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Taxonomy, growth,  r e p r o d u b t i o n ,  

, 
ABSTRACT 

, d o g f i s h  i ~ q u a l u s  a c a n t h i a s  L innaeus )  

a n d , f e e d i n g  were s t u d i e d  i n . s p i n y  

of B r i t i s h  Columbia waters. 

Mo phomet r i c  r a t i o s ,  v e r t e b r a l  c o u n t s ,  and e l e c t r o p h o r e t i c  

L a n a l y s e s  o g f i s h  from e a s t  and west c o a s t s  o f  North America 
\I/ 

i n d i c a t e  t h a t  those  i n  t h e  n o r t h e a s t e r n  P a c i f i c  Ocean compr i se  one o f  

s e v e r a l  d i s c o n  ti nuous s t o c k s  o f  t h e  cosmopol i tan  s p e c i e s ,  S u u a l u s  

- a c a n t h i a s  Linnaeus.  Though t h e  i n d l v i d  1 s t o c k s  e x h i b i t  

b i t h  a g e s  determined by c o u n t i n g  d o r s a l  =p ine  c i r c u j i .  Values  o f  K t =  

0.0f0, Lx = 97.3 cm, and to = -4,s y r  f o r  m a e s ,  and K = 0.036, 

' m a  = 128.5 cm, and to = -6.9 y r  f o r  females a r e  sugges ted  f o r  

s t a t i  st1 c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  m e r i s t i c  and b iochemiqa l  

c h a r a c t e r i s t i c s ,  a v a i l a b l e  d a t a  do n o t  s u p p o r t  s u b s p e c i f i c  s t a t u s  f o r  
. , 

any o f  t h e  groups around t h e  Americas. 

A g e s  of d o g f i s h  i n  t h e  S t r a i t  o f  e o r g i a  have been e s t i m a t e d  by F 
an  X-ray s p e c t r o m e t r i c  t e c i m i  que which i n v o l v e s  measur ing v a r i a t i o n s  

i n  e l e m e n t a l  composi t ion w i t h i n  v e r t e b r a e .  The r e s u l t s  a g r e e  , w e l l  

von. B e r t a l a n f f  y  growth e q u a t i o n s .  F i r s t  year  growth,  as de te rmine& by 
I 

-. 
length-fkequency a n a l y s i s ,  i s  5 cm f o r  b o t h  s e x e s  thpugh growth 'i2.. 

c a p t i v i t y  i s  a t  l e a s t  50% greate!-. 



Weight-length r e l a t l  o n s h l p s  were found t o -  be  W(gm) r 0 . 1 7 ~ 1 0 ' ~  

~ ~ ' ~ ~ ( m m )  and W(gm) = 3 . 0 5 i 1 0 ~ ~  ~ ~ ' ~ ~ ( m m )  f o r  f u l l  term and' 

b a r r e n  females  r e s p e ~ t i i k l ~ , ,  and W(gm) = I .  89x10-6 L ~ :  09(mm) f o r  . .  

males .  

8 1 

G n g t h s  o f  d o g f i s h  when 50% of  s t o c k  r e a c h  m a t u r i t y  a r e  78.5 and 

.i 

93.5 cm f o r  males and females  r e s p e c t i v e l y .  A t  t h e s e  l e n g t h s  males  

a r e -  19' y r  of a g  a n d  females  ' a r e  29. k d a l  l e n g t h s  o f  mature  males  e3 

and females  a r e  85 and 100 cm r e s p e c t i v e l y .  

Mating o c c u r s  from October  t o  J a n u a r y ,  wj.th a  peak,in December. 

Males a r e  c a p a b l e  o f  ma t ing  & v e r y  y e a r ,  w i t h  s m a l l e r  d o g f i s h  mat ing 
7 ' 

e a r l i e r  i n  t h e  year  t h a n  l a r g e r  on-. ' Females mate e;ery seoond y e a r .  

O v u l a t i o n  of 4 cm d iamete r  e g g s  c l o s e l y  f o l l o w s  mat ing.  The 

f e r t i l i z e d  egg$ a r e  e n c l o s e d  i n  g e l a t i n o u s  c a p s u l e s  f o r  4 months a f t e r  

which t h e  embryos are r e l e a s e d , i n t o  t h e  u t e r i n e  c a v i t y .  The e x t e r n a l  
I 

yolkA s u p p l y  of  t h e  embryos is t o t a l l y  absorbed by p a r t u r i  t l  o n ,  

a l t h o u g h  t h e  i n t e r n a l  yo lk  is n o t  f u l l y  u t i l i z e d  u n t i l  2 months l a t e r .  

P a r t u r i t i o n  o c c u r s  from September t o  J a n u a r y ,  w i t h  a  peak I n  November. 
9 

G e s t a t i o n  i.s r o u g h l y  23 months. A mean o f  7.14 progeny are produced 
>, . , 

\ p e r  b r e e d i n g  female.  T o t a l  m o r t a l i t y  from p a r t u r i t i o n  t h o d a l  l e n g t h  

- f o r  mature  females  is 36%. * 



Data o n  stomach c o n t e n t s  o f  14;796 d o g f i s h  from B r i t i s h  Columbia 

w a t e r s  were used t o  c o n s t r u c t  a fbod budget ,  t a k i n g r  i n t o  c o n s i d e r a t i o n  
.t 

t h e  s e a s o n a l  r a t e s  o f  food consumption, ,  and' t h e  r e l a t i v e  biomass and 

.ge t ~ b o l i c  m q u i r e m e n t s  o f  d i f f e r e n t  s i z e s  and s e x e s .  The major  
I 

d i e t a r y  components based on o c c u r r e n c e  were 55% t e l e o s t s ,  35% 
,> 

~ ~ r u s t a c e a n s ,  and 52 m o l l u s c s .  The pr iaar 'y  f w d  items were h e r r i n g  

(22% 1 and s u p h a u s i d s  ('1 4% 1. Prey was. l a r g e l y  p e l a g i c  (80% ) , w i t h  

f i s h e s  predomjnat ing i n  w i n t e r  and i n v e r t e b r a t e s  i n  summer. F i s h e s  

became more imporkant  i n  t t ie  d i e t  wi th  i n c r e a s i n g  s i z e .  

Exper imenta l  e v i d e n c e  i n d i c a t e d '  that, d o g f j s h  consume t w i c e  as - " 

much food i n  summer as i n  w i n t e r .  - E s t i m a t e s  o f  annua l  consumption ' 

v a r i e d  from f i v e  t imes  s t o c k  w e i g h t  f o r  small d o g f i s h  t o  h a l f  t h a t  f o r  

l a r g e r  an imals .  I n  terms o f  s p e c i e s  o f  importance t o  commercial  

, f i s h e r i e s  , p r e l i m i n a r y  a n a l y s e s  s u g g e s t  t h a t  d o g f i s h  consume n e a r l y  7 

times t h e  c u r r e n t  annual  c a t c h  o f  h e r r i n g ,  b u t  l e s s  than  0 . 1  times t h e  

' ca tch  o f  salmon. - ' 



DEDICATION 

To the  people for  whom the dogfish 

.was -more than j u s t  a nuisance, 

but part o f  a way o f  l i f e :  
I' 

The spiny' Dogfish 

o f  

B f i t i s h  ~o lumbid  ' 

Haida~Indian art. 
I - 

(a f t er  -. F .  . Boas; Primitive Art) 
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i n  c a p t i v i t y , w i t h  t h o s e  e s t i m a t e d  fiom von B e r t a l a n f f y  
gr'owt h;c urv es . 

Table 2-4: -Comparison o f  length-weight  r e l a t i o n s h i p  d a t a . .  . . . . . . . .45 , . 
x f o r  s p i n y  d o g f i s h  on t h e  e a s t  and west c o a s t s . o f  North 

America. 
b 4s ,. 

4 

Table  3-1 : Assumed, l i f e  t a b l e  f o r  mature  female  d o g f i s h  in . .  . . . . . .64 
- B r i t i s h  Columbia waters, Values de r ived  th rough  

age-1eng;h f u n c t i o n  o f  c h a p t e r  2.  . Terms d e f i n e d  i n  T 

p x t .  m = mode. 

2 
o f  Georg ia ,  

9 

Columbia*. . .,, .78 

is a l s o  i n d i c a t e d ,  
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Table 4-2: C o ~ r e c t i o n . f a c t o r s  f o r  a p p l i c a t i o n  i n  .................. 82 - d o g f i s h  foo: budget  c a l c u l a t i o n s  d e r i v e d  by cop&ining d 

terms f o r  b iomass ,  m e t a b o l i c  i p t a k e ,  and consumption 
4 a c c o r d i n g  t o  s e a s o n ,  s i z e ,  and s e x .  Each f ' i g g e  i n  \ 

t h e  g r q u p - s e a s o n - m a t r l x  i s  t h e  p e r c b t a g e  o f  t h e  t o t a l  
, annua l  s t o c k  i n t a k e  consumed by d o g f i s h  i n  t h a t  

c a t e g o r y ,  and is d e r i v e d  by m u l t i p l y i n g  t h e  
cor respond ing- th ree  f a c t o r s  t o g e t h e r  (aicbxc ; same a s  
footnotes , )  an$ r e d u c i n g  t h e  sum o f  ' a l l  c a t e g o r i e s  t o  
1 00% . 

I .  

Table  4-3 : Sample c a l c u l a t i o n s  o f  food budget and.: :. . . . . . , . . . , . . .88 
o c c u r r e n c e  p e r c e n M g e  f o r '  d o g f i s h  clonsumption o f  Y '  

euphaus ids  i n  B r i t i s h  Columbia w a t e r s -  The t o p  figur3e 
i n  each catego* ( a )  yis te$ a c t k l  number o f  
o c c u r r e n c e s  o f  stomatlhs c o n t a i n i n g  e u p h a u s i d s  f o r  t h a t  
s e a s o n ,  s i z e ,  and  ex c a t e g o r y .  - The midd le  f i g u r e  ( b )  
i s  t h e  p e r b e n t a g e  of euphausid  o c c u r r e n c e s  from among 

'i* 
a l l  o c c u r r e n c e s  o f  r e c o g n i z a b l e  food w i t h i n  t h e .  - . c a t e g o r y .  The bottom, f i g u r e  ( c )  i s  t h e  p roduc t  of t h i s  
p e r c e n b g e  f b )  and i t ?  ccfrrespodding i ?o r rec t ion  f a c t o r  
from Table. 4-2. Annual consumption Ts & r i v e d  *om 

w* 3 , - "  

c o r r e c t i o n  f o r  s e a s o n a l  v a r i a t i o n  o n l y  ( f a a t o r  c fn 
Table  4-21, i n  o r d e r  t o  i n d i c a t e  v a r i q i o n  i n  

& Q  ' *, consumption w o n g  g r o u p s .  

Table 4-4 :* Mean a n n L w l  p e r c e n t a g e  consumpt ion  o f  food types. .  . . . . .92 CI 

qccord ing  t o  s i z e b n d  s e x  o f  d s g f i s h  i n  B r i t i s h  . r 
Columbia wters- The r e s u l t a n t .  food budget  is  compared g 
t o  t h e  o c c u r r e n c e  p e r c e n t a g e s  from among a l l - d a t a .  G 

Only i t e m s  wi tb  g r e a t e r  t h a n  13 i n  a t  l e a s t  one d o g f i s h  
g roup  a r e  r e c o r d e d .   odd c a t e g o r y  t o t a l s  a r e  shown i n  ' a 

b r a c k e t s  . 
I 

Table 4-5: I n d i v i d u a l  food t y p e s  o f  food budget  o ~ f  d o g f i s h . .  ., -. .,.94 
i n  B r i t i s h  Columbia w a t e r s  ranked frqm h i g h e s t  t o  

P l o w e s t .  Annual consumption per u n i t  s t o c k  is d e r i v e d  
by m u l t i p l y i n g  t h d s e  d a t a  by t h e  p r o p o r t i o n a l  me& - . c 

a n n w l  i n t a k e  r e q u i r e m e n t  o f  t h e  s t o c k  as a whole 
- (2.719 f'rom T a b l e  4-21. 

k 

- Table  4-6: Es t ima ted  a n n u a l  consumption o f  s p e c i e s  o f , . ,  . .. . . . .- , lo3 . 
i m p  r t a n c  e t o  commerc i a l  f i s h e r i e s  
by  d o g f i s h  compared' t o  1974 Canadian c a t c h -  record's  f o r  Y 

B r i t i s h  Cdlumbia u a t e r s .  %is i s  c a l c u l a t e d  from a n  
a s s l ~ n e d  d o g f i s h  s t o c k  l e v e l  of 0.5 m i l l i o n  m e t r i c  t o n s  * 
a p p l i e d  t o  t h e  anntml consumption pe r  u n i t - s t o c k  
f i g u r e s  o f  Table  4-5. 
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morphometric 'measurements used i n  t h i s  s t u d y  ( d e f i n e d  
more f u l l y  i n  t e x t )  , , 

F ig .  - 2 :  R e l a t i o n s h i p  o f  r e l a t i v e  l e n g t h  o f  . p e c t o r a l  f i n . .  . . . . . . . l 0  
t o  head (F/H) and t o t a l  body l e n g t h  f o r  Squa lus  

' a c a n t h i a s  ( A )  males  and ( B )  f emales .  Enclosed a r e a s  
r e p n e s e n t  t h e  95% c o n f i d e n c e  limits around t h e  S t r a i t  
o f  Georgia d a t a  Cnot p l o t t e d )  f o r  She l e n g t h  rang% 
sampled. ~ e ~ r e s i i o n  equa t ion ' s  o f  t h i s  r a t i o  on l e n g t h  
o f  immature a n i m a l s  a r e  R ( $ )  = 54.4 ++0.506 L ( m )  f o r  
males and R ( % )  = 57.2 + 0.409 L(m) f o r  f e m a l e s  
(P<O.O53. R e g r e s s i o n s  were n o t  s i g n i f i c a n t  f o r  
t r a n s i t i o n a l  ( s e e  t e x t )  and mature  d o g f i s h ;  means + 
1  SD a r e  89.7 2 3.4 and 92.6fi.1 f o r  ma les  and 
females  r e s p e c t i v e l y .  b t a  from Lindberg and Legeza 
( 1 9 5 6 ) ~  f o r  t h e  s h o r t  f i n  ( 0 1  and l o n g  f i n  ( x )  forms 
a r e  super imposed,  a s  a r e .  t h o s e  o f  G a r r i c k  (1960)  f o r  
New Zealand ( n )  and d o g f i s h  i n  t h i s  s t u d y  from t h e  
e a s t  c o a s t  o f  Canada ( e l ,  Alaska ( a ) ,  and C a l i f o r n i a  
( c ) .  

i 
Fig.  1-3. : G n ' s h i p  o f  r e l a t i v e  p o s i r i o n  o f ' p e l v i c  f i n s . .  . . . ..I3 

t o  d o r s q l  f i n s  (P-D2/D1-P) and t o t a l  body l e n g t h  f o r  
S q m l u s  a w t h i a s  ( A )  ma les  and 4 B) f e m a l e s .  Enclosed 
a r e a s  r e p r e ~ n t  t h e  95% c o n f i d e n c e  l i m i t s  around t h e  b 

S t r a i t  o f  Georg ia  d a t a  ( n o t  p l o t t e d )  > f o r  t h e  l e n g t h  
ranges  sampled.  -Regress ion e q u a t i o n s  o f  t h i s  r a t i o  o n  
l e n g t h  a r e  R ( % )  = 77.4-0,102 L(an)  f o r ~ m a l e s  and. R(%) 
= 73.3-0.145 L(m) f o r  f emales  (P<0.05) .  . D a t a  from 
Lindberg and Legeza (1956)  f o r  t h e  s h o r t  f i n  ( 0 )  and 
t h e  l o n g  f in  ( x )  f o m s  a r e  super imposed,  a s  a r e  t h o s e  
o f  t h i s  s t u d y  f o r  t h e  e a s t  c o a s t  o f  Canada ( e l ,  Alaska - 
( a )  and C a l i f o r n i a  ( c ) .  

3 .  I - :  Comparison o f  e l e c  t rophcrograms o f  muscle  myogens.. . . . . -15 
and blood hemoglobins f o r  S q m l u s  a c a n t h i a s  from t h e  :. 
e a s t  and west  c o a s t s  o f  North America. S o l u t i o n s  were 
i n t r o d u c e d  a t  t h e  o r i g i n s .  C = c a t h o d e  and A = anode.  

/--7 
rd 

F i g .  1-5: Global  d ' i s t r i b u t i o n \ o f  Squalus  a c a n t h i a s  ( shaded . .  . . . . . -18 
a r e a )  a s  d e r i v e d  from Bigelow and Schroeder  (1  9571,  
Lindberg and Legeza ( 1 ~ 6 ) ~  S p r i n g e r  and G a r r i c k  (1964)  
and Hart (1373)  shewing aean  L o t a l  v e r t e b r a l  n m b e r s  
( c i r c l e d )  and t h e  number o f  d o g f i s h  sampled t o  lower  
r i g h t  ( f rom ~ e k p i e a a n  1944, S p r i n g e r  and G a r r i c k  1964, 
th is  s t u d y )  f o r  d i f f e r e n t  a r e a s .  Arrows i n d i c a t e  
a p p a r e n t  movements o f  d o g f i s h  between s t o c k s  a s  
determined by t a g g i n g  s t u d i e s :  a = S c o t l a n d  to B a r e n t s  

- X 1  - 
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Fig .  
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Sea  ( Aasen 1962) ,- b ,= S c o t l a n d  to Newfoundland (Holden 
1967) ,  c  = Newfoundland t o  I c e l a n d  (Templeman 19581, 
and d = Washingbn  t o  Japan (Anonymous 1952) . 
2-1 : Dogfish  v e r t e b r a e  used X-ray s p e c t r o m e t r y  i n . .  . , . . >.28 
( A )  s a s i t t a l  s e c t i o n  i n d i c a t i  mbedded area 
( s t a i n e d ) ,  (.B) c r o s s - s e c t i o n  
l i n e  caused by e l e c t r o n  beam) 
o r i e n t a t i o n .  'ab = c u t  f o r  sa 
v e r t e b r a ,  cd  = d i r e c t i o n  o f  t 
a r e a ,  and e f  = s c a n  range.. 

2-2: T y p i c a l  d a t a  p l o t  f o r  a s i n g l e  100-second .-,,.........,.35 
a n a y s i s  w i a i n  t h e  embedded a r e a  o f  a d o g f i s h  
v e r t e b r a .  P = phosphorus ,  C 1  = c h l o r i n e ,  K = 
p o t a s s i u n ,  a @  CB k c a l c i w  (Ka and Kt a r e  
d i f f e r e n t  X-ray e a m i s s i o n  e n e r g i e s  f o r  t h e  .same 
element r e s u l t i n g  from rep lacement  o f  e l e c t r o n s  
d i s l o d g e d  by t h e  microscope beam by o n e s  Porn 
d '  f e r e n t  o r b i t a l s ) .  v- 

Fig .  2-3: Elemental  coun t  p a t t e r n  f o r  CaKa and P i n  t h e -  .,.., ., .,.36 
v e r t e b r a  o f  an 83 cm S t r a i t  o f  Georgia  male d o g f i s h .  
Confidence limits o f  95% as d e r i v e d  by t e x t  method 

. e x i s t  a b o u t  e a c h  c u r v e ,  b u t  a r e  o n l y  e v i d e n t  on peaks 
and t r o u g h s ,  D a t e s  a r e  d e r i v e d  by e q u a t i n g '  t h e  
p e r i p h e r a l  peak as  t h e  last  complete  year  o f  g rowth ,  
and working bac h a r d  th rough  subsequen t  peaks .  S i n c e  
t h e  young a r e a n o r m a l l y  r e l e a s e d  i n  November, and t h i s  
animal was c a u g h t  i'n J u n e ,  1974,  an  age  o f  20.6 y e a r s  
is sugges ted .  

Fig. 2-4: X-ray s p e c t r o m e t r y  age  e s t i m a t e s  f o r  ( A )  male.,,,. . ; .,- .38 
and ( 0 )  female  d o g f i s h  i n  t h e  Strait o f  Georgia .  Von 
B e r t a l a n f f y  g r o u t h  c u r v e s  ( 2 )  a r e  f i t t e d  t o  t h e s e  d a t a  
and compared . t o  c u r v e s  d e r i v e d  from leng th -  f r equency  
d a t a  ( 1 ;  t h i s  s t u d y )  and s p i n e  c i r c u l i  c o u n t s  ( 3 ;  
Ketchen 1975 1. 

A 
Fig.  2-5: E a r l y  l i f e  growth r a t e s  o f  male and female  ,...,,.,.-..., 43 

d o g f i s h  from t h e  S t r a i t  o f  Georgia  from determined by 
l e n g t b f i e q u e n c y  d a t a .  Curves a r e  f i t t e d  by eye.  

F i g .  2-6:, Lengtb-weight  r e l a t i o n s h i p s  f o r  male and female .  .,, . . ., -44 . 
d o g f i s h  from t h e  S t r a i t  o f  Georg ia .  For  f emales  two 
c u r v e s  a r e  p r e s e n t e d  above t h e  50% s e x u a l  m a t u r i t y  
l e n g t h  o,f  ,93.5 cm (Ketchen 1972'), The lower  one ( A )  
r e p r e s e n t i n g  a n i m a l s  wi th  no eggs  o r  pups, and t h e  
upper one ( B )  w i t h  f u l l  term pups and r i p e  eggs .  ' A t  
any one t ime  t h e  weight  o f  a mature  female  shou ld  l i e  
on o r  between t h e s e  two c u r v e s .  W = weight i n  grams, 
L = l e n g t h  i n  mm. 

- x i i  - 
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F i g .  2-7: R e l a t i o n s h i p  between v e r t e b r a l  e l ement  peak width.......48 

( d i s t a n c e  between a d j a c e n t  minima) a s  d,etermined by 
X-ray s p e c t r o m e t r y  f o r  t h e  d o g f i s h  noted i n  Fig.2-3 
and mean a n n u l  s u r f a c e  b a t e r  t e m p e r a t u r e  a t  Depar tu re  
Bay, B.C. 

F i g .  3-1 : S e a s o n a l  v a r i a t i o n  i n  p r o p o r t i o n s  o f  ampul lae . .  . . . . . . r . .59 
c o n t a i n i n g  e a c h  spe rmatogen ic  s t a g e  i n  t h e  t e s t e s  o f  
s p i n y  d o g f i s h  i n  t h e  S t r a i t  o f  Georgia o v e r  a 2 y r  

l p r i o d .  A = s p e r m a t o c y t e s ,  B = s p r m a t i d s ,  C I 
permat id  metamorphosis ,  D = sperm i n  p a r a l l e l  bund les  

wi th  no - S e r t o l i  b o d i e s ,  E = r i p e  sperm i n  c o n i c a l  
bundles  w i t h  S e r t o l i  b o d i e s  p r e s e n t ,  and F = e v a c u l a t e d  
ampul lae .  Dashed l i n e s  j o i n  peak f r e q u e n c i e s :  

z % 
Fig.  3-2: Cummhativi? p e r c e n t a g e  o f  mature  male d o g f i s h  i n .  ..,, . ..61 - 

t h e  S t r a i t  o f  Georg ia  a s  a f u n c t i o n  o f  l e n g t h  i n  
comparison t o  r e l a ' t i o n  between l e n g t h  and p e r c e n t a g e  
m a t u r i t y  o f  f emale  d o g f i s h  i n  B r i t i s h  Columbia waters 
(Ketchen 1 9 7 2 ) .  The s i z e s  a t  which 501 a r e  m a t u r e ,  a s  
i n d i c a t e d  by p r e s e n c e  o f  evacua ted  ampul lae  and embryos 
o r  ma ture  o v a ,  a r e  shown. 

F ig .  3-3: C a l c u l a t e d  l eng th - f requency  d i s t r i b u t i o n  o f ,  .. . ,.. , . . . ,-62 
mature  f e m a l e  d o g f i s h  i n  B r i t i s h  Columbia waters t o  
i n d i c a t e  modal l e n g t h .  Curve A i s  f i t t e d  by eye  t o  
length-frequency d a t a  ( 0 ) ;  t h e  dashed p o r t i o n  i s  p a r t  
o f  an assume3 s u r v i v o r s h i p  curve .  Curve B i s  d e r i v e d  
from t h e  a p p l i c a t i o n  o f   etche en's (1972)  data on 
m a t u r i t y  as  a f u n c t i o n  o f  l e n g t h  (Fig.3-2) t o  c u r v e  A .  
Curve C ,  t h e  number o f  embryos pe r  female  as a f u n c t i o n  
o f  l e n g t h  (Ketchen 19721, i s  used t o  c a l c u l a t e  t h e  
o r i g i n  o f  t h e  s u r v i v o r s h i p  c u r v e .  Age a x i s  a t  t o p  o f  

9 f i g l s e  is c a l c u l a t e d  from von B e r t a l a n f f y  growth 
e q u a t i o n s  in c h a p t e r  2. The shaded a r e a  r e p r e s e n t s  
presumed immature d o g f i s h  numbers. 

Fig.  3-4: C a l c u l a t e d  Let-gth-f+equency d i s t r i b u t i o n  of,,-.,,-,.....66 
mature  male d o g f i s h  i n  B r i t i s h  Columbia w a t e r s  t o  
i n d i c a t e  mod% l e n g t h .  Curve A i s  f i t t e d  by eye  t o  
length-f requedcy d a t a  ( 0 ) ;  t h e  dashed p o r t i o n  is  p a r t  
o f  an assumed s u r v i v o r s h i p  curve .  Curve B i s  d e r i v e d  

- from t h e  a p p l i c a t i o n  o f  Fig .3-2 d a t a  on m a t u r i t y  as  a 
f u n c t i o n  o f  l e n g t h  t o  c u r v e  A. Age a x i s  a t  t o p  o f  
f i g u r e  is. c a l c u l a t e d  from von B e r t a l a n f f y  growth 
e q u a t i o n s  in c h a p t e r  2. The shaded a r e a  r e p r e s e n t s  
presumed immature d o g f i s h  numbers. 

. - 
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3-5: D i s t r i b u t i o r r  o f  pregnancy s t a g e s  i n  S t r a i t  o f .  , . , . . . . . . .67 
Georg ia  mature  female  d o g f w - o v e r  t h e  2 y r  g e s t a t i o n  
p e r i o d .  Candles a r e  e n c a p s u l a t e d  u t e r i n e  e g g s  i n  t h e  
e a r l y  s t a g e s  o f  e m b r y o l o g i c a l  development.  Females 
between p r e g n a n c i e s  have r e l e a s e d  progeny b u t  n o t  y e t  
o v u l a t e d .  

3-6: Egg and embryo growths i n  S t r a i t  o f  Georgia .  . . . . . . . . , . . a .68 
d o g f i s h .  ( A )  Changes i n  o v a r i a n  egg d iamete r  p r i o r  t o  
o v u l a t i o n ,  ( B )  changes  in embryp l e n g t h  p r i o r  t o  
p a r t u r i t i o n ,  and (C)  changes  i n  volume o f  yo lk  

- 

d u r i n g  g e s t a t i o n .  

4-1 : V a r i a t i o n  i n  h e r r i n g  consumption o v e r  one y e a r  by. .  . . . . -81 
d o g f i s h  h e l d  i n  a n e t t e d  e n c l o s u r e  i n  Depar tu re  Bay, 
B.C.  Each p o i n t  is  d e r i v e d  from a 5 -po in t  moving 
a v e r a g e ,  The dashed l i n e s  c o n n e c t i n g  poih ts s i g n i f y  
p e r i o d s  f o r  which no r e c o r d s  a r e  a v a i l a b l e .  

4-2 : R e l a t i o n s h i p  o f  s tomach volu& t o  body l e n g t h  of.. , . . . . .85 
P d o g f i s h  from th? S t r a i t  o f  Georg ia ,  B.C. Curve f i t t e d  

by-eye . 
4-3 : Assumed r e l a t i v e  s u r v i v o r s h i p  c w v e s .  f w  d o g f i s h . .  . . . . . -86 

i n  B r i t i s h  Columbia w a t e r s  based on number s u r v i v i n g  
p e r  mature  female .  Shaded a r e a s  d e l  l n e a t e  a p p a r e n t I y  
d i s t i n c t  s e x  and s i z e  g r o u p s  wi th  t h e  ar rows n o t i n g  
their r e s p e c t i v e  mean l e n g t h s  and numbers, Curves end 
a t  modal l e n g t h  o f  m a t u r e s ,  b u t  i n  r e a l i t y  d e c r e a s e  
r a p i d l y  beyond this l e n g t h  t o  z e r o  a t  103 and 130 cm 
f o r  males  and females r e s p e c t i v e l y ,  A = young, B = 
immatures,  C = s u b a d u l t  f e m a l e s ,  D = mature  males ,  and 
E = mature f e m a l e s .  Based on data i n  c h a p t e r  3 .  

