47-3¢

THZ SALVCHID FISHLS {7 FRAYRIS CRILK, HUMBOLDT COUNTY, CALIFCRIIA

T+ SHASON OF 1948 - 1949 L

TIONITI D e
Q8 NS0 o N S D

3
3
)

5 dehn O, Driggs
tudend Biologist

Eurcoa of Fish Conservation
Californie Division of Fish and Gage

~

U

SRt e

TABLE COF COWILNTS

v
£
G3
4

e WU TIOH

A ARSI I (e w1 e e eagni

2

2
a(:.' . . . ‘
4 2257 I, BIOLOGY OF .THI SILVER SALMON b
; Time of ldgraticns 4
. Texperature Rifsct 5
s ~Size of Fun 7
% Redd Construction 8
& Redd Characteristics 10
3 Fish Characteristics 12
i g :
¥, : -
ri N 2000 I, BICLOGY OF THE KING SALCH 13
. Time of Migrations - 1
Redd Construction : o
Redd Charactoristics : . 215
Pish Characteristics ‘ 17
Cozparison Between Salmon SpaCiegme— 17

PR TII, BIOLOGY OF THE STZILEEAD TROUT e 18
Tina of Migrations — - 18

Redd Construction _—— ‘ ‘F;fIQ)
Redd Characteristics - X9

Pish Characteristics —— “— - 20

'PART IV. REDD SAMPLING " 21

Lfarking Procedure e s
Equipment , ' 22 S
Sampling Procedure e 2L

Results—— _ i .25

PART V, THE TEST SECTION .29
Natural Spawning — .30
Eyed Ggg Plants 4 31
Results ' - 34

PART VI,  PCPULATION MOVEMENTS ' 38
: Seining Programe—-: —— ' - 38
"General Information e i Ly

- 1 Sub;_itfoed, September é.,f?i9,h3 .

AN




TWTRODUCTION | i

. Om November l; l§h8, the'writgr Ee‘ an a study of the | ' é
sal.onld fishcs 1nhabiting the drainage ba sin of Prairie Creek | é
in.HUmboldt County, California, 4Particulgr emphasis was pleced : :
upon the relative efficiency of the natural reproduction of these E
fisheg. The investigation was divided into the following principal |

I.  Recording of observations during each spawning run, ' |

Continual stresm observations were maintained

so'}hgt.notgs.coulﬁfbé taken on the time of migra-
_tions; relative sizs of the runms, the details of .
.rod§_construction and spawning'behﬁvior, amount of
egg retention by females, and general ecological
relationships, . .= - |
II.  Redd Sasmpling. | | | |
, Spawning pairs of each species were located,
the'fedd area marked, ahd thé redds later sampled
 .at various developmental stages. :
111, .Test seétion:program.
| Two sections of a sﬁall streanm were;appropri-
- ately screensd off and used in the folldWing mannqr: 
A, Nétqral spavning section,

Utilized for the introduction of a maﬁure

spavminb pair of each: species 80 that the yoang
o fish could be captured and counted after B

' .emergence.‘




g

i)

TR S R ey

s

e R

LTI

&

A e S R e

A e

" material. C§3

B, ZEyed egg station,.
Utilized for the plantlng of eyod egge of
S " each spccies 50 that the total emergont young
'~ could be counted; Similar number of eyed

eggs were hcld in Pralrie Creek Hatchery to

N ‘allm" 2 co'nparison of the two nethods,
.IV..F'Population otudy. | |
N An attenpt tolachl gve an understdnding of the -
continuous populatlon fluctuations vhich occur in
" the & small coastal §tream8. |
l'.i“A Seining program. o
| Infornation aﬁ soecies; size, and nuzbers
wag collected at fairly regular intervals by
":seininn ina selccted section oP Prairie Crosk,
"B | Goneral observatlons.

Data regarding populatlon 1nterrelationahips
of adult and young flﬂh. Occasional notes on
prodators and stonach contents.v |

The ?resent report is submitted for the purbose of outlining
the vrogreas which has been achicved during the first season's

work on the Prairie Creek project. No attempt has been made at

“this tlme to introduce comparative 1iterature or referenoe
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PART I. BIOLOGY OF THI SILVER SALMON

‘Time of Migrations

The first silver salmon appeared in uppor Prairie Creck

T o

during the last week of October, However, the greatest numbers: ..
of fish did not arrive until the seccond week of November. The

arrival of the main group of silveré coincided with the appeare
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ance of the main run of king salmon, The majority of the
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- silvers kept moving until they had eifher reabhed the head=-

“E

waters of Prairie Cresk or untll they had ascended the smaller

tributaries of this stream, Hany of them ran up as far as it
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wag physically possible for them to go and stopped only when
confronted by impassable barriers, such as fallen‘logs or water-
falls, They showed femarkablé persistence in swimming up
fiffles waere the water depth was as.little'ag.twb inches and
the flow down to one cubic foot per second (cef.se)e
In most cases the fish did not éptemptrtélenter these
- smaller tributaries until a heavy-rainfall'hansefved to increase
the flow to'some extent, Then they exhibited é tendency to
'[:ascénd these etreams'in a "run® cohposéd of at least soveral
pairs of these fish, These runs occurred at non-related inter-
:;vals in the various tributarieé of Prairie Creek..ﬁFor instance,
in Sfowh_Craek the.first runAﬁﬁpearéd on Hdve@ber 22,4in Godwin
icjeek‘on Kovenber 15; in East Creck on Decémber.B, and in Elk

Prairie Crock on_neéqnbor'B.




Silver salmon could be secn continuously in the watershed
from the las t week of Octo‘oer untll the first part of January,
hridantly the run vas interrupted at t‘xis point by a prolonnod
period of dry, cold weather vlnch porolsted for t‘le cntire monthy
Whether the delay vas caused by the low m.’oer or by uho accompany=

’1n~ low tamurature is hard to say. If the fi.,h had vanted to
- ,mig;rate during this perlod they could have reo.ched the Opam:mg

'areas because there semed to be enoagh flow for th;s purpo

: ‘i'\emperatural Effect
In connec'bion with this qgestion, an intcregtlng occurrence
took pl._ce on the Mad River. The lad River is a coastal stream
ebout 30 miles south of Prairie»,Creeic.' The runs of migratory
fishea are counted as they péss thrbugh the fish ladder. at
-Sweaseyhbam, about 25 miles from the river xéouth. - During the
past ten years *bhe bulk of the large steslhead run had been
‘passing over the dam dur:.ng the four week period from January
© 15 to February 15,
This - year, the steelhead. appeared in the 1ower reaches of
the river at about tha usual time and. good cabtches were taken by
_anglers all along this first 25 miles. During the cold weather
" of J..mJ.ary there were no major increases in water flow and, as
o expected, only a very few flsh came over the ladder., However,
“a large riaa'-did occur as the result of mixed rain and snow on

" February k, 5, and 6, .The fish did not resct to this situation




and the only obvious cxplanation was that it was nobt accompanied
byv the usual temperature increcase because the.precipitation vas
of this unusually cold type.
| By February 8 only one trout had reacted to the water rise
in s;ﬁi‘be of the fact that huge numbers of fisﬁ, perheps two to
four thousand, were quiescent in the river inmediately below the
da:n. The temperature soon cane up several degreos and the fish |
- ca:ne up the ladder in great numbers.
| Those ob..ervations mght convtitute some endence to support
the ‘l‘heory that migratino ealmonoids react more clo...e]y to temper-
zture changes rather than to fluctuatlons in v\'ater volume, In
the nor"h coastal region the stremu rises in the winter time seem
to be aL.ost always accompanied by sharp temperature incrcases. '
- This fact has m‘.de it difficult in the past, to separate the
efi‘eots of the.,e trm environmental factors. | a
| After 'bhe above described cesaatlon of the silverlz'un in

January a fe-v additional pa.irs of i‘ish arrived on ‘che spavminb
‘beds on I‘ebruary 6 and To Their arrival coincided with a period
of incrca.sed stream i‘low and higher temperatures. By February
| .20 the watershed was: again free of thie epec':iee. Thus the total

time of the silver salmon migrations extended over almost & four

- month period.

