of the Upper Mississippi Valley region, with descrip-
tions, keys, and illustrations, and basic information
about fishing technigues, management of lakes and
streams, and other aspects of northern fishes and fishing.



Northern Fishes



Mary Lake, ltasca State Park. A typical Minnesota lake. Photo: William D. Schmid.
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Preface

In the twenty-seven years since the second revised edition of this book was
published, there have been significant changes in the distribution of Min-
nesota fishes and important additions to the list of species known from Min-
nesota waters. New species have been introduced, intentionally or acciden-
tally (for example, the coho salmon and the alewife). Continued collecting
and improved collecting techniques have revealed the presence of several
species which were not thought to exist in the state and have provided further
information on the abundance of several species which formerly were known
from only a few localities. Although further changes will occur in the fish
fauna, it seems appropriate at this point to bring the record up to date with a
thorough revision of Northern Fishes.

Fishing is easily the favorite form of outdoor recreation in Minnesota.
Statistics compiled in 1972 by W. J. Scidmore and Leonard Wroblewski of
the Minnesota Department of Natural Resources indicate that of the 3.8
million residents in Minnesota approximately 36 percent are fishermen. In
1970 there were 1,425,800 *“certified’” fishermen in the state; this is the actual
number of resident and nonresident licensed fishermen. By comparison there
were only 377,384 *‘certified”’ hunters in the same year. A total of 654,155
resident fishing licenses were sold in 1971. The value of fishing to the resort
industry becomes quite apparent from a casual perusal of outdoorsmen’s
magazines and an inspection of the displays at sportsmen’s shows. Sport
fishing is one of the more important economic resources of Minnesota and is
particularly important to the economy of the central and northern parts of the
State.

The state of Minnesota extends for 400 miles from north to south and 352
miles from east to west across the widest part. The state is unique in that its
waters drain to the sea by three quite divergent routes — north to Hudson
Bay, east to the gulf of the St. Lawrence and the Atlantic, and south to the
Gulf of Mexico. The four major drainage systems are the Hudson Bay
drainage (the Red and Rainy rivers); the Great Lakes drainage (the St. Louis

A
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River and the streams along the north shore of [.ake Superior); the Mississippi
River drainage (the Mississippi River, the Minnesota River, and the St.
Croix River); and the Missouri River drainage (a few small streams in ex-
treme southwestern Minnesota). The total area of the state is 84,068 square
miles; approximately 59 percent of this area drains into the Mississippi River,
21 percent into the Red River, 13 percent into Lake of the Woods and the
Rainy River, 7 percent into Lake Superior, and 2 percent into the Missouri
River. Each of these drainage systems contains certain species of fish not
found in the other systems. Map 1 shows the various streams and drainage
systems in the state, and Map 2 identifies the counties in which certain lakes
and streams are located.

The largest navigable rivers include the Mississippi, Minnesota, St. Croix,
Rainy, St. Louis, Red, and Red Lake rivers. All but the St. Croix and
Minnesota rivers have their sources within the state and are fed by thousands
of lakes, smaller rivers, creeks, and brooks. Six percent of the area of the
state, or 2.5 million acres, is water, not including the portion of Lake Superior
that lies within the state’s boundaries and covers another 1.4 million acres.

Brochures for visitors to the state frequently point out that Minnesota has
more natural lakes than any of the other forty-nine states. At last count there
were 15,291 lake basins in the state with an area greater than 10 acres, and of
these approximately 12,000 were permanent bodies of water. Of the 5,100
lakes with areas of more than 40 acres, some 3,000 are recognized as good
fishing lakes. The 10 largest lakes within the state are: Lower Red Lake (246
square miles), Mille Lacs (197 square miles), Upper Red Lake (184 square
miles), Leech Lake (174 square miles), [.ake Winnibigoshish (110 square
miles), Lake Vermilion (58 square miles), Lake Kabetogama (31 square
miles), Cass Lake (25 square miles), Otter Tail Lake (23 square miles), and
Lake Minnetonka (23 square miles). Most of Minnesota’s lakes are less than
90 feet deep, but a few are more than 200 feet deep: Lake Saganaga (240
feet), Gabimichigami Lake (226 feet), Mountain Lake (210 feet), Lower La
Salle Lake (208 feet), and Loon Lake (202 feet). There are several large lakes
in addition to Lake Superior that Minnesota shares with neighboring states or
provinces: Lake Pepin and Lake St. Croix (Wisconsin); Big Stone Lake and
the Lake Traverse Reservoir (North Dakota and South Dakota); Rainy Lake
(Ontario); and Lake of the Woods (Ontario and Manitoba).

The conditions present in Minnesota waters have been changing rapidly
and the rate of change seems to have accelerated in the past three decades.
This has occurred as a result of several factors — all of which are related
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directly or indirectly to people. The population of the state has become more
mobile and many Minnesota families now have two dwellings, one in a city or
its suburbs and the other on a lake, a river, or a stream elsewhere in the state.
The number of resorts, marinas, and lake developments has increased
tremendously, and the figures for boat ownership have also risen. With the
resulting steady increase in the need for power and the concurrent dwindling
of our sources of economical hydrological power, we are finding it necessary
to turn to various fossil fuels and nuclear energy to satisfy the demand for
electricity. Utilization of these power sources creates problems of heat
disposal, and the unique characteristics of water make it the least expensive
medium of heat exchange. At the same time urban growth has increased the
amount of water used for sanitation. Agricultural practices such as the drain-
age of wetlands to expand the tillable acreage and the irrigation of cultivated
areas have also claimed a sizable share of the surface and underground water
supplies. While Minnesota is blessed with abundant water, we hope it is
apparent that these supplies are not uniimited. In addition to supplying man’s
needs the waters of the state support thousands of kinds of plants and animals
besides the various species of fish. Their continued existence will depend on
the wise management of our most important and abundant resource, water.

Drought has not been an important factor in the hydrological picture in
Minnesota for the past three decades, but there are indications that it might
become a serious problem in the future. Intensive agriculture has opened up to
cultivation more and more land that was formerly considered marginal and
was left in pastures or woodlots. The effects of this on the streams of the state
are already evident — a number of springs have dried up, local flooding is
more common, and some permanent streams have become intermittent.
Sound land and water management of the watersheds seems to offer the only
real solution to these problems. Unfortunately, the potential seriousness of the
gradual changes (siltation, pollution, destruction of spawning and feeding
beds) that occur in the smaller streams often is not recognized until it is too
late and too expensive to repair the damage. Furthermore, no small streams
have been selected by the state for preservation as natural areas. The St. Croix
River is part of the ““wild river’’ system, but it is now quite apparent that it is
overused in certain sections. The Boundary Waters Canoe Area is another
example; in 1937 it was regarded as virgin wilderness, by 1947 outdoorsmen
were ‘‘discovering’’ the area, and today the number of visitors must be
restricted to prevent overuse.

These problems are generated by people, and ultimately people must find
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the solutions because under the circumstances the problems can only become
worse. The preface to the 1947 edition of this book pointed out that obviously
conservation measures must be taken by all who are interested in conserving
our fish resources. At present it is clear that the proper measures have not been
taken despite the obviousness of the problems, and the same problems and
additional ones face those who wish to conserve our aquatic resources. In this
book, as in the preceding editions, we seek to provide information that will be
helpful not only to the sportsman and the ichthyologist but also to the
naturalist and others who are interested in conserving the fish and water
resources of the state.
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Success in Fishing — Skill or Luck?

On what does success in fishing depend? Fishing is one of the oldest and
most popular sports throughout the world and for all peoples. Ever since
primitive man invented the fishhook, his descendants have been searching
for a sure method to make fish take it. From the time of Izaak Walton,
much has been written on the subject, but most fishermen are still blundering
along. Their success depends partly on perseverance, partly on skill, and
partly on luck, any one of which may predominate. Perseverance is a personal
quality and can be cultivated. Skill can also be acquired. On the other hand,
luck is an unknown factor.

It is indisputable that on some days fish do not bite as well as on other
days. Censuses secured from many anglers on the number of fish caught
per fishing hour prove this fact. Some people believe that the weather deter-
mines whether fish will bite or not, others believe that falling atmospheric
pressure encourages fish to bite, while still others believe that fish bite accord-
ing to the phases of the moon. None of these explanations has yet been
proved. As far as we know, fish bite mainly because they are hungry or
curious or because they are pugnacious. The male bass, for instance, strikes
at any moving object near its nest; although it eats very little during the
breeding season, it is highly pugnacious at this time. Then, too, fish must
be capricious, for almost every fisherman can remember times when his
wife at one end of the boat hauled in one fish after another while he at
the other end could not get even a nibble. Such experiences as these leave
little doubt that luck plays a part in fishing.

There are no fixed rules about baits or fishing methods, although some
kinds of baits and certain general methods may apply more to one species
of fish than to another. Some species will sometimes show a distinct prefer-
ence for certain baits and then without advance notice will change their
preference. One week the crappies in a certain lake may bite readily on
grasshoppers and apparently be uninterested in anything else. The next week
they may be satisfied with nothing less than live minnows. Still-fishing with
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the time-honored bait of worms is largely relied on for catching sunfish,
perch, and bultheads, but an occasional bass, crappie, walleye, or northern
pike can also be caught by this method. Bass fishing, on the other hand,
requires a specialized technique which differs from that for catching walleyes,
northern pike, or trout.

Fishing for different species is generally done in different waters. Bass
are usually found in the weeds, and three or four types of bait must be
tried until a successful one is found. The largest sunfish and crappies often
congregate out beyond the weeds where the bottoms drop off to deep water,
but after sunset they may rise to the surface over shallow weed beds. Walleyes
are usually in the deeper waters and respond to live and artificial minnows
which are offered to them by still-fishing, trolling, or casting techniques.
Sometimes, however, the bass may be in the deeper waters, and the wall-
eyes, particularly in the evenings, in the shallow waters — all of which
demonstrates that a single rule is of little value. The fisherman must use his
judgment; when one method fails, he must try others, always keeping within
the general class of baits and lures suitable for the particular fish he is trying
to catch. Often enough every method will fail, and nothing will induce the
fish to bite.

To improve his chances for success in finding and attracting fish, every
fisherman should know something about their feeding habits. These habits
vary greatly. For example, walleyes seem to prefer to feed after sunset,
the time of day when northern pike sometimes stop feeding. This observation
is corroborated by the catches taken in experimental nets; these catches usu-
ally show that walleyes come into shallow water after sunset and that northern
pike move out into deeper waters.

Fishes such as bass, sunfish, crappies, and bullheads eat about one-
twentieth of their body weight per day during the summer. There seems
to be a limit to their capacity, which can generally be measured as the
total amount of food they will consume on an empty stomach. When a
fish has been fed until it will eat no more, it takes very little food during
the following twenty-four hours. The time varies with different species. Even
if this quantity of food is divided into a series of feedings, a fish will eat
very little after it has reached its capacity. This may explain why fish some-
times do not bite, especially in seasons of abundant natural food production
in the lakes and streams.

Seasonal changes in temperature and the length of daylight bring about
changes in the feeding habits of various fishes. All species consume less
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food in winter than in summer. Some fishes, such as northern pike and
walleyes, feed more or less continuously throughout the winter, while others,
such as black bass and sunfish, seem to become semidormant in winter.
In the aquariums at the University of Minnesota largemouth bass, sunfish,
and bowfins almost cease feeding during the winter months, although the
water never freezes. One winter the water in the aquariums was kept at
summer temperatures, and these fishes continued feeding; in a month’s time
they had exhausted their normal winter supply of minnows.

Crappies alone of the sunfish family are heavy winter feeders in northern
waters. Although they bite readily throughout most of the winter, often during
the late winter months or the early spring there comes a time when they
almost stop feeding. We find that crappies frequently change their diet entirely
during the late winter months and feed almost exclusively on planktonic
crustaceans which at other times do not form an important part of their
diet. Bluegills do not bite readily in Minnesota lakes in winter, and it has
been assumed that they do not feed extensively during the colder months.
The Minnesota bluegills kept in aquariums also feed very little in winter.
It has been discovered, however, that Michigan bluegills bite on certain
live aquatic insect larvae in winter; the larvae are now used extensively
as bait for winter angling.

Northern fishermen have long complained that fishing is poor in late July
and in August, and creel censuses of northern lakes bear this out. Several
factors may be responsible for this. Summer is the period of greatest food
production in northern waters and consequently the fish tend to be well fed
and not hungry. Also, the water reaches its highest temperature during the
last part of July and the first part of August, and many species of fish seek
the cooler and deeper waters. There is the further possibility that some species
do not feed much when the water temperature is above their optimum, just
as many species feed little or not at all when temperatures are extremely
low.

How fish detect their food — whether by sight, taste, or smell — is
a controversial question. In some species the sense of taste must be poor,
for otherwise they would not eat such unpalatable objects as pieces of wood
and bits of corncob. Undoubtedly many game fishes are attracted to their
food by sight, but since they are rather nearsighted they apnarently detect
their food by the movement of the object rather than by recognizing its
detailed appearance. Bass and northern pike, even those kept in captivity,
do not exhibit much interest in nonliving food unless it is moved over the
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surface of the water. One smallmouth bass kept in captivity for some years
was first fed on live mice from the janitor’s traps. Dead mice held no attrac-
tion until someone discovered that if he pulled a dead mouse by the tail
over the surface of the water the bass would take it readily. The bass also
learned to strike at a finger moved through the water.

The manner in which fish attack their food varies from one species to
another. Bass, walleyes, and bowfins spot their prey, turn and eye it momen-
tarily, and then seize it. Sometimes they mouth it for a second before swal-
lowing it. Northern pike and muskellunge typically poise themselves while
aiming at a minnow. As long as the minnow is stationary they do not strike,
but when the minnow moves they strike it almost faster than the eye can
follow. Gars slide smoothly alongside their prey, dead or alive, and with
an easy and graceful sideswipe seize it in their long jaws, often completely
severing a large fish into halves. Most game fishes, however, swallow their
food headfirst; the prey may be seized by the tail, but it is usuvally shifted
into the proper position before being swallowed. Because of the propensity
of many game fishes to strike moving objects, the fisherman can fool them
with artificial minnows, plugs, and spinners. Frequently fish follow an
artificial bait of this nature but seem unable to make a decision to strike.
An angleworm or a minnow on the hook or spinner will often induce
a f{ish 10 strike when otherwise he might not.

Some fishes, particularly those that feed at night, find their food by their
sense of smell or taste rather than by sight. The sense of taste in fishes
may be contained in the lips, the skin, or the barbels. Bullheads become
very excited when food is thrown to them, swimming and gyrating about
it as they try to locate it, but they must come close to it or touch it before
they will seize it, and there is no evidence that they see it even then. Other
species rely on other sensory combinations to locate their food. For instance,
the carp kept in aquariums at the University of Minnesota are fed corn.
They mouth over the bottom until they locate the corn and suck it up with
some sand and mud; then they forcibly eject the entire mouthful and, swim-
ming ahead, suck the corn back in before it settles to the bottom. In the process
of separating the corn from the sand and mud they make the water turbid.

Paddlefish feed almost automatically, apparently without need of sight,
taste, or smell, although it has been claimed that they locate water rich
in microscopic food by means of taste or smell. When a paddlefish feeds,
it swims slowly with a spiral motion and with its mouth wide open so that
water passes in through the mouth and out through the gili clefts. Microscopic
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organisms are continuously strained out of the water and swallowed as they
accumulate. The paddlefish’s diet seems somewhat monotonous, but as a
group fish probably have a greater range of food than most animals.

In the matter of palatability, most fish have some individual flavor in
addition to the ‘‘fishy’’ taste which is not limited to these animals but is
a property of aquatic life in general (for example, some water plants taste
fishy). The individual flavor of each species is partly influenced by the food
it eats. Any fish, no matter how high it ranks as a game species, may become
highly unpalatable if it feeds on certain substances. Bullheads, carp, suckers,
crappies, sunfish, and buffalo feeding on muddy bottoms, particularly where
decayed vegetation is abundant, have a decidedly muddy or weedy flavor.
However, when the same species are transferred to waters with clean bottoms,
the taste of the flesh becomes much more palatable in a few weeks. The
same is true of the flavor of game species but to a lesser degree because
such species usually restrict their diet to living prey. Fish from waters polluted
by sewage usually have a flavor reminiscent of sewage gas. The fisherman
should always remember that the cleaner the water from which he catches
his fish, the better the flavor will be.

To become a successful angler one must have some knowledge of the
habits and the requirements of the various species of panfish and game fish.
It is part of the purpose of this book to supply some of that knowledge,
not by giving explicit directions for catching certain species of fish but by
providing information about the various species which will enable the fisher-
man to direct his efforts wisely.



Fishing Techniques

The art of fishing has become a highly complicated one with a variety of
techniques. It is outside the scope of this book to give detailed information
about fishing techniques; there are excellent field manuals of that sort
available. If fish could read and learn the rules, fishing would be a much
simpler and more certain art. Then it would be possible to lay down a definite
technique for catching each species. Nevertheless, a general discussion of
fishing methods may be helpful to the amateur angler.

Each of the accepted methods of fishing has its own group of devotees
who worship their particular art to the utter disregard of all others. The
scorn and disdain of the fly fisherman for the cane-pole fisherman is scarcely
equaled. In the lake states a great many anglers belong to the cane-pole
class. The cane-pole fisherman sits on a bank or in a boat hour after hour,
holding his long pole; the hook is baited with anything from angleworms
to bits of liver or perch. Patiently he watches the bobbing float and waits
for some fish to swallow the bait, seldom pulling in the line until he is
certain the nibbling fish has securely swallowed the hook. He usually is
not particular about the species he catches but is glad to get any one of
a wide variety. A modification of this technique is used by the tight-line
fisherman, who fishes without a float and often without a pole, using only
a handline with which he expertly hooks any fish that nibbles at his bait.
The cane-pole fishermen and the tight-line fishermen together constitute the
great majority of the anglers who fish in the northern lakes. They are usually
more interested in catching enough fish to cover the frying pan than in refined
methods of fishing or in the technical aspects of fish habits.

Another group of fishermen are the bait casters, who make up a sort
of middle class. They have graduated from the cane pole and place their
trust in short casting rods. Using various artificial minnows, plugs, spoons,
and spinners, they troll and cast into all possible habitats, hoping to entice
certain game fishes to strike at their moving lures. Frequently they embellish
their lures with substantial bait such as minnows or frogs.

8
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Young members of the cane-pole set. Photo: John Dobie, Minnesota
Department of Natural Resources.

The aristocrats among anglers are the fly fishermen, who may be divided
into dry-fly and wet-fly devotees. Using the lightest of tackle, they limit
their catches to the game fishes that will rise to artificial flies. Most trout
fishermen belong to this class. Of all fishermen, fly fishermen may truly
be said to fish more for sport than for fish. Although the fly fishermen
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are relatively few in number, they are very enthusiastic and constitute one
of the most active groups of anglers.

Fishing is usuvally a warm weather sport, but in many northern states
winter fishing through the ice has long been popular. Certain fishes can
be taken through the ice by spearing or by angling. Spearing is done from
the shelter of a tiny dark house placed over a hole in the ice; a live minnow
or other lure is usually suspended through the hole to decoy the fish. The
fisherman sits in the dark house watching the dimly lighted water below,
his spear ready to impale any fish that approaches his lure. This type of
fishing is highly selective because the fisherman can see and choose his
fish before spearing it. Consequently, larger northern pike and other species
are taken by this method than by ordinary angling. In many states spearing
is now restricted or prohibited by law.

Angling through the ice is the most popular form of winter fishing because
it requires only simple tackle — a hook, a line, a float or a bobber, a short
rod or a stick, and some kind of implement for cutting a hole in the ice.
Usually a live minnow is used for bait. The fisherman is exposed to the
wind and cold as he patiently waits for a bite. Less rugged fishermen drive
their automobiles alongside the holes and turn on the heater and the radio.
Great numbers of crappies and perch and an occasional walleye or northern
pike are caught by winter angling.

