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FOREWARD

Over a period of more than 20 years the Corps of Engineers, U. S.
Army, has gained considerable experience in the operation of fish facil-
ities at hydroelectric projects, especially at those projects on the
Columbia River.

It was considered that a summary of this experience, together with
techniques developed, would be helpful not only to present fishway opera-
tors and fish counters, but would prove of special value to those charged
with operation of fish facilities at new projects, be they public or
private,

The manuscript has been reviewed by Kr. Ivan Donaldson, District
Biologist, U. S. Army Engineer District, Portland; Mr. Robert Moore,
fishway foreman, Bonneville Dam; Mr. Allan Fraser, fishway foreman, The
Dallas Dam, and Mr. Willard Oldenburg, fishway foreman, McNary Dam.
These men represent experience in fishway operation totalling more than
50 years and their suggestions add much to this manual.

This manual in no way takes the place of or encroaches upon the
technical operation manuals provided at each project for the operation of
the fish facilities, as the material treated here is of an entirely
different scope.



INTRODUCTION

It was thought that a manual for fishway operators and fish counters
should include not only operating techniques developed as a result of
experience but should also include general background information that
would lend interest and provide a greater conception of the value of their
work.

Parts of this manual are an expansion of lesson material prepared
by Frederick K. Cramer, then in charge of McNary fish facilities, for
instruction of fish counters at the time the permanent fish facilities
at McNary first went into operation in the spring of 1954. The brief
history of the Columbia River fishery summarizes some of the main develop-
ments in the fishery. The section on the Columbia River salmon and their
spawning tributaries above John Day River outlines the present-day distribu-
tion of this spawning population. As some operators and counters may not
be familiar with the fishery research on salmon problems now underway, a
section Is devoted to briefly describe this important work. A condensa-
tion of information concerning how fish are equipped to live in their
environment is given for general background purposes. The section on
identification of fishes contains not only formalized or technical
descriptions but also the more informal devices that counters actually
use to identify these fishes as they pass over the counting board. Fish
counting techniques generally include those results gained from experience
that make counting more efficient and result in the least impediment to
fish passage. Various counting schedules are presented in the belief that,
with these proven schedules as a guide, the job of adopting a schedule at
a new project will be considerably simplified. Finally, a summary of
experience concerning operation of fish facilities is presented in the
final section.



HISTORY OF COLUMBIA RIVER FISHERY

The runs of fish in the Columbia River have been, since primitive
times, an important food source for the region. Craig and Hacker (see
Literature Cited) estimated that at the beginning of the l9th century,
50,000 Indians were resident in the area and dependent on the Columbia
River fish runs, principally salmon, as a food source. With the coming
of the white man and diseases alien to the region, the number of Indians
and their salmon catch dwindled. The Bureau of Indian Affairs estimated
that in 1851 the Columbia River tribes comprised no more than 8,620 in-
dividuais. The principal Indian fishery was located at Celilo Falls,
about 56 miles upstream from Bonneville Dam; there Indians of many tribes
in recent years caught an average of over 2,600,000 pounds of fish each
year for their own use and commercial sale. The total annual value of
the Celilo Indian fishery, based on the four year average catch, 1947 to
1950, was approximately $700,000 (Oregon Fish Commission Contribution
No. 17). This fishery now is inundated by the pool behind The Dalles Dam.

As settlement of the region began, a commercial fishery developed
on the river. Improvements in techniques of preserving and shipping the
fishery products caused the industry to grow rapidly into one of national
importance and high economic value. At first the spring chinook salmon
was practically the only variety caught, and records of the first decades
of the fishery for this species show a remarkable development from about
272,000 pounds in 1866 to a high of 43,000,000 pounds in 1883 (page 2,865
Volume VII, House Document 531, 81st Congress, 2nd Session). The initial
rise was followed by repeated fluctuations of extreme nature. The largest
production of the industry occured when 49,480,000 pounds of various species
of salmon and steelhead trout (including 2,850,000 pounds of frozen fish;
Craig and Hacker) were marketed In 1911.

Since that time, the trend has been downward to 23.5 million pounds
in 1936. In the five-year period before construction of Bonneville Dam
(1928 to 1932), the Columbia River fishery averaged about 29.8 mill-ion
pounds of fish valued at $10,000,000 annually (Craig and Hacker). The
U. S. Fish and Wildlife Service estimated that for the period 1938 to
1947, the average annual commercial, Indian subsistence, and sport catch
of Columbia River salmon and steelhead trout amounted to almost 32 million
pounds valued at about $17,440,000 (page 2,870, Volume VII, House Document
531, 81st Congress, 2nd Session). Recent estimates indicate that the
fishery was valued at approximately $20,000,000 annually for the period
1950 to 1953. If it is assumed that the $20,000,000 annual income is the
return from a capital investment paying at the rate of 4 percent per annum
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the value of the capital invested, or in this case, the population
of fish in the Columbia River, is $500,000,000. In addition to the
monetary values involved, a large number of people derive their support
from this important industry. For example, the thriving city of Astoria,
Oregon, located about 8 miles Inside the mouth of the river, has a
population of about 10,000 and is typical of small American industrial
communities. Loss of the salmon catch, even if replaced by a gain in
tuna and trawl-fish landings, would seriously affect the economy of the
city.



II
COLUMBIA RIVER SALMON - LIFE CYCLE AND DISTRIBUTION

Traits and life cycle of Pacific salmon and steelhead trout. - It
is generally considered that the Pacific salmon do not feed after entering
fresh water to spawn, and that all die after completing their reproductive
function. The Pacific salmon have a habit of returning to their parent
stream to spawn. Because of this characteristic, each tributary stream
supports a separate population which migrates from the sea at a time
normally most favorable for reproduction In that stream. These separate
populations are called races, and have developed individual inherited
characteristics favorable for their survival. Those fish utilizing
spawning areas located long distances from the sea must have the ability
to store sufficient energy to travel this distance, and also must start
their spawning migration at the correct time to reach the spawning area
for reproduction during optimum conditions for egg and fry survival.

The most important species of anadromous fish that enter the
Columbia River is the chinook salmon. Ranging from their second to sixth
year this species with some exceptions, proceed upstream to the particular
tributary and spawning area from which they were hat&ied. The eggs hatch
in the late winter or early spring following the late summer or fall in
which they were deposited. The young fish live in fresh water for vary-
ing periods with the majority migrating to the sea in their first year.

The chinook salmon enter the Columbia River from March through
October with definite peaks in the spring and fall. The spring run
travels slower and moves into the river during the spring months and
spawns in the late summer and early fall. The fall run moves into the
river during late summer and early fall and spawns during late fall.

The blueback salmon of the Columbia have much the same habits as
the chinooks. They differ, however, by generally depositing their eggs
in streams tributary to lakes or on shores of lakes themselves. On
emerging from the gravel, the young usually spend one or more years in a
lake before making their seaward migration. These fish mature in the sea
and make their spawning migration in their third to fifth year.

The silver salmon closely resemble the chinook in their life cycle,
utilizing the Columbia River and various tributary streams ranging from
lower river to headwaters. In tire Columbia River nearly all adult silver
salmon return to fresh water in their third year. The vanguard of the
run reaches Bonneville Dam about the middle of July and peaks the early
part of September, with. a few passing the dam almost every day throughout
the fall months.
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Chum salmon utilizes the short coastal streams and in the Columbia
River predominately use the lower tributary streams. They usually make
their spawning migration in their fourth year, reaching fresh water dur-
ing the fall months, peaking at Bonneville Dam during the month of
November. Since these fish usually utilize spawning areas a short dis-
tance from the sea, only a small number pass Bonneville Dam. Apparently
the young fish spend little time in fresh water before migrating to the
sea.

Pink or humpback salmon utilize the coastal streams primarily. In
the 20-year period, 1938 through 1957, an average of only 5 humpback sal-
mon per year have been counted through the Bonneville fishladders, with
the yearly totals ranging from 1 to 12 fish. Of the 12 humpback salmon
passing Bonneville Dam in 1957, 4 were recorded at The Dalles Dam. None
were recorded at McNary.

The steelhead trout of the Columbia River have the same general
habits as those of the Pacific Salmon. However, they feed to some extent
after entering fresh water and some do not die after spawning. The steel-
head spends a considerable part of its life in the sea, entering the river
in its third to fifth year for first spawning. The runs are designated by
the time of entry into fresh water. The summer and fall run remain in the
main stem streams until early spring, reaching the spawning gravels a short
time before the spring migration. The young trout spend from one to three
years in fresh water before migrating into the sea. This extensive stay
in the inland streams enables many young trout to attain sufficient size
to enter the sports fishery before downstream migration. Due partly to
their vigor and also to their early time of migration into the tributaries
while flow conditions are adequate, this species has been more successful
in withstanding the encroachment of civilization than has the salmon.

The process of nest making is very similar among all the salmon and
steelhead trout. Normally,the female constructs the nest or redd, the male
taking no part in this activity. The redd is formed or excavated by the
female turning on her side and making violent flexions with her tail in
the gravel of the stream bed. The gravel thus disturbed Ls carried a short
distance downstream to form the tailspin. A typical redd is an excavation
in the streambottom, oval in shape, the greatest diameter being lengthwise
with the current, and with the tailspin at the downstream end. The
center of the redd is referred to as the pot, and it is here that the bulk
of the eggs is deposited. The shape of the redd varies with the velocity
of water and is broad and oval in shape. The current in the pot of the
redd flows slightly upstream, which allows safe deposition of the eggs in
the gravel and is conducive to complete fertilization by the milt of the
male salmon. After the eggs are deposited the female moves upstream and
disturbs the gravel which floats down over the eggs, thus covering them.
The eggs remain under the gravel for variable lengths of time before
hatching, depending upon water temperatures. When they hatch the yolk-
sac fry, as they are called at this stage, work themselves up out of the
gravel and become free-swimming individuals. They are still dependent up-
on the egg for food; this egg is gradually absorbed, at which time the
young fry must begin to eat.
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Factors influencing the decline of the Columbia River fishery. It
is evident that the economic development which has taken place on such a
large scale in the Columbia River watershed is deleterious to the pro-
ductivity and survival of anadromous fish. This is especially important
since the economic development of the area has been coincidental with the
exploitation of the fish populations by both sports and commercial fisher-
men.

