Abstract. —Developmental stages
of pygmy poacher, Odontopyxis
trispinosa, and blacktip poacher,
Xeneretmus latifrons, are described
and illustrated from specimens col-
lected from the northeastern Pacific
Ocean. External morphology, pig-
mentation, and meristic features are
described which distinguish larvae
of these species from other agonids
occurring in these waters.

Postanal pigment patterns, par-
ticularly on the caudal finfold, dis-
tinguish preflexion larvae. Odon-
topyxis trispinosa larvae possess a
semicircular patch of melanophores
that covers nearly the entire caudal
finfold. The caudal finfold of pre-
flexion X. latifrons larvae are void
of pigment with the exception of a
small patch of melanophores near
the ventral margin of the notochord
tip. Flexion and postflexion larvae
can be distinguished by caudal and
anal fin pigmentation, head spina-
tion, and adult meristic features.
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The family Agonidae is a morphologi-
cally diverse group of relatively small,
benthic marine fishes. Agonids, com-
monly called poachers, are character-
ized by the presence of fused or over-
lapping bony plates that encase the
body. Fifteen genera represented by
25 species occur in the northeastern
Pacific (Matarese et al., 1989).

The pygmy poacher Odontopyxis
trispinosa is a small (to 8.1cm SL)
subtidal agonid distinguished by an
elongate body, small vertical spine at
the snout tip, and a moderately de-
veloped occipital pit divided by a lon-
gitudinal ridge. Fin-element counts
of O. trispinosa are D III-VI, 5-7; A
5-7;, P 13-15; V 1,2 (Matarese et al.,
1989). The blacktip poacher Xener-
etmus latifrons is a larger (to 19cm
SL) subtidal agonid distinguished by
black margins on the dorsal fins and
a weakly developed occipital depres-
sion (Miller and Lea, 1972; Hart,
1973). Fin-element counts of X.
latifrons are D VI-VIII, 6-8; A 6-9;
P 13-15; V 1,2 (Matarese et al., 1989).
The presence of spiny scales on the
eyeballs distinguishes X. latifrons
from X. leiops. The absence of

cheekplates distinguishes X, latifrons
from X. triacanthus (Miller and Lea,
1972; Eschmeyer et al., 1983).
Freeman (1951) hypothesized that
these two taxa are closely related
phylogenetically and placed them in
his subfamily Xeneretminae. The cla-
distic analysis of Kanayama (1991)
demonstrated close relationships be-
tween the two taxa which he placed
in the subfamily Anoplagoninae.
The geéographic range of adult
O. trispinosa extends from Southeast
Alaska to central Baja California.
Adult X. latifrons occur over a
slightly narrower range from Van-
couver Island to northern Baja Cali-
fornia (Eschmeyer et al., 1983). Both
taxa occur at depths of 18-370m
(Miller and Lea, 1972; Hart, 1973).
Larval O, trispinosa and X. latifrons
are the most commonly occurring
agonids in the California Cooperative
Oceanic Fisheries Investigations
(CalCOFT) ichthyoplankton collection’.

iMoser, H. G., ed. Guide to the early stages of
fishes from the California Current region. South-
west Fisheries Science Center, NMFS, P.O. Box

271, La Jolla, CA 92038. In preparation. 397
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Larval development of agonids 56° 00N
is poorly known. Washington et
al. (1984) and Maeda and
Amaoka (1988) reported that for-
mation of most external body
parts, including dermal bony
plates and- spines, begins early
in larval development.

Development of the pygmy
poacher (O. trispinosa) is de-
scribed for.the first time here.
Development of X. latifrons is
clarified based on new material.
A partial developmental series (7,
10, 16 mm SL) of X. latifrons was
previously described by Marliave
(1975). Washington et al. (1984)
included a single illustration of
X latifrons (9.6 mm SL) which
differed markedly in appearance
from those in Marliave (1975).
Matarese et al. (1989) combined
the illustrations from both
sources to create a complete de-
velopmental series. As a result,
some confusion exists as to which
illustrations in this series are ac-
tually those of X. latifrons lar-
vae. The following descriptions
are the first complete accounts
of larval development in the
family Agonidae. Characters are
presented that permit identifica-
tion of these larvae from field
collections.
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Methods
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@ odontopyxis trispinosa
Specimens
A xeneretmus lazifrons | a0°
Agonid larvae examined in this
study were obtained from collec-
tions made off the coasts of Baja
California, California, Oregon,
Washington (including Puget
Sound), Southeast Alaska, and

the inside passage waters of Brit- 135° 0OW 1310 4270

28°

28°
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ish Columbia, Canada (Fig. 1). Figure 1

One hundred and thirty-six O. Collection locations of Odontopyxis trispinosa and Xeneretmus latifrons larvae and early
trispinosa (4.3-56.0mm SL) and juveniles used in this study.

77 X. latifrons (4.8-79.0 mm SL)
were examined. The largest
specimens of each taxa were determined to be adults juveniles of both taxa were collected with dipnets, 60-
and are not included in the descriptions. Larvae and and 70-cm bongo nets, Isaacs-Kidd midwater trawls,
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Tucker trawls, sled trawls, and bottom trawls. Collec-
tions were made by the Vancouver Public Aquarium
(VPA), Oregon State University (OSU), University of
Washington (UW), NOAA’s Southwest Fisheries Sci-
ence Center (SWFSC-CalCOFI program), and the
Alaska Fisheries Science Center (AFSC) from the years
1932 to 1991. Specimens are currently housed in the
larval fish collections of these institutions. Larvae and
juveniles were originally fixed in 3.5 or 5.0% formalin
and subsequently transferred and stored in 3.5% buff-
ered formalin or 70% ethanol.

Larvae of O. trispinosa and X. latifrons were identi-
fied using the serial approach. This method uses adult
characters to progressively link juveniles to smaller
specimens through a continuous sequence of shared simi-
larities. Pigmentation, head spination, body morphol-
ogy, dermal plates, and meristic features were all used
as diagnostic characters. Identification of adult and ju-
venile specimens was accomplished by using methods
of Miller and Lea (1972), Hart (1973), and Kanayama
(1991). Nomenclature and taxonomic classification of
the family Agonidae follow Kanayama (1991). Develop-
mental series were illustrated by using a camera lucida
attached to a dissecting stereomicroscope.

