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ABSTRACT

The study investigated how genotype, environment and genotype-

environment interactions act on rainbow trout growth. Genetic d'iff-

erences between two strains of rainbow trout, l.îanx and Nisqua'lly,

and their hybrid were determined in the hatchery and field" The

study also determined whether the observed differences between these

two strains in field experiments could be attributed to genetic

differences in max'imum, optimum and maintenance rations, specific

growth rate at maximum and optimum rations and net and gross convers-

ion effìciencies at maximum and optimum rations. The field studies

took place in ponds, pothole lakes and then under simulated commercial

intensive aquaculture conditions" Laboratory experiments were

interpreted as being true indicators of genetic differences since

the environments (ratjon, temperature and ìnitìal size) were held

constant.

Genetic d'ifferences in harvest weights appeared in pond, lake

and tank experiments. 0n average, the Nisqually fish ulere L7 to 77.%

'larger than the Manx fìsh grown in the same pond, lake or tank.

Genotype-environment interactìons also occurred in the pond experì-

ments.

Variance component analysis in the definitíve experiments

sholed that environmental differences accounted for between 53 and

68% of the varìabìlity in maximum, optimum and maintenance rations

and specific growth rates and net and gross effìciencies of rainbow
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trout at maximum and optimum rations. Between 4 and 16% of total

varìation was due to genetic differences. Changes ìn temperature

between 12 and 19oC jncreased food requ'irements at maximum, opt'imum

and maìntenance rat'ions while specific growth rates and efficiencies

were not markedly affected" As initial size of fish increased from

6 g. to 67 9., maximum, optimum and ma'intenance ratìons decreased.

In a similar manner, specific growth rates and efficiencies decreased

as fish grew larger"

Additive genetic differences between llanx and Nisquaììy in

specific growth rates at maxjmum rations were high (10-11% of mìd-

parent values) and constant at temperatures of 12, 14.3 and lgoC.

Values were low (q% of mid-parent values) at the optimum temperature,

16.7oC, i.e. growth rates of Manx and l,lisqually f ish þrere most

similar at the optimum temperature. Additive genetic differences

for spec'ific grourth rates at opt'imum rations were similar to those

at maximum rations but there were no differences in maintenance

ration requ'irements of the two strains of their hybrid" AddÍtive

and non-add'itive genetìc differences between llanx, N'isqual'ly and

their hybrid in net and gross efficiencies at maximum and opt'imum

ratìons were also observed.

Strain selection and hybridization are suggested as a means

of genetic improvement of growth rates and efficiencies on the

basis of experimental results" Consideration of genotype-envi-

ronment 'interaction effects Ín any selective breeding program

is also stressed"



A. INTRODUCTION

Studies of growth rates of fish can be very complicated" Rice

et al (1970) stated that the variability among anima'ls in any trait
js influenced by the follow'ing factors: heredity, environment and

heredity - environrnent interactions.

Numerous researchers have studied the relationship between the

grovtth of salmonid fish and environmental factors. Environmental

factors, such as temperature, ration, initia'l sÍze, density, light
and other factors have ali been found to affect fish growth.

Perhaps the most comp'lete work is that of Brett and his

colleagues at the Pacific Biological Station at Nanajmo (Brett et

al" 1969, Brett l97l a, l97l b,1979, Brett and Higgs 1970 and Brett

and shelbourn 1975) " 0ver a períod of years they have defined the

relationships between growth rates of sockeye salmon (Oncorhynchus

nerka) and temperature, fish s'izeu ration, etc" Sirnilarly, at the

Freshlater Biological Associatjon, llindermene Laboratory, Engìand,

Elliott examined environrnentaj factors affecting growth rates of

brown trout (Salmo trutta L.) (il1iott 1975 a, 1g7S b, 1975 c and

re75 d) "

Studies of rainbow trout (_Salmo gairdneri) have been carried

out at numerous laboratories. Hokansen et al . (1977) compared the

gror,vth rate of juvenile rainbow trout in constant and fluctuating

temperatures; LJurtsbaugh and Davis (.l977 a) observed the effect of

fluctuating ter,rperatures and rations on juvenile rainbow trout

growth and food conversion. wurtsbaugh and Davis (1977 b) found a
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relationshjp between fish size and ration at optimum temperatures

when studyìng the growth rate of rainbow trout. Kilambi et al.

(1977) and Refstie (1977) studied the effect of density on growth,

food conversion and production of rainbow trout. Li and Brocksen

(1977) found that rainbow trout in high competìtion for spaceo had

a low feeding rate whi'le lledemeyer (1976) said rainbow trout were

physiologically stressed when moved and held at a density of'16

grarns per iiter, but still fed norma1ly. Other environmental factors

have also been shown to be important. For example Chaston (1968,

1969), Jenkins (1969) and Campbell (.l97.l) found that light and dark

influenced activity and feeding behaviour of salmonids and white

sucker (Catostomus commersoni) 0f the controlling environmental

iactors (Fry 1947) temperature appears to have the greatest effect

on the metabolic rate of fish"

Quantitatjve genetic studies of salmonids have not been nearly

so extensj've. The earliest and best publicized results are those of

Donaldson at the University of þlashington (Donaldson and 0lson .l955,

Donaldson et al 1956, Donaldson and I'lenasveta l96l , Donaldson 1970 and

Hines 1976). Unfortunateiy Donaldson's apparent success at improving

the growth rates, and other characteristics of rainbow trout and

Chinook salmon (Q. tshawytscha) is marred because no controls were

maintained and jt is therefore impossible to separate the genetic

improvement from'improved cultural conditions. The most comp'lete

studies of the genetics of salmonids have been those by researchers

operating out of the fisheries research station at Sunndalsora,

Noruay on Atlantic salmon (Salmo salar) and other salmonids



(Gjedrem and Aulstad ]974, Gjedrem 
.1976, Kanis et al. 1976, Refst'ie

et al 1977 " Gjedrem and Gunnes 1978, Gunnes and Gjedrem l97B and

Edwards l97B)" In recent years, numerous other researchers have con-

tributed s'ignificantly to our understanding of the genetic factors

affecting growth rates. Reinitz et al. (1979) found differences in

body vreight and body cornpos'it'ion between strains of rainbow trout and

appiied artificial selection to a rainbow trout popuiation (Kincaid

et al 1977). Klupp (1979) stud'ied genetic improvement in the growth

of rainbow trout and found that heterosis appeared at the juvenile

stage but was not statisticajly significant. Many workers have

d'iscussed which characters shouid be selected and agree that growth

is one ìmportant trait that should be v¡orked on (Donaldson and 0lson

1955, Gjedrem and Aulstad j974, Gjedrem 1976, Kincaid et al 1977 and

llcKay and Friars 1979)" Lleatherley (1976) has emphasized the

'importance of studyìng the physioiogica"l basis of genetic differences

'in growth rate.

Unfortunately, most of these breeding studies did not eonsider

environmental factors. Even though the select'ion provided some genetic

gains, the work was restricted to one or two environments and

emphasized genetic effects. Environmental effects and genotype -

environmental interactions that may have interfered v¡ith the variations

were generally overlooked: tdithout consideration of all factors,

attempted animal improvement wilj not be successful. The environmental

factors which affect the physiologìca'l studies of fish growth such as

metabolic rate, act'iv'ity, feeding rat'ion etc. should also be included

in the genet'ic studies as suggested by Weatherley (1976)" Bowman



(1974) stated that genotype - environment interaction may be defined

as the change in performance of two or more genotypes measured in two

or more environments. These interactions may change the rank order of

genotypes from one environment to another. As well a change between

different environments may result in a change in heritabilities. a

One on a combination of these changes may be apparent. Gjedrem and

Aulstad (1974) felt that the genotype - environment interactions for

growth and survival are particuìarly important for a selective breeding

program. In Kincaid's selection program (Kincaid et al 1977) weight

gain variations at age]47 days were 30% due to genetics and 70% due to

environments" They reconmnended that in future studies, breeders should

consider both genetic and environmental factors as well as interactions

between them. HeritabilÍties of growth rates fn rainbow trout are

quite low, between 0.1 to 0.2., suggestr'ng to Gjedrem (1976) that there

are other factors involved in the total variation. Recently, Bailey

(1978) estimated the heritabilities of one strain of rainbow trout jn

different envjronments (2 hatcheries and 2 'lakes). Hìs work shows an

effect of the env'ironment, the genotype and genotype - environment

interactions on heritabilities. Klupp et al" (1978) found that the

interactions of stra'in and envfronments (net and pond environments)

affected weight of rainbow trout. Moav et al 1975 found genotype -

environment jnteractions when studying the Chinese carp and its crosses

with European carp and changes in ranking of carp strains with seasons

aHeritabilities: a measure
genetically jnfluenced and

degree to which a phenotype is
modified by selection (King 1968)

of the
can be



(l'îoav and wohlfarth 1973 and Moav et al 1975). Gall (1969) reported

that interactions between strain and stock'ing density in rainbow trout

growth and genotype - envìronment interactions, were high compared to

other jivestock" Similar'ly, Kallberg (1959) and l4oav et al (1975)

assumed that different stocking densities interact with strains of

fish. Ayles (1975) stud'ied the influence of genotype, environment

and genotype - environment 'interactions on growth and survival of

rainbow trout stocked in central canadian aquaculture lakes and

concluded that the observed differences in growth and survival were

a function of all these factors. The genotype and genotype -

environment interaction effects were statistically s'ign'ificant but smalier

than the environmental effects. Ayles et al (1979) also found genotype-

environment interactions in the percent of dry matter and'lipid content

of different strains of rainbow trout and their hybrids. Ihssen (1976)

stated that genotype - environment interactions such as strain -
hatchery and strain-lake effects are sornetr'mes quite 'large for growth

and survíval. The above studies cleariy indicate that genetic studies

of rainbow trout should consider environmental effects and genotype -

environrnent interactions as well "

The present study investigates how genotype, environment and

genotype - environment interactions act on specific growth rates of

rainbow trout. specifjcally the study was to determine whether

observed differences between strains of rainbow trout in field
experiments could be attributed to genetic differences in rnaximum

growth rates, growth rates at optimum rations, conversion efficiencies

at maximum and opt'imum rations, or majntenance rations, and the extent



to which these genetìc differences varied under different envi-

ronmental condi t'ions .

The experiments of this study dealt wìth field studies,

prel iminary experiments and defin'it'ive experiments of growth

rate (Tab1e 1). The environmental factors involved in the study

were temperature, ration and fish size. The genetic factors

were genetic differences between strains. The work emphasjzed

two strains (l{anx and Nisqua'lly) and their hybrid (Manx X ttisquatly),

wh'ile other straìns were also used for the preìiminary experiments

and field studies.



Table 1. Experiment type,
fication number

starting date, location and identi-
of each experiment"

Experi ment
Type

Experiment
Number

Starti ng
Date Locati on

Field

Prel i mi nary

Defi ni ti ve

F. 1 ( 79:H01*)

F .2 (80:H03)

F.3 (80:H08)

F"4 (78:E02)

P.1 (78:S01 )

P"2 (78:S02)

P.3 (78:S03)

P.4 (79:S04)

P.5 (80:H01 )

D.1 (80:H06)

D.2 (80:H07)

D.3 (81;H0i)

26/06/79 
"

14/05/80 
"

9/12/80 
"

L7 /04/78;

7 /02/78 
"

LB/07 /78 
"

25/09/78 and
L5/t0/78,

ß e n/4/7e
and 2I/5/79 

"r7-L3/02/80;

22-23/07 /80 
"

23-24/09/80 
"

2-3/02/8r 
"

Ponds at the Rockwood Exper-
imental Hatchery
Ponds at the Rockwood Exper-
imental Hatchery
Tanks at the Rockwood Exper-
imental Hatchery
Potho'le Lakes at Ericksonn
l,lani toba

Tanks at the Freshwater
Insti tute
Tanks at the Freshwater
Insti tute
Tanks at the Freshwater
Insti tute
Tanks at the Freshwater
Insti tute
Tanks at the Rockwood Exper-
imental Hatchery

Tanks at the Rockwood Exper-
imental Hatchery
Tanks at the Rockwood Exper-
imental Hatchery
Tanks at the Rockwood Exper-
imental Hatchery

* indicates experiment code used by Aquaculture Project



B. GENTRAL PROCEDURTS

This section descrjbes the general materials, methods and

procedures of this study. The section is divided into subsect'ions

as fol lows: a general description of aìl experiments; a description

of fish stocks used ìn the experiments; a description of al'l

facil'ities and tanks used for the experiments; a description of

generai handling procedures forbhe experiments; a statistical

analysis subsection which explains the statistjcal models used; a

subsectÌon describing genetÌc analyses used for some experìments

and a subsectfon describing parameters of interested.

1. Experimenta I types

There were three types of experiments, field, preliminary and

definitive. The fìeld experiments were to determine growth and

survival rates of different strains of rainbow trout in different

types of commercial aquaculture operations. The preìiminary

experiments were to determ'ine the pre'liminary parameters and

handling techniques for taboratory experiments and provide ideas on

how to do the definit'ive experiments. The definitive experiments

were to specifically observe the effect of genotype (strain effect),

environment and genotype - environmental interactions on specifìc

growth rates of rainbow trout in laboratory conditions. Experìments

took place between 1978 and 1981, in pothoìe experimental lakes at

Erickson, trlanitoba, in ponds or tanks at the Rockwood Experimenta'l

Hatchery and in tanks at the Freshwater Institute. The experiment

number, starting dates and facilitìes used for experìments are out-

lined ln Table 1. Brief descript'ions and rationale for each experiment



are g'iven in Table 2.

2. Description of Strains of Fishes Used

Salmonids used in this study were rainbow trout (Salmo gairdneri),

Artic charr (Salvelinus alpinus) and brook trout (Salvelinus

fontinaljs). The study was primarily of rainbow trout. Six purebred

strains and two groups of inter-strain hybrids urere used" The

foìlow'ing strains and hybrids of rainbow trout were used:

*1
Manx (11 Fl ') - domest'ic strain from Lake Fisheries Hatchery in the

Isle of l,lan The exact or'ìgins of these fish are unknown, but

they are believed to have been taken to the Isle of l4an in the

'1940's and no new fish have been added to the hatchery since.

This stock was originaì1y received at the Rockwood Experimental

Hatchery in February 1976" The eggs for the fie'ld experiments,

F.l. and F.2. were spawned on January 24,1979 in the Rockwood

Experimental Hatchery. The eggs for the field experiment F.4.

r,{ere spawned on November 3, 1977 u in the Rockwood txperimentaì

Hatchery. The eggs for the definitive experiments D"1., D.2""

and D.3" and a field experiment F.3. were spawned on January

8, l9B0 at the Rockwood Experimentaì Hatchery.

N'isqually (ru N ) - domestic strain from Nisqua'lly Trout Farm Olympia

l,lashington. The exact orig'ins of these fish are unknourn, but

the hatchery had introductions of local strains and of the so-

called Donaldson strain. This stock was origina'lly received

at the Rockwood Experimental Hatchery on February 5, 1974.

*l 
First letter indicates female parent, second letter indicates
male parent.
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Brief descriptions and reasons for each experìrEnt.

Experiment
Tvpe No.

Narîe
( Strai n ) Brief Description Reason for Experiment

Fieìd F.1

F.4

Preìiminary P.l

P.2

D1

P.5

Defi ni tì ve D. 1

Hanx
Nìsqua1 1y
I daho
Sunndaì sora

14anx
Ni squal 1y

Hanx X Manx
Nisquaì1y X

Nisqualìy
I'lanx X

Nisqually

Manx
Ni squal ly

I daho
Nisqually

Mt. Lassen
t'lt. Lassen

49
5g
7g
49

12g
14s

38s

40s

38s

4g
6g

los
3os

6g
15g

Êa

F.3

4 strains, I size,4 still
water ponds with 4 densities

2 straìns,1 size,4 still
water ponds with 4 densities

3 strain crosses, I size
12.50C, maximum ration

2 strains,2 sizes,2 pothoìe
'lakes with the saÍ€ density

2 strains, 2 sizes, IOoC
ration 0 - 5:;

1 strain,2 sizes, IOoC
ration 0 - 5?i

. ^0^I strarn, z slzes, ru L
ration 0 - 5i3

4 straìn crosses, I sìze
1ooc,ration0-5:i

3 species,1 size, temper-
ature 10, 13, 16 and 19oC,
raEion 0 - 7:;

3 strain crosses, I size"
temoerature: 12,14,3,
16.7 and L9oC, rati on
0-7'i
3 strain crosses" I size
temDerature: 12, 14.3,
16,) and 19oC, ration
0-7%

3 strain crosses, I size
tenoerature: 12, 14.3,
16.7 and l9oc, ration
0-7%

Initial pond experiment to determine
grolrth of different strains of rain-
bow trout and to examìne effect of
densìty on growths.

Confi rm F. 1, emphasr s on 2 strai ns
showing greatest difference in growth'

Detenîine difference of specific
growth rate between 3 strain crosses
for large fish stocked together in
1,500 L. tank.

Determine differences of growth of
2 straìns in centraì Canadian aqua-
culture conditions.

1- Initial experiment to learn how

to handle fìsh
2. Define prel iminary parameters

Initìal experìment to determine
effect of size on speciíìc Arovrth
rates.

lnitial experiment to detePmine
effect of size on specifìc growth
rate usìng the same strains as P.2
for the bigger size.

Initiaì experiment to determìne djff-
erences in growth in genotype istrain
crosses; in common environneni,

Injtìal experìment to examine the
differences of growth rates between
sa'lmonids in relatìon to temperarures
and rati on .

Definitive experiment to. examine
effect of genótype, envì'ronrnent and
genotype-environment ìnteraction on

speci fi c growth rates .

Definitive experÌment to examine
effect of genotype, environment and
genotype-envi ronment i nteracti on on

specific grovJth rates.

Definitive experiment to examine
effect of genotype, environment and
genotype-environment interaction on

specifìc arowth rates.

P.4

Mt. Lassen 15 s
Mt. Lassen 30 g

TunkwaXTunkwa 5g
ldahoXldaho 59
TunkrvaXloaho 59
idahoXTunkwa 5g

Rajnbor., trout 9 9
Arctic charr I g

Brook trout 8 g

¡lanxx¡4anx 89
Nisqual.ly X

Nisquaily 7 I
ManxXNisqualìy 7g

Manx X llanx 17 g

Nisqually X

Nisquaì ly 17 g

Manx X NÍsquaìly 17 g

l4anx X l4anx 67 g

Nisqual ly X

Nisqually 67 g

l'lanx X Nì squal ly 67 g

ù.2

0.3
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The eggs for a pre'liminary experiment, p.l. were spawned on

December B, 1976; the eggs for fjeld experiments, F.l. and

F"2. on January ?4,7979; the eggs for the fieìd experiment

F.4" on October 20" 1977 " while eggs for definit.ive

experiments D"1., D.2. and D.3. and a fjeld experìment F.3.

were spawned on January B, 1980, all at the Rockwood

Experi ment'al Hatchery.

Manx x N'isqual ly (¡lN ) and Ni squa] ly x t4anx (l'lM) i nter-strai n

hybrids from random matings of 3 - 6 females to 5 - 6 males

of l"lanx and Nisqually strains. The matings were camied out on

January B, l9B0 at the Rockwood Experimental Hatchery and

offspring produced 11l1, NN, MN and Nll" The eggs hatched jn

l4arch l9B0 and fry were kept in 4 nunsery tanks at 13.50 C

until the end of May 1980" At the end of Í,lay, at an approximate

size of 2.3 g. they were moved into .l,s00 liter tanks at 6.5oc.

These fish, l4N, '¡,ere used in definitive experiments D.1.,D.2.,

and D. 3 . and f i e'l d experiment F. 3.

Ì4t. Lassen (LL) - domestic strain from Hjldebrand's llt. Lassen Trout

Farm, Red Bluff, California. The exact origins of this fish are

unknown but the l1t. Lassen Hatchery has received fìsh of the

Kam'loops strain from coleman Fish Hatchery Ín washington and

Trout Lodge F'ish Hatchery in Ì,lashington in 1962, and no new

fish from other sources have been added since. These fish

were received in 1978. The fish for pre'ljmìnary experiments

P.2. and P"3. were spawned in Hildebrand's Mt" Lassen Trout

Farm and the eggs were sent to the Rockwood Experimental
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Hatchery ìn January and February 1978"

Sunndalsora (SS) - domestic strain from a research hatchery in

Sunndalsora, Nonvay" The exact origins of this fjsh are unknown,

but the orig'inaì stock which was introduced to Nonray from [,{orth

America were from a freshwater strain and rainbow trout culture

in Nonrray began as far back as l9l2 (Edwards l97E). The stock

was received at the Rockwood Experinental Hatchery ìn April .l975"

The eggs for fieìd experjnents F.l. and F.2. and preliminary

experirnent P.5" were spavrned on January 24, 1979 in the Rockrvood

Experimental Hatchery.

Idaho (It) - domestic strain from Caribou Trout Ranch, Soda Spring

Hatchery jn ldaho. The origin of this stock is uncertain, but

it was probabiy taken from a northern Cal'ifornia stream rnany

generat'ions ago (Ayìes 1975). The stock was rece'ived at the

Rockwood Experimental Hatchery on November 17 " 1971 " The eggs

for a prelirninary experiment, P.l. uJere received from ldaho in

Apri'l 1977 vthile the eggs for another pre'lim'inary experiment,

P.4. were spawned in July 1978 at the Rockwood Experimental

Hatchery.

Tunkwa (n-) - wìld strain from Tunkwa Lake, B"C. These fish have been

in Tunkwa Lake for several centuries (Ayles 1975). The orig'inal

stock was received at the Rockwood txperimental Hatchery on

June 10" 1972 from Summerland Hatchery British Coiurnbia. The

eggs for preliminary experiment, P.4. were spawned in Juiy 1978

in the Rockwood Experimenta'l Hatchery.
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Tunkwa X Idaho (TI) and idaho X Tunka (IT) - tZ inter-strain

hybrids between Tunkwa and Idaho. The origìna1 random mat'ing

system was 'in July 1975 in the Rockwood Experimenta'l Hatchery"

The eggs from this mating were II, TT, TI (Fl) and IT (Fi).

The eggs for preiiminary experiment, P.4. were from crosses of

the F., TI and IT stocks'in Juìy l97B at the Rockurood Experimental

Hatchery.

The folloling other salmonids were also used:

Brook trout (BB) - wild strain from Gods Rivero I'lanitoba. The

orig'ina'l stock was received at the Rockwood Experimental

Hatchery as eggs in October 1974" The eggs for pre'liminary

experimento P.5. were spalned on August 30, l97B at the Rockwood

txperimental Hatchery.

Arctic charr (AA) - wild strain from t'{auyak Lake, Kent peninsuf á,

North I'Jest Territory, Canada. The stock was originaì1y

received as eggs at the Rockwood Experimental Hatchery in

November 1978. The parents of these fish wene from the

anadromus stock at Nauyuk Lake. The male parents averaged 675

m"m" in ìength and females 620 m"m. The eggs r¿rere taken to the

Rockwood Experimental Hatchery jn November 1978 and hatched at

the end of December 1978. This stock was used in pref iminary

experiment, P.5.
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3. Facilit'ies

3. I . Ponds

Field experiments at the Rockwood Experimentar Hatchery took

place in four 0.05 hectare still water earthen ponds having a depth

of I - 1.5 m" Each pond has an inlet and an ouflet" Because of
predator birds, especially terns (sterna ¡p.t a mesh net covered

?5% of each pond ( 2 meters above the water ) around the feeding

area while the rest of each pond vras lined with cords 0.s meters

apart and two meters above the water. This method protected the fish

in the first year of the pond experirnents (F.r"), but the nets were

destroyed over the winter resulting in lov¡er survival rates in the

1980 experiments (t .2.)

3.2" Experìmental tanks

In the Freshwater Instituten 22, 24 L. ci rcuìar fiberg'lass

tanks were used" The tanks were set up in four rows of l0 tanks u

and a water temperature of l00c mainta'ined during experiments" The

water flow averaged 0.5 litre m.*.-1 in each tank and the tanks were

aerated r,rith airstones. Four igO L. fibreg'lass tanks were used

for holding fish before experiments.

In the Rockwood Experimental Hatchery the fol'lowing experimental

tanks were used:

l) 96,60 L" square fiberglass tanks were used" They are set

up in four rows of 24 tanks" tach row consists of a top and bottom

level of 12 tanks hooked to a common fìlter/recirculation unit. The

water temperature is the same for all tanks within a row, and water

is recirculated at the rate of 90 - 9s%" New water is supplied from
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the hatchery reservo'ir to each row at a rate of 3.s liter m-l' blater

flow to the tanks averages about z iiter min-1. Fish were held 'in

,l,500 L. square fiberg'lass tanks prior to ali experiments. Water

temperatures of the holding tanks were maintained at 6.50C. Flourescent

lights above the experimental tanks were controlled by an autor¡atic

switch, set according to the daylight hour duríng the year. The light
intensity on the top tanks averaged 0.69 microeinsteins. 

^-? 
r..-l u,

and on the botton tanks 0.48 microeinsteins" *-? ,..-1.

2) one 1,500 L. squai^e

F3. The tank is one of the

piìot system in the Rockwood

These tanks are mounted over

be varied between 6 - l6oC.

I iter min-l .

3" 3 Pothole Lakes

fibergiass tank was used for experiment

12, 1,500 L. square fiberglass tanks for the

Experimentaì Hatchery (Ayies et al.l980).

filter units and the water temperature can

Water is recirculated at the rate of 45

Field experimen't F.4. took place in two of the experimenta'r .

potho'le lakes in tricksono llanitoba. Lake 3.16 and 321 were used. The

areas of these two lakes are 3.2 and 2"8 ha. with maximum depths of

2"4 and 1.5m., respectively (Sunde and Barica 1975). The geography

of the area and the lakes have been described in Sunde and Barica

(1975) and Barica (1975).

u Th. light was measured by unden¡rater Qu4ntum sensor. The sensor
measures in units of qTlcroeinsteins. m-Z sec. -l, where I micro-
einstein = 6"02 x l0-r/ photons measured between a wave 'length band
of 400 to 700 n"m"



i6

4. Handling Procedures

4.1. Field experiments

The field experiments Fl and F2 were started shortìy after the

ice melt in spring. Fish were acclimatized in a I m3float'ing cage

(1 cm.mesh) in each pond, and released after two weeks" Individual

ìengths and vreights of l0 fish per strain in each pond were taken

at release for experiment F.2., but on'ly total weights of f ish per

strain in each pond were taken for experiment F.l. Every two weeks

during the experiments, fish were caught with a seine and at least

l0 fish per strain in each pond were sampled for total weìghts"

Near the end of the experiment t"2., ìt was difficult to catch fish

because they were big and fastu and occasÍonally it was not possibìe

to catch l0 fish from each strain.

At harvest, the water was drained out of each pond, total

weight and surv'ival rates were measured and 20 fish per s'brain were

sampled forindi vidual 'length - weights "

Field experiment F"3. used a 1,500 L. tank under simulated

commercial intensive aquaculture conditions. The experimentaì

procedures such as stock'ing rate, feeding and fish sampling followed

the procedure of the pilot - scale rainbow trout production (Ayles

et al" l9B0). Every four weekso fish of each strain were anesthet'ized,

brands examined and mean weights of 4 subsampìes of the total we'ights

for each stra'in were measured. At the end of the experiment mean

weìghts and length of 20 individuals were measured.

Field experiment F.4. was caried out in two potho'le experimental

lakes in the Erickson - Elphinstone district of Manitoba. Shortly
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after the ice melt in spring, fish were transported to the lakes,

acclimatized'in floating cages, and then released" At the end of the

experiment fish were harvested and mean weights of fish for each strain

were determined. The experimental procedures have been described in

detail in Lawler et aj. (.1974) and Ayles (1975).

4.2. Laboratory txperiments

General procedures in these experiments followed the procedures

of Brett et al" (1969).

The densities of fish at the beginning of all experinents

averaged l0 g" l-1. Maxirnum densities reached at the end of any

experiment d'id not exceed 27 g. 1-l. The numben of fish varied

depending on the experiment. Stocking was done when al'l tanks were

at amb'ient temperatures. Temperatures were graduaì1y raised to

experimentaì levels over a two week period"

The total weìght of fish in each tank was tãken when fish were

placed in the tank" At the beginning and end of the three definitfve

experiments l0 fish from each tank were anesthet'ized and sampled for

indiv'idual ìengths and weights and five of the l0 fish were frozen

for subsequent dry weìght analysis. In addition, the total we'ight

of the remaining fish in each tank was measured when the samples were

taken. The measurement error due to differences between pooied and

indìv'idual weights was tested by measuring 96 lots of l0 fish for

both total weights and individuaj pooled weights. There was no

signÍfìcant difference between the two ways of measurenent. Every

two weeks the total weight of each strain for each tank was taken

and the number of fish per tank counted" Mortalit'ies were recorded

dai ìy.
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4.3. Food and Feeding

Commercial trout food (S'ilver cup a) was used in the field

experiments F"1"" F.2. and F.3. and the laboratory experiments.

For each experiment, fÍsh were fed three times a day with the exception

of laboratory tanks receiving excess rations which were fed fìve times

dai1y. For the fieìd experiments F.l . and t.2." feeding followed

standard feeding tables (Bardach et al. 1972). For the experiment

F.3. feeding was 150% of the feeding tabìes. For the pothole

experiment F.4., fish were fed on natural food only (Hoimstrom 1972

and Bernard and Holrnstrom 1978). For laboratory experirnents, fish

were fed 5.5% body weight.day -l durìng the two week acc'limation

period and theno ration levels were adjusted according to the

experimental design. The amount of food for each ration level was

adjusted biweekiy for changes in fish weight. Food for one week

was measured in grams and divìded equally by volume for daily feeding.

aProduct from l,lurray Elevators. The dry weight of fish food no.2
and no. 5 were ana'lysed by Nutrition Biologist of the Freshwater
Inst'itute as fol I ows :

% protein
% I'ip'ids
% ash
% carbohydrate

and fiber

Food Size No.2

43. 6
17 "5
1? "3
25 "6

Food Size No. 5

48.9
14.2
I 3.0
24.0
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Food for 14 days was fed in 13 days because fish were not fed on the

day of measurements.

5 " Stati sti cal Ana'lyses

A number of statistical tests were employed 'in this study.

The fol'low'ing statistical analyses used the computer program of

Hewlett-Packard calculator model H"P. 85:

- One-way ana'lysis of variance

- Two-way analysis of variance

- L'inear regressÍon

Three-way anaìysis of variance (Snedecor and Cochran 1967) was

performed using an ordinary desk calculator"

6. Analysis of the Effect of Genotype, Environment and Genotype-

Envi ronment Interactions

The relative importance of genetic and environmental effects was

analysesd for experiments employing different stra'ins. Comparisons of

genetìc means as well as estimations of the relãtive variabÍlity assoc-

iated with the genotypic and environmental effects and genotype-environ-

ment interactions were made. Genotype-environment'interactions were

assumed to be zero in the estïmat'ion of variance components; however,

this assumption may not be valjd'in all cases as some graphs indicate

the presence of genotype-environment interactions"

The inìtial observations of genetic differences in growth rate in

an aquaculture system were in field experiments F.1" and F.2. jn the

pì lot commercjal experìment F.3. and'in the pothole lake experiment

F.4. Differences in size between strains were ìnterpreted as berng

true genetìc dìfferences since the envìronments were he'ld constant.
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The relatÌve Ìmportance of genetic effects, environmental effects

(ponds) and genotype-environment 'interactions (strains x ponds) were

estimated by determinìng the variance components in a two-way ana'lysis

of variance.

For the definìt'ive experiments, genotype (strain) and envjronment

(temperature and size) effects and genotype-environment interactions

were analysed by means of three-way and two-way analyses of variance

and the variance components estimated (snedecor and cochran 1967).

Differences in maximum, opt'imum and maintenance rations and specífic

growth rates were analysed.

