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tamyic flave larvee. The remainder of the
content was composed chiefly of immature
Diptera, Odonala and Zygoplera, Hemiptera,
and fisk. Sevenly-five percent of the lotal
stomach conlent of the 33 freshwater drum
examined was comprised of Hexogenia najads.
Immeature Coleopiera and Odonats, snails,
and fish constiluled the bulk of the remaming
23 percent.

The stomach analyses show that, with re-
spect lo mayilies, the nuisance species are the
same as those which are important as fish
food in their immature stages. With regard to
caddis flies, however, the problem species
{ Cheumatopsyche campyle and Hydropsyche
orris) are apparently not significant as food
orgenisms in the fish examined. In this case
another caddis fly, Potamyic flava, closely re-

lated to H. orris and C. campyis both biologi-
cally and taxonomically, has Lttle importance
a3 a nuisance species becanse it does not enter
ciies or residential areas in large numbers
but is relatively significant as a source of food
for many of Lhe fish, especially the shovelnose
durgeon.

in preparation of the paper and v Calvin B. Frem-
ling for field assislance.

Some Influeunces

of Domestication

upon Three Stocks of Brook Troul {Salvelinus fontinalis Mitchill)

Rosert E. YincewT!

Depariment of

INTRODUCTION

Ome of Lhe frst books on trout culure,
Domesticated Trout, was written by Living-
ston Stome in 1873, and indeed it was a
portent of impending events To a limiled ex-
tent the implications of the title were con-
ceived by Stone for he wrote:

The bme may cems when conlinoed do-
mestication, together with the overcoming of
their [fish's] {ear of mam, will 50 modify the
present action of their instincle, that, when
pains are taken with domesticated trout, they
will prefer b seek the sheller and [ood
which Lhey find around e homes o men
to the #ous chances of & wild roeming
{ide. is mey ot be probable, but I do
oot think it is fm i

"It is now apparent thal with Lhe existing
mass cullore and widespread selective breed-

" ing programs, hatchery trout cannot avaid

diverging from their wild ancestors.

Influence of fish culture on trowt is mani-
et in two ways: genelical and environmental.
Selective breeding has received most attention
from fish-cohurists, while fisheries biologists

1Present sddress: Depaniment of Conservation, Uni-
versity of Michigan, Arm Arbor, Michigan.

fon, Cornell U'nisersiy

Conserogiion,
Ithaca, New York

have been more interested in the environ-
mental effect.

Unintentional selective breeding takes place
in all hatcheries. Fizh that are easier Lo
handle, that appeal to the fishcoltorist as
having a “nice shape,” or that grow betler
under haichery conditions are uncomsciously

favored.

Inlentional breeding programs have been
conducied for many years. The most common
selected characteristics have been faster
growth, earlier maturily, greater egg produc-
Hon, earlier spawning, and disease resisiance.
From this list it seems that evident features
of selective breeding are a benefit to the fish-
cultorist but of unknown “value™ to the hsh.
Many breeding programs have been eminently
successful in the desired intentions. However,
for sell-sustaining populations, fish [ree from
selective breeding or bred for maximum sur-
vival under natoral conditions may prove

more desirable.

Halchery environment can influence fish in
many ways as noted by Schuck {1948). The
effed of hatchery rearing upon survival i
natural walers was investigated by Needham
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and Slater (1944}, Needham {1949), Eipper
{1953}, Wales {1954), Nielson et al. (1957},
Smith (1957), Miller {1958}, and others. In
additicn, the importance of hatchery environ-
ment is demonstrated by higher smvival of
fish which are conditioned to stream habitat

prior to stocking (Schuck and Kinggbury,
1948; Miller, 1957).

As expressed in the preceding paragraph,
the effects of the environment upon trout have
been investizated but the effects of genetical

fostered by domestication upon be-
havior and =murvival have seldom been ex-
plored. Green {1952) stocked Stillwater Pond,
New York, experimentally with wild- and do-
mestic-stock brock trovt. He found higher
sarvival the second and third year for wild
stock, as well as differences in body shape,
color, and wildness. Webster {1954) also
found indications of different survival of wild
and domestic stocks.

The cbjectives of the research presented in
this paper are (1) to discover some of the
areas in which physiology and behavior dif-
fer between 2 domesticated and 2 wild stock
of fish when envirommental variation is re-
duced to & minimum, and {2} to see if these
dissimilarities influence survival in a harsh
and in & mitigated natural environmenl. The
former was determined by laboratory experi-
ments and the latter by Lmited field trials.

TEST FISH

To accomplish these objectives it was nec-
essary to ecguire a domesticated stock of
trout, 2 wild stock, and preferably a third
stock as a control. Furthermore, these troumt
had to be reared under similar conditions in
the same hatchery.

Stocks of fish

For a domestic strain a stock of brook
trout was secured that had been reared in
hatcheries for approximately %0 years. The
scleclion program in early years had been to
save “ihe best” of the 2-vear-olds each year
for brood stock. Later, emphasis was placed
on selection for earlier spawning, and after
20 years the spawning date was advanced
Ei 15 days Other characteristics stressed in

ection were [aster gro better shape, and
~Honnedaga Lake, located in the somtheast-
n Adirondack Mountains of New York
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State, was the source of wild fish. The follow-
ing information eorcerning Honnedaga Lake
was given by Webster {1951, 1957). The lake
has a total alkalinity of less than 2 p.p.m. and
a pH about 5. These conditions are mnusual
for a lake of about 800 acres in this region.
Surface temperature rarvely reaches 70° F.
Brook trout are the only native fish, but
several other species were temporzrily es-
tablished by the 1920°s only to diseppear
later. A {ew lake trout { Selvelinus namaycush)
possibly still remain as a relic pepulation.
It is likely that the pecular environmentsl
conditions of the lake are lethal to most in-
troduced fish within a short time. This
would be conducive o a sirong inbred selec-
tion among the native troumt, tending to keep
the race genetically pure.

The Honnedaga brook trout are tentatively
described as being slow-maturing and long-
lived; 2- to G-year-old fish are not unusaal.
Two- to three-pound fish are common in
the spawning population.

The third lot of fish came from hatchery-
stock brook trout that had spent ! year in a
lake (Long Pond near Branden, New York)
immediately previous to spawning. Originally
the stock came from severa! commercial
haicherijes in Pennsylvania and New England.
This first-generation stock acted as a reference
lot althoagh it was of unknown genetic
origin.