Once the flsh entered 't.he snaller gtroams they swam i‘air]y
- rapidly to the headwaters and commenced epam:ing imediately. |



Tﬁese‘fish all seemed to be fairly rips upon arrival in upper
-?rai}ie Creek.3 Both sexes had lost most of the silver coloration.
‘and the males were bright red on tﬁevsides. In addition, the
‘males possessed a noticeeble hocked modification of the upper
jaw, There was no evidence of individuals undergoing an apparent
wailting period in the docper pools before becoming 'ripq enough
to s'pam.. ' . _. ‘

In Elk P;airie'Creek'it'wﬁs'possible to time the progress
of fhe ruﬁcfrpm'tha'mouth of ﬁhalstrééﬁ g o) fhe spéﬁning aréa two
miles upstreamQ Ih this éa se tbey toog approx:mately tvc day»
to trgvel these 1ast two miles of their joarney. However,ait
vust be re“anered that th last portion"was the ﬁbst-difficuit'
_‘because o; the umalle¢ flow of water and ‘the great nnmber of

obstﬂcles to be surmounued. fhese 1nclude lov jams, small water-

- falls, and shallow water fareas. |

j . ’_' o o Size of Run

The total 51 e of tne silver run ln numbers o; fish cannot

o bc glven since no countlng wuzr was maintalnea. However, from

repcated observations of the spawninv areas it is pos°ible to
:glve a close approzumation 01 the slze of the run compared to i
: that of the klng salmon which’ occurred at the some- time, The'
silver run was about 51x timss as 1arga as that of the king
Vs;lmonf (The steelhead and king salmon runs were about the same

.aéizeg) 3



Redd Construction
Then the fish approached the spawning area the femzlea -
started digging in likely spots. Many times the fish appsared

to becone dissatisfied and moved on to some other place before

' deposiﬁing their eggs. This was proved thrdugh caraful subgse=- -

s

-
3 "‘t:‘
EAnd
E
Ay

B

quent exanination of such "false rodds", In one such case a

- female (accompanied by a male) spent two days 1n digging up an f
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arca 12 feet in length without any liberation of eggs.:
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Vhen a palr of fish were seen "working" a particular arca
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of gravel over a period of several hours, this redd was marked
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- as to the date and species, Later the gravel was dug up-and

&

thoroughly examined for eggs so that the natural mortality

A . taking plece in the gravel could be recorded, Approximately
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three-fourths of the redds so treated turned out to be the
afdrementioned false variety. _ - '

It vas found later that still anothor type of false redd
was usually constructed, Lfter the cggs have been liberated
and the male fish has‘departed,'ihe‘femaie will.usually still
continue to dissipate hey energy in the diggipg.operation. This
continued activity may or.may‘not'be carried out near whers the
eggs have been deposited, Many £e$gles_havelbeén observed

 v digging at various places'after the& drift doﬁnstream from the
areé ﬁhere the eggsvlie. -This instihct_for turning.up'gravali B
Tfsgéms tq be so strong that most of thesé.figh continued ﬁhisr |
‘éﬁtivity until they wers dead. Since most of-the female silvera  

[




rémained al'ive'“‘from a .weak’ to two weeks aft;er &pax g, the not
.'re'sult waé .that,. le;z'zge'.a.re.a‘s of gravel v}cre distﬁrbed by a
relatively smell number of fish, This would give the impression,
to the casual observer, of a quite intensive use of some of the
sééwning area whan only a fow fish nay be actually responsible.
The spavning sctivity 1tsclf vas quite similar to that
described for other salmonoid fishes, The female was responsible
for the acﬁxal redd construction. At regular intervals, oace
every two to three minutes, she turned on her side and dug .
. vigofously,"displgoing' rocks and gravel th_roughl the lifting
action of her tail.," .' "This ac’ti‘on usﬁally carried her forvard
" from two to three feects She would then rest'bei‘ore returnihg to
ropea£ the p‘rocess.-‘ During this time the malé stayed in closo
attondance, lying to the side and slightly behind the female, He
vould atteéxpt to stimulate her by a quivering motion of his body,
2nd by swimming close to her, first on ono side and then on the
others Ordinarlly, the‘ male exhibited but little setivity
 compared to his mate, However, if any emaller males or grilse
wore pi'esent he would displsy groat energsr in chasing these
rivals and "kéeping“thém avay from tﬁa female,. During all of
tho salmon spavning the only other fish in evidence were ‘these |
srnaller males or grilse.' In no case® was: 'bhera any sign of other
species of fish: dz.sturbing the spawning pair or attempting to .

Steal egga. 'j‘.;’ IR
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Caly aboub one out of every eight females was noted to
have'two méles in attendance.. In thcse cases thé largcr'of the
two males secmed to be successful in keeping his competitor .

away from the egg pit, No more than two males were ever seen ' .

"attending,a single fonele., In two cases the female was accompa= °

nied only by a single grilse. o
In L»narhl, pairs of this zuccies dcmonstrated breodlng

activity for tw@ to four d«ys. A:ter this, the nale would .

- lose 1nterest,and drift downstream to dielﬁithinva short time,

On the other hand the female usually remained somewhere near

the redd vic:nxty Irom scvcral days to as 1on« as two weeks _

befo"e shovinﬂ a8 tendency to drlft With the current and flnally

- die,

Sevaral Fuch females vere taken alive just aftor the male

had dca“rted. "hese fish proved to be spawned out in'splte of

~the fact that they still continued‘thebdigging.operation.' Kost
. of these fish, whether ‘taken dcad_or_alive,_displayed some |

"tendercy to retain a few ©OZESs However, the number of egps_.{,.v'

reuained was so small as to be alno;t insignificant when compared

1o the probnble tctal that w23 placed in the gravel. Five

- spawned out females were oxamined.-_ The number of eoga retained

varied from O to 20, the aversge was 5.5 per female, * - .

' Redd Charsctoristics

1hen the nest vas finished it uaually consisted of a pit,

K dblong in shapa with the 10&# axia parallel with tho flow of
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wvater. ‘The length averaged about three feet while the width was

close to two feet, - Depth moasurements were taken of two of these

pits before eggs had been placed in them, They were respectively

eight and ten inches deep, However, in each of thesze cases the
female did a litﬁle more digging before depositing eggs so that the
actual'depth rmay have been an inch or two more, In addition, when
the eggs were dﬁé up, the depths at whiéh they were found varied
from & maximm of 15 inches to a minimum of seven inches.

The size of the "gravel" didn't seem to be a decisive factor
in the selection of 2 spawning‘Pite. A variation, from stones of
1-1/2 inches in diamoter interspaced with much finer gravel end sand

- to stones averaging 5 inches in diameter interspaced with slightly
- smaller stones, was observed, However, it wes noted thet aboub 75
5'percent of the fish chose areas vhere the stones were close to

| th:ee inches in diameter and interspaced with smaller stones and .

fine gravel, Fish were cbserved working areas where the stones

were much larger (up to.éight inches in diaméter) but no eggs

“ could be éubsequently récovered ffom these places.

In most cases the depth of the water covéring the gravel in

~ which the fish choose to work, was fairly constant, Measurements

ranged from depths of four to eight inches with the majority being

close to five, The velocity of the water also seemed to be a

_ fairly constant factor, This was roughly calculated through the use
" of the flpét and stop watch method, The slowsst recorded was 1.5

-f1 f§et per_Sedqu5 while the most rapid was 2,5 fect per second.
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- ¥ost of thenm were.iery close to the twc'feot_per sccond figure,

The fish denonstrated no particular proforence as po_whethcr

‘they worked areas at the ends of pccls or somawhere ina riffle

VStretch, ihe rodds numbered about the samo in oach location.,

The sbove obgorv ticcs sGen to ind¢cate that the fish is quite

particular in ssle th" vatcr of the corroct velocity and depth

' - The other two factors of gravel 31ze and location (pool or riffle)

m'wa not very conatant. The depth at which the eggs were placed

Wl

algo varied considerdbly, ranglng from soven to fifteen inches. '

. Pouever, in this connoctlon it vas noted that the fish dug deeper in

‘ the grovel that vag the looaest “nd 0351est to work.'v

- . Fish Characteristics . -

" The size of’thé‘breeding adults:ware'remarkably_unifonn.f

Actusl measurements were made of ten ﬁypical fish, five males and

. five females, »The'males,variedlfromj29,5binches'to 3k.5 inches
- (total 1éngtc),~iaﬁe:oging 31.9.inchos. The females varied froﬁ7
- 27.t0 2845 inchos,,avo:agingl27.6,ipchos,;”All_o£ the adult silvere

f'which ﬁera observed, with the exception'of a few small grilse,

would probabxy have come within the above given size ranges.

Scale. collectione were. mada and the resultant data on the age

: and grouth can cventually be added here.