The progeny of the salmon which spawn in the Columbia River and
tributaries are caught in the ocean along the Pacific Coast from south-
eastern Alaska to Northern California. They have been subjected to an
intense fishery through the first 200 miles of the river when making
their spawning migration. Approximately 50 miles of this river fishery
was eliminated in 1957 when commercial fishing above Bonneville Dam was
prohibited. Without further study it would appear that proper regulation
of the fishery, allowing sufficient escapement to the spawning ground,
would be the solution to the problem of declining fish production. Un-
fortunately this is not the case. A study of the life cycle of the
Pacific salmon and steelhead trout will indicate that without question,
these fish must have access to their spawning grounds, suitable spawning
and rearing areas must be available, and the young fish must be safely
brought downstream to the sea.

Economic developments have resulted in blocking fish to many of the
areas originally high in production or rendered them useless by pollution
and water diversions. In some cases these factors were only partially
effective, while in others all fish runs were eliminated. Examples are
numerous throughout the basin, but some of the most glaring cases are:
Columbia River above Grande Coulee Dam, Payette River, Boise River,
Clearwater River, Wallowa Lake, Yakima River, Umatilla River and Willamette
River. These factors alone stress the importance of preserving the re-
maining areas heavily utilized by spawning salmon.

Salmon and Steelhead Distribution. - The Columbia River has its
source in Columbia Lake in the Rocky Mountains in Canada approximately
1210 river miles from the Pacific Ocean. Prior to the closure of Grand
Coulee Dam, salmon and steelhead utilized the entire length of the river
as a migratory route to and from the spawning areas in the tributaries
and to some extent in the main river. The construction of Grand Coulee
Dam eliminated all fish runs above the dam. Tributary streams above John
Day Dam presently considered to be valuable producers of anadromous fish
are John Day, Snake, Yakima, Wenatchee, Methow, Entiat and Okanagan Rivers.
The majority of the blueback utilize streams above Rock Island Dam. How-
ever, some are known to spawn in Redfish Lake near the headwaters of the
Salmon River in Idaho.

The Snake River system is the most important spring chinook salmon
producing area in the Columbia River Basin. The main stem is primarily
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a migratory route to the spawning and rearing areas in the upstream
tributaries. However, considerable fall chinook spawning occurs in the
main river, the most of which takes place between Marsing and Swan Falls,
Idaho.
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III

STATUS OF FISHERY RESEARCH

The magnitude of fish facility costs and the lack of definite
criteria or standards for fish facility requirements prompted the Corps
of Engineers to sponsor a fishery research program directed primarily
toward Improving the design of fish facilities and developing new

facilities to safely pass both upstream and downstream migrants over
dams of any height. This program is being conducted through contracts
with Federal and state fish and game agencies and the University of
Washington with limited studies being performed directly by the Corps
of Engineers. The U. S. Fish and Wildlife Service, several state fish
and game agencies, and public and private power utility organizations
are also financing certain phases of fishery research directly related
to fish passage. In addition, the District offices of the Corps of
Engineers are financing and conducting operational studies designed to
solve problems pertinent to their specific operation. However, the
results of these studies in most cases are directly applicable to
other projects.

In connection with the research program, the Corps of Engineers
built an experimental facility at Bonneville Dam which is being operated
by the Fish and Wildlife Service with view towards improving the
efficiency of upstream passage facilities and developing design standards
The University of Washington is investigating the swimming ability and
effects of fatigue on fish in connection with passage problems. The
Oregon Fish Commission and Washington State Department of Fisheries are
experimenting with surface currents to attract and collect downstream
migrants. The state fishery agencies have studied distribution of
upstream and downstream migrants, the effects of turbines and spillways
on survival of downstream migrant fingerling and the rate of travel
through various reaches of the river system. Public and private power
organizations are also developing designsand prototype testing of
facilities to collect downstream migrant fingerling, and have investiga-
ted spillway design to improve conditions for downstream migrants. The
University of Washington is experimenting with the use of bright lights
to repel migrants and dim lights to attract them. All these studies
have been carried on with various degrees of partial success and failure,
but considerable information is being compiled which is beginning to pro-
vide a basis upon which sound design criteria will eventually be
established.



IV

HOW FISH ARE EQUIPPED TO LIVE IN THEIR ENVIRONMENT

A fish is a cold-blooded vertebrate (an animal with a backbone)
which lives in water, and possesses paired fins, gills, and usually
scales. This definition rules out warm-blooded aquatic animals such
as whales, porpoises, etc., and also such cold-blooded animals as
reptiles (which breathe by lungs and lack fins) and amphibians (which
may have gills but no paired fins). It also excludes lampreys, which
are fishlike in both form and habits, but lack paired fins. However,
lampreys are commonly considered as fishes.

Water which makes up the world of fishes, possesses many character-
istics which profoundly affect the structure and life of its inhabitants.

Buoyancy: A body immersed in water is supported to a much greater
degree than is a body in air. It is therefore unnecessary for a fish to
develop strong supporting structures, such as limbs in land animals. In
addition, the specific gravity of the body of a fish is further decreased
by the presence of fats and oils and, in some species, a swim-bladder
containing air, with the result that the weight of a fish just about
equals the weight of the water displaced.

Viscosity: Water tends to resist the movement of a body through
it, and the amount of resistance varies according to the shape of the
body. Fast-moving fishes tend to have bodies approaching the ideal
shape and are said to be "streamlined." The shape of a fish's body is
therefore the result of the combined influence of two main factors -resistance of the water and swimming habits of the fish.

Temperature: Water is a poor conductor of heat. Fish, being
cold-blooded, take on the temperature of the water in which they live
and this can be regulated somewhat by seeking out water temperatures that
are desirable. Since fish are cold-blooded, their activities, including
rates of growth, vary with the temperature. In late spring and early
summer, the fish eat a great deal, grow rapidly, and are very active,
while in winter they tend to be sluggish, feed little, and practically
cease growing.

In attempting to understand how fish live in their environment,
it is necessary to know something concerning their structure, and to
see how nature has equipped them to live in the water.

Body Shape. -
A typical fish is more or less "cigar-shaped" or

"torpedo-shaped," being cylindrical in cross-section,with rounded nose,
greatest thickness in the front half, and tapering to the tail. This

See note at bottom of page 17.
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is the shape commonly referred to as "streamlined." Some of our fishes,
such as the trouts, suckers, and Rocky Mountain whitefish, are of this
general shape; some, like the bass and sunfish, are compressed (flattened
side to side); some, like the catfishes and sculpins, are depressed in
the head region (flattened from above downward). The shape of the body
is closely related to the swimming habits of the fish. Those with
rounded bodies are active, long-range swimmers; those with compressed
bodies are quick-turning fish; those with depressed bodies are bottom-
living fish.

The body of a fish is divisible into three main parts - head, trunk,
and tail. The head includes the portion from the snout to the posterior
edge of the gill cover; the trunk from this point to the anal opening;
and the tail from the anus to the fork of the tail fin.

Body Covering. - Embedded in the skin of most fishes are series
of thin bony or fibrous plates known as scales, usually arranged in
overlapping rows, after the style of shingles on a roof. When a fish
is first hatched, scales are absent, but they soon begin to develop In
minute pockets beneath the outermost layer of skin. As the fish increases
in size, the scales also increase proportionately, so that the number and
the arrangement remain approximately the same throughout the life of the
fish. Each scale grows by adding layers of fresh material to the outer
margin in concentric rings or "circuli". In summer, when temperatures
are high and food is plentiful, growth is rapid, resulting in widely
spaced rings. In winter, when the rate of growth is much slower, the
rings added to each scale are fewer in number and more closely crowded.
The beginning of the new growth of each year is usually marked by a

continuous circulus. Change of direction of circuli and discontinuity
in circulus formation are the criteria normally used in determining the
growth regions. Thus the scales of a fish are of great value to an
experienced investigator because the age of the fish and other details
of the life-history can be obtained by examining the scales under a
miscroscope.

The number of scales ina row, and the number of rows and their
relative positions combine to form a scale pattern. This pattern is
characteristic for each species and i's often used in identification of
fishes.

Scales are of three main types: "ganoid," which are plate-like,
such as found on the sturgeon; "cycloid" which are thin and smooth-edged,
such as on salmon and trout; and "etenoid," which are finely toothed, as
on bass and perch. Some fishes, such as the catfishes and some sculpins,
lack scales but have evolved from scaled ancestors. Both scaled and
scaleless fishes, however, have a thin coating of mucus or slime produced
by glands in the skin. The slime serves to reduce friction between the
fish and water and at the same time forms a protection against attack by
disease organisms, fungi and other parasites.
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Locomotion. - Contrary to popular belief, the body of a fish, and
not the fins, is the main swimming organ, since it is the muscles of the
trunk and tail which do the work of driving the fish through the water.
The fins are accessory organs of locomotion; they add to the efficiency
of the sculling motion of the tail and aid in the balancing and turning.
Some fishes, such as the sticklebacks, provide exceptions to the rule,
for in these species swimming is accomplished mainly by the pectoral
fins and not by the body, which is held stiffly when travelling through
the water.

Structurally, fins are outgrowths of skin supported by soft or
spiny rays. Some of the rays may be specially strengthened to form pro-
tective spines, as in the stickleback and catfish. The adipose fin
lacks rays of any kind. Typically, there are two sets of paired fins
and three unpaired or single fins.

