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ABSTRACT

P a p s t ,  H .  H . .  a n d  G . E .  H o p k y .  19f33.  Gmwth 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 . )  i n  @
p i l o t  comercial r e a r i n g  s y s t e a Can.
T e c h .  R e p .  F i s h .  A q u a t .  S c i .  lM32~ iv * 1 6
P.

P r e l i m i n a r y  e x p e r i m e n t s  to deteraine t h e
f e a s i b i l i t y  o f  t h e  i n t e n s i v e  c u l t u r e  o f  A r c t i c
c h a r r  (SSlvelinuS a l p i n u s  L . )  are d e s c r i b e d .
A f t e r  2 @  days of growth i n  a  p i l o t  c~rcial
f ish  p roduct ion  sys tem,  a t  13C, the  mean  we igh t
o f  i n d i v i d u a l s  i n  t h e  p o p u l a t i o n  i n c r e a s e d  f r o m
2 . 2  t o  1 5 8 . 1  g . O n  d a y  2 0 9  a wide  var ia t ion  in
b o d y  w e i g h t s ,  f r o m  1 0  t o  5 3 0  g  w a s  o b s e r v e d .
D e s p i t e  s i g n i f i c a n t l y  l a r g e r  man w e i g h t s ,  g r o u -
th rates of the l a r g e s t  f i s h  w e r e  c o m p a r a b l e  t o
t h o s e  o b s e r v e d  f o r  o t h e r  ambers o f  t h e  p o p u l a -
t i o n . SMlltst f i sh  in  the  popu la t ion  had  mini-
BS1 t o  n i l  w e i g h t  g a i n s .  R e a r i n g  o f  t h e  populii-
t ion  as  th ree  separa te  we igh t  c lasses  (=SDS1l=,
‘ m e d i u m ”  a n d  “ l a r g e ” ) ,  d u r i n g  t h e  l a s t  4 8  d a y s
o f  t h e  gr~th  trial d i d  n o t  r e s u l t  i n  i m p r o v e d
g r o w t h  o f  t h e  s m a l l e s t  f i s h . T h e r e  w a s  n o
i n c r e a s e  in the d i s p e r s i o n  ( c o e f f i c i e n t  o f
v a r i a t i o n )  o f  b o d y  e i g h t s  i n  e i t h e r  t h e  “med-
ftn” or “lar9e” w e i g h t  c l a s s e s .  c o m p a r e d  t o  a
marked  inc rease  in  the  d ispers ion  o f  the  “saall”
ueight c l a s s e s ’ d i s t r i b u t i o n . T h i s  l a t t e r
●  f f e c t  was i n  p a r t  a t t r i b u t a b l e  t o  p r e c o c i o u s
m a t u r i t y  a m o n g  t h e  s m a l l e s t  o f  t h e  m a l e s .  Hor-
t a l i t y  i n  t h e  A r c t i c  c h a r r  p o p u l a t i o n  w a s  n o t
s i g n i f i c a n t , a n d  w a s  c o m p a r a b l e  t o  t h a t  p r e -
v ious ly  observed  in  ra inbow t rou t  p i lo t  p roduc -
t i o n  t r i a l s .

s e p a r a t i o n  &salevins selonleurpoids  ( p e t i t s ,
noyens  e t  g r o s )  a u  c o u r s  d e s  demlers  4 8  j o u r s
d e  l’exp&ience n ’ a  p a s  *lloti l e  t a u x  d e
cmlssance  d e s  p l u s  petits  polssms. 11 n’y a
p a s  a u  d’mqpentatfon  c lans  l’kart ( c o e f f i c i e n t
d e  v a r i a t i o n )  c l a n s  l e  p o i d s  *S ● l m f n s  des
cat&gories  %oyen-  w gros’, ● l o r s  que  c e t
4cc~mc~:$ petfts ● l e v l n s  c o n n u t  une  a u ~ n -

. C e  demier r4sultat es t  en  pa r -
t i e  attrfbuable 3 l a  saaturft4 s e x u e l l e  pr4coce
d e s  p l u s  p e t l t s  9Sles. La mrtaliti c h e z
1  ‘~le c h e v a l i e r  n’4tait pas  un facteqr  c o n s i -
d & a b l e ,  s e  comparant  J celle dwerv& c h e z  l a
t r u i t e  ●  rc -en -c ie l  1  o rs  dOex@rfences  d’41evage
s-l ables.

EnWe les  70@ ● t 154e jours, ~e  wx

d e  croissance a o y e n  & 1‘*le c h e v a l i e r  s e
c h l  ffrait 3  1 , 9  Z  p a r  ~our-l, comparativement
~ 1 , 4  e t  1 , 9  % p a r  j o u r p o u r  &ux espiices  d e
truites arc-en-ciel  61ev6es  c l a n s  d e s  c o n d i t i o n s
s~lables.

mots-cl~s: a q u i c u l t u r e  inwnsive;  c h a l e u r  p e r -
&e; truite arc-en-clel;  c r o l s s a n c e ;
m o r t a l  iti; maturlti  s e x u e l l e  pr&
c o c e .

BeWeen d a y s  7 0  t o  1 5 4  t h e  m e a n  g r o u t h
r a t e  o f  W A r c t i c  charr p o p u l a t i o n  w a s  1 . 9 2
my-l Cmpared to 1 . 4  a n d  1.W oaY-i ‘ or  =

r a i n b o w  t r o u t  s t r a i n s  p r e v i o u s l y  r e a r e d  i n  t h e
p i lo t  sys tem under  s imi la r  cond i t ions .

K e y  w o r d s :  aCiUaCUl t u r e ,  i n t e n s i v e ;  w a s t e  h e a t ;
t r o u t , rainbow; growth; mortal i ty;
matur i ty ,  p recoc ious .

RESUME

Papst ,  t4. H., and G.E. Hopky. 1983. G r o w t h  o f
A r c t i c  c h a r r  (Salvelinus a l p i n u s  L . )  in a
p i l o t  c o m m e r c i a l r e a r i n g  s y s t e m . Can.
T e c h .  R e p .  F i s h .  ~uat. SCi .  1182:  iv + 16
P.

C e  r a p p o r t  dEcrit l es  exper iences  pr61  imi -
n a i r e s vjsant 5 d~tenniner  l a  vossibilit6
d’41ever  l ’ o m b l e  c h e v a l i e r  ( S a l v e l  i n u s  a l p i n u s
L . )  d e  faqon  i n t e n s i v e .  Apres  avoir p a s s e
j o u r s ,  ~ titre d’essai, c l a n s  m 6tablissant
p i s c i c o l e  consnercial o i l  l a  t e m p e r a t u r e  d e  l’eau
ttait maintenue  5 1 3 - C ,  l e  p o i d s  m o y e n  d e s  a l e -
v i n s  ~tait pass6  d e  2 , 2  i 1 5 8 , 1  g . A u  209e
jour .  on  no ta  d ’ impor tances  d ive rgences  (de  10  ~
530grames) c l a n s  l e  Doids d e s  alevins. Malgr4
u n e  au@entation  C o n s i d e r a b l e  c l a n s  l e  p o i d s
m o y e n ,  l e s  t a u x  d e  c r o i s s a n c e  c h e z  l e s  p l u s
g r a n d s  p o i s s o n s  ~taient c o m p a r a b l e  ~ c e u x  d e s
● u t r e s  meabres  de  la  popu la t ion ,  tand is  que  les
p l u s  p e t i t s  individus pr6sentaient  de l@&es,
s i n o n  a u c u n e , a u g m e n t a t i o n s  d e  poids. L a



INTRCXNJCTION

A r c t i c  chtrr  (Salvelinus ~lnus) h a v e
b e e -  r e c o g n i z e d  M t dellcacy~n  North
~rica, and a p p e a r  t o  h a v e  a h i g h  cons-r
a c c e p t a b i l i t y  (I*ale 1 9 8 3 ) .  T h e  s p e c i e s  h a s
n o t  h o w e v e r ,  ~n w i d e l y  c u l t u r e d  (MacCrlm
and Gets  1980 ) .

