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THE NORTHWEST rISH CULTURE CONFERENCE

Northwest Fish Culture Conferences are informal meetings
for exchange of information and ideas concerning all aress
of fish culture. Current progress reports of management
practices and problems, new developments snd research studies
are presented. Active discussion and constructive criticism
are encouraged and furnish highlights of the conference. AllL
persons interested in or associated with fish husbandry are
invited to attend and to participate. SubJect material 1is
limited to topics that have direct applicaticn to fish culture.

The PROCEEDINGS contain unedited briefs of oral reports
presented at each conference. Much of the material concerns
progress of incompleted studies or projects. THESE INFORMAL
RECORDS ARE NOT TO BE INTERPRETED OR QUOTED AS A PUBLICATION.



NORTHWEST FISH

The Twentileth Annusl Northwest Fish Culture Conference

was held in Tumwater,

at the Tyee Motor Inn. We met 1n the Big Chief Room for the

program, and the larger Skokomish Room for the banguet. A

-

8
&

few doubts were felt the morning of the %rd over selecting
the "smaller'" Big Chief Room for the meeting place since our
attendance was gbout 300 and some were standing. Later in

the morning, however, with an attendance of sbout 250 all

seated, I believe the smaller room, with the speaskers closger
to the audience, was more conducive to asking questlions of

the spesker, and discussion, which hag added so much to

previous conferences and we wish to conbinue.

We were fortunate to have Clarence Pautzke, former Assistent

Secretary of Interior, give the welcome and keynote address.
He emphasized the fact that although fish culture in all its
facets had advanced tremendously in the last thirty years,
that our present level of performance presents as many

challenges for the future, with equal or more opportunity

for improvement in fish culture.
I am very grateful to Richard Noble and James W. Wood
of the Washington Department of Fisheries who were chalrmen

of the "salmon oriented" and "fish disesge'" gections of the

ith of Olympia,



angements.

My very special thanks, to Betty Love, Legal Secretary

Tor the Department, who

to make mult ‘h branscripti

of the papers for the Conference. 500 copies of the Proceedings

. el o PO -~ 3 o R,
run and assenbled in our own

Department supply room

fns

st Portland, Oregon under the

Chairmanship of Chris Jensen.

ger Burrows was selected

Chairman for the 1971

M. Johansen - 1969 Chairman
’Wasu;fgt@ﬁ Department of Game
Torth Capitol Way

Washington 98501
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John K. Parvin
Buresu of Sport Fisheries and Wildlife

The Dworshak National Fish Hatchery was constructed by
he U.5. Corps of Engineers as a part of the Dworshak Dam
project to mitigate the losses of spawning and nursery area
lost for summer steelhead trout. Initial holding of adults
occurred with the fall run appeering in Oclober, 1968. The
first eggs were collected on April 29, 1969. The station is
gized to release 5,600,000 smolts. As soon as the pool behind
the dam fills, s portion of the mission of the station will
be To assist in the management of the impoundment.

The water for rearing is pumped from the North Fork of

"t.“j

the Clearwater River. The pump station contains 800 HP of
pumping capacity. There are five pumps, one of which is a two

speed pump. This results in ible gixteen combinations.

Qo
@]

Dos

4]

The pumping plant will supply from 4,000 GPM to ©4,000 GPM
in increments of 4,000 GPM. The system 1s designed to operate

omatically. In cas

9]

e o ower faillure, two 795 HP, 500 kw

L
o

diesel power units automatically start and pick up the load.

There are 84 Burrows type ponds. Fifty of these can be
used within the reuse system. This system 1s in effect an
environmental control system. Approximately 8 to 10% of
the water used in the ponds is added as fresh after being filtered,
sterilized, and either cooled or heated. Then the water enters
the system, goes through the serators and supplies 15,000 GPM
for pond operstions. At full flow, this amounts to 25 ponds.
The water returns from the ponds, goes through bilological filters

in which the pH is buffered and the ammonia oxidized to harmless
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OREGON I

Taiey 1L, Y NSV .
Figh Commissl

3 3
e e Ty 6
Clackamsas,

Summaries were given concerning

per cent mortelity, food conversi

of Tish welght gain for each

broods. Table 1 gives the total

with the 1958

sockeye of T

ong and

or

L2

Gl

fish reared,

average figures for each

e

Oregon Pellets

chum of the 1960

brood were the first of these species to receive the pelleted

Tood. Oregon S5t

-y . ‘ ;s N

Tound that salmon Just starting

;

than the smallest pellete (1/%22 1i:

Total amount of Orego:

3

¥

\ million pounds. A Total

(N

- "1
18 4

@

\

pounds has been reported by the hatcheries

food conversion of 1.9.

» Pellets an

ed to date

welght gain of 8.0 million

or an overall
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This presentation deals with a

report of last year's program; distrib

arn overall pilicture of the operation

[ T T SN 3 e
-~natiulral resrling DOndsg arec

vart of our migrant steelhead program

apparent Through minimal cost of production,

vroduced and

M~ o o} - e o A
The Bogachiel wint ng pond,

corner of the

three mileg we
Olympic Peninsula, is

: R

was constructed and is operated by provisions nadromons

nditure of

Act, which provides 50% Federal Funding. The

with a

, 500 dincluded the construction of a 5.3

-

of 9-10 feet, duplex livi by an

Quar Sers

double garage, feed storage room, and a

A considerable amoun®t of road was constructed comp.

.

ing the pond to facilitate the use of &

A

a pickup. A concrete outlet structure

...L.

trap the outgoing migrants. The outlet

e, oy i s g 3y £ e e 2 3 S o e NP .
the pond enters the Bogachlel River approximately

the trapping facility and one~half mile above the mouth

I believe one of the important factors of rearing ponds 18




nearly 15 c.f.s. in the winter and

require culverts under the road %o enter the pond. The entry

of water to the pond from so many sources tends o keep The

well distribubted.

1

The waber volume varies from

temperature

Production

vear of operation weighed 42,3550 pounds.
pound and range from 7 to 12 inches long. Since the fish welghed

e

6,720 pounds when transferred in August, %5.610 pourds of fisgh
were produced atbt Bogachiel.

Total mortality was 17.%%. FEighty three thousand seven
hundred and fifty (83%,750) pounds of food were fed with a con-
version factor of 2.41. Cost of production was ©/¢ per pound,
including salaries, operations, and malntenance butbt excluding
capltal outlay.

The guality of the fish was excellent; migrants were very

bright., firm fleshed, and vigorous.

Distribution

During April and May, 1969 fThese migrants
to 11 major streams of the upper Olympic Peninsula. These include

5

Hoh and Bogachiel:; then heading north and east, the Calawah

River; the Sol Duc; Clallam; Pysht, Lyre; Salt Creek; Elwha River;

DTungenesg and the Dosewallips Rivers.

The source of fish for stocking Bogachiel Pond 1s the South

~ &




Mo~ P L T o1t atbtomslheos e T e
acoma Hatchery. The sdult steelhead, taken I

AT e Py e T SN ey s bl

cutlet Tfour miles from the , are held

water to eyeing

hetcnery

Fish were 700 per pound in May. The fry or

transferred in May to the Aberdeen Hatchery.

supplied with a river water source. Three

thousand fingeriings, 46-58 per pound weighing

were transferred to Bogachiel Pond in August,
and forty-five thousand, five hundred and seve

migrant steelhead at ©6-7 per pound weighing 21

rom Chambers Creek

and fry growth.

small fingerlings are

Aberdeen Hatchery
hundred and fifty
6,720 pounds,
1968. One hundred
nty-five (145,575)

5

, 755 pounds were

planted from the pond in April, and 144,170 at 6.5, weighing

20,575 pounds were planted in May. In compari

son, this year's

migrants were transferred from the Aberdeen Hatchery the first

week of July at an average of 102 per pound an

running 11 per pound.

A slight infection of Pseudomonas Hydrophi

d are presently

la or red-mouti

disease appeared during the winter. TFeeding of medicated food

Q_.

with 1% Sulfamerizine added kept this disease

Summary
We believe the substantial production of

e

3
i

(—X’

of high guality which migr

at thelr own vol

under control with

290,000 migrants

ition at close

proximity to river planting sites, will substantiselly improve

the sports fishery for adult steelhead. Returns of fish this

winter will substantiate this prediction.



