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FI GURES

Battery design

Derived curve for maximum growth rate of CheTaa
tenuimanus .
X means size for pond-cul tured year-c1asses.

Histograms sho\^ring the frequency of test values for
f inal / in i t ia l  weight for indiv iduals ecdysing zero
(E=0) and one t ime (E=1),  groupecl  for test  ecdysial
f requency  ra t i o  va l -ues  F<  0 .3  and  >0 .3 .

Frequency (8) of  ecdysis per week amongst test
crayf ish fed LUV in test  no. 3,  1--50 days, and test
9,  51- l -00 days, fo l lowed by earthworms in test  13.
Crayf ish in i t ia l ly f rom a stock tank.

Relationships between battery unit 4rea ancl crayfish
size, lased upon ( total-  body length) '  and (antennal
span, .

Frequency (8) of ecdysis per week amongst two test
groups of crayf ish fed art i f ic ia l  food plus
aletr i tus,  test  no. 38-I ,  and art i f ic ia l  food so]ely,
test  no. 39-1, for seven weeks, fo l lowed by
earthworms for both groups, test  nos. 38-2 and 39-2,
respect ively.

Relat ionship between the mean, observed, test ,
intermoult duration , d,..,*. ' and its estimate , the
reciprocal of the ngnbEt-of recorded ecdyses per
week per marron, E-f '

Empirical curves (freehand) clerived from Multiple
Range Tests on values of the ecdysial. frequency
rat io,  F.  Curves represent boundaries
dist inguishing F values, s igni f icant ly di f ferent
at the 5t  level  of  probabi l i ty.

(a) Number of  ecdyses and (b) relat ive weight
increase (8) per indiv idual  corresponding to F
values for 50 day tests.  An ecdysial  increment
o f  0 .52  by  we igh t  was  emp loyed  fo r  F  >  0 .3 ,

APPENDICES
1 cro!'/th perf ormance ratios

2 Stat ist ics and val idat ion relat ing to the
growth increment ratio.

3 Stat ist ics and val idat ion relat ing to the F
values (moult  rate rat io).
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m o r e  c o s t l y ,  f o r m u l a t e d ,  c o m m e r c i a l  ,  c r u s t a c e a n  r a t i o n s  o f f e r  a n y
e x t r a  a d v a n t a g e  ( F a i r  a n d  F o r t n e r  1 9 8 1 ,  c . f  .  M a g u i r e  a n d  H u m e
1 9 8 2 )  a n d  t h e y  a r e  i n s u f f i c i e n t  a s  c o m p l e t e  s u b s t l t u t e s  f o r
t r a d i t i o n a l  n a t u r a l  f e e d s  s t r l l  n e c e s s a r y  a t  h i g h e r  l e v e l s  o f

i l r o d u c t i o n  ( e . g . ,  K u r u m a  p r a w n  f a r m i n g  i . n  J a p a n ) .  H o w e v e r ,  t h e
" c r u s t a c e a n  f e e d  p r o o l e m "  h a s  b e e n  m o s t  a c u t e l y  c o n f r o n t e d ,  a s  a
m . r  j o r  o b s L a c l e  L o  d n y  c o r u - e r c r a l  d o v e l o p m e n t ,  i n  o a t  t e r . /  c u f ' 1 - u r e
o f  h o m a r i d  l o b s t e r s  w h e r e  t h e  l o b s t e r s  a r e  i n d i v i o u a l l y  h o u s e d
a n d  t h e  s o l e  s o u r c e  o f  n u t r i t r o n  l n  i l a r e  r n o d u l e s  i s ,  p e r f o r c e ,
t h e  a r t i f i c r a l  r a t r o n  s u p p l r e d  ( R i c h a r d s  a n d  W i c k r n s  1 9 7 9 ,  V a n
L r I s t  e L  a l  1 9 t 1 O ) .  L e : p j t e  I n L e n s r / e  r e s o 3 1  a 1  e [ f  o i ^ l  ,  n d i n l  . /  o n
f /on(1, iu , : )  c t rne. 'z i  cctnul ,  gro! . / th  of  lobsters has Deen poor  on
a r t r f r c r a l  d i e t s  t c o n k l r n  1 9 B O ) ,  u n t a l  r e c e n t l y  ( D ' A b r a m o  e t  a l  ,
1 9 8 1 ) .

I n  c o n t r a s t  t o  f r n f i s h ,  w h r c h  f e e d  t o  d e m a n d  a t  t h e  w a t e r  s u r f a c e
a n o  - L n g e s L  p e l l e 1 - l F d  I e e d s  i n t a c r ,  t n o  o L f  a t o t ' v  a n d  m a : l  ' c a 1 - o r /
r - A a / r  I n ^  a r r r  a F  ^ a . r h r  , ^ . r -  t a a c  ^ a a ^  r a . ^ ^ ^ 1  , a t 1

d s  a  S p e c ' a )  p r o O l e r r  . r n  f  e o o  ] J r F s e n t d t  t o n  a n d  d u n a o l  .  i  l y
(  l v i e y e r s  e t  a l  1 9 7 0  ,  I v l e y e r s  a n d  Z e r n - E f  d r n  1 9 7 2  )  .  E x t e n s r w e
l n v e s t r g a t r o n  o r  p e l l e t  r ) r n d e r s  ( N l e y e r s  1 9 8 0 ,  H e r . n e n  1 9 8 1 )
h ^ q  - r . r . l r r - a . i  l . r n ^  I  a n m  . . \ / c r  ^ , r  I  q i  ^ n  |  |  r + . /  ^ r 1 1 -  ^ 6 1  I  n n n  I  a n m

a h a m r a : r  r  n l a r r r . l  + . /  '  C o n k l i n  e t  a l  1 9 7 8 ,  G o l d b l a t t  e t  a l  1 9 7 9 ) .
J ^ ^ ^ a  ^ i 6 r  a ^ n m , ,  - r  - L O n  n a S  L { - n O e d  t O  i ^ e t r r  a ^  t h a  ' . c L ^ i

j v r r r r r \ J ' r v ( \ l u r r

a p p r o d c h  ( P r o v a s o l  l 9 - r r t ,  j . . .  - p c c u l a L , v e  l n c r - s r o n  o f  a  w L o e
r a n g e  o f  r n a c r o ,  m i c r o  a n d  t r a c e  r n g r e d i e n t s ,  a n d  t h e  " b a n d - a i d "

a p p r o a c h  ( D . C .  C a i J u z z o ,  p e r s .  c o m m .  ) ,  i . e .  a d d r t i o n  o f  c e r t a r n
v r a t - e r .  q r _ r l  t n  t F  I  a ^ f - F . j  '  6 - l  c  i \ . a  ^ r 1 r . t  ,  i - c  n  . r  h a r  - c l l _  U r r

c l a s s r c a l  n u t r r t r o n a l  s t u d i e s .

