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Three laboratory experiments were performed to determine the
influence of constant, nonlethal dissolved oxygen concentrations,
both above and helow the air.saturation level, and also of wide
diurnal fluctuations of dissolved oxygen concentration on the growth,
food consumption, and food cofiversion efficiency of underyeariing

coho selmon, Oncorbynchus kisutch (Walbaum},

The experimental apparatus used in this study was designed to
provide a constant flow of water of controlled femperature and
dissolved oxygen concentration through seven fest vessels, each
containing 15 fish. The test temperature was 18° C. The
desired oxygen concantrations were maintained by bubbling nitrogen,
air or oxygen tnrough fhe inflowing water. The fish were fed
mainly tubificid worms.

The growth rates of fish exposed for 18 days in two experiments



to constant oxygen canceéfrafions (ranging from 3.0 fo 29.9 mg./l.,
and from 2,5 to 35.5 mg«/1.) and kept on an unrestricted diet
decreased markedly with decrease of oxygen concentration from the
air-saturation level (9.5 mg./1.). Oxygen concentrations about
twice the air-saturation value had a stightly favorable influence
on growth, while concentrations more than three times the air-
saturation level slightly depressed the growth rates. The differ-
ences of the growth rates observed at different oxygen concentrations
were associated with corresponding differences of food consumption
rates, Food conversion efficiencies of fish held at different
constant oxygen concentrations were not markedly different, there
having been no appreciable impairment of the efficiency at concen-
frations as low as 3.8 mg./1.

The fish kept on an unrestricted diet grew fairly rapidly and
showed greafer percent gains in crude fat than in body weight (wet
or dryl}, and consequent|y greater percent gains in dry weight than
in wet weight, even at reduced oxygen concentrations as low as
2.5 and 3.0 mg./l. At each concentration tested the fal deposited
in the tissues accounted for nearly one-third of the total dfy
weight gain,

The growth of fish exposed daily for equal periods to non-
tethal low and high dissolved oxygen levels, in the course of the
above ftwo experiments, was more or less impaired, In the first
experiment, the growth of these flsh was littie better than that
of fish exposed continuously to the low level of dissolved ocxygen

to which the fish subjected to fluctuations of dissolved oxygen



were exposed only intermitfentiy. |In the second experiment, the

intermittent exposure fo a very low oxygen concentration reduced the
growth rate less markedly. Very wide fluctuations of oxygen concen-
tration between two higher levels, levels that did not prove
markedly unfavorable for growth in tests at constant concentrations,
had aven less depressing effect on growth.

The growth rates of fish kepot for 2i days on equal, restricted
rations at various constant oxygen concentrations ranging from abouf
3.0 to 18.1 rag./l, did not differ greatly; only the growth of the fish
exposed to the lowest tested dissolved oxygen level showed con-
siderable impairment, ascribvable to impaired digestive or assimitatory
efficiency. The gross food conversion efficiencies of all the fish
in this experiment proved markedly greafer than those of the fish
that had been fed unrestricted rations under the same conditions in
the earlier experiments, although the growth rates of the former

fish were much less than those of the fish fed unrestricted rations.
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INFLUENCE OF OXYSEN CONCENTRATION AND OF 1TS DIURNAL
FLUCTUATIONS ON THE GROWTH OF JUVENILE COHO SALNON

} NTRODUCT HON

A laboratory investigation was conducted from May through July
1962, to determine the influence of dissclved oxygen conceniration

on the growth of juvenlile coho salmon, Oncorhynchus kisutch (Walbauml.

Two experlments were designed to determine the effects of different,
vear |y constant cxygen concentrations and ziso of diurnal fluctuations
of oxygen concentration upon the growth, food consumption, and food
conversion efficiency of juvenile cohc salmon kept on an unrestricted
diet. A third experiment wes designed to determine the effects of
different, nearly constant oxygen concentrations on the growth and
food conversion efficiency of juvenile coho salmon kept on a uniform,
restricted diet. These experiments were performed at Oregon State
University's Oak Creek Laboratory, located near Corvallis.

Some waters, especially those recelving putrescible orgsnic
wastes such as municipal sewage, have more or less reduced oxygen
concentrations which, even when not low enough to be lethal to fish,
may seriously interfere with their growth. Lethal oxygen levels are
uncommon in flsh habitats, whereas persistent nonlethal, low
oxygen concentrations and diurnal fluctuations of oxygen concentraw-
tions are encountered frequently. The dissolved oxygen content of
waters enriched with organic wastes is reduced through oxidative
decomposition of the organic matter by bacteria, and the products
of decomposition are utilized as nutrients by algae and thus can

cause algal "blooms". Because of the photosynthetic activity of



algee and other aquatic plants, the dissolved oxygen concentration
may rise to very high levels during the day. At night, the oxygen
concentration may drop to critically low levels due to respiratory
consumpt ion of oxygen by algae and other aquatic organisms, and
bacterial action on the remalning organic metter. Tarzwell and
Gaufin (12, p. 300) reported that in Lytle Creek, a small sftream
in Ohio poliuted with municipal sewage, the oxygen concentration
varied from 19,4 milligrams per |iter in the afternoon to 0.7 mg./l.
the following morning. Oxygen concentrations as high as 27.6 and
32.1 mg,/!. have been reported in ponds and lakes (14, p. 126)
(16, p. 1i5). |

According to Stewart (10, p. 4), Haempel (8, p. 553-570) found
that water supersaturated with dissolved oxygen can be harmful and
fatal to fish. However, ofther investigators have found that differ-
ent fishes can tolerate very high oxygen concentrations for prolonged
periods of time. V.iebe and McGavock (15, p. 267-274) found that
various centrarchids, salmonids, and cyprinids were able to with-
stand long exposures to oxygen concentrations ranging from two to
more than three times the air-saturation level. Food consumption
and growth rates of the fish were not determined by these investi-
gators.

The ability of fishes to survive at low oxygen concentrations
for short periods of time has been frequently studied. Doudoroff

(6, p. 403-430), Tarzwell (11, p. 246-272), Townsend and Earnest



(13, p. 345-351), and Davison et sl. (5, p. 950-966) have adequately
summar ized the results of these studies. Doudoroff (6, p. 413-415)
points out that the cold-water salmonids, whose dissolved oxygen
requirements have been frequently studied, are among the fresh-
water fishes that are most sensitive to the reduction of dissolved
oxygen,

The effects of less extreme oxygen concentrations, both below
and above the air-saturation level, on the growth, food consumption,
and food conversion efficiency of fish have not been as frequentiy
studied, Doudoroff (6, p. 413-415) and Davison et al. (5, p., 950~
951) have pointed out the lack of information concerning the effects
of reduced oxygen concentrations on the general well.being and per-
formance of fish, Stewart (10, p. 3) has discussed the need for
information concerning the influence of dissofved oxygen concentra-
tions well above the alr-saturation level and of wide diurnal
fluctuations of oxygen concentration, as well as of low concentra-
tions, on the growth, food consumption, and food converslion
efficiency of fish,

Davison et al. (5, p. 950-966) determined the growth and food
consumption rates of yearling coho salmon, kept at 18° C. on a
uniform, restricted diet at oxygen concentrations near air-
saturation and below. At oxygen concentrations averaging 2 mg./l.,
the fish consumed very little of the food offered and lost weight,
At oxygen concentrations averaging 2.9 and 9 mg./l., the fish

consumed nearly all of the food offered and showed 28,1 and 43



percent gains in wet weighfs respectively. As noted by the authors,
the difference in weight galn may heve been partily or entirely
attributable to the fact that the fish tested at 9 mg./l. were
somewnat sinaller at the beginning of the experiment than those
tested at 2.9 mg./1., so that an effect of the low oxygen concen-
tration on food conversion efficiency was not conclusively
demonsirated.