Some of the fish houses found on Minnesota lakes during the winter season
are complete with kitchen, bedroom, and carpeted living room (or fishing
room) and are provided with electricity and a television antenna. Many resort
owners rent fish houses by the week or for the season, and on lakes such
as Mille Lacs the winter business rivals that of normal summer vacation
months. As many as a hundred houses may be grouped in certain ‘‘hot”’
fishing areas which come to resemble small villages with a car parked in
front of each house, especially on weekends. The houses can be towed from
place to place as the concentrations of fish change during the winter season.
In late winter the houses are towed off the ice and stored until the following
season. Most of the lake areas have weekend fishing contests that attract
fishermen from near and far to compete for prizes ranging from new
automobiles to minnow buckets.

The catching of a fish involves many details that confuse amateurs and
bother even experienced fishermen. The correct method of baiting a hook
is not simply the common practice of spearing the bait with the hook — many
minnows and frogs are lost because they are improperly placed on the hook.
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Hooking a minnow through the tail, the jaws, the gills, or the belly usually
results in a waste of bait. For casting, the minnow should be threaded on
the hook by passing the hook in through the mouth and out through the
side as far back of the dorsal fin as possible. Some safety-pin hooks are
on the market which thread the minnow on a pin alongside the hook. For
still-fishing, when it is desirable that the minnow display some motion, the
hook should be passed through the back muscles just under the dorsal fin.

Most fishermen hook frogs through one or both jaws, allowing the body
and the legs to dangle below the hook. After a few casts the frog becomes
loose and soon falls off. Furthermore, the fish generally has to grab and
swallow the entire frog before it reaches the hook. There are available several
varieties of special frog hooks, some with a harness which places the frog
far enough up on the hook so that the fish is likely to be hooked when
it first grabs the frog.

Worms can simply be threaded on the hook, leaving any surplus to dangle
from the end, but a more attractive arrangement can be made by looping
the worm and passing the hook through each loop. Several worms can thus
be crowded onto a single hook, providing a tempting bait that may attract
a bass even when all else fails. One trouble with such a bait in many northern
lakes ts that small perch and sunfish delight in nibbling off the loops without
touching the hook. Grasshoppers and various other insects should be threaded
on the hook.

Fishing rods and a large varicty of tackle are used for the more specialized
methods of fishing. The equipment necessary for fly fishing, bait casting,
and spin casting includes rods, reels, lines, leaders, and lures. These items
differ greatly for the various methods of fishing as well as for the types
of fish sought, but a certain amount of interchangeability is possible. For
example, many species other than trout can be caught with a fly rod. Great
sport can be had using a fly rod for both largemouth and smallmouth bass,
striped bass, rock bass, crappies, sunfish, walleyes, northern pike, and perch.

Fly rods range in weight from light to heavy and have a whiplike action.
Many modern fly rods are made from hollow or solid fiber glass, whereas
older models were usually made of split bamboo or steel. Although split
bamboo rods are still the favorite with many experienced fly fishermen, the
modern fiber glass rods have the same smooth action as the bamboo rods
but do not require the continued upkeep that the bamboo rods do. Despite
the advantages of the synthetic rods, there is something fine and appealing
about classic hand-crafted bamboo fly rods of the pre—~World War II era.



12 NORTHERN FISHES

An expensive rod usually lasts longer than a cheap one, but its action may
be no better than that of the less expensive rod. Rods are often gauged
by their weight, but the value of a fly rod is in its casting ability rather
than in its weight. Rods of the same weight and length can differ greatly
in casting ability.

A number of reels for fly fishing are on the market, most of which are
single action reels. They may or may not have an automatic action for reeling
in excess line. Most fly fishermen believe that a reel should balance the
weight of the rod. Fly reels serve mostly as a storage place for the line,
which is stripped off the reel by hand as it is cast out. Some anglers use
the reel to pull in the fish when it is caught while others merely strip the
line in.

In the past fly lines were usually made of silk or linen and had to be
treated with oil or dressing material to make them float. After each fishing
trip the line had to be carefully dried to protect it from rot. Modern fly
lines are manufactured from synthetics and require little or no attention.
The new dry-fly lines have a hollow core to make them buoyant; they are
either single or double tapered. In wet-fly, nymph, or streamer fishing, sink-
ing lines are used; these lines have thin soft-lead cores to increase their
density and to assure that they sink. The line is fastened to the lure by
means of a nylon leader. The leader may be of uniform thickness or tapered,
and its length may vary from three to twelve feet. The leader gives a semi-
transparent connection (invisible to the fish) between the lure and the line.
The old-fashioned gut leader, rarely used these days, must be soaked before
using. It is not necessary to soak nylon leaders, but they seem more pliable
and appear to sink more readily if soaked before being used.

There are two methods of fishing with a fly rod. One method is with
dry flies, which float on the surface; the other is with wet flies, which sink
below the surface. In ecither kind of fishing, a large assortment of flies and
other fly-rod lures is necessary since the bait used successfully one day may
fail the next. Most artificial flies are made to imitate the various insects
that form part of the fishes’ diet. A vast number of patterns have been
designed for trout, salmon, and other species. A true fly fisherman studies
the type of insect that he thinks the fish are feeding on and then tries to
offer them his best imitation. Dry flies must float, so they usually have
a large body which is “‘doped’’ with paraffin oil or a similar synthetic water
repellent. The line should also be kept well oiled. The aim in dry-fly fishing
is to drop the fly on the water so that it resembles an insect alighting on
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the surface or a newly metamorphosed aquatic about to start its terrestrial
life. Consequently, dry flies should resemble aduit insects.

Wet flies are unoiled and are constructed to sink readily. They resemble
immature insects (nymphs) and larval insects, which normally live under
water, as well as adult insects. Wet flies should be allowed to sink slowly
in the water and then should be reeled in slowly. Streamers are special
wet flies that are designed to imitate minnows or small fish instead of insect
larvae or adults. Other fly-rod lures, some of which can be used either dry
or wet, are often very effective. These consist of spinner combinations,
tiny wooden or cork plugs, spoons, and feather combinations, which by
proper handling of the rod can be made to imitate a darting minnow. There
are other popular lures — cork and feather combinations, small rubber frogs,
and hellgrammites — which often prove attractive on the surface.

The task in fly fishing is to drop the lure into the desired spot in such
a way as to make the fish think it is natural food and unconnected with
a line. For dry-fly fishing, always cast upstream so that the fly can float
downstream in a natural manner. Try to drop the fly on the water so that
it will fall lightly. The art of fly casting is not as complicated as it seems
but depends largely on practice. Holding the rod in front of you, strip off
ten or twelve feet of line with your left hand, and then, quickly raising
the rod, cast the line behind you. As the rod reaches a vertical position,
hesitate long enough for the line to straighten out behind you. Then cast
forward, stripping out more line with your left hand. If you do not have
the desired amount of line out as the lure reaches the water, cast it back
again and repeat until you have sufficient line to allow the lure to drop
in the water where you want it. The important rule is not to allow the

rod to go back any great distance past a vertical position and to allow sufficient
time for the line to straighten out behind but not enough for it to drop

into a bush or into the water. If the line is not allowed to straighten out,
the lure is apt to be whipped off. Many fishermen advocate using the motion
of the right forearm and wrist, holding the elbow close to the body, but
others cast successfully with the open arm movement.

Bait casting involves the use of a short and relatively heavy rod to cast
plugs and other lures which are then reeled in slowly to imitate a live fish
or other natural bait. The art of bait casting demands some practice, but
almost anyone can soon manage to get the lure out to some distance and
to drop it where a fish should be. If the fisherman casts too vigorously,
the frustrating snarl of line known as a backlash will appear on the reel,
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A trout fisherperson on the Cascade River, Cook County, Minnesota.
Photo: William D. Schmid.

but as he gains experience in using his thumb for a brake he will have
fewer backlashes. The lure should be reeled in slowly, allowing it to hesitate
every few feet in case some doubting fish needs time to make up his mind.
In trolling it is especially important to give the fish plenty of opportunity
to strike at the bait. If the fisherman trolls too fast, the striking fish may
miss the hook or it may be hooked in the tail instead of in the proper place.
When trolling, let out from seventy-five to one hundred feet or more of
line. It is well to keep from twenty-five to fifty feet of line in reserve on
the reel.

In the past two decades the spin-casting rod has nearly replaced the older
bait-casting rod, and the spin-casting reel has largely replaced the older level-
wind casting reel. A generation of anglers has grown up with the new spin-
casting technique and has little or no familiarity with the older casting
methods. Spin-casting is similar to bait casting, but the rod is longer, lighter,
and more flexible. The reel operates on a quite different principle with the
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line uncoiling off the reel spool rather than the spool turning to release
the line. When the reel handle is turned, a pick-up arm engages the line
and recoils or winds it around the spool, which is parallel to the long axis
of the rod. There are two major types of spinning reels, open face and
closed face, and each has its advocates. The line used is usually monofilament
nylon ranging in strength from ultralight 2-pound breaking test to 50 pounds
or more in breaking test. Spin casting has several advantages over bait casting:
backlashes usually do not occur unless the line is badly twisted; the lures
used can be very small, weighing as little as one-quarter ounce, and can
be cast farther than bait-casting lures; and it takes only a few moments
to learn to spin cast in contrast to weeks or months to become a competent
bait caster. The popularity and versatility of spin casting is phenomenal,
and it is now a rarity to see a bait caster except at sportsmen’s shows or
in tournaments. Bait casting is fast becoming a lost art among modern anglers.

The array of lures displayed by the average sporting goods store is bewil-
dering. Most of the many lures displayed are only modifications of several
basic types. The main purpose of all lures is to present an imitation of
some natural food animal or to make such a dazzling flash that no respectable
game fish can resist it. Any lure that has plenty of action when drawn through
the water has possibilities because game fish are largely attracted by motion.
One type of lure utilizes spinner combinations. Spinners may be combined
with various artificial flies, bucktails, or hooks baited with live minnows

or with pork strips. The spoon types are very popular for northern pike
and many other fishes. Spoons come in a large assortment of colors and

in various sizes. Some people are very particular about the color of the
Iures they use, but we doubt that the fish are so discriminating. We have
often used brightly colored spoons until the paint was worn off and yet
the spoons continued to be as effective as when they were new.

Wooden baits or plugs are made in a wide variety of forms. Some imitate
a minnow and become submerged when in action. Others skim over the
surface, and a fish striking at them breaks from the water with a spectacular
splash. One kind of wooden lure that has become very popular dives deep
into the water and darts swiftly from side to side. Some of these lures are
made in small sizes suitable for a fly rod. The hooks on various lures tend
to become dull after long usage so that a hard-striking fish may escape being
hooked. The hooks should be inspected frequently and sharpened when neces-
sary; a small whetstone or file should be part of every fisherman’s equipment.

All artificial bait-casting or spin-casting lures should be fastened to the
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line by a swivel or a strong wire leader combined with a swivel. The line
may be selected to suit the fisherman’s taste. Braided and nylon lines are
popular. Better casting can be done with a light line; lines of 12-pound
to 18-pound breaking test are most satisfactory, although even lighter lines
are used. Heavier lines are better suited for trolling. After fishing, dry the
line by stringing it between two trees or posts. Wet lines deteriorate very
rapidly.

Some fish grab the lure hard, but on finding it unpalatable they quickly
spit it out unless the fisherman sets the hook. There is no positive rule
for setting the hook, but the usual method is to pull back strongly on the
rod after feeling the first sharp tug as the fish strikes and then to start to
reel in the line. If the fish i1s hooked, it will give several tugs as it tries
to throw the hook from its mouth. It may even start to pull away and may
break water. Whether one is bait casting or fly fishing, it is necessary to
keep a tight line on the fish at all times. It is easy for a poorly hooked
fish to throw off the hook if the line is slack. Start reeling in the fish,
but always be prepared to let it have line if it begins to move away. Usually
it will make several short rushes away and then continue to move toward
the fisherman as the line is recled in.

When the fish nears the boat or the fisherman, it usually starts fighting
in earnest. Give it line and then reel it in the moment it weakens. Keep
this up until the fish is tired and can be brought up for landing. Many

a fish escapes because it is not sufficiently subdued; when it is close enough
for landing, it is likely to make a wild dash and break the line unless the

fisherman is alert and releases the reel to give it line for this final rush.
The surest way of landing a fish is with a dip net, although some expert
fishermen can successfully divert the final rush of a large fish so that it
will flip over into the boat. Many fish, both large and small, are lost when
they are lifted out of the water by the line because the fish’s weight, which
was largely displaced in the water, tears the hook from its mouth.

Fish caught in warm weather spoil quickly. Sometimes a fish placed on
a stringer early in the morning dies in a short time and shows signs of
decomposition by afternoon. If possible, fish should be kept alive until they
can be dressed and placed on ice, but often they are fatally injured by the
hook, especially if the hook penetrates the gills or the nearby circulatory
structures, and die soon after being caught. Fatal injuries can also occur
through careless handling; it is wise to avoid touching the gills because
slight injuries to these delicate structures can kill the fish.
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If a fish is not seriously injured, it can be kept alive all day on a safety-pin
stringer with the pin passed through the lower jaw. The upper and lower
jaws should not be pinned together because this prevents the fish from open-
ing its mouth for respiration. Never pass the stringer through the gills.
If live-boxes or tanks with cold running water are available, fish can be
kept alive for several days. Fungus growths are likely to occur if the water
is warm. Fish placed in a creel spoil quickly unless they are killed by a
blow on the head, eviscerated, and packed in moss or grass.

State laws should be consulted when it is necessary to transport fish for
some distance. In certain states the law requires the head to be retained
on fish in transit. (Gills and entrails should be removed, however, because
they spoil very quickly and may taint the rest of the fish.) Portable iceboxes
are very useful for transporting fish by automobile, and sphagnum moss,
plentiful in the bogs in the far north, makes an excellent insulator. Fish
packed with a few pieces of ice in a box lined with sphagnum moss will
stay fresh for several days. If ice is not immediately available, the body
cavity should be filled with sphagnum moss or grass. The catch should be
protected from flies at all times.

Further preparation depends on the size and the kind of fish and on the
fisherman’s preferences. Most people merely scrape off the scales, cut out
the fins, and remove the head and the viscera. The fish is then either sliced
or split into pieces convenient for cooking or it may be left whole for baking.
If excessively slimy fish are skinned rather than scaled, much of the strong
fishy taste is eliminated. For skinning, start by making an incision with
a sharp knife around the body behind the gills and lengthwise along the
middle of the back and the belly, taking care to cut around both sides of
all fins unless they have already been removed. The skin can then be re-
moved from each side by chipping it away with a sharp knife. A more tidy
result can be obtained by loosening the skin with the fingers aided by the
knife along the incisions and then pulling the skin off backward.

Fish such as walleyes can be easily skinned by splitting them and laying
the halves skin downward on a board. A sharp knife is then passed between
the flesh and the skin behind the shoulder. The half is held firmly on the
board, and the knife with the edge turned slightly downward is passed toward
the tail, severing the skin and the scales from the meat. Walleyes, tullibees,
whitefish, and some other species can be easily filleted by splitting and lifting
out the backbone and the ribs with a knife. Many fish can be filleted by
merely cutting the flesh away from the backbone and the ribs on both sides.
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Fishing is an art, and to be truly successful in it one must study and
know fish. It is also necessary to know how to conserve and maintain the
supply of fish. The chapters immediately following are devoted to the
dynamics of lakes, the maintenance of conditions that enable fish to live,
and the management of waters for greater production of fish.



Lake Dynamics

Lakes are usually more or less closed bodies of water, each forming in
a broad sense a small world of its own. The characteristics of each lake
reflect in large part the surrounding landscape, the climate, the vegetation,
land use, and other factors. In each lake many complex activities which
we are just beginning to fully understand and appreciate proceed
automatically, making it possible for life to continue almost indefinitely.
From a geological point of view, most lakes are ephemeral; sediments slowly
fill them in or, in the case of those lakes with outlets, erosion or downcutting
may eventually drain them. The lake regions of the world with but a few
exceptions are in the most recently glaciated regions of the Northemm Hem-
isphere. Lakes that were formed in earlier glacial periods have been filled
in or have been destroyed by erosion. The various types of Minnesota lakes
and their origins were studied in detail by Zumberge (1952), who also pre-
sented a very useful classification of glacial lakes. The study of fresh waters,
both lakes and streams, is called limnology (limne, marsh).

Fish represent the end of the long cycle in which various chemical elements
and compounds producing food pass from raw substances in the water and
on the lake bottom into food for higher forms of life. Studies of northern
lakes show that these lakes vary considerably in the production of both food
organisms and fish because of differences in chemical and physical conditions
from lake to lake. The most beautiful clear blue lakes are not necessarily
the most productive of fish life. In fact, the rockbound lakes with the clearest
water are among the least productive in pounds of fish per acre. Although
the fish in these lakes may run larger on the average than those in other
lakes, there are not as many of them.

The sizes and kinds of fish present in a lake are not a useful measure
of the lake’s fish production. The actual productivity of a lake can be
estimated in a number of ways (Ruttner, 1963; Goldman, 1966), but since
we are concerned primarily with fish, we make our measurements in terms
of the total number of pounds of fish that can be produced per unit of time.
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Unlike the fisherman, we are not concerned with the size of the individual
fish but only with the total poundage of fish protein.

In matters of production a lake may be considered in the same way as
a piece of land which furnishes the food or the general environment (grain,
pasture, or forest) from which a crop of livestock or upland game is produced.
As illustrated especially well by fish farming in the southern United States
or in those Minnesota lakes managed as sport fisheries, fish can indeed be
considered a water crop that takes from two to three years or perhaps longer
to mature. Consequently, a lake must raise abundant food in the summer
and also provide suitable winter conditions for several years in succession
in order for a fish crop to mature. In this way fish production differs from
the production of upland game, wherein a crop reaches maturity at the end
of each summer.

Fish production is based primarily on the richness of a body of water,
just as the production or yield of a farmer’s field is based on the fertility
of the soil. The factors that determine fertility in a lake are the same as
those that make the soil productive, but just as a farmer’s crops depend not
only on fertility but also on proper drainage and cultivation, fish production
in a lake depends on a number of conditions including water temperature
and predator relations as well as the availability of spawning areas, food
for the young, and shelter. The most important factors, however, that deter-
mine the productivity of a lake are the chemical elements of fertility, which
include various forms of nitrogen, phosphorus, calcium, and many other
elements. The availability of these is influenced by additional factors such
as depth, temperature, bottom types, and the kind and amount of dissolved
gases.

Food production is usually considered first in the dynamics of a lake.
Plant life is the basis for most fish foods, and so plants are the first stage
in the cycle from the chemical elements of fertility to fish production. These
plants include not only the large water weeds along the lake margins but
also the myriads of tiny and often invisible algae that swarm throughout
the water. Although only a few species of fish eat large quantities of plants
directly, plants form the food of many of the lower animals eaten by the
forage fishes, which are in turn eaten by the game fishes.

Rooted plants obtain their essential nutrients from the bottom sediments,
and the algae obtain theirs from chemical substances dissolved in the water.
Since the water contains many substances dissolved from the bottom, it is
possible to estimate the chemical fertility or the potential fertility of a lake
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by an analysis of the water. Many of the compounds making up the fertility
of a lake are eventually lost by being incorporated into the sediments that
gradually accumulate on the bottom. During the spring and fall overturn
of the lake, when there may be complete circulation of the water from top
to bottom, many of the substances are returned from the sediments to the
water, but some are incorporated into the sediments and no longer are avail-
able to the aquatic organisms. Therefore, if a lake is to maintain its nutrient
level or chemical fertility, those substances lost to the sediments must be
replenished by springs, by streams entering the lake, by runoff from the
surrounding land, or by artificial fertilizer.

As mentioned earlier, the elements of fertility necessary for maximum
production of food and fish are various forms of nitrogen, phosphorus, cal-
cium, and some other substances — in general the same substances which
constitute the elements of fertility in the soil. Pure water, that is, water
with few chemicals dissolved in it, is usually almost sterile in terms of
food and fish production. On the other hand, it is also possible to have
too much of these substances in the water. In some lakes in western Min-
nesota the calcium and sodium concentrations are so high that we have what
are called mineral lakes. In these lakes the concentrations of various dissolved
substances are so high that they inhibit the growth of both rooted plants
and algae; many mineral lakes lack fish of any kind.

