning localities.

The interbreeding of the diffcrcnt. pop\\lat.ions, of minor ext.ent but
varying in amount from year to ~'car, probably furthcr accentuates
the variability in the life history pattern of the steelhead that occurs
not only within one year class but also from one year class to another.
Thus, there is a constant interplay of the forces of inherit<lllce alHl
enl'ironment. In streams in which stocking is heing carried 011, espe­
cially stocking with fish from otl1er streams, the variabilit.y of the life
history pattern is further accentuated through the addition and at
least partial integration of the stocl,ed fish.

From the above discussion it is clear that we can not think of the
total steelhead population in a stream or stream system 11S a statie
thing, to which simply numhers are added or subtracted through fish­
ing, stocking, natural propagation, etc., but as a dynamic whole ill a
eonstant state of flux.

In the discussion of the l)l"e~etlil\g: pages of the present section, we
have discussed primary OYer-aIl survival from egg to downstream
migration and from downstream migration to return as adnlts. In pre­
ceding sections we lear:ned something of the sun-ivaI from egg to hatch­
ing and fro111 hatching to emergence from the gravel, on the 'basis of
data derived from certain experiments, work done in other stl'ea1115, and
general observations (not strictly quantitative) on the emergence or
fish from the gravel at vVadelel1 Creek. In summing up, it ma)' be statell
that the percentage of eggs fertilized is high and constant, while tIll'
percentages hatching and emerging from the gravel (the two may be'
quite' different) probably vary considerably from season to season as
well as within a season. These percentages are probably influenced
most of all by the amount of silting due to floods and by the de5tnlction
of the redds through their re-utilization by newly arrived spawners.
Under favorable conditions the percentages of eggs hatching a11(l
fish emerging from the gravel may both be quite high, but even when
they are low the number of fish emerging frol11 the gravel is vastly
greater than the number snrviying to time of downstrcam migration.
All10ng the fish making their initial downstream migration, some go to
sea in the same season and some in the following season. The proportion
behaving in each manner is correlated primarily with age and second­
arily with sex. Of those that go to sea in the following season, somc
make an upstream migration and then a second downstream migration
before going to sea, while others spend the time in the lagoon near the
mouth of the stream. 'Whether the fish go to sea in tlle same season or
the following season, the survival from time of initial downstream
migration to adult first spawning is correlated positively with age (ane1
therefore size) at time of downstream migration, varying from almost
zero survival for fish migrating down at age + to 18.1 percent sur­
vival for those migrating at age 3. 'rIle normal survival from time of
initial downstream migration to adult first spawning for any year class,
migrating downstream over the course of several years, is probably in
the neighborhood of between 3 and 4 percent. There apparently nls,)
exists a negative correlation between the numbers of fish migrating to
sea and tIle rate of survival. It probably operates on the principal that

I

I
\

FISH 1.1lT LLETIN NO. 98

from both groups of eggs are arbitrarily taken to be the same. Actually
there ap~ears to be .no way of knowing either the numbers present' :
th~ slll'Ylval rate, smce the offspring of stream fish were not disti~I
~l1Ish~cl from those of sea-rnn parents (cxcept as scattcred individuai
fi~h), .~lll1011g the downstream l!llgr~nts and returning adults during the
eXJlell~llel~ts. However, the dll'ect~on, a1t!lOugh not the magnitude, of
the effects ~l\l the calcul~ted sm'vlvals will be the same, whatever t1
lllunbers of. stream fish 11l the mi(!:rations and whatever their snrvi ,lei
rate. 'a

,.As ~)1\tlined above, UterI:' appl'a!'s to be 110 way of blowing whether
offsprmg of. stre~111 fish are present or absent in the downstream and
npstream mIgratIOns nor theIr numbers and survival rates if they
present. However, a picture of the situation as it is thought to e~is:~e
here presenteel, on the basis of varions observations and mOl'e 01' 1 IS
. l' 'd esslIle Irect CVI cnce for IYadclelI Creek and other streams.

Of the fish .resul~ing from eggs depositr'd from sea-run steelhead, a
Im'ge prOp0l'tlOll ml~rate. downstream ancl thence to sea, either in the
same season or the followmg one, 11S previously discussed. Others, ('.()III­
posed of both males and females, mature sexnally in the stream and
spawn. PI:ob~bly a ~ew stream males fertilize the eggs of some sea-rnll
females (It IS defimte that they are capable of doing so), while it is
doubtfnl that ~l.'y-or more than a negligible number--of stream fe­
males .are fertilized by sea-~'un males. Of the fish resulting from the
spawnll1g of stream fish ,,-lllch were the offspring of sea-run parents
SOllle pro?abl~' go to sea and .others remain to spawn in the stream but
whe~hel' 1Il the same proportIOns as the offspring of sea-run parents or
Ilot IS not known. Of the stream parents that were the offspring of Sl~a­

run fish, son~e l:robably then g'o to sea and return as sea-run fish while
ot])('rs remam m the stream for additional spawnings. In addition. in
Waddell Cree.k and other coa~tal streams there are probably on~ or
more ,PopulatIOns (r~ces, strams) of resident fish which are Iaro-ely
nOUllllgratory (especIally insofar as going to sea is concerned) ~ In
IVaeldeIl Creek, such a population exists above the main falls in the
East Branch, which are impassable to sea-run steelhead. Whether or
not any of the ~lembers of such populations migrate to sea and return
as sea-run fis.h IS not ~i:l.'own..Whether or not any of the members of
such populations partICIpate 111 spawning with sea-run fish or strea.m
fish tha.t are the offspring of sea-run parents also is not known but
probably some do, especially with stream fish that are the offs~rinO'
?F ~ea-rt~l,l parents. Pr~~)abl'y at least. some of the offspring of such
CIOSS~S go to sea, ,,:IIl!C others remam to spawn in the stream with­

out gomg to sea, but 1ll what proportions is not known.
Alth.ongh the spa,,:ning seasons for both sea-run and stream steelhead

are qUIte long, even m such a small stream as Waddell Creek the great
bulk of the sea-nu: ~sh and. stream fish that are the offspring 'of sea-run
fish sp~wn at a ehfl'el'ent tIme (earlier) than the resident fish. This is
detcrmmed as nm.ch or more by stream conditions especially tempera­
!lll'~'S, as by an}: mherent factors in the populati~ns. That is, the ma­
JOrity of the reSIdent fish are in tIle upper reaches of the streams where
eooler. temperatures prevail, while the majority of the sea-run fish and
offsprmg- o! sea-run fish are in the lower reaches of the streams, where
the water IS warmer. Thns, even though the members of the different
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the greater the llumbHs, the greater lJl'oport'ionately are the inroal]s
made by predators. If it is a generally operative principle, it is Ull­

doubtedly modified by the age composition of the migration to sea
and the latter probably exercises a greater influence than does th~
nun.lber .of fish. In general,. it appears that survival to various stages
of hfe history follows essentIally the same pattern in the various species
o! ~rout and salmon and that usually local conditions (amount of
siltmg, character of bottom, size of spawning run, and spawning runs
of other species of salmonids present) playa more important role than
do the factors peculiar to the species involved.

. So ~ar, the discussion of survival has dealt only with primm'y sur­
v~va~, I.e., su.rvival t? first spawning. It is also of interest and practical
slgm.ficance 111 ~sherIes management to consider secondary survival, i.e.,
surVival followmg spawning. Here again we shall deal with survival
among sea-run fish, since it is only for them that we have quantitative
data. 3G

Fron1 a viewpoint of fisheries management, we desire to know what
percentage of sea-run steelhead survive to spawn more than once undl'.!'
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) protection against predators, and (c) legislation and
(2) greater protection by more careful handling at e<:tg coll~ctill"
stations. 0 e

From Table 57 it is seen that the percentage of fish returning tn
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 rnn 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 returnin~ to spawn for a second time or more. The percentage
of females returnmg 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 th'e
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 females 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

'"' Scales of various st",'.am fish examined at Waddell Creek, inCluding both upstream
and downstream migrants, show that SOtne of them spawn more than one time
but nO attempt has been made to analyze theRe data. '
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increase the number of male rcpeat spawners in the following season,
and a reverse situation shoulcl have the reH'rse effect. At Waddell
Creek the difference in sex ratio in any season probably has not becn
O'reat' enough to prove this theory, if it is trne. 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 marke(~ excess of males over
females (1940-41) was followed by the second highest percentage of
repeat sp'awners among the males. At the same time, it will be noteel
that the 1934-35 and 1939-40 seasons were also the ones with the lowest
percentages of female repeat spawners, and that in 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 conditio~ls existing at the .time of
first spawning, or occurring between the tl111e of first spawnmg aI1:d
second spawning, exercise a. greater influence 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 h~ve
played no part or at most a very minor role? A plausible explanatIOn
is readily found for the two low survivals. In 1933-34 the disease called
furunculosis was extremely severe, and I!lay \vell 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 natural and

artificial conditions was discussed in the comparable section on silver
,aImon (pages 101-102).

Some mortality, especially among adults, has resulted at Wadd~ll
Creek during the course of the experiments .from sOll~e form or s~r.am
of furunculosis which is caused by a bacterlllll1, Ba.Cllllts salnwmcida..
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 an~ 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 entirely 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



fish show boil~ and lesions along the sides of the body, and bleedin fr at
t1~e Yent, whl~e others dic without exhibit.ing cxternal signs of "'the
dlsensc. The kIdneys have nn nhnormnl appearance in most of thc fish
examined.

As st~ted previously, the relationship of the forlll of furunculosis
present III \yaddell Creek to that found in the British Isles, and also
!o .other strams along the Pncific Coast, is not yet entirely clear. Neither
~s It known whether the disease is indigenous to the Pacific Coast or was
llltr?ducecl from some other area. Snyder (1914) noted that "The dead
boc1Jes of large steelheads were occasionally seen in Uvas Arroyo Seeo
th.e Kacimiento Creeks" (tributaries of the Pajnro nnd Salinas rivers:
tnbutary to Monterey Bny), but the cause of death is not known. Out­
breaks of the diseasc occurred regularly in thc steelheacl held in the
tan~s at the Scott Creek Egg Collecting Station at least since the
spnng: of 1932, appearing nbout the same time as at \Vaddell Creek.

Wales and Berrian (1937) found that fingerlings of Scott Creek
steelhead and silver salmon, Klamath River steelhcad, eastern brook
trout from l\It. Whitney Hatchery, 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 1ll~0 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
correctly point out that differences due to age, fin rot, or some other
predisposing influence may have played a part.

At Waddell Creek mnny of the ad ults Ilave succeeded in spawning
before suceumbing to furunenlosis, but some mortality has occurred
among unspawned steelllPad, pnrticnlarly during the 1933-34 season,
when 161 dead adults in all wel'e found. It is estimated that 17 females
died without spawning during this season. In all other seasons mor­
tality is believed to have hCCli ver~' much less, although variations in
water conditions prevented uniformity in searching for fish. Estimates
o~ the numbers which died without spawning or spawned only pin­
tlally were inade for eacll season and considcred in ealculating eg-g
production and survival.

Abnormal mortality among ad nits, slIch as that caused by furuncu­
losis in 1933-34, of course results in abnormally low numbers of repeat
spawners in subsequent sensons. Thns, in 19:34-35 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 furnnculosis 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

abnormally when a pectoral fin was Clipped off in marking; it is pos­
sible that furunculosis played a part in this, but this is not known
definitely. .

It was pointcd 0111.. in the comparablc scdioll on silver salmon that
during the 1933-34 season an abnormally large nlllnber of dead fish,
including juvenilc silver salmon, adult and stream steelhead, sculpins,
and sticklebacks, were found, but t.hat absence of external signs of
(lisease or injury made asscssmcnt of mortality to different causes
wry difficult. It "'as also noted that dnring t.he same season an ab­
normally large nnmber of other animnls, mostly rodents, was found
dead in the stream, but that. their relation to the dead fish was not
knOWll.

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

As a rulc many of the downstream migrants, especially yearlings
fmd older fish, possess from a fcw to many cysts under the skin on the
sides of the body, but otherwise appear to be in good conditiqB. These
cysts, which appear in the form of blacl,ish spots, are formed by
enc~'sted strigeid larvae (Trematoda).

The upstream stream steelhead also not infrequently possess cysts.
For example, in 1934-35 out of 28 upstream fish examined (December 3­
Pebruary 23, size range 93-254 mm.) 19 possessed cysts, especially on
t he caudal fin.

Freshwatcr copepoc1s are founel attachcd to many of the downstream
migrants, but apparently eanse nO scrious damage. Apparently these
copepods are specific, being found much more frequently on the steel­
heael than on the salmon migrating' downstream at the same time. The
species found in \Vaddell Creek has been identified as Salmincola cali­
forniensis Dana by Charles B. \Vilson. In the stream fish it is found
~nost commonly attached to the bases of the fins, especially the pec­
torals and dorsal. Oecasional specimens may be found attached to
almost any part of the fish, including the Yent1'als, adipose, head,
hranchiostegal membrnnes, and gills. Usually not more than one or
lWO are found on a fish. On ndults which IUlYe remained in the stream
for some time following spawning;, copepocls may be found in much
larger numbers. Steelhenel which have sUlllmered over in 'Waddell
Creek have been found with copepods swarming in the mouth and on
the gills. Their prcyalence in the mouths of such fish evidently results
from the cessation of feeding; by the fish. Circumstantial evidence is
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 falwlata, 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 entermg
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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50.5
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4.8
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557
400
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53
13
23
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1,102

Waddell Creek, Sleelhead: Foods Consumed by 22 Stream Fish *

Trichoptera (Caddisflies) - - - - - - - - - - - - - - - - - - - ~ - - - - - - - - - - - - - - -
Diptera (True flies) ,> - - -- - -" -- - -. --, ,-- - - -- -- .. - - --""

Hemiptera (True bugs) .. - -- - -- -- - -- - - - -- - -- - -- -- ' . " -- - "
Coleoptera (Beetles) .. - -- _.. - -" -- --" ,",
Hymenoptera (Ants, bees, waspsL - _- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Mise:::~~~~~~~~~~~:~:~ ::::::::::::::::::::::::::::::::::::::1

Class of food

J'The author lists these fish by the scientific nanle uSallllo gainlnCl"i."'· but by the
common name "rainbO\V trout".

* Taken August 9, 19, 1933. Average lclI~th. 4 inches; maximum, 6.9 inch!.'s: minimum. 2.6 illthrs.

TABLE 82

Food

One of the greatest difficulties in analyzing the food of steelhead ill
coastal streams lies in the fact that usually the im'estigator is not able
to distinguish individuals of sea-run stock from those of resident stock
Idyll (1942), studying steelhead,37 Cutthroat Trout (Sal.IM clarki),
and brown trout 25.4-50.8 cm. (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 item in the
food of the brown trout and an exceedingly impol'tant item in the food
of the cutthroat trout. Among the fish of the size listed, individuals
consuming fish were as follows: of 104 steelheac1, 4 (3.8 percent) ; of 37
cutthroat trout, 29 (78.3 percent); and of 6'1 brO\n1 trout, 39 (58.4

Although abnormal or naturally missing fins were watched for in all
seasons among the downstream migrants, it is possible that a few were
missed. No fish with fins completely missing "'ere recorded, however,
and only on rare occasion one with an atrophied or partially missing
fin. The occurrence 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 oecnrrence 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 in each case the pos­
sibility existed that the fish was one in which another fin had been
missed in the course of marking at 'Vaddell or Scott creeks, or a
hatchery fish whose fin had been destroyed b~' disease (this applie8
particularly to the dorsal beiug destroyed by (-;.lJro~actylu.s or fi!l rot)
or bitten off by another fish, no record of such fish IS presented In tIns
paper. .

Deformities of the body, like abnormalities in the fins, are rare alllong'
salmonids in their natural environment. Occasionally steelhead with
deformed upper or lower jaws have been taken among the juveniles
and the adults. Trout with various deformities are much more common
among hatchery fish, but such fish rarely surYin' to retnrn as Sea-l'l1n
spawners.

Teratology

Deformities are rare among trout and salmon in their natural en­
viro~ment, .and this general rul~ has held good at Waddell Creek. Of
partIcular Interest are abnormahties of the fins, because of their rela­
tion to marking programs.

Nematodes (Ul~ide\ltificd) "'cre !';omctilllcs ext.ruded along with elYn'S
from adults clunug the ~Ollr~c of ~pa\\'ninlY operat.ions at the 8c~~l
Creek Egg; Collecting: Statio!l. '1'lIc~c 1!rohabG· also occur in the fi~h at
'Vaddell, Creek, bl~t IIHYC llOt bCPIl r('col'dcd from there. They are !lot
kno,~n to (10 partJculal' damage to t.lle fish.

Dlscase.s or parasitcs othcr than those notcd aboye have not bcel
obser."ed III the ste:lhea.d at \Yadelell Creek, but have been noted amon~
fi~h III other Cahfor.llla coastal streams, particularly in association
wIth unfavor~ble envn·onment.al conditions. For example, during peri­
ods of exceptIonally hot weather (,yater temperatures reachin" 80-8:'1
degrees F.) lllass mortalit.y of val'ying severity occurs ahn08t even'
~'ear among the juvenile steelhead in portions of the Eel River SY8tm;1
1ll Northern California. Many of the affected young steelhead t~ll'n a
pale yellow, <;'Iue to loss of black pigment, and stand out clearly in the
'v.ater.. Par~sltes eOJllJllonl~' found on these fish are the following four
(IdentificatIOns by J. H. 'Yales): Ichtllyoptheri1/,s sp.; bacterium ill
the mouth (not ident.ified); fin rot (one or more bacteria, not idenli­
fied<; and Le1'l~aca sp. (anchor panlsitc). IJosses occurring in Jul.,'.
193/;, were parhc~llarly scwre and were described in detail by \Valc~

(1938). It IS of lIlterest that furunculosis has not been observed ill
connection with these outbreaks.

Two other instances of LCl'llaca attacking 8allllo gai1'dncTi in natural
"'aters or resel'Yoirs 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 Countv
Previously A. C. Taft had observed LC1'1wea to 'be common on trout ;1;
Littlc Rock Rescl'Yoir, IJos Angeles County. (The parasitc attac-I;s
memy other spec~es of fisl~es in natural waters in California.)

Lampreys, wInch sometnues cause damage when they attaeh th('III­
selves to fish, do not occur in 'Vaddell Creek.
. As in the adult silver s~lmol1, fi8h that were blind or partially blind
III one or both eyes, as eVIdenced by opaqueness of the eye, were fairly
common an"long the adult steellwad but were met with only rarrh'
among the :iuve~lil.es. Consideration is here given only to fish in whi(,il
110 mechamcal Il1JlIl'Y to the e~'c was ap1Ja·rcnt. The writers beErs\'
that such opaquell~ss often, if not usually, is the result of fish scraping'
thc ~ye after ent~rll1g fresl~ water, C.g., in leaping falls, passing through
log Jams, spawnmg, or belllg hanelled in nets at traps. This condition
has been noted frequentl," at various egg collecting stations, especially
when the fish llad been handled in dip nets made of seine material
with prominent knots.

The records at 'Vaddell 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.
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75.6
18.4
1.0
0.5
1.1
1.8
1.1

+
0.3
+

43.5
10.6
0.6
0.3
0.6
1.1
0.6
+

0.2
+

0.2
28.0
11.4
2.5

Total
number
present

1.6!.';
393

22
If)

24
3\1
24

1
(;

I
7

1,046
424

91
35

Class of food
Percentage P:~C::t~l~e

of total number
n U III ber or insects

of organisms (2,135)
-----------------1------11-----1- _

TABLE 83

Waddell beek, Sleelhead: Foods Consumed by 55 SlreamFish *

FISH BULLb~TIN NO. ~s

percent). If such differences exist between species and are significant,
the possibility e~ists that differences, although perhaps of not equal
magnitude, also exist between migratory and nonmigratory races 01'

strains of steeJlJead in tllc salllc stream. In thc present state of our
knowledge it is necessary to consider foods eaten by fish listed as Salmo
gai,'dneri 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 55 steelhead from Waddell Creek had
eaten the items listed in Table 83.

It will be seen from this table that cadc1isflies, as in the case of
the fish eitec1 b~- ?\eedham, forlll the rloll\inant food. Of the 1,615
caddisflies eaten, all but two wcre in the lanaI stage. It is of interest
that 71 percent of all the insects found in the 55 stomachs were larvae
belonging to the genus N o t'l:dobia, larvae living in small cornucopia­
shaped cases. As Shepherd (loc. cit.) states: "Theil' great abundance
may be accounted 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 are 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 case which may easily be swallowed;
(4) ordinarily the larvae are gregarious, feeding in groups, either in
the shallow or deep water."

Trichoptera (Caddisflies) _
Diptera (True f1ies) . .... _
Hemiptera (True bugs) _•.. _
Homoptera (Leafhoppers) . . _
Coleoptera (Beetles) _
Plecoptera (Stoneflies) . _
Ephemeroptera (Mayflies) ' _
Odonata (Dragonflies) __ . __ • . . _
Hymenoptera (Ants, bees. wasps) • _
Conodentia (PsocidsL. . _
Arachnida (Water mites}. ' _
Isonoda (Isopods) . _
Amphipoda (Amphipods}.._ . • _
Nemathelminthes (Roundworms) (probably parasitic)
Salmon eggs ~ ~

• Fish taken October 16. 1926 (2). July 2. 1921 (12). July 4. 1921 (12), December 21, 1921 (5), January
1, 1928 (IO), January 8. 1928 (13), and January 9. 1928 (I\' Average length. 16.9 em.; maximum.
41.1 em.; minimum. 10.1 em. ('Mle 41.1 em. fish m.,y have heen a sea-run Individual; ihe next largest fishwas 25.2 em. long.)
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TABLE 85

Analysis of Food of Sleelhead From Ihe Cowlchan River Syslem, Brilish Columbia, Arranged According 10
Size 01 Fish and Types 01 Organisms Eaten

Length in
em.

$
a
"z

Aquatic

"~
o
."o

"."o
C.:ac.
:::
~

Terrestrial

-----'--1----- ----- --- ----- --- ----- --- ---------- -_.--.- .-...- _.- ---------
0- 5 12 A

B
C

5-10_________ 3 A
B
C

10-15 48 A

B
C

o
2.7

33.3

1
1.6

33.3

379
37.1
85.5

2
0.9
8.a

3.1
33.3

500
48.9
31.4

1113
86 ..5
91.6

23
30.0

100.0

11
1.0

18.5

15
0.7

01.6

6
0,4

100.0

51
5.0

27.0

2
0.0
10.~

32
50.0

100.0

11
1.0

12.5
0.2
2.f;

10
1.0
H.O

4
0.3
8.0

4
1.8

Hi.fi

10
1.0
6.0

3
0.2
6.0

16
1.5
4.0

7 1!J6
0.8 27.6
7. (3 28.7

15-20_ _____ __ ,;;; .\
B
C

20-25 30 A
B
C

25.5-30.5 32 A
B
C

340
48.4
82.7

223
3.·1

86.6

727

1

16.0
78.1

:37
4.9

25.0

;;.574
8;;. I
60.0

2,994
66.0
37.5

la
1.7

11.5

2.:'5
0.;;

36.0

6
0.1

12.8

40
;j,l

34.0

23
0.3

1:3.3

10
0.3

25.0

40
5.1

34.0

13
0.2

10.7

26
0.5

18.7

2
0.2
3.8

8
0.1

23.3

2

3.0

8
1.0
5.7

3
0.4
5.7

3.3

13
1.7
3.8

88
1.:3

10.0

58
1.2

12.;i

6
0.1
9.0

1~

1.0
17.3

20:3
:3.1

30.0 lfi. j

238
.'i.3

30.7

748
14.3
31.0

o
0.8
3.8

22
0.:3
3.3

0.8
.'i.6

4

13.2

13
0.3

27.3

:3
0.4
3.8

-----~--_._----_._----.-------

14
1.8

40.0

15 11 4 51 2 1'}')

18 A 401 3,720 3:1 :?730.5-35.5_____ --
84.0 0.7 0.2 0.3 0.1 1.1

B 0.0 10.0 11 .0 27. i
C 72.1 55.5 33.0 22.0 37.7 10.5

40 18 74
35.5-40.5 ______ .. 8 A 209 1,774 3.4

81.9 1.8 0.8
B 11.4 12.5 12.5
C 37.5 25.0 25.0 25.0 12.5

20 15
4

40.5-45.5 _______ A 100 5,208 8
B 1.9 96.7 0.1 0.3 0.2

11.1 22.2
C 100.0 66.6 44.4 33.3 22.2

6 3 1
A 24 677 0.145.5-51.0_______ 0.8 0.4
B 3.1 93.6 40.0 20.0
C 40.0 40.0 40.0

, t r ttl number eaten" C _ perccntagc of stomachs containing this ol"l;:llnism.
A = total number of organisms eatcn: B = percen agc 0 0 a ,

.\\1
1.0

44.0

12
1.1

11.1

14
0.3

;)':5.0 ;) ,:;

6 ;) 3:1

0.3 0.2 1..1

12.5 12.5 12.:j

2

22.2
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It will be noted that although in the case of the fish cited by NeedhUlIl
all forms other than insects formed only 2.1 percent of all items eatell
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 emphasizes the fact that conclusions regarding the food of steel­
head ~n a given stream must be based on adequate sampling, which
takes mto account the timc of ycar, size of fish, sexual development of
fish, locality in the stream, and method of capture and preservation. Tn
regard .to the latter point, it is not improbable that mayflies are reprl'­
sented III the food of the Waddell Creek steelhead much more strong-Iv
than is indicated by Shepherd's analysis, which is based on fish caugh't
by angling and not preserved immediately. This statement is based 011

the great abundance of mayflies at 'Waddell Creek and their tendency
to be digested quickl~" The 35 salmon eggs were eaten by 14 fish caugl;t
on January 7 and S, 1928 j the maximum number of eggs in a sinO'le
stomach was five. Since all of these fish were caught on Tyee (saln;;)])
egg clusters), it appears possible that at least some of the eggs wcre
preserved ones used for bait. Sbepherd makes no statement in this
regard.

Chapman and Qnistorff (1938) examined the stomach contents of 81~1

steelhead 32 to 240 Hun. in length collected from various portions of the
north central Columbia River drainage in 1937 (May 14 to October 2)
and 1938 (May 1 to October 29). 'l'he 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 vegetabl~
matter. However, insects formed the great bulk of the foods eaten.
Among the insects, the nymphs and larvae of stoneflies, mayflies,
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 illto 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 eatpll
and formed over 50 percent of the items. Mayflies, ,,,hich were entirelr
absent from the fish taken 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 item 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 ....arious species of trouts in all parts of the world.

Idyll (loc. cit.) found no appreciable change in the type of food as
size of fish increased for the Cowichan River steelhead. Insects were
distinctly dominant for every size group, true flies (particularly
Simuliidae) being eaten in the greatest numbers, although caddisfl.ies
were found in a larger number of stomachs. The foods eaten by these
fish are shown in Table 85 (Table I of Idyll).

Clas.ollood

35 stcelhead (20 - 35.5 CIll.

B C

7.4 34.3
4.1 11.3
1.6 22.7
0.5 5.6
0.4 5.6
1.7 5.6

84.0 65.6

A. == total number of organisms eaten; B := percentage of total number eaten; C = percentage of stomachs con­
taining this organism.

Trichoptera (larvae. pupae, adults)___________ 47
Simuliidae (larvae, pupae, adults)____________ 26
Chironomidae (larvae, pupae, ndultsL ________ 10
Plecoptera (nymphs, adults)_________________ 4
Arachnida__ _______________________________ 3
Gastropoda ~ ______________ 11
Salmonid eggs_____________________________ 529
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TABLE 86

Winter Food ot Steelhead From the Upper Cowichan River, British Columbia

Idyll (loc. cit.) also prese1~ts data on the winter food of .steelhead.
These data are reproduced m 'l'able 86. Salmon eggs, mHl11ly from
silver salmon spawnings, const.it.uted the principal food during this
period (October to Fehnul1'~'), although ins('ets wPre st.ill important.
No fish had been consumed.