A t tempts  to  rea r  Arc t ic  char r  In sea cages
u n d e r  No*9fan f~sh farnlng  cond i t ions  have  no t
p r o v e d  pr~islng  (Gjedres and Gunnes  1 9 7 8 ) .
iiandsvlk  ad Jobl i n g  ( 1 9 8 2 )  r e p o r t e d  that  A r c t i c
c h a r r  (size r a n g e  2 5 - A  g )  r e a r e d  at 13C i n
f r e s h w a t e r  h a d  a speci f Ic g r o w t h  r a t e  o f  1.4%
D a y- 1. T h e y  a l s o  r e p o r t e d  a  s i g n i f i c a n t
deg= of Varl ati~ in  the  s i ze  and  g rowth  ra tes
o f  t h e  A r c t i c  c h a r r  and c o n c l u d e d  t h a t  t h i s
v a r i a t i o n  MS h i g h l y  d e t r i m e n t a l  t o  t h e i r  f u t u r e
c~rclal c u l t u r e . Urdiwan ( 1 9 8 2 )  o b s e r v e d
tha t  Arc t ic  Char r  ( s i ze  range  10 -30  g )  rea red  a t
IX  In  fti tiater h a d  a  s p e c i f i c  g r o w t h  r a t e  o f-12.oa Oay . Gr~h p e r f o r m a n c e  o f  A r c t i c
c h a r r  fm frY  (2  9 )  to  a  ml  nimal m a r k e t  s i z e
(200  g )  under  f reshwater  commerc ia l  f i sh  cu l tu re
c o n d i t i o n s  has mt b e e n  t e s t e d .

Paps t  and  Hopky  (1982 )  descr ibed  a  p i lo t
c o m m e r c i a l  f i s h  p r o d u c t i o n  syst- ut i 1 izi ng a
l o w  g r a d e  h e a t  s o u r c e  a n d  w a t e r  r e c i r c u l a t i o n .
In this Syste% t h e  g r o w t h  p e r f o n x a n c e  o f  r a i n -
b o w  t r o u t  s t o c k s  r e a r e d  f o r commercial produc-
t i o n  i s  a  f u n c t i o n  o f  t h e  s t o c k ’ s  c o n v e r s i o n
● ff iciency, =an g r o w t h  r a t e  a n d  t h e  d e g r e e  o f
d ispers ion  o f  ind iv idua ls  about  the  s tock ’s  mean
weight . The latter factor was shown to be an
important consideration, as it affects the ti~
i ng  o f  ha rves ts  and  the  p roduc t ion  pe r fo rmance
of  the  cu l tu re  cyc les .

T h i s  s t u d y  h a d  t w o  o b j e c t i v e s .  T h e  f i r s t
w a s  t o  a s s e s s  t h e  9rOwth  o f  a n  A r c t i c  c h a r r
popula t ion  in  the  P i  lo t  co tmnerc ia l  sys tem,  and
t h e  s e c o n d  w a s  t o  i n v e s t i g a t e  t h e  s o u r c e s  o f
variat ion amongst individual growth rates. T h i s
UaS an i n i t i a l  e v a l u a t i o n  o f  t h e i r  c u l t u r e
poten t ia l  and  resu l ts  were  compared  to  those  fo r
t w o  r a i n b o w  t r o u t
th cu l tu re  sys tem

strains previously reared
during separate trials.

NETHODS

DESCRIPTI~  OF REARIffi  SYSTEM

i n

Growth  t r i a l s  were  conduc ted  a t  tne  Rock -
w o o d  E x p e r i m e n t a l  F i s h  H a t c h e r y  o f  t h e  F r e s h -
w a t e r  InStitUte, D e p a r t m e n t  o f  F i s h e r i e s  a n d
Oceans ,  In  the  p i lo t  commerc ia l  f i sh  product ion
f a c i l i t y  (Ayles e t  a l .  1 9 8 0 ;  P a p s t  a n d  H o p k y
1982) . The Rockwood Hatchery is located approx-
imate ly  65  km r io r th  o f  U inn ipeg ,  Manitoba  ( 5 0 ° N
97W) .

The  p roduc t ion  s t ra tegy  employed  fo r  the
A r c t i c  c h a r r  g r o w t h  t r i a l  w a s  s i m i l a r  t o  t h a t
descr ibed  by  Papst  and  Hopky  (1982 )  fo r  ra inbow
t r o u t  g r o w t h  t r i a l s ,  e x c e p t  t h a t  t h e  t r i a l  b e g a n
w i t h  2  g  f i s h  a n d  t h e  f i n a l  p r o d u c t i o n  l e v e l
u t i l i z e d  f o u r  t a n k s  ( F i g .  1 ) .  T h e  A r c t i c  c h a r r
g rowth  t r i a l  was  d iv ided  in to  four  pe r iods :  pe r -
iod one - days  O  to  69 ,  per iod  two  -  days  70  to
1 1 8 ,  p e r i o d  t h r e e  - days  119  to  154 ,  and  per iod
f o u r  - d a y s  1 6 1  t o  2 0 9  ( F i g .  l ) .  T h e  r a i n b o w

t r o u t  gtih trials - c o n d u c t e d  ~loying t h e
p r o d u c t i o n  str~t~ prev ious ly  descr ibed  (Paps t
● d Hopky 1982). T y p i c a l l y .  t h i s  s t r a t e g y  u t i -
l i z e d  fish w i t h  a n  i n i t f a l  m e a n  ueight  o f  1 0 - 1 5
g  ●  n d  c o n s i s t e d  o f  f o w r  l e v e l s  a r b i t r a r i l y
d e s i g n a t e d  a s  level ‘ A ”  throum t o  level ‘Duo
each  o f  approx imate ly  42  days  dura t ion . Per iods
one ● nd four, ● s described ● bove, are unique to
t h i s  A r c t i c  chaw g r o w t h  t r i a l .  P e r i o d s  t w o  a n d
t h r e e  an d i r e c t l y  c-arable t o  l e v e l  “ A- a n d
l e v e l  ‘ B ” , respect i vel y.

F o r  t h e  A r c t i c  c h a r r  -h t r i a l  o x y g e n
a n d  t~ratwe w e r e  m o n i t o r e d  d a i l y  i n  t h e
r ta r lng  tanks  us ing  a  YS I  Mode l  54  t~rature -
oxygen  mete r ,  and  sqles for water quality were
t a k e n  p e r i o d i c a l l y . TXrature  va lues  decreas -
e d  b e t w e e n  d~s 9 0  t o  1 4 0 ,  b u t  w e r e  r e l a t i v e l y
c o n s t a n t  o t h e r w i s e  ( F i g .  2 ) .  O x y g e n  saturati~
l e v e l s  r e m a i n e d  s t a b l e  t h r o u g h o u t  t h e  t r i a l
( F i g .  2 ) . Tempera ture  and  oxygen  sa tura t ion
m e a n s  ( k S . E .  )  w e r e  1 3 . 3  (iO.06) C  a n d  8 7 . 6
(tO.33)%, r e s p e c t i v e l y . T h e  photoperiod  was set
a t  12  hours  o f  l i gh t  and  12  hours  o f  da rkness .
A  de ta i led  repor t  o f  water  qua l i ty  var iab les  was
not  w i th in  the  scope  o f  the  p resen t  s tudy .

T h r o u g h o u t  t h e  ● xper iment  all fishes were
f e d  a t  a p p r o x i m a t e l y  1 5 0 X  o f  t h e  r a t i o n s  reaam-
m e n d e d  i n  p u b l i s h e d  t a b l e s  f o r  r a i n b o w  t r o u t
( B a r d a c h  e t  a l .  1 9 7 2 ) ,  a n  aaount  w e l l  i n  e x c e s s
o f  m a i n t e n a n c e  r e q u i r e m e n t s  ( B a k e r  1 9 8 3 ) .  F i s h
w e r e  h a n d  f~ three  times dal ly  on a cxmercial
t r o u t  fed ( M a r t i n s  F e d ,  E l m i r a ,  O n t a r i o ,  C a n a -
d a ) . tints f e d  w e r e  a d j u s t e d  f o r  c h a n g e s  i n
f i s h  s i z e  a s  detemined b y  p e r i o d i c  weight c e n -
suses. Dur ing  the  Arc t ic  charr  g rowth  t r i a l
rearing tanks were ● xamined daily for the pre-
sence  o f  f i sh  ca rcasses . However ,  es t imates  o f
t o t a l  m o r t a l i t y  w e r e  b a s e d  o n  nunbers o f  f i s h
counted  a t  the  begining a n d  e n d  o f  t h e  p e r i o d s .
S i m i l a r  p r o c e d u r e s  w e r e  a l s o  followed f o r  t h e
r a i n b o w  t r o u t  g r o w t h  t r i a l s . These  resu l ts  a re
no t  repor ted  he re  because  they  were  comparab le
t o  t h o s e  weviously  o b s e r v e d  f o r  r a i n b o w  t r o u t
(Papst and” Hopky 1~82).

