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ABSTRACT

Tabachek, J.L. 1984. Evaluation of grower
diets for intensive culture of two strains
of Arctic charr (Salvelinusaigipus 1IL.).
Can. Tech. Rep. Fish. Aquat. Sc1. 1: v

+ 21 p.

In two experiments, Arctic charr and rain-
bow trout (Salmo gairdneri Richardson) from
Sunndal sora, Norway an ctic charr from Labra-
dor, Canada were fed up to five trout and/or
salmon diets. The control (CTR) diet appeared
to be 3 suitahble practical diet for use in
determi nin9 the nutritional requirements of
either strain of Arctic charr. Performance
(weight 9ain and feed conversion) of Labrador
charr was superior to that of Sunndalsora charr
and was equivalent to or slightly better than
rainbow trout fed the same diets [Martin Feed
Mills GRT Trout Feed (MTT-GRT) and CTR]. In
addition, Performance of Labrador charr was also
excellent with Martin Feed Mills MNR Trout Feed
(MTT-MNR). Not all trout or salmon diets were
suitable for production of both strains of Arc-
tic charr. While MiT-GRT was an acceptable diet
for both rainbow trout and Labrador charr, it
was an unaccepi.able diet for Sunndalsora charr,
as was the Abernathy salmon diet, while both
Silver Cup Salmon and Trout Feeds were accept-
able diets for Sunndalsora charr. Although the
liver lipid content was elevated in both strains
of charr fed MTT-GRT, CTR or MTT-MNR, it was not
elevated in trout fed the same diets or Sunndal-
saora charr fed other diets. However, the muscle
lipid contents of trout fed CTR or MTT-GRT
tended to be slightly higher than charr fed the
same diets and much higher than Sunndalsora
charr fed other diets,

Adjustments for feed type should be
included in acomputerized fish data and manage-
ment system developed to predict the growth of
either strain of Arctic charr.

animal nutrition; aquiculture; rain-
bow trout; weight gain; food conver-
sion; biochemical composition; com-
mercial feed.

Key words:

RESUNE

Tabachek, J.L. 1984. Evaluation of grower
diets for intensive culture of two strains
of Arctic charr (Salvelinus alpinus L.).
Can. Tech. Rep. Fish. Aquat. ScI. 1281: iv
+ 21 p.

Au cours de deux expériments,]'omble

chevalier et la truite arc-en-ciel (Salmo qaird-
nert Richardson) de Sunndalsora, rvege, et

TTomble chevalier du Labrador, Canada, furent
mis jusqu'dcing sortes de régime alimentaire
pour truite et/ou saumon. Le régime-témoin
(CTR) paraissait &tre un régime pratique pouvant
servir ddéterminer les besoins en nutrition de
1'une U ‘aytre espéce d’omble chevalier. Les
progrés Constdtes (gain de poids, indice de
transformation) chez 1'omble du Labrador &taient
plus important que ceux relevés chez 1'omble de
Sunndalsora, et ils étatent les times, ou

légérement plus important, que ceux constatés
chez la truite arc-en-ciei & qui on avait fait
suivre le méme régime [Martin Feed Mills GRT
Trout Feed (MTT-GRT) et CTR]. Oe plus, les
progrésenregistrés chez I'omble du Labrador mis
au régime de Martin Feed Mills MNR Trout Feed
(MTT-MNR) &aient également excellent. Mais
tous les régimes alimentaires pour truite ou
omble ne convenient pas aux deux espéces
d’omble chevalier. Par exemple, le régime’ MTT-
GRT convenait & la fois @ la truite arc-en-ciel
et &1'omble chevalier du Labrador, mais ne con-
venait pas dl'omble de Sunndalsora, et le
régime Abernathy ne lui convenait pas non plus.
Par ailleurs, les régimes Silver Cup Salmon et
Trout Feeds lui convenient. Quoiquela teneur
en lipides clans le foie était &levéechez les
deux espéces d’omble mises aux régimes MTT-GRT,
CTR ou MTT-MNR, elle ne 1'&tait pas chez les
truites qui y étaient soumises, ni chez I'omble
de Sunndalsora soumis aux autres régimes.
Toutefois, la teneur en lipides clans les muscles
des truites nourries au régime CTR ou MTT-GRT
avait tendance détrelégérement plus forte que
celle des ombles soumis aux mémesrégimes, et
sensiblement plus forte que I'omble de Sunndal-
sora soumis & d’autres régimes.,

On doit tenir compte des diverses Sortes de
régime alimentaire auxquelles on soumet les
espéces de poissons lorsqu'on prépare des don-
nées mécanographiques sur 'es poissons et qu’'on
met au point un systéme de gestion pour prédire
la croissance de 1'une ou l'autre espéce d’omble
chevalier.

alimentation des animaux; agricul-
ture; truite arc-en-ciel; gain de
poids; indice de transformation;
composition biochimique; aliments
convnerciaux pour poissons.