Only melanistic pigmentation is described because
formalin fails to preserve color pigments. In the de-
scription of pigmentation, the term “band” refers to
any aggregation of melanophores that approximates a
vertically oriented rectangle. A “bar” also approximates
a rectangle but is horizontally oriented. A “patch” is
any other distinguishable aggregation of melanophores.

Measurements

The following measurements were made on 45 larvae
and early juveniles of O. trispinosa and 45 larvae of
X. latifrons by using an ocular micrometer in a stereo-
microscope:

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

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

Snout to anus length—Distance along body midline
from snout tip to a vertical line through center of
anal opening. T

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

Head width—Distance across head between dorsal
margins of orbits.

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

Eye diameter—Greatest diameter of left orbit.

Pectoral fin length—Distance from pectoral-fin base
to tip of the longest ray.

Osteology

Selected specimens were cleared and differentially
stained to identify cartilage and bone with alcian
blue and alizarin red-S (Pothoff, 1984). Skeletal ele-
ments and dermal plates were recognized as ossified
upon initial uptake of alizarin red-S. Twenty-seven
0. trispinosa (5.3-41mm) and 12 X latifrons (7.4
39.2mm) were cleared and stained for study. Counts
of meristic features were made on stained specimens
only. Not all stages of development were stained for
X. latifrons because specimens were limited. Preflexion,
flexion, and postflexion stage larvae were stained
(Kendall et al., 1984). Nomenclature of skeletal ele-
ments follows that used by Leipertz (1985) for X.
triacanthus. Plate nomenclature follows that of Gruchy
(1969) and is described in Figure 2. Terminology of
larval head spination follows that proposed for adult
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Figure 2
Terminology of bony plates in agonid larvae: DLP=dorsolateral; MDP=mid-dorsal; SLP=supralateral; LLP=lateral line; 1L P=infralateral;
VLP=ventrolateral; MVP=mid-ventral (after Gruchy, 1969).
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agonids by Laroche (1986). For larvae with spines and
no named analogous adult spine, terminology follows
Moser and Ahlstrom (1978) or Richardson and Laroche
(1979) for larvae of rockfish Sebastes spp. (another
Scorpaeniform) (Table 1, Figs. 3 and 4).

Resuits

Development of Odontopyxis trispinoa

Morphology Larvae of O. trispinosa are elongate and
slender with mean body depth at the pectoral fin ori-
gin of 11.7% SL in preflexion specimens decreasing to
10.7% SL in flexion and postflexion larvae (Tables 2
and 3). Mean head length is 18.4% SL in preflexion
larvae and increases to 23.8% SL in juveniles (Table
3). Mean head width is approximately 50.0% HL
throughout larval development and decreases to 37.1%
HL in juveniles (Table 3). Mean snout length increases
from 20.4% HL in preflexion larvae to 27.0% HL in
postflexion larvae and eye diameter decreases from
33.3% HL in preflexion larvae to 23.3% HL in juve-
niles. Mean pectoral-fin length increases from 7.0% SL
in preflexion larvae to 19.5% SL in postflexion larvae
(Table 3). The gut is moderately long: mean snout to
anus distance is 47.9% SL in preflexion larvae and
decreases to 33.0% SL in juveniles.

Pigmentation Pigmentation in O. trispinosa larvae
was relatively consistent among specimens and is a
useful distinguishing character (Fig. 5).

Head region Pigmentation on the head of preflexion
larvae is present as rows of melanophores on the up-
per and lower jaws. A few additional melanophores
are present on the snout. Melanophores on the opercu-
lar and hyoid regions join the upper and lower jaw
pigmentation to form a continuous swath giving lar-
vae a “bearded” appearance (Fig. 5A). In flexion lar-
vae, additional melanophores appear posterior to the
eye.
Lateral body and gut region The dorsolateral sur-
face of the body above the gut is covered with melano-
phores with the exception of a patch along the dorsal
midline above the pectoral fin. The dorsolateral pig-
mentation recedes ventrolaterally toward the gut with
development and is completely absent in postfiexion
larvae. Melanophores cover nearly the entire caudal
portion of the body in preflexion larvae. In some speci-
mens, the notochord tip is unpigmented. In late flexion
and postflexion larvae, pigmentation on the lateral body
surface begins to separate gradually into seven bands
(Fig. 5D). The first band extends from the posterior
region of the first dorsal fin to the ventral body mid-
line immediately posterior to the anus. The second
band extends between the first two soft rays of the

Table 1
Head spine terminology in agonid larvae listed by sequence of development in Odontopyxis trispinosa. (P) designates dermal
plate.
Abbreviation Spine/Plate name Bone of origin Adult spine/plate
PA Parietal Parietal Parietal
SPO Supraocular Frontal Supraocular
sC Supracleithral Supracleithrum Supraeleithral
CO Coronal Frontal (Overgrown)
PT Pterotic Pterotic Pterotic
NA Nasal Nasal Nasal
APO-4 4th Anterior Preopercular Preopercle (Overgrown)
PPO-1,2 1st, 2nd Posterior Preopercular Preopercle Preapercular
PPO-3,4 3rd, 4th Posterior Preopercular Preopercle Preopercular
SI0-5,6 5th, 6th Superior Infraorbital Infraorbital 3 Posterior infraorbitals
CL Cleithral Cleithrum (Overgrown)
™ Tympanic Frontal (Overgrown)
OoP Opercular Opercle Opercular
FR Frontal Frontal (Overgrown)
SOp Subopercular Subopercle Gill Cover Spine
SI10-1,2 1st, 2nd Superior Infraorbital Infraorbital 1 (Lachrymal) Anterior Infraorbital
PSO-1 1st Postocular Frontal Postocular
PS0-2,3 2nd, 3rd Postocular (P) (Dermal) Postocular Plates
RO Rostral Rostral Plate Rostral
PST Posttemporal (P) (Dermal) (Overgrown)
110-1,2 1st, 2nd Inferior Infraorbital (P) (Dermal) Anterior, Medial Cheek Plates
SI10-3,4 3rd, 4th Superior Infraorbital Infraorbital 2 (Jugal) Medial Infraorbital
I10-3 3rd Inferior Infraorbital (P} (Dermal) Posterior Cheek Plate
SCL Sclerotics (P) Sclerotic Eyeball Plates
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Figure 3
Positions and abbreviations of larval head spines and plates
in agonids. Based on a 17.2-mm stained larva of Odontopyxis
trispinosa (modified from Moser and Ahlstrom (1978),

Richardson and Laroche (1979), and Laroche (1986)).

