
LARVAE AND YOUNG OF WESTERN NORTH ATLANTIC
BOTHID FLATFISHES ETROPUS MICROSTOMUS AND

CITHARICHTHYS ARCTIFRONS IN THE CHESAPEAKE BIGHTI,2

SALLY L. RICHARDSON3 AND EDWIN B. JOSEPH4

ABSTRACT

Development of smallmouth flounder. Etropus microstomus. and Gulf Stream flounder,
Citharichthys arctifrons, is illustrated and described from larval to adult stages. Adults
occur along the Atlantic coast, mainly from Cape Cod, Mass., to Cape Hatteras, N.C.
Larvae of these two species were the most numerous of all flatfishes collected from 1959 to
1963 in the Chesapeake Bight by the Virginia Institute of Marine Science.

Changes in pigmentation, changes in morphology, sequences of ossification, and develop
mental osteology are described and compared. Occurrence of both species as larvae and
adults in the Chesapeake Bight, their spawning times, abundance, and economic importance
are noted. Taxonomic problems involving the validity of the generic separation of Etropus
and Citharichthys are mentioned.

This paper presents the first descriptions of
larvae of smallmouth flounder, Etropus micro
stomus (Gill), and Gulf Stream flounder,
Citharichthys arctifrons Goode. The larvae of
these two species were the most numerous of
all flatfishes collected in the Chesapeake Bight
plankton by the Virginia Institute of Marine
SCience (VIMS) from 1959 to 1963.

Adult E. microstomus and C. arctifrons
are found principally from Cape Cod, Mass.,
to Cape Hatteras, N.C. The reported northern
limit for E. microstomus is New England (Parr,
1931; Norman, 1934). The southern limit
may extend to the Gulf coast of Florida and
Mississippi (Springer and Bullis, 1956; Gutherz,
1967). C. arctifrons is found from the south
West part of Georges Bank (Bigelow and
Schroeder, 1953) to the Gulf coast of Florida
and Yucatan, Mexico (Gutherz, 1967). E.
microstomus is most common at depths of
4-27 m (2-15 fm) and is generally not in the

-------
S t Contribution No. 510, Virginia Institute of Marine
C~ence, Gloucester Point, VA 23062.

t Part of a dissertation submitted by the senior auth'.'r
o the Faculty of the College of William and Mary In

barttal fulfillment of the requirements for the degree of
~ctor of Philosophy.

C School of Oceanography, Oregon State University,
°lvallis, OR 97331.

Joh South Carolina Marine Research Laboratory, 217 Ft.
~n Road, Charleston, SC 29407.

~~~~EscriPt accepted November 1972.
n RY BULLETIN: VOL. 71, NO.3, 1973.

tidal zone or greater than 46 m (25 fm) (Parr,
1931). C. arctifro1ls occurs mainly at depths
of 46-366 m (25-200 fm) (Goode and Bean,
1895; Gutherz, 1967) and infrequently in
waters as shallow as 22 m (12 fm) (Bigelow
and Schroeder, 1953). Little additional infor
mation is available on the life history of either
species.

MATERIALS AND METHODS

Specimens

Several thousand larvae of each species,
fixed and stored in 3-5% Formalin,5 were exam
ined. Juveniles and adults had been fixed in
10% Formalin and transferred to 40% isopropyl
alcohol for storage.

Larvae used in this study came mainly from
VIMS collections made with the RV Pathfinder
during three series of Atlantic plankton cruises:
monthly from December 1959 through De
cember 1960 (October excluded) and from
March 1961 through March 1962, and season
ally from July 1962 to April 1963 (winter ex
cluded). The pattern of stations at which col-

5 Reference to trade names does not imply endorsement
by the National Marine Fisheries Service, NOAA.
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lections were made (Figure 1) changed for
each of the three series of cruises (Joseph,
Massmann, and Norcross, 1960; Massmann,
Norcross, and Joseph, 1961; Massmann, Joseph,
and Norcross, 1962). All collections were
made in the Chesapeake Bight between lat.
36° and 38°N and from near shore to 80 nau
tical miles offshore. Gear, depths of sampling,
and tow times were modified throughout the
cruises (Joseph et al., 1960; Norcross, Mass
mann, and Joseph, 1961; Wilson, 1962). Meter
and half-meter nets and the Gulf III high
speed plankton sampler (Gehringer, 1952,
1962; Bridger, 1958) were the main types of
gear used.

Larvae collected in the Chesapeake Bight
by the Sandy Hook Sport Fisheries Marine
Laboratory in New Jersey were examined also.
The specimens were taken with Gulf V high
speed plankton samplers (Arnold, 1959) dur
ing an offshore survey ranging from Martha's

+\HfC++*-+-+··+·--_·~---+--~--ilIM11

o DEC. 19S9- OEO.1960
X MAR. 1961 ~ MAR.1962
/ MAR.1961- MAR.1962

{EXTRA S ATlONSJI + oJULY1962~ APR.1963

:-y·:'t----·---+--ifuf~N'*rT~~'i~::J

FIGURE I.-Stations sampled by the RV Pathfinder of
the Virginia Institute of Marine Science during three series
of Atlantic plankton cruises from 1959 to 1963. The 37-m
(20-fm) and 183-m (lOO-fm) depth contours are empha
sized.
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Vineyard, Mass., to Cape Lookout, N.C. The
survey consisted of eight cruises made from
December 1965 to December 1966. Clark et al.
(1969) give details of the survey area and
sampling procedures.

Additional larvae were collected in Norfolk
Canyon (approximately lat. 37° 04'N, long.
74°40'W), 13-14 August 1969, by VIMS per
sonnel on board the National Marine Fisheries
Service RV Albatross IV. Four plankton tows,
each 1 h long, were made at 6-h intervals.
Each tow consisted of four Miller plankton
samplers (Miller, 1961), a pair of 0.2-m bongos
(McGowan and Brown, 1966), all without
closing mechanisms, and a 2-foot Braincon
depressor. Estimated fishing depths for the
Miller samplers were 2, 50, 100 and 275 m for
each tow. The bongos fished at nearly the same
depth as the deepest Miller sampler.

Juvenile and adult specimens were examined
from various trawl collections taken between
Cape Cod and Cape Hatteras by VIMS or by
the National Marine Fisheries Service Labor
atory at Woods Hole, Mass.

Measurements

Measurements were made on 100 unstained
larvae of each species with an ocular microm
eter and on 100 unstained adults of each
species with dividers and a wooden millimeter
scale. The larvae were selected from the VIMS
1962 plankton collections to represent the
available size range. The adults were taken
from trawl collections made from 1954 to 1967
(mostly 1965-67) between lat. 35°58'N and
40 0 09'N. Lengths reported in this study refer
to standard length (SL). Fish were measured
with the left side uppermost. The following
body measurements, some of which were mod
ified from Hubbs and Lagler (1958), were made:

Standard length - snout tip to notochord tip
preceding development of caudal fin, then
to end of hypural plate.

Head length - snout tip to anterior edge of
cleithrum where it meets posterior oper
cular edge (larvae) or to posteromost
margin of opercular membrane (juveniles
and adults).
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Snout length - snout tip to anterior margin
of orbit of left eye.

Snout to anus length - distance along body
midline from snout tip to vertical through
center of anus.

Eye diameter - greatest diameter of left eye
ball.

Upper jaw length - snout tip to posterior
margin of maxillary.

Depth at anus - vertical distance from base of
dorsal finfold or fin to anus.

Depth behind anus - vertical distance from
base of dorsal finfold or fin to base of
ventral finfold or fin immediately behind
anus at the angle where body depth de
creases greatly (larvae) or where body
depth is greatest (juveniles and adults).

Peduncle depth - least depth of caudal pe
duncle (in larvae, body depth at postero
most myomere before formation of caudal
fin).

Meristics

Meristic counts were made on 192 selected
larvae of both species taken from the VIMS
1962 plankton collections. The larvae had
been stained with Alizarin Red S by a method
tnodified slightly from that described by
liollister (1934). Faded larvae were restained
Using Taylor's (1967) enzyme method. Counts
were made of dorsal fin rays, anal fin rays,
caUdal fin rays, left and right pectoral fin rays,
branchiostegal rays, vertebral centra, neural
spines, and hemal spines. Fin rays and verte
brae were counted even if they were tinted
only slightly with alizarin.

Meristic data on fin rays of adults of both
sPecies were obtained from specimens in
VIMS collections. Fifty specimens of E. micro
stomu8 came from lower Chesapeake Bay in
1955, and 27 had been collected offshore from
Wachapreague, Va., in 1965. Fifty-two speci
!nens of C. arctifron8 had been trawled near
lat. 40 0 N in 1967, and 33 had been taken from
approximately lat. 36°N in 1966. Fifty adults
of each species were x-rayed for vertebral
COunts. Half of these specimens came from lat.
36°N and half from lat. 38°N, an area encom
passing that of the VIMS larval collections.

For comparison, additional meristic data were
gathered from the literature (Gutherz, 1967).

IIIustrations

Illustrations were made with the aid of a
cameralucida. Penciled halftones (Figures 2-8)
show the external morphology of larval to adult
stages. Line drawings of osteological features
(Figures 9-11) were made from alizarin stained
specimens.

The illustrations were made from specimens
representative of general trends, as consider
able variation may be found.

EGGS AND LARVAE OF OTHER
SPECIES OF ETROPUS AND

CITHARICHTHYS

Norman (1934) listed 6 species of Etropu8
and 14 species of CitharichthY8" all but one
are found along the Atlantic and Pacific coasts
of North, Central, and South Americas. Very
little has been published about early stages of
any of these species.

Goode and Bean (1895) illustrated (Plate
CIV, Figure 361) a larval stage (size not given)
of what they thought to be E. rimo8u8. Hsiao
(1940) illustrated a 6.5-mm larva and described
larvae from 6.5 mm to 15 mm which he called
E. cr088otu8. None of these larvae resemble
those of E. micro8tomu8. They more closely
resemble those of Bothu8 sp. figured and de
scribed by Kyle (1913), Padoa (1956), Colton
(1961), and Jutare (1962).

Kyle (1913) illustrated two larvae labelled
?Citharichthys sp. A and ?Cithat'ichthy8 sp.
E. Pigmentation on Kyle's Citharichthys A
is similar to that of ParalichthY8 dentatu8
(Smith and Fahay, 1970; Plates 9, 10); fin ray
and vertebral counts of Citharichthys A are
within the range for this species and agree with
no other North Atlantic species of Paralichthys
(Gutherz, 1967). Kyle's Citharichthy8 B were
collected in the northwestern part of the Gulf
Stream (lat. 42°12/N, long. 62°15/W). Verte
bral counts (plus urostyle) and fin ray counts
of Kyle's Citharichthys B lie within the range
for C. arctifrons (Gutherz, 1967); however,
Kyle's illustrated specimen closely resembles
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the 10.6-mm SL larva of E. microstomus
figured here (see Figure 4A) in pigmentation,
stage of development, and mouth size. Kyle's
specimens are probably Citharichthys or Etro
pus as Gutherz (1970) suggests, but lack of
knowledge of larval bothids prevents identi
fication.

Ahlstrom (1965) figured several stages of
C. stigmaeus, C. sordidus, and C. xanthostigma.
However, he provided only a small amount of
descriptive information on the larvae of these
species together with larvae of C. fragilis and
C. gilberti.

VERIFICATION OF
IDENTIFICATION OF LARVAL

E. MICROSTOMUS AND
C. ARCTIFRONS

The larvae of E.rnicrostomus and C. arcti
frons were identified using the series method
of Schmidt (1905). Developmental series of
larvae of each of two distinguishable but similar
flatfishes were taken from VIMS collections
made in the Chesapeake Bight. Larvae in each
series were linked together primarily by pig
ment patterns and meristics. Migration of the
right rather than the left eye in the largest
specimens indicated they were members of
the Scophthalmidae or Bothidae rather than
the Pleuronectidae. VIMS records of adult
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sinestral flatfishes other than cynoglossids taken
in the Chesapeake Bight (Table 1) listed one
scophthalmid and seven bothids. Descriptions
of larvae of Scophthalmus aquosus (Moore,
1947), Bothus ocellatus (Colton, 1961; Jutare,
1962), Hippoglossina oblonga (Agassiz and
Whitman, 1885; Miller and Marak, 1962;
Leona rd, 1971 b), Para lichthys den tatus
(Deubler, 1958; Smith and Fahay, 1970) re
vealed differences from the larvae in question.