Mets-clEs:
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INTRODUCTION

Recently, there has been an increasing
interest in the cuiture of Arctic charr both in
Europe (Gjedrem and Gunnes 1978; Wandsvik and
Jobling 1982) and in Canada (8aker 1983; Papst
and Hopky 1983). The effects of temperature
(Uraiwan 1982; Wandsvik and Jobling 1982; 8aker
1983; Jobling 1983), ration and size (8aker
1983; Jobling 1983; Jobling and Wandsvik 1983c),
social interactions (Jobling and Wandsvik 1903a)
and density (8aker, personal cunnunication) on
the growth of Arctic charr have been studied.
However, the only research on the nutritional
requirements of Arctic charr is the recent
report from Norway by Jobling and Wandsvik
(1983b). They stated that the protein require-
ements of Arctic charr were in the range of 35-
45% which was almost identical to that of rain-
bow trout and that feeding Arctic charr diets
formulated for rainbow trout should result in
satisfactory growth rates. Evaluations have
been conducted to assess the performance of
rainbow trout (Tabachek 1983) fed different com-
mercial feeds. This does not appear to have
been done with Arctic charr. The effect of diet
upon performance in rainbow trout (Tabachek
1983) was great enough to require inclusion of
feed type into the model of Papst et al. (1982)
and the computerized fish data and management
system (FISHDAMS) of Arnason et al. (1981) being
develcped for an intensive production system
util;zing waste heat (Papst and Hopky 1982,
1983).

The present studies were designed to eval-
uate the performance (weight gain, feed conver-
sion, mortality) of a Sunndalsora (Norway) and a
Labrador strain of Arctic charr fed up to 3 open
(i-2 trout, 1 salmon and 1 control) and 2 closed
(1 salmon and 1 trout) formulations. The pur-
pose was to determine 1) which open formation
would be best to use in further research in diet
formulation and nutritional requirements of Arc-
tic charr, 2) if other cornnercially available
trout or salmon feeds could be used to enhance
the growth of Arctic charr raised in the hatch-
ery and 3) if feed type would need to be includ-
ed in @ growth model developed to predict the
growth of Arctic charr.

METHOOS
FISH STOCKS

Experiment 1

Sunndalsora rainbow trwt were progeny Of
a domestic strain obtained from a hatchery in
Sunndalsora, Norway in April 1975 (Papst and
Hopky 1983). Eggs for the present study were
spawned in March 1981.

Sunndalsora Arctic charr were a second
generation hatchery strain originating as an
anadromous Strain from northern Norway. They
were received as eyed eggs Oecember 15, 1980
from Sunndalsora Hatchery, Sunndalsora, Norway
(Baker 1983).

Experiment 2

The Labrador Arctic charr were collected
as eggs frcm an anadromous stock of fish from
the Fraser River, Labrador in November 1981.

All trout and charr were incubated and
reared at 6°C and were fed Sterling Silver Cup
Trout Starter Feed and Martin Feed Millss Trout
(GRT) Gruwer Feed.

OIETS

Experiment 1

Oiets evaluated in Experiment 1 included
two coinnercial trout diets [Martin Feed Yin
Trout Feed (MTT-GRT) and Sterling Silver Cup
Trout Feed (SCT)], one commercial salmon diet
[Sterling Silver Cup Salmon Feed (SCS)], a sal-
mon diet made to specifications for use in U.S.
federal government hatcheries [Abernathy Salmon
Production Diet (ABY)] and a control diet (CTR)
(Table 1). Manufacturing dates and formulations
of diets are presented in Tables ! and 2 respec-
tively. No other formulations cwld be evalua-
ted due to a shortage of charr. The CTR diet
was manufactured in the same way as described
by Tabachek (198321except that the feed mixture
was extrvded through a 2.4Imn (3/32") die rather
than a 3.3Iml (1/8”) die.

Undersized granules and fines were removed
and collected frcm all feeds as previously des-
cribed (Tabachek 1983). Screened feeds were
sealed in bags and stored at -20”C. A sieve
series separation was carried out on a sample of
each prescreened sample of granular-size feed as
outlined by Tabachek (1983). The diameter and
length of the pellets was determined by direct
measurement.

Moisture, ash and nitrogen contents were
determined by AOAC (1980) methods for all Pre-
screened feeds. Nitrogen was converted to
crude protein by multiplication by 6.25. Total
lipid was determined by a modified 8ligh and
Oyer (1959) extraction and spectrophotometric
assay of the extract using acid dichrcmate
oxidation (Fales 1971).

Experiment 2

In the spring of 1982, Martin Feed Mills
ceased manufacturing GRT-G (MTT-GRT) as their
grower diet and began manufacturing MNR-8204
(MTT-MNR) (Table 1) - theOntario Ministry Of
Natural Resources formulation used in Ontario’s
provincial government hatcheries. The formula-
tion of NTT-MNR is given in Table 2 and is very
similar to the MNR(MNR-80G) diet evaluated for
the production of rainbow trout (Tabachek
1983). The original lots of MTT-GRT and CTR
fran Experiment 1 were evaluated along with the
new product (MTT-MNR) (Table 1) for the produc-
tion of Labrador Arctic charr. prescreening,
sieve series and proximate analysiswere conduc-
ted on MTT-MNR in the same manner as Experiment
1.



FEEDING TRIAL

Experiment 1

The feeding trial was conducted at the
Rockwood Experimental Fish Hatchery located
approximately 40 km north of Winnipeg, Manitoba
(Ayles et al. 1981). Culture conditions were
maintained as closely as possible with the
previous experiment (Tabachek 1983) using a
recirculation system, 60 L fiberylass tanks with
a flew rateof 4-5 L/rein and a water temperature
of 12£1.0°C. Lighting was provided by yellow
fluorescent bulbs giving light jntensities of
0.69 &nd 0.48 microeinsteins m-‘se¥fof~~the
upper and lower tanks respectively (Uraiwan
1982). Lighting was on a 12h light, 12h dark
cycle. Water quality parameters (dissolved
oxygen, PH, NHy-N,NO2=N and NO,-N) were moni-
tored biweekly as previousY described (Stainton
et al. 1974; Tabachek 1983 J)and temperature was
monitored by a Weksler recorder.

