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ABSTRACT 

Advanced parr of coho salmon (Oncorhynchus kisutch) and sockeye salmon (0. nerka) were 
exposed in laboratory tanks to oil poured on the surface of artificial seawater in amounts 
ranging from 5 0 0 to 3500 ppm equivalent, at water temperatures of 3°, 8°, and r3°C. Statis-
tically significant increases in the mortality rates over control animals were observed at all 
oil concentrations and at all temperatures. The mortality rates appeared to be directly 
related to oil concentration and inversely to temperature. Oil that had been exposed to air 
for 30 days did not produce mortality that was significantly greater than that of the control 
groups. Stress behavior under the infl uence of oil is described. 

Introduction. The discovery of oil on the North Slope of Alaska and the 
proposed construction of the Trans-Alaska pipeline from Prudhoe Bay to 
Valdez present the possibility of oil pollution in one of the major fisheries 
areas of Alaska. Until recently, Alaskan fisheries have been singularly free 
from this sort of polluti on, but as the probability of transporting vast quan-
tities of crude oi l through the port of Valdez increases, so also does the prob-
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ability of oil pollution in the area increase. At present, little is known of the 
effects and reactions of oil and organisms, particularly fishes, under Alaskan 
conditions. The present work was undertaken in the hope of contributing in-
formation that might help to predict, ameliorate, and possibly even avoid 
damage to a major source of food, employment, and income. 

Although there have been numerous and often extensive field studies on the 
effects of spills of crude oil and various other petroleum products on marine 
fauna, notably the work of Blumer and his collaborators, as well as many 
others (e.g., Hampson and Sanders 1969, Blumer 1970, Blumer, Souza, and 
Sass 1970, Blumer et al. 1970, Blumer et al. 1971, Cowell et al. 1970) there 
appear to be relatively few laboratory investigations, particularly on fishes. 
Such work as has been done on fishes has tended to be confined to the effects 
on eggs and young larvae (Kuhnhold 1969, 1970, Mironov 1967, 1970) or 
to comparative toxicity tests, using hardy resistant species that are readily kept 
in the laboratory. Other than the work of Tagatz ( 1961 ), studies on fish 
species that are important to the commercial fisheries are almost nonexistent. 
The present work attempted to duplicate, as nearly as possible within the con-
fines of laboratory conditions, the effects of an hypothetical oil spill in the 
Valdez-Prince William Sound area and to observe the effects on two commer-
cially important fish species. To this end, experiments were conducted in arti-
ficial seawater of about 30°/oo salinity at temperatures between 3° and 13°C. 
These values represent the approximate salinity and the minimum and 
maximum surface temperatures of the waters considered (Scripps Inst. 
Oceanogr. 1962). The quantities of oil used were such as might well occur 
if oil from a spill were carried inshore into confined shallow water. 

Materials and Methods. The stock tanks were circular fiberglass tanks of 
six-foot diameter; each contained about 1150 1 of water and was provided with 
a commercial circulating chiller and a home-made filter. These tanks were 
filled with tap water, the water temperature was adjusted to 8°C, and the 
water was aerated for a week before fish were placed in it. When the young 
coho or sockeye salmon, of ages that varied from 9 to 1 3 months, were placed 
in these tanks, with due allowance for temperature acclimation when neces-
sary, they were allowed to acclimate to these conditions for a week. These 
fish came from the Alaska Department of Fish and Game hatchery at Fire 
Lake, near Anchorage, Alaska. All specimens had been raised from the eggs 
of wild Alaskan stocks. The coho eggs came from Ship Creek, near Anchorage, 
while the sockeye eggs were taken from Bear Lake, near Seward. The eggs 
of the cohos had hatched in January 1969, those of the sockeyes in September 
1970. 

With the fish in the tanks, commercially prepared artificial sea salts (Instant 
~cea~ ?rand) were added t? the water over a per!od of several days to bring 
its salinity up to 30°/oo. With sockeye salmon, this could be accomplished in 
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two or three days, but with coho salmon, which are more sensitive to changes 
in salinity, 7 to 10 days were required. The fish were then allowed to acclimate 
to the saline environment for a week or more before experiments were begun. 
Fish in the stock tanks were fed fiv e days a week with Oregon fish pellets. All 
solid material was removed dail y from the stock tanks. Fish in experimental 
tanks (see below) were not fed. 

Crude oil was received in five-gallon j erry cans (military-type fuel cans). 
The first sample was kept in its container, but subsequent samples were poured 
into quart jars, which were filled to the brim and sealed as tightly as possible 
to exclude air. 

