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ABSTRACT

A developmental series from yolk-sac larvae through juveniles (2.7-46.6 mm SL) of Microgadus
proximus from the northeast Pacific Ocean is described and illustrated. Larvae hatch at approximately
2.7 mm SL and the yolk is absorbed by 3.0 mm SL. Notochord flexion begins between 8.0 and 10.0 mm
SL, is completed at 15.0 mm SL, and transformation occurs between 22.0 and 28.0 mm SL. Larvae have
specific pigment patterns, particularly in the postanal region where melanophores are arranged in two
bars, anterior and posterior. At 5.0-6.0 mm SL, the anterior bar is located at 41-53% SL and the
posterior bar is at 61-74% SL. Melanophore patterns on the head, gut, and caudal region also distin-
guish M. proximus. The occurrence of larvae taken within 18 km of shore off Oregon during plankton
surveys in 1971-72 is discusssed, and data indicate a winter-spring spawning period.

A combination of pigmentation characters, primarily the length and position of the anterior and
posterior pigment bars, and meristic counts can distinguish larvae of M. proximus from Theragra
chalcogramma and Gadus macrocephalus. The anterior bar is located at 47-55% SL in 7. chalco-
gramma and at 40-57% SL in G. macrocephalus. The posterior bar is located at 69-79% SL in T.
chalcogramma and at 59-81% SLin G. macrocephalus. Both T chalcogramma and G. macrocephalus
have 4 rays on the superior hypural element while M. proximus has 5 rays. Other characters useful in
separating the three species include head, gut, mediolateral, postanal, and caudal pigment and stripe

continuity.

Problems have been encountered in distinguish-
ing larvae of Pacific tomcod, Microgadus proximus
(Girard); walleye pollock, Theragra chalco-
gramma (Pallas); and Pacific cod, Gadus mac-
rocephalus (Tilesius), in samples from the north-
eastern Pacific Ocean where these three species
might cooccur (Waldron 1972; Dunn and Naplin®).
Larvae of T. chalcogramma were described by
Gorbunova (1954) and Yusa (1954). Larvae of G.
{morhua) macrocephalus larvae were described by
Gorbunova (1954), Uchida et al. (1958), and
Mukhacheva and Zviagina (1960). In this report
we provide the first published description of the
larvae of M. proximus and comparative material
on larvae of T. chalcogramma and G. mac-
rocephalus that should enable workers to identify
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larvae of these three gadids in mixed samples.
Eggs and larvae of the Atlantic tomcod, Micro-
gadus tomcod, were described by Booth (1967), but
eggs of M. proximus are unknown.

The geographic range of M. proximus extends
from off central California (Isaacson 1965) to the
Gulf of Alaska and Unalaska Island (Wilimovsky
1964). Their presence in the Bering Sea remains
unconfirmed, although they were reported tooccur
in the Bering Sea by Tanner (1894) and Hart
(1973). Microgadus proximus was not captured in
the eastern Bering Sea during extensive multives-
sel groundfish surveys in 1974 (Pereyra et al.*) or
in 1976 (Bakkala and Smith®). Microgadus prox-
imus is found from near-surface waters to ap-

4Pereyra, W. T, J. E. Reeves, and R. G. Bakkala. 1976. De-
mersal fish and shellfish resources of the eastern Bering Sea in
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2, 534 p. Northwest and Alaska Fisheries Center, National
Marine Fisheries Service, NOAA, 2725 Montlake Blvd. E.,
Seattle, WA 98112,
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sources of the eastern Bering Sea: Spring 1976. Unpubl.
manuser., Vol. 1, 234 p.; Vol. 2, 404 p. Northwest and Alaska
Fisheries Center, National Marine Fisheries Service, NOAA,
2725 Montlake Blvd. E., Seattle, WA 98112,
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proximately 220 m (Miller and Lea 1972).
Planktonic larvae of M. proximus were the
dominant gadid and fourth most abundant taxon
in a coastal assemblage of fish larvae occurring off
Yaquina Bay, Oreg., in 1971-72 (Richardson and
Pearcy 1977).

Information on the biology and taxonomy of M.
proximus is limited. Schultz and Welander (1935)
presented counts of meristic structures and mor-
phological measurements of M. proximus.
Svetovidov (1948), in his review of Gadiformes,
provided some meristic data and a brief os-
teological description of M. proximus based on two
skeletons. Brief notes on the biology of the species
are included in Clemens and Wilby (1961), Miller
and Lea (1972), and Hart (1973). It is not of com-
mercial importance in part because of its small
size (to 30 cm) but it is taken in recreational
catches (Beardsley and Bond 1970; Hart 1973).

METHODS

Specimens

Several hundred larvae of the three species were
examined in the course of this study. Microgadus
proximus larvae and juveniles were obtained from
plankton and trawl samples collected off Oregon
in 1971-1973 and 1979, by the School of Oceanog-
raphy, Oregon State University (OSU), Corvallis,
and off Washington in 1972 by the Northwest and
Alaska Fisheries Center (NWAFC). Additional
specimens were obtained from plankton collected
in Puget Sound, Wash.,in 1977-79 by the Fisheries
Research Institute (FRI), University of Washing-
ton, Seattle; and in 1978 by Ecology Consultants,
Inc., Fort Collins, Colo. Larvae were also collected
from near Kodiak Island, Alaska, in 1977-79 by
FRL

Theragra chalcogramma larvae were collected
in the eastern Bering Sea (1971, 1976-78) and off
Kodiak Island (1972, 1977-78) by NWAFC. Ad-
ditional specimens from Puget Sound, Wash.,
(1977, 1978) were provided by FRI and by Ecology
Consultants, Inc., and from off Kodiak Island
(1978) by FRI.

Gadus macrocephalus larvae were collected
near Kodiak Island in 1978 by NWAFC and FRI
and from Puget Sound, Wash., in 1977-79 by FRL

Radiographs were examined of juvenile and
adult M. proximus and G. macrocephalus speci-
mens in the collections in the Department of

Fisheries and Wildlife, OSU, and NWAFC, and of
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adult T. chalcogramma specimens at NWAFC and
from the Institute of Animal Resource Ecology,
University of British Columbia, Vancouver.

Ilustrations of larvae were made with the aid of
acamera lucida. All specimens had been preserved
in either 3-5% Formalin,® buffered with sodium
borate, or 95% ethanol. [llustrations of caudal fin
development were drawn from cleared and stained
specimens.

Measurements

The following measurements were made on 72
unstained larvae and juveniles (2.7-46.6 mm SL)
of M. proximus using an ocular micrometer in a
stereomicroscope:

Standard length (SL)—Snout tip to notochord tip
prior to development of caudal fin, then to pos-
terior margin of hypural element. (All body
lengths in this study are standard lengths.)

Head length (HL)—Snout tip to posterior edge of
opercle (to pectoral fin base in yolk sac and very
small larvae before opercular margin is visible).

Snout length—Snout tip to anterior margin of
orbit of left eye.

Upper jaw length—Snout tip to posterior margin
of maxillary.

Eye diameter — Greatest diameter of left orbit.

Body depth at pectoral— Vertical distance from
dorsal to ventral body margin at pectoral fin
base.

Body depth at anus-— Vertical distance from dor-
sal to ventral body surface at center of anal
opening.

Snout to anus— Distance along body midline from
snout tip to vertical through center of anal open-
ing.

Snout to first dorsal fin— Distance along the body
midline to vertical through origin of anterior-
most dorsal fin ray of first dorsal fin.

Snout to second dorsal fin—Distance along body
midline to vertical through origin of anterior-
most fin ray of second dorsal fin.

Snout to third dorsal fin—Distance along body
midline to vertical through origin of anterior-
most fin ray of third dorsal fin.

Snout to first anal fin— Distance along body mid-
line to vertical through origin of anteriormost
fin ray of first anal fin.

8References to trade names do not imply endorsement by the
National Marine Fisheries Service, NOAA.
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Snout to second anal fin—Distance along body
midline to vertical through origin of anterior-
most fin ray of second anal fin.

