The evolution of
fisheries research—

Two Centuries of Fish Propagation
J O H N B. M O Y L E

Fish hatcheries and fish propagation as it is practiced today began 200 years ago. A
Westphalian soldier, named Stephen
Jacobi, watched trout move into the
shallows of streams to spawn. He
saw them scoop out long depressions
in the gravel and over these redds, and
the females emit jets of eggs while
the males crowded close and clouded
the water with puffs of milt. The fertilized eggs dropped to the bottom
and the parent fish covered them
with gravel.
Why not, thought Jacobi, spawn
fish artificially? He caught some of
the trout and held male and female
in turn over a vase half filled with
water. He squeezed the bellies of the
fish, and eggs and milt squirted into
the vase. Then he stirred the mixture
with his hand. Nearby was a springfed brook along which Jacobi dug a
trench. In it he placed an elongate
bottomless box with screened ends.
Brook water flowed through the ends
of the box and over the gravel it enclosed. He took the eggs from the
vase and scattered them over the
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gravel. He waited. After three weeks
a pair of tiny eye spots appeared on
each egg. Two more weeks and the
little trout freed themselves from the
eggs and swam about with yellow
yolk sacs hanging from their bellies.
The tiny trout grew wonderfully and
in six months were large enough to
release in streams.
News of Jacobi's experiment reached others interested in fish, and accounts of it appear in several fish
books of the time. It was nearly a
century, however, before Jacobi's observations were put to practical use.
It was 1848 and times were bad in
France. Quatrefrages, a famous
French zoologist, was then studying
the multiplication of fish and read of
Jacobi and the trout. He concluded
that the rivers and ponds of France
could be planted with the tiny artificially-reared fish and a new era
of rural prosperity created. Quatrefrages' enthusiasm spread to other
scientists and soon the government
became interested. At first the French
government was skeptical of the untried suggestions of zoologists. Then
it was discovered that two French
fishermen had already successfully
propagated trout.
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With this practical proof, doubts
were removed and a fish hatchery
built in Alsace in 1850. It was an
immediate success. Trout were hatched by the thousands with very little
effort. Enthusiasm mounted. Engineers calculated that the fish crop of
France could be increased 127 times
by fry stocking. Professor Coste who
operated the fish hatchery suggested
that food for the fish would be no
problem since they could be fed noxious insects and thereby all agriculture would benefit. He neglected
to say, however, how the insects
could be lured from wheat and cabbages into the mouths of the fish.
News of the French hatchery
spread rapidly and by 1860 fish
hatcheries could be found in such far
away places as Nikolsky, Russia; and
Cleveland, Ohio. Artificial fish propagation became one of the scientific
marvels of the time.
Although there were private hatcheries in America as early as 1850,
fish propagation in this country did
not really get under way until 1871.
In this year Congress, alarmed by the
decline in the commercial catch of
fish along the Atlantic seaboard, established the position of Commissioner of Fisheries. For the job Spenser
F. Baird of the Smithsonian Institution was chosen. Dr. Baird and his
organization, which later became the
United States Bureau of Fisheries,
were moved by the spirit of the
times and began to build fish hatch-

