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PREFACE 

This species p r o f i l e  i s  one o f  a se r i es  on coasta l  aquat ic  organisms, 
p r i n c i p a l l y  f i s h ,  o f  spo r t ,  commercial, o r  eco log i ca l  importance. The p r o f i l e s  
are  designed t o  prov ide  coasta l  managers, engineers, and b i o l o g i s t s  w i t h  a b r i e f  
comprehensive sketch o f  the  b i o l o g i c a l  c h a r a c t e r i s t i c s  and environmental 
requirements o f  t he  species and t o  descr ibe how popu la t ions  o f  t he  species may be 
expected t o  reac t  t o  environmental changes caused by coasta l  development. Each 
p r o f i  1 e has sect ions on taxonomy, 1 i f e  h i  s t o r y ,  eco log i ca l  r o l e ,  environmental 
requirements, and economic importance, i f  appl i cab le .  A t h r e e - r i n g  b inde r  i s  
used f o r  t h i s  se r i es  so t h a t  new p r o f i l e s  can be added as they  are  prepared. 
Th is  p r o j e c t  i s  j o i n t l y  planned and f inanced by the  U.S. Army Corps o f  Engineers 
and t h e  U.S. F i sh  and W i l d l i f e  Service. 

Suggestions o r  questions regard ing  t h i s  r e p o r t  s5ould be d i r e c t e d  t o  one of 
the f o l l o w i n g  addresses. 

I n fo rma t ion  Trans fer  S p e c i a l i s t  
Nat iona l  Wetlands Research Center 
U.S. F i s h  and W i l d l i f e  Serv ice 
NASA-Sl i d e l  1 Computer Complex 
1010 Gause Boulevard 
S l i d e l l ,  LA 70458 

U. S. Army Engineer Waterways Experiment S t a t i o n  
A t ten t i on :  WESER-C 
Post O f f i c e  Box 631 
Vicksburg, MS 39180 



CONVERSION TABLE 

M e t r i c  t o  U. S. Customary 

M u l t i p l y  

m i l l i m e t e r s  (mm) 
cent imeters (cm) 
meters (m) 
meters (m) 
k i l o m e t e r s  (km) 
k i l omete rs  (km) 

square meters (m2) 10.76 
square k i l o m e t e r s  (km2) 0.3861 
hectares (ha) 2.471 

l i t e r s  (1)  
c u b i c  meters (m3) 
cub ic  meters (m3) 

m i l l i g r a m s  (mg) 0.00003527 
grams (g) 0.03527 
k i lograms (kg) 2.205 
m e t r i c  tons (t) 2205.0 
m e t r i c  tons  (t) 1.102 

k i l o c a l o r i e s  (kca l  ) 
Ce ls ius  degrees ( O C )  

inches 
inches 
f e e t  ( f t )  
fathoms 
s t a t u t e  m i l e s  (mi) 
n a u t i c a l  m i l e s  (nmi) 

square f e e t  ( f t2)  
square m i l e s  (mi2)  
acres 

ga l  1  ons (ga l  ) 
cub ic  f e e t  ( f t3) 
a c r e - f e e t  

ounces (oz) 
ounces (oz)  
pounds ( l b )  
pounds ( l b )  
s h o r t  tons ( t o n )  

B r i t i s h  thermal u n i t s  (B tu )  
Fahrenhei t  degrees (OF) 

U.S. Customary t o  M e t r i c  

25.40 
2.54 
0.3048 
1.829 
1.609 
1.852 

To Obta in  

inches 
inches 
f e e t  
fathoms 
s t a t u t e  m i l e s  
n a u t i c a l  m i l e s  

square f e e t  
square m i l e s  
acres 

g a l  l ons  
cub ic  f e e t  
a c r e - f e e t  

ounces 
ounces 
pounds 
pounds 
s h o r t  tons 

B r i t i s h  thermal u n i t s  
Fahrenhei t  degrees 

m i l l i m e t e r s  
cen t imete rs  
meters 
meters 
k i  lometers 
k i l o m e t e r s  

square meters 
square k i  lometers 
hectares 

1  i t e r s  
c u b i c  meters 
c u b i c  meters 

m i l l i g r a m s  
grams 
k i  1  ograms 
m e t r i c  tons 
m e t r i c  tons  

k i l o c a l o r i e s  
Cel s i u s  degrees 
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F igu re  1. Brown r o c k f i s h  ( top) ,  copper r o c k f i s h  (middle) ,  and b lack  r o c k f i s h  
(bot tom) (from M i l l e r  and Lea 1972). 

BROWN ROCKFISH, COPPER ROCKFISH, AND BLACK ROCKFISH 

NCIMENCI-ATLIRE/TAXONOMY /RANGE Class . . . . . . . . . .  Oste ichthyes 
Order . . . . . . . .  Scorpaenif  ormes 

S c i e n t i f i c  name . . . . . . .  Sebastes Fami l y  . . . . . . . . .  Scorpaenidae 
a u r i c u l a t u s  G i ra rd  

Preferred common name . . . . .  .Brown Geographic range (from Eschmeyer e t  
r o c k f i s h  (F igure  1 )  a l .  1983): The brown r o c k f i s h  

S c i e n t i f i c  name. . . . . . .  .Sebastes occurs from southeastern A1 aska t o  
caur inus  Richardson c e n t r a l  Baja Ca l i f o rn i a ,  the  copper 

Pre fe r red  common name. . . . .  .Copper r o c k f i s h  from the  Gu l f  o f  Alaska t o  
r o c k f i s h  (F igure  1 )  c e n t r a l  Baja C a l i f o r n i a ,  and t he  

S c i e n t i f i c  name . . . . . .  .Sebastes b lack  r o c k f i s h  f rom the  A leu t i an  
melano s  (G i ra rd )  4 I s lands  (Amchitka I s l a n d )  t o  San 

Pre e r r e  common name . . . . .  Black Miguel Is land,  southern C a l i f o r n i a  
r o c k f i s h  (F igure  1 )  (F igure  2).  

1 



SAN FRANCISCO 

PACIFIC OCEAN 

* LOS ANGELES 

a Brown, Copper, and Black Rockflsh 

Brown and Copper Rockfish only 

CALIFORNIA 

F i g u r e  2 .  D i s t r i b u t i o n s  o f  brown, copper,  and b lack  r o c k f i s h .  



MORPHOLOGY/IDENTIFICATION AIDS 

Rockf ishes o f f  C a l i f o r n i a  are 
d i f f i c u l t  t o  i d e n t i f y  because about 60 
s i m i l a r  species occur there .  The 
charac te rs  g iven  here should be used 
w i t h  cau t ion .  For p o s i t i v e  
i d e n t i f i c a t i o n s ,  consu l t  Eschmeyer e t  
a1 . (1983) and keys from M i  1  l e r  and 
Lea 11972). 

