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

The numbers of f i r s t -year  j u v e n i l e  r o c k f i s h e s  (Sebastes s p p . )  i n  c o a s t a l  

w a t e r s  of n o r t h e r n  C a l i f o r n i a  v a r y  t remendously from year  t o  yea r ,  and s i n c e  

1983 t h e  Groundf i sh  Communities I n v e s t i g a t i o n  of the  Tiburon L a b o r a t o r y  has 

a t t e m p t e d  t o  measure t h i s  v a r i a t i o n .  I n  a c o o r d i n a t e d  e f for t  w i t h  T i b u r o n ' s  

Groundf i sh  A n a l y s i s  I n v e s t i g a t i o n ,  we have examined t h e  p o s s i b i l i t y  t h a t  t h e  

numbers of f i r s t -year  j u v e n i l e s  might  p r o v i d e  t h e  means t o  p r e d i c t  the  

r e l a t i v e  s i z e  of  t h a t  year  c l a s s  when i t  e n t e r s  t h e  f i she ry  y e a r s  l a t e r .  

Because v a r i a t i o n  i n  year-class s t r e n g t h  is t h e  major problem f a c i n g  managers 

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

management p o t e n t i a l .  I t  is a p p r o p r i a t e ,  therefore,  t h a t  t h e  two 

i n v e s t i g a t i o n s  a t  T iburon  b r i n g  t o  bear on t h e  problem t h e i r  d i s t i n c t i v e  

prof i c i e n c i e s  and v i ewpo in t s .  An ea r l i e r  r e p o r t  (Lena rz  and Moreland 1985) 

i n c o r p o r a t e d  some of  t h e  da ta  used  here ,  b u t  much of t h e  m a t e r i a l  we p r e s e n t  

r e s u l t e d  from work s t i l l  i n  p r o g r e s s  when t h a t  r e p o r t  was w r i t t e n .  

The a s s e s s m e n t s  have p r o g r e s s e d  three ways: 1 )  d i r e c t  c o u n t s  by 

underwater  o b s e r v e r s ,  2 )  trawl samples  t a k e n  from v e s s e l s ,  and 3 )  examina t ion  

of gu t  c o n t e n t s  of p r e d a t o r s .  Only t h e  f irst  two w i l l  be r e p o r t e d  here, 

a s  a n a l y s i s  of t h e  t h i r d ,  t h e  p r e d a t o r  g u t  c o n t e n t s ,  is incomplete. We p l a n  

t o  u p d a t e  these r e s u l t s  a n n u a l l y  s o  t h a t  estimates of year-class s t r e n g t h  can 

be i n c o r p o r a t e d  i n t o  management p r a c t i c e s .  
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METHODS 

NEARSHORE ASSESSMENTS 

The n e a r s h o r e  a s s e s s m e n t s  were made 3y three underwater  o b s e r v e r s  u s i n g  

scuba a t  d e p t h s  between 3 and 30 m n e a r s h o r e  a t  se lected s i t e s  ove r  

approx ima te ly  100 km of t h e  Sonoma and Mendocino County c o a s t s .  Emphasis was 

on t h e  t h r e e  species t h a t  predominated among t h e  j u v e n i l e s  i n  t h e  n e a r s h o r e  

h a b i t a t s :  t he  y e l l o w t a i l  r o c k f i s h ,  S e b a s t e s  f l a v i d u s ,  t h e  black r o c k f i s h ,  

S. melanops,  and t h e  b l u e  r o c k f i s h ,  S. mys t inus .  Others less  f r e q u e n t l y  

observed and n o t  i n c l u d e d  i n  t h i s  r e p o r t  were t h e  cana ry  r o c k f i s h ,  

- - 

- S. p i n n i g e r ,  t h e  s h o r t b e l l y  r o c k f i s h ,  - S. j o r d a n i ,  t he  widow r o c k f i s h ,  

