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Abs t rac t  

Rockfishes (Sebastes spp.) a re  h i g h l y  unusual i n  t h a t  they  have i n t e r -  
nal f e r t i l i z m  a l a r g e  number o f  eggs (>lO5) and g i v e  b i r t h  t o  
p lank ton ic  l a r v a e  a t  t he  f i r s t  feed ing  stage. Fo l l ow ing  the  p lank-  
t o n i c  l a r v a l  stage, j u v e n i l e s  develop i n  a va r ie t y .  o f  hab i ta t s ,  depend- 
i n g  on the  species. Some remain pe lag i c  f o r  several months, w h i l e  
o thers  become demersal a t  a small  s ize .  Since about 70 species o f  
r o c k f i s h  occur i n  the  no r theas t  P a c i f i c ,  i d e n t i f y i n g  t h e  l a r v a e  and 
j u v e n i l e s  i s  a major problem. Recent s tud ies  have g r e a t l y  enhanced our  
a b i l i t y  t o  i d e n t i f y  these young stages, which a l l ows  us t o  contemplate 
us ing  them t o  address f i  shery-re1 a ted  problems. Cur ren t  s tud ies  are  
focused on r e l a t i n g  the  abundance o f  l a r v a e  and j u v e n i l e s  o f  r o c k f i s h  
t o  the  a d u l t  popu la t ions ,  t o  measure bo th  a d u l t  biomass and r e c r u i t -  
ment. These s tud ies  show promise, b u t  t he  unusual b i o l o g y  o f  t h e  
genus l i m i t s  somewhat t h e  p o t e n t i a l  o f  such s tud ies  f o r  f i s h e r y  
management purposes. 

Ea r l y  L i f e  H i s t o r y  P a t t e r n  

Rockf ishes have an unusual rep roduc t i ve  p a t t e r n  w i t h  impor tan t  i m p l i c a -  
t i o n s  f o r  t h e i r  ecology and f i s h e r i e s  on t h e i r  popu la t ions .  Most f i s h  
t h a t  reproduce in marine waters l a y  f r e e - f l o a t i n g  p lank ton ic  eggs 
t h a t  are f e r t i l i z e d  and undergo embryonic development as independent 
organisms i n  the  open sea. Hatching i s  f o l l owed  by a yolk-sac p e r i o d  
about one-hal f  as l o n g  as incubat ion ,  du r ing  which the  l a r v a  develops 
eye pigment and feed ing  mechanisms. I n  rock f i shes ,  however, f e r t i l i z a -  
t i o n  occurs i n t e r n a l l y  and the  eggs develop and hatch i n s i d e  t h e  ovary 
o f  t he  female. It has r e c e n t l y  been found t h a t  t h e  embryos i n g e s t  
ova r ian  f l u i d  as a supplement t o  t h e  y o l k  (see Boehlert ,  Kusakari,  



and Yamada, t h i s  volume). When the  l a rvae  a re  extruded a f t e r  several 
weeks, they have l i t t l e  y o l k  l e f t  and are  ready t o  beg in  feeding. 
These l a r v a e  are  about 3-7 mm standard l e n g t h  (SL), comparable i n  s i z e  
t o  f i r s t - f e e d i n g  l a r v a e  o f  species w i t h  p lank ton ic  eggs. 

M o r t a l i t y  o f  p lank ton ic  f i s h  eggs, due p r i m a r i l y  t o  p redat ion ,  i s  h i g h  
f o r  t h e  few species t h a t  have been s tud ied  i n  enough d e t a i l  t o  make 
r e l i a b l e  est imates.  Genera l l y  more than 50% o f  the  pe lag i c  eggs 
spawned by a f i s h  d i e  before ha tch ing  (Hempel 1979). M o r t a l i t y  o f  
yolk-sac l a r v a e  i n  the  f i e l d  i s  even more d i f f i c u l t  t o  examine b u t  
p redators  t h a t  feed on eggs probably a l s o  consume yo lk -sac  l a rvae .  
Thus, l e s s  than 20% o f  eggs spawned may su rv i ve  through the  yolk-sac 
pe r iod  t o  become f ree- feed ing  la rvae.  Boeh le r t  e t  a l .  ( t h i s  volume) 
es t imate  t h a t  t he re  i s  about 25% m o r t a l i t y  of young i n  rock f i shes  be- 
tween f e r t i  l i z a t i  on and p a r t u r i t i o n .  Thus, t he  number o f  su rv i  v i  ng 
f i r s t - f e e d i n g  l a rvae  i n  rock f i shes  i s  about 75% of t he  number o f  eggs 
t h a t  undergo ovu la t i on ,  r a t h e r  the  20% o r  l e s s  o f  t h a t  number i n  f i s h e s  
spawning pe lag i c  eggs. Also, the  rep roduc t i ve  p a t t e r n  o f  rock f i shes  
reduces the  amount of  d i spe rs ion  of p lank ton ic  stages by ocean cu r -  
ren ts .  

Fecundi ty o f  rock f i shes  i s  h igh  (104-106 eggs per female) and i s  on l y  
s l i g h t l y  lower  than i t  i s  i n  f i shes  spawning pe lag i c  eggs. I n  f i s h  
w i t h  more ex tens ive  p r o t e c t i o n  o f  the  young, o r  those t h a t  produce 
cons iderab ly  l a r g e r  eggs, f ecund i t y  i s  reduced s u b s t a n t i a l l y .  It would 
seem t h a t  rock f i shes  have n o t  achieved the  concomitant reduc t i on  i n  
fecund i t y  genera l l y  assoc ia ted  w i t h  inc reased parenta l  c o n t r i b u t i o n  t o  
the w e l f a r e  o f  i n d i v i d u a l  progeny. The evo lu t i ona ry  advantage o f  ges- 
t a t i o n  i n  rock f i shes  i s  unclear,  b u t  apparent ly  i t  i s  n o t  completely 
exp la ined by p r o t e c t i o n  o f  the  egg and e a r l y  l a r v a l  stages. I n t e r n a l  
f e r t i l i z a t i o n  may a l l ow  d i s t i n c t  b u t  s i m i l a r  species t o  co-occur w i t h  
1 i t t l e  chance o f  c r o s s - f e r t i l i z i n g  t h e i r  gametes. Behavioral  o r  o the r  
p rezygo t i c  b a r r i e r s  would prevent copu la t i on  among c l o s e l y  r e l a t e d  
species. Th is  reproduc t ive  s t ra tegy  may have c o n t r i b u t e d  t o  t h e  genus 
becoming so speciose i n  t h e  North P a c i f i c .  

Seasona l i t y  o f  Reproduction 

Reproduct ive events i n  rock f i shes  f o l l o w  t h i s  sequence: spermato- 
genesis, v i t e l l o g e n e s i s ,  mating, ovu la t i on ,  f e r t i l i z a t i o n ,  embryonic 
development, hatching, and l a r v a l  ex t rus ion .  Males mature up t o  sever- 
a l  months be fo re  the  females, and mat ing  may precede f e r t i l i z a t i o n  by 
several  months. Embryonic development takes about 40-50 days, and the  
l a r v a e  hatch about 1 week p r i o r  t o  ex t rus ion .  Although most r o c k f i s h -  
es re lease l a r v a e  du r ing  the  f i r s t  6 months o f  t he  year,  t he re  i s  q u i t e  
a b i t  o f  v a r i a t i o n  among the  species, and w i t h i n  a species among years. 

When comparing i n fo rma t ion  on seasona l i t y  o f  reproduc t ion ,  t he  methods 
and c r i t e r i a  used and the  sample s izes  must be evaluated. Most work t o  
date has been done o f f  B r i t i s h  Columbia and no r th / cen t ra l  C a l i f o r n i a .  
W y l l i e  Echeverr ia ( i n  p ress )  has sumnarized in fo rmat ion  on reproduc t ive  
seasona l i t y  o f  34 species o f  no r theas t  P a c i f i c  r o c k f i s h .  The du ra t i on  
o f  l a r v a l  re lease v a r i e s  from 1 t o  9 months among t h e  species s tud ied ,  
and a few species demonstrated two pe r iods  o f  re lease du r ing  the  yea r  
(Table 11. In general,  species can be grouped i n t o  those t h a t  ex t rude 
l a r v a e  i n  w i n t e r  and those t h a t  ex t rude la rvae  i n  spring-summer. 
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Table 1.--Periods o f  release o f  rockfish larvae.  Based on Wyl l ie  
Echeverria ( i n  press). 

G u l I o I A l r ~ r  - B.C. .... WA ... OR -- N./C.CA -.- 5. CA --.- 

SPeCleS I Aug. I a p t .  I Oct. I Now. 1 0s. I Jan 1 Feb. I Mar, I Apr. I May I June I July I Referencn 

....... 
....... 

-.-.-.-.- 

1 

1 
7.21 

S. mrinus -.--____--- 5.8.8.3.21 

-- S. chloratictus _.-._.- _._._._._._._ 2.10.14.21 

7.21 
10.14.21 

1.7.15.21 

_._.-.-.-.-.-.- S. chrysomda 
s. CrnStd l . tu l  -. 
s. c n r n r i  _._._.-.-. -.-.-.- 
S. diploplw -._.-.- _._._._._._._._.-._._._. 1.8.11.12.21 

_.-.-. 
....... ---- - 

- - - - ....... 

s. *ongatus 

s. .nlif*r 

S. mtomalm 

- - _. ...... -.-.-.-.- 1.12.21 

10 
1.2.11.13.21 

-.--. -.-.-_ 
....... -- _._._.-.-. -.-.-.- 

5. iordmi 

S. Imtigimur 

S. lnir 

S. nulion 

S. m d n w  

-- 2.11.21 

-__._ 10 
_.-._.-. -.-.-.-.-. 

_._.-.-.- 14.21 -.-.-.-.-. - 
............. 1.5.1s.rn.21 ....... ....... -.-._.-.- ._._._._ --- 1.16, 21 

S. minia~ 
S. mystinui 

11.14.21 
17.18.21 

-.-.-.-._.-.-.-.-.-._ 19.21 s. MbUblUS 

S. nigroci~~i ....... 1 

_._._ 14.21 b ~ a l i i  --.-- 

S. pucispinn 

S pnniw 

S. pmrigu 

s. r a d  

s. roumul  

S. ruberimus 

S rubrivinctus 

s. NtUl 

s. uI1cOIW 

S urmoldn  

S. iimula~of 

s u m t m d  

S. mbmt 

s. Z K m t N l  

1.2.4.11.14.21 

1.2.1 1.21 

2.21 

1.15 

10.14.21 

1.2.8.12.15.21 

1.10.12.21 
21 

1.2.1 1.21 

20.21 

10 

10 

1 

1.2.12.21 
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Figure 1.--Number o f  r o c k f i s h  spe- 
c i e s  re leas ing  l a rvae  
o f f  nor th  / cen t ra l  
C a l i f o r n i a  and B r i t i s h  
Columbia by month. 
Based on W y l l i e  
Echeverria ( i n  press). 

P a r t u r i t i o n  seems t o  occur e a r l i -  
e r  i n  the year  i n  the  southern 
p a r t  o f  the species' range, 
although data s u f f i c i e n t  f o r  such 
a comparison i s  ava i l ab le  f o r  few 
species. Annual d i f ferences i n  
t im ing  o f  re lease o f  larvae seem 
t o  be environmentally determined. 
I n  some species studied by Wy l l i e  
Echeverria ( i n  press), p a r t u r i -  
t i o n  dur ing the  anomalous E l  
Nino year  o f  1983 was delayed 
compared t o  the other  years from 
1981 t o  1985. 

Sumnari z ing the data presented 
by Wy l l i e  Echeverria ( i n  press), 
there seems t o  be a s l i g h t  ten- 
dency f o r  rockf ishes i n  the no r th  
( B r i t i s h  Columbia ) t o  release 
young l a t e r  i n  the year ( A p r i l -  
June) than those o f f  north/cen- 
t r a l  C a l i f o r n i a  which release 
young mainly from January t o  May 
(Fig.  1). Also, a longer per iod 
o f  re lease i s  apparent o f f  nor th /  
cen t ra l  C a l i f o r n i a  than o f f  B r i t -  
i s h  Columbia (Table 2) .  The me- 
dian per iod o f  release o f f  B r i -  
t i s h  Columbia i s  1 month, whereas 
o f f  nor th /centra l  C a l i f o r n i a  t 
i s  3 months. These d i f ferences 
could p a r t i a l l y  be due t o  d i f f e r -  
ences i n  sampling densi ty.  

Table 2.--Duration o f  p a r t u r i t i o n  pe r iod  o f  rockf ishes by area 
and number o f  species (based on Wy l l i e  Echeverria, 
i n  press). 