Lakes have been classified in many ways (Welch, 1952; Hutchinson, 1957;
Reid, 1961; Ruttner, 1963), but the system most universally used is based
on the amounts of various nutrients present in the body of water. Lakes
low in nutrients are referred to as oligotrophic (oligos, scant; trophos, nour-
ishing); those rich in nutrients are eutrophic or well nourished. The majority
of the lakes in the northeastern part of the state are oligotrophic, and most
of the lakes found in the remainder of the state are eutrophic. Hutchinson
(1969) has suggested that we should not think of lakes as being oligotrophic
or eutrophic but rather that we should think of lakes and their drainage
basins as forming oligotrophic or eutrophic systems.

The process by which nutrients are added naturally or artificially to bodies
of water is termed eutrophication. It is this process that has been of such
great concern to biologists, the state and federal governments, and the public
at large for at least a decade. The process of eutrophication or the increase
in the supply of nutrients should be distinguished from the effect of the
addition of nutrients. In some instances the effect may be beneficial and
increase the pounds of fish produced, or it may be undesirable and kill the
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fish or change the composition of the fish population to one less desirable
for the angler. Eutrophication is a natural process, and except for those
instances where man has added biologically poisonous wastes to the water,
man in his activities has only changed the rate of the process. The examina-
tion of sediment cores from the bottoms of many lakes indicates that many
of our drainage systems were eutrophic long before man’s influence became
a factor. Similarly the lakes of northeastern Minnesota have been part of
an oligotrophic drainage system since the last glacial ice wasted away. With
our present knowledge of the process of ecutrophication, it is possible to
reduce the rate of nutrient input to a level such that the lakes can return
to a condition approaching that about which our ancestors wrote such glowing
accounts.

Carbonates, usually found in some form of calcium carbonate or lime,
are among the important chemical substances present in lake water. When
a considerable amount of lime is present, the water is usually called hard;
if the amount is small, it is called soft. Lake Superior, the border lakes,
and the lakes in the northeastern portion of Minnesota where limestone is
scarce or absent usually contain soft water. The waters of lakes of this type,
esthetically so pleasing, produce only a small amount of vegetation, algae,
and fish food.

Lime and other carbonates in the water are necessary for proper plant
growth because certain forms of lime (bicarbonates) are the source of the
carbon dioxide necessary for the manufacture of plant food and the liberation
of the oxygen so vital to aquatic animals. The carbonates are less soluble
than the bicarbonates, but in the presence of carbon dioxide or carbonic
acid they change into bicarbonates. When plants utilize some of the carbon
dioxide from bicarbonates, they change the bicarbonates back to carbonates
which sometimes precipitate to form extensive marl deposits such as those
common in some northern lakes. The precipitated carbonates form a gray
covering over the leaves of the rooted aquatic plants and give the plants
a rough, crustlike coating; in a few lakes in central Minnesota small concre-
tions of calcium carbonate are formed by algae. Carbonates are so important
that they can be used as an index to the potential fertility of a body of
water.

The important food elements all pass from one stage to another, eventually
ending in the body of some aquatic plant or animal which dies and decom-
poses, liberating the elements into the water to be used again; if the body
is preserved in the sediment, however, the constituent elements are lost from
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the chemical cycle within the lake. The cycle is similar in many respects to
the one that takes place in the farmer’s field when crops are plowed under
in order to maintain the fertility of the soil.

It is interesting to find that the production of food in a lake in actual
pounds per acre is far greater in areas where the surrounding soil consists
of fertile farmlands. Some of the lakes in central Minnesota carry as much
as 80 pounds (dry weight) of animal food per acre in the shallow waters.
The lowest number of pounds of food per acre is found in the lakes that
are in areas of rocky and thin infertile soils. Some of the rocky lakes along
the Gunflint Trail carry only two-tenths of a pound (dry weight) of food
per acre. In general this correlation comes about because the lakes obtained
their original supply of fertile elements from the drainage waters of the sur-
rounding areas, and they rely on the same source to replenish the elements
lost through ground seepage or outlets. A lake can produce only as many

pounds of fish per acre as there are available agents of fertility, and in
general a lake is no more fertile than the surrounding soils.

Equal in importance to the dissolved contents of the water are the types
of bottoms present in a lake. Plants and food organisms have distinct prefer-
ences for certain bottom types. It is impossible for most species of plants
to grow in any abundance on solid rock bottoms, and as a result few forms
of animal life can find subsistence there. Shifting sands are too unstable
for the existence of plants or food organisms. On the other hand, although
soft muds foster luxuriant plant growth, they smother many animals. The
best type of bottom for food production is a relatively firm, fertile bottom,
such as one of mud and sand.

The contour or shape of the bottom of a lake has an important effect

on the total amount of food produced. The conditions of warm fertile lakes
usually make only the bottoms above the 30-foot level suitable for food
production. In these lakes the maximum production of food is found above
the 15-foot level, which is the usual limit of sufficient light penetration for
plant growth. Deep fertile lakes with steep bottoms are relatively low in
production, while shallow, or only moderately deep, fertile lakes with gently
sloping bottoms are relatively high in production. The shape of the shoreline
also influences the total production of a lake. Since most food is produced
in the shallow waters near the shores, a lake with an irregular shoreline
and many bays has much more productive area than a lake with a smooth
shoreline and few bays.

The fertility of a lake is not inexhaustible. It is conceivable that a lake



24 NORTHERN FISHES

may become reduced in fertility just as soil can be depleted from overfarming.
Although we have no evidence that such reduction in fertility has taken
place to any serious extent in Minnesota lakes, it is only good conservation
practice to watch for and to correct factors which may reduce the fertility
of the lakes in the future.

No matter how fertile a lake may be, the oxygen conditions sometimes
prove to be a limiting factor on the production of fish. Fish, like all living
things, must have a constant supply of oxygen in order to live. Oxygen
depletion during a severe winter or as the result of excessive vegetation
may make it impossible for fish to survive in an otherwise suitable lake.
The oxygen is dissolved in the water, just as salt or sugar may be dissolved.
Although water can hold only a small amount of oxygen, the dissolved
oxygen is the only source available for the respiration of fish and most other
water animals. The oxygen in water comes from two main sources — aquatic
plants and the atmosphere.

All green plants release oxygen as a by-product of photosynthests, the
process in which carbon dioxide or carbonic acid gas is taken in and used
to manufacture starch for plant food. This process is the natural way of
disposing of the carbonic acid gas produced by decomposition and the respira-
tion of animals and plants. Photosynthesis takes place only in the presence
of sunlight. Water plants, from the big weeds to the microscopic algae that
constitute the green scum, liberate oxygen on days when the sun shines.
On a bright day one can observe many streams of tiny bubbles ascending

through the water from the leaves of a healthy water plant. These bubbles
are pure oxygen. They become smaller as they ascend, and many disappear
before reaching the surface because they dissolve completely in the water.
The water over a weed bed on a bright day is usually supersaturated with
oxygen, while on a cloudy day or at night the same water may be seriously
deficient in oxygen because the plants cannot liberate this important gas
in the absence of sunshine. Even in summer a lake may occasionally suffer
oxygen depletion when there are long periods of cloudy weather without
any wind action.

The only other source of oxygen in a lake is the air above the water.
When dissolved, oxygen diffuses or spreads very slowly in the water. The
surface of the water in contact with the air absorbs large amounts of oxygen,
but owing to the slow diffusion rate the oxygen seldom travels beyond a
thin film next to the surface unless the water is agitated by strong waves
or currents. In rivers the current alone, through its changing contact with
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the air, keeps the water well aerated, but in lakes currents are usuvally weak
or entirely absent. Thus the main source of oxygen in lake water is from
aquatic plants.

The oxygen in a lake is consumed in three principal ways: by fish and
other aquatic animals; by plants that produce oxygen as well as use it; and
last, and perhaps most important, by bacteria and decomposing organic
matter. The organic matter consists of dead animals and plants and the par-
tially rotted ooze that covers the deeper bottoms of lakes; as these decay
slowly through bacterial activity, they create a heavy drain on the oxygen
supply. Consequently, lakes that have abundant vegetation and bottoms
covered with rich muds draw heavily on their oxygen supply, particularly
during the winter. The production of oxygen ceases when the ice is covered
with snow, and the supply of oxygen in the water at that point must last
throughout the winter. In deep lakes, which have a considerable volume
of water, the supply is usually sufficient, but in shallow lakes (6 to 10
feet deep) the volume of oxygen that can be stored is seldom sufficient
to meet the demands. The situation is further aggravated by the fact that
shallow lakes produce the greatest amount of vegetation and consequently
have a large amount of dead plant life to decay during the winter. In shallow
waters the ice may be so thick that the remaining volume of water is reduced
to a point where it cannot hold sufficient oxygen to last all winter. This
critical condition results in a fish-kill. In northern Minnesota many rocky
infertile lakes, as little as 8 feet deep do not lose their oxygen, while in
southern and central Minnesota mud-bottom fertile lakes of twice that depth
lose their oxygen.

During the winter many species of fish are semidormant and require much
less oxygen than when fully active, but even so fish-kills as a result of
oxygen depletion often occur. The fish are sealed in the lake throughout
the winter by the ice, which is thicker in Minnesota than in most other
states. The survival of the fish depends on the presence of sufficient oxygen
under the ice at the time of the freeze-up or on the penetration of sufficient
sunlight to enable the plants in the lake to release enough oxygen to meet
the demands of the fish until spring. This was demonstrated some years
ago in a Minnesota lake containing thousands of bullheads; the lake was
approximately 6 to 15 feet deep with a rich mud bottom. Late in November
it froze over solidly, and the water was sealed off completely from the air
by at least 12 inches of ice. Tests made frequently through holes cut in
the ice indicated that the oxygen supply was normal. Although the ice
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increased in thickness to 20 inches by mid-December, the oxygen levels
remained high into the second week in January. The plants were receiving
enough sunlight through the ice to enable them to maintain the oxygen content
of the water at a level equal to that found during the summer months. In
the second week in January the ice was covered with 6 inches of snow,
and the sunlight could no longer penetrate. Two days later the oxygen was
exhausted throughout the waters of the lake. In the spring thousands of dead
bullheads lined the shore as the ice melted. Not one living fish could be
found in the lake. In a similar fashion smaller lakes may support fish popula-

tions for years, and then a series of events such as low fall water levels,
early freezing of the lake, and heavy snowfall may produce a total winterkill.

Quite probably some of the smaller lakes that currently lack fish populations
and yet seem suitable for panfish or other fish are lakes that were subject
to these winterkill conditions at some point 1n the past.

In addition to oxygen depletion as the cause of winterkills, other conditions
may arise and become important factors in killing fish. Fish-kills have been
noted under conditions of relatively low oxygen content in one lake, whereas
in another lake of equally low oxygen content the fish survived, indicating
that other factors probably associated with the decomposition of organic
material (such as chahges in the concentrations of hydrogen sulphide or car-
bon dioxide) must play an important part. Furthermore, there is no doubt
that the physiological condition of the fish determines their tolerance to vari-
ous stresses. Of all these factors, however, oxygen depletion is undoubtedly
the chief cause of most fish-kills.

Temperature plays an important part in determining which areas of a lake
will be productive. Most animals and plants grow better and more abundantly
at high temperatures, although there are a few fishes (such as members of
the whitefish family and various species of trout) that must have low tempera-
tures. The temperature of the water depends primarily on the depth. The
heat a lake receives in the summer comes through the surface area exposed
to the sunlight. Two lakes of equal surface area, one deep and the other
shallow, receive the same amount of heat, and so the deep lake never warms
up as much as the shallow one. Consequently, there are cold-water lakes
and warm-water lakes, depending largely on their depth and surface area.
The deepest lake in the region covered by this book is Lake Superior, which
because of its great depth of more than 1,000 feet does not receive enough
heat during the summer to raise the water temperature more than a few
degrees.
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The major effect of temperature on most lakes is the establishment of
stratification which makes only certain parts of the lake bottoms available
to animals. During the summer, the warm water, being lighter than the
cold, rises to the surface. By the time summer is well established, a layer
of warm water, the epilimnion, usually from 20 to 45 feet thick, lies over
the deeper and heavier cold water, the hypolimnion. The intervening area
is called the thermocline. In very deep lakes the cold water may have a
summer temperature as low as 39° F (4° C). The cold water is so heavy
that it remains at the bottom, and the heat from the sun is absorbed by
the warm upper layer before any of it can reach the cold layers beneath.
The stratification becomes so pronounced that after a while the two layers
do not mix at all. Even at times when the wind blows heavily in one direction,
piling the warm layer on one side and tilting the bottom layer, the currents
in the upper layer slide over the lower layer without mixing. During the
spring and fall, when the lake is either warming or cooling, there comes
a time when the temperature of the upper layer is the same as that of the
lower layer and the thermocline disappears. At this period there is complete
circulation or mixing from top to bottom in the deepest parts of the lake.

The temperature stratification just described is found only in lakes of 25
feet or more in depth and not more than several miles in diameter. In large
lakes like Mille Lacs and Red Lake, the action of wind and waves creates
powerful undertows and keeps the water well mixed at all times, preventing
stratification. The size of the body of water with the consequent action of
wind and waves probably also accounts for the fact that no definite stratifica-
tion occurs in Lake Superior (Eddy, 1943).

The effect of stratification in fertile lakes is stagnation in the lower layers.
The oxygen is soon depleted by any life present and by the decomposition
of the bottom muds and organic materials continually settling down from
above. Experiments have been made by lowering different species of fish
in wire baskets to different depths in various lakes. In the summer the fish
died in a few minutes when lowered to depths below 30 feet, while those
closer to the surface always lived. In the fall and the spring when there
was no stratification, the fish in the baskets lived at all depths, thus indicating
that it was the lack of oxygen and not the pressure that killed the fish in
the summer experiments.

Deep bottoms may be richly fertile, but because of the lack of oxygen
sometimes only a few worms and other lower life forms can exist there.
How these forms live without oxygen is an interesting biological question.
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Because of the lack of sunlight at this depth, plants cannot grow and form
oxygen. Lower LaSalle Lake in Hubbard County, for instance, is 208 feet
deep, one of the decpest lakes in Minnesota, and rich in nutritive elements,
but the bottom oxygen is nearly exhausted during the summer months. In
some very deep lakes such as Clearwater, Tuscarora, and Saganaga lakes
in Cook County, Minnesota, which are low in natural fertility, the volume
of water in the lower layer is enormous. When the lake stratifies, the lower
layer contains more oxygen than will be used up during the summer by
the decomposition of organic wastes. In addition, since these lakes produce
relatively few plants and animals in the upper layer and in the shore waters,
there 1s only a small amount of organic material to decay and use up the
oxygen. Furthermore, the water is very clear, so that sunlight penetrates
farther than in the more turbid fertile lakes, thus enabling oxygen-producing
plants to grow at much greater depths. Consequently, the deep cold bottoms
in these lakes have sufficient oxygen to support trout and other cold-water
fishes.



Population Dynamics

The fertility of a lake, determined by the amount of dissolved phosphates
and nitrates in the water and by the other conditions described previously,
is a controlling factor in the poundage of fish produced, and to a lesser
extent it controls the species of fish which thrive in a lake. The size and
the rate of growth of the fish, however, are governed by other factors.

One of the more vexing problems associated with the management of

fish populations in many lakes is the unsatisfactory size of the dominant
species. In such lakes the enormous number of stunted fish is a result of

the density of the population in proportion to the carrying capacity of the
lake. If a given lake has the capacity to support an average of 100 pounds
of fish per acre, in theory it can support one 100-pound fish, or two 50-pound
fish, or one hundred 1-pound fish, or four hundred 4-ounce fish, or a combina-

tion of various sizes totaling 100 pounds. The last example is probably the
most realistic, but in pond fisheries or in hatcheries the other examples may
apply. The farmer knows that grazing land can support only so many cattle
or sheep, but in the feedlot (equivalent to the pond fishery or the hatchery)
larger numbers can be supported per unit of area. In both the feedlot and
the pond fishery, a larger area is required to supply the feeds than is rep-
resented by the production area itself. Finally, fish ponds usually are mono-
cultures involving a single species or at most two or three species, a condi-
tion that is rarely the case in natural lakes.

We have long known that we can calculate the number of pounds of
fish that a given pond can support or produce. Furthermore, it is known
that if the population density is low and the food supply is constant, the
growth rate of individual fish is rapid, but if the population density increases,
the average growth rate decreases. There are obvious species limits to the
growth rate, and at high densities behavioral problems associated with crowd-
ing may affect the growth rate. While it is simplistic to say that the total
available food is the only factor governing production, it remains one of
the most important factors.

29
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Under natural conditions the effect of population density upon the growth
rate is difficult to determine. One problem is to obtain a representative sample
of the population of a single species or of the various species constituting
the fauna of a lake or a stream. Seines, gill nets, electrofishing, anesthetics,
and other means have been used singly and in combination to make estimates
of the population’s size and age structure. A number of attempts have been
made to determine population densities in several Minnesota lakes, but they
have met with varying success. In general, the effect of population density
upon the growth rate must be determined largely from scattered examples.
Each lake is unique in a sense and must be sampled, despite the fact that
we are able to make estimates of its potential productivity based on the
water chemistry, the morphometry of the basin, the extent of rooted plant
growth, and other characteristics. With 15,000 lakes present in Minnesota
it would be an impossible chore to sample them all thoroughly, but an attempt
has been made to study a number of lakes which are typical of many others
in the state. In early studies of the fish populations in a series of lakes
in Ramsey County, the population densities were determined by seining
large areas and calculating the number of fish per acre; for example, data
were secured on the bluegill populations in six lakes. These lakes were
all of the same type — comparatively fertile hard-water lakes in glacial drift
basins wherein the amount of dissolved solids ranged from 140 to 270 parts
per million. Three lakes had populations of fish ranging from 25.3 to 48.6
fish per acre; in these lakes the fish displayed rapid growth, taking 2.3 to
3.5 years to reach a length of 7 inches. The other three lakes had high
population densities ranging from 80 to 450 fish per acre, and in these lakes
the fish took 4.3 to 4.8 years to attain a length of 7 inches. The separation
into two groups was definite, clearly indicating the correlation between popu-
lation density and growth.

These studies may explain in part why fishermen catch large numbers
of small fish in one lake and small numbers of large fish in nearby lakes.
In Long Lost Lake in Clearwater County a number of years ago, the bass
population was so dense that a fisherman might get his limit of largemouth
bass within an hour, but the fish were small, ranging from 7 to 9 inches
in length. In this lake growth was so slow that the bass required about
5.5 years to reach a length of 12 inches. In nearby Lake Itasca, only a
few bass were caught each year, but they were 12 inches long when only
3.5 years old. A similar situation was found among the bluegills in the
two lakes. The bluegills in Lake Itasca were found to grow 1.5 times as
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fast as those in Long Lost Lake. In Morrison Lake in Itasca Park the bass
population at present is dense, but the bass are small, usually less than
10 inches in length, and their growth rate is slow, while in Lake Itasca
bass 20 inches long and weighing up to 5 pounds are not uncommon, but
rarely, except in late fall, do fishermen catch limits. To take another example,
the crappies are so abundant in some lakes in Chisago County that an angler
can easily catch his limit in a short time, but these crappies are usually
not over 6 inches long and their average weight is 27 percent less than
that of crappies of the same length in other lakes. The growth rate of crappies
in these lakes is slower than that exhibited by crappies from most other
lakes in the state. The bluegills are also small, weighing only two-thirds
as much as bluegills of the same age in other lakes. Apparently population
density in these lakes has become so great that the growth rate has been
markedly reduced. Density studies of crappies, sunfish, perch, bass, northern
pike, and other species in these lakes often show large populations of stunted
fish, and examination of individual specimens reveals very slow growth rates.