T e s t i n q  o f  a r t r f r c r a f  r a t i o n s  f o r  f r e s h w a t e r  c r a y f i s h  h a s
D e e n  l  r  r r  l e d ,  e r  p  l o y  i n g  p r d w n  ' o r m u I a L  r o n s  {  H u n - r  o r  a  l  - a - - ,
T a r s h i s  1 9 7 8 ,  H u n e r  a n d  M e y e r s  I g T g ) .  B o t h  f o r m u l E E l 6 i  a n O
r i g o r o u s  t e s t a n g  o f  d i e t s  i s  h i n d e r e d  b y  t h e  n a t u r a l  o m n i v o r y
t p o l " / t r o p n v ,  o f  r - n a V I  i . - h .  o v o r ^  d  W r o F  r a n g e  o l  I o o d  S j Z e r
A n r )  r , / - p q  I n c l r r d r -  r  c a n n t o a l i q r n  d r d  o e t r ' t -  t  \ / o r -  ( l n - r ^ e n - r

a n c l  M a g n u s o n  1 9 7 8 ,  r v l o m o t  e t  a l  1 9 7 8 ) ,  a n c l  c o m p l e x  s e l e c t i v e
: n n  m . r q +  r  - ^ l -  . \ r  ' F 6 - l  t  ^  i  n ^ a e  r  i  o a  r ' T n n m : q- - * 1  n g  p r o c e s s e s  p r r o a  -
L 9 7 B )  r n  c o m m o n  w r t h  o t h e r  b , e n t h r c  d e c a p o d s .

I n  A u s t r a l r a ,  a  r e c e n t  p r o p o s a l  f o r  t h e  d e v e l o p m e n t  o f  a
| J a L e n l e d  s v s f  e m  l . o r ^  o a L L e r , /  c u l L - r p  o f  f  1 e  , d r q e  W e s r e r n
A u S L - r ' c r r , L d r r  r | e s r i w d L e l .  C r a y t  r s i - r ,  m a r r o n  ( a n e , ? a l x  L e n . u i r n o n u z  ) ,  W a S
q u e s t r o n e d  o n  t n e  D a s r s  o f  a v a a l a t t , r l r t y  o f  a  s u r t a b l e  a r t t f r c r a l
r a t l O n .  f . l r s  | J d p e r  r e } , o r t -  r n e  n e . - - l t s  o r  I  F o d  t e q L S  r o r  L h r s
p r o j e c t  c a r r r e d  o u t  a t  t l - i e  W e s t e r n  A u s t r a l i a n  M a r r n e  R e s e a r c r r
L a o o r a t o r r - e s  d u r f n q  7 9 4 2  a : 3  o n ,  m a t n l y ,  s e w e r a ] -  c o m m e r c l a l  a n d
e x p e r f m e n t a f  c r u s t a c e a n  r a t i o n s  o b t a r n e d  f r o m  o v e r s e a s .  T h i s
a v ,  a ^ 1 6 - l  : . .  r , - ^ ^  L r - r l  ^ - - ^ -  l  n , r - - ,  I

a n o n g s L  p a a w n s ,  l o o - t e r ^ s ,  a n o  c r a T { a s h  d r e  s l m t l d r ,  o n  i n r L . o l
a s s u m p t r o n  e m p l o y e o  p r e v r o u s l y  ( e . g . ,  H u n e r  e t  a I  I 9 7 4 ,  C o n k l r n
e t  a l  1 9 7 5 ,  ] ^ / l c k r n s  a n d  B e a r d  1 9 7 8 )  a n d  c o n s t d e r e d  t o  b e
n e a s o n a o l e  l n  v r e w  o I  L h e  r e c o g n r z e d  c o l n o n a l r  r y  o f  L h e  ' o o o

p r o b l e m  f o r  t h e s e  d e c a p o d s  ( C o n k l r n  1 9 8 0 ,  C a p u z z a  L ? A I ) .  T e s t s
w e r e  c d r n l e d  o u L  - L n  e x p e r r r  e n t o l  o a l  l e r , c - ,  o f  a  n o J e l  d e s r g n ,  i n
w f . l a c n  e x t r a n e o u s  s o u r c e s  o f  p o s s i o l e  s u p p l e m e n t a l  f o o d  w e r e
r n r n l m a l  a n d  c a n n a b a l i s m  w a s  e x c l u d e d .  T h e r e f o r e ,  t h e s e  r e s u l t s
o n  D a r e  s u b s t r a t e s  s h o u f d  b e  c l e a r l y  d a s t a n g u i s h e d  f r o m  t h o s e

- 6 -
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r r rcr r rn of  crawf i  sh and recalcu lated weekly  f rom observed growth
( r n i l - r a l  w e t  w e i c r h t  n l | l q  . ^  l r - r r l  a t c d  e c c l v s i a l  i n c r e m e n t s  ) .  T h e
totaf  amount  fed to a group on a par t icu lar  occasion was
apport ioned.  to  ind iv iduals  on the basis  of  s ize and prox imi ty  to
r e c e n t  e c d y s l s .  F o r  a r t i f j c i a l  r a t i o n s ,  a  f e e d l n g  r a t e  o f
approx imate ly  5% per  uni t  body werght  per  day was usual ly  pursued
f  A  ^  C n n k l i n  F l -  a l  1 o 7 t  H r r n a r  a n d  M F \ / c r S  1 9 ' 7 9 ,  C a p u z z O  I 9 B 1 ) .
\ c . 9  r  r  v v r r r ! '  ,  , .  

: _ :  : :  
- ' '  - ,

T h c  a c l . r r a l  f  e e 6 i  p 6  1 ^ : i - a  n i  r r a n  i n  a  n ^ r f i  c u f a r  t e S L  w a s  f r n a l l yu L V r r r v

c a  l c u l a t e d  a s  a  d a j  l y  r a t e  f r o m  L h e  t o t a l  d r y  w e i  g h t  o f  f o o d
: . , i - r  r a l  I  r r  F c d  e y . r . F s q a r l  ^ q  a  r l F n . F n t a n c  o  f  L h e  m e a n  o f  l h e  r  n i L i  a lq e  w u u r  r  i

and f rnal  measured wet  welghts of  the crayf ishr .

! -EE]JSc .

Overseas rat ions were oDta ined soon af ter  mid 1982 and stored
f r o z e n .  S o u r c e s  o f  t h e s e  r a t i o n s  a r e  g j v e n  j n  T a b l e  f o o t n o L e s  i n
the Resul ts ,  together  wi th references to use in  other  feed
s t u d i e s  a n d  f o r r n u l a t i o n s ;  d e t a i l s  a s  t o  c l o s e d  f o r m u l a t i o n s  a r e
a v a i l a b l e  t o  v a r y i n g  d e g r e e s  f r o m  t h e  r e s p e c t i v e  m a n u f a c t u r e r s .
t r - T  t r P n r r f A F n I  n o r n r . l e r  ^ ^ " - t  a s  d e s c r i  b e d  b e f o w .w o -  a ! 9 r r  r q u

E x p e r i m e n l a l  a r t i f i c i a l  r a t i o n s  e m p l o y e d  p o w d e r e d  R a f s t o n  P u r j  n a
e x p e r i m e n t a f  m a r i n e  r a t i o n  ( R P  M 2 5 )  a s  a  b a s e .  R P  M 2 5  i s  t h e
m o s l  w i d e l y  u s e d  c o r n r n e r c i a l  p e l  L e L  f o r  c n u s t a c e a n  f e e d  a l t h o u g h
l . \ r . r h l  \ /  r r n q l 1 a n l e  a n c l  q r r n r a . . f  t . r  q F \ / a r F  " l  e a C h - O 1 1 t "  i n  S O I U L i O nr r r v r r ! ) ,