Figure 4
Top view above eye showing superior infraorbital and frontal
spines of a 17.2-mm SL, cleared and stained Odontopyxis
trispinosa.

dorsal and anal fins and is connected ventrally to the
first band by a bar. The third band extends from the
posterior half of the second dorsal fin to the posterior
half of the anal fin. The remaining four bands are
evenly spaced on the body between the posterior edges
of the second dorsal and anal fins and the caudal fin.
The third, fifth, and seventh bands are the widest.
The posteriormost band of pigmentation in postflexion
larvae and early juveniles is located at the hypural
margin and is continuous with the caudal-fin pigment.

The entire ventral and lateral surfaces of the gut in
preflexion larvae are covered with pigmentation. A
dense row of melanophores is present along the ven-
tral midline from the isthmus to the end of the pre-
anal finfold. The ventral midline pigmentation can be
distinguished easily in lateral view through the
postflexion stage. In some specimens, a small, circular,
unpigmented area is present on the lateral surface of
the gut posterior to the pectoral-fin rays.

Fins The base of the pectoral fin is completely cov-
ered with melanophores throughout development. Pig-
mentation is absent from the pectoral-fin blade, rays,
and membrane.

Most preflexion and flexion specimens possess a
small group of melanophores on the anterior portion of
the dorsal finfold near the body margin over the gut
(Fig. 5A). This patch migrates posteriorly with dave'
opment and becomes the pigmentation seen o th-
first dorsal fin in postflexion larvae and " : 2ilcs
(Fig. 5, C and D). A larger patch of melanophorcs is
present at approximately midbody which usually ex-
tends to the dorsal edge of the finfold in preflexion
larvae. This dorsal midbody patch recedes toward the
body and splits into two somewhat triangular-shaped
patches of pigmentation in flexion larvae. This larger
patch of pigmentation is retained on the second dorsal
fin in postflexion larvae and juveniles. The finfold
patches roughly correspond to body bands on postfiexion
and juvenile specimens. Three additional triangular-
shaped patches of melanophores are present approxi-

. mately two-thirds of the distance between the anus

and notochord tip on the dorsal finfold and form a
continuous region of pigment extending to the caudal
finfold. The triangular-shaped patches of pigmentation
separate in flexion larvae and disappear as the finfold
recedes in postflexion larvae.
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A small patch of melano-

Table 2 .
Morphometric measurements (in millimeters) of 45 Odontopyxis trispinosa larvae and phores .ls pre_sent on the. anal
early juveniles. Specimens between dashed lines (— —) were undergoing notochord flexion. finfold immediately posterior to
the anus. This small patch of
Standard Boedy Snout to Head Head Snout Eye Pectoral pigmentation is a useful char-
length  depth anuslength length width length  diameter fin length acter which persists until
4.3 0.44 2.02 0.78 0.40 0.14 0.28 0.30 postflexion when it migrates dor-
4.5 0.60 2.08 0.72 0.52 0.12 0.30 0.30 sally with the receding finfold
4.6 0.60 2.24 0.80 0.44 0.18 0.30 0.34
5.2 0.62 248 1.02 0.48 0.22 0.32 0.34 to form the bar between the first
5.3 0.60 2.52 0.96 0.46 0.20 0.32 0.44 and second body bands (Fig. 5D).
5.3 0.64 2.60 1.02 0.46 0.18 0.36 0.36 - ~
5.9 0.62 2.72 104 0.42 0.20 0.34 0.38 A large triangular-shaped patch
6.4 0.74 3.24 114 0.44 0.26 0.36 0.34 of pigment is present at midbody
6.7 0.70 3.24 1.20 0.56 0.22 0.40 0.46 and extends nearly to the finfold
6.8 0.76 3.20 1.26 0.56 0.30 0.40 0.50 s :
68 0.82 312 140 0.62 0.30 0.36 0.50 margin in preflexion and early
7.2 0.86 3.48 1.36 0.70 0.30 0.40 0.52 flexion larvae. The large trian-
—————————————————————————— gular-shaped patch expands ven-
71 0.88 3.60 1.38 0.70 0.30 0.40 0.50 rally to the arei
79 0.66 3.40 1.3 0.66 032 0.36 0.60 ; ally to the finfold margin and
8.5 0.92 4.12 1.76 0.80 0.50 0.44 0.70 ecomes more rectangular
9.1 0.96 4.12 1.50 0.66 0.38 0.42 1.00 shaped in late flexion larvae.
9.8 1.00 480 2.06 0.92 0.60 0.52 1.40 This i v vi :
10.0 1.06 4.40 1.70 125 0.41 045 1.05 s the onhy p mlenéam.m
108 1320 5.00 2.36 1.08 0.52 0.60 1.46 present on the anal fin in
117 1.36 5.25 2.52 1.20 0.60 0.58 1.64 postflexion larvae and juveniles
1—18— - Td.z- - —5;) - ;26— - —1—2; - ;7: - —0;6 - ;; (Fig. 5, C and D). Two additional
118 144 5.42 2.80 12¢ 0.76 0.60 2.26 patches of melanophores are
125 1.22 5.67 2.70 1.20 0.74 0.60 2.08 present on the anal finfold in
12.6 1.32 5.83 2.80 1.44 0.86 0.70 248 preﬁexjon larvae. These form a
12.7 1.26 542 2.76 1.28 0.76 0.64 2.42 . . .
128 130 5.83 2.70 1.20 0.68 0.60 2.42 nearly continuous region of pig-
13.7 1.64 6.33 2.92 1.50 0.90 0.72 2.24 mentation which begins at ap-
13.8 1.58 6.08 2.92 1.30 0.80 066 2.35 proximately two-thirds of the
13.9 138 6.08 3.00 1.46 0.74 0.70 2.80 -
143 150 6.17 325 150 0.80 0.74 2.96 distance between the anus and
14.7 1.32 5.87 3.00 1.40 0.72 0.76 2.64 notochord tip which extends to
14.8 1.52 6.08 3.00 1.40 0.76 0.66 268 the caudal finfold. This pigmen-
15.0 1.60 5.83 3.60 1.54 0.90 0.84 3.20 - -
152 170 5.92 3.84 1.80 1.00 084 320 tation breaks apart in late
154 1.66 6.17 3.20 1.60 0.84 0.72 3.20 flexion larvae and disappears as
158 1.62 6.63 3.50 1.82 0.91 0.86 3.16 the finfold recedes in postflexion
16.7 1.70 6.50 494 2.04 112 0.98 368 larvae
175 1.87 6.84 426 1.98 1.13 0.90 3.08 arvae. .
17.7 2.20 7.58 4.32 1.86 1.24 0.84 3.72 The posteriormost dorsal and
17.7 1.76 7.00 4.48 2.00 1.20 1.06 3.68 anal ﬁnfo]d pigmentation con-
28.0 2.75 9.58 7.40 2.88 1.56 1.64 468 - .
321 333 1050 758 288 184 175 558 nect and are continuous with a
348 3.42 11.30 8.08 3.12 1.92 2.00 6.00 large semicircular patch of mel-
36.4 392 11.70 8.25 2.92 2.17 1.92 6.33 anophores which covers nearly
41.6 483 14.50 9.67 3.33 2.50 2.25 6.92
Table 3