Herrmann, Warren, and Doudoroff ( 9, p. 155-167) found that
juvenile coho salmon kept at 20° C. at constant oxygen concentra-
tions near and below the air-saturation level and fed beach hoppers
{mar ine amphipods) fo repletion, their growth, food consumption, and
food conversion efficiency were markedly influenced by oxygen
concentration. Their results indicated that the food consumption and
growth rates tended to decrease somewhat with reduction of dissolved
oxygen concenfration from about 8.3 to 6 and 5 mg./l., and to decline
more markedly with further reduction of oxygen concentration., The
gross food conversion efficiencies were virtually unaffected by
reduction of oxygen concentraficn‘?o 4 mg./l., but the efficiencles
were markedly reduced at lower concentrations. The reduction of
gross conversion efficiency may have been ascribable entirely to the
markedly reduced food consumption rates of the fish held at the very
low oxygen concentrations, but some inconclusive evidence was pre-
sented that digestive or assimilatory efficiency aiso may have been
impaired. The effects of constant oxygen concentrafions above the

air-saturation level, and of diurnal fluctuatiions of oxygen



concentration on the growth, food consumption, and food conversion
efficlency of coho salmon were not determined by these investigators.
Stewart (10, p. 16-31) found that the growth and food consumption

of juvenile largemouth bass, Micropterus salmoides (Lacépéde), kept

at 26° C. and at constant oxygen concentrations on an unrestricted
diet of earthworms, Increased markedly as oxygen concentrations
increased to levels near the air-saturation level. Further Increase
of the oxygen concentration, beyond the alr-saturation level,
resulted in a decrease in growth and food consumption rates. Stewart
found that food conversion efficiencies of bass at the various
tested oxygen concentrations above 4 mg./l. did not differ markedly,
but below 4 mg./l., the efficiencies were considerably reduced.
Stewart also exposed bass each day to low and higher dissoived
oxygen concentrations. He found that the growth and appetite of
these bass were markedly impalred in each such test. The food con-
sumption and growth rates of these fish were less than the rates
which presumably would have occurred had the fish been held at
constant concentration equal to the mean (either the arithmetic or
the geometric mean) of the low and the high concentrations to which
the fish had been alternately exposed.

One purpose of the present investigation was to re-evaluate the
influence of different constant, nonlethal oxygen concentrafions
below the air-saturation leve! on the growth, food consumption, and
food conversion efficiency of coho salmon, through experiments

similar to those of Herrmann, Warren and Doudoroff ( 9, p. 155-167),



but keeping the fish on a different unrestricted diet and af a
somewhat lower (and presumably more favorable) temperature, Atten-
tion has been given not only to gains In wet weight of the fish,
but also to gains in dry weight and to changes in the crude fat
content and calorific value of the dry material. Another purpose
of the study was to defermine whether or not supersaturation of
water with oxygen and wide diurnal fluctuations of oxygen
concentration have adverse effects on the growth of coho salmon
similar to those observed by Stewart (10, p. 16-31) in his experi-
ments with largemouth bass. A third purpose was to compare the
food conversion efficiencies of coho salmon kept al different
constant oxygen concentrations on a restricted diet, and thus to
detect any important adverse effect of reduced or abnormally high
oxygen concentrations on the efficiency of digestion or assimilation

of food by the fish,

EXPERIMENTAL MATERIAL, APPARATUS, AND METHODS

Experimental Material

The coho salmon fingerlings used in the first experiment were
hatched and reared at the Osk Creek Laboratory from eggs that were
obtained from a single female in October 1962, at the United Stafes
Fish and Wildlife Service's Eagle Creek Hatchery, located on Eagle
Creek, a tributary of the Clackamas River in northern Oregon. These

fingerlings were reasred in an outdoor wooden trough until they were



of the desired size. The mean total length of the fish used in the
first experiment (no. |) was 50,9 millimeters.

The coho salmon fingerlings used in the second and third experi-
ments were seined on June | and June 29, 1962, from the upper Yaquina
River in Lincoln County, Oregon., The mean fotal lengths of the fish
used in the second and third experiments (nos. 2 and 3) were 51.2

and 53.4 millimeters, respectively,

Experimental Apperatus

The experimenfal apparatus used in this study provided a
constant flow of water of conirolled temperature and dissclved oxygen
concentration to seven test vessels containing the fest fish. The
apparatus was located in a constant-temperature room illuninated
with fluorescent lights. The apparatus is pictured in Figure I.
Figure 2 Is a schematlic drawing showlng in detail only one of the
seven identical units of which the experimental apparatus is comprised.

A detailed description of the design and functioning of an
exper imental apparatus similar to that used in this study is given
by Davison et al. (5, p. 951-954); later modifications thereof
have been described by Stewart (10, p. 5-8), whose apparatus was
used in this study. Therefore, only a general description of the
apparatus used will be glven in this report,

Filtered water from a spring-fed stream, supplied to the
laboratory through polyefhylene pipe, was introduced into an

overflowing five-gallon constant-head jar of Pyrex glass. From this



Figure I. Two views of the experimental apparatus.
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jar, the water was siphoned Intc a similar jar where it was heated
to the desired temperzture by a thermostaticatly controlled,
stainless steel immersion hzater, The heated water then flowed
through a one-gallon jar containing a mercury thermoregulator and
intc the top of a large glass column. A large quantity of finely
dispersed air was continually introduced at the bottom of the
column. This was done to bring the dissolved oxygen content of the
water to near the alr-seturation level. The aerated water flowed
from the bottom of the column through a distribution Jar and to fhe
tops of seven glass columns filled with Raschig rings. As the
viater flovwed downviard in each column, its dissolved oxygen concen-
tratlon was adjusted to the desired leve! by means of a controlled
counterflow of compressed air, nitrogen, or oxygen introduced ef
the bottom of the column, After leaving the glass column at the
bottom, the water flowed through a flow-adjusfment stopcock and &
300-milliliter sampling bottle into a 12-gallon Pyrex glass bottle
which held the test fish. From this test vessel, the water flowed
through a ball-displacement flowmeter, through another 300-
miltititer sampling bottle, and into a wooden reservoir,

Water was discharged into the wooden reserveir at a rate of
approximately 500 m!stitiférs per minute from each of the seven
test vessels. About 65 percent of this discharged water was returned
by a small cenirifugal pump to the jar containing the [rmersion
heater., This was necessary to conserve heat in maintaining a

constant water temperzture. The remaining 35 percent of the water



it

flowed out of the reserveir through an overflow tubs and was discarded,
Fish excrement and other debris settled to the bottom of the reservolr

and were periodically removed.