There is another piece of evidence that population density is an important
element in controlling the rate of growth. It has often been noted that when
a species 1s successfully introduced into a new habitat its growth rate is
usually good, largely because of the small number of individuals present
and the lack of competition within the species (Eddy and Carlander, 1939).
Walleyes grew more rapidly in the northeastern part of Minnesota when
they were first introduced than the native walleyes did elsewhere in the state,
undoubtedly because of the lack of competition within the species during
the early stages of population growth. In many of these lakes the walleyes
now tend to be small, displaying much lower growth rates than previously.

Creel censuses on many Minnesota lakes have thrown further light on
this subject. With the aid of the Civilian Conservation Corps, creel censuses
were conducted throughout the summer of 1940 on six lakes in northern
Minnesota. Every fish caught was measured, and scales were taken to deter-
mine the growth rate. The species studied were primarily walleyes, northern
pike, largemouth bass, and crappies. In many of the lakes the catch was
small, numbering 500 to 3,000 fish for the season and averaging from I
to 5 pounds per acre. However, in one lake the catch was very heavy,
numbering 12,000 fish for the summer and averaging nearly 20 pounds per
acre. The rate of catch per man-hour was approximately the same for all
the lakes. The growth rate of the fish was equal to or slightly above the
average for that region in all the lakes except in the one where the catch
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was unusually heavy. In that lake the growth rate was decidedly lower than
the average for the region. From these studies it appears that population
density is a factor of great importance in modifying the growth rate of fish.
The productivity of a lake seems to determine the total number of pounds
of fish, but the population density seems to control the growth rate.

Studies show that the fish in easily accessible lakes usually have a lower
growth rate than the fish in lakes that are not reached so easily. Accessible
lakes are usually in fertile agricultural districts and are usually quite produc-
tive, whereas inaccessible lakes are usually in infertile nonagricultural dis-
tricts and are relatively low in productivity. Accessible lakes are often subject
to interference by man and may also be subject to very selective fishing,
and these factors become more important than the fertility in determining
the growth rate or the size of the fish. Today it is difficult to find fish
populations that have not been disturbed in some fashion by man’s activities,
and in most lakes (with the exception of certain lakes in Canada) it is impossi-
ble to determine what the natural mortality might be. In many lakes these
factors may take on great importance and in part mask the relationship
between population growth and size and the potential fertility of the lakes.

Although the evidence is far from conclusive, it seems that large popula-
tions of undersized fish are associated in certain instances with heavy fishing.
The fisherman is by nature selective and tends to remove the larger fish
out of proportion to their abundance in the population. Under normal condi-
tions most species produce many more fry than the lake can support. The
large individuals which are more desirable as game fish are the natural checks
upon the small fish, even those of their own kind. When the large fish
are removed, the small fish have no check and so survive in great numbers
and in some instances become crowded and stunted. The selectivity of the
angler is also responsible for fish population troubles such as the important
perch problem, Perch are not as popular with Minnesota anglers as they
are with fishermen in some other states. In many large lakes such as Otter
Tail and Mille Lacs the fisherman’s catch consists predominantly of walleyes
and contains very few other species. In these lakes the fish population com-
prises almost equal numbers of walleyes and perch along with a very small
proportion of other fish. These proportions, which do not constitute a highly
desirable balance, can be attributed in large part to heavy fishing for a single
favorite, the walleye. Such methods are bound to create undesirable popula-
tion balances and should be corrected. The methods available to correct
such imbalances are limited. If the lake is small, it can be poisoned and
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restocked at a later date and the introduction of undesirable species can
be restricted as in the trout lakes of northeastern Minnesota. The limits
on desirable species can be reduced and the restrictions on harvesting less
desirable species can be removed in the hope that, for example, the perch
will be removed in larger numbers. Fishing methods can be restricted so
that in some streams only fly fishing for trout would be allowed. In many
lakes it is impossible to do more than to improve the species balance because
the cost of other methods far outweighs the gains to be made.

Experimental work carried on in other states shows that the poundage
of rough fish as opposed to the poundage of game fish supported by a given
body of water is also affected by its fertility and that more pounds of rough
fish than game fish can be supported per acre. Under a given set of conditions,
however, the total poundage remains the same, regardless of the total number
of fish or the proportion of rough fish to game fish. Accordingly, if the
fish are numerous, they are stunted or undersized; if there are few individuals
and the total poundage remains the same, then the fish are large.

Fish have enormous reproductive capacity. Ordinarily they produce more
eggs and fry than a lake could possibly support if all the fry survived to
become adults. Usually the worst enemies any game fish has are larger
individuals of its own kind; cannibalism is common among them. The abun-
dant lower age groups must be thinned out to allow normal growth, and
the natural agents of such control are the large predacious fishes.

Each year game fish produce countless millions of eggs in Minnesota
lakes, and thousands of the eggs hatch into fry. The question is, what happens
to these fry? Studies of sunfish and crappies have shown that only a small
number of fry, ranging up to 3 percent, survive to become fingerlings or
one-year-old fish. From 10 to 75 percent of the fingerlings survive to become
two-year-olds, and from 10 to 40 percent of the two-year-olds survive at
the end of the third year, at which time most of these fish reach what might
be called adult size. The results of the studies clearly indicate that a large
number of fry must be produced annually, since only a very small fraction
will survive to become adults. In an analysis of perch populations one sample
of 15,000 perch taken from Otter Tail Lake in 1939 contained only a few
fish over one year of age. If we assume that the present ratio of age classes
represents the survival of past years, only 2.8 percent survived to the second
summer, 2 percent survived to the third summer, and 1 percent reached
the fourth summer.

In Lake Winnibigoshish thousands of walleyes were tagged before 1940.
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Although not of the same age, these tagged walleye samples may be assumed
to be a cross section of the adult population. The percentage of survival
can be determined by the returns from fishermen’s catches in subsequent
years. In 1937, 3,000 walleyes were tagged. In that season approximately
13 percent were caught by fishermen; 5 percent were caught in 1938; 3.5
percent were caught in 1939; and 1 percent were caught in 1940, The dimin-
ishing returns are indicative of the rate at which the 1937 adult population
decreased. The catches account for a total of only 23 percent of the original
population. What happened to the other 77 percent? No serious epidemic
was noted, so it is reasonable to assume that natural mortality accounted
for the losses. Population samples tagged in subsequent years showed a
similar decline.

In experimental work where all factors were favorable for growth, walleyes
and both largemouth and smallmouth bass have been reared to a weight
of 1 pound in one year (whereas it takes about three years for them to
reach the same weight in an average lake). It is not possible for fish to
grow at this rate in most Minnesota lakes because the population is highly
mixed in both sizes and kinds of fish, creating an extremely complex system
of competition. The elastic growth rate of fish would have great possibilitics
if it could be utilized under natural conditions. As noted earlier, it is respon-
sible for the rapid growth frequently noted in fish newly introduced into suit-
able lakes in which there is little competition, particularly from their own
kind. Well-balanced and abundant fish populations are what we are seeking
in order to provide the best fishing, but until methods can be developed to
utilize the growth-rate potential in Minnesota lakes we shall no doubt continue
to find unsatisfactory growth and size ratios.

Upper Red Lake and Lower Red Lake have been studied intensively for
over two-decades by Professor Lloyd L. Smith, Jr., and his associates (Smith
and Butler, 1952; Pycha and Smith, 1955; Grosslein and Smith, 1959; Smith
and Pycha, 1960; Magnuson and Smith, 1963; Smith and Kramer, 1964;
Peterka and Smith, 1970). These studies provide data on the commercial
catch from the lower lake from 1917 to the present and the best statistics
on the fish populations of any lakes in Minnesota. Thirty-eight species are
present in the lakes, and eight are harvested by the fishery. Marked fluctua-
tions were found in the year-class strength of perch from the lakes (Heyerdahl
and Smith, 1971), and a group of factors, acting independently or together,
were found to be responsible for differences in the survival of year classes.
The researchers had no food data but felt that the availability of food for
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the fry determined the survival or the strength of a year class. In addition
they found that in years with good hatching and survival of perch fry there
was also good hatching and survival of walleye fry. Walleyes and perch
spawn at different times in the spring, yet the survival of both species was
affected in the same way. Heyerdahl and Smith suggest that meteorological
factors may influence survival directly by controlling the availability of food
organisms to the fry of both walleyes and perch. In other words lack of
food may be the proximate cause of success or failure of a given vear class,
but the ultimate factor or factors determining the availability of food organ-
isms is a matter for speculation. Since many species of fish are the last
link in the food chain, it is not too surprising to discover that the success
or failure of a given year class — or the fast or slow growth rate exhibited
by a species from year to year in the same lake or in different lakes — cannot
be explained in a simple fashion. Great progress has been made, but there
is still much to be leammed before we fully understand the dynamics of fish
populations.

It is clear, however, that for maximum production fish crops must be
watched carefully. A good farmer would not think of having his grain too
thick or of allowing weeds to take the place of grain; the same considerations
are important for fish crops. The quality of a fish crop is determined by
a number of environmental conditions while the total amount of fish is limited
specifically by the productivity of the body of water. It is possible to increase
this productivity by improving the environment — that is, by lake and stream
management,



Management of Waters
for Fish Production

The lakes of Minnesota have long been famous for their game fishing. With
the growing population of the state and the greater amount of leisure time
available, however, fishing pressure has steadily increased and as a conse-
quence good fishing is disappearing from many lakes. The new highway sys-
tems have made a weekend fishing trip possible in almost any area of the state.
Each weekend the main highways north and west of the Twin Cities area
are filled with bumper-to-bumper outgoing traffic on Friday and incoming
traffic on Sunday. Many of these people are on their way to various lakes
and streams in the state, and many are going fishing. Where a decade or
two ago such a trip was an annual excursion of one or two weeks, it is
now a regular weekend affair. No one seems to mind the prospect of driving
several hundred miles for a weekend outing. Add to this throng the increasing
numbers of nonresident tourists, many of whom are fishermen, and one begins
to understand the tremendous task facing the state Department of Natural
Resources in order to assure satisfactory fishing for all. What is amazing
to us is the fact that the fisheries personnel have met this challenge with
so few workers and with budgets that are rather modest when compared
with the total value of water recreation to the state. Fishing is only one
part, but a very important part, of the water recreation picture. We trust
our readers will realize that we arc aware of the other uses of water resources
and we appreciate the value of these uses, but in this chapter we wish to
stress the use of the waters of the state to produce fish and fishing pleasure.

More and more families are acquiring a second residence, usually on a
lake, river, or stream, which compounds the problems of water-oriented
recreation. Not only are the shores lined with cabins but the lake may be
crowded with boats. Some of the boats are used by fishermen, others by
people out for a ride, and still others by people water-skiing. In the winter
the lake ice is dotted with fish houses, cars, and snowmobiles. There are
only two times during the year when the lake surface is likely to be deserted —
when the ice is forming in the late fall and when it is melting in the
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spring. Even lakes miles from the nearest road are within easy reach of
terrain vehicles and snowmobiles.

In 1939 one of us took a canoe trip into what is now part of the Boundary
Waters Canoe Area and in ten days saw only two other parties, an Indian
family and a Canadian forest ranger. Today it would not be too surprising
to find two parties at each end of a portage. The impact of large numbers
of people on the fragile canoe country ecology and the deterioration of the
forests and the waters is a major concern of the Superior National Forest
Administration.

Where once the fishery biologist had only a small number of problem
lakes to be concerned about, he now has hundreds. Many of the problems
are directly related to people — too many people. Obviously new and better
regulations are required to assure that future generations will have the recrea-
tion activities that we enjoy. Too often problems such as the sea lamprey
depredations on the native fishes of the Great Lakes must reach crisis propor-
tions before we respond. It is often said that education is the answer, that
an educated public will not allow such things to occur, but we are perhaps
the best educated generation to date. When fishery biologists with good
educations and years of experience are consulted, very often old husbands’
tales hold sway over the facts. It is safe to say that every fisherman considers
himself to be an expert because of his years of fishing experience; after
all, ‘‘experience is the best teacher.”” We have not given up on education
as a solution, but we feel that some profound changes in attitudes will be
necessary before the present trend can be altered. Meanwhile, steps are being
taken; for example, many of the northern counties of the state have rather
stringent building codes covering summer and lake residences, and owners
of lake homes are being required to upgrade their sanitary systems. Zoning
laws prevent overdevelopment of the lakeshore. Unfortunately these regula-
tions are too late in many situations, and there is little that can be done
to improve the lake and its surroundings. A few lake communities have
put in sewers and treatment plants, but only after conditions had made the
lake a health hazard.

Over the past forty years a great deal of information has been gathered
on the lakes and streams of the state. During this period our knowledge
of the requirements of fish and of the management of lakes and streams
has been increasing. Lake management is the control of a body of water
and its contents in such a way as to produce a sustained yield of the fish
species best suited to the conditions of the lake. By indicating the amount
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of fish that can be removed without disturbing the conditions necessary for
maximum production, lake management seeks to prevent the damage done
by intensive fishing. It undertakes to improve the environment for fish life
and to maintain a balanced size ratio in the fish population.

The management of waters should be based on information obtained by
surveys of all the conditions affecting fish life. Lake and stream surveys
are not cures, but they are the chief means of diagnosing fishing problems.
The surveys determine the potential productivity and carrying capacity in
terms of the elements of fertility. Such surveys were initiated in the 1930s
in many of the northern states including Minnesota. They are still carried
on during each field season, and in some lakes surveys have been repeated
at about ten-year intervals to document any changes that have occurred in
the intervening years. Sampling methods and techniques have changed over
the past forty years, but many of the same procedures used in 1935 are

The Megalops, vessel of the University of Minnesota Zoological Survey, on the
Mississippi River near Brownsville, Minnesota, in 1900. Photo: Department of
Zoology, University of Minnesota.
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still used today. A complete survey includes basic mapping of the lake with
a recording fathometer and a census of bottom fauna, plankton, and fishes.
The chemical nature of the water, especially the carbonate content and usually
the phosphate, nitrate, and sulpbate content, is determined. The summer
temperatures at different depths are recorded. The bottom types, the spawning
beds, and the weed beds are measured. The results constitute an inventory
of all the conditions necessary for fish life, To date approximately 3,000
lakes have been surveyed in the state.

The chief result of the lake surveys is the determination and classification

of the types of lakes suitable for various game fishes. Each lake should
be managed to produce the species of fish for which it is naturally suited.
It is not practical, for example, to attempt to manage a walleye lake for
lake trout or a bass lake for walleyes. Minnesota lakes can be divided into
soft-water and hard-water lakes and also into cold-water and warm-water
lakes. The proper combination of hardness and temperature determines
whether a lake can support cold-water fishes. Minnesota lakes can also be
categorized into at least six types according to the species of game fish
for which they are best suited. Surveys of lakes in neighboring states have
revealed similar types.

The first type is the lake trout lake. It is more or less infertile, with
much rocky bottom. The shore drops steeply, is almost entirely of bedrock,
and is unproductive. These lakes are deep, with a maximum depth of more
than 100 feet. The water in such a lake is low in both mineral and organic
content. Owing to the depth of the lake and the low organic content, there
is plenty of oxygen at the bottom. Although the surface waters may warm
up, the bottom waters are always cold enough for lake trout. Northern pike,
suckers, tullibees, and sometimes walleyes are also found in these lakes.
Such lakes are confined mostly to the border region, from Lake of the Woods
through the Superior National Forest, in an area of surface igneous rock
and soils of low fertility, and the drainage waters are very soft. In the same
area there are some small lakes that have proved to be suitable for stream
species of trout. The waters are cold and may be about 40 feet deep. These
lakes are usually fed by springs or cold bog drainage. Brook trout, brown
trout, and rainbow trout have been introduced in these waters and have done
very well.

The second type of lake is one of two kinds in which walleyes thrive.
It is difficult to determine the factors necessary for a walleye lake, but wall-
eyes apparently do best in lakes where they have plenty of range. The
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only small lakes in which they thrive are those that have channels opening
into other lakes, forming a chain. The first kind of walleye lake is similar
to the lake trout type. It has rather rocky shores and is relatively infertile.
In fact, it has all the characteristics of a large lake trout type except that
it is too shallow for lake trout. Many of these lakes are only 75 or 80
feet deep. The cold water below the thermocline has insufficient volume
to carry enough oxygen through the summer. Lakes of this type are located
on rocky soils in Lake and Cook counties. These lakes contain a few lake
trout, many northern pike, and usually some suckers and perch, but most
of them did not originally contain walleyes. The walleyes have been
introduced and are doing better in these lakes than in any other waters in
Minnesota.

The other type of walleye lake is entirely different, being warmer and
quite fertile. These lakes are large and have sand and mud bottoms which
support abundant submerged vegetation in the shoal waters; they range in
depth to as much as 200 feet. A number of deep lakes in Minnesota are
of this type, but they are not suitable for lake trout because they are fertile
and the bottoms are very rich in organic matter. The waters are hard, for
they contain relatively large amounts of carbonates in solution. The cold
underwaters become stagnant and deficient in oxygen for at least part of
the year, and the fish are therefore confined in summer to the warm surface
waters.

A number of large lakes in central and northern Minnesota, such as Upper
Red Lake, Lower Red Lake, Leech Lake, Mille Lacs, and Cass Lake,
are of the same type but relatively shallow. They are from 35 to 40 feet
deep and from 8 to 15 miles across and consequently are subject to much
wind and wave action. The wave action prevents bottom stagnation and
makes the bottom available to fish throughout the year. Walleyes are the
dominant species in these large lakes, while perch, northern pike, suckers,
and many other species are common. Sunfish, bass, and crappies are not
common except in bays. The majority of the larger lakes in central Minnesota
are of this type with its several variations. They are located in areas where
the soils are fertile and therefore are sometimes surrounded by agricultural
land.

The fourth type of lake is the bass, crappie, and sunfish lake. These
lakes are small but may have numerous bays and inlets. They are rich in
organic matter and support much vegetation. The waters contain relatively
large amounts of carbonates. The shores and bottoms are generally mud
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and sand. This type of lake is usually over 20 feet deep, and a few exceed
100 feet. When the lakes are deep enough, bottom stagnation and the loss
of bottom oxygen occurs. Since large areas of bottom are inaccessible, the
deep lakes of this type are not as productive as some of the shallow ones.
Bass, crappie, and sunfish lakes are found in most areas of Minnesota but
rarely in the northeastern corner of the state. Northern pike, suckers, perch,
and other species are also present in most of them.

Many Minnesota lakes are a combination of the last two types — the
second kind of walleye lake and the bass, crappie, and sunfish lake — and
are suitable for all these species. These lakes make up the fifth type of
lake. They are large and have many bays and inlets, thus virtually combining
the conditions of small and large lakes.

The sixth type of lake comprises the prairie lakes of the southwestern
and central parts of Minnesota. These are fertile hard-water lakes with rich
mud bottoms and shores supporting abundant aquatic vegetation. Most of
them are shallow, ranging from 6 to 20 feet in depth. This type of lake
is largely inhabited by bullheads, buffalo, carp, and sometimes walleyes
and other game fishes. Local sportsmen often want to have the rough fishes
removed and replaced by game fishes, but these lakes are not very suitable
for game fishes, and only by continuous effort can such fishes be maintained.
Because of the shallow depths and the high oxygen consumption, winterkills
occur frequently.

Since it is impossible to survey each of Minnesota’s lakes, these types
have been established for the purpose of classifying the other lakes. Most
Minnesota lakes and to some extent Wisconsin lakes can be classified on
the basis of a few factors such as the chemical condition of the water, the
depth and the area of the lake, and the type of shore vegetation. A few
intergradient types do not fit into the categories just described. In other states
local conditions may alter the categories, so these must be worked out for
each region.

Lake surveys determine the type of lake and the kind of fish suitable
for it and also give some idea of the basic fertility of the lake, but most
of the surveys commonly used in Minnesota give only rough estimates of
the number of fish in the lake or the number that can be supported. Determina-
tion of these figures is one of the great problems in fish management and
must be done before an intelligent management plan can be made. Of all
aquatic animals fish are the most difficult to study quantitatively. They move
about so readily that no collection obtained from any specific area can be
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considered an absolute quantitative sample. The only absolute measurement
of quantity would involve the removal of every fish, for which the only
practical method would be poisoning. Obviously such a measure would mean
the end of the existing fish population and also of further study. Sampling
with seines and nets may give some idea of the population, but the results
cannot be regarded as more than crude measurements. Most of the work
done on the Minnesota fish populations has of necessity been confined to
sampling with electrofishing, seines, and various types of nets, giving at
best only rough estimates.