Meristic Structures

Counts of meristic structures were made on 128
stained M. proximus larvae and juveniles. Sixty-
six specimens (3.1-41.1 mm SL) were cleared and
stained with Alizarin Red S (Taylor 1967), and 62
larvae (5.1-23.4 mm SL) were stained with Aliza-
rin Red and Alcian Blue (Dingerkus and Uhler
1977). Both series of stained samples were used to
make counts of meristic structures and to deter-
mine the onset and sequence of ossification as in-
dicated by the uptake of Alizarin Red. Structures,
including teeth, were considered ossified even if
only slightly stained with Alizarin Red.

Counts on stained larvae and early juveniles
were made of first, second, and third dorsal fin
rays, first and second anal fin rays, caudal fin rays,
left pectoral and pelvic fin rays, branchiostegal
rays, gill rakers, abdominal and caudal vertebrae
(including the postural centrum), and neural and
haemal spines. Counts were made of premaxillary
and dentary teeth on 12 specimens (11.9-41.1 mm
SL).

Counts of meristic structures of juveniles and
adults of M. proximus, T. chalcogramma, and G.
macrocephalus were made from radiographs.
Counts were made of first, second, and third dorsal
fin rays, first and second anal fin rays, caudal fin
rays, and abdominal and caudal vertebrae (includ-
ing the postural centrum).

IDENTIFICATION OF
MICROGADUS PROXIMUS

A developmental series of M. proximus speci-
mens ranging from late yolk-sac larvae to early
Juveniles was linked by pigment patterns, myo-
mere counts, fin development, and meristic counts
in larger specimens. They were identified as
gadids based on three criteria: 1) Distinctive pig-
ment patterns, which in small larvae consist of an
anterior and posterior pigment bar, each composed
of a dorsal and ventral stripe. With further growth
of larvae, these bars diffuse into dorso- and ven-
trolateral rows of pigment accompanied by devel-
opment of a mediolateral line of melanophores. 2)
Relatively high (54-58) myomere counts. 3) Pres-
ence of a “pseudocaudal” fin (Ahlstrom and Counts
1955) at about 8.5 mm SL, as indicated by the

development of dorsal and ventral procurrent
caudal rays before the development of hypurals.

Considering the collection locations (coastal
Oregon and Washington) and the range of myo-
mere counts, the specimens could have been one of
only three potential species, M. proximus, T chal-
cogramma, or G. macrocephalus. Meristic charac-
ters in the literature (e.g., Svetovidov 1948; Miller
and Lea 1972; Hart 1973) are inadequate to sepa-
rate all three species, Additional counts obtained
in this study, particularly caudal vertebrae and fin
rays on the superior hypural (Tables 1, 2), enabled
positive identification of the series as M. prox-
imus.

DEVELOPMENT OF
MICROGADUS PROXIMUS

Pigment Patterns (Figures 1, 2)

Pigmentation varies in M. proximus larvae but
basic trends persist and are useful in distinguish-
ing the larvae. The importance of these pigment
patterns is stressed by Russell (1976) for the entire
family Gadidae. He feels many of the early larvae
can be identified exclusively by specific pigment
patterns. We follow his terminology by referring to
the postanal pigment as bars according to their
position, anterior and posterior. Russell’s use of
the term “bar” can be confusing, however, when
referring to specific areas within a bar. We define
bar as: anterior and posterior pigment area each
composed of a dorsal and ventral stripe. Descrip-
tions of pigment patterns for M. proximus are
based primarily on 49 (2.7-31.0 mm SL) recently
preserved (<2 yr) specimens in which fading was
minimal.

Head Region

Pigment on the head of the smallest larvae
(2.7-3.6 mm SL) is limited to a spot posterior to the
pigmented eye and some melanophores on the
lower jaw (Figure 1A). By 4.0 mm SL, 6 or 7
melanophores appear on the nape, 5 or 6 on the
lower jaw, and a few internal as well as external
melanophores on the forebrain. By 5.0 mm SL,
added pigment occurs between the eyes, on both
jaws and at the jaw angle, and internally, posterior
to the eye (Figure 1B). Snout pigment appears at
8.0 mm SL (Figure 1C), and by 10.0 mm SL, pig-
ment is added over the dorsal region of the head
(Figure 1E). Pigment is added to these areas with
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FIGURE 1.—Larval stages of Microgadus proximus: A. 3.6 mm SL; B. 5.7 mm SL; C. 8.4 mm SL; D. 84 mm SL (ventral view);
E. 10.7 mm SL.
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TABLE 1.—Summary of adult meristic counts for Microgadus proximus, Theragra chal-
cogramma, and Gadus macrocephalus. Data for T. chalcogramma is after Wilimovsky et

al. (1967)! except where noted.

Fin rays
Vertiebrae
First  Second First ~ Second

Species dorsal dorsal  dorsal anal anal Total Precaudal Caudal
M. proximus:

Sample size 37 38 38 38 38 38 as

Mean 12.8 8.8 25.2 229 55.7 19.3 36.4

Range 9-15  16-21 17-24  22-28  20-28  54-58 17-20  34-38
T chalcogramma:

Sample size 242 229 235 237 237 98 249 249

Mean 11.7 146 18.9 18.8 49.8 18.7 326

Range 10-14 12-18 16-22 16-23 48-52 18-20 31-34
G. macrocephalus:

Sample size 40 41 42 41 40 40 40

Mean 124 15.6 197 17.2 53.2 19.9 333

Range 10-15 11-22 10-20 17-27 12-25 49-56 18-21 31.35

YFrom Wilimovsky, N. J., A. Peden, and L. Peppar.

1967. Systematics of six demersal fishes of the North

Pacific Ocean. Fish. Res. Board Can., Tech. Rep. 34, 95 p.

2From this study.

TABLE 2.—Distribution of caudal rays on the superior hypural
element in Microgadus proximus, Theragra chalcogramma,
and Gadus macrocephalus (Walters? and this study).

Percentage of caudal rays
on superior hypural
No. of

Species specimens 3 4 5 6
M. proximus 1,335 0.0 8.0 920 <0.1
T. chalcogramma 241 00 990 10 00
G. macrocephalus 87 03 970 00 00

1G. E. Walters, College of Fisheries, University of Washington, Seattle, WA
98115, pers. commun, January 1979.

development, and by 16.0 mm SL it becomes more
concentrated on the jaws, jaw angle, snout, be-
tween the eyes, and over the head extending to the
nape (Figure 2A). Several melanophores appear
ventrally along the median cartilage between the
dentaries and urohyal. With transformation
(completion of fin development) at 22.0-28.0 mm
SL, small and densely concentrated melanophores
are added to the jaws and dorsal head (Figure 2B).
The opercular area is unpigmented.

Gut Region

Melanophores line the dorsal surface of the gut
cavity in the smallest larva (2.7 mm SL), and
several spots are on the ventral abdominal surface
anteriorly. The isthmus is pigmented by 4.0 mm
SL. Melanophores increase in number on the dor-
sal and ventral gut surface with development.
Melanophores are added laterally, occurring first
anteriorly near the base of the pectoral fin at 5.0
mm SL (Figure 1B). The melanophores on the ven-
tral surface of the gut extend more posteriorly,
forming a rough line nearly to the anus by 8.0 mm
SL (Figure 1C, D). Gut pigmentation changes
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little through transformation, except for ad-
ditional melanophores on the lateral surface (Fig-
ure 2A). In early juveniles, the lateral pigment is
more internal than external and the overlying
skin is unpigmented (Figure 2B). Along the ven-
tral surface of the gut is a single row of small
melanophores. The base of the pectoral fin is pig-
mented.