( F a r m a n f a r m a i a n  e t  a l  ,  1 9 8 2 ) .  T o  t h i s  b a s e  w a s  a d d e d  7 . 5 %  s o y
l e c i t h j n  ( N u t r a l i f e ) ,  7 %  c o d  I - i v e r  o i l  ( F a u l d i n g ) ,  o . 1 %  s o d i u m
a s c o r b a t e  ( C o l d e n  C r o s s ) ,  1 %  m u l t i - v i t a m i n  m i x  ( M y a d e c ) ,  a n d  a n
a t t r a c t a n t  o . 5 %  t r i m e t h y l  a m m o n i u m  h y d r o c h l o r i d e  ( D r  B . A .  P i e r c e ,
U n i v e r s l l y  o f  H a w a i i  a t  M a n o a ,  p e r s .  c o m m .  ) .  P r o t e i n  c o n t e n t  o f
some batcf res tested was lncreased to approx imate ly  10% wi th
" P r u t e e n "  p o w d e r  ( 7 5 % )  a n d  S p i r u l - i n a  ( 7 1 % ,  M e a d o w  c r o f t ) .
B a t c h e s  w e r e  o o u n d  w i L h  2 . 5 %  s o d i u m  a l g i n a L e ,  e i t h e r  K e l g i n  H V
( K e l c o  C o r p ,  S a n  D i e g o ,  C A )  o r  M a n u g e l  G M B  ( K e l c o / A I L  I n t . ,
cranvr l le ,  l \SW) wi th r% sodium f rexametapho sphate (BDH) as a
s e q u e s t r a n t .  T h e  d o u g n  m i x t u r e  ( :  5 5 %  w a L e r )  w a s  e x t r u d e d  ( 2 . 3
^ r  / .  m m  n n i f  i r - a \  r - r r 1 -  i n l - n  n a l  l c ] - c .  d r . i  c d  n : r l  i a l l r r  n c l  l e d  - i n  

a

c a c l ^  s o l u l r o n  ( o .  r - 2 % )  f o r  3 o s ,  o v e n - d r i e d  o v e r n i g h t  a L  4 o - c  t o
a| :out .  20% moisture content  and f rozen.  In  pract lce,  th ls
a l g i n a t e  o i n d i n g  m e t h o d  ( e . 9 . ,  M e y e r s  1 9 8 0 ,  F a r m a n f a r m a r a n  e t  a 1
1 9 8 2 )  i s  d e p e n d e n t  u p o n  p a r t i a l  d r y i n g  o e f o r e  g e l l i n g  a n d  t h e
C^Cl  q.+.nen.r l :h  fc t r  qr r r - r 'pqqfr r ' l  r re- l  I  inr r  Balches LeSbed Wel"e those
s h o w i n o  s t a b i l i t v  f o r  t w o  d a v s  i n  a  s i m p l e  b e a k e r  t e s t  ( T a r s h i s
I 9 1  B ) .  B r r n e  s f r r i m p  e g g s  w e r e  d e c a p s u  L a t e d  a s  d e s c r r b e d  b y  R o y
(1980 . ) .  As  a  s tandard ,  o r  re fe rence ,  na tu ra l  d ie t  compos t  t l ge r
worms  (6 i - ren ia  {oe t i da )  were  cu l tu red  i n  wa te r - sa tu ra ted  pea t
moss and fed drred horse nanure.

] ) .  T E S T  C R A Y F I S H

Juveni le  test  crayf ish were bred annual ly  f rom domest ic  s tock
a t  t n e  P e m b e r L o n  F i s h  H a t c h e r y ,  a s  d e s c r i  b e d  e a r l  i  e r  b y  M o r r i s
\ L 9 7 6 ) .  A b o u t  5 O o  n e w l y - r e l e a s e d  j u v e n i l e s  w e r e  L r a n s p o r t e d
t o  P e r t f r  ( 2 3  D e c .  1 9 8 1  ,  L g A l - A 2  y e a r  c l a s s ;  1 1  J a n .  1 9 8 3 ,
I 9 a 2 - a 3  y e a r  c l a s s )  a n d  h e l d  i n  a  t a n k ,  1 . 5  x  0 . 6  x  o . 4  m ,
w l l h  a  s a n d  b e d  f i l t e r ,  a  b u n c h  o F ^ s y n t h e t i c  w e e d  f o r  r e f u g e ,
one exchange of  grounciwater  ( Ia-22"e )  da i ly  and fed spar ingly ,
w e e k l y ,  o n  t h e  v a r i e t y  o f  n a t u r a f  a n d  a r t i f i c i a l  t e s t  f e e d s .
a i f + a n v  n a : n i n a  n t  n o r r ' l  r r - r a l  c : q a c l  l q R l - R ,  i r r r r a n i l e <  q r r f  f  e r c r l

) , l v u r

- 8 -
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T3 . GROWTH II\ICREIVIENT

T h r q  o e r f o r m a n c e  c r ' l  l F n l . l n  I  c  f , a L < l n l - r  F  ' r 6 i  ^ r a +  i n ^ r d m a n + '  ^ f  5 2 " hr r r r  J  y r !

a s  u n - L t y ,  r a n g e d  d o w n  L o  O . 8 0 ,  r e p r e s e n t i n g  a  m e a n  l n d i v r d u a l
r ^ r c  l . r h 1 .  i n ( - r c m c n l :  o f  2 . 2 9 " .  f o n  c o m m e n c r  a l  n a l . i o n s  { T a h l e  2 ) .  b u t .

was general ly  h igher  and more consis tent ly  c lose to unl ty  for
enhanced and bound exper imenta l  ra t ions (Table 3)  and natura l
f  e e c i s  ( T a b 1 e  4 ) .  G r o w t h  i n c r e m e n t  f o l l o w r n g  e c d y s i s  h a s  b e e n
o b s e r v e d  p r e v i o u s l y  i n  t h e  f i e l d  a n d  l a b o r a t o r y  t o  v a r y  d o w n  t o
c lose to zero for  ind iv iaual  ecdyses and may be markedly
o e p r e s s e d  f o r  g r o u p s  s u c h  a s  p o s L -  s p a w n i n g  f e m a l e s  ( M o r r i s s y
I o 7 A I  ^ n . l  + h ^ c a  < r r h i F - f  + ^  I  I a \ r a l a  I  M ^ ^ r ' i  q c l r  1 q ? r \

