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I N T R O D U C T I O N  

S a b l e f i s h  (Anoplopoma f i m b r i a )  range  from Baja C a l i f o r n i a  n o r t h  t o  t he  

Bering Sea and southwes t  t o  t he  c o a s t  of Japan (Dewees 1980) .  A commercial 

f i s h e r y  has e x i s t e d  f o r  over  a c e n t u r y ,  a l though  t h e  r e s o u r c e  has been f i s h e d  

h e a v i l y  o n l y  s i n c e  t h e  1960 ' s  (Low e t  a l .  1976) .  S ince  1976, estimated 

l a n d i n g s  f o r  t h e  Washington-Oregon-California (WOC) f i s h e r y  have ranged from 

7,208 t o  18,840 metric t o n s  ( t )  and ,  i n  1984, were about  equal  i n  magnitude i n  

t he  three s t a t e s  ( P a r k s  and Shaw 1985) .  According t o  p re l imina ry  PacFIN 

r e p o r t s ,  pr imary gea r  t y p e s  used  i n  1984 were bottom trawls (56% of l a n d i n g s ) ,  

t r a p s  (2721,  and l o n g l i n e s  ( 7 % ) .  

With 1983 l a n d i n g s  worth an  e s t ima ted  $8 ,000 ,000,  t h e  s a b l e f i s h  has 

become one of t h e  most v a l u a b l e  species i n  t h e  WOC g roundf i sh  f i s h e r y  ( P a r k s  

and Shaw 1985) .  Desp i t e  its commercial impor tance ,  however, o n l y  a l i m i t e d  

amount of i n fo rma t ion  is a v a i l a b l e  on t h e  s t a t u s  of t h e  r e s o u r c e  ( F r a n c i s  

1984) .  The r e l a t i v e  l a c k  of d a t a  can be a t t r i b u t e d  no t  on ly  t o  t h e  absence of 

a coas twide  sampling p l a n ,  b u t  a l s o  t o  p r a c t i c a l  problems t h a t  would l i m i t  t he  

e f f e c t i v e n e s s  of any p o r t  sampling program. For e f f e c t i v e  management, 

a d d i t i o n a l  i n fo rma t ion  is needed concern ing  t h e  s i z e  of t h e  r e s o u r c e  and t h e  

b i o l o g i c a l  c h a r a c t e r i s t i c s  of d i s c a r d e d  and landed  sab lef i sh  (Fougner and 

Abramson 1983) .  O b j e c t i v e s  of t h i s  r e p o r t  a r e  ( 1  ) t o  o b t a i n  rough e s t i m a t e s  

of r e q u i r e d  sample s i z e s ;  ( 2 )  t o  d i s c u s s  p r a c t i c a l  problems i n  e s t i m a t i n g  

s a b l e f i s h  c a t c h e s ;  and ( 3 )  t o  examine a l t e r n a t i v e  sampling programs t o  

de te rmine  c o s t s  of a c q u i r i n g  t h e  d a t a  and r e l i a b i l i t y  of t h e  data f o r  

management. 
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Sample S i z e  Requirements 

For many commercial ly  impor tan t  marine f i s h e s ,  cohor t  a n a l y s i s  (Murphy 

1965)  of ca tch-a t -age  data p rov ides  e s t i m a t e s  of s t o c k  s i z e  and f i s h i n g  

m o r t a l i t y  t h a t  a r e  t h e  b a s i s  f o r  management d e c i s i o n s .  A s i g n i f i c a n t  

advantage  of t h i s  t y p e  of s t o c k  r e c o n s t r u c t i o n  is t h a t  i n fo rma t ion  on f i s h i n g  

e f f o r t ,  c a t c h a b i l i t y ,  and gea r  s e l e c t i v i t y  i s  not  r e q u i r e d  ( D e r i s o  e t  a l .  

1985) .  T h i s  is p a r t i c u l a r l y  advantageous  i n  t h e  P a c i f i c  Coast  g roundf i sh  

f i s h e r y  because t h e  r e l i a b i l i t y  of e f f o r t  d a t a  o b t a i n e d  through logbook 

programs i s  low. 

To o b t a i n  t h e  necessa ry  in fo rma t ion  f o r  cohor t  a n a l y s i s ,  a p r o b a b i l i t y -  

based p o r t  sampling program has been used s i n c e  1977 t o  de te rmine  t h e  age and 

s p e c i e s  composi t ion  of t rawl-caught  r o c k f i s h  landed  i n  C a l i f o r n i a .  Similar 

sampling programs have been implemented i n  Oregon and Washington. The 

C a l i f o r n i a  sampling p l an  is  a two-stage s t r a t i f i e d  random des ign  w i t h  p o r t ,  

month, and m a r k e t  c a t e g o r y  used t o  d e f i n e  s t r a t a ,  and boat t r i p s  w i t h i n  s t r a t a  

a s  f i r s t - s t a g e  sampling u n i t s  (Sen 1984) .  S t r a t i f i c a t i o n  by market ca t egory  

i s  n e c e s s a r y  because t h e  c a t c h  i s  s o r t e d  a t  s e a .  C l u s t e r  samples  of 25 or 50 

pounds (depending on t h e  s p e c i e s )  a r e  t aken  from t h e  l a n d i n g s  i n  a p a r t i c u l a r  

m a r k e t  c a t egory .  Sen (1984)  r e c e n t l y  reviewed t h e  C a l i f o r n i a  sampling p l an  

and determined t h a t  a s l i g h t l y  modi f ied  v e r s i o n  would be both  s t a t i s t i c a l l y  

v a l i d  and o p e r a t i o n a l l y  feasible .  Sen a l s o  used h i s t o r i c a l  d a t a  t o  de te rmine  

the  minimum l e v e l  of sampling e f f o r t  t h a t  would provide  a c c e p t a b l y  p r e c i s e  

e s t i m a t e s  of c a t c h  by  s p e c i e s ,  a g e ,  and sex .  

A l i m i t e d  amount of h i s t o r i c a l  d a t a  is  a v a i l a b l e  f o r  t h e  s a b l e f i s h  

f i s h e r y ,  and t h e s e  d a t a  can be used t o  o b t a i n  s i m i l a r  ( b u t  much rougher )  

estimates of minimal sampling e f f o r t .  H i s t o r i c a l  d a t a  used i n  t h i s  a n a l y s i s  
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were o b t a i n e d  for  the  E u r e k a  and Coos Bay trawl f i s h e r i e s  ( Q u i r o l l o  and 

Richmond ) .  I n  both  cases, l e n g t h  and s e x  data were a v a i l a b l e  f o r  25  t o  50 

f i s h  p e r  t r i p  f o r  f i v e  t r i p s  d u r i n g  a 12- (Eureka)  o r  13-month (Coos Bay) 

pe r iod .  T o t a l  l e n g t h s  f rom E u r e k a  samples  were conve r t ed  t o  f o r k  l e n g t h s  

u s i n g  t h e  conve r s ion  f a c t o r  r e p o r t e d  by P h i l l i p s  (1954) .  I n d i v i d u a l  weights 

were a v a i l a b l e  for  some Coos Bay samples ;  w e i g h t s  were estimated from a 

length-weight  r e l a t i o n s h i p  (Maeda and Hankin 1983) f o r  t h e  remain ing  samples .  

Rough estimates of numbers-at-age were o b t a i n e d  by u s i n g  s e x - s p e c i f i c  von 

B e r t a l a n f f y  growth cu rves  (McFarlane and Beamish 1983a)  t o  conve r t  l e n g t h  t o  

age .  Near ly  a l l  t rawl-caught  s a b l e f i s h  l anded  i n  these p o r t s  are c l a s s i f i e d  

as "smalls" ( u s u a l l y  3 t o  5 pounds round w e i g h t ) ,  s o  o n l y  samples  from the  

"small1' market c a t e g o r y  were ana lyzed .  To expand sample data  t o  o b t a i n  annual  

e s t i m a t e s ,  t h e  t o t a l  weight l a n d e d  i n  Eureka was assumed t o  be e q u a l  t o  t h e  

weight  of "small" s a b l e f i s h .  I n  Coos Bay,  sample data cou ld  be used t o  

estimate the  p r o p o r t i o n  of t o t a l  l a n d i n g s  c l a s s i f i e d  as f t smal l s l f ,  and the  

t o t a l  weight l anded  was m u l t i p l i e d  by t h i s  estimate ( 9 2 % ) .  

1 

A p o r t  sampl ing  program based on  the rock f i sh  d e s i g n  was s i m u l a t e d  by 

drawing f i s h  randomly wi thou t  rep lacement  u n t i l  two 50-pound c l u s t e r s  

( & I  f i s h )  were t aken  from each sample.  Variance e s t i m a t o r s  developed for  t h e  

r o c k f i s h  p l an  (Sen 1984)  were used t o  de te rmine  minimum sample s i z e s  r e q u i r e d  

t o  o b t a i n  c o e f f i c i e n t s  of v a r i a t i o n  (CV) of 10 and 20% f o r  mean number per  

c l u s t e r  by age and s e x  (Table  1 ) .  Estimates of w i t h i n - t r i p  v a r i a n c e s  were 

less  t h a n  0.005 i n  a l l  cases; however, these  estimates may be low because bo th  

c l u s t e r  s amples  were t a k e n  from a s i n g l e  larger  sample and ,  t h e r e f o r e ,  were 

no t  independent .  W i t h i n - t r i p  v a r i a n c e  components a re  n e g l i g i b l e  i n  many cases 

(Tomlinson 1971,  Sen 1984,  Chester and Waters 1 9 8 5 ) ,  s o  t h i s  error may be of 

minor p r a c t i c a l  importance.  
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An ave rage  of  about  30 s a b l e f i s h  t r i p s  pe r  year s h o u l d  be sampled t o  

o b t a i n  estimates w i t h  C V ' s  of 20% o r  l e s s  (Table  1 ) .  T h i s  a v e r a g e  was 

o b t a i n e d  by exc lud ing  r e s u l t s  f o r  less  abundant age groups ( t h o s e  f o r  which 

mean number per  c l u s t e r  was less  t h a n  o n e ) .  

i n  o r d e r  t o  o b t a i n  p r e c i s e  estimates f o r  a l l  ages .  It  shou ld  be emphasized 

t h a t  t h e s e  r e s u l t s  were o b t a i n e d  f o r  samples  from one  market c a t e g o r y  and one 

gear  t y p e ,  and t h a t  much be t te r  estimates of r e q u i r e d  sample s i z e s  w i l l  be 

o b t a i n e d  when data have been c o l l e c t e d  from o t h e r  s t r a t a .  Once Sample da ta  

have been col lected,  i t  w i l l  a l s o  be p o s s i b l e  t o  e v a l u a t e  t h e  a p p r o p r i a t e n e s s  

of 25- and 50-pound c l u s t e r s  f o r  s a b l e f i s h .  For example,  a l a r g e r  c l u s t e r  

s i z e  might be r e q u i r e d  f o r  "medium" and " l a r g e "  market c a t e g o r i e s  i n  o r d e r  t o  

o b t a i n  an adequa te  number of f i s h  per  c l u s t e r .  