The dimorphism‘botwcen the soxes was extreme. The breeding

',male was larger and demonstrated marked modification in color and

vtructure.v The sidos of this fish becume suffused with red, often

. qnite brilliant, and the uppcr jaw‘beoams prolonged and hooked. The
-Zfemale, on the other hand, exhibited no apparent structural modifi-

cations and the color chango, if present, wag much more slight than
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in the cage of the male, DBoth sexes, of courss, lost the silver
color which is typical of ‘the fish takon from 'salt water, .Somel
of the breeding females remsined a dark groenish color, while
others de\}elopad a distinet lateral red stripe and red on 'bhe
opercles, very similar to the color pattern of the mature steel=-

head,

CPART II, BIOLOGY OF THE XKING SALMGN

Time of Migratio_ns

Host of tha indiv:.duala &comprlci.ncr the first main run of

. king salmon all arrived m‘bh:.n 2 few days of each other during

the fecond week of hovev"ber. 'I‘he e f:.sh did not enter any of the

. emall tributarios of Prairie Greek as dld the s:leer sa]mon, nor

"

di' they preas far up the m‘..in Etream. Tne second rcain run
| _appeared on December 22, A cons1derable number of these fish

- entered Lost Lan Creek the lov.'est and Lc.rgest Prairie CreeL

tributary. In periods of norm»l flms t.his strea.m oontributos

a]most aa much water as. the main creek. With the exception of

th:.s one large tributary, this second run behaved in the same

'manner as tha f:.rst. Nona of the smaller streams were entered and
the fis‘l appeared sa‘bisfied vr.lth the lower reqches of the main
S creek A few .fish put. in an appearance as 1ate &as the fir.,t waek

'.cf January bu‘b by 'bhe end oi‘ t‘lis month the waters were cleared.

It should ba e-nphasn.zed that, although 't.hesa tm species

~oi‘ salmon ware ocoupymg t‘ze same v'atershed at 'bhe sane time of

P year, they wore apparently quite compatable.‘ On).y a vcry few



silvers attempted to spawm.in the general arca which was preferred
by the kings (Figure 2). This latter species was generally the
larger and quite pugnacious. They \isually chased the silvors and
" smaller kings quite ‘v‘iciously when they came near, ‘Hoir.'e.ver,» thisb
did not seam to prevent the pursued fish from getting' past the
danger &arsa and on upstrearh.

Lfany of the king salnon arrived on the spawing area in a
more or less immature state, ‘A number of them stiil shoved a
large amount of silver oh the back and sides, 'i‘hese fish could be
seen lying in the deepest pools, where they waited until they vere

.

ripe enough to spawn.

Redd Construc vion

The sclection of spaming beds and breeding activity followed
"the same genoral pattern set by the silver sslmon, ‘About the same
nunber of fallse redds weré constructed before thé egus were la:il.d,.
end pi-obably evan moré arca was dug by t_hé female after she had
c‘o‘mpleted her ééaming, since this fish generally"remaihed alive
for a longer t:.me. ‘The females remeined upstream éfter spamiing
| and some of them stayad e.l:we i‘or as long as foar waeks. Théir
- remains could usual]y be found well up.,tream near v:here the redds
- had besn constructed, A n.mber of these fish were captured after
they had spamed and wera then exammed for egg retention, size,
ond scale data. " A total of six epewmed out fe'nale king ealmon were
‘_ ermir'ed for retained eggs.. The numbers found varied i‘rom two to

| 7’4,- the asgrag_e ba_.tng 20.;:_- o
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As in the case of the silver »almon, the males diaappeared 

v['inmsdlately aftor apawning, drifting downstroam to die or even

- reanterlng tha coean while still alive, (A few males vere seen

; do:mn this at the mouth of Podmood Creclc, the stream :Lnto w’nioh

Pralrie Creek flows). No dead male fish could be found hear the

spawing area.
The spawninn vias carried on in a rather leisurely manner.,

" The dig 1ng act1v1ty by tho female occurred at flve to eight

-Llnute 1ntervals; and the entire breeding process extended soma=-

tires to seven or eight days. No other species of fish was
dbserved attempting to steal epg

hith this specles also, the male took no part in the
d'actual redd constructlon. ' He exhibitcd little acuivity except

when umaller males attempted to get too close to the female,

Redd Churacteristics.

The finishea nest consisted of a pit about four feet long

' and three feet vide. Measarempnts ta?en of two of these pits .

_ when they were apparcntxy excavated to thcir maximnm depth gave |

11 incnes for one und 1 inches for the other. Vhen the eggs
| }ddwere dug up they wore found to iie from nine to lh inches under
the gravel. - '

"he size of the gravel worked wag rather uniformly large.
This factor may or may not be significant because most of the
suitable areas 1n the lowar Prairie and Lost Man Oreeka had much
larger gravel than did the smaller tributaries utilized by the _

. . . silver aalmon.

16
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lhe depth of water flowint over the redd locatlcns‘ranﬁed
| from ton to 2l inchcs. Gcnerally, the ceepcr range of from 12 to
>2h 1rchcg vias oreferred ”he ve1001ty of thzs vater was fairly
‘congtcnt varying from two to 2 5 feet jokoh o second. ”he locat:cns
+ the enda of pools and in the rlffle stretches ware both aboub .
equally utilizcd. | A

| ‘ ’ Tiah Chcractcristics .

The size of thb breeding adults ﬁas qulte varied in thls
species. Lhere vas no no*icecbla aifference in averdge size
. oetmeeﬁ the sexes. No spawncd out meles wcre measured beccuse
they disappeared :1e] qpickly aftcr the redds were flnished. A

) to*al of eight fe ales wore measured. “he length (total) varlcd

- from 31.5 to 37 inchcs, with th avera ge being 35.2 inches. Scale '

]_data from the above fish will be included later.
The sexual dimorphiam vas vory: alight with th18 fish. On a

few of tne mules the upper 33w-became slightly modified, but in no .

'caso to the exireme Seen in the silvcr sclmon. There was no' color

17

difference, and when the fish were in the water the sexes’ could not . "

be. distinguished except by the difference in activity.. ".

'éompariscn between Sclmcn Spécieé
vhen the habits of these two epcciea of salmon are compared
a nuﬁber of rather striklng differences become reudily apparent.
} Perhaps the moat intereating of these was the tendﬂncy of the king
: salmon to acccpt the deeper water spawning areas of lower Prairic
A'and Lost Man Creeks, while the silver dalmon continued on past |

VO T e i o
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| ft_hesz_s areas and up intd the headwaters of the .small tributery stroams,
.' Despite the fact that the two salmon were in the watershed at the
same fima _thefa vag iery little oveflép of spawning aréaa.
Significant differences were also apparont with such factors as
water depth, gravel size; tine of redd construction, pit 'éize, pit

depth, viability after spawning, sex dimorphism, and size of run,

PART ITI. BIOLOGY OF THE STEZLHEAD TROUT

Time of _'Migrations

The first steclhoad wers seen on the spawning aréa on February
20 These fish continued to arrive in ecattered numders until Harch
30, The run was quite small and the total numbers woﬁld probably be
close to the slze of the king salmon run, With the exception of a
single pair vhich spawned in Godvin Creels, the distribution of smvﬁ-
E ing f:.sa was very similar to that demonstrated by the king salmon, .
..Lhe fish did not attempt to press up into the small trlbu’c.aries
- although there vas plenty of water availablo. o ,b ‘ |
A good many of the fish arrived in a rclatively _.ﬁmnature state
- and rcﬁained in the deeper woter areas until t'hey ware ready to deposit'
their eggs, Iﬁ was notiéed that one of the new‘ afrivéle in the carly
part of Maich had a characteristic scar on its paek’.'_ﬁ It was possible
to keep track of this p&ticﬁu_fish until :it took part in the spawm-
ing activities'. ‘In 'bhis case, the fine interval between arrival at

- the redd area and the actual spawning was exactly two weeks,
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‘Redd Construction

The breeding actions of the male'and‘femalc fieh were approx-
imately the same as had been previousxy‘noted with the two salmo
species, The female cid all of the digging and accomplished it in a
more graceful mamner than did the female selmon, Her body soemed
ccpable of being bent at a greator angle and she did not splash as -

. much water around, The digging‘was quite rapid and scmevhat errat;c,
cthe rest intervals belng somctimes only about thrity geconds but
c varying to one and one half ninutes in some cases,