A comparison of tIle data in the preceding tables indicates essential
harmony of results. Insects are the most important summer food, caddis­
flies and true flies predominating among the aquatic foods. In some
str-eams and at certain times of the year mayflies and stoneflies are also
of some importance, perhaps, as noted, out of proportion to their rep~'e­
sentation in the tables. DUl'ing the winter salmonid eggs are of defi11lte
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 concli­
tionssteelhead do consume fish. Varions 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 011 December 4, 1934, contained four steelhead, 47, 5:3.
.57, and 60 mm. long. A downstream migrant steelh.ead six in~hes lO~lg,
taken at Benbow Dam on the South Fork of Eel Rn'er, contamed nllle
fry, four of which were silver salmon one to one and one-fourth inches
long, and the other fh'e fish too digested to be identifiable. Another from
t.he same locality, 1:35 mm. long, taken Oil April 28, 1939, contained a
";,:mall 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 the~'

may be eaten occasionally.
The food organisms found in the lagoons of California st.reams are

considerably different from those found in the streams proper, and the
diet of the" steelhead resident ill the lagoons is also quite different.
Needham (1940) presented data on the foods consumed by 14 out of
1no ~'earling steelhead held in a cage (dimensions: 3 x 3 x 4 feet) in the

IeI>,H BULLETI" NU. ~IS248



• Arerage size of fish 3.4 inches; range 2.8 to 4.7 inches. Fish were removed for stomach examination between
March 1st and March 10th.

PREDATORS

Inasmuch as one of the main purposes of the 'Vaddell 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 biological 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
occnrred soon after the fish had emerged from the gravel, and that
~hese 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 (Coitus) are probably an important
pred~tor in most Pacific Coast streams; at Waddell Creek and prob­
ably m most other streams tIle species which causes the greatest damage

strongly on the stream bottom than they are in the stomachs, while the
reverse is true for caddisflies. It is the belief of the present writers that
considerable seleetivit~· is practiced by steelhead in their choice of food.
The data for the three species of tront in the Cowichan Hiver (Idyll,
loco cit.) suggest that the fish may discriminate among potcntial 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 ,,"orkers (e.g., Chapman and Quistorff, 19:~8),

support this view.
Feeding in fresh water following spawning is not typical, but has

been noted in the case of some 'Yaddell Creek fish, although the
stomachs of only a few individuals have been examined. A spent male,
56 em. in length, taken in good conditioll in the downstream trap on
June 16, 1937, contained seyen caddisfly larvae. A spent female, 49 cm.
in length, taken in the downstream trap on ,Tlll~' ]0, 1937, had eaten
two steelhead, 81 and 8(j mm. in length, and one sill'er salmon, 80 mm.
in length. A spent male, 40 cm. in length, tal,en 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" ~-0l11lg fish" listed
by the field observer were salmonids. rfhe stomachs of a few dead spcnt
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 probabl~- not grossly different
fron1 that of silver salmon.

Snmming 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 crustaceans), and the larger
fish in salt water are chiefly piscivorous.

93.8
0.0
3.8
2.3

Percentage

122
o
5
3

Number

FISH BULLICTIN NO. ~8

Class of food

Totals______ __ ____ ___ __ __ _ _ 130

TABLE 87

Foods Consumed by 14 Yearling Sleelhead Held in Cage in Waddell Creek lagoon. Spring of 1933 '"
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Gammarus confervicolis _
Corophium spinicorne _
Exosphaeroma oreoonensis _
Miscellaneous _

middle of 'Wad(lel1 Creek lagoon during the spring of 1933. These are
shown in Table 87. Needham also presented data on foods present in
'Vaddell Creek lagoon a Ild compared them with those eaten by the trout
in the experimental cage. As he points ont, snch a comparison may not
be truly representative of foods consumed under natural conditions
since the fish were confined aud dependent npon organisms enterin~
the cage. The data do show that steelhead in the lagoon will eat th:
organisms indicated and make growth (0.93 inches in 91 days, February
28-1\1ay 30, 1933). '

Conditions in Waddell Creek lagoon are similar to or paralleled by
conditions in lagoons of other Pacific Coast streams. The crustaceans
and fishes common in VlTaddell 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. Howeyer, an expression of the adequacy of such organisms
to support a certain trout population is impossible at the present time.
for ,ye do not fully know (1) the amount of natural foods of varions
kinds required to produce a giyen 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
actuall~' consumed.

In 'Vaddell Creek and all or practically all other salmon and trout
streams other fishes which are competitors of the salmonids are present.
Both sculpins and sticklebacl,s are competitors of trout. An examina­
tion of a number of scuhJin stomachs at Waddell Creek has shown that
many of the food items are also eaten by steelhead. Munro and Clemens
(1937) have shown the food of Cottu.s aS1Jcr and of Three-spined
Sticklebacks to include many items consumed by trout. Further studies
in regard to the foods cons~llned by sculpins a'nd 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 giyen locality may be different from that of the so-called
"available" or "potelltial" foods (Needham, 1938, p. 142; Chapman
and Quistorff, ]0:38, p. 2; and otl1ers). These differences probably result
from (1) the degree 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

···.i
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As a general rnle, adult steelhea<1 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 tl'ont populat.ions made b~'

such fish cannot be considered important.
(b) Sl:lvcr Salmon. As in the case of tIle stcelhead, it was not pos­

sible to make a detailed stully of the predat.ion of silver salmon on other
silver salmon and steelhead. During their first year of life the silver
salmon are so nearly of the same size as other silYCr salmon and steel­
head of the same age class that they probably rarely eat them. In
their second year of life at ,Yaddell 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 followillg year class have emerged
from the gravel, and so probabl); consume comparatively few fish of
the season.

The preceding statements do not mean that. silver salmon are not
fish caters when they have the opportnnity to be so. Pritchard (1936b)
s111died pink salmon predators at l\fcClinton Creek, British Columbia,
j',."111 February to .Tnne in the springs of 1!131 and 193:3. The stomachs
of 385 yearling silver salmon (including 76 which were empty) 2 to
6} inches long contained a total of 1,027 pink salmon fr~' (average 2.7
per stomach, maxinmm 13), 10 ehum salmon fry, and 35 silver salmon
fry and fingerling's. None of the stomachs contained other food. These
results were corroborated by examination of 1,::>23 additional stomachs
from a mixture of silver salmon am1 cutthroat trout. of which over
90 percent were young silvel' salmon. .

Pritchard correctly points out that the results of the analyses ma~'

lw more extreme than those which would be obtained nnder natural
conditions, sinc'e tlw pink salmon fry were concentrated along the
screens and in the pen of a eounting 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 in t.he stream, from greatest to least,
in the following order: silver salmon, cutthroat trout, Dolly Varden
Trout (8alvcll:nus malma spectablis), and sculpins (Coftus sp.).

,Ve are led to conclude that in ,Yaddell Creek and other California
sTreams, silver salmon cannot be considered scriolls predators on silver
salmon or steclhead. In those streams ill "'hich king salll10n are also
present, silver salmon ~'earlings may do considel'able damage, since the
king- salmon hatch earlier than do the steelhead and silYCr salmon and
sin~e man~' of them migrate to sea as fish of the season, about the same
time as do the vearlin~' silYCr salmon.

,Yith extrem(;ly rar~' exceptions, adult silver salmon do not feed in
fresh water and therefore are not predators.

(c) Sculpins (CottllS). Two species of freshwater sculpins are pres­
ent in ,Vaddell Creek and a number of other California coastal trout
and salmon streams: Coitus aSlJer and C. alcuticus. 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 ma~'

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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:t8 The author lists these fish by the scientific nanle uSalm.o gainlneJ"i/' but by the
common name "rainhow trout".

is Cottus asper. During the period immediately following' cmcrgClleC'
from the gravel somc youllg fish nHl~' also he eaten by jm'enile silver'
salmon of older year classes; this has not lwen noted in 'Waddel! Creek
but has been reported from another stream (Pritchard, 19~16b). Othcr
predators on fish of such small size arc limited in ,Yaddell Creek and
most other California streams to the Dipper and to garter snakes.
Usually these two are not sufficiently numerous to be the prineipal
cause of loss at this stage. A few are consumed by crayfish and giant
"'ater bugs. .

As the yonng salmon and trout grow, the percentage of loss deelilll·s.
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 smallcr
garter snakes, and many of the steelhead, they are taken in yaryi n~
amollnts by fish-eating birds (kingfishers, blue herons, and othel·s).
In some cases, striped bass may make serious inroads into the seawanl
migrants. The losses ea used b~' eaeh of these dcpend upon a variety
of factol's, including the size of the populations of trout and salnH)]\
and the predators, the a bnndance of other foods for the predators, til,'
character of the stream and the particular portion of the stream, a III I
dimatie and water conditions. Somc of the predators al'e able to seCll r,~

fish in appreciable quantities onl~' when the latter arc confined to
drying pools or some spot like the tl'aps at \Vaddell Creek. Fignrc :12
shows tIle common food interrelations at ,Yaddell Creek.

Sea-l'un steclhead and silver salmon, except individuals (l~'ing aftel'
:-;pawning or fl'om old age, disease, or injun', al'e subjed to very little
predatioll from any source once th"y have entereel fl'l'sh ,vater. It i:-;
probable that less thall 1 percent of the rUIl of either Slll',-ies is normally
takell b.y pretlators in any stream in California.

Fishes

(a) 8teelhcad. Because of the nature of the program at ,Yaddel!
Creek, it was not possible to make a detailed study of the predation
of steelheatl on other steelhead and silver salmon. However, from
scattered data it is known that it is 1101. unCOlllmon for stream steel­
head to prey upon both of them. The numbers and sizes C011SUn1<'<1
depend upon the size and composition of the populations of both speci6,
the time of year, the abunclance of other food, and other factors.

A steelhead 165 nun. long, taken in the downstream trap on Dc­
cember 4, 1934, eont.ainecl 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 inehes long, and the other
five fish too digested to be identifiable.

Nine out of 32 upstream juvenile steelhead taken during the 1934-:1;;
season contained several to 12 or more silver salmon eggs apiece. l\'lost
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 cm. (10-20 inches) long from the
Cowichan River, British Columbia.
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FIGURE 32. 'Yaddell Creel\: 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. 'l'he average size
of the upstream migrauts 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 t.he same time, on various occasions sculpins llave 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 obscn'ed 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 sculpins 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 sllstained rapid swimming
away from the bottom.

Sculpins from the dow'nstream 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,

[ I SNAKES
TERRESTRIAL
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~r-- ~t --;I

30 6,566614591

1933- 1934- 1935- 1936- 1937- 1938- 1939- 1940- 1941- Ttl
34 35 36 37 38 39 40 41 42 0 aPeriod

Totals 3,3.57 1,837 653 337 155

One of the things discovered upon start of operation of the trap~

was the existence of a definite annual downstream migration of t.he hn'
species, and to some extent an upstream migration. The dO\ynst.rcalll
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 npstream
migration that would occur under nat1Ll'al 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 euter the upstream trap it was decidecl
to "go the whole hog" and kill them.

That this downstream migration, with the upstream migration
stopped, was steadily diminishiug thc population of sculpins abovc tllC
dam seems evident from Table 88. Tabnlations for the two species sepH­
rately (Tables A-37 and A-38 of the Appendix) sllOw that more than
90 percent of the downstream migrants were the larger Coltus asper.

It seems, then, that low dams (± three fect high) across the lower
parts of streams might prove an effective way of eliminating thescnlpill
populations above such dams. Dams of this height would not stop adult
salmon and steelhead if they were constrncted 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 110 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.

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 throngh chemical treatment of

TABLE 88

Waddell Creek: Sculpins Checked Through Downstream Trap, by Four·week Periods
(Collus asper and Coitus aleulicus)

Oct. I-Oct. 28_____________ 1
Oct. 29-Nov. 25____________ 23 23
Nov. 26-Dec. 23 ___________ 92 18 21 131
Dec. M-Jan. 20____________ 124 618 199 26 34 11 2 10 1 1,025
Jan. 21-Feb. 17____________ 2,075 771 258 163 38 20 19 19 15 3,378
Feb. IS-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. IS-May 12____________ 20 24 37 17 13 I 8 4 2 126
May 13-June 9_____________ 8 5 4 I 7 1 1 1 28
June 10-Ju1y 7 _____________ 1 2 1 6 10
July S-Aug. 4 ______________ 2 12 2 3 19
Aug. li-Sept. L ____________ I 2 4 8
Sept. 2-Sept. 30____________ 2 2 4

--------------------

---------1----------------------
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TABLE 89

Stomach Contenb of Sculpins Taken at McClinfon Creek, Brifish Cofumbia CAffer Pri/chard, /936bl

2;i7

this species is a serious prcdator on even small t.rout and salmon. How­
ever it is eonsidel'ecI at this point !)('I,anse of its reputation in this
rega~·tl in certain qIHlrl.cl:s, as no~,('d hy ]~~Ilcaid (~91~): '''fhp; damage
done by the Stickleback IS out of proportIOn to Ins SIze ~s he IS able to
kill the fry of larger fish, notably the salmon, for winch 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 ancI
Clcmens (1937) found no fish remains in G1 stickleback stomachs froll!
British Columbia.

(e) St1'iped Bass. Under certain conditions striped bass which have
entered a stream may consume large quantities of seaward migrant
trout and salmon, as shown by Shapovalov (1986). In that paper the
writer described 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 I'm. long) had been
feeding largely on silver salmon and steelhead fingerlings and sculpin:>
(Cottlls), while the smaller bass (20 to 31 I'm. long) had been feeding
almost entirely on small crustaceans (Gammanrs, Exospha.C1·orna, and
C01'ophillm) , sticklebacks (Gasterostells) , and gobies (Ellcyclogobitts).

Shapovalov (loc. cit.) also reported on acolleetion 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.

It 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
rnd 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 \Vaddell
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 watch was
kept for them. It is known that some striped bass have entered \Vaddel!
Creek in various years, as shown by the following record:

1927. Unknown number of striped bass of second, fifth, sixth,
seventh, and eighth age gronps seined in\Vaddell Creek in May (Sco­
field, 1931).

1931. Two dozen striped bass of approximately the same size 1'0111­

position as those taken in 1935 seined in \Vaddell 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 ancI 114 mm. long seined
in Waddell Creek lagoon by J. H. \Vales and Ileo Shapovalov on
April 26th.2

13
12

9
6
2
1

84

39

1.4

2
120

1933

1%"-7"

Cottus sp.

2

8

7
3
3

5.5

59

81

0.7

1931

1%"-7"

Average number per stomach - -- ---- -- - - ~ _

Number containing:
1 pink salmon fry___ . __ . __ . -- - - --~
2 pink salmon fry_______ . ... ._._
3 pink saJmon fr.v . . - - -- -- - -- - - _
4 pink salmon fry ._. - -_. _
5 pink salmon fry .2. __ •• ---- - - -- - •.. _

6 pink salmon fry .. .- - ------- _
7 pink salmon fry - - ---- - -- - - - _
8 pink salmon fry . . __ .. - ----.- -- - _

Total pink ~almon in stomachs _. - - - - - _. - - - _

Total silver salmon fry and fingerlings - - - - - - - - - _- - __

Stomachs containing insects ~ - - - - - - - - - - - ~I

~umbcr empty _

Total chum salmon fry - - - - - - - -- - _

Number examined .. _ . - - - - - - - - - - - _

Size - - - ------- - - - _

probably docs the greater damage. Sculpins continne to feed during:
sexual maturity.

Pritchard (i!13Gb) examined the stomachs of 1G5 sculpins (COtt11S
sp.) from :l\IcClintoll Creck, British Colnmbia, from Febr~lary ~o J~llle

in the springs of HliU and 1933, and found them to contam : 1/5 pmk
salmon fry (maximum in single stomach, 8) 2 chum salmOl~ fry, and
10 silver salmon fry and fingerlings; only one stomach eontamed other
materials (insects), and 98 out of the 1G5 were empty. These data are
presented in 'rable 89. Conc:entration of the salm?n along the s~ree~ls

and in the pen of a countmg fence probably mded the sculpms 111

capturi!l'~ thcm. Munro and Clemens (H137) rccord silver salmon fry
and steelhead eggs hom the stomachs of C. asper from British Co­
lmnbia.

Measurements werc made of ncarlv all of the downstream and up­
st.ream sculpins takcn 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 ill the traps "'cre marked or tagged, hilt
the retUl"llS were not sufficient to warrant discnssion at this time.

It is believed bv the writers that a conecntration of sculpins below
the dam during the 1933-34 season may have contributed to the pOOl"
sun-ivai of the year class (1932-33) migrating dom1stream at that time,
although disease (see pages 2;~~)-242) or some other factor may have
been of greater importance.

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

9-999~;,
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1934. One dead striped bass 260 mm. long found in 'Waddell Creek
lagoon by Leo Shapovalov on March 23d. . .

1935. Forty-seven st.riped bass 20 to 49 em. long seined in uPper
end of \Vaddell Creek lagoon by A. C. Taft and Leo Shapovalm' on
April 26th, but first noticed during the early part of March. A few
fish escaped the seining.

1938. The field observer, J. H. Cook, caught a 13-inch striped bass
in the surf several hundred yards north of the mouth of Waddell Creek
in July (Y), and afterwards caught two other small striped bass in
the surf along the beach near \Vaddell Creek.

1939. Several striped bass were reported to be present in the upper
end of \Vaddell Creek lagoon in late June. Report not verified,

1941. Anglers caught nnmerous striped bass in the surf from t.he
beach adjacent to Waddell Creek during the first two weeks of April.
One fish is reported to have weighed 16 pounds.

Reptiles

The only aquatic or semiaquatic reptiles found at Waddell Creek
are the Pacific Pond Turtle (Clcmmys 111. mar'nlorata) and ga rt.el'
snakes (I'hamnophis).

(a) Pac'ific Pond I'w·tle. During the nine seasons of operations
only seven Pacific pond turtles were recorded as being taken from the
downstream trap, and only very occasionally has an individual been
observed in the stream. The Seven from the trap were taken between
April 8-14 and August 26-September 1. Not more than two were taken
in anyone season. The Pacific pond turtle is largely a scavenger and
bottom feeder and probably is rarely, if ever, a trout or salmon preda­
tor. Most individuals probably hibernate during the greater portion
of the sahl10nid spawning season and for this reason, if no other, cat
very few eggs.

(b) Garter Snakes. Garter snakes in general have been accused of
extensive depredations on young trout and salmon by anglers. Fitch
(1941) stated that the feeding habits of the different species vary
widely, and that some eommonly enter ,vater, whilc others are largely
terrestrial.

Durin'" the nine seasons of operations, 160 garter snakes were taken
from th; downstream tank, with the seasonal number varying from
1 to 45. The earliest garter snake was taken April 1-7 and the latest
October 22-28. During the same time of year garter snakes were often
observed in and about the stream. Dnrin~ t.he period October through
March garter snakes usually hibcl'llatc in the 'Waddell Creek area.
The occurrence of garter snalics ill the downstream t.ank dnring the
various seasolls is shown in 'l'able A-40 of the Appendix.

According to known distributional records and information recently
supplied by Mr. Jay M. Savage, Stanford University (personal com­
munication to Shapovalov, February 28, 1954), the Common Garter
Snake (I'hamnophis sirtalis infernalis) and the Coast Aquatic Gart~r

Snake (T. couchi atratus) a~e known to occur at Waddell Creek, wl~lle

a third, the Coast Terrestnal Garter Snake (T. elegans tC1"1'estns),

259

Birds .' .,' . 1 rtance at Waddell Creek are the
The fish-eat.mg.' ~)Irds of s()].nel··flH~l? I-I'l'llil. and Dijljler. Birds pres-

B It I r' 'fi'her Ca I Olllla ~ .
'Y,~st.ern e e( ,,-lIlg.'" .. , . 't' . tlll'S area are not well known

fi h t I)' 11l'0IWI1S1 les In ' '-' , . .
ent but whose s rea II ~ -, 'fi .IJo~n Red-throated Loon, Amencan
are the Common Loon, .~tCI lieron American Bittern, Red-b~·easte.d
Egret, Black-crowned NI", It.

E
O'le ~nd Caspian Tern. None m tIllS

Merganser, Sout~ern B~ld a~lb~rs to be a serions factor. The Amer­
O'roup is present III suffiCient nn '. '1' I Ilia,' l)e serious predators'" A . IVlern'anser" Ill' I '
ican Osprey ~nd .mel'lcan < "'_ '. {It. waters, •are absent from the
in other Cahforma salmon ~lIc1,.~~O ts Fish-eatin'" birds "'hich have
Waddell Creek a~ea o~ ~e ~a~lef~'~~~la~~'~~h water inOthis area, such as
not been obs.erve to ,a e. s l' omitted from consideration.
the Califorl1la Br?wn PelJca;I,. a e .' larO'e enou",h t.o attack and eat

Of the above blrds the 011 )' s11Jecles '" tIle Ca"'lifornia Heron and
Ih d d s'lver sa mon are . . .

sea-run st.ee ea an ,I . :ibl the American Egret and American
Southern Bald Eagle, and PI °IStS fi Yl I 'lled by all birds form probably
Bittern. Altogether, the a( u s 1 n ,
less than 1 percent o~ the 1'1111S. t f the hinls of the Waddell Creek

Orr (1942) has gIVen an a:coul1 a . . .

area, but does not discu~;.theftlr] foodsThe \Yestern Belted Kingfisher is
. (a) tVesfCl'n Belted unrJ loS ~~;ilin'" tl'ont and salmon than any. of
l1ndoubtedl~' more adep~ta~V~c1c1en Creek. with the possible e~ceptron
the other buds prese~t. . d' ,'Iual bird eOl1sumes a conSIderable
of the Dipper. Very Ilkely an 111. n 1~11C course of a Hal' However, the

. number of trout and salmon dnrmg . .- 'b' 1'· d" to be large prob-
. 1 \V Ilell Creek IS not e le"e ,

number of bn'ds ~ ong , ' ,ae (1 zen The \Vestern Belted Kingfisher. ap-
ably not numbermg. 0' el a ~a .' " for the lower, more open pOl'trons
pears to show a deCided pre elenc~ .' he redwood forest. It is the
of the stream over the upper portro~:s ~n \.on of this bird from \Vad­
"Titers' opinion that the comPhlete e ~~l~n~ao~ either steelhead or silver
dell Creek would not affect t e snn n a ' .
salmon to ~n appreciable de~ree. lation of California Herons in the

(b) Cahfornw. H.M·on. '1 he popn. e numbering probably .less th~n
Waddell Creek dramage ,~as not. lalf 'th start of the expernnents m
half-a-dozen birds. Some tmle Plr~o~ t~ ~'~osted in a large tree beside
]!}~3 SOme California Herons, W llC len '

I) \ "1) SII VFR SALMON LIFE HISTOHll;;S
STE[O;LH~~A ~" ~ ~ "

d from there almost. certainly is present. ~1"r.
Ithough not recorde .', atie forms while the latter IS a

a states th'lt the first two ill (' <1qu, . .,Savage .. , ,
~errestial type. ,t t' identify the species taken in the trap

Unfortunately, ~n aUCI,npo f ]941-42, and in that season only one
was not made untIl the se.as~nl~ 'i;hl'11 hlken in t.he trap on June 10,
individual was taken; ThIS ,nrn Ho'w~ver. there is consid~rable doubt
1942, ,;as Plrob~dblYt'~" c~t~;l~ l:)~iler indivicluals takcn durmg the val'­
reO'ardmg t Ie I en I ~

io~s seasons. '. 'f t most of the salmonids taken by
'\s stated prCVlOllsly, many, I . no , t.'·' l.f 'I stl'eam At Waddell
~ , f 1 '''IIl'' pOl' lOns ( "." .

gart.er snakes are th?se rot\,.( I:t .r "'snakes ar\' pro\)ably not of maJor
Creek the depredatIOns a b

al
l. '1 '. lOt very abllndant and

'. b tl bceilnsc o'a rt('r sna ies a rc I .
proportldons, ,0 I stl'ean; 1e,':els do not isolate many pools,
because roppmg· .' ,
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'Waddell Creek in its lower portion, were shot. Since the start of the
e:,-periments never more thn n two birds were seen on any single occa:
slOn.

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

In the majority of instances in which California Herons have been
observed ill the 'Waddell Creek area they have been in areas not in­
habitNI by tront 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 preferahle to or easier to obt.ain
than t.rout 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.

(c) Dipper. The Dipper has often been accused by anglers of
extensive depredations on trout, not only because of the fish consumcfl.
bnt also because of a habit of catching fish and leaving t.hem on exposed
stone;;. One angler told Shapovalov of seeing 22 ;;mall tront laid ont
on a stone by a Dipper (not at Waddell Creek). Shapovalov has al;;o
seen a single bird consume 15 small trout that had died in a hat.chery
in the Sierra Nevada and had been thrown into the adjacent stre.an;.
To secure these trout the bird IIad to dive to the bottom of a fairly
deep pool.

Tn favor of t.he bird it may be said that it. is known to feed ext.cn­
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 ,Vaddell 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 vcry largely consume spent dead or dying fish.
Southern Bald Eagles probably are not a factor of consequence to t.he
salmon and trout populations of any streams in California.

Mammals
The only terrestrial fish-eating mammal found at ,Vaddell Creek is

the California coon. Coons eat considerable 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.

Crayfish
Th~ species present ill. \Vatltlell Creek has been identified by 'V. L.

Sehnutt of the TJ. S. Natlollal Museum as Asiaens klmnaihensis which
is found also in the Columbia, Smith, and Klamath rivers.:w It~ origin
in Waddell Creek remains obscure. It may be endemic, since there are
early records of crayfish ill neighboring streams. On the ot.her hand
various individuals have informed Shapovalov of transplantings of
,~ra.dish made by different persons in neighboring streams during the
pa~t 40 or so years, so the species may have been introduced. This view
is supported by the statement of Hathlnm (1884, page 81:3) that
A. mgreseens was "the only species found in the vicinity of San
Francisco" at that till~e. Mr. Theodore Hool"cr. owner of the property,
had not .see.n crayfish m the st:eam until some were taken in the trap.
The rapId mcrease of the specIes iII \Vadllell Creek during the course
of the experiments inclicates either a comparatively recent introduc­
tion or a ~remeudous population increase. During the first five seasons
of Opel'3tlOns (1933-34 throngh ] 937-38) SJI<1povalov made repeateel
trips along the stream, wading the Ipngth of the lower portions many
times, but saw only one or two small illllivj(lnals. During the same fi,;e
seasons not over two were taken in the downstream trap. In 1938-39
three were taken in the dowllstream tnt)). in 1939-40 there were 77
in 1940-4], 276, and in 1941-42, 471. At the close of the experiment~
they wer~ quite common in sections of the stream where very few were
seen durmg the first five seasons. 'J'lw 1I1lmbrl's taken in the downstream
trap in each season by fOlll'-week periods are shown in 'fable 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 young (11 anel 14 mm.
long) was taken during the week of Mareh 4-10, 1942.

CrayfiSh have sometimes been accused of predation on young salmon
and trout. At Wadd~ll Cree~{, l~owever, many hours of observation (by
several observers) faIled to mdlCate snch predation.

.Crayfish were found rather to subsist largely on organic detritus
st"Te~ up from the stream bottom, and occasionally on carrion. They
sowetImes caught small steelhead and silver salmon in the trap, al­
though they were never seen to stalk them there. It is probable that
the confinen:ent of the tI:aI? aided the capture. Crayfish probably cap­
ture some dIseased and II1Jured fish in the stream, but it is doubtful
that they are capable of catching healthy fish.

Insects
A~ 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
dat.Jol~s probably playa minor role in the economy of the stream.

It .IS of inte~est that both species, a very large one, Leihocents
ame7"tca~us ~Leld.y), and a small, oval one, AbedtlS lwngerfordi De
Carl? (lde~ltIficatlOns by Robert h Usinger of the University of Cali­
forma), IlIlgrate downstream, especially during the spring and summer
months. Table A-42 of the Appendix shows this. In the table the two

~ordance with recent nOll1enclature. the generic llanle becOIllcs Pacijastactts.
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RECOMMENDATIONS FOR MANAGEMENT

Proper recommendations for the management of any species .should
consider that species in relation to it.s total environment, includmg t.he
human beings whowiU be concerned with its nt.ilization. The deman.ds
of various segments of the popnlation for its sporting or conunerclal
utilizat.ion, the funds, facilities, and personnel available to consel:vation
agencies, and expected changes in these factors must all be eonsIdered.
To be able to formulate such recommendat.ions, however, it is first neces­
sary to know the basic facts about the biology of the species concerned.
To gather these basic fact.s and present them in usable form has been
the main function of the present study.