More sampl ing  would be r e q u i r e d  

Sen (1984)  o b t a i n e d  similar r e q u i r e d  sample s i z e s  f o r  t h e  r o c k f i s h  

f i s h e r y  and sugges t ed  t h a t  a minimum of f o u r  samples ,  each of two c l u s t e r s ,  

shou ld  be t a k e n  from each major s p e c i e s  group l anded  i n  each port-month 

s t r a t u m .  I n  bo th  t h e  s a b l e f i s h  and r o c k f i s h  f i s h e r i e s ,  u n r e a l i s t i c a l l y  h igh  

sample s izes  would be r e q u i r e d  t o  ach ieve  C V ' s  of 10% (Tab le  1 ;  Sen 19841, so 

a 20% CV may be a more r e a l i s t i c  goa l .  Two of f o u r  c r i t e r i a  used t o  d e f i n e  an  

adequa te  sampl ing  i n t e n s i t y  i n  t h e  P a c i f i c  h a l i b u t  (Hippoglossus  s t e n o l e p i s )  

f i s h e r y  a l s o  are  based on a t a r g e t  CV of 20% f o r  catch-at-age estimates (Quinn  

e t  a l .  1983) .  

One way t o  r educe  r e q u i r e d  sampling e f f o r t  i s  t o  base sample s i z e  

d e t e r m i n a t i o n s  on estimates combined ove r  s t r a t a .  For example,  Sen (1984)  

showed t h a t  q u a r t e r l y  estimates of mean number per c l u s t e r  would be u n r e l i a b l e  

u n l e s s  a d d i t i o n a l  s ample r s  were h i r e d ,  even  though a c c e p t a b l y  p r e c i s e  anriual 

estimates cou ld  be o b t a i n e d  by the  e x i s t i n g  s t a f f .  After s u f f i c i e n t  sample 

data have been col lected,  a similar a n a l y s i s  should  be done f o r  s a b l e f i s h  by 
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combining estimates over  p o r t s .  

I e s t i m a t e d  t h a t  a t o t a l  of about  24 t r i p s  per  yea r  shou ld  be sampled i n  t h e  

two p o r t s  t o  o b t a i n  combined estimates wi th  C V ' s  of about  20% ( T a b l e  2 ) .  I f  

a l l o c a t e d  even ly  between t h e  two p o r t s ,  t h i s  r e s u l t  s u g g e s t s  t h a t  a sample of 

one t r i p  pe r  month from each p o r t  might be s u f f i c i e n t .  

t aken  pe r  month, samples  would have t o  be combined i n t o  q u a r t e r l y  " s t r a t a "  i n  

o r d e r  t o  estimate v a r i a n c e s .  

For t h e  two p o r t s  ana lyzed  i n  t h i s  r e p o r t ,  

( I f  on ly  one sample i s  

R e s u l t s  from t h e  r o c k f i s h  sampling program p rov ide  ano the r  g u i d e l i n e  f o r  

e s t i m a t i n g  r e q u i r e d  sampl ing  e f f o r t .  For combined 1981 l a n d i n g s  from 

Monterey, Sari F r a n c i s c o ,  F o r t  Bragg, Morro Bay,  and Eureka,  Sen (1984)  

e s t i m a t e d  C V ' s  f o r  number of widow r o c k f i s h  ( S e b a s t e s  e n t o m e l a s ) ,  c h i l i p e p p e r  

(S.  - g o o d e i ) ,  and bocacc io  (S.  - p a u c i s p i n i s )  per  c l u s t e r  by s e x  and age. C V ' s  

were about  20% f o r  commonly o c c u r r i n g  a g e s ;  t h e r e f o r e ,  t h e  l e v e l  of sampling 

used i n  1981 might be cons ide red  minimal ly  adequa te .  

232 sampled t r i p s  was about  10% of t o t a l  l a n d i n g s  s o  t h i s  might  a l s o  be a 

u s e f u l  g u i d e l i n e  f o r  t h e  s a b l e f i s h  sampl ing  program. 

The weight  l anded  i n  t h e  

An estimate of t h e  number of o t o l i t h s  t o  be aged can be o b t a i n e d  by 

fo l lowing  t h e  approach used f o r  P a c i f i c  h a l i b u t  (Southward 1976, Quinn  e t  a l .  

1983). T h i s  sampl ing  scheme is s i m p l e r  t o  s i m u l a t e  t h a n  t h e  two-stage d e s i g n  

used f o r  r o c k f i s h ,  because  samples  are pooled over  t r i p s  w i t h i n  each  stratum. 

The d e s i g n  used f o r  Pacif ic  h a l i b u t  i s  a l s o  i n t e r e s t i n g  because i t  

i n c o r p o r a t e s  double  sampl ing .  Using t h i s  approach ,  l e n g t h  might be de te rmined  

f o r  a l a r g e  sample of f i s h  but  o n l y  a subsample of t h e  f i s h  would be aged.  

Estimates of t h e  number of P a c i f i c  h a l i b u t  l anded  by age  are  o b t a i n e d  by 

f i r s t  e s t i m a t i n g  t h e  t o t a l  number l anded  arid t h e n  e s t i m a t i n g  t h e  age  

d i s t r i b u t i o n  of  t h e  c a t c h .  

d a t a  r e q u i r e d  t o  estimate t h e  v a r i a n c e  f o r  c a t c h  a t  age  are  estimates of t o t a l  

Because samples  are  pooled over  t r i p s ,  t h e  o n l y  
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weight l a n d e d ,  mean weight per  f i s h ,  and p r o p o r t i o n s  i n  each l e n g t h  and age 

c l a s s .  Estimates of these parameters  were a v a i l a b l e  f o r  s a b l e f i s h ,  s o  a rough 

estimate of r e q u i r e d  sample s i z e s  could  be made. 

S a b l e f i s h  l a n d i n g s  i n  1984 were 14,067 t ,  or about  1 ,000 t pe r  p o r t  group 

f o r  t he  1 4  p o r t  groups l a n d i n g  a t  l ea s t  2.5% of t o t a l  l a n d i n g s  i n  1983 or  1984 

(Table  3 ) .  Sample s i z e  e s t i m a t e s  were made f o r  an "average1'  p o r t  w i t h  annual  

l a n d i n g s  of 1 ,000 t. Landings were a l l o c a t e d  among market c a t e g o r i e s  as 53% 

small, 17% medium, and 30% l a r g e  (Swartzman e t  a l .  19851, and estimates were 

formed s e p a r a t e l y  by market c a t e g o r y .  

Following Quinn e t  a l .  ( 1 9 8 9 ,  l e t  t h e  t o t a l  number l anded  i n  market 

ca t egory  j be estimated as 

where w. is the  t o t a l  weight  landed  and w is t h e  mean weight  of t h e  L 
3 i j 

sampled f i s h .  Based on a subsample of a l l  o t o l i t h s  c o l l e c t e d  i n  t h e  s t r a t u m ,  

the  p r o p o r t i o n  of f i s h  l anded  i n  market ca t egory  j t h a t  are age k would be 

h A h  .. 

h 

where pi$ is  t h e  e s t i m a t e d  p r o p o r t i o n  of f i s h  i n  market ca t egory  j and l e n g t h  

ca t egory  and ijkl is t h e  p ropor t ion  of f i s h  i n  market ca t egory  j and l e n g t h  

ca t egory  2 t h a t  a r e  age k .  An e s t i m a t e  of t h e  number of age-k f i s h  l anded  i n  

market ca t egory  j would be 

h h 

h 

C j k  = cjpjk . ( 3 )  

To e s t i m a t e  r e q u i r e d  sample s i z e s ,  an e s t i m a t e  of V ( C .  

Quinn e t  a l .  (1983)  b u t  i g n o r i n g  t h e  f i n i t e  popu la t ion  c o r r e c t i o n  f a c t o r  

is needed. Following 3 k  
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where 

and where V ( w . )  is the  v a r i a n c e  f o r  weight  of f i s h  i n  market c a t e g o r y  j. The 3 
A 

v a r i a n c e  f o r  p would be estimated as 
j k  

where L.-. is t h e  number of measured f i s h  t h a t  are  i n  l e n g t h  c a t e g o r y  Z and f 
J b  

is the f r a c t i o n  of  t h e  7, f i s h  t h a t  are  aged. For s i m p l i c i t y ,  i t  was assumed 

t h a t  a t o t a l  of L f i s h  would be measured and t h a t  L would be o b t a i n e d  by 

m u l t i p l y i n g  L 

jZ 

j 
by t h e  h i s t o r i c a l  p r o p o r t i o n  of  l a n d i n g s  i n  market c a t e g o r y  j. 

Sample data c o l l e c t e d  a t  Coos Bay were used t o  estimate ij and V(W -). 

Because s u f f i c i e n t  data on l e n g t h  and age d i s t r i b u t i o n s  by market ca t egory  

j 3 

were u n a v a i l a b l e ,  estimates of p j z ,  p j k ,  and p j k z  were o b t a i n e d  as f o l l o w s .  

The unde r ly ing  age d i s t r i b u t i o n  was o b t a i n e d  by assuming t h a t  t h e  n a t u r a l  

m o r t a l i t y  r a t e  was 0.1 (McFarlane and Beamish 1 9 8 3 a ) ,  t h e  f i s h i n g  m o r t a l i t y  

r a t e  was 0.25, and r e c r u i t m e n t  was knife-edged a t  age 3. A random sample of  

10,000 f i s h  was drawn from the  age  d i s t r i b u t i o n  d e f i n e d  by these  pa rame te r s ,  

and f i s h  were assumed t o  be male or  female w i t h  0.5 p r o b a b i l i t y .  Length was 

de termined  from s e x - s p e c i f i c  growth c u r v e s ,  and weight  was o b t a i n e d  from a 

length-weight  r e l a t i o n s h i p  (Kle in  1986) .  A normal ly  d i s t r i b u t e d  e r r o r  term 

w i t h  mean 0 and CV of 10% was used t o  i n t r o d u c e  a random component i n  t he  age- 

l e n g t h  and length-weight  r e l a t i o n s h i p s .  Each f i s h  was t h e n  a s s i g n e d  t o  the  

small (<2 .2  kg) ,  medium (2.2-3.2 k g ) ,  or l a r g e  (>3 .2  kg) market c a t e g o r y  S O  
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t h a t  estimates cou ld  be o b t a i n e d  f o r  each s t r a t u m .  

Required sample s i z e s  were o b t a i n e d  by de t e rmin ing  the  minimum number t o  
h 

be measured and aged t o  o b t a i n  a C V  of 20% f o r  Ce, t h e  l e a s t  abundant age 

c lass  t h a t  comprised a t  l e a s t  5% of t h e  t o t a l  number l anded  (Table 4 ) .  

on r e s u l t s  f o r  sample s i z e s  of 250 t o  2,000,  i t  appea r s  t h a t  about  400 f i s h  

shou ld  be aged ,  s o  t h e  f r a c t i o n  aged  would depend on t h e  number measured. 