4-4: t b n t h l y  v a r i a t i o n  i n  number o f  d o g f i s h  i n  B r i t i s h , .  . . , . -90 
Columbia waters w i t h  food i n  stomach a t  t ime o f  
c a p t u r e .  C u r e  smoothed by moving a v e r a g e  o f L  threes t o  . 
show t r e n d ,  

4-5: Honthly consumption o f  i n v e r t e b r a t e s . .  . . , . , ., . .. ... . .,,. .93 
and f i s h e s  by d o g f i s h  i n  B r i t i s h  Columbia w a t e r s  i n  
r e l a t i o n  t o  s i z e  and sex.  A 3 - p i n t  moving a v e r a g e  is  
a p p l i e d  t o  months and 10 cm l e n g t h  i n t e r v a l s  t o  
c l a r i f y  da ta .  t r e n d s ,  

4 D i g e s t i o n  rate o f  f o r c e - f e d  h e r r i n g  (01 in . . .  .. .,., .:.ga96 
s tomachs  o f  d o g f i s h  from t& S t r a i t  o f  Georg ia ,  B.C. 
Mean h e r r i n g  weight  was 120.3 gm, r e q u i r i n g  a 
c a l c u l a t e d  5-16 d a y s  to be c o m p l e t e l y  reduced t o  t h e  
f L u i d - s t a t e .  Data on d i g e s t i o n  o f  sockeye salmon ( s )  
a r e  super  i m p  seb . 
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GENERAL INTRODUCTION 

cc. 

The s p m y  d o g f i s h ,  

s h a r k  which i s  abundan t  i n  ~ r i t i s h  Columbia waters. I t  is 

sem'i-pelagj c  j n  n a t u r e ,  i n h a b i t i n g  c o n t i n e n t a l  s h e l f  r e g i o n s .  It is 

c o n s i d e r e d  cosmopol i t an  i n  d i s t r i b u t i o n  though t h e r e  i s  some d e b a t e  as 

t o  .&ether t h e  v a r i o u s  s t o c k s  s h o u l d  be d e s i g n a t e d  a s  s u b s p e c i e s .  

I n  the  p a s t  t h e s e  d o g f i s h  have provided food and o t h e r  u s e f u l  

m a t e r i a l s  f o r  n a t i v e  I n d j a n s .  Dur ing World War I1 a-n i n t e n s i v e  

f i s h e r y  developed t o  p rov jde  a  v a l u a b l e  s o u r c e  o f  v i t a m i n  A. The 

f i s h e r y  c o l l a p s e d  due  t o  o v e r f i s h i n g  ( ~ a r r a c l o u g h  1948) and t h e  

\ 
development o f  s y n t h e t i c  v i t a m i n  A.  The d i r e c t  commercial  impor tance  

, o f  d o g f i s h  i s  now reduced t o  a small e x p o r t  food marke t ,  b u t  t h e y  have 

a  g r e a t e r  s i g n i f i c a n c e  f o r  t h e i r  a p p a r e n t  e ' f f e c t  on more l u c r a t i v e  
B 

f i s h e r i e s  by way o f  p r e d a t i o n ,  g e a r  d e s t r u c t i o n ,  and consequen t  l o s s  

o f  f i s h i n g  t i m e .  Altho&h some form o f  c o n t r o l  o f  d o g f i s h  s t o c k s  
- 

seems d e s i r a b l e ,  few s t u d i  e s  have a t t e m p t e d  t o  d e t e r m i n e  - t h o s e  d a t a  

r e q u i r e d  f o r  p roper  e n a g e r n e n t  a s  r e c e n t  l i t e r a t u r e  rev iews  p o i n t  o u t  . 

h 

6 R a e  1961; Alverson and S t a n s b y  1963; Jerksen 1966; Ketchen 1969). 

To a s s e s s  whether d o g f i s h  p r e d a t i o n  i s ' q i g n i f i c a n t l y  a f f e c t i n g  
.. 

t h e  abundance of s p e c i e s  o f  importance  t o  commercial f j  s h e r r i e s ,  



a d e q u a t e  d a t a  on d j e t  a r e  n e c e s s a r y .  Dogf i sh  are c o n s i d e r e d  

o p p o r t u n j s t i c  p r e d a t o r s  whose f o o d  c o n s i s t s  c h j e f l y  o f  s m a l l e r  f i s h e s  

and  v a r j o u s  c r u s t a c e a n s .  Though s e v e r a l  s t u d i e s  p r o v i d e d  d a t a  on d i e t  

(Razum 1952; ~ h a t w i  n and F o r r e s t e r  1953;  Bonham l 9 5 4 ) ,  no  clear 

p i c t u r e  of  t h e i r  t o t a l  f e e d i n g  h a b i t s  o r  impac t  on o t h e r  s p e c i e s  I s  

. a v a j  l a b l e  si n c e  d a t a -  on consumpt ion  by d l  f f e r e n t  s i z e s  a n d  a t  c e r t a i n  

times o f  t h e  year are l a c k l n g .  F o r  t h i s  r e a s o n  I d i d  a f e e d i n g  s t u d y .  

C 

Assuming management i s  f o r t h c o m i n g  an a c c u r a t e  t ime-growth  
jq 

f u n c t i o n  would be  r e q u i r e d .  Growth i n  G n g t h  h a s  been e s t i m a t e d  from 

t a g g i n g  s t u d i e s ,  d o r s a l  s p i n e  c i r c u l i  c o u n t s ,  l e n g t h - f r e q u e n c y  d a t a ,  

and- o t h e r  age d e t e r m i n a t i o n  methods (Bonham e t  a l .  1949;  Ho l l and  

1957;  Ketchen 1975) .  S l n c e  no two s t u d i e s  produced t h e  same r e s u l t s ,  

age  d e t e r m i n a t i o n  by a new metnod was a t t e m p t e d  t o  c l a r i f y  t h i s  i s s u e .  

To -set up  methcds  t o  r e g u l a t e  c a t c h ,  t h e  s i z e  d i s t r i b u t i o n  a t  

s e x u a l  m a t u r i t y  a n d  p r o d u c t i o n  o f  p rogeny  i n  r e l a t i o n  t o  r e c r u i t m e n t  

to t h e  f i s h e r y ,  and times o f  m a t i n g  and  b r e e d i n g  must be d e t e r m i n e d .  

R e p r o d u c t i v e l y ,  d o g f i s h  are o v o v i v i p a r o u s  and produce  6 t o  7 pups  

d u r i n g  t h e  w i n t e r  months a f t e r  a g e s t a t i o n  p r l o d  j u s t  s h o r t  o f  two 

y e a r s  (Bonham' e  t a l .  1949 ; Ketchen 1972). The a c t u a l  t i m e s  o f  m a t i n g  

and b r e e d i n g  were p o o r l y  d e l i n e a t e d ,  and t h e  s i z e  d i s t r i b u t i o n  o f  

m a t u r e s  had n o t  been  d e t e r m i n e d .  Though l e n g t h s  a t  which 50% o f  s t o c k  

r e a c h  m a t u r i t y  had been  estimated, t h a t  f o r  males had n o t  b e e n  

v e r i f i e d .  To c o r r e c t  o r  v e r i f y  t h e s e  d a t a ,  a s t u d y . o f  r e p r o d u c t i o n  

u a s  conduc ted .  



I n  summary, t h e  purpose  o f  my work is t o  c l a r i f y  some o f  the / 
poor ly  unders tood  a s p e c t s .  o f  d o g f i s h  b io logy  i n d i c a t e d  above t o  

-4- 

prov!de a d d i t i o n a l  i n f o r m a t i o n  f o r  f u t u r e  management s t r a t e g i e s . .  I n  

t h i s  r e g a r d ,  r e s e a r c h  h a s  been d i r e c t e d  toward t h e  f o u r  ma jor  areas o f  

taxonomy, a g e  and  growth,  r e p r o d u c t i o n  and embryonic development,  and 

food  a.nd f e e d i n g ,  each  o f  which a r b  p resen ted  a s  d P s t i n c t  c h a p t e r s .  



Chapter 1 

TAXONOPIIC RE-EVALUATION 

.% 



INTRODUCTION 

The s p i n y  d o g f i s h  o f  n o r t h e a s t e r n  P a c i f i c  w a t e r s  r a n g e s  from Baja  

C a l i f o r n i a  t o  t h e  s o u t h e r n  Ber ing  Sea ,  normal ly  i n h a b i t i n g  t h e  

c o n t i n e n t a l  s h e l f  r e g i o n s  ( S p r i n g e r  and G a r r i c k  1964, Har t  1973).  

~ e v e r a l  a u t h o r s  ( ~ i ~ $ l o v  and  Schroeder  1943, Kato e t  a l .  1967, Har t  . 

1973) s u g g e s t  t h i s  s t o c k  i s  a s u b s p e c i e s  o f  the cosmopol4tan s p e c i e s ,  

Squalua  a c a n t h i a s  L innaeus ,  b u t  l a c k  ev idence  t o  t h a t  e f f e c t .  

To c l a r i f y  t h e  taxonomid s t a t u s  o f  s p i n y  d o g f i s h  i n  t h i s  area, I 

p r e s e n t  d a t a  on morphometric r a t i o s ,  v e r t e b r a l  co'unts, and 

e l e c t r o p h o r e t i c  c h a r a c t e r i s t i c s  from samples c o l l e c t e d  on east and 

west  c o a s t s  of  North America. These a r e  compared w i t h  r e s u l t s  o f  

o t h e r  w o r k r s  o n  v a r i o u s  s t o c k s  w i t h i n  t h e  genus Squa lus  around t h e  

world .  

MATERIALS AND METHODS 

Spiny d o g f i s n  used i n  t h i s  s t u d y  were c o l l e c t e d  d u r i n g  1973-1974 

on t h e  west c o a s t  o f  North America, p r i m a r i l y  from t h e  S t ra i t  o f  

Georg ia ,  B r i t i s h  Columbia. Other  d o g f i s h ,  p redominan t ly  l a r g e r  

i n d i v i d u a l s ,  were t a k e n  porn Queen C h a r l o t t e  Sound, B. C . ,  and i n  

Alaska ,  C a l i f o r n i a ,  Newfoundland, and Nova S c o t i a  water;. 
1 

I 
a 



P .Mo'rphome tri c  r a t j  0s: 

S t r a i t  o f  Georgia  d a t a  were o b t a i n e d  from 182 i n d i v i d u a l s  
/ ' 

encompassing the f u l l  s j z e  r a n g e .  Data were c o l l e c t e d  t o  p e r m i t  

c a l c u l a t i o n  o f  two morphometric r a t i o s .  The f i r s t  r a t i o  ( a s  u s e d  by 

r e v i o u s  auth0r .s )  i n v o l v e s  compar ison o f  t h e  l e n g t h  (F) o f  t h e  n j,pe-,ctoral f i n  measured ffom i ts o r i g i n  a t  t h e  f l  f t h  g i l l  s l i t  t o  its + 
t i p  w i t h  head-length (H)  as measured between t h e  f i f t h  g i l l  s l i t  and 

t h e  c e n t e r  o f  t h e  n a r e s  (F ig .1 -1 ) .  The second r a t i o  is t h e  l e n g t h  

( P - E ) ,  i n  l i n e  w i t h  t h e  body &is ,  from t h e  r e a r  b a s e  o f  the p e l v i c  

f i n  ( P )  t o  t h e  r e a r  b a s e  o f  t h e  second d o r s a l  f i n  (D2) compared w i t h  

t h e  l e n g t h  (Dl-P) from P  t o  t h e  r e a r  base  o f  t h e  first d o r s a l  f i n  

(Dl 1. These r a t i o s  are r e l a t e d  t o  t o t a l  body l e n g t h  ( t i p  o f  s n o u t  t o  

t i p  o f  c a u d a l  fin when d e p r e s s e d  t o  a l i g n  wi th  body a x i s )  and s e x  o f  

f i s h ,  f o l l o w i n g  t h e  method o f  Lindberg and Legeza (1956)  and F o r r e s t e r  

: 
V e r t e b r a l  coun t s :  

The number of  v e r t e b r a e  f r o b  7 s a l e  d o g f i s h  r a n g i n g  i n  l e n g t h  

from 27 t o  89 cm and 10 females  *om 27 t o  109 cm c o l l e c t e d  Prom t h e  

S t r a i t  o f  Georgia  were coun ted  from X-ray n e g a t i v e s .  P r i o r  t o  

X-raying a  pin was p laced  a t  r i g h t  a n g l e s  t o  t h e  body axis th rough  t h e  

p recauda l  p i t ,  a  d e p r e s s i o n  a t  t h e  d o r s a l  base  o f  t h e  c a u d a l  f i n ,  t o  

p e r m i t  i d e n t i f i c a t i o n  .of p r e c a u d a l  and c a u i a l  v e r t e b r a e  ( S p r i n g e r  and 

~ a r r i c k  1 9 6 4 ) .  Caudal v e r t e b r a e  c o u n t s  inc luded  t h e  u r o s t y l e .  



F i g .  1 - 1  : Sketch o f  Squalus a c a n t h i a s  i n d i c a t i n g  t h e  morphometric 

measurements used i n  t h i s  s t u d y  (de f ined  more f 'ul ly i n  t e x t ) .  





Dogfish were X-raqed u s i n g  ;he method and equipment d e s c r i b e d  y  b 
Turner  (1965) .  V e r t e b r a l  c o i u m s  were p a r t i a l l y  s t r i p p e d  o f  

b e t t e r  r e s o l u t i o n  and p l a c e d  o v e r  Kodak RP Royal 2 f i l m  a t  a  

o f  1 m fkom a  Ge n t r i c  15-90 X-ray u n i t .  
Ly I 

-.? B E l e c t r o p h o r e t i c  a n a l y  es: 

Three o r  f o u r  a d u l t  d o g f i s h  o f  each  s e x  from e a c h  a r e a  were 

f r o z e n  d t h i n  4 h r  of  c a p t u r e .  Muscle and blood samples  were t a k e n  

f o r  s t a r c h  g e l  e l e c t r o p n o r e s i s  from t h e  r e c e n t l y  thawed i n d t v i d u a l s  
$ 

and a n a l y s e d  f o l l o w i n g  Tsuyukj e t  a l .  (1965).  

RESULTS 

* 
b 

Data m r e l a t i v e  l e n g t h  g f  t h e  pec,toral f i n  t o  head (F/H r a t i o )  
a L 

compared t o  body l e n g t 3  f o r  d o g f i s h  j n  B r i t i s h  Columbia waters a r e  

p r e s e n t e d  i n  Table  1-1.  ' Lengths  and F/il r a t i o s  f o r  immature d o g f i s h  - 
from the strait o f  Georgia  ( F i g .  1-2 ) a r e  p o s i t i v e l y  c o r r e l a t e d  

( P < 0 . 0 5 ) ,  but  t h e  d a t a  f r o n  t h o s e  showing some s i g n  o f  gonad o r  

secondary  sexua l  c h a r a c t e r i s t i c  development ( t r a n s i t i o n a l  d o g f i s h )  and 

mature  an imals  a r e  n o t .  These d a t a  a r e  n o t  p l o t t e d ,  b u t  e n c l o s e d  

a r e a s  r e p r e s e n t i n g  t h e  95% c o n f i d e n c e  l i m i t s  around t h e  d a t a  o v e r  t h e  

l e n g t h  range  sampled a r e  i n d i c a t e d  (F ig .1 -2 ) .  T h i s  p e r m i t s  a  more 
4 

r e a d y  comparison o f  d o g f i s h  d a t a  from o t h e r  l o c a t i o n s  and s t o c k s .  



Table 1-1 : Canparison a f  p e c t o r a l  f i n  l e n g t h  r e l a t i v e  t o  head (F/H 

r a t i o )  f o r  Squa lus  a c a n t h i a s  froni B r i t i s h  Columbia waters. 

Nubber Data Range 

Sam pled Length (cm) R a t i o  ($1 

S t r a i t  o f  G e o r ~ i a  

( t r a n s .  & mature)  27 71.8 - 97.8 84.4  - 97.2 

( t r a n s .  & mature)  32, 78:3 - 322.5 80.6 - 104.3 

F o r r e s t e r  ( 1972) : 

Females $" 33  72.6 - 113.5 85.2 - 100.0 

Queen C h a r l o t t e  Sound 
-d 

F o r r e s t e r  ( 1972) : 

k a l e s  

a Females 



Fig. 1 2 :  Rela t ionship  of r e l a t i v e  length  of  p e c t o r a l  f i n  t o  head 

(F/H) and t o t a l  body l eng th  f o r  Squalus a c a n t h i a s  ( A )  males and 

( B )  females. Enclosed a r e a s  r ep re sen t  t h e  9 S confidence l i m i t s  

around the  S t r a i t  o f  Georgia da t a  (not  p l o e t e  2 ) f o r  t he  l eng th  

ranges sampled. Regression equat ions  of t h i s  r a t i o  on l eng th  o f  

immature animals a r e  R ( % )  = 54.4 + 0.506 ~ ( c m )  f o r  males and ~ ( $ 1  

= 57.2 + 0 . 4 0 9  L(cm) f o r  females (P<.05) .  Regressions were no t  
i 

s i g n i f i c a n  t f o r  t r a n s i t i o n a l  ( s e e  t e x t )  and mature dogf i sh  ; means / 
/' 

+ 1 SD a r e  8 9 . 7 3 . 4  and 92 .6f i . i  f o r  males and females - - /' 

r e spec t ive ly .  Data from Lindberg and Legeza (1956) f o r  the s h o r t  # 

f i n  ( 0 )  and long f i n  ( x )  forms a r e  superimposed, a s  a r e  those -o f  
fi 

Garrick (1960) f o r  New Zealand ( n )  and dogfish i n  t h i s  s tudy  from 

the e a s t  coas t  o f  Canada ( e l ,  Alaska ( a ) ,  and Ca l i fo rn i a  Cc). 
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Data on  t h e  r e l a t i v e  p o s i  t j o n  o f  t h e  p e l v i c  f i n  t o  t h e  d o r s a l  

f i n s  (P-@/Dl-P r a t i o )  compared t o  body l e n g t h  f o r  t h e  v a r i o u s  s p e c j e s  

g r o u p s  w i t h i n  t h e  g e n u s  S q u a l u s  f rom t h i s  and  o t h e r  s t u d i e s  a re  g i v e n  

i n  T a b l e  1-2. For  St ra i  t o f  G e o r g i a  d o g f i s h  (Fjg. 1-3) t h i s  r a t i o  is 

n e g a t i  v e l y  c o r r e l a t e d  (P<O. 0 5 )  w i t h  l e n g t h .  

Dogf ish  v e r t e b r  1 numbers d e t e r m i n e d  from Nor th  American east and  

wes t  c o a s t  speci l l lens > e  p r e s e n t e d  I n  Tab le  1-3. N e i t h e r  t o t a l  l e n g t h  

:nor s e x  a r e  c o r r e l a t e d  w i t h  v e r t e b r a l  numbers. 

E l e c t r o p h e r o g r a m s  o f  musc le  myogens and blood hemoglob ins  f o r  

Nor th  American e a s t  a n d  west c o a s t  d o g f i s h o w e  i l l u s t r a t e d  i n  ~ f ~ . - l - 4 .  

F i s h  o f  d i f f e r e n t  s i z e s  and bo th  s e x e s  from t h e  same area y i e l d e d  

s i m i l a r  r e s u l t s .  

DISCUSSION 

The s p i n y  d o g f i s h  typ,e spec imen ,  d e s i g n a t e d  as S q u a l u s  a c a n t h i a s  

b y  L i n n a e u s ,  was d e s c r i b e d  froln European waters i n  1758. S i n c e  t h a t  
/" 

t ine  ' v a r i o u s  s t o c k s  o f  m o r p h o l o g i c a l l y  similar a n i m a l s  d n  d i f f e r e n t  

p a r t s  o f . t h e  world have been r e f e r r e d  t o  by t h i s  name, a l t h o u g h  

somet imes  a s  s u b s p e c i e s ,  o r  e v e n  d i f f e r e n t  s p e c i e s .  Many a u t h o r s  

c o n s i d e r  t h e  n o r t h e a s t e r n  P a c i f i c  s t o c k  as b e l o n g i n g  t o  t h i s  s p e c i e s ,  
v' 

'a 
b u t  f u r t h e r  p ropose  t h a t  i t  be acco rded  s u b s p e c j f i c  r a n k  b a s e d  on 

d i f f e r e n c e s  i n  F/H r a t i o  and v e r t e b r a l  numbers. 



Tab le  1-2: Canpa r i son  o f  t h e  p o s i t i o n  o f  t h e  p e l v j c  f i n s  r e l a t i v e  t o  

t h e  d o r s a l s  (P-D2/D1-P r a t i o )  f o r  t h e  s p e c i e 3  g r o u p  d i v i s i o n s  

w i t h i n  t h e  g e n u s  S q u a l u s .  

- 

Number Data ~ a & e  
I 
" Sampled Length  (an) , R a t i o  ( 5 )  

' : 
a c a n t h i a s :  - 

T h i s  s t u d y  - wles 8 0 2 5 . 3 -  97:8  92.1 -54.8 

- f e m a l e s  102 24.3 - 122.5 78.7 - 45.6  

Bigelow and S c h r o e d e r  d 5 7 )  - - >I00 - 
G a r r i c k  (1960 )a 8 2 3  - 99 - 293 - 80 

b l a i n v i l l i i  : b  

Bigelow and S c h r o e d e r  ( 1 9 5 7 )  - - <I00 

~ a r r i c w ~  
t 

6 21 - 98 327 - 152 
a 

meqa lops -cubens i s  

L indbe rg  and Le - 
Bigelow and ~ c h r o h r  ( 1 9 5 7 )  - - >I00 

a Data  d e r i v e d  from Fig. 2 ,  p .  523. 

~ l a i n v i l l i i  . ( G a r r i c k  1960) = f e r n a n d i n u s  (Bige low and  S c h r o e d e r  1957). 

T h e i r  2. b r e v i r o s t r i s  = S. megaxops ( G a r r i c k  1960) ;  mean v a l u e  - 
o n l y  g i v e n .  



F i g .  1-3. : R e l a t i o n s h i p  o f  r e l a t i v e  p o s i t l o n  o f  p e l v i c  f i n s  t o  d o r s a l  

f i n s  (P-M/D1-P) and t o t a l  body l e n g t h  f o r  Squalus  a c a n t h i a s  ( A )  

males and ( 0 )  females .  Enclosed a r e a s  r e p r e s e n t  t h e  95% 
<.. 

c o n f i d e n c e  l i m i t s  around t h e  S t r a i t  of  Georgia  d a t a  ( n o t  p l o t t e d )  

f o r  t h e  l e n g t h  r a n g e s  sampled.  Regress ion e q u a t i o n s  o f  r a t i o  o n .  

l e n g t h  a r e  R(%) = 77.4-0.102 L ( m )  f o r  males and R(%) = 

73.3-0.145 L ( c m )  f o r  f e m a l e s  (P<.05) .  Data from Lindberg and 

Legeza (1956)  f o r d t h e  s h o r t  fin ( 0 )  and t h e  l o n g  f i n  ( x )  forms 

a r e  super imposed,  a s  a r e  t h o s e  of  t h i s  s t u d y  f o r  t h e  e a s t  c o a s t  

o f  Canada ( e l ,  Alaska ( a )  and C a l i f o r n i a  (c). 



96 % CONFIDENCE 
LIMITS 

I I I I I I 
80 100 20 40  60 120 

TOTAL LENGTH (om) 



Table 1-3: Canparison of  v e r t e b r a l  numbers of Squalus a c a n t h i a s  from 

the e a s t  and west c o a s t s  of North America. 

Number Mean number of ver tebrae  Range 

Area sampled Precaudal Caudal Tota l  of t o t a l  

Alaska 6 71.5 28.0 99.5 96-104 

B r i t i s h  Columbia 

a )  Queen c h a r l o t t e  Sound 

b )  S t r a i t  o f  Georgia 

Ca l i fo rn i a  7 72.6 - 28.1 100.7 97-109 

~ e s t -  coas ta  3 3 7 1 . 5 ~ 2 .  l b  28.6+1.0 100.1+2.7 96-109 

East Coast 8 82.7-1.8 30.221.4 112.922.4 109-116 

Difference 1 1 . 2 ~  1.6 12.8' 

a Mean of a l l  west coas t  da t a  presented above. 

One s tandard d e v i a t i o n .  

Difference between west and e a s t  coas t  s i g n i f i c a n t  a t  95% 
3 

confidence l e v e l .  



Fig. I -  : Comparison of elec tropherograms of  muscle myogens and blood 
r ~ '  

hamglobins , for  Squalus acanthias from the e a s t  and west coas ts  

of N o r t h  America. Solutions*were introduced a t  the  o r ig ins .  C = 

cathode and A = an%. 





Lindberg and Legeza (1959)  s u g g e s t e d  t h a t  s p i n y  d o g f i s h  on t h e  

e a s t  and  west  c o a s t s  o f  North  America be c a l l e d  S.a. a c a n t h i a s  and  - - 
2.2.  s u c k l e y i  m s p e c  t i v e l y ,  based on F/H r a t j  o  d i f f e r e n c e s .  My F/& 

t r a t i o  d a t a  f o r  t h e  S t r a f  t o f  Georgja  l n d i c a t e  s j g n i f i c a n t  p o s i t i v e  

f o r  r e fp roduc t ive ly  immature a n i m a l s ,  b u t  n o t  f o r  

ones .  k s t  o f  my ;ther r a t i o  d a t a  f r o m  

Alaska ,  b l i f o r n i a ,  Newfoundland, and Nova S c o t i a  d o g f i s h  f a l l  w i t h i n  

t h e  S t r a i t  o f  Georgia   dat data c o n f i d e n c e  limits ( ~ i g .  1 -2 ) ,  as do  
C 

those  o f  G a r r i c k  (1960)  f o r  New Zealand d o g f i s h  and t h o s e  o f  Lindberg 

and Legeza (1956)  f o r  t h e i r  s h o r t  fin form f rom European and 

nor thwes te rn  P a c i f i c  w a t e r s .  T h i s  s u g g e s t s  t h a t  t h e r e  i s  no 

j u s t i f i a b l e  s u o s p e c i f i c  d i s t i n c t i o n  among d o g f i s h  from t h e s e  areas. 

However, the  F/H r a t i o  o f  t h e  l o n g  f i n  form (L indberg  and  Legeza 1956) 

a s  r e p r e s e n t e d  by specimens  from t h e  B a r e n t s  and White S e a s  i n  

n o r t h e r n  U.S.S.R. w a t e r s  and o f f  ~ a l i f o r n i a ,  g e n e r a l l y  f a l l s  o u t s i d e  

t h e  S t r a i t  o f  Georgia  c o n f i d e n c e  l i m i t s .  The C a l i f o r n i a  l o n g  f i n  d a t a  
t 

a r e  q u e s t i o n a b l e ,  b e i n g  d e r i v e d  from one 65 cm male p r e s e r v e d  f o r  

n e a r l y  100 y r .  i h i l e  most o f  my d o g f i s h  were measured i n  the f r e s h l y  

k i l l e d  s t a t e ,  t h e  Alaska ones  were preserved i n  f o r m a l i q  first,  and 

had F/H r a t i o s  f o r  males s i m i l a r  t o  t h o s e  found by Lindberg and Legeza 

(1956) .  Two 60 cm S t r a i t  o f  Georgia  males p rese rved  f o r  10 days  i n  

' i s o t o n i c  10% f o r m a l i n  s o l u t i o n  e x h i b i t e d  a  2.1% i n c r e a s e  I n  F/H r a t i o  

due t o  d i f f e r e n t i a l  s h r i n k a g e ,  and a  5.1% l e n g t h  d e c r e a s e .  Thus, 

and body bo th  t end  to produce a  g r e a t e r  F/H r a t i o .  

. 
L 



c o r d i  ng ly ,  i t  a p p e a r s  t h a t  t h e  long  f i n  s t a t u s  o f  t h e  s i n g l e  male 

d e s c r i b e d  by Lindberg and Legeza (1956) is l i k e l y  an' a r t i f a c t  o f  
f 

p r e s e r v a t i o n .  The d a t a  c o l l e c t e d  from males o f  a l l  s t o c k s  sampled i n  

t h i s  and o t h e r  s t u d i e s  a p p e a r  l l k e l y  t o  f a l l  w i t h i n  t h e  S t r a i t  of  

Georgia  conf idence  1 i m i  ts. 