The unknown larvae were the most numerouS
flatfishes collected by VIMS in the Chesapeake
Bight from 1959 to 1963. The great numbers
of larvae in each series comprised large size
ranges which indicated they were progeny of
adults of two species which also should be
fairly abundant in the same area. E. microsto
mus and C. arctifrons, constituting well over
half of the total number of bothid and scoph
thaImid flatfishes taken in spring and summer
of 1966 (Table 2), were prime candidates;
other possible candidates, C. macrops or E.
crossotus, occur only rarely in the bight.

Most of the unknown larvae were collected
between July and October and were assumed
to be products of summer spawnings. We have
obtained gravid E. microstomus in July and
August and C. arctifrons in August and Sep
tember from the Chesapeake Bight.

Dorsal and anal fin ray and vertebral counts
(Table 1) of the largest larvae in each series
correspond to those of adult E. microstomus
and C. arctifrons.

TABLE I.-Abundance, spawning season. and meristics of adult bothid and scophthalmid flatfishes which occur in the
Chesapeake Bight.'

Relative Spawming Dorsal Anal Vertebrae

Species abundance season fin rays fin rays Abdominal. Caudal

Etropus micrustumus Numerous Summer 67·82 50·63
"(72·76.84) 2(54.57 ·62) 210 "24·35

Citlwrichthys arctifrolls Numerous Summer 75·86 58·67
2(75·81 ·87) 2(60·65.71) 210-11 226-28

Bo/hus ocelIatlls Rare Summer 76-91 58-68 10 25-27
Citlwrichthys macrops Very rore Unknown -80-85 56-64 10 24-25
Etropus ('rosso/us Rare Summer 75-87 58-68 10 25
Hippo/.:[uss;'w obloflJ.:a Numerous Summer 71-86 58-72 11 30-31
Pi/ralich/hy.. dell/i//II.< Numerous Fall and 80-96 61-74 11 30-31

winter
Scopht !lalmus aquosus Numerous Summer 63-71 46-55 11 23-25

I Compiled from Jordan and Evermann, 1898; Parr, 1931; Norman, 1934; Moore, 1947; Ginsburg. 1952; 8igelow and Schraeder. 1953;
Deubler, 1958; Calton, 1961; Jutare, 1962; Gutherz, 1967.

2 Data from studies conducted ot the Virginia Institute of Morine Science.
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TABLE 2.-Total numbers of adult Etropus microstomus and Citharichthys arctifrolls (and per
centage of these two species combined in parentheses) compared with total numbers of bothids
and scophthalmids and all flatfishes collected in the Chesapeake Bight during 1966.'

Species

Bothidoe and Scophthalmidae:
Etropus microstomus
Citlwrichth)ls arc/ilrons

Subtotal

Hippog/oss;na oblonga
Paralichthys delJlatlis
Scophlhalmus aquoslls

February and
March

52
103

155

286
145
38

29
1,146

1,175

148
46

119

May August and
September

36
230

266

71
41
41

141
100

24)

191
111
90

November

Total Bothidoe and
Scophthalmidae

Pleuronectidae:
Glyp(ocepIJallls cYllogloSSlls
Limallda !erruginea
PSt!udopleurollectes

ameriCUllliS
Soleidae:

Trinectes m{leulallis
Cynoglossidae:

S)'1llplWrllS plagillsa
Total Pleuronectidae, Sole

idoe, and Cynoglossidae
Grand total flatfishes

624
(24.8%)

7
17
29

o

o

53
677

(22.9%)

1,488
(79.0%)

3 2
17 33

440 98

o 11

o

460
1,948

(60.3%)

419
(63.5%)

146
565

(47.1%)

o
35

272

2

o

633
(38.1%)

309
942

(25.6%)

t From Virginia Institute of Marine Science trawl data.

DISTINGUISHING FEATURES OF
E. MICROSTOMUS AND

C. ARCTIFRONS LARVAE

Characters useful in distinguishing and sep
arating larvae of E, microstomus and C, arcti
~rons taken in the Chesapeake Bight are listed
In Table 3. Larvae <4 mm are most easily
separated by the presence of preopercular
SPines in E. microstomus. Larvae >4 mm are
best separated by pigment patterns (C. arcti
frons has less pigment in general than E. micro
stomus) and the presence of three elongated
anterior dorsal fin rays in C. arctifrons.

The number of myomeres, which usually
corresponds to the number of vertebrae, is
f:equently a valuable character for identifica
tion of larvae. In this study, myomeres were
USually impossible to count on specimens <4
InIn because the segments, especially those on
the most anterior and posterior parts of the body,
~ere indistinct, The same was true of many
arger specimens. When accurate counts were

Possible, the number was always less than velie
bral numbers, Le., E. m:icrostomus-31-33
InYomeres (34-35 vertebrae) and C. arctifrons

-34-35 myomeres (36-39 vertebrae). Speci
mens selected for illustration were the best
representatives and all had rather well-defined
myomeres. Myomeres are still visible in juve
niles of 40 mm (see Figure 7) mainly because
of the deciduous nature of the scales. However,
scales or scale pockets, particularly in the an
terior abdominal region, tend to obscure them.

EGGS AND YOLK SAC LARVAE
OF E. MICROSTOMUS AND

C. ARCTIFRONS

Eggs of E. microstomus and C. arctijj'ons
have not yet been identified in plankton samples.
Attempts to strip, fertilize, and rear eggs of
both species have been unsuccessful.

None of the ovaries examined of several
hundred mature specimens of E. mic1'ostomus
was running ripe. Eggs taken from the ripest
ovaries were still hard, opaque, and quite small.
They were approximately spherical with no
apparent oil globule. Eggs stripped from C.
urctift'ons which were approaching spawning
condition were pliable and almost transparent.
They were spherical to slightly ovoid, with a
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TABLE 3.-Distinguishing features of larvae of Etropus microstomus and Citharichthys arctifrons
from the Chesapeake Bight.1

Character Etropus microstomus

Pigmentation:
Head Internal spot below hindbrain

(8mm).
Stellate melanophore on operculum

(10-11 mm).
Abdomen 1-2 stellate melanophores on pectoral fin.

Internal spots along notochord (4 mm).
Tail 3 postanal horizontal bars (3-4 mm).

Internal spots along length of notochord (4 mm).

2 prominent ventral clusters between anus and postanal
bars (4 mm).

Citharichthys arctifrons

No.

No.

No.
No.
Similar (4-5 mm).
Internal spots along

notochord only in
region of postanal bar
(5mm).

No.

Morphology:
Size at

metamorphosis 10-12 mm.
Preoperculor

spines Prominent from 2.5-8 mm, disappear by 10 mm.
Elongated fin None.

rays

Body depth

Meristics:
Anal fin rays
Vertebrae

Depth at anus/Sl and depth behind anus/Sl usually greater for
E. microstomus thon C. arclifrons of equal size.

Depth behind anus/depth at anus related to Sl greater for
E. microstomus than C. arctifrons of equal size (8 mm).

Usually <60 (8 mm)
10 abdominal
24-25 caudal (9 mm)

including urostyle

13-15 mm.

None.
3 elongated anterior dorsal

rays (4-5 mm to
11-12 mm).

Usually >60 (10 mm).
10-11 abdominal.
26-28 caudal (10 mm)

including ufostyle.

1 Sizes in parentheses indicate size at which the character is attained.

deviation of ± 0.04 mm between major and
minor axes. The eggs had a smooth surface; no
oil globule was apparent although most bothid
eggs have a small one. Diameters of these C.
arctifrons eggs ranged from 0.70 to 0.82 mm
(X = 0.74 mm). Diameters of fertilized eggs
may differ.

The smallest larvae examined of both species
were 2.3 mm. At that size, a small amount of
yolk material is still present. These larvae are
similar in appearance to the 2.5-mm larvae
(Figure 2) described in the next section. No
additional information is available on earlier
stages. Because larvae of the two species are
comparable in size (under 5 mm) and develop
mental stage, they probably hatch at about the
same size, estimated to be about 2 mm.

DEVELOPMENT OF
E. MICROSTOMUS AND

C. ARCTIFRONS
LARVAE TO ADULTS

Descriptions of the development of E. micro-
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stomus and C. arctifrons are patterned after
workers who followed the dynamic approach,
e.g., Ahlstrom and Ball (1954), Ahlstrom and
Counts (1955, 1958), Kramer (1960), Moser
and Ahlstrom (1970), and others. Three major
aspects of development are discussed: pigmen
tation changes, morphological changes, and
osteological changes. Descriptions are based
primarily on the left (eyed) side. A length des
ignation of 4 mm implies a range of values from
4.0 to 4.9 mm. The term metamorphosis is
used to describe the period of eye migration
until the right eye rests in its final position on
the left side of the head. The term larva is used
to define all stages from yolk sac absorption
until all fins are formed after completion of
metamorphosis. The term juvenile refers to
all stages from completion of fin formation to
adult. Comparative development is followed
through to the adult stage.

Pigmentation Changes

Changes in pigmentation of E. microstmnuS
and C. arctifrons are described as they occur
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throughout development in three body regions:
head, abdominal, and tail.

E. microstomus - Head Region

The eyes of the smallest specimens examined
(2.3 mm) are pigmented. The head of early
stage larvae, 2-3 mm, is marked by a few melan
ophores scattered along the lower jaw and on
the ventral body margin from the angle of the
lower jaw to the cleithrum (Figure 2A). The
Concentration of ventral pigment increases with
age to about 8-9 mm (Figure 3) and then de
creases (Figure 4), although it may vary con
siderably among individuals. A group of melan
ophores is usually noticeable on the postero
Ventral angle of the lower jaw and sometimes at
the tip of the cleithrum in larvae over 3 mm
(Figures 3, 4). Melanophores occur over the
hindbrain and midbrain singly or in groups in
larvae from 3.5 mm up to metamorphosis
(Figures 3, 4). Larvae over 8 mm have addi
tional scattered melanophores around the
snout and upper jaw and on the operculum.
An internal pigment spot may be seen beneath
the lobe of the hindbrain by about 8 mm
(Figure 3D). A single stellate melanophore
appears on the operculum anterior to the base
of the pectoral fin at about 10-11 mm (Figure
4A, B).

FIGURE 2.-Early stage larvae of A) Etropus microstomus
(2.5 mm SL) and B) Citharichthys arctifrons (2.5 mm SL).

After metamorphosis and with scale forma
tion, head pigmentation becomes less pro
nounced. A general darkening occurs on the
lips and over the brain (see Figure 7A). Later
the snout darkens and pigmentation increases
on the operculum.

E. microstomllS - Abdominal Region

Most conspicuous is the pigmentation, which
persists until metamorphosis, on the gas bladder
(Figures 2A, 3). This pigment area spreads out
onto the hindgut with the disappearance of the
gas bladder (Figure 4B, C). Melanophores
line the ventral body margin from the cleithrum
to the hindgut in early stage larvae (Figure 2A).
After the pelvic fin begins to form (5-7 mm),
melanophores no longer line the ventral body
margin at the base of the fin but increase in
concentration under the gut (Figures 3D, 4A).
Several diffuse melanophores, the number in
creasing with age, appear over the end of the
hindgut at about 3 mm (Figure 3A). One or
two stellate melanophores are visible on the
pectoral fin near its ventral origin throughout
the larval period. Scattered melanophores ap
pear on the distal margin of the pelvic fin after
it forms. Two or three characteristic internal
pigment spots appear along the dorsal surface
of the notochord above the gut cavity at about
4 mm and remain until metamorphosis. A
pigment spot appears on the dorsal body margin
above the gut cavity at about 3 mm (Figure 3A).
It persists until metamorphosis, although later
it is located on the proximal margin of the inter
neural musculature (Figure 4A, B). As the larva
approaches metamorphosis, pigmentation ap
pears and increases along the myosepta of the
body (Figure 4B, C).

After metamorphosis, the gut cavity becomes
darkened on the eyed side. Pigmentation in
creases on the pectoral and pelvic fins (Figures
7A, 8A). Pigmentation along myosepta dis
appears on the body but increases on the inter
neural and interhemal regions in juveniles.

E. microstomllS - Tail Region

Larvae of 2.3 mm have a band of pigment
about two-thirds the distance from the anus to
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FIGURE 3.- Early stage larvae of Elropll5 lIIic1'0510111115. A) 3.5 mill SL: B) 4.5 mm SL; C) 5.9 mm SL; D) 8.3 mm SL.