The seven treatments (2 diets for Sunndal-
sora rainbow trout and 5 diets for Sunndalsora
Arctic cha=r) were assigned at random within
each of the four rcus of tanks in a randomized
complete block design. Acclimation was begun
with 100-120 fish Per tank. Two weeks prior to
the experiment, fish were graded and grouped
into lots by weight. Subsequently these lots
were subdivided and transferred to tanks. Total
weight of the 40 fish per tank varied from 510-
528 g [517+1.2 (SE)] for charr and 514-5269g
(522£1.3) for trout when the experiment com-
menced. Total acclimation time was 4 weeks for

trout and 7 weeks for charr.

The feeding regime was as described by
Tabachek (1983) with fish being fed to satiation
twice a day. Feeding was done carefully in a
manner that minimized feed loss. Feed size was
changed when fish accepted the larger size.
Total feed intake per tank was measured weekly
by weighing feed at the beginning and end of
each weekly period. Total weight and number of
fish per tank were determined biweekly. Mortal-
ities were removed and recorded daily.

After 14 weeks, the raipbow trout had
achieved a density of 54 kg/m’ and the trout
phase of the experiment was terminated. Fish
were anesthetized with 2-phenoxyethanol. Whole
body weight and liver weight were measured for
each of 6 fish per tank. Liver and muscle (skin
and bone removed) samples were taken for analy-
sis from these 6 fish as 3 samples of 2 fish
each. Blood haematocrits were measured accord-
ing to ‘dedemeyer and Yasutake (1977) from blood
samples collected from the caudal peduncle of 6
fish per tank and centrifuged in an Adams Auto-
crit.

The Arctic charr phase of Experiment 1 was
terminated at 20 weeks when th% density of fish
fed some diets exceeded 50 kg/mi~7 These samples
were processed in the same manner as the rainbw
trout.

Experiment 2

Culture conditions were the same as in
Experiment 1 except that only one Yower row of
tanks was used. The three diet treatments were
assigned at random in a completely randomized
design with three replicates per diet. Labrador
Arctic charr weregraded by weight in a similar
manner as Experiment 1 and were acclimated tc
their new environment for a total of 3 wéeks.
Total weight of the 40 fish per tank varied from
484-497g(490:1.6) when the experiment com-
menced. Feeding regime and sampling schedules
were the same as for Experiment 1. Hater qual-
ity parameters were measured weekly. When the
experiment was terminated at 12 weeks, sampling
procedures were carried cut in the same manner
as in Experiment 1.

HISTOLOGY AND GROSS EXAMINATION

At the termination of both Experiment 1
and 2, all fish were visually examined for the
presence of lens cataracts. A sample of 6 fish
were examined and the conditicm of the kidney,
liver, and skin coloration was noted. Amount
of visceral fat was quantified by giving it a
value of O for none, 1 for light, 2 for medium
and 3 for high accumulation of fat. Samples of
kidney, heart, spleen and thyroid were taken
frcm 2 fish per tank, fixed in Bouin's solutien
and treated for histological examination as
described by Tabachek (1983).

BIOCHEMICAL ANALYSIS OF MUSCLE AND LIVER

In both Experiment 1 and 2, moisture,
total lipid and crude protein contents were
determined on muscle and liver samples as des-
cribed by Tabachek (1983). Since body C omposi-
tion is related to fish size (Reinitz 1983}, an
attempt was made to raise fish to similar final

body weights.

STATISTICAL ANALYSIS

When Bartlett’s test of homogeneity of
variance (Steel and Torrie 1980) was applied to
performance and biochemical data, variances for
hematocrit, hepatosomatic indices, and bio-
chemical composition of liver and muscle were
found to be non-homogeneous in Experiment 1.
Square root transformation (Steel and Torrie
1980) was applied to these data to equalize
variances. In both Experiments 1 and 2, this
transformation was also applied to percent mor-
tality data. All data, in either the appro-
priate transformed or non-transformed state,
were subjected to-analysis of variance and Dun-
can’'s new multiple range test (Duncan 1955)
using the Statistical Analysis System (SAS
Institute 1979). Data are presented in the non-
transformed state. Linear regression WaS used
to determine log, (in) weight vs time rela-
tionships for each treatment for comparison with
the work of Uraiwan (1982), Baker (1983) and
Papst and Hopky (1983).



RESULTS
DIETS
Formulation

Within each of CTR, NTT-GRT and MTT-MNR,
the same formulation was used for all sizes of
feeds obtained (Tables 1 and 2), while A6Y had a
different formulation for the granular vs pel-
leted feeds. SCS and SCT feeds were closed
formulations whose quantitative ingredients were
known only by the manufacturer.