The long f i n  d a t a  o f  Lindberg and Legeza (1956) f o r  f emale  

d o g f i s h  from n o r t h e r n  U.S. S. R .  w a t e r s  were t a k e n  from f o u r  

i n d i v i d u a l s  of  65 t o  87 cm l e n g t h .  The F/H r a t i o s  o f  three f a l l  

o u t s i d e  my S t r a i t  o f  Georgia  c o n f i d e n c e  l l m i  ts (F ig .  1-2),  and one of 

t h e s e  is n e a r  t h e  upper  e x t r e m i t y  o f  my range  f o r  f emales  (Tab le  1-1 ). 

S i n c e  t h e  l o n g  f i n  r a t i o s  a r e  g r e a t e r  than  those  from t h e  p rese rved  

Alaska females ,  p r e s e r v a t i o n  e f f e c t s  do no t  a p p e a r  t o  a c c o u n t  f o r  t h e  

F/H r a t i o  d i f f e r e n c e s .  However, when r e l a t i v e  f i n  l e n g t h s  o f  d o g f i s h  

from around t h e  world a r e  compared t o  t h e  mean summer sea s u r f a c e  

t e m p e r a t u r e s  a t  t h e i r  l o c a t i o n s  o f  c a p t u r e ,  a  n e g a t i v e  r e g r e s s i o n  i s  

o b t a i n e d  (r=-0.78, p<0 .001 ,  n=18) .  T h i s  i n d i c a t e s  t h a t  t h e  F/H r a t i o  

is e n v i r o n m e n t a l l y  i n f l u e n c e d  which s u g g e s t s  t h a t  s u b s p e c i f i c  

d i s t i n c t i o n  f o r  t h e  l o n g  f i n  forms i s  n o t  j u s t i f i e d .  I n  a d d i t i o n ,  

d o g f i s h  m i g r a t i o n s  have o c c u r r e d  be tueen  r e g i o n s  d e s i g n a t e d  by 

Lindberg and  Legeza (1959) a s  h a v i n g  t h e  l o &  and s h o r t  f i n  s t o c k s  

( F i g .  1-5 1. I n t e r b r e e d i n g  would t end  t o  e l i m i n a t e  f i n  d i f f e r e n c e 8  e v e n  

i f  this were a p u r e l y  g e n e t i c e a r a c t e r .  Thus, v a r i a t i o n s  i n  F/H 

r a t i o  do no t  appear  t o  i n d i c a t e  t h e  e x i s t e n c e  o f  d i f f e r e n c e s  between 

s t o c k s  t h a t  a r e  n o t  a t t r i b u t a b l e  t o  p r e s e r v a t i o n  a r t i f a c t s  o r  

env i ronmenta l  m o d i f i c a t i o n s .  



F i g .  1-5: Global  d i s t r i b u t i o n  of Squa lus  a c a n t h i a s  (shaded a r e a )  a g  

d d i v e d  from Bigelow and Schroeder  (19571, Lindberg and Legeza 

(19561, S p r i n g e r  and G a r r i c k  (1964)  and Har t  (1973)  showing mean 

t o t a l  v e r t e b r a l  numbers ( c i r c l e d )  and t h e  number o f  d o g f i s h  

sampled t o  lower  r i g h t  ( f rom Templeman 1944, S p r i n g e r  and G a r r i c k  

1964, t h i s  s t u d y )  f o r  d i f f e r e n t  a r e a s .  Arrows i n d i c a t e  a p p a r e n t  

movements of  d o g f i s h  between s t o c k s  a s  determined by t a g g i n g  

s t u d i e s :  a  = S c o t l a n d  t o  B a r e n t s  Sea (Aasen 1962) ,  b = S c o t l a n d  . 
. 

-. 8 

" ~ ~ e w f o u n d l a n d  (Holden 1967 1 ,  c = Newfoundland t o  I c e l a n d  
5 

d 
'.{lem)leman 19581, and d = Washington t o  Japan (Anonymous 1952).  , - -- 

7 





f The other characteristic proposed t o  d j s t l n g u i s h  t h e  n o r t h e a s t e r n  

P a c i f i c  dogf i sh  a s  a  subspec ies '  o f  Squalus  a c a n t h j a s  d i s t i n c t  from t h e  

A t a n t i c  form bas v e r t e b r a l  numbers. M y  d a t a  from e a s t  and west c o a s t s  L) 
' o f  North America j n d j c a t e  t h a t  t o t a l  v e r t e b r a l  numbers a r e  

b 

s i g n i f i c a n t l y  d i f f e r e n t  ( T a b l e  1-3).  However, a  s o u t h e a s t e r n  P a c i f i c  

s t o c k  has G e r t e b r a l  numbers i n t e r m e d i a t e  t o  t h e s e  g r o ~ & s  (Fig .1-5) .  

Mayr (1969)  p o i n t s  o u t  t h a t  i f  t h e  d a t a  r a n g e s  f o r  p a r t i c u l a r  s p e c i e s  

c h a r a c t e r i s t i c s  o v e r l a p  between supposed ly  d j  s c o n t i n u o u s  s t o c k s  b y  , 

more t h k  201,  t h e n  by .convent ion t h e y  do n o t  d e s e r v e  s u b s p e c i f i c  
, . 

r e c o g n i t i o n .  Over lap  @xceeds  20% between t h e  n o r t h e a s t e r n  P a c i f i c  i n d  

s o u t h e a s t e r n  P a c i f i c  s t o c k s ,  and a l s o  between t h i s  . l a t t e r  s t o c k  and ' 

t h e  nor thwes te rn  A t l a n t i c  s t o c k  (Tab le  1-4) .  Thus, s u b s p e c i f i c  

d e s i g n a t l o n  f o r  t h e  n o r t h e a s t e r n  P a c i f i c  d o g f i s h  r e l a t i v e  t o  t h e  - . 

A t l a n t i c  form on t h e  b a s i s  o f  v e r t e b r a l  numbers is n o t  a p p r o p r i a t e .  
* 

To f u r t h e r  examlne t h e  p o s s i b i l i t y  of s u b s p e c i f i c  d i s t i n c t i o n  

between dogf i sh  from e a s t  and west  c o a s t s  o f  North & e + i c a ,  muscle -. 

myogens and blqod - h e m g l o b i n s  were e l e c  t r o p h o r e t i c a l l y  ana lysed .  

-2- 

Close p i m i l a r i t y  o f  muscle  myogen - p a t t e r m  ( F l g .  1-4.) i n d i c a t e  t h a t  on 
0 

a  g e o l o g i c a l  t ime s c a l e  t h e s e  s t o c k s  have o n l y  r e c e n t l y  become 

s e p a r a t e d ,  o r  t h a t  some gene t i c  i n t e r c h a n g e  still o c c u r s  between 

However ,- a  c a n p a r i s o n  o f  b lood hemoglobins,  which may be  mre r e a d i l y  

a d a p t a b l e  than muscle myogend (Tsuyuki e t  a l .  19651, l n d i c a t e  a  

d i f f e r e n c e  between t h e  d o g f i s h  s t o c k s  from t h e  S t r a i t  o f  Georgia  and 



,Table 1-4:  - Vertebra l  be r s  of Squalus acan th i a s  stock; around North U- 
I *  and S o u p e r  2 Xhowlnq ca l cu la t ed  degree of d i f f e r e n t i a t i o n  

I 
between ad jacen t  s 

'& - 

C- 

Total  v e r t e b r a l  

Number . number Overlap 

t 
Stocks ' " Sampled' Mean 1 SD C D ~  ($1 

East  Coast- N. A: . , 20, 112.5 .  2.70 . \ 

S. South America 5 105.8 2.59 
b - '  

* -  . 1.05 2 9  
< - 

i iest  Coast N . A .  4 7  ,. 100.3 2.67 

4 - 
" Conbined da t a  q f  t h i s  s t u d y ,  SprJnger and Garr ick (1964),  arid 

5 
Templeman (1944).  \ 

4 
-.& 

LD  ( c m f f i c i e n t  o f  d i f f e r e n c e )  = (mean 1 - mean 2)/(SD 1 + SD 2) 

where =&-I, 1 is, the l a r g e s t  (Mayr 1969). Conventional l e v e l  of 
i .  

: subspec j f i c  d i f f e r e ~ t i a t i o n  i s  1.28 o r  g r e a t e r  (20% overlap o r  l e s s  

' of s t o c k  c h a r a c t e r i s t i c ) .  



t h e  east  c o a s t  o f  Nor th  America, w j t h  t h e  p a t t e r n  o f  t h e  C a l i f o r n i a  
, 

a n i m a l s  somewhat i n t e r m e d l  a t e .  These d l f  f e r e n c e s  a r e  n o t  a t t r i b u t a b l e  

t o  v a r i a t i o n s  be tween f e t a l  and  a d u l t  he'moglobins (Manwell 19631,  a s  

t h e  d o g f i s h  I used are g e n e r a l l y  o f  t h e  same s i z e .  A g r a d u a l  change  

i n  b lood  hemoglobins  f rom t h e  nor  t h e a s t e r n  P a c i f i c  t o  t h e  s o u t h e a s t e r n  

P a c i f i c  t o  t h e  n o r t h  A t l a n t i c  is  t h u s  i n d i c a t e d ,  b,ut t h e  a p p a r e n t  

c o n t i n u i t y  o f  t h i s  change  removes a n y  s u p p o r t  f o r  s u b s p e c i f i c  
< - - 

- d e s i g n a t i o p  ~f r e a i o n a l  s t o c k s .  C o n s i d e r i n g  t h e  d i s t r i b u t i o n  o f  

S q u a l u s  a c a n t h i a s  ( F i g .  1-5 ) and t h e  movements o f  tagged a n i m a l s  

between s t o c k s ,  d o g f i s h  f rom a n y . o f  t h e s e  areas are l i k e l y  ta be 

l i t t l e  d i f f e r e n t .  

A d d i t i o n a l  e v i d e n c e  a g a i n s t '  s u b s p e c i  f i  c d i s t i n c t i o n  o f  d o g f i s h  

s t o c k s  is o b t a i n e d  f rom t h e  P-D2/D1-P r a t i o ,  which ,  i n  my d a t a ,  h a s  a 
--.) 

n e g a t i v e  r e g r e s s i o n  on  l e n g t h  (~ig.1-3). Thus,  P-D2/D1-P r a t i o  d a t a  i 
c o l l e c & d  f rom a l l  areas f a l l  w i t h i n  t h e  95% c o n f i d e n c e  l i m i t s  o f  t h e  

S t r a i t  o f  Georg ia  d a t a .  .Though t h e  P-D2/D1-P r a t i o  h a s  c o n t r i b u t e d  t o  

t h e  c l a r i f i c a t i o n  o f  t h e  s u b s p e c i f i c  q u e s t l o n  f o r  t h e  n o r t h e a s t e r n  
v 

P a c i f i c  s t o c k  of S q u a l u s  a c a n t h i a s ,  i t  h a s  a l s o  been t h e  s o u r c e  o f  

some c o n f u s i o n  i n  t h e  l i t e r a t u r e  when a p p l i e d  t o  t h e  s e p a r a t i o n  o f  

s p e c i e s  y o u p s  w i t h i n  t h e  g e n u s  S q u a l u s .  

f 
Recent  a u t h o r s  (B ige low and  S c h r o e d e r  1957,  G a r r i c k  1960)  have 

c l a s s i f i e d  a l l  forms o f  S a u a l u s  under  one o f  t h r e e  m a j o r  s p e c i e s  



3 

oups a s  fo l lows :  ( 1 )  a c a n t h j a s ,  ( 2 )  b l a i n v i l l i l  ( f e r n a n d i n u s ) ,  and /- 
( 3 )  meqalops-cubensis .  The n o r t h e a s t e r n  P a c i f i c  d o g f i s h  i s  p l a c e d  i n  

t h e  f i r s t  group based on shape  of p e c t o r a l  f i n s ,  p o s i t i o n  o f  f i r s t  

d o r s a l  f4-n r e l a t i v e  t o  p e c t o r a l s ,  appearance  of e x t e r n a l  n a r e s ,  c o l o r  
3 

p a t t e r %  and t h e  pos i o n  o f  t h e  p e l v i c  f i n s  r e l a t i v e  t o  t h e  d o r s a l s  + 
t n  r e g a r d  to t n i s  l a t t e r  c h a r a c t e r i s t i c  a s  a 

g r o u p s ,  my d a t a  (F ig .  1-31 i n d i c a t e  that 

t h e  p e l v i c  f i n s  a r e  c l o s e r  t o  t h e  second d o r s a l ,  a r e  r e l a t i v e l y  c l o s e r  

in l a r g e r  i n d i v i d u a l s ,  and a r e  approx imate ly  8% c l o s e r  f o r  f emales  

than  males .  S i m i l a r  d a t a  from o t h e r  n o r t h e a s t e r n  P a c i f i c  d o g f i s h  ' 

s t o c k s  f a l l  w i t h i n  t h e  95% c o n f i d e n c e  l l m l t s  of  my d a t a ,  a s  do t h o s e  

from t h e  e a s t  c o a s t  o f  North America. .-However, f o r  a c a n t h i a s  d o g f i s h ,  

Bigelow and Schroeder  ( 1957 )  and G a r r i c k  (19601 r e p o r t e d  t h e  p e l v i c  

f i n s  u e r e  c l o s e r  t o  t h e  f i r s t  d o r s a l  (Table  7-21. For t h e  b l a i n v i l l i i  

g roup  t h e s e  two a u t h o r s  d i f f e r  by n o t i n g  t h e  p e l v i c  p o s i t i 0 n . a ~  on 

o p p o s i t e  s i d e s  o f  t h e  midpo in t  between t h e  d o r s a l s .  I n  t h e  

meqalops-cubensis  group Sigelow and Schroeder  (1957)  and L indberg  and 

Leqeza (1956)  no ted  t n a t  t h e  p e l v l c s  were c l o s e r  t o  t h e  f i r s t  d o r s a l  

tban t h o  secona .  S a r r ~ c k  ( 1 3 6 0 )  c o n f ~ r m e d  t h i s  o b s e r v a t i o n  by 

I 

r e p o r t i n g  no difference i n  ~ l v i c  f i n  p o s i t i o n  between t h i s  g roup  and a 

t n e  o l a i n v i l l i l  grcup i n  .xhich t h e  p e l v i c s  were a l s o  c l o s e r  t o  t h e  

f i r s t  d o r s a l .  My d a t a  ( F i g .  1 - 3 )  s u g g e s t  ' t h a t  t h e  r a t i o  d i f f e r e n c e s  

r e p o r t e d  by t h e s e  workers  may have r e s u l t e d  from t h e  e f f e c t s  o f  l e n g t h  * 

and s e x .  Although t h e  s p e c i e s  groups may be s e p a r a b l e  i n  o t h e r  ways, 

i t a p p e a r s  t h a t  t n e  P-D2/D1-P r a t i o  s u b s t a n t i a l l y  o v e r l a p s  among < 



groups  and I s  t h e r e f o r e  o f  l i t t l e  use  i n  d i s t i n g u i s h i n g  s p e c i e s ,  

a l t h o u e  i t s  va lue  might  be enhanced i f  supplemented w i t h  d a t a  on 

l e n g t h  and sex.  

+ summary, t h e  v a l u e  o f  t h e  morphometric r a t i o s ,  F/H and 

used by o t h e r  a u t h o r s  t o  d i s t i n g u i s h  between s u b s p e c i e s  and 
p-E'D1 -\ 
s p e c i e s  groups r e s p e c t i v e l y ,  i s  open t o  doubt.  However, d o g f i s h  

m i g r a t i o n  and muscle myoqen p a t t e r n s  i n d i c a t e  t h a t  t h e  n o r t h e a s t e r n  

P a c i f i c  Ocean s p i n y  d o g f i s h  i s  one o f  s & e r a l . s t o c k s  compr i s ing  t h e  

cosmopol i t an  s p e c i e s ,  S q u a l u s  a c a n t h i a s .  Though t h e  North American 

west c o a s t  s t o c k s  o f  d o g f i s h  show d i f f e r e n c e s  i n  v e r t e b r a l  

numbers and blood h e m g l o b i n  p a t t e r n s ,  convent i  o n a l  a n a l y s e s  f a i l  t o  

j u s t j f y  s u b s p e c i f i c  s t a t u s  a s  a r e s u l t  o f  o v e r l a p p i n g  c h a r a c t e r i s t i c s  

between t h e s e  groups  and a  South  American s t o c k  which h a s  i n t e r m e d i a t e  

c h a r a c t e r i s t i c s .  Thus,  maintenance o f  t h e  p r e s e n t  taxonomic s t a t u s  o f  

Squa lus  acan t h i a s  t h e  American F i s h e r i e s  

S o c i e t y  ( B a i l e y  e t  P a c i f i c  d o g f i s h  i s  

suppor ted .  



Chapter 2 

AGE AND GROWTH 



INTRODUCTION 

The age o f  many f i s h e s  can be determined by examining scales, 

o t o l i t h s ,  o r  bones f o r  e v i d e n c e  o f  s e a s o n a l  changes i n  d e p o s i t i o n  o f  

l y r d  t i s s u e .  However, most o f  t h e s e  methods a r e  n o t  a p p l i c a b l e  t o  t h e  

elasmobranchs.  In th is  s t u d y  I a t t e m p t e d  t o  de te rmine  a g e s  f o r  t h e  

s p i n y  d o g f i s h  u s i n g  X-ray s p e c t r o m e t r y  and have r e l a t e d  t h e  d a t a  t h u s  

o b t a i n e d  t o  changes  i n  l e n g t h  and weight.  Th i s  p a r t i c u l a r  s p e c i e s  is  

r e a d i l y  a v a j l a b l e  in B r i t i s h  Columbia waters, and is  among t h e  few 

l i v i n g  e lasmobranchs  w i t h  d o r s a l  s ? i n e s .  These s p i n e s  were p r e v i o u s l y  

used  i n  an  e a r l i e r  a g e i n g  s t u d y  employing c i r c u l i  c o u n t s .  The r e s u l t s  

o b t a i n e d  wi th  t h a t  method were compared w i t h  those  o b t a i n e d  by X-ray 

; spec t romet ry .  Length-frequency d a t a  and growth o f  young i n  c a p t i v i t y  

also provided some data f o r  independent estimates of age. 

The p o s s i b i l i t y  o f  age d e t e r m i n a t i o n  by X-ray s p e c t r o m e t r y  was 

s u g g e s t e d  by m a p r i c e  e t  a l .  (1971 ) who noted d i f f e r e n c e s  i n  

e l e m e n t a l  composi t ion between t h o s e  p o r t i o n s  o f  mol luscan shells l a i d  

down i n  summer and w i n t e r .  I n  t h e  ha rd  t i s s u e  o f  many f i s h e s  i t  i s  

p o s s i b l e  t o  o b s e r v e  such h n u a l  v a r i a t i o n s  i n  d e p o s i t i o n  v i s u a l l y  w i t h  

r e l a t i v e l y  low power m a g n i f i c a t i o n .  In d o g f i s h ,  e x c e p t  f o r  d o r s a l  

s p i n e s ,  no  v i s u a l  p a t t e r n s  r e f l e c t i n g  s e a s o n a l -  changes i n  growth were 

e v i d e n t  i n  h a r d  t i s s u e .  However, i t  i s  p o s s i b l e  tha.t a s  env i ronmenta l  



c o n d i t i o n s  change S e a s o n a l  t h e  metabo l i c  up take  o f  d i f f e r e n t  
,-- 

elemenqs may ~ S O  c h a n g e ,  e l h e r  ?s(a f ~ n C t i 0 n  o f  b i o l o g i c a l  a c t i v i t y  

u - o r  element a v a l l a b i l l t y .  Food consurnpt~on o r  a v a i l a b i l i t y  might l i m i t  

t h e  up take  o f  a p a r t i c u l a r  e l ement  o r  env i ronmenta l  f a c t o r s  may 

d l  f f e r e n  t i a l l y  a f f e c t  up take  o f  e l ements  from wate r .  x-rgy 

spec  t r o m e t r i c  measurement g f  s e h  q u a n t i  t a t i  ve d i f f e r e n c e s  i n  s e a s o n a l  
,- I+ 

d e p o s i t i o n  of e l e w n t s  may o f f e r  a new method o f  age d e t e r m l n a t i o n .  

MATERIALS AND METHODS 

X-ray spec t romet ry :  

The 7 male and d f emale  d o g f l s h  used i n  t h i s  s t u d y  were 

between May, 1974, and F e b r u a r y ,  1975, from t h e  S t r a i t  o f  Georg ia  

Nanaim , B. C. , Canada. One i n d i v i d u a l  from e a c h  10 cm span  o v e r  t h e  

normal l e n g t h  r a n g e  f o r  each s e x  was used.  

The h a r d  t i s s u e  o f  t h e  s p i n y  d o g f i s h  s u i t a b l e  f o r  X-ray 

s p e c t r o m e t r i c  age a n a l y s i s  i s  l i m i t e d  t o  t h e  s k e l e t o n ,  l e n s e s ,  and 
'_ 

d o r s a l  s p i n e g  The c h o i ~ c e  o f  s t r u c t u r e  used is governedt3 by its mode % 

\ o f  fo rmat ion  and e a s e  o f  p r e p a r a t i o n .  S p i n e s  were n o t  used because  

t h e i r  fo rmat ion  r e s u l t s  i n  a s t r u c t u r e  analogous  t o  a series o f  . 

n e s t i n g  cups ,  a  c r o 8 s - s e c t i o n  o f  which might n o t  c u t  th rough  a i l  

l a y e r s  a t  any one p l a c e  (Holden and Meadows 1962). Though t h e  l e n s e s  

show d e f i n i t e  c o n c e n t r j  c  form i n  c r o s s - s e c t i o n ,  t h e i r  p r e p a r a t i o n  i s  

d i f f i c u l t  a s  they  are t o o  s o f t  i n  t h e  f r e s h  s t a t e  and t o o  h a r d  and 



s u b j e c t  t o  i r r e g u l a r  f r a c t u r i n g  i n  t h e  f r o z e n  o r  f i x e d  state. I n  some 

f i x a t i v e s  they  a r e  r e l a t i v e l y  e a s y  t o  s e c t i o n ,  b u t  t h e  chemlc/al 
9, 

composi t ion is r a d i c a l l y  a l t e r e d  by f i x a t i o n .  Much o f  t h e  s k e l e t o n  is 

a l s o  u n s u i t a b l e  a s  i t  i s  p r i m a r i l y  c a r t i l a g e . a n d  i s  d r a s t i c a l l y  

misshapen when f r e e z e - d r i e d ,  a  n e c e s s a r y  p r e r e q u i s i t e  f o r  e l e c t r o n  
* 

microscopy. However, v e r t e b r a e  c o n t a i n  i n o r g a n i c  m a t e r i a l  ( l a r g e l y  

ca lc ium and phosphorus )  embedded i n  t h e  c a r t i l a g e  and e x h i b i t  a n  

i n c r e a s e d  d e r c e n t a g e  a s h  con t e n t  wi th  i n c r e a s e d  s i z e  (Doyle 1968), 

t h m s u g g e s t i n g  a d i r e c t  r e l a t i o n s h i p  t o  age.  S i n c e  t h e y  also have u 
t h e  t h i c k e s t  embedded a r e a s  (Benzer  1944) which a l l d  e a i e r  X-ray 

1 

*.. 
a n a l y s i s ,  &bey seemed a n  o b v i o u s  c h o i c e  f o r  t h i s  work. 

\ 

Ver tebrae  were s e l e c t e d  from t h e  r e g i o n  where t h e y  a r e  t h e  

l a r g e s t ,  immediate ly  a n t e r i o r  t o  t n e  f i rst  d o r s a l  f i n .  Excess t i s s u e  

was removed, the  v e r t e b r a e  s e p a r a t e d ,  and f rozen .  Though I used -only 

f r o z e n  m a t e r i a l ,  twenty-four  hours  f i x a t i o n  i n  a l c o h o l  had no 

d e r m n s t r a b l e  e f f e c t  on e l e m e n t a l  composi t ion.  However, p r e s e r v a t i o n  

i n  f o r m a l i n  o r  ~ o u i n ' s  s o l u t i o n  eroded t h e  embedded a r e a  and reduced  

t n e  measured age .  Subsequent  p r e p a r a t i o n  invo lved  ' f r eeze -d ry ing  t h e  
P 

v e r t e b r a e  f o r  24 h r  and s h a v i n g  one end w i t h  a  r a z o r  b lade  t o  remove 

t h e  i n t e r v e r t e b r a l  c a r t i l a g e  . A s t a i n e d  s a g i t t a l  s e c t i o n  th rough  t h e  

embedded a r e a  t h u s  exposed ( F i g .  2-1A,C) i n d i c a t e d  t h a t  t h i s  

p rocedure  t r a n s e c t e d  a l l  t h e  t i s s u e  l a y e r s  i n  t h i s  r e g i o n .  The 

v e r b  brae  were t h e n  g lued  (Lepage 's Bondfas t )  ' t o  aluminum sample s t u b s  

and coa ted  Ki th  a  mic ro - layer  (approx.  5 0 i )  of ca rbon  t o  minimize t h e  



Fig .  2-1 : Dogf i sh  v e r t e b r a e  u s e d  f o r  X-ray s p e c t r o m e t r y  i n  ( A )  

sag i t t a l  s e c t i o n  i n d i c a t i n g  embedded a r e a  ( s t a i n e d ) ,  (,B) 

c r o s s - s e c t i o n  showing s c a n  r a g e  ( d a r k  l i n e  c a u s e d  by e l e c t r o n  

beam),  and (C) t i s s u e  o r i e n t a t i o n .  a b  = c u t  f o r  sample  

p r e p a r a t i o n  o f  who le  v e r t e b r a ,  c d  = d i r e c t i o n  of t i s s u e  f i b r e s  i n  

embedded area, a n d  e f  = s c a n  r a n g e .  





p o s s i b l e  e f f e c t s  o f  s u r f a c e  c h a r g i n g  which c o u l d  d e f l e c t  t h e  e l e c t r o n  

beam o r  r e d u c e  r e p e a t a b i l i t y .  The sampie  showed no e v i d e n c e  o f  

c o n t a m i n a t i o n  from t h e  g l u e .  

The equipment used  f n  e l e m e n t a l  a n a l y s i s  c o n s i s t e d  of  an ETEC 

Autoscan  s c a n n i n g  e l e c t r o n  m i c r o s c o p e ,  a Nuclear  Semi-conductor  

l i t h i u m - d r i f t e d  s i l i c o n  d e t e c t o r ,  and a  Nor the rn  S c i e n t i f i c  Econ I1 

p u l s e  h e i g h t  a n a l y s e r .  T h i s  i s  a n  e n e r g y - d i s p e r s i v e  X-ray 

s p e c t r o m e t r i c  s y s t e a  i n  which e l e c t r o n s  s t r i k i n g  t h e  sample  p roduce  

X-rays,  some o f  which p a s s  t h r o u g h  a c o l l i m a t o r  t o  t h e  d e t e c t o r .  The 

p u l s e  t h u s  g e n e r a t e d  i s  r e l a y e d  ' t h rough  a m p l i f i e r s  t o  t h e  a n a l y s e r  

which h a s  a series o f  nemory u n i t s  ( c h a n n e l s )  t h a t  d i v i d e  t h e  s p e c t r u m  

unde r  c o n s i d e r a t i o n  i n t o  e q u a l  e n e r g y  i n t e r v a l s .  The e n e r g y  l e v e l  o f  

t h e  X-rays produced by e a c h  e l e m e n t  d i f f e r s ;  h i g h e r  e m i s s i o n  e n e r g i e s  

r e s u l t  f r d m  e l e m e n t s  w i t h  h i g h e r  a t o m i c  w e i g h t s .  The more a b u n d a n t  

3 e l e m e n t s  a p p e a r  a s  p e a k s  a b v r  a background r a d i a t i o n  l e v e l  i n  a 

p a r t i c u l a r  c h a n n e l  r a n g e  on t h e  c a t h o d e  r a y  t u b e  d i s p l a y  of t n e  

a n a l y s e r .  The i n t e g r a t e d  a r e a  u n d e r  a a c h  peak is d e t e r m i n e d  by 

summation o f  i n d i v i d u a l  c h a n c e l  d a t a ,  a n d  can  be r e a d  from an 

a d d i t i o n a l  v i s u a l  d i s p l a y .  F u r t n e r  d e t a i l s  on t h e  t h e o r y  a n a  

o p e r a t i o n  o f  t n i s  t y p e  o f  s y s t e m  are p r e s e n t e d  by violdsetn (1973) .  