H o w e v e r ,  I n e  p r e s e n t  v a r i a t i o n  s h o w n  t h r o u g h  T a b l e s  2 , 3  a n d  4 ,
and in  assoclat ion wi th the resul ts  for  the ecdysia l  f requency
c r r t e r i o n ,  F ,  ( n e x t  s e c t i o n ) ,  a p p e a r e d  t o  b e  r e f a t e d  t o  f o o d
t \ / . )Fq Thi  q .  eqne{- : l ,  and the assumed value of  O.  52 for  the
i n d r v i d u a l  g r o w t h  i n c r e m e n t ,  w a s  e x a m i n e d  f r o m  L h e  p a i r s  o f
in i t ia l  and f ina l  ind iv idual  weights f rom the tests  corresponding
+ ^  n  1  2  . \ r ,  7  a . " . ] \ / c a e  ^ a n  + a q F  T h i c  = n : l r r q i <  {  T ^ r \ ' l  a  E  r n d  F ' i  ̂

1 )  i  s .  d c l - :  i l  c . i  i n  A n o e n d f  x  1 l  .  I n  S u m m a r \ /  t h c  m e ^ n  ^ r n \ ^ r t h
. ;  h - l ^ A m A . i -  ^ 1 -  F r - . j , / c i  

L  ^  |  -  E  1 a / ^  h \ r  , ^ r a i  . r h t -  f  . 1 } .  t a q t sa L  L U v l r  o P P r e ^ r r " o u s f  y  J . / o  p y  w s r \ J r r u  r v I

in  which the moul t  ra te was more than 30% of  the maximum rate,
r . e .  F > O , 3 0 .

C.  ECDYSIAL FREQUENCY (Moul t  ra te )

V a f u e s  o f  L h e  e c d y s i a  [  [ r e q u e n c y  c r i t e r i o n ,  F ,  f o r  c o m m e r c i a l
and overseas exper imenta l  ar t i f lc ia l  ra t ions var ied f rom
O . 4 1  d o w n  t o  O . O 7  ( T a b l e  2 ) .  T h e  a s s u m p L l o n ,  e m p l o y e d  t o
d e r i v e  l h r s  c r r b e r i o n ,  o f  a  c o n s t a n L  r a L e  o f  e c d y s r s  b y  e a c h
+ a c l -  ^ - ^ r r ^  r r r e  I a e q  t - h ^ h  d ^ m ^ l a l - a I r r  f r r I l ^ i | | a r l  ] - n  r r r n r r r  n ^

d e n r e e s  o n  1 . h e s e  F e e . l c  F : . ' . 1 r / q r  a l  f  r a n r r a n r - \ /  t F n d e . l  F . . )  . l F r . n F ^ S e

through each test  wr th an accompanying decrease fn observed
f o o d  c o n s u m p t i o n .  W i  b h  s u c c e s s l  v e  e c d y s e s  ,  i n d i  v i  d u a l  s  p r o g r e s s -
i v e l y  f o s !  e x o s k e l e t a l  p r g m e n t a t l o n ,  d e v e l o p j  n g  a  o l u t - i s h
a p p e a r a n c e ,  a n d  t h e  e x u v i  a e  b e c a m e  p a l e r  a n d  m o r e  f r a g i l e ,
c h a n g e s  d e s c r a o e d  r n  o t h e r  s p e c r e s  (  B e a t t  L e  I 9 7 2 ,  C o n k l i n  1 9 7 6 ,
H u n e r  a n d  M e y e r s  1 9 7 9 ) .  L o s s  o f  a p p e t i t e  h a s  b e e n  t a k e n  a s  a
c l a s s i c a l  s y m p  l r o m  o f  a  d r e t a r y  d e f i c l e n c y  i n  s t u d i e s  o f  n u t r i t i o n
(Conxl in  1976) .  The ext reme i l lust rat ion of  th ls  symptom occurred
o n  L U V  d o g  f e e d ,  a  b o u n d  p r o d u c t ,  w i b h  d  m i s l e a d i n g l y  h j g h

i n i l - i e l  A r - r - e r ) f  F n . - c  h \ /  1 - h F  c n a r r F r q h  f - r . a v f  i  s h  l e c l  L l l V  \ ^ r e r e  L a k e n
i n i + i a l I \ /  f r ^ m  ] - h p  . - o m m u n a l  S t o c k  t a n k  a n d  t e s t e d  o v e r  t w o

c o n s e c u l r v e  5 0  d a y  p e r i o d s  f o l l o w e d  b y  a  p e r i o d  o n  e a r t h w o r m s
( F i g .  4 ) ,  F i g u r e  4  a l s o  s h o w s  t h e  i n f l u e n c e  o f  p r e v i o u s  f e e d i n g
h i s t o r y  i n  i n d u c i n g  a . c e r t a l n  d e g r e e  o I  c y c l i c  g r o u p  e c d y s i s  a n d
t h F  r . e n r d  r c q n n n q e  n f  r : r a w f  i  s h  L o  a  f a v o r r r ' A h l F  . - h A n . r c  i n . l i c t .

Tabulat ion of  observed ecdvses to af low readv summat ion of  the
w e e k l y  r a t e  o f  e c d y s i s  b y  a  g r o u p  d u r i n g  t e s t i n g  w a s  l a t e r
a d o p t e d  a s  a  v a l u a b f e  a c c e s s o r y  c r i t e r i o n ,

T h c  o e r f o r m a n r : e  o f  c r a r r f i < h  r r n  R ^  l c l - n n  P g 1 ^ l n a  C r g s t a c e a n
rat lon was not  improved by l -ec i th in ,  prote ln and v l tamin
enr ichment  and a lg inate b inding,  tak ing in to considerat ion
v a r i a t i o n  r n  c o n t a i n e r  s i z e ,  s e e  l a t e r  ( T a b l e  3 ) .

A number of  natura l  feeds were tested,  of  which cul tured
l ive ear thworms were the most  convenient  and successfu l  s tand

- 1 0  -
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i n c r e a s e  i n  c r a y f i s h  s i z e ,  a  d e c r e a s e  i n  L h e  i n d i v i d u a l
growth increment  might  .be expected due to physica l  impedance
d u r i n g  e c d y s r s .  H o w e v e r ,  t h e r e  w a s  n o  t e n d e n c y  f o r  a
negat ive re l -at ionship between the growth increment  rat io
w i * 1 , / w .  a n d  s i z e  o f  q r a y f i s h  o v e r  t h e  i n d i v i d u a l  s i z e  r a n g e
O : 1 - t o - 2 o  g  i n  7 5  c m -  u n i t s .  F o r  e c d y s i a l  f r e q u e n c y ,  a
d i r e c t  t e s t  b e t w e e n  t w o  g r o u p s  o f  c r a y f i s h ,  o f  s i m i l a r  s i z e s
a n d  f e d  t h e  s a m e  f o g d ,  g a v e  F  v a l u q s  o f  O . 2 9  a n d  O . 3 7  f o ?
uni t  areas of  75 cm- and 4 x  "75 cm' ,  respect ive l -y  (Test  Nos
22 arr .d  23,  Table 3) ,  These F vafues were not  s ign i f icant ly
d l f f e r e n t  ( P = O . 1 1 )  b u t  w i t h  a  l a r g e r  s a m p l e  s i z e ,  i . e .  g s
instead of  20,  may have been just  s ign i f icant  at  the 5%
level  s ince the var iances were homogeneous (se€ la ter
s t a t i s t i c s ) .  C o m p a r i s o n  o f  o t h e r  t e s t s ,  n o t  r u n
concurrent ly ,  where conta iner  s ize was var ied,  indrcated
a  s i m i l a r  s m a ] l  i n f l u e n c e  ( T a b l e  3 ) .  I f  t h i s  f a c t o r  i s
m u l t l p l i c a t i v e ,  r a t h e r  t h a n  a d d r t i v e ,  i t s  i n f l u e n c e  c o u l d  b e
o f  m a j o r  i m p o r t a n c e  a t  F  v a l u e s  e x c e e d i n g  O . 5 ,  b u t  t h i s
p o s s i b i l i t y  i s  n o t  a n d l c a t e d  b y  c o m p a r i s o n  o f  t e s t  N o s  5  a n d
2 6  (  T a b f e  4 ) .