Proximate composition of diets

Proximate ccgnposition of diets (Table 3)
showed that crude protein was 41-45% for CTR and
MTT-GRT and 47-53% for all other diets. Total
lipid ranged from a Icu of 9-11% for SCT to a
high of 15-17 for CTR and MTT-t4NR while ABY con-
tained 12-14% lipid. Both SCS and MTT-GRT were
variable in lipid content between the granular
and Pelleted feeds with 10.5 and 14.72 for SCS
and 14.2 and 17.2% (21% in Experiment 2) for
MTT-GRT. Ash was less than 10% for CTR, MTT-GRT
and MTT-MNR while it was 10-12.5% for the other
diets.

Sizes of diets

The “fines” removed constituted Up to 2.6%
and 1.6% of the granular and pelleted feeds
respectively (Table 4). These were |less than
previously reported (Tabachek 1983) and probably
would have made little difference to feed con-
version if they had not been removed. The
screen series (Table 4) shcued the relative per-
centage of particle sizes present in the granu-
lar size was similar for CTR, MTT-GRT and MTT-
MNR which were smaller than ABV, SCS and SCT.
The SCS and SCT diets were similar although
slightly larger than ABY. Mean pellet length
was similar in Experiment 1 ranging fran 4.3-
4.51ml, except for SCS which was 4,9mm long. In
Experiment 2, mean pellet length varied con-
siderably from 3.7-4.5r19n for the three diets.

Feed sizes werechanged when fish accepted
the larger size. This occurred after 6 weeks
for rainbuw trout and 10 weeks for Sunndalsora
Arctic charr in Experiment 1. After 2 weeks,
the fish fed ABY had gained only 1.4g compared
to 4.3 g the previous two weeks. Since this
appeared to be related to a change of particle
size, they were continued on the granular feed
for two more weeks before changing to the pel-
lets again. The entire 10-14 week period was
used as the apparent increase in the weight
(Fig. 1) for charr fed ABY at 12 weeks. These
fish were raised for an additional 2 weeks
(until 22 weeks) to compensate for the low gain
2 week period. In Experirrent 2, feed size was
changed after 8 weeks.

PERFORMANCE

Experiment 1

At the termination of the rainbow trout
phase of Experiment 1 (14 weeks), trout fed CTR

or MTT-GRT had gained significantly more than
Sunndalsora charr fed the same diets (Table 5).
Although there were no significant differences
in performance between trout fed either diet,
charr fed MTT-GRT gained significantly less than
those fed the CTR diet. In addition, feed con-
version was significantly poorer for charr fed
MTT-GRT (2.60) than for trout or charr fed

either diet (1.11-1.41).

By 8 and 12 weeks, weight gain and feed
conversion, respectively, were significantly
better for charr fed CTR compared to either ABY
or MTT-GRT and this continued to the end of the
experiment (Table 6). Performance was similar
for charr fed SCS and SCT and was neither signi-
ficantly poorer than CTR nor significantly
better than MTT-GRT. Performance parameters
were poorest for Sunndalsora charr fed ABY.
Mortality was less than 10% with no significant
difference between dfets. The slopes of the
regression lines (Tables 5 and 6), which are a
measure of grvwth rate over the sPecific time
period, also reflect the above effects of diet.

Experiment 2

Then were no significant differences in
weight gain or feed conversion between Labrador
Arctic charr fed the three diets (Table 7).
Slopes of the regression lines also show little
difference in gruwth rate. Mortality was very
low in fish fed all diets.

HAEMATOCRIT VALUES ANO BIOCHEMICAL COMPOSITION
OF MUSCLE ANO LIVER

Experiment 1

The hepatosomatic indices {HSI) (Table 8)
were significantly greater for Sunndalsora charr
fed a) CTR or MTT-GRT compared to trout fed the
same diets or b) MTT-GRT compared to charr fed
all other diets. In addition, liver lipid was
significantly higher while liver moisture was
significantly lower for charr fed €TR or MTT-GRT
compared to charr or trout fed all  diets.

In contrast to the liver, the muscle of
charr fed MTT-GRT contained significantly less
lipid and more protein than trout fed the same
diet. This was also true of the muscle lipid (%
dry) and protein (% wet) contents of CTR-fed
charr vs trout. The muscle tiSSue of fish fed
ABY was higher in moisture and lower in lipid
than fish fed any other diet. Muscle composi-
tion of SCS and SCT-fed charr differed only in
protein content (% wet) while there was no dif-
ference in liver composition.

Charr 'fed ABY or CTR had si9nifi:antly
lower blood haemotocrit values than fish fed any
other diet.

Experiment 2

No significant differences were apparent
in HSI, blood haemotocrit value, liver or mscle
moisture, lipid or protein contents in Labrador
charr fed the three diets (Table 9).



HISTOLOGY AND GROSS EXAMINATION

Lens cataracts were observed in less than
12 of the rainbow trout and 7-11% of the Sunn-
dalsora Arctic charr in Experiment 1. They were
less prevalent in Labrador charr (1-22) in
Experiment 2. In neither experiment did they
appear to be attributable to any particular
diet. [n both Experiment 1 and 2, skin and fins
on the ventral side of charr fed MTT-GRT or
MTT-MNR had a bright yellow coloration which
was not evident in trout or charr fed any other
diets. No gross abnormalities were observed
that could be attributed to diet. Histological
examination revealed no abnormalities in kidney,
thyroid, or spleen in Sunndalsora charr or
trout in Experiment 1. There were no signifi-
cant differences in the amount of visceral fat
Tables 8 and 9) between fish fed any dietsi,
xperiment 1 or 2.