The problems that concern thr st('rlhcad have been wcll present.ed
by Taft (1933). Intensive fisheries fur both the adult and immature

streamS during thc time of entry of thc salmon and steelhead. Fr~m onr
to half-a-nozen sea 1ions ma~' mmall~' be s.een at t~Ie montl~ of "\\ addell
Creek (awl other stl'l'<IJl1S of ('omparahle ?Ize) durll1g t.~1C tunes tha.t the
salmoll and sh~elhl'all an~ l'nl.t'rillg. Dunng the~p perIOds the annuals
come very dose to sllore, ~\\"imming throul?h :,he bn~akl'r\-\. 1\ t \Vacldell
Creek they have been s('pn to approach wlt.hm 50 .YaI:/I~ of t.he mout.h
of the stream. It is not known whcthE'r t.he same 111lIIV1(lua!s are seen
during the COllrse of' the stpe1head ann silvl'r salmon spa\\"1l1ng season,
or whether they are replacell hy others. ,

A cOllsidl~rahle llJlmber of the silver salmon and steelhead taken 111

the upstream traps at 'Vaddell Creek and at Scott Creek have had scars
in the form of a "V" or "\Y" or some portion of a "V" or "\V,': or
an inverted "\T" or "'V," on their sides. Usually these scars, the hnes
of which are several inches long, are wrll healed. It. has been suspected
that. thesr sears were made by sea lions, bnt this has not been proved.
Dnring portiolls of scveral seasons 11 graphic rrcord was made of all
seHI'S on silwr salmon and sterlhead taken in the traps at 'Yandell
Crl-eli: and at Stott Creek; it is hoped to analyze this record at some
future time.

Further lmo,dedge regarding the extent of depredations by s~a li?I1S
would be of particular interest. in the ca~e of 'Yaddel~ Cree~{ 111 :'Ie:,'
of the fact that the largest Steller sea hon rookery 111 Cahforma IS
locat.ed only a little over three miles a,,,ay, at Afio Nuevo Islan~l. Tl~e
herd there numbers 2500 animals at times, and np to 200 CalJforma
sea lions have also bee'n counted at this rookery. According to Bonnot,
Clark, and Hatton (1938) the sea lion population along the_ entire
coast of California at. the time numbered on t.he average approxllnat.el~'
5,600 St.eller sea lions and 1,600 California sea. lions. Bonnot (1951)
list.ed 9,000 as the approximate number of sea hons along the coast of
California.

An accurate picture of t.he relat.ionship of sea lions to salmon and
steelhead could be obt.ained only b~' examining stomachs taken from
animals not only in tIll' open sea or on land but also off the mouths of
salmon and steeJhead streams during t.he period of the spawning rnns.

The Harbor Seal (Phoca 1!itnlina) is occasionally to be seen off the
mouth of 'Vaddell Creek. Its relationship to steelhead and silwr salmon
is not known, but is not believed to be of importance.

i
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Predators at Sea

..\s has been seen in the sections on "Sun·iyal ". consillerable losses
OCCUl' among both silYer salmon and steelhead between the t.ime that
the~' leave fresh \I'ater and the time that they return as adnHs. Little is
known of the life of salmoll and tt'out at. sea, and so little of the propo,·­
tionate toll t.aken b~' predators, disease, and lack of food. The latter
cause of mortalit.y, if and when a factor of importancr, probably occurs
only soon after the fish have entered salt water.

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

Sea lions have been accnscd of cxtensive depredations on steelhead
and salmon by sport.smen and commercial fishermen. The ext.ent of
such depredations is difficult to determinr, largely because of the diffi­
culty in securing stomachs of sea lions at the pI'oper time of the year.
Individuals swimming in the water are difficult to shoot, and many of
those that are shot sink or canllot be recovered because of difficulties ill
reaching them.

It. must be recognized that because of t.heir size and agility sea lions
are capa?le of catching large, fast-swimming fishes. Therefore, If they
are partlal to salmon and steel head, they may be expected to l'anse
extensive depredations, because of their large llumbers along the north­
ern and central California coasts. 40 'Whether they actually favor salmon
and st~el~e~d as a food over other ~orms of marine life is a moot point.
Many mdIvlduals have report.ed seemg sea lions catch salmon and steel­
head along the coast, particularly near piers and' wharves. Observers
have report.ed that occasionally t.he sea lions on cat.ching a larO"e fish
have not eat.en it, but have tossed it into the air and o-one t.o a~other
fish, as in play. Uncertainties in ident.ification of the fish involved help
t.o n~ake it di~cult ~o analyze the significance of such reports.

CircumstantIal eVidence t.hat sea lions feed on salmon and steelhead
lies in t.he appearance of the sea lions near t.he mouths of California

speci~s have been. IUI!lped together, since the field not.es did not. dio­
tlllgUI.sh the species 1Il all instances, but. probably gO percent of the
total IS represented by t.he snutller species, Abcd1/S lw:ngcrfonli. The
males of this species, but not those of the larger one, carry the eo-"s
on their backs. rrhe signi~eance of the dowm;tream migrations is ~~t
known to the present writers, and the l'anse of the apparent decline
in numbers of migrants during the eourse of the experiments is not
npparent.

. In the comparativel~' limited confines of the downstream trap t.he
giant water bugs occasionally seize and eat a small tront or salmol1
but it is doubtful t.hat they have an opportunity to do so in the opel;
stream, unless the fish are sick or injured.

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

'0 Tw,? species of s~a lions are (ound along the coast of California. The Steller Sea
LIOn (Ettmetol"as Jttbata) ranges from the Channel Islands of southern California
northward to the Bering Sea, while the California Sea Lion (Zalophtts californi­
u,,:u.s) .occurs from Pt. Reyes and the FaraUone Islands off San Francisco south­
war~ mto Mexico. The former is by far the more ahundant species oil' the Cali­
forma coast.
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steelhead create too gl'eat a d rai n on the species. In many of our coastal
streams the immaturc fish felloC the additional difficulty of low water
during the dry summer spasoll. 8neh streams ('an support only limited
numbers of fish of auglillg size.

By contrast, inllllatltre silvl'1' saltlloll (awl king salmon) are subjected
to relatively little fishiltg. 'rile adnlt salmon, however, must withstand
in addition to the sport fishery, an extensive commercial fishery. Th~
numbers of seaward migrants llI11St he great enough to maintain these
fisheries with adequate numlwl'S of adults.

Detailed studies such as the present one, although yielding llIuo::h
indispensable information, cannot alone provide direct answers to all
problems of management. For example, no matter how definitely, Cor­
rectly, and completely we know tIle 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 regulatOl"y measures will achieve, but such regula­
tions must also be made on the basis of the factors previously outlined­
environment, demand, and managemcnt 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 limjted
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 clearillg'
has caused erosion along the streams, greater floods, higher watt'r
temperatures, and lower water in the summer months. Grazing has had
approximately the same effects. l\fany new dams have impeded or
blocked the runs of spawning fishes, destroyed spawning areas, diverte<l
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
t.imes different management methods will give the same results. }I'or
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 public,
plus the funds, facilities, and personnel available to conservation agen­
cies.

Of the five species of Pacific salmons found along the Pacific Coast,
only tlle king salmon and silver I>almon occur in significant numbers in
California. Although the king salmon is still much the more important,
t.he silver salmon may be expected to become increasingly 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
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tribntaries neal' the coast, whidl al'c less suhjpet to .humall i,lItl'rfercllce
and den·lopmellt. than t.he large st.rea,1ll systems, !Ike !hc Sacramc:\to­
San Joaquin and Klamat.h, that Hre favored h~· the klllg salml!11. I h.e
elaborate wat.er ntilization plalls fo.r tlH'se st.l'l'aUl s~:stems WIll nlt.l­
mately ('ut off most of thc prescnt. king' salllloll spawlIlllg areas.

Present trellds point toward a vast development.of the northern
areas of the world: Siberia, Canada, an~l Alaska. It IS ,to be expected
that many phases of this development WIll adversely affe~t the salI?on
fisheries of those areas in the manner that has tal~en place, 1l~ the :Ulllt~d
States, with the result that the salmon fishel'les of CahfOl'lna will
assume a relatively more important position.

From this long view of the present and futnre plaee of the sah~lOn
and trout fisheries in California, we may now proceed to an examma­
tion of specific measures to be applied. in a mal~agemellt IH'(~gram..A
sonnd program of managemen~ shOl~ld I~lclu~le wIse cOllserv.atlOll legl~­
lation, good enforcement of tillS leglslatlOn, lluprovement of the phys~­
cal and biological habitat, pollution control, and fish r~seue and art!­
fil,ial propagation, when and if neeessary. 'rhese \'arIOllS phases of
management are treated helow.

Regulation

Regulations governing the taking of s;;tlmon. and stee~head shpuld
be designed to provide the 'maximum sustawed yIeld, that IS, the WIdest
use of the resonrce possible without causing depletion. Regulations
formulated for any given area should also consider adjacent areas,
for if the reO'1,llation of adjacent areas is not coordinated, there is
danO'er of an ~llldue burden being placed on one or more of them. This
applies especially to seasons. If the trout season opens at different times
on two nearby streams, anglers naturally concentra~e on one and then
the other. Quite naturally, too, the more regulatlOns there a:e the
more confusinO' and irritating it is to the angler and the more dIfficult
is made the w;rk 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 t.he \Vashington Game Commission) has the power to
promulgate regulations govel'l1ing game fish. Such regulat.ions arc
formulated annually. Adrlit.ional laws an(l rrgulations concernmg game
fish are euacted b}- "t.he state legislatures ill all three states.

The t.ake is varionsly rrgnlaterl hy mea llS of hag limits, size limits,
season limits, closeel areas, and restrid.ions on angling gear and
methods. One very important faet which must be considered is that
only the take of the individual angler is restricted; the total aunual
take of game fish is not directly limited in an~' body of water. Under
silch conditions angling regulations will remain a management tool of
limited effectiveness jn the maintenance of the steelhead and salmon
fisheries.

Since steelhead are taken by anglers as sea-run adults and also as
fish which }lave 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 fresh,,:atl'l' l:egula:tio!IS gOYl'l'lling thl' spel:ics arc quitl' l:011l­
plex. Comparat.lvely little ~shlllg for stcl'llll'acl cxi:;;ts in offshore wat"I'S
and s.o regulatIOns goverl~ll\g.sneh ang:lillg: arc relatively silllple.
}t ~s the general practIc~ III Califol'Ilia (and also in Orcgon and

". ashmgton) to set uP. a wlllter season for the sea-l'lm adults and a
summer scason for the IIlllltature and resilIent fish.

The daily bag limit in the three states dming' the winter season is
mostly two or. t~ree fis.h. Oregon and 'Washington also have week11·
and seasonal hmlts, wlnle California does not. '

Oregon and '\Vashington both employ minimum size limits dUl'il1'"
the summer season, while CHlifol'n in floes 1I0t, llsing othl'r mealls (Sll('~
as closed areas and dosed sea,wns) to prott':et the illllll af.llre stel'.Ihl'ad
and salmon.

In California, the laws pl'rtaining to steelheatl a IIII salllloll al1"lill"
h~d ~rown so complex that in .Janllal',", IH48, the Fish and Game (;Ull~
Illls~lOn, on the reeol1lmenl!atioll of the Bureau of li'ish Conservatioll
r~\'lsed them, These greatly silllplifil~d l'eglllatiolls have l'l'lllailwd essl'lI:
tlally unchanged since then. '

The present offshore sport fishing regulations for salmoll alll! tL'Olli

provide a yearlong open season in the northern part of the St<tte and ;)
season extending from February 15 to November 15 in thc SOUtlWl'1I
part with a daily bag limit of three fish in the agO're"ate in the north
and two fish in the south; one llnrlersize salmon ~na~ be included ill
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 tn
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 Februarv
and the largest bag and possession limit. consistinO' of three trout o~,
salmon in the aggregate. Pishing in tributary strea~1s ot.her than those
listed in t.he regulations is prohibited.

The summel' 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 lVIay through October with a baO' aUll
possession limit of not more than 15 trot~t. aIId salmon i'n the aggr~gate.
nor more t.han 10 pouulls ,mel one fish 111 the a"O're"ate iu the round
provided tha~ ilTespec~iveof we.ight at least thl'e;~nch fish in th~~ agg-n':
gate may he ll1eluded 1I1 the daIly bag; ,mIl possession limit..

Although theRe existing J'(~gnlatiolls are geucl'alh- satisfadorv sOllll'
changes are desirahle. It is I'speeially important. that, the sIlIllllle~; ~casoll
in t~e coastal steelheall allll saln~oll waters, if perlllittNl at all, open not
earherthan the end of May. Qmtc a. lIlnnher of cO<lstal Rtl'l'<llllS are IlOW
open dm'ing May, whieh is one of the principal periods of seawaI'd
migration of the young steelhead. :Most of these fish are IIl1del' six iIlehes
in length. They are too small to provide mlleh pleas\ll'e for the trill'
sportsman, yet large enough to take good care of thcmselves and insure
the survival of a sizable proportion as spawnillg fish a year or two veal's
later. A closed season until the end of May protects large 1ll1mbers of
stream steelhead that have not completed spawning, as well as a certain
number of spent sea-run steelhead returning to the ocean. It also affords
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great protectioll to thc yOIlng' silvcr salmon. Most anglers do not distin­
guish yonng silvel' sallllon from yOllng steclhead and are unaware that
their catches dlll'illg the early pm'! of May often contain from 80 to 50
p,ereent young sil."er salmoll, Till: sl'.awal'(l .migration of these fish, prac­
tICally all of wInch are 11I1der SIX IlIcl1('1> In length, is heaviest durin"
the n~onth of 1\1ay. ProfccliIJ1I IIllhis 1IIig1'(/lion 1/01 only insures bctle~'
angl1?lg f01" ~he adu,l·t siT-vcr s(/l~JI{)n ,in the anfllllln, but also helps to
l'I'cse!'ve the '1m poria.nt co 1/1 III M'c/Ol fi sllcr?! fo·,. this species,

It IS also vel'y import.ant. t.hat. at least the lagoons and tidal waters of
~11 eoa.stal steelhead streallls amI in some instances additional portions
of theIr lower reaches be closed at <til timcs except durinO' the winter
season for adult fish. It is in these portions of the stream; that VOUllO'
st.eelhead make tlleir most rapid growth before entering the sea.' to

Stndy is being given to the following possible ehanges:
. (1) Closure of t.he Slllumer season and bag limit on September 30th
~nstead of October 31st and opening' of thc winter season on October 1st
lilstead of November 1st.

(2) Extension of the ",intpl' season through Jfarch 31st instead of the
I~st day of February.

,( 3) Extension of angling during the winter season to some major
tnlmtarv streams,

(4) Abolition of or changes in size limits for ocean-caught salmon,
.Just what would be accomplished by these changes?
(1) The cl.osure of the summer season on September 30th would

greatly Cl1l'tall the take of young steelhead which had migrated to the
lower reaches of the streams in the spriug and remained there throuO'h­
ont the summer, making' rapid g-rowth. In certain ~"ears of late rainfall
~arge numbel:s of such steelheall have been taken in October. especially
111 the Eel RIver. .

The September 30th closing date would also provide a considerable
measure of pro~ection for the so-called "half-pounders," the young
ste~lhead ,,:eIghmg usually from one to two and one-half pounds. The
wrIters. belIeve that t.hese fish are inadequately protected by present
~egulatIOns. They usuall~' make their appearance in the lower Eel River
111 August (sometimes even in July) and {l'om then until November 1st
may be faken le{ja.lly at the mtc of 10 fish weighing 011e p01t11d each
1)/lIS one fish of any size.

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

.From October 1st t? the last day of Februan-. inclusiYe, they could
stIll b.e taken along WIth the large fish, so long as the total number of
fi.sh. (bd not exceed tlJree: It is hard to believe that a greater daily bag
lnmt may be allowed Wlthont causinO' depletion unless the takin" of
small fish be prohibited entirely. to' "

(2) A study of the merit of extending the winter season throngh
March 31st has been proposed beeause of the possibility that certain seg­
ments ~f the runs are not now contributing to the fishery. In 'other
woros, lf the late running fish which ascend the streams in March 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 t.o lwg-ling, whereas under the present
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~elJ('I'al (1)('11 se<1SOI1 71 }H'l'\'t'llt of the males hilt ollly 5:.1 percent of till'
It'males ar,\' expose,d to ang'ling'. ]<'1'0111 the viewpoillt of total age, th,:
,Youngest fiS~1 1'11ll first dUl'lllg the season amI are folhl\\'etl in succession
hr !ll'og'l'\·ssl\·cl.,' oldel' fish. ThliS, the present g-ellel'al open season of
:\ oycmbc!' through Febrllar~', espel'ia Il~' iu the first three months, ex­
poses maml)' males and youllger fish, while an extension of the season
tln'oug-h 'March w~l1lld expose an atlditiOlwl g-roup in which females and
older fish predoml1lated.

TJllfol'tllll<ltel~', the two most cl'iti('a 1 factors bearing on an extension
o~ the steelheac1 se~lsOl.1 ha~'e 110t been \letcl'lnined: (1) the proportion
of the totalrllll wln('h IS hel11g han'ef;terl hy Hnglers eaeh year in varions
t)-pes of ?tre~ms is not knO\\'I!; (2) it is Hot known if the progeny of
fish !'Illllllllg' III Marl'll return to spH\yn primal'ily ill March, like tlleir
parents. 01' scatter thl'oughollt the seaS()Jl.

'While it is possihle that the offspring' of stecIhead which run in
jlarch also l'etnrn as :l\lll~tS pl'imHl'il~' in Marth. it appears more proh­
able tllat they do not", III vlrw of /"Ill' ]lI'cpolllleranec of females in March.
These late-l'unniHg' fish may he important out of all proportion to thril'
numbers il~ maintaining the !'IllIS, since sllrvival of eggs and fry i~
probably 11lghest from late spawners hecallse of reduccd loss from ftood~
and in view of the prepondeTanee of fema le~.

Efforts should be clil'ccted toward obtaining' the answers to the two
)ll'()blems ou~lined ahoyc, but it will tal,e several ~'ears to get the
flnswers. Until we arc surc of thc faets, it seems wif;e to take no chance
(If jeopardizing onr vaIuahIe steel head reS01ll'ec. Therefore, the writers
recommend against any g('lwral ('xtensiol1 of thr winter steelheiid season
at the present time.

(3) Consideration should be given to the extension of the winter
season to include some major tI:iblltaries "ivhieh are now closed. The
purpose of closing the tributarirs 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 bc taken in somema,jor tributaries now
closed to warrant keeping them closed. Extension of the winter season
open areas, if carried out judiciously. mig-lIt prove to be the most effec­
tive wa~- of increasing the harvest to the maximum allowable withollt
ill.il!l·~' to the resource.
. (~) Considerati.on should be given to changes in the ocean size

hnllt. or to abolitIOn of minimum size limits altogether. Any changes
sllould be made only after careful stud.". since the,v could have unfore­
seen consequences. For example, seal!' examillations of samples of kin~
salmon caught some 30 years ago and recently indicate that the takin';'
of the lat'ger fish (an.d therefore the fish of thc older year classes) ha~
changed the populatlons so that now the dominant age at maturity
is three years instead of four years. .

With the exis~ing size limit, ma.ny undersized salmon are caught in
the oce.an fisherIes, both cOJ1!-merclal and sport. Except for the single
underSIzed salmon allowed 111 a daily sport bag limit, such fish are
gel~erally.r~le3;sed by a flip or violent jerk of the line, which often
serIOusly mJunes the mouth parts of the fish, Subsequent examination
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in streams has shown that lllany such fish survive thcse injuries, but it
is not known how many die and the whole question of minimum size
limits needs further evaluation froUl this standpoint.

In conclusion, it lllay be pointed ont that regulations arc the one
form of management which requires no monetary expenditure, except
for enforcement. It is obvious that good enforcement of sensible regu-
lations is essential.

Physical Habitat Improvement

Physical habitat improvement is perhaps the most obvious type of'
Illanagement, other than artificial propagation, in that it produces
dsible results which can be measurell at least partially, e.g., in tenus
of miles of spawning stream openl:'d by removal of a dam or other

barrier.
Certainly, it appears seusible to effect all reasonable physical habitat

illlprO\'emellt before indulging in other forms of management, if there
jllUst be a choice. III northern California, desirable physieal habitat illl­
I' rowment ineludes principally (1) stream elcarance (removal of log
,',anls and debris clogging, stream channels); ('2) n'll1oval of unused
dams and reduetioll of natural barriers; (el) maintenance and improve­
ment of stream flows; (4) uniting of flows at mouths of small tributary
stl'eams, generally making entrance and exit for fish to and from these
streams more accessible; (5) opening channels from streams and pools
cut off from the main streams at low water; and (6) screening of water

diversions.
There can be but little doubt that improvcment of the type outliued

above would aid materially in the conservation of salmon and trout ill
I he coastal streams by improving shelter and spa,Yning grounds, making
;,;pawlling grounds more accessible to adults, facilitating egress of juve­
nile 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 warm. However, the activation of snch 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 ,\'oulc1 be desirable lie on
National Forest land, in State Parks, or on municipaJl)'-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
inyolves (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 bv
the '.vriters that such improvements would bring so I;meh good to th"e
anglmg 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 Slllnll1er flows in the lower reaches
of ~ome of the north coast streams, includinl! 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
ascen~ upstream and are vulnerable to natural mortality and illegal
snaggll1g and spearing.



Possibilitie~ of improyillg tile conditions deserihed aboyc til r()ll~1l

the constructIOn of dams from which relcuses would he lIIade dllri;-I"·
the low~water periods should ~e explOl'ed. l"Ol' cxamplc, the U. S, COl'j;~
of ~n~ll1eers has found that It would be physically possible to pl'O\'ide
a nlinimum flow of up to 300 s('cond-feet in the Eel Riycr at Scotia bv
the construction of a dam on the South Pork of Eel River near Rattl~­
snake Creek. Obviously, most such dams cut off some spawninO' O'rounds.
and in each instance the improvement ill flows must be weigh~cf against.
loss of spawning area.

.Physi?al ~mprovemen~ of streams through the opening' of mouths of
trIbutarIes mto the mam streams, uniting of side channels witll til"
main stream, and improving entrances of slllall tributaries into main
streams may be termed the" annual" type of stream improvement, in
that much of the work must be repeated each year. Such work is not
spectacular, but is well "'orth while and is not costly.

The above type of work may be carried ont in part hy tIle sallie lI1en
who do the fish rescue work, or by regular sl ream improvement C)"('\\'8.

Two men working together form an efficient team that can perfol'l\\ all
but the heaviest work, if provided ·with the propel' equipment.

There are but few ,,,ater diversions in the north coast area and 8P

screening does not present a major problem there. In Trinity and Sis­
kiyou counties, however, diversions are more IllnUerOHS allCl ad~qllill('
screening of them to prevent lo~s of young salmon and steelhead is
highly desirable. For lllany years unsatisfactory laws formed a major
block to an adequate screening program. These laws were revised bv
the 1951 Legislature and the screening of diversions in these two COUl;'
ties is now about 75 percent complete. Thc Department's present pro­
gram in Trinity and Siskiyou counties has been described by "'Vales
(1948) and 'Vales, Murphey, and Handley (1950).

One of the most important thing'S tha t conld he done for the improve­
Illent of the coastal trout and salmon water~ would be the prohibition
of cutting of trees within a certain distance of any stream, say 50 fept
to 50 yards, and the recommendation is here made that legislation to
this effect be sought. Such legislation would not ouly be of help to im­
portant fisheries, both cOlllmercial and sporting, but would also be of
great importance in preventing erosion, thus effecting flood control at
the source, and in maintaining a more esthetically pleasing appearance'
of our streams for the many thousands of sportsmen and vacationists.

The possibility of environmental improvement through the installa­
tion of stream improvement devices that are suitable to California's
coastal streams from the points of view of durability and creation of
desired effect should be explored further. 'l'hese devices should probably
be of the kind that cause the stream to create holes by a digging action.
An experimental program to determine the most suitable types of such
devices and to study their mechanical action and influence on fish was
started at Waddell Creek in 1940. The program was discontinued
shortly after the start of World War II, due to lack of man power, and
since the results achieved were inconclusive, will not be reported upon
at this time,

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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feasible The (ycneral st.ream clearance and harrier removal p~ogram
be ld be ~ontil1~lCd. Some of the specific situat.ions would reqUire the
sho~nditure of considerable snms, hut might produce ~'esults w?r.th
eX~ch more. Ccrtainly, it seems wise t~) increase the carr~'l11g capaCItIes
~ the streams to the practicable n~axllnum before spel;clmg large sums
on other forms of management to mcrease the numbers of fish.

Biological Habitat Improvement

B r biological habitat improvement is n!ean.t t!te improvement .of t~le
biol~O'ical environment for the fishes whIch It IS desn'ecl to ~nallltalll.
It m:ans the control of predators and competitors, and. the mamtel~an~e
of an adequate food supply. Among predators are mcluded al1l~I:a s
both within and outside the waters: other fishes and s~akes, buds,
mammals and invertebrates. Competitors are composed. cllIefly of lother
fishes These may be competitors for food, for spawnm.g grounc S, or
simpl~' for space. Predators may affect the adults, the Immature fish,

or the eggs. ., t II d 'tel'S has
Biolo ical habitat imlJrovement III salmon anCt see I~a "a . ,

recei"ecr relatively little stridy, but several leads wll.Jeh lJave been
uncovered should'be followed up. Success in each case IS ?y no .me~ns
certain but the potentialities are so great that thorough InVestlgatIOn
should 'not be neglected. 'Vitness the rough fish control programs, th~t
have been made possible by the chemical treatment of lakes and IeSe!-

vO~S'e promising lead was discovered recently ,,·he~I. it was foull~l in
the ~onrse of studies made by the Department in Prall'l~ Creek \Bny:gs,
1953) that apparently oligochaetc worms. are causmg conslde.l~bl;
rlamaO'e to eO'O's of salmonids in the spawnlllg gravels. If a ~neaI1S o.
~ont~~l coullbe found, the survival among the. eggs might be 1l1creased

appreciably, b rttl
Contrar;' to the hopes of some sportsmen, ~here appearS to e. 1 • e

reason to expect that much can be accoll1phshecl throug11 the mtIO­
duction of the smaller food organisms or of plants. In general, such
organisms spread rapidly and easil:\' by natural means, and the ab~ence
of desirable organisms in a body of water usually means that em lron­
mental conditions are not suitable for them OJ' comparable f:>rms.,

The introduction of fishes, and mammals s~lch as l~ea\'er, IS .easle~· to
accomplish, but is a very .complex .1llatt~I" 'Ylth malllfoid ram~ficatIo~1~
within the field of ecologIcal relatIonsh~ps. and must bc stndled calC
fuJlv. It is the belief of the writers that 111 the coast.al streams ~enera~IY
the ~ative salmon and trout should be pres(,ITed, and tlJat exotIC spec.res
of fishes should not be introdnced, unless new and ,:ery conc~uslYe
evidence points in their favor. In nearly all cases the llltr.o~uctIOn ?~
exotic species of fishes wheTe a valuable game ~r cOlllmelcIal fisheI}
for native species has existed has yielded unsatlsfactory or doubtf~l
results. If a native game or commercial ~shery has pr~dnced un.satIs­
factory results, it will usually be fonnd elther that varlOUS ,man-mtro­
duced factors have produced depletion, 01', that natural ~n.vIronmental
conditions are responsible for the unsatlsfactory condlt~ons. Conse­
quently the introduced species are liable to be affected I~ the same
manner' by the depletion-creating factors or tIle adverse envIronmental



Artificial Propagation

It is difficnlt to break old concepts and to think along Ilew liIH'S.
But when the evidence points strongly in favor of a change of thought,
then it is fair and necessary to do so.