Many, i f  no t  a l l  species o f  
Sebastes a re  venomous. Poison glands 
are associated w i t h  some o r  a l l  o f  t he  
spines o f  t he  f i r s t  dorsa l ,  anal,  and 
p e l v i c  f i n s .  The brown r o c k f i s h  i s  
one o f  t he  few species i n  which poison 
glands are associated w i t h  a l l  f i n  
spines. The venom, a1 though p a i n f u l ,  
i s  no t  dangerous except when i t  
provokes an a l l e r g i c  r e a c t i o n  o r  where 
the  i n j u r y  becomes i n f e c t e d  (Roche and 
Hal s tead 1972 1. 

Brown r o c k f i s h .  D i s t i ngu i shed  
from a l l  o the r  Sebastes occu r r i ng  o f f  
C a l i f o r n i a  i n  havinq a  f l a t  
i n t e r o r b i t a l  space, coronal  spines i n  
most i n d i v i d u a l s  (a1 though no t  present  
i n  i n d i v i d u a l s  f rom Puget Sound, 
Washington), l i g h t  brown body w i t h  
darker  brown m o t t l i n g ,  p i n k i s h  caudal, 
p e l v i c ,  and pec to ra l  f i n  membranes, 
and a  prominent dark brown b l o t c h  on 
t he  g i l l  cover.  Dorsal f i n  X I I I ,  12- 
15; anal f i n  111, 5-8; pec to ra l  f i n  
15-19; g i l l  r a k e r  t e e t h  on f i r s t  arch 
25-30; l a t e r a l  l i n e  pores 42-49. 

Copper r o c k f i s h .  D i s t i ngu i shed  
by  t h e  dark brown, o l i v e ,  p ink ,  o r  
orange-red back w i t h  patches o f  ye1 1  ow 
o r  copper-pink; t h e  wh i t e  l a t e r a l  l i n e  
extending f rom below t h e  f i r s t  dorsa l  
f i n  t o  t h e  t a i l ;  and t he  smooth 
unders ide o f  t he  lower jaw. The 
copper r o c k f i s h  f rom the  southern p a r t  
o f  t he  species range has o f t e n  been 
i d e n t i f i e d  as S. v e x i l l a r i s ;  recent  
research has shown t h a t  t h e  two names 
a re  synonyms, and t h a t  S. caur inus  has 
precedence (Chen 1975, 1 9 8 6 ) .  Dorsal 
f i n  X I I I ,  11-14; anal f i n  111, 5-7; 
pec to ra l  f i n  16-18; g i l l  r a k e r  t e e t h  

on f i r s t  arch 26-32; l a t e r a l  l i n e  
pores 37-45. 

Black r o c k f i s h .  D is t ingu ished by 
i t s  body c o l o r  o f  b lack  o r  b lue-b lack 
mo t t l ed  w i t h  gray. F i r s t  dorsa l  f i n  
w i t h  b lack  spots. Occas iona l l y  has a  
" d i r t y  wh i t e "  s t r i p e  a long t he  l a t e r a l  
l i n e .  The upper jaw extends t o  o r  
behind t he  eye. Dorsal f i n  X I I I ,  13- 
16; anal f i n  111, 7-9; pec to ra l  f i n  
18-20; g i l l  r a k e r  t e e t h  on f i r s t  arch 
33-39; l a t e r a l  l i n e  pores 46-53. 

REASON FOR INCLUSION IN THE SERIES 

Species o f  t h e  genus Sebastes are 
ub iqu i t ous  o f f  C a l i f o r n i a  and no r th -  
ward, and suppor t  impor tan t  spor t  and 
commercial f i s h e r i e s .  I n  1976, 
r o c k f i s h  accounted f o r  about 70% by  
number o f  a1 1  land ings  o f  ocean spo r t  
species i n  C a l i f o r n i a  and are t he  most 
impor tan t  group o f  f i s h  i n  t h e  spo r t  
f i s h e r y  (O l iphant  1979). The brown 
r o c k f i s h ,  copper r o c k f i s h ,  and b lack  
r o c k f i s h  are a l l  s i g n i f i c a n t  i n  t he  
Cal i f o r n i a  ocean spo r t  f i she ry ,  and 
the t h r e e  species are a l s o  taken i n  
t he  commercial f i s h e r y .  

LIFE HISTORY 

Spawning 

Larger females produce more 
o f f s p r i n g  (Echeverr i  a  1986 1. The 
exact r e l a t i o n s h i p s  vary  w i t h  species 
as a  power o f  length.  A l l  r o c k f i s h e s  
have i n t e r n a l  f e r t i  1  i z a t i o n  and bear 
1  i v e  young. The young r e c e i v e  
s u b s t a n t i a l  nourishment f rom the  
mother, p robab ly  by t he  consumption 
and a s s i m i l a t i o n  o f  ovar ian  f l u i d  
(Boeh le r t  and Yoklav ich 1983). L i t t l e  
i s  known o f  t he  spawning h a b i t s  and 
e a r l y  l i f e  h i s t o r y  o f  t h e  i n d i v i d u a l  
species because t he  l a r vae  and 
j u v e n i l e s  a re  ve ry  d i f f i c u l t  t o  
i d e n t i f y .  Echeverr i  a  (1986 suggested 
t h a t  cou r t sh ip  and insemina t ion  
apparen t ly  occur over a  pe r i od  of a t  
l e a s t  a  month, w i t h  ex t rus ion  o f  t h e  



young i n  any one species occu r r i ng  
d u r i n g  a t  l e a s t  a  2  month per iod . "  
I n d i v i d u a l s  of most species p robab ly  
spawn once a  year,  b u t  i n  some species 
spawning may occur more than once 
(Moser 1967 ) . 

Brown r o c k f i s h .  Spawning areas 
and t imes o f f  C a l i f o r n i a  a re  unknown. 
Eggs and l a r v a e  from San Diego were 
repo r t ed  and descr ibed  by  Eigenmann 
(1893 1. I n  Puget Sound, Washington, 
spawning occurs once a  year; eggs 
mature and r i p e n  i n  w i n t e r  (DeLacy e t  
a l .  1964), and f e r t i l i z a t i o n  
appa ren t l y  occurs j u s t  a f t e r  
ovu la t i on ,  i n  March and A p r i l  ( H i t z  
and DeLacy 1965). Embryos develop and 
are re leased  from A p r i l  t o  J u l y  
(DeLacy e t  a1 . 1964). Females 311 mn 
i n  t o t a l  l e n g t h  (TL; a l l  l eng ths  are 
t o t a l  l e n g t h  un less  o therw ise  
i n d i c a t e d  have about 52,000 eggs, and 
those 477 mm long  have about 339,000 
(DeLacy e t  a1 . 1964). Fecund i ty  i s  
d i r e c t l y  r e l a t e d  t o  TL of female as 
f o l l o w s :  Fecund i ty  = 3.6311 x 
TL3-34124 (DeLacy e t  a1 . 1964). 

