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PROJECT CHRONOLOGY CHART AND SUMMARY *

of the
Applied Fisheries Laboratory

University of Washington
Seattle, Washington

PROJECT X. Basic Studies of the Effect of X-rays upon Fish in Various Stages of Development.

SECTION I,
Chinock salmon adults, femmles and males, from Oreen River,
were given whols body doses of 25, 50 and 100 r,
Sexual Maturity B
Fish were mature when irradiated.

In October 1943 a total of 21 fish
11 others used as controls.

S%
were spawned Ootober 31 to November 5, 1943.
Generations
A total of 55,084 eggs were obtained. Their development is ocutlined in Section II.
Termination
e irradiated spewners died between October 31 and November 11, 1943.

Hale deaths were
natural but females were sacrificed for spawning. See Section II for consideration of
offspring.

SECTION II.

Chinook salmon eggs from Section I, totalling 55,084, Observations were made during periods from:
Spawning to eyed egg stage, October 31 to November 26, 19433 eyed egg stags to hatching, Kovember 23

to December 24, 19433 hatohing to feeding, December 20, 1943 to February l4, 19443 and feeding
to liberation February 14 to Nxy 11, 1944.

# Revised March 11, 1948.
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Spami '
Hsg wore spmwmed November 28, 1943 to December 5, 1943.

Termination

e ths for the males were natural, the females were sacrificed when spawned. The eges,
totalling 46,722, and their development are considered in Section IV of this chart.

O, I,

SECTIOR IV.
Sockeye salmon eggs from Section TIT. Eggs mumbering 46,722, spasned on November 28, 1943, eyed
on Jamary 4, 1944, hatched between February 17 and February 28, and started to feed April 10,
23,655 of the 25 and %0 r groups were liberated as fingerling on May 31, 1944. The remaining
fingerling of the contrel and the 100 r groups were marked from October 19 to 26, 1944 and
planted at Cultus Lake, B. C., on February 20 and 22, 1945. Liberated controls rumbered 4139

and bore the mark adipose and right ventral fin, Liberated 100r - 100r fingerling numbered
2404 and had the adipose and left ventral fins removed,

Returns were expected in 1946, 1947, and 1948,

Reports

In December 1945 the statistical analyses of the mortalities of Sections III and IV
were comploted, btut the report was not submitted because it seemed advisabls to walt until
possible 1946 and 1947 returns from Cultus Lake had been recovered. It was then declded

to revise the analysis in the light of the comments of the Rochester Group on the statistical
analysis of Section I and II. »

In the fall of 1946 and 1947 returning sockeye salmon were carefully examined for marked
fins at Cultus Lake, but no marked fish were observed.
Termination

17 no marked fish return in 1948, as now appears probable, results will be restricted
to mortality patterns of the young fish,

SECTION V.
Stselhead trout adults, females and males, from Columbia River,

Treatment

On December 1 to 6, 1943 five fish were treated (two each to 250 and 500 r and one to
1,000 r) and ten retained as controla,



Termlnation

e36 fish were caught November 24, 1943 at Rock Island, and by the time they were
irradiated they were so weak with copepod (Salmincola edwardsii) infection and had
developed wuch extensive fungus infection that they died between December 5 and 15,
1943. The problem contributes little of use and the section was cancelled,

SECTION VI.
Chinook salmon ayed eggs from Green River.

Treatmsnt .

= From Decesber 19 to 21, 1943 a total of 11,960 eggs divided into 8 lots containing 931 -

3 974 eggs each were X-rayed., Two lots each were sxposed to 25, 50 and 100 r of X-ray
e and two wers used as controls.

Hatohing, Jarmary 22, 1944. Absorption of yolk,
Termination
s section was expanded by the addition of Section VII.

SECTION VII.
Chinook salmon eyed eggs from Oreen River.

Treatment

ween Jarmary 25, and 28, 1944 a total of 4,065 eggs in 13 lots averaging 315 eggs

per lot were X-rayed. Exposures were 250, 500, 1,000, 2,500, 5,000 and 10,000 r,
with 2 lots reserved for controls.

Bach exposure was administersd to two lots except the
10,000 r sxposure which was given to only one lot.

Treatment to hatching, Jaruary 25 to February 19, 1944.

Hatching to absorption of yolk,
February 14 %o April 10.

