DEVELOPMENT AND OCCURRENCE OF LARVAE AND
JUVENILES OF THE ROCKFISHES SEBASTES CRAMERI,
SEBASTES PINNIGER, AND SEBASTES HELVOMACULATUS
(FAMILY SCORPAENIDAE) OFF OREGON!
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ABSTRACT

Developmental series of larvae and juveniles of three species of northeast Pacific rockfishes (Scor-
paenidae: Sebastes) are illustrated and described: S. crameri (8.0 to 130.5 mm standard length), S.
pinniger (7.8 to 181 mm standard length), and S. helvomaculatus (7.7 to 183 mm standard length). The
descriptions include a literature review, characters used for identification including meristics and
supraocular spine patterns, distinguishing features, general development, morphology, fin develop-
ment, spination, scale formation, and pigmentation. Occurrence in waters off Oregon is discussed.

The approach that was used to identify larval and juvenile specimens of Sebastes from plankton,
midwater trawl, and bottom trawl collections from Oregon waters is presented, since 36 species
reportedly occur there. Developmental terminology is newly defined for Sebastes. Larval and juvenile
spination is presented schematically and defined.

Larvae and juveniles of the three species described here are compared with other known Sebastes
larvae and juveniles from the northeast Pacific.

Data gathered during this study extend the southern range limit of Sebastes emphaeus to Punta

Gordo, Calif.

Rockfish of the genus Sebastes are an important
group of fishes in the northeast Pacific both in
terms of number of species and in commercial and
sport fisheries. Sixty-nine species of Sebastes
occur between the Gulf of California and the Guif
of Alaska (Chen 1971, 1975). In 1975, Pacific trawl
landings of Sebastes spp. in the United States and
Canada, categorized as “Pacific ocean perch” and
“other rockfish,” were 17,400 metric tons (t) or
23.9% of the total trawl landings (Verhoeven
1976). In California, rockfish compose half the
number of sportfish caught (Young 1969).
“Pacific ocean perch” (primarily Sebastes
alutus) trawl landings in the United States and
Canada declined from a peak of 14,000 t in 1965 to
8,500 t in 1975 and “other rockfish” landings sub-
sequently increased from 8,600 t in 1965 to 16,300
t in 1973 and 13,300 t in 1975 (Pacific Marine
Fisheries Commission 1964-76; Verhoeven 1976).

! From a final report for NOAA NMFS Contract No. 03-6-208-
35343 submitted to Northwest and Alaska Fisheries Center,
National Marine Fisheries Service, NOAA, 2725 Montlake
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Because of this shift in composition of trawl land-
ings, knowledge of the biology of the individual
species involved, including their early life history,
is becoming increasingly important. Such infor-
mation is relatively scarce, partly because of the
difficulty involved in identifying the young stages.

Rockfish larvae, which are extruded live from
ovoviviparous females, are pelagic as are young
juveniles. The pelagic larvae are very abundant,
ranking third or fourth in annual larval fish
abundance off California (Ahlstrom 1961, 1965)
and second only to osmerid larvae off Oregon
(Richardson 1977; Richardson and Pearcy 1977).
Juveniles are important as forage items for larger
fishes, such as albacore (Powell et al. 1952) and
salmon (Whitney 1893; Silliman 1941; Pritchard
and Tester 1944; Merkel 1957), and marine birds
{(Follett and Ainley 1976).

Pelagic larvae and juveniles of relatively few of
the 69 northeast Pacific rockfish species have been
described. Illustrations or partial descriptions of
pigment patterns have been presented for preex-
trusion or newborn larvae of 47 of these species but
only 26 of these were reared to the point of yolk
absorption (Table 1). The first larval developmen-
tal series of Sebastes spp. were presented as two
unnamed species (Ahlstrom 1965) the second of
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which is now known to be S. paucispinis (Moser
1967; Moser et al. 1977). Complete development
series from newly hatched larvae to benthic
juveniles have only beendescribed for S. cortezi, S.
Jordani,S. levis, S. macdonaldi, S. melanostomus,
S. paucispinis, and Sebastes sp. — Gulf of Califor-
nia Type A (Moser 1967, 1972; Moser et al. 1977;
Moser and Ahlstrom 1978).

This paper is a contribution to the knowledge of
the early life history of northeast Pacific rock-
fishes. Developmental series of three species, S.
crameri, S. pinniger, and S. helvomaculatus, are
described for the first time. The first two species
are important contributors to Oregon trawl land-
ings (Niska 1976). Information on occurrence of
larvae and juveniles of these three species off Ore-
gon is also given. Because of the large species
complex of Sebastes in the northeast Pacific and
the difficulty in identifying young rockfish, e.g.,
adult keys cannot be used, the approach that was
used to identify the specimens in this study is
presented as part of the methodology.

MATERIALS AND METHODS

Collections

Specimens described in this paper came from
collections in the School of Oceanography, Oregon
State University. The collections were obtained
with 70 cm bongo nets, neuston nets, meter nets,
Isaacs-Kidd midwater trawls, beam trawls, and
otter trawls off the Oregon coast since 1961 during
all months of the year. Samples were taken along
the entire coast, but were concentrated along an
east-west transect off Newport, Oreg. (lat.
44°39.1" N). All material had been preserved in
either 5 or 10% Formalin* and most had been
transferred to 30 or 40% isopropyl alcohol. Over
12,000 Sebastes larvae and juveniles were sorted
from the available collections.

Approach to Identification

Geographic ranges of all known northeast
Pacific species [excluding the new species being
described by Lea and Fitch (Chen 1975), presum-
ably from California] were recorded from the lit-
erature (Appendix Table 1). Additional range in-
formation gathered during this study extends the

References to trade names does not imply endorsement by the
National Marine Fisheries Service, NOAA.
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southern range of S. emphaeus through Oregon to
Punta Gordo, Calif. (lat. 40°12.9' N, long.
124°23.7" W, depth 97 m). Adults of only 36 of
these species are reported to occur off Oregon. The
occurrence of two of these, S. eos and S. rosaceus, is
questionable north of northern California (Chen
1971). Although ocean currents could potentially
carry larvae and juveniles of additional species
into Oregon waters, it is unlikely that large num-
bers of young of other species would be taken in an
area where the adults do not occur. Following this
assumption, tables of morphological characters
were prepared for these 36 potential species. The
most useful characters for identifying young
rockfish were shape of the upper profile of the head
(interorbital space) and presence or absence of
specific head spines, particularly the supraocular
(Appendix Table 2); number, including range and
usual (most commonly occurring) number of dor-
sal fin rays, anal fin rays, and pectoral fin rays
(Appendix Table 3); total number of gill rakers on
the first gill arch (Appendix Table 4); number of
lateral line pores (Appendix Table 5); number of
diagonal scale rows below the lateral line (Appen-
dix Table 6). Proportions of body parts related to
standard length such as length of upper jaw, head
length, length of longest dorsal spine, and body
depth at pelvic fin insertion were compiled but
were not particularly useful. Additional informa-
tion which was sometimes helpful included rec-
ords from trawl surveys off Oregon (Demory et al.
1976) and commercial catch trends in Oregon
(Niska 1976) which gave indications of species
common in trawlable habitats in the area. Pig-
ment banding patterns of adults were also useful.

Initially, counts were made on each juvenile to
be identified along with notes on additional, po-
tentially useful characters. Data for each speci-
men were then screened through each of the ap-
pendix tables, and the species which did not agree
were eliminated as potential candidates. This ap-
proach, together with some additional data from
the literature as noted in the text, lead to positive
identification for the species included in this
paper.

Developmental series were established back-
wards from juveniles primarily on the basis of
pigmentation, particularly that of the pectoral
and pelvic fins and that on the dorsal and ventral
body margins, general body shape (e.g., short and
stubby, slender and elongate), and constancy in
number of dorsal, anal, and pectoral fin rays which
could be counted back to postflexion, sometimes
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flexion, larvae. Developmental series could not be
carried back to newly extruded larvae in the
plankton samples with certainty. Pigmentation is
the primary character used to distinguish small
larvae prior to development of fin rays and head
spines. Pigment patterns of newborn larvae are
often similar among a number of species and these
patterns may change considerably by the time the
yolk is absorbed (Westrheim 1975; Moser et al.
1977). Preextrusion and newborn larvae have
been described for 29 of the 36 species of Sebastes
off Oregon, but larvae reared to yolk absorption
have only been described for 15 (Table 1). The
number of species which have patterns similar to
those that have been described is unknown. Rear-
ing larvae of the remaining species to yolk absorp-
tion will be necessary to provide an adequate
foundation for identification of small larvae in
plankton samples. We had no opportunity to rear
larvae from known parents.

Meristics®

Counts were made on unstained material as not
enough specimens were available to make com-
plete stained series for developmental ossification
studies. [One to several pelagic juveniles of S.
crameri, S. pinniger, and S. helvomaculatus were
stained with alizarin red S (Taylor 1967) for
examination of general bone structure, spination,
and secondary caudal rays.] Fin spines and rays
were only counted when they appeared to be fully
formed structures under magnification, which
may approximate initial ossification. Bases of fin
rays, visible prior to actual ray formation, were
not counted. In Sebastes, the 13th dorsal spine and
the 3d anal spine form first as soft rays which then
transform to spines beginning at the basal portion
and continuing distally. These were considered to
be “prespines” until spine formation was com-
plete.

Counts were made of dorsal fin spines and rays,
anal fin spines and rays, pectoral fin rays, pelvic
fin rays, principal caudal fin rays, gill rakers on
the upper and lower limb of the first gill arch,
lateral line pores, and diagonal scale rows below
the lateral line. In some cases Inda ink was applied

to the right side of a fish to increase visibility of the
latter two features.

T e
The term “meristic” is used here to refer to all countable
characters.

Morphometrics

Measurements of various body parts of selected
specimens were made to the nearest 10th or 100th
of a millimeter using an ocular micrometer in a
stereomicroscope as follows:

Standard length (SL) = snout tip to notochord
tip preceding development of caudal fin, then to
posterior margin of hypural plate.

Snout to anus length = distance along body mid-
line from snout tip to vertical through posterior
margin of hindgut at anus.

Head length (HL) = snout tip to cleithrum until
no longer visible, then to posteriormost margin of
opercle (SL of 30.3 mm on S. crameri, 16.8 mm on
S. pinniger, 41.6 mm on S. helvomaculatus).

Snout length = snout tip to anterior margin of
orbit of left eye.

Upper jaw length = snout tip to posterior mar-
gin of maxillary.

Eye diameter = greatest diameter of left orbit.

Interorbital distance = distance between dorsal
margins of orbits.

Body depth at pectoral fin base = vertical dis-
tance from dorsal to ventral body margin at base of
pectoral fin.

Body depth at anus = vertical distance from
dorsal to ventral body margin immediately poste-
rior to anus.

Pectoral fin length = distance from base to tip of
longest ray.

Pectoral fin base depth = width of base of pec-
toral fin.

Pelvic spinelength = distance from base to tip of
pelvic spine.

Pelvic fin length = distance from base to tip of
longest ray.

Snout to origin of pelvic fin = distance along
body midline to vertical through insertion of pel-
vic fin.

Parietal spine length = distance along posterior
margin of parietal spine from insertion to tip.

Nuchal spine length = distance along posterior
margin of nuchal spine from insertion to tip.

Preopercular spine length (third spine, posteri-
or series) = distance from tip to basal insertion if
visible, or to a line connecting the points of deepest
indentation between preopercular spines 2 and 3
and spines 3 and 4 (posterior series).

Length of angle gill raker = distance from tip
of gill raker to point of articulation with gill
arch.
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TABLE 1.—Summary of data on preextrusion larvae (P) or newborn, reared larvae (L) of northeast Pacific species of Sebastes. Asterisk
indicates figure is included.

Source
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S. aleutianus P P P
S. alutus P P* P* P
S. atrovirens
S. auriculatus (P") pP* P L
S. aurora
S. babcocki P P P P
S. borealis
S. brevispinis P P P P
S. carnatus L L
S. caurinus P* P L*
S. chiorostictus L L
S. chrysomelas
S. ciliatus P* P
S. constellatus L L
S. contezi
S. crameri P* P
S. daili L L
S. diploproa P p* P P
S. elongatus L P P L
S. emphaeus
S. ensifer 2L L
S. entomelas P P
S. eos L L
S. exsul
S. flavidus P P P
S. gilli L
S. goodei [ P L
S. helvomaculatus P P
S. hopkinsi L L
S. jordani L P L
S. lentiginosus
S. levis L L
S. macdonaldi L L L
S. maliger P P P P
S. melanops
S. melanostomus L L
S. miniatus L
S. mystinus P* P
S. nebulosus
S. nigrocinctus
S. notius
S. ovalis L L
S. paucispinis L [ L P L
8. peduncularis
S. phitlipsi
S. pinniger L P L
S. polyspinis
S. proriger P* P
S. rastrelliger
S. reedf P* P
S. rosaceus L* L
S. rosenblatti L
S. ruberrimus P P P* P
S. rubrivinctus P (©) N (3) 3
8. rufinanus
S. rufus P
S. saxicola L P* P L
S. semicinctus L L
S. serranoides P
S. serriceps L
S. simulator
S. sinensis
S. spinorbis
S. umbrosus L L
S. variegatus P P
S. varispinis
S. wilsoni P
S. zacentrus Pt P* P* P
S. new sp. (Lea
and Fitch)

'Described as S. rubrivinctus, but northern occurrence indicates it must be S. babcocki.
2Described as S. rhodochloris.
3These descriptions of S. rubrivinctus must be S. babcocki due 1o the northern occurrence of specimens.
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Longest dorsal fin spine = distance from base to
tip.

Longest dorsal fin ray = distance from base to
tip.

Longest anal fin spine = distance from base to
tip.

All body lengths given refer to standard length-

unless noted otherwise.
Developmental Terminology

Terminology for development of Sebastes spp.
used in this paper is as follows:

Preflexion larva = prior to notochord flexion.

Flexion larva = undergoing notochord flexion
from time urostyle begins to slant upward until
urostyle is in final upturned position and caudal
fin is formed.

Postflexion larva = from completion of noto-
chord flexion (urostyle may still extend beyond the
base of the caudal fin) to onset of transformation of
13th dorsal spine and 3d anal spine from soft ray to
spine, and to the associated onset of development
of juvenile pigment pattern (usually addition of
pigment to the dorsum).

Transforming larva = from onset to completion
of transformation of 13th dorsal spine and 3d anal
spine from soft ray to fully developed spine. Also
from the onset of development of juvenile pigment
pattern to development of distinctive juvenile
pigmentation, often in the form of melanistic sad-
dles over the dorsum.

Pelagic juvenile = from completion of formation
of 13th dorsal and 3d anal spine (and thus attain-

INFERIOR INFRAORBITAL SERIES, 1ST -
SUPERIOR INFRAORBITAL SERIES, ST ——-
SUPERIOR INFRAORBITAL SERIES, 2ND -~
INFERIOR INFRAORBITAL SERIES, 2 ND "’//L
INFERIOR INFRAORBITAL SERIES, 3RD ~

SUPERIOR INFRAORBITAL SERIES, 3RD -3 "7
SUPERIOR INFRAORBITAL SERIES, 4TH——~A//_KA —

ANTERIOR PREOPERCULAR SERIES, | ST-3RD R

POSTERIOR PREOPERCULAR SERIES, |ST-5TH ——- i
INTEROPERCULAR —
SUBOPERCULAR —

INFERIOR OPERCULAR ——t
SUPERIOR OPERCULAR

ment of adult complement of actual fin spines and
rays) and development of juvenile pigmentation
until no longer captured pelagically.

Benthic juvenile = from time of first capture on
bottom and usual associated decrease in intensity
of melanistic pigmentation to attainment of sex-
ual maturity.

Spination (Figure 1, Table 2)

Difficulties arise in naming all the spines found
in the head region of larvae and juveniles of
Sebastes because not all are found in adults.
Further complications arise because the names
traditionally used for a number of the head spines
do not reflect the bone from which the spine origi-
nates. For these reasons we include a composite
diagram of spines which may occur during the
larval and juvenile periods. The terminology is a
combination and modification of that used by Phil-
lips (1957), Chen (1971), Moser (1972), and Moser
and Ahlstrom (1978). Most names used in this
paper are the same as those used for adult
rockfishes to avoid confusion, even though the
bones from which the spines originate are not in-
dicated by the name. Exceptions are as follows.
The two spines found on the opercular margin are
here called the subopercular and the interopercu-
lar according to the bones from which they origi-
nate. The superior posttemporal (supracleithral of
adults), inferior posttemporal (not found in
adults), and supracleithral (cleithral of adults) are
so-called because of their origin. This is done to
avoid confusion with a spine present on the poste-
rior margin of the cleithrum, which is here called
the cleithral spine. Use of the term infraorbital

s
o . \\
,%, . e NASAL
,/_/ Y -~ PREOCULAR
' - SUPRAOCULAR

.= POSTOCULAR
“““ CORONAL
= TYMPANIC

-~ PTEROTIC

- — PARIETAL

———— NUCHAL

INFERIOR POST TEMPORAL
——— SUPERIOR POST TEMPORAL
—— SUPRACLEITHRAL

-—— CLEITHRAL

FIGURE 1.—Composite diagram of spines present in the head region of larval and juvenile Sebastes species
including names used in this paper. Refer to Table 2 for corresponding names used for adults and bones

from which spines originate.
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TABLE 2.—Names of head region spines of larval and juvenile Sebastes spp. used in this paper with
corresponding names used for adults and bones from which the spines originate. Spines listed in the

first column are shown in Figure 1 clockwise beginning with the nasal.

Name used in this paper

Name used in aduits’

Bone from which
spine(s) originates?

Nasal

Preocular
Supraocular
Postocular

Coronal

Tympanic

Pterotic

Parietal

Nuchal

inferior posttemporai
Superior posttemporal
Supracleithral
Cleithrat

Superior opercular
Inferior opercular
Subopercular
Interopercular
Posterior preopercular series, 1st-5th

Anterior preopercular series, 1st-3d -
Superior infraorbital series, 4th —
Superior infraorbital series -
Inferior infraorbital series, 3d -
inferior infraorbital series, 2d
Superior infraorbitai series, 2d -
Superior infraorbital series, 1st -
Inferior infraorbital series, st

Lachrymal projection (suborbital spine)

Lachrymal projection (suborbial spine)

Nasat Nasal
Preocular Prefrontal
Supraocular Frontal
Postocular Frontal
Coronal Frontal
Tympanic Frontal
Pterotic Pterotic
Parietal Parietal
Nuchal Parietal

- Posttemporal
Supracleithral Posttemporal
Cleithral Supracleithrum

— Cleithrum
Opercular Opercle
Opercular Opercle
Gili cover spine Subopercle
Gill cover spine interopercie
Preopercular Preopercle

Preopercie

Infraorbital 3 (2d suborbital)
Infraorbital 2 (1st suborbital)
Infraorbital 1 (preorbital)
Infraorbital 1 (preorbital)
infraorbital 1 (preorbital)
Infraorbital 1 (preorbitat)
Infracrbital 1 (preorbital)

'After Phillips (1957) and Chen (1971).
2After Matsubara (1943) and Weitzman (1962).

follows Weitzman (1962) as recommended by
Poss.®

SEBASTES CRAMERI (JORDAN)
(Figures 2, 3, 4)

Literature.—Pigment patterns of preextrusion
larvae of S. crameri were described by Westrheim
et al.,” including one figure, and Westrheim
(1975). Preextrusion larvae (mean total length =
5.7 mm) have a row of 10 to 23 melanophores (45%
of 60 larvae had <16 melanophores) along the
ventral body midline which stops short of the anus
by four myomeres. Melanophore(s) are also usu-
ally present on the ventral finfold in the hypural
region. The gut is pigmented. No pigment occurs
on the head, nape, or dorsal body midline, how-
ever, Westrheim (1975) reported that S. cramert
larvae, along with several other species, reared for
several days develop pigment spots on the head,
nape, and/or lower jaw.