Body proportions of Odontopyxis trispinosa larvae and early juveniles. Values given for each body proportion are

expressed as percentage of standard length (SL) or head length (HL): mean, standard deviation, and range.

Bady proportion Preflexion Flexion Postflexion Juvenile

Sample size 12 8 20 5

Standard length 5.7:1.0 (4.3-7.2) 9415 (1.1-11.7) 145219 (11L.817.7) 34651 (28.041.6)

Body depth/SL 117410 (10.2-13.4) 10.7¢1.2 (84-124) 10.740.9 (9.0-12.4) 10.540.7 (9.8-11.6)

Snout to anus length/SL 47.9+1.4 (45.7-50.3) 462125 (43.2-50.8) 42.5:2.8 (38.9-46.6) 33.3+1.2 (32.1~34.9)

Head length/SL 184£1.2 (16.1-20.5) 19.4:2.2 (165-218) 22.4+19 (19.2-25.4) 23815 (22.7-26.4)

Head width/HL 48.748.7 (40.4-72.2) 50.149.7 (44.0-73.5) 47.23.3 (43.1-54.9) 37.142.0 (34.4-38.9)

Snout length/HL 204423 (16.7-23.8) 24.842.7 (21.7-29.1) 27.0+2.3 (24.0-32.7) 24.3:2.1 (21.1-26.3)

Eye diameter/HL 33.334.0 (25.741.7) 26.1:19 (23.0-29.0) 23.0+1.5 (19.4-25.3) 23.3+0.9 (22.2-24.8)

Pectoral fin length/SL.~ 7.020.7 (5.3-8.4)  10.8#29 (7.1-14.2) 19.5+1.7 (163-21.3) 17.120.4 (16.6-17.4)
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14.7 mm

Figure 5
Larval stages of Odontopyxis trispinosa. (A) Preflexion larva 4.3mm SL, CalCOFI 5405-73.50. (B) Early flexion larva 7.9mm SL,
CalCOFI 6304-110.32. (C) Flexion larva 10.3mm SL, VPA, Lambert Channel 4/26/91 No. 7. (D) Postflexion larva 14.7mm SL, CalCOFI
7412-83.44.
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the entire caudal finfold. Caudal pigmentation persists
throughout development.

Osteology Although precursors of some bony struc-
tures such as dermal plates and fin rays are discernable
as early as 8.0mm, actual ossification of skeletal ele-
ments in Q. trispinosa does not begin until approxi-
mately 12.0 mm.

Cranium The parasphenoid and basioccipital bones
of the cranium begin to ossify at 11.7mm. At 13.2mm,
several bones, including the nasal, frontal, parietal,
parasphenoid, basioccipital, and exoccipital are com-
pletely ossified. The rostral plate, nasal, lateral eth-
moid, supraethmoid, vomer, exoccipital, lachrymal, and
remainder of the circumorbital series ossify by 14.8 mm.
The sphenotic, prootic, epiotic, tabular, and ptero-
sphenoid are ossified by 27.0mm.

Spines Numerous head spines are ossified at
12.6mm including the nasal, supraocular, the large
bilobed parietal, coronal, pterotics, supracleithral, an-
terior preoperculars and posterior preoperculars 1 and
2. The tympanic, cleithral, opercular, fifth and sixth
superior infraorbital spines, and the third and fourth
posterior preopercular spines are also ossified at this
stage. The frontal spine forms by 13.8mm but is not
visible in lateral view because it is small and located
behind the anterior margin of the supraocular spine.
The frontal spine becomes overgrown with bone and is
difficult to distinguish at 17.2mm. Interopercular and
superior infraorbital spines 1 and 2 begin forming at
about 14.2 mm. The rostral and postocular spines and
the postocular and posttemporal plates ossify at
14.8 mm. Superior infraorbital spines 3 and 4 and in-
ferior infraorbital plates 1 and 2 are completely ossi-
fied at this size. The third inferior infraorbital and
sclerotic plates are ossified by 17.2mm. All spines
described here are paired with the exception of the
rostral.

Mandibular region The dentary, angular, and ar-
ticular bones of the lower jaw are the first fo ossify in
postflexion larvae of 11.7mm. At 12.6mm, the pre-
maxilla and maxilla are ossified.

Palatine region Palatine, quadrate, metapterygoid,
mesopterygoid, ectopterygoid, and symplectic bones are
ossified at 12.6 mm.

