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MEASURING THE INFLUENCE OF WATER-QUALITY CHANGES, ON FISH*

Robert C. Averett and Robert W. Brocksen®

|
INTRODUCﬁION

Throughout the history of man few environmental changes have been as
pronounced as his alteration of natural waters. Common water-quality changes
resulting from man’s activities have been| increased salinity, sediment, and
temperature; depressed oxygen concentrations; and in some instances, the
creation of toxic conditions. Because of present day treatment methods man is
able to consume water from sources that are otherwise undesirable. Aquatic
organisms are not as fortunate. To be successful they must find food, grow,
and reproduce in water with no treatment|to insure its quality.

The adoption of water-quality standards make-;it necessary to determine
and constantly assess the influence that environmental changes will have on
aquatic life. This is a difficult task, and one that is likely to become more
complex in the future. In the past we have accepted as satisfactory a water
quality that had no obvious lethal effects |on the organisms which inhabit it.
This approach is presently untenable; Now, we must not only provide safeguards
against the death of aquatic organisms, but we must also determine those
environmental conditions that enhance growth and production. Needed are new
approaches designed to measure sublethal or chronic rather than lethal effects
of water-quality changes. | '

A number of techniques are available, and al 1 have been used numerous
times in experimental biology. In this paper we will briefly review some of
the past techniques used in determining the influence of water-quality changes
on fish, and we will discuss in some detail the use of growth and energy
measurements as methods for determining physiological stress resulting-from
environmental changes.

TOXICITY BIQASSAYS

The popular use of the toxicity bioassay was a result of the work by
Hart, Doudoroff, and Greenback [1] and Doudoroff et. al. [2]. Later the
technique was included in the 11th edition| of “Standard Methods” [American
Public Health Association, 3]. The technique is based upon determining the
median tolerance limit (TL,), defined as the waste concentration or environ-
mental change lethal to S0 percent of the |test animals within a given time
period. |

1.Publication authorized by the Direc*‘:or, U. S. Geological Survey.
Presented by Dr. Averett. |

*Respectively , Aquatic Biologist, U.S. Geological Survey, California
District, Menlo Park, California; Assistant Professor of Fisheries, Department
of Animal Physiology, University of California, Davis, California.
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upon the measurement of one or more eg
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SWIMMING PEF
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received considerable attention in the la
tively simple and measures a single fact
a known water velocity while under a p
oxygen concentration were often used as
be used to test the influence of other e
waste materials and pesticides.
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a group of fish,
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a measure of sublethal stress
The technique is rela-

Temperature and
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were a start towards the more quantitative
stress, and were probably influential in p
and, in our opinion, more valuable tests

ENERGY AND MATERI

The measurement of animal energy h
centuries. With aquatic organisms it pro
from the works of Ivlev [17, 18, 19]. Ho
energy are a result of the monumental wor
the study of animal energy with his "Scop
the difference between the standard (basa
as measured by oxygen uptake. Fry's conce
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8, 14, and 17° C respectively. During
daily at the rate of 4 percent of their
the growth experiment, the fish were blg
and additional fish that had been held a
same rations were sacrificed for initig
experiment one salmon at each temperatu
submaintenance rations, two were fed in
three were fed to repletion twice each
salmon were blotted, weighed, and sacr
calorimetry was used for both fish and

Food consumption and growth at 8
but at 17° C the energy required to equal
higher (fig. 1-a). The maximum consur

lay.

this period they were fed fly larvae
live body weight. At the beginning of
tted to remove excess water and weighed,

t the same temperatures and fed the

1 caloric values. Throughout the growth
re was allowed to starve, two were fed
termediate rations, and the remaining
At the end of the experiment the
ificed for caloric determination. Bomb

housefly larvae.

and 14° C were not greatly different,
1 the growth at 14° C was considerably
nption rate at 17° C was nearly double

that at 8 and 14° C, but the maximum difference in growth was very little.
The differences in growth were more strikingly seen in a piot of gross growth

efficiency calculated as growth divided
8 and 14”7 C, maximum growth efficiency
70-80 calories/kilocalorie salmon/day (ca
increased food consumption. At 17”7 C, 1
near 110- 120 calories. The growth-effi
beyond the maximum efficiency, and refle

by food consumption (fig. 1-b). At
was reached at consumption rates near
l’kcal salmon/day) and dropped with
maximum growth efficiency was reached
ciency curve for 17° C was nearly flat
»cts the near linear growth curve.
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FIGURE 1. a. Consumption-growth curves for juvenile coho salmon at three
temperatures. Experiment | conducted in July 1967. Mean weight
of fish 2.0 grams.

b. Gross growth efficiency of fish in a, calculated from

consumption-growth curve.
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The maintenance ration defined as the
is zero (fig.

consumption rate at which growth
1-a), is also a comparative measure, and one of importance to

fish who live in unproductive water, or possibly anywhere in the temperate
zone where growth occurs only a few months of the year.

maintenance rations were similar, but at 1

These processes--growth, growth effic
provide insight as to how a fish may use
environmental conditions. Obviously grow
part of the total energy of the food cons

At 8 and 14° C, the

7”7 C it was nearly double.

iency and maintenance ration--all
its food intake under varying

th, if it occurs, accounts for only
umed. It is possible, although

time consuming, to measure all the growth-depressing factors listed by Warren

and Davis [23]. One factor that is easily
which is the metabolic rate of a fish in

determined is standard metabolism,
the post-absorptive state whose

activity has been projected to zero on a graph relating metabolic rate and

activity [Brett,

16; Warren and Davis, 23].