Area 

Number o f  G o f  A BC Ma O r  N/C Ca S Ca 
months ----------------- number of species----------------- 

1 3 21 2 6 3 2 
2 1 2 1 6 5 5 
3 2 2 1 8 1 
4 4 2 2 
5 2 7 1 
6 5 2 

t o t a l  3 - - 2 3 -  -5-73-35- -IF 
>6 5 

*3 species have s p l i t  season w i t h  no release i n  March o r  A p r i l .  
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Larval  Development 

Rockfish l a rvae  are about 3-7 mn SL a t  b i r t h  and have pigmented eyes 
and a funct ional  mouth (Fig.  2 ) .  The trunk and t a i l  i s  surrounded by 
an u n d i f f e r e n t i a t e d  f i n f o l d  and l a r v a l  pectora l  f i n s  are present. 
Pigment genera l ly  cons is ts  o f  smal 1 d i sc re te  me1 anophores i n  character-  
i s t i c  pos i t ions.  Although there i s  considerable i n t e r s p e c i f i c  var ia-  
t i o n  i n  melanophore amount and placement, from near ly  absent i n  
S. helvomaculatus t o  a dark banded pa t te rn  on the  body o f  S. aurora, 
Tn almost a l l  species some pigment i s  found on the gu t  an5  t h e r e s  
usua l l y  a ser ies o f  postanal vent ra l  mid1 i n e  melanophores. Depending 
on the species, melanophores may a l so  occur on such places as the jaws, 
t op  o f  head, nape, pectoral  f ins ,  dorsal postanal mid l ine,  o r  m id la te r -  
a l l y  on the caudal peduncle and near the t i p  o f  the notochord. 
Super f i c i a l  pigment i s  added i n  d e f i n i t i v e  pat terns as the j u v e n i l e  
pe r iod  i s  approached. 

F igure 2.--Development o f  Sebastes d a l l i  ( f rom Moser and B u t l e r  1981). 
7.1 mm l a rva ;  D. 10.1 A. 5.1 mn la rva;  B. 

mn la rva;  E. 21.7 mn pelagic  j uven i l e .  
6 . 2 x a r v a ;  C. 

B 

-.. - . . .. - . .. C 
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With development, t he  body deepens somewhat and the  head enlarges. I n  
p o s t f l e x i o n  l a r v a e  head l e n g t h  i s  about 28-48% o f  t he  body length ,  pre- 
anal l e n g t h  i s  about 42-66% o f  t he  body length ,  and the  maximum body 
depth i s  about 21-42% o f  t h e  body l e n g t h  (Table 3). Head spines s t a r t  
t o  develop e a r l y  i n  t h e  l a r v a l  per iod ,  and soon reach t h e i r  maximum 
number and r e l a t i v e  s ize .  A f u l l  o r  nea r l y  f u l l  complement o f  spines 
develops du r ing  t h e  l a r v a l  per iod ,  b u t  some are  u s u a l l y  l o s t  du r ing  t h e  
j u v e n i l e  p e r i o d  t o  produce the  a d u l t  p a t t e r n  t h a t  i s  a s p e c i f i c  char-  
ac te r .  The f i r s t  head spines t o  form are  t h e  p t e r o t i c s ,  several  o f  t h e  
preopercu la rs ,  and t h e  p a r i e t a l s .  Spines cont inue t o  be added and t o  
inc rease i n  s i z e  as the  l a r v a e  develop. The p a r i e t a l  spines, some o f  
t he  preopercu la r  spines, and the  supraocular r i d g e  become s e r r a t e  i n  
some species. The p a r i e t a l s  and c e n t r a l  p reopercu la rs  a re  t h e  l onges t  
spines, t he  p a r i e t a l s  reach ing  27% o f  t h e  head l e n g t h  i n  S. helvomac- 
u l a t u s  (Richardson and Laroche 1979). F i n  ray  fo rmat ion  f o l l o w s  t h i s  
sequence: caudal, pec to ra l s ,  pe l v i cs ,  dorsa l ,  and anal .  F i n  rays  a re  
genera l l y  n o t  p a r t i c u l a r l y  elongate,  a1 though the re  i s  v a r i a t i o n  i n  t h e  
l e n g t h  o f  t he  pec to ra l  rays  w i t h  S. auc is  i n i s  p e c t o r a l s  reaching 37% 

develop un ique ly  e a r l y  i n  5-mm l a r v a e  of  S. p a u c i s p i n i s ,  and reach t h e  
same e longate  p r o p o r t i o n  as the  pec to ra l  sT 

body l e n g t h  i n  p o s t f l e x i o n  larvae-( * Oser e t  a . 1977). P e l v i c  rays  

Table 3.--Morphometric charac ters  o f  p o s t f l e x i o n  l a r v a e  o f  16 species 
o f  no r theas t  P a c i f i c  rock f ishes ,  expressed as ranges o f  
percent  standard l e n g t h  (SL). 

Head Body Preanal 
Species 1 ength depth l e n g t h  References* 

S. a u r i c u l a t u s  

S.  aurora  

S. caur inus  
S. crameri  

S. d a l l i  

S. entomelas 

S. f l a v i d u s  

S. he1 vomacul a tus  

- S. j o r d a n i  
S. l e v i s  

S. macdonal d i  

- S. melanops 

S. melanostomus 
- S. p a u c i s p i n i s  
- S. p i n n i g e r  

S. zacentrus 

- 
- -  
- 
- 
- -  
- 
- 
- 

- -  
- 

- 

- 

30 - 38 

33 - 40 

29 - 36 

37 - 43 

28 - 33 

34 - 39 

35 - 43 
40 - 44 

31 - 36 

34 - 38 
34 - 41 

35 - 43 

39 - 44 
36 - 39 
38 - 48 

40 - 46 

22 - 29 

26 - 34 

21 - 29 

30 - 35 

22 - 28 
25 - 30 

25 - 31 
33 - 34 

22 - 26 

33 - 36 

33 - 36 
26 - 33 

37 - 42 
28 - 3 1  

34 - 42 

33 - 36 

47 - 53 

56 - 66 

42 - 54 

55 - 65 

48 - 56 
55 - 61  

54 - 61  
59 - 60 

46 - 54 

57 - 63 

55 - 64 

54 - 62 

55 - 63 
51 - 61 
52 - 63 

54 - 62 

20 

18 

20 

19 

16 

9 

8 

19 
15 

15 

15 

8 

14 

15 
19 

9 

*Numbers key t o  references i n  L i t e r a t u r e  C i ted .  
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Larva l  I d e n t i f l c a t l o n  

Two approaches, o r  a combinat ion o f  bo th ,  a re  used t o  e s t a b l i s h  the  
i d e n t i t y  o f  l a r v a l  f i sh .  The d i r e c t  approach invo lves  r e a r i n g  l a r v a e  
from known parents.  The i n d i r e c t ,  o r  s e r i e s  approach, i nvo l ves  f i n d i n g  
specimens i n  f i e l d  samples t h a t  a re  l a r g e  enough t o  have d e f i n i t i v e  
a d u l t  (ma in ly  m e r i s t i c )  charac ters ,  b u t  smal l  enough t o  r e t a i n  some 
l a r v a l  cha rac te rs  (such as pigment). A s e r i e s  o f  s i m i l a r  l o o k i n g  b u t  
sma l le r  specimens i s  accumulated from f i e l d  samples u n t i l  t he  smal les t  
l a r v a e  can be recognized. With nor theas t  P a c i f i c  rock f i shes ,  yo1 k -  
bear ing  l a r v a e  o f  50 species have been reared, b u t  o n l y  seven spe- 
c i e s  have been reared t o  caudal f i n  format ion,  and on ly  one species has 
been reared th rough the  l a r v a l  per iod.  The caudal f i n  fo rmat ion  l a r -  
vae are  h e l p f u l ,  b u t  no t  comple te ly  d e f i n i t i v e ,  i n  e s t a b l i s h i n g  the  
i d e n t i t y  o f  f i e ld -caugh t  specimens, and t h e  yo1 k -bear ing  l a r v a e  o f f e r  
l i t t l e  h e l p  a t  t h e  l e v e l  t o  which they  have been studied. Thus, w i t h  
r o c k f i s h e s  l a r v a l  i d e n t i f i c a t i o n  has depended main ly  on e s t a b l i s h i n g  
ser ies .  A few species such as 2. j o r d a n i ,  S. p a u c i s p i n i s ,  2. aurora,  
and 2. melanostomus have proven t o  have v e r y - d i s t i n c t i v e  l a r v a e  a t  a1 1 
stages o f  development (F ig .  3)  b u t  most, p a r t i c u l a r l y  be fo re  notochord 
f l e x i o n ,  seem t o  l ook  ve ry  s i m i l a r .  I n  severa l  d e s c r i p t i o n s  based on 
t h e  s e r i e s  approach, l a r v a e  sma l le r  than 8-10 mm SL cou ld  n o t  be recog- 
n i zed  w i t h  confidence. 

F igu re  3.--Flexion stage l a r v a e  o f  ( t o p  t o  bottom) S. j o r d a n i  ( f rom 
Moser e t  a l .  1 9 7 7 ) ,  2. melanostomus ( f rom M c s e r a n a A h l s t r o m  
1 9 7 8 ) ,  S. aurora ( f rom Moser e t  a l .  1 9 8 5 ) ,  and - S. 
p a u c i s p T n i m  Moser e t  a1 . 1 9 7 7 ) .  

8 2 111111 SI. 
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Descr ip t ions  o f  l a rvae  and pe lag i c  j u v e n i l e s  o f  var ious  rock f i shes  are  
s lowly  accumulating i n  t h e  l i t e r a t u r e ,  making i t  reasonable t o  contem- 
p l a t e  us ing  t h e  p lank ton ic  stages i n  f i e l d  samples f o r  f i s h e r i e s  stud- 
ies.  Among nor theas t  P a c i f i c  rock f ishes ,  i l l u s t r a t i o n s  have been pro-  
duced f o r  yolk-sac o r  p r e f l e x i o n  l a rvae  o f  50 species, complete l a r v a l  
se r ies  o f  8 species, and pe lag i c  j u v e n i l e s  o f  39 species (Table 4). 

Table 4.--Key t o  sources o f  i l l u s t r a t i o n s  o f  r o c k f i s h  l a rvae  from t h e  
nor theas t  P a c i f i c  Ocean. Numbers key t o  references i n  
L i t e r a t u r e  Ci ted. 

Juvenile Stdge Xrea of  occurrence Larval Stage 
Species Yolk sac Prcflezlon Fleaion Post f le i im T r a n s f o m t ( a n  Pelaglc Benthic 

Y C S t  Codst Of 
North l n r l c a  

20 20 
I8 18 

m m 

I7 

16 16 

2. 15 

2. IS  
2. 13. I5 13 

I 7  
I .  2. 12. I5 1. 2. 12. 15 

I7 I 7  

17 

U l l f  of  C a l i f o r n i a  
endemics 

7 
I8 

7 

7 
7 

I7 
19 
16 

7 
7 
7 

9 

8 

19 

2. I5 

2. 15 
2 ,  13 .  I5 

7 
8 

I4 

7 

1. 2. 12. IS 

19 

7 

7 

7 
7 
9 

15 

7 
7 

7 
18 

7 

7 

7 
7 

I8 

7 

19 7 .  19 
16 

7 
7 
7 

9 7. 9 

8 7. 8 

7 
19 I .  19 

2. I5 2. 7 .  1s 

2. IS 2. I5 
2. 13. 15 2. 13. 15 

7 7 
8 8 

14 11 
7 
7 

7 

2. 12. 15 7 .  I2 

19 7 ,  19 
7 
7 
7 
7 
7 

I 

7 

7 
7 

7 
18 

7 
7 

7 
7 

7 .  19 

7 
7 
7 

7 .  9 

7 .  8 

7 

7 

13 
7 

7. 0 

7. 14 
7 
7 
7 
7 

7 

7. 19 

7 
7 
7 
7 

7 

1 

7 
7 7 

9 7 .  9 7 .  9 

IS  
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Westrheim (1975) concluded, based on work w i t h  p reex t rus ion  l a r v a e  o f  
31 species, t h a t  " i n t e r s p e c i e s  s i m i l a r i t i e s  and in t raspec ies  d i f f e r -  
ences i n  morphometric and m e r i s t i c  c h a r a c t e r i s t i c s  o f  p reex t rus ion  
Sebastes l a r v a e  de l i nea ted  i n  t h i s  study c l e a r l y  p rec lude accura te  
i d e n t i f i c a t i o n ,  based o n l y  on these c r i t e r i a ,  of Sebastes l a r v a e  
caught a t  sea." He a l s o  found t h a t  l a r v a e  o f  several  species reared  
t o  y o l k  exhaust ion changed s i g n i f i c a n t l y  i n  pigment p a t t e r n  f rom 
p reex t rus ion  la rvae.  The yo lk -sac  p e r i o d  i n  most f i shes  i s  cha rac te r -  
i zed  by changes i n  pigment p a t t e r n  as embryonic pigment migra tes  and 
i s  increased t o  form the  l a r v a l  pigment pa t te rn .  The l a r v a l  piyment 
p a t t e r n  i s  s t i l l  no t  w e l l  es tab l i shed  i n  yo lk -exhaust ion  r o c k f i s h  
l a rvae ,  so i t  does n o t  appear p o s s i b l e  t o  a n t i c i p a t e  what more advanced 
plankton-caught l a r v a e  o f  a p a r t i c u l a r  species w i l l  l ook  l i k e  based 
on piyment observed i n  reared  p reex t rus ion  o r  yo1 k-exhaust ion la rvae.  