Feeding and Digestion. - The mouth and the structures associated
with it form the chief food-collecting apparatus. The mouth varies much
in size, position, and dentition according to the feeding habits of the
species. In size it may vary from the tube-like mouth of the stickle-
back to the wide gape of the sculpin; in position it may be terminal,
as in the salmon and trout, or inferior, as in the sturgeons, or sub-
terminal, as in the suckers. In armature it may be equipped with many
teeth, as in the squaw fish or with none at all, as in the sturgeon.

The teeth may be present on both upper andlower jaws, on the roof
of the mouth (on both vomer and palatine bones), and on the tongue. These
teeth are not used to chew food, as in higher animals, but to hold the
prey in preparation for swallowing. In addition to teeth in the mouth
some fishes, such as minnows and suckers, have teeth in the throat
( pharyngeal teeth") which are apparently used in breaking up their food.
Other fishes, such as blueback, are provided with extra long "gill
rakers" (comb-like processes on the gill arches) which act as strainers
for collecting the minute animals and plants known collectively as
Oplankton," which forms their principal food.

The internal organs of digestion consist of a stomach, intestine,
and associated structures. Connected to the upper end of the intestine
is a series of finger-line structures called "pyloric caeca" (singular,
11caecum") whose function is evidently the production of a digestive
ferment. The number of caeca varies slightly among individuals of a
given species but differs considerable from species to species, and
consequently is often used in the identification of fishes, particularly
salmon.

Respiration. - The organs of respiration are the gills, which are
located on each side of the head and are covered by the nopercles" or
Ugill covers." Each gill consists of a bony 'arch' supportin a number.9
of 11gill filaments" which are richly provided with blood-vessels. Also
associated with the arch are the "gill rakers", which in some fish are
elongated to form a food-collecting mechanism. The number of rakers on
each arm of the arch is often used in the determination of species.
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A fish "breathes" by opening its mouth and drawing in a quantity of
water. The mouth is then closed and the water is forced past the gills
to the outside by way of the opening beneath the operculum. While flow-
ing over the gill filaments, the water gives up part of its dissolved
oxygen and carries away dissolved carbon dioxide. A fish suffers from
asphyxia and may die if insufficient oxygen is present in the water or
if too great a quantity of carbon dioxide is in solution. It also dies
of suffocation out of water because the respiratory movements cannot be
carried an without the support of the water or because the gill fila-
ments dry out and are no longer able to carry on the exchange of gases.
Catfishes and carp are able to swallow air and to abstract some oxygen
through the air-bladder, an accomplishment which permits them to survive
in water deficient in dissolved oxygen.

Reproduction. - The organs of reproduction in fishes consist of
11ovari;`s1r -Inthe Temale and "testes" in the male, elongated structures
lying close to the kidneys and connected to the outside by a pair of
tubes opening near the anus. The ovaries produce eggs, each of which
when penetrated by a sperm produced by the testes, is capable of de-
veloping into a new individual. In some fishes both fertilization and
development is Internal, the female giving birth to living young. In
some, fertilization only is internal, development taking place after the
eggs are laid. In some fishes, fertilization is external, both eggs and
sperms being discharged almost simultaneously.

The number of eggs produced by a female varies considerably from
species to species, being associated with the extent of parental care.
Sticklebacks, catfishes, and bass, the male of which stand guard over
the nest, deposit only a few hundred eggs. Salmon, sturgeon, trout,
carp, ard others, in which no parental care is given to the eggs or
young, lay several thousand eggs per female. In any species, the number
of eggs produced seems to be in direct proportion to the mortality
experienced by eggs and young stages of the fish.

Sense Organs. - Fishes are commonly looked upon by the layman as
creatures in which the senses are poorly developed, but this is not found
to be true when they are investigated carefully. As a matter of fact,
besides the usual organs of sense, such as eye, ear, mouth, nostril, and
skin, fishes have an additional organ known as the "lateral line," so
that from the standpoint of number of sense organs fishes are better
equipped than land animals.

The eye of a fish doe's not differ fundamentally from that of a
human being, but there are several small differences In structure, posi-
tion, and function which adapt it to the conditions existing beneath
the surface of the water. A fish apparently sees near-by objects quite
clearly; more distant objects are probably out of focus, but this is no

great handicap in a submarine world where light conditions restrict vision
to a small area. Experiments have also proved that some fishes can
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distinguish certain colors, and that all fishes therefore are not com-
pletely color-blind, as some persons believe. To some extent this
vindicates the fisherman who relies on using artificial flies of a
certain color, although it must be pointed out that a dry fly viewed
against a bright sky must appear to the fish as a black silhouette, re-
gardless of its color. It is only when the fly or other lure is be-
neath the surface of the water that the colors become distinguishable
to the fish.

Fishes, such as the trout and sunfish, which are capable of changing
their color intensity or pattern according to their habitat, receive through
the eye the stimuli that effect the change. Fishes which have become
blinded through accident or disease fail to adjust their pigmentation to
the conditions of their surroundings and are therefore easily distinguished
from their companions.

Although fishes have no external indication of ears, they have
internal structures,one on each side of the head, very similar to those
of land animals. These structures function as organs of equilibrium and
also as "ears," permitting the fish to hear underwater sounds. The range
of audible sound, however, is somewhat restricted as compared to that of
a human being.

In most fishes the upper portion of the body cavity Is occupied by
a large thin-walled sac, the "air-bladder" or "swim-bladder," which in
some species is connected to the pharynx by a "pneumatic duct." The
bladder is filled with a mixture of gases, usually oxygen, nitrogen,
and carbon dioxide, and serves as a hydrostatic organ to adjust the
specific gravity of the fish to that of the water at different depths.
In the suckers, catfish, carp and other minnows a series of four small
bones, the "Weberian ossicles," connects the air-bladder with the inner
ear to form an additional aid to hearing. Fishes equipped with this
apparatus have been shown to hear much more keenly than those which lack
this connection with the swim-bladder.

Along each,side of the body in most fishes is the lateral line,
already mentioned, which usually extends from the head to the tail In a
series of pore-like openings. These are in communication with the brain
through a nerve-system which transmits low-frequency vibrations, enabling
the fish to "hear" such things as an approaching fish or to detect
obstacles in its path. The lateral line also performs the function of a
heat receptor, serving to warn the fish of rapid changes in water
temperature.

The sense of taste is apparently not highly developed in fishes such
as the trouts, which depend upon the eye for locating food and which bolt
their food without chewing, but in suckers and other bottom feeders the
taste sense may be quite well developed, permitting a sorting and selecting

13



of food materials. In these fish, "taste buds" are concentrated around
the fleshy lips and may occur over much of the surface in the fore parts.
The senses of taste and smell are probably intimately connected in fishes
as in higher animals so that it is not always possible to distinguish be-
tween them. Thus the long barbels around the mouth of a catfish may be
regarded as organs of both taste and smell. These structures enable the
catfish to locate food which may be some distance away or obscured by
muddy water apparently by detecting minute particles given off in solu-
tion or suspension. The sense of taste and smell seems to be most highly
developed in those fishes which have the poorest eyesight.

The nostrils also function as sensory organs, presumably being used
in locating food. Unlike those of other animals, the nostrils of the
higher fishes do not communicate with the mouth cavity, but end in shallow
pits lined with the organs of smell. In some species the nostril opening
is divided in two; a tiny stream of water is carried in one and out the
other by beating of paddle-like "cilia" lining the nostril cavity.

A fish is well equipped indeed for its life under water.

GLOSSARY

Adipose fin - the small, fleshy fin on the back between the dorsal and
caudal fin in some groups of fishes.

Anadromous - ascending rivers from the sea for the purpose of spawning.

Anal fin - the fin on the ventral mediam line of the body behind the anus.

Anterior - in front of, or toward the head end.

Barbel - a small finger-line process usually near the mouth and pro-
vided with the sense of touch or smell.

Body - that portion of a fish between the head and the base of the
caudal fin.

Branchiostegals - the bony rays which support the branchiostegal membrane.

Caecum - a blind sac - e.g., the pyloric caeca - connected with
(pl. caeca) the anterior portion of the intestine.

Canine - pointed and conical, similar to that of a dog.
tooth

Caudal fin - the tail fin

Caudal - that portion of the fish's trunk between the anal fin and
peduncle the origin of the tail fin; the slender portion immediately

In front of the tail fin.
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Circulus - one of a series of concentric ridges on a fish scale.
(pi. airculi)

Ctenoid - with a comb-like margin.
(scales)

Cycloid - scales whose free border presents an even curve.
(scales)

Dorsal fin - the main fin on the mid-line of the back.

Fry - the young stage of fishes, particularly after the yolk sac
has been absorbed.

Ganoid - plate-like, consisting of bone overlaid with enamel.
(scales)

Gill arch - the bony support to which the gill filaments and gill
rakers are attached.

Gill - the slender, delicate fringe-like structure composing the
filaments gill.

Gill rakers - spine-like structures attached to the gill arches and
serving to strain food from the water. The formula
15 + 25, indicates 15 rakers on the upper limb of the
arch and 25 on the lower.

Isthmus - the narrow portion between the bones of the lower jaw
and the gill chambers.

Larva - the immature stage of an animal which eventually under-
(pi. larvae) goes certain structural changes in becoming adult.

Lateral - of the side.

Lateral line- a series of pores along the side of the fish's body
opening into sensory organs located beneath the scales.

Mandible - the lower jaw.

Maxillary - the second and usually the larger of the two bones forming
the upper jaw.

Opercle or - the gill cover.
operculum

Origin(of fin) - the anterior end of the base of a fin.

Ovaries - the female reproductive organs which give rise to the eggs.
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Palatines - a pair of bones on the roof of the mouth, extending out-
ward and backward from the head of the vomer, sometimes
bearing small teeth.

Papilla -
A small fleshy projection, sometimes tubular.

(pl. papillae)

Parr marks dark vertical bands on the sides, usually in young fishes.

Pectoral fin the paired fin attached to the shoulder girdle.

Pelvin fin the paired fin attached to the pelvin girdle.

