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ABSTRACT

Three species of pompano, Trachinotus carolinus (Linnaeus), T. falcatus (Lin-
naeus), and 7. glaucus (Bloch), are residents of the south Atlantic coast of the -
United States. T. carolinus is the most common species and the young are
plentiful along the Georgia beaches during the warmer months. Beach recruit-
ment is comprised of periodic waves of small individuals, the major influx appear-
ing in April and May. Young 7. falcatus are fairly common along the Georgia
beaches during the warm season, appearing first in late May or early June; but
recruitment is erratie, with only one wave, in September or October. Recruit-
ment occurs almost all year long in southern Florida. Young 7. glaucus are
stragglers along the Georgia beaches, appearing infrequently in .collections
between August and November and at larger minimum sizes than 7. carolinus
and T. falcatus. Unidentified Trachinotus, 3.05 to 4.66 mm. standard length,
were taken in offshore waters. The sizes and locations of capture of offshore
specimens of T. carolinus and T. falcatus indicate spawning probably in or near the

ulf Stream. Great variation in color, body depth, and profile is found in T.
falcatus. Young of the three species and the smaller unidentified specimens are
figured; natural history observations are presented; and growth and develop-
ment are discussed. Additional reasons are given for considering 7. argenieus
(Cuvier) to be synonymous with T. carolinus, and T. goodei Jordan and Ever-
mann synonymous with 7. glaucus.




POMPANOS (TRACHINOTUS SPP.) OF SOUTH ATLANTIC COAST OF THE
UNITED STATES

By HUGH M. FIELDS, Fishery Research Biologist

BUREAU OF COMMERCIAL FISHERIES

Three species of the carangid genus Trachinotus
Lacépéde (pompanos), namely, Trachinotus caro-
linus (Linnaeus), T. falcatus (Linnaeus), and T.
glaucus (Bloch), are recognized as being indigenous
to the south Atlantic coast of the United States.
It is my purpose to present the results of a study
of the early development of the pompanos,
including descriptions and illustrations of the
young, discussion of pigmentation, ontogeny and
growth, seasonal occurrence of the young on the
Georgia coast, and natural history notes.

The bulk of the T carolinus and T. falcatus ma-
terial used in this study was collected in conjunction
with the biweekly seining program of the Bureau of
Commercial Fisheries Biological Laboratory,
Brunswick, Georgia. (This material is identified
in this paper by the abbreviation BLBG.) This
program, initiated in 1953 and still in operation,
consists of periodic seining at selected sites with
small-mesh (%-inch bar) seines, 30 to 70 feet in
length. Three permanent sites are used—open
ocean beach (King and Prince, St. Simons Island),
salt marsh (Jekyll Island Causeway, and previ-
ously, Sapelo Marsh), . and fresh-water river
(Altamaha River at the county landing). Supple-
mentary seining is done on the open beach at
Jekyll Island and at East Beach on St. Simons
Island. These seine locations are in Glynn
County, Ga., except Sapelo Marsh which is in
adjacent McIntosh County, Ga. Water tempera-
ture and salinity data are recorded from these
sites.
from the open ocean beach locations. Other
inshore specimens were collected in shrimp trawls
in the Brunswick area and by the Menhaden
Investigations, Biological Laboratory, Beaufort,
N.C., (MI). Offshore specimens were taken dur-
ing the South Atlantic Fishery Investigations’

The author is presently Extension Wildlife Specialist, North Carolina
State College, Raleigh, N.C.
Approved for publication, July 26, 1961. 'Fishery Bulletin 207.

Most of the Trachinotus taken by seine are

field operations with the Fish and Wildlife Service
research vessel Theodore N. Gill; and during opera-
tions aboard the Service’s exploratory fishing and
gear research vessel Combat. @ill specimens were
collected in plankton tows using standard half-
meter silk nets, high-speed metal nets, and by
small-mesh dipnets; and the Combaf material was
collected in tows using a standard meter larvae net.

Other specimens examined were lent by the
following institutions and individuals:

University of Florida Collections (UF), through
John D. Kilby; Charleston Museum (ChM),
through E. Milby Burton; United States National
Museum (USNM), through Leonard P. Schultz;
Institute of Jamaica (Inst. Jam.), through David
K. Caldwell; University of Georgia (UG), through
Donald C. Scott; Department of Biology, College
of Liberal Arts, Boston University (BU), through
Robert H. Gibbs; and the personal collection of
Mr. and Mrs. Craig Phillips (Phillips). Also
examined were fish in the commercial catch at
Melbourne and Grant, Fla., on the Indian River,
through the courtesy of Floyd Carver and other
Indian River fishermen. Appreciation is
expressed to the Indian River fishermen and
staff members of the Biological Laboratory,
Brunswick, Ga., and others who assisted in
various ways.