- S. e n t o m e l a s ,  and the  copper r o c k f i s h ,  - S. c a u r i n u s .  These species were 

assessed d u r i n g  the  7 months f o l l o w i n g  t r a n s f o r m a t i o n  from the i r  p e l a g i c  

phases .  After t h e  f irst  a r r i v a l s  were no ted - -usua l ly  i n  May o r  June--counts 

were made e v e r y  2 t o  3 weeks  (weather p e r m i t t i n g )  u n t i l  l a t e  f a l l .  By t h a t  

time no new a r r iva ls  were n o t e d ,  and many t h a t  had a r r i v e d  ear l ie r  had by t h e n  

l e f t  t h e  n e a r s h o r e  h a b i t a t s  fo r  d e e p e r  water. Three s i tes  i n  Mendocino County 

were monitored r e g u l a r l y ,  and o the r  si tes i n  Mendocino and Sonoma C o u n t i e s  

judged r e p r e s e n t a t i v e  of c o a s t a l  h a b i t a t s  were sampled i r r e g u l a r l y .  A t  each 

s t a t i o n ,  two or three o b s e r v e r s  w i t h  w r i t i n g  s l a t e s  r e c o r d e d  t h e  s p e c i e s  and  

number of j u v e n i l e s  counted d u r i n g  t imed o b s e r v a t i o n  p e r i o d s  over  haphaza rd  

c o u r s e s .  I n  t h i s  r e p o r t  t h e  d a t a  are  grouped i n t o  1-minute p e r i o d s .  Although 

a c t u a l  c o u n t s  have been made o n l y  s i n c e  1983,  estimates of r e l a t i v e  abundance 

made s i n c e  1977 proved v a l u a b l e  i n  s e l e c t i n g  s t u d y  s i t e s  and d e s i g n i n g  

sampling p rocedures .  The e a r l i e r  estimates a l s o  p e r m i t t e d  a n t i c i p a t i n g  t h e  

range of v a r i a t i o n  i n  numbers t h a t  c o u l d  be expected.  
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The o f f s h o r e  c o l l e c t i o n s  sampled p e l a g i c  j u v e n i l e s ,  and s o  were made i n  

June  because e x p e r i e n c e  had shown t h i s  t o  be t h e i r  p e r i o d  of peak abundance i n  

n o r t h e r n  C a l i f o r n i a .  Samples were taker: w i t h  a midwater trawl f rm >airid 

S t a r r  J o r d a n ,  t h e  f i s h e r i e s  research vessel of t h e  Southwest  F i she r i e s  C e n t e r .  

For each c o l l e c t i o n  t h e  trawl (equipped w i t h  a 27-m headrope ,  and w i t h  30 m of 

wire o u t )  was h a u l e d  fo r  10 m i n u t e s  a t  a speed of 5 kn. 

made a t  n i g h t ,  from 30 minu tes  a f te r  d a r k  t o  30 m i n u t e s  b e f o r e  f irst  l i g h t .  

The trawl f i s h e d  o v e r  d e p t h s  between 27 and 64 m a t  s i x  s i t e s  ( 2  t o  70 km from 

the  ma in land)  i n  t h e  Gulf of the F a r a l l o n e s .  

c o l l e c t i o n s  but bad weather p reven ted  u s  from r e p l i c a t i n g  t h e  1984 

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

A l l  c o l l e c t i o n s  were 

We r e p l i c a t e d  t h e  1983 and 1985 

RESULTS 

NEARSHORE ASSESSMENTS 

Counts made by the  three underwater  o b s e r v e r s  were p o o l e d ,  s i n c e  

d i f f e r e n c e s  between them were i n s i g n i f i c a n t  ( p a i r e d  t - t e s t :  p a i r  1 ,  n = 1 2 ,  

p = 0 . 5 4 ;  p a i r  2, n = 8 ,  p = 0 . 5 7 ;  p a i r  3 ,  n = 33, p = 0 .11)  

Annual V a r i a t i o n  

Although t h e  a s s e s s m e n t s  made p r i o r  t o  1983 were estimates of r e l a t i v e  

abundance, r a t h e r  t h a n  c o u n t s ,  i t  was c l e a r  even  from c a s u a l  o b s e r v a t i o n s  t h a t  

t h e r e  were fewer f i r s t - y e a r  j u v e n i l e s  i n  1983 t h a n  i n  any other year  s i n c e  

o b s e r v a t i o n s  began i n  1977. It was a l s o  c l e a r  t h a t  t h e  numbers counted i n  1985 

were s imi l a r  i n  magnitude t o  t he  e x c e p t i o n a l l y  h igh  numbers of 1977. The g r e a t  

v a r i a t i o n  i n  numbers between 1983 and 1985, however,  was based o n  - S. f l a v i d u s  

and - S. myst inus-- the numbers of - S. melanops v a r i e d  l i t t l e  (Tables  1 and 2 ) .  
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TABLE 1 .--Mean number ( s t anda rd  e r r o r  i n  p a r e n t h e s e s )  of f i r s t - y e a r  j u v e n i l e s  

coun ted /minu te  d u r i n g  t h e  same 4-week p e r i o d  each y e a r  (ear ly  Augus t - ea r ly  

September 1 i n  Mendocino, 1983-1985. 

