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SUMMARY

Insects are the dominant food organisms in the
diet of cutthroat and rainbow trout in Oregon
streams and lakes.

The insects of aquatic origin form the bulk of the
food of Oregon trout during all seasons of the
year.

Insects of terrestrial origin are prominent in the
diet of Oregon trout during the spring, summer,
and fall months.

The aquatic insects of importance in the diet of I

Oregon trout are mayflies, stoneflies, caddis flies, I

midges, and blackflies.
I

Crayfish, small fish, and pieces of dead salmon are
important items in the diet of the larger trout.

The immature stages of blackflies and midges are I
important items in the diet of small trout in
streams.

In lakes, the diet of small trout is mainly composed
of immature midges and water-fleas.

Fresh-water shrimps are important items in the
diet of Oregon trout in lakes, especially in lakes
in which the eastern brook trout thrives.
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Figure 1. A GSA?1-[lc COMPAISISON op THE FOOD OSGANISMS OF OSCOON TItOUT.

Percentage distribution of the food organisms found in the stomachs of trout: (A) 103
rainbow trout from streams, (B) 19 rainbow trout from lakes, (C) 326 cutthroat trout from
lakes and streams, and (D) 25 eastern brook trout front lakes.



A Preliminary Survey of the Food
of Oregon Trouf

By

R. E. DIMICK and DON C. MOTE

INTRODUCTION

THE
fish food studies reported herein represent a record of progress iii

the cooperative investigations undertaken by the Oregon Agricultural
Experiment Station at the request of the Oregon State Game Commission.

Oregon is fast becoming known the country over as a game fishermen's
mecca. To perpetuate and increase the game fishing activities, a study of
the problems of fish conservation through adequate feeding and disease
control becomes essential. In order to cope more adequately with these
problems, these investigations were conducted. Although this bulletin
represents only a progress report and is not designed to be a complete
treatise of the foods of Oregon game fishes, it presents basic knowledge
valuable to sportsmen and to the Oregon State Game Commission alike,
leading to an ultimate study of the productivity of Oregon streams and
lakes.

One of the first considerations in game fish husbandry is a definite
knowledge of the natural foods constituting the diet of the game fish to be
managed. This information can be obtained only by making a study of the
stomach contents of fish specimens obtained in their natural habitats. Such
information is basic when coupled with quantitative and qualitative food
surveys of lakes and streams in determining which bodies of water are
suitable for supporting game fish.

To determine what the diet of the more common Oregon species of
trout consists of, examinations of the stomach contents were made of 326
cutthroat trout (.Salino clarkii clarkit R.), Table II; 122 rainbow trout (Salnto
gairdneri irideus G.), Tables I and III ; 23 steclhead or sea-run rainbow trout
(Salnio gairdneri irideus G), Table V; and 25 eastern brook trout (Salvelinus
fonlinalis M.), an introduced fish, Table IV. The stomachs were from fish
caught either by nets, baited spinners, baited hooks, or artificial flies, in
lakes and streams in various parts of the state. No differences in the
amounts or kinds of food organisms could be found in stomachs of fish
netted or caught on a hook.

In determining what constituted the normal diet of Oregon trout, an
attempt was also made to find whether the naturally selected food varied
with the size of the fish, for if various sizes of trout feed upon certain
definite types of organisms, it then becomes obvious that hatchery-reared

]n these investigations much assistance 'as rendered by i,idividuals of ihe Oregon
Siate College faculty and sportsmen throughout ihe state who collected fish, preserved the
ish stomachs, and recorded the data regarding the conditions under which each was
collected.

The drawings of the fish food organisms and the diagram contained in this bulletin were
made by Robert V. Prentiss.
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fish of different sizes should be liberated in places along streams and in
the parts of lakes where their natural food is present.

ANIMAL AND PLANT FOODS

The food found in the stomach contents of cutthroat, rainbow, and
eastern brook trout consisted, in the friain, of animal organisms. Occasion-
ally plant material was found in the form of algae, conifer needles, pieces
of leaves, seeds, sticks, and bark, but not in sufficient quantities or of suf-
ficient frequency to consider plant material as a preferred or staple food.
The one exception was a single eighteen-inch rainbow trout taken in
Crater Lake, in the stomach of which were 109 caddis-fly larvae and algae
equaling these in bulk. The infrequency with which plant items are found
in the diet of trout leads to the supposition that these foods are taken
accidentally or form what have been termed pastime foods"

Alga apparently finds its way into the stomachs of trout because it
frequently harbors aquatic animal organisms. Particles of bark and leaves
and the like are probably mistaken by trout for floating or alighting insects.

The animal food of trout examined consisted of insects, crustaceans,
spiders, water-mites, molluscs, fish, fish eggs, and occasionally earthworms,
free-living nematodes, leeches, irtillipeds, centipedes, scorpions, Irogs,
snakes, birds, and small mammals.

A few stomachs were found to contain refuse or other accidental
foods. Such materials are not included in the tables because they do not
constitute natural foods. Such itenis were beef liver, found in a cutthroat
trout taken below a slaughter yard, and milk curds found in quantity in
the stomach of a cutthroat trout taken just below a creamery.

Insects. Numerically, insects form the principal food item in the diet
of trout in fresh water fishing areas of Oregon (Figure 1, page 4). Three
eastern brook trout taken from East Lake, Deschutes county, were found
to contain many more fresh-water shrimps than insects, but in the remain-
ing 22 stomachs examined from the same species of trout taken in five
other lakes insects predominated.

The insect food was of two general typesthat of aquatic origin and that
of terrestrial origin. Aquatic insects arc those which live at least for the major
part of their lives in fresh water. Very few aquatic insects inhabit salt-water
locations. The vast majority of the aquatic insects pass their immature stages
in the water and their shorter niature lives above the water's surface. Ter-
restrial insects are those normally living and developing on land. They become
fish food by accidentally falling or being blown upon the surface of the water.

Insects formed 91.4 per cent of the food contained in the stomachs of
all 326 cutthroat trout examined (Figure 1, page 4). These fish were taken
from lakes and streams during each month of the year and ranged from 1
to 19 inches in length. The importance of insects of aquatic origin in the
diet of cutthroat trout is evident since they constituted 74.4 per cent of the
foods found.

