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ABSTRACT 

T h r e e  s e a s o n a l  t r a w l  t a g g i n g  c r u i s e s  w e r e  u n d e r t a k e n  b y  
t h e  C a l i f o r n i a  D e p a r t m e n t  o f  F i s h  and  Game b e t w e e n  1 9 6 9  
and 1 9 7 1  t o  d e t e r m i n e  t h e  d i s t r i b u t i o n ,  a b u n d a n c e  a n d  
s tock i d e n t i t y  of  Dover s o l e  ( N i c r o s t o m u s  p a c i f i c u s )  i n  ----- ---- 
t h e  a r e a  b e t w e e n  Cape Mendocino i n  n o r t h e r n  C a l i f o r n i a  
and Cape B l a n c o  i n  s o u t h e r n  O r e g o n .  A t o t a l  o f  4730 
Dover s o l e  was t a g g e d  a n d  r e l e a s e d .  Through  1 9 8 4  26% 
( 1 2 3 5 )  were r e c o v e r e d .  R e c a p t u r e  r a t e s  f r o m  t h e  t a g g i n g  
c r u i s e s  were 32% f o r  t h e  s p r i n g  c r u i s e ,  28% f o r  f a l l ,  and 
1 5 %  f o r  w i n t e r .  

Only 1 3  o f  1 2 3 5  t a g s  w e r e  r e c a p t u r e d  o u t s i d e  o f  PMFC 2A 
a n d  1C a r e a s  ( C a p e  B l a n c o  t o  Cape M e n d o c i n o ) .  The mean 
n o r t h - - s o u t h  d i s p e r s i o n  o f  t a g g e d  Dover  s o l e  f r o m  p o i n t  
o f  r e l e a s e  was 1 0 . 2  n a u t i c a l  m i l e s  ( n m ) .  The maximum 
d i s t a n c e s  moved f r o m  t a g g i n g  s i t es  w e r e  215 nm s o u t h w a r d  
and 211 nm n o r t h w a r d .  A s t o c k  u n i q u e  f o r  management  p u r -  -- l- p o s e s  i s  i n d i c a t e d  b y  t h e  t a g  r e c o v e r i e s .  

A s e a s o n a l  m i g r a t i o n  b y  f e m a l e  Dover  s o l e  t o  d e e p - w a t e r  
g r o u n d s  i n  f a l l  and  w i n t e r  was d e m o n s t r a t e d .  S e v e r a l  
e s t i m a t e s  o f  t o t a l  m o r t a l i t y  ( 2 )  were g e n e r a t e d  b y  r e -  
g r e s s i o n  o f  r e c o v e r i e s  o n  t i m e - a t - l i b e r t y  f o r  a l l  
r e c o v e r i e s  and  f o r  s h a l l o w -  and  d e e p - w a t e r  r e t u r n s ,  
s e p a r a t . e l y .  V a l u e s  were 0 . 4 1 ,  0 . 6 1 ,  and  0 . 3 1 ,  r e s p e c -  
t i v e l y .  
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INTRODUCTION 

Dover sole ( ~ i c r o s t o m u s  -- p a c i f i c u s )  h a s  been  a p r i n c i p a l  

component i n  t h e  n o r t h e r n  C a l i f o r n i a  trawl f i s h e r y  l a n d i n g s  s i n c e  

t h e  1 9 4 0 ' s .  Land ings  be tween  1960 and  1984 a v e r a g e d  4475 metric 

t o n s  ( m t )  i n  t h e  Eureka -Crescen t  C i t y  a r e a  (PMFC A r e a  1 C )  

( F i g u r e  1) and  compr i sed  63% o f  t h e  s t a t e - w i d e  t o t a l .  Annual  

l a n d i n g s  from t h i s  a r e a  remained  r e l a t i v e l y  s t a b l e  u n t i l  1969 

when t h e  c a t c h  i n c r e a s e d  s h a r p l y  ( F i g u r e  2 ) .  C o i n c i d e n t  w i t h  t h i s  

i n c r e a s e  was a s h i f t  i n  t h e  f i s h e r y  to  a  g r e a t e r  r e l i a n c e  on deep-  

w a t e r  s t o c k s  ( F i g u r e  3 ) .  Between 1969 and  1984 a n  a n n u a l  a v e r a g e  

o f  5489 m t  o f  Dover sole  was l a n d e d  w i t h  a  r a n g e  o f  4012 t o  7039 

m t  ( T a b l e  1 ) .  

F i v e  trawl t a g g i n g  c r u i s e s  were u n d e r t a k e n  by t h e  C a l i f o r n i a  

Department  o f  F i s h  and  G a m e  d u r i n g  t h e  p e r i o d  f rom 1969 t o  1 9 7 1  

+ 1 
w i t h  t h e  g o a l  o f  d e t e r m i n i n g  t h e  d i s t r i b u t i o n ,  a b u n d a n c e ,  and  

s t o c k  i d e n t i t y  o f  Dover sole i n  t h e  a r e a  be tween  Cape Mendocino 

i n  n o r t h e r n  C a l i f o r n i a  and  Cape B lanco  i n  s o u t h e r n  Oregon.  Trawl- 

i ng  s t a t i o n s  were s e l e c t e d  a t  random a l o n g  s e v e n  t r a n s e c t s  f rom 

Cape Mendocino t o  Cape B lanco  from s h o r e  t o  1000 fms. Time 

l i m i t a t i o n  and  i n c l e m e n t  w e a t h e r  r e d u c e d  t h e  a r e a  c o v e r e d  by  t h e  

s u r v e y s  t o  f o u r  t r a n s e c t s  be tween  Cape Mendocino and  P t .  S t .  George 

and produced  o n l y  t h r e e  s i g n i f i c a n t  c r u i s e s .  T h i s  r e p o r t  i n c l u d e s  

t h e  r e s u l t s  f rom s p r i n g  (May) and f a l l  ( S e p t e m b e r )  c r u i s e s  i n  1969 

and a  w i n t e r  ( F e b r u a r y )  c r u i s e  i n  1971.  



MATERIALS AND METHODS 

Vessel and  T r a n s e c t s  

Dur ing  1969 and  1 9 7 1  a t o t a l  o f  4 ,730  Dover sole  was t a g g e d  

and r e l e a s e d  o v e r  t h r e e  b o t t o m  t r a w l  c r u i s e s  a b o a r d  t h e  30.5-m 

( 1 0 0 - f t )  r e s e a r c h  v e s s e l  N.B. SCOFIELD. T r a w l i n g  w a s  c o n d u c t e d  

u s i n g  a  400-mesh e a s t e r n  t rawl c o n s t r u c t e d  o f  1 /2 - in .  webb ing ;  a 

n e t l i n e r  c o n s t r u c t e d  o f  1 / 2 - i n .  mesh was l a c e d  i n t o  t h e  codend .  

The n e t  was f i s h e d  w i t h  s t ee l  'V' d o o r s  and  45.7 m ( 2 5  fm) mud 

l i n e s .  Tows were o f  10-30 min  i n  d u r a t i o n .  

T r a w l i n g  s t a t i o n s  were l o c a t e d  a l o n g  f o u r  t r a n s e c t s  a t  20- 

min l a t i t u d e  l i n e s  b e t w e e n  Cape Mendocino and  P t .  S t .  Geo rge .  

The f i r s t  s t a t i o n  on  e a c h  t r a n s e c t  l i n e  was randomly  s e l e c t e d  

between 9 . 1  and  45.7 m ( 5  and  25 fms )  w i t h  t h e  r e m a i n i n g  s t a t i o n s  

s p a c e d  a t  3-nm i n t e r v a l s  t.o 1829 m (1000  f m s )  ( F i g u r e  4 ) .  

I n  May 1969 ,  d u r i n g  t h e  s p r i n g  c r u i s e ,  1 4 9 1  f i s h  were t a g g e d  

and r e l e a s e d .  Of t h i s  t o t a l  47% were f rom s h a l l o w - w a t e r  t r a w l s  

( 0  - 199 f rn s ) .  I n  Sep t ember  1 9 6 9 ,  2186 Dover s o l e  were t a g g e d  and  

r e l e a s e d  w i t h  56% o f  t h e s e  f rom less t h a n  200-fm t r awls .  The 

w i n t e r  c r u i s e  was d e l a y e d  u n t i l  F e b r u a r y  1 9 7 1  when 1053  t a g g e d  

Dover s o l e  were  r e l e a s e d  w i t h  o n l y  1% coming f rom s h a 1 . 1 0 ~  water. 

Haul d e p t h s  v a r i e d  f rom 28 fms t o  570 fms ,  w i t h  t a g g e d  r e l e a s e s  

r a n g i n g  f rom z e r o  t o  549 p e r  h a u l  ( T a b l e s  2 ,  3 ,  and  4 ) .  