Differences 'in strain means were also examined directly. Additive

genetic effects (H), non-additive genetìc effects (u) and the relatjve

values of additive and non-additive genetic effects were estimated for

the Manx and Nisqually strains and their F, hvbrÌd. The deviation of

the higher vaìues (l¡¡t) from the mid-parent values (Mm + n¡ru¡ was inter-
preted as an additive genet'ic effect (A¡ and the devia'Lion of hybrid

values (NN) from the mid-parent values as a non-addìtive genetic effect
(D) or dominance, or heterosisô (Faìconer 1960). The relative vatues

for each effect (A and D) were estimated as a percent of mid-parent

values" Throughout this thesis adcitÌve genetic effect (A) lvill be

used to denote the average genetic effects between the two strains,

Manx and Nisqual'ly. Non-addìtive genetic effect or dominance (D) js

used to denote all effects d\ to heterosis.

The relative values

and optimum ration and

of

for

u r,.t.roris is the additional performancen if any, shorvn by the first
generatìon of crossbred progeny above the mean performance of their
parents P, and Pr. (Bowman L973).

A and D for spec'ific growth rate at maximum

net and gross efficiencies at both ration
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levels were compared in relation to environmental factors (ìnìtial

s'izes and temperatures). The comparisons are presented jn graphic

form onìy" A complete statistical analysis r¡Jas not considered

j usti fi ed "

the genetic differences observed in the field experiments were

compared graphicaliy with those observed in the hatchery.

For the preiîm'inary experìment P.5, genotype (species) and environ-

ment (temperature) effects were analysed by means of a two-way ana'lysis

of variance, and variance components v\,ere estimated (Snedecor and

Cochran L967). D'ifferences in maximum, opt'imum and maintenance ration

and specific growth rates were analysed. The genotype-environment

i nteracti ons were al so 'interpreted graphi ca'l 1y.

7 " Parameters of Interest

Specific growth rate (G) is the instantaneous rate of gaìn'in weight

per unit weight (percent change in weight/time) ancl can be described by

the formula:

loq l{^ - loq l,{.Ç=#x100
where lrl, ìs the initial weight, *2 is the final weight and t is the

time jnterval (days) between [{, and t{, (Brett et al 1969, Ricker 1975

and El liott 1975a).

A ration is normal'ly expressed as the fract'ion of daily food fed

to body weight per fìsh (Kono and Nose 197i). This fraction can be

written as follows:

r=F..f=Wx100
T
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where f ls the ration (food fed) in percent of body weight per unit

time (usually in a day) per fish and F is the daily amount of food

fed per fish.

Growth rate can be plotted against ratìon and, in the absence of

any tranformatione a smooth curve fitted by eye (Figure 1) (Brett et

al 1969). Three parameters of jnterest can be taken from these curves

(Brett et al 1969).

(1) The maximum ration: the ration that provides for the maximum

growth rate.

(2) The optimum ration: the ration that provides for the greatest

growth for least food fed. The optimum ration can be cletermined by draw-

ing the tangent to the curve from the orìgin and is the ration at which

growth is most energetically efficient.
(3) The maìntenance ration: the ration that just maintains the

fish without any weight change (zero growth rate) which can be considered

maintenance metabolism (Brett et al 1969).

Food conversion efficiencies are the ratio of growth to ration in a

gi ven perì od of time (Pa'loheì mo and Di ck'ie 1966 ) .

These efficiencies can be expressed in terms of net and gross effic-
iencies (Brett et al 1969) 

"

Net efficiency was estimated from the formula:

niEni =-fft x 1oo%

and the gross efficiency was estimated from the formula:

Egi =+J_ x 1oo%

where, Eni = net efficiency at the ith ration level.

Eg'i = gross efficiency at the ith ration level"
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I - the ith ration level corrected for moisture

content for fish and food.

M = the maintenance ration obtained from the

growth curve corrected for moisture content

of fish and food.

Gi = specìfÍc growth rate at the jth ration.
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Figure 1. Geometric derivation of
growth with accompanying
data for fish at 10oC as
from Brett et al. 1969).

v.arìous parameters of
ration, using the
an example (redrawn
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C. FROUEDURES AND RESULTS

In the fotlowing section, the specìfic experimental methods, sta-

tistjcal analyses and results are described for each experiment. Genetic

'interpretations are also included where appropriate.

1. Field Experiments

Fìeld experiments (F.1 and F.2) were carried out in four st'ill water

ponds at the Rockwood Experimental Hatchery during the summ.", of 1979 and

1980. The experiments were to observe if there were differences ìn growth

rate between djfferent strains of rainbow trout in actual aquacuìture con-

ditions and to observe the differences in relation to densit'ies in the

ponds. The first experìment, F.1, was a study of four strains of rainbow

trout, N'isqua'11y, Manx, Sunndalsora and Idaho, while the second " F.2, con-

centrated on two strains, Nisqually and Manx which, according to the first
experiment, differed significantly in growth rates. Differences between

these two strains were exam'ined more intensìvely in the definitive exper-

iments'in the hatchery. Field experiment t.3 was performed jn a 1,500 L.

tank at the Rockwood Experimental Hatchery. The experiment was to observe

differences in growth between lr{anx, Nisqua'lly and their hybrid under sim-

ulated commercial intensive aquaculture conditions" Experiment F.4 was a

study of the differences between fulanx and Nisqually stra'ins planted jn two

pothol e I akes near tri ckson , l'1an'itoba.

i.1 Experiment F.1

1.1.1 Method of Ëxperìment F" 1

Experìment F.1 began June 6,1979 and ended October 31, 1979. The ob-

jective of the experiment was to determìne the initial specific growth rate

of different strains of rainbow trout ìn pond culture conditions. Subse-

quent]y, these observat'ions were compared to laboratory observations on the
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same stra'ins .

Lach strain was branded with a hot wire branding apparatus two

weeks before beìng stocked in the ponds (Bernard and Van der Veen 1974).

Equa'l numbers of four rajnbow trout strains were stocked at different

densities in four ponds (Table 3). The mean weights of the four strains

ranged between 3 and 10 grams when they were released from the f'loating

cages. Procedures for fish samp'ling and feeding are descrìbed in Sec-

t'ions ts . 4. 1 and B. 4. 3 .

Dai ly measurement of water temperature and week'ly measurements of

dissolved oxygen (D.0. ), nitrite (ll0 - N), nitrate (N0 - N), ammon'ia
z

(NH - N), soìuble reactive phosphorous (P0
34

ency and ch'lorophylla were made jn each pond"

3

-P), pH, water transpar-

When the water temper-

atures became close to rainbow trout's lethal temperature, coìd well

water was added to cool down the ponds. This was necessary on 11 dif-

ferent occas i ons "

In the fall at harvest time all fish were harvested by draìning

the ponds. Twenty fish per strain in each pond were sampled for in-

dividual lengths and weights. Total weight and survival rates were

also determined. Unfortunate'ly the waterin pond no. 4 froze before

the harvest was compìeted so that there was no survival record for

thìs pond.

D'ifferences in mean harvest weights between strains and between

densjties were tested by a two-way anaìysis of variance

(snedecor and Cochran 1967). The genet'ic and non-genetjc variance

components of harvested weight rates were also estimated (Snedecor

and Cochran 1967). Specjfic growth rates of Manx and N'isqually

were determined for each sampìing perìbd, and the additive
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Stockìna qete
J .i5n;'ir¡6/!¡¡¿j¡

or
Pond Number i Fj sh/Tank/Strain ; Fi sh/Ha.

ãxoerimenr Strain and or Initiaì weight or or_r
Number Strain Crosses Porhoìe Lake No. tlean ! z.S.E. i Fish/Lake/Strain q, 1.'

F.l Idaho
Ni squal ly
Sunndal sora
l.1an x

I daho
Nisqually
Sunndaì sora
llan x

I daho
Nìsquaììy
Sunndalsora
Hanx

I daho
Nísqua'l ly
Sunnda'ìsora
Manx

F.2 Nisqually
Hanx

N i squaì ìy
Man x

Nì squaì ìy
l'1anx

Nisquaììy
Han x

F. 3 Ni soua l ly
l4anx
I'ianx X Nìsouaì ly

F.1 Nisoually
l,1an x

Nìsquaily
l'1anx

I r0.2
2.8
1.-o

2 6.3
9 -q
21

4.4

3 6.1
5.5

5.0

Á (1
t2
a)

3.6

1 r0.3
12.3

2 tz.t
I0.4

3 18.0
11 E

4 15.3
L¿.5

*a 37.3 : 2.L
37.8 :0.9
37.4 i 0.4

"b, 321 6.0
4.0

316 6.0
3-6

?E 1

478

25,436

34,637

9,856

18,260

22 "r74

10 ,544

40,036

24,44?

30

307

306

393

553

272

310
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genetic differences of these two were estimateo as described

Section 8.6.

1.I.? Results of Experiment F.1

The harvested weights of trout in the four ponds ranged from

23 to 207 g. (Appendix A; Table l). The Idaho strain had the

highest mean weight (106 g) followed by Sunndalsora (ì0'l g),

Nisqua'lly (9.l g.) and lianx (64 g.). The differences of harvested

weight between Idaho, Sunndalsora and Nisqually were not significantn

but l'lanx fish were sìgnificantly different from the other three

strains (P<0.05). The differences (strain effects) accounted for

65% of the variation in mean weights (Table 4). The growth rates

of each strain have been subjected to a more extensive ana'lysis

elsewhere (Appendix B - Papst et al" 1981). The specific growth

rates of l4anx and Nisqually are given in Appendix A; Table 2.

The relat'ive values of additive genetic d'ifferences between

l,lanx and Nisqual]y fish of different sizes ranged'between 5 and ll%

of the mid-parent values (Figure 2).

The phys'icaì and chemical observatfons on the ponds during the

experiment are gìven in Appendix A; Table 3 and Figure 3"

t"2 Experiment t.2 .

1"2.1" l.lethods of Experiment F"2"

txperiment F.2. began l.lay 14, l9B0 and ended October I, 1980.

Thìs experiment was the continuation of experiment F.l. and the same

two groups of Manx and Nisquaì1y were used. The objective of the

1n
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Tab'le 4. Field e¡l=rjnen:s F.i anc i.2, anaì¡,sìs oi varience
¿nd i¿l-i¿nc: COr.-,oi'ìeñts of neen harvestec v,Éici:s of
oi f fereni strains ot rainbol'; irout stoci:eci to¡eiher
in 4 ponds"

F.l F.2
Vari ance \/ari once

Source d.f. M.S. Cornponent d"f. M.S. Component
(%) (%)

Strai ns 3 1390.0** 65

Ponds 3 338.7 12

Error 9 114"6 23

Total I 5

1 3545"7 37

3 1964.8 31

3 678.6 32

7

Note:

1) Source Expected Mean Square

Stra'ins o2 * nb K2A

Ponds o2 o na KzB

Error o2 * nKZAB

2) ** i ndi cates s i gni fi cant at P< 0.0 1
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Figure 2" Relative values of additive (A) and non-additive
(D) genetìc effects for maximum specific growth
rates of raìnbow trout strains Nisquaìly, Manx and
their hybrid (l'1N) for different temperatures and
initjal sizes in field and ìaboratory studies.

I. Defjnitive experiments D"1, D.2 and D"3
at 4 temperatures.

iI. Definitìve experiments D.1, 0"2 and D.3
at 3'initial sizes"

III " Field experiments F" I (O--o) , F "2 (æ-A)
and F.3 (æ.-.a) at various initial sizes.'&.---Â'
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Figure 3. Experiment F.1; seasonal variation in weekìy means
of water temperatures (A) æ-4 , in pond 4, mean
level s of Dissol ved Oxygen (0.0.) (gl ø'--ø¡ , pH (C)
6l".__ø , Ammonia (HH'-N) (D)@--..@ , Nitrite tNOr-N¡ (E)

&-...@ , Ni trate ( N03-N ) (F)@"---4 , sol ubl e Reaõti ve
Phosphorous (nOO-e) (G)e--€ , Chìorophyì'la (H)

@..'-..æl, and Secchi Depth (I)ø----ø, in all ponds ìn
1979.
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experiment was to compare the specific growth rates of two strains

in relation to d'ifferent stocking densities and to confirm the

observat'ion of differences from the previous years experiment.

Similar to F.1., fish in each strain were branded with a hot

wìre branding apparatus two weeks before be'ing stocked in ponds

(Bernard and van der veen 1974). Equa'l numbers of each strain

were stocked at four densities in the four ponds (Table 3). The

mean weight of the two strains was between l0 and'lB grams when

they were released from the floating cages. Fish sampling, feeding

techniques and water analyses urere simi'lar to those for experiment

F"l. The experiment lasted 4 months and at the harvest time all
fish were caught by draining the ponds" Twenty fish per strain in
each pond were taken for individual lengths and weights and total

weights were taken.

The differences of mean harvested weights between strains were

tested by means of a two-way analysis of variance. (snedecor and

cochran 1967). A variance component analysìs was used to separate

the genetic (strains) and non-genetic (ponds) effect (snedecor and

cochran 1967). specific growth rates and genetic differences in

spec'ific growth rates of l.lF! and NN were estimated similar to F"I.

1.2.2. Results of Experiment F.2.

The harvested weight of fish ranged between 65 and 460 g.

(Appendix A; Table 4). The mean harvested we'ights of Nisqually

(233g. ) and t'lanx (1899. ), although different, were not statistica]1y

s'ignificant (Table 4). The variation due to strain-pond
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interact'ion r,vas high when compared to the genotypic varìance.

Genetic differences (strain effects) accounted for 37% of variation

in mean weight (Table 4). The spec'ific growth rates are gìven in

Append'ix A; Table 2 and analysed the same as for F.l "

The relative values of addit'ive genetic differences between

Manx and Nisqually fish of different sizes ranged between 8 and

10% of the mid-parent values (Figure 2).

The phys'ical and chemical observation on the ponds during

the experiment are gìven in Append'ix A; Table b and Figure 4.

i.3 Experiment F.3.

1.3.1" llethods of experiment F.3.

Ëxperiment F.3. began December 5, 1980 and ended Apri'l 29,

1981. The objective of this experiment was to test the differences

of spec'ific growth rates between llanx, Nisqually and their hybrid

(MN) when grown in a 1,500 L" tank under simulated commercial

intensive aquacujture conditions

Fish of the three strain crosses were branded with a hot

wire brand'ing apparatus simìlar to the other field experiments

(Bernard and Van der Veen 1974) and equaì numbers of each strain

stocked into a I,500 L" tank. The rnean weights of 14t4" NN and l.ÌN

strains'at stockîng were 37.8,37"3 and 37"4 g. respectively, at

an jnitial stocking rate of 30 g.l-l (Table 3). The stocking

rate and feeding rates were adjusted following the methods of the

pilot scale rainbow trout produetion (Ayles et al. lgB0) as

described in section B. The fish were culled periodical]y to keep
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Figure 4. Experìment F.2; seasonal variatjon in weekiy means
of water temperature (A)e-@ìn pond 4, mean levels
of Dissolved O¡ygen (0.0.) te)ø-*ø , pH (C)@-@
Ammonia (NH.-l't) (O)æø, So'luble Reactive phosphor-
ous (PO/r-P)" (E¡ø--6, Chlorophyl'la (F)@**@ ,
and Secdhi Depth (G)ø-".e in al I 4 ponds in 1980.
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dens'ities below 50 g.l-1. The water temperatures were maintained at
.l2.50C 

throughout the experiment.

The average specific growth rates for each strain cross were

calculated for each sampling period (¡ strain crosses x 5 periods).

The addit'ive genetic differences between l4anx and Nisquaìly fish and

the non-additive genetic differences between þ1anx, Nisqually and the

hybrid (MN) fish were est'imated for each period.

Differences in final mean weights of Manx, Nísqually and the

hybrid were tested by means of a one-way ana'lysis of variance

(Snedecor and Cochran 1967)"

I"3"2. Results of txperiment F.3.

Average mean weights and specifÍc growth rates are given in

Appendix A; Table 6. At harvest the l.1N and NN had mean weights

of 155"5 and 
.l50.5 g. respectÌveìy, and were signifìcantly different

(P.0.05 ) from l4Þl at 133 " 4 g 
"

The relative values of the additive genetic effects ranged

from 7.3 to 5"1% of the mid-parent value while the relative values

of the non-additive genet'ic effects ranged from 7"3 to 4"0% of the

mid-parent values (Figure 2).

1.4 Experiment F"4"

1.4.1" Methods of Experiment F.4.

The experiment started Apri'l 17, 1978 and ended near-the end

of September l97B before freeze-up. The objective of the

experiment was to determine the differences in growth between l,ianx

and Nisqually under extensive fish culture conditions.
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The experiment took p'lace in pothole experìmental lakes 3.l6 and

321 , in the Erickson - Elphinstone district of l.lanitoba. The

experimental procedures have been described in detail elsewhere

(Lawler et al. 1974 and Ayles .1975). 
The average in'itia'l weìghts

of I'lanx and Ni squa'l ]y were 3 
" 
7 and 6 .0 g " at stocki ng respecti ve'ly .

At harvest, the average weights of each strain were again

measured. As fish of each strain were stocked at a different

size, the final harvested weight was adjusted to take this into

account. The adjusted harvest weights were calculated by the

formul a:

loglO adjusted harvested weight - loglO harvested weight

-0"292 logl0 stock'ing size

+0"292 loglo adjusted stocking

size (6g.)

(Ayl es personal communication)

1.4.2. Results of Experiment F.4.

The harvest weights, adiusted weights and initial size for each

stra'in jn each lake are given in Appendix A; Table 7. l{anx fish had

the lowest growth (adjusted harvest weight 121 to 159 g.) and

Nisqually fish had the highest growth (adiusted harvest weight 213 to

271 g.). Nisqually fish were 70 to 77% larger than Manx fish"

2. Prel iminary Experiments

The two groups of pre'lÌminary experiments cons'isted of initial
observations on specifìc growth rates of rainbow trout in relation

to genetic and environmental factors. The first set of preliminary

experìments P.1", P.2." P.3., and P.4. occurred at the Freshlater
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Inst'itute in 1978 and 
.l979. 

The purpose of these experiments was to

establish initìal growth curves (Fjgure l) for rainbow trout in the

prevai'ling env'ironment; and to provide estimates of maximum specific

growth rates, optimum ration levels and maintenance ration levels at

different fish sizes, with different strain crosses at one temperature.

Each experiment used fish of different initial sizes or different

strains and fish were fed at varying ration levels. The experimental

designs are presented individually in Table 5"

The final preìiminary experiment, P.5. took place at Rockwood

Experimental Hatchery in 1980. This experìment examined the

differences in specific growth rates between rainbow trout

(Salmo gairdneri), brook trout (Sql_velinus fontinalis), and Arctìc

charr (Salvelinus alpinus)in relation to genotype and environmenta'l

factors. The purpose of the experiment was to develop handling

techn'iques for experiments jn the 60 liter tanks in the hatchery,

to determine the efficiency of the temperature control system

prepared for the definitÍve experiments and to obtain preliminary

observations on the effect of temperature on specific growth rates

of 3 dl'fferent species of salmonids fed at different ration levejs.

These preìiminary experiments served several funetions. First,

initial observations of all factors which affect the growth rate of

rainbow trout were examined, and preliminary parameters such as

maximum growth rate, optimum and maintenance ration were determined

in various environmental conditions. Secondu the preliminary

experiments also provided an opportunity to refine experimentai

techniques before starting the definitive experiments. And th'ird,
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ïable 5. PreliminarV experiments, Strains, inìtìat werghts, rat.ion leve]s' Stockjng
;;ä; ;;¿ iñãiatut" fór raìnbow trout, Arctic charr and brook trout'

Experi ment
Number

Strain and Strain
Cross

Inìtiaì lleight Ration (í l,let
t4ean r 2.S.E. r/eight daY-I)

Temo.
( ocj

Stocking Rate
-1g. r.

Fish/Tank (lteañ t 2.S 't. )

P, 1'

P.2

P.3

P.4b

5.5 : U.5
1( á - I d

lq 1 - 1 ¿.

30.4 : 2.5

4.7 : 0.6

4.7 :0.1
4.8 :0.1

8.2 ! 0.2
8.9 ! 0.4

5.5 ì 0.2
13.4:0.4

2.7 ! 0.2

8.7 r 0.1
on *n,

I daho
oomestì c Nisqual lY

llt. Lassen
l.lt. Lassen

llt. Lassen
Ì'lt. Lassen

Tunkwa X lunkwa

Tunkwa X Idaho
Idaho X Tunkwa

ldaho X Idaho

Ra'inbow trout,
(Sunndaìsora)

Arcti c charr
Brook trout

,l0.8 ! 2.0
29.6 : 4.0

0
0.5
1.0
1É

2.0
aa

3.0
aÊ

4.0
4.5
5.0
5.5

same as
o1

same a5
P.1

0
1.5

0

0.75
1.0
2.0
3.0

5.0
0

1.0

4.5
CE

Top Bottom
Tank Ïank

00
3.0 1.5
4.5 6.0
7.0 7.0

14.8:0.8
I8,4 = L0

10 37
I7

10

10 50
50

10

40
1E

10
LC

l5

l0 100

l6
19

5.0 :0.1

8.7 :0.4
8.2 : 0.2
8.0 : 0.5

9.4 = 0.2

L3.2 = 0.?

* a 2 stra'ins X 2 sizes X 12 ratìons
* b 4 strain crosses X 1 size X 3-8 rations
* c 3 species X I size X I rations X 4 temperatures
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the preliminary experiments were used as a guide for the design

the definitive experiments 
"

2.L Prel'iminary Experiments P.1., P.2." P "3.and P.4.

2.I"I Methods of ExperÍments P.1., P "2." P.3.and P.4.

Experiment P.1.began February 7, 1978 and ended March 21, L978"

The objective of this experìment was to learn how to handle the

fish and to determine pre'liminary estimates of maximum growth rate,

optimum ration and ma'intenance ration that could then be used to

design a more definitive'experìment.

Two rainbow trout strains were fed 12 different ration levels

(O - S.5% body weight.duy-l) at one temperature (100C) (Table 5)

in 24 tanks (i"e. 24 lots). The mean weíght of the Nisqual'ly strain

was 29.6 g and mean weight of Idaho stra'in was 10.8 g. The density

at stocking was 14.8 g. 'l-i and 18.4 g. t-1 for the Nisquaììy and

Idaho respectiveìy. The experiment lasted 6 weeks and at termin-

ation all fish were destroyed and mean weights measured"

The growth curve for each strain was fitted by eye from a graph

plotting mean spec'ific growth rates against mean ration level " Max-

imum specific growth rate, optimum ration and maintenance ration

were read from the curves as shown in Figure 1

Experìment P.2.began Ju'ly 19, 1978 and ended August 29, 1978.

The obiective of the experiment was to determine maximum specific

growth rate, optìmum ration and maintenance rat'ion of two size

groups of the Mt. Lassen strain.

Two size groups of the Mt. Lassen strain v\rere fed LZ different

of
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ration levels (0 - 5.5% body weight.day-t), u, one temperature

(10"C) (Tab]e 5) in 12 tanks (i.e" 24 lots). The mean we.ight

of the small size group was 5.5 g.and the mean weight of the
'large sìze group bras 15.4 g. The density of stocking was 8.2 g.i-l

-1and 8.9 g.l 'for the former and latter groups respectively.

The experiment lasted 6 weeks and at termination all fish were

destroyed and mean we'ights measured.

Maximum specific growth rate, optimum ration and maintenance

ration of each size group were determined following the method

described for Experiment P.1.

Experiment P.3. began September 25, 1978 and ended December

26, 1978. This experiment lvas a continuatjon of p.2.and used

the same groups of Mt" Lassen fish grown to a larger size. Fish

with an average size of 30.4 g.and 15.1 g.were used. The start-
ìng date of the former group was September 25 , !978 and the

latter group was started October 15, Lg78" The dens'ity at stock-

ing was 5.5 g.l-1 and 13.4 g.l-1 for the large and small size

groups respectively. The fish were fed 12 different ratjon

levels (0 - 5.5% body weight.duy-l) at one temperature (iOoC)

(Table 5) in 24 tanks (i.e. 24 lots). The experiment lasted 6

weeks àno at termination all fish lvere destroyed and mean weight

measured.

Maximum specific growth rate, optîmum ration and maintenance

ration of each size group were determined following the method

described for Experiment P.1. A preliminary anaìysis of the

effect of size of fish on specific growth rates was made using
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the data from Experiments P.2.and P.3. Regression anaìyses v\rere

carried out between log. size of fish and ìog. transformations

of maximum specifìc growth rates, and between'log. size of fish

and log. transformations of specific growth rate at optimum

rati ons .

Experìment P.4.was a preìiminary examination of genet'ic diff-
erences 'in specifìc growth rates between different stra'ins and

their hybrìds raised at one temperature (tOoC) and fed various

rati on I eve'ls .

The parental strains were Tunkwa (ff) an¿ Idaho (II), and

the hybrids were Tunkwa X Idaho (TI) and ldaho X Tunkwa (IT).

All stra'ins and hybrids were spawned Ju'ly 7, 1978. Unfortunately

the numbers of the different groups varied as there wene only

'limìted numbers of fish of the two parent strains. The start of

feedjng for eaeh group was varied so the initial size would be

the same (*5 g"). The number of rations fed was restricted for

TT and II fish (Table 5)" Average initial stocking density for

all groups was 7.4 g.l-1.

Feeding of the IT and II groups began on April 13,1979 and

ended May Z5 " L979, while feeding of the TI and TT did not start

until Apri'l 23" 1979 and May 12, !g7g and ended on June 3, 1g7g

and Ju'ly L, L979 respectively.

Growth curves were pìotted and maximum specific arowth rates,

optimum ration levels and maintenance rations vúere determined

following the method described in Experiment P"1. These observ-
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ations provide an estimate of genet'ic d'ifferences between fish

of one size and of one temperature and at various ration levels"

2.I.2 Results of Experiments P.1, P.2" P.3 and P.4

The biweekly mean weights of fish for each experiment and the

average specific growth rates and rations are given in Appendix A;

Tables 8-i1. The relationship between spec'ific growth rates and

ration levels are shown in Figure 5.

Maximum, optimum and maintenance ration levels and specific

growth rates at maximum and optimum rations observed in Experi-

ments P.1, P.2, P.3 and P.4 are summarized in Table 6. No

statistical tests were performed but genetic and environmental

effects appeared to be present" When companisons were made

between Nisqually and Mt. Lassen fish of the same size, there

were differences 'in maximum specific growth rate and maintenance

ration level" There were also differences between the II, IT,

TI and TT crosses" The TT had lower growth rates at both maximum

and optimum rations. Similar.lyn different sized fish of the same

strajn, Mt. Lassen or Idaho, had different growth rates and ration

requirements. Specific growth rates of the Mt. Lassen strain at

maximum and optimum rations genera'lly decreased as fish size

increased (Figure 6) (maximum ration, b =-0.22 and optimum ration

b = -0"11). The relationship between ìog. initial size and 1og.

specific growth rate at maximum rat'ions is sign'ificant 1r = 0.98,

n = 3), out not for optimum rations (r = 0"75, n = 3).
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Fi gure 5 
" Experiments P.1, P.2" P.3 and P.4. Rejat'ionship

between growth rates and ration levels.

I. P.1 and P.3
of 30 g.

I I. P.2 and P.4.
at an initial

III. P"2 and P.3.
5, 15 and 30

IV. P"1 and P.4"
5 and 10 g"

two strains at an init'ial size

three strains plus two hybrids
size of 5 g.
one strain at initial sizes of

g.
one strain at initial sizes of
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Prel irninary Experiments P. I to P.4; maxìmum, optimum and naintenance rations'
speciflc gro!,rth rates at maximum and optimum rations of djfferent strains of
rainbow trout.

Strain

rl]iiÎ.t Rarion (i l,ler l,leisht. Day-1)

Size llaximum 0ptimum Maintenance
( s ) ratj on rat j on rati on

Specific Growth Rate (:i.¿ay-1)
Specifìc growth Specifìc gro'¡,th
rate at maximum rate at optimum

ra!ìOn ration

Nisqually (P.1)*

Mt. Lassen (P.2)

tlt. Lassen (P.2)

l'lt. Lassen (P.2)

Idaho (P. t)

ldaho (P.4)

lunk$la (P,4)

TI (P.4)

IT (P.4)

30

30

l5

5

t0

5

q

5

5

3.5

4.5

4.0

4?

11

3.3

4.3

4.1

1L

t¿.

1Ê

1.3

10

r.o

1.4

t.7

1.6

0.5

0.1

0.4

0.3

0.7

0.7

0.5

0.5

0.5

1. 69

1 07

2.45

2.94

2.19

1 7E

¿.JÖ

2.06

1. 00

1. 13

I .44

t. 40

2.06

r 7E

l. 13

l. 63

r. 19

* number in brackets ìndicates experìment number
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Figure 6. Relationship between log^ mean specific growth rates
at maximum and optimum rãtion leveìs and log^ initial
s'izes of rainbow trout. -e

I. P.2 and P.3. one strain at 3 in'itial sizes.
II. Definitive experiments D.1, D.2 and 0.3"

three strains at 3 initial sizes.
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?.3 Methods of Experiment P.5.

The experiment started on February 11,1980 and ended on Apri'l

9, 1980 and was the initial experìment in the 60 L. fiberglass

tanks. The objective was to compare the spec'ifìc growth rates of

ra'inbow trout, brook trout and Arctic charu at four temperatures

and eight rations (Total 96 lots, Table 5).

Four rows of 24 tanks per row consisting of a top and bottom

level of 12 tanks were used. As described in Section 8.3.2, each

row had jts own recirculation unit and the temperatures were con-

stant within a row but varìable between rorvs. Water temperatures

were as follows: 10.1 t O.IoC (row C - odd), 13.0 t 0.10C (row C -

even), 16.0 t 0.10c (row E - odd), and 18.9 t 0.10C (row E - even).

It was origina'l'ly intended that there would be 8 ration levels

from 0 to excess (approximately 7% based on preìimìnary experiments)

with the ration levels within a temperature and within a species

being applÌed at random to the upper and lower tanks. However, the

top tanks are directly above the bottom tanks, resulting in some

shad'ing. In order to account partiaì'ly for, and poss'ibly minim'izeo

any effect of dìfferences in l'ight 'leveì the procedures were

altered. Excess rations \7% body weight.duy-1) and zero rations

were each appììed to two tanks of fish - one in the top and one in

the bottom. The other ration levels were applied at random so that

for each temperature and species the ration rdere as follows:
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Tank level
Rati on

(r" ao¿i *äiqnt.dav-1)

Top

Bottom

0, 4.5, 7, 3

L.5,7, 0, 6

Fish were started in al1 temperatures at an average density
_1of 13.2 9.1 '. The experiment 'lasted 8 weeks and, at the end of

the experiment, 10 individuals per lot were sampled for lengths

and wejghts.

The growth curves for each species r/Jere plotted, and the

maximum specific arowth rates, optimum ration and maintenance

ration for each species were determined following the methods

descrìbed for Ëxperiment P"1. Differences in maximum specific

growth rates, max'imum ration and maintenance ration between

species and temperature were tested separately by means of a

two:way analysis of variance (Snedecor and Cochran 1967). The

genetic variance components and non-genetic (temperature effect)

variance components were also ca'lculated (Snedecor and Cochran

1e67 )

2.4 Results of Experiment P.5.

The mean biweek'ly weìghts, ratìons and average specific growth

rates for each specìes are given in Appendix A; Table 12. Max'imum

specific growth rates, maximum râtion, specific growth rate at

opt'imum ration, opt'imum ration and maintenance ratìons for Experi-

ment P.5 are summarized in Table 7. Results of analysis of

variance are g'iven in Appendix A; Table 13"
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Prelimìnary experiment P.5l maxjmum, optimum and maìntenance rations,
specific grou¿th rates at maximum and optimum rations for Arctic charr,
brook trout and rainÞor.r trout ìn various temperatures.

