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INTRODUCTION 

Objectives of Study 

A long-term s t u d y  on rock f i sh  r ec ru i tmen t  was i n i t i a t e d  i n  1983 by 
the Groundfish Analysis and  t h e  Groundfish Communities I n v e s t i g a t i o n s  of 
t h e  Tiburon Laboratory of t he  Southwest F isher ies  Center ,  Nat iona l  Marine 
Fisheries Service.  The s tudy  has three major object ives .  

The first o b j e c t i v e  is t o  develop methods f o r  p red ic t ing  year-class 
strength of species of r o c k f i s h  t ha t  are ei ther  important t o  the fisheries 
or are abundant. Most species of rockfish are not r e c r u i t e d  t o  fisheries 
u n t i l  t h e  age of 4 t o  10 years .  We w i l l  at tempt t o  estimate year -c lass  
s t r e n g t h  i n  the first year of l i f e  and t h u s  give fishermen and managers a 
basis for  planning. 
indicate that year -c lass  strength can vary as much as tenfold, the  goa l  is t o  
be able t o  de t ec t  s eve ra l - fo ld  changes i n  year-class strength. Such p r e c i s i o n  
has been shown t o  be appropriate fo r  management purposes (e.g., Lenarz, 1971 >. 
The s tudy  a r e a  inc ludes  the  coastal and of fshore  waters between Point SUP and 
Cape Mendocino, C a l i f o r n i a .  The s t u d y  emphasizes seven species of rockfish 
that  are important i n  the  area: b l a c k  rockfish (Sebastes melano s), b l u e  
r o c k f i s h  (S. mystinus) ,  bocaccio (S. - p a u c i s p i n i s m p e d g .  goodei) , 
shortbellyro-2. j o r d a n i )  , widow rockfish (S. - e n t a n e l a s ) ,  and 
y e l l o w t a i l  rock f i sh  (S. - f l a v i d u s ) .  

Since ana lyses  of data for s e v e r a l  s p e c i e s  of rockfish 

The second o b j e c t i v e  is t o  ga in  i n s i g h t  i n t o  factors t h a t  affect s t r e n g t h  
of recru i tment .  Recruitment strength is the  most important  factor underlying 
t he  success  o f ' f i s h e r i e s ,  but  factors tha t  control  r ec ru i tmen t  s t r e n g t h  are 
the least understood aspect of f i s h  populat ion dynamics. The f i s h e r y  manager 
is faced w i t h  t he  fact  t h a t  a l though there must be a r e l a t i o n s h i p  between 
recru i tment  strength and the q u a n t i t y  and qua l i ty  of eggs or l a r v a e  produced 
by a d u l t s ,  that relationship is obscured by poorly understood environmental  
factors. We are attempting t o  g a i n  a better understanding of environmental  
factors'that affect r ec ru i tmen t  strength. 

The t h i r d  o b j e c t i v e  is t o  develop a better understanding of the n i ches  
of j u v e n i l e s  of important  species. 
C a l i f o r n i a  and about 20 species are f a i r l y  abundant i n  the s tudy area. 
These closely related s p e c i e s  are s i m i l a r  i n  appearance i n  the j u v e n i I e  stage. 
The ecology of some j u v e n i l e  rockfish is fairly w e l l  known dur ing  the phase i n  
which they inhabi t  nea r shore  waters, but  l i t t l e  is known about t h e  ecology of 
any species of rockfish when they  inhabit  offshore waters as juven i l e s .  We are 
a t tempt ing  t o  determine feeding  hab i t s  and environmental factors that affect 
the d i s t r i b u t i o n  of j u v e n i l e  rockf i sh  du r ing  the pelagic stage, as well as 
adding t o  the e x i s t i n g  knowledge of t h e  nearshore stage. 

About 60 species  of rockfish occur i n  

Background 

Data on j u v e n i l e  r o c k f i s h  are being co l lec ted  during two phases of t he i r  
Some s p e c i e s  are being s t u d i e d  i n  t he i r  pelagic offshore stage l i f e  his tory.  

short ly  before  the time tha t  they  move i n t o  their next  habi ta t .  These species 
inc lude  bocaccio, chilipepper, and s h o r t b e l l y ,  widow, and yellowtail  
rockfishes. Some s p e c i e s  spend t h e  next  stage of their l i f e  in shallow 
nearshore  waters and are being s t u d i e d  there; these inc lude  black rockfish,  
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b l u e  r o c k f i s h ,  bocaccio,  and y e l l o w t a i l  r o c k f i s h .  Juveni le  s h o r t b e l l y  and 
widow rockfishes a r e  occas iona l ly  found i n  h i g h  numbers i n  shallow nearshore  
waters, but it is not  known i f  t h i s  is a regular phase of their l i f e  h i s t o r y .  
Although small  numbers of black and b lue  rockfishes occur i n  offshore Samples, 
w e  do not  be l i eve  t h a t  t h e  o f f shore  samples are r ep resen ta t ive  of their  
abundance. Juven i l e  ch i l i peppe r  are rarely found i n  shallow nearshore  Waters. 