8. G. Poss, Ph.D. Candidate, Department of Zoology, Univer-
sity of Michigan, Ann Arbor, MI 48109, pers. commun. July
1977.

"Westrheim, S. J., W. R. Harling, and D. Davenport.
1968. Preliminary report on the maturity, spawning season
and larval identification of rockfishes (Sebastodes) collected off
British Columbia in 1967. Fish. Res. Board Can., Manusecr.
Rep. 951, 23 p.
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Identification (Table 3, Appendix Tables 2-6).—
Eighty-one specimens of S. crameri, ranging from
8.0 to 130.5 mm, were identified. Juveniles were
identified using the following combination of
characters recorded from specimens in our collec-
tions:

Gill rakers = 30-34

Lateral line pores = 43-50

Pectoral fin rays = 18-20, usually 19
Anal fin soft rays = 7

Dorsal fin soft rays = 13-15
Supraoccular spine = present
Interorbital space = flat to convex.

No other species on our list of potential species
agrees with all these characters. In addition, the
characteristic pigment banding of adults was ob-
vious on larger juveniles. Larvae and juveniles
were relatively abundant in our collections and
adults are known to be abundant in terms of
biomass in trawl catches off the Oregon coast
(Demory et al. 1976; Niska 1976). The develop-
mental series was linked together primarily on
the basis of pigmentation and also body shape and
time of occurrence. Identification of most of the
smaller specimens was further substantiated by
meristics, particularly the constancy in number of
anal and pectoral fin rays (Table 3).
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FIGURE 2.—Planktonic larvae (9.0, 12.6, 14.7 mm) of Sebastes cramert.
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FIGURE 3.—Transforming specimen (19.0 mm) and pelagic juveniles (22.7, 31.8 mm) of Sebastes crameri.
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FIGURE 4.—Pelagic juvenile (56.9 mm) and benthic juvenile (78.8 mm) of Sebastes crameri.

D.istinguishing Features.—Characters useful to
distinguish the smallest identified larvae (8.0
mm) are the heavily pigmented pectoral and pel-
vic fins, the presence of a heavy nape pigment
patch from which some melanophores extend
down and over the gut externally on the body wall,
the absence of dorsal midline pigment other than
at the nape, the presence of ventral midline pig-

ment as =11 distinct melanophores of which the
anterior ones are embedded and only the posteri-
ormost ones remain on the ventral body surface,
and pigment at the tip of the lower jaw. The pres-
ence of pigment on the first dorsal fin in larvae as
small as 11 mm is also a useful character. Meris-
tics, presence of a supraocular spine, flat to convex
shape of the interorbital space, heavily pigmented

9
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TABLE 3.—Meristics from larvae and juveniles of Sebastes crameri off Oregon, based on unstained specimens. Specimens above dashed
line are undergoing notochord flexion. All specimens had 8 superior and 7 inferior principal caudal fin rays and 7 branchiostegal rays on
each side.

Pectoral Pelvic fin Gill rakers Lateral .
Slt:rr:gtar:d ﬁnD g;g?r?elas fin':g?rles fin rays spines and rays (first arch) line pores Disacgac;gal
{mm) and rays and rays Left Right Left Right Left Right Left Right rows
8.0 ) (") — 19 ] @ - - - - -
8.0 1 (") 19 19 3 Q] — — — — —
9.0 H+13,13-14 127 19 19 LY 140 — — — — —
9.0 13,14 B7 19 19 L") (Y — — — — -
9.3 1214 137 19 19 1M 1() - — — — —
106 VI+83,13 B7 19 19 1,5 1,5 — - — — —
10.6 VIl+PR,14 13,7 19 19 1.5 1,5 — — — — —
10.7 IX+13,13 13,7 — 19 1,5 1,5 — — — - -
12.2 X+183,14 L7 19 19 1,5 15 — 19+ 8=27 — —_ —
12.6 XI+8,13 3,7 19 19 1,5 1,5 — =19+ 8=27 — — —
12.8 X1+13,14 HiR7 19 19 1.5 1,5 —_ —_— — —_ —
13.6 XHiR,13 e,z 19 19 1,5 15 — =18+ 8=26 — — -
13.8 XilR,14 13,7 19 20 1,5 i.5 — =20+ 8=28 — — —
14.4 XiR, 14 13,7 19 19 15 15 — =20+ 8=28 — — —
14.7 XNR,14 i3,7 20 19 1,5 1,5 — 21+ 9=30 — — —
15.4 XHR,14 037 18 18 1.5 1,5 — — — — —
416.0 XliR,14 nL,7 19 19 1,5 1,5 — 21+ 8=29 —_ — —_
416.3 XHPR,14 nez 19 19 15 1.5 — 22+ 8=30 — — —
4173 XI13,13 He,7 19 19 1.5 1.5 —_ 21+ 9=30 — — —
474 XB3,13 1,7 19 19 1,5 1,5 — 22+ 9=31 — — —
418.2 XN3,14 13,7 19 19 1,5 1,5 — 20+ 9=29 —_ _— —
4184 XIP13 1IR,7 20 19 1.5 LS — 22+ 9=31 —_ —_ —
418.6 XHB, 14 ite7 20 20 1.5 15 —_ 22+ 8=30 — — -—
419.0 XHP,14 {154 19 20 - 1.5 15 — 22+10=32 — — —
420.0 X, 14 e,z 19 19 1.5 1.5 21+ 9=30 22+ 9=31 — — —
420.3 XIB,14 H[E4 19 19 1,5 1,5 22+ 9=31 22+ 9=31 — — —_
421.0 X, 14 13,7 19 19 1,5 15 22+ 9=31 21+ 9=30 —_ —_— —
522.7 XHI,13 n,7 20 20 L5 1.5 22+ 9=31 22+ 9=31 — — —
523.5 X 13 inz 19 19 1,5 1,5 23+ 9=32 22+10-=32 —_ — —
524.2 X, 14 1,7 19 19 L5 1,5 23+ 9=32 22+ 9=31 — — —
525.6 XWI,15 1,7 19 20 1,5 1,5 22+ 9=31 23+ 9=32 - — —
528.6 X 14 7 19 19 1,5 L5 22+ 9=31 23+10=33 — — —
530.0 XiNn,13 1,7 19 19 1.5 1,5 22+ 9=31 23+ 9=382 =48 =47 —
531.8 Xi13 n,7 19 19 1,5 1.5 23+10=33 22+10=32 46 — -
535.7 X, 14 il,7 19 19 1,5 1.5 23+ 9=32 23+ 9=32 45 =43 —
538.2 XHi,14 7 19 19 1.5 1,5 23+10=33 23+ 9=32 — — —
556.9 X114 L7 19 19 1.5 1,5 22+ 9=31 22+ 9=3 45 46 —
646.8 X113 7 19 19 1.5 1,5 24+ 9=33 23+ 9=32 ~48 — —
649.2 X, 14 mz 19 19 1,5 1,5 23+10=33 24+10=34 =43 ~46 —
658.9 Xill,14 1,7 19 19 1,5 1.5 22+ 9=31 22+ 9=31 45 45 —
$63.0 Xill, 14 mnz 19 19 1,5 45 23+ 9=32 23+ 9=32 45 46 i
663.2 X113 n7 19 19 1.5 1.5 22+ 9=31 23+ 9=32 50 46 —
$65.0 Xlli,14 7 19 20 1,5 1,5 24+ 9=33 24+ 9=33 49 50 —
667.6 XHI,14 7 19 19 1,5 1,5 22+10=32 23+10=33 47 48 —
678.8 Xi,14 mz 19 18 1,5 1,5 22+ 9=31 22+ 9=31 48 44 -
686.1 XN, 13 1,7 19 18 1.5 1.5 23+ 9=32 23+ 9=32 46 46 —
691.8 X, 14 1147 19 19 1,5 1,5 22+10=32 23+10=33 47 49 =53
694.4 Xili, 14 1,7 18 19 1.5 1,5 22+ 8=30 22+ 9=31 49 47 =59
694.7 X114 "7 19 20 15 1.5 23+10=33 23+ 9=32 45 45 —
696.2 XHi,13 7 19 18 1.5 {5 22+ 9=31 22+ 9=31 47 45 =55
$105.6 XHL13 07 19 19 1,5 L5 22+ 9=31 22+ 9=31 47 47 =51
6125.7 X, 14 "7 19 19 1,5 1,5 23+ 9=32 23+10=33 45 44 =59
$130.5 X113 17 20 20 L5 1,5 23+10=33 23+ 9=32 46 47 =60
'Forming.
2Not formed.

IPosteriormost dorsal or anal spine appears as a soft ray.
4Transforming.

5Pela\gic juveniie.

$Benthic juvenile.

pectoral and pelvic fins, and pigment banding pat-
tern on the body serve to distinguish juveniles.

General Development.—The smallest specimens
(8.0-9.0 mm) of S. crameri in the series are under-
going the final stages of notochord flexion, which is
completed by the time larvae are 10 mm. Trans-
formation from postflexion larvae to pelagic
Jjuveniles is rather gradual beginning when larvae
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are about 16 mm. It is characterized by addition of
pigment beneath the second dorsal fin along with
initiation of structural change of the “prespines”
in the dorsal and anal fins. Transformation is
complete in 22 mm specimens and the juvenile
pigment pattern is obvious. Transition from
pelagic to benthic habitat probably occurs when
fish are 40 to 60 mm. The largest pelagic juvenile,
captured in a neuston net, was 56.9 mm and the
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smallest juvenile taken in a bottom trawl was 46.8
mm.

Morphology (Tables 4, 5).—Measurements of var-
ious body parts were made on 53 selected speci-
mens of S. crameri, ranging from 8.0 to 130.5 mm
long, to examine developmental morphology. Rel-
ative body depth at the pectoral fin base and at the
anus increases somewhat, 32 to 34% SL and 24 to
28% SL, respectively, during development from
flexion larvae to benthic juveniles. A more marked
change occurs in snout to anus distance which
increases from 54 to 65% SL. The distance from the
snout to the pelvic fin base increases slightly.

Head length decreases somewhat during de-
velopment from 39 to 36% SL, while major de-
Creases occur in eye diameter (40-33% HL), upper
Jaw length (56-41% HL), and interorbital distance
(36-23% HL). Snout length first increases slightly
and then decreases with respect to head length.
The length of the angle gill raker increases from 9
to 16% HL.

Fin Development (Tables 3, 4, 5).—Pectoral fins
are formed in 8 mm larvae of S. cramert and the
adult complement of 18 to 20 (usually 19) fin rays
(or ray elements) are countable in 9 mm speci-
mens. The fins become more elongate with de-
velopment, increasing from 17% SL in flexion lar-
vae to a maximum of 32% SL in pelagic juveniles.
Depth of the pectoral fin base decreases from 13 to
10% SL.

Pelvic fin buds are present on 8 mm larvae and
the forming spines and rays (I, 5) can be counted in
9 mm larvae although they are not fully developed
until the larvae reach about 10 mm. Length of the
pelvic fins increased from 7 to 21% SL during the
larval and juvenile periods. Length of the pelvic
spine, which is less than the longest ray, increases
from 5% SL in flexion larvae to 19% during trans-
formation, and then decreases to an average of
13% in benthic juveniles.

I.n 8.0 mm larvae the adult complement of 8 + 7
principal caudal rays can be counted although
notochord flexion does not appear to be complete
}mtil larvae are >9.3 mm. Counts of superior and
inferior secondary caudal rays made on one
stained juvenile, 38.2 mm, were 12 and 13, respec-
tively.

Bases of some dorsal and anal fin rays and
Spines are visible on 8 mm larvae. Development of
the second dorsal and anal soft rays occurs simul-
taneously with the central rays forming first and

the posteriormost rays last. Developing soft ray
elements are visible and adult complements can
be counted on 9 mm larvae although rays do not
appear fully formed until larvae are >10 mm.
Dorsal spines begin to form slightly after initia-
tion of soft ray formation at =9 mm. The third,
fourth, and fifth dorsal spines develop first. The
12th spine is not formed until larvae are >13 mm
long. The second anal spine is formed at 10.6 mm
and the first is formed by 12 mm. The transition of
dorsal and anal fin “prespines” to spines is com-
plete at around 22 mm. The longest dorsal spine
increases from 22 to 45% HL during the pelvic
phase, and decreases to 37% in benthic juveniles.
The longest dorsal ray increases from 26 to 41-43%
HL during development. The longest anal spine
increases from 16 to 37 or 38% HL.

Spination (Tables 4, 6).—Spines visible on the left
side of the head of an 8.0 mm larva of S. crameri
consist of the parietal; the second, third, and
fourth preopercular spines of the posterior series;
the first, second, and third preopercular spines of
the anterior series; the postocular; and the pterot-
ic. Another more developed 8.0 mm specimen has a
developing nuchal spine bump; the inferior post-
temporal; the first spine of the inferior infraorbital
series, and the first spine on the superior infraor-
bital series.

The parietal spine is relatively short, averaging
6.5 to 6.6% HL in larvae and decreasing to 3.0%
HL in pelagic juveniles. The nuchal spine in-
creases in length from 1% HL in flexion larvae to
4% in postflexion and transforming specimens
then decreases to 3% in pelagic juveniles. Parietal
and nuchal spines begin to fuse near their bases at
10.7 mm, gradually fusing towards the tips until
in specimens >38 mm the parietal tip is no longer
visible. In benthic juveniles the nuchal and
parietal spines are fused and their relative lengths
are =2% HL; however, increased pigment and
musculature allowed measurement only from tip
to body junction. The parietal spine and ridge are
not serrated in larvae <9 mm. Serrations first
appear at the center of the parietal ridge at 9 mm
and persist until =39 mm.

The posterior series of preopercular spines are
among the most prominentin the larvae. The first
through fifth spines of the series are present in
larvae >10 mm. The third spine of the series is the
largest, averaging 17 or 18% HL in larvae and
then decreasing to 7% HL in benthic juveniles.
Spines in the posterior preopercular series never

11
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TABLE 4.—Body proportions of larvae and juveniles of Sebastes crameri, S. pinniger, and S. helvomaculatus.
Values given are percent standard length (SL) or head length (HL) including mean, standard deviation, and
range in parentheses. (Number of specimens measured may be derived from Tables 5, 8, and 11.)

item

Sebastes
crameri

Sebastes
pinniger

Sebastes
helvomaculatus

Body depth at pectoral fin base/SL:

Flexion
Postflexion
Transforming
Pelagic Juvenile
Benthic Juvenile
Body depth at anus/SL:
Flexion
Posttiexion
Transforming
Pelagic Juvenile
Benthic Juvenile
Snout to anus length/SL:
Fiexion
Posttlexion
Transforming
Pelagic Juvenile
Benthic Juvenile
Snout to pelvic fin origin/SL:
Flexion
Postflexion
Transforming
Pelagic Juvenile
Benthic Juvenile
Head length/SL:
Flexion
Postflexion
Transforming
Pelagic Juvenile
Benthic Juvenile
Eye diameter/HL:
Flexion
Postflexion
Transforming
Pelagic Juvenile
Benthic Juvenile
Upper jaw length/HL:
Flexion
Postflexion
Transtorming
Pelagic Juvenile
Benthic Juvenile
Snout length/HL:
Flexion
Postflexion
Transtorming
Pelagic Juvenile
Benthic Juvenile
Interorbital distance/HL:
Flexion
Postflexion
Transforming
Pelagic Juvenile
Benthic Juvenile
Angle gill raker length/HL:
Flexion
Postflexion
Transforming
Pelagic Juvenile
Benthic Juvenile

Longest dorsal spine length'/HL:

Flexion
Postflexion
Transforming
Pelagic Juvenile
Benthic Juvenile

Longest dorsal ray length?/HL:

Flexion
Postflexion
Transforming
Pelagic Juvenile
Benthic Juvenile

Longest anal spine length3/HL:

Fiexion
Postflexion
Transtorming

31.8+2.05(29.0-33.8)
31.7x1.26(30.3-34.9)
32.4+1.74(29.5-35.6)
32.7=1.89(30.3-37.4)
34.4+1.96(30.1-36.5)

23.6+0.67(22.6-24.4)
24.9+1.19(22.6-26.5)
26.7+1.34(24.7-29.4)
26.8+1.15(25.2-29.2)
27.7+1.56(25.1-30.7)

54.0+1.28(52.5-55.9)
60.5+3.25(55.1-65.1)
61.0+3.26(54.3-65.0)
61.6+2.63(57.9-64.3)
65.0+1.81(61.5-68.7)

37.6+1.56(35.0-38.9)
40.8+2.02(38.1-44.3)
39.8+3.49(34.1-46.5)
38.9:+:3.23(34.0-44.5)
40.5+1.86(37.3-43.1)

39.0£1.55(37.5-41.1)
38.9+1.90(36.8-43.4)
36.6+2.43(32.8-38.7)
35.8+1.82(32.3-38.3)
36.4+2.75(31.8-39.9)

40.2+1.82(37.8-42.9)
38.2+1.87(33.9-40.0)
36.9+2.47(33.3-42.1)
30.422.60(26.6-35.0)
31.6+2.05(28.9-35.6)

46.5+.4.35(40.5-50.0)
43.6+2.45(40.0-46.3)
43.8+5.55(34.2-50.9)
41.3+4.06(33.9-47.5)
41.2:+2.44(37.8-45.6)

29.1x1.38(27.0-30.7)
30.0+1.65(26.1-31.7}
31.2+2.69(27.0-35.6)
28.2+2.97(24.6-32.1)
26.322.43(22.4-31.2)

35.6+195(32.4-37.1)
33.0+1.94(29.3-36.0)
31.2+3.39(25.9-36.8)
25.9+2.48(23.0-30.0)
21.6+2.18(18.0-26.8)

8.6+0.00(8.6)
11.421.77(8.6-14.4)
13.1%1.13(11.1-15.1)
13.9+0.82(13.3-15.1)
15.8+1.06(13.7-17.4)

21.6+2.26(19.4-24.1)
34.3+7.13(26.2-45.1)
44.7 +1.55(42.0-46.2)
36.9+4.32(31.7-44.3)

26.2+6.96(14.6-33.3)
41.4+2.32(39.3-43.9)
42,0+2.97(38.1-46.7)
43.1x4,74(37.6-48.1)

15.6+3.16(9.6-18.5)
28.1x3.46(23.0-32.0)

40.3+0.92(39.7-41.0)
38.12.51(33.7-42.0)
35.9+1.36(33.3-38.3)
33.0+1.88(29.8-37.0)
34.9+2.15(32.7-37.0)

27.6=0.92(26.9-28.2)
28.5:+1.92(24.7-30.6)
27.6=1.63(24.8-30.9)
26.0+1.11(23.9-28.0)
20.8:+3,68(27.3-34.0)

58.8+1.63(57.7-60.0)
59.6+3.42(51.7-62.6)
60.6+1,84(58.1-63.1)
61.4+3.50(56.0-67.4)
64.2+3.27(60.6-67.0)