John
Buresau of Sport

and Wildlife

h husbandry predicts great potentiesl for

the world., and simultaneously presents an

1%

Three major roots of the problem socon agppear:

the fa

'm, bthe stock, the food.
Sea fish farming research has been accelerabted for several
vears 1n Japan, Malaysia, FEurope and North America. Research

in Beotland using warm nuclear power station cooling wabter to

celerate growth of flat fish will Dbe discussed, and the develop-
ment work on Technigues for rearing sea figh in esgtuaries, Ilmpound-

ments, cages, bags and bays will be described.
Problems to obtaln suitable stock include not only the species
and strain but also soon reduce o methods for obtailning young

frem broodstock. The techniques for holding adult sea fish and

;V.J .

nducing spawning through temperature, light and salinity control

7t

plus injectlon of androgens and estrogens will be covered.
Food for tiny larve and for young fry presents another greab

g

for sound resear

O
5
@
2,
L

1

lenge

o

L plus innovative tThinking in fish

£

food technology. The development of the sea fish fry micro

pellet b

I

lances ration is now beling attacked using the best food

'

q

scilence technology avallable in Great Britain, France, Germany,
Holland and Sweden. One solution for this problem, one adequate
et for rearing young sea fish, will form the foundation for

olving one definable part of the enigma of sea fish husbandry.
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This summary deslgn, operation and also
. o . . L7 oy NI S g e 4
reports The g few of the Tests conducted on the

lero

Dr. Richard Speece of the

New Mexico State University.

on the 400 gallon per minute

wabter supply to The hatchery building. The

& COe=

P - F"F‘O ™ ,
stant 557 F. temperaturs

©.0 ppm of disgsolved oxygen
for which  the device was specliflcally designed with the
intent To railse the dissolved oxygen concentration to 10.0
ppm. AL Mescalero the water is 100% sabturated with dissolved
oxygen when at 8.5 ppm.
The system consists of a 12-inch vertical casing, 40 feet
the ground with an 8-inch supply line inside terminating
near the bottom. Walbter to the hatchery drops down the inner
8-1nch pipeline, splashes off a bottom iron plate and then
travels back up the 12~inch casing to another 8-inch line
ieading to the hatchery bullding. Alr i1s pulled into the
tem by venturi actlon through an air pipe extending above
the ground level (Fig. 1).
So far only preliminary tests have been run to determine

the physical effects of the system on the small fish in the

(6]

5

Y ) i S - e . o~ 1 ) P P S : e < fe
hatchery tanks., It has algo been set up To determine the
system's potential for raising production at the station
R - P -

out these concducted as yet.

c 9 -
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It was found that when Tthe D. O. concentratlion was

raised above the 100% saturation level to 9.0 ppm or higher,

e x
v

T <

us gas-bubble diseas

Qo

[

o}
n

e gympltoms appeared in the small

7

ralnbow trout. These symptoms vearied 1n 1lntensity and type
depending on the size of the fisgh. In the swim-up fry which
had been feeding for only a few days, you could see many
frantically swimming in circles on the water surface with
large distended abdomens caused by a single large alr bubble
caught in the stomachs. 1T could be seen That the starter
food floating on the water surface was actually collecting
hundreds of minute air bubbles which were being ingested

by the small fish along with the food. These bubbles would
break in the upper gubt of the fish to form one or two large

bubbles to act as

Cz

a float Tor the fish. In the larger fish
that had been feeding for Three To nine weeks, alr bubbles
were seen in the alimentary tract but were small 1n size and
appeared to be passing on through the tract and out with the
fecal material. However, the fish had considerable gill

damage ceaused by debris suspended by eir bubbles in the water.

N

No bacteria were involved due to weekly prophylactic treat-
ments. When the system was opersted at 10.0 ppm or 120%
saturation of dissolved oxygen, the air bubbles were seen with-
in the tissues of the fish especially behind the eyeball.
Nitrogen gas concentrations were analyzed at the same
time using a modified Van Slyke method developed by Dr. George
Post at Colorado State University. It was found that the
nitrogen gas concentration of the walter would increase from
approximately 70% saturation before going through the aeration

system to 105% or higher when The system operated at maximum.



cease, .
T e SR Y e e P B s
tions. 1L the dissolved oxygen and nitrogen

determined before hand, by knowing the amount

rature, and the land elevation,

4

1t would be possible to install a

T

U
¢

yvstem which would bring the
dissolved gases of the walter Just up to the saturation point.

g 1n the case

1s may make an additional two
or more ppm dlgsolved oxygen available to the fish. This may

ey g ey e ] e SR TR Ty g o e
greatly lncreasge the production

Also this systen has over other aerator

Tt

deviceg. The 1

lation costs at |

r.-J

tal escalero were approxi-

C’)

1

ot

4t i

wiately $1,700, some of which could be reduced 1f conditions

vary Ifrom those at Mescalero.

tenance reguired once The device
a potential of service for the 1ife of the hatchery. There

are no unsightly structures

ing the landscape around
tchery and during the winter there 1g no danger of

freegze~up or during the swmmer of possible overgrowth by
agqualtlc algae or weeds. Iverything except a small part of

the lz-inch casing and alr Tube is underground.

In conclusion I would Like

{ D

to point To this device and
other new technigues as a hint to what fish culbture will
entall 1n the future. FEventually we should be able to have

complete control of the environment aimed at improved fish

culture techniques. It will be devices such as This that

will make This possible.

=} 2=



of trying to provide

possible developments

Ho old problems a

fal

This development is

T e o P S
thet were concepts.

sroducing fisn hatcheries that are becoming more complex in their

Frd
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oduction. The days where
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operation and more pr

hatchery operabtlon consists of a dam board, aumplng some

[4

food and hoping for the best are limited. Management i1s geltting
and 1T 18

features in

fuce those fisgh

n the best possible manner.

It is this philosophy that has prevalled in the design of the

> River Hatchery of the Stete of Michigan. The Department
of Conservation with Mr- Brad Durling, Mr. Harold MacSwain, Chief

have Jjoined us and our

Engineer, Mr.
Inc¢., Pontlac, Michigen,
2 ) 3

thoge features that will

e number of indeterminates in The overall hatchery

the heated water system.
at tTimes and water

~ame imperative to

A

S g g
11 We W&o
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o Thls ronlem was Tound in Locating o a Spring

{

T e e ;e ey e e e A . b b e e R U e
for incubation and starting and; vroviding a heating system to raise

A g

. k - . - N o g < . en0
temperature of a portion of this 407 F. wabter to 507 F. 1In

addition to this, we provided a heated hatchery building for housi
the fish until they have grown to around 500 to the pound. With
the heated water and heat gain Irom the building, the drain water
from the hatchery building 1s heated and available for reuse in
the outside circulating ponds. 7To show you how this 1s accomp
L have some plates and diagrams Lo show you.
FLATE 1 - PIPING PLAN ~ HATCHELRY BUILDING

This is a plan of the hatchery building showing the general
arrangment of the bullding and primarily the piping systems re-
leting To rearing. Starting from the upper right is the boiler
room, bthen below it is Tthe incubator room. Then to the left of
that 1s the Starting Area with its twelve intermediate tanks and
then to The left of these, The Rearing Area with the ten rearing
TaCewsys.

The hatchery building has two supply sources of water. These

are indicated by the colored lines, the blue being spring wabter
and the dark green being water from The head box which 1s normally
Brundage Creek water.

The bright green color indilcates heated water piping and the

crange color shows The draln system for this heated water.

PLATE 2 - WATER HEATING SYSTEM SCHEMATIC

This diagram shows the method used for heating the rearing
we heat all the wabter used in this system
to 507 F. and do not atbtempt To blend two different temperatures

of water.

water in sufficient quantity

P

m o



To follow the diagram sterting at the spring water supply,
the water passes through a booster pump, Through an automatic filter
which removes all particles larger than .005% inch, through the
) i .y . - 3 - O o 1T - -
heat exchanger where 1t 1s heated to 507 F. and on to the Heated
A
U

Water Headbox. From here, the first priority goes to the incubator

room and all excess overflows The welr and goes to the starting area
piping.

The method of heating the rearing water 1s by circulating
200° F. water from the boiler through the hest exchanger. The
temperature of the rearing water 1s controlled by the amount of
boiler water circulated which in turn is controlled by the
thermostat located on the discharge side of the heat exchanger.
This thermostat and its assoclated control panel and value
control the rate of flow of boiler water as necessary to pro-
vide the BOO F. water desired. If this temperabure control
system fails for any reason, a high-low temperature alarm has
been provided here in the Heated Water Headbox.

You may have noted that The building healting system draws
from the same boiler. With This system, the hatcherymen has a
choice of who he wants to keep warm. However, 1t really isn't
guite as bad as 1t appears in that the boiler provides for
building heat and heating capacity for ©00 GPM. Provisions
made for The addition of a second boiler when funding is avail-
able and this will provide a standby and additional heating for
water.

Relating this back to the Hatchery Piping Plan (Plate #1),
we see the extension of These piping arrangements. The system pro-

vides a two pipe system to every rearing tenk in the building.

=l



However, the amount of heated water sgvailable ig limited and its

best use determined by Tthe superintendent.

1IN HATCHERY BUILDING

The method of control at the Starting Tenks 1s shown here at

the top of the Section "C" shows a side view and the

buried pipe locationg; the upper pipe i1s the heated water pipe.

N B 1Ty it
D CTIOon iy

he starting

o

shows the end view of the supply to
tanks. This arrangement provides for either supply or a com-
tion thereof. Sections "A" and "B" at the bobttom shows the
arrangement at the Rearing Raceways. It 1g basically the same
as Tthat above. We purposely select valves that will show and
indicate Thelir degree of opening so that once a program has

peen established, 1% will be possible to record this for

And speaking of future use, that's what we do with the heat
water used in Hatchery Building. Here on Plate #1, we have shown
the drain system colored in orange This system ig continued to
the head box and reuse pump station as shown on this Piping Plan
for the next phase of work. (Plate #4+) Following this heated
water line to The drain diversion sbtructure, the water is diverted
to the reuse pumps where 1t i1s lifted to the heated water chamber
of the head box. From tThis point, it can be routed or mixed as
desired to utilize the heat available.