Yeeding to liberation, April 6 to June 2, 1944.
Termination

~ The Tish remaining after sampling were liberated without being marked.
Report

8
A report combining the results of Sections VI and VII, numbered UWFL-2 and entitled
"Studies of the Effects of Roentgen Rays on the Growth and Development of ths Embryos
and Larvae of the Chinook Salmon (QOnco hus tschawytscha)”, was sabmitted in the
spring of 1946. This report inclu sta oal analyses of the effects upon mortality

—
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weight, length, cell counts in hemopoietic tissues, kidney, etc., with a qualitative ?0
analyses on other tissues. ﬁ

The work completed in Sections VI and VII was summarized in a final report, UWFL-8,

entitled "The Effects of Roentgen Rays on the Embryos and Larvae of the Chinook Salmon."

This report included statistical observations on gonads and the tissues that were not con- ;
sidered in the first report. Report No, IWFL-8 was forwarded to the Atomic Energy
Commission in December 1947 for clearance and anticipated publication,

R i sreibami - e

SECTION VIII.
Jamuary 18 to 20, 1944 male silver salmon were exposed to 25, 50, 100, 250, 500, and 1,000 r.

Treatment _
One Tish was used for each exposure and two were retained as controls.

Termination
ed between January 20 and February 3, 1944. Deaths were natural, Animals were
usad for study of effect on skin and certain other tissues, such as intestine.
Raport

3
This ssction was reported on November 14, 1946 under the title, "Histological Effect

of X-rays on Adult Male Silver Salmon, Oncorl_i%hus kisutch (Walbaum)". Report Ko, UWFL-4.
The report consists shiefly of photographs o stological mssctions of tissues. Effects
of irradistion could not be dstected.

SECTION [IX.

In February 1944 12 rainbow trout adult fish from the University of Washington were treated to
500, 1,000, and 2,500 r.

Treataent \
There were 4 fish for sach exposure and mmerous controls.

S
%n February 12 and March 18, 1944 these fish were spawned.

Generation

e eggs developed to eyed stage between February 12 and April 8, 1944, and developed
from eyed stage to hatching between March 20 and May 10, 1944.



Termination

Death of adilt fish occurred tarch 17 to May 5, 1944 because of infection with fungus
and copepods brought in by the steelhsad trout in Section 5. Section discarded,

DO ARCHIVES

SECTION X. .
A total of 5,400 chinook salmon fingerling from Oreen River were treated May 22 to 25, 1944.

Treatment

sage was 100, 250, 500, 750, 1,000, 1,250, 2,500 and 5,000 r for each of eight
lots with one lot retained as control. There were 600 fish in each lot.

Termination

The surviving fingerlings were liberated August 19, 1944 and the preserved material
used for histological study.

Reports

On October 29, 1946 a report, mumbered UWFL-3, entitled, "Section 10 of Series of
Experiments Involving the Effect of Xsray on Fishes: Fingerling Chinook Salmon
(Oncorhynchas tschawytscha Walbaum)", was submitted, This report included statistical
analyses of the effects upon mortality, weight, length, cell counts in eirculating blood,

an? hemopoletic cell counts in the kidney, Haterial was preserved at the time of the
experiment for further histological studies but present plans do not include its utilization,

Publication

2 declassified condensation of this report mimbered UWFL-3a entitled "The Effects of X-ray

on Mortality, Weight, Length, and Counts of Erythrocytes and Hematopoietic Cells in Finger-

ling Chinook Salmon, Oncorhynchus tschawytsha Walbaum®, has been submitted to Crowth
for publication,

SECTION XI.
Rainbow trout yearlings, females and males, from University of Washington stock.

Treatment

Ke fish were exposed to 50, 100, 500, 750, 1,000, 1,500 and 2,500 r. A total of 128
yearlings (nearly two years old) were irradiated in Jamuary, 1945. 20 fish were used in

each group except the 1,500 r lot which had 16 and the 2,500 r lot which had 12. An
adiitional 20 fish were used as controls.

Feeding to Sexual Haturity

Studies on mortality, growth, and pathological conditions are to be reported upon at a

later time,
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nﬁo trout when spawned for the first time in the spring of 1945 produced the eggs used 1%
for Section XI-A. These agps were reared and the adults spawned to produce eggs of »

|
Section XT-B which became mature and were spawned in the spring of 1947, producing the i
Fo generation of the original treated group. i

The trout of Seotion XI were spawned for the second time in the spring of 1946 and the
offspring (Section XI-C) ware saved,

Termination
parent fish were planted in Qreen Lake in the summer of 1946.

SECTION XI-A
Rainbow eggs from Section IXI.

Feeding to Sexual Maturit:
Fhts 1T

TSt spawn (Eﬁéng 1945) totaled 115,401 eggs. The eggs were secured from 67 of the
71 females and divided into 134 lots. The successive stages of developwent of eggs, fry,

fingerling, and adults were studied with data on mortality, rate of growth, malformatiouns,
etc. cbtained.