TemÞera tu re
(oc) species

Ration (U l,Jet ileight.Day-I)
l\laximum Optimum llai ntenance
ration ration ration

-lSpecifìc Growth Rate (% Day ')
at maximum at optjmum

ratì on rati on

10

r1

15

19

Arctìc charr
Brook trout
Raìnbow trout

Arctic charr
Brook trout
Ra i nbow trout

Arctic charr
Brook trout
Raìnbow trout

Arctic charr
Brook trout
Rai nbow trout

4.70
4. 00
A 1E

5.20
4. 00
4 .44

5.40
4.20
5.05

3. 90
3. 60
5.70

0. 55
1 .00
1. 10

I.30
1. 60
1 .80

.1.70
1.70
2.30

2.00
1.60
2.20

0. 15
0.25
0.25

^ 
tÊ

^ 
tÊ

0.35

0.25
0.50

0 .80
0. 50
0.80

2 .00
1.60
1.80

2.00
1.90
2.10

r .88
2.t0

0. 70
1. 08
10n

0.50
0. 75
0 .80

1.0i
I ta

1.30

1.00
r.02
r¿q

0.40
0.60
1. 10
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There were spec'ies and temperature d'ifferences in optìmum

ration and specìfic growth rate at optimum ration while tempera-

ture had the major effect on maintenance ration" Species diff-
erences in max'imum ration and specific growth rate at maximum

ration were not sìgnificant as the spec'ies-temperature inter-

action variatÍons were large when compared either to spec'ies

or temperature variation (Appendix A; Table 13).

All species showed the same genera'l pattern of increas'ing

food consumption and growth rates as temperatures increase and

then a decline once the temperature optimum had been reached

(Figure 7). The species-temperature interactions appear clearly

in maximum ration and maximum specific growth rates (Table 7).

At 10oC Arctic cham had the highest maximum ration and growth

(ration: 4. 7% body weight. duy-l; growth : Z%.duy-1) , but at

190C the rainbow trout had the highest maxìmum ration and growth

(ration: 5.7% body weight"duy-1; growth z I"9%.duy-1) (Table 7).

Generally, temperatures between 13 and 19oC are optimaì for ra'in-

bow trout and brook trout while temperatures between l0 te 13oC

are opt'ima1 for Arctic charr (Figure 7).

3. Definitive Experiments

The field experìments demonstrated significant differences

in growth between Manx and Nisqually but could not be used to

'identify the causative nature of those differences. For exampìe,

it was not possible to determine whether the observed differences

were due to differences in maximum growth rate at all temperatures,

or differences in temperature optima
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Fìgure 7. Preliminary experìment P.5, mean specific growth
rate at maximum ration for Arctic charr, brook
trout and rainbow trout at 4 temperatures.
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Prel'iminary experiments provided the experimental techn'iques

and the definitive experiments, the specific explanation for the

differences. It was demonstrated jn the field experiments, that

differences between Manx and Nisqually were consistant and signif-

icant. Because it was possible to cross the Manx and Nisquaì'ly

strains, differences between purebred lines and the hybrid were

used to provide an estimate of genetic differences and heterosis

in the defi ni t'ive experiments .

3.1 Methocts of Definitive Experiments

The definìtive series of experiments took place at the Rock=

wood Experimental Hatchery. The object'ive of these experiments

was to determine differences in growth rates of rainbow trout in
relation to genotype and environmental factors and to determine

what factors coulcl explain the observed differences in harvest

size of strains of fish in the field experiments.

Differences of specific growth rates between Manx, Nisqually

strains and their hybríds in relation to ration, temperature and

inÍtial size were measured in 3 experiments (D.1, D.2 and D.3).

Each experiment took 6 weeks" In each experiment, there were

three strains or hybrids (MM, NN and MN), eight ration levels

(0, 0, 1.5, 3, 4.5, 6, 7 and 7% wet weight.duy-1) and four temp-

eratures (12, 14.3, 16.7 and tgoC) (Table 8). Successive exper-

iments used first 7 g, then 17 g, then 67 g fish to provide an

estimation of the size effect (total 298 lots). The initial
stock'ing density in each experiment averaged 10 g. l-1. There

was no culling or replacement of fish during the experiment.



Table 8. Definitive experirnents D.1,0.2 and D.3; strajns, initiaì weights, ration levels,
temperatunes and initiaì stockinq rätes of rajnbow trout.

Rati on
(i wet weight.day-r)

Experin€nt Initial Top Bottom remperature stocking Rate

l,tumber Strain crosses size ig) ranls i;;i; - 
iõðj-- fish/tank s.ì:1

D. I ¡lanx
Nisqual ly
t4anx X tlisquaì 1y

0.2 l'lanx
Nisquaìly
I,lanx X llisqual ly

D. 3 l'lanx' l¡isquå'l ly
Manx X l,lisqually

7 0.0 0.0 12.0 90 10.9
I.5 3.0 14.3
4.5 6.0 16.7
7.0 7.0 19.0

17 0.0 0.0 t2.0 40 It.?
1.5 3.0 14.3
4.5 6.0 t6.7
7.0 7.0 19.0

67 0.0 0.0 12.0 10 10.9
1. 5 3.0 14. 3
4.5 6.0 t6.7
7 .0 7 .0 19.0
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Similar to P.5, the I
24 experimental tanks

rati on I evel s were app'l i ed

as fol I ows:

to 4 rows

of

Rati on

l% wet weight.day-1)Tank Level

Top

Bottom

0, 1.5, 4"5, 7.0

0, 3.0, 6.0, 7.0

The growth curves of each strain cross in each temperature

and each initial size were plotted., and maximum, optimum and

maìntenance rations and specific growth rates at maximum and

opt'imum rations were determined following the procedures described

for Experiment P.1. In order to ensure impartiaìity three differ-

ent people each fitted the 36 growth curves (3 strains x 3 sizes

x 4 temperatures) and determined the 5 parameters from each curve.

Results were based on the average value.

The other characters included in the study were the net and

gross efficiencies at maximum and optimum rations (Brett et al.

1969). These efficiencies must be presented in terms of equaì

units. Since the moisture content of the food and fish differed

and since the moisture content of the fisfr varied with tempera-

ture level, it was necessary to develop an appropriate correction

factor. True ration level (dry we'ight of food.duy-1 per dry

wei,ght of f ish ¿uy-1 as %) was calculated using the comection

factor given in Appendìx A; Table 14.

The genotype, temperature and initial size differences for

all panameters under consideration were tested by means of a
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three-way analysis of varjance (Snedecor and Cochran 1967). The

variance components for genotypes, environments and genotype-

environment interactions were estimated. when size interactions

were found in the three-way anaìysis of variance, a two-way

anaìysis of variance was used to test the differences of genotype

and temperature for each initial size ('i.e. D.1, D.2 and D.3 were

anaìyzed separately).

The add'it'ive genetic effect (A) , the non-additive genetic

effect (U) an¿ relative values were also estimated. The differ-

ences of mean relative values were compared for each temperature

and initial size to observe the effect of environment on genetic

values as well as genotype-environment interactions"

Experiment D.l.started Juty 22-23, 1980 and ended September

2-3, 1980. This init'ial definitive experiment was to determine

genotype and temperature differences jn specific growth rate,

ration and conversion efficiency for small fish (initiaì size

7 S) " bJater temperatures were as follows: IZ.Z t 0.40C. (E -

even) , L4.¡ t o.3oc.(E - odd), 16.6 t O.zoc.(c - even), and

19.0 t 0.50C.(C - odd). Each stra'in was raised under 4 temper-

atures and fed I diïferent ration levels (total 96 lots, Table g).

The stockìng density averaged 10.g g.l-1.

Experiment D.2.started September 22-?.3, 1,980 and ended Nov-

ember 24-25, 1980. The objective and procedures were simijar to

Experìment D.1o but initial fish sìze averaged 17g. (Tabte B).

Water temperatures were as follows: 11.9 t 0.S0C. (E - odd),

i4.3 t O"soc.(E - even), 16..g f o.qoc. (c - odd), and 1g.9 J 0.20c ,

(C - even). The initial density averaged 11 .2 g. l-1.
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Experiment D.3.started February 2-3, 1981 and ended March 30-

31, 1981 with objectives and procedures s'imjlar to Experiment D.1,

and initial fish size averaged 67 g. (Table 8). The water temper-

atures were as follows: 11.9 t O.soc.(C - even), I4.z ! 0.zoc.

(C - odd), 16.7 t 0.40C. (E - even), and 1B.S t 0.SoC. (E - even).

The init'ia'l density averaged 10.9 g. l-1.

3.2 Results of Definitive Experiments (D.1., D.2.and D.3.)

The results sectjon presents an analysis of both the observed

differences and the estimations of genetìc parameters.

The maximum ration for NN, MN and l,1M fish averaged over al1

temperatures and'initial sizes varied between 4.0 and 4"2% of fish

body weight.day-l (fuOle 9)" NN fish consumed the most and þ1M the

least with MN being intermediate. Varìance component ana'lys'is

showed that 30% of all variability at maximum rations was due to

temperature, 23% due to differences in initial size and 6% due to

genotype (Append'ix A; Table 15) " Consumption increased as tempera-

ture increased to 16.70C but then decreased wíth a further rise in
temperature (Table 9 and Figure 8). Consumpt'ion, as a percent of

físh body weight.duy-1, decreased as fish size increased (Table g,

Figure 9). There were also sign'ificant temperature-initial size

interactions.

The opt'imum ration for NN, MN and MM fish averaged over aì1

temperatures and initial sizes onìy varied between I.7 and I"9%

of fish body weight.duy-1 (Table 9). NN fish consumed the most

and l{M the least with MN being intermediate. Variance component
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Table g. Definitive experinìents 0.1, D.Z ond D.J: rnðxjfiìurn.
opt_irnun ðnd ndintenance rations f:6 of oo<1",eìqr,ii
,lay') of raiilDoÌ1 trout str.¿tns l.l¿nx (llt.l). lristlu¡llv
(llN) alld ilreir lìybrio (l.1lt) in 4 t3Fperòtures ðnd
I inìtial sizes.

Size
(s)

Tentpe
r2.0 14 . 3

r¿tu
t6 .7

r e s (uc)

19.0 l4edn

17

I'll4 14ðinÈenance

0ptinrunr

¡lax inìum

llll ¡laintenànce

0p t i nrurn

14ax i¡lurn

¡lll l.lôinrenðnce

0pt irnulrr

Maxinunr

¡ltl llaintendnce

0ptimurn

I'lax imurn

llN I'la intenace

0pt inrurn

llax imurn

Ht{ ¡l¿ i nten¿nce

0ptinrunr

llax i munr

l'1¡l I'laintenðnce

0p tì munr

Max tnrunr

Nll l.la i ntenance

0pt i nlunr

14òx i nru¡n

IIN ¡1¿ i ntendnce

0p t ì nrum

I'lax imun

l4ll lla Íntenance

0ptimunr

llaximurn

l¡N lla ì ntenðnce

0ptimurn

l'14x inruilr

llN Ma i ntenance

0ptimum

I'laxi n)urn

0.47 0.45

1. 66 1 .66

3.72 3.84

0. 50 0 .41

r.82 r.86
3 .75 4. 58

0.41 0.58
1.49 1. 73

3.98 4.23

0. 32 0 .57

t.3r 1.68

4.05 3.t6
0.27 0.46

I.4l I.63
4. 14 3.78

0.27 0. 48

I.41 1.63
?ao10a

0.35 0.35

l.19 t.4r
3.23 3 .84

0.38 0.39

r.49 1.46

3.67 3.79

0.45 0,40

1.65 r.44
3.67 3.98

0. 38 0. 46

1.39 l. s8

3.67 3.8)
0. 38 0. 44

1.57 1.65

3.85 4.05

0. 38 0.49

L52 1.60

3.85 4.01

0.82 0.7t 0.61
2.47 2.3r 2. 03

4.48 4. 03 4 .02

0.76 0.74 0.62
? .55 2.48 2 . t8
4.20 5.12 4.4 I

0.84 0.79 0.66
2.58 2.32 2.03
4 .48 4.62 4.33

0.55 0.52 0.49
2.06 t.69 r.69
4.73 4.40 4.24
0.47 0.49 0.42
t.lj3 1.79 1.67

4.93 4.34 4.30

0.45 0.57 0.44

1.90 t.89 l.7i
4.98 4.38 4.27

0.36 0.47 0.38

L42 1.44 t .37

3.91 3.53 3.63

0.54 0.56 0.47
2 .01 2.07 | .77

4.30 4.t7 3.98

0.35 0.52 0.43

1.44 t.85 t.60
3.83 3.94 3.86

0.58 0.57 0.50

I.98 t.Bl 1.69

4.37 3.99 3.96

0.59 0. 60 0. 50

2. 15 z.LI l. 87

4 .48 4 .54 4 .23

0.55 0.63 0.5t
I .97 2.02 I .78

4.43 4.31 4.rs

67
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Figure B. Defjnit'ive experiments D.1, D"2 and
at maximum, optimum and maintenance
different temperatures for rainbow
Manx (NM), Nisqually (NN) and their

D.3. Ration
levels at

trout strains
hybrid (MN).
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Figure 9. Defjnitive experiments D.1, D.2 and D.3. Relation-
ship between ration at maximum, optÍmum and mainten-
ance levels and log^ initial sizes for rainbow trout
strains Manx (MM), tNisqually (NN) and their hybrid
(Nn¡).
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analysis showed that 35% of the variability in optimum ration was

due to temperature,33% due to differences in jnitial size and

only 4% due to genotype (Appendix A; Table 15) " The genotype-s'ize

and temperature-initial size interactions were also sign'ifjcant.

Consumpt'ion increased as temperature increased to 16.70C but

dropped s'lightly at 190C (ta¡le 9 and Figure 8). Consumpt'ion as

a percent of fish body we'ight.¿uy-l decreased as fish size

increased (Table 9 and F'igure 9)"

The maintenance rations for NN, MN and MM fish averaged over

all temperatures and initial sizes was 0.5 % weight"day-i for all

strains (Table 9). There were, therefore, rìo Significant genetic

differences. Variance component ana'lysis showed that 35% of vari-

ability in maintenance ration was due to init'ial size and 29% due

to temperature differences (Append'ix A; Table 15). Consumption

increased as temperature increased to 16.7oC.and remained constant

at 19.OoC. (Table 9 and Fìgure 8). Consumptione as a percent of

fish body weìght.day-1 d..r.ured as fish size increased (Tabìe 9

and Figure 9).

The mean specific growth rate at maximum ration for NNo MN and

MM fish averaged over all temperatures and initiai sizes varied

between 1.7 and 2.0%.auy-1. NN and l4N f ish grew the fastest with

MFI being the slowest (Table 10). Variance component anaìysis

showed that 63% of variab'il'ity in mean specific growth rate was

due to initial sjze, 16% due to genotype and 12% due to temperature-

initial size interactions (Appendix A; Table i5). The temperature
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Defìnitive experir¡ents, specìfic grot,i'.h rates a'. ñlêxinur r3tjcn
and the estìma-r'ion of addìtive genetic effgç15 (Â) anc non-ãddjttve
genetic effects (D) of rainbow trout straìns tlånx (11Ì1), ilìsquatìy
(lll{) and their hybrid (t1N) in 4 temperatures and 3 initial 5izes.

ìlean specific growth rête at maximum ration
(ï OaY-t'¡

72.0 i4 . 3 76 .7 19 . 0 MeanTempe ra tu re
/0.\

Initial Size
(q)

t7

67

Hean

Mil
NN

MN

Mt4

NN

rlN

¡,11'1

Nti
t'tN

Nt4

NN

Hti

1.65 1.66
1.86 ?.3r
1.80 2.03

2.04 t.77
2.35 2.04
tto t^E

1.16 1.30
I.58 1.55
1 EE I ÂO

r.62 1.58
i.93 1.97
l .88 1.89

1.80 1.75 7.7?
2.14 2.43 2.19
z .06 1 . 97 r.97

2.23 1.83 1.97
2.?9 r.97 2.16
2.40 1.96 2.I8

1 
^a 

I tl 1 11

1.53 1.66 t.58
t.48 t.62 1.56

t.82 1.64 1.67
1.99 2.02 1 .98
1.98 1.85 1.90

tstimation of Genetìc Value

Absoìute value (f)

I2.0 14.3 i6.7 i9.0 llean

('; )
ra
Relative value (;)

LZ .0 14 . 3 16 .7 i9 .0 lieanTempera tu re
(oc )

lnitia'l sìze
{o)

r1

67

Hea n

23.5
t(

9.8
1t .0

1a o
r1 E

15.7
8.0

t.3
6.2

3.4
0.0

4.4
îÁ

A

D

A

D

D

A

D

I0.5 32.5
4.5 4.5

1! C 1r E

q q ì¿ q

2t.0 r2.5
18.0 15.5

lq 7 ÌO Ã

r0.i 11.5

17 .0 34.0
o n -1) ñ

3.0 7 .0
14.0 6.0

-: -5. U lb.5
0.0 r2.5

a ? 10 ?

i.7 2.2
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¿ -ö ¿. J
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4.3 7 .6

rc 1 0 0

13.0 10.9

9.5 10.8
6.8. 6.9

J,t q,0

3.2 5.r

t1 n o Ã

8.6 16.3 ii.E
a ^ -q t ' rì

10. -? e.7
2.J 4. e

r ¿ Í of mid parent value
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effect on growth (Table 10 and Figure 10) was not marked but there

was a clear opt'imum at 16.7oC" Growth rates decreased as fish size

increased (Table 10 and F'igure 6).

The specific growth rates at opt'imum ration for NN, lvlN and MM

fish averaged for all temperatures and jnitial sizes varied between

1.0 and 1.2%.¿uy-1. NN fish grew the fastest, MN intermediate and

l4M havingthe slowest growth (Table 11). Variance component analysis

showed that 60% of the variability 'in specific growth rate at

optimum rations was due to initial size, 12% due to genotype, IO%

due to differences in temperature and 10% due to temperature-initial

size interactions (Appendix A; Table 15). The temperature effect on

optimum growth (Table 11 and Figure 10) was less than for maximum

growth. Growth at optimum rations, expressed in units of %.day-I,

decreased as fish size increased (Table 11 and Figure 6).

The net and gross efficiencies at maximum ration for NN, MN and

Ml4 fjsh averaged over all temperatures and initial sizes varied

between 14 and 15% for net efficiency and between L2 and 14% for

gross effic'iency (Tables 12 and 13). NN and MN had the h'ighest net

efficiency wh'ile MM had the lowest. NN was highest in gross effic-

iency and MM was lowest with MN being intermediate" Variance com-

ponent analysis showed that.6l% of variability in net efficiency at

maximum ration was due to initial size, 11% due to genotype and 16%

due to temperature-initial size jnteractions. 63% of variabììity

in gross efficiency at opt'imum rations was due to initial size, 14%

due to genotype and IL% due to temperature-initial size interactions

(Appendix A; Table 15). There lvere no consistent temperature
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Figure 10. Def init'ive experiments D.1, 0.2 and D.3. Spec'if.ic
growth rate at maximum and optimum ration levels
at different temperatures for rainbow trout strains
Manx (MM), Nisquaily (t{N) and their hybrid (MN).
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73

oefinitive experiments, specifìc growth rates.at optìmum ration and

the estimatjon of additjve genetic effects (A) and non-additive
qenetìc effects (D) of rainbow trout strains Manx (llil) ' i'ljsquaìly
(ttlt) an¿ rheir hybrid (Ì'lN) jn 4 temperatures and 3 initìaì sizes.

llean specific growth late at optimum ration
(tá.day-i)

I2.0 14.3 16.7 19.0 lleanTemperature
(0c)

Initial Size

14M

NN

MN

irM

NN

1.1N

t114

t{N

MN

MM

NN

t'lN

0.93 1.01
t.r7 1.22
t .23 I .05

1 .07 1. 07
t.23 r.23
t.24 1.17

0.62 0.73
0.89 0.88
0 . 93 0.83

0.87 0.94
r.10 r.tl
1. 13 r.02

r.37 1. 16 r.r2
t.49 1.45 I.33
1.39 1.28 1.24

1.33 0.95 1. 11

I.31 1.09 1.22
1.33 1. 16 1.23

0.80 0.80 0.7 4
1.00 1.00 0.94
0.89 0.95 0.90

r.r7 0.97 0.99
r.27 L. t8 r.l7
I.20 1.13 l.r2

tstimation of Genetic Val ue (";)
ia

Absolute vaìue _ 
(%) Relative value (%)

12 .O 14. 3 L6 .7 19 .0 r'Îeân 12 .0 i4. 3 L6 .7 19.0Temperature
(oc )

Inìtial Size

A

D

A

D

A

D

A

D

L7

67

r2.0 10.5
r8.0 -6 . 5

8.0 8.0
9.0 2.0

11 E a È

tr.z 8.7
14.8 -0.7

6.0 14.5
-4.0 -2.5

-1.0 7.0
1.0 14.0

10.0 i0.0
-1.0 5.0

5.0 10.5
-1.3 5.5

I1.4 9.4 4.2
L7.r -5.8 -2.8

7.0 7.0 -0.8
7.8 r.7 0.8

17.9 9.3 tl.I
23.2 3.1 -I.1

Lz.l 8.6 4.8
16.0 -0.3 -1.0

11.1 9.0
-r o I 7

6.9 5.0
73 .7 6.0

11 1 1) A

5.6 7.7

9.7 8.8
5.8 5.1

10.8
1.3

5.5
6.5

I0.3
6.0

QO
¿+. b

* a :i of mid parent value
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Defìnitive experiments, net efficjencies at maximum ration and

the estimatìon of additive genetic effects (A) and non-additive
genetic effects (D) of rainbow trout strains llanx (H¡l), Nisquaììy
(NN) and their hybrid (1.1N) ìn 4 temperatures and 3 jnitiål sizes.

Mean net effìcìency at maxjmum ration (%)

12.0 14.3 16.7 19.0 lleant"?tfitu"
Initial Size

t'lM

NN

t1N

l,1M

ilN
MN

MN

NN

t4N

MM

NN

Mll

t7

67

Ilean

t4.22 r4.20
t6.02 16.30
t4..12 16.13

15 . 31 16 .09
17.00 t7.8?
t7 .77 t7.80

1r.28 10.80
r3.45 13.?2
13.48 12.80

13 .60 13. 70
ls.49 15.78
15. 10 15.58

t4.26 15.81 14.62
18.04 16.64 16.75
16. 41 15 .43 15 .52

t5.47 14.15 15.26
14.89 ls.35 16.27
15 . 36 15 . 43 16.58

11.68 13.04 11.70
1 1 .80 13 . 79 i3.07
rr.92 14.21 13.10

13. 80 14 . 33 13. 86
14.91 15.26 15.36
14.56 15 .02 15 .07

Estimation of genetic values (:¿)
Èa

Absoì ute va lues (%)

V.0 14.3 L6.7 19.0 Mean

Relative vaIues (%)

12.0 14.3 16.7 19.0 Meanïemperatu re
/O¡\

lnitial Size

L7

A

D

A

D

A

D

A

D

0.9
-t n

0.9
I.6

t1 tÔ
0.9 0.3

0.9 -0.3
n o ñt

t.2 0.i
t.0 0.2

1. r 0.6
0.9 0.2

0 .4 r.2
-0.8 -0.2

0.6 0.5
0.7 0.9

0.4 0.7
0.8 0.8

0.5 0 .8
0.2 0.5

6.0 6.9
-6.6 5.8

Ea Ã 1

9.6 5.0

8.8 t0.l
9.0 6.6

6.7 7.4
4.0 5 .8

17.7 2.6 6.8
1 Á -¿ 0 -t n

-I.9 4.1 3.1
r.2 4.6 5. I

67

llean

I.5

1I
1.4

Ll
1. t

1.0
0.6

2.8 5 .6
5.9 5.8

1t c)
1Ô ??

*a :i of mid parent value
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0efinitive experiments, gross efficìencies at rnaximum ration and the
estjmation of àdditive genetic effects (A) and non-additive genetic
effects (D) of rainbow trout strains tlanx (l'$1), f,lisqually (Nt¡) and
their hybrid (HN) in 4 temperatures and 3 ìnitjal sjzes.

Mean gross efficiency at maxjmum ration (%)

I2.0 14.3 16.7 19.0 MeanTemperature
(oc )

Initiaì sìze
(o)

t4M

ilN
TIN

MM

NN

MN

MM

NN

MN

MM

NN

¡1N

L7

67

t2.42 r2.54
r3 .89 14. 63
12.66 13.92

14.10 13.65
15 .89 15 . 65
16 . 48 15 .56

10.05 9.82
t2.05 11.86
11.82 I1.51

t2.19 12.00
13 . 94 14.05
13.65 13.66

11.65 13.03 12.47
14 . 78 t4 .24 14. 39
13. 33 r2.79 13 . 18

13.67 12.48 13.48
13.47 t3.62. 14.66
13. 98 13 . 43 14.86

10.61 11.30 10.45
10.32 11.94 11.54
11.21 t2.34 r1.72

I1.98 t2.27 12.11
12.86 13.27 13.53
12.84 12.85 13.25

Estimatìon of genetìc value (%) *a
Absoìute Value (%) Relative Value (%)

12 .0 14 . 3 L6 .7 19 . 0 l'lean tz.o t4. 3 16 .7 19 .0 MeanTemperatu re
r ot'l

Initia'l size
lo)

t7

67

l'1ean

0.7
-n q

0.9
1.5

1.0
0.8

0.9
0.6

5.6
-? R

6.0
9.9

9.I
7.0

6.9
4.4

A

0

A

D

A

D

A

D

Ll 1.6
0.3 0.]

1.0 -0.1
0.9 0.4

1.O -0.2
0.7 0.8

I .0 0.4
0.6 0.4

0.6 1.0
-0.9 -0.3

0. 6 0.6
0. 4 0.8

0.3 0.5
0.7 0.8

0.5 0.7
0.1 0.4

7.7 11.8
2.5 0.9

6.8 -0.7
6.2 3.0

9.4 -1.4
6.2 7.1

8.0 3 .2
5.0 3.7

4.4 7.4
-6.2 -r.7

4.4 4.1
to Ã(

2.8 5.0
6.2 6 .6

3.9 5.5
r.0 3.5

Èa 'i of mid parent value
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effects on efficiencies (Tables 12 and 13, Fìgure 11), although

efficìencies decreased as fish size increased (Tables 12 and 13,

F'igure 12).

The net and gross efficienc'ies at opt'imum ration for NN, MN

and MM fish averaged over all temperatures and'initiaj sizes varied

between 22 and 24%" and 16 and 17% for net and gross efficiencies

respective'ly (Tables 14 and 15). MN had the highest net efficiency,

ItlM the lowest and NN were intermediate. Gross efficiency of t'lN and

NN were the same while gross efficìency of MM was lower (Tables L4

and 15). Variance component analysis showed that 54% of the vari-

ability in net efficiency at optimum rations was due to'initial
size and 8% was due to temperature. Similar'ly, 46% of the varj-

abilìty'in gross efficiency at opt'imum ration was due to initial
size wiffi L6% being due to temperature (Appendix A; Table 15).

Genotypic differences were not significant and were smalì compared

to common error.

There was no consistent temperature effect (Tables 14 and 15,

F'igure 13) and gross efficiencies decreased as fish size increased

(Tables 14, 15 and Figure 14).

The genetic parameters were estimated for spec'ific growth rate

and efficiencies at maximum and optimum rat'ion for each size and

temperature (Tables 10-15). The additive genetic djfferences in

maxìmum specìfìc growth rate between l{anx and Nisquaì1y were

relatively constant for fish initial size 7 to 67 g.while non-

addjtive genetic effects (heterosis) seemed to increase as the



77

Figure 11. Definit'ive experiments 0"1, 0.2 and D.3. Net and
gross efficiencies at maximum ration levels at
different temperatures for rainbow trout strains
Manx (MM), Nisqually (NN) and their hybrid (MN)"
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F'igure 12. Definit'ive experiments D.I, D.2 and D.3. Relation-
ship between net and gross efficiencies at maximum
ration level and log^ initial size for rainbow trout
strains Manx (NN), =Nisquaìly (NN) and theír hybrid
(MN).
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Tab'le 14.

8t

Definitive experiments, net efficiencies-at optimum ration and the

estìmation of addìtive g"nãti. effãcts (A) .alq non-additive genetic

ôrçô.rq rnì of raìnbovr t"äui stiatni ¡tanx (ìail) ' l{ìsqual'ly (l'll'l) and

irråìr't'vù.i¿-ir'lt{j in q temperatures and 3 jnitìal sizes'

¡4ean net efficiency at optimum ration \?L)

I2.O 14. 3 16 '7 19 . 0 Meanr.,1ElJru,.

lnitial Size

I1î1

NN

MN

MM

NN

MN

1414

(lt
NN

MM

NN

t4N

67

20.32 2r.70
23.0s 22.82
29.61 23.74

28.10 25.06
28.05 27.33
28.28 26.45

19.03 L7 .91
20.85 21.38
20. 15 20.75

22.48 21.56
23.98 23.84
26.0r 23.65

23.25 19.58 2r.21
23.31 22.50 22.9?
22.37 22.59 24-58

24.r8 2r.92 24.8?
26.97 22.64 26.25
25.68 23.73 26.04

21.13 2?.27 20.09
18.30 17.88 19.60
22.86 19.29 20.76

2?.85 21.26 22-04
22.86 21.01 22'92
23.64 2r.87 23-79

Estimatìon of genetìt value

Absol ute va ì ue (%)

Ll.O 14.3 16.7 19.0 Mean

äÊlu.iu. value (%)

tz.o 14.3 16.7 19.0..r13[T.u..

Initial Size

A

D

A
D

A

D

A

D

T7

67

1.4
7.9

0.0
0.2

0.9
0.2

0.8' 2.8

0.6 0.0
I.5 -0.9

I.1 1.4
0.3 0.1

i 7 -l ¿
aar.¡

1.1 0.0
L.0 0.8

1.5 0.9
1.6 2.5

0.4 0. /
i.5 0.5

-¿.¿ -U.J
-0.8 0.9

-0.1 0.4
0.8 1.4

6.3
36. 6

2.5 0.1 6.9 4'0
6.7 -3.9 7.4 lL'7

4.3 5.5 1.6 2.8
l.o 0.4 6.5 2.?

8.8 .-7.2 -10.9 -1.2
5.6 16.0 -3.9 4.7

5.2 -0.5 -0.8 1 " 9

4.4 4.2 3.3 6.2

-0.1
0.7

4.6
1.1

3.6
12.8

ra ;i of mid Parent vaìue



Tabi e 15.

