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INRODUCTION 

Adu l ts  o f  Sebastss are  un i fo rm ly  pink- 
r e d  i n  c o l o r a t i o n ,  modera te  i n  s i z e  (up  t o  40 
cm) and have been r e p o r t e d  f r o m  A m p h r i d i t e  Pt., 
Vancouver Is land, t o  San Diego, Ca l f f o rn ia ,  i n  
dep ths  o f  180-768 m ( M i l l e r  and Lea 1972; 
Eschmeyer  e t  a l .  1983) .  They a r e  a m i n o r  
component o f  t r a w l  catches from deep so f t -bo t tom 
h a b i t a t s  (W.H. Lenarz.  NMFS, T ibu ron  Lab., pers.  
comm.). - P u b l i s h e d  f i s h e r y  and l i f e  h i s t o r y  
i n fo rma t ion  o f  t h i s  species i s  lacking. 

Sebastes i s  t he  e igh th  eas tern  P a c i f i c  
Sebastes species f o r  which complete l i f e  h i s t o r y  
s tages  are  known. O t h e r s  a r e  S. y o r t e z i ,  S. 

-fi and S. w u  (Moser e t  a l .  
1977; Moser and A h l s t r o m  1978; Moser and B u t l e r  
1981). F i v e  other species have been reared t o  t h e  
s t a g e  o f  n o t o c h o r d  f l e x i o n - - S .  fxius and S. 

(Moser and B u t l e r ,  I n  p ress) ;  S. 
caurfnus and S. w i c u l a W  (Stah l -Johnson,  t h i s  
v o l u m e ) ;  S. malnnnu (G.W. B o e h l e r t .  NMFS, 
H o n o l u l u  Lab.. pers.  comm.). P o s t f l e x i o n  s tages  
have been descr ibed f o r  seven species--S. 
5. and S. olnnlaer (Richardson and 
La roche  1979); S. f l a v i d u  and S. 
(Laroche and R icha rdson  1980); S. Q@&- and 
S. +nr&gfru ( L a r o c h e  and  R i c h a r d s o n  1981) .  
I n f  or ma ti on on pr  e -ex t r  u s i  on. newborn  o r  f i r s t -  
f e e d i n g  l a r v a e  i s  a v a i l a b l e  f o r  28 o t h e r  s p e c i e s  
(Moser e t  a l .  1977; K e n d a l l  1982; Wash ing ton  e t  
a l .  1984), l e a v i n g  22 e a s t e r n  N o r t h  P a c i f i c  
s p e c i e s  f o r  wh ich  l i f e  h i s t o r y  s t a g e s  have n o t  
been desc r ibed .  The u s e  o f  i c h t h y o p l a n k t o n  
s u r v e y s  i n  e s t i m a t i n g  s p a w n i n g  b iomass and 
rec ru i tmen t  o f  Sebastes species i s  impaired by the  
l a r g e  s p e c i e s  complement  and t h e  i nadequa te  
knowledge o f  t h e i r  e a r l y  l i f e  h i s t o r i e s .  T h i s  
paper employs specimens from ichthyoplankton and 
t r a w l  c o l l e c t i o n s  anc t h e  t e c h n i q u e  o f  t r a c i n g  
l a r v a l  s e r i e s  b a c k w a r d  f r o m  i d e n t i f i a b l e  
j u v e n j l e s .  The companion paper (Stahl-Johnson. 
t h i s  vo lume)  d e s c r i b e s  l a r v a l  s tages  o f  t w o  
nearshore species reared  from la rvae  extruded from 
i e e n t i f i e d  f e m a l e s .  F x t e n s i v e  use o f  t h e s e  
techn iques  i s  necessary  t o  f i l l  i n  t h e  gaps i n  
o w  knowledge o f  Sebastep l i f e  h i s to r i es .  

u. S. JQuIAni, 3. k Z k . 0  S. macdonaldl. s. 

MATERIALS AND METHODS 

M a t e r i a l  f o r  e a r l y  l i f e  h i s t o r y  desc r ip t i on  
was based on t h e  415 l a r v a e  and e a r l y  p e l a g i c  
j u v e n i l e  s p e c i m e n s  (3.0-21.5 m m  i n  l e n g t h )  
c o l l e c t e d  on C a l i f o r n i a  C o o p e r a t i v e  O c e a n i c  
F i s h e r i e s  I n v e s t i g a t i o n s  (Ca lCOFI )  p l a n k t o n  
s u r v e y s  f r o m  1949  t o  1981. E l e v e n  p e l a g i c  
j u v e n i l e s  (14.4-34.4 m m  SL) were  o b t a i n e d  f rom 
midwater t r a w l  c o l l e c t i o n s  o f  t h e  Natura l  H i s t o r y  
Museum of Los Angeles County (LACM Cat. Nos. 936+ 

30270-9, 30526-13, 36303-1, and 36313-1). Two 
b e n t h i c  j u v e n i l e s  (38.3 and 38.9 mm SL) were  
o b t a i n e d  f r o m  bo t tom t r a w l  samples  o f  S c r i p p s  
I n s t i t u t i o n  o f  Oceanography ( S I 0  Cat. Nos. 70-350 
and 84-47). D e s c r i p t i v e  methods and te rmino logy  
f o l l o w  Moser e t  a l .  (1977) and Moser and Ahlstrom 
(1978). 