Copper r o c k f i s h .  L i t t l e  i s  known 
of t h e  e a r l y  l i f e  h i s t o r y .  I n  
Washington waters, spawning occurs 
once a  year (DeLacy e t  a1 . 1964). 
Data on egg ma tu ra t i on  and spawning 
vary:  i n  Puget Sound, Washington, eggs 
mature b y  February (Pa t t en  1973) o r  
from March t o  May ( H i t z  and DeLacy 
1960). Diameter o f  r i p e  eggs ranges 
f rom 0.8 t o  1.1 mm (DeLacy e t  a l .  
1964). Most females had embryos i n  
A p r i l  1959-60 (DeLacy e t  a l .  1964) 
suggest ing t h a t  f e r t i  1  i z a t i o n  occurs 
i n  March; however, H i t z  and DeLacy 
(1965) suggested t h a t  i t  occurs i n  
A p r i l  o r  Kay. Pa t ten  (1973) suggested 
p a r t u r i t i o n  occurs i n  A p r i l .  As i n  
o the r  r ock f i shes ,  f e c u n d i t y  i s  r e l a t e d  
t o  l eng th :  Fecund i ty  = 2.6095 x 
TL5.34656. Egg p roduc t i on  ranged f rom 
15,600 eggs i n  a  242-mn female t o  
640,000 i n  one 474 mn l ong  (DeLacy e t  
a1 . 1964). 

B lack r o c k f i s h .  Spawning 
p robab ly  occurs once a  year.  Eggs 

developing i n  August have been 
repo r t ed  ( DeLacy and Dryf oos 1962 1. 
P a r t u r i t i o n  occurs f rom February t o  
A p r i l  o f f  B r i t i s h  Columbia (Har t  1973) 
and p robab ly  occurs i n  January o f f  
Oregon (Westrheim 1975). Al though 
t h e r e  a re  no r e p o r t s  f rom C a l i f o r n i a ,  
p a r t u r i t i o n  p robab ly  occurs i n  January 
o r  somewhat e a r l  i e r .  Spawning areas 
a re  unknown. On t h e  bas i s  o f  
occasional  cap tu res  o f  spent females, 
however, Dunn and H i t z  (1969) 
suggested t h a t  spawning may occur i n  
o f f s h o r e  waters. 

La rva l  Stage 

Larvae and smal l  j u v e n i l e s  are 
p e l a g i c  f o r  pe r i ods  o f  severa l  months 
t o  a  year  (Boeh le r t  and Yok lav ich  
1983 1. O f f  C a l i f o r n i a  t hey  are 
abundant and w i d e l y  d i s t r i b u t e d  i n  t h e  
Cal i f o r n i a  Cur ren t  (Ah1 st rom and 
Stevens 1976; Ahls t rom e t  a l .  1978). 
However, because o f  i d e n t i f i c a t i o n  
problems, t h e  d i s t r i b u t i o n s  o f  l a r v a e  
and j u v e n i l e s  o f  i n d i v i d u a l  species 
a re  poor 1  y  known. 

Brown r o c k f i s h .  Larvae have been 
desc r i  bed by  E i  genmann ( 1893 1, Moser 
e t  a1 . (1977), S tah l  and Johnson 
(19851, and Westrheim (1975). A t  
b i r t h ,  t hey  a re  5-6 mn l ong  and a re  
e a s i l y  d i s t i n g u i s h e d  ( H i t z  and DeLacy 
1960; Westrheim 1975 1. 

Copper r o c k f i s h .  Larvae were 
descr ibed  bv  H i t z  and DeLacv (1960). 
Moser e t  a1 (19771, S tah l  a i d  Johnson 
(1985) and Westrheim (1975). Length 
a t  b i r t h  i s  5-6 mm. Larvae a re  
p e l a g i c  u n t i l  t hey  a re  40-50 mm 
standard l e n g t h  (SL), and have an 
on togenet i c  m i g r a t i o n  (Anderson 1983). 

Black r o c k f i s h .  Larvae and t h e i r  
development o f f  Oregon a re  we1 1  known 
(Laroche and Richardson 1980, 1981 1. 
A t  b i r t h ,  t h e  l a r v a e  a re  about 5.5 mn 
l ong  (Boeh le r t  and Yok lav ich  1983). 
The occurrence o f  l a r v a e  i s  h i g h l y  
seasonal; t hey  a re  captured i n  t he  
water column f rom A p r i l  t o  June. They 
a re  pe lag i c  a t  l eng ths  l e s s  than 40-50 



mm and ben th ic  a t  l a r g e r  s i zes  
(Laroche and Richardson 1980). 

Juveni 1  es 

Brown r o c k f i s h .  Juven i les  occur 
i n  sha l low nearshore waters. o f ten  
around p i e r s  and i n  bays ( ~ i i l e r  and 
Go tsha l l  1965). Use of es tua r i es  as 
nu rse ry  grounds may be unique (R. 
Larson, San Franc isco  S ta te  Univ., 
pers. comm. 1. Turner e t  a1 . (1969) 
r e p o r t e d  37-50 mm l ong  i n d i v i d u a l s  
h i d i n g  i n  c rev i ces  o f  a r t i f i c i a l  r e e f s  
i n  Santa Monica Bay, C a l i f o r n i a .  

Copper r o c k f i s h .  I n  c e n t r a l  
C a l i f o r n i a ,  j u v e n i l e s  a re  c l o s e l y  
assoc ia ted  i n i t i a l l y  w i t h  sur face  and 
mi d-depth Macrocyct i  s  k e l p  beds 
(Anderson 1983; Ha l lacher  and Roberts 
1985). I n d i v i d u a l s  become ben th i c  a t  
40-50 mm long  i n  l a t e  A p r i l  and May 
(Anderson 1983 1. O f f  B r i t i s h  
Columbia, j u v e n i l e s  have been found 
h i d i n g  i n  gooseneck barnacles on 
f l o t s a m  ( H i t z  1961); t hey  are 
r e c r u i t e d  t o  smal l  a r t i f i c i a l  r e e f s  i n  
September and October, where a t  l e a s t  
some remain u n t i l  t hey  a re  2  years o l d  
(Gascon and M i l l e r  1981). Bays may 
a l s o  be used as nursery  areas 
(Gotsha l l  e t  a1 . 1980). 