Postanal Region

Pigment in the postanal region is an important
diagnostic character for M. proximus larvae. The
smallest larvae (2.7-3.6 mm SL) have two pigment
bars, anterior and posterior. The stripes within the
pigment bars are double rows of melanophores
with pigment on both sides of the body along the
dorsal and ventral midline. At first, the dorsal
stripes consist of only 1 or 2 melanophores on each
side, but increase to 2 or 3 anteriorly and 6-8
posteriorly by 3.6 mm SL (Figure 1A). The ventral
stripes on each side have 4 or 5 spots anteriorly
and 7 or 8 spots posteriorly by 3.6 mm SL (Figure
1A). At 3.6 mm SL the anterior bar is located at
42-50% SL (myomeres 16-22) and the posterior bar
is at 59-72% SL (myomeres 29-37). With develop-
ment, melanophores are added along the ventral
stripes between the bars, becoming continuous
with them by 5.7 mm SL (Figure 1B). The two
dorsal stripes remain separate until 15.0 mm SL,
although occasionally a few melanophores may be
seen between them. Pigment is added along the
body midline, externally at 7.5 mm SL and in-
ternally at 9.5 mm SL (Figure 1C, E). Postanal
pigmentation changes are minimal for larvae be-
tween 10.0 and 14.0 mm SL, except for the addi-
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tion of some spots laterally and in the dorsal and
anal fin folds. By 15.0-16.0 mm SL, additional
melanophores occur along the dorsolateral and
ventrolateral surface, but those in the bars remain
enlarged and distinctive (Figure 2A). After trans-
formation, the larval pigment bars are no longer
visible and the entire lateral area is pigmented, as
are the dorsal and anal fins (Figure 2B).

Posterior to the second pigment bar, mela-
nophores occur in the caudal region along the
ventral body margin in the smallest larvae, con-
nect with the ventral stripes by 5.7 mm SL (Figure
1B), and extend to the notochord tip by 6.2 mm SL.
Caudal melanophores are smaller and less den-
dritic than those in the bars and appear as a single
ventral midline row (Figure 1D). Several
melanophores are added on the dorsal body mar-
gin posterior to the second pigment bar by 10.0
mm SL and, eventually, to the caudal fin fold ven-
trally and posteriorly by 15.0 mm SL. By 16.0 mm
SL the dorsal and ventral midlines are dis-
tinctively lined with melanophores, and the
lateral midline pigment, both internal and exter-
nal, extends to the tail tip (Figure 2A). The pro-
ximal portion of the caudal fin is pigmented. After
transformation pigment covers most of the fin
(Figure 2B).

Morphology (Tables 3, 4)

Larvae of M. proximus are moderately elongate
with the greatest body depth, about 19% SL, oc-
curring at or near the pectoral fin base. The body
tapers slightly toward the anus and then narrows
abruptly posterior to the anus. The gut is only
moderately long. The distance from snout to anus
ranges from 41% to 48% SL in larvae and declines
to 45% SL in juveniles. In our smallest yolk-sac
larva (2.7 mm SL), the vent opens laterally to the
right near the ventral fin fold and does not become
vertical until the larvae reach about 7.5-8.5 mm
SL. This lateral position of the anus in small gadid
larvae was reported by Marak (1967) and Russell
{1976). All yolk is absorbed by 3.0 mm SL.
Notochord flexion is protracted, beginning at
about 8-10 mm SL and ending at about 15 mm SL.
Transformation begins at about 22 mm SL and is
completed at about 27-28 mm SL. The largest
pelagic specimen collected was 46.6 mm SL.

Head length as a proportion of standard length
increases from 22% SL in preflexion larvae to 32%
SL in transforming specimens. It declines to 30%
SL in pelagic juveniles. Eye diameter as a propor-

tion of head length decreases from 35% HL in
preflexion larvae to 25% HL in pelagic juveniles,
whereas snout length/head length increases from
18% HL to 29% HL. Upper jaw length/head length
and body depth at pectoral fin base/standard
length remain relatively constant, increasing only
slightly from preflexion larvae to the pelagic
juvenile stage. Depth at anus/standard length in-
creases from 11% SL in preflexion larvae to 19%
SL in juveniles.

The distance from the snout to the origin of the
first dorsal fin as a proportion of standard length
decreases slightly during development while the
distance from the snout to the second dorsal fin/
standard length remains nearly constant. The
length from the snout to the origin of the third
dorsal fin/standard length increases slightly dur-
ing development.

Distances from the snout to the origin of the first
anal fin/standard length decreases slightly from
47% SL in larvae undergoing notochord flexion to
45% SL in pelagic juveniles, whereas the snout to
second anal fin distance/standard length increases
slightly from 63% SL in larvae undergoing
notochord flexion to 68% SL in pelagic juveniles.

Meristic Structures
(Tables 5, 6; Figure 3)

Considerable variation occurs in the develop-
ment of meristic structures as the size at which
bones ossify varies from specimen to specimen
(Table 5). The following discussion approximately
parallels the sequence of development of meristic
characters in M. proximus. Terminology of bones
follows Ahlstrom and Counts (1955) and
Ahlstrom.”

Head and Axial Skeleton

Branchiostegals can be discerned in some
specimens as small as 3.9 mm SL. Ossification
begins in some larvae at 8.1 mm SL, but the full
complement of seven branchiostegals is not consis-
tently ossified until the larvae are about 19 mm
SL. The sequence of ossification of branchiostegals
is from upper to lower.

Teeth begin ossifying on the dentary in 11.9 mm
SL larvae (Table 6). Initially, the number of teeth

E. H A}}lstrom, Southwest Fisheries Center, National Ma-
rine Fisheries Service, NOAA, La Jolla, CA 92038, pers. com-
mun. July 1979. (Deceased.)
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TABLE 3.—Morphometric measurements, in millimeters, of larvae and juveniles of Microgadus proximus. Specimens between

dashed lines are undergoing notochord flexion.

