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Abstract—Larval kelp (Sebastes atrovi­
rens), brown (S. auriculatus), and  black- 
and-yellow (S. chrysomelas) rockfish were 
reared  from  known adults, to preflexion 
stage, nine days after b irth  for S. chrysome­
las, to late postflexion stage for S. atrovi­
rens, and  to pelagic juvenile stage for S. 
auriculatus. Larval S. atrovirens and S. chrys- 
omelas were abou t 4.6 m m  body length  
(BL) and S. auriculatus about 5.2 mm BL 
at birth. Both S. atrovirens and S. auricula­
tus underw ent notochord  flexion at about 
6-9 m m  BL. Sebastes atrovirens transform  to 
the pelagic juvenile stage at about 14-16 
m m  BL and S. auriculatus transform ed at 
ca. 25 m m  BL. Early larvae of all three  
species were characterized by melanistic 
pigm ent dorsally on the head, on the gut, 
on most of the ventral m argin of the tail, 
and in a long series on the dorsal m argin 
of the tail. Larval S. atrovirens and  S. auricu­
latus developed a posterior bar on the tail 
during the flexion or postflexion stage. In 
S. atrovirens xanthic p igm ent resem bled 
the melanistic pattern  th roughout larval 
development. Larval S. auriculatus lacked 
x an th o p h o re s excep t on the  h ead  u n ­
til late preflexion stage, when a pattern  
m uch like the m elanophore pattern  grad­
ually developed. Larval S. chrysomelas had 
extensive xanthic pigm entation dorsally, 
bu t none  ventrally, in preflexion stage.

All m em bers of the Sebastes subgenus 
Pteropodus (S. atrovirens, S. auriculatus, 
S. carnatus, S. caurinus, S. chrysomelas, S. 
dalli, S. maliger, S. nebulosus, S. rastrelliger) 
are m orphologically similar and all share 
the basic melanistic pigm ent pattern  de­
scribed here. Although the three  species 
reared  in this study can be distinguished 
on the basis of xanthic pigm entation, it 
seems unlikely that it will be possible to 
reliably identify field-collected larvae to 
species using traditional m orphological 
and melanistic pigm entation characters.
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Introduction

Approxim ately 65 species o f the  vivipa­
rous rockfish genus Sebastes (B oehleri 
an d  Yoklavich, 1984; Moser, 1996b) 
occur in  California waters (Eschm eyer 
e t al., 1983; E itner e t al., 1999). M ost 
are im p o rtan t spo rt a n d /o r  com m er­
cial fishery species (e.g., Lenarz, 1987; 
L ea  e t  a l., 1999; A se ltine-N eilson , 
2000). A live-fish fishery th a t targets 
n e a rsh o re  species, especially  rock- 
fishes, developed in  the 1980s an d  has 
grow n greatly  (e.g., W alters, 2001). 
M any o f th e  rockfishes ta rg e te d  by 
this fishery are m em bers o f  the Sebastes 
subgenus Pteropodus, w hich includes 
kelp  (S. atrovirens), brow n (S. auricula­
tus), g o p h er (S. carnatus), co p p er (S. 
caurinus), black-and-yellow (S. chrys­
omelas), calico  (S. dalli), q u illb ack  
(S. maliger), ch ina (S. nebulosus), and  
grass (S. rastrelliger) rockfish (Elubbs 
an d  Schultz, 1933; Seeb, 1998). T he 
effect o f  the fishery on  stocks o f  the  
n earsho re  species is largely unknow n, 
b u t it is n o t unreasonab le  to suppose 
th a t the dep le tion  observed fo r o th e r 
Sebastes species (e.g., Love e ta l., 1998; 
Ralston, 1998; M oser e ta l., 2000) may 
occur fo r these species as well. T he

n earsho re  species recently  were iden­
tified as req u irin g  im m ediate fishery 
m an ag em en t a tten tion , an d  they are 
inc luded  in  the  C alifornia N earshore 
F ishery  M a n a g e m e n t P lan  o f  2002 
(Walters, 2001).

M an ag em en t o f  n e a rsh o re  stocks 
requ ires in fo rm ation  o n  pop u la tio n  
sizes; however, fishery-dependent data 
o n  p o pu la tion  trends have n o t been  
re lia b le  (e .g ., M cKee-Lewis, 1998; 
W alters, 2001). Ich thyoplankton  can 
provide a fishery -in d ep en d en t m ea­
sure o f p o pu la tion  trends (e.g., M oser 
an d  W atson, 1990; M oser e ta l., 2000), 
an d  has b een  dem o n stra ted  to  be a 
useful tool fo r estim ating popu la tion  
size (e.g., Lasker, 1985; Ralston e t al., 
2003). For ich thyoplankton  to be use­
ful it m ust be possible to  identify the 
larvae. Sebastes larvae are  difficult to 
identify to species (e.g., Moser, 1996b) 
an d  cu rren tly  n o  n ea rsh o re  species 
is iden tified  in  ich thyoplankton  sam­
ples. Published descrip tions o f com ­
plete  larval developm ent are available 
fo r only two o f the Pteropodus species: 
S. dalli (M oser an d  Butler, 1981) and  
S. rastrelliger (M oreno , 1993; L aidig 
an d  Sakuma, 1998). D escriptions of 
partia l developm ental series are  avail-

mailto:William.Watson@noaa.gov


able fo r seven species: S. atrovirens (M oreno , 1993), 
S. auriculatus (DeLacy e t al., 1964; Stahl-Johnson, 1985; 
K e n d a ll1), S. carnatus (M o ren o , 1993), S. caurinus 
(DeLacy e t al., 1964; Stahl-Johnson, 1985; K endall1), 
S. chrysomelas (Wold2), S. maliger (DeLacy e t al., 1964; 
K endall1), an d  S. nebulosus (K endall1). However, the 
existing lite ra tu re  provides n o  ch arac ters  th a t allow 
identification o f  larvae to species th ro u g h  all develop­
m enta l stages. T he pu rpose  o f this p ap e r is to provide 
additional in form ation  on  developm ent o f S. auriculatus 
an d  S. atrovirens from  b irth  to  pelagic juven ile  stage, and  
early developm ent o f S. chrysomelas, based on  laboratory- 
rea red  specim ens. These are  com pared  w ith larvae of 
the o th e r Pteropodus species.

Materials and methods

Live ad u lt S. atrovirens an d  S. chrysomelas were collected 
a t San M iguel Island an d  S. auriculatus were collected 
n e a r P o in t C onception, California, in  M arch 1999. All 
fish were caugh t inshore (< 25 m  dep th ) w ith ho o k  and  
line o r by SCUBA divers using dip nets. T he fish were 
m ain ta ined  aboard  ship in  two 500-1 tanks w ith flow­
th ro u g h  (19 1/m in) am b ien t seawater (12-15°C ), and  
transpo rted  to the laboratory  in  those tanks w ith the 
w ater inlets an d  outlets closed. In  the laboratory  the fish 
were held  in  1700-1 tanks w ith sand-filtered, UV-treated, 
flow-through (19 1/m in) chilled seawater (11±1°C). O b­
viously gravid fem ales (th ree  S. atrovirens, one S. auricula­
tus) were isolated in  separate, flow -through (7.5 1/m in, 
11±1°C) fiberglass tanks (360-680 1) th a t d ra ined  in to  
fine-m esh (0.333 m m ) collector baskets. All fish were 
fed to satiation twice weekly w ith thaw ed anchovy and  
squid, an d  form ulated  fish pellets (B io-O regon brood , 
12 m m ). T he isolated, gravid females showed n o  in terest 
in  feed ing  un til a fter partu rition .

A n S. chrysomelas an d  an  S. auriculatus ex truded  larvae 
aboard  ship. T he larvae were p laced in  5-1 beakers (~ 300 
larvae/1) m ain ta ined  in  w ater baths a t 11.5°C (±0.5°C) 
with L auda chillers (m odel RMS6). A small aquarium  
air pu m p  provided ligh t aera tion  an d  fluorescent light­
ing  in  the sh ip ’s w et lab provided constan t illum ination. 
Larvae w ere fed  copepod  eggs an d  m icroplankton , b u t 
insufficient quantities were available an d  the larvae sur­
vived only 4 -5  days after yolk exhaustion.

1 Kendall, A. W., Jr. 1989. Additions to knowledge of Sebastes larvae 
through recent rearing. U.S. Dep. Commer. NOAA, NMFS, NWAFC 
Processed R eport 89-21, 46 p. Alaska Fisheries Science Center, 7600 
Sand Point Way NE, Seattle, WA 98115.

2 Wold, L. 1991. A practical approach to the description and identi­
fication of Sebastes larvae. Unpubl. M.Sc. Thesis, Calif. State Univ., 
Hayward, 88 p. California State University, Hayward, 25800 Carlos 
Bee Blvd., Hayward, CA 94542.

In  th e  lab o ra to ry  larvae w ere gently  m anually  ex­
p ressed  from  one o f  the  gravid S. atrovirens an d  the 
gravid S. auriculatus. T he o th e r two gravid S. atrovirens 
even tually  re le a se d  larvae  n a tu ra lly  b e tw een  n o o n  
a n d  3 PM fo r one, an d  som etim e betw een  3:30 PM 
an d  6:30 AM for the  other. M anually expressed larvae 
were caugh t in  19-1 buckets filled w ith 11°C seawater. 
Naturally spawned larvae were re ta in ed  in  the  collector 
baskets an d  also were collected by partially dra in ing  the 
tanks an d  scooping larvae in to  19-1 buckets. All larval 
rearin g  was in  static systems. Some larvae were stocked 
a t ~ 200 larvae/1 in  black-plastic-wrapped, 5-1 beakers in  
w ater baths cooled  to  11°C w ith L auda chillers. O thers 
were stocked a t ~ 50 larvae/1 in  various 19-1 containers 
in  a large w ater b a th  cooled to  11 °C with an  in-line tita­
n ium  chiller (A quanetics m odel AFC-4B). F luorescent 
ceiling lights provided constan t illum ination, dim m ed 
16 h /d a y  w hen containers w ere partially covered. L ight 
aera tion  was provided to  each rearing  co n ta in er with a 
th in  p ipette  a ttached  to an  aquarium  air pu m p  (Tetra 
m odel G-M). D etritus an d  m o rib u n d  o r dead  larvae 
were siphoned  from  each con ta iner an d  ~ 5-20%  o f the 
w ater exchanged  w ith fresh seawater a t ab o u t 1-2 day 
intervals. S treptom ycin an d  penicillin  (Sigma Chem ical 
Co.) were added  at a dosage o f 5 0 m g /l each as a prophy­
lactic trea tm en t a t ab o u t 10-12 day intervals.

F rom  the day after p a rtu ritio n  th ro u g h  n o to ch o rd  
flexion, larvae w ere fed ab o u t daily w ith the  m arine 
ro tifer Brachionus plicatilis, rea red  on  algae ( Tetraselmis 
spp.). Wild p lankton, p redom inantly  copepod  naup liar 
an d  copepodite stages an d  mollusc veligers, was added  at 
irregu lar intervals, usually 2 -3  times p e r week, d ep en d ­
ing  on  availability. P lankton was collected a t the Scripps 
Institu tion  o f O ceanography p ie r using a 0.04 m m -m esh 
net. P lankton was filtered th ro u g h  a 0.15 m m -m esh sieve 
an d  the 0.04—0.15 m m  fraction was fed to the larvae. Be­
ginn ing  late in  the preflexion stage brine  shrim p (Arte­
mia salina) nauplii (A rgent Labs) en riched  with “HUFA” 
(Salt Creek, Inc.) were added  to  the  diet, and  the u p p er 
size lim it o f  the wild p lank ton  was increased to 0.3 mm. 
A fter n o to ch o rd  flexion, Artemia was the prim ary food, 
supp lem ented  by wild p lank ton  w hen available. Tetrasel­
mis was added  to the rearing  containers occasionally to 
feed the prey organisms. Food densities varied according 
to availability, usually w ithin the ranges o f 5-12 Brachio­
nus,/m l, 5-10 Artemia/m l, an d  4 -6  p lan k ters /m l. T he 
19-1 rearin g  containers were o f  th ree  d ifferen t colors 
(white, blue, b lack). Larvae in  white containers did n o t 
feed  successfully an d  n o n e  survived m ore  th an  a few 
days after yolk absorption. Feeding was observed in  the 
blue an d  black containers, b u t survival was p o o r in  the 
black containers an d  only m odest in  the blue containers. 
Survival in  the 5-1 beakers also was m odest.