For many years it has been the popnlar coneeptioll that artificial
propagatiOl~ of trout and salmon and the stocking of streams were the
complete solution to the problem of maintaining the fisheries of. a stream
01' stream systelu. It is the writers' belief, however, that stockmg alone
cannot hope to maintain fishing at its present level in the coastal
streams. Moreover, the writers believe that the amount of .Ilat.ural pro~­
agation is so great that even with a very favorable sm'YI\:al rate art!:
ficially propagated fish would not form more than a mlllor part of
the total production. Shapovalov (1939a, 1939b) made the statement
that "probably ... if no fish cultural ,york had ewr been .done on
the Eel HiveI' the quality of fishing and the size of the spawnlllg runs
would be at least 90 percent of what they are today". This stateme~lt
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
t.hat adult silver salmon, steelhead, and king salmon return to the
stream which they left on their seaward migration as young fish; con­
sequently, if stocldng of the type that ho.d been f'U1Tied on for m~ny
years (small fingerlings planted mostly in midsummer) were producmg
results that O"ave the stocked streams a marked advantage' over the
unstockcd str:a111s, the spawning runs in them should have been no~ice­
ably larger, but this was not the case. The quoted statement was 111 a

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 complet.e
coverage as possible. It should be improved by planning a regular stock­
illg" program for each rescue crew, t.his program to be based on ?1~ed
for stocking, rather than on simply accessibility of t.he waters bell1~
stocked. At"least one man with each crew should have had fish rescue
experience in that area during a previous year. This is highly important
for both the fish rescue and the stream improvement.

AlthouO"h the numbers of steelhead and salmon rescued in the north
coast are: are impressive in themselves, they take on added significance
from thc viewpoint that it is to be expected that their survival is higher
than that of hatchery fish of comparable size.

are now beinO" made and should be continued to give the utmost pos­
sible proteeti~n to salmon anc1 trout. Pollution froll1 sewage is not ~
"eneral problem, but has had ill effects in some eases; a number ~)f
~ommunities are ]lOW installing sewage disposal systems. Great (11s­
reO"ard for proper disposal of slashings and uuwanted logs from ltlln­
be~ing operations is still practiced. The log jams thus created bloek
spawning fish, destroy spawning gronnds, a~ld so change the charact~r
(If the stream bottom that fish fooll orgalllsms are destroyed. In Ins
1938 survey of ,the Eel River system, Shapovalov (19391.') found .that
practically every stream whose watershed had been I.ogged off eontall!ed
log jams. Conversely, these were rarely found 111 streams ftowmg
through virgin timber.
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conditions. The remedy then obviously lies in improving such factor!'
and conditions for the native species, as discllssed in other portions of
this section.

The improvemcnt of existing stocks th rOllgh sclective breell iilg and the
introduction of various strains or races is a somcwhat different matter,
and offers some promise, particularly in the case of the steelhead. Some
work along these lines has already been started by the California De­
partment of Fish and Game:

The elimination or control of undesirable species offers more promise
than the introduction of desirable species, but like the latter is 11

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
subject was made in 1938 and 1939 by Elden H. Vestal of the Depart­
ment's staff, who made a study of the feeding: lJahits and other phases
of the life history of n1P.rgansers, the "fish (l11l'ks" of local residents, in
the Eel River drainage.

The control of undesirable species of fishes, thc so-called "rough
fish" or "scrap fish," might be executed by several meaus. Rough fish
could be removed on a large scale by seining, trapping, or chemical
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
l'liminating 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 control or elimination of
undesirable species of fish predators have already bcen 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 cause 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 HiveI' watershed; efforts
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Soulh Fork 01 the Eel River (al Benbow Dam): Adull Fish Checked Upltream Through Filhway

sense speculativc in that it attempted to show ~\·.hat wOllld have. taken
place had 110t sonlPthing rIse bcel~ clonc. lul.dltlOnal sl1pport for the
statplllcnt no\\" appears frolll the laet that smer the almost complete
abandonmrnt of stocking" in the Bcl Hiv('r systcm ill 1!l::{!) the rllns.
as judged b~' thc COllnts of adnlts at. Hell 1>0"· J)H1~~ 011 \1>(' SOIl.th Pork
of Eel River, haY(' not shown a downwar<1 tr('1\(1 ( I al>le .l()). Of conrse.
change of tIle opening date of trou~ season 1'1'011I 1\fay 1 to the end of
1\Iav a limited amollnt of stream Improv('lIIcllt work, and a g:rcatl~·

eXl;~nded fish rescue program, all in effect si~lee 1!l38, lH~Ye to varying'
and unknown extents contributed to thr. maIlltr.lHllW(' of t.he rlllis.

The indicated inefficiency of stocking as ral'l'i('<! Oil ill tile Eel r: il"PI'
system should bv no means he iuterpreted to meall that all artificial
l;ropag·ation is ~lseless. The experimental programs at \\Taddel! and
Scott creeks have shown that although extremely small returns ma~' he'
expected from fish in their fir~t ~'ear of life, on ~he aVI'rage approx­
imatelv 2 to ;) percrut of ~·('arhng- steelhead illlC1 slln'l" salmon illlowccl
to des~end to sea at their Ilormal migratioll tilllc n1<l~' he cxpeelt',l 111
return as adults, and that survival among· older allrl hll'ger stc'clh.'at!
is considerably higher, increasing with the size and age of the fish.
Therefore, some stocking of aged fish may be dcsirable in the coastal
streams, especiall~' in heavily fishcd strell:ms. In such .case, ~mphasi~
should be placed on planting yearling fish III !Jarren scctlOl:S of s.treams
above falls and other barriers and the plantll1g of areas In whIch ad­
verse climatic conditions or very small spawning' runs have caused
subnormal natural propagation. In other words, ilrtificia I propagation
should be considered an aid to natural propag'ation, rather than a re-
placement of it. . .,

The most hopeful solution to the problem of mall1tmnmg' successful
and varied anO'linO' in the coastal area of California as a whole appears
to be to provic1e SI~H11lCI' fishing by plilnting agcd trout in heavily fished
bodies of water, often those blocked to sra-rnn fish, aud to have the'
winter fishinO' for adult sillmon and tront depellf1 largel.\· upon natural
propagation,"aided hy hahitat imprll\·ement, fish reseur, a IHI specialized

.. }038 refers to counting year }1)38·30, etc.
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SUMMARY

stocking. Under sl~ch a prog-raI.u Sl~mll1Cr fishing in t.he.stre,~ms in whieh
a winter fishcry 1~ to bl~ lllaI.ntall1ed should be lnllltcd III the wa~·s

recommended prevlOnsly III tIns report.

The Steelhead Hainbow Trout, Salmo yairdncri yairdncl'i Hichard­
son, and Silver Salmon, Onc01'hync]/.1ls "'''-sutch (\Yalbaulll), are two of
thc most important fishes found along the Pacific Coast of North Amer­
ica. Despite tIle existence of considerable published information about
thelll, quantitative life history data have been lacking. '1'0 secure such
data so necessary for sound regulatory, stocking, and other manage­
ment programs, a program of study was initiated at \Vaddell Creek,
a typical coastal stream iu Santa Cruz Couuty, California, in ~932.

The plan of t.he experiment was t.o stm1y the steelhead and the SIlver
salmon in their natural habitat.

-Waddell Creek WilS chosen a~ a representative CalifOl'llia coastal
stream under more or less naturill conditions, largc enough to possess
a full biota and small enongh to he dammed ilt reasonable cost, all(l
so situated that it could he kept ullder observiltional and legal control
as a unit, with the general public excluded.

The information gathered at \Yaddcll Creek was complemented b~·

other types of data· (espeeiall.v egg counts) secured at nem'by Scott
Creek, where a State egg collect.ing: station was located. "Homing" and
"st.raying" between the two streams were also studied.

The basic physical port.ion of the \Yaddell Creek experiments con­
sisted of a dam and two-way trap for counting and examining upstream
and downstream migrilnts. This trap has been described in detail by
Taft (1936).

'fhe dam and trap 'Wl'C constructe(l during the summer of 1933
approximately 7,250 to 9,2;J() feet. above the mouth of the stream (the
distance depending upon the varying' locMion of the month) and 3,300
feet aboye t.he uppermost limit of tidewater.

A yearly "season" from Oetober 1 of a giycu ycar to September 30
of the following year ,,·as chosen for the purpose of the studies. At
Waddell Creek and neighboring streams the spawning seasons, hatch­
in!! seasons, periods of <'mergence from graY<'!. and principal upstream
and downstream Illigrations of both juvenile mId adult steel head and
silver salmon are completed within this period.

All adult fish entering the trap wCI'e sexed and measured and scale
samples were t.aken 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 populat.ion fluctuations from season to season.

The second and more difficult step was the determinat.ion of the
number of juvenile fish of each age moving" from the stream to the
ocean in each season. Dnring higll ,rater onl~' a portion of the water
could be strained throul.!"!1 tile tmp and thus only a port.ion of the
downstream mip:rants could hc captured. The percentage of such fish
taken in the trap was calculated t.hrough the marking of trapped n~i­

grants by the relllOval of altcl'l1ate pcctoral fins and the adIpose III
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12,99.0
14.476
18,308
17,356
25,032
23,445
20.172
13.626
19,005
18,225
13,963
13.715
15.138
13,774
19,448

Steelhea()

7.370
8.629

11,073
13.694
15.037
13.030
18.309
16,731
14.109
25.289
12.872

7,495
12.050
11,441

3.711

Sih·cr salmon

6.051
3.424

14,691
21.011
10,612
7.264

13,966
12.488
16,024
13.160
16.312
3.803

14.357
12.476
7.256

King salmon
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Year

1938* . -
1939 - --
1940 _
1941- _
1942 . _
1943 0 __

1944 . ..
1945 . _
1946 - __
1947 . _
1948 . _
1949 _
1950 .
1951- . _
1952 _
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each season from 1933-34 through 1937-38 and the recovery of return­
ing adults. The total number of migrants in anyone year was then
calculated in accordance with the proportion of marked to unmarked
fish of the same life history.

Waddell Creelt is located in central California, entering the Pacific
Ocean approximately two-thirds of the way from San Francisco to
Monterey Bay. In its general characteristics it is typical of the great
majority 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 similal'. Consequently, the conclusions regard­
ing the proper management of these fishes derived from the present
study are applicable, at least ill· the broader aspects, to the coastal
streams in general

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 wlltershed near the coast receives about 30.
More than one-half of the rain falls (luring December, .January, and
February.

Because of the distinct wet and dry seasons, there are tremendous
fluctuations in the flow of most of the coastal streams.

I.Jike 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 11ave characteristically" large"
lagoons, while others have "small" lagoons. The mouths of only a
few of the larger California streams (Klamath River, Eel River, Noyo
H.iveI') regularly stay open during the summer months. At Waddell .
Creek the perinanent 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 ] ,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.
'l'he 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 East Branch an additional one mile. Natural falls bar their ascent
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 Transit,ion Life Zone, characterized here by a
forest of redwood and Douglas fir. The redwoods extend to within a
mile of 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 mland ~bout 6,000 feet. The
hillslopes are popnlated mostly by .chal?arral, pl1les,. and Dougla~ fir.
The predominant sandstone formatIOn IS covered w1th a loose, diato-
maceous shale. .

Immediately above the lagoon the stream flo:"s through a small area
of marshland. The lagoon is bordered by shiftmg 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 covere?- by a secon.d growth. The early
lumbering operations have resulted m the c~eatlOn of sever~l semi­
permanent log jams and temporary accuml~latlOns of logs, :whICh ha"ye
hastened erosion of the stream banks, WIth consequent I1lcrease 111

silting during flood stage. .
In common with the other coastal streams ~rom San. FranClsco to

Monterey Bay, Waddell Creek contains no strICtly ~uvlal fishes. The
species regularly found in flowing (fresh) water, beSides the steelh~ad
and silver salmon are the Prickly Sculpin (Cottus asper) , the Aleutian
Sculpin (C. ale1~ticl£S), the Three-spined Stickl~back (Gaste:oste1ls
aculeatus) , and the Tid~water Goby (Euc.yclogobtu~ newberry~). The
only introduced species 111 Waddell Creek 1S the Stl'lped Bass (Roccus
saxatiZis) which in some years enters the lagoon from the ocean but
apparentiy does not spawn in the drainage. Lampreys do not enter
Waddell Creek. ,

Several species of aquatic or semiaquatic birds are regularly asso-
ciated with the stream, but none is fou,nd in gre~t ab~ndance.

The only mammal known to have a dIrect relahonsh1p to the salmon
and trout in Waddell Creek is the California Coon (Procyon Zotor
psora), which eats dead or weakened spent adult steelhead and salmon.
No beaver or mink are present. . .

The assemblage of native aquatic inverteb:ates m Wad~ell ~reek IS.
CJuit.r. varied and is rat,her typical of. t~c Invertebrate hfe mother
eoast.al streams. Nearly all of thc aquatic ll1vcrtebmtcs have some rela­
tion to the trout and salmon and most of them are eaten by th~se fishes
to a greater or less exten~. The introduced. ( ?) crayfish Pac~zastucus
klumathensis apparently increased greatly 111 abundance durmg 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 N~vember-January.. The earhest fish
was taken in the upstream trap durmg the week endl1lg November. 25,
and the latest during the week ending March 24. However, 81 percent
of the fish were taken during the six weeks December 10-January 20,
and 96 percent during the nine week.s D.ecember 10-February 10.

During the nine seasons of operahon 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 (1934-3.5) ..

Scale examinations and marked fish returl!s mdlCated that al~ ad~lts
return either as males in the season followmg downstream mlgratlOn

"~,
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(age 1/1, OIlC growing season in ocean) or as males and females in the
second season following downst.ream migration (ae:e 1/2 two growiucy

• ......, l'"!

seas?ns 111 ocean). Other work~rs haye reported that the great majority
of slIver salmon adults fall mto the above age categories, but have
noted some exceptions. The 1/2 nge class is everywhere the dominant
one in the fishery.

At Waddell dreek, 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: 1
sex ratio aUlong migrants entering the ocean and an equal mortalit.y
among males and females in the ocean, since some of the males retur;l
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 Riyer in northern California.

The mean fork lengths of the respective groups were 40.6, 64.7, and
63.9 cm. (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 demarcation line of 49 cm. (19.3 inches) separated 99.1 percent
of 1/1 fish from 1/2 fish correctly and appears to have general
application.

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 m~an length attained by the grilse
(age 1/1) of a given brood season and the two-year-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. Since 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 wit~ complex inter-relationships" (Chapman, 1941).

Maturation of silver salmon (and other species of Pacific salmons)
is accompanied 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 consistentlyspa"\vned lower than the steelhead, with
individual exceptions.

;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

riffle (,,"hith is also the lower end of a pool) composed of mcdinm and
small gravel. Usually the site chosen is close to the point where the
smooth water "breaks" into the riffle. The natnre of the redd site
insures a good supply of oxygen.

In its general featn res the spawning of silver salmon is similar to
that of other speeies of salmon and trout. The female digs the nest.
One or more males, one of which usnally becomes the mate, may
apeompany her, but do not participate in the digging. In digging the
nest the female tU1"ns partly on her side and with powerful and rapid
lllOyements distnrbs 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 (leposited, simnltaneollsly fertilized by the male,
and then cO\'ered with gravrl by the femal!:'. The female may dig several
pits to complete spawning, probably normally depositing a few hun­
(Ired eggs in eaeh one. pJ·obably at least 97 percent of the eggs spawned
lodge in the pit an(l are properly buri!.'(l. To complete spawning may
take a week or more.

Probably the over-all percentage loss of eggs as a result of damage
hI' subsequent spawners is not large. Superimposition probably causes
n~ore 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 nnmbers 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 Clll'vilinear, the regression line was determined
on a logarithmic scale and later transposed to a linear scale. Its equa­
tion is Number of Eggs = 0.0115:3 X Length 2.9403. 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 varions speeies of salmollids, 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 \Vaddell Creek fish which had completed
spawning, but to use the tot.al egg production fignres obtained for Scott
Creek silver salmon of the same lengths and expressed by the above­
eited 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 gene.ral 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 ahont R8 at an average water tem.
perature of 51.3 degrees F. to about 48 at an average temperature or
48.0 degrees F. At the temperatures prevailing ill \Yad(le11 Creek, the
usual hatching time is from 35 to 50 days.

Chemical conditions have some effect 011 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 varie>;
widely under natural conditions, and in Waddell Creek and othel'
coastal streams free from mining is likely dependent principally upon
the amount and character of silting caused by floods occnrring between
fertilization lind hatching. Such 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 occasions, 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 liS 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.

Following the period of maximum preeipit.atioll t.he fi>;h start making
extremely rapid growth (March). Hising tcn1l1cl'at.nrc>; and an abun­
dance of aquatic food organisms likrly 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 oc('an. There is all in\"('rsp (:orrelatioll bl'1,,"e(!11 average R1110unt 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 adttlt silver salmon taken at \Yad<lell Creek show the
fish to have migrated to the ocean at age 1, so the jnveniles go to sea in
the same season in which they migrate downstream.

The great majority of the' fish in the spring' migration had sta rte<l
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 b~y high water. OWl' !:);3 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 a& a whole occurs later or earlier in some seasons than
in others. The "early" seasons are those with g'cnera1Iy low stream
levels during the migration period for the same tlates on which in late
seasons stream levels were generally high.

There is a general decrease in the RYCrage size of the agc 1 fish
migrating in the spring (the same phenomenon oe(:urs among' the steel­
head of a given age class). The hypothesis is advanced that the fisll
are influenced in starting their downstream migration bv 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 scen \\'ere 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 sahnonids) remain within the limits of the contincn·
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 various Pacific sabnons
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.

It 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 salmonid~

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, 4i 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

basis of ma?'ked adults 1'ctu1'nillg 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
thro~gh 1936-37) for which figures were possible was fairly constant,
varYlllf;\" f~om 1.1.6 ~o 1.56, with a mean of 1.35. These figures indicate
that wtthm the ltnnts of conditions encountered during the above fou?'
s~a.sons the number of downstream migrants is approximately propor­
tIOnal to the number of eggs deposited.

The .estimated percentage of survival from downstream migrants to
ret~rnlllg.adults fm' the stream as a whole varied markedl,}', from 0.98
to 1.72, 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 Rurvival for these
four brood seasons was 0.06.

The calc11.lated 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 environuient. In 1933-34 a disease believed to be furunculosis
caused abnormal mortality among juvenile silwr 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
mg 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
~he streams and spawn in the winter or spring, but it is probable that
I~ 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
m general entering and migrating upstream on dropping stream levels,
while quite green, and spawning in the following seaso~ and those of
the fall run (fish in general entering on rising stream levels with sexual
products in various stages of development, but spawnin~ within the
same season). Spring-run fish do not Occur 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 Waddcll Creck (anJ Scott Creek) some steelhcad have entered the
stream witll thc first opcning of' the bar, whencyer that has occurred.
'fhe earliest fish was taken in thc 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 sonthern ones.

At "\Vadclell Creek there are 1\\"0 peaks, occurring during the weeks
ending January 6 and1\farch 17, respectively. These peaks so far apart
result because fish of ditferellt sex-life history categories run at different
times.

It is of illtercst tllllt 38.7 pcrcent of all fish were taken after February
28, the usual dosiIlg Jate of the winter steelheacl season in California.
At Bcnbow Dam on the South Fork of the Eel R.iver 24.2 percent were
taken after the end of February, and at Sweasey Dam on the Mad R.ivel'
(both in northern California) 5:3.1 percent.

During the ninc scasolls of operation of the upstream trap, 1933-34
through 1941-42, :l,888 adult steelheacl were taken. The seasonal runs
varied from 373 (1937-38) to 5;~9 (19:34-35). (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 2/1S.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

spawning for the fourth and fifth timcs form a negligiblc portion of
the run; (5) fish of a total age of over six years form a neg'ligible pOl"

tion of the run; (6) no fish more than seven years old have been en­
countered; (7) probabl:,' 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 :,'ear 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 fact, coupled with other data, indicates that conditions in the
oe('an may vary sufficiently from season to season to affect markedly the
size of steelhead from a giYcn 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 "'hich 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 suc­
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 Cl

peak at midseason, and the larger gril~e, composed of the 3/1 fish and.
the larger 2/1 fish, appear strongl~r 111 March or the latter :part of
February and thenceforth increase in relative abundance durIllg 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 an~ fl~w of
water, which so far it has proved impossible to show q~lant~tatIvely,

because of the existence of several vanables. Steelhead, lIke slIver sal­
mon, ascend both on rising and falling stream levels, but cease mo.ve­
ment during peak floods. In general, they appear to be .less exactll:g
than silver salmon as regards the conditions under whIch they WIll
spawn or ascend an obstacle in a stream, such as a fishway. . .

Steelhead (like silver and king salmon) move upstre~m ~aIllly In

the davtime. Fluctuations in movement during the daytIme lIkel! are
caused' by factors which are "probably multiple with complex mter-
relationships" (Chapman, 1941). . .

The changes in body form and coloration which are assocIated wI!,h
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 do cm. (23.6 inches) long dug six or seven pits to c.omplete
spawning, averaging a deposition of from 550 to 1,300 eggs III ea~h.

The completed redd was approximately 12 feet !o~g and 5 feet wI~e

(60 square feet). Spawning can be completed wlthm 12 hours, but IS

believed often to take a week or more. . .
The writers believe that 97.5 percent would express a mIlllmum

average for the number of eggs buried in the redds by steelhead.
It is probable that although the losses.re~ult.in.gfrom damage to redds

by subsequent spawners may be severe III mdlvldual nests, the percent­
age loss for all eggs deposited in Waddell Creek was sm~ll. '

Spawning sea-run steelhead are very often ~ccompallled b~ stre.am
trout, which may eat loose eggs, but whose pr~mary p~rpose III bemg
present probably is to participate in the spawnmg actIVItIes.

The calculations 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 manua:U:v
spawned fish of known lengths. ~easurement ?f the eggs wa~ carne~
out according to the method descrIbed for the SlIver salmon. Smce ?nl~

about 90 percent of the number of eggs contained in a fish are obtaIlled
in ordinary hatchery spawning, to obtain the total num.ber of eggs the
calculated number was multiplied by 1.1.

The total number of eggs was plotted in 400-egg intervals aga~nst
fish length in 2-cm. intervals and a regression line fit~ed. to the.l?omts
by the method of least squares. Since the relationshIp IS curvIlIllear,
the regression line was determined on a logarithmic scale and later

transposed to a linear scale. Its equation is Number of Eggs = 0.9471
X Length 2.11<>9. 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 eggs left in steelhead after natural spawning was
found to be so few that no allowance for them ,,'as made in calculating
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 "downstreaUlers" 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 "Vales (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
zation and hatching is probably the principal cause of pre-hatching
losses.

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 min. (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
differences 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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SOOIl aftcr the peak of emergence thcrc is a marked decline in thc
numbers of fry in thc stream, d IlC to mortal ity, Prerlatory fishes al'C

believe<l to makc the greatest inroads.
As the fish g'l'OW, t.hey gradually 1110\'(' inti.> <leeper water and eat

coarser foorl, However, unlike the silver salmoll, in late summer the
~oun~ steelhead do no~ appeal: to move into the deep, quiet pools, but
mhabit moderately SWIft portions of the stream. Diurnal movements
within limited areas may occur. .

The growth rate of the fish slows down (probably not as early nOI'
as markedly as in the case of the silver salmon) in association with tlw
period of maximum stream temperatures and minimum flow with SOIll('

evidence to indicate that the former plays the greatest part.'
.F'eeding continues to be generally <Inite light and growth neglio'ible

nntil after the period of maximum precipitation, when the fish ~tart
making extremely rapid growth (usually in 1\larch). 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, \~hile pra~tically all of the silver salmon migrate
downstream as yearlmgs. '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 down~tream
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 to 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 stee~head, 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 cla.sses :vbir:h, except for occasional older fish, make up
the downstream mIgratIOn m 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 +,

14707 (40 percent) of age 1, 6,938 (19 percent) of age 2, 386 (1 per­
ce:It) of age 3, and 14 of age 4.

It is probable that the migrations through the trap are indicative of
but not strictly proportionate to the numbers migrating' clown in the
stream as a whole. Because of the large yolume of water in the early
staO'es of the migration, proportionately larger numbers pass uncounted
ove~' the dam. Since the older age classes migrate first in the spring
miIYration, it is to be expected that they show up in disproportionately
slll~ll 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
seasons are those with generally low stream levels, 1yhile the late seasons
are those with generally high stream levels.

'1'he 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, so 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 the 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 picture 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, individuals of the same size tenu1llg to "TOUp

together. b

General observations indicate that some fish move down at all 1 ..
of t.he day ~nd night, but that the bulk of the fish move downst~'~~~~
durll1g the mght or at least at twilight. 1

Parr marks are generally pronounced on the smaller miO'raI1t<- a d
1 fi h t" '1 "1 '1 " .., nSl:C

tl
1"S .arb·e n~, Sli ver!, w 11 e ~he larger ones are silvery. Migrants

WI 1 r~m. ow co oratIOn (promll1ent parr marks and rich body and
fin. coloratIOn) ~re usually sexually mature and are believed to he
mamly the offsprll1g of stream fish. .

.During the nine seasons of operation of the trap, 3,104 upstrealll
llligrant stream ~teel~lead.were checked (seasonal variation 37 to 1,271).
The peak of thIS nngratlOn usually occurs close to the beginning of
the calendar year, and a secondary, quite minor rise takes place nea'
the end. of J:uly .. The lat~er migration is composed of fish younger thal~
those nllgratll1g m the Wll1ter.

The upstream migration is composed of fish that had previously mi.
grated do,vnstream and spent some time in the lagoon (or the section
o~ the stream below the dam) and fish that had hatched below the dal
LIke ~he downstream migrants, they are probably composed largely ~f
offsprmg of sea-run fish but to a minor extent of offspring of stream
fis? M,ost .of the upstream migrants make a subsequent downstream
~mgra~lOn Il1 the .same. seaSOll (some after spawning). Probably follow­
mg thIS second mIgratIOn most of them go to sea.

The 3,104 upstream migrants consisted of 44 (1 percent) fish of
age +, 893 (29 percent) of age 1, 1,637 (53 percent) of age 2, 478
(15 percent) of .age 3, 51 (? percent) of age 4, and 1 of age 5. The
upstream mIgratIOns do not mvolve sampling, but represent the entire
runs.

Both sexes are rep~esented in the upstream migration of stream
steelhe~d, but the .avaIlable data are insufficient to warrant -definite \
conclUSIOns regardmg the sex ratio. Many of the fish are sexually
mature.

As in the c~se of the silver salmon, the extremely rapid growth made
by steelhead III the sea, as compared with that made in fresh water is
well known: Pr~bably the young steelhead, on first migrating to the
ocean, remall1 faIrly close to the shoreline. How soon and to what extent
they b~gin to ~pread out is n.ot known, and practically nothing is known
regardmg theIr movements m t~e sea. For unknown reasons, very few
are caught at sea by comm~rClal salmon trollers. Almost nothing is
kn~w~ of the exte~t to WhICh steelhead from different streams mix
~hIle m th~ sea. It IS ~lOt known, but is not improbable, that steelhead
III the se~, lIke the PaCl~c salmons, migrate in schools.

The .vIeWS of the wrIters regarding "homing" amonO' anadromous
salmon~ds were expressed in the summary discussion otsilver salmon
and WIll not be repea.ted. During nine seasons of marking (1931
through 1938-39) and nme seasons during which returns were obtained
(1933-34 through 1941-42) 476 (98.1 percent) steelhead marked at
Waddell Creek returned there and 9 (1.9 percent) strayed to Scott
Creek. Of those marked at Scott Creek, 932 (97.1 percent) returned

there and 28 (2.9 percent) shayed t? '\Vaddell Crrok. Thus, the .rate
of straying among steelhead is comnderably \rs" than among SlIver
salmon for the streRms iuyolTed. . .