eries. At first the main emphasis was
on salmon and shad. As time went on
many other kinds of fish were propagated. Spurred on by the federal example, the states built their own fish
hatcheries. Fish production rose until the number of tiny fry produced
each year could be counted by tens
and hundreds of millions.
BUT THE work of the United States
Bureau of Fisheries did not stop here.
Everything that lived in lakes,
streams, and coastal waters was scrutinized and described in the thick
black Reports of the Commission.
Fisheries statistics were compiled, the
private lives of fish, water fleas and
worms investigated and the fisheries
of foreign lands looked into. A peak
was reached in 1897 when the Manual of Fish-culture was published. In
it is the refined knowledge of the
preceding 25 years. It was, and often
still is, the hatcheryman's Bible. It
showed the way of life for millions
and millions of fish.
In the 1870's it was discovered
that fertilized or "eyed" fish eggs and
even tiny fry were amazingly tough
and could be shipped long distances
with proper care. Thirty years of
world-wide swapping of fish followed.
Immigrants from Europe longed for
the kinds of fish th ic they had caught
in their homeland. Europeans, in turn,
wanted to plant American fish into
their waters. Fish traveled far and
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wide on windjammers, steamers, and
trains. Anglers, government agencies
and the acclimatization societies
joined in the world-wide exchange.
Brook trout went to Europe and the
European char came here. Rainbow
trout of the Rockies were planted in
Australian lakes. Lock leven trout
came to bless our warmer streams.
German carp were planted in midwestern lakes, along with Atlantic
and Pacific salmon. The European
tench went to Australia and the golden ide came here. And there were
many more such traveling fish.
By 1900 it was possible to judge
the results of this world-wide exchange of fish. Some introductions
had failed completely; others were
spectacularly
successful.
Anyone
could see that hoards of German carp
plowed the bottom of shallow American lakes where there had been none
before and that rainbow trout grew
to monstrous size in Australian lakes.
Similarly the smallmouth bass, which
had been carried across the Alleghenies in the water tanks of locomotives, now provided fishing in coastal
streams. Often plantings were not so
successful. The thousands of salmon
stocked in Minnesota waters were
never seen again. A similar fate overtook grayling on the North Shore,
carp in the St. Louis River, and tench
in most American waters.
IN THE early days fish stocking was
viewed largely as a matter of simple
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addition. It was assumed that the
more small fish added to a water the
greater would be the harvest. This
fitted well with agricultural experiences. Corn is planted; corn comes up
and corn is harvested. It was forgotten that corn fields are plowed
and tilled and that only a small
amount of seed is necessary. A fairer
comparison is that of a lake and a
field of wild hay. Like the grasses in
the hay field the fish population in a
lake is usually nicely in balance with
food supply and amount of space
available.
Where more aggressive foreign
fish prospered, they replaced native
fish that had been there before. Carp
thrived where native buffalofish formerly dominated. Brown trout usurped brook trout waters or took
over where the less desirable chub
had been king. Two fish did not grow
where one had grown before; rather
one kind of fish was exchanged for
another. Only when the introduced
fish was a more efficient feeder than
the native fish did the total poundage of fish increase.
The "addition" theory of stocking
and the idea that there was lots of
water and surely room for many more
fish led to yearly "maintenance"
planting of fry. If trout could be established in streams by fry planting, why not maintain fishing by annual fry stocking? Most past stocking
has been of this type. Trout fry have
been planted in streams containing
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trout. Pike perch fry have been
planted in pike perch lakes and cod
fry released in the sea. Here was an
apparendy easy solution to all fisheries problems. All that was required
was enough fry for annual stocking.
Even early in the history of fish
culture there were skeptics who
doubted the value of fry planting.
Thomas Huxley, one of the great scientists of the nineteenth century,
doubted that the few fry released in
the sea would increase fishing. By
1870 the enthusiasm of the French
for fry planting had greatly cooled.
Earlier rosy expectations had not
been realized. During the last quarter century effectiveness of fry planting in America had been critically
examined. Attempts have been made
to relate the number of fish fry
stocked to the commercial catch in
large bodies of water such as the
Great Lakes and Lake of the Woods.
In no case has any relationship between the number of fry planted for
maintenance and the catch in following years been found. Evidendy, the
number of fry planted was so small
compared to the number hatched in
the lake that they had no effect.
As KNOWLEDGE of fish and fish
populations increased, it became
clear that stocking of waters is not a
problem in straight addition. Rather,
it is a problem in division with the
food supply the divisor. If a body of