1983 1984 1985 
S p e c i e s  n = 36 n = 57 n = 50 

S. f l a v i d u s  0.000 (0.000) 6.584 (2.287) 11 5.600 (21.255) 

- S. m y s t i n u s  0.267 (0.091 1.490 (0.295) 70.560 (15.320) 

- S. melanops 0.411 (0.143) 0.309 (0.084) 4.340 (1.537) 

T o t a l  0.678 (0.189) 8.382 (2.329) 190.500 (29.821 

- 
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TABLE 2.--One way a n a l y s i s  of v a r i a n c e  i n  numbers of j u v e n i l e  rock f i sh  

coun ted /minu te ,  1984-1 985,  i n  Mendocino d u r i n g  t h e  same 4-week p e r i o d ,  

ea r ly  Augus t - ea r ly  September.  Data were t r a n s f o r m e d  Zn(z + 0.001 1. 

F 
( proba b i  1 i t  y ) 

Source d. f. - S. f l a v i d u s  - S. melanops - S. m y s t i n u s  T o t a l  

Year 2 66.57 0.19 46.24 53.06 

( <  0.001)  (0.82) ( <  0.001) ( <  0.001) 

Err or  140 
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S e a s o n a l  V a r i a t i o n  

Changes i n  t h e  numbers of f i r s t - y e a r  j u v e n i l e s  d u r i n g  t h e  7 months 

f o l l o w i n g  t h e i r  i n i t i a l  appea rance  n e a r s h o r e  were documented w i t h  c o u n t s  made 

a t  one Mendocino s t a t i o n  from May t o  November 1985 ( T a b l e  31. A f t e r  a r r i v i n g  

i n  t h e  n e a r s h o r e  h a b i t a t s  i n  l a t e  May, t he i r  numbers c o n t i n u e d  t o  i n c r e a s e  f o r  

about  a month,  t h e n  began a gradual d e c l i n e .  The d e c l i n e  c o n t i n u e d  a t  l e a s t  

th rough  August d e s p i t e  a c o n t i n u e d  i n f l u x  of a d d i t i o n a l  j u v e n i l e s .  Then i n  

Oc tobe r ,  i n  a n  exodus t h a t  had been n o t e d  i n  p r e v i o u s  y e a r s ,  t h e  j u v e n i l e  

- S. f l a v i d u s  a b r u p t l y  l e f t  t h e  n e a r s h o r e  h a b i t a t ,  presumably for  t h e  more 

o f f s h o r e  h a b i t a t s  of the i r  a d u l t s .  The j u v e n i l e  S. melanops and S. m y s t i n u s ,  

on t h e  o t h e r  hand,  remained i n  t he  n e a r s h o r e  h a b i t a t s ,  a l s o  occup ied  by t h e i r  

a d u l t s .  

- - 

Areal V a r i a t i o n  

I n  a comparison between numbers of f i r s t - y e a r  j u v e n i l e s  coun ted  on t h e  

Mendocino and S o n m a  coasts i n  August of 1984 and 1985 ,  numbers were g e n e r a l l y  

h i g h e r  i n  Sonoma--the o n l y  e x c e p t i o n  b e i n g  S. f l a v i d u s  i n  1984 ( T a b l e  4 ) .  

But a two-way a n a l y s i s  of v a r i a n c e  (Table  5 )  i n d i c a t e d  t h a t  t h e  d i f f e r e n c e s  

between t h e  s p e c i e s  are n o t  s i g n i f i c a n t  a t  t h e  5% l e v e l ,  even though t h e  t o t a l  

numbers a re  s i g n i f i c a n t  a t  t h e  3% l e v e l .  T h i s  a n a l y s i s ,  which i n t e g r a t e d  both 

annual  and a rea l  d i f f e r e n c e s ,  a l s o  i n d i c a t e d  t h a t  i n  Sonoma, as i n  Mendocino, 

- 

t h e  numbers of - S. f l a v i d u s  and - S. mys t inus  v a r i e d  s i g n i f i c a n t l y  from year t o  

y e a r ,  whi le  t h e  numbers of  - S. melanops d i d  n o t .  

i n d i c a t e d  t h a t  t h e  p a t t e r n  was t h e  same i n  both areas i n  both years. 