Experiments were conducted in 25-gallon-capacity Instant Ocean brand 
aquaria, which have built-in temperature and circulation controls. Each aquar-
ium held 7 5 l of conditioned salt water taken from the stock tanks. In each 
experiment, the fish were placed in the aquaria at 8°C; temperatures were 
adjusted, if necessary, to 3° or 13°C over a period of several days, and the fish 
were acclimated to the new temperature. Vari ous amounts of oil were then 
poured on the surface of the water in each tank and the mortalities were ob-
served over a 96-hour period. Dead fish were removed daily. In some instances, 
fish were kept under the oil films for periods of up to 30 days. Recording ther-
mometers monitored the temperature of each tank, which generally held within 
± 1°C of the established temperature. All tanks were aerated constantly. 
Salinity, pH, oxygen, and carbon dioxide were measured weekly, using stand-
ard methods (Strickland and Parsons 1968). Illumination was controlled by an 
automatic time switch to provide IO hours of full light (208 meter-candles at 
the water surface in the experimental tanks), Io hours of almost complete 
darkness, and two 1 -hour periods of moderate light. 

At the conclusion of each experiment, the surviving fish were sacrificed. 
Blood samples were analyzed for P oxygen, Pcarbon dioxide, Na+, K +, Cl-, and 
serum proteins. Tissue samples from various organs were fixed for subse-
quent histological examination. These matters will be reported upon later. 

The data were found to be amenable to treatment as a binomial distribution. 
Probabilit y values for the significance of differences between experimental and 
control mortalities, as shown in the "P" column of each table, are two-tailed 
probabilities determined from 2 x 2 contingency tables for the binomial dis-
tribution (Finney et al. 1963, Bennett and Horst 1966 ). 

Results. Salinity varied, apparently more or less at random, by about± 0.1 °/oo, 
probably because of evaporation and splatter. The pH remained constant at 8. I. 
The oxygen saturation ranged between 65°/o and 80°/o (7 to 10.5 ppm). There 
was no detectable free carbon dioxide. 

COHO SALMON. Experiment C-1 with coho salmon (Oncorhynchus kisutch) 
was begun on 4 December 1970. The fish used were about 11 months old 
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Table I. Experiment C-1 on coho salmon; 72-hpur mortalities. 

Temperatures ± 1°C. 

Tank Temp. Oil concen. 72-hour Average p 

oc ppm equivalent mortality mortality 

3 3 control 0 of 10 0o/o 
7 3 3500 2 of 10 
8 3 3500 7 of 10 45°/o < 0.05 
4 8 control l of 10 
5 8 control 0 of 10 

17 8 control 2 of 10 10°/o 
l 8 3500 7 of 10 
2 8 3500 9 of 10 
9 8 3500 0 of 10 

11 8 3500 0 of 10 
13 8 3500 5 of 10 42°/o < 0-02 
10 13 control 0 of 10 0o/o 
12 13 3500 8 of 10 
14 13 3500 3 of 10 
15 13 3500 I of 10 
18 13 3500 8 of 10 50°/o 0.02 

and averaged 6 gin weight. Two tanks were set at 3°C, five at 8°C, and four 
at 1 3°C, plus one control tank at each temperature. In addition, tanks 4 and 
5 were originally set at 3°C; they failed to maintain the low temperature during 
the pre-experimental acclimation period, so they were re-set at 8°C two days 
before the experiment began and were used as controls. Crude oil in an amount 
equivalent to 3500 ppm was added to each experimental tank. The mortalities, 
after 72 hours, are shown in Table I. 

During the following 24 hours, the temperature controls on the 3° tanks 
failed, apparently due to leakage of the refrigerant. Temperatures in these 
three tanks varied during the night by as much as ± 7°C and all fish in them 
died. For the remaining tanks, the 96-hour mortalities are listed in Table II. 

Experiment C-2 was begun on 4 January 1971. It was the same as the 
C-1 experiment but without the 3° tanks; also, it used a second aliquot of the 
original crude-oil sample. This oil had been kept for a month in a sealed five-
gallon can, with considerable air space above the surface of the oil. It was 
remarked, when the can was reopened, that the oil was much less odorous than 
it had been a month earlier. After 96 hours, 12.5°/o of the 13° experimentals 
and 12.0°/o of the 8° experimentals had died, compared with 10°/0 of the 13° 
controls and none of the 8° controls. The experimental death rate in this ex-
periment did not differ significantly from that of the controls. The fish used 
were about 12 months old, the average weight 7 to 8 g. 