Upper Depth Depth Snout Snout to Snoutto  Snoutto Snoutto  Snoutto
Standard Head Eye Snout jaw at at to first second third first second
length length  diameter  length length pectoral anus anus dorsal dorsal dorsal anal anal
2.7 0.6 0.2 0.1 0.5 0.3 1.0
29 0.6 0.2 0.1 0.5 0.3 1.1
3.4 0.7 03 0.1 04 0.3 1.4
3.8 0.8 0.3 0.1 0.5 04 1.4
4.1 08 03 01 0.6 0.4 1.7
4.2 0.7 0.3 0.2 0.5 0.9 0.5 1.5
4.5 12 03 01 0.3 11 0.5 1.9
4.7 0.9 0.4 0.1 03 0.8 0.5 2.0
5.1 1.2 0.4 0.2 0.9 0.6 23
54 1.0 04 0.1 0.8 0.5 2.0
5.5 1.2 0.4 0.2 0.3 1.0 0.5 2.4
5.9 1.5 0.5 02 04 1.0 0.6 26
6.1 1.5 0.5 0.3 04 1.1 0.7 2.4
6.6 1.6 0.5 03 06 1.1 0.7 2.9
6.9 1.4 0.5 04 0.6 1.2 0.8 2.6
74 17 0.6 04 07 13 0.9 3.3
7.3 1.8 0.5 0.4 0.7 1.3 0.9 3.1
7.5 1.6 0.5 0.4 0.6 1.2 0.8 33
7.9 1.7 0.6 04 0.6 13 0.9 34
8.1 2.0 0.7 0.5 0.7 1.6 1.2 3.6
8.3 21 0.7 0.6 0.9 1.6 1.2 3.6
8.7 2.0 0.7 0.4 0.9 1.6 1.3 4.0
8.9 23 0.7 0.6 08 1.6 1.3 4.1
9.0 22 0.7 0.6 1.0 16 1.2 4.0
9.2 2.2 0.7 0.6 1.0 1.7 1.2 4.0
9.3 2.3 07 0.6 1.0 19 1.5 4.1 3.3 4.2 6.0
9.6 22 0.7 0.6 09 1.8 1.4 4.4
9.7 2.5 0.7 0.7 1.0 1.8 1.5 5
10.1 3.0 08 0.9 1.2 2.1 1.9 4.8 36 4.8 8.7 4.9 6.7
10.2 22 0.8 0.6 1.0 1.8 1.4 44
10.5 28 0.9 0.7 1.2 241 1.7 48 3.6 49 49
10.8 2.9 0.9 0.7 12 2.1 17 4.6 3.7 4.9 4.7
11.4 29 0.9 0.7 13 2.1 1.9 52 4.1 5.1 5.3
11.7 28 0.9 0.8 1.2 2.1 1.9 5.1 3.9 5.2 7.4 5.2
12.0 3.0 1.0 0.8 1.2 2.3 2.1 53 39 53 7.8 5.3
12.5 34 1.0 0.8 1.2 25 2.2 5.8 4.5 6.0 6.0
12.7 3.5 1.2 0.8 1.4 2.6 22 6.0 4.4 6.0 8.4 6.0 8.6
129 3.5 1.2 0.9 1.4 2.6 2.6 6.3 4.7 6.4 8.8 6.5 88
13.5 3.5 1.1 1.0 1.4 26 24 6.3 47 6.2 8.6 6.4 9.1
13.7 3.8 1.2 1.1 1.4 2.6 2.5 6.6 4.9 6.4 9.2 6.6 9.8
14.0 3.8 1.1 1.0 1.7 2.8 2.8 6.5 4.7 6.2 3.0 6.5 9.3
14.2 4.0 1.2 1.0 1.5 28 2.5 6.7 5.0 6.7 8.2 6.7 9.3
145 4.3 13 1.3 1.7 3.0 2.7 7.2 53 7.0 9.7 7.2 9.8
14.7 4.5 13 1.3 1.7 3.0 27 7.3 5.7 73 10.5 7.5 10.2
16.2 4.5 1.3 1.2 1.7 3.0 2.7 7.2 5.2 6.8 10.0 72 10.0
15.3 45 1.3 1.2 18 33 3.0 7.5 5.7 7.3 10.8 7.5 10.5
15.5 4.3 1.3 1.3 17 3.0 2.8 73 5.7 75 10.2 7.5 10.2
16.2 5.0 14 14 1.8 3.5 33 7.8 5.8 7.8 10.7 8.0 9.2
16.5 4.7 1.3 1.3 1.7 3.5 3.2 8.0 5.8 7.7 11.0 8.2 108
17.0 4.8 1.4 1.4 1.8 34 27 8.5 6.2 8.0 115 8.7 11.3
18.3 53 1.5 1.7 2.0 3.8 3.3 8.8 8.7 8.8 123 9.0 12,5
18.0 5.5 15 1.7 20 3.5 3.5 9.3 6.5 9.5 12.8 9.5 12.7
20.0 5.7 1.6 1.7 2.2 4.2 3.7 9.3 7.2 9.5 13.6 9.5 13.2
21.0 6.2 1.7 1.8 23 43 4.2 10.0 75 10.3 147 10.0 14.7
22,1 6.1 1.8 1.7 2.7 47 43 105 78 10.8 153 10.5 14.8
123.5 6.8 1.9 2.0 2.7 4.8 4.5 10.6 8.2 1.8 16.0 10.8 16.2
124.0 8.2 1.9 2.0 28 52 4.7 113 8.5 11.5 16.2 1.5 16.3
125.2 78 2.1 23 3.0 5.5 52 11.8 8.8 122 17.5 12.0 17.5
126.3 9.5 22 2.5 32 55 5.5 12,5 9.2 12.2 18.0 12.5 18.2
227.3 8.2 22 2.5 3.3 5.7 53 13.5 9.5 129 18.3 13.7 20.0
228.0 8.7 23 2.5 3.5 6.0 57 143 9.7 13.2 19.7 14.8 20.6
229.3 9.2 23 2.7 3.7 6.3 5.7 14.2 10.3 13.8 20.5 14.2 20.3
231.3 9.5 2.5 2.8 38 6.3 57 14.2 11.2 14.7 21.7 14.3 20.8
2321 9.7 2.5 28 37 6.5 5.8 14.2 1.2 14.7 2138 14.5 22.0
2343 10.8 25 2.8 4.0 7.5 7.2 15.3 11.7 16.0 22.8 15.8 23.3
236.7 10.8 27 3.0 4.5 7.7 7.3 15.2 11.7 16.8 246 15.7 24.6
238.0 10.8 3.0 3.2 45 78 75 16.5 128 17.5 255 16.5 25.8
238.2 11.0 2.7 35 4.5 7.8 7.2 15.6 13.0 17.8 257 16.2 25.8
240.1 11.7 28 3.5 4.7 7.9 72 16.7 12.8 18.0 26.0 17.0 26.3
2411 11.2 2.9 3.5 3.3 8.2 7.2 17.3 133 17.8 25.8 17.3 24.0
4.3 12,5 3.0 38 5.0 8.3 8.2 18.3 14.0 19.0 27.8 18.0 27.3
246.6 14.0 33 4.0 58 9.7 9.5 20.0 15.0 21.0 315 20.2 32.1

Transforming.
2Pelagic juvenile.

930



MATARESE ET AL.: LARVAL DEVELOPMENT OF PACIFIC TOMCOD

TABLE 4.—Body proportions of larvae and juveniles of Microgadus proximus. Values given for each body proportion are expressed
as percentage of standard length (SL) or head length (HL): mean, standard deviation, and range.

Body proportion Preflexion Flexion Postflexion Transforming Pelagic juvenile
Sample size "9 10 5 13
Standard length (mm) 5.3x1.6 (3-8) 11.2x2.1 (8-15) 17.4+2.1(15-21) 24.2+1.6(22-26) 35.7+5.9(27-47)

41.2+3.3 (36-47)
21.9x26 (17-27)
35.1+5.0 (25-44)
17.827.0 (5-29)
36.8+12,7(25-71)
173227 (12-24)
10.8+1.1 (9-13)

Snout to anus lergth/SL
Head length/SL

Eye diameter/HL

Snout length/HL

Upper jaw length/HL

Body depth at pectoral fin base/SL
Depth at anus/SL

Snout to first dorsal fin/SL
Snout to second dorsal fin/SL
Snout to third dorsal fin/SL
Snout to first anal fin/SL
Snout to second anal fin/SL

45.9:£2.0(43-50)
26.0+2.2(22-31)
31.6+2.3(27-36)
26.6+2.3(20-30)
40.9+3.4(35-46)
19.3+1.0(18-21)
16.5+2.0(13-20)
35.2:+1.5(33-39)
46.6£1.8(44-50)
66.0+2.3(63-71)
47.3+2.2(44-51)
62.5+1.6(19-72)

48.1+1.0(47-50)
29.0+0.9(28-31)
28.4x0.9(27-30)
29.0+1.8(27-32)
37.7:£1.4(36-40)
20.4+1.0(18-22)
18.6+1.3(16-20)
35.8+1.0(34-37)
47.7+1.4(45-50)
67.5+1.7(66-71)
48.9+1.2(47-51)
66.0+3.6(57-70)

46.8:+1.0(45-48)
31.6=3.6(28-36)
26.12:2.8(23-30)
27.5+2.2(24-30)
38,1+4.4(34-44)
21.2+0.6(20-22)
20.0+0.7(19-21)
351202 (35)
47.5+1.3(46-49)
68.520.8(68-69)
47.3+0.7(46-48)
68.52:1.0(67-69)

44.6:+3.3(41-51)
29.9+1.2(27-32)
25.3+1.4(23-28)
29.4+1.5(26-32)
39,3::3.2(30-42)
20.720.7(20-22)
19.3+1.1(18-21)
33.8+1.3(31-36)
46.121.1(43-47)
67.222.0(63-70)
45.3+3.4(42.53)
67.723.7(58-74)

'Sample size is 12 for upper jaw length.