Juven i l e  rock f i shes  of t h e  species of i n t e r e s t  are most abundant 
i n  pelagic o f f shore  waters between mid-May and mid-July i n  t h e  s tudy  area. 
A t  t h i s  time most specimens are between 30 and 60 mm (SL). Most specimens of 
the  important  species are between 3 and 7 months old. The t r a n s i t i o n  from t h e  
pelagic t o  the  nex t  phase usua l ly  peaks i n  la te  June and J u l y  for  the  
impor tan t  species. When j u v e n i l e s  first e n t e r  t h e  nearshore habi ta t  t h e y  have 
the s i l v e r y  nondescr ipt  appearance of pelagic-phase f i s h ,  bu t  rather quick ly  
beg in  t o  take on the  appearance of a d u l t s .  
th rough f a l l ,  but  there is cons ide rab le  v a r i a b i l i t y  among s p e c i e s  and years .  
Blue and black rockfishes  spend a s i g n i f i c a n t  port ion of their  l i v e s  i n  
shallow nearshore waters. 

The nearshore phase t e n d s  t o  last  

Sampling Methods 

Samples i n  the offshore areas are collected with a midwater trawl that 
is a s l i g h t l y  modified vers ion  of the n e t  used by the C a l i f o r n i a  Department 
of F i sh  and Game pelagic f i s h  survey (Mais, 1974). The n e t  has an 80-foot 
headrope and 1/2-inch mesh l i n e r  i n  t h e  codend. Fifteen-minute tows are made 
d u r i n g  dark  hours. 
catches. Standard warp is 30 m f o r  tows i n  depths  less than  50 fathoms and 

Daylight tows were soon discontinued because of low 

90 m I n  deeper waters. 
the  trawl s u r v e y s .  Most of t h e  work is conducted from l a t e  May through the 

The NOAA v e s s e l  David Starr Jordan is being used for -- 
end of June, a l though some w o r k  has been conducted in  Apr i l .  

SCUBA surveys are made i n  shallow nearshore  water between Bodega Bay, 
Sonoma County, and Albion, Mendocino County. Between a r r i v a l  of the j u v e n i l e s  
( u s u a l l y  i n  May or June)  and la te  October or early November, surveys are  made 
every 2 t o  3 w e e k s  as weather pe rmi t s .  A t  l oca t ions  judged t o  be i n  
r e p r e s e n t a t i v e  habi ta t s ,  counts are made t o  depths  of about 35 m. Here, 
two or  three observers ,  equipped with SCUBA and marking slates, note  the  
numbers of j u v e n i l e s  dur ing  t imed segments  a long random courses. Data used i n  
t h i s  report  were grouped i n  1-minute segments. Ecological and behavior n o t e s  
are added, if  judged s i g n i f i c a n t .  Three important species--black, b lue ,  and 
y e l l o w t a i l  rockfishes--can be monitored e f f e c t i v e l y  using t h i s  method. 

Information of j u v e n i l e  rockfish is also obtained by examining c o n t e n t s  
of predator stomachs. During 1984 and 1985, lingcod (Ophiodon e longa tus ) ,  
a d u l t  p i sc ivorous  rockfish,  anU chinook'  salmon (Oncorhynchus tshawytscha) 
were sampled. 
encouraging. Juven i l e  rock f i sh  were n o t  a common food item and o f t e n  were 
n o t  i d e n t i f i a b l e  t o  spec ies .  
du r ing  June (Merkel ,  1957). Since 1984, only chinook salmon stomachs have 
been .collected. 

The r e s u l t s  for lingcod and piscivorous rockfish were not 

Chinook salmon feed heavi ly  on j u v e n i l e  rockfish 
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Objec t ives  of Report 

Ana ly t i ca l  w o r k  is j u s t  beginning. T h i s  r e p o r t  c o n t a i n s  ana lyses  of 
some of t h e  data c o l l e c t e d  during t h e  first 3 y e a r s  of t h e  s tudy.  Very few 
j u v e n i l e  r o c k f i s h  were collected i n  1983, an E l  NiAo year.  An M.S. thesis 
p r o j e c t  w i l l  be s t a r t ed  t h i s  f a l l  by a s t a f f  member. It will be cen te red  
about a management model t h a t  incorpora tes  p r e d i c t i o n s  of year -c lass  s t r e n g t h  
i n t o  f i s h e r y  management. 

There are two major o b j e c t i v e s  f o r  t h i s  r e p o r t .  The first is t o  review 
p rogres s  t o  date. The second is t o  review p r o j e c t  strategies wi th  r e s p e c t  t o  
t h e  e a r l y  r e s u l t s  and t o  develop new s t r a t e g i e s  were appropr ia te .  

- - .  - l.l .. “I. “I,̂- 
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PROGRESS I N  IDENTIFICATION OF JUVENILE ROCKFISH 