Throughout the remainder of this paper the
three sirains of test fish will be referred to
as domestic, first generation, and wild.

Hatchery procedure

All three lots of fish were trough-reared in
the Cornell University Experimental Fish
Hatchery. Lots were interchanged each 2
wecks among three adjacent troughs. This
reduced possible differential mfluences of
light, accnmulated waste products, and fright
from human interference. Water temperature
was nearly uniform among the troughs,
usually within 1° and never varying more than
2% F. All fish were fed the regular diet nsed
in the hatchery: liver when small and, as
they grew larger, a mixture of 40 percent
liver and 60 percent Cortland No. 6 meal
Fish nsed in experiments were not fed the
24 hours before a test.

All length measarements are fork lengths
recorded to the pearest tenth of an inch (with
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one noted excepton). Weights are recorded
in pounds and tenths of pounds.

Fish used in laboratory tests were given a
temporary mark by clipping the dorsal er
ventral lobe of the caudal fin. Yentral and

pectoral fin clips are designated by V and
P.

Development, growth, and mortality
in hatchery

Egg diameter was 0.173 inches for the do-
mestie, 0.165 inches for the first generation,
and 0.189 inches for the wild siock. De-
velopment chronologically was similar in
all three lots, with the majority of the fish
hatching within a 2-week period. The domes-
tic stock was more advanced until approxi-
mately January 1 when the other two lots
were placed in warmer (50° F.} water which
helped lo equalize development. Ome possi-
ble source of differential influence was the
rearing of domestic stock until the advanced-
eyed slage I a different hatchery and at
slightly higher water temperatores. Since it
would be nearly impossible to find three
widely different stocks of brook trout that
spawn at the same time, lemperature manipu-
lation during early development was used to
equalize the time of hatching.

Growth in length of fish of the three stocks
weas similar the first 80 days, after which

Ba Omaarstln &

LENGTH (INCHES)

o -0 Lo 120 == 200 240 p-_v)
ACCUMULATIYE DATS

Frcome 1.—Growth of three stocks of hrook troat
in Corpell Unirersity Experimental Fish Hatchery.

Frcupe 2—Domestic fish [shove) were not fright-
ened by placing a hard in the trough; wild Ssh (be-
lox} show avoiding reactinn.

divergence increased (Figure 1), An im-
portant factor relative 1o growth in the
hatchery is the phlegmatic behavior of the
domestic trout and the excitsble natore of the
wild trout. Fry of all three stocks showed
little sign of fright untl they were nearly
an inch long and were feeding well. Then for
a month {February 28 to April 3) ail could
be frightened easily. By April 22 the domestic
and first generation fish were calmer.
Throughout the remainder of the summer the
wild fish were more easily frichtened by ho-
man presence, a shadow, or a hand placed in
the water. The domestic fish were docile and
when & finger was placed in the water they
often nipped it, giving the impression Lhey
were “at home™ in the hatchery trough (Fig-
ure 2).

Condition facters from measurements taken
on November 15, when the domestic fish were
5.19 inches and the wild 3.65 inches, were
54.05 for the former and 38.58 for the latter.
Casual inspection clearly showed thet the

wild trout were slimmer.
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Mortality was heavy m all three lots, From
egg take to approximately 1 year, it was 93
percent for the domestic, 62 percent for the
first generstion, and 64 percent lor the wild.
The poor guality of the Cornell University
Hatchery waler supply attributed to much of
this high mortality. Early morlalilty may be
imperiant because of Lhe possible selection
to which the remaining individuals have been
subjected. A population which has suffered
heavy morlality may be composed of hardier
individuals than a popalation that has ex-
perienced low mortality. Wales (1954} dis-
cussed Pacific salmon as having 9 percent
mortalily in wild populations, but pampered
baichery fish as having a much lower death
rate until stocked after which an equalization
morlality occurred. In the present situation
selective early mortality would tend to faver
fish of the domestic stock for they had a
higher rate than either the other two.

LABOBATORY EXPERIMENTS
Effects of metabolites

Five Lriels were conducted to determine the
comparative mortality caused by high nretab-
olite concentration. Test containers were a
series of 1,000-milliliter beakers nearly sub-
merged in running water. Each beaker was
aeraled by oxygen. An equal number of fish
{from each lot was pot in the same beaker.
Fish length was 1.7 inches in Triaks I to
1I and 2.9 inches in Trials I'Y and ¥. When
approximetely 50 pecent of the fish in a
beaker had died, all fish were removed and
counled. Two Lo three hours were required
1o reach this mortality level.

The data from these trials {Table 1) indi-
cate a wide diflerence in the ability of fish
of ihe three lols to withstand accumulated

meinbolic wastes. Approximately 51 percest
of the domestic, 50 percent of Lhe first gen-
eration, and 20 percent of the wild fish died.

The obvious factor Lo which this differen-
lal susceptibility might be atiributed is gen-
eral hardiness or wellbemg of the fish. The
relationship between head size and efficiency
of elimination of body waste was pot realimed
at the time the tests were conducted. Later,
several papers stimulated further investiga-
tico. Graham (1956}, while working on
fresh-waler alewives {Alosa psendoharengus),
suggested that since csmotic exchange takes
place through the gills and oral membranes
Lhe large-headed individuals have an advan-
tage in csmotic regulation. Keys (1931)
foond that large-headed killifish fFundulus
parvipinnis) could withstand adverse condi-
tions swch as decreased salinity or oxygen
deficiency betler than smallheaded individ-
uals. A mmall head is characlerislic of many
faster-growing fish (Martin, 1949; Tester,
1937).

Although the fish tested coold not be
measared, two olher groups were available:
vearlings [rom Lhe same lots and fingerings
similar in length to the tesl fish of a later year
class from the same two stocks. Fiteen do-
mestic fingerlings and yearling fish from the
two lots were 1.6 and 6.3 inches m mean
fength; 15 wild fingerlings and yearling fish
werel:andfi;ﬂmch&mmmlmgth The
following six measurements were taken:

Fork length—tip of snout to caudal
fork.

Body width—at widest part of body.

Body depth—at deepest patt of body.

Head length—tip of snout to pesterior
margin of opercular membrane.

Head width—distance between normally
appressed preopercles.