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FIGURE 4.-Late stage larvae of ElroplIS microS/OIlIlIS. A) 10.6 mill SL; B) 10.9 mill SL (early transformation);
C) 11.4 mm SL (late transformation).
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the notochord tip (Figure 2A). By about 3 mm,
sometimes before, this band differentiates to
become two horizontal lines of pigment on the
dorsal and ventral body margin, and a third
line appears along the notochord (Figure 3A).
These three lines persist until metamorphosis.
Melanophores line the ventral body margin
from the gut to the notochord tip on the small
est specimens (Figure 2A). As development
proceeds, this ventral pigmentation shifts from
its original position to the distal margin of the
interhemal musculature (Figure 3C, D). One
prominent ventral pigment spot appears in
larvae of about 3 mm (Figure 3A), one-third
the distance from the hindgut to the postanal
pigment bars. A second prominent ventral
spot appears by about 4 mm (Figure 3B), half
way between the first spot and the postanal
bars. At the location of these two ventral pig
ment spots and the ventral postanal pigment
bar, melanophores form several vertical lines
along the septa of the interhemal musculature
from proximal to distal margin (Figure 3C, D),
beginning at about 5 mm. These vertical pig
ment lines persist until metamorphosis (Fig
ure 4).

By about 4 mm, characteristic internal pig
ment spots begin to appear along the dorsal
margin of the notochord from the abdominal
region to the tail. These spots number 3 to 5 at
first and may increase to about 8 to 10 by meta
morphosis (Figure 4C).

Along the dorsal body margin one prominent
pigment spot appears at about 3 mm (Figure
3A), and another by about 6-7 mm (Figure 3D)
between the gut cavity and the tail tip, opposite
those on the ventral margin. Up to metamor
phosis these spots may appear as a cluster of
melanophores (Figure 3A), a horizontal line
(Figure 3C), or vertical line (Figure 3D), ex
tending onto the interneural musculature. An
increase in pigmentation occurs along the
myosepta on the eyed side as the larva begins
to metamorphose (Figure 4B, C).

One to three prominent melanophores may
be seen on the distal edges of the finfold dor
sally and ventrally (Figure 3A, B), on larvae
up to about 5 mm. Scattered melanophores of
less prominence may be seen in some specimens,
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depending on state of preservation, along the
ventral finfold from the anus to the three post
anal pigment bars (Figure 3B). These melano
phores disappear with fin formation at about
6-8 mm. When the urostyle turns upward and
the caudal fin begins to form at about 5-6 mm,
scattered melanophores appear along its base
(Figure 3C). Later, melanophores become
scattered throughout the caudal fin and some
times delineate its base (Figure 4B). Melano
phores begin to dot both dorsal and anal fins
at about metamorphosis (11-12 mm), first
appearing in groups (Figure 4C) and later
scattered throughout.

After metamorphosis, concentrated blotches
of pigment become prominent along the prox
imal portions of the dorsal and anal fins (Figures
7A, 8A). The caudal fin base is delineated by
pigment. An increase in pigmentation occurs
along interneural and interhemal myosepta and
along the lateral line. In adults, this pigment is
partially obscured by scales. Pigment along
body myomeres tends to disappear, but scale
pockets are outlined with pigment which ac
counts for the general darkening of the eyed
side. In females, an increase in pigmentation
occurs over the ovarian cavity.

C. arctifrons - Head Region

The eyes are heavily pigmented by 2.3 mm·
Early stage larvae of 2-5 mm (Figures 2B;
5A, B, C) have melanophores scattered along
the ventral body margin from the angle of the
lower jaw to the cleithrum. This pigment be
comes less conspicuous with age (Figure 6).
Clusters of melanophores are usually noticeable
on the posteroventral angle of the lower jaw and
at the tip of the cleithrum from about 5 mm
throughout larval development. Pigment begins
to appear over the brain at about 6-7 mm. At
metamorphosis, the amount of pigment in
creases on the head (Figure 6C). Concentra
tions of melanophores develop on the tips of
the three elongated anterior dorsal fin rays at
about 8 mm (Figures 5D, 6A).

After metamorphosis, a general darkening
occurs over the brain, on the lips (Figure 7B)
and later over the operculum (Figure 8B).



RICHARDSON and JOSEPH: LARVAE AND YOUNG OF BOTH IDS

C. arctijroI/J - Abdominal Region

A heavy concentration of pigment occurs
Over the gas bladder in larvae of2.5 mm (Figure
2B) and persist until metamorphosis. Additional
melanophores appear over the dorsal surface
of the hindgut beginning at about 4 mm (Figure
5B). Scattered melanophores occur along the
Ventral body margin from the cleithrum to the
hindgut. When the pelvic fin forms (5-7 mm),
this pigment becomes less concentrated at its
base. The concentration of pigment over the
Ventral part of the gut cavity increases with
age (Figure 5C, D), and several diffuse melano
phores appear near the end of the hindgut by
8-10 mm (Figures 5D; 6A, B). Pigment be
comes noticeable on the tip of the pelvic fin by
about 5-6 mm (Figure 5C, D). As the larva
approaches metamorphosis, one to three prom
inent pigment spots appear along the proximal
margin of the interneural musculature (Figure
6B, C). After these spots appear, a general in
crease in pigmentation occurs along the myo
Septa of the body (Figure 6B, C) on the eyed
side.

Pigmentation over the gut cavity increases
greatly after metamorphosis (Figure 7B) and
the pectoral and pelvic fins become dotted with
melanophores. The amount of pigment lining
mYosepta tends to decrease on the body and
increase in the interneural and interhemal
regions.

C. aret i/rollJ - Tail Region

Larvae of 2-3 mm may have a postanal band
of pigment, which becomes a dorsal and anal
bar of pigment (Figures 2B, 5A), on the body
margins about two-thirds the distance from the
anus to the notochord tip. A distinct horizontal
Pigment bar appears intermediate to the dorsal
and anal bars by 4-5 mm (Figure 5C). The
three postanal pigment bars remain until meta
morphosis (Figure 6C).

l\1elanophores appear scattered along the
ve.ntral body margin from the hindgut to the
tall tip at 2-3 mm (Figures 2B, 5A). This pig
~entation shifts to the distal margin of the
Interhemal musculature as development pro
Ceeds (Figure 5D). By about 10-11 mm, two

clusters of melanophores develop along the
proximal margin of the interhemal musculature
between the hindgut and the ventral horizontal
pigment bar (Figure 6A, B). These clusters
increase in prominence until metamorphosis
(Figure 6C).

Internal pigment spots appear along the dor
sal surface of the notochord immediately above
the intermediate postanal pigment bar by about
5 mm (Figure 5C). These internal spots remain
apparent until metamorphosis.

Along the proximal margin of the interneural
musculature, several (usually three) clusters of
pigment become prominent by 12-13 mm, two
between the abdominal region and the dorsal
postanal pigment bar and one posterior to the
dorsal bar (Figure 6B, C). After the appearance
of the dorsal and anal pigment clusters, as meta
morphosis proceeds, pigmentation increases
along the myosepta of the body on the eyed
side (Figure 6C).

Scattered pigment may occur on the finfold
from 2 to 4 mm, but in no set pattern (Figures
2B; 5A, B). Melanophores begin to delineate
the base of the caudal fin by about 10 mm (Fig
ure 6A) and later appear scattered over the fin
(Figure 6C). Pigmentation appears on the dor
sal and anal fins, first in clusters (Figure 6C)
and then scattered throughout, as the larva
nears the completion of metamorphosis at
around 14 mm.

After metamorphosis, pigmentation becomes
less pronounced along the body myomeres but
increases along the septa of the interneural and
interhemal musculature (Figure 7B). Pigmen
tation appears along the lateral line on both
eyed and blind sides. In females, pigmentation
increases over the ovarian cavity. In adults, the
most prominent pigmentation is that of the
scale pockets which results in a general dark
ening of the eyed side (Figure 8B).

Comparative Morphological Changes

Nonmorphometric changes are described for
both species together as they are quite similar.
Differences are noted.

Body shape of the earliest stage larvae of
both species is characteristic of flatfishes. The
head and abdominal region are deep and later-
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A

B

FIGURE 5.-Early stage larvae of Cillwrichrhys (lrclilrolls. A) 3.5 mm SL; B) 4.5 mm SL; C) 5.9 mm SL;
0) 8.3 Inm SL.
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FIGURE 7.-Juvenilc stages or A) EII'opus microstolllus (41 mm SL) and B) Citharichthys arctifrons
(40 mm SL).

ally compressed. The caudal region is slender.
At comparable sizes, larvae of E. micTOstomus
are deeper-bodied than those of C. aTctij1'ons
immediately posterior to the anus. With in
creasing age, the head and peritoneal cavity
occupy proportionately less of the body length.
The dorsal body outline becomes convex. As
metamorphosis approaches, the body deepens,
and the ventral body outline becomes convex.
The adult shape, in which the greatest body
depth occurs behind rather than at the anus,
is approached.

The fore-, mid-, and hindbrain are distinctly
outlined in 2.5-mm larvae of both species and
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remain so until metamorphosis. A nasal capsule
is evident on the snout at about 3 mm in both
species and remains prominent until metamor
phosis. The left otolith becomes noticeable in
the head on the eyed side of E. mic1'ostom'us at
about 10-11 mm. It is not observable in C.
a1·ctifrons.

The coils of the alimentary tract can be seen
clearly in 2.5-mm larvae of both species with
the hindgut ending in a nearly veltical position
immediately posterior to the main visceral
mass. As the larval development proceeds, the
position of the anus shifts anteriorly unti 1 it
rests adjacent to the base of the left pelvic fin
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FIGURE 8.-Adult stages of A) EtropllS lIIicros/OI/IlIS (64 mm SL) and B) Citharichthys arc/ilrol/S (69 mm SL).

and lies beneath the center of the gut cavity. As
tnetamorphosis approaches, the coils of the gut
become obscured by overlying musculature.

Eye shape tends to be roughly spherical be
~Otning more smoothly rounded with increas
~ng age. A ventral cleft of the eye is apparent
In larvae of both species from 3.0 mm up to
tnetamorphosi .

The gas bladder is developed dorsal to the
gut region in the smallest specimens of both
species. It becomes increasingly prominent

during larval development, but disappears dur
ing metamorphosis,

Metamorphosis occurs at 10-12 mm in E.
'mic1'ostomus and at 13-15 mm in C. a1·ctij1'OllS.
Some variation was found in that a few speci
mens of E, micToslomus were not transformed
by 12 mm and some specimens of C, a1'cli!1'olls
had begun to do so at 12 mm, During metamor
phosis, the right eye moves over the dorsal
ridge of the head in front of the dorsal fin, the
body deepen , the facial bones become distorted
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as evidenced externally by the change in snout
shape, pectoral fin rays form, the gas bladder
disappears, pigment patterns change becoming
concentrated on the eyed side, and scales begin
to form.

Fish of both species become sexually mature
by about 50 mm.

Ratios of body measurements related to
standard length, frequently used as taxonomic
aids, were determined for larvae of both species.
Data for these ratios, which change with growth,
are listed in Appendix Tables 1 and 2. Consid
erable overlap exists between the two species
although depth at anus/SL and depth behind
anus/SL are usually greater for E. microstomus
larvae than C. arctifrons larvae of equal size.
Depth behind anus/depth at anus related to
standard length (Leonard, 1971a, Figure 9)
provides a character useful for separation of
larvae over 8 mm of the two species. This ratio
approaches 1 in E. microstomus larvae of a
smaller size than C. antifrolls corresponding
to the earlier metamorphosis of E. microstomus.
The ratio changes from < 1 to > 1, the condition
in the adults, during metamorphosis. Data for
the adults (Appendix Tables 3, 4) agree with
those given by Parr (1931). E. microstomus is
proportionately deeper bodied than C. arctifrons
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but the latter has a proportionately longer
upper jaw.

Changes in body form were further analyzed
for growth patterns, Body measurements (Ap
pendix Tables 1-4) were used for this purpose
because methods using ratios "are inefficient
and may often lead to erroneous interpreta
tion" as explained by Marr (1955) and illus
trated by Ahlstrom and Counts (1955) and
Mansueti (1958). Statistics for the regressions
of head length, snout length, snout to anuS
length, eye diameter, upper jaw length, depth
at anus, depth behind anus, and peduncle depth
on standard length are presented in Tables 4
and 5. The columns headed b list the rate of
increase in size of body part per 1 mm increase
in SL. Data on larvae and adults could not be
combined because of a gap in specimen size
between larvae undergoing metamorphosis and
juveniles of 30-40 mm in E, microstomus and
40-50 mm in C. arctifrolls. The regressions all
appear to be linear (Leonard, 1971a, Figures
10-17). Correlation coefficients were > 0.93
for all regressions except those of snout length,
eye diameter, and upper jaw length which had
correlation coefficients > 0.87 in larvae and
>0.80 in adults.