Opercular region The preopercle, opercle, inter-
opercle, and subopercle are ossified by 12.6 mm.

Hyoid region The basihyal, hypohyal, urohyal,
ceratohyal, epihyal, interhyal, glossohyal, and bran-
chiostegal rays are also ossified by 12.6mm. The
hyomandibula is ossified by 27.0 mm.

Branchial region The pharyngobranchial teeth are
the first structures to ossify by 11.7mm. Ossification
of the pharyngobranchials occurs at about 17.2mm.
The pharyngobranchials begin as four pieces of carti-

lage that apparently fuse before ossification of the
pharyngobranchial teeth. This process, however, was
not observed. The epibranchials (n=4) and cerato-
branchials (n=5) also ossify by 17.2mm. The remain-
ing branchial support structures, including the
hypobranchials (n=3) and basibranchials (n=3), ossify
by 27.0mm.

Appendicular region The cleithrum, postcleithrum,
and coracoid are ossified by 12.6mm. The pelvic-fin
spine and all pectoral-fin rays, with the exception of
the ventralmost, ossify by 12.8 mm. The two pelvic-fin
rays and the final (14th) pectoral-fin ray are ossified
by 13.2mm. The supracleithrum ossifies at about
13.8mm. At 14.8 mm, ossification of the posttemporal
is completed. Ossification of the basipterygium occurs
at 17.2mm. The scapula and three radials supporting
the pectoral-fin rays are ossified by 27.0 mm.

Median fins All dorsal- and anal-fin spines and
soft rays are ossified by 12.6 mm (Table 4). Six supe-
rior principal rays and five inferior principal rays in
the caudal fin are ossified at this size (total=11). One
inferior principal (12), and two superior procurrent rays
(13, 14) are ossified by 13.2 mm. By 17.2 mm one addi-
tional superior (15) procurrent caudal ray is formed
which completes the adult count (3+6+6+0=15). Ossifi-
cation of the epural, hypural plate, and pterygiophores
supporting the dorsal- and anal-fin rays is completed
by 27.0 mm.

Vertebral column Ossification of vertebral elements
progresses from anterior to posterior. Notochord flexion
begins at approximately 7.0mm and is completed by
11.8mm. All, except the posteriormost caudal verte-
bral centrum, are ossified by 12.6mm. The urostyle
and the anteriormost neural and haemal spines are
also complete by 12.6 mm. All abdominal neural spines
are complete and three additional haemal spines form
anteriorly by 13.2 mm. All vertebral centra are ossified
by 13.8mm and two additional haemal spines have
formed. By 14.2mm, 22 additional haemal spines de-
velop. All neural spines are ossified by 14.8mm and
haemal spines are complete at 15.4mm.