41.1+3.61(38.5-43.6)
40.7+3.03(34.7-44.9)
41.922.74(38.7-46.2)
39.9+3.83(32.9-45.5)
42.7+2.86(41.0-46.0)

43,0+0.92(42.3-43.6)
42.4+2,58(38.2-47.7)
40.5+1.39(38.0-42.6)
37.5+2.52(33.3-42.1)
36.6+:0.51(36.0-37.0)

37.321.27(36.4-38.2)
39.3+1.89(37.5-41.3)
37.5+1.35(34.2-38.7)
34.2+2.77(30.8-42.3)
26.8+3.22(24.0-30.3)

47.8+0.99(47.1-48.5)
46.1+3.73(41.2-52.4)
42.13.64(35.6-47.0)
41.3+3,14(34.6-47.4)
44.9+2.15(42.7-47.0)

26.9+0.28(26.7-27.1)
28.7 £3.45(23.8-34.8)
30.2=3.31(25.8-36.5)
27.3+3.68(21.7-32.5)
28.80.72(28.0-29.4)

37.3+1,27(36.4-38.2)
34.2+2.26(30.4-38.2)
30.0+1,82(26.3-32.3)
24.4+3.31(19.5-30.8)
19.8+1.37(18.3-21.0)

10.6+1.42(8.3-12.3)

13.020.72(11.5-14.5)
14.121.21(11.7-16.5)
14.9+1,10(13.8-16.0)

20.1+6.05(13.0-28.8)
32.4+5.49(23.6-40.6)
38.0+3.79(33.1-46.2)
35.6:+4.74(32.0-41.0)

31.54.26(23.8-38.0)
38.523.60(30.8-42.9)
41.6+3.46(35.4-48.7)
42.6+3,83(40.0-47,0)

18,7+2.52(14.6-21.3)
28.525.65(20.0-38.6)

33.3+1.44(32.5-35.0)
33.4+0.46(33.0-33.9)
32.6+1.79(30.6-35.8)
31.2+1.58(28.4-32.9)
33.4+1,63(32.3-34.6)

20.7+0.61(20.0-21.2)
24,5+2.56(21.6-26.3)
24.7+1,22(23.1-26.9)
23.2+1.24(21.2-25.0)
25.4+2,33(23.7-27.0)

56.1+1.28(55.0-57.5)
59.120.50(58 6-59.6)
61.7+1.86(59.2-64.5)
62.8+2.46(59,8-66.0)
63.8+1.06(63.0-64.5)

40.5+1,27(39.0-41.2)
40.9+0.45(40.4-41.3)
42.8+3.13(38.0-47.3)
42,8+3.16(39.3-48.2)
40.0+0.92(39.4-40.7)

41.4+1.27(40.0-42.5)
42.0+2.03(40.4-44.3)
40.8+1.92(36.4-43.0)
40.1:+1.48(37.5-41.9)
37.60.57(37.2-38.0)

38.8+1.63(20.4-31.2)
36.3+0.36(35.9-36.6)
35.5+2.38(32.0-38.8)
33.6+1.76(30.8-36.9)
31.6+5.30(27.8-35.3)

45.0+3.29(41.2-46.9)
44.0+3.00(41.0-47.0)
45.7+4.23(39.7-53.1)
45.1+2.63(40.2-47.6)
52.1=0.78(51.5-52.6)

32.3+2.20(30.0-34.4)
33.0+1.18(31.7-34.1)
32.4+3.72(25.0-37.9)
31.7+2.49(26.7-34.1)
26.7+0.42(26.4-27.0)

30.6+1.04(29.4-31.2)
31.4+0.55(30.8-31.8)
27.0+2.89(23.3-30.6)
21.523.83(13.3-25.6)
14.6+2.47(12.9-16.4)

13.4+0.95(12.3-14.1)
15.1+1.46(12.9-18.0)
14.2+1.90(12.7-15.7)
10.6+0.50(10.3-11.0)

19.0+0.64(18.6-19.5)
29.2+6.08(22.4-37.5)
30.9+2.93(28.0-35.7)
37.0+4.88(33.6-40.5)

22.8+7.39(15.9-30.6)
26.4+5.14(20.5-29.5)
36.1+3.08(32.5-41.7)
35.1+2.53(32.0-38.1)
42.8+3.89(40.0-45.5)

16.0£1.91(14.6-17.3)
27.3+4.46(22.4-36.1)
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Item

Sebastes
crameri

Sebastes
pinniger

Sebastes
helvomaculatus

Pelagic Juvenile
Benthic Juvenile
Pectoral fin length/SL:

Flexion
Postflexion
Transtorming
Pelagic Juvenile
Benthic Juvenile

Pectoral fin base depth/SL:

Flexion
Postflexion
Transforming
Pelagic Juvenile
Benthic Juvenile
Pelvic fin length/SL:
Flexion
Postflexion
Transforming
Pelagic Juvenile
Benthic Juvenile
Pelvic spine length/SL:
Flexion
Postflexion
Transforming
Pelagic Juvenile
Benthic Juvenile
Parietal spine length/HL:
Flexion
Postflexion
Transforming
Pelagic Juvenile
Benthic Juvenile
Nuchal spine length/HL:
Flexion
Postflexion
Transforming
Pelagic Juvenile
Benthic Juvenile

Preopercular spine length/HL:

Flexion
Postflexion
Transforming
Pelagic Juvenile
Benthic Juvenile

37.8+4.36(31.2-43.5)
36.5+4.34(30.6-44.3)

17.1£1.52(15.0-18.9)
21.1+2.26(17.0-23.5)
27.1x1.54(24,7-29.5)
32.1x1.73(30.2-35.3)
29.5+3.61(25.0-38.9)

126+1.27(10.8-13.8)
11.1+0.39(10.4-11.8)
10.4+0.61(9.5-11.7)
9.6+0.51(8.5-10.2)
10.2+0.53(8.8-10.9)

7.3+1.81(5.2-9.8)
15.3+1.46(12.3-16.9)
20.6+1.01(18.3-22.1)
20.9+0.60(20.1-21.9)
20.7+0.97(18.5-22.2)

4.7+1.42(3.4-6.2)
11.4+2.20(6.8-14.6)

18.821.65(14.5-20.1)
19.041.35(16.2-20.7)
13.9+1.34(12.3-17.1)

6.5+1.01(5.4-7.4)
6.6+1.06(5.2-8.5)
6.0:£1.24(3.7-7.4)
2.9+0.98(1.8-4.2)

1.1=0.00(1.1)
4.120.73(3.4-5.8)
4.4+0.88(3.1-6.0)
3.2+1.03(2.0-5.0)
1.7+0.64(0.7-2.8)

17.6+3.84(12.0-20.5)
17.0+1.09(15.5-18.5)
18.321.53(16.0-19.7)
12.0+2.85(8.6-16.2)
7.222.72(3.1-11.4)

37.424.07(30.8-44.0)
34.5+2.50(32.0-37.0)

25.0+2.69(23.1-26.9)
24,7 £2.64(20.2-28.5)
27.0+2.42(22.7-31.5)
26.2+1.36(24.0-28.5)
24.31.21(22.9-25.0)

14.820.92(14.1-15.4)

12.6+0.83(11.4-13.6)

10.70.59(9.7-11.5)
9.120.64(8.2-10.1)
8.9+0.23(8.6+9.0)

13.822.19(12.3-15.4)
17.2+4.12(10.0-22.8)
22.7+1.59(20.8-25.3)
21.7 =1.29(19.4-23.7)
21.3+2.08(19.0-23.0)

5.120.00(5.1)
12.1£2.99(8.2-15.0)
19.521.38(17.6-21.7)
17.9+2.10(14.5-22.1)
12.5=0.50(12.0-13.0)

24.4+0.35(24.2-24.4)

19.5+7.17(8.8-23.5)

10.2+3.07(3.9-12.9)
7.1+2.66(5.4-10.2)

4.4x1.63(2.5-6.9)
482157(2.3-7.2)
3.120.96(1.9-5.4)
1.4+0.64(1.0-2.1)

34.4+2.83(32.4-36.4)
31.8+4.86(25.0-39.0)
23.6:2.09(21.2-29.1)
12.8+3.96(9.1-22.2)
4.8+1.39(4.0-6.4)

32.4+5.70(26.8-38.1)
48.8+4.67(45.5-52.1)

23.622.11(21.2-25.0)
24.4+0.57(23.9-25.0)
26.0+1.45(24.3-28.3)
26.6+0.28(26.1-26.9)
27.0+0.85(26.4-27.6)

12.5+0.00(12.5)

11.5+0.84(11.0-12.5)
9.9+0.64(9.0-10.8)
9.0:0.33(8.2-9.1)
9.3+0.71(8.8-9.8)

13.5+1.32(12.5-15.0)
15.5+0.70(14.8-16.2)
19.3+1.62(16.7-21.6)
19.2+1.36(17.3-21.4)
22.7+0.99(22.0-23.4)

8.3+0.15(8.2-8.5)

12.3+2.26(10.2-14.7)
17.6+1.02(15.8-19.1)
16.4+1.99(13.5-18.9)
14.9+0.71(14.4-15.4)

27.4x4.19(22.9-31.2)

18.5+2.24(15.9-20.0)

12.6+2.39(9.0-16.3)
5.6+3.31(1.1-8.5)
3.1+0.00(3.1)

1.8+0.85(1.2-2.4)
4.3+1.51(2.6-5.0)
4.6+0.78(3.0-4.9)
3.5+1.13(1.7-5.2)

27.4+4.19(22.9-31.2)
31,2+0.64(30.8-31.7)
20.2+3.58(16.2-26.5)
11.8+6.29(2.5-15.9)
1.6+1.34(0.6-2.5)

"Usually third or fourth in larvae, fifth or sixth in juveniles.

2Usually midfin.
3The second spine.

develop strong serrations. Spines in the anterior
preopercular series are much shorter than those in
the posterior series. The second or middle spine is
Present only in larvae prior to completion of
notochord flexion, <10 mm. Its appearance as a
spine changes to a small bump which then fuses
with the ridges connecting it to the third preoper-
cular spine of the posterior series. The first and
third anterior spines are present on larvae
through pelagic juveniles of =23 mm and then are
no longer visible.

The superior and inferior opercular spines and
the interopercular spine appear by the time the
larvae reach 12 mm, although percursor bumps
may be seen as early as 9 mm. These spines persist
Into the juvenile stage. The subopercular spine is
present in juveniles >78 mm.

Around the eye, the ridge anterior to the post-
ocular spine becomes serrated at 10.6 mm. These

serrations disappear at the time of supraocular
spine formation, >21 mm. The preocular spine
begins to appear in transforming specimens >16

mm and is strongly formed by the time fish are 20
mm. Beneath the eye the second spine of the in-
ferior infraorbital series forms in larvae >10 mm.
The fourth spine of the superior infraorbital series

develops under the posterior third of the eye on
larvae >13.6 mm and it persists through the
juvenile stage as do the two inferior infraorbital
spines. The second and third superior and third

inferior infraorbital spines never develop. Tiny
serrations appear along a ridge between the first
and fourth superior infraorbital spines in speci-
mens 14.4 to 38.2 mm. The first spine of the

superior infraorbital series disappears in speci-
mens >50 mm. The nasal spine develops in larvae
of =10 mm and persists in juveniles.

13
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TABLE 5.—Measurements (millimeters) of larvae and juveniles of Sebastes crameri from waters off Oregon. Specimens above dashed
line are undergoing notochord flexion.
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80 94 42 30 08 15 12 11 27 19 12 11 (% 052 28 020 () 0% — () ¢ ¢
80 97 43 30 092 15 12 11 27 19 14 11 4 052 30 — — 036 — (%) *) (
90 112 49 37 10 15 14 12 28 22 16 11 056 076 34 020 004 076 ® ®
90 107 48 35 10 1.7 15 13 28 21 17 1.1 040 088 35 026 () 068 — (% ()
93 114 52 37 11 16 15 13 27 21 15 10 032 048 36 - - = 03 ¢ *» ®
106 128 63 41 13 19 16 14 33 24 18 12 072 13 42 028 — — 036 (% 060 (9
106 130 69 46 14 21 17 15 37 28 19 12 11— 47 — —  — 050 (9 088 044
107 1834 — — — — —~ _— 34 26 — — 12 15 — 028 -~ — — 060 12 —
122 150 73 46 12 20 18 15 37 30 25 14 15 18 48 — 020 080 050 092 14 076
126 158 72 48 14 20 19 16 39 30 28 14 16 20 48 032 028 080 050 11 15 0.80
128 158 75 50 16 20 20 17 42 33 28 14 13 21 54 — 020 084 050 — 1.1 080
136 160 75 50 15 20 20 18 43 34 32 15 — 23 52 036 020 — 060 — -~ 092
138 160 83 52 16 22 20 18 44 35 30 15 16 20 56 030 020 — 064 — — —
144 173 93 654 16 25 20 18 45 37 31 17 21 22 60 046 020 10 078 — 18 10
147 176 92 58 17 26 22 17 45 39 — 16 19 24 62 036 020 — 08 14 19 10
154 181 97 62 19 28 21 19 49 37 36 16 — 26 65 032 024 09 066 1.2 16 10
560 200 95 61 20 — 23 21 52 43 41 17 — 34 62 044 — — 072 16 24 14
5163 203 103 63 1.7 30 23 20 658 48 —~ 19 31 36 63 042 028 12 08 22 — —
5173 205 100 67 22 30 24 20 58 47 51 1.8 28 34 71 046 028 — 08 20 — 17
5174 218 107 57 19 29 24 21 58 46 48 1.9 32 36 67 042 034 — 08 — 25 15
5182 216 107 62 17 29 24 22 60 51 — 20 32 38 62 040 030 12 084 22 — —
184 234 110 66 20 32 26 21 63 51 47 18 37 — 67 040 028 11 092 — — 21
5186 227 101 64 20 28 24 18 58 48 46 19 27 34 71 — 036 12 08 — 22 20
5190 240 122 73 26 25 26 20 58 47 52 19 34 39 81 042 034 — 094 — 30 20
%200 248 130 81 27 34 27 21 59 51 55 20 39 42 93 034 028 — 080 — — 20
5203 245 130 714 21 32 25 22 64 52 55 20 37 42 79 038 022 14 0980 32 — 22
521.0 253 131 75 22 26 26 23 67 55 60 20 40 44 92 028 030 12 090 — — 24
6227 283 133 80 23 33 28 23 75 60 69 23 42 48 83 — 034 — 131 37 — 25
6235 283 136 80 20 38 27 24 76 64 73 24 — 50 80 034 040 13 12 37 34 30
6242 286 155 88 26 41 27 24 81 66 73 24 50 52 99 036/ — — 11 — — 35
6256 323 163 98 31 39 27 26 82 70 84 24 53 56 114 030 038 15 13 — 38 —
6286 347 171 98 31 37 30 27 89 72 89 27 55 58 122 026 020 12 13 — 43 386
630.0 352 176 112 28 38 34 27 91 76 93 28 68 62 117 020 028 11 15 47 — —
6318 398 194 118 29 52 35 28 102 83 107 27 60 64 112 026 046 16 16 53 45 40
6357 451 229 131 34 54 37 32 117 96 126 35 68 74 139 026 034 14 19 60 56 55
6382 461 243 139 38 58 37 32 143 103 130 38 70 — 149 Joined 034 12 21 62 57 —
556.9 68.7 366 184 59 72 57 43 187 166 178 57 92 116 216 Joined 048 1.7 26 80 86 80
7468 609 312 149 34 68 46 40 141 120 182 41 80 103 179 Joined 040 1.7 26 66 7.9 66
7492 607 320 163 47 70 58 40 150 128 160 48 7.1 105 192 Joined 0.34 1.7 26 65 76 —
7589 730 394 219 58 83 66 48 195 166 181 60 84 109 250 Joined 044 21 30 79 92 74
’63.0 762 418 208 65 93 72 46 205 158 195 589 90 125 264 Joined 056 17 35 80 100 80
632 776 400 213 60 94 74 51 227 184 200 66 96 133 249 Joined 0.60 23 32 93 102 84
7650 806 400 226 66 89 66 49 229 184 214 67 — 144 274 Joined 038 21 38 B85 107 95
'67.6 828 428 224 62 94 74 49 230 190 216 68 102 141 266 Joined 0.38 22 36 98 102 98
7788 966 515 303 68 130 98 59 276 207 218 77 98 158 323 Joined 0.40 21 48 96 125 98
’86.1 1053 550 339 89 142 98 77 314 259 229 93 126 182 352 Joined 0.46 17 53 120 158 120
7918 1123 63.1 366 93 142 112 66 309 250 238 93 11.5 184 368 Joined 0.60 1.8 59 117 141 117
7944 113.9 608 339 93 128 112 71 330 250 245 97 123 187 352 Joined 040 18 57 118 128 117
7947 1147 615 362 86 152 112 7.5 336 264 237 98 118 200 402 Joined 044 1.9 51 125 144 126
7962 118.3 634 357 B84 144 110 77 347 277 282 100 134 205 415 Joined 0.50 20 57 138 144 136
7105.6 1282 67.0 412 107 163 128 85 380 324 288 107 136 208 452 Joined G.44 20 68 131 157 126
7125.7 154.5 80.0 485 123 200 152 91 449 352 333 136 155 256 476 Joined 0.50 20 72 173 190 160
7130.5 160.9 866 51.0 133 197 149 104 466 356 373 142 184 280 622 Joined 0.36 1.6 7.4 163 192 176

'Usually third or fourth in larvae, fifth or sixth in juveniles.
2Usually midfin.

3The second spine.

“Not formed.

5Transforming.

SPelagic juvenile.

7Benthic juvenile.

The tympanic spine, sometimes bifid, appears
on specimens >25 mm. This spine forms at the
anterior edge of a foramen of the cephalic lateral
line system. The pterotic spine is present in flexion
larvae and disappears in juveniles >50 mm. The
supracleithral spine develops in larvae of =11 mm
and the superior posttemporal spine can be seen on
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specimens >18 mm. These latter three spines per-
sist in juveniles, however, the inferior posttem-
poral becomes reduced in larger juveniles. A
cleithral spine develops dorsal to the pectoral fin
base immediately posterior to the opercular mar-

gin on juveniles >30 mm.
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Scale Formation.—Lateral line pores are visible
on transforming specimens >18.2 mm. Develop-
ing scales are first visible on unstained specimens
=20 mm on the posterodorsal region of the head
and anterodorsal region of the trunk above the gut
cavity. Scale development proceeds posteriorly
with the body being covered by 29 mm.

Pigmentation.—Melanistic pigment on 8.0 mm
specimens of S. crameri (similar to the 9 mm

specimen illustrated) is present on the head over
the brain. Melanophores line the inside tip of the
lower jaw and may also be present along the an-
teroventral margin of the maxillary. In the ab-
dominal region internal melanophores are dense-
ly concentrated on the dorsal surface of the gut and
more sparsely distributed laterally and ventrally.
Additional external melanophores are present on
the body wall over the gut cavity. A heavy con-
centration of external melanophores and some in-

TABLE 6.—Development of spines in the head region of Sebastes crameri larvae and juveniles. Specimens above dashed line are
undergoing notochord flexion. + denotes spine present and — denotes spine absent.