17, 9674-16s 9677-11, 9943-17, 30202-7, 30203-3, 

Fresh specimens for aging were obtained from 
t h e  stomach c o n t e n t s  o f  a l b a c o r e  ( Ihunus  
w) taken i n  August 1977 about 129 km south- 
southwest o f  San Diego. Ca l i f o rn ia .  The o t o l i t h s  
were  prepared and ana lyzed  a c c o r d i n g  t o  t h e  
methods o f  Brothers e t  a l .  (1976). 

DESCRIPTION OF DEVELOPMENT 

GENERAL DEVELOPMENT 

Larvae of 5. urs!tx are  released p r i n c i p a l l y  
dur ing  the  w in te r  and sp r ing  and a re  about 4.0 mm 
l o n g  a t  b i r t h  ( F i s .  1). Notochord  f l e x i o n  occu rs  
i n  a s i z e  i n t e r v a l  o f  a b o u t  6.5-8.6 m m  and 
t r a n s f o r m a t i o n  t o  t h e  p e l a g i c  j u v e n i l e  s tage  
o c c u r s  a t  abou t  13 mm SL ( T a b l e  1). Our l a r g e s t  
p e l a g i c  j u v e n i l e  was 34.4 m m  SL; t h e  s m a l l e s t  
benth ic  j u v e n i l e  was 38.3 mm SL (F ig .  2). 

MCR FliOL CGY 

Larvae have a d i s t i n c t i v e  shape; t h e  head and 
mouth a r e  l a r g e  and t h e  produced snou t  has a 
concave d o r s a l  p r o f i l e .  The snout-anus d is tance 
i s  r e l a t i v e l y  g r e a t e r  t han  i n  o t h e r  spec ies  
s t u d i e d  ( T a b l e  2). P e l a g i c  j u v e n i l e s  have a 
r e l a t i v e l y  l a r g e  head and mouth; however, t h e  
dorsa l  snout p r o f i l e  i s  s l i g h t l y  convex. 

Sebastes deve lops  a n e a r l y  c o m p l e t e  
complement of head spines; t h e  sequence o f  t h e i r  
appearance i s  l i s t e d  i n  Tab le  3. The p a r i e t a l  
spines a re  r e l a t i v e l y  smal l .  weakly ser ra ted  and 
l i e  f l a t  a g a i n s t  t h e  head. The 2nd and 3 r d  
a n t e r i o r  preopercular spines, and the  1 s t  and 4 th  
upper i n f r a o r b i t a l s  a r e  l o s t  d u r i n g  t h e  p e l a g i c  
j u v e n i l e  stage; t he  p te ro t i c .  lower posttemporal  
and c l e i t h r a l  s p i n e s  a r e  l o s t  i n  t h e  b e n t h i c  
j u v e n i l e  stage. 

FIN DEVELWMENT/MERISTICS 

The p r i n c i p a l  cauda l  f i n  r a y s  a r e  t h e  f i r s t  
r a y s  t o  b e g i n  o s s i f i c a t i o n .  a t  abou t  5.3 mm. The 
f u l l  complement o f  8 + 7 rays  i s  present a t  8.0 mm 
a t  wh ich  s i z e  t h e  p r o c u r r e n t  cauda l  r a y s  b e g i n  
o s s i f y i n g  (Table 4). Oss i f i ca t i on  o f  t h e  pec tora l  
f i n  r a y s  beg ins  a t  abou t  5.6 m m  and t h e  f u l l  
complement  i s  o s s i f y i n g  a t  abou t  8.3 mm. The 
pec tora l  f i n  a t t a i n s  a moderate s i ze  compared w i t h  
t h a t  i n  o t h e r S g b p l - 5  s p e c i e s  ( T a b l e  2 ) .  
O s s i f y i n g  d o r s a l  and ana l  f i n  r a y s  a r e  p r e s e n t  
dur ing  notochord f l e x i o n  and the  f u l l  complements 
a re  p resent  i n  e a r l y  pos t f l ex ion  larvae. lhe g i l l  
r a k e r s  on t h e  l o w e r  l i m b  o f  each a r c h  appear a t  
about 5.6 mm and the  f u l l  complement on bo th  l imbs  
(24-28) i s  o s s i f y i n g  a t  t h e  end o f  t h e  l a r v a l  
period. Only one other species o f  eastern P a c i f i c  
Sebastes, $. r a s t r e l l i a m ,  has a lower count. The 
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Figure 1 .  Developmental s e r i e s  o f  S. aurora .  ( A )  4.4 mm l a r v a ,  Scr ipps 2-6-C, S ta .  3-1-A; (6) 
4.8 mm l a r v a ,  CalCOFI 4!l@ ‘ ( ( 0 2 ;  ( C )  6.5 min l a r v a ,  Scr ipps 2-6-8, S ta .  3-1-A; 
6.7 mm l a r v a ,  CalCOFI 5005 S ta .  130.40; ( E )  8.3 mm l z r v a ,  CalCOFI 7507 Sta .  30.70; 
( F )  13.5 mm pelag ic  j u v e n i l e ,  LACY 30270-9. 