B e n e f i t s  of double  sampl ing  appea r  t o  be n e g l i g i b l e  i n  t h i s  case; a s imilar  

r e s u l t  was r e p o r t e d  f o r  P a c i f i c  h a l i b u t  (Quinn  e t  a l .  1983) .  Double sampling 

would be of g r e a t e r  va lue  if ag ing  e f f o r t  was a l l o c a t e d  o p t i m a l l y  among l e n g t h  

s t r a t a  (Lenarz  ) .  Under op t ima l  a l l o c a t i o n ,  p r o p o r t i o n a l l y  fewer small f i s h  

would be sampled because l e n g t h  is  a b e t t e r  p r e d i c t o r  of age f o r  small f i s h .  

Based 

2 

According t o  t h i s  a n a l y s i s ,  t h e  t o t a l  number of f i s h  t o  be aged would be 

about  5 , 6 0 0 ,  or 400 i n  each of  1 4  "average" p o r t s .  I n  p r a c t i c e ,  a more 

complex sample d e s i g n  w i l l  be needed because t h e  age composi t ion  of  l a n d i n g s  

v a r i e s  w i t h  t ime,  l o c a t i o n ,  and gea r  t y p e .  The e f f e c t s  of these a d d i t i o n a l  

s o u r c e s  of v a r i a b i l i t y  a re  no t  known; n e v e r t h e l e s s ,  these r e s u l t s  shou ld  

Provide  some i n d i c a t i o n  of t h e  number of o t o l i t h s  t h a t  s h o u l d  be aged.  

Pract ical  problems i n  sampl ing  s a b l e f i s h  catches are descr ibed  i n  t h e  

fo l lowing  s e c t i o n .  These problems w i l l  r educe  t h e  accuracy and p r e c i s i o n  of  

estimates o b t a i n e d  by p o r t  sampl ing  so  a sea sampling progr-am w i l l  a l s o  be 

cons ide red .  I n  e i ther  case, t h e  above estimates of r e q u i r e d  sampl ing  e f f o r t  

(sample about  one  t o  three t r i p s  per  port-month c a t e g o r y ,  or sample t r i p s  

l a n d i n g  a t  l ea s t  10% of t o t a l  l a n d i n g s )  shou ld  s e r v e  as a rough g u i d e l i n e  

u n t i l  a sampling program has begun and be t te r  estimates of v a r i a n c e s  can  be 

made. 
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P r a c t i c a l  Problems i n  Sampling t h e  Catch 

Di sca rd ing  

Management recommendations based on l a n d i n g s  d a t a  may be i n a p p r o p r i a t e  i f  

a s i g n i f i c a n t  f r a c t i o n  of t h e  c a t c h  is d i sca rded .  D i sca rd ing  may occur  i f  ( 1 )  

f i s h  a r e  smaller t h a n  t h e  minimum marke tab le  s i z e ;  ( 2 )  demand f o r  f i s h  i n  a 

p a r t i c u l a r  market ca t egory  i s  low;  ( 3 )  a t r i p  l i m i t  r e g u l a t e s  t h e  amount of 

f i s h  t h a t  can be l anded ;  or ( 4 )  a minimum s i z e  l i m i t  has  been e s t a b l i s h e d .  

Some d i s c a r d i n g  of submarke tab le  s a b l e f i s h  ( t h o s e  l e s s  than  18 i n c h e s )  

undoubtably o c c u r s ,  p a r t i c u l a r l y  i n  t h e  trawl f i s h e r y .  However, r e c e n t  at-sea 

samples of Eureka t r a w l  c a t c h e s  sugges t  t h a t  few f i s h  s m a l l e r  t h a n  18 inches  

a r e  caught  a t  usua l  t r a w l i n g  dep ths  ( g r e a t e r  t han  100 f m )  (Fu j iwara  and Hankin 

1984) .  Recent d a t a  from t h e  Na t iona l  Marine Fisheries S e r v i c e  (NMFS) su rvey  

s u g g e s t  t h a t  most t rap-caught  s a b l e f i s h  w i l l  be l a r g e r  t han  18 inches  ( P a r k s  

and Shaw 1985) .  F i n a l l y ,  r e su l t s  from r e c e n t  Japan-U.S. j o i n t  l o n g l i n e  

su rveys  i n  t h e  E a s t e r n  Bering Sea ,  A leu t i an  r e g i o n ,  and Gulf of Alaska s u g g e s t  

t h a t  few f i s h  s m a l l e r  t han  18 inches  would be caught  u s i n g  l o n g l i n e  g e a r  

(Sasaki  1983b) .  

A more s i g n i f i c a n t  sou rce  of bias may be t h e  d i s c a r d i n g  t h a t  occu r s  when 

market demand is  low. For example,  Hardwick (1983)  noted  t h a t  t r a w l e r s  have 

been c a t c h i n g  and d i s c a r d i n g  s a b l e f i s h  f o r  over 20 y e a r s  f o r  l a c k  of markets. 

Herrman and H a r r y  (1963)  sampled  Oregon t r a w l  c a t c h e s  from 1950 t o  1961 and 

e s t i m a t e d  t h a t  80% ( b y  we igh t )  of t h e  s a b l e f i s h  was d i s c a r d e d .  Heimanri and 

Miller (1960)  r e p o r t e d  t h a t  Morro Bay t r a w l e r s  d i sca rded  86% of s a b l e f i s h  

cat ,ches (by  w e i g h t ) .  Heimann (1963)  r e p o r t e d  t h a t  Monterey trawlers d i s c a r d e d  

32, 1 6 ,  and 0% ( b y  we igh t )  of s a b l e f i s h  caught  i n  water  30-60, 60-130, and 

130-200 f m  deep ,  r e s p e c t i v e l y .  
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Demand f o r  s a b l e f i s h  has i n c r e a s e d  i n  r e c e n t  y e a r s ,  b u t  some d i s c a r d i n g  

s t i l l  o c c u r s  when p r o c e s s o r s  se t  r e s t r i c t i o n s  (market l i m i t s )  o n  t he  amount of 

s a b l e f i s h  t h a t  t h e y  a re  w i l l i n g  t o  buy. These market limits are most common 

for  flsmallff s a b l e f i s h ,  which comprise  a l a r g e  pe rcen tage  of t h e  catch.  

Because demand was s t r o n g  throughout  1984 ( P a r k s  and Shaw 1985) ,  d i s c a r d i n g  

due  t o  market l i m i t s  p robably  was not  a major  s o u r c e  of b ias .  However, i t  is 

d i f f i c u l t  t o  p r e d i c t  f u t u r e  l e v e l s  of d i s c a r d i n g  i n  r e s p o n s e  t o  m a r k e t  limits 

because ( 1 )  t h e  market f o r  s a b l e f i s h  has been changing  r a p i d l y  (Dewees 1980) ;  

( 2 )  h i s t o r i c a l  da ta  on market l i m i t s  a re  n o t  a v a i l a b l e  and a re  n o t  l i k e l y  t o  

be a v a i l a b l e  i n  t h e  f u t u r e ;  and ( 3 )  s a b l e f i s h  y e a r - c l a s s  s t r e n g t h  f l u c t u a t e s  

c o n s i d e r a b l y  (Sasaki 1983a; Ty le r  and McFarlane 1985) and market l i m i t s  could  

be s e t  i f  a l a r g e  yea r  c lass  e n t e r e d  t h e  f i s h e r y .  

Di sca rd ing  a l s o  may occur  when l a n d i n g s  reach 90% of  t h e  optimum y i e l d  

( O Y ) ,  because t h e  F i s h e r y  Management P lan  (FMP) s t a t e s  t h a t  t r i p  limits must 

t h e n  be implemented ( P a c i f i c  F i s h e r y  Management Counci l  (PFMC) 1984a) .  These 

limits are i n t e n d e d  t o  ( 1 )  p rov ide  an  annual  h a r v e s t  t h a t  i s  about  e q u a l  t o  

t he  O Y ;  ( 2 )  i n h i b i t  d i r ec t ed  f i s h i n g  but  pe rmi t  i n c i d e n t a l l y  caught  s a b l e f i s h  

t o  be l a n d e d ;  and ( 3 )  d i v i d e  t he  OY e q u i t a b l y  between trawl and f i x e d  gear 

components of the  f i s h e r y  (PFMC 1984a) .  A t r i p  l i m i t  of 3,000 pounds was 

implemented i n  October  1982 when t h e  OY of 13 ,400  t was exceeded (PFMC 1984b) .  

The OY was i n c r e a s e d  t o  17,400 t i n  November 1982;  n e v e r t h e l e s s ,  1982 l a n d i n g s  

exceeded t h e  OY. T r i p  l i m i t s  were n o t  r e q u i r e d  i n  1983 or 1984 but  were 

implemented i n  November of 1985 and t h e  season  was c l o s e d  i n  December 1985. 

F u t u r e  l e v e l s  of d i s c a r d i n g  i n  r e s p o n s e  t o  t r i p  l i m i t s  o r  c l o s u r e s  cannot  be 

p r e d i c t e d ,  b u t  because these r e s t r i c t i o n s  would be implemented l a t e  i n  t h e  

y e a r ,  t h e  e f f e c t  on  d i s c a r d i n g  shou ld  n o t  be s u b s t a n t i a l .  



1 1  

D i sca rd ing  has been a t t r i b u t e d  t o  minimum s i z e  r e g u l a t i o n s  i n  both  t h e  

Canadian and U . S .  s a b l e f i s h  f i s h e r i e s .  I n  t he  Canadian f i s h e r y ,  minimum s i z e  

limits have been imposed s i n c e  1945 (McFarlarie and Beamish 1983b) .  The e f f e c t  

of t h i s  r e g u l a t i o n  on d i s c a r d i n g  became appa ren t  i n  1972 when the  s i z e  l i m i t  

was waived f o r  3 months (McFarlane and Beamish 1983b) .  Trawl l a n d i n g s  

i n c r e a s e d  s h a r p l y  and the  s i z e  composi t ion s h i f t e d  downward because t r a w l e r s  

k e p t  f i s h  t h a t  normally would have been d i s c a r d e d  (McFarlane and Beamish 

1983b) .  A minimum s i z e  l i m i t  of 4 pounds has been i n  e f f e c t  s i n c e  1977 

(MacFarlane and Beamish 1983b1, but  data used t o  manage t h e  f i s h e r y  a r e  
J 

o b t a i n e d  by sampling a t  s e a  (Shaw ) s o  the  e f f e c t s  of d i s c a r d i n g  can be 

p r o p e r l y  e v a l u a t e d .  

I n  t h e  WOC f i s h e r y ,  d i s c a r d i n g  may have i n c r e a s e d  s u b s t a n t i a l l y  i n  March 

1983 when a minimum s i z e  l i m i t  of 22 inches  was es tab l i shed  f o r  t h e  area n o r t h  

of P o i n t  Conception ( exc lud ing  Monterey Bay) (PFMC 1984a) .  To reduce  

d i s c a r d i n g  of i n c i d e n t a l l y  caught  s a b l e f i s h ,  t h e  PFMC e s t ab l i shed  an al lowance 

f o r  s u b l e g a l  f i s h  of 333 f i s h ,  1 ,000 pounds, or 10% of t he  weight of a l l  

s a b l e f i s h  on board (PFMC 1984b) .  T r a w l  f i shermen argued t h a t  n e a r l y  ha l f  of 

cap tu red  s a b l e f i s h  were be ing  d i s c a r d e d  (Fuj iwara  and Hankin 19841, and i n  

June 1983 t h e  i n c i d e n t a l  c a t c h  a l lowance  was i n c r e a s e d  t o  5 ,000 pounds (PFMC 

1984a) .  At-sea samples from Eureka  trawl catches a f t e r  t h e  5,000-pound 

a l lowance  was e s t a b l i s h e d  i n d i c a t e d  t h a t  d i s c a r d i n g  had decreased d r a m a t i c a l l y  

( F u j  iwara and Hankin 1984) .  