Osnerations
se trout spawned in the spring of 1947 and the reproduction is summarigsed in Section XI-B.
Termination

The adult fish (!‘1 of Ssction XI) were released in June 1947 as further study on them was
not thought to be advisable.

SECTION XI-B

These rainbow eggs from Section XI-A are the second generation offspring of the adult fish X-rayed
and spawned in 1945,

Data has bsen collected on the developmsnt of these egg® and will be summarised in a forthcoming
report,

Termination

e of space made it necessary to reduce these offspring (F,) periodically. However,

in each irradiation group a certain number werse retained and mzbai.ng observed for possible
F3 generation studies,
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SECTION XI-C.

The fish in this section represent offspring of Section XI., The Section XI irradiated fish were
spawned for the second time in the spring of 1946,

Nortality and abnormality dataz was collseted
from time of spawning through syed egg, hatching and feeding stage,

Termination ' }
™) wers planted by State (ame Department in the summer of 1946, Disposal of the fish
was necessitated by lack of space. The data has not been anxlysed as yet.

SECTION IXII.
Chinook salmon adults, females and males, from Columbia River.

Treatment

sh were treated, four to 25 r, 7 to 50 r and 4 to 100 r, in September 1944 with 7
controls.

3 ﬂnl' L4
e sabor 21 to September 30, 1944.

Termination

rty-three fish were obfained from Spring Creek, a tributary to the Columbia River, and
were hauled 270 miles by truck. This greatly reduced the vitality of the adults and
their progeny. Thirty-three per cent of the mortality was due to transfer, hauling and
accident,

The other 67 per cent died naturally, during or after spawning. For further
information refer to Section XIII.

SECTION XIIT,

Chinook salmon eggs from Section XII. A total of 54,347 eggs was produced,

Spawning to eyed stage, September 21 to October 12, 1944; eyed stage to hatohing, October 5, ®
November 9, 1944; hatching to feeding, November 9, 1944 to December 12, 1944; feeding to
liberation, December 12, 1944 to June 29, 1945,

Termination

¥or ty, growth and weight data were collscted. Controls as well as irradiated groups
suffered high mortality, so that deaths may be attributed to trauma rather than to
irradistion. The fish were liberated June 29, 1945 in May Creek, a tributary to the
Skykoaish River.

SN
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SECTION X1V, '
Chinook salmon fingerling, female and male, (1/2 of Section XIII). o
Treatment § »
Exposures of 25, 50 and 100 r were administered. 1
Termination

s section was canoelled dus to lack of usable marks for migration studies.

SECTION XV,
Steslhead trout adults, females and males, from Columbia River {Leavenworth)
Treatuent

sh were treated, four each to 25 and 50 r and eight to 100 r, in May 1944 with eight
controls,

82%1¥
sh were spawnsd May 15 to June 2, 1944 and died naturally between May 14 and June 5, 1944

Termination
e progeny are the subject of 3ection XVI.

SECTION XVI.

Steelhead trout eggs from Section IV. A total of 50,107 eggs wers obtained,

Spawning to eyed stage, May 15 to June 14, 19443 eyed stage to hatching, May 30 to June 22;
hatching to feeding, Juns 2 to June 283 feeding to liberation, June 28 to May 10, 1945,

Marking for Jdentification
3, 55’7 of the 100 r group were marked by the removal of the adipose and left ventral fins,

3,285 of the control group were marked by the removal of the adipose and right ventral fins.
The 25 and 50 r group lots were not marked before releasing.

Liberation

urmarked fish were planted in the Leavenworth Hatchery September 1944. These fish
fish were from the 25 r and 50 r exposured parents and surplus controls. The marked fish
ware transferred to lnnomrth and liberated in the No, 3 holding pond in Icicle Creek.



L.

10

DOS ARCHIVES

Returns

Six fish were recovered in the commercial fishery of the Columbia River during the fall of

1946, one in Russian River, California in the summer of 1947 and 12 fish were recoverad

in fall of 1947 in the Columbia River. Spawning takes place in the Columbia River in the
spring of 1948, .

Termination. £
attempt will be made to follow the development of any spamn procured,

SECTION XVII. _
Steelhead trout fingerling, f emale and mels, from Columbia River,

Treatment
were exposed to 25, 50 and 100 r.