Pharyngeal a bony structure in the pharynx for the grinding of food.
teeth (in the formula 2, 4--4, 2 means 2 teeth on the outer row

on the left and right side and 4 teeth on the inner row
of left and right sides.)

Posterior behind.

Premaxillary- the first of two bones, on either side of the mid-line of
the upper jaw, immediately in front of the nasal bones,
sometimes overlapping the maxillary bone laterally.

Protractile - capable of being thrust out or extended forward.

Pyloric - a finger-like process attached to the intestine where it
caecum (pl. leaves the stomach.
caeca)

Ray - of a fin - the support to the fin membranes (includes
both segmented soft ray and unsegmented spiny ray.)

Serrated - notched like a saw.

Subterminal - almost at the anterior tip of the head.
(mouth)

Spine (of - the unsegmented supports of the fin membranes regardless
a fin) of whether or not they are stiff.

Tail - the part of the body posterior to the body cavity; in most
fishes this is applied to the caudal peduncle and fin in-
clusive. I

Testes - the male reproductive organs which give rise to sperms.'

Thoracic - the region of the thorax or 'chest".

Ventral fin - the paired fin attached to the pelvic girdle.

Vermiculations- Wavy or worm-like markings,
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Vomer - the bone in the roof of the mouth toward the front.

Weberian - a series of four small bones connecting the air-bladder
ossicles with the inner ear to form an auditory organ.
See Figure 1 for nomenclature and location of fins.

Note: The information in this section is taken from "The Fresh-Water
Fishes of British Columbia, Handbook NO. 5," by C. Clifford Carl and
W. A. Clemens, 1953, with permission from G. Clifford Carl, co-author,
and Director, British Columbia Provincial Museum.

17



V

IDENTIFICATION OF FISHES

The purpose of counting fish is to tabulate the important species
passing any certain dam in order to register population trends, composi-
tion of the runs, and other information needed for experimental or
management purposes. Five species of salmon are found on the Pacific
Coast and for some distance upstream on the Columbia River. Steelhead
trout are usually classed with salmon making a total of six main species
of salmonids. Each of these will be discussed separately, along with
some of the more common scrap fishes.

Salmon and steelhead are distinguished from most other fishes by
the possession of an adipose fin. The body is moderately stout, being
generally more slender in the steelhead. The lateral line is well de-
veloped, becoming especially noticeable in steelheads that have been In
fresh water a considerable period of time. The adipose fin is prominent
and fleshy, and there is a fleshy appendage at the base of each pelvic
fin. The colors are bright steely blue to green to brownish red above
and silvery to dull white to brownish red below. The wide variation in
color is due to the fact that salmon and steelhead change from their
original bright colors to duller colors as their length of time in fresh
water increases. This color change makes it very important that fish
counters are able to recognize these color changes in the same species
of fish. The Pacific salmon and steelhead trout possess a comparatively
large anal fin. This fin contains 12 to 19 rays in the salmon, and 8

to 12 rays for the trouts and Atlantic salmon. In the salmon, the lead-
ing edge of the anal fin is longer than the base of the fin, while in
the trouts and Atlantic salmon it is shorter than the base. The Atlantic
salmon is, in actuality, an "eastern" steelhead.

The head of the steelhead is more rounded in front, and shorter
than that of the salmon, and the trailing edge of the tail Is straighter.
The steelhead Is more flighty and nervous, is prone to jump more, and
generally flashes across the counting board W-th more speed. These
characteristics, along with the more pronounced lateral line after some
residence in fresh water, and the more slender form, tend to identify
the steelhead from the standpoint of the fish counter. The chinook
salmon, on the other hand, well deserve the name "King salmon" because
of their large size and their slower, regal, seemingly effortless move-
ment across the counting board.

CHINOOK SALMON

(Oncorhynchus tschawytscha)

Common Names. - Chinook, King, Spring, Tyee.
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Identifying Features. - Body - elongate, somewhat compressed,
caudal peduncle stout. Head - conical, mouth terminal; teeth not rigid,
conical, moderately sharp. Branehiostigals - 13 to 19, 20 to 28 rakers
on first gill arch. Fins - dorsal (17 10 to 14 rays; adipose, relatively
small, stout, fleshy; @n_al, 14 to 19 rays; pelvic, abdominal, each with
fleshy appendage at base; caudal, emarginate, outer rays rigid. Lateral
line - slightly decurved, then straight. Scales - cycloid; 140 To 1-53
in first row above lateral line, 131 to 151 on lateral line. Pyloric
caeca - 140 to 185.

Color - greenish blue to black on dorsal surface, frequently with
faint reddish to rusty hue; black spots numerous, irregular on back,
dorsal fin and both lobes of caudal fin. As a further aid to the fish
counter, it should be noted that the chinook is the largest of the
salmon, although the "Jacks" sometimes require close attention to
distinguish them from blueback salmon. The irregular black spots on the
back of the chinook, their size and their persistent determination to
swim over the counting board, suggesting great power, all are factors
which will help in identification. The change in coloration throughout
the season must constantly be kept in mind.

Size - Lengths of adults up to 4 feet 10 inches, weights usually
ranging from 10 to 50 pounds with a recorded record of 125 pounds.

Young - strongly developed parr marks extending well below the
lateral line, wider than the spaces between.

Natural History. - With the approach of sexual maturity which may

occur from the end of the second year to the sixth, but usually in the
fourth year, the chinook terminate their ocean feeding and make their
way back to the coastal rivers. Those fish entering the streams earliest
generally travel the farthest inland. Relatively little is known, as
yet, about the routes of the chinook at sea. Tagged fish have, however,
been found great distances from their coastal streams. They feed mainly
on fish while in the ocean, but they stop feeding upon entering fresh
water. The color pattern and body form begin to change when they leave
the ocean. Both sexes become blackish with some red blotches. The jaws
of the male become prolonged and hooked, and the teeth become long and
canine-like. The body becomes humped at the shoulders and the scales be-
come imbedded in a growth of spongy skin. The flesh of both sexes changes
from red to pink or white. Spawning takes place in late summer or fall,
after which the adults die.

Distribution. - Chinook salmon are distributed from central
California northward to Alaska and west to the Asiatic side of the
Pacific. They ascend all the large streams and many small ones, the most
important in the United States being the Sacramento, Klamath and Columbia
Rivers. Spawning does not normally occur south of San FPancisco Bay.
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BLUEBACK SALMON

(Oncorhynchus nerka)

Common Name - Blveback, Sockeye, Yank, Little Silver, Kokanee, Red.

Identifying Features. - Body - elongate, somewhat compressed.
Head - conical; mouth terminal; teeth small and weak. Branchiostigals -
11 to 15; 30 to 39 rakers on first gill arch, long, slender and rough
and closely set. Fins - dorsal (1), 11 to 16 rays; adipose, small,
slender, fleshy, anal, 13 to 17 rays; pelvic, abdominal, each with
fleshy appendage at base; caudal, emarginate. Lateral line - slightly
decurved then straight. Scales -cycloid; 125 to 17F3 in-first line above
lateral line, 125 to 139 on lateral line. Pyloric caeca -

66 to 92.

Color - greenish blue on dorsal surface with fine black speckling,
no black spots; metallic green on head; silvery below lateral line;
"lacy" or transparent appearance on trailing edges of fins.. Mature male
has brilliant red body, mature female dark red on body, with green and
yellow blotches. The counter will notice that the blueback are generally
similar in size, the Individuals not differing greatly from each other.
From the beginning of the run until after the peak, the blueback is a
beautiful fish with a silvery belly and a deep blueish-green back. The
small black speckles will not be noticeable as they cross the board,
presenting a solid colored back. Later in the run the color of the back
changes to a duller shade and will become slightly rust colored. As
spawning time approaches, the body becomes brilliant red, the head re-
taining a greenish tinge. Blueback tend to "school", and although they
will cross the counting board singly, as many as 12 or 14 may be seen
crossing it at one time.

Size - length up to 2 feet 9 inches, weighs usually between 5 and 7

pounds. Weights up to 15 112 pounds have been recorded.

Young - slender parr marks, smaller than spaces between, hardly
extending below the lateral line. Greenish irridescence on back.

Natural History - The saltwater stage of life is similar to that
of the chinook. The spawning migration usually takes place in summer,
the adults usually enter streams which are lake fed. They pass through
the lakes and spawn in the tributary streams, only occasionally in the
lake itself. When the youn@ hatch they descend into the lakes, spending
one or more years there before migrating to the ocean. In some places
they have become land-locked, completing their life cycle in fresh water,
such as occurs in Grand Coulee Reservoir. Me sea runs usually return
as mature adults in their third to fifth year. The rich, red meat
makes It the choicest of all salmon.

Distribution - Blueback are found from the coast of southern
Oregon north to northern Alaska, west to Japan, but are not common south
of the Columbia River. The Frazer river system is the largest producer
of blueback.
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SILVER SALMON

(Oncorhynchus kisutch)

Common Names. - Silver, Coho.

Identifying Features. Body - elongate, somewhat compressed,
caudal peduncle stout. Head conical, mouth terminal, teeth firmly
set, needle-like; branchiostigals, 11 to 15; 19 to 25 rakers on first
gill arch, rough and widely spaced. Fins - dorsal (1), 9 to 13 rays;
adipose small, slender, fleshy; anal, 12 to 17 rays; pelvic, abdominal
with fleshy appendage at base; caudal, emarginate, outer rays somewhat
limp. Lateral line - slightly decurved then straight. S cales - cycloid,
120 to FF5-infirs@t row above lateral line, 121 to 136 @n lateral line.
Pyloric caeca -

45 to 80.

Color - metallic blue on dorsal surface, silvery on ventral sur-
face and caudal peduncle. Black spots numerous and irregular on back
and upper lobe of caudal fin. The counter must pay close attention to
distinguish the silver salmon from the chinook. For the size of the
fish, thetcaudal peduncle of the silver appears stouter. The black
spotting appears only on the back and upper lobe of the tail, while the
chinook is spotted on the back, the dorsal fin and both lobes of the
tail. The silver usually appears quite fresh as far upstream as McNary
Dam, being quite clean and silvery on sides and belly.