The r e c r u i t m e n t  p r o j e c t  needs t o  i d e n t i f y  a l l  specimens of impor t an t  
species wi th  a h igh  degree of accuracy. I n  1983 some work had already been 
p u b l i s h e d  on  the  i d e n t i f i c a t i o n  of rockfishes a t  t h e  pelagic j u v e n i l e  Stage. 
Descr ip t ions  of bocacc io ,  s h o r t b e l l y  rockfish,  and cowcod (S. l e v i s ) ,  
i n  a d d i t i o n  t o  several  o t h e r  species n o t  found i n  our s t u d y  a r e a ,  were 
publ ished by Moser e t  a l .  (1977) .  Also i n  1977, Allen publ ished drawings 
of halfbanded (S. semicinctus), s t r ipe ta i l  (S. s a x i c o l a ) ,  
s p l i t n o s e  ( S .  d i  l o  roa)  
f l a g  (S. ru&i* ;edbanded ( S .  b a h o c k i ) , e r m i l i o n  (ST m m ,  
o l i v e  T S .  s e r r a n o i d e s )  , greenstripe; (S. e l o n g a t u s ) ,  squarespot  (S. hopk ins i  1, 
s h o r t b e i l y ,  and b l u e  rockfishes, and cowcod, c h i l i p e p p e r ,  bocacci;, and 
s e v e r a l  other Southern  C a l i f o r n i a  species. Moser and Ahlstrom (1978) produced 
a d e s c r i p t i o n  of b l a c k g i l l  r o c k f i s h  (S. melanostomus). Richardson and Laroche 
( 1979) described darkblotched, canary-(S. p i n n i g e r ) ,  and rose tho rn  
( S .  - helvomaculatus)  rockfishes. Larochz and Richardson i n  1980 described 

- -  

darkblotched (S. C % & m p p e r  (S. c a u r i n u s ) ,  

y e l l o w t a i l  (S, f l a v i d u s )  and black rockfishes. I n  1981 they  pub l i shed  
descr ipt ions-of  widow and sharpchin  (S. z a c e n t r u s )  Pockf ishes and clarified 
some of t h e i r  p rev ious  work  on head s p i n e s  i n  j u v e n i l e  rock f i sh .  

There is a p o t e n t i a l  f o r  some 4 4  species i n  Northern and C e n t r a l  
Ca l i fo rn ia .  With sometimes incomplete informat ion  o n  the 23 "known" species, 
there was room fo r  confusion.  To s a t i s f y  the project 's need t o  i d e n t i f y  a l l  
j u v e n i l e  specimens of important  species, a key  was developed. It was decided 
t o  attempt t o  use  meristics rather than  the  incompletely known pigment 
p a t t e r n s  f o r  i d e n t i f i c a t i o n .  Although there are publ ished data on r o c k f i s h  
meristics, t h e y  are incomplete.  Fo r tuna te ly ,  the Tiburon Laboratory developed 
a large data base on  t h e  meristics of species i n  t h e  s t u d y  area d u r i n g  a s tudy  
on a d u l t s .  T h i s  meristic informat ion  was used t o  formula te  a key for  
i d e n t i f i c a t i o n  of j u v e n i l e  rock f i shes .  
because of o v e r l a p ,  other characters such  as head s p i n e s ,  form of a n a l  f i n  
s p i n e s ,  body shape, and pigment p a t t e r n s  were used. 

When meristics produced u n c e r t a i n t i e s  

A group of f i v e  important  species (b lack ,  b lue ,  o l i v e ,  widow, and 
y e l l o w t a i l  rockfishes) proved d i f f i c u l t  t o  i d e n t i f y  t o  species i n  some 
cases because of o v e r l a p  i n  meristics and incomplete descriptions. 
Addit ional  characteristics were found fo r  these species and i t  is now 
p o s s i b l e  t o  i d e n t i f y  almost a l l  specimens p o s i t i v e l y .  

The p r o j e c t  has a l s o  developed methods t o  i d e n t i f y  three species--brown 
( S .  a u r i c u l a t u s ) ,  honeycomb (S. umbrosus), and rosy (S, rosaceus)  rockfishes-- 
t h t  were n o t  p rev ious ly  descFibed i n  the l i t e r a t u r e  as j uven i l e s .  

Members of the r ec ru i tmen t  project are now able t o  i d e n t i f y  more t h a n  995 
of sampled specimens.  Seve ra l  t e c h n i c i a n s  have been t r a i n e d  i n  the u s e  of the 
key ,  and their  iden t i f i ca t ions - - even  i n  t h e  field--have been found t o  be 
accurate. 

The project and the Northwest and Alaska Fisheries Center  have funded  
development of a f i e l d  guide  for l a r v a l  and j u v e n i l e  r o c k f i s h  by a n  o u t s i d e  
con t r ac to r .  The guide  is due t o  be completed a t  the end of R 8 6 .  
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PROGRESS I N  OFFSHORE MIDWATER TRAWL SURVEYS 

Examination of Number of Replicates Per Station 

It is o f t e n  the  case  f o r  surveys  f o r  marine organisms that  t h e  optimum 
namber of samples pe r  s t a t i o n  (moo t )  is one. 
high v a r i a b i l i t y  among s t a t i o n s .  Thus i n  designing the  o r i g i n a l  sample plan 
for the  o f f shore  midwater trawl survey, i t  was assumed t h a t  mopt  would be one. 
Data are available now t o  examine that assumption. An aspec t  of t he  
Groundfish Communities Inves t iga t ion ' s  s t u d i e s  is i n t e n s i v e  sampling of the 
Gulf of Farallones.  I n  1985, s i x  s t a t i o n s  i n  t h e  Gulf were sampled twice i n  
a short  period of time, and these data can be used for t h e  es t imat ion  of m q t .  