Tagg ing  P r o c e d u r e  

Dover sole c a p t u r e d  d u r i n g  s h o r t  10- t o  30-min tows were 

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



which  c o n t a i n a d  c i r c u l a t i n g  sea w a t e r ,  Each fish was q u i c k l y  

examined  f o r  g e n e r a l  c o n d i t i o n  a n d  size. o n l y  f i s h  w h i c h  were 

f u l l y  v u l n e r a b l e  t o  t h e  c o m m e r c i a l  f i s h e r y ,  o v e r  356 mm t o t a l  

l e n g t h  ( T L )  ( 1 4  i n . ) ,  were d i p p e d  f r o m  t h e  h o l d i n g  t u b s ,  m e a s u r e d  

( t o  t h e  n e a r e s t  rnrn), t a g g e d ,  a n d  r e l e a s e d  w h i l e  t h e  v e s s e l  r e m a i n e d  

o v e r  t h e  h a u l  s t a t i o n .  

A l l  r e l e a s e s  were t a g g e d  w i t h  a y e l l o w  v i n y l - p l a s t i c  s p a g h e t t i  

t a g  27.9 c m  (11 i n . )  i n  l e n g t h  a n d  1 . 8  mm i n  d i a m e t e r .  Each t a g  

had  a n  i d e n t i t y  number .  The t a g s  were a p p l i e d  t o  t h e  f i s h  a t  

mid-body,  t h r o u g h  t h e  d o r s a l  m u s c u l a t u r e  a b o u t  1 . 9  c m  ( 3 / 4  i n . )  

be low t h e  b a s e  o f  t h e  d o r s a l  f i n .  A d e t a c h a b l e  s t a i n l e s s  s t e e l  

n e e d l e ,  w h i c h  h a d  b e e n  s t e r i l i z e d  i n  a l c o h o l ,  was u s e d  t o  t h r e a d  

t h e  t a g  t h r o u g h  t h e  f i s h .  The l o o s e  e n d s  o f  t h e  t a g  were s e c u r e d  

b~ means o f  _an-overhand  k n o t .  P e t e r s o n  - d i s k  - - - - -  t a g s  were a t t a c h e d  
- - - -  

.I . t o  7 4 2  o f  t h e  releases t o  es t imate  t a g  s h e d d i n g  ra tes .  A P e t e r s o n  

d i s k  t a g  c o n s i s t s  o f  t w o  l a m i n a t e d  p l a s t i c  d i s k s ,  o n e  o n  e a c h  s i d e  

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

m u s c u l a t u r e .  One o f  t h e  d i s k s  was i m p r i n t e d  w i t h  a s e r i a l  number .  

Onboard  B i o l o g i c a l  S a m p l i n g  

No a t t e m p t  was made t o  assess  s h o r t - t e r m  t a g g i n g  m o r t a l i t y .  

However, t h e  g e n e r a l  c o n d i t i o n  o f  t h e  t a g g e d  f i s h  a t  t h e  t i m e  o f  

r e l e a s e  was r a n k e d  a n d  r e c o r d e d  b a s e d  o n  a s c a l e  o f  1 t o  4 (1- 
- - - - -  - - - -  - - -  - - - - -  - - - -  - - - -  

m o r i b u n d ,  2-poor, 3 - f a i r ,  4-good). The occurrence of a j e l l i e d  

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

( P a t a s h n i k  a n d  G r o n i n g e r  1 9 6 3 )  , was a l s o  n o t e d .  



A portion of the Dover catch was retained for age-leng th- 

weight and shrinkage studies. The fish that were sampled included 

those brought aboard dead or injured and those less than 356 mm TL. 

Recovery Procedure 

Department biologists personally informed trawl fishermen 

and processors of the tagging program to stimulate interest and 

enlist cooperation. Fishermen were asked to return tagged fish 

with information on date, location (Loran or specific coastal 

landmarks), and depth of capture. A $1.00 reward and the release 

history of the tagged fish was provided to those returning tags. 

For each tagged fish returned, biological data were collected for 

sex, age (otoliths), gonad condition, flesh condition (jellied or 

non- jellied) total length (mm) and weight (kg ) . 
Distance and direction traveled were calculated by plotting 

the release and return hauls on a nautical chart. The distance 

-.r 
1 

moved (in nautical miles) was determined from the midpoint of the 

release haul to the midpoint of the recovery haul. Direction of 

movement was categorized as "north", "south", "inshore", "off- 

shore", and "no movement". If the hauls overlapped at any point, 

the recovery was characterized as "no movement". Results were 

assigned to 10-min rectangular catch blocks, approximately 10 nm 

square (Clark 1935), to identify catch location (Figure 5). 

The unsymmetrical depth contours off the coast made depth 

change a more accurate description of inshore-offshore movement 

than did an estimate of miles traveled. Tag and recovery depths 

were rounded off to the nearest fathom. 



D i s p e r s i o n  f rom t a g g i n g  p o i n t  was a n a l y z e d  a s  n o r t h / s o u t h  o r  

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

m i g r a t i o n ,  e s p e c i a l l y  as  r e l a t e d  t o  sex and  time o f  y e a r .  

RESULTS 

Tag Recove ry  R a t e s  

T h e r e  were 4730 Dover s o l e  t a g g e d  and  r e l e a s e d  o v e r  a l l  t h r e e  

e x p e r i m e n t s  w i t h  a  r e c o v e r y  r a t e  o f  26% ( 1 , 2 3 5 )  t h r o u g h  1984 .  Re-  

c a p t u r a t e s  f o r  t h e  t h r e e  c r u i s e s  were 32% f o r  s p r i n g ,  28% f o r  f a l l ,  

and 1 5 %  f o r  t h e  w i n t e r  c r u i s e .  

Recove ry  r a t e s  f o r  t h e  f o u r  t r a n s e c t  a r e a s  o f f  C r e s c e n t  C i t y ,  

Redding Rock, T r i n i d a d ,  and  t h e  E e l  R i v e r  v a r i e d  as  25% ( 3 0 1  o u t  

o f  1206 t a g g e d  and r e l e a s e d ) ,  46% ( 2 0 1  o u t  o f  4 4 0 ) ,  21% ( 5 2 0  o u t  

o f  2424)  and 32% ( 2 1 3  o u t  o f  66O), r e s p e c t i v e l y .  The h i g h e s t  

r e c o v e r y  r a t e  was f o r  t h e  lowest number of releases and  v i c e  v e r s a  

( T a b l e  5 ) .  
\ 
1 Recove ry  by Sex and  Length  

Males  c o m p r i s e d  30% o f  measu red  r e c o v e r i e s  o v e r  a l l  

e x p e r i m e n t s ,  f e m a l e s  69% and unknowns made u p  1% ( T a b l e  6 ) .  The 

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

f rom a l o w  o f  22% f o r  t h e  s p r i n g  c r u i s e ,  t o  a  h i g h  o f  42% f o r  t h e  

d e e p e r  water w i n t e r  c r u i s e  ( T a b l e s  7 - 9 ) .  The p r o p o r t i o n  o f  

m a l e s  i n  t o t a l  r e c o v e r i e s  v a r i e d  by  t a g g i n g  t r a n s e c t  f rom a l o w  o f  

7 %  for t h e  Redding Rock t r a n s e c t  t o  a  h i g h  of 42% f o r  t h e  a d j a c e n t  

T r i n i d a d  t r a n s e c t .  



Mean l e n g t h  a t  r e c o v e r y  by s e x  was r e l a t i v e l y  c o n s t a n t  o v e r  

c r u i s e s ,  w i t h  m a l e s  and f e m a l e s  t a g g e d  i n  t h e  s p r i n g  c r u i s e  ex-  

h i b i t i n g  t h e  h i g h e s t  a v e r a g e  r e c o v e r y  l e n g t h ,  t hough  t h e  modal 

i n t e r v a l  o f  t h e  w i n t e r  c r u i s e  r e c o v e r i e s  r e p r e s e n t s  a o n e - i n t e r v a l  

i n c r e a s e  f o r  b o t h  s e x e s  o v e r  t h e  modes o f  t h e  o t h e r  c r u i s e s  

( F i g u r e s  6  and 7 ) .  

Mean l e n g t h  f o r  m a l e s  was 388 mm (SD 26 m m ) ,  and 425 mm (SD 

42 mm) f o r  f e m a l e s .  Length  f r e q u e n c y  d i s t r i b u t i o n s  were r e l a t i v e l y  

un imodal ,  w i t h  t h e  360- t o  379-mm i n t e r v a l  r e p r e s e n t i n g  t h e  modal 

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

i n  t h e  400- t o  419-mm i n t e r v a l .  Mean l e n g t h  a t  r e c o v e r y  was 

r e l a t i v e l y  c o n s t a n t ;  t h e  Redding Rock t a g g i n g  t r a n s e c t  e x h i b i t e d  

t h e  h i g h e s t  a v e r a g e  r e c o v e r y  l e n g t h  f o r  b o t h  s e x e s  ( T a b l e s  10  and  

11). 