All body parts measured increase more in

TABLE 4.-Statistics describing the regressions of body measurements on standard length for larval stages of Etropus

lIlicrOStOlllllS and Citharichthys arcti!rolls. The independent variable X is standard length in all cases.

Dependent Size range
variable Y of specimens X Y N b a Sy

(mm)
£trolJus 11I;,,'O,\'I011lIlS:

Head length 3.53-12.60 7.44 1.95 100 0.267 -0.039 0.208 0.987
Snout length 3.53-12.60 7,44 0,47 100 0.068 -0.040 0.155 0.895
Snout to anus 3.53-12.60 7,44 2.93 100 0.321 0.538 0,428 0.960
Eye diameter 3.53-12.60 7,44 0.49 100 0.048 0.127 0.127 0.875
Upper jaw length 3.53-12.60 7,44 0.66 100 0.076 0.096 0.178 0.890
Depth at onus 3.53-12.60 7.44 2.57 100 0.482 -1.017 0,450 0.980
Depth behind onus 3.53-12.60 7.44 2.08 100 0,481 -1.498 0,418 0.982
Peduncl e depth 3.53-12.60 7.44 0.76 100 0.162 -0.441 0.244 0.950

Citharichthys arcti!rolls:
Head length 4.54-14.36 7.55 2.06 100 0.304 -0.236 0.275 0.984
Snout length 4.54-14.36 7.55 0.51 100 0.080 -0.098 0.155 0.931
Snout to anus 4.54-14.36 7.55 3.10 100 0.378 0.248 0.605 0.974
Eye diameter 4.54-14.36 7.55 0.55 100 0.063 0.072 0.084 0.954
Upper jaw length 4.54-14.36 7.55 0.77 100 0.099 0.028 0.095 0.933
Depth at onus 4.54-14.36 7.55 2.31 100 0,462 -1.177 0.152 0.991
Depth behind onus 4.54-14.36 7.55 1.69 100 0.403 -1.352 0.260 0.991
Peduncle depth 4.54-14.36 7.55 0.68 100 0.168 -0.591 0.236 0.962

X -Mean value of X a· Y·intercept of regression line
Y - Mean value of Y 51' - Standa.rd deviati<;>n of the regression
N - Number of specimens examined r -- Correlation coeffiCient
b - Rate of increase of Y with respect to X
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IABLE 5.-Statistics describing the regressions of body measurements on standard length for juvenile and adult stages
of EtroplIs I/lierostollllls and Cit/wriehthys arelifrolls. The independent variable X is standard length in all cases.

Dependent Size range yvariable Y of specimens X N b a S)'
(mm)

Etropus microstomus;
Head length 29·123 73.70 17.13 100 0.200 2.388 1.592 0.972
Snout length 29-123 73.70 3,33 100 0,036 0.653 0,876 0.805
Snout to anus 29·123 73.70 17.13 100 0.200 2.388 1.592 0.972
Eye diameter 29-123 73.70 4.85 100 0.049 1.250 0.886 0.875
Upper jaw length 29-123 73.70 4.74 100 0.047 1.268 0.761 0.897
Depth at onus 29-123 73.70 26.37 100 0.378 ·1.475 2.874 0.974
Depth behind anus 29-123 73.70 33.30 100 0.511 -4.350 2.937 0.977
Peduncle depth 29·123 73.70 8.35 100 0.114 -0.073 1.100 0.960

Citlwr;chtlzl'S "yeti/rOilS:
Head length 47-135 93.07 22.18 100 0.214 2.226 1.615 0,980
Snout length 47-135 93.07 4.29 100 0.034 1.102 0.779 0.852
Snout to anus 47-135 93.07 22.18 100 0.214 2.226 1.615 0.980
Eye diameter 47-135 93.07 7.18 100 0.063 1.283 1.193 0.891
Upper jaw length 47-135 93.07 7.19 100 0046 2.895 1.130 0.834
Depth at onus 47-135 93.07 28.77 100 0.319 -0.925 2.652 0.976
Depth behind anus 47-135 93.07 34.63 100 0.439 -6,251 2.701 0.986
Peduncle depth 47·135 93.07 8.92 100 0.091 0,464 1.282 0.934-
~ - Mean value of X ll· Y·intercept of regression line

. Mean value of Y S\, - Standa,rd devia!i<;,n of the regression
N. Number of specimens examined ,.". Correlatfon coeffiCient
b . Rate of increase of Y with respect to X

relation to SL in C. arctif/"(nu~ than in E. m'icro
stomus larvae except depth at anus and depth
behind anus. Thus larval growth patterns sup
Port the fact that, as adults, E. IIvicrostomu8 is
the deeper-bodied of the two, while C. arcti
frons has larger eyes and a larger mouth.

In larvae of both species, the rate of increase
of depth at anus is greater than the rate of in
crease of depth behind anus. Yet depth behind
anUs/depth at anus approaches and eventually
eXceeds 1 as the larvae undergo metamorpho
sis and depth behind anus becomes the deepest
Part of the body. Thus, the rate of increase of
depth behind anus should be greater than depth
at anus.

For juveniles and adults, head length, eye
diameter, upper jaw length, and snout to anus
length increase at a faster rate in C. a1'ct'~frolls
While all components of body depth (depth at
anus, depth behind anus, peduncle depth) in
crease more rapidly in E. m'ic1'Ostomus. Snout
length in both species increases at about the
same rate.

The data indicate decreases in rates of growth
~f head length, snout length, snout to anus
l:ngth, upper jaw length, peduncle depth from
arvae to adults of both species. Rate of growth

of eYe diameter is nearly the same in larvae and

adults of both species. Depth at anus decreases
and depth behind anus increases in growth rate
from larvae to adults of both species.

Some degree of error exists in these calcula
tions because of specimen shrinkage, wide area
of collection, and varying lengths of time of
preservation of specimens. Results presented
here may differ from those obtained from
newly preserved material.

Comparative Developmental Osteology

The discussion presented here is based en
tirely on stained material of approximately
100 larvae and of 10 juveniles and adults of
each species. No dissections were made. The
smallest stained larvae examined were 4 mm SL.

Sequences of ossification are consistent with
in each species, but the size at which specific
bones begin to ossify may vary from specimen
to specimen. The sizes given here indicate
general trends of the larval specimens exam
ined from VIMS 1962 collections.

This study is not intended to be a descrip
tive osteology of each species but rather a com
parison of development of the two. Discussion
of skull bones is mainly limited to those of the
bl'anchiocranium which are identifiable in early
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stages. Most bones of the neurocranium cannot
be distinguished in stained larvae.

Terminology is based on Gregory (1933),
LagleI', Bardach, and Miller (1962), Fraser
(1968), and Wolcott, Beirne, and Hall (1968).

Fin Formation

A large finfold surrounds the body of early
stage larvae from the head, around the tail tip,
to the anus. The first fins to form are larval
pectorals. Fin rays begin to ossify in larvae of
5-6 mm in dorsal, anal, caudal, and pelvic fins
in both species (Table 6). Fin rays do not
appear in the pectoral fins until metamorphosis.
Fin formation in both species is completed in
the following order: caudal, dorsal and anal,
pelvic, and pectoral.

Incipient caudal fin rays become visible in
the posteroventral region of the finfold as early
as 4 mm in E. microstomw-;. Fin rays ossify
after the urostyle begins to turn dorsad at about
5 mm in both species. The first rays to take up
alizarin stain are in the center of the fin.
Development proceeds dorsally and ventrally
until the full complement of 17 caudal fin rays
is attained by 7 mm in E. microstomus and 9
mm in C. arctijrons.
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The proximal portions of incipient dorsal fin
rays may appear in the center of the dorsal
finfold as early as 4 mm in E. microsto/llus.
Ossification of rays in the dorsal fin begins
centrally at about 5 mm and proceeds anter
iorly and posteriorly. The full complement is
achieved by 8 mm. In C. a1'Ct~f1'(ms, a notch
appears dorsally in the anterior portion of the
finfold at about 4 mm. By 5 mm, three elon
gated fin rays become ossified in this region.
These rays persist until the onset of metamor
phosis, although they appear to get propor
tionately shorter with increasing age. Forma
tion of the rest of the dorsal fin is smilar to that
of E. microstomus. Ossification of fin rays be
gins centrally at about 6 mm and proceeds
anteriorly and posteriorly. The full complement
is attained by 10 mm. During dorsal fin for
mation in C. arct(fnms, one fin ray appears an
terior to the three elongated rays, which then
become the 2d, 3d, and 4th rays. The 1st ray
is inconspicuous and is best seen on the blind
side. Only its base takes up alizarin stain until
the three elongated anterior rays become re
duced in size. With development, the dorsal
fin moves progressively anteriorad in both
species. As the right eye moves over the ridge

TABLE 6,-Ranges of meristic counts in early stages of E/ropils II/ieros/oll/IIS and Cilllllriehlhys ureli/rolls.

Number Vertebral colurnn Branchi~

Size group of Dorsal Anal Caudal Pelvic Hemal Centra ostegal
(mm) sped~ fin fin fin fin ro~s Neural spines spines Abdominal Caudal rays

mens rays rays rays Left ight Abdominal Caudal Caudal + urostyle (left)

EtropllS microstomus:
4.00· 4.99 10 0·6 0·4 0·5
5.00· 5.99 15 0·60 0·40 0-15 0-3 LBI 0·9 0·22 0·23 0-9 0-1 5·7
6.00· 6.99 20 17-68 17·50 5·17 0·4 0-3 9·10 8·23 6·23 0·10 0·23 '7
7.00· 7.99 16 49·72 34-55 217 2·4 2·5 9·10 16·23 13-23 8·10 2-25 7
8.00· 8.99 12 26B·80 250·60 17 3-5 3·5 9-10 21·24 21·24 7-10 3·25 7
9.00· 9.99 10 72-B3 55-62 17 4-6 4-6 210 223-24 223-24 210 224-25 7

10.00·10.99 6 70-80 53-58 17 5-6 5-6 10 23·24 23-24 10 24-25 7
11.00· 11.99 2 74 54 17 5·6 26 10 23·24 23·24 10 24-25 7
12.00·12.99 7 77·79 58·60 17 26 6 10 23·24 23·24 10 24·25 7

Ci, '''' ric!1t It)'" urerifroll."
4.00· 4.99 6 0·3
5.00· 5.99 25 0·3 0-5 LB LB 0-10 0·15 0-15 4-7
6.00· 6.99 23 3·68 0·52 6-17 0·3 0-4 3-10 9·26 3-26 0·1 27
7.00· 7.99 12 45·74 31·57 9·17 2·4 3·4 9-10 19·25 23·25 0-10 0·27 7
8.00· 8.99 9 67-75 49·57 16-17 3-5 3-5 210 23·25 23-25 6·10 )·26 7
9.00· 9.99 7 66·B2 49·65 217 3-5 3·5 10 225·26 225·26 210 6·27 7

10.00-10.99 4 282_83 266-67 17 4·5 3·6 10 25·26 25·26 10 227 7
11.00·11.99 5 77·81 62-66 17 4·6 5·6 10 25·27 25-26 10 26·28 7
12.00·12.99 ~ 77-82 64·66 17 5·6 26 10 26 26 10 27 7

1 Larval bud.
2 Size range in which final or adult count is consistently achieved.
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of the head, the anterior part of the fin is de
flected to the blind side.

The anal fin forms similarly to the dorsal fin.
Rays become ossified centrally first, with forma
tion progressing both anteriorly and poster
iorly. Ossified fin rays are evident by 5 mm in
E. microstomus and 6 mm in C. arctifrous.
The full complement of rays is achieved by
8 mm in E. microstomus and 10 mm in C.
arctifrous.

Pelvic fin buds appear at 5 mm in both
species. Ossification of fin rays begins from 5
to 6 mm in E. microstomus and at 6 mm in C.
a1'ctifrous. The right pelvic fin completes forma
tion before the left fin. The full complement
of six rays is consistently attained by 11-12 mm
in E. microstomus and 12 + mm in C. arctifrons
(Table 6). By about 8 mm in E. microstomus
and 10 mm in C. arctifrons , the right pelvic
fin base is located noticeably above the body
InidIine on the blind side. Its origin is slightly
anterior to that of the left pelvic fin base which
is located on the body midline. These relative
Positions of pelvic fin bases become more ob
~ious after the basipterygium ossifies (12 mm
In E. microstomus, later in C. arctifrons) and
are difficult to detect on unstained specimens
Until a larger size.

