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Abstract.—pigmentation patterns,
meristic characters, morphometric
measurements, and head spination
were recorded and illustrated for the
developmental series of larval and pe-
lagic juvenile (10.0-27.7 mm SL) grass
rockfish, Sebastes rastrelliger. Larvae
were identified by the presence of
strong dorsal and postanal ventral mid-
line pigment and by the presence of pig-
ment on the lateral midline. Juveniles
became highly pigmented over most of
their body and fin surfaces at a length
of 27.7 mm. Pigment patterns were suf-
ficiently distinct and consistent to dif-
ferentiate larval and juvenile S. ras-
trelliger from other Sebastes species
occurring off central California. Otolith
characters were also useful in identifi-
cation of this species. Larval and juve-
nile 8. rastrelliger grew at a rate of 0.36
mm/day, similar te the growth rates
observed in other species of Sebastes.
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Rockfishes (Sebastes spp.) support
important commercial and recre-
ational fisheries in the northeast-
ern Pacific Ocean. During 1995,
they accounted for approximately
12.6% of the commercial groundfish
catch in weight (PFMC! ) and 19.4%
of all species in the recreational
landings off California, Oregon, and
Washington (Witzig et al., 1992).
Management of rockfishes has been
difficult owing to the large number
of species within this genus. Sixty-
one species of rockfish are reported
from California alone (Eschmeyer et
al., 1983). The need to identify and
separate adult rockfish landed by
the fishery has long been recognized
(Phillips, 1964; Chen, 1971). Larvae
and juveniles are far more difficult
to differentiate than adults, but the
need for their accurate identifica-
tion is growing with their use in bio-
mass estimates and recruitment
studies (Moser and Butler, 1987;
Hunter and Lo, 1993; Ralston et
al.?). Here we provide means to
identify the larvae and juveniles of
grass rockfish, S. rastrelliger.
Sebastes rastrelliger is a thick-
bodied, medium-size (maximum
size, 56 cm), bottom-dwelling rock-

fish that inhabits shallow, rocky
areas (maximum depth, 46 m) from
central Baja California to Yaquina
Bay, Oregon (Eschmeyer et al.,
1983). This species accounts for less
than 1% of the commercial ground-
fish catch by weight (Pearson?®).
However, in recent years landings
have increased from 1.5 metric tons
(t)in 1991 to 52 t in 1995. This may
be attributed to a relatively new live
fish fishery for this species in south-
ern California (Love, 1996). Addi-
tionally, Sebastes rastrelliger is also
an important part of the nearshore
recreational catch (Love, 1996).

1 PFMC (Pacific Fishery Management
Council). 1996. Status of the Pacific
coast groundfish fishery through 1994 and
recommended acceptable biological catches
for 1997. Pacific Fishery Management
Council, Portland, OR, 168 p.

Ralston, S., J. R. Bence, M. B. Eldridge,
and W, H. Lenarz. 1993. Estimatingthe
spawning biomass of shortbelly rockfish
(Sebastes jordani) in the region of Pioneer
and Ascension Canyons using a larval pro-
duction method, 32 p. Southwest Fisher-
ies Science Center, Natl. Mar. Fish. Serv.,
NOAA, 3150 Paradise Drive, Tiburon, CA
94920.

Pearson. D. E. 1994. Southwest Fish.
Sci. Center, Natl. Mar. Fish. Serv., 3150
Paradise Drive, Tiburon, CA, 94920. Per-
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Only a few studies have been conducted on the
development of S. rastrelliger. Moreno (1990) de-
scribed the pigmentation patterns of laboratory-
reared larvae up to 53 days old and 7.2 mm in length.
Laroche* described the pigmentation of a 27.0-mm
individual. The purpose of this study is to describe
the development of S. rastrelliger from larvae to the
pelagic juvenile stage and to examine the age and
growth of larvae and juveniles.

Methods

Specimens of pelagic larval and juvenile S. rastrel-
liger were obtained from research cruises conducted
aboard the NOAA RV David Starr Jordan. Specimens
were collected with a 26 x 26-m midwater trawl (12.7-
mm stretched mesh codend liner). Surveys were con-
ducted in the spring of 1990, 1992-94, and 1996.
Specimens from midwater trawls were frozen for
later analysis. All samples were collected off central
California between Cypress Point (36°35'N) and Salt
Point (38°35'N).