Ln t h i s  work a c o l l i m a t o r  ~ i k h  a 1 rnm d i a m e t e r  a p e r t u r e  was used .  
-7 

A l a r g e r  a p e r t u r e  d e c r e a s e d  s e n s i t i v i t d  by  a l l o w i n g  t h e  p a s s a g e  of  

m r e  background X-rays,  a n d  a s m a l l e r  one  d e c r e a s e d  t h e  c o u n t  r a t e ,  



t h e r e b y  i n c r e a s i n g  a n a l y s i s  time.'  The c o l l i s a t o r  was f i x e d  a t  

approx imate ly  70' o f f  t n e  v e r t i c a l  e l e c t r o n  beam. &st r e s u l t s  were , . 

o b t a i n e d  when t h e  sample was p r e f e r e n t i a l l y  i n c l i n e d  towards  t n e  

c o l l i m a t o r  a t  45' o f f  v e r t i c a l .  For  e x c i t a t i o n  purpose3  a n  

a c c e l e r a t i n g  v o l t a g e  o f  30 Kv wi th  a  beam c u r r e n t  o f  approx imate ly  1 .0  

x 10" amps y i e l d e d  h i g h e s t  optimum X-ray p roduc t ion .  To maximize 

count  r a t e  and t h u s  minimize  a n a l p i s  t i m e ,  t h e  sample p o s i t i o n  was 

a d j u s t e d  on i t s  t h r e e - d i m e n s i o n a l  ' a x i s  w i t h  r e f e r e n c e  t o  feedback 

2 

i m p u l s e s  from t h e  a n a l y s e r  s u c h  t h a t  the excitation area was i n  l i n e  

wi th  t h e  c o l l i m a t o r .  

I n  my samples  ca lc ium and phosphorus were s e l e c t e d  f c r  a n a l y s i s .  

The energy spec t rum w i t h i n  wnich e lements  cou ld  De a n a l y s e d  w l t h  t n i s  
P A  

sys tem encompassed a p p r o x i m a t e l y  30 e lements  bounded by sodium a t '  t h e  

lower l e v e l  and molybdenum ( n e a r  beam e n e r g y )  a t  t h e  h i g h e r  l e v e l .  

S i l i c o n  and aluminum could n o t  be used r e l i a b l y  as t h e y  form p a r t  o f  

t h e  d e t e c t o r  c o n s t r u c t i o n  m a t e r i a l s .    he a b i l i t y  o f  s p e c i f i c  t y p e s  o f  

equipment t o  r e l i a b l y  a n a l y s e  d i f f e r e n t  e l e n e n t s  i s  f u r t n e r  d i s c u s s e d  

by Rhodes (1966) .  
t 

The sample was r o t a t e d  t o  a l i g n  t h e  d e s i r e d  p a r t  o f  t h e  s c a n  

r a n g e  (embedded a r e a )  wi th  t h e  h o r i z o n t a l  s t a g e  a x i s  n o s t  n e a r l y  

p e r p e n d i c u l a r  t o  t h e  sample -co l l ima tor  d i r e c t i o n .  T h i s  was necezmary 

a s  t h e  sample ti1 t was on t h e  l a t t e r  a x i s ,  and moving i t  r e s u l t e d  i n  

t h e  e l e c t r o n  beam s t r i k i n g  t h e  sample a t  a  d i f f e r e n t  v e r t i c a l  



pos i  t i o n .  P r e l i m i n a r y  a n a l y s i s  r e s u i t e d  i n  d i s t i n c t  peaks  wi th  an  

a n a l y s i s  t i m e  of  100 s e c o n d s  pe r  a r e a .  I n t e g r a t i o n  g a t e s  were s e t  
< '"A, + 

around e a c h  peak a t  background l e v e l  s o  t h a t  t h e  c o r r e c t e d  number of 

c o u n t s  under  t h e i r  c u r v e s  cou ld  be determined by s u b t r a c t i n g  t h e  mean 

background from t h e  t o t a l  between t h e  g a t e s .  A CaHPa4 s t a n d a r d  

v e r i f i e d  t h a t  ca lc ium and phosphorus  peaks were c o r r e c t l y  i d e n t i f i e d .  

T e s t s  d i d  n o t  i n d i c a t e  a n y  a p p r e c i a b l e  e f f e c t s  o f  sample topography,  

a l t e r a t i o n  o f  compos i t ion  d u r i n g  a n a l y s i s ,  vacuum system 

c o n t a m i n a t i o n ,  o r  d i f f e r e n t i a l  a b s o r p t i o n  o f  X-rays asong  e l e m e n t s ,  

a n y  one o f  whicn c o u l d  have  a f f e c t e d  t h e  a n a l y s e s .  

Ana lys i s  was begun wi th  low magnif j  c a t i o n  a t  t h e  o u t e r  edge of 

t h e  scan  r a n g e ,  where a n y  changes  i n  e l e m e n t a l  p a t t e r n s  might  be 

c l o s e r  t o g e t h e r  r e f l e c  ti ng s l o w e r  growth wi th  i n c r e a s i n g  age .  The 
I) 

r a n g e  was t r a v e r s e d  (F ig .2 - lB)  w i t n  non-over lapping s e q u e n t i a l  areas. 

If no c y c l e s  were e v i d e n t  a f t e r  t h e  f l r s t  s e r i e s ,  t h e  micrometer  

inc rement  * reduced and t h e  m a g n i f i c a t i o n  i n c r e a s e d  t o  a l l o w  more 

a n a l y s i s  a r e a s  w i t h i n  t h e  s c a n  range .  Th i s  p r o c e s s  was r e p e a t e d  u n t i l  

c y c l e s  were d e t e c t e d  and o n l y  v e r i f i e d  by f 'ur ther  i n c r e a s e s  i n  

m a g n i f i c a t i o n .  

Fol lowing t h e  s c a n ,  t h e  c o r r e c t e d  d a t a  were p l o t t e d  and t h e  

number o f  peaks were coun ted  and used a s  an  i n d e x  o f  age .  The 

v a l i d i t y  of  obse rved  peaks  was e s t a b l i s h e d  by r e f e r e n c e  t o  t h e  

p o s s i b l e  range of equipment c o u n t i n g  e r r o r .  Beaa c u r r e n t  d r l  f t  a t  t h e  



sample ' l e v e l  was g e n e r a l l y  s lo ;  ( 0 .  O I X I O - ~  amps - p e r  m i n u t e )  'ando 

u n i d i r e c t i o n a l ,  and thug had l i t t l e  e f f e c t  on a r e a  c o u n t s  o v e r  t h e  

s h o r t  t i m e  i n t e r v a l s  r e q u i r e d  t o  d e l i n e a t e  a d j a c e n t  peaks  and t r o u g h s  " 
5 - 

i n  t h i s  s tudy.  P o s s i b l y  t h e  g e n e r a l  i n c r e a s e  i n  e lement  peak n e l g h t  

from per i*ery  t o '  c o r e  a s  s e e n  i n  Fig.2-3 r e s u l t e d  from c u r r e n t  d r ; f t .  

Using a  brass s t a n d a r d ,  i n s t r u m e n t  v a r i a b i l i t y  a t  t h e  coun t  . level  used 

i n  t h i s  s t u d y  produced a  r e a d i n g  e r r o r  o f  2 0 . 9 %  on copper  and z i n c  

(95% c o n f i d e n c e  1 i m l t s )  on t h e  c o r r e c t e d  count  l e k l .  f o r  t h e  f i r s t  50C) 

s e c o n d s .  A s  e r r o r  i n c r e a s e d  w i t h  d e c r e a s e d  c o u n t s ,  an a d d i t i o n a l  

method o f  e r r o r  computa t ion  was employed i n  wnich 95% c o n f i d e n c e  
7 

l i m i t s  were A+1.96fi ,  where A was t h e  c o r r e c t e d  count  f o r  t& 

element  and TA was t h e  u n c o r r e o t e d  coun t .  ' I n  any ' s i n g l e  

l a r g e s t  o f  t h e s e  e r r o r  c a l c u l a t i o n s  was used i n  bvalua  ti ng peak- t r o u g h  

d i f f e r e n c e s .  I assumed t h a t  d i f f e r e n c e s  had t o  exceed twice  t h e  e r r &  

a t  t h e  95% c o n f i d e n c e  l i m i t  l e v e l  t o  be c o n s i d e r e d  v a l i d .  

Length-frequency a n a l y s i  s: 

The d a t a  u s e d  i n  t h e  l eng th - f requency  a n a l y s i s  c o n s i s t e d  of  my 

r e c o r d s  p l  LB those  c o l l e c t e d  by' t h e  P a c i f i c  B i o l o g i c a l  S t a t i o n ,  

Nanaimo, B.C., from t h e  S t r a i t  o f  Georgia  over  t h e  p a s t  f o r t y  y e a r s .  

These t o t a l l e d  16,650 males  and 14,150 females  t aken  a t  a l l  tlmes or' 

t h e  yea r .  The -da ta  were p l o t t e d  by month and s e x ,  t h e  peaks i n  eacn  
b 

l e n g  th-f requency d i s t r i b u t i o n  b e i n g  assigned' a g e s  beg inn ing  from z e r o  

f o r  t h e  f i r s t  peak i n  k v d e r  ( t h e  nprmal d a t e  of pup r e l e a s e )  and t h e  

f 'ol lowing five months. The second peak a p p e a r i n g  i n  t h e  November t o  
/ 



i A p r i l  p e r i o d  and t h e  f i r s t  peak f o r  t h e  r e m a i n i n g  svrnths were 

d e s i g n a t e d  a s  b e i n g  t h e  modal  l e n g t h  f o r  a d o g f i s h  o n e  y e a r ,  o l d ,  w i t . 1  

e a c h  s u b s e q u e n t  peak  r e p r e s e n t i n g  a n  a d d i t i o n a l  y e y  o f  a g e .  The 

l e n g t h  e s t i m a t e  a t  e a c h  y e a r  o f  a g e  was t a k e n  as t h e  a v e r a g e  of t n e  

1 
peak- f r equency  l e n g t h s  f o r  t h e  s i x  months e i t h e r  s i d e  o f  November. 

I 

In t h e  c a l c u l a t i o n  o f  g rowth  c u r v e s  f r o m e b o t h  t h e  X-ray 

s p e c t r o m e t r y  a n d  l e n g t h - f r e q u e n c y  d a t a ,  t h e  t o t a l  l e n g t h  a t  b i r t h  d3s 

t a k e n  a s  26.2 cm ( n  = 4 6 )  f o r  males and 25.4 cm ( n  = 37) f o r  f e m a l e s .  

T h i s  s t a r t i n g  p o i n t  was b a s e d  on  l e n g c h  measurements  o f  pups  ( w i t h  no 

y o l k  sac remnan t s )  e x t r a c e d  f rom f u l l  term females i n  November, 1972. 

t h e  normal m m t h  o f  p a r t u r i t i o n  ( C h a p t e r  3 ) .  

Growth i n  c a p t i v i t y :  

Dogf i sh  r e a r e d  i n  c a p t i v i t y  were c a u g h t  i n  bot tom trawls o r  by 

l o n g l i n i n g  i n  t h e  S t r a i t  o f  G e o r g i a  d u r i n g  1972 t o  1974. ~ f f o r ' t s  t o  

m a i n t a i n  t h e  a d u l t  and  i w a t u r e  a n i m a l s  i n  c a p t i v i t y  were 

. u n s u c c e s s f u l .  Though many pups  ( t a k e n  f rom f e m a l e s  a t  f u l l  t e rm) '  d i e d  

s o o n  a f t e r  removal  f rom t h e r  u t e r u s ,  f i v e  s u r v i v e d  f o r  up t o  1 1/2 

y e a r s  i n  0.6 x  1 .2  x 0 . 9  m deep  i n d o o r  t a n k s  i n  wnich  mean s a l i n ~ t y  
c- 

was r o u g n l y  30 p p t ,  mean t e m p e r a t u r e  c l o s e  t o  10 C ,  and  an a r t i f i c i a l -  

d a y  l e n g t h  approximating' that o u t d o o r s .  T h e i r  l e n g t h s  were r e c o r d e d  

s o n t h l y .  



Length-weight  a n a l y s i s :  

To d r o v i d e  d a t a  f o r  g rowth  i n  w e l g h t ,  l e n g t h - w e i g h t  d a t a  were - 

c o l l e c t e d  on  535 d o g f i s h  a s  soon  a f t e r  c a p t u r e  as p o s s i b l e .  D o g f i s h  

+ 
were measured  t o  t h e  n e a r e s t  cm t o t a l  l e n g t h  a n d  10 gm t o t a l  w e i g h t .  

Since ma tu re  f e m a l e s  o f t e n  a b o r t e d  pups  o r  e g g s  wnen c a u g h t ,  t h e  
k 

weigh t  o f  t h e  r e m a i n i n g  o v w i a n  a n d  u t e r i n e  e g g s ,  ana p u p s  was 

s u b t r a c t e d  t o  y i e l d  a minimum b o d y ' w e i g h t .  A s  . the w e i g n t  of  n a t u r e  

f e m a l e s  a l s o  v a r i e d  d u r i n g  t h e  y e a r  due  t o  pup and  o v a r i a n  e g g  growth, 
I 

maximum body weign t  d a t a  f o r  s p e c i f l c  l e n g t h s  were c a l c u l a t e d  oy 

a d d i n g  t h e  w e i g h t  o f  a mean number o f  e g g s  and p u p s  n o r m a l l y  c a r r i e d  

by f u l l  term f e m a l e s  o f  t h a t  l e n g t h  (Ketchen  1975 and  my u n p u b l i s h e d  

d a t a  f m i  a  r e l a t e d  s t u d y ) .  The d o g f l s h  u s e d ,  t hough  p r e d o m i n a n t l y  

l a r g e r  a n i m a l s ,  were f rom t h e  e n t i r e  s i z e  r a n g e  o f  e a c h  s e x .  

o g f i s h  v e r  t e  b  

RESULTS 

r a e ,  c a l c i m  and phosphorus  were  t h e  o n l y  

?"---Y e l e m e n t s  c  e a r l y  s p a r a t e d  by t h e  X-ray s p e c t r o m e t r i c  method 

( F i g . 2 - 2 ) .  The c h a n g e s  i n  c o n c e n t r a t i o n  o f  t h e s e  e l e m e n t s  a c r o s s  trle 

v e r t e b r a e  o f  a n  a d u l t  male  d o g f i s h  are snown I n  Fig.2-3.  A t  t n e  e n d s  \ 
o f  e a c n  scan  t h e  c o n c e n t r a t i o n  o f  b o t h  e l e m e n t s  was n e a r l y  

. u n d e t e c t a b l e  as t h e  e l e c t r o n  beam s t r u c k  t h e  s u r r o u n d i n g  c a r t i l a g e .  

To d e t e r m i n e  sample  r e p e a t a b i l i t y ,  t h e  p a t t e r n s  o f  e l e m e n t a l  

c o m p o s i t i o n  w i t h i n  t h e  v e r t e b r a e  were  a s c e r t a i n e d  t w i c e ,  u i t h  t h e  second 

s c a n  l y i n g  r o u g h l y  h o r i z o n t a l l y  a t  r i g h t  a n g l e s  t o  t h e  f i rs t .  I n  e a c n  



Fig .  2-2: T y p i c a l  d a t a  p l o t  f o r  a s i n g l e  100-second a n a l y s i s  w i t h i n  

t h e  embedded a r e a  o f  a d o g f i s h  v e r t e b r a .  P = phosphorus ,  C 1  = 

c h l o r i n e ,  K = potass ium,  and Ca = ca lc ium (Ka and Kg are 

d i f f e r e n t  X-ray emmission e n e r g i e s  f o r  t h e  same e lement  r e s u l t i n g  
b 

from rep lacement  o f  e l e c t r o n s  d i s l o d g e d  by t h e  mic'roscope beam by 

o n e s  from d i f f e r e n t  o r b i t a l s ) .  





Fig.  2-3: E lementa l  coun t  p a t t e r n  f o r  CaKa and P i n  t h e  v e r t e b r a  o f  
0 

an 83 cm S t r q i t  o f  Georg ia  male d o g f i s h .  Conf idence limits o f  

955, a s  d e r i v e d  by t e x t  method e x i s t  abou t  e a c h  c u r v e ,  b u t  a r e  
3 

o n l y  e v i d e n t  on peaks  and t roughs .  Dates  a r e  d e r i v e d  by e q u a t i n g  

t h e  p e r i p h e r a l  peak a s  ' t h e  l a s t  complete y e a r  o f  growth,  and 
4 

working backward through subsequen t  peaks.  S i n c e  t h e  young a r e  

normal ly  r e l e a s e d  i n  November, and t h i s  an imal  was c a u g h t  i n  

J u n e ,  1974,  a n  age  o f  20.6 y e a r s  is sugges ted .  





c a s e  t h e  number o f  peaks  de te rmined  were i d e n t i o a l  i n  a n y  one ' k 

v e r t e b r a .  

W l e  and female  age- leng th  r e l a t i o n s h i p s  d e r i v e d  from X-ray 

s p e c  t romet ry  age d e t e r m i n a t i o n  a r e  shownL i n  Fig.  2-4. Von B e r t a l a n f f  y 

growth e q u a t i o n s  were f i t t e d  t o  t h e s e  d a t a  and t h e  age- leng th  d a t a  

d e r i v e d  from l a g  th - f requency  a n a l y s e s .  The e q u a t i o n s  have the 

f o l l o w i n g  form: 

where It = l e n g t h  a t  t ima t, ha, = h e o r e t i c a l  mean maximum 2 
l e n g t h ,  K = growth c o n s t a n t  which indicates t h e  r a t e  a t  which l e n g t h  

a p p r o a c k s  bax, and to = c a l c u l a t e d  t i m  a t  wnich l e n g t h  e q u a l s  \ 
z e r o .  The v a l u e s  f o r  t h e s e  terms were puted uy t h e  i t e r a d e  

method o f  Al len  (1966)  and a r e  n  Table  2-1 i n  comparison t~ 

t h o s e  o b t a i n e d  f o r  o t h e r  n o r t  a c i f i c  p o p u l a t i o n s  o f  d o g f i s n  . 
A comparison o f  growth r a t e s  d e  from leng th - f requency  d a t a ,  

r e p r o d u c t i v e  d a t a ,  and von Ber t a l a n f f  y  e q u a t i o n s  de,r ived by X-ray 

s p e c t r o m e t r y  and o t h e r  methods f o r  s p e c i f i c  s i z e  r a n g e s ,  is shown in . 

Table 2-2. Growth r a t e s  de te rmined  from r e p r o a u c t i v e  d a t a  i n v o l v e  

comparison o f  mean l e n g t h s  o f  f emales  c a r r y i n g  a g i v e n  number o f  l a r g e  

o v w i a n  eggs  ' in  o m  y e a r  w i t h  mean l e n g t h s  o f  those  c a r r y i n g  the  same 

number o f  first y e a r  embryos i n  t h e  succeed ing  y e a r .  



Fig.  2-4: X-ray s p e c t r o m e t r y  age  e s t i m a t e s  f o r  ( A )  male and (B) 

female d o g f i s h  i n  t h e  S t r a i t  o f  Georgia.  Von B e r t a l a n f f y  growth 

W 
curves  a r e  f i t t e d  t o  t h e s e  d a t a  (2)  and compared t o  curves - 

d e r i v e d  from leng th - f requency  d a t a  ( 1 ;  t h i s  s t u d y )  and s p i n e  
P 

c i r c u l i  c o u n t s  ( 3 ;  Ketchen 1975). 
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Table  2-1 : Compari son o f  e s t i m a t e d  von B e r t a l a n f f y  g r  owth e q u a t ~ o n  
t e rms  based  on v a r i o u s  methods o f  age  d e t e r m i n a t i o n  f o r  s p i n y  
d o g f i s h  s t o c k s  i n  t h e  n w t h e a s t e r n  P a c i f i c .  

Sex 
- - - - - 

S t r a i t  o f  Georgia :  
( a )  X-ray  s p e c t r o m e t r y  

( c )  Sp ine  c i r c u l i  
(Ketchen 1975) 

Heca t e  S t r a i t  : 
Spine  c i r c u l i  
(Ketchen 1975 

B r i t i s h  t o l u s b i a  c o a s t  : 
Ketchen (19751b 

Washington c o a s t :  
Sp ine  c i r c u l i  
Bonham e t  a 1 .  (1949 l C  

a Roughly 25% of d a t a  Ancluded from sou thwes t  c o a s t  o f  Vancouver I s l a n d .  
The e s t i m a t e  f o r  f emales  i s  a composi te  d e r i v e d  from leng th - f requency  
and r e p m d u c t i v e  d a t a  o f  Ketchen ( 1975) f o r  B r i t i s h  Columbia 
w a t e r s ,  and l eng th - f requency  d a t a  o f  Bonham e t  a 1 .  (1949 1 f o r  t h e  
Washington c o a s t .  For males ,  t h e  e s t i m a t e  i s  an a v e r a g e  d e r i v e d  
from s p i n e  c i r c u l i  d a t a  o f  Ketchen (1975)  f o r  t h e  S t r a i t  of' G e o r g ~ a  
and Bonham e t  a1 . (1949) .  
Equation t e rms  p rov ided  i n  Ketchen (1975) .  



Table  2-2: Comparison o f  f emale  s p i n y  d o g f i s h  growth r a t e s  de te rmined  
from leng th - f requency  d a t a ,  r e p r o d u c t i v e  d a t a ,  and von 
B e r t a l a n f f y  e q u a t i o n s  d e r i v e d  from o t h e r  methods o f  d e t e r m i n i n g  
changes i n  l e n g t h  wi th  i n c r e a s i n g  a g e .  

Mean a n n u a l  growth incremen t 
Der r a n n e  (cm) 

Area /So ur ce 44-70 7  4-7 3 82-87 96-105 

S t ra i t  o f  Georgia:  
( 1  ) T h i s  s t u d y  

( a )  l eng th - f requency  
( b )  X-ray s p e c t r o m e t r y  

( 2 )  Ketchen (1975)  
( a  1 l eng th - f requencya  
( b )  s p i n e  c i r c u l i  
( c  r e p r o d u c t i v e  d a t a  b 

. Washington c o a s t :  
Eonham e t  a 1 . ( 1 9 4 9 )  
( a  l eng th - f requency  
(b) s p i n e  c i r c u l i  

a Also had b i r t h ,  , and second y e a r  l eng th - f requency  modes 
' i n d i c a t i n g  o f  4.8 and 6 .0  cm f o r  t h e  first, and 
second y e a r s  a t  l a r g e ,  r e s p e c t i v e l y .  
Comparison o f  mean l e n g t h s  o f  f emales  c a r r y i n g  a g i v e n  number 
o f  l a r g e  o 9 i a n  eggs i n  one y e a r  w ~ t h  mean l e n g t h s  o f  d o s e  
c a r r y i n g  t h e  same number o f  f i r s t - y e a r  embryos i n  t h e  s u c c e e d i n g  y e a r .  



i 

Ljmi ted  d a t a  f r o m  s t u d i e s  o f  g rowth  i n  c a p t i v i t y  i n  t h e  f irst  9 

y e a r  o f  l i f e  f o r  male and f e m a l e  p u p s  a r e  shown j n  Tab le  2-3 and  

compared t o  f i r s t  y e a r  growth  computed from t h e  von B e r t a l a n f f y  

e q u a t i o n s .  The growth  r a t e  d u r i n g  t h e  e a r l y  y e a r s  o f  d o g f j ~ n  l i f e  as  
a 

d e r i v e d  from l e n g t h - f r e q u e n c y  d a t a  i s  found i n  F j g .  2-5. 

The r e l a t i o n s h i p s  o f  t o t a l  l e n g t h  and body w e i g h t  f o r  male and 

female d o g f i s h  were d e r i v e d  by t h e  a l l o m e t r i c  method o f  P i e n a a r  and 

Thornson ( 1 9 6 9 )  and a re  i l l u s t r a t e d  i n  F i g .  2-6. Tne l o w e r  c u r v e  ( A )  is 

f o r  immature o r  b a r r e n  f e m a l e s .  The upper  b ranch  (B) , - f o r  p r e g n a n t  

f e m a l e s ,  b e g i n s  a t  76 cm, t h e  s h o r t e s t  l e n g t h  a t  wtiich a matilre fema le  

h a s  been  obse rved  (Ke tchen  1972) .  The d i f f e r e n c e  between t h e s e  two 

c u r v e s  i s  t h e  mean we ign t  o f  e g g s  and pups  c a r r i e d  by a f u l l  t e r m  

female. The e q u a t i o n s  and o t h e r  s a m p l i n g  d a t a  shown i n  T a b l e  2-4 a r e  

compared w i t h  d a t a  f rom s i a i l a r  s t u d i e s  on both t n e  e a s t  and  west 

c o a s t s  o f  North America. '  

DISCUSSION 

Elasmobranch a g e  d e t e r m i n a t i o n  h a s  been a t t e m p t e d  i n  v a r l o u s  

ways. The o n l y  method a v a i l a b l e ,  o t h e r  t h a n  t a g g i n g  o r  

l e n g t h - f r e q u e n c y  a n a l y s i s ,  which are time oonsuming,  e x p e n s i v e ,  o r  

i n a c c u r a t e  t e c h n i q u e s ,  h a s  been  v i s u a l  e x a m i n a t i o n  o f  p a t t e r n s  o f  

d e p o s i t i o n  i n  h a r d  t i s s u e .  I n  e l a smobranchs  s p i n e s  a r e  uncommon, 

t e e t h  a r e  c o n s t a n t l y  r enewed ,  s c a l e s  a r e  d i n i n u t i v e ,  a n a  mos t  o f  t n e  
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* I 
Fig. 2 - 5 :  E a r l y  l i f e  g r o w t h  r a t e s  o f  male and female  d o g f i s h  from t h e  

S t r a i t  o f  Georgia  a s  de te rmined  from lpngth-f requency data. 

Curves a r e  f i t t e d  by eye. 
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Fig .  2-6: Length-weigh t r e l a t i o n s h i p s  f o r  male and female  d o g f i s h  

from t h e  S t r a i t  o f  Georgia .  F o r  females  two c u r v e s  a r e  p r e s e n t e d  

above t h e  50% s e x u a l  m a t u r i t y  l e n g t h  o f  93.5 cm (Ketchen 1972). 

The lower one ( A )  r e p r e s e n t i n g  a n i m a l s  wi th  no e g g s  o r  pups, and 

t h e  upper one (B) w i t h  f u l l  te rm pups and r i p e  e g g s .  A t  any one 

t ime t h e  weight  o f  a ma ture  female shou ld  l i e  on o r  between t h e s e  

two curves .  W = weight  i n  grams, L = l e n g t h  i n  .mm. 
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s k e l e t o n  i s c a r t i l a g e .  C a l c j f i e d  v e r t e b r a e  are t n e  o n l y  i u r d  t i s s u e  

components  c o n s i s t e n t l y  p r e s e n t .  I sh iyama  ( l 9 5 l ) ,  L i a b e r  ( 1960) and 

B e r r y  ( 1 9 6 5 )  n o t e d  c i r c u l i  i n  v e r t e b r a l  c r o s s - s e c t i o n s  o f  s k a t e s ,  as 

d i d  H a s k e l l  ( l 9 4 9 ) ,  Aasen ( l 9 6 3 ) ,  and S t e v e n s  (1975)  f o r  s e v e r a l  

s p e c i e s  o f  s h a r k s .  However, I d i d  n o t  o b s e r v e  v e r t e b r a l  c i r c u l i  i n  

s p i n y  d o g f i s h ,  which  is c o n s i s t e n t  w i t h  t h e  o b s e r v a t i o n  o f  

Kaganovskaia (1933 ,  1937)  f o r  t h ~ s  p a r t i c u l a r  s p e s i e s .  S i n c e  growth  

o f  t h e  e lasmobranch s k e l e t o n  i s  a one-way p r o c e s s  o f  d e p o s i  t ~ o n  

( S i m k i s s  1 9 7 4 ) ,  and no i n t e r n a l  r e m o d e l l i n g  o r  r e s o r p t i o n  o f  t h ~ s  

s t m e  o f  m i n e r a l s  a w a r e n t l y  o c c u r s ,  any s e a s o n a l  o r  a n n u s l  v a r i a t i o n  

i n  d e p o s i t i o n  m i g h t  be d e t e c t a b l e  by X-ray s p e c t r o m e t r y  and  p r o v i d e  a 

measure  o f  a g e .  