F i n a l l y ,  t h e  a n a l y s i s  
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TABLE, 3.--Mean number of j u v e n i l e s  counted/minute  a t  one Mendocino s i t e ,  

May t o  November, 1985. 

S p e c i e s  
1/ May Jun J u l  Aug Now 

n = 45 n = 52 n = 79 n = 50 n = 51 

- S. f l a v i d u s  148.44 232.77 191.54 115.60 5.33 

- S. myst inus 74.69 102.35 103.16 70.56 76.29 

- S. melanops 4.07 3.00 6.32 4.34 1.14 

T o t a i  227.20 338.12 301 .02 190.50 82.76 

L/Counts may have been somewhat i n f l a t e d  by e x c e p t i o n a l l y  c lear  water t h a t  

i n c r e a s e d  unde rwa te r  v i s i b i l i t y  by about 30%. 
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TABLE 4 .--Mean number ( s t a n d a r d  e r r o r  i n  p a r e n t h e s e s )  of f i r s t - y e a r  

j u v e n i l e s  coun ted /minu te  d u r i n g  t h e  same p e r i o d s  ove r  2 y e a r s  i n  two 

d i f f e r e n t  areas.  

Mendocino Sonana 

8 /84 8 /85 8 /84 8 /85 
Spe c i  es n = 57 n = 50 n = 37 n = 84 

- S. f l a v i d u s  6.58 (2.29) 115.60 (21.26) 4.39 (1.48) 135.17 (26.00) 

- S. mys t inus  1.49 (0.30) 70.56 (15.32) 4.89 (1.29) 117.63 (19.50) 

S. melanops 0.31 (0 .08 )  4.34 (1.54) 1.63 (0.52) 4.40 (1.17) - 
Tot a1 8.38 (2.33)  190.50 (29.76) 10.91 (2.12) 257.20 (35.38) 
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TABLE 5.--Two-way a n a l y s i s  of variance i n  numbers of j u v e n i l e  r o c k f i s h e s  

coun ted /minu te :  - Area--Sonoma v s .  Mendocino; Year--1984 vs .  1985. Data were 

t r ans fo rmed  Zn(z + 0.001) .  

- 

F 
( p r o  ba b i  1 i t y  ) 

Source d.f. - S. f l a v i d u s  - S. mys t inus  - S. melanops Total 

Area 1 1.30 1 .28  1.85 4.58 

( 0 . 2 6 )  (0 .26 )  (0 .18 )  ( 0 . 0 3 )  

Year 1 91 . 1 4  81.45 0.24 4.80 

( <  0.001)  (< 0.001)  (0 .62 )  (<  0 .001)  

Area x yea r  1 0 .02 1 .51 0.44 0.02 

(0 .90 )  (0 .22)  (0 .50 )  ( 0 . 8 8 )  

E r r o r  224 
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The f i r s t - y e a r  j u v e n i l e s  sampled o f f s h o r e  by trawl i n  J u n e  of  1983, 1984, 

and 1985 ( T a b l e  6 )  occurred i n  e s s e n t i a l l y  t h e  same p a t t e r n  as d i d  t he i r  

n e a r s h o r e  c o u n t e r p a r t s ,  d e s c r i b e d  above. The yea r - to -yea r  d i f f e r e n c e s  were 

even greater ,  however,  w i t h  t h e  numbers t a k e n  r a n g i n g  from z e r o  i n  1983 t o  

thousands pe r  tow i n  1985. The widow r o c k f i s h ,  - S. e n t o m e l a s ,  and t h e  

s h o r t b e l l y  r o c k f i s h ,  - S. j o r d a n i ,  n u m e r i c a l l y  dominated and a l so  showed t h e  

g r e a t e s t  d i f f e r e n c e s  between 1984 and 1985. Annual d i f f e r e n c e s  were a l s o  

s i g n i f i c a n t  f o r  - S. f l a v i d u s ,  - S. goodei ,  - S. m y s t i n u s ,  and - S. pauCiSp in iS ,  

b u t  n o t  f o r  - S. p i n n i g e r  and - S. s a x i c o l a  ( T a b l e  7 ) .  

three s p e c i e s  prominent b o t h  n e a r s h o r e  and offshore--S.  - f l a v i d u s ,  - S. m y s t i n u s ,  

and - S. melanops--the p r o p o r t i o n s  of t he  3-year t o t a l  t a k e n  each y e a r  were 

e s s e n t i a l l y  t h e  same i n  b o t h  r e g i o n s  ( T a b l e  8 ) .  