( D )  
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Figure 2. Developmental series o f  2. aurora. ( A )  19.6 mm pelagic juvenile, LACM 30202-7; (B) 
28.3 mm pelagic juvenile, LACM 36313-1; ( C )  34.4 mn pelagic juvenile, LACM 36303-1; 
(0) 38.9 mm benthic juvenile, S I 0  70-350. 
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f u l l  complement o f  27-30 l a t e r a l  l i n e  scales, t h e  
l o w e s t  c o u n t  among e a s t e r n  P a c i f i c  S e b a s t a ,  i s  
p r e s e n t  a b o u t  m id -way  t h r o u g h  t h e  p e l a g i c  
j u v e n i l e  stage. The c o m b i n a t i o n  o f  t h e s e  t w o  
counts i s  d iagnost ic  f o r  the species. 

PIGMENTATION 

Larvae  o f  3. r l y [1p~p  have an unusual p igmen t  
pat tern.  Newborn l a rvae  have a me lan is t i c  sheath 
above t h e  g u t  and a d i s t i n c t i v e  band ex tend fng  
f rom t h e  4 t h  or 5 t h  pos tana l  myomere t o  t h e  1 4 t h  
o r  1 5 t h .  M o s t  o f  t h e  m e l a n o p h o r e s  a r e  
concentrated near the dorsal and ven t ra l  m id l i nes  
b u t  some occur  l a t e r a l l y  and many a r e  deeply  
embedded i n  t h e  myomeres (F ig .  1). Melanophores 
can be counted i n  o n l y  a few specimens i n  which 
the  pigment c e l l s  are contracted. A 3.8 mm l a r v a  
had abou t  45 melanophores above t h e  h o r i z o n t a l  
septum and 35 below. I n  f o u r  specimens between 
4.~5 mm and 6.1 mm t h e  coun ts  range f rom about  63- 
100 above t h e  septum and 44-73 below. The band 
e n l a r g e s  and becomes more p r o m i n e n t  i n  l a t e r  
l a r v a l  s tages  and appears as a dusky bar  i n  
p e l a g i c  and b e n t h i c  j u v e n i l e s  (F is .  2). The head 
becomes heav i l y  pigmented i n  p r e f l e x i o n  l a rvae  as 
p i g m e n t  deve lops  above t h e  b r a i n ,  on t h e  nape, 
upper jaw, lower jaw, gu lar  region, isthmus, o t i c  
reg ion ,  c l e i t h r a l  r e g i o n  and snout. The deeply  
embedded p i g m e n t  i n  t h e  snou t  i s  a d i a g n o s t i c  
f ea tu re .  D u r i n g  t h e  p r e f l e x l o n  stage. groups of 
melanophores appear p o s t e r i o r  t o  t h e  eye on t h e  
preoperc le  and opercle. The pectora l  f i n  becomes 
h e a v i  1 y p igmented dur 1 ng t h e  p r e f  1 e x i o n  p e r i o d ;  
t h e  f i n  base develops s o l i d  p igmentat ion on both 
m e d i a l  and l a t e r a l  s u r f a c e s  and t h e  b lade  i s  
p igmen ted  excep t  i n  t h e  d i s t a l  reg ion .  D u r i n g  
notochord f l e x i o n  pigment begins t o  develop on t h e  
p r o x i m a l  r e g i o n s  o f  t h e  p e l v i c  f l n s  and t h e  anal  
f i n .  T r a n s i t i o n  t o  t h e  p e l a s i c  j u v e n i l e  s t a g s  
invo lves an expansion o f  t h e  t a i l  bar p o s t e r i o r l y  
and a n t e r i o r l y  and the  appearance o f  pigment over 
t h e  e n t i r e  head and body. A second dusky ba r  
appears a t  midbody below t h e  5 th -11 th  sp inous  
dorsa l  rays and a smal l  pigment saddle forms below 
the  1st-3rd spinous rays. Three b lo tches form on 
t h e  membrane o f  t he  spinous dorsal a t  rays 1-3, 5- 
7, and 9-11. A l a r g e  b l o t c h  deve lops  on t h s  
p r o x i m a l  r e g i o n  o f  t h e  s o f t  do rsa l .  I n  l a r g e  
pelag ic  j uven i l es  the d i s t a l  margin o f  the spinous 
dorsal f i n  develops a se r ies  of black markings. 