Rainbow trout from both lakes and streams likewise chose insects
more frequently than other foods (Figure 1). These fish were taken trormi
February to September inclusive and varied in size from 4 to 19 inches. in
the 103 specimens from strean-is, insects formed 95.9 per cent of the diet.
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Rainbow trout taken from lakes, nintCen in number, were found to contain
93.8 per cent insects.

Mayflies (Order Ephemerida). These insects form the first choice ot
all cutthroat and rainbow trout in Orgon, judged by the frequency and
quantity of their occurrence in the fish stomachs analyzed. Mayflies, of
which there are many kinds in the state, spend their im-
mature life in the water of streams, oonds, and lakes.
During this stage they furnish much of the food of trout.
These iinmature mayflies known as nymphs (Figure 2)
are herbivorous feeders. When they have obtained their V
growth, they swim to the top of the water or crawl on to
rocks or banks, shed their nymphal skins, and emerge as
winged insects which fly to some restin.g place near by.
After a short timea few hours, a day, or a few days at
the mostthey again cast off their Outer skins, thus
becoming known as adult mayflies (Figure 3). Then the
adults return over the water to mate and the females to Figure 2. A mayfly
deposit eggs. The males often die and drop to the water nymph (Baetis
surface, becoming items of fish food. The female may- s3p.). (Enlarged

flies are frequently taken by fish as they dip to the sur-
face of the water to deposit their eggs. The mayfly does not eat during
the adult stage, which is very brief. In the nymphal stage these insects in
some of the Oregon species may live as long as two years.

Mayflies, both aquatic and aerial stages, formed 26.5 per cent of all
food found in the stomachs of cutthroat trout examined. They were the
most frequent and numerous item iii the diet of all sizes of cutthroats
except in the trout under two inches in length and in some of the larger
fishes. Also, they were present in stomachs throughout each month of the
year.

In the rainbow trout, ranging from 4 to 19 inches in length, taken from
streams from February to September inclusive, mayflies were the pre-

dominant food organisms ex-
cept in fish more than 15 inch-
es in length. They formed 47.1
per cent of all food consumed.
On the other hand, the 19
stomachs examined from rain-
bow trout caught in Oregon
lakes indicated that mayflies
probably ranked second nu-
merically of the aquatic insect
groups in the diet of these
trout inhabiting lakes, for

mayfhies constituted only 5.8 per cciii of the animal food found.
In the case of eastern brook trout, mayflies appear frequently but not

as often as they do in cutthroat and rainbow trout.

Stoneflies (Order Plecoptera). The nymphal and adult stoneflies are
important items in the diet of rainbow and cutthroat trout living in Oregon
streams. The stoneflies, like the rnayflies, pass their mature stages in
water. They are almost always found ri running streams or brooks. Some

Figure 3. Adult mayfly (J-IexaCenia iiuibut). flai-
ural size.)
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have been reported in other sections in lakes having wave action along the
shoreline, but as yet no lake forms have been found in Oregon. The
nymphs are of two general feeding kinds(l) those that feed on vegetable
materials, and (2) those that feed on animal organisms, particularly mayfly
nymphs, and the larvae of blackflies and midges, Most of the Oregon
stoneflies spend one year and a few spend two years in the nymphal stage.
When the nymph has completed its growth, it crawls out of the water,
splits its nymphal skin down the back, and emerges as a four-winged adult.
The adults are somewhat longer-lived than the adults of mayflies and a few
are known to feed on vegetation. The adults mate and the females return

to the streams to deposit eggs. The ma-
jority of adults found in trout stomachs
were egg-depositing females.

Stoneflies, both adults and nymphs,
ranked second in the diet of rainbow trout
examined from Oregon streams. From
February to September, inclusive, the
adults far outnumbered the nymphs in
the stomachs of these fish. Adult stoneflies
composed 15.03 per cent and nymphs com-
posed 1.04 per cent of the total foods
found in rainbow trout from streams.

In the stomachs of cutthroat trout
examined, stoneflies ranked fifth in im-
portance of the insects of aquatic origin,
forming 4.2 per cent of the foods found.
Seventy-four of these fish were from lakes,
which undoubtedly accounts for a lower
number of stoneflies than would have
been the case had all the cutthroat speci-
mens been from streams.

A good many ktnds of stoneflies are
found throughout Oregon, and winged
forms were found in stomachs of cut-
throat trout during every month of the year
except December. Three kinds were espe-
cially frequ.ent in cutthroat and rainbow
trout. The adults of Pleron.orcys califor-
nica N., known as the 'Big Curler" (Fig-

ure 4) were frequently found in the stomachs of stream-caught trout from
the last of March in the lower altitudes until June in the higher altitudes.
The nymphs (Figure 5), were frequently found in the stomachs of rain-
bow trout. These nymphs were of two sizes, which indicates that two
years are spent in the immature stage. This stonefly is present through-
out Oregon and is an herbivorous feeder in the nyiriphal stage.

Acroneuria californica B., the "\Vestern Stonefly" (Figure 6), is found
in Eastern and Western Oregon trout streams, and the adults were the
most numerous stonefly found in rainbow trout stomachs from fish caught
in streams flowing on the west side of the Cascade Mountains. The adults
were found in trout stomachs from May in the lower altitudes until the
middle of September in the higher elevations. At times in late June and

Figure 4. An adult stonefly (Pteron'
arcys callforn?ca). (Enlarged 11
times.)
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in July, they occur on the wing in countless numbers along many of the
Cascade Mountain streams, and are particularly noticeable at dusk, when
many of the females are depositing eggs. Rainbow trout at these times
fairly gorge themselves upon Western stoneflies. It is not uncommon to
find from forty to fifty adults in a single stomach of medium sized trout.
The nymphs (Figure 7), which are carnivorous feeders, are occasionally
found in cutthroat and rainbow trout
throughout most of the year.

Acroaewria pacfica B., which has
been called the "Western Drummer", is
on the wing in Oregon from late March
in Western Oregon until late September
along the streams which flow on the
eastern slope of the Cascade Mountains.
It was the most numerous stonefly en-
countered in 'the stomachs of rainbow
trout from the Deschutes River and its
tributaries. The nymphs of this stonefly
are carnivorous, feeding upon aquatic or-
ga n i Sm 5.

