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ABSTRACT

Pertinent literature on larval Oatfish of the family
Bothidae and some of the characters helpfui in identi
fying these larvae are discussed. Helpful characters
are of two types; transitory, those which are lost, and
permanent, those which are retained. Transitory
characters include larvae pil1mentation, elonl1ate
dorsal and pelvic fin rays, and spination; permanent
characters include meristic counts, placement of
pelvic fin bases and fin rays, and caudal osteolOl1Y.

Developmental chanl1es in Ileneral I1rowth patterns,
formation of fins, larval spination, pil1mentation,

Five families of flatfish occur off the south
eastern coast of the United States (Bothidae,
Scophthalmidae, Pleuronectidae, Soleidae, and
Cynoglossidae). Species of bothids are common in
the inshore waters south of Cape Hatteras, N.C.,
and are more numerous (13 genera and 49 species)
than are species of the other four families (Cyno
glossidae, 1 genus and about 15 species; Soleidae,
3 genera and 5 species; Pleuronectidae, 1 genus
and 3 species; Scophthalmidae, 1 genus and 1
species).

The spotfln and other flounders discussed in this
paper are taken in industrial fish catches or are
caught incidentally in shrimping. Of these floun
ders, only the fluke (Pa1'alichthy8) is removed from
the catch and its flesh utilized. Flukes are also
fished for sport or commercially along much of the
east and Gulf coasts of the United States. Several
other species of large flounders may be fished
commercially in the future if stocks of sufficient
size can be found.

Larvae of flatfish along the southeastern coast
of the United States are poorly known.; however,
a few authors have illustrated and descnbed some
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millration of the rillht eye, and sequence of ossiOcation
based on 171 iarvae (1.7-14.5 Mm. SL) collected off the
south Atlantic coast of the United States i8 presented.
Several sizes of larvae showinllspination, pillmentation,
and elonllate fin rays are illustrated, and one
illustration shows the" d$ee of ossification.

Spawninll appears to occur between April and October .
in waters of about 50 m. or less. Fertilized ellgB have
not been seen, but their size at hatchinll i8 estimated
to be about 1.5 Mm.

of these fish taken off North Carolina. Goode and
Bean (1896) identified an Aneylop8etta dileata
larvae (listed as N oto8e'Tnta d-ilecta, Bothidae);
Hildebrand and Cable (1930) had larvae of Para
lichthys (Bothidae) ; and Deubler (1958) showed
the postlarvae of Paralichthy8. Hildebrand and
Cable illustrated and described larvae of Sym
phU1'ltIJ plagiwa (Cynoglossidae) in 1930, and the
larvae of Trinectes mac:ltlatus (listed as Achi1m
fascia.tu8, Soleidae) in 1988 from off North
Carolina.

I discuss the literature pertaining to the larvae
of Syaaium (Bothidae) in some detail, because of
the many similar e.xternal features between the
larvae of Oyalopsetta and Syacium. Both genera
have many elongate dorsal and pelvic fin rays, a
single sphenotic spine, and heavy preopercular
spines, but larvae of OycUYp8etta have more num
erous elongate dorsal fin rays, and the sphenotic
and preopercular spination is smaller.

T~lis paper reports 011 development of larvae of
spotfin flounder, Oyclopsetta firnbriata, that U.S.
Fish and Wildlife Service vessels Theodore N.
Gill and Oregon collected off the south Atlantic
coast of the United States (fig. 1). It describes
growth changes in the head length, body depth,
eye diameter, snout length, and upper and lower
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FIGURE 1.-Collection sites of OyclOf).etta fimbria·ta larvae from cruises of U.S. Fish and Wildlife Service vessels
'Ginand Oregon.

262 U.S. FISH AND WILDLIFE SERVICE



jaw lengths, and the development of fins, spi
nation, pigmentation, sequence of ossification, and
migration of the right eye. . '

REVIEW OF PERTINENT LITERATURE
CONCERNING BOTHID LARVAE

In their description of Ancylopsetta dilecta
(three-eyed flounder), Goode and Bean .(1896)
did not mention the larva they illustrated or any
of its larval characters. The following characters
are taken from the illustration: about 70 dorsal
fin rays, the 9 anteriormost elongate; about 60 anal
fin rays; 6 pelvic fin rays, the first three are elon
gate and extend almost to the caudal peduncle;
ocular-side pelvic fin on median line; small eye;
large mouth; origin of dorsal fin anterior to ante
rior edge of eyes; migrating (right) eye appears to
move under the dorsal fin or through the head. All
of these characters except the number of fin rays
are present on large larvae of OycWpsetta. Well
developed preopercular spin~s and a single sphen
otic spine are present on larval.Oyclopsetta but

"'are not shown'on Goode and Bean's illustration.
. Despite the lack of spines on their illustration, I

believe their specimen is a Oyclopsetta.
--. - In'Ancylopsetta, the ocular-side pelvic fin is

above the median line; the origin of the dorsal fin
is a;bove the anterior part of the eye, not in advance
of it; the eyes ·are large, and the right side eye
probably migrates over the median dorsal ridge
anterior to the origin of the dorsal fin, not under
it. I do not know if larvae of Ancylops6tta have
elongate dorsa:l and pelvic fin rays.

Many species of Bothidae have elongate dorsal
and pelvic fin rays in the larval stage, but larvae
of Syacium are the only other bothid larvae to have
numerous elong8lte dorsal (more than five) and
pelvic (generally three) fin rays. Symphu1"U8
larvae (famHy Cynoglossidae) also have elongate
dorsal rays, that can number up to seven. The num
bers of dorsal and anal fin rays that Goode and
Bean (1896) show are too low for Syacium, and
the elongate pelvic fin rays they show are too long
for Syaciwm. . .

I am unaware of any published aCcounts of
Ancylopsetta larvae except tho~ in ,~hi~h Sya
c'iurn, Oyclopsetta, Oitlwrichthys, or Etropus 10.1'
V8le have been misidentified as Anaylopsetta. Kyle
(1913) described and iUustrated (fig. 27) a 6- to
7-mm. larva he called Ancylopse~ta sp. Regan

(i916) illustrated (plate 9, fig. 3) a specimen iden
tified as A. guadrocellata that he said resembles
Kyle's (1913) Ancylopsetta,. Regan's second illus
trllJtion (plate 9, fig. 4) is a 4-mm. larva that he
called Ancylopsetta sp. Both of Regan's (1916)
larvae as well as the larva figured by Kyle (1913)
are larvae of Syacium. Aboussouan (1968) dis
cussed in detail the relation of Kyle's (1913) An
cylopsetta and Regan's (1916) Ancylopsetta to
Syaciwm. Dannevig (1919) and Hsi8lO (1940) re
corded A ncylopsetta larvae from eastern Canada
and along the outer edge of Georges Bank that are
similar to Kyle's Ancylopsetta sp. and these also
are larvae ofSyaciumr-warm-waterspecies of ver
tebrates and invertebrates in this area are not un
common (Bigelow, 1926" and Colton, 1961).
Pearson (1941) listed Ancylopsetta sp. in plankton
colloolions from Chesapeake Bay, but these are
probably Etrop'Us', or Oitharickthys. Pearson
(1941: 84) stated, "The most characteristic fea
tures of the two fish are the pronounced elongation
of the first two dorsal rays, the latter reaching
nearly a quarter the length of the bOdy, and the
elongation of one of the ventral fins into a filament
extending to the vent." These larval char~rs
are found on larvae of Etropus and Oitlui:richthys,
and species of these two genera are known from
Chesapeake Bay. Oyclopsetta and Syacium have
not been reported north of Cape Hatteras, N.C.,
except for larvae of Syacium referred to as An
cylopsetta by Dannevig (1919>' and Hsiao (1940).

Known larv8le of Etropus have 2 elongate dOl'S8l1
fin rays, and Oitharicl!-t1vgs larvae have 0 to 3
elongate dorsal fin rays (5-10 in.Oyclopsetta and
Syacium) and 1 or 2 elongate pelvic fin rays (3
in Oyclopsetta and Syaciwm).

S. gWVneensi8 (Bleeke~, 1862) probably is a syn
onym of S. micru'f'Um Ranzani 1840; if so, the
larvae described by Aboussouan (1968) from off
Dakar are those of S. micru'l"llllT/" Norman (1934)
listed S. guineensis in the synonymy ofS. micru
1"l.l4n and gave its distribution as "Atlantic coast of
tropical America from. Florida to .Rio de Janeiro,
tropical West Africa."..Distinguishing ·between
adult S .. ~ineenBis and S; m~&rurum is difficult,
and they are separated by' their distribution; S.
guineensis off west Africa and S. micrurwm off
Florida, the holles, through the Gulf of Mexico
and the Caribbean Sea, and off the Atlantic coast
of South America to Rio de Janeiro.
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Three species of 8yaci'lJlm occur in the western
North Atlantic. 8. papiUoswn'b (Linnaens, 1758)
and S. micru:rum. are difficult to separate as juve
niles and can be separated as adults only by the
width of the interorbital space. All other meristic
and morphm;netric characters overlap. S. gwnteri
Ginsburg, 1933 can usually be separated from the
other two species of /jyaciuAn in the western North
Atlantic by the number of dorsal and anal fin rays.
Syaci'lJlm papi71osu'm. and S. mwmrum rarely have
fewer than 85 dors9l1 fin rays or fewer than 68 anal
fin rays, whereas 8. gwnteri rarely ·has more than
84· dorsal fin rays and more than 67 anal fin rays
(Gutherz, 1967).