For the  descriptive series 1-100 larvae (usually 1-3) 
were collected a t intervals o f ~ 1-2 days d u ring  the  first
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Figure 1
Locations of head spines referred to in the larval descriptions (modified 
from Ahlstrom and Moser, 1978). Abbreviations are: APO, anterior 
preopercular; IOP, interopercular; LIO, lower infraorbital; LOP, lower 
opercular; LPST, lower posttemporal; NA, nasal; NU, nuchal; PA, 
parietal; PPO, posterior preopercular; PRO, preocular; PSO, postocular; 
PT, pterotic; SC, supracleithral; SPO, supraocular; TM, tympanic; UOP, 
upper opercular; LJPST, upper posttemporal.

two weeks an d  ~ 1-2 weeks thereafter.
Specim ens were preserved im m ediately 
in  2% sodium  borate-buffered  form a­
lin. Totals o f  96 S. atrovirens (4.4-14.6 
m m , preflex ion-la te  postflexion stage),
70 S. auriculatus (5 .0-25.6 m m , preflex- 
io n -p e la g ic  ju v e n ile  stage), a n d  110 
S. chrysomelas (4.4—5.4 m m , preflex ion  
stage) were used fo r descrip tion. Ten 
fie ld -co llected  S. atrovirens, o b ta in ed  
from  the Scripps Institu tion  o f  O cean­
ography M arine V ertebrates Collection 
(SIO H51-239:14.4-23.7 m m , late post­
il exion-pelagic juvenile stage), were ex­
am ined  to  com plete th a t series. O th e r 
species exam ined  fo r com parison were 
20 S. caurinus (4.6-5.8 m m , preflex ion  
stage) an d  20 S. rastrelliger (4.8-6.4 mm , 
preflex ion  stage), rea red  a t the  South­
west Fisheries Science C en ter (SWFSC) 
experim en tal aquarium .

M ost specim ens w ere m easu red  to 
the n earest 0.04 m m  using a W ild M-5 
b in o cu la r m icroscope eq u ip p ed  w ith 
an  ocular m icrom eter (a few m oribund, 
sh ru n k e n  larvae w ere u sed  only fo r 
p ig m e n t d e sc r ip tio n s ) . D im en sio n s 
m easured  were body leng th  (BL), pre- 
anal leng th  (PAL), h ead  leng th  (H L), 
h ead  w idth (HW ), snou t leng th  (SnL), 
eye d iam eter (ED), body d ep th  (BD), 
p e c to ra l (P jL ) a n d  pelvic (PgL) fin  
lengths, an d  the lengths o f  several h ead  an d  pectoral 
g ird le  sp ines. T hese  in c lu d ed : th e  two lo n g est p re ­
o percu lar (P P 0 2 , P P 0 3 ) , u p p e r an d  lower opercu lar 
(U O P, L O P ), in te ro p e rc u la r  (IO P ), p a r ie ta l (PA), 
nuchal (N U ), tym panic (TM ), p tero tic  (PT), p reocu lar 
(PRO ), postorb ita l (PSO ), first an d  second lower in ­
fraorbital (L IO l, L I0 2 ) , nasal (NA), u p p e r an d  lower 
posttem poral (UPST, LPST), an d  supracleith ral (SC) 
spines (Fig. 1). Spine term inology follows M oser an d  
A hlstrom  (1978); d im ensions are  d efin ed  by M oser 
(1996a). Larval lengths always re fe r to BL o f preserved 
larvae. Seven S. atrovirens, m easured  im m ediately after 
p reservation  an d  again 30-60 days la te r w hen  all m ea­
surem ents fo r the descriptions were m ade, sh rank  an  
average 2% (range 0-5% ) d u rin g  the  interval. N ine S. 
atrovirens (4 .4-14.6 m m ) an d  six S. auriculatus (4.8-25.6 
m m ) were lightly stained w ith alizarin red  S to  aid  in  
d e te rm in ing  sequences o f fin-ray an d  head  spine form a­
tion. Occasionally, live o r freshly preserved specim ens 
(50 S. atrovirens, 62 S. auriculatus, 58 S. chrysomelas, 
mostly p reflex ion  stage) were exam ined to  docum en t 
x an th o p h o re  patterns. Illustrations were m ade with the 
aid o f a cam era lucida.

Description

Kelp rockfish (Sebastes atrovirens)

Morphology Larval S. atrovirens were 4.4—4.9 m m  at 
b irth  (m ean, m ode = 4.6 m m ) an d  began  n o to ch o rd  
flexion a t 6.1-6.9 m m , 32-49 days la te r (1 1 .4 -12.0°C). 
Flexion was co m p le ted ju st a fter 8.6 m m , ~ 60 days after 
b irth . T he largest rea red  specim en, 14.6 m m , was late 
postflexion stage; am ong  the  field-collected specim ens, 
one  (14.4 m m ) was tran sfo rm atio n  stage, one  (15.5 
m m ) was la te  postflex ion  stage, an d  th e  re m a in d e r  
(15.6-23.7 m m ) were pelagic juveniles.

Larvae were m oderately slender a t birth , with a ro u n d ­
ed head, short snout, short p reanal length, and  sac-like 
in tegum ent enclosing the tru n k  and  an terio r p a rt o f the 
tail (Table 1; Figs. 2A, 3A). A little yolk a n d /o r  single oil 
globule were p resen t a t birth; absorption  was com pleted 
2-10 days later. T he sub-derm al space gradually deflated 
d u rin g  p re flex ion  stage, an d  m ost body p ro p o rtio n s  
gradually  increased  relative to  BL th ro u g h o u t larval 
developm ent (Table 1). Larvae h ad  25-26  m yom eres 
(97% with 26): 6-8 preanal + 16-20 postanal (83% with
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Figure 2
Kelp rockfish, Sebastes atrovirens, lateral view. (A) 4.6 mm preflexion stage, day 1; (B) 4.6 mm preflexion stage, day 23; 
(C) 6.9 mm early flexion stage, day 52; (D) 8.0 mm mid-flexion stage, day 58; (E) 8.6 mm early postflexion stage, day 80; 
(F) 14.6 mm late postflexion stage, day 82; (G) 14.4 mm field-collected pelagic juvenile (SIO H51-239). Neuromasts are 
shown (with dotted lines) only on the preflexion-stage larvae.
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Figure 2 (continued)

7 + 19) th rough flexion stage, shifting to 12 + 14 by late 
postflexion stage.

Form ation o f the head  spines began late in the preflex­
ion stage (5.7 m m ) with a p reopercu lar spine (P P 03) 
a t the angle o f  the posterior m argin  (Table 2). A m uch 
sm aller sp ine (A P02) fo rm ed  above and  an te rio r to 
P P 0 3  at the en d  o f preflexion stage. Simultaneously, or 
early in flexion stage (6.7-8.0 m m ), a second posterior 
p reo p ercu lar spine (P P 02) form ed above P P 0 3 . T he 
th ird  (lower) posterior spine (P P 04) fo rm ed  by 7.1 mm

a n d  th e  seco n d  a n te r io r  sp in e  (A P 0 4 ) fo rm e d  by 
8 mm. T he last two p reopercu lar spines, n ear its u p p e r 
(P P O l) and  lower (P P 05) ends, form ed d u ring  post­
flexion stage by 11.9 and  14.6 m m , respectively. P P 0 3  
was largest un til mid- to late postflexion stage (ca. 11.9—
14.6 m m ), w hen P P 0 2  becam e nearly as long. In  pelagic 

juveniles P P 0 2  was the longest spine (by ~ 20 m m ), re­
sulting from  regression o f P P 0 3 . A small in te ropercu lar 
spine, which fo rm ed  late in flexion stage, lacked a free 
distal en d  in som e larvae and  m ost pelagic juveniles.
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Table 1
Sum m ary o f m easurem en ts o f kelp  rockfish, Sebastes atrovirens, given as percen tages o f body len g th  in  1 m m  size classes. For 
each  m easu rem en t m ean  values are  given above, ranges below; n = n u m b er o f specim ens. N o to ch o rd  flexion occurs w ithin 
the 6.1-9 .0  m m  size classes; all b u t one  o f th e  specim ens > 15.0 m m  are pelagic juven iles (15.5 m m  specim en = postflexion 
larva).

Size range n PAL BD HL HW SnL ED P,L P2L

4.1-5.0 71 37 18 20 11 4 7 5 0
36-43 14-20 18-23 10-14 3-7 7-8 3-7

5.1-6.0 4 41 18 24 13 6 8 6 0
40-43 17-19 22-26 11-16 5-8 7-9 5-7

6.1-7.0 6 41 17 26 14 7 9 7 0.1
40-43 11-20 24-28 13-15 5-9 8-10 6-7 0-0.3

7.1-8.0 2 44 23 29 15 7 10 8 1
43-45 21-24 27-30 14-17 7-7 9-10 8-8 1-1

8.1-9.0 1 51 26 31 17 8 11 10 1
11.1-12.0 1 54 27 34 22 12 11 13 10
14.1-15.0 2 55 27 33 16 10 11 20 15

55-56 26-27 31-34 15-18 9-11 10-11 18-22 13-16
15.1-16.0 3 57 27 35 15 12 11 21 17

56-58 27-28 34-35 14-15 11-12 10-11 21-22 16-18
17.1-18.0 1 57 27 34 15 10 11 23 18
20.1-21.0 1 59 27 34 15 10 10 27 20
21.1-22.0 3 59 28 34 15 9 11 27 19

58-59 28-29 33-35 15-15 9-10 10-11 26-28 19-20
23.1-24.0 1 59 29 33 15 10 10 26 19

Table 2
Sum m ary o f m easurem en ts o f kelp  rockfish, Sebastes atrovirens, h ead  an d  pec to ra l g ird le spines given as 
h ead  leng th , in  1 m m  size classes. For each  m easurem en t, m ean  values are  given above, ranges below; 
specim ens. N o tocho rd  flexion occurs w ithin the 6.1-9.0 m m  size classes; all b u t one  o f the specim ens 
pelagic juveniles (15.5 m m  specim en = postflex ion  larva).

p ercen tages o f 
n = n u m b e r of 
> 15.0 m m  are

Size range (mm) n PP02 PP03 UOP LOP IOP PA NU PT PRO PSO LIOl LI02 NA LPST SC

4.1-5.0 71 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5.1-6.0 4 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

0-1
6.1-7.0 6 0.3 5 0 0 <0.1 1 0 1 0 0.2 0 0 0 0 0

0-2 2-6 0-0.5 0-2 0-1 0-1
7.1-8.0 2 4 10 0 0 0.2 5 0 2 0 2 0 0 0 0 0

2-6 4-15 0-0.4 3-7 2-2 1-2
8.1-9.0 1 7 25 0 0 0 10 0 3 0 2 0 0 0 0 0

11.1-12.0 1 15 20 0 0 0.4 12 1 2 0 2 0 0 0 4 2
14.1-15.0 2 13 15 1 0.4 0.4 6 3 1 0 0.4 1 1 1 3 3

13-14 13-17 1-2 0-1 0.4-0.4 3-10 1-4 0-2 0-1 0-1 0-2 1-2 3-4 3-4
15.1-16.0 3 12 15 2 1 0.1 2 2 0 0 0 0.5 1 1 2 3

12-13 14-15 2-3 1-2 0-0.4 0.4-4 1-3 0-1 0.4-1 1-1 2-3 2-4
17.1-18.0 1 12 10 3 2 1 0.3 1 0 0 0 1 1 2 1 2
20.1-21.0 1 10 5 4 3 0 0 2 0 0.3 1 1 1 2 1 3
21.1-22.0 3 12 8 3 2 0.1 0 2 0 0.3 1 0.4 0.5 2 1 2

12-13 7-9 3-4 1-3 0-0.3 1-2 0-1 1-2 0-1 0.3-1 1-3 1-2 1-2
23.1-24.0 1 9 7 5 3 0 0 2 0 0.1 1 1 1 2 2 1
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Figure 3
Kelp rockfish, Sebastes atrovirens, dorsal view. (A) 4.6 mm preflexion stage, day 1; (B) 4.6 mm preflexion stage, day 23; 
(C) 6.9 mm early flexion stage, day 52; (D) 8.0 mm mid-flexion stage, day 58; (E) 8.6 mm early postflexion stage, day 80; 
(F) 14.6 mm late postflexion stage, day 82. Neuromasts are shown only on the preflexion-stage larvae.
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Table 3
Fin-ray counts of reared  kelp rockfish, Sebastes atrovirens. Abbreviations for fin rays are: D = dorsal, A 
P2 = pelvic, CpRI = principal caudal, CpRO = procurren t caudal. Abbreviations for developmental stages 
F = flexion, Po = postflexion.

anal, Pj 
are: Pr =

= pectoral, 
preflexion,

BL (mm) Stage D A Pi p2 c
PRI

c
PRO

4.4 Pr (early) 0 0 0 0 0 0
5.4 Pr (mid) 0 0 0 0 0 0
5.0 Pr (late) 0 0 2 0 2 + 2 0
6.4 F (early) 0 0 6 buds 5 + 5 0
6.3 F (mid) 0 Anlage — buds 8 + 7 0
8.4 F (late) anlage Anlage 8 buds 8 + 7 0 + 1
8.8 Po (early) anlage 5 12 3 8 + 7 2 + 3

11.2 Po (mid) XIII,14 111,7 17 1,5 8 + 7 5 + 6
14.6 Po (late) XIII, 15 111,7 16 1,5 8 + 7 8 + 9

A small u p p e r  opercu lar spine form ed late in  postflex­
ion  stage, an d  transform ing  an d  pelagic juven ile  speci­
m ens also h ad  a smaller, lower opercu lar spine.