Length  a t  R e l e a s e  and R e c a p t u r e  

Leng ths  were r e c o r d e d  f o r  4711 r e l e a s e d  f i s h  and  1223  

r e c a p t u r e s .  Mean l e n g t h  a t  t a g g i n g  f o r  a l l  measu red  r e l e a s e s  was 

408 mm (SD 38 m m ) .  Mean l e n g t h  a t  t a g g i n g  f o r  r e c a p t u r e s  was 411 

mm ( S D  40 mrn) ( T a b l e  1 2 ) .  Recovery  r a t e s  by t a g g i n g  l e n g t h  i n t e r -  

v a l  a r e  un i fo rm t h r o u g h  t h e  m a j o r i t y  o f  i n t e r v a l s ,  w i t h  a n  o v e r a l l  

r a t e  o f  26% ( F i g u r e  8 ) .  The 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 s  o f  

r e l e a s e s  and r e c o v e r i e s  a r e  a l m o s t  i d e n t i c a l  w i t h  t h e  380- t o  

399-mm i n t e r v a l  r e p r e s e n t i n g  t h e  g r e a t e s t  p e r c e n t a g e  o f  r e c o v e r i e s  

( F i g u r e  9 )  . 
Recovery r a t e s  by c r u i s e  and t a g q i n g - l e n g t h  i n t e r v a l  d i f f e r e d  

s i g n i f i c a n t l y  a s  t h e  w i n t e r  c r u i s e  e x h i b i t e d  t h e  l o w e s t  r e c o v e r y  

r a t e  (Table 1 3 ) .  Mean l e n g t h s  a t  t .agqing f o r  r e l e a s e d  Dover so l e  



ranged  from 400 mm for t h e  f a l l  1969 e x p e r i m e n t  t o  4 2 1  mrn f o r  the 

s p r i n g  c r u i s e .  Length  f r e q u e n c y  d i s t r i b u t i o n s  o f  t a g g e d  and  reco- 

v e r e d  f i s h  f o r  t h e  t h r e e  c r u i s e s  a r e  a p p r o x i m a t e l y  un imoda l ,  

e x h i b i t i n g  a  p o s i t i v e  skewness  i n d i c a t i v e  of  g e a r  s e l e c t i v i t y  

( F i g u r e  L O ) .  

R e l i a b i l i t y  o f  r e c o v e r y  l e n g t h s  is a f f e c t e d  by undocumented 

p o s t G c a p t n r e  handl i -ng-methods.  - Exper-iments a n -  s a c r i f i c e d  f i s h -  
- 

t a k e n  d u r i n g  t h e  c r u i s e s  showed a  r a n g e  o f  s h r i n k a g e  f o r  f i s h  

f r o z e n  ( o r  i c e d )  a f t e r  c a p t u r e  o f  0  mm t o  22  mm, w i t h  a  mean o f  5  

mm. Ha r ry  ( 1 9 5 6 )  c o n c l u d e d  t h a t  a  c o r r e c t i o n  f a c t o r  o f  1 . 0  c m  

s h o u l d  b e  added t o  t h e  o b s e r v e d  l e n g t h  o f  i c e d  Dover so l e .  

Recovery R a t e  by C o n d i t i o n  a t  Tagg ing  

The m a j o r i t y  o f  t a g g e d  f i s h  were i n  good c o n d i t i o n  ( 3 3 5 5 )  

and r e c o v e r y  r a t e  was h i g h e s t  ( 3 2 % )  f o r  f i s h  r a t e d  i n  t h i s  

c a t e g o r y  ( T a b l e  1 4 ) .  None o f  t h e  26  f i s h  r e l e a s e d  i n  a  mor ibund 
\ 
1 

- - condi - t ion  j e r e r e c o v e r e d .  - - - - - -  

- - - - - -  
- - - - - - - - 

J e l l i e d  Dover sole r e p r e s e n t e d  1 7 %  o f  t h e  t o t a l  r e l e a s e d .  

Recovery r a t e  f o r  t a g g e d  j e l l i e d  f i s h  was o n l y  10% o v e r  a l l  

c r u i s e s ,  compared t o  26% f o r  a l l  f i s h .  

F i s h  f l e s h  q u a l i t y  i s  r e l a t e d  t o  d e p t h  o f  c a p t u r e  a s  m o s t  o f  

t h e  Dover sole t a g g e d  i n  t h e  j e l l i e d  c o n d i t i o n  were c a p t u r e d  a t  

d e e p  d e p t h s  ( T a b l e  1 5 ) .  O f t e n  e n t i r e  tows  c o n s i s t e d  o f  j e l l i e d  

f i s h  w h i c h  were judged t o  b e  i n  f a i r  o r  good c o n d i t i o n ,  d e s p i t e  

t h e i r  j e l l i e d  f l e s h  c o n d i t i o n .  Only 9 of t h e  785 t a g g e d  as 

j e l l i e d  were from s h a l l o w - w a t e r  t ows ;  however ,  11% of  j e l l i e d  



recoveries were made in less than 200 fms. Most (98%) of the fish 

considered to be in poor or moribund condition were deep-water 

fish. 

Recovery Rate by Time-at-Liberty 

Data from all experiments were used to examine recovery pro- 

portions by time-at-liberty over a 6-yr period (1970-1975). 

Depending on the analysis, one year at liberty is equivalent to 

either 365 d following release or the calendar year following 

tagging. The proportions of 862 tags recaptured, beginning in 

1970, the year following release from the spring and fall cruises 

in 1969, are 43.7, 23.5, 13.0, 7.0, 6.0, and 1.48, respectively. 

The 156 recaptures for the period 1972-1976 from the winter 1971 

cruise had annual proportions as follows; 33.9, 19.5, 12.7, 13.6, 

and 5.1%. Data from all cruises were combined and the proportions 

are 42.6, 23.1, 13.0, 7.8, 5.9, and 1.8%, respectively. 

The Kruskal Wallis one-way ANOVA non-parametric statistical 

\ 1 
test demonstrates a significant difference between cruises with 

regard to time-at-liberty for recoveries (x2 = 295724, p < 0.01), 

with the winter cruise tags exhibiting the greatest overall time- 

at-liberty (Table 16). 

The longest times-at-liberty, through the end of 1984, for 

individual tags from each cruise are as follows: 

CRUISE TIME AT LIBERTY 

Spring 1969 13 years 270 days 

Fall 1969 10 years 265 days 

Winter 1971 15 years 174 days. 



R e t u r n s  by Recovery  Q u a r t e r  

Of  t h e  1235 r e c o v e r i e s ,  552 ( 4 4 . 7 % )  o c c u r r e d  i n  t h e  summer 

q u a r t e r  ( J u l y ,  Augus t  and S e p t e m b e r ) ,  453 were c a p t u r e d  i n  t h e  

s p r i n g  ( A p r i l ,  May and  J u n e ) ,  and  159 ( 1 2 . 9 % )  were f a l l  r e c o v e r i e s  

( O c t o b e r ,  November, December) ,  w i t h  t h e  r e m a i n i n g  7 1  ( 5 . 7 % )  w i n t e r  

r e c o v e r i e s .  T h i s  t r e n d  p a r a l l e l s  l a n d i n g  p a t t e r n s .  The h e a v i -  

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

s p r i n g  and summer q u a r t e r  mon ths ;  however ,  a  c h i - s q u a r e  t e s t  o f  

f r e q u e n c y  o f  r e c o v e r i e s  by r e c o v e r y  q u a r t e r  and  r e c o v e r y  y e a r  shows 

t h e s e  f a c t o r s  t o  b e  s i g n i f i c a n t l y  i n t e r d e p e n d e n t  (x2 = 164.6912 ,  

p  < 0 .01 )  ( T a b l e  1 7 ) .  

Nor th-South  Movement 

Movement o f  Dover s o l e  o u t  o f  t h e  s t u d y  a r e a  was m i n i m a l .  

Only 13  o f  1235 r e t u r n e d  t a g s  were from f i s h  r e c a p t u r e d  o u t s i d e  

of  t h e  PMFC 2A and  1 C  a r e a s  (Cape  B l a n c o  t o  Cape Mendoc ino ) .  The 

I 1 

mean n o r t h / s o u t h  d i s p e r s i o n  o f  t a g g e d  Dover s o l e  f rom p o i n t  o f  

r e l e a s e  was 10 .2  nm. A n a l y s i s  o f  t h e  r e c o v e r i e s  shows t h a t  w e l l  

o v e r  50% d i d  n o t  move f rom p o i n t  o f  t a g g i n g  ( F i g u r e  11). The max- 

imum d i s t a n c e  moved by a  t a g g e d  Dover s o l e  was 215 nm s o u t h w a r d  

f rom r e l e a s e  p o i n t .  The maximum n o r t h w a r d  movement was 211 nm. 