Aboussouan's (1968) description of larval 8.
m/wrurwm (listed as S. guineemu) is of greatest
value for workers in the area off Dakar where only
one species of Syacium is known. His paper is val
uable in separtllting 8yacium larvae from the lar
vae of other genera.

Aboussouan (1968) implied that Kyle's Oith
a:richthys B. (Kyle, 1913; fig. 29) is a 8yacium
rather than a O-ithm'ichthys, but I disagree for the
following reasons: At this stage of development
larvae of 8ya..ciu//1'b have numerous elongated dor
sal and pelvic fin rays but the known larvae of
Oitha1'ichthys have only a few, if any, elongate fin
rays; S. gunteri has fin ray counts similar to those
given by Kyle for Oithal'ichthys, but our larvae of
8. gwnteri have the heavy preopercular spination
and the large sphenotic spine seen on the. larvae of
the other species of Syacium,. the preopercular
armature of Syaciu1n. is not reduced or blunted
until.the right side eye has reached the middorsal
ridge or is turning onto the left side; the mouth of
Syaciwn"b larvae is larger than that shown by Kyle,
and the origin of the dorsal fin is more anterior;
the larvae of several species of bothids have pig
ment patterns similar to Oit"ha.rlchthys B. I believe
this specimen probably represents a Oith.(l1'i~hthys

or Etropus.
Para:lichthys sp. and P. olivaceous larvae have

been figured and described by Hildebrand and
Cable (1930); Deubler (1958); Chang, Xo, and
Sha (1965); and Okiyama (1967). These descrip
tions are based on larvae collected off the Atlantic
coast of the United. States, off Japan, and On lab
oratory-reared specimens. A high degree of simi
larity in the developmental pattern is rioted except
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for Okiyama's P. oUvaceou,s, which have longer
elongate dors<'\l fin rays that seem to persist longer
than the· elongate dorsal fin rays on the larvae
described by Chang et a1. (1965). Characteristics
common for the eggs and larvae of Pm'a:licMhys
and a discussion of the relation between the mi
grating eye and the anterior portion of the dorsal
fin are given by Chang et 0.1. (1965).

Hippoglo8sina oblonga larvae have been illus
h'ated and described by Agassiz (1879, listed as
Pseud01'hombu,s ob7.ongus) , Perlmutter (1939),
and Miller and Marak (1962, listed as PamlicA
thys oblongus).

Oith.a.richth.ys· larvae have been figured by Ahl
strom (1965), and Kyle (1913, fig. 29) has illus
trated what is probably a Oitllarwhthys or
Eb'opus.

Bothus larvae have been illustrated and de
scribed by Kyle (1913), Colton (1961), and Ochiai
and Amaoka (1963) among others. These descrip
tions and figures of larvae collected off the Atlantic
coast of the United States, the mid-Atlantic re
gion, and off the Japanese coast show a high degree
of similarity. All have only one elongate dorsal
ray.

Ohascanopsetta larvae have been illustrated and
described by Kyle (1913) and Bruun (1937). Kyle
was unable to refer his larva to any known Atlan
tic species, but Bruun placed it in OlU1scanopsetta.

Illustrations and descriptions of larvae in the
closely related Scophthalmidae ean be found in
Smith (1904), Moore (1947), and Bigelow and
Schroeder (1953)..

MATERIALS AND METHODS
The original sampling procedures used on

cruises of the F'VS (U.S. Fish and WilcUife Serv
ice) ·vessel Theodore N. Gill were reported by
Anderson, Gehringer, and Cohen (1956) and An
derson and Gehringer (1957).

Additional plankton samples were collected in
January and June 1967 on cruises of the FWS
vessel Oregon. PlanI..-ton and nekton samples were
collected in depths of 14.6 to 45.7 m. (8-25 fath.)
by 1-m. plankton and nekton nets (1-mm. mesh)
and ·lh-m. plankton nets (1-mm. and 0.33-mm.
mesh), which were towed for 15-minute periods.

A size series of specimens was cleared and
stained by the procedure given by Taylor (1967).

u.s. FISH AND WILDLIFE SERVICE
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CHARACTERS USEFUL IN IDENTIFYING
BOTHID LARVAE

preservation or to differing rates of development.
When killed and preserved the larvae often curl;
the pectoral fins may harden in an extended posi
tion; the mouth may open and distort some head
features; and the eyes often distend, shrink, or fall
out. Larval fish are fragile, and fin rays are often
broken, particularly the elongate rays. Poor pre
serving and collecting techniques often damage
or distort specimens. Fresh, well-preserved, flat
fish larvae can be held in place for examination
by a cover slide, but older, softer, or poorly pre
served material may be damaged if handled in this
manner. Older, softer specimens are often difficult
to measure; however, they are often partially or
completely bleached, so that the fin rays and myo
meres or vertebrae are easier to count than in the
fresh firmer specimens. Much of the material from
the Theodore N. Gill is soft, but that from more
recent Oregon cruises is in excellent shape.

Pigment patterns fade and are lost in preserva
tive, so a knowledge of when specimens were col
lected is important; also the rate of development
is not the same for all individuals. Larvae col
lected over a wide geographic area and an ex
tended period of time may show differing rates of
development. Within a species, fishes that meta
morphose at small sizes probably have different
rates of development from those that metamor
phose at larger sizes. These differences must be
recognized when working with larval flatfish.

Characters that can be used to identify bothid
larvae fall into two categories: (1) transitory,
those \vhich are present during part or all of the
larval period but eventually are lost and (2) per
maneut, those which develop during the larval
period aud are retained in the juvenile and adult
stages.

Transitory characters include larval pigmenta
tion, elongate fin rays, and head and body spina
tion. Type and intensity of these transitory char
acters may be of generic or specific significance.
Many of the bothid genera in the western North
Atlantic have elongate dorsal and pelvic fin rays
in the larval stages: ParaUchthys (Hildebrand
and Cable, 1930) ; some Oitharichthys (Ahlstrom,

The wide variation in measurements and counts 1965; O. stigmaeus has no elongate dorsal .fin
of larval flatfishes may be due to distortion by rays) ; SyaciuJn (Aboussouan, 1968) ; Bothm and
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COUNTS

Dorsal, anal, caudal, and pelvic fin rays: Total
number of fin rays in which the basal portion
is distinguishable.

PROBLEMS ENCOUNTERED IN WORKING
WITH LARVAL FLATFISHES

Measurements used when working on larval flat
fish require definition, because they differ signifi
cantly from those used on adult flatfish.

Standard length (SL) : Tip of snout to that point
on notochord where dorsal flexture takes place
(dorsal and anal finfolds have a slight inden
tation where the notochord turns dorsally, ac
tinotrichia are visible in the caudal region of
the finfold immediately posterior to this in
dentation) ; or tip of snout to base of median
caudal fin rays if these rays are developed; or
tip of snout to distal end of hypurals if cau
dal fin rays are developed.

Head length (HL) : Tip of snout to posterior edge
of c1eithrum on a horizontal line through cen
ter of left eye on small larvae; or tip of snout
to origin of dorsalmost part of pectoral fin
base; or tip of snout to posteriormost part of
opercle ou large larvae.

Body depth (BD) : ·When le.ft side pelvic. fin base
is not developed, vertical depth is takeu im
mediately posterior to the cleithrum; or from
origiu of left side pelvic fin base to dorsal
mlwgin of body (excluding finfold or rays).

Origiu of pelvic fiu base to cleithrum: Least dis
tance from origin of pelvic fin base to ventral
tip of cleithrum, both left and right sides.

Eye dial~eter (ED): Horizontal distance across
the left eye.

Upper jaw length (UJL): Anterior tip of pre
maxillary to distal edge of maxillary.

Lower jaw length (LJL): Symphysis of lower
jaw to posterior edge of angular.

Snout leugth (SN): Auteriormost part of pre
maxillary to auterior edge of left eye.

All measurements were made with au eyepiece
micrometer and a stereoscopic microscope and re
corded to the nearest 0.01 mm.

MEASUREMENTS



OhmJcanopsetta (Kyle, 1913); and OycZopsetta
(Goode and Bean, 1896). Many bothid larvae in
the western North Atlantic have spines. These are
more frequently seen on the preopercular margin
than on the head or body. Most bothids have a
swim bladde.r during the larval stage. Those larvae
with a protracted larval· stage· retain fhe swim
bladder longest. The migrating eye moves over the
middorsal ridge anterior to the origin of the dorsal
fin or through the head between the dorsa:l fin and
the supraorbital bRl's of the cranium.

Permanent characters include meristic counts,
relation of the origin of the pelvic fin bases to
each other and to the cleithrum, and the arrange
ment of the caudal fin rays with respect to the
other caudal fin rays and the bones of the hypural
plate. Size at metamorphosis is important in dis
tinguishing between genera.

MERISTIC CHARACTERS

The most important characters for identifica
tion of bothid larvae are meristics. Myomeres,
which correspond in number to veltebrae, are the
first countable item to develop. Those near the
anterior and posterior portions of the body are
difficult to count in the early stage larvae. Abdom
inal vertebrae usually number 10, but can be 11
(Ohascarwpsetta has 16 or 17). Caudal vertebrae
are much ~nore variable, ranging from 23 to 42.
The vast majority of bothid larvae have between

..