HATER QUALITY

Water quality parameters monitored
throughout Experiments 1 and 2 are presented in
Table 10. Ammonia-N  (NH,#NH3-N) increased
throughout the experiments reaching concentra-
tions greater than 300ug/L during the last 2-4
weeks. Nitrite-N{NO,-N) generally ran ed frof
2-6 wgfL (Experiment 1) and 10-34 pg/L4Experi-
ment 2). High levels (75-79 ng/L)were observed
only at 12 weeks (Experiment 1) and O week
(Experiment 2) and dropped thereafter.

DISCUSSION

The purpose of this experiment was to
evaluate available trout and salmon diets,
especially open-formula diets, to find a practi-
cal diet that could be used in further experi-
ments for determining the nutritional require-
ments of Arctic charr.  Superior diets may be
developed in the future but the CTR (C-201)
formulation appears to be a suitable practical
diet for such experiments with both strains of
Arctic charr. MTT-MNR, which is similar to CTR,
is definitely suitable for research with Labra-
dor charr and should be evaluated for use with
Sunndalsora charr.  Both MIT-GRT and ABY were
unacceptable as diets for Sunndalsora charr.
Performance of Sunndalsora charr was satisfac-
tory with either closed trout or salmon formula-
tions (SCT and SCS). Jobling and Wandsvik
(1983b) stated that rainbow trout diets could be
expected to result in satisfactory rates of
growth when fed to Arctic charr. Hcmever, it
would appear from the present study that not all
rainbow trCUt or salmon diets are suitable for
raising all strains of Arctic charr.

The growth rate of Labrador Arctic charr
(slepe = 0.020-0.021, r2)0.98) (Experiment 2)
was higher than that of Sunndalsora charr (slope
= 0.010-0.014, f,=0.89-0.98) or rainbow trout
(slope .0.018, r>0.96)(Experiment1) fed TR
or MTT-GRT. The regression equations represent-
ing the growth of Sunndalsora rainbow trout
[(Y=2.70+0.018X; Y-weight(g), X=time(days)] and

Labrador Arctic charr (Y=2.52+0.020X) fed MTT-
GRT were similar to those of Papst and Hopky
(1983) (Y=2.68+0.019X and Y=2.75+0.019X, respec-
tively) for the same strains and diet. The ini-
tial weight and time period was approximately
the same as in this study although their fish
were raised in a large pilot-scale commercial
system at a slightly higher water temperature
(13.3 £ 0.06°C). The results for Labrador charr
were also s{'milar to the specific growth rate
(2.17X day) for 89 g Arctic charr from
Nauyak Lake, NWT fed SCT at maximum ration in
the same culture system at 13°c (Uraiwan 1982).

In comparison of Labrador and Sunndalsora
charr fed the same diets, it should be kept in
mind that the experiments were conducted at dif-
ferent times. Although every effort was made to
keep conditions the same, there were some dif-
ferences in water chemistry. The loading rate
on the filters was different with 14 tanks per
filter in Experiment 1 and 9 tanks per filter in
Experiment 2. Although the asymptotic LC50 for
129 rainbow trout is 140-150 ug/LNO2-N (Russo
et al. 1974), fish are stressed at levels much
lower than this. The high levels of NO-N (75-
79 ug/L) at 12 weeks during Experiment 1 and
during the first 2 weeks of Experiment 2 proba-
bly caused stress. Therefore, under ideal con-
ditions the growth rates might have been better
at these times. In both experiments, unionized
ammenia levels were within the limits set by
Liao and Mayo (1972) and dissolved oxygen and pH
met the requirements for fish culture (Wedemeyer
and Wood 1974).

A possible explanation of the differences
in performance between charr fed different diets
may be due to differences in the dietary levels
of protein and lipid. Jobling and Wandsvik
(1983b) concluded that the optimum protein
requirement for their strain of Norwegian Arctic
charr was 35-45% at 15 and 11% lipid respec-
tively. However, experiments in progress have
indicatec that the protein and lipid require-
ments of 3-40 g charr originating from Nauyuk
Lake, NWT, are higher than this and are about
44-54% protein with 15-20% lipid. Dietarylipid
can have a sparing effect on protein (Takeuchi
et al. 1978; Watanabe 1977) allowing utilization
of protein for growth rather than for energy.
Therefore, although ABY, SCS and SCT contained
47-53% protein, their lipid contents were gener-
ally 9-14%, a level which may not have allowed
optimization of the protein available. These
less than optimal lipid levels may have contri-
buted to the poorer growth and feed conversion
of ABY, SCS and SCT compared to CTR. Although
feed conversion of both strains of charr fed
most diets aecreased gradually throughout the
experiment, it increased for Sunndalsora charr
fed NTT-GRT until 10-12 weeks and then decreased
thereafter. This resulted in an overall feed
conversion of 2.60 at 14 weeks and 2.19 at 20
weeks. At 10 weeks, the pelleted feed replaced
the granular feed resulting in a decrease in
dietary protein and an increase in dietary
lipid. This may have resulted in an energy-
protein ratio that allowed for moOr € optimal
utilization of the available nutrients.