Black r o c k f i s h .  I n  t he  k e l p  beds 
o f  Monterey Bay, C a l i f o r n i a ,  j u v e n i l e s  
l i v e  bo th  i n  t h e  canopy and on bottom 
( M i l l e r  and Geibel 1973) o f t e n  
assoc ia ted  w i t h  k e l p  h o l d f a s t s  and 
sporophyl 1  s  (Anderson 1983 1. They a re  
r e c r u i t e d  t o  t h e  bot tom p r i m a r i l y  i n  
June. D i f f e r e n t  c o l o r  forms r e f l e c t  
habi  ta t - -o range when assoc ia ted  w i t h  
ke lp,  darker  when i n  t h e  water column 
(Anderson 1983).  O f f  Oregon, age 0  
j u v e n i l e s  occur seasona l l y  f rom June 
t o  October (Laroche and Richardson 
1981 1. The June t r a n s i t i o n  f rom 
p e l a g i c  t o  ben th i c  h a b i t a t  i s  marked 
by  a  d i s t i n c t  inshore  movement t o  
es tua r i es ,  t i d e p o o l s  (Moring 19721, 
and nearshore depths o f  l ess  than  20 m  
(Laroche and Richardson 1980; Car lson 
and S t r a t y  1981). Small j u v e n i l e s  
thus occur i n  t h r e e  h a b i t a t s :  p e l a g i c  

i n d i v i d u a l s  o f f s h o r e  a t  <60 mm SL i n  
summer; nearshore on bot tom a t  40- 
70 mm SL i n  June; and i n  e s t u a r i e s  a t  
35-92 mn SL f rom A p r i l  t o  October 
(Boeh le r t  and Yok lav ich  19831, o f t e n  
i n  ee lg rass  (Bayer 1981). Larger  
j u v e n i l e s  up t o  15 cm l ong  (ages I o r  
11) may l i v e  i n  r ocky  holes, b u t  use 
o f  these i s  d i r e c t l y  reduced by 
compe t i t i on  w i t h  o b l i g a t e  ben th i c  
species (Gascon and M i l l e r  1982). 

Adu l ts  

Brown r o c k f i s h .  Adu l t s  occur  i n  
sha l low water ,  bays, and o f f s h o r e  t o  
depths of 128 m  (Eschmeyer e t  a l .  
1983), u s u a l l y  near bot tom i n  rocky  
areas, assoc ia ted  w i t h  caves and 
c rev i ces  (Turner  e t  a l .  1969). O f f  
southern C a l i f o r n i a ,  however. some 
f r equen t  sewer o u t f a l l  s  (A1 l e n  ' e t  a1 . 
1976). 

Older f i s h  seemingly move i n t o  
deeper water.  Only f i s h  o f  5  years 
o r  l e s s  occur  i n  San Franc isco  Bay; 
t h e  o l d e r  ones a r e  o f f s h o r e  (Mathews 
and Barker  1983). 

Copper r o c k f i s h .  Depth ranges 
f rom su r f ace  t o  183 m  on rock  o r  r o c k y  
sand bottoms (Eschmeyer e t  a l .  1983): 
I n  Carmel Bay, C a l i f o r n i a ,  t h e  
p r e f e r r e d  depth was about 25 m; 
however, t h e  f i s h  were i n  somewhat 
shal lower  water du r i ng  upwel l  i ng 
(Hal l ache r  and Roberts 1985). Adul ts ,  
which a re  c l o s e l y  assoc ia ted  w i t h  t h e  
bot tom (Hal 1  acher and Roberts 1985 1, 
never occur on sand, b u t  a re  u s u a l l y  
i n  and around rocks,  w i t h  which t hey  
ma in ta i n  much c l o s e r  con tac t  i n  w i n t e r  
and s p r i n g  (Pa t ten  1973). On an 
a r t i f i c i a l  r e e f  i n  B r i t i s h  Columbia, 
98% o f  t h e  f i s h  seen were i n  con tac t  
w i t h  t h e  bottom; l e s s  than  2% were 
swirnmi ng (Gascon and Mi 1  l e r  1982 1. 
Tagging experiments i n  Puget Sound 
have suggested t h a t  mature f i s h  do no t  
move f a r  f rom t h e i r  chosen l o c a t i o n  
(Mathews and Barker 1983). 

Foraging a c t i v i t y  i s  reduced by 
h i gh  c u r r e n t s  and t u r b i d i t y  such as 



occur du r i ng  t i d a l  ebb and f low.  A t  
s lack  water, t he  f i s h  move out  o f  
c rev ices  and away from the r e e f  
(Pr ince  1972). 

Black r o c k f i s h .  Adu l ts  occur 
from t h e  sur face  t o  a t  l e a s t  366 m, 
bu t  a re  most abundant i n  water l ess  
than 54 m deep (Laroche and Richardson 
1980). I n  Carmel Bay, C a l i f o r n i a ,  
f i s h  u s u a l l y  l i v e  a t  depths o f  12 m o r  
less,  b u t  may be abundant as deep as 
17 m du r i ng  upwel l ing  (Hal lacher  and 
Roberts 1985). 

Black r o c k f i s h  tend t o  form 
schools o f  mixed sex i n  midwater (Hart  
1973; Echeverr i  a  19861, especi a1 l y  i n  
shal low water (Hal lacher  and Roberts 
1985). On shal low water B r i t i s h  
Columbia ree fs ,  schools o f  b lack  
r o c k f i s h  occurred on l y  f rom June t o  
September (Gascon and M i  1  l e r  1981). 
Gascon and M i  1  l e r  (1982) repor ted  t h a t  
39% o f  t h e  f i s h  seen were i n  contac t  
w i t h  t he  bottom, bu t  61% were 
swimming. The f i s h  tend t o  be c lose r  
t o  t he  bottom du r i ng  non-upwell i n g  
per iods  (Hal lacher  and Roberts 1985). 
I n  ke lp  beds, l a r g e r  adu l t s  seemingly 
migra te  ou ts ide  the  ke lp  d i u r n a l l y ,  
r e t u r n i n g  be fore  dusk; j u v e n i l e s  and 
small adu l t s  remain i n  the  ke lp  
(Leaman 1977) and a l so  tend t o  be 
c lose r  t o  bottom a t  n i g h t  (Hal 1 acher 
1977). Adu l ts  u s u a l l y  remain i n  one 
area, bu t  may t r a v e l  more than 600 km 
(Coombs 1979; Mathews and Barker 
1983). O f f  Oregon, t he  l a r g e r  f i s h  
tend t o  be i n  t h e  deeper (20-50 m) 
water (S te ine r  1979 1. Abundance i n  
shal low water dec l ines  i n  w in te r  and 
increases i n  sumner (Gascon and M i l l e r  
1982 1. 

M a t u r i t y  and L i f e  Span 

Brown r o c k f i s h .  O f f  c e n t r a l  
Ca l i f o rn ia ,  f i s h  reach a t  l e a s t  19 
years o f  age. Some males are sexua l l y  
mature a t  3 years (260 mm); a l l  are 
mature a t  10 years (380 rnm) (Wy l l i e  
Echeverr ia  1987). I n  Puget Sound, 
Washington, sexual m a t u r i t y  i s  reached 
by 225 mn (DeLacy e t  a1 . 1964 1. 