34 and 40 total vertebrae or myomeres. Dorsal and
anal fin ray numbers are also variable and overlap
widely between species of Bothidae. The adult
complements of dorsal and nnal fin rays -are dis
tinguishable in larval O. fi1nbriata by about 8-mm.
SL (fig. 2).The ra~ of fin ray development and
the fin ray numbers at the various sizes may have
generic or specific value. Although much meristic
overlap is evident among species of bothids, sev
eral species can be separated by meristic values.

PELVIC FIN

Pelvic fin characteristics helpful in determining
a genus or generic group are: the position of the
fin bases in relation to the median line, size of
larvae when the left fin base and rays first appear,
relation of the origins of the right and left side
fin bases to the cleithrum, and the number of
elongate fin rays.

Four of the 13 genera of bothids in the western
North Atlantic (Paralichthys, Arwywpsetta, Gas
t1'opsetta, and Hippoglossina) have the left and
right side fin bases above the median line; all other
western North Atlantic bothid genera have the left
side fin base on the median line and the right side
fin base above the median line.

I have only seen Pa'1'alichthys of the four genera
with left and right side pelvic fin bases above the
median line. In Pa'1'alichthys the left side fin base
does not appear until the larvae are a;bollt 7 mm.
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FIGURE 2.-Relation of number of dorsal, anal, and caudal fin rays to standard length of
01/cZopsetta jimbriata larvae.
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TABLE I.-Four generic groups which show a relation be
tween the origins of the pelvic fin bases and number of
principal caudal fin rays associated with caudal elements

lAsterlskllindicate the genera for which I have no identified larvae)

Species of 8yaciwm" Oyclopsetta, Oithmichthys,
and EtropttS have all 17 principal caudal fin rays
associated with the four hypural elements. The
dorsal-to-ventral count of principal caudal fin rays
on each hypural is 4-5-4-4. In these genera the left
side pelvic fin base is on the median line, and its
origin is ,veIl behind the cleithrum.

paraIlC1lthU,••••••••} 1-2-6-6-2-1
AncUlop'etI"o°••••••• Neither pelvic fin base o~ median
Gastrap,ella •••••••• lln~1 both short·based, origins 1-:H;-4-3-1
HiPPOf/lOB,fnao • •••• Well behind cleithmm.
suacium••••••••••••}OCUlaMlde pi base on median line; 4-5-4-4
C/lclo]1BeUa......... origin posterior to clelthrom.
CilliarlclltIlU'........ Bllnd-slde p2 base above median
EtropUB. ••••••••••• llne: origin posterior to cleithrum.
EnuUOPllTU'•••••••••\OCUlar-side P2 base on median line; 1-3-5-4-3-1
TrlclioPBeltaO • •••••• origin slightly anterior to or below
Monolene•• _........ cle.Ithral tip. Bllnd-side pI base

above median line: origin posterior
to clelthrwn.

BotIlU'••••••••••••••jOCUlaMlde pI base on median llne, 1-4-4-3-4-1
CAa,canopBettao•••• _ extending onto urohyal; origin

anterior to clelthmm. Bllnd-side
pI base above median line, short-
based: origin posterior to
cleithrum.

Species of Engyophrys, T1'ichopsetta, and Mon
ole'lUJ have the dorsalmost and ventrahnost prin
cipal caudal fin rays associated with the neural and
haemal spines of the penultimate vertebra and
have a count of 1-3-5--4-3-1. In these genera the
left side pelvic fin base is on the median line and
its origin is slightly anterior to the cleithral tip
and to the origin of the right side base.

In Bothus and Ohascanopsetta the count of prin
cipal caudal fin rays associated with the caudal
elements is 1-4-4-3--4-1, starting at the neural
spine and ending at the haemal spine of the pe
nultimate vertebra. In Bothus and Ohascanopsetta
the left side pelvic fin base is on the median line
and its origin is on the urohyal, on the right side
the base is short, above the median line, and its
origin is behind the cleithrum.

The number of principal caudal fin rays asso
ciated with caudal elements shows sOlne variation,
because a fin ray may be supported in part by two
elements, such as hypurals, epurals, or neural or
haemal spines.

Number of
principal

caudal fin rays
associated with
caudal elements

Pelvic fin (P2)Genera

CAUDAL OSTEOLOGY

From late stage larvae to adults, the bothids
show a correlation between caudal osteology and
position of the pelvic fin bases (table 1). Species
of Paralichthys, Ancylopsetta, Gastropsetta, and
Hippoglossina IllLVe the dorsalmost principal cau
dal fin ray associated with an epural; the ventral
most principal caudal fin ray has a spur associated
with it, and it is associated with the haemal spine
of the penultimate vertebra. The count of principal
caudal fin rays in this group, starting with the
epural and ending with the haemal spine of the
penultimate vertebra, is 1-2-6--4-3-1 or 1-2-6-5
2-1 in Paraliehthys. In these genera neither of the
plevic fin bases is on the median line and the origins
of both pelvi~ fin bases are well behind the clei
thrum.

SL. I !have not seen the larvae of Ancylopsetta,
Gastropsetta, or Hippoglossina, but an illustration
of a 5.7-mm. SL Hippoglossi11a oblongus by Perl
mutter (1939) ; and illustrations of a 6.5-mm. spec
imen -and a larger one by AgltSsiz, (1879, plate 9,
figs. 4 and 5) do not show a left side pelvic fin. The
pelvic fins of H. oblongu.s appear very much late.r
than do the dorsal and anal fins (Agassiz, 1879).

At· 5 min. SL Syacittm, Oyalopsetta, Oithariah
thys, and Etroptl.s have·a well-developed pelvic fin
on the left side. The left side fin base appears at 2
to 3 rom. SL and is 'better developed than the right
side base, whioh develops later.

I do not know at what size the pelvic fin bases
first appear in Engyoplwys, T'richopsetta, or Mon
olene (I have assigned larvae exceeding 8 mm. SL
with well-developed pelvic fin bases to Engyoph1,,!/S
and Monolene). The origin of the left side fin base
of adults is adjacent to the cleithrum or slightly
anterior to it in Engyoplwys, T"khopsetta, and
MoMlene, but the origin of the right side fin base
is slightly posterior to the cleithrum.

The origins of the left and the right side pelvic
fin base are posterior to the cleithrum in Para
lichthys, Ancylopsetta, Gast1'opsetta, Hippoglos
sitna, Syacium, Oyclopsetta, Oitharichthys, and
Etropus. In Bothus and Olwscanopsetta the origin
of the left side pelvic fin base is on the urohyal,
which is well in advance of the cleithrum. The
right side fin base of Botlms and Ohascanopsetta
is short, and its origin is well posterior to the
cleithrum.
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DEVELOPMENT OF CYCLOPSETTA
FIMBRIATA LARVAE

No information is available on the fertilized eggs
or the yolk sac larvae of O. fi:ff,,01·iata.,. however I

1 · 'do lave certam observations on the larger larvae,
including their identification, pattems of general
growth, formation of fins, spination, pigmenta
tion, migration of eyes, and sequence of
ossification.

IDENTIFICATION OF LARVAE

Larvae of O. fi11&o1'iata are identifiable at very
small sizes. The smallest larva in my sample (1.72
mm. SL) has a large head with a well-developed
mouth. Hatc.hing size is probably about 1.50 mm.
SL or slightly smaller. Larvae of this species have
two prominent transitory features (they may be
generic) that are readily seen on the smallest lar
vae (fig. 3) : a small, single spine on the sphenotic
region of the cranium and several small single
spines on the preopercle (Sya.cium has larger
sphenotic and preopercular spines). These spines
persist throughout the larval stages (figs. 3-7)
and are still evident during metamorphosis (that
period when the eye is migrating). No fin rays are
discernible in the finfold of the smallest larva
(1.72 111'm. SL). At about 2.10 mm. SL the first
three elongate dorsal fin rays appear. Elongate
dorsal fin rays (8-11 in the large larvae) persist
throughout the larval stages (figs. 4-7). At about
3.00 to 3.30 mm. SL one to three elongate pelvic
fin rays appear (fig. 4) and persist throughout the
larval stages (figs. 4-7) .

The right side eye is migrating in the largest
larva in my sample (14.51 mm. SL). The dorsal

edge of the migrating eye is above the middorsal
ridge of the cranium. During metamorphosis the
eye moves under the dorsal fin which is attached
anteriorly to the ethmoid region of the cranium.
The migrating eye had not yet begun to turn onto
the left side, but it appeared ttbout ready to move
under the dorsal fin. Elongate dorsal and pelvic
fin rays and head and preopercular spination per
sist (fig. 7).

Four transitory larval features help differenti
ate O. fimoriata and SyaciU11& larvae from all other
bothid larvae found along the southeastern coast
of the United States: (1) a single spine in sphen
otic. region of the cranium, (2) several single pre
opercular spines, (3) relatively high numbers of
elongate anterior dorsal fin rays, and (4) three
elongate pelvic fin ra.ys (figs. 3-7). Compared to
OycZopsetta, Syacium. has larger and heavier
spines, fewer elongate dorsal fin rays, and rela
tlvely shorter elongate pelvic fin rays. The sphen
otic spine is surrounded by concentric rin~ on
large Oyclopsetta larvae but by a crenulated cap on
8ya.ciml/o larvae. The origins of the pelvic fin bases
in relation to each other and to the cleithrulll and
the transitory larval characters provide the
generic identity of Oyclopsetta larvae.