water can feed only 100 pounds of
fish to the acre it does not make any
difference whether 100,000 or 500,000 small fish begin life there each
year. The end result will be the same,
100 pounds to the acre. Only that
number of fish will grow up that the
food supply will support. It has also
become clear that there are different
kinds of fish lakes. Some are best
suited to panfish, some to walleyes,
some to trout and some to rough fish.
No amount of stocking will make
the lake over. It is useless to try to
make a walleye lake into a trout lake,
or a panfish lake into a walleye lake,
by stocking.
More is known about the fish populations of trout streams than of any
other kind of water. With the recent
development of electric shocking
equipment it is possible to stun all
the fish in a stream and weigh and
measure them. By marking planted
fish the survival of trout of different
sizes and ages can be easily checked.
By this method and a careful check
of the catch it has been found that
very few of the trout fry planted in
trout streams ever grow up to reach
the angler's creel. Even three-inch
fingerlings do not survive well. Usually fewer than five percent grow to
catchable size. Small stocked fish
must compete with their native brothers for the limited food supply on the
stream bottom and only the strongest survive. Stocking of small trout
does not appreciably increase the
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yield of "keeper" trout which in most
streams is between five to ten pounds
to the acre each year. But five to ten
pounds to the acre does not go far
when fishermen line the streams elbow to elbow, and all want to catch
fish.
There is only one way that more
fish can be furnished the angler than
the stream will raise. Additional fish
must be reared to catchable size in a
hatchery before they are planted.
This is what most trout hatcheries
are now doing. Streams stocked with
such seven to nine-inch fish yield not
only the trout that have been raised
in them, but also many extra fish
that have been reared on hatchery
rations. Trout streams so managed are
not being planted in the sense that
farm crops are planted. They are being used as temporary holding reservoirs in which the hatchery trout are
kept until taken by anglers.
Not many years ago signs could
be seen along larger Minnesota lakes
reading: "your limit of walleyes guaranteed". Such signs are seen no more.
What is the reason? Are the lakes
fished out? Are there not enough
young fish? Before we attempt to answer these questions let us consider
the nature of fish populations and of
fishing in lakes.
In lakes, as in streams, the number
of fish and their weight per acre is
determined by the food supply. Fertile Minnesota lakes average about
150 pounds of fish of all kinds to the
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acre. Of this poundage about fourfifths is of forage or small game fish
such as suckers, bluegills, sunfish,
perch, bullheads and minnows. The
remaining one-fifth is of the larger
game species such as northern pike,
walleye pike, and bass. Of these only
the older and larger fish are sought
by fishermen. In Red Lake, Lake of
the Woods, and Lake Winnebigoshish,
it appears that the readily harvestable crop of walleye pike is between
three and four pounds per acre per
year. This is the crop that can be
fairly easily taken by fishermen. This
harvest will not injure future fishing.
Although the number of fish that
an acre of water will raise remains
fairly constant year after year, the
number of fishermen has not. Each
year increasing numbers of anglers
visit our lakes, and they all want to
catch big fish "like granddad caught".
But the lake can raise only a limited
number of big fish. The fisherman,
therefore, must be content with fewer big fish than granddad took or
must satisfy himself with smaller fishes such as bluegills and perch. These
are just as good eating as their larger brothers and supply good sport if
taken on light tackle.

ARE OUR lakes being fished out?
The answer in terms of numbers and
pounds of fish in our waters is "No".
Even heavy fishing takes only part
of the harvestable fish crop. When
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these fish have been removed there
is ample food for the remainder. The
fish are not hungry; they do not bite,
and fishing declines. Usually enough
adult fish of all kinds are left to perpetuate themselves. The principal
danger to our waters is not that the
lakes will be fished out, but that selective fishing for larger predaceous
fish, such as walleyes and northerns,
will favor the production of less desirable fish such as perch. By heavy
fishing with plugs, spoons and large
minnows, anglers unconsciously manage lakes in favor of smaller fish. To
control this general trend it has been
necessary to reduce the bag limits
on the larger fish. Such regulations
will not increase the total take of fish
but will distribute the available large
fish among more anglers, and at the
same time favor the better utilization
of smaller fish which should be harvested.
What about the hatchery, has it
become obsolete? It has not; but its
position and value is now viewed in
a new light. It is no longer the cureall for all fisheries problems. It is a
very useful tool in the wider field of
fish management. Stocking, especial-

ly with fingerling game fish such as
walleye pike and northern pike, is
now being used to restore the natural
balance between the large voracious
fishes and the forage fishes. In this
way lakes overrun with small perch
and sunfishes can again be made to
produce fishing for the larger game
fishes. Hatcheries will always be necessary for the restocking of waters
that have frozen out or have suffered
some other natural catastrophe. Here
fry stocking can be used. Hatcheries
are necessary for rearing catchable
size trout to meet the demands of an
ever increasing army of trout fishermen.
The story of American fishing and
fish-culture has many parallels. It
begins with man's destructiveness and
interference in the nicely balanced
scheme of Nature; progresses through
a period of high hopes of restoration
by artificial means and culminates in
the humbler realization that man's efforts are puny indeed compared to
what Nature can do if given a chance.
We cannot replace Nature; we can
only aid her. Modern fish-culture is
essentially the business of helping the
fish to take care of themselves.

F E D E R A L F I S H H A T C H E R Y (top) at Duluth b e g a n rearing fish in 1888, specializing in stream
id lake trout.
Bottom scene depicts s p a w n i n g of salmon at Bucksport, M a i n e , in 1870. This w a s one of the
irliest American fish hatcheries. (Sketches from H a r p e r ' s M a g a z i n e . ) Story on P a g e 19.