SOURCES OF FISH STOCKS

A r c t i c  c h a r r

A r c t i c  c h a r r  u s e d  i n  t h i s  s t u d y  w e r e
o f  a  popu la t ion  co l l ec ted  in  ea r ly  Oc tober ,

part
1980

as eggs  f r o m  t h e  F r a s e r  R i v e r ,  L a b r a d o r  (56°N
62°U) . T h e  c o l l e c t i o n ,  in+tial life histow a n d
r e a r i n g  o f  t h i s  s t o c k  w e r e  d e s c r i b e d  i n  d e t a i l
by  Baker  (1983 ) .

Rainbow trout

T h e  S u n n d a l s o r a  t r o u t  s t r a i n  w a s  o r i g i -
na l l y  ob ta ined  f rom a  research  ha tchery  in  Sun-
nda lsora ,  Norway . T h e  e x a c t  Ori9in  of t h i s
stock , in t roduced  to  Norway  many  decades  ago
f r o m  a  f r e s h w a t e r  N o r t h  A m e r i c a n  s t r a i n ,  i s
unknown.  The  paren ta l  s tock  was  rece ived  a t  the
R o c k w o o d  Experin@ntal F i s h  H a t c h e r y  i n  A p r i l ,
1975 and eggs for the present study were spawned
in  January ,  1981 .

T h e  I d a h o  s t r a i n  i s  a  d o m e s t i c  s t o c k  o r i -
g i n a t i n g  f r o m  t h e  C a r i b o u  T r o u t  R a n c h ;  Soda
S?ring H a t c h e r y ,  I d a h o .  T h i s  s t o c k  i s  o f  uncer-



tain o r i g i n ,  b u t  w a s  p r o b a b l y  t a k e n  frm a
n o r t h e r n  California streiwn  nrdny gerreratio.ns  a g o
( A y l e s  1 9 7 5 ) . T h e  s t o c k  w a s  nceived at t h e
Rockwood Experimental  Fish Hatchery as ● ggs in
NovcWber,  1 9 ? 1 . Eggs for the present study were
spawned in Dec*r, 1980.

FISH SAMPLING

A r c t i c  c h a r r- —

Dur ing  the  f i rs t  (days  O  to  69 )  and  second
(days  70  to  118 )  pe r iods ,  f i sh  g rowth  was  aWi-
t o r e d  o n  a p p r o x i m a t e l y  a  w e e k l y  b a s i s . Mean
fish weight in each tank was determined by hand
count ing  and  then  we igh ing  four  lo ts  o f  50  ftsh
f r a n  e a c h  of the tanks. Medns w e r e  b a s e d  o n  t h e
four  lo t  we igh ts . Dur ing  the  th i rd  (days  119  to
154 )  and  the  four th  (days  161  to  209 )  pe r iods  a
subsample  o f  the  f i sh  in  each  tank  was  anes the -
t i z e d ,  i n d i v i d u a l s  w e r e  tieighed a n d  t a n k  m e a n
w e i g h t  c a l c u l a t e d . Sampl ing  f requency  fo r  pe r -
i o d  t h r e e  w a s  w e e k l y  a n d  f o r  p e r i o d  f o u r ,  b i -
week ly .

O n  d a y  6 9 ,  a t  t h e  e n d  o f  p e r i o d  one, a l l
i n d i v i d u a l s  i n  t h e  t a n k  w e r e  h a n d  g r a d e d  b y
w e i g h t . F i s h  w e i g h i n g  <  6 . 0  g  ( N  =  1 9 3 )  w e r e
r e m o v e d  a n d  r e p l a c e d  w i t h  2 5 9  f i s h  f r o m  t h e
s t o c k  t a n k  w e i g h i n g  b e t w e e n  6 . 0  -  2 5 . 0  g  ( F i g .
1 ) . T h i s  r e d u c e d  t h e  w i d e  v a r i a n c e  i n  f i s h
we igh ts  and  resu l ted  in  an  Arc t i c  char r  popu la -
t ion ,  a t  the  stati o f  p e r i o d  t w o ,  w i t h  a  w e i g h t
d i s t r i b u t i o n  c o m p a r a b l e  t o  t h a t  f o r  r a i n b o w
t r o u t  a t  t h e  s t a r t  o f  l e v e l “ A ”  i n  a  t y p i c a l
p r o d u c t i o n  t r i d l . Arc t ic  char r  more  than  25 .0  g
w e r e  marld us ing  a  w i re  b rand ing  method  (Ber -
nard and Van der Veen 1974).

O n  d a y  1 5 4 ,  a t  t h e  e n d  o f  p e r i o d  t h r e e ,
a l l  f i s h  i n  b o t h  t a n k s  ( F i g .  1 )  w e r e  a n e s t h e -
tized and weighed. Between days 155 and 160 al l
I n d i v i d u a l s  i n  t h e  p o p u l a t i o n  w e r e  h a n d  g r a d e d
i n t o  t h r e e  w e i g h t  c l a s s e s :  “ s m a l l ”  ( <  6 5 . 0  g ) ,
“medium” (65.0 -  1 8 0 . 0  g ) ,  a n d  “ l a r g e ”  ( >  1 8 0 . 0
g )  ( F i g .  1 ) . F i s h  g r o w t h  d u r i n g  t h i s  g r a d i n g
p e r i o d  w a s  e x c l u d e d  f r o m  g r o w t h  c a l c u l a t i o n s .
~;m~ht  ~&tiM1~;W~eriod  f o u r  ( d a y  1 6 1 ) ,  t h e

g r o u p s  w e r e  p l a c e d  i n t o
i n d i v i d u a l  t a n k s  a n d  t h e  “ m e d i u m ”  g r o u p  w a s
dividd equally b e t w e e n  t w o  t a n k s  ( F i g .  1 ) .  A t
t h e  t e r m i n a t i o n  o f  t h e  g r o w t h  t r i a l  ( d a y  2 0 9 ) ,
a l l  f i s h  w e r e  a n e s t h e t i z e d  a n d  w e i g h e d . Add i -
t iona l l y ,  fo r  a  subsample  f rom each  ~ight c l a s s
the  gonads  were  d issec ted  ou t  and  we ighed ,  and
the  sex  Of  each  f i sh  de te rmined .

Rainbow trout

S i n c e  t h e  A r c t i c  c h a r r  g r o w t h  t r i a l  c o m -
menced  w i th  f ry  (2 .2  g )  sma l le r  than  those  com-
monly  used  in  the  p i lo t  sys tem (10 -20  g )  (Paps t
a n d  H o p k y  1 9 8 2 ) ,  a n d  b e c a u s e  d u r i n g  p e r i o d  f o u r
(days  161 to 209) the populat ion was grown in a n
a t y p i c a l  c o n f i g u r a t i o n  ( i e :  m o d i f i e d  b y  e x t e n -
s i v e  g r a d i n g ) , o n l y  g r o w t h  b e t w e e n  d a y s  Xl to
154  (pWiOdS two a n d  t h r e e )  w a s  u s e d  f o r  c o m -
p a r i s o n  t o  t h e  p r e v i o u s l y  c o n d u c t e d  r a i n b o w
t r o u t  t r i a l s . A s  n o t e d ,  t h i s  i n t e r v a l  c o r r e s -
ponded  to  the  l eve l  “A”  and  !eve l  “B”  per iods  o f
t h e  p i l o t  p r o d u c t i o n  s y s t e m  ( P a p s t  a n d  H o p k y
1 9 8 2 ) . F o r  p u r p o s e s  o f  c o m p a r i s o n  t h e s e  are
referred to as the 85 ddy g r o w t h  t r i a l s .

In e a c h  of t h e  r a i n b o w  trout growth t r i a l s
f i s h  g r o w t h  w a s  m o n i t o r e d  o n  a p p r o x i m a t e l y  a
w e e k l y  b a s i s  b y  h a n d  cOuntfn9 f o u r  lots o f  5 0
f i s h  f- each  tank  ●  n d  d e t e r m i n i n g  the a e a n
w e i g h t  of f i s h  In e a c h  t a n k  bdsed on t~ f~r
l o t  w e i g h t s . S imi la r  to  the  Arc t ic  char r  growth
t r i a l ,  t h e  r a i n b o w  t r o u t  p o p u l a t i o n s  w e r e  cen-
s u s e d  f o r  i n d i v i d u a l  w e i g h t s  a t  t h e  s t a r t  ( d a y
O )  a n d  e n d  ( d a y  8 5 )  o f  t h e i r  n?spective Powth
t r i a l s .