Preopercular

Preopercular

S,‘:,?gﬁ:d (anterior series) {posterior series) Opercular ggg:_' oSpuek:: Pre- Supra- Post-

(mmy) Parietal Nuchal st 2d 3d 1st 2d 3d 4th Sth  Superior Inferior cular cular ocular ocular ocular
8.0 + - + + + - + + + - - - - - +
8.0 + + + + + - + + + - - - - - - +
9.0 + + + + + - + + + - - - - - - - +
9.0 + - + + + - + + + - - - — - - - +
9.3 + + - " + - + + + - + - - - - -~ +
10.6 + + + - + + + + + + + + - - - - +
10.6 + + + - + + + + + + + + - - - - +
12.2 + + + - + + + + + + + + + - - - +
126 + + + - + + + + + + + + + - - - +
12.8 + + + - + + + + + + + + + - - - +
136 + + + - + + + + + + + + + - - - +
13.8 + + + - + + + + + + + + + - - - +
14.4 + + + - + + + + + + + + + - - - +
147 + + + - + + + + + + + + + - - - +
15.4 + + + - + + + + + + + + + - - - +
216.0 + + + - + + + + + + + + + - - - +
216.3 + + + - + + + + + + + + + - " - +
217.3 + + + - + + + + + + + + + - 4] - +
217.4 + + + ~ + + + + + + + + + - N) - +
218.2 + + + - + + + + + + + + + - (") - +
218.4 + + + - + + + + + + + + + - 3] -~ +
218.6 + + + - - + + + + + + + + - " - +
219.0 + + + - + + + + + + + + + - ") - +
220.0 + + + - + + + + + + + + + - ") - +
220.3 + + + - + + + + + + + + + - + - +
221.0 + + + - + + + + + + + + + - + o +
227 + + + - + + + + + + + + + - + N +
3235 + + ") - ") - + + + + + + + - + ") +
324.2 + + - - - + + + + + + + + - + + +
325.6 + + - - + + + + + + + + - + + +
328.6 + + - - - + + + + + + + + - + + +
330.0 + + - - - + + + + + + + + - + + +
331.8 + + - - - + + + + + + + + - + + +
335.7 + + - - - + + + + + + + + - + + +
338.2 + + - - - + + + + + + + + - + + +
356.9 + + - - - + + + + + + + + - + + +
446.8 + + - - - + + + + + + + + - + + +
449.2 + + - - - + + + + + + + + - + + +
“58.9 + + - - - + + + + + + + + - + + +
63.0 + + - - - + + + + + + + + - + + +
463.2 + + - - - + + + + + + + + - + + +
“65.0 + + - - - + + + + + + + + - + + +
467.6 + + - - - + + + + + + + + - + + +
78.8 + + - - - + + + + + + + + + + + +
“86.1 + + - - - + + + + + + + + + + + +
91.8 + + - - - + + + + + + + + + + + +
494.4 + + - - - + + + + + + + + + + + +
947 + + - - - + + + + + + + + + + + +
496.2 + + - - - + + + + + + + + + + + +
41058 + + - - - + + + + + + + + + + + +
4126.7 +5 +5 - - + + + + + + + + + + + +
41305 +5 +5 - - - + + + + + + + + + + + +

;Bump indicates beginning of spine formation.
Transtorming.

3Pelagic juvenile.
“Benthic juvenile.

5Payieta_l and nuchal spines fused.
$Spine is bifid.
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TABLE 6.—Continued.
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Infraorbitals

Standard

length inferior

Superior

2d 2d 3d

-
2

(mm)

Posttemporal upra-

Nasal Coronal Tympanic Pterotic Superior Inferior cleithral Cleithral
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9.0
9.0
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ternal pigment is present in the nape region al-
though the dorsal midline is pigmentless. A few
large stellate melanophores extend laterally from
the nape to the gut cavity. A series of 10 or 11
distinct melanophores is visible along the ventral
midline of the tail, the anterior five of which are
embedded in musculature dorsal to the developing
anal fin. A few small melanophores may be pres-
ent on the notochord tip. The pectoral fins are
distinctively and heavily pigmented. A dense con-
centration of melanophores occurs on the proximal
surface of the fin base but the distal surface is
unpigmented. Elongate melanophores line the
inner and outer surfaces of the fin blades creating
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a striated appearance. The developing pelvic fins
are also pigmented.

As larvae develop, pigment increases on the
head over the brain. Melanophores persist along
the tip of the lower jaw and the anteroventral
margin of the maxillary. Several melanophores
develop around the bases of the posttemporal and
supracleithral spines in larvae >10.5 mm and on
the dorsal part of the operculum anterior to the
opercular spines in larvae >13.56 mm.

Pigmentation within the gut cavity remains in-
tense through larval development and external
melanophores remain scattered on the body wall
over the gut. In larvae >10.5 mm, as dorsal fin
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spines develop, melanophores are added to the
nape patch along the dorsal midline and posteri-
orly along the dorsolateral body surface. The large
stellate melanophores extending from the nape
patch to the gut disappear by 12 mm. A few exter-
nal melanophores appear along the anterior mar-
gin of the middle of the cleithrum beneath the gill
cover in 12 or 13 mm larvae.

In the tail region the ventral midline melano-
phores gradually become embedded, anterior ones
first, and are obscured by overlying musculature
by the time larvae are 13 mm long. A melanophore
is sometimes present near the tip of the notochord.

The pigmentation of the paired fins increases in
intensity throughout the larval period, although
the distal base of the pectoral fin remains unpig-
mented. As the pelvic fins develop, melanophores
line the rays giving a striated appearance similar
to that of the pectoral fins.

Melanophores appear on the anterior portion of
the spinous dorsal fin by the time larvae are 11
mm long, and the anterior two-thirds of the fin
remains rather heavily pigmented throughout
larval development. The soft dorsal and anal fins
remain unpigmented.

One to several internal, vertically elongate
melanophores appear at the base of the caudal fin
posterior to the hypural elements on most larvae
>9 mm long, but the fin base is never completely
lined with pigment.

During the transformation period, 16 to 21 mm,
pelagic juvenile pigmentation begins to develop.
On the head, pigment increases around the post-
temporal spines and joins with the nape pigment.
Internal and external melanophores are added on
the dorsal part of the opercle forming a patch
which expands ventrally on specimens >19 mm.
Scattered melanophores appear along the dorsal
surface of the snout and the anterior portion of the
upper lip (internal and external) on specimens
>18.5 mm long. Pigment increases around the
orbit, lining the dorsal, posterior, and ventral
margin of the orbit by 19 mm. In the abdominal
region, an increase in musculature over the gut
cavity obscures the internal gut pigment although
scattered external melanophores persist. The
nape patch extends anteriorly joining the head
pigment, laterally toward the body midline, and
Posteriorly to the 12th dorsal spine. Two saddles of
Intensified melanistic pigment begin to develop
b.eneath the first dorsal fin late in the transforma-
tion period. An anterior saddle joins the head pig-
ment and another saddle located midfin expands

ventrolaterally. Melanophores are added dorsally
and ventrally along the anterior margin of the
cleithrum beneath the gill cover, eventually ap-
pearing as a line of pigment. In the tail region,
melanophores appear beneath the middle of the
second dorsal fin in 16 mm specimens. They ex-
pand anteriorly to join the pigment beneath the
spinous dorsal, posteriorly over the caudal pedun-
cle, and laterally towards the body midline ap-
pearing as a saddle by 20 mm. Some melanophores
at the base of the second dorsal fin become concen-
trated along muscles surrounding the dorsal
pterygiophores giving the appearance of vertical
lines of pigment by 20 mm. An additional
melanophore may appear at the point of articula-
tion of each dorsal soft ray 4 through 10 beginning
on 18 mm specimens. Pigment is added internally
and externally along the lateral midline of the
caudal peduncle. On the first dorsal fin pigmenta-
tion increases extending posteriorly to the 11th or
12th dorsal spine.

In pelagic juveniles >22 mm long, small
melanophores appear over the surface of the head.
Melanophores almost entirely ring the orbit by 31
mm. Pigment increases on the snout and upper
and lower jaws. The two pigment saddles beneath
the first dorsal fin become more pronounced and
extend more ventrolaterally. A third saddle forms
beneath the first dorsal fin posterior to the first two
in specimens about 22 to 25 mm long. In the tail
region, the saddle beneath the second dorsal fin
extends to the lateral midline by 24 mm and even-
tually reaches the ventral body marginina57 mm
specimen. The number of melanophores increases
on the caudal peduncle until dorsal and lateral
pigment are joined forming a fifth pigment saddle
in juveniles about 25 mm long. This fifth saddle
eventually extends to the ventral body margin as
does the saddle beneath the spinous dorsal fin. An
increase in the number of melanophores occurs
along the lateral midline of the caudal peduncle
giving the appearance of a distinguishable, but
not heavy, line of pigment. Small melanophores
are added between saddles 3 and 4 and 4 and 5,
along the myosepta first. The pectoral and pelvic
fins remain heavily pigmented, although the
amount of pigment on the base of the rayed portion
of the pectoral fin decreases. Pigmentation on the
spinous dorsal fin decreases in intensity between
spines Il and V, and between spines VIII and IX,
corresponding to areas between the first, second,
and third pigment saddles on the body. On speci-
mens >38 mm long, pigment on the dorsal fin
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above the third saddle darkens into a distinct
black blotch. Melanophores are added to the basal
half of the second dorsal fin above the fourth sad-
dle, appearing continuous with it on specimens
>29 mm long. Melanophores are also added to the
basal half of the anal fin eventually extending
from the second anal spine to the posteriormost
anal fin ray on all specimens >38 mm. Specimens
>36 mm have a melanophore at the point of ar-
ticulation of each soft anal fin ray, although these
melanophores soon become obscured by muscula-
ture and scales. Three to seven small external
melanophores are added near the bases of the
caudal fin rays forming an indistinct line.

Benthic juveniles >60 mm long retain essen-
tially the same melanistic pigment pattern as
pelagic juveniles except the intensity decreases
resulting in a somewhat faded appearance. Addi-
tional light scatterings of melanophores appear in
the lower jaw and gular region, second dorsal and
anal fins, and body in general. Two bars of pigment
radiate ventrally from the posteroventral margin
of the eye. The basic banding pattern and black
blotch at the base of the dorsal fin remain evident
in the largest juvenile, 130 mm, examined. This is
the same banding pattern apparent in adults,
however, the black blotch on the spinous dorsal fin
disappears.

In life (Moser®) a juvenile (122 mm) is reddish-
brown dorsally, with white on the belly and five
brownish bars on the body. The first four bars

8H. G. Moser, Fishery Biologist (Research), Southwest
Fisheries Center, National Marine Fisheries Service, NOAA,
P.O. Box 271, La Jolla, CA 92038, pers. commun. 1977.
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extend ventrally to slightly below the lateral line
and dorsally onto the dorsal fins as diffuse dark
areas. The head is reddish-brown and pale below
eye level, with three brownish transverse bars:
one at the anterior level of the orbit, one at the
posterior level of the orbit, and one between and
posterior to the parietal ridges. A large spot is on
the opercle dorsally, and the axillary region has a
dusky blotch. Except for the dark bars, the first
and second dorsal fins are dusky at the base, grad-
ing to pale orange or yellowish with vermillion or
deep red at the margin. The basal half of the anal
and pelvic fins is whitish and the distal half grades
from reddish to dark orange-red at the tips. The
outer pelvic ray has a milky white lateral margin.
The pectorals and caudal fins are pale orange, the
pectorals with dark orange-red tips and the caudal
with a faint dusky band on its posterior half.

Occurrence (Figures 5, 6).—Sebastes crameri
ranges from Santa Catalina Island off southern
California to the Bering Sea (Miller and Lea
1972). Off Oregon, Washington, and British Co-
lumbia it is primarily an outer shelffupper slope
species generally occuring in depths of 150 to 300
m (Snytko and Fadeev 1974). Distinct population
clumps have been found off the Oregon coast be-
tween lat. 44°30' and 45°20’ N (Snytko and Fadeev
1974). Most of our collections containing young S.
crameri were taken along a transect off Newport
(1at. 44°39.1' N) off the central Oregon coast. The
smallest larvae and the greatest numbers of lar-
vae and pelagicjuveniles were taken at stations 83
and 93 km offshore (water depths 700-1,300 m).
The nearest inshore station on this transect at

7
s ‘s ‘o8
/"

-

F.

F Larvae

o % %
| 3

Eﬁ.
E
3

_ Benthic Juveniles

e g b

FIGURE 5.—Number of specimens and location of capture of larvae and juveniles of Sebastes crameri off Oregon (1961-75) described in
this paper.
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FIGURE 6.—Seasonal occurrence of larvae and juveniles of
Sebastes crameri off Oregon. Data from 1961 to 1975 combined.
Dashed line separates pelagic and benthic stages.

which a larva (15.7 mm) was taken was 28 km
(depth 95 m). The farthest offshore occurrence on
this transect was a 26 mm pelagic juvenile 194 km
offshore. Benthic juveniles were generally taken
nearer to shore than larvae or pelagic juveniles at
depths of 55 to 200 m. Most pelagic specimens
came from Isaacs-Kidd midwater trawls towed
obliquely through the water column. Four speci-
mens, 17.7,24.0, 38.2, and 56.9 mm, were collected
in a neuston net in June, 56 to 65 km off Newport.

Spawning times reported for S. crameri are
November through March off California (Phillips
1964) and primarily February off Oregon,
Washington, and British Columbia (Westrheim
1975; Westrheim et al. see footnote 7). However,
mature females with ovaries containing embryos
have been collected in February, March, April,
and June (Westrheim et al.,® see footnote 7; Har-
ling et al.19), Pelagic specimens in our collections
were taken primarily in April, May, and June
although two postflexion larvae were taken in
August. Larvae under 10 mm were only taken in
April and May. No specimens were taken Sep-
Fember through February. Because of a lack of
information on larval growth, parturition time

B

*Westrheim, S, J., W. R. Harling, D. Davenport, and M. S.
Smith. 1968. _ Preliminary report on maturity, spawning sea-
son, and larval identification of rockfishes (Sebastodes) collected
off British Columbia in 1968. Fish. Res. Board Can., Manuscr.
Rep. 1005, 28 p.

'°Harling, W. R., M. S, Smith, and N. A. Webb. 1971. Pre-
h'mlna;'y report on maturity, spawning season, and larval iden-
tlﬁcatlor} of rockfishes (Scorpaenidae) collected during
1970. Fish. Res. Board Can. Manuscr. Rep. 1137, 26 p.

cannot be inferred. The wide range of lengths of
pelagic specimens, 8 to 30 mm in April, 9to 36 mm
in May, 18 to 57 mm in July, indicates spawning
may be variable and protracted. Benthic juveniles
were taken March through July.

In trawl surveys off Oregon, adults ranked sec-
ond in biomass only to S. diploproa of all
rockfishes collected over the continental slope and
fifth or sixth on the continental shelf (Demory et
al. 1976). Snytko and Fadeev (1974) reported it to
be one of the most abundant trawl-caught rockfish
species over the slope together with S. alutus, S.
saxicola, and S. diploproa. This species was one of
the three major contributors to the 1963-71 Ore-
gon landings of the Pacific ocean perch fishery
exceeding S. alutus in 1971 (Niska 1976). Al-
though little can be said about the actual abun-
dance of larvae and juveniles off Oregon because of
the various kinds of samples examined and irregu-
lar nature of the sampling effort, they were one of
the more common kinds relative to the other
species of Sebastes in the samples.

SEBASTES PINNIGER (GILL)
(Figures 7, 8, 9)

Literature.—Pigmentation of preextrusion larvae
of S. pinniger was listed in tabular form by Wes-
trheim (1975). Newborn to 2-wk-old larvae were
described by Waldron (1968) and the older larva
was redrawn by Moser et al. (1977). Mean length
of larvae at hatching is 3.6 mm SL. Newborn lar-
vae have an irregular double row of pigment (usu-
ally <16 melanophores) along the ventral midline
between the 18th and 22d myomere and some
pigment above the yolk sac near the anus. After 2
wk additional melanophores are present at the tip
of the lower jaw, on the ventral part of the yolk sac,
on the pectoral fins, along the dorsal midline in an
irregular double row between the 19th and 21st
myomeres, and in the hypural region. The ventral
midline melanophores may extend as far forward
as the 14th myomere.

Identification (Table 7, Appendix Tables 2-6).—A
total of 269 specimens of S. pinniger, 7.9 to 181
mm long, were identified. Juveniles were iden-
tified using the following combination of charac-
ters compiled from specimens in our collections:

Gill rakers = 40-45, left arch; 38-46, right arch
Lateral line pores = 40-45
Pectoral fin rays = 16-18, usually 17
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FIGURE 7.—Planktonic larvae (8.9, 9.8 mm) and transforming specimen (14.1 mm) of Sebastes pinniger.
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FIGURE 8.—Transforming specimen (16.2 mm) and pelagic juveniles (20.0, 29.4 mm) of Sebastes pinniger.
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FIGURE 9.—Pelagic juvenile (40.0 mm) and benthic juvenile (59.4 mm) of Sebastes pinniger.

Anal fin soft rays = 7

Dorsal fin soft rays = 13-15, usually 14 or 15
Supraocular spine = present

Interorbital space = flat to convex.