Three species of Oycl()psetta occur in the west
ern North Atlantic Ocean (Gutherz, 1967). O. fim
oriafa is the only species known from the Atlantic
coast of the United States, O. decusata is known
only from the type, and O. cMttendeni is found
along the coast of the United States only in the
Gulf of Mexico. The distribution of these species
excludes all known species .of Oyclopsetta except
fimoriata from consideration for my larvae.

========--~~=-=..._-=---:~-~~~-:\----===-=====--..=.:-.--- '-- ---'- S%.r·~.!
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FIGURE S.-Larva of Oyclopsetta jimlwiata, 1.89 mm. SL. Note sphenotic and preopercular spinatlon. Pectoral fin is
omitted to show swim bladder and gut.

268 U.S. FISH AND WILDLIFE SERVICE



GENERAL GROWTH PAITERNS

Head length and body depth show a uniform
rate of increase with standard length throughout
the size range of my sample (figs. 8-9) .

Upper jaw length shows a uniform rate of in
crease with standard length in larvae longer than
about 4 mm. SL, but smaller larvae have a faster
rate of increase (fig. 10).

Lower jaw length increases at a uniform rate
with standard length in larvae between about 4
and 13 mm. SL; but larv~e smaner than about
4 mm. SL and longer than 13 mm. SL have a
faster rate of increase (fig. 11).
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Snout length increases only slightly in speci
mens up to about 2.7 mm. SL; between about 2.7
and 4 mm. SL snout length increases at its fastest
rate; and larvae larger than about 4 mm. SL have
a uniform but slower rate of increase with stand
ard length (fig. 12).

Eye diameter increases at a uniform rate with
standard length in larvae longer than about 3.5
mm. SL; the rate is faster in sma.ller larvae (fig.
13). Eye diameter as a percentage of head length
decreases throughout the size range in my sample
(fig. 14); the fastest decrease is between head
lengths of about 0.5 and 1.5 mm. (1.8 to about 4
mm. SL). .
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FIGURE 4.-Larva of Oyclopsetta fimbriata, about 3.0 mm. SL. Note sphenotie and preoPercular spination, elongate dorsal
and pelvic fin rays, and plgmentatiOOl. Pectoral fin is omitted to show swim bladder, gut, and pigmentation on dorsal
portion of swim bladder and gut.
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FmUBl!l /i.-Larva of C1lc'lopBetta _riala, 6.9 mm. SL. Note sphenotic and preopercular spinatioo, eloogate dorsal and
pelvic fin rays, and plgmentatioo. Pecotorallln Is omitted.
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FIGUBE 6.-Larva of 0llC10p8etta tf,mbriata, 12.9 mm. SL. Note sphenotic and preopercnlar splnation, elongate dorsal and
pelvic fin rays, pigmentation, and area under anterior portion of the dorsal fin through wllich the righlt side eye will
migrate.

LARVAL BOTHID FLATFISH AND SPOTFIN FLOUNDER

417-060 0 - 71 - 7

271



FIGURE 7.-Larva of Oyclop8etta jlmbrtata, 14.0 mm. SL. I_urva has been cleared and stained, all'd all bone that half
absorbed alizarin red S is shaded. Note sphenotic and l>reopereular spinatlon, elongate dorsal and pelvic fin raYll,
right slde eye under anterior part of dorsal fln will migrate through head. Ossification is not yet complete.
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specimens, and open clreles represent means (see app. tables land 2).
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Gill rakers begin to develop as elevations on the
dorsal surface of the ceratobranchial. They are
first seen when the larvae are about 8 mm. SL.
Four or five lower-limb gin rakers are first seen on
larvae about 9 mm. SL. They are short, blunt, well
separated, and located on·the ceratobranchial. By
10.0 mm. SL the number of lower-limb gill rakers
has increased to seven and they are· found on the
ceratobranchials and hypobranchi8ils. The adult
complement of 8 to 10 gill rakers on the lower limb
is reached at about 13.5 mm. SL. Gill rakers are
first ·seen on the epibranchial in 13.5 mm. SL
lal'V'ae, which have a single gill raker loca.ted im
media.tely above the angle.

FIN FORMATION

In the development of O. ji'ffllJriata the pectoral
fin is the first to appear and the last to complete
its development. The c..'tudal fin completes develop
ment first, followed in order by the dorsal, anal,
and pelvic fins. By about 8 mm. SL the adult
complement of fin rays is present in the caudal,
.dorsal, and anal fins (fig. 2).

Pectoral Fin

The pectoral fin is· present on my smallest larva
(L72 ·inm. SL) and is not fully developed on my
largest specimen (14.5 mm. SL). Initially it is
large and rayless.

Caudal Fin

The fully formed caudal fin has 17 principal fin
rays associated with the four hypural elements.
The dorsal and ventralmost caudal fin rays are
simple; the remaining rays a.re branched. Princi
pal caudal fin rays are separable into two groups.
The nine upper rays are associated with the two
superior hypurals and the eight lower rays with
the two inferior hypurals (4-5-4-4). No caudal
fin rays are associated with neural and haemal
spines of the penultimate vertebra. A ventral
thickening near the posterior end of the notochord
is seen on specimens about 3.5 mm. SL. This thick
ened tissue develops into the two median hypural .
plates and their associated caudal fin rays. The first
f9ur caudal fin rays to develop are seen first on a
5.44 mm. SL specimen and appear simultaneously
(fig. 2). They develop Bit an oblique angle to the
notochord and are divided into two groups, upper
and lower. This division separates the caudal fin

into superior and inferior components. By about
8 mm. SL the notochord has turned dorsally, the
hypurals and caudal fin rays are arranged parallel
to the axis of the body, and aH principal caudal
fin rays are developed (fig. 2), but the caudal oste·
ology is not fully developed until 8i la.rger .size.: .

Dorsal Fin

Dorsal fin ray development is an important tax
onomic character in larval flatfish. These fin rays
begin to develop in a thickened area above the
nape on specimens of about 2 mm. SL. My small
est specimen with dorsal fin rays (three elongate
rays) is 2.08 mm. SL (see app. table 1) . The origin
of the dorsal fin base moves anteriorly on the lar
vae until the fin base is over the eye; at this time
dorsal fin rays begin developing posterior to 1)1e
nape. All elongate dorsal fin rays develop first.
The origin of the dorsal fin continues to shift an
teriorly wltil it becomes attached to the ethmoid
region of the cranium ahead of the eye. The first
three fin rays must develop simultaneously; all but
three of the specimens between 2 and 3 mm. SL
have three or four fin rays (one with two, and two
with five). The number of fin rays on all but fouf
specimens between 3 and 5 mm. SL does not ex
ceed 10 (one with 11 and three with 14), and most
of the rays are elongate. The number of fin rays
increases rapidly between 5 and 8 mm. SL; at 8
mm. SL the adult complement of 78 to 87 fin rays
is present (fig. 2). Three of my 19 larval specimens
exceeding 8 mm. SL had 77 fin rays, and one ·had
76.

Anal Fin

Fifteen anal fin rays were present on a 5.9 ~.
SL specimen; none were discernible on smaller
specimens (fig. 2; app. table 1). The number of
fin rays increased rapidly, as in the dorsal fin, and
the adult complement of 59 to 67 fin rays was de
veloped. by about 8 mm. SL (fig. 2). Four of 19
specimens exceeding 8 mm. SL had fin ray counts
of 58, three had fewer than 58, and the others had
counts between 59 and 67 (see app. table 1) ..

Pelvic Fins

Pelvic fin bases develop early. The left-l:!fde fin
base and its three elongate anterior fin rays de
velop earlier than the right-side fin base. The left
side fin base is first noted on specimens of about
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2.5 mm. SL as a thickening on the ventral edge of
the body immediately anterior to the gut, but the
right-side base does not appear until about 3.5 mm.
SL. :My smallest specimen with pelvic fin rays (left
side, and elongate rays) was 3.0 mm. SL. The first
right-side fin ray is seen on a 5.3 mm. SL specimen.
The three elongate pelvic fin rays on the left side
develop simultaneously. They are present on all
specimens but two (one with a single fin ray and
one with two fin rays). The fourth left fin ray de
velops at about 5 mm. SL, and the fifth and sixth
rays by a:bout 10 mm. SL. Each fully developed
pelvic fin has six fin rays. The three elongate fin
rays of the left side are thickened and heavier than
the other pelvic fin rays and extend posteriorly to
aibout the caudal peduncle; they are often broken.
None of the other pelvic fin rays is elongate. The
origins of the pelvic fin base a·re equidistant behind
the cleithrum.