With metamorphosis, the larval pectoral
fins transform to much smaller fins in relation
to body size, as incipient fin rays form. The
size at which pectoral fins are completely
formed could not be determined because of a
lack of specimens in the size range between
thOse undergoing metamorphosis and juveniles
of20+ mm.

Vertebral Column and Median
Fin Supports

Sequence of ossification of the vertebral
coluInn is the same for both species. Neural
SPines of the abdominal region ossify first,
folJowed by neural and hemal spines of the
caUdal region. Development progresses pos
~eriorilY (Leonard, 1971a, Figure 18). Verte-

ral centra then begin to ossify in the posterior
a~dominal region with development progres
SIng anteriorly. Centra of the caudal region
Ossify from anterior to posterior. The urostyle

ossifies before the several centra immediately
preceding it. The abdominal rod, which extends
from the anteromost hemal spine to the position
of the anus and supports the interhemal spines
ventral to the gut cavity, begins to ossify before
the elements of the hypural plate and after
most centra are ossified. Ribs become evident
on abdominal centra about the time the abdom
inal rod begins to ossify (7 mm for E. microsto
mus and 8-9 mm for C. arctifrons). Interneural
and interhemal spines probably ossify near the
completion of metamorphosis.

C. arct'zfrous generally lags behind E. micro
stomus in development (Table 6). Neural and
hemal spines appear by 4 mm in E. microsto
mus and 5 mm in C. arctifrous. Centra may
begin to ossify at 5 mm in E.microstomus and
6-7 mm in C. arctifro/ls. The adult vertebral
complement, including neural and hemal spines
and abdominal and caudal centra, is achieved
by 9 mm in E. microstomus. Neural and hemal
spines are all ossified by 9 mm in C. arctifrous,
but not all centra are consistently stained until
about 10 mm.

Structure of the vertebral column and dorsal,
anal, and caudal fin supports is essentially the
same in juveniles and adults of both species
(Leonard, 1971a, Figures 19-21). The anterior
interneural spines are inclined forward such
that the first interneural spine, which is bifur
cated (sometimes trifurcated in C. arct{frous),
lies in a horizontal position. The abdominal
rod, the distal portion of which is bifurcated,
provides support for the 6-9 most anterior
interhemal spines. The 17 rays of the caudal
fin occur in a 4-5-4-4 sequence, supported
by four hypural elements. Neural and hemal
spines of the penultimate vertebra support no
caudal fin rays.

Pectoral and Pelvic Girdles

The cleithrum (Leonard, 1971a, Figure 22)
is ossified in the smallest stained specimens
and observable as early as 2.3 mm in unstained
larvae. The supracleithrum appears early in
both species (Table 7). The posttemporal and
postcleithrum ossify next, appearing first in
E. mic1'osto/llus. Ossification of the basiptery
gium (Figure 9) seems to coincide with achieve-
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I The smallest stained larvae examined were 4 rnm.
2 D _Dermal bone.

C - Cartilage replacement bone.
3 A M - After metamorphosis.

TABLE 7.-Size in millimeters at which certain bones
begin to ossify in Etropus microstomus and Citharich
thys arctifrons.

ment of the adult complement of pelvic fin raYs
(Table 6) and possibly completion of metamor
phosis-about 12 mm in E. microstomus and
sometime before 16 mm in C. arctifrons. Time
and sequence of ossification of the scapula,
coracoid, and radials are unknown. They are
ossified in juveniles of 40 mm. Ossification
probably corresponds with pectoral fin forma
tion.

Structurally, bones in these girdles are similar
in both species. The posterior extension of the
basipterygium on both sides is longer in juvenile
and adult E. microstomus (Figures 10,11). The
posttemporal of the eyed and blind side is
relatively smaller in adult C. arctifrons.
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AM
AM

?- 4.9
7- 4.9
?- 4.9
7- 4.9

7.0- 7.9
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11.0-11.9
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Citharichthys
arctifrons
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7.0- 7.9
9.0- 9.9

A M3

? 4.9
?- 4.9
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?- 4.9
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4.0- 5.9
6.0- 6.9
7.0- 7.9
7.0- 7.9
7.0- 7.9
7.0- 7.9
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?- 4.9
?- 4.9

5.0- 6.9
5.0- 6.9

7- 4.9
4.0- 5.9
5.0- 6.9
5.0- 6.9

11.0-12.9
AM
AM
AM

Bone2 Etropus
type microstomusItem

Upper ond lower jaws:
A Premoxillary D
B Maxillary D
C Dentary D
D Articular C

Angular process D
Oromandibulor region~

E Ectopterygoid D
F Quadrate C
G Endopterygoid D
H Hyomandibular C
J Sympl ectic C
K Palatine C
K' Metapterygoid C

Opercular series:
L Preopercle D

M Opercle D
N Interopercle D
o Subopercle D

Hypobranchial region:
P Branchiostegol rays 0
Q Urohyal D
R Interhyal C
S Hypohyals C
T Ceratohyal C
U Epihyal C
U' Basihyal C

Pectoral and pelvic girdles:
V Cleithrurn D
W Supracleithrum D
X Posttemporol 0
Y Postcleithrum D
Z Basipterygium C
Z'Scapula C
Zll Coracoid C
Z'" Radials C

Citharichthys arctifrons

12.3 mm

FIGURE 9.-Composite illustration of bones of the bran
chiocranium and of the pectoral and pelvic girdles
(shaded) of young Etropus microstomus and Citharichthys
arctifrons. The ossified part of the neurocranium in
cluding the parasphenoid is outlined. Upper and lower
jaws: A - premaxillary, B - maxillary, C - dentary, D 
articular and angular process. Oromandibular region:
E - ectopterygoid, F - quadrate, G - endopterygoid,
H - hyomandibular, J - symplectic. Opercular series:
L - preopercle, M - opercle, N - interopercle, 0 - sub
opercle. Hypobranchial region: P - branchiostegal rays,
Q - urohyal, R - interhyal, S - hypohyal, T - ceratohyal,
U - epihyal. Pectoral and pelvic girdles: V - cleithrum,
W - supracleithrum, X - posttemporal, Y - postcleilhrum, Z - basiplerygiulll.
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Upper and Lower Jaws

Lower-jaw
23
25

Upper-jaw
30
40

40mm SL
60 mm SL

Opercular Series

Teeth on the blind side of the lower jaw are
about equal in number to those of the upper
jaw for each species. C. arctifrons has a
greater total number of teeth corresponding to
its larger mouth.

In juvenile and adult C. arctifrons, teeth on the
eyed side are more numerous on the upper
jaw, e.g.:

Oromandibular Region

The ectopterygoid is the first bone to ossify
in this region, usually between 4 and 5 mm in
both species (Leonard, 1971a, Figure 24).
The quadrate, endopterygoid, hyomandibular,
and symplectic become ossified in that order
and at an earlier stage in E.microstomu8 than
C. arctijrons (Table 7). By about 12 mm, de
gree of ossification of bones in this region is
similar in both species (Figure 9). The palatine
and metapterygoid become ossified sometime
after metamorphosis (Figures 10, 11).

Structure of bones in this region is similar
in the two species. The anterior wing of the
hyomandibular extends farther ventrally along
the central shaft of the bone in juvenile and
adult E.mic1'ostomus, particularly on the eyed
side.

The opercle and preopercle are partly ossi
fied in both species by 4 mm (Leonard, 1971a,
Figure 25). The interopercle and subopercle
ossify first in E. microstomus (Table 7) between
5 and 6 mm and by 7 mm in C. arctifrons.

Within this series, a major structural differ
ence exists between larvae of these two species.
Spines are present on the posterior preoper
cular margin of E. microstomus by 4 mm. (They
may be seen on unstained larvae of 2.5 mm.)
With development, the number of spines in
creases over the lateral surface of the pre
opercle. They begin to disappear at around
8 mm and can no longer be seen by 10 mm.
C. arctifrolls has no preopercular spines.

Lowe'l' jaw
13
16

40 mm SL
60 mm SL

By 4 mm, parts of the premaxillary, maxil
lary, dentary, and articular have begun to ossify
in both species (Table 7). Development of the
upper jaw (Leonard, 1971a, Figure 23) is
similar to that described for other highly
evolved forms of fishes (Berry, 1964). The
toothless maxillary ossifies to a greater degree
than the premaxillary in early stages and is
included in the gape. As development proceeds,
the premaxillary continues to grow posteriad
and eventually eliminates the maxillary from
the gape in C. arctifrons and nearly so in E.
microstomus (Figures 9-11). Ossification of
the jaw bones appears to be more advanced in
C. arctifrons than in E. microstomus of equal
size. This tendency is evident in the dentary
and articular in C. arctifrons larvae of 4 mm.
The angular process on the articular appears
first in C. arctifrons (about 7 mm) and later
(about 8 mm) in E. microstomus.

The fact that C. arctijrons has a larger jaw
becomes evident by about 7 mm. The maxillary
and premaxillary are longer than in E. micro
stomus and the processes of the dentary extend
farther posteriorly. The anteromost process
located laterally on the anterior knob of the
~axillary becomes noticeably more elongate
In C. arctifrons by about 12 mm (Figure 9).
This maxillary process forms the osseous pro
tUberance of the snout characteristic of adults
(Figure 10). The premaxillary process, which
occurs medially in the upper jaw, appears
longer and narrower in C. arctifrons of about
12 mm, but not in juveniles and adults.

Teeth, distributed evenly in single rows on
the left and right sides of the anterior portion
?f the premaxillary and dentary, are evident
In the smallest stained larvae (in 3 mm un
stained larvae) of both species. Teeth in adult
lEo 'In'icrostomus are distributed mainly on the
bl~nd side (Figures 10, 11). This unequal dis
tnbution becomes apparent on the eyed side
~Uring metamorphosis (Figures 9, 10) as larval
eeth are replaced. On the eyed side of juvenile

and adult E. mic1'ostomus, teeth are more
numerous on the lower jaw, e.g.:

Uppe'l'jaw
7
6
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Etropus microstomus

64 mm

Ctlhar/chthys arctlfrons

69 mm

FIGURE IO.-Composite illustration or bones or the branchiocranium and or the pectoral and pclvic girdles (shaded) or
the eyed side or adult Eiroplis lIIicroSlOlIlIlS and Cilharichlhys a rC·Ii/ro lIS. Upper and lower jaws: A - premaxillary,
B - maxillary, C - dentary, 0 - articular and angular process. Oromandibular region: E - ectopterygoid, F - quadrate,
G - endopterygoid, H - hyomandibular, J - symplectic, K - palatine, K' - melapterygoid. Opercular series: L - preopercle,
M - opercle, N - interopercle, a - subopercle. Hypobranchial region: P - branchiostegal rays, Q - urohyal, R - interhyal,
S - hypohyals, T - ceratohyal, U - epihyal, U' . basihyal. Pectoral and pelvic girdles: V - c1eithrum, W - supracleithrum,
X - posttemporal, Y - postcleithrum, Z - basipterygiulll, Z' - scapula, Z" - coracoid, Z'" - radials.
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Etropus microstomus

64 mm

Citharichthys arct/frons

69 mm

FIGURE I I.-Composite illustration 0(' boncs 0(' the branchiocranium and 0(' the pcctoral and pelvic girdlcs
(shaded) 0(' the blind side 0(' adult Eiropiis /lIiCI'OSlo/1I1IS and Cil/II/I'iclllhys II I'CI iji"o 11.1'. See Figure 10 Icgend ('or
the key. '
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The opercular bones in adults are structur
ally similar in both species except that the
posterodorsal margin of the opercle may be
more deeply indented in C. arctifrons.

Hypobranchial Region

Branchiostegal rays may become ossified by
4 mm in both species, although the total of
seven may not be stained until 6 mm (Leonard,
1971a, Figure 26). The unpaired urohyal,
which lies beneath the branchiostegals, ossifies
at around 6 mm in E. microstomus and 7 mm
in C. arctifrons. The interhyal is next, followed
by the hypohyals, ceratohyal, and epihyal
which ossify at about the same time. These
bones usually become ossified at a smaller size
in E. microstomus (Table 7). The basihyal
ossifies after metamorphosis (Figures 10, 11).

Structural similarity between the two species
is great. The first three branchiostegal rays
appear to be supported by the ceratohyal and
the remaining four by the epihyal in both
species.