2Sample size is 16 each for distances from snout to first dorsal fin and snout to second dorsal fin; 12 for distanca from snout to third dorsal fin; 15 for distance

from snout to first anal fin; and 9 for distance from snout to second anal fin.

on the dentary exceeds the number on the pre-
maxilla, but this is reversed at about 23 mm SL
with the difference increasing with growth. A
similar change in number and location of teeth
was reported to occur on the Pacific whiting, Mer-
luccius productus (Ahlstrom and Counts 1955).

Inlarval and transforming specimens (11.9-22.3
mm SL), teeth are irregularly spaced and clus-
tered in groups. Some are caninelike and others
arerecurved. As the larvae grow, the teeth become
more closely spaced as the numbers of teeth in-
crease and approach biserialization in 34.3 mm SL
juveniles, similar to that described for Pacific
whiting (Ahlstrom and Counts 1955).

Gill rakers begin ossifying at 9.6 mm SL and all
(3 + 20 = 23) gill rakers are ossified in a 24.3 mm
SL larva.

Neural spines in the abdominal region begin to
ossify at about 8.7 mm SL and all are ossified by 11
or 12 mm SL. Ossification generally proceeds pos-
teriorly. Neural spines of the caudal region also
begin ossifying at about 8.7 mm SL but ossification
is not complete until specimens are 17 mm SL. The
neural and haemal spines of the third to sixth
vertebrae preceding the postural centrum begin to
accept alizarin stain before other neural spines in
the caudal region. Haemal spines ossify in a se-
quence similar to neural abdominal spines; all
spines are ossified by 17 mm SL. The last neural
and haemal spines to ossify are those associated
with the terminal preural vertebrae. These spines
are broadly flattened and ossify simultaneously
with other bones of the caudal complex, as dis-
cussed later (Figure 3).

Vertebral centra in both the abdominal and
caudal regions begin to ossify at about 8.7 mm SL
and ossification is completed by 11 mm SL and

about 19 mm SL. Ossification proceeds from an-
terior to posterior.

Fins

Median and paired fins showed some variation
in development, with fin rays first forming at dif-
ferent body lengths in individual specimens (Table
5). Fin formation occurs in the sequence: larval
pectoral fins; caudal fin; first anal fin; second anal
fin; third, second, and first dorsal fins (nearly
simultaneously); pelvic fins; and pectoral fins with
rays.

The pterygiophores supporting anal and dorsal
fin rays begin ossifying at 23.4 mm SL and os-
sification is complete by 31.1 mm SL. Too few
specimens were available to follow the sequence of
ossification.

Larval pectoral fins are present in our smallest
specimen (2.7 mm SL). They consist of a fleshy
base and an undifferentiated membrane. They
persist until rays begin differentiating late in the
larval period.

The caudal fin of M. proximus is associated with
a complex of 16 centra (2 ural and 14 preural
centra), 14 neural and haemal spines, 2 epurals, 1
superior hypural (HY 4-6), and 2 inferior hypurals
(HY 2-3, HY 1) (Figure 3).

Caudal rays total 49-56, of which 22-25 are dor-
sal in origin, 22-26 are ventral in origin, and five
are normally supported by the superior hypural.
Principal caudal rays number 32-33; of these, 12 or
13 are dorsal in origin and 13 or 14 are ventral in
origin. One each is attached to the two epurals, five
are carried on the superior hypural, two on
hypural 2-3, and one on hypural 1.

As with the Pacific whiting (Ahlstrom
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and Counts 1955), some of the anterior caudal
rays, both dorsally and ventrally, articulate with
unmodified neural and haemal spines; other rays
lie between the spines with no basal supports
(Figure 3).

A symmetrical fin fold surrounds the tip of the
notochord in specimens 3.1-5.5 mm SL (Figure 3).
In 7.5 mm SL larvae, mesenchymal thickenings
occur dorsal and ventral to the notochord. By 7.8
mm SL, the ventral thickening is differentiated
into three cartilaginous plates constituting
hypurals 1, 2, and 3 anteriorly, and hypurals 4-6
posteriorly (Figure 3B). In 9.5 mm SL specimens
fin rays are considerably increased in number
(Figure 3C). In 10.5 mm SL specimens the urostyle
begins to flex, and the unossified hypurals 1, 2-3,
and 4-6, as well as epurals 1 and 2 are differen-
tiated (Figure 3D). Ossification proceeds rapidly
during notochord fiexion from anterior to posterior
regions of the caudal complex. By 11.9 mm SL
(Figure 3E), all preural centra are ossified, and all
hypurals and both epurals have begun ossifying.
Caudal fin rays have begun ossifying, beginning
ventrally in the region of the inferior hypurals.

By 15.0 mm SL, all centra except the postural
centrum are ossified; the hypurals and epurals are
incompletely ossified (Figure 3F). Rays continue

A

932

FISHERY BULLETIN: VOL. 78, NO. 4

ossifying, proceeding posteriorly on the ventral
margin and on the superior hypural and pro-
gressing anteriorly from epural number 2. By 19.4
mm SL all caudal rays posterior to preural cen-
trum 12 are ossified. By 25.0 mm, the caudal fin is
completely ossified (Figure 3G) and resembles in
all details that of a 41.1 mm SL juvenile (Figure
3H).

We were unable to detect fusion of hypurals in
the caudal fin of M. proximus during ontogeny. In
the smallest larvae in which we could detect de-
velopment of hypural elements (7.8-8.1 mm SL),
only three hypurals could be observed. We believe,
however, that these hypurals represent 1) an an-
terior, inferior hypural 1 (parhypural); 2) an in-
ferior hypural representing a fusion of hypurals 2
and 3; and 3) a superior hypural representing a
fusion of hypurals 4-6. This reasoning is predi-
cated on 1) it is generally accepted that the
evolutionary trend in fishes is toward a reduction
in the number of hypurals, presumably by fusion
of the constituent elements (Gosline 1961; Rosen
and Patterson 1969; Marshall and Cohen 1973); 2)
members of the family Moridae, generally consid-
ered a more primitive family than Gadidae
(Svetovidov 1948; Greenwood et al. 1966; Rosen
and Patterson 1969), possess three inferior and

N HY4-6
AN ‘\‘;
\ N \\ HY?2-3
Sy HY1
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FIGURE 3.—Development of the caudal fin of Microgadus proximus: A. 5.2 mm SL; B. 7.8 mm SL; C. 9.5 mm SL; D. 10.56 mm SL; E. 11.9
mm SL; F.15.8 mm SL; G. 25.0 mm SL; H. 41.1 mm SL. AUC = anterior ural centrum; EP = epural; HS = haemal spine; HY = hypural;
NC = notocord; NS = neural spine; PC = preural centrum; PUC = postural centrum; TPC = terminal preural centrum, Ossified

elements are stippled.

three superior hypurals (Fitch and Barker 1972);
and 3) presumably more advanced families of
fishes in the same evolutionary line as gadids (e.g.,
order Batrachoidiformes) have two hypurals, ap-
parently representing fusion of component parts
(Rosen and Patterson 1969).

Barrington (1937), who figured and described
the development of the caudal fin in G. morhua,
provides the only other description of caudal de-
velopment in gadids. His illustrations also depict
only three hypural elements. Barrington, how-
ever, considered it unlikely that fusion of hypural
bones could occur without some evidence of com-
pound origin remaining in the fused bones. Our

terminology of the caudal fin bones differs from

" that used by Barrington (1937) for G. morhua. We

consider his ventral radial as hypural 1 and his
dorsal radials 1 and 2 to be epurals 1 and 2.

Also we found no evidence of a uroneural in the
development of the caudal fin of M. proximus.
Rosen and Patterson (1969) consider the presence
of one uroneural as a characteristic of the
Gadiformes.

An anlage of the first anal fin is evident by 8.7
mm SL and the base of the second anal fin is
present at 9.3 mm SL. Rays in the first anal fin
begin ossifying at about 11.9 mm SL and in the
second anal fin at 12.7 mm SL. Ossification is
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TABLE 5.—Meristic counts from larval and juvenile Microgadus proximus. Values given are means. Specimens between dashed lines are undergoing notochord flexion.

