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A8STRACT

Tabachek ,  J .L . 1984. Eva luat ion  o f  grower
d ie ts  fo r  in tens ive  cu l ture  o f  two  s t ra ins
o f  A r c t i c  c h a r r  ( S a l v e l i n u s  a i  inus  L . ) .
Can. Tech. Rep. Fish. Aquat. ~1: i v
+ 21 p.

In two experiments, Arctic charr and rain-
bow t rout  (Sa lmo

*C !XKr~;X)LaKSunndal sora, =Y an
dor ,  Canada  were  fed  up  to  f i ve  t rou t  and /or
salmon diets. The control (CTR) diet appeared
to be 3 SUi@J1.S  practical diet for use in
determi nin9 the  n u t r i t i o n a l requirements of
e i t h e r  s t r a i n  o f  A r c t i c  c h a r r . Performance
(we igh t  9a in  and  feed  convers ion )  o f  Labrador
charr was superior to that of  Sunndalsora charr
and  was  equ iva len t  to  o r  s l igh t ly  be t te r  than
ra inbow t rout  fed  the  same d ie ts  [Mar t in  Feed
Mi l ls  GRr T r o u t  F e e d  ( M T T - G R T )  a n d  C T R ] .  I n
addit ion,  Performance of Labrador ch~rr was also
exceilent  with Martin Feed Nills MNR Trout Feed
(MTT-MNR). Not  a l l  t rout  or  sa lmon d ie ts  were
su i tab le  fo r  p roduc t ion  o f  bo th  s t ra ins  o f  Arc -
t ic charr.  Uhile M1l-GRT  was an a c c e p t a b l e  d i e t
for both rainbow trout and Labrador charr, it
w a s  a n  unaccepi-able  diet for Sunndalso?a  c h a r r ,
as was the Abernathy salmon diet, while both
Silver CUP Salmon and Trout Feeds were accept-
able diets for Sunndalsora charr. Although the
liver l ipid content was elevated in both strdins
of charr fed MTT-GRT, C T R  or MTT-14NR, it  was not
elevated in trout fed the same diets or Sunndal-
sora  char r  f ed  o ther  d ie ts . Hwever, the muscle
l i p i d  co!!tents  o f  t r o u t  f e d  C T R  o r  kiTT-GRT
tended to be sl ightly higher than charr  f ed  the
same d ie ts  and  much  h igher  than Sunndalsora
charr fed other diets,

A d j u s t m e n t s  f o r  f e e d  t y p e  s h o u l d  b e
included in a canputerized  fish data and manage-
ment system developed to predict the gro~th of
e i ther  s t ra in  o f  Arc t ic  char r .

Key words: an ima l  nu t r i t ion ;  aqu icu l tu re ;  ra in -
bow trout; weight gain; food conver-
sion; biochemical composition; com-
mercial feed.

RESUNE

Tabachek ,  J .L . 1984. Eva luat ion  o f  grower
d ie ts  fo r  in tens ive  cu l ture  o f  two  s t ra ins
o f  A r c t i c  c h a r r  ( S a l v e l i n u s  a l p i n u s  L . ) .
Can. Tech. Rep. Fish. Aquat.  Sci. 1281: iv
+ 21 p.

A u  c o u r s  d e  d e u x  exp~riments,  l’omble
cheva l ie r  e t  la t ru i te  a rc -en -c ie l  (Sa lmo ga i rd -
neri R i c h a r d s o n )  d e  S u n n d a l s o r a ,  -ge, et
=le cheva l i e r  du  Labrador ,  Canada ,  fu ren t
m i s  .jusqu’~  Cinq s o r t e s  d e  r~gime  a l i m e n t a i r e
p o u r  t r u i t e  e t / o u  s a u m o n . L e  r6gime-t6moin
(CTR) paraissait  Ftre un r~gime  p r a t i q u e  p o u v a n t
s e r v i r  5 d~terminer l es  beso ins  en  nu t r i t ion  de
I’une W l’autr; eSP@Ce  d ’ o m b l e  c h e v a l i e r .  L e s
progrds  C o n s t a t e s  ( g a i n  d e  p o i d s ,  i n d i c e  d e
transformation) chez I’omble du Labrador &aient
plus important que ceux relevds chez l’cmble de
Sunndalsora, et ils &,aient les times, ou

16g&rement  p l u s  i m p o r t a n t ,  q u e  c e u x  constat~s
c h e z  l a  t r u i t e  a r c - e n - c i e i  i q u i  o n  a v a i t  f a i t
s u i v r e  l e  mhe r~gime  [ M a r t i n  F e e d  M i l l s  G R T
Trou t  Feed  (MTT-GRT)  e t  CTR] . O e  p l u s ,  les
progr~s enregistr~s chez l ’omble du Labrador mis
a u  r6gime  de  Mar t in  Feed  Mi l ls  MNR Trout  Feed
(MTT-MNR) & a i e n t  Egalement  e x c e l l e n t .  Mais
t o u s  l e s  rdgimes  alimentaires p o u r  t r u i t e  o u
oinble n e c o n v e n i e n t  p a s a u x  d e u x  esp~ces
d’omble  c h e v a l i e r .  P a r  e x e m p l e ,  l e  r@gime’MTT-
G R T  c o n v e n a i t  5 la fois 3 l a  t r u i t e  a r c - e n - c i e l
et 5 l’omble cheva l i e r  du  Labrador ,  ma is  ne  con -
v e n a i t  p a s  5 l’omble d e  S u n n d a l s o r a , et le
rEgime  Abernathy ne lui  convenait  pas non plus.
Par  a i l l eurs ,  l es  rEgimes  S i l v e r  C u p  S a l m o n  e t
T r o u t  F e e d s  l u i  c o n v e n i e n t .  Ouoique  la t e n e u r
e n  l i p i d e s  c l a n s  l e  f o i e  Etait @lev@e ctiez  l e s
deux esp~ces  d’omble mises aux r6gimes  M T T - G R T ,
C T R  o u  MTT-MNR, e l le  ne  l’6tait p a s  c h e z  l e s
truites qui y @taient s o u m i s e s ,  n i  c h e z  l ’ o m b l e
d e  S u n n d a l s o r a  s o u m i s  a u x  autre$ r6gimes.
Toutefois,  la teneur en l ipides clans les muscles
des  t ru i tes  nourr+es  au rggime  C T R  o u  M T T - G R T
a v a i t  t e n d a n c e  5 Etre l~gdrement  p l u s  f o r t e  q u e
c e l l e  d e s  o m b l e s  s o u m i s  a u x  nklmes r~gimes,  e t
sensiolement  p lus  fo r te  que  l ’omble  de  Sunnda l -
sora  soumis  3 d’autres rEgimes.

On doit  tenir  compte des diverses Sortes de
r~gime  a l i m e n t a i r e  a u x q u e l l e s  o n  s o u m e t l e s
esp@ces  d e  p o i s s o n s  l o r s q u ’ o n  pr~pare  d e s  d o n -
n@es m6canographiques  sur les p o i s s o n s  e t  q u ’ o n
met a u  p o i n t  u n  syst&ne  de gestion p o u r  pr~dire
la  c ro issance  de  I’une ou l ’autre esp~ce  d ’ o m b l e
c h e v a l i e r .