The simplest procedure to calculate sl1l'vlval to matutlt~' among sea-
rlIn steelhead at "Waddell Creek is to calculate the number of eggs
deposited in a given season and then to total the numbers o~ sea-run
fish of that brood season returning to spawn for ill 0 first hmo. Sur­
vival calculated in this manner may be t.ermed 2))'imo,ry ollC1'-an sur-

m:·val.
In calculating primary over-all survival, the first spawners among

the fish comprising the estimated total run ir~to '\Vadd~ll Creek were
divided into total age classes. It was then pOSSIble to ass:gn all. return­
ing first spawners to the proper brood season (season 111 whIch they
were produced), and to express them as a percentag~ of the. number
of eggs which produced them. The percenta?'e of surVIVal vaned from
0.017 to 0.028 for the fonr seasons for 1dllCh returns were cOl:1plete
or practically complete, and from 0.017 to 0.029 when an ad~ht1onal
8\'H8011 (1937-38), for which the number of five-year-olcl returnmg fish
was not available but was calculated on the basis of the average return
of five-year-olds in the other four seasons, was included. 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 presen~ repor~. .

One of the striking features to be noted IS the IIlYel'se correlatIOn
between total egg l)l'odlIction and survival percentage (the same phe-
nomenon was encountered among the silver salmoll). .

In calculating the number of eggs produced by each spawnmg rUl:,
the number of eggs produced by ea~h fis.h was ~alculated on. the baSIS
of the egg number-fish length relatIOnshIp prevIously establIshed.

Altogether returns were obtained for 383 marked first spawners.
Of these, 220' (57.4 percent) had made their illitial downstream migra­
tion at aO'e 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 + and 4

groups. . .
The ages at initial downstream nugratlOn of these adult first

spawners occur in quite diff.erent proportions from. those of the 12,679
downstream stream fish whIch produced them. TIllS 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, 237 (61.9 percent) migrated to
sea in the season of marking while 146 (38.1 percent) migrated in the
following season. Of the latt~~, three ~ade an ups~ream migrati~n and
a second downstream migratIOn, whIle the remamder stayed III 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 (68:9
percent) had migrated in the same season and 14 (31.1 percent) m
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the following. This sequence, bllt not order of magnitude, is also true
for each sex. 'Within each age group a greater proportion of the females
than of the males had migrated in the following season.

Of the 38:3 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·
sentatioll of the different age groups. Although the age 2 fish are
dominant in both cases, they are much stronger amollg 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 +, 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 ont
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 mar];.in~

(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 ma1"king. Thus, probably in most California
coastal st.reams in which it is desired to carry out marking of stream
juvenile steelhf'ad 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 total number of down­
stream migrants, including those that went over the dam uncounted
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 calculation.
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 occurred 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

wners in subsequent seasons. Thus, in ID34-35 the llumber of repeat
;~wners was the lowest on record, a f~uther indica.tion that mortality
.p 1933-34 was correctly assessed as bemg the heaVIest.
II1 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. ..' .

Freshwater copepods (Sal·",mcola. cal~formens~s) were found at-
tached to many of the downstream mIgrants, but apparently cause no
seriolls damage. These copepods wer~ fou~d much more frequently 011

the steelhead than on the salmon Il1Igratmg downstream at the same

time. . 1 1 .
No downstream migrant stream steelhead WIth fins comp ete y lllISS-

ing were recorded. . .
It is not improbable that throughout the hfe .11IstOI:y o~ the steelheacl

its food is similar to that of the silver salmo~I: Jl1vel1lles III .fresh water
live very largely upon insects, both aquatIC and teI:rest~'Ial; smaller
inflividuals in salt water depend heavily upon IlIarIne lIlver:tebrate"
(11 lid those. in brackish ...vatel', especially in lagoOJ~s, on ?r~clnslnnlt<~l'
crllstaceans) ; the larger fish in salt water are chIefly lW;Clvorons.

Predators

Inasmuch as one of the main purposes of the .l~roject was to study a
stream under as nearly as possible natural COlllhtIOns,. suspecte~ pre.da.
t.ors were not kilied because of the dang·er. of upset~lIlg the bIOlogICal
balance. Evaluations of the effects of varIOUS I?ossIble predators are
therefore based on incomplete data and observatIOns on other streams.

Tn Waddell Creek alid other California streams juvenile sil.ver s~l­
mon and steelhead are probably most heavily preyed upon by Juvemle
steelhead. Freshwater sculpins (Cottus) are probably important pred~­
tors in most Pacific Coast streams; at Waddell Creek and probably III

most other streams Cottu,s asper is the species which causes the great­
est damage. Stomachs of sculpins taken from the downstream trap
contained considerable nun1bers 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 IIlay also be eaten by juvenile silver
salmon of older year classes; this has not becn n?ted in Waddell Creek
but has been reported fr011.1 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 thev are too large to be taken by the dipper, the smaller
garter snakes, ~nd many of the steelhead, they are taken in varying
amounts by fish-eating birds (kingfishe~s, bl'!e herons, and others). In
some cases, striped bass 'n1ay make senous mroads upon the s~award
migration. The losses caused by each of these depend upon a varIety of
factors, including the size of the populations of trout and sahn0I! 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



climatic and water conditions. Some of the predators are able to seeure
fish in appreciable quantities only when the latter are confined to L1ry_
ing pools or some spot like the traps at Waddell Creek. .

The American osprey and American merganser, which may be
serious predators in other California salmon and trout waters, arc
absent from the \Vaddell Creek area or are rare visitants.

Sea-run steelhead and silver salmon, except individuals dying after
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 Hor­
mally taken by predators in any stream in California.

Considerable losses occur among both silver salmon and steelheau
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, Oil

Ano 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 province 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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n~()l()g-i('al l~ahilaf;. illl]ll'()VCllH'nt ill SalllJOIl all(l sleclhCIHl ,vaters has
!"l'l'l'lycd n'lat ,\"(~l.v l,tt.le st.lId~·, hnt. f;c\"l'ral lpadf; which have been lin·
('o\"(,l'c(l shonld l)(~ followed lip. Snc('(,f;s ill I'IH·.h l'af;cis hy no means
(~('I'taill, hilt. th(' j)o!l'llt.iltlitil's al'p so ~T('Ilf; that. thol'ollgl, investigation
sltollid 1I0t lJe lIeg-leded.

'1'I~e impI'O':l'mell~; of ,exist.illg' :<;to('1;:s throngh spleetive hreeding and
the llltl'odnctlOll of "anous st.nuns or races offers SOlne promise, par-
ticularly in the case of the steelheacl. .

The elimination or control of undesirable fishes offers more promise
than the introd\1ction of desirable species, but like the latter is a matter
involving complex ecological relationships and therefore possibly n11­
foreseen resnlts. The control of these unwanted fishes miO'ht be executed
by seining, trapping, or chemical treatment. Control at certain of the
species (e.g., lampreys, sculpins, suckers, and some cyprinids) might
also be effected by erecting barriers in the streams hiO'h enouO'h to bar
their upstream migration, but low enough to pern.:it steelhead and
salmon to jump them. Lampreys appear to constitute a very real mC11­
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, be!ng confin~d 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
sheel. Pollution from sewage is not a general problem., but has had ill
effects in sOI~le cases. ~rop~r disposal of slashings and unwanted logs
from lnmbermg oper.atJons IS frequently disregarded. The log jams thus
created block spawnmg 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 tIle north coast area lIas been very wort}l­
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 ~he 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 m~re 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
~ge of the fish. Therefore, some stocking of aged fish may be desirable
III 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 harriers aw] the planting of
areas in which adverse climatic conditions or very small spawning runs
have caused subnormal natural propagatioll. In other words, artificial
propagation should be considered an aid to 1I1lt-ural propagation, rather
than a replacement 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 summer fishing by planting aged trout in heavily fished
botlies 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
5tocking. Under such a program snmmer fishing in the streams in which
a winter fishery is to be maintained sholll(] be limite<l in the ways
recommended previously in this report.
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TABLE A·I

Waddell Creek, Silver Salmon: Adults Checked Upstream Through Trap; Mean
Lengths lin em.l by Brood Seasons
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TABLE A·3

Seolt Creek, Silver Salmon: Volumes of Eggs Obtained From 40 Spawned Fish, t935·36

307

1/1 cj'cj' 1/2 cj'cj' 1/2 <;1 <;1

Brood season
Mean Mean Mean

Number length Number length Number length

1930-31. ________ - - -- 152 65.7 177 65.2
1931-32. ________ 118 39.8 275 64.0 287 63.2
1932-33. ________ 21 41.2 33 65.8 39 63.9
1933-34. ________ 56 41.0 104 65.8 107 64.3
1934-35 _________ 3 42.5 42 66.1 22 67.2
1935-36. ________ 20 39.6 29 63.2 40 63.6
1936-37. _________ 17 39.5 88 67.8 126 65.9
1937-38_________ 52 41.8 93 64.3 105 62.5
1938-39_________ 65 42.4 66 59.2 77 58.9
1939-40_________ 4 40.2 -- -- -- --

Totals ______ 356 40.9* 882 64.7* 980 63.8*

* .\n arerage o( tile seasonal means. tile assumption being that seasonal means are representative o( seasonal
conditions.

TABLE A-2

Seoll Creek, Silver Salmon: Data Used In Caleulallon of Volume Factor (F)

Counted
Measured

Vol. per
Actual Volume

No. eggsDate Fish no. vol. of vol. of factor
no. eggs ,eggs (cc.) egg, (cc.) eggs (cc.) (F) 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)

..

Measured vol. of eggs (cc.)

350-399 _. - - - - - - - - - , - - - -
400__________ --- __
450 - ---- -- - - -- - -- - __ - - - - - - - --
500 - - - - .. - - . -- .. __ . -- .. - -
:;SO -- - - -- -- .. -- . - - - - - - -- ..
600.... - .. ' -, - -- .. - - -- _--. - .. - --
650_ .. __ .. __ -- _
700 - ------- ... ---.--- .... --
750 - - -- -- -.
BOO.. _ _
850 ---

No. of fish

1
2
5
3
2
6
4
3

Measured vol. of eggs (cc.) No. of fish

900 _.. _ __ .. ', 4
950_ .. 4

1,000 .. __ __ __ ___ ___ __ __ __ _ I
1,050 .. _, .. ___ __ __ __ _ 3
1,100 .... __ .. .. _
1,150. _. __ .. .. _. ..
1,200 _.. ... , .. _..
1,250 _, .. __ , .. _, __
1,300 , .. .. __ .... __

Total. __ ' , .. , , _.. _ 40

0.738 + 0.622 == 1.360 1.360
--- == 0.680 == Average volume (actor (F)

2
* Stray rrom Waddell Creek.

NOTE: The volume factor was also calculated (or two other fish, for wbich the data are tahulated below. How­
erer, 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 vaIldlty of the volume factor used, but such data are not available. Its
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.

Counted
Measured

Vol. per
Actual Volume No. eggs

Date Fish no. vol. of vol. of factor
no. eggs eggs (cc.) egg (cc.) eggs (cc.) (F) measured

Jan. 8,1936_______ 13 4,479 1,325 0.187 838 0.632 90(9 lots)
Feh. 6, 1936_______ 41 1,396 350 0.2103 293 0.840 30(3 lots)
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TABLE A-4

Waddell Creek, Silver Salmon: Juveniles Checked Through Downstream Trap,
1933·34, by Two·week Periods

TABLE A·4-Continued

Waddell Creek, Silver Salmon: Juveniles Checked Through Downstream Trap,
1933·34, by Two·week Periods

----------------------------- ----------''.\

Length
inmm_

d>", ~ .,J. ,
Length ",- "'''' "' .... g:: .... ~- Seasonal

..:~ >."" >'''' 0'<'0 ~ >. ~i ..-'" '0inmm. ..: .... ,;~ .,<'1 ., " "'~ ,,- >.- b~ ";00 "'- ~J total"'- "', ~::s ;:;;l"; :=so ~ ~ -'" ~- ~ '" '" ,<~ <~ ~~ -, - ..,.., ";01> ..;< <J., <en en", en_
----------- - ----------

-----------------------1----
3,430

I
2
2

10
38

154

I
2
2

(2)*+2
4

(40)t+369
684
789
711
:157
134

67
32
21
4

(1)*

(I)t

(1)*

I
1
2
2
4

4 2 I
18 5 2
76 20 3

151 23 t5
(39)

279 44 4
316 44 3
288 30 2
117 13 2
47 5
17 4 2

6 1
5 2 2

1

8
47

165

lIO 42 313
115 54 370
120 79 306
125 61 165
130_________ 17 65
135_________ 3 41
140_________ 3 21
145_________ I II
150_________ 3
155 _
160 __
165 _

21-25. __ ~ _
30 __
35 _
40 __
45 __
50 __
55 _
60 _
65 __
70 __
75 __
SO .
85 . __
90 __
95_________ 1

100_________ 7
105 22

Totals 291 1,516 1,324 204 66

* Recorded only as 3 Inches or under.
t Recorded only as over 3 Inches.

2
2
6

1
1 2
2 2

I
2

2 4 18

2
No Rec ord

Totals .. .. _

lIO. __ . . _
115 __
120 . __
125 . .... _
130__ . __ ~ .. __
135. _
140 .
145 _
150 _
155 . _
160 .. __
165 . _

21-25 ... . . __ . _
30 __
35. . __
40 . _
45 . . . __
50 _
55. __ . .
60. ... _
65 .. .. _
70_. _... . _
75 . __ . _
SO.. _
85 . __
90 _
95 .. _

100 . . _. .__
105 • _

.,.,
,}

\ ~.



310 FISH BULLETIN NO. 98 STElcLHE:AD AND SILVJ~n SALMON LIFE: HISTORIES 311

TABLE A-5

Waddell Creek, Silver Salmon: Juveniles Checked Through Downstream Trap,
t934·35, by Two-week Periods

TABLE A-5-Conlinued

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

-----1-----------------------------

Seasonal
total

Length
inmm.

_---1--- --------------------------1----

,­""M
d~.. "
'"'~

'0

""".. ,
'"'''

.M,,""" 'O~

.0
""0>

>0
0"
ZO

Length
inmm.

21-25 _
30 _
35 _
40 _
45 _
50 _
55 (4)* (2)* (6)*
60 _
65 _
70 _
75 _
80 _
85 _
90 _
95 _

100 _
105_______ (l)t (4)t
110 _
115 _
120 _
125 _
130 _
135 _
140 _
145 _
150 _
155 _
160 _
165 _

• Reeorded only as 3 Incbes or under_
t Recorded only as over 3 Inches.

3,573

4
14

3
(12)*-17

4
3
3
4
2
8

17
60

232
(5)t+445

719
724
617
345
183
90
36
12
11

9
3
1

2613

3
5

2 2

1
2
6
7
4
3
5
2
1

34

7
36
74
91

106
44
28
10

3
3

1
3 1
2 7
9 27 11

20 95 72
32 188 141
34 331 258
28 340 247
39 304 224
33 180 101
22 89 61

9 41 37
3 18 12
147
2 5 4
143
1 1 1

1

249 1,636 1,179 402

_ ------------------1-----

~1-25 _
30 _
35 _
40 _
45 _

50__ -~-
55 _
60 _
65 _
70 _
75 _
80 _
85 _
90 _
95 _

100 _
105 _
110 _
115 _
120 _
125 _
130 _
135. _
140 _
145. _
150 _
155 _
160 _
165 _

Totals __

(\

4
~

I

4
5

27221024Totals _
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------1----------------------------

Seasonal
total

·0
""'"c.,
oco

CD.-<

,
~ ...
~ til tioo

~< '<:h

.,J.
""<-
~..a ~;
~~ ~oo

TABLE A-6-Continued

Waddell Creek Silver Salmon: Juveniles Checked Through Downstream Trap,
, t935·36, by Two·week Periods

Length
inmm.

d,,,,
"'~

..:~ ..: ~
~~ ~~

----1-------------~-------------1----

'0="," ...., ...
. '"0'"o '08

.J,
"'0>
>= 0
00
ZO
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TABLE A·6

Waddell Creek, Silver Salmon: Juveniles Checked Through Downstream Trap,
1935·36, by Two-week Periods

Length
inmm.

I 2
4 I 2

33 5 3 1
92 18 5 3 2

125 26 5 2 2 1
96 20 4 9 1 2
44 10 1 4 3 4
18 3 4 3
3 1 2 2
1 2

1

------------------------1----

1 1 2
2 5 1

24 26 5 1
2 75 112 16 5 1
4 225 269 30 6
8 449 387 32

20 680 371 30
2'1 521 276 26
33 335 120 5
17 137 42 1
15 50 6

5 11
4 3
1

;~ .

21-25 _
30. _
35. _
40
45 __.. _
50 ~ __
55 __ .. _
60 _
65 _
70 _
75 _
80 _
85 _
90 _
95 _

100 _
105 _
110 _
115 _
120 _
125 _
130 _
135 _
140 _
145 _
150 _
155 .. _
160 _
165 _

Totals _ 417 87 22 25 8 12 3 2

21-25 _
30 _
35 _
40 _
45 _
50. _
55 _
60 _
65 _
70. _
75 _
so _
85 _
90. _
95 _

100 _
105 _
110 _
115 _
120. _
125 _
130. _
135 _
140 _
145_. _
150 _
155 _
160 _
165 _

Totals 136 2,413 1,621 148 12

1

2

3
9

42
121
161
137

74
84

220
538
877

1,007
850
493
198
72
16

7
2

4,911

i
j;,
r,'
11'.

of
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·~1-
t--

!",
j,;'

JF

h ,)~
.E ?~

tiF: .-'\.

f:
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TABLE A-7

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

TABLE A·7-Conlinued

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

-----1-- -------------------------- ----1--- --- ------- --- ------------1----

Length
inmm.

,- .0 .J,
~'""'- "'''' "''''' C;;'"00 '" .U"J .'" .-..... ..;~ +i~ >'" ;; d ,,'" g ci '0 ci.o .g~ .o~ ...:.- .. ", ...: ...,,- o ' 0" "0 =", '"- '"ch"U"J oZ z;:l ZA A~ '" , '" " ~;:g ;:g.J, o.~

O,.!, o~ A~ ..., .- ...,~ ~ ... ;:g- -<,.!,

Length
inmm. ";U"J

o.~" ,"''''

·0
~'"c.,

"""rn~

Seasonal
total

--------------------------1----

1
3

1 4
1 3 10
2 2 15 3 23
4 16 43 10 74
8 61 77 20 166

11 97 77 22 1 208
6 119 97 13 2 238
1 70 60 9 140
4 66 41 9 120
2 30 20 4 56

8 4 1 13
1 1 1 3

5
2

1,0676

2 2
1

9543940 471Totals

21-25 _
30 _
35 _
40 _
45 _
50 _
55 _
60 _
65 ,_
70 _
75 _
80 _
85__ • __
90 _
95 _

100 _
105 _
110 _
115 _
120 _
125 _
130 _
135 _
140 _
145 _
150 _
155 _
160 _
165. _

6

2
3

4

2
1
1

4

2
1

21-25 _
30 __. _
35 _
40 _
45 _
50 _
55 _
60 _
65 _
70 _
75 _
80 _
85 _
90 _
95 _

100 _
105 _
llO _
ll5 _
120 _
125 _
130 _
135 _
140 _
145 _
150 _
155 _
160 _
165 _

Totals__
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TABLE A-S

Waddell Creek, Silver Salmon: Juveniles Checked Through Downstream Trap,
1931·38, by Two·week Periods

STEELHEAD AND SILVER SALMON LIFE HISTORIES

TABLE A-B-Continued

Waddell Creek, Sliver Salmon: Juveniles Checked Through Downstream Trap,
1931·38, by Two-week Periods

317

Length
jnmm.

.",
>eo
o '
Z~

<heo",
:> u
o "ZCl

.'""eo" 'Cl~

'0Ceo.. ,.........

,
eo'"
c..o.. "..... r.,

Length
inmm. .,;",

0. ...." ,rneo

Seasonal
total

-----11--- ------------------------__ ----1------------------------'--1----

-------------------------1----
123 1,460 309 21

21-25 _
30 _
35 _
40 _
45 _
50 _
55 _
60 _
65 _
70 _
75 _
80 _
85 _
90 _
95 _

100 _
105 _
110 _
115 . _
120 _
125 _
130 _
135 _
140 _
145 _
150 _
155 _
160 _
165 _

Totals _ 2

21-25 _
30 _
35 _
40 _
45 _
50 _
55 _
60 _
65 _
70 _
75 _
80 _
85 _
90 _
95 _

100 _
105 _
110 _
115 _
120 _
125 _
130. _
135 _
140 _
145 •
150 _
155 _
160 _
165 ._

Totals

2

2
2
1

9

5
14

I 56
3 127

13 216
14 328
23 366
23 199
25 110
14 33
3 3
3 3
1

I
2
9

24
34
78
119
56
31
10
5

2
I
4
5
2
1
4
1
I

2
7

24
85

166
313
406
449
256
150

53
7
6
I

1,926
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TABLE A·9

Waddell Creek, Silver Salmon: Juveniles Checked Through Downstream Trap,
1938·39, by Two·week Periods

TABLE A·9-Continued

Waddell Creek, Silver Salmon: Juveniles Checked Through Downstream Trap,
1938·39, by Two·week Periods

----1-----------------------

Seasonal
total

",'"
""'I='0...,-

Length
inmm .

----1--- --------------- _

,- <b , ,...
~'"~'"": • or.> ""co> ""co """,00 > d .'" .o~ ,; ... .-

~; ..;~ ~ ~ >"" """
.; . '0 !dod ' ... ... ", ,; ..o , 0" '" ' '" " """ ~~

01_ old> 0._"or.> oZ Z~ i=l~ i=l~ 01 ,
01 " ~~ ~.,J.0_ 0_ Zi=l ..., ... ...,~ ~- ..: ....

Length
inmm.

21-25 _
30 _
35 _
40 _
45 _
50 _
55 _
60 _
65 _
70 _
75 . _
80 _
85 _
90 _
95 .

100 . _
105 . __ ._
1l0 _
115 _
120 _
125 _
130 _
135 _
140 _
145 . _
150 _
155 _
160 _
165 _

4
3
1
2
4

21-2:; _
30 _
3:;. _
40_. _
4;j _

50 _
55 _
60. _
65. _
70 _
75 _
80 _
85 _
90___ __ 1
95_____ 6

100_____ 34
105_____ 62
110_____ 101
115_____ 94
120_____ 61
125_____ 57
130_____ 22
135_____ 16
140_____ 1
145_____ 4
150 _
155 _
160 _
165 _

5
14
54
80
78
44
26
II

1
5
2

1
2
7

11
7
2
2

2
2
2

1
12
54

125
196
182
112
90
36
18
8

10

85222333
-------------------------1----

Totals 459 32032Totals _
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TABLE A·l0

Waddell Creek, Silver Salmon: Juveniles (hecked Through Downstream Trap,
t 939·40, by Two·week Periods

TABLE A-l0-Continued

Waddell (reek, Silver Salmon: Juveniles Checked Through Downstream Trap,
t 939·40, by Two·week Periods

-----·1-·- ----------------------

Seasonal
total

Length
inmm .

----1---- ----------- ----- --- ----------

~'"
.D~ ~~ :aCt? r,;""
~:g :g~ :g~ ~:z

'0

"""" ,..,~

<6
No>

:;: 0
o "ZO

. ."
>""o '
Z~

, ~
00 ~-

~ ~ .; ~
0::: 8z

Length
inmm.

------------------~------I----

21-25 •
30 •
35 _
40 _
4,'; •
fJO _
55 -.
60 __
65 _
70 _
75 _
SO _
85 _
90 __
95 __

100 _
105 _
110 __
115 _
120 _
125 _
130 _
135 _
140. _
145 _
150 _
155 _
160 _
165 _

2

2

1
3

1
3
3
1
1

~1-25 _
30 _
35 _
40 _
45 _
50 _
55 _
60 _
65 _
70 _
75 _
80 _
85 _
90 _
95 _

100 _
105 _
110 _
115 _
120 _
125 _
130 _
135 _
140 _
145. _
150 _
155 _
160 _
165 _

;)
I 9
I 2 10
5 1 10

18 4 1 2 27
30 21 12 15 2 81
38 77 81 45 9 250
22 104 125 81 4 336
25 85 153 122 4 390
11 45 162 111 1 330

1 21 111 77 1 211
7 37 24 1 69
4 5 2 11

Totals _ 4 5 2 3 9 2 Totals. 153 372 687 479 22 1,740

11-99945
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TABLE A-II

Waddell Creek, Silver Salmon: Juveniles Checked Through Downstream Trap,
1940-41, by Two·week Periods

TABLE A-ll-Continued

Waddell Creek, Silver Salmon: Juveniles Checked Through Downstream Trap,
1940·41, by Two-week Periods

Length
inmm.

d,,,,
,

.J, 0>..... g: ... SeasonalLength '" 0> "' ..... ~~

00 "'~

~~ ,,'" tiJi, .;'" -0":2 »" " » >.- » .. oil 00 ~'" totalinmm. ,;",

" " ,,~ ,,- -Col ~ ~ ;:l~

~ " o.~ c.,c.'
~::g ::g~ ::g..; ~o ~ ~ '=;0/, .:;< <J.. " , "'"<~ ...,~ ...,..., <00 00'" oo~

--------------------

1522276275

1
2

2 2 4
7 7 14

12 18 2 33
18 1'1 2 38
16 9 3 28

1 7 6 14
1 6 2 9

5 1 6
2 2

4Totals _

21-25 __
30 _
35 _
40 _
45 _
50 _
55 _
60 __
65 _
70 _
75 _
SO _
85 __
90 _
95 _

100 _
105 _
110 _
115 __
120 _
125 _
130 __
135 _
140 __
145 __
150 _
155 _
160 __
165 _

--------------------- --------1----

21-25 _
30 _
35 _
40 _
45 _
50 _
55 _
60 _
65 _
70 _
75 _
SO _
85 __
90 _
95 _

100e __
105 __
110 _
115 _
120.. _
125 _
130 _
135 _
140 _
145 _
150 _
155 --
160 _
165__ ~ _

Totals _
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TABLE A·12

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

STEELHEAD AND SILVER SALMON LIFE HISTORIES

TABLE A-1Z-Conlinued

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

325

-----1----------------------------- -----1--- -----------------------------1-----

Length
inmm.

, ... J, .,J. ,
~coo~~ "''''

...
"'<0 "'COOco . '" ::: Q

• coo .; . ..: ... ~~~:; ~~
- > >'" ,,'" '0 d.d 0 ... .0:; ..: ....

8z o ' o " "0 " " """ ~~
..... 0.-

Z~ ZO O~ ~~ .. " ~~ ~'" ~ ... <~0_ 0 ... 0 ... ..,'"
Length
inmm.