Cochran (1963) shows that "opt for  a f i x e d  cost can be estimated as 

T h i s  is a consequence of the  

where 

= estimated var iance  among s t a t i o n s ,  E \  = estimated var iance  wi th in  s t a t i o n s ,  

c1 - cost per s t a t i o n ,  and 
c2 = cost per sample. 

m - number of replicates per  s t a t i o n  i n  p i l o t  survey, 

I n  t h i s  case, cost is s h i p  time. We estimate that  c1 is between 0.5 c2 and 
1.0 c2, and assume for t h i s  s tudy  that c1 = c2. As is of t en  the case for data 
from marine organism surveys,  the da ta  are h ighly  v a r i a b l e  and t h e  var iance  is 
related t o  the mean. Therefore t h e  2n(X + 1) t ransformat ion  is used for t h i s  
and most of the other  estimates i n  the s tudy  as is o f t e n  done for  such data. 
Future  a n a l y s i s  w i l l  further i n v e s t i g a t e  the  s t a t i s t i ca l  d i s t r i b u t i o n  of the 
data and another t ransformation may be i n d i c a t e d ,  b u t  i t  is l i k e l y  that the 
Zn(X + 1) t ransformation w i l l  provide approximately c o r r e c t  r e s u l t s .  Resul t s  
of the  c a l c u l a t i o n s  (Table  1 )  i n d i c a t e  tha t  there should be only one replicate 
per s t a t i o n  for r o u t i n e  survey purposes. 

Examination of Depth of Tow 

Prior t o  i n i t i a t i o n  of our  work i n  1983, no surveys  had been conducted 
Consequently, l i t t l e  information 

Seve ra l  i n v e s t i g a t o r s  who had 

People wi th  exper ience  on the Jordan be l ieved  

i n  offshore waters for j u v e n i l e  rockfish. 
was a v a i l a b l e  for designing the f i e l d  woPk. 
i n c i d e n t a l l y  captured j u v e n i l e  rockfish be l i eved  that tows should be as close 
t o  the s u r f a c e  as poss ib le .  
tha t  there could be p r o b l a s  from the s h i p ' s  wake i f  the  warp were less than 
about  90 m. However, our experience r evea led  that  the  midwater trawl could 
eas i ly  be badly  damaged during tows i n  shallow waters because of encounters  
w i th  the  bottom if warp were 90 m. 
warp is set a t  30 m and i n  deeper waters it is set a t  90 m. 
v e r i f y  that these  depths  are appropr ia te ,  r e p l i c a t e  tows have been made at  
30 m and 300 m when time allowed. 

Therefore, i n  waters less than  50 fathoms, 
I n  order to 
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TABLE 1,--Estimates of optimum number of r e p l i c a t e s  per  s t a t i o n  (mo t) 
fo r  the of fshore  midwater trawl su rvey .  
s i x  s t a t i o n s  i n  t h e  Gulf of t h e  Faral lones during l a te  May-early June, 
1985. 

Data are from two replicatgs of 

Data are t ransformed t o  Zn(X + 1) .  

Widow Yellowtail Shortbelly A l l  
rockf i sh  rockfish Chilipepper Bocaccio rockfish rockfish 

ST 5.978 4.135 2.690 7.518 2 , 206 8.157 

6% 3.143 0 e523 8.192 3.649 0.762 4.811 

"opt 0.845 0.367 --- 0.801 0.646 0.91 5 
A 

I n s u f f i c i e n t  pairs of 30-m and 90-m tows are a v a i l a b l e  fo r  meaningful 

Average untransformed catches of 
ana lyses .  A t o t a l  of  15 pa i r s  of 90-m and 300-m tows were made i n  1984 and 
1985. 
bocaccio, ch i l i peppe r ,  and shor tbe l ly  rockfish were higher i n  the  90-m tows 
t h a n  i n  t h e  300-m tows, and catches of widow and yel lowtai l  r o c k f i s h e s  were 
higher i n  the 300-m tows t h a n  i n  the 90-m tows. The catch of a l l  rockfish 
was higher i n  90-m tows than  i n  300-m tows. The Wilcoxon s igned  r anks  test  
was used t o  determine i f  t h e  d i f f e r e n c e s  are s i g n i f i c a n t ,  None are a t  
commonly used l e v e l s  of s i g n i f i c a n c e ,  but d i f f e rences  for  bocaccio, 
ch i l ipepper ,  and widow rockf i sh  approach s ign i f i cance .  Spearman's c o r r e l a t i o n  
c o e f f i c i e n t  was used t o  tes t  the  r e l a t ionsh ip  between 90-m and 300-m catches. 
C o r r e l a t i o n s  were s i g n i f i c a n t  for shortbelly rockfishes and a l l  rockfishes. 

The results are shown i n  Table 2. 

The r e s u l t s  sugges t  that  90-m tows are appropriate, because catches of 
three out of f i v e  target s p e c i e s  were higher a t  t h a t  depth when compared t o  
300-m tows. However, the sample s i z e  is small and i t  is no t  y e t  p o s s i b l e  t o  
compare 30-m tows wi th  90-m tows. We w i l l  continue t o  collect data on the  
ques t  ion.  

Annual Estjmates of J u v e n i l e  Rockfish Densities 

Prior t o  1985, t h e  project had about 2 w e e k s  of sh ip  time i n  June. 
Beginning i n  1985, the p r o j e c t  has been assigned 31 days of s h i p  time 
dur ing  la te  May and June. It was hoped t h a t  enough s t a t i o n s  could be 
sampled t o  d e t e c t  annual  d i f f e r e n c e s  i n  juveni le  rockfish d e n s i t i e s .  