Dermal plates Precursors of the supra (SLP) and
infralateral (ILP) plates first appear as small singular
spines which are distinguishable at about 8.0 mm. Os-
sification, however, does not begin until approximately
12.0mm and progresses from anterior to posterior. Bone
develops radially from the base of the spine to eventu-
ally form the juvenile/adult dermal plate. By 12.6 mm,
ossification of the SLP and ILP series is complete. The
dorsolateral and mid-dorsal (DLP+MDP) and the ven-
trolateral and mid-ventral (VLP+MVP) plate series are
complete by 14.8 mm. The lateral line (LLP) plate se-
ries begins to form at about 14.0 mm. Lateral line plates
are the only plates that begin development as bifur-
cate spines. Ossification of the LLP series is complete
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by 17.2 mm. Breast plates on the Table 5
ventral surface of the abdomen Morphometric measurements (in millimeters) of 45 Xeneretmus latifrons larvae. Speci-
and pelvic region are complete mens between dashed lines (— —) were undergoing notochord fiexion.
by 12.6 mm. The number of pec-
ty 1-fin b lat . PO Standard Body Snout to Head Head Snout Eye Pectoral
oral-in base plates 1n U. length  depth anuslength length width length  diameter finlength
trispinosa is variable ranging . " 220 ooa o048 006 038
- . 4. 0. . ! } X . 0.34
from 3 to 8 among specimens ex 5.1 0.66 2.56 0.96 0.50 0.16 0.38 0.34
amined. Ossification of pectoral- 5.1 0.70 248 1.06 054 0.20 0.38 038
fin base plates is complete by 53 0.66 2.40 0.90 0.44 0.16 0.38 0.32
about 13.8 mm 5.5 0.76 2.88 1.26 0.66 0.26 0.40 0.44
’ . 5.6 0.68 2.92 1.00 0.50 0.20 0.40 0.40
6.0 0.78 2.92 1.14 0.64 0.23 0.44 0.50
6.0 0.72 2.98 115 0.60 0.22 0.40 0.40
Development of 68 082 3.40 132 0.66 0.24 0.46 0.42
Xeneretmus latifrons 6.8 0.80 3.36 1.20 0.66 0.20 042 0.50
7.0 1.10 3.80 1.66 0.80 0.28 0.46 0.52
Morphology Larvae of X. 72 0.88 4.04 1.80 1.00 042 052 1.08
- - 78 116 480 2.08 1.08 0.56 0.64 114
latifrons are deeper bodied than 79 0.96 412 154 0.84 0.30 0.48 0.62
O. trispinosa; mean body depth 83 1.30 478 154 113 032 061 081
?t the ; qrals-ﬁn.ongm ;an.ges 8.9 1.14 4.78 1.94 1.04 0.44 V.62 0.88
rom 13.3% SL in preflexion 9.3 130 567 268 152 0.50 082 180
specimens to 14.6% SL post- 9.3 1.18 5.33 244 1.24 0.56 0.68 1.50
; . Fig. 6). 9.9 1.60 5.50 2.56 144 0.64 0.74 1.80
il{exu:in I(Tabl‘;ls 5 and 6; % ) 10.0 1.20 6.08 244 1.36 0.60 0.74 1.62
ead length increases from 100 148 5.67 2.36 130 0.54 0.70 142
20.3% SL in preflexion larvae to 105 1.50 5.75 2.96 164 0.62 0.86 2.48
26.6% SL in postflexion larvae, 108 172 6.17 2,68 142 0.62 0.80 2.14
and snout length as a propor- 10.8 1.72 6.25 2.80 1.80 0.64 0.88 2.32
tion of head length increases 114 1.68 6.50 2.88 1.86 0.72 0.88 2.30
. : 1.8 1.88 6.50 2.88 170 0.74 0.78 2.20
from 18.8% HL in preflexion lar- 1.8 164 6.08 2.88 1.90 0.70 0.76 3.00
vae to 24.4% HL in postfiexion 125 1.96 6.67 3.28 1.94 0.78 1.02 2.64
larvae (Table 6). Eye diameter 12.7 197 7.00 3.44 1.88 0.94 0.86 2.80
12.7 1.96 6.67 3.36 2.06 0.66 0.96 3.00
decreases from about 37.5% HL 13.2 2.06 6.70 3.52 2.00 0.90 0.92 3.12
in preflexion larvae to 28.4% HL 13.9 2.30 7.08 392 2.30 098 1.02 3.52
in postflexion larvae, and head 142 2.10 7.12 404 210 1.10 1.08 3.72
. . . 14.7 2.22 7.58 384 2.12 0.94 1.02 3.52
width remains approximately 14.7 2.08 7.33 3.56 2.10 0.78 0.96 3.76
54-55% HL throughout develop- 155 2.58 7.14 3.80 2.58 0.91 1.09 3.73
ment (Table 6). 16.6 2.74 8.06 486 2.30 1.06 1.22 4.40
. 168 2.52 7.92 460 2.40 116 1.26 3.84
Pectoral-fin length increases 183 258 8.06 486 274 137 122 410
from 8.4% SL in preflexion lar- 22.0 3.04 9.40 5.17 3.04 1.67 1.52 441
vae to 21.8% SL in postflexion 30.0 3.67 11.50 867 3.60 225 2.25 5.33
- 30.5 4.00 11.30 8.67 433 1.92 2.92 5.50
larvae. In preflexion larvae, 318 3.92 11.80 9.58 442 2.00 3.08 5.58
snout to anus distance is 51.7% 39.2 4.33 12.70 "10.70 4.75 2.33 3.42 6.83
420 5.12 14.20 11.20 5.42 2.50 367 7.08
Table 6
Body proportions of Xeneretmus latifrons larvae. 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 Prefiexion Flexion Postflexion
Sample size 15 8 22
Standard length 6.3t1.1 (4.9-8.3) 9.9:0.6 (8.9-10.8) 19.0#9.4 (10.842.0)
Body depth/SL 13.3£1.4 (11.9-15.7) 14.2¢16 (12.1-159) 146416 (11.0-16.6)
Snout to anus length/SL 51.7+4.5 (44.7-61.9) 56.7:2.7 (53.6-60.8) 47.447.6 (32.4-57.9)
Head length/SL 20.3£3.0 (17.1-26.8) 25.3123 (21.7-28.7) 26.611.8 (23.5-30.1)
Head width/HL 53.9+6.0 (48.2-73.4) 54.842.0 (50.8-56.7) 55.67.2 (41.5-67.9)
Snout length/HL 18.8+4.2 (7.1-269) 22.6:20 (18.7-250) 244328 (19.6-32.3)
Eye diameter/HL 37.545.1 (27.7-45.2) 29.8+12 (27.9-32.0) 28.442.8 (25.0-33.7)
Pectoral fin length/SL ~ 8.4+2.8 (6.1-15.1)  17.134.1 (9.9-23.6) 21.8+3.1 (16.9-26.5)
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Figure 6
Plot of body depth vs. standard length (mm) for larval Odontopyxis trispinosa and Xeneretmus latifrons.

SL, increases to 56.7% SL during flexion, and decreases
to 47.4% SL during postflexion.

Pigmentation Pigmentation in X. latifrons is consis-
tent among specimens and is a useful distinguishing
character (Fig. 7). Because pigmentation on the head
and gut regions of X latifrons is so similar to that
described previously for O. trispinosa, discussion here
will be limited to areas of the lateral body and fins
that are diagnostically important.

Lateral body The lateral surface of the body above
the gut in preflexion larvae is covered with melano-
phores, with the exception of an elongate, unpigmented
area along the dorsal midline above the pectoral fin.
Melanophores cover nearly the entire caudal region of
the body, with the exception of the notochord tip. Mel-
anophores extend along the dorsal and ventral mar-
gins of the unpigmented area around the notochord
tip (Fig. 7A). By early flexion, melanophores completely
cover the notochord tip (Fig. 7B).

Three patches of melanophores appear along the dor-
sal midline near the notochord tip by about 10.5mm
SL (Fig. 7C). The anterior patch forms the first band
which extends from the dorsal margin of the body,
posterior to the pectoral-fin base, to the anterior lat-
eral gut area. The second band extends dorsally to
connect with pigmentation seen on the first dorsal fin.
The third band transverses the body between the
posteriormost dorsal spine and the gut. Four or five

distinct bands of pigmentation form between the ante-
rior edges of the second dorsal and anal fins and the
caudal fin. The first two bands transverse the body
between the anterior and posterior margins of the sec-
ond dorsal and anal fins. One or two bands are present
between the posteriormost dorsal- and anal-fin rays
and the hypural margin. The last band is the widest
and covers the hypural region, extending into the cau-
dal fin approximately 15-20% of its length (Fig. 7, C
and D). ‘

Fins Melanophores begin to appear on the ventral
margin of pectoral-fin base at about 5.0mm. The pec-
toral-fin base is completely covered with pigment by
6.0mm. Pigmentation is always absent from
the pectoral-fin blade, rays, and membrane (Fig. 7, A
and B).

A small patch of melanophores appears in the dor-
sal finfold above the constriction of the gut at about
6.0mm (Fig. 7B). This pigmentation later expands and
is that seen on the spinous (first) dorsal fin in late
flexion and postflexion larvae (Fig. 7, C and D). Poste-
riorly, an additional patch of pigmentation begins about
one-third of the distance between the anus and noto-
chord tip and exhibits an irregular edge, appearing
somewhat serrated, below the dorsal margin.