Tne unfavourable in f  l -uence of  increasing conf inement  wi th
growth in  s ize has been shown to operate f rom a smal l
j -n i t ia l  s ize of  crayf isLr  and not  as a threshold (Goyer t  and
A 1 / ^ r 1 l  t  I q 7 R  R i . . h : r . . l s  - n . l  l ^ i i . . k a n q  I q ? Q )  q h r n o  n €  { - l - r a  f I n a nJ r  r q l J E  v r

a r e a  a p p a r e n t l y  i s  n o t  i n f l u e n t i a l  ( S c h l e s e r  1 9 7 4 ) .
However,  a t tempts have been made to quant i fy  the re lat ion-
s h l p  c o n t a i n e r  a r e g ,  C A ,  t o  t o l - a l  b o d y  l e n g t h ,  T B L ,  i n  t h e
f o r m  C A  =  ( k .  T B L ) - .  V a l u e s  o f  k  h a v e  b e e n  i n d i c a t e d .  a s  3
( V a n  O I s t  a n d  C a r l b e r g  1 9 7 8 ) ,  2  ( R i c h a r d s  a n d  W l c k e n s  1 9 7 9 )
o r  L 7  ( A i k e n  a n d  W a d d y  1 9 7 8 )  f o r  l o b s t e r s .

Some pract ica l  perspect ive on th is  aspect  for  the present
study and marron bat tery cu l ture caq be seen by consider ing
a  I i k e l y  l o w e r  l i m r t  t o  k ,  a s . ) ( T B L ) - ,  i . e .  k = I ,  a n d  a n  u p p e r
l i m i t  a s  ( a n t e n n a l  s p a n ,  A S , ) ' ,  i . e .  k = 2 . a  ( F i g .  5 ) .  G o y e r t
a n d  A v a u l L  ( 1 9 7 8 )  o b s e r v e d  t h a t  n o  c r a y f i s h  g r e w  l a r g e r  ( i n
T B L )  t h a n  t h e  d i a m e t e r  o f  a  c o m p a r t m e n t .  T B L  " 2 . 8  O C L ( c m )
and AS was measured wi th the antennae at  r iqht .anqles to the
r o s t r a l  l e n g t h ,  f o 5  s i z e s  f r o m  O . 5  t o  2 O O  g ,  g i v i n g  4 5 = 6 . 5
O C L ( c m ) .  I n  7 5  c m -  u n i t s  k = 1  c o r r e s o o n d s  t o  a  c r a v f  i q . h  s iO C L ( c m ) .  I n  7 5  c m t s  k=1  co r responds  to  a  c ray f i sh  s i ze
o f  L . 7  g  a n d  k = 2 . 4 .  t o  2 2 . 5  g  ( F i q .  5 ) .  V a r i o u s  t e s t s
conducted on crayf lsh below and above 1.7 g showed no marked
d.r f ference which could be at t r louted to the presence of  such
a physlca l  threshold to  expla in the poor  growth per formance.
Cons lde r rng  tha t  a  p rac t i ca f  dens r t y  o f  c ray f i sh  1n  a
battery cul turg may need to be greater than 20 m-' ,
c , f  .  2 .5 -10  m -  f o r  semi - i n tens i ve  communa f  pond  cu l - t u re
( l v l o r r r s s y  I 9 7 9 ) ,  a t  1 2 O  g  t h e  r c o  r r e s p o n d i n g  d e n s r t y  f o r  k = 1
t s  4 4  m  

-  
a n d  f o r  k = 2 . 4 ,  I  m  -  ( F t g .  5 ) ,

i i i  t  \ f t r l - r r  J - i  n n

With ln the f ramework of  tests  employ ing commerc j -aI  and,
e s p e c i a l l y ,  e x p e r i m e n t a l ,  a r t i f i c i a l  r a t l o n s  ( T a b I e s  2  a n d
3 ) ,  v a r r o u s  n u t r r t i o n a l "  f a c t o r s  v a r i e d ,  o r  w e r e  v a r i e d ,
some addi t ional  tests  were carr ied out  seeking a marked
i m p r o v e m e n t  i n  l -  v a l u e s ,  i . e .  t o  q r e a t e r  t h a n  O . 5 0 .
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w a i  r r h ' | -  n f  f  h a  ' r . l a t - F i  L . . ^  r r n i  f  u , c c k l  r . rw s t 9 r ' u

af ter  suct ion removal  of  most  of  the remain ing prev ious
m a t e r r a f .  l n t a c t ,  p e l l e t t e d  f e e d  w a s  r e m o v e d  e v e r y  t w o
d a y s ,  w i t h o u t  d l s t u r b - i n g  t h e  s u b s t r a t e ,  b e f o r e  r e f e e d i n g .

The f i rs t  set  of  concurrent  tests  on crayf ish,  taken f rom
t h e  s t o c k  t a n k ,  y i e l d e d  a n  F  v a l u e  f o r  d e t r i t a l  s u p p l e -
m e n t a t i o n  o f  o . 5 6  b u t  t h l s  v a l u e  w a s  n o t  s i g n i f i c a n t l y
d i f ferent  f rom that  for  pel le ts  a lone (var iances
f i o m o g e n e o u s  )  ( T e s t s  2 9  a n d  3 0 ,  T a b l e  7 ) .  T h e  s e c o n d  s e t ,
( T e s t s  3 4  a n d  3 5 )  a l m o s t  c o n t e m p o r a r y  w i t h  t h e  f i r s b ,  a b o v e ,
e m p l o y e d  a  s m a l l e r  s r z e  o f  g l a s s  b e a d s  a s  s u D s t r a t e  a n d
g a v e  a n  ! -  v a f u e  o f  O . 6 9  w h i c h  w a s  s i g n i f i c a n t l y  h i g h e r  t h a n
t h a t  f o r  p e l l e t s  a l o n e  ( P < O . O O 1 ,  v a r i a n c e s  n o n - h o m o g e n e o u s  )  ,