Experimental Methods

Eight to ten days before the start of an experiment, about 200
finger!{ings were placed in a 50-gallon glass aquarium, where they
were acclimated to a water temperature of about 18° €, Tubificids
were the principal food provided the fingerlings during the acclima~
fion period. Supplementary feedings with commercially prepared dry
food and Jive cladocerans were made occasionally., Fish that appeared
unhealthy or faited to eat during this period were remcved from the
aguarium and discarded.

The experimental apparatus was placed into cpersticn 24 hours
before the start of an experiment to stabilize the water temperature
at 18° C, and test the gear. The dissolved oxygen concentration of
the water in all the fest vessels was maintained at a level near
the air-saturation level until soon after the introduction of the
test fish, when the dissolved oxygen concenirations Q@re adjusted to
the desired test levels, About five hours were required for com-
plefion of this adjustment. Lights in the laboratory room were
cohtrolied by a timing device so as to come on at 6:00 a.m. and to
go off at 103CC pem.

One hundred twenty fish of approximately equal size were

removed from the acelimation aquarium and divided into eight groups



12

of 15 fish each. All groups were of nearly equal welghts., Seven

of these groups were placed Into the seven test vessels after having
been blotted with cleansing tissue and weighed in water. The fish
of the eighth group were anesthetized with MS 222 (tricane
methanesulphonate), individually weighed and measured, and dried

in an oven at 70° C. The crude fat content and calorific value of
this sample were determined by procedures fo be described later,

In order to maintain the desired experimental conditions, it
was necessary to check the operation of the experimental apparatus
twice each day and make any needed adjustments. The first daily
check in all experiments was made between 8100 and 9:00 a.m. The
second check was made between 8:00 and 9300 p.m. in experiments |
and 2, and between 4:00 and 5:00 p.m. in experiment 3. During these
check periods, the temperature and water flows were measured and
recorded, and the dissolved oxygen concentrations of the water
entering and leaving each of the test vessels were defermined. The
Alsterberg (azide) modification of the Winkler method (1, p. 309~
312) was used to determine all dissolved oxygen concentrations with
the exception of those exceeding |4 mg./l., which were determined
by the Pomeroy-Kirschman.Alsterberg method (I, p. 316-317).

In experiments | and 2, in which the effects of fluctuating as
well as constant dissolved oxygen concentrations were studied, the
fish in two of the test vessels were subjected to a low level and
then a high level of dissolved oxygen for equal periods each day.

The oxygen content of the incoming water was reduced at 9:00 p.m,



]

and increased at 9:00 a.m., The time required for the oxygen
concentration to reach the desired constant leve! after each of
these adjustments was approximately five hours,

Food was introduced into the test vessels between 9:00 and
10:00 a.m., after removing, by siphoning, excrement fhat had seftled
to the bottoms, Care was taken during the cleaning process not fo
remove any food that remained from previous feedings. Tubificlids
and a relatively small quantity of cladocerans were used as food for
the fish in experiments | and 2, while the fish in experiment 3 were
fed tubificids only. The tubificids fed during the experiments were
held in fresh water without food for at least 24 hours fo minimize
their weight changes due to loss of intestinal contents., Before
the tubificids were fed to the fish they were placed on paper ftowels
for about two minutes to remove most of the adhering water and then
weighed. At intervals throughout experiments 2 and 3, samples of
the tubificids were weighed before and after drying at 70° C.

The mean “"percent dry weight" of the samples of food (i.e,, dry
weight expressed as a percentage of the wet weight) was determined
and used in computing the dry weight of the food consumed by fhe
test fish in each vessel.

in experiment |, the fish were fed an unrestricted diet of food
in amount fto more than they could consume, and only the type of food
introduced (tubificids or cladocerans) was recorded. The diet and
feeding procedure in experiment 2 were the same as in experiment |,

except that the food introduced daily info each test vesse| was
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weighed and an attempt was made to introduce such an amount of food
that only a small excess would remain in each vessel at the end of
each 24-hour period between feedings. In experiment 3, the fish in
each of six test vessels each day were fed a restricted diet of
tubificids in awmount equal to the amount consumed over a {5-minute
period on the same day by the fish in the seventh test vessel, which
were subjected to the fowest dissolved oxygen concentration tested.
The food was introduced info the last-mentioned {seventh) test
vessel in small amounts during the daily 15-minute feeding pericd,
taking care to insure that the amount of food not immediately
consumed would not exceed the amount that would be consumed before
the next daily feeding.

At the termination of each experiment the oxygen concenirafions
were returned to near the saturation level in all test vessels. The
fish were then held without food for about 24 hours, after which the
fish were removed and individually weighed and measured. The fish
were then dried at 70° C, for at least five days and the dry weight,
calorific value, and crude fat content of each group were determined.

A Parr oxygen bomb calorimeter (No. 1411) and appropriate,
standard calorimetry and computation methods were used to determine
the calorific values of samples of dried fish. Each group of dried
fish, including the initial sample of 15 flsh taken at the beginning
of each experiment, was ground Into fine particies with a mortar
and pestle from which pellets weighing O.1 to 0.3 grams were formed

and burned in the calorimeter. At least two calorimetfric



determinations were made on each group of fish, including the
initial sample, from the results of which the mean calorific value
of the dry material was computed.

A Goldfisch continuous ether—flow extraction apparatus was used
to determine the crude fat content of the dried fish. The crude fat
was extracted with ethyl ether from a one- to two-gram sample of each
greup of finely ground fish, Including the initial sample, and the

percentage of crude fat In the dry material was determined.

RESULTS

The three experiments reported herein were conducted from May
through July, 1962, The experimental conditions are shown in Table
l. The results of the experiments are shown in Tables |, 2, and 3.