Collection data for all specimens examined are
given in appendix table 1, page 210.

METHODS AND DEFINITIONS

Measurements

Measurements below about 15 mm. were made
with a micrometer eyepiece and dissecting micro-
scope. Larger measurements were made with
dividers and millimeter rule, dial calipers, or meas-
uring board. All measurements below 5 mm. were
recorded to the nearest hundredth millimeter;
those between 5 and 50 mm. to the nearest tenth;
and those above 50 mm. to the nearest half-milli-
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meter. The following measurements were used in
this study:

Standard length (S.L.).—The distance, parallel
to the longitudinal axis of the body, from the tip
of the snout to the distal end of the hypural bones.

Depth.—Shortest distance from insertion of last
dorsal spine to insertion of first anal spine.

Head length.—Distance, parallel to longitudinal
axis of the body, from tip of snout to posterior-
most point of opercular flap.

Eye diameter.—Distance, parallel to longitudinal
axis of the head, from anteriormost to posterior-
most points of bony orbit.

Dorsal-lobe length.—Shortest distance between
insertion of last dorsal spine and distalmost point
of dorsal-fin lobe.

Anal-lobe length.—Shortest distance between in-
gertion of third anal spine and distalmost point of
anal-fin lobe.

Dorsal-base length.—Shortest distance between
insertion of first dorsal spine and insertion of last
dorsal soft-ray.

Anal-base length.—Shortest distance between in-
sertion of first anal spine and insertion of last anal
soft-ray.

Pectoral length.—Shortest distance between in-
sertion of pectoral-fin spine and distalmost point
of pectoral fin.

Pelvic length.—Shortest distance between inser-
tion of pelvic-fin spine and distalmost point of
pelvic fin.

Caudal lobe length.—Shortest distance -from
anteriormost secondary ray of upper caudal lobe
to posteriormost point of upper caudal lobe.

Enumerations

Numerable characters used here are dorsal-, anal-,
pectoral-, pelvic-, and caudal-fin formulae; gill-raker
and preopercular-spine counts; branchiostegal-ray
counts; and dentition.

Spines are represented by Roman numerals and
soft rays by Arabic numerals. In small fish inter-
spinous membranes are present between the dorsal
spines and the anal spines as well as between the
posteriormost spines and the anteriormost soft rays.
As the fish grows, the interspinous membranes
degenerate and the posteriormost spine becomes
adnate to the soft fin. Therefore, the posterior-
most spine in the dorsal and anal fins is considered
part of the soft fin. A specimen bearing a dorsal
complement of seven spines and 20 soft rays will
have a dorsal formula written VI-I, 20 whether or

not the spines are joined by membranes to each
other or to the soft fin.

The development of principal caudal rays only is
treated here.

Gill-raker counts were taken from the first gill
arch. The formula consists of the number of
rakers above the one at the angle of the arch plus
the angle raker and those on the lower limb, i.e.,
a gill-raker formula of 7413 signifies 7 rakers on
the upper limb, 1 at the angle, and 12 on the lower
limb of the first arch.

Branchiostegal rays, counted on both sides, are
recorded left to right, i.e., 847 indicates eight
rays in the left and seven in the right branchio-
stegal regions. :

Specimens were examined for dentition on the
premaxillaries, vomer, palatines, tongue, and
dentaries.

All lengths of fish are standard lengths unless
otherwise stated.

Growth and Development

In the' discussion of growth and development,
my findings are compared with those of Ginsburg
(1952). The pectoral soft-ray enumerations do
not agree with Ginsburg, as his ray counts indicate
a minimum and maximum range of one more ray
than I found. It is assumed that he included the
pectoral spine in his counts, and as presented here
the counts exclude the spine. '

A soft-ray is considered branched when the
cleft separates the distalmost segment into two
distinct segments. The uppermost or anterior-
most ray of the pectoral fin and the uppermost
and lowermost principal rays of the caudal fin
never branch. Branching is considered complete
when all other rays in these fins have branched,
ignoring the branching to the base of the posterior-
most ray in the dorsal and anal fins. Branching
presents no distinct pattern in the dorsal or anal
fins other than that the fourth through last rays
usually branch before the first three. The pectoral
and pelvic fins branch progressively away from
the spine. The median caudal rays branch first,
followed by progressive branching of the other
principal rays.