Size - length up to 3 feet. Weights up to 26 pounds with an average
of 6 t@ 1-2 pounds.

Young - Strongly developed parr marks, extending almost across
body. Leading edge of anal fin elongate. Orange tinge to leading edge
of paired fins.

Natural History - Similar to that of chinook salmon except they
run generally on a three-year cycle instead of a four, as in the chinook.

I

Distribution - Silver salmon are found at sea from northern Mexico,
north to Alaska and west to Japan. They spawn in streams from northern
California northward, and a few small streams off northern San Francisco
Bay.

CHUM SALMON

(Oncorhynchus keta)

Common Names. - Chum, Dog salmon.
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Identifying Features. - Body - elongate, somewhat compressed,
caudal peduncle slender, Head

- conical; mouth terminal; teeth conical,
strongly developed, becoming fang-like in mature males; branchiostegals
10 to 16; 19 to 26 rakers on first gill arch, short, stout, smooth,
widely spaced. Fins - dorsal (1), 19 to 13 rays; adipose small, slender,
fleshy; anal, 13 to 17 rays; pelvic, abdominal with fleshy appendage at
basei caudal emarginate. Lateral line - slightly decurved then straight.
Scales - cycloid, 130 to 153 in first row above lateral line, 126 to 151
on lateral line. Pyloric caeca - 140 to 185.

Color - Metallic blue on dorsal surface with occasional black
speckling. No black spots. Black tinge on all fins but dorsal. In
maturing adults in fresh water, irregular reddish to dusky streaks
across side of body, white on tips of anal and pelvic fins. Chum salmon
possess no black spots though occasionally there is black speckling on
the back. Fish fresh from the ocean have silvery sides and belly, but
mature adults in fresh water develop dusky to reddish streaks across
the sides of their body. The lower fins have a black tinge. Mature
fish possess very long teeth like that of a dog, from which the name
is derived.

Size - Length up to 3 feet 2 inches. Weight up to 30 pounds with
an average of 8 to i8 pounds.

Young - Slender parr marks scarcely extending below lateral line.
Green irridescence on back.

Natural History - Very soon after hatching the young leave the
streams for the ocean, returning usually in the fourth year. The life
cycle is similar to that of the chinook.

Distribution - Northern California to Northwestern Alaska, west
to Kamchatka.

PINK SALMON

(Oncorhynchus gorbuscha)

Common Names - Pink, Humpback Salmon.

Identifying Features - Body - elongate, somewhat compressed. Head
conical; mouth terminal; teeth small and weak; branchiostegals 9 to 15;
26 to 34 rakers on first gill arch. Fins - dorsal (1), 10 to 15 rays;
adipose small slender, fleshy; anal, 13 to 17 rays; pelvic, abdominal,
each w1th a fleshy appendage at base; caudal, emerginate. Lateral line
slightly decurved, then straight. Scales - Cycloid, small, 170 to 229
on first row above lateral line, 15j-t-o198 on lateral line. Pyloric
caeca - 165 to 195.
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Color - Metallic blue on dorsal surface, silvery on sides. Black
blotches numerous, large, more or less oval on back and caudal fin.
Male at maturity is red to yellow on sides of body, black blotches
obscure. Female at maturity is olive green on sides of body with dusky
stripes. Flesh is pink, paler with maturity. The pink salmon are small
and possess very small scales. In fresh individuals the back is bluish
green, blending to silvery below with numerous large black spots appearing
on the back, sides and tail. It is not commonly found inland as far as
McNary Dam.

Size - Average weight is 3 to 5 pounds, occasionally up to 10

pounds. Length up to 2 feet 6 Inches.

Young - Most easily identified by having no parr marks.

Natural History - Spawning is from late September to early November

in almost all coastal streams in its range. As the males mature they
develop extremely hooked jaws, and large humps on their backs. The
young head for sea almost as soon as they hatch and return to spawn when

they are two years old. The rivers of Alaska have abundant runs every
year, but in the Puget Sound area the runs in the odd numbered years are
greater than the even numbered ones.

Distribution - Northern California north to Alaska, west to Japan.

STEELHEAD TROUT

(Salmo gairdnerii)

Identifying Features - Body - elongate, rather deep, compressed;
caudal peduncle stout. Head - relatively short; mouth terminal, maxillary
extending to point below or slightly behind the eye; teeth on head and
shaft of vomer poorly developed, none on back of tongue. Fins - dorsal
(1), 11 or 12 rays, adipose small, slender, fleshy anal, 10 or 11 rays,
occasionally 9 or 12; pelvic abdominal, each with fleshy appendage at
base; caudal, truncate. Lateral line - slightly decurved then straight.
Scales - cycloid, in oblique rows above lateral line, 115 to 139.

Color - metallic blue on dorsal surface, silvery on sides, black
spots on back, dorsal fin, adipose and caudal fins, each without halo.
Continuous deep pink to red band along each side, especially on males
at spawning time. No red dash below lower jaw.

Size - Length up to 3 feet 9 inches, weight up to 36 pounds,
averaging 7 to 9 pounds.

Young - Small, narrow parr marks in the very young, greenish back
with small black spots, short head, leading edge of anal fin not longer
than base of fin.

Distribution - From southern California to southeastern Alaska.
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MISCELLANEOUS FISH

SHAD

(Alosa sapidissima)

The shad, introduced from the Atlantic Coast, belongs to the
herring family and is small to medium in size, characterized by a
single spineless dorsal fin and a forked tail. The shad is anadromous,
entering fresh water to spawn. The body is deep and compressed from
side to side, with length up to 30 inches. No teeth on jaws; upper
jaw with deep notch at tip. Striations on gill cover coarse, and fan-
like. Scales In lateral series, about 60, those on belly strongly
keeled. Color is bluish on back, silvery white on sides and belly.
Round black spots on sides beginning behind head, becoming paler as they
go back, more conspicuous when the scales are removed. Range of the
shad on the Pacific Coast is from San Diego northward to Alaska.

CARP

(Cyprinus carpio)

The carp is a member of the minnow family. The body is robust
and compressed, with length up to 30 inches or more. The head is short,
snout rounded. Upper jaw with two barbers on each side. Scales large,
in about 38 rows. Dorsal fin base long with about 20 soft rays pre-
ceded by a stout, long toothed spine. Anal fin with 5 soft rays pre-
ceded by a stout toothed spine. Color dusky green to brownish on back
and sides, yellow on lower sides and belly. Lower fins reddish. In-
troduced into America from Europe, now very numerous and widespread.
The large scales and brown to yellow color, together with their
generally sluggish movement over the counting board will identify these
fish to the counter.

CHUB

(Mylocheilus caurinus)

The chub also belongs to the minnow family. The body is elongate,
and slightly compressed with length up to 10 inches. Head short and
conical, mouth small and horizontal. Commonly known as "pea mouth."
Small barbel at end of maxillary. Scales in 68 to 76 rows. Dorsal and
anal fins each with 8 fully developed rays. Breeding fish have tubercles
on head, operculum, back and sides nearly to lateral line. Color silvery
with a dark back. A dark band runs along the lateral line with a second
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one below it running from head almost to vent. Belly and sides reddish
in spawning males. Two species are generally present in the Columbia
River; M. caurinus, Columbia River chub, and kcrocheilus alutaceus,
the chiselmouth chub.

SUCKERS

Suckers belong the the family Catostomidae and are characterized
by having a sub-terminal mouth so constructed that it can be protruded
for feeding on the bottom. No teeth present on jaws. The fine-scaled
sucker, (Catostomus columbianus) has small scales, more than 90 in the
lateral line. The head is long, pointed and flat on top. kverage
length from 14 to 18 inches. The coarse-scaled sucker, (Catostomus
macrocheilus) has larger scales, 65 to 75 in lateral line. The dorsal
fin of the fine-scalea sucker has a base shorter than the vertical
height, while the base is almost twice as long as the height in the
coarse-scaled sucker. Color is dark olivaceous, abruptly pale below.
Males have a broad rosy band on each side at spawning time. Suckers have
an occasional habit of stopping on the counting board. When they do this,
they spread or fan out their pectoral fins and seem to hold themselves in
position by "clutching" the board with them.

WHITEFISH

(Prosopium Williamsoni)

The whitefish is distinguished by its silvery appearance, weak
jaws with few or no teeth and soft rayed fins. An adipose fin is pre-
sent in all members of the family, being a close relative to trout and
salmon. They are quite Important as food and sport fish. They have a
trout-like body with a protruding snout and small mouth. Length up to
18 inches and weight up to 3 pounds. Scales in 74 to 90 rows. Parr
marks present in young stages.

SHINER

(Richardsonius balteatus)

The Red-sided shiner is also a.member of the minnow family. The

body is deep and strongly compressed. Length up to 6 Inches. Head small
with terminal, oblique mouth with no barbel. Large eye. Scales in 54 to
67 rows. Lateral line strongly decurved, running.parallel to the contour
of the ventral surface. knal fin long with 10 to 22 fully developed rays.
Color silvery with dark olivaaeous back with red sides during breeding
season. k dark lateral band extends from snout to base of tail. Common

in Columbia River. Usually travel in schools.
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CHANNEL CATFISH

(Ictalurus lacustris)

The channel catfish of the Columbia and Snake Rivers possesses a

forked tail, a scaleless body, an adipose fin, spines in the dorsal and
pectoral fins, and elongated barbers around the mouth. The body is
brownish with black spotting on the sides. The anal rays, Including all
rudiments, number more than 25. Catfish taken by anglers in the Columbia
and Snake Rivers generally range between 2 to 4 pounds in weight and from
14 to 18 inches in length, with one specimen captured reportedly weighing
17 pounds 4 ounces.