Table | shows the Inclusive dates ahd duration of each experiment,
the oxygen concentrations (means and ranges) in each test vessel for
each experiment, and the temperatures (means and ranges) of the water
in four of the seven test vessels. Also, the mean inltial and final
wet and dry weights and total lengths of the fish tested at each
oxygen concentration are shown, The Initial and final dates shown
for each experiment are, respectively, the date of the first feeding
and the date of the last feeding, which is aiso the date of removal
from the test vessels of any uneaten food remaining from the last
feeding. The initial dry weight shown for each group of fish used

' in each experiment Is based on the wet weight of the group and the



Table 1. Experimental Conditions and Mean Weights and Lengths of Fish

Exper iment Dissolved Oxygen Temperature ' Mean Weight of Fish (g) Mean Total Length
Number anc (rg/ 1) {°C) } Wet Dry of Fish (mm)
Test Period Mean Ranged/ tean Rangel/  Initial Final iInitial2/ Final (nitial2/ Final
Experiment | 3.0 2.6~ 3.8 — — 1.39 2,90 0,282 0,669 51.6 67.1

5/15-6/2/62 5.3 4.9~ 5.9 _— — 1.31 3.84  0.266 0,918 50.7 72.7

18 days 9.5 8.8-10.6 18.4 18.0-19.5 1.20 4,07 0.263 0,982 50.5 74.2

17.7 16.3-18,9 18.4 18.0-19,8 1.30 4.18 0,263 1.021 50.6 74.7

29.9, 27.2-31.4 18.5 18.0-19,8 1.38 4.2%  0.279 1.016 51.5 74.5

3.0~ 9.5%) 2.7-10.2 — — 1.35  3.15  0.273 0,733 51.2 68,4

3,0-18.0~" 2.4-19.0 19.4 17.5-19.7 1.27 3.17 0.258 0,736 502 68.7

Experiment 2 2.5 2,0~ 3.4 — — 1.21 2.01 0.233  0.451 52,9 59.0
6/12-6/30/62 — — (1,130 = (0.217) — (52.0) —
18 days 3.8 2.8~ 4.5 18,2 15.2-19.5 1,16  2.38  0.223 0,555 52.3 62.1

549 4.9~ 7.4 — — 0.97  2.19  0.186 0,507 49.9 60,9

9.7  9.2-11.1 18.4 15.9-20.0 1.08  2.64  0.209  0.643 51.3 64.2

35.5 31.4-36.9 18.2 15.0-19.5 0.99  2.27 0.191 0,538 50,2 61.5

2.3 5,64 2,2-10.2 — - 1.02 2.2 0.196  0.515 50,6 60.9

4,9-35,5%7 4.0.36.3 12,2 16.6-19,6 fe12 2,80 0.215  0.628 51.8 63.3

{Cont inued)

gl

4F



Table 1. Continued

Exper iment Dissolved Oxygen Temperature tean Weight of Fish (g) Mean Total Length
Number and (ing/ 1) {°C) Wet , Dry of Fish (mm)
Test Period Mean Rangel/ Mean Rangel/  Initial Final Initial2/ Final Initial2/ Final
Experiment 3 340 2,6 3.4 18.9 18,0-21.0 1.27 2.37 0,246 0,551 52.9 60. 1
T/6-F/27162 5408/ 2,7~ 3.4 18,7 17.9-20.0 1,28 2.39 0.247 0.541 53.0 60.4
214 days 4.,0 B e D 4:3 v o i.34 2.52 0.258 605‘88 53.6 61.5
B3 4,7 5.6 18.7 18,1-20.8 f.32 2.47 C.254 0.580 53 .4 61,2
7.0 GeBw 146 - o 1.34 2.51 0,258 0.58% 53.6 61.8
9.4 8.3-10.2 - e 1.35 2.46 0,261 0.575 53.8 61.2
1841 17.0~19.0 18,6 17.8-21.0 131 2.52 0.251 J.585 53.3 64 .5

14 Range of observed values only.

2/ The mean initial dry weight was derived from the wet weight by using a factor (ratio of dry weight to
wet welght) determined from a sample of |5 fish taken at fhe beginning of each exper iment

3/ The mean Initlal length was derived from e length-weight regression according to the line determined
from a sample of i5 fish taken at the beginning of each experiment,

4/ The fish were subjected for equal periods each day to oxygen concentrations near the lower and upper
of the two values shown {mean low and mean high concentration extremes).

%/ Due either to a miscount in the number of fish to be placed in the test vessel, or to fhe subsequent
Toss of one fish (most Ilkaly at the test's conclusion), two sets of values are given for the test at this
concentration. The upper values were computed on the baslis of 14 fish (the more probable number) having
been present throughout the test; the lower values, in parentheses, were computed on the basis of the
assumption that |5 fish had been present and one was lost at the end of the test.

6/ One fish died from food strangulation four days after the experiment began.

Lt
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ratio of dry weight to wet weight of the initial sample of |5 fish
taken at the beginning of the experiment. The dry welghts of the
initial samples in experiments |, 2, and 3 were found to be equal to
0.203, 0.193, and 0.193 times their wet weights, respectively. The
mean initfal dry weight for each group of fish was determined by
multiplying the wet weight of the group by the appropriate decimal
fraction and dividing the product by the numbers of flsh in the
group. The mean initial length shown for each group of fish was
derived from the mean wet weight, using a length-weight regression
line determined by weighing and measuring individually the 15 fish
taken as a sample at the beginning of the experiment,

At the termination of experiment 2, the number of fish In the
group held at 2.5 mg./l. dissolved oxygen was observed to be one
less than the expected fifteen, 1t is deemed most probable that
the fish were miscounted at the beginning of the experiment., Evi-
dence supporting this supposition will be presented later. Another
bassibllify is‘fhaf'one fish escapef through a siphon tube at fthe
termination of the axpe%lmanf. There are also other passfbitittes,
such as the loss of onekfish after welighing of the group but before
its introduction into the test vessel or soon thereafter (i.e.,
during feeding), but these are deemed least llkely possibliliities.
For these reasons, two sets of values representing possible results
of the one test at 2.5 mg./l. dissolved oxygen appear in Table |,

and also in Tables 2 and 3. The values of one set were computed on
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the basis of the sssumption that only 14 fish were initially

weighed and present in the test vessel throughout the test; the
values of the second set (enclosed in parentheses) were compufed on
the basis of the assumption that |5 fish were tested, but one was
lost at the termination of the experiment. The same or intermediate
values would have been obtained had computations been made on the
basls of any other reasonable assumption. Only the first (upper)
set of values is considered and used hereafter le.g., in presenting
the results graphically), except where the refative merits of the
stated alternative assumptions are discussed.