We examined pigmentation patterns and physical
characteristics of 18 S. rastrelliger larvae and pe-
lagic juveniles. Standard length (SL) was measured
for each individual, and sizes ranged from 10.0 mm
to 27.7 mm. Specimens greater than 19.9 mm were
identified by meristic characters (Chen, 1986;
Matarese et al., 1989; Moreland and Reilly, 1991; and
Laroche*), and pigment patterns were recorded.
Specimens less than 20 mm were initially identified

from pigment patterns developed from a size series .

based on the patterns observed by Moreno (1990) and
the pigment patterns of the smallest, positively iden-
tifiable individuals with complete meristic charac-
ters. Whenever possible, dorsal, anal, and pectoral-
fin ray counts and the number of gill rakers on the
first gill arch were recorded and subsequently used
in identifications. Gill-raker counts were obtained
only from fish larger than 15 mm in length.

Snout to anus length, head length, snout length,
eye diameter, body depth at the pectoral-fin base,
body depth at anus, and pectoral-fin length were
measured on 17 specimens ranging from 10.0 to 27.7
mm. Terminology for morphometrics follows Richard-
son and Laroche (1979).

Fifteen specimens (ranging from 10.0 to 27.7 mm)
were stained with alizarin red-S and examined for
head spination. Terminology for head spination fol-
lows Richardson and Laroche (1979).

* Laroche, W.A. 1987. Guide to larval and juvenile rockfishes
(Sebastes) of North America. Box 216. Enosburg Falls, VT
05450. Unpubl. manuscript, 311 p.

Otoliths were removed from 16 larvae and juve-
niles (10.0 to 27.7 mm) and ages were determined
following the procedures in Laidig et al. (1991). Ad-
ditionally, extrusion check radius was measured fol-
lowing the procedures in Laidig and Ralston (1995).
Transformation from the larval stage to the juvenile
stage was ascertained by the presence of secondary
primordia in the otolith (Laidig et al., 1991).

Results

General development

At 10.0 mm, S. rastrelliger larvae had already un-
dergone flexion, and a full complement of adult fins
rays was present (13 dorsal, 6 anal, and 19 pectoral-
fin rays), although the spinous dorsal rays were not
quite fully developed (Table 1; Fig. 1C). Meristic
counts were similar to those reported by Laroche*
and Moreland and Reilly (1991). In our sample, the
earliest signs of transformation were observed in a
specimen 20.9 mm in length, and all specimens 27.7
mm or larger had completed transformation. Lateral
line pores were present only in the largest individual;
therefore a full complement was never observed dur-
ing this study.

Morphometrics

Notable changes in body proportion for S. rastrelliger
occurred between lengths of 10.0 and 13.8 mm and
during juvenile transformation (Table 2). At 10.0 mm,
larvae had large heads in relation to their body size,
whereas larger larvae became more elongate and thus
decreased the proportion of head size in relation to body

Table 1
Frequency of occurrence of dorsal, anal, and pectoral-fin
ray, and gill-raker counts in larval and juvenile grass rock-
fish, Sebastes rastrelliger.
Frequency of Percent

Character Count occurrence occurrence
Dorsal-fin rays 12 2 11.1

13 16 88.9
Anal-fin rays 6 18 100
Pectoral-fin rays 18 2 11.8

19 15 88.2
Gill rakers 21 2 16.7

22 6 50.0

23 3 25.0

24 1 8.3




790

Fishery Bulletin 96(4}, 1998

Figure 1
Developmental series of grass rockfish, Sebastes rastrelliger. (A) 4.6 mm SL yolksac preflexion larva; (B)
7.2 mm SL flexion larva; (C) 10.0 mm SL larva: (D) 13.8 mm SL larva; (E) 18.3 mm SL larva; (F) 21.6 mm
SL transforming larva; (G) 27.7 mm SL pelagic juvenile. Illustrations A and B (4.6 and 7.2 mm SL, respec-
tively) from Moreno, 1993.

length. After transformation, the fish became more
thick-bodied, as evidenced by the increase in body depth
at the pectoral-fin ray base and at the anus.