I n  t h i s  s t u d y ,  c y c l i c  p a t t e r n s  o f  c a l c i u m  and phosporus  

c o n c e n t r a t i o n s  i n  v e r t e b r a e  o f  S q u a l u s  a c a n t n i a s  were ovgerved 

( F i g . 2 - 3 )  which s u g g e s t e d  s e a s o n a l  cnangzs  i n  rates o f  deposition 

Some c o n f i r m a t i o n  o f  t h i s  p o s t u l a t e  was o b t a i n e d  by c o a p a r l s o n  of a g e s  

o f  y o m g  d o g f i s h  e s t i m a t e d  from X-ray s p e c t r o m e t r y  w i t h  t h o s e  d e r l v e ~  

from l e n g t h - f r e q u e n c y  d a t a .  I n d i v i d u a l s  which l e n g t h - f r e q u e n c y  d a t a  

i n d i c a t e d  were, one  and t h r e e  y e a r s  o l d  e x h i b i t e d  s i n g l e  and t r i p l e  

p e a k s  o f  c a l c i u m  and phosphorus  i n  t h e i r  v e r t e b r a e ,  t h u s  i n d i c a t i n g  a  

y e a r l j l  p e r i o d  i n  t h e s e  c h a n g e s .  To f u r t h e r  examine t h i s  o b s e r v a t i o n ,  

t h e  t e m p o r a l  and s p a t i a l  v a r i a t i o n  o f  t h e  chosen  e l e m e n t s  i n  the 
h 

e n v i r o n m e n t ,  and  t h e  p o s s i b l e  e f f e c t  o f  c l i m a t i c  f i u c t u a t i o n s  on 

u p t a k e  were c o n s i d e r e d .  I n  B r i t i s h  Columbia c o a s t a l  w a t e r s  ?hosp.lorus 
@ 



c o n c e n t r a t i o n s  c h a r a c t e r i s t i c a l l y  exh i  b i t .  w i n t e r  maxima and summer 

minima, whi le  c a l c i u m ,  which is  r e l a t i v e l y  abundan t ,  r e n a i n s  
'@ 

p r a c t i c a l l y  c o n s t a n t .  Hence, phosphorus a p p e a r s  t o  have a  y e a r l y  

p e r i o d .  S i n c e  t h e  2Va-y s p e c t r o m e t r i c  p a t t e r n s  o f  ca lc ium ano 

p h o s p h o r ~ * ( ~ i g . 2 - 3 )  a r e  s i m i l a r ,  p o s s i b l y  b e c a m e  phosphorus may have 
I.2 

some d i r e c t  b e a r i n g  on t h e  u p t a k e  of ca lc ium (Love l97O),  t h e  r e g u l a r  

changes i n  c a l c i u m  a l s o  a p p e a r  t o  De a n n u a l ,  s u g g e s t i n g  t h a t  age  may 

be e s t i m a t e d  by c o u n t i n g  t h e  peaks .  

The widths  o f  peaks  ( e x p r e s s e d  a s  d i s t a n c e  between a d j a c e n t  

minima) a l s o  v a r i e d .  S i n c e  d o g f i s h  a r e  po ik i lo the rmous  t h e s e  

d i f f e r e n c e s  cou ld  r e f l e c t  s e a s o n a l  t empera tu re  changes  d u r i n g  the main 

p e r i o d s  o f  growth.  To examine t h i s  h y p o t h e s i s ,  d a t e s  were a s s i g n e d  to 

e a c h  peak by e q u a t i n g  t h e  p e r i p h e r a l  one a s  t h e  l a s t  complete  y e a r  o f  

growth,  a n d ' a s s i g n i n g  y e a r s  t o  e a c h  previous  peak.  Though t h e  d e p t h s  

d o g f i s h  i n k b i t  a r e  p o o r l y  known, when peak wid ths  a r e  compared 

(Fig .2-7)  w i t h  mean annua l  s u r f a c e  wa te r  t empera tu re  a t  Depar tu re  Bay, 

B .  C . ,  t h e  a r e a  wi th  . r e c o r d s  c l o s e s t  t o  t h a t  from which t h e  d o g f i s h  

were t a k e n ,  a  s i g n i f i c a n t  c o r r e l a t i o n  was found ( r  = 0.30, ? < 3.001,  

N = 18) .  In w a r m  y e a r s  such  a s  1958 and 1967 t h e  ,peak wid ths  were 

d i s t i n c t l y  wider  t h a n  i n  c o o l e r  y e a r s  (1956,  1960, and 1971 ). 

However, t h e  mean t e m p e r a t u r e  d i f f e r e n c e  among t h e s e  y e a r s  J s l e s s  

t h a n  2 C .  S i n c e  t h e s e  d i f f e r e n c e s  a r e  s m a l l ,  t e m p e r a t u r e  may n o t  be 

a c t i n g  d i r e c t l y  to  a f f e c t  e l e m e n t a l  d e p o s i t i o n ,  bu t  v i a  some i n d i r e c t  

way. 



F i g .  2-7: R e l a t i o n s h i p  be tween v e r t e b r a l  e l e m e n t  peak  w i d t h  ( d i s t a n c e  

between a d j a c e n t  minima) a s  d e t e r m i n e d  by X-ray s p e c t r o m e t r y  f o r  

t h e  d o g f i s h  n o t e d  i n  F ig .  2-3 and mean a n n u a l  s u r f a c e  water 

t e m p e r a t u r e  a t  D e p a r t u r e  Bay, B.C. 



10.5 11.0 11.5 12.0 12.5 
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S i n c e  t n e  s p i n y  d o g f i s h  a l s o  h a s  c i r c u l i  on I t s  d o r s a l  s p ~ n e s ,  

v a r i o u s  s t u d i e s  have  u s e d  t h e s e  as m e a s u r e s  o f  a 3 e  (Kaganovska j a  1933,  - 

1937;  Bonham e t  a 1 . 1 9 4 9 ;  Holden  a n d  Meadows 1962; Ketchen  1975) .  I'he 

l i m i t a t i  o n s  o f  s p i n e  r e a d i n g s  and t h e  t e n t a t j  ve  n a t u r e  o f  c o n c l u s j o n q  

drawn from them h a v e  been r e v i e w e d  by Ketcnen  ( 1 9 7 5 ) .  The 

r e l a t i o n s h i p  o f  l e n g t h  t o  e s t i m a t e d  a3e a s  deduceu  from X-ray 

s p e c t r o m e t r y  ( F i g .  2-41, t h o u g h  b a s e d  on  r e l a t i v e l y  few s a m p l e s ,  is 

s i m i l a r  t o  t h a t  o f  Ketchen  ( 1 9 7 5 )  d e r i v e d  from s e c o n d  d o r s a l  f i n  s p l n ~  

c i r c u l i  c o u n t s  from S t r a i t  o f  G e o r g i a  q o g f i s h .  V a l u e s  f o r  rms 

I n  t h e  von B e r t a l a n f f y  e q u a t i o n s  c a l c u l a t e d  from s p i n e  d a t a  ( T a b l e  

2-1 ) a r e  s u f f i c i e n t l y  c l o s e  t o  be w i t h i n  t h e  limits of '  e r r o r  f o r  t h e  
t' 

X-ray s p e c t r o m e t r y  method.  

The c u r v e s  d e s c r i b i n g  t h e  a g e - l e n g t h  r e l a t i o n s h i p  as d e t e r m i n e d  

from l e n g t h - f r e q u e n c y  d a t a  ( F i g .  2-41 c o r r e s p o n d  w i t h :  t h e  .X-ray ' 

s p e c t r o m e t r y  c u r v e s  f o r  o n l y  the flrst  18 and 11 y e a r s  f o r  males a n d  

f e m a l e s  r e s p e c t i v e l y .  These  d i f f e r e n c e s  may r e s u l t  from t h e  

d i f f ~ i c u l t y  o f  distinguishing f r e q u e n c y  peaks  I n  l w g e r  f l s h ,  t h s  

l e a d i n g  t o  a n  u n d e r e s t i m a t e  o f  a g e  and  c o q e q u e n t l y  a  n i g h e r  e s t l m a t e  

o f  growth  r a t e .  I n  a d d i t i o n ,  rough ly ' 25% o f  my l e n g t h - f r e q u e n c y  d a t a  

came fmm t h e  s o u t h w e s t  c o a s t  o f  Vancouver I s l a n d ,  which c o u l d  have  
Q 

r e s l l  t e d  i n  i n c o r p o r a t i o n  o F d a t a  from d o g f i s h  iri  t h  d i f f e r e n t  growrh 

r a t e s .  I n  T a b l e  2-2 g rowth  r a t e s  f o r  f e m a l e  d o s f i s h  d e r i v e d  f rom 
t 

l e n g t h - f r e q u e n c y  a n a l y s e s  and  r e p r o d u c t i v e  da t a  a r e '  compared w l t n  



rates c a l c u l a t e d  from von B e r t a l a n f f y  e q u a t i o n s  d e r i v e d  from d a t a  

b a s e d  o n  o t h e r  a g e i n g  methods .  Though t h 2  r a t e s  d e r i v e d  from 

l e n g t h - f r e q u e n c y  d a t a  i n  t h i s  s t u d y  were h i g h e r  t h a n  t h o s e  o f  X-ra] 

s p e c t r o m e t r y ,  t h e y  were s imjlar  t o  t h o s e  o f  Boniiam e t  a1. ( 1949).  

However, t h e i r  s p i n e  c i r c u l i  c o u n t  method may a l s o  h a v e  produced an 

u n d e r e s t i m a t e  o f  a g e  and a r e s u l t a n t  o v e r e s t i m a t e  o f  g r o u t h  r aLe  s i n c e  

t h e y  d i d  n o t  compensa te  f o r  p o s s i b l e  mis s ing  c i r c u l i  from worn s p i n ?  

t i p s  (as was done  i n  Ketchen 79751, and had f ewer  d a t a  f rom l a r g e r  

a n i m a l s  as' s p i n e s  wh ich  were d i f f i c u l t  t o  r ead  were  r e j e c t e d .  Grod th  

rates d e r i v e d  from von B e r t a l a n f f y  e q u a t i o n s  f o r  t h e  X-ray 

s p e c t r o m e t r y  d a t a  and  t h e  s p i n e  d a t a  o f  Ketchen (1975)  d i f f e r  most  

s i g n i f i c a n t l y  a t  s u a l l e r  s i z e s ,  and  can  be  accoun ted  f o r  by  t h e  . 
V 

g r e a t e r  d e p a r t u r e  o f  Ketchen ' s  c a l c u l a t e d  l e n g t h  a t  b i r t h  ( T a b l e  2-3) 

from t&e obse rved  mean s i z e .  H i s  l e n g t h - f r e q u e n c y  d a t a  and 

r e p m d u c t i v e  d a t a  g rowth  r a t e s  compare f a v o u r a b l y  w i t h  t h o s e  d e r i v e d  

f rom X-ray s p e c t r o m e t r y .  

The v a l u e s  f o r  von B e r t a l a n f f y  e q u a t i o n  t e r m s  f o r  t h e  c u r v e s  

p r e s e n t e d  i n  F i g .  2-4 r e -emphas i ze  . t he  d i f f e r e n c e s  among t h e  var; ous  

a g e  d e t e r m i n a t i o n  met.hods . T h e s e .  r e s u l t s  from t h e  S t r a i t  o f  Georgj  a  

a r e  compared ( T a b l e  2-1)  w i t h  r e s u l t s  from Hecate  s t r a i t ,  a l l  B r i t i s n  - 

Columbia w a t e r s  (Ketchen 1975)  ; and t h e  Washington c o a s t  (Bonhan e t  

a l .  134 9). M i  t h  t h e  e x c e p t i o n  o f  v a l u e s  from l e n g t h - f r e q u e n c y  d a t a ,  

t h e  v a l u e s  f o r  most  a r e a s  a r e  s i m i l a r .  The e x t r e m e  v a l u e s  f o r  a a l z s  

a r e  &, and R f o r  Hecate  S t r a i t .  However, as  Ketchen ( 1 3 7 5 )  poinLs 



o u t ,  t h e  l a r g e s t  male i n  h i s  sample was 89 cm, a1 thouin I hade 

recorded Hecate S t r a i t  males up t o  98 cm. I f  Lm,, was ~ n c r z a s e d  

accord ingly  a corresponding decrease  i n  K would r e s u l t ,  p l ac ing  i t  

c l o s e  t o  values f o r  o t h e r  a r e a s .  For fernales the  most a b e r r a n t  da t a  
I 

a r e  t h e  Hecate S t r a i t  e s t i m a t e  for  to , t h e  B r i  t i s n  Col umbla 

e s t ima te  f o r  K ,  and t h e  est'imate or' L,= f o r  the Masninyton c o a s t .  

I d e a l l y ,  the term to should r e f l e c t  the  period o f  g e s t a t i o n ,  . ~ h i c h  
% 

i n  t h e  ca se  of dogf i sh  i s  1.9 y r  (Chapter 3 ) .  9 0 i i e ~ e r .  all to terins 

i n  Taole 2-1 have negat ive  va lues  which a r e  longer  than the  g e s t a t ~ o n  

per iod .  The von Ber t a l an f fy  equat ion assumes tnat growth fol lows a 
d -* 

uniform p a t t e r n  from concept ion t o  dea th ,  an un l ike ly  s i t u d t i o n .  A 

l a r g e  negat ive value f o r  to, such a s  found f o r  Hecate S t r a i t  ' 

females ,  thus  i n d i c a t e s  a  poorer  f i t  o f  the von Ber t a l an f fy  curve  

du r ing  t h e  e a r l y  p a r t  o f  l i f e .  In  t h e  B r i t i s h  Columbia com?osite 

d a t a ,  K i s  near ly  one-third l a r g e r  than t h a t  of the  o.ther curves.  

-9 .. This term i s  derived from Ketchen's (1975) length-frequency an; 

reproduct ive  d a t a  (Table 2-21, and the  length-frequency da ta  of Bonaam 

, e t  a1. ( l ? & g ) ,  a  t o t a l  of on ly  s i x  poln ts .  Consiaerlng t h e  prooaole 

or=-es t imat ion  of growth r a t e  from length-frequency d a t a ,  sucn a 

h i g k r  K value would be expected.  S imi l a r ly ,  L,,, f o r  f ? n a l i s  on 

the  Washington coas t  i s  cons iderably  l a r g e r  than tne o tne r  e j t ~ n a t e s ,  

c l o s e l y  approximating the  160 cm length ind lca t ea  f o r  the l a r g e s t  

female caught i n  ad j acen t  B r i t i s h  Coluubia waters (Cleaens a ~ l a  U ~ l b y  

1961 ). However, my da ta  and those from the  P a c i f i c  B ~ o l o g i c d l  S t a t i o : ~  

f o r  B r i t i s h  Columbia waters i n d i c a t e  maximum l engths  of  130 c s  and 133 



cm f o r  f e m a l e s  and  m a l e s  r e s p e c t j  v e l y .  , These  f i g u r e s  are more i n  

k e e p i n g  w i t h  v a l u e s  p r e d i c t e d  from t h e  von B e r t a l a n f f y  ' e q u a t  A o n s .  
1 

Holden (1973)  n o t e d  a f a i r l y  c o n s t a n t  r e l a t i o n s h i p '  o f  l e n g t h  a t  

505 s e x l a l .  ma tu r i . t y  ( l m )  t o  maximum l e n g t h  ( h a , )  bo th  w i t h i n  a 

s p e c i e s  and  i n  e l a smobranchs  g e n e r a l l y .  For S. a c a n t h j a s  l e m a l e s  - 
- f rom t h e  n o r t h e a s t e r n  A t l a n t i c  t h i s  r a t j o  was 0 . 7 6 ,  meaning  thst t h e  

a v e r a g e  f ema le  ma tu red  a t  76% o f  h e r  u l t l m a t e  maximun l e n g t n .  For 

S t r a i t  o f  Georg ia  f e a a l e s ,  u s i n g  9 3 . 5  cm (Ketcnen 1972)  f o r  1, and 

128.1 cm f o r  L,, a s  c a l c u l a t e d  from X-ray s p e c t r o m e t r y  data,  t h e  

r a t i o  i s  0.73.  On t h e  o t h e r  hand,  t h e  r a t i o  f o r  t h e  Washington  c o a s t  

f e m a l e s  i s  0 .61 ,  which e x c e e d s  t h e  95% c o n f i d e n c e  limits (0 .64 -0 .90 )  

for .  a l l  20 e l a smobranch  s p e c i e s  l i s t e d  (Holden 19731,  f u r t h e r  

s u g g e s t i n g  that t h e  Washington  L,, i s  t o o  h i g h .  C o n s i d e r i n g  t h a t  

a l l  Ketchen ' s  ( 1 9 7 5 )  a n a l y s e s  o f  f e m a l e  growth  s u p g o r t  h i s  S t r a i t  o f  

Georg ia  data:  o v e  t h a t  o f  BoniLam e t  a1 .  (19491,  j t  a p p e a r s  q u e s t i o n 3 t l e  

t h a t  t h e  W a s n i n g b n  d a t a  s h o u l d  be j n c l u d e d  i n  h i s  c o m p o s i t e  Z q u a t l o n s  

f o r  B r i t i s h  Coluinbia w a t e r s .  The v a l i d i t y  o f  tlle B r i t i s n  C o l u b ~ s  

c o n p o s i t e  e q u a t i o n s  t h e r e f o r e  seem d o u b t f u l  s i n c e  t n e  d a t a , o f '  Bonnam 
i 

e t  a l .  ( 1  949) a r e  i n c l u d e d .  I s u g g e s t  t h a t  von B e r t a l a n f f y  q u a t ~ o n u  
, 

c a l c u h  t ed from a g e - l e n g t h  d a t a  d e t e r m i n e d  by X - r a j  s p e c  t r o m a t r y  a n J  

 etche en's ( 1975) s p i n e  d a t a ,  whicn have  v a l u e s  o f  K = 0.073, L,,3, = 

9 7 . 3  cm, and to = -4.5 y r  f o r  m a l e s ,  and K = 0 .035 ,  L,, = 123 .5  

ern, and to = -6 .9  y r .  f o r  f e m a l e s ,  b e t t e r  d e s c r i b e  d o g f i s h  growth  in 

t h e  S t r a i t  o f  Georgj  a .  

. 



The Q g f i s h  g rowth  d a t a  d e r i  ved from von B e r t a l a n f f  y* e q u a t  o n s  

p e r m i t s  a  compar i son  o f  t h e  e s t i m a t e d  l e n g t h  a t  b i r t h  a n d  t h e  r a t e  o f  

_ growth  d u r i n g  t h e  f i r s t  y e a r  ( T a b l e  2-3) .  I n  g e n e r a l ,  p r e d i c t e d  

L- 

l e n g t h  a t  b i r t h  was h i g n e r  t h a n  t h e  26.2 cm f o r  m a l e s  a n d  25.4 x 

o b s e r v e d  f o r  f e m a l e s ,  i n d i c a t i n g  a p o o r e r  f i t  o f  the von B e r t a l a n f f y  

e q u a t i o n s  i n  t h i s  s i z e  r a n g e .  The X-ray s p e c t r o m e t r y  d a t a  f o r  males 

i n d i c a t e d  5 cm g rowth  d u r i n g  t h e  f i r s t  y e a r ,  a r e l a t i v e  increase i n  

l e n g t h  o f  20%. Leng th - f r equency  d a t a  (Fjg.2-5) also i n d i c a t e d  a 5 cm 

growth  d u r i n g  t h e  f i r s t  y e a r  f o r  b o t h  s e x e s  and  a d e c r e a s e  t o  2-3 

c d y r  by t h e  f i f t h  y e a r  o f  l i f e .  Young d o g f i s h  k e p t  j n  c a p t i v i t y  g rew 

n e a r l y  7 . 5  cm i n  t h e i r  f i r s t  y e a r  ( a  r e l a t j v e  i n c r e a s e  o f  3O3), t h u s  

i n d i c a t i n g  a  c a p a b i l i t y  f o r  growth  n o t  e x p r e s s e d  i n  n a t u r e .  

S i n c e  c h a n g e  i n  l e n g t h  o f  a n y  one  d o q f i s h  i s  u s u a l l y  less  
801 

v a r i a b l e  t h a n  we igh t  a s  a  measu re  o f  growth  i n  r e l a t i o n  t o  a g e ,  i t  n a s  

been  u s e d  i n  t h i s  a n d  o t h e r  s t u d i e s .  However, as most  o t h e r  s t u d i e s  

were  r e s t r i c t e d  i n  t h e  s i z e  r a n g e s  s a a p l e d ,  my worK was d e s i g n e d  t o  

p r o v i d e  &re a c c u r a t e  d a t a  o n  g r o w t h  i n  we igh t  a 3  a f u n c t i o n  o f  

l e n g t h .  F o r  this p u r p o s e ,  l e n g t h - w e i g h t  c u r v e s  have  been d e r i v e d  

( F i g .  2-6) .  Dogf ish  f e m a l e s  n o t  o n l y  grew l o n g e r  and  h e a v ~ e r  t h a n  

mqdes,  b u t  also were  h e a v i e r  p e r  unit l e n g t h ,  an  o b s e r v a t i o n  

p r e v i o u s l y  r e p o r t e d  by P u g s l e y  ( 1940 j and Bonham e t  a1. ( 1949 f o r  

d o g f i s h  from t h e  u e s t  c o a s t  o f  Nor th  America,  a n d  Templeman 

Kohler  e t  a l .  ( 1  369)  f o r  e a s t  c o a s t  d o g f l s h .  I n  g e n e r a l ,  



l i t t l e  d i f f e r e n c e  be tween  t h e  l e n g t h - w e i g h t  r e l a t i o n s h ~ p s  d e r i v e d  f o r  

t h e  S t r a i t  o f  G e o r g i a  d o g f i s h  ( T a b l e  2-4) ,  and t h o s e  f o r  o t h e r  r e g i o n s  

( above  p l u s  Razum 1952 and  J e n s e n  1966) e x c e p t  f o r  P u q s l e y  (1940) 
,- 

whose l i m i t e d  numbers a n d  r e s t r i c t e d  s i ze  r a n g e  have b i a s e d  his 

a n a l y s i s .  Al though m r t h  A t l a n t i c  d o g f i s h  grow more r a p i d l y  (Ho lden  
I 

a n d  Meadows 19621, t h e i r  l e n g t h - w e i g h t  r e l a t i o n s h j p s  a r e  s i m i l a r  t o  

t h o s e  o f  d o g f i s h  i n  t h e  n o r t h e a s t e r n  P a c i f i c .  

T h i s  s t u d y  i n d i c a t e s  t h a t  t n e  X-ray s p e c t r o m e t r y  t e c h n i q u e  may 

p r o v i d e  a  measure  o f  a g e  which  c a n  b e  u s e d  t o  e s t i m a t e  g r o w t h  rates.  

However, t h e  e x t e n t  o f  i t s  u s e  o b v i o u s l y  r e l a t e s  t o  t h e  t i m a  and  lnoney 

a v a i l a b l e ,  s i n c e  i t  i s  a  t i m e  m n s u m i n g  p r o c e d u r e .    or e x a m p l e ,  a t  

t h e  100-second a n a l y s i s  r a t e  i t  ' t a k e s  a p p r o x i m a t e l y  o n e  h o u r  t o  s c a n  

t h e  v e r t e b r a  o f  a  o n e - y e a r  o l d  a n f ? n a l ,  and  s i x  h o u r 3  f o r  a  30-year  

o l d .  However, i t  i s  p o s s i b l e  t n a t  t h e  a n a l y s i s  ra te  c o u l d  be improved 

by u s i n g  a  c o n t i n u o u s  sarn? le-s tage  m v e s e n t  i n  c o n j m c t i o n  w i t h  an - 

a u t o m a t i c  a n a l y s e r  r e l a y  t o  a  c o m p u t e r - p l o t t e r .  T h i s  would r e d u c e  t h e  

t i m e  r e q u i r e d  'and m l n i a i z e  human e r r o r .  A s y s t e m  p o s s i b l y  a d a p t a b l e  

t o  t h i s  u s e  h a s  been  o u t l i n e d  by DEto ( 1374 ) .  Though a g e  d e t e r m i n a t i o n  

by X-ray s p e c t r o m e t r y - h a s  b e e n  a p p l i e d  t o  s p i n y  d o g f i s h  i n  this' s t i l d y ,  

i t  migh t  b e  a p p l i c a b l e  t o  o t h e r  f l s n  s p e c i e s  where no  a l t e r n a t i v e  is  

more s u i t a b l e .  T h e o r e t i c a l l y ,  i t  m j s h t  be used  f o r  d e t e r m i n i n g  th;. 

a g e  o f  a n y  o r g a n i s m  p o s s e s s i n g  a  h a r d  t i s s u e '  wnicn h a s  been  s u b j e c  Led 

t o  e n v i r o n m e n t a l  changes  d u r i n g  i t s  g r o w t h ,  p r o v i d e d  t h e  p e r i o d i c i t y  

i s  known. 



Chapte r  3 

REFRODUCTION AND EMBRYONIC DEVELOPIGNT 



Tne d o g f i s h  s h a r k  is .an o v o v i v i p a r o u s  f i s h  h a v i n g  a g e s t a t i o n  

p e r i o d  o f  a l m o s t  two y e a r s  and p r o d u c i n g  o n l y  h a l f  a dozen  progeny p e r  

pregnancy.  These r e p r o d u c t i v e  c n a r a c t e r  i s t i c s  make it p a r t i c u l a r l y  

v u l n e r a b l e  t o  an i n t e n s i v e  f i s h e r y  s u c h  as o c c u r r e d  i n  B r i t i s h  

Columbia w a t e r s  d u r i n g  World War 11. I n  t h i s  case a d r a h t i c  s t o c k  

r e d u c t i o n  ensued ( B a r r a c l o u g h  1948 1, i l l u s t r a t i n g  t h e  need f o r  

s u i t a b l e  r e p r o d u c t i v e  d a t a  on which  t o  base  management d e c i s i o n s  

s n o u l d  a  s i g n i f i c a n t  f i s h e r y  f o r  t h i s  s p e c i e s  be r e - e s t a b l i s h e d .  

Subsequen t  s t u d i e s  c l a r i f i e d  many f e a t u r e s  o f  r e p r o d u c t i o n  (Bonham e t  

a l .  1949,  Ketchen 19721,  but  d a t a  on s i z e  d i s t r i b u t i o n  a t  m a t u r i t y ,  

t i m i n g  o f  ma t ing  and  b r e e d i n g ,  and embryon ic  deve1opment.wer-e st i l l  

meagre. T h i s  s t u d y  was d i r e c t e d  t o  f i l l i n g  t h e s e  v o i d s  f o r  S t r a i t  o f  

G e o r g i a  d o g f i s h .  

' From August ,  1973 t o  J u n e ,  1 9 7 4 ,  a p p r o x i m a t e l y  50 male and  50 

.female d o g f i s h  p e r  m n t h  o f  l e n g t h  65 t o  123 cm were sa p l e d  from B 
commercia l  t r o l l  c a t c n e s  from t n e  Gulf I s l a n d s  a r e a  o f  t h e  S t r a i t  o f  

G e o r g i a ,  B . C . ,  f o r  r e p r o d u c t i v e  a n a l y s e s .  T h i s  a r e a  i s  well known f o r  

i,ts abunaance  o f  l a r g e  d o g f i s h  which a r e  h e r e  assumed t o  be 

. r - e p r e ~ e n t a t i v e  o f  t n e  s i z e  r a n g e  o f  m a t u r e s  i n  t h e  S t r a i t .  



To de te rmine  s t a t e  o f  m t u r i t y  and  gametogenic t i m i n g  f o r  males, 

t e s t e s  uem i n i t i a l l y  p r e s e r v e d  i n  10% f o r m a l i n  and t r a n s f e r r e d  t o  

Bouin 's s o l u t i o n  p r i o r  t o  s e c t i o n i n g  and  s t a i n i n g  wi th  hematoxy l in  and 

e o s i n .  For  e a c h  m n t h  t h e  man p r o p o r t i o n s  of  ampul lae  c o n t a i n i n g  

e a c h  spe rmatogen ic  s t a g e ,  a s  d e f i n e d  and i l l u s t r a t e d  f o r  n o r t h e a s t e r n  

A t l a n t i c  d o g f i s n  by Simpson and d a r d l e  (1967) ,  were determined.  These 

. s t a g e s  a r e :  

( A )  S p e r m  t o c y t e s  

( B )  Spermat ids  

(C) S ~ e r m a t i d  ne t amorphos i s  

(Dl Sperm i n  p a r a l l e l  b u n d l e s ;  no S e r t o l i  bod ies  

(E) Ripe sperm i n  c a n i c a l  b u n d l e s ;  S e r t o l i  b o d i e s  p r e s e n t  

(F) Evacuated ampul lae .  