Tag r e t u r n s  by CDFG c a t c h  b l o c k  r e v e a l  a  " f i n g e r p r i n t "  o f  l o n g i -  

t u d i n a l  d i s p e r s i o n  o f  t a g g e d  releases f rom e a s t - w e s t  t r a n s e c t  

l i n e s  formed by t h e  c a t c h  b l o c k s  ( F i g u r e  5 ) .  A c o m p a r i s o n  o f  t h e  

d i s p e r s a l  p a t t e r n s  o f  t a g s  be tween  block l i n e s  shows t h a t  t h e  m o s t  

n o r t h e r l y  t a g  ( b l o c k  l i n e  1 0 8 )  and s o u t h e r l y  t a g  ( b l o c k  l i n e  210)  

p a t t e r n s  a r e  skewed t o  t h e  s o u t h  and n o r t h ,  r e s p e c t i v e l y .  T h e r e  



seems t o  be  no d e f i n i t e  p a t t e r n  t o  t h e  i n t e r i o r  b l o c k  l i n e s  

( F i g u r e s  1 2  and 1 3 ) .  A r e v i e w  o f  l o n g i t u d i n a l  movement f rom i n d i -  

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

t h e  t a g g i n g  b l o c k  l i n e s .  The most n o r t h e r l y  ( C r e s c e n t  c i t y )  and  

s o u t h e r l y  ( E e l  R i v e r )  t r a n s e c t  b l o c k s  i n d i c a t e  l i t t l e  movement 

a c r o s s  s t u d y  a r e a  b o u n d a r i e s  ( F i g u r e s  1 4  and  1 5 ) .  

A l i n e a r  r e g r e s s i o n  o f  l o n g i t u d i n a l  d i s p e r s i o n  on y e a r s  a t  

l i b e r t y  shows no s t r o n g  r e l a t i o n s h i p  o f  l i n e a r i t y  ( r 2  = 0 . 0 1 ) ,  f o r  

t a g s  a t  l i b e r t y  f o r  a t  l e a s t  1 y r .  Tags  r e c o v e r e d  be tween  1 and  2  

y r  a t  l i b e r t y  a v e r a g e d  9 .1  nm o f  d i s p e r s i o n ,  compared t o  6.4 nm 

f o r  t a g s  r e c o v e r e d  w i t h i n  t h e  f i r s t  90 d  a f t e r  r e l e a s e  ( T a b l e  1 8 ) .  

Almost h a l f  o f  t h e  t a g s  r e c o v e r e d  a f t e r  5  or  more y e a r s  a t  l a r g e  

(36  o u t  of 8 0 )  showed no  movement. 

A K r u s k a l  Wallis t e s t  compar ing  l o n g i t u d i n a l  d i s p e r s i o n  o f  

Dover so le  f rom t a g g i n g  p o i n t  by  s e x  shows a  h i g h l y  s i g n i f i c a n t  

-. d i f f e r e n c e  be tween  t h e  s e x e s  (x2=1020609,  p < 0 . 0 0 0 ) ,  w i t h  m a l e s  
l .  

r a n k i n g  h i g h e r  ( T a b l e  1 9 ) .  

Of t h o s e  f i s h  t h a t  moved n o r t h ,  m a l e s  t e n d e d  t o  move a n  

a v e r a g e  o f  a l m o s t  6 nrn f u r t h e r  no r thward  t h a n  f e m a l e s  f rom p o i n t  

o f  t a g g i n g ,  w h i l e  f e m a l e s  moved, on  a v e r a g e ,  s l i g h t l y  f u r t h e r  

s o u t h  t h a n  t h e i r  ma le  c o u n t e r p a r t s  ( 2 3 . 1  nm t o  19.6 nm) ( T a b l e  

2 0 ) .  However, w i t h i n  r e s p e c t i v e  s e x e s ,  a  h i g h e r  p e r c e n t a g e  

m a l e s  m o y d  s o u t h  t h a n  d i d  f e m a l e s  ( 3 6 . 7  v s .  2 2 . 7 ) ,  and  a  
I' 

-1 

e a t e r  p e r c e n t a g e  of f e m a l e s  m i g r a t e d  north as compared to 

(22 .0  t o  1 4 . 5 )  ( T a b l e  2 1 ) .  

o f  

males 



A s t a t i s t i c a l  cornparisan of l o n g i t u d i n a l  d i s p e r s i o n  of Dover 

s o l e  by r a n k s  amcng t a g g i n g  c r u i s e s  shows a h i g h l y  s i g n i f i c a n t  

d i f f e r e n c e  (x2=-194233,  p  < 0 . 0 0 0 ) ,  w i t h  t h e  w i n t e r  c r u i s e  r a n k e d  

h i g h e s t .  The mean d i s t a n c e  t r a v e l l e d  be tween  release and  r e c a p t u r e  

p o i n t  was 17.6 nm f o r  t h o s e  t a g g e d  on  t h e  w i n t e r  c r u i s e  compared 

t o  t h e  o v e r a l l  mean o f  10 .2  nm ( T a b l e  2 2 ) .  

L o n g i t u d i n a l  d i s p e r s i o n  by t a g g i n g  c r u i s e  r e v e a l s  some i n t e r -  

e s t i n g  a n o m a l i e s .  The p e r c e n t a g e  o f  a  g i v e n  c r u i s e ' s  r e c o v e r i e s  

t h a t  showed no n o r t h / s o u t h  movement d e c r e a s e s  f rom a  h i g h  o f  70% 

f o r  t h e  s p r i n g  c r u i s e  t o  a  l o w  o f  40% f o r  t h e  w i n t e r  c r u i s e .  The 

p r o p o r t i o n  of t h e  w i n t e r  c r u i s e  r e c o v e r i e s  t h a t  moved be tween  11 

and 1 5  miles was e q u a l  t o  t h e  no  movement g r o u p  ( F i g u r e  1 6 ) .  

L o n g i t u d i n a l  movement by  l e n g t h  g r o u p s  ( l e n g t h  a t  r e l e a s e )  

is f a i r l y  u n i f o r m  t h r o u g h  t h e  c l a s s e s  w i t h  a  t r e n d  toward  l e s s  

s o u t h e r l y  movement w i t h  i n c r e a s i n g  s i z e ,  p o s s i b l y  s i n c e  males 

' 1 
1 

show a  p r o c l i v i t y  f o r  s o u t h e r l y  movement a s  d e m o n s t r a t e d  p r e v i o u s l y  

and b e c a u s e  m a l e s  a v e r a g e  a  s h o r t e r  t o t a l  l e n g t h  ( F i g u r e  1 7 ) .  

D i s p e r s i o n  R a t e s  

Movement across c a t c h  b l o c k  l i n e s  was f u r t h e r  a n a l y z e d  f o r  

c h a r a c t e r i s t i c  d i s p e r s i o n  r a t e s .  R e c o v e r i e s  by b l o c k  l i n e  were 

summed a c c o r d i n g  t o  d i s t a n c e  ( b y  10-nm t a g  b l o c k  l i n e  i n c r e m e n t s )  

from t h e  c o r r e s p o n d i n g  o r i g i n a l  t a g  b l o c k  l i n e  w i t h o u t  r e g a r d  t o  

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

t a g  b l o c k  l i n e  g r o u p .  Recovered tags were weighted  by commercial 

c a t c h e s  f o r  t h e  c o r r e s p o n d i n g  t a g  b l o c k  l i n e  ( t a g s / 1 0 0  m t ) .  

A n a l y s i s  was res t r ic ted  t o  r e c o v e r i e s  o f  t h e , 1 9 6 9  t a g g i n g  c r u i s e s  

and t o  r e c o v e r i e s  i n  PNFC a r e a  1 C  f o r  t h e  p e r i o d  1970 t h r o u g h  1975.  



R e c o v e r y  r a t e  ( I n  [ t a g s / l O O r n t ] )  was r e g r e s s e d  o n  l o n g i t u d i n a l  

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

l i n e s .  D i s t a n c e  was d e f i n e d  i n  terms o f  10-nm c a t c h  b l o c k  i n c r e -  

m e n t s .  The v a l u e  o f  r 2  v a r i e d  f r o m  0 .92  f o r  t a g  b l o c k  l i n e  1 3 2  

down t o  0.28 f o r  t h e  most s o u t h e r l y  t a g  b l o c k  l i n e  210.  

An a n n u a l  d i s p e r s i o n  r a t e  was c a l c u l a t e d  a f t e r  t h e  m e t h o d  o f  

F a r g o  e t  a l .  ( 1 9 8 5 ) .  The h i g h e s t  a n n u a l  r a t e  was 2 .2% f o r  t a g  

b l o c k  l i n e  1 2 0  ( r 2  = 0 . 8 9 ) ,  t h e  l o w e s t  was 0 .6% f o r  t a g  b l o c k  l i n e  

210 a n d  t a g  b l o c k  l i n e  1 0 8  ( r 2  = 0 . 7 2 ) .  The a v e r a g e  a n n u a l  r a t e  o f  

d i s p e r s i o n  was  1 . 2 % .  The a n n u a l  d i s p e r s i o n  r a t e  f o r  Dover  so le  i n  

PMFC a r e a  5D was f o u n d  t o  b e  0 . 4 %  ( F a r g o  e t  a l .  1 9 8 5 ) .  