The pond piping has been designed to allow the dual use in
these four ponds on the west side and these seven ponds on the

~

east side. The control valving for these ponds is similar to
that for the hatchery building and is shown by this plan and

Section shown here (Plate #5).

d"

7 for the Platte River

.

fmdd

The heated water system shown here toc

A

e -

Hatchery is an esnswer to a cold water problem that had to be

&

v::gbe:x



solved before this hatchery development could become economically

The heated walter concept is one worthy of consideration 1n

those asreas where heat may be required for a short period of the

cyele where low

temperature water ig psrticulary objectionable such as at the
start of feeding. Another congideration is that of the "Degree
Day" growth theory. It is p orovide for large numbers
of fish in the early days of growth with reasonably small guantities
of heated water.

Heated water systems have a place 1n many programs and for

this reason, we believe they will become more common in future

hatchery design.

e17w
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Fred W. Bitle
Bureau of Sport Fisherieg and Wildlife
Leavenworth, Washington

A writer once said a good story is one that has a good begin-
ning, a good ending and keep them as close together as possible.

Webgster states: Noise a

n

loud shouting; clamor, any loud
discordard, or disagreeable sound or sounds. Synonymn: Nolse
is the general word for any loud, unmusical or disagreeable sound.

At Leavenworth, the P.U.D., electrical lines run past the
quarters on its way to the main transformer bank behind hatchery.

We have over tThe years installed safety alarm bells in
case of power fallure. Bells were not the answer, so we turned
to air horns with electrical closurer. When a power failure
occurred, the electrical closures would open and the air horns
would blow.

We tried two truck horns in & palr which was not satisfactory
as the carrying volume was limited. We tried one large horn
approximately two feet long; it should wake the devil because
it sure wakes the neighbors, but did not arouse some hatchery men.

It became necessary to be sure that at least one man at
the residences be awskened to check to see what had happened
or had Tto be done to correct the power outage, whether 1t
was an outage of a few minutes or to be for some duration.

The device was demonstrated at the convention. The cost
of the unit was approximately $40 and was designed by a local
electrician. When this device would ring the alarm, it would
continue until menually reset. This alarm works very well To

alert personnel of power failure.

«23o
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For the second consecubive summer, crosses of Donaldson's
rainbow x sbteelhead Trout from the College of Fisheries hatchery
were conditioned to come to an underwater acoustic stimulus while

being reared in a 1/4 acre pond. The sound stimulus consisted
of a 150 Hz Tone transmitted through an electromagnetic trans-
ducer suspended 20 cm. below the water surface. The sound
generating eguipment consisted of a battery-operated tape
recorder, amplifier, and photo switch. A 40 mm long ob-

servation blind was constructed along the approach to the pond

80 that visual cues could be minimized. The training consisted

of transmitting a continuous sound for one minute before the
feeding and leaving the sound on throughout the feeding. This
procedure was repeated three times per day. By the fifth dsay,
some of the fish were coming To The sound source and by the
fifteenth day, 90 per cent of the fish were gathering at the

sound source within one minute of the initiation of the sound.

0]

T

This ability To concentrate the trout quickly from all parts

~

of a 1&?36 pond at a convenient point greatly facilitated regular
feeding, the proffering of medicated food, and periodic sampling.
Though the trout re conditioned at 150 Hz, they responded
equally well to 300 Hz. They also demonstrated some ability to

hear directionally.

Supported by Sea-Grant Aquatic Animal Husbandry, Contract No. RD/F/4.
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Cﬂiﬁ ACCOUNTING OF SAIMON PRODUCTION
g
COLL

IN o JMBIA RIVER HATCHERY EVALUATION STUDY

Arthur H. Ar}

Buresu of Commercial Fisheries
Portlsnd, Oregon

i

A study of Columbia River selmon hatcheries was initiated
in 1959 +to evsluate the contribution of hatchery-reared fish to

comm

&
=
C

rcial and sport fisheries. Main objective of tThe study was
to determine whether continued construction and operation of

hatcheries was economically Justifiable. During the evaluation

period there would be a moratorium on construction of new hatcheries,

but existing hatcheries would be maintained and operated.
The objective would be accomplished by finding the total
ost of production for fall chinook galmon for several successive
brood years and then comparing the cost of production with the
value of the harvest of hetchery-reared fish. The program was
broadened a few years later to include coho salmon.

Detalls of the evaluation program were worked out by a
committee which included representatives from Fish Commission of
Oregon, Oregon Game Commission, Washington Department of Fisheries,
Washington Department of Game, Biometrics Institute in Seattle,
and Buresu of Commercial Fisheries in Portland. All tThese agencies
have worked closely in implementing the program.

For accuracy in evaluation 1t was necesgary to find pro-
duction costs and harvest values separately for each specles and
each brood year. This required development of a method that would

rovide a realistic breakdown of’costs for each species and brood
year. Tables I Through V on the following page illustrate the

steps in finding production costs.

~25 -



Figesl Year 1068

stehery Operatiornl O

. Table I - Number of i1 5}
Brood mud Species July Aug. Sep. &ﬁ‘ Nov. Feb. Mar. Apr. May June Total
}305 ¥all chincok ¥ 0 0 2,585 2,450 2,330 2,230 2,000 100 C 16,530
1966 Coho 960 955 955 933 355 95 el 850 Bhs 0 0 0 8,335
1967 Coho . o 0 0 3,300 1,ubs 1,285 995 GG5 990 950 990 Q,030
Total 960 G55 955 s,aho L,705 TBBy L 5o0 hiaos TG0 2,990 1,090 990 33,895
Table I1 - Percentage of Eggs and/or Fish
Brood and Species July Aup. Bep. Qot. flov.  Dec. Jan. Feb, Mar. Apr. Moy June Total
,196?, ¥all chinook O 9] 0 73.0 s2.1  50.2  s52.4 55.L  s5L.8 0 66.9 g.2 4] Lik.o
1965 Coho - 100 100 100 27.0 90‘3 9.4 19.3  20.9  20.8 0 O e kot.7
1967 Coho o 0 0 0 7.6 30,4 28,3 23,7 2k.h 33.1 90.8 100 358.3
Total 100 100 100 100 lCQ 100 100 100 100 100 100 100 1,200.0
Table 11] - Units of Manpewerl/
Brood and Species July Aug. Sep. QOct. Nov. Dec. Jan. Feb. Mar. Apr May June Total Percent
1967 Fall chinoon D o o T A X S T Y S R S I ¢ ) 38k i3
1966 Coho 3G 30 7C 24 18 18 17 19 15 O 0 0 245 29
1967 Coho 0 o [ 0 25 27 26 21 27 26 €l 30 2Ly 28
Total Pish-Work 30 30 70 g0 g0 g0 90 90 90 B0 TG 30 850 100
Non-Fish Work 70 70 30 10 10 10 10 10 10 20 30 70 350
Total Manpover 100 100 100 10C 100 100 100 100 100 100 100 100 1,200
Table IV - Pounds of Fish Produced
Brood and Specis Pounds Percent
1867 Fall chinook 18,930 254
1966 Coho hh,103 59.6
1967 Coho 11,000 14.8
Total 74,033 100.0
Table V - Cost of Production at 5 Percent on Investment
Capital outlay Fish food and Operatiomal cosisg
Brood and Specles and interesﬁi/ related items other than foo Total
1967 Fall chinook $17,728.90 3 £,126.19 $2L,105.07 § 17,960.16
1966 Coho 11,956.70 1k,262.55 16,256.91 k2,476.16
1967 Coho 11, 544,40 3,501, 71 15,696.32 30,762.43
Total 311 ,230,00 323,930,545 $56,058.30 $121,218.75
1/ Percent of units of manpower represents votal fish work by species and is used to apportlon capital outlay,
™ ipterest and operational costs other than food.
2/ hAmortized capital outlay: $589,000 + 50 years
- Interest on investment: $589,00C x 5 percent
3/ Operational costs snelude personsl services, travel, transportation of things, communicatlcn services,
' rents and uti other contractual services, equipment, supplies and materials, and administration.
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vears for one of the gpecies. Fall chinook eggs and fish re-
. ;

mained in The hatchery about seven months, while coho were there
for over a year.
Table I shows the number of eggs and/or fish of each speciles

"

and each brood year in the hatchery each month, and also the totals

for both species and both brood years. Table IT shows these figures
M

converted To percentages, and Table IIT shows The breskdown of

manpower units required each month for each species and brood year.

Manpower units are broken down to fish work and non-fish work.
Only the time spent in fish work is used in the breskdown. This

results 1n greater accuracy in determining production costs by

ecies and brood year. Iigure 1 illustrates the distribution of

6}
3

2

m

o

npower for one year at one of the Columbia River hatcheries.

Table IV shows total pounds of fish produced and the per-
centage for each species and brood year. Taeble V shows the final
breakdown of production costs. Manpower units are used in the
breakdown of capital outlay, interest and operational costs other
than food. The breakdown of food costs is based on the per-
centage of pounds of fish produced, as shown in Table IV. The
total costs for each species and brood year, in the final column,
will be compared with harvest values of the figh to find the cost/
benefit ratio.

figure 2 shows total production in pounds of fall chinook
salmon, and average cost per pound, for the 16 Columbia River
study hatcheries during the study period 1961-1967. Statistics
for individual hatcheries show more variation, of course, than

the combined sTatistics shown in the graph.