Head spination

Several head spines had already developed by a
length of 10.0 mm (Table 3). The nasal, postocular,
parietal, nuchal, pterotic, inferior posttemporal,
supracleithral, operculars, and preoperculars were
all well formed, whereas the 1st inferior and 1st su-
perior infraorbital were barely perceptible at 10.0
mm. By 13.8 mm, the preocular, 2nd inferior infraor-

bital, and the superior posttemporal were developed.
At 18.8 mm, the 4th superior infraorbital was formed.
The tympanic formed at 19.7 mm. The pterotic be-
came overgrown and embedded by 21.6 mm. The
supraocular, coronal, 3rd inferior infraorbital, and
2nd and 3rd superior infraorbital were not apparent
at any length examined.

Body pigmentation

A distinct pattern of heavy dorsal and postanal ven-
tral midline pigment, along with strong lateral mid-
line pigment, was characteristic at a length of 10.0
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Figure 1 (continued)

mm (Fig. 1C; Table 4). Pigment was also evident
along the anterior tip of the lower jaw, on the snout
anterior to the eye orbit, on the top of the cranium,
on the operculum, and along the dorsal and poste-
rior margin of the gut cavity.

Pigmentation patterns at a length of 13.8 mm were
similar to, but more intensely developed than, those
at 10.0 mm (Fig. 1D). Pigment advanced in the ante-
rior direction along the postanal ventral and lateral
midline, and to a lesser degree along the dorsal mid-

line. In addition, pigment along the posterior-ven-
tral portion of the eye orbit had begun to form.

At a length of 18.3 mm, the dorsal half of the fish
had become highly pigmented (Fig. 1E). Nape pig-
ment had developed and merged with the dorsal mid-
line pigment, forming a continuous band from the
parietal and nuchal spines to the beginning of the
caudal fin at this size. Snout and cranial pigment
also had merged to form a solid line of pigment from
the upper jaw to the parietal and nuchal spines at a
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Table 2
Morphometric measurements (in mm) of grass rockfish, Sebastes rastrelliger.

SL Snout-anus Head Snout Eye Body depth at Body depth Pectoral fin
({mm) length length length diameter  pectoral-fin ray base at anus length
10.0 6.4 3.7 1.2 1.2 29 2.4 1.7
13.8 7.9 4.5 1.5 1.6 34 3.1 2.9
16.7 8.4 5.0 1.7 1.8 38 3.3 3.4
16.7 8.4 5.0 1.7 1.8 3.8 3.3 34
16.8 8.9 5.4 1.8 1.9 3.8 3.4 34
17.4 10.2 5.8 2.1 1.9 3.9 3.3 3.6
18.0 10.5 5.9 2.2 2.0 4.3 34 3.8
18.3 10.5 6.2 2.2 2.0 4.3 39 3.7
18.8 10.8 6.3 2.3 21 4.5 3.9 3.8
19.2 10.9 6.5 2.4 2.1 4.6 3.7 4.0
19.3 11.1 6.8 2.5 2.2 4.6 38 42
19.7 114 6.9 2.5 2.2 4.8 3.9 43
20.9 11.7 7.2 2.7 2.3 5.1 44 4.5
21.6 12.8 7.5 2.9 24 5.9 5.2 4.8
22.7 13.7 7.9 3.0 2.5 6.2 5.5 5.2
24.3 14.0 8.7 2.5 2.7 6.7 5.7 5.8
27.7 15.9 9.0 2.6 2.9 7.6 6.5 6.7

length of 18.3 mm. An unpigmented section was con-
spicuous between the nape and cranial regions. Pig-
ment on the flanks of the dorsal body intensified,
especially in between the myomeres. Lateral mid-
line pigment extended from the caudal peduncle to
the gut cavity. Pigment on the lateral midline near
the caudal peduncle coalesced into a large pigmented
area, which decreased in intensity anteriorly. Much
of the dorsal half of the operculum was covered with
pigment.