~~
b~ ~~

.;< <:b
... ",
0._" ,en",

Seasonal
total

21-25 _
30 _
35 _
40 _
45 _
50 _
55 _
60 _
65 _
70 _
75 _
80 _
85 _
90 _
95 _

lO(L _
105 _
110 _
U5 _
120 _
125 _
130 _
135 _
140 _
145 _
150 _
155 _
160 _
165 _

21-25 _
30. _
35 _
40 _
45 _
50. _
55. _
60 _
65 _
70. _
75. _
80. _
85. _
90. _
95 _

100. _
105. _
UO. _
US. _
120 _
125. _
130. _
135. _
140. _
145. _
150. _
155 _
160 _
165. _

2
2

2 1 3
1 3 7
3 4 8
3 1 6

1
1

1 1
1 3 1 6
6 17 3 2 1 30

25 51 18 6 100
37 71 29 10 153
31 56 48 7 142
36 28 25 8 97
36 35 16 3 90
21 27 3 52
3 5 8
I I 2

--------------------------1----
2 2 Totals _ 2 198 300 144 40 11 9 2 7U
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TABLE A·13

Waddell Creek, Silver Salmon: Age + Juveniles Checked Through Downstream Trap; Mean Length
lin mm.l by Two·week PerIods

TABLE A·13-Continued

Waddell Creek, Silver Salmon: Age + Juveniles Checked Through Downstream Trap; Mean Length
lin mm.l by Two·week Periods

Two-week period ending:

Brood Item ;:: co ::: '" '" 0 ~ ~ ;;; ;::season .,. .,.
'"

.,.
<0 .,. '" '"..; ,: ,: .; .; d d .0 .0 ~ ..: ..: .;

" " 0 0 ., .,
'"

., ., '" '" c.Z Z 0 0 '" ~ ~ ~0 0 .., .., ~ ~ -.:
---1'-----1---------------------------_

Two-week period ending:

Brood Item 0 Total00 ;:l <0 '" ~ ~season C'l C'l '" C'l r- 8 .... '"..: >. >. "
.,

1:> b oil ;!J ..; ..; ..;
c. '" '" ~ " "

c. c. c.
~ ~ ~

;:l
~ .;: "

., .,
<: ..:; ...., ...: UJ UJ UJ

1-----1--------------------------1----

8

4

7

II + 3
not meas­
ured = 14

41

31

64.00

2

78.50

65.00

2

58.00

2

12

10

64.00

2

2

3

2

4

58.50.55.50 f,2.33

70.5073.50

2

3

52.00 63.2557.70 56.5657.5065.00

10

51.0057.5052.50

__ 5~.00

41.0043.0035.00 38.67

-----------------------1----

o

o

-.----------- ---.----------1----

-----------------------1----

-----~-----------------1----

-----------.-------------1----

Mean length 44.00

Number _

Mean length 37.50 36.00

Number____
1938-39

Mean length

Number. ___
1939-40

Mean length

Number. __ .
1940-41

Mean length

Number_. __ 2

Number.. _. 9
1934-35

Mean length 37.56

Number____
1935-36

Mean length

Number.. __
1936-37

Mean length

Number____
1937-38

Mean length

1941-42

1933-34

---------------------------------1----

------1-----1--- ----- --- --- --- ------- --- -.--------
!l

35.fi7

34.00 :
1

Number____
1933-34

Mean length

Number____
1934-35

Mean length

Nurnber____
1935-36

Mean length

Number___ .
1936-37

Mean length

Number____
1937-38

Mean length

Number. ___
1938-39

Mean length

Number. ___
1939-40

Mean length

Numher. ___
1940-41

MeanleDgth

Number. ___
1941-42

Mean length



TABLE A·14

Waddell Creek, Sliver Salmon: Age 1 Juveniles Checked Through Downstream Trap;
Mean Length (In mm.) by Two·week Periods

Two-week period ending:

Brood season Item

Oct. 14 Oct. 28 Nov. 11 Nov. 25 Dec. 9 Dec. 23 Jan. 6 Jan. 20 Feb. 3 Feb. 17

1 2
69.00 78.00
22 25 8 1

77.09 81.12 81.00 72.00
4 4 6

91.75 86.75 93.67
1

71.00

1 5 2
76.00 79.80 87.00

2
87.00

1932-33 • _

I933.:s4_. __ • • _

1934-35 ~ __ • _

1935-36 _

1936-37_•• _

1937.38 ~ _

1938--39 _

1939-40 • _

1940-41. _

Number _
Mean length _
Number _
Mean length _
Number _
Mean length _
Number _
Mean length _
Number .-_
Mean length _
Number • __
Mean length _
Number _
Mean length _
Number _
Mean length _
Number _
Mean length _

1
62.00

417
79.13

4
79.25

87
80.48

1
71.00

2
78.00

"',;1;;- ',~":.' ',-.- .•

TABLE A·14-Continued

Waddell Creek, Sliver Salmon: Age 1 Juveniles Checked Through Downstream Trap;
, Mean Length (In mm.) by Two·week Periods

Two-week period ending:Brood season Item

Mar. 3 Mar. 17 Mar. 31 Apr. 14 Apr. 28 May 12 May 26 June 9 June 23 July 7
1932-33________ • ______ • ___ Number____________ -- 4 18 291 1.515 1,324 194 27 -- --

Mean length________ -- 89.50 108.83 115.82 114.20 112.57 111.28 112.89 -- --
1933-34_____ • _____________ Number_____ • ______

2 1 1 18 240 1.636 1.179 402 32 1
Mean length________

104.00 89.00 101.00 92.56 113.80 113.47 113.59 110.35 109.38 123.00
1934-35_____ • _____________ Number____________

1 12 3 2 136 2,413 1,621 148 12 1
Mean length________

85.00 89.42 110.33 140.00 121.89 114.37 110.80 108.36 100.75 98.00
1935-36____ • ______________ Number____________

1 -- -- I 40 470 438 92 3 ..Mean length•••••• __ 78.00 -- .. 118.00 112.32 118.49 115.40 114.66 116.33 --
1936-37•••• '_ ••••• ____ ._._ Number___ •________

-- -- -- 2 9 123 1,460 309 21 1
Mean length________ -- -- -- 92.00 113.00 121.94 114.86 111.37 !l6.33 105.00

1937-38________________ , __ Number____________
-- -- -- 32 459 320 32 1 -- --

Mean length________ -. -- -- 121.00 118.63 111. 62 108.37 106.00 -- --
1938-39___________________ Number____________

-- 3 9 2 153 372 687 479 22 1
Mean length________ -- 87.33 81.56 90.00 103.61 109.95 114.38 114.28 108.18 111.00

1939-40___________________ Number____________
-- -- -- -- 4 75 62 7 -- --Mean length________ -- -- -- -- 114.25 111.19 107.18 108.57 -- --

1940-41.__________________ Number______ • _____ -- '- -- I -- 197 300 143 36 1
Mean length________ -- '- -- 120.00 -- 105.10 102.40 102.45 100.83 86.00
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0.3%
12

0.1% 8.:;%
5 330
0.6% 21.0%

24 816
1.1% 21.1%

44 820
1.1% 24.4%

41 947
0.2% 6.8%
8 264

0.3%
10

1

3.1% I 82.4%
122 3,202

SecuIHI SllU.''''ncrs

7.7%
:?!l8

2/18.1

1.2% 0.8%
48 :11

(l,4% 2.0%
2;~O 7G
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338 106

7.8% I 1.8%
303 71

1.8% O.~%

70 1~

0.1%

"

2/2

20.1%
1,014

I
0.2%
8
1.f>%

61
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5.3%
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2.1%
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11 .3%
439

2/1 1 3/1

2

0.2%
7
4.f>%
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336
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231
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304
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0.1%
5

29.6%
1,1.51

111

0.1%
4
1.5%

59
1.8%

69
0.5%

20
0.6%

23
0.1%
3

• Percentages are percentages of total run of all fish,

Month

Waddell Creek, Steelhead: Changes in Life History Category Composition ot the
Spawning Run, by Months '-,

First spawner:;;
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TABLE A·16

Seoll Creek, Steelhead: Data Used In Calculation ot Volume Factor IF)

NOTE: The latter two sets of data represent complete and partial counts and measured egg volumes from the
same Ush. The volume factor was also calculated for three other Ush. for which the data are tabulated below.
However, these data were not used, since either the measured egg volumes approached the extremes or the egg
volume frequency dlstrilJUtlon, Table A-17 or the Appendix, or the number of eggs measured for Individual
"olume was too sman.

Fish Counted
Measured

Vol. per
Actual Volume No. eggsDate vol. of vol. of factor

no. no. eggs eggs (cc.) egg (cc.) eggs (cc.) (F) measured

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)

Fish Counted
Measured

Vol. per Actual Volume
No. eggsDate vol. of vol. of factorno. no. eggs eggs (cc.) egg (cc.) eggs (cc.) (F) measured

1932____ • ____ -- 3,874 550 0.0978 379 0.689 100 (10 lots)
Mar. 5, 1936 __ .- 6.172 900 0.0958 591 0.657 110 (11 lots)
Mar. 5, 1936._ _. 4.013 568 0.0958 384 0.676 110 (11 lots)

47
33
16
14
16
10

2
3
3
1
3

No. of fishMeasured volume of eggs (cc.)

TotaL. ... _. _. ______ 537

900.. .. • _
950 . ._ ... _._.

1,000. . ._ .. . __
1,050 . .. __ . _.. __ .
1,100 . . ..
1,150._. _ . ._ ... _._ ..
1,200_. _
1,250 _
1,300 . . __
1,350 __ .. . . __
1,400 . . _
1,450 . _
1,500__ . .. _. . _

1
4

11
20
16
17
31
22
27
23
27
35
49
29
48
28

No. of fish

TABLE A·17

Seoll Creek, Steelhead: Volumes of Eggs Obtained From 537 Spawned Fish, 1932·33

TABLE A·1S

Seoll Creek, Steelhead: Eggs Remaining in Spawned Fish

Measured volume of eggs (cc.)

100-149_. - ---- -- -- - - - - - - - - - - - - --
150 . - -----.--- ---.---- - - - --
200 . - - ------.- - -----. - - - ---
250. __ - - - - - - - -. - - - - - - - - - - - - - - - -­
300. _. - - - - - . - - - - - .. - - . - . - - - - - - - -
350_•. __ -. --.------ -- .. - - -- - - --.
400. . - --.------ -- -- -- --- - - --
450_. _. - . - - . - - -. - - - - - - - - - - - - - - - -
500 · - ---------- ------ --
550 . _' - - - - - - - - - - - - - - - - - - - -. --
600_._ .. _ - -. - - ----.- - - - - - - - - - -.-
650 - - - - - - ---- -- - - - - - - - - - - - --
700. - -. -.--------------- -- - --
750 - - - .-------- ------- ------
800 - .-.------- - ------- - - ---
850 . - - --------- --------- - - ..

2.022-- = 0.674 = Average volume factor (F)
3

0.689 + 0.657 + 0.676 = 2.022

Fish Calc.
Egg.s remaining

Vol. per TotsI
Date length Age egg (cc.) no. eggs no. eggs

in em. obtained Number 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
April 14. _________ -- -- .091 5,294 400 7.0 5,694
April 21. _________ 52 _. .111 4.591 445 8.8 5.036
April 21. __ . ____ ._ 51 -- .072 3,395 344 9.2 3,739
April 28. _._____ . __ 58 2/1S.1 .072 4,687 539 10.3 5,226
April 28. _________ 48 2/1 .058 2,969 264 8.2 3,233
May 5____________ 53 27/1 .094 3,150 415 11.6 3,565
May 5__________ .. 53 37/1 .080 2,838 475 14.3 3,313

1933
February 13_______ 72 2(7)/2 .088 11,153 1,047 8.6 12,200
March 6 ___ . ______ 71 I/Ll8.1 .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 or total egg production In this paper, the factor 1, I has been used to
multiply the number of eggs obtained in spawnlng.
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TABU: A·19

Wliddell Creek, Steelhead: Stream Fish (hecked Through Downstream Trap, 1933·34;
Length·frequency Distribution by Two·week Periods

TABlE A·19-Continued

Waddell Creek, Steelhead: Stream Fish (hecked Through Downstream Trap, 1.933·34;
Length-frequency Distribution by Two·week Periods

Lenll:tb
inmm.

=
Oct. Oct. Oct. Nov. No"'. Dec. Dpc. Jan. .Jan. Feb. Feb. Mar. Mar.

1- '15- 29- 12- 26- 10- 24- 7- 21- 4- IS- 4- 18-
14 28 Nov. 25 Dec. 23 Jan. 20 Fpb. 17 Mar. 17 31

11 9 6 3 3
-----------------------

Apr. Apr. Apr. May May June June July July Aug. Aug. Sept. Sept.
Length l- IS- 29- 13- 27- 10- :'4- 8- 22- 5- 19- 2- 16-
in mm. 14 78 May 26 June 23 July 21 Aug. 18 Sept. 15 30

12 9 7 4 1

------------ ----------
*189 *72 *42 *74 *27 *28 *12 *7

------------------1-------
Totala_________ 3 '33 8 4 ·6 Tl 57 92 360

AGE 1

AGE 2

1
3

11
11

3
I

21-25- - - - ----- -- - --
30 --- -- -- - -,
35 -------- - ---
40________________ 1
45 - __.____ I S
50 -______ 3 4 0
55 L.-..... 5
GO________________ 4 22
05 ---____ '-'-"-"- 1 31
70 ---____ __ 1 26
75._______________ 2 r--- 5
80________________ 3 3 1~
85. - _- ___ _ 10 10 3 4 1-"7-+__~+__-=-+_=_+_-=+~_+_~_+_-=_+_-='-
90________________ 13 18 11 5 I
95 ---____ 18 34 11 7 5

100________________ 12 49 10 lG 3
105________________ 6 34 17 22 0
BO________________ 7 33 20' 19 '1
B5________________ 8 26 16 22 3
120 --- ~ 16 19 14 4

~~g================ ~ ~ ~ ~ i135________________ 8 12 ~ 5 1
140________________ 22 15 4 2 1
145________________ 26 31 8 f---¥-
150 -______ 40 36 13 3
155________________ 50 57 17 2 f--"-+_~+_~_+_~~+_~I_~+_-=-+_~+_-=-=-

160________________ 67 '12 12 1
165________________ 68 53 20 1
170________________ 67 54 11 1
175________________ 51 46 8
lSO -______ 65 29 4
185________________ 36 23 1
190 -______ 25 17 4
195________________ 22 8 1
200________________ 23 3 1
205________________ 13 3
210________________ 6 2

215----------------~~~---~4_+_~_+_~~~~~1__~+__~_+_~1__~1__~~~~~220 -______ 3 1
225________________ 4 2
230 -______ 1 4
235________________ 3 3 AGE 3

240________________ 4 1 --1--\245________________ 5
25()________________ 2 1 -- --
255 -______ 6 1
260 -1---=-I1-~2_+_-=-=-+....=.+_....=.+_-=-_+_~1__~_+_--=-...l-~...l-=-t_~~~

265________________ ,. AGE 4
270________________ __ __ __ 1 -- -- -- --

t36 t8 tl t3 tl I tl I
Totala --;; 735 255 249 293 -;;-~1----n---;s~~-7---0-

======== GRAND TOTAL 3,117

r--

4
'1
3
1
1

3 3,
2
3
3

3 2 '1
2 6 4~
1 8 2 1
3 5 2 5

2 1 7
7 '3 9
2 .5

2 3 18
2 5 25

5 24
2 3 26
2 7 35

~
2 li 19
1 6 30

e---l 5 22
1 4 25
1 2 18

3 12

----+ 16
2 3 r-4-4 4
2 4 3
1 7

2 2
4 4
2 3
2 1
1 2

1
2
2
1

2

1
2
I
3
4

i 1

i
3

" 1g.
3

0
'C S
" 4iii
10
Q. 2
0- I"~ 2

"tl
"""S
0-
~
c.>

21-25 _
30 • _
35 _
40.. _
45 __ . _
50 _
55.. ., __ ~ _
60 _
65 _
70_. _
75 _
80 _
85 .
90 _
95_. _. _

l()() •
105 _
110 . _
115 _
120 _
125 . _
130 " _
135 _
140 _
145 . _
150 _
155 _
160 _
165 _
170 _
175 _
180 _
185 _
190 _
195_, _
200 _
205 _
210 _
215 _
220 _
225 _
230 ~ _
235 _
240 _
245 _
250 _
.255 _
260 _
265 _
270 _

• Measured.only as 3 Inebes or under.
t Measured only as oyer 3 Inebes.
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TABLE A·20

Waddell Creek, Sleelhead: Stream Fish Checked Through Downstream Trap, f934.35;
Lenglh·lrequency Dislribulion by Two-week Periods

TABLE A·20-Conlinued

Waddell (reek, Sleelhead: Stream Fish Checked Through Downstream Trap, f934·35;
Lenglh·trequencyDlstribulion by Two-week PerIods

• 15 rom. or under.

2
4

1
5
3
6
6
2
I

3
7
T
II
3
1

14
13
12
20

9

AGE 1

AGE 3

AGE 2

AGE +

5
15
17
.18
20
20

5
3

1

2
8

14
22
25
10

9
1
2
1

3
11

9 21
17 62
26 33
32 35
24 33

4 14 10
4~ 5
4 3 3
4 6 3

15 12 1--'2~~~+....!.+~+~'_I
23 16 5 I-.......+--=-
22 11 3
19 8 7
14 16 3

4 3 2
9 7
7 5
1 5
2 1
1 I

I
4
3

-,1..

Apr. Apr. Apr. May May June June Ju.1y July Aug. Aug. Sept. Sept.
Length 1- 15- 29- 13- 27- 1a- 24- 8- 22- 5- 19- 2- 16-
in mm. 14 28 May 26 June 23 July 21 Aug. 18 Sept. 15 30

12 II 7 4 1

------------------------
21-25_ - - - - - - - - - - - --

30 - - - - - - - - - - - --
35 - - - - - - - - - - - --
40 ----- - --
45 • -~

50_ - - - - - - - - - - - - - - - l----o--
55 --------- - -.-
60 ---

65 - - - - - - - - - - - --
70 - - - - - - - - - - - --
75 - - - - - - - - - - - --SO________________ 2
85________________ I I 3
90________________ 3 3 6 3
95________________ 4 5 II

100________________ 1 1 10 8
105________________ 3 I 13 10
1I0 ._ 2 1 9 6
115________________ 2 2 4 3
120________________ 1 1 9 5
125________________ 3 -~ 6

2
4

130_ - ---- - ----- - - - -I---~,......"'_l
135________________ 1 t---l--

I
~

140________________ 2 7 4 f---'l-
145________________ 5 10 5 2
150________________ 8 8 12 2
155_ _____________ __ 16 21 14 6 1-....!..-I--!..-1-~4-~+_~+___l

160________________ 14 11. 11 5 f-....!...+_-=-+-=-
165 . 10 12 11 2
170_____________ _ __ 19' 11 5 4
175________________ 13 8 6
1SO________________ 8 5 2
185________________ 7 4 2
190________________ 8 3
195________________ 4 1
200________________ 2 2

205. -- --- -- - - - - - - - -1-...,!1+~4~'_+~O"+~O"+~_=_+~""_4~~+_~+_~_I_~_I_-_I_~
210._______________ 3
215________________ 2
220 _

225______________ __ 1
230________________ 2
235 _
240 _
245 _
250 _
255 •
260 : _
265 _
270 _

-,- --1----------------------
Totals 144 138 152 82 146 227 244 96 104 75 31 28 7

--:-============
GRAND TOTAL 1,791

2
2

3

1

f--4.-
2
2
I
5
3
4

2 8
1 10
2 9
4 10
2 12
2 7
1 3
~ 4

~ rf-
2 2
I 4

3

2
I
4
I
I

I----
1 ~

I 2 3
5 2 3
3 & 2 3 1 2
3 2 3 8 1 2 2
I I 2 2 4. 2
1 2 3 I 4

1

I
4
I
I

AGE 4

Oet. Oct. Oct. Nov. Nov. Dee. Dec. Jan. Jan. Feb. Feb. Mar. Mar.
1- 15- 29- 12- 26- la- 24- 7- 21- 4- 18- 4- 18-
14 28 Nov. 25 Dee. 23 Jan. 20 Feb. 17 Mar. 17 31

11 9 6 3 3
----------------------*6 ·55

Length
in Dlm.

__ I (31
em.)

-------------1-------1---
Totals__________ 11 87 13 12 27 7 5 13 6 32 104

2 i-25 _
30 _
35 _
40 _
45' _
50 _
55 _
60 _
65 _
70 _
75 _
so _
85 _
90 _
95 _

100 _
105 _
110 _
115 _
120 _
125 _
130 _
1~5 _
140__ c _

145 _
150 _
155 _
160 _
165 _
170 _
175 _
lSO _
185 _
190 _
195 _
200 _
205 _
210 _
215 _
220 _
225 _
230 _
235 _
240 , _
245 _
250 _
255 _
260 , __
265 _
270 •

'f
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TABLE A·21

Waddell Creek, Steelhead: Stream Fish Checked Through Downstream Trap f935.36"
Length·frequency Distribution by Two·week Periods ' ,

TABLE A-21-Continued

Waddell Creek, Sfeelhead: Stream Fish Checked Through Downstream Trap, f935·36;
Lenglh·trequency 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. Se:>t. Sept.
Length 1- 15- 29- 12- 26- 10- 24- 7- 21- 4- IS- 4- IS- Lt>ngth 1- 15- 29- 13- 27- 10- 24- S- 22- 5- 19- 2- 16-
inmm. 14 28 Nov. 25 Dec. 23 Jan. 20 Feb. 17 Mar. 17 31 inmm. 14 28 May 26 June 23 July 21 Aug. 18 Sept. 15 30

11 9 6 3 3 12 9 7 4 1
------------------------ ------------------------

2
S
1
1

1
2
4
1
2,
2

6
6

17
29
:18
22
15
11

1

14
18
36
19
21

8
6
1
1
1

AGE 1

AGE 11

1
7

14
22
31
27
20

9
7
2
1

3
2

2
1
1

2
1

2

21-25 __ -- --~- - - -- --
30________________ AGE +
35 L.:.....- ~ 8 1
40 - - - - - - - - --
45________________ J----=.=- 29 20 11
50________________ 2 50 36 22
55________________ '----=- 25 84 51 30
60________________ 3 4 76 7' 37
65________________ 2 2 59 54 32
70________________ f--..:44 _.g.94 34 24 21
75________________ 3 12 29 9 12
SO________________ 1 7 7 'J7 9 8
85________________ 3 14 13 J-.ll.. 3 4
90 ~___________ 4 22 19 11.......,L 4

95________________ 2 11 48 37 14 10 1-..!64~~+_=-+_.2.+~+~
100________________ 1 6 63 31 29 6
105________________ 3 16 76 39 lI' 5
110________________ 17 55 45 15 7
115________________ 12 53 27 17 2
120________________ 6 32 18 18 4
125________________ 5 18 18 12 3
130________________ 3 15 4 4 1
135________________ 2 1 5 6 5

140----------------f--~I+__+1_4 3 5 1 2
145________________ 2 5 J---,.!L 7 2 3
150________________ 1 6 10 4 1 1
155________________ 3 19 22 5 3 1
160_ _______________ 6 27 17 1-..!3Lj._!.1-+-....!1-+--='_l_--=-~-="-=-+_=-+_~+~'_l_~
165________________ 10 27 lIIlI 5
170________________ 16 25 25 4
175 '____________ 140 '5 12 1
lSO________________ 19 35 9 1
185________________ 10 22 12
190________________ 20 22 8
195________________ 5 18 2
200________________ 7 9 1

;~g================~ ~
215 - _______________ 3 f-~44_--""~-=-"_4_-=-"_4_-=-_=_+-=-_=_+-=-_=_+---'::.::..+_.:;.:;.,.l_.::.::..+_..:.::..+_..:.::..
220________________ 1 2
225________________ 1
230________________ 3 2
?35________________ 1 1 AGE 3

240________________ -- I I
245________________ .1 _ _ __
250________________ 1 _ _ __
255 ~ _

260_ - - - - - - - - - - - - - - - t-~_+_-.!..._t_~_t_~_t_=-l_~!___'~f____'=_t---'=.;...-'---'=-l---'=_l~=_t~.....265________________ AGE 4

270_~~~~~~~~~~~~~~ 1~~ 2~: 2~: 4~: 3~ ~~ 3~~ 1~~ -w-I 127 I137 :~ ~
=---=============

GRAND TOTAL 3,943

2
2

2
1

2
2 f---+-4 4
3 2
6 7
8 8

10 25
9 16 ~~

15 12
,:~

1'.
3 9 15 .'
1 12 16 1.'
4 llII 16

-- I--- 13 6
~4 13

2 4 8 ~3 7
.~~

3 3 ,;
7 4
1 5
3 2
3 3
4 5

3
3 1

1
2 r--L

2

14 4 19 151 186

1
1

1 2 1 4
8 2 3 31 4

10 1I 2 71 7
18 5 4 93 13
20 3 93 7 2
12 2 3 58 19 1
8 27 10
3 9 3
1 1 5 2

1 3
1
1 '2
2 2
1 2

1

-2

'85 21 17 407 72
--------------------------

Totals_________ 7

21-25 _
30 _
35 . _
40 _
45 c____________ 1
50________________ 3
55________________ 1
60 _
65 _
70 _
75 _
80 _
85 _
90 _
95 _

100 _
105 _

110- - - - - - - - - - - - - - - -t-~I_'........,~=_+~.:.+-'4~__+~4__=o_l115 _
120 _
125 _
130 _
135 _
140 _
145 _
150 _
155 _
160 _
165 _
170 • _

175_ - - - -- --,.- - - - - - -f-=-t-=-t-=-f-=-f-=-l_=-l_-l_--l180 _
185 _
190 _
195 _
200 _
205 _
210 _
215 _
220 ~_

225 _
230 _
235 • _
240 _
245 _
250 _

255 ------ - -- ---r-=-=+-=+-=-t-=-=+-=+~~4~+~t___=_I_~+_=_I260 • _
265 _
270 _

:. Rrmrded only .s 25 rm.
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TABLE A·2Z

Waddell Creek, Sleelhead: Slream Fish Checked Through Downslream Trap, t936·37;
Lenglh·lrequency Distribution by Two·week Periods

TABLE A·22-Conlinued

Waddell Creek, Sleelhead: Slream Fish Checked Through Downstream Trap, 1936·37;
Lenglh·frequency Distribulion by Two·week Periods

Length
inmm.

Oct. Oct. Oct. Nov. Nov. Dec. Dee. Jan. Jan. Feb. Feb. Mar. Mar.
1- 15- 29- 12- 26- 10- 24- 7- 21- 4- 18- 4- 18-
14 28 Nov. 25 Dec. 23 Jan. 20 Feb. 11 Mar. 17 31

11 9 6 3 3
------------------------

Apr. Apr. Apr. May May June June July July Aug. Aug. Sept. Sept.
Lengtb 1- 15- 29- 13- 27- 10- 24- 8- 22- 5- 19- 2- 16-
inmm. 14 28 May 26 June 23 July 21 Aug. 18 Sept. 15 30

12 9 7 4 1

--------------------------

35 42 65 25

4

"7
2

2
3

11
10
16
11
8
3
2
1
1
1

2

2
7

11
II
9
7
2
1
2

8
23
26
31
29
13
6

10
3
2
2

AGE 3

AGEl!

1

2
2
3
9
3
3
4
3

.-. AGE 1

1
31 9

102 101
83 125
50 91
28 78
12 63
22 46
35 29
33 42
26 37
19 25

5 8
2 5
3 5
5 1--,2'!-l--=-=--l--=--l--=-=--1--=..+-...:..:'-
" 17 5
3 3
2 3.
1
1

14
5
5
4

11
40
61
41
12
3
5
5
8
4

16
20
SO
22
13
10

2
1
1

-1
2
2
1
4

35
65
70
32

1
3 2
3 8

16 25
32 33
36 51
53 68
4J 66
47 53
23 43
12 24
9 13
8 6
3 2
5 1
5 2

11 J-~34----!4_-=4_-=+--=_+--='+-=+-=+-=-
8 1

11 1
12
4
2
3
1
3
I
1

1
3

11
5
2

2

2
1
4

10
7

11
15
19
15
13

4
4
2

.2
2
2
6

11
10
8

10
5
5
3
5
1

AGE +

1
3
1
1

1
2
1

21-25_ - - - -- - - -. -- --
30 • ---

35__ - - - - - - - - - - - - -­
40.. _- - - - - -' - - - - --
45 - - - - - - - - - - - --
SO__ - -- - - - - - - - - - _­
55__ - - - - - - - -'- - --­
60__ - - - - -- -. - - - --­
65 __ --------------
70 ---.--- ---
7S __ - - .. -- --------SO _

8S - --.-------
90__ --- --- .. -- ----
9.'> - - - - -- -- - - ---

100________________ 2
105________________ 3
no________________ 8
115 .. 1 4
120________________ 1

125.. - - -- - - - - - - - -- - 1--=-::-+--=-+----=-1-+130 .. 2
135 .... 4.