Additional Comments

The first bones to ossify in the branchio
cranium are of dermal origin. Except for the
quadrate and articular, which form the angle
of the jaws, the only bones ossified in larvae
of 4-5 mm in both species are dermal bones.
These bones become ossified at about the same
size in both species (Table 7). They include the
premaxillary, maxillary, dentary, ectopterygoid,
preopercle, opercle, branchiostegal rays, cleith
rum, and supracleithrum. Ossification of cart
ilage bones follows.

The parasphenoid, a dermal bone of the
neurocranium, is also prominent in 4-mm
stained larvae of both species. This bone ex
tends from the ethmoid region to the basi
occipital in the basicranial region of the neuro
cranium (Figure 9).

In the smallest stained specimens, pharyngeal
teeth in the form of sharp pointed cones, may
be seen clearly. Together with the parasphenoid
and the cleithrum, they are prominent features
in 4-mm larvae 't>f both species. They are still
apparent in 12-mm larvae (Figure 9).
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The sequences of ossification of bones dis
cussed are the same for E. microstomus and
C. arctifrons. Most bones become ossified at
an earlier stage in E. microstomus. Major
differences are the preopercular spines of E.
microstomus and the small size at which the
larger jaw of C. arctifrons becomes evident.

OCCURRENCE AND SPAWNING IN
THE CHESAPEAKE BIGHT

Adults of E. microstomus and C. arctifrons
occur throughout the Chesapeake Bight from
Cape Henlopen, Del., to Cape Hatteras. Their
distribution is limited by depth. E. microsto
mus is found in waters shallower than 37 m
(20 fm) while C. arctifrons occurs in depths
>37 m (Figure 12). Slight distributional overlap
may occur around depths of 37 m. Adults of
both species are present in the bight throughout

FIGURE 12.-Distribution of adult Etropus microstOI/lUs
and Citharichlhys arctifrons in the Chesapeake Bight.
The 37-m (20-fm) and 183-m (lOO-fm) depth contours
are emphasized. [From data collected by Virginia Ins(J
tute of Marine Science in 1966. No tows were made be
yond 183 m (l00 fm).]
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the year. Insufficient information is available to
determine whether north-south or inshore
offshore movements occur, seasonal or other
wise.

Areal distribution of larvae, based on VIMS
collections, is not as clearly defined. While most
E. microstomus larvae were collected at stations
inside the 37-m (20-fm) isobath, some were
found out as far as the 183-m (100-fm) line.
Most C. arctifrons larvae were taken outside
the 37-m curve, but some were found near the
18-m (lO-fm) line. Many samples contained
larvae of both species. A greater number of
C. arctifrons larvae were taken during 1962
when the sampling program was expanded to
cover a greater offshore range.

Depths at which larvae occur in the water
column may be a specific character (Simpson,
1956 Ahlstrom, 1960 Rae, 1965). Data from
VIMs collections indicated that E. microstomus
larvae were more common in the upper layers
(0-12 m) while C. arctifrons larvae were more
abundant in tows made at 12-18 m. Data from
the Norfolk Canyon Collections (refer to section
on Materials and Methods) showed E. micro
stomus larvae most abundant in the net towed
~t 2 m and C. arctifrons larvae most numerous
~n the net towed at 50 m. Additional sampling
IS needed to give accurate profiles of depth
distribution for the two species.

The spawning peak for both species ranges
from July through October, but spawning may
occur sporadically through much of the year.
Larvae have been taken as early as May and as
late as December. Examination of ovaries of
adults supports these conclusions.

ABUNDANCE AND ECONOMIC
IMPORTANCE

Adults of E. microstomus and C. arctifrons
are relatively numerous in the Chesapeake
Bight. Seasonal records (Table 2) indicate that
~hese two species together constituted about

alf of all flatfishes collected by VIMS in the
sp .

rIng and summer of 1966. Comparison of
nUll1erical catches of E. microstomus and C.
Q:ctijrons (Table 2) and the major commer
CIally important flatfish species in the bight

(Paralichthys dentatus and Pseudopleuronectes
americanus) is noteworthy.

Larvae of E. microstomus and C. arctifrons
were the most numerous of all flatfish species
taken in VIMS plankton collections. Ahlstrom
(1965) reported larvae of Citharichthys spp.
(as a group) were similarly the most abundant
of all flatfishes taken in the California Current
System from 1955 to 1958. He stated, "Larvae
of ... sanddabs (Citharichthys spp.) are ...
[species] that represent present or potential
commercial resources."

Despite the relative abundance of E. micro
stomus and C. arctifrons in the Chesapeake
Bight, the two species alone do not represent
sufficient biomass to make exploitation econo
mically feasible. Lengths probably rarely ex
ceed those given by Parr (1931) of 120 mm
for E. microstomus and 150 mm for C. arcti
frons. However, they could become part of the
catch of miscellaneous trash fishes used for
reduction into fish meal as has E. 1"imosus
(Beaumariage, 1968), a species very similar
to E. microstomus.

TAXONOMIC PROBLEMS

Original descriptions of the genera Etropus
(Jordan and Gilbert, 1882) and Citharichthys
(Bleeker, 1862) offer few characters to sep
arate the two. The major difference between
Etropus and Citharichthys, according to the
original descriptions, is dentition. In Et1·opus
"the teeth . . . [are] mostly on the blind side"
while in Citha1"ichthys the teeth on the eyed
and blind sides of both jaws are well developed.
Jordan and Evermann (1898) pointed out that
" ... this genus [Etropus] is very close to
Citharichthys, from which it differs only in the
very small size of the mouth, and in the corre
spondingly weak dentition."

The separation of 10 western Atlantic
species of Etropus and Citlwrichthys into two
genera has been disputed by Parr (1931). He
claimed that length of the maxillary did not
adequately segregate the species that he con
sidered into two groups. He placed them all in
the genus Citharichthys, apparently disregard
ing the dentition. Norman (1934) retained the
separation of Etropus and Citha1"ichthys in his
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monograph. He stated Etropus is "very close
to Citharichthys," the major difference being
the smaller mouth and more feeble dentition
with teeth mostly on the blind side of Etropus.

Transitory larval characters may provide
clues to taxonomic relationships. Syacium,
Cyclopsetta, Citharichthys, and Etropus are
four closely related genera of bothid flatfishes
(Norman, 1934). Syacium and Cyclopsetta
can be separated from CithaTichthys and
Etropus on the basis of transitory larval char
acters (Gutherz, 1970). Similarly, Syacium
can be separated from Cyclopsetta (Gutherz,
1970). Such characters could yield new evi
dence to substantiate or discredit the validity
of the generic separation of Etropus and Cithar
ichthy.~. However, as yet too few life histories
have been described for species of Etropus
and Citharichthys to permit meaningful con
clusions.
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ApPENDIX TABLE I.-Body measurements and their proportions in percent SL (standard length) ofJarval stages of Etropus microstomus.
;<I

Pi
:r

Measurements (mm) Ratios (percent Sl) :J>
::<lSnout Eye Upper Depth Depth Pedun· Snout Eye Upper Depth Depth Pedun- 0Sl Heod Snout to diam- jaw at behind cle Head Snout to diam- jaw ot behind cle CIl

(mm) length length anuS eter length anus anus depth length length onus eter length anus onus depth 0
Z
OJ
::l
0-

3.53 0.76 0.25 1.39 0.25 0.25 0.88 0.50 0.13 21.4 7.1 39.3 7.1 7.1 25.0 14.3 3.6
....
0

3.78 .88 .13 1.64 .25 .25 1.01 .63 .13 23.3 3.3 43.3 6.7 6.7 26.7 16.7 3.3 CIl

4.03 .88 .25 1.51 .25 .25 .88 .50 .13 21.9 6.3 37.5 6.3 6.3 21.9 12.5 3.1 t"!1
."

4.28 1.01 .25 1.76 .25 .38 1.01 .63 .13 23.5 5.9 41.2 5.9 8.8 23.5 14.7 2.9 :r
4.28 1.01 .25 1.64 .25 .25 .88 .50 .13 23.5 5.9 38.2 5.9 5.9 20.6 11.8 2.9 t"'
4.28 1.01 .25 1.76 .25 .38 1.13 .63 .25 23.5 5.9 41.2 5.9 8.8 26.5 14.7 5.9 ;l>
4.54 1.13 .25 1.76 .25 .38 1.01 .63 .13 25.0 5.6 38.9 5.6 8.3 21.8 13.9 2.8 ::<l
4.79 1.13 .25 1.76 .38 .38 1.26 .76 .25 23.7 5.3 36.8 7.9 7.9 26.3 15.8 5.3 <

:J>4.79 1.13 .25 1.76 .38 .38 1.26 .88 .25 23.7 5.3 36.8 7.9 7.9 26.3 18.4 5.3 t"!1
4.79 1.13 .25 1.76 .25 .38 1.01 .63 .25 23.7 5.3 36.8 5.3 7.9 21.1 13.2 5.3 :J>
4.79 1.13 .25 1.76 .25 .38 .88 .63 .13 23.7 5.3 36.8 5.3 7.9 18.4 13.2 2.6 Z
4.79 1.26 .25 2.14 .38 .50 1.39 1.01 .25 26.3 5.3 44.7 7.9 10.5 28.9 21.1 5.3 0
5.04 1.26 .25 2.02 .38 .38 1.51 1.01 .38 25.0 5.0 40.0 7.5 7.5 30.0 20.0 7.5 -<
5.04 1.26 .25 1.89 .38 .50 1.01 .63 .25 25.0 5.0 37.5 7.5 10.0 20.0 12.5 5.0 0
5.29 1.26 .38 2.02 .38 .50 1.51 1.01 .38 23.8 7.1 38.1 7.1 9.5 28.6 19.0 7.1 C

Z
5.29 1.26 .25 1.89 .3B .3B 1.39 .B8 .25 23.B 4.B 35.7 7.1 7.1 26.2 16.7 4.8 Cl
5.29 1.51 .25 2.14 .3B .50 1.39 1.01 .3B 2B.6 4.8 40.5 7.1 9.5 26.2 19.0 7.1 0
5.29 1.51 .38 2.39 .3B .50 1.51 1.01 .3B 2B.6 7.1 45.2 7.1 9.5 28.6 19.0 7.1 '"l1
5.29 1.26 .25 2.14 .3B .50 1.13 .63 .25 23.8 4.8 40.5 7.1 9.5 21.4 11.9 4.8 I:C
5.29 1.39 .25 2.14 .3B .50 1.39 .B8 .38 26.2 4.B 40.5 7.1 9.5 26.2 16.7 7.1 0..,
5.29 1.26 .25 2.27 .3B .50 1.39 .88 .3B 23.8 4.B 42.9 7.1 9.5 26.2 16.7 7.1 :r
5.54 1.51 .50 2.39 .38 .63 1.64 1.26 .50 27.3 9.1 43.2 6.8 11.4 29.5 22.7 9.1 85.80 1.64 .38 2.39 .38 .63 1.76 1.26 .63 28.3 6.5 41.3 6.5 10.9 30.4 21.7 10.9 CIl

5.80 1.39 .25 2.27 .38 .50 t64 1.13 .3B 23.9 4.3 39.1 6.5 B.7 28.3 19.6 6.5
5.80 1.76 .38 2.52 .50 .63 2.14 1.64 .63 30.4 6.5 43.5 8.7 10.9 37.0 28.3 10.9
5.80 1.51 .50 2.14 .50 .63 2.02 1.39 .50 26.1 8.7 37.0 8.7 10.9 34.8 23.9 8.7
5.80 1.51 .38 2.39 .38 .63 1.89 1.39 .50 26.1 6.5 41.3 6.5 10.9 32.6 23.9 8.7
6.05 1.51 .38 2.27 .38 .50 1.64 1.13 .50 25.0 6.3 37.5 6.3 8.3 27.1 18.8 B.3
6.05 1.76 .50 2.90 .sO .63 2.27 1.64 .76 29.2 8.3 47.9 8.3 10.4 37.5 27.1 12.5
6.05 1.51 .38 2.52 .50 .63 1.76 1.26 .50 25.0 6.3 41.7 8.3 10.4 29.2 20.8 8.3
6.05 1.64 .38 2.39 .50 .63 1.76 1.26 .63 27.1 6.3 39.6 8.3 10.4 29.2 20.8 10.4
6.05 1.51 .38 2.52 .38 .50 I.B9 1.26 .50 25.0 6.3 41.7 6.3 B.3 31.3 20.8 8.3
6.30 1.51 .38 2.39 .38 .50 1.51 1. 13 .50 24.0 6.0 38.0 6.0 8.0 24.0 18.0 8.0
6.30 1.76 .50 2.52 .50 .63 2.14 1.64 .50 28.0 8.0 40.0 8.0 10.0 34.0 26.0 8.0
6.30 1.64 .50 2.90 .38 .50 2.02 1.64 .63 26.0 8.0 46.0 6.0 8.0 32.0 26.0 10.0
6.30 1.76 .38 2.77 .50 .50 2.14 1.64 .63 28.0 6.0 44.0 8.0 8.0 34.0 26.0 10.0
6.30 1.51 .38 2.39 .38 .50 1.76 1.26 .50 24.0 6.0 3B.0 6.0 8.0 2B.0 20.0 8.0
6.30 1.64 .38 2.65 .50 .50 2.14 1.76 .63 26.0 6.0 42.0 B.O 8.0 34.0 28.0 10.0
6.30 1.64 .3B 2.65 .3B .63 2.02 1.64 .50 26.0 6.0 42.0 6.0 10.0 32.0 26.0 B.O
6.30 1.51 .25 2.65 .38 .50 1.76 1.39 .50 24.0 4.0 42.0 6.0 8.0 28.0 22.0 8.0
6.55 1.76 .38 3.02 .50 .63 2.14 1.64 .63 26.9 5.8 46.2 7.7 9.6 32.7 25.0 9.6
6.55 1.76 .38 2.90 .50 .76 2.27 1.64 .63 26.9 5.8 44.2 7.7 11.9 34.6 25.0 9.6
6.55 1.89 .50 2.77 .50 .76 2.52 1.89 .76 28.8 7.7 42.3 7.7 11.5 38.5 28.8 11.5
6.55 1.76 .25 2.65 .50 .63 1.89 1.51 .63 26.9 3.8 40.4 7.7 9.6 28.8 23.1 9.6
6.80 2.02 .50 3.28 .50 .63 2.78 2.14 .88 29.6 7.4 48.1 7.4 9.3 40.7 31.5 13.0
6.80 1.89 .38 2.90 .50 .63 2.14 1.76 .63 27.8 5.6 42.6 7.4 9.3 31.5 25.9 9.3
6.80 1.76 .38 2.65 .50 .63 2.27 1.64 .63 25.9 5.6 38.9 7.4 9.3 33.3 24.1 9.3
7.06 1.B9 .50 3.15 .50 .63 2.52 1.89 .76 26.8 7.1 44.6 7.1 8.9 35.7 26.8 10.7
7.06 1.89 .38 2.90 .38 .63 2.27 1.64 .63 25.0 5.4 41.1 5.4 8.9 32.1 23.2 8.9

"'l 7.06 1.89 .50 2.90 .50 .63 2.39 1.89 .76 26.8 7.1 41.1 7.1 8.9 33.9 26.8 10.7
e;,
~





"ApPENDIXTABLE 2.-Body measurements and their proportions in percent SL (standard length) ofJarval stages of Citharichthys arctifrons.