CALCULATIONS MD DEFINITIONS

S p e c i f i c  g r o w t h  r a t e s  f o r  e a c h  p e r i o d  i n
the  Arc t ic  char r  g rowth  t r ia l  were  ca lcu la ted  by
multtplytng  t h e  s l o p e  o f  t h e  r e g r e s s i o n  o f  i n
( m e a n  f i s h  w e i g h t )  v e r s u s  tim b y  1 0 0  ( B r e t t
1 9 7 9 ) . G r o w t h  r a t e s  f o r  f i s h e s  i n  t h e  8 5  d a y
g r o w t h  t r i a l s  w e r e  s i m i l a r l y  calculat-. A d d i -
t i o n a l l y .  f o r  t h e  A r c t i c  *arr ~owth  trial S e
c i f i c  g rowth  ra tes  be tween  weekly c e n s u s e s  w e r e
c a l c u l a t e d  b y :

G = (ln Hz -  I n  H I )  x 1 0 0
(tz-tl)

w h e r e  U2  a n d  U1  a r e  f i n a l  a n d  i n i t i a l  w e i g h t s ,
r e s p e c t i v e l y ,  t  i s  t h e  t i m e  i n  d a y s  a n d  G  is
e x p r e s s e d  a s  a  p e r c e n t  o f  b o d y  w e i g h t  p e r  d a y
( R i c k e r  1 9 7 5 ) .  P e r i o d  s p e c i f i c  g r o w t h  r a t e s  c a l -
c u l a t e d  b y  th~s m e t h o d  m a y  b e  d i f f e r e n t  t h a n
t h o s e  c a l c u l a t e d  u s i n g  t h e  “ r e g r e s s i o n ”  t e c h -
n i q u e . F o r  t h e  p u r p o s e  o f  e x p r e s s i n g  g r o w t h
o v e r  a  g i v e n  t i m e  per~od t h e  l a t t e r  m e t h o d  i s
p r e f e r e d  a s  i t  i s  p r o b a b l y  mre i n d i c a t i v e  o f
“average” growth performance.

F o r  t h e  A r c t i c  c h a r r  g r o w t h  t r i a l  r a t i o n
w a s  e x p r e s s e d  a s  a  p e r c e n t a g e  o f  wet f i s h
w e i g h t . I n  t h e  c a l c u l a t i o n  o f  g r o s s  c o n v e r s i o n
e f f i c i e n c y  ( G . C . E . ) ,  r a t i o n  a n d  g r o w t h  r a t e  wre
a d j u s t e d  to a  d r y  w e i g h t  b a s i s  u s i n g  a  c o n v e r -
s i o n  f a c t o r  ( 3 . 4 4 )  c a l c u l a t e d  b y  U r a i w a n  ( 1 9 8 2 )
f o r  r a i n b o w  :rout. B a k e r  ( 1 9 8 3 )  e x a m i n e d  t h e
d r y  w e i g h t  t o  wet  w e i g h t  c o n v e r s i o n  f o r  A r c t i c
c h a r r  r e a r e d  t i n d e r  d i f f e r e n t  c o n d i t i o n s  a n d ,
b a s e d  o n  h i s  r e s u l t s ,  U r a i w a n ’ s  c o n v e r s i o n  f a c -
t o r  a p p e a r e d  t o  b e  a  reaso~able e s t i m a t e .  G r o s s
c o n v e r s i o n  e f f i c i e n c i e s  w e r e  c a l c u l a t e d  as:

G.C.E. = ( G / R a t i o n  x  F )  x  100

where  G  is  as  de f ined  above  and  F  i s  the  wet  to
dry  convers ion  fac to r .

Dur ing  the  th i rd  and  the  four th  ( “med ium”
w e i g h t  c l a s s  o n l y )  p e r i o d s  o f  t h e  A r c t i c  c h a r r

?)
r o w t h  t r i a l ,  d i f f e r e n c e s  b e t w e e n  r e p l i c a t e  t a n k
F ig .  1  uean  f i s h  w e i g h t s  w e r e  t e s t e d  b y  a n a l y -

s i s  o f  v a r i a n c e . I f  n o  s i g n i f i c a n t  d i f f e r e n c e
w a s  o b s e r v e d  a t ’ t h e  0 . 0 5  l e v e l  o f  p r o b a b i l i t y ,
d a t a  w e r e  p o o l e d  f o r  s u b s e q u e n t  c o m p a r i s o n s .
D a t a  w e r e  r e p o r t e d  a s  a r i t h m e t i c  m e a n s  (t t h e
s t a n d a r d  e r r o r  o f  t h e  m e a n ) . W h e n  t h e r e  w e r e
d i f f e r e n c e s  in the nunber o f  d a y s  b e t w e e n  Wekly
censuses, c a l c u l a t i o n s  w e r e  w e i g h t e d  a p p r o -
p r i a t e l y .

T h e  g o n a d  a n d  b o d y  w e i g h t  d a t a  w e r e  a n a -
l y z e d  b y  c a l c u l a t i o n  o f  t h e  g o n a d a l  s o m a t i c
i n d e x  (G.S.l.

{
a n d  b y  c o m p a r i s o n s  o f  p l o t s  o f  I n

( g o n a d  w e i g h t  v e r s u s  i n  ( b o d y  w e i g h t ) .  G . S . I .



was calculated by:

G.S. I .  = Ugflb X 1 0 0

is the gonad w?ight  and Ub is the
$% J$Y w e i g h t .

RESULTS

ARCTIC CJWR aOUTH IRIM

Period one (days O to 69)

M e a n  f i s h  w e i g h t  i n c r e a s e d  f r o m  2 . 2  t o
1 4 . 0  9  d u r i n g  t h e  f i r s t  6 9  d a y s  o f  t h e  g r o w t h
t r i a l  ( F i g .  3 A ,  I ) . The  per iod  spec i f ic  g rowth
rate MS 2.6% Oay-l , ht there ~re lar

rv a r i a t i o n s  b e t w e e n  c e n s u s  d a t e s  ( F i g .  3 A ,  I  .
S p e c i f i c  g r o w t h  r a t e s  r a n g e d  f r c s n  0 . 3  tc 7.9x
Oay-l (Fig. 3B), with one ~ri~ nf
e s s e n t i a l l y  n o growth (Fig. 3A,a). NO

e x p l a n a t i o n  f o r  t h i s  v a r i a t i o n  b e t w e e n  c~nsuses
w a s  e v i d e n t .  S i m i l a r  v a r i a t i o n s  i n  g r o w t h  r a t e s
w e r e  ubserved  fo r  ra inbow t rou t  r e a r e d  u n d e r
comparable conditions (Papst and Hopky i982).
G r o s s  cofwersion  e f f i c i e n c y  d r o p p e d  m a r k e d l y
dur ing  those  pe r iods  in  tiich poor gro#.h rates
w e r e  a l s o  observcxi  ( F i g .  3 C ) .  T h e  m e a n  g r o s s
c o n v e r s i o n  e f f i c i e n c y  f o r  t h e  6 9  & y s  w a s  1 4 . 1
(k10.8)X.

When the populat ion was graded on day 69
( F i g .  4 A ) ,  a  l a r g e  r a n g e  i n  i n d i v i d u a l  b o d y
w e i g h t s  w a s  o b s e r v e d . T h e  p o p u l a t i o n  m e a n
w e i g h t  w a s  14.O 9 ,  w i th  15 .82  o f  the  ind iv idua ls
we igh ing  l ess  than  6 .0  g  and  11 .6X  o f  the  ind i -
v i d u a l s  w e i g h i n g  amre  than  25 .0  g .  A  smal l  p ro -
p o r t i o n  O f  t h e  f o r m e r  g r o u p  h a d  v i s i b l e  a i l -
ments ,  p r imar i l y  de formed  mouth  par ts  o r  ca ta -
r a c t s . T h e  m a j o r i t y  h o w e v e r ,  w e r e  v i s i b l y
h e a l t h y  a n d  d i d  n o t  a p p e a r  e m a c i a t e d . Fish
we igh ing  less  than  6 .0  g  (N  =  193 )  we t -e  ~ved
f r o m  t h e  p o p u l a t i o n  a n d  2 5 9  f i s h  w e i g h i n g
between 6.0 and 25.0 g were added frcan the stock
t a n k  ( F i g .  1 ) . T h e  p o p u l a t i o n  w a s  t h e n  r e -
g raded  (F ig .  4B)  w i th  a  new mean weight  o f  15 .3
9.

T h e  nunber  o f  f i s h  d e c l i n e d  d u r i n g  p e r i o d
one by 29, fron 1 249 to 1 220. However, only
f o u r  d e a d  f i s h  w e r e  a c t u a l l y  r e m o v e d  f r o m  t h e
t a n k  l e a v i n g  t h e  l o s s  o f  2 5  a n i m a l s  u n e x p l a i n -
e d . Oead individuals may have been consumed by
members  o f  the  popu la t ion  o r  the  d i f f e rence  may
have  ind ica ted  sow l im i ted  cann iba l ism.