Large juveniles (>26 mm SL) have the black
blotch at the base of the posterior half of the spi-
nous dorsal fin characteristic of adults. Other
Sebastes juveniles which have a black blotch, e.g.,
S. melanops, S. flavidus, S. cramert, do not agree
with the characters given above. Of the Sebastes
species occurring off Oregon, S. pinniger has the
best fit to all these characters. Sebastes miniatus
and S. emphaeus also agree with many of the
counts. However, juvenile S. miniatus and S. em-

22

phaeus lack a black blotch at the posterior base of
the spinous dorsal fin. Sebastes miniatus usually
has 18 rather than 17 pectoral rays, and S. em-
phaeus lacks supraocular spines. The larvae and
juveniles in the series in question were among the
most abundant in our collections. Adult S. pin-
niger are known to be abundant in trawlable areas
offshore whereas S. miniatus are not commonly
taken (Demory et al. 1976; Niska 1976). Sebastes
emphaeus, although not previously reported from
Oregon, is well represented in our samples. Pig-
ment pattern, general body shape, time of occur-
rence, and constancy in number of anal fin soft
rays and pectoral rays helped link the develop-
mental series together. '
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TABLE 7.—Meristics from larvae and juveniles of Sebastes pinniger off Oregon, based on unstained specimens. Specimens above dashed
line are undergoing notochord flexion. All specimens had 8 superior and 7 inferior principal caudal fin rays and 7 branchiostegal rays on

each side.
Pectoral Pelvic fin Gill rakers Lateral .
S,‘gﬂgﬁ:d ﬁr? g;r)?r?les fin };r;;iarlmes fin rays spines and rays (first arch) line pores D::cg;;;\al
{mm) and rays and rays Left Right Left Right Left Right Left Right Tows
7.8 " ") - 17 (") () - - - - -
7.8 ™ ® 17 — 1(") XQ] — — el - -
8.8 VII+13,14 13,7 17 17 1,5 1,5 — — — — —
8.9 IX+13,15 e,z 17 17 1,5 1,5 —_— — — — —
9.3 Xie,14 13,7 18 17 1,5 1.5 — —_ — — —
9.8 XIR14 s,z 17 17 1,5 1,5 — —_ — -— —
10.7 XHi3,14 HR,7 17 17 1.5 1,5 — — — — —
10.7 X315 s,z 17 17 1,5 1,5 — e — — —
109 XiR,15 ne,7 17 17 1.5 1.5 — — — — —
123 X315 ms,z 17 17 1.5 1.5 — — — —_ —
123 X314 3,7 17 17 15 1.5 —_ — — - —
4128 X315 L7 17 17 1,5 1.5 -— — - — —
413.0 X314 7 17 17 15 1,5 — — — — —
4141 Xi3,14 ne,7 17 17 .5 1.5 —_ 27+ 12 0r 13 — — —_
= 39 or 40
414.2 X314 e,z 17 17 1,5 1,5 —_ — — — —
415.2 X315 3,7 17 17 1,5 1,5 — —_ — —
416.0 XHiz,14 n3,7 17 17 1.5 1,5 — 28+13=41 —_ — —
416.0 XH3,14 "ne,7 17 17 1,5 1,5 — — — —_ —_
416.2 X315 s,z 17 17 .5 1.5 — 27+13=40 — —_ —
416.8 XIB,14 He,7 17 17 1,5 1,5 — — — — —
417.8 XliR,15 e,z 18 18 1,5 1,5 — 27+12=39 — — —_—
418.4 X3, 14 HiR,7 17 17 1,5 1,5 — — — — —
518.6 Xi,15 1.7 17 18 1,5 1,5 27 +14=41 28+14=42 — — —
518.9 XNi,15 1[4 17 17 1,5 1.5 29+13=42 28+13=41 — —_ —
519.4 XU,15 "7 17 17 1.5 1,5 27+13=40 26+12=38 — — —
519.5 XH,14 .7 18 18 1,5 1,5 27+13=40 27+12=39 —_ —_ —
520.0 Xl 14 1z 17 17 15 15 27+14=41 28+13=41 44 - —
20.8 Xill,14 7 17 17 1,5 1,5 28+13=41 28+13=41 — — —
5224 Xl,14 7 17 18 1,5 1,5 28+13=41 29+13=42 -— ~44 —_
523.4 Xl 14 7 17 17 1,5 1.5 29+13=42 28+14=42 =44 — —
526.4 XIlt14 mz 17 17 1.5 1,5 29+15=44 29+14=43 ~43 =40 —_
526.4 X, 14 7z 17 17 1,5 1,5 28+14=42 28+13=41 — —_ —
526.6 XN,15 1,7 17 17 15 1,5 28+13=41 29+14=43 — — —
528.6 Xill, 14 h,7 17 17 1,5 1.5 28+13=41 29+14=43 ~42 ~44-45 —
528.8 XIH,15 nz 17 17 15 1,5 29+13=42 28+13=41 — —_ —
529.4 Xl 14 07 17 17 1,5 1.5 28+13=41 28+14:42 =44 — —
530.4 XH,13 7 17 17 1.5 15 28+13=41 28+13=41 =44 — —
530.9 X, 14 .7 17 18 L5 1,5 31+14=45 31+15=46 —_ —_ —
534.1 X, 14 7 16 17 1,5 15 29+14=43 29+14=43  ~44 ~44 —_—
538.0 Xl 14 n,7 17 18 1.5 15 28+14=42 29+14=43 —_ =42 —
538.7 X5 7 17 17 1,5 1,5 27+13=40 29+13-42 =42 =44 _
%39.2 XM, 14 nz 17 17 15 1,5 29+14-:43 29+14-43 =41 =41 —
°40.0 X114 "7 17 17 15 15 28+14=42 29+13=42 40 — —_
*41.0 X, 14 H,7 17 17 1.5 1,5 30+14=44 30+14 -44 - 43 -
542 .4 XI,15 nz7 17 17 1.5 1,5 29+14=43 29+14=43 40 40 —
$59.4 XIL,t4 7 17 18 1,5 1,5 29+14=43 29+14=43 40 43 =51
§117.7 X, 14 n7z 17 17 1,5 1,5 29+14:==43 29+13=42 45 44 —
5181 X5 hiL7 17 17 1.5 1.5 30+14=44 28+14=42 43 43 =50
'Forming.

§Nol formed.

APosterlormosl dorsal or anal spine appears as a soft ray.
Transforming,

5Pelagip juvenile.

$Benthic juvenile.

Diistinguishing Features.—Characters useful in
distinguishing the smallest larvae (7.8 mm) of S.
Pinniger identified from our collections are the
presence of remnants of both dorsal and ventral
midline melanophores the anterior of which are
Internal, the lightly pigmented pectoral fins,
melanophores at the tip of the lower jaw and on the
anteroventral margin of the maxillary, the pres-
ence of one or two large external stellate melano-
phores on the dorsum just posterior to the parietal

spines, the relatively deep body (40% SL), long
parietal spines (24% HL), and long pectoral fins
(25% SL). Later stage larvae are characterized by
their relative lack of pigment on the trunk except
over the gut, together with the relatively deep body
and long parietal and third posterior preopercu-
lar spines. Meristics, presence of the supraocular
spine, flat to convex shape of the interorbital
space, and dark blotch at the base of the spinous
dorsal serve to distinguish the juveniles.

23



General Development.—The smallest larvae of S.
pinniger identified, 7.8 mm, are in the final stage
of notochord flexion. By the time larvae are 8.8
mm long, flexion is complete. Transformation to
pelagic juvenile begins in larvae >12.5 mm long
with the initiation of spine formation in the dorsal
and anal fin “prespines” and the appearance of a
patch of melanophores on the dorsum immediately
posterior to the second dorsal fin. Transformation
of the “prespines” to spines is complete in speci-
mens >18.6 mm and some pigment has been added
beneath the first dorsal fin marking the beginning
of pelagic juvenile pigmentation. The dorsal pig-
mentation becomes more pronounced during the
pelagic juvenile period which lasts until =40 to 50
mm. The largest pelagic juvenile taken was 42.4
mm and the smallest benthic juvenile was 53.4
mm.

Morphology (Tables 4, 8). —Forty-eight specimens
of S. pinniger, 7.8 to 181.0 mm long, were mea-
sured for developmental morphology. Larvae ap-
pear quite deep bodied, but body depth at the pec-
toral fin base decreases considerably during the
pelagic period from 40 to 33% SL. In comparison,
body depth at the anus/SL changes relatively lit-
tle, decreasing slightly then increasing. Snout to
anus length increases from 59 to 64% SL while
snout to pelvic fin distance increases to a lesser
degree.

Head length decreases from 43 to 37% SL during
development as more marked changes occur in eye
diameter, decreasing from 37-39 to 27% HL, and
interorbital distance, decreasing from 37 to 20%
HL. Upper jaw length/HL first decreases and then
increases while snout length/HL increases then
decreases. The length of the angle gill raker in-
creases with respect tohead length from 11to 14 or
15%.

Larvae and young juveniles up to 24 mm have a
prominent symphyseal knob directed anteroven-
trally. It becomes less obvious with development
and is barely noticeable by the time juveniles are
29 mm long.

Fin Development (Tables 4, 7, 8).—Pectoral fins
are present and the adult complement of 16 to 18
{usually 17) rays can be counted in 7.8 mm larvae
of S. pinniger, although the ventral rays are not
fully formed until >8 mm. The pectoral fins are
relatively long in flexion and postflexion larvae
averaging 25% SL and they maintain this approx-
imate proportion through development. Depth of
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the pectoral fin base decreases from 15 to 9% SL.

Developing pelvic fins are visible on 7.8 mm
larvae and the adult complement of I, 5 is count-
able in postflexion larvae of 8.8 mm. The pelvic
fins are rather long, averaging 14% SL in flexion
larvae and increasing to a maximum of 23% SLin
transforming specimens. Length of the pelvic
spine, always less than the fin itself, increases
from 5% SL in flexion larvae to 20% in transform-
ing specimens then decreases to 13% in benthic
juveniles.

The adult complement of principal caudal rays
can be counted in 7.8 mm larvae, before the com-
pletion of notochord flexion at 8.8 mm. Counts of
secondary caudal rays were 11 superior and 12
inferior rays on each of two stained juveniles, 29.5
and 33.4 mm.

Bases of some of the dorsal and anal fin ray and
spine elements are visible on the 7.8 mm larvae.
The adult complement of ray and spine elements is
present in postflexion larvae >9 mm and the rays
and spines (with “prespines”) appear fully formed
by 9.3 mm. Transformation of “prespines” to
spines is completed by 18.5 mm. The longest dorsal
spine increases from 20 to 38% HL during the
pelagic period. The longest dorsal ray increases
from 32 to 42 or 43%. The longest anal spine in-
creases from 19 to 37% HL during pelagic de-
velopment.

Spination (Tables 4, 9).—BSpines present on the
left side of the head of the two smallest specimens
of S. pinniger, 7.8 mm, include the parietal; the
nuchal; the first and third anterior preopercular;
the second, third, and fourth posterior preopercu-
lar; the postocular, the pterotic, the inferior post-
temporal; the first spine of the inferior infraorbital
series; and the first spine of the superior infraorbi-
tal series.

The parietal spine and ridge are heavily and
relatively deeply serrated in small larvae and the
spine is relatively long, averaging 24% HL in flex-
ion larvae. Its relative length decreases with de-
velopment to 20% HL in flexion larvae, 10% in
transforming specimens, and 7% in early pelagic
juveniles, <20 mm. The much smaller nuchal
spine averages 4 or 5% HL in postflexion and
fransforming larvae, decreasing to 1% in benthic
juveniles. The parietal and nuchal spines fuse to-
gether, beginning in pelagic juveniles >20 mm
until only the nuchal tipis visible in juveniles >40
mm. Serrations along the parietal ridge can be
seen on specimens up to 39 mm.
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TABLE 8.—Measurements (millimeters) of larvae and juveniles of Sebastes pinniger from waters off Oregon. Specimens above
dashed line are undergoing notochord flexion.

) £z £ 2 2 & §52 5 2
® s 5, b Z8G8pfe S S8 §_ ¢ f 8.3 . B_SE C.8 o
5% 5 23 &8 6 B ¢ E5 %85 8% FE Fe 05 528532555 225,.°BE°5EE0iss
8¢ mc 32 yc 3BEe oc 8 28 >Z2c > 2¢ 28 J¢ 232 eag £¢ St 2=Cc Om5 P05 DG
g2 £8 28 J9 00 22 o35 $© Y& Em 22 8o F2 F& 2406 502 82 002 PR 52502 L0l
[2] = 7] T (%] 2 1] £ a a a a a” » a -3 o < i} . -
78 98 46 33 088 16 12 12 32 21 21 11 040 12 34 080 () 12 — & ¢ ¢
78 95 45 34 092 16 13 13 31 22 18 12 (5 96 30 084 () 11 5 & ()
88 112 55 42 10 22 15 14 37 25 21 12 072 088 36 —_ = 12 = = 10 O
89 111 46 34 092 14 14 13 30 22 18 12 088 11 34 076 016 12 — 046 11 (9
93 115 56 40 13 19 15 14 35 26 21 12 12 14 38 094 010 14 — 05 11 (9
98 123 58 41 12 19 16 15 38 30 27 12 —~— t7 34 09 018 16 034 — 13 060
107 141 66 47 13 22 1.9 16 43 32 2 14 — 19 48 — — — 054 11 15 10
107 134 63 46 16 20 19 14 39 29 27 13 16 23 47 — — 12 048 10 14 088
109 128 63 45 12 22 18 15 43 33 — 14 16 20 44 — — 15 044 092 14 084
123 155 7.7 50 13 21 19 17 44 34 30 14 — 24 49 044 018 16 056 — 18 10
123 154 76 52 16 — 21 17 48 37 35 14 — 28 52 — 036 13 064 15 1.9 —
7128 157 80 52 19 21 20 16 45 34 29 13 24 27 59 066 018 13 070 15 16 13
7130 152 82 55 17 21 21 16 48 35 35 15 — 27 59 060 030 16 068 1.3 20 1.1
7141 174 85 59 21 21 22 17 49 35 — 15 26 30 60 068 032 13 068 — — 15
142 168 86 57 16 ~— 22 18 51 38 — 16 25 30 58 — 036 1.3 072 17 22 15
152 192 91 62 18 28 23 20 54 43 43 1.7 31 37 62 08 040 15 084 19 24 18
7160 200 94 62 1.7 28 24 20 59 45 45 18 — 38 62 — 028 14 080 24 -— 20
7160 208 93 66 17 31 25 20 57 45 45 16 — — 62 026 018 14 08 — 24 17
7162 206 102 69 1.9 32 26 20 62 50 51 18 — 41 67 — 050 16 09 28 29 -—
7168 197 101 67 21 28 25 19 63 47 45 18 — — 65 — 034 16 088 22 25 —
178 208 107 70 22 28 27 20 64 52 48 18 36 41 76 — ~— 16 090 — 28 —
184 218 107 70 19 28 25 22 64 51 44 20 40 44 75 072 016 16 094 — 30 27
%186 229 117 76 23 33 26 20 62 47 50 18 36 42 86 070 032 — 11 26 32 26
8189 235 117 77 24 33 27 21 64 48 — 19 36 41 84 — — 16 09 — — 24
8194 234 112 80 19 34 27 22 66 54 52 19 42 46 76 046 030 1.7 11— 31 286
8195 246 115 82 22 35 28 22 67 52 — 20 43 46 66 084 044 14 10 30 — 27
8200 254 115 74 18 34 28 22 74 56 57 20 — 46 80 040 030 — 11 -~ 32 28
8208 248 126 80 26 31 28 21 70 53 59 20 39 42 85 Joined 032 12 12 — — 27
8224 267 130 84 20 34 30 23 77 59 60 22 45 52 80 Joined 026 14 12 — — 32
%234 288 131 78 21 37 33 24 80 63 61 21 47 51 77 Joined 028 -~ 12 36 38 33
%264 334 152 91 21 42 35 26 89 70 73 25 — 60 99 Joined 040 14 15 40 40
8264 312 173 104 34 40 34 24 89 70 72 24 46 55 120 Joined 020 1.2 15 — — 32
826.6 320 170 106 26 42 34 22 89 71 71 24 48 61 109 Joined 040 — 14 — — 36
®286 381 179 107 30 40 35 27 92 73 76 26 -— 64 114 Joined 028 1.3 15 — 42 41
%288 363 192 106 34 43 37 26 96 76 76 26 52 62 131 Joined 030 12 15 40 43 44
8294 371 179 101 26 41 37 27 105 80 75 28 52 66 107 Joined 028 1.2 16 44 44 44
°304 381 205 115 37 49 37 26 101 75 77 25 52 65 134 Joned — 12 16 44 44 44
830.9 386 208 130 41 45 40 27 104 81 86 28 55 72 134 Joined — 1.2 16 46 46 —
%341 426 227 125 39 53 4.0 27 110 83 — 28 57 66 155 Joined 034 15 16 44 48 48
8380 466 225 138 30 57 47 30 115 91 93 31 — 77 141 Joined 030 13 1.9 49 57 53
838.7 464 234 133 33 60 45 29 120 98 96 34 66 78 142 Joined 046 14 21 54 —
8392 488 235 139 32 59 45 30 117 101 102 33 57 80 146 Joined 030 13 19 — 61 53
8400 49.1 235 149 36 60 47 33 125 104 96 36 65 B8 155 Joined 030 14 21 53 66 6.3
8410 504 250 147 43 59 46 31 122 98 104 34 63 84 178 Joined 030 15 21 56 66 55
%424 517 264 154 43 57 49 30 130 110 102 37 64 87 165 dJoined 040 14 21 51 63 52
°594 710 360 218 64 93 66 40 194 162 136 51 74 113 244 Joined 046 14 30 74 B9 75
9117.7 1418 783 438 125 195 112 86 416 332 294 10.1 148 255 483 Joined 064 1.7 66 138 174 142
%181 224 117.2 654 181 306 159 137 672 615 451 163 218 412 835 Joined 070 23 106 267 309 239

'Usually third or fourth in tarvae, fifth or sixth in juvenites.
2Usually midfin.

The second spine.

“Bump.

5Not formed.

SForming.

"Transforming.

8Pelagic juvenile.

#Benthic juvenile.

The posterior series of preopercular spines are
Prominent in S. pinniger larvae. The heavily ser-
rated third spine is relatively long averaging 32
to 34% HL in flexion and postflexion larvae. Its
relative length then decreses to 5% in benthic
Juveniles. All five spines of the series are present
in larvae >10 mm. Serrations are visible on the
second, third, and fourth spines until ~29 mm.

The first posterior preopercular spine is some-
times bifid in pelagic juveniles. The smaller first
and third spines of the anterior preopercular
series are also conspicuous on small larvae, but
decrease in prominence until they are no longer
visible in pelagic juveniles >26 mm. The second
anterior preopercular spine never becomes appar-
ent.
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The superior opercular spine is present on lar-
vae by 9 mm and the inferior opercular spine ap-
pears later in larvae =12 or 13 mm. Both spines
are present on juveniles. An interopercular spine
develops on the edge of the gill cover, usually in
larvae >10 mm. A subopercular spine was not
present on any of the specimens examined.

The ridge anterior to the postocular spine is
heavily serrated and remains so until preocular
spine formation. The preocular appears first as a
bump in transforming larvae =~16.0 mm long and
develops into a spine in pelagic juveniles >19 mm.

FISHERY BULLETIN: VOL. 77. NO. 1

‘Development of the supraocular follows a similar

pattern appearing at about the same time as the
preocular. Beneath the eye the fourth spine of the
superior infraorbital seriesis present in larvae >9
mm and the third spine of this series is present in
all larvae >13 mm. The second superior infraorbi-
tal spine never forms. All three superior infraorbi-
tal spines disappear by 43 mm. The second spine of
the inferior infraorbital series is present on speci-
mens >10 mm and the two spines in this series
persist in juveniles. The third inferior infraorbital
spine never develops. The nasal spine develops

TABLE 9.—Development of spines in the head region of Sebastes pinniger larvae and juveniles. Specimens above dashed line are
undergoing notochored flexion. + denotes spine present and — denotes spine absent.

Standard Preopercular Preopercular Inter- Sub-
length (anterior series) (posterior series) Opercular oper- oper- Pre- Supra- Post-
(mm) Parietal Nuchal  1st 2d 3d st 2d 3d 4th Sth  Superiorinferior cular cular ocular ocular ocular
7.8 + + + - + - + + + - - - - - - - +
7.8 + + + - + + + + - - - - - - - +
8.8 + + + - + - + + + - + - - - +
89 + + + - + - + + + - + - - - - - +
93 + + + - + + + + + - + - - - - - +
9.8 + + + - + + + + + - + - - - - - +
10.7 + + + - + + + + + + + + - - +
10.7 + + + - + + + + + + + - + - +
109 + + + - + + + + + + + - - - - - +
123 + + + - + + + + + + + - + - - - +
12.3 + + + - + + + + + + + + + - - +
112.8 + + + - + + + + + + + + + - - + +
113.0 + + + - + + + + + + + + + - - + +
141 + + + - + + + + + + + + + - - - +
114.2 + + + - + + + + + + + + + - - - +
115.2 + + + - + + + + + + + + + - - - +
"16.0 + + + - + + + + + + + + + - - - +
116.0 + + + - + + + + + + + + + - ) + +
116.2 + + + - + + + + + + + + + - {2 Q] +
116.8 + + + - + + + + + + + + + - - + +
1178 + + + - + + + + + + + + + - (] + +
118.4 + + + - + + + + + + + + + - o] + +
318.6 + + + - + +4 + + + + + + + - (2) ) 3
3189 + + + - + -4 + + + + + + + ] @] (O]
3194 + + + + + + + + + + + + - + - +
319.5 + + + + + + + + + + + + + + +
320.0 + + + - + +4 + + + + + + + - + + +
320.8 + + + - + + + + + + + + + - + + +
3224 + + + + + + + + + + + + - + + +
323.4 + + + - + + + + + + + + + - + + +
326.4 + + + - - + + + + + + + + - + - +
26.4 + + + - - + + + + + + + + - - - +
326.6 + + - - - +4 + + + + + + + - - - -
328.6 + + - - - b + + + + + + + - - - -
328.8 + + - - - + + + + + + + + - - - -
3204 + + - - - + + + + + + + + - - - -
330.4 + + - - - + + + + + + + - - - - -
230.9 + + - - - + + + + + + + - - - - -
341 + + - - - +4 + + + + + = - - - - -
338.0 + + - +4 + + + + - - - - - - -
38.7 + + - - - +4 + + + + - - - " - -
339.2 + + - - - +4 + + + + - - - - - -
340.0 + + - - - +4 + + + = - - - - n -
341.0 +$§ +5 - - - + + + + - - - " . -
342.4 +5 +5 - - - + + - - - - n n " -
559.4 +3 +5 - - - + + - - - - . " -
$117.7 +5 +5 - - - + + - - - a - -
5181 +5 +5 - - - +4 + - - - ~ . -
1Transforming.