f l u c t u a t i o n s  i n  abundance were e v i d e n t  w i t h  
occu r rences  most  numerous i n  A p r i l - J u n e  (166 
occu r rences  i n  4762 tows, 3.5%) f o l l o w e d  by 
January-March (79 occurrences i n  4083 tows. 1.9%). 
Ju ly-September (36  occu r rences  i n  2928 tows. 
1.2%), and October-December (11 occu r rences  i n  
2351 tows. 0.5%). I nd i v idua ls  ranged i n  s i z e  from 
2.e-21.5 mm; qZ% were 8.5 mm or less. Larva l  s i z e  
was independent o f  season and d is tance offshore. 

Examina t ion  o f  t h e  o t o l i t h s  o f  specimens 
taken from albacore stomachs showed an estimated 
age o f  6 8  days f o r  a 17.6 m m  SL p e l a g i c  j u v e n i l e ,  
76 days f o r  one 25.3 m m  SL and 80 days f o r  one 
26.8 mm SL (F ig .  4). Th i s  i s  s i m i l a r  t o  age 
e s t i m a t i o n s  f o r  p e l a g i c  j u v e n f l e s  o f  S. 
-, a species w i t h  a s i m i l a r  ea r l y  l i f e  
h i s t o r y  (Moser and Ahlstrom 1978). Adults o f  both 
spec ies  occupy deep s l o p e  h a b i t a t s  and have 
d i s t i n c t i v e 1  y banded p e l a g i c  j uven i  1 es wh ich  
a t t a i n  a l e n g t h  o f  35-40 m m  SL and an age o f  3-4 
months b e f o r e  s e t t l i n g .  The p igmen t  p a t t e r n  o f  
s t r o n g  d a r k  bands  a l t e r n a t i n g  w i t h  a l m o s t  
t ransparent  body reg ions i s  a l so  found i n  pe lag ic  
j u v e n i l e s  o f  t h e  subgenus Sebastomus and the genus 
Seeas to lob=  and may f u n c t i o n  t o  conceal  t h e  
j u v e n i l e s  d u r i n g  t h e i r  extended m i d w a t e r  l i f e  
(Moser and Ahlstrom 1978). 

E 
E 

a 

0 
0 

a a 

0 

a 

DISJRIBUTION AND WCWM 

A d u l t s  o f  5. u s c a  have been r e p o r t e d  f r o m  
c e n t r a l  B a j a  C a l i f o r n i a  t o  sou the rn  B r i t i s h  
Cc,lumbia. C i s t r i b u t i o n  o f  the l a rvae  co l l ec ted  on 
CalCOFI surveys i nd i ca tes  t h a t  t he  southern l i m i t s  
o f  t h e  d i s t r i b u t i o n  a r e  sou th  o f  Punta Eugenia. 
Ba ja  C a l i f o r n i a  (F ig .  3 ) .  Larvae  o f  5. u~ 
occurred i n  292 o f  14.124 CalCOFI samples taken a t  
136  s t a t i o n s  f r o m  1949  t o  1 9 8 1  i n  a r e g i o n  
extendfng from Cape Mendocino. CaTffornfa, t o  o f f  
T h e t i s  Bank ,  R a j a  C a l i f o r n i a .  Seasona l  

NUMBER OF OTOLITH RINGS 

Figure 4. E s t i m a t e d  ages o f  p e l a g i c  j u v e n i l e s  
o f  3. P Y L ~ L P  and S. melanostomu 
based on counts o f  d a i l y  growth r i n g s  
of sagi t tae.  



61 - 

AClWML EDGMENTS 

Barbara Sumlda MacCallr E l izabeth Stevens and 
Morgan Busby helped i d e n t i f y  and measure l a rvae  o f  ----' In Press' Description Of  reared l a r v a e  o f  s i x  s p e c i e s  o f  Sahasiss (5. 

constellatus, S. anfamsJAs. s. nunlls. s. S. auum from the  CalCOFI co l lect ions.  Henry Orr 

rubrlvlnctuss S. m r  S. serranoldes). i l l u s t r a t e d  t h e  l a r v a e .  Typing s e r v i c e s  were 
p r o v i d e d  by Mary DeWit t .  P e l a g i c  j u v e n i l e s  were 
o b t a i n e d  f rom t r a w l  samples p i o v i d e d  by Dr.R.  J .  s.L. a n d  w.L. Laroche. 1979. 