I n  s p i t e  o f  these problems t h e r e  a re  i n d i c a t i o n s  t h a t  more d e t a i l e d  
s tud ies  o f  reared yo lk -sac  l a r v a e  o f  rock f i shes  may be h e l p f u l  f o r  
i d e n t i f y i n g  f i e ld -caugh t  specimens. Examining the  pub1 ished i l l u s t r a -  
t i o n s  o f  yo lk -sac  l a r v a e  o f  46 species o f  rock f ishes ,  we es tab l i shed  
26 l o c i  where pigment was observed (F ig .  4).  We then scored each spe- 
c i e s  based on t h e  presence o r  absence o f  piyrnent a t  these l o c i .  We 
found t h a t  o n l y  two p a i r s  o f  species cou ld  no t  be separated on the  
bas i s  o f  t h i s  piyment c r i t e r i o n .  There may be problems i n  compara- 
b i l i t y  o f  t h e  i l l u s t r a t i o n s  because o f  d i f f e r e n t  i l l u s t r a t o r s ,  i n t r a -  
s p e c i f i c  piyment v a r i a t i o n s ,  d i f f e r e n t  stages o f  development, and 
u n c e r t a i n t y  w i t h  some a d u l t  i d e n t i f i c a t i o n s .  However, t h i s  exce rc i se  
i n d i c a t e s  t h a t  t h e r e  indeed may be enough i n t e r s p e c i f i c  d i f f e r e n c e  i n  
pigment t o  warrant f u r t h e r  study. 

Also,  we noted, i n  t h e  pub l i shed  i l l u s t r a t i o n s  and on specimens o f  sev- 
e r a l  species a t  ou r  d i sposa l ,  cons iderab le  v a r i a t i o n  i n  the  appearance 
o f  t h e  melanophores t h a t  a re  p resent  on or near t h e  h indgut .  The num- 
ber,  s ize ,  and l o c a t i o n  o f  these seem t o  be r a t h e r  cons is ten t  w i t h i n  a 
species, and t h e r e  i s  cons iderab le  v a r i a t i o n  ainony species. F u r t h e r  
study w i l l  be requ i red  t o  t e s t  t he  u t i l i t y  o f  t h i s  pigment f o r  species 
separat ion.  

While some changes i n  pigment occur between ha tch ing  and y o l k  exhaus- 
t i o n ,  we were s t r u c k  i n  t h e  several  s e r i e s  we examined by the  con- 
s i s tency  o f  pigment i n  some areas. Th is  i n d i c a t e d  t h a t  the problem 
o f  comparing i l l u s t r a t i o n s  and d e s c r i p t i o n s  o f  p reex t rus ion  and y o l k -  
exhaust ion l a r v a e  may no t  be severe enough t o  neyate t h e i r  va lue  
completely.  

Besides piyment, yo1 k-bear iny l a r v a e  have o the r  charac ters  t h a t  may be 
p r o f i t a b l e  t o  evaluate.  Morphometric cha rac te rs  such as s i z e  a t  stage 
o f  development, body depth, and preanal l e n y t h  may prove impor tan t .  
A1 1 o f  t h e  i 11 u s t r a t i  ons sumnari zed by Westrheim ( 1975) were produced 
by ske tch ing  pigment onto a bas i c  template drawiny o f  a r o c k f i s h  
yo lk -sac  l a rva .  Thus, no morphometric comparisons can be made o f  these 
i l l u s t r a t i o n s .  Fur ther ,  t h e  p e c t o r a l  f i n s  were n o t  i nc luded  on these 
i l l u s t r a t i o n s ,  so  t h e  pigment charac ters  o f  t h e  pec to ra l  f i n  can n o t  be 
eva lua ted  f o r  these 1 arvae. 

Western P a c i f i c  rock f i shes ,  which a re  l a r g e r  a t  e x t r u s i o n  than those i n  
t h e  eas tern  P a c i f i c ,  have been reared i n  l a r g e  numbers throuyh t h e  
j u v e n i l e  stage f o r  re lease t o  enhance n a t u r a l  p roduc t i on  (see Moser and 
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F igu re  4.--Pigment l o c i  on yo1 k-sac l a r v a e  of  rockfi,?h;s. I n  t h e  body 
o f  t h e  tab le ,  "1' means pigment present,  2 means pigment 
aDsent . 

5 6 7 8 9 1 1  

P i g w n t  Loci 
Species T 2 3 4 5 6 7 8 9 10 I 1  12 13 14 15 Ibn 18 19 20 21 22  23 24 25 .?T 

5. entonelas s. c i l i a t u s  
5 .  crancri 

3. 3?nTtnctus 
5. rubberrimus 
5. hoptinsi 
f: 
3. + 
5. alcut ianus 
5. ne lvmacuiatus 
5. c a r n i t u s  
5 .  (Il*ldul 
5. -s 
3. -us 

3. c o r t e z i  
5. rUrUI 
5. Z o l a  

3. ~ o s a c c u s  

5. macdonifdi 
5 .  Jordan1 

5. 
5 .  conste l la tus 

3. COI 1. ZIFrosus 
5.  c h l o r o r r i c t u r  
5. 
3. minia tus  
3. caurlnur 
3. levis 

5 mclanostmus 
2. ~ u l a t u r  

1 1 1 1 1 1 1 2 2 2 2 1 1 2 1 1 2 1 1 1 2 2 Z I I I  
1 1 1 1 1 1 2 2 1 2 2 1 1 1 2 1 2 1 1 l l 2 2 1 2 1  
1 1 1 1 1 2 1 1 1 1 2 1 1 1 1 1 2 1 2 1 1 1 2 1 l l  

'Bu t le r  i n  press).  However, o n l y  one eas tern  P a c i f i c  species (S. d a l l i )  
has been reared beyond caudal f i n  fo rmat ion  (Moser and B u t l e r  m. 
Among t h e  o the r  most successful  eas tern  P a c i f i c  rea r ings ,  S. rufus 
l i v e d  t o  46 days, S. c o n s t e l l a t u s  t o  38 days (Moser and B T t l e r  i n  
press),  and S. cauZnus t o  333- ays (Stahl-Johnson 1985). Eastern 
P a c i f i c  rock f i shes  seem amenable t o  standard techniques developed i n  
o the r  marine f i s h ,  bu t  concentrated e f f o r t s  a re  needed t o  o b t a i n  
hea l thy  f u l l - t e r m  l a r v a e  from females, and t o  have proper r e a r i n g  
cond i t i ons  a v a i l a b l e  f o r  t h i s  work. Fu r the r  progress i n  r o c k f i s h  
l a r v a l  i d e n t i f i c a t i o n  i s  1 a rge ly  dependent on r e a r i n g  developnental  
s e r i e s  o f  a wide v a r i e t y  o f  species. 
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Larva l  D i s t r i b u t i o n  

Large ly  because of i d e n t i f i c a t i o n  problems, occurrences o f  r o c k f i s h  
l a r v a e  from ich thyop lank ton  surveys i n  t h e  nor theas t  P a c i f i c  a re  usual-  
l y  repor ted  a t  t he  gener ic l e v e l  (Sebastes spp.). Lisovenko (1964) 
discussed purpor ted  catches of  2. a l u t u s  l a r v a e  made i n  t h e  Gulf  of  
Alaska i n  1963, a t  a t i m e  when t h e m a t i o n  o f  S. a l u t u s  was much 
l a r g e r  than a t  present. The p r o p o r t i o n  of  2. a l u t i s  and o the r  rock- 
f i shes  i n  these catches i s  unknown, s ince  no d e s c r i p t i o n  o f  s. a l u t u s  
i s  ava i l ab le ,  and Lisovenko (1964) d i d  no t  p rov ide  d i a g n o s t i c  charac-  
t e r s  f o r  t h e  l a r v a e  he i d e n t i f i e d  as 2. a lu tus .  

No f i e l d  work has been designed s p e c i f i c a l l y  t o  c o l l e c t  r o c k f i s h  l a r -  
vae. Occurrences o f  p a r t i c u l a r  species have been repor ted  i n  t h e  
d e s c r i p t i o n s  o f  t h e  few species descr ibed from f i e l d  c o l l e c t i o n s  
(Tab le  5). These d i s t r i b u t i o n a l  data probably are more i n d i c a t i v e  o f  
where sampling was conducted, and what samples were examined, than t h e  
ac tua l  d i s t r i b u t i o n  of  t h e  la rvae.  However, t he  l a r v a e  occur t o  cons i -  
derab le  d is tances  o f fshore  (up  t o  306 km from shore),  and several spe- 
c i e s  were n o t  repor ted  nearshore ( 6  o f  t h e  14 species were no t  found 
c l o s e r  t o  shore than 24 km). Most l a r v a l  occurrences were i n  t h e  f i r s t  
6 months o f  t h e  year,  w i t h  t h e  pe r iod  o f  occurrence o f  7 o f  t h e  14 
species i n c l u d i n g  A p r i l .  The season o f  t h r e e  species extended t o  
August. 

Table 5.--Occurrences o f  l a rvae  o f  rock f i shes  i n  t h e  nor theas t  P a c i f i c  
Ocean repor ted  by species. 

Species 

Major Features o f  Occurrences 

Size Distance f r o n  
(mnS1) Area shore (km)  Season References. 

5. aurora - -  

5 .  c o r t e r i  

S. crameri 

5. entomelas 

5 .  f l a v i d u s  

5. he1 v o t ~ c u l  a tus  

5 .  Jordan! 

- -  
- -  
- -  
- -  
- 
- -  

5 .  l e v i s  

5. nacdonal d i  

5 .  melanops 

5 .  me1 anostanus 

- -  

- 
- 

- 

- 5. p a u c i s p i n i s  

S. p i n n i g e r  

5. zacentrus 

- 
- -  

9- lo 
10 15 

10 20 

a 20 

10 20 

l a r g e  

9- 20 

7- 10 

San Franc isc*  
c e n t r a l  Baja CA 

Gulf of CA 

Newport. OH 

o f f  Oregon 

o f f  Oregon 

Newport. OH 

Sdn Franc isc& 
San Uieyo 

C a l i f o r n i a  8 i y h t  

c e n t r a l  B a j a  CA 

o f f  Oreyon 

Los Angeles t o  
Baja C A  

CA t o  B a j a  CA 

Newport, OR 

o f f  Ureyon 

11u 170 

82- 93 

9- 306 

24- 266 

83. 120 

inshore 

5- 266 

5 220 

nearshore 

83.120 

46- 148 

Apr- June 

Mar 

Apr- Hay 

Apr- Hay 

Ayr- May 

July- Auy 

Jan- Feb 

Jan- June 

M a r  

Apr- Hay 

Apr- Aug 

Jan- Feb 

Mar- June 

AUY 

18 

15 

19 

9 

8 

19 

15 

15 

15 

8 

14 

15 

IY 

9 

4 Nuchers key t o  references I n  L i t e r a t u r e  Ci ted. 

109 



Co l lec t i ons  o f  l a r v a e  i d e n t i f i e d  as Sebastes spp. ( r o c k f i s h )  from the  
eastern Ber ing  Sea, t h e  no r the rn  Gulf  o f  Alaska, and from o f f  t h e  
Washington, Oregon, and C a l i f o r n i a  coast have been documented (Tab le  
6). The f o l l o w i n g  summarizes what we know about t h e  d i s t r i b u t i o n  o f  
r o c k f i s h  l a r v a e  i n  these areas. In fo rmat ion  based on t h e  occurrences 
o f  l a r v a e  i d e n t i f i e d  as rock f ishes  i s  o f  l i m i t e d  value, because several  
species are  l i k e l y  t o  be inc luded i n  t h e  c o l l e c t i o n s ,  and each presum- 
ab ly  has a s p e c i f i c  p a t t e r n  of  d i s t r i b u t i o n  t h a t  over laps  those o f  
o the r  species. 

Rock f ish  l a r v a e  are vu lnerab le  t o  c o l l e c t i o n  i n  p lank ton  ne ts  over a 
r e l a t i v e l y  narrow l e n g t h  range. Moser and B u t l e r  ( i n  press) found t h a t  
among over 11,000 r o c k f i s h  l a rvae  from C a l i f o r n i a  Cooperative Oceanic 
F i s h e r i e s  I n v e s t i g a t i o n s  (CalCOFI) p lank ton  c o l l e c t i o n s  n e a r l y  50% were 
l e s s  than 5 mn SL, and more than 90% were l e s s  than 7 mn SL. I n  plank- 
t o n  samples taken o f f  Washington, Oregon, and no r the rn  C a l i f o r n i a  from 
March th rough November, l i t t l e  d i f f e r e n c e  i n  mean s i z e  o f  t he  l a r v a e  
was found; they  ranged from 4.29 mm i n  November t o  5.61 mn i n  March- 
June, and 5.22 mn i n  August (Northwest and Alaska F i she r ies  Center 
(NWAFC) f i l e s ) .  Apparent ly,  t h e r e  i s  a severe m o r t a l i t y  o f  l a r -  
vae l e s s  than 7 mn, o r  t h e i r  avoidance a b i l i t y  increases d r a m a t i c a l l y  
a t  t h a t  s ize.  Notochord f l e x i o n  and t h e  concomitant development o f  
t h e  caudal f i n  occurs a t  about 7-8 mm i n  most species, so increased 
escapement of  l a r g e r  l a r v a e  i s  probable. Lengths o f  r o c k f i s h  l a r v a e  
have n o t  been repor ted  from othe r  s tud ies ,  bu t  based on t h e  above near- 
l y  a l l  a re  probably l e s s  than 10 mn. Larger l a r v a e  and p e l a g i c  j uve -  
n i l e s  o f  a t  l e a s t  some species a re  c o l l e c t e d  i n  neuston nets,  where 
i n  e i g h t  surveys o f f  Washington, Oregon, and no r the rn  C a l i f o r n i a  t h e  
mean l e n g t h  o f  t h e  1,112 rock f i shes  caught was 19.25 mm (NWAFC f i l e s ) .  