B a t h y m e t r i c  movement 

Dover sole were t r a w l e d  f r o m  d e p t h s  r a n g i n g  f r o m  1 2  t o  650 

fm. T a g s  were r e l e a s e d  f r o m  h a u l s  r a n g i n g  i n  d e p t h  f r o m  20 

t o  510 fms.  

+ Dover s o l e  r e c o v e r i e s  were p r o f i l e d  by  r e c o v e r y  d e p t h ,  s e x  
1 .  

and  t a g g i n g  c r u i s e  ( T a b l e  2 3 ) .  F e m a l e s  f r o m  t h e  s p r i n g  a n d  f a l l  

c r u i s e s  t e n d e d  t o  b e  r e c o v e r e d  i n  s h a l l o w  ( 0  - 1 9 9  f m )  d e p t h s  

( 7 7 %  a n d  7 6 % ,  r e s p e c t i v e l y ) ,  w h i l e  males were more e v e n l y  s c a t -  

t e r e d  t h r o u g h  t h e  d e p t h s .  The w i n t e r  c r u i s e ,  w h e r e  more d e e p  

t a g g i n g  o c c u r r e d ,  showed o n l y  1 8 %  s h a l l o w - d e p t h  r e c o v e r i e s .  

R e c o v e r y  d a t a  f r o m  t h e  t h r e e  combined  c r u i s e s  r e v e a l  t h a t  

s h a l l o w - w a t e r  f e m a l e  r e c o v e r i e s  d o m i n a t e d  i n  t h e  s p r i n g  a n d  summer 

q u a r t s r s .  Deep water f e m a l e s  d o m i n a t e d  i n  t h e  w i n t e r  a n d  f a l l  

q u a r t e r s .  Over  90% o f  w i n t e r  q u a r t e r  r e c o v e r i e s  were deep w a t e r  

rnales  a n d  f e r n a l c s ,  w i t h  n o  m a l e s  r e c o v e r e d  i n  w a t e r s  u n d e r  200  fm 

( F i g u r e  1 8 ) .  



Releases in the 1969 cruises were almost evenly split between 

shallow (0-199 frn) and deep (200-599 fn) water. IIowever, during 

the 1971 cruise only 1% of tag releases were from shallow water 

 able 24). Recapture rate for shallow water tagging was 43% 

compared to only 14% for deeper water releases. 

Recoveries through 1984 in the 0 - 199 fathom range (shallow) 

are disproportionately high (62.9%) compared to the small amount 

of landings in shallow water (33%) for the period of greatest 

recovery (1970 - 1975) (Table 25). 
Mortality Rates 

Instantaneous rates of total mortality (2) were calculated 

based upon tag recoveries for the period 1970 through 1983 for all 

cruises combined, and for shallow- and deep-water recoveries. 

Recoveries for the two 1969 cruises and the 1971 cruise were com- 

bined, adjusting 1971 cruise recoveries to those of 1969, and 

dividing by the corresponding recovery year landings (100 mt) 

\ using a weighted mean ratio. 

Adjusted recoveries ( ln [recoveries/100 mt] ) were regressed 

on time-at-liberty (12 yr) and the resulting formula was 

y=1.51-0.41~ (r2=0.94). The estimate of Z (0.41) was obtained from 

the regression coefficient (Figure 19). Catch data limitations 

confined the shallow/deep-water analyses to the years 1970 to 

1975. The regression formula of adjusted shallow water recoveries 

on time-at-liberty was y=3.20-0.61~ (r2=0.97), with Z=0.61 (Figure 

20). The deep-water regression formula was y=1.24-0.31~ (r2=0.95) 

with 2=0.31 (Figure 21). Using a similar method to estimate Z, 

Fargo and Westerheim (1985) estimated a total mortality of 0.25 

for the Northern Hecate Strait Dover sole fishery. 



C a t c h  c u r v e  a n a l y s i s  o f  PMFC a r e a  3 9  Dover  so le  l a n d i n g s  d a t a  

r e v e a l e d  a 2 v a l u e  o f  0 . 3 3  u s i n g  a v a l u e  of 0 . 1 5  f o r  n a t u r a l  m o r -  

t a l i t y  (Demory e t  a l  1 9 8 4 ) .  

Age a n d  Growth  

The mean a g e  o f  Dover  so le  r e c a p t u r e s  u s i a g  s u r f a c e - a g e d  

o t o l i t h s  was 1 0 . 2  y r ,  w i t h  a  n o d a l  a g e  o f  9  y r .  PMFC a r e a  2B 

Dover sole  showed a g e s  f r o m  9.5 t o  1 1 . 7  yr , .  w i t h  9 o r  1 0  t h e  most 

f r e q u e n t  moda l  a g e ,  o n  sca le  r e a d i n g s  o v e r  t h e  y e a r s  s i n c e  1 9 6 6  

(Demory e t  a l .  1 9 8 4 ) .  

An a n a l y s i s  o f  I n  ( n u m b e r s  a t  aye )  r e g r e s s e d  o n  a g e  u s i n g  

1036  s u r f a c e - a g e d  o t o l i t h  r e c o v e r i e s ,  a g e d  8 t o  1 8 ,  p r o d u c e d  a  

l i n e a r  r e l a t i o n s h i p  ( r 2  = 0 . 9 4 )  a n d  a  r e g r e s s i o n  f o r m u l a  o f  

y=8 .96-0.39x. 

D a t a  f r o m  1 7 1  Dover  s o l e  s a c r i f i c e d  d u r i n g  t h e  c r u i s e s  w e r e  

u s e d  t o  p l o t  a l e n g t h - w e i g h t  r e g r e s s i o n  c u r v e  ( F i g u r e  2 2 ) .  

L e n g t h - w e i g h t  r e g r e s s i o n  f o r m u l a s  f o r  e a c h  s e x  w e r e  c a l c u l a t e d .  

\ -- The r e g r e s s i o n  c o e f f i c i e n t  ' b '  f o r  males is 2.70 ( S E  0 . 1 3 9 ) ,  f o r  

f e m a l e s  'b' = 3.24 (SE 0 . 1 0 5 ) .  H a g e r m a n ' s  ( 1 9 5 2 )  s t u d y  r e v e a l e d  a 

v a l u e  o f  2 . 9 5  f o r  m a l e s  a n d  2 .97 f o r  f e m a l e s .  

Growth s t u d i e s  o n  r e c a p t u r e d  f i s h  were n o t  p e r f o r m e d  d u e  t o  

t h e  v a r i a b i l i t y  o f  t h e  s h r i n k a g e  f a c t o r  a n d  i n  many cases a n  

undocumented s t o r a g e  m e t h o d .  Many f i s h  e x h i b i t e d  s h o r t e r  r e c a p -  

t u r e  l e n g t h s  t h a n  r e l e a s e  l e n g t h s .  

Tag S h e d d i n g  

The t a g  s h e d d i n g  r a t e  f o r  v i n y l - s p a g h e t t i - t a g g e d  Dover  so le  

was n o t  s i g n i f i c a n t ,  b a s e d  upon d o u b l e  t a g g i n g  w i t h  t h e  P e t e r s o n  

d i s k  t a g .  T h e r e  were n o  r e c o v e r i e s  c o n s i s t i n g  o f  a P e t e r s o n  t a g  



without an accompanying spaghetti tag. Recovery rate for double 

tagged fish was 22% compared to 26% for all fish. 

DISCUSSION 

Stock Unity 

Under ideal conditions a unit stock is defined as a single 

interbreeding population with homogeneous vital parameters of 

recruitment, grpwth and mortality. This condition, however, is 

rarely demonstrable, either because of scant data or the rarity 

of isolated interbreeding populations, so that stock must be more 

or less arbitrarily defined (Royce 1972). 

Tagging experiments have been a traditional method of obtain- 

ing estimates of stock unity. The distribution of recoveries 

describes the area occupied by a stock during its migrations 

despite the fact that tag loss, non-reporting of tags and the dis- 

tributions of fishing and recovery effort can be sources of bias. 
1 
\ The extent to which different groups of tagged fish migrate and 

comingle has been used to determine unity, realizing that the 

drastic migrations of strays are less important than the general 

dispersion pattern of the main body of the stock (Cushing 1975). 

Each stock may consist of subpopulations which are geneti- 

cally self-sustaining. Our tagging study and others show little 

emigration from, nor movement into, PMFC management area 1C which 

suggests the existence of a manageable unit stock. Further, the 

lack of dispersion from tagging point suggests that there may be 

several subpopulations in the study area. If there is exchange 

with fishes from other areas, it may occur by displacement as 

larval drift. 