The c o u n t s  involved d e t e r m i n i n g  t h e  number of  ampul lae  c o n t a i n i n g  e a c h  

s t a g e  on a  s t r a i g h t  l i n e  b i s . e c t i n g  t n e  t e s t e s  j o i n i n g  t h e  germ r i d g e  

and t n e  reg ion  o f  e f f e r e n t  d u c t u l e s .  Nature males were d e f i n e d  a s  

tnose  p o s s e s s i n g  any number of evacua ted  ampul lae .  

Mature females  were c a t e g o r i z e d  i n  t h r e e  pregnancy s t a g e s  a s  

h a v i n g  e i t h e r :  ( a )  Large o v a r i a n  eggs  and f l a c c i d  u t e r i  (between 

p - e g n a n c i e s ) ,  ( b )  "Candlesn  ( g e l a t i n o u s  a t e r i n e  c a p s u l e s )  c o n t a i n i n g  

e m r y o s  i n  e a r l y  s t a g e s  o f  development ,  o r  ( c )  Embryos f r e e  i n  u t e r i  

a t  l a t e r  s t a g e s  o f  d e v e i o p ~ n t .  



- .  
Leng th - f r equency  d a t a  n e c e s s a r y  f o r  d e t e r m i n i n g  modal l e n g t h '  o f  

ma tu re  d o g f i s h  were o b t a i n e d  from 8900 males and 6200 females whose 

l e n g t h s  were a t  o r  g r e a t e r  t h a n  t h e  mode among a l l  s a m p l e s  o f  e a c h  

s e x .  The modes, 84  cm f o r  males and 94 t o  96 cm f o r  f e m a l e s ,  r e s u l t  

from a v a i l a b i l i t y  o f  f i s h  t o  g e a r  and  g e a r  s e l e c t i v i t y  when f i s h i n g  

f o r  ma tu re  s i z e s .  Though t h e s e  d a t a  were c o l l e c t e d  w i t h  a l l  t y p e s  o f  

g e a r ,  modal l e n g t h s  f o r  e a c h  t y p e  of g e a r  f e l l  w i t h i n  8 3  t o  84  cm and  

t h e  d i s t r i b u t i o n  o f  l e n g t h s  g r e a t e r  t h a n  t h e  modes were similar,  

t h u s  combina t ion  of  d a b  i s  n o t  coms ide red  t o  b i a s  t h e  r e s u l t s .  These  

d a t a  c o n s i s t e d  o f  my p l u s  t h o s e  c o l l e c t e d  by s t a f f  o f  t h e  P a c i f i c  

B i o l o g i c a l  S t a t i o n ,  Nana iao ,  B.C., from t h e  S t r a i t ' o f  G e o r g i a  o v e r  t h e  

p a s t  f o r t y  y e a r s ,  a l t h o u g h  p r i m a r i l y  ( > 8 0 $ )  w i t h i n  t h e  p e r i o d  

1969-1974. 

O v a r i e s  and embryos were p r e s e r y e d  i n  10% f o r m a l i n .  Mean 

d i a m e t z r s  o f  d e v e l o p i n g  e g g s  i n  t h e  o v a r i e s  were de te rmined  by 

v o l u m t r i c  c o n v e r s i o n .  &an l e n g t h  o f  embryos and volume o f  t h e i r  

e x t e r n a l  and i n t e r n a l  y o l k  s a c s  were de t e rmined  monthly .  

The monthly  v a r i a t i o n  i n  p r o p o r t i o n s  o f  ampu l l ae  c o n t a i n i n g  e a c h  

s p e r m a t o g e n i c  s t a g e  f o r  d o g f i s h  i n  - t h e  S t r a i t  o f  G e o r g i a  is  shown i n  

Pig. 3-1 ( n  = 2 7 2 ) .  Here  a n d  a f t e r ,  d a t a  a r e b t t e d  mid-monthly. The 

r a n g e  o f  m a t u r a t i o n  s i z e s ,  d e k r m i n e d  fcom h i s t o l o g i c a l  e x a m i n a t i o n  o f  

t e s t i s  deve lopmen t ,  i n d i c a t e d  t h e  s h o r t e s t  ma tu re  a t  72 cm and t h e  



b 3ig. 3-1: ,Seasonal  v a r i a t i o n  i n  p r o p o r t i o n s  o f  ampul lae  c o n t a i n i n g  

e a c h  spe rmatogen ic  s t a g e  i n  t h e  t e s t e s  o f  s p h y  d o g f i s h  i n  t h e  

S t r a i t  o f  Georgia  o v e r  a 2 y r  p e r i o d .  A = s p e r m a t o c y t e s ,  a = 

s p e r m a t i d s ,  C = s p e r m a t i d  metamorphosis,  D = sperm i n  p a r a l l e l  

bundles  wi th  no S e r t o l i  b o d i e s ,  E = r i p e  sperm i n  c o n i c a l  bundles  

with S e r t o l i  b o d i e s  p r e s e n t ,  and F = e v a c u l a t e d  ampul lae .  Dashed 

l i n e s  j o i n  peak f r e q u e n c i e s .  
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l o n g e s t  immature  a t  9 3  cm. T h e  c u m m u l a t i v e  p r o p o r t i o n s  m a t u r e  as a 

f u n c t i o n  of  l e n g t h  were p l o t t e d  t o  d e r i v e  t h e  l e n g t h  a t  w h i c h  50% o f  

m a l e  d o g f i s h  r e a c h  m a t u r i t y  a n d  shown i n  F ig .3 -2  i n  c o m p a r i s o n  t o  t h e  

r e l a t i o n  b e t w e e n  l e n g t h  a n d  p e r c e n t a g e  m a t u r i t y  o f  f e m a l e s  i n  B r i t i s h  

C o l u m b i a  waters ( K e t c h e n  1972). 

To e s t i m a t e  m d a l  l e n g t h s  o f  m a t u r e  d o g f i s h ,  i t  is  n e c e s s a r y  t o  

d e r i v e  a f e m a l e  s u r v i v o r s h i p  c u r v e .  The o r i g i n  f o r  t h i s  c u r v e  m u s t  be  
' 

-* 
c a l c u l a t e d  f r o m  t h e  number o f  e m b r y o s  p r o d u c e d  oy t h e  f e m a l e  b r e e d i n g  

s t o c k .  T h u s ,  t h e  s u r v i v o r s h i p  c u r v e  ( F i g . 3 - 3 )  m u s t  b e  c o n s t r u c t e d  t o  

d e t e r m i n e  t n e  number o f  f e m a l e  e m b r y o s  r e q u i r e d  t o  p r o d u c e  o n e  

b r e e d i n g  f e m a l e  a t  t h e  uncial l e n g t n  o f  - m a t u r e  females. C u r v e  A is 

f i r s t  f i t t e d  ~y  e y e  t o  l e n g t h - f r e q u e n c y  d a t a  f o r  l e n g t h s  a t  o r  greater 

than t h e  f r e q u e n c y  mode r e i u l t i n g  f r o m  a v a i l a b i l i t y  t o  g e a r  a n b  gear 

s e l e c t i o n ,  a s  t n e s e  d a t a  a r e  a s s u m e d  t o  r e f l e c t  t h e  e f f e c t s  o f  n a t u r a l  

m o r t a l i t y  o n  n u m b e r s  o f  d o g f i s h  w i t h  i n c r e a s i n g  age. T h i s  c u r v e  is 

. e x t e n d e d  l i n e a r l y  ( d a s h e d  l i n e )  f r o m  t h e  f r e q u e n c y  mode t o  a n  

a r b i t r a r y  number o f  p r o g e n y  a t  t h e  l e n g t h  a t  b i r t h .  The r e l a t i v e  

n u m b e r s  at  b i r t h  ( l o )  a r e  t h e n  d e t e r m i n e $  by an i t e r a t i v e  method  o f  

b a l a n c i n g  numbers  o f  embryos  p r o d u c e d  Dy a b r e e d i n g  s t o c k  ( Cl,mx) 
1 

a n d  t n e  nurnber 'o f  b r e e d i n g  females ( E k x )  u s i n g  t h e  f o r m u l a :  



Fig .  3-2: Cummulative p e r c e n t a g e  o f  mature male d o g f i s h  i n  t h e  S t r a i t  

of Georgia  a s  a f u n c t i o n  o f  l e n g t h  i n  comparison t o  t h e  r e l a t i o n  

between l e n g t h  and pe rcen tage  m a t u r i t y  of female  d o g f i s h  i n  

B r i t i s h  Columbia water>s (Ketchen 1972).  The s i z e s  a t  which 50% 

a r e  mature ,  a s  i n d i c a t e d  by p r e s e n c e  of evacua ted  ampul lae  and 

embryos o r  m a t i r e  o v a ,  a r e  shown. 





Fig. 3-3: C a l c u l a t e d  l e n g t h - f r e q u e n c y  d i s t r i b u t i o n  o f  mature  female  

d o g f i s h  i n  B r i t i s h  Columbia waters t o  i n d i c a t e  modal l e n g t h .  

Curve A is f i t t e d  by eye  t o  l eng th - f requency  d a t a  (0,); t h e  dash-ed 

p o r t i o n  i s  p a r t .  o f  an assumed s u r v i v o r s h i p  c u r v e .  Curve B is  

d e r i v e d  from t h e  a p p l i c a t i o n  o f  Ketchen's  (1972)  data on m a t u r i t y  

a s  a f u n c t i o n  o f  l e n g t n  (Fig.3-2) t o  curve A. Curve C,  t h e  number 

o f  embryos p e r  female a s  a f u n c t i o n  o f  l e n g t h  ( ~ k t c h e n  1 '972),  is  

used t o  c a l c u l a t e  t h e  o r i g i n  of  t h e  s u r v i v o r s h i p  c u r v e .  Age a x i s  

a t  t o p  o f  f i g u r e  is c a l c u l a t e d  from von B e r t a l a n f f y  growth 

e q u a t i o n s  in c h a p t e r  2.  The shaded a r e a  r e p r e s e n t s  presumed 

immature dogf Fah n u b e r s .  
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f o r  t h e  a p p r o p r i a t e  v a l u e  o f  lo s u c h  t h a t  k  ( a t  modal l e n g t h  o f  
\ 

m a t u r e  f e m a l e s )  = 1 . O O  ( T a b l e  3-1 ). In t h i s  e q u a t i o n ,  t h e  terms are 

d e r i v e d  as a  f u n c t i o n  of  l e n g t h  and d e f i n e d  as f o l l o w s :  

( 1 )  x  - a g e  c lass  [as  d e t e r m i n e d  from von B e r t a l a n f f y  g r o w t h  
I 

e q u a t i o n s  in. c h a p t e r  2  1 .  

( 2 )  1, - number o f  f e m a l e s  s u r v i v i n g  t o  b e g i n n i n g  o f  age c l a s s  

[Curve A i n  F i g .  3-3; 1, = n u n b e r  a t  b i r t h ] .  

( 3 )  ax - number o f  f e m a l e  embryos p e r  f ema le  p e r  y e a r  

i 0 . 5 ( 5 0 : 5 0  s e x  r a t i o )  0 . 5 ( 2  y r  g e s t a t i o n )  jx f,].  

( 4 )  kx number o f  f e m a l e s  b r e e d i n g  p e r  y e a r  [Curve B i n  F ig .3-3  

= 2 k x ;  0 . 5 ( 2  y r  g e s t a t i o n )  jx l,]. 

a n d -  i n  t h e s e ,  

1 

( 5 )  J x  - p e r c e n t a g e  d i s t r i b u t i o n  o f  ma tu re  f e m a l e s  LFQ.3-2 

(Ketchen  1 9 7 2 ) l .  

( 6 )  f x  - number o f  embryos p e r  b r e e d i n g  f e m a l e  [Curve  C i n  

Fig.Fc-3 (Ketchen  1 9 7 2 ) l .  

F r m  t e rm 4 ,  1, = 2 k X / j x .  T h e r e f o r e ,  a t  k(mode) = 1 . 0 0 ,  

; ( n o d e l  = O + a d ,  and l h o d e )  = 2 . 2 7 .  By i t e r a t i o n  tne a p p r o p r i a t e  lo 

= 3 . 5 7  emDryos a s  , n d ~ c a t e a  i n  Tab le  3-1, a  l i f e  t a b l e  f o r  female 

a o g f i s h  i n  B r i t i s n  Coiuajcla w a t e r s .  T i e  modal l e n g t h  f o r  ma tu re  

f e m i e s  ?an oe obse rved  ::at 100 cm i n  FLg.3-3. d i t h  a>0:50 s e x  r a t i o  



Table El: h r m d  l i f e  table for utum f e u e  doglish in British 
Colubla wtcrs. Values derived through age-length fmotioa of 
Chapter 2 .  T e r m  def ined I n  t e x t .  x mde. 



"i 

a t  b i r t n ,  a similar s u r v i v o r s h i p  c y v e  f o r  males would also b e g i n  a t  

' 3 . 5 7  embryos.  Assuming t h a t  umbers o f  m a t u r e  d o g f i s h  are 

similar f o r  b o t h  s e x e s ,  t h e n  modal l e n g t h  o f  m a t u r e  males (85 cm) can  

be d e t e r m i n e d  by application f d a t a  o n  t h e  d i s t r i b u t i o n  o f  n r a t u r i t y  P 
a s  a ' f u n c t i o n  o f  l e n g t h  (Fig.3-2) t o  t h e  assurned s u r v i v o r s h i p  c u r v e  

The s e a s o n a l  d i s t  r q b u t i o n  o f  p regnancy  s t a g e s  f o r  m a t u r e  f e m a l e s  
/ . . 

is  shown i n  F ig .3 -5 .  Approx ima te ly  h a l f  o f  the ma tu re  f e m a l e s  wguld 

b e  12 months o u t  o f  p n a s e  with t h i s  d i s t r i b u t i o n  s i n c e  t h e y  have  a 2 

y r  g e s t a t i o n  p e r i o d .  

The development  o f  o v a r i a n  e g g s  t o  t h e  t i m e  o f  o v u l a t i o n  is  shown 

i n  F i g .  3-68. In Fig.3-6B t h e  g r o w t h  o f  me embryo t o  p a r t u r i t i o n  is 
s 

i n d i c a t e d ,  and t n e  change  i n  v o l u m  o f  t h e  e x t e r n a l  a n d  i n t e r n a l  y o l k  

s a c s  a r e  p r e s e n t e d  i n  Fig.3-6C. - 
J- 

I ,  DISCUSSION 
./ 

\ 
-- 

// 
C e r t a i n  f e a t u r e s  o f  th$ s i z e  d i s t r i b u t i o n  o f  m a t u r e  d o g f i s h  i n  

i 
t h e  S t r a i t  o f  G e o r g i a  u e ~ ; i n  d o u b t  a t  t h e  i n i t i a t i o n  of t h i s  s t u d y .  

I I 

H i s t o l 3 g i c a l  e x a m i n a t i o d  a f  t e s t e s  i n d i c a t e d  50% of  males  t o  r e a c h  
. - ,, 

m a t u r i t y  a t  78.5 cm body l e n g t h  ( F i g . 3 - 2 ) .  I d i d  n o t  d e t e r m i n e  t h e  
- 

l e n g t n  when 50% of f e m a l e s  r e a c h  Ketchen (1972)  r e c e n t l y  

r e p o r t e d  t h i s  t o  be 93.5-'cm f o r  females t a k e n  p r i m a r i l y  f rom t h e  



F i g .  3-4: C a l c u l a t e d  l e n g t h - f r e q u e n c y  d i s t r i b u t i o n  o f  m a t u r e  male 
a s  

d o g f i s h  i n  B r i t i s h  Columbia waters t o  i n d i c a t e  modal l e n g t h .  P 

Curve A is  f i t t e d  by eye  t o  l engxh- f r equency  d a t a  (01;  , t h e  d a s h e d  
I 

p o r t i o n  is  p a r t  o f  an assumed s u r v i v o r s h i p  c u r v e .  c u r v e - 0  is ' 

d e r i v e d  f rom t h e  a p p l i c a t i o n  o f  F i g .  3-2 d a t a ' o n .  m a t u r i t y  as a 

f u n c t i o n  o f  l e n g t h  t o  c u r v e  A .  Age a x i s  a t  t o p  o f  f igure is 

c a l c u l a t e d  f rom von b e r t a l a n f f y  g rowth  e q u a t i o n s  L n . c h a p t e r  2. 

The shaded  a r e a  r e p r e s e n t s  .presumed immature d o g f i s h  numbers. 





1. - 
F i g .  3-5: Distr ibution of pregnancy stages in S t r a i t  of Georgia 

mature ferpale dogfish over the  2 y r  gestat ion period. Candles 

are  encapsulaied uterine eggs i n  the ear ly  stages of 

embryolopcal development. Females between pregnancies have 

released progeny b u t  not ye t  ovulated. 
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Fig.  3-6: Egg and  embryo growth i n  S t r a i t  of  Georgia  d o g f i s h .  ( A )  

Changes in o v a r i a n  egg d iamete r  p r i o r  t o  o v u l a t i o n ,  (B) changes 

i n  embryo l e n g t h  p r i o r  t o  p a r t u r i t i o n ,  and (C) changes in 

volume o f  yolk  during g e s t a t i o n .  
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S t r a i t  o f  Georgia  (FLg.3-2-1. Ages a t  50% m a t u r i t y  s i z e s  are 19 and 29 

y r  f o r  males and females  r e s p e c t i v e l y  ( c h a p t e r  2 ) .  These  l e n g t h  

e s t i m a t e s  a t  50% m a t u r i t y  both  exceed those  of 72 cm f o r  males and 92 

cm f o r  females  n o t e d  e a r l i e r  b y  Bonham e t  a l .  (1949) f o r  w a t e r s  o f f  

Washington S t a t e ,  U.S.A. The g r e a t e r  d i f f e r e n c e  i n  t h e  d a t a  f o r  males-  

my r e l a t e  t o  t h e  g r e a t e r  d i f f i c u l t y  i n  d e t e r m i n i n g  t h e  s t a t e  o f  

m a t u r i t y a  t h a t  i s ,  microscope exarllination o f  t e s t e s  g e c t i o n s  a s  

opposed t o  g r o s s  o b s e r v a t i o n  o f  u t e r i n e  and o v a r i a n  c o n t e n t s .  Though 

t h e  s i z e  d i f f e r e n c e s  when 50% of s t o c k  r e a c h  m a t u r i t y  may r e s u l t  from 

d i f f e r e n t , s a m p l e  s i z e s  o r  methods, t h e y  m y  also be r e f l e c t i o n s  o f  
, Y'r 

d i f f e r e n t  r a t e s  o f  m a t u r a t i o n  under t h e  d i f f e r e n t  env i ronmenta l  

c o n d i t i o n s  o f  the strait- o f  Georgia  a n d  t h d  Washington c o a s t .  " 
P 

However, ano the r  p o s s i b i l i t y  e x i s t s .  There was s6me i n d i c a t i o n  i n  t h e  

examinat ion o f  t e s t e s  t h a t  s m a l l e r  males mate e a r l i e r  than  l a r g e r  ones  

( d i s c u s s e d  l a t e r  1. Thus ,  b i a s e s  in  sampl ing time might i n f l u e n c e  

d e t e r m i n a t i o n  6f l e n g t h  when 50% a r e  mature though t h i s  is u n l i k e l y  i n  

my d e t e r m i n a t i o n s  a s  d a t a  were c o l l e c t e d  r e g u l a r l y  throughout  t h e  

y e a r .  Bonham e t  dl. ( 1949) d i d  no t  i n d i c a t e  when t h e i r  data were 

c o l l e c t e d  s o  no f u r t h e r  comparison i s  p o s s i b l e .  The modal l e n g t h  o f  

mature males (Pig.3-4) was 85 cm ach ieved  a t  25 yr age ( c h a p t e r  2 ) .  

For  mature females  (F ig .3 -3 )  t h e  modal l e n g t h  was 100 cm a t  35 y r  age. 

A g e  was determined frrom t h e  von B e r t a l a n f f y  growth e q u a t i o n s  in 

c h a p t e r  2 .  Thus, males mature 15 cm s h o r t e r  and 10 yr younger t h a n  

\ females .  Mean l e n g t h  and age  d a t a  a t  v a r i o u s  stages i n  t h e  l i f e  

n i s t o r y  o f  d o g f i s h  a r e  summarized inyTable  3-2. Though a g e s  i n  e x c e s s  , 



Table 3-2: Mean length and age a t  various s tages  in  the l i f e  his tory  

of spiny dogfish i n  the  S t r a i t  of Georgia, B.C. 
P. 

Males Fema4es 

Growth stage ~ength(cm)  Age(yrIa ~ength(cm) ~ g e  ( ~ r ) ~  

( 1 )  B i r t h  26b 0 25b 0 

( 2 )  Shortest  mature 7 2 15 76' 18 

( 3 )  501 maturity 78.5 19 93.5= 29 

( 4 )  Mature mode 85 25 10 0 35 

( 5  Longest immature 9 3 40 118' 6 3 

(6) Maximum s ize  1 0 3 ~  - 130b - 

" Calculated from von Bertalanfqy growth equations in chapter 2. 

From chapter 2.  

From Ketchen (1972) .  1 
%? 



d 
o f  40 and 6 3  yr f o r  males and female3 r e s p e c t i v e l y  are indicated, 

t h e s e  a m  e x t r a p o l a t e d  beyond t h e  36 y r  f o r  males and '  48 yr f o r  

females  a c t u a l l y  determined i n  c h a p t e r  2. However, Ketchen (1975) h a s  

determined d o g f i s h  a g e s  f o r  females  a s  h igh a s  64 y r  by a n  independen t  

method, thus  my p r o j e c t i o n s  a r e  p l a u s i b l e .  

The man number of female  embryos p e r  b r e e d i n g  female  n e c e s s a r y  

+ to produce one b reed ing  female  a t  modal l e n g t h  o f  ma tures  is e s t i m a t e d  

a s  3.57 (Table 3-11. A t  modal l e n g t n  t h e  number o f  s u r v i v o r s  is 2.27 

(Table  3-1 1, t h u s  m o r t a l i t y  from b i r t h  t o  age  35 y r  f o r  f emale  d o g f i s h  
- .? 

i s  on ly  36%. In t h e  absence o f  m r e  a c c u r a t e  data ,  I assumed t h a t  

numbers o f  mature males a t  modal l e q t h  a r e  e q u i v a l e n t  t o  those. o f  

mature females .  Thus,  males would have a  h igher  m o r t a l i t y  rate a s  it 

a c t s  o v e r  a  s h o r t e r  t ime pe r iod .  These low r a t e s  o f  m o r t a l i t y  are n o t  

unusual  f o r  a  p r e d a t o r  w i t h  few n a t u r a l  enemies. Assuming no 

i n t r a - u t e r i n e  m o r t a l i t y  and a  50:50 sex  r a t i o ,  t h e  mean number of  

young produced p e r  b r e e d i n g  female  would be 7.14. T n i s  is 

approximate ly  q d i v a l e n t  t o  t h e  mean 7.3 embryos p e r  b reed ing  female  
P---J 

observed  i n  my t o t a l  samples ,  but  somewhat g r e a t e r  than  t h e  6 .2  

embryos a t  modal l e n g t h  e s t i m a t e d  by Ketchen (1972). His e s t i m a t e  d i d  

not t a k e  i n t o  c o n s i d e r a t i o n  t h e  g r e a t e r  c o n t r i b u t i o n  made by females  

l a r g e r  than t h e  m d e .  As i n d i c a t e d  i n  Table 3-1, most embryos 

C [lpx] a r e  produced by females  from 35 t o  37 y e a r s  o f  a g e ,  r a t h e r  

t h a n  a t  modal age  o f  matures.  



. * 
9 Mating takes p$ace between October and ~ e b r u b y .  This is deduced 

from his to logical  e x a m i ~ t i o n  of t e s t e s  and occurs between the time of 

maximu 5 percentages of  r i pe  sperm (E) and evacuated ampullae i 
F F .  - 1 . Shorter  dogfish appeared t o  mate e a r l i e r  than l a rger  

Oa 

oms .  When the data wire segregated i n t o  three length groups, I 

observed maximum percentages of. r i p e  sperm i n  males (80 cm i n  

September, during October f o r  those 80 to  90 an, and i n  Novembe'r f o r  

males >90 cm (Pc.05). The time period f'rom the maximum percentages of 

spermatocytes ( A )  to  evacuated ampullae (F j  is 1.2 yr ( F i g . 3 - 1 ) .  

+Considering that  addi t ional  time i s  required to  produoe spermatogonia 

from t h e  germ ridge and spermatocytes from spermatogonia, a 

sperrnatogenic cycle of clos? t o  two years is l ikely .  However, two 
i 

simultaneous waves of d i f f e r e n t i a l  development are suggested s ince  two 

stages of spermatogenesis sep&ated by a band of degenerate t i s s u e  I . 
4 

1 appear t o  occur a t  any one t i m e .  Thus ,  i t  seems l ike ly  t h a t  males 
2 9 -  

have the capacity to  mate each year. 

For females (Fig. 3-5 1, the  appearance o f  ncandlesm be tween 

September and January s i g n i f i e s  that  maq'ng has occurred. During t h i s  

period fe r~a les  between pregnancies (partubit ion has occurred, but not 

ovulation) a r e  a l so  found; t h e i r  proportions peak i n  December. 

Ketchen (1972) has estimated' the period of mating bf female$ogfish a s  

December t o  Febrdary, a somewhat shor ter  and l a t e r  time than mine. 

Hy sampling was mre frequent, which probably accounts f o r  t h i s  

difference,  and suggests tha t  dogfish mating occurs between October r+ 

and January, and peaks i n  December. 



The mature  e g g s  are r e l e a s e d  from t h e  o v a r y  a t  a d i a m e t e r  of 4.0 

+ 0.1 cm ( a e a n ' ~  1 SD) after  ma t ing ,  f e r t i l i z e d  i n  t h e  s h e l l  - 
g l a n d ,  and e n c a p s u l a t e d .  A s m a l l  num)Per (1.1%) -o f  large o v a r i a n  e g g s  

'Q. 

are n o t  r e l e a s e d  from t h e  O*ry and  d e g e n e r a t e .  , The  fertilize^ ej& 

remain i n  c a n d l e s  f o r  a p p r o x i m a t e l y  4 months'  (50% l e v e l s ,  F ig .  3-5). $ 

Around ~ ' p r i l ,  r a t h e r  t h a n  i n  t h e  f a l l  as s u g g e s t e d  by Lucas  (1930), 

t h e  c a n d l e s  r u p t u r e  r e l e a s i n g  embryos w i t h  l a r g e  e x t e r n a l  y o l k  sacs 
4 

i n t o  t h e  u t e r i .  Embryo growth  in l e n g t h  from s h o r t l y  after o a n d l e  

break-down t o  p a r t u r i t i o n  (26 cm) is i n d i c a t e d  i n  Fig.3-6B. Dur ing  

embryonic growth  t h e  e x t e r n a l  y o l k  s a c  con ten t s '  are t o t a l l y  a b s o r b e d ,  

b u t  t h e  i n t e r n a l  y o l k  s a c  c o n t e n t s  i n c r e a s e  t o  a nraximum o f  5 o c  a t  24 

cm l e n g t h  .in September  t o  O c t o b e r ,  1.5 months p r i o r  t o  b i r t h .  F o r  

n o r t h w e s t e r n  A t l a n t i c  d o g f i s h ,  d o l f  (1963)  n o t e d  a similar me* , 

0 .  

maximum volume, b u t  a t  a n  e a r l i e r  stage o f  growth  (20 cm), f o u r  months 

p r i o r  t o  b i r t h .  However, h i s  data were baseed on v e r y  few samples ,  

none o f  which were n e a r  o r  a f t e r  t h e  p e r i o d  o f  p a r t u r i t i o n .  My &ta 

i n d i c a t e  some y o l k  s t i l l  r e m a i n s  in me i n t e r n a l  y o l k  m c  f o r  two 
r 

months af ter  p a r t u r i t i o n ,  a n d  l i k e l y  s e r v e s  a s  a s o u r c e  o f  nour i shmen t  

f o r  t h e  young d u r i n g  t h e  o n s e t  o f  f e e d i n g .  I n  t h i s  r e g a r d ,  pups  ( w i t h  

s m a l l  e x t e r n a l  yolk sacs] removed from t h e  u t e r u s  were o b s e r v e d  

f e d i n g  on small p i e c e s  o f  s a lmbn  f i n g e r l i n g s  t h e  n e x t  day. /" 
The p e r i o d  of  p a r t u r i t i o n  was i n d i c a t e d  as September  t o  J a n u a r y ,  

w i t h  a mean of  November (Fig. 3-51. T h i s  is somewhat b r o a d e r  t h a n  t h e  



October to'December range of Ketchen (19'12), and may be a reflection 
# 

,of my regular sampling program. Gestation extends' from December of 

one year t o  Novgmber two years hence (50% leve ls ) ,  a period of 23 

months, i C 



* 
Chapter  4 c 

3' FOOD AND FEEDING 



Spiny  d o g f i s h  have  l o n g  been i m p l i c a t e d  by B r i t i s h  Columbia 

f i s h e r m e n  a s  b e i n g  a m a j o r  e x p l o i t e r  o f  cormperc ia l ly  i m p o r t a n t  mar ine  
.). 

organ i sms .  Few d a t a  have  p r e v i o u s l y  been a v a i l a b l e  t o  e i t h e r  r e f u t e  

o r  s u b s t a n t i a t e  t h e s e  c1ain)s. m i s  s t u d y  was d e s i g n e d  t o  assess t h e  - 
f e e d i n g  h a b i t s  o f  d o g f i s h  and  t h e r e b y  a t t e m p t  t o  c l a r i f y  t h i s  i s s u e .  