A short, low p tero tic  ridge fo rm ed  on  the otic cap­
sule d u rin g  late p reflex ion  o r  early flexion stage (5 .6-
6.6 m m ). A small p tero tic  spine form ed on  the ridge 
d u ring  flexion stage (6.1-7.1 m m ) an d  persisted  un til 
late postflex ion  stage, b u t was ab sen t in  th e  pelagic 
juveniles. A p a ir o f low, sm ooth  parie ta l ridges form ed 
du ring  late p reflex ion  o r early flexion stage (5.7-ca. 6.9 
m m ) an d  becam e finely serrate  by 11.9 m m . A parietal 
spine fo rm ed  posteriorly  on  each ridge d u rin g  late p re ­
flexion to m id-flexion stage (5.9-7.1 m m ) an d  a small 
nuchal spine fo rm ed ju s t b eh in d  each parie ta l spine by 
11.9 m m . T he parietal spine regressed d u rin g  pelagic 

juvenile  stage an d  by ~ 20 m m  the nuchal spine was the 
only posterio r spine on  each parie ta l ridge. T he post­
ocular spine form ed above the eye d u ring  n o to ch o rd  
flex ion  a t ca. 6 .7-7 .1  m m , a n d  a sm aller p re o rb ita l 
spine was p resen t in  pelagic juveniles > ca. 21 m m . A 
lower in fraorb ita l spine (L IO l) fo rm ed  anteriorly  on 
the lachrym al in  som e larvae > 11 .9  m m . M ost pelagic 
juveniles h ad  two lower in fraorb ita l spines, b u t in  som e 
only the posterio r spine (L I0 2 ) was p resen t. A pa ir o f 
nasal spines fo rm ed  a t the en d  o f the  larval stage. Single 
supracleith ral an d  posttem poral spines fo rm ed  du ring  
postflexion stage, by 11.9 m m .

T he principal caudal-fin rays form ed first, beg inn ing  
late in  p reflex ion  stage a t 5.0-5.5 m m . T he full com ple­
m e n t (8+7) was com pleted  late in  flexion stage (ca.
8-8.5 m m ), followed by fo rm ation  o f  p ro c u rre n t rays. 
These were added  an teriorly  from  the  last ray, an d  the 
full com plem ent ( 10-11 + 9-11 ) was p resen t by pelagic 
juvenile  stage (Table 3). Pectoral-fin rays form ed dur­
ing  late p reflex ion  o r  early flex ion  stage, beg in n in g  
a t ~ 5 -6  mm; add ition  o f rays was ventrad  an d  the full 
com plem ent (16-18) was p resen t in  postflexion stage,

by 11.2 m m . Pelvic-fm  buds fo rm ed  d u rin g  flex ion  
stage a t ca. 6.4-8.0 m m  an d  rays fo rm ed  in  postflexion 
stage, beg inn ing  n ea r 8.6 mm , with the full com plem ent 
(1,5) p resen t by 11.2 m m . Dorsal- an d  anal-fin an lagen 
fo rm ed  d u rin g  flex ion  stage, by ca. 8 m m , an d  seg­
m en ted  anal-fin rays form ed late in  the  stage, by ca. 8.8 
m m . Anal-fin spines an d  dorsal spines an d  segm ented 
rays form ed d u rin g  postflexion stage; full com plem ents 
(D: XIII, 13-15; A: III, 6-7) w ere p resen t in  b o th  fins 
by 11.2 mm.

Pigmentation: Melanophores Larvae w ere m o d ­
erately  p ig m e n te d  a t b ir th  (Figs. 2 -4 ) . M ost lacked 
m elanophores on  the h ead  an d  tru n k  (13% with a me- 
lan o p h o re  o r two over the  h indbra in , 18% with some 
o n  the trunk) b u t all h ad  rows o f m elanophores dorsally 
an d  ventrally on  the  tail: usually 8-11 in  a single dorsal 
row ex tend ing  from  m yom ere 9-17  th ro u g h  21-23, and  
a b ro ad e r ventral row, com m only o f ~ 35-45 m elano­
p ho res  ex ten d in g  from  m yom ere 7 -8  th ro u g h  22-24. 
M ost larvae lacked m elanophores laterally on  the tail 
(p igm en t p resen t in  20%, usually a m elan o p h o re  ven- 
trolaterally  on  one  side betw een m yom eres 21-23). T he 
last 1-2 m yom eres an d  n o to ch o rd  tip w ere unpigm ent- 
ed. T he gu t was heavily p igm en ted  dorsally an d  there  
usually w ere 8-12 m elanophores ventrally a t m id-gut, 
w ith 1-2 on  the  h in d g u t ad jacen t to the  anus.

M elanistic p ig m en ta tio n  gradually  increased  in  all 
areas (Table 4). By day 2 o r 3 m elanophores were pres­
e n t above the m yelencephalon  an d  th ere  usually were 
2 -3  m elanophores over the m idb ra in  area, increasing 
a fter abou t day 14 to > 12 covering the area  by the end  
o f  p reflex ion  stage (Fig. 3). T here  usually w ere two m e­
lanophores above the h in d b ra in  th ro u g h  m id-flexion 
stage (ca. 7 m m ), increasing in  n u m b e r to cover the 
m yelencephalon  by ca. 8 m m . M elanophores form ed 
laterally on  the  cerebellum  beg in n in g  2 -3  days after



Figure 4
Kelp rockfish, Sebastes atrovirens, ventral view. (A) 4.6 mm preflexion stage, day 1; (B) 4.6 mm preflexion stage, day 23; 
(C) 8.0 mm mid-flexion stage, day 58; (D) 8.6 mm early postflexion stage, day 80; (E) 14.6 mm late postflexion stage, 
day 82. Neuromasts are shown only on the preflexion-stage larvae.
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Table 4
S u m m ary  o f  m e la n o p h o re  d is tr ib u tio n s  in  larva l k e lp  ro ck fish , Sebastes atrovirens. F o r n u m b e r  o f  m e la n o p h o re s , th e  ra n g e  
is g iven  fo llo w ed  by th e  m o d e (s )  in  p a re n th e se s ; fo r  lo c a tio n  o f  p ig m e n t, th e  a re a (s )  w h e re  m e la n o p h o re s  a re  lo c a te d  is 
g iven , fo llo w ed  by m o d a l lo c a tio n  (s) in  p a re n th e s e s  (fo r t ru n k  a n d  ta il p ig m e n t, lo c a tio n  re fe rs  to  th e  m y o m e res  w h e re  
m e la n o p h o re s  a re  lo c a te d ) . M o d es a re  n o t  g iven  w h e re  c le a r  m o d e s  w ere  n o t  a p p a re n t.

Larval stage

Pigm ent character Preflexion Flexion Postflexion

HEAD 
Forebrain area

N um ber 0-3 (0) 0-3 (3) 6-12
Location dorsal, anterior m argin dorsal, an terior m argin (dorsal) dorsal-upper 50%

M idbrain area
N um ber 0-31 (4) 16-m any many
Location dorsal, posterior m argin dorsal, posterior margin dorsal, posterior m arg in-

(dorsal, posterior margin) (dorsal, posterior margin) upper 50%
H indbrain area

N um ber 0-6 (2) several many
Location dorsal, lateral, ventral (dorsal) dorsal, lateral, ventral 

(dorsal, lateral, ventral)
dorsal, lateral, ventral 
(dorsal, lateral, ventral)

Snout Sc upper jaw
N um ber 0-1 (0) 0-2 (2) several
Location anterior nostril, premaxilla, 

maxilla
premaxilla, maxilla (premaxilla) anterior nostril, premaxilla, 

maxilla
Lower jaw  area

N um ber 0-10 (0) 1-several few
Location dentary, articular, retroarticular, dentary, articular, retroarticular dentary, articular, guiar

guiar (dentary, retroarticular) (dentary, guiar)
O percular area

N um ber
Location

0 0 several
preopercle, opercle (opercle)

GUT AREA 
Dorsal

N um ber many many many
Location mid- Sc h indgut (mid- Sc hindgut) mid- Sc h indgut (mid- Sc hindgut) mid- Sc h indgut 

(mid- Sc hindgut)
Lateral

N um ber 0-several (0) few-many (many) many
Location mid-gut area upper 25%->90% upper 50%-100%

Ventral
N um ber 7-21 (10, 14, 16) 9-m any 5-m any
Location mid- Sc h indgut (mid- Sc hindgut) mid- Sc h indgut (mid- Sc hindgut) mid- Sc h indgut 

(mid- Sc hindgut)
Isthmus

N um ber 0-1 (0) 0-1 (0) 0
Location near cleithra near cleithra

TRUNK & TAIL 
Dorsal, initial series

N um ber 4-19 (10) 8 -17(13) 0-10
Location 1-17 to 21-23 (13-23) 1-17 to 21-23 1-4 to 20-24

Dorsal, secondary series
N um ber 0 8-26 Many
Location 1-5 to 18-20 1-4 to 24

Ventral
N um ber ~ 30-72 (46, 48, 49) ~ 49-70 Many
Location 6-9 to 22-24 (7-8 to 23) 7-8 to 23-24 (7-8 to 23-24) 8-17 to 24-25

Lateral
N um ber 0-4  (0) 1-9 (4) 1 0 -> 3 0
Location 10-24, horizontal septum, 15-25, horizontal septum, 2-26 horizontal septum,

ventrolateral (19-24) dorsolateral, ventrolateral 
(24-25, horizontal septum)

dorsolateral, ventrolateral
(22-26)

continued
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Table 4  (continued)

Larval stage

Pigm ent character Preflexion Flexion Postflexion

Internal
Num ber 0 -4  (1) Series Many
Location 1-2 Sc 19-23, over & /o r under 1-24, over Sc un d er notochord 1-24, over Sc under vertebral

notochord  (19-21, over 
notochord)

(1-5 & 14-24, over notochord) column

FINS
Pectoral

Num ber 0-10 1-several 0-several
Location inner Sc outer surfaces of base, 

proximally on m em brane 
(inner surface of base)

inner Sc outer surfaces of base, 
proximally on rays 
(inner surface of base, proximally 
on rays)

inner surface of base

Pelvic
Num ber 0 0-2 (0) 0-7
Location base base, rays 1-2

Dorsal
Num ber
Location

0 0 0-m any
between spines, soft-ray bases

Anal
Num ber 0 0-1 (0) 0-several
Location last soft-ray base soft-ray bases (soft-ray bases)

Caudal
Num ber
Location

0 0 9-several
hypural margin, proximally 
on central rays

hil lii (p resen t in  91% ), gradually covering m uch  o f the 
lateral surface o f the  m etencephalon  and  spreading  pos­
teriorly on to  the m yelencephalon  by abou t mid-flexion. 
Basioccipital a n d /o r  pharyngobranch ial m elanophores 
usually form ed late in  p reflex ion  stage (p resen t in  16% 
< 2 weeks an d  in  100% > 3 weeks). A few m elanophores 
form ed on  the an te rio r m arg in  a n d /o r  dorsally on  the 
fo reb ra in  in  m id-preflexion stage (ca. 5.4 m m ). Sub­
sequently, fo rebrain  p igm en t changed  little un til post­
flexion stage, w hen  m ore  m elanophores w ere added, 
covering the  area  by 14.6 m m . A m elan o p h o re  form ed 
n e a r the  m esial en d  o f  each prem axillary in  58% o f late 
preflexion-stage specim ens > 5 .8  m m , com m only only 
on  one side. O ne m elan o p h o re  form ed a t the cen te r of 
the u p p erjaw  in  14% o f specim ens > 5.8 m m , an d  a few 
w ere p resen t u n d e r  the  a n te rio r en d  o f each maxillary 
in  all larvae > 7 m m . Some larvae > 6.5 m m  (22% ) had  
> 1 m elanophore  a t the  an te rio r nostrils. O n  the  lower 
jaw  p igm enta tion  rang ing  from  a m elan o p h o re  a t the  
tip to a series a long  the  an te rio r h a lf  usually form ed af­
te r day 3 (p resen t in  11% < 7  days an d  in  59% o f o lder 
larvae, inc lud ing  86% o f those > 5 m m ). Some larvae 
(12% ) had  1-2 m elanophores anteriorly  o n  the gu iar ar­
ea. M ost larvae > 5 .8  m m  (71% ) h ad  1-3 m elanophores 
on  the articu lar n e a r the  retroarticular, an d  som e larvae

> ca. 6.5 m m  (44% ) h ad  a n o th e r 1-2 fa rth e r anteriorly  
o n  the  v en tra l m arg in  o f  th e  articular. T h e  a m o u n t 
o f a rticu la r p ig m en t d iffered  betw een  left an d  rig h t 
sides in  67% o f the  larvae. A m elan o p h o re  fo rm ed  on 
the isthm us n e a r the  cleithral symphysis in  20% o f the 
larvae > 5 .7  m m . P igm entation  on  the h ead  increased 
d u rin g  transfo rm ation -early  juven ile  stages, covering 
the u p p e r 50-60%  (sparsely laterally on  the snou t and  
opercle), ex tend ing  over the  jaws an d  on to  the an te rio r 
gu iar area by 15.5-16 m m . T he snout, jaws, an d  guiar 
area  were essentially fully p igm en ted  by ~ 21 mm.