Sunndalsora charr fed MTT-GRT or CTR had a
significantly higher hepatosomatic index (HSI)
than those fed other diets. This enlargement
appears to be due to storage of lipid - almost
10-23% more than trout fed the same diets or
charr fed other diets in Experiment 1, while the
same diets fed to Labrador charr resulted in
similar high levels of liver lipid deposition.
This may be related to CTR, NTT-GRT and MTT-
MNR’s having an inadequate level of protein for
the amount of lipid provided. A8Y, SCS and SCT,
which maY have had insufficient dietary lipid,
resulted in charr with lcwer liver lipid con-
tents similar to those of rainbow trout. How-
ever, the muscle lipid contents of trout fed CTR
or MTT-GRT tended to be slightly higher than
charr fed the same diets and much higher than
Sunndalsora charr fed other diets. Buckley and
Groves (1979) sunsnarized the influence of diet
on body composition of several species of fish
and related the facts that percent body fat has
been correlated with dietary fat and energy
levels, while dietary protein levels had no
significant influence on either percent carcass
fat or protein in rainbow trout. Although,
dietary lipid may have had an influence on
muscle lipid contents, differences in bot~ diet-
ary lipid and protein within (granular v; pel-
leted feeds) and between diets make this impos-
sible to assess for this experiment.

Baker (1983) found that the growth rate of
Labrador charr exceeded that of the Sunndalsora
(Norway) charr when the two strains were fed SCT
(initial weight=10g and 24g) or MTT-GRT (initial
weight=60g) at 14°C. He found that the Sunndal-
sora charr had a higher mean maintenance ration
requirement than Labrador charr, particularly at
14-19°C, su99esting a higher maintenance meta-
bolism. Sunndalsora charr required greater
amounts of food to achieve maximum and optimum
growth rates and had poorer feed conversion than
the Labrador charr. In the present study, Lab-
rador charr utilized both CTR and MTT-GRT
efficiently (1.15 and 1.17, respectively) while
Sunndalsora charr utilized CTR (1.35) signifi-
cantly better than MTT-GRT (2.19).

There are clearly differences in either
the nutritional requirements, nutritional toler-
ance to dietary ingredients or digestibility of
certain ingredients between strains of Arctic
charr. Such differences have also been found
between families of rainbow trout in terms of
protein digestibility, protein (Austreng and
Refstie1979) and carbohydrate (Refstie and
Austreng 1981) requirements.

Comparison of the ingredients in the open-
formula diets revealed the following informa-
tion. In comparing the formulation of CTR and
MTT-GRT: 1) com gluten meal in MTT-GRT replaced
some soybean meal, 2) feather meal and pwltry
by-product meals replaced some fish meal, 3)
brewers’ dry yeast replaced some wheat middlings
in the CTR diet, and 4) calcium phosphate was
added to MTT-GRT. In addition. MTT-GRT’s vita-
min supplement contained considerably less vita-
min D,and more vitamin A and antioxidants than
CTR. Collectively, these differences resulted
in a significant reduction in weight gain and an
increase in feed conversica when MTT-GRT was fed

t 0 Sunndalsora charr. There were few differ-
ences between the major ingredients in MTT-GRT
and MTT-MNR. In the latter, poultry by-product
meal and calcium phosphate were eliminated, whey
replaced a portion of the wheat middlings, and
the vitamin supplement contained 8 times more
vitamin D,and up to 1.5 times more other vita-
mins than MTT-GRT. These changes resulted in a
minor improvement in the performance of Labrador
charr fed MTT-MNR.

Performance of Sunndalsora charr was poor-
est when they were fed ABY or NTT-GRT. This may
be related to dietary levels of vitamin D3 and/
or calcium. Both diets were supplemented with

verv len levels of vitamin D3 (440 apd 5 Iileo
d?et.msp:—.ct‘lvely) compared(to G orﬁ"?]'f"‘1NR

(2000 and 4500 IU/kg diet, respectively).
Recommended levels for fingerling trout are
1600-2400 IU vitamin D3/kg diet (NRC 1981). In
addition, both diets were higher in calcium,
through addition of calcium phosphate (MTT-GRT)
or additional fish and shrimp meals (ABY), as
opposed to CTR and MTT-MNR. The influence of
these factors on performance shwld be investi-
gated in future.

Since fish with a high fat content have a
shorter storage life than lean fish due to the
susceptibility of unsaturated fatty acids to
oxidation (Hobbs 1982), the charr should have an
equivalent or longer storage life than rainbow
trout. An aesthetic difference which should
appeal to the consumer was the fact that the
fins and skin cm the ventral side of charr fed
MTT-MNR or NTT-GRT had a bright yeliowcoloura-
ion. This was probably due to carotenoids pre-
sent in the com gluten meal used as an ingred-
ient in these diets. Corn gluten meal contains
high levels of xanthophyll (72.36 mg/kg dry)
(NRC and Dep. of Agric. 1971) and caused a
yellow pigmentation in brook trout {Salvelinus
fontinalis) (Tunison et al. 1947) when incorpor-
ated into their diet.