Table 2 shows, for each group of experimental fish, the gains
per fish in wet and dry weights, in weights of crude fat and of fat-
free dry matter (l.e.,, total dry matter minus the crude fat), and
in total "calorific value", These gains are reported in grams or
kilocalories and also as percentages of the initial values, The
gain per fish in "calorific value" for each group of experimental
fish Is the difference between mean initlal and final values computed
by multiplying the initial and final calorific values or caloric
equivalents of one gram of dry material (kilocalories per gram of
dry fish) by the corresponding (initial and final) mean dry weights
of the fish in grems. The Initial calorific value per gram of dry
material was based on a deftermination of this value for the sample
of fish teken at the beginning of the experiment. The initial
calorific values for the fish in experiments |, 2, and 3 were

5.27, 5.14, and 4.98 kilocalories per gram of dry material,



Table 2. Growth of Coho Salmon at Various Dissolved Oxygen Concentrations

{Cont inued)

Hean Gain per Fish
Experiment Oxygen wet Welght Dry Weight Crude Fat Fat-free Calorific Value
Concen- Dry Matterl/ Kilo- Per-
tration Grams Percent Grams Percent Grams Percent Grams Percent calories cent
3.0 1.51 108 0.387 1537 0. 120 286 0,267 L 2.346 158
5.3 2.53 193 0.652 245 0. 198 495 0.454 201 %.885 277
9.5 2,77 214 0.719 274 0,219 558 0,500 224 4.351 314
17.7 2.88 224 0,758 288 0.227 576 0.531 237 4.538 327
29,9 2/ 2.85 207 0,737 264 0,221 534 0.516 217 4,499 306
3,0~ 9,55 .80 134 0.460 169 0.144 354 0.316 136 2.712 189
3,0-18.02 1.90 149 0.478 185 0.143 369 0.335 153 2.894 213
2.52  0.80 66 0.218 o4 0,067 239 0.152 75 1.133 i
{0.87F ( 718) (0.2354) (108) (0.068) (252} (0. 166y ( 871 (1,409 {126)
3.8 {e22 {05 0. 351 148 0. 101 %68 0.251 118 2.024 176
5.9 1e22 127 0.321 172 0.095 421 0.225 138 1,933 202
.7 1.55 143 0.453 207 Q4138 547 04295 160 2.648 246
35.5 | «28 {30 0,347 {82 0. 115 491 0,253 139 2.158 220
23~ 9.62f }el® 17 0.319 163 0087 A05 0.221 129 940 §93
4.9-55.5§f 1.48 133 . 413 192 G. 131 490 0,282 149 2.512 227

o}



Table 2. Continued
Nean Gain per Fish
Experiment Oxygen vet Weight Dry VWeight Crude Fat Fat-free Calorific Value
Concen— Pry Qgtigcif Kilo- FPer
Number tration Orams Percent Grams Percent Crams Percent Grams Percent calories cent
3 3.0 1.10 86 0.305 124 0.087 220 J.218 106 {.B83 154
3,04/ .41 87 0,205 120 0.085 218 0.210 {e} ] {.823 149
4,0 1.18 a8 0.330 128 0,096 256 0.234 {08 2.039 159
E.3 {.16 a8 0,326 128 0.061 223 0,235 110 1.595 158
7.0 .17 as 0,331 §28 0.097 2358 0.234 108 2.034 158
9.4 fotl 82 0.314 120 0.002 223 0.222 104 1231 149
i8.1 jo214 93 0,333 {33 0.095 237 0.239 13 2.044 163

1/ The fat-free dry matter values were determined by subtracting the weight of exiracted crude fat

from the fotal dry weight,

2/ See footnote 4 In Table 1.

3/ See footnote 5 in Table |.

4/ The initial weight of the dead fish (see footnote 6 in Table 1) was assumed to be equal o the mean
initial weight of all fish. The validity of this assumption is quesfionable.
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respectively, and the corresponding crude fat values were 0,59,
0.36, and 0.59 grams of crude fat per gram of dry materlal respec-
tively.

Table 3 shows, for each group of experimental fish in
experiments 2 and 3, the amounts of tood consumed by the fish and
the food conversion ratios. The wet and dry weights of food consumed
per fish were obtained by dividing the toftal amounts {wet and dry
weights) of food consumed in each fest vessel by the number of #ish
in each test vessel. Inasmuch as one fish died in one test vessel
during the course of experiment 3, the amounts of food consumed
after the death of this fish by the 14 remaining fish had to be
multiplied by 15714, the product added to the amount of food
consumed ﬁefore the death, and the resulting sum divided by 15 to
obtain the total food consumption per fish. Also shown in Table 53
are the wet and dry welights (in grams) of food consumed per day
per gram of Initial weight of the fish, wet and dry (i.e., wet
weight of food consumed per gram of initial wet weight of the
fish, and dry weight of food consumed per gram of initial dry weight
of the fish), The dry weight of food consumed wes computed from the
wet weight and was based on the determined ratio of wet weights to
dry weights of food samples taken periodically throughout the
experiments. The mean dry weight of the tubificid worms was found
to be 20,5 percent of the mean wet welght during experiment 2, and

19.3 percent of the wet weight during experiment 3. The mean dry



Table 3. Food Consumption and Conversion hy Coho Salmon
Welght of Food
Hean Weight of Food Consumed per Day Food Conversion
Exper iment Oxygen Consumed per Per Gram Initial Ratiec 2/
Concen- Fish (g) Fish Welght (o) 1/ wet Pry
Number tration Wet Ory wet Dry Weight Welght
2 2.5% 6,00 1.026  0.275 0.245 0.133 0.212
(5.60) {0,958} (0,275} {0.245) (0. 157) (0.244)
3.8 7.80 ta421 0.373 04353 0. 156 0.232
5.9 8.04 {.452 0.460 C.424 0.152 0.224
9.7 9.99 1.840 0.514 0.486 0.155 0.234
35.5 8,33 1.525 0,467 0.444 0.154 0,230
2.3~ 9,63/ 7.99 1.448 0.435 0.403 0.149 0.22!
4.9.35,53/ 9,06 1.642 0.449 0.434 0.163 0.250
3 3.0, 4.87 0.939 0.183 C.i82 0.226 0.319
3,02/ 4,67  0.939  0.18! 0.180  0.228 0.309
4.0 4.87 0.939 0173 0.173 0.242 0,351
5.5 4.87 0.939 0. 176 C.176 0.238 0.540
(Cont inued)

174



Table 3.

Cont i nued

Mean

Weight of Food

Weight of Food
Consumed per Day

Food Conversion

Experiment  Oxygen Consumed per Per Gram Initial Rat j02/
Concen- Fish (g) Fish Weight (g) L/ Wet Dry
Number tration wet Ory Wet Dry Weight Weight
3
{cont inued) 7.0 4.87 0.939 0,175 0.173 0.240 0.351
9.4 4.87  0.939  0.172 0.172  0.228 0.330
1841 4,87 0.939 0.177 0.178 0.248 0.351

1/ Values in the wet and dry weight columns were based on the wet and dry welghts of
both fish and food, respectively.

2/ Weight gain per fish in grams divided by the total weight in grams of food consumed

per
3/

/

N

fish, See also footnote |
See footnote 4 in Table |,
See footnote 5 in Table 1.

See footnote 4 in Table 2.

®

4
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weight of cladocerans used as food in experiment 2 was B.4 percent
of the mean wet weight. The food conversion ratios shown in Table

3 were obtained by dividing the weight gains per fish by the weights
of food consumed per fish during the entire experimental period,
using the wef weights of both the fish and food and the dry weights

of both fish and food.