Tamk | —The mortality of three groups of confmed brook trout in response to accumuloted metabolic wastes

Stock of fah
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Tasrs 3 —Maximam temperature tolerance of three lots oJ’ brook trout when lemperaiure was roised Lo mexi-

e {80° F.) in 5 hours

Btook of Enb
Trial Watar ) -
momaber tampecaiure Domerikat Fimnvt gemerstion Wild
{degress F.) |
Number M ortality Humber Mortality Number Mortality

1 G2 10 1 1 L1 I (1]
i B4 20 1 Fl 4 0 4
I a0 20 15 0 11 20 ]
I¥ o8 15 10 15 G 15 -1
Total. ... 85 45 B3 27 66 16
Perreninge — © — 42 — 5

W li-sware (domestic end wild) = 1576, P < 0.0,

Head deplh—distance on a vertical line
immediately posterior to the eye.
All measurements were made with calipers
to Lhe nearest tenth of a millimeter.

The three body measurements for each fish
were added and the same was done te the
head measurements. To compule & head-lo-
body ralio Lhe sum of Lhe three head measure-
menls was divided into the sum of the three
body measorements. The mean bead-to-body

ralios were:

Domestic Wild
Fingeriings 2661 2 0060 2589 =+ 0.031
Yearlings 2880 = 0.135 L4676 * 0.090

Both of these groups have a head-to-body size
ratio thal is different at the .05 level as meas-
ured by a rank-sain test. This agrees with the
above relerences in that the faster-growing
individuoals in these hwo stocks of brook Lrout
had smaller heads, Thus, the wild stock had &
greater arer over which to regulate osmotic
balance.

High temperaiure iolerance

Extreme temperatures have been reported
{Huntsman, 1942, 1946; Ganter, 1947} as
the cause of fish moriality in natural siina-
tions. Ulimate lethal temperatures become
important when marginal walers are ulilized
for tromt. This is especially true if high wa-
ter lemperalores resirict over-summer sarvi-
val. When some brock trout required 7 days
to die at 79.7 to 83.3° F., Embedy (1921)
thought that perhaps all strains of brock
tront might not be able to stand these high
waler lemperalures.

Temporarily-marked test fish, 1.9 inches
long, were placed in a 20-galion glass aquar-
fuwm. Waler temperalure was raised Lo 80° F.

{the chosermaximum temperatare} in 5 hours
by running a stream of temperaturecontrolled
water into the aquarinm. As soon as motilily
was completely loat, a fish was considered
dead. The mlenl was to terminate Lhe test at
50 percen! moralily, bot due to periodic
checks it was not always possible to slop
Ihetes‘laltbepr&lcrlbadtlmesoa
morialily occurred in some instances. Table
2 shows that the wild slock had less montafity
than either of the othera.

Domestic brook trout reared on a hatchery
diet have a higher fal content than wild
hrock reul [rom natural walers. Not only is
the fat content higher but it is more saturated
i Phillips ez al.. 1955). To continue the rela-
tion of fat lo lethal temperatores one step
furiber, resistance lo lemperalure exiremes
may be changed by [eeding different fals Lo
goldfish (Hoar and Cottle, 1952). This was
lrue even Lhough the fish appeared lo be In
excellent condition. As will be shown later
in this paper, wild fish ublize a hatchery
diet differently than domeslic fsh; the
amount and type of fat presenl could be one
[aclor that reduces the temperalure tolerance
of domestic trout.

Surface response

A noticcable difference during the rearing
was that fish of the wild slock had a tend-
ency lo remain near the hottom of their
trough while domestic fish were spread ver-
Heally throughout the water. This was Lrue
even when the groups were undisturbed.

To investigate Lhis sorface response the
following tesl was used. Test fish were
placed in a tall glass tank measuring 36 by
G by 4 inches: waler was homothermous and
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light was of even intensity. During some tests
a glass plate covered the open top of Lhe
tank, but in other tests it was removed. Re-
actions of the fish were the same either way
| Figure 3). Fish used in Trials I to ¥ were
1.6 inches long; those in Trials ¥1 and VII,
28 inches. Five marked fish from each lot
{a total of 15} were placed in the tank and
a count of the top five was taken every 10
minutes until the end of the test. In two
tests only the wild and domestic fish were
nsed. All three stocks were used in the other
five. In each of the seven trizls more domestic
fish were connted near the surface than wild
ones {Table 3). Twice as many domestic (50
percent} as wild {26 percent) were counted
in the top five fish., Firat-generation fish be-
haved much like the domestic,

The main hydrostatic organ is the air blad-
der which equalizes density of the fish with
that of the environment. In many hottom-
dwelling forms the air bladder is reduneed,
and in intertidal species, often ahsent; it is
best developed in limretic or pelagie forms
(Jones, 1957). Jomes also attributed the

Tamiz 3. — A smmmary of the sarface respemse
three lots of freck rowt in o tal] squarizm

Sock o
Item | =
| Domantic? | Fieat pmaecation | W2
] 13
. T T
. 3 i
B 175 175
=] &5
50 *x
oberrratioes,

movement of gas in and oot of 1be air bladder
to stimuli censed by exteroceptors Could
domestic trout that have spent many genera-
lions in shallow raceways and rearing ponds
have been selectively adapted to this low-
pressure artificial environment, or coul the
exteroceptors through lack of mse have been
dulled? Threinen {1958} menticned this sam
point in relation to planting haichery rain-
bow trout in lakes. He found that if Ihe fish
were liberaled 20 feet below the surface
they immediately came to the top. Also, when
stocking in ponds conlaining a warm epilim-
nion, 15 feet was as deep as the fish would
dive before returning to the surface. Heavy
mortality frequently resulted if the thermo-
cline was below 15 feet.

Concealment

A small glass squarium containing several
rocks wes used to test hiding reaction. Re-
gardless of how many fimes the test was Te-
peated, domestic fish made no pretense at
hiding but remained folly exposed. Wild
fish would immediately seek concealment,
rarely venturing into the open.

Standna

Schock (1948) listed lack of exercise for
hatchery fish as a cause of mortality. Black
(1957), in his lectic acid work, wrote that
musculer fatigue reduces maximum swimming
speed, breaks up schooling behavior, and
changes fish behavior from escape to hiding.
Exercised coho salmon {Oncorhynchas ks-
uich) showed less susceptibility to fatigue and
an increased cruising speed compared to fish
that were raised in hatchery tronghs {Brett
et al,, 1958). Hatchery cutthroat trout {Salmo
clarki) reared In a stream belore stocking in
a fest stream ares had better survival than
fish reared in a pond {Miller, 1954),

1 e ol o g
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Yibert {1956) msed Lhe ability of fish to
maintain themselves in a strong cwrent as
one of his tests for hardiness, He ntilized this
test to determine the influence of hatching
eggs by the usuzl hatchery procedure as op-
posed to hatching them under a layer of
gravel. This method could be used, be sug-
gested, as & test of other hatchery practices.
In California Reimers (1956} nsed a 20-fool
metal hatchery trough and a controlled cur-
rent of 0.5 to 3.0 fest per second to test
fish stamina. He found that hatchery-raised
rainbow trout (Selme gairdneri) were the
weakest, stream-conditioned rainhow treat
next, wild brown trout {Salmo trutta} the
strongest.