One consequence o f  t h e  small  s i z e  of  r o c k f i s h  l a rvae  i n  p lank ton  c o l -  
l e c t i o n s  i s  t h a t  t h e  l a r v a e  a re  c lose  i n  t ime and p o s i t i o n  t o  where 
they  were released from t h e  females. Thus, d i s t r i b u t i o n  o f  l a r v a e  can 
probably be used t o  g i v e  a f a i r l y  accura te  idea o f  where and when 
re lease occurs. O f f  southern C a l i f o r n i a  most r o c k f i s h  l a r v a e  are  
found i n  w in te r ;  o f f  Washington, Oregon, and no r the rn  C a l i f o r n i a  most 
are i n  sp r ing  and summer; and i n  t h e  G u l f  o f  Alaska and i n  t h e  Ber ing  
Sea most a re  i n  sumner. Thus, i t  seems t h a t  re lease o f  l a r v a e  occurs 
p rog ress i ve l y  l a t e r  i n  t h e  year proceeding from south t o  north.  Th is  
agrees w i th  i n fo rma t ion  a1 ready c i t e d  on seasona l i t y  o f  reproduc t ion  
based on s tud ies  o f  gonads. The s h i f t  i n  t i m i n g  o f  l a r v a l  re lease may 
r e f l e c t  t h e  seasonal development o f  oceanographic cond i t i ons  conducive 
t o  producing food s u i t a b l e  f o r  t h e  larvae. 

Juveni 1 e Iden t  i f i  c a t  i o n  

The t r a n s i t i o n  from l a r v a l  t o  j u v e n i l e  stage o f t e n  i s  de f i ned  t o  occur 
when counts o f  f i n  rays, g i l l  rakers ,  and l a t e r a l  l i n e  pores reach 
a d u l t  l e v e l s .  Th is  stage occurs i n  many species o f  r o c k f i s h  a t  about 
20 mn. Some species do no t  become j u v e n i l e s  u n t i l  about 30 mn. Using 
t h i s  d e f i n i t i o n ,  many specimens repo r ted  as j u v e n i l e s  in t h e  l i t e r a t u r e  
and t h i s  paper a re  a c t u a l l y  l a r g e  larvae. 

U n t i l  t h e  l a s t  decade t h e  m a j o r i t y  o f  specimens o f  j u v e n i l e  r o c k f i s h  
were i d e n t i f i e d  as Sebastes spp. Several workers have advanced t h e  
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s t a t e  o f  t he  a r t  so now we can i d e n t i f y  most j u v e n i l e s  captured  o f f  
Washington, Oregon, and C a l i f o r n i a .  We were ab le  t o  i d e n t i f y  more than 
99% o f  specimens o f  j u v e n i l e  r o c k f i s h  c o l l e c t e d  by midwater t r a w l  o f f  
c e n t r a l  C a l i f o r n i a .  Impor tan t  papers on i d e n t i f i c a t i o n  are  Laroche and 
Richardson (1979 and 19801, Moser and Ahlstrom (19781, Moser e t  a l .  
(19771, Moser and B u t l e r  (19811, Moser and B u t l e r  ( i n  p ress) ,  Moser e t  
a l .  (19851, and Richardson and Laroche (1979). The preceding s tud ies  
used m a t e r i a l  c o l l e c t e d  a t  sea o r  from r e a r i n g  studies.  I n v e s t i g a t o r s  
employing scuba have conducted several  nearshore s tud ies  o f  j u v e n i l e  
r o c k f i s h  o f f  C a l i f o r n i a .  Anderson (1983) , who inc ludes  photographs 
o f  17 species, i s  t h e  most complete source on i d e n t i f i c a t i o n  o f  
j u v e n i l e s  i n  nearshore areas. The T iburon Laboratory has developed a 
key t h a t  uses p igmenta t ion  p a t t e r n s  and m e r i s t i c s .  Laroche i s  prepar-  
i n g  a w e l l - i l l u s t r a t e d  i d e n t i f i c a t i o n  guide. Pe lag ic  j u v e n i l e s  o f  37 
species w i l l  be i l l u s t r a t e d  i n  t h e  l a b o r a t o r y  guide be ing  prepared by 
Matarese e t  a l .  ( i n  press) .  

La rva l  and J u v e n i l e  Growth 

L i t t l e  i s  known about growth o f  r o c k f i s h  l a r v a e  and j u v e n i l e s .  Under 
l a b o r a t o r y  r e a r i n g  cond i t i ons ,  change i n  l e n g t h  w i t h  t ime has been 
no ted  f o r  l a rvae  o f  seven no r theas t  P a c i f i c  species. Only S. d a l l i  
l i v e d  beyond 40 days and a l e n g t h  of  10 mm. There i s  qu i&  a w i d e  
v a r i a t i o n  shown i n  growth w i t h  some l a r v a e  reach ing  9 mn i n  24 days, 
w h i l e  o the rs  were on ly  a l i t t l e  Over 7 mn a f t e r  38 days (F ig .  5) .  
Since l a r v a l  r e a r i n g  has n o t  been r o u t i n e l y  successful i n  rock f i shes ,  
i t  i s  unknown how c l o s e l y  these growth r a t e s  r e f l e c t  those found i n  t h e  
w i l d ,  o r  how much v a r i a t i o n  i s  due t o  d i f f e r e n t  responses t o  r e a r i n g  
condi ti ons . 
F igu re  5.--Growth o f  no r theas t  P h c f f i c  rock f i shes  based on several  

r e a r i n g  experiments. 
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Boeh le r t  (1982) and Boeh le r t  and Yoklavich (1983) h e l d  f i e l d - c o l l e c t e d  
pe lag i c  j u v e n i l e  S. d i  l op roa  and ben th i c  j u v e n i l e  S. melano s under a 
v a r i e t y  o f  1 a b o r a T o r h o n s  o f  food , temperature ,*toperiod 
and noted e f f e c t s  on growth us ing  stepwise mu1 t i p l e  regression. Growth 
r a t e  genera l l y  increased w i t h  increased r a t i o n ;  i t  was maximal a t  
i n te rmed ia te  temperatures i n  S. d ip loproa ,  b u t  con t inued t o  inc rease a t  
h igher  temperatures i n  S. m e h o p s .  The temperature o f  maximal growth 
increased w i t h  f i s h  s i z e i n  S. d ip loproa .  Growth r a t e s  observed i n  the  
l abo ra to ry  under s a t i a t i o n  r a t i o n s  were s i m i l a r  t o  those repo r ted  i n  
the  f i e l d  (Boeh le r t  and Yoklavich 1983). 

D a i l y  growth increments have been observed on the o t o l i t h s  o f  a few 
j u v e n i l e s  o f  two species found i n  albacore stomach contents.  The juve-  
n i l e s  ranged i n  l e n g t h  f rom 15 t o  31 mm and i n  age from 47 t o  101 days. 
The growth r a t e ,  determined by o t o l i t h  aging, o f  21 f i e l d - c o l l e c t e d  
j u v e n i l e  (9.0-42.7 mn) S. d ip lop roa  (Boeh le r t  1982) was cons iderab ly  
l e s s  than t h a t  o f  t h e  Z t h e r  two species so s tud ied  (F ig .  6 ) .  When 
these j u v e n i l e  data are graphed along w i t h  data f rom reared S. d a l l i ,  
a coherent p i c t u r e  emerges suggest ing slow growth f rom 5 To 
fo l l owed  by more r a p i d  growth through 30 mn, a1 though S. d i  loproa  
growth seems t o  con t inue  a t  a s lower r a t e  (F ig .  6 ) .  Median f i n  +-- orma- 
t i o n  occurs i n  these species a t  about 10 mn and poss ib l y  the  enhanced 
m o b i l i t y  t h i s  p rov ides  f a c i l i t a t e s  t h e  observed increase i n  growth r a t e  
s t a r t i n g  a t  t h i s  age. 

F igu re  6.--Growth o r  reared  Sebastes d a l l i  and s ize-a t -age o f  f i e l d -  
c o l l e c t e d  j u v e n i l e  s. a u r o r a 7 S . i  l o  roa, and s. 
melanostomus. Base7 o n h l e r t  %hoser and Ah1 strom m), Moser and B u t l e r  (1981).  and Moser e t  a l .  (1985). 
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L i f e  H i s t o r y  Pa t te rns  o f  Juven i l es  

The l i f e  h i s t o r i e s  of r o c k f i s h  are d iverse  and complex. It appears 
t h a t  some species may spend near l y  t h e i r  e n t i r e  l i v e s  i n  a very  re -  
s t r i c t e d  area. I n  o t h e r  cases i t  appears t h a t  l i f e  h i s t o r i e s  may be as 
complex as those o f  salmon. 

Turner e t  a l .  (19691 found 12-mn S .  d a l l i  i n  c rev i ces  and caves i n  
p r o x i m i t y  t o  adu l t s ,  and proposed Gat the  young were re leased there. 
The au thors  d i d  n o t  descr ibe  i d e n t i f i c a t i o n  procedures. It i s  poss ib le  
t h a t  i d e n t i f i c a t i o n  was i n c o r r e c t ,  s ince  l a r v a l  and j u v e n i l e  descr ip -  
t i o n s  were n o t  pub l i shed u n t i l  1981 by Moser and B u t l e r .  However, 
t he re  are  no records i n  the  l i t e r a t u r e  of  pe lag i c  l a rvae  o r  j u v e n i l e s  
o f  S. d a l l i .  

Work conducted by t h e  T iburon Labora tory  i n d i c a t e s  t h a t  t h e  l i f e  h i s -  
t o r y  o f  s. a u r i c u l a t u s  i s  q u i t e  complex. Gravid females occur i n  San 
F ranc iscoBay ,  b u t  much more o f t e n  i n  o f fshore  waters as deep as 80 m. 
Most S .  a u r i c u l a t u s  i n  San Franc isco  Bay are  immature. Pe lag ic  juve-  
n i l e s o c c u r  o f f sho re  A p r i l  through June. Benth ic  j u v e n i l e s  a re  found 
i n  nearshore waters and are  abundant i n  San Franc isco  Bay. Tagging 
s tud ies  have shown t h a t  j u v e n i l e s  spend up t o  several  years  w i t h i n  a 
very r e s t r i c t e d  home range w h i l e  i n  the  bay. The f i s h  then g radua l l y  
move i n t o  deeper waters and of fshore.  F i s h  tagged as j u v e n i l e s  i n  
the  bay have been recaptured  several  years  l a t e r  more than 80 km away 
i n  o f f s h o r e  waters. 

- -  

While rock f i shes  possess a range o f  l i f e  h i s t o r y  s t r a t e g i e s ,  many spe- 
c i e s  appear t o  have a j u v e n i l e  stage which i s  e i t h e r  pe lag i c  o r  asso- 
i a t e d  w i t h  d r i f t i n g  o b j e c t s  such as ke lp .  However, i n  a d d i t i o n  t o  S .  
d a l l i  t he re  are o the r  except ions t o  the  general r u l e  t h a t  rock f i shes  
h a v e a n  open ocean j u v e n i l e  stage. Pe lag ic  j u v e n i l e s  o f  the  subgenus 
Sebastomus (e.g. S .  c o n s t e l l a t u s ,  S. c h l o r o s t i c t u s ,  and S .  rosaceus) 
as w e l l  as S. a l c t u s  and S. r u f u s  a r e  n o t i c e a b l y  m i s s i n g - o r m n  
pe lag i c  c o l l 7 c t W  S .  arrov-s, S. carnatus,  S .  caur inus, and S. 
chrysomelas r e c r u i t  to the  k e l p  h a b i t a t  as l a r g e  -Anderson 
n 8 3 ) .  These f o u r  species f i r s t  assoc ia te  w i t h  the  k e l p  canopy and 
then g radua l l y  migra te  t o  t h e  bottom. Thus, t h e i r  s t ra tegy  may be a 
v a r i a t i o n  o f  the  s t ra tegy  o f  species assoc ia ted  w i t h  d r i f t i n g  o b j e c t s  
as j u v e n i l e s .  

The f i r s t  rev iew o f  rock f i shes  assoc ia ted  w i t h  d r i f t i n g  ob jec ts  i s  by 
M i t c h e l l  and Hunter (1970). They found j u v e n i l e  S. d ip loproa ,  S .  

auc isp in i s ,  2. r u b r i v i n c t u s ,  S. serranoides, and ST se r r i ceqs  asso- 
c ia 'ed  w i t h  d r i f t i n g  k e l p  o f f  southern C a l i f o r n i a  a a  Baja C a l i f o r n i a .  
This: stage i s  p a r t i c u l a r l y  impor tan t  i n  the l i f e  h i s t o r y  o f  S. 
d ip ;  oproa (Boehl e r t  1977 1. Juveni 1 e - S. d i  p l  oproa were assoc ia ted  wiTh 
d r i ' t i n g  k e l p  throughout the  year .  Peak abundance was i n  May-June. 
The j u v e n i l e s  appeared t o  leave the  d r i f t i n g  k e l p  h a b i t a t  and s e t t l e  t o  
the  aottom between May-June and November-December. Juven i les  are about 
1 y,.ar o l d  when they reach the  bottom. Pe lag ic  sampling gear r a r e l y  
c a p a r e s  j u v e n i l e s  o f  t h i s  abundant species. Boeh le r t  (1977) a1 so 
presented i n fo rma t ion  on S .  p a u c i s p i n i s ,  S. r u b r i v i n c t u s ,  and S. 
s e r r i c e  s. S .  caur inus  a d  S .  n i  r o c i n c t u s  were assoc ia ted  w i th -a  
&gl'aTs m o u n d  6 0 j ; t t e  Sound ( H i t z  19611. 
Dath presented i n  t h e  paper suggest t h a t  specimens i d e n t i f i e d  as 2. 
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caur inus  cou ld  have been 2. m a l i  er .  Since B o e h l e r t ' s  work, t h e  l i t e r -  
a t u r e  con ta ins  l i t t l e  about + j u v e n i  e rock f ishes  assoc ia ted  w i t h  d r i f t -  
i n g  ob jec ts .  I t  may prove t o  be an i n t e r e s t i n g  sub jec t  t o  s tudy  n o r t h  
o f  southern C a l i f o r n i a .  