At 18.3 mm, the ventral half of the body remained
mostly unpigmented, except for the presence of a
series of melanophores on the ventral surface ante-
rior to the gut cavity and between the branchiostegals
(Fig. 1E). Pigment at the anterior tip of the lower
jaw remained similar in intensity to that of the 13.8-
mm specimen. Postanal ventral midline pigment
became reduced, especially at the base of the anal
fin. Pigment was also absent between the ventral
myomeres.

By 21.6 mm, pigmentation increased over the en-
tire body surface (Fig. 1F). The dorsal midline pig-
ment merged with the nape, head, snout, and ante-
rior tip of the upper jaw pigment to form a solid line
along the dorsal surface of the body from the mouth
to the caudal fin. Pigment formed on the ventral half
of the membranes of the spinous dorsal fin. Pigment
increased around the ventral surface of the eye or-
bit. Nape, head, and operculum pigment merged to
form a vertical bar from the operculum to the dorsal
midline, except for a small unpigmented area near
the nuchal and parietal spines. Hypural pigment

began to form, and the caudal peduncle became
highly pigmented. The ventral surface of the body
remained only lightly pigmented. A few pigment spots
were observed at the base of the pelvic fin.

Juvenile S. rastrelliger became highly pigmented
throughout most of their body surface by 27.7 mm
(Fig. 1Q). The entire dorsal surface of the body was
completely pigmented. Pigment also covered much
of the ventral surface of the body. The gut cavity, the
ventral surface of the head, and the area just above
the anal fin still remained largely unpigmented.
Some pigment was observed at the base of the pecto-
ral fin. A line of light pigment occurred along the lat-
eral midline. Hypural pigment became intense, but
an area of decreased pigment was evident just ante-
rior to the hypural area. The spinous and soft dorsal
fins were highly pigmented, except for the membrane
between spine 11 and 12 which was completely de-
void of pigment. A few pigment spots occurred on the
anal and caudal fins.

Otolith examination

A linear model provided a good fit for the relation-
ship of total otolith radius versus SL (r*=0.94)(Fig.
2). The growth rate of S. rastrelliger was estimated
by a linear model fitted to the relationship of SL and
age (coefficient of determination, r2=0.88)(Fig. 3).
This model estimated a growth rate of 0.36 mm/day
and an extrusion SL of 0.15 mm. The extrusion check
radius for S. rastrelliger ranged from 13.3 to 14.6 um,
averaging 14.0 um (SD=0.39). Secondary primordia
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Table 3
Development of head spines in grass rockfish, Sebastes rastrelliger. “1” means spine present and “0” means spine absent.
Standard length (mm)
Spines 100 138 167 174 180 183 188 192 193 197 209 216 227 243 27.7
Nasal 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Preocular 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Supraocular 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Postocular 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Coronal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Tympanic 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1
Parietal 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Nuchal 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
- Pterotic 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0
Posttemporals
Superior 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1
Inferior 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Supracleithral 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Operculars
Superior 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Inferior 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Preoperculars
1st anterior 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2nd anterior 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3rd anterior 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1st posterior 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2nd posterior 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3rd posterior 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
4th posterior 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5th posterior 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Infraorbitals
1st inferior 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2nd inferior 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3rd inferior 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1st superior 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2nd superior 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3rd superior 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4th superior 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1
600 30
Otolith radius = 20.38(SL) - 72.38 SL = 0.36(age) + 0.15 -
500 25|
- €
o 400 s
3 H
£ 300f % 15t
o) 5
(7]
200 101
100 5 10 15 20 25 30 520 30 40 50 60 70 80
Standard length (mm) Age (days)
Figure 2 Figure 3
Plot of total otolith radius and standard length of grass Plot of standard length and age of grass rockfish, Sebastes
rockfish, Sebastes rastrelliger in=16). Solid line indicates rastrelliger (n=16). Solid line indicates predicated values
predicated values from linear model. from linear model.
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Table 4

Pigment occurrence at various pigment loci for grass rockfish, Sebastes rastrelliger. SL = standard length in mm. Definitions of
pigment loci are given below. 0.0 = no pigment, 1.0 = some pigment present, and 2.0 = area heavily pigmented. LJ = anterior tip
of the lower jaw, EYE = posterior-ventral edge of the eye orbit, HEAD = cranial surface, FACE = dorsal surface anterior to the
eyes, OPER = operculum, CHK = radiating cheek bars, NAPE = nape pigment, DORS = dorsal body surface, VENT = ventral body
surface, MID = along the lateral midline, HYP = hypural region, DFIN = spinous dorsal fin, AFIN = anal fin, PEC = blade of the
pectoral fin.