A  L h r r d  s e t  ( 3 6  a n d .  3 7  ) ,  c o n t i n u i n g  w i l h  l h e  s a m e  c r a y f i s h ,
s h o w e d  a  1 o w  g r o w t h  r a t e  o n  e i t h e r  p e l l e t s  o r  d e t r i t u s ,
a l -one.  Al l  these tests  employed the same worm box mater ia l  ,
o f  3 - 5  m o n t h s  a g e ,  c o m p o s e d  i n i t i a l l y  o f  s o a k e d  p e a t - m o s s
and dry manure (1:1)  wi th  the worm bed fed subsequent l -y  wi th
dry manure,  spar ingly  at  weekly  in tervals .  The subsequent
s e t  o f  t e s t s  ( 3 8 - 1 )  a n d  ( s S - t )  e m p l o y e d  a  f r e s h  w o r m  b e d  m i x
of  1O0% manure in  an endeavour  to  heighten the ef fect  o f
d e t r i t a l  s u p p l e m e n t a t i o n .  H o w e v e r ,  t h e  o p p o s i t e  e f f e c t
o c c u r r e d  ( F = O . 2 7  ) ;  o v e r  t h e  f l r s t  f o u r  w e e k s  o f  t h e  t e s t s
crayf lsh per formed somewfrat  bet ter  on tLre supplemented d iet
D u t  t n e n  L h e i r  w e e k l y  r a l e  o f  e c d y s i s  d e c f i n e d  m a r k e d l y
( F i g .  6 ) .  T h i s  p o o r  p e r f o r m a n c e  p e r s i s t e d  u n t i l  t h e
last  o f  seven weeks in  subsequent  tests  (38-2 and 39-2)
where both prev ious gror . rps were fed worms (F ig.  6) .  These
resul ts  ind icated a chronic  tox ic i ty  der ived f rom the
e n r i c h e d  " d e t r i t u s ' r ;  s u l p h i d e  s t a i n i n g  o f  t h e  p V C  o u t l e t s
and odour  was noted .

A most  not iceable resul t  o f  these tests  was retent ion of
e x o s k e l e t a l  p i g m e n t a t i o n  b y  c r a y f l s h  f e o  d e t r i t u s ,  i n
c o n t r a s t  t o  t h o s e  f e d  a r t i f i c i a l  p e l l e t s  a 1 o n e .  E v e n  m o r e
str rkang was the regain ing of  near  normal  ,  dark co lorat lon
h v  c r a v F t q h  i n i f i ^ l l v  o a l e  A f f  F r .  n r . F \ / i . \ r r e  f a a d i n n  c ^ l a l \ r  ^ hJ v a L r y  u r r

a r t l f i c i a l  f o o d .  T h i s  c h a n g e  o c c u r r e d  i n  t e s t  3 9 - 1
f o l l o w i n g  o n e  e c d y s i s .

Tne worm and detr i ta l  d ie ts  and other  factors suppor ted the
r a t i n g  o f  m a r r o n  p e r f o n m a n c e  o n  a r t i f i c a l  f o o d  a i  p o o " ,
Howeven,  unl - ike the growth increment  cr l ter ion i t  was not
p o s s r o l e  t o  v a l r d a t e  f u l l y  b h e  a b s o l u t e  b a s i s  f o r  F  v a l u e s ,
i . e .  t h e  m a x i m u m  g r o w t h  r a t e  c u r v e ,  b u t  s o m e  p a r t i a t l y
s u p p o r t i n g  a n a l y s e s  a r e  d e t a i l e d  i n  A p p e n d a x  T T T .

I V  i l l S C U S S I 0 r !
In an appl ied context,  the present resul ts conf i rm the
inadvlsabi l i ty  of  capi ta l  in tensive devel -opment  of  bat tery
cul ture of  marrOn at  f .he nr .aqFnl-  ]  rma -  a t  least  On the basis  of
a v a i l a b i l - i t y  o f  a  s u i t a b l e  a r t i f j - c i a l  f o o d ,  o r  f  e e c l l n g  m e t h o d ,
As suppot t  for  th is  conclus ion,  at tent ion should be drawn to th
intensave research ef for t ,  over  more than a c lecade,  on tJ ,
at l te /Lt  canu4 wrth the a lm of  estaDf  ish i -ng cornmerc ia l  bat tery

-L4-
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( a r  )

\  ] a f  . /

( 1 V )

( v )

I  \ / i  I

( v r f  f  . )

T h a  o a t t e r y  e m p l o v e d ,  w n i l e  v e r y  s a L i s f a c t o r y  f o r
r e s e a r c n  t - u r p o s e s ,  s h o u l d  n o L  b e  t a K e n  a s  o  p r o L o l y p e  f o r
r n . r  l : r ' n a  i : l  r n r  I  F / ' r n  a  a  I  A r . j e  d m r r r r n l

o {  I  a o o u r ^  w a s  r n v o - I v e o  r  n  m a n - a  I  f  e e d  I n g  a n d  c  l e a n i  n g
^ n d  1 - h a  r F r - r . l y - l ) r  n r r  n I  l h A  n r ^ r ) ^ r F \ q  n F  1 -  h c  m a l . f o n  e v e n

for  two h.undrect  ind lv iduafs.

S l t r V t V a l  W a S  V e r V  n i n h  r .  I h c c F  c h r l n l  I c r . n  t e S L S .

H o w e v e r ,  t h e  s u r v i v a ]  r a t e  o f  1 0 0 %  f o r  a  c o n t r o f  ( u n f  e d )
group over  1oo ctays showeci  that  th is  resul t  was unre lated
t o  f e e d  o u t  r a t h e r  t o  t h e  e x c e l l e n t  c o n d r t i o n s  p r o v r d e c i
^  /  r - h a  l a r  |  |  a y - . /  r l q c  n  f  i  h c  n n a s e n l  a r t  r {  i C i a l
f  a a r l q  n r r e r  e  l n - n e r  t F r m  r , r . ' ) t  r ' l  . l  n r , . r h F h l . /  l . e s u l  t  i n
^ v ^ 6 - c i \ r a  m ^ n + r r i + 1 ,  c u e  t o  n u t r i t i o n a l  d e f i c i e n c i e s .

T h e  n o r m a l  g r o w t h  i m o u l t )  i n c r e m e n t  o f  m a r r o n ,  5 2 %
n . /  r 1 , F r l - r l ^ r  F n . \ m  . r F \ / i . ) r r q  r ' F q r r  I  l q  n r - r . r r - r c d  t n  L e s L s

w h e r e  t h e  m o u l t  r a t e  e x c e e d e d  3 A %  o f  t h e  m a x i m u m  r a t e .

The moul t  ra te was less than 50% of  the maximum rate
o n  a l l  a r t r f i c a l  f e e d s  a n d  v e r y  l o w  o n  s o r n e .  L i v e
o : n l h r r a r m <  f  a d  t n o ' r r r a n l  l r r  r - z {  d a f  r i + r ' l  c r i ^ n l  a r a h F : F i ^ h

n f  a n l  i l ^ i n r a l  f e c r l q  n n n d | c c d  h i ^ h a h  m ^ r r ' l  +  h r + a <  ^ l l h ^ l r ^ h

f  c e n  r  n . - . f  r . l n  I  h F q F  . l  i a l  c ,  r ^ r ^  c ,  I  i  n -  i f  F . r  h \ /  l ? n r l o u s  f  a c  b O n S  .