LAMPREY

(Entosphenus tridentatus)

The lamprey is not a true fish since it lacks jaws and paired fins.
The mouth is circular and designed for grasping and sucking. The Pacific
three-toothed lamprey has a long eel-like body, up to 30 inches or so in
length. Three groups of strongly developed teeth are present in the
sucking disc. They possess no paired fins, and the dorsals are widely
separated. There are 7 gill openings on each side behind the head.
Color is dark brown to almost blueish black.

WHITE CRAPPIE

(Pomoxis annularis)

Crappies belong to the bass and sunfish family. Body is ovate and
much compressed. Length to about 15 inches. Mouth large, oblique,
reaching posterior edge of pupil. Dorsal fin continuous with 7 or 8

spines and 14 soft rays. Anal spines 5 to 7. Scales large, weakly
ctenoid, in 35 to 55 rows. Color silvery-olive, mottled with olive-
green, mottlings arranged somewhat In rows.

SQUAWFISH

(Ptychocheilus oregonense)

Me squawfish, a minnow, reaches an average length of 18 inches,
up to more than 2 feet. The body is elongate, slightly compressed.
Head long and tapered, mouth large, maxillary reaching below eye. No

barbel. Scales small, in 69 to 77 rows. Color silvery, with greenish
back, fins tinged with red or orange at spawning time. Widely dis-
tributed. Very predaceous.
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BULLHEAD

(Ameiurus nebulosus)

The Northern Brown Bullhead is the most common of the catfishes.
Catfishes have a scaleless body, adipose fin and spines in the dorsal
and pectoral fins and elongated barbers around the mouth. Bullheads
have a rounded or square tail, while channel catfish have a forked tail.
It has a brownish body and yellowish belly and the lower sides of the
body are often mottled.

SCULPINS

They belong to the fam
' ily Cottidae and are mostly bottom-dwelling

fish. The head is large and the operculum ends in one or more spines.
The body is naked, or provided with a few scales, prickles or bony
plates. The pectoral fins are large and fan-like. Color is grayish-
olive with dark spots and mottlings, underparts whitish.

WHITE STURGEON

(Acipenser transmontanus)

A sturgeon is easily distinguishable by its elongated snout,
ventrally placed sucking mouth, and shield-like plates or scutes on back
and sides. Four barbels are located in a row anterior to the mouth.
The upper lobe of the tail fin is elongated (heterocercal). The internal
skeleton is cartilage. It has remained relatively unchanged since its
ancient origin. The sturgeon is a valuable food fish and is still of
some commercial importance, although not as much as it was formerly. It
is our largest freshwater fish, reaching lengths of 20 feet and weights
in excess of 1,000 pounds.
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VI

FISH COUNTING TECHNIQUES

This section is devoted to explaining different counting methods,
counting schedules, their advantages and disadvantages, some of the
many points on fish counter training, and the influence of various
factors on fish passage.

Full Count. -
A full count is obtained only when the fish ladder

is closed to fish passage except during the period when a counter is on

duty. The advantage and main purpose of this type count is to obtain
the full numbers and species of fish passing a given place in a known

period of time. When full counts are made at a number of places on a
river it is then possible to estimate the numbers of fish that ascend
the tributary rivers between these counting stations and how many go on
up to the lakes and headwaters of the river to spawn. Over a period of
years the trend of the various fish runs can be determined to see if a
particular run of fish is increasing or decreasing in numbers.

Counting Schedule. - In order to formulate an efficient fish
counting schedule, th@i-approximate numbers of fish and time of migration
past the counting site must be determined. This must be done in order
that the counting periods will conform closely to the time of migration
to provide the least hinderance to fish passage, but still not add un-
necessarily to the counting costs. During the early and late parts of
the fish run season, an 8-hour day of counting may be sufficient to pass
the fish presenting themselves at the counting station, while during the
main part of the season a 16-hour day would be necessary. In general,
the counting periods should conform rather closely to the periods of day-
light. The schedule must be flexible enough, however, to permit a change
of times within a reasonably short period as the numbers of fish increase
or decrease.

To perform a full count on two fish ladders on an 8-hour day
schedule seven days per week, three counters are necessary, while six
counters will be needed for a 16-hour counting day. This provides each
counter with a 40-hour week on either schedule. The schedule in use at
McNary Dam is a good example of how this can be done. The 8-hour day
schedule permits rotation of counting stations and the 16-hour day also
lets the counters alternate the morning and afternoon shifts. This
schedule is as follows:
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This method allows a work schedule of 8 hours per day, 40 hours
per week for each person and allows two 2-day and one 4-day non-work
periods in every 4 weeks. Since the 4-day non-work period commences at
12 noon on a Thursday and runs until 12 noon the following Tuesday, the
actual time off amounts to 5 days. This particular feature is quite
popular with operators and counters alike.

During periods of fish counting at McNary Dam, from March through
October or November for example, the fishway operators follow the 16-hour
per day schedule, even though fish counting may be on an 8 hour per day
basis throughout part of this period. This makes it possible to more
closely regulate the fish facility system, as well as providing an opera-
tor during all periods that fish are being counted. When all fish
entrance weirs as well as the flow regulation system in the fish ladders
are in full automatic operation, it may not be necessary to follow a
16 hour per day schedule for fishway operators. In the winter months
when counting is not normally carried on, the counting stations are left
open at all times to allow free passage of fish. During this time all
fishway operators normally work 8 hours per day, 5 days per week, from
8 a.m. to 4:30 p.m., with one-half hour off for lunch, with but one
exception. A schedule is arranged so that one operator is always on
duty Saturdays and Sundays to regulate the fish facilities. This week-
end duty is rotated equally among the operators.

When counting is performed on a 16-hour per day basis and two
counters are on duty each shift the counters may wish to alternate
ladders daily. This should be permitted, and even encouraged. Usually,
counting conditions will be different on the two ladders, or perhaps
more fish pass over one side than the other. Often a sense of "competi-
tion" develops as to who will see the first blueback or silver salmon of
the run. These, and many more seemingly small things, tend to make the
job of fish counting more interesting. Time passes quickly and the job
is interesting enough when large numbers of fish are running but the
same job can be extremely tiresome and boring when the counter must
watch water flowing by, interrupted only occasionally by the passage of
a fish.

It is extremely important, therefore, that the counters take a
regularly scheduled rest period each hour. The last ten minutes of each
hour should be utilized by the counter to come out of the counting house,
walk around, and obtain some fresh air, so that she will be relaxed and
refreshed for the next 50 minutes of counting. When the fish are running
heavily, there may be a reluctance on the part of the counter to take
the rest period, but with lengthy and continuous concentration upon the
counting board the fish will all begin to look alike. Also, when few
fish are running, the sight and sound of steadily moving water over the
board has a very soothing effect, inducing drowsiness. These effects are
counteracted greatly by the short rest period each hour. A regular rest
period is also important in that statistical analysis can be applied
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to the counts as all count periods would be same length. If it were
left up to the counter to take a "few minutes" whenever they got tired
the counting periods would not be standard and could not be analyzed
properly.

Sample Count. - Another method of tabulating the number of fish is
a system of sample counting, whereby the ladders are left open to fish
passage at all times and scheduled counts are made for part of the day,
with appropriate factors applied to compensate for the fish passing
during the non-counting periods. The errors in this method of counting
may be quite large when taken on a day by day basis, varying as much as
50 percent from the actual numbers of fish passed. However, over a long
period of time these errors become compensating with an over-all error
for a season of approximately 3 to 4 percent, which is within the human
error inherent in identification.

The main advantage to sample counting is that the ladders are open
to free fish passage at all times. A counting station in itself hinders
fish movement somewhat since all the fish must be funneled through a
small area so that they are visible to count. This hindrance is further
compounded by the full-count procedure of closing off the counting board
during non-counting periods.

A schedule for sample counting must be tailored to fit existing
conditions. At McNary Dam the distance between counting stations was so
great that it was not considered practical to change sampling stations
more often than at four hour intervals. An example of the schedule at
McNary Dam is as follows:

SCHEDULE A

Oregon ladder - 4:00 a.m. to 7:50 a.m.
Washington ladder - 8:10 a.m. to 12:00 Noon
Oregon ladder - 12:00 Noon to 3:50 P.m.
Washington ladder - 4:10 p.m. to 8:00 p.m.

The last ten minutes of each hour on the Oregon ladder and the first
ten minutes of each hour on the Washington ladder are counter rest periods.

SCHEDULE B

Washington ladder - 4:00 a.m. to 7:50 a.m.
Oregon ladder - 8:10 a.m. to 12:00 Noon
Washington ladder - 12:00 Noon.to 3:50 P.m.
Oregon ladder - 4:10 p.m. to 8:00 p.m.

The last ten minutes of each hour on the Washington ladder and the
first ten minutes of each hour on the Oregon ladder are counter rest
periods.
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Schedules A and B are alternated daily so that a biased count due
to counting at the same ladder at the same time for a number of days is
eliminated. The change of time for the rest periods from the last ten
minutes of each hour to the first ten minutes of each hour, every four
hours, is to allow the counter time to get from one ladder to the other
by putting two rest periods together at the change-over time. A 50-
minute-per-hour count is still maintained.

To compute the daily count, three factors must be applied to the
actual count. As the ladders are open to fish passage for the full hour,
the 50-minute count is multiplied by 6/5 to give a full hour computed
count. The adjusted hourly counts for the two 4-hour shifts at each
ladder are then multiplied by two to give a 16-hour count at each ladder.
A factor for night passage from 8:00 p.m. to 4:00 a.m. must also be
applied, which can be obtained only by sufficient night counts to deter-
mine the pattern of night movement for different species throughout the
season. These applied factors are based on the assumption that the fish
move through the ladder at a steady rate, which explains the occasional
extreme daily variation which may occur between the computed count and
the actual count. This assumption, however, is also the reason why the
errors are compensating over a period of time.