Termination
s section was cancelled due to lack of usabls marks,

8ECTION XVIII
sh, females and males,

Treatment

sh were exposed Lo 25, %0, 100, 250, 500, 750, 1,000, 1,250, 2,500 and control (sise 13»)
and 1,000, 1,250, 2,%0 »r and control (sise 3"-4").

These fish were treated in December 1944 with 75 in each lot of the small groups except
the 1,250 r lot which had 67 and 2,500 r lot which had 66, The larger fish had 21 fish in

the 1,000 r lot, 19 fish in the 1,250 r group and 20 sach in the 2,50 r lot and the control lot.

1,100 fish were purchssed but many were lost due to parasites befors treatment. The fish wers
received in Cotober 144 but were not treated until December 1944 by which time the parasitic
infsction had been brought under control, Tissue was removed for sectioning (weekly)., MNorta=-
lity curves and kodachrome studies were mads. The curves show the mortality to 105 days

when Cu30; was inadvertently added to the City water supply.

Termination

) d December 1944 to May 1945 at which tims the sxperiment terminated. The data accumu-
lated should bs summarised in a report and published,

AR
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PROJECT II. Basic Studies of the Effect of X-Rays upon Planktonic Forms,

These experiments were undertaken to provide information on the sensitivity of marine micro-
plankton to single mass dosages of X-rays,

Cultures of four organisms, Chlorella sp,, Nitzschia closterium, a carteriid, and another
mastigophoran (unidentified; brown), were subjected to exposures of’ 1,000 r, 10,000 r, 25,000 r,
50,000 r, or 100,000 r of X-ray, Iwo similar cultures of each organism were used as controls,

Numbers of organisms per unit volume of culture were counted using ruled bleod counting chembers.
Inmediate immobilization of the brown mastigophoran was 50% effective at 50,000 r, and 100% at 100,000 r,
Counts for an organism were comparable only with other counts for different irradiation samples of the
same organism on the same date, Counts over a period of 4 months were most nearly as might be expected
in the case of Chlorella where the concentration of individuals remained inversely proportional to the
amount of irradiatlon for practically the entire time, except in the case of the 1000 r sample which
excesded one of the two controls, NRitmchia counts in the higher irradiations decreased earlier and more
drastically than did those &f Chlorella, but later these more heavily irradiated samples gave higher
counts than the lower dosages, Counts of the two Mastigophora were arranged erratically with only a

general tendency for count to be inversely related to exposure., In no case did a sample count drop
to and remain at sero.

-

The results of this initial study were summarized into report UWFL-5, "Lathal Effect of X-Rays
upon Four Marine Micro-Plankton Orgami sms%,

The data were further reduced and published in Science.

Bonham, Kelshaw, Allyn H, Seymour, Lauren R. Donaldson,
and Arthur D, Welander.
1947

lethal effect of X-rays on Four Marine Micro-Flankton Organisms
Science Vol. 106, No. 2750, September 12, 1947

PROJECT III. Bikini Experiments of 1946.

Members of the Applied Fisheries Laboratory were present during the two Atomic Bomb tests at
Bikini Atoll during the summer of 1946. During the test they joined the staff of the Division of
Radiobiology of the Radiological Safety Section of Operations Crossroads,

DOS ARCHIVES
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A preliminary report of the observations and findings was prepared and submitted uif.h the
reports of the Radiological Safsty Section.

A vast amount of material was collected and remains to be worked up, This includes an extensive
fish collection, tissues from animals before and after the tests, radicautographs, etc,

PROJECT IV. Bikini Experimsnts of 1947.

h The Applied Pisheries uboratory operating under Contract No, W-28-094-eng-33 with the Atomic
N2 Energy Comnission assumed a major role in the Bikini Seientific Resurvey of 1947,

Studies were directed toward the determination of: (1} The presence or absence of radiation in the
various marine organismsj (2) the distribution of radioastive subatances in the plants and animals

from different geographical locations within and near the atoll; and (3) the asstivity of fission
products in certain tissues and organs.

The data collected were summarized in & preliminary report; UWFL~7 "Radiobiological Resurvey
of Bikini Atoll During the Summer of 1947.%

Additional reports are in preparation on various phases of this project, A vast amount of material
and data needs to be worked up to better understand the problems developed by this very complex
sxperiment,

PROJECT V. Absorption and Food Chain Studies,

) It was believed that laboratory controlled experiments might bring sbout a fuller understanding
of the Bikini problems and their interrelationships.

LT
(‘aw PR 4

A series of experiments ualng Bikini "mud* as a source of fission products 1s underway. This
work using available marins forms and holding them in small saltwater aquaria will enable us to atudy
tlfn tgroblm absorption and concentration of active materials as they pass through the food chain
o ese

PROJECT VI. BExposure of Marine Invertebrates to X-Rays.