Development and o c c u r r e n c e  o f  l a r v a e  and  Lavenberg (Natural H is to ry  Museum o f  Los Angeles 

j u v e n i l e s  o f  r o c k f i s h e s ,  Sebastes a m d ,  County); Dr .  R. H. R o s e n b l a t t  and W. Wake f ie ld  

Sebastes Dlnnlaer and Sebastes h d x m a k b  ( S c r i p p s  I n s t i t u t i o n  o f  Oceanography) loaned 

( F a m i l y  S c o r p a e n l d a e )  o f f  O r e g o n  a n d  demersal juveni les. Susan Lons ino t t i  prepared and 

Washington. Fish. Bull.. U.S. 77:l-41. aged t h e  o t o l i t h s .  R i c h  Char te r  and L a r r y  Z i n s  
helped w i t h  t h e  CalCOFI data base. 

Washington, B.R., H.G. Moser, W.A. Laroche, and 
W.J. R i c h a r d s .  1984. S c o r p a e n i f o r i n e s :  
Development, p. 405-428. In: Ontogeny and 
s y s t e m a t i c s  o f  f i s h e s .  H.G. Moser, W.J. 
Richards,  D.M. Cohen. M.P. Fahay, A.W. Kendal l .  
Jr., and S.L. Richardson (eds.). Spec. Publ. 
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Table 1. Measurements (mm) o f  larvae and juveniles o f  Sebastes aurora. Specimens between 
dashed l i nes  a re  in the notochord flexion stage and specimens between solid l i nes  
a r e  pelagic juveniles.  

Snout- Pectoral Pectoral Pelv lc  Snout- 
Body anus Head Snout Eye Body f l n  f l n  base f i n  anal f i n  

Stat lon length length length length diameter depth length depth length distance 

5404 117.37.5 
5206 90.33 
5305 77.60 
Scripps 366-31A 
7805 87.60 
4908 802 
6504 83.51Reg 
5104 130.3 3 4  
7203 100.80 
8104 83.3 .42 
7807 77.60 
5404 127.37 
5305 113.45 
Scripps 36B-21A 

5005-130.40 
5206 80.60 
5604 83.70 
5206 93.50 
5306 85.60 
5704 100.60 
5303 80.60 
5605 93.70 
7507 90.70 
5706 73.90 

7712 90.26 
5304 127.40 
7807 63.60 
8107 70.90 
LACM 9674-16 
8107 76.7.70 
7808 93.60 
H49 123.50 

LACM 302-70-9 
8101 76.7.50 
LACM 30202-7 
7510 83.60 
LACM 9677-11 
LACM 9497-11 
LACM 30202-7 

LACM 30203-3 
LACM 9943-17 
LAW 36313-1 
LACM 36303-1 

SI0 84-47* 
SI0 7+350* 

5103 93.40 

3.8 1.5 0.80 0.22 0.31 0.64 0.25 0.22 
4.0 1.5 0.84 0.22 0.30 0.60 0.21 0.24 
4.2 1.7 0.94 0.22 0.32 0.73 0.24 0.26 
4.4 1.8 1.0 0.24 0.38 0.76 0.28 0.27 
4.6 2.0 1.2 0.34 0.43 0.88 0.34 0.34 
4.8 2.1 1.2 0.40 0.41 0.94 0.38 0.34 
5.0 2.1 1.2 0.34 0.40 0.90 0.35 0.32 
5.2 2.2 1.4 0.44 0.49 1.2 0.43 0.36 
5.5 2.4 1.6 0.45 0.49 1.1 0.46 0.40 
5.7 2.7 1.5 0.45 0.46 1.1 0.47 0.40 
5.9 2.8 1.8 0.58 0.58 1.3 0.58 0.56 

0.53 1.4 0.54 0.50 0.02 3.3 6.1 2.9 1.8 0.66 
6.3 3.1 1.8 0.61 0.60 1.7 0.59 0.52 0.03 3.6 
6.5 3.0 1.9 0.59 0.59 1.4 0.54 0.53 0.03 3.6 

6.7 3.5 2.2 0.80 0.71 1.8 0.72 0.53 0.07 3.8 
6.9 3.3 2.2 0.78 0.62 1.7 0.60 0.60 0.06 4.1 
7.0 3.6 2.3 0.81 0.76 1.8 0.70 0.66 0.08 4.2 
7.4 4.0 2.5 0.89 0.75 1.8 0.80 0.75 0.12 4.5 