The usual  method o f  d e t e r m i n i n g  - t h e  d i e t  o f  f i s h e s  h a s  been  t o  

i d e n t i f y  t h e  c o n t s n t s  o f  a number o f  s tomachs  and d e t e r m i n e  the 
, 

numbers o r  volume o f  e a c h  food  t y p e ,  o r  i ts f r e q u e n c y  o f  o c c u r r e n c e  In 

s tomachs .  Some s t u d i e s  o f  t h i s  t y p e  have a l s o  d e s c r i b e d  food  e a t e n  a t .  

d i f f e r e n t  times o f  t h e  year o r  by d i f f e r e n t  s i z e s  o f  f i s h  (Winde l l  

1 9 6 8 ) .  However, a f c o d  budge t  which c o n s i d e r s  s e a s o n a l  v a r i a t i o n  i n  

consumpt ion  and t h e  r e l a t i v e  b iomass  and i n t a k e  r e q u b e m e n t s  as  

r e l a t e d  t o  s i z e  and  s e x  would p r o v i d e  a more a c c u r a t e  measure  o f  food  

ccnsumpt ion  by d o g f i s h .  S e v e r a l  worke r s  (Razum 7952; Chatwin and 

F o r r e s t e r  1953; Bonham 1954)  have  a t t e m p t e d  to  p r o v i d e  a r a n g e  o f  * 
d i e t a r y  d a t a ,  b u t  d i d  not have l a r g e  enough samples  o f  d i f f e r e n t  s i z e s  

and s e x e s  o f  d o g f i s h  from e a c h  a r e a  and time o f  y e a r ,  f o r  a 

r e p r e s n t a t i v e  p i c t u r e .  They a l s o  l acked  d a t a  on  t h e  e f f e c t  o f  

a v a i l a b i l i t y  t o  g e a r  and g e a r  s e l e c t i v i t y  o n  t h e  obse rved  d i e t  and 

knowledge o f  r a t e  o f  food consumpt ion .  I a t t e m p t e d  t o  minimize  t h e s e  

d e f i c i e n c i e s  by  b r i n g i n g  t o g e t h e r  a s  m n y  stomach samples  as p o s s i b l e ,  
.. , . , 

% 



' c o l l e c t e d  wi th  a l l  t y p e s  o f  g e a r .  The d a t a  were c o n v e r t e d ,  by  

r e f e r e n c e  t o  consumption,  b iomass ,  and metabolism s t u d i e s ,  i n t o  mean 

annua l  mnsumption e s t i m a t e s  o f  e a c h  food type  p e r  u n i t  s t o c k ,  and 

used t o  i n d i c a t e  p o s s i b l e  impact o f  d o g f i s h  on , s p e c i e s  o f  importance  - 
t o  B r i t i s h  Columbia cornaerc ia l  f i s h e r i e s .  -- 

x? 

MATERIALS AND. METHODS 

Data on d i e t  were o h t a i n e d  by examinat ion d f  s tomachs  from 14,796 

d o g f i s h  caught  i n  B r i t i s h  Columbia waters wi th  a v a r i e t y  o f  g e a r  

d u r i n g  this s t d y  and o v e r  t h e  p a s t  30 y e a r s  by s taf f  o f  $he P a c i f i c  

Biological S t a t i o n ,  Nanaimo, B: C. The numbers examined by s i z e ,  s e x ,  

and s e a s o n  a r e  p r e s e n t e d  i n  Table  4-1. 

To make best u s e  o f  t h e  a v a i l a b l e  d a t a ,  s tomach c o n t e n t s  were 

iS recorded  by t h e  f requency  o f  occ 'urrence method. T h i s  i n v o l v e s  

d e t e r m i n i n g  t h e  pe rcen tage  f requency  o f  each  r e c o g n i z a b l e  food t y p e  

r e l a t i v e  t o  t h e  t o t a l  number o f  o c c u r r e n c e s  o f  food t y p e s  i d e n t i f i e d  

i n  a l l  s tomachs e&ined.  To c o n v e r t  t h e s e  d a t a  i n t o  a form more 

a p p l i c a b l e  t o  t h e  p r e d i ~ t i o n  c f  t o t a l  d o g f i s h  impac t  on i n d i v i d u a l  

p r e y  s p e c i e s ,  o c c u r r e n c e s  o f  e a c h  food type were s e g r e g a t e d  by season 

i n t o  f i v e  d i s t i h c t  g rcups  a c c o r d i n g  t'o d o g f i s h  s i z e  and sex .  The 

d o g f i s h  groups weE d e f i n e d  on t h e  b a s i s  o f  t o t a l  l e n g t h s  sugges ted  by 

f o r d  (1921) and my t r a w l  su rveys  a s  fo l lows :  
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( A )  Young - males  and females  less than  46 an which form a 

r e l a t i v e l y  c o h e r e n t  p e l a g i c  group.  

mainly because  of t h e  d i s t i n c t i v e n e s s  of o t h e r  g roups .  

(C) Subadu l t  females  - f r o m  79 t o  93 cm. Those whose l e n g t h  f e l l  

between t h e  50% m a t u r i t y  s i z e s  o f  males and females a s  n o t e d  f o r  

t h e  f o l l o w i n g  g r o u p s .  

f 
(Dl Mature males  - above 78 cm. Those whose l e n g t h  exceeded t h a t  

observed a t  t h e  50% m a t u r i t y  l e v e l  e s t a b l i s h e d  i n  c h a p t e r  3 .  

( E l  .Matury-females - above 93 an. Those whose l e n g t h  exceeded 
," 

t h a t  o6served a t  t h e  50$ m a t u r i t y  l e v e l  e s t a b l i s h e d  by Ketchen 
B 

F'rom t h e  s e g r e g a t e d  o c c u r r e n c e  d a t a  I developed a n  annua i  food 
y. i 

budge t  f o r  a~ u n i t  b&k, which c o n s t i t u t e d  a  summation o f  p r o p o r t i o n a l  

consumption o f ,  individual food t y p e s  by each of  t h e  d o g f i s h  groups  

a f t e r  ' c o r r e c t i o n  f a c t o r s  f o r  s e a s o n a l  v a r i a t i o n  i n  consumption,  . 

d i f f e r e n L i a 1  r e l a t i v e  biomass and i n t a k e  requ i rements  a r e  a p p l i e d .  63% 

i 

Seasona l  v a r i a t i o n  i n  consumption was determined w i t h  a  minimum i 

of 12 t o  a maximum o f  33 d o g f i s h  60-1 11 cm l e n g t h .  These were t a k e n  
d 



o f f  Nana im and mainta ined i n  a 3Ox15x10m deep n e t t e d  e n c l o s u r e  i n  

Depar tu re  Bay, LC., from A p r i l ,  1974,  t o  March, 1975. They were 

a l lowed t o  feed v o l u n t a r i l y  on h e r r i n g  suspended from a  f l o a t  l i n e .  

Approximately 25% more h e r r i n g  t h a n  d o g f i s h  p r e s e n t  were p u t  o u t ,  and* 

r e p l a c e d  every  2 OF 3  d a y s ,  as p r e l i m i n a r y  s t u d y  i n d i c a t e d  t h i s  t o  be 

a n  adequate  r a t e  o f  supply .  Numbers and, weight  o f  d o g f i s h  p r e s e n t  i n  ,. 
i, 

t h e  e n c l o s u r e  e r e  checked monthly;  approx imate ly  33% o f  e n c l o s u r e  ' 

biomass  .was i n c o r p o r a t e d  w i t h i n  mature  female t i s s u e .  ~ o n s k ~ t i o n  was 

recorded a s  d a i l y  we igh t  o f  h e r r i n g  e a t e n  per kg d o g f i s h  (Fig.4-1) 
\ 

under t h e  a s s u n p b n  t h a t  h e r r i n g  l o s t  to o t h e r  s o u r c e s  was balanced 
/ 

by consumption o f  oQer o rgan i sms  i n  t h e  e n c l o s u r e  by d o g f i s h .  The 
.\ 

d a t a  were highLy v a r i a b l e  and were smoothed by a moving a v e r a g e  o f  

f i v e s  t o  c l a r i f y  t h e  t r e n d  o f  greater consumption i n  summer than.  ~ 

w i n t e r .  Mean d a f l y  consumption,  a s  d e r i v e d  from the  t o t a l  i n t e g r a t e d  

a r e a  under t h e  c u r v e ,  was 1.3% o f  d o g f i s h  biomass.  R e l a t i v e  

consumption per season  was d e r i v e d  from t h e  i n t e g r a t e d  area under t h e  

c u r v e  f o r  each s e a s o n  a s  a  p e r c e n t a g e  o f  t h e  t o t a l  a r e a  ( f a c t o r  c  i n  , .  

Table  4-2) .  The young and immature groups were assumed t o  f o l l o w  t h e  
T 

same feeding p a t t e r n  a s  a d u l t s  a l t h o u g h  t h e y  were l a r g e l y  

u n r e p r e s e n t e d  i n  t h e  s i z e  g roup  kep t  i n  t h e  marine e n c l o s u r e .  
* 

I n t a k e  requ i rements  o f  , d o g f i s h  g r o u p s ,  i n  t e rms  o f  p r o p o r t i o n  o f  

o m  weight  consumed a n n u a l l y ,  were c a l o d l a t e d  from d a t a  on f e e d i n g  o f  

c a p t i v e  young, rnean d a i l l y  consumptioq de r ived  from t h e  mar ine  
A 

e n c l o s u r e  d o g f i s h ,  and growth r a t e  e s t i m a t e s  i n  c h a p t e r  2 .  
J 



F i g .  4-1: V a r i a t i o n  i n  h e r r i n g  consumption o v e r  one y e a r  by  d o g f i s h  
b 

h e l d  i n  a n e t t e d  e n c l o s u r e  i n  Depar ture  Bay, LC. Each p o i n t  is  

deriGed from a 5 - p o i n t  moving average .  The dashed l i n e s  

connec t ing  p o i n t s  s i g n i f y  p e r i o d s  f o r  which no r e c o r d s  are 

a v a i l a b l e .  
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- Consttntption r a t e  e s t i m a t e s  f u r  young were d e r i v e d  by m a i n t a i n i n g  f i v e  

pups ( t a k e n  from f u l l  term females  c a u g h t  by s e t - l i n e )  f o r  up t o  1.5 

, y e a r s  Fn a 0.6x<.2x0.9 m deep indoor  f i b r e g l a s s  t a n k  i n  which mean 

t empera tu re  - a s  c l o s e  t o  10 C. They were al lowed t o  feed  v o l u n t a r i l y  

o n  p i e c e s  o f '  sockeye salmon f i n g e r l i n g s  s u p p l i e d  ~ d a i l y .  Da tes  o f  

i n g e s t i o n s  and mean we igh t  consumed were recorded .  Approximately 2.5 

gm per  f e e d i n g  were consumed j u s t  af'ter b i r t h  i n c r e a s i n g  t o  1 3  gm by 

one year  of age .  A mean, o f  5.7 gm ms i n g e s t e d  e v e r y  2.6 d a y s  o v e r  

t h e  first year o f  l i f e .  ~ e &  i n i t i a l  weight o f  55.2 gm i n c r e a s e d  by 

180% d u r i n g  this period, rough ly  2.7 t i m e s  t h e  66% weigh t  i n c r e a s e  

"d' normal ly  encountered d u r i n g  t h e  first year  o f  l i f e  in t h e  wi ld  

( c h a p t e r  2 )  . However, t h e r e  was no mean ga in  o r  l o s s  i n  we igh t  among 

d o g f i s h  i n  t h e  marine enc losure .  Thus,  t h e y  were . l i k e l y  a t  a pl 

s u b s i s t e n c e  l e v e l  o f  consumption.  Applying a food ~ o n v ~ e r s i o n  r a t i o  o f  

12% [180$(55.2)/5.7(365/2.6 ) I  , d e r i v e d  from i n c r e a s e  i n  weight  o f  

c a p t i v e  young r e l a t i v e  t o  t h e i r  t o t a l  i n t a k e  d u r i n  t h e  f i r s t  year  o f  f- 
l i f e ,  t o  t h e  mean d a i l y  1.3% body weight i n t a k e  i n \ t h e  e n c f o s u r e ,  t h e  

L J  annua l  consumption by d o g f i s h  would be about  1.8 t i m e s  

[ ( 1 + 0 . 0 1 3 ( 0 . 1 2 ) ) ~ ~ ~ ]  t h e i r  biomass. I n  t h e  w i l d ,  weight  i n c r e a s e s  

33-45 p e r  y e a r  f o r  t h e  young d e c r e a s i n g  t o  3.7% f o r  ma ture  i n d i v i d u a l s  

( c h a p t e r  2 )  . With a 12% food convers ion  r a t i o  and assuming a 25% 

. a l lowance  f o r  i n c r e a s e  i n  a c t i v i t y  f o r  c a p t u r i n g  p rey ,  t h e  annual 

l n t a k e  r e q u p e m e n t  would be about  f i v e  t imes 

[ 118+25%(\ .8)+33-4(1/0t12) /1001 body m i g h t  f o r  young d e c r e a s i n g  t o  

about  h a l f  t h a t  f o r  mature  d o g f i s h  ( f a c t o r  b in Table 4-21. 



d 
A s  a n  independen t  c h e c k  on annua l  i n t a k e  estimates, s tomach 

c l e a r a n c e  r a t e s  were e s t i m a t e d  by fo rce - feed ing  75 d o g f i s h  (70-107 cm 

l e n g t h  c a u g h t  by s e t - l i n e  o f f  Nanaimo) wi th  whole h e r r i n g  o r  salmon 
- %  

(17-27 cm l e n g t h )  d u r i n g  mid-June through August ,  1974. Up t o  6 

d o g f i s h  were r e t a i n e d  i n  a 2 m d i a m e t e r  x 1 m deep f i b r e g l a s s  t a n k  a t  
I 

a b o u t ,  10  C f o r  one week p r i o r  t o  f o r c e f e e d i n g .  A t  s p e c i f i c  t i m e s  

a f t e r  f e e d i n g  t h e  d o g f i s h  were k i l l e d  and stomach c o n t e n t s  removed. 

Twenty-five d o g f i s h  had empty stomachs.  The s o l i d  materia* i n  a l l  

o t h e r s  were weighed a f t e r  e x c e s s  m o i s t u r e  had been removed; t h e  

d i f f e r e n c e  i n  weight  o f  s o l i d s  b e f o r e  and a f t e r  f e e d i n g  was a t t r i b u t e d  

t o  d i g e s t i o n .  Stomach c l e a r a n c e  r a t e s  were s u b s e q u e n t l y  a p p l i e d  t o  

stomach c a p a c i t y  d a t a  f a r  d o g f i s h  o f  s i m i l a r  s i z e  t o  estimate maximum 

annua l  consumption. Stomach volumes ( F"Q .4-2)  were determined by 

removing stomachs j u s t  a f t e r  t h e  an imals  were k i l l e d ,  t y i n g  o f f  t h e  

p y l o r u s ,  and f i l l i n g  t h e  unsuppor ted stomach w i t h  wa te r  t o  i t s  

j m c t i o n  wi th  t h e  esophagus  ( p a p i l l a  r e g i o n ) .  No a l lowance  was made 

f o r  p o s s i b l e  u n n a t u r a l  s t r e t c h i n g  o f  stomachs and no d a t a  were 

a v a i l a b l e  f o r  a n i m a l s  30 t o  65 cm. 

\ ' 
Dogfish biomass e s t i m a t e s  were c a l c u l a t e d  from meah we igh t  and 

numbers de r ived  from s u r v i v o r s h i p  c u r v e s  ( Fig .4-3 ; based on c h a p t e r  3 

d a t a )  and R i g h t - l e n g t h  d a t a  i n  c h a p t e r  2 .  A t  modal l e n g t h  (100 cm) 

one b r e e d i n g  female produces  3.57 female pups a n n u a l l y  ( c h a p t e r  3 ) .  

S ince  g e s t a t i o n  t a k e s  2 y r ,  o n l y  1.79 p e r  yea r  a r e  produced per  mature 



Fig. 4-2: .Relationship of  stomach volume t o  body length o f  dogfish 

from the S t r a i t  o f  Georgia, B.C. Curve f i t t e d  by eye. 





+ 

F i g .  4-3: Assumed r e l a t i v e  s u r v i v o r s h i p  c u r v e s  for d o g f i s h  i n  B r i t i s h  

Columbia waters b a s e d  on number s u r v i v i n g  per m a t u r e  female, 

Shaded areas d e l i n e a t e  a p p a r e n t l y  d i s t i n c t  s e x  a n d  s i z e  g r o u p s  

'--. w i t h  t h e  a r rows  n o t i n g  t h e i r  r e s p e c t i v e  mean l e n q t h s  and n u n b e r s .  

Curves end a t  modal l e n g t h  o f  m a t u r e s ,  b u t  i n  r e a l i t y  d e c r e a s e  

.b r a p i d l y  beyond this l e n g t h  t o  z e r o  a t  -103 and 130 cm fbr males 

and f ema les  r e s p e c t i v e l y .  A = young, B = immatu res ,  C = s u b a d u l t  

f e m a l e s ,  D = mature  m a l e s ,  and E = p t u r f  females. Based on d a t a  

i n  c h a p t e r  3. + 





f e m a l e ,  b u t  a t  modal l e n g t h  on l y  88% a r e  m a t u r e  (Ke tchen  1972) .  

T h e r e f o r e ,  a s u r v i v o r s h i p  c u r v e  f o r  females, i f  t h e  number m a t u r e  a t  
L 

modal l e n g t h  i s  e q u a t e d  t o  one  and a c o n s t a n t  m o r t a l i t y  r a t e  i s  

assumed,  o r i g i n a t e s  w i t h  1.79 pups a\  b i r t h  (26 an) and e x t e n d s  t o  

1.14 i n d i v i d u a l s  ( 1 / 0 . 8 8 )  a t  t h e  modal l e n g t h  o f  d a t u r e s  ( 1 0 0  cm). 
I 

Males have a  modal l e n g t h  o f  m a t u r e s  a t  85 a, b u t  w i t h  o n l y  87% 

m a t u r e  a t  t h i s  l e n g t h  ( c h a p t e r  3 ) .  Assuming a 5 0 : 5 0  s e x  r a t i o  and 

t h a t  t h e i r  ma tu re  numbers a t  modal l e n g t h  a r e  similar t o  t h o s e  ,of 

m a t u r e  f ema les  a t  modal l e n g t h ,  a  s u r v i v o r s h i p  c u r v e ' f o r  males c a n  

a l s o  be  c o n s t r u c t e d  o r i z i n a t i n g  a t  1.79 pups a t  b i r t h  and e x t e n d i n g  t o  

1 .15  i n d i v i d u a l s  (1 /0 .97 )  a t  85  cm. k e n  t h e s e  c u r v e s  ( ~ i g . 4 - 3 )  are 

s u b d i v i d e d  a c c o r d i n g  t o  s i z e ,  and mean numbers and l e n g t h s  are d e r i v e d  

f o r  e a c h  d o g f i s h  g r o u p ,  b iomass  e s t i m a t e s  can  b e  c a l c u l a t e d .  A 

g r e a t e r  b iomass  i n  t h e  l a r g e r  s i z e  g roups  i s  e v i d e n t  i n  t h e d d a t a  
' 

/ 

( f a c t o r  a i n  Tab le  4-2). 

4 

The c o r r e c t i o n  f a c t o r s  a r e  combined on a  r e l a t i v e  b a s i s  i n  Tab le  

11-2 i n  o r d e r  t o  f a c i l i t a t e  food budge t  c a l c u l a t i o n s .  These invo lved  

a u l t i p l y i n g  t h e  o c c u r r e n c e  p e r c e n t a g e  f o r  e a c h  food t y p e ,  when 
f i 

s e g r e g a b d  a c c o r d i n g  t o  d o g f i s h  s i z e ,  s e x ,  and s e a s o n  o f  c a p t u r e ,  by  

t h e  c o r r e s p o n d i n g  canbined  c o r r e c t i o n  factor, and s m m i n g  t h e  p r o d u c t s  

f o r  a l l  g r o u p s .  F o r  e x a m p l e ,  c a l c u l a t i o n s  t o  d e t e r m i n e  t h e  r e l a t i v e  

s on sump ti on o f  eupnai t s ids  by d o g f i s h  i n  B r i t i s h  Columbia btaters are 

shown i n  Tab le  4-3, The number of euphaus id  o c c u r r e n c e s  f o r  each 

c a t e g o r y  o f  s i z e ,  s e x ,  and s e a s o n  a r e  c o n v e r t e d  t o  a  p e r c e n t a g e  o f  a l l  



Table  4-3: Sample c a l c u l a t i o n s  o f  food budget and o a a u r r e n c e  
pe rcen tage  f o r  d o g f i s h  consunp t ion  of  euphaus ids  i n  B r i t i s h  
Columbia waters .  The t o p  f i g u r e  in each c a t e g o r y  (a)  is t h e  
a c t u a l  number of o c c u r r e n c e s  o f  s tomachs  c o n t a i n i n g  e u p h a u s i d s  
f o r  t h a t  s e a s o n ,  s i z e ,  and s e x  ca tegory .  The middle  figure ( b )  
is t h e  p e r c e n t a g e  of  euphausid  occur rences  f'rom among a l l  
occur rences  o f  r e c o g n i z a b l e  food w i t h i n  t h e  c a t e g o r y .  The bhttom 
f i g l r q  ( c )  is  the produ o f  t h i s  pe rcen tage  ( b )  and i ts 
cor respond ing  c o r r e c t i o n  f a c t o r  from Table 4-2. Annual =I 
consumption i s  d e r i v e d  from c o r r e c t i o n  f o r  s e a s o n a l  v a r i a t i o n  
o n l y  ( f a c t o r  c i n  Table  4-21, i n  o r d e r  t o  i n d i c a t e  v a r i a t i o n  i n  
consumption among g r o u p s .  

Size/Sex 
Croup 

Season 
H i n t e r  Spr i n g  Summer F a l l  

Annual 
Consumption($) 

Young 

I m m a  t u r  e s  

A d u l t .  

C a l c u l a t i o n s  f o r :  , 1 

( 1 )  Occurrence pe rcen tage  = 1 ( a )  ( 1 0 0 ) / t o t a l  o c c u r r e n c e s  
=1462(1OO)/9325 = 75-68:. 

( 2 )  Food budget = E t c f  = -12.87;. 



food t y p e  o c c u r r e n c e s  f o r  t h a t  c a t e g o r y  and m u l t i p l i e d  by t h e  

cor respond ing  combined c o r r e c t i o n  f a c t o r  in Table 4-2. The r e s u l t a n t  -. 

percen tages  f o r  a l l  c a t e g o r i e s  a r e  summed and i n d i c a t e  t h a t  e u p h a u s i d s  

c o n s t i t u t e  12.87% of  total  s t o c k  d i e t .  In comparison,  the o c c u r r e n c e  

g r e a t e r .  

L, 

To conver t  t h e  food budget  p e r c e n t a g e s  t o  p r o p o r t i o n a l  annual  

consumption per m i t  s t o c k ,  o r  

a u n i t  s t o c k  a n n u a l l y  consumes 

pe rcen tages  w e p  m u l t i p l i e d  by 

requ i rement  o f  t h e  t o t a l  s t o c k  

consumed ) which was de r ived  by 

t h a t  pe rcen tage  o f  i t s  own weigh t  t h a t  

o f  any i n d i v i d u a l  food t y p e ,  t h e  

2.719 ( t h e  mean a n n u a l  i n t a k e  

i n  t e rms  o f  number o f  times own weight  

w e i g h t i n g  t h e  i n t a k e  r e q u i r e m e n t  

c o r r e c t i o n  f a c t o r  f o r  t h e  d i f f e r e n t  d o g f i s h  g roups  by t h e  - 
correspor iding d i f f e r e n t i a l  biomass f a c t o r *  (Tab le  4-2 1'. Absolute  

q u a n t i t i e s  o f  p r e y  consumed a r e  c a l c u l a t e d  by m u l t i p l y i n g  t h e s e  d a t a  

by 0.5 m i l l i o n  m e t r i c  t o n s ,  a t o t a l  r e g i o n a l  d o g f i s h  biomass estimate 

d e r i v e d  from Shepard and S tevenson  ( i 956 ) .  

RESULTS 

Empty s tomachs  were found i n  36.0% o f  d o g f i s h  examined (Tab le  

4-71. The monthly p e r c e n t a g e  o f  t h o s e  icith food i n  t h e i r  s tomachs  

show a d n t e r  minimum and a summer maximum ( Fig -4-4 ) , The 9466 w i t h  

food i n  t h e i r  s tomachs  con ta ined  a mean o f  1.16 d i f f e r e n t  t y p e s  o f  



Fig .  4 4 :  M n t h l y  v a r i a t i o n  i n  number o f  d o g f i s h  i n  B r i t i s h  Columbia 
\ 

water:\witb food i n  stomach a t  time of  c a p t u r e .  Curve m o o t h e d  

by movihg a v e r a g e  o f  t h r e e s  t o  c l a r i f y  t r e n d .  
', ,-, 
I 
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I 
food organisms ( a  t o t a l  of 10,983 occur rences )  . Recognizable  food 

t y p e s  c o n s t i t u t e d  9325 o c c u r r e n c e s  whi le  t h e  remainder  c o n s i s t e d  o f  
\ 

bottom m a t e r i a l s  ( s u c h  as  UIud, s t o n e s ,  and p l a n t  m a t e r i a l )  11.65 and 

u n i d e n t i f i a b l e  animal remains  3.5%. 

The food budget p e r c e n t a g e s  de r ived  from t h e  s e g r e g a t e d  

occur rence  d a t a  are shown i n  Table  4-4 i n  comparison t o  the,  o c c u r r e n c e  

percen tages  from among a l l  r e c o g n i z a b l e  food d a t a .  To I n d i c a t e  

d i f f e r e n c e s  b o n g  d o g f i s h  s i z e  and s e x  g roups ,  t h e  mean a n n u a l  t 

consumption o f  food t y p e s  by t h e s e  groups  i n d i v i d u a l l y  are a l s o  

i n d i c a t e d .  These d a t a  a r e  c o r r e c t e d  f o r  s e a s o n a l  v a r i a t i o n  i n  

consumption o n l y ,  a s  no ted  i n  Tab le  4-3 f o r  euphausids .  lbe monthly 

v a r i a t i o n s  i n  t h e  number o f  o c c u r r e n c e s  o f  f i s h e s  and i n v e r t e b r a t e s  

consumed by d i f f e r e n t  s i z e s  and s e x e s  o f  d o g f i s h  are shown i-n FLg.4-5. 

P a t t e r n  i r r e g u l a r i t i e s  f o r  t h e  smaller s i z e s  d u r i n g  t h e  l a t t e r  p a r t  o f  

t h e  year may be  due t o  s m a l l  sample s i z e s  (Tab le  4-1 1 . T h i s  s t u d y  

i n d i c a t e s  t h e  major d i e t a r y  components o f  B r i t i s h  

be  55% t e l e o s t s ,  35% c r u s t a c e a n s ,  and 5% molluscs  

Her r ing  i s  i n d i c a t e d  a s  t h e  s i n g l e  most impor tan t  

~ o l h b i a  d o g f i s h  t o  

( T a b l e  4-4) . 
food s p e c i e s  when 

t h e  food budget p e r c e n t a g e s  in t h e  d - i e t  o f  d o g f i s h  a r e  ranked (Tab le  

4-5). Four i n d i v i d u a l  s p e c i e s  ( h e r r i n g ,  shrimp, hake ,  'and eulachon)  

c o n s t i t u t e  o v e r  42% of t h e  d i e t ,  w h g e  salmon is  l e s s  than 0.3%. 