In contrast to the calmon, the female trout was not inclined to
waste energy in the constructlon‘of "false redds" either before cr-
after the egrrs were, laid.- Eggs were later found in all eight of the
large ruddu ‘that had. been marhed, and cnly'twc wcre non-productive.
However, these were smcllucreaeAthct hcd evidently bccnnabcpcoced'soon
aftermtheyinerehgtcrjec; ?rcccply,ip ?ecc: of 8 moro,likely spots j

- Tha adult trout were extreﬁely shy,ie pecially vhen the wauef.
:-.wcs ciear.. They coald be approached only with great cautlon, even |
_when thsy were engrossed in the spawnlng process‘ In general, the E: '
’nericd of greatest activity on the redds was the early'mcrnlng and
yevenlng. During the middle of the day many of the fish discontinued
redd construction and sought a hiding plcce in the viclnity, elther o

“oin deeper water or under an overhanging bank. ‘

" Redd Charactoristics - '
" The shape of the egg pits was usually more circuler than were
:;?those constructed by the' salmon. ‘The horizontal dimensionscﬁcre about

”]'three feet by three feet. The depth‘meacurementvof one that looked _
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fairly complote was eight inches. ¥hen the redds were later exaained
éllvof tho oggs wero :ound»to lie from seﬁon to 1l inches under the
gravel surface, |
Ths depth of the water was quite consistent, around nine to 12
1hche§. The gravel size varied from three to five inches, and the
velocity of the flow again showed but llttla var;atlon, from 2,0 to.
.5.£aat per second."The location at the ends of pools where the -
" vmter began,to'picklup momentﬁm'séeﬁed to be more attractive to the
stéelhead then & location along the riffle stretches;~.0ﬁly two redds
were marked in this latter area.' o
hen the spawn;ng was completed most of tho fioh headed immedi—
ely do'n the crees._ Some of them were seen swimming rapidly vith
Uhelr heads po*nted downatreum, 1nstead of being satisfied merely Yo

o drift backwgrds.wlth“the current. o

Fish Characteri..t:.cs
The plan to capture somg of the spawned out &dults for examinzge
. tion to obtain size, egg retention, and scale data was not carried oub
'becau se of the speed wzth which these fish 1e£t the redd aroazs after
: spawning Judaing from stream-side observations, tha sxze of the
‘adults appﬂared to be quite uniform with no apparent differenca between

' the aVa“age size of the males and females. ‘Host of the fish would

"i_probablyimeasure 26 to 28 inches, total‘length;' There was no sign of

amy smnller natufe nales comparable to tha salmon gfilse.
The difference between tha sexos, whila not marked, was still

['ﬂ more apparent than with the king salmon. Both sexes, when ripe enough
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‘td sﬁawn, showed tho characteristic rainbow strips on thg side
extending well up on the oporcles. }bV%§éf, nost of the males
‘oHOﬁGd additional red coloration in 8 second stripe, ‘ventral and
parallel to the main, mid-lateral oné (see Figure 2). Therg wag no

visible ﬁodifiéationiof tho upper jaw in the male,

i?“i%:? i S
. s s .

i ;Eiguré é.h:Breeding coloration, nale steelhead.

| Tt was moSu intercot;nb to find that in some ways, the steel-‘
..head trout of Pralrie Creek wers, qai e slmilar in behavior to the

. king salmon, - Both specles had to undergo a walting period in the

. upstrean region before apéwning;vand,thay both- indicated a perference

4.for.thé‘aeepe£ ﬁatar'of the nain creek rdther than venturing into the:

- small tributaries; Both fish utilized faster water and larger gravel
fdr gpawning th;h'dld the silver salmon.- In additlon, the run appeared

to be about the same size,

. PART IV, BEDD,SAHPLING' e

: Marking Prouedure _
"he redd marking procedure conuumed by far a graater amount of

  ‘t1me than any other phase of the problem. ‘This activity involved



N covering, at'frequént intervais,'the twonty miles of apparently
suitable spawing srea in the upper Pfairie Croek drainage.A In nany
places the unaergrowth was almost impenetrable and progress could be
'Hade only by wadinp the strean cbunnel itself, It was also necessary
" to pr oceed with caution to avoid scarlnn tha flsh before they could be
-, spotteds As the result, it took from four to five dqys to adequutely
'covér this area once, Usually the numbers of actively spawning pairs
‘verc very Small compared to the numbers of fish which could be seen
in any one stretch of strean, Conscquently, the nunber of marked
' .T8udS probqbly repreuents only a small portion of the fish which |
"Luctaalxy spawned in this watershed.

| In uhe case of ths salmon it v'ould have been a ai’nple matter to

: locate and m“rk spots uhlch 1ookad as if they hud bean worked over by

fish. Lov%ver, this would not have resulted in a posibive identifica-
'. tion of the species because both king and silver salmon'were present:
- 1n the waterahed at the sane tima, Therefore, it was ‘decidsd to. mark

only those redds where spuwnlng activity vas actually witnessed.

_ Equipment .
' T&e oquipment u°ed in the" operatlon was a °harp-poin ed shovel
and a_net_wnich‘was espegially‘designed to collect the samples of
| ezgs and larvae'(Figure'B. The frame for the net was shaped from a
roctangular picce of iron bar 1/2 inch wide, 1/ inch thick, and 10
: fect long._ This pieca was bent and the ends walded to givo a

"_rectangular frama four feat wide and one foot high. .Four:lonps wore

' !
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then wezlded on the front of it to accommodate two 18 inch iron bars
vhich served to anchor the frame in place in the stream bed, Four

| panals of netting (similar tS the standard bebinetting used in the

hatcheries) were then sewn together and attachsd to the frame,

‘Figuie'B.' Net and shovel used for collectlng gamples
’ ' of eggs and 1arvae.

The finished ngt proved,to'ba qnitevﬁraCtiqal for mos% of the
rV places‘in.whidh"itvWas.used. .The stréin:on the nettinﬂ'ﬁould probably
bhave nroved too groat in swift water much over a foot in depth. For
this Teason it vasg necessary to confine the sampling to the lowest
"{watcr pcrlods of the winter sesson, It was originelly planned to
’,s;mple:all of the productive redds at least tﬁice (at the eyed ogg

andllafial gtages), However, high flows present over'ﬁhé”greatef

ﬂ'part of the rainy aeason was the fhctor which resticted a oonplete

) coverage Of all the reddS.
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Sampling Procedure _

The follomnu gcderal procedure wag devaloped for the removal
of sﬁmolcs from the redds: The collecting net vas set about fivev
fe°t be low the downstream end of.the redd.. The firsﬁ step of.the

“digging operation consisted of shoveliﬁg across-the}width of the
edd at the upstreanm end to a depth of about two'feet; Then the
 gravel was sloﬁly turﬁed over down the length of the redd with the
"two foot depth being maintained until the eggs were contacted. This
ulted in the eggs being freed of the gravel with a mininum anount.
of pressure and resultant demage (Figure L). (The removal of grevel
and eggs in.this lateral direc@ion instead of from.directly abpve

seexed to be much easier on them,)

"éiLA_VE:L;;' TN s
S é@ 3, Eﬁ}ehs 4

Flgure h Méthod used for removzng eggs from the gravel.

_The date at_which the eggs were depositeg_in_these marked redds
was of course recorded so that it was poscible to gue ss quite accurately
when uhey'reached the various developmental atages,_;nggs'were being
hatched in’the Prairie Creek Hatchery at the SQme‘tims, and the rate
of their development closely parulleled ‘those in the gravel, since

' thqy vore exooged to. almost the same temperatures. ,
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The oriqinal intent was to sample at the thrae principal stapos:
' pre-egcd, eyed, and larval, Howover,‘uoon examination of two redds
(cne 911ver and ‘one king salmou) wﬁich had been sampled in the pre-

o eved stago it was found that evidently many ongs had been killed by the

: disturbance created with the removel of the first sample. ﬂherefore,

since the sampling at this stage geemed unneccssarily wnstefal, it was
discontArned. No such ill effects vere dl»ccrdible vnen samples wore

taken at the other uWO utaPes. | |
Vhen i appeared as though aboubt one Hundred eggs or larvae had
floated 1nto the nst, 1t wag reroved and the specunens were counted;.

 The numbers of 1ive and dead individuals were recorded and the live

L

ones were placed bgck in the gravel and covered over,
'Rcsults

Silver Selmon: A uotal of ‘eight redds out of 2l marked wars

prdductive. Table 1 gives the data for each productive sample taken.