It  s h o u l d ,  n e v e r t h e l e s s ,  be noted  t h a t  a s u b s t a n t i a l  f r a c t i o n  of 

s a b l e f i s h  caught  w i t h  t r a w l  (Fu j iwara  and Hankin 1 9 8 4 ) ,  t r a p  ( P a r k s  and Shaw 

1985) ,  and l o n g l i n e  gear  ( P h i l l i p s  1954, Sasaki  1983b, Clausen and Fuj ioka  

1985) w i l l  be s h o r t e r  t han  22 i n c h e s .  Thus ,  t h e  amount of s a b l e f i s h  d i s c a r d e d  

depends i n  p a r t  on f u t u r e  management d e c i s i o n s .  Regula t ions  t h a t  reduce  the 
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v u l n e r a b i l i t y  of  s u b l e g a l  f i s h  would n o t  on ly  r educe  d i sca rd  r a t e s  bu t  a l s o  

would  r e d u c e  t h e  need f o r  a minimum s i z e  l i m i t .  One approach  f o r  r e d u c i n g  

catches of small s a b l e f i s h  would be t o  i n c r e a s e  t h e  mesh s i z e  used i n  t rawls  

and t r a p s .  For example,  r e c e n t  work by Kle in  (1986)  demonst ra ted  a s t r o n g  

r e l a t i o n s h i p  between mesh s i z e  and mean l e n g t h  of sab lef i sh  c a p t u r e d  w i t h  

trawls,  t r a p s ,  and s e t  n e t s .  Mesh r e g u l a t i o n s  would be p a r t i c u l a r l y  u s e f u l  

f o r  r e g u l a t i n g  f i s h i n g  m o r t a l i t y  i n  t h e  trawl f i s h e r y  because much of  the  

s a b l e f i s h  ca tch  i s  t a k e n  i n c i d e n t a l l y .  An i n c r e a s e  i n  trawl mesh s i z e  would 

not  e l i m i n a t e  catches of small s a b l e f i s h ,  however,  because f a c t o r s  o t h e r  t h a n  

mesh s i z e  can  e f f e c t  g e a r  s e l e c t i v i t y .  I n  some samples  from trawlers 

t a r g e t t i n g  on  f l a t f i s h e s  wi th  5- inch mesh n e t s ,  K l e i n  (1986)  observed  

s u b s t a n t i a l  numbers of s a b l e f i s h  smaller t h a n  t h e  estimated minimum r e t e n t i o n  

s i z e .  K l e i n  s u g g e s t e d  t h a t  these f i s h  were r e t a i n e d  because t h e  accumulated 

f l a t f i s h  catch blocked n e t  openings  and reduced  escapement of small s a b l e f i s h .  

Sampling dressed s a b l e f i s h  

A second p r a c t i c a l  problem i n  sampling s a b l e f i s h  l a n d i n g s  is t h a t  

s a b l e f i s h  a re  sometimes dressed (headed and g u t t e d )  a t  s e a ,  making age  and s e x  

de te rmina t ion  more d i f f i c u l t  o r  imposs ib l e .  For example,  K l e i n  (1985) 

r e p o r t e d  t h a t  t r awl ,  t r a p ,  and se t  n e t  f i she rmen  o f f  t h e  Washington c o a s t  have 

t r a d i t i o n a l l y  l anded  whole f i s h  whereas l o n g l i n e r s  have d e l i v e r e d  dressed 

f i s h .  In fo rma t ion  on  t h e  age  composi t ion  of s a b l e f i s h  dressed a t  sea might be 

o b t a i n e d  by:  ( 1 )  sampling a t  sea;  ( 2 )  a s k i n g  f i she rmen  t o  s a v e  a l l  heads from 

t h e  l a s t  se t  or  tow of each t r i p ,  s o  t h a t  o t o l i t h s  can  be o b t a i n e d  

(O'Connel l  1; (3 )  p r e d i c t i n g  age  from p r e d i c t e d  f o r k  l e n g t h ;  or ( 4 )  u s i n g  f i n  

r a y s  f o r  ag ing .  The f i rs t  approach  w i l l  be cor i s idered  i n  some d e t a i l  i n  a 

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

4 

The second approach has been implemented on  a v o l u n t a r y  b a s i s  
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i n  t h e  l o n g l i n e  f i s h e r y  i n  the  Gulf of Alaska. Voluntary  compliance has been 

inadequa te  i n  some r e g i o n s ,  however, s o  b i o l o g i s t s  have begun t o  purchase  

heads a t  a c o s t  of $0.50 pe r  pound (Morrison 1. Reliable i n f o r m a t i o n  probably  

can  be o b t a i n e d  from some f i she rmen  but  b i o l o g i s t s  acknowledge t h a t  o t h e r s  may 

provide  biased samples .  Because v e s s e l s  would be selected a t  random i n  a 

p robab i l i t y -based  sampling program, t h i s  approach probably  would n o t  be 

p r a c t i c a l  f o r  t h e  WOC s a b l e f i s h  f i s h e r y .  The t h i r d  approach  would p rov ide  

some i n f o r m a t i o n  on age  composi t ion  t h a t  cou ld  supplement  i n f o r m a t i o n  o b t a i n e d  

from f i s h  p rocessed  on s h o r e .  

estimated by measuring t h e  d i s t a n c e  from t h e  i n s e r t i o n  of d o r s a l  f i n  t o  t h e  

c e n t e r  of t h e  t a i l  (Maeda and Hankin 1983) u s i n g  t h e  conve r s ion  f a c t o r  

r e p o r t e d  by P h i l l i p s  (1954) .  Age can  t h e n  be p r e d i c t e d  from f o r k  l e n g t h  u s i n g  

an age- length  key. Some e r r o r s  would be i n t r o d u c e d  by u s i n g  a n  age- length  key 

because ( 1  ) s a b l e f i s h  length-a t -age  d i f f e r s  s i g n i f i c a n t l y  by s e x  (McFarlane 

and Beamish 1983a)  and s e x  can  o n l y  be de termined  by examining t h e  gonads;  and 

( 2 )  length-a t -age  is e s s e n t i a l l y  c o n s t a n t  beyond age  15 (McFarlane and Beamish 

1983a)  s o  p r e d i c t i o n s  would be u n r e l i a b l e  f o r  o l d  f i s h .  F i n a l l y ,  s a b l e f i s h  

cannot  be aged r e l i a b l y  u s i n g  f i n  r a y s .  Beamish and C h i l t o n  (1982)  found t h a t  

growth zones were d i f f i c u l t  t o  f i n d  and t h a t  t h e  number of zones d i d  n o t  seem 

r e a s o n a b l e ,  g iven  t h e  s i ze  of t h e  f i s h .  I n  a d d i t i o n ,  f i n  r a y s  o f t e n  had 

ev idence  of  r e s o r p t i o n  and were d i f f i c u l t  t o  p rocess .  

5 

The f o r k  l e n g t h  of  dressed f i s h  can  be 

Even f o r  f i s h  t h a t  are processed  on shore, l o g i s t i c a l  problems c a n  make 

age and s e x  d e t e r m i n a t i o n  d i f f i c u l t .  The pr imary d i f f i c u l t y  i s  t h a t ,  f o r  f i s h  

t h a t  w i l l  be e a s t e r n - d r e s s e d ,  t h e  body c a v i t y  cannot  be c u t  t o  examine t h e  

gonads,  s o  s e x  can  o n l y  be de te rmined  a t  t h e  p r o c e s s i n g  l i n e  when t h e  v i s c e r a  

a r e  removed. When f i s h  are t o  be sh ipped  be fo re  p r o c e s s i n g ,  o t o l i t h s  probably  

could  be c o l l e c t e d  but  t he  s e x  of  sampled f i s h  would be unknown. S e x - r e l a t e d  
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d i f f e r e n c e s  i n  length-a t -age  become pronounced a t  about  age 10 (McFarlane and 

Beamish 1983a) ,  and t h e  c a t c h a b i l i t y  of these older f i s h  probably  would d i f f e r  

by s e x .  

A s imi la r  problem o c c u r s  i n  sampl ing  l a n d i n g s  of P a c i f i c  h a l i b u t ,  which 

always are  e v i s c e r a t e d  a t  sea (Quinn  e t  a l .  1983) .  Work has begun on 

development of a method t o  p r e d i c t  t h e  s e x  of  sampled f i s h  from o t o l i t h  

we igh t ,  o t o l i t h  l e n g t h ,  and a g e  (Quinn  e t  a l .  1 9 8 3 ,  so  t h i s  approach  might be 

used f o r  sab lef i sh  as  w e l l .  I t  may be d i f f i c u l t  t o  deve lop  a s i m p l e ,  r e l i ab le  

c l a s s i f i c a t i o n  a l g o r i t h m  f o r  s a b l e f i s h  because o t o l i t h  charac te r i s t ics  appear  

t o  va ry  by y e a r  class (Lai 1985) .  A s e x - s p e c i f i c  s t o c k  r e c o n s t r u c t i o n  

a n a l y s i s  may n o t  be needed ,  however, u n l e s s  a s u b s t a n t i a l  f r a c t i o n  of t h e  

catch is o l d e r  t h a n  age I O .  

The above o b s e r v a t i o n s  i l l u s t r a t e  t h a t  s a b l e f i s h  a r e  caugh t ,  l a n d e d ,  and 

processed  in a v a r i e t y  of ways. Adequate in fo rma t ion  f o r  management can be 

o b t a i n e d  o n l y  if the  sampl ing  program can adap t  i n  r e s p o n s e  t o  changes i n  t he  

f i s h e r y .  I n  t h e  f o l l o w i n g  s e c t i o n ,  s e v e r a l  sampling programs are  d i s c u s s e d ,  

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

i n f o r m a t i o n ,  t he  c o s t s  of sampl ing ,  and s t o c k  assessment  t e c h n i q u e s  t h a t  could  

be used w i t h  each t y p e  of  i n fo rma t ion .  

A l t e r n a t i v e  Sampling Programs 

Sea sampling 

The pr imary  m o t i v a t i o n  for  sampl ing  a t  sea is  t h a t  an unknown f r a c t i o n  of 

t h e  t o t a l  catch is  d i s c a r d e d .  If t h e  f r a c t i o n  d iscarded  i s  s u b s t a n t i a l ,  t h e n  

o b s e r v e r s  shou ld  be used t o  estimate numbers caught  and discarded s o  t h a t  

a c c u r a t e  estimates of f i s h i n g  m o r t a l i t y  can  be made. 
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Observer  programs have been used t o  moni tor  f o r e i g n  f i sher ies  i n  waters 

o f f  t h e  Uni ted  S ta tes  (Nelson e t  a l .  1981 ) and Canada (Kulka and Waldron 

1983) .  A p r imary  r e a s o n  why t h e  U.S. program is  f e a s i b l e  is t h a t  t h e  f o r e i g n  

f i s h i n g  f l e e t  i s  r e q u i r e d  t o  fund  the  program (Nelson  e t  a l .  1981) .  Observer  

programs have been used less  f r e q u e n t l y  i n  domest ic  f i sher ies  because of  t he  

expense ,  bu t  t h e  i n f o r m a t i o n  o b t a i n e d  can  be  s u p e r i o r  t o  t h a t  o b t a i n e d  by p o r t  

sampl ing  . 