Development of body parts is presented as
percent of standard length (% S.L.).

Drawings

Drawings were made with the aid of a dissecting
microscope and camera lucida.
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UNIDEN'i‘IFIED LARVAE Trachinotus

Six larvae less than 5 mm. long were taken
beyond the 100-fathom line during Gill and Combat
operations. Three were so mutilated as to be of
little diagnostic use.

The illustrated specimens (figs. 1,2, and 3) are
designated Trachinotus primarily on the distinctive
shape and arrangement of the preopercular spines

and the ontogenetic connection with the develop-
ment of these spines in slightly larger Trachinotus.
The 4.66-mm. specimen may well be T. carolinus,
considering the number of dorsal and anal fin
ray buds present and the space left for more buds.
The 3.07-mm. specimen resembles the 4.66-mm,
larva and may also be T. carolinus. The 4.0-mm,
larva is so distorted as to resist speculation on its
specific identification.

Ficure 3.—Trachinotus sp., 4.66 mm. (Combat station 302).
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TRACHINOTUS SPP. OF SOUTH ATLANTIC
COAST

TRACHINOTUS CAROLINUS (LINNAEUS)

Trachinotus carolinus, (figs. 4-7), the common
pompano, is apparently the most abundant species
of the genus Trachinotus on the southeastern coast
of the United States. Meek and Goss (1885:
p. 128) stated that “On our South Atlantic and
Gulf Coasts this is by far the most abundant
species of the genus.” Neither Beebe and Tee-
Van (1933) nor Bean (1906) included 7. carolinus
among the Bermuda fishes, nor did Rosen (1911)
list it for the Bahamas. Nichols (1929: p. 242)
stated that the young are plentiful in Porto Rican
waters, but grown fish are rare.

The species affords an important fishery along
the south Atlantic and Gulf coasts of the United
States, with Florida the leading producer.

From

1955 through 1958 the total Florida catch was
2,425,247 pounds, valued at $1,748,993 (Anderson
and Power, 1957; Bureau of Commercial Fisheries,
1959; Power, 1958 and 1959).
Spawning

There has been considerable speculation on the
life history of T'. carolinus, especially as to time
and place of spawning. Goode (1882: p. 39)
quoted Stearns, “In regard to its spawning habits
nothing very definite has been learned. It has
spawn half developed when it arrives and has
none when it leaves the bays.”

Goode also said (p. 38)—

Mr. 8. C. Clarke states that in the Indian River they
spawn in March in the open sea, near New Smyrna, Fla.

It is supposed that those visiting our northern coasts
breed at a distance from the shore.

Tracy (1910: p. 113) stated his belief that 7.

carolinus ‘‘probably spawn on east coast of
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Ficure 5.—T. carolinus, 11.0 mm. (Gill cruise 8, regular station 47).
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Ficure 6.—T. carolinus, 14.8 mm. (East Beach, St. S8imons Island, Ga.).

& -

Fiaure 7.—T. carolinus. Upper, 18.9 mm. (King and
Prince Beach, St. Simons Island, Ga.). Middle, 27.2
mm. (East Beach, St. Simons Island, Ga.). Lower,
42.1 mm. (King and Prince Beach, St. Simons Island,
Ga.).

Florida in April and May. Full of nearly ripe

spawn in April on the coast .of Florida. . . .”

Billy Christisen, an employee of one of the fish

companies in Melbourne, Fla., on the Indian
631439 O~—62—2

River, informed me (personal conversation) that
over the years he has dressed hundieds of ‘‘pom-
pano” (T. carolinus) and has never found any
developed roe. :

Springer and Pirson (1958: p. 177).speculated
on the breeding season on the Texas coast—

Pompano are caught all year long, but major catches
oceur during March, April, and May. These months are
probably just prior to the breeding period as Gunter
(1945) reports young as small as 13 mm. from June, and

states that fish as small as 23 mm. were taken from June
through December. ’

Nichols (1934: p. 46), referring to the lack of
certain carangids (including T. carolinus and T.
falcatus) in the Bermuda fauna, stated that—

The probable explanation is that there are spawning
grounds for these species in southern latitudes in or-near
the left (continental) edge of the Gulf Stream, and none
on the opposite side.

The collection of two small specimens of this
species in-offshore waters indicates that 7. caro-
linus spawns in the open ocean, either in the -
Gulf Stream or in locations where the transport
and distribution of the eggs and larvae are in-
fluenced by this current. Two small specimens
collected in offshore waters, were examined in
this study. The first, 7.2 mm. (fig. 4), was taken
near the 100-fathom line on Gill cruise 3, regular
station 42 (31°57’ N., 79°16’ W), August 5, 1953.
The other, 11.0 mm. (fig. 5) was taken on Gill
cruise 8, regular station 47 (32°40’ N., 79°00’
W), September 25, 1954.