Mets -c lEs: alimentation d e s  animaux;  a g r i c u l -
t u r e ; t r u i t e  arc-en-ciel; g a i n  d e
poids; i n d i c e  d e  t r a n s f o r m a t i o n ;
compos i t ion  b ioch imique ; al iments
convnerciaux pour poissons.
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INTRODUCTION

R e c e n t l y ,  t h e r e  h a s  b e e n  a n  i n c r e a s i n g
in te res t  in  the  c u l t u r e  of  Arc t ic  char r  both  in
Europe (G.jednm  and Gunnes 1978; Wandsvik and
Jobling 1982) and in Canada (8aker 1983; Papst
and Hopky 1983). The  e f fec ts  o f  t empera tu re
(Uraiwan 1982; Wandsvik and Jobling 1982; 8aker
1 9 8 3 ;  J o b l i n g  1 9 8 3 ) , r a t i o n  a n d  s i z e  ( 8 a k e r
1983; Jobling 1983; Jobling and Wandsvik 1983c),
social  interactions (Jobling and Wandsvik 1903a)
and  dens i ty  (8aker ,  persona l  cunnun ica t ion )  on
t h e  grwth o f  Arc t ic  ckarr h a v e  b e e n  s t u d i e d .
However ,  the  on ly  research  on  the  nu t r i t iona l
r e q u i r e m e n t s  o f  A r c t i c  c h a r r  i s  t h e  r e c e n t
r e p o r t  f r o m  Nomay  b y  J o b l i n g  a n d  Handsvik
(1983b). They  s ta ted  tha t  the  p ro te in  requir-
ements of Arctic charr were in the range of 3 5 -
45% which  was almost identical to that of rain-
bow t rou t  and  tha t  f eed ing  Arc t i c  char r  d ie ts
formula ted  fo r  ra inbow t rou t  shou ld  resu l t  in
s a t i s f a c t o r y  g r o w t h  r a t e s . Eva luat ions  have
b e e n  c o n d u c t e d  t o  a s s e s s  t h e  p e r f o r m a n c e  o f
rainbcw  trout (Tabachek 1983) fed different com-
merc ia l  f eeds . T h i s  d o e s  n o t  a p p e a r  t o  h a v e
been done with Arctic charr.  The effect of diet
u p o n  p e r f o r m a n c e  i n  r a i n b o w  t r o u t  ( T a b a c h e k
1983) was great enough to require inclusion of
feed type into the model of Papst et al .  (1982)
and the computerized f ish data and management
system (FISHDAMS) of Arnason et al. (1981) being
develcped f o r  a n  i n t e n s i v e  p r o d u c t i o n  s y s t e m
;J~~izing w a s t e  h e a t  ( P a p s t  a n d  H o p k y  1 9 8 2 ,

.

The present studies were designed to eval-
ua te  the  Petiomance (we igh t  ga in ,  f eed  conver -
sion, mortal i ty)  of a Sunndalsora (Noway) and a
Labrador strain of Arctic charr fed up to 3 open
(i-2 trout,  1 salmon and 1 control)  and 2 closed
(1 sa lmon  and  1  t rou t )  fo rmu la t ions .  The  pur -
pose was to determine 1) which open formation
w o u l d  k best to use in further ~search in diet
formulaticm and nutrit ional requirements of Arc-
t i c  c h a r r ,  2 )  i f  o t h e r  c o r n n e r c i a l l y  a v a i l a b l e
trout or SalmOn f e e d s  c o u l d  b e  u s e d  t o  e n h a n c e
the growth of Arctic charr raised in the hatch-
ery and 3) i f  feed type would need to be includ-
ed in a gr~th model deve loped  to  p red ic t  the
grwth o f  Arc t ic  char r .

METHOOS

FISH STOCKS

Experiment 1

S u n n d a l s o r a  rainbw  t rwt were progeny o f
a  d o m e s t i c  s t r a i n  o b t a i n e d  f r o m  a  hatche~  in
S u n n d a l s o r a ,  Norway in  Apr i l  1975  (Papst  and
!+opky 1 9 8 3 ) . Eggs for the present study were
spawned in March 1981.

Sunnda lsora  Arc t ic  char r  were  a  second
g e n e r a t i o n  h a t c h e r y  s t r a i n  o r i g i n a t i n g  a s  a n
anadrom@Js  S t ra in  f rom nor thern  Norway . They
were received as eyed eggs Oecember 15,  1980
from Sunndalsora Hatchery,  Sunndalsora,  Norway
(Baker 1983).

Experinmt 2

The  Labrador  Arc t ic  char r  were  co l lec ted
as eggs frcm an anadromous stock of f ish from
the Fraser Ri~er, Labrador in Nov*er 1981 .

A l l  t r o u t  a n d  c h a r r  w e r e  i n c u b a t e d  a n d
reared  a t  6 °C  and  were  fed  S ter l ing  S i lver  Cup
Trout Starter Feed and Mart in Feed MillsI T r o u t
(GRT) Gruwer Feed.

OIETS

Experiment 1

Oie ts  eva lua ted  in  Exper iment  1 i n c l u d e d
t w o  c o i n n e r c i a l  t r o u t  d i e t s  [ M a r t i n  F e e d  Y i n
Trout  Feed  (MTT-GRT)  and  S te r l ing  S i lver  Cup
Trout  Feed  (SCT) ] ,  one  commerc ia l  sa lmon  d ie t
[S te r l ing  S i lver  Cup  Sa lmon Feed  (SCS) ] ,  a  sa l -
mon diet made to specif ications for use in U.S.
federal government hatcheries [Abernathy Salmon
P r o d u c t i o n  D i e t  (A8Y)] and a control  diet  (CTR)
(Tab le  1 ) . Manufacturing dates and fonmlations
of diets are presented in Tables I and 2 respec-
tively. No other formulations could be evalua-
ted due to a shortage of charr. The CTR diet
was manufactured in the same way as described
by Tabachek (1983) except that the feed mixture
was extwded through a 2.4Imn (3/32”) die rather
than a 3.3ImI (1/8”) die.

Undersized granules and fines were removed
and  co l lec ted  f rcm a l l  f eeds  as  PWiOUSIY d e s -
c r ibed  (Tabachek  1983 ) . Screened feeds were
sea led  in  bags  and  s to red  a t  - 20”C . A sieve
series separation was carried out on a sample o f
e a c h  p r e s c r e e n e d  saqle of 9ranular-size feed as
out l ined  by  Tabachek  (1983 ) .  The  d iameter  and
l e n g t h  o f  t h e  p e l l e t s  w a s  detemined  b y  d i r e c t
measunment.

Mo is tu re ,  ash  and  n i t rogen  con ten ts  were
de te rmined  by  AOAC (1980 )  mthods  for all P r e -
screened  feeds . Nitrogen was converted
c r u d e  p r o t e i n  b y  m u l t i p l i c a t i o n  b y  6 . 2 5 .  Tot~;
l i p i d  w a s  d e t e r m i n e d  b y  a  m o d i f i e d  81igh a n d
O y e r  ( 1 9 5 9 )  e x t r a c t i o n  a n d  spectrophotometric
a s s a y  o f  t h e  e x t r a c t  u s i n g  a c i d  d i c h r c m a t e
ox ida t ion  (Fa les  1971 ) .

Experiment 2

In  the  spr ing  o f  1982 ,  Mar t in  Feed  Mi l ls
c e a s e d  m a n u f a c t u r i n g  G R T - G  (MTT-GRT)  as their
grcmer  d i e t  a n d  b e g a n  manufactu~n9 ~R-8204
(~-MNR) ( T a b l e  1 )  - the Ontario Mtnjstw of
Natural Resources formulation used in Ontario’s
p r o v i n c i a l  govemmnt h a t c h e r i e s . The formula-
tion of NTT-MNR is given in Table 2 and is very
s i m i l a r  t o  t h e  mR (MNR-80G)  d i e t  e v a l u a t e d  f o r
the p r o d u c t i o n  o f  rainbw t r o u t  ( T a b a c h e k
1983 ) . T h e  o r i g i n a l  l o t s  o f  FITT-GRT a n d  C T R
f ran  Exper iment  1  were  eva lua ted  alon9 with the
new product (MTT-MNR) (Table 1)  for the produc-
t i o n  o f  L a b r a d o r  A r c t i c  c h a r r . prescreening,
sieve ser+es and proximate analYsis were  c o n d u c -
ted on MTT-MNR in the sams  manner as Experiment
1 .
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FEEDING TRIAL Experiment 2