2Bump indicates beginning of spine formation.
3Pelagic juvenile.

4Spine is bifid.

SParietal and nuchal spines fused.

sBanthic juvenile.

7Spine has become rounded. no sharp tp.
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TABLE 9.—Continued.

Infraorbitals

Standard

fength Inferior

Superior

(mm) 1st 2d 3d 1st 2d 3d 4th

Posttemporal g, o

Nasal Coronal Tympanic Pterotic Superior Inferior cleithral Cieithral

{
1
)

7.8
78

+ 4+
)
++

N _ _ + - N _ —
+ - + - -

!
|
{

8.8
8.9
9.3
9.8
10.7
10.7
10.9
12.3
123
12.8
13.0
4.1
4.2
115.2
"16.0
16.0
'16.2
'16.8
"17.8
"18.4
8.6
218.9
3194
3195
320.0
320.8
322.4
323.4
326.4
326.4
326.6
328.6
328.8
3294
230.4
330.9
334.1
338.0
338.7
339.2
340.0
341.0
3424
659.4
117.7
5181
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Jﬁrst as a bump in larvae >9 mm and is present in
Juveniles,

The tympanic spine appears on specimens >35
mm SL. This spine forms at the anterior edge of a
foramen of the cephalic lateral line system. The
Pterotic spine, present in the smallest larvae, dis-
appears in benthic juveniles. The supracleithral
Spine develops posterior to the inferior post-
temporal on larvae >9.5 mm and the superior
POStt‘emporal spine is present dorsal to these in
Specimens >14 or 15 mm. This latter spine is occa-
Stonally bifid. The inferior posttemporal disap-
bears in benthic juveniles. Posterior to the opercle
the cleithral spine is visible in pelagic juveniles of
19.5 mm and persists in benthic juveniles.

Scale Formation.—Lateral line pores are visible
on specimens >17 mm. Scale formation has begun
on juveniles >23 mm.

Pigmentation.—The smallest larvae of S. pinniger
examined, 7.8 mm (similar to the 8.9 mm speci-
men illustrated), have pigment on the head over
the brain. Melanophores line the inner tip of the
lower jaw and a few are present along the antero-
ventral margin of the maxillary. In the abdominal
region, an internal melanistic shield covers the
dorsal half of the gut, appearing darkest on the
dorsal surface. A few additional melanophores are
present along the ventral midline of the gut cav-
ity. Two or three large stellate melanophores are
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on the dorsum immediately posterior to the
parietal spines. In the tail region several embed-
ded melanophores, sometimes fused, are on the
dorsal and ventral body midlines near the caudal
peduncle. These midline melanophores are pres-
ent in the same region as the midline pigment
shown on Waldron’s (1968) reared 2-wk-old lar-
va. The pectoral fin blades are lightly pigmented
with elongate melanophores. Melanophores are
also present on the inner side of the pectoral fin
base but not on the outer side. The pelvic fins also
have a light scattering of melanophores. The
caudal fin base is unpigmented.

During larval development, pigment increases
on the head over the brain. Occasionally one or two
melanophores are present on the snout. Melano-
phores lining the inner tip of the lower jaw and
those on the anteroventral margin of the maxil-
lary remain throughout the larval period.

The melanistic shield over the gut intensifies
laterally and melanophores on the ventral midline
disappear. The two to three stellate melanophores
on the dorsum posterior to the parietal spines dis-
appear by the time larvae are 9 mm long.

Inthetail region, the dorsal and ventral midline
melanophores near the caudal peduncle are no
longer visible on larvae >9 mm.

The rayed portions of the pectoral and pelvic fins
remain lightly pigmented during the larval period
but melanophores are no longer present on the
inner side of the pectoral fin base in larvae >10
mm.

During the transformation period, 12.8 to 18.6
mm, the amount of pigment increases gradually.
In the head region, internal pigment is added to
the opercle dorsally until a patch of 6 to 10
melanophores is visible on specimens >16 mm.
Internal gut pigmentation decreases in intensity
due to overgrowth by musculature. A few melano-
phores sometimes appear on the nape and beneath
spines V to XI of the first doral fin, although not
consistently until late in the transformation
period in specimens >17 mm. The most prominent
addition of pigment occurs dorsally in the tail re-
gion just posterior to the soft dorsal fin. Melano-
phores are added along the dorsolateral surface of
the caudal peduncle. Directly below these
melanophores, three or four internal and one to
four external melanophores are added along
the lateral midline in specimens >15 mm. The
amount of pigment on the pectoral and pelvic fins
decreases during this period.
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During the pelagic juvenile period, 18.9 to 42.4
mm, new pigment is added over the dorsal surface
of the head, interorbital, snout, premaxillary
(specimen >26 mm), and on the lower jaw (speci-
men >35 mm). The opercular patch enlarges.
Around the eye, melanophores are added first on
the posteroventral margin of the orbit in speci-
mens 19 to 23 mm, and eventually line the orbit. A
radiating bar of melanophores begins to extend
from the posteroventral margin of the orbit on
specimens >28 mm, extending onto the preopercle
on specimens >30 mm. In the abdominal region,
melanophores are added dorsolaterally to the nape
and beneath spines V to X of the first dorsal fin
forming two pigment patches connected by a dor-
sal row of melanophores by 23 mm. The nape patch
expands forming a saddle (first in position) extend-
ing from the parietal spine to the third dorsal
spine and ventrally to the superior posttemporal
spine by 28 mm. Two saddles (second and third)
develop from the pigment patch beneath the spi-
nous dorsal fin, midfin beneath spines IV to VI and
posteriorly beneath spines VIII to XI. These two
saddles are separated by a relatively unpigmented
area on the dorsum. As they extend more ven-
trolaterally, they fuse together in two places just
above and below the lateral line creating a second,
circular, less pigmented area on specimens >39
mm. These two saddles eventually extend to the
dorsal portion of the gut cavity by 42 mm. A single
external melanophore may occur on the midan-
terior margin of the cleithrum beneath the gill
cover. In the tail region, the dorsal patch of pig-
ment on the caudal peduncle extends to the lateral
line forming another saddle by 23 mm which
reaches the ventral body margin by 27 mm. Be-
neath the second dorsal fin melanophores increase
in number and become concentrated along the
muscles surrounding the dorsal pterygiophores
appearing as vertical lines of pigment by 23 mm.
Melanophores also develop at the point of articula-
tion of all but the anteriormost three or four dorsal
soft rays. A melanistic saddle (fourth in position)
develops beneath soft dorsal rays 3 to 12 or 13
extending ventrolaterally to the body midline by
34 mm and three-fourths the distance to the ven-
tral margin by 42 mm. The pectoral and pelvic fins
are no longer pigmented in specimens >21 mm.
Pigment develops on the first dorsal fin membrane
between spines IX and XI in juveniles >26 mm,
eventually forming the “black blotch” characteris-
tic of larger juveniles and adults. Melanistic bars
form on the first dorsal fin between spines I to 111
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and V to VIII above the first and second saddles.
By 39 mm the outer half of the fin is completely
pigmented, while two unpigmented areas remain
on the proximal half of the fin between the two
pigment bars. Melanophores are added on the sec-
ond dorsal fin above the fourth saddle until the
proximal one-fourth of the fin between rays 2 and
13 or 14 is pigmented. The base of the caudal fin
never becomes outlined with melanophores, but
some melanophores develop on the dorsal second-
ary caudal rays.

Recently preserved pelagic juveniles of S. pin-
niger, 32 to 35 mm, are covered with orange
chromatophores which are lost during prolonged
preservation. They are present on the dorsal part
of the head, on the snout, around the orbit, and on
the opercle. On the body they are concentrated
along the myosepta and lateral midline, with
greater numbers on the dorsal half of the body but
also extending to the ventral margin. Orange
chromatophores are also concentrated on the spi-
nous dorsal fin, along the basal one-fourth of the
caudal fin, and the anal fin membrane around the
anal spines.

A general increase in melanistic pigmentation
occurs in benthic juveniles >59 mm. On the head,
the two pigment bars beneath the orbit remain
distinct and extend over the operculum. Pigment
increases between the saddles obscuring the pat-
tern seen on pelagic juveniles. Melanophores are
added to both the inner and outer surfaces of the
pectoral fin base and on the basal one-third of the
pectoral fin blade. The pelvic fin remains unpig-
mented. The addition of melanophores to the spi-
nous dorsal fin obscures the pattern seen on

pelagic juveniles although the black blotch re-
mains intense and distinct. The entire caudal finis
lightly pigmented with more intense pigment oc-
curring over the bases of the primary rays and all
upper secondary rays.

Occurrence (Figures 10, 11).—Adults of S. pin-
niger occur between Cape Colnett, Baja Califor-
nia, and southeast Alaska (lat. 56° N, long. 134°
W) (Hart 1973). Off Oregon they are most common
on the continental shelf between 100 and 200 m
(Snytko and Fadeev 1974). A major population
concentration has been found between lat. 44°30’
and 45° N off Oregon (Snytko and Fadeev 1974).

s ! MAR
o] e + ;. —t—t + + + 1+
10 |
| APR
5 |
|
|% +— : +— —
" ! MAY
% s ]
£ .
§ 0 Jrm—. : + -
s 1o : JUN
Z 5 ]
]
0 | : L4
5!» i JuL
1
0 + - L
]
5{‘ ! AUG
o) 13 + 4. A + —}
o] 20 40 60 80 100 120 180 190

Stondard Length (mm)

FIGURE 11.—Seasonal occurrence of larvae and juveniles of
Sebastes pinniger off Oregon. Data from 1964 to 1975 combined.
Dashed line separates pelagic and benthic stages.
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FIGURE 10.—Number of specimens and location of capture of larvae and juveniles of Sebastes pinniger off Oregon (1964-75) described in
this paper.
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Larvae, including transforming specimens, of S.
pinniger in our collections were captured at a wide
range of stations from 13 to 306 km offshore. The
largest numbers and smallest larvae (<8.8 mm)
were taken at stations 83 to 120 km off Newport
beyond the continental shelf break. This may
partly be a reflection of increased sampling effort
in that area. Pelagic juveniles occurred at a simi-
lar wide range of stations, mostly beyond the con-
tinental shelf. Interestingly, 30 specimens, rang-
ing in length from 8.9 to 18.6 mm were captured
306 km off Coos Bay, Oreg., well beyond the conti-
nental shelf. Perhaps this wide ranging offshore
occurrence of larvae and pelagic juveniles is re-
lated to their morphology. The larvae are quite
stubby and deep bodied with particularly long
head spines, features which could contribute to
increased flotation and dispersal by currents. Most
specimens were captured in oblique midwater
trawl and bongo net tows. Three benthic juveniles
were taken close to the coast in depths of 30 to 35
m.
Reported spawning times for S. pinniger are
November to March off California (Phillips 1964)
and January to March off Oregon, Washington,
and British Columbia (Westrheim 1975). Larvae
<10 mm were taken March through June, and
larger pelagic specimens were taken March
through August. The wide rangein lengths, 9to 25
mm in March, 7 to 38 mm in April, 8 to 34 mm in
May, 9 to 43 mm in June, may be indicative of
protracted and variable spawning. Benthic
juveniles were taken in June and August.
Sebastes pinniger is one of the most abundant
trawl-caught rockfish species on the continental
shelf off Oregon together with S. flavidus and S.
entomelas (Snytko and Fadeev 1974). In trawl
surveys off Oregon it ranked either first or second
only to S. entomelas in biomass over the shelf
(Demory et al. 1976). It was one of the major con-
tributors to “other rockfish” landings in Oregon
during 1963-71 (Niska 1976). Larvae and
juveniles were the most numerous in available
collections of the three species described in this

paper.

SEBASTES HELVOMACULATUS AYRES
(Figures 12, 13)

Literature.—Westrheim et al. (see footnote 9) pre-
sented a schematic illustration of a preextrusion
larva of S. helvomaculatus and described the
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pigmentpattern in a tabular form. The latte
was also in Westrheim (1975). Preextrusi
vae (mean total length = 4.1 mm) have a 1
midline row of usually <16 (83% of 120 ]
melanophores which stop short of the anus 1
by as much as four myomeres. Pigment is
from the dorsal midline, the head, nape, anc
jaw, and is usually not in the hypural regic
illustration shows some melanophores ov
hindgut and ventrally beneath the yolk sa
trheim (1975) added that larvae of &
vomaculatus, along with 10 other species
had been reared for several days, develop pi
spots on the head, nape, and/or lower jaw.

Identification (Table 10, Appendix Tables
Twenty-six specimens of S. helvomaculatus
183 mm long, were identified. Juveniles
identified using the following combinat
characters obtained from specimens exami
this study:

Gill rakers = 28-31

Lateral line pores = 35-43

Pectoral fin rays = 15-17, usually 16
Anal fin soft rays = 5-6, usually 6
Dorsal fin soft rays = 12-14, usually :
Supraocular spine = present
Interorbital space = concave.

Of the Sebastes species occurring off Oreg
helvomaculatus has the best fit to the
characters. Sebastes aurora and S. elongaitt
agree with many of these characters, but S. ¢
was eliminated since it has 24 to 28 gill rake
S. elongatus was eliminated since it does no
a supraocular spine. Larval and juvenile
mens of S. elongatus identified from our
tions are noticeably more slender than spec
of S. helvomaculatus and also are pigment
ferently. Pigment pattern, body shape, time
currence, and constancy in number of anal {
rays and pectoral fin rays helped link togeth
developmental series.

Distinguishing Features.—Characters use
distinguishing the smallest larva of S
vomaculatus identified, 7.7 mm, are th
mented fringes of the pectoral and pelvic fit
general lack of body pigment; melanophor
side the tip of the lower jaw; narrow interc
distance (31% HL); long, deeply serrated, pe
spines (27% HL); and relatively long pector.
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FIGURE 12.—Planktonic larvae (8.0, 10.9 mm) and transforming specimen (13.4 mm) of Sebastes helvomaculatus.
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FIGURE 13.—Transforming specimen (18.4 mm) and pelagic juveniles (22.4, 41.6 mm) of Sebastes helvomaculatus.

(24% SL). Later stage larvae change very little in
appearance from the smallest larva, except for an
increase of dorsolateral internal gut pigment. A
distinctive pigment patch appears on the caudal
peduncle during the period of transformation from
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larva to pelagic juvenile. Meristics, presence of a
supraocular spine, the concave shape and narrow
width of the interorbital space, the patch of
melanophores on the caudal peduncle, and the
single melanistic pigment saddle extending pos-
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TABLE 10.—Meristics from larvae and juveniles of Sebastes helvomaculatus off Oregon, based on unstained specimens. Specimens
above dashed line are undergoing notochord flexion. All specimens had 8 superior and 7 inferior principal caudal fin rays and 7

branchiostegal rays on each side.

, Pectoral Pelvic fin Gill rakers Lateral "
Stlgggg:d ﬁr? (s):)Sigles ':r;)?rl];': fin rays spines and rays {first arch) line pores Dlsag:’re\al

(mm) and rays and rays Left Right Left Right Left Right Left Right rows
7.7 — — 16 16 1,0 (M —_ — — — —
8.0 — 12,7 16 16 1) () - — — — —
8.0 - "7 16 16 L) 1,(M — — - - —
8.8 — 12,6 16 16 1,5 1,5 — — — — —
9.9 XI2,13 12,6 16 16 1,5 15 — — — - —
10.9 X112,13 2,6 16 16 15 1,5 —_ - — — —
3120 XHiz,13 [11EX3} 16 16 1,5 1,5 — — — - —
312.0 Xiz,13 Hiz,6 16 16 1,5 1,5 —_ - —_ — -
313.4 X213 ne7 16 16 15 1,5 — - —_ - —
3134 X1I2,13 liz6 16 16 1,5 I5 — — — — -
313.6 X213 12,6 16 16 1,5 1,5 — 21+9=30 — —_ —
317.8 XI2,12 2,6 16 16 1,5 15 2149=30 22+9=31 =42 —_ —
%17.9 Xilz12 12,6 16 16 15 1,5 21+9=30 21+9=30 — — —
318.4 X1irz,13 12,6 16 16 1,5 15 21+9=30 20+8=28 —_ — -
318.4 Xiliz,12 2,6 16 16 15 15 21+9=30 21+9=30 42 —_ —
2186 X213 mnse 16 17 1,5 1,5 19+48=27 19+8=27 —_ - -
419.8 XII,13 6 16 16 1,5 15 21+8=29 21+8=29 =40 - —
4203 XM, 14 1,6 16 16 15 15 21+9=30 20+8=28 ~39 — -
216 XHl,13 e 16 16 1,5 1,5 21+8=29 21+8=29 ~39 —_ —
2.1 X1, 14 .6 16 16 15 15 20+9=29 20+8=28 =40 =40 -
f2.2 X, 13 L6 16 16 1,5 1.5 20+8=28 20+8=28 ~38 ~38 —
422.4 X113 1,6 16 15 15 15 21+9=30 21+9=30 =41 ~41 —
4238 X112 11,5 16 16 15 1,5 20+9=29 20+9=29 ~43 ~43 —
*41.6 XMH,13 1,6 16 16 15 15 22+9=31 22+8=30 39 38 —
136.4 Xi,13 113 16 15 1,5 1,3 2149=30 21+9=30 35 35 -

183 X, 14 1,6 17 16 15 1,5 22+9=31 22+9=31 40 39 =43

!Not formed.
:Posterior dorsal or anal spine appears as a soft ray.
‘Transgormlng.
5Pelaﬁ!c juvenile.
Benthic juvenile.

teriorly from the nape to dorsal spine XI and ven-
t?ally about one-half the distance to the lateral
line, all serve to distinguish pelagic juveniles.