Very few j u v e n i l e  rockfish were captured i n  1983, which w a s  probably an 
extreme year because of El Nifio conditions.  Thus it was decided t o  examine 
the 1984 and 1985 data t o  determine i f  sample size is adequate  t o  detect 
annual  d i f f e rences  i n  dens i ty .  Supe r f i c i a l  examination of the  data ind ica t ed  
that there were areal differences i n  dens i ty ,  but  the d i f f e r e n c e s  were no t  
c o n s i s t e n t  from year  t o  year. 
geographical strata--three nearshore ,  three of fshore ,  and the  Gulf of t he  
Fara l lones .  

The s tudy area was d iv ided  i n t o  seven 

In  1985 i t  was possible  t o  sample s t a t i o n s  fa r ther  offshore and 
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TABLE 2.--Comparisons of catch rates of j u v e n i l e  rock f i sh  i n  
r e p l i c a t e  midwater tows made w i t h  90-m and 300-m of warp in 1984 
a n d  1985. The da ta  are from 15 s t a t i o n s .  

Species 
Average warp  Sign t es t  Spearman’s 
90 m 300 m probabi l i ty  P 

Bocaccio’ 41 .4 4.2 0.068 0.616 

Chi1  i pep pe r  ’ 3.0 0.4 0.109 0.725 

Shortbelly rockfish 27.7 19.7 0 -657 0.541 * 
Widow rockfish 1.2 4.3 0.107 0.497 

Ye1 lowtai 1 r o c k f i s h  2.1 4.8 0.237 0.306 

A l l  rockfish 51 -7 33.6 0.675 0.643** 

* P < 0.05 
** P < 0.01 

Only 1984 data from f ive  s t a t i o n s  are used, because o v e r a l l  
d e n s i t i e s  were v e r y  low i n  offshore s t a t i o n s  i n  1985 and no catches 
were made a t  replicated 1985 stations. 

farther nor th  than i n  1984 because of the  a d d i t i o n a l  s h i p  time. These 
a d d i t i o n a l  s t a t i o n s  are not  included i n  the ana lys i s .  Data collected by the 
Groundfish Communities Inves t iga t ion  i n  the  Gulf of the Fara l lones  are 
excluded from t h i s  a n a l y s i s  because they  replicate stations sampled by the 
Groundfish Analysis Inves t iga t ion  while other s t a t i o n s  were not  replicated. 
Data were transformed t o  h ( X  + 1). 

The r e s u l t s  i n d i c a t e  sample size is s u f f i c i e n t  t o  detect annual 
d i f f e r e n c e s  i n  the dens i ty  estimates (Table 3). As w i l l  be shown later,  
the transformed data d i d  not  c o r r e c t  a l l  problems with he te rogenei ty  of 
va r i ance ,  bu t  a n a l y s i s  of var iance  is recognized as a robust test and the 
d i f f e r e n c e s  are estimated t o  be h ighly  s i g n i f i c a n t .  
that  it is important t o  s t r a t i f y  because strata and the year x strata effects 
are o f t e n  s i g n i f i c a n t .  Because the y e a r  x st rata  effect is sometimes 
s i g n i f i c a n t ,  the  r e s u l t s  i n d i c a t e  that  i t  is probably n o t  desirable t o  
base a l l o c a t i o n  of sampling effort  to  strata on average catches. 

The r e s u l t s  also i n d i c a t e  

Catches made i n  the G u l f  of Fa ra l lones  area by the Groundfish C o m m u n i t i e s  
I n v e s t i g a t i o n  i n  la te  May and early June, 1985, were t h e  highest of any 
made by the program. Catches o f t e n  exceeded 1,000 j u v e n i l e  rockfish. 
These s t a t i o n s  were replicated a t  the end of June and no catches of j u v e n i l e  
r o c k f i s h  were made a t  t h i s  time. It appears  from these r e s u l t s  and evidence 
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from chinook salmon stomach con ten t s  and nearshore s t u d i e s  t h a t  t h e  t r a n s i t i o n  
from t h e  pe lag ic  o f f s h o r e  s tage t o  t h e  next s tage occurred earlier than normal 
i n  1985. I n  a d d i t i o n ,  i t  a p p e a r s  t h a t  t h e  t iming of t h e  t r a n s i t i o n  is more 
variable than  expected and t h a t  t h e  sampling scheme should take t h i s  i n t o  
account.  Therefore,  it was decide0 t o  reduce t h e  s i z e  of t h e  area sampled 
i n  t h e  f u t u r e  and t o  a t t e m p t  t o  sample t h e  e n t i r e  covered area s e v e r a l  times 
during t h e  sampling per iod .  Under t h i s  scheme annual estimates of abundance 
w i l l  be  from the  rep l ica te  wi th  t h e  h ighes t  average catch for  the species. 

The areal coverage has been reduced t o  the area between C a r m e l  and the  
m u t h  of Tomales Bay (F igu re  1 ) .  The new area is divided i n t o  seven  s t r a t a  
w i t h  f i v e  s t a t i o n s  each. The s t a t i o n s  can be sampled i n  seven n i g h t s ,  
i f  weather is good. Thus, under ideal cond i t ions  the area w i l l  be covered 
fou r  times. It is more l i k e l y  tha t  time will be l o s t  and the  area w i l l  be 
covered two t o  three times. 