Copper r o c k f i s h .  O f f  Centra l  
C a l i f o r n i a ,  f i s h  reach a t  l e a s t  20 
years o f  age. Males may be sexua l l y  
mature a t  3 years o f  age (300 mm); a l l  
are mature by 7 years (400 mm). 
A l l  females are  mature by 8 years 
(410 mm) (Wyll  i e  Echeverr ia  1987). I n  
Puget Sound, Washington, sexual 
m a t u r i t y  u s u a l l y  occurs a t  age I V ,  bu t  
occas iona l l y  a t  111. Some females 
225 mm have been repor ted  w i t h  r i p e  
eggs (DeLacy e t  a l .  1964). Add i t i ona l  
1 i f e  h i s t o r y  parameters were presented 
i n  a rev iew by Gunderson and Dygert 
(1988). Average l e n g t h  o f  a mature 
female i n  an unexp lo i ted  s tock  was 
366 mm; age a t  50% m a t u r i t y  f o r  females 
was 4 years. 

I n  a study o f  20 d i f f e r e n t  species 
o f  f i s h  t h a t  inc luded copper r o c k f i s h ,  
t h e  instantaneous n a t u r a l  mor ta l  i t y  
r a t e  was p o s i t i v e l y  c o r r e l a t e d  among 
species w i t h  t he  gonadosomatic index 
(gonad weight + body we igh t ) ,  
i n d i c a t i n g  t h a t  t h i s  index can p r e d i c t  
t h e  n a t u r a l  m o r t a l i t y  r a t e  f o r  a 
f i shery management model o f  copper 
r o c k f i s h  (Gunderson and Dygert 1988). 

Black r o c k f i s h .  O f f  c e n t r a l  
C a l i f o r n i a ,  f i s h  reach a t  l e a s t  21 
years o f  age. Males may be sexua l l y  
mature a t  3 years of age (250 mn); a l l  
are mature by  10 years (430 mm). 
Females may mature a t  5 years 
(300 mn); a1 1 are mature by 11 years 
(480 mm) ( W y l l i e  Echeverr ia  1987). 
Off Oregon, sexual m a t u r i t y  occurs a t  
5 years i n  males and 6 years i n  
females (McCl ure 1982 1. The Oregon 
Department o f  F i sh  and Wild1 i f e  
considers 50% o f  f i s h  400 mm f o r k  
l eng th  (FL) t o  be sexua l l y  mature 
(Coombs 1979 1. 

GROWTH CHARACTERISTICS 

Brown r o c k f i s h .  Maximum leng th  
i s  55 cm (Eschmeyer e t  a l .  1983). 
L i t t l e  i s  known about growth. I p  San 
Francisco Bay, d a i l y  growth o f  f i s h  
150-260 mm long ranged from 0.1460 t o  
0.1927 mm. Winter was a pe r i od  o f  
s t ress  and reduced growth owing t o  



reduced avai 1 abi  1 i t y  o f  food and 
consequently decreased body f a t  
reserves (Adams and Ryan 1982). 

Copper rock f i sh .  Maximum length  
i s  57 cm (Eschmeyer e t  a1 . 1983). 
Length-weight re1  a t i ons  are s i m i l a r  
f o r  males and non-gravid females but  
change seasonal l y .  Weight (g )  = 
1.6231 x FL3-040252,  from 
September t o  November; and = 2.4945 x 

FL2-53381from December t o  March 
(Pat ten 1973). 

L i t t l e  i s  known about growth. 
Growth r a t e s  are f a s t e s t  i n  f i s h  o f  
age I11  or  younger i n  Puget Sound, 
Washington (Pat ten 1973) as we l l  as 
i n  Monterey Bay, C a l i f o r n i a ,  where 
monthly growth ranged from 58 rrrn i n  a 
f i s h  200 mm long t o  24 mn i n  a 320-mn 
f i s h  ( M i l l e r  and Geibel 1973). I n  
Humboldt Bay, C a l i f o r n i a ,  f i s h  were 
110-155 mn long as underyearl ings, 
138-196 mn a t  age I, 172-231 mm a t  age 
11, and 220-300 mm a t  age I 1  I. Growth 
ra tes  were h ighest  i n  surrrner, 
co inc id ing  w i t h  h igh  feeding ra tes  
(Pr ince and Gotshal l  1976) and 
upwel l ing.  A rev iew by Gunderson and 
Dygert (1988) presents von Ber ta l  anffy 
growth parameters o f  0.12 f o r  K (growth 
r a t e )  and 500 mm f o r  L (asymptot ic 
s i ze )  ; l o n g e v i t y  was 19 years. 

Black rock f i sh .  Maximum leng th  
i s  60 cm (Eschmeyer e t  a1 . 1983). 
Length-weight r e l a t i o n  f o r  f i s h  o f f  
Oregon was weight  (g) = 2 . 5 ~ 1 0 - ~  
FL2.922 f o r  males and = 1 . 1 7 ~ 1 0 - ~  
FL3.126 f o r  females (McCl ure 1982). 

The age-length r e l a t i o n  was 
described by Six and Horton (1977), 
McCl ure (1982 and Echeverr i  a  (1986 1. 
Six and Horton ca l cu la ted  von 
Ber ta l  a n f f y  equations o f :  FL=50.3[1- 
e-0.23386 (age+o.4622$ f o r  males and 
~~,57.8[1-~-0.16842(~~~+0.7426 > I  f o r  
females. A f t e r  age V I I ,  females were 
always l a rge r  than males o f  t he  same 
age; females reached s l i g h t l y  l a rge r  
s izes than males (550 mm FL vs 500 mn 
FL) (S ix  and Horton 1977; Echeverr ia 
1986 1. 

Growth r a t e s  are d i r e c t l y  r e l a t e d  
t o  temperature, i f  food i s  abundant. 
Juveni les may se lec t  h igher 
temperatures, which maximizes growth 
(Boehler t  and Yoklavich 1983). Coombs 
(1979 ) repor ted  t h a t  w in te r  - caught 
f i s h  were d i s t i n c t l y  smal ler  than 
those captured i n  surrrner and f a l l ,  and 
speculated on poss ib le  reasons why. 

THE FISHERY 

The 60 species o f  rockf ishes t h a t  
l i v e  i n  C a l i f o r n i a  coasta l  waters 
support important  commercial and spor t  
f i s h e r i e s .  Rockf ish are caught 
commercial ly w i t h  t raw ls ,  g i l l  nets 
and w i t h  hook-and-line (Lenarz 1986). 
I n  1985, the  C a l i f o r n i a  landings were 
about 12,200 t, worth $8.4 m i l l i o n  t o  
t he  fishermen i n  the  t r a w l  f i she ry ;  
2,800 t, w i t h  an est imated value o f  
several m i l l i o n  d o l l a r s  i n  the  g i l l -  
net f i she ry ;  and about 1,100 t, valued 
a t  1-2 m i l l i o n  d o l l a r s  i n  the  hook- 
and- l ine f i s h e r y .  