LARVAL SPINATION

A single sphenotic spine and a series of preoper
cular spines (figs. 3-7) persist throughout the size
series of my larval specimens (1.72-14.51 mm.
SL). These spines are smaller but similar in posi
tion and shape to those reported for Syacium
by Kyle (1913) and Aboussouan (1968). The
sphenotic spine becomes relatively smaller as the
larvae grow. The spine is surrounded by concentric
rings that are first noted on specimens of o,bout
4.6 mm. SL. Four to six small sharp spines are
present on the preopercular mo,rgin; two or three
of these o,re on the ventral edge, a. larger single
spine is at the angle, and two more small spines
are on the posterior edge. The large spine at the
angle of the preopercle thickens, and a spur devel
ops on the upper posterior edge of the spine on
larger larvae. These· spines do not alter position
or shape but become relatively smaller with in
creasing size of the larvae. The sphenotic and
preopercular spines' can be traced through the
developmental series and are important. in identi.
fying this group of larvae (figs. 3-7).

PIGMENTATION

Pigment on all of the Theodore N. Gi7J, material
is faded, but pigment patterns are readily seen on
the fresh Oregon material. In my sample, pig
ment is' first seen on a 2.8 mm. SL specimen-a
large melanophore over the base of each sphenotic
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spine, and another melanophore on the gular re
gion between the posterior end of the lower jaws
and the tip of the cleithrum. The dorsal portion
of the swim bladder and the dorsal loop of the gut
are heavily pigmented. On a 3.2 mm. SL specimen
the melanophores at the bases of the sphenotic
spines have faded, but those on the gular region
and along the dorso,l o,spect of the gut remain.
Three clusters of melanophores are present on the
dorsal edge, and two are on the ventral edge of the
body. The anteriormost is on the dorsal edge of
the body over the pectoral fin base (there is no
.:orresponding ventral cluster of melanophores).
The other two dorsal clusters of melanophores
have corresponding ventral clusters. The middle
spots are immediately behind the gut region, at
about the midpoint of the body (TL), and the
posterior spots are slightly anterior to the caudal
peduncle (fig. 4). A series of small melanophores
can be seen on the ventral edge of the gut between
the vent and the anterior portion of the gut cavity.
Pigmentation is essentially the same on specimens
up to about 4 mm. SL, but the number of melano
phores increases. Specimens between 4 and 5 mm.
SL have a large melanophore on each opercle be
hind the eye and another on the median line at the
origin of the pelvic fin base. The dorsal portion of
the gut has two areas of dark pigment; the ante
riormost is on the upper half of the swim bladder
and the other is above the loop of the intestine.

At about 5 mm. SL the melanophore on the
gular region has disappeared, but additional clus
ters of melanophores have appeared, one dorsal
and one ventral, between the middle and posterior
most cluster but nearer the posteriormost cluster.
The two new clusters are of equal size and are
smaller than those nearest to them. The remaining
pigment is similar to tha.t seen on the smaller
larvae. Shortly after appearance of the third ven
tral pigment cluster the posteriormost ventral
cluster increases in length and becomes longer than
its corresponding dorsal area. .

By 7 mm. SL II. fifth dorsal cluster has appeared
between ·the first two clusters. Two pigment clus
ters have developed along the' lateral septum, cor
responding in position with the two posterior
dorsa.l and ventral clusters. Pigment is present
over the entire swim bla.dder on the left side and
a.bsent on the right side. Pigmentation remains
essentially the same through the rest of the larval
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series in my sample, except for darkening and the
appearance of pigment a.t the distal edge of the
caudal peduncle, in the branchial chambers, and
around the urohya.l (figs. 5 and 6).

MIGRATION OF THE EYE

Specimens of 7 mm. SL are symmetrical; the
right eye -has not begun to migrate (fig. 5). The
dorsal fin continues its development anteriorly,
and its origin is over the anterior edge of the eye.
The supraorbital bars on the cranium have not
b~noobecomemowfied.

By .about 8 mm. SL the right eye has moved
only slightly; the origin of the dorsal is above and
posterior to the ethmoid region of the cranium and
the origin of the fin base remains unattached. Tis
sue between the ventral edge of the anterior por
tion of the dorsal fin and the frontal region of the
cranium is becoming thin, and the supraorbital
bars have begun to shift onto the ocular sides as
an accompanying depression begins 00 form above
the left eye.

By 10.5 mm. SL the right eye has migrated
dorsoanteriorly but its upper edge is not yet level
with the supraorbital bars; the origin of the dorsal
is attached 00 the ethmoid region of the cranium
and its point of attachment has shifted onOO the
right side of the head, over the nostrils. The right
side is the blind side in the adult. The area of thin
tissue between the dorsal fin and the supraorbital
bars is wider. The supraorbital bars continue their
sllift to the left side, and the depression of the
cranium above the left eye is larger.

On a 14 mm. SL specimen the upper edge of
the right side eye is visible through the thin tissue
below the dorsal fin (fig. 7). The shifting of the
supraorbital bars haa created a large depression
over the left eye. The origin of the dorsal fin re
mains lIIttached. The right eye has not yet begun
to move through the head onto the left side. In
larger specimens the eye will move through the
head in the area between the dorsal fin and the
depression created by the shift of the supraorbital
bars.

SEQUENCE OF OSSIFICATION

I cleared and stained several specimens to de
termine the sequence of ossification. The degree of
ossification can be assessed by the intensity of the
stain (alizarin red S) absorbed by the bone. In

this discussion I consider any bone that absorbed
stain to be ossified.

On a 1.7 mm. SL specimen only the cleithrum,
the distal edges of the preopercle and preopercular
spines, and the sphenotic spine and its base showed
any ossification.

By 3 mm. SL some ossification is seen in the
cranial cap~ lower jaw, premaxillary, and the four
elongate dorsal fin rays. By 3.5 mm. SL the three
elongate pelvic fin· rays, the maxillary, four bran
chiostegal rays, and six elongate dorsal fin rays are
ossified. The palatine and parasphenoid are stained
and extend from the symphysis of the upper jaw
to the cleithrum; these bones will form part of the
floor of the neurocranium. At this size all stained
areas are in the head and pelvic fin region. Six
canine teeth are present in the lower and four in
the upper jaw, but none are stained. A slight
thickening on the ventral edge of the posterior
part of the notochord is the rudimentary hypural,
and it is only slightly ossified, if at lIIll.

Ossification is still restricted to the head and
pelvic fin base region at 4.1 mm. SL. All seven
branchiostegal rays, the urohyal, and the preoper
cle and opercle in the opercular series are now
ossified. The vertebrae and neural and haemltl
spines have not begun to ossify. Ossification at 4.9
mm. SL is essentially similar to that of the 4.1 mm.
SL specimen; again the. anterior neural and bae
mal spines are visible but are not stained. They are
not attached to the vertebrae and appear as thin
lines between the vertebrae and the dorsal and
anal fin rays.

At 5.5 mm. SL the right pelvic fin base, three or
four caudal fin rays (but not the hypural ele~

nients), the dorsal aspect of the subopercle, and
some vertebrae and associated neural and haemal
spines have begun to ossify. The 16 anterior neural
spines and the anterior seven haemal spines, and
the dorsal rim and sides of the neural arch on the
second, third, and fourth :vertebrae are lightly
stained. The first vertebra and its neural spine
are not stained. The occipital region of the neuro
cranium and the scapula have begun to ossify.

The areas of ossification~ as determined by ab
sorption of alizarin red S stain, are larger and the
".0101' is more intense at 6.4 mm. SL than on smaller
specimens. At this size the. notochord is upturned
and two hypural elements are differentiated. Ten
caudal fin rays are stained, and five are associated
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with each hypural element. The notochord has
neural and haemal spines on nearly its full length.
Most neural arches, but only the anterior hllAmlal
arches, are stained. Pterygiophores of the anterior
elongate dorsal fin rays are developing. About 40
dorsal and 24 anal fin rays are stained. The in
teropercle has begun to ossify, and all four opercu
lar elements show some ossification. The supra
orbital bars are stained and are visible as anterior
extensions of the neurocranium. The auditory re
gion of the neurocranium is partially stained, and
the post cleithrum is ossifying.

By 10 mm. SL ossification has progressed con
siderably, and many bones in the head, vertebrae,
and caudal fin can be recognized. At about 10 mm.
SL ossification is noted in t.he hypural elements,
the basal part of the urostyle, and the parapophy
sis of the last abdominal (precaudal) vertebra.
The dorsal aspects of the posterior 14 and the an
teriormost 3 or 4 vertebrae are lightly stained; the
rema.ining vertebrae are not stained. All neural
and haemal spines and arches are ossified except
for those on the penultimate vertebra. There are
16 caudal fin rays: Four are associated with each
of the two inferior hypurals, the superior hypurals
are indistinguishable. Four to six pelvic fin rays
have developed on each fin base, and the pelvic
bone is beginning to ossify. The supraorbital bars ,..
extend forward; their anterior edge is above the
nostril. The ent<mtery:goid,--which' 'is immedlu.teiy

- ... -above' the pterygoid, is lightly stained. Bones of
the lower jaw suspension can be identified; the
quadra.te, hyomandibular, and pterygoid are
lightly stained. The supracleithrum and post
temporal region of the cranium can be distin
guished. The upper jaw now has about 10 teeth
and the lower 16; those near the symphysis are
relatively small and close together. A "cartilagi
nous" bar extends posteriorly along the ventral
median edge of the gut from the distal edge of
the pelvic fin base to below the liver. The anterior
ventral edge of the urohyal is hooked and pointed
forward.