140________________ 2
145________________ 4
lSO__ ____ __ ____ ____ 8
lli5________________ 5
160________________ 8
165________________ 10
170;_______________ 6
175________________ 7
lSO________________ 4
185 _
190 _
195 • _
200 _
205 _
'110 _

'lIS - - - - - - - -- -- - - - --1-=-+--=-=+--"''-+
220 ..------ ~=....jf.____'~--=-4--"-'+-=+--'-"-+-=+-=-+_=_I1____'=-225 _
230 _

.:;'. 235 _
~, . 240

\;;~);;;;;;HH) :: :: 'i 'i :: ti :: __ AGEl -- --

'. Totals nu 132 378 620 325 474 681 30 11531 53 70 17

=====--------GRAND TOTAL 3,529

f--

4 '---=-

2 9 2 L...-.....
I 4 20 2 3 3
3 4 27 I

I 3 ., it 3 I I
2 " 4 33 " I 3

4 5 23 2 8
I 2 21 2 2 2
1 1 6 I 1

1 13 2 1
3 1
2
1 1
1 1 I
1 2 "'--- 2
I 2 2 1

4 1
1
2 3 2
1 3 1
1 1 3
2 2 2 3 ~~

2 3 1I J
1 3 7 };
1 4 1 ~

6 3 :i:
~,

1 2 1 ".j., 8 1 ,
1 " 1 ~

6 1 ~
~~.

5 2 1 ~~
6 1
3 1 :\\

2
1 f-=-

1
2

------------II--/--~--:--------
Totals_________ 5 3 19 3 32 192 22 Ii

• Length not recorded.
t Recorded only as 30 CID.

21-25_ .. ... __
30 . . _. _
35 . _
40 • _
45 . __ . __ • .
'50 • _
55 • •. _
60. .. _
65 . . _
70 .• _
75 .. __ . _
80 . _
85 • _
90 · . .
95 . .

100 . __ . _

105_ - - -- - - - - - - - - ---1-~1__=_Ii___'=_l--'=_l--=4~=_+___!4_-!_+_~_+__4_l110 . __
1I5 ._
120 _
125 _
130 _
135 _
140 _
145 _
150 _
155 __
160 _
165 _
170 _
175 __
ISO _
185 _
190. _. _
195 _
200 _

205_ ---------------t-=-+--=-+-=+-='+......=-t-=.:.-t--='-=-1--=:..:...,;I---'=-=-+-=-4-..:..;:.+~rl210_. • __
215. __
220 _
225. _
230 • __
235 _
240 • __ • • __
245 • • __
250. • _
255. • _
260. • __
265 • _
270 ._,. _
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TABLE A·23

Waddell Creek, Steelhead: Stream Fish Checked Through Downstream Trap 1937·38'
Length·frequency Distribution by Two·week Periods' •

TABLE A-23-Conlinued

Waddell Creek, Sfeelhead: Stream Fish Checked Through Downstream Trap, t937·38;
Length·trequency 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- 12- 26- 10- 24- 7- 21- 4- 18- 4- 18-
Length l- IS- 29· 13- 27- 10- 24- 8- 22- 5- 19- 2- 16-

inmm. 14 28 Nov. 25 Dec. 23 Jan. :>0 Feb. 17 Mar. 17 31
inmm. 14 28 May 26 June 23 July 21 Aug. 18 Sept. 15 30

11 9 6 3 3
12 9 7 4 1

---------------------- ------------------------

AGE 3

AGE 2

1
1 4 4 11 1
1 8 21 31 2 1 1
1 19 42 44 6 9 4
6 54 45 « 15 28 13 10

29 68 33 37 16 « 10 17
43 96 49 36 16 25 15 11
76 102 S6 24 13 19 12 9
35 76 48 14 18 14 2 4
17 46 27 16 5 10 3 1

4 32 8 7 3 3 3

.........L 10 17 6 3 3 1

WL 5 3 1 1
9 5 3 3 3 1
9 7 4 3 1 1

12 10 1
10 6 4 1 2
11 5 3

4 2 2
2 2 2 AGE 1
4 3
1 1
1 1
1

-----------------------------

21-25- - -- - - - - - - - - --
30__ - - - - - - - -- - - - --
35________________ AGE +
40________________ 1
45________________ 1 4

~::::::::::::::::~ 1~ 3~
~:::::::::::::::: ~ ~~:~
70________________ f-~+___:;4-l 31
75________________ 2 7
80________________ 1 7 ~
85________________ 1 9 9
90________________ 2 23 19
95________________ 1 34 14

100________________ 3 32 22
105________________ 10 32 32
110________________ 8 33 20

~~L:::::::::::::::-=- ~ ~~ ~~
125________________ 2 6 11
130 .____ 1 2 9 3
135 .___________ 1 2 L........1.. 3
140________________ 3 6 e.-.L
145________________ 3 2 6 13 4
lSO________________ 4 8 20 16 2 f-~+_=-_+_-=+...:.~I_~I_:.:...+_=-+_~
155________________ 4 9 17 19 2
160________________ 8 12 14 25 1
165________________ 5 11 16 15 1
170________________ 3 11 19 8 1
175________________ 2 6 12 11
180________________ 2 4 3 3
185._______________ 1 4 5 2
190 e__~2"_+~~e__~2~...:.;_+-~1_~

195________________ 1
200________________ 1
205 _
210 " _
215 _
220 .-
225 _
230 _
235 _
240 _
245 _
2SO _
255 _
260 _
265 _
270 _

2

2 1
1 2

1

1 2
2
1
2 2
I 1
4 1
1 ,
1 2
1
I 3
1

2
1 4 2 1 2
3 10 11 6 2 1 1
1 11 43 9 2 I 2
8 10 IS 16 3 1 1
2 11 55 11 3 1 1
1 26 3 3 1 3
6 2 11 5 2 1

8 2 1
2 9 2 4

7 1
5 2 2
1 2
1 1

I
2

2
I
2
1
3
1
1

21-25. _
30 _
35 • _. _
40 _
45 ._
SO _
55 • _
60 _
65 • _
70 • _. _
75 • ._ .. _
80_._. '
85 _
90 . _
95 _

100 _

105_ - - - - - - - - -- - - - - -r~--=-=_t-=-=+~+_-=-+_=-f___'=-f--=-=+~+~_l_=_l110 _
115 _
120 . _
125 : _
130 .
135 _
140 _
145 ._. _._
lSO _
155 _
160 . _. __ . _
165 • __
170 _
175 . _
180 _
185 • _

190_ - - - - - - - - - - - - -. - r-=-t--=-=-t-=+-=-+--=-+_=-1f-'=-f--=-=+-=-=+-=-_l_-J-l--~--=-=-195 ._. _
200 __ • . _
205 _
210 . _
215. .. _
220 _
225 _
230 .. ._
235 _
240 _
245. . _
2SO . _
255 . _
260 . _
265 . _
270 _

:===============Totals . _ 16 27 so 238 58 31 9 12 9 25 22 3
Totals _ 40 75 153 409 350 281 564 353 280 100 164 62 58

GRAND TOTAL 3,390
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AGE 2

AGE 12
3

I
2

Length
in mm.

I
I
4
2
4
I

Mar. Mar.
4- 18-
17 31

Feh.
IS­

Mar.
3

1---''-=4-:-7.;,;1' 1
1 (30
em.)

1
1
1
2
'1
:I
3
3

Feh.
4­
17

5
4
I
3
I
I

I
4

14
13
1:l
9

Jan.
21­
Feu.

3

4
1:2
25
17
11
14
,I
(j

2
I

3
I
1

Ii
II
23
28
];)

111
8

DCC.I.hLn.
2·\- 7­
J"n. 20

6

55
3\

\
:!1
51
66

7
:n
87
98
88
!iO
38
33

9

I
Nov.! Dec.
26- 10-

D,oe, 23
9

I
2

7
18
47
'10
4!)

~3

:!O
7
7
4

I

od.lod.
It)- 1 :!H-
28 No,". ~5

11

;;

Len~th

in mm.

I
IOet.
I I­
I 14

-- 1

21-25 __ ----. 1--------------------------
30 . i

:~======:::=:::j 2

~~======::::=:=:::\I 2~GO • . 31
U5 •• _. _ __ 17
70 10

75________________ 10
80 . .. _
85 _
90 _
95 . :? (j

100._______________ 1 Ii
105._ 1 3
110________________:! 3 ~

115- - • -- - - - - -- - -- - - f---'-+-~+---"''_I_~__'_f 2120 _
125. __
130 _

135________________ 6
140________________ 4
145________________ 3
150________________ 14
155________________ 1 25
160________________ 3 21
165________________ 3 29
170________________ 3.33
175________________ .5 34
180________________ 6 30
185________________ 5 27
190________________ 4 31
195________________ 3 20
200________________ 3 20
205 .______ 1 15

210_ - - ---- --- --- ---1-=+-=+-"-"-1---'=-t-=+-=+-=-:.+----'-=-1I--=-=-t-=+---'+-i;-1+-ili-il-215________________ 2 11
220________________ 4 G
225________________ I 7
230________________ 3

:g=======::======: i245________________ I
250________________ 1
255 _
260 ._ ---- ---
265 __ c . __
210 - __

--------------- --.------------
Totals 119 16 258 4 459 267 123 98 69 23 4 66 374

• Recorded onh' a. 24 em.
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TABLE A-25

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

TABLE A-25---Continued

W&ddell Creek, Sfeelhead: Sfream Fish Checked Through Downstream Trap, 1939-40;
lenglh·!requency Distribution by Two-week Periods

Length
inmm.

Oct. 1 Nov.
='

Oct. Oet. Nov. Dec. Dec. Jan. Jan. Feb. Feb. Mar. Mar. Apr. Apr. Apr. May May June June Jllly July Aug. Aug. Sept. Se~t.

1- 15- 29- 12- 26- 10- 24- 7- 21- 4- 18- 4- 18- Length 1- 15- 29- 13- 27- 10- 24- 8- 22- 5- 19- 2- 16-
I4 28 Nov. 25 Dec. 23 Jan. 20 Feb. 17 Mar. 17 31 inmm. 14 28 May 26 June 23 July 21 Aug. 18 Sept. 15 30

II 9 6 3 3 12 9 7 4 I

------------------------ ------------------------

1
2
1

,)

3
I
I

3
3

2

I
I
2
2
I
2

3

6
3
2
2
1
1
1

1
1311 222
3 7 32 16 6 26 5 I
2 8 42 30 51 48 9 2
4 28 l> I 39 99 9I 18 6
Ii 25 '13 42 94 84 13 9
4 25 73 31 1I2 92 9 6

r--L 25 54 31 77 70 6 6
4 18 63 H) 56 50 I I
6 --M- 39 24 59 44 2 6
7 13 23 l-l 34 18 I 1
8 7 17 6 32 15 I

30 23 ~1-~8~~1~1,...+...;.,11;+-"-"""--=7-1-';'"
32 9 8 3 12 7
46 22 II I 3 5
" ro 7 5 2
58 13 4 I 6 I
44 9 4 2
36 II 3 1
23 4 2
13 2
8 I
6 2
5 I

7 2 I-=-t--=-t--=-,
2 1
3 I
2 I
3
2

3
I
2
I

7

I
3
5
5
2
8

10
3
3

~
4
3 3
5 6
3 4
4 '1

2
3

AGE +

I
I
2

7
7

13
18
II

9
9
I
I

2
1
2
2

21-25-- ------- -- ---
30_ - -. - -- -- -. - - - --
35 - - - -- -. - - - --40 1--=-=-

45.. - - - - - -- - - - - - --
so_ -----------.. --
55.. - -. - -. - - - - - - --
60 - -------- - --
65.. __ - ------- - ---
70 ------ - - --
75 ----- -- ---
50- -- -- --- ----- --­
85 __ - - - - - - - - - - -. -­
90- -- -- -- - - - - - - - -­
95- - -- - - - -- - - - - ---

100---------------- 3 3
105_ _______________ I 2

1I0---------------- 6
1I5________________ I
120________________ 5
125 - - - - - - -- .....1-~+-=+-"-3_l
130 - - -- - - - - - - .. -
135 ._ -- - - --

140__ - -. - -- -- - -- - --
145 -- -- - --
1so ----- ------
155 •• - - __
160 - - - - - - --
165 - - - - - --
170 --- ---
175 _
180 . _
185________________ 2

:~::::::::::::::::~
200________________ t-~-=_l
205 _
210 ... __
215 .. _
220 . _
225 • __
230 _
235 • . __
240 _
245 . _
250 _
255 _
260 _
265. _

~;~:::::::::::::::::: :: :: I:: :: :: :: :: :: :: :: :: ::
. ---------------------

Totals .. 12 86 46 80 431 285 544 269 669 576 ~~~

==== === === = = = = = = -GR-A-ND TO-TA-L-I-3,-48-4
5 7l

Li
2
I
I
7
8
8
7
6

10
I 5
2 4

3

AGE 1

453

AGE 3

.AGE 2

72 33 31

2
I4 5 2 I
25 13 4 2 6 I
21 5 6 6 6
20 2 1O 4 2 6 3

5 2 2 1 6 6
2 2 2 3
I 2 I 2 4

I

I
2 ~

I 2 I
2 1
1 3
2 1 2
2 I
2
I 2

Totals • 105 34 28 II

21-?5 _
30 _
35 _
40 _
45 _
50 _
55 _
60 _
65. . ._
70. _
75. . _
SO _
85 . _

90. - - - - - -. - - .. - - - -1--''7-1--'=-I--'=-p=-t--=-t--=-t--..!-t--=-t--=-l95. .
100 _
105 _
110 _
115.• • .
120 _
125 ~ _
130 . ._
135 ._
140. ... _
145 _
150. _
155. _
160 _
165 _
liO _
175 __ • _
180 _
185. . __

190 - -- .. - - - - - - - - - - -1--'=-1--''-=-11--'=-1--'=-t--=-t--=-=-t--'7-t--=-=-I--'=-I--'=-I--'=-t--=-I--':.;;-HIS________________ 3
200._. .. . I
205.. __ .. _
210 .. __
215 • _
220 _
225 _
230 _
235_. . _
240. • _
245 . _
250 • _
255 _
260. _

265 - - -- -- - - - - - - - - - -I--'=-I--':=....J'--':=....J'--'=-I--'=-t--=-t--=-l
270________________ AGE 4 ~
275. _

,
"
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TABLE A-26

Waddell Creek. Steelhead: Sfream Fish Checked Through Downsfream Trap, 1940·41;
Length·frequency Distribution by Two·week Perloels

TABLE A·26-Continued

Waddell Creek, S1eelhead: Sfream Fish Checked Through Downsfream Trap, 1940.4t;
Length-frequency Distribution by Two-week Perioels

AGE 3

-------------------------_.

Apr. Apr. Apr. May May June June July July Aug. Aug. Sept.. Sept.
Length l- IS- 29- 13- 27· 10- 24- 8- 22. 5- 19- 2- 16-
inmm. 14 28 May 26 June 23 July 21 Aug. 18 Sept. 15 30

12 9 7 4 1
------------------------

Totals__________ 2 124 268 808 797 1,394 561 174 195 30 43 158 631

=============
GRAND TOTAL 5,615

21-25.- .----------.30•• 1
35________________ 1
40 ._._.____ 4
45 ._______ 1 5
SO .____________ 11 12 "12
55 .______ 24 31 63

~::::::::::::::::~~ ~ : :~ ~H
75__ • .__ 2 ~~ 62 146
SO__ • __ • __ ._______ 5 4 16~ 123
85 __ • .______ 7 24 41 45 79
90 __ • .__ 8 17 58 46 1-~55'!_+~~'_~

95________________ 11 21 91 59 33
100 •• 9 48 86 73 49
105__ • •• • 7 U 74 68 39
110__ •• __ • __ .______ 7' 22 57 36 51
115._. __ • • 1 19 SO 38 34
120__ ._____________ 1 4 12 31 22 20

125--------.---.---f-=-- 5 12 24 18 13
130._______________ __ t--!- 7 12 12 7
135__ ._____________ 3 ~ 11 5 2
140 ~ • __ • 8 7 r---+- 2
145 • •• 5 8 4 t---!- 1
1SO •• .__ 10 4 6 __ L..-..1....
155__ • • __ •• __ 9 3 2 3
160 .__ 3 2 4
165 ._ 1 4 2
170 .___ 3 " 1
175________________ 2
lSO._. _

~:t:=:::::::===::1 ==~200 •• __
205 _
210 _
215. __ • • _
220__ • • _
225 • _
230 • •
235 • _
240 •
245 •
250 •
255 _
260. • _
265 _
270__ • • _

2

--~1
3

--~

2
3
1
1

1
1
1
2

2

Oct. Oct. Oct. Nov. Nov. Dec. Dec. Jan. Jan. Feb. Feb. Mar.\ Mar.
1- 15- 29- 12- 26- 10- 24- 7- 21- 4- 18- 4- 18-
14 28 Nov. 25 Dec. 23 Jan. 20 Feb. 17 Mar. 17 31

11 9 6 3 3 I
~~~-----------..-~~----~~---=-

AGE +

Length
inmm.

21-25 • _
30 •• _
35 _
40 • _
45 _
SO _
55 • _
60 •••• _

~==::::::======:: ~ i : i i ~
:::======::::===: ~ ~ ~ : ~ ~: ~ 190 •• _. __ • 1 6 4 3 13 1 2
95____ 2 8 7 3 13 2 S

100________________ 1 3 5 7 2

~~~:========:::: ===~=-+-~~+-2.1+~2=+....:;1.-1,~;..r....::..:'-i ~
~~::======::::==== : ~ : 1-_2~~.:....j~=-I
125________________ 1 2 ; 1 3

~:~===:::::::=::::: 1 ~ ~ 2 ~ -- 1
140 ._____ 2 1 1 4
145 ._____ ~ 4 ~

lSO ._____ ~ 1 5

155________________ 2 5

116065----------.----- . 1 5 4
---------- •• ---- II 6170 ._____ " 1 5 2

175________________ 3 4
180_" • _

185_ - - - - - - ---.- - - - -~=_1f-='_'4--=-~-=-=+-=-+--=-t_'....,--:.:.+-=-'+4+_=_j --~
~~==:=====:=::===: ~ i200 ._. _
205__ • • _
210 • _
215 • _
220 • _
225 ". _
230________________ :/
235________________ ~

240________________ ~

245 •• iii
25(}... .... __ ~

s:::::::::::::::: ~
270...... ....... __ __ __ _... __ __ ...... __ .. _ __ __ __ _"'~,

--1--------------------- ,.
Totals_________ 16 45 57 26 8 135 9 25 10 3 6 34 56 "

'1'

t_____.....l_...L_!..--!...._..L---.!._~_~._..:.._.:...........:. '____ .~

,1



:;;)1

TABLE A-27

Waddell Creek, Steelhead: Stream Fish Checked Through Downstream Trap, 1941·42;
Length·frequency Distribufion by Two·week Periods

TABLE A-27-Continued

Waddell (reek, Steelhead: Stream Fish Checked Through Downstream Trap, 1941.42;
Lengfh·frequency Distribution by Two·week Periods

Oct. Oct. Oct. Nov. Nov Dec. Dec. Jan. Jan. Feb. Feb. Mar. Mar. Apr. Apr. Apr. !\'lay l\hy "unc .Jllnc .JIIly .JlIly :-\1I~. Allg. 3cpt. S"pt.Length 1- 15- 29- 12- 2G- 10- 24- 7- 21- 4- 18- 4_ 18- Length f- 15- 2!1- 13- 27- 10- 2-t- s- 22- '[j. 19- 2- IG-
inmm. 14 28 Nov. 25 Dec. 23 Jan. 20 Feb. 17 Mar. 17 31 in min. 14 28 May 2G June 23 .JlIly 21 Aug. 18 Sept. };3 3011 9 G 3 3 12 9 7 4 1------------------------ ------------------------

1 1
4 1

15 :1
19 !l
-12 10 4 [, 5
41 6 1 8 8
21 3 I 12 7
12 4 I 4 10

5 I 4 8
4 1 I 6
3 I 2
3 3 5
1 1 2

1 4 4
2 1 4

1 5
2 3
1 4
1 1
1 1

1
12

1

2
1

1
1
1

21-25______________ AGE + 1
30________________ 4 1

~g~~~~~~~~~~~~~~~~~ 2 ~ ~ 3 i
45 6 5 1 5 ;) 22

50._______________ ~ 13 10 14 20 42
55________________ 1 22 19 51 33 80
60________________ ~ 12 41 102 83 121
65________________ 7 44 118 114 128
70________________ 1~ 20 71 103 92
75________________ 4 4~ 51 43 52
SO________________ 6 16 10 35 32 23
85________________ 1 16 31 19 1---:'46 12 7
90________________ 1 28 48 24 51 f----jj-f4
95________________ 2 26 87 59 70 31 [,

100________________ 4 1 29 109 69 94 32 12
105________________ 1 1 40 93 56 90 28 8
110________________ 1 3 31 84 52 75 30 8
115________________ 2 21 57 34 73 31 1
120 ~..:;5~-2~ 18 29 26 43 20 4
125________________ 5 5 13 20 9 18 12 5
130________________ '14 3 ~ 10 5 13 5 4
135________________ 22 9 22~ 4 7 4 3
140________________ 29 8 19 5 ~ 2 1
145________________ 29 8 18 12 2 4
150________________ 37 3 26 7 1

155________________ 33 9 10 2 2 r--1"-t~~r'-=-+_-=-+~"_t~=_+~=_1f___=-
160________________ 24 3 13 2
165________________ 15 1 1 2
170________________ 13 2 4
175________________ 12 2
1SO________________ 11 2185________________ 11 2
190________________ 7
195________________ 6 1

200__ - - - -- - -. - - - - - -l--f2-t--=-=--t-....:2~---=-=-+-=-_1__=_1L:_=_+---=-:+-=-+.....:..:c+=-I__:~-=205 , 1

210________________ 3
215________________ 2
220________________ 2
225________________ 1
230 _
235 _
240 _

245 _
250 _

255_ - - - - - - - - - - - - - - - t-=:..:...t--=-=-f--=-+--=-+--=-f--'=-j---".::..+---=-::....j260 _
265 _
270 _

=============
GRAND TOTAL 5,721

AGE 1

1
2
1 1
1 4

1 6
6 3 8
4 3 18
2 3 13
4 6 17
3 10 17
5 6 17
3 9 15
3 9 14
1 5 8
5 6 6
4 3 9
2 7 6
1 4 8
1 2 G

2
1 2
3 2
1

1
2
2

4 55 87

2

92

AGE 4

AGE 3

4 1 2 2
5 8 8 4
5 5 9 5
6 15 10 3
4 10 10 6
4 13 6 1 1
3 10 7 2
2 5 5 1
1 7 2 2
2 5 1

3 2 2
1 5
1 2

2
1
1
1

AGE 2

Totals 156 167 188 39 94 65 24

21-25 _
30 _
35 _
40 _
45 _
50 _
55 _

GO________________ 1
65________________ 5 6 5
70________________ 1G 12 20
75________________ 37 25 32
80________________ 25 35 31
85________________ 12 25 2G
90________________ 23 25 19
95________________ 17 11 II

100________________ 6 10 9
105________________ 9 5 1

110 - - - - - - - - -- - - -1---''-';-+_...:4H-7-8+~+~<_+-iri-=~
115________________ 4 3 4 I-~+_~+_-=-_l

120________________ 1 4 1--.7-+--'--+-",:;-
125________________ 1 3
130________________ 3
135________________ 1 3
140 .__________ 2 3
145________________ 1
150 . 1
155________________ 2
160 _
165 _
170 . _
175 _
1110 _

185_ - - - --- - - - - --- - -f-=-f-=-f-=-t-=-t-.=.rt-..:..:..t-=-t-=-i190________________ 1
195 . _
200 _
205 . - _
210 _
215 _
220 -
225 _

230. - - - - - - - - - - - - - - -1-=-=-+--=-+--=-+--=-t--"f--t--"-"-1235. _
240. _
245. _
250 _
255 _
260 _
265 _
270 _
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TABLE A-30

Waddell Creek, Steelhead: Stream Fish Checked Through Upstream Trap, 1935·36;
Length·frequency Distribution by Two·week Periods

TABLE A-30-Continued

Waddell Creek, Steelhead: Stream Fish Checked Through Upstream Trap, 1935·36;
Length·trequency Distribution by Two·week Periods

.00..'"c.'
<~

Length
inmm.

-----1------------------ ~----------

'0
c'"" ,...., ...

.",
>'"o 'Z;:::

Length
inmma

~'"
.ci~ ~~ ;'?
~~ ~.J, ~~

--------1-------------- _

66-70 _
75 _
SO _
85 _
90 _
95 _

100 _
105 _
110 _
115 _
120 _
125 _
130 _
135 _
140 _
145 _
150 _
155 _
160 _
165 _
170 _
175 _
1SO _
185 _
190 _
195 _
200 _
205 _
210 _
215 _
220 _
225 _
230 _
235 _
240 _
245 _
250 _
255 _
260 _
265 _
270 _
275 _
2SO _
285 _
290 _
295 _
300 _
305 _
310 _

1
2
1
2 2

2
1

2

1
3
2
5
7
5
3
6
8

12
13

8
9
7
1
1
1
1

2
3

1
1
1
2

2
1

2
1
2

3
3
1
1

2
2
2
2
5
5
4
5
4

12 2
3
4
5
2
1
3
1

1(35
em.)

6Ii-70_ - - - - - --
75 _
80 _
85 _
90 _
95 _

100 _
105 _
110 _
lI5 _
120 _
125 _
130 _
135 _
140 _
145 _
150 _
155 _
160 _
165 _
170 _
175 _
1SO _
185 _
190 _
195 _
200 _
205 _
210 _
215 _
220 _
225 _
230 _
235 _
240 _
245 _
250 _
255 _
260 _
265 _
270 _
275 _
2SO _
285 _
290 _
295 _
300 _
305 _
310 _

4
4
2
3
3
5
3

2
4
1

-- I 4
2
3
7
3
5
2
3

5
5
4
8

13
10
7

12
12
26
17
14
15
9
2
4
3
1

*1
1

----------------------------
Totals _

9 101 86 14 4 5
Totals _ 4 2 229

• Recorded only as 31 em.

,
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TABLE A·31

Waddell Creek, Steelhead: Stream Fish Checked Through Upstream Trap, 1936·37;
Length·frequency Distribution by Two·week Periods

TABLE A-31-Conlinued

Waddell Creek, Steelhead: Stream Fish Checked Through Upstream Trap, 1936·37:
Length·frequency Distribution by Two-week Periods

------_.\_.- -------------------------

Length
inmm.

___---1-·- ------ ----------- ---- ------

'0"",'" .,",,,,

.3'"
0-
o~

Length
in null..

Totals_ ... --4-1--4---- '--1- -- -5-1--2- M -- --6- ---4-----~

66-70. _.. _ __ ._ ..
75_ __ c_ .. _

80 __ .
85_ __ . __ ..
90 _. ..
95 ..

100__ .. _.. ..
105_ .. _.. __ ..
110 _ .
115 _ ..
120_ _ ..
125__ __ ..
130.. ..
135 ._ ..
140.. .
145._ _ .
150 __ ..
155. __ _ .
160_ _ .
165 _._ ..
170._ ..
175 _.. __ .
180 2
185 ..
190 .
195 _. 1
200 __ 3 3
205. _.... 5
210.... 1 1
215__ ._ .. 3
220 .
225 _. __ .
230__ . ._.___ 2
235. _
240 _ __
245__ . .
250 ._. .
255 ._ .
260 ._. _
265 __ .. ...
270. ... _
215 "
280. . __ .. __ .
285 .
290 .
295 __ . . __ .
300. .. ._ 1
305 . ._._ 1 (33 em.)
310 __ .. _. .... 1 (44 em.)

Totals __ ' ..~~~ --2- --1- --8--~--;M ~1--2-~-~

6!;-70-----.··
75 ··
80 ..
85 __ ·
90 ..
95 __ '"

100 __ . __ ...
105 --.
110 _.. ·-
115 ..
120. __ ..
125 ..
130 ..
135.. .. ·
140........
145 _
150 ··
155 .. __ ..
160 ..
165_ ..
170 .
175 __ .. __ ..
180 -
185 __ ..
190.. ._
195 __ .. __
200.. __ ....
~05.... __
210.. __ .
215 .
220 .
225 .
230. __ .. __ .
235. ._.
240.. __ .. __
245 ..
250 . __ ..
255... _.. _.
260._~_.. __
265_ _ .
270.. _ _.
275... ._
280 ....
285._. _
290__ .. .
295 . __ •
300.. ._
305 •
310. ._. 1 (3:J

em.)