A small, galvanized melal trongh 43 inches
long, 2.5 inches wide, and 3 inches desp was
used as the testing apparatns (Figure 4j.

Water

Ficueg 4. —Tesling troogh osed for stamina trials

It had 2 reunded bottom to reduce slow
current areas. A Yi-inch-mesh, fire wire
screen was placed near the lower end and
another was placed 5 inches below the water
source, These two screens confined the fish
mmto a 3-foot section of [airly uniform and
laminar water flow. Water was pumped with
a2 small electric pump out of the rearing
trongh contsining fish to be tested and into
& small Teservoir. A constant head was main-
tained by keeping this reservoir full; a small
valve regulated flow into Lhe testing trough.
The sdope of the testing trough could be
changed by 1&-inch adjostments on either end.
Water velocity in the several tests varied be-
tween 0.3 and 3.0 feet per second.

Fxtreme care was taken to see that fish
of each size range from each gromp were
tested mnder the same water conditions
Throughout the testing, water temperature in
the testing trough end in the rearing trongh
were the same for any one test.

It was impossible 1o mamtain the same
water Bow and water velocity throughout the

test series. Fish lenglh increased from less
than an inch to over 3 nches during the Lesls.
Sufficient water volume and velocity for test-
ing the larger fish wourld have overwhelmed
the smaller. A swimming lime of at leasl 30
seconds and preferably 45 seconds was de-
sired to reduce inaecuracies in liming. On the
other hand, toc long a swimming time {over
10 minutes} was undesirable because of Lhe
time involved and the possibility of other in-
Auencing factors aside from stamina. Water
volume was increased 1.5 times when fish
[ength was 22 inches to provide the larger
fish with safficient water.

This experiment was designed to lest dif-
ferences in stamina among the three lots of
fish, not to measure the increase in stamina
as fish grew. Temperature fluctnated doring
the test series, but all lols were tested
throughout the tempersture range. Restric-
tions imposed mpon the larger fish by the

confines of the trough could limit swimming

efficiency.

Approximately 50 fish for each test were
taken from near the head of the rearing
trough and placed in a basket immediately
below the testing trough. Individoal fish were
taken from the basket and placed in Ihe
testing trough. As the amall net used for the
transfer was put I the testimg troogh, it
made a backwater which allowed the fish to
orient itself to the current. When the fish was
facing the head of the trough (usually wilhin
1 or 2 seconds), the net was removed and an
assistant started & stop watch, Occasionally a
light touch with a glass rod was needed to
keep the fish swimming.

Behavior of fish within the festing trough
osuzlly followed a standard pattern. Orienla-

=

THIE (SECOMDS}

Ficore 5.—Schematic presentation of fish move-
ment in lesting troogh. Fish length, 15 inches.
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tion to the current was immediste except in
a few cases where Lhe fish swam to the lail
screen. These individoals were removed and
excluded {rom the test. Fry and Hart (1948},
in quoting Roger’s unpublished work on
goldfish, stated that 6 out of 82 goldfish re-
fused to swim so were discarded, while Brett
et al. (1958) had to temove one tenth of
their test fish because of incomsistent be-
havior.

Yigorous swimming [ollowed orieatation
with fish butting their noses against the head
screen. Then followed a series of downcar-
rent drifts and swimmings back to the head
screen (Figore 5). The drifts lengthened each
time until, when at epproximately the mid-
way point in the trough, the upstream burst
of swimming was not long encugh to carry
the fish to the head screen. As fatigue in-
creased, body movements became exagger-
aled. The first lime or two the fish's candal
fin touched the teil screen there wes vigorous
respopse and upstream progress was often
past the midway poml Soon tactils response
lessened, and frequently collapse was sudden
and complete with the fish making no al-
tempt to resisi the current; they were then
held crosswise apainst the scresn. {Both
the quick collapse and reduced tactile response
were noliced by Bretl et af. (1958} i their
work on sockeye and coho salmon.) I the
exhausted fish did nol respond to two Laps
with a glass rod on the tail screen, Lhe lest

was concluded.

After removal from the testing trough, the
fish were allowed to recuperate overnight in
2 basket. Then each was measured and re-
turned to its rearing troogh.

Deviations from mesn swimming Lime were
lairly wide. Figore 6 illustrates these devie-
tions and shows the increased spread as the

Lgih = 0.9
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Ficree 6—Swimming lime frequemcies for four
sizes of wild fish. Lengihs recorded in inches,

fish become larger. A different design of
testing trough might produce more constamt
results. Radcliffe {1950} in his work om ef-
fect of fin-clipping and cruising speed also
had wide standard deviabons.

Tables 4, 5, and 6 give the dala on the stam-
ina tests for each of the three groups Al
together 1,522 fish were given individual
tests. Figure 7 presents the increase in swim-
ming time as the fish increased in .
A linear increase could be expected for Gray
(1957} reporied Bainbridge as finding a
generally linear relztion between swimming
speed and length of fish when they have the
seme [requency of tail beat However, more
stamina trials are needed to determine il a
true linear relationship exists. In Figure 7 the
last two points make a sharp deflection. Values
of these two poinis were doubled for increased
clarity of presentation. There are two partial
justifications for this: (1) waler flow in the
testing tromgh was pearly doubled at this

Tamie &.—Siaming trisds of e demesticated stock of brook trout a3 measured by swimming oader comtrolled

test
Wator ! Swimiming i
Date Lempera Nomber Mean Beamdard | N L ime Btandard | tima per lock
degroes F.) bemgcth devintion Lested i {macoadse) cf;h
52 T ooz 0.067 1 | sm28 13.54 4L50
Bz 97 Lod 04672 1w 45.11 1307 4Z.41
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52 52 122 D. 10% 19 #8.29 21 55.07
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) 5 u 204 345 18 15351 4041 75.18
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Tagtx 5.—Stamina tricls of a fra-generation stock of brook troat a3 memared uader cortrofled test condi-

gons
Bwinane Standard u_sn:imml;‘ch

Humber Mesn Blandard Humber tHme Bdar per
emrirel | jength | deviabon | temshad | (secomds) | devistion of tish
0ET OS5 21 3367 1186 4208

:; 0B a.oA2 51 5151 970 5478
i b L5 Q128 50 49.10 10.04 iz e

Bl 1.30 €. 458 30 £1.42 17.07 1725
+ 184 0562 46 150,42 25,48 87.18
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same lime and {2) Lhisphcesﬂnepoim?in
an approximate linear position to the previons
points.