Ossification has changed little at about 14 Mm.

SL except on the vertebrae (fig. 1). The first a.b
domina.l (precaudal) vertebra. is completely ossi
fied, and the dorsl;tl aspect and one-third to one
fourth of the la.tera.l surfaces of the other a.bdom
inal vertebrae are ossified. The parapophyses of
the la.st four a.bdominal vertebrae are a.lso ossified,
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but no ribs a.re seen. Ossification of the pa.rapophy
ses begins with the last abdomina.l vertebra. and
proceeds a.nteriorly to the fifth vertebra, the last
one with a. pa.ra.pophyses. The first through the
18th cauda.l vertebra.e show the same' degree 'of
ossification; posteriorly they become progressively
more ossified until ossification is complete on' the
la.st four vertebra.e. Interneurals and iriterha.erilals
are developing between the fifth a.nd 10th neural
and haemal spines. The enlarged pterygiophore,
which is associated with the first 10 to 12 a.nal fin
rays, is now lightly stained.

My largest larva (14.5 mm. SL) is stained and
shows essentia.lly the same degree of ossifica.tion as
the 14 mm. SL specimen. The vertebra.l column,
pterygiophores of the dorsa.l and a.nal fins, a.nd a.ll
bones of the neurocranium a.nd branchiocranium
are not completely ossified. The supraorbital bars
extend forwa.rd onto the ethmoid region and form
the fronta.ls. The right side supra.orbital bar ap
pears to be partially reabsorbed a.s suggested by
its upturned anterior medial edge in the sphenotic
region and its position and thinness. The left su
praOrbital bar ha.s moved closer to the left eye.
After movement of the supraorbita.l bar is complete
the left ¢.de bar and part ·of the right side bar form
the interorbital bar, and the remaining part of the
.right supraorbital bar is reabsorbed. At a larger
size the right eye will move under the dorsal fin
and stop a.t the interorbita.l bar. The sphenotic and
preopercular spines are still present at 14.5 mm.
SL but will eventually be reabsorbed or broken off
and leave the surface smooth.

SPAWNING AND DISTRIBUTION

La.rva.e were collected between Jupiter Inlet,
Fla., and Cape Hatteras, N.C. (fig. 1) in surface
waters over depths of 11 to 2,510 m. (6-1,312
fath.); 21 stations were in depths greater than:
183 m. (100 fath.) and 54 stations in depths less
than 183m.

Specimens were collected primarily north of lat.
30° N. (70 collecting sites were north and only 5
were south of lat. 30° N.). Sixty-nine larvae were
taken at 35 stations occupied at night, and 102 were
taken at 38 stations occupied during the day. No
larvae were collected between Novemher and
April; one larva wa.s taken in April and one in No
vember; and the rest in May to October (fig. 15).
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FIGURE I5.-Size range and mean size of lal'\'ae collected from April to November. Frequency
of larvae per month also shown.

The Theodore N. Gill d"ltta by themselves show
a. single spawning peak in September, but the
combined Theodore N. Gill and Oregon data sug
gest a bimodal spawning period with peaks in June
and September. The first larvae appear in April,
and numbers increase sharply unti'l June; after
September the numbers decrease sharply to No
vember. Larvae 2.6 mm. SL and smaller were col
lected each month from May through October. I
estima~ that hatching size is about 1.5 mm. SL;
therefore, spawning must occur throughout this
period. The mean size of the larvae increases
through July and then decreases in September.
This size decrease is correlated with a spawning
p~ (fig. 15). My samples contain no larvae ex
ceeding 9 mm. SL until the last week in June, but
larvae of this size are present in succeeding months
through November (fig. 15). These size data sup
port the supposition that spawning begins in the
spring.

I have not seen spawning fish, but I have ex
amined gonads from O. fimbriata taken through
out the year off Cape Kennedy, Fla. None of the
gonads were ripe, but the ovaries enlarged pro
gressively from spring to fall. In the winter the
ovaries are very thin and flat. My examination of
gonad development indicates a spawning period
from early spring to la~ fall-again supporting
conclusions based 011 the samples of larvae.

I tried to determine where O. fimb-riata spawns
by anMyzing the collection data for 28 smaller
larvae (1.7 mm.-3.0 mm. SL). These specimens
were collected at 17 stations on T"Modore N. Gill
and Oregon cruises. Ten of the 17 stations were
occupied during daylight; of these six were in 46
m. (25 fath.) or less. Three of the seven nighttime
stations were in deptlls of 46 m. (25 fath.) or less.
Small larvae were collected from May through
October from Florida to North Carolina. Because
hatching size is estimated to be about 1.5 mm. SL,
specimens less than about 2.0 rom. SL must have
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been collected. close to the spawning area, 'but this
view may be erroneous because the time required
for hatching of the eggs is unknown. Six speci
mens (1.72-2.01 nun. SL) were collected from five
stations, at the surface in 22 to 450 m. (12-246
fath.) during both day and night. These small
larvae were caught from July to Septem:ber from
Georgia to North Carolina. It appears that O.
ftmbriata spawns from April to October through
out the entire collection area on the Continental
Shelf and that most spawning is in waters of 46
m. (25 fath.) or less. Delineation of the spawning
area of O. fimbriata must await the collection or
observation of Rna.wnin~fish.
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APPENDIX
TABLE I.-Selected mea8urements and counts of larval Cyclopsetta. fimbriata

Counts

Pelvic tin
o~to D01'SlII AnIll
tc:m tin tin

c1elt I fa)'ll fa)'ll
blind..,,.

CIllUlaNllde

Pm",' Numbfr Numbfr

Snoot
length
(SN)

Lower Jaw

~~
Eye

diameter
(ED)

Measurements

Body
depth
(BD)

Head
length
CBl.)

Standard
length

HL BD ED UJL LJL 8N
Mm. Mm. SL Mm. SL Mm. HL Mm. HL Mm. HL Mm. HL

~:~: __~:~_. ~~ -Tf:i-----24--. 0:~ :~ ::::::::::::::::::::::::::::::::--iiiii--·-iii--::::::::::::::::::::::::::::::::::::::::::::::::
1.79 .69 33 .49 'Z1 .22 37 •• ._._. ._. __•• _.____ .10 17 _•••_._ •• __••• •__._••••• __ ._. ••• •__

~ ~~ ---:M.----32-'--.-:M'--'-32------:24'----37-'·::::::::::::::::::::::::::::::::---:07-----ii"--::::::::::::::::::::::::::::::::::::::::::::::::
~~ ::: rr :::::::::::::::: J~ :: ::::::::::::::::::::::::::::::::··-:i6·-···~··-::::::::::::::::·----·-·i·--·---::::::::::::::::2. 38 .69 30 •••• • .29 42 ._. • • .____ .12 17 __ • ._._____ 4 • ••_._. •__
2.33 .74 32 ._ ••_. • .29 39 •••• __ • ••_••••••--•• __ •••••_ .12 16 •••_•••••• , •••••__• ••_._
2.411 .74. 30 •• _. .29 39 • ._._. ._._ .12 16 .______ , __._. • _

~ gg :~ g: :::::::::::::::: :~ ~ ::::::::::::-:---:::::::::::::::--·:07-----T·-:::::::::::::::: 1 ::::::::::::::::
2. 64 .78 30 .76 29 .29 37 0.27 35 --- 0.42 114. .12 1& ._ 8 • ••_. • _
2. 72 .81 30 .81 30 .29 86 .27 33 .39 48 .12 16 __ ._. • • 3 •• ._
2. 72 .78 29 .81 30 •'Z1 3& • • • .34 44 .10 18 ._. .________ 3 __• •
2. 72 .73 'Z1 .73 'Z1 .32 44 ._._._•• ..lr1 III __••_. __• • •__ ••__ .__ 4 _. •• _

.2. 72 .93 34 .96 35 •• • .______ .42 4& _. • ••_•• • ._. 3 ._._._. __
2. 711 .76 28 .64 23 .29 38 •• • __• • __ ._. __ • .10 13 •__• ._. • 2 __•__ • •__._

~: ::::~ :: ~~ :: ~ ---:s:i·--·-S7--·---:ir----6i"-- :n ~ :::::::::::::::: 1 ::::::::::::::::
2. 87 .88 31 .98 34 .34 39 .32 36 .47 153 • III 17 83 l5 • •

~ ~~ ·--:83-·---29----·-:86-·---30-·---·:82-----19--·--·:2;;----·83·-·--·:i9-----i7---···:i7-·---:ir·-:::::::::::::::: 1 ::::::::::::::::
2.91 .78 rT .71 24 .29 37 .24 31 .42 54 .12 16 -1-20--........... 3 _ _
2. 91 .93 32 .98 34 .87 40 ••_. ._ .47 III .17 18 II ._. • •
2. 91 .88 80 .83 29 .34 39 .37 42"-- .44 15O .12 14 811 3 • ••• __
2.95 .86 29 .86 29 .84 40 __ ._. ••_. .87 48 .1& 17 83 4 __•• •__ •
2. 915 .88 28 •• .32 39 .24 29--.39 47 .12 14 ._______ 3 ••_. __•• __
3. em .88 27 .78 26 .34 41 .27 33 .87 411 .12 14 _•••_. • __ .___ 3 •• ••• _
3. em .98 32 1. em 34 .37 38 •• .42 43 .12 12 __• • ._.__ 4 • _