Studies were started Jamary 15 and 16, 1948 when six groups containing 201 amphipods each were
exposed to X-rays, The six doses Wwere 150 r, 900 r, 6,400 r, 16,000 r, 32,000 r and 82,000 r, Six
similar lots were used as controls,

EE———
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Athe end of February all of the amphipods subjected to 82,000 r, 32,000 r, and 6,400 r had died :
and a single specimen of the original 20 in the 16,000 r group survived. lNortalities were low in the '

150 r (5%) and 900 r (21%) groups. Mortalities of the control groups ranged from 5% to 52% with an
average of 24%. .

DOS ARCHIVES

Newly hatched young were found in rumbers in the control groups, but among the irradiated groups, >
only the lowest (150 r) group shewed reproduction,

It is assumed from this preliminary experiment that the 1008 lethal dose is less than 10,000 r,

and that more than 900 r inhibits reproduction, Anothsr experiment is planned to determine lethal
and inhibitory dosages more exastly. '

PROJECT VII. Training Program.

The extreme shortage ©of trained personnel in the field of radiobiology, especially aquatic radio-

blology had made it necessary for us to institute a training program to davelop personndl capable of
carrying on the work,

Arrangements have been worked cut between the University of Washington, (raduate School and the

Applied Pisheries Laboratory, and in some special cases the Hanford Engineering Works, for “on the
Job* training of graduate students.

This program has already resulted in the awarding of onse Doctor of Philosophy Degres. Three men
are at present working for their Ph, D. and others are in the sarly training phase.

FROJECT VIII. Cooperative Projeet with the Hanford Engineering Works,

The studies in this field are designed to follow ghanges in the Coluwbia River as a result of the
discharge of effluent from the plants imto the river,

The installation of the laboratory at 100 ¥ (146 Building) has made it possible to carry out
direct experimsntation with animals p.aiu the effluent water,

Fine cooperation has existed between the Atomlc Energy Commission, Oeneral Electric Company,

and the University of Mashington, Applied Fisheries Laboratory in the exchange of materials and
information,

———
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INDEX OF REPORTS PREPARED AT THE APPLIFD FISHERIES LABORATORY, UNIVERSITY OF WASHINGTON, SEATTIE

Report

UWFL-1

UNFL-2

UWrL-3

URFL-3a

MFL=5
UWFL~5a

WIF1-7
UWF1~-8

N\ WIFL-9

No.

Titls

ﬁumt and Procedures used in the Study of the Effects of Irradiation of Fish
th X-reys. ‘

Studies of the Effects of Roentgen Rays on the Growth and Development of the
Esbryos and larvae of the Chinook Salmon (Onserhyncims tschawytscha).

Section 10 of Series of Experiments involving the Effect of I-ray on Fisheas
Fingerling Chinook Salmon (Oncorhynclms tschawytscha Walbaum)

The Effect of I-ray on Mortality, Welght, Length, and Counts of Erythrocytes
and Hematopoietic Cells in Fingerling Chinook Salmon, Oncorhynchus tschawylscha
Walbaus.

Histologioal Effect of X-ray on Adult Male Silver Salmon, Oncorhynchus kisutch
Walbaum,

lsthal Bffect of X-Rays on Four Marine Mioro-~-Flankton Organisas,

ILethal Bffect of X-Rays on Four Marine Micro-Plankton Organisms, (See page 15,
mamscript was published)

Section I and II of seriss of Experiments involving the Effect of X-Ray on
Fishes: Chinock Salmon (Oncorhynchus tschamytscha Walbsum). Preliminary Report

concerning X-ray Effects upon ok Salmon (Oncorhynchus tachawytscha Walbaum)
observed through more than one Generation. ,

Radiobiological Resurvey of Bikini Atoll daring the Summer of 1947.

The Effects of Roenigen rays on the Embryos and Larvae of the Chinook Salmon.

Project Chronology Chart and Summary of the Applied Fisheries laboratory, University

of Washington, Seattle, Washington. Revized March 11, 1948

-
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PUBLISHED REPORTS OF THE APFLIED FISHERIES LABORATORY, UNIVERSITY OF WASHINGION, SEATTLE

Bonham, Kelshaw, Allyn H, Seymour, Lauren R.
Donaldson and Arthur D. Welander
1947

lethal Effect of X-Rays on Four Marine Mioro-
Plankton Organisms.

Science Vol., 106, No. 2750, September 12, 1947