The difference between the wild and do-
meslic stocks becomes more divergent as the
fish increase in size. Figure 7 shows that
mnder these test conditions wild-stock fish
have greater stamina than domestic-stock fish
thronghout the entire size range tested. The
plot of points from first-generation fish has
been omitted from Figure 7 to avoid crowd-
ing, but this group is more scattered than the
other twe, in general falling between them.

Stamina of the three lots B[fF"ESh cg]]l lie
compared in relalion to time (Figure 8). It
could be that the faster growth of the do-
meslic Jot counteracted their redoced stamina.
When testing slarted, all three groups were
near the same stage of development, but as
the domestic stock grew fasler, it was larger
thronghout the tesis. Even though smaller,
wild stock had greater stamina at & given
time {except for a short period) than domes-
the tromt.

This same figure also that stamina
tests are indicative of the general well-being
of the fish. Between April 2-9 high mortality
was experienced in all three lots, Each of the
three groups of lest fish had & drop in stamina

at this time. {Note area marked by lefl arrow
on Figure 8.) Wild- and first-generation-stock
fish showed the effects earlier than the domes-
tic fish. Domestic fish did not begin feeding
poorly until nearly a week after the other two
groups weze off their feed.

The abrupt decline shown by the last two
points was the result of an increase in water
flow in the testing trough. Even with the in-
creased flow the confines of Lhe testing trough
probably reduced swimming efficiency as the
fish grew larger. Domestic fish, being the
largest, were possibly hindered more by Lhe
trough. However, the consistent resalts ex-
perienced throughout the size range tested
suggested that trough restrictions were not
masking slamina differences.

FIELD EXPERIMENTS

Field trials were limited to small controlled
sitnations because of the exploratory nature
and Limited fish available. Two habitats with
extreme environmental conditions (a siream
and a pond) were chosen — one severe, Lhe
other mild. To intensify the influence of com-
petitive and envircnmental [actors, both the
sream and the pond were stocked more
heavily than would usually be advisable.

T.u.u:&—S&minﬂﬁ&sfcﬁﬂmﬁa!hm&knuuwedu&amﬂduﬂmﬁﬁo&

tuwpa-llbhm Number Jelean Biandard Number kimne Standard ttm.sw;msmdl

Date (degreen F.1 bength TYE {meconds) devisieon of Lish

scoary 271 0,007 5% 1439 18.58 835

Heing /il b 52 05 0.082 53 o727 16.08 Ly

Aprl 1, .. 53 30 1.1 Q080 it 65.51 183 s
Apel 14 51 53 E17 a.121 51 £2.20 s .

Wra ] i e 0 . 1w 2157 16394

el o8| B ) M| we | Emm | omh | g

53 . y 52 ; :
T 8 16 2at | o2 it 150,81 R
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East Lake Outles

The outet of East Lake provided a sitna-
tion for testing the sarvival of two lots of fish
under stream conditions This stream is lo-
cated on the Adirondack League Club Pre-
serve near Odd Forge, New York, where it
drains BEast Lake The latter was reclaimed
]1-n9515954 and restocked with brook trout inm

A 1,600-foct section of stream located 0.5
mile below the lake was nsed as a test section.
A Woli+type fish trap at the downstream end
and an mcline screen at the npstream end
prohibited fish movement omt of the test
area. For one night (July 17) the downsiream
trap was partially operative when it
was damaged by high water and debris, The
!O“iuﬁ;g; t]]]]_]rgohughoui the halance of the time,
ine ich water periods, ests that
tl:nelackofabarrierforom;:iwssof
litile consequence.

Stream widlth at medium water flow was
5 to B fest and water depth was 4 to 12 inches
except for a few 2-foot-deep pockets, The
bottom was almost completedy rock except for
scattered small sand bars and quiet silt sreas.
Throughont the stream course undercut banks,
- brushy shorelines, and fallen logs were com-

E. YINCENT

mon. A canopy, predominantly of ce
(Picea) snd beech (Fogas), shaded much of
the stream. Previons to stocking, 15 small rock
barriers were built to increase smitable hahi-
tat for the mtroduced fish. Water temperature
ranged from 52 to 66° F. during the test
period of June 7 to Augnst 20, 1958,

Five hundred each of domestic (3.1 pounds)
and wild fish {I1.4 pounds) were planted in
the stream on June 7. Further data are re-
mrded in Table 9. Domestic fish, marked by
removing the right ventral fin, were 241
inches In mean length; the wild, marked by
removing the leﬁ;‘i:lhtra.l fin, were 2.04 inches
in mean length. Fish of the seme length at
stcn:kingw_mﬂd have been preferable as, other
{actors being eqoal, larger fish have a sur-
vival advantage.

The fish were spot planted throughoat the
stream. Sections of good habitat were sub-
jectively stocked more heavily than shallow
or exposed areas. Twice during the planting,
resident fish darted out to catch an introduced
fish immediately after it was put into the
stream. Fifty fish were confined 3 days to
observe any nndue mortsality cansed by trans-
porlation or from the differemt water., All
sorvived and were liberated.

Recovery of the fish wes by electrofishing,
using & S00-volt “Homdite”yDC generator.
Salt was added to increase conductivity. The
streamn was divided into 200-foot sections, and
each section was electrofished twice. Approx-
mately 75 percent of the fish were taken the

A wi
/

IWIMMING TIME (3ECONDS)

a Lo 0 L] 8o o ™ o
DAYS AFTER TESTEME STARTED

Fcome B—Stamiea of three lots of hrook trout ss
related to Gme. Fish length fgmored.

b
H

o
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first time a section was electrofished. This
Lary, 1947}. All fish taken from the stream
were preserved in a 10 percent formalin solu-
tion for conventional processing and enumera-
tion after returning to the laboratory.