General Development.—The smallest larva of S.
helvomaculatus identified, 7.7 mm, is in the final
stage of notochord flexion, which is completed by
8.8 mm. Transformation to pelagic juvenile begins
in larvae ~12 mm long with the initiation of spine
formation in the dorsal and anal fin “prespines”
and the appearance of a lateral pigment patch on
the caudal peduncle. Transformation of the “pre-
Spines” to spines is completed in specimens >19
mm at which time some pigment appears beneath
the spinous dorsal fin and pigment is added to the
dorsal margin of the caudal peduncle pigment
Patch marking the beginning of pelagic juveniles
Pigmentation. More pigment is added beneath the
first dorsal fin during the pelagic juvenile period
although the saddle never becomes pronounced.
Additional small external melanophores cover
most of the fish by the end of the pelagic juvenile
Period, which probably lasts until ~40-60 mm.
The largest pelagic juvenile examined was 41.6
mm and the smallest benthic juvenile was 136.4
mm,

Morphology (Tables 4, 11).—Twenty-six speci-
mens of S. helvomaculatus, 7.7 to 183 mm long,
were measured for developmental morphology.
Relative body depth/SL changes little at the pec-
toral fin base, decreasing slightly then increasing
while it generally increases at the anus. Snout to
anus distance increases from 56 to 63 or 64% SL
and the snout to pelvic fin distance increases
somewhat then decreases.

Head length increases slightly (41-42%) then
decreases (38%) with respect to standard length.
Eye diameter decreases (39-32% HL), as do the
interorbital distance (31-15% HL) and snout
length (32 or 33-27% HL). Upper jaw length in-
creases from 44-46 to 52% HL. The length of the
angle gill raker first increases (13-15% HL) then
decreases (11%). .

Larvae and juveniles <24 mm have a wea
symphyseal knob which becomes less obvious with
development.

Fin Development (Tables 4, 10, 11).—The adult
complement of 15 to 18 (usually 16) pectoral fin
rays can be counted on the smallest larva, 7.7 mm,
of S. helvomaculatus although the ventralmost
rays are not fully developed. Pectoral fins are
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TABLE 11.-—Measurements (millimeters) of larvae and juveniles of Sebastes helvomaculatus from waters off Oregon. Specimens
above dashed line are undergoing notochord flexion.

£ . £ © “ , -

o ‘| @ a = > ©
o H 3. B 338y f. £ E¥ £ &8 3 _ B S E 5
SE £ 27 = £ S5 ¢ 55 888 82 FTE Te % &£ %¢0c mof £ Fof CSEESEBTERes
=8 D LD = O E 8 V3o 5O 0D g =>t: St o ac to9 0o oco
ES n5 35 35 35 BF o8 52 %sc gs s g8 55 S8 38Poef £F §EE8%s 055 285 05

& 2 [ I & 5 @ E g @ & & & &5 & 27 & £ S 3 S
77 95 43 32 11 15 12 10 25 16 19 096 064 10 30 10 0 L T o B C B )
80 98 44 32 096 15 13 10 28 17 20 10 068 1.2 33 09 004 09 — (9 (6
80 99 46 34 11 14 13 10 26 16 17 10 066 1.0 33 078 008 078 — (% () *
88 109 52 39 13 14 14 12 29 19 22 11 040 13 36 078 010 1.2 048 (5 080 (9
99 123 58 41 13 16 15 13 33 26 24 11 12 16 40 080 022 13 056 08 12 060
109 134 65 44 15 18 16 14 37 28 26 12 16 17 45 070 022 — 062 08 13 076
6120 149 74 49 16 24 18 15 41 30 30 12 19 20 52 080 024 13 078 11 18 1.1
€120 144 74 49 15 26 19 15 43 31 34 13 21 24 52 072 024 — 08 — 19 1.2
6134 168 85 54 16 27 20 16 41 24 33 13 24 29 60 066 030 — 08 — 19 14
6134 168 85 56 18 26 20 16 47 36 36 15 24 26 57 072 026 13 072 — 19 13
6136 168 B85 58 22 24 20 15 44 33 33 13 22 24 62 — 028 11 08 14 19 14
8178 221 107 75 27 32 24 18 57 45 45 16 34 38 72 10 032 — 11 23 26 23
6179 222 112 73 26 29 24 17 57 42 45 17 31 32 80 080 028 13 11 — 28 22
5184 229 110 67 21 30 25 19 59 43 49 18 32 37 70 09 036 14 11 21 — 19
€184 230 110 7.2 1.8 3.4 2.7 1.8 57 4.4 5.2 1.8 34 3.7 7.0 070 034 1.3 11 27 3.0 26
6186 211 120 80 27 34 26 19 58 43 48 18 34 34 88 072 024 13 11 — 26 —
7198 246 120 82 28 33 28 21 64 46 52 18 31 36 82 — 036 13 12 — 26 22
7203 253 128 84 28 40 28 20 62 47 53 18 — 41 90 08 034 13 12 — 30 20
7216 264 130 B84 25 40 28 20 71 52 57 20 — 40 86 — 014 — 12 — 32 30
221 264 142 B89 30 42 30 19 72 53 59 20 34 44 98 072 026 14 28 32 27
7222 277 146 93 30 42 30 19 67 51 58 20 42 44 107 046 032 — 13 26 31 3.1
7224 277 134 84 26 38 31 20 72 56 60 20 41 48 88 — 044 13 13 30 32 32
7238 291 157 94 31 43 29 19 72 52 64 22 39 43 107 040 030 — 12 28 34 —
7416 498 262 165 44 70 57 22 118 88 70 34 56 72 166 018 — 042 21 49 61 64
51364 169 860 51.8 140 267 183 6.7 440 323 376 120 197 300 538 16 — 13 57 174 207 270
8183 219 1181 681 180 358 189 11.2 63.3 4904 484 180 282 429 745 — — 032 70 276 310 310

'Usually third or fourth in larvae, fifth or sixth in juveniles.
2Usually midfin.

3The second spine.

“Not formed.

SForming.

$Transforming.

’Pelagic juvenile.

&Benthic juvenile.

rather long, averaging 24-26% SL during the
pelagic period. Depth of the pectoral fin decreases
from 12% in flexion larvae to 9% in benthic
juveniles.

Pelvic fin spines and developing rays are visible
on the 7.7 mm larva. The adult complement of I, 5
is countable on the smallest postflexion larva, 8.8
mm. The relative length of the pelvic fin increases
from 14 to 23% SL with development. The pelvic
spine, always shorter than the pelvic fin rays, in-
creases from 8% SL in flexion larvae to 18% in
transforming larvae and then decreases to 15% in
benthic juveniles.

The adult complement of 8 + 7 principal caudal
fin rays can be counted on the 7.7 mm preflexion
larva. Flexion is completed by 8.8 mm. Superior
and inferior secondary caudal rays on two stained
juveniles 22.4 and 23.8 mm long, were 12 + 12 and
11 + 11, respectively.

Bases of dorsal and anal fin spines and rays are
visible on the 7.7 mm larva. Rays and spines (in-
cluding “prespines”) are fully formed by 9.9 mm
and the adult complements can be counted. “Pre-
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spines” become spines in specimens >19 mm. The
longest dorsal spine increases from 19% HL in
postflexion larvae to 37% in benthic juveniles. The
longest dorsal ray, always longer than the longest
dorsal spine, increases from 23 to 43% HL during
development. The longest anal spine increases
from 16 to 49% HL.

Spination (Tables 4, 12).—Spines on the left side
of the head of the smallest S. helvomaculatus (7.7
mm) include the parietal; first and third anterior
preopercular spines; second, third, and fourth
posterior preopercular spines; postocular; pterotic;
inferior posttemporal; and first spine of the
superior infraorbital series.

The parietal spine and ridge are deeply serrated
in larvae and pelagic juveniles, but the serrations
are no longer visible by 41.6 mm. The parietal
spineis very long in flexion larvae, averaging 27%
HL. Its length decreases with development to 3%
HL in benthic juveniles. The much smaller nuchal
spine, which appears by 8 mm, averages 2% HL in
flexion larvae and increases to 4 or 5% in postflex-



RICHARDSON and LAROCHE: DEVELOPMENT AND OCCURRENCE OF ROCKFISHES

TABLE 12.—Development of spines in the head region of Sebastes helvomaculatus larvae and juveniles. Specimens above dashed
line are undergoing notochord flexion. + denotes spine present and — denotes spine absent.

Standard
length
(mm)

Parietal Nuchal

,  Preopercular
- (anterior series)

Preopercular
{posterior series)

Inter-  Sub-
Opercular_ oper. oper- Pre- Supra- Post-

1st

2d

3d

1st

2d

3d

4th 5th  Superior Inferior cular cular ocular ocular ocular

77
8.0
8.0
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+
+

+
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+ +
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|
|
|
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8.8
9.9
10.9
"12.0
2.0
134
3.4
'13.6
178
7.9
'18.4
'18.4
"18.6
319.8
320.3
321.8
3221
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M6
“136.4
4183
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TABLE 12.—Continued.
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!Transforming.
2Bump indicating beginning of spine formation.
3Pelagic juvenile.
“Benthic juvenile.

lon, transforming, and pelagic juvenile stages.
The nuchal and parietal spines are fused together

by the time juveniles are 42 mm long.

. The posterior preopercular spine series is prom-
inentin §. helvomaculatus larvae. The third spine

of the series is weakly serrated in larvae >8 mm
up to pelagic juveniles. It is relatively long in
larvae averaging 27 to 31% HL in flexion and
postflexion stages. Its length decreases to 2% in
benthic juveniles when it is no longer serrated.
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Very weak serrations appear on the second and
fourth posterior preopercular spines of most larger
larvae and smaller pelagic juveniles. All five pos-
terior preopercular spines are present on speci-
mens >8.0 mm. The first and third anterior
preopercular spines seen on the smallest larva are
no longer visible on specimens >23 mm. The sec-
ond anterior preopercular spine never develops.

The superior and inferior opercular spines are
present on all specimens >8 mm. The interopercu-
lar spine is present at 8.8 mm and persists into
benthic juveniles. The subopercular spine is pres-
ent just above the interopercular spine on the
largest benthic juvenile, 183 mm.

The supraocular ridge and the anterior margin
of the postocular spine are serrated on specimens
up to 23.8 mm. The preocular and supraocular
spines are first seen as bumps in a 13.4 mm speci-
men. Serrations are present on the supraocular
spine but disappear along with those on the su-
praocular ridge on larger pelagic juveniles.

The first superior infraorbital spine is visible up
to 23 mm. The second superior infraorbital spine
appears on specimens 12 to 23 mm. The fourth
superior infraorbital spine is present on larvae >8
mm and the third superior infraorbital spine is
present on larvae >13.4 mm. The third and fourth
spines both disappear by 23 mm. The first and
second spines of the inferior infraorbital series are
present on all specimens >8 mm but appear only
as blunt projections on benthic juveniles. The
third inferior infraorbital spine never develops.
The nasal spine appears as a bump by 9 mm and
becomes strong and sharp during the larval
period.

The tympanic spine develops by 41.6 mm and
appears as a strong sharp spine on benthic
juveniles. The pterotic spine is present on all
specimens >41.6 mm. The inferior posttemporal
spine is present on all specimens examined but is
minute on the two benthic juveniles, 136 and 183
mm, and probably disappears in larger specimens.
The supracleithral spine is present on all speci-
mens >8.0 mm. The superior posttemporal ap-
pears at 13.4 mm and is present on all larger
specimens. Posterior to the opercle the cleithral
spine appears on all specimens >19 mm.

Scale Formation.—Lateral line pores first appear
anteriorly and are visible on specimens >17 mm.
Scale formation begins on pelagic juveniles >23
mm.
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Pigmentation.—The smallest larva of S. hel-
vomaculatus, 7.7 mm (similar to the 8.0 mm
specimen illustrated), has pigment on the head
over the brain. Melanophores line the inner tip of
the lower jaw. In the abdominal region, an inter-
nal melanistic shield is present over the dorsolat-
eral surface of the gut. No other pigment is visible
on the body. The pectoral and pelvic fins are
fringed with expanded and fused melanophores
and have a light scattering of more contracted,
elongate melanophores on the fin blades. Both
inner and outer pectoral fin base surfaces are un-
pigmented.

During larval development, pigment over the
brain becomes obscured. At 13.4 mm pigment in-
side the lower jaw disappears. Specimens >17 mm
develop two to six internal melanophores dorsally
on the opercle.

During the transformation period, 12.0 to 18.6
mm, two or three melanophores may appear just
posterior to the orbit on specimens >18 mm. In-
ternal gut pigment increases ventrolaterally
reaching the ventral surface of the gut by 17.9
mm. The anterior margin of the cleithrum is usu-
ally unpigmented. A patch of 9 to 10 large stellate
melanophores appears laterally on the caudal
peduncle at 12.0 mm at the beginning of the trans-
formation period. Melanophores are added to this
patch until it extends to the dorsal body surface at
=18 mm. Melanophores in this patch often appear
expanded and fused. The pectoral and pelvic fins
remain fringed with pigment although this may
not be obvious if the fins are frayed. The number of
melanophores on the fin blades generally de-
creases.

During the pelagic juvenile period, 19.8 to 41.6
mm, pigment appears over the head surface,
snout. and upper lip of specimens >22 mm.
Melanophores are added along the posteroventral
margin of the orbit and a patch of melanophores
appears just dorsal to the first superior infraor-
bital spine. The internal pigment patch on the
operculum remains distinguishable. Internal gut
pigment becomes increasingly obscured by muscu-
lature. A single saddle of melanophores develops
on the dorsal surface of the body over the nape and
beneath the spinous dorsal fin anterior to dorsal
spine XI. The first melanophores generally appear
there at the onset of the pelagic juvenile stage,
although a few may develop earlier. This saddle
extends ventrolaterally from the nape to the vicin-
ity of the supracleithral spine and from the spi-
nous dorsal fin halfway to the lateral line by 22
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mm. By 41.6 mm small external melanophores
cover all but the ventralmost one-fourth of the
abdominal region including most of the pectoral
fin base and the dorsal one-fourth of the gut re-
gion. The dorsal saddle and internal gut pigmen-
tation still appear as more darkly pigmented
areas. The caudal peduncle patch expands to the
dorsal and ventral body margins. Specimens >20
mm have a few melanophores extending an-
teriorly from the peduncle patch along the dorsal
body margin under the posteriormost dorsal rays.
By 41.6 mm the entire tail region of the body is
also covered with small external melanophores,
although the caudal peduncle patch and dorsal
midline melanophores remain visible. Pectoral
and pelvic fins lose all pigment by 41.6 mm, except
for a patch of small melanophores on the base of
the central pectoral rays. The spinous dorsal fin
becomes completely covered with small melano-
phores by 41.6 mm and small melanophores cover
the proximal one-fourth of the soft dorsal fin.
Small melanophores extend onto the bases of the
caudal fin rays by 41.6 mm.

Melanistic pigment is inconspicuous on the
benthic juveniles examined, 136 and 183 mm. The

caudal peduncle pigment patch is no longer visi-
ble.

Occurrence (Figures 14, 15).—Sebastes hel-
vomaculatus ranges from Coronado Bank, off San
Diego, Calif,, to Albatross Bank, Gulf of Alaska,
and occurs in depths from 133 to 456 m (Chen
1971). It is apparently primarily a deepwater
species judging by some of the older common
names given to it, “deep-water scacciatale” and

“deep-water scratch-tail” (Phillips 1957). The
largest numbers and smallest larvae were taken
83 and 120 km off Newport beyond the continental
shelf break. Most pelagic juveniles were taken at
the same locations as the larvae, probably reflect-
ing the increased sampling effort in that area. One
benthic juvenile, 136 mm, was taken in an otter
trawl at a depth of 370 m (lat. 44°47.9’ N, long.
124°40.9' W). A second juvenile, 183 mm, was col-
lected after a seismic profiling explosion on
Stonewall Bank (=lat. 44°30' N, long. 124°25’' W).
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FIGURE 15.—Seasonal occurrence of larvae and juveniles of
Sebastes helvomaculatus off Oregon. Data from 1961 to 1976
combined. Dashed line separates pelagic and benthic stages.
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FIGURE 14.—Number of specimens and location of capture of larvae and juveniles of Sebastes helvomaculatus off Oregon (1961-76)
described in this paper.
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Based on examination of gonads, Westrheim
(1975) reported that parturition of S. hel-
vomaculatus takes place primarily in June from
Oregon to British Columbia. We took small larvae
>10 mm only in July and August. Pelagic
Jjuveniles were captured in August, September,
and November. The two benthic juveniles were
taken in July.

Adults of S. helvomaculatus are uncommon in
Oregon trawl landings (Niska 1976). They ranked
9th and 16th in biomass in trawl surveys on the
Oregon continental shelf and 8th on the continen-
tal slope together with S. elongatus and S. zacen-
trus (Demory et al. 1976). Larvae and juveniles
were not common in our collections.

COMPARISONS (TABLE 13)

Prior to this paper, developmental series of 7 of
the 69 northeast Pacific (including the Gulf of Cal-
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ifornia) species of Sebastes had been described: S.
cortezi, S. sp. Gulf Type A, S. jordani, S. levis, S.
macdonaldi, S. melanostomus, and S. paucispinis
(Moser 1967, 1972; Moser et al. 1977; Moser and
Ahlstrom 1978). While pelagic stages of these
species exhibit some similarities to the three de-
scribed by us, they also differ in a number of
characters. The most notable of these are discus-
sed here in a comparative sense.

Flexion and postlarvae of S. pinniger are quite
deep bodied (38-40% SL) although body depth at
the pectoral fin base decreases considerably (33%
SL) by the pelagic juvenile stage. Larvae and
Jjuveniles of S. melanostomus are also deep bodied.
Pelagic stages of S. jordani are comparatively
slender (17-24% SL). Prior to completion of
notochord fiexion, S. paucispinis is also relatively
slender bodied. Pelagic stages of S. crameri, S.
helvomaculatus, S. levis, and S. macdonaldi are
somewhat intermediate in body depth. Snout to

TABLE13.—Morphometric comparison of larvae and juveniles of nine species of Sebastes from the northeast Pacific. Values are mean
percentages of body proportions related to standard length (SL) or head length (HL). Numbers in italics represent values for two

developmental stages combined.

8. cort- 8. cra- S. Gulf S. helvo-  S. jor- S. S. mac- S.mela- S. pauci- 8. pin-
ltem ezi' meri Type A' maculatus  dani’ levis' donaldi' nostomus' spinis’ niger
Body depth at pectoral fin base/SL:
Preflexion — — — — 17 - 23 _— 20 _
;lexion — 32 — 33 21 28 32 36 23 40
ostfiexion —_ 32 — a3 38
Transforming — 3 - 33 24 34 34 39 30 36
Pefagic juvenile — 33 - 31 22 35 3 a7 27 33
Benthic juvenile — 34 - 33 _ — — — — 35
Snout to anus length/SL:
Preflexion — — —_ — 36 — 42 — 41 —
Flexion - 54 - 56 42 49 52 57 45 59
Postflexion — 60 — 59 60
Transtorming — 61 — 62 51 59 60 59 57 61
Pelagic juvenile —_ 62 — 63 53 63 64 64 62 61
Benthic juvenile — 65 —_ 64 _ — — —_ — 64
Pectoral fin fength/SL:
Preflexion 7-9 — 6-9 — 7 9 8 — — —_
Flexion 9-12 17 — 24 8 35 13 20 27 25
Postflexion 21 20 24 11 25
Transforming 21 27 — 26 20 45 19 22 36 27
Pelagic juvenile 23 32 — 27 22 41 30 26 28 26
Benthic juvenile _ 30 — 27 — — — —_— —_ 24
Pelvic fin length/SL:
Preflexion — — — — — — 4 — — —
Fiexion — 7 —_ 14 1 [ 6 12 14 14
Postflexion — 15 —_ 16 17
Transtorming — 21 - 19 9 21 14 16 35 23
Pelagic juvenile 21 — 19 14 24 22 20 25 22
Benthic juvenile — 21 — 23 — — — —_ — 21
Parietal spine length(HL:
Preflexion — _ — _ — — — — — -
Flexion 27 —_ — — — 24
Postflexion 21-22 3 25.34 18 — - 20-23 — _ 20
Transtorming 6 — 13 — — — — - 10
Pelagic juvenile — 3 — 6 — — - — —_ 7
Benthic juvenile — — 3 — — — — —
Preopercular spine length/HL:
Preflexion — —_ — — — — _ — — —
Flexion — 18 —_ 27 — - 35 —_ - 34
Postfiexion — 17 — 31 — — —_ 32
Transforming — 18 — 20 — — — —_— 24
Pelagic juvenile — 12 — 12 — _ — — _— 13
Benthic juvenile — 7 — 2 — — —_ —_ 5

"Values from Moser et al. (1977) and Moser and Ahistrom (1978).
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anus distance is markedly shorter in larvae and
Juveniles of S. jordani (36-53% SL) compared with
the other species.