A new sample of oil was obtained and experiment C-3 was begun on 1 2 

February 1971, with I 3-month-old fish averaging I I g in weight. This ex-
periment used 3500 ppm equivalent of oil at 8°C. The results are listed in 
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Table II. Experiment C-1 on coho salmon; 96-hour mortalities. 
Temperatures ± r °C. 

Tank Temp. Oil concen. 96-hour Average p 
oc ppm equivalent mortality mortality 

4 8 control I of 10 
5 8 control 0 of 10 

17 8 control 2 of 10 10°/o 
I 8 3500 10 of 10 
2 8 3500 10 of 10 
9 8 3500 I of 10 

II 8 3500 0 of 10 
13 8 3500 7 of 10 56°/o < 0.02 
10 13 control 0 of 10 0°/o 
12 13 3500 9 of 10 
14 13 3500 3 of 10 
15 13 3500 3 of 10 
18 13 3500 10 of 10 62.5°/o < 0.2 

Table III. The vari ed numbers of fish in the tanks were due to a misunder-
standing of procedure by a new assistent. 

SocKEYE SALMON. Sockeye salmon (Oncorhynchus nerka), hatched in Sep-
tember 1970, became available in late June 1971, when they were about 9 
months old and weighed about 4 g each. Experiment S- 1 was begun on 8 July 
I 97 1. All tanks were held at 8°C. The various amounts of oil per tank and 
the resulting mortalities are shown in Table IV . 

Experiment S-2, begun on 30 July 1971, was a repetition of S-1, but with 
water temperatures of 3° to 5°C. Some of the tanks still would not hold these 
low temperatures, hence the number of tanks involved was less than in the 
previous experiments. The fish, now nearly 1 o months old, weighed about 5 g 
each. The results are shown in Table V. 

Experiment S-3, begun on 1 2 August 1971, was again a repetition of ex-
periment S-1, but with all tanks maintained at 1 3°C. The 1 1 -month-old fish 
had an average weight of just over 6 g. The results are listed in Table VI. 

Table III. Experiment C-3 on coho salmon; 96-hour mortalities. 
All tanks held at 8° ± I °C. 

Tank Condition 96-hour Average p 

mortality mortality 

2 control I of 11 9.1 °/o 
7 3500 7 of 7 
8 3500 8 of 8 

17 3500 2 of 6 
18 3500 7 of 9 
4 3500 9 of II 80.5°/o < 0.02 
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Table IV . Experiment S-1 on sockeye salmon; 96-hour mortalities. 
All tanks held at 8° ± I °C. 

Tank Oil concen. 96-hour Average p 

ppm equivalent mortality mortality 

7 control I of 10 
8 control I of 10 10°/o 
I 500 6 of 9 
2 500 5 of 9 

18 500 0 of 10 39.3°/o > 0.05, < 0.10 
9 1000 10 of 10 

10 1000 0 of 9 
II 1000 3 of 10 44.8°/o < 0.05 
12 1750 0 of 10 
14 1750 I of 10 
15 1750 1 of 10 6.7°/o > 0.10 
4 3500 I of 10 

16 3500 10 of 10 
17 3500 2 of 10 40.0°/o < 0.05 

Behavior. The young salmon of both species, when subjected to the exper-
imental conditions described, began to show signs of stress, or at least abnormal 
behavior, in as little as 45 minutes after the oil had been introduced into the 
tanks. The first indication was that all of the fish under oil slicks of 500 ppm 
equivalent or greater began to swim at the surface of the water with their 
dorsal fins and the upper lobe of the caudal fin in the oil film s. This behavior 
appeared to be a response to the presence of oil rather than to reduced light. 
Salmon in tanks that were covered with heavy black paper remained scattered 
throughout the tanks, but fi sh in oil-covered tanks that were brightly illumi -
nated from the side swam at the surface as described. 

A second indication of stress was a loss of equilibrium. This generally began 
to appear within 24 hours. The salmon tilted to one side and its swimming 

T able V. Experiment S-2 on sockeye salmon; 96-hour mortalities. 
Temperatures ± 1°C. 