Caddis flies (Order Triclioptera).
Caddis flies are important organisms in
the diet of cutthroat, rainbow, and east-

Figure 6. Adult of stonefly (Aces.
neuria californica). (Enlarged
2 times,)

Figure 5. A stonefly nymph (Pteron-
arcy.s californzca). (Enlarged 1,
times.)

em brook trout in Oregon streams and lakes
throughout all seasons of the year, particular-
ly in the larger trout. They were found fre-
quently in the stomachs of all species of trout
of various sizes examined, except those of
cutthroat trout under three inches in length,
In the diet of cutthroat, rainbow, and eastern
brook trout, the adults, larvae, and pupae of
caddis flies ranked third numerically of the
aquatic insects. They formed 11.6 per cent of
the organisms found in cutthroat trout stom-
achs, 9.9 per ceat of the total diet in rainbow

trout caught in streams, 5,2 per cent of the food of rainbow trout from
lakes, and 2,8 per cent of the items in the eastern brook trout.

The immature stages, known as caddis larvae (Figure 8) live in
streams, ponds, and lakes. These larvae, generally, construct portable
cases of sticks, grass, leaves, bark, grains of sand, small pebbles, and other
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materials, according to the species and building material available. Silk
secretion is given off by the larva winch cements the materials used in the

construction of the cases. Certain species of caddis
larvae build cases entirely of silk in the form of a
parchment-like shelter. Still others build no cases
at all, but instead construct silken tubes upon rocks
or other submerged objects from which they construct
webs for the capture of food. Others spin no webs
or do not make cases during at least portions of their
development. Most caddis larvae probably are herbiv-
orous feeders, although some are mainly carnivorous,
and others appear to be largely scavengers. When the
larva has completed its growth, it transforms to the
transitional stage called the pupa. Following the pupal
stage, the adults (Figure 9) emerge from the water's
surface to mate arid deposit eggs.

In the majority of trout stomachs examined, lar-
vae were far more numerous than were pupae and
adults. Frequently, trout swallowed larvae and pupae
enclosed in cases. When the pupae leave their cases
and swin-i to the surface of tire water to emerge as
adults, they fall prey in large numbers to the feeding
trout. Then again, as the females are depositing eggs
on the water, they are often fed upon by the fish.

Little is known regarding the habits and the
kinds of caddis flies in Oregon. Limited collections

indicate that there are many different
kinds in most of the lakes and streams.

Midges (Order Diptera, Family Chi-
ronomidae). The immature stages of
midges, which include the larvae arid -

pupae, are exceedingly important iterris
in the diet of the various trout found in
Oregon. Although found in the stomachs Figure 8. A caddis fly larva in us
of all sizeS of trout examined, except ease. (Enlarged times.)

the largest rainbow trout from streanis,
midges were par-
ticularly notice-
able in the diet of
the smallest fish.

-) item found in
stomachs of cut-
throat trout under
two inches in\ length. The adult
midges (Figure

Figure 9. An adult caddis fly. (Enlarged 2 times.) 10) which were
taken by the fish

on the surface of the water were riot as frequently found as were the
larvae and pupae. The larvae (Figure Ii) appeared more numerous in the

Figure 7. Stonefly
nymph (Acroneuria
ca/rjornrca). (En
targed times.)
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stomachs of trout from streams. The pupae, on the other hand, were more
numerous in the trout taken from lakes.

The midges ranked first
numerically in the diet of rain-
bow trout examined from
lakes, comprising 82.1 per cent
of all foods; second in the
eastern brook trout, compris-
ing 37.7 per cent of their
food. In cutthroat trout from
streams and lakes, midges
formed 8.6 per cent of all
foods taken; in rainbow trout
from streams they constituted
4.8 per cent of the diet.

The larvae abound in
streams, lakes, and ponds, and many construct cases composed of seth.
mentary material held together by silk secretions. Midge larvae are chiefly
herbivorous feeders living largely upon algae, diatoms, and other vege-
table material. After the larva has completed its growth, it transtorms
to the pupal stage. When the pupal period is almost completed, the pupa
generally leaves the larval case antI swims to the surface of the water. The
adult then emerges from the pupal skin. The adult midges are generally
noticed dancing in swarms during late afternoons nd evenings and occa-
sionally in the early mornings. Paring of the sexes takes place in the
swarm. The mated female returns to the water to deposit her eggs.

From the limited ob-
servations made in Oregon,
midge larvae vary greatly
in numbers along the cours-
es of the different water-
ways. In some places they
are numerous and in other
places scarce. This fact has
considerable bearing on the

proper places to plant young trout. Since midge larvae are the main items
in the diet of such fish, it is important to know where these food organ-
sins exist in numbers as places for fish liberation.

Twenty-five kinds of midges are known to occur in Oregon and un-
doubtedly many more will be found in the state in the future.

Blackflies (Order Diptera, Family Simuliidae). In streams, the black-
flies form one of the major foods of Oregon trout. They were frequently
found in the diet of all sizes of trout, except in the larger fish; and they
were particularly prominent in the diet of the smallest cutthroat trout ex-
amined. The larvae (Figure 12) of blackflies appeared more frequently and
in larger numbers in stomachs of cutthroat and rainbow trout than did
the pupae and adults (Figure 13). Blackflies formed 21.4 per cent of all
food found in stomachs of cutthroat trout examined; in the rainbow trout
from streams, they comprised 2.4 per cent of the total food.

The larvae of blackflies live in running streams and are usually found

Figure 11. Midge larva (C/iionomus iitahen:s). (En-
larged 4 times.)

Figure tO. Adult of midge (Chironcrnis utaii.en.os).
(Enlarged 51 ilines.)
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attached to stones by a sucker located at the rear end of the body. They
feed chiefly on vegetable materials brought to them by the water current.
When the larva has completed its growth, it spins a parchment-like case
composed of a silk secretion, and transforms into the pupal stage, which
develops later into the adult. Then the adult leaves the pupal case and

emerges through the water into the air. The mated fe-
males return to the water to deposit their eggs.