On Angust 20, after being m the stream
for 73 days, 94 domestic tront (0.6 pounds},
144 wild trout (0.5 poands), and 229 resident
trout {6.8 pounds} were ca {Teable 7).
A Delury estimate gives 102, 167, and 247,

Tamrx 7—Brock trost teksn from esperimental ares
of Eax Lake Oudler by electrofishing
TepTenal

egere reat Ukm ea s el weend
herirabuilug, Tempoctively]

smi_| Deomeatiet wid Besideat | Total
1 J17is 42| 1813 46 | 230844 [ 58
2 lagr e |2adE18) | BT 0| 57
3 15 gu Viiace L4) [H6 18| &
4 1301015 10¢ 7 13} |28 521 5
5 11(e-t2 | 17{15 12} |38(az +6 o
8 1208 13 |18{12 + 8} | 2331 + 2 53
7 EE 02 m}u ~o§ 23 (22 57
] 3{ 241 | 24421 -} 3) [ B0 {24 — & 57
Total | B4 44 289 487

Chi-speare (foaentic and wild} = 1050, F < 0.01,

respectively, as the total popalation in the
stream (Table 8). Of the 500 trout stocked
from each proup, these estimates represent
sarvivels of 20 percent of the domestic and
33 percent of the wild rout. More wild trout
than domestic fish survived in seven of the
eight siream sections.

The nearly equal nomber of fish in each
of the eight sectons (60 to T0) attesls to
wniformity of habitat thronghout the test area
and efficiency of the electrofishing gear.

Wild fish greatly outnumbered the domestic
in only the lewest two sections (Table 8).
Water flow was considernbly swifter and many

Tamse 8—Popolation estimates {DeLarytype) for
three growps of brvok tromt in East Lake Oatet
experimental aree

Seetion | Domentie Witd Residest | Total
T 17 21 24 a2
2 12 25 E 04
] 15 T ” 0
i 20 12 34 83
5 n 13 39 &7
8 13 24 25 &
7 U A 32 &
5 H ) 32 6L
Total 102 167 217 516

Pa—adt-

m'rl] o0 19 _ .

pools were smeller in these two sections than
the remainder ol the stream. Exzactly how
swifter water influenced the two stocks was not
dﬂtﬂ'{ﬂlﬂ]ﬂi- .

Fish conditioned in a stream had better
survival than fish reared in a haichery pond
{Miller, 1954). Needham and Slater (1943)
had r results with siream conditioning of
fish but quoted H. S. Davis as having betler
survival wilh stream-conditiomed rainbow
trout. It is necessary, as Miller {1954) poioted
out, for an introdoced fish to find a suitable
location before being overcome by exhans-
tion; otherwise it has to combat the current
or other undesirable habitat. Thos, the wild
stock with their greater stamins wonld have
an advantage over the domestic fish. Increased
stamina is certainly not the only factor aiding
wild fish. As was evident in the lahoratory
tests, behavior differences might be detn-
mental or advantageous.

Better adaptation to higher temperature was
given by Greene (1952) as ome factor for

i sorvival of wild stock in Stillwater
Pond, New York. Althongh the wild stock
planted in East Lake Cutlet could withstand
higher water temperature, the creek tempera-
tare never approximated the lethel range.

Ficone 9—Wild {lef) and domestic (right) Bsh
after 73 days in East Lake Cutlet,

Both groops planted in East Lake Outlet
incressed slightly in length. The mean length
of the wild slock increased 0.48 inches, and
the domestic, 0.34 inches (Table 9). As the
wild fish were smaller when planted, their
relative incresse was greater t])is.né:lﬂ:e aciual
increase soggests (Figure 9). ange in
weight, an increase for the wild and decrease
for the domestic, was slight for each group.
This change iz probably not enoggh 1o be im-
portant, but the total poumds planted and Te-
covered shows a change. Approximately twice
as many pounds of domestic fish were stocked,
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but pearly equal poundage of the two stocks
were reca The condition factor® of
hoth groups at time of capture was lower
than when stocked and lower than that of the
resident lrout (Table 9},

Statistics of age distribution and size of the
229 resident trout are as follows:

Mean Total
Age Number  length weight
(inches) (pounds)
O+ 76 21 0.30
I+ 120 4.0 413
o4 24 66 . 240

(and older)

The resident Iry were epproximately 1 inch
long at the Hme the test section was stocked.
When captured at the end of the experiment,
they had a mean length of 21 inches. Growth
of the resident fry was greater than either of
the planted groups.

Along with the tesident population 1.1
pounds of stocked fish were recovered. As
the area of the test section was appreximately
one-fourth acre, the standing crop at the end
of the period was 30 pounds of fish per acre.

The first reaction of nearly all fish when
pul into the stream was to orient Lo the cur-
rent, then move downward into a desirable
water velocity. During this initial period the
fish exhibiled practcally no fright from
shadows or disturbances of the water. Fre-

“Conditien facter =
Weight {(pornds) 100,000

Fork lenpil® (inches)

quenly the introduced trout would move into
a small hole or eddy with a resident fish.

About 10 percent of the domestic fish swam

i ¥ into & rock, sand bar, or even par-
tially oat of water, giving the impression that
they were confused by their new surround-
ings. Several fish buried their heads in the
soft sand by their aimless swimming., This
was not observed in the wild stock. Behavior
of this type is characteristic of fish that have
been transported under adverse conditions
where carbon dioxide is allowed to build up
in the water. Accumulated metaholic wastes
appeared to have grealer effect upon domestic
stock than wild stock. This agrees with earlier
laboratory tests.

Downstream movement of fish out of the
test area was slight. Ope wild, two domestic,
and six resident irout were captured in the
lower trap. The six resident fish were liberated
below the test section, and the planted fish
were returned npstream within the test area
A section of siream helow the weir was elec-
trofished to recheck on downsiream move-
ment, but only resident fish were recovered.

Laramie Pond

Laramie Pond provided an opportunity to
investigate survival of test fish in 2 mitigated
environment. This pond is in the nerthern
Adirondack Mounlains on the Brandon Pre-
serve near Paol Smiths, New York In 1957
a dﬁmf:ﬁs aﬂsﬁmdﬂiﬂl&cross a small triba-
tary of the egis River forming a pond
with a surface area of approximately 0_51;::1'9
and maximmn depth of 8 feet The tempera-
tare of the spring-fed imlet remains nearly

Tasis 9. — Growth of three dovks ojﬂid!a;f!a; 73@:;_:1'3!,\3::1&.& Omdet

. SBtook of Geh
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constant at 48 to 52°F. Pond surface water
temperatore {1958) was 54°F. on June 16,
rose gradually to 68°F, in mid-July, and
cooled to 54°F. again by late September. On
May 27, June 8 and July 14 a total of ]'.,l:'!ﬂ)
poands of agricultural lime was applied
around the pond shore and at the iniet en-
trance. All fish in the watershed above the
dam were eradicated by rolencne.