Experiment 1

T h e  f e e d i n g  t r i a l  w a s  c o n d u c t e d  a t  t h e
Rockwood Exper imenta l  F ish  Hatchery  loca ted
approximately 40 km north of Winnipeg, Manitoba
( A y l e s  e t  a l .  1 9 8 1 ) . Cu l tu re  cond i t ions  were
m a i n t a i n e d  a s  c l o s e l y  a s  p o s s i b l e  w i t h  t h e
p~vious e x p e r i m e n t  ( T a b a c h e k  1 9 8 3 )  using a
recirculation system, 60 L fibe~lass  tanks with
a flcu rate of 4-5 L/rein and a water temperature
of 12fl.oOc. Lighting was provided by yellow
f l u o r e s c e n t  b u l b s  g i v i n g  light-~nte~ities o f
0 . 6 9  znd 0 . 4 8  m“croeinsteins m  s e e-  f o r  t h e
u p p e r  a n d  luwer t a n k s  r e s p e c t i v e l y  ( U r a i w a n
1982). L i g h t i n g  w a s  cm a  12h  l ight ,  12h  dark
cyc le . Water qual i ty  parameters (dissolved
oxygen, PH, NHQ-N,  N02-N and N03-N) were moni-
tored biweekly as previousl described (Stainton

Yet al. 1974; Tabachek 1983 and temperature was
monitomd  by a Ideksler recorder.

T h e  s e v e n  t r e a t m e n t s  (2 diets for Sunndal-
s o r a  rainb~ t rou t  and  5  d ie ts  fo r  Sunnda lsora
A r c t i c  cha-r) w e r e  a s s i g n e d  a t  r a n d o m  w i t h i n
eac+ o f  the  four  rcus  o f  tanks  in  a  randomized
conplete  b lock  des ign . Acclimation was begun
with 100-12O fish Per tank. Two weeks prior to
t h e  experiomt,  f ish wen g r a d e d  a n d  g r o u p e d
i n t o  l o t s  b y  w e i g h t . Subsequently these lots
we= subdivided and transferred to tanks. T o t a l
we igh t  o f  the  40 f i sh  per  t ank  var ied  f rom 510 -
5 2 8  g  [517*1.2  ( S E ) ]  f o r  c h a r r  a n d  5 1 4 - 5 2 6 g
(522*1.3) f o r  t r o u t  w h e n  t h e  experi~nt  c o m -
menced .  To ta l  acc l imat ion  ti~ was 4 weeks for
trout and 7 weeks for charr.

The  feed ing  reg ime  was  as  descr ibed  by
Tabachek (1983) with f ish being fed to sat~ation
twice  a  day . Feeding was done carefully in a
manner that minimized feed loss. Feed size was
c h a n g e d  w h e n  f i s h  a c c e p t e d  t h e  l a r g e r  s i z e .
Total  feed intake per tank was measured weekly
b y  w e i g h i n g  f e e d  a t  t h e  b e g i n n i n g  a n d  e n d  o f
each weekly period. Total weight and number of
f ish per tank were determined biweekly.  Mortal-
i t ies were removed and recorded daily.

A f t e r  1 4  w e e k s , t h e  ra”nbm  t r o u t  h a d3a c h i e v e d  a  denSity o f  54  kgjm  a n d  t h e  t r o u t
phase of the experiment was terminated. Fish
wen anes the t i zed  w i th  2 -phenoxye thano l .  Who le
body weight and l iver weight were measured for
each of 6 fish w tank.  Liver and nuscle (skin
and bone removed) samples were taken for analy-
sis frcm these 6 fish as 3 sanples  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
f ish per tank and centrifuged in an Adams Auto-
c r i t .

The Arctic charr phase of Experiment 1 was
te rmina ted  a t  20 weeks when th$ density of f ish
fed sone diets exceeded 50 kg/m .  These samples
were processed in the same manner as the rainbw
t r o u t .

C u l t u r e  c o n d i t i o n s  w e r e  t h e  s a m e  a s  i n
E x p e r i m e n t  1 except that only one lcwer row of
tanks was used. The three diet treatments were
assigned at random in a completely randomized
des ign  w i th  thne rep l ica tes  per  d ie t .  Labrador
A r c t i c  c h a r r  we~  gnded  by  weight  in  a  s imi lar
manner as Experiment 1 and were acclimated tc
t h e i r  n e w  e n v i r o n m e n t  f o r  a  t o t a l  o f  3  wkeks.
Total  weight of the 40 f ish per tank varied from
484-497g  (490tl.6) w h e n  t h e  e x p e r i m e n t  c o m -
menced. Feeding regime and sampling schedules
werw the sam as  fo r  Exper iment  1 . H a t e r  q u a l -
i t y  parameters  were  measumd  week ly . When the
experiment was terminated at 12 weeks, sampling
procedures  were  ca r r i ed  wt in the same manner
as in Experiment 1.

HISTOLOGY AND GROSS EXAMINATION

At  the  te rminat ion  o f  both  Exper iment  1
and 2,  al l  f ish were visually examined for t h e
presence  o f  l ens  ca tarac ts .  A  sample  o f  6  f i sh
were examined and the condit icm of the kidney,
l i v e r ,  a n d  s k i n  c o l o r a t i o n  w a s  ncted. Amount
o f  v i s c e r a l  f a t  w a s  q u a n t i f i e d  b y  g i v i n g  i t  a
va lue  o f  O  fo r  none ,  1  fo r  l igh t ,  2  fo r  med ium
and 3 for high accumulation of fat. Samples of
k i d n e y ,  h e a r t ,  s p l e e n  a n d  t h y r o i d  w e r e  t a k e n
f rcm 2  f i sh  per  tank ,  f i xed  in  Bou in ’s  sOlutien
a n d  t r e a t e d  f o r  histological  eXaminatiOII  a s
d e s c r i b e d  b y  T a b a c h e k  ( 1 9 8 3 ) .

BIOCHEMICAL ANALYSIS OF PIJSCLE  AND LIVER

I n  b o t h  E x p e r i m e n t  1  a n d  2 ,  m o i s t u r e ,
t o t a l  l i p i d  a n d  c r u d e  p r o t e i n  c o n t e n t s  w e r e
de te rmined  on  nuscle and l iver samples as des-
cribed by Tabachek (1983).  Since body c

T
o s i -

t i o n  i s  r e l a t e d  t o  f i s h  s i z e  ( R e i n i t z  1983  , an
attenpt was  made  to  ra ise  f i sh  to  s imi la r  f ina l
body weights.

STATISTICAL ANALYSIS

W h e n  B a r t l e t t ’ s  t e s t  o f  hc+nogeneity  o f
var iance  (S tee l  and  Tor r ie  1980 )  was  app l ied  to
performance and biochemical data,  variances for
hematocr i t , hepatosomatic ind ices , a n d  b i o -
chemica l  compos i t ion  o f  l i ve r  and  musc le  were
fcund  to be n o n - h o m o g e n e o u s  i n  E x p e r i m e n t  1.
S q u a r e  r o o t  t r a n s f o r m a t i o n  ( S t e e l  a n d  T o r r i e
1 9 8 0 )  w a s  a p p l i e d  t o  t h e s e  d a t a  t o  e q u a l i z e
variances. In  bo th  Exper iments  1  and  2 ,  this
transformation was also applied to percent mor-
t a l i t y  d a t a . A l l  d a t a , i n  e i t h e r  t h e  a p p r o -
p r i a t e  t r a n s f o r m e d  o r  n o n - t r a n s f o r m e d  s t a t e ,
were  sub jec ted  toanalysis of variance and l)un-
c a n ’ s  n e w  m u l t i p l e  r a n g e  t e s t  ( D u n c a n  1 9 5 5 )
u s i n g  t h e  S t a t i s t i c a l  A n a l y s i s  S y s t e m  ( S A S
I n s t i t u t e  1 9 7 9 ) . Data are presented in the non-
t rans formed  s ta te . Linear rWJPE5SiOn was used
t o  d e t e r m i n e  l o ge  ( i n )  w e i g h t  v s  t i m e  r e l a -
t ionsh ips  fo r  each  t rea tment  fo r  COIIpariSOn  with
t h e  WON o f  U r a i w a n  ( 1 9 8 2 ) ,  B a k e r  ( 1 9 8 3 )  a n d
Papst and Hopky (1983).
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RESULTS

DIETS

Formulation

Within each of CTR, NTT-GRT and MTT-MNR,
the same formulation was used for al l  sizes of
feeds obtained (Tables 1 and 2), while A6Y had a
d i f f e r e n t  f o r m u l a t i o n  f o r  t h e  g r a n u l a r  v s  p e l -
l e t e d  f e e d s . SCS and SCT feeds were closed
fomul?.tions  whose quantitat ive ingredients were
knc+vn  only by the manufacturer.