~ i! ::::~:::::~:::::::::::::::::::--·.-"··-·-37--·---.-i9--··-i2----·-.-8i-----1i2--··--.-ii"--·-2r--:::::::i~:::::: : ::::::::::::::::
3.10 .91 29 ·--:ilr·--·2JJ·- J~ ~ ._:_~ ~:.._ :M 1~ :~ ~ 100 : ::::::::::::::::

H~ d: :: ~:: =: ::g :g :~ == :: : :~ g ..~~ ----·-T·--·-·::::::::::::::::
3.14 .98 31 1. em 38 .87 38 .32 33 .42 43 .22 22 ._•••_._ II • • _
3.22 1.00 81 1.2& 39 .39 39 • ._____ .111 III .24 24 • •__•• II ._. __ ._. _
3. 22 LOll 33 LID 34 .lr1 311 .29 28 .49 47 _. __••• •••_. ••_••_._. l5 ._._. _

t: d~ ~ -Tiii-----8i-'- :~ ~ __:.~ ••_._~ :.~: ~_._ :~ ~ ·------iiiii----- 1 ::::::::::::::::
See footnote at end of table.
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TABLE 1.-SeZectBd meaauremems and counts of larval Cyclopsetta fimbriata-Continued

Measurements Counts

Standard
length

Head
length
(B"L)

Body
depth
(BD)

Eye
diameter

(ED)

Upper jaw
length
(UJL)

Lower jaw
length
(LJj.)

Snout
length
(SN)

PeIvlcfln
origin to

tip of
cleithrum ,
IIllfltkftU

ocular-slde

Dorsal
fin
rays

Anal
fin
rays

HL ED ED UJL LJL SN
Mm. Mm. SL Mm. SL Mm. HL Mm. HL Mm. HL MfR. HL Percml Number Number

3. 34 1.~ 31 1.10 33 0. 42 40 0.39 37 0. 61 68 0. 17 16 100 5 ._._•••_•••••

~:: :: ~ Lrg :x :=~ :: __ .:~:__.__~.__::: g :~ ~ -----·--7i---·-- : ::::::::::::::::
3. 41 1.03 30 .98 29 .37 36 _. •__ •• ._._._._____ .20 19 88 5 _",_,_,_,_,_,,_
3.42 1.211 37 1.45 42 .42 34 _••_•• _._ ••_._._ .61 49 .22 18 •••• 6 _,_",_,_, __ , _
3.48 1.22 35 1.30 37 .37 30 .42 34 .114 44 .34 28 .---- -100'-'--- 6 _••• •• _. _

~: tWo :~ ~:~ g~ --·:ii7-----28------:ii·----si------:6i--·-·i2------:29--'--22"'- ~~ : ::::::::::::::::

~:: ::: : U~ :: --·:iio--··-2lj-·----.-iiii-----2lj------:iii"·--·S7-----·.-2ii·-·-'2i-'- 1~ ~ ::::::::::::::::

~: U~ ~ ~:~ ~ J~ ~ ::~ ~ :~ ~ ·--:S7"----27--- C ~ ::::::::::::::::
3.114 1.30 37 1.35 38 .39 30 .49 38 .56 43 • 'Z1 21 ._._••_•• 7 • •__
3. 114 1.15 33 1.25 35 .42 37 .34 30 .51 44 .24 21 80 9 •••••••__._.
3.114 1.27 36 1.47 42 .44 35 .49 39 .59 46 .'Z1 21 • • 7 ••_._. •• •

~:: t:: : gg :: :~~ :: :~: ~~___::: :: :~~ ~ --------88----·- : ::::::::::::::::
~ g~ tr.: ro -Ti7"--- -io--'--'.-iiii-- ---27-'--- -:66-- -'-38" -·---:6i---·-44------:S4"----23---- ----·-·77"- ---- : ::::::::::::::::
3.73 1.32 35 1.64 44 .47 36 .51 39 .66 50 .34 26 .________ 5 _••• ••• ._

~~ U~ :8 -Ts4"----ii"-·:: : ---:si-----ii--·---:m-··--s7"--:~ ~~ :::::::::::::::: ~ ::::::::::::::::

~:g U~ : U~ ~ ::: ~ :~~ __.__~~___:~ ~t :~ ~ -------iis---·-· ~ ::::::::::::::::

~= g~ ~ ~.:g g~ .~~ ~ ---------------.---------.------.~ ~ --------7i"·-·-- ~ ::::::::::::::::
6.05 1:42 35 1:64 40 :47 33 ---:ii4·----38--·---:69-----io--- :32 23 88 7 • •__•

t&: U~ gg Ug ~ ::? :~ ---:44--'--Si"--::: ~ Jl ~ .-----.----------------"7"------::::::::::::::::
4.11 LtD 34 1.46 36 •• 61 44 .78 66 .42 30 --------82------
Ul 1.40 34 1.54 37 .44 31 .114 39 .86 61 .32 23 ._._. -.----"7"------::::::::::::::::
4.11 1.30 32 1.35 33 .47 36 .44 34 .66 43 • 'Z1 21 77 7 _._. __ ._. • __
4.24 1.27 30 • .__.44 35 __ • •__ • •__ ._. • .20 16 • .___ 6 ._._••• _
4.24 1.35 32 ._•••••___.39 29 • • • ._____ .32 24 • • 6 ._

4.24 1.27 30 - 1.59 - 38 '.~ ~ ---------.-.---.--.:64-----47---:~ ~ 80 8 -------••-----••trot~ ~ U~ g: .42 32 -··:i7-----36--· .64 49 . 32 ~ -·-·-·--7i-·---- ~ ::::::::::::::::
4.37 1.45 33 1.72 39 .47 32 .114 37 .66 46 .32 22 80 9+ __ ._. • _u: tgg ~ -Tii7-----ii4--- ::? C -·-:37"-·--2li--·-·-:6i----·i6-·----.-32--·--24-----------68------ ~ ::::::::::::::::
4.43 1.35 30 1.114 35 .39 29 .39 29 .56 41 .20 15 80 7+ • _

;'.'~ 111... ~5 32
3

36

2
--21_.:~·--- _4

36
_: ---:i7-----33-----·.·io--' --3ii--····:iiii-----i6--- ---.-22-----iii---:::::::::::::::: 1~ ::::::::::::::::

.. IN.. .... .51 35 _•• ._. •• _. __ •••_._._. • • ._ 75 8 ._._._•• _.__ •
4.62 L45 31 1.59 84 .4;4 30 .47 32 .64 44 .84 23 77 7 • •• _
4. 62 1.52 33 2.11 46 .54 36 .56 37 .73 48 .39 26 14 _
4.62 1.119 84 1.89 41 .47 30 _. • __ ._.___ .73 54 .37 23 ._._._••• • 9 • •••• _
4.62 1.47 32 1.76 38 .49 33 ._. ••• .69 47 • ._._••• •__ •• __ .___ 8 ._.__ ._. __ ._
4.75 1....7 31 1.86 39 .54 87 _._. •••______.69 47 .27 18 77 8 ._••••_._. _
4. 75 L 54 32 1.57 88 .47 31 .42 27 .56 36 .29 19 100 7 _. __ ._. __ ••••• __
4.75 1.42 30 1.59 83 .47 33 .89 'Z1 .59 42 .22 15 88 6 _._. __ • ••_
4. 81 1.112 82 1.72 36 .49 82 .51 84 .71 47 .82 21 77 8 "__ ._._._. __ ._••

U~ U~ ~ g~ ~~ ::t :~ :~ :~ :~ :: J? ~ --·-'---77'--'-- ~ ::::::::::::::::
gl t;~ :g --2:26-----iil-- .:1: U -·-:69--·--40------:iir·---i7"-- j~ ~ -.-- ---- .8. -.-::-- ••:--.:-:
4,94 L1i2 31 L 72 35 .51 84 .51 34 .71 47 .24 16 -----··i2ii·------·----- 8 --- - :::._::::.:::.:_
4.94 1.72 35 1.81 37 .49. 28 .49 28 .64 37 .34 20 77 10 _••••_. __ • ._
4.94 1.112 31 1.64 33 .49 82 .49 32 .61 40 .32 21 85 11 •__ • •••• __._.

~ Sll t:~ :: U~ ~ ··-:io·----2ii-·-·--.-iii"·--·lii"-··--:7ii·---·iii"-- -- -.·i9-.-'-2ii---:::::::::::::::: 1~ ::::::::::::::::

tl: u: :~ t:~~ :: ::I :~ ::~ l~ :~ g J~ i\ ---"'--80'-"-- ~ ::::::::::::::::
6.06 1.49 29 1.81 36 .49 33 .51 34 .66 44 • 'Z1 19 • •__ •••_._ 9 •__ • • _
6.19 1.64 32 1.96 38 .47 29 .61 37 .76 46 .39 24 ._ •• __ ••••• 12 _. ••• _
5. 82 1.119 80 1.86 35 .49 81 .51 82 .66 42 .37 23 •••••_•• ••_ 9 •••• -•• ._. __

~g~ t~~ :g U: :f ::: ~ :: ft :~t :: :~ ~ ------·-83·----- ~ ::::::::::::::::
11.44 1.81 34 2. 33 43 .66 80 .66 36 .91 49 .47 26 85 ---•• --i6.-------:.· ••: •••_-_-_-_-_._-_-_-.-_:
5.44 1.81 33 2.08 88 .114 30 .51 28 .69 88 .87 20 71
5.44 1.72 32 1.94 37 .61 .30 .66 88 .73 45 .44 26' 77 16 ._. __ • _
5.57 1.91 34 2.1639 .114 28 .61 32 .73 41 .39 20 85 ~ -------ir------
5.89 2.08 35 2.45 42 .56 'Z1 .69 33 .86 41 .47 23 33
6.01 1.89 31 2.13 35 .56 30 .69 87 .86 46 .56 30 75 50 25
6.01 1.89 31 2.18 35 .56 30 .61 82 .81 43 .51 27 85 58 35 ..