Random s t ra t i f ied  estimates of t h e  averages and t h e i r  va r i ances  are shown 
i n  Table 4 for data collected at  the  selected stations 1983-1985. The data 
were transformed t o  Zn(X + 1). The data f o r  the Gulf of the Fa ra l lones  i n  
1985 were from t h e  samples  collected by t h e  Groundfish Communities 
Inves t iga t ion .  
species of rockfish was a fa i lure  i n  1983. 
y e l l o w t a i l  rockfishes were higher i n  1985' than i n  1984. 
ch i l i peppe r  and s h o r t b e l l y  rockfish were similar i n  1984 and 1985. 
of bocaccio were lower i n  1985 than  i n  1984. 

The data sugges t  that  reproduct ion  of the  f i v e  important  
Dens i t i e s  of j u v e n i l e  widow and 

D e n s i t i e s  of j u v e n i l e  
Dens i t i e s  
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FIGURE 1.--Study area for future midwater trawl surveys f o r  juven i l e  rockfish. 
The area is divided i n t o  seven strata: DN (Deep North), SN (Shallow North), 
GF (Gulf of the Faral lones) ,  DS (Deep South),  SS (Shallow South),  MO (Monterey 
Off shore), and MN (Monterey Nearshore). There are f i v e  s t a t i o n s  represented 
as for each s t a t i o n .  

I- - 
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PROGRESS ON MEASURING RECRUITMENT 
FROM CHINOOK SALMON STOMACH CONTENTS 

The p r i n c i p a l  goal of t h i s  s t u d y  of t h e  Groundfish Communities 
I n v e s t i g a t i o n  is t o  evaluate t h e  impact of p reda t ion  as a mechanism 
c o n t r o l l i n g  populat ions of j u v e n i l e  rock f i sh .  A c o r o l l a r y  t o  t h i s  is 
the p o s s i b i l i t y  of using predator  stomach c o n t e n t s  t o  es t imate  year -c lass  
s t r e n g t h  of j u v e n i l e  rock f i sh .  The focus of t h i s  project i s  t o  i n v e s t i g a t e  
chinook salmon predat ion on juven i l e  rockfish i n  t h e  Gulf of t h e  Faral lones.  
Our s t u d i e s  show t h a t  i n  normal y e a r s  there is a r e g u l a r  seasonal  cycle i n  
which chinook salmon prey heavi ly  on j u v e n i l e  rockfish from mid-May u n t i l  mid- 
Ju ly .  I n  1983, 1984, and 1985, corresponding midwater trawls were made a t  
a p p r o p r i a t e  s t a t l o n s  t o  compare species composition and re la t ive abundance 
of j u v e n i l e  rockfish i n  the salmon's diet  and i n  t he  pelagic ecosystem. 

Although data c o l l e c t i o n  for t he  project is still  i n  progress, 
pre l iminary  analysis has made several p o i n t s  clear. The first is that 
predator stomach con ten t s  can be used as a measure of year-class strength-- 
a t  least  t o  t h e  level of whether t h f s  is a good yea r ,  a bad year ,  or somewhere 
i n  between. Greater d e f i n i t i o n  of year-class s t r e n g t h  may be possible when 
data a n a l y s i s  is completed. However, t h i s  measure of recru i tment  is only  
possible when t h e  basic mechanisms of the predator's behavior and the  normal 
c y c l e  of the ecosystem are understood. Without t h i s  background information, 
changes i n  numbers of j u v e n i l e  f i s h  i n  t he  p reda to r ' s  stomachs cannot be 
i n t e r p r e t e d  accura te ly .  The second poin t  is that--at least i n  t h i s  case-- 
species composition and r e l a t i v e  abundance of j u v e n i l e  rockfish i n  salmon 
stomachs approximate t he  trawl samples. Length f r equenc ie s  have not  y e t  
been compared. The f i n a l  poin t  is that e s t i m a t i n g  recru i tment  from predator 
stomachs has s e v e r a l  ope ra t iona l  advantages. T h i s  method al lows f o r  the 
widest  spa t i a l  and temporal coverage, an important  cons idera t ion  when sampling 
a process wi th  as much uncer ta in ty  as t h i s .  Th i s  method of coverage is also 
the cheapest, p a r t l y  because of the  problems of unce r t a in ty  and coverage, and 
p a r t l y  because it e l imina te s  t h e  need f o r  s h i p  time. It has d e f i n i t e  
l imitat ions,  b a s i c a l l y  those  assoc ia ted  with any fishery-dependent sampling 
program, but it is an e f f e c t i v e  t o o l  as a method of sampling j u v e n i l e s  of 
commercially Important species. 
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PROCRESS IN UNDERWATER NEARSHORE S U R V E Y S  

Analyses were conducted on data collected by underwater  obse rve r s  
dur ing  t h e  nearshore  su rveys  t o  examine two ques t ions .  