Per iod  two  (days  70  to  118 )

Our ing  the  49  days  compr is ing  per iod  two
the mean weight of the population increased from
15.3 t o  ~.g 9 ,  ti~~ a  p e r i o d  s p e c i f i c  grotih
rate of 2.2% Day ( F i g . 3 A , I I ) . Growth
ra tes ,  be tween  per iod  two  censuses ,  va r ied  f rom
1 . 5  t o  3 . 3 %  Oay_l, a n d  t h e  v a r i a t i o n  w a s  l e s s
than  tha t  observed  dur ing  per iod  one  (F ig .  3B ) .
As  in  per iod  one ,  va r ia t ion  in  the  g ross  conver -
s ion  e f f i c iency  be tween  censuses  oarallelled the
abserved  v a r i a t i o n  i n  s p e c i f i c ’  gro$h  rates
( F i g .  3 C ) .

Dur ing
r

riod  two  the  mean  we igh t  o f  the
branded  f i sh  >  25 .0  g  on  day  69 )  in  the  popu la -

t i o n  i n c r e a s e d  f r o m  2 7 . 7  t o  9 3 . 1  9 .  *ile t h a t
o f  t h e  n o n - b r a n d e d  f+sh (( 2 5 . 0  g  o n  d a y  6 9 )
i n c r e a s e d  f r o m  1 2 . 8  t o  372 g. The ~s~tive
spec i f i c  g rowth  ra tes  fo r  these  two  g roups  were
2 . 5  a n d  2 . 2 X  D a y - * . T W O  o f  t h e  axmtallties
observed  dur ing  th is  per iod  were  a t t r ibu tab le  to
hand l ing  dur ing  census ing .  Based  on  the  d i f f e r -
ence in total nutiers  counted at the start a n d
e n d  o f  p e r i o d  t w o ,  t h e r e  w e r e  a n  a d d i t i o n a l  16
mor ta l i t i es ,  bu t  no  carcasses  were  recovered  on
the  da i l y  checks  dur ing  the  per iod .