It is very important that the counters indicate the exact time of
counting. If they are delayed for a few minutes then the time that they
begin and end a counting period should be indicated so that compensating
factors can be applied,

The daily error is the main disadvantage to this type of sample
counting, because it renders statistical analysis impossible. During
any experimental work when the results are dependent on an analysis of
the counts, a full time count must be made if the study is to be valid.
Since only one-half the number of fish counters are required for this
type of counting as compared to the number needed for full counting, a
problem may arise on obtaining trained counters for a short period of
time while an experimental study is in progress. A trained fish counter
who is really desirous of obtaining work may well be reluctant to pass
up other job opportunities on the hope of a short period of counting
sometime in the future.

Another type of sample count utilizes the same number of counters
needed for a full count, but the fish are allowed to proceed through the
counting station at all times, including rest periods and at night.
Counting hours are similar'to the 16-hour per day full count schedule.
While no reduction in the number of fish counters needed is realized,
this method possesses several distinct advantages. A closer approxi-
mation to the actual number of fish passing is obtained. Factors need
to be applied only for night passage, and the short period out of each
hour designated as counter rest periods. In addition, the ideal of
free fish passage at all times is maintained and, if experimental work
is to be carried out which requires a full count of fish, the counting
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stations have only to be closed during non-counting periods, as the re-
quired number of counters needed for a full count are already available.

Temporary Counting Stations. - It may be desirable, as It was at
McNary Dam, to determine the pattern of fish movement into the various
parts of the collection system. Two temporary counting stations were
constructed which could be installed in stoplog slots at various places
in the systems.

The counting station itself consists of barrier screen sections,
the upper section being slotted to accommodate an adjustable counting
board for the fish to pass over. See Figure "2". As they are presently
designed, there are no leading sections such as the picketed leads and
louvered sections of the permanent stations to direct the fish over the
counting board. The barrier effect is the main disadvantage to use of
these temporary statiins.

The schedule of operation of the temporary station has much to do
with its efficiency. The station should be put in place the day before
counting is to begin. If it is placed on Monday, counting could be per-
formed on Tuesday, Wednesday and Thursday, and the station removed on
Friday. This utilizes the normal work week and by removing the station
on Friday an unnecessary delay to fish passage over the week-end is
avoided.

When the.counting stations are used in a collection system to
ascertain the usage of a certain system or part thereof, a check-point
must be determined so that the count at the temporary station may be
compared to another total count to arrive at a percentage base. The
count at the permanent counting station at the upper end of the ladder
may be used as the base count in most instances.

When the number of fish using an entire collection system is to
be checked, as was the case at McNary Dam where there are three separate
systems on the Oregon side, the count at the temporary station may be
applied directly to the total count at the permanent station. If a
section of a system is to be checked, as with the sections of a power-
house collection system, one section at a time may be checked by starting
at the farthest end and the count there may be applied to the total count
again,ortDthe count at a second temporary station placed in the upper-
most end of the system. -

Actions of the counter. - The fish counter has quite an influence
on the passage of fish past a counting station. Due to the nature of the
job, the counter must be quite close to the fish as they cross the
counting board. Any sudden action or loud noise will frighten the fish
since they are unusually wary because they are confined to the narrow
area of the board. The counter should also avoid wearing flashy clothes
or clothes which would flutter in a breeze. Throwing paper, cigarettes
or other debris into the ladder should be avoided. All these things
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tend to frighten the fish and delay their passage across the board.
Any material or equipment which is suspended over the ladder should be
secured so that it does not blow or bang around.

Spectators. - Fish facilities, especially fish counting stations,
are, without a doubt, the most visited places at a dam. The dam itself
and the generators, are impressive sights to be sure, but the general
public does not understand their operation and merely has a curiosity
to see a dam. Nearly everyone, however, likes to fish or at least watch
them, so people have more of a personal interest in the fish. The
esthetic value, or the pleasure derived from seeing a wild animal, fish
or bird, far exceeds the monetary value of that resource. This is per-
haps the only chance many people have of ever seeing a salmon, while a
dam itself is rather a common sight throughout the country.

This interest in fish by the public can, and does, at times, be-
come a hindrance to fish passage. The sudden movements, loud yells,
flashy or fluttering clothes worn by the spectators often frighten
the fish as they rise to cross the counting board. This cannot be
avoided, but if it becomes excessive, steps should be taken to reduce
this particular hindrance to fish passage.

Fish counter training. - The identification of fish is not as
difficult a job as it might seem. Once the counter has learned the
identifying features of a fish it is merely a matter of practice.

It is helpful to know approximately what species of fish will be
seen and their relative abundance. There are several excellent books
on the identification of fishes, colored pictures and movies which may
be obtained to aid the counter in learning. A section on the identifies-
tion of the more common Columbia River fishes is included in this manual.
These aids are helpful, but the best method of learning to identify fish
is to be with an experienced counter and learn the fish as they pass over
the board. This period of learning is necessary because no amount of pre-
paration can take the place of practical experience. As soon as the
counter can successfully identify the fish h may be put on his own.

When the counter first starts to work, the counting board should
be kept shallow so that he gets a good view of the fish, learning as
many identifying features as possible. As the experience of the
counter increases, so should the depth at which the board is operated.
Depending on the turbidity of the water, the board should be operated
at the maximum depth at which the counter can identify the fish. This
may vary from a few inches to two or more feet.

The depth of the board cannot be over-emphasized because it is a
prime factor in fish passage. Fish, especially salmon, swim deep to
avoid detection from above, and are reluctant to come to the surface
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unless they are forced to. The deeper the counting board is operated,
the better the fish will pass over It. Bright sunlight and shadows
on the board is also detrimental to best passage. Shades should be
erected, and, if necessary, adjusted by the counter to prevent sunlight
from shining on the board.

As a means of tabulating the fish, a number of hand counters may

be labeled and attached to a board as shown in Figure "3". When a fish
crosses the board the counter punches the proper key, recording the
number of each species that passes. A daily record of fish passage is
kept by the counter of a Daily Fish Counters Report Form, Figure 114".

This form is filled in each hour from the tabulating board, the tabula-
tors cleared, and the counter is then ready for the next hour. When it
is desirable to break the count down into increments of less than one
hour, the number of fish are entered on a sheet every ten minutes with-
out clearing the tabulators ' until the hour is completed. The count is
then available on a 10, 20, or 30 minute basis for statistical analysis.

Other fish passage forms are in use, but it will not normally be
the responsibility of the counter to maintain them. The Daily Fishways
Report form, Figure n5", is filled in from the daily fish counters re-
ports, consolidating the totals onto one sheet. The Hourly Record of
Fish Counts, Figure "6", is also copied from the daily fish counters
reports and is used as a check sheet against mistakes when making out
the monthly report. This form is also a consolidation of hourly counts
on a bimonthly basis.

Some of the basic fundamentals of fish counting have been listed
here in hopes that they will prove helpful in establishing fish counting
at dams under construction orto be constructed, or to help clarify some

points of operation where fish counting is now in progress.
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VII

OPERATION OF FISH FACILITIES

In general, those charged with operation of fish facilities have
one basic responsibility, namely insuring the best possible fish passage
at the project through proper operation of the fish facilities provided.
To insure proper operation of the facilities, the fishway operators must
not only be thoroughly familiar with the technical operating details
furnished by the regular Operation and Maintenance Manual, but must
cultivate a sense of awareness of what is taking place at the project,
as a whole and on the fish facilities in particular. Operators must
realize and understand how planned or present changes in operation of
the spillway, powerhouse, or river discharge will effect the operation
or effectiveness of the fish facilities and know how to make proper ad-
justments to maintain continuously the best possible fish passage condi-
tions.

The changes constantly taking place at a project that have an
effect on fish passage are almost endless. Some of these changes are
as follows:

1. Changing tailwater levels and their effect on e 114 rance gate
settings and volume of attraction and transportation water
flows. Maintenance of proper fish attraction flows are of
major importance as fish will not use a fish ladder If they
cannot be attracted or brought to it by attraction flows
through the entrance gates.

2. Changes in forebay level with the resultant effect on gravity
flow down a fish ladder. Most gravity-pool type ladders oper-
ate best within certain limits of flow. If flows drop suffic-
iently in a ladder, a cyclic oscillating water movement may
occur. Changes from a plunging to a streaming flow over the
weir crest may also occur under changing volumes of water
passing down the ladder. These changes In flow conditions
in a ladder nearly always will cause a temporary disruption
in fish movement through the ladder. A change In the direction
of the wind will often cause a change in forebay level near
the dam with a resulting change in the amount of water passing
through the fish ladder.

Changes in river flow conditions and turbidity of the water.
Rapid rises in river flows, with the generally parallel in-
crease in turbidity, often cause a cessation or slackening
in upstream fish movement. Operators should be aware of this
in attempting to evaluate the success of fish facility opera-
tion.
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4. Changes in the number of operating main units in the power-
house. As the number of operating main generating units vary,
either the proportion of water passing through the powerhouse
and spillway varies or tallwater and forebay levels change, or
both conditions occur at the same time. All have an effect on

fish passage and operation of the facilities.

5. Changes in spillway gate operation and the resultant effects
on the spillway discharge and the tailwater pattern, These
changes in the spillway discharge pattern effect fish usage
of the facilities at a project. The pattern of the spillway
discharge, through manipulation of the spillway gates, should
be directed or formed, as much as it is possible to do so, to
aid in attracting fish to the entrance systems. In general,
a solid discharge across the spillway is preferable. When

this cannot be maintained due to fluctuating river discharges,
the spill should start at one end of the spillway and proceed
in a solid or continuous manner toward the other end. Single
or several individual bays should not be sealed with water
spilling in adjacent bays. Such practice will form relatively
calm spots in the tailwater and thus make it easier for fish
to become drawn into the violent energy dissipation area.

6. Changes in conditions at fishway entrances and in the fish
ladders can occur due to construction or maintenance work
adjacent to fish facilities. When these activities occur,
the fishway operators must make adjustments wherever possible
to compensate for the temporary loss of a portion of the fish
facility system., The operators should know in advance when
such construction or maintenance activities are to take place,
should press for the speediest termination of such work, and
should advise those in charge.of the project what effect such
work may have on fish passage so that the best over-all
maintenance or construction plan can be formulated.