TABLE l
Reaults of Twelve Samples Taken from gilver Salmon Redds -

Deposition Dead ILive Dead = Live Percent

Szmple date = epgs eggs 1arvae 1 rvaa Yortality Stage Location
1 ;la/lo/hB 3 1wy - . 2,88 pre-eyed. East Cr,
o2 0 312/15/48 0 18 192 . 7.25  .gyed - Codwin Cr. L
30 1y/es/h8 17 o1 o o 2 12,50 eyed : Codwin Citw 3
Y 12/25/L8 - 18 129 o 12,24  eyed ' Elk Praivie COr.2
5 11/18/L8. 22 237 L 69 7.83 eyed and Prairie Cr.
‘6 - 10/2Lk/M8 5. - 12 0 T8 L 2,22 lorval Godwin Gr. 2
7% 1/25/48 0 15 25 . 361 . 9.98 - larvel Codwin Cr. 3
S 8% 11/18/L8 .15 12 480 ' 5,33 1larval Prairie Cr.
9% 12/15/L8 1 - . 25 3,66 " larval -~ Godwin Cr, L
1w 12/25 b 1 126 9,22 larval Ik Prairie Or.2:
3.2 -2/1 h9 S T S n 1,09 lerval Godwin Cre 1

B Indioates sample taken from redd that had been sampled once bofore.
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It would undoubtedly be a nistake to try to draw any definite
conciusions from the above table at this t:i.me. ¥hen the data from

another scason's work is added, it can be carefully analyzed, It

can be seen that the mortality in 2ll of the samples is comperatively
low except that of number ten, Vhen this redd vas examined it was‘

- found that apparently most of.the egzs had n‘ot. been fertilized, It

- had been noticed, when the redd was first bc:mg constructed, that

" the male fish disappeared very quickly. Tt is quite possible that

_ he s captured, perhaps by some preda‘bor before all of the eggs
had been fe“ti.lized. N .

" King salrnon- A to‘bal of only two redds out of nine narked

were found to be productive, as shown in Table 2,
TABLE 2

' © Results of Three 5 'nplesb-'rakezi‘ fron ¥ing Salmon madds

Deposition Doad Live aad L:‘Lve' Parcent

:'Salmple Dete  epgs - eg;rs 1:-1"'&7'&6 lurvae Ivortaln.'by tage Locatlon
1. 11/22/48 11 117 A 859 . eyed * Prairie Cr,
2 . 12/22/1,8 ik 138 . . . .. ..9.21 pre-cyod Lost Man Cre
3% 11/22/148 3 2 19 12.50 larval Prairie Cr,

* Indicaue_s sanple taxcen i‘rom redd that had beem sampled once
before, : o } . o

' gteelhead trou‘b; A to’c.al of eight redds ou'b oi‘ ten marked were

found to be productive, as shom in ‘I‘able .3.
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TABLE 3
Results of Ten Samples Taken from Steclhead Trout Redds

- Deposition -Dead = Iive Dead = Live 'Percent |

émgle Date _ egeB  egrs 1 rvae larvae Hortality Stazes Location
1 /1y 1. 187 . 6,03 larval Codwin Cr,
2 3/3/Mlke. 2o Sl pro-oyed Prairie Cr. &
3 3/6/Lk9 - s Bob 2,69 oyed ~ Preirie Cr. 5
Lo 3/1/hs . 15 S0 160 6487 eyed and Prairie Cre 2

T o ' S . “larval e

5 3/w0/k9 5L 50 3 h9.0h eyed end Prairie Cre 7

: 7 _ - ~ larval
6 -3/w0/9 - 22 - 233 - . 8,63 eyed Prairie Cr. 3
7 2/20/ky . 8 o 51 13,56 larval Prairie Cr. 4
8 3/12/hy - 39° 137 22,36 eyed  Prairie Cr.l
9%  3/8/k9 1 | : 108 .92 larval Prairie Cr. 5

10+ '3/30/149 cog . it 93§10 larval Prairis Cre 6

* VI'ndiqéi;;es ‘sa‘mpie taken. from redd that had been s‘émpled onca before,
- Yote %hat samples _five, seven, and eight show a comparatively
high denraeof mo:'c-'?aiity because of the iarge numbera of dead eges. In

these par'bicular cases 1t was noticed that most’ of t.ha eﬂgs had reached
- the eyod stage before they dled. In a11 of the other redds studied

(:.ncludin‘_, those of 'bhe two sa]znon specieg), the great majorit.y of -

R dead eggs showed no swh develop"xent and apparently representad the
_non-i‘err.ihz_at:.qn ;oss. A pOSolble cause may be the heavy in;estation .
of a species of oli_gochaete WOrtl, Large 025568 oif these worns were
found in the immediate vicinity of the eggs,.the infestation being
‘e‘specia‘l.‘:.ly 'heavy- :.n the re_dd which produced sample nuzber five, ‘. There
w28 no evidence that the worms wore attacking the eggs directly, but
they did exude coplous quantitics of mucus, which may have had the -
_efi‘act of upsetting 'bha osmotic balanoe of the oggl or perhaps affect-
: ing the mtake of dissolved oxygen.- |



Ib was mentioned praviousxy that varlou« types of data had .

been IOuOTdGJ at the t&me tha redcs Were Jurmed. A great nunber

of these rcdds, upon exgmlnatiOﬂ, proved o bs non—productive. It
hag since been decided to disrcgard ail such data oexcept that infor-.
nmation upon redds in which eggs were found, Tberefore, the various
cheracteri stics of the productlva redds of all threo spacles are

'-"iven irn ﬂhble h.

"mmh

Charaoterlstlcs of the Productlve Redds
-of Trout . and Salmon :

"*DapOSition “Tater Wa " Gravel Depth

Craelk .~ date “depth Vsloc1ty'- Sise of eggs Location Species
Lest Man 7 12/22/L8. 30w .7 2,50 T g akm U piffle’ 0 KS
Preirie - 11/22/48° 10« 2,0 6% 9n  end pool KS
Godwin 'L~ 22/15/48 68 2,0 7 3w v iBW U piffle . SS
Bast - 12/16/18. lw P20 7 2n. 1om - piffle. . SS
Codwin 3 '~ 11/25/L8 " Br 2,07 3w 118 1 end pool 85
Elk Frairie 2 12/25/48 6% - 2,0 . §r 11w - yiffle . S3
- Prairie. - - -11/18/L8 - 8w 9%~2.O-lﬁ*‘ Lo 7 end pool 88
. Godwin 20 ¢ 10/2L/LB: Bw. 2,5 1.5"' © 10 - 'end pool  SS
" Elk Prairie 14 2/6/L49 5" .- 2;043- Co3mooaen Urifflet L 35
Codwin 1 - -2/7/h9 .. 7r 1,57 . 2% 11" . end pool  SS .
Godwin - I+ . 52/21/h9-'1nn-g 2,5 - ~ 3. 10" . ‘ond pool ' SH
Prairie 1 .- 3/ 11" - 2,0 " 9" = end pool  SH
Prairie 2.° - 3/ h9 Saem o 2,5 -, 5w 10m - riffle. - SH
Prairie 3 . 13/20/kp -8 © 2,5 - = 3n ™ riffle SH
Prairis h"J; .‘2/2//h9. 8" 02,0 .. 2% :.21% . ond pool . SH
Prairie 5 3/8 Wm 2,5 _ on end pool  SH
~ Prairie 6 - - 3/30/L9 13n - 2.5 4n " 11® . end pool - SH
Prairie 7 f3/1o/h9' 2w 2

1se
o

sn AN end pool sH

The averaga for the four characteriatics of water dapth, water i

bvelocity (feet per aeoond), gravel aize, and depth of eges (under the
‘gravel surface) have ‘been calculated and ere given below. Thepe are,'

fof cour e, subject to some changa whan additional infonnation ie



gathored in the £inal scason's worl,

A, King salmon: (two redds)

1, Vater depth - 13"

2, Wstor velocity = 2,25

A % e s
I

T

3, QOravel sige - 64

Lo Depth of ezgs - 115"

R

)

. Silver galzca: {eight rodds)

o3

1,  Tater depth - S7

TE AN

2¢ Water veloclity - 2,0

T T

3, Oravel sizo - 3

13

L. Depth of eggs = 10.9%

o
A

.t

Ce Steeihead trouds (eight redds)

e TR

AL,

1. Vater cepth « 11

e

TN

2, Yator velocity - 2.;3
3, Gravel size = 3,60

Ls Depth of ogas = 9,57

PART.V, THE TEST SICTION
It wasg decided to dsﬁae sone nethed vt.hefaby ths nurber of

younz fish which ezerged from & rodd could bo counted and _ccmpéred

to tho mumber of erzs wilch had criginally been plﬁced there, To do.
| l':.f.his it v.;as fiwvst necessary to'lsqiect & s=a2l) siream vhich could ba

kept suitably.scmnai' oif so that the young fish cbuld be held and
_‘_.-'capturéd. | | _ | | |
.. Inthe northern coastal area of California the ammual rainfall

is h_igh,.' around 60 inches in the P_ra.trie Croeek drainage, and the
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sirean flowe fluctuate widcly durlng the rainy §eason.’ Streans