Sampling s t r a t e g y  

The f o l l o w i n g  recommendations are based i n  p a r t  on an unpubl i shed  

6 document, p repa red  i n  1977 by Tomlinson , t h a t  o u t l i n e d  a l t e r n a t i v e  s t r a t e g i e s  

f o r  sampl ing  C a l i f o r n i a  r o c k f i s h  catches. Add i t iona l  i n f o r m a t i o n  was o b t a i n e d  

from ar t ic les  w r i t t e n  by Burns e t  a l .  (1983)  and S a i l a  (19831,  as well as from 

d i s c u s s i o n s  w i t h  f i e l d  b i o l o g i s t s .  

The recommended approach  f o r  sampl ing  s a b l e f i s h  catches a t  sea is a 

t h r e e - s t a g e  s t r a t i f i e d  sampling p l a n ,  w i t h  t r i p s  as a f i r s t  s t a g e ,  h a u l s  (or  

tows, depending on  gea r  t y p e )  a s  a second s tage ,  and c l u s t e r s  as a t h i r d  

s t a g e .  T r i p s  t o  be observed  shou ld  be selected randomly w i t h i n  each por t -  

month-gear s t r a t u m .  On each sampled t r i p ,  randomly selected h a u l s  would be 

sampled as  f o l l o w s .  One or more c l u s t e r  ( b a s k e t )  samples  would be t a k e n  from 

the  p o r t i o n  of t h e  catch t h a t  w i l l  be l anded  and one c l u s t e r  sample ( p o s s i b l y  

larger i n  s i z e )  would be t a k e n  from the  p o r t i o n  t h a t  w i l l  be d i scarded .  The 

t o t a l  weight  of each c l u s t e r  would be de termined  and o t o l i t h s  would be 

c o l l e c t e d  from a l l  f i s h  i n  each c l u s t e r .  There shou ld  be about  20 f i s h  per  

c l u s t e r  i f  b a s k e t s  h o l d  about  50 pounds. 
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The f o l l o w i n g  n o t a t i o n  refers  t o  t r i p s  w i t h i n  a p a r t i c u l a r  s t r a t u m .  

Estimates of t o t a l  numbers caught  or  discarded (and  t h e i r  v a r i a n c e s )  can  be 

ob ta ined  by summing ove r  s t r a t a .  A l l  r e f e r e n c e s  t o  numbers of f i s h  refer t o  

numbers by age  c lass .  Let 

N = t o t a l  number of t r i p s  

fl. = t o t a l  number of h a u l s  on t h e  i t h  sampled t r i p  
2 

n = number of randomly sampled t r i p s  

h. = number of randomly sampled h a u l s  on t r i p i  
2 

m = number of c l u s t e r  samples  t a k e n  from hau l  j of t r i p  i ij 
w = t o t a l  weight of f i s h  l anded  f o r  a l l  t r i p s  

W. = t o t a l  weight  of f i s h  l anded  on t r i p  i 
2 

W'ij = t o t a l  weight of f i s h  d i s c a r d e d  from hau l  j of t r i p  i (estimated 

j o i n t l y  by c a p t a i n  and obse rve r  (Burns e t  a l .  1983) )  

= weight of t h e  k t h  c l u s t e r  sample from hau l  j of t r i p  ijk W 

.* ij = weight  of t h e  sample t a k e n  from t h e  d iscarded  ca tch  from hau l  j .- 

of t r i p  i 

= number of f i s h  i n  t h e  k t h  c l u s t e r  from hau l  j of t r i p  i Yi jk 
Y ' i j  = number of f i s h  i n  t h e  sample t a k e n  from t h e  discarded catch 

from hau l  j of t r i p  i 

The weight of a c l u s t e r  sample is  assumed t o  be e s s e n t i a l l y  c o n s t a n t  and t h e  

v a l u e  is  estimated as 

T o  estimate t h e  t o t a l  number of f i s h  (of a p a r t i c u l a r  a g e )  l a n d e d  i n  a 

s t r a t u m ,  l e t  
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= mean number per  c l u s t e r  from hau l  j of t r i p  i 

= mean number per  c l u s t e r  on t r i p  i (Note:  weight l anded  is  not  

de te rmined  s e p a r a t e l y  by hau l  s o  t h e  estimate is no t  weighted 

by hau l  s i z e )  

n n 

i i 
y A 1 wiyil w.  

‘L ( 1 0 )  

= mean number per  c l u s t e r ;  weighted by t r i p  s i ze  

= estimate of t o t a l  number l anded .  

A c o n s e r v a t i v e  estimate of t.he v a r i a n c e  can be o b t a i n e d  by u s i n g  a j a c k k n i f e  

approach (Ef ron  and Gong 1983, Sen 1984) .  Let 

n 

i 
v ( i )  A (V/S)2(n - 1) In (y ’ - y ) 2  i ( 1  2 )  

where 

(i-1) W I + W , + .  . . + w  

+ .  . . + w n  ( i - t l )  
+ w 
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For s i m p l i c i t y ,  w i t h i n - t r i p  v a r i a n c e s  are assumed t o  be n e g l i g i b l e  when 

compared t o  the  v a r i a n c e  between t r i p s .  V a r i a b i l i t y  between h a u l s  can  be 

estimated because s e v e r a l  h a u l s  can  be sampled per  t r i p ,  b u t  i t  probably  would 

be d i f f i c u l t  t o  o b t a i n  more t h a n  one  sample per  hau l  s i n c e  t h e  d iscarded  catch 

must a l s o  be sampled. The estimate of mean number pe r  c l u s t e r  i n  (IO) is 

termed a r a t i o  estimate because bo th  t h e  numerator  and denominator va ry  from 

sample t o  sample (Cochran 1963) .  T h i s  estimate is b iased ,  b u t  s h o u l d  be more 

e f f i c i e n t  t h a n  the  co r re spond ing  unbiased  estimate because t r i p s  l a r g e r  i n  

s i ze  r e c e i v e  h ighe r  weight a t  t he  e s t i m a t i o n  s t a g e  (Sen 1984) .  

To estimate t h e  t o t a l  number of f i s h  (of  a p a r t i c u l a r  a g e )  d i scarded  i n  a 

stratum, l e t  

= estimated number d i s c a r d e d  from t h e  j t h  hau l  of t r i p  i 

i h 

= mean number d i s c a r d e d  per  hau l  of t r i p  i 

= estimate of t o - a 1  number d i scarded .  

Ignor ing  errors in t roduced  by e s t i m a t i n g  t h e  number d i s c a r d e d  i n  sampled h a u l s  

(Y’ij>, an  estimate of the  v a r i a n c e  would be 
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n 

n i n - 1  

(Cochran 1963,  p. 3041,  where 

h .  
1, 

hi 

n 

i 
and the  mean number of h a u l s  pe r  t r i p  is estimated as 1 ~ . / n .  

(19841, N would n o t  be known but  can be estimated as 

A s  no ted  by Sen 
2 

A b e t t e r  estimate of number discarded per  haul  cou ld  be o b t a i n e d  by 

measuring t o t a l  discards i n  numbers of b a s k e t s  (Sa i la  1983) .  The above 

sampling p l a n  is proposed under  t h e  assumption t h a t ,  i n  some cases, 

a s u b s t a n t i a l  q u a n t i t y  w i l l  be d i scarded  and coun t ing  b a s k e t s  of d i sca rds  w i l l  

n o t  be p r a c t i c a l .  

Required sampl i n g  e f f o r t  

Based on the  ear l ie r  a n a l y s i s  of trawl catches (Tables  1 and 21, i t  

a p p e a r s  t h a t  a c c e p t a b l y  p r e c i s e  estimates could  be o b t a i n e d  by sampl ing  one t o  

three t r i p s  pe r  month i n  each p o r t .  Wi th in  each port-month combina t ion ,  

sampled t r i p s  might be a l l o c a t e d  among gears a c c o r d i n g  t o  t h e  p r o p o r t i o n  of 
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l a n d i n g s  each  gea r  c o n t r i b u t e s .  

groups d e f i n e d  ear l ie r  and by assuming tha t  a 50-pound c l u s t e r  would c o n t a i n  

about  20 f i s h ,  a n  annual  sample of  7,000 t o  20,000 o t o l i t h s  cou ld  be c o l l e c t e d  

( 1 4  p o r t s  x 1-3 t r i p s / m o n t h  x 1 sampled h a u l / t r i p  x 2 c l u s t e r  samples /haul  x 

12 months x 20 f i s h ) .  I t  would be easy f o r  o b s e r v e r s  t o  sample more t h a n  one 

hau l  pe r  t r i p ,  s o  a much l a r g e r  number of o t o l i t h s  cou ld  e a s i l y  be c o l l e c t e d .  

I n  most i n s t a n c e s ,  however,  w i  t h i n - t r i p  v a r i a b i l i t y  is much lower t h a n  

v a r i a b i l i t y  between t r i p s ,  s o  l i t t l e  a d d i t i o n a l  i n f o r m a t i o n  would be o b t a i n e d  

by i n t e n s i v e l y  sampl ing  t h e  catch of any one t r i p .  I n  p r a c t i c e ,  o b s e r v e r s  

probably  would o b t a i n  sample da t a  from most h a u l s ,  bu t  o n l y  a subsample of a l l  

c o l l e c t e d  o t o l i t h s  would be aged.  Subsampling would be p a r t i c u l a r l y  u s e f u l  

f o r  smaller f i s h  because r e l i a b l e  age- length  keys could  be developed.  

By l i m i t i n g  sampl ing  t o  t he  1 4  major p o r t  

Because sampl ing  would be conducted i n  a t  l e a s t  1 4  p o r t s ,  a s t a f f  of a t  

l e a s t  I 4  o b s e r v e r s  and 1 p r o j e c t  c o o r d i n a t o r  would be needed. One o r  two 

t e c h n i c i a n s  a l s o  would be needed t o  age t h e  c o l l e c t e d  o t o l i t h s  and t o  m a i n t a i n  

t h e  database. More o b s e r v e r s  would be needed i f  t r i p  l e n g t h  f r e q u e n t l y  

exceeded 1 week .  Assuming t h a t  a s t a f f  of 1 4  o b s e r v e r s ,  1 p r o j e c t  

c o o r d i n a t o r ,  and 1 t e c h n i c i a n  would be s u f f i c i e n t ,  s a l a r y  c o s t s  c o u l d  exceed  

$300,000. Add i t iona l  c o s t s  would i n c l u d e  t r a v e l  and l i a b i l i t y  i n s u r a n c e ,  as 

wel l  as the  a d m i n i s t r a t i v e  cost a s s o c i a t e d  w i t h  e s t a b l i s h i n g  a n  o b s e r v e r  

program. 