(i
::c:
;l>

Measurements (mm) Ratios (percent SL) "0Snout Eye Upper Depth Depth Pedun- Snout Eye Upper Depth Depth Pedun· '"Sl Head Snout to diam- jaw at behind cle Head Snaut to diam- jaw at behind cle 0
(mm) length length anus eter length onus anus depth length length anus eter length anus anus depth Z

""::I0-...
4.54 0.88 0.13 1.64 0.25 0.38 0.88 0.50 0.13 19.4 2.8 36.1 5.6 8.3 19.4 11.1 2.8

0

'"4.54 1.01 .13 1.76 .38 .38 .88 .50 .13 22.2 2.8 38.9 8.3 8.3 19.4 11.1 2.8 tIl
"C

4.79 1.13 .13 2.02 .38 .50 1.13 .63 .25 23.7 2.9 42.1 7.9 10.5 23.7 13.2 5.3 ::c:
4.79 1. 13 .38 1.89 .38 .50 1.01 .63 .25 23.7 7.9 39.5 7.9 10.5 21.1 13.2 5.3 t""
4.79 1.01 .25 1.89 .38 .38 1.01 .50 .13 21.1 2.9 39.5 7.9 7.9 21.1 10.5 2.6 ;l>
4.79 1.13 .25 1.89 .38 .38 .88 .38 .13 23.7 5.3 39.5 7.9 7.9 18.4 7.9 2.6 ::0
5.04 1.13 .38 1.89 .38 .50 1.13 .76 .25 22.5 7.5 37.5 7.5 10.0 22.5 15.0 5.0 -<
5.04 1.26 .13 2.14 .38 .38 1.13 .76 .25 25.0 2.5 42.5 7.5 7.5 22.5 15.0 5.0

;l>
tIl

5.04 1.26 .38 2.14 .38 .63 1.26 .88 .25 25.0 7.5 42.5 7.5 12.5 25.0 17.5 5.0 ;l>
5.04 1.13 .25 1.89 .38 .63 1.01 .50 .13 22.5 5.0 37.5 7.5 12.5 20.0 10.0 2.5 Z
5.29 1.39 .38 2.14 .38 .63 1.26 .76 .25 26.2 7.1 40.5 7.1 11.9 23.8 14.3 4.8 0
5.29 1.39 .38 2.27 .38 .63 1.13 .63 .13 26.2 7.1 42.9 7.1 11.9 21.4 11.9 2.4 -<
5.29 1.39 .38 2.14 .38 .50 1.26 .88 .38 26.2 7.1 40.5 7.1 9.5 23.8 16.7 7.1 0
5.29 1.39 .38 2.27 .38 .63 1.26 .88 .38 26.2 7.1 42.9 7.1 11.9 23.8 16.7 7.1 C

Z
5.29 1.39 .38 2.14 .38 .50 1.39 .88 .25 26.2 7.1 40.5 7.1 9.5 26.2 16.7 4.8 Cl
5.29 1.13 .25 2.27 .38 .50 1.13 .63 .13 21.4 4.8 42.9 7.1 9.5 21.4 11.9 2.4 0
5.29 1.39 .38 2.39 .38 .63 1.26 .88 .25 26.2 7.1 45.2 7.1 11.9 23.8 16.7 4.8 'Tl
5.54 1.39 .38 2.14 .50 .50 1.39 .88 .38 25.0 6.8 38.6 9.1 9.1 25.0 15.9 6.8 tl:l
5.54 1.51 .38 2.39 .50 .63 1.51 1.01 .38 27.3 6.8 43.2 9.1 11.4 27.3 18.2 6.8 0
5.54 1.39 .25 2.27 .38 .63 1.39 .88 .13 25.0 4.5 40.9 6.8 11.4 25.0 15.9 2.3

..,
::c:

5.54 1.39 .38 2.27 .38 .50 1.39 .76 .25 25.0 6.8 40.9 6.8 9.1 25.0 13.6 4.5 a5.54 1.39 .38 2.27 .38 .50 1.26 .88 .25 25.0 6.8 40.9 6.8 9.1 22.7 15.9 4.5 '"5.54 1.51 .25 2.27 .38 .50 1.26 .76 .38 27.3 4.5 40.9 6.8 9.1 22.7 13.6 6.8
5.54 1.13 .25 1.89 .38 .50 1.13 .76 .25 20.5 4.5 34.1 6.8 9.1 20.5 13.6 4.5
5.54 1.26 .25 2.02 .38 .50 1.13 .76 .25 22.7 4.5 36.4 6.8 9.1 20.5 13.6 4.5
5.54 1.39 .38 2.27 .38 .50 1.51 .88 .25 25.0 6.8 40.9 6.8 9.1 27.3 15.9 4.5
5.54 1.39 .38 2.14 .38 .63 1.39 .88 .25 25.0 6.8 38.6 6.8 11.4 25.0 15.9 4.5
5.54 1.26 .38 2.27 .38 .50 1.26 .76 .25 22.7 6.8 40.9 6.8 9.1 22.7 13.6 4.5
5.80 1.39 .25 2.39 .50 .50 1.39 1.01 .38 23.9 4.3 41.3 8.7 8.7 23.9 17.4 6.5
5.80 1.64 .38 2.52 .50 .76 1.51 1.01 .38 28.3 6.5 43.5 8.7 13.0 26.1 17.4 6.5
5.80 1.39 .38 2.27 .38 .63 1.39 .88 .25 23.9 6.5 39.1 6.5 10.9 23.9 15.2 4.3
6.05 1.51 .38 2.39 .50 .50 1.39 1.01 .38 25.0 6.3 39.6 8.3 8.3 22.9 16.7 6.3
6.05 1.64 .38 2.52 .50 .63 1.51 1.01 .25 27.1 6.3 41.7 8.3 10.4 25.0 16.7 4.2
6.05 1.64 .50 2.39 .38 .76 1.64 1.13 .38 27.1 8.3 39.6 6.3 12.5 27.0 18.8 6.3
6.30 1.64 .38 2.52 .50 .76 1.76 1.13 .50 26.0 6.0 40.0 8.0 12.0 28.0 18.0 8.0
6.30 1.64 .38 2.52 .38 .63 1.76 1.13 .38 26.0 6.0 40.0 6.0 10.0 28.0 18.0 6.0
6.30 1.64 .38 2.52 .50 .63 1.64 1.13 .38 26.0 6.0 40.0 8.0 10.0 26.0 18.0 6.0
6.30 1.89 .50 2.77 .50 .63 1.89 1.26 .50 30.0 8.0 44.0 8.0 10.0 30.0 20.0 8.0
6.30 1.64 .38 2.52 .50 .63 1.76 1.26 .50 26.0 6.0 40.0 8.0 10.0 28.0 20.0 8.0
6.30 1.76 .38 2.65 .38 .63 1.51 1.01 .25 28.0 6.0 42.0 6.0 10.0 24.0 16.0 4.0
6.55 1.64 .38 2.65 .50 .63 1.76 1.13 .50 25.0 5.8 40.4 7.7 7.6 26.9 17.3 7.7
6.55 1.86 .38 2.65 .50 .76 2.02 1.39 .63 28.8 5.8 40.4 7.7 11.5 30.8 21.2 9.6
6.55 1.76 .50 2.65 .50 .63 1.64 1.13 .50 26.9 7.7 40.4 7.7 9.6 25.0 17.3 7.7
6.55 1.76 .50 2.65 .50 .76 1.89 1.39 .50 26.9 7.7 40.4 7.7 11.5 28.8 21.2 7.7
6.55 1.76 .50 2.65 .50 .63 1.89 1.26 .63 26.9 7.7 40.4 7.7 9.6 28.8 19.2 9.6
6.55 1.76 .50 2.65 .50 .63 1.76 1.13 .50 26.9 7.7 40.4 7.7 9.6 26.9 17.3 7.7
6.55 1.76 .38 2.90 .50 .63 1.89 1.26 .50 26.9 5.8 44.2 7.7 9.6 28.8 19.2 7.7
6.55 1.89 .50 2.77 .50 .76 1.89 1.26 .50 28.8 7.7 42.3 7.7 11.5 28.8 19.2 7.7

-.:J 6.55 2.02 .50 3.02 .50 .76 1.89 1.39 .50 30.8 7.7 46.2 7.7 11.5 28.8 21.1 7.7
0'> 6.80 1.89 .50 3.02 .50 .76 1.89 1.26 .63 27.8 7.4 44.4 7.4 11.1 27.8 18.5 9.301



-1
0'>
0'> ApPENDIX TABLE 2.-Continued.

Measurements (mm) Ratios lpercent Sl)
Snout Eye Upper Depth Depth Pedun· Snout Eye Opper Depth Depth Pedun.