B s

which mqy ordlnarily flow only a few cubic fest per uecond will
bonstimeo ;ncrease their flow tenfold or more after one or two days

of hard rain, '

It was difflcult to locate a ntruam 1n Whiuh fine scraeeng coald

!
£
1

: bé kapt.'.A 1lutle creek was fina lly locatsa uﬁlch vaa mainly springe-
fedﬁan& had a very cmall drainage area, The normal winter flow was

| only 2bout one~half a cubic foob pef #econd,‘but there were anple
nurbers of deép spots cab#ble of holding 1afge fish}- | -

Three screens were installsd in qrder ﬁo create two protected
sections,.the upper one about 30~feét long and the lower about 20
feet, Additional gravel, conaistinﬁ of stones about three inches in
dismeter, was hauled 4in so that thers would be plenty t6 cover tha

. eggse ‘Tho upper ssction, containing threg deep holes plus riffle
| afeas,vwaS'used to study the efficiency of natural spawning,
| o Netural Spawaing | |

One mature pair of each of the three species of figh (silver |

oalmcn, king salmon, and steelhead trout) was placed in this upper

_section in the hope that they would spamn in a normal nanner, These
.aaulte were netted in tha fiah ladder which exienda over the Sweasey
Dzm on the ¥ad River, They were transnortad to the toest sectlon in
é "1iva.box" vhich was mounted on the bed of a pickup truck., A
'smull elactric pump supplied enough air 80 that the fieh arrived at
the destination in good conditlon. |

All three species shomed courtship acuivity and indicated the
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desire 1o Spawn The silver salmon end trout females deposcited
virtually all of their eggs, (retaining four apiece). The king

celmon female was apparently quito dissatisfied with the small flow

Bl

;ndfdeposited few or none of her sgzs. No eggs could be found in
the gravel and close 1o four thousend wefe found in the coslonic
cavity after she died, _ '

In the case ox the Ouher two specios it was noticed that the

male,apparently had ‘trouble malntain+nglhig position at the side of

the female during the redd construction, The difficulty cvidently
was caused by the lack of the usual strong current to swim against,.
Then the male attempted to stimulate the female he was carried on

past her by his movements anu fcrced to turn’around and swim back

to regain his pouitlon. ha result, vhen the eggs were dug up

lator there was no 31gn of dyvelopmcnt in any of them, thus indlcating

' thut they hgd not beon fartllized. 'Thgy had been properly deposited
by the female, however, and care;ully covered over,

Becauae of this turn of events, the natural spawning part of
‘the exnerimcnt gaVe but 1ittle info“m“tion except to ‘demonstrate

that thcae epecies vill probably'not propagate succassfully when the

adult s are transferred to auch a small strean, f

T T T ey R T e T T T £ T 2 S T T
re? > AR SR A

p-

Eyed Egg Plants _." o “1 | "“ ' ' ?

.The lovar screened“off section s used for the purpose of ‘
artificially plac:.ng ezgs .m the gravel after they had reached tha
eyed ztagc. . » _ _ i o |

It was hoped that this part of the experiment would vield dntav
which could supplemant those obtained from the sampling of natural
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redds. .Lnformauon was noeaed par 1cularly upon the condition of the

| young fluh following energenco and the time requircd for the emergence

process.- Kgo it was hoped that.useful figures on the morthllty fron

+the eyed stege on would be cbtained,

The oggs utilized for this purpcse vere taken from fish which
had been ceptured at the Sweasey Dam fish ladder. A live box, large
enough to hold several pairs of fish, was ccnstrubted in one corner

of the ladder.  The adult fish were then held in this structure until

‘they became ripe enouOh to be arvifically spawnéd. The egzs wers

' trunsported in cans to the Prairle Creck Fish Hatchery and heid in

the troughs until,theyireached the eyed stage, At this time the epgs

were'countcd and divided into iwo groups. - {pproximately hzlf the

._total for each spe cies’ ‘wag kept in the hatcheny whlle the other half

vas trgnsported to the teut suct¢on.,__'
The eyed eggavnmra buried in pits in the gravel in an attempt
to duplicate,'as’closely as possible, the conditions found in the

natural’redds.'ﬂﬁé soon ag the young:fish began to emerge they were

collected and counted every day, Both species of young salmon tended
- 40 become concentrated against the lower screeng :Virtually-all of
the king salmon and most of the eilvers showsd this desire to move

;downstream immediatexy.

The screens wh¢ch bounded the gectlon weye construcned so that
&

an ordinary trout egg baﬂked compoaed the ccnter section (see Figura

5.
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‘Figure's,; acreen at 10 rer end of test station.

This basket.wﬁs removable,vﬁeking_iy‘eesy to clean and replace in a
few scconds, When the young fish drifted dowmstrean they became

trapped in‘the.lowef'part of the_basket.;.This made it easier to

.cupture and. count the fisa but it also probably allowed the natural

predatlon to increose. The baeket was e3511y acceselble to. such

aninals as shrews, mlce, racoons, and birds.; ;:; g‘u~W.

T

iThen the young trout beoan to enarge, ihe upstream side of the

basket had to be covered with bobblnet material because “these fish

were small enough to. 0880 through the wire mesh,. Most 1ndividuals

of thls species didn't show a strong desire to move downstream as

aid the salmon.- They moved in about equal numbers both above and

' below the energence areas.

AL of the fish, both trout and salmon, whioh made their way

33
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out o£ the gravel seencd to be in good health, There vag no sign

of injuries which may have been inflicted during ths emergence

proceas, The majority of the individuals emerged at night, Although
no accurate count was kept, it was noticed that about two-thirds of
each daily total wes usually picked up in tﬁe first collection in
the morming, | '

TResults

King selmon: 2,907 eyed eggs of tuis speoies were planted on

R January 11, 3,132 eggs were left to complete their developaent in

" the hatche ery trough, Approxlmgtely 225 of the young fish were washed

out of the gravel prematurely during.a flood on Februery 24, This

was probubly the result of the eges not huV1ng boen buried as decply
as they would have been in a natural redd, The remainder proceeded

" to emerge neturally,'beglhning on larch 9. The last fish were taken .

oe April 21, giving & total emergence period of almost six weeks,
The rate of emergence he 78 been plotted on & graph with the other two
specioes (see Figure 6).

A total of 1 0h9 young fish woro counted. Vhen this figure is

‘ comnared to the original 2 907 eggs, it can be seen that a rather

extee51ve loss took place, amountlng to 1,858 individusals,
After-all of the young fish had been captured the gravel was

dug up and‘thnrOUghly examined. in order that a check right bo nmade

' .of the mortality which occurred before the young f£ish left the redd,
', "his rcgulted in a recovery of Sh eggs which had died before hatching.
Mo dead lervae were found. It is believed that these 5l eggs, or 1,87

:Lf_percent, represent the approximate total mortality which took place
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4 in the gravel,

If Sh is subtracted from 1,858 thore still remains a loss of
1,80L indlv1auals. This number pr obably represents the loss from
prédator action, -0f the 3,132 éggs vaich were held as a control
group in the hatchery, L6 individuals died before the yolk sac was
absorbcd (nine as eggs and 37 as lgrvae).v This number representé '
1,47 percent of the total, It is intéresting to note that from the
eyed stage tb the emergence time, the losses in both t@e hatchery

tfohgh and.tho gravel were quite similar and very small,

" Silver salmons 1,580 eyed-eggs of this species were planbted

~on rubru “y'27. h28 eggs wers kept as a hatchery control. The
.flrst young fish were sden on Aprll 13, and by May 2 the eme gence

- was completed, This ulme, slightly less thun three weeks, was .

shorter probably becauge of the slightly‘higher water tenperatures

which'prevailed; See‘graph for data ofiemergenquréte (Eigurelé). |
| A_totai_bf-l,lél young fisﬁ,were counted, This.leaveslé S