The first a n a l y s i s  tests the  hypo thes i s  t h a t  t h e  three obse rve r s  doing 
t h e  w o r k  produce s i m i l a r  estimates of t o t a l  j u v e n i l e  rockfish d e n s i t i e s .  
The Wilcoxon pa i red  obse rva t ions  tes t  was used. The r e s u l t s  f o r  t he  three 
possible p a i r s  of o b s e r v e r s  were nons ign i f i can t  ( p a i r  1: n = 19, P = 0.28; 
pair 2: n = 10, P = 0.62; p a i r  3: n = 7, P = 0.31). Tne r e s u l t s  i n d i c a t e  
t h a t  the  three o b s e r v e r s  produce similar estimates. 

The second a n a l y s i s  examines t h e  apparent  year- to-year  d i f f e r e n c e s  i n  
numbers of j u v e n i l e s  by t e s t i n g  the n u l l  hypo thes i s  tha t  there are no  annual  
d i f f e r e n c e s  i n  numbers of t h e  three important  species observed.  One-way 
a n a l y s i s  of v a r i a n c e  was used t o  test t h e  hypo thes i s  o n  the z n f x  + 0.001) 
t ransformed data. An obse rva t ion  is de f ined  t o  be the ave rage  of a l l  
transects for  a d a y ' s  work. This a n a l y s i s  assumes t h a t  there are no 
impor t an t  season  and area effects. The r e s u l t s  (Table 5) i n d i c a t e  
s i g n i f i c a n t  d i f f e r e n c e s  among y e a r s  for each of the  species. A Tukey HSD 
post hoc a n a l y s i s  (Table  6) i n d i c a t e s  that  estimates of t h e  b l u e  and 
y e l l o w t a i l  rockfishes are s i g n i f i c a n t l y  higher for  1985 t h a n  for 1984, 
and for 1984 t han  fo r  1983. It also i n d i c a t e s  tha t 'whi le  estimates of the  
b lack  r o c k f i s h  are s i g h i f i C a n t l y  h igher  for 1985 t h a n  for 1983, the i n c r e a s e  
noted  between 1983 and 1984, and between 1984 and 1985 are n o t  s i g n i f i c a n t .  

TABLE 5.--0ne-way a n a l y s i s  of va r i ance  of nea r shore  
survey estimates of j u v e n i l e  rockfish d e n s i t i e s .  
The effect is year  (1983,1984 and 1985). Data &re 
t ransformed t o  Zn(X + 0.001). 

Black B 1  ue Yellowtail 
Source Df  Rockfish Rockfish Rockfish 

Year 2 4.681 * 33.337*** 39.959*** 

Error 20 

p < 0.05 
*** p < 0.001 

There has been cons ide rab le  v a r i a t i o n  i n  t he  time of first a r r i v a l ,  
as w e l l  as the r e l a t i v e  numbers dur ing  a g iven  year .  For example, the  f e w  
j u v e n i l e s  observed i n  1983 d id  n o t  appear u n t i l  l a te  May, whereas the abundant 
j u v e n i l e s  of 1985 first a r r i v e d  i n  Apr i l .  Although the  numbers have v a r i e d  
s i g n i f i c a n t l y  from yea r  t o  year ,  once established they have remained stable 
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until at  least August--early September, never varying by as much as an order 
of magnitude. 

TABLE 6.--Estimates of average dens i ty  of j u v e n i l e  rockfish by 
nearshope survey. 
Critical ranges are calculated using the Tukey HSD Post Hoc 
a n a l y s i s  w i t h  alpha = 0.05. 

Data are transformed to Zn(X + 0.001) .  

Average dens i ty  
Sample Black B1 ue Y e l  lout a I1 
size  rockfish rockfish rockf I sh  

1983 7 -3.10 -2.86 -5.06 

1984 7 -2.44 -0.17 0.46 

1985 9 0.63 4.34 5.04 

Critical range 3.39 2.31 2.90 
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D I S C U S S I O N  

Cons iderable  progress  has been made by t h e  rock f i sh  r e c r u i t m e n t  program 
a t  t h e  Tiburon Laboratory. S ince  1983, i d e n t i f i c a t i o n  of j u v e n i l e  r o c k f i s h  
i n  t h e  area has progressed from incomple te  information scattered throughout  
the l i t e r a tu re  and i n  f i l e  c a b i n e t s  t o  a func t ioning  k e y  t h a t  allows 
t e c h n i c i a n s  t o  r e a d i l y  i d e n t i f y  almost a l l  i n t a c t  specimens captured  in 
t he  area. I n  a d d i t i o n ,  a f i e l d  g u i d e  for  t h e  e n t i r e  West Coast should  be 
completed by a con t r ac to r  i n  about  a yea r .  

Cons iderable  progress  has also been made i n  estimating d e n s i t i e s  Of 
j u v e n i l e  r o c k f i s h .  It appears that  s a t i s f a c t o r y  estimates are being o b t a i n e d  
f o r  t he  impor tan t  species i n  the  area by  midwater trawl. Chinook salmon 
stomach c o n t e n t s  show promise fo r  p rov id ing  an even more e f f i c i e n t  method 
of e s t i m a t i n g  abundance. The underwater counts  appear t o  offer  satisfactory 
estimates and also some e c o l o g i c a l  i n s i g h t s ,  but are l i m i t e d  t o  species that  
occur  n e a r  shore. 