C l o s e  c o n f r n e m e n t  o f  m a r r o n  i - n  b a t t e r y  u n r t s  d 1 d  n o t
a r \ . ) e a r  t o  a f f e c l  s r r n \ / i \ / ^ l  m n r r l +  i n . r e ' n e n t  o r  t h e
n ^ r r l  f  r  n f l  n r r ' \ r - F q c  T h i  q  ^ F q r r l  I  r : "  h : r r e  b e e n  d u e  L o
+  i ^ F  r ,  r  ̂ h  n : i c  n F  u r : l a r  c ] . . h a n . . r F  I  h r a r r r - r n  l - h F  h : { -  1 - a r ' \ . /

h i  n h  r r : l a r .  . r r ^ l  I  l \ /  , \ . r ' l  i - , r l  r n l  r r  f n r  
' l  

a v o l  c

q . / m ^ t  ^ m -  a f  n I l  I  i n : d a r ' r , i ^ \ ,  - r ^ / 1 , 1 ^ a r - l  h r r  r r c -

o f  a r t r f  - L c r a l  f e e o s  w e r e  l o s s  o f  a p p e L  r  L e ,  d e c l i n i n g
m o u l t  r a t e  a n d  l o s s  o f  s h e l f  c o l o u r  a n d  t h i c k n e s s
o v e r  t h e  c o u r s e  o f  a  t e s t .  D e t r i t a l  s u p p l e m e n t a t i o n
a p p e a r e d  t o  o v e r c o m e  o r  p r e v e n t  l o s s  o f  s h e l l  c o f o u r .

These tests  on a range of  the best  knc,wn corLLmerc iaf
a n d  s o m e  e x p e r i m e n I d  I  a r l  r  [ - L c r a f  f e c d s  f o r  - r u s L a c e a ,
d r . l  n ^ t  i r l a n +  r f  . /  ^ n \ ,  a S  S t - l i t a b l e  f  O r  r n t e '  , r  r  \ / c  n F f  r F r ^ r , f

c u l t u n e  o f  n a n r o n .  U n t i  I  L n r s  g e n e r a l  l y  r e c o g n i z e o
f e e d  p r o o l e m  f o r  C r u s t a c e a  i s  o v e r c o m e  a t  a  r e s e a r c h
l c r r o l  i n \ / e q t m e n t  o f  r - a n r l a l  I n  r \ ^ f f F r \ /  c u f  L u r e  i S
r n a d v r s a b l e .

- f 6 -
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TABLE 1:  WATER ANALYSIS;

pH

K ^ _ m s m x l uz a

T . D . S .

Totaf  hardness

Tot  a l  a l  kaf  i  n i  by

) +
U A

2 ) -
Mg-

- - +
N  

K '

9 -co_ -
J

H C O 3 -

c 1 -

4

N O -
J

) -
s i o^ -

z

F _

Zn ( total  )  
"

cu (  total  )  
b

-  . cr e  \ r n  s o l . n )

S A M P L E  T A K E N  3 0  J U N E ,  1 9 8 3 .

-  mg/ n

8 . O

1 9 3 0 .

L O 4 0  .

3 4 0 .

1 5 0  .

A. )

7 t

2 5 r .

1 3 .

1 4 3 .

1 ,43  .

1 0 0 .

1 3

I 7 .

o . 6

o . 0 2

o .  o o 2

< o . o 5

a .  2 9 2 0 ,  1 7  J u n e  L 9 8 2 i  2 3 7 0 ,  2 9  J a n u a r y  1 9 8 j ;

b .  1 7  J u n e  I 9 A 2 ,  .  c .  2 0  D e c e m b e r  L 9 7 9
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TABLE 5: GROWTH INCREMENT: REGRESSION
WEIGHT ON INITIAL WEIGHT AND
I-OR 1 , OR ivIORE , ECDYSES BASED
O F  O . 5 2  B Y  W E I G H T .

COEI. -FICIENT FOR FINAL
E X P E C T E D  C O E F F  I C l  E N T S

UPON A GROWTH INCREIVIEI\T

SAiUPL!]
N O .

1\O.  OF
EC DYSE S

C O E F F  I C I E N T
( r  s , E .  )

EXPECTED
VALUE

259

8 0 9

1 5 9

1 1

o

1

2

3

* * *
1  .  O 4 5 t O  .  O O 2  5

* * ,,r

t . 4 9 3 ! 0 . O O 4 3

* t  *
2 . 2 t r ! o . 0 2 9 5

3 . 3 5 6 t O . 2 L 8 2  n . s .

l . o o

r . 5 2

2  . 3 1

3 . 5 1

x * x  ,  p < O .  O O 1

- 2 6 -
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f  ino t / in i t io t  we igh t

Fig.  3 Hls tograms showrng the f requency of  test  va lues
f o r  f i n a l / r n i l l a I  w e i g h t  f o r  l n d r v l  d u a l s  e c d y s l - n g
z e r o  ( E = O )  a n d  o n e  t i m e  ( E = 1 ) ,  g r o u p e d  f o r  t e s t
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For  an  ecdys ra l  f r equency  (mou l t  ra te )  c r i t e r i on ,  F ,  o f  range
zero to.uni ty,  (maximum frequency )  ,  the mean number of  ecdyses

d : r r - '  f n r .  a ^ / - h  t F q l -  F l  r ^ r ^ q  . l i \ / i . l e . l  h r z  1 / d  w i t h  c isq,v

c o r r e s p o n d r n g  t o  t h e  m e a n  w e i g h t  o f  t e s L  c r a y f  j - s h .  - T h a t  i s , - t h e
mean in termoul- t  perrod for  each test  was est lmated by I /E on t f re
assumpt ion that  the rate of  ecdysis  per  unl t  t ime was constant
o v e r  t h e  t e s t  p e r r o d ,  T h e  F  v a f u e s  p r e s e n l e d ,  a n d  e m p l o y e d  i n
Mul t rp le Range Tests (Duncan 1955)  anci  ANoVA (Sokal -  and Rohl f
1 9 6 9 )  w e r e  c a l c u l a t e d  a s  a D o v e ,  e m p l o y i n g  t h e  f r e q u e n c y  c i i s t r i -
b u t i o n  f o r  n u m o e r  o f  e c d y s e s  p e r  i n d t v i d u a l  c r a y f i s h ,  a l l o w l n g
a var iance to oe g lven to each r -  va lue.
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A P P E I { | I X  I I I  -  S t a t i s t i c s  a n d  v a l i d a t r o n  r e l a t i n g  t o  t h e  F  v a l u e s
(moul t  ra te rat io  )

P a r t l a l  v a l i d a t i o n  o f  t h e  b a s f s  f o r  c a l c u l a t i n g  t h e  F  c r r t e r r o n
L n  a l l  t h e  L e s t s  w a s  o o t a l n e d  o y  c o n s i d e r - i n g  t h e  o o s e r v e d
m e a n  r n t e r m o u f t  d u r a r  r ^ n  r t  € a r  6 : ^ h  t e s t ,  i . e .  b a s e d
r  r , ' \ . ) n  r n n r r z r r r ' r e r .  r ^  "  

" i r i i c  
n - e R B  

' " ; " t " " ; I " d  
- a "  =  o f  e c c t v q i  s  r d e n c

r e c o r d e d .  T h i s  e s t i m a t e " w a s  c o m o a r e d  w r t h  t h e  o t h e r  e s t i m a t e
n f  l - h a  , r i l - i ^ -  