P o s s i b l e  a n a l y s e s  

The pr imary  a n a l y s i s  probably  would be a s t o c k  r e c o n s t r u c t i o n  a n a l y s i s  

u s i n g  age-spec i f  i c  estimates of t o t a l  catch ( l anded  p l u s  discarded catch) .  

Add i t iona l  a n a l y s e s  based o n l y  on l anded  catch could  be done t o  de te rmine  i f  a 

p o r t  sampling program would be s u f f i c i e n t .  The biomass-based models d e r i v e d  
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by Schnute  (1985) a l s o  shou ld  be cons ide red  because i n f o r m a t i o n  on f i s h i n g  

e f f o r t  w i l l  be a v a i l a b l e  and because fewer  f i s h  would need t o  be aged t o  

p rov ide  t h e  needed supplementa l  i n fo rma t ion  on growth and n a t u r a l  m o r t a l i t y .  

Port  sampling 

There would be s e v e r a l  advantages  i n  a d a p t i n g  t h e  r o c k f i s h  p o r t  sampl ing  

p l a n  f o r  use w i t h  s a b l e f i s h .  One advantage  is t h a t  t h e  same i n f o r m a t i o n  on 

age composi t ion  of  l a n d i n g s  i s  needed. Another advantage i s  t h a t  bo th  

s a b l e f i s h  and r o c k f i s h  may be s o r t e d  a t  sea i n t o  market c a t e g o r i e s ,  so  a 

similar sampling scheme is  needed f o r  both.  ( S a b l e f i s h  l a n d i n g s  a c t u a l l y  

would be easier t o  sample t h a n  r o c k f i s h  l a n d i n g s  because s a b l e f i s h  are  no t  

mixed w i t h  o t h e r  s p e c i e s . )  Yet ano the r  advantage i s  t h a t  a network of  p o r t  

s ample r s  is  a l r e a d y  i n  p l a c e  s o  a sampling program f o r  s a b l e f i s h  cou ld  be 

implemented r e l a t i v e l y  q u i c k l y .  F i n a l l y ,  p o r t  b i o l o g i s t s  a re  ve ry  famil iar  

w i t h  t h e  sampling program and i ts  o b j e c t i v e s  and f i s h  buyers  have become 

accustomed t o  accomodating p o r t  s ample r s .  Buyers in t e rv i ewed  i n  C a l i f o r n i a  

and Oregon p o r t s  i n d i c a t e d  t h a t  a similar sampling program f o r  s a b l e f i s h  

shou ld  n o t  create any a d d i t i o n a l  l o g i s t i c a l  problems. 

Sampling s t r a t e g y  

The recommended sampl ing  s t r a t e g y  is one of  t h e  approaches p r e s e n t e d  by 

Sen (1984)  i n  h i s  a n a l y s i s  of t h e  C a l i f o r n i a  r o c k f i s h  sampling program. A 

two-stage s t r a t i f i e d  sampl ing  p l an  would be used ,  w i t h  t r i p s  as a f i r s t  s t a g e  

and c l u s t e r s  as a second s t a g e .  A s  i n  t h e  sampling program f o r  r o c k f i s h ,  

a r r i v a l  times cannot  be p r e d i c t e d  s o  boa t loads  would be s e l e c t e d  a r b i t r a r i l y  

w i t h i n  each  port-month-gear stratum. A random o r d e r i n g  of r e t u r n i n g  b o a t s  can 

be assumed, s o  t h i s  approach shou ld  be approximate ly  v a l i d  (Tomlinson 1971, 
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Sen 1984) .  

S a b l e f i s h  o f t e n  are l anded  s e p a r a t e l y  by m a r k e t  c a t e g o r i e s  based  on s i ze ,  

s o  sampled l a n d i n g s  shou ld  be p o s t - s t r a t i f i e d  by market c a t e g o r y  (Sen 1984) .  

Two c l u s t e r  samples  shou ld  be t a k e n  from the  l a n d i n g s  of each market 

c a t e g o r y  sampled on  a selected t r i p .  

have a rgued  t h a t  samples  o b t a i n e d  by s e l e c t i n g  a f i x e d  number of i n d i v i d u a l  

f i s h  are l i k e l y  t o  be b iased ,  s o  c l u s t e r s  would be d e f i n e d  i n  terms of weight .  

C l u s t e r  samples  of whole f i s h  s h o u l d  be 50 pounds (+5 l b ) ,  whereas a 25-pound 

c l u s t e r  (+2 l b )  of  dressed f i s h  shou ld  be s u f f i c i e n t .  The l e n g t h  of a l l  

sampled f i s h  shou ld  be measured and age  and s e x  shou ld  be de te rmined  whenever 

poss  i b l  e. 

Both Tomlinson (1971)  and Sen (1984)  

The procedure  f o r  o b t a i n i n g  c l u s t e r  samples  w i l l  v a r y ,  depending on 

whether samples  are  c o l l e c t e d  from b i n s  o r  from a p r o c e s s i n g  l i n e .  

impor t an t  p o i n t  i s  t h a t  t h e  two c l u s t e r  samples  shou ld  be t a k e n  from s e p a r a t e  

b i n s  or a t  s e p a r a t e  times d u r i n g  the p e r i o d  when f i s h  are be ing  p rocessed ,  SO 

t h a t  a b e t t e r  o v e r a l l  measure of the  age and s i z e  composi t ion  of the l anded  

ca tch  is  o b t a i n e d .  The e x i s t i n g  s t a f f  of p o r t  s ample r s  i s  f a m i l i a r  w i t h  the 

importance of o b t a i n i n g  unb iased  random samples ,  s o  any l o g i s t i c a l  problems 

encountered  when sampl ing  can ( h o p e f u l l y )  be overcome. 

The 

The f o l l o w i n g  n o t a t i o n  refers  t o  l a n d i n g s  w i t h i n  a p a r t i c u l a r  s t r a t u m .  

I n  t h i s  case, r e f e r e n c e s  t o  numbers l anded  a p p l y  not  o n l y  t o  numbers by age 

c l a s s ,  bu t  a l s o  t o  numbers by l e n g t h  c lass .  The most s i g n i f i c a n t  change i n  

n o t a t i o n  from t h a t  used i n  t h e  s e a  sampling program i s  t h a t  estimates are 

formed s e p a r a t e l y  f o r  each market ca t egory .  I t  is no t  necessa ry  f o r  a l l  

l anded  c a t e g o r i e s  t o  be sampled on any p a r t i c u l a r  t r i p ,  bu t  o n l y  t h a t  samples  

from each m a r k e t  c a t e g o r y  a r e  c o l l e c t e d  a t  some p o i n t  d u r i n g  t h e  month. Let 
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n = number of  l a n d i n g s  sampled from market c a t e g o r y  j 
j 

mij = number of c l u s t e r  samples  t a k e n  from t r i p  i, market c a t e g o r y  j 

W. = t o t a l  weight  l anded  i n  m a r k e t  c a t e g o r y  j 
3 

= t o t a l  weight l anded  i n  market c a t e g o r y  j ,  t r i p  i 

= weight  of t h e  k t h  c l u s t e r  sample from market c a t e g o r y  j, t r i p  i 

= number of f i s h  i n  t h e  k t h  c l u s t e r  sample from market c a t e g o r y  j, 

t r i p  i 

'ij 

i j k  

y i j k  

W 

The f o l l o w i n g  e s t i m a t o r s ,  d e r i v e d  by Sen (19841,  a r e  based on t h e  assumpt ion  

t h a t  t h e  weight  of a c l u s t e r  sample can va ry  among market c a t e g o r i e s  and 

t r i p s .  That assumpt ion  is made h e r e  because s a b l e f i s h  may be l a n d e d  whole,  

d r e s s e d ,  o r  f r o z e n  i n t o  b locks  s o  a f l e x i b l e  sample d e s i g n  is r e q u i r e d .  When 

b locks  of f r o z e n  f i s h  a r e  l a n d e d ,  each  b lock  would be a c lus te r  sample.  

Otherwise ,  c l u s t e r  samples  should  be as c l o s e  as p o s s i b l e  t o  t h e  t a r g e t  weight  

of 50 l b  f o r  whole f i s h  o r  25 l b  f o r  dressed f i s h .  Let 

(20 1 

(211 

= estimated number per  pound l anded  i n  market 

c a t e g o r y  j, t r i p  i 
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(23)  

= mean number per  pound i n  t h e  j t h  market 

c a t e g o r y ,  weighted by t r i p  s i z e  

= t o t a l  number l anded .  

The t o t a l  weight l a n d e d  i n  m a r k e t  c a t e g o r y  j ( W . )  shou ld  be o b t a i n e d  from 
3 

a c t u a l  recorded l a n d i n g  weights,  ra ther  t h a n  an a d j u s t e d  t o t a l  r e p r e s e n t i n g  

round weight. If o n l y  a d j u s t e d  t o t a l s  a re  a v a i l a b l e ,  t h e n  c l u s t e r  weights 

) and t r i p  s i z e s  (w. .) must a lso be a d j u s t e d  u s i n g  the  same c o r r e c t i o n  
(*ijk $3 
f a c t o r .  

I g n o r i n g  t h e  w i t h i n - t r i p  v a r i a n c e  component and assuming a z e r o  

c o r r e l a t i o n  between s t r a t a ,  a j a c k k n i f e  estimate of the  v a r i a n c e  i n  t o t a l  

number l anded  would be 

where 

A h A 

‘L J 

A A 

+ .  . . + R  .W 
+ R( i+Z) jW(i+l) j  n3 nj 
+ w , .  ( z + l ) j  + + ‘nj 

( 2 5  1 

W l j  + w 2 j  + . . . + w ( , ; - l ) j  

(26 1 

and 
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Requi ed  Sam l i n g  e f f o r t  

The ear l ie r  o b s e r v a t i o n s  r e g a r d i n g  t h e  sea sampl ing  program g e n e r a l l y  

a p p l y  h e r e  as well .  A s u f f i c i e n t  sample s i z e  f o r  each  of t h e  1 4  major p o r t  

groups may be one t o  t h r e e  t r i p s  pe r  month-market c a t e g o r y  combina t ion ,  w i t h  

samples  a l l o c a t e d  among g e a r s  based on t h e  p r o p o r t i o n  of  l a n d i n g s  each  gear 

c o n t r i b u t e s .  A t  t h i s  l e v e l  of sampl ing ,  about  7,000 t o  20,000 o t o l i t h s  cou ld  

be c o l l e c t e d  ( 1 4  p o r t s  x 1-3 t r ip s /mon th  x 2 c l u s t e r  s a m p l e s / t r i p  x 1 2  months 

X 20 f i s h / s a m p l e ) .  I n  p r a c t i c e ,  however, some f i s h  would be l anded  d r e s s e d ,  

s o  less o t o l i t h s  would be c o l l e c t e d  t h a n  under t h e  sea sampling program. I n  

a d d i t i o n ,  a r e l i ab le  age- length  k e y  probably  can  be developed for  s a b l e f i s h  i n  

t h e  ”small” market c a t e g o r y ;  t h u s ,  o n l y  a subsample of a l l  c o l l e c t e d  o t o l i t h s  

would be aged.  