S t u d i e s  f rom o t h e r  a r e a s  have  shown l i t t l e  i m m i g r a t i o n  i n t o  

t h e  s t u d y  a r e a .  The deep -wa te r  c a n y o n s  o f f  Cape Mendocino a p p e a r  

t o  p r e s e n t  a  f o r m i d a b l e  b a r r i e r  t o  m i g r a t i o n ;  w h i l e  no  s u c h  

p h y s i c a l  o b s t a c l e  a p p e a r s  t o  e x i s t  t o  t h e  n o r t h ,  uneven  oceano-  

g r a p h i c  c o n d i t i o n s  ( i . e .  t e m p e r a t u r e  and s a l i n i t y )  may a c t  a s  a  

b a r r i e r  t h e r e  (Demory, 1 9 8 6 ) .  Tagging  s t u d i e s  o f f  Oregon showed 

t h a t  some movement s o u t h  o u t  o f  a r e a  2B d o e s  o c c u r .  Demory 

e t  a l .  ( 1 9 8 4 )  r e p o r t  t h a t  14% o f  f i s h  t a g g e d  i n  a r e a  2B were 

r e c a p t u r e d  s o u t h  o f  Cape B lanco ,  t hough  o n l y  2% o f  f i s h  t a g g e d  i n  

summer months  were r e c o v e r e d  s o u t h .  T h i s  a p p e a r s  t o  c o r r o b o r a t e  

o u r  s t u d y  r e s u l t s  showing t h a t  w i n t e r  c r u i s e - t a g g e d  f i s h  demon- 

s t r a t e  t h e  g r e a t e s t  p r o p e n s i t y  f o r  n o r t h / s o u t h  movement. 

B a t h y m e t r i c  Movement and S e x u a l  M a t u r i t y  

S e a s o n a l  o f f s h o r e  movement, e s p e c i a l l y  by f e m a l e  Dover so l e ,  

h a s  been shown t o  be  a  c o a s t w i d e  phenomenon. R e c e n t  t a g g i n g  
\ 
1 s t u d i e s  by Fa rgo ,  Wes t rhe im and S t o c k e r  ( 1 9 8 5 )  d e m o n s t r a t e  t h a t  

n o r t h e r n  Heca te  S t r a i t  Dover s o l e  move t o  d e e p - w a t e r  w i n t e r i n g  

g rounds .  Trawl f i s h e r y  d a t a  a n a l y s i s  by Nagerman ( 1 9 5 2 )  showed a  

s e a s o n a l  b a t h y m e t r i c  m i g r a t i o n  o f f  n o r t h e r n  C a l i f o r n i a .  S i m i l a r  

s t u d i e s  o f f  Oregon ( H a r r y  1956)  and Washington (Wes t rhe im and  

Morgan 1963)  a l s o  d e l i n e a t e  t h i s  p a t t e r n  o f  o f f s h o r e  m i g r a t i o n  t o  

spawning g r o u n d s .  These  i n v e s t i g a t i o n s  show t h a t  m a l e s  p r e c e d e  

f e m a l e s  t o  deep-water  spawning  g r o u n d s  and t h e n  l i n g e r  on  a f t e r  

t h e  f e m a l e s  l e a v e .  

S tudy  r e c o v e r i e s  were a n a l y z e d  by s t a g e  o f  s e x u a l  m a t u r i t y .  

F i s h  ware c a t e g o r i z e d  u s i n g  Hagerman's ( 1 9 5 2 )  market and  s e a  

sdmple d a t a .  Ile found t h a t  a t  320 mm TL a b o u t  50% of sampled 
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males were m a t u r e ,  and a t  390 mm, a l m o s t  a l l  were m a t u r e .   or 

females, 50% were m a t u r e  a t  350 m m ,  w i t h  1 0 0 %  m a t u r e  a t  450 m. 

Males and f e m a l e s  were g r o u p e d  by r e c o v e r y  l e n g t h ,  a c c o r d i n q  t o  

t h e  above  c r i t e r i a ,  a s  e i t h e r  immature  ( l e s s  t h a n  50% m a t u r e ) ,  

p a r t i a l l y  m a t u r e  ( b e t w e e n  50% and  100% m a t u r e ) ,  or m a t u r e .  

C h i - s q u a r e  tests  were r u n  t o  d e t e r m i n e  t h e  r e l a t i o n s h i p  

between r e c o v e r y  d e p t h  and s e x u a l  m a t u r i t y  s t a g e .  I n t e r e s t i n g l y ,  

r e c o v e r y  d e p t h  and s e x u a l  m a t u r i t y  s t a g e  were i n d e p e n d e n t  f o r  t h e  

f a l l  and w i n t e r  r e c o v e r y  q u a r t e r s  ( p  > 0.50 f o r  f a l l  and  p  > 0.80 

f o r  w i n t e r ) ,  w h i l e  s e x u a l  m a t u r i t y  s t a g e  and  r e c o v e r y  d e p t h  were 

h i g h l y  i n t e r d e p e n d e n t  f o r  t h e  s p r i n g  and summer q u a r t e r s  ( p  <0.000 

f o r  b o t h  q u a r t e r s ) ,  i n d i c a t i n g  a  d e p t h  s t r a t i f i c a t i o n  by s e x .  The 

s p r i n g  and summer q u a r t e r  r e c o v e r i e s  a r e  c h a r a c t e r i z e d  by  hav ing  a  

h i g h  p r o p o r t i o n  o f  m a t u r e  and  p a r t i a l l y  m a t u r e  f e m a l e s  f rom s h a l l o w  

w a t e r s  ( T a b l e  2 6 ) .  F a l l  and w i n t e r  q u a r t e r  r e c o v e r i e s  are  more 

u n i f o r m l y  d i s t r i b u t e d  t h r o u g h o u t  d e p t h  r a n g e s  ( T a b l e  2 7 ) .  An exam- 

\ i n a t i o n  o f  r e c o v e r i e s  by d e p t h ,  r e c o v e r y  q u a r t e r  and s e x u a l  m a t u r i t y  

becomes more m e a n i n g f u l  i n  l i g h t  o f  o r i g i n a l  t a g  and  r e l e a s e  d e p t h  

d a t a  ( T a b l e  2 8 ) .  For example ,  p a r t i a l l y  m a t u r e  f e m a l e s  and  m a t u r e  

I 
f e m a l e s  t a g g e d  i n  s h a l l o w  d e p t h s  and  r e c o v e r e d  i n  s p r i n g  and  summer 

q u a r t e r s  were  p r i m a r i l y  r e c o v e r e d  i n  s h a l l o w  d e p t h s  ( 8 9 % ) ,  w h i l e  70% 

o f  t h o s e  r e c o v e r e d  i n  f a l l  and w i n t e r  q u a r t e r s  were r e c o v e r e d  i n  d e e p  

w a t e r .  C o n v e r s e l y ,  t h o s e  p a r t i a l l y  m a t u r e  and  m a t u r e  f e m a l e s  t a g g e d  I I 

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

The same p a t t e r n  h e l d  f o r  m a l e s .  



R e c o v e r i e s  were p r o f i l e d  by s e x ,  t a g g i n g  d e p t h  i n t e r v a l  a n d  . I 

l e n g t h  a t  time o f  t a g g i n g .  F e m a l e s  showed n o  s i g n i f i c a n t  d e p t h  s t r a t i -  

f i c a t i o n  f o r  l e n g t h ,  w h i l e  males were h i g h l y  s i g n i f i c a n t  ( p  <0.0000)  

w i t h  l a r g e r  males f o u n d  a t  d e e p e r  d e p t h s .  The mean male s i z e  a t  0-99 

fm was 383  mm v s .  394 nun a t  300-399 fm. F o r  f e m a l e s  t a g g e d  i n  t h e  

s p r i n g  c r u i s e ,  70% were t a g g e d  a t  0-99 fm a t  a  mean l e n g t h  o f  437 mm, 

compared w i t h  o n l y  1 0 %  a t  g r e a t e r  t h a n  200 f m .  F a l l  c r u i s e  f e m a l e s  

t o t a l l e d  7 3 %  a t  t h e  s h a l l o w e r  d e p t h ,  b u t  a v e r a g e d  o n l y  406 mm. W i n t e r  

c r u i s e  f e m a l e s  p r e d o m i n a t e d  ( 8 0 % )  a t  t h e  300-399 fm d e p t h  a n d  a v e r a g e d  

417 nmm. 