In view of the constant changes taking place at a project that can
effect the adequacy of fish passage, it will help the operator to keep
in mind that the sole purpose of both the expensive fish facilities and
his job is this: To pass fish over the dam in the best manner with the
least possible delay. All of his job activities should point toward
this goal.

With regard to operation of fishway equipment, operators must
thoroughly understand the purpose of the equipment and how it operates.
This knowledge can be gained from study of the Operation Manual for the
project and by instruction from the fishway foreman.
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In manual operation of equipment, operators should be alert that
the movement of a weir or valve, for example is in the proper direction
and that the movement is stopped when the adjustment is completed.
Special care must be taken in adjustment of weirs that a greater head
of water is not placed against a weir than it is designed to withstand.
During a manual adjustment of a flow regulating weir in the fish ladder
at McNary, an operator failed to push a stop button hard enough to
stop the weir movement. Many hundreds of dollars damages to equipment
as well as loss of flow regulation in the ladder was averted only by
the action of an alert employee who noticed the upward movement of the
unattended weir and stopped it.

Operators must also understand the effect an operation will have
on other parts of the fishway system. An example of what could happen
in this regard is as follows: During the winter months at McNary Dam

the rotovalves on the gravity attraction water system are left half
open with the drain cocks open so that water will drain out of the valves
thus preventing their freezing and cracking. When tailwater rises in the
spring, it is necessary to begin using gravity attraction water in
successive stages up the slope of the ladder to maintain proper trans-
portation flows. If the gravity conduit was opened before the roto-
valves and drain cocks were closed, the force of the water coming
through the diffusion chamber gratings in that portion of the ladder
not yet under tailwater would cause these timber gratings to become
dislodged. Such an error would be relatively easy to make as several
months would have elapsed since the last half-open setting was made in
the rotovalves.

Fishway operators may occasionally have to count fish at either
the regular counting station or at temporary stations, so they must
also be able to identify the fish passing the project. Operators are
frequently questioned by visitors to the project concerning the fish
passage facilities, magnitude of the run, and species of fish the
visitor happens to see. So a certain amount of informal public re-
lation work is almost always a part of his duty.

Fishway operators must be familiar with the various types of
forms used for record keeping. These include the various hourly and
daily forms to record fish passage and daily forms to list attraction
water valve settings. Operators should also be familiar with work
schedules and how to make them as they may have to prepare schedules
or ajdust them in the foreman's absence. Typical schedules are given
in the section on fish counting techniques.

One fish ladder at a time is generally unwatered and shut down
for a period each winter for general maintenance, including any
necessary repair, cleaning and painting. Proper procedures for un-
watering any part of the fish facility system are given in the Operation
and Maintenance Manual for the particular project. When a fish ladder
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or any other part of the facilities are unwatered, it must be remembered
that fish will nearly always be present in the area to be unwatered.
These fish must be captured and safely removed, alive, to either forebay
or tailwater, whichever is easiest. When unwatering a fish ladder, the
gravity flow will gradually decrease until the ladder no longer contains
water. This flow must be gradually decreased and closely regulated to
insure that fish are not left stranded, either in the level section at
the upper end of the ladder near the counting station, or in the sloping
portion. This can be accomplished by leaving the lifting beam on the
crane attached to the last stoplog so that the amount of water entering
the ladder can be controlled as needed. As the flow decreases, one or
more operators should closely watch the sloping portion of the ladder,
following along the decreasing flow either on top of the ladder or in it,
and moving the fish that are present down the ladder through the orifices
to tailwater. These fish will swim down the ladder all the way and
should not be caught or lifted over a weir unless necessary. Fish re-
maining in the area of the counting station, either above or below it,
must be removed by first capturing them with dip nets, and placing
them one at a time in a wet sack or other container and releasing them
in the forebay. When only one fish at a time is lifted in a wet sack
and the sack is not allowed to swing against any solid object, the fish
are not injured by the transfer. Fish can also be removed by the wet
sack method when various parts of collection facilities are unwatered
below tailwater. In unwatering a facility to below tailwater level it
is necessary that a close watch be kept on the pumping process so that
the presence of fish can be determined and their safe removal be
accomplished before all of the water is removed. A few minutes of
negligence at the wrong time can result in the death of many fish.
During any unwatering procedure, all fish should be removed including
scrap fish.

Since removal of considerable numbers of fish from an area un-
watered to below tailwater level is a time consuming and expensive job,
operators should consider the flexibility in the fishway system and how

this flexibility can be put to use in an unorthodox operation a few
days prior to complete unwatering for the sole purpose of inducing the
fish in the particular area to move either to tailwater or forebay.
Some of these operations that have been tried and which have proven
partially successful are as follows:

1. The fish ladder is first unwatered to tailwater level. Then,
in unwatering certain parts of a fish entrance system to be-
low tailwater, it is sometimes possible to raise an entrance
weir off the bottom sill for a certain distance w@Lth the top
of the weir extending above tailwater, and then operate the
unwatering pump in this area. The flow of the water, in this
operation, is from tailwater into the area to be unwatered,
thus causing the fish to swim against the current into the
river.
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2. Before unwatering a fish ladder and its entrance system, the
attraction water at the entrances is often shut off, the
entrances then closed with stoplogs at a height several feet
above tailwater, and the fish ladder allowed to continue to
operate for a period of a few days in an attempt to allow the
fish in the system to move up to forebay without letting any
more fish into the system. A variation of this system which
evidently has been quite successful has been to place the fish
ladder on orifice flow only during this period, with no water
overtopping the fixed weirs. At McNary Dam this method has
been especially useful in moving the fish out of the upper
part of the fish ladder below the counting station,

The first method attempts to move the fish into the river below
the dam whereas the second method attempts to move the fish to the fore-
bay. In actual practice it may be necessary to use a combinatia)of
both methods as well as to remove some fish by the wet sack method. It
should be mentioned that unwatering of the fishways for inspection and
maintenance is, of necessity, accomplished in the winter months when
the upstream movement of anadromous species is at a minimum or non-
existent. As this period coincides with very low water temperatures,
fish, especially steelhead, become relatively inactive and tend to set
up "housekeeping" in the fish ladders, which often mades the task of
enticing them out of an area more difficult.

In connection with improving flow conditions for fish passage at
counting stations, fishway operators may have to improvise or suggest
means of correcting conditions that either somewhat impair fish passage
or make it more difficult for counters to identify the fish as they
pass the counting board. At projects already in operation such means
include curtain walls at a fish ladder exit to smooth out the surging
wave action in the forebay, U-shaped booms that surround the counting
board that aid in smoothing the water surface over the board, floating
plastic hydroscopes that float over the board and smooth the water and
shades attached to the counting gate or mounted over the counting

@oard

to eliminate shadows or bright sunlight on the board. Operators must
be diligent in the task of raking debris from the louvered picket
sections at the counting station. When debris piles up even slightly
against these pickets small waterfalls are created on the downstream
sides. Even when these small drops are but two inches or so in height,
fish will nose into these little falls and then occasionally jump

against them Into the pickets. Keeping the pickets clean of debris so
a free water flow is present through them will eliminate this problem.

As the Corps of Engineers cooperates as much as possible with
various state and Federal fishery agencies desiring to carry out varied
experiments, it is almost certain that fishway operators will come in-
to contact with research workers from these agencies. The experimental
work the fishery agencies wish to accomplish should be planned and
coordinated with the fish facilities operation in such manner that will
cause the least interruption and delay to fish passage. The use of
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fish traps at the exit of a fish ladder is often used in studies to
secure individuals for tagging, sampling for disease, and for trans-
fer to other locations. The general reluctance of fish to enter
these traps often causes an accumulation of fish below the trap with
resulting jumping and some dropbacks over the counting board. The act
of removing fish from the traps generally causes a cessation of up-
stream movement for a brief period. These results are not conducive
to best fish passage. To accomplish the desired studies and yet main-
tain the best possible fish passage condition, fishway operators must
insist that the activities and methods of the research workers be such
that fish delay is minimized. For example, the time spent in removal
of fish from the traps by dip-netting or other means must be as short
as possible and the fish traps must be moved away from the ladder exits
when not actually catching fish. Experience has shown that many
fishery research workers are so concerned with their own particular
problem that they ar(@ only dimly aware of the effects their activity
is having on the proper fish passage at a project. When this is the
case, the situation must be explained to these workers and their
activities modified to mitigate the passage problems their studies
often create.
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DAILY FISHWAYS RE PO RT - Mc N

Weather Water Temperature OF. Date

Air Temperature: Max. -F. Min. *F. Turbidity

DISCHARGE GAGE READINGS

(Preceding 24 Hours) FOREBAY TAILWATER

Powerhouse C. f. S. Powerhouse ft. msl ft. sI

Spillway C, f, S. Spillway ft, MST ft. m5l

C. f. S.

C. f. S.

SPILLWAY GATE POSITIONS

Bay No. I 2 3 4 5 6 7
1

8
1

9 1101111 121 13114 115 1 16117 118 L19 120 1
21 122 1

23

Latches Open (10:00 A.M.) I I I I I I I I I I I I

FISH COUNTED THROUGH FISHWAYS

UPSTREAM MIGRATION TOTAL

Chinook Salmon, Excep "'ac's.,
Chinook Salmon,

"Jack:
" only

Bluebock
Silver Salmon

Chum Salmon

Steelhead Trout

SUB - TOTAL

Shad

Miscellaneous Trout
Corp

Chub
Sucker

Squowfish
Whitefish
Shiner

Crappie
Bulthead
Sturgeon

SUB - TOTAL

TOTAL - ALL FISH

Fingerlings, Downstream

Remarks:

NPD Form

Oct 1956
252 (Rev.) Previous editions may be used until exhausted
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