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From the mangrove swamps of southern Florida to the trout streams
of the Smoky Mountains, stretches a southland whose fishing waters arve
rich and diverse. The bass grow fast in the farm ponds of the piedmont,
in the healing waters of old phosphate pits, in the red reservoirs of grow-
ing towns, and in the black swamp waters of the coastal plain. Great runs
of striped bass course the Roanoke, big catfishes thrive in the muddy
brown rivers of Georgia; and vast areas of marine coastal waters support
the bountiful fisheries of mullet, shrimp, and menhaden. What do all of
these resources have in common? How can we specify reasonable needs
for fishing amidst the demands for maximum, multiple use of these ponds,
streams, and estuaries for drinking, bathing, agriculture, and especially
for routes of waste disposal? v

Advances in the cecological seiences in recent years permit us to give
tentative specifications which fall in five categories. The specific and
measurable properties of waters which must serve as guides to the creation
of pood fishing values in onr underwater pastures pertain to:

1. Toxicity

2, Minimum oxygen requirement
3. Fertility

4. Diversity

5. Food Chain Liability

The first requirement is that the water not be directly toxic to fish.
This is very obvious and readily measured. Either the fish themselves or
representative organismsz like the water flea, Daphnia, are tested for
survival in water containing different concentrations of the substances in
question. For example, Van Horn, Anderson, and Katz (1949) found that
the most toxic constitvent of Kraft Pulp Mill Wastes was Methyl Mer-
captan with a minimum lethal dose of .5 ppm as tested by minnows over
five days,

We will not dwell on this important aspect further except to suggest
that sad poilution can result from the assumption that direct toxicity is
the Ufﬂ}’ consideration. Too often fish are placed in cages in a water in
Guestion and when they do not die, the interpretation is made that the
water is a favorable environment and unharmed. Imagine a blind farmer
who _“'ishts to evaluate his farm for cattle-raising putting some cows in a
box in the middle of his pasture. Upon being told that they are healthy
the next day, sheuld he then presume that he could met a large beef yield
In that pasture that year? Of course not. His cows in boxes would have
lived as well in a concrete pavldng lot as in a richly laden alfalfa field,
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ment been the sole test made in evaluating aq.uatic pastures and fish yields
in polluted waters. The requirements for fishing waters are much more.
One of the principal water conditions that produces catastrophic de-
struction of life in o stream is the removal of the dizsolved oxygen masdscs
of living organisms. The small organizms like ha-:‘_terja are especially im-
portant because the oxygen used per gram of tissue increases roughly
logarithmically as the organism’s size decreases. The loss of oxvgen oceurs
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when the organic matter, that serves as bacterial food in & stream, be-
comes excessive so that there are too many organisms growing. In this
situation the oxygen, which is about 8 pavts per million in water initially,
may disappear in a few hours followed by death of all higher organisms
such as the fish. For example Butcher, an English stream limnologist,
found the zone of sub-minimal oxygen extended B miles below a zewage
outfall in the Trent River, followed by 20 miles of marginal conditions
{see Macan and Worthington, 1951).

Some success has been achieved in sanitary engineering and public
health handling of domestic sewage pollution and some types of industrial
wastes high in organic matter by predicting the oxygen effect. The neces-
sary dilution to avoid trouble is caleulated on the basis of measurement of
the rate of oxveen disappearance in bottlez of diluted wastez (BOD or
biochemical oxygen demand test). Although the behavior in the bottle is
known to differ from that in the stream, many oxygen kills have been
prevented by keeping the organic matter in the stream below the level
that uses up 3 parts per million in 5 days. This value is no indicator of
pollution, however, since many entirely natural streams have higher
organic matter decomposition rates. In any case we conclude that the
second primary requirement of fishing waters is that the oxygen in the
water not be depleted. Although most fish cannot live withoot oxygen
the converse is not true. Fresh air does not guavantee the farmer large
beef yields any more than oxygenated water guarantees fish yields. There
are other reguirements also.

In order to zee how fizh are related to their envirenment consider the
passage of energy through the food chains of the community. Figure 1
shows the principle divisions of an ecological community and the flows
of enerpy through these divisions. The wvalue of a water for fish i=
potentially a function of the rate of production (growth} of the fish,
which in turn is a function of the rate of growth of the fish-food organ-
isms, which in turn is a function of the rate of growth of the plants or
of the rate of import of suitable organic food matter. 1t has been observed
that the efficiency of conversion of light into organic matter in most
natural waters due to photosynthesis is usually about 2%%. The con-
version of plant produce into the tissues of small plant-eating animals
is conservatively 10%. The conversion of herbiverous animal tissues into