Movemenl of fish out of the pond was pre-
vented by a screened box at the inlet and a
Wolftype fish trap at the spillway of the dam.

Six hundred and twenty-five fish from each
of three different stocks were planted on June
16, 1958. The stocks were:

Total
Stock Mark pounds
Domestic RY 4.8
Wild LY 22
Backcross RP 2.0

Additional data are given in Table 11.
The backcross were planted in connectien
with another project and consisted of a male
“splake” (brock tromt x lake trout hybrid)
backcrossed to female brook trout

Forty domestic, 13 wild, and 15 back-
cross troot were taken a::i ﬂ.lﬁz,;];wnhmf Lhen:iup
and replaced in e pond. Eighteen o o-
mesliz?eighl of the wild, and three of the
backeross moved downsiream alter Angust 19.
Domestic male troat maluring at 0+ could
account for Lhe grealer movement of domestic
slock. However, movement of wild fish in-
creased also doring the same period even
though they did not mature at this time.

The pond was drained and seined on Oc-
tober 2, 1958. Stragglers were recovered by
DC electrofishing. For all practical purposes
recovery was complele. Numbers of fish re-
covered were:

Total
Stock Number pounds
Domestic 269 17.1
Wild 405 11.6
Backcross 388 11.8

Sarvival was 65 perceat for Lhe wild, 62
percent for the backcross, and 43 percent for
the domestic.

The standing crop when the pond was
drained was approximately 40 pounds of
trout (80 pounds per acre). This was pro-
duced from 9.0 pounds of stocked fish.

Dead fish that collected at the downslream
trap were counted each time the pond was
visited {Table 10). The domestic fish had
several periods of high mortality but never
more than two wild or backcross fish were
found dead at any ope time. Highesl mortality
coincided wilh warmest water surface iem-
perature. Some of the dead fish from each
lot were porged with maggots which came
from fox carcasses suspended over the pond
as a source of supplemental food. As domestic
fish had mortality belore maggols were avail-
able, it does not seem that they were the
canse of a selective mortality.

Increase in length was comparable in all
three gronps {Table 11). Absclute increase
in weight was more for the domestic stock,
but as their weight at plsniing was grealer
the relative weight increase was similar for

F};U‘BE 10—Wild (lefi) and domestic (right) fish after 103 days in Laramie Pond.
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Tamrr 10.—0bserved moviadfity in Laramie Pond

Mortadity
Water
Trate e pern tarn-
(degrees F.) | Domeetic | Wild | Packerom
Jalr 18 &0 2 — 2
18 a2 5 1 —
oL} — ] — 1
33} &4 1 — 2
25 3 — — — I
-t 65 A 2 3
30 58 3 — —
31 21 2 2 —_
August 1 &5 8 2 —
3 &3 15 2 —
1e &8 4 — 1
22 =] 13 2 2
25 =5 L — —
2y e ' 4 — 1
20 & [ — 2
September 2 52 — 1 —
4 82 L1 2 —
Tobl.viiiieiiinann i i} 14 13

Taggots wern not available ot after this date.

domestic and wild stocks (Figure 10}. Wild
stock was the only lot to have a lower condi-
tion fector at recapture than at planting.

Comparison of fish growth in Laramie
Pond with fish growth from Lhe same lots
that remained in the hatchery should indicate
adaptation to natural or to hstchery condi-
tions. Wild fish that had been in Laramie
Pond for the summer grew more than fish
from the same lot that remained in the hatch-
ery. (Laramie Pond wild fish had grown 1.0
inch more in mesn length and 0.01 pound
more in mean weight per fish than the hatch-
ery fish.) Domestic fish grew nearly the same
in both situations, {Laremie Pond domestc
fish had growm 0.1 inch more in mean length
ard 0.01 ponnd less in mesn weight than their
hatchery coanterparts.)

Twelve of 105 domestic fish recovered
from Laramie Pond were mature males. The
length of three males was less than the mean
of 5.3 inches, and the remainmg nine were
longer, Mo wild or backcross stock was ripe.
Cornell University personne! who have
handied this domestic stock previously have
noted that many males mature at 04-.

Fifty dihm?;if—n:}d 50 wild fish were re-
turned to the University Experimental
Fish Haichery, The domestic EL!Q: began feed-
ing immediately and were not frightened by a
hand placed in the trongh nor by movements
around the rongh The wild fish, on the other
hend, did not begin feeding well for 4 days
and after this time were easily frightened by
r__bcprescnceofnpersonort{efcad:ingmu-
troe.

DISCUSSION

Throughout this study it has become evi-
denl that domestic and wild stocks of brook
trout may differ ir many ways ard that these
differences are, to a certain degree, genetical

Genetical variations are difficult to assesa.
An irdividoat fish is the colmination of inter-
play between the genes of the fish and the
environment m which it is reared. In some
gituations genetical factors dominate, but in
others environmental fectors have their forte.
Variable growth rates of different stocks of
brook trout {Phillips & ai, 1957) and lake
trout (Haskell, 1952} and the difference be-
tween stream and lake forms of brown troat
{Alm, 1949) when reared under similar con
ditions illustrate genetical eontrol. Enviren-
mental conlrol is presented by Smith (1951}
who found that sea-rur brook trout coald be
recruited from trout that had not been to sea

TABL;.IL—Grou-nkuf:ﬁreenachofﬁ:bsfmlﬂsdmhlﬂmiePnd
[ Semibard dov i e

Comparative of Bab
factor Itens
Domestic Wik Brrksrom
Mean bength st stocking fivchen). ..., ................ Ex g 2.1 , 2z
}mgth Mesn bength st recapture (inches), ... ........ [L'-”l) ({.ﬂ ! (2..32-92}
: n fuckes) [0.58) 0.453) (0563}
Mh“rrmmuhg ETTETN zgaﬂ 21519 21
Mean weight 2t slocking (poamds)
. 0.008 !
Mo l‘rﬁﬂptur)elwum:h} 0.084 005 b
F-m,' Lncroams l(pmud_q) 0056 ! 0_‘%{ ey
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et pture =7 3.
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TapLE 12 — Chemical composition of two lots of brook frout
[Drtermisarions were mads o a wet «xd & dry bae sad recorded = peresotige)

LRI v ke

[
Dry basie Wet basin
| Length
Boures i [imehes) R
JI Fater Ash Fat Protein Ash Fai Prodein
Hatchery domestie. .. ... ... 53 88.7 T8 2138 58.9 24 2] 18.4
Husehery wild, ..o ooone ar BT a8 184 8.8 r2 18 H3

for many generations and by Wilder (1952}
in the similarity of anadromons and fresh-
water brook trout when reared together.