Miscellaneous aquatic insects. Numerous other
groups of insects of aquatic origin were represented in
the trout stomachs examined, but not in sufficient num-
bers or frequency to be considered of primary import-
ance in the diet of Oregon trout. These groups appeared
to be of secondary importance when compared with
various kinds and quantities of mayflies, stoneflies, cad-
dis flies, midges, and blackflies found in the stomachs
analyzed.

The nymphs of dragon and damsel flies (Odonata)
were occasionally found in the stomachs of cutthroat,
rainbow, and eastern brook trout taken from lakes. Al-
though infrequently present, they are, nevertheless, im-
portant because they feed mainly upon organisms that
are of primary importance as fish food.

The adtilt dance-flies (Empididae) were frequently
found in cutthroat and rainbow trout, particularly from
streams. They were present in fish stomachs during the
summer and early fall months. Although 20 kinds of

dance-flies are known to occur in Oregon, little is known of their life his-
tories. Some species found in other sections are known to be aquatic or
semi-aquatic in habits.

Other insects of aquatic origin found in the stomachs of rainbow and
cutthroat trout which appeared to be of secondary importance were adults
and larvae of crane flies, Tipulidae;
larvae of dixa midges, Dixidae;
larvae of mosquitoes, Culicidae; lar-
vae of horse-flies, Tabanidae; larvae
of net-winged midges, Blepharoceri-
c/ac; larvae of alder-flies, Sialtdae;
water-boatmen, Corixidae; water-
striders, Gerridae; larvae and adults
of predacious diving-beetles, Dyti.s-ci-
dae; adults of whirligig-beetles, Gy-
rinidae; the larvae and adults of
water-scavenger beetles, 1-Jydrophili-
doe; and water spring-tails, Co11em-
ho/a.

Insects of terrestrial origin,
During the spring, summer, and
fall months, insects of terrestrial origin were prominent items in the diet
of trout examined. These land insects were found in the stomachs of fish

Figure 12. A black-
fly larva. (En-
larged 7 times.)

Figute 13 .A blackfly (Prosimnlium sp.). (En-
larged 10 times.)
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specimens during each month of the year. Their presence was indicative
of the period of abundance and activity. They were least numerous during
the winter months, frequent during spring months, and more numerous
during summer and fall months.

The groups of terrestrial insects frequently found in trout stomachs were
aphids, Aphididae, spittle-bugs, Cercopidae, and leaf hoppers, Cicadellidae,
belonging to the order Homoptera; ground beetles, Cai'abididae, click beetles,
Elateridae, long horned beetles, Cerambscidae, and leaf beetles, Chrysome-
lidae, belonging to the order Coleoptera; various kinds of true flies belonging
to the order Diptera; ants, Formicidae, and wasps, Vespdae, belonging to the
order Hymenoptera; and the larvae and adults of moths and butterflies belong-
ing to the order Lepidoptera.

The groups of insects of terrestrial origin which were infrequently en-
countered in trout stomachs examined were grasshoppers belonging to
the order Orthoptera; termites belonging to the order Isoptera; psocids
of the order Corrodentia; bristle-tails belonging to the order Thysanura;
various families of true bugs of the order Hemiptera; and snake-flies, Rap-
hidiidae, and lacewing-flies, Chrysopidae, belonging to the order Neuroptera.

Crustaceans. Next to the insects, the fresh-water crustaceans rank
second in numerical importance in the diet of Oregon trout, judging from
the numbers found in the various fish stomachs examined (Figure 1). They
formed 51.9 per cent of the food found in the stomachs of eastern brook
trout examined, 4.2 per cent in rainbow trout from lakes, .38 per cent in
rainbow trout from streams, and 2.7 per cent in the cutthroat trout from
streams and lakes.

The aquatic crustaceans found in the stomachs of Oregon trout were
two or three species of crayfish belonging to the genus Potarnobius (Fig-
ure 14), four species of
fresh - water shrimps be-
longing to the order Am- -

phipoda, fresh-water sow-
bugs belonging to the farn- e

ily Asellidae, an opossum-
shrimp Msic relic/a L
water fleas or Cladocera, -

and fairy shrimps or Phyl-
lopoda. . - j _

The frequency w it Ii ='=T
which crayfish were found
in the stomachs of the larg- Figure 14. Crayfish (Poto,nobius trot'ridgei). (Reduced
er cutthroat and rainbow I size.)
trout taken from streams
indicates that they are important sources of food for the large trout of
streams. Crayfish were present in fish stomachs during the spring, summer,
and fall months. Although they were most often encountered in cutthroat
trout from the slower moving streams of the Coast region, they were
also found in the rainbow trout taken from Cascade Mountain streams
having steep gradients.

Fresh-water shrimps (Figure 15) are important sources of trout foods,
particularly in some of the Central Oregon lakes in which the eastern
brook trout thrives. These fish food organisms were occasionally found
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in cutthroat trout taken from the coast lakes and from the slow moving
stretches of coast streams. They were found to be a staple food of rainbow

trout in lakes, but were not
found in this species in
Streams.

Four kinds of fresh-
water shrimps are known
to occur in Oregon. Eucran-
gonyx gracilis (Smith) was
found in several lakes in
Central Oregon and in an
overflow pond of the Wil-
larnette River, near Corval-
lis. This shrimp attains a
large growth size in Ore-

gon and from fish stomach examination appears to be an excellent trout
food organism. The Caledonia shrimp, Gani-inaris lirnnaeus (Smith), was
found in East Lake, and in the Deschutes River, near Bend. Gansmarus
ramellus W. was found in many coast lakes and streams. 1-lyalella azieca
(Saussure) was found in several lakes located in the Cascade Mountains,
coast counties, Eastern and Central Oregon. Although this shrimp attains
small growth size, it was the most frequent fresh-water shrinip encountered
in the trout stomachs examined.

The opossum-shrimp, Mysis relic/a L., was frequently found in stomachs
of cutthroat trout taken from several of the coast lakes. This crustacean is
known from lakes in Europe and from a few lakes in North America.

Mollusca. Various species of fresh-water snails belonging to the
class Gastropoda were occasionally found in the stomachs of all species
of trout examined. They appear to be of secondary importance as food,
for they constituted less than I per cent of the diet of each group of trout
examined.