It is d i f f i c u l t  t o  estimate t h e  a d d i t i o n a l  s t a f f  r equ i r emen t s  f o r  

implementing t h i s  program. A t  p o r t s  where trawl l a n d i n g s  predominate ,  

s a b l e f i s h  samples  o f t e n  cou ld  be c o l l e c t e d  when o t h e r  p o r t  samples  were t a k e n ,  

so  i n t e g r a t i o n  i n t o  t h e  c u r r e n t  sampling program shou ld  be e a s i l y  

accomplished.  I n  o t h e r  cases, a d d i t i o n a l  t r i p s  t o  t h e  p r o c e s s i n g  p l a n t s  would 

be r e q u i r e d .  I n  any case, sampl ing  s a b l e f i s h  l a n d i n g s  shou ld  no t  r e q u i r e  more 

t h a n  3 or  4 days  per  month of a sample r ’ s  time. S a l a r y  c o s t s  for  t h e  program 

shou ld  n o t  exceed $50,000 if only one t e c h n i c i a n  and a p r o j e c t  c o o r d i n a t o r  are 

h i r e d .  If t h r e e  t o  f i v e  a d d i t i o n a l  p o r t  samplers  are  h i r e d ,  s a l a r y  c o s t s  

shou ld  n o t  exceed $140,000. 
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Poss ib l e  a n a l y s e s  

Because f o r k  o r  t o t a l  l e n g t h  can be de termined  o r  p r e d i c t e d  a c c u r a t e l y  

f o r  a l l  sampled f i s h ,  t he  pr imary  a n a l y s i s  probably  would be a length-based  

s t o c k  r e c o n s t r u c t i o n  a n a l y s i s  ( Jones  1979, Pauly 1984) .  These length-based  

models have been p a r t i c u l a r l y  u s e f u l  i n  managing t r o p i c a l  f i s h e r i e s  because 

ag ing  a sample of  the catch may be d i f f i c u l t  o r  imposs ib l e  ( Jones  1981 1. 

models p rov ide  estimates of h i s t o r i c a l  l e v e l s  of abundance and f i s h i n g  

m o r t a l i t y  ra tes  by l e n g t h  rather t h a n  age class.  One advantage  o f  the  l eng th -  

s t r u c t u r e d  model is t h a t  i t  can be used even i f  a s u b s t a n t i a l  f r a c t i o n  of t h e  

catch is  p rocessed  a t  sea. Another r e a s o n  f o r  u s ing  t h i s  approach is  tha t  

s a b l e f i s h  are d i f f i c u l t  t o  a g e ,  and the  p r e c i s i o n  associated w i t h  the  break- 

and-burn ag ing  t echn ique  is low (Lai 1985) .  An a d d i t i o n a l  r e a s o n  i s  t h a t  t he  

age d i s t r i b u t i o n  of f i s h  processed  a t  sea may d i f f e r  s i g n i f i c a n t l y  from t h a t  

of f i s h  p rocessed  on s h o r e .  T h i s  would c l e a r l y  be t h e  case i n  Washington, 

where long l ine -caugh t  f i s h  are processed  a t  sea and f i s h  caught  w i t h  trawls,  

t r a p s ,  and s e t  n e t s  are p rocessed  on  s h o r e  (Kle in  1985) .  

The 

The more t r a d i t i o n a l  a g e - s t r u c t u r e d  s t o c k  r e c o n s t r u c t i o n  a n a l y s i s  a l s o  

can be done,  by u s i n g  a n  age- length  key t o  estimate ages  of dressed f i s h .  

In fo rma t ion  on age  composi t ion  would be o b t a i n e d  from l a n d i n g s  of whole f i s h  

and from c o l l e c t i o n s  made on  NMFS su rveys .  The a g e - s t r u c t u r e d  model w i l l  

p rov ide  estimates of y e a r - c l a s s  s t r e n g t h  t h a t  cannot  be o b t a i n e d  from t h e  

l e n g t h - s t r u c t u r e d  model. T h i s  i n fo rma t ion  can be used t o  e x p l o r e  t h e  

r e l a t i o n s h i p  between year  c lass  s t r e n g t h  and envi ronmenta l  f a c t o r s  s o  t h a t  we 

can bet ter  p r e d i c t  f u t u r e  l e v e l s  of abundance. Analyses  of t h i s  type  would be 

p a r t i c u l a r l y  u s e f u l  f o r  s a b l e f i s h  because year  c lass  s t r e n g t h  is known t o  va ry  

wide ly  ove r  time. The a g e - s t r u c t u r e d  model a l s o  w i l l  be a u s e f u l  check on the 

l e n g t h - s t r u c t u r e d  model because t h e  l a t t e r  model was d e r i v e d  for  s tocks  a t  
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e q u i l i b r i u m .  For t h i s  r e a s o n ,  t h e  l e n g t h - s t r u c t u r e d  model probably  s h o u l d  be 

used t o  a n a l y z e  estimates of ave rage  ca t ch -a t - l eng th ,  s o  t h a t  f l u c t u a t i o n s  i n  

year  c lass  s t r e n g t h  would have l e s s  e f f ec t .  

The biomass-based models de r ived  by Schnute  (1985)  would be less  u s e f u l  

i n  t h i s  case because estimates of f i s h i n g  e f f o r t  would n o t  be a v a i l a b l e .  

Rough estimates of f i s h i n g  e f f o r t  cou ld  be o b t a i n e d  from estimates of t o t a l  

l a n d i n g s  and NMFS su rvey  c a t c h  per  u n i t  of e f f o r t .  The r e l i a b i l i t y  o f  t h i s  

approach  would be l i m i t e d  because s u r v e y  data  f o r  any p a r t i c u l a r  s i t e  a re  

c o l l e c t e d  o n l y  semi annual1  y . 

D I S C U S S I O N  

One obvious  a l t e r n a t i v e  is t o  c o n t i n u e  mon i to r ing  t o t a l  l a n d i n g s  and t o  

manage t h e  f i s h e r y  u s i n g  t h e  same approaches used t o  date.  The recommended 

h a r v e s t  o r i g i n a l l y  g iven  i n  t h e  FMP was based on t rawl  su rvey  data  and 

p r e l i m i n a r y  i n f o r m a t i o n  on s a b l e f i s h  d i s t r i b u t i o n  (PFMC 1982) .  Updated 

h a r v e s t  recommendations have been based on an a n a l y s i s  of  l a n d i n g s  per  u n i t  of 

s a b l e f i s h  h a b i t a t  (McDevitt  and S t a u f f e r  and  comparat ive s t u d i e s  

i n c o r p o r a t i n g  r e s u l t s  from t h e  NMFS s u r v e y  c r u i s e s  and s t u d i e s  of t h e  Canadian 

s a b l e f i s h  f i s h e r y  ( F r a n c i s  1984) .  Comparative s t u d i e s  of t h e  Canadian f i s h e r y  

are  p a r t i c u l a r l y  v a l u a b l e  because Canadian s c i e n t i s t s  f i rs t  developed  the  

t echn ique  for  ag ing  s a b l e f i s h  (Beamish and C h i l t o n  1982) .  Once t h e  age of  

sampled f i s h  could  be de t e rmined ,  i t  was p o s s i b l e  t o  o b t a i n  estimates of 

l o n g e v i t y  and n a t u r a l  m o r t a l i t y  as well as a g e - s p e c i f i c  estimates of l e n g t h ,  

m a t u r i t y ,  and f e c u n d i t y  (McFarlane and Beamish 1983a,  Mason e t  a l .  1983) .  I n  

a d d i t i o n ,  Canadian sab lef i sh  catches have been sampled s i n c e  1977 and a s t o c k  

r e c o n s t r u c t i o n  a n a l y s i s  has been completed ( T y l e r  and McFarlane 1985) .  

7 
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One advantage  of implementing e i ther  a sea or  p o r t  sampling program is  

t h a t  estimates of t h e  l e n g t h  and age  composi t ion  of s a b l e f i s h  c a t c h e s  would be 

o b t a i n e d  f o r  t h e  e n t i r e  WOC f i s h e r y .  A sampling program can be j u s t i f i e d  f o r  

t h i s  r e a s o n  a l o n e ,  because most h i s t o r i c a l  data  were o b t a i n e d  by a g i n g  w i t h  

scales  or whole o t o l i t h s  and i t  has been shown t h a t  t h o s e  t echn iques  o f t e n  

produce u n d e r e s t i m a t e s  of age (Beamish and C h i l t o n  1982) .  

If a sampl ing  program i s  implemented, one  of  the a l t e r n a t i v e s  would be t o  

e s t a b l i s h  a f u l l - s c a l e  o b s e r v e r  program. T h i s  approach  would p rov ide  r e l i a b l e  

i n f o r m a t i o n  about  ca tch-a t -age ,  as well as i n f o r m a t i o n  on  f i s h i n g  e f f o r t ,  

l o c a t i o n s  f i s h e d ,  and o n  t h e  r e s p o n s e  of t h e  f l e e t  t o  changes i n  f i s h e r y  

r e g u l a t i o n s .  An a d d i t i o n a l  b e n e f i t  would be t h a t  i n f o r m a t i o n  on numbers of 

f i s h  caught  and discarded would be o b t a i n e d  f o r  s e v e r a l  o t h e r  s p e c i e s  i n  t h e  

m u l t i s p e c i e s  trawl f i s h e r y .  I t  is worth n o t i n g  t h a t  t he  p r a c t i c a l  problems 

o u t l i n e d  above a l so  are encoun te red  i n  t he  Canadian s a b l e f i s h  f i s h e r y ,  and 

e s s e n t i a l l y  a l l  i n fo rma t ion  used t o  manage t h a t  f i s h e r y  is o b t a i n e d  by 

sampl ing  a t  sea. 

Drawbacks of an o b s e r v e r  program i n c l u d e :  ( 1 )  r e s i s t a n c e  from f i she rmen  

who would r e s e n t  f u r t h e r  i n t e r f e r e n c e  by s t a t e  and f e d e r a l  management 

a g e n c i e s ;  ( 2 )  l ack  of  room and f a c i l i t i e s  f o r  an o b s e r v e r  on many v e s s e l s ;  and 

( 3 )  conce rns  w i t h  t h e  s a f e t y  of o b s e r v e r s .  The f i r s t  drawback c o u l d  f u r t h e r  

i n c r e a s e  t h e  c o s t  of the program. For example,  i n  an ongoing o b s e r v e r  program 

for  the  Oregon trawl f l e e t ,  a f i n a n c i a l  i n c e n t i v e  ( $ 1 0 0 / t r i p )  was r e q u i r e d  t o  

o b t a i n  t he  c o o p e r a t i o n  of most f i she rmen  ( P i k i t c h  ) .  Obta in ing  t h e  

c o o p e r a t i o n  of a s u f f i c i e n t l y  l a r g e  percentage  of s a b l e f i s h  f i she rmen  i n  three 

s t a t e s  f i s h i n g  w i t h  a t  l ea s t  three g e a r  t y p e s  would be a s u b s t a n t i a l  

unde r t ak ing .  If a long-term obse rve r  program was implemented, one  approach 

t h a t  would r e d u c e  many of t h e  l o g i s t i c a l  d i f f i c u l t i e s  would be t o  r e q u i r e  

8 
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f i she rmen  t o  accomodate o b s e r v e r s  i f  r e q u e s t e d .  