M elanophores sp read  ven trad  from  the  dorsum  o f 
the gut, beg inn ing  a t the  an te rio r h a lf  o f the m id-gut 
area, in  m id -la te  p reflex ion  stage (ca. 5 .0-5 .6  m m ), 
a n d  re a c h e d  th e  v e n tru m  in  th e  a n te r io r  h in d g u t 
area  by late p reflex ion  to  early flexion stage (ca. 5.4— 
8.0 m m ). By late flexion stage the  gu t was largely cov­
ered. Nearly all larvae h ad  > 1 m elanophore  o n  the  peri­
toneum  ju s t a n te rio r to the  liver; in  som e preflexion- 
and  m ost later-stage larvae nearly  the en tire  p eritoneum  
was covered. T he n u m b e r o f m elan o p h o res  ventrally 
on  the long itud inal m idline o f the gu t increased a little 
d uring  preflexion stage to  7-21 an d  by m id-flexion stage 
the ventral series usually was indistinguishable from  the 
o th e r gu t p igm ent.
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T he m inim um  n u m b er o f  m elanophores dorsally on 
d ie  tru n k  an d  tail increased from  4-5  early in  preflex­
ion  stage to 9-10  late in  the stage, b u t the  m axim um  
rem ained  ~ 19 (Table 4). These usually w ere in  a single 
row o f 7-10 m elanophores ex tend ing  from  m yom ere 
12 -17  th ro u g h  2 2 -2 3 . T h e re  co m m o n ly  w ere  1-3  
m elanophores on  the tru n k  a n d /o r  tail isolated from  
the  dorsal series d u rin g  p reflex ion  stage (p resen t in  
68% ), usually betw een m yom eres 1-3 an d  9-13: only 
on  the tru n k  in  45%, only on  the tail in  23%, an d  on 
b o th  in  32% o f the  larvae having this p igm ent. D uring  
n o to c h o rd  flexion the  dorsal m e lan o p h o res  becam e 
shallowly in te rn a l, b eg in n in g  anteriorly , an d  by late 
postflexion stage (14.6 m m ) n o n e  was visible externally. 
At ab o u t m id-flexion (ca. 7 -8  m m ) small m elanophores 
fo rm ed  betw een  an d  ad jacen t to  the  original, la rger 
dorsal m elanophores o n  the  tail, o r b o th  on  the tail and  
a t ab o u t m id-trunk. These small m elanophores spread, 
ex tend ing  from  m yom eres 1-4 th ro u g h  20-24 du ring  
postflexion stage.

M ost larvae lacked lateral m elanophores on  the tru n k  
an d  tail d u rin g  p re flex ion  stage, b u t the  p ro p o rtio n  
with som e increased  from  ~ 17% early to ~ 36% late 
in  the  stage. W hen presen t, this p ig m en t usually was a 
ventro lateral m elan o p h o re  o n  one side in  the  vicinity 
o f m yom eres 19-24 un til late in  the stage w hen m ela­
nop h o res  com m only fo rm ed  on  b o th  sides, often  with
1-2 o n  the  horizon tal sep tum  (p resen t in  60%) in  the 
sam e area. All flexion- an d  later-stage larvae h ad  > 1 
m elanophore  on  the  horizon tal sep tum  in  the  vicinity 
o f m yom eres 21-25. This p igm en t ex tended  forw ard to 
mid-tail an d  expanded  posteriorly d u rin g  the pelagic 
juvenile  stage b u t was obscured by o th e r tail p igm ent 
a fte r  ~ 2 1  m m . Som e flexion- an d  postflex ion-stage 
larvae h ad  m elanophores dorsolaterally betw een myo­
m eres 20-24  (25% ) an d  ventrolaterally  anyw here on 
the tail, com m only a t m yom eres 19-22 (38% ). A bar 
fo rm ed  h e re  in  transform ing  an d  early pelagic juvenile  
specim ens. L ate in  p o stflex ion  stage m e lan o p h o re s  
spread  ven trad  from  the  dorsum , first in  the  vicinity of 
m yom eres 7-9 , th en  a t m yom eres 2-4. T he a n te rio r o f 
these areas becam e a saddle ex tend ing  from  the nape 
to below the  th ird  dorsal-fin spine an d  ven trad  nearly 
to the horizon tal septum , by ~ 20 m m . T he second be­
cam e a saddle below D IV-VI o r VII, ex tend ing  to, o r 
ju s t  below, the horizon tal sep tum  by ~ 20 m m . Two bars 
form ed du ring  transform ation  an d  earlyjuvenile stages: 
below D IX -X I o r XII, an d  below D 2 o r 3-5 o r 6; b o th  
n ea red  the ven trum  by ~ 20 m m . Thus, pelagic juveniles 
have five saddles an d  bars o n  the tru n k  an d  tail.

T he n u m b er o f ventral m elanophores on  the tail in­
creased, w ith ~ 50-60 com m only p resen t by the en d  of 
preflexion stage. These usually ex tended  from  m yom ere 
7-8  to 23-24 an d  usually were con tinuous w ith the pig­
m en t dorsally on  the gut, a lthough  a small unp igm ented

gap som etim es separated  the two areas (gap p resen t in  
25% ). T he ventral m elanophores becam e in ternal, be­
g inn ing  anteriorly, d u rin g  postflexion stage, w ith those 
o n  the  caudal p ed u n c le  rem a in in g  a t least partially  
ex ternal to  a t least early pelagic juven ile  stage.

M elan o p h o res  fo rm ed  in te rn a lly  above th e  n o to ­
ch o rd  late in  p reflex ion  stage (by ca. 6 m m ), beg inn ing  
w ith 1-2 in  the vicinity o f m yom eres 19-21 an d  often 
w ith a n o th e r a t m yom ere 1 o r 2 (p resen t in  60% ), and  
spread  from  b o th  sites to ex tend  the full leng th  o f the 
vertebral co lum n by the  en d  o f  flexion stage. M elano­
phores fo rm ed  u n d e r  the  n o to ch o rd /v e rteb ra l colum n 
a t ab o u t m yom ere 23 by late p reflex ion  stage in  some 
larvae, b u t were absen t un til postflexion stage in  o th ­
ers (p re se n t in  45% > 6  m m ). T hese m elan o p h o res  
rem ained  a t m yom eres 21-24 in  som e larvae, b u t ex­
ten d ed  the full leng th  o f  tail in  others, b eg inn ing  at 
m id-flexion to  postflexion stage.

O ne o r  m ore  m elanophores form ed proxim ally on 
th e  m esial surface o f one  o r  b o th  pectoral-fin  bases 
late in  p reflex ion  stage (ca. 5.7 m m ). D uring  flexion 
stage m e la n o p h o re s  covered  th e  m esial su rface  in  
som e larvae, b u t in  o thers the fin bases were sparsely 
p ig m e n te d  o r  even u n p ig m e n te d  (u n p ig m e n te d  in  
10% o f flexion- an d  postflexion-stage specim ens). O ne 
to  a few m elanophores form ed on  the  lateral surface 
o f  the pectoral-fin base in  23% o f larvae > 6 m m . A few 
m elan o p h o res  fo rm ed  proxim ally on  som e u p p e r  o r 
lower pectoral-fin rays, o r o n  b o th  areas, in  h a lf  o f the 
late preflexion-stage an d  o lder larvae > 6 m m ; however, 
pecto ra l fin-ray p igm enta tion  was n o t consistently pres­
e n t un til pelagic juven ile  stage, by ca. 20-21 m m . A little 
p ig m en t was p re sen t on  each  pelvic-fin base in  30% 
o f the  late flexion- an d  postflexion-stage larvae, an d  a 
postflexion-stage specim en  h ad  a few m elan o p h o res  
proxim ally o n  the  pelvic-fin rays (Table 4).

M elanophores first fo rm ed  on  the dorsal fin betw een 
dorsal spines II-V  an d  a t the bases o f the  segm ented  
rays late in  postflexion stage. P igm entation  increased 
rapidly, fo rm ing  a dense b ar a t D I—III an d  sparser bars 
a t D IV-V th ro u g h  VI-VII, D IX -X I o r XII, an d  D 2-3 
th ro u g h  5-6, by early pelagic juvenile  stage (< 1 6  m m ). 
Fin bars first ap p eared  ju s t  before the  co rrespond ing  
saddles an d  bars on  the body. A distal b and  connected  
the second an d  th ird  bars o n  the  spinous dorsal, an d  the 
fo u rth  b ar ex tended  posteriorly  to ab o u t D 9, in  pelagic 
juven ile  stage by ca. 21 m m . All b u t ab o u t the  distal 
10-20%  o f the segm ented-ray p o rtio n  o f the  dorsal fin 
was p igm ented  by 23.7 m m . M elanophores fo rm ed  at 
the  bases o f all, o r all b u t the  last segm ented  anal-fin 
rays, late in  postflexion stage (> 14.6 m m ). A b and  first 
ap p eared  on  the  anal fin d u ring  transform ation, taper­
ing  posteriorly  from  m ost o f  the  leng th  o f  A I down to 
the  base o f  the  last ray by early pelagic juven ile  stage 
(< 1 6  m m ). M elanophores fo rm ed  on  the hypural m ar­

12



gin and, in  one  specim en, proxim ally on  som e central 
rays by 11.9 m m . C audal fin-ray p igm enta tion  in  trans­
fo rm ation  stage was largely proxim al o n  the principal 
rays a t first, b u t ex tended  nearly  the full leng th  o f all 
p rincipal rays an d  m ost p ro c u rre n t rays by ca. 16 mm.

Pigmentation: Other chromatophores A t b ir th  
xan th o p h o res  (yellow) were d istribu ted  m uch  like the 
m elanophores, b u t were m ore  num erous th an  m elano­
phores on  the dorsum  an d  less so o n  the ventrum . X an­
th o p h o res  (2-4 ) covered m uch  o f the  dorsal surface 
o f the  m idb ra in  a rea  an d  con tin u ed  posteriorly as two 
rows to m yom ere 21-23, except th a t com m only there  
w ere n o n e  above the h indbra in . X an thophores flanked 
the m elanophores dorsally on  the tail, expand ing  and  
sp reading  downward posteriorly. Ventrally o n  the  tail, 
they form ed a sparse row in terspersed  along  the  full 
leng th  o f the  m elanophore  series in  som e larvae, bu t 
m ore  com m only were posterio r only, often  expanded  
an d  sp read ing  upw ard posteriorly. T he expanded  dor­
sal an d  ventral xan th o p h o res  com m only form ed a bar 
a t ab o u t m yom eres 22-23 (p resen t in  75% ). O n  the 
gut, xan th o p h o res  w ere lim ited  to the  dorsum  a t m id­
g u t an d  anteriorly  on  the h indgu t. T he oil globule was 
go lden  yellow.

By late p reflex ion  stage (ca. 5 m m ) yellow p igm ent 
covered m uch  o f the  m idb ra in  area  an d  was p resen t 
in ternally  in  th e  otic capsule an d  an te ro la te ra lly  on 
the h indbra in , b u t was absen t externally over the  h in d ­
b ra in  area  in  m ost larvae. By late flexion stage (ca. 8.8 
m m ) it covered the  mid- an d  h indbra in , an d  ex tended  
anteriorly  over the  fo rebrain  an d  posteriorly over the 
spinal ch o rd  to the  an tepenu ltim ate  vertebra. T he en ­
tire dorsal an d  dorsolateral surfaces o f  the  h ead  were 
covered by late postflexion stage (15.2 m m ). Series of 
small, o range xan th o p h o res  form ed on  the dentaries 
a n d  a rticu la rs  d u rin g  p re flex io n  stage, a n d  d u rin g  
postflex ion  stage m ore  fo rm ed  a t th e  bases an d  dis- 
tally a long  the  m argins o f the  cen tral two p reo p ercu lar 
spines. A few (yellow) w ere p re se n t o n  th e  a n te rio r  
p reo p ercu la r m arg in  o f one flexion-stage specim en. By 
late postflexion stage dorsal x an th o p h o res  spread onto  
the snout, fo rm ing  clusters o n  the  prem axillary ascend­
ing  processes an d  sp read ing  a long  the proxim al ha lf of 
each maxilla. In  the  la tte r p a rt o f  postflexion stage a 
few xan th o p h o res  (orange) form ed anteriorly  o n  the 
gu iar area, a few (yellow) form ed a t the bases o f the  su­
p racleith ral an d  posttem poral spines, an d  guanophores 
form ed on  the o percu lar area. By late postflexion (15.2 
m m ) the  en tire  opercu lar area  (except the  p reopercle) 
was b rig h t silver.

E xternal xan th ic  p igm enta tion  on  the  tru n k  an d  tail 
changed  little in  preflex ion  stage. D uring  n o to ch o rd  
flexion xan th o p h o res  spread  ventrolaterally  from  the 
dorsum  a t the  first 1-3 m yom eres an d  on  the tail, ex­

ten d in g  progressively fa rth e r down the  sides beg inn ing  
a t m yom eres 14-18 an d  reach ing  the horizon tal sep tum  
a t ab o u t m yom ere 19-20. X an thophores also prolifer­
ated  ventrally on  the tail d u ring  flexion stage, ex tending  
anteriorly  an d  sp read ing  dorsolaterally, reach ing  p ro ­
gressively fa rth e r u p  the sides posteriorly an d  m eeting  
the dorsolateral p igm en t a t abou t m yom ere 19, thus ex­
p an d in g  the tail b ar to  abou t m yom eres 19-24. T he b ar 
was predom inan tly  yellow, w ith som e o range pigm ent. 
D uring  postflexion stage a x an th o p h o re  series form ed 
on  the  ho rizon ta l sep tum  o f the  tail, the  b a r spread  
an teriorly  a n o th e r 2 -3  m yom eres, an d  x an th o p h o res  
covered (sparsely) the tru n k  to  ab o u t m yom ere 5-6 . A 
few xan th o p h o res  (yellow an d  orange) were p resen t on 
the cen tral hypural a rea  in  a flexion-stage specim en.