Growth, Food Consumption, and Food Conversion with Unrestricted Diet

The growth and food consumption rates of fish kept on an
unrestricted diet and exposed to either constant or fluctuating oxygen
concentrations in experiments | and 2 differed markedly, depending
upon the experimental conditions to which the fish were exposed.
Observed differences in food conversion efficiencies were small.

Figures 3 and 4 show, for fish held at constant oxygen concentra-
tions In experiments | and 2, respectively, the percent gains in wet
weight, dry weight, crude fat, fat-free dry matter, and calorific
value, plotted against the oxygen concentrations at which the fish
were tested., These percent gains all decreased curvilinearly with
decrease of oxygen concentration from the air-saturation level
(9.5 mga/l.). No sharp Inflection of the curves fthat have been
fitted, by eye, to the data in Figures 3 and 4 Is apparent at any
oxygen concentration below the air-saturation level, HIigh oxygen
concentrations, except those very far sbove the alr-saturation level,
had no adverse effect on growth, concentrations up fto about twice

the air-saturation leve! evidently having a slightly favorable
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influence. The adverse effect even of concentrations more than
three times the air-saturation level was not very pronounced.

Flgures 3 and 4 show that fish tested at all concentrations in
experiments | and 2 grew at fairly rapid rates. All the fish showed
greater gains In crude fat than in body weight (wet or dryl, and
consequent ly a greatef percent gain in dry welght than in wet weight.
Accordingly, the percent gains in calorific value also are relatively
great. The percent gains In fat-free dry matter are little different
from the percent gains in wet weight,

The absolute gains in dry welght, crude fat, and fat-free dry
matter per fish at the various constant oxygen concentrafions In
experiments | and 2 are shown in Figures 5 and 6, respectively. At
each concentration tested, the fat deposited in the tissues accounted
for nearly one.third of the total dry weight galned per fish. The
fraction of the total dry weight gain that is attributable to storage
of fat did not decrease markediy with reduction of oxygen concentra~
‘tlon and with the accompanying reduction in growth rate. The much
poorer fit to the eye-fitted curves In Figure 6 than in Figure 5
of all the data obtained at the oxygen concenfration of 5.9 mg./l.

Is clearly ascribable to the relatively small meen initial weight of
the fish tested at this concentration. Not only the points In
Figure 6 representing these data, but alsoc &ll those representing
results of the test af the highest constant oxygen concentration,

35.5 mg«/ls, are unduly depressed in relation to the rest, for the
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same reason (i.e., the relatively small initial size of the fish
used In the test). The adverse influence of the highest oxygen
concentration thus Is clesrly exaggerated in Figure 6 (see Figure
4),

Figure 7 shows that in experiment 2 the fish did not grow as
rapldly as did fish held at about the same oxygen concentrations
in experiment |. The reason for the difference Is unknown,

Table 3 surmarizes the data from experiment 2 on the food
consumption rates of fish kept on an unrestricted diet (malnly of
tubificids})s The data Indicate that food consumption varied with
oxygen concenfration in much the same way as did the observed
gains In weight, The observed differences in the welghts gained
by the fish at different oxygen concentrations are clearly associated
with differences in food consumption.

Table 3 also shows, for experiment 2, the relation befween the
oxygen concentrations, both constant and fluctuating, and foocd
conversion ratlios, or gross conversion efficienclies (3, p. 386}, The
indicated efficiencies of food conversion by flsh held at different
constant oxygen concentrations are not markedly different, Of the
fwo possible wet-weight and dry-.weight food conversion ratles
computed for the lowest concentration (2.5 mg./l.) and shown in
Table 3, the smaller (superior) values, namely, 0.133 and 0.212,
respectively, are the values that were more In accord with expecta-
tions based on the relatively low food consumption and growth rates

of the fish in question and on all other avallable and pertinent
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data. The alternative values shown, (D.157 and 0.244), appear to

pe much foo high, supporting the earlier proposed assumption that
only 14 fish had been weighed and placed in the test vessel with the
lowest oxygen concentration.,

The growth rates of fish in experiments | and 2 were more or
less impaired, as shown in Table 2, by wide diurnal fluctuations
of oxygen concentration such that the fish were exposed dally for
equal periods to nonlethal low and high oxygen levels. Four differ-
ent fluctuating dissolved oxygen regimes were tested.

Table 4 shows, for each of the fluctuating oxygen concentration
regimes tested In experiments | and 2, the mean low and mean high
dissolved oxygen concentrations observed, the actual gain in ary
welght of the fish, and the estimated constant oxygan concentra-
tion at which the cobserved percent dry weight gain presumably would
have occurred had the fish been held at that oxygen concentration.
The constant oxygen concentrations corresponding to the fluctuating
concentrations in thelr effect on growth were determined graphically
by referriﬂg to appropriate curves that relate dry weight gains to
constant oxygen concentratlons (Figure 7}, that is, by interpolation,
Also shown on Table 4 are the approximate arithmefic and geometric
means of the fluctuating concentrations, and the estimated percent
gains in dry veight that presumably would have occurred had fish been
held at constant oxygen concentraticns equal to the arithmetic and
geometric mean concentrations., The estimated gains in dry weight

at the erithmetic and geometric mean concentrations were derived



Table 4, Comparison of Dry Weight Gains of Coho Salmon Subjected to Fluctuating Dissolved Oxygen Concen-
trations with the Gains (Estimated) at Constant Oxygen Concentrations Corresponding to the

Means for the Fluctuating Dissolved Oxygen Tests.

Corresponding Estimated Gain
(Est imated) in Dry Wbight
Approximate (Mean) Constant Approximate Mean (Percent)4/
Limits of Dissolved Observed Gain Oxygen Dissolved Oxygen at Constant Oxygen
Oxygen Fluctuations in Dry Concen- Concentration Concentrations
Exper iment tng./t1 1/ vieight tration (mg./1,)3/ Equal to:
Number tean Low Mean High (Percent) (mg./ie} 2/ Arithmetic Geometric Arithmetic Geometric
D.0. D.C. Mean Hean Kean 0,0, Hean D.0.
| 3.0 9.5 169 34 6.2 53 253 240
3.0 18,0 185 3.8 10.5 7.2 281 265
2 2.3 9.6 163 4.8 5.9 4.7 182 163

1/ See footnote 4 in Table I.

2/ The oxygen concentration at which the observed percent gain in dry weight presumably would have

occurred had the fish been held at that constant oxygen concentration,

37 Arithmetic and geometric means of the mean low and mean high concentrations given in preceding

columns.