82

Definitive experiments, gross efficiencies at optlmum ration and the
estimation of ¿dditive genetic effects (A) ano non-additive genetic
effects (D) of rainbow irout strains l4anx (tll4), llìsquaìly (NN) and

their hybrid (l'lN) in 4 temperatures and 3 initial sizes'

¡lean gross efficiency at optimum ration (%)

12 .0 14. 3 16 .7 19 . 0 MeanTemperature
fO.\

Initial Size
lo)

67

Mean

¡4H

NN

MN

Mt'î

NN

MN

Mil
NN

MN

t'lH

NN

t4N

14.57 Ls.82
t6.72 I7.05
2r.46 15.83

2r.24 16.56
22.68 19.62
22.86 18.66

13.55 13.46
15.53 15.67
14. 65 14 . 99

16. 45 15 . 28
18.31 17.4s
19 . 66 i6 .49

l5. 53 13.56 14.87
16.36 15.79 16.48
15.09 14.90 76.82

L7 .82 ls.18 17 .70
20 . 04 16.44 19 . 70
19.60 16.57 19.42

15 . 78 15 . 00 14.45
13.53 13. 04 14.44
17.31 13.86 15.20

16.38 14.58 15.67
16.64 15 . 09 16.87
17.33 15.11 17.15

tstimation of genetic value

Absoìute value (:¿)

L2.0 I4.3 16.7 l9.0 l4ean

(%)
*a
Reì ati ve val ue (%)

LZ.O 14.3 L6.7 19.0 MeanTempera tu re
(oc)

lnìtial size
lnì

L7

67

Mean

0.8
1.1

1.0
0.8

0.0
0.8

0.6
0.9

tÊ

5.5

1ao<

4.1 3.2

A

D

A

D

A

D

A

0

t.l 0.6
5.8 -0.6

0.7 I.5
0.9 0.6

1.0 1.1
0.1 0.4

0.9 1.1
2.3 0.1

0.4 1. I
-0.9 0,2

t.I 0.6
0.7 0.8

-L t -t.0
)7 -ñ)

0.I 0.2
0.8 0.3

6.9 3.7
37.2 -3.7

2.6 7.6 5.2
-5.4 1.5 7.4

5.9 4.0 5.4
3.5 4.8 3.9

-7 .7 -7 .0 -0.1
18.1 -1.1 5.2

6.8 7.6
0 .8 2.9

5.7 6.6
r4.0 0. B

0'.3 1.5
5.4 r.7

*a i of mìd parent value
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Figure 13. Definitive expeniments D.1, 0.2 and D.3. Net and
gross efficiencies at opt'imum ration levels at
different temperatures for rainbow trout stra'ins
Manx (l4Pl), Nisqually (NN) and thejr hybrid (t1N).
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Figure 14. DefinÍtive experiments D"1, D.2 and D"3. Relation-
ship between net and gross éfficiencies at optimum
ration levels and log^ initial size for rainbow trout
strains Manx (MM), N'i5qua tly (NN) and their hybrid
(MN).
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fish grew ìarger (Table 10 and Figure 2). changes in temperature

outs'ide the optimum range (16.70c.) had an effect on additive genetic

d'ifferences'in maximum specific growth rate. The relative values of

additive genetic effect on maximum spec'ifìc growth rate were high at

temperatures of 12, 14.3 and 1g0c.(ro - LL% of mid-parent va]ues) but

low (4.4% of mid-parent values) at the optimum temperature, 16.70C.

size and temperature affected additive genetic differences in

growth rate at optimum ration in the same manner as they affected

maximum specific growth rate. Additive genetic differences in

specific growth rate at optimum ration between Manx and N'isqually

were fair'ly constant between fish initjal size 7 to 67 g. Non-

additive genetic effects (heterosis) increased wfth increasing

initial size (Table 11). Temperature changes seemed to alter the

additive genetic effects. The relative additive genetic effects

ranged between 9 and 12% of mid-parent values at temperatures of

!2,14.3 and lgoC.while the vatue was only 5% of mid-parent values

at 16 .7oC. Non-additive genetic effects were significantìy

affected by the changes of temperature. Dominance (non-add'itive

genetìc effect) occumed at temperatures 12 and lgoc. (to and 6iL of

mid-parent values respect'ively) while no dominance occurred at

temperatures close to the optimum 14.3 and 16"70C. (-0.3 and -0.1%

of mid-parent values respectively) (Table 11)

Additive genetic differences between Manx and Nisqua'liy in net

and gross efficiencies at maximum ration were relatively constant

for fish of initial size 7 to 67 g.while the non-additive genet'ic
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effect (heterosis) seemed to jncràase as the fish grew'larger (tables Lz

and i3). Changes in temperature clear'ly affected both additive and non-

additive genet'ic effects. The genetic effects decreased as temperature

increased (tables 12 and 13). Additive genetic d'ifferences between

Manx and Nìsqua'liy in net and gross effic'iencies at optimum ratjon de-

creased as the fish grew larger whìle non-addit'ive genet'ic effects

(heterosis) were fairìy constant for fish of initial size 7 to 67 g.

(fa¡les 14 and 15). Temperature changes seemed to affect addit'ive and

non-additive genetic effects. Both genetic effects decreased as tem-

perature increased.

In summary, there are clear indications of genetic differences

between Nisqually and Manx fìsh and significant genotype-env'ironment

interactions. Additive genetic differences in specifìc growth rate at

optimum and maximum rations and efficiencies at maximum ratìon remained

constant as the size of the fìsh increased while the non-addìtive genetic

effect increased. Changes r'n temperature fnom the optimum 16.70C had a

sìgnificant effect resulting in higher additive genetic differences in

spec'ific growth rate at maximum and opt'imum ratíons while non-additive

genetic effects decreased as temperature ìncreased" Both add'itive and

non-additive genet'ic effects on efficiencies at maximum and optimum

ratron decreased as temperature increased.
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D. DISCUSSION

An understanding of the bioenergetics of fìsh growth has impor-

tant implications for any attempt to genet'icalìy improve growth

(Weatherley 1976). weatherley (1976) suggested that the standard

metabolic rate (S.N.n.) and spec'ific dynamic action (S.D.A.) as

well as the measurements of external factors that accounted for fish

act'ivity such as temperature, density and competit'ion should be in-

cluded in a selective breeding program for fish growth"

In the present study, envìronmentand genetic factors affect-

ìng rainbow trout growth were combined. General genetic differ-

ences were initially observed jn fìeld or commerical type aqua-

culture operations and the specific physiological genetic differences

were further analysed in laboratory experiments" Genet'ic differences

ìn growth between strains of rainbow trout were evident. The Nis-

qually strain greuJ faster than the l4anx strain ìn two years of pond

culture experiments and one year of lake and tank culture experiments.

The laboratory experiments showed that the differences between strains

couìd 'largeìy be accounted for by genetic differences 'in spec'ific

growth rate and efficiencies at maximum rations. There were also

small differences in specific growth rate at opt'imum rations, but

no differences at maintenance ration levels. The results support

Weather'l ey' s contenti on that phys i ol ogi ca'l studi es can prov'ide use-

ful 'information for selective breedlng of flsh growth"

The findings from the present field experiments that there are

sign'ificant genetic differences in growth rate between strains of
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rarnbow trout are in comp'lete agreement with the results of other

workers. 0n the average, fish from the Nìsqua'lìy strain were 17%

to 77% "larger than the Manx fish grown in the same ponds, lakes or

tanks (Table 16). Resuits from other studies have also shown con-

siderable differences between strains of fish (faUle 16), mean s'ize

of some strains be'i_ng up to I50% larger than others (Reinitz et al .

Ig79). Although there were sìgnificant genetic differences, there

were also 'important genotype-environment interactions. In the two

pond experiments the relative importance of genotype and environ-

ment effects and genotype-environment interactìons were as follows:

Source of Variat'ion Pond in

Strain (Genotype) 65

Pond (Environment) I2

trror -i Strain x Pond 23

(Error + Genotype x Environment)

% Variance Components

1979 Pond in 1980

37

31

32

Sìmilarly, other workers have found genotype-environment inter-

actions when studying the growth of rainbow trout of different strajns

(Gaìì 1969, Ay'les 1975, Reisenbichler and þlelntyre 1977 ancl Klupp et

al. 1978). In the present field experiments the additive genetic

differences in specific grorvth _rates between Nìsqua'lly and llanx jn-

creased as size increased jn F"1", but remaìned constant in F.2. and

F.3" The non-additive genetic effect were fairly constant in F.3. as

well (Figure 2). These inconsistances are presumed to be caused by
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Table 16. Genetic differences in sizes of rainbovJ trout in various studies.
Size of largest strain is presented as a % of smallest straìn.

Size of ìargest
Mean weight strain as a % of
of aì l fish observed measurements smai lest strain Source Corûnents

(q)

90 Harvested weìght in F.l 166 Present study ldaho and llanx

210 Harvested weight in F.2 I23 Present study Nisqually and l|anx

L46 Harvested weight in F.3 117 Present study Hybrid (l'lN) and Hanx

196 Harvested weight in F.4 174 Present study tlisqual ìy and Hanx

270 Harvested weight 146 Ayles (1975) Idaho and Pennask

270 Harvested weignt I37 Ayìes (1975) Idaho and Tunkwa

119 Average weight for one 197 Clarke, i*lanaimo, Sunnoalsora and ilanx
year of study in sea B.C. (unpubl jsh)
water, in hatchery tanks

675 Average weight 610-630 I28 Gal I and Gross Hybrìd iDomestic X ,¡tjld)
days !.':97? a ¡ ancj ,Ji l d

73e Fenaìe r'¿eignt of oosr 201 ôal I ani lross
sper.rning ',î-72 I

749 iulare rve'ignt of post 190 3alj anc Gross
spar,¿nì ng I 1978 5 l

163 Final weìght in nec 162 (lupp, et al.
cul ture ( tgzsl

'90 Finaì weight in pond 145 Kìupp et al.
culture ( 1978)

164 lleight at age 284 days L67 rlupp (1979)

75 l^Jeight at age 384 days 147 Klupp (1979)

133 Average weight at one L79 Rao and Chandra- Hybrid (l^jild X Hatchery)
Year sekaran (1978) and Wild

1, 143 Average % weights return/ 160 Rawstron (1973) coiemän Kamloop and
Height plant in 3 ìakes Shastô

L7 l,Jeight gain for 168 days 143 Reinitz et al.
( 1e78 )

15 I'leight gain for 180 days 250 Reinitz et al.
( 1979 )

33"t Length of juvenile stage 125 Rejsenbichler & l,Jild and Hatchery
reared in srream t'lclntyre (1977)

33*u Length of iuvenile stage 138 Reisenbichler & Hatchery and l,lild
reared in a hatchery pond I'lclntyre (1977)

Èa = length in m.m.
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unidentifìed genotype-environment interactions.

The differences in degree of varìatìon between environment,

genotype and $enotype-envìronment interactions between different studies

is not easy to interpret. Until the same genetic strain can be tested

i n the vari ous geograph'i ca1 I ocati ons any rea'l compari son wi I I be

problematÍcal. In the field experiments there were uncontrolled

d'ifferences in pond temperature, size of fìsh, annual climatic vari-

at'ion, etc. as well as the controllable but unknown effects of tank

vs. pond.

Factors causing differences in growth of fish may be grouped into

biotic and abiotic factors (Brett 1979). Examp'les of abiotic factors

are temperature, ìightu salinìty, oxygen,.etc. Among the environmental

factors, temperature, size and ration seem to be most important (Haskel'l

1959 and Stauffer L973). Temperature is classified as a "controìling

faetor" (Fry 1954). The metabol'ic rate is controiled by this external

environmental factor. Ration and size are classified as "ìimiting

factors". The metabolic rate js also limited by the limiting f,actors

(Fry 1954 and Brett lgTg). There may be sign'ificant interaction be-

tween biotic and abiotic factors" For examp'le, while increasing

temperature causes a generaì 'increase'in digest'ion rate and metabolic

rate, each strain or species has different genes controlling these

bioìogìcal mechanisms. tsrett (1979) suggested that the various forms

of curves relating specific growth rate to ration level depend on

environmental cond'itions and species. The experiment on charr, brook

trout and ra'inbow trout confirms Brett's suggestion wh'ile the rainbow
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trout experiments indicate the importance of genetic differences w'ith-

in a specìes.

In order to refine the analysis of growth differences observed

in pond and tank culture experiments, the effect of rations, fìsh

sizes, temperatures and genes were analysed in a series of physio-

'l ogì ca I geneti c experiments on growth rate under I aboratory cond'iti ons .

In these experiments, there was evidence of the effect of genes, size

and temperature, on ration and growth of rainbow trout. Genetic dif-
ferences between strains were measured for maximum, opt'imum and main-

tenance rat'ionu specific growth rate and net and gross efficiencies

at maximum and optimum rations. These observations allow us to exa-

mine some of physìo'logicaì parameters which, according to tdeatherley

(1976), are 'important to genetic studies of fish growth. The stan-

dard metabolic rate (S.t'1.R. ) corresponds to zero activity or zero

growth. In this study it is synonymous with the maintenance rat'ion

(Brett et al. i969 and Brett LgTg). Specific dynam'ic action (S.O.n.)

had been defined as the energy expense during ingestion and deamination

of am'ino acios (Beamish 1974, Brett 1976" Weatherley 1976 and Tandler

and Beam'ish 1980) and it is difficult to dertermìne" However, net

and gross effjcîenc'ies are related to S.D.A. (Kerr 197I) and they

were calculated for maximum and opt'imum rations in this study.

Variations in daiìy ration has the greatest effect in growth

rates. Unfed fish lost as much as 0"9% of their body weight.day-l

wh'ile at maximum ratron" fish of the same size and strain and at the

same temperature gained up to 2"2%.duy-1. As the initial size of
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fish increased from 6 g. to 75 9., max'imum rations decreased signi-

ficantly from 4.3 to 3.9% of their body weight.day-l, and optimum

ration 2.05 to 1.5% body weight"duy-l while maintenance ration on'ly

decreased from 0.6 to 0.4% body weight.day-t (tigure g ). Wurtsbaugh

and uavis (tgZZn) aìso found that over a temperature range of 7 to 230

C. maintenance ration decreased as the fish sizes jncreased. Simiìarly,

Brett and Snelbourn (tgZS) reported that at an optimum temperature

of 150 C. rations that were restrictjve for small sockeye salmon be-

come excess rations as fish grew larger, i.e. the maximum, optimum

and maintenance rations decreased as fish grew bigger.

In a similar manner the specìfic growth rate at maximum and op-

timum rations decreased as the fish grew larger (Figure 6). The

relátionship between specific growth rate at maximum ration and fish

size has been clemonstrated for rainbow trout in nature (Tavarutmaneegul

1978), sockeye salmon (Brett and Shelbourn 1977), brook trout (Haskeì1

1959 and Cooper 196'l in Brett and Shelbourn L977) and brook trout

(El liott 1975c). [he s]opes of regression relating growth rates and

fish sizes were s'lìght1y less for the present study than in other

studies" (Table 17).

The probable reason for this js that the smallest fish, initial
size 7 g. (Di), did not grow at the maxìmum rate possible. This was

a result of the fish being stressed from excess waste products in

the tanks during the fourth to sixth weeks of the experiments. This

resulted in the mean specific growth rates at maximum rations being

under estimated. This problem occurred in all tanks in this experi-
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Table 17. Comparison of sìope (b) and intercept (a) for the
relationship of 'log^ maximum specific growth rate (y)
and logu fish size = (X) between salmonids.

Speci es I,Jeight Range
(g)

Temperature Intercept
(oc) (a)

Sì ope
(b)

Brook trout

Brook trout

Brown trout

Sockeye salmon

Rainbow trout

Rainbow trout

Rainbow trout

1.5 - 60 11.0

2.5 - 350 i0.0

-0.33 (Haskell
i959 in Brett &

Shel bourn L975)

-0.47 (Cooper
1961 in Brett &

Shelbourn L975)

-0.31 (Elltott
1974)

-0"42 (Brett &

Shelbourn 1975)

-0.47 (TavaruE-
maneegul L978)

-0"22 (Present
study P.2 to P.3)

-0. i3 (Present
study D.1 to D.3)

5-300

3- 45

2-250

5- 70

7-2oA

15

vari abl e

10

T2-T9

4 "66

6.49

2"50

4 "47

10. 30

1.45

1.00

15
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ment and it ìs assumed that the effects were equal on all strains

at alì temperatures and dìd not mask or cause differences between

strai ns "

The d'ifferences in food conversion efficiences between strains

of rainbow trout were measured 'in terms of gross and net efficiencies

after Brett et al" (1969) at maxìmum and optimum rations. Both gross

and net efficiencies at maxìmum ration for all strains and temperatures

seemed to decrease as the injt'ial size increased. For example, at

initia¡ s'ize 6 to 75 9", the gross eff:iciency decreased from I4"2%

to 11.6% and the net efficiency from 16.5% to !2.9% (Figure 12) " These

results agree with previous studies on growth efficìencies in salmonids

(Paìohe'imo and Dickie 1966, Brett et al. 1969, Elliott 1975d and Wurts-

b augh and Davis 1977 a and b)" Unfortunate'ly, the changes of effi-
ciencies at opt'imum ration over initial sizes were not consistent.

This is probably because the estimation error at opt'imum rat'ions vJas

high when compared to other characters. (Fìgure 14)

Changes in temperatures outside the optimum range for a species

can have a major effect on fish growth. In this study changes were

restricted to withìn the optimum range for rainbow trout. It was

fel t that if there were ecological'ly s'ignificant differences in temp-

erature response between strains they would be most apparent at temp-

eratures close to optimurn. in general over the range 12o C" to 170

C" the effects of temperature lvere small. l.laximum and optimum rations

for rainbow trout increased slightly as temperatures rose from 120

C. to 170 'C. and decreased as temperatures reached 190 C" (Figure 8).



97

Simìlar results were found for sockeye salmon and brown trout (Brett

et al. 1969 and Elliott 1975d). Maintenance rations increased as temp-

erature 'increased from 12o C. to 190 C. (Figure B). Th'is is in agree-

ment with other studies of the relationship between temperature and

ma'intenance rations of rainbow trout (Wurtsbaugh and Davis 1977 a),

and other salmonids (Brett et al. 1969 and Elliott 1975 d)" The in-

crease of maintenance rations is associated with an 'increase in meta-

bolic rates as temperatures increase (Brett et al. 1969). Tempera-

ture did not have a marked effect on growth rates and efficiencies

over the range of 12o C. to lgo C. The highest specifìc growth rates

at maximum ration for all strains and initial sizes (7"g% ¿uy-1)

occured at 16.7o C. The results agree with other studies of optimum

temperatures of salmonids (Table 18). Species optimum range from

10 to 170 C. w'ith the optimum for rainbow trout being 160 to 17o C.

It is clear that differences in sjze, temperature, etc. can ac-

count for the differences in growth rate observed between ponds,

tanks: /êâFS but not the differences between strain as all strains

were grown under the same conditions" The laboratory experiments also

demonstrated how these env'ironmental factors affect specific growth

rate, ration and efficiencies of rainbow trout. -lherefore, in strain

selective breeding programs, one should include an assessment of the

effect of differences in fìsh size, optimum temperature and ration

requirements as they affect genetìc differences in growth.

A¡ternative environmental factors to be considered include maternal

effects. Falconer (1960) stated that the maternal effect is the pre-
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Table 18. The optimum temperature providing maximum specific
growth rate at excess ration for salmonicis.

Species 0ptimum-Temperature References
(oc)

Sockeye salmon

Brown trout

Rainbow trout

Raìnbow trout

Arctic charr

Brook trout

15

13

17 constant
L6 - L7 fluctuation L977

Brett et al. 1969

Elliott1975a&b
Hokanson et al.

Present study

Present study

Present study

16.7

10-13

13-16
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natal and postnata'l nutrit'ional influence, a mother had upon her young"

In fish as in other domestic an'imals, maternal effect is included as

one of the environmental factors. For example, Gall (L974) found a

posit'ive correlation between age of female and egg size and growth

of rainbow trout. Kanis et al (197b) also found a maternal effect

for uneyed egg and eyed egg survivaì of salmon, sea trout and rain-

bow trout. Similarìy, maternal effects were higher for the uneyed

and eyed stage survival than the alevin stage of splake hybrids

(Sa] veì inus fontinal is X S" namai¡cush) (nyles 1974). Flaternal effects

have not been separated from the environmental factors in this study.

Generally, however, maternal effects decrease as the age of progeny

increases. Chevassus (L976) in Refstie (1980) found the maternal

effect on ear'ly growth of raìnbow trout disappeared after 2 months.

Experiments D.1" and 0"2. were started when the fish were 60 and

120 days old respectively. In D.3" and F.3" fish were started at

ages of 250 and 196 days respectively. Therefore, ìn 0.1. the mater-

naì effect could have caused some of the observed variation"

The genetic d'ifferences in growth rates between and with'in species

of salmonids in the fjeld experiments were c'learly evident in the lab-

oratory experiments. Prelim'inary laboratory experÍments showed genetic

d'ifferences in max'imum specifÍc growth rate and maximum and optimum

rat'ion. In experìment P.5., differences Ín maximum specífic growth

rates were found between Arctic charr, brook trout and rainbow trout"

l'hese d'ifferences in growth were also found between Arctic charr and

ra'inbow trout under Norwegian cage farming eonditjons (Gjedrem
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and Gunnes 1978). Similarly, the differences in growth between Idaho

and Tuntcwa fish ìn experiment P. 4. are consistent w'ith genetic d'iffer-

ences between these strains when they were grown in central Canadian

aquacuiture lakes (Ayles t975). In the definit'ive experiment, the

'influences of envìronmental factors (temperature and initial size)

accounted for the majority of the variabjlity in growth at maximum

and opt'imum ration levels, specific growth rates and net and gross

efficiences at maximum and opt'imum rations of the raìnbow trout straìns

l4anx, Nisqua'l1y and the.jr hybrid (MN) (Appendix A; Tabte '15). Genetic

differences accounted for between 4 and 16% of the total variabi'lity.

A'lthough the environment and genotype - environment interactions

were high for aìì characters, the genetic differences in maximum speci-

fic growth rates are large enough to allow for strain selection.

Averaged for alì temperatures and'initial sizes, the Nisquaìly fish grew

-1 1 -'l2"0% day', the llanx grew 1.7% day-" while the hybrid (MN) grew 1"9% day-'.

The additive genetic effect on maximum growth for tlisqually and llanx was

9% of mid-parent values, while the non-additive genetic effect for the

hybrid was 5% of mid-parent values. Additive differences between Nisquaì1y

and llanx remained constant over fish size, but the heterosis or non-add'itive

genetic differences between N'isqually, l.{anx and their hybrid increased as

the fish grew (Figure 2). This also appeared'in the field experiment F. 3.

when at harvest, the hybrid had the highest mean weìght (156 g.) followed

by Nisqua'lly (150 g") and l'lanx (133 g. ). In addition" average net and gross

effÍciences for Nisqualìy, ltlanx and their hybrid in F. 3. showed heterosis

in conversion effÍciencies. The hybrid fish had the highest average
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net and gross efficiencies (23.9% and 17.5% respectively) followed by

the Nrsqual ly fìsh 123.3% and l7 "2% respectivety) with the tlanx fish

being the lowest (18.1% and 14.1% respectively)" Therefore, the cross-

bred strain is perhaps more desirable for selective breeding for maxi-

mum specìfic growth rate then either pure stra'in.

As described above, the optìmum temperature for maximum specifìc

growth rates was 16.70 C. for all strains" However, the temperature

effect was not the same for both purebred straìns. Additive genet'ic

differences in maximum spec'ific growth rate between Nisqual'ly and l'lanx

were least at the optimum temperature,4% of mid-parent values. The

additive d'ifferences at temperatures outside the optimum temperature

were l0% of m'id-parent values at l2 and 190 C. and 11% of mid-parent

values at 14.30 C" (Figures 2., I). In other words the l'1anx fish not

onìy had lower maximum growth rates than the N'isqually fish, but the

range of temperatures over which this maximum was achieved was much

narrower than for the Nisquaì1y strain" As temperature is one of the

most important factors affecting fish growth (Haskell 1959 and Stauffer

l9i3), differences betvreen strains in the range of temperatures over

which maximum growth rate is achieved could cause large differences in

growth in the field. When strains were reared'in ponds or lakes in

which the temperatures varied w'ideìy from the 16.70 C. optimum, the

Nisqually fish would continue to grow at near max'imum growth rates

while the growth rates of the Manx strain would decline. The hybrid

fish were also less susceptibìe to changes in temperatures. Hybrids

were similar to the Nisqually fish in maxjmurn specific growth rates
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except at l9o C. Heterosis was h'igh at temperatures between l2 and

14.30 C. and then declined as temperatures rose from 14.30 C. to 190 C.

(F'igure 2J ) . Thi s i l l ustrates that the heteros'is effect on maximum

growth was high at temperatures between 120 C. and 14.30 C. Laboratory

observations demonstrate that the heterosis effect is greater with

larger size fish and at low temperatures. This is consistent with the

findings from experiment F. 3., jn that heterosis was present for

fish greater than 67 g. and temperatures of 12.50 C.

In general tlre pattern observed for genetic differences in growth

rates at optimum ration at different temperatures was similar to that

for maximum rat'ion. The djfferences, holvever, were much less marked

(Table ll).
At max'imum rations average gross efficiencies for all temperatures

and initial sizes of Nisqua'lly, the hybrid and l4anx were 14, l3 and 12%

respectively. Similarìy, net efficiencjes were l5 , l5 and 14% respec-

t'ively

The effect of genotype on gross and net efficiencies at maximum

ration was statistical'ly sìgnificant but the variance component due to

the genetic differences was small when compared to environment and

genotype - env'ironment interactions" This is because the observed

values in gross anà net effjcieneies were estimated from an estimat'ion

of specific growth rate and ration. Consequently, error caused by the

est'imation of growth and ration as read from the graph is compounded

with the error resulting from calculating gross and net efficiencies

in wet and dry weights. These results do not necessarily show what the
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absolute efficìencies of these strains are but do illustrate how the

environment (temperature and initial s'ize) affects the conversion

eff i ci enc'ies of dÍ fferent strai ns .

The additive genetic effect on gross and net effic'iencies at

maximum ration for all temperatures and fish sizes, respectively aver-

aged 6% and 5% of the mìd-parent values. The non-additive genetic

effect were respect'ive1y 4% and 3% of the mid-parent values.

At optimum rat'ions, even though the genetic differences in effien-

cies were not significant, the additive genetic effects on gross and

net efficiencies respect'ive1y 4% and 2%. The non-add'itive genetic

effects were 6% of mid-parent values in both gross and net efficiencies.

The presence of additive and non-additive genetìc effects rn efficiencies

at maximum and optimum rat'ions between Manx, Nisqua.lly and their hybrid

illustrates the importance of genet'ic d'ifferences between strains, even

though the estimates of efficiencies are not prec'ise" It can be con-

cl uded there.fore , that add'iti ve and non-addì ti ve genet'ic effects i n

efficiencies do occur between strains of rainbow trout

Generally, additive and non-additive or dominance genetic effects

in gross and net effic'iencies of Manx, Nisqually and their hybrid varies

with temperature and fish size, although these observations are not

able to exp'lain any trend of these genetic effects over changes of

temperature and size.

The present results have considerable impìications for genetic

ìmprovement of rainbow trout production. Falconer (1960) outlines two

basic methods of improving animal productíon. The first method is
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selection within a populat'ion which is the process by which superior

individuals are selected to be parents. The second method is a selec-

tion between popuiations whìch is known as crossbreeding" Both intra

and inter population selection and mating systems are used for improv-

i ng product'i on of domesti c animal s .

Large genetic ga'ins can be obtained by selective'ly breeding for

desirable economic tra'its of salmonids (Gjedr.em 1976 and lr,tcKay and

Friars 1979). This is because salmonids have very high ferti'lity, a

moderate generation interval (shorter than cattle but longer than pigs

and poultry) and relat'ively hÍgh heritaoilities of such economic traits
as growth, surv'ival , smo'lt % reproductive traits and resistance to

disease (see Aulstad et al. 1972, Gjedrem et al " 1974, Ayles 1974,

Kanis et a1,1976, Gall and Gross 1978 b and Gunnes and Gjedrem l98l)"

Selection has resulted in genetic improvement'in rainbow trout (Donaldson

and 0lson 1955, Donaldson t970 and Kincaidet a1.1977), chinook salmon

(Donaldsonand Menasveta l96l and Hines 1976) and Atlantic salmon

(Refstie et al " 1977)"

The present experimental results relate primarily to 'interpopulation

(strain) selection and hybridization of rainbow trout and not intra-
popuìation selection" Differences in grovrth between strains of rainbow

trout have been found by numerous workers including the present study

(Table l6)" The Nisquaìiy strain grew faster and more efficientiy than

the Manx strain under both field and laboratory conditions. Significant

improvement in commercial production could be made simply by using this

best performing strain. Interpopulation hybridization is also a dfstinct
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poss'ib'ility. The hybrid (Manx X Nisquaì'ly) exh'ibited significant

heterosis by growing better than the parents when the fìsh grew'larger

than 67 g. and at 'low tenrperatures (experiment F" 3. ).

The results of the defin'itive experiments strongly impìied that

strain selection shoutd concentrate on maximum specific growth rate,

efficiencies at maxìmum ration and genotype - temperature interactions

and ind'icate that it would not be worthwhile to select strain based on

differences maintenance ration.

l^Jeatherley (1g76) suggested that there may be genetic differences

in S. M. R.; however, ìn this study significant differences in main-

tenance ration requirements were not evident between the strains and

their hybrid" Although genetic differences may indeed exist, they are

too subtle and our tests are to imprecise to detect significant differ-

ences. There is certainly no proof that such genetic differences do

exist, and there is no point in trying to select a strain for lower

maintenance ration requirements".

The maximum specific growth rates (Table l0) and specific growth

rate of optimum rations (Table ll) can be examined in economic tenms.

As an example the growthu ìn one month, of fish of an initial size

of 50 g. was estimated. These figures show what ìmprovement in perform-

ance a fish culturist might expect by choosing a different strain.
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Expected weight of fìsh (S.) after growing one month

(fish 'initial sjze 50 g. )

Maximum growth

r z . ooc. 1 q. 3oc. I 6. zoc r 9. ooc.

Ni squaì'ly 90 92 92 93

Manx 82 81 87 83

Hybrìd 89 89 92 88

Growth at opt'imum ration

l2.ooc. l4.3oc. I 6"toc. lg.ooc.

Nisqua'l'ly 70 70 74 72

Manx 65 67 72 67

Hybrid 7l 69 69 71

Dependjng on the temperature, after one month, the Nisqually fish

would be 5-.l1 g. larger than Manx when growing at maximum rates and 2-5 g"

bìgger when fed optimum rations" These figures also exempìify the genotype-

temperature interactions and show the importance of the broad temperature

opt'ima of Nisquaìly and hybrid fjsh. The differences wou'ld be high,8-1.l g.

at temperatures of 12,14.3 and lgoc., but low" 5 g., êt the optimum temp-

erature, l6.7oC. In a similar manner, the genetic differences and genotype-

temperature interact'ions in the specifìc growth rate at optimum rations caR

be seen. However, effects would be smaller and for strain seleetion diff-
erences in maximum specific growth rates should be emphasized"

As mentioned before genetic differences in conversion efficiencies

were also evidento but on'ly gross efficiencies at maximum ration

should be consìdered for genetic improvement. This is because there

were no genet'ic differences in maintenance ration so that the genetic

effects for gross and net efficiencies should be the same.
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The results of growth and feed conversion in this study can be

translated directly into terms that are meaningful for commercial

fish farmers. Feed conversion ratjo ìs defined as the dry we'ight of

feed per unit wet we'ight gain (feed/gaìn) (Castell and Tiew 1980).

Averaged over alì temperatures and fish sizes in the definitive experì-

ments, the Nisqua'l]y fish had the best feed conversion ratios at op-

timum and maximum rations (1.6 and 2.5 respectively) followed by the

hybrid fish (ì.7 and 2.8 respectively) with the Manx fish being the

poorest (t.8 and 3.0 respective'ly). However, in F. 3. the hybrid

and the Nisqua'l1y fìsh were equal (2.1) fotlowed by the Manx fish (2.9) 
"

Idhen the genetic differences Ín growths and feed conversions are

combined, it is clear that the Nisqually fish showed better growth and

food utilìzation than the Manx fish or their hybrid. When fish from

50 g. to 100 g. at maximum growth rates, the Nisqualìy fish would

consume less food and take a shorter time (127 g. of food in 36 days)

follou¡ed by the hybrid fish (138 g. of food in 37 days) and the l{anx

fish (l5l g.of food in 42 days). Even at the optÍmum ratìons, the

Nisqualìy fish would require less food and less time (78 g. of food

'in 60 days) followed by the hyorid fjsh (85 g" of food in 6l days)

and the Manx fish (89 g. of food in 70 days).