FIGURE |

DISTRIBUTION OF MANPOWER IN HATCHERY ACTIVITIES

FISH CULTURE:

FEED FISH
TRANSFER/PLANT FISH
CLEAN/DISINFECT PONDS
PICK EGGS

PICK FISH

CLERICAL
MISCELLANEOUS
SAMPLE FISH

SPAWN FISH

SIZE FISH

CLEAN TROUGHS/TRAYS
TREAT FISH DISEASES
PICK FRY

FISH TRAP

UNLOAD FEED

CHECK [NTAKES

MARK FISH

TREAT EGG DISEASES

MAINTENANCE:

PICKUP SUPPLIES
CLERICAL

EQUIPMENT BUILDING
EQUIPMENT REPAIR
MISCELLANEOUS
CLEAN/MAINTAIN GROUNDS
TRAINING SCHOOL
SNOW REMOVAL
SERVICE EQUIPMENT
LAWN MOWING AND CARE
REPAIR SCREENS

ROAD MAINTENANCE
CLEAN BUILDINGS
PUBLIC RELATIONS
PAINTING

REPAIR BUILDINGS
REPAIR PONDS

HAUL GARBAGE
CLEAN EQUIPMENT

LEAVE:
HOURS [in hundreds]

HOURS

1325
55¢
447
407
379
37!
263
200
i74
148
125
iCO
100

60
43
31
25
20
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741
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334
317
236
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134
93
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43
42
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25
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SUCCESS ARTIFICTAL INCUBATION FACILITIES AND
SPAWNING CHANNELS WITH FRASEE RIVER SOCKEYE SAILMON

The International Pacific Szlimon Fisheries Commission has
directed its fish cultural research primarily toward artificial
spewning channels and incubsation channels. These facilitiles have
been designed to supplement spawning areas that have deteriorated
or are otherwise insufficient for the rearing potential of the
large productive nursery lakes.

The Upper Pitt River basin, sustailning years of logging
operations, has experienced severs gpawning ground deterioration.
Consequently the sockeye run had declined from over 40,000
spawners in 1950 to less than 7,000 gpawners in 1965. The run
was spread out over so much ares that an incubation channel was
considered the best facility for the operation. The upwelling
channel 1g 700 square yards in area and has a capacity of about
four million eggs.

In 1963 operation of the channel was initiated and the adult
returns from the combined natural and channel production totaled
155,000 fish. Similarly the 1964 operation contributed 1n an
adult return estimated at 190,000 sockeye, the highest ever
recorded. Since the brood years each numbered less than 14,000
spawners, the combined return to spawner ratic has been over 12
to 1.

Weaver Creek, snother sockeye spawning area which 1s
extremely inhibited by a limited and deteriorating spawning area,

has been the site of the first sockeye spawning channel operation.



The channel is a contreolled flow gtream, relstively free of fin

and provides an area of 21,500 sguare yards for spawning.

The natural spawning population in Weaver Creek in the recent

past has averaged about 10,000 female spawners but produced only
2.5 million fry annually. In 1965 the channel operation was
initiated with 2,986 females in the facility, which produced
7.8 million fry. The return to Weaver Creek in 1969 was 59,000
fish, the largest recorded in the history of the run. The tobtal
return, including the fishery, was 169,000 fish from 11,000
spawners or a return to spawner rabtio of over 15 to 1.
Investigations are being directed To provide the background
necessary in snticipation of certain problems that can arise

-

in the nursery lskes from channel operation:

1

. Also resgemrch

J

¢

1

~
i

fociliti

(

continues with pink salmon channe s which similarly

show considerable promise ag secure fish cultural operations.
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THE PHYSICAL AND CULTURAL ASPECT
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TEHAMA-COLUSA FIBH FACILITIES

Dale E. Schoeneman
Bureau of Sport Fisheries and Wild

Prior to construction of Shasta Dam,

River salmon and steelhead fishery was limited

migrations in the fall, winter, and spr due

0’3

temperatures reaching into the 70's during the

With completion of the dam, water temperatures
tained which produce conditilons sultable to sa
throughout the year.

It is
the upper Sacramento River every month of the
occur from September to mid-Dec

to late March (winter run); and late March to

-

Other fighes that contribute to the fishe

Sacramento River are rainbow trout, shad, west
Sacramento squawfish,
sunfish family, and others.

As part of the Sacramento River Division
Project, a diversion dam was bullt across the

This dam was designed to divert water into the

Canal and Corning Cansl for irrigation purposes

fish ladders snd two fish counting stations.

two mileg south of Red Bluff.

the upper

ember (fall run

The upstream sec

Ls\.)

Sacramento
to spawning

to extreme water
summer months.
have been main-

Inon and trout

known that adult chinook (king) salmon migrate into

vear. Peak runs
)3 mid-December
Tune (spring run).
ery in the upper

ern sucker,

carp, lamprey, several members of the

Central Valley
Sacramento River
Tehama-Colusa

and includes two
The dam 1s located

tion of this

irrigaton canal will also function as a salmon sgpawning channel,

thereby creating a dusl use facility.
A spawning channel 1s an ares
best elements

combines the of a hatchery and ©

%3 2 st

of environm

ent control which

he natural spawning



stream. EbEnvirconmentsal changes often decide whether salmon live
or die, and often indicate the destiny of whole runs. By elimina-

tion of many of the hazards found in natursl streams hannels
tilon of many of the hagzards found i1n natural stresms, channels

cen produce egg-to-fry survival rates ten times greater than the

Included in the spawning facility is a settling basin, located
at the head end of the spawning channel, designed to remove silt
and Tine sands from the inflowing water, and a channel 27,000

o

)

e
(¢]
ot
=
[
F
-

feet in length, 100 ridth, contalning selected gravel
composition, a gravel cleaning device, electronic fingerling
counting system and water quality monitors.

Upon completion, the Tehama-Colusa Spawning Channel will be
the largest, most modern salmon facility in the world. If all
of the salmon eggs Tthat will be layed in one season, in the
spawning gravels, were placed in a row, they would extend from
Red Bluff to Los Angeleg, or a distance of 512 miles.

The Tehama-Colusa Salmon Spawning Channel and appurtenant
fish facilities will provide some 1.9 million square feet of
new spawning ares. This area will ultimately sustain an estimated
average spawning run of 40,000 fish per year which includes tThe
5,000 fish displaced by Red Bluff Diversion Dam Forebay. It i1s
estimated, on a yleld per acre basis, that The salmon spawning
area will be worth $30,000 per acre, per year, at full development.

Facilities, land acquisitions, and flows provided by the
project will also rehabilitate the lower four miles of Thomes
Creek for salmon production. Following an initial build-up
pericd, an estimated 10,000 spawning salmon per year wlill be

maintained in Thomes Creek.

W
-
&




At full capacity, this project will provide an additional
130,000 adult salmon per year for the enjoyment of the sports
fishermen and an additional one-half million dollars per year
to the commercial fishery.

The project 1s due for completion in July., 1971, and will
p (8! i u/ $ S M

)

-

cost on estimated eighteen million dollars.

United States Bureau of Sport Fisgheries and Wildlife

has been counting the number of upstream bound fishes, by species,
since July, 1967, using closed circuit television cameras installed
in each fish ladder. Counting takes place sixteen hours a day,
gseven days a week. 117,200 adult chinook salmon were counted
during fiscal year 1968; and 116,678 in fiscal year 1969, together
with thousands of other species, such as Jjack salmon, steelhead,
trout, suckers, squawfish, etc.

To accommodate visitors at and near the site, a Three-hundred-
fifty acre park will be constructed. Plans for the park include
many picnic areas, overnight camper and trailer facilities,
swimming beaches, boat. launching ramps (already installed),
adequate parking areas, and a Visitor Fisheries Interpretive Center
with closed circuit television and movies showing the migrating
and spawning chinooks. The Interpretive Center will also feature
a glass viewing wall so that visitors will have tThe opportunity
to be "eye~to-eye" with the salmon and other fish as they
ascend the fish ladder.

The educational benefits to be derived here are an interesting
and exciting aspect of this facility. It is expected that many
schools and colleges will take advantage of the center for field

trips and study by scilience and biology classes.

ETR
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There will slso be opportunities for private enterprise

in that spproximately one million pounds of salmon carcasses
will be collected during the spawning periocd which could be sold
for fertiligzers, pet food, etc., and an estimated annual deposition
of 16,000 tons of sediment, which will be continuously pumped
from the settling basin to a storage area, could be sold for
sandy loam.

Surveys of estimated numbers of visitors have been made by

Federal, State, and local agencles, and by 1974 1t is expected

that over a million persons a year will view thig spectacle.

Py



THE BrreCT CF DELAYED FERTILIZATION ON
TRANSPORTED SATMON EGGSL/

™ IS T ] e Ay ey e T e A oo
Derek C. Poon, Department of Fisheries
and Wildiife, Oregon & e ity
Corvaliis, C
and

1 Johnson, Fish Commission of Oregon
ckamas Research Laboratory
Clackamas, Oregon

H

@ l‘_
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M
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Ninety-two per cent survival of pink salmon (Oncorhynchu

=]
bt

-

gorbuscha) eggs shipped from Alasks to Oregon was achieved by
storing unfertilized eggs and sperm in separate conbainers;

~

survival of a second groups of eggs I

e

r

£

ilized before shipmen
was only 40 per cent. Although unfertilized egge are less
subject to mortality from handling than newly fertilized eggs
mortality of stored eggs may result from lowered fertility
unless certain precautions are tsken.