the tissues of the carnivorous fishes is similarly about 109%. If these-

carnivorous fishes are eaten by even larger carnivorous fishes 109 of
the tissue eaten may again be established as growth of the top carnivores.
Thus as illustrated in Figure 1, most of the energy in each transfer be-
comes unavailable just as in man-made engines. In a rough way, there-
fore, one can calculate the potential production of fish per acre from the
'"}’ht intensity of the sun. Where nutrient conditions are Food, somewhat
hlglEE]' Fm':iE”'fi'-'?' prevail, but when nutrient conditions arve poor, lower
E,m“““““ prevail. For a general dizeussion of energy flows in communi-
ties see E. P. Odum {1953).
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Because of the dependence of fish populations on the energy flows of
the community, no survey of polluted and unpolluted waters iz adequate
unless it includes the determination of fertility from production measure-
ments. Either with the light and dark bottle method or the diurnal curve
analysis method it is possible in one day to determine the photosynthetic
rate, the respiratory rate, and efficiency with which the sunlight is used.
In these ways the rate of manufacture of food available to fish-food chains
iz determined at the source. One is thus determining whether the pasture
is barren or fertile. It is too bad that recent surveys of water resources
in southern states have neot included productivity determinations in their
surveys of lakes and streams. Let us consider two examples of the de-
termination of the productivity of waters.

In a recent paper the Dane, Steeman Neilsen (1955) used the light and
dark bottle method to measure the photosynthetic production of a lake
receiving purified sewnge wastes. Oxypen measurements in bottles sus-
pended at several depths were made before and after G-hour periods.
From the exyzen changes a daily production of 7 gm/m® was obtained
during the summer moenths. The production in this fertile water was
several times that obtained with similay methodz in a North Carolina
farm pond by Harry Wells and Charles Hoskin in limmological work at
Duke University. Although some of the properties of the water were
extreme, there was a great fertility expreszed in the growth of the algae.
This method is not applicable, however, to flowing waters where much of
the community iz attached.

For many years dinrnal exyvpen curves have heen published in the
seientific journals for polluted and unpoliuted streams, lakes, and estuaries.
Following studies on the natural metabolism of Silver Springs, Flovida,
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ways of converting the diurnal oxygen and carbon diexide curves into pro-
duction values have been suggested (Odum, 1956). The oxygen rate of
decrease at night is subtracted from the oxygen rate of increase during
the day to obtain the pross photosynthetic rate. A covrection for change
in diffusion rate during the day is also applied. Although this method
requires analyses at two stations one upstream from the other, it is possible
to obtain an order of magnitude of the production from the analysis of
a single station oxygen curve by assuming a homogeneous community
upstream. In Figure 2 is shown the results of the diurnal curve analysis
method applied to data collected years ago by Calvert on the White River
in Indiana (Denham, 1938). The very low production immediately below
the sewage outfall is quickly followed by a very immense production and
respiration rate as the harmful influences of the pollution ave exceeded
by the fertilizing influences. That the fish productions below such pollu-
tion may be both low and high is documented by Forbes (1919) for the
Illinpis rivers and Swingle (1953) for Alabama rivers. These examples
show how natural and polluted waters may possess wide ranges of fer-
tility which are responsible for wide variations in fish harvests. That the
production of fish is increased when algal production of the community
inereased is the basic fact proved by the present era of pond fertilization.
Maintaining or increasing the pastures for the fish-food chains must be
consideved a third principal requirement for fishing waters,

Whereas the potential poundage of fish which ean be supported iz a
function of the energy sources at the base of the food chains, the type of
fish which will dominate the production is a function of the types of fish-
food organisms and the type of organic source at the base of the food
chain. It has frequently been found that extremes of temperature, pH,
oxy¥gen, and other properties do not limit the total produectivity but do
restrict the number of species in the community. Thus it is that pollution
often restricts the species variety without changing the basic quantitative
fertility (Bartsch and Churchill, 1949). In fact high fertility itself may
lead to a dominance of a few species, for high productivity is itself an
extreme. Whether the dominant is good or bad depends on whether the
particular fish is considered desirable by the users of the stream. A
recently reported example of the vestriction of diversity of fish faunas
d‘ue to pollution is given by Katz and Gaufin {1952) below a sewage pollu-
tion discharge in a midwestern stream. The action of extremes in limiting
the species of organisms is not restricted to pollution situations but
oeeurs naturally in special situations such as hot springs or in the cool
and highly fertile springs of Florida. Restricted faunas are thus not
necessarily an indication of pollution but do indicate some extreme factor.

‘T'he impurt:.s.nt practical consideration is to develop measurements
:;fh'tht"""" indicate the extent that special conditions have limited the
Versity of the ecological community. Work by Dr. Ruth Patrick and
assoclates has been aimed at bioassay of the diversity of the species that
?::jrltl' te the food chain. Whereas Dr. Patrick's total community analysis

B8 a research team, complex techniques, and trained personnel, at-
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tempts are being made to abbreviate the procedure so as to provide re-
liable, rapid, inexpensive and practical indices to community diversity.
Dr. Patrick has successfully used the diversity of diatoms on glass slides
suspended in standardized plastic boxes on floats.