In preflexion larvae, a large patch of melanophores
covers most of the anal finfold beginning at approxi-
mately one-fourth of the distance between the anus and
notochord tip and continuing its entire length. The rela-




408 Fishery Bulietin 913}, 1993

Figure 7

Larval stages of Xeneretmus latifrons. (A) Preflexion larva 5.2 mm
Lambert Channel 4/22/90 No. 5. (C) Flexion larva 10.8 mm SL, Cal
Channel 5/3/88 No. 4.

SL, CalCOFI 6501BD-83.43. (B) Early flexion larva 8.7mm SL, VPA,
COF1 5403CR-83.48. (D) Postfiexion larva 18.3mm SL, VPA, Lambert
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tively large unpigmented area anterior of this patch is
an important diagnostic feature (Fig. 7, A and B).

Both the dorsal and ventral finfold melanophore
patches are constricted nearly to the body margins at
a point about 80%-90% of the distance between the
anus and notochord tip (Fig. 7B). As notochord flexion
progresses, the ventral patch of pigmentation poste-
rior to the constriction on the anal finfold is seen as
the post-hypural pigment present on the caudal fin of
postflexion specimens (8.7-22.0 mm)Fig. 7C). This cau-
dal-fin pigmentation extends posteriorly to about 15—
20% of the caudal-fin length (Fig. 7, C and D).

The remaining melanophores on the dorsal and anal
finfolds migrate toward the body margins as the finfold
recedes. Discrete melanophore patches remain on the
anterior and posterior margins of the second dorsal
and anal fins in postflexion larvae (Fig. 7D).

Osteology Although precursors of some bony struc-
tures such as dermal plates and fin rays are discernable
as early as 8.0 mm, ossification in X. latifrons does not
begin until approximately 13.0mm. The sequence of
ossification of bony structures in X. latifrons is nearly
identical to that described previously for O. trispinosa.
The most important difference to note is that ossifica-
tion in X. latifrons begins later (13.0 mm), progresses
more rapidly for lateral body plates, and is slower for
most skeletal elements than O. trispinosa. The intent
here is to highlight important differences between the
two taxa.

Cranium All parts of the cranium, with the excep-
tion of the sphenotic, prootic, epiotic, tabular, and
pterosphenoid are ossified at 13.8mm. These remain-
ing cranial elements ossify at about 30.5 mm.

Mandibular region Ossification of all mandibular
structures is complete at 13.8 mm.

Spines Head spination is generally reduced in X.
latifrons larvae. Xeneretmus latifrons larvae have no
inferior infraorbital, postocular, or posttemporal plates
and have only four superior infraorbital spines.
The rostral spine, which is weaker than that of O.
trispinosa, and sclerotic plates do not develop until
the late postflexion stage (about 25-30 mm). The tym-
panic and frontal spines are more pronounced in X.
latifrons larvae than in O. trispinosa.

Palatine region The palatine, quadrate, meta-
pterygoid, mesopterygoid, ectopterygoid, and symplectic
are ossified at 13.8 mm.

Opercular region The preopercle, opercle, sub-
opercle, and interopercle are ossified by 13.8 mm.

Hyoid region The basihyal, hypohyal, urohyal,
ceratohyal, epihyal, interhyal, glossohyal, and bran-
chiostegal rays are ossified by 13.8mm. The hyo-
mandibula is ossified at 30.5 mm.

Branchial region The pharyngobranchial teeth,
pharyngobranchials (n=4, fused as in O. trispinosa),

ceratobranchials (n=5), and epibranchials (n=4) ossify
at about 21.0mm. The remainder of the branchial ap-
paratus including the basibranchials (n=3) and
hypobranchials (n=3), are ossified by 30.5 mm.

Appendicular region The cleithrum, postcleithrum,
supracleithrum, and coracoid are ossified by 13.8 mm.
Pelvic-fin spines and rays and all pectoral-fin rays are
complete at 13.8 mm (Table 7). The basipterygium and
posttemporal ossify by 2I.0mm. The scapula and three
radials supporting the pectoral fin are ossified by
30.5 mm.

Median fins All dorsal-, anal-, and caudal-fin spines
and soft rays are ossified by 13.8 mm (Table 7). The
caudal fin has 6 superior principal, 2 superior pro-
current, 6 inferior principal, and 1 inferior procurrent
rays (2+6+6+1=15 total). Ossification of the hypural
plate and the pterygiophores supporting the dorsal-
and anal-fin rays was not complete in the largest speci-
men examined (39.2 mm).

Vertebral column Notochord flexion begins at ap-
proximately 8.5 mm and is completed by 11.0mm. All
vertebral centra and the urostyle are ossified by
13.8 mm. All except the two posteriormost neural and
three haemal spines are also ossified at 13.8 mm. Ossi-
fication of all neural and haemal spines is complete by
14.5 mm (Table 7).

Dermal plates All dermal plates are ossified by
13.8 mm. Sequence and direction of formation and os-
sification is the same as previously described for
O. trispinosa. Xeneretmus latifrons, however, has higher
DLP+MDP, ILP, and VLP+MVP lateral body plate se-
ries counts than O. trispinosa (Tables 4 and 7). A maxi-
mum of five pectoral-fin plates was counted in
X. latifrons.

Discussion

Summary comparison. of O. trispinosa and
X. latifrons larvae

Larvae of O. trispinosa and X. latifrons can be distin-
guished by pigmentation, morphological, and meristic
characters.

Larvae of O. trispinosa possess a semicircular patch
of melanophores that nearly covers the entire caudal
finfold. This character is diagnostic and present
throughout development—The caudal finfold of pre-
flexion X. latifrons lacks pigmentation except for a
patch located near the ventral margin of the noto-
chord tip. This patch becomes elongate as notochord
flexion progresses and becomes a band at the hypural
margin. This band extends onto the caudal fin and
may cover as much as 20% of its anterior surface.

Preflexion larvae of O. trispinosa possess a small
patch of melanophores on the anal finfold immediately
posterior to the origin, X. latifrons larvae have a large
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unpigmented region. Flexion and postfiexion larvae of
O. trispinosa possess a single patch of melanophores
on the anal fin, X. latifrons have two.