Provisgions of an air space 1s not essential for storage
of eggs, bul air is necessary for sperm. High fertility can
be maintained for periods up to twenty hours by storing eggs
and sperm 1n lced, insulated containers at 6° C. Dilution of

the stored milt with water Just before fertilizabtion of eggs

also increases fertility.

1/ Submitted to the "Progressive Figh-Culturist" for
publication, June 4, 1969.
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ADUTI SUR JALG CF SALMON REARED UNDER
VIRONMENTAL CONTROL

Foger E. Burrows
Bureau of Sport Fisheries aﬁa Wi ld

11
Salmon-Cultural Laboratory, Longview, Washington

When we first advocated the reconditioning and temperature

control of water in salmon rearing, the guestion asrose as to
the quality of the fingerlings which would be produced and

)

ultimately how this would affect the adult survival.

J

Experiments were designed and conducted to measure the
differences in adult survival of fall chinook salmon finger-
lings reared in a recirculating environmenbtal control system
and those reared 1n single-pass creek water. In the reuse
system the water was reconditioned by removal of the ammonia
and carbon dioxide, replenishment of oxygen, and supplementa-
tion of the circulating water at the rate of five per cent
per minute. The recirculating system was heated also to
temperatures not in excess of ESQ .

The experiments were conducted on fish from the 1966
and 1967 brood years. With minor exceptions the experiments
duplicated each other. The Abernathy Soft Pellet was fed
to both groups for both years. All figh were reared in
Y5-foot, rectangular, circulating ponds. The water
temperature of the creek varied from 520 to 580 ¥. during
the rearing periods and in the reuse system from BOO to 550 .

In the 1966 brood year experiment, both lots were
released May %, 1967. There were 197,000 fingerliags reared
in the environmental control system. These fish averaged

3% per pound and were marked 1/2 anal and left mexillary.



There were 200,000 fish averaging 96 per pound and msrked 1/2

anal and right maxillary which were Teared on the creek wabter

gsystem. Adult returns were as follow

o5}

2's 5t g
Reuse Males 29 38
. R Females 0 O
1/2 An, 1M . - =
Total =29 152
Creek Males & 7
1/2 An, RM Females 0 —t
B Total 5 14

The percentage return to the hatchery amounts to .09 per
cent for the reuse fish and .0l per cent for the creek fish.

In the 1967 brood year experiment 200,000 fish averaging
26 per pound and marked 1/2 dorssl and left maxillary were
released from the environmental control system. From the
creek system 200,000 fish averaging 80 per pound and marked
1/2 dorsal and right maxillary were released. Both groups
were liberated on May 14, 1968. The return ag 2-year-olds
was as follows:

Reuse Creek

1/2 D, IM 1/2 D, RY

Males 47 S
Females 7 0
Total AVIRS] S

-~

In addition, %74 Jjacks marked 1/2 D, IM were recovered
from the Washington coactal fisheries. The combined total of
822 marked fish from the reuse system indicated a recovery

of .45 per cent from this lot. The actual return to the hatchery

no
N

amounted to . per cent. We are expecting an exceptional

return of %-year-olds from this group in 1970.



Indications are that envircnmental control systems are
A2
capable of improving the quality of hatchery fish and that

such improvement results in a significant increase in adult

gurvival.

«39.
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To study the lipid composition

variation during the

salmon were spawned and thelr eggs

The diameter of the eggs

fertilized eggs were retalned in ¢

-

Big Beef Creek research stati

Washington. Samples of fertilized

hatching and following hatchi

-l

days until the yolk was completely
the eggs and sac~fry were taken in

adequate amounts for lipid studies.

early development of

ranged from
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and individual tty acid
chum salmon, adult

graded sccording Lo size.

I
%

=
o
o

ur to 6.7/ mm. The

Hesth Incubstor at the

on nesar the town of Seabeck,

eggs were btaken prior to

43]

ne samplegs were Taken every seven

abgorbed. Sample size for

numbers of Ten to sssure

Chum fry that developed from eggs of 6.7 mm diameter

averaged 31.8 mm

eggs of 8.2 mm averaged %8.9 mm and weighed 0.39 g.

percentage of total
was similar but the average amount
fry) for the 6.7 mm egg size was 93
egg size was 177.9 ng.

Major fatty acids utilized by
palmitic (16:0) and oleic (18:1).

available to the migrating fry was

fork length and weighed 0.19

lipids available

while fry fron

to the migrating fry
of total lipids (mg per 10
.9 mg and for the 8.2 mm
the fry for energy were

The amo

nt (ng per 10 fry)

11.0 mg. and 17.% mg

respectively for 16:0 and 18:1 for the 6.7 mm egg size and

17.1 and 26.5 for the 8.2 mm egg si

Major polyuns
tissue growth were eicosapentasnoic
(2276).

The amount (mg per 10 fry)

ZE .

aturated fatty acids utilized by the fry for

(20:5) and docosshexsenoic

available to the migrating

The average
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fry was 8.5 mg and 18.2 mg respectively for 20:5 and 22:6

for the €.7 mm egg size and 16.7 mg and 24.6 mg for the 8.2
mm egg size.

Chum fry prior to migration That developed from the 8.2
mm egg size contalned considersbly larger smounts of fatty
aclids available for energy utilization and tissue growth.

They had a greater fork length and a greater body weight.

WL



EFFECT OF DIFFERENT REARING

OF CHINOOK PFINGERLINGS

GROWTH

Banks

Joe
Pigheries snd W

Bureau of Svort

. ;‘1

Salmon-Cultural Leboratory, lLongview, Washington
- . G s o . , N 0 -0
Groups of fall chinocok fingerlings were reared at 507, 55

O

=0 . . L . .
607, and 65 F. to determine which Temperature was most favorable

for growth and to study the effects of temperature on body
form and hemabtology. Five sizes of fingerlings averaging l.38,
2.10, 2.70, 5.88, and 8.94 grams were reared for four weeks 1n
three-~foot circular tanks and were fed as much as they would
consume for the duration of each experiment. Abernathy moist
pellets were fed in 1968 and Abernathy dry pellets were fed
during 1969.

Of the four temperatures investigated, €0 F. appeared
closest to the optimum for growth for all sizes of chinook
fingerlings. Fish in 60° water consistantly outgained those
held at BOO or 550. Growth of fingerlings in 650 water was
variable, and propagation at this temperature in water reuse

and reconditioning systems appears imp tical when The in-

ko]
H
W
@]

creased cost of heating hatchery water supplies an additional
five degrees is considered. No differences in conversion
were found between fish reared at any of The temperatures;
however, the dry pellet fed in 1969 produced lower converstion
than the 1968 moist diet.

No difference in the fork length cubed-weight relation-
ship were found between fish reared at any Temperature.

Regression of fork length cubed in millimeters against



welght in grams did not deviate significantly from a straight

s P 5 -~ o . . e «
line with the equation: 7 x 1077 = L2700+ J7721W. PFingerlings
growing at different rabtes spparently maintain the same relatively
constant body conformstion. Reassonable accurascy may also be

B

assumed in celculating average fork length or average welght
if only one of these variables is known. Determination of
rates of increase in welght or length at different temperatures
should be helpful in predicting hatchery growth. Close cor-
relation of feeding levels with growth at different temperatures
should result in lower hatchery conversions, greater production
efficiency, and reduced production cost.

Temperature effects on hematological characteristics
were found only in fish averaging four grams or less. In

this group, increasing corpuscular counts, hematocrits, and

i
ot

hemoglobin levels were associated with increased rearing

temperature.
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Sockeye Salmon

During the Tall months of 1966, sockeye salmon eggs

Weshington strain were incubated at the College

Figheries in a

+ =m0 ¢ .
at 07 ¥, or above, and the

gp

temperatures were maintained
fry were ready to start feeding by late January of 1967.

After a

which the
young sockeye increased 700 to 800 per cent in weight,

10,985 fingerlings were marked by removal of the adipose

fin and, bogether with 3%,89Y9 unmarked fingerlings, were
released into Union Ray on

During the fall of 1969 = total of 34 adult sockeye
salmon returned to the homing pond on the campus. Seven

-

had no adipose fin and 27 were not marked.

We now assume bthat the young fingerlings released in

of

of

ion system. Incubation

March, 1967 fed in the lake until the major out-migration of

C

wild sockeye from the lake cccurred in May. After feeding in

the sea for the normal two years, these yvoung fish returned

as small, but mature, fish and produced about 60,000 eggs,

more than enough to contlinue the program.

Coho Balmon

0

In the spring of 196

E
.

AN

., about 17,000 lerge coho salmon

ings (Table 2) of the 1967 brood year that had been



(_
n
¢

ed in nubtrition experiments were available for other projects.

Rather than discard these figh. we declded to mark them with
a thermal brand (X on the left side ahead of the dorsal fin)

and releage them.

Many of these fingerlings were as large as the wild coho,
one year older, that migrate out of the watershed in large
numbers during the month of May. After the normal 18 months
in the sea, a total of 155 fish had returned and were spawned
at the campus pond by November 26, 1969. An additional 3%
females and 25 males were counted in the pond on December 1.
More coho salmon will rebturn during December and January.