Length Dorsal fin rays Anal fin rays Pelvic Branchi- Gill rakers Neural spines Centra

interval Sample Pectoral  fin  ostegal Haemal
{mm SL) size First Second Third First Second finrays rays rays Upper Lower Total Abdominal Caudal Total spines Abdominal Caudal Total

3.0- 3.9 5

40- 49 3

50- 59 6

6.0- 6.9 Q

70- 79 10

8.0- 89 13 1.1 3.2 28 6.0 29 2.5 27 52

9.0- 98 14 1.2 1.2 1.2 58 7.4 132 7.9 54 73 127
10.0-10.9 16 3.0 1.0 1.0 10.6 11.5 22.1 113 116 10.6 222
11.0-11.9 4 4.8 4.5 1.5 15 19.3 243 43.6 245 193 27.0 46.3
12.0-129 8 0.8 0.6 29 1.0 5.0 5.6 5.6 19.1 28.1 47.2 29.0 19.1 29.0 48.1
13.0-139 4 0.8 2.5 28 3.0 23 58 16.5 16.5 18.3 26.5 458 26.0 19.2 258 45.0
14.0-149 4 13 3.0 1.3 7.5 25 22 6.3 19.5 35.0 545 340 18.5 33.0 52.5
15.0-15.9 24 1.3 4.3 28 45 13 0.5 6.5 6.5 6.5 19.5 323 518 31.0 19.5 318 513
16.0-16.9 3 13 13 3.7 6.3 18.7 21.0 39.7 19.3 18.7 28.0 46.7
17.0-17.9 33 50 9.0 10.0 180 137 7.0 40 7.0 03 16.3 16.6 19.3 353 54.6 350 19.3 37.0 56.3
18.0-18.9 3 43 9.7 103 12.0 12.7 93 3.0 6.7 03 16.7 17.0 19.0 337 52.7 337 19.0 31.3 50.3
19.0-19.9 2 5.5 13.0 8.0 18.0 14.5 6.5 25 7.0 0.5 16.0 16.5 19.5 33.5 53.0 32.5 195 355 55.0
20.0-20.9 1 6.0 6.0 14.0 10.0 7.0 1.0 17.0 18.0 20.0 35.0 55.0 340 19.0 37.0 56.0
21.0-21.9 1 7.0 1.0 13.0 17.0 12.0 7.0 1.0 16.0 17.0 19.0 35.0 54.0 340 19.0 36.0 55.0
22.0-22.9 2 10.5 16.5 145 225 17.0 8.5 55 7.0 1.0 19.0 20.0 19.0 345 53.5 345 19.0 37.0 56.0
23.0-23.9 2 1.0 20.0 20.0 26.0 225 18.0 6.0 7.0 25 19.5 220 19.0 345 53.5 345 19.0 36.5 55.5
24.0-24.9 1 13.0 19.0 21.0 26.0 240 17.0 5.0 70 3.0 200 23.0 19.0 340 53.0 34.0 19.0 37.0 56.0
25.0-25.9 1 120 19.0 15.0 240 16.0 3.0 5.0 7.0 3.0 19.0 220 19.0 36.0 55.0 36.0 19.0 38.0 57.0
26.0-26.9 1 13.0 23.0 20.0 28.0 17.0 17.0 6.0 7.0 3.0 200 23.0 19.0 34.0 53.0 35.0 18.0 37.0 56.0
28.0-28.9 1 120 21.0 210 280 24.0 19.0 6.0 7.0 3.0 19.0 220 17.0 340 510 340 17.0 37.0 54.0
29.0-29.9 1 13.0 21.0 21.0 28.0 23.0 17.0 6.0 7.0 3.0 18.0 21.0 19.0 33.0 52.0 33.0 19.0 36.0 55.0
30.0-30.9 1 13.0 20.0 22.0 26.0 240 18.0 6.0 7.0 4.0 240 28.0 20.0 330 53.0 33.0 20.0 36.0 56.0
31.0-31.9 1 13.0 17.0 22.0 250 25.0 19.0 6.0 7.0 4.0 21.0 25.0 19.0 34.0 53.0 34.0 19.0 37.0 56.0
34.0-34.9 1 12.0 20.0 22.0 25.0 23.0 19.0 6.0 7.0 4.0 220 26.0 18.0 34.0 52.0 34.0 18.0 37.0 55.0
38.0-38.9 2 135 18.0 21.0 240 26.0 19.5 6.0 6.5 — — —_ 185 33.0 525 33.0 195 36.0 55.5
41.0-419 1 13.0 20.0 22.0 26.0 22.0 18.0 7.0 7.0 4.0 21.0 250 20.0 33.0 53.0 330 20.0 36.0 56.0

1Sample size is 3 for pectoral and pelvic fins.
28ample size is 2 for second anal fin.

3Sample size is 2 for second dorsat fin and pectoral fin.
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TABLE 6.—Numbers of teeth on premaxillary and dentary bones
in selected sizes of larval and juvenile Microgadus proximus.

Teeth on left side

Size of specimen

(mm SL) Premanxilla Dentary

Larvae:

11.9 0 1

13.2 0 6

15.0 o} 6

15.8 0 6

17.2 8 10

18.0 6 8
Transforming:

223 10 14

23.4 30 24

243 32 27
Juveniles:

28.6 36 24

34.3 44 35

411 49 38

complete in the first anal fin at 23.0 mm SL and in
the second anal fin at 27 or 28 mm SL. Ray develop-
ment within a fin proceeds anterior to posterior.

Dorsal fins develop in a manner analogous to the
anal fins and the three dorsal fins develop almost
simultaneously. Dorsal fins 2 and 3 commence os-
sification at 12.9 mm SL, and dorsal fin 1 begins
accepting stain at 13.2 mm SL. Ossification is
complete in the first and second dorsal fins at 22.0
mm SL and in the third dorsal at 28.0 mm SL. Rays
ossify from anterior to posterior.

Pelvic buds appear at about 8.0 mm SL. Pelvic
fins begin ossifying at about 14.0 mm SL and are
consistently ossified in 26.0 mm SL early juve-
niles. Pectoral fins initiate ossification at 15.0 mm
SL and reach their full complement of 18-20 rays
in 28.0 mm SL juveniles.

Scales

Scales begin developing in the anterior portion
of the body near the dorsal tip of the cleithrum in
28.6 mm SL specimens. Development appears to
progress along the lateral line as the juveniles
grow. Scale development was not complete in our
largest specimen, 41.1 mm SL.

Occurrence of Microgadus proximus
(Figure 4)

Although a number of ichthyoplankton studies
have been conducted in the northeastern Pacific
Ocean, data on occurrence of M. proximus are
limited because of past difficulties in distinguish-
ing the larvae from other gadids. Larvae of this
species may be included under the broader cat-
egory of Gadidae listed in some papers (e.g.,

Waldron 1972; Pearcy and Meyers 1974). Some
data on distribution and seasonal abundance,
however, are available.

Larvae of M. proximus are found in coastal
waters off Oregon occurring mainly within 18 km
of shore with abundance peaks at about 6 and 9km
(Richardson and Pearcy 1977; Richardson?). A few
specimens have been reported as far as 74 km
offshore (Richardson footnote 8).

The larvae have been collected in the plankton
off Oregon from February through August with
peak abundance from March through July
(Richardson footnote 8). Misitano (1977) also col-
lected four specimens, 5-61 mm SL, from March to
July in the Columbia River mouth.

Monthly length frequencies and median lengths
of larvae collected in 1971 and 1972 off Oregon
indicate a winter-spring spawning period (Figure
4). Small larvae, =5 mm SL, were collected Feb-
ruary through June.

Larvae of M. proximus were collected 24 km off
coastal Washington (Cruise K-72-2-III) in early
June 1972, by the NWAFC?. This species ac-
counted for 22.2% of the total catch of fish larvae,
and specimens ranged from 5.0 to 26.0 mm SL.