. ‘discrepingy of'hi9 wheﬁ‘£helééuntéd'iotél.is-comparad to the

7;;origiﬁé1_number. The examinatién;§f tﬁé‘gravélvftqm the vacated

“redd yielded ohlyvﬁhree dead eggs and no'dead larvaé. This gives &

lpss'in the gravel of only*.19 percent and a probable predator loss

 of,h16 The loss in the control group, covering the same period of
A :tinﬂ amounted to 36 (33 larvae and three eggs) or 8.&5 percent.
.ﬁ In this case the loss in the hatchery was considerably higher than
that discovered in the redd,

Steelhead troubr l,hlé eyed egzs of thls apecies were planted

on April l?. 2 060 were left for the hatchery control group.v Lh

”';firat young trout wore. captured on Lay lh, and they continued to
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.emérée until May 26, This pefiod of only 12 daye is very short when
compared fd the time necessary ia ths case of the salmbn'species.:.
The apparently faster developmental rate of the trout end the higher
' . spring water témperatures are probably the principal reasona for such
a r#pid cmergence.'“Thé rate is plotted on a graph (see Figurs 6).

| ‘1,027 trout'were‘captured and counted, This nuaber subtracted
fron the original total leaves 389. 'Most‘of;thig nuzber was accounted
'for waen the grhvel vas examlpea and 225 dead egzs. and one dead larvas
. wore found, T "his left the coaparatively °~a11 total of 163 vwhich may
- be attributed to prydntor actiqn. The trout did not tend to become
‘concentrated in the lower basket.but remained‘ﬁispersed throughout
-the length of the section. This action ev1deutly rcsulted in the
predatory factor beinv groatly decreased.
| o The loss of 225‘indiv1duals in the gfavei.répresents a 15;96
1‘:pefdent mortality, This can be compared to a L29 or 20.82 peréehﬁ
 loss in the hatchery, (13 eggs and 416 luthe) "his haﬂdhery.loss
- is ev1denuly due to sone unknowadlgease ‘that. regulnrly affects trout
3at the Prairie Creek Hatchery. |

Uhen the, results obtalncd in this part of the test section are

;:‘¢onsidqred as,a-whole itﬂcan be seen thu§ the mortality_varled quite
widély‘botween thp"thfée spécies, with the salmon doing much better  _
than the trout, It is also evident thet a sng’nm better survival
" was obtained in the test section rather than uﬁde‘r"ha{.chm conditions,
,; It was interesting to note that most of the hatchery loss occurred
* during the larval stage whlle the main test section loss was in the

A :eyed'stage. It would prdbably be & good idea to repeat the experiment
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Ttme in Days
‘Comparison of the emergence rates in the test section.
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 once more in order to moré'defihitely establish the féliability of

" this information,,

 PART VI'.'- 'POPULATIOK 'iﬂovmlsms |

It was deulrable to learn somethlng about the movements and -

T“fluéﬁ'l ns of all of thc figh native to the Prairle Creek drainaﬂe.
”-¢ne g neral movements of the 1urg adult flsh in thle type of

. coa tal gtream are usually i‘mil.:.ar 'oo mont observers because o; the
) relgtlve ease w1th which the spawninn runs can be aeen.. On the other
t? hand thcre has been very llttlc worL done with the immature fish

-'and than represontmng the smallcr »pecies.. ';

Saining’Progfam'”w

-In order to obtaln a2 Pprogres ssive plcnure of the changes viaich
~ars continually Qccurring in'the‘various species, it was cecided to

"sélect'a suitable area which could be sampled'thfoﬁghout the study

period, Since it was necessary to use a seins for the procurement

cof the population,samples; a stretch of Prairie Croek was sclected
" that was. conparativexy free of logs, brush _and other debrls.‘ This
;‘section, approximauely three hundred yards long, wag - located on
..upper Prairie Creek 1n'thevStateanrk just above the mouth of
:.Godwin Crgek.r,lt_ﬁas aboutquually;d;Qidéd'into riffie and.pobl |

. -areas,. -

“The seine, utilized for coliectlng in ‘this’ area, meagured

“a'about 15 feet long and L. 5 fcet in depth. A quarter-inch squara

”;imegh was used, a size which allowed soae e capement of very'young




fish, but avfiner mesh would have made the seins too difficultvto
handle., Other equipﬁenﬂ uséd consistéd of a small scalpel, a:wood
cutting block, a rulef, and 2 notobook for rocording data, _

It wﬁs_ofiginaily planned to make & popﬁlation estimaté about
once a month during the étudy period, However, it was found thét if
the floW'vns muvh above normml the seine bucame exceedinzly difficult
to hand is and tnc ef flcioncy of the sampl;n" wag consequcntly impaired.
Therei‘ors, only five esclmates were made over ’che seven month period,
and the timé bétﬁeé%leaéh wﬁslsomenﬁat.9a¥ied ‘ “

ch ponulatlon ostlmate was condacted in the follow1n" manner.

the six pool areas withln the sylected acction were car»fally ueinea.

All of tne fisn taken were placed on the smooth weoden blonk meas urea;‘

mar“cd “nd uhcn returned to tue same pool frOﬂ'w ich they came, The
ngrkln~ consistcd of cuttlng off a emall portlon of the cuudal fin so
:. thau the flbh could readlly ve distlnﬂui*hed for a short time (Pigure

7)

Ut

figure 7; Lbcatiqn of cutﬁto'mafk caudal fin~

On the follow1ng day at approximately the same time, the six

,=pools were again seined in exactly the same manner.. The motions and

.«,
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timing involved in each seine haul were carefully duplicated in this

‘second dsy's work, The numbors of marked and unnarked fish could be

recorded this time in addition to the neasurencnts and identification

. as to specles, With the above information at hand it was then

possible to estimate the total numbers of fish (and of each specles

25 well) vhich inhabited the section at this particular time,

Thevforﬁula used.in arriving at'the estinated total was a

' simp1o proportién. If, for example, 20 fish were caught and narked

the first day, and if 25 i’ish were cax.ght the second day, (15 marked
and lO unmarxed), tha proportlon can be set up in thls manner:

'lut x equal total unmarked flsh E

. 6 x' .
> 9 = 1303

‘ 20 plus 13 GQJHIS 33 total populatlon ‘:“ 
I.”,First Estimates November 20 and 21, 19h8
Al Seine haul first day
o l.q,Steelhead - _‘h |
,2;' Silver salmon ~ 20‘
B,  Seine haul second day |
“ '_1.  Steelhead =" 1 unmavked, 0 marked
2, Silver salmdn § lS uﬁﬁér&éd, 2 marked
3 cottd - L R
E C;ﬁ,calculnted r~sults°  '..
1, Total fish in sectlon - 73
o  2¢_ Total by spegzes:vw - 1 steelhead

‘61 silver salmon :.
L cottid




o

'3, Size range (total length)
o 8. Steclhead = 2,5-2,9 inches
b, Silver salmon = 2,1-3.8 inches
c. Cottid = 3,9 inchas
h, ‘Size averapges (total length)
&, Trout = 2,6 inches

b, Silver salmon = 3,1 inches

g AT

Co Cottid = 3,9 inches

_i;,. Second Estimaﬁe: January 8, 19h9.
 "mo flsh vere taken on this attcmpt. |
'fIII.I.Third usﬁimate' Tébruary 26, 19&9.
 No fiéh taken, ) e
‘IV. Fourth Estimate-',-pril 23 and 2h, 19&9.
A, aeine haul flrst day N

1. utealhead - '}" Ly e

29g;811ver salmon n:;f-39f"““1“““”"“

5. Wegemmn -9

g
|
5
z
i
3
!; :
@.
8
E
¥

bt Cutthroat trout ‘fLi‘bf; i'¢ o
Bg' Seine haul second day : ‘ o ‘
1.‘ Steelhead ':.“  e ;;_ﬁhmérked;(i ma;ked
2. Stlver salmoﬁ 4f7§f-7lh7lﬁﬁm;rksd,i1u marked
© 3, King saluon ‘?i%f:f;_ 3 unmarked b marked

'Th;j‘Cutthroatfﬂ: ??;"'“Q _ 1 unmarked f‘.