R e c o v e r y  R a t e s  

The p r o p o r t i o n s  o f  o u r  t a g s  r e c o v e r e d  d u r i n g  t h e  f i r s t  5 y r  f o l -  

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

1979 H e c a t e  S t r a i t  e x p e r i m e n t  ( F a r g o  e t  a l . ,  1 9 8 5 )  w h e r e  t h e  r e c o v -  

e r y  r a t e s  were 3 1 . 6 ,  3 3 . 7 ,  1 4 . 7 ,  6 .4  a n d  1 3 . 3 % ,  r e s p e c t i v e l y ,  f o r  

t h e  y e a r s  1980  - 1 9 8 4 .  The 65 .5% o f  t o t a l  r e c o v e r i e s  f o r  1980-81 

compares  w i t h  67.3% o f  o u r  1 9 6 9  e x p e r i m e n t  r e c o v e r i e s  made i n  t h e  
4. 
1 

y e a r s  1970-71 ,  a n d  5 3 . 4 %  o f  t h e  1 9 7 1  c r u i s e  r e c o v e r i e s  made i n  t h e  

2  y r  f o l l o w i n g  release ( T a b l e  2 9 ) .  

Sampl i n g  

A l l  s a c r i f i c e d  f i s h  f r o m  s e l e c t e d  h a u l s  o n  e a c h  c r u i s e  were 

summarized by  l e n g t h  i n t e r v a l  a n d  s e x  ( T a b l e  3 0 ) .  B e c a u s e  p r i n -  

c i p a l  c o l l e c t i n g  c r i t e r i a  were f o r  f i s h  u n d e r  r e c r u i t m e n t  s i z e  ( 3 5 6  

mm T L ) ,  a  h i g h  p r o p o r t i o n  o f  t h e s e  f i s h  were m a l e s  ( 6 8 % ) .  Hagerman 

( 1 9 5 2 )  r e p o r t e d  male Dover s o l e  g r o w  a t  a  slower r a t e  t h a n  f e m a l e s  

and t h e  maximum s i z e  is less. PMFC a r e a  1C a n d  2A Dover  s o l e  

m a r k e t  s a m p l e  d a t a  i s  summar ized  f o r  t h e  y e a r s  1974  t o  1 9 0 3  ( T a b l e  
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3 1 ) .  A v e r a g e  t o t a l  l e n g t h  o f  f e m a l e s  was c o n s i s t e n t l y  g r e a t e r  t h a n  

males. For  e x a m p l e ,  mean t o t a l  l e n g t h  f o r  females for  t h e  y e a r s  

1 9 7 4  a n d  1 9 7 5  was 419 mm compared  t o  388 mm for males,  

SUMMARY 

A t o t a l  o f  4730 Dover  s o l e  was t a g g e d  a n d  r e l e a s e d  f r o m  t h r e e  

c r u i s e s  d u r i n g  t h e  s p r i n g  a n d  f a l l  o f  1 9 6 9  a n d  t h e  w i n t e r  o f  

1971 .  O v e r a l l  r e c o v e r y  r a t e  was 26% (1235)  t h r o u g h  1 9 8 4 .  

R e c o v e r y  r a t e s  f o r  t h e  t h r e e  c r u i s e s  v a r i e d  as  3 2 %  f o r  t h e  

s p r i n g  c r u i s e ,  28% f o r  f a l l ,  a n d  1 5 %  f o r  w i n t e r .  Males 

c o m p r i s e d  30% o f  m e a s u r e d  r e c o v e r i e s ,  f e m a l e s  6 9 % ,  a n d  unknowns 

1%. R e c o v e r y  ra tes  f o r  t h e  f o u r  t r a n s e c t  a r e a s  o f  C r e s c e n t  

C i t y ,  Redding Rock,  T r i n i d a d ,  a n d  t h e  E e l  R i v e r  were 2 5 % ,  4 6 % ,  

2 1 % ,  a n d  3 2 % ,  r e s p e c t i v e l y .  

Only  1 3  o f  t h e  1 2 3 5  t a g s  r e t u r n e d  were r e c a p t u r e d  o u t s i d e  o f  

t h e  PMFC 2A a n d  1 C  a r e a s  (Cape  B l a n c o  t o  Cape M e n d o c i n o ) .  The 

mean n o r t h - s o u t h  d i s p e r s i o n  f r o m  p o i n t  o f  release was 1 0 . 2  

nm. An a n n u a l  r a t e  o f  d i s p e r s i o n  w i t h i n  t h e  s t u d y  a r e a  was  

c a l c u l a t e d  a s  1 . 2 % .  

B a t h y m e t r i c  movement a n a l y s i s  r e v e a l e d  a s e a s o n a l  m i g r a t i o n  by 

f e m a l e s  t o  d e e p - w a t e r  s p a w n i n g  g r o u n d s  d u r i n g  f a l l  a n d  w i n t e r  

q u a r t e r s .  Of f e m a l e s  t a g g e d  i n  s h a l l o w  d e p t h s  a n d  r e c o v e r e d  i n  

f a l l  a n d  w i n t e r  q u a r t e r s ,  7 0 %  were r e c o v e r e d  i n  d e e p  water. 

S e v e r a l  e s t i m a t e s  o f  t o t a l  m o r t a l i t y  ( 2 )  were g e n e r a t e d  by 

r e g r e s s i n g  r e c o v e r i e s  o n  t i m e - a t - l i b e r t y  f o r  a l l  r e c o v e r i e s  a n d  

f o r  s h a l l o w -  a n d  d e e p - w a t e r  r e c o v e r i e s ,  s e p a r a t e l y .  V a l u e s  

were 0 . 4 1 ,  0 . 6 1  a n d  0 . 3 1 ,  r e s p e c t i v e l y .  Numbers a t  a g e  

a n a l y s i s  f o r  a g e d  r e c o v e r i e s  showed a v a l u e  f o r  2 o f  0 . 3 9 .  
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TABLE 1. Dover s o l e  Landings in Pounds and Metric Tons to 
Eureka-Crescent City Area Ports, 1960 - 1904. 

Y e a r  
Pounds 

(thousands) 
Metric Percent 

Tons Late o ta l  

MERN 
SD 



TABLE 2 .  Dover So l e  Re leases  and Recover ies  by Transect and hau l  
f o r  Spring Cru i s e ,  1969. 



TARLE 3 .  Dover Sole' Releases and Recoveried by Transect and Haul 
for Fa1.L Cruise, 1969. 

T r  i ni  clad 

I 

Eel River- 21 
.- - 

-0 '2 L L  



TABLE 4 .  Dover Sole Releases and Eecoverles by T r a n s e c t  and Haul 
for Winter Cruise, 1971 .  

Crmu I se 
Transect Haul D e p t  h-frfl Tagged R e c o v e r e d  % Recovered 

Winter C r e s c e n t  12 342 47 10 21% 
13 48B 77 5 6% 
14 44QI 42 1 2 -A 
15 425 46 1 2% 
16 188 11 3 27% 
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TABLE 7 .  L e n g t h  Freqaencies of Recovered ( R )  Dowr Sole by Sex i o r  
Spry ng Cruise 2 9::s. 

Total Length* Male Ferna 1 e Tot a 1 
( m m )  R % R R % R R % R 

* Length at recovery 





TABLE 9. L e n g t h  Frequenc ies  o f  Recovered ( R )  Doves Sole by S e x  
fox W i n t e r  Cruise 1971. 

T o t  a 1 L e n g  t h* M a  1 e Fenla 1 e T o t  a1 
(mm) R % R R % R R % R 

--------------------------------------------------------------------- 

a. 7% 
5.4% 
17.0% 
El. 8% 
15.0% 
20.4% 
8. 8% 
7.5% 
z. e'7: 

1 . 4 %  
PI. lZl% 
P. a% 
@. @% 
8. m% 

* L e n g t h  at recovery 



TABLE 10a. Length Frequencies of Recovered (R) Dover Sole by Sex 
for Crescent City Transect, All Cruises. 

Total Length* Ma 1 e Female Total 
(mm) R % R R % R R % R 

328 0 0.0% 0 0. 0% 0 0.0% 
40 8 14.5% 4 1.8% 12 4. 2% 
60 15 27.3% 30 13.2% 45 15.9% 
8 0 16 29. 1% 47 20.6% 63 22.3% 

480 10 18.2% 43 18.9% 53 18.7% 
20 3 5.5% 30 13.2% 33 11.7% 
40 0 0.0% 27 11.8% 27 9.5% 
60 0 0. 0% 23 18.1% 23 8. 1% 
80 3 5.5% 14 17 6.0% 6. 1% 

500 0 0. B% 5 2.2% 5 1.8% 
20 0 0.0% 1 0. 4% 1 8.4% 
40 0 8. 0% 3 1.3% 3 1.1% 
60 8 0.0% 0 6. a% 8 B. 8% 
80 0 6.8% 1 41. 4% 1 8.4% 

N 53 19.4% 22e 88.6% 283 
MEQN 383 423 

SD 3 1 43 

* Length a t  recovery 

TABLE lob. Length Frequencies of Recovered (R) Dover Sole by Sex 
for Redding Rock Transect, All Cruises. 