~~ l:= :g ·-2:20-----36--- ::~ ~~ :~ ~ :~~ t~ :~~ ~ ~ ------·66-----------··-33---·---
6.29 2.08 33 2.20 35 .49 24 .73 85 .81 89 .42 20 33 74 42
6.39 2. 08 33 2.46 88 .59 28 __ • ._._.___.86 41 .49 !M ---·-··-8-1-··---- 66

68
~2

6.39 2.20 34 2.87 45 .59 27 .73 33 .98 45 .66 25 ~
6.50 2.07 82 2.60 40 .56 'Z1 .64 31 .88 43 .47 23 88 65 •••••• ----------
~~ ~ ~ :g ~~ = :: = :~ ~ :~ : ::: ~ -·------68---···-------ii8"·------······s6"··----

See footnote at end of table.
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TABLE I.-Belected measurements and counts oj larval Cyclopsetta fimbriata~Continued

MllIISlll'eJIIents Counts

Pelvic fin
Head Bodh Eye UYf:~w Loweraw Snout or1fo: to Dorsal Anal

Standard len~h dfJt diameter len lemh tCritm f1.n fin
length (H ) ( D) (ED) (UJL) (LJ ) (S ) cle1t I rafB rafB

bllnd-lltk
ocu1Br-s1de

HL BD ED UJL LJL SN
Mm. .Vm. 8L Mm. SL Mm. HL Mm. HL Mm. HL Mm. HL Percl7ll Number' Number'

6. 70 2.08 31 2.72 41 0.64 31 -_ ........ __ ..... 0.78 38 0.42 20 69 64 44
6.80 2.08 31 2.45 36 .49 24 ···:7i" .. ··33·.. .86 41 .42 20 100 ·······················39·······6. 91 2.16 31 2.45 36 .66 26 .93 43 .42 19 77
7.01 2.20 31 2.72 39 .56 25 .74 34 .93 42 .56 25 83 ·······73···-··· 50
7.01 2.28 33 2.83 40 .61 27 .81 36 .98 43 .49 21 78 66 46
7.53 2.38 32 2.83 38 .69 29 .81 34 1.03 43 .56 24 76 .......72""" .........00""'"
7.63 2.38 31 3.03 40 .66 28 ···:93·····36··· 1.03 43 .59 25 84
8.04 2.1i6 32 3.22 40 .69 27 1.10 43 .61 24 88 79 62
8.04 2.64 33 3.14 39 .74 28 .91 34 1.10 42 .69 22 83 ...-.- .... -- -_ .. _........... -.- .... - ....... -
8.25 2.83 34 3.49 42 .74 26 1.00 35 1.22 43 .74 26 88 ..,··..79··· -..... ,..•.&6"'" -.
8.76 2. 91 33 3.69 42 .71 24 1.00 34 1.15 40 .66 23 71
9.18 2.79 30 3.30 36 .69 25 ..i:00" --'30'-' -'i:1i5" ...40'" .69 25 74 81 57
9.38 3.38 36 4.30 46 .71 21 .86 25 71 79 50
9.38 2.95 31 3.80 41 .74 25 1.03 35 1.22 41 .74 25 78 82 63
9.69 3.49 36 4.24 44 .69 20 1.00 29 1.30 37 .81 23 92 77 54
9.79 2.91 30 3.61 37 .71 24 .91 i~- --U~ 41 .74 25 65 76 60

10.21 3.03 30 4.11 40 .66 22 .98 38 .73 24 71 81 61
10.31 3.65 35 4.62 45 .81 22 ..i:iii"" '36--' 1.62 42 .88 24 69 77 68
10.31 3.10 30 4.24 41 .71 23 1.35 44 .73 24 61 78 60
10.31 3.18 31 4.11 40 .74 23 1.10 35 1.32 42 .74 23 74 79 69
11.08 3.67 32 4.43 40 .78 22 1.15 32 1.42 40 .91 25 100 82 62
12.06 3.80 32 4.56 38 .86 23 .98 26 1.35 36 .86 23 79 77 68
12.23 3.99 33 4.89 40 .91 23 1.32 33 1.71 43 .91 23 78 82 68
13.20 4.49 34 5.38 41 .86 19 1.42 32 1.84 41 1.18 26 73 82 61
13.53 4.18 31 5.25 39 .93 22 1.35 32 1.72 41 .98 22 82 84 61
13.86 4.30 31 '"i"6i""'a9"" .91 21 1.25 29 1.71 40 .98 23 65 •••••••iicj••••••• -••••••00·······
14.02 4.62 33 .98 21 1.69 34 1.98 43 1.05 23 92
14.18 4. 76 33 6.01 42 .93 20 1.49 31 2.03 43 1.22 26 73 83 61
14.61 4.75 33 5. 87 40 1.22 26 1.40 29 1.84 39 1.10 23 78 80 68

I DIstance between the origin 01 the right side pelvic fln base and the tip of the clelthmm divided by the distance between the origin of the ieft side pelvIc
fln base and the tIp of the clelthrum.

TABLE 2.-Average values Jor selected measurements and counts (%-mm. size intervals to 6.0 mm. BL; l-mm. intervals Jor
larger sizes); all specimens in a givtn size serie8 were not neceBBarily u8ed to camp"ute the mean

Measurements Counts

Standard length Specimens
Head
length
(HL)

Body
depth
(BD)

Eye UCper Jaw Lower jaw
diameter ength length

(ED) (UJL) (LJL)

Snout
length
(SN)

Pelvlcfln
origin to

tip 01
clelthrum I
bllfld..1tk

ocular-side

Dorsal
II.n

rays

Anal
fin

rays

····ii'o····
37.0
48.6
69.0
53.8
69.5
62.0
68.0
61.0
69.7

Number NumberPercent

::::::~::::::."'If" '::::::::::::
92 5. 2 ••••••••••••
85 6.6 ••••••••••••
78 7.5 •••••••••••_
86 12.1
81 14.3
81 54.8
80 70.3
82 79.0
76 "79.0
69 78.8

100 82.0
78 79.5
73 83.0
81 81.0

Mean Mean Mean
ED UJL LJL SN
HL Mm. HL Mm. HL Mm. HL

40 ••••••••••••••••••••••_. 0.09 17
40 •••••••••••••••••••••••• .12 16
38 0.28 33 0.41 49 .13 16
37 .37 35 .60 47 .21 20
34 .49 38 .60 48 .29 23
33 .48 36 .66 48 .29 21
32 .52 33 .68 44 .33 21
30 .57 33 .75 44 .39 23
28 .64 32 .84 41 .46 23
27 .79 35 .99 43 .65 24
26 .96 35 1.14 42 .65 24
23 .98 31 1.26 40 .77 25
22 1.06 34 1.34 42 .77 24
22 1.15 32 1.42 40 .91 25
23 1.15 30 1.63 40 .88 23
21 1. 34 31 1. 76 41 1. 05 24
22 1. 49 31 1. 95 42 1. 12 24

Mean Mean Mean
HL BD

Mm. SL Mm. 8L Mm.
O. 60 28 O. 62 29 O. 21
.69 32 .64 32 .28
.83 30 .84 30 .32

1.06 32 1.12 34 .38
1.25 34 1.42 39 .42
1.37 32 1.69 37 .44
I.M 32 1.79 38 .50
1.70 32 1.98 38 .51
2.04 32 2.40 37 .56
2.31 32 2.85 39 .63
2.74 33 3.38 41 .72
3.10 33 3.M 41 .71
3.24 32 4.27 42 .73
3.57 32 4.43 40 .78
3.90 32 4.72 39 .68
4.32 32 6.32 40 .90
4.71 33 6.80 40 1.04

Number
4
6

18
23
16
17
16
16
13
4
4
5
4
1
2
3
3

Mean

Mm.
1.79
2.20
2.80
3.28
3.68
4.25
4.78
6.30
6.42
7.30
8.27
9.46

10.28
11.08
12.14
13.53
14. 24

Range

Mm.
l.l5O-1.99
2.00-2.49
2. &0-2. 99
3. oo-a. 49
3.&0-3.99
4.00-4.49
4.50-4.99
5.0D-5.99
6. lIO-6. 99
7.00-7.99
8.00-a.99
9.0D-9.99

10. 00-10. 99
11.00-11.99
12. 00-12. 99
13. 00-13. 99
14.00-14.99

I Distance between the origin of the right side pelvic II.n base and the tip of the clelthrum divided by the distance between the origin of the left side pelvic
fin base and the tip of the cle1thrUm.
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