Pe lag ic  sampling gear has captured  j u v e n i l e s  o f  many r o c k f i s h  species. 
The two most ex tens i ve  s tud ies  a re  by Pearcy and Laroche (Tab le  7) and 
Adams, Lenarz, Moreland, and W y l l i e  Echever r ia  (Tab le  8 ) .  Pearcy and 
Laroche captured  15 species o f  j u v e n i l e  r o c k f i s h  o f f  Oregon and 
Washington us ing  purse seines. S. entomelas, S. f l av idus ,  S. melanops, 
and S. myst inus were abundant in t h e i r  c o l l e c i i o n s .  Peak-catches f o r  
12 07 t h e  15 species were i n  June. Catches o f  S. d ip lop roa ,  S. 
n i g r o c i n c t u s ,  and S. p r o r i y e r  were low and peaked in-September. ThTy 
do n o t  r e p o r t  j u v e n i l e  2. a l u t u s ,  which i s  a common species i n  t h e i r  
area. Adams e t  a l .  captured 22 species o f  j u v e n i l e  r o c k f i s h  o f f  cen- 
t r a l  C a l i f o r n i a  w i t h  a midwater t r a w l .  They captured s i g n i f i c a n t  num- 
bers  o f  2. a u r i c u l a t u s ,  2. entomelas, 2. f l a v i d u s ,  - S. goode i ,  2. 
Table 7.--Catches o f  j u v e n i l e  r o c k f i s h e s  by purse se ine  s e t s  o f f  Oregon 

and Washington, 1979-1984. Mesh s i z e  was 3.2 cm ( s t r e t c h e d ) .  
(N = number o f  j u v e n i l e s ,  Y = number o f  years  o f  occurrence) 
(Personal  communication W. Pearcy and W. Laroche, Oregon Sta te  
U n i v e r s i t y ,  Newport , Oregon). 

Month May June J u l y  August September 

Number 
o f  Sets 124 335 119 67 152 

Species N Y  N Y  N Y  N Y  N Y  

S. crameri  

- S. d i p l o p r o a  

- S. emphaeus 

- S. entomelas 

S. f l a v i d u s  

S. goodei 

S. j ordan i  

S. m a l i g e r  

- S. melanops 

- S. myst inus  

- S. n i g r o c i n c t u s  

- S. p a u c i s p i n i s  

S. p i n n i g e r  

- S. p r o r i g e r  

S. s a x i c o l a  

- 

- 
- 
- 
- 

- 

- 

0 0  2 2  0 0  0 0  0 0  
0 0  1 1  0 0  0 0  13 1 
1 1  0 0  0 0  0 0  0 0  
9 1 283 5 0 0  0 0  0 0  
0 0 589 6 0 0  0 0  0 0  
1 1  1 1  0 0  0 0  0 0  
9 2  73 6 1 1  0 0  0 0  
0 0  1 1  0 0  0 0  0 0  
1 1 369 5 0 0  0 0  0 0  

1 1 432 3 2 1  0 0  0 0  
0 0  0 0  0 0  0 0  18 2 
0 0  14 3 0 0  0 0  0 0  
1 1  8 1  0 0  0 0  0 0  

14 1 0 0  0 0  0 0  0 0  
0 0  17 1 0 0  0 0  0 0  



Table 8.--Catches o f  j u v e n i l e  rock f i shes  by midwater t r a w l s  o f f  o f  
c e n t r a l  C a l i f o r n i a .  A 25-m head rope l e n g t h  t r a w l  w i t h  
a 1.3-cm s t re tched  mesh cod end was used. Towing depth 
va r ied  from 10 t o  100 m. A p r i l  was sampled 1985 and 1986. 
Late  May and June were sampled 1983-1986. (N  = number o f  
j u v e n i l e s ,  0 = number o f  occurrences, Y = number o f  yea rs  
o f  occurrence).  (Personal communication P. Adams, W. Lenarz, 
S. Moreland and T. W y l l i e  Echeverr ia,  Southwest F i s h e r i e s  
F i s h e r i e s  Center, Tiburon, C a l i f o r n i a ) .  

Month Apr i  1 La te  May-June 

Number 
o f  Tows 48 357 

Species N 0 Y N 0 Y 

S. a u r i c u l a t u s  

S. caur inus  1/ 
S. crameri  

- S. d ip lop roa  

S. entomelas 

- S. f l a v i d u s  

S. goodei 
- S. hopk ins i  

S. j o r d a n i  

S. l e v i s  

- S. melanops 

- S. m in ia tus  

S. myst inus 

- S. n i g r o c i n c t u s  

- S. p a u c i s p i n i s  

- S. p i n n i g e r  

- S. r a s t r e l l  i g e r  

- S. sax ico la  

- S. semicinctus 
- S. serranoides 

- S. se r r i ceps  

- S. w i l  soni 

- 
- - 
- 

- 

- 

- 
- -  

- 

20 5 
0 
0 
1 
0 
0 

460 
1 

134 
0 
0 
1 

11 
0 
7 
16 
0 
16 
0 
0 
0 
4 

12 
0 
0 
1 
0 
0 
21 
1 

17 
0 
0 
1 
7 
0 
6 
8 
0 
10 
0 
0 
0 
3 

1 532 
0 9 
0 15 
1 3 
0 15,335 
0 893 
2 603 
1 1,374 
2 84,828 
0 1 
0 99 
1 0 
2 2,817 
0 3 
2 1,029 
2 242 
0 1 
2 65 
0 10 
0 12 
0 3 
1 20 

83 
6 
10 
3 
99 
86 
57 
41 
180 

1 
23 
0 
47 
2 
81 
65 
1 
22 
7 
5 
3 
8 

2 
1 
2 
1 
4 
4 
3 
3 
4 
1 
3 
0 
3 
1 
3 
3 
1 
3 
2 
2 
1 
3 

11 - Specimens c l a s s i f i e d  as 2. caur inus  cou ld  a l s o  be - S. carnatus, - S. 
chrysomelas, o r  2. mal iger .  

116 



hopk ins i ,  S. j o r d a n i ,  S. mystfnus, S. auc is  i n i s ,  and S. inn1  e r  
Peak catches ,fst - s p e m c c u E - e d % & h E F  May-JuTne.a ' :  
au r i cu la tus ,  S. goodei, and S. sax i co la  are more abundant i n  ApriT. 
They d i d  n o t c a p t u r e  S .  r u f u s ,  which i s  abundant i n  t h e i r  area. I n  
a d d i t i o n  t o  the  l i s t  of s p e c i e s  c o l l e c t e d  as  j u v e n i l e s  i n  Tables 7 and 
8, S. helvomaculatus i s  repo r ted  by Richardson and Laroche (1979), s. 
macJonaldi by Moser (19721, S. melanostomus by Moser and Ahlstrom 
Tl378),  and 2. zacentrus by LaFoche and Richardson (1980). 

Stud ies  have found newly transformed benth ic  j u v e n i l e s  o f  many spe- 
c i e s  both i n  nearshore and of fshore waters. Anderson (1983) prov ides  
data on the  t i m i n g  of  se t t lement  i n  the  nearshore h a b i t a t  o f f  c e n t r a l  
C a l i f o r n i a  f o r  1 5  species (Table 9). H i s  data i n d i c a t e  t h a t  S. 
entomelas, S. oodei, 5. j o r d a n i ,  and S. pauc isp in i s  on l y  occasionalTy 

area. He a l s o  obtained a few specimens of  S. semicinctus and S. 
rosaceus. Feder e t  a l .  (1974) r e p o r t  juven iTe S. a t rov i rens ,  S. 
min ia tus ,  S. mystinus, S. p a u c i s p i n i s ,  and S .  r a c t r e l l i g e r  i n  keTp 
beds o f f  southern C a l i f o r n i a .  Hobson (per?. commun. Sept. 1986, 
Southwest F i s h e r i e s  Center, Tiburon, C a l i f o r n i a )  has found s i g n i f i -  
can t  numbers o f  S. caur inus,  S. f l a v i d u s ,  S. melano s, and S. myst inus 
i n  ke l  p beds o f  ? ior thern Cal iTo rn ia .  Turner d l 9 6 9  1 Tound juve-  
n i l e  S. au r i cu la tus ,  2. caur inus, S .  d a l l i ,  and S.  serranoides asso- 
c i a t e a  w i t h  man-made r e e f s  i n  nearsh%reXXGrs o f f s o u t h e r n  C a l i f o r n i a .  

used t h i s  f i u  g_ y area. T h e a i n i n g - 1 1  species r e g u l a r l y  used t h e  

Sherwood and Mearns (1981) captured l a r g e  numbers o f  j u v e n i l e  S. 
sax ico la ,  S. d ip loproa ,  and 2. j o r d a n i  us ing  a bottom t r a w l  o f f  soutl i -  
e rn  C a l i f o r n i a .  Moser and A h l s t r n 9 7 8 )  captured  ben th i c  j u v e n i l e  S. 
me1 anostomus o f f  southern C a l i f o r n i a .  Chen (1971 1 captured juven iTe 
3 .  r o s e n b l a t t i  and S. umbrosus on t h e  bottom o f f  southern C a l i f o r n i a .  - - 

Table 9.--Number of j u v e n i l e  r o c k f i s h  i n  nearshore waters (<25 m )  o f f  
c e n t r a l  C a l i f o r n i a  (Anderson 1983). 

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Oec 
- S.  a t r o v i r e n s  0 0 0 0 0 56 50 88 47 90 35 

- S. carnatus  - 0 0 0 2 82 312 91 43 20 7 0 

- S.  chrysomel a s  

A 5 .  caur inus  0 0 46 95 207 115 7 67 27 4 I) 

- S. entomelas 0 0 0 0 1 1 1 7 5 0 0 0 0  

- 5 .  f l a v i d u s  0 0 9 14 141 119 7 6  32 22 51 1 

- S. goodei 0 0 0 0 6 0  1 1 0 0 0  

- -  S. j o r d d n i  0 0 0 0 5 6 2 0 0 0 0  

- S. melanops I) 0 3 6 113 68 44 20 9 20 0 

- S. m i n i a t u s  18 6 4 5 7 6 2 8 1 9 1 6  3 0 

- S. mystinus 0 0 13 101 326 129 7 7  40 36 9 0 

- 5. p a u c i s p i n i s  2 2 6 18 59 14 10 8 8 4 0 

- S.  p i n n i g e r  0 0 15 154 130 111 17 35 38 22 0 

S. s a x i c o l a  0 0 14 3 59 117 214 100 109 0 0 

- 5. ser rano ided  0 0 4 19 144 82 42 49 11 10 7 
- 
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Love and Lee (1974) r e p o r t  on S. r u b r i v i n c t u s  caught by bottom t r a w l  
o f f  Santa Barbara. Lenarz e t  a .  (pers.  commun. Sept. 1986, South- 
west F i s h e r i e s  Center, Tiburon, C a l i f o r n i a )  captured j u v e n i l e s  o f  11 
species w i t h  a bottom t r a w l  o f f  c e n t r a l  C a l i f o r n i a  (Table 10). S. 
sax i co la  was p a r t i c u l a r l y  abundant. Apparently, midwater t r a w l  gear 
does n o t  adequately sample S. c ramer i ,  S. sax ico la ,  and S. semicinctus 
i n  Apr i l -June o f f  c e n t r a l - C a r i f o r n i a  - ( T m  and TO). Benth ic  
j u v e n i l e s  o f  S. f l a v i d u s  and S. melano s were c o l l e c t e d  o f f  Oregon by 
Laroche and Kichardson (19797; d o m e l a s  and - S. zacentrus by 
Laroche and Richardson (1980); aTih 3 .  crameri , S. helvomaculatus, 
and S. p i n n i g e r  by Richardson and L a r o c h e T 7 .  -CarTson and Ha igh t  
(197'6) r e p o r t  t h a t  j u v e n i l e  S. a l u t u s  beg in  s e t t l i n g  i n  Alaskan' 
f i o r d s  when they reach a r o u n d q O - E i n  length .  S. a l u t u s  do n o t  
appear t o  s e t t l e  u n t i l  t h e i r  second yea r  o f  l i f e .  

May, June, and J u l y  are impor tan t  months f o r  j u v e n i l e  rock f i shes  o f f  
Washington, Oregon, and C a l i f o r n i a ,  when the  young f i s h  a re  impor tan t  
forage i tems f o r  o the r  f i s h  (Merkel 1957) and f o r  b i r d s  (Wiens and 
Sco t t  1975) and are  a t  peak abundance i n  midwater catches (Table 7 and 
8 ) .  Also, most major species t ransform t o  benth ic  j u v e n i l e s  du r ing  
t h i s  time. Anderson (1983) r e p o r t s  peak catches o f  small ben th i c  juve-  
n i l e  S. f l a v i d u s ,  S. melano s, S. mystinus, S. auc i sp in i s ,  and S. 
serraEoides du r ing  T u n e d  9 L  These catches suggest + a t  June i s  
the  peak month o f  t r a n s f e r  from the  pe lag i c  t o  nearshore stage f o r  
these species. Hobson (pers.  commun. Sept. 1986, Southwest F i s h e r i e s  
Center, Tiburon, C a l i f o r n i a )  has found du r ing  the  pas t  10 years t h a t  S. 