In summary, the above examp'les of growth and food utilization

of rainbow trout c'learly impìy three recommendations for a selective

breeding program for improving rainbow trout growth. First, inter-

popuìation selection and hybridizatjon should concentrate on maxìmum

specific growth rates and gross efficiencies at maximum rations"
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Second, the evaluation and selection should be at the temperature

opt'ima and on fish of the same size" Fìnal'ly, genotype - environ-

ment interactions should be cons'idered carefu'l'ly"
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E" CONCLUSIONS AND RECOMMENDATIONS

1. Concl usions

1. Differences in growth between strains of rainbow trout were

evìdent in both field and laboratory studies.

2. There were differences between l,1anx, I'lisquaì'ly and their

hybrìd in maxfmum and optimum rations, specjfic growth rates at max-

imum and opt'imum rations and net and gross efficiencies at maximum

rati ons .

3. There v',ere no genetic differences in Standard lrletabolic Rate

(s.N" R. )

4" Genotype-environment interactions in rainbow trout growth

were found in field and 'laboratory experiments.

5. Add j ti ve genetì c di fferences between l'lanx and lli squa'l ly i n

specific arowth rates at maximum and optimum ration were high (r}-LM

of mid-parent values) at temperatures of LZ, 14.3 and lgoc, but the

values were low (4/" of mid-parent vatues) at optimum temperature,

16. 7oc.

6. t,lon-addi tì ve geneti c di fferences for the hybri d i n speci f i c

growth rate at maximum and optimum rations decreased as temperature

'increased.

7. Changes in fìsh size seemed not to affect the additive

genetìc differences 'in specific growth rate at maximum and optimum

rations, but the non-additive genetic differences increased as fish

grew larger
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8. Additive and non-additive genetic differences between l4anx,

Nisquaìly and their hybrid in net and gross efficiencies at maximum

and optimum rat'ions were 1ow (2-6% of m'id-parent values) when compared

to specific growth rates.

9. Both addi ti ve and non-addit'ive genet'ic di fferences i n

efficiencies at maximum and opt'imum rations decreased as temperature

'increased

10. Changes in fish size seemed not to alter additive genetic

differences in efficiencies at maximum ration but non-additive genetic

differences increased as fish size increased.

2" Recommendati ons

1. Stra'in selection should be cons'idered as there are straìn

differences in growth.

?" The strain comparisons should concentrate on identifying

differences Ín maximum growth rates. There were no differences in

maintenance rations so selecting for differences in Standard Meta-

bolic Rate woujd not be fruitful. Differences in growth rates at

opt'imum rations are difficult to measure and at any rate they

appeared to be strong'ly correlated with maximum growth rates.

3. The strain selection should also concentrate on gross

eff icienc'ies at maximum rat'ions. This is because there are no diff-
erences 'in S.[1.R., and growth rates at optìmurn and maximum rations

are strongly correlated. The standard fish culturists' "conversion

rates" (food fed/wejght gain) could be used.
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4. In assessment of strain differences, temperature should be

standardized at the opt'Ímum and fish of the same s'ize should be used"

5. Stra'in-environment ìnteractions should also be considered"

6. Heterosis for growth was found, suggestìng that hybridiz-

ation between stra'ins may be important for selective breeding pro-

grams when two or more desirable characters are found in d'ifferent

stra'ins .
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Fieìd exoerimeni F.1; Samp'ling dates, ¡1ean wejgnt (i) and flumber of.
;ñi";'ã; iäãiró, iriiqually, Súnnoalsora and llanx ra'inbow trout strains.

Pond No. 1 Pond llo . 2 Pond No.
jilean

wet weight

Pond No

Nean
wet weightNo. No.

ldaho

Nìsquaì ly

Sunndal sora

8/06/79
26/ 06/ 79
9/07 /79

23/07 /79
7 /08/79

20/08/79
4/09 / 79

17 /09 /79
r/r0/79

É/10/79
29/ r0/ 79

8/06/ 79
26/ 06/ 79
9/07 /79

23/07 / 79
7 /08/79

20/08/79
4/ 09 /79

t7 /09/79
Ll r0 /79

ß/r0/79
29 / r0/ 79

8/06/ 79
26/06 /79

9/07 /79
?3/ 07 / 79

7 /08/79
20/08/79
+/09/79

17 /09/79
r/ r0/79

15/ t0/ 79
29 / r0/ 79

8/06/79
26/06/ 79

9/07 /79
23/07 /79

7 /08/79
20/08/79
4/09/79

L7 /09/79
tl l0/79

L5 / L0/ 79
29/ r0/79

3.9 50
Ã r 1¿.

8.6 19
9.7 22

17 .0 16

22.3 ?4
38.4 15

57.2 t8
95 .9 15

77.8 18
97.4 7

3.5 50
6.2 13
6.4 14
8.5 2l

17.0 24
25.0 27
38.9 20
58.3 24
86.7 23
72.4 15
68.0 6

3.6 50
3.3 13
o o 1Ã

9.4 27
18.1 31
29.8 2?
46.6 30
44.8 ZL

t00.8 2r
98.2 16

85.3 4

3.9 50
3.6 13
6.2 2r
6.6 22
r1.5 13
18.0 13
32.8 16
42.9 12

52.3 13
48.1 18
69.0 I

?o
r0.2
oÂ

11 t
1q o

23.0
29.6
49. I
o1 1

85.3
1nq Ô

¿.ö
o.L

rn ¿
rË r

20.4
29.3
^c 

Ê

83. 3
75.2
85.4

3.6
4.9
7.2
9.4

14.6
aa 1

38. 0
cE 1

90. 1
?o o

101.2

to

6.7
, oE
10.9
I4. b
10 (
32.4
45.5
49 .8
ca A

50
L7
35
to

24
1B

22
11
I7
22
20

50
16
l4
26
37
20
t7
19
16
44
20

50
17
32
14
20
30
30
24
16
34
20

50
T7

2?
37
31
22
?9
27
3?
40
20

10
6.3
8.6

t2.6
79.2
30.8
44.3
70 Ã

91.4
I02. I
113.7

1c

4.4

9.8
_t4. b
u1 Q

45.1
56 .9
85 .6
96 .0
92.4

3.6
3.I
8.0

11.I
15 .0
,o Ã

49.9
ÁÔ ?

87.5
109.7
113.0

?Ô

4.4
6.1
oo

II.2
1C a
aa 1

38. 0
53 .6
57.4
68. 1

c^

20
50
20
15

24
?0
20

50
24
z0
aa

32
25

30
30

20

50
23

l9
aa

17
15
30
27
to

20

50

14
27
20
i8
14
L7
28
32
20

10
6.1
o)

14.7
2t.9

50.3
70.9
96 .0

i14.3
108 .0

5.5
l0 .4
13.4
ttE
30.7
47 .5
70.6
o, q

147 .7
118.0

1Ê

3.6
o(

T2.I
¿r.Þ
11 )

53.4
85 .9
99. 9
99.2

104. 4

?o
5.0
7.6

11 0

18.2
15.8

48.8
62.7
60.6
65.1

50
7

I1

32
2t
ZI
)a

JO
27
20

cn
7

10
I8
15
2l
14
26
29
24
20

50
7

16
23
l4
14
T7

25
14
ra

20

50
7

13

rE

11
21
20
1B

z0
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Appendix A' Tabre 2' a' 
fî'l.iïl3l';,"3it.,ilÍ,;:'fiillç"::'iï,;åTi,
in fìeld experiment F.I

Strain Manx Nìsquaily
l'lean weight Specifìc grou,th l'lean weight Specific Arowth

Date (sl rate (Í.oay-t¡ ts) - rate (% ãay-1¡

8/06/79 3.9

9/07/79 6.6

23/07 /79 9.0

7/08/79 13.0

20/08/79 15.9

4/09/79 28.4

t7 /09/79 40.5

t/ 10/79 53. s

r.76

2.72

2.46

i.57

I O?

2.73

1.99

o1

10. 5

11 a

25.0

40.2

E1 0

oa 
^a

2.70

r.92

J. JZ

2.82

3.17

2 .80

2.92

b. ¡4ean weìght, date and specifìc growth rate
of rainbow trout strains llanx and t{ìsqualìy
in field experiment F.2

Straìn l'lanx Nìsquaì ìy
I'lean weight Specìfic arowçh ¡4ean weight Specìfic arowçh

Date (Sl rate (:á. dðy-I) (S) rate (%. oay-t¡

6/05/80 12.1

29/05/80 23.3

tr/06/80 31.0

25/06/80 40.0

8/tJ7 /80 58.4

2t/07 /80 50.8

5/08/80 89.5

18/08/80 92.5

5/09/80 159.64

30/09/80 189.11

2.85

) 10

r.82

2.97

-1.07

1 11

0.25

3.21

0.89

10. I

24.5

32.4

52.7

68. 5

81.54

1rL -l

i43. 3

255.5

232.9

3.86

2.. 16

3.47

2.0?

1.34

2.83

1 .07

3.40

-0.49



Appendìx A. Table 3.

L24

rðlater chemistry average (range) for 4 ponds jn field experiment F.1

Date
Anrnonia NÍtritq Nitratq
(us.1-l) (ug.t-l) (us.t-I¡

PhosphorQus Chlorophyl-a
(uq.t-t¡ (ug.i-t¡

Secchi
(m)

pH

Di ssol ved
oxygen Temperature
(oom) (oC)

13/ 06/79

r8/ 06/ 79

26/06/79

5/07 /79

18/07 /79

2/08/79

9/08/79

L5/ 08/79

23/08/79

30/08/79

rr/09/79

19 / 09 /79

27 t09/79

rr/ r0/ 79

r9/ t0/79

27 /r0/79

1.U
(o-3)

0.7
(0-2 )

4.2
(o-13)

4.0
(o-e)

L7C
( 40-60 )

47 .5
(40-so )

0.5
(o-2)

10

(r-3)

3.0
(0-12)

47 .5
( 30-60 )

t.2
(0-5)

L?.0
\7 -2.6)

4.2
(3-6)

+.J
(1-r0)

10

(r-s)

4.8
(2-6\

3.0
(1-7)

q?

(2-e)

6.3
(o-17)

8.0
(1-rs)

4.3
(0-8)

5.3
(1-e)

5.8
{ ¿.-A \

11.3
(4-16)

6.0
(0-16)

t6 .0
(14-18)

l. t

1.0
(0.e-1.3)

2.3
(0.9-4)

1.8
(0.e-3)

2.3
(2-4)

¿. L

(o.e-3)

¿.J
( 1-4)

1a

(0.e-5)

6.5
\3.2-12\

11.1
(8-17)

6.73
(s-11)

9.3
( 7-13)

11.8
(lo-13)

8.4

oc

8.7

8.0

ot

(8-e)

8.6
(8-e)

QO
(8-10)

oo

9.1
(8-10)

10.3
(9-10)

10. 3
( 10-11 )

ôÊ
(s-10)

10. 3
(10-11)

10.7
(e-13)

11.5
( 11-13)

r2.3
( 12-13)

10.3
(10-11)

6.0

8.5
(7 -9')

9.6
(9-10)

13 .0
I \t-1^\

13 .0
( 12-14)

20 .8
(20.s-21)

r7 .4
(2t-?3)

10 (
(16-22)

ttt
(2r-28)

CE A

l2?-2Bl

24.2
(20-271

)tt
(22-23)

19.5
\17 -2r)

20 "B
( 18.-24)

18.9
. (18-2r)

17 .5
( 16-20 )

16.2
(16-r7)

I5 .3
(15-16)

TI.2
(e-15)

o(
(6-I1)

(7-8)

)^
(1-5)

1.7 4. 0
(o-+¡ (2-6)

ôo co

(0-:) (3-13)

- 51.3
r 1-177ì

4.5 9 .5
(3-6) (2-z4l

I O 71 
^(1-3) (40-130)

2.o 60 .:r(o-:¡ (s-17s)

1.8 9.7
( r-a¡ (4-2r)

0.5 10.5(o-zt¡ (2-26)

s.5 r1.5
(4-7) (4-32)

0.3 3.0(o-r¡ ( r-4)

0.3
(0-1 )

(4-134)

1.4

1.5

1.5

1.5

1A

1.4

1.5

1.5

lc

I.5

lc

I.J

8.8

8.7

8.8



Appendix A. Tab'le 4.

t25

Field experiment t.2; Sampling dates, llean weight (X) and Number of
samples of raìnbo$J trout strains llisquaì1y and llanx.

Nisqua l ly 6/0s/80
L4/0s/80
29/05/80
1 i/06/80
25/06/80

8t07 /80
2r/07 /80
s/08/80

18/08/80
5/09/80

30/09/80

6/05/80
14/05/80
29/05/80
1 1/06/80
25/06/80
8/07 /80

2t/07 /80
5/08/80

18/08/80
5/09/80

30/09/80

10 .0
I0. 3

20.6
aE7

44. 3
62.t
77 .8

97 .5

reo. o

12. c
15 î

19 .0
a1 a

¿t.Y
48. 9

58.3
6?.5

160 .0
r'77 .l

10.0
1t 1

JI.J
42.6
63.4
79.3
77 .3

137. 1

193.8
280.0
279.5

12.0
10 .4
31.9
37 .2
5i.7
11 E

63.4
i00 .0
07q

reo. a

Pond llo. I Pond No. 2

¡lea n
wet weight No.

Pond No.

l'1ea n
wet weight

10 .0
18.0
24.6
36.1
57 .4
80.0
9t.2

1aa a

162.0
286.6
262.2

12 .0
1t c

,1 a

33.2
37 .6
59. 6
61.2

128.8
1ttl 1

r51.2
229.r

Pond No. 4
Mean

wet wei ght l{o.

t0 .0
1E a

25.2
45.6
crÊ
79.9

104.6
120.0
200 .0
210. I

tz.0
12.5
21.1
25.8
42.8
E1 C

43 .0
70.9
95.6

167 .9
1ÃO (

100
10
aÊ

66
60
JJ
14
r3
10
l0
20

100
10

9
41
67
16
20
22
10

14
20

No.

r00
10
?Ã

50
51
2E

6
1t

10
6

¿U

100
10
¿+
38
44
L7
15

o

7

5

20

t00
10
?7
25
?Ê

31
19

7

4
2

20

100
10
2I
20
1a

?8
25

2

4

20

No.

100
l0
25
16
23
2I

5

2

;
100
l0
?6
11
42
t1

3

6
2
1

7



Appendix A. Tabìe 5.

t26

l,later chemistry average (range) for 4 ponds in field experiment F'2

Di ssol ved

AÍrnoniå PhosDhorous Chìorophyl -a Secchi pH 9*y9in Temperature
uqLtr , '-l r r,.^ r-It r,," t-lì (mt IPPlllg' I

29 /05/80

5/06/80

1 1 /06/80

18/06/80

19/06/80

4/07 /80

8/07 /80

9/u7 /80

15/07 /80

25/07 /80

25/06/80

26/06/80 I1s (0-346)

2/07 /80

6.s (o-7) 4.6 (o-e)

97.8(18-190) 9.3 (3-22)

30.o (e-se) 3.8 (I-7)

7.0 (o-28) 8.0 (I-16)

17 r]-ql 1.5

l.e (1-3) l.s

27/05/80 24 (lo-47) 2.8(1.s-4.3) 1.5

34 (0-64) 6.6 (5-10) 3'a 12-5.6) 1'5

1 r.314-12) 4.5 (2-10) 3.4 (Z-5) l's

8.6

- i5.7(13-t8) 14'8 (e-23)

8.6 (8-e) - 18.s (15'22l.

s.2 (s-s.4) 11.3(12-11) 18.3 (16-20)

- 11.1(9-t7) 19.5 (18-21)

8.7 (8-e)

- 11.e(10-14) 21.e (18-26)

8.e(8.7-e.r)

- 13.8(10-17) i6.9 (10-20)

8.8( 8.5-9 .3 )

- 11.9(10-14)

8.8(8.4-e.1) - 22.3 (20-25)

- 10.7 l7-r2) z|.e (22'23)

B.e(8.7-e.o) - 2t.9 (19-25)

9.4( e. 1- 10 ) zo.5 ¡7-23)

- 15.0( 12- 18)

- 12.1(7-16) 20.2 (t7'22\

8.8 (8-e)

13.l(12-14) t9'6 (18-2i)

1Ê

1c

1.5

13.8 (9-17)
28/07 /80

r r/08/80

12/07 /80

14/08/80 t27 (56-26I)

r8/08/80

I.5

i.5

1E
27t08/80 26.9 (3-80)

25/08/80

28/08/80 52.8(0-142)

5/09/80

14/09/80

24/ 09 / 80

?8/Og/80 5.0(2-Lo)

16.1(12-18) t7 (1s-i9)

- 16.4 ( 1s-19)

ô 7 ra-15)



Appendìx A. Table 6.

t?7

Fieìd experìment F.3, mean weìghts, date and specìfic,
growth rate of rainbow trout strains l'lânx, l'lisquaily
and the Hybrid (MN).

Straì n

5/03/81

7 /04/8t

77.1

113.7

11 1

59 .6

64.2

84. 9

r20.4

150. 3

0 .85

0.37

i.86

I.06

i.0l

37 .4

66.3

86 .8

r29.5

1Cq ô

0.90

0. 38

i .80

I.¿I

0 .84

I'lanx

Mean Speci fi c

Nisqually
Mean Speci fi c

Hybrid (MN)

Mean Specìfic
Dare weight growth r?te weight growth rate weight growth r?te---- ¡o-i -(%.¿áy-I) (o:) -(s.dav-I) (q.) (%.dav-r)

5/12/80 37.8

29/01/81 56.6

r8/02/8L 60.8

0.74

0.35

I .58

1. 18

0.7

29/04/8t 132.6
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Appendìx A. Table 7. Field experiment F.4, stocking size,
harvest weight and corrected harvest
we'ight of rainbow trout strains l'lanx and
N'isqua'l1y 'in lakes 316 and 321.

La ke Strai n
Stocki ng

size

Corrected
Harvested * Harvest
wei ght we'ight

316

32r

3"59
5 "97

3.69
6.03

Manx
Ni squaì 1y

Manx
Ni squal ly

137.00
27r"00

105.00
214.00

159. i5
27t.39

121 " 00
213 " 65

* Initjal data were from Ayles (Personal Communication).



Appendix A. Table 8.

1ôñ

Preìiminary experiment P,1; nominal ration, beginning mean weight,
biweekìy mean rveight, mean specific growth rate and mean ration of
rajnbow trout strains, flisqually and Idano at 12 ration leveìs'

Strain

Nomi na I Beg i nni ng
ration mean

(% weiqht- weìqht
daY-l¡ (si

l,leek 2nd tleek 4lh
meôn mean

wei ght vrei ght(st (sl

Heer 6th l{ean specific
mean oro!{th rate Mean ration

weiqht 12.S.E. rz.S.E.
isÍ (2.ãav-i¡ (% weistrt.¿av-1)

Nisqual 1y

Idaho

0
0.5
I.0
1.5
2.0

3.0
lÉ

4.0
4.5
5.0
5.5

0

1.0

2.0
2.5
3.0
3.5
4.0
Lq
5.0
5.5

,o Ê

29.7
29.9
26.7
28.4
aoE

29.9
?8.9
32.3
?? o

27.0
30. 3

oo
LZ.2
11.6
12.0
i0. r
10.4
10 .0
9.5

10. 3
10. 9
12 t
r0. 1

)al
?2 0

29.2
33.6
3?.9
?( o

36 .8
42.6
44. 5
33. 1

36.3

8.7
12.2
rz.6
14. 5
13.1
14. 0
14.9
12.4
14 A

ra ?

15. 1

l5 .0

24.9

35.2
33.4
to 1

39.2
42.9
44.8
52.6
E7 0
40. I
43.2

8.1
14. 1

14 .6
16.8
15 .8
17.3
L7 .6
15 .8
t9.¿
18. 7
17 .7
18. 4

23.8
30. /
38. 3
38. 1

45.4
49.2

55 .0
66.3
72.7
50. 9
53. 3

7.7
13.3
15.8
20.3
19 .9
22.8
23.7
19 .8
24.7
23.8
2?.8
24.8

-0.52 t 0.2t
0,08 t 0.26
0.59 ! 0.36
0.84 t 0.20
1.11 t 0.23
1.31 t 0.35
r.37 t 0.14
1.53 t 0.20
1.71 t 0.28
1.82 I 0.19
1.51 t 0.19
I.35 t 0.16

-0.59 t 0.34
0 .21 : 0.88
0.73 t 0.31
1.25 t 0.19
1.61 ! 0.31
1.87 t 0.37
2.05 ! 0.97
1.76 t 0.16
2.08 t 0.52
1.87 t 0.14
1.49 t 0.39
2.r4 ! 0.79

0
o.5o t 0.01
r.o1 | 0.14
1.40:0.02
1.84 t 0.04
2.26 ! 0.04
2.56 t 0.31
3.13 t 0.09
3.51 t 0.10
3.91 t 0.09
4.46 t 0.06
4.96 t 0.06

0
0.50 t 0.03
0.96 t 0.02
1.37 t O.04
1.77 t 0.05
2.20 ! o.o7
2.57 t 0.2t
3.09 t 0.07
3.44 t 0.11
3.88 t O.t5
4.47 ! 0.t4
4.69 t 0.28



Appendix A. Table 9.

130

Preliminary experiment P'2; nominal ration, beginn'ing mean l'rejght'
bÍweekìy mäan weìgnt, mean specìfic grovlth rate and mean ration of
rainbow trout strãin Ì'1t. Lassen at 2 initiaì sizes and 12 ration
leveìs.

Straì n

NominaI
rati on

(% weight.
daY- t ¡

Begi nnì ng Ì,leek Znd
mean - mean

''?¿Tn' ''i¿Tn'

tleek 4th week 6th
mean mean

weight weight(s) (s)

Hean specific
growth rate l'lean rationt z.s.E. ! z.s.E.(2.ãiy:11 (c weiõnt.¿ay-I)

Mt. Lassen

Mt. Lassen

0
0.5
1.0
1E

2.0
4Ê

3.0
1Ê

4.0
¿.q
5.0
ÃE

0
0.5
1.0
I.5
2.0
2.5
3.0

4.0
ic

5.4
4.9
co
a1
5.6
5.6
co

5.6

1E t
1E t

16.7
t5.2
14.8
16.1
16 .0
14. 3
15 .8
15.8
14. 6
1^ 7

5.6

72
1C

7.9
o?

8.4
8.8
9.0
8.8
o1
9.4

t5.2
15.9
19 :5
18.8
19. 5
aa 1

22.4
2r.6
25.1
¿¿.u
L¿.ó
t) 1

4.7
qo
6-¿
9.5

10.8
lr.9
t2.3
13.5
14. 5
13.7
14. I
14.7

14.2
T7.T
22.7
24.6
25.7
30.8
32.3
32.6
aa o
aî o

34 .4
33.6

4.1
qÔ

TL.¿
13 .0
14.8
16 .8
r7 .7
18. 9
18.0
19.3
18.9

L¿, 1

16 .5
tE 1

27 .3
31.3
37 .7
42.2
44.9
48.7
43.9
43. 4
42.4

-0 .43
0. 19
1.27
1.39
r.79
2.02
t1t

2.68
2.+4
2.60
2.53

0.47
0.47
0.76

-0.66 t 0.88
0.56 i 0.65
0.99 t 0.60
r.62 ! 0.47
2.01 t 0.70
2.37 t 0.76
2.53 t 0.33
'¿.78 ! 0.87
2.90 t 1.00
2.83 t 0.91
3.10 t 0.87
2.84 t 1.09

0
0.52 t 0.01
0.99 ! 0.03
1.43 t 0.07
r.87 t 0.13
2.27 ! 0.r3
2.63 t 0.07
3.07 t 0.24
3.ß ! 0.27
3.90 t 0.31
4.25 t 0.35
4.77 ! 0.M

0
0.53 t 0.07
1.00 t 0.00
1.43 t 0.07
I.93 t 0.07
2.33 t 0.07
2.70 t 0.12
3.23 t 0.07
3.50 t 0.3r
4.00 t 0.23
4.43 t 0.37
4.n t 0.29

I (J,by
t 0.38t 0.58t 0.41t 0.44tnao
t 0.70r 0.96t 0.87
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131

Prelimìnary experiment P.3; nominal ration, beginning mean weight'
bìweekìy mäan weight, mean specific growth rate and mean ration of
;;i;il'riãui ii.áìn, lrt- uãiien, at'2 initiaì sizes and 10-11

ration leveìs.

Nomi nal
rati on

(% weìght
daY- r 

¡

Begi nnì ng
mean

wei ght
(s)

lleek 2nd
mean

wei ght
(s)

l'lean specjfic
growth rate

+r c É

(%.aaY-1¡

Mean ration
+r c E

(% weisht. daY-1)

'rleek 4th week 6th

Strai n

mean
.¡¡ej ght

(s)

mean
wei ght

(s)

l4t. Lassen

I'lt . Las sen

14.80 I5.4
16.30 19 . 1

14.80 19.0
15.10 19.8
15.90 2r.7
14.80 20.2
15 . 70 2r.4
14.40 z?.3
13.90 21.8
1s.20 22.8

30.8 30.6
28.2 30.9
29.7 33.5
28. 9 37 .0
30.6 41.3
30.6 41.7
3?.2 42.8
29.4 41.5
32.0 42.4
30.4 41.5
3r.2 43.6

-0.60 t 1.06
1.23 t 0.18
1.48 t 0.30
r.75 t 0.44
1.82 È 0.40
1.86 t 0.37
1.92 i 0.54
2.33 j 0.80
i.88 t 1.34
2.40 ! 0.52

-0.30 t 0.31
0.33 t 0.62
0.67 t 0.18
r.z7 ! 0.52
1Ê11l'72
t.73 ! 0.77
1.56 t 0.70
r.85 ! 0.60
r.76 ! 0.47
1.89 t 0.33
1.97 t 0.91

0
1.00 t 0.00
r.47 t 0.07
1.90 t 0.00
2.37 ! O.O7
2.80 t 0.r2
3.27 ! 0.13
3.70 t 0.12
4.n ! 0.44
4.47 t 0.18

0
0.57 t 0.07
LO3 t 0.00
1.49 t 0.02
I.94 t 0.11
2.40 t 0.13
3.04 t 0.31
3.33 t 0.06
3.83 t 0.13
4.35 t 0"29
5.22 ! 0.58

0
1.0
1.5
2.0
aÊ

3.0

4.0

5.0

0
0.5
1.0
1.5
2.0
'E
3.0
iE

4.0
¿.q
5.0

t2.+
22.4
22.9
26.2
27 .3
)q ô.

29.0
29.2
25.4
30.2

29.4
3t.2
36.4
43 .5
47 .r
55.2
5?.8
53. 1

55 .8
53. I
61.7

11 .5
aa a

27 .6
31.5
34.?
32.3
35.2
îo I
30 .6
4t.7

1a 1

30 .0
?o q

49.2
60. 1

63.2
59 .6
66 .6
66.8
67 .3
7L.6
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Prelìm'inary experiment P.4l nominal ration, begìnning mean weight'
biweekly mean weight, mean specìfic growth rate and mean ration of
raìnbow trout strãìns, Idaho, Tunkwa and their hybrids (IT and TI)
àt 3-8 ration leveìs.

Strai n

Nomi na ì
rati on

(f weignt.
daY- L ¡

Beginnìng
mean

wei ght
(s)

l,leek 2nd week 4th
mean mean

weì ght wei ght(e) (s)

tleek 6th Mean specific
mean qrowth rate

weight ' ! 2.5.E.
(s) (%'aaY-t¡

Mean rationtr c ç
(% weight.day-1)

Ixl

TxT

I xT

Tx l

0
0.5
1.U

ÁÊ

0
1.5
2C

0
0.25
0.75
1.0
2.0
3.0
4.5
5.5

0

^ ,É

0.75
1.0
2.0
3.0
^c
cÃ

4.9
4.9

ca

5.1

5.2
4.6

4.9
5.0
4.9
4.8
4.b
4.9
4.8
4.9

4.9
4.6
4.7
4.t

4.8
4.6

5.5
Êo
72
8.6
ol

4.1
5.6
6.7
oÁ

L¿.+
I1.4

3.3 -0.93 ! 0.65
5.2 o.ts ! 0.72
6.8 0.66 t 0.74
12.2 2.13 t 0.54
13.8 2.n r 1.66
13.3 2.27 t r.36

-0.72 t 0.54
1.39 t 0.61
1.78 t 0.70

-0.64 t 0.48
-0.29 t 0.55
0.35 t 0.49
0.65 t 0.91
7.62 t 0.27
2.03 ! 1.09
1.88 t 1.32
2.03 t 1.07

-0.792 t 0.9s
-0.25 t 0.85
0.54 t 0.95
0.85 t 0.98
1.62 t 0.54
2.21 ! 0.77
2.31 t 0.88
2.27 ! 1.56

0
0.52 t 0.06
0.99 t 0.10
2.24 ! 0.22
3.93 t 0.60
4.85 t 0.74

0
1.48 ! 0.15
3.26 ! 0.23

0
o.?7 ! o3L
0.77 t O.O8
1.01 t 0.09
1.87 t 0.13
2.71 t 034
4.13 t 0.62
4.98 ! 0.65

0
0.26 t O.Ol
0.76 t 0.78
0.99 t 0.10
1.86 t 0.15
2.67 t 0.26
3.99 t 0.44
4.90 t 0.76

3.7 3 .6
6.4 8.3
Ê o at

4.5 4. 3
4.8 4.9

5.5 b.5
6.0 7.5
7.t 10.0
1t oo

7.4 9.8

4.4
4.8

6.1
6.9
7.1

4.4
/.Â
6.2
6.7
8.0
9.9
9.8

r1.0

3.t
9.4
oa

3.7
4.+
Ê7

6.3
ôt

11 .4
I0.5
Il.4

tÊ

4.I
5.8
6.6
9.3

1t )
n.r
t2.r
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Prelìminary experiment P.5; nominal ration, beginning mean wejght, bjweekly
mean weight, mean specific growth rate and mean ration of Arctic charr,
brook trout and rainbow trout at 8 ration levels and 4 temperatures.

Temper-
ature
/O^\

Nomìnaì Beginning week 2nd l,,leek 4th r,Jeek 6th l'ieek 8th Mean specific
ì.ation mean mean mean mean mean growth rate Mean ration

(% v{eight. weight \,reight weight weight weight t 2.S.ç. t 2.S.E.
species ' aay-Í¡ (gi (si (si (si (gi (z.aav-l¡ (% weisll.cqy:L)

10 Arctic charr 
3
1.5
3.0
4.5
6.0
7.0
7.0

0
0
1.5

AE

6

7

o1
on
oo
8.7
8.9
8.7
10
o(

7.r
7.5
6.9
6.9
7.7
7.7
7.1
7.0

o?
8.0
8.6
8.9
oo
8.9
at
7.7

oo
8.4
8.7
8.0
oÃ
oo
oo
70

7a
8.0
7t
70
8.0
8.1
7.6
oa

9.3
8.5
8.4
8.0
8.0
8.5
oc
8.4

8.0
o.a
7.7
ot
7.7
oa
f.i
7.5

7.+

7.2
7.5
7.5
1Ë

7.6
7.5

oc
o1

10. 6
10. 9
11.1
11.3
10. 7
t2.3

7t
6.8
7.7

8.8
o1
7.9
oÃ

ol
11

i0.0
10. 7
I7.Z
r0. 3
11.0
10 .0

o1
10

10.5
r0.2
11 .8
12.2
L2.3
r0. 6

7.t
7.3
8.6

10. 6
11.3
10 .5
9.8

10.6

ó.¿
to
9.6

11.0
11.9
11 t
11 a

12.9

7.5
ð.u
8.8
oÂ
9.3

11 .3
1I.1
9.7

6.9
6.8
8.6
9.9

10 .0
r0.2
10.5
10.3

8.1
I .ó

r2.8
14. 3
1À É

15 .0
12 ô

16.+

b.4
Èa
8.5

10. I
t0.7
9.9
9.4

10. I

7.7
7.0

11 .8
14.4
t3.7
13.2
14.¿
13.0

ao

7.4
12.3
L3.2
14 .8
16.3
16.s
14.4

6.6
6.9

10. 3

12.9
14.2
L¿. I
11.3
r1 0

7.6
11.9
15 .0
15.3
16 .9
i6 .9
77 .9

7.5
10. 3
L¿. ¿
17.3
14. 9
14 .9
tl o

6.6
6.2

10 .0

13.4
1? O

14 .0
13.8

7.8

15.7
1Ô n

18.9
20.3
18.9
,24

6.2
êa

r0.0
12.2
14.0
12.7
11.3
13.1

7t
6.8

14.2
18. 4
t7 .6
17 .6
19 .0
17 .4

7.4
7.4

15. I
17 .5
19.6
21.8
¿¿. J
t9.2

7.2
6.4

T2.I
16 .4
10 t

16.8
1C t

16. 1

6.9
tÊ

rt o

19.7
10 7

¿¿. t
aa)
a1 Q

6.9
7.t

12.0
15 .6
16. 3
19.3
10 7

16.2

6.1qo

12.3
17.4
17 .0
L7 .6
1q ?