Rockf ish account f o r  about 34% by 
weight o f  a l l  spor t  f i s h  landed i n  
C a l i f o r n i a  and are the  most important 
group of f i s h  caught (Lenarz 1986). 
I n  1984, spor t  anglers i n  C a l i f o r n i a  
landed an est imated 8 m i l l i o n  r o c k f i s h  
(about 4,000 t ) ;  t he  value o f  t he  
spor t  f i she ry ,  when est imated cos ts  
associated w i t h  f i s h i n g  t r i p s  were 
included, was about $1 b i  11 ion .  

Brown rock f i sh .  These f i s h  were 
once caught i n c i d e n t a l  l y  by 
commercial f ishermen, usual l y  i n  
l o b s t e r  t r aps  (Feder e t  a l .  1974) o r  
by salmon t r o l l e r s  ( M i l l e r  and 
Gotsha l l  1965). Recently, however, 
t he  brown r o c k f i s h  has become t h e  
most important  commercial r o c k f i s h  i n  
San Franciso Bay; i t  i s  used t o  
supply res taurants  and commands a 
h igh  p r i c e  (Lenarz 1986). 

Brown r o c k f i s h  are a l so  important 
i n  the  sumner spor t  f i s h e r y  i n  ke lp  
beds (Ahlstrom e t  a l .  1978). Most are 
caught from p a r t y  boats or  s k i f f s  
( M i l l e r  and Gotsha l l  1965). Quast 



(1968a) ca l cu la ted  a d e n s i t y  exceeding 
1.3 I b /ac re  i n  a southern C a l i f o r n i a  
ke lp  bed. 

Copper rock f i sh .  Among species 
i n  t he  ocean spor t  f i s h e r y  o f f  
C a l i f o r n i a  from 1957 t o  1961, copper 
r o c k f i s h  ranked 18 th  by number and 
12th by weight ( M i l l e r  and Gotsha l l  
1965). Catches o f  copper r o c k f i s h  i n  
experimental t r a w l s  o f f  southern 
C a l i f o r n i a  d i d  no t  exceed 0.1% o f  t h e  
t o t a l  number o f  r o c k f i s h  caught 
(Mearns e t  a1 . 1980)--probably because 
t h e  rocky  areas t h a t  copper r o c k f i s h  
pre fer  a re  d i f f i c u l t  t o  t r a w l .  

B lack r o c k f i s h .  The b l a c k  
r o c k f i s h  i s  t h e  most impor tan t  o f  t h e  
t h ree  species t r e a t e d  h e r e  i n  bo th  
t h e  commercial and s p o r t  f i s h e r i e s .  
The commercial f i s h e r y  o f f  C a l i f o r n i a  
y i e l d e d  44.5 t o f  b lack  r o c k f i s h  i n  
1985. O f  t h e  46 species caught i n  
t h e  spo r t  f i s h e r v  i n  1984. 3-- the 
b l u e  ' r o c k f i s h  {sebastes 
b lack  r o c k f i s h .  and 
r o c k f i s h  ( ~ e b a s t e s  f i  a v i  dus)-- 
accounted f o r m f  t h e  ca tch  bv -~ ~- 

weight  (Lenarz 1986). B lack  r o c k f i  sk 
ranked 1 2 t h  by number and 8 t h  by 
we igh t  f o r  a l l  species i n  t h e  s p o r t  
f i s h  ca t ch  between Oregon and P o i n t  
Argue l lo ,  C a l i f o r n i a ,  desp i t e  being o f  
on l y  minor importance i n  t h e  ca tch  
south OF Monterey (M i l  l e  and Gotsha l l  
1965). 

The b lack r o c k f i s h  has been t h e  
sub jec t  of many s tud ies  o f  processing 
and preservat ion,  i n c l u d i n g  prepara- 
t i o n  ( B a b b i t t  e t  al .  1976; Patashnik 
e t  a1 . 1974, 1976; Adu e t  a1 . 1983) , 
storage (Miyauchi e t  a l .  1975; C o l l i n s  
e t  a1 . 1980) , and spo i lage (Mi 1 l e r  e t  
a l .  1973; M i l l e r  e t  a l .  1973a,b). 

ECOLOGICAL ROLE 

Many o f  t h e  r o c k f i s h  species 
occur together .  Substant i  a1 evidence 
suggests t h a t  co-occurr ing species 
have evolved t o  avoid compet i t ion  w i t h  
each o ther  f o r  l i m i t i n g  resources such 

as food, s h e l t e r  and space, o r  t o  
increase f i t n e s s  by  eco log i ca l  
speci a1 i z a t i o n  (Hal 1 acher 1977; 
S te iner  1979; Larson 1980; Hal 1 acher 
and Roberts 1985 1. 

Juveni l e s  o f  a1 1 species 
occu r r i ng  i n  c e n t r a l  C a l i f o r n i a  k e l p  
beds are eaten by  many f i s h ,  i n c l u d i n g  
1 i ngcod, Ophi odon e l  ongatus; wo l f -  
eels ,  Anarrh ichthys oce l l a tus ;  and 
cabezon, Scor aen ich th  s marmoratus 
(Hal lacher  rR---Y- 9 7 

A l l  th ree  species probably 
produce and de tec t  sound by us ing  
e x t r i n s i c  muscles associated w i t h  t he  
swimbladder. The sounds o f  copper 
r o c k f i s h  and b lack  r o c k f i s h ,  which 
have been recorded, are apparent ly  
associated w i t h  agon i s t i c  d i sp lays  
such as t e r r i t o r i a l  defense (Hal lacher  
1974 1. 

Brown rock f ish .  The d i e t  o f  t h e  
brown r o c k f i s h  cons i s t s  o f  crabs and 
small f i s h  (Feder e t  a l .  1974), and 
shrimp , isopods , and polychaetes 
(Quast  1968b). I n  Hurrboldt Bay, 
C a l i f o r n i a ,  f i s h  141-300 mm long  a t e  
40% sh r i np  (by volume) and 33% crabs 
(P r i nce  1972). 

Brown r o c k f i s h  are known t o  be 
hosts o f  3 copepods, 1 digenean, 2 
monogeneans, and 2 nematodes (Love and 
Moser 1983). 