X an th o p h o res  covered the  g u t d u rin g  flexion an d  
postflex ion  stages. G u an o p h o res  fo rm ed  on  th e  ab ­
dom inal area  d u ring  the  la tte r p a rt o f postflexion stage; 
by late postflexion (15.2 m m ) the  en tire  area  was b righ t 
silver. T here  were no  xan th o p h o res  o n  the  finfolds dur­
ing  p reflex ion  stage; la te r a few fo rm ed  on  the  pectoral 
fins n e a r the  bases o f som e rays in  som e larvae. A few 
xan th o p h o res  were p resen t on  the  p reana l finfold o f a 
flexion-stage specim en.

Brown rockfish (Sebastes auriculatus)

Morphology Larval S. auriculatus w ere 5 .0-5 .3  m m  
lo n g  (m ean  5.2 m m ) a t b ir th  a n d  c o m p le te d  yolk 
a b so rp tio n  in  9 -1 3  days (5 .4 -5 .8  m m ). N o to c h o rd  
flexion began  a t 6 -8  m m  (32-45 days after b irth ) and  
was com pleted  before  10 m m . Transform ation to  the 
pelagic juven ile  stage was a t ca. 25 m m , ~ 90 days after 
b irth  (11.5°C).

T h e  S. auriculatus larvae w ere la rg e r a t b ir th  an d  
transform ation  b u t otherw ise m orphologically  sim ilar 
to S. atrovirens (Figs. 5-7; Tables 5 -8 ). Larval S. auricu­
latus h ad  26-27 m yom eres (92% with 26): 7 -8  p reanal 
+ 18-20 postanal d u rin g  p reflex ion  stage (90% with 
7 + 19), shifting to 10 + 16 in  postflexion stage. H ead 
an d  pectoral girdle spine developm ent was sim ilar in  S. 
auriculatus an d  S. atrovirens, except th a t in te ro p ercu lar 
spines form ed later, d u rin g  postflexion stage, in  S. au­
riculatus (T ab leó ), an d  pelagic juven ile  S. auriculatus 
had  tym panic spines (lacking in  S. atrovirens), b u t lacked 
p reo rb ita l spines (p resen t in  S. atrovirens).

Principal caudal- an d  pectoral-fin rays began  to form  
early in  flexion stage (~ 7 m m ) an d  full com plem ents 
(8+7 a n d  15-19, respectively) w ere p re se n t by early 
postflexion stage (Table 7). P ro cu rren t caudal-fin rays 
fo rm ed  in  postflex ion  stage; a d d itio n  was an terio rly  
from  the  posterior-m ost rays an d  the  full com plem ent 
(9-11 + 9-12) was p re se n t by pelagic juven ile  stage. 
Pelvic-fin buds form ed early in  flexion stage, an d  dorsal- 
an d  anal-fin an lagen  in  m id-flexion (Table 7), with all
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Figure 5
Brown rockfish, Sebastes auriculatus, lateral view. (A) 5.2 mm preflexion stage, day 1; (B) 5.8 mm preflexion stage, day 5; 
(C) 8.2 mm early flexion stage, day 45; (D) 10.6 mm postflexion stage, day 59; (E) 25.6 mm, pelagic juvenile, day 94. N euro­
masts are shown only on the preflexion-stage larvae.

fin-rays (1,5; X III,12-15; 111,5-8, respectively) p resen t 
early in  postflexion stage.

Pigmentation: Melanophores Larval S. auriculatus 
were m oderately  p igm en ted  a t b irth  (Figs. 5 -7 ), m ost 
com m only with abou t seven m elanophores dorsally on 
the head , 9 -16  dorsally on  the tail betw een m yom eres
9-11 an d  22-23, an d  a single row  o f 27-31 ventrally 
on  the  tail from  m yom ere 9 th rough  23. T he last 1-2 
m yom eres an d  n o to c h o rd  tip w ere u n p ig m en ted . At 
b irth  45% h ad  p igm en t on  one or b o th  sides o f the tail, 
usually consisting o f a m elanophore  betw een m yom eres

18-21. All h ad  heavy p ig m en t dorsally on  the gut, and  
ab o u t five m elanophores ventrally a t m id-gut plus one 
on  the h indgut.

P igm entation  increased on  all areas (Table 8). T he 
u p p e r ~ 25-50%  o f the m idbra in  area was covered by 
early flexion stage (Figs. 5, 6). P igm entation  over the 
m yelencephalon  increased from  the initial 0 -4  (usually
2-3) m elanophores to nearly  cover it by flexion stage, 
an d  m elanophores fo rm ed  laterally on  the cerebellum  
by day 2-3  and  covered m uch o f the m e tencephalon  by 
early flexion stage. M elanophores form ed at the an te ­
rio r m argin  o f the forebrain  as early as day 4 in some
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Figure 5 (continued)

Table 5
S u m m ary  o f  m e a su re m e n ts  o f  b ro w n  ro ck fish , Sebastes auriculatus, g iven  as p e rc e n ta g e s  o f  b o d y  le n g th  in  1 m m  size 
F o r e ac h  m e a s u re m e n t  m e a n  values a re  g iven  above, ra n g es  below ; n = n u m b e r  o f  sp ec im en s . N o to c h o rd  f lex io n  
w ith in  th e  6 .1 -9 .0  m m  size classes; th e  25.6 m m  sp e c im e n  is a p e la g ic  ju v en ile .

classes.
o ccu rs

Size range n PAL BD HL HW SnL ED PiL P2L

4.1-5.0 2 41 26 24 14 5 9 5 0
39-42 26-26 23-24 14-14 5-5 9-9 4-6 0-0

5.1-6.0 56 40 23 23 13 6 9 5 <0.1
38-48 16-26 22-32 12-17 5-9 8-12 4-9 0-0.4

6.1-7.0 1 42 19 27 14 8 10 8 0
7.1-8.0 2 47 22 30 15 9 10 8 1

46-48 20-23 29-31 15-16 9-9 10-11 8-8 1-1
8.1-9.0 1 44 20 28 13 9 9 8 0.4

10.1-11.0 1 55 27 35 21 11 12 8 6
25.1-26.0 1 62 28 34 20 10 9 24 18

larvae, b u t n o t un til flexion stage in  m ost. Forebrain  
m e lan o p h o re s  w ere p rim arily  dorsal d u rin g  flex ion  
stage, covering m uch o f the u p p e r h a lf by late postflex­
ion stage. M elanophores form ed on  the basioccipital by 
day 2, usually posteriorly  on  its dorsal a n d /o r  ventral 
m argins. In ~ 50% o f preflexion-stage larvae > 4 days old

this p ig m en t spread  forw ard a n d /o r  posteriorly  u n d e r 
the  an te rio r en d  o f the n o to ch o rd  to the level o f fu tu re  
vertebrae 1-3.

After the first week 58% o f preflexion-stage larvae, 
an d  all later-stage specim ens, h ad  m elan o p h o res  an ­
teriorly n ea r the bases o f the prem axillary ascending
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Figure 6
Brown rockfish, Sebastes auriculatus, dorsal view. (A) 5.2 mm  preflexion stage, day 1; (B) 5.8 mm preflexion stage, day 5; 
(C) 8.2 mm early flexion stage, day 45; (D) 10.6 mm  postflexion stage, day 59. Neuromasts are shown only on the preflex­
ion-stage larvae.
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Figure 7
Brown rockfish, Sebastes auriculatus, ventral view. (A) 5.2 mm  preflexion stage, day 1; (B) 5.8 mm  preflexion stage, day 5; 
(C) 8.2 mm  early flexion stage, day 45; (D) 10.6 mm  postflexion stage, day 59. Neuromasts are shown only on the pre­
flexion-stage larvae.
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Table 6
S u m m ary  o f  m e a su re m e n ts  o f  b ro w n  ro ck fish , Sebastes auriculatus, h e a d  a n d  p e c to ra l  g ird le  sp in e s  g iven  as p e rc e n ta g e s  
o f  h e a d  le n g th , in  1 m m  size classes. F o r  e a c h  m e a s u re m e n t  m e a n  v a lu es a re  fo llo w ed  by ra n g e s  in  p a re n th e s e s . N u m b e r  
o f  sp e c im en s  is g iven  in  p a re n th e s e s  fo r  e a c h  size class. N o to c h o rd  flex io n  o c cu rs  w ith in  th e  6 .1 -9 .0  m m  size classes; th e  
25.6 m m  sp e c im e n  is a  p e lag ic  ju v e n ile .

Size range

Spine 4.1-5.0 (2) 5.1-6.0 (56) 6.1-7.0 (1) 7.1-8.0 (2) 8.1-9.0 (1) 10.1-11.0 (1) 25.1-26.0 (1)

PP 02 0 < 0.1 (0-2) 2 6 (5-7) 7 13 11
PP 03 0 0.1 (0-5) 8 11 (10-12) 11 18 12
UOP 0 0 0 0 0 0 4
LOP 0 0 0 0 0 0 1
IOP 0 0 0 0 0 1 0
PA 0 0.1 (0-4) 3 6 (6-7) 5 11 0
NU 0 0 0 0 0 2 3
PSO 0 < 0.1 (0-0.5) 1 1 (1-1) 1 2 2
PT 0 < 0.1 (0-2) 3 4 (3-5) 4 4 1
TM 0 0 0 0 0 0 2
LIO l 0 0 0 0 0 1 1
L I02 0 0 0 0 0 0.5 0.5
NA 0 0 0 0 0 0 2
UPST 0 0 0 0 0 0 2
LPST 0 0 0 0 0 3 1
SC 0 0 0 0 0 0 3

Table 7
Fin-ray c o u n ts  o f  r e a r e d  b ro w n  ro ck fish , Sebastes auriculatus. A b b re v ia tio n s  fo r  fin  rays a re : D = d o rsa l, A  = a n a l, P p = 
p e c to ra l,  P2 = pelv ic, C pRI = p r in c ip a l  c au d a l, C pRO = p r o c u r r e n t  cau d a l. A b b re v ia tio n s  fo r  d e v e lo p m e n ta l stages a re : P r = 
p re fle x io n , F = flex io n , Po = p o s tf lex io n , PJ = p e lag ic  ju v e n ile .

BL (mm) Stage D A Pi P2 c
PRI

c
PRO

4.8 Pr 0 0 0 0 0 0
7.0 F (early) 0 0 3 b u d s 5 + 5 0
7.2 F ( m i d ) anlage anlage 6 b u d s 5 + 5 0
6.7 F (late) anlage anlage 14 b u d s 6 + 6 0

10.6 Po XII,14 111,7 18 1,5 8 + 7 5 + 5
25.6 PJ XIII,13 111,7 18 1,5 8 + 7 9 + 9

processes, an d  on  the ascending  processes in  ~ 33% of 
the  flexion-stage an d  o lder larvae. A m elan o p h o re  was 
p resen t o n  each m axilla in  a preflexion-stage specim en 
(13 days), and  m ost (86% ) flexion-stage an d  la ter larvae 
h ad  som e p igm en t anteriorly  u n d e r  the m axillae. The 
snou t usually was un p ig m en ted  in to  flexion stage (two 
flexion-stage larvae h ad  a m elan o p h o re  a t the  an te rio r 
m arg in  o f the  nasal capsule), b u t by m id-postflexion 
stage m elanophores nearly  covered it to  the  level o f 
mid-eye (Fig. 6). M elanophores fo rm ed  on  the lower 
jaw  betw een days 3-7, usually anteriorly  an d  laterally, 
b u t often n o t in  b o th  locations. A bout 75% o f preflex­

ion-stage larvae > 5 days old h ad  1-2 m elanophores on 
the  lower m arg in  o f the articular, an d  later-stage larvae 
com m only h ad  them  along  its full length . A m elano­
p h o re  was p resen t on  the  retroarticular, usually on  its 
in n e r  surface, in  43% o f p reflex ion  larvae > 11  days old 
an d  in  89% o f later-stage larvae. A late preflexion-stage 
specim en h ad  a m elan o p h o re  anteriorly  o n  the guiar 
m em brane, an d  one  each o f flexion an d  postflexion 
stage h ad  several. A bout 75% o f preflexion-stage larvae 
> 7 days old h ad  1-2 m elanophores on  the  isthm us n ea r 
the cleithral symphysis, an d  all later-stage larvae typically 
h ad  2-3. Larvae > 7 days old usually h ad  a m elanophore
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Table 8
S u m m ary  o f  m e la n o p h o re  d is tr ib u tio n s  in  larva l b ro w n  ro ck fish , Sebastes auriculatus. F o r  n u m b e r  o f  m e la n o p h o re s , th e  
ra n g e  is g iven  fo llow ed  by th e  m o d e (s )  in  p a re n th e s e s ; fo r  lo c a tio n  o f  p ig m e n t, th e  a re a (s )  w h e re  m e la n o p h o re s  a re  
lo c a te d  is g iven , fo llo w ed  by m o d a l lo c a tio n  (s) in  p a re n th e s e s  (fo r  t ru n k  a n d  ta il p ig m e n t, lo c a tio n  re fe rs  to  th e  m y o m e res  
w h e re  m e la n o p h o re s  a re  lo c a te d ) . M o d es a re  n o t  g iven  w h e re  c le a r m o d e s  w ere  n o t  a p p a re n t.