Per iod  th ree  (days  119  to  1541

T h e  m e a n  f i s h  w e i g h t  of t h e  p o p u l a t i o n
increas~d  from 46.9 to 84.7 g during the 36 days
in p e r i o d  t h r e e .  T h e r e  w a s  n o  s i g n i f i c a n t  d i f -
f e r e n c e  ( p  >  0 . 5 0 )  i n  man f ish  =ights o n  a n y
o f  t h e  c e n s u s  d a t e s ,  b e t w e e n  t h e  t w o  r e a r i n g

~~~~~”  The  p e r i o d  s p e c i f i c  g r o w t h  rate ~s ~cm
f o r  t h e  p o p u l a t i o n  ( F i g .  3 A , I V ) .  S p e c i -

fic gr~h r a t e s  b e t w e e n  c e n s u s e s  r a n g e d  f r o m
0.6  to  3 .5$ !  Day-l ( F i g .  3 B ) . At the end of
p e r i o d  t h r e e  i n d i v i d u a l  f i s h  w e i g h t s  i n  t h e
P O  Iation r a n g e d  f r o m  1 3 . O  t o  3 0 4 . 0  g  ( F i g .
4C~ T h e  c o e f f i c i e n t  o f  v a r i a t i o n  [ C . V .  = 1 O O  x
{s.d./mean) in  pe rcen t ]  o f  the  popu la t ion  we igh t
d i s t r i b u t i o n  w a s  5 9 2 . T h e  g r o s s  c o n v e r s i o n
e f f i c iency  va lues  be tween  censuses  cor responded
t o  c h a n g e s  i n  t h e  s p e c i f i c  g r o w t h  r a t e  ( F i g .
3C).

A t  d a y  1 5 4 ,  a s  o n  d a y  6 9 ,  b r a n d e d  f i s h
c o m p r i s e d  t h e  m a j o r i t y  o f  t h e  l a r g e  i n d i v i d u a l s
i n  t h e  p o p u l a t i o n  ( F i g .  4 C ) .  M e a n  weigh~ o f  the
branded  f i sh  inc reased  f rom 93 .1  to  172 .9  g  dur -
ing  per iod  th ree ,  wh i le  tha t  o f  the  non-branded
f i s h  i n c r e a s e d  f r o m  3 7 . 3  t o  6 6 . 5  g . s p e c i f i c
g rowth  ra tes  o f  the  b randed  (F ig .  3A ,V )  and  non -
bran  ed  (F ig .  3A,III) g r o u p s  w e r e  1 . 8  a n d  1 . 5 %

fD a y- ,  r e s p e c t i v e l y . O f  t h e  1 1  m o r t a l i t i e s
r e c o r d e d  d u r i n g  p e r i o d  t h r e e ,  e i g h t  w e r e  n o n -
branded and three were branded f ish.

Per iod  four  (days  161  to  209~

After hand grading was completed (days 155
to 160)  and the population had been divided into
t h e  t h r e e  w e i g h t  c l a s s e s ,  a  c e n s u s  o n  d a y  1 6 1
i n d i c a t e d  a  l i m i t e d  a m o u n t  o f  o v e r l a p  bet-n
them. F ish  we ights  in  the  “smal l ”  we ight  c lass
( F i g .  5 ,  D a y  1 6 1 )  r a n g e d  f r o m  1 0 . 0  -  7 0 . o  ~,
wi th  5 .2% o f  the  c lass  heav ie r  than  the  in tended
6 5 . 0  g  u p p e r  l i m i t . F i s h  w e i g h t s  i n  t h e
“ m e d i u m ”  w e i g h t  c l a s s  ( F i g .  5 ,  D a y  1 6 1 )  varted
f rom 40 .0  - 180 .0  g  w i th  8 .7% o f  the  f i sh  Wigh-
i n g  l e s s  t h a n  6 5 . 0  g . F i s h  w e i g h t s  i n  t h e
“ l a r g e ” w e i g h t  c l a s s  ( F i g .  5 ,  D a y  1 6 1 )  r a n g e d
f r o m  1 7 0 . 0  - 3 1 0 . 0  g  w i t h  6 . 0 3  o f  t h e  c l a s s
we igh ing  l ess  than  180 .0  g .

F i s h  i n  t h e  “ m e d i u m ” w e i g h t  c l a s s  Wre
d i v i d e d  e q u a l l y  b e t w e e n  t w o  r e a r i n g  t a n k s  w i t h
3 6 5  f i s h  i n  e a c h . N o  s i g n i f i c a n t  d i f f e r e n c e s
were  observed  in  the  mean  f i sh  we igh ts  bet~en
t h e  t w o  u n i t s  o n  a n y  g i v e n  c e n s u s  d a t e  ( p  >
0.50). A t  t h e  s t a r t  o f  p e r i o d  f o u r ,  t h e  f i s h
d e n s i t y  i n  the “ s m a l l ”  ~ight c l a s s  t a n k  ~s
11.9 kg m-’, while fish densities in the
“medium”  and  “ la r  e“$ *ight c l a s s  tanks ~re
2 2 . 2  a n d  1 4 . 6  k g  m- ,  r e s p e c t i v e l y .

Our ing  pe r iod  four  the  mean  we igh t  o f  the
p o p u l a t i o n  ( i e : a l l  i n d i v i d u a l s ,  p o o l e d  o v e r



weight CldSSeS) i n c r e a s e d
M e a n  f i s h  w e i g h t  o f  t h e

from 84.7 to 158.1 g.
“Smal1“ w e i g h t  c l a s s

i n c r e a s e d  f r o m  41.6 to 68.5 g, while that of the
“med ium”  and  “ la rge” w e i g h t  c l a s s e s  i n c r e a s e d
from 91.1 to 175.3 g and 223.6 to 397.2 g.
r e s p e c t i v e l y .  T h e  p e r i o d  s p e c i f i c  g r o w t h  r a t e s
o f  t h e  “small” and “ l a r g e ”  w e i g h t  c l a s s e s  w e r e
0 . 9  a n d  1 . 1 %  Oay-l, r e s p e c t i v e l y  ( T a b l e  1 ) .
A n a l y s i S  o f  t h e  In ( w e i g h t )  v e r s u s  t i m e  l i n e a r
regression  r e l a t i o n s h i p s  f o r  t h e  t w o  “ m e d i u m ”
we igh t  c lass  tanks  (Tab le  1 )  showed  tha t  s lopes ,
and consequent ly  spec i f i c  g rowth  ra tes ,  ue re  no t
s i g n i f i c a n t l y  d i f f e r e n t  ( d f .  1 ,  1  1 2 6 ;  p  >
0.50). Census data for the two “med ium”  we igh t
c l a s s  t a n k s  w a s  t h e r e f o r e  p o o l e d . T h e  period
s p e c i f i c  g r o w t h  r a t e  of t h e  “ m e d i u m ”  w e i g h t
c lass ,  der ived  f rom the  l inear  regres  ion  ana ly -

- Js is  on  the  pooled da ta ,  was  1 .42  Day  .

T h e  c o e f f i c i e n t  o f  d e t e r m i n a t i o n  ( r * )  f o r
the  in  (we igh t )  ve rsus  t ime  l inear  regress ion  o f
the “small” weight class was markedly lower than
t h a t  o b s e r v e d  f o r  t h e  “ m e d i u m ”  a n d  “ l a r g e ”
w e i g h t  c la s ses  (Tab le  1 ) .  Th is  sugges ted  a  par -
t i c u l a r l y  h i g h  d e g r e e  o f  v a r i a t i o n  i n  g r o w t h
amongst i n d i v i d u a l s  o f  t h e “ s m a l l ”  w e i g h t
c las s . Cons is ten t  w i th  th is  was  the  observed
tncrease  i n  t h e  c o e f f i c i e n t  o f  v a r i a t i o n  f o r  t h e
we ight  d is t r ibu t ion  o f  the  “smal l ”  we ight  c lass ,
f rom 26  to  3 !%!  dur ing  per iod  four . N o t e  t h a t
t h e r e  w a s  no s i g n i f i c a n t  c h a n g e  i n  t h e  c o e f f i -
c i e n t  o f  b’ariation i n  e i t h e r  t h e  ‘ m e d i u m ”  o r
“ la rge”  we igh t  c lasses  (Tab le  1 ) .  A t  the  end  o f
p e r i o d  four  (day  209) ,  2% o f  the  “smal l ”  we ight
c l a s s  weighsd  b e t w e e n  10 -  20  g ,  the  same  pro -
p o r t i o n  as on day 161 at the start  of the period
( F i g .  5 ) . C l e a r l y ,  a  s e g m e n t  o f  t h e  “ s m a l l ”
w e i g h t  class d i d  n o t  i n c r e a s e  m e a s u r a b l y  i n
w e i g h t  du-ing t h e  p e r i o d . I n  c o n t r a s t ,  w e i g h t
d i s t r i b u t i o n s  o f  t h e  “ l a r g e ”  a n d ,  t o  a  l e s s e r
ex tent ,  “medium” we ight  c lasses  d i f fe red  grea t ly
be tween  day  161  and  day  209  (F ig .  5 ) .  For  bo th
we ight  c lasses , l i t t le or no o v e r l a p  w a s  a p p a -
r e n t  s u g g e s t i n g  t h a t  m o s t ,  i f  n o t  a l l ,  f i s h
grew.

T h e  m e a n  g r o s s  c o n v e r s i o n  e f f i c i e n c i e s
w e r e  1 2  (t5.5)% f o r  t h e  “ s m a l l ” ,  2 2 . 4  (t2.4)%
f o r  t h e  “ m e d i u m ” , a n d  2 3 . 9  (4.6)% f o r  t h e
“ l a r g e ”  w e i g h t  c l a s s e s  d u r i n g  p e r i o d  f o u r .  O f
t h e  2 6  m o r t a l i t i e s ,  a l l  o c c u r r e d  i n  t h e  “ s m a l l ”
we ight  c lass  w i th  no  carcasses  recovered  dur ing
the  da i l y  t ank  checks .

Wi th in  the  subsample  o f  56  f , i sh  examined
f o r  g o n a d  w e i g h t s  in t h e  “ s m a l l ”  w e i g h t  c l a s s ,
29  were  iden t i f i ed  as  fema les  and  27  as  ma les .
M e a n  g o n a d  w e i g h t  f o r  t h e s e  f e m a l e s  w a s  0 . 1 7
( *0 .01 )  9 ,  w i th  !lonad w e i g h t s  r a n g i n g  f r o m  0 . 0 4
t o  3 . 9 8  g  ( F i g .  6 B ) . T h e  i n  ( g o n a d  w e i g h t )  o f
females  increased  l inear ly  w i th  In (body  we igh t )
i r r e s p e c t i v e  o f  w e i g h t  c l a s s  ( F i g .  6 6 ) .  G o n a d
we ights  amongst  ma les  sampled  f rom the  “smal l ”