Small fresh-water clams belonging to the family Sphaeriidae were
found now and then in the stomachs of eastern brook and rainbow trout
from lakes.

Spiders and water-mites. Spiders of terrestrial origin were present
in the stomachs of trout examined during each month of the year except
December, January, and February. They formed 1.2 per cent of the diet of
the cutthroat trout examined, .03 per cent of the food of eastern brook
trout, and .7 per cent of the stomach contents of rainbow trout from
streams.

Water-mites belonging to the family Hydrachnidae which prey upon
or are parasites of aquatic animal organisms were occasionally found in
the trout stomachs examined. They occurred frequently in the diet of the
small cutthroat trout examined. When water-mites appeared in the sto-
machs of the large fish, they were generally quite numerous.

Fish eggs. Of the 252 fish eggs found in the stomachs of cutthroat
trout, 210 were eggs of the silver salmon, Oncorhynchus kisu/ch ('vValbaum).
The remainIng 42 fish eggs were unidentified. The majority of salmon eggs
found in the fish stomachs were from cutthroat trout taken from the

Figure 15. Fresh-water shrimp (Eucrangony.r sp.). (Eu-
larged 5 tjnies,)
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spawning beds of silver salmon in small creeks. There was no evidence
found in the stomachs examined that cutthroat trout normally feed upon
their own eggs.

Fish. Small-sized fish were conspicuous in the diet of larger trout
examined. The fish found in cutthroat trout stomachs included young silver
salmon, Oncorhynchus kisnich W. sticklebacks, GasEc-ro.!eu.c flcu/P.aMi.c (i.cU-
leatus L.; bullheads, CoOns sp.; a small lamprey; and several fishes in
which digestion had advanced too far to make identification possible. In
the coast streams, pieces of salmon were frequently found in the stomachs
of large cutthroat trout. These pieces were from salmon whi'.h had died
following spawning and are recorded in the tables as refuse fish."

The fish found in rainbow trout consisted of bullheads, Coitus sp.;
and roaches, Siphateles bicolor (Girard).

No definite case of cannibalism was found in any of the fish examined.

Miscellaneous animal foods. Animal organisms which appeared in-
frequently in the trout examined were considered as miscellaneous animal
foods. This group included centipedes, millipeds, scorpions, earthworms,
free-living nematodes, leeches, snakes, a frog, a mouse, and a bird

FOOD OF STEELHEAD TROUT

The stomach contents of 23 steelhead or sea-run rainbow trout, Salmo
gaii-dneri irideus Gibbons, caught in fresh water, were analyzed (Table V).
Nineteen of these trout were "incoming" fish migrating to spawning
areas, and four were "outgoing" fish which had spawned. Most of these
fish had been caught in the Alsea and Siletz rivers and one in the Rogue
River.

Very little food except salmon or steelhead eggs which had been used
as bait was found in the stomachs of incoming steelheads. In the cases of
the four outgoing trout, all stomachs contained natural foods, but not in
large amounts. The food consisted of immature mayflies, stoneflies, and
caddis flies.

From these observations it appears that incoming steelhead trout feed
very sparingly on natural foods of the Streams probably because they have
sufficient stored food materials in their tissues to last until spawning has
been completed, On the other hand, these fish are often caught with bait,
particularly fish eggs, and such materials as leaves and sticks are present
in their stomachs, which might indicate that some time is necessary for
them to adjust their food hunting activities upon returning to fresh water
from the ocean.

FISH FOOD SURVEYS OF OREGON STREAMS
AND LAKES

Although the major portion of the fish food investigations were res-
tricted to the laboratory analyses of fish-stomach contents, partial stream
and lake surveys of fish foods in several sections of the state were made.
These surveys were incomplete but nevertheless indicated that the amounts
and kinds of fish food organisms vary greatly between different water-
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ways. Some streams and lakes are so sparsely populated with fish food
organisms that the planting of additional fish would be an unwise pro-
cedure. The majority of waterways investigated, however, appear to have
ample food organisms present.

These partial fish food surveys also indicate that the fish food organ-
isms vary in the amounts and kinds along the courses of the waterways.
This has important bearing upon determining the places along streams
and in lakes where fish should be planted. Fish should be liberated where
their natural foods abound.

SUGGESTIONS FOR FISH LIBERATIONS

Without definite knowledge gained from thorough fish food surveys
of the main fishing waters, recommendations regarding fish liberations
may be liable to gross error, for food conditions and predatory conditions
may vary greatly throughout the different portions of any one stream and
between different waterways. The following suggestions for the libera-
tion of young trout in Oregon are based entirely upon food contents found
in fish stomachs examined and upon limited observations in several Oregon
streams and lakes.

Trout under two inches in length should be liberated in locations
having an abundance of immature midges, or immature blackflies, or water-
fleas, or combinations of these organisms.

Trout from two to five inches in length should be liberated in loca-
tions having an abundance of the following food organisms: immature
midges, or immature blackflies, or mnayflie nymphs, or combinauons of
these organisms.

Large numbers of fish should not be liberated in one area but
should be distributed in several locations along the course of a waterway.
The available food may be exhausted if too large a number are turned
loose in one place.

In the light of present knowledge, liberations of young trout should
not be made in tidewater or in fresh water close to tidewater. Very few
aquatic insects are found in salt water. Observations made of young silver
satmon liberated in large numbers near tidewater showed that these fish
drifted down stream into salt water and examinations of their stomachs
showed no food present. Also, many of these young salmon were found
in the stomachs of large cutthroat trout. This would indicate that small
fish should be liberated in the smaller creeks which possess plenty of fish
food organisms and which are tributaries to the main fishing streams. In
such situations the small fish may have a better chance of escaping from
being preyed upon by the larger fishes, which are generally more numerous
in the main body of the stream.

Liberate young trout in situations where, in the past, other libera-
tions have been known definitely to have been successful or in locations
in which trout of corresponding size and kind are known to exist under
natural conditions.
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TABLE I. FOOD OF NINETEEN RAINBOW TROUT CAUGHT IN
FIVE DIFFERENT LAKES

aFgures In parentheses indicate number of stomachs examined.