Larval stage

Pigm ent character Preflexion Flexion Postflexion

HEAD
Forebrain area

Num ber 0-1 (0) 2-several several
Location anterior or lateral dorsal-upper 50% (dorsal) upper 50%

M idbrain area
Num ber 1-11 (3-4) several several
Location dorsal, lateral (dorsal) upper 25-50% upper 50%

H indbrain area
Num ber 0-6 (3-4) several several
Location dorsal, lateral (dorsal) upper 25-50% upper 50%

Snout Sc upper jaw
Num ber 0-3 (0, 1) 0 -4  (0, 2) 2-m any
Location premaxilla, maxilla (premaxilla) nasal capsule, premaxilla, anterior nostril-upper 50%,

maxilla (premaxilla, maxilla) premaxilla, maxilla
Lower jaw area

Num ber 0-8 5-several many
Location dentary, articular, retroarticular, dentary, articular, retroarticular, dentary, articular, retroarticular,

guiar (dentary) guiar (dentary, articular, guiar (dentary, articular,
retroarticular) retroarticular)

O percular area
Num ber 0-1 (0) 3-m any many
Location preopercle preopercle, opercle preopercle, opercle

GUT AREA
Dorsal

Num ber several many many
Location full length full length full length

Lateral
Num ber 0-several several many
Location m id-gut/h indgut area entire area entire area

Ventral
Num ber 3-23 (indistinguishable from  general (indistinguishable from  general

gut pigm entation) gut pigm entation)
Location mid- Sc h indgut

Isthmus
Num ber 0-2 1-4 2-3
Location near cleithra near cleithra near cleithra

TRUNK Sc TAIL
Dorsal, initial series

Num ber 0-20 (16) 11-15 (12, 14) 10-13
Location 1-17 to 22-24 (1 & 11-22) 10-13 to 22-25 (12 to 22-25) 1-11 to 23-24

Dorsal, secondary series
Num ber 0 several many
Location 1-23 1-24

Ventral
Num ber 16-35 (28) 28-40 > 44
Location 7-9 to 22-25 (9-23) 7-8 to 23-24 (8-23) 10-25

Lateral
Num ber 0 -4 (1 ) 2-9 (9) 3-m any
Location 12-23 (20) 1-3 & 8 -2 4 (1  & 10 to 20-21) 1-26 (13-24)

Internal
Num ber 0-2 (0) series series
Location 18-24, over or under notochord, 1-24, over Sc un d er n o to ch o rd / 1-25, over, under Sc lateral to

or lateral (20-22, over notochord) vertebral column vertebral column
continued
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Table 8 (continued)

Larval stage

Pigm ent character Preflexion Flexion Postflexion

FINS
Pectoral

N um ber 0 0-several 10-many
Location inner Sc outer surfaces of base, inner Sc outer surface of base,

proximally on blade or rays on rays
(inner Sc outer surfaces of base)

Pelvic
N um ber 0 0-2 (0) 0-several
Location base base, rays

Dorsal
N um ber 0 0 0-m any
Location soft-ray bases

Anal
N um ber 0 0-5 (0) 0-several
Location finfold near origin of anlage soft-ray bases

Caudal
N um ber 0-1 (0) 0-1 (0) 0-several
Location finfold near hypurals proximally on a central ray proximally on principal rays

on  llio lower (an terio r) p a rt o f the  p reopercle, an d  55% 
o f flexion-stage an d  la te r specim ens h ad  one n e a r the 
p reo p ercu la r angle a n d /o r  o n  the  u p p e r  p a rt o f the 
p reopercle. M ost (78% ) flexion- an d  postflexion-stage 
larvae h ad  m elanophore(s) a t the  base(s) o f > 1 poste­
rio r  p reo p e rcu la r  sp ine(s), com m only a t P P 0 3 . T he 
opercu lar m elan o p h o re  patch  characteristic o f pelagic 
juveniles began  to form  d u rin g  postflexion stage. By 
pelagic juvenile  stage the u p p e r h a lf  o f  the h ead  was 
nearly  fully p igm ented , m ost densely o n  its u p p e r quar­
ter, w ith a ligh t p ep p erin g  over the jaws an d  gu iar area, 
an d  a m ore o r less p ro m in en t pa tch  n e a r the  u p p e r end  
o f the  opercle (Fig. 5E).

A m elan o p h o re  o r two fo rm ed  on  the p e rito n eu m  
ju s t an te rio r to the yolk a n d /o r  oil globule du ring  the 
first day in  m ost larvae, and  spread ven trad  to becom e 
continuous with the ventral p igm entation  on  the gu t by 
late preflex ion  stage (Fig. 5). M elanophores began  to 
spread ven trad  from  the dorsum  o f the gu t (especially 
in  the posterio r m id -g u t/an te rio r h in d g u t vicinity) on 
abo u t day 3, an d  nearly  reach ed  the ven trum  by late 
preflexion stage. By late flexion stage m ost o f the  gut 
was p igm ented, m ore sparsely ventrolaterally. B eginning 
abou t day 7, som e m elanophores in  the vicinity o f the gas 
b ladder ex tended  up  to the no tochord . T he n u m b er of 
m elanophores ventrally on  the gu t gradually increased 
during  preflex ion  stage, form ing a b road  longitudinal 
row by day 4 an d  becom ing  indistinguishable from  the 
o th e r gu t p igm entation  by late flexion stage (Fig. 7).

T he location  an d  n u m b er o f dorsal m elanophores on 
the tail changed  little d u rin g  p reflex ion  stage (Figs. 5,

6): larvae com m only h ad  12-16 m elanophores betw een 
m yom eres 11-22 (Table 8), mostly in  a single row, ex­
cep t the  row com m only was doub led  posteriorly  a t one 
o r  two m yom eres. T he dorsal m elanophores typically 
were m ore  widely spaced anteriorly. Some preflexion- 
stage larvae > 7 days old (58% ) also h ad  som e dorsal 
p igm en t on  the trunk, usually a m elanophore  a t the  first 
m yom ere. Early in  flexion stage an  irregularly  spaced 
dorsolateral row o f sm aller m elanophores form ed on 
each side o f  the initial series, usually orig inating  sim ul­
taneously in  the vicinities o f m yom eres 1-3 an d  7-10. 
By m id-flexion stage the  d o rso la te ra l m e lan o p h o res  
spread  posteriorly  on  the  tru n k  an d  form ed in  the vicin­
ity o f m yom eres 14-23, an d  by late flexion they filled in  
betw een sites an d  m erged  in to  the orig inal m arginal 
series posteriorly. D uring  postflexion stage the  origi­
nal m arginal series becam e shallowly in te rna l an d  the 
n u m b e r o f dorsolateral m elanophores increased, form ­
ing  a 2 -3  m elanophore-w ide b an d  on  each side o f  the 
dorsal m arg in  from  the nape  to m id-caudal peduncle  
(Fig. 6D). By 10.6 m m  this p igm enta tion  was sparse a t 
the  first 1-2 m yom eres b u t dense along  the  bases o f the 
segm ented  dorsal-fin rays.

T he p ro p o rtio n  o f larvae w ith lateral m elanophores 
o n  the tail rapidly increased  after b irth  to 100% w ithin 
two weeks. T he n u m b e r o f  la tera l m e lan o p h o res  in ­
creased to 2-9  o n  each side by flexion stage (Table 8), 
th e n  c h a n g e d  little  th ro u g h  m id -p o stflex io n  stage 
(Fig. 5D ). T hese m elanophores were dorso- an d  ven tro ­
lateral, an d  o n  the horizontal septum , usually betw een 
m yom eres 10-21, w ith m ost betw een m yom eres 18-21.
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A bout 10% o f preflexion-stage larvae > 7 days old and  
ju s t  over h a lf  o f flexion-stage larvae also h ad  1-2 m ela­
n o p h o res  dorsolaterally  o r o n  the  horizon ta l sep tum  
in  the vicinity o f m yom eres 1-3. In  the  la tte r p a rt of 
postflexion stage m elanophores spread  forw ard o n  the 
horizon tal septum , ex tend ing  along  its full leng th  by 
pelagic juven ile  stage (Fig. 5E). O thers spread from  the 
dorsum  on to  the  sides o f the  tru n k  an d  tail, com bining 
w ith the lateral p ig m en t to cover m uch  o f the u p p e r 
h a lf  o f the  body (densest o n  the u p p e r q uarte r), and  
form ed five saddles an d  bars in  early pelagic juvenile  
stage (Fig. 5E). T he first saddle ex ten d ed  diagonally 
from  below D I—III to the  posttem poral area, the  second 
from  below D IV-VIII to nea r the horizontal septum , the 
th ird  from  below D IX -X II to ju s t  below the  horizontal 
septum , the fou rth  (a bar) from  below D 2-11 nearly  to 
the ventrum , an d  the last b ar covered m uch  o f the cau­
dal peduncle . P igm entation  in  the saddles an d  bars was 
densest dorsally an d  increasingly sparse ventrad.

T h e  n u m b e r  o f  v en tra l m e lan o p h o re s  o n  th e  tail 
in c reased  w ith  d e v e lo p m en t (Table 8). T h ese  w ere 
mostly in  a single row, a lthough  the p ro p o rtio n  o f larvae 
w ith the  row doub led  a t som e m yom eres posteriorly  
increased  to ju s t  over 40% by flexion stage. M elano­
p h o res  in  the  v en tra l row  usually w ere sm all a n te r i­
orly, progressively m ore expanded  posteriorly  to  abo u t 
m yom ere 20-22, th e n  progressively m ore  con trac ted  
again (Fig. 7). Early in  postflexion stage sm aller m ela­
n oph o res  form ed, in terspersed  with the original series, 
an d  by m id-postflexion stage the original m elanophores 
w ere shallowly in te rn a l except on  the caudal peduncle . 
T he sm aller m elanophores fo rm ed  a 1-2 m elanophore- 
wide row on  each side o f the  anal-fin base in  the la tte r 
p a rt o f postflexion stage (Fig. 7D).

Larvae rarely h ad  in te rn a l p igm en t in  the tru n k  or 
tail d u rin g  the  first 2 -3  days, b u t 58% o f preflexion- 
stage larvae > 7 days old h ad  1-2 m elanophores, usually 
above the n o to ch o rd  a t ab o u t m yom eres 20-22. D uring 
flexion stage a series o f m elanophores fo rm ed  above 
the spinal cord, initially in  the vicinities o f m yom eres 
1-2, 15-17, an d  21-24. Two o r th ree  m e lan o p h o res  
form ed u n d e r  the n o to ch o rd  a t m yom eres 19-21 early 
in  flexion stage, an d  spread  forw ard to m yom eres 14—18 
an d  posterio rly  to  m yom ere 23 by la te  in  the  stage. 
O thers spread  forw ard dorsally a long  the n o to ch o rd  to 
m yom eres 14-16, an d  som e fo rm ed  over the first 1-4 
vertebrae by late flexion stage. A few form ed elsewhere 
internally, prim arily  dorsally an d  ventrally in  the  vicinity 
o f m yom eres 18-23, d u rin g  postflexion stage.

A preflexion-stage larva h ad  a ventral m elanophore  in  
the caudal finfold (Fig. 5B); o thers lacked fin p igm en­
ta tion  before  flexion stage (Table 8). D uring  flexion 
stage m e lan o p h o res  fo rm ed  on  the  in n e r  surface o f 
the  pectoral-fin  base, usually proxim ally o n  its lower 
part, an d  som e usually form ed on  the  lateral surface.

A few form ed on  the pectoral-fin blade, usually on  its 
u p p e r half, d u ring  early- to m id-flexion stage. O ne or 
two m elanophores form ed on  each  pelvic-fin base in  
som e flexion- an d  postflexion-stage larvae (44% ) and  
b eg inn ing  ab o u t m id-postflexion stage, u p  to several 
fo rm ed  o n  the m em branes betw een the pelvic-fin rays. 
M elanophores fo rm ed  on  the bases o f  the  segm ented 
dorsal-fin rays a t ab o u t m id-postflexion stage, b u t n o n e  
fo rm ed  on  the fin rays o r  m em branes before late post­
flexion o r transform ation  stage. In  the 25.6 m m  pelagic 
juvenile  all b u t ab o u t the distal 20-40%  o f the  spinous 
dorsal fin an d  proxim al 25% o f the segm ented  ray por­
tion  o f the fin were p igm ented  (except n o n e  on  the last 
ray). A flexion-stage specim en h ad  a few m elanophores 
anteriorly  on  the anal finfold, b u t otherwise the anal fin 
was un p ig m en ted  before m id-postflexion stage, w hen 
m elanophores form ed a t the bases o f the segm ented  
rays. T he pelagic juvenile  h ad  a few m elanophores at 
A III—1, an d  one each proxim ally o n  som e o th e r seg­
m en ted  rays. O ne o r two m elanophores were p resen t on 
the lower hypural m arg in  in  som e flexion-stage larvae, 
an d  by m id-postflexion stage th ere  w ere several on  the 
hypural m argin. By pelagic juvenile  stage a narrow  bar 
ex ten d ed  a long  the  hypural m arg in , an d  th e re  were 
several m elanophores proxim ally a long  each principal 
caudal-fin ray an d  a few fa rth e r distally on  the fin.