Copper rock f i sh .  These f i s h  a re  
o p p o r t u n i s t i c  carn ivores  t h a t  f eed  
l a r g e l y  on ben th i c  organisms-- 
p r i m a r i l y  crustaceans, f i s h ,  and 
mol l u s c s  (Larson 1972; P r i nce  1972; 
Pat ten  1973; Pr ince  and Gotsha l l  
1976). Food type i s  r e l a t e d  t o  size. 
The smal le r  f i s h  (<45 mn SL) i n  t h e  
ke lp  canopy e a t  p r i m a r i l y  ca lano id  
copepods, w i t h  sane harpac t ico ids  and 
zoea (Singer  1985). Fish 110-155 mm 
e a t  smal l  crustaceans such as 
anphi pods, shrimp, capre l  l i d s ,  and 
i sopods (Pr ince  and Gotsha l l  1976; 
Singer 1985) and p i n n i x i d  crabs 
(P r i nce  1975) ; 1- t o  3-year-olds e a t  
j u v e n i l e  Dungeness crabs (Cancer 



mag i s t e r )  and anchovies, wi t h  f i s h  
i n c r e a s i n g  and crustaceans decreas ing  
as t h e  f i s h  grow ( P r i n c e  1972; P a t t e n  
1973). I n  Puget Sound, Washington, 
f i s h  > 3 0 0  mm FL a t e  mos t l y  f i s h  
(Pa t t en  1973). The l a r g e s t  ones 
(>400 mm) were espec ia l  l y  aggress ive  
feeders;  s p i n y  d o g f i s h  appeared t o  be  
a  common p rey  (Bargmnn 1977). The 
f i s h  appa ren t l y  feed  bo th  d u r i n g  t h e  
day and a t  n i g h t .  Prey v a r i e s  
seasona l l y ;  c rabs  were l e s s  abundant 
i n  stomachs i n  w i n t e r  and e a r l y  s p r i n g  
than  i n  o t h e r  seasons (P r i nce  1972). 

Copper r o c k f i s h  are appa ren t l y  
ea ten  by  sea ls  and l i n g c o d  (P r i nce  
1972) and p robab l y  by  o t h e r  l a r g e  
p reda to r s .  

Compe t i t i ve  i n t e r a c t i o n s  a re  
unc lear .  Gascon and M i l l e r  (1982) 
found t h a t  t h e  use o f  space on a  smal l  
r e e f  seemed una f f ec ted  by  t h e  
abundances o f  o t h e r  spec ies,  and 
Hal 1  acher (1977 concluded t h a t  copper 
r o c k f i s h  " f r equen t  a  p a r t i c u l a r  
l o c a l i t y  a t  l e a s t  d u r i n g  p a r t  o f  t h e  
yea r "  b u t  p robab l y  have a  w ider  home 
range t han  co -occu r r i ng  congeners. I n  
bo th  s t ud i es ,  however, copper r o c k f i s h  
were no t  abundant enough t o  suppor t  
adequate observa t ions .  P r i nce  (1972 
conc luded f rom d i v i n g  observa t ions  
t h a t  i n d i v i d u a l  copper r o c k f i s h  
d i s p l a y  a g o n i s t i c  behav io r  t o  show 
" p r o t e c t i v e  t e r r i t o r i a l  i ty." 

Copper r o c k f i s h  a re  hos t s  of many 
endoparasi  t e s  and ec topa ras i  t es ,  
i n c l u d i n g  2  branchiurans,  3  cestodes, 
2  acanthocephalans, 6  nematodes, 1 
h i r u d i n o i d ,  9  copepods, 3  monogeneans, 
13 digeneans, and 1 pro tozoan  (Sekerak 
and A ra i  1977; Love and Moser 1983). 

B lack  r o c k f i s h .  Food o f f  Oregon 
i s  p r i m a r i l y  p e l a g i c  nekton (smel t ,  
anchovies)  and zooplankton such as 
sa lps,  mysids, and c rab  megalops 
( S t e i n e r  1979). B lack r o c k f i s h  a l s o  
ea t  k e l p  c l  i n g f i s h ,  R im ico l  a  muscarum 
(Roland 1978). O f f  Oregon i n  t h e  
sp r ing ,  c rab  megalops make up 25% of 
t h e  d i e t  by  we igh t  ( S t e i n e r  1979). 

Off c e n t r a l  C a l i f o r n i a ,  j u v e n i l e s  a t e  
copepods and zoea (S inger  1985). 
Adu l t  p rey  was p r i m a r i l y  j u v e n i l e  
r o c k f i s h  (73% o f  stomach con ten t s  b y  
we igh t  1, euphaus i ids ,  and amph i pods 
d u r i n g  u p w e l l i n g  per iods ,  b u t  a t  o t h e r  
t imes  p r i m a r i l y  i n v e r t e b r a t e s  
(Ha l l ache r  and Rober ts  1985). The 
percen t  o f  empty stomachs d u r i n g  non- 
u p w e l l i n g  pe r i ods  was n e a r l y  double 
t h a t  d u r i n g  upwe l l i ng .  I n  a d d i t i o n ,  
food ove r l ap  w i t h  co -occu r r i ng  
congeners decreased d u r i n g  non- 
u p w e l l i n g  per iods ,  sugges t ing  t h a t  
food  may t hen  be a  l i m i t i n g  f a c t o r  f o r  
r o c k f i s h  o c c u r r i n g  i n  k e l p  f o r e s t s  
(Hal 1  acher and Rober ts  1985 1. Most 
feeding i s  p robab l y  d u r i n g  t h e  day and 
a t  t w i l i g h t  (Hal l a che r  1977). The 
r a t e  o f  g a s t r i c  evacua t ion  o f  i nges ted  
squ id  and f i s h  ( d r y  we igh t )  i s  about 
6% per  hour--about 76 hours are 
r e q u i r e d  f o r  stomach c learance  
(Brodeur 1984). 

B lack r o c k f i s h  a re  known t o  be 
eaten b y  1  i ngcod and ye1 1  oweye 
r o c k f i s h  Sebastes ruber r imus  ( S t e i  ne r  
1979 1. 

Compe t i t i ve  r e 1  a t i o n s  a re  p o o r l y  
known. As expected, f rom t h e i r  
midwater h a b i t a t ,  t h e r e  i s  l i t t l e  
compe t i t i on  f o r  food w i t h  ben th i c  
spec ies ( S t e i n e r  1979). O f f  
C a l i f o r n i a ,  Ha l l ache r  (1977) found 
t h a t  t h e  d i e t  of b l ack  r o c k f i s h  was 
u n l i k e  t h a t  o f  o t h e r  r o c k f i s h e s  w i t h  
which i t  had synchronous s p a t i a l  
over lap ,  b u t  he was unable t o  e x p l a i n  
i t s  ac tua l  c o m p e t i t i v e  r e l a t i o n s  w i t h  
these  spec ies.  Ben th ic  b l ack  r o c k f i s h  
compete w i t h  o t h e r  spec ies  f o r  h i d i n g  
p laces;  t h e  abundance o f  j u v e n i l e  
b l ack  r o c k f i s h  on smal l  r e e f s  
decreases as t h a t  of severa l  o t h e r  
spec ies inc reases  (Gascon and M i  1  1  e r  
1982 1. 