we igh t  class ranged from 0.01 to 10.00 g ( F i g .
6 A ) . However ,  un l ike  females  sampled  f rom the
“smal l” w e i g h t  c l a s s , t w o  d i f f e r e n t  g r o u p s  o f
males  were  c lear ly  ev ident  (F ig .  6A) .  One  group
( F i g .  6 A )  w a s  c o m p r i s e d  o f  t w e l v e  m a l e s  witfi
g o n a d  w e i g h t s  o f  1 . 0 0  g  o r  m o r e  a n d  h a d  a  man
g o n a d  w e i g h t  o f  2 . 9 1  ( ? 0 . 7 1 )  g .  N o t e  t h a t  t h e
on ly  maies nbserved  in  th is  g roup  were  sampled
f rom the  “smal l ”  we ight  c lass .  The  remain ing  15
males  sampled  f rom the  ‘smal l ”  we ight  c lass  had

gonad  we igh ts  o f  cons iderab ly  l ess  than  1 .00  9.
w i t h  a  Man g o n a d  w e i g h t  o f  0 . 0 4  (tO.01) gi
T h e s e  l a t t e r  m a l e s  f o r m e d  p a r t  o f  a  l a r g e r
second  g roup ,  compr ised  o f  ma les  sampled  f rom
all t h r e e  *ight c l a s s e s  ( F i g .  6 A ) .  A  llnear
~rend  b e t w e e n  i n  ( g o n a d  w e i g h t )  a n d  In ( b o d y
w e i g h t )  w a s  a p p a r e n t  f o r  e a c h  o f  t h e s e  g r o u p s  o f
m a l e s  ( F i g .  6 A ) .

T h e  s e x - s p e c i f i c ,  b o d y  w e i g h t  f r e q u e n c y
d i s t r i b u t i o n s  f o r  t h e  “ s m a l l ”  Might c l a s s  s u b -
sample  were  compared ,  re la t i ve  to  the  to ta l  sam-
p l e  f o r  t h e  “ s m a l l ”  w e i g h t  c l a s s  ( F i g .  7 ) .
A l though  ma les  exh ib i ted  a  w ider  range  o f  body
we igh ts  than  fema les  they  were  p redominant ly  the
s m a l l e s t  m e m b e r s  o f  t h e  “ s m a l l ”  w e i g h t  c l a s s
( F i g .  7 8 ) . A l s o ,  nmst  o f  t h e  s m a l l e r  m a l e s  h a d
a  gonadal s o m a t i c  i n d e x  ( G . S . I . ) o f  3 . O Z  o r
more ;  whereas  propor t iona te ly  more  o f  the  l a rger
m a l e s  h a d  a  G . S . I .  o f  0 . 3 %  o r  leSS. McCart
( 1 9 8 0 )  f o u n d  t h a t  m a l e  A r c t i c  c h a r r  f r o m  t h e
w e s t e r n  A r c t i c  h a d  a  m e a n  G . S . I .  o f  4 . 4 %  w h e n
mature , a n d  0 . 3 %  w h e n  i n r n a t u r e . T h e r e f o r e ,
m a l e s  i n  t h i s  s t u d y  w i t h  G . S . I .  o f  3 . O Z  o r  m o r e
were  de f ined  as  p recoc ious ly  mature . Mean body
we igh ts  o f  p recoc ious  and  non -precoc ious  ma les
i n  t h e  “ s m a l l ” w e i g h t  c l a s s ,  4 9 . 3  (-*.65) a n d
7 4 . 4  (t 6 . 7 7 )  g  r e s p e c t i v e l y ,  w e r e  d i f f e r e n t  ( p
= 0 . 0 2 ) . F e m a l e s  w e r e  g e n e r a l l y  l a r g e r  t h a n
e i ther  g roup  o f  ma les  w i th  a  mean  we igh t  o f  79 .9
(t3.65) g .

COMPARISON OF ARCTIC CHARR AMI RAINBOU TROUT -
85 OAY GROUTH TRIALS

T h e  s p e c i f i c  g r o w t h  r a t e  o f  t h e  A r c t i c
c h a r r  p o p u l a t i o n  f o r  t h e  8 5  d a y  g r o w t h  t r i a l
( d a y s  7 0  t o  1 5 4 )  w a s  1 . 9 %  D a y - l .  C o m p a r a b l e
v a l u e s  f o r  t h e  I d a h o  a n d  S u n n d a l s o r a  r a i n b o w
~;~!!\, s~;~;ct[;~f~a:~y:s  ~ere 1 . 2  a n d  1.92

. . At the end of
t h e i r  r e s p e c t i v e  t r i a l s ,  31% o f  t h e  A r c t i c  c h a r r
p o p u l a t i o n  w e i g h e d  m o r e  t h a n  1 0 0  g ,  c o m p a r e d
w i t h  4% f o r  t h e  I d a h o  a n d  z e r o  f o r  t h e  Sunndal-
s o r a  r a i n b o w  t r o u t  ( F i g .  9 )  p o p u l a t i o n s . The
c o e f f i c i e n t  o f  v a r i a t i o n  f o r  t h e  f i n a l  w e i g h t
d i s t r i b u t i o n  o f  t h e  A r c t i c  c h a r r  p o p u l a t i o n  w a s
5 9 2 ,  c o m p a r e d  w i t h  32Z  for the Idaho and 25% for
t h e  S u n n d a l s o r a  r a i n b o w  t r o u t  s t r a i n  p o p u l a -
t i o n s . T h e s e  l a t t e r  v a l u e s  a r e  t y p i c a l  f o r
t r o u t  r e a r e d  i n  t h e  p i l o t  s y s t e m  ( P a p s t  a n d
Hopky 1982).

T h e  l a r g e r  m a n  w e i g h t  o b s e r v e d  f o r  t h e
A r c t i c  c h a r r  p o p u l a t i o n  a t  t h e  e n d  o f  i t s  t r i a l
r e s u l t e d  p r i m a r i l y  f r o m  t h e  g r e a t e r  p r o p o r t i o n
of Arctic charr > 100 g (Fig. 9, branded
g r o u p ) . F o r  e x a m p l e , c o m p a r e d  t o  t h e  A r c t i c
cha r r  popu la t ion  the  Idaho  ra inbow  t rou t  popu la -
t i o n  h a d  a  larger m e a n  s t a r t i n g  w e i g h t  a n d  a
s i m i l a r  p e r c e n t a g e  o f  t h e  i t s  i n i t i a l  p o p u l a t i o n
weighed between 25 - 3 5  g  ( F i g .  9 ) ,  b u t  n o n e  o f
t h e  I d a h o  t r o u t  w e i g h e d  m o r e  t h a n  1 0 0  g  a t  t h e
e n d  o f  t h e i r  t r i a l . O t h e r w i s e ,  t h e  w e i g h t  d i s -
t r i b u t i o n s  o f  a l l  t h e  t e s t  p o p u l a t i o n s  a t  t h e
end  o f  the  t r i a ls  were  very  comparab le ,  as  ind i -
c a t e d  b y  t h e  s i m i l a r i t y  i n  m o d a l  v a l u e s  ( F i g .
9 ) .



DISCUSSION

T h e  m e a n  s p e c i f i c  g r o w t h  r a t e s  o b s e r v e
for t h e  A r c t i c  c h a r r  pop~lation of 2.6%  D a y -f

( 2 . 2  - 14.0 g), 2.2% Day (15.3 - 46.9 g) and
1 . 8 2  Day-l ( 4 6 . 9 -  8 4 . 7  g )  d u r i n g  p e r i o d s  o n e ,
two and t~ree. r e s p e c t i v e l y ,  w e r e  s i m i l a r  t o  t h
2 . 1 %  D a y ( 7 . 9 - 14.4 g) and 2.2% Day- f

( 7 . 9  - 2 5 . 1  g )  r e p o r t e d  b y  Ur~iwan ( 1 9 8 2 )  f o r
A r c t i c  c h a r r  r e a r e d  a t  1 3 C  i n  f r e s h w a t e r .  T h e
~re c o n s i d e r a b l y  h i g h e r  t h a n  t h e  1 . 0 %  D a y -1

( 2 4 . 6  - 77.7 g) reported by Wandsvik and Jobling
( 1 9 8 2 )  f o r  A r c t i c charr reared at 13C in
f r e s h w a t e r . 8 e c a u s e  t h e  c u l t u r e  m e t h o d s  a n d
enviro-nts var~ed  b e t w e e n  e x p e r i m e n t s ,  a l l  o f
the  d i f f e rences  In o b s e r v e d  g r o w t h  r a t e s  c a n n o t
b e  a t t r i b u t e d  t o  i n h e r e n t  d i f f e r e n c e s  i n  t h e
s tocks . T h e  g r o w t h  r a t e s  o b s e r v e d  i n  t h i s
experimnt f o r t h e  a n a d r o m o u s  L a b r a d o r  s t o c k
suppo~ts  the  hypothes is  tha t  Arc t i c  char r  can  be
r e a r e d  successfully  i n  a n  i n t e n s i v e  f r e s h w a t e r
c u l t u r e  sYstem.

C o m p a r i s o n  o f  t h e  A r c t i c  c h a r r  g r o w t h
r a t e s  t o  t h o s e  o b s e r v e d  f o r  t h e  t w o  r a i n b o w
t r o u t  s t r a i n s  m u s t  b e  c o n s i d e r e d  a s  t e n t a t i v e
p r i m a r i l y  b e c a u s e  t h e  A r c t i c  c h a r r  w e r e  r e a r e d
on a comercial  f e e d  f o r m u l a t e d  s p e c i f i c a l l y  f o r
r a i n b o w  t r o u t . I t  m a y  n o t  r e p r e s e n t  t h e  b e s t
d i e t  f o r  o p t i m a l  A r c t i c  c h a r r  g r o w t h .  Y e t  f o r
the  85  day  Arc t ic  char r  g rowth  t r i a l ,  wh ich  was
comparab le  to  the  “A”  and  “B”  l eve ls  o f  a  p ro -
duction cycle (Papst and Hopky 1982),  the growth
ra te  o f  the  Arc t i c  char r  popu la t ion  was  as  g rea t
i f  n o t  s l i g h t l y  g r e a t e r  t h a n  t h o s e  f o r  t h e  r a i n -
b o w  t r o u t  s t r a i n s  t e s t e d .  I t  i s  n o t  k n o w n  w h e -
t h e r  A r c t i c  c h a r r  w o u l d  m a i n t a i n  c o m p a r a b l e
g r o w t h  r a t e s  ducing  the  l a t te r  s tages  o f  a  p ro -
d u c t i o n  c y c l e . Our  use  o f  a  tank  conf igura t ion
a t y p i c a l  t o  t h a t  e m p l o y e d  i n  t h e  s : a n d a r d  p r o -
duc t ion  cyc le  fo r  ra inbow t rou t  was  in  response
t o  t h e  u n e x p e c t e d l y  g r e a t e r  v a r i a t i o n  i n  b o t h