Proximate comp osi t ion  of  d ie ts

Prox imate  ccgnpos i t ion  of diets (Table 3)
showed that crude protein was 41-45% for CTR and
MTT-GRT and 47-53% for al l  other diets. T o t a l
l ip id  ranged  f rom a  IC U  of  9 -11% for  SCT to  a
high of 15-17 for CTR and MTT-t4NR while ABY con-
ta ined  12 -14% l ip id . Both SCS and MTT-GRT were
var iab le  in  l ip id  content  be tween  the  granu la r
a n d  P e l l e t e d  f e e d s  w i t h  1 0 . 5  acd 1 4 . 7 2  f o r  S C S
and 14 .2  and  17 .2% (21% in  Exper iment  2 )  fo r
MTT-GRT. Ash was less than 10% for CTR, MTT-GRT
and MTT-MNR while i t  was 10-12.5% for the other
d i e t s .

S izes of  d ie ts

The “f ines” ~maved  constituted Up to 2.6%
a n d  1.6% of  the granular  and pel leted feeds
respect ively (Table 4) . These wem less than
previously nported  (Tabachek 1983) and probably
would  have  made  l i t t l e  d i f f e rence  to  feed  con-
vers ion  if t h e y  h a d  n o t  b e e n  r e m o v e d . The
screen series (Table 4) shcued the relative per-
centage  o f  par t i c le  s i zes  p~sent  i n  t h e  g r a n u -
lar size was similar for CTR, MTT-GRT and MTT-
MNR which were smaller than ABV, SCS and SCT.
The  SCS and  SCT d ie ts  were  s imi la r  a l though
s l i g h t l y  larger t h a n  A B Y . Mean pe l le t  length
was  s imi la r  in  Exper iment  1  rang ing  f ran  4 .3 -
4.51mI,  except for SCS which was 4.9imn long. In
Exper iment  2 , m e a n  p e l l e t  l e n g t h  v a r i e d  c o n -
siderably from 3.7-4.5r19n for the three diets.

Feed sizes wre  Changed  when fish accepted
t h e  l a r g e r  s i z e . Th is  occur red  a f te r  6  weeks
for rainbuw trcut and 10 weeks for Sunndalsora
Arc t ic  char r  in  Exper iment  1 . A f te r  2  weeks ,
the f ish fed ABY had gained cnly 1 .4g  compared
to  4 .3  g  the  p rev ious  two  weeks . S i n c e  t h i s
a p p e a r e d  t o  b e  n?lated  to  a  change  o f  pa r t i c le
s i ze ,  they  were  cont inued  on  the  granu la r  feed
for two more weeks before changing to the pel-
l e ts  aga in . T h e  enti~ 10-14 week period was
u s e d  a s  t h e  a p p a r e n t  i n c r e a s e  i n  t h e  w e i g h t
(F ig .  1 )  fo r  char r  fed  ABY a t  12  weeks .  These
f i s h  w e r e  r a i s e d  f o r  a n  a d d i t i o n a l  2  w e e k s
(unti l  22 weeks) to compensate for the low gain
2 week period. In Experirrent 2,  feed size was
changed after 8 weeks.

PERFORMANCE

Experiment 1

A t  t h e  t e r m i n a t i o n  o f  t h e  r a i n b o w  t r o u t
phase of Experiment 1 (14 weeks),  trout fed CTR

or  MTT-GRT had  ga ined  s ign i f i can t ly  more  than
Sunndalsora charr fed the same diets (Table 5).
A l though  there  were  no  s ign i f i can t  d i f f e rences
i n  p e r f o r m a n c e  b e t w e e n  t r o u t  f e d  e i t h e r  d i e t ,
charr fed MTT-GRT gained signif icantly less than
those fed the CTR diet. In addition, feed con-
vers ion  was  s ign i f i can t ly  poorer  fo r  char r  fed
M T T - G R T  ( 2 . 6 0 )  t h a n  f o r  t r o u t  o r  c h a r r  f e d
e i t h e r  d i e t  ( 1 . 1 1 - 1 . 4 1 ) .

By  8  and  12  weeks ,  we ight  ga in  and  feed
conversion, nxpectively, wetw s i g n i f i c a n t l y
better for charr fed CTR ccmpared  to  e i ther  ABY
or MTT-GRT and this continued to the end of the
exper iment  (Tab le  6 ) . Performance was similar
for charr fed SCS and SCT and was neither signi-
f i c a n t l y  p o o r e r  t h a n  C T R  n o r  s i g n i f i c a n t l y
be t te r  than  MTT-GRT . Performance parameters
weme p o o r e s t  f o r  S u n n d a l s o r a  c h a r r  f e d  A B Y .
Mortality was less than 10% with no significant
difference between dfets. T h e  s l o p e s  o f  t h e
regress ion  l ines  (Tab les  5  and  6 ) ,  wh ich  a re  a
measure  o f  g rvwth  ra te  over  the  sPec i f ic  t ime
per iod ,  a lso  re f l ec t  the  above  e f fec ts  o f  d ie t .

Experiment 2

T h e n  w e r e  n o  s i g n i f i c a n t  d i f f e r e n c e s  i n
weight gain or feed conversion between Labrador
A r c t i c  c h a r r  f e d  t h e  t h r e e  d i e t s  ( T a b l e  7).
S l o p e s  o f  t h e  nsgression lines also show l i t t l e
d i f f e rence  in  g ruwth  ra te . Mor ta l i ty  was very
lW i n  f i s h  f e d  a l l  d i e t s .

HAEft4TOCRIT  VALUES ANO BIOCHEMICAL CONpOSITION
OF rJUSCLE ANO LIVER

Experiment 1

The  hepa tosomat ic  ind ices  !tiSI)  (Table 8)
wem  s ign i f i cant ly  g rea te r  fo r  Sunnda lsora  char r
fed a)  CTR or MTT-GRT ccmpared  to trwt fed the
same diets or b) MTT-GRT compared to charr fed
a l l  o t h e r  d i e t s . I n  a d d i t i o n ,  l i v e r  l i p i d  w a s
s i g n i f i c a n t l y  h i g h e r  w h i l e  liver moistun?  w a s
significantly lower for charr fed CTQ or M T T - G R T
canpamd  to charr or trout fed all diets.

In contrast to t h e  l i v e r ,  t h e  mscle o f
char r  fed  MTT-GRT conta ined  s ign i f i cant ly  l ess
l ip id  and  mom p ro te in  than  trOUt f e d  t h e  s a m e
d i e t . This was also true of the mscle lipid (%
d r y )  a n d  p r o t e i n  ( %  w e t )  c o n t e n t s  o f  C T R - f e d
c h a r r  v s  t r o u t .  T h e  nuscle t i S S u e  of f i s h  f e d
A B Y  w a s  h i g h e r  i n  m o i s t u r e  a n d  lC4fer  in l ip id
than  f i sh  fed  any  o ther  d ie t . Muscle composi-
t ion  o f  SCS and  SCT- fed  char r  d i f fe red  on ly  in
pro te in  conten t  (%  wet )  wh i le  then was no d i f -
fe rence  in  l i ve r  compos i t ion .