Table 10.--Catches of j u v e n i l e  rock f i shes  by 30 bottom t r a w l s  o f f  o f  
c e n t r a l  C a l i f o r n i a  du r ing  June 1984. A 12-m head rope 
l e n g t h  t r a w l  w i t h  a 1.3-cm s t re tched  mesh cod end was used. 
Bottom depths were l e s s  than 200 m. ( N  = number o f  juve-  
n i l e s ,  0 = number of occurrences) (Personal communication W. 
Lenarz, S. Moreland and T. W y l l i e  Echeverr ia,  Southwest 
F i s h e r i e s  Center, Tiburon, C a l i f o r n i a ) .  

- -  

- 

Species N 0 

- S. a u r i c u l  a tus  1 1 

- S. c o n s t e l l a t u s  1 1 
- S. crameri  17  4 

- S. f l a v i d u s  5 3 
- S. hopk ins i  12 2 

- S. j o r d a n i  3 2 
- S. p a u c i s p i n i s  1 1 

- 5 .  p i n n i g e r  10 3 
- S. sax i co la  201 12 

- S. semicinctus 7 3 

- S. w i l s o n i  2 2 



f l a v i d u s ,  S. melano s, and S. myst inus f i r s t  beg in  r e c r u i t i n g  t o  near- 
shore h a b i T a t d r t h e r n  Tal i f o r n i a  between l a t e  May and l a t e  June. 
Hobson's observat ions a l s o  p rov ide  some i n s i g h t  i n t o  o the r  aspects of  
the  j u v e n i l e  stage. He has observed t h a t  the  s i z e  o f  newly r e c r u i t e d  
j u v e n i l e s  i s  no t i ceab ly  l a r g e r  i n  some years than o thers .  This 
suggests t h a t  s i z e  i s  n o t  t he  on ly  f a c t o r  t h a t  t r i g g e r s  t r a n s i t i o n  froin 
one j u v e n i l e  stage t o  another. He a l s o  has observed t h a t  d u r i n g  some 
years  rec ru i tmen t  o f  these species t o  the  nearshore h a b i t a t  i s  concen- 
t r a t e d  i n t o  a p e r i o d  o f  l e s s  than a month, whereas du r ing  o the r  years  
i t  i s  spread over several  months. 

Juven i l e  F i e l d  S tud ies  

A study o f  r o c k f i s h  rec ru i tmen t  was i n i t i a t e d  i n  1983 by the  Tiburon 
Laboratory.  Reports a re  a v a i l  ab1 e on progress through 1985 (Lenarz 
and Moreland 1985, Hobson e t  a l .  1986). This sec t i on  reviews these 
r e p o r t s  and adds some i n f o r m a t i o n  obtained i n  1986. 

The study has th ree  major ob jec t i ves .  The f i r s t  i s  t o  develop methods 
f o r  p r e d i c t i n g  year -c lass  s t reng th  f o r  economical ly impor tan t  species 
o f  r o c k f i s h .  Most species o f  r o c k f i s h  are  n o t  r e c r u i t e d  t o  f i s h e r i e s  
u n t i l  t h e  age o f  4-10 years.  The study at tempts t o  es t imate  year -c lass  
s t reng th  i n  the  f i r s t  yea r  o f  l i f e ,  and thus g i v e  f ishermen and mana- 
gers a b a s i s  f o r  p lanning. The goal i s  t o  d e t e c t  s e v e r a l f o l d  changes 
i n  year -c lass  s t rength .  Such p r e c i s i o n  has been shown t o  be approp r i -  
a t e  f o r  management purposes (e.g. Lenarz 1971). The study area 
o r i g i n a l l y  i nc luded  the  coas ta l  and o f f sho re  waters between P o i n t  Sur 
and Cape Mendocino, C a l i f o r n i a .  Beginning i n  1986, the o f f s h o r e  work 
was l i m i t e d  t o  the  area between Monterey and Bodega Bay. The study 
emphasizes seven species c j f  r o c k f i s h  t h a t  a re  impor tan t  i n  the  area: 
- S. entomelas, S. f l a v i d u s ,  S. goodei ,  S. j o r d a n i ,  - S .  melanops, 2. 
mystinus, and - S< p-is.- 

The second o b j e c t i v e  i s  t o  ga in  a b e t t e r  understanding o f  f a c t o r s  t h a t  
a f f e c t  s t reng th  o f  recru i tment ,  t he  most impor tan t  f a c t o r  under l y ing  
the  success o f  f i s h e r i e s .  Al though the re  must be a r e l a t i o n s h i p  be- 
tween rec ru i tmen t  s t reng th  and the  q u a n t i t y  and q u a l i t y  o f  eggs o r  l a r -  
vae produced by adu l t s ,  t h a t  r e l a t i o n s h i p  i s  obscured by poor l y  under- 
stood environmental f ac to rs .  The Tiburon Labora tory  i s  s tudy ing  annual 
changes i n  rep roduc t i ve  phys io logy  o f  adu l t s ,  the  r e l a t i o n s h i p  between 
oceanic cond i t i ons  and rec ru i tmen t  success, and the f i ne -sca le  t i m i n g  
o f  rep roduc t i  ve success ( dai  l y  ages o f  j uven i  1 es 1.  

The t h i r d  o b j e c t i v e  i s  t o  develop a b e t t e r  understanding o f  the ecolo- 
g i c a l  n iches o f  j u v e n i l e s  o f  impor tan t  species. About 60 species of  
r o c k f i s h  occur i n  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  study area. These c l o s e l y  r e l a t e d  species are s i m i l a r  i n  
appearance i n  the j u v e n i l e  stage. The ecology o f  some j u v e n i l e  rock-  
f i shes  i s  f a i r l y  w e l l  known du r ing  the  nearshore stage, b u t  l i t t l e  i s  
known about the  ecology o f  any species du r ing  the  pe lag i c  j u v e n i l e  
stage. We are  s tudy ing  feeding h a b i t s  and environmental f a c t o r s  t h a t  
a f f e c t  d i s t r i b u t i o n  o f  pe lag i c  j u v e n i l e s ,  as w e l l  as adding t o  the  
e x i s t i n g  knowledge o f  t he  nearshore stage. 

Samples i n  t h e  o f f sho re  area are  c o l l e c t e d  w i t h  a midwater t r a w l  t h a t  
i s  s l i g h t l y  mod i f i ed  from t h e  gear used by Mais (1974). The n e t  has 
a 25-m headrope and 1.3-cm mesh l i n e r  i n  t h e  codend. Tows 15 minutes 
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i n  d u r a t i o n  a re  made d u r i n g  darkness. D a y l i g h t  tows were, t r i e d  and 
d i scon t inued  because o f  low catches. Standard warp i s  30 m f o r  tows 
i n  depths l e s s  than 92 m and 90 m i n  deeper waters. Rep l i ca te  tows 
are made a t  some s t a t i o n s  f o r  comparative purposes. Most o f  the  work 
i s  conducted from l a t e  May through the end o f  June, b u t  some work i s  
done i n  A p r i  1. 

Ana lys i s  o f  r e p l i c a t e  midwater tows made a t  some s t a t i o n s  i n d i c a t e d  
t h a t  on l y  one tow per  s t a t i o n  was necessary. The 90-m warp catches 
were l a r g e r  than the  30-m warp catches, b u t  t he  d i f f e r e n c e s  were n o t  
s t a t i s t i c a l l y  s i g n i f i c a n t .  The power o f  the  t e s t  was low because o f  
small  sample s izes .  However, catches a t  these two depths were s i g n i -  
f i c a n t l y  c o r r e l a t e d .  We are  c o l l e c t i n g  more data on depth d i s t r i b u -  
t i o n .  

Midwater catches were lowest  i n  1983 and h ighes t  i n  1985. Catches were 
s i m i l a r  i n  1984 and 1986. An ana lys i s  o f  var iance produced s i g n i f i c a n t  
d i f f e r e n c e s  between 1984 catches and 1905 catches o f  S .  f l a v i d u s ,  - S. e, 2. j o r d a n i ,  and - S .  p a u c i s p i n i s ,  b u t  n o t  - S. entomelas. 

Previous t o  1986 one s e t  o f  midwater t raw l  s t a t i o n s  was occupied be- 
tween P o i n t  Sur and Cape Mendocino. The 1985 season demonstrated t o  
us t h a t  se t t l emen t  can occur i n  l a t e  May-early June. We thus narrowed 
the area t o  P o i n t  Sur t o  Bodega Bay and w i l l  a t tempt  t o  sample a l l  
s t a t i o n s  th ree  t imes du r ing  the  season. The h ighes t  r e p l i c a t e  w i l l  
be used f o r  t he  index o f  abundance. 

Resu l ts  froin Oncorhynchus tshawytscha and nearshore Ophiodon e lon  a tus  
stomach con ten t  analyses are  promising. Ye b e l i e v e  t h a t  we may + e a e 
t o  e v e n t u a l l y  rep lace  midwater t raw i  surveys w i t h  stomach con ten t  
analyses t o  produce r o u t i n e  i n d i c e s  o f  abundance f o r  impor tan t  species 
o f  j u v e n i l e  r o c k f i s h .  

Scuba surveys a re  made i n  sha l low nearshore waters o f  no r the rn  C a l i -  
f o r n i a ' s  Sonoma and Mendicino coasts.  The l a b o r a t o r y  conducts scuba 
surveys t o  about 35 m every 2 t o  3 weeks as weather permi ts .  Two o r  
t h ree  d i v e r s  equipped w i t h  marking s l a t e s  note numbers o f  j u v e n i l e s  
du r ing  t imed segments a long random courses i n  rep resen ta t i ve  h a b i t a t s .  

The nearshore s tud ies  are  p r o v i d i n g  data on two species t h a t  do n o t  
appear t o  be sanipled w e l l  by the  midwater t r a w l  survey, S. melano s and 
- S. myst inus.  I n  add i t i on ,  the nearshore r e s u l t s  are T i m i  '7-e a r  t o  the  
o f f s h o r e  r e s u l t s  f o r  S .  f l a v i d u s .  S t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r -  
ences were found i n  1¶3, 1984 , and 1985 f o r  - s. f l a v i d u s ,  - s. melanops, 
and - S. mystinus. 

The Labora tory  began work on a d u l t  rep roduc t i ve  phys io logy  and d a i l y  
age de terminat ions  du r ing  the  pas t  year .  I t  i s  premature t o  p resent  a 
progress r e p o r t  on these two s tud ies .  

The Tiburon Laboratory p lans  t o  f o l l o w  the bas i c  f i e l d  p l a n  f o r  t he  
n e x t  several  years .  We i n t e n d  t o  make s t a t i s t i c a l  comparisons o f  t he  
tnidwdter t r a w l  and stomach con ten t  da ta  i n  a few years.  We w i l l  drop 
the  inidwater t r a w l  work i f  the  stomach data appear t o  be adequate. We 
are a t tempt ing  t o  o b t a i n  another vessel d u r i n g  May-June t o  examine some 
ques t ions  we have on the  r e l a t i o n s h i p  between oceanic c o n d i t i o n s  and 
the d i s t r i b u t i o n  o f  the j u v e n i l e  rock f i shes .  
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I t  will  be a number of years before we know how well the indices of  
abundance perform as  predictors o f  year-class strength.  However, there 
i s  already some evidence tha t  indices will produce sa t i s fac tory  resu l t s  
f o r  S. paucispinis.  

Implications f o r  Management 

Adult biomass estimation 

The lack o f  pelagic eggs in rockfishes has several consequences for 
f i sher ies  s c i en t i s t s .  The use o f  surveys o f  pelagic eggs to estimate 
spawning biomass o f  f i sh  populations i s  becoming a standard practice in 
several f i sher ies .  This technique has been considered f o r  several 
decades, and now i s  reaching a level o f  sophistication t h a t  makes i t  
the method of  choice for population estimates in several cases. Since 
rockfishes do not have pelagic eggs, t h i s  method cannot be considered 
f o r  these f i sh .  The pelagic larvae o f  f i sh  can be used t o  estimate 
spawning biomass, b u t  as the time between spawning and  col lect ing 
increases, the e f f ec t s  o f  mortali ty and dispersion make the estimates 
less  and less  re l iab le .  This method could be considered f o r  rockfishes 
known to  have very d is t inc t ive  ear ly  larvae (e.g.  S.  jordani and S. 
paucispinis) ;  however, ear ly  larvae of  most r o c k f i s t k  m o k  quiTe 
s imilar  and i t  may not be possible to ident i fy  them routinely i n  plank- 
ton  samples. To use eggs o r  larvae f o r  a population estimate,  de t a i l s  
o f  reproductive parameters such as  fecundity and  dis t r ibut ion o f  
spawning iwst  be known ra ther  precisely.  This information i s  being 
accumulated for rockfishes, b u t  i s  not ye t  generally available f o r  
these applications.  