Advantages to Salmon Culture

It is obvious that these pilot experiments could easily
be expanded inte msjor production programs with important
benefits.
1. By reducing the normal cycle by one year, 1T would
be possible To fill in years of low productilon.
2. The cost of producing a migrant would be greatly
reduced.
5. Much less food would be required, with a better growth-
to-maintenance ratio.
4. Disease problems would be largely eliminated, for the
fish would be in the sea before the warm summer disease
period.

Total survival could be increased once the program

\JT
£

was perlfected.

T
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The wet-fish content or Oregon Starter Mash (24%) and Oregon

Pellets (40%) detracts from the practicality of these diets. Our

mesh often contains lumps too large for fry to ingest, and the
pellets may be sticky. Efforts to completely remove wet fish
Tfrom these formulae have not been successful. However, we
developed new formulae with lower levels of wet fisgh.

The new Oregon Starter Mash, containing 16% wet fish and

about 18% moisture, produced excellent results in laborabory

tests and limited production feeding tria The new Oregon

Pellet, with 30% wet fish and sboub 28% moistur

§
@
o}
Lﬁ
g

uced good
results with spring chinook salmon in the laboratory. Current
laboratory feeding teste of the new pellet with coho salmon and
limited production trials with spring chinook salmon show much
promise.

The problems with lumps and stickirness have been reduced
by the new formulations. The new dilets will be fed To about

half the Fish Commission's production next year.

NEN

T FORMULATIO

N
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PROGRESS REPORT ON THE ABERNATHY DRY DIET

Laurie G. Fowler »

of Sport Fisheries and Wildlife
Salmon-Cultural Laboratory
Longview, Washington

The Abernathy dry diet can be prepared by two different
methods. One method using a Dravo pelleting wheel forms a rolled
pellet which, due to water being added during pelleting, must be
overn dried. The other method which utilizes a pressure pellet
mill (California type) does not require oven drying and as a
result would be more economical To manufacture. TFeeding trials
comparing these two types of pellets showed no difference in fish
growth and both dry diets were as good or better than the standard
Abernathy moist diet.

At current prices the moist pellet costs over 50 per cent
more than the pressure type dry pellet. An additional savings
of at least 20 per cent can be expected due to a better con-
version rate when feeding the dry dietb.

Some changes in feeding procedure are necessary when using
dry feeds. £Emaller sized particles for a given sized fish are
required as well as more frequent feeding. The success of dry
feeds rests upon the hatcheryman as 1t will require more care and
patience on his part to make the dry diet perform as well as the

moigst diet.



(MERLUCCIUS PRODUCTUS) A SOURCE OF PROTEIN
FCR HATCHERY FISH NUTRITION

T. B. McKee
D. E. Mills
J. W. Westgate
Fish Commission of Oregon
Clackamas, Oregon

The estimated standing stock of adult Pacific hake on the
Pacific Coast is four to eight billion pounds with a maximum
sustainable yield of 230 to 540 million pounds. Recent in-
vestigations at Washington State and Oregon State Universities
have shown hake meal to be a satisfactory protein supplement
for boiler production rations. In view of this large potential
protein resource, investigations have been carried out in the
past few years to establish and compare the chemical and
nutritional characteristcs of hake in its various forms as a
source of protein for the nutrition of hatchery fish.

Round hake is generally characterized by a higher moisture
and ash content and lower fat level than the wet ingredients
that are presently utilized in formulating the Oregon Moist
Pellet. As a wet fish ingredient, hake does not provide
energy at a level that is comparable To combinations of the

presently allowable ingredients. Replacement of the 40%

ot

urbot-tuna viscera fraction of the Oregon Moist Pellet with
pasteurized hake accompanied by approximately 28% additional
fat yielded comparable growth responses and conversions for
chinook salmon. Production feeding trials have verified this

PR B
result.



Autolysis of the wet fish fraction of the Oregon Moist
Pellet under specific time and temperature relabionships has
been considered as a means of improving the economy of handling
and storing. Feeding trials with chinook salmon have indicated
that autolysis of the %:1 hake-tuna viscera fraction of the 40%
wet fish Oregon Moist Pellet reduces growth response but not
significantly (P=0.05). Bpray dried round hake hydrolysates
and West Coast herring meal have yielded equal growth and con-~
version by rainbow trout as the major source of protein in
purified diets.

Commercially produced complete hake meal has been found
to compare favorably with West Coast herring meal with regard
to 1ts chemical composition. Ash levels are characteristically
40 to 44 per cent higher. Protein amino acid composition,
pepsin digestibility and z~amino lysine content available to
reaction with l-fluoro-2, 4~dinitrobenzene have been found to
be at least equal. Growth responses and conversions by rainbow
trout fed purified test diets containing commercial complete
hake and West Coast herring meal as the major source of protein
were shown to be equal. Casein produced significantly (P=0.05)
better dry weight feed and protein conversion than either fish
protein source. Growth response did not vary significantly.

Hake meal appears to be a good potential source of protein
for nutrition of hatchery fish. The addition of pasteurized
hake to the allowsble wet ingredients in the Oregon Moist
Pellet appears to be acceptable if it 1s accompanied by

additional energy in the form of fat.



PREOGRESS REPORT ON CONTRIRUTION
OF HATCHERY PRODUCED SPRING CHINOOK AND sSUMMER STEELHEAD
TC THE NORTH UMPQUA RIVEER
) [VER

Jerry A. Bauer
Oregon State Game Commission
Roseburg, Oregon
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Hatchery produced spring chlinook and summer
were major contribubors to the record runs for each species
in the Umpgua River during 1969.
The 1969 runs of spring chinook and summer steelhead were

A

the highest on record at Winchester counting stabtion since 1ts

construction in 1946. The spring chinook run reached a high
of 20,777 fish, while the summer steelhead run will end at
approximately 15,000 fish. Figure 1 illustrates the combined
two rune for 1969, approximating the historical total for both
runs with hatchery contribution more than 50 per cent of the
total.

Table 1 depicts the improvement in the spring chinook
salmon run and shows the increasing contribution of hatchery-
released fish. The run of 20,777 fish compares favorably with
the reported historical total of 25,000 fish and nearly doubles

the previous high count of 11,730 fish achieved in 1965.
2

Teble 1

Spring Chinook Counts at Winchester Dam,
1946-1968

Iverages for Hatchery Contribution

Period Average Run Number of Fish Percent of Run
1946-1950 2,745

1951-1955 5,908 929 L5.7
1956-1960 5,555 822 15.%
1961-1965 8,671 1,911 22.0
1966~ (1969) 11,586 5,895 55.6

=5
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Fish of hatchery origin made up 45.0 per cent of the 20,777

spring chincok run. The 1965 brood made up a majority of the
1969 returns, and the total for the three years of returns

-

approximates & (7

.8) per cent of the number released. The 1965
rocd year group conslsted of 88,000 smolts relessed in late
February 1967 at 4.8 fish per pound. The return figure of
nearly & per cent of The number released is actually greater,
as 1t does not include fish taken in extensive sport and
commerclal fisheries. In the 1965 brood year lot, visual
smolt characteristics were correlated with size of fish and
time of release. From the visual characteristics, 1t was
believed that the fish were released four weeks late. The
high rate of return, however, revealed that the smolts

were released at the proper time.

Last year it was reported that the 1966 brood year fish
were hand-graded periodically during a b6-week period, and at
each grading those individuals with smolt characteristics were
released. Returns from the 1966 brood year chinook have
totaled 5,559 through 1969, or %.3 per cent of the number
released. This total, however, contains only those fish
which have passed through the counting station. Approximately
50 per cent of an average run of fish is viewed at the
counting station two years following release.

With the improvement in Tthe quality of fish released and
the ability to recognize smoltification characteristics, a
program to sample and record condition factors was initiated
starting with the 1966 brood year fish. There appears to be

a definite correlation between a condition factor of 1.10 and




visual smolt characteristics at Rock Creek Hatchery. Table 2
presents part of the physical data taken during the parr-smolt
transformation periocd for the 1967 spring chinoock brood as

compared with the 1966 brood in parenthesis.

Table 2

Physical Data for Umpgua Spring Chinook
Parr-Smolt Transformation

Fork Length Fish

Date (Inches) per Pound Average Condition Factor
October 23, 1968 6.16 10.5 1.19 o
November 21, 1968 G.0Y7 8.1 L.16 (1.18)
December 17, 1968 6.95 7.5 1.10 (1.16)
January 1%, 1969 7.11 6.6 1.16 (1.11)
February 7, 1969 72U 6.4 1.13% (1.18)
March %, 1969 746 5.8 1.15% (1.1%)

The 1969 run of 15,000 summer steelhead not only exceeds the
previous high count of 6,185 fish but also the reported historical
high of 12,500 fisgh. Table % illustrates the increasing summer

steelhead run and high rate of hatchery contribution.

Table %

Summer Steelhead Counts at Winchester Dam, 1946-1969

Period Average Run Number of Fish Percent of Run
1946-1950 2,149

1951-1955 5,439

1956-1960 2,395 822 34,3
1961-1965 3,874 1,339 54.6
1966-(19€9) 75795 5,113 65.6

Fish of hatchery origin made up 73.0 per cent of the run
of 15,000 summer steelhead in 1969. Marked fish contribution
by brood year was 0.8 per cent for 1965, 44.8 per cent for 1966,

49.2 per cent for 1967, and 5.2 per cent for 1968 brood year fish.