C h a r r  ’ f e d  A B Y  o r  C T R  h a d  s i 9 n i f i : a n t l y
laver blood haemotocrit  values than f ish fed any
other  d ie t .

Experiment 2

No  s ign i f i can t  d i f f e rences  were  apparen t
in HSI, blood haemotocrit value, liver or nuscle
moisture, lipid or protein contents in Labrador
charr fed the three diets (Table 9).
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HISTOLOGY AND GROSS EXAMINATION

Lens  ca ta rac ts  wen observed in less than
12  o f  the  rainbcrw  t r o u t  a n d  7 - 1 1 %  o f  the Sunn-
da lsora  Arc t ic  char r  in  Experi~nt  1 .  They  were
l e s s  pnvalent  i n  L a b r a d o r  c h a r r  ( 1 - 2 2 )  i n
Experiment 2. In  ne i ther  exper iment  d id  they
a p p e a r  t o  b e  a t t r i b u t a b l e  t o  a n y  p a r t i c u l a r
d i e t . [n both Experiment 1 and 2, skin and fins
o n  t h e  v e n t r a l  s i d e  o f  c h a r r  f e d  M T T - G R T  o r
MTT-MNR had  a  b r igh t  yellw colora t ion  which

was not evident in trout or charr fed any o t h e r
d i e t s . No gross abnormalit ies were observed
t h a t  c o u l d  b e  a t t r i b u t e d  t o  d i e t .  H i s t o l o g i c a l
examination revealed no abnormalit ies in kidney,
thy ro id , o r  s p l e e n  i n  S u n n d a l s o r a  c h a r r  o r
t rou t  in  Exper iment  1 . There  were  no  s ign i f i -
can t  d i f f e rences  in  the  amount  o f  v iscera l  f a t
(Tab les  8  and  9 )  be tween  f i sh  fed  any  diets in

Experiment 1 or 2.

HATER QUALITY

Water q u a l i t y
throughout Experiments 1
T a b l e  1 0 . Amnonia-N

.

parameters monitored
and 2 are presented in
(NH.+NH2-NI  i n c r e a s e d

th roughout  the  exper iments  kac~ing  c o n c e n t r a -
t i o n s  g r e a t e r  t h a n  3i)0 vgfL  dur ing  the  las t  2 -4
w e e k s .  NitritelN (N02-N) g e n e r a l l y  r a n  e d  fror,

‘12 -6  ~g/L  (Exper iment  1 )  and  10 -34  ~g/L  E x p e r i -
ment 2). High levels (75-79 ~g/L) wen? o b s e r v e d
only at 12 weeks (Experimnt 1) and O week
(Experinxmt  2) and dropped thereafter.

DISCUSSION

T h e  p u r p o s e  o f  t h i s  e x p e r i m e n t  w a s  t o
e v a l u a t e  a v a i l a b l e  t r o u t  a n d  s a l m o n  d i e t s ,
espec ia l l y  open- fo rmula  d ie ts ,  to  f ind  a  p rac t i -
ca l  d ie t  tha t  cou ld  be  used  in  fu r ther  exper i -
ments for determining the nutritional require-
ments of Arctic charr. Superior diets may be
developed in the future but the CTR (C-201)
fOrnulatiOn  appears  to  be  a  su i tab le  p rac t ica l
d ie t  fo r  such  exper iments  w i th  bo th  s t ra ins  o f
Arc t ic  char r . MTT-MNR, which is similar to CTR,
is  de f in i te ly  su i tab le  fo r  research  w i th  Labra -
dor charr and should be evaluated for use with
Sunndalsora charr. B o t h  N’11-GRT and ABY were
unacceptab le  as  d ie ts  fo r  Sunnda lsora  char r .
Petiormance o f  Sunnda lsora  char r  was  sa t i s fac -
tory with either closed trout or salmon formula-
t ions  (SCT  and  SCS) . Job l ing  and  Wandsv ik
(1983b) stated that rainbow trout diets could be
e x p e c t e d  t o  r e s u l t  i n  satisfacto~ r a t e s  o f
grtxtth  when  fed  to  Arc t i c  char r . Hcmever ,  i t
would appear from the present study that not al l
rainbw  t rCUt  or  sa lmon d ie ts  a re  su i tab le  fo r
ra is ing  a l l  s t ra ins  o f  Arc t ic  char r .

T h e  g r o w t h  r a t e  o f  L a b r a d o r  A r c t i c  c h a r r
(sl@e =  0 . 0 2 0 - 0 . 0 2 1 , r2M.98) ( E x p e r i m e n t  2 )

9was higher than t at of Sunndalsora charr (slope
=  0 . 0 1 0 - 0 . 0 1 4 ,  r2= 0 . 8 9 - 0 . 9 8 )  o r  rainbcu t r o u t
( s l o p e  ●  0 . 0 1 8 ,  r>O.96) (Expe~~nt 1) f e d  CTR
or MTT-GRT. The regression equations represent-
i n g  t h e  g r o w t h  o f  S u n n d a l s o r a  r a i n b o w  t r o u t
[ (Y=2 .70+0 .018X;  Y -we ight (g ) ,  X=time(days)]  and

Labrador  Arc t ic  char r  (Y=2 .52+0 .020X)  fed  MTT-
G R T  wen s imi la r  to  those  o f  Papst  and  Hopky
(1983) (Y=2.68+0.019x and Y=2.75+0.019X, respec-
t i v e l y )  f o r  t h e  sam s t r a i n s  a n d  d i e t .  T h e  i n i -
t i a l  we ight  and  t ime  per iod  was  approx imate ly
the  same as  in  th is  s tudy  a l though  the i r  f i sh
w e r e  r a i s e d  i n  a l a r g e  p i l o t - s c a l e  ccsnnercial
sjstem a t  a  s l i g h t l y  h i g h e r  w a t e r  t e m p e r a t u r e
( 1 3 . 3  t0.06°C). The results for Labrador charr
w e r e  a l s o  s “ m i l a r  t o  t h e  s p e c i f i c  g r o w t h  r a t e

\(2.17X day- ) for 8-9 g Arctic charr fr~
Nauyak Lake, NWT fed SCT at maximum ration in
the sam cultu~  system at 13°c (Uraiwan 1982).

In comparison of Labrador and Sunndalsora
char r  f ed  the  same d ie ts ,  i t  shou ld  be kept  in
mind that the experiments wen conducted at dif-
ferent t imes. Although every effort  was made to
keep condit ions the same, there were some dif-
fennces  i n  w a t e r  chemist~. The  load ing  ra te
o n  t h e  f i l t e r s  w a s  d i f f e r e n t  w i t h  14 t a n k s  p e r
f i l te r  in  Experimmt 1  a n d  9  t a n k s  p e r  f i l t e r  i n
Experiment 2. Although the asymptotic LC50 for
1 2 g  rainb~  t r o u t  i s  1 4 0 - 1 5 0  ~g/L  N02-N ( RU S S O
et  a l .  1974) ,  f i sh  a re  s t ressed  a t  leve ls  much
lwer t h a n  t h i s . The  h igh  l eve ls  o f  N02-N  (75 -
79 ~g/L) a t  12  weeks d u r i n g  E x p e r i m e n t  1 a n d
d u r i n g  the  f i rs t  2  weeks  o f  Experinmt 2 p r o b a -
b ly  caused  s t ress . Therefore,  under ideal  c o n -
dit ions the grwth rates might have been b e t t e r
a t  these  t imes . In both experinwts,  u n i o n i z e d
ainnonia  l e v e l s  w e r e  w i t h i n  t h e  l i m i t s  s e t  by
Liao and Mayo (1972) and dissolved oxygen and pH
met the requirements for f ish culture (Uedeneyer
and Wood 1974).