i n d i v i d u a l  b o d y  w e i g h t s  a n d  m e a n  g r o w t h  r a t e s
o b s e r v e d  in t h e  A r c t i c  c h a r r  p o p u l a t i o n  a t  t h e
e n d  o f  p e r i o d  t h r e e  ( i . e .  e n d  o f  l e v e l  “ B ” ) .

C o m p a r e d  t o  rtiinbow  t rou t ,  these  two  fac -
t o r s  s u g g e s t  t h a t  a  s i n g l e  h a r v e s t  o f  con-rner-
c i a l l y  s i z e d  A r c t i c  c h a r r  a t  t h e  e n d  o f  a  p r o -
duc t ion  cyc le  wou ld  be  p rec luded ,  and  tha t  some
i n d i v i d u a l s  w o u l d  n e v e r  g r o w  t o  h a r v e s t  s i z e .
There fore ,  w i th  respect  to  successfu l  cu l tu re  in
t h e  p i l o t  s y s t e m , t h e  A r c t i c  c h a r r ’ s  o v e r a l l
growth perfO?WJrW3  was poorer than that achieved
b y  t h e  t w o  r a i n b o w  t r o u t  s t r a i n s . Th is  was
h a r d l y  s u r p r i s i n g  g i v e n  t h a t  t h e  A r c t i c  c h a r r
w a s  a  w i l d  s t o c k  w h i c h  h a s  y e t  t o  b e  d o m e s t i -
c a t e d ,  w h i l e  b o t h  r a i n b o w  t r o u t  s t r a i n s  a r e  t h e
resu l t  o f  in tens ive  domest ic  b reed ing  p rograms ,
t h e  o b j e c t i v e  o f  w h i c h  i s  t h e  p r o d u c t i o n  o f  a
c u l t u r e  s t o c k .

The  ex ten t  o f  varidtion i n  b o d y  w e i g h t s  o f
t h e  A r c t i c  c h a r r  w a s  c o n s i s t e n t  w i t h  t h a t
repor ted  by  Wandsv ik  and  Job l ing  (1982 ) .  I t  may
r e p r e s e n t  t h e  n a t u r a l  g r o w t h  v a r i a t i o n  o f  t h e
s p e c i e s ,  o r  r e f l e c t  t h e  e f f e c t s  o f  s i z e  h i e r -
a r c h i e s  f o r m e d  w i t h i n  t h e  p o p u l a t i o n ,  a s  c o n -
c l u d e d  b y  Handsvik and  Job l ing  (1982 ) .

The  occur rence  o f  ea r l y  matura t ion  (p reco -
c ious  deve lopment )  amongst  the  smal les t  o f  the
m a l e  A r c t i c  c h a r r  w a s  a  f a c t o r  c o n t r i b u t i n g  t o
t h e  l a r g e  v a r i a t i o n  i n  o b s e r v e d  b o d y  w e i g h t s .

T h i s  w a s  s h o w n  b y  t h e  i n c r e a s e  i n  t h e  c o e f f i -
c i e n t  o f  v a r i a t i o n  f o r  t h e  “ s m a l l ”  w e i g h t  c l a s s
w e i g h t  d i s t r i b u t i o n  d u r i n g  p e r i o d  f o u r . P reco -
c i o u s  m a l e s  w e r e  a m o n g s t  t h e  s m a l l e s t  i n d i v i -
dua ls  in  the  “smal l ”  we ight  c lass  and  compr ised
t h e  p r o p o r t i o n  w h i c h  d i d  n o t  g r o w  s i g n i f i c a n t l y
d u r i n g  t h e  p e r i o d ;  w h i l e  l a r g e r  n o n - p r e c o c i o u s
members  o f  the  “smal l ”  we igh t  c lass  d id . Thus
i t  w a s  n o t  p o s s i b l e  t o  d e t e r m i n e  w h e t h e r  t h e
g r o w t h  r a t e  o f  t h e  “ s m a l l ”  w e i g h t  c l a s s  i n -
c reased  a f te r  separa t ion  f rom the  rest o f  t h e
p o p u l a t i o n  a t  t h e  s t a r t  o f  p e r i o d  f o u r . Th is
e f f e c t  w o u l d  h a v e  b e e n  a n t i c i p a t e d  i f  a r i g i d
s i z e  h i e r a r c h y  h a d  e x i s t e d  p r i o r  t o  t h e  s e p a r a -
t i o n . H o w e v e r ,  t h e  c o e f f i c i e n t s  o f  v a r i a t i o n
for  the  we ight  d is t r ibu t ions  o f  the  “medium”  and
“ la rge” w e i g h t  c l a s s e s  d i d  n o t  i n c r e a s e  d u r i n g
per iod  four  suggest ing  tha t  s i ze  h ie ra rch ies  d id
n o t  b e c o m e  e s t a b l i s h e d  i n  f i s h  o f  t h i s  w e i g h t
r a n g e ,  e i t h e r  p r i o r  t o  o r  a f t e r  g r a d i n g  a n d
separa t ion  in to  we igh t  c lasses .

Bre t t  ( 1979 )  summar i zed  the  genera l  obser -
v a t i o n  t h a t  g r o w t h  r a t e s  d e c l i n e  w i t h  i n c r e a s e d
f i s h  s i z e , a n d  t h e  r a t e  o f  d e c l i n e  i s  s i m i l a r
be tween  var ious  sa lmon ids . Dur ing  the  B5  days
b e t w e e n  d a y  7 0  a n d  d a y  1 5 4  t h e  l a r g e r  ( b r a n d e d )
A r c t i c  c h a r r ,  w h i c h  w e i g h e d  m o r e  t h a n  2 5  g  o n
d a y  6 9 ,  m a i n t a i n e d  g r o w t h  r a t e s  s i m i l a r  t o  t h e
r e s t  o f  t h e  A r c t i c  c h a r r  p o p u l a t i o n  d e s p i t e
t h e i r  l a r g e r  b o d y  w e i g h t s . C o n s e q u e n t l y ,  a l -
t h o u g h  t h e  m o d a l  w e i g h t  f o r  t h e  A r c t i c  c h a r r
popu la t ion  was  s imi la r  to  those  fo r  the  ra inbow
t r o u t  p o p u l a t i o n s ,  a t  t h e  e n d  o f  t h e i r  r e s p e c -
t i v e  t r i a l s , t h e  o v e r a l l  m e a n  w e i g h t  f o r  t h e
A r c t i c  c h a r r  p o p u l a t i o n  w a s  l a r g e r .  I t  c o u l d  b e
h y p o t h e s i z e d  t h a t  t h e  g r e a t e r  g r o w t h  r a t e  o f
t h e s e  l a r g e r  f i s h , r e l a t i v e  t o  t h e  r e s t  o f  t h e
popu la t ion , r e s u l t e d  f r o m  a  s m a l l e r  r a t e  o f
d e c l i n e  i n  g r o w t h  r a t e  w i t h  s i z e  t h a n  w o u l d  b e
expec ted . I f  so ,  s u c h  a  t r a i t  m i g h t  b e  p o s i -
t i v e l y  e x p l o i t e d  b y  a  s e l e c t i o n  p r o c e s s ,  l e a d i n g
t o  t h e  d e v e l o p m e n t  o f  a  d o m e s t i c  A r c t i c  c h a r r
s tock .

M o r t a l i t y  o f  A r c t i c  c h a r r  i n  t h e  p i l o t
production system was comparable to that observ-
e d  i n  r a i n b o w  t r o u t  p r o d u c t i o n  trials (Papst  and
Hopky 19B2). The  d isc repanc ies  be tween  Arc t i c
c h a r r  c a r c a s s e s  r e c o v e r e d  a n d  m o r t a l i t i e s  a s
e s t i m a t e d  b y  t h e  c e n s u s  c o u n t s  nmy be  s ign i f i -
c a n t  i f  t h e y  r e f l e c t  t h e  c o n s e q u e n c e s  o f  c a n n i -
ba l i sm,  as  opposed  to  hand l ing  s t ress .  The  l a t -
t e r  f a c t o r  i s  t h e  p r i n c i p a l  s o u r c e  o f  m o r t a l i t y
i n  r a i n b o w  t r o u t  p r o d u c t i o n  t r i a l s  ( P a p s t  a n d
Hopky  1982 ) . However, b e c a u s e  t h e r e  w a s  a n
i n d i c a t i o n  t h a t  s m a l l e r  A r c t i c  c h a r r  s u f f e r e d  a
propor t iona te ly  h igher  mor ta l i ty ,  an  examinat ion
o f  t h e  p o s s i b i l i t y  o f  c a n n i b a l i s m  s h o u l d  b e
made. T h e  o v e r a l l  m o r t a l i t y  o b s e r v e d  f o r  t h e
Arc t i c  char r  p roduc t ion  t r i a l  wou ld  sugges t  how-
e v e r  t h a t  i t  i s  n o t  a  s i g n i f i c a n t  f a c t o r  l i m i t -
i n g  t h i s  s p e c i e ’ s  p e r f o r m a n c e  i n  f r e s h w a t e r
c u l t u r e .

T h e  e v e n t u a l  f e a s i b i l i t y  o f  i n t e n s i v e l y
c u l t u r i n g  A r c t i c  c h a r r  w i l l ,  t o  s o m e  e x t e n t ,
d e p e n d  o n  f a c t o r s  n o t  e x a m i n e d  in th is  pre l imi -
n a r y  s t u d y . T h e  p r e s e n c e  o f  a  g r o u p  o f  f i s h
w i t h  l o w  t o  n o n e x i s t e n t  g r o w t h  -  i . e .  p r e c o -
c i o u s l y  m a t u r e  m a l e s  -  w a r r a n t s  f u r t h e r  s t u d y ,
because  they  cont r ibu te  to  lower  popu la t ion  mean
weights a n d  i n c r e a s e d  d i s p e r s i o n  a b o u t  t h e
mean. A l s o ,  i t  w i l l  b e  n e c e s s a r y  t o  s u c c e s s -



fu l l y  deve lop  b rood  s tocks ,  as  the  co l l ec t ion  o f
s p a w n  f r o m  t h e  wild is  fa r  too  cos t ly  fo r  com-
m e r c i a l  e n t e r p r i s e . R e s u l t s  o f  t h e  p r e s e n t
s tudy  sugges t  tha t  the  f reshwate r  in tens ive  cu l -
t u r e  o f  A r c t i c  c h a r r  i s  b i o l o g i c a l l y  f e a s i b l e .
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