263w




As in the spring chinocok program, data on condition factors,

visual smolt characteristics, etc., are being taken on summer

]

steelhead. Table 4 presents a segment of the data taken from

Y

the 1968 brood reared at Bandon Hatchery. Our present progranm

of releasing smolts ranging from 5 to 7/ per pound in March

showing returns of 4 to & per cent of the number stocked.

Table {4

Physical Data for Umpgua Summer Steelhead
Parr-smolt 1ran%¢ormaulon

Average ,
Fork Length Fish Average
Date (Inches) per Pound Condition Factor
December 11, 1968 6.66 9.6 1.044
January 14, 1969 7.09 7.0 1.10Y
February 10, 1969 V.28 c.5 1.068
March 5, 1969 V.56 6.1 1.061

Recent experiments have been directed toward returning the
adults to specific areas. At the start of the program, releases
were made at Winchester (114 river miles from ocean), while
releases today are spread out between Winchegter and Steamboat
(167 river miles from ocean). Although a lower rabte of return
has been achieved from the upper river releases, the contribu-
tion of hatchery fish to the angler creels has increased from
less than one per cent to more than sixty per ceat. An expansion
to the stocking program will utilize upper river tributaries,

88 well as a spread—-out pattern in the main stem between
Winchester and Steamboat.

In summary, the two fish rune have increased from 2,000
fish (their low points) to 20,777 spring chinook (45.0 per cent
hatchery in origin) and 15,000 summer steelhead (73.0 per cent
hatchery origin). We conbtinue to be encouraged with the

direction our programs for these two species are leading.

Bl
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PRELDIMINARY REPORT ON THE USE OF ANTIBIOTICS
TO CONTROL BACTERIAL INFECTIONS IN ADULT SATMON

Mark DeCew
Washington Department of Fisheries
Salkum, Washington
A mortality of 3% occurred by mid-June 1968 Lo the adult spring

chinook salmon (Oncorhynchus tshawytscha) held at the Cowlitz Salmon

Hatchery. Of the total mortality, 60% were infected with bacterial

o

kidney disease, 60% with furunculosis (Aeromonas salmonicida) and

40% with columnaris (Chondrococcus columnaris).

Tests showed that subcutbtaneous injections of erybthromycin
(50 mg), neomycin sulfate (100 mg), chloramphenicol (250 mg),
oxytetracycline (50 mg), penicillin G procaine (200,000 units),
penicillin G benzathine (150,000 units), and dihydrostreptomycin
(250 mg) were non-toxic to adult spring chinook.

An experiment was conducted to test the efficacy of three
antiblotics against the multiple infection. The water temperature
range, during the 8 week test, was 55w5§)F. The fish in one pond
received % injections, another pond received 2 injections and a
third pond was a non-injected control. The infections were given
at 2-% weeks intervals, in conjunction with the spawing procedure.
Each 2 ce. injection contained 200,000 units of penicillin G procaine,
250 mg of dihydrostreptomycin and 50 mg of oxytetracycline. At the
fifth week, adults from each pond were tagged and placed in one pond.
A small smount of tag loss occurred, but it wasn't enough to signif-
icantly alter mortality and spawning data. Table 1 shows that sub-
cutaneous injection of these antibiotics reduced mortality and in-
creased the number of viable eggs but caused an excessive number of

deformed fry.




-

Number of Injection

O z %

4 3% 20

Bl 26 14
1.00 - 1.45
O - 15

In 1969, a similar experiment was conducted. Forty and 70% of the
mortalities were infected with furunculoegis and bacterisl kidney

disease, respectively. The same antibiotice and dosage were injected

-5 weeks intervals. All ainjections were completed prior to the

spawning period. The test was conducted for 16 weeks and the water

temperature range was 46— E”O F. Thege antibiotic injections reduced

mortality and incressed the number of viable eggs and fry. Adults

receiving 2 injections had fewer deformed fry than those receiving

% injections, (Table 2).

Teble 2. The effect of antibiotic Therapy on 1969 adult spring
chinook mortality and spawning.

Number of InJjections

O 2 5
Per cent - total mortality AL 26 18
Per cent - female mortality 28 21 14
Ratio — viable eggs?® 1.00 1.11 1.26
Ratio -~ viable fry* 1.00 1.12 L.27
Per cent - fry deformed O ) 18

This study is being continued to find and eliminate the specific

cause of the deformities
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PROGRESE AGAINST VIBRIOSIS IN SALTWATER REARING AT LINT SLOUGH

Mass mortalities of fall chinook, coho and steelhead in the Iint
Sicugh rearing facility at Waldport, Oregon during 1968 and 1969 were

attributed to Vibrio anguillarum by Dr. John Fryer of the Department

of Microbiology at Oregon State University. Up to 98 percent of the

fall chinook, coho and winter steelhead stocked were lost. Control
would reguire either pretreatment or oral application of a drug in
a supplemental diet. Ixperiments were conducted test the effect
of three drugs and a vaccine against vibriosis.

A series of eight nylon net pens were suspended in Lint Slough
and 20 fiberglass tanks were set up, each supplied with saltwater
pumped directly from the impoundment. FEach pen was constructed of
1/8~inch mesh, woven nylon netting and measured 10 feet wide, 20
feet long and © feet deep. They were smpported by an external
wooden framework. A catwalk around the pens and over the center
led to automatic feeders and facilitated removal of dead fish.

The fiberglass tanks of 3-foot diameter with a capacity of 100
gallong could be supplied with a flow of fresh and/or saltwater.
Aeration was provided by compresgsed air.

Furanace(P-7138) treatment

The first experiment was designed to test four micrograms of
Puranace (P-71%8) per kilogram of fish per day, fed continuously
in the diet as a control for vibriosis Groups of 3%,000 fall and
spring chinook, coho and steelhead were fed the test diet while

similar groups were fed Oregon Moist Pellet to provide a control.

The experiment was terminated on June 30 after /1 days of treatment.

-£8-




Furanace (P-713%8)

some protection. The

difficult to determine
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against vibrios
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or previous history
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rate of control groups
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control
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if treatment produced any degree of protection

is not known whether the differencesin sgige

the second group of experimental fish influenced

-

oriosis as demonstrated by difference in mortal
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Percent mortality (21 days)
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Figure 2. Conpariscn of Sulmet and TM-50 for control of vibricsis at’
Lint Slough.
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_ Pércent mortality (71 dayé) . :f
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Figure 1. The effect of 4 micrograms of P-7138/Kg/days (dark bars) on
the control of vibriosis in saltwater at Lint Slough. Open
bars represent control groups of salmonids.
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Oral treatment of Furanace (P-7138) for control of vibriosis
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in spring chinook fingerlings at Lint Slough.

-63-

”~

<

o




ORAL IMMUNIZATION OF BSAIMCNID FISH FOR CONTROL OF VIBRIOSIS*

ey, R SR

H ot N Y . - T
J. S. Nelson and . Fryer

. Garrison
e Game Commission

During 1968 the causative agent of vibriogis in populations
of salmonid fish from the Oregon Stabte Game Commission's salt
water rearing faclility at Lint Slough was diagnosed as Vibrio

angulllarum. Subsequent experiments at our laboratory have

dealt with the development of an oral vaccine (administered via

the diet) against V. anguillarum which would provide protection

from this disease for salmonids reared in salt water impound-

ments. A preliminary experimen®t indicated that a vaccine pre-

received 300 ug during a 14 day period appeared to confer
significant protection to fish. Further experimentation
employing levels of vaccine at 100,200, and 300 ug per fish
over a l4-day period has again indicated that vaccination
against vibriosis is feasible.

The use of vaccine boosterg fed after the initial 14 days
did not appear to enhanée protection already afforded the
experimental animals. Experiments concerning oral immunization
of salmonids for disease probection are being continued at this

laboratory.

* This work was supported by the Oregon State Game Commission.

-y

**  Paper presented by J. L. Fryer
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VG AND CONTROL OF CYTOPHAGA PSYCHROPHITA

TN T e Ny U T -
VE AGENT OF BACTERTAL COLD-WATER DISEASE

=
\%

R. A. Hol%t
Depsrtment of ﬂLcrOpLolﬁbV
Oregon btate University

Corvallis, Qﬁegon

A characterization study of 25 nmyxobacterial strains isolated
primarily from cold-water diseased salmonids, deformed Juvenile coho

(Oncorhynchus kisutch), and adult coho salmon was conducted. Mor-

vhological, culturael, and physiological tests showed these isolates

to be closely related. Six of these isolates were examined for their
ability to produce fatal infectiong in Juvenile coho salmon when
injected subcutaneously near the adipose fin. 11 sgix strains produced
death in fry with grosge pathology identical tTo that obsgerved in typical
clinical cases of bacterial cold-water disease. L serobtyping study of

five of these isolates demonstrated that all possessed common antigens

and were serologically homologous. The data concerning isolates from

o

both the deformed Jjuvenile coho and adult coho salmon indicate that

hese organisms are identical to the causitive agent of bacterial cold-

iy

water disease Cytophaga psychrophila.

A nitrofuran, Furanace, was tested for itein vitro and in vivo
activity against the agent of bacterial cold-water disease. Furanace
(P~71%38) had a minimal inhibitory concentration of 0.06 ug/ml for C.

psychrophila.