Length of Osh in inches

7
7.99
(1)

8-
8.99
(4)

9-
9.99
(2)

10-
11.99

(2)

1 2-
14.99

(5)

15-
19.00

(5)

Total

(19)

1tsects of aquatic ori9in
Mayfly nymphs
Mayfly subimagoes
Caddis fly larvae
Caddis fly pupae
Caridis fly adults
Midge larvae
Midge pupae
Midge adults
Dragon and Damsel fly nymphs
Dance-fly adults

Insects of terrestrial origin
Aphids
True bugs
Beetles
True flies
(Jnidentided insects

Cru.ctaceans
Fresh-water shrimps
\Vater-fleas

Mo llu.cca
Fresh-water snails
Fresh-water clams Spacriidac

Fish
Roaches

.ifiscellsneous
Snalses
Leeches
Algae

2

210

3
2

2

1

151

24

5A

2

1

+

552

10

34

5

2

+1

2

13
84

1,192
2

2

15
48

24

6

109

318

7

11

+

163

136
2

15
89

2,101
212

4

2

2
I 5

70
53

29

15

2
7



TABLE 11. FOOD OF CUTTHROAT TROUT IN OREGON STREAMS AND LAKES.

Figures in parentheses indicate number of stomachs examined.

Length of fish in inches
2- 3 4. 5 6 7 8- 9 j 10- 13- 15- 17-

1.99 2.99 3.99 4.99 5.99 6.99 7.99 8.99 9.99 10.99 12.99 14.99 16.99 19.00 Total
(12) (5) (5) (10) (15) (36) (48) (60) (32) I (45) (36) (14) (5) (3) (326)

Insects of aquatic origin
Mayfly nymphs 2 20 I8 60 140 280 342 417 185 235 171 56 76 2,002
Mayfly subimagoes 22 18 315 16 175 6 18 582
Mayflv adults 52 99 17 79 9 264
Stonefly nymphs Is S 25 5 62 33 34 33 36 12 325
Stunefly adults 25 81 3 9 130
Caddk fly larvae 2 6 36 149 122 131 192 144 26 68 235 1,111
Caddis fly pupae 2 1 S 26 7 16 12 79
Cacidis ily adults 11 22 9 2
Midge larvae 24 11 2 39 22 59 184 22 32 7 20 429
Midge pupae 21 2 2 21 93 59 9 144 2 13 372
Midge adults 18 18 $3 11 135
Blackfly larvae 15 75 393 957 71 25 117 1,673
Blackfly iupae 52 35 73 4 89 9 264
Blackfly adults 2 248 87 16 10 36$
Dance-fly adults
crane fly larvae

8, 1541
17

9 14 2
6

2 50
42

Net-winged miclge larvae 3 6 S 21Other true flieslarvae and adults 3 2 15
\Vat er-striders 8 3 19Alder-fly larvae 2 2 4 13
Dragon and Damsel fly nymphs 12
Spring-tails 2 10 17
Beetle larvae and adults 3 6 16

Insects of terrestrial origin
Grasshoppers, etc. 4
Termites 6 3 14 23
Snak v-flies and lace- Wi ig t lies 2 $
Psocids (Corrodentia) 2 20
Aphids, Spittle bugs, etc. 9 71 64 151 101 29 13 443
True bugs (Heinipiera) 2 6 17 2 1 2 41
Beetles, larvae and adults 31 5 3 2 19 7 89 35 19 21 2 1 213
True flies, larvae, and adults 7 21 3 15 21 4 95 1 5 6 191
Moths, butterflieslarvae and adults 2 9 18 41
Ants, bees, etc. 2 2 11 41 26 66 26 641 8 823

Bristle tails (Thysanura) 3 2 6
Unidentified insects 2



TABLE 11 (Continued)

Length of fish in inches

5- 6- 8- 9- 10 I 11- 13 IS 17-
199 2.99 3.99 4.99 5.99 6.99 7.99 8.99 9.99 10.99 12.99 14.99 16.99 19.00 Total

(12) (5) (5) (10) (15) (36) (48) (60) (32) (45) (36) (14) (5) (3) (326)

Crosf oceans
Fresh-water shrimps 2 20 3 32 2 42 102
Fresh-water sowbugs 1 1 1 6
Opossum-shrimps 2 37 29 28 27 2 2 127
Crayfish 8 4 5 5 2 2 30
Fairy shrimps 10 2 3 17
Water-fleas 13 13

Mollissca
Fresh-water snails 15 9 17 4' 12 7 1 3 68

AracJtnida
Spiders 3 4 6 6 17 13 10 21 62
Water-mites 13 7 4 4 32 21 82
Scorpion

Diplopoda
Mill ipeds 6

C/silo poda
Centipedes 3

Neonat he/mint hes
Free-living nematodes 4

Anne/ida
Eartlisvorins 2 4 3 to

Fish
Sticklebacks 4 1 13
Bullheads (Cof Ins sp.) 1 2 6
Undetermined fish 3 2 4 15

Young silver salmon 2 56 12 10 81
Catfish
Lamprey
Fish refuse 6 1 4 2 14
Fish eggs, unidentified 2 24 14 2 42
Fish eggs, silver salmGit 15 31 66 97 210
Frog
Mouse
Unidentified animal organism



TABLE III. FOOD OF RAINBOW TROUT IN OREGON STREAMS.

Length of fish in inches -

4
4.99
(3)

5
5.99
(16)

6
6.99
(29)

7
7.99

(20)

8
8.99

(11)

9
9.99
(6)

10
11.99

(6)

12
14.99

(5)

15-
19.00

(7)
Total
(103)

56 206 249 152 49 55 7 12 1 787
73 86 83 3 39 6 240

365 305 310 115 40 142 35 16 1,329
3 7 2 7 5 13 3 8 4 52

12 149 l45 121 144 39 20 122 752
10 25 66 43 154 10 10 17 33 368

7 23 22 4 3 1 2 1 63
14 13 7 4 10 12 5 3 68

1 20 147 7 8 1 3 187
31 2 7 2 42

1 7 2 1 11
61 5 7 2 2 1 78

6 2 1 9
6 18 7 5 36
7 44 20 1 17 4 6 99
4 5 7 3 38 ..... 57

1 1 2
1 6 1 8

1 3 3 1 1 9
13 2 1 16

2 2
1 1 .. 2

48 29 40 3 9 7 1 137
2 8 3 3 2 18

1 7 29 22 8 8 1 3 7 86
I Il 19 3 2 2 13 51

4 13 14 2 4 4 6 47
I 14 65 44 49 16 9 11 28 237

5 I 1 7

Insects of aquatic origin
Mayfly nymphs
Mayfly subimagoes
Mayfly adults
Stonefly nymphs
Stonelly adults
Caddis fly larvae
Caddis fly pupae
Caddis fly adults
Midge larvae
Midge pupae
Midge adults
Blackfly larvae -
Blackfly pupae
Blackfly adults
Dance-fly adults
Crane fly larvae
Net-wing midge larvae
Other true flieslarvae and adults
Water-striders
Beetle larvae and adults