In a state with as many lakes as Minnesota, surveys in which the fish
in all the lakes are quantitatively measured are practically impossible.
Furthermore, fish populations change from year to year, and so such a census
would have to be repeated annually. An ordinary lake survey, however,
such as has been developed and used in Minnesota, determines the general
fertility of the lake and provides an index to the potential production of
the kinds of fish for which the lake is suited. Certain lakes are surveyed
at various intervals to provide some insight into the changes that occur.
The surveys provide us with an inventory of the fishery resources of the
state and must be continued in years to come.

The total weight of fish that can be removed from a lake without disturbing
the overall production has never been worked out. Fish managers believe,
however, that there is a yield limit, just as there is a limit to the amount
of game that can be taken from land areas without depleting the necessary
breeding stock. In some Minnesota lakes anglers take as much as 20 pounds
per acre annually, while in others, including many of the northern lakes,
the annual catch is less than 3 pounds per acre. Obviously it is important
that this yield limit be determined, and it will probably be necessary to
limit the amount of fish taken from a lake to conform with it.

Several factors within the fish population may prevent a lake from produc-
ing a maximum crop of fish. Surveys should include a study of the existing
conditions of the fish population not only to determine the species present
but also to determine the predominant age groups and the growth rate of
the important species. The ratio of forage fishes to predacious fishes must
be established, since forage fishes are a basic food supply for predacious
fishes. The ratio between the two-year, three-year, and other age groups
of the predominant species must also be determined.

As we mentioned earlier, some lakes are overpopulated with small fish
and have too few big fish. In many fertile lakes that support a sizable fish
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population, heavy selective fishing keeps the number of large individuals
in the game fish population reduced to a low level. However, population
balances are difficult to regulate because such regulation involves restricted
fishing. If fishermen could be induced to remove small game fish in proportion
to the number of large individuals they catch, the competition within younger
age groups would be relieved and a satisfactory growth rate would probably
result. The average fisherman, however, can hardly be expected to follow
such a radical procedure. Nor does this method take into consideration the
populations of non-game species that are little affected by fishermen but
that should likewise be controlled.

A very serious problem for lake management is the lowering of lake levels
through drainage projects and drought. The lowering of lake levels creates
oxygen deficiencies in the winter and reduces game fish lakes to bullhead
lakes, or it may even make them unsuitable for any species. The extent
of the problem is indicated by lake surveys, which thus provide another
basis for the management of lakes for fish production.

Finally, water pollution is a factor that has become of greater significance
in the past twenty-five years. Pollution is not something new, but with the
tremendous increase in the human population the problem has become more
serious. All forms of pollution — from agricultural, domestic, and industrial
sources — have increased. The topic is the subject of many books and
appears daily in the news media. Recent legislation, stimulated by public
outcry, may prevent further increases in pollution and perhaps will help
make it possible to restore better quality to polluted waters. It remains to
be seen whether the public is willing to make the sacrifices and to pay
the increased taxes and costs that go with water treatment. In addition to
managing the sport fishery, the aquatic biologist today must also contend
with the problems of maintaining water quality in lakes, rivers, and streams
under his supervision,



Improvement of Lakes and Streams

Most of the problems in fish conservation are concerned with the factors
that result in poor fishing. Because of the ever-increasing pressure by
fishermen, maintenance of good fishing conditions becomes imperative, and
the improvement of waters for better fishing is one of the fundamental goals
of fish management. Lake improvement consists of activities to restore or
to enhance any of the environmental or ecological conditions which affect
the fish species for which the lake is managed.

As we have seen, food production is one of the most important factors
determining the amount of fish a lake will produce. It is possible to increase
the natural fertility of many lakes by adding commercial fertilizers or even
ordinary barnyard manure. The proper use of these substances increases the
productivity of the lake in food and consequently in pounds of fish. Unfor-
tunately the increase is a short-term one because many of the added nutrients
are quickly lost to the sediments at the bottom of the lake. In Europe fish
ponds have been fertilized for centuries, and continuous research has been
carried out in Israel on the relation between the use of fertilizers and the
yields of carp and other fish from managed ponds. Wiebe (1931) and others
have shown that certain commercial fertilizers increase the yield in rearing
ponds, and fertilization is now a standard practice in pond operations.
Although a few Minnesota lakes have been fertilized, no check has been
made to determine the results; studies in other states have indicated that
the benefits are evident for only two or three weeks before the additional
nutrients become incorporated into the sediments.

Many northern lakes are too far from any source of commercial fertilizers
for the use of them to be feasible. Moreover, in Minnesota the large size
of some lakes that might otherwise be profitably fertilized makes the expense
prohibitive. In addition, the problem in the present era is frequently one
of reducing the influx of nutrients from summer homes and untreated sewage.
The increase in fish production, while a primary goal of the fishery scientist,
must be consistent with other recreational uses of the body of water. Increased
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fertility promotes the growth of rooted aquatic plants, which the cottage
owner may find undesirable near his swimming beach, and an increased
algal population may produce obnoxious ‘‘blooms.” Changes in fertility
may also alter other characteristics of the lake and result in a change in
the species composition of the fish population. At present it would appear
that the addition of fertilizers for the purpose of increasing fish production
is best restricted to small, easily managed bodies of water such as ponds.

In some waters the food supply may be increased by introducing forage
fishes that do not compete with the species already present and so do not
disturb the balance. Such a procedure has been followed in some northern
trout lakes where tullibees were absent. Lake Superior ciscoes, which feed
on material not utilized by trout, were introduced to provide additional food
for the trout. Although the ciscoes were introduced only a few years ago,
they have multiplied to such an extent in some lakes that fishermen occasion-
ally complain that the trout will not bite because they are too well fed.
This step is only the first one, but it seems to indicate the success of the
procedure. In time presumably the lake trout population will grow and eventu-
ally the trout fishing will be greatly improved.

A good many remedies have been suggested to prevent the serious problem
of winterkills which occur when the water in a lake does not contain enough
oxygen to maintain fish all winter. Cutting holes in the ice to allow surface
aeration has been tried, but this method does not allow sufficient oxygen
to enter the water and, as mentioned earlier, the diffusion or spread of oxygen
in the water is so slow that the effects are not found more than a few inches
away. (The limited effectiveness of surface aeration is evident in the summer
when, although the entire lake is exposed to the air, fish-kills sometimes
occur because the plants have become so abundant that under special condi-
tions their respiration reduces the oxygen to very low levels.) In addition,
large numbers of fish force their way into the area directly below the holes
and smother as a result of overcrowding. Furthermore, in a winter climate
like that of Minnesota the holes quickly freeze over again. The remedies
for oxygen depletion as well as the factors involved have been discussed
in detail by Greenbank (19453),

One remedy that is practical where small bodies of water are involved
is to clear the snow from large areas of clean ice. Removing the snow
allows sunlight to penetrate to the plants below, enabling them to keep up
the liberation of oxygen. In several lakes where this procedure has been
tried, it has been successful. But clean ice is not always available. If there
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is a snowfall very soon after the permanent ice has formed on a lake, the
weight of the snow depresses the ice and water comes up through the cracks,
producing a slush surface. The slush then freezes, forming an opaque ice
layer which reduces the light penetration and therefore the oxygen production
of the aquatic plants. Ice cores we have examined indicate that several opaque
layers may be formed during any given year.

Oxygen depletion may also be prevented by removing excess vegetation
along the margin of the lake before the freeze-up. Although vegetation usually
functions to increase the oxygen supply, it becomes one of the heaviest
oxygen consumers when it dies and decomposes. There are usually enough
microscopic plants in the open water to liberate oxygen so that the lake
will not suffer if the large aquatic plants and water weeds are taken out.
The method of removing excess vegetation has been followed in a number
of states, particularly in Ohio, to prevent summerkills as well as winterkills.
It is expensive, however, because it requires considerable labor and special
machinery. If Minnesota had only a few lakes in danger of oxygen depletion,
vegetation removal would be feasible. However, in a state with hundreds
of lakes in this condition — and some of them of enormous extent — this
method is far too expensive for general use. Furthermore, very careful studies
would be required to ascertain whether the removal of the vegetation would
upset the chemical or nutrient cycle and produce other detrimental effects.

Various other approaches to the problem have been developed. For
example, there are aerators on the market which operate on the general princi-
ple of pumping air through the water and then circulating the water by propel-
lers or other devices. The aeration method is effective over a limited area,
but it seldom improves the oxygen conditions more than 50 feet away. As
a result, pumps may be beneficial and feasible on a small lake or a pond,
but a hundred or more pumps might be necessary to maintain the oxygen
in a lake of considerable size. Moreover, some of the pumps are expensive
to operate, and many of them require considerable attention lest they freeze.

In some lakes raising the water level a few feet seems to be the best
remedy. In many lakes now suffering from low-oxygen conditions this would
provide a sufficient volume of water to hold the necessary oxygen supply
through the winter. The procedure is particularly effective with lakes (such
as Big Kandiyohi Lake in Minnesota) which fell many feet during the drought
years of 1932-1935 and which have never regained their former levels. If
the water levels of these lakes could be restored and maintained, oxygen
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might once again be retained in sufficient quantities to hold fish over the
winter.

Remedying oxygen depletion is very difficult. There is no definite amount
of oxygen that can be said to be absolutely necessary to sustain fish life.
Moreover, fish species differ greatly in their requirements. Unfortunately
most game fishes require more oxygen than many rough fishes do; hence
often the game fishes die while the rough fishes survive. When the oxygen
supply is reduced to about one-third of the amount normally present in the
summer, the fish population is in danger. At times fish survive on much
less, but at other times they die when this point is reached. These differences
are probably related to the condition of the fish and to the temperature and
other conditions of the water. A careful study of the oxygen supply in various
lakes during the late winter can be made to determine when the supply
will approach the critical point. Often in cases where the oxygen is disappear-
ing rapidly there is no immediate or practical remedy. If no means are avail-
able for the application of some method of aeration, the only procedure
left is to rescue or salvage as many fish as possible before it is too late.

Another aspect in which many lakes can be improved involves the spawn-
ing conditions. Conditions for natural propagation should be maintained at
the highest possible level in order to maintain natural reproduction. Keeping
up natural reproduction is much cheaper than undertaking artificial propaga-
tion and stocking. For gravel-nesting species, gravel beds should be con-
structed in lakes with muddy shores. In lakes with very soft mud bottoms,
boxes of sand may be placed for bass nests. Bluntnose minnows, one of our
most valuable forage fishes, deposit their eggs on the underside of submerged
objects; their production can be greatly increased by placing spawning boards
in shallow water. The protection of spawning beds from disturbance during
the season when the adult fish are on the nests is important. Several bays
containing good spawning beds will produce as many fry as the best rearing
pond.

The control of rough fishes is another important step in lake improvement.
Species such as carp and dogfish may compete with the more desirable species
or may destroy the conditions necessary for them. In some states carp are
used as forage fish because they multiply rapidly and produce a large amount
of food for game species. However, Minnesota and several other states cannot
follow this plan because of the destructiveness of carp in northern lakes,
long proved by their devastation of vegetation and of the feeding grounds
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and the spawning beds of other fish. In this way carp have already eliminated
most other species from some lakes in southern Minnesota. The only sure
way of exterminating the carp in a lake would be to kill every fish in the
lake with dynamite or with some poisonous chemical. This procedure is
expensive and does not ensure against the reintroduction of carp, which
may occur through the use of young carp as bait. The present method in
general use is to control them by seining, by trapping them on their favorite
spawning beds, and by screening inlets where they may be gaining access
from other waters. They are exceedingly prolific, which adds to the difficulty
of controlling them.

Proper vegetation in a lake is necessary for successful maintenance of
the fish population. Vegetation is not only an important agent in oxygen
production but also shelters small fish and is the basis for the food of all
fish. The shore waters of many lakes have been cleared of all types of
vegetation, particularly in front of cottages and around bathing beaches.
These clean sand bottoms may be ideal for bathing, but they are deserts
as far as fish food and fry production are concerned. At the other extreme
some lakes in the late stages of eutrophication are literally choked with veg-
etation. The vegetation may become so thick that it fills in the open water
and prevents free movement of the fish. It may result also in an accumulation
of decaying plant waste during the winter, which uses up the oxygen and
causes winterkills. In some lakes conditions may be improved by restoring
or increasing the arcas of vegetation, in others by removing the vegetation
and restricting its growth. Each lake seems to be a special case and must
be examined in detail before a solution is proposed because the results of
the “‘cure’ may be even worse than the problem. There are examples of
lakes that have become practically fishless because of the overzealous removal
of rooted aquatic plants.

Low and fluctuating water levels are one of the most serious obstacles
to fish production in many northern lakes. In some lakes the levels have been
lowered by drainage; in others the summer water supply has been reduced
by the removal of surrounding forests which had acted as reservoirs. Many
lakes are subject to great fluctuations in their levels because of power dams.
Today we have the additional problem of thermal changes associated with
discharges of warm water into rivers and lakes from industrial sites. The
lowering of water levels in moderately shallow lakes may reduce the
volume of water to such an extent that the lakes become subject to winter
oxygen depletion. Some lakes lose their fertile marginal bottoms, which
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are replaced by the less productive muds of the deeper bottom deposits.
Lakes subject to frequent fluctuations caused by dams are always in danger
of having important spawning beds left high and dry at a critical time. They
are also subject to frequent destruction of their most important food produc-
tion areas. Under such conditions no lake can produce its maximum yield
of fish. In order to maintain the maximum fish production every effort should
be made to keep lake waters at their normal levels.

Streams differ from lakes mainly in the conditions caused by the current,
the absence of great depths, and the absence of complications caused by
stratification. Lakes depend primarily on vegetation for their oxygen supply,
but streams secure much of their oxygen from the atmosphere through the
action of the currents. Streams also differ from lakes in that they have a
continual supply of nutritive salts and other elements washing in from land
sources.

Many streams in Minnesota have deteriorated as a result of manufacturing,
agricultural, and lumbering operations, and they are no longer supporting
the fish populations they once carried. Because of the numerous lakes
available, our warm-water streams were neglected until the increasing
popularity of canoeing led to renewed interest in them; nevertheless, it is
still possible in many cases to rehabilitate fishable streams. The restoration
of good fishing in these streams and rivers would also help to relieve the
fishing pressure on the lakes.

Scientific surveys of streams are essential before any major improvement
can be attempted. Data on the source, the volume, and the chemical condi-

tions of the water and on temperature, shade, food organisms, depth, bottom
types, pools and rapids, and present fish populations should be secured first

in order to isolate the conditions requiring correction. In recent years detailed
biological surveys have been carried out by the Department of Natural
Resources on many of the large streams in the state, for example, the Cloquet,
Crow Wing, and Snake rivers.

Streams may be divided into a number of types. Small streams are usually
swift; large streams tend to be slower and often have deep, pondlike areas.
Streams may contain cold water or warm water, depending on the source
and the local conditions of shade, depth, and current. Cold streams are usually
suitable for various species of trout. Warm streams are not suitable for trout,
but if large enough they can support largemouth and smallmouth bass,
sunfish, channel catfish, bullheads, and various species of suckers. In the
largest streams many additional species may be found, particularly those
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that prefer quiet waters and muddy bottoms (large catfish, buffalo, gars,
carp, sheepsheads, and paddlefish).

Pollution, loss of cover, erosion, and extreme fluctuations of the water
levels caused by extensive drainage and by the cutting of moisture-retaining
forests have combined to render some streams unsuitable for the support of
large fish populations. In many streams unrestricted seining of minnows has
destroyed the food and the spawning and feeding grounds of game fishes.
All these conditions must be remedied in order to restore such streams to
their former productivity.

Trout streams have been surveyed and some attempts at improvement
have been made where feasible. Because of their small size, most trout
streams are easier to work with than are the larger rivers. Detailed instructions

for surveying and improving trout streams have been given by investigators
such as Hubbs, Greeley, and Tarzwell (1932), Davis (1938), and Needham

(1938).

Improvement involves remedying the conditions found to be the most
unsatisfactory to the extent that the results justify the expense. Most important
is the maintenance of a flow of water uncontaminated by warm water, sew-
age, or refuse from industrial operations. Silt from eroded watersheds must be
reduced because it smothers food organisms, destroys spawning beds, fills
up pools, and sometimes even smothers the fish themselves. The silt in
streams can be controlled by stopping soil erosion in the cultivated fields
of the drainage basin. Siltation as a result of intensive cultivation adjacent
to the streams is a major source of our present problems. The construction
of deflectors and various types of dams may direct and concentrate the stream
currents so that they will sweep silt downstream and will also wash out
holes, providing deeper waters for the larger fish, but unless these structures
are constantly maintained nature destroys them in a few years. In some
instances beavers use these man-made structures as the foundation for their
dams and hence defeat the human engineer. In the case of small streams
which are so shallow that they freeze to the bottom in winter, judicious
regulation of current and depth is required to eliminate deep freezing.

In many trout streams the maintenance of low temperatures in the summer
is one of the greatest problems. Trout do best in water with summer tempera-
tures ranging from 50° to 65° F. The destruction of shade along the banks
may allow the sun to warm the water until the temperature is too high for
trout. In such places shade can be restored by planting trees or shrubs, and
the stream can be narrowed and the current forced into the shady part. A
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cover of bushes and brush can be pulled over the stream. The water can
be further cooled by cleaning and enlarging the lateral feeder springs. The
few streams that are too cold may be warmed by widening them with dams
to spread out the water and expose it to the sun.

Spawning conditions can be improved in almost every stream. All trout
require coarse gravel for spawning. In streams with bottoms of soft mud
or sand, spawning beds of coarse gravel should be constructed at intervals,
Spawning conditions can be further enhanced by opening small lateral feeder
streams and building spawning beds in them.

Food production is of as much concern in stream management as in lake
management. Most of the aquatic insects that form an important part of
the diet of trout, for instance, are produced on beds of coarse gravel and
small boulders, while sand and solid rock beds are low in food production.
Weed beds on silt bottoms produce large quantities of small crustaceans
and Insects and are important assets for increased productivity. For best
results a trout stream should have ample feeding beds with sheltered water
easily accessible. Good trout waters usually have alternate pools and rapids.
Although long straight stretches of swift water often produce abundant food,
they are usually barren of trout because they do not offer pools for shelter.
Pools can be made by damming the stream with logs and rocks in locations
sheltered with overhanging banks or logs. If the pools are too deep, suckers
and other fish may enter and compete with the trout for food and space.
Too many pools may result in a shortage of the swift water in which many
food organisms develop. Small trout, on the other hand, need weed beds
for feeding and cover, and such beds are best developed in the feeder streams.
When streams have so much vegetation that they are partly choked by it,
some of the cover should be removed.

In some streams rough or undesirable fish are an even greater problem
than in lakes. In large streams that are silted and muddy game fish tend
to become scarce and rough fish very numerous. It is difficult to control
the numbers of rough fish present in a stream because they can enter an
area from either downstream or upstream except where impassable dams
are present. Continual removal is the only practical solution, although it
can be supplemented by encouraging predatory game species.

The procedures for improving warm-water streams are similar to those
for improving trout streams and involve many of the same considerations.
The existing conditions must first be measured in order to determine what
needs improvement. Clean water is always necessary, and undisturbed feed-
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ing and spawning areas should be provided. Wherever possible, pools and
sheltered areas should be created and protected. When these conditions have
been developed as much as possible, the streams should be stocked with
the desired species of game fish and panfish. If these fish can become estab-
lished, they may aid in reducing any surplus of rough or forage fish. In
all cases the cost of improvement must be considered in order to determine
whether the results will justify the expenditures.