0.84 0.84 0.13 4.5 7.6 4.2 2.5 0.91 0.79 2.1 
0.80 0.18 5.0 7.7 4.6 3.1 1.1 0.80 2.2 1 .o 

7.9 4 . 7  2.8 1.1 0.86 2.2 0.91 0.86 0.18 5.0 
8.0 4.7 3.0 1.1 0.85 2.2 1.0 0.83 0.24 5.0 
8.3 5.0 3.1 1.1 1 .o 2.4 1 .o 0.95 0.18 5.3 

1 .o 0.86 0.30 5.4 8.6 5.0 3.2 1.2 0.90 2.2 

0.95 2.3 1 .o 0.91 0.22 5.4 8.8 4.9 2.9 1.0 
9.4 5.3 3.2 1.2 0.92 2.7 1.1 1.0 0.34 5.6 
9.8 6.1 3.8 1.4 1.1 2.9 1.3 1.1 0.50 6.1 

10.3 6.5 4.1 1.4 1.2 3.2 1.4 1.1 0.68 6.5 
10.5 6.9 4.2 1.5 1.2 3.4 1.8 1 .o 0.90 6.9 
11.3 6.9 4.3 1.6 1.3 3.8 1.8 1.2 1.0 6.9 
11.9 7.7 4.7 1.6 1.3 3.6 2.1 1.2 1.0 7.7 
12.4 7.9 4.8 1.7 1.4 4.0 1.9 1.2 1.4 7.9 

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

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

13.5 8.8 5.5 2.0 
13.7 8.3 5.4 1.9 
14.2 8.8 5.4 1.8 
14.7 9.5 5.8 1.8 
15.7 9.8 6.2 2.2 
17.9 11.3 6.8 2.2 
18.6 11.3 7.1 2.5 
21.5 14.4 7.8 2.5 
23.1 15.2 9.6 
27.3 16.9 10.0 2.8 
28.3 17.9 10.0 3.2 
34.4 22.0 12.8 4.2 

--- 

1.4 4.3 2.6 
1.6 4.3 2.4 
1.6 4.6 2.9 
1.8 4.6 3.1 
1.8 4.8 3.2 
1.8 5.2 4.1 
2.0 5.6 4.1 
2.2 7 .O 4.8 
2.5 6.8 5.5 
2.9 9.2 6.7 
2.8 9.2 6.9 
3.3 11.2 8.6 

1.2 1.5 
1.2 1.7 
1.3 1.6 
1.5 2.1 
1.3 2.2 
1.7 2.7 
1.6 2.9 
1.9 3.4 
1.8 4.0 
2.5 4.8 
2.5 4.6 
2.9 5.9 

8.8 
8.3 
8.8 
9.5 
9.8 

11.3 
11.5 
14.4 
15.9 
17.7 
18.6 
23.3 

38.3 23.7 13.2 3.4 4.1 11.3 10.1 3.2 6.9 25.5 
38.9 23.0 13.8 3.2 4.2 11.8 8.6 3.2 6.2 25.5 

*Benthic j uvenl 1 e. 
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Table 2. Canparative morphometry o f  s i x  species o f  Sebastes. 
Moser and But le r  1981, and t h i s  study. 

Data from Moser e t  a l .  1977, 

dirtance 

SpeClC\  Body lcnph 

S. aurora A 43.6 i lM(38-49)  
B 56.3 4.69W-62) 
C 61.6 3.81(S666) 
D 63.4 1.98(61-67) 

S dollri A 42 4+0 52142.431 
B 4S 7 2 07(43-481 
C 50 8 3 27148-561 
D 5 7 0  141(56-58) 

Head length Snout length 

Body length Hcad length 

25.9 f 3.38(21-30) 29.5 3.W23-37) 
35.2 2.W32-40) 36.2 1.40(35-39) 
37.8 2.71(334) 35.6 1.60(34-38) 
38.2 1.W3S-41) 32.9 2.30(28-36) 

22 6? I W21-241 25 6?3 02(19-291 
26 S I 38125.29) 28 7 I 8M27-32) 
30 6 I 95128-33) 311 4 0 89129-31) 
2 9 5  0 71129-30l 33 0 OW33) 

__.__ Eye dumctcr 
Head length 

33.7 * 2.87(29-39) 
30.0 2.36(26-33) 
29.5 I.Sl(28-33) 
28.0 1.91(2S~3I) 

38 O +  I 8St35-41) 
37 8 I 3306.41)) 
36 8 I 92134.39) 
33 5 0 71133.341 

Bod; depth 

B d y  length 
__-__ 

19.9 + 3.20(15-27) 
27.0 1.70(25-29) 
30.5 2.39(26-34) 
31.2 I W29-34) 

17h?l 85115-20) 

25 o n(Wt>si 

211 7 2 117(18-?31 
23 R 2 W22-28)  