Larval ident i f icat ion 

Since there are so many rockfishes in the northeast Pacif ic ,  and since 
larvae of f ew  of them appear to  be readily iden t i f i ab le ,  the i r  use in 
recruitment studies seems doubtful in the near future .  Larval ser ies  
( i l l u s t r a t i o n s  o f  a yolk-sac and/or preflexion larva,  a flexion la rva ,  
d n d  a postflexion la rva)  are o n l y  known f o r  9 o f  the 71 species. Among 
these are four species with d is t inc t ive  larvae (2. aurora, S.  jordani ,  
- S. melanostomus. and S. paucispinis) ,  b u t  the others may 6e m d  
w i t h  species t h a t  h a v e ’ n o t  ye t  been described. Descriptions o f  larvae 
o f  other species are accumulating slowly, and rearing o f  northeast 
Pacific rockfish larvae has proven d i f f i c u l t  so f a r .  A further coinpli- 
cation to  the larval ident i f ica t ion  problem is t h a t  most o f  the rock- 
f i sh  larvae collected i n  plankton surveys are too small ( < 8  m) to have 
d is t inc t ive  meristic characters.  The c r i t i c a l  stages for  establishing 
se r i e s ,  those between flexion larvae and  pelagic juveniles (which have 
d is t inc t ive  pigiient patterns a n d  a d u l t  meris t ic  charac te rs ) ,  are very 
rare indeed in plankton col lect ions.  I t  should be noted i n  part icular  
tha t  development o f  S.  a lu tus ,  the most cominon and heavily fished rock- 
f i sh  in the G u l f  o f3 l a ska  and  Bering Sea, remains undescribed between 
the yolk-sac larvae and  pelagic juvenile stages.  While the use o f  
rockfish larvae in  f i sher ies  s tudies  i s  not impossible, s c i en t i s t s  and 
managers should real ize the i r  1 imitations and gear expectations accord- 
inyly. 
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Longev i ty  

The a d u l t  l i f e  h i s t o r i e s  o f  rock f i shes  a re  as v a r i e d  as the  e a r l y  l i f e  
h i s t o r i e s .  I n  t h i s  s e c t i o n  we w i l l  d iscuss  l o n g e v i t y ,  i t s  e f f e c t  on 
management, and i m p l i c a t i o n s  f o r  us ing  es t imates  o f  yea r -c lass  s t r e n g t h  
made du r ing  the  yea r  o f  b i r t h .  

- S. j o r d a n i  i s  a very abundant unexp lo i ted  species (Lenarz 19801. It i s  
re1 a t i  v e l y  short-1 i ved ( r a r e l y  o l  de r  than 10 years  1. Thi  s species coul  d 
probably s u s t a i n  r e l a t i v e l y  h i g h  r a t e s  o f  e x p l o i t a t i o n .  Consequently, 
a f i s h e r y  would probably be supported by one t o  several  year  c lasses. 
E a r l y  es t ima t ion  o f  yea r -c lass  s t reng th  i s  impor tan t  f o r  such a f i s h e r y  
because a y e a r  c l  ass on ly  produces s i  g n i  f i c a n t  c o n t r i b u t i o n s  t o  1 and- 
i n g s  f o r  a few years  a t  most. 

- S. entomelas i s  a modera te l y - l i ved  species ( f i s h  o l d e r  than 30 years  
u n c o m n o n ) . h e  species supports moderate l e v e l s  o f  e x p l o i t a t i o n  
(Hightower and Lenarz 1986). Strong yea r  c lasses  occur every few 
years.  Uncer ta in t y  i n  t h e  s t reng th  o f  incoming yea r  c lasses  has r e -  
s u l t e d  i n  e r r o r s  o f  about 25% i n  e s t i m a t i o n  o f  acceptable b i o l o g i c a l  
ca tch  f o r  the  P a c i f i c  F i s h e r i e s  Management Counc i l .  

- S. a l u t u s  i s  a very  l o n g - l i v e d  species ( o l d e s t  specimens approach 100 
y e a T T h i s  species can on ly  suppor t  low r a t e s  o f  e x p l o i t a t i o n  ( I t 0  
e t  a l .  19861, and s tocks  are  dep le ted  i n  most i f  n o t  a l l  areas. F i s h  
do n o t  f u l l y  r e c r u i t  t o  the  f i s h e r y  u n t i l  age 10 o r  more, and s t r o n g  
y e a r  c lasses  occur on l y  about once p e r  decade. The a b i l i t y  t o  d e t e c t  
such y e a r  c lasses  a t  an e a r l y  age would p rov ide  managers and i n d u s t r y  
w i t h  a va luab le  p lann ing  t o o l .  

While the re  i s  a wide range o f  l o n g e v i t y  i n  r o c k f i s h ,  i t  appears t h a t  
i n  general ,  management and i n d u s t r y  would b e n e f i t  from es t imates  o f  
yea r -c lass  s t r e n g t h  a t  an e a r l y  age. We hope t o  make such es t imates  
f rom pe lag ic  and nearshore surveys o f  j u v e n i l e  r o c k f i s h  d e n s i t i e s .  

1/ 
L i t e r a t u r e  C i ted -  

1. Ahlstrom, E.H. 
1965. Kinds and abundance o f  f i s h e s  i n  the  C a l i f o r n i a  Cur ren t  

Region based on egg and l a r v a l  surveys. C a l i f .  Coop. Oceanic 
F i sh .  I nves t .  Rep. 10:31-52. 

2. Ahlstrom, E.H., H.G. Moser, and E.M. Sandknop. 
1978. D i s t r i b u t i o n a l  a t l a s  o f  f i s h  l a r v a e  i n  t h e  C a l i f o r n i a  

Cur ren t  reg ion :  Rockfishes, Sebastes spp., 1950 through 1975. 
C a l i f .  Coop. Oceanic F i sh .  Invest. ,  A t l a s  17 :x i i  + 178 p. 

1983. I d e n t i f i c a t i o n  and development o f  nearshore j u v e n i l e  
rock f i shes  (genus Sebastes) i n  Cent ra l  C a l i f o r n i a  k e l p  
f o r e s t s .  M.S. t hes i s .  C a l i f .  S t a t e  Univ., Fresno. 216 p. 

Anderson, T.W. 

1/ - Numbers i n  the  l e f t  margin key t o  the  tab les .  

122 



Boeh ler t ,  G.W. 
1977. Timing of  t h e  surface-to-benthic m i g r a t i o n  i n  j u v e n i l e  

r o c k f i s h ,  Sebastes d i  l o  roa, o f f  southern C a l i f o r n i a .  U.S. 
N a t l .  Mar.-ert$JkF. B u l l .  75:887-890. 

Boeh ler t ,  G.W. 
1982. The e f f e c t s  o f  photoper iod  and temperature on l a b o r a t o r y  

growth of  j u v e n i l e  Sebastes d i  l o  roa  and a comparison w i t h  
growth i n  t h e  f i e l d .  U.S. Nat Tee_ Mar. F ish .  Serv., Fish.  Bul l .  
79: 789-794. 

Boeh ler t ,  G.W., M. Kusakari,  and J. Yameda. ( t h i s  volume). E s t i -  

Boeh ler t ,  G.W., and M.M. Yoklavich. 

mat ing  t h e  c o s t  o f  v i v i p a r i t y  i n  t h e  genus Sebastes. 

1983. E f f e c t s  of  temperature, r a t i o n ,  and f i s h  s i ze  on growth 
Environ. B i o l .  o f  j u v e n i l e  b lack  r o c k f i s h ,  Sebastes melanops. 

Fish.  8:17-28. 

Car l  son, H.R., and R.E. Haight.  
1976. J u v e n i l e  l i f e  o f  P a c i f i c  ocean perch, Sebastes a lu tus ,  i n  

coas ta l  f i o r d s  o f  southeastern Alaska: T h  e i r  environment, 
growth, food hab i t s ,  and schoo l ing  behavior.  Trans. Am. F ish .  
SOC. 105:191-201. 

Chen, L.C. 
1971. Systematics, v a r i a t i o n ,  d i s t r i b u t i o n ,  and b i o l o g y  o f  rock-  

f i shes o f  t he  subgenus Sebastomus ( P i  x e s ,  Scorpaeni dae , 
Sebastes). B u l l .  Scr ipps I n s t .  Oceanogr. Univ. C a l i f .  18, r 

3. Delacy, A.C., C.R. H i t z ,  and R.L. Dryfoos. 
1964. Matura t ion ,  ges ta t ion ,  and b i r t h  o f  r o c k f i s h  (Sebastodes) 

f rom Washington and ad jacent  waters. Wash. Dep. Fish., Fish. 
Res. Pap. 2:51-67. 

4. Efremenko, V.N., and L.A. Lisovenko. 
1970. Morphological  f ea tu res  o f  i n t r a o v a r i a n  and pe lag i c  l a r v a e  

o f  some Sebastodes species i n h a b i t i n g  the  Gu l f  o f  Alaska. I n  
Sov ie t  F i s h e r i e s  I n v e s t i g a t i o n s  i n  the  Northeast P a c i f i c  
P a r t  V, P.A. Moiseev (ed.),  pp. 267-286, Transl .  froin 
Russian; a v a i l a b l e  from NTIS, S p r i n g f i e l d ,  Va., as TT71-50127. 

1892. The f i s h e s  o f  San Diego, C a l i f o r n i a .  Proc. U.S. N a t l .  
5. Eigenmann, C.H. 

MUS. 15~123-178. 

Feder, H.M., C.H. Turner, and C. Limbaugh. 
1974. Observations on f i s h e s  assoc ia ted  wi th k e l p  beds i n  

Southern C a l i f o r n i a .  C a l i f .  F ish .  B u l l .  160, 138 p. 

6. Har l i ng ,  W.R., M.S. Smith, and N.A. Webb. 
1971. P re l im ina ry  r e p o r t  on m a t u r i t y ,  spawning season, and 

l a r v a l  i d e n t i f i c a t i o n  o f  rock f i shes  (Scorpaenidae) c o l l e c t e d  
du r ing  1970. Fish.  Res. Board Can., Manuscr. Rep. Ser. 1137, 
23 p. 

123 



Haryu, T.T., T. Nishiyama, T. T s u j i t a ,  H. Ogi, and S. Mishima. 
1985. Kinds and d i s t r i b u t i o n  o f  f i s h  l a r v a e  i n  the  surface 

l a y e r  o f  the  Ber ing  Sea i n  summer. Mem. Kush i ro  Cty. Mus. 
10~7-18.  

Hempel, G. 
1979. E a r l y  l i f e  h i s t o r y  of  marine f i s h :  The egg stage. Univ. 

Washington Press, Sea t t l e .  

Hightower, J.E. and W.H. Lenarz. 
1986. S ta tus  of  the  widow r o c k f i s h  f i s h e r y .  I n  S ta tus  o f  the 

P a c i f i c  coas t  groundf ish f i s h e r y  through 1 9 8 6 a n d  recoimnended 
acceptable b i o l o g i c a l  catches f o r  1987. Pac. F i sh .  Manage. 
Counc., Por t1  and, O r .  

H i t z ,  C.R. 
1961. Occurrence o f  two species o f  j u v e n i l e  r o c k f i s h  i n  Queen 

C h a r l o t t e  Sound. J. Fish.  Res. Board Can. 18:279-281. 

Hobson, E., P. Adams, J. Chess, D. Howard, and W. Samiere. 

f i r s t - y e a r  j u v e n i l e  rock f i shes  o f f  Northern C a l i f o r n i a .  SWFC 
Admin. Rep. T-86-02. Southwest F i s h e r i e s  Center, Nat iona l  
Marine F i s h e r i e s  Service,  NOAA, La J o l l a ,  C a l i f .  

1986. Temporal and s p a t i a l  v a r i a t i o n s  i n  the  numbers o f  

I t o ,  D.H., D.K. Kimura, and M.E. Wi lk ins .  
198b. S ta tus  and f u t u r e  prospects f o r  the  P a c i f i c  ocean perch 

resource i n  waters o f f  Washington and Oregon. I n  S ta tus  o f  
t he  P a c i f i c  coas t  g roundf ish  f i s h e r y  through 1 9 K  and recom- 
mended acceptable b i o l o g i c a l  catches f o r  1987. Pac. Fish.  
Manage. Counc., Por t land,  O r .  

Kendal l  , A.W., Jr. 
1982. A ca ta log  of in fo rmat ion ,  p r i m a r i l y  i l l u s t r a t i v e ,  on 

1 a rva l  development o f  Sebastes. NWAFC Processed Rep. 82-01, 
23 p. Northwest and Alaska F i s h e r i e s  Center, Nat iona l  Marine 
F i s h e r i e s  Service, NOAA, Sea t t l e ,  Wash. 

Kendal l ,  A.W. Jr., and J.R. Dunn. 
1985. Ich thyop lank ton  o f  the  con t inen ta l  s h e l f  near Kodiak 

Is land,  Alaska. U.S. Dep. Comer., NOAA Tech. Rep. NMFS 20, 
89 p. 

7. Laroche, W.A. 
I n  prep. Guide t o  l a r v a l  and j u v e n i l e  rock f i shes  (Sebastes) o f  

Nor th  America. Box 216, Enosburg F a l l s ,  VT 05450. 

8. Laroche, W.A., and S.L. Richardson. 
1979. Development and occurence o f  l a rvae  and j u v e n i l e s  o f  t h e  

U.S. Na t l .  Mar. F ish .  Serv., Fish.  
rock f i shes  Sebastes f l a v i d u s  and Sebastes melanops 
( S c o r p a e n i d m o r e g o n .  
B u l l .  77:901-924. 