SL LJ EYE HEAD FACE OPER CHK NAPE DORS VENT MID HYP DFIN AFIN PEC
10.0 2.0 0.0 2.0 2.0 2.0 0.0 1.0 2.0 2.0 1.0 0.0 0.0 0.0 0.0
13.8 2.0 2.0 2.0 2.0 2.0 0.0 1.0 2.0 2.0 2.0 1.0 0.0 0.0 0.0
16.7 2.0 2.0 2.0 2.0 2.0 0.0 2.0 2.0 2.0 2.0 0.0 0.0 0.0 0.0
16.7 2.0 2.0 2.0 2.0 2.0 0.0 2.0 2.0 2.0 2.0 0.0 0.0 0.0 0.0
16.8 2.0 2.0 2.0 2.0 2.0 0.0 2.0 2.0 2.0 2.0 0.0 0.0 0.0 0.0
174 2.0 2.0 2.0 2.0 2.0 0.0 2.0 2.0 2.0 2.0 0.0 0.0 0.0 0.0
17.5 2.0 2.0 2.0 2.0 2.0 0.0 2.0 2.0 2.0 2.0 0.0 0.0 0.0 0.0
18.0 2.0 2.0 2.0 2.0 2.0 0.0 2.0 2.0 2.0 2.0 0.0 0.0 0.0 0.0
18.3 2.0 2.0 2.0 2.0 2.0 0.0 2.0 2.0 2.0 2.0 0.0 0.0 0.0 0.0
18.8 2.0 2.0 2.0 2.0 2.0 0.0 2.0 2.0 2.0 2.0 0.0 1.0 0.0 0.0
19.2 2.0 2.0 2.0 2.0 2.0 0.0 2.0 2.0 2.0 2.0 0.0 0.0 0.0 0.0
19.3 2.0 2.0 2.0 2.0 20 0.0 2.0 2.0 2.0 2.0 0.0 1.0 0.0 0.0
19.7 2.0 2.0 2.0 2.0 2.0 0.0 2.0 2.0 2.0 2.0 0.0 0.0 0.0 0.0
20.9 2.0 2.0 2.0 2.0 2.0 0.0 2.0 2.0 2.0 2.0 1.0 1.0 0.0 0.0
21.6 2.0 2.0 2.0 2.0 2.0 0.0 2.0 2.0 2.0 2.0 1.0 2.0 0.0 0.0
22.7 2.0 2.0 2.0 2.0 2.0 0.0 2.0 2.0 2.0 2.0 1.0 2.0 0.0 0.0
24.3 2.0 2.0 2.0 2.0 2.0 0.0 2.0 2.0 2.0 2.0 1.0 2.0 0.0 0.0
27.7 2.0 2.0 2.0 2.0 2.0 0.0 2.0 2.0 2.0 2.0 2.0 2.0 1.0 0.0

first appeared in the otoliths of the 20.9-mm speci-
men and was subsequently observed in the otoliths
of all specimens larger than 20.9 mm. By 27.7 mm, the
otolith was completely encircled by secondary primor-
dia, signaling the end of juvenile transformation.

Discussion

Sebastes rastrelliger have developed a unique pig-
ment pattern by 10 mm (Fig. 1C), which allows them
to be distinguished from other Sebastes spp. At this
size, the presence of dorsal, ventral, and lateral body
midline pigment is distinctive for only three species
(S. dallit [Moser and Butler, 1981], S. rufus [Moser
and Butler, 1987], and S. saxicola [Laidig et al.,
1996]) that co-occur with S. rastrelliger off Califor-
nia. All four species have anterior lower jaw, snout,
and opercular pigments, which could add to the con-
fusion between these species. One major difference
in pigmentation between these species is that S.
dallii and S. rufus have pectoral-fin pigment. We
found no pectoral-fin pigmentation in S. rastrelliger
larger than 10.0 mm, and Moreno (1990) found no
pectoral-fin pigment for individuals smaller than
8 mm. Sebastes saxicola also lacks pectoral-fin pig-
ment in fish smaller than 20 mm (Laidig et al., 1996).
Sebastes saxicola and S. rastrelliger can exhibit simi-