In vivo experiments at Siletz Salmon Hatchery were conducted
from Jamnary to March 1969. Yolk-sac fry were bathed in P-713%8 at

concentrations of 0.0 (control), 0.5 and 1.0 ppm for one hour every

1/ This work was supported by the Fish Commission of Oregon, Portland,
Oregon
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TO The concerete raceways,

Cr e ey e e
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0.5 ppm

period

P-71%8 treatment applied throughout the cold

-

resulted in losses of less than 1.0% compared to 42% in the control

group.

During this same period, berramycin incorporated in Oregon Moist

Pellets (OMP) was evalusbed for its ability to control bacterisl

cold~-water disease. One group received no medicatiocn (control) and

fish/day for four weeks followed by 15 gm/100 1bs. fish/day for the
duration of the experiment. Fry in one of the treated groups had
previously been exposed to 1.0 ppm P-7138 treatments (for a one hour
period every third day) as yolk-sac fry. A 29% loss due to bacterial
cold-water disease was suffered in the control group. The terramycin
treated group lost 14% and the group initially exposed to P-7138
followed by'terramyciﬁ treatments suffered only a 2.1% loss. These
results indicate that treatment of the yolk-sac fry with 1.0 ppm
P-7138 followed by administration of terramycin medicated OMP greatly

reduced the lossg of fisgh due to bacterisl cold-water disease.
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OCCURRENCE OF THE PROTOZOAN FISH PARASITE CERATOMYZA SHASTA IN THE
COLUMEIA RIVER BASIN AND THE ULTRASTRUCTURE OF THE SPORE

Re W. Gould, J. E. Banders and J. L. Fryer
De partment of Microbioclogy
Oregon State University
Corvallis, Oregon

The purpose of this report is twofold, (1) to summarize results

from the Ceratomyxa shasta distribution studies and (2) to describe

the ultra-~structure of the gpore stage of this paragsite.

Live-box experiments with Juvenile galmonids indicatesg that
infections caused by C. shasta could occur in portions of both the
Deschutes and Columbia River basins. Major exceptions in the
Deschutes River basin were the mainstream Deschutes River above
1ts confluence with the little Deschutbtes and in the Metolius
River. Although infections were not found in fish recovered
from the Metolius River,other observations suggested the infective
etage of C. shasta was present. This parasite was found in fish
recovered from Suttle Laké, Suttle Liske is drained by Lake Creek
which then flows into the Metolius River. The occurrence of the
disease in the Crooked River may result from contamination with
irrigation water originating from the mainstresm Deschutes River
near Bend, Oregon. Numerous observatlons have indicated that
juvenile fish become infected with C. shasta in the lower Deschutes
near its confluence with the Columbia Ri vg;, All live-box
experiments in the Columbia River with juvenile galmonids have
indicated that infections with C. shasbta occur only in the Columbia
River below its confluence with the Deschutes River. Juvenile
salmonids can become infected with C. sghasta in other tributaries
of the lower Columbia River, principally the Cowlitz River.
Examinations of Juvenile salmonids resred in Oregon coastal river

4

hatcheries have never revealed the occurrence of C. shasta infections

68
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(Trask

Columbia River tributaries after migration through the lower

Columbia River. Adult salmon infected with C. shasta have been

found as far inland ac

4
~
}

T I ™~ L v g T 3 e o -
bow Dam on the onake River.

C“j

Ceratomyxa shasta i1g widespread in salmonid fish throughout
v fon]

the Columbia River basin; however, results indicalbte the infectious
stage of this disease is located in rather restricted areas. This

A

information tends to suggest the infectious pro involves one

or more factors which are only present in certain locations within

the area studied. Th

(1968) in which he suggested spore of This parasite may not Dbe
directly infectiocus to fish and that transmission may involve some
.

stage other than the spore.

The ultrastructure of the spore of C. shasta was examined by

electron microscopy. Penetration of the embedding plastic into the

spore was possible only when the specimens were placed in 10%

2

o

formalin for an extended period of i

=
b
£

€.

L-

The valves of The spore form knobs at The subture line similar

to those of other myxosporidians. A septate desmosome was ildentified
between the two valves similar to that described in Hydra (Wood, 1959).

Within the sporoplasm are two vescicular nucleil with nucleolel, endo-

plasmic reticulum, electron dense circular bodles, mitochondria, and

?
-

possibly ribosome packets., The polar capsule and filament of C.

shasta are morphologically similar to those of other myxosporidians.
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A NTITROGEN GAS DISEASE CATASTROPHE
Ellis J. Wyatt

Fish Commission of Oregon
Clackamas, Oregon

and

Kirk T. Beiningen 4
U. 8. Buresu of Commercial Fisgheries
Astoria, Oregon

A severe fieh losg occurred at the FCO South Santiam Hatchery
located immediately below Foster Dam on the South Santiam River, on
September 5, 1969. About 271,000 yearling spring chinook and 114,000
fingerling summer steelhead, approximately 75 and 100% of the stock
on hand, died of gas embolism.

The hatchery water supply flowed from two pipelines in tThe dam
forebay. One line arose in the hypolimnion and the other from the
epilimnion. These two Joiln to form a single line supplying mixed
water at 560 F. to the hatchery.

The pool elevation was such That the upper line was partially
exposed and the grating guarding the opening into it was nearly plugged
with debris. The upper line was not full of water so that a gas-water
nmixing chamber was created at this 5%.%-foot opening.

In late Sepltember and early October, experiments were conducted
to determine safe procedures for running this waber supply system and
to simulabte the conditions during the fish loss. A summary of the

repults of the simulation experiments are included below.

Water Analysis
When the conditions of September 5, 1969 (the date of the large
figh lossg) were closely approximated the per cent saburation levels
of N? gas were found to be 175 in the screening box and 152 in the

Burrows ponds.

oTle
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Scholiosis and lordosis have been observed

hatche

riea.

SCOLICELS AND LORDOSIS OCCURRING IN SATMONIDS

K
e Leboratory

freguently

"

Etiologicslly the various diseases which may result

in the spinal curvature can be categorized as follows:

-

dow

4,

Protozoan

a. Myxosoma cerebralls - whirling disease of trout

Fungal

a. Ichthyosporidium (Ichthyophonus)

Bacterial

-

a. Cytophaga psychrophilia - (Cold~water disease) or

("low temperature disease") or ("peduncle dla@ase”\

Viral

a. Sockeye salmon virus disease

0

1) Columbia River

146

ockeye dilsesses

,__
(D

2) Oregon sockeye disease
3) Infectious Henatopoieti
Nutritional
ag. Vitamin C deficiency
Tdiopathic
a. Whirling coho disease
Miscellaneous
a. Genetic

b. Injury

e



e T NVTOLT T A MUY T TVITY
THE PACO PISH TRANGSFER PUMP

Pumping Comparny

The pump industry has developed the most efficient method

of transferring liguids and

products during the past century,

with the exception of gravity.

Cne of The developments

of the pump industry has been the

food handling pump ~- an especially designed clogless

centrifugal pump -- usged *to

TS

er fruits and vegetables in

all aspects of the food processing industry.

Dead fish and

equipment since The late thirties;

studies

were nmade on the effect of live figh

eafood have been pumped with this type of

however, in the mid-fifties

being passed

through hydraulic turbines and pumps.

In 1967, the Ste
Game,

at one of their hatcheries

6]

Figheries Admin

Effects of Pumping Juvenile

=

sttracted the interest of sev

T oy
Rarly

~

unit by the State of Oregon,

g P T T < B 0| o~
result of Tthesge te

)]
&

-

degigned and built a

with the proper power

P
O
b
(“ﬁ;

In

te of Caeliforni

near Sacramento. Th

King Salmon

sts, Pacif

unit and ¢

a, Department of Fish and

purchased one of our 5" pumps and ran exhsustive tests

elir Anadromous

istration Report ©9~1 (March, 1969) on "The

-

Through a Pump®

al other fisheries departments.

5

-
L

tests were conducted with Their

(

[

near Astoria, Oregon.

1c Pomping Co

£

mpany

complete trailer mounted pumping unit

speed reduction in order to

er & complete Tish transfer unit to the industry.

were further modified go that

Pl



within the pump impeller and volute Tthe
design that there is minimum wall contact. Fach impeller and
volute is hand finished and polished to assure any imperfections

in the castings are removed to provide the smoothest water

Since June, there have been sdditional tegts with the 5"
pump and larger units on different species of galmon and larger
salmon, the last of which was concluded in September pumplng
14 to 19" long Coho or Jack Salmon. QOur short film which
we are meking on fish transfer shows some fooltage of this
latest Test.

Our 6" pump was used in Northern California in a series
of successful Tests on transferring Charnel Catfish. Additional
tests have been made 1n Stuttgard, Dumas, Kelso and McGehee,
Arkansas, at various governmental agencies experimental farms,
and large commercial farms. Transferring of Channel Catfish
up to 19-1/2" long was successful without any damage to the

fish. A detailed report will be written later.

THE MOVIE - "THE PACO FISH TRANSFER PUMPY
Federal and stabte agencieg have gince 1949 been cooperating

in developing and increasing the salmon and steelhead runs in
the Columblia River. Recently, a special team of state and
federal agencies planted ©.5 million fall Chinocok in a step
toward developing salmon in the Willamette River.

The PACO fish transfer pump played an important part in
this transfer. Loading a fleet of six stocking trucks with
a combined carrying capacity of 6,000 lbg. of fish required

-1

new methods deviating from the old dip net and weight method.
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