COMPARATIVE NOTES ON
THERAGRA CHALCOGRAMMA AND
GADUS MACROCEPHALUS
(Figure 5, Table 7)

In the northeastern Pacific Ocean, larvae of M.
proximus are similar to those of T chalcogramma
and G. macrocephalus at sizes <16.0 mm SL. Iden-
tification of all three species in mixed samples is
difficult with previously available literature,
which describes T chalcogramma and G. mac-
rocephalus from the northwestern Pacific Ocean
(e.g., Gorbunova 1954; Uchida et al. 1958;
Mukhacheva and Zviagina 1960). We have sum-
marized characters which are useful to distin-
guish each species at sizes <16.0 mm SL based on
our examination of specimens of all three species
(Table 7).

The most useful character to separate the
smaller larvae (hatching to 10.0 mm SL) of the

BRi‘chardson, S. L. 1977. Larval fishes in ocean waters off
Yaquina Bay, Oregon: abundance, distribution, and seasonality
January 1971 to August 1972. Oregon State Univ,, Sea Grant
Coll. Program Publ. ORES-T-77-003, 73 p.

®Data on file for Cruise K-72-2 (IID), 1972. Northwest and
Alaska Fisheries Center, National Marine Fisheries Service,
NOAA, 2725 Montlake Blvd. E., Seattle, WA 98112,
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FIGURE 4.—Length-frequency histograms of Microgadus proximus larvae collected in 70 cm bongo nets off Oregon in 1971 (unshaded)
and 1972 (shaded). X = median length class of larvae in 1971; O = median length class of larvae in 1972.

three species is the length and position of the an-  41-53% SL (myomeres 14-23) and the posterior bar
terior and posterior postanal pigment bars. In M. is at 61-74% SL (myomeres 28-39). In T, chalco-
proximus larvae 5.0-6.0 mm SL (Figure 1B), the = gramma larvae of the samesizerange (Figure 5A),
anterior bar begins just posterior to the anus at the anterior bar begins posterior to the anus at
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47-55% SL (myomeres 21-26) and the posterior bar
is at 69-79% SL (myomeres 36-43). The anterior
bar begins posterior to the anus for similar size G.
macrocephalus larvae (Figure 5C) at 40-57% SL
(myomeres 16-26) and the posterior bar is at
59-81% SL (myomeres 26-42). Differences also
exist in the number of melanophores in the stripe
within a bar and associated bar length. This latter
character, however, is only useful at small sizes
(2.5-4.5 mm SL) because melanophores increase
with development and the stripes become continu-
ous. At 3.6 mm SL (Figure 1A), M. proximus lar-
vae have on each side two dorsal and four ventral
melanophores in the stripes within the small an-
terior bar, and seven melanophores each in the
longer dorsal and ventral stripes within the pos-
terior bar. Similar sized T. chalcogramma larvae
(4.1 mm SL) have evenly sized stripes with five
melanophores on both the dorsal and ventral
stripe of the anterior bar, and five dorsal and seven
ventral melanophores in each stripe of the pos-
terior bar. Gadus macrocephalus larvae (4.4 mm
SL) have longer stripes than the other two species,
with 7 dorsal and 8 ventral melanophores on the
anterior bar, and 11 dorsal and 10 ventral
melanophores on the posterior bar.

With development these pigment stripes within
the bars variously remain separate or become
connected depending on the species. In M. prox-
tmus larvae the ventral stripes become continuous

at 5.0-6.0 mm SL (Figure 1B) while the dorsal
stripes remain separate until 13.0 mm SL. The
dorsal stripes become continuous in T chalco-
gramma larvae at 13.0 mm SL whereas the ven-
tral stripes never connect. Gadus macrocephalus
larvae have continuous dorsal and ventral stripes
of melanophores by 5.0-6.0 mm SL (Figure 5C).

Other pigment differences may help in distin-
guishing species at certain size ranges. Early G.
macrocephalus larvae (4.0-8.0 mm SL) have more
head pigmentation than the other two species,
particularly on the dorsal surface and in the snout
area (Figure 5C). Theragra chalcogramma larvae
(<13.0 mm SL) have much less lateral pigment on
the surface of the gut than either M. proximus or
G. macrocephalus larvae (Figure 5B). Gadus mac-
rocephalus larvae (5.0-8.0 mm SL) have more
mediolateral pigmentation between the postanal
bars than the other two species in that size range
(Figure 5C). Caudal pigment also differs and at
sizes <10.0 mm SL can separate M. proximus.
Only M. proximus larvae have a single row of
ventral caudal melanophores posterior to the anal
fin (Figure 1D) whereas both T. chalcogramma
and G. macrocephalus larvae have isolated pig-
ment spots (Figure 5B, D).

Also helpful in distinguishing M. proximus lar-
vae from the other two species is the possession of
five rays on the superior hypural compared with
four rays for T. chalcogramma and G. mac-

TABLE 7.—Characters useful in separating larvae of Microgadus proximus, Theragra chalcogramma, and Gadus macrocephalus at
specific size ranges.

Size range Microgadus Theragra Gadus
Character (mm) proximus chalcogramma macrocephalus
Anterior pigment bar 56
Percentage of SL 41-53 47-55 40-57
Located at myomeres 14-23 .21-26 16-26
Posterior pigment bar 56
Percentage of SL 61-74 69-79 59-81
Located at myomeres 28-39 36-43 26-42
Number of melanophores in each stripe of:
Anterior bar 3-4
Dorsal 2 5 7
Ventral 4 5 8
Posterior bar 3-4
Dorsal 7 5 1
Ventral 7 7 10
Degree of stripe continuity:
Anterior bar:
Dorsal 5-13 Separate Separate Continuous
Ventral Continuous Separate Continuous
Posterior bar:
Dorsat 13-16 Separate Continuous Continuous
Ventral Continuous Separate Continuous
Head melanophores 4-8 - - More on dorsal surface
and snout
Melanophores on ventral surface of gut >13 1-2 rows of spots No spots or a few reduced 1-2 rows of spots
spots
Lateral pigment on gut surface <13 - Much less —
Mediolateral pigment in postanal region 5-8 — - More
Ventral caudal pigment <10 Row of spots isolated spots Isolated spots
Number of rays on superior hypural element >13 5 4 4
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FIGURE 5.—Larvae of Theragra chalcogramma and Gadus macrocephalus: A. T. chalcogramma, 6.2 mm SL; B. T. chalcogramma,
9.8 mm SL; C. G. macrocephalus, 5.6 mm SL; D. G. macrocephalus, 8.5 mm SL.

rocephalus. This character can be useful in a size
range (>13.0 mm SL) which may be troublesome
when pigment patterns are no longer helpful and
adult characters (e.g., barbel length, mouth and
anus position, or shape of fins) are not fully de-
veloped. Larvae >20.0 mm SL may also be dis-

tinguished by a combination of meristic counts
(Table 1).

ACKNOWLEDGMENTS

We thank the following at the NWAFC, NMFS,
938

NOAA: Beverly Vinter who provided great assis-
tance in the interpretation of distinguishing
characteristics in gadid larvae and illustrated the
larvae and caudal fin; Bernie Goiney and Jay
Clark for technical assistance; and Arthur Ken-
dall for helpful discussions.

April G. Maclean, formerly OSU, assembled a
large portion of the M. proximus series and made
some of the counts and measurements. Joanne
L. Laroche (OSU) helped gather additional
specimens from OSU collections.

Gary Walters, FRI, has a continuing interest in



MATARESE ET AL.: LARVAL DEVELOPMENT OF PACIFIC TOMCOD

gadid larvae and juveniles and provided us with
unpublished data and gave other assistance.