Insects of terrestrial origin
Term ifes
Psocids
Aphids, spittlebugs. etc.
True bugs
Beetles, larvae and adults
Moths and butterflies, larvae and adults
True flies, larvae and adults
Ants, bees, etc.
Unidentified insects

Figures in parentheses indicate number ot stomachs examined.



TABLE 111 (Continued)

to

3-

Length of fisha-7 8- 9-

in inchesn

10- 12- 15-
4.99 5.99 6.99 7.99 8.99 9.99 11.99 14.99 19.00 Total
(3) (10) (29) (20) i (11) (6) (6) (5) (7) (103)

Crustaceans
Crayfish 15 3 19

4 rachnida
Spiders 5 17 10 2 36
Water-mites 21 45 8 78

Mollusca
Fresh-water snails 35 7 6 1 49

Fish
Bullheads (Callus sp.) 2 2 5
Unidentified fish
Fish eggs, salmon

Miscellaneous gro ups
Earthworms 1 3
Free-living neinatodes 2
M illipeds 2 3
Unidentified animal organisms 2[ 3
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TABLE IV. FOOD OF TWENTY-FIVE EASTERN BROOK TROUT CAUGHT IN
SIX DIFFERENT LAKES

Number of stomachs examined

Length of fish in inches

6-
899
(11)

9-
11,99

(8)

12-
14.99

(4)

15-
17.99

(2)
Total
(25)

Insects of aquatic origin
Mayfly nymphs 37 17 25 79
Mayfly adults
Caddis fly larvae 55 86 9 151
Caddis fly pupae 3 19 22
Caddis fly adults 4 4
Midge larvae 59 12 13 85
Midge pupae 39 411 1,834 2,284
Midge adults 1 1 2
Dragon and Damsel fly nymphs 4 4 8
Water-boatmen 10 34 44
Alder.fly larvae (Sialidae)
Whirligig beetle
Crane-fly larvae (Tipultdae) 86 2 89
Horsefly larvae (Tabanidae)

lnsect.e of terrestrial origin
Grasshoppers 2
Beetle, larvae and adults 4 4 8
Moth larva
True flies 2 2 4
Ants 2 2

Crustacean.s
Fresh-water shrinsps 21 467 1,950 2,438
Water-fleas 129 698 827

Arachnida
Spiders 2
Water-rn ites 83 52 135

Mollusca
Fresh-water snails 10 11
Fresh-water clams Spaesiidac 72 72

Fish
Unidentified
Eggs, unidentified
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TABLE V. MATERIALS FOUND IN THE STOMACHS OF 19 'INCOMING" AND
'OUTGOING' STEELHEAD TROUT CAUGHT IN OREGON STREAMS

..'igures in parentheses indicate number of stomachs examined.

Length

16-
19.99

(7)

of fish in inches

20-
24.99

(

25-
29.99 Total

19 "Incoming" Trout
Salmon eggs
Steelhead eggs

4 6 1

39
11
39

Fresh.water snails
Fish refuse 1 1

Bird, unidentified 1 1

Bird feather I I

Plant leaf 2 2
Wood, pieces 7 1 8
Pebbles 6 6

(1) (2) (1) (4)

4 "Outgoing" Trout
Mayfly nymphs 28 4 32
Stoneily nymphs 1 16 8 25
Caddis fly larvae S S 16
Fresh-mvater snails 4 2 6

Algae I

Wood, pieces 2 1 3

Pebbles 4 6 10



OREGON STATE BOARD OF HIGHER EDUCATION
WILLARD L. MARKS, President

E. C. Sarnmons Portland Cornelia Marvin Pierce La Grande
Leif S. Finseth Dallas F. K. Callister Albany
B. F. irvine Portland C. B. McLeod Portland
Herman Oliver John Day Charles A. Brand Roseburg

W. J. KERR, 1).Sc., LL.D Chancellor of Higher Education

STAFF OF AGRICULTURAL EXPERIMENT STATION
Staff members mar/red are United States Department of Agriculture

investigators stationed in Oregon.
G. \V. Peavy, M.S.F President of the State College
bVm. A. Sclioenfeld, il.S.A., M. [l.A Director
It. S. liesse, M.S Vice-director
\V. \V. Aldrich, Ph.D...Ass't Horticulturist,
Bureau of Plant industry. Medfard

tH. P. Barss, SM Plant Pathologist
1'. ii. Bailey, hi.....Assa. Plant Pathologist
CF. M. Bolin, D.V.M...Assistant Veterinari-

an; Cooperative Agent
V. B. Bollen, Ph.D...._...Ass't Bacteriologist

A. C. Bouquet M.S Horticulturist
(Vegetable 'ra/is)

P. M. Braridt, AM in Charge, Div. of
Animal Industries

C. G. Brown, All., U.S liii, tienh/nri.iI
Hood River Br. Exp. Station, i-food River

W. S. Brown, D.Sc i-lorticultnrist iii C/i11.
D. E. Bullis M.S...Assistant Clieiiiist (Horti-

cultural roducls)
A. 5. Tturrier, hf_S A,cso. Economist

(Farm ivlanagemrieiil)
J. C. Durtner, ]3.S .4ssa. in News Service
C. I). Byrne, M.S Director of In/urination
Leroy Childs, All Superintendent Hood

River Branch E.rp. Siatian, 1-load River
B. Cooler Orchard Foreman
C. V. Copson, M.S...Bacterialoi,ist in hharmie
F. A. Cuthbert, M.L.I) zlss't Landscape