124 



9. Laroche, W.A., and S.L. Richardson. 
1980. Development o f  l a r v a e  and j u v e n i l e s  of  t he  r o c k f i s h e s  

Sebastes entomelas and S. zacentrus ( f a m i l y  Scorpaenidae) and 
occurrences o f f  0 regon, w i t h  notes on head spines of  S. 
mystinus, S. f l a v i d u s ,  and S. melanops. U.S. Na t l .  Mar. Fis l i .  
Serv., FisE. m . 2 3 1 - 2 5 7 .  

Lenarz, W.H. 
1971. Modeling the  resource base. C a l i f .  Coop. Oceanic 

Inves t .  Rep. 15:28-32. 

Lenarz, W.H. 
1980. 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 :  A l a r g e  un f i shed  

resource i n  waters o f f  611- U.S. Na t l .  Mar. 
Serv., Mar. F ish .  Rev. 42:34-40. 

Lenarz. W.H. and S. Moreland (ed.). 

F ish .  

F ish .  

1985. Progress r e p o r t  on r o c k f i s h  rec ru i tmen t  s tud ies  a t  t he  
T i  buron Laboratory.  SWFC Admi  n i  s t r a t i v e  Rep. T-85-02. 
Southwest F i s h e r i e s  Center, Nat iona l  Marine F i s h e r i e s  Service,  
La J o l l a ,  C a l i f .  

Lisovenko, L.A. 
1964. Raspredelenie 1 i ch inpk  Tikhookeanskogo morskogo okunya 

Sebastodes a lu tus  G i l b e r t  v za l  i v e  Alyaska [ D i s t r i b u t i o n  o f  
l a r v a l  Paci-ean perch (Sebastes a l u t u s  G.) i n  the  Gu l f  of  
Alaska]. In Sov fe t  f f s h e r i e s  i n v e s t i g a t i o n s  i n  the  no r th -  
eas tern  P a c f i c  Ocean, P a r t  3 (Sovetsk ie  rybokhozyai st-vennye 
iss ledovan iya  v severovostochnoi c h a s t i  T i  khogo okeana, 
vyp. 3 ) .  T r .  Vses. Nauch.-issled. I n s t .  Morsk. Ryb. Khoz. 
Okeanogr. 53 ( i z v .  Tikhookean. Nauch-issled. I n s t .  Morsk. 
Ryb. Khoz. Okeanogr. 52): 223-231. (Trans l .  pp. 217-225 
a v a i l .  N a t l .  Tech. I n f .  Serv., S p r i n g f i e l d ,  Va., as TT 67- 
51205. ) 

Loeb, V.J., P.E. Smith, and H.G. Moser. 
1983. Geographical and seasonal p a t t e r n s  o f  l a r v a l  f i s h  spe- 

c i e s  s t r u c t u r e s  i n  the  C a l i f o r n i a  Cur ren t  area, 1975. C a l i f .  
Coop. Oceanic Fish.  Inves t .  Rep. 243132-151. 

Love, M.S. and R.S. Lee. 
1974. New geographic and ba thymet r ic  records f o r  f i s h e s  from 

Southern C a l i f o r n i a .  C a l i f .  F i s h  Game 60:212-216. 

Mais, K.F. 
1974. Pe lag i c  f i s h  surveys i n  the  C a l i f o r n i a  Current.  C a l i f .  

10. Matarese, A.C., A.W. Kendal l ,  Jr., D.M. Blood, and B.M. V in te r .  
I n  press. Laboratory guide t o  e a r l y  l i f e  h i s t o r y  stages o f  

no r theas t  P a c i f i c  f i shes .  U.S. Dep. Comer., NOAA Tech. Rep. 
NMFS. 

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

Merkel , T.J. 
1957’. Food h a b i t s  o f  the  k i n g  salmon, Oncorhynchus tshawytscha 

(Walbaum), i n  t h e  v i c i n i t y  o f  San Francisco, C a l i f o r n i a .  
C a l i f .  F i s h  Game 43:249-270. 

125 



M i t c h e l l ,  C.T. and J.R. Hunter. 
1970. Fishes assoc ia ted  w i t h  d r i f t i n g  kelp,  Macrocys t is  

r i f e r a ,  o f f  t h e  coas t  of Southern C a l i f o r n i a .  C a l i f .  F i s h  h 288-297 

11. Mor r i s ,  R.W. 
1956. E a r l y  l a rvae  of four species o f  r o c k f i s h ,  Sebastodes. 

C a l i f .  F i s h  Game 42:149-153. 

12. Moser, H.G. 
1967. Reproduction and development o f  Sebastodes paucispinus 

and comparison w i th  o the r  rock f i shes  o f f  Southern C a l i f o r n i a .  
Copeia 1967:773-797. 

13. Moser, H.G. 
1972. Development and geographical d i s t r i b u t i o n  o f  t he  rock-  

f i s h  Sebastes macdonaldi (Eigenmann and Beeson, 18931, fami ly  
Scorpaenidae, o f f  Southern C a l i f o r n i a  and Baja C a l i f o r n i a .  
U.S. Nat l .  Mar. Fish.  Serv., Fish.  B u l l .  70:941-958. 

14. Moser, H.G., and E.H. Ahlstrom. 
1978. Larvae and pe lag i c  j u v e n i l e s  o f  b l a c k g i l l  r o c k f i s h ,  

Sebastes melanostomus, taken i n  midwater t r a w l s  o f f  southern 
C a t i f o r n i a  and Baja C a l i f o r n i a .  J. F ish .  Res. Board Can. 
35~981-996. 

15. 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  o f  s c o r p i o n f i s h  l a rvae  

( f a m i l y  Scorpaenidae) i n  t h e  eas tern  P a c i f i c  w i t h  comparative 
notes on species o f  Sebastes and He l ico lenus  from o t h e r  
oceans. U.S. Oep. Comer.  NOAA Tech. Rep. NMFS C i r .  402, 
7 1  p. 

16. Moser, H.G., and J.L. B u t l e r .  
1981. Desc r ip t i on  o f  reared  l a r v a e  and e a r l y  j u v e n i l e s  o f  t he  

c a l i c o  r o c k f i s h ,  Sebastes d a l l i i .  C a l i f .  Coop. Oceanic F i sh .  
I nves t .  Rep. 22:88--95.- 

17. Moser, H.G., and J.L. B u t l e r .  
I n  press. Descr ip t ions  o f  reared  l a r v a e  o f  s i x  species o f  

Sebastes S. cons te l l a tus ,  S. entomelas, S. o v a l i s ,  S. 
r u b r i v i n c h s ,  S. ru fus ,  ST se r rano ides l -  1- LFnarz and 
D.R. Gunderson- ( e d s . ) ,  PToceedings o f  t h T  Widow Rock f ish  
Workshop, December 11-12, 1980, Tiburon, C a l i f o r n i a .  U.S. 
Dep. Commer., NOAA Tech. Rep. NMFS. 

18. Moser, H.G., E.M. Sandknop, and D.A. Ambrose. 
1985. Larvae and j u v e n i l e s  o f  aurora r o c k f i s h ,  S!bastes 

aurora, froin o f f  C a l i f o r n i a  and Baja C a l i f o r n l a ,  p. 55-64. 
I n  A.W. Kendal l .  Jr., and J.B. Mar l i ave  (eds.) ,  Desc r ip t i ons  
3 E a r l y  L i f e  H i s t o r y  Stages o f  Selected Fishes: From the  
3 r d  I n t e r n a t i o n a l  Symposium on the  E a r l y  L i f e  H i s t o r y  o f  
Fishes and 8 t h  Annual Larva l  F i s h  Conference. Can. Tech. 
Rep. F ish .  Aquat ic Sc i .  1359, 82 p. 

126 



19. 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  o f  

t h e  rock f i shes  Sebastes crameri ,  Sebastes i n n i  e r ,  and 
Sebastes helvomacul a tus  ' m y  Scorpaeni %7e ae o f f  Oregon. 
0.S. Nat l .  Mar. t i s h .  Serv., Fish.  B u l l .  77:l-46. 

Richardson, S.L., J.L. Laroche, and M.D. Richardson. 
1980. Larva l  f i s h  assemblages and assoc ia t i ons  i n  the  no r th -  

eas t  P a c i f i c  Ocean along the  Oregon coast,  w i n t e r - s p r i n g  
1972-1975. Estuar.  Coast. Mar. Sci .  11: 671-699. 

Sherwood M.J., and A.J. Mearns. 
1981. Fate o f  p o s t - l a r v a l  bot tom f i shes  i n  a h i g h l y  u rban ized 

coas ta l  zone. Rapp. P.-v. Reun. Cons. I n t .  Explor.  Mer 178: 
104-111. 

20. Stahl-Johnson, K.L. 
1985. D e s c r i p t i v e  c h a r a c t e r i s t i c s  o f  reared  Sebastes caur inus  

and - S. a u r i c u l a t u s  l a rvae ,  p. 65-76. 1- 
Jr., and J.B. Mar l i ave  (eds.), D e s c r i p t i o n  o f  E a r l y  L i f e  
H i s t o r y  Stages o f  Selected Fishes: From the  3 r d  I n t e r n a -  
t i o n a l  Symposium on the  Early L i f e  H i s t o r y  o f  Fishes and 8 t h  
Annual La rva l  F i s h  Conference. Can. Tech. Rep. Fish.  
Aquat ic Sc i .  1359, 82 p. 

Turner, C.H., E.E. Ebert ,  and R.R. Given. 
1969. Man-made r e e f  ecology. C a l i f .  Dep. F i s h  Game, F i s h  

B u l l .  146, 221 p. 

21. Waldron, K.D. 
1968. E a r l y  l a r v a e  o f  t h e  canary r o c k f i s h ,  Sebastodes 

p i n n i g e r .  J .  Fish .  Res. Board Can. 251801-803. 

[1981]. Ichthyoplankton. I n  D.W. Hood and J.A. Calder (eds.),  
The eas ts rn  Ber ing  Sea sTel f : oceanoyraphy and resources. 
1:471-493. U.S. Gov. Pr int .  O f f . ,  Washington, D.C. 

Waldron, K.D. 

22. Wales. J.H. 
1952. L i f e  h i s t o r y  o f  b lue  r o c k f i s h ,  Sebastodes mystinus. 

C a l i f .  F i s h  Game 38:485-498. 

Wall ine,  P.D. 
1981. D i s t r i b u t i o n  of t he  ich thyop lank ton  i n  the  eas tern  

Ber ing  Sed du r ing  June and J u l y  1979. NWAFC Processed Rep. 
81-03. 13 D. 13 Fias.  3 Tables. Northwest and Alaska 
F i s h e r i e s  Center, 
Sea t t l e ,  Wash. 

23. Westrheim, S.J. 
1975. Reproduction, 

o f  some Sebastes 
P a c i f i c  Ocean. J. 

Nat:onal Marine F i s h e r i e s  Service,  NOAA, 

matura t ion ,  and i d e n t i f i c a t i o n  of l a r v a e  
(Scorpaenidael species i n  the  no r theas t  
F ish .  Res. Board Can. 32:2399-2411. 

127 



24. Westrheim, S.J., W.R. Ha r l i ng ,  and D. Davenport. 
1968. P re l im ina ry  r e p o r t  on ma tu r i t y ,  spawning season, and 

1 a rva l  i d e n t i f i c a t i o n  of  rock f i shes  (Sebastodes 1 c o l l  ec ted  
o f f  B r i t i s h  Columbia i n  1967. F ish .  Res. Board Can., 
Manuscr. Rep. Ser. 951, 23 p. 

25. Westrheim, S.J., W.R. Ha r l i ng ,  D. Davenport, and M.S. Smith. 
1968. P re l im ina ry  r e p o r t  on m a t u r i t y ,  spawning season, and 

l a r v a l  i d e n t i f i c a t i o n  of  rock f i shes  (Sebastodes) c o l l e c t e d  
o f f  B r i t i s h  Columbia i n  1968. F ish .  Res. Board Can., 
Manuscr. Rep. Ser. 1005, 28 p. 

Wiens, J.A., and J.M. Scot t .  
1975. Model es t ima t ion  of  energy f l ow  i n  Oregon coast31 

seab i rd  popu la t ions .  Condor 77:439-452. 

Wyll i e  Echeverr ia,  T. 
I n  press. T h i r t y - f o u r  species o f  C a l i f o r n i a  rock f ishes :  

m a t u r i t y  and seasona l i t y  o f  reproduct ion.  U.S. Na t l .  Mar. 
F ish .  Serv., F ish .  B u l l .  

Addendum 

MacGregor , J . S .  
1986. R e l a t i v e  abundance o f  f o u r  species o f  Sebastes o f f  C a l i f o r n i a  

and Baja Ca l i f o rn ia .  C a l i f .  Coop. Oceanic Fish.  Inves t .  Rep. 26: 
121-135. 

Th is  paper was pub l ished too  l a t e  t o  be inc luded i n  our review. 
I t  con ta ins  an ana lys i s  of  occurrences of  r o c k f i s h  l a r v a e  c o l l e c t e d  i n  
the  CalCOFI program, and discusses d i s t r i b u t i o n s  o f  S. j o rdan i ,  S. 
pauc i sp in i s ,  - S. macdonaldi, and 2. l e v i s  s p e c i f i c a l l y .  - - - 

128 