One difficulty has been in devising a single measare which would
report the community diversity in a single number that would not be a
function of the thoroughness of the worker or the type of sampling. To
simply report the number of species of diatoms present is not possible
because it has been found that additional species ave always found as the
sampling effort is extended, although the appearance of additional species
with further searching effort roughly decreases logarvithmically.

This propecty of logarithmic decrease of additional new species found
as one searches is as yet unexplained but has been observed in a great
variety of natura! ecological communities as documented in graphs of
Vestal (1949) or of Hopkins (1955). The log normal frequency distribu-
tion adopted from Preston by Patrick, Hohn and Wallace (1954) may be
a result of the same phenomenon. We can conveniently use the logarith-
mic property to obtain a simple measure of diversity as has been done by
Yount (1956} in studies of diatoms in Florida springs. This promising
measure iz the slope of the line of a graph of species found wversus the
log of the number of individuals surveyed. A diverse community is one
with 20 to 50 new species found per tenfold increaze in individeals
counted. A community of limited wvaviety has 5 species per tenfold in-
crease in organisms examined. Whether one only examines 100 organizms
or whether 1000 are examined, the diversity in units of species/cyele is
the same. It remains to be seen if counts on insect larvae, bacteria, dia-
toms, and protozoa will give similar numbers. Identification of the spacies
is not necessary, but the species must be recognized as different.

If this or other measures of the diversity of the environment can be
standardized, practical means of specifying the diversity requirement for
fishing will permit adequate management of water resources in this
regard. Thus a veguivement of waters for fishing is that their diversity
of food chain organisms not be too greatly reduced as this may lead
to reduction of the fish variety in an undesirable way. One cannot grow
beef on the wrong kinds of grass. Therefore maintaining the diversity
of the pasture iz the fourth principal requirement in maintenance of
fishing waters.

The fifth reguirement for fishing waters is not yet a problem but
promises to be the most serious of all pollution problems as far as pro-
tecting public health and guarding against inflammatory and irrational
public alarm. This is the disposal of radioactive wastes from atomic
Teactors and in the event of war the widespread contamination of natural
waters from fallout.

Fresh water organisms, living as they do in media where the required
chemical constituentz are present in only a few parts per million or less,
bossess incredible powers of concentration. This is especially true of the
algae ut the base of the food chain. For example, practically all of the
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radioactive phosphorus broadeast in a pond is immediately taken up and
hound by the algae (Hayes et al, 1952). When the algae are caten by the
small herbivorous animals and these are in turn eaten by the carnivorous
fishes, these chemical constituents are conserved and carried along so that
very dilute concentrations of radioactive ions are quickly bound into lethal
packages in the fish as studied extensively in White Oak Lake at Oak
Ridge { Krumbhaolz, 1954) and in the marine waters at Eniwetok (Donaldzon
ot al., 1950).

Consider the radiocactive izotope strontiom 90 which is a major by-
product of atomic processes being considered for peacetime energy uses.
Wwith a half-life of 28 years, this substance is dangerous because of its
chemical similarvity to calcium which sends it to the bones where it may
act over a long period of time. A calculation may help to illustrate the role
of the fish. In a fairly typical stream in Connecticut the ordinary stron-
tium concentration is 045 ppm. Ewen though the fish tends to exclude
strontinm relative to calcinm, the meat containz about .24 ppm strontiom,
and the bones 2% (Odum, 1950). If .5 microcurie/liter of strontium 90
were present in the water, it would not be detectable in the field with
ordinary survey model Geiger counters. However, the radicactive stron-
tium would be concentrated in the bones of the fish so that a_1 pram sliver
of fish bone ingested would give a person the 1 microcurie considered dan-
gerous (U. 5. Dept. of Commerce). Whereaz waters in streams flush
ordinary pollutions to the sea and vecover quickly, the fish and cther
organizsms collect and hold the strontium making the stream dangerous for
long perviods of time. Especially in public relations it may become crucial
to provide convincing evidence of the safety of the streams and lakes.
Safety from the food chain liability is the fifth requivement for fishing
walers.

Let us not forget any of the five vequirements for maintaining fishing
waters. Surveys of polluted and unpolluted waters designed to protect
the fishing in multiple use programs should include proper objective indices
of § properties: Toxicity, oxygen requirements, fertility, diversity, and
food chain liability. Toxicities are measured with direct survival tests in
water; oxygen requirement iz estimated from the BOD test; fertility is
measured by oxygen or carbon dioxide production measurements in the
field; diversity is measured by the variety of species of fish food organisms,
and the food chain liability is measured by radiclogical examination of
the fish.

Let us close with a plea for adequate survers of waters prior to the
establishment of complex and controversial multiple uses. Simple and in-
_ expensive methods are now becoming awvailable to permit these surveys
- that protect the induestries, the municipalities, and the public from either
unwarranted accusations or carclessness regarding fishing waters re-
fources. Pollution survey need not be feared by towns and industries
:ts]:i S "'"’_"h-'"'-‘- Factual evidence has often shown beneficinl effects

some types of moderate pollution.
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The author is grateful to A. P. Sanders, Duke University Medical
School, for his comment.
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