SL Head Snout to diem- jaw at behind ele Head Snout to diom- jaw at behind ele
(mm) length length onus eter length anus anus depth length length anus eter length anuS anus depth

6.80 1.89 .50 2.90 .50 .76 2.14 1.64 .63 27.8 7.4 42.6 7.4 11.1 31.5 24.1 9.3
6.80 1.89 .50 3.02 .50 .63 2.14 1.51 .76 27.7 7.4 44.4 7.4 9.3 31.5 22.2 11.1
6.80 1.89 .38 2.90 .50 .63 1.76 1.26 .50 27.8 5.6 42.6 7.4 9.3 25.9 18.5 7.4
6.80 2.02 .50 2.90 .50 .63 1.89 1.39 .50 29.6 7.4 42.6 7.4 9.3 27.8 20.4 7.4
7.06 2.14 .50 3.15 .50 .88 2.27 1.76 .76 30.4 7.1 44.6 7.1 12.5 32.1 25.0 10.7
7.06 2.14 .50 3.15 .50 .76 2.27 1.64 .76 30.4 7.1 44.6 7.1 10.7 32.1 23.2 10.7
7.06 2.02 .50 2.90 .50 .63 2.14 1.51 .63 28.6 7.1 41.1 7.1 8.9 30.4 21.4 8.9
7.31 2.14 .38 3.15 .63 .76 2.39 1.76 .76 29.3 5.2 43.1 8.6 10.3 32.8 24.1 10.3
7.31 2.27 .63 3.28 .63 .88 2.39 1.86 .88 31.0 8.6 44.8 8.6 12.1 32.8 25.9 12.1
7.31 2.14 .50 3.02 .50 .63 2.27 1.76 .76 29.3 6.9 41.4 6.9 8.6 31.0 24.1 10.3
7.31 2.02 .50 3.15 .63 .76 2.27 1.64 .76 27.6 6.9 43.1 8.6 10.3 31.0 22.4 10.3
7.31 1.89 .50 3.28 .63 .76 2.14 1.64 .76 25.9 6.9 44.8 8.6 10.3 29.3 22.4 10.3
7.31 2.14 .63 3.15 .63 .76 2.27 1.64 .76 29.3 8.6 43.1 8.6 10.3 31.0 22.4 10.3
7.50 2.14 .50 3.28 .50 .76 2.52 2.02 .88 28.3 6.7 43.3 6.7 10.0 23.3 26.7 11.7
7.56 2.14 .50 3.40 .50 .76 2.27 1.51 .63 28.3 6.7 45.0 6.7 10.0 30.0 20.0 8.3
7.81 2.02 .50 3.15 .63 1.01 2.52 1.76 .76 25.8 6.5 40.3 8.1 12.9 32.3 22.6 9.7
8.06 2.27 .38 3.40 .63 .88 2.52 1.76 .76 28.1 4.7 42.2 7.8 10.9 31.3 21.9 9.4
8.06 2.39 .50 3.65 .63 .76 2.52 1.76 .76 29.7 6.3 45.3 7.8 9.4 31.3 21.9 9.4
8.06 2.27 .50 3.40 .63 .88 2.77 1.89 .76 28.1 6.3 42.2 7.8 10.9 34.4 23.4 9.4
8.32 2.27 .50 3.28 .63 .88 2.65 1.89 1.01 27.3 6.1 39.4 7.6 10.6 31.8 22.7 12.1
8.32 2.52 .63 3.78 .63 .88 2.52 1.89 .88 30.3 7.6 45.5 7.6 10.6 30.3 22.7 10.6
8.32 2.27 .50 3.40 .63 .88 2.52 1.89 .63 27.3 6.1 40.9 7.6 10.6 30.3 22.7 7.6
8.32 2.39 .63 3.53 .63 1.01 2.77 1.89 .88 28.8 7.6 42.4 7.6 12.1 33.3 22.7 10.6
8.57 2.39 .50 3.91 .63 .88 2.90 2.27 1.13 27.9 5.9 45.6 7.4 10.3 33.8 26.5 13.2
8.57 2.65 .63 3.78 .63 .76 2.65 2.02 .88 30.9 7.4 44.1 7.4 8.8 30.9 23.5 10.3
9.07 2.77 .76 3.78 .63 1.13 3.40 2.65 1.13 30.1 8.3 41.7 6.9 12.5 37.5 29.2 12.5
9.07 2.52 .63 4.03 .63 .88 2.90 2.27 .88 27.8 6.9 44.4 6.9 9.7 31.9 25.0 9.7
9.07 2.52 .63 4.16 .63 .88 3.28 2.27 1.01 27.8 6.9 45.8 6.9 9.7 36.1 25.0 11.1
9.32 2.52 .63 3.78 .63 1. 13 3.40 2.39 1.01 27.0 6.8 40.5 6.8 12.2 36.5 25.7 10.8
9.32 2.65 .63 4.03 .63 1.01 3.02 2.27 1.01 28.4 6.8 43.2 6.8 10.8 32.4 24.3 10.8
9.58 2.77 .63 4.28 .63 1.01 3.28 2.65 1.13 28.9 6.6 44.7 6.6 10.5 34.2 27.6 11.8
9.83 3.02 .63 4.28 .63 .88 3.78 2.90 1.13 30.8 6.4 43.6 6.4 9.0 38.5 29.5 11.5

10.33 3.15 .76 4.41 .76 1.01 3.53 2.77 1.26 30.5 7.3 42.7 7.3 9.8 34.1 26.8 12.2
10.58 3.02 .76 4.16 .88 1.13 4.03 3.02 1.26 28.6 7.1 39.3 8.3 10.7 38.1 28.6 11.9 'T1

10.58 3.02 .76 4.41 .76 .88 3.78 2.65 1.26 28.6 7.1 41.7 7.1 8.3 35.7 25.0 11.9 V;
10.58 2.90 .63 4.54 .76 1.26 3.91 2.90 1.26 27.4 6.0 42.9 7.1 11.9 37.0 27.4 11.9 ::c

tTl
11.09 3.15 .88 4.54 .76 1.26 3.91 3.15 1.51 28.4 8.0 40.9 6.8 11.4 35.2 28.4 13.6 ::c
11.09 3.02 .76 4.41 .76 1.26 3.91 3.02 1.26 27.3 6.8 39.8 6.8 11.4 35.2 27.3 11.4 -<:
11.34 3.02 .63 4.54 .88 1.13 4.16 3.28 1.39 26.7 5.6 40.0 7.8 10.0 36.7 28.9 12.2 I:l:l

11.34 3.28 .88 4.16 .76 1.26 4.16 3.53 1.39 28.9 7.8 36.7 6.7 11.1 36.7 31.1 12.2 c::
11.59 3.28 .76 4.41 .76 1.13 4.28 3.15 1.39 28.3 5.6 38.0 6.5 9.8 37.0 27.2 12.0 r"

r"
12.10 3.28 .88 4.79 .76 1.26 4.16 3.40 1.26 27.1 7.3 39.6 6.3 10.4 34.4 28.1 10.4 tTl

12.35 3.40 .88 4.41 .76 1.26 4.41 3.65 1.39 27.6 7.1 35.7 6.1 10.2 35.7 29.6 11.2 ::l
12.35 3.53 1.01 4.91 .76 1.13 4.54 3.65 1.39 28.6 8.2 39.8 6.1 9.2 36.7 29.6 11.2 :?
12.35 3.53 .76 4.91 .88 1.26 4.28 3.53 1.51 28.6 6:1 39.8 7.1 10.2 34.7 28.6 12.2 <
12.35 3.28 .88 4.41 .88 1.26 4.41 3.65 1.39 26.5 7.1 35.7 7.1 10.2 35.7 29.6 11.2 0
12.60 3.78 1.01 5.04 .88 1.26 4.54 3.53 1.51 30.0 8.0 40.0 7.0 9.0 36.0 28.0 12.0 r-
13.36 3.78 1.13 4.66 .88 1.39 4.66 4.03 1.15 28.3 8.5 34.9 6.7 10.4 34.9 30.2 11.3
13.86 3.65 .88 5.42 .88 1.26 5.42 4.28 1.64 26.4 6.4 39.1 6.4 9.1 39.1 30.9 11.8 ::-

14.36 3.78 1.01 5.17 1.01 1.13 5.04 4.41 1.64 26.3 7.0 35.8 7.0 7.9 35.1 30.7 11.4 Z
9



ApPENDIX TABLE 3.-Body measurements and their proportions in percent SL (standard length) of selected juvenile and adult specimens of Etropus
nzicrostonzus.

Meosurement\ (mm) Ratios (percent SL)
Snout Eye Upper Depth Depth Pedun· Snout Eye Upper Depth Depth Pedun-

Sl Head Snout to diem· jaw at behind de Head Snout to diem· jaw at behind de
(mm) length length anus eter length anus anus depth length length onus eter length anus anus depth

29 8 2 8 2 2 10 12 3 27.6 6.9 27.6 6.9 6.9 34.5 41.4 10.3
40 10 2 10 3 3 13 16 4 25.0 5.0 25.0 7.5 7.5 32.5 40.0 10.0
45 11 2 11 3 3 16 18 5 24.4 4.4 24.4 6.7 6.7 35.6 40.0 11.1
50 12 2 12 3 3 17 20 5 24.0 4.0 24.0 6.0 6.0 34.0 40.0 10.0
56 13 3 13 4 4 18 23 6 23.2 5.4 23.2 7.1 7.1 32.1 41.1 10.7
60 14 3 14 4 5 21 25 6 23.3 5.0 23.3 6.7 8.3 35.0 41.7 10.0
65 16 3 16 5 5 22 27 7 24.6 4.6 24.6 7.7 7.7 33.8 41.5 10.8
70 17 3 17 5 5 26 34 8 24.3 4.3 24.3 7.1 7.1 37.1 48.6 11.4
75 17 3 17 5 5 25 31 8 22.7 4.0 22.7 6.7 6.7 33.3 41.3 10.7
80 19 3 19 6 5 32 38 10 23.8 3.8 23.8 7.5 6.3 40.0 48.8 12.5
85 20 4 20 5 5 29 39 10 23.5 4.7 23.5 5.9 5.9 34.1 45.9 11.8
90 21 4 21 6 6 32 43 10 23.3 4.4 23.3 6.7 6.7 35.6 47.8 11.1
95 22 4 22 6 6 34 46 11 23.2 4.2 23.2 6.3 6.3 35.8 48.4 11.6

104 22 4 22 6 6 37 47 12 21.2 3.8 21.2 5.8 5.8 35.6 45.2 11.5
115 24 4 24 6 6 40 51 13 20.9 3.5 20.9 5.2 5.2 34.8 44.3 11.3
123 27 5 27 7 7 44 58 14 22.0 4.1 22.0 5.7 5.7 35.8 47.2 11.4

;l:l

n
:t
~
;l:l
0

ApPENDIX TABLE 4.-Body measurements and their proportions in percent SL (standard length) of selected juvenile and adult specimens of Citharichthys
[Jl

0
areti(rons. Z

'"Meo'if>urernents jmm) Ratios (percent SL) =
Snout Eye Upper Depth Depth Pedun· Snout Eye Upper Depth Depth Pedun·

0-...
Sl Head Snout to diom- jaw at behind de Head Snout to diam- jaw at behind de 0

(mm) length length anus eter length anus anus depth length length anus eter length anus anus depth [Jl

ttl
"tl

47 12 2 12 5 6 14 15 5 25.5 4.3 25.5 10.6 12.8 29.8 31.9 10.6 :t
55 13 3 13 5 5 16 19 5 23.6 5.5 23.6 9.1 9.1 29.1 34.5 9.1 t""
63 16 3 16 5 6 19 22 6 25.4 4.8 25.4 7.9 9.5 30.2 34.9 9.5 ~

66 17 4 17 5 6 19 22 6 25.8 6.1 25.8 7.6 9.1 28.8 33.3 9.1 ;l:l

70 17 3 17 5 6 23 25 7 24.3 4.3 24.3 7.1 8.6 32.9 35.7 10.0 <
~

75 18 4 18 6 6 22 25 7 24.0 5.3 24.0 8.0 8.0 29.3 33.3 9.3 ttl
80 19 4 19 6 7 24 27 7 23.8 5.0 23.8 7.5 8.8 30.0 33.8 8.8 ~

85 20 4 20 6 6 24 29 8 23.5 4.7 23.5 7.1 7.1 28.2 34.1 9.4 Z
90 20 4 20 6 7 27 32 9 22.2 4.4 22.2 6.7 7.8 30.0 35.6 10.0 0
95 23 4 23 7 8 30 37 11 24.2 4.2 24.2 7.4 8.4 31.6 38.9 11.6 -<:

101 25 5 25 9 9 31 38 10 24.8 5.0 24.8 8.9 8.9 30.7 37.6 9.9 0c:
105 25 5 25 8 8 36 41 11 23.8 4.8 23.8 7.6 7.6 34.3 39.0 10.5 Z
110 27 5 27 9 8 36 44 10 24.5 4.5 24.5 8.2 7.3 32.7 40.0 9.1 Cl
115 26 5 26 9 8 37 45 10 22.6 4.3 22.6 7.8 7.0 32.2 39.1 8.7 0
119 27 5 27 8 8 36 48 11 22.7 4.2 22.7 6.7 6.7 30.3 40.3 9.2 '1l

123 29 6 29 9 8 37 45 10 23.6 4.9 23.6 7.3 6.5 30.1 36.6 8.1 I:ll

135 31 5 31 10 10 42 53 13 23.0 3.7 23.0 7.4 7.4 31.1 39.3 9.6 0...,
:t

-::t a0)
-::t [Jl