A  poss ib le  exp lana t ion  o f  the  dtfferwnces
in performance between charr fed dif ferent diets
may be  due  to  d i f fe rences  in  the  d ie ta ry  leve ls
o f  p r o t e i n  a n d  l i p i d . J o b l i n g  a n d  Mandsvik
(1983b)  c o n c l u d e d  t h a t  t h e  optin’um p r o t e i n
requ i rement  fo r  the i r  s t ra in  o f  Nowegian  A r c t i c
char r  was  35 -45% a t  15  and  1 1 %  l i p i d  r e s p e c -
t i v e l y . Hcwever, experiments in progress have
indicatea t h a t  t h e  p r o t e i n  a n d  l i p i d  r e q u i r e -
~ntS o f  3 - 4 0  g  c h a r r  o r i g i n a t i n g  frcm Nauyuk
Lake ,  NWT,  a re  h igher  than  th is  and  a re  about
44 -54% pro te in  w i th  15 -20% l ip id .  Oietary lipid
can  have  a  spar ing  e f fec t  on  p ro te in  (Takeuch i
e t  a l .  1978;  Watanabe  1977)  a l lowing  u t i l i za t ion
o f  p r o t e i n  f o r  g r o w t h  r a t h e r  t h a n  f o r  e n e r g y .
T h e r e f o r e , although ABY, SCS and SCT contained
47-53% protein,  their l ipid contents were gener-
a l ly  9 -14%,  a  lewel wh ich  may  no t  have  a~lowed
o p t i m i z a t i o n  o f  t h e  p r o t e i n  a v a i l a b l e . These
less  than  opt ima l  l ip id  l eve ls  may  have  cont r i -
buted to the poorer growth and feed conversion
of ABY, SCS and SCT compared to CTR. Although
f e e d  c o n v e r s i o n  o f  b o t h  s t r a i n s  o f  c h a r r  f e d
most  d ie ts  aecreased g r a d u a l l y  t h r o u g h o u t  t h e
experiment, i t  increased  fo r  Sunnda lsora  char r
fed NTT-GRT until 10-12 weeks and then decreased
t h e r e a f t e r . T h i s  r e s u l t e d  i n  a n  o v e r a l l  f e e d
convers ion  o f  2 .60  a t  14  weeks  and  2 .19  a t  20
weeks .  A t  10  weeks ,  the  pe l l e ted  feed  replaced
t h e  g r a n u l a r  f e e d  r e s u l t i n g  i n  a  d e c r e a s e  i n
dieta~ p r o t e i n  a n d  a n  i n c r e a s e  i n  d i e t a r y
l i p i d . Th is  may  have  resul ted  in  an  energy-
pro te in  ra t io  tha t  a l lowed  fo r  more o p t i m a l
utilization  o f  t h e  a v a i l a b l e  n u t r i e n t s .



Sunndalsora charr fed MTT-GRT or CTR had a
s ign i f i can t ly  h igher  hepa tosomat ic  index  ( H S I )
than  those  fed  o ther  d ie ts . This enlargement
appears  to  be  due  to  s to rage  o f  l i p id  -  a lmost
10 -23% more  than  t rou t  f ed  the  same  d!ets o r
charr fed other diets in Experiment 1,  while the
s a m e  d i e t s  f e d  t o  L a b r a d o r  c h a r r  r e s u l t e d  i n
s i m i l a r  h i g h  l e v e l s  o f  l i v e r  l i p i d  d e p o s i t i o n .
This may be related to CTR, NTT-GRT and MTT-
MNR’s having an inadequate level of protein for
the amount of l ipid provided. A8Y, SCS and SCT,
wh ich  maY have  had  insuf f i c ien t  d ie ta ry  l ip id ,
r e s u l t e d  i n  c h a r r  w i t h  l c w e r  l i v e r  l i p i d  c o n -
ten ts  s imi la r  to  those  o f  ra inbow t rou t .  How-
ever,  the nuscle l ipid contents of trout fed CTR
or  MTT-GRT tended  to  be  s l igh t ly  h igher  than
charr fed the same diets and much higher than
Sunnda lsora  char r  fed  o ther  d ie ts .  Buck ley  and
Groves (1979) sunsnarized the influence of diet
on body composit ion of several  species of f ish
and related the facts that percent body fat  has
b e e n  c o r r e l a t e d  w i t h  d i e t a r y  f a t  a n d  e n e r g y
l e v e l s ,  w h i l e  dieta~  p r o t e i n  l e v e l s  h a d  n o
signif icant inf luence on either percent c a r c a s s
f a t  o r  p r o t e i n  i n  rainbcw  t r o u t . Although,
d i e t a r y  l i p i d  m a y  h a v e  h a d  a n  i n f l u e n c e  o n
musc le  l ip id  conten ts ,  d i f fe rences  in  bot5 d ie t -
a r y  l i p i d  a n d  p r o t e i n  w i t h i n  ( g r a n u l a r  v; p e l -
leted feeds) and between diets make this impos-
s ib le  to assess fo r  th is  exper iment .

Baker  ( 1983 )  found  tha t  the  grwth rate of
Labrador charr exceeded that of  the Sunndalsora
(Norway) charr when the two strains we~ fed SCT
(initial weight=lOg and 24g) or MTT-GRT (initial
weight=60g)  a t  14”C. He found that the Sunndal-
sora charr had a higher man  maintenance ration
requirement than Labrador charr, particularly at
14-19”C,  su99esting a higher maintenance meta-
bolism. S u n n d a l s o r a  char r  requ i red  grea ter
a m o u n t s  o f  fOod  to achieve maximum  a n d  o p t i m u m
growth rates and had poorer feed conversion than
the Labrador charr. In the present study, Lab-
r a d o r  c h a r r  u t i l i z e d  b o t h  C T R  a n d  M T T - G R T
e f f i c i e n t l y  ( 1 . 1 5  a n d  1 . 1 7 ,  r e s p e c t i v e l y )  w h i l e
S u n n d a l s o r a  c h a r r  u t i l i z e d  C T R  ( 1 . 3 5 )  s i g n i f i -
cantly better than MTT-GRT (2.19).

T h e r e  a r e  c l e a r l y  d i f f e r e n c e s  i n  e i t h e r
t h e  n u t r i t i o n a l  r e q u i r e m e n t s ,  n u t r i t i o n a l  t o l e r -
a n c e  t o  dietaw  i n g r e d i e n t s  o r  d i g e s t i b i l i t y  o f
c e r t a i n  i n g r e d i e n t s  b e t w e e n  s t r a i n s  o f  A r c t i c
c h a r r . Such differences have also been found
between  fami l i es  o f  ra inbow t rou t  in  te rms  o f
p r o t e i n  d i g e s t i b i l i t y , p r o t e i n  ( A u s t r e n g  a n d
Refstie 1979) a n d  c a r b o h y d r a t e  ( R e f s t i e  a n d
Austreng 1981) requirements.

Comparison of the ingredients in the open-
f o r m u l a  d i e t s  r e v e a l e d  t h e  f o l l o w i n g  informa-
t i o n . 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  mea ls  rep laced  some f i sh  mea l ,  3 )
brewers’  dry yeast replaced sw wheat middlings
in  the  CTR d ie t ,  and  4 )  ca lc ium phosphate  was
added to MTT-GRT. In  add i t ion .  MTT-GRT’s  v i ta -
min supplement contained considerably less vita-
m i n  D3 a n d  IIXJre vitamin A and antioxidants than
CTR. C o l l e c t i v e l y , these  d i f fe rences  resu l ted
in a signif icant reduction in weight gain and an
increase in feed conversica  when MTT-GRT was fed

to Sunndalsora charr. There  were  few  d i f f e r -
ences between the major ingredients in MTT-GRT
and MTT-MNR. In  the  l a t te r ,  pou l t ry  by -p roduc t
meal and calcium phosphate were eliminated, whey
replaced a portion of the wheat middlings, and
the vitamin supplement contained 8 t imes more
v i t a m i n  D3 and up to 1.5 ti~s more o ther  v i ta -
mins than MTT-GRT. These changes resulted in a
minor improvement in the performance of Labrador
charr fed PITT-NNR.