S i g n i f i c a n t l y ,  i n  t h e  

DISCUSS I ON 

The v a r i a t i o n  i n  numbers of f i r s t - y e a r  j u v e n i l e  Sebastes s p p .  from year 

t o  y e a r  p robab ly  is re la ted  t o  changes i n  t h e  environment .  Sebastes s p p .  bear 

l i v e  young t h a t  spend  t he i r  f i r s t  months as p e l a g i c  l a r v a e  (Moser 1 9 6 7 ) ,  

and these  c o u l d  be e x p e c t e d  t o  r e spond  s t r o n g l y  t o  f a v o r a b l e  o r  u n f a v o r a b l e  

env i ronmen ta l  c i r c u m s t a n c e s .  Fu r the rmore ,  because time of spawning Varies 

among t h e  s p e c i e s  ( W y l l i e  E c h e v e r r i a  i n  p r e s s ) ,  t h e  h i g h l y  c h a n g e a b l e  c o n d i t i o n s  t h a t  

p r e v a i l  i n  t h i s  r eg ion - -bo th  s e a s o n a l l y  and from year t o  year--can be e x p e c t e d  

t o  a f f ec t  t h e  v a r i o u s  species d i f f e r e n t l y .  T h i s  may be why t he  numbers of 

- S. f l a v i d u s ,  - S. m y s t i n u s ,  - S. e n t o m e l a s ,  and 2. j o r d a n i  v a r i e d  g r e a t l y  from 

1983 t o  1985,  bu t  t h e  numbers o f  - S. melanops,  2. p i n n i g e r ,  and - S. s a x i c o l a  d i d  

n o t .  The u n i f o r m l y  low numbers i n  1983 p robab ly  r e f l ec t  an u n f a v o r a b l e  impact  
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TABLE 6. --Mean number ( s t a n d a r d  e r r o r  i n  p a r e n t h e s e s  ) of f i r s t - y e a r  

j u v e n i l e s  c o l l e c t e d  i n  t rawl ,  June  1983-1 985. 

Species 
1983 1984 1985 

n = 1 2  n - 6  n = 12 

S. en tomelas  0 -- 0.778 (0.53) 1090.00 (366.62) 

0 -- 3.78 (2.22) 58.0 (25.06) S. f l a v i d u s  

- 
1/ 

- 
- S .  hopki n s i  0 98.7 (68.70 1 0 

- S. goodei  0 0.667 (0.46) 31 - 2  (11.89) 

-- -- 

-- 

- S. j o r d a n i  0 -- 1.89 (1.36)  6280.0 (2254.55 ) 

- S. melanops- 2.87 (1.43) 0 0 

- S. mystinus- 0.556 (0.54) 174 .O (64.95 1 0 

- S. p a u c i s p i n i s  0 0.111 (0.13) 8.70 (3.84) 

-- -- 1/ 

1/ -- 

-- 

- S. p i n n i g e r  0 -- 0.778 (0.44) 3.17 (1.25) 

S. s a x i c o l a  0 -- 0.222 (0.18) 4.01 (2.04) - 

L/Also a ma jo r  species i n s h o r e  
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TABLE 8.--Number of j u v e n i l e s  t aken  each year  a s  a 

p r o p o r t i o n  of t h e  t o t a l  number t aken  d u r i n g  all 3 y e a r s .  

S p e c i e s  1983 1984 1985 

Nearshore 

- S. f l a v i d u s  

- S. myst inus  

- S. melanops 

Off s h o r e  

S. f l a v i d u s  

- S. myst inus  

- 

0.006 

0.003 

0.080 

0.037 

0.014 

0.059 

0.957 

0.983 

0.861 

0.000 0.064 0.987 

0.000 0.003 0.997 

S. melanops 0.000 0 * 000 1 .ooo - 



1 4  

of E l  NiRo c o n d i t i o n s  t h a t  p r e v a i l e d  th roughou t  t h a t  y e a r ,  whereas t h e  

e x c e p t i o n a l l y  h i g h  numbers of c e r t a i n  s p e c i e s  p r e s e n t  i n  1985 may have 

r e s u l t e d  when c r i t i c a l  ear ly  l i f e - h i s t o r y  s t a g e s  of t hese  species happened t o  

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

As f o r  t h e  s p e c i e s  whose j u v e n i l e s  were r e l a t i v e l y  s p a r s e  i n  a l l  three of t h e  

years m o n i t o r e d ,  t h e i r  c r i t i c a l  ear ly  l i f e - h i s t o r y  s t a g e s  may have c o i n c i d e d  

w i t h  l ess  f a v o r a b l e  c o n d i t i o n s  d u r i n g  those times, or  i t  may be s i m p l y  t h a t  

our s t u d y  s i t e s  were n o t  p r o p e r l y  located t o  sample  them e f f e c t i v e l y .  