Two impor tan t  ques t ions  remain t o  be answered. The first: Are estimates 
of j u v e n i l e  abundance s u f f i c i e n t l y  correlated wi th  even tua l  r e c r u i t m e n t  t o  the 
fishery i n  the area t o  prove u s e f u l  as a tool  for  management and t h e  f i s h i n g  
indus t ry?  The second: Are there major areal d i f f e r e n c e s  i n  r e c r u i t m e n t  
success? That is, do r ec ru i tmen t  estimates f o r  no r the rn  and c e n t r a l  
C a l i f o r n i a  have any u t i l i t y  i n  a coastwide context?  

It w i l l  take a number of y e a r s  t o  answer both ques t ions .  It w i l l  be 
necessary t o  examine c o r r e l a t i o n s  between j u v e n i l e  abundance and r e c r u i t m e n t  
s t r e n g t h  t o  answer t h e  first q u e s t i o n ,  and rockf i sh  do no t  f u l l y  r e c r u i t  t o  
fisheries u n t i l  they  are 4 t o  10 years old. The outlook is hopefu l  because 
there is q u a l i t a t i v e  evidence t ha t  y e a r  classes abundant i n  nea r shore  waters 
as j u v e n i l e s  persist as s t r o n g  yea r  classes u n t i l  t h e  age of r e c r u i t m e n t .  
Data are becoming a v a i l a b l e  from t h e  f i shery  t o  answer the second ques t ion .  
For example, the  1970, 1971, and 1977 year classes of widow rockf i sh  are 
important  i n  l and ings  in a l l  three West Coast states. 

S c i e n t i s t s  from t h e  Tiburon Labora tory ,  the  Northwest and Alaska 
Fisheries Center ,  and t h e  USSR are p lanning  t o  conduct a coope ra t ive  
niidwater trawl survey from a S o v i e t  v e s s e l  off the coast of QIegon i n  1986. 
In  a d d i t i o n  t o  a l lowing comparisons of abundances off C a l i f o r n i a  and Wegon,  
t he  c r u i s e  w i l l  provide data o n  s e v e r a l  important  species that  are n o t  
abundant i n  C a l i f o r n i a  waters. 

-. .. - -I ”.. - .- _I . . . . .” , 



. 19 

LITERATURE CITED 

Allen,  M. J. 
1977. Southern C a l i f o r n i a  trawl-caught j u v e n i l e  rockfishes. Proc. of 

Taxon. Stand. Prog. ,  South.  Calif. Coas ta l  Water Res. Proj. 5(4 1 :25-32. 

Co chr an, W . 
1963. Sampling techniques .  John W i l e y  and Sons. 

Laroche, W. A . ,  and S. L. Richardson. 
1980. Development and occurrence of l a r v a e  and j u v e n i l e s  of t h e  rock f i shes  

Sebastes f l a v i d u s  and Sebastes melanops o f f  Oregon. Fish.  Bul l . ,  U. S. 
77 : 901 -923. 

1981. Development of l a r v a e  and j u v e n i l e s  of t he  rockfishes !%bastes 
entomelas and S. zacen t rus  ( f a m i l y  Scorpaenidae)  and occurrence  off 
Gregon, w i t h  n z t e s  on head s p i n e s  of S. myst inus ,  - S. f l a v i d u s ,  and - S. 
melanorm. F ish .  Bull..  U. S .  79:231-z56. 

Lenarz, W. H. 
1971. Modeling t he  re source  base. Calif. Coop. Oceanic F ish .  Inves t .  Rep. 

1 5 : 28 -32. 

Mais, K. F. 
1974. Pelagic f i s h  surveys  i n  t h e  C a l i f o r n i a  Curren t .  Calif. Dep. F ish  

Game, F i s h  B u l l .  162. 79 p. 

Merke l ,  T. J. 
1957. Food hab i t s  of the king salmon, Oncorhynchus tshawytscha (Walbaum), 

i n  the  v i c i n i t y  of San Francisco,  C a l i f o r n i a .  C a l i f .  F i s h  and Game 
43:249-270. 

Hoser, H. G. ,  and E. H. Ahlstrom. 
1978. Larvae and pelagic j u v e n i l e s  of b l a c k g i l l  rockfish,  Sebastes 

melanostomus, t a k e n  i n  midwater t rawls  o f f  s o u t h e r n  C a l i f o r n i a  and Baja 
Ca l i fo rn ia .  J.  Fish.  Res. Board Can. 35:981-996. 

Moser, H. G., E. H. Ahlstrom, and E. M. Sandknop. 
1977. Guide t o  the  i d e n t i f i c a t i o n  of s c o r p i o n f i s h  l a r v a e  ( f a m i l y  

Scorpaenidae) i n  the e a s t e r n  Pacific w i t h  comparat ive n o t e s  on species of 
Sebastes and Hel ico lenus  from other oceans. 
Rep. NMFS CIRC-402, 71 p. 

U.S. Dep. Commer. NOAA Tech. 

Richardson, S. L., and W. A. Laroche. 
1979. Development and occurrence of l a r v a e  and j u v e n i l e s  of the rockfishes 

Sebastes crameri, Sebastes p inniger ,  and Sebastes helvomaculatus ( f a m i l y  
S c 0 r p a e n i d a e ) f  Oregon. F i sh  . Bull .  , U. S . 77 : 1 -4 1 . 