Perfommce of Sunndalsora charr was poor-
est when they were fed ABY or NTT-GRT. This may
be related to dietary levels of vitamin D 3  a n d /
or ca lc ium.  Both  d ie ts  were  supp lemented  w i th
very lcu levels of vitamin D3 (440 and 560 IU/kg
d~et, re$p~:tively)  c o m p a r e d  t o  CTR or  MTT-~R
( 2 0 0 0  a n d  4 5 0 0  IU/kg d i e t ,  r e s p e c t i v e l y ) .
R e c o m m e n d e d  l e v e l s  f o r  f i n g e r l i n g  t r o u t  a r e
1 6 0 0 - 2 4 0 0  IU v i tamin  D3/kg diet (NRC 1 9 8 1 ) .  I n
addi t ion , b o t h  d i e t s  w e r e  h i g h e r  i n  c a l c i u m ,
through addition of calcium phosphate (MTT-GRT)
or  add i t iona l  f i sh  and  shr imp mea ls  (ABY) ,  as
opposed to CTR and MTT-MNR. The  in f luence  o f
these factors on performance shwld be investi-
ga ted  in  fu tu re .

Since f ish with a high fat content have a
shor te r  s to rage  l i f e  than  l ean  f i sh  due  to  the
s u s c e p t i b i l i t y  o f  u n s a t u r a t e d  f a t t y  a c i d s  t o
oxidation (Hobbs 1982), the charr should have an
e q u i v a l e n t  o r  l o n g e r  s t o r a g e  l i f e  t h a n  ralnb@w
t r o u t . A n  a e s t h e t i c  d i f f e r e n c e  w h i c h  shwld
appea l  to  the  consumer  was  the  fac t  tha t  the
f ins  and  sk in  cm the  vent ra l  s ide  o f  char r  fed
MTT-MNR or NTT-GRT had a bright YellCW  colorat-
ion. This was probably due to carotenoids pre-
sent in the com gluten meal used as an ingred-
ien t  in  these  d ie ts .  Corn  g lu ten  In@al c o n t a i n s
h i g h  l e v e l s  o f  x a n t h o p h y l l  ( 7 2 . 3 6  m g / k g  d r y )
(NRC and Dep. of Agric. 1971)  and caused a
yellti p i g m e n t a t i o n  i n  brock  t r o u t  (Salvelinus
fontinalis)  (Tunison et al .  1947) when incorpor-
a ted  in to  the i r  d ie t .

Adjustnmts f o r  f e e d  t y p e  u s e d  i n  t h e
production of Arctic charr should be included in
a computerized f ish data and management system
(F IS H D A M S) such as the one developed  for produc-
t ion  o f  ra inbow t rou t  (Amason  e t  a l .  1981 ) .  I t
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 man weight as SCS and SCT-fed
fish and a further 1.5-2 weeks to reach the same
f i n a l  man we igh t  as  CTR-fed  c h a r r . I n  r a i s i n g
Labrador charr, 1.5-2 more weeks would have been
requ i red  fo r  f i sh  fed  MTT-GRT t o  r e a c h  t h e  s a m e
weight as those fed CTR and MTT-MNR. These dif-
ferences would have been magnif ied i f  the charr
had been raised closer to market SiZe as in the
s tudy  by  Tabachek  (1983 ) .  I n  tha t  s tudy ,  pe r -
formance of rainbow trout was similar with SCT,
MTT-GRT and MTT-MNR and would not have required
changes in FISHDAMS, w h i l e  petio?mance  w a s
s u p e r i o r  w i t h  C T R  a n d  i n f e r i o r  w i t h  s e v e r a l
other diets necessitat ing changes in the model.

N e w  i n f o r m a t i o n regarding n u t r i t i o n a l
r e q u i r e m e n t s  o f  f i s h ,  a s  w e l l  a s  a v a i l a b i l i t y
and cost of ingredients can create the need for
changes  in  fo rmula t ion . T h i s  m a y  r e s u l t  i n
variabil i ty in performance and body composit ion,



even in usin9 feed frcm the same manufacturer.
T h e  e x t e n t  o f  t h i s  v a r i a b i l i t y  c o u l d  o n l y  b e
determined  by  conduct ing  s imi la r  eva lua t ions
over a period of time.
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Tab le  1 . L is t  o f  d ie ts  eva lua ted ,  the i r  codes ,  manufac ture r ,  s i ze  dnd da te  o f  manufac tu re .

Experiment D i e t
.

Code FonmJlat  i on Manufacturer S i z e3 Date of
(See Table 2) manufacture

I&z Cent rol CTR

l & 2 Mar t in  Feed  Mi l l  T rwt  Feed MTT-GRT

1 Abernathy Salmon Production Diet ABY

1 Sterl ing Silver Cup Salmon Feed Scs

1 Ster l ing Si lver  Cup Trout  Feed SCT

2 Martin Feed Mil l  Trout Feed MTT-MNR

A18-1(81)
.419-1(81)

Author
c-2oll Winnipeg, Man.

GRT-G Mart in  Feed Mi l ls
E lmi ra ,  Ont .

Rangen Inc.
Buhl, Idaho

Murray Elevators
Murray, Utah

Murray Elevators

MNR-8204 2 M a r t i n  F~ed Mills. . .
Limlra, unt .

14

2.4mm(3/32”)

# 4

3mn

3n3n

6/64”granules
3 /32”

# 4

3 /32”

t4

3/32”

2GR

20-29/01 /82

29/01J82

24/12/81

22/12/81

24/03/82

19/01/82
01/82

14/01/82

14/01/82

26/02/82

16/01/82

26/10/82

3PT 29/09/82

.

lunive~ity  of Guelph, Ontario fonnUlatiOn
\zMinist~ of Na tura l  Resources ,  Onta r io  fo~lation

3Manufactunr’~ numberiny system for size of  granules and pelletS 1.
:

<

,
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Tzble 4 . Percent f ines removed by prescreening and sizes cf feed as fed.

Relative percent recovered in screen series
D i e t Size Pe 1 let ~eliet length %

diameter
perfo8mdl~ p~scre;nedl;eed

mean range Removed Through sieve no 2:
(Inn) (Inn) (Inn) a s  ftnes in Over sieve no: ~ 10 12 14 16 --

prescreen ing l

CTR # 4
2.411vII (3/32”) i

MTT-GRT

[1
!; 3 / 3 2 ” i
3t4N 3/32” 3 3

ABY 6/64”

!;?;+es 3

Scs 14
3/32” i

SCT 1 4
3/32” 3

MTT-14NR3 2GR
3PT (3 /32” ) i

5 34 29 24 4 3
i.5 3.5-;.5 :

6 31 35 20 6 2
i . 3 i-l U
3.7 2-6 -

. 1.8 28 41 25 5 1 1

4.4 3-7 0 . 9

41 42 12 2 2 1
4.9 ;.5-6 ;::

2.6 56 33 8 2 1 1
4.5 3-6 1.6

0 33 39 14 10 5
;.0 ;-7 U

- Not measured.

lFines an de f ined  as

Zcanadian (eqUiVa~ent
(1.40 mn) and No. 16

jExperiment  2 .

the material  passing through a No. 16  s ieve  ( fo r  g ranu la r  f eeds )  o r  th rough  c No. 12 s ieve  ( fo r  pe l le ted  feeds ) .

t o  U . S .  s i z e )  s i e v e  s e r i e s  m e s h  o p e n i n g s : tto. 6  ( 3 . 3 3  i n n ) ,  No.  8 ( 2 . 3 6  nsn),  Ito. 1 0  ( 2 . 0 0  IMI), No.  1 2  ( 1 . 7 0  1 1 1 1 1 ) ,  tto. 1 4
( 1 . 1 8  m u ) .