A number of workers graciously provided us
with samples of larval and juvenile gadids without
which we could not have completed this work. We
therefore thank: Douglas Rabin, Gary Walters,
William Karp, and Bruce Miller, FRI; T. Saunders
English, Department of Oceanography, University
of Washington; Jay Quast and Bruce Wing,
NWAFC Auke Bay Laboratory, NMFS, NOAA;
James Blackburn, Alaska Department of Fish and
Game (ADF&G), Kodiak; Lou Barton, ADF&G,
Anchorage; and Rollin Daggett, Ecology Consul-
tants, Inc., Fort Collins, Colo.

Norman Wilimovsky, University of British Co-
lumbia, Vancouver, loaned us radiographs of adult
pollock. Elbert Ahlstrom, Southwest Fisheries
Center La Jolla Laboratory, NMFS, NOAA, pro-
vided stimulating discussions on gadid osteology
and on the interpretation of caudal fin develop-
ment.

A draft of this manuscript benefited from re-
views by Michael Fahay, Northeast Fisheries
Center Sandy Hook Laboratory, NMFS, NOAA,
and Arthur Kendall.

LITERATURE CITED

AHLSTROM, E. H., AND R. C. COUNTS.

1955. Eggs and larvae of the Pacific hake, Merluccius pro-

ductus. U.S. Fish Wildl. Serv, Fish. Bull. 56:295-329.
BARRINGTON, E. J. W. '

1937. The structure and development of the tail in the
plaice (Pleuronectes platessa) and the cod (Gadus morr-
hua). Q.d. Microsc. Sci. 79:447-469.

BEARDSLEY, A. J., AND C, E, BOND.

1970 Field guide to common marine and bay fishes of Ore-

gon. Oreg. State Univ. Agric. Exp. Stn. Bull. 607, 27 p.
BOOTH, R. A.

1967. A description of the larval stages of the tomcod,
Microgadus tomcod, with comments on its spawning ecol-
ogy. Ph.D. Thesis, Univ. Connecticut, Storrs, 53 p.

CLEMENS, W. A., AND G. V. WILBY.

1961. Fishes of the Pacificcoast of Canada. 2ded. Fish,

Res. Board Can., Bull. 68, 443 p.
DINGERKUS, G., AND L. D. UHLER.

1977. Enzyme clearing of alcian blue stained whole small
vertebrates for demonstration of cartilage. Stain Tech-
nol. 52:229-232.

FITCH, J. E., AND L. W. BARKER.

1972. The fish family Moridae in the eastern North Pacific
with notes on morid otoliths, caudal skeleton, and the
fossil record. Fish. Bull., U.S. 70:565-584.

GORBUNOVA, N. N.

1954. Razmnozhenie i razvitie mintaya, Theragra chalco-
gramma (Pallas). (The reproduction and development of
the walleye pollack, Theragra chalcogramma (Pallas).)
[In Russ.] Akad. Nauk SSSR, Tr. Inst. Okeanol. 11:132-
195. (Translated by S. Pearson, 1972, 106 p.; available

Northwest and Alaska Fish. Cent., Natl. Mar. Fish. Serv.,
NOAA, Seattle, Wash.)
GOSLINE, W. A,
1961. The perciform caudalskeleton. Copeia 1961:265-270.
GREENWOOD, P. H,, D. E. ROSEN, S. H. WEITZMAN, AND G. S.
MYERS.

1966. Phyletic studies of teleostean fishes, with a provi-
sional classification of living forms. Bull. Am. Mus, Nat.
Hist. 131:339-456.

HART, J. L.

1973. Pacific fishes of Canada. Fish. Res. Board Can.,

Bull. 180, 740 p.
ISAACSON, P A,

1965. Southern range extension of the tomcod, Microgadus

proximus. Calif. Fish Game 51:58.
MARAK, R. R.

1967. Eggs and early larval stages of the offshore hake,

Merluccius albidus. Trans. Am, Fish. Soc. 96:227-228.
MARSHALL, N. B., AND D. M. COHEN.

1973. Order Anacanthini (Gadiformes): Characters and
synopsis of families. In D. M. Cohen (editor-in-chief),
Fishes of the western North Atlantic, Part six, p. 479-495.
Mem. Sears Found. Mar. Res., Yale Univ. 1.

MILLER, D. J., AND R. N. LEA.

1972. Guide to the coastal marine fishes of California.

Calif. Dep. Fish Game, Fish Bull. 157, 235 p.
MISITANO, D, A,

1977. Species composition and relative abundance of lar-
val and post-larval fishes in the Columbia River estuary,
1973. Fish. Bull., U.S. 75:218-222.

MUKHACHEVA, V. A, AND O. A. ZVIAGINA.

1960. Razvitie tikhookeanskoi treski Gadus morhua mac-
rocephalus (Tilesius). (Development of the Pacific cod
Gadus morhua macrocephalus, (Tilesius).) [In Russ.]
Akad. Nauk SSSR, Tr. Inst. Okeanol. 31:145-165. (Trans-
lated by W. E. Ricker, available Fish. Mar. Serv., Pac. Biol.
Stn., Nanaimo, B.C., as Fish. Res. Board Can. Transl. Ser.
393.)

PEARCY, W. G., AND S. S. MYERS.

1974. Larval fish of Yaquina Bay, Oregon: A nursery

ground for marine fishes? Fish. Bull., U.S. 72:201-213.
RICHARDSON, S. L., AND W. G. PEARCY.

1977. Coastal and oceanic fish larvae in an area of upwell-
ing off Yaquina Bay, Oregon. Fish. Bull.,, U.S. 75:125-
145.

ROSEN, D. E., AND C. PATTERSON.

1969. The structure and relationships of the paracan-
thopterygian fishes. Bull. Am. Mus. Nat. Hist. 141:357-
474,

RUSSELL, F. S.

1976. The eggs and planktonic stages of British marine

fishes. Acad. Press, Lond., 524 p.
SCHULTZ, L. P, AND A, D. WELANDER.

1935. A review of the cods of the Northeastern Pacific with
comparative notes on related species. Copeia 1935:
127-139.

SVETOVIDOV, A, N.

1948. Treskoobraznye (Gadiformes). [In Russ.] Akad.
Nauk SSSR, Zool. Inst., Fauna SSSR, Ryby, t. 9, Vyp. 4,
N.S. 34, 221 p. (Translated by Isr. Program Sci. Transl.,
1962, 304 p.; available Natl. Tech. Inf. Serv,, Springfield,
Va., as OTS 63-11071.)

TANNER, Z. L.
1894, Report upon the investigations of the U.S. Fish

Commission steamer Albatross for the year ending June

939



30, 1892. U.S. Comm. Fish Fish., Part 18, Rep. Comm.
1892, append. 1, 64 p.
TAYLOR, W. R.
1967. An enzyme method of clearing and staining small
vertebrates. Proc. U.S. Natl. Mus. 122(3596), 17 p.
UCHIDA, K., S.IMAI, S. MITO, S. FUGITA, M. UENO, Y. SHOJIMA,
T. SENTA, M. TAHUKU, AND Y. DOTU.
1958. Studieson the eggs, larvae and juveniles of Japanese
fishes. [In Jpn.] Kyushu Univ, Fac. Agric., Fish. Dep.,
2d Lab., Ser. 1, 85 p. (Translation of p. 26-27, 30-31, and 65
by W. G. Campen, 1961, 8 p.; available Northwest and
Alaska Fish. Cent., Natl. Mar. Fish. Serv.,, NOAA, Seattle,
Wash.)

940

FISHERY BULLETIN: VOL. 78, NO. 4

WALDRON, K. D.
1972. Fish larvae collected from the northeastern Pacific
Ocean and Puget Sound during April and May 1967.
U.S. Dep. Commer., NOAA Tech. Rep. NMF'S SSRF-663,
16 p.

WILIMOVSKY, N. J.
1964. Inshore fish fauna of the Aleutian Archipelago.
Proc. Alaska Sci. Conf. 14:172-190.

YUSA, T.
1954. On the normal development of the fish, Theragra
chalcogramma (Pallas), Alaska pollock. [In Jpn., Engl.
summ.] Bull. Hokkaido Reg. Fish. Res. Lab. 10:1-15.