Pa ras i t es  i n c l u d e  leeches on f i n s  
and body i n  Oregon (Burreson 1977); 
and a  myxosporidean i n  t h e  h e a r t  i n  
c e n t r a l  C a l i f o r n i a  (Moser e t  a l .  1976) 
I n  a1 1, 5  copepods, 6  diageneans, 2  
h i r u d i n o i d s ,  2  monogeaneans, and 1 



protozoan have been r e p o r t e d  (Love and 1983). Small b l ack  r o c k f i s h  tend t o  
Moser 1983). be ep i ben th i c ,  and t h e  l a r g e r  ones 

ENVIRONMENTAL REQUIREMENTS 

Temperature 

Brown r o c k f i s h .  Because brown 
r o c k f i s h  occur  i n  sha l l ow  water,  t hey  
are exposed t o  a  r e l a t i v e l y  broad 
range of seasonal temperatgre 
v a r i a t i o n s ,  of a t  l e a s t  l o ° C  t o  17 C 
(Turner  e t  a1 . 1969 1. T h e i r  c a p a c i t y  
f o r  a c c l i m a t i o n  i s  h i ghe r  than t h a t  o f  
r o c k f i s h e s  l i v i n g  below t h e  
t he rmoc l i ne  and t h e y  can t o l e r g t e  
h i ghe r  tempera tu res - - to  a t  l e a s t  22 C 
( W i  1  son e t  a1 . 1974 1. Occurrence i n  
e s t u a r i e s  and oceanic wa te rs  suggests 
r e 1  a t i  v e l y  broad s a l  i n i  t y  t o l e r a n c e  
(R. Larson, San F ranc i sco  S t a t e  Univ., 
pers .  comm. 1. 

Copper r o c k f i s h .  No s p e c i f i c  
i n f o r m a t i o n  i s  ava i  1  ab l e  on 
temperature requ i rements  o f  copper 
r o c k f i s h ;  however, t h e i r  depth range 
i s  r e l a t i v e l y  broad, and t h e  minimum 
depth decreases seasonal l y  w i t h  
upwe l l  i n g  (Hal 1  acher and Rober ts  
1985 1--suggest i  ng t h a t  1  ower 
temperatures a re  p r e f e r r e d  ( a l t hough  a  
broad range can be t o 1  e r a t e d  1. 

B lack  r o c k f i s h .  No s p e c i f i c  
temperature da ta  a re  a v a i l a b l e  f o r  
adu l t s .  Juven i l es  occur  a t  water  
temperatures o f  8  t o  18' C (Boeh le r t  
and Yok lav ich  1983). B lack r o c k f i s h  
a re  more c l o s e l y  assoc ia ted  w i t h  t h e  
bo t tom d u r i n g  non-upwe l l i ng  seasons 
(Hal l a c h e r  and Rober ts  1985) 
sugges t ing  t h a t  t h e  warmer su r f ace  
waters  may n o t  then  be s u i t a b l e  f o r  
adu l t s ;  however, t h i s  behav io r  c o u l d  
a l s o  be a  r e s u l t  o f  decreased food  i n  
t h e  water  column. 

Depth 

The brown r o c k f i s h  occurs i n  bays 
and nearshore waters  t o  depths o f  
128 m, t h e  copper r o c k f i s h  on t h e  
bot tom f rom sha l l ow  water  t o  183 m, 
and t h e  b l ack  r o c k f i s h  f rom t h e  
sur face t o  366 m (Eschmeyer e t  a l .  

occur  w e l l  up i n  t h e  water  column, 
u s u a l l y  near o r  i n  such s h e l t e r  as 
k e l p  o r  p i l i n g s - - t h o u g h  t h e y  may l i v e  
i n  deeper waters  i n  w i n t e r  (Moulton 
1977). B lack r o c k f i s h  o f f  Oregon 
( S t e i n e r  1979) and o f f  C a l i f o r n i a  
( M i l l e r  and Geibe l  1973) were 
r e l a t i v e l y  much more abundant on 
sha l l ow  r e e f s  than on deeper ones. 

Subs t ra te  

Al though h a b i t a t s  o f  d i f f e r e n t  
r o c k f i s h  spec ies a re  separated by  
depth and s u b s t r a t e  type, Gascon and 
M i  1  l e r  (1981 ) concluded t h a t  " h a b i t a t  
s e l e c t i o n  i s  based p r i m a r i l y  on bot tom 
shape (she1 t e r )  and s e c o n d a r i l y  on 
depth." S h e l t e r  i s  p a r t i c u l a r l y  
impo r t an t  f o r  brown and copper 
r o c k f i s h e s ,  which a re  u s u a l l y  
assoc ia ted  w i t h  i t .  

Brown r o c k f i s h  a re  c l o s e l y  
assoc ia ted  w i t h  r o c k y  subs t r a t es  and 
k e l p  beds, copper r o c k f i s h  a re  
p r i m a r i l y  on r o c k y  r e e f s  o r  rock-sand 
bot tom o f  i r r e g u l a r  bathyrnetry, and 
b l ack  r o c k f i s h  a re  p r i m a r i l y  i n  
midwater- -usual  l y  i n  k e l p  o r  around 
cover  such as p i 1  i n g s  and p i e r s ,  
a l though  t h e y  a re  o c c a s i o n a l l y  
o f f s h o r e  i n  open waters .  A  
s i g n i f i c a n t  p r o p o r t i o n  o f  ( u s u a l l y  
s m a l l e r )  b l ack  r o c k f i s h  a re  b e n t h i c  on 
r o c k y  bottom. Data on she l t e r - seek i ng  
i s  c o n f l i c t i n g .  Ha l l ache r  and Rober ts  
(1985) s t a t e d  t h a t  t h e  f i s h  do n o t  
occupy ho l es  i n  t h e  bot tom even i f  
competing demersal spec ies a re  
removed, whereas Gascon and M i  1  l e r  
(1982) found t h a t  f i s h  6-15 cm l o n g  
s h e l t e r e d  i n  ho les.  These behav io rs  
may be r e l a t e d  t o  s i ze .  

Other Env i ronmenta l  Fac to r s  

No i n f o r m a t i o n  i s  a v a i l a b l e  on 
d i s s o l v e d  oxygen requi rements,  s a l  i n -  
i t y  to le rances ,  o r  e f f e c t s  o f  water  
c u r r e n t s  o r  t u r b i d i t y  f o r  these  
r ock f i shes ,  and t h e i r  s e n s i t i v i t y  t o  
h a b i t a t  a1 t e r a t i o n s  i s  unknown. 
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