Although fish population imbalances can constitute a problem in streams,
the problem is not usually as serious as in lakes. Streams, like lakes, have
a limited productivity and can support only a certain amount of fish, but
if this amount is exceeded and competition becomes too great, it is usually
possible for stream fish to escape to areas of less competition. The tendency
of many species to move upstream or downstream, often for great distances,
makes continued stocking necessary in some heavily fished areas. There
is much less danger of overstocking in streams than in lakes.

Another method by which lakes and streams have been improved is the
introduction of fish species that were not originally native to those lakes
and streams. There is a type of lake referred to as a “‘two-storied’’ lake,
one in which walleyes and other spiny-rayed or warm-water fishes live in
the warm surface waters and rainbow trout live in the cold deep waters.
These lakes are generally very clear and quite deep, usually over 80 feet,
with a narrow fringe of beach supporting a meager growth of rooted aquatic
plants, and they have a large volume of cold water in the hypolimnion.
Long Lake in Clearwater County is a lake of this type. Long Lake and
others like it originally supported only walleyes, bass, panfish, and a few
northern pike, but surveys by the Department of Natural Resources showed
that the deep waters were cool enough and contained sufficient dissolved
oxygen throughout the year to support rainbow trout. Rainbow trout were
stocked as fingerlings in the early summer and within a few years reached
weights of up to 7 pounds. They have not succegded in spawning in the
lake, however, so it has been necessary to restock the lake at regular intervals
to maintain the population. Since the initial success of experiments of this
type, a number of lakes elsewhere in the state have been stocked with trout
and managed for trout as well as the native fishes. While there are no data
available on production, it appears that the addition of trout has increased
the overall yield to the angler and bas provided the angler with a sport
fish that is very highly prized.

Similarly the Department of Natural Resources has planted brook trout,
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brown trout, and rainbow trout in many streams throughout the state where
detailed studies have shown conditions for trout growth and survival to be
very good. Many of these streams, such as the Straight River in Hubbard
County and the Clearwater River in Beltrami and Clearwater counties, are
known for excellent fishing and large fish. Other streams, particularly small
spring-fed brooks, afford some of the best brook trout fishing in the entire
state, in some cases surpassing the trout streams along the north shore of
Lake Superior. In a few instances the trout have been able to maintain their
populations by natural reproduction, but more often the populations have
had to be supplemented by annual stocking. A list of these streams and
other trout streams in the state has been prepared by the Department of
Natural Resources to provide the public with information on their locations
and the actual mileage that is managed in the various streams.

A number of new species have been introduced in Minnesota lakes to
augment the native fishes. The grayling has been stocked in a few small
lakes in Lake and Cook counties, and a fast-growing variety of the rainbow

trout, the Donaldson, has been introduced in several lakes. Most fishermen
are aware of the much-touted introduction of coho salmon in Lake Superior.
Other species of fish have been introduced, all cold-water species and mem-
bers of the salmon or trout family. The success of these introductions has
yet to be determined in most instances, but they do represent a continuing
effort on the part of the fisheries scientists in the Department of Natural
Resources to improve and augment fishing for the thousands of fishermen
who live in Minnesota and the additional thousands who visit the state each
year.



The Natural Diet of Fish

The food of the various fish species ranges from microscopic algae and
protozoans to ducklings and small muskrats. Only a few fishes have restricted
diets; most utilize a wide range of food sources and usually eat whatever
is most readily available within that range. Many fishes are omnivorous,
eating both plant and animal matter. Some are mainly insectivorous, while
others are predacious or piscivorous. Still others feed almost exclusively on
plankton or are strictly herbivorous, eating only plant food. The diets often
change with the age of the fish and sometimes with the season of the year.
As a group, fish eat several thousand kinds of food, and in this chapter
we will describe only the main types of foods or the most common forms.
Many of these common forms are not recognized by fishermen and others,
to whom they are just bugs or grubs. Although common names have been
given to some of them by biologists, these names are of little help if they
are not known to the layman. Consequently, we have used anglicized scien-
tific names or generic names for most of the food organisms because many
people do not know them by any common name.

The basic type of fish food is plankton. Years ago few people had ever
heard this term and even fewer knew what it meant. Today the vast number
of popular articles on water purity and pollution published in magazines
and newspapers have made it almost a household word. Plankton is a collec-
tive term covering a vast conglomeration of microscopic or semimicroscopic
plants and animals that live a free-floating or drifting existence in more or
less open water. The planktonic animals are only feeble swimmers at best.
In an ecological sense the plankton constitutes an independent community
with its own producers and consumers. The microscopic plants, mostly algae,
utilize dissolved nutrients in the water, and sunlight enables them to convert
the nutrients into their body substance. Some algae are minute one-celled
forms, others are filaments. The higher algae, which live on rocks and sticks
in long strands often several feet long, are not classified as plankton, but
they are used as food by some fishes. The algae (phytoplankton) furnish
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food for minute animals (zooplankton) which in turn are food for still larger
animals until the ultimate consumers are fish. Plants and animals of the
plankton at all levels of the food chain die and settle to the bottom to become
food for those animals restricted to bottom life. The community of organisms
associated with the bottom is called the benthos or the benthic community.

The protozoans are the lowest level of consumers among the planktonic
animals and feed on the algae and the organic detritus from the decay of
various planktonic forms. In the next level of consumers are many species
of minute rotifers which teem in the plankton, feeding on algae and pro-
tozoans. In this same food level we find large numbers of tiny crustaceans
(Entomostraca) and a few insect larvae which feed on all the lower levels.
Plankton flourishes in lakes and ponds and in quiet waters of large rivers.
Strong currents are unfavorable for plankton.

The growth of plankton depends on the nutritive quality of the water.
Water rich in nutrients such as phosphorus and nitrogen may have so much
plankton that it becomes turbid. A great increase in some kinds of algae
may cause it to float to the surface and to form heavy scums or algal blooms.
Sometimes the plankton may become so dense that it causes oxygen
depletion, and large quantities of senescent plankton settling to the bottom
tend to hasten eutrophication.

Plankton constitutes the basis for most of the food production of lakes
and ponds and to a more limited extent that of rivers. In these waters plankton
or its equivalent is food for nearly all fish in the first few weeks of life
and for the adults of quite a few large species. Adult paddlefish, for instance,
feed mainly on plankton strained from the water by means of their fine
gill rakers. The senescent plankton settles to the bottom and forms a rich
ooze on which many small benthic animals browse until they in turn become
food for fish.

The tiny planktonic crustaceans are often referred to as entomostracans.
At one time this was a scientific name reserved for certain minute crustaceans,
but today it is also in common use as a term referring generally to all small
crustaceans. Most entomostracans fall into two groups, the cladocerans and
the copepods, although there are several larger crustaceans that also occur
in plankton.

The cladocerans include a large number of species, some of which are
true plankton forms while others live in the weeds and on the bottom ooze.
Practically all are eaten by fish. The most common and best known are
the several species of Daphnia (Figure 1). These are often abundant in plank-
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ton along with a number of other common species of cladocerans that are
important food items for fish (Figure 1). The large Daphnia are visible
to the naked eye, but they very rarely exceed 1/16 inch in size. Many of
these tiny cladocerans can be seen in a vial of water held to the light. We
have found large predacious fishes such as crappies and lake trout gorging
on them. They are cultured in fish hatcheries to feed newly hatched trout
fry. The largest of the cladocerans is Leptodora, an elongated form nearly
an inch in length, which in midsummer becomes quite abundant in the plank-
ton of warm lakes.

Fig. 1. Cladocerans common in Minnesota lakes. Left, Daphnia; right, Bosmina.

The copepods are another important group of entomostracans present in
plankton. Although some species of copepods live on the bottom, several
species are common as planktonic forms. They are jointed animals with
many legs and are usually less than 1/8 inch in length. They are eaten by
nearly all young fish and are important food even for adults. Stomachs weigh-
ing 8 to 10 pounds have been removed from paddlefish and have been found
to contain nothing but copepods. The most common copepod species are
those of the genera Cyclops (Figure 2) and Diaptomus.

In the deep waters of Lake Superior and a few inland lakes such as Lake
Saganaga, we find Mysis (Figure 3), a shrimplike animal belonging to the
higher crustaceans. It is only about 1/2 inch in length, and although it may
be found near or even on the bottom, we usually find it in open water
and consider it as a plankter. It is an important food item for many deep-water
fishes such as lake trout and whitefish.

Plankton plays only a small part in the tood production of small rivers
and streams where there is little quiet water to promote its production. The
food material in small streams is primarily from two sources. Because of
the proximity to land, terrestrial items including vegetation, leaves, seeds,
and insects furnish one source of food. The other source is within the stream
itself. On any solid object — a stone, a stick, or a log — microscopic plant
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life, primarily diatoms and algae, forms an adhesive slimy covering called
the periphyton. Some small fish browse on the periphyton, but it is most
important as food for worms, snails, and many browsing aquatic insects
which in turn are food for fish. Beds of higher plants such as watercress
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Fig. 2. Cyclops, a common planktonic crustacean

Fig. 3. Mysis relicta, a crustacean found in Lake Superior and Lake Saganaga
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support a large number of immature insect forms and higher crustaceans
(Amphipoda), which are also food for fish. Although streams are capable
of producing considerable fish food, the amount varying with depth, bottom
type, and current, they offer much food derived from the adjacent land
sources. The deeper and quieter pools of streams and rivers have productive
bottom oozes that support a variety of aquatic insects, worms, and small
mollusks.

In both lakes and streams a vast number of species of animals live on
the bottom and practically all are eaten by fish. Because of their size, the
minute bottom forms related to those found in plankton are not as important
as the worms, snails, and larger crustaceans and the many kinds of adult
and immature insects, The shallow bottoms of lakes and streams down to
depths of about 10 feet support populations of food animals when the bottoms
are rich in ooze, and the ooze-browsers constitute the basis of food produc-
tion. In creeks and small streams lacking ooze bottoms, the food basis may
be the minute plant forms (diatoms and algae) which form a coating of
ooze on rocks and other objects. In these streams an additional large food
contribution comes from the land animals that fall into the water. The shallow
marginal waters of lakes produce the bulk of the food there. Beyond the
depth at which water weeds grow, food production becomes less as the
depth increases.

The bottom ooze, which is of organic origin, is converted into animal
food by various browsing organisms. Aquatic worms are some of the most
common browsers. Although related to the common terrestrial earthworms,
the aquatic worms are much smaller; some fish eat large numbers of them.
The leeches, commonly called bloodsuckers, are another kind of worm.
While many are capable of sucking fish blood, they are not very important
in this regard. The largest leeches stretch to a length of over 10 inches,
and we often see them swimming with undulating movements in northern
lakes. Many of the large leeches do not feed on blood but on bottom ooze.
Some of the smaller species are predators on snails. When the larger leeches
are abundant in midsummer, northern pike, walleyes, and even black bass
gorge on them. The leeches are quickly killed by the powerful digestive
juices of the fish. Some bait dealers now stock large leeches for bait.

Mollusks are part of the food chain in both lakes and streams. Large
clams, mussels, and snails are not very important as fish food, although
the larvae of clams are natural fish parasites. Small clams and snails are
eaten by many fishes, some of which eject the shells while others do not.
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Many small species of snails (about 1/4 inch in size) feed on the ooze and
the microscopic plant growth covering sticks, stones, and water weeds in
the shallow waters of streams and lakes. Minnows, perch, sunfish, and many
other fish feeding in shallow water nibble eagerly on these snails. The only
clams eaten to any extent by fish are the tiny fingernail clams, the most
important of which are species of Pisidium and Sphaerium (Figure 4). The
Pisidium species are tiny clams, usually not over 3/16 inch in size, which
are often abundant on the bottoms of very deep lakes; they are one of the
tew food organisms living on the bottom ooze of Lake Superior below depths
of 400 feet. Lake trout and other deep-water fishes eat large numbers of
these clams, The Sphaerium species are larger forms, up to 1 inch in length;
these forms are common in streams and in the shallow waters of lakes.

Fig. 4. Fingernail clams found in Minnesota waters. Left, Pisidium; right, Sphaeriuim.

The more important crustaceans which live on the bottom and serve as
food for fish are not minute entomostracans but the larger and more advanced
forms which are either ooze-browsers or scavengers. One group consists
of the amphipods; they are small, usually less than 1/2 inch in length, and
live in the ooze or on the water weeds. The most common amphipod is
the small Hyalella (Figure 5), which swarms by the millions on the shallow
bottoms and the water weeds of all Minnesota lakes. If water weeds are
shaken in a pan of water, the abundant Hyalella can be seen swimming
about on their sides. The amphipods furnish an almost inexhaustible food
source for sunfish, perch, young game fish, and others feeding near shore.
A similar amphipod, Gammarus, sometimes occurs in Minnesota lakes, but
it is usually most abundant in the weed beds of small streams, especially
in watercress beds of trout brooks where it may be a major item in the
diet of stream trout. In Lake Superior and most very deep inland lakes with
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Fig. 5. Hyalella, an amphipod common in many Minnesota lakes

oxygen at the bottom, we find the deep-water amphipod Pontoporeia at depths
over 100 feet. This amphipod is an important food for lake trout and other
deep-water fishes.

Other large crustaceans include Mysis, already described in the discussion
of plankton, and the crayfishes (Figure 6), which are sometimes incorrectly
called crabs. Several species of crayfish are common in the shallow waters

Fig. 6. Crayfish Orconectes, an important food item in the diet of
bass, walleyes, and perch
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of hard-water lakes and streams; they are also abundant at greater depths
and are frequently seen by skin and scuba divers. Crayfish up to 6 inches
in length as well as small juveniles are eaten by almost all game fishes
feeding in marginal waters. The crayfish themselves are scavengers which
feed on both plant and animal matter. The tail portion is an excellent fishing
bait. Until they produce a hard “‘skin,”’ they are known as soft crayfish,
the type which is considered best for bait. Black bass, northern pike, and
walleyes eat both hard-shell and soft-shell crayfish. Sunfish, crappies, rock
bass, and perch gorge on any small ones available. Even large brown trout
seem to relish crayfish.

Insects form a very important part of the diet of most fishes, large and
small. All aquatic insects are eaten by various fishes, and many terrestrial
insects also become prey when they fall into the water or fly too close to
the surface of it. Four groups or orders of insects are known as aquatic
orders; although the adults are terrestrial flying forms, they deposit their
eggs in the water, and the resulting immature stages are strictly aquatic,
Most of these live in the water for about a year before becoming mature
flying forms. Other orders of insects have members that live in the water
both as immatures and as adults. Orders such as Diptera (flies) have certain
species that deposit their eggs in the water, and the resulting larvae are
aquatic until they emerge as adults. The larvae are carnivorous and feed
on all sorts of bottom animals. The nymphs of the order Odonata, containing
the dragonflies and the damsel flies (Figure 7), reach a length of several
inches. They crawl onto the shore or upon the weeds and shed their skins,
emerging fully developed for flying. Perch, sunfish, and many other fishes
prowling in the shallow water consume large numbers of the nymphs.

The order Ephemeroptera, containing the mayflies (Figure 8), is another
aquatic order. The immature nymphs live for about a year on the bottom
in relatively shallow water in streams and lakes. In Lake Pepin and other
large lakes, they are extremely abundant and usually emerge at the same
time. All predacious fishes and various bottom-feeding fishes eat large num-
bers of them. The nymphs are usually distinguished by three caudal filaments
and a row of fuzzy giils on each side of the abdomen. Some live on sticks
and stones, others bury themselves in the ooze. The adults live only about
a day, just long enough to mate and drop their eggs in the water. They
are attracted to lights; during a heavy emergence, dead ones sometimes pile
up under the streetlights in river towns and create a traffic hazard. At times
they are so numerous that housewives are forced to hang their laundry
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indoors, and freshly painted houses become a mess. Some of the species
living in small streams emerge in a premature state and fly to nearby trees
or bushes to complete their final molt. They then mate, drop their eggs
in the water, and die. Thousands may be strewn over the water where the

Fig. 7. Larvae of order Odonata. Top, damsel fly larva, botrom, dragonfly larva,
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Fig. 8. Mayfly nymph (order Ephemeroptera)

eager fish devour them. Lures for fly fishing are often made to imitate both
adult and immature mayflies.

The caddis flies of the order Trichoptera all have aquatic larvae. They
prefer the shallow water of lakes and streams, where they live on rocks,
sand bottoms, and soft mud bottoms. The adults are mothlike flying insects
that hide on tree trunks or bushes near the water during the day and become
active at night. They live about a month as adults, depositing their eggs
on the water. The resulting larvae are grublike forms with short legs just
behind the head. The larvae of various Trichoptera species build many differ-
ent kinds of cases. Some possess glands that produce a silk material with
which each larva constructs a case around itself, leaving only the head end
protruding. Sticks, tiny shells, sand grains, small pebbles, and bits of vegeta-
tion are used by other species to make cases (Figure 9). Some species prefer
to live in swift water where they attach their cases of sand and pebbles
to rocks. One species builds a case equipped with webs or nets fashioned
to resemble wings which the larva uses to catch prey. Other species make
cases that look like bundles of tiny sticks; it is quite startling to see a bunch
of sticks slowly moving over a smooth mud bottom. Another species uses
tiny sand grains to build a coiled case that looks like a snail’s shell. Still
another species makes an elongated case of tiny sticks crossed in a symmetri-
cal log-cabin pattern. The larvae are seldom separated from their cases and
they even pupate in them. Many fishes feed on them, eating the cases along
with the larvae.

The stone flies form the aquatic order Plecoptera. The nymphs are
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restricted to swift water in streams and are well adapted for clinging to
logs and rocks. The adults are dusky insects with elongated transparent wings.
They are commonly found hiding under the leaves and the bark of trees
and bushes along most trout streams. The nymphs (Figure 10) reach a length
of about an inch and have well-developed clawed legs for clinging to the
underside of rocks and logs. Most nymphs stay well hidden, and they are
eaten by trout and other fishes only when they stray from their shelters.
They resemble some mayfly nymphs but can be readily distinguished by
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Fig. 10. Stone fly nymph {order Plecoptera)
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the presence of two long caudal filaments and by the thoracic gills. Lures
for fly fishing are often made to resemble the nymphs.

Most of the other orders of insects are primarily terrestrial, but many
of these orders have species that are wholly or partly aquatic, and some
are so abundant that they are important as fish food. The order Diptera,
which contains a vast number of species, includes many species that have
aquatic larvae — mosquitoes, blackflies, crane flies, horseflies, and many
others. Some of these live in shallow and sometimes foul water hardly suitable
for fish. The eggs of the nonbloodsucking midge Chaoborus develop into
“‘phantom’’ larvae, which are predacious members of the plankton of warm-
water lakes. These are transparent wormlike forms about 1/2 inch long with
a pair of black air sacs at each end of the body (Figure 11). Phantom larvae
are eaten by many fishes.

Fig. 11. *‘Phantom’ midge larva (Chaoborus)

The most significant aquatic members of the order Diptera are the gnatlike
midges or chironomids (Figure 12). These are the tiny midges or gnats that
often swarm in clouds near water, especially on summer evenings when
their nuptial flights high above the trees make a loud hum. At times they

Fig. 12. Chircnomid or bloodworm, the larval stage of a midge {order Dipiera)

are a nuisance on lakes such as Lake Vermilion at Tower, Minnesota. Great
windrows of cast skins and dead and dying adults may form on the beach,
attracting hordes of flies and producing a most unpleasant odor. At times
midges rival the mayflies in their swarming. There are many types of midges,
and they deposit their eggs in almost any water environment. The wormlike
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maggots live in the bottom ooze even at depths of 900 feet in Lake Superior.
They are ooze-browsers, and all fishes that feed on or near the bottom eat
large quantities of them. Some of the larvae found on deep bottoms deficient
in oxygen are bright red and are sometimes called bloodworms. The color
is from the blood pigment hemoglobin, which is slightly different from the
pigment in the blood of vertebrates. As a group the larvae of midges or
chironomids constitute a very important part of the fish food produced on
the bottom of lakes and rivers. No other group of aquatic insects is distributed
as widely or as abundantly as these.