18.2

7.7
1C

19 .4
'E 

Ê

24.7
26.7
24.9
29.1

EO
Ê)

1l .8
16 .6
19 .0
15 .6
13 .8
18.9

6.5
6.7

16.9

,, 7

2t.8
23.6
22.8

7.0
6.8

2ô. q

aaÊ
27 .5
ao. o
aÊ 1

6.0
6.2

14.7
ttÊ
24.4
20 .8
2t.r
¿¿,5

6.7
6.4

15 .5
26.3
tF1
27 .8
27 .6
30.3

6.4
6.5

t4.2
20.2
20 .5
23.4
?4.2
2L.9

5.7
5.7

14 .4
21.5
2L.7
21.4

22.3

-0.32 t 0.18
-0.32 t 0.22
1.39 ! 0.07
1.95 r 0.18
I.81 : 0.13
1.98 l 0.15
2.03 ! 0.22
2.00 r 0.18

-0.34 ! 0.35
-0.33 r 0.35
0.89 r 0.25
1.59 r 0.41
1.63:0.53
1.39 t 0.25
1.32 i 0.40
1.74 r 0.53

-0.64 r 0.26
-0.31 ! 0.28
1.18 ! 0.12
1.67 ! 0.13
1.66 ! 0.13
1.57 r 0.46
1.95 I 0.19
1.93 r 0.13

-0.40 ! 0.13
-0.35 r 0.24
1.28 I 0.15
1.96 r 0.23
2.05 : 0.33
2.01 ! 0.34
z.Lo ! 0.29
2.?4 ! 0.47

-0.42 x 0.76
-0.46 ! 0.U
1.25 r 0.06
1.98 t 0.19
1.95 r 0.36
I.66 r 0.29
1.84 r 0.66
1.65 t 0.66

-0.59 ! 0.30
-0.50 ! 0.43
1.08 ! 0.32
2.09 ! 0.18
2.05 ! 0.5I
2.08 ! 0.74
2.07 ! 0.76
?.26 ! 0.6r

-0.40 ! 0.13
-0.41 ! 0.15
1.09 ! 0.06
1.60 ! 0.33
1.67 ! 0.?4
1.88 ! 0.45
1.97 ! 0.43
t .87 ! 0.37

-0.48 r 0.09
-0.51 t 0.22
1.23 r 0.19
1.89 r 0.33
1.92 t 0.29
1.89 ¡ 0.49
1.83 t 0.81
1.96 t 0.44

0
0
1.43 t 0.06
2.8L t. 0.23
4.?2 x 0.32
5.45 t 0.18
6.37 t 0.22
6. ¿l{} t 0.59

0
0
1.48 ! 0.07
2.58 t 0.77
4.42 t 0.41
5.74 t.0.26
6.79:0.35
6.62 ! 0.62

0
0
1.37 ! 0.U
2.83 ! 0.26
4.16 r 0.32
5.61 r 0.31
6.39 I 0.13
6.47 ! 0.54

U

0
1.41 s 0.14
2.76 ! 0.13
4.05 ! 0.09
5.43 ! 0.i0
6.27 ! 0"13
6.35 ! 0.16

0
0
1.45 r 0.07
2.79 ! 0.09
4.13 r û.12
5.57 x Q.l7
6.48 ! 0.38
6.52 t 0.32

0
0
1.48 r 0.05
2.74 ! 0.05
4.05 r 0.13
5.41 ! 0.24
6.24 ! 0.24
6.17 ! 0.38

0
0
1.49 ! 0.10
2.84 r 0.09
4.29 ! 0.35
5.80 ! 0.72
6.49 ! 0.31
6.49 ! 0.63

0
0
1.48 t 0.09
2.84 t 0.15
4.2I x 0.25
5.63 t 0.25
6.59 ¡ 0.45
6.62 t. 0.25

t0 Rainbow trout 0
0
1E

3.0
4.5
6
7

7

13 Arctic charr

10 Brook trout

13 Brook trout 0
0
1C

3.0
dq
6.0
7.0
7.0

i3 Rainbow trout 0
0
i.5
3.0
AE

6.0
7.0
7.0

16 Arctic charn

0
0
i.5
3.0
4.5
6.0
7.0
7.0

0
0
1C

3.0
4.5
6.0
7.0
7.0

0
0
1C

3.0

^q6.0
7.0
7.0

16 Erook trout
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Appendix A. Table 12' ( conti nued )

Iemper-
ature
( 0c ) specr es

Nomi nal
rati on

( % viei ght
¿ay- I )

Eegi nnì ng
mean

wei ght
(sl

r,leek 2nd
mean

wei ght
(e)

tleek 4th -thweek b
mean

wej ght
(s)

week 8th
mean

rvei ght
(s)

l.lean speci fi c
growth rate

+.cc
(%' daY-1 1

mean
wei ght

(s)

Mean ration*rcç
(% weight.dav-t)

16 Rainbow trout

19 Arctic charr

19 Brook trout

19 Rainbow trout

8.2 7.0
8.5 7.4
9.3 10.3
o ? 11 tl

7.2 10.3
9.1 13.3
9 .6 . r4.2
8.2 r2.5

7.0 6.5
7.7 7.0
7.9 8.2

10I .L
10t.J t.o

7.9 8.9
8.0 9.5
7 .6 8.3

6.3 6 .2
6.8 6.4

10.9 lz.2
14.9 r9.7
15 .0 19.9
ro 1 tt Q

19 .9 24 .6
16.8 2r.0

6.2 5.6
b,b o.l
8.9 9.I
8.8 9.5aa o4
10.I 11.5
tr.z 12.7
9.6 10.7

b.u J.t
O.a J'u
9.2 10.5

II.5 LJ.¿
10.2 rl.7
10 . 1 12.0
9.9 1i.4

11.7 12.6

6.3 6.2
5.5 q.O

8.6 9.3
tL.z 14.6
16 .5 19 .4
15 .4 18.6
14.8 I8.4
14.5 16.9

6.1 -0.54 ¿ 0.56
6.+ -0.52 ! 0.44
t3.I 0.61 ! 0.18
27 .4 2.10 r 0.16
26.3 2.32 ! 0.45
27.2 1.99 ! 0.77
29.5 2.03 ! 0.83
25.t 2.02 ! 0.88

5.2 -0.54 ! 0.14
5.7 _0.53 r 0.11
9.6 0.37 ! 0.19
9.9 0.56 ! 0.24
ro.Z 0.60 ! 0.15
r?.2 0.79 t 0.26
t2.8 0.76:0.58
I1.4 0.74 ! 0'23

5.2 -0.62 t 0.22
5.4 -0.48 ! 0.31

12.0 0.92 ! 0.13
15.t 1.21 ! 0.30
13.8 1.05:0.24
13.2 1.20 ! 0.42
t2.8 1.24 1 0.45
13.1 1.02 ! 0.83

6.0 -0.59 r 0.60
4.1 -1.11 ! 0.28

10.3 0.55 ! 0.11
19.1 1.88 ! 0.14
2r.2 1.84 ! 1.14
20.6 1.57 ! 0.70
21.6 1.90 ! 0.88
2t.2 1.84 ! 0.65

0
0
1.54 r 0.10
2.73 t 0.24
3.97 ! 0.32
5.66 ! 0.22
6.59 t 0.39
6.29 x 0.24

0
0
1.59 I 0.10
3.01 t 0.32
4.74 x 0.26
6.08 r 0.38
7.10 t 0.38
7.22 t 0.44

0
0
1.52 ! 0.09
3.17 t 0'40
4.45 : 0.19
5.94 ¡ 0'33
6.89 ! 0.29
7.14 1 0.43

0
0
1.60 I 0.19
2.88 I 0.15
4.19 ! 0.34
5.77 t 0.2Q
6.43 ! 0'25
6.62 ! 0.52

0
0

3.0
4.5
6.0
7.0
7.0

0
0
1.5
3.0
4.5
6.0
7.0
7.0

0
0
1.5
3.0
4.5
6.0
7.0
/.u

0
0
1.5
3.0
4.5
6.0
7.0
7.0

1a

7.0
19
7.7
7.6
6.8
6.4
0.t

6.5
6.4oa
9r4
8.4
8.I
70

l0 .0

8 .3 6.8
7.6 6.3
7 .6 8.1
6.7 8.8
7 .8 11.4
8.7 11.5
7.6 11.4
7.6 10.s
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Preliminary experìment P.5; analysis of variance,and percentage of
uu.iin.ä-.ótpon"nts in tuii*,t, äptimum and maintenance rations and

.o".ifia qrowth rate at maximum and optimum ration for Arctic charr'
¡roof trout and raìnbow trout in 4 temperatures'

Sou rce
d.f'

Rati on
optì mum mai ntenance

q

Va ri ance
M.5. Component

Speci fi c gro$rth rate
maximum optimum

max I mum

M.S. M. S.
Varì ance
Component

Vari ance
Component

c

Vari ance
1"1. S . Component

Vari ance
M. S. Component

Speci es

Temperatuie

Error

2 1.05

3 0.17

b U.J/

0.24* 16

0. 71** 7r

0.04 13

0.02 4

0. l3** 77

0.01 19

0.r5 6

0. 15 44

0.10 49

0.20* 33

0.23** 52

0.02 15

37

-29

34

Note:

t ) Source

Spec ì es

Temperature

Error

Exoected llean Square
a)

d' + nbK'A

2 ..2^o-+naKó

o2 * .KZAB

)\ * ìndicates significant at P < 0'05

indicates significant at P < 0.01
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Append'ix A. Table 14.

Terms used for correction of measured
ration level (food fed per fish weight
as %) to actual dry weight values for
calculating net and gross efficìencies.

Comected Term 
*ô

Tempçrature
(oc)

At maximum
rati on

At optimum
rati on

12.0

14. 3

16 "7

19.0

3.58

3.44

3 "44

3.32

3.88

3.88

3.58

3 "72

*¿ corrected term = Food dry weight as a % of
measure weight (93%) divided
by Fish dry weight as a % of
wet weight (26% to 36%).



Âppendix A Tabre rs ::[ì:l:":";'l;::äî:'¿,";if,'l:l:,"1"ï":]?i:i"ili f:'ïll::'"î[,:ï:l:ï'"ïlìì:iÎiii'*ii öii',ììiiì'':f iåTT'"?'l'iil}'ti::i
srrains Hanx (l8,tl, n,ril,Ïiii ifiüi'.iã',ili;'t'vtü¿-lfiHi in 4 ter[p"ratures and 3 initiaì sizes'

Source

Strains

Teotpera tu re

lnitial Sizes

Strôìns x
Tentpera tures

Strains x
lnitial Sizes

Teilrperôtures x

lni tial Sizes

E rror

Totôì

Haxintunt OPtinlunt

ZI
Variance Variance

df . l,l. S. Corrrponent M. S. Conrponent

Ration (r wet weight.daY-l¡

2

3

2

o.23*

o-7 1**

o.17*ù

0 .03

0.04

0. 18"

0.06

2 .08

6

30

23

0. l0ú

0.66¡*

0. 83"*

0.01

0.05"

0.09**

0. 02

l. 76

Ma i ntenànce
gß.%

Variãnce Varlance Variance

!4.S. ionrponent l',l.S. Conrponent H'S' Cor¡lponent

o

4

35

33

t2

35

Speclfic growth rate (x'ouY-l¡

$laxinlunt ration 0ptirrlulll ration

0.00

0.09r*

0.15*r

0.00

0.0¡

0 .0'¿ **

0.00

o.21

A,

!suçq
Stra ins

Tenrpe ra tu re s

lnitiaì Sizes

Strains x TetrPeratures

Strains x fnitiaì Sizes

Tenrperatures x Initial Sizes

Error

O

22

100

o
29

35

0. 32*

0.03

I .28ÈÂ

0.01

0 .02

0 .07 Ê*

0.01

1.74

l0

t00

l6

I

63

o

Net efficiencY (%l

Haxitttunt ration 0ptilllunt ration

I%
Variance Variance

11,S. Cotrrponent l'l'S' Co¡ìlponent

0. l0tÂ

0.07tt

0 . 49*Ê

0 .01*

0 .00

0.02rr

0 .00

0.69

6

t00

t2

lo

60

Fxnected Mean Squares

o2 * nb.K2A

o2 * na.K2ß

o2 + nabK2c

o2, n.K2Aß

o2 * nbK2Ac

o2 + naK2Bc

oz 1 ¡62¡gc

O These cornponents were < o and not included when calculating L

7.60tt

0. 58

4 I .68ûû

0. 33

0.7t

3 .OBi*

0. 54

54.52

6

100

l I 9.23

I ll.B9À

6l 92.38*t

O z.tJt

2 2.92

16 3.72

l0 4 .0tl

100 126.29

Gross efficiencY (%)

Maxintuttl rôtion 0ptinlulll ration

I 'i',

Variance Var i ance

M.S. Conr¡lonent M'S. Corìlponent

l0

3

100

4

I

54

O

6.79**

I .07

29.92*à

0.31

0 .67

I .67*

0.32

40. 75

14 1.39 5

2 15./l* 16

63 56.30** 46

O 1.64 I

2r.2o

29

100

B 2.00

100 89.02

4.78 l2

20

:r

(¡)
\.1
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Sou rce

Definìtive experinents; analysls of variance and percentage of.variance.components in maximum, optìnrun and maintenance

rations and specific s.ou,;ñ'íãtã, net efficiency änd grosð efficiency at maxi¡num and optimum rations of rainbovl trout
;;;;i;; H;;; ¡fit4i, Nisõualtv (NN) and their hvbrid (HN) in 4 temperatures at each initiaì size'

¡nitiaì Size_7 9.

Strains 2 0.15

Temperatures 3 0.33

Error 6 0. l0

Total ll 0.58

lnitiaì Size !þ.
Strains 2 0.00

Temperatures 3 0.68**

Error 6 0.01

Total I t 0.69

Initial Sìze 67_9.

Strains 2 0. l5

Temperötures 3 0. l3

E rror 6 0.03

Totaì ll 0.31

df.

Maxi¡num

Ration (g wet weignt.daY-l)

dd
hþ

Varì ance Vari ance
Conìponent M.S. Component

0ptimum I'laintenance

1

41

53

100

0. 03

0.58**

0.01

o.62

0.00

0. l7**

0.01

0. l8

0. l7

0.09

0. 04

0. 30

Varlance
H.S. Conponent

2

93

5

100

Specific grovrth rðte (g.¿aY-t)

l.laxinlum ration 0ptinrulÌ ration
%%

Variance Variance
H.S. Conrponent M.S' ComPonent

o
95

5

100

0. 00

0.09*

0.00

0.l0

0.01

0,04**

0. 00

0. 04

0.0 r

0.01

0. 00

0 .02

o
9l

9

100

O
85

l5

100

Note: Source

Stra i ns

ï empera tures

trror

0.22**

0.0s

0.02

o.29

0.06**

0. l l**

0 .00

0. t7

0.09**

0 .01

0.01

0.u

3?

35

32

r00

66

tr3

2l

100

Net efficiency (%)

Haximunr ration 0Ptinlum ration

%,7
Variance Variance

M.S. Conrponent 14.S. ConPonent

o
86

14

100

0. 05*

0.07**

0.01

0.13

0. 0z*

0.03**

0.00

0.0s

0.05t

0.01

0. 00

0.06

31

t9

44

t00

O These contponents < 0 and were not incìuded in calculatinq %

26

58

l6

i00

Expected l4ean Squares

o2 * nbKZA

oz o nuKz}

u2 * .K2AB

68

I

I00

4 .55*

l .20

0. 63

6. 38

1.9

3 .6*"

0.40

5.9

2.55*

1.93*

0. 37

4 .85

14

43

43

100

54

tl
35

100

Gross efficiencY (Í)
Maxinrunt ration 0Ptinìum ration

x'Á
Variance Varìônce

14.S. Conìponent l'1.S. Conlponent

24

58

l8

100

11.30

3. tJ7

5.25

20.q2

2.4

14.93i*

0.57

r7.9

1.35

0. 53

4.40

6.28

76

o
24

t00

¿õ

O
74

100

20

5B

22

t00

3 .95**

o.2l

0. 28

4.50

2.25

3.47**

0.33

6. 05

1.90*

0. 70

o.32

2.92

69

l3

t9

100

77

o
?3

100

I

82

10

100

4.35 6

4.23 7

3.42 87

12.00 100

4.7 15

19.77** 83

0. Ì8 2

24.65 100

0.7s o
r.?7 I
2.03 92

4.05 100

38

36

26

t00

26

56

18

100

5

o
95

100

47

t5

3B

t00

(¡)
Gf
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Defìnitive experiment D'1; nominal ration, beginning mean weight' 
-

oiweefty mean weight, mean specific growth rate and mean ration of
;;ï;b"'tr" trõut strãins l'lanx and t'tisquálìv and their hybrid (MN) in
4 temperatures and I ration levels.

Temper-
ature
(oc ) Strai n

week 2nd l'leek 4th
mean mean

weight weight(s) (s)

Nomi na I
rati on

(i we'ight.
day- I )

Begi nnì ng
mean

wei ght
(s)

l,leek 6th Î''tean specific
mean growth rate Mean ration

weioht !z.S.E. tz.S.E.
(si (%. day-l) (% weìght. day-t)

L2.0 Hanx

L?.0 Ni squal lY

12.0 I'lanx x

Ni squal lY

0
0
1.5
3.0
¿q
6.0
7.0
7.0

0
0

3.0
¿.q
6.0
7.0
7.0

0
0
1.5
3.0
4.5
6.0
7.0

0
0
1.5
3.0
4.6
6.0
7.0
7.0

0
0
1É

3.0
Àc

6.0
7.0
7.0

0
0
1Ã

3.0
4.5
6.0
7.0
7.0

0
0
1C

3.0
ÀE

6.0
7.0
7.0

0
0
1.5
3.0
¿.(
6.0
7.0
7.0

7.1
7.2
8.0
8.0
7.+
7.0
o1
7.7

6.5
7.8
7.r
11

7.6
7t

70
7.8
7.0

7.6
7.t
8.0
6.9

7.6
8.2
7.3
6.4
8.7

7.7

Êq
7.r
7.r
7.0
6.4
6.8
7.0
7.7

7.4
7.6
6.9

aa

7.6
/ .¿

L3
7.8
7.9
8.1
6.9
1L
8.4

7.4
6.1
8.0
6.0
6.8
6.7

7.t

6.4
6.5
o1
9.7
ôq
o1

10 .5
10. r

5.6
6.5
7.8
9.I
9.7

r0.2
11 .0
10. r

7.0
6.7
f . i
9.1
9.7q7

r0 .5
9.4

1E

7.2
7.9
7.7

11 .4
o1
9.0

11.3

6.5
5.8
8.0
8.4
o1
9.6

1n d

t0 .4

6.4

8.6
oÊ

.o Ã

10 .4
10. 5
10. i

6.7
6.6
8.5,
9.6
o1

10 .4
11. 1

10. 7

5.9
EI
ol

7 .t
o^
oÊ

10.5
10.3

6.0
6.0

12.6
t2.r
11 .2
L¿. I
13.0

5.4
6.1
8.8

11.9
L¿,O
LZ.7
13.6
12.9

6.3
e1

9.4
11.6
12.2
12.6
13. 1

12.5

6.9
6.6
8.9
9.3

11 .4
t2.2
14 .0

6.0
Ê1

8.8
r0.7
12.4
12.7
13 .5
13.7

5.8
6.0
9.8

10 .8
t2.6
13. 5
13 .9
1A 1

5.8
6.1
9.4

11.9
II,5
13.2

13.4

5.4
4.7
on
oo

t2.5
12.6
LJ.O
t3.2

11 .4
15.9
14. 5

13.9
16 .4
rE t

5.1

10 .5
15.7
1s .6
15 .0
t6.5

6.0
6.2

r1.8
14.7
14.9
16.3
L5.2
1E ?

6.2
10 .5
L¿, J
16.3
14. 3
15.1
t6.7

11.I
13.9
L6.Z
1Q O

17.5
17 .2

5.4
5.6

tL.z
r, o

r7 .0
17 '17 .6

5.7
10. 1

14.9
13.8
16.1
15 .9

!6.2
5.0
4-4
oo

11.8
16 .8
16.3
17.0
17. I

-0.58 I 0.30
-0.54 ! 0.31
0.87 ! 0.26
1.69 ! 0.33
1.50 1 0.58
1.66 ! 0.20
1.71 1 0.20
1.67 ! 0.52

-0.60 I 0.49
-u.b/ ! u.5v
0.95 t 0.31
1.87 ! 0.42
i.79 I 0.36
I.70 ! 0.57
1.88 ! I.59
1.91 ! 0.60

-0.71 ! 0.?7
-0.55 ! 0.60
1.27 ! 0.37
1.64 x 0.27
1.65 : 0.20
2.02 ! 0.26
1.57 i 0.49
2.02 t 0.40

-0.50 ! 0.46
-0.68 I 0.33
0.89 I 0.33
1.60 ! 0.49
1 .52 I 0.30
1.87 ! 0.28
1.67 ! 0.69
1.71 l 0.58

-0.35 ! 0.37
-0,73 i 0.81
I.07 i 0.53
1.68 ! 0.46
2.28 I 0.30
2.48 ! 0.42
?..2? ! 0.57
t .95 ! 0.36

-0.77 t 0.35
-0.67 ! 0.49
l.16 i 0.41
1.54 I 0.48
1.93 r 0.31
1.99 t 0.38
1.99 I 0.46
2.19 1 0.30

-0.83 ! 0.31
-0.77 r 0.40
0.59 ! 0.24
1.50 ! 0.21
1.69: 0.41
1.89 ! 0.55
1.59 I 0.54
I.92 r 0.78

-0.95 i 0.64
-0.78 ! 0.58
0.52 ! 0.29
1.65 ! 0.44
2.27 ! 0.29
t 1t ! 

^ 
1A

2.07 t 0.62
2.14 t 0.53

0
0
1.45 ! 0.07
2.73 I 0.10
4.14 ! 0.23
5 .43 ! 0.38
6"37 ! 0.43
6.12 ! 0.52

0
0
I.45 È 0.67
2.70 i 0.10
4.00 : 0.29
5.40 t 0.49
5.84 ! 1.00
6.06 i 0.54

0
0
1.43 ! 0.09
2.75 x 0.12
3.97 I 0.13
5.19 i 0.46
6.?8 ! 0.44
5.91 ! 0.31

0
0
1.46 r 0.05
2.77 ! 0.19
4.01 ! 0.44
5.32 ! 0.28
6.10 t 0.51
6.42 ! 0.37

0
0
1.41 1 0.12
2.73 ! 0.13
3.90 ! 0.20
5.04 ! 0.56
5.89 I 0.66
5.96 t 0.63

0
0
1.47 ! 0.07
?.76 ! 0.IZ
4.02 r 0.18
5.08 ! 0.60
5.89 r 0.73
6.03:0'48

0
0
1.49:0.06
2.70 ! 0.24
4.10 È 0.19
5.27 ! 0.26
6.02 ! 0.17
5.94 ! 0.28

0
0
1.48 ! 0.07
2.64 t 0.38
3.85 x 0.27
5.13 r 0. U
6.2? :. 0.38
6.07 : 0.82

14. 3 l4anx

14. 3 Manx x
Njsqual lY

14.3 NisquallY

16.7 Manx

16.7 Ni squaì ly
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Appendix A. Table 17. (continued)

Temper-
ature
(oc) strain

Nomi naì
rati on

(% weight.
daY- r ¡

Begi nnì ng
mean

wei ght
(s)

week 2nd
mean

wei ght
(sl

t'leek 4th
mean

wej ght
(sl

Ì,leek 6th l,lean Specifìc
meaF growth rate

weiqht t z.S.t.
(sl (tá.dav-r)

Mean ration
+rcç

t% weight.day-r)

16.7 Manx x

Ni squal lY
0
0
1<

3.0

6.0
7.0
7.0

0
0
1.5
3.0
^Ê
6.0
7.0
7.0

0
0
1Ê

3.0

6.0
7.0
7.0

0
0
1.5

4.5
6.0
7.0
7.O

7.4
6.7
AC

7 .r
7.1
7.6
71

7.8
7.7
6.6
8.3
6.6
7.7

a)

5.9
6.7
6.8
7.0
6.6
qq
5.I
6.5

6.4
7t
7,1
7.4
6.9

7.6
7.0

6.9
6.4
1a
ôì
9.+

10.2

Ãa.
6.5

9.9
9.0

10. 5
10. 1

11 .5

4.7
5.4
7.7
8.2
o?
8.4
oo
oo

6.3
5.8

I1 .4
t2.s
13. 6
14. 5

13. 4

6.0
Êo
oÂ

LZ.0
11 .6
13.0
t2.8
14 .3

4.5
5.0
oô

10.1
12.6
tt.5
1t t
1' Q

E1
ca

8.9
L4.7

L7 .3
18.0
17. I

EÂ

5.0
9.3

t4.7
14. I
1Ê O

14.6
17.0

îo

^c
oq

13 .4
16.7
15.r
15 .6

4.4

8.6
14. I
14.2
1.7 .2
L7 .4
16.2

-0.92 ! 0.40
-0.89 t 0.28
0.7L ! 0.12
I.64 t 0.24
1.96 t 0.35
2.17 :0.85
2.I0 : 0.90
2.07 ! 0.38

-0.86 i 0.52
-1.03 i 0.25
0.82 ! 0.35
1.41 ! 0.15
1.85 i 0.49
1.77 ! 0.48
1.56 ! 0.58
1.79 ! 0.70

-1.06 ! 0.84
-0.94 I 0.57
0.89 ! 0.21
1.59 I 0.49
.ac+dtÊ

2.45 ! 0.63
2.7? ! 1.24
2.r4 ! 0.92

-0.93 ! 0.43
-0.72 ! 0.?0
-0.48 I 0.66
I.57 ! 0.37
I.77 ! 0.90
2.08 ! 0.66
z.oL t l.?7
2.03 ! 0.83

0
0
1.45 : 0.13
2.75 ! 0.17
3.95 ! 0.22
5.35 r 0.43
6 .24 ! 0.53
6.02:0.53

0
0
1.48 I 0.11
2.78 t 0.r4
4.12 ! 0.11
5.01 ! 0.78
6.12 ! 0.09
5.88 ! 0.66

0
0
1.45 ! 0.05
2.77 ! o.rc
a oa + 

^ 
to

5.06 ! 0.37
5.73 t 0.63
6.03 ! 0.67

0
0
I.50 ! 0.03
2.74 ! 0.08
4.14 ! 0.31
5.06 ! 0.49
6.11 ! 0.86
6.00 ! 0.41

19 .0 l'lanx

19.0 Nisqual IY

19 .0 l'lanx x

NisquaììY

Ê ? ¿A
6.4 5.8
b.9 t.ö
8.9 I1.3
9.7 r2.5

10 . 7 13.6
I2.0 14.2
10.3 I3.5

t;
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Definitive experiment D-2; nominal ration' beginning mean weìght'-
biweekly mean weight, mean specifìc growth rate and mean ratìon o1

;;;;b;-'tiãui st.ãins Hanx and nisquállv and their hvbrid (l4tl) jn

4 temperatures and I ration levels.

Temper-
ature
(oc) strain

Nomi na ì
rati on

(% weight.
oay- I )

8eginning
mean

wei ght
(s)

week znd ,,]eek 4th
mean mean

wei ght $¿ei ght(s) (s)

!.leek 6th Mean specific
mean growth rate Mean ration

weisht -!2.s.Ç. tz-s.E'..r.
(g) (%.daY-i) (9í weight.day')

12.0 Manx

12.0 Ni squal I Y

12.0 Manx x
N i squaì ìY

14.3 l'lanx

14.3 NìsquallY

14.3 ¡|anx x
NisquallY

16.7 Manx

0
0
rE
3.0
AE

6.0
7.0
7.0

0
0
IE

3.0
Áq
6.0
7.0
7.0

0
0
!E

3.0
4.5
6.0
7.0
7.0

0
0
1C

3.0

6.0
7.0
7.0

0
0

3.0

6.0
7.0
7.0

0
0
1.5
3.0
4.5
6.0
7.0
7.0

0
0
I.5
3.0
4.5
6.0
7.0
7.0

0
0
tÊ

3.0

6.0
7.0
7.0

16. 6
ts.7
16.5
t7 .5
18.4
r6.0
17. 3
16 .8

16. 5

16.3
18. i
10 a

i9 .3
16 .8
T7.T
15 .5

16.3
1É 6.

rc o

15.7
17 .4
1E O

rE t

17 .8

r7.0
17 .8
17.0
16 .0
16.1
16. 5
15 .8
L7 .9

17 .o
18. 0
15.0
15.6
14.5
14.5
16.0
16 .0

17.8
17 .4
14.2
18.4
i6 .5
t7 .3
16 .0
16. 9

L7 .0
i5.3
10 ?

19.0
I8. 4
1É C

16 .8
1C t

16 .8

16.3
1Ê t
15. 3
17.8
17 .t
r7 .4

15.5
1C a

19 .8
23.9
26.0
2t.9
24.4
tro

14.2
tt)
24.6
26.9
aa a

25.4
?2.6

14 .0
t4. 4
19. 4
21 .8
u1 1

aa 1

¿¿.ó
25.2

14.8
15.6
10 7

,1 0

22.8
22.6
aaa
a1 a

15.0
1Ê Q

r7 .6
t! o

20. I
20.4

,)'\ ô.

16.3
rs.2
T7,T
25.0
23.8
24.8
22.4
24 .1

14 .8
13.5
20.2
aq 7

25.r
22.6
24.r
22.1

1C 
^1a c

17 .8
2r.3
)1 t
taa
26.r
27 .3

16.7
13.9
23.7
30 .9
34.?
)o7
32.r
32.1

14.7
1? O

3?.7
34. 6

34.2
J+,0
33.2

13. 9
14. 5
23.8
29.6
31 .0
3?.9

rÉ 1

14.4
16.4
aa a
ro n

29.2
,o ?

?8.4
32.2

1) a

15.1
20.4
ao )
a1 I
ao 1

31.I
33.7

14.7
ro (
32.1
31.4
36.2
31.8
aÊ t

1a 1

13. I
22.2
32.9
aa 1

31. 1

32.9
29.+

14. I
12.3
20.4
26.8
29.2
36 .6
1Ê 

^
35 .8

16.7
13.2
28.8
39 .0
45.7
36 .4
41.8
39 .8

14.4
t3.7
32.r
42.9
48,4
43 .0
¿.7 ñ
43.9

13.5rt o

ro ô

40. 5

44.8
41.6
46 .0

12.g
14.5
27 .8
35 .6
33.9
35 .0
1a a
ro 1

13. 0
14. 4
24.6
36.7
32.7

36 .4
?ôt

t4.4
1t 1

¿¿.o
40.7
37 .1
43.4
36.0
4I.?