9 

Stomach c l e a r a n c e  r a t e s  o f  d o g f i s h ,  as a check on i n t a k e  

requ i rements ,  were found t o  be independent@f t h e  s i z e ,  s e x ,  d u r a t i o n  
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F i g .  4-5: ~ n t q l y  consumption o f  i n v e r t e b r a t e s  and f i s h e s  by d o g f i s h  

i n  B r i t i s h  Columbia mters in  r e l a t i o n  t o  s i z e  and sex.  A 

+ p o i n t  moving a v e r a g e  i s  a p p l i e d  to months and 10 an l e n g t h  

i n t e r v a l s  t o  c l a r i f y  d a t a  t r e n d s ,  





-5: I n d i v i d u a l  food t y p e s  i n  t h e  food budge t  o f  d o g f i s h  i n  
Columbia waters ranked  from h i g h e s t  to l o w e s t .  Annual 

' consumpt ion  p e r  m i t  s t o c k  is d e r i v e d  by m u l t i p l y i n g  t h e s e  d a t a  
by t h e  p r o p o r t i o n a l  mean a n n u a l  i n t a k e  r e q u i r e m e n t  of  t h e  s t o c k  
a s  a whole (2.719 from T a b l e  4-21. 
- - - 

Diet Cummulative Annual consumption 
amount total p e r  un t s t o c k  

P o s i t i o n  Food Item ( % l a  ($1 (% 1 6 
Herring 
Euphausid 
P l a n k t o n  
Shr imp 
Crab 
~a ke 
F l a t f i s h  
Eulachon 
Octopus 
Combje l ly  
Squid  
Sand lance  
R a t f i s h  
S e a p e r c  h 
Rockf i sh  
Cod 
P o l y c h a e t e  
~ e l l ~ f i s h  
E e l p o u t  
Amphipod 
S c u l p i n  
Salmon 
~ o g  f i shC 
~ a b i e f i s t i  
Sea  cucumber 
B i v a l v e  
Midshipman 
Blenny 
P r awn 
Othe r  

a U n i d e n t i f i e d  i n v e r t e b r a t e  and f i s h  p e r c e n t a g e s  p r o r a t e d  o v e r  
r e s p e e  t i v e  g r o u p s ,  
P e r c e n t a g e  o f ' i t s  o m  w e i g h t  t h a t  a , u n i t  s t o c k  a n n u n l l y  consumes 
o f  any i n d i v i d u a l  food t y p e .  \ 
Not l i k e l y  r e p r e s e n t a t i v e  o f  n a t u r a l  consumption a s  i t  was 
observed  t h a t  d i s s e c t e d  d o g f i s h  thrown o v e r b o a r d  soon app&ared 
i n  s tomachs  o f  d o g f i s h  c a u g h t  i n  s u b s e q u e n t  trawls. 



o f -  c a p t i v i t y  p r i o r  t o  t e s t i n g ,  t ime o f  y e a r ,  and food s p e c i e s  and 

c o n d i t i o n  ( f r o z e n  s t o r a g e  t i m e ) ,  a l t h o u g h  s i z e  o f  t h e  food item had a  

s i g n i f i c a n t  i n f l u e n c e  ( F i g  .4-6 1. For h e r r i n g ,  a  r e g r e s s i o n  e q u a t i o n  

d e s c r i b i n g  d a i l y  p e r c e n t a g e  d i g e s t i o n  (D) on p r e y  we igh t  ( W) was: 

Mean h e r r i n g  w i g h t  was 120.3 grn and r e q u i r e d  a  mean o f  3.2 days  t o  

r e d u c e  t h i s  amount t o  38.0% o f  its o r i g i n a l  weight .  P l o t t i n g  t h i s  

p o i n t  on Fig .4-6 and e x t e n d i n g  a  l i n e  l i n e a r l y  from the p o i n t  o f  

o r i g i n  a t  100% and z e r o  d a y s  ' through t h e  mean p o i n t  t o  t h e  a b s c i s s a ,  

i n d i c a t e d  a stomach r e s i d e n c e  time o f  5.16 days  t o  c w p l e t e l y  break 

down h e r r i n g  o f  t h i s  o r i g i n a l  weight .  

DISCUSSION 

I n  t h i s  work I a t t e m p t e d  t o  p u t  t o g e t h e r  a  food budget  ( T a b l e  

4-41 f o r  a  u n i t  s t o c k  o f  s p i n y  d o g f i s h  to provide  a b a s i s  f o r  

c a l c u l a t i n g  impact  on prey s p e c i e s .  The d a t a  i n d i c a t e d  t h a t -  

e u p h a w i d s  a r e  t h e  major food *of young and immature groups  a t  a l l  

t i m e s  o f  t h e  year ( T a b l e  4 - 3 , 4 ) ,  and a r e  impor tan t  i n  t h e  d i e t  o f  

l a r g e r  d o g f i s h  d m i n g  t h e  s p r i n g  and sunmer months. The d i e t  o f  

smaller d o g f i s h  i s  f u r t h e r  supplemented by p l a n k t o n ,  amphipods, and 

d' 
s m a l l  f i s h e s  such  a s  eu lachon  and h e r r i n g .  By t h e  t ime d o g f i s h  r e a c h  



\ 
Fig. 4-6: D i g e s t i o n  r a t e  o f  force-fed h e r r i n g  ( 0 )  i n  s tomachs  of  

d o g f i s h  from t h e  S t r a i t  o f  Georg ia ,  B.C. Mean h e r r i n g  wei$ht was 

120.3 gm, r e q u i r i n g  a c a l c u l a t e d  5 . l 6  d a y s  t o  b e  comple te ly  

reduced t o  t h e  f l u i d  s t a t e .  Data on d i g e s t i o n  o f  sockeye  salmon 

(3') a r e  superimposed.  





78 an, h e r r i n g  r i v a l s  eupha i d s  i n  d i e e r y  importartoe and soon  
, , 

t h e r e a f t e r  becotne t h e  . m j o r  f o o d ,  p a r t i c u l a r l y  i n  f a l l  and w i n t e r  

* 
months .  ~ i e t a k ~  d i v e r s i t y  a lso i n c r e ~ s e s  w i t h  i n y e a g e d  d o g f i s h  s i z e ,  

. 
p o s s i b l y  r e f l e c t i n g  t h e  g r e a t  l i t y  o f  l a r g e r  i n d i v i d u a l ' s  t o  

p u r s u e  and c a t c h  p rey .  a1 s t o c k ,  f i s h e s  and  i n v e r t e b r a t e s  

are consumed i n  approx  q u a 1  p e r c e n t a g e s .  However, t h e  d i e t a r y  
i 

i m p o r t a n c e  o f  e a c h  v a r i e  n a l l y  j i t h  d o g f i s h  s i z e .  As t h e  an ima l  

g rows ,  t h e  p r imary  d i e t a r y  component  s h i f t s  fr& i n v e r k b r a t e s  t owards  
- 

f i s h e s  (Fig .4-5). For l a r g e r  a n i m a l s ,  t h e  greatest p e r c e n t a g e  o f  t h e  
' I 

, d i e t  o f  b o t h  s e x e s  c o n s i s t s  o f  f i s h e s  i n  w i n t e r  and i n v e r t e b r a t e ' s  i n  
k 

summer. Cm a v e r a g e  o v e r  80% o f  t h e  food was p e l a g i c .  Food of 

d o g f i s h  was o b t a i n e d  t o  a g r e a t e r  d e g r e e  from the p e l a g i c  zone  (86%) 

t h a n  t h a t  o f  m a t u r e  males  (78%)-  o r  m a t u r e  

t ha t  m a t u r e  d o g f i s h  a r e .  more d e m e r s a l  , a n  

trawl , s u r v e y s  . ( J o n e s  1974)'. 

f ema les  (70% 1 . s u g g e s t i n g  

o b s e r v a t i o n  v e r i f i e d  by = 

9 

* 
Among t h e  c h a r a c t e r i s t i c s  used  t o  d e r i v e  t h e  food  b u d g e t  was 

s e a s o n a l  v a r i a t i o n  i n  c o n s u n p t i o n ~  as. d e r i v e d  from the ' m a r l n e  e n c l o s u r e  

d a t a  (Pig . b y ) .  Food i n t a k e  was greatest du r&k  t h e  summer and e a r l y  

autumn and least i n  l a t e  k n t e r  and e a r l y  s p r i n g ,  a p a t t e r n  o b s e r v e d  

f o r  o t h e r  s h a r k s  by  C l a r k  (1963).  The d a b  i n  Fig.4-1 i n d i c a t e  t h a t  
i * .  

d o g f i s h  consume t w i c e  a j  much i n  surnner as i n  w i n d .  The d e c r e a s e  i n  

Oc tober-November c o r r e s p o n d s  t o  t h e  b r e e d i n g  s e a s o n  when ' t h e  m a t u r e  . , 

C 

f ema les  mpve i n s h o r e ,  r e l e a s e  t h e i r  pups ,  and a p p a r e n t l y  cease feed& 

( S p r i n g e r  1367). The d i f f e r e n c e  be tween t h e  mean maximum and minimum 
, ,  

. 



consumption l e v e l s  d u r i n g  this per iod  (Fig .4-1) co r responds  t o  a 37s 
I. 

d e c r e a s e  Fn t h e  d a i l y  r a t e  o f  consumption.  T h i s  c l o s e l y  matches  t h e  

p r o p o r t i o n a l  weight o f  ma ture  females  ( 3 3 % )  i n  t h e  n e t t e d  e n c l o s u r e  

which might be ex-cted n o t  t o  f eed  d u r i n g  t h e  b r e e d i n g  p e r i o d ,  and 

hence reduce r e l a t i v e  consumption a c c o r d i n g l y .  

The budget  bias a l s o  c o r r e c t e d  f o r  t h e  p r o p o r t i o n a l  i n t a k e  

requ i rements  o f  t h e  d i f f e r e n t  s i z e  g roups .  B r e t t  and Blackburn ( i n  

p r e s s )  found t h a t  a t  a  r o u t i n e  l e v e l  o f  a c t i v i t y  ( s l o w  c r u l s i n g  such 

a s  observed i n  t h e  marine e n c l o s u r e )  a  l a r g e  d o g f i s h  u t i l i z e d  

s u f f i c i e n t  oxygen t o  r e q u i r e  a n  annua l  food i n t a k e  o f  1.8 times its 

body weigh t ,  a  v a l u e  s i m i l a r  t o  t h a t  determined from e n c l o s u r e  d a t a -  

For  young kept i n  c a p t i v i t y  ( t h i s  s t u d y )  , t h e  annua l  i n t a k e  e q u a l l e d  

compensation f o r  2.7 t i m e s  g r e a t e r  growth r a t e  than  i n  t h e  w i l d .  T h i s  

e s t i m a t e  uas, a s  e x p e c t e d ,  s l i g h t l y  g r e a t e r  than  t h e  5.0 found i n  

Table  4-2 f o r  t h e  young d o g f i s h  g roup  which would have a  lower  

metabo l i c  Pate .  To check in take '  r e q u b e m e n t s  f u r t h e r ,  s tomach 

c l e a r a n c e  r a t e s  were examined i n  c o n j u n c t i o n  wiLh t h e  v a r i a t i o n  i n  

percen t a q e s  -of empty s tomachs  among d o g f i s h  g roups  (Tab le  4-1 ) . Mhen 

t h e  v a r i a t i o n  i n  pe rcen tages  o f  d o g f i s h  wi th  food i n  t h e i r  s tomachs  

u e  de r ived  from empty stomach d a t a  (Fig .4-4)  and compared w i t h  t h e  

v a r i a t i o n  i n  consumption by d o g f i s h  i n  t h e  marine e n c l o s u r e  (Fig .4-1) ,  

i t  w i l l '  be n o h d  t h a t  t h e  e i n i e a  and maxima occur  a t  a p p r o x b a t e l y  t h e  

same per iods  of  l a t e  win te r  a n d  s m m e r  r e s p e c t i v e l y  g i v e n  a  degree  o f  
i 



- 
t h e  Lag ' & s s i b l y  r e l a t i n g  t o  d i f f e r e n t i a l  environmental  I n f l u e n c e .  

S ince  all c o n t e n t s  i n  any one  stomach were normal ly  i n  t h e  same s t a t e  

o f  d i g e s t i o n  when examined i n  t h e  f i e l d ,  and force-fed h e r r i n g  were 

a lways f o m d  t o  be r e t a i n e d  i n  t h e  stomach u n t i l  f u l l y  broken down 
r 

( t h i s  s t u d y ;  Hogben 19671, i t  i s  sugges ted  t h a t  stomach r e s i d e n c e  t ime 

( t h e  t o t a l  food break-down p e r i o d )  i s  i n v e r s e l y  r e l a t e d  t o  t h e  

v a r i a t i o n  i n  p r o p o r t i o n s  o f  empty stomachs ( r e p r e s e n t i n g  t h e  time 

between which food m a t e r i a l  h a s  l e f t  t h e  stomach and subsequent  

f e e d i n g ) .  The mean percen tage  o f  empty stomachs (Tab le  4-1 ) ; inc reased  

from 31% f o r  t h e  young t o  39% i n  t h e  mature females .  The lower  

pe rcen tages  probably  i n d i c a t e  a  s h o r t e r  stomach r e s i d e n c e  t ime  i n  as 

mmh a s  s m a l l e r  food organisms e a t e n  by s m a l l e r  d o g f i s h  l i k e l y  r e q u i r e  

l e s s  t ime t o  d i g e s t  than l a r g e r  organisms. When t h e  p r o p o r t i o n  o f  

empty stomachs and r a t e  o f  d i g e s t i o n  as a  f u n c t i o n  o f  s i z e  are known, 

i t  is  p o s s i b l e  t o  c a l c u l a t e  t h e  annual  food i n t a k e .  Mature males of 

mean l e n g t h  85 cm had a  mean weight  o f  2.15 kg and 36.9% empty 

stomachs (Tab le  4-1 1. ' k t  i s  assumed t h e y  would feed f o r  230 d a y s  
\ 
\ 

(l-0.369)365] o f  t h e  ye?. With a  d i g e s t i o n  r a t e  o f  23.3 gm 

d [120.3/5.16] pe r  day a s  r i v e d  from mean h e r r i n g  weight  and total " 
-. 

d i g e s t i o n  t ime (F ig .4 -6) ,  t h e y  would r e q u i r e  an  annua l  consumption o f  

2 - 5  t imes  [ (230~0 .0233) /2 .15]  t h e i r  weight  which a g r e e s  w i t h  t h e  

e s t i m a k  i n  Table 4-2. In t h i s  i n s t a n c e  t h e  stomach c a p a c i t y  of 85 cm 
+ 

dogf i sh  would be 223 c c  ( F i g . 4 - 2 )  which e q u a l s  234 gm o f  h e r r i n g  

( s p . g r .  1.044). Thus,  mature  male d o g f i s h  would t a k e  10 days  

(234/23.3) t o  d i g e s t  a f u l l  stomach o f  h e r r i n g ,  t a k e  16 days  



C l o / (  1-0.369) 3 between f e e d i n g s ,  and  f eed  o n l y  23 times (365/16) p e r  

y e a r .  T h i s  l a t t e r  f i g u r e  is min'imal, a s  a d o g f i s h  may n o t  c o m p l e t e l y  

fill i t s  stomach on 

c e r t a i n  t i m e s  which 

e a c h  f e e d i n g  o r  i t  may e a t  s m a l l e r  o r g a n i s m s  a t  

may r e q u i r e  less  time t o  b r e a k  down. Holden 

f e e d i n g s  p e r  y e a r .  However, he d i d  n o t  s p e c i f y  

t h e  s i z e  r a n g e  sampled.  I f  t h e y  were g e n e r a l l y  smaller d o g f i s h  t h e y  

would have h ighe r  ,, m e t a b o l i c  r a t e s  and r e q u i r e  a p r o p o r t i o n a l l y  g r e a t e r  

- food i n t a k e .  F o r  o t h e r  s p e c i e s  o f  s h a r k s ,  C l a r k  (1963) h a s  e s t i m a t e d  

an  a n n u a l  t a k e  o f  from 2 t o  5 t i m e s  body w e i g h t ,  b e i n g  g r e a t e r  f o r  Y 
t h e  s m a l l e r  s i z e s .  Though B r e t t  and Blackburn  ( i n  p r e s s )  s u g g e s t e d  a n  

1 

a n n u a l  i n t a k e  o f  f i v e  times body w e i g h t  f o r  a d u l t s ,  t h e i r  g r o w t h  rate 

a s s u m ~ n s  Yere c o n s i d e r a b l y  i n  e x c e s s  o f  t h o s e  i n d i c a t e d  by my d a t a .  

Another f a c t o r  u sed  i n  c a l c u l a t i n g  t h e  s t o c k  food  budge t  was t h e  

r e l a t i v e  biomass o f  t h e  d i f f e r e n t  s e x  and s i z e  g r o u p s  a s  de te rmined  

from t b e  s u r v i v o r s h i p  c u r v e s  o f  Fig .4-3- They imp ly  a  c o n s t a n t  though 

g r e a t e r  m o r t a l i t y  r a t e  o f  %ales than  females and a g r e a t e r  b iomass  o f  
/?. 

females than males. Fbwever, c a l c u l a t i o n s  i n d i c a t e d  t h a t  i f  t h e  

s u r v i v o r s h i p  c u r v e s  were more convex o r  concave  t h e r e  would be l i t t l e  

change  i n  t h e  r e l a t i v e  b iomass  p r o p o r t i o n s  n o t e d  i n  Tab le  4-2 f o r  
, 

t h e s e  g r o u p s .  

A compar ison  o f  t h e  food budge t  r e s u l t s  w i t h  t h e  o c c u r r e n c e  

p e r c e n t a g e s  from among a l l  d a t a  ( T a b l e  4-4) i n d i c a t e d  t h a t  d i f f e r e n c e s  

were a s  h igh  a s  t h r e e - f o l d ,  wi th  t h e  b u d g e t  c a l c u l a t i o n s  y i e l d i n g  a 



m a n  c o n s u ~ p t i o n  value 31% g r e a t e r .  Though my approach  i s  be l i eved  t o  * 
prov ide  more a c c u r a t e  e s t i m a t e s  o f  d o g f i s h  d i e t  and consumption r a t e s  

t h a n  t h e  uncor rec ted  o c c u r r e n c e  p e r c e n t a g e s  from among t h e  t o t a l  d a t a ,  

t h e  f e l l o w i n g  p o s s i b l e  s o u r c e s  o f  b i a s  shou ld  be  c o n s i d e r e d :  

( 1 )  The f requency o f  o c c u r r e n c e  method used assumes t h a t  

occur rence  p e r c e n t a g e s  a c c u r a t e l y  r e f l e c t  p r o p o r t i o n a l  biomass i n t a k e  

o f  i n d i v i d u a l  food t y p e s .  S i n c e  most stomachs con ta ined  o n l y  one food 

t y p e  (mean ' I  -76)  and &re o f t e n  l a r g e l y  f u l l ,  this b i a s  i s  reduced 

though s t i l l  o f  p r i a a r y  consequence . h e n  i n t e r p r e t i n g  my r e s u l t s .  

( 2  ) The.  o c c u r r e n c e  method a 1  so assumes t h a t  v a r i o u s  food t y p e s  

a r e  e q u a l l y  d i g e s t i b l s .  In this work I found t h a t  h e r r i n g  and salmon 
0 

o f  t h e  same s i z e  were d i g e s t e d  a t  t h e  same r a t e .  In a d d i t i o n ,  Windell  

(1967)  found t h a t  s w i l a r - s i z e d  b lueg i lY  s u n f i s h  ( ~ e p o m i s  macroch i rus )  

d i g e s t e d  equa l  o f  o l i g o c h a e t e s ,  a r t h r o p o d s ,  and f i s h e s  a t  

t h e  same r a t e .  However, though d o g f i s h  food t y p e s  may b e  d i g e s t e d  a t  

t h e  same' r a t e ,  t h e y  m y  r e a c h  unrecogn izab le  s t a g e s  a t  d i f f e r e n t  

t b e s ,  t h u s  r e s u l t i n g  i n  h i g h e r  p r o p o r t i o n s  o f  s o f t - b o d i e d  t y p e s  l i k e  

cL&ophores and c o e l e n t e r a t e s  i n  t h e  u n i d e n t i f i a b l e  c l a s s i f i c a t i o n  

t h a n  o t h e r  foods ,  and t h u s  u n d e r - r a t i n g  t h e i r  a c t u a l  d i e t a r y  

p r o p o r t i o n s .  S i m i l a r l y ,  o t h e r  s p e c i e s  have hard  p a r t s  which a r e  

d i f f i c u l t  t o  Fmpossible t o  d i g e s t ,  such  as oc topus  and squ id  beaks ,  

and hence i d e n t i f i c a t i o n  l o n g  a f t e r  consumption i s  sti l l  p o s s i b l e .  

T h i s  s o w c e  of b i a s  i s  unaccounted f o r .  
4 



( 3 )  My data f u r t h e r '  a r i se  f rom o p p o r t u n i s t i c  s a m p l i n g  i n  which 

many c o l l e c t o r s  t o o k  p a r t .  Thus ,  b i a s e s  due t o  v e s s e l  p u r p o s e ,  g e a r  

s e l e c t i o n ,  and d i f f e r i n g  i n d i v i d u a l  a b i l i t y  t o  c l a s s i f y  food  s p e c i e s s  

may e x i s t .  However, t h e  m u l t i p l i c i t y  o f  s a m p l e s  c o l l e c t e d  o v e r  many 

y e a r s  may have compensated f o r  t h i s  e r r o r .  

B e a r i n g  i n  m i n d  t h e  p o s s i b l e  i n f l u e n c e  o f  t h e  s o u r c e s  o f  e r r o r  

n o t e d  a b o v e ,  t h e  a n n u a l  consumpt ion  o f  commercia l  f i s h e r i e s  s p e c i e s  

c a n  be  c a l c u l a t e d  f rom t h e  a n n u a l  consumption p e r  u n i t  s t o c k  f i g u r e s  

( T a b l e  4-5) when d o g f i s h  b iomass  is  known. Assuming t h a t  d o g f i s h  i n  
<..a 

B r i t i s h  Columbia waters have  now r e t u r n e d  t o  t h e i r  pre-World War I1 

l e v e l  o f  abundance ,  t h e i r  b iomass  would approx ima te  0.5 m i l l i o n  m e t r i c  

t u n s  (Shepard  and S t e v e n s o n  1956) .  Dogfish consumption 

o f  commercial  s p e c i e s  ( A )  based  on t h i s  estimate is i n d i c a t e d  i n  T a b l e  

4-6 i n  compar ison  t o  tKe 1974 commercia l  c a t c h  ( B ;  Anonfmous 1975). 
\ 

Although t h e  h i g h  A/B r a t i o  f o r  s h r i m p  and  prawn may r e f l e c t  low 

m a r k e t  demand f o r  t h e s e  s p e c i e s ,  t h i s  p r o b a b l y  would n o t  a p p l y - t o  

ma jo r  f i s h e r i e s .  Among t h e  ma jo r  commercial  s p e c i e s ,  d o g f i s h  a r e  

e s t i m a t e d  t o  have  consumed 6 . 7  times as  much h e r r i n g  and 0.6 times as  

m ~ h  salmon.  Though t h e s e ) f i g u r e s  c e r t a i n l y  d i s p e l 1  t h e  myth o f  t h e  

l a r g e  consumption o f  s a lmon  by d o g f i s h ,  i t  c a n n o t  be d e n i e d  t h a t  due  

t o  t h e i r  o p p o r t u n i s t i c  n a t u r e  t h e y  w i l l  s t i l l  eat salmon c a u g h t  by 

l i n e  o r  n e t ,  and by s o  d o i n g ,  w a s t e ,  f i s h i n g  time and p o s s i b l y  d e s t r o y  

g e a r .  O f  more i m p o r t a n c e ,  however ,  i s  t h e i r  e f f e c t  on  t h e  h e r r i n g  

f i s h e r y .  Though t h e y  a l s o  d e s t r o y  h e r r i n g  gear and was te  f i s h i n g  



Table 4-6: Est imated  annua l  consumption o f  s p e c i e s  of G p o r t a n c e  t o  
commercial f i s h e r i e s  compared t o  1974 Canadian c a t c h  r e c o r d s  f o r  
B r i t i s h  Columbia wa te r s .  Th i s  is c a l c u l a t e d  from a n  assumed- 
d o g f i s h  s t o c k  l e v e l  of  0.5 m i l l i o n  m e t r i c  t o n s  a p p l i e d  to  t h e  
annual  consumption p e r  w i t  s t o c k  f i g u r e s  o f  Table 4-5, 

-- -- -- - 

S p e c i e s  ( A )  Dogfish  (B) 1974 Commercial , R a t i o  A/B 
h a r v e s t e d a  consumption c a t c h  Anonymous 1975) ' 

( 1000 '3 m e t r i c  t o n s )  (1000's m e t r i c  t o n s )  
- 

Shrimp 109.0 1 .I7 93 .2 
Prawg 2 . 0 0.03 66 -7 
Crab 48.3 1 .14 42.4 
F l a t  f i s h  80.0 7 -78  10.3 
S a b l e f i s h  3.5 0.34 10.3 
Rockfish 20.0 2.68 7.46 
Her r ing  297.0 44 -66  ' 6.65 

Grey / 2.8 8.13 0.34 
Salmon 4 .O 63-94 0.06 

\ + 
a Ranked accord ing  t o  A / B  r a t i o  from h i g h e s t  t o  l o w e s t .  

Commercial Dungeness c r a b s  assumed 50% of  t o t a l .  , 

Grey cod approx imate ly  15% of  Cod ( F .  Gadidae) group.  
I n c l u d e s  s p o r t  f i s h e r y  c a t c h  (apprbx imate ly  1.5% b y  weight). 



time, t h e i r  c a l c u l  ,nnual  consumptio n of  p r a c t i c a l l y  300,000 

m e t r i c  t o n s  o f  p r i m a r i l y  a d u l t  h e r r i n g  must s i g n i f i c a n t l y  r e d u c p  

p o s s i b l e  commercial c a t c h e s  and i s  c o n s i d e r a b l y  i n  e x c e s s  o f  even 

r e c o r d  commercial h e r r i n g  c a t c h e s  o f f  t h e  B r i t i s h  Columbia c o a s t .  A 

more r e c e n t  e s t i m a t e  o f  B r i t i s h  C o l u m b i a q o g f i s h  biomass by W.E. 

Johnson ( p e r s o n a l  communication) o f  t h e  P a c i f i c  B i o l o g i c a l  S t a t i o n  

is  0.39 m i l l i o n  m e t r i c  t o n s .  This would i n d i c a t e  a n  A/B r a t i o  f o r  

h e r r i n g  o f  5 .2 ;  consumption s t i l l  c o n s i d e r a b l y  i n  e x c e s s  o f  commercial  

c a t c h .  With a n  a d u l t  h e r r i n g  s t o c k  l e v e l  of  -3 .5  m i l l i o n  m e t r i c  t o n s  
r :  . 5 -' 

l 
( i b i d )  and ssuming a f 'ur ther  50% biomass f o r  immatures,  t o t a l  P 
B r i t i s h  Columbia h e r r i n g  biomass approx imates  0.53 m i l l i o n  m e t ~ i c  

t o n s .  A t  t h e  d o g f i s h  s t o c k  s i z e  sugges ted  by Johnson,  my d a t a  would 

c u g g e s t  a n  annual  h e r r i n g  consumption l e v e l  of 230,000 m e t r i c  t o n s  

o r  44% [0 .23(100) /0 .531 of t o t a l  s t o c k .  The r a n g e  of  sampl ing  e r r o r  

would l i k e l y  o n l y  reduce  t h i s  e s t i m a t e  by up t o  50%, s t i l l  a 

s i g n i f i c a n t  consumption of h e r r i n g .  

It shou ld  be cau t ioned  t h a t  r e d u c t i o n  i n  d o g f i s h  numbers does 

n o t  a u t o m a t i c a l l y  imply t h a t  l a r g e  i n c r e a s e s  o f  p a r t i c u l a r  s p e c i e s  

a v a i l a b l e  t o  commercial f i s h e r i e s  w i l l  r e s u l t ,  a s  o t h e r  p r e d a t o r s ,  

which a r e  themselves  preyed upon by d o g f i s h ,  may a l s o  i n c r e a s e  i n  

numbers and check t h e  expans ion  o f  s u c h  s p e c i e s .  
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