) - "w,_z-ﬂ PRIV
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Cs Calculated results:
1, Total fish in section - 83
2, Total by species

a, Silver szlmon - 64

b, King salmon - 16
¢ Steelhead - 2
'd, Cutthroat - 1

3, Size renge (total length).
a..7 Silver salmon (two age classes)
1- 105"202 inChes'

2. 3 00"5(00 inc}les

b, King salmon = . = 1.7=2.2 inches -
c. Steelhead '~ 2,8-l4.7 inches
d. Cutthroat - 10 inches

Lo Size averages (total length)
Ca, Silver salmon (two age classes)
1. 1,8 inches

2. hol inCheﬂ. :

b, King salmqn =319 inches
¢, Steelhead = = = L.2 inches
d. Chtthroat = =« 10 inches

-V Fifth Dstimates tay 21 and 22, 2949,
A, Seine haul first day -
| .'l.~:Steeihead ; “0 ?
2. Cutthroat - 0

“:'a:3;' King salmon Qw‘é .
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Silver salmon = 85

Cottid ‘ - 1

Stickleback - 6

Seine haul second day

1,
2,

3.

.c.

Ly
’ 50
6,

Steelhead - 1 unmarked

Cutthroet  « O

King salmon e 1 unﬁarkéd, 3 marked

Silver salmon .

- 34 unmarked, 32 marked

Cottid . -"’_O‘

Stickleback = 1 ummarked, 1 marked

Calculated results:

L. Total fish in section’— 193

2, Total by species .

' {ff;;

.b;
'R
© de

Q.

St
" 3

e a.

. .b.'

| - do'

~Stick1§backz,

*Steslhead 7w 1.

catttrost = 0

King salmon - * = 8

‘Silver ealmon’ - = 171
*vcogtid;,~ f o e
“Stickléback.”“"ff'-v'12'V’ _
;;sizg‘range,(tot;l(length)_:;j :

Silver salmon (two age classes) '

1, 1,5-2.7 inches’
2, '3.0-5.1 inches

King salmon:.ijﬁ-51.5-2;5'inched
Steelhead ‘= L5 inches
l’Outthroatj’:jffﬁafc"*.‘?5~“""

~2.2,2'81nch98
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4. Size average
A;V'Silver galmon (two age classes)
"1, 2.1 inches
2o Lol inches
b.  King salmen = 1,8 inches
¢. Steelhead =~ = b.g inches
4. Cutthreat © -0 |
6, Cottid =3, inches
£, Stickleback =~ 2.l inches

In order to obtaihla‘mére-complete'piCture’of'these population

. changes it 'ls planned to carry on this current study until the entire

annual cycle 15-édvcfed.i'Accordingiy, at least two further estimates

‘Avill be made, following the same'estabiished.pfocedure. These will

be accomplished probébiy in July and in September., With this addi-

tional information it will be poasible to analyze the data more compre=-

‘hensively than at this time, “.

Tentgtivély;*it“is'plannéa to continue this part of the study for

an additionsl year when the vcrk‘is'résumed on thé roest of the problem, -

This wculd allow an interesting comparison to be made batween two

' separata sets of information. It mlght also be possible to supplemant
_.the seining program next ‘time through thebusefof'aomé small fykg nets

or glass minnow traps;”

G"NERAL INFOT!ATJON

It wag possible to obtain further general information through

‘ :2the stream observations which. were carried on. durlng the atudy period.

.ffSuch data as the time of spawnin 2, 1pggtiog of ;edds,»and relative :




';'speciee.l
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‘size of the run have already boen given for the three most numerous

salmonid opecles (silver salmnon, king salmon, and steslhead trout),
k‘feurth species of thislsaﬁe fanily is the cutthroat trout.

" Although an occasional cutthroat was seen, the population secmed
to be very emall compered to the other thrce ‘species, Only one spawning
run was noted, vhen a group of six fish wers scen swinming upstrcam in
Pralrle Creek on,MarchAlc. They appeared to be of a wniform size,
epparently about 12 lncheeuin length, .Erldently these fish swenm

qpidly tosﬁhe headwaters of Prairie Creck and its tributaries. Regret=-

'ably there wasn’t enough time available, durlng March, to maintain an.

extenaive scurch for spawming pairs. Pcrhaps, daring the final .

season’s work, it will o possivle’ to sample some redds'of'this species,

Probably the actual size of ﬁhe cutthreat run was larger than the obser-

~ vations indicate, since ‘some epawﬁed-ou£ adults are feken'throughoux

" the Prairie-Creek'draiﬁage‘durihg‘the'first feﬁ'déys of“trout seaeon.

There was evidence of a etrlklng degree of 81milarity in the

'»selection ‘of spawning area batween the two specles of trout and the
“tro gpec1e= of salmon. In the fall the king salman confined themselves

~ to the dceper water areas of the maln Pralrie Creek and lower Lost Han

Creek, while, at the same time the silver salmon proceeded past these

“areas and on up to the headwatere and small tributaries.

In the spring, when the trout appeared, a repetition of the same

-prcces» occurred.n ;he steelhead remained in the lower areae while the

cutthroat gought out the upper reachcs. As tho result, there was

little or no competition betaeen the adult members of these four

AL
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In regard to the young fish, there secmed to be a great deel of

both food competition and predation during their existence in fresh
water, The young salmon began to show up in the last wesk of T'ebruary.

" Thes population peak probably was reached two monthe later in the latter

paft of April, Thoy were consumed by the previcus year's silver salmon

and tréut, and also the young eaimon vhich hatched out earliest in the

- sprlrg soon becane large euouﬂh to prey upen the later hatching fry of

. the sanme year class. In e.adition, there 3%55 a few cutthroat adults

and cottias around at this timc._. 4
By the tlme uhe young trout bﬁgan to appear,,in the last part of
Aoril, all of these previously ne ntloned flah were waltlng for them,

The young trout-seemed tO’pevpreeent in greatest numbers in ‘the latter,

. part of May. ~This.population,peak of the tﬁout,‘ae,well,as that_of the

sulmon, vas not 1mmediate1y reflected 1n ‘the daua from the seining

‘ 'operations.' Zhe querter-ineh mesh of the net dld not hold fish

_efficiently until they approeched tﬁo inchee in totel length. Conse-

quently, there were no small trout recorded 1n the seining data for

2,Lay 21 and 22, although they could be seen in good numbers.a

PART VII. sv*;:,my

‘Tt was poeeible to make detgiled dbservation on the activitles of

‘the adul s of the four epeciee of salmonlds which are native to the

.Sueelhead trout. Significant differences in the habits of these species,
'not prev1ouely reported, vere observed Some of theae most important

'"_;differencee were concerned with the 1apse of timb occurrinﬂ between the

.arrival of the adults on the spauning area and the commuencement of

I

L6

vPralrie Creek watershed, especially the silver salmon, king aalmon, _end A
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breeding activities, variaﬁidnslin the part of the watershed utilized

for spawning, and differonces in the apparent size, deviation, and time

of occurrence of the runs.‘

In additlon, important variations were noted w1th respect to the

_ actual opawninv prOC¢qs. Theseo include rdpidi y of digging, time
‘ required ror spawning,vcreatlon of false reuds, and length of life after.

'c"g depos 1u;on. The physical : al characteristics of the redd areas showed

variation agcord‘ng to »pec;eg, especially in regard to water depth and

velocitys‘gravel Sizo, and'deptn of egg placement, It was possible to

"compils a table showing the characteristics'qf the.prdductive redds for

| the three prlncip,l °pecics. ©

Saﬂplos wcre taken fron productive redds during tha various stageo

of devclopnent. Lhe amount of information'from_thls'source vas not as

.Ie"ten51ve 85 was orlﬂinally hoped for, bub with the resulis from aﬁother
“season's work it should be poséible'tb obtain a close approximation of
‘the naturﬁl mbrtaiifv ﬁhich'dah:ﬁSually”bc expected to take place in
'thé reﬂd It uhOUld then be posbible boughly to compare thia loss with

" that which takes place to a comparable developmental staga in artificial

propagatlon.-

,The. test Bectlon operation vhowed, first of all that the adult

- fish will not auccessfully enawn whera the water veloclty is markedly
: fless then in a normal habitat. 5econdly, phe planting of eyed eggs was
. most succes=ful and the resultant mortality was quite low.‘ The average
‘loss from these plunta waa actLally 1ess than that which occurred in

'. the hatchery controla.

e




ot IV

Posulie from the seining program to date show that large variaticns
can occur with'rospccf; to both the to{;ai Anumb»ers and th'e 'total lby species,
When the seining prggfaﬁ‘i'is:' cémpleted, in the fall of 19’49, a separate.

. ﬁaper will be éu"t‘mi'ttedfoi_x'“th‘e. raéﬁl‘c&s oi“ the poéuj.atiéﬁ sfudy ovor the

oné-ye#r period, N

RS A ST T T e T S T S

1i8

s IOl il M DR et e