Another a l t e r n a t i v e  approach would be t o  sample l a n d i n g s  i n t e n s i v e l y  and 

t o  conduct  l i m i t e d  sea sampl ing  t o  estimate numbers discarded. A d i sadvan tage  

of l i m i t e d  sea sampl ing  i s  t h a t  f i she rmen  might u se  d i f f e r e n t  t a c t i c s  on 

observed  t r i p s .  The pr imary advantage  i s  t h a t  fewer  t r i p s  would need  t o  be 

moni tored  because most d i s c a r d i n g  o c c u r s  on trawlers,  s o  o b s e r v e r s  m i g h t  be 

able  t o  moni tor  vessels from more t h a n  one p o r t .  T h i s  would r e s u l t  i n  lower  

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

s a v i n g s .  I n  a d d i t i o n ,  most of t h e  l o g i s t i c a l  and o r g a n i z a t i o n a l  d i f f i c u l t i e s  

a s s o c i a t e d  w i t h  sea sampl ing  would remain.  I t  is d i f f i c u l t  t o  estimate 

sampl ing  e f f o r t  r e q u i r e d  t o  o b t a i n  r e l i a b l e  estimates of d iscards .  The amount 

discarded w i l l  va ry  from year t o  y e a r ,  s o  the  amount of sea sampl ing  r e q u i r e d  

w i l l  v a ry  as well. 

The f i n a l  a l t e r n a t i v e  would be t o  p o r t  sample o n l y .  Three f a c t o r s  

s u g g e s t  t h a t  a p o r t  sampling program may be s u f f i c i e n t  f o r  e f f e c t i v e  

management. F i r s t l y ,  s i m u l a t i o n  r e s u l t s  have demonst ra ted  t h a t  a s u s t a i n e d  

d iscard  r a t e  of 40% of young (age-2)  f i s h  had a n e g l i g i b l e  impact  on a s t o c k  

r e c o n s t r u c t i o n  a n a l y s i s  of l a n d i n g s  da t a  (Rivard  1983) .  One r e a s o n  why t h i s  

r e s u l t  was o b t a i n e d  appea r s  t o  have been because f i s h  a t  age  2 were Only 

p a r t i a l l y  r e c r u i t e d  t o  t h e  s i m u l a t e d  f i s h e r y .  Another r e a s o n  may have been 

because t h e  independent  i n f o r m a t i o n  used t o  r e f i n e  t h e  s t a r t i n g  f i s h i n g  

m o r t a l i t y  estimates was an index  of  abundance f o r  o l d e r  f i s h ,  s o  e r r o r s  i n  

e s t i m a t i n g  abundance of age-2 f i s h  d i d  n o t  a f fec t  t h e  " tuning"  p rocess .  A 

s i m i l a r  approach cou ld  be used f o r  s a b l e f i s h  t o  i r i co rpora t e  t h e  a u x i l l a r y  

i n f o r m a t i o n  o b t a i n e d  from t h e  NMFS su rvey  c r u i s e s .  Fo r  example,  changes  i n  

the r e l a t i v e  abundance of f i s h  i n  t he  l a r g e  m a r k e t  c a t e g o r y  ( round weight  

g r e a t e r  t han  7 pounds) might be used t o  r e f i n e  t h e  s t a r t i n g  f i s h i n g  m o r t a l i t y  



estimates. Secondly ,  a r e c e n t  s t u d y  of  E u r e k a  trawl v e s s e l s  demonst ra ted  t h a t  

a n e g l i g i b l e  amount of sab lef i sh  (0.6% by we igh t )  is be ing  discarded under  t h e  

c u r r e n t  s e t  of r e g u l a t i o n s  and market c o n d i t i o n s  (Fu j iwara  and Hankin 1984).  

T h i r d l y ,  f o r  the segment of t h e  t rawl  f i s h e r y  between s o u t h e r n  Washington and 

n o r t h e r n  C a l i f o r n i a ,  i n fo rma t ion  on d i s c a r d i n g  w i l l  be provided  fo r  the  nex t  3 

y e a r s  by t h e  Oregon S t a t e  U n i v e r s i t y  s tudy .  

If a p o r t  sampl ing  program cou ld  be conducted over  t h e  same p e r i o d  a s  t h e  

d i s c a r d i n g  s t u d y ,  i n fo rma t ion  on d i s c a r d i n g  cou ld  t h e n  be used t o  e v a l u a t e  t h e  

q u a l i t y  of  t he  p o r t  sample da ta ,  t h e  magnitude of t h e  d i s c a r d i n g  problem, and 

t h e  v a l u e  of c o n t i n u i n g  a p o r t  sampling program. During t h i s  t r i a l  p e r i o d ,  

data can a l s o  be used t o  o b t a i n  much more r e f i n e d  estimates of r e q u i r e d  

sampl ing  e f f o r t .  T h i s  r e a n a l y s i s  should  be done as soon as p o s s i b l e  a f t e r  

sampling b e g i n s ,  because  a r e d u c t i o n  i n  r e q u i r e d  sampling e f f o r t  would r e s u l t  

i n  a lower program c o s t .  F i n a l l y ,  i t  shou ld  be no ted  t h a t  s e n s i t i v i t y  

a n a l y s e s  can be done on s t o c k  r e c o n s t r u c t i o n  a n a l y s e s  t o  e v a l u a t e  t h e  e f f e c t s  

of d i f f e r e n t  l e v e l s  of d i s c a r d i n g .  T h i s  approach would be e q u i v a l e n t  t o  t h e  

usua l  approach of  conduc t ing  a n a l y s e s  a t  s e v e r a l  l e v e l s  of n a t u r a l  m o r t a l i t y .  

A d d i t i o n a l  w o r k  w i t h  a s i m u l a t e d  s a b l e f i s h  s t o c k  may a l s o  be w a r r a n t e d ,  t o  

better e v a l u a t e  t h e  a p p l i c a b i l i t y  of  R iva rd ' s  work t o  s ab le f i sh .  
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TABLE 1 .--Estimates of t h e  va r i ance  and c o e f f i c i e n t  of v a r i a t i o n  ( C V )  f o r  mean 

number per  c l u s t e r  sample by sex and age.  Sample s i z e s  a r e  rough 

e s t i m a t e s  of the  number of t r i p s  r e q u i r e d  t o  o b t a i n  c o e f f i c i e n t s  of 

v a r i a t i o n  ( C V )  of 1 0  or  20%. Es t ima tes  are g iven  o n l y  f o r  t h o s e  age 

groups f o r  which mean number per c l u s t e r  sample exceeded 1 .0 .  

P o r t  

Sample s i z e  f o r  

Vari an ce cv 1 0 %  cv 20% cv Sex Age 

Eureka 

C o o s  Bay 

F 

M 

M 3 

4 

5 

3 

4 

1 

2 

3 

4 

5 

F 2 

0.849 

1.626 

1.599 

1.197 

2.056 

0.369 

5.563 

0.309 

0.408 

0.076 

5.782 

82 

43 

63 

60 

68 

52 

49 

36 

18 

23 

51 

181 

75 

131 

1 2 4  

147 

90 

84 

52 

15 

24 

88 

69 

22 

44  

40 

51 

30 

27 

15 

4 

6 

29 
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TABLE 2.--Estimates of t he  v a r i a n c e  and c o e f f i c i e n t  of v a r i a t i o n  (CV)  f o r  

t o t a l  number l a n d e d  i n  both  p o r t s  by s e x  and age. Sample s i z e s  a r e  

rough estimates of t h e  number of t r i p s  r e q u i r e d  t o  o b t a i n  

c o e f f i c i e n t s  of v a r i a t i o n  ( C V )  of 10 or  20%. Estimates are  g iven  

o n l y  f o r  t h o s e  age  groups f o r  which mean number per  c l u s t e r  sample 

exceeded 1 . O .  

Sex 

Sample s i z e  f o r  

Age Var iance  cv 10% cv 20% cv 

M 

F 

2 5.5E9 49 101 29 

3 8.6E8 38 65 17 

4 1.5E9 20 20 5 

5 1.1E9 37 63 17 

2 5.7E9 50 107 30 

3 1.1E9 48 100 28 

4 1 .4E9 5 8  135 40 



42 

TABLE 3.--Preliminary PacFIN estimates of 1983 and 1984 s a b l e f i s h  landings  by 

por t  group . 

Por t  group 

Landings 

1983 ( % I  1984 ($1  

N Puget S 

S Puget S 

Coast WA 

Col R WA 

Col R OR 

T i l  1 amook 

Newpor t 

Coos Bay 

Brooki ngs 

Crescent 

E u r e k a  

Brag@; 

Bodega 

SF 

Mont e r  ey 

Morro 

S Barbara 

LA 

San Diego 

Unknown CA 

Tota l  

1,134.5 

1,310.2 

288.0 

643 3 

780.2 

73.6 

1,364.2 

1,513.0 

925.4 

488.6 

1,152.1 

1,138.9 

130-3 

425.4 

630.5 

77.2 

1.8 

2,462.8 

1.2 

0.5 

14,541.6 

7.8 

9.0 

2.0 

4.4 

5.4 

0.5 

9.4 

10.4 

6.4 

3.4 

7.9 

7 -8 

0.9 

2.9 

4.3 

0.5 

0.0 

16.9 

0.0 

0.0 

100.0 

~ 

2,184.7 

993.1 

594.6 

641.6 

726.9 

39.8 

1,827.0 

1,577.0 

667.7 

61 9.2 

911.2 

968.4 

114.7 

572.8 

552.2 

136.2 

0.9 

932.1 

0.9 

6.4 

14,067.2 

15.5 

7.1 

4.2 

4.6 

5.2 

0.3 

13.0 

11.2 

4.7 

4.4 

6.5 

6.9 

0.8 

4.1 

3.9 

1 .o 

0.0 

6.6 

0.0 

0.0 

100.0 
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TABLE 4.--Estimated c o e f f i c i e n t s  of v a r i a t i o n  f o r  number of age-3 and 

age-8 f i s h  i n  a s imula t ed  c a t c h  of 1,000 t .  F i s h  of t h e s e  

two ages  were most and l e a s t  abundant among t h o s e  age groups 

compris ing a t  l e a s t  5% of t h e  t o t a l  number l anded .  

Number 
measured 

P r o p o r t i o n  
aged C V ' S  C V ' S  

250 

500 

1,000 

2,000 

0 .2  

0.4 

0.6 

0.8  

1 .o  

0 .2  

0.4 

0.6 

0.8 

1 .o 

0 .2  

0.4 

0.6 

0.8 

1 . o  

0.2 

0.4 

0.6 

0.8  

1 .o 

23 

18 

1 4  

12 

11 

17 

1 1  

9 

8 

8 

11 

8 

6 

6 

5 

7 

5 

5 

4 

4 

44 

43 

34 

28 

25 

43 

28 

22 

19 

16 

28 

19 

15 

13 

11 

19 

1 2  

10 

9 

8 
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