Morphological, physiological, behavioral,
and genetical factors interact and mask spe-
cific canse and efect relations. Chain-like re-
actions can be triggered whereby a genetical
change causes a behavioral change which in
tarn aflects the physiology until finally a
morphological change resuits.

Hatchery practices which continne for &
long period may exert selective influence upon
which fish are chosen for broed stock. The
following three examples illustrate this point
{1) Hess (1935) found that a reduction of
the Tdets of Langerhans coald be cansed by a
high fat diet, overeating, or lack of exercise.
{2} Fish that remain near the surface of a
raceway or trough have first choice of food,
thus getting more as well as unleached food
to eat. (3) Robust fish (high condition factor}
are preferred by most haichery managers
even though a heavy-bodied fish appears to
have no a survival advantage as
shown by the wild stock planted in both East
Lake Oullet and Laramie Pond. In the cases
just mentioned, fish with characteristics that
might be of doubtful snrvival value may be
selected as brood stock.

Chemical composition was delermined for
g sample of domestic and wild-stock fish that
had been reared together and led the same
diet {Tahle 12). The only significant differ-
ence is in Lhe fat content, wild slock having
less fat than the domestic fish. Phillips et ol
{1955) found a similer situation with fat and
ash content between halchery-reared brook
trout and wild brook trout. These fish, how-
ever, were from different bodies of water, and
one group had a hatchery diet while the other
had natural food. The differential utilization
of the same food by the wild and domestic
fish could be a basic underlying factor that
attributes to other dissimilarities.

Selection rarely produces anything new but

it does sort, isclate, recombine, and differen-

tially preserve cerizin genetic traits. Whea the
wide range of genetic preadaptness found in
trowt and the plasticity within this range are
realized, selection becomes 2 powerful tool in
the hands of the fsh-culturist. On the other
hand, the phenotypic selection usually .prac-
ticed often has unknown inflwence throogh
pleiotrophy and muolhple factors upon the
penotype. To maintain equilibrimm, 2 change
in any gene frequency or positien by arlificial
selection requires m compensatory change in
the frequency and position of other genes.
By this means arfificial selection for fast
growth or early matority can precipitale
slight but insidions changes in behavior or
physiclogy.

Selective breeding is often carried on in
order to attain a specific body form, fasl
growth, and early maturity. The latler two are
important ir determining the first. Eady ma-
turity in many speries is related to fast growth
as was demonstrated by the Laramie Pond
domestic trout, Time of sexnal maturity {Alm,
1949; Brown, 1957) and growth rale (Has-
kell, 1952; Phillips et al, 1957} are geneti-
cally controlled. The similar growth rate of
test fish in both East Lake Outlet and Laramie
Pond shows that ander certain conditions wild
stock can grow as rapidly as domestic. En-
vironment, however, operates within the gen-
etic framework Slower growth rate of wild
stock in a hatchery exemplifies this as well as
Greene's (1955) tramsplanting of
brook tront. Sexual matnrity can also act as
an inhibitor of growth, especially in males
{Graham, 1956; Brown, 1957; Hoar, 1957},

The dual effect of fast growth and early
sexual maturity upon longevity has been dis-
cmssed by several authors. McCay (1933)
found Ihat early-maturing, fasl-growing rats
have a shorlened life span and concioded that
“it is possible that longe¥ity and rapid growth
are mcompatible.” Ratclifl (1943), reporiing
on further work of McCay and others, said
that fish and rats on a semi-starvation diet
were stunted bul longer-lived than their well-
fed counlerparts. Osborne et al. {1917) and
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Zabinski (1929) the possibility of
prolonging the life of insects and rats by re-
tarding growth. From the preceding state-
ments it seems that fest growth and early ma-
turity are frequently at the sacrifice of lon-
gevity. McCay (1952) and Comfort {1956)
have examined this problem from a more
general approach.

If Hedmu.rs (1945) frst law of growth
{length), “size 1! a monotonic increasing
function with age,” is accepted as applying to
fish, we can expect slow-growing, late-matuor-
ing individuals to attain a lerger maximzm
dze than those individoals thet grow rapidly
{for a short period. Accelerated growth in-
creases only the early growth and slows down
the later, but retarded growth is just the op-
posite, often resnlting in a larger individual
(Bubbs, 1926).

Gerrish (1935) noted that few domestic
troul lived over 4 years in Englend’s streams,
whereas natural fish may live twice as long.
Greene (1952) found almost no survival of
halchery-strain brook trout after 3 years. In
Wisconsin 95 percent of the male brook trout
in St. Lawrence Creek mature at the end of
their first summer and 85 percent of the fe-
males malure as yearlings (Brasch e al.,
1958). The same authors said that a Wis-
consin brock trout over 3 years old is fairly
rare. Presumably this included St. Lawrence
Creek. Hatch (1959), working with the same
stock of domestic brook trout as ased in this
present shirdy, found few of them surviving
more than 3 years In some of New York's
Adirondack Mountain ponds. Brook trout
slocked from hatcheries Lhat bred for fast
growth were shorterlived than brook trout
from hatcheries which obtained eggs from
wild stock.

Not only is artificial selection operating, but
also natural selection is absent. Many unfit are
allowed 10 survive along wilh the ﬁL No prem-
ium is awarded for viabilily, stamina, wari-
ness, or agility. Competition in a hatchery is
greatly redoced allowing individuals to sur-
vive that would be eliminated in nature, These
marginal individuals ther contribute their
genes to Lhe population’s progeny.

Since their origin each species of trout has
evolved to fit a particular natural ecological
situation. Fish-culturists, through artificial se-

57 lection., are producing a fish ada .
It aocl 1Bg a pted 1o a par.

ogical siluation, but it is a hatch-
: a stream or lake. When the

envirc t suddenly changes, i. e. at plant-
ing, many of the adaptive advantages of arti-
ficial selection are not only of little or no value
but may be detrimental.
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