Tank Temp. Oil cone. 96-hour Average 
oc ppm equivalent mortality mortality 

17 5 control 0 of 10 
18 3 control 0 of 10 0°/o 
I 4 500 7 of 10 
2 3 500 4 of 10 55°/o 

II 5 1000 10 of 10 
12 5 1000 10 of 10 100°/o 
7 3 1750 10 of 10 
8 3 1750 10 of 10 100°/o 

14 4 3500 10 of 10 
15 5 3500 8 of 10 90°/o 

p 

< 0.01 

< 0.01 

< 0.01 

< 0.01 
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Table VI. Experiment S-3 on sockeye salmon. 96-hour mortaliti es. 
All tanks held at 1 3° ± 1 °C. 

Tank Oil concen. 96-hour Average p 
ppm equivalent mortali ty mortalit y 

control 0 of 10 
4 control 0 of 10 
8 control 0 of 10 
9 control 0 of 10 Oo/o 

II 500 0 of 10 
13 500 0 of 10 00/o > 0.10 
7 1000 I of 9 

14 1000 0 of 10 
15 1000 I of 10 6.9°/o > 0.10 
16 1750 0 of 10 
17 1750 I of 10 5 °/o > 0.10 
2 3500 5 of 10 
5 3500 I of 10 

18 3500 0 of 10 2Qo/o 0.02 

became weak. Subsequently, affected individuals assumed a head-up, tail-down 
position, which eventually might become vertical. All individuals did not show 
these symptoms. Of those that reached the vertical position, only a very few 
recovered. Salmon that did recover have been kept under oi l film s for as long 
as 30 days. 

Discussion. Induced mortaliti es observed in experiments C-1 and C-3 differ 
significantly from the mortaliti es in the corresponding controls. The very low 
mortalities found in experiment C-2 are due, I believe, to loss of the toxic 
fraction of the crude oi l. This fraction, as yet unidentified, probably has two 
or three physical properties that may account for its action and apparent dis-
appearance. It must be diffusible into water in order to produce the observed 
effects on the fi sh; and it is either volatile or readily oxidizable (or both) to 
account for its apparent disappearance after exposure to air. The latter prop-
erties would also account for the fact that surviving fi sh can be kept for long 
periods under oil fi lms. In aerated tanks, such as those I used, the toxic material 
presumably diffuses into the water and then either evaporates or is oxidized to 
a nontoxic form. The net result is that the oil presumably loses much of its 
toxicity. 

The series of experiments on sockeye salmon suggest that both temperature 
and concentration affect mortality rates. The low mortaliti es at 1750 ppm 
equivalent in experiment S-1 are not explainable at the moment, but the re-
maining data in the three experiments indicate that mortality is directly related 
to oil concentration and perhaps inversely related to temperature. In general, 
the highest mortaliti es occurred at the lower temperatures. There are several 
possible explanations: i) The toxic material may be more soluble at low tern-
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peratures, but this seems unlikely. ii) At the lower tempera~ures, the toxic s~b-
stance may not evaporate or oxidize as rapidly; hence, a higher concentration 
is maintained in the water during the experimental period. iii) The fish may 
be more sensit ive to the poison at the lower temperatures. iv) The low tem-
perature, of itself, may be deleteri ous. Young Al askan salmon of this age nor-
mall y li ve in water of about I o°C. It is possible that at 3° to 5°C they have 
been put under extra stress and so are less able to resist the toxic effects of the 
crude-oil components. 

Comparison of the results of experiment C-2 with those of the other ex-
periments shows how difficult and dangerous it can be to generalize from bio-
assay work with crude oil. Unless the history of the oil is known, mortaliti es, 
or more especiall y the absence of mortalities, may be relatively meaningless. 
It is possible that the vari ations that have been reported in the toxicity of crude 
oil s from different parts of the world (e.g., by Mironov 1967, 1970) may be 
due at least as much to differences in handling as to inherent differences in the 
oil s themselves. 

Summary and Conclusions. 

1 . Crude oil poured on the water surface of 25-gall on tanks in amounts 
equivalent to 500 to 3500 ppm produced up to 100°/o average mortaliti es in 
96 hours. These quantiti es of oil might well occur if oil from a spill were 
carried into shall ow inshore waters. 

2. The majority of the 96-hour experimental mortalit y rates are signifi-
cantly higher than the mortality rates of control animals. 

3. The mortality rates are directly related to the concentration of oil, but 
they appear to be inversely related to water temperature. 

4. M ortalit y apparently is caused by some component of crude oil that is 
soluble in water and is also volatil e and/or easil y oxidized. 

5. Crude oil loses its toxicity to salmon after exposure to air, probably 
through the loss of volatil e toxic components. Hence, conclusions based on 
bio-assay work with oil of unknown history may be less valuable than those 
derived from studies wherein the handling history of the oil is known. 
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