2
1
1

1
1
2

2
1 1

1

2
2
2
1
1
2
4
2
3
1
4
2
4
2
4
5
3
4
4
8
5
4
3

1
3

2

2

2

3
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TABLE A-32

Waddell Creek, Sleelhead: Stream Fish Checked Through Ups/ream Trap, 1937-38·
Length-frequency Distribution by Two-week Periods '

STEELHEAD A='ID SILVER SALMON LIFE HISTORIES

TABLE A-32-Continued

Waddell Creek, Slee/head: Slream Fish Checked Through Upstream Trap, f937·38;
Length·frequency Distribution by Two-week Periods

361

Length
inmm.

.~ <0
'"~~ ""'" ~

~'"00
.;~

.'<) :: .'" ""<0 """,
..;'" t:=:; >"" ,; <J"" ,; d ·0 cod .Dt-- - .: ':t-- &0:;;;
<J~ o ' 0 ~ ~ . ~ 0:"" .Dol
O~ OZ Z~ ZA A~ A~ " . " '" r::i: r::;a

,,~

"0/,o~ ...,t-- ...,~ :;a./o ~~
---------------------------

",,,,, ~ ..;. . . d
Length .. ~ .. '" ""t-- g: .... :::~ 0:

inmm. ,;'" ..:~ ..:;. >.'" >'''' ",'" "'>. >.~ ~~ ';00 ~..,) ..;'"
·0

~d... ",

"". ale:' al 0: 0:"" "'- -"" ~£
o.~ ,,",

""~ -<:2 ~~ ~~ ~..; "0 " " ";0/, :; = ,,~

~ . "'<0 ~£-<~ ...,~ ...,..., ...,< <J., "''''' CJ)~

-----1------------------- ----------
66-70 _

75 _
80 ..
85 .. ..
90. . ._
95. _

100. . _
105 . _
llO. . . __
115. _
120. _
125 _
130 . _
135. . ..
140 .. _
145. _
150 ._
155__ ._. ._
160 . ....
165 . . _..
170 .
175 . .
lSO _
185 . .
190 ....
195 ..
200 ....
205 .
210 ... _
215 ._.
220 ._.
225 _
230 ._.
235 ._
240 . . _.
245 ._
250 _
255 ..
260 ..
265 ._
270 ._
275 __ . ..
2SO ._
285 . _..
290 ._
295 _
300 .•
305. .
310 ._

Totals _

1
4
1
2
2
4
5 2
5 4
9 3

13 4
8 8

3 13 8
20 16 1
17 14 2 2
16 26 2
21 32 2 2

2 16 22 3
2 23 24 2
1 18 24 4
1 16 25 3 3

14 19 1
11 6

2 5
6 1
4 2
1 1
4
2

1(39
em.)

4 10 260 249 24 17
I I

5 2

66-70 _

75. __ .--- -SO _
85 _
90 _
95 .. __

100 _
105 _
110 _
115 _
120 .
125 _
130 ... __
135 _
140 _
145 _
150 _
155 _
160 _
165 _
170 _
175 _
lSO _
185 _
190 _
195 _
200 _
205 _
210 _
215 _
220 _
225 _
230 _
235 _
240 _
245 _
250 _
255 _
260 _
265 _
270 _
275 _
280 _
285 _
290 _
295 _
300 _
305 _
310 _

Totals_ __ _ 4

2

3 . 1

1
2

5 2 2 2

- - ;

4 2

1
1
1
1
6
5
8
4
7

10
14
14
19
20
24
40
35
46
57
44
52
47
49
36
18
8

11
8
3
4
2
2

601



1
1
2

1
2
3
4
3
5
3
5
3
5
3
7
3
9
6

14
6
6

11
8

13
11
10
4
4
7
7
3
3
4
3
2
2
2
1

363

·0+>",
0.,
'"''00_

2

2
1

2

TABLE A-33-Conlinued

Waddell (reek Steelhead: Stream Fish (hecked Through Upstream Trap, 1938·39;
• Length.frequency Distribution by Two·week Periods

STEELHEAD AND SILVER SALMON LIFE HISTORIJI:S

Length
inmm.

66-70- - - ----­
75_ - ------SO __
85 __

90--------95 _

100--------105 _
110 __
115 _
120 _
125 __
130 _
135 _
140 __
145 _
150 _
155 __
160 __
165 __
170 __
175 __
180 _
185 _
190 __
195 __
200 __
205 _
210 _
215 _
220 __
225 __
230 __
235 _
240 _
245 __
250 _

.255 __
260 _
265 __
270 _
275 _
280 _
285 _
290 __
295 _
300 _
305_~ __
310 __

-------------------------1----------

" '

1(40
em.)

1·

'0
c""" ,..., ....

1(39
em.)

. ."
>""0'
Z~

1 2
2
1

3
1 2
1 1
2 1
2 2
1
2 2- 2
2 1
2 3 4

3 1
3 4 2 3

3 2
4 1
3 3 2

1 3 3 1
3 1 5 3 1

3 2 3 1 2
2 3 2 2
1 2
1 1 1
1 4

5 1
2
2

2

2
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TABLE A-33

Waddell Creek, Steelbead: Stream Fish (heeked Through Upstream Trap, t938·39;
Length·frequency Distribution by Two·week Periods

Length
inmm.

362

66-70 _
75 _
SO _
85 __
90 __
95 _

100 _
105 _
110 _
115 __
120 _
125 __
130 _
135 _
140 _
145 _
150 _
155 _
160 _
165 _
170 _
175 _
1so _
185 _
190 _
195 _
200 _
205 _
210 _
215 _
220 _
225 _
230 _
235 _
240 _
245 _
250 _
255 _
260 _
265 _
270 _
275 _
2SO : _
285 ~ _
290 _
295 .----
300 _
305 _
310 _

------1----------------------_

TotalB _ 30 30 53 21 11 16 6 6 2 TotalB _
-------- -10- --4-------- ----------1-90-

• Recorded only as 31 em.
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TABLE A-34

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

;3 (i:"i

TABLE A-34-Continued

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

1
2

\
2
3
6
5
3
6

2
4
3
5
6
7
7
5
8
3
1
6

11
4
2
4
2
2
3
2

2

1
2

1
2

1
2

2

;)

2

1
1
2

3
2
1
3

2

2

Length
inmm.

61-65 _
70 _
75 _
80 _
85. _
90 _
95 _

100 _
105 _
110 _
115 _
120 _
125 _
130 _
135 _
140 _
145 _
150 _
155 _
160 _
165 _
170 _
175 _
180 _
185 _
190 _
195 _
200 _
205 _
210 _
215 _
220 _
225 _
'l30 _
235 _
240 _
245 _
250 _
255 _
260 _
265 _
270 _
275 _
280 _
285 _
290 _
295 _
300 _
305 _

310________ \~\ I -- -- -- -- \
Totals -_-_-~-~I~--\- --3- --6--~W- -~~~ -1- -=-ill

OJ
~

~lQ ~~ £­
g.'7 1ir cO ~.5
U1~ cn_ wE

-----1-----------------------------

3427

2

1
2
3
3
1

1757

2

3

-".,
>C'lo ,
Z~

4

Length
inmm.

--------1------------------------

Totals _

61-65 -
70 _
75 _
80 _
85 --
90 - - --
95 _

100 _
105 _
110 _
115 _
120 _
125 _
130 - _-
135 _
140 _
145 _
150 _
155_. _
160 _
165 - __ - -
170 _
175 _
180 -
185 _
190 _
195 _
200 - -
205 _
210 _
215 _
220 _
225 _
230 _
235 _
240 _
245 _
250 - --
255 - --
260 _
265 _
270 _
275 _
280 _
285 _
290 _
295 _
800. ~ _ --
305 _
310 _
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TABLE A·35

Waddell (reek Steelhead: Stream Fish (hecked Through Upstream Trap, 1940-41;
, Length-trequency Distribution by Two-week Periods I TABLE A·35-Conlinued

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

-0
~o>:>,

"'"en-

~ ·n
" ,en",

"'-,,'"c""!
:=0....,-

Length
inmm.

-----1---- -------- --- -- -- ---- ------

'0
c'"'" ,....,~

...
"''''" ." c
o~

.0>,,'"
""oS

<6
"''''::: 0
0"zo

..">'"o '
z;:l

,­"'­'"- ,;
8z

Length
inmm.

----------------- ----------------

5 43.';

I
I

2 .5
4

II
5

II
14
8

14
II
13
10
8

13
20
18
19
28
II
II
6
4
5

10
5
5

12
II
5

10
If>
14
J1
15
6

12
7

12
9
7
3
3
7
1
3

5371

I
2
9

10
12
22

6
7
I

478

3

2
I
I

8

3

8

2
I

2
I

6

2
2

2

2 10Totals _

66-70 _
75 _
BO _
85 _
90 _
95 _

100 _
105 _
UO _
U5 _
120 _
125 _
130 _
135 _
140 _
14.5 _
150 _
1.5.5 _
160 _
165 _
170 _
175 _
1BO _
185 _
190 _
195 _
200 _
205 _
210 _
21.5 _
220 _
225 _
230 _
235 _
240 _
245 ~ _
2.50 _
2.55 _
260 _
265 _
270 _
275 _
2BO _
285 _
290 _
295 _
300 _
305 _
310 _

2

I
I
2

2
1

2
I

2
I

2
3
2
3
2
4
I
3
6
5
3
5
I
9
3
3
3
2
1
I
3

5
5
6
3
2
2
2

I
I
2
I
2
6
3
4
5
3
7
2

4
3
I
6
6
7
7
6
4
2
2
4
3
3
2
I
2

2
3
I

I

2

2
I
2

I
I
2

2
2

3
2
2

I
2

66-70 - - -- - - --
7.5 _
SO _
85 _
90 -
95 _

100 - - - --
105 _
110 _
115 _
120 - - --
125 - - --
130 - - - - - --
135 - - - --
140 ---
145 _
150 ---
1.55 - - --
160 _
165 _
170 _
175 _
180 _
185 - - - --
190 _
195 _
200 - --
205 _
210 _
215 _
220 - - -
22.5 _
230 - - --
235 _
240 - - - -
245 - --
250 - - - - - --
255 _
260 - - - --
265 _
270 _
275 _
280 - _- - -
285 - - - - --
290 - - _- - -
295 - - ---
300 _

~~g============== -- -- --I -- -- -- I ,~~; i - - - - --

Totals ---;- --3-\-W- -_-_--~ ---so~ --w -1-1- ._~ --7--~ --;-
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TABLE A·36

Waddell Creek, Steelhead: Stream Fish Checked Through Upstream Trap, 1941·42;
Length·frequency Distribution by Two·week Periods

TABLE A-36-Continued

Waddell Creek, Steelhead: Stream Fish Checked Through Upstream Trap, 194f ·42;
Length·frequency Distribution by Two·week Periods

Length
in rom.

,- <b ... - ~'"~- "'0> "'<0 ",,,,
00

~ ~
••r.> ,: Q .'" Q • d.o . .... .o~ ,.; ......; .... ..;~ >'" "", '0 ... ",o ' 0" 08 " " "'" ~'i "'- '" ,,,-

O~ oZ Z~ Q~ '" . '" '" ~~ ~.J, ~~0.2- ZQ ..., .... ...,'" "' ....-------------------------

Length
inmm.

----1----------------------------
66-70 _

75 .. __
80 .. _
85.. . _
90 ._. _
95_________ _ _ 4

100 .... _ _ _ 1
105 . _
110._ .. _. _
115__ .___________ 2
120 . _. __ ._
125 . __
130 . _
135 . _. __
140 .. _
145. .. _. _
150 . _
155_. . _
160 _
165 . . _
170__ .. _. _
175.. _
180 . . _
185 ._ ..... _
190 2
195 _
200__ . _
205 .. _
210 . _. _. _
215 .. _
220_. ._. _
225_. .. _. _
230__ .... _. _
235. __ . _
240 _
245_. _. _
250. _
255. . _
260 __ . __ . _
265 _
270_._. __ _
275_._ .. _
280 ... __ . _
285_. __ . __ ._. _
290_. __ . _
295 . _
300 __ ._ •• _. _
305_. .. _. _
310 ... _

1
14
30 1
54 1
61 2
55 2
57 1

4 46 2
2 33 1 5

33 1
26 1 1 1
23 2 2
19 6

1 11 1
1 11
2 16 7 3
1 21 10
1 30 29 5

32 18 3
40 29 6
38 30 9
37 31 10

2 31 28 10
2 30 30 6
2 23 23 9

10 13 3
6 4 4

1 9 6 1
2 3 4

1 2
3 2

.1

66-70 . _
75 c. _
80 ._
85 . _
90 . _
95 _

100 - ... -
105 . __
110 _
115 __ .. _
120 _
125 _
1:30 _
135 _
140 __ .. _
145 _
150 ._ ..
155 _
160 _
165 _
170 .
175 ...
180__ . _
185 _
190 _
195 ._.
200 ._ ...
205 _
210 __ ._. _
215 ._ ..
220 . _
225 .. _
230 ._
235 . _
240 __ . __ ._
245 ._._
250 __ c _
255 ....
260 . __
265 . _
270 __ . _
275 __ . _
280 .. __
285 . _
290 __ . .
295 _
300 ._ ••
305 ._
310 .. _._

2
15
33
58
66
63
64
55
45
37
33
30
28
15
12
31
33
68
55
77
80
80
72
68
59
27
16
17
10

5
6

2
1
2

1
1
1
2

Totals_ ___ _ 11 3 7 6 26 806 290 74 16 8 4 Totals _ 3 2 3 2 2 2 2 3 1,271
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TABLE A·37

Waddell (reek: Numbers 01 tollus asper (hecked Through Downslream Trap, by Four·week Periods

TABLE A·39

Waddell (reek: Sculpim Taken in Upstream Trap, by Four·week Periods
=========;:===;===j:===;==:===r==;=====;===P==='=

---------·1--- --- ------------ ------------

--------- --------- ---------

49
46

4 7 3
5 68 5

36 17 231 3
2 19 108 J;;

4 16 18
:>
3

Totals________________ 47

1
4
6

76
7f>
] r)
80

289
14,;
42
13
7
3

Tutal

9

10 7no

1941
-42

4
22
21

1
4
1
1
1
2
I

58

1940
-41

5

2
6
3
3

22

1939
-40

;)

3
1

1938
-39

1!137
-38

52

1!)36
-37

4.57

1935
-36

108

1904
-35

I!J33
-34Period

Oct. I-Oct. 28_ - - - - - - __
Oct. 29-Nov. 25 _
No". 26-Dee. 23 __
Doc. 24-Jan. 20 _
Jan. 21-Feb. 17 _
Feb. IS-Mar. 17 __
Mar. IS-Apr. 14 _
Apr. 15-May 12 _
May 13-June 9 _
.June lQ-July 7 _
July S-Aug. 4 __
Aug. 5-Sept. L - -- -- -_
Sept. 2-Sept. 30 - _

1935- 1936- 190i- 1935- 1939- 1940- 1941-
36 37 38 39 40 41 42 Total

----------------------

21 21
189 25 32 10 2 10 1 269
254 160 37 19 19 18 15 522

81 83 23 19 8 7 5 226
38 43 8 15 4 13 4 125
28 11 12 7 4 1 63

3 I 4 1 1 1 11
2 4 7
2 12 2 3 19

1 1 4 6
2 I 3

------------------------
599 323 148 74 41 60 27 1,272

Period

Totals __

Oct.l-Oct.28 _
Oct_ 29-Nov. 25 • __
Nov. 26-Dec. 23 _
Dec. 24-Jan. 20 __ . . __
Jan. 21-Feb. 17 _
Feb. IS-Mar. 17 _
Mar. IS-Apr. l4 _
Apr. 15-May 12 __
May 13-June 9 _
June IO-July 7 _
:July S-Aug. 4 _
Aug.5-Sept. L __
Sept. 2-Sept. 30 •

TABLE A-38

Waddell (reek: Numbers of (ollus aleuticus (hecked Through Downstream Trap, by Four·week Periods

TABLE A-40

Waddell (reek: Garler Snakes (hecked Through Downstream Trap, by Four·week Periods

Period
1935­

36
1936­

37
1937­

38
1935­

39
1939­

40
1940­

41
1941­

42 Total Period
1933
-34

1934
-35

1935
·36

1936
-37

1937
-38

1938
-39

1939
-40

1940
-41

1941
-42 Tutal

---------1-------------------------- --------1--------------------

10 1 2 1 14
7 3 I 1 13

26 3 2 7 38
3 I 1 2 8
9 I 1 12
I 3 ;,

2 2

2 3
2 9 3 2 7 23

16 15 5 5 10 2 54
7 9 7 3 8 36

5 5 I 8 21
1 2 4 4 II
2 2 5 11

----------------------
25 41 22 17 45 5 3 160

Oct. I-Oct. 28 __
Oet. 29-Nov. 25 __
Nov. 26-Dec. 23 _
Dec. 24--Jan. 20 __
Jan. 2I-Feb. 17. __
Feb. IS-Mar. 17 _
Mar. IS-Apr. 14 __
Apr. 15-May 12 _
May 13-June9 • __
June IO-July 7 __
July 8-Aug. 4 __
Aug. 5-Sept. L __
Sept. 2-Sept. 30 __

Totals _

2
I

9533177856Totals • __

Oet. I-Oet. 28 _
Oct. 29-Nov. 25 _
Nov. 26-Dec. 23 _
Dec. 24-]an. 20 _
Jan. 2I-Feb. 1L _
Feb. IS-Mar. 17 __
Mar. IS-Apr. 14 _
Apr. 15-l\1ay 12 _
May 13..June 9 _
June IO-July 7 _
July S-Aug. 4 __
Aug. 5-Sept. L _
Sept. 2-Sept. 30 _

)

,
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TABLE HI

Waddell Creek: Crayfish Checked Through Downstream Trap, by Four·week Periods

( STEELHEAD AND SILVER SALMON LIFE HISTORIES

TABLE A·43

Conversion Table, Inches to Millimeters

373

Period 1938-39 1939-40 1940-41 1941-42 Total

Oct. I-Oct. 28 ______ --- __ -- ___ 10 11 22
Oct. 29-Nov. 25 ______________ 2 20 22
Nov. 26-Dec. 23 ______________ 1 4 5
Dec. 24-Jan. 20 _______________ 4 4 8
Jan.21-Feb.1L ______________ 1 6 7
Feb. 18-Mar. 17 ______________ 6 28 35
Mar. 18-Apr. 14 ______________ 10 29 39
Apr. 15-May 12 _______________ 1 11 49 61
May 13-June 9 _______________ 3 13 103 119
June 10-July 7. _______________ 11 68 42 121
July 8-Aug. 4_________________ 20 77 85 182
Aug. 5-Sept. L _______________ 9 28 33 70
Sept. 2-Sept. 30: ______________ 35 45 54 135

Totals ___________________ 3 79 276 468 826

TABLE A·4Z

Waddell Creek: Giant Water Bugs Checked Through Downstream Trap, by Four·week Periods

Inches Mm. Inches Mm. I Inches Mm. Inches Mm.

~-------- 3 3~ 79 I 6~ 156 g~ 232
U-------- 6 3U 83 6U 159 9U 235
~-------- 10 3~ 86 6~ 162 9y' 238
~-------- 13 3~ 89 6~ 165 9~ 241
%-------- 16 3% 92 6% 168 9% 244
~-------- 19 3~ 95 6~ 171 9~ 248
78-------- 22 - 378 98 6U 175 9U 251L ________ 25 4 102 7 178 10 254
1~-------- 29 4~ 105 7~ 181 1O~ 257
1U-------- 32 4U 108 7U 184 IOU 260
1~-------- 35 4y' III 7y' 187 lOy' 264
1~-------- 38 4~ 114 7~ 191 1O~ 2671% ________ 41 4% 117 7% 194 10% 270
1~-------- 44 4~ 121 7~ 197 1O~ 273
178-------- 48 4Yil 124 7Yil 200 lOYil 2762___________ 51 5 127 8 203 11 279
2~-------- 54 5~ 130 8~ 206 11~ 283
2U-------- 57 5U 133 8U 210 llU 286
2~-------- 60 5y' 137 8y' 213 1Iy' 289
2~-------- 64 5~ 140 8~ 216 11~ 2922% ________ 67 5% 143 8% 219 1Iy' 295
2~-------- 70 5~ 146 8~ 222 11~ 298
278-------- 73 5Yil 149 8Yil 225 IIYs 3023__________

76 6 152 9 229 12 305

i.

Period

Oct. I-Oct. 28 _
Oct. 29-Nov. 25 _
Nov. 26-Dec. 23 _
Dec. 24-Jan. 20 _
Jan. 21-Feb. 17 _
Feb. 18-Mar. 17 _
Mar. 18-Apr. 14 _
Apr. 15-May 12 _
May 13-June 9 _
June 1O-Ju1y 7. _
Ju1y 8-Aug. 4 _
Aug. 5-Sept. L _
Sept. 2-Sept. 30 _

Totals _

1933 H134 1935 1936 1937 1938 1939 1940 1941
Total-34 -35 -36 -37 -38 -39 -40 -41 -42

------------------
2 5

6 8
2

2 2 3 1 8
1 2 1 4

4 1 4 2 11
3 1 3 1 3 11

58 16 7 4 6 2 93
106 33 62 28 14 9 253
73 33 58 22 12 23 222

1 14 10 1 24· 50
6 7 4 8 26

3 8 1 1 13
--------------------

2 242 91 168 78 49 71 4 706



TABLE A·44

Waddell Creek: Water. Analyses/Chemical Data

Locality Date
Temp.
water
°F.*

Oxygen
p.p.m.

Oxygen
percent

saturation

M.O.alk.
p.p.m.
CaCO,

Chlorides
p.p.m.

Ca and
Mg

p.p.m.t

co.
cc/l

(approx.)
pH Sulphatest Obseryer

7.6 Fairly high ___ P. A. Shaw
7.6 ---- ~ .. -_.. - - ...... P. A. Shaw
7.6 ...... - ~ .. _.. --........ P. A. Shaw
7.7 -------------- P. A. Shaw
7.4 -- -... -... ---- ~ - M. Moore "1
7.4 --------.. --- ~ - M. Moore 'L

7.5 -------------- M. Moore ::r:
7.4 - ---.. ---- .. - - ~ - M. Moore .....
7.1 -------------- M. lVioore
7.3 -------------- M. i\tlocrc -7.1 -------------- M. Moore
7.3 -------------- M. Moore ~
7.3 -------------- M. l\1oore

%

7.6 Fairly high ___ P. A. Shaw Yo
7.7 -------------- P. ..... Shaw ';.
7.8 -------- ---- ~ - P. A. Shaw .;

7.9 -------------- P. A. Shaw ;r.

7.4 -------------- M. Moore
7.3 ------------.- M. Moore
7.2 - ---- -- ----- ~ - M. Mo{\re
7.5 -------------- M. Moore
7.4 ._------------ M. Moore
7.3 -------------- M. Moore
i . 2 -------------- M . i\tIoore
7.3 -------------- M. Moore
7.5 -------------- "'1- Moore

7.5 Fairly high ___ P. A. Shaw
7.5 -------------- P. A. Shaw
7.6 -------------- P. A. Shaw
7JJ -------------- P. A. Sha\\"

West Branch ______________ 11/27/33 48.2 9.5 82 168
West Branch______________ 1/30/34 46.4 10.3 87 108
West Branch ______________ 3/24/34 55.4 9.3 88 90
West Branch ______________ 4/30/34 56.3 8.5 81 116
West Branch _____ • ________ 1/28/41 51.0 15.4 32
West Branch ______________ 2/ 1/41 53.0 11.2 40
West Branch ______________ 2/ 5/41 11. 4 .'i2
West Branch________ • _____ 2/ 6/41 10.2 44
West Branch ______________ 4/19/41 53.5 9.5 44
West Branch ______________ 5/ 2/41 54.5 11.5 48
West Branch______________ 5/ 9/41 60.0 9.2 52
West Branch ___________ • __ 5/24/41 60.5 9.4 60
West Branch______________ 6/14/41 60.5 10.4 68

East Branch_. ____________ 11/27/33 49.1 9.6 84 156
East Branch _______________ 1/30/34 44.6 11.5 94 90
East Branch ______________ 3/24/34 55.4 9.8 92.5 84
East Branch _________ • ____ 4/30/34 56.3 9.2 87.6 100
East Branch ______________ 1/28/41 12.4 48
East Branch. _____________ 2/ 1/41 13.0 52
East Branch ______________ 2/ 5/41 11. 2 . 60
East Branch ______________ 2/ 6/41 11.2 40
East Branch ______________ 4/19/41 53.0 9.6 32
East Branch ______________ .'1/ 2/41 54.5 11.9 68
East Branch. _____________ 5/ 9/41 60.5 9.0 72
East Branch_. ____________ 5/24/41 61.5 9.0 80
East Branch ______________ 6/14/41 61.5 10.0 88

Main Stream at Dam ______ 11/27/33 50.0 8.5 75 148
Main Stream at Dam ______ 1/30/34 46.4 10.7 90 98
Main Stream at Dam ______ 3/24/34 57.2 9.6 92 86
Main Stream at Dam ______ 4/30/34 59.0 8.4 82.7 105

":1'" . ,;,'.4~~',;.:.. ':t:}~"~ .. ,./:,<,.:,""';'-'" " .'~ . "",,~.'--, ';J;;•...
~ >

Main Stream at Dam __ • ___ 3/ 2/36 52.0 50.5
Main Stream at Dam _____ • 3/ 9/36 55.0 8.96 59.5
Main Stream at Dam ______ 3/31/36 51.5 11.01 56.5
Main Stream at Dam ___ •• _ 4/15/36 57.0 10.18 69.8
Main Stream at Dam. _____ 5/18/36 58.0 9.72 71.0
Main Stream at Dam ______ 6/ 2/36 57.0 10.64 70.5
Main Stream at Dam ____ ._ 12/18/40 9.0 176
Main Stream at Dam ___ ._. 1/28/41 15.0 36
Main Stream at Dam _. ____ 2/ 1/41 14.0 42
Main Stream at Dam ______ 2/ 5/41 51.0 12.8 52
Main Stream at Dam ______ 2/ 6/41 52.0 12.4 44
Main Stream at Dam ______ 4/19/41 55.5 9.6 48
Main Stream at Dam. _____ 5/ 2/41 55.5 11.8 60
Main Stream at Dam ______ 5/ 9/41 64.5 9.8 60
Main Stream at Dam ______ 5/24/41 66.0 9.8 72
Main Stream at Dam ______ 6/14/41 65.0 9.4 72

Lagoon_. _" _•• _. _____ • __ • 2/ 5/41 11.2 56
Lagoon ___________________ 2/ 6/41 13.6 48
Lagoon. ________ .. _________ 4/19/41 57.5 9.2 52
Lagoon_. _______ • ________ • 5/ 2/41 52.0 11.5 56
Lagoon_. _._. _______ •• ____ 5/ 9/41 67.0 10.6 60
Laoong. __________________ 5/24/41 68.5 9.6 64
Lagoon .... _______ .... ________ 6/14/41 69.5 10.0 80

• Temperatures by Shaw converted from °c. to OF.
t CalcIum and magnesium determined together and computed as calcIum.
t Qualltatlve tests.

36
26
22
26

33
22
20
23

35
25
21
25

46
38
34
37

54
40
39
44

43
39
38
39

2.2

1.9

2.6

\-------------- M. Hanavan
-----------._- M. Hanavan
.. _------------ M . Hanavan
-------------- M. Hanavan
- -- - -- - -- - - -_. M. Hanavan
-------------- M. Hanavan

7.5 -------------- Leo Shapovalov
7.6 -------------- M. Moore
7.6 -----------_.- M. Moore
7.4 -------------- M. Moore
7.5 ----r--------- M. Moore
7.3 -------_._----- M. Moore
7.3 -------------- M. Moore
7.4 -----------_ .. lvI. Moore
7.2 -----------.-- M. lHoore
7.-! -------------- M. ~'loore

i .4 ._---------._- M. Moore
i .3 -------------- M. Moore
7.3 -------------- M. 1\tIoore
i.3 -------------- !vI. !I:IC'cre
i.G -----.-------- M. Moore
7.3 -._--.-----._- M. Moore
i .3 1-----·-------- !v!. l\'!oore

i

y;

j.-,