lar pigmentation at 10 mm. This similarity occurs
until approximately 18 mm, when S. saxicola devel-
ops hypural and dorsal fin pigment and when sad-
dling along the dorsal surface eventually changes into
abarred pattern. Sebastes rastrelliger was also found
to have a relatively small pectoral fin for its SL (Table
2) in comparison with other Sebastes spp. (Moser et
al., 1977; Richardson and Laroche, 1979; Laroche and
Richardson, 1980, 1981; Sakuma and Laidig, 1995;
Laidig et al., 1996)

Meristics can aid in differentiating S. rastrelliger
from other species. The average counts of 13 dorsal,
6 anal, and 19 pectoral-fin rays (Table 1) are similar
to those observed by Moreland and Reilly (1991) and
Laroche.* Moreland and Reilly (1991) found this com-
bination of fin-ray counts typical for only two spe-
cies: S. rastrelliger and S. babcocki. Sebastes babcocki
has a distinct barred pigmentation pattern and typi-
cal gill-raker counts of 30-31. Sebastes rastrelliger
had no barred pattern and average gill-raker counts
of 22. This count is lower than that observed by
Moreland and Reilly (1991) (an average of 25) and
Laroche? (an average of 24). Gill-raker counts may
be low in our study because the gill rakers may not
have fully developed in some of our specimens
{Sakuma and Laidig, 1995). Therefore, the use of
pigment patterns in conjunction with meristics
should aid in the identification of S. rastrelliger.
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Otolith characters can also be useful in separat-
ing Sebastes rastrelliger from some other Sebastes
species. Laidig et al. (1996) showed that the extru-
sion check radius of S. rastrelliger (14.0 nm) was sig-
nificantly different from those of S. saxicola, S.
maliger, S. atrovirens, and the copper complex (S.
carnatus, S. caurinus, and S. chrysomelas). It was
not different from those of S. auriculatus or S.
semicinctus. However, these latter two species have
distinctly different meristic counts and pigmentation
patterns. In addition, the extrusion check radii found
by Laidig and Ralston (1995) for S. paucispinis, S.
flavidus, S. entomelas, and S. mystinus were smaller
(10.93-12.20 pm) than that for S. rastrelliger.
whereas the extrusion check radii for S. jordani and
S. goodei were much larger (15.15-16.96 um).

Postflexion Sebastes rastrelliger, from 10.0 to 27.7
mm, grew at a rate of 0.36 mm/day. Moreno (1990)
found that the growth rate for reared preflexion S.
rastrelliger less than 8 mm was 0.07 mm/day. This
slow growth rate may be attributed to laboratory
rearing of the fish. However, slow growth rates have
been shown for the first few weeks in S. goodei
(Sakuma and Laidig, 1995), S. saxicola (Laidig et al.,
1996), and S. jordani (Laidig et al., 1991). Sakuma
and Laidig (1995) observed growth rates of 0.135 mm/
day in S. goodei less than 40 days old whereas
Woodbury and Ralston (1991) noted growth rates of
0.399-0.555 mm/day in specimens 35-170 days old.
Laidig et al. (1996) observed growth rates of 0.125
mm/day in S. saxicola less than 40 days old, whereas
larvae and juveniles older than 40 days exhibited in-
creased growth rates of 0.367 mm/day. Laidig et al.
(1991) determined that in S. jordani there were large
fluctuations in growth rates associated with flexion,
with relatively slow growth prior to flexion, almost no
growth during flexion, and relatively rapid growth af-
ter flexion. Because the S. rastrelliger in this study had
already undergone flexion, we expected a faster growth
rate than that of smaller fish as recorded by Moreno
(1990). For this reason, our growth curve does not ac-
curately express the growth in the first few weeks of
life; this lack of fit is consistent with the smaller than
expected estimate of SL at extrusion (0.15 mm ). There-
fore, extrapolating growth rates for flexion and
preflexion larvae from our model would not be advised.
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