Pecloral fin Pcrtorirl Rn P e l v ~ e  fin 
length base depth length 

Body length Body length Body length 

11.4 1.26( 9-13) 9.9 O.W( 8-11) 1.9*0.74( 1- 3) 
143 2.45(11-18) 10.5 0.53(10-ll) 7.0 2.78( 3-11) 
21.9 2.35(18-2S) 8.8 O.S8( 8-10) 14.8 2.38(11-18) 

___ _ _ ~  

7.6 * 1.34( 5-10) 7.0 f 0.W 6. 9) ( I  

5 6 t 0  5 3  5- 61 5 9+1 3M 3- 7) - 
8 0 0 6 3  7 9) 8 3 11 H Z  7- 91 I 2630 73!U 3 - 2 )  
I I 1) 2 4% Y-I41 IO  2 !I 84( 9-1 I) 4 0 2 83( 2- 91 
2 3 5  071(23-241 8 0  O W 8 1  1 5 5  0 7 1 i I 5 - l h )  

S ,ordu,n A 30 5 0 8 4 , 3 6 3 8 )  22 3 I Sl(21-25) 26 8 3 43123-31) 37 7 0 82136-381 17 U I .'Mlh-IYj 6 7 0 521 6- 7) h 5 0 551 6- 71 - 
B 42 4 I 07141.45) 2 8 4  2 19(26-3tlI 15 5 I 2x34-371 32 2 2 StH29 3.0 21 0 I IYU21)-221 8 4 I 141 7-10) 7 8 0 4 5 i  7- 81 I 4  US51 I- 2 )  
C S I  0 2 8M46-541 32 3 14431-36)  3 4 4  I YS(31-3Y) 2 9 3  2 11ll27-34) 23 8 I 19122 26) 16 8 3 2Sl l l -201 7 9  I oo( 7-10) 9 0  3 621 3-13) 
D 53 3 I O X 5 2 - 5 5 )  31 2 I 94(28-331 3 4 0  2 BS(30-3R) 26 5 I 52124-28) 2 2  2 0 84121-23) 211 5 I IlS!1Y-22) 7 0 O l E i 7 )  13 5 I 22112 I S )  

S In, ,r  A 3 9 6  2 3 M 3 7 - U l  24 7 I W23-28)  3 0 7  2 63127.351 33 I 2 67129-161 21 7 I Il(2U-231 17 4 5 29111-24) I 0 9  I S7( 8-131 - 
B 48 9 3 W45-56)  30 5 I8X28-33)  34 8 087134-36) 32 5 I 77130 351 28 5 3 51124-35) 34 9 b9W24-461 I 2  9 0 64(12-14) 6 I 3 27( 2-12) 
C 59 2 2 87157-63) 3S 0 2 oo(34-38l 30 2 2 22(28-33) 30 5 I 73128-32) 3 4 0  141133-36) 45 0 3 74(41-501 II 2 09W10-12) 21 0 4 7Ml6-26) 
D 63 0 0 82162-MI 33 8 0 %33-35) 30 5 2 38(28-33) 27 0 3 17125-32) 35 0 I 41134-371 40 8 7 09(32-47) I O  2 1) 961 9-1 I) 24 2 2 87(22-28) 

S rnocdoaald! A 42 4 3 5 3 0 6 4 7 )  27 6 2 25(24-31) 3 0 6  4 lM25-36) 34 6 2 34131.371 23 I 399113-27) 8 4 I 211 6-10) - I 8  084, 1. 31 
B S I  8 3 5W48-56) 35 6 I52(34-38) 3 4 0  4 0000-381 32 0 I41131-34I 31 6 2 07(30-35) 13 0 I22(12- lS)  - 5 8 2 39( 3. 9) 
C 60 3 3 W55.64) 37 5 I 84134.41) 32 9 3 W29-37)  33 0 I 33131-35) 34 4 I 17i33-36) 19 3 3 bS(15 261 - 14 3 3 77110-21) 
D 64 2 2 Wb1-68)  35.1 2 37132.38) 27 9 209(25-32) 30 7 2 74(26-34) 31 4 I 59130-34) 30 4 I 74128~34) - 21 9 I3M21-25)  

S pauctrpirtlr A 4 1 0  274(37-44) 2 6 8  228124-29) 2 7 4  321124-32) 3 2 8  377129.37) 1 9 6  167(17-211 1 6 4  456(11-211 9 0  0 7 1 (  8-10] 5 3  493(  2-11) 
B 44.8 3 7M40-49) 2 9 6  195127-321 30 6 I 8 2 ( 2 9 ~ 3 3 )  3U 2 I M(29-33) 23 0 I41(21-24) 27 2 2 49(25-31) 9 0  0 71( 8-10] 13 6 9 28( 9-26) 
C 57 3 3 82lSl-61) 37 I 107136-391 32 2 098(31-33) 31 3 I7W28-33) 2 9 6  098i28 31) 3 5  7 I 25134-37) 7 6 0 53( 7 .  81 35 I 2 79(31-39) 
D 62 3 2 73lW-66) 36 2 I 72(33-38) 30 S 2 95(26331 27 8 I 72126-301 27 3 0 52127-28) 28 2 3 W25-34)  6 0 0 89( 5- 71 25  2 2 71122-30) 