Architect
B. F. ])ana, M.S-----Pat halaijist, Hart. Crops
and Diseases

H. K. Dean, II S Superintendent, U,na-
till5 Branch Exp. Station, Herniistun

K. H. Dickinson, IJ.V.M Assistant Poultry
Pathologist

It. E. l)imick, M.S----Assistant Entomiiolugist
'rV. I-I. Dreesen, Ph.D...... Ajj'l Economist
T. P. T)ykstra, M.S Assistant Plant
Pathologist

\V. I). Edwards, B.S...Field Assmsta,it (Ento-
imioloqy)

A. K. Engbretson, ]3.S Superintendent,
John Jacob Astor Br. Er/i. Sta., Astoria

Gcace Cole Fleischman, All - Ass't Bot-
anist, Div. of Seed Investigations

F. E. Fox, M.S...Assoc. Poultry Flnsbandnian
L. C. Gentner, H S Associate Entojual-

ogist, So. Ore. Br. Exp. Station, Talent
D. C. Gillespie, M.S Asst. Entomologist,

Hood River Branch E.rperimmieut Station
5L. N. Coodcling, IA., B.S Associate

Pathologist
U. M. Goode, B.A Associate Editor
K. Vi'. Gray, u.S Field Assistant (Ento-

iiiology)
J. B. Haag, Ph.D.....Chemist (Animal Nutr.
H. Hartman, M.S Horticulturist (Porno -

opy)
1-i. B. Hatch, u.S Assistant Chemist
D. I). I-Iill, M.S Associate Agronanii.mt

G. Jiinman, fri S Jr. Entomologist,
Stored Products Insects

5G It. i-foernec, M.S...........Agent, Office of
Drugs and Related Plants

It. E. Hutcliinson, U.S Assistant to Supt.,
Hmirney Vallr., Br. Er/i. Sta.. Burn.c
Ii. Hyalop, R.S in Charge, Div. of

Plant Industries
5R Jay, D.V.M. A.iso. Veterinarian, Bureau

of Animal Industries
IV. T. Johnson, B.S., D.V.M Poultry

Pat halogist
I. R. Jones, Ph.D...Assoc. Dairy Husband'n
J. S. Jones, M.S.A Chemist in Charpe
S. C. Jones, M.S Asst. Entomologist
F L. Knosvlton, M.S...Poultry 1-lusbandinan
G. A'. Kuhlrnan, M.S Asia. Economist

(Farm Management)

fflesigned 1934

Albany

CA. 0. Larson, M.S Entomologist, Stored
Products Insects

Ii. Lewis, C.E...irrigation and Drainage
Engineer, Bnr. of Ag_I Engineering

A. G. Lunn, B.S Poultry Husbandimian
in Charge

F. I'. McWhortcr, Ph.D Pathologist
5J. F. Martin, M.S Jr. A1jron., Division of

Cereal Crops and Diseases, Marop \V. Miller, Ph.D Assoc. Pathologist
CH. 11. Millsap Agent, Bureau of Plant

industry
CC A. Mitchell, B.S...Acting Supt., Pendle-

ton Field Station, Pendleton; Ass't Agron.
omnist, Div. of Dry Land Agriculture

j. C. Moore, M.S Assistant 1-larticulturist
(Ponialogy)

I). C. Mote, Ph.D Entomologist in Chg.
0. I-I. Muth, D.V.M Assistant Veterinari-
an; Cooperative Agent

M. N. Nelson, Ph.D...Agricultural Economist
in Charge

0. M. Nelson, M.S Animal Hushaudimian
A. \V. Oliver, M.S Assistant Animmial

Hnsbaisdnian
H. H. Oveson, M.S Asst. to Sn/it., Slier-

muon County Di'. Exp Sb., IVioro
C. E. Owens, AM Plant Pathologist

L. Potter, M.S...._ In Charge, Div. of
Agricultural Economics

\V. I.. Powers, Ph. 1) Soil Scientist in Chg.
E. Price, B.S Agricultural Engineer

K. I. Reed, B.S., All Editor
F. C. Iteimer, M S Superintendent, Son-

lliern Oregon Br. Exp. Station, Talent
I). K. Richards, U.S. Superintendent, East-

ern Oregon Br. Exp. Statioms, Union
CD 11. Robinson, Ph.ii...Ass't Plant Breeder
Ii. Ii. Robinson, M.S Chei;mist (insecticides

and Fungicides)
C. V. Bu,.elm, M.S...Sait Scientist (Fertility)
CH A. Scltoth, M.S...Associate Agronomist;

Disease Investigation (Forage Crops)
C E. Schuster, M.S Horticulturist

H. I). Scudder, B.S Economist in Charge
(Farmii lvianagenient)

0. 1.. Searcy, B.S Fechnician, Vet, lied.
I-I. E. Selhy, M.S Assoc. Ecanomiiisl (Farm

llianagemnent)
0. Shattuck, M.S Superintendent, Harney

Valley Bm anch Expeminment Sta., Burns
1. N. Slmaiv, D.V.M Assoc. Veterinarian
J. K. Simmons, M.S.....Assoc. Bacteriologist
Il. IT. Simws, D.V.M.....Veterinarian in Chit.
C Sprague, Jr., Ph.D Assistant Pat/i.

ologist
fl. K. Stephens. D.S...Superintendent, Sher-

man County Branch Esp. Station, Flora;
Senior Agronomist

Lu. E. Stephenson, Ph.D Associate Sail
Scientist

13. C. thompson, M.S Asst. Entornolapist
E. F. Torgerson, U.S 4sszstaut Sail Set en.

list (Soil Survey)
CC. F. Waldo. M.S Assistant Poniolopi.mt
CR. B. Webb, M.S Junior Agronomist,

Sherman Co. Br. Es/i Station, Maca
K. H. Wiegand, T1.S.A Horticulturist

(Huri.iiltural P'-m,ducts)
Maud Wilson, AM Home Economist
Custas' \Vilster, Ph.D.....Dairy Flusbandmau

(Dairy Manufacturing)
1i. A. \Vork, B.S Asso. irrigation Engi.
neer, Bureau of Agricultural Engineering

S. M. Zeller, Phi)...............Plant Patholorct