Adjustments for feed type used in the
production of Arctic charr should be included in
a computerized fish data and management system
(FIsHpAams) such as the one developed for produc-
tion of rainbow trout (Amason et al. 1981). It
would require 3-3.5 more weeks for MTT-GRT and
5-5.5 more weeks for ABY-fed Sunndalsora charr
to reach the same mean weight as SCS and SCT-fed
fish and a further 1.5-2 weeks to reach the same
final mean weight as CTR-fed charr. In raising
Labrador charr, 1.5-2 more weeks would have been
required for fish fed MIT-GRT to reach the same
weight as those fed CTR and MTT-MNR. These dif-
ferences would have been magnified if the charr
had been raised closer to market SiZe as in the
study by Tabachek (1983). In that study, per-
formance of rainbow trout was similar with SCT,
MTT-GRT and MTT-MNR and would not have required
changes in FISHDAMS, while performance was
superior with CTR and inferior with several
other diets necessitating changes in the model.

New information regarding nutritional
requirements of fish, as well as availability
and cost of ingredients can create the need for
changes in formulation. This may result in
variability in performance and body composition,



even in using feed frcm the same manufacturer.
The extent of this variability could only be
determined by conducting similar evaluations
overa period of tine.
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Table 1. List of diets evaluated, their codes, manufacturer, size and date of manufacture.

Experiment Diet Code Formulation Manufacturer Size’ Date of
(See Table 2) manufacture
Author

182 Cent rol CTR c-201} Winnipeg, Man. fa 20-29/01/82

2.4mm(3/327) 29/01/82

| & 2 Martin Feed Mill Trwt Feed MTT-GRT GRT-G Martin Feed Mills # 4 24/12/81
Elmira, Ont.

3mn 22/12/81

3n3n 24/03/82

1 Abernathy Salmon Production Diet ABY A18-1(81) Rangen Inc. 6/64”granules 19/01/82

.419-1(81) Buhl, Idaho 3/32” 01/82

1 Sterling Silver Cup Salmon Feed Scs Murray Elevators # 4 14/01/82
Murray, Utah

3/32” 14/01/82

1 Sterling Silver Cup Trout Feed SCT Murray Elevators ‘4 26/02/82

3/32” 16/01/82

2 Martin Feed Mill Trout Feed MTT-MNR MNR-8204° Martin Feed Mills 2GR 26/10/82
timira, dnt.

3PT 29/09/82

lyniversity of Guelph, Ontario formulation
2Ministry

of Natural Resources, Ontario formulation
3Manufacturer's numberiny system for size of granules and pellets

e —
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Table 4. Percent fines removed by prescreening and sizes cf feed as fed.
Relative percent recovered in screen series
Diet Size Pe 1 let Peliet length 13 performed on prescreened feed
diameter mean range Removed Through sieve no™ 6 8 10 12 14 16
(Inn) (Inn) (Inn) as finesin Over sieve no: 8 10 12 14 16 -
prescreening'
CTR # 4 - - - 5 34 29 24 4 3
2.411vIl (3/327) 3 i.5 3.5-5.5 -
MTT-GRT ¥4 - - 0.3 6 31 3B 20 6 2
K1 | ?3832“ 3 i.3 3-7 0.3
3t4N (3/3232) °3 3.7 2-6 -
ABY 6/64" - 1.8 28 41 25 5 1 1
granules
/32" 3 4.4 3-7 0.9
Scs #4 - - 1.9 41 42 12 2 2 1
3/32" 3 4.9 3.5-6 0.8
SCT 14 2.6 56 33 8 2 1 1
3/32" 3 4.5 3-6 1.6
MTT-14NR’ 2GR - - - 1.8 0 33 39 14 10 5
3PT (3/327) 3 4.0 2-7 0.5

- Not measured.

lFinesare defined as

the material passing through a No. 16 sieve (for granular feeds) or through & No. 12 sieve (for pelleted feeds).

2 . .
Canadian (equivalent ., ;o size) sieve series mesh openings: MNo. 6 (3.33 inn), No.8 (2.36 mm), No. 10 (2.00 mm),No. 12 (1.70 11111), No. 14

(1.40 mm) and No. 16 (1.18 mu).

Sexperiment 2.
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Table 5. Performance of Sunndalsora Arctic charr and rainbow trout fed test diets for 14 weeks at 12°C (Experiment 1). Values represent the

mean of four replicates with means in each colunn folluwed by different superscripts letters being significantly different (P<0.05;

Duncan’'s new multiple range test). Regression values for log,(in) weight (g) versus time (days).
Oiet Species Initial Weight Weight ?ain Feed Intake Feed Conversion Slope Intercept r

(9) (g (9) (dty weight feed
+ wet weight gain)

CTR Arctic charr 12.9 40.7b 56.2¢ 1.41b 0.014 2.58 0.98
CTR Rainbow trwt 13.0 65.4a 72.5b 1.11b 0.018 2.68 0.98
MTT-GRT Arctic charr 13.0 25.2¢ 60.5b¢ 2.603 0.011 2.58 0.91
MTT-GRT Rainbow trout 13.1 71.3a 86.6a 1.22b 0.018 2.70 0.96
ANOVA! P>0.4 P<o0.00l P<o.00l P<0.00l

1 Analysis of variance (ANOVA) for a randomized complete block design. Generallinear Mode) _ siatistical Analysis System (SAS Institute 1979).
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Table 6. Performance of Sunndalsora Arctic Chdrr fed test diets for20 weeks at 12°C (Experiment 1). Values represent the mean of four
replicates with means in each co_lumfolloued by different superscript letters bein significantly different (P<0.05; Duncan’s new
multiple range test). Regression values for log.(in) weight (g) versus time(days;.