!’



Table 5. P e r f o r m a n c e  o f  Sunndalsora  Arctic charr and rainbow trout fed test diets for 14 weeks at  12°C (Experimnt 1).  Values rep~sent  the
mean of four repl icates with means in each colunn follc.wed by different superscripts letters being s!gnlficantly d i f fe ren t  (P<O.05 ;
Duncan’s new nultiple range test). Regress ion  va lues  for  log e ( in) weight (g) versus time (days).
a~

O i e t Species I n i t i a l  W e i g h t Feed Intake Feed Conversion I n t e r c e p t  r2

( 9 ) ‘eighi9!ain
Slope

( 9 ) (dty weight feed
t wet weight gajn)

CTR Arct ic  charr 12.9 40.~b 56.2c 1.41b 0.014 2.58 0.98

CTR Ra inbow t rw t 13.0 65.4a ?z.5b l.llb 0.018 2.68 0.98

MTT-GRT Arct ic  charr 13.0 25.2c 60.5bc 2.6oa 0.011 2.58 0.91

MTT-GRT Rainbw  t r o u t 13.1 71.3a 86.6a 1.22b 0.018 2.70 0 . 9 6

ANOVA1 P>O.4 P<o.ool P<o.ool P<o.ool

1 Analysis of variance (ANOVA)  fo r  a  randomized  comple te  bl~ck design. Genefal  LiMarHtiel -  S ta t is t ica l  Ana lys is  System (SAS Ins t i tu te  1979) .



Tableb. P e r f o r m a n c e  o f  Sunndalsora  A r c t i c  C h d r r  f e d  t e s t  d i e t s  f o r 2 0  w e e k s  a t  1 2 ° C  (Experiunt  1). V a l u e s  npresent  t h e  m e a n  o f  f o u r
repl icates wi th  means in  e a c h  colunm fol iowed by  d i f f e ren t  superscr ip t  let ters  be in  s ign i f i cant ly  differmt ( P < O . 0 5 ;  D u n c a n ’ s  n e w
aultiple  range t e s t ) . ?R e g r e s s i o n  values for log e (in) weight (g) versus  tim (days  .

D i e t I n i t i a l  w e i g h t blei ht  gain
?)

Feed intake Feed conversion Slope In te rcep t r 2

( 9 ) 9 ( 9 ) (dty weight fe,l
t wet weight gain)

CTR 12.9 79.4~ 104.1 1.35b 0.014 2.58 0098

HTT-GRT 13.0 50.6bc 105.0 2.19a 0.011 2.58 0.91

ABY 12.9 39.8c 91.3 2.43a 0.010 2.51 0 . 8 9

Scs 12.9 6j.Oab 119.8 1.93ab 0.013 2.57 0.91

SCT ! 3 . 0 64.9~b 114.8 1.81ab 0.013 2.56 0 . 9 7

ANOVA’ P>O.5 P<O.05 P>O.05 P<O.05

1 Analysi$ of variance (A N O V A) for a randomized complete block design. General Linear Model -

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). Va lues  npresent  the mean of three
r e p l i c a t e s . Regress ion  va lues  fo r  lo9e ( in) weight (g) vs t ime (days).

Diet Ini t ia l  weight Weight gain Feed intake Feed conversion Slope In te rcep t r 2

( 9 ) ( 9 ) ( 9 ) (dry weight feed
+ wet we igh t  ga in )

CTR 12.3 5 9 . 9 6 8 . 6 1.15 0.021 2 . 5 2 0 . 9 9

IITT-GRT 12.3 52.8 61.5 1 . } 7 0.020 2.52 0 . 9 8

llTT-MNR 12.3 63.1 67.6 1.07 0.022 2.51 0 . 9 8

ANOVA’ P>O.5 P>O.2 P>O.3 P>o.1

1  Analysis  of variance (A N O V A )  f o r  a  c o m p l e t e l y  r a n d o m i z e d  desi9n. General L~nearM~el -  S ta t is t ica l  Ana lys is  System (SAS Ins t i tu te  1979) .



Table 8. Biochemical composit ion of l iver and nuscle tissuei, he atosomatic index (HSI)2
Sunnda lsora  rainbw  trout and Arctic charr (Experiment !). Means  in  each  COIUIM follcwed by  d i f f e ren t  superscr ip t  lett,e~ a r e

, visceral fat rating 3 a n d  h a e m a t o c r i t  v a l u e ”  o f

s ign i f i can t ly  d i f fe ren t  (P<O.05 ;  Ouncan ’s  new nultiple range test). Level of significance for ANOVA was P<O.001 for all parameters,
except visceral fat rating (P>O.05 ) .

Species O i e t HSI V iscera l  i i aematocr i t L i v e r Muscle
f a t Moisture T o t a l TotaT Moisture T o t a l T o t a l c d Cmde
rat ing l i p i d l i p i d l i p i d  p~t~in

(%) (%wet) l~plj) (% wet) ( %  d r y )  (X w e t )  f{cj~~

Sunnda lsora  rainbod trout CTR 1.25de 1 . 8 40.5a 72.3a ~.5cd 16.3cd 75.8b ~.~ab 19.2a 17.8de 73.4cd

MTT-GRT 1.22e 2.1 39.3a 7 0 . 2 ’ 5,6bcd 18.8bc 75,5b 5.2a 21.3a 17.3e 70.8d _w

Sunndalsora Arctic charr CTR 1.56b 1.7 36,7b 62.Ob 15.la 39.2a ?4.8b 4clbc 16.Ob 19.ob 75.6bc

MTT-GRT 1.77a 1.5 39.2a 63.lb 13.oa 34.7~ 76.lb 308C 15.9b 18.2cd 76.4bc

ABY 1.29de I.O 36.4b 72.6a 4oOd 14.5d 77.8a l,ee 7.gd 17.gd 80.8a

Scs 1.4sbc 1 . 5 40.oa 69.5a 5.gbc 19.2bc ?5.?b 3.od 12.5c 18.8bc 7?.6ab

sCT 1.37d 1.1 38.9a 69.3a 7.5b 23.2b 74.6b 3m5cd 13.6c 19.6a 80.Oab

1 Total  o f  1 2  analyses p er  ‘matmnt-
2  HSI ●  liver w e i g h t ( g )  + b o d y  ~ight(g) x 1 0 0 -
3 Rating of O to 3.

Total of 24 measurements per treatment.

“ Total of 24 measurements per treatment.

3

—
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Table9.  Blochemicdl cunposltton o f  l~verati~SCle  tl$Suel, hepatos-tfc  indexz (HSI  ) ,  v i s c e r a l  f a t  r a t i n g) 
●  n d  haematocrit  vtluea o f

Labrador  Arc t i c  char r  (Experiwnt  2). Level of significance forAMVA  was P>O.1 for all parameters.

Species Diet Ml Visceral b?@dtOCrlt Liver Muscle
f a t HofstlJm Total Total aois:u~ Total Total Crude Ctude
rating lipid lipid l i p i d liptd

(a)
prote~n

(Zwet)  (Z d r y )
prote in

( S u e t )  (Zdry) (%wet) (X d r y )

Labrador Arctic charr CTR 1.78 1 . 6 4 4 . 8 6 3 . 0 13.5 36.1 15.3 4.5 18.1 11.4 10.5 wo

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 4 3 . 5 6 1 . 2 16.7 4 2 . 6 14.9 4.4 17.6 17.7 ?0.4

I Total o f  9  dIh31ySeS.
2 Total of 18 measurements per treatment.
3 Rat~ng  f r o m  O to 3“
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