The lacewing flies of the family Sialidae include several species that have
aquatic larvae. The best known is the Dobson fly, a large clear-winged
insect that may be found flying around lights near the water in southern
Minnesota on summer nights. The adult is about 3 inches long with very
slender jaws (about an inch long in the male but only half that long in
the female). The eggs are deposited on overhanging bushes and trees, and
the newly hatched larvae drop into the water and live under rocks and in
the mud until they pupate. They are commonly known as hellgrammites
(Figure 13) and are excellent bait for bass and trout.
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Fig. 13. Dobson fly or heligrammite (order Neuroptera)

The true bugs form the large order Hemiptera, all possessing leathery
wing covers and piercing, needlelike mouth parts. Although many species
are strictly terrestrial, others are wholly or partly aquatic. Some of the adults
live in water but are capable of leaving it and flying to other bodies of
water. The aquatic forms are predacious, and the larger ones can straddle
and sink their beaks into small fish and can even pierce a human hand.
The giant water bug (which can leave the water and fly about electric lights),
the water boatman (which skims over the surface), the back swimmers (which
swim upside down), the long and slender water scorpion in the weeds, and
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the spidery water striders (which skate on the surface) all belong to this
order. Although these forms are eaten by fish, we seldom find many in
fish stomachs.

The large order containing the beetles (Coleoptera) has a few families
with aquatic species (Figure 14). The adult diving beetles carry air bubbles
and swim under the surface, and the whirligig beetles gyrate on the surface
film. Some beetles are scavengers while others, such as the diving beetles,
are predacious and feed on all manner of aquatic animals including small
fish. None of these beetles ranks high in the diet of fish.

The foods of various fish species do not always include the aquatic animals
just described. Plants may be eaten at times. Plants play an important role
in the food chain and provide food for the animals that make up a large
proportion of the food eaten by fish. Many insects with no aquatic relatives
(for example, grasshoppers) are eagerly eaten if they fall into the water.
Frogs are eaten by most predacious fishes. The same is true for ducklings,
muskrats, and other small animals. Woe to the meadow mouse that falls
in the water if a northern pike, black bass, or trout is present. Minnows
and other small or immature fish furnish a large part of the diet of the
large game fish. The small fish are part of the food chain in which still
smaller animal forms and even plants are converted into food for game fish.

It 1s always wise to examine the stomach contents of your catch because
this will often give you a clue to the preferred natural foods of the species.
Armed with such knowledge on days when there is a long time between
bites or when you are about to go home empty-handed, you might try as
bait one of the items in the natural diet of the fish. The organisms in the
fish’s stomach may also indicate where the fish are feeding — in the shal-
lows, in the deeper water (on mayfly nymphs or bloodworms), or on the
reefs (on crayfish). You may be amazed at the varied contents of a fish’s
stomach.

Fig. 14. Larval stage of aquatic beetle Dytiscus (order Coleoptera)



Parasites and Infections of Fish

Fishermen are frequently disturbed when they find small yellow or black
spots on the fish they catch. These spots are caused by one or more of
a large variety of parasites with which almost all freshwater fish are infected.
In fact, it is unusual to find fish that do not harbor at least a few parasites.
With a single exception (the broad fish tapeworm, Dibothriocephalus latus)
these parasites are not harmful to human beings, but they can cause extensive
damage among fish populations. Some of the parasites are external, living
on the skin or the gills; others are internal parasites which live in the intestine
or in and among the various organs. Many larval forms are found as cysts
in the muscles and the skin.

Many adult parasitic worms live in the digestive tract and are usually
not discovered by the fisherman who discards the viscera without exploring
the contents of the intestine. The parasites most often detected are the larval
forms of worms encysted in the body or the viscera. The most conspicuous
are the larval flukes — the yellow grubs that live just under the skin and
the black grubs that live in the skin. Some tapeworm larvae appear as yellow
cysts in the flesh. Most flukes and tapeworms of fish have complicated life
histories, the adults living in one species and the larvae living in one or
more other species.

A wide variety of parasites attack the surface of the gills and the skin
of fish. The largest of these are the lampreys, which are primitive fishlike
vertebrates. The native Minnesota forms measure 6 to 15 inches in length,
while the marine lampreys of the Great Lakes grow to a length of several
feet. Lampreys attach themselves by their funnellike suckers to the skin
of the fish and rasp a hole up to several inches in diameter. They retain
their hold until gorged with blood, leaving the fish in a weakened condition
with a large gaping wound which often becomes infected by fungi and bac-
teria. These lampreys should not be mistaken for leeches, which are com-
monly called bloodsuckers in many regions, although many species of leeches
do attack fish. Some of the smaller leeches attach themselves to the gills
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and to the lining of the mouth and the opercle. Others fasten themselves
to the outer skin. If bloodsucking leeches are numerous, they can cause
considerable damage to the fish.

Tiny copepods belonging to the Crustacea may be found crawling over
the gills and the skin of fish, and some species burrow into the fins and
the gills. These parasites, which are sometimes called fish lice, also can
do much damage, if they are sufficiently abundant, because they leave the
fish emaciated and subject to fungus infection.

The larvae or glochidia of freshwater mussels are common skin parasites
of fish. Before the larval forms can develop into adult mussels, they must
pass through a stage as a fish parasite. The glochidia of some species of
mussels have toothed valves which enable them to bury themselves in the
skin, particularly that of the fins. The glochidia of other species have only
small toothless valves; these forms attach themselves to the gills and become
buried in the soft tissues. The glochidia remain on the host for several weeks
or longer, depending on the temperature. There is some question whether
they do much actual damage to the fish.

There are several species of microscopic protozoans that sometimes infect
the skin and the gills of fish, eventually causing death. Some of these are
large enough to be seen under a magnifying glass. When a fish is infected,
small spots and pustules appear on the skin. The infection can spread from
fish to fish as an epidemic. Minute flukes belonging to the flatworms also
infect the gills and the skin. Some of these cause serious losses in fish
hatcheries.

A common white fungus (Saprolegnia) may attack the skin of fish wherever
the protective mucous coat is broken by careless handling or by wounds.
This fungus is present in most warm waters and lives on dead animal matter.
It grows rapidly in warm water but does not thrive in cold water; hence
it 1s most prevalent in the summer. For some reason fish in natural open
waters are usually not infected with this fungus unless they are in a weakened
condition. However, fish in confinement are highly susceptible to it. The
fungus first appears as a white fuzzy patch, which spreads rapidly and unless
checked usually proves fatal. The most common remedy is a bath for about
two minutes or even longer in a 3 percent salt solution. Fish that are already
in bad shape may die under the treatment, but they would probably die
anyway.

Bacteria are another source of infection, causing fin rot, gill disease, furun-
culosis or boils, and various other diseases. They are usually more prevalent
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on fish confined in hatcheries or aquariums than on those in natural waters.
Davis (1937) describes many of these parasites in detail and cites the known
treatments.

Threadworms or roundworms (Nematoda) are very common internal
parasites of fish. They are slender worms, ranging from microscopic size
to several inches or more. Frequently they infect fish to such an extent
that the fish die or become emaciated and susceptible to other infections.
These worms can be distinguished from other fish parasites by their shape
and their lack of attachment spines. They usually occur in the digestive
tract but may be found in the body cavity and in cysts embedded in the
flesh and the viscera. As far as we know, the species found in fish are
harmless to man. Since they usually occur in the viscera, most of them
are discarded in dressing the fish. Spiny-headed worms (Acanthocephala)
also occur frequently in the intestines of fish. They resemble roundworms
in size but differ in other ways. They possess an anterior proboscis covered
with minute hooks by means of which they attach themselves to the wall
of the intestine. Often large numbers infect fish and cause considerable
damage.

The larval stages of a number of parasitic worms live in the flesh and

the skin of fish. One common species is the yellow grub (Clinostomum
marginatum), which is a larval form of one of the flukes or flatworms

(Trematoda). This worm appears as a yellowish swelling in or just under
the skin of fish such as rock bass and perch. The adult worm lives in the
mouth of the great blue heron and various other fish-eating birds. The eggs
pass into the water and hatch into free-swimming larvae (miracidia) which
enter snails. Inside the snails these larvae reproduce and eventually leave
as tiny free-swimming forms (cercaria); the cercaria burrow into the skin
of a fish and become encysted there, remaining until the fish is eaten by
a bird. In the bird the parasites complete their development and become
adult worms. They are harmless to man and do little damage to fish. They
are practically impossible to eradicate because it would be necessary to
destroy all fish-eating birds or all snail hosts.

Another very common parasite in northern fishes is the black grub
(Neascus), which causes black spots in the skin of perch, northern pike,
and many other fishes. This worm is another larval flatworm or fluke. The
adults live in the mouths of kingfishers, from which the eggs pass into the
water. As in the case of yellow grubs, the larvae find their way into snails
and eventually into fish, where they form black cysts in the skin and remain
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until the fish is eaten by a kingfisher in which they can compilete their develop-
ment. Frequently a fish is so heavily parasitized that it is fairly covered
with these black cysts. The parasite does not infect man, and the cysts can
be removed by skinning the fish. Fish that spend most of their lives in
open water and do not come near the shores where snails live are least
frequently infected with this parasite. In Lake Superior, where snails are
relatively rare, the parasite is not common.

Some tapeworms also have larval stages that form cysts in the muscles
of fish. The most common of these are several species of Triaenophorus,
which form elongate yellow worms in the back muscles of tullibees and
whitefish in inland lakes. The adult tapeworms live in the intestine of the
northern pike. The eggs are released into the water and develop into free-
swimming larvae (coracidia), which are eaten by copepods (Cyclops) in which
the larval procercoid stage develops. When the minute crustaceans are eaten
by a tullibee or a whitefish, the parasite is liberated and it burrows into
the back muscles, forming a large cyst enclosing the plerocercoid stage.
When an infected tullibee or whitefish is eaten by a northern pike, the parasite
develops into its adult form and attaches itself to the wall of the intestine.
This parasite is abundant in the lakes of northern Minnesota and Canada
and is responsible for the condemnation of large quantities of tullibees by
state and federal authorities as unfit for human food. There are other larvae
of related species that infect trout-perch and the livers of perch (with the
adult forms occurring later in walleyes). These parasites are harmless to
man. The waters of Lake Superior are not highly suited for northern pike,
and consequently ciscoes and whitefish from these waters are not heavily
infected.

Another common tapeworm is the bass tapeworm (Proteocephalus amblo-
plites), which is commonly found in both largemouth and smallmouth bass.
This worm lives as an adult in the intestine of the bass, and its eggs pass
into the water. The eggs contain a larval stage called the oncosphere. The
eggs are eaten by a small copepod, such as a species of Cyclops, and within
the copepod the procercoid stage of its life cycle develops. When the copepod
is eaten by a small bass or other fish, the parasite is liberated in the intestine
and undergoes further development, burrowing into the body cavity where
it forms a large plerocercoid. At this stage the parasite causes great damage
because it tends to destroy the reproductive organs, rendering the fish sterile.
When the infected fish is eaten by a large bass, the parasite completes its
development into an adult tapeworm in the intestine. In addition to rendering
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the bass sterile, the parasite causes it to become thin and vulnerable to other
infections.

The only known fish parasite capable of infecting man is the broad fish
tapeworm (Dibothriocephalus latus) originally found in northern Europe and
probably brought to this country by infected immigrants. It is a serious
menace to man but fortunately is prevalent only in limited localities in the
northern states. It has been found in walleyes, perch, and northern pike.
Human infection occurs only from eating raw or improperly cooked fish;
the parasite is killed and rendered harmless when the fish is thoroughly
cooked. The adult form of this worm lives in the intestine of man and some
carnivores. The eggs pass out with the feces and hatch into motile coracidia.
When a coracidium 1s eaten by a species of Cyclops, it develops into a
procercoid larva within the body cavity of the copepod. The copepod is
eaten by a walleye, a northern pike, or a perch, and the larva escapes and
burrows through the intestine into the flesh of the fish, where it encysts
and elongates into a plerocercoid. When the flesh is eaten by man or a
suitable carnivore such as a fox or a bear, the larva is released in the intestine
and develops into an adult tapeworm. In a few weeks, the worm is mature
and eggs appear in the feces of the host.



Anatomy and Physiology of Fish

All of our present-day fishes have a long evolutionary history of millions
of years. The ancestors of the lamprey go back to the Ordovician period,
aver 500 million years ago, and the remains of bony fishes are found in
rocks of Devonian age, which are 350 million years old. The anatomy of
modern fishes is highly specialized for an efficient aquatic life. All of the
fishes constituting our present-day fauna are modern forms, but some (the
paddlefish, the bowfins, and the gars) retain primitive ancestral characters.
In their long period of evolution and specialization some fishes lost or mod-
ified many fundamental structures such as fins, scales, and teeth.

Body shape varies greatly among the many species of fish, but the most
characteristic and least specialized shape is a streamlined or fusiform modifi-
cation of an elliptical or ovoid form. Some species (for example, the sunfish)
are thin and deep-bodied or compressed. Others (for example, the catfish)
are broad and shallow-bodied or depressed. The most extreme body shape
found among Minnesota freshwater fishes is the long slender anguilliform
shape of the eel. Body shape is correlated with the life activities of the
various species: fish with the shape of the trout or the salmon are fast swim-
mers and travel great distances; those with the long slender shape of the
gar or the northern pike are swift predators and lie in wait to seize their
prey. Those depressed like the sturgeon and the catfish are bottom-feeders,
while those with flattened, upturned mouths skim their food from the surface
of the water.

In describing fish certain general anatomical terms are used. Anterior refers
to the front or forward part of the body, and posterior refers to the rear
or hind part. Dorsal refers to the upper side or back, and ventral refers
to the underside of the animal (Figure 15).

The body of a fish consists of three parts: the head, the trunk, and the
tail. Fish do not have a neck, but the posterior margin of the gill cover
marks the end of the head and the beginning of the trunk. It is usually
difficult to determine where the trunk leaves off, which is at the vent or
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anus, and the tail or caudal region begins. The tail or caudal region is usually
defined as the region posterior to the vent which bears the tail fin or caudal
fin posteriorly. The tail fin, the tail, and the trunk musculature are important
organs of locomotion for most fishes, and the other fins are used for
stabilization, turning, or stopping.
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Fig. 15. Hypothetical drawing of a spiny-rayed fish. a, lower jaw or mandible,
b, premaxillary; c, maxillary; d, e, preopercle; f, interopercie; g, opercle;
h, subopercle; i, ventral or pelvic fin; j, pectoral fin; k, anus (vent);/, anal fin;
m, caudal peduncle; n, depth of soft caudal peduncle; o, caudal fin; p, lateral line;
q, soft-rayed portion of dorsal fin; r, spinous portion of dorsal fin; s, insertion
of dorsal fin; ¢, nape (occiput); i, cheek; v, eye; w, nostril (nares); x, snout;
¥, length of head.

Various body dimensions (Figure 16) are used in the keys for identification
of the families and species of Minnesota fish later in this book. The standard
length of the fish is used chiefly by the fish specialist or the ichthyologist
and is the length measured as a straight line from the tip of the snout to
the end of the vertebral column at the base of the caudal fin. The last
vertebra cannot be seen without dissection, but the posterior margin
of the last vertebra can be determined rather simply by flexing the caudal
fin and noting the small crease which appears at the base of the tail fin
and marks the end of the last vertebra. A pair of calipers or dividers and
a long millimeter rule are useful in making accurate length measurements
of the body dimensions. Fishery biologists use total length, the distance
measured as a straight line from the tip of the snout to the tip of the tail
fin, instead of standard length. The total length is the measurement used
by fishermen when telling about the big one that was caught or that got
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Fig. 16. Sketch of a bullhead showing various body regions and their measurements

away. It is often unreliable; the tail or caudal fin may be broken or injured,
and the total length may be altered by environmental factors not related
to the growth of the fish.

Fish continue to grow or at least have the potential for growth until they
die, although there are changes in the rate of growth and the younger fish
grow more rapidly than the older individuals. Proportional measurements
or ratios are of greater value than most measurements, but even the ratios
may vary for individuals of different sizes. The variability in the ratios is
caused in part by the different rates of growth of one part of the fish’s
body when compared with the growth of another part; for example, the
head may increase in size at a rate greater or less than the increase in size
of the trunk, or the orbit may increase at a rate less than the head. In addition
to the problems of relative growth rates there are differences in the growth
of parts of the body between the two sexes. The average measurements
and the range of these are usually given and, where measurements differ
between the sexes, the ratios for both males and females are given.

The head of a fish is considered to be that portion extending from the
tip of the snout to the posterior margin of the opercular membrane. The
opercle is the large bony flap, flat and thin, that covers the branchial chamber
or gills. The front of the opercle bordering the cheek is the preopercular
region, the area along the lower margin of the opercle is the subopercular
region, and the bone beneath the preopercle and in front of the subopercle
is the interopercle. The snout 1s the region from the anterior end of the
upper jaw to the front rim of the orbit of the eye. The cheek is the area
lying between the eye and the preopercle. The mouth is said to be terminal
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when it forms the extreme anterior tip of the head and subterminal when
the snout extends beyond it. The lower jaw is formed largely by the dentary
bone, but the splenial, articular, and angulare bones form minor portions
of it. The upper jaw is mainly formed by the premaxillary bone and the
maxillary bone. Sometimes a supplementary supramaxillary bone 1s present
as a splint above the maxillary. The bones of the upper jaw are covered
with a thin skin and can be observed externally. The head is said to be
depressed when flattened from above or dorsoventrally, as in the catfish.
Located on the inner margins of the upper and lower jaws are the oral
valves; these membranous valves can be seen easily in live fish.

The membrane on the underside of the opercle is the gill or branchiostegal
membrane. The membrane contains a series of supporting bony rays, the
branchiostegal rays or branchiostegals. The fleshy space under the throat
and between the gills is the isthmus. In some species (for instance, in the
perch) the gill membranes join the isthmus far forward (Figure 17), in which
case they are described as being free of the isthmus. In the suckers and
in some darters, the gill membranes are joined or united to the isthmus
directly (Figure 17).
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Fig. 17. Structure of gill membranes and isthmus. Left, gill membranes united to
isthmus; right, gill membranes free from isthmus.

Teeth may be present on almost any bony structure in the mouth. In
a few fishes teeth are absent or vestigial. The teeth of most freshwater fishes
are conical in shape and vary in size from numerous tiny spines in the bullhead
to large fanglike teeth in the muskellunge. Many species have teeth called
vomerine teeth on the vomer bone in the roof of the mouth, and some have
teeth on the rudiments of a tongue, although most fishes have no true tongue
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development. Teeth may also be located on the palatine bones just behind
the vomer and on the prerygoid bones located behind the palatines. Frequently
toothlike structures known as pharyngeal teeth are found in the throat region
on the margins of the gill bars. The pharyngeal bones are paired structures
formed by the fusion of two dorsal bones with a single ventral bone and
they represent the fifth gill arch. Pharyngeal teeth are useful in the identifica-
tion of many suckers and minnows. The teeth of suckers may be numerous
in a single comblike row or fewer in number and molariform (Figure 18).
Minnows have one, two, or three rows of teeth: all native North American
minnows have one or two rows, and the introduced carp has three rows
(Figure 18).

Fig. 18. Structure of pharyngeal arch and teeth. Left, pharyngeal arch and teeth of a
sucker; right, pharyngeal arch and teeth of a New World minnow.

Pharyngeal tooth counts are very useful in identifying various species of
Minnesota minnows. For example, the common shiner has a tooth formula
that is written 2,4-4,2, which means that the pharyngeal teeth are in two
rows with two teeth in the outer row and four teeth in the inner row on
the left arch and the same on the right arch. The golden shiner has the
formula 0,5-5,0, indicating a single inner row of five teeth. For the carp
the formula is written 1,1,3-3,1,1, showing that there are three rows of
teeth on each arch with one tooth in each of the two outer rows and three
teeth in the inner row.
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The pharyngeal arches are movable and have large muscles attached to
them; hence, the teeth are used in chewing, tearing, and grinding. On the
ventral surface of the basioccipital bone of the skull there is a chewing
pad which is used in mastication. (The effectiveness of the chewing pad
becomes evident when you put your finger into the throat of a big minnow.)
Large molariform teeth are found in the freshwater drum or sheepshead;
the drum sometimes feeds on snails and clams and the heavy pharyngeal
teeth are used to crush the shells of its prey. Other fish have finer pharyngeal
teeth similar to those on the pharyngeal bones of the perch and the northern
pike.