Fish from the same time period, weighing about 2.2 grams, were used for

determining the standard metabolic rate 4

t the three temperatures (fig. 2).
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The lowermost points are connected as th
oxygen needed at a given activity level
0.14, 0.24, and 0.34 mg/gram salmon/hou
can be converted to caloric units by t
of oxygen [Brody, 20; Winberg,22]. W
become 11, 18, and 25 cal/kcal salmon/d
at higher temperature.

The determinations just discussed
the time involved is not excessive and a
needed. Yet, they illustrate the sublet
in this case temperature, on the whole

Increased salinities in the Salton
for alarm among sport fishermen who fea
(Cynoscion xanthulus, Jordon and Gilber
studied the influence ¢f salinities, ra
(ppt), on the growth, food assimilation

At salinities of 29, 33, 37, and 41
the repletion-fed corvina consumed only
weight. The maintenance rations at the
41 ppt ranged from 63 and 68 milligram
extreme low and high salinities of 29 an
76 and 80 mg/g/day, respectively. The j
37 ppt, the value at which the corvina
needs.

The amount of food assimilated by t
highest at the salinity of 37 ppt, and
and 45 ppt (Table I). Determinations w
Food assimilation was measured by holdir
of water, and feeding them a known amo

ey represent the minimum amount of
The oxygen consumption values of

r for 8, 14, and 17° C respectively

he coefficient 3.42 calories/milligram
en this is done the rounded values

ay, and reflect the greater energy cost

are routine physiological measurements;
minimum of laboratory equipment is
hal effect of a water-quality change,

animal.

Sea, California, have been a cause
ir the loss of the orangemouth corvina
t), from the fishery. Brocksen [25]
nging frum 25 to 45 parts per thousand
and respiration of young corvina.2

ppt growth occurred, but at 45 ppt
enough food to maintain their body

5> intermediate salinities of 33, 37, and
s/gram corvina/day (mg/g/day); at the

d 45 ppt the maintenance rations were
present salinity in the Salton Sea is
lisplayed their lowest maintenance

the fish from a given ration was

lowest at the extreme salinities of 29
ere not made at the other salinities.
1g individual corvina in a known volume
unt of food. After several days, the

TABLE I. Percent food |assimilation for
orangemouth corvina at three salinities.
Work conducted in July at Salton Sea,
California. Mean Weight of fish, 6.7 grams.
Salinity Percent assimilation
ppt Range 1 Mean
29 63-69 66
37 70-60 72
45 59-60 59

lrange of five detern

2Study supported by Dingell-Johnsag
Department of Fish and Game.

ninations.

n Project DJ-F-18-R, California
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fish were removed and chemical oxidation, using dichromate, was performed on
the fecal matter, as well as on an aliquot of the holding water [American
Public Health Association, 3]. A sample of the food was also oxidized to
calculate the percent assimilation. This technique does not oxidize nitro-
genous materials, and thus the given efficiencies are probably slightly high.
However, Winberg[22] states that nitrogenous compounds released by growing

fish will result in an error of only about 3 percent of the total energy value
of the food consumed.

Total respiration, the amount of oxygen consumed by the fish per hour,
was measured with fish of various weights at various salinities (fig. 3).
Oxygen uptake for the fish held at salinities of 29 and 45 ppt was markedly
higher than for fish held at the intermediate salinities.
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FIGURE 3. Total respiration of orangemouth corvina at five salinities.
Experiment conducted in July 1969 at Salton Sea, California.

These values are not the standard metabolism of the fish, but rather are
routine metabolism [Fry, 21] because the fish were simply held in darkened
containers and activity was not controlled. Control over activity during
respiration measurements is essential when synthesizing the energy budget
proposed by Warren and Davis [23] because the standard metabolic rate is needed.
Activity control is not always essential, however, and routine metabolism has
merit under some circumstances, but only with fish of the same size and physi-
ological condition. The convergence of the points at the left in figure 3
indicates that the smaller corvina have a different response than the larger
ones at the extreme salinities. The small corvina are either not physiologi-
cally influenced by the extreme salinities, or their activity is completely
suppressed. Only activity control would provide a clear explanation of the
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convergence of the respiratory curves fo
standard metabolism is preferred over ra
stress.

DISCUS

We have briefly reviewed some of th

r the small fish. For this reason
utine metabolism as a measure of

SION

e methods used in the past to

determine the effects of water-quality changes on fish, and discussed in

some detail the value of growth and itg
measure of sublethal stress. In our exd
and salinity as individual stress factor
tested.

We did not show examples of measy
listed by Warren and Davis [23] in thei
action as a function of temperature, ac
has been measured [Averett, 26] but it i
consuming. Activity, too, is difficult t
mated as a residual after growth and the
accounted for. In a routine investigati
changes, we do not believe that it is ne
dynamic action or activity.

Our ultimate interest in fish is t}
is a complex event involving food suppl
for food [Brocksen, Davis, and Warren,
growth, there is no production, and beca
essential to the well-being of an animal
measure of the influence of water-qualit
without 1its difficulties, and there are
must be taken into account [Davis and W
of time, and using fish of a similar wei
somewhat constant energy consistency, co
of a physiological stress can be measure

Presently, there is no standard met
and different workers are likely to use
invalidate the results provided that pre
acclimation and handling of the fish. R
believe that the measurement of growth
way towards a more realistic evaluation
changes on fish.
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DISCUSSION

E.G.FOREE: Do you have from your studies any results on the effects of
specific pollutants on fish?

DR. AVERETT: Not at the present time, but we expect to have some within the
year. We're gearing up our California f!%cﬂity now.
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