' A  = preflcxion Imac. B = l m a c  undergomg notochord flcx~on. C = postflerm Iawac. D = pclaglc juven~lcr 

Table 3. Sequence o f  Development o f  Head Splnes o f  Sebastez-. 

Spl ne 

S i z e  (mm) S i z e  (mm 

appearance a t  appearance when l o s t  
Order o f  (body length) (body lengtk) 

p t e r o t l c  
2nd an ter lo r  preopercular 
3 rd  pos ter lo r  preopercular 
4th an ter lo r  preopercular 
2nd pos ter lo r  preopercular 
pa r le ta l  
postocular 
4 th  pos ter lo r  preopercular 
5 th  pos ter lo r  preopercular 
lower posttemporal 
1 s t  upper l n f r a o r b l t a l  
1s t  lower I n f r a o r b i t a l  
upper opercul a r  
nuchal 
1 s t  pos ter lo r  preopercular 
2nd 1 ower 1 n f raorb l  t a l  
supercl el thrum 
preocul a r  
4 th  upper l n f r a o r b l t a l  
nasal 
upper posttemporal 
I nteropercul a r  
lower opercul a r  
supraocul a r  
tympanlc 
coronal 
c le f  t h r a l  

1 
2 
2 
3 
3 
3 
3 
4 
5 
5 
5 
5 
5 
6 
7 
7 
7 
7 
8 
8 
9 
9 
10 
10 
10 
10 
11 

5.0 
5.3 
5.3 
5.6 
5.6 
5.6 
5.6 
6.1 
8.0 
8.0 
8.0 
8.0 
8.0 
8.9 

10.5 
10.5 
10.5 
10.5 
12.7 
12.7 
15.2 
15.2 
18.6 
18.6 
18.6 
18.6 
34.4 
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Table 4. M e r i s t i c s  o f  Cleared and S ta ined  Specimens o f  Sebastes aurora.  

Pr inc ipa l  Procurrent G i l l  rakers  
caudal caudal Branchic- Pectoral ( r i g h t  arch) Anal Dorsal P e l v i c  

Length f i n  rays f i n  rays  s tega l  rays f i n  rays  upper lower f i n  f i n  f i n  rays 
(m) superior i n f e r i o r  super ior  i n f e r i o r  l e f t  r i g h t  l e f t  r i g h t  l imb l imb rays  rays  l e f t  r i g h t  Vertebrae 

5.3 1 1 
5.6 3 3 
6.1 4 4 
6.2 5 5 
6.6 6 6 
7.2 7 7 
7.5 7 7 
8.0 8 7 
8.3 
8.9 
9.4 
10.5 
11.3 
12.7 
13.7 

1 1  
4 4  
4 4  
5 4  
6 6  
7 7  
6 6  
7 7  
" I  

I .  

" I  

" "  
* "  
" I  

" "  

-- -- -- 
2 2 -- 
5 5 -- 
6 6 -- 
7 7 -- 
12 12 -- 
9 9 -- 
14 14 2 
16 17 3 

17 18 7 

_- 
5 
5 
6 
7 
7 
7 
12 
14 
12 
12 
15 
14 
14 
17 

111.5 
111.6 
111.6 
111.7 
111.6 

XII.12 
XII.13 
XI119 13 
XI11 ~ 1 3  
XIII.13 
XIII.13 
XIII.12 

1.4 
1.4 
114 
I .5 

114 
Ir4 
1.5 

1 
2 
4 
7 
14 
22 
21 
24 
26 
25 

f6 

. .  
10 10 " " 17 17 6 16 " XIII.13 '' 'I " 

" XIII,13 " " " 10 11 " 17 17 8 18 
10 10 " " 18 18 8 18 " XIII.13 " " " 

15.2' " 
18.6. 
21.5' " 

10 10 " " 18 18 7 17 " XIII.13 " 'I 'I 

10 10 " 17 17 8 17 " XII1.13 'I 'I 

10 10 " " 18 18 9 18 " XII1.12 " " " 
10 9 " " 18 18 7 18 'I XIII.13 '' " 

27.3' fl 

28.3. 
34.4r 
38.9.' " 
*Pelagic j u v e n i l e .  
**Demersal juven i  1 e. 