Pigmentation: Other chromatophores X anthophore  
an d  m elan o p h o re  patterns d iffered from  one a n o th e r 
th ro u g h  m id-preflexion stage, b u t becam e m ore  alike 
in  o lder larvae. At b irth , m ost larvae h ad  a few yellow 
xan th o p h o res  dorsally over the m idbrain , occasionally 
1-2 over the h indb ra in , an d  n o n e  elsewhere. T he oil 
globule was pale yellow. By day 2 x an th o p h o res  usually 
were p resen t over the h indbra in , an d  by day 3 a th ird  
o f the  larvae h ad  1-2 over the forebrain . D uring  the lat­
te r p a rt o f p reflex ion  stage x an th o p h o res  p ro liferated  
dorsally an d  sp read  dorso laterally  on  the  head , an d  
in  flexion stage they were p resen t over the  forebrain , 
spread  ventrolaterally  to  the level o f the  eyes an d  otic 
capsule, an d  spread  posteriorly  to m yom eres 1-2. By 
early postflexion stage nearly the en tire  b ra in  area and  
posteriorly  to ab o u t m yom ere 3 was densely covered, a 
few xan th o p h o res  were scattered  on  the u p p e r  ha lf o f 
the  o percu lar area, an d  a few were p resen t o n  the  snou t 
an d  a long  the m esial ends o f  the m axillaries, prem axil- 
laries, an d  dentaries. P igm entation  gradually increased 
in  these areas. T he o percu lar area  an d  isthm us becam e 
silvery in  pelagic juvenile  stage.

X an th o p h o res  form ed on  the tru n k  an d  tail du ring  
the la tte r p a rt o f p reflex ion  stage. A row o f irregularly 
spaced  c h ro m a to p h o re s  fo rm ed  a lo n g  each  side o f 
the  dorsal m arg in  posteriorly  to ab o u t the en d  o f the 
m elanophore  series (m yom ere 23-25), w ith a few lat­
erally, resu lting  in  a b a r in  the  vicinity o f  m yom eres
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19-23. Some o f the  dorsal xan th o p h o res  flanked the 
m elanophore  row an d  o thers were in terspersed  am ong  
them ; the m ajority o n  the tru n k  an d  flanking  the  mela- 
nop h o res  were o range while m ost o f those in terspersed  
am o n g  th e  m e lan o p h o re s  w ere yellow. Two rows o f 
irreg u la rly  sp aced  x a n th o p h o re s  e x te n d e d  forw ard  
a long  the ventral m arg in  from  m yom ere 24—25 to any­
w here betw een mid-tail an d  the  first postanal m yom ere. 
V entral xan th o p h o res  were p redom inan tly  yellow, and  
those in  the  tail b a r were an  ~ 50:50 m ix ture  o f orange 
an d  yellow. D urin g  n o to c h o rd  flexion p ig m en ta tio n  
increased in  all th ree  areas, ex tend ing  the  full leng th  of 
the  tail ventrally, an d  spread  laterally from  the  dorsum  
an d  ventrum , apparen tly  beg inn ing  a t the  tail b a r and  
progressing cephalad . A few xan th o p h o res  fo rm ed  on 
the horizon tal sep tum  o f the  posterio r h a lf  o f  the  tail 
in  flexion stage. In  postflexion stage the tail b a r b road ­
en ed  to  m yom eres 18-19 th ro u g h  24-25. By pelagic 
juvenile  stage x an th o p h o re  an d  m elan o p h o re  patterns 
on  the tru n k  an d  tail were essentially the same, except 
th a t xan th o p h o res  were scattered  a long  the m yosepta 
on  the lower ha lf o f the tail w here m elanophores lacked. 
X an thophores were dense in  the saddles an d  bars.

X an th o p h o res  fo rm ed  dorsally on  the  gu t a t the end  
o f p reflex io n  stage an d  su rro u n d e d  it excep t a t the  
term inus o f the h in d g u t in  flexion stage. A few form ed 
on  the  lower ha lf o f the  cleith rum  d uring  postflexion 
stage. T he abdom inal area  becam e silvery by pelagic 
juvenile  stage.

T he pectoral an d  caudal were the first fins to  acquire 
x a n th o p h o re s : d u rin g  f lex io n  stage a few (yellow) 
form ed on  the o u te r surface o f the pectoral-fin base and  
proxim ally o n  the finfold, an d  1-2 (orange) form ed at 
the  base(s) o f the  cen tral caudal-fin rays. M ore form ed 
on  one o r b o th  surfaces o f the pectoral-fin bases and  
proxim ally on  som e rays in  postflexion stage. X an tho ­
phores fo rm ed  o n  the hypural m arg in  in  postflexion 
stage, an d  a long  all b u t the  distal 10-25%  o f each p rin ­
cipal caudal-fin ray by pelagic juvenile  stage. Those on 
the dorsal an d  anal fins co rresponded  to  m elanophore  
patterns, b u t in  the  pelagic juven ile  they ex ten d ed  a 
little fa rth e r distally on  the soft-ray p o rtio n  o f the dorsal 
fin, an d  fo rm ed  a stripe on  the  anal fin th a t ex tended  
from  the m iddle o f  the  second spine to  the  base o f  the  
n ex t to last ray, with few accom panying m elanophores. 
T here  were a few xan thophores proxim ally on  the pelvic 
fins in  pelagic juven ile  stage.

Black-and-yellow rockfish 
ISebastes chrysomelas)

Morphology Larval S. chrysomelas w ere 4 .4-4 .8  m m  
(m ean  4.6 m m ) a t b irth  an d  com pleted  yolk absorp tion  
3.5-5 days la te r a t 4.6-5 .4  m m  (m ean  5.1 m m ). N either 
n o to ch o rd  flexion n o r  developm ent o f the  head  spines

an d  fin rays began  before  the last larvae died  on  day 9. 
T he larvae were m orphologically  sim ilar to  S. atrovirens: 
m oderately  slender w ith ro u n d ed  h ead  an d  sh o rt snout, 
sh o rt p rean a l length , an d  slightly inflated, sac-like in ­
teg u m en t enclosing the tru n k  an d  an te rio r p a rt o f the 
tail (Table 9; Fig. 8). T he larvae h ad  25-27 m yom eres 
(97% with 26): 6 -8  p rean a l + 18-20 postanal (68% with 
7 + 19, 26% with 6 +  20).

Pigmentation: Melanophores Larvae w ere m o d er­
ately p igm en ted  a t b irth  (Fig. 8). Initially, the h ead  was 
u n p ig m e n te d  ex cep t fo r 1 -2  m elan o p h o res  dorsally 
o n  the m yelencephalon  in  72% o f the larvae. All larvae 
h ad  a row o f m elanophores dorsally o n  the tru n k  and  
tail, usually 11-20 (m ode 17) betw een m yom eres 6-10 
an d  22-24 (m odes 7 an d  9 th ro u g h  23). T he first 1-4 
m elanophores in  the series were m ore  widely spaced 
th an  the o thers in  64% o f the  newly b o m  larvae. In  ha lf 
o f  the  newly b o rn  larvae the dorsal m elanophores were 
in  a single row; in  the  o thers the row was doub led  a t > 1 
m yom ere (s), usually betw een m yom eres 19-22. At b irth  
som e larvae (16% ) h ad  a m elan o p h o re  on  o r n e a r the 
horizon tal sep tum  on  one side o f the tail (usually the 
left) betw een m yom eres 11-14; the  o thers lacked lateral 
m elanophores. A bout 45-61 (m ean  53) m elanophores 
were arrayed in  a 1-3 m elanophore-w ide row (m ost with 
a 1-2 m elanophore-w ide row) ventrally on  the tail, usu­
ally from  m yom ere 7 th ro u g h  23 o r  24. T he n o to ch o rd  
tip was unp igm en ted . T he p igm en t ventrally on  the tail 
nearly  always was con tinuous with th a t over the  gut. The 
g u t was heavily p igm en ted  dorsally from  n e a r the  level 
o f  the  c leith ra  to the  term inus. Ventrally, the gu t was 
m oderately  p igm ented , usually w ith 11-14 (m ode 13) 
m elanophores covering m ost o f the  m id-gut a rea  and  
one  on  the  h in d g u t ad jacen t to  the  anus. T he gu t was 
u n p ig m en ted  laterally.

P igm entation  changed  only a little in  the rem ain ing  
days, except on  the head . T he p ro p o rtio n  o f larvae with 
m elanophores over the m yelencephalon  increased  to 
100% by day 4, b u t the  n u m b er o f  m elanophores re ­
m ained  1-3 (m odally 2). A m elan o p h o re  o r  two form ed 
over the  cerebellum  by day 4 in  som e larvae > 5 .3  m m  
(27% ), an d  a n o th e r 1-2 were ad d ed  on  each side o f  the 
cerebellum  in a few larvae > five days old (14% ). O ne 
to  th ree  m elanophores were p resen t over the  m idbrain  
a rea  in  24% o f larvae > fou r days old. T he n u m b e r of 
m elanophores ventrally on  the tail increased  slightly, 
to  47-69 (m ean  58). O ne m elan o p h o re  was p resen t on  
the  p e rito n eu m  a t the an teroven tral m arg in  o f the  liver 
in  10% o f the  3 -4  day old larvae, an d  in  34% o f o lder 
larvae.

Pigmentation: Other chromatophores X anthophore  
p a tte rns a t b irth  were n o t recorded . O n  day 4, xan th o ­
phores (yellow) were con tinuous on  the dorsum  from
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Table 9
S u m m ary  o f  m e a su re m e n ts  o f  b lack-and-yellow  ro ck fish , Sebastes chrysomelas, g iven  as p e rc e n ta g e s  o f  b o d y  le n g th  in  1 m m  
size classes. F o r e a c h  m e a s u re m e n t  m e a n  va lues a re  g iven  above  a n d  ra n g e s  below ; n  = n u m b e r  o f  sp ec im en s.

Size range n PAL BD HL HW SnL ED P,L P;

4.1-5.0 78 35 16 20 10 5 7 5 0
33-38 14-18 19-22 9-11 4-6 6-8 4-5

5.1-6.0 25 36 15 19 10 5 6 4 0
34-37 14-16 19-20 9-10 4-6 6-7 4-5

tile m idbrain  area  to the en d  o f the dorsal m elanophore  
series (m yom ere 22-24) in  70% o f the larvae, increasing 
to 80% by one week. In  the rem ainder, the  series was 
in te rru p ted  a t m yom eres 6-7  th ro u g h  8-12. T he dorsal 
x a n th o p h o re s  on  the  tru n k  an d  tail w ere irregularly  
spaced in  two rows flanking the m ed ian  m elanophore  
row, with a few in terspersed  am ong  the m elanophores. 
No xan th o p h o res  were p resen t on  the  gu t a t day 4, bu t 
by one  week som e h ad  form ed dorsally o r  dorsolaterally 
on  the h in d g u t (p resen t in  50%) an d  by day 9 ~ 90% 
o f the  larvae h ad  1-2 xan th o p h o res  on  the perito n eu m  
a t o r  n e a r the a n te rio r m arg in  o f the liver. M ost larvae 
(~ 90% ) h ad  a x an th o p h o re  n e a r the cen te r o f the otic 
capsule, an d  a t day 9 th ree-quarters h ad  1-2 x an th o ­
phores a t o r n e a r the pharyngobranch ial location. All 
larvae lacked ventral xan thophores.

Discussion

Larval S. atrovirens, S. auriculatus, an d  S. chrysomelas are 
m uch  alike, b u t exhib it som e differences in  xanth ic  and  
m elanistic p igm entation , a t least d u ring  the preflex ion  
stage. X an th o p h o re  patterns becom e increasingly alike 
betw een S. atrovirens an d  S. auriculatus a fter preflex ion  
stage, an d  m elan o p h o re  p a tte rns becom e increasingly 
alike am o n g  m ost Pteropodus species a fte r p reflex ion  
stage. Larval S. auriculatus lack dorsal xan th o p h o res  on  
the tru n k  an d  tail un til late p reflex ion  stage, while the 
o th e r two have extensive dorsal xan th ic  p igm enta tion  
from  birth . Larval S. chrysomelas lack lateral an d  ventral 
xan th o p h o res  on  the  tail for a t least the  first n in e  days, 
an d  S. auriculatus lack them  un til late p reflex ion  stage, 
in  con trast to S. atrovirens w hich have them  ventrally, 
an d  often  laterally, from  b irth . Larval S. atrovirens also 
have m ore  extensive xan th ic  p igm enta tion  on  the  jaws 
an d  gu t th an  the  o th e r two. These differences suggest 
th a t x an th o p h o re  patterns could be useful for species 
identifications. However, xan th ic  p igm enta tion  has n o t 
b een  d ocum en ted  fo r all the  Pteropodus species an d  it 
is unknow n how m any have un ique  patterns. Preflex- 
ion-stage S. caurinus have a p a tte rn  m uch  like th a t of

S. atrovirens, b u t usually have a little xan th ic  p ig m en t on 
the u p p e r jaw  (lacking in  S. atrovirens before postflexion 
stage). D uring  a t least the first week larval S. rastrelliger 
ap p aren tly  lack x a n th o p h o re s  an d  thu s resem ble  S. 
auriculatus, w hich have only a few xan th o p h o res  before 
late p reflex ion  stage. X an thophores rarely persist lon­
ger th an  a few days in  the usual form alin  o r alcohol p re­
servatives an d  th e ir  utility fo r identifying field-collected 
larvae curren tly  is lim ited. (A ttem pts to  stabilize the 
xanth ic  p ig m en t in  larval S. atrovirens using solutions of 
0.1-10.0%  iono l in  e thano l an d  in  form alin  were unsuc­
cessful.) Nevertheless, docum en ta tion  o f x an th o p h o re  
patterns may prove to  be a valuable exercise if  fu ture 
research  leads to a m eth o d  fo r stabilizing this p igm ent 
in  preserved specim ens.