Notochord flexion of O. trispinosa begins at approxi-
mately 7.0mm and is completed by 11.8 mm. The larg-
est planktonic specimens of O. trispinosa collected were
17.7mm. Settlement probably occurs at approximately
this size. Notochord flexion of X. latifrons begins at
approximately 8.5mm and is completed by 11.0 mm.
The largest planktonic specimens of X. latifrons col-
lected were 22.0 mm.

Xeneretmus latifrons larvae are deeper bodied than
O. trispinosa. Xeneretmus latifrons also has a wider
head than O. trispinosa at all stages of development.
Single barbels are present at the corners of the mouth
at about 15.0mm in O. trispinose and 18.0mm in
X latifrons. A distinct heart-shaped occipital pit is
present in O. trispinosa after about 15.0mm. Post-
flexion larvae of each taxon are also distinguishable
by adult meristic characters.

Ossification of most skeletal elements in O. trispinosa
begins earlier and is completed at smaller sizes than
in X. latifrons. Head spination in X. latifrons is gener-
ally reduced and dermal plates are absent on the head
region. The caudal-fin ray complement in X latifrons
(2+6+6+1) is notably different than in O. trispinosa
(3+6+6+0). Ossification of the pterygiophores support-
ing the dorsal and anal fins, and the hypural plate is
complete by 27.0mm in O. trispinosa, but was not evi-
dent in cleared-and-stained specimens of X. latifrons

examined in this study (up to 39.2 mm). This indicates
that transformation from larval to juvenile stages in
X. latifrons occurs at much larger sizes than in O.
trispinosa. Ossification of dermal body plates occurs in
nearly identical sequence, but X. latifrons has more
plates in the DL+MD, IL, and VL+MYV series. Dermal
plate formation in X. latifrons is complete at a slightly
smaller size than in O. trispinosa.

The preceding descriptions eliminate the confusion
in the literature concerning these larvae which resulted
from previous misidentifications (page 463 of Matarese
et al. (1989) and Figures A, B, and D from Marliave
(1975) are larvae of O. trispinosa misidentified as
X latifrons; Figure C from Washington et al. (1984) is
X. latifrons).

Comparison of O. trispinosa and X. latifrons
larvae with other known larval agonids

Presently, larvae of 12 of 25 agonid taxa occurring in
the northeastern Pacific Ocean can be identified based
on single illustrations or complete developmental de-
scriptions. Of these 12 taxa, only O. trispinosa and X.
latifrons described here are complete, illustrated at all
stages of development and include discussions of ossi-
fication sequence.

By using body morphology, pigmentation, and mer-
istic characters, larvae of O. trispinosa and X. latifrons
are distinguishable from other northeastern Pacific

Table 8
Summary of characters useful in identifying larval and juvenile agonids from the northeastern Pacific Ocean.*
Characters i
Body Pectoral Number of  Pectoral
Species depth fin length  Pigmentation dorsal fins fin rays Vertebrae
Aspidophoroides monopterygius ~ Slender Elongate Light 1 9-10 51-53
Bothragonus swanii Deep Normal Moderate 2 10-12 29-31
Chesnonia verrucose Moderate Elongate Light 2 14-15 34-38
Hypsagonus mozinoi Deep Normal Heavy 2 11-12 34
H. quadricornis Deep Normal Heavy 2 12-14 36
Leptagonus leptorhynchus Moderate Normal Heavy 2 13-15 42-44
Ocella dodecaedron Moderate Normal Light 2 14-16 38-39
Odontopyxis trispinosa Moderate Normal Moderate 2 13-15 3742
Percis japonicus Deep Normal Heavy 2 12 40,42
Stellerina xyosterna Moderate Elongate Light 2 17-19 34-37
Ulcina olriki Slender Elongate Moderate 1 13-16 3840
Xeneretmus latifrons Moderate Normal Moderate 2 13-15 3943
*Sources: IHustrations of A. monopterygius;, C. verrucosa, H. quadricornis and S. xyosterna are from Washington et al.
(1984); B. swanii is from Marliave (1975); H. mozinot is from Matarese et al. (1989); L. leptorhynchus, O. dodecaedron, and
P japonicus are from Maeda and Amaoka (1988); U. olriki is from Dunbar (1947). Pectoral-fin ray and vertebral counts are
from Matarese et al. (1989), with the exception of H. mozinoi and the lower count for P. japonicus which are from
Kanayama (1991).
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agonid larvae for which published illustrations are
available. (Table 8). Larvae of Hypsagonus mozinoi,
H. quadricornis, and Percis japonicus are deeper bod-
ied, have notably shorter snout to first dorsal fin dis-
tances, are more heavily pigmented, and have lower
vertebral and dermal plate counts than O. trispinosa
and X. latifrons (Washingten et al., 1984; Maeda and
Amaoka, 1988; Matarese et al., 1989). Bothragonus
swanii larvae have a very similar body morphology to
H. mozinoi, H. quadricornis, and P. japonicus but have
considerably less pigmentation (Marliave, 1975).

Larvae of Chesnonia verrucosa and Stellerina
xyosterna have similar body morphologies to O.
trispinosa and X. latifrons but have notably larger pec-
toral fins with bands of pigmentation on or near their
posterior edges (Washington et al., 1984; Matarese et
al., 1989). Ocella dodecaedron and Leptagonus
leptorhynchus larvae have a similar body morphology
to X. latifrons. However, pigmentation of O. dode-
caedron is more sparse and that of L. leptorhynchus is
heavier (Maeda and Amaoka, 1988).

Larvae of Ulcina olriki are distinguished from O.
trispinosa and X. latifrons by having larger pectoral
fins with pigmented edges and only a single dorsal fin
(Dunbar, 1947). Larvae of Aspidophoroides mon-
opterygius (= A. bartoni) have extremely slender bod-
ies, a long pectoral fin with a low fin-ray count, higher
vertebral and body plate counts, and a single dorsal
fin (Maeda and Amaoka, 1988; Matarese et al., 1989).
Studies such as this and others planned for the future
are the first steps for providing diagnostic information
necessary to accurately identify early life history stages
of this interesting family of fishes.
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