4/ Weight gain estimates were derived from the appropriate curves in Figure 6.
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graphically from the dry welght curves in Figure 7.

in Figure 7, the points indicated by arrows merked A, 8, C,
and D represent the percent gains in dry and wet weights of the groups
of fish tested at fluctuating oxygen concentrations and show their
relation to the weight gains observed at different constant oxygen
concentrations. The graphical, interpolative estimation of constant
oxygen concentration reductions that should have the same effect on
growth as did the oxygen concentration fluctuations in question
(Table 4), thus is illustrated by Figure 7.

The growth of fish exposed to fluctuating oxygen concentra-
tions in experiment | was markedly impaired. Table 4 shows that,
at oxygen concentrations fluctuating between 3 and 9.5 mg./l. and
between 3 and 18 mg./l., the observed dry weight gains were about 169
and 185 percent, respectively., These observed gains are much less
than the gains that could have been expected at constant oxygen con-
centrations near the arithmetic or geometric means of the fluctuating
concentrations tested, snd they are gains that presumably would have
occurred at much |ower constant oxygen concentrations of 3.4 to 3.8
mg./1.

In experiment 2, the percent gains:in dry weight of fish exposed
to oxygen concentrations fluctuating between 2.3 and 9.6 mg./1. and
between 4.9 and 35.5 mg./l. were not greatly different from the dry
weight gains that presumably would have occurred had the fish been
exposed to constant oxygen concentrations equal to the respective

geometric means of the fluctuating concentrations (Table 4).
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Growth and Food Conversion with Restricted Diet

Table 2 shows that, In experiment 3, the gains In wet and dry
weights, crude fat, fat-free dry matter, and calorific value of the
fish kept on a uniform, restricted diet at various constant oxygen
concentrations ranging from about 3 to I8,1 mg./l. did not differ
greatly, The smallest weight gains (in grams and percent) were
shown by the fish held at oxygen concentrations near 3 mg./l., the
lowest mean concentration tested, and by those held at oxygen con-
centrations averaging 9.4 mg./l., near the alr-saturation level, The
lergest gains were shown by the fish held at concentrations averaging
18,1 mg./l., neariy twice the air-saturation level. It is noteworthy
that the percent gains in crude fat are all much greater than the
corresponding percent gains in wet welght or in fat-free dry matter.

in Figure 8, the gains per fish in grams of dry weight, crude
fat, and fat-free dry matter are plotted against oxygen concentration,
No effect of oxygen concentration is Indicated, except a possible
impairment of growth at the lowest tested oxygen concentration
(3 mge/ls). The iIndicated impairment of food conversion efficiency
of the fish held at the lowest dissolved oxygen level is revealed
also by the relatively low food converslion ratios for the fish
shown in Table 3. lnasmuch as one fish died during experiment 3 in
one of the two test vessels in which a mean oxygen concentration of
3 mg./l. was maintalned, and it was necessary therefore fo assume
that the initial weight of the dead fish was equal to the mean

initial weight of the entire group of fish held in the vessel, the
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resulfs in Tables 2 and 3 pertaining to that test vessel are not
deemed entirely reliable, For this reason, resuits obtained at

the lowest tested oxygen concentration only with tnose fish among
which no deaths occurred have been included in Figure 7., However,
the results reported in Table 2 for the other group of fish held af
the same low oxygen concentration are not materially different,
Indicating only sliightly smaller gains in dry weight, crude faf,
and fat-free dry matter,

It should be noted that the two groups of fish that had been
held at the lowest fested dxygen concentration of 3 mg./l. in
experiment 3 were the groups that had the smallest mean initial
weights (Table |). Excepting these two groups, the group with the
smallest mean initial weight was that which was held at oxygen
concentrations near 18.1 mg./1. and showed the greatest gain in
welight, and the group witn the greatest mean initial weight was
that which was neld at oxygen concentrations near 9.4 mg./l. and
snowed the smallest gain in weight. The relatively poor growrh of
the fish held at 3 mg./i. dissoived oxygen evidently is not ascrib-
sble to the smaller initial size of the fish, which could be
expected to favor growth of fish kept on a restricted dlet, decause

the smaller flsh had more food per gram of their Initial weight.
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DISCUSSION

in the experiments reported here, the growth rates of juvenile
coho salmon at all oxygen concenfrations tested were much greater
than the growth rates observed by Herrmann, Warren, and Doudoroff
(9, p. 161-162). Their fish showed mean wet weight gains in 2i
days not exceeding 104 percent. 1t is believed that the test
temperature of 18° C. probably is more favorabie for the growth
of salmon than 20° C., the temperature at which fhe exper iments of
Herrmann et al. were performed, but it is unlikely that the tempera-
ture difference alone explains the great difference in the growth
rates observed af favorable oxygen concentrations., Tubificid worms
may wel!| be more gasily digested and assimilated than the beach
hoppers fed to fish by Herrmann et al., and also more nutritious.
Finally, the source and history of the fish may have had an important
inf luence also. It should be noted that in experiment 2 of this
study, the growth of the coho salmon at any oxygen concentration
was not as rapid as the growth in experiment | at the same oxygen
concentration and temperature. The difference in observed growth
rates in these two experiments may be attributable to the difference
in source and history of the fish, or fo the quallity of the food
(tubificids) collected from different sources for the two experiments.
The tubificids used in experiment | were collected from the fish
raceways of the Oregon State Game Commission's Roesring River trout

hatchery, located in Linn Counfy. For experimeni 2, the tubificids
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were collected from Oregon State Unlversity's experimental sewage
treatment lagoons, located at Corvallis. The worms from the two
sources have not yet been identified.

The difference in shape between the curves relating weight
gains to oxygen concentrafions which were obtained in this study and
the more sharply inflected (somewhat angular) curve plotted by
Herrmann et al. (9, p. 161) is not fully understood. The growth rates
of the fish held at mean oxygen concentrations of 2.5 and 3.0 mg./l..
in this study were markedly reduced, as compared with those of the
controis, but the reduction was not as great, percentagewise, as
that which was to be expected on the basis of the curve plotted by
Herrmann ef al. Possibly the same factors that were responsible for
the difference in the growth rates of the fish at high oxygen concen-
trations were somehow responsible also for the difference in the
shapes of the curves. Experimental or sampling errors also may
have contributed to the latter difference, for the weight gains
observed by Herrmann et gl. in different tests were varisble,
especially at concentrations near 3 mg./l., where one of the two
observed values may well have been unduly low for some reason.

A large fraction of the weight gain by each group of fish tested
in this study was due to an increase in crude fat. The great increase
in fatness of the fish even at low oxygen concentrations probably
was due to consumption by the relatively inactive fish of a larger
amount of an easily digested and nutritious food than is usually

avallable under natural conditions. The ability of the salmon to
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digest and assimilate such large amounts of food and to grow fatter
at the low oxygen concentrations may be even more significant than
the observed depression of growth rates. It must be reallzed,
however, that such rapid growth might not have been possible, even
in the presence of an abundance of nutritious food, under conditions
necessitating more activity on the part of the fish.