- _ t
. - -  j y . . ,  E  - ' ,  

j  , e .  [ h e  r e c - l p r o c a l  o l -  t h e  n u m o e r '
o f  e c d y s e s  m a r n o n  '  d a y  - ,  

e m p l o y e o  l n  t h e  c a l c u l a t i o n  o f
f - .  B e c a u s e  o f  r n d r v r d u a f  v a n r a o r l i t y  i n  e c d y s r a f  f r e q u e n c y ,
c l  r , r : q  n a s a d  r r n n n  c r a w f  r  q h  e . r d \ / q i  n . r  m . r n F  t - r F . r r r a . l  l \ /  + h ^ n! l l ! \ . l u g J l L r y w L f u ' l

{ -  x t s ' ^ n a r r , .  r ^ .  + h a r a F ^ ^ a  ^  , , n d e r e s L i m a t e d  E - , .
H o w e v e r ,  l o r  2 5  t e s t s  w i  L h  d ^ ^ ^  w e Y i B L e o  f o r  n u m b e r  o f  o b s e r v a -
t - L o n s  p e r  t e s t  ( 1 - j 8 ) ,  L h e r e " f i B s  a  s a L i s f a c t o r y  L i n e a r  r ^ e l a L r o n -
s h r p  t h r o u g h  t n e  o r ' r  g i n  { f r g .  7 ) .  T h e  r e g r e s s i o n  c o e I f  i c _ i e n t
w a s  O . a O  t  O  ,  O  1 4  r  (  P  <  u  .  O O  1  )  ,  r . e .  a  c o n s t a n L  d e g r e e  o f  u n d e r -
- c f r 6 r + i ^ h  ^ f  t r  h , ,  d  o f  2 A % .- o b s  -

' l n  
a d d r  L j o n ,  t n e  a s s u - n p t i  o n  o f  a  l i n e a r  r e l a t i o n s h i p  b e L w e e n  t h e

i n l e r m o u l t  d u r a t i o n  a n d  s i  z e  a p p e a r e d  L o  D e  a  r e q s o n a o l e
a p p r o x l r n a t i o n  a s  j u d g e d  b y  p l o t L r n g  v a l u e s  o l  E - '  a g a i n s t  m e a n
t e s t  s r z e  o f  c r a y f i s n .  T n e  s f o p e  o f  t h r s  r e l a t i o n s h j p  a t  O . 8 7
w a s  c l o s e r  t o  t h a t  o f  O . 7 7  f o r  d _ ^ . . ,  t h e  d u r a t i o n  f o r  m a x i m u m
g r o w t h  n a t e .  a g a i n s t  s i z e  f o r  L h U ' S s s u m e d  i n i t i a l  v a l u e  o f  1 O
d a y s  L h a n  [ o r  5  ( 1 . 2 )  o r  1 5  d a y s  ( O . 3 - ) .

W h l l e  t h e  n o v e l  u s e  o f  t h e  F  c r l  t e r i o n  p e r m - l t t e d  a  r e a d y
e v a l u a t i o n  o f  v a r i o u s  I e e d s ,  L h e r e  w a s  s o m e  m e L h o d o l o g i c a l
i n t e r e s t  r n  t h e  a b i f l t y  o f  t l r e s e  t e s t s  t o  p r o v i d e  a d e q u a t e
q l  a  I  i  q l  i . , a l  r - ^ m n e r  I  q . ) n q .  i n  f  e r ' m q  n f  q : m n l  F  n r r m h a r q  ^ h . l  + a a +

d u r a t r o n .

F  r r ) m  l v l l r l  I  i o l  e  H ^ n . l e  T F < l -  q .  A ^ . h  q r r n c F l  ^ a n a a  a l  ^ ^ l r r r  |  + a c +

v a l u e s  o f  F  y r e l d e d  a  l o w e s L
n o b  o v e n l a p p r n g  w i t n  t n e  p r e v i o u s  a n d  s u o s e q u e n t  s u b s e L s ,
r e s p e c t r v e l y .  A  f r e e h a n d  c u r v e  w a s  d r a w n  t h r o u g h  p l o t t e d
v a l u e s  o f  " F < "  a n d  F > "  ( ! , - r g .  B ) .  T h e  u p p e r  c u r v e  a n  F i g u r e
8  c o v e r s  t h e  f u l l  r a n g e  o f  F  v a l u e s  f o r  3 7  t e s t s ,  i n c l u d i n g
s o m e  L e s L s  o I  d u o r o u s  v a l ] d r  L y ,  a n d  n o L  p r e v r o u s  L y  t a b u l a t e o .
oecause of  srnal l  sample numtr 'er  ,  -  6-10,  and snor t  term, 30
d a y s ,  S r  g n r  F i  c a n t  d i s c r a m i n a L t o n  w a s  o a r e l y  s a t i  s f a c t o r y
u p  t o  a c ' o u t  F = O . 2 5 ,  H o w e v e r ,  a l l  v a l u e s  u p  t o  O , 7 2  a p p e a r e d
t o  b e  s r g n l f i c a n t l y  l o w e r  t h a n  t h e  t h e o r e t i c a l  m a x i m u m  o f
u n i L y .  A  s e c o n d  l v l u l t i p l e  H a n g e  T e s t  w a s  c a r r i e c i  o u L  o n  F
\ / a  l l l e s  s h o r . ^ r 1  n . t  t t n  i  f o r m  V d n t a n C e .  T h l  S  L - s j -  F ) { .  I  r r . l a . l  h i  ^ h a r .

v a l u e s  o f  F  l a r g e l y  o n  L h e  o a s i s  o I  h i g h e r  v a r i  a n c e  ( s e e
o e l o w ) .  T h e  l o w e r  c u r v e  i n  F i g u r e  8  s h o w e d  t h a t  a  r e a s o n a b l y
f r n e  d e g r e e  o f  s i g n r f l c a n t  d i s c r i m i n a t i o n  c o u l d  b e  m a d e  b e t w e e n
t h e s e  t e s t s .

M o r e o v e r ,  s i n c e  t h e s e  e m p i r i  c a l  c u r v e s  w e r e  b a s e d  u p o n  a c t u a l
h -  v a l u e s ,  f i n e r  d r f f e r e n c e s  c a n  b e  d e t e c t e d .  F o r  m o s t  o f
l h e  l e q l s  c l F  5 C )  c l a . r  d r r n e l -  i o n  l h F  q ^ m . r l a  q l  a n d : n d  . t a r /  i i - ^ h

s  ,  ! \ r a s  a f t , o u t  O .  1 2  f  o r  F  v a l u e s  f  r o r n  O .  1  t o  O . 4  a n d  f  o r  c r a y f  i s h
u p  t o  5  g .  O n  t h e s e  b a s e s ,  a p p r o x r m a t e  s a m p l e  s i z e ,  n ,  f o r
v a r l o u s  9 5 %  c o n f r d e n c e  l r m i t s ,  C L ,  c a n  b e  c a l c u l a t e d  f r o m
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