12.6
L¿.3
25.6
42.8
40.3

40 .6

13. I
r1 0

ta. )
34.8
a1 a

46. i
42.8
46.3

-0.004! 0.60
-0.40 x 0.22
1.32 ! 0.06
101+fl?4
2.17 x 0-32
1.96 r 0.52
2.11 t 0.36
2.06 ! 0.52

-0.32 t 0.26
-0.43 r 0.56
1.33 r 0.21
2.04 t 0.14
2.2Q x 0.39
2.34 x 0.74
2.40 x 0.4?
2.48:0.48

-0.44 t 0.63
-0.40 t 0.56
1.45 r 0.06
2.24 x 0.12
2.17 t 0.?0
2.50 t 0.29
2.39 : 0.48
2.25 t 0.33

-n 7? + ñ (Ã

-0.49 t 0.86
0.77 t 0"64
1.90 : 0.34
1.77 t 0.82
1.79 t 0.55
1.77 x 0.78
1.80 r 0.61

-0.63 r 0.31'
-0.54 t 0.42
I.18 : 0. 17

2.04 r 0.36
1.94 : 0.73
2.13 r 0.60
1.96 r 0.90
2.13 t 1.06

-0.50 r 0.14
-0.64 : 0.40
1.09:0.19
1.89 r 0.30
1.93 ¿ 0.82
2.20 ¡. 0.89
1.93 r 1.04
2.IZ ! l.0l

-0.71 j 0.30
-0.47:0,45
0.81 t 0.22
1.99 : 0.18
I.89 t 0.46
2.42 t 0.30
2.10 r 0.63
2.16 t 0.56

-0.59 ! 0.22
-0.56 t 0.35
0.95 t 0.33
1.82:0'17
2.15 t 0.31
2.33 t 1.00
2.18 r 0.91
2.40 r 0.84

0
0
1 .36 ! 0.01
2.60 t 0.07
3.82 t 0.10
5.23 t 0.31
5.97 r 0.18
6.00 t 0.25

0
0
1.36 r 0.02
2.57 r 0.03
3.81 r 0.12
5.L7 t 0.2?
5.83 t 0.20
5.80 r 0.23

0
0
1.35 r 0.01
2.54 r 0.03
3.82: 0"06
4.96 r 0.12
5.85 * 0.20
5.90 r 0.16

0
0
1.39 t 0.01
2.60 t 0.07
3.95 r 0.25
5.25 t 0.23
b,I4 ! U.J/
5.86 ¿ 0.69

0
0
1.38 t 0.02
2.58 t 0'05
3.90 t 0.22
5.11 r 0.25
6.05 r 0.43
5.96 r 0.51

0
0
1.36 r 0'06
2.60 t 0.07
3.90 t 0.25
5.09 t 0.37( o? ¡ ñ 2d

5.96: 0'46

0
0
1.42 x 0.02
2.9? t 0.66
3.91 r 0.15
5.00 t 0.12
5.98 r 0.30
5.95 t 0'27

0
0
1.40 t 0.04
2.6? t 0.03
3.83 t 0. 10
5.05 t 0.37
5.94 t 0.44
5.84 r 0.39

L6.7 Nì squaì 1Y
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Appendix A. Table 18. (continued)

Iemper-
ature
( oc ) Strain

Nomi nal Begi nnì ng
ration mean

(% weight. weight
daY- I ¡ (Sl

week znd 'rleek 4th t'leek 6th Mean specific
oroHth rate Mean ration- ! z.s.E. t z.s.e .
(%.day-t¡ (% weight.day-¡)

mean
weì ght

(sl

mean mean
weight weight(sl (s)

16.7 l4anx x
NÍsqua11Y

19.0 Manx

0
0

3.0
¿q
6.0
7.0
7.0

0
0
1.5
3.0
4.5
6.0
7.0
7.0

0
0
rÊ
3.0
4.5
6.0
7.0
7.0

0
0
1.5
3.0
4.5
6.0
7.0
7.0

15.3
16.3
17.8
16.9
15 .3

15 .8
1a a

t6 .4
16.9
t9.2
15 .3
t7 .7
16.4
14 0

16.2

16 .4
16. I
16 .5
18.1
10 0

18.6
16 .6
20.2

17 .7

16. 1

t5.z
15.9
17. I
15 .8

13.9
I¿+, 5
20.3
20.4
2r.8
26.9
¿3.ô
ao1

14.2
14. 9
20.6
t9. 1
aÈ À

22.8
21.6
23.5

13. 7

14. 3
17 0

t2a
26.r
26.6
?4.6
30. I

15 .6
12 0

18.0
19. 6
20.?
23. r
22.9
26.r

t2.5

23.r
28. 8
29.6
36 .9
1a a

39.0

t3.7
14. 3

24.5
30 .5
29.9
26.8
29.2

L¿.ó
13.2
20.2
29.7
34. 3
34. 4
JZ. t
?o n

14. 5
lt a

20.5
25.5
27 .6
29.6
28. 0
35 .8

11.7
13.4
26.1
36.5
38. I
46. I
42.2
50.3

LJ.¿
r3.6
25.9
29.6
36.4
36 .0
32.6
35 .4

r2.4
r2.9
aa 1

37 .7
41 .4
41.6
39 .8
47 .9

13 .6
11.7
23.4
31.9
34 .6
36 .0
aca

43.2

-0.62 x 0.27
-0.45 i 0.42
0.92 r 0.04
1.83 ! 0.68
2.18 : 0.43
2.27 x 0.78
2.35 I 0.70
2 .49 t 0.91

-0.52 ! 0.52
-0.52 r 0.39
0.72 ! 0.25
]'56 ! 0.23
1.72 ! 0.87
1.88 t 0.60
1.57 ! 0.19
1.86 r 0.80

-0.63:0.64
-0.42 r 0.61
0.86 ! 0.33
1.75 ! 0.11
1.89 r 0.58
1.92 t 0.70
2.08 r 0.81
2.09 r 0.82

-0.64 ! 0.30
-0.65 r 0.73
0.89 : 0.1I
1.77 t 0.17
L86 ! 0.37
1.77 t 0.43
1.91 t 0.77
2.L2 x 0.83

0
0
1.40 1 0.01
2.61 ! 0.12
3.82 r 0.14
5.04 r 0.29
5.83 i 0.35
5.80 ! 0"43

0
0
1.58 r 0.30
2.64 ! 0.02
3.96 ! 0.27
5.23 t. 0.22
6.24 r 0.10
6.07 ! 0.28

0
0
1.42 x 0.02
2.65 r 0.04
3.91 t 0.18
5.22 ! 0.25
5.99 i 0.39
6.02 r 0.43

0
0
1.41 ! 0.01
2.63 r 0.03
3.9? t 0.72
5.29 ! 0.?2
6.07 ! 0"36
5.97 r 0.40

19.0 NisqualìY

19 .0 Manx x
NisqualìY
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Definitive experiment 0,3; nomìnal ration, begìnning mean weight,
biweekly mean we'ight, mean specìfìc groÞ,th rate ¿nd mean ration of
rainbow trout strains l'lanx and l{jsouaìly ano their hybrid (i1N) in
4 temperatures anci 8 ration levels.

Ternpe r-
ature
(oC) Strðin

Nominal Begìnning
ration mean

(îJ weight. weìght
daY-r¡ (S)

|./eek 2nd tleek 4 
th

mean mean
we i ght we i ght(s) (g)

l,ieek 6th l.lean specific
mean growth rate l'lean ration

weiqht :2.S.E. t z.S.E.
(s) (i.oay-I.¡ (ri weight.day-1)

L2.0 Manx

12.0 NisquallY

12 .0 I'lanx x
Ni squa l ly

14.3 Manx

14.3 Nisquaììy

14. 3 I'lanx x
Nì squal ì y

16.7 l'lanx

0
0

3.0

6.0
7.0
7.0

0
0

3.0
4.5
6.0
7.0
7.0

0
0
I.5
3.0
4.5
6.0
7.0
7.0

0
0
1.5
3.0
Ác

6.0
7.0
7.0

0
0
tc

3.0
4.5
6.0
7.0
7.0

0
0
L5
3.0
4.5
6.0
7.0
7.0

0
0
tc

3.0

6.0
7.0
7.0

0
0

3.0
4.5
6.0
7.0
7.0

64.5
67 .6
64.3
68.8
67 .0
69.2
65 .0
65.0

68. 5
Ãô)
67.0
71 0

6?.9
68.2
68. 4
67 .4

66 .4
65 .0
69.4
66 .0
67 .0

65 .0
68. 4

67 .7
63. 1

60.9
68. 3

63.3
65.4
66.4
68. 4

67 .6
68. 4
67 .3
66.7
6?.8
68. 5
63.0
68.2

64.4
Ê1 a

65. 8
68. 6
60.2
66.0
64. I
6I. t

68. 6
65.0
63. I
64.3
66 .4
69.3
66.0
66 .8

66.2
60.0
66 .6
64. 1

62.2
62.0
65. r
60 .0

59.5
62.8
74.7
84.5
81.3
84.3
80.3
72.0

62.t
6?.r
704
88. 4
71 0

70 n

94. 9
86 .9

6i.6
56 .8
76 .0
84. 1

89 .6
86 .5
80. 0
90.5

66.7

66 .0
77 .9
74.7
80. 1

80.3
80 .4

63.8
60. 0

oo. L

82.0
81.2
78. 0
87 .8

Êa a

6r.2
80.6
80.2
71 .0
84. 4
81.3
76.0

66.?
62.5

77 .7
80 .0
88. I
1a a

88. 2

61.6q2 0

71. I
80. 0
76.2
7ô n

80.8
77.1

63.0
75.4
oÊ7
93.2

t0?.0
91.0
84.5

60. 0
60.5

101.1
r09.5

89 .8
97.3

r22.8
106 .8

61 .5
54. 6
85.8

104. 3

108. 2
103. 5

t01 .0
109.3

63.1
52.s
75.5
90. 0
89.7
98 .8
96.3
99.0

60.2
co t
86 .0

101.3
102 .9
I01.0

96 .0
106 .5

61.5
92.9
qqÁ

90.7
107.3
1^t o
qÂq

60.5
co E

85.0
o, c

95.6
99. I
92.6

l no Â

60.0
52.5
81.2
07 E

92.9
100 .5
100. 8
9?.2

54.5
60.3
84.5

r17.0
104.6
r14.7
107.3
o9)

57 .2
57.0

r02.2
! 1Ë ?

104.7
114.2
155 .4
131.3

57 .8
5?.0

100.2
126.0
r29.8
126.6
I?1.4
r28.?

61.7
¿qÂ
88. 2

I04. 7

116.3
i16.8
I14.7
112.3

57. s
Â( o

101.3
118.8
125.0
126 .8
115.2
t22.9

49.2
58. 0

103. 6
t10 ?

114.9
t27 .0
t34 .0
116.4

56.2
58.3

100 .0
111.2
111. 6
120. 6
115.0
137 .7

56 .4
50.7
o)a

110.9
110.8
1i8. 4
126.6
124.8

-0.40 ! 0. I9
-0.27 : 0.32
0.86 ! 0.22
1.27 : 0.31,
l. 13 : 0.47
l.?0 = 0.37
1 lo - n ?a

0.98:0.26

-0.43:0.28
-0.46 : 0.34
1.0I : 0.96
1.51 : 0.04
I.21:0.40
1.23 : 0.27
1.95 : 0.40
1 qo ¿ n ,1

-n1?-n?,
-0.53:0.43
0.88:0.27
1.52 : 0. 18
L57:0.50
1.50:0.30
1.49:0.20
1.50:0.52

-0.22 t 0.17
-0.57:0.33
0.88 r 0.32
1.02:0.08
1.45 : 0.41
lta-^)a
1.30:0.65
1. 18 : 0.39

-0.39 : 0.06
-0,42 = 0.60
0.97 : 0.2?
1.38 : 0.63
I.64 : 0.30
1.47 : 0.26
I.44 l 0.14
1.40:0.45

-0.64:0.96
-0.35 : 0.41
1.08 : 0.39
]t3? t 0.?9
1.54 : 0.36
I.56 : 0.36
1.76 : 0.73
1 Ã? ¡ ñ 

^E

-0.48:0.23
-0.27 t 0.26
1.07 :. Q.52
1.34:0.12
1.24 : 0.14
1.36 t 0.65
1.32 : 0.39
]r77 : 0.37

-0.38 r 0.20
-0.42 : 0.40
0.48 : 0.95
1.35:0.46
1 20 - ^ 

1t

1.59:0.42
1.58:0.05
1.79:0.53

0
0
1.4I:0.08
3. 14 : 0.78
¿ 17 + rì 1ô

5.45:0.09
6.42 :: 0.L7
Â ¿a + n 17

0
0
I.34:0.03
2.6] l 0.14
4.25 I 0.81
5.45: 0.17
6.17: 0.93
6. 11 r 0.12

0
0
1.48: 0.19
2.68 : 0.47
4.01:0.16
5.32: 0.15
6.27 : 0.10
6.13: 0.12

0
0
1.41:0.04
2.79 : 0.01
A. 12 + 1' îll
5.40 r 0.03
6.34 t 0.03
6.33: 0.10

0
0
1.40 r 0.02
t 4Ê - ^ 

tl

3.99 r 0.10
5.29 : 0.20
6.10 r 0.06

0
0
1.38:0.05
2.67:0.17
4.02: 0.11
5.27:0.03
6.14: 0.04
5.06:0.20

0
0
1.41:0.03
, q? ! ô ?^

4.11 : 0.04
4.92:0.53
6.2? : 0.60
6.08 r 0.43

0
0
I.37: 0.11
2.6? : 0.23
3.80:0.25
5.25:0.48
6.16: 0.08
6.05:0.13

16.7 Nisqually
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Append i x A. Iable I9. ( conti nued )

Temper-
atu re
(oc )

Nomìnaì Beg'inning
rati on mean

(Í! weignt. weight
day-i) (sl

l.Jeek 2 Week 4
mean mean

wei ght wei ght(sl (sl

Mean specifìc
growth- rate

i2\t
(?J.oay-l¡

Mean ratìon
+^.F- ¿-).¿-

(t; wejght.day-1)

l,leek 6

mean
wei 9ht

(sl

16.7 Manx x
Nisquaìly

19 .0 Manx

19.0 Nisqualìy

19. 0 ¡.'lanx x
Nisqual1y

0
0
tc

3.0

6.0
7.0
7.0

0
0

3.0
Ác

6.0
7.0
7.0

0
0

3.0
^c
6.0
7.0
7.0

0
0
1.5
3.0

6.0
7.0
7.0

65.8
66.3
57 .0
69.5
70. I
64.8
63. I
6?.2

64 .8
64.5
63. 6

60.0
64. 9
66.2
66 .5

67 .7
69.7
56.4
70. 3
66.0
66.7
67 .8
69.2

6¿.t1
64.5
66.1
63.9
63.0
67 .L
67 .0
69 .0

62.3

66.5
ot t
qc r

78.7

75.4

58.8
57 .5
/4,5
84.6
72.5
76 .4
76.5
84.4

62.6
63.8
60.0
aon
83. 7

8s .0
94.3
90. 4

54 .8
58. 0
1Ê 1

11 E

79.3
94. I
88.0
88. 5

59.¿
62.3
77 .2
oo 

^oo ?

99.6
r01.6
a\2

54.2
aa 1

r01.3
90. 6
o, I
88. 0

107.0

59. 0
60. 0
65.2

I04 .0
r04.7
103.5
121.6
113.7

cô o

54.6
84.4
oì l

I02.5
105 .6
116.7
107.1

56.2
60.2
88. 8

t24.5
It7.0
t18.0
L¿J.¿
121.3

4)1
50.0

r15.6
110.4
101.2
105.7
1)O t

56 .8
68. 7

121.2
I24. I
L¿1.¿
146.2
141.9

46.4
53 .2
94.2

I07.3
t27 .3
130.6
138. I
t25.2

-0.38:0.02
-0.24 : 0.L7
1.06 : 0.06
L.+¿ = U,¿5
1.18: 0.14
L46 : 0.27
I.6l : 0.66
1.63 I 0.15

-n q? - ô lA
-0'6i : Q.24
0.98 : 0.2q
1.29:0.39
1.45 : 0. 15
L06 : 0.41
1.11 : 0.20
1.62 ! 0.29

-n1?-ô??
-0.50 : 0. 18
n ¿.7 - ô r?
1.34:0.47
I.50 : 0.30
1.48:0.27
I OO ¿ 

^ 
?7

1 .76 : 0.30

-^71 '^ta
-0.46 : 0.33
0.84 : 0.13
1.23 ! 0.32
1.68 :0.17
1.59 : 0.92
1.7? : 0.52
I.46 ! 0.47

0
0
1.38: 0.01
2.70: 0.31
4.09: 0.10
5.34 : 9.93
6.33 : 0.06
6.32 : 0.50

0
0
1.30:0.18
2.77 ! 0.28
3.99:0.07
5. 16 : 0.70
6.22 = 0.45
6.03 1 0.33

0
0
1C1-^aa

2.65 : 0.33
1 aA . n ,?
4.64:0.93
6.02:0.44
6.00 : 0.38

0
0
1.38 : 0.08
2.44 = 0.q5
3.92 : 0. 12
5.13 :0.59
6.09:0.21
6.00 : 0.61
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Defìnitjve experiments, D.1,0.2 and 0.3; ìnìtial mean length-wejght-'
iianoa.¿ deviations, constants for the equatìon logrn weight = a + b logln
'lenath and correlation coefficients (r ) of rainbow'"trout strains
Nani (¡rtl), Nìsqually (NN) an¿ their hybrid (laN) in 4 tenperatures.

Experiment Ïemperature
Number (oC )

t¡ôrñ Constants
Mean weight Fork length

(S) (cm) a b rStra ì n

Sampì e
size
no.

D.I 12.0

16.7

10 ñ

t2.0

14.3

t6.7

i9. 0

t2.0

I4. J

16.7

10 n

10

10

10

30

30

29

30

30

30

30

JU

30

MH

NN

HN

MM

NN

MN

MM

NN

MN

Nl.l

NN

MN

14.8 (4.8) 10.2 (1.1)

17.8 (6.7) 10.6 (1.2)

Is.o (7.3) lo.8 (1.4)

-r.77 2.86 0.97

-t.92 3.01 0.98

-1.44 2.52 0.84

-1 .71 2.80 0.94

-r.77 2.88 0.97

-1.70 2.8r 0.98

- i.34 2.43 0.81

-1.87 2.99 0.96

-r.98 3.11 0.99

-1.39 2.48 0.84

-r.77 2.80 0.95

-r.67 2.78 0.90

-1.91 3.04 0.93

-1.63 2.79 0.84

-1.84 2.99 0.91

-r.92 3.06 0.98

-r.75 2.90 0.89

-1.95 3.09 0.97

-i.95 3.10 0.94

-1.70 2.85 0.92

-1.88 3.03 0.96

-r.79 2.95 0.93

-1.85 3.01 0.97

-2.04 . 3. 19 0.96

-i.64 2.83 0.92

-t.72 2.89 0.94

-?..04 3.14 0.92

- 1 .39 2.62 0 .86

-1.93 3.06 0.96

-1.59 2.77 0.92

-1.90 3.03 0.92

-2.02 3. i2 0.92

-1.95 3.07 0.94

-1.83 2.97 0.94

-1.91 3.03 0.95

-2.00 3.11 0.96

7.8 (1.7)*

7.8 (2.7)

7.1 (r.7)

6 .7 (2.0)

6.8 (2.4)

6.7 (2.3)

7.8 (3.1)

5.9 (2.e)

7.3 (2.8)

7 .6 (2.5)

6.4 (2.4)

7 .0 (2.?)

8.1 (1.4)

8.4 (r.3)
8.1 (0.7)

7.s (0.e)

7.9 (1.0)

7.8 (1. 1)

8.r (1.3)

7.4 (1.3)

8. 1 (r. 1)

8.1 (1.r)
7.8 (1.0)

8.0 (0.8)

10.s (I.3)
10.1 (r.4)
10.4 (1.7)

10.4 (1.1)

rr.1 (2.2\

10.s (1.1)

10.6 (1.1)

10.2 (1.3)

10.1 (i.3)

16.7 (1.7)

17.1 ( 1.8)

i7.o (].4)

16.6 (1.5)

17 .2 (t.71

17.r (1.7)

16.4 (1.s)

i6.e (r.4)
16.8 (1.i)

16.6 (1.8)

16.s (1.6)

16.6 (1.7)

0.3

MH

NN

MN

HH

NN

MN

t'l1.1

NN

HN

t04

NN

MN

t$1

NN

MN

Ml4

NN

r''lN

t{ll

NN

tlN

MM

NN

r'1N

36

40

40

40

40

40

40

40

40

40

40

40

80

80

80

79

80

80

17.0 (6.4 )

is.6 (6.8)

1s.4 (s.2)

16.6 (5.3)

18.s (7.0)

16.9 (s.5)

17.7 (s.e)

16.3 (6.e)

15.s (6.7)

67 .4(r9.2)
71.8(21.8)

70.o(19.2)

6s.2(17.1)
73 .5(?2.0)

69.0(19.5)

61.0(17.7)

68.0(17.7)
66.9(21.6)

64.7(20.5)

63.3(1s.3)

62.6(20.2)

80

80

80

80

78

79

* figures in brackets âre standard deviations
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Definitìve exper'ìment D.1; final length-weight, standard deviation
constants for the equation ìog'^ weìght = a + b logrn length and
correìðtjon coeffìcients (r ) t" of rainbow troul '" straìns llanx (11I1)'

Nìsquðìly (NN) and their hybrjd (MN) jn 4 temperatures and 6 ration
I evel s.

Tempera tu re
rOaI

Ration (9j

vret wei oht
¿ay-I) Strain

Sampì e
size Mean weìght
no. (s)

l4ean
Fork 'length

(cm)

Constants
abr

T¿.U

14. 3

16.7

3.0

ÀE

6.0

7.0

0

rq

3.0

4.5

6.0

7.0

MM

NN

MN

Mt4

NN

MN

MM

NN

MN

MN

NN

MN

MH

NN

HN

Mfl
NN

MN

t'îti

NN

t4N

MM

NN

MN

l'1Fl

NN

MN

t'f¡1

NN

MN

MM

NN

MN

NM

NN

MN

1'$,1

NN

MN

Þîil

NN

HN

l'lltt

NN

MN

M14

NN

¡'lN

M14

Nt¡

MN

Ì''lllt

NN

MN

I.5

3.0

4.5

6.0

7.0

t0
10
10

5
5

5

5

5

5

5

5

4.8 (1.6)
s.7 (? .t)
6.1 (2.8)

11.4 (2.1)
e.6 (3.5)
8.6 (3.3)

17.s (2.3)
r5.e (4.0)
14.8 (6.4)

17.5 (2.3)
10.3 (2.8)
13.4 (3.8)

11.8 (s.2)
rr.7 (4.2)
16.2 (6.1)

13.7 (4.4)
Is.8 (6.6)
t?.0 (4.21

6.2 (1.8)
s.5 (1.s)
5.8 (2.1)

10.8 (3.4)
ro.s (2.5)
10.6 (2.r)
8.4 (s.2)

10.7 (3.s)
10.1 (4.e)

t7 .7 (6.3)
14.e (8.s)
19.2 (6.3)

12.5 (6.2)
17.6( 12.0)
13.1 (5.5)

14.s (4.7)
16.0 (6.3)
16.6 (7.0)

s.4 (1.0)
4.6 (r.7)
s.4 (1.6)

s.8 (1.1)
10.e (3.3)

7 .6 (2.4\

15.6 (s.r)
rz.r (4.2\
16.3 (4.9)

16.2 (4.7)
18.2 (4 .0 )
ls.o (s.4)

14.2 (3.8)
12.3 (6.8)
ls.8 (4.0)

18.5 (s.s)
18.8 (2.9)
ls.s (4.0)

7.7 (1.0)
8.2 (1.0)
8.2 (1.3)

9.6 (0.6)
e.0 (0.e)
8.5 (1.0)

r0.8 (0.7)
10.4 (1.1)
r0.3 (1.s)

10.8 (0.7)
e.0 (1.1)

10.1 (0.9)

e.5 (1.3)
9.s (r.2)

10.7 (1.2)

10.2 (1.3)
r0.0 (1.5)
9.s (1.4)

8.3 (1.0)
8.r (0.7)
8.3 (1.0)

9.3 (r.1)
e.4 (0.6)
9.s (0.7)

8.1 (1.s)
9.2 (0.9)
8.8 (1.5)

rt.2 (r.2)
10.0 (2.1)
11.2 (1.3)

9.4 (1.5)
10.2 (2.0)
e.7 (I.3)

i0.r (1.0)
10.3 (1.2)
10.5 (1.7)

8.2 ( 0.6 )
7.6 (1.0)
8.1 (0.8)

9.1 (0.2)
e.4 (0.9)
8. 3 (0.8 )

10.3 (1.3)
e.4 (1.2)

r0.6 (1.2)

r0.4 (1.1)
10.8 (r.0)
10.3 (1.0)

10. r (0.8)
9 .4 (2 .2)

10.4 (1.3)

10.8 (1.0)
i1.1 (0.4)
10.3 (0.8)

-1.58 2.53
-2. r1 3.?1
-2. 03 3. 04

1 AE a OE

_)11 7)2

- 1.46 2.56

-0.81 1.98
-1.59 2.74
- 1.91 3,02

-re?ra^
-1.49 2.60
-2 .00 3. 10

-1.69 2.80
-t.75 2.87
-1.94 3.05

-1.84 2.94
-)1^ 121
-1 1Ã 2 2A

0.97
0 .98
0.98

0 .98
n oo

0.82

0.91
r .00
0.98

0. 99
0 .99
0 .94

I .00
0.97
0. 98

0 .99
0.99
0.94

-1.87 2.88 0.98
-2.05 3.05 0.91
-2.02 3.00 0.98

-1.79 ?.9r 1.00
-2.34 3.44 0.97
-r.62 2.70 0.91

-1.78 2.94 1.00
-2.16 3.29 0.98
-1.76 2.90 0.95

-1.78 2.88 0.87
-1.80 2.93 0.99
-1.86 2.99 0.97

-2.06 3.21 0.98
-t.92 3. I0 0.98
-2.03 3.16 0.98

- 1.59 2.73 0.88
- 1.98 3.r2 0.97
_rÂot9.1nqq

-1.68 2.63. 0.95
-10? )a2 ôqq
-2.02 3.02 0.93

-2.88 4.04 0.7i
- 1.86 2.97 0.98
-2.49 3.65 0.98

-1.42 2.58 0.96
-1.40 2.54 0.98
-1.54 2.67 0.94

-1.64 2.79 0.99
-r.30 2.48 0.97
-2.24 3.37 0.97

-2.23 3.36 0.99
-r.99 3.11 1.C0
-2.06 3.19 0.98

-2.0r 3.15 0.99
-2.49 3.61 0.87
-2.rr 3.24 0.96

10
10
10

i0
10
10

5

10
10
10

E

5

5

5

5

5
5

IO
10
10

5

IO
10
10
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Appendix A. Tabie 21. ( contj nued )

Tempera tu re
(oc)

Ratlon (:á

wet weiqht
day-1 ¡ Strai n

Flea n
l'lean wei ght Fork I ength

(s) (cm)

Constants
abr

Sarnpl e
size
no.

19.0

4.5

6.0

7.0

Ml'l

NN

MN

¡41,.I

NN

MN

MM

NN

MN

MM

NN

MN

t'lH

NN

MN

t'1M

NN

MN

10
10
l0

5

5

5

5

5

5

5

5
5

5
Ã

5

t0
t0
10

3.8 (1.2)
4.1 (1.3)
4.3 (1.8)

e.5 (3.4)
r0 .6 (4.8 )
e.3 (4.4)

rs.e (2.0)
11.7 (s.3)
9.2 (4.7\

9.6 (s.4)
21.7 (6.6)
13.e (s.2)

17.6 (6.e)
ls. s (e.7 )

1s.1 (7.e)

16.2 (5.4)
13.5 (7.3)
16.7 (4.7)

7.3 (0.8)
7.2 (0.9)
7 .6 \r.2)
8.8 (1.2)
9.1 (1.5)
8.6 (i.3)

10.5 (0.s)
e.3 (1.4)
8.s (1.7)

8.2 (r.7)
r1.4 (r.3)
9.9 (1.2)

10.7 (1.4)
e.8 (2.0)
e.6 (2.11

Lo.2 (1.2)
9.4 (r.e)

10.s (1.r)

-1.92 2.89 0.93
-177 t7E n01
-1.86 2.82 0.97

-1.57 2.68 0.98
-1.54 2.66 0.99
-2.02 3.I.6 0.96

-t.28 2.44 0.65
-r.56 2.70 0.97
-1.89 3.02 0.98

-1.54 2.72 0.97
-1.77 2.93 0.99
-2.27 3.41 i.00
-2.18 3.30 0.99
-1.56 2.74 0.98
-1.43 2.61 0.98

- 1.88 3.05 0.90
-r.78 2.94 1.00
-r.68 2.83 1.00

1E

3.0
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Definìtive experìment, 0.2; fìnal ìength-weight-, standard deviations'
ãõnsiants for the equation lo91^ weight = a r b logln length and.....

correlation coefficients (r ¡-ru of iajnbow trout stHaìns Ilanx (l1tl) '
ÑirquuiiV (NN) and their hybrid (llN) in 4 temper¿tures and 6 ration
levels.