The pectoral fins in S. jordani remain compara-
tively short (7-22% SL) during pelagic develop-
ment while those of S. levis attain an exceptional
size (to 45% SL). Late larval stages of S. pauci-
spinis also have outstandingly long pectoral fins
(36% SL). Fin lengths among the other species are
intermediate by comparison and vary to a lesser
degree during development. The pelvic fins of S.
Paucispinis also become extraordinarily long (35%
SL) during the late larval period whereas those of
8. jordani remain relatively short.

Parietal spine length varies among species with
the largest spines appearing in early larvae of S.
helvomaculatus (27% HL) and S. sp. Gulf Type A
(25-34% HL). This spine is noticeablely shorton S.
crameri (3-7% HL) during the entire pelagic
phase. The third preopercular spine is outstand-
ingly long on early larvae of S. macdonaldi (35%
HL) and S. pinniger (34% HL) but is compara-
tively short on S. crameri (17% HL) as is the
Parietal.

Pigmentation on the paired fins varies from the
unpigmented conditionin S. jordani to the heavily
pigmented fins of S. macdonaldi and S. crameri.
The pectoral fins of S. cortezi are pigmented at the
fin base but not the outer margin, while pigment is
primarily concentrated on the outer margin of the
fins in S. paucispinis, S. levis, and S. helvomacu-
latus at least during the early pelagic period. Pec-
toral fins of S. pinniger, S. melanostomus, and S.
Sp. Gulf Type A are lightly pigmented.

General body pigmentation differs among the
Species considered. Larvae of S. pinniger have a
haracteristic lack of body pigment. A patch of
uape pigment develops early in S. crameri and S.
macdonaldi, appearing more pronounced in the
former species. Postflexion larvae of both S. cram-
eri and S. macdonaldi develop pigment on the
entire spinous dorsal fin. A characteristic black
blotch develops on the posterior portion of the first
dorsal fin in pelagic juveniles of S. pinniger. Lar-
vae of S. melanostomus, S. paucispinis, and S.
Mmacdonaldi have a characteristically low number
of ventral midline melanophores, 4 to 11 (mean 8),
6 to 14 (mean 9), and 6 to 14 (mean 8), respectively.
A patch of pigment forms on the caudal peduncle of
S. helvomaculatus, S. paucispinis, S. jordant, and
S. cortezi. The form of the patch varies with the
Species and is most pronounced in S. hel-
Vomaculatus. One characteristic melanophore ap-

pears at the base of the caudal fin in S. cortezi,
while melanophores form a line of pigment at the
base of the caudal fin in S. jordani, but not in any
of the other species.

Pelagic juveniles of S. helvomaculatus develop
only one melanistic pigment saddle beneath the
spinous dorsal fin. Five distinct saddles form on S.
macdonaldi, S. crameri, 8. levis, S. paucispinis,
and S. pinniger in comparable locations on the
body although a more blotchy pattern develops on
S. pinniger. On S. melanostomus, three pro-
nounced melanistic bars develop on the body. Ap-
parently no obvious saddles or bars develop on
pelagic juveniles of S. jordant or S. cortezi.

These comparisons together with distinguish-
ing features of each species given by us, Moser
(1972), Moser et al. (1977), and Moser and
Ahlstrom (1978), and range of occurrence should
aid in identification of all but the smallest larvae.
As additional species are described, such compari-
sons may also provide insight into relationships
within the genus Sebastes.
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APPENDIX TABLE 1.—Ranges of eastern North Pacific species of Sebastes.! This list does not include one new species being described by
Lea and Fitch (Chen 1975). Asterisk indicates species in the subgenus Sebastomus.

3 3 3 P I
§ 88 2<¢3
B 1 . £ < 5 8 c
s sfE98Fsus=3¢c 8
Species Southern range limit 08 3262 dv G2 ad S Northern range limit
S. aleutianus Monterey, Calif. — Aleutians and Japan
S. alutus La Jolla, Calif. Bering Sea and Japan
S. atrovirens Pt. San Pablo, Baja Timber Cove, Sonoma Co., Calif.
S. auriculatus Hipolito Bay, Baja S.E. Alaska
S. aurora San Diego, Calif. Amphridite Pt., Vancouver |., B.C.
S. babcocki San Diego, Calif. Amchitka |., Alaska
S. borealis Eureka, Calif. S.E. Kamchatka
S. brevispinis Santa Barbara |., Calif. Bering Sea
S. carnatus San Rogue, Baja Eureka, Calif.
“S. caurinus? San Benito |., Baja Gulf of Alaska
S. chiorostictus Cedros |., Baja Copalis Head, Wash.
8. chrysomelas Natividad |., Baja Eureka, Calif.
S. ciliatus Dixon Entrance, B.C. Bering Sea
*S. constellatus Thetis Bank, Baja San Francisco, Calif.
S. cortezi Guilf of Calif. Gulf of Calif.
S. crameri Santa Catalina 1., Calif. Bering Sea
S. dalli Sebastian Viscaino Bay, Baja San Francisco, Calif.
S. diploproa San Martin 1., Baja Alaska Peninsula
S. elongatus Cedros |., Baja Green |., Montague 1., Gulf of Alaska
S. emphaeus Punta Gorda, Caiif.? Kenai Peninsula, Guif of Alaska
*S. ensifer Ranger Bank, Baja San Francisco, Calif.
S. entomelas Todos Santos Bay, Baja Kodiak, Alaska
*S. e0s Sebastian Viscaino Bay, Baja San Francisco, Calif. (?Wash.)
*S. exsul Gulf of Calif. — Guit of Calif.
S. flavidus San Diego, Calif. Kodiak, Alaska
S. gilli Ensenada, Baja Monterey, Calif.
S. goodei Magdaiena Bay, Baja Cape Scott, Vancouver |, B.C.
*S. helvomaculatus Coronado Bank, Calif. Albatross Bank, Guif of Alaska
S. hopkinsi Guadalupe |., Baja Faralion |., Caiif.
S. jordani Cape Colnett, Baja Le Perouse Bank, Vancouver ., B.C.
*S. lentiginosus Los Coronados |., Baja Santa Catalina 1., Calif.
S. levis Ranger Bank, Baja Usal, Mendicino Co., Calif.
S. macdonaldi Gulf of Calif. Pt. Sur, Calif.
S. maliger Pt. Sur, Calif. Gulf of Alaska
S. melanops Paradise Cove, Baja Amchitka 1., Alaska
S. melanostomus Cedros 1., Baja Wash. (7Bering Sea)
S. miniatus San Benito [., Baja Vancouver |., B.C.
S. mystinus Pt. Santo Tomas, Baja B.C. (?Bering Sea)
S. nebulosus San Miguel I., Baja S.E. Alaska
S. nigrocinctus Pt. Buchon, Baja S.E. Alaska
*S. notius Uncle Sam Bank, Baja = Guadalupe 1., Baja
S. ovalis Cape Colnett, Baja San Francisco, Calif.
S. paucispinis Pt. Blanco, Baja Kodiak, Alaska
S. penduncularis Guif of Calif. — Gulf of Calif.
S. phillipsi Newport, Calif. Monterey Bay, Calif.
S. pinniger Cape Colnett, Baja S.E. Alaska
S. polyspinis S.E. Alaska Eastern Kamchatka
S. proriger San Diego, Calif. Bering Sea
S. rastrelliger Piaya Mario Bay, Baja Yaquina Bay, Oreg.
S. reedi Crecent City, Calif. Sitka, Alaska A
‘S. rosaceus Turtle Bay, Baja San Francisco, Calif. (?Puget Sd., Wash.)
*S. rosenblatti Ranger Bank, Baja Avila, Calit. (?San Francisco, Calit.)
S. ruberrimus Ensenada, Baja Gulf of Alaska
S. rubrivinctus Cape Colnett, Baja San Francisco, Calif.
S. rufinanus San Clementi |, Calif. San Clementi 1., Calif.
S. rufus Guadalupe 1., Baja Mad River, Calit.
S. saxicola Sebastian Viscaino Bay, Baja S.E. Alaska :
S. semicinctus Sebastian Viscaino Bay, Baja Pt. Pinos, Monterey Co., Calif.
S. serranoides San Benito |, Baja Redding Rock, Del Norte Co., Caiit.
S. serriceps Cedros 1., Baja San Francisco, Calif.
*S. simulator Guadalupe I., Baja San Pedro, Calif. {?Pt. Conception, Calif.)
S. sinensis Gulf of Calif. — Gult of Calif.
S. spinorbis Gulf ot Calif. — Gult of Calif. !
*S. umbrosus Pt. San Juanico, Baja Pt. Conception, Calif.
S. variegatus Queen Charlotte Sd., B.C. Unimak Pass, Aleutian |.
S. varispinis Gulf of Calif. — Gulf of Calif.
S. wilsoni Cortez Bank, Calif. S.E. Alaska
S. zacentrus San Diego, Calif. Sanak 1., Aleutians

1Compiled from Bailey et al. (1970), Chen (1971), Lea and Fitch (1972), Miller and Lea {1972), Quastand Hall (1972), Rosenblatt and Chen (1972}, Barsukov (1973),
Hart (1973), and Chen (1975), and original data for S. emphaseus. No records from the Sea of Okhotsk. . .

2|nciudes S. vexillaris (Chen 1975; W. N. Eschmeyer, Senior Curator for Research, California Academy of Sciences, Golden Gate Park, San Francisco, CA 94118,
pers. commun. November 1976).

*Based on data obtained during this study.
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APPENDIX TABLE 2.—Chart showing interorbital curvature and presence or absence of the supraocu-
lar spine for rockfishes (Sebastes spp.) occurring off Oregon.! x indicates usual condition; o indicates

occasional occurrence.

Interorbital

Flat-convex

Concave

Supraocutar spine Supraocular spine

Interorbital

Flat-convex

Concave

Supraocular spine Supraocular spine

Species Present Absent Present Absent Species Present Absent Present Absent
S. aleutianus X S. jordani X

S. alutus X o S. maliger o X o X
S. auriculatus X S. melanops X

S. aurora X X S. melanostomus X X

S. babcocki X S. miniatus X

S. borealis x X S. mystinus b3

S. brevispinis [s] X S. nebulosus X
S. caurinus X x S. nigrocinctus 0 X
S. chlorostictus X S. paucispinis X

S. crameri X S. pinniger X

S. diploproa X X S. proriger X

S. elongatus X S. rastrelliger X

S. emphaeus X S. reedi x o

8. entomelas o X S. rosaceus? X

S. eos? X 8. ruberrimus X

S. flavidus X S. saxicola X X
S. goodei X S. wilsoni [ X [+] X
S. helvomaculatus X S. zacentrus o x [] X

1Compiled from Phillips (1957), Westrheim and Tsuyuki (1967, 1972), Chen (1971), Miller and Lea (1972}, and Hart (1973},

and original data for S. emphaeus.
28pecies may be rare off Oregon.

APPENDIX TABLE 3.—Numbers of dorsal, anal, and pectoral fin soft rays for rockfishes (Sebastes spp.)
occurring off Oregon.! x indicates usual numbers, o indicates occasional occurence.

Dorsal fin rays Anal fin rays Pectoral fin rays
Species 11 12 13 14 156 16 177 5 6 7 8 9 10 11 15 16 17 18 19 20 21 22
S. aleutianus o x x © o Xx o 0 X x
S. alutus 0o X X X X o 0 X X 0 © 0o x ©
S. auriculatus 0o X o o 0 0 X o 0 0o o x o
S. aurora o X o c X o o o
S. babcocki o x o X X 0 0 x o
S. borealis 0O x o o© o x o o 0 o0 o
S. brevispinis o 0 0 © X 0 o 0 0
S. caurinus o 0 x o o x o o x o
S. chlorostictus 0O x o0 o o o x o o X o
S. crameri o X X o o x o Xx o
S. diploproa 0O X X © X X © 0o X ©
S. elongatus o x o X o X X 0
S. emphaeus X X X o X 0
S. entomelas o X X X 0 o X o o
S. aos? o X X X 0 o o
S. flavidus X X 0 o x o0 0o X o0
S. goodei 0o X X 0 o x o0
8. helvomaculatus o x o X o 0 x o o
S. jordani o 0o 0 0 o X X o0 X X Xx o©
S. maliger o X X o X o X
S. melanops 0O X x 0 0O X o0 o x o
S. melanostomus 0O x o © o x © 0o o o o
S. miniatus o x o o x o o 0 X
S. mystinus X X O X X 0 o X X
S. nebulosus o x o o Xx o 0o o0 X
S. nigrocinctus o x o o X o o o
S. paucispinis o X ©0 o x o0 X 0
S. pinniger o x X X 0 X O
S. proriger 0o x X o0 X o x ©
S. rastrelliger o x o X o o o
S. reedi o X X X X o X ©
S. rosaceus? o 0o x o o x o o x o
S. ruberrimus o o x o o o x o o x o
S. saxicola o x o 6 0 x o o Xx o
S. wilsoni X X X O o X
8. zacentrus o X X 0O X o0 X 0 o

'Compiled from Phillips (1957), Westrheim (1966), Westrheim and Tsuyuki (1967, 1972), Chen (1971}, Miller and Lea
(1972), and Hart (1873), and original data for S. emphaeus.

2Species may be rare off Oregon.
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APPENDIX TABLE 4.—Total numbers of gill rakers on first gill arch for rockfishes (Sebastes spp.) occurring off Oregon.?

Species 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
S. aleutianus X X X X x X

S. alutus X X X X X X X X X

S. auriculatus X X X X X X

S. aurora X X X x X

8. babcocki X X X X X

S. borealis X X X x x

S. brevispinis X X X X

S. caurinus X X X X X X X

S. chlorostictus X X X x X X

S. crameri X X X X X X

S. diplopora X X X X X X

S. elongatus X X X X X X

S. emphaeus X X X X X X X
S. entomelas X X x X

S. eos? X X X X X X

S. flavidus X X X X X X X

S. goodei X X X X X X

S. helvomaculatus X X X X X X

S. jordani . X X X xX x X X
S. maliger X X X X X

S. melanops X X X x X x X

S. melanostomus X X X X X X X X X

8. miniatus X X X X X X X x X

S. mystinus X X X X X X

S. nebulosus X X X X X X

S. nigrocinctus X X x x X

S. paucispinis X X x X

S. pinniger X x x x X X
S. proriger X X X X x X X X

S. rastrelliger X X X X

S. reedi X X X X X X X

S. rosaceus? X X X X X X

S. ruberrimus X X X X X X

S. saxicola X X X x X

S. wilsoni X X X X X X

S. zacentrus X X X X X X X

'C;’:mpiled from Phillips (1957), Westrheim and Tsuyuki (1967, 1972), Chen {1971), Miller and Lea (1972), and Hart (1973), and original data for S.
emphaeus.
Species may be rare off Oregon.



1554

APPENDIX TABLE 5.—Numbers of lateral line pores for rockfishes (Sebastes spp.) occurring off Oregon.!

Species

27 28 29 30 31 32 33 34 35 36 37 38 39 40

41 42 43 44 45 46 47 48 49

50 51

52 53

54 55 56 57 58 59 60 61 62 63

DO DNLOVNDBLOVNLLNVOLLLLOHLLOKOKOO®OKL K

aleutianus X X x X
alutus

auriculatus

aurora X X X X X
babcocki

borealis X X X x X
brevispinis

caurinus

chlorostictus

crameri

diploproa

elongatus

emphaeus

entomelas

e0s2

flavidus

goodei

helvomaculatus

jordani

maliger

melanops

melanostomus X X X X

miniatus
mystinus
nebulosus
nigrocinctus
paucispinis
pinniger
proriger
rastrelliger
reedi
rosaceus?
ruberrimus
saxicola
wilsoni
zacentrus

X

X

x X X x

X

X X X X X X

x

X X X X

X

X X X X X 3

x

X X X X X

X X X M X X

x

X X X X

X

M X X X X X

X
X

x

X
X

X

x

> X X X

x

x X x X x

>

1Compiled from Philiips (1957), Westrheim (1966), Westrheim and Tsuyuki (1967, 1972), Chen (1971), Miller and Lea (1972), and Hart (1973), and original data for S. emphaeus.

2Species may be rare off Oregon.
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APPENDIX TABLE 6.—Number of diagonal scale rows below the lateral line for rockfishes (Sebastes spp.) occurring off Oregon.!

Species 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
S. aleutinaus X X X X X X X X X

S. alutus X X X X X X X

S. auriculatus X X X X X X X X

S. aurora X X X X X X X X X X

S. babcocki

S. borealis X X X X X X X X x X X

S. brevispinis X X x X x X
S. caurinus X X X X X X X X X x X X

S. chiorostictus X X X X X X

S. crameri X X X X X X X X X X X X X X X
S. diploproa X X X X X

S. elongatus X X X X X X X X X x xX x X X

S. emphaeus X X X X X X X xX X X

S. entomelas X X X X X X
S. eos? X X X X X X X X

S. flavidus X X X X X X

S. goodei X X X X
S. helvomaculatus X X X X X X X

S. jordani

S. maliger X X X X X X X

S. melanops X X x X x X

S. melanostomus X X X xX X X

S. miniatus X X X X

S. mystinus X X X X X X X

S. nebulosus X X X X X X

S. nigrocinctus X X X X X X X X X X

S. paucispinis

S. pinniger X X X X X X X X

S. proriger X X X X X X

S. rastrelliger X X X X X X

S. reedi X X X
S. rosaceus? X X X X X X X X

S. ruberrimus X X X X X X

S. saxicola X X X X X X X X X X X

S. wilsoni X X X X X X

S. zacentrus X X X X X X X X

'Compiled from Phillips (1957), Westrheim and Tsuyuki (1967, 1972), Chen (1971), Miller and Lea (1972}, and Hart (1973), and original data for S.
emphaeus.
?Species may be rare off Oregon.

APPENDIX TABLE 6.—Continued.

Species 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 B4 85 86 87 88 89 90

aleutianus

alutus

auriculatus

aurora

babcocki

borealis

brevispinis X X X X X X X
caurinus

chlorostictus

crameri

diploproa

elongatus

emphaeus

entomelas X X X

e0s?

flavidus

goodei X X X X X X X X X X X X X X
helvomaculatus

jordani X X X X X X
maliger

melanops

melanostomus

miniatus

mystinus

nebulosus

. nigrocinctus

. paucispinis X X X X X X X X X X X X X X X X x x x
. pinniger

. proriger

, rastrelliger

. reedi X X x X

. rosaceus?

. ruberrimus

. saxicola

. wifsoni

S. zacentrus
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