‘Recruitment

Young Trachinotus carolinus first appear on the
Georgia beaches during the last half of April or
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.the first half of May. This recruitment consists

of small specimens, 11-20 mm., with a few as
large as 30 mm., but largely in a size range of 13—18
mm. This first wave is followed at about monthly
intervals by similar waves until the fish leave the
beaches in late October to early December. By
the first half of July, three size modes are recog-
nizable; the largest (in size) representing the first
wave, the smallest representing the most recent
recruitment. From then to the latter part of
October two or three size modes are recognized.
The fish apparently leave the beaches at about

60-70 mm., because only an occasional straggler-

of that size or larger is taken by beach seining.
Therefore, fish apparently from the first wave
leave the beach in the latter half of July, followed
by the second wave in August, et cetera.

Analysis of seine collections of the Biological
Laboratory at Brunswick, Ga., for the years 1956,
1957, and 1959 indicated that initial recruitment
may represent the major spawning because the
numbers of individuals collected during April and
May for each year comprise about 56—66 percent
of the total number of individuals taken in each
year.

Recruitment continues into late October to
early December, at which time 13.6- to about 50~
mm. specimens are found on the beach, with an
occasional larger straggler.

Water temperatures follow a consistent annual
cycle on the open beaches in the Brunswick, Ga.,
area, especially during the warmer months, For
the years 1956-59, the average monthly water
temperatures (° C.), based on biweekly records
from King and Prince and East Beaches, were for
April, 21°; May, 26.6°; June, 27.8°; July, 30.5°;
August, 30.3°; September, 28.6°; October, 24.2°;
and November, 19.0°. The highest temperature
recorded for this period is 33.0°. '

Salinity of the beach water during the period
195659 was very erratic, with variations as high
as 8.39 parts per thousand occurring in the same
month and with 17.07 p.p.t. and 36.65 p.p.t. the
extreme readings for April through November:

Based on the data for the years 1956-59, T.
carolinus first appears on the Georgia beaches
when the water temperature rises to about 19° C.,
leaves in the fall when the water cools to about
the same temperature, and has been taken at both
salinity extremes (17.07-36.65 p.p.t.).

Gunter (1945: p. 59) stated that T. carolinus
was taken on the Texas gulf beaches in a tempera-
ture range of 19.0° to 30.7° C., and a salinity range
of 28.1 to 36.7 p.p.t.

Size

Examination of seine collection data reveals
little as to the growth rate of these fish. It is
impossible to tell if consecutive collections were
made from the same local population of a recruit-
ment wave or from migrants along the shore.
Another factor affecting growth analysis is the
possible sporadic immigration to and emigration
from the beaches of individuals comprising the
wave; i.e., when the initial portion of a wave is
sampled as it first reaches the beach, many indi-
viduals, especially of the smaller sizes, may not
as yet have arrived. The same may be true in
reverse at large sizes when the fish begin to leave
the beaches. Probably the larger individuals in
a wave move out first, and the emigration is pos-
sibly a random movement. Efforts to establish
growth rates from existing samples produced
little other than an indication that the growth rate
of these young fish is probably 14-30 mm. per
month, averaging about 22 mm.

Maximum size of 7. carolinus was not resolved.
Evermann and Marsh (1902: p. 140) stated that
T. carolinus “‘reaches a maximum length of nearly
2 feet and a weight of 6 or 8 pounds.” According
to Hildebrand and Schroeder (1928: p. 231),
“This pompano reaches a weight of about 5
pounds.” Gregg (1902: p. 55) stated—

The market fishermen of Indian River and Lake Worth
do think the ‘‘true” or Common Pompano have been caught
weighing up to 27 pounds. I have often been told of
specimens weighing 20 to 25 pounds. I am quite sure the
one caught by Capt. Gardner at Lake Worth April 15,
1898, was a true Pompano, as he was compared with
several undoubted Pompanos . . . ..

Present-day market fishermen on the Indian
River confirm Gregg’s observations. Some of
these fishermen, who are well acquainted with
T. carolinus, assert that they have seen fish in
the 30-pound class that they identify as large
“pompano.” The Indian River fishermen dif-
ferentiate between T. carolinus and T. falcatus
by the colloquial name ‘“‘pompano” for the