Temperature
(oc)

Ration ('
wet weiqht

¿av-1j Strai n

Sampì e
sì ze Mean wei tht
no. (s)

l.lean
Fork 1 ength

(cm)

Constants
abr

r2.0

14 ?

t6.7

HM 20
NN 20
t4N 20

¡1H 10

NN IO
r4N 10

¡f4 10

NN 10
rlN 10

MM IO
NN 10

MN 10

r4H 10
NN 10
tlN 10

MM ?O

NN 20
t{N 20

rlH 20
NN 20
MN 20

t'1M 10
NN 10

NN IO

Mlr 10
NN 10

MN IO

r4t4 10

NN 10
MN 10

r'lM 10

NN IO
MN IO

r'îM 20
NN 20
MN 20

Mî.,r .- 20
NN 20
MN 20

t41'1 10

NN IO
MN IO

¡4M 10

NN IO
r'lN 10

MM 10
NN 10
r'lN 10

r'11.r 10
NN 10
MN 10

MH 20
NN 20
MN ?O

1.5

3.0

4.5

6.0

7.0

3.0

AÊ

6.0

7.0

3.0

4.5

6.0

14.3 (4.4)
l1.s (5.6)
12.5 (6.r)
29.6 (7 .r\
33.3 (8.3)
30.7(10.6)
38.6(18.8)
3s.8(12.6)
35.7 17 .4)

50.7(12.5)
44.1(11.0)
39 . 1( 11.8 )

37.9(ls.r)
44.0(20.0)
43.6(10.0)

45 .7 (t4.?)
4s.69( r7.o)
4s.8( 13.3 )

13.8 (6. 6 )

t3.6 (s.5)
12.8 (s.8)
,a r /o Ãr

23.4 (e.s)
21.2 \7 .r)
46.2(1s.0)
46.6(10.s)
35.6(11.9)

32.1(14.7)
32.4\12.9)
3s.9(16.7)
3s.9(10.e)
3s.0(12.6)
48.9(16.3)

36.3(19.0)
32.3(22.5\
40.2( 1s. s )

12.5 (6.s)
12.0 (6.s)
12.4, (5,8)

25.2 (5.s)
23.2 l8.r\
25.6 (6.4)

44.1(14.7)
31.8(14.2)
3s.4(11.3)
43.I(12.4)
34.7(16.e)
2s.s (7.3)

46.4(15.6)
48.6(1s.2)
43.0 ( 11.4)

34.6(12.0)
46.0(18.0)
42.1 ( 1s.0 )

r0.6 (1.1)
r0.1 (1.5)
r0.2 (1.6)

13.0 (1.2)
13.5 (1.3)
13.r (1.6)

13.9 (2.0)
13.7 (r.5)
13.8 (0.8)

15.1 (1.6)
14.s (1.2)
14.0 (1.s)

r4.0 Q.2)
14.7 (2.2\
14.4 (1.2)

14.8 (1.s)
14.6 (1.9)
14.6 (1.4)

10.s (1.8)
ro.6 (1.s)
10.5 (1.4)

12.s (r.7)
11.9 (1.8)
11.4 (r.7)
14.8 (1. s )

ts.t (1.1)
13.6 (1.5)

12.8 (2.4\
12.8 (2.3)
13.4 (2.3)

14.0 (1.4)
13.s (1.7)
14.6 (r.e)
13.6 (2.4)
13.0 (2.6)
14.1 (1.e)

10.2 (1.4)
r.0.2 (1.8)
10.2 (1.6)

12.2 (1.r)
il.8 (1.5)
12.r (r.2)
14.5 (1.6)
13.5 (r.8)
13.7 (i.4)
14.3 (I.3)
13.0 (2. r )
12.o (1.2)

14.e (1.4)
ls.o (1.s)
14.4 (1.2)

13.2 (1.5)
14.s (1.8)
14.1 (1.8)

- r.90 2.96 0.89
-1.97 2.99 0.87
-2.27 3.30 0.96

-1.46
-1.46
-2.r0
-I.83
-1.96
-1.85
-1.9s
-1.91
-1.65
-r 7E

-r.76
-1.49

-1.79
-2.06
-1.99

2.63 0.99
2.64 0.97
3.19 0.99

2.97 0.98
3.08 0.98
2.98 0.88

3 .09 0.99
3.05 0.98
2.82 0.97

2.88 0.97
2.89 0.97
2.69 0.91

2.93 0.76
3.18 0.97
3.11 0.91

lc

rE

-1.92 2.96
-1.99 3.0?
-2.09 3.r2

-11) ?1^
-t.7t 2.84
-1.04 2.22

-1.68 2.85
-i.63 2.79
-2.07 3.18

-1.93 3.07
-r.79 2.95
-2.00 3.r2

-1.73 2.85
_17Ã )A1
-2.00 3.lz
-2.07 3. 16

-1.82 2.94
-2.03 3.14

-2.23 3.26
-?.16 3.L7
-2.37 3.33

-t.67 2.82
-L63 2.78
-L27 2.7 4

-t.74 2.90
-2.01 3.08
-r.64 2.79

-1.76 2.93
-1.39 2.59
-1 7? 2Añ

. 10 1 t7

-1.88 3.02
-1.75 2.92

-r.87 3.02
- r. b4 ¿.ó¿
-r.67 2.85

0 .95
0. 99
0.91

0 .95
0 .98
0.94

0.90
0 .87
0 .94

I .00
0 .99
0 .99

0 "97
0. 94
0 .99

0.95
0.92
0.96

0.92
0 .96
0. 99

0 .95
0 .98
0.93
n 07

0 .85
0 .86

0.95
0. i0
0 .98

0 .94
0 .97
0 .95

0.95
0.96
0.99

7.0
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AÞpendix A. Tabte 22. ( conti nued )

Temperature
(0c)

Ration (%

wet weight
day-1.¡ Strain

Sampì e
size lt{ean weìght
no. (s)

I'f ean
Fork length

( cm)

Constants
abr

10 n M1'l

NN

il4N

Mt4

NN

¡4N

¡4H

NN

MN

MM

NN

MN

MH

NN

NN

t4l't

NN

MN

I.5

3.0

+.5

6.0

7.0

20
20
¿u

10
TO

10

l0
10
t0

10
10
l0

10
t0
t0

10
10
IO

11.s (4.4)
12.8 (s.6)
12.7 (6.2)

30.3 (6 .9 )

21.6 (6.1)
24.9 (s.2)

34.4 (9.3)
43.2(r5 .7 )
32.s(13.s)

37.s(14.2)
46.s(12.3)
36.6 (9.5)

39.5(r9.6)
36.6(t7.2)
30.22(11.9)

35.0(12.7)
43.8( 14.8)
38.6(10.6)

e.e (1.2)
10.3 (1.s)
10.2 (r.s)
12.8 (1.0)
rr.5 (1.1)
12.3 (o.e)

13.4 (1.3)
13.9 (1.8)
12.e (1.9)

13.3 (1.8)
14.9 (i.9)
13.3 u.3)
13.4 t?.2\
13.1 (2.3)
12.9 (r.8)
i3.r (1.6)
14.4 (2 . 1)
13.6 (1.3)

-1.79 2.84 0.92
- 1 . 95 2.98 0.96
-2.28 3.32 0.98

-1.53 2.77 0.94
-r.50 2.66 0.9s
- 1.55 2.70 0.97

-r.74 2.90 0.94
-t.7? 2.9r 0.96
-2.06 3.19 0.98

- 1.78 2.97 0.97
-0.49 1.83 0.75
- 1.34 2.s7 0.96

-r .97 3. 13 0 .97
-r.75 2.94 0.99
-1.s6 2.72 0.94

-2.s7 3.66 0.81
-0.92 2.20 0.77
-1.52 2.73 0.79
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Definitive experiment, 0.3; final ìength-wejght-' standard deviations '
ãõ"iïåtì.t-roi"ihe equatìon log,^ weìghi = a + b loo'^ lenath and

comelation coefficients'Ï.'l'to oi iäi"¡on trãut 
-IU 

sttáins l{anx (1414) 
'

ñiià"åiiv-tNñj and rheir rryuiia {un) in 4 remperatures and 6 ration
levels,

ïemperature
(oc )

Ration
wet weiqht

daY- I ) Straì n

Samp 1 e
s i ze ¡49¿¡ \,rsi lht
no. (s)

l'lean
Fork I ength

(cm)

Constants
abr

12.0

t+. J

16 .7

rÉ

MM 20
NN 20
MN 20

MM TO

NN 10

MN8
Ì"lM 10

NN IO

¡4N 10

¡,lM 10
NN9
MN 10

MM 10
NN 10

MN 10

r4M 20
NN 19

Ì'fN 20

r'lM z0
NN 20
l'4N 19

t'1t'1 10

NN8
MN 10

IIN IO
NN 10
MN IO

MI4 IO
NN 10
MN IO

Mtl I0
NN IO
MN IO

r4M 20
NN ZO

t4N z0

¡41''l Z0

NN ?O

¡4N 19

¡4'4 9

NN 10
NN 10

t'1r4 I0
IIN IO
MN IO

l'rM 10
NN9
NN 10

MI4 IO
NN IO
MN IO

Ml't 20
NN 20
MN 17

3.0

4.5

6.0

7.0

3.0

4.5

6.0

7.0

s7. 4( 10 .7 )

s7.r(14.4)
54.9(1I.4)
84.s(14.2)

t02.2(16.Zl
r00.2(ls.7)
117.0( 24.3 )

r35.7 (23.9)
126.0(11.7)
104.6(16.7)
104.7(18.3)
129 .8( 26 .3 )

114.7(15.0)
114.2(17.s)
126.6\25.6\
r02.7 ( 23.8)
r42.7(26.0)
124.8(19.4)

s5.3(12.4)
s6.7(11.s)
53.8(r0.0)
88.2(14.s)

101.3(I2.s)
103.6( 10.s)

104.7(26.4)
1r8.8(19.r)
1re.3(29.7)
i04.6(Ie.4)
r25.0Q2.3\
114.9(2r.3)
116.8(17.6)
126.8(i9.0)
127.0(19.1)

113.5(21.4)
r19.0(20.s)
r25.2(32.41

57 .?(\r.9)
53.s(11.7)
58.1(14.2)

100.0(14.6)
e2.8(31.7)
88.8( 13.2 )

111.2(21.e)
110.9(24.I)
124.s(14.s)
11r.6(32.6)
r10.8(23.9)
117.0(41.4)

118.8( 21. s )

118. 4( 28.0 )

1r8.0(17.0)
i28.4(38.2)
125.7(30.6)
122.9(34.1)

t7.r (1.0)
17 .z (r.+J
16.e (1.2)

18.3 (0.8)
19.3 (1.r)
19.4 (1.2)

20.r (r.z)
21.0 (1.r)
20.5 (0.6)

re.6 (0.e)
19.4 (1.2)
20.s (1.2)

20.3 (1.3)
19.9 (0.6)
20.s (1.4)

19.2 (1.3)
21.0 (1.r)
20.5 (0.8)

17.0 (1.1)
17.1 (r.1)
i7.0 (0.e)

r8.8 (r.3)
19.5 (0.7)
le.3 (0.8)

19.6 (r.s)
20.4 (I.1)
20.3 (1.6)

19.6 (1.4)
20.6 (1.0)
i9.8 (1.3)

20.1 (r.o)
20.5 (1.2)
20.+ (r.2\
20.1 (1..4)
20.3 (1.1)
20.3 (1.s)

t6.9 (1.1)
r0.6 ( 1.0)
17 .2 lr.2)
i9.1 (1.0)
18.6 (2.r)
18.7 (0.9)

19.8 (1.r)
te.8 (1.3)
20.5 (0.8)

19.4 (1.6)
19.6 (1.2)
19.7 (I.8)
20.3 (1.I)
19.6 i1.3)
20.1 (0.e)

26.1 (l.a)
26.6 (t.s)
20.0 (1.5)

-2.15 3.16
-1qc 241
- 1.81 2.88

-2.32 3.36
-I.13 2.44
-t.15 2.44

-1.61 2.82
-2.09 3.19
- 1.45 2.70

-2.27 3.32
-1.73 2.90
-2.14 3.24

0.10 1.50
-3.37 4.18
-1.56 2.79

-?.08 3.19
-t.24 2.57
-2.79 3.72

-?.17
-r.90
_t )2
-1.16
-2. l0
-1.04
-2.29
-1.70
-2.40
-1.00
-2.38
-r.44
-1.75
-0.82

r lo

-I.19
-t.76
-1.94

3. 18
z.96
3.2r
2.44
a lo
aa1

3 .33
L,OO
3 .43

3 .40
2.70

2.93
õ a1

2.50

2.49
2.93
3 .08

-1.92 2.99 0.84
-2.28 3.28 0.93
-1.86 2.92 0.90

-I.55 ?.77 0.96
- I.56 2.77 0.97
-1.7? 2.88 0.88

-2.03 3.14 0.81
-t .97 3 .09 0 .86
-1.45 2.7r 0.87

-2.48 3.50 0.98
-2.39 3.43 0.89
-2.61 3.60 0.96

-2.06 3.16 0.89
-2.44 3.49 0.89
-2.t2 3.21 0.91

-2.75 3.7? 0.75
-1.60 2.83 0.92
-2.7r 3.68 0.93

^ot
0.94
0 .87

0.78
0 .81
0.84

0. 76

0.84

0 .87
0.92
0 .87

0 .52
0.64
0 .90

0 .89
0.57
0 .88

0 .95
0.94
0.9r
0.96
0.78
0"84

0 .98
0 .93
0.94

0.82
0 .85
0.91

0 .85
0.75
0.91

0 .86
0.89
0.92

r.5

3.0

4.5

6.0

7.0
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Appendix A. Table 23. ( conti nued )

Temperature
(oc )

Ration (%

wet vrei cht
daY-l) Straìn

Samp ì e
size Mean weìght
no. (sl

Mean
Fork length

( cm)

Constants
aÞr

19 ,0 20
19
19

10
6
9

10
10
10

10
10
10

10
10
10

20
20
20

Ml"l

NîI
MN

¡4t1

NN

MN

M1'1

NN

NN

t'lM

NN

tlN

MM

NN

NN

¡,1M

NN

HN

51.1 (9.1)
57.3(12.0)
4e.8 (7.s)

102.8( 33. 1 )

68.7(2s.5)
e4.1(19.6)

116.8(31.8)
r?t.2(t5.7 )

107.3(21.8)

r10.4(23.6)
124.1(30.8)
12s.5(28.e)

101.2 ( 28.8 )

r24 .2(20.4)
130.7 ( 23.7 )

rr7.4(26.r)
144.0(33.3)
131 .7 (26 .51

16.s (r.0)
17.r (1.r)
16.4 (0.8)

19.0 (1.e)
17.3 (1.8)
18.9 (0.8)

19.s (1.7)
20.0 (1.0)
19.4 (1.1)

19.4 (1.3)
le.7 (1.1)
20.2 (1.1)

18.7 (r.6)
20.0 (1.1)
20.3 (1.1)

19.6 (1.4)
20.7 (1.41
20.6 (1.3)

-1.00 2.20
-2.00 3.04
-1.44 2.58

-2.L6 3.25
-2.44 3.M
-3.41 4.22

-2.r0 3.?2
-1.06 2.42
-2.55 3.56

-2.32 3.38
-3.51 4.32
-2.19 3.29

-2.04 3.17
-1.68 2.90
-r.97 3.L2

-2.00 3.14
-t.97 3. 13
-1.99 3.12

0.93
0.70

0. 96
0 .94
0. 75

^o7
0.77
0. 94

0.98
0 .95
0 .89

0. 94
0 .87
0.89

0 .88
0.87
0 .94

1.5

3.0

4.5

6.0

7.0
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ABSTRACT

Papst, M.H., G.B. Ayles and S. Uraiwan. 1980. A model to

determine maximum growth of cultured rainbow trout

(saLmo gaírdnez'i Rj chardson ) .

A maximum growth rate model for rainbow trout ìs developed

which ìncorporates a polynom'ial functjon to describe the growth

temperature relationship, âllowing the model to be used over a

wìde range of water temperatures (5o C. to 24o C. ). Model

simulations of the growth of trout in.pond, cage, lake and raceway

culture systems compared favourably wìth the actual observed growth.

The model reasonably simulated the growth of the rainbow trout

strains Idaho, N'isqual ly and Sundal sora, but fa'il ed to descri be the

growth of the Manx strain. The model proved to be a better estimator

of trout growth than exjsting models.

A series of curves were developed so the model can be of use

to fi sh cul turi sts .

Key Words: Rajnbow trout, cu'ltured, mode'l , maximum growth, pond,

cage , I ake cul ture.
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INTRODUCTION

I Mathematical models describ'ing fish growth are potentìaliy

2 important. Such models enable the fish culturist to estimate fish growth

3 wh'ile allowìng for the plann'ing of productìon, as well as feeding and

a marketing schedules. To be of use to the fish culturist the models must

5 accurate'ly estimate growth over a wide range of culture conditions and

6 should be flexible enough so that the model can be adapted to specifìc

7 cul ture systems.

s It has been shown that the relat'ionship between specific growth

9 and temperature for salmonids'is best described by a dome shaped curve

l0 (Brett et al . 1969, Ell'iott 1975, and Hokanson 1977). Yet ex'istjng

tl models of trout growth assume linear or exponential growth temperature

12 curves (Haskell 1955, 1959, Piper 1970, Jorgensen !976, Speece 1973'

t3 Sparre !976, Sperber et al. 1976)" This means that these models are

14 inappropriate for est'imation of growth rates above 150 C. This is an

15 'important limitat'ion, since many types of trout culture are conducted

16 at temþeratures hìgher than 150 C.

r? Stauffer (1973) described a growth model for hatchery-reared

l8 salmonids which incorporated a dome shaped growth temperature curve.

19 McLean (L979) developed a pond rearing model using the curve developed

zo by Stauffer (tgZ¡)" The growth rate temperature curve developed by

2r Stauffer (1973) was based on the work presented by Banks et al. (1971)

zz and Brett et al " (tg6g) for Chinook salmon (7neorhynclws tshauAtseha)

2g and Sockeye salmon (tneorhgnehus nerka).

24 In this paper, we deveìop a deterministìc growth model for

zs rainbow trout us'ing Stauffers' (1973) aþproach. The model is developed
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3 usìng rainbow trout growth experiments and is evaluated aga'inst the

z growth of rainbow trout ìn pond, cage, extensjve lake and waste heat

S (raceway) culture systems, where temperatures exceed 15o C"

4. Th.is model consi ders oniy growth at maximum rat'ion (rati on I evel

s at which maxjmum growth occurs). As yet there appears to be no proven

6 way of expressíng the growth rat'ion relat'ionsh'ip (Ricker i979). However

? th'is js not a ljmitation to the use of this model'in pract'ical fish

¿ farmjng as most fish culturists feed from standard tables which prov'ide

9 for maximum or near max'imum ration.

t0 The ability of the model to estimate the growth of diffeient strains

tt of ra'inbow trout is assessed"

rz The basic model is reduced to graphic format to facilitate its

13 use by fish culturists.

l4

i5

1ó

LI

l8

l9

20

2l

22

23

24

2S



156

METHOD

I GROI^JTH ¡10DEL

2 Stauffer (1973) expressed the max'imum specìfic growth rate as

3 the product of a temperature function and weight function.

4

5

6

GI'i = f-(T) . f,(:1')?o
or

5cj( i )

EQ(])
EQ(4)

Gl'| = (a jnaZT*arD?*aUT1*u5T4) , {arW-47) EC:(e)

s Where GM is the maximum spec'ific growth rate, T js the water temperatu"e oC.

9 W is the weight of the fish in gm., f5(T) is a temperature growth function

t0 and f.(l^l) is a weight growth function.

tl The temperature functìon fU(T) was descrìbed as a fourth degree

t? po'lynom'iai by Stauffer (1973) (Fig. 1)" Growth rates from a. 1978 pond

t3 culture experiment (Uraiwan 1980 unpubf ished results) and the results from

14 experiments described by Sperber et al" (L976) were transformed to fs(T)

ts values using EQ. 3 and 4 as described by Stauffer (i973).

16 
GÌ,í = a(T) . i,i-o "333

t7 fb(T) = (a(T) /a5)
15

19

20 Where a (T) is ìnterpreted as the maximum growth rate of a 1 gm. fish at

2l temperature 'T'.
22 The temperature growth funct'ion fU(T) is then calculated usìng

?3 equat'ion 4 "

24 The fU(T) curve (temperature growth) was fitted w'ith a fourth

2s degree polynomiaì over the temperature range of 20C. to 240C. (Fig. 1).
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r The fitted polynomial was then substituted into the equatìon for f5(T).

2

fc(T) = (o"6082-0" 1 27T+0,054T2-O "O¡JJTS*O"000062T4)3 r EQ(5)

4

s Stauffer (1973) ìnterpreted the coeffic'ient a6 as representing the

6 max'imum instantaneous growth rate of a 1 gram fish at 100C. However,

z s'ince a6 is used to adiust the growth equation for d'ifferent culture

s condi t'ions , we do not assi gn any bi oì ogi caf interpretat'ion to the

9 coefficient and therefore ït is treated as a scalÍng factor. Stauffer

r0 estimated from the work of Kond and Nore (1971) that aU for rainbow trout

lt was approximately 0.055" l,{e have used thìs as a first estimate of aU for

tz our model. The coefficient a7 was estjmated to equal -0.333 assuming that

13 growth'is isometric and that weight is the cube of the length (Haskell

14 1959 reviewed in Ricker 1979)"

I5

r6

17

Iri

19

¿\)

2l

Substituting in equat'íon 2:

zz the fish in gm. after time (T) in days.

z.? Assuming that the growth temperature relationship described by

24 f5(T) describes the growth of trout in all culture systems the model

zs can be adjusted to a specific system by estimating a value for aU from

rooo 62T4)Gl.{ = (O "608?-o" 1 27T+O "054T2-O 'OOJ5TJ+O "C

The solutìon of the growth equation js:

,gj - (\ïoO '333*g "O55f 5(T ) "&/3"0) )J EO-(7)

Where lllo ìs the starting fish weight and l.J is the final weight of

^ 
'222-

(o'055\"-u"2)J)
Eq(6)

FD.6
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t past growth temperature records, using equat'ions 8 and 9.

2 n' r'" Gl.: = (In',¡,'- lnr,,,,o)/', Eq(S)
3

^5 = G:'./(fr(T) . ,,,,-0.333) EQ(9)

5 MODEL VALIDATION TRIALS

6 Pond studies

7 Experimental pond culture results were used to develop the temperature

I growth function (1978)* and to verify the model and assess the effect

9 different strains of trout would have on the accuracy of the model

l0 predict'ions (1979)*. The ponds were earthen, still water ponds, .06 hectares

tl 'in area with mean depths of 1m. Fish were accl'imatized in the ponds for

12 14 days in floating cages" Fish were fed cornmercial trout food three times

t3 per day at standard feed'ing table rates (Deuel et al 1952). The nates were

14 adjusted bi-weekiy for changes in water temperature and fish weight (Uraiwan 1980),

t5 In the 1978 experiments four ponds were stocked wìth 259. fingerl'ings

16 of Tunkwa (Sunrmerland, 8.C", Can. )** rainbow trout, 'in the 1979 experìments

11 each of the same four ponds was stocked with equal numbers of 49. Idaho

t8 (Soda Springs, Idaho, U.S.A. )**, Nisqually (0lympia, Wash'ington, U.S.A" )**

19 Sundalsora, (Norway)**, and Manx (Isle of Manu U"K")"" ra'inbow trout

zo forming a mixed population.

22 Cage Cul ture

23 Qbservat'ion from two cage culture experìments conducted by Wh'itaker

24 * jndicates year of experìments.

25 ** names indicate the source of the genetÍc strains.
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r and Martin (tgZ+) at Heming Lake in northern Manitoba, Canada were used to

Z test the model. Daìiy temperatures and startìng fish weights were used

s with the model to estjmate fish growth. Estimated fish wejghts were

4 compared w'ith the wejghts observed by Whitaker and Martin (197a).

s In these cage culture experiments fish were held in 5.8 m3

6 float'ing cages and were fed with automatic feeders. The feeding rate

z was i ni ti aì'ly obta'ined f rom the standardi zed f eedi ng tab'les (Deuel et al 1952)

s but on June 13th was increased by 50%"

I

!o Pothole Lake Culture

11 A comparison was made between the wer'ghts estimated by the modeìt*

tz and weights observed by Tavarutmaneegul (1978), for rajnbow trout stocked

lg in two small lakes'in Manitoba Canada. The trout were given no supplemental

t4 feeding after stockìng" Daììy records of temperature reported by

ls Tavarutmaneegul(1978) were used to model the growth of the fish. Model

t6 estimates of fish growth were compared with weights observed by

lz Tavarutmaneguì ( 1978).

tE The lakes were stocked with a domestic stnain'of nainbow.,trout from

t9 an ldaho cornmercial hatchery. Lakes were sampled weekly with trap nets

20 to obtain average fish weights.

"2\

22. Raceway Culture

zs Observations from the i976 raceway culture experìments reported

zq by Eble et al. (1979) were used to test the model for use in raceway

2s culture systems (intensive aquaculture) and to test the method for adiusting
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the aU constant. 0bservations of water temperatures and fish weights for

the growth'intervals came from figure 10.10 and table i0.3 of Eble et al"

(1e7e).

In thjs experiment 40g. trout were stocked in a raceway 2I"3m x 39.62m

x 0.9m deep. Water flow was 1,893 1/min. and the trout were fed conrnercial

trout food at standard feedi ng tabl e rates.

FEl.6



161

RESULTS AND DISCUSSION

1 MODEL VALIDATION

z Pond Cul ture

s pred'icted week'ly mean f ish weights for the mixed populatìons of

e trout from the four experimental ponds were compared with the actual

s observed weights (Fig" 2). The proiected fish growth curve compared

6 favourabìy with the observed weÍghts. Figure 2 shows the observed weights

z for each pond as a function of the predicted fish weights. Both the slope

a and the'intercept are sign'ifìcantly different than l and 0 respectively,

9 suggest'ing that agreement between the model and observations was not

t0 perfect (at the 5% 'level ). Growth of the Manx strain 'in the mixed

:r populations was poor and the model estimates of Manx were h'igher than the

rz observed growth (F1g. 2C). Agreement between the model and the observed

13 fish weights improved when the Manx strain was excluded (FiS. 2).

14 The results indicated that the accuracy of the model in predict'ing

ts growth is affected by the stra'in of trout used, however the model appears

t6 to g'ive reasonable estimates of the growth of the trout strains Nisqually,

17 ldaho and Sundalsora in pond culture.

16 Pond water temperatures ranged from 12oC. to greater than 24oC.

le during the pond experiments (Uraiwan 1980). Model predictions of growth

20 were not affected by the fact that water temperatures exceeded 150C.

2t

zz Cage Cu'ìture

23 Weekly fjsh weights were projected for the cage cuìture experiments

24 of l,lhitaker and Martin (1974) (Fig. 3).

zs Agreement between the model and the observed weights for the 19734
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experiment was acceptab'le. However, the model overestimated fish weights

during the latter part of the 19738 experiment. Growth of fish in the

cages in the 19738 experiment during the weeks 3,5 and 7,9 were observed

to be poor. These periods of poor growth correspond to the t'ime of

an outbreak of bacte¡ial gi'll disease and changes jn the trout feed'ing

schedule (¡1hitaker and Martin 1974). Restarting the model on week n'ine

to the observed weight lessened the discrepancy between the model and

the observed f ish we'ights (Fjg. 38)"

The model can be used for the estimat'ion of trout growth ìn cage

culture. However the results of the 19738 experiment highlight the

fact that changes'in fish health or culture strateg'ies can affect growth

and when such changes occur the fjsh culturist will have to adiust the

model predictions to account for the change in growth that results.

Pothoie Lake Culture

Fjsh weights estimated by the model compared favourably with the

observed weights for the first 130 days following the stocking of the

two lakes (Fig. 4). After 130 days model estimated we'ights were higher

than observed weights and restartjng the model on the observed weight

at day 142 did not 'improve the agreement between the model and the

obsei.vations. !,later temperatures declined markedly after 130 days

and were less than 5oC. on day 160 jn both the lakes (Fig"4A). It

appears that the mode'l cannot accurately estimate trout growth for water

temperatures of 5oC. or less.

The 'initja'l estimations of fjsh weights in lake 255 tended to

FÞ-6
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r be lower than the weìghts that were observed (Fig. 4C). When the model

2 was restarted on day 60 at the observed weights, subsequent observed

3 weights agreed wjth model estimat'ions. The lack of jnitial agreement may

+ reflect a problem with the est'imat'ion of the water temperatures'

5 Tavarutmaneegu'l (i978) reported a s'ignifjcant d'ifference between surface

6 and bottom water temperatures during this period'

i fhe highest proportion of the fish growth occurred during the

s first 130 days, when model estjmation agreed with the observed fish

9 growth. The model has considerable potentiaì as a method of estìmatìng

l0 trout growth in these types of lake culture systems, but the fish

u cultur.ist must consÍder the method of taking water temperatures s0

12 that the temperatures used in the model actually represent the culture

¡3 temperature.

i4

15 Raceway Cujture and Model Adiustments

t6 Three instantaneous growth rates were randomly se'lected from the

li results reported by Eble et al. (ï979), and were used to calculate a value

t6 for the aU constant. The value for a6 was est'imated to be 0.0243. F'ish

19 weights were projected for ajl of the temperature growth perìods reported

zo. by Eble et al. (1979) using this value of aU. Estimated weights compared

zr well with the observed weights (Fjg. 5).

zz In contrast other trout growth models failed to correctly s'imuìate

23 trout growth (Fig. 5)" The exponential model markedly overestimated

24 growth at temperatures above I7oC., result'ing in an overall overestimate

zs of the trout growthe even when the conservative 0.5 feeding leveì was
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I assumed. The Haskell (1959) and Speece (1973) linear model s'ignìficantly

2 underestimated growth.

3

a Graphic Growth Model

s The growth model developed in th'is paper requìres the user

6 to do more calculations than did the linear or "Haskell" model. However

? the present model can be reduced to a graphic format which allows for

I the djrect interpretation of the model with a minimum of calculat'ions"

I

¡o PROCEDURE ' 
EXAMPLE:

1t Us'ing Fig. 6

12 STEP 1 Determ'ine f5(T) by entering the

t3 water temperature on curve 1 and readìng

14 the value of fs(T) from scale B" for 18oC., f5(T) = 1"92

.ri

1ó STEP 2 now determine the value of f'(Ìd)

t7 by reading the D scale value from the

18, weight growth curve 2 that corresponds to

tg the starting we'ight on scale C. for a starting we'ight

zc = 609. the f6(l^l) value

zr is = .014i

22

23 STEP 3 Daì1y growth rate (g/S/day) is

24 derermined by multiplying f5(T) by f6(I/J) .92 x .0141

2s -- '027 9/s/daY '
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I STEP 4 Determine weight gain of fish

2 f or one week (7 days ) by mul tj pìyì ng

3 the daily growth rate by the start'ing weight, .027 x 60

q then by the number of days (7 daYs)

5

= 1.26 g/day

I"26 x 7

6 11'34 g"

1

e STEP 5 Determíne fìsh weight after one week

9 by adding the starting weight and the weekìy

to we'ight gaìn" 11.1{ + 60

:t 7I'34 9"

t2

ls Solution of the model 'in this way wilf introduce a systemat'ic

14 error. Therefore the user should not use growth periods greater than

ls two weeks (14 days) and idealìy the one week period as used'in the above

t6 exampìe should be used when possibie. The user estimates the growth

r? of his fish over t'ime by repeatìng the above procedure using the

lB estimated we'ight as the starting weight of the next week. This enables

t9 the user to adjust the model for changes in water temperature.

20 The procedure can then be repeated for as'long of a culture period as

2t is needed or jf the water temperatures are known the culturist can project

zz ahead and determi ne the 1 ength of time needed to bri ng the trout to

zs marketable size.

zq An adjusted or culture specific model can also be interpreted

?s graphica'l1y by plotting a weight growth curve using the culture specific

FD.6
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r (adiusted) value for au (Fis. 6 curve 3) '

2

3 cONCLUSIONS

4 0n the basjs of the results, the growth model described by

5 eQuation four reasonably est'imates the growth of rainbow trout in

6 pond, cage, lake and raceway cuiture systems when the trout are fed at

? maximum ration. The model can be used over a water temperature range

s of grom 5oC. to Z4oC. This js an important advancement over existjng models.

n The model can be adjusted to a specific cultural system, by est'imating the

r0 value of the aU constant using past growth records. The model may be

' 
ìnappropriate for some trout strains as was observed to be the case with

t? the Manx strain. 0n the basis of th'is study the model was appropriate

¡3 for use w.ith three of the four stra'ins tested and there appeared to be

14 no problems with a genetjc strain effect in the cases where the strain of

t5 trout used was from a domestic hatchery and the genetic strain of the

tó trout was not sPecified"

17 The present model better simulated the maximum growth of trout

rE than did existìng models.

1ç
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F'ig. 2.

Fig. 34"8.

Fig.4A.

Fig.48.C.

Fig. 5.
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FiGURES

The curve of fU(T), the relation between temperature and

max'imum specific growth rate for the viable temperature

range standardjzed at 100 C. Curve #1 from Stauffer (1973)

curve #2 from rainbow trout experiments. Sol'id dots results

from Sperber (1976), open dots from 1978 pond study.

Comparison of predìcted and mean observed fish weìghts in

the 1979 pond studies, for the mixed ¿¡6 Manx populatjons;

observed pond fish weights as a function of the predìcted

weights, for the mixed and Manx populat'ions. Solid dots

and curves represent predicted weights, open cìrcles represent

mean weight of trout in four ponds, vertìca'ì bars jnd'icate

the range of weights observed" Straight line was fitted by

ì east-squares method.

1- solid dot represents four observatjons of equal fish weights.

Comparison of pred'icted (solid dots) and observed fish weìghts

from 1973 cage experiments Whitaker & Mart'in (197a). X -

represented model prediction after week nine restart (see text).

Lake 200 and 255 ten day period mean water temperatures

from Tavarutmaneegul (1978) 
"

Comparìson of observed (open dots) and predicted (solid & dash

lines) fish weights for lake 200 & 255. 1 & 2, restart of

model on observed weights (see text). Vertical bars equal IS.D.

Comparison of predicted and observed fjsh wejghts for the

1976 raceway experiment reported by Eble et al. (1979).

Graphic format of the growth model; see text for sample

cal cul ati on .

Fi g. 6.
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