The results of experiments | and 2 pertaining to the effects
of fluctuating dissolved oxygen concentrations differ materially.

It is not clear why fluctuations of oxygen concentration between

~a very low level and the air-saturation level had a much less

depressing effect on growth in experiment 2 than in experiment |.
The observation that the depression of the growth rate of fish
exposed alternately to moderately low and exceedingly high oxygen
concentrations (4.9 and 35.5 mg./l.) in experiment 2 was not

great is not so surprising, inasmuch as nelther of these concen—
trations was found to have a markedly adverse effect on growth in
tests of constant concentration. This result shows only that wide
fluctuations of oxygen concentration per se do not greatly impair
growth in the absence of decidedly adverse concentrations. Stewart
(10, p. 24) also observed varying effects of fluctuating oxygen
concentrations on the growth of largemouth bass, but concluded
(10, p. 37) that "even when oxygen concentratlons are near air-
saturation levels during a large portion of each day, the growth
of fish may be seriously Inhibited if very low concentrations

occur during the remainder of the 24-hour day." Stewart also
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concluded (10, p. 37) that "the occurrence of oxygen concentrations
(far abcve air-saturation) during daytime and thereaffer, alfer-
nating with low concenfrations occurring at night and early in the
morning may be most defrimental, even though the daily rmean oxygen
concentraticns ére at levels which would be quite saltisfactory If
these concenfrations persisfed throughout the day with little varia-
tion.” The results of the present study with coho salmon generally
confirm these conclusions, even though The growth of salmon exposed
alternately to 2.5 and 9.6 mg./t. in experiment 2 was better than
the growth expecfed on the basis of sarlier results., i is note-
worihy that very high dissolved oxygen concentrations, up fo
nearly four times the air-saiurafion level, generaliy did not have
as adverse an effect on the growth of coho salmon as on the growth
of largemouth bass. This is somewhal surprising, in view of the
fact that salmon are less apt than the bass to be exposed tc such
high oxygen concentrations in their naturai habiftets. Davis
{4, p. 18-19) observed no adverse effeci on the maximuri sustained
swimming speed of coho salmen of high oxygen concentrations up io
about twice the air-safuration levels, but much higher concenira-
fions were not tested by him,

in discussing dissolved oxygen criteria or standerds for use
in the regulation of waste disposal for the proftection of fresh
water fishes, Doudoroff (7, p. 249) has pointed out fthat, while
criteria based on the assumption fthat low oxygen conceatrations

will persist only for short pericds can be misleading, wide
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diurnal and other variations of dissolved oxygen in many natural
and polluted waters perhaps should not be entirely disregarded in
establishing standards. Accordingly, the Aquatic Life Advisory
Committee of the Ohio River Valley Water Sanitation Commission

(2, p. 327) has recommended that permissible oxygen concentrations
in waters in which well-rounded warm-water fish populations are to
be sustained should be not less than 5 mg./l. during at least

»16 héura of any 24-hour period, and not less than 3 mg./l. at any
ffme. Although it has not been demonstrated in nature, Iimpairment
of the growth of fish that has been observed in this study and the
study of Stewart (10, p. |-44) when the fish were exposed dally to
very low concentrations for only a portion (less than half) of
each day raises some question as to the value and adequacy of such
complex restrictions or standards as the above.

The unimpaired food conversion efficiencies of fish kept on an
unrestricted diet st moderately reduced oxygen concentrations (3.8
mg./!. and above), in experiment 2 (Table 3), indicate that the
observed depression of growth rates is due to the &epressing
influence of low oxygen concentration on the appetite. A lower food
conversion ratlio probably occurred at the 2,5 mg./l. dissolved
oxygen level, These results agree with those of Herrmann ef al.
(9, p. 166), who pointed out that "some reduction of the food
conversion ratios (gross conversion efficliencies) can be expected

to result from the observed reduction of food consumption rates



at low oxygen concentrations, since the fraction of consumed

food needed for satisfying constant maintenance requirements
increases with a decrease of the rate of food consumption.”

They further suggested that, since conversion ratios remained high
at 4 and 5 mg./l. dissolved oxygen, the maintenance food requirements
may have been somewhat reduced through restriction of spontaneous
activity, or the efficiency of food digestion and assimilation may
have been increased, through reduction of the rate of food consump-
tion. In view of the resulfs of experiment 3 of the present study,
in which coho salmon were kept on a rather severely restricted diet
and showed almost uniformly high gross conversion efficiencies af
all tested oxygen concentrations down to 4 mg./l., it appears

that this suggestion can be dismissed, |t seems probable that the
maintenance food requirement is such a small fraction of the

amount of food consumed by well-fed fish at moderately reduced
oxygen concenfrations, that it does not have a very important influ-
ence on the gross conversion efficiency. The maintenance food
requirement may indeed vary with ambient oxygen concentration.
However, the effect on the maintenance requirement of the reduction
of over—all activity observed at low oxygen concenfrations may

be balanced, if not outweighed, by the opposite effect of the
increased cost of respiration (l.e., opercular movements). |In

any event, the net effect of these variations in muscular activity
on food conversion efficiency may be measurable only when the

daily food ration is not much in excess of the maintenance
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requirement,

A slight reduction of the food conversion ratio st the lowest
oxygen concentration tested (3 mg./1.) was observed in the present
study when fish were fed restricted rations (experiment 3). This
observation suggests Impairment of digestive or assimilafory
efficiency at the low oxygen concentration, which already had been
suggested by some data of Herrmann et al., (9, p. 163). It also
supports the assumption that in experiment 2 only 14 fish were
present in the test vessel throughout the test at 2.5 mg./l.
dissolved oxygen. The food conversicn ratio computed on the basis
of a different assumpticn would appear to be too high.

The fact that higher food conversion ratios were observed when
coho salmon were kept on a restricted diet than when they were kept
on an unrestricted diet at high or low oxygen concentrations indicates
that a considerable amount of food was wasted, through incomplete
assimilation, by fish fed to repletion at any dissolved oxygen
level, Brown (3, p. 387) noted that, when the food supply of
brown trout, Salmo trutta, is restricted, the nef conversion
efficiency becomes greater as the dally food ration apprcaches the
maintenance level, With more food than the maintenance requirement,
but less than an unlimited amount, wvary high values for net
efficiency may be observed, and the growth of the fish may be
almost as rapid as that of fish kept on unrestricted ratlons under
the same conditions. 1 should be noted again that no impairment

of gross conversion efficiency was observed at oxygen concentrations
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near 4 mg./l. in experiment 3 of this study, in which rations were
restricted; yet the efficiency at these moderately reduced
concentrations in experiment 2 (with unrestricted rations), was
not greater than it was at high concentrations, although food
consumption was materially reduced. It can be concluded that a
reduction of food consumption probably can have a favorable effect
on the food conversion efficiency only when it is not a reduction

that is necessitated by adverse dissolved oxygen conditions.
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