M elanophore patterns differ am ong  larval S. atrovi­
rens, S. auriculatus, an d  S. chrysomelas d u rin g  the  preflex­
ion  stage prim arily in  the location  o f the  dorsal series, 
an d  in  the  n u m b er o f  m elanophores an d  w idth o f  the 
ventral series on  the  tail. Dorsal m elanophores on  the 
tru n k  are ra re  in  S. auriculatus b u t m ore  com m on in 
the o th e r two (~ 40-50%  o f specim ens). Larval S. dalli 
(M oser an d  Butler, 1981), S. caurinus (Stahl-Johnson, 
1985), S. carnatus (M oreno, 1993), S. rastrelliger (M ore­
no, 1993), an d  S. nebulosus (K endall1) also usually have 
m elanophores dorsally on  som e o f the  tru n k  m yomeres. 
Larval S. auriculatus usually have fewer ventral m elano­
phores on  the tail th an  S. atrovirens an d  S. chrysomelas, 
averaging 30 in  a single row; essentially the  same p a tte rn  
is displayed by larval S. dalli (M oser an d  Butler, 1981). 
Larval S. chrysomelas typically have th e  m ost v en tra l 
m elanophores am ong  the th ree , averaging 55 in  a 1-3 
m elanophore-w ide series; essentially the  sam e p a tte rn  is 
displayed by S. carnatus (Moser, 1967). Larval S. atrovi­
rens are  in term edia te , w ith an  average 45 m elanophores 
in  a 1-2  m elan o p h o re-w id e  series, a n d  th e ir  ran g e  
(28-62 m elanophores) overlaps b o th  S. auriculatus and  
S. chrysomelas. Larval S. rastrelliger initially have a ventral 
series like S. auriculatus, w ith 19-46 (m ean  30) m elano­
phores mostly in  a single row, b u t the  n u m b er increases 
an d  by 4—5 days after b irth  th ere  are 48-61 (m ean 52) in  
a 1-3 m elanophore-w ide series, m uch  like S. chrysomelas.

23



'**F ,ajf

«SSt ültt 4»«.
^SS 4ÖS» îÿifR- :#/»*« ■»**•

Figure 8
B lack-and-yellow  ro ck fish , Sebastes chrysomelas, p re f le x io n  stage. (A) 4 .6  m m , day 1, la te ra l  view; (B) 5 .3 m m , day  6, la te ra l 
view; (C ) 4 .6  m m , day 1, d o rsa l view; (D ) 5.3 m m , day 6, d o rsa l view; (E ) 5.3 m m , day 6, v e n tra l  view.
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Table 10
Trunk and tail m elanophores of preflexion-stage Sebastes larvae, subgenus Pteropodus. U nder num ber of m elanophores, the 
m ean is given above and range below; for location of pigm ent, the myomere num ber at the modal location is given above 
and range below. SWFSC refers to larvae reared  at Southwest Fisheries Science Center.

Dorsal Lateral Ventral

Species Source N um ber Location N um ber Location N um ber Locatio

S. atrovirens SWFSC 11 12-23 < 1 20 42 8-23
group 1 8-19 1-23 0-1 20 28-49 8-24
SWFSC 11 11-22 < 1 44 8-23
group 2 6-15 1-23 0-2 10-23 37-52 7-24
SWFSC 9 15-23 < 1 48 7-23
group 3 4-15 1-23 0-4 11-22 38-62 6-24

S. auriculatus SWFSC 13 11-22 1 20 30 9-23
0-20 9-22 0-4 12-23 16-35 9-23

S. carnatus Moser, 1967 16
11-23

55
49-63

S. caurinus SWFSC 19 7-23 < 1 11 42 7-24
15-27 1-24 0-1 11-21 32-57 7-24

Stahl-Johnson, 1985 23
18-32

S. chrysomelas SWFSC 16 7, 9-23 < 1 10 55 7-24
8-25 2-24 0-2 2-22 45-69 7-25

S. dalli Moser & Butler, 1981 14 2 38
7-19 12-23 0-6 29-49 9-24

S. rastrelliger SWFSC 44 1, 7-23 1 12 57 8-23
26-55 1-24 0-3 2-24 43-82 7-24

S. nebulosus Kendall1 ca. 50 5-23 ca. 7-23

Larval S. caurinus also initially have a p redom inan tly  
single row o f ~ 30-50 (m ean 40) m elanophores ventrally 
on  the tail, b u t w ithin a w eek the n u m b er increases to 
~ 35-60 (m ean  45) in  a 1-3 m elanophore-w ide series.

Intraspecies variation  in  p ig m en ta tion  can be re la ­
tively large. For exam ple, preflexion-stage larvae from  
one S. atrovirens h ad  28-49 (m ean  42) ventral m elano­
phores on  the tail an d  8-19 (m ean  11) in  the dorsal se­
ries, those from  a n o th e r h ad  37-52 (44) an d  6-15 (11), 
respectively, an d  those from  a th ird  h ad  38-62 (48) 
an d  4-15  (9), respectively (Table 10). In  a single batch  
o f S. auriculatus the  n u m b e r o f  dorsal m elanophores 
on  the tru n k  an d  tail in  p reflex ion  stage ranged  from  
0 (in  2%) to 19. Preflexion-stage S. caurinus rea red  at 
SWFSC (M arch-A pril 1999) typically were m ore  lightly 
p ig m en ted , especially dorsally, th a n  those described  
by S tah l-Johnson  (1985), a lth o u g h  th e  sam e b a tch  
also co n ta ined  larvae as heavily p igm ented . Marliave 
e t al.3 described sim ilar variation  in  a single batch  of

3 Marliave, J. B., D. I. Kent, and C. M. Brenton. 1997. Pigm ent poly­
m orphism  in sibling larvae of Sebastes caurinus. Abstr., 77th Ann. 
M eeting Amer. Soc. Ichthyol. Herpetol., Seattle, WA, 26June-2Ju ly  
1997. Available from  University of W ashington, College of Fisher­
ies, Seattle, WA 98195.

S. caurinus, an d  we observed  the  sam e variability in  
S. chrysomelas.

Given the sim ilar m elanophore  patterns am ong  Pter­
opodus species an d  th e  variability w ith in  species, the  
instability  o f  x an th ic  p ig m en t in  the  usual preserva­
tives, an d  the m orphological similarity am ong  species, 
it seems likely th a t unless a new m eth o d  fo r preserving 
xanthic p igm ent is developed, reliable species identifica­
tions o f field-collected larvae will n o t be possible using 
tra d itio n a l m o rp h o lo g ica l a n d  p ig m e n t ch arac ters . 
However, because larval Pteropodus do have a com m on 
basic p a tte rn  o f  m elan istic  p ig m en ta tio n  d u rin g  the 
preflex ion  stage (Fig. 9), identification  o f the  subgenus 
may be possible. T he p rincipal elem ents o f the p a tte rn  
are the long  dorsal m elanophore  row on  the tail tha t 
often  extends o n to  the tru n k  (Fig. 10), the long  ventral 
m elanophore  row on  the tail th a t originates a t the  last 
p reanal o r first postanal m yom ere (Fig. 11), an d  little 
o r n o  p ig m en t on  the  pec to ra l fins. O ccasionally an  
individual may have a sh o rte r dorsal row (occupying 
< 5 -6  m yom eres), o r a ven tral row th a t orig inates at 
the  second postanal m yom ere. T he basic p a tte rn  may 
be diagnostic fo r Pteropodus a lth o u g h  larvae o f som e 
o th e r  species (e.g ., sq u a re sp o t rockfish  S. hopkinsi:
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Figure 9
Preflexion-stage larvae of the Sebastes subgenus Pteropodus, lateral view. (A) Sebastes atrovirens, 4.6 mm; (B) S. auriculatus, 
5.8 mm; (C) S. carnatus, 4.3 mm (Moreno, 1993); (D) S. caurinus, 5.2 mm; (E) S. chrysomelas, 5.3 mm; (F) S. dalli, 6.2 mm 
(Moser and Butler, 1981); (G) S. maliger, ca. 5 mm (DeLacy et al., 1964); (H) S. nebulosus, 5.7 mm (Kendall1); (I) S. rastrel­
liger, 5.6 mm.
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Figure 10
Preflexion-stage larvae of the Sebastes subgenus Pteropodus, dorsal view. (A) Sebastes atrovirens, 4.6 mm; (B) S. auriculatus, 
5.8 mm; (C) S. caurinus, 5.2 mm; (D) S. chrysomelas, 5.3 mm; (E) S. dalli, 6.2 mm; (F) S. rastrelliger, 5.6 mm.
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Figure 11
Preflexion-stage larvae of the Sebastes subgenus Pteropodus, ventral view. (A) Sebastes atrovirens, 4.6 mm; (B) S. auriculatus, 
5.8 mm; (C) S. caurinus, 5.2 mm; (D) S. chrysomelas, 5.3 mm; (E) S. dalli, 6.2 mm; (F) S. nebulosus, 5.7 mm (Kendall1); 
(G) S. rastrelliger, 5.6 mm.
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Taylor4) can display a sim ilar pa ttern . D uring  flexion 
an d  postflexion stages p igm entation  o f Pteropodus and  
several o th e r species converge o n  a com m on p a tte rn  
with m elanophores on  m ost o r  all o f the dorsal m ar­
gin, o n  the  h o rizo n ta l sep tum  o f th e  tail (especially 
posteriorly, often  with a saddle o r b ar posteriorly), and  
posteriorly on  the ventral m argin  o f the tail. However, 
it may be possible to distinguish preflexion-stage larvae 
o f the  subgenus as a w hole from  o th e r Sebastes larvae 
based on  the  Pteropodus pa ttern . Clearly, it is unlikely 
th a t every preflexion-stage Sebastes larva could be u n ­
equivocally assigned to Pteropodus o r “o th e r” categories: 
lightly p igm ented  Pteropodus would be excluded from  
th a t category an d  unusually p igm ented  n o n -Pteropodus 
would be erroneously included. Probably ~ 75% o f the 
preflexion-stage Pteropodus'wovlà be correctly identified  
an d  perhaps fewer th an  ~ 25% o f n o n -Pteropodus larvae 
incorrectly classified based on  larval p igm entation  pat­
terns. T he likelihood o f correctly classifying Pteropodus 
larvae using p igm entation  dim inishes rapidly after the 
preflex ion  stage. Nevertheless, because ~ 90% o f the lar­
val Sebastes collected in  standard  oblique bongo  n e t tows 
off California are preflex ion  stage (Moser, 1996b), if the 
p igm entation  m ethod  for larval identification is validat­
ed and  confidence bounds on  the technique established, 
probably using m olecular m ethods, it may be possible 
to generate  an  index  o f larval Pteropodus abundance  as a 
fishery-independent m easure o f popu la tion  trends for 
this g roup  o f nearshore  rockfishes as a whole.
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NO AA SCIENTIFIC A N D  TECHNICAL PUBLICATIONS

The National Oceanic and Atm ospheric Adm inistration was established as part of the D epartm ent 
of Com m erce on O ctober 13, 1970. The mission responsibilities of NOAA are to assess the 
socioeconomic im pact of natural and technological changes in the environm ent and to m onitor 
and predict the state of the solid Earth, the oceans and their living resources, the atm osphere, and 
the space environm ent of the Earth.

The m ajor com ponents of NOAA regularly produce various types of scientific and  technical 
inform ation in the following kinds of publications:

PROFESSIONAL PAPERS: Im p o rtan t definitive research  results, m ajor 
techniques, and special investigations.

CONTRACT AND GRANT REPORTS: Reports p repared  by contractors or 
grantees under NOAA sponsorship.

ATLAS: Presentation of analyzed data generally in the form  of maps showing 
d istribution  of rainfall, chem ical and  physical conditions of oceans and 
a tm osphere , d is trib u tio n  o f fishes an d  m arine  m am m als, io n o sp h eric  
conditions, etc.

TECHNICAL SERVICE PUBLICATIONS: Reports containing data, observations, 
instructions, etc. A partial listing includes data serials; predictions and outlook 
periodicals; technical m anuals, tra in in g  papers, p lan n in g  reports, and  
inform ation serials; and miscellaneous technical publications.

TECHNICAL REPORTS: Journal quality with extensive details, mathematical 
development, or data listings.

TECHNICAL MEMORANDUMS: Reports of preliminary, partial, or negative 
research or technology results, interim  instructions, and the like.

Iinform ation on availablity of NOAA publications can be obtained from:

U . S .  D e p a r t m e n t  o f  C o m m e r c e  

N a t i o n a l  T e c h n i c a l  I n f o r m a t i o n  S e r v i c e

5 2 8 5  P o r t  R o y a l  R o a d  

S p r i n g f i e l d ,  V A  2 2 1 6 1  
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