Barbels are present on the heads of some fishes. These are soft threadlike
structures above and below the mouth, the so-called whiskers of the bullhead.
The barbels are important sensory structures containing many nerve endings,
some of which are similar in many respects to the taste buds of higher
organisms. They are used to locate food in murky and turbid waters, and
many minnows living in such habitats have very prominent barbels.

The fins of fish are of two types, the paired ventral fins and the unpaired
median fins. The paired fins consist of the pectoral fins and the pelvic fins,
which are respectively homologous to the front and hind limbs of land ani-
mals. The pectoral or shoulder fins are located just behind the gill arches.
The pelvic fins may be located just anterior to the anus or vent, in which
case they are termed abdominal, but frequently they are located anteriorly
in close proximity to, but slightly behind, the pectoral fins, in which case
they are referred to as thoracic. When they are anterior to the pectoral fins,
they are said to be jugular. The number of rays in a fin at times is useful
in identification. In counting the rays in the paired fins the first complete
ray is counted as one, the thin and splintlike rudimentary ray at the base
of the first true ray is not counted, but each additional complete ray is counted
from the origin to the posterior base of the fin. The fin rays of small fish
are counted most easily with the aid of a dissecting microscope and with
the fin spread as much as possible. Usually the fin rays are counted on
the left pectoral or pelvic fin. The length of these fins is the distance from
the anterior base of the first fin ray to the farthest tip of the fin.

The unpaired fins are always median in position and consist of the dorsal
fin on the back, the caudal fin or tail fin, and the anal fin located under
the tail and just behind the vent. The anterior base of an unpaired fin is
referred to as its origin. Frequently the dorsal fin is divided into a front
or anterior part and a hind or posterior part. The length of the dorsal fin
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or the anal fin is the distance from the origin to the tip of the fin when
it is depressed or flattened.

The caudal fin may be of either the heterocercal or homocercal type
(Figure 19). The heterocercal type is found only in primitive fishes such
as sharks, sturgeons, and paddlefish. In the heterocercal caudal fin the back-
bone extends into the elongated upper lobe. A modified beterocercal type
is present in gars and bowfins. In these species the ventral lobe is only
developed in the adults and the caudal fin is rounded; in the young fish
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Fig. 19. Types of caudal fin. Top, heterocercal caudal fin; middle, modified heterocercal
caudal fin; bottom, homocercal caudal fin.
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the dorsal lobe is very prominent (Figure 28). The homocercal type is found
in most freshwater fishes. In this type of caudal fin the lobes usually are
of equal length, although in some species the fin may be forked and one
lobe may be slightly longer than the other. The backbone does not extend
into either lobe. The adipose fin, located posterior to the dorsal fin, is a
small dorsal median fin that lacks fin rays or spines. Several unrelated families
of fish — salmonids, smelt, catfish, and trout-perch — have adipose fins;
the function of the adipose fin is conjectural.

The fins are supported by bony structures known as soft rays and spines.
The soft rays are usually segmented and branched and are always divided
longitudinally into two symmetrical halves. The spines are of two types,
hard spines and soft spines. Both types have stiff pointed tips and are unseg-
mented, but the hard spine is a single structure and the soft spine is divided
longitudinally into symmetrical halves. Freshwater catfish have a stout spi-
nous ray in each pectoral fin and in the dorsal fin, and carp and goldfish
have a similar spinous ray in the dorsal fin. The spines are formed by the
fusion of soft ray elements during embryonic development.

Many fishes have fins containing both spines and rays. Usually the number
of spines is expressed in roman numerals and the number of rays in arabic
numerals, For example, in the white bass there are 3 spines and 11 to 13
rays in the anal fin; a description of the anal fin would be written IIT,11-13;
for the slimy muddler, which has 1 spine and 3 rays in the pelvic fin, the
formula would be 1,3. The first rays of the unpaired fins are usually short
and not branched and are termed rudimentary rays. The first long ray, often
unbranched, is regarded as the first ray in a count of the fin rays.

The spines and rays of the median fins and the paired fins are counted
in different ways. The number of rays in the pectoral and pelvic fins is
the total number of rays regardless of whether the ray is divided or branched.
In the dorsal fin and the anal fin, only those rays that are separated clearly
at the base of the fin are counted, as noted previously; to determine whether
there is a separation, the fin should be spread out and examined with magnifi-
cation,

All fish have a thin skin covering the scales and the plates, and the skin
contains numerous glands that render the fish more or less slimy. The slime
or mucus serves to protect the fish from bacteria and fungi or molds, espe-
cially Saprolegnia. Infections frequently result when fish are handled care-
lessly and the slime is rubbed off. When large numbers of fish are kept
in aquariums or holding ponds, such infections occur often and can be very
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serious, There is also evidence that the mucus reduces the friction or drag
of the water on the fish when it swims.

Fish have many sensory structures in the skin. The most conspicuous
of these is the lateral line , which appears as a line running from the operculum
to the base of the caudal fin about midway on the side of the body. The
line consists of a canal with many nerve endings running beneath the skin.
Most Minnesota fishes have well-developed lateral lines, but some species
have only a partially developed lateral line, and a few have none. The lateral
line continues on to the head region where it divides up into a complicated
interconnecting network. The lateral line is described as complete if there
are pores present in the scales from the margin of the head to the base
of the caudal fin, incomplete if the pored scales do not extend to the base
of the caudal fin or if some of the lateral line scales lack pores, or absent
if no pored scales are present. Various functions have been associated with
this structure, but the best evidence at present indicates that it is concerned
with detecting vibrations and water currents, enabling the fish to swim in
darkness or in turbid waters. The lateral line nerve is associated with the
auditory portion of the brain.

Scales are of at least four general types. The most primitive type is the
placoid scale, found only in sharks and their near relatives. Placoid scales
do not overlap but have their flat bases embedded in the skin with a conical
point or spinelike tip protruding through the epidermis. The points give the
rough, sandpaperlike texture to sharkskin. Placoid scales are similar in struc-
ture to a tooth, being composed largely of dentine and covered with enamel-
like material called vitrodentine. In the course of evolution, scales of this
type located on the rim of the jaw became enlarged and developed into
teeth. The true teeth of all vertebrates are derived from these early tooth-
scales.

A second kind of scale, the ganoid scale, is found in a few primitive
fishes such as the gars. Ganoid scales consist of rhomboid bony plates covered
with a hard, enamellike substance known as ganoin, which differs from
vitrodentine. Ganoid scales are derived from the inner layer of the skin,
the dermis, rather than the upper layer, the epidermis, and growth takes
place along the margins of the scale, from beneath it, and on its surface.

A third type of scale is the cycloid scale, which is thought to be the
simpler of the two kinds of scales found on most bony fishes. It is the
scale found on trout, salmon, whitefish, smelt, and some other fishes. Cycloid
scales are more or less circular in outline, although indentations may occur
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on the inner margin. The cycloid scale is a bony structure that lacks the
dentine and enamellike layers characteristic of placoid and ganoid scales.
Growth of the cycloid scale is on the outer surface and from beneath. These
scales are covered by a thin epidermis.

A fourth type, the ctenoid scale, is found on the majority of modern
bony fishes. It differs from the cycloid type by the development of tiny
spines or cfenii. This type is bony with a scalloped margin and a series
of tiny prickles or spines on the exposed posterior margin of the scale. The
ctenii give the rough or sandpaper texture to the skin of perch, walleyes,
and sunfish.

A few fishes such as the catfishes have lost all of their scales in the
course of evolution. The brook trout and the burbot have minute or almost
microscopic scales.

All the cycloid and ctenoid scales are fully formed during the first few
weeks of the fish’s life. No new scales are added as the fish grows, but
as overall growth proceeds the scales also grow by the deposition of succes-
sive layers of fibrous connective tissue plus some calcification. The outer
surface of the scale is gradually covered with concentric growth rings
(circuli). Since fish grow more rapidly in the summer when the waters are
warm than during the winter and since the rate of growth of the scales
is related to the growth of the fish, corresponding changes occur in the
deposition of scale substance. The crowded circuli produced by these changes
constitute an annual mark, the anaulus, and in many species it is possible
to determine a fish’s age by counting the number of annuli on the scales.
Actually the procedure for establishing the age of a fish is somewhat more
complicated than this, especially if the fish spawns after the new year’s
growth has begun. Growth may slow or stop during the spawning period
and a false annulus may be laid down on the scales; it is necessary to recognize
these ‘‘spawning checks’’ and to distinguish them from true annuli. Another
difficulty is that from time to time fish lose scales accidentally, and the
lost scales are replaced by new scales which obviously will not exhibit the
circuli and annuli of the original scales. If we know the age of the fish
and its length at the time of capture, it is also possible to calculate the
size of the fish at earlier ages, although a correction must be made for the
size of the fish at the time the scales first appear. Knowledge of the age
of fish and their rate of growth is of great importance in fish management
and is one of the fundamental tools of the fisheries biologist.

Bony plates embedded in the skin and covered by a thin epidermis form
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an outer skull in primitive fishes such as sturgeons, gars, and bowfins. In
the higher bony fishes many of the bony plates of the head unite with the
bone beneath the plates and become part of the skull, no longer forming
part of the skin covering. In some bony fishes the head is naked — that
is, it is covered with smooth skin only — while in others the head is partly
covered by scales. Many fishes, especially the males, develop tubercles on
the head, the trunk, and the fins, particularly during the breeding season.

The size and the number of scales on various regions of the body are
useful in identifying various species of fish. Characters such as the number
of scales, spines, or fin rays are referred to as meristic characters. The most
important of these counts is the number of scales in the lateral line. The
lateral line count is the total number of pored scales counted from the first
scale at the posterior margin of the head to the caudal fin base at the margin
of the last vertebra. If the fish lacks a lateral line or has an incomplete
lateral line, the number of scale rows along the middle of the left side of
the fish from the head to the caudal base is counted.

Two other counts which are often used are the number of scales above
the lateral line and the number of scales below the lateral line. The first
1s based on the number of scales in an oblique line from the origin of the
dorsal fin to but not including the lateral line. The second is based on the
number of scales in an oblique line from the origin of the anal fin to but
not including the lateral line. In the description of a perch, for example,
the scale formula would be written 5-55-17, indicating that there are an
average of S scales above the lateral line, an average of 55 scales in the
lateral line, and an average of 17 scales below the lateral line. There is
some variation in the number of scales in individuals of the same species
from the same population, so in addition to the average count the ranges
of the counts are also included.

There are still other methods of making scale counts. A count of circumfer-
ence scales begins with the scale immediately in front of the origin of the
dorsal fin, and all the scale rows around the body are counted. A count
of the caudal peduncle scales is based on the number of scales around the
narrowest portion of the caudal peduncle; this count is best made by starting
with a lateral line scale and then counting ventrally or dorsally to the starting
point. Occasionally the circumference count is separated into circumference
scales above and below the lateral line. Therefore it is best to count the
scale rows above and below the lateral line separately and to add the individual
counts later. The circumference count of the mimic shiner would be written
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10-2-10, indicating there are 10 scale rows above the lateral line, 2 lateral
line scales (one on each side), and 10 scale rows below the lateral line,
making a total of 22 circumference scales.

Other important characters in identification are measurements of various
divisions of the body. Head length is the distance from the tip of the snout
to the most posterior margin of the opercle or gill cover (including the mem-
branous portion of the opercle). Head in length is the number of times the
length of the head is contained in the standard length of the fish; for example,
if it is stated that head length is 4.0 to 4.5 in standard length, this means
simply that the length of the head is contained 4.0 to 4.5 times in the standard
length. This kind of measurement can show the amount of variability in
the ratio of head length to standard length in a large sample of individuals.
The body depth is the greatest distance from the back or dorsal side to
the belly measured as a straight line at right angles to the long axis of
the body. Body depth in length is the number of times the depth of the
body is contained in the standard length of the fish. Eye in head refers
to the number of times that the diameter of the eye goes into the length
of the head. Another measure often used is eve in snout or the diameter
of the eye divided into the length of the snout. The caudal peduncle length
is the least distance from the posterior margin of the base of the anal fin
to the end of the last vertebra or the caudal fin base, and the caudal peduncie
depth is the least depth of the caudal peduncle. (The caudal peduncle is
the part of the fish from the posterior base of the anal fin to the base of
the caudal fin.) Head depth is the maximum distance measured as a straight
line from the top of the head to its ventral margin at right angles to the
long axis of the head. The predorsal length, often used in identification,
is the distance measured as a straight line from the tip of the snout to the
anterior base of the first ray or spine in the dorsal fin. Various other body
proportions are also used but less frequently than those we have discussed.

The gills of a fish are complex structures anatomically, and casual observa-
tion of the gills of a dead fish gives only a very elementary knowledge
of the anatomy and the morphology of the gills. The blood in the gills
flows in a direction opposite to the flow of water over the gill surface in
a countercutrrent system, assuring maximum efficiency in the absorption of
oxygen from the water and in the discharge of carbon dioxide from the
blood. Most species of fish are dependent on gills to extract dissolved oxygen
from the water. A few species (gars and bowfins) are able to use the gas
bladder as a primitive lung for breathing air at the surface of the water
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to supplement their gill respiration, but most modern fishes are completely
dependent on oxygen dissolved in the water for their respiration.

Four pairs of gills are present. Each gill is composed of a gilf bar or
gill arch, on the outer edge of which are two rows of delicate gill filaments,
the respiratory structures of the fish. Each gill filament is further subdivided
into many small lamellae or folds which serve to increase the surface area
of the filament. The extremely thin lamellae are the sites of oxygen exchange.
Since the small vessels or capiflaries carrying the blood through the lamellae
have a bore somewhat smaller than the diameter of a red blood cell or
erythrocyte, the red cells are deformed slightly as they pass through the
lamellae. The fish erythrocyte has a nucleus and contains a red pigment,
hemoglobin, which transports oxygen to the various cells of the fish. The
lamellae and the deformation of erythrocytes assure the maximum exchange
or diffusion of oxygen. In addition, fish blood contains white blood cells
or leucocytes, proteins, and plasma — in other words, it has the same major
constituents as the blood of higher animals.

Rudimentary gills are frequently present. These are relicts from a time
when fish had more gills than they now possess. Such gills, known as oper-
cular gills, are found on the lower inner surface of the opercie of gars and
sturgeons. This type of gill has the same circulation as a normal gill, receiving
venous blood or nonoxygenated blood. Pseudobranchia are gill-like struc-
tures (not true gills) found on the upper inner surface of the opercle of
some other fishes. Pseudobranchia do not have normal circulation; they
receive only arterial or oxygenated blood. They appear as small patches
of red filaments.

The water used by fish in respiration enters through the mouth and passes
out through the openings between the gills, the gill slits or gill clefts. The
gill cleft behind the fourth gill is closed in some species. The gill clefts
are guarded by numerous projections known as gill rakers, which are attached
to the inner surface of the gill bar. In many fishes the gill rakers are a
series of coarse projections along the inside surface of the gill arch, but
in some species — tullibees, whitefish, and paddlefish, for example — the
rakers consist of long fine filaments. The function of the gill rakers is to
strain the water and to prevent particles of food from passing out through
the gill clefts.

Anyone who has had an opportunity to observe a fish in an aquarium
has noticed the rhythmic opening and closing of the mouth and the equally
rhythmic movements of the opercle or gill covering. The mouth and the
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buccal region act as a pump; the opercular movement functions as a second
pump, forcing water over the respiratory surface of the gills. This arrange-
ment assures a continuous flow of water from the mouth posteriorly into
the pharyngeal region and out over the surface of the gills. A single pump
would produce spurts of water over the gills, comparable to our inhaling
and exhaling. A brief description of the two pumps in operation may help
to illustrate the process. The buccal cavity is expanded by muscular action,
drawing water into the mouth. At the same time the opercular opening is
closed, preventing backflow over the gills. The buccal cavity then contracts,
forcing the water from the mouth into the pharyngeal region. The path of
least resistance is the mouth opening but inside the margins of the upper
and lower jaws are flaps of skin forming oral valves which prevent the
escape of water from the mouth. The water flow is thus directed posteriorly
into the pharyngeal region and over the gills. The second pump works reflexly
and 1n synchrony with the buccal pump. Muscles associated with the
pharyngeal region and the opercular apparatus contract to increase the volume
of the pharyngeal cavity. A close examination of the margin of the opercle
reveals a flap of skin that extends considerably beyond the bony portion
of the opercle. The flap is evident only in living or freshly caught fish.
When the opercle swings out from the body, the opercular flap remains
in contact with the side of the fish. It is finally pulled free from the body
as the opercle swings wide open, drawing water out over the gill’s surface.
Next the opercle 1s drawn back against the body, the pharyngeal region
is reduced in size, and the water is forced out of the opercular region in
a posterior direction. All these movements can be seen in resting fish in
an aquarium. The oral valves are most easily observed in the northern pike,
which has rather long jaws.

Gill respiration 1s similar in principle to respiration in lung-breathing ver-
tebrates. Oxygen diffuses from a region of high concentration (water or
air) into the blood, which is low in oxygen and high in carbon dioxide
as it returns from the body through the capillaries of the gills or the lungs.
The diffusion occurs through the moist surface of the gill or lung epithelium.
At the same time the dissolved carbon dioxide is released to the water or
the air. On the whole respiration is not very different in aquatic and terrestrial
vertebrates. The most important difference is in the medium, water or air,
which carries the oxygen and the carbon dioxide.

Our knowledge of gills and gill function was based mostly on preserved
material until several British physiologists devised a transparent covering
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which was substituted for the bony opercle in an experimental fish; with
the transparent covering in place they were able to observe for the first
time the actions of the gills in a living fish. Their observations brought
about a complete change in our understanding of gill function and
morphology. The gills form a very close mesh, like interlocking pickets,
with very little space for the water to flow between the individual filaments.
The delicate filaments have lamellae that extend out from the surface and
interdigitate with the lamellae of the adjacent filaments. The arrangement
of the filaments and the lamellae assures very efficient extraction of oxygen
from the water.

These recent findings indicate that the resistance to water flow over the
gills is much higher than it was formerly thought to be, and far greater
energy is required to run the respiratory pump. Alexander (1967) and others
have calculated the energy requirements of a fish’s respiratory activities under
different oxygen concentrations in the water. A resting fish in air-saturated
fresh water (8 milliliters of oxygen per liter) will use only 5 percent of
the oxygen absorbed from the water to supply the muscles of respiration.
If the same fish is placed in water with a low concentration of oxygen (1
milliliter of oxygen per liter), the fish must pump 20 times as much water
to get an equivalent amount of oxygen. Alexander calculated that to
accomplish this feat the work of respiratory activity must increase 2,000
times and respiration alone would require all the oxygen absorbed from the
water. When the water temperature rises and the oxygen-carrying capacity
or solubility drops, the metabolic rate and the oxygen requirement of the
fish rises. Theoretically it is possible to reach a point where the available
dissolved oxygen in the water is just sufficient for respiratory energy, leaving
none for other vital activities such as swimming and digestion. These condi-
tions can occur in either the summer or the winter, resulting in massive
fish-kills. Most of the deeper waters of northern lakes become anaerobic
in late summer, and although these waters are cold, they will not support
fish life. Both temperature tolerance and critical oxygen tensions vary with
the species. There are marked physiological differences among the vartous
families and among species in the same family which are as pronounced
as the morphological differences that we depend on for distinguishing the
species. Temperature and oxygen solubility are closely related in the aquatic
environment, and the interaction between these two factors results in condi-
tions not encountered by land animals.

The gas bladder or air bladder is an important structure found in most
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modern bony fishes. It is associated with buoyancy in many fishes but is
used for respiration and other purposes in some species. The gas bladder
is a tough membranous sa