Diet Initial weight Weight gain Feed intake Feed conversion Slope Intercept r
(9) 9) (9) (dty weight fee |
+ wet weight gain)

CTR 12.9 79.42 104.1 1,35 0.014 2.58 0.28
MTT-GRT 13.0 50.6bc 105.0 2.19a 0.011 2.58 0.91
ABY 12.9 39.8¢ 91.3 2.43a 0.010 2.51 0.89
Scs 12.9 65.03b 119.8 1,93adb 0.013 2.57 0.91
SCT 13.0 64,9ab 114.8 1.813b 0.013 2.56 0.97
ANOVA’ P>0.5 P<0.05 P>0.05 P<0.05

1Ana]ys|sofvariance (anova) for arandomized complete block design. General Linear Mode!: Statistical Analysis System (SAS Institute 1979).
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Table 1. Performance of Labrador Arctic charr fed test diets for 12 weeks at 12°C (Experiment 2). Values represent the mean of three
replicates. Regression values for 109, (in) weight (g) vs time (days).

Diet Initial weight Weight gain Feed intake Feed conversion Slope Intercept r’
(9) (9) (9) (dry weight feed
+wet weight gain)

CTR 12.3 59.9 68.6 1.15 0.021 2.52 0.99
MTT-GRT 12.3 52.8 61.5 1.}7 0.020 2.52 0.98
MTT-MNR 12.3 63.1 67.6 1.07 0.022 2.51 0.98
ANOVA’ P>0.5 P>0.2 P>0.3 P>0.1

1 Analysisof variance (anova) for a completely randomized design.GeneralLinear Model _ giatistical Analysis System (SAS Institute 1979).
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Table 8. Biochemical composition of liver and nuscletissuel. hepatosomatic index (HS1)?, visceral fat rating’and haematocrit value” of
Sunndalsora rainbow trout and Arctic charr (Experiment

significantly different (P<0.05; Ouncan’s new multiple range test).

except visceral fat rating (P>0.05).

). Means in each column followed by different superscript letters are
Level of significance for ANOVA was P<0O.001 for all parameters,

Species Oiet HSI Visceral iiaematocrit Liver Muscle
fat Moisture  Total Total Moisture Total Total Lrude Crude
rating lipid lipid lipid lipid protein protein
(%) (% wet) (% dry) (*wet) (% dry) (% wet) (% dry)
Sunndalsora rainbow trout  CTR 1.25de 1.8 40.5a 72.3a 4.5¢d  16.3cd 75.8b 4,73 1922 17.8de 73.4cd
MTT-GRT  1.22¢ 21 39.3a 70.2" s.6bcd  138phc  g5.5b 528 21.3a  17,3e 70.8d
Sunndalsora Arctic charr  CIR 1.56b 17 36,70 62.0b 15.13 39.2a 74.8d 4.1bc 1600 19.0b 75.6bc
MTT-GRT  177a 15 39.2a 63.1b 13.02 34,72 76.1b  3.8¢  15.9b 18,2cd 76.4bc
ABY 1.29de 1.0 36.4b 72.6a 4.0d 14.5d 77.8a  1.8¢ 7.99 17.9d 80.8a
Scs 1.45bc 1.5 40.0a 69.5a 5.9bc  1g.2bc 752 3.0 125c 18.8bc 72.6ab
sCT 1.37d 11 38.9a 69.3a 7.5b 23.2b 746b  3.5¢d  136c  19.6a 80.0ab

1Tota) of 12 analyses pe'treatment.

2 gs1-liver weight(g) + body weight{g)*100-

‘Rating of O to 3.

‘ Total of 24 measurements per treatment.

Total of 24 measurements per treatment.
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Table 9. Biochemical composition o f liver and suscle tissue', hepatosomatic index? (HSI ), visceral fat ratinge nd haesatocrit value? of

Labrador Arctic charr (Experiment 2).

Level of significance for ANOVAwas P>0.1 for all parameters.
Species Diet HSI Visceral Haematocrit Liver Muscle
fat Moisture Total Total Hoisture— ol Total  Crude Crude
rating lipid liptd lipid Vipid protein protein
(a) (2 wet)(2 dry) (Suet) (% dry) (3 wet) (% dry)
Labrador Arctic charr CIR 1.78 1.6 44.8 63.0 13.5 36.1 153 4.5 18.1 17.4 10.5
MTT-GRT 1.88 1.4 43.9 63.5 12.9 35.4 ?5.1 3.8 15.1 17.4 1.5
MTT-HNR 1.97 1.9 43.5 61.2 16.7 42.6 14.9 4.4 17.6 17.7 ?0.4

Total of 9 analyses.

2Totzil of 18 méeat%ugﬂments per treatment.

YRating from

o2



21

ot 6 pajdues SN JIquNy
259 96 £l -5t $°0 % 2°6 g ot - 8°¢ (1/6w) *0°q
10°0 ¢ 0°21 o2t - 611 2’03 02t 0°¢t - 0701 MR *LELELL L)
80°0 3 0°8 £'8 - 8°¢ y0°0 3 6°L 18 - (L hd
191 7 006 0251 - w22 1oz  ¥68 5261 - 061 /61) N - CON
Lt v 9 s¢ - 0t g 91 o6 -2 (1/67) N fON
st 7 621 e - € FRIETA gve - 05 /67) N-( EHN+"HN)
3S § ueay abuey S 7 URay abuey

W A 1 duompawuay

T