320 6 0.0% 0 0.0% 8 B. QI% 
48 0 0. 0% 5 2.9% 5 2.6% 
60 2 14.3% 3 5.1% 11 5.8% 
88 5 35.7% 20 11.4% 25 13.2% 

4041 C 
4 35.7% 37 21.1% 42 2z. 

20 1 7.1% 30 17. 1% 3 1 16.4% 
40 1 7.1% 30 17. 1% 3 1 16.4% 
60 0 0. 8% 11 6.3% 11 5.8% 
80 ' 8 0. B% 3 5.1% 9 4.8% 

500 0 0.8% 13 7.4% 13 6.9% I 

20 0 0.8% 5 2.3% 4 Z. 6% C 

40 0 8.0% 5 2.9% c J 2.6% 
68 0 6. 8% 0 8. 8% 8 0.8% 
88 0 8. 0% 1 @. 6% 1 @. 5% ------------------------------------------------------------------- 

N 14 7.4% 175 92.6% 183 
MEQN 4410 436 

SD 24 48 

Length a t  recovery 





TABLE 12. Length Frequencies of ~ a g g e d  and ~ecovered Dover sole for ~ l l  

Cruises, 1969 - 1971. ------ ------_--_ ----- ----------- 
Total Length* 

(mm) T a g g e d  Recovered 
P e r c e n t  
Recovered 

N 
MERN 
SD 

---------------------------------------------------------------- 
+ Length at t a g g i n g  



TABLE 13. Length Frequencies o f  Tagged (T) and Recovered (R) Dover S o l e  by 
Cruise, 1969-1971. 

T o t a l  L e n g t h *  I ---------- Spri ng--------- 1 ----------- Fall-----------l---------- W i nt  er---------- 1 

(mm) T R % R 1 R % R T R % R --------------------------------------------------------------------------------------------------- 

Length at tagging 
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TABLE 16. Kruska l  W a l l i s  1-Way ANOVA by Ranks f o r  Y e a r s  a t  La rge  
by C r u i s e .  

C r u i s e  . Avg ' Rank Cases 

Spring 541 .060 477 

Fall 646.886 602 

Winter  741.788 156 

Valid Cases = 1235 Chi  S q u a r e  = 295723 Df = 2 

C o r r e c t e d  Chi  Squa re  f o r  249 sets o f  t i e s  = 295724 

PROB = 0.0000 * *  



TABLE 17. Chi-square Test of Yearly Dover Sole Recoveries by Recovery Quarter. 

8.8% 
5. a% 
4.6% 
7.2% 

12.9% 
la. 4% 
10.7% 
8.7% 

13.3% 
14.3% 
14.3% 
Id. ax 

33.3% 
8 .8% 
a. 0% 

48. ax 

Prub. = 0.0088 ** 



TABLE 18. Dispersion of Dover Sole firom Point of Tagging by Time-at-liberty. 

N 118 56 208 2 2 8  259 80 
Mean (n. miles) 6.4 1P. 5 8.1 3 . 1  13 14.3 
SD 12 15. 1 19.3 14. 1 29.2 23. 3 



TABLE 19. Kruskal Wallis I-Way ANOVA by Ranks fo r  Dispersion of Dover Sole 
from Tagging Point ( in  N a u t i c a l  Miles) by Sea. 

Sex Flvg Rank Cases 

Va 1 i d  Cases = 924 C h i  Square = 866372 Df = I 

C o r r e c t e d  Chi S ~ u a r e  for  53 sets of ties = 1@2@6@3 

Prob. = 8.8888 ** ------_-___-_----------------------------------------------------------- 



Table 28. Long i t ud i na 1 m o v e m e n t  4 in naut i cal mi 1 es ) o f  recovered 
Dover sole f r o m  t a g g i n g  paint by s e x .  

North N 
PlEClN 
SD 

None N 
MEFIN 
SD 



TABLE 21. Chi-square Test of Longitudinal Movement of Tagged Dover Sole 
by Sex. 

North N 
Row% 
Col% 

South N 
Row% 
Co 1 r 

None N 141 35 1 
Row% 28.7 71.3 
ColX 48.8 55.3 

Tot a 1 289 635 

Chi-square = 21.6527 D f  = 2 Prob. = 0.0000 ** 



TABLE 22. Kruskal Wallis 1-Way ANOVA by Ranks for D i q e r s i o n  of Dover Sole 
from Tagging P o i n t  (in N a u t i m l  Miles) by C l u i s e .  

C r u i s e  Flvg Rank Cases Mean  SD ' 

Spr  i n~ 

Fall 

Winter 

Valid Cases = 949 C h i  Square  6 -164586 D f  = 2 

C o r r e c t e d  Chi S q u a r e  for 53 sets o f  ties = -194333 



TABLE 23. Dover Sole Recoveries (R) by Recovery Depth, Sex and Tagging Cruise. 

Cruise Recovery Depth 
i fat  horns) 

- -  - - - - - - - - - 

Male Fema 1 e 
R % R R X R 

Totals 
R % R 

S p r i n g  
8 - 99 

100 - 199 
2418 - 299 
300 - 393 
4ala - 499 
580 - 599 

Totals \ 78 21% 288 79% 366 la@% 

F a l l  
8 - 99 

1016 - 199 
208 - 299 
300 - 399 
400 - 499 
5168 - 593 

Totals 164 36% 287 64% 45 1 100% 

Winter 



TABLE 24. Tagging Depth Frequency Distributions o f  Released Dover So le  by Cruise, 1969-71. 

T a g g i n g  Depth Spr i rag Fa1 1 Winter Total 
( f a t  horns) Tagged % Tagged % Tagged % Tagged % 



TABLE 25. Dover Sole Catch by Depth Strata for PMFC Area 1C for the Years 1966 - 1975. 
_ _ _  

Pounds M e t r i c T o n s  . 
I---------- ( thousands) ----------- I I-------------------------------- I 

YEQR 0 - 199 f m  > =  2Q18 f rn Total 8 -  139 f m  ) = 2 8 0  f m  T o t a l  ________------------------------------------------------------------------------------ 
1966 2485 31 87 5932 1031 1446 2537 

I 
1367 2913 1145 4057 1321 319 1840 
1968 4119 2151 6269 1868 97 6 2844 
1363 3961 3716 7677 1797 1605 3482 
1'378 2692 637 1 9863 1221 2890 4 1 1 1  
1371 2C78 4 4 1 9  712197 1915 2004 3219 
1'372 3392 6077 9469 1539 2756 4235 
1373 2856 54'38 8546 1295 2490 3786 1 
1974 2838 6140 8970 1283 27R5 4Ql69 
1375 ,373 1 6196 8926 1233 2610 404'3 

- Mean 3 0 S B  4489 7547 1387 2836 3423 



TABLE 26. Chi-square Thet of Sexual Maturity Stage by Recovery Depth for Tagged 
Dover Sole  ar Spring and Summer Recovery Quarters. 3 

Sprinp O t r  
Recovery Depth I ----- Maler+---l I--------- Females--------- ' I 

( f m )  50% Mature  I m m a t u r e  50% Mature Total 

C h i  -Square 75.534 D f  = 16 Prob. = 0.0000 ** 

Under 100 
100 - 199 
200 - 299 
300 - 399 
400 - 499 - 
Over 499 

Chi-Square = 47.663 Df = 80 Prob. 0.0005 ** 
-------------------------------------------------------------------------------------- 

Immature male% category contained no releases 
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TABLE 28. Dover Sole Recoveries by Recovery Depth, Recovery Quarter and 
Tagging Depth for Stages af Sexual M a t u r i t y .  

T a g g i n p  R e c o v e r y  Recovery I-------------- S e x u a l  Mat  ur i t y-------------- I  
Depth  Q u a r t  cr Depth I ------ Malgs- - - - - l  I--------- Fernal es--------- I  

t fm) ( f m)  50% Mature  I mrnat  u r e  50% M a t u r e  T o t a l s  ----------------------------------------------------------------------------- 
0 - 1 9 9  Winter 0 - 1 9 9  0 0 0 1 C9 1 

over 1 9 9  3 1 0 9 B 115 

Spring 0 - 193 33 8 1 1 4 8  36 218 

over 1 9 9  1 E! 2 1 29 9 49 

FaL 1 0 - 199 3 1 0 9 6 1 9  

wer 199 2 3 0 20 7 32 

Over 1 9 9  Winter 0 - 1 9 9  0 8 0 3 0 3 
\ 1 

over 1 9 9  6 6 0 1 0  5 27 

Spring 8 - 199 S 3 0 3 0 11 

over 1 9 3  18 3 1 0 I S  6 72 

Summer @ - 1 9 9  9 1 0  0 6 4 29 

ovsr 199 28 14 0 29 6 77 





TABLE 3 0 .  Length Frequencies of Dover Sole by Sex from Biological Samples of 
Selected Hauls from All Cruises, 1969 - 71. 

Total Length 
(mm) 

Male F e m a  1 e T o t  a1 
No. % No. % No. % 
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