Obv ious ly ,  there is need for  c o n t i n u e d  o b s e r v a t i o n s  i n  coming y e a r s  t o  o b t a i n  

data t h a t  would s u p p o r t  o r  re jec t  these p o s s i b i l i t i e s .  

The chang ing  numbers of j u v e n i l e s  d u r i n g  t h e  s e a s o n  may create problems 

Of p roduc ing  a p r e d i c t i v e  i n d e x  of  y e a r - c l a s s  s t r e n g t h .  The o f f s h o r e  

a s s e s s m e n t s  a re  most e f f e c t i v e  when j u v e n i l e s  l a t e  i n  t h e i r  p e l a g i c  Stages are 

most numerous, and t h i s  is a problem i n  t h a t  t he  t i m i n g  of t h i s  p e r i o d ,  which 

v a r i e s  by a month o r  more from year t o  y e a r  and from s p e c i e s  t o  s p e c i e s ,  

canno t  be p r e d i c t e d  w i t h  r e a s o n a b l e  c e r t a i n t y  when t h e  r e q u i r e d  research 

v e s s e l  m u s t  be schedu led .  There is a l s o  q u e s t i o n  whether t h e  numbers p r e s e n t  

e a r l y  i n  t h e  s e a s o n  do i n  f ac t  o f f e r  t h e  best  o p p o r t u n i t i e s  t o  p r e d i c t  t h e  

s i z e  of  f u t u r e  yea r  classes. T h i s  c o n c e r n  is based on t h e  impact of p r e d a t o r s  

on these numbers. The n e a r s h o r e  a s s e s s m e n t s ,  which b e n e f i t  from a f l e x i b l e  

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

p r e d a t i o n  may be g r e a t e r  when t h e  j u v e n i l e s  are more numerous. I n  y e a r s  of 

extreme abundance,  s u c h  as 1985,  t h e  j u v e n i l e s  become t h e  primary f o o d  of many 

p r e d a t o r s ,  i n c l u d i n g  some t h a t  do no t  c o n s i d e r  them p rey  i n  more t y p i c a l  

times. I n  1985 ,  r o c k f i s h  j u v e n i l e s  1 ) dominated t h e  gu t  c o n t e n t s  of S e v e r a l  

p r e d a t o r y  species c u r r e n t l y  s t u d i e d  a t  t h e  T iburon  L a b o r a t o r y ,  2 )  were 

r e g u r g i t a t e d  i n  l a r g e  numbers from t h e  f i shes  c a u g h t  by f i she rmen  a l l  a l o n g  
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t h e  n o r t h e r n  C a l i f o r n i a  c o a s t ,  and 3)  were t h e  major p rey  of mar ine  b i r d s  

under s t u d y  by researchers a t  the P o i n t  Reyes B i r d  Obse rva to ry  (Ainley- ) .  

Although t h i s  p r e d a t i o n  t o o k  a heavy t o l l ,  t h e  l o s s e s  were t o  some e x t e n t  

o f f s e t  by c o n t i n u e d  r e c r u i t m e n t  t h a t  l a s t e d  u n t i l  a t  l e a s t  l a t e  August. The 

r e s u l t i n g  g r a d u a l  d e c l i n e  ( T a b l e  3) would have been much s t e e p e r  w i t h o u t  t h e  

c o n t i n u e d  i n f l u x  of a d d i t i o n a l  j u v e n i l e s .  So because t h e  l o s s  t o  p r e d a t o r s  

a p p e a r s  t o  va ry  p r o p o r t i o n a l l y  w i t h  t h e  r e l a t i v e  numbers of j u v e n i l e s  p r e s e n t ,  

t h e  f u t u r e  s i z e  of t h a t  yea r  c lass  may be beat estimated from t h e  numbers 

p r e s e n t  a t  t h e  end of  t he  r e c r u i t m e n t  s e a s o n .  

1/ 

L’D. A i n l e y ,  P o i n t  Reyes B i r d  O b s e r v a t o r y ,  4990 S t a t e  Route 1 ,  S t i n s o n  Beach, 

CA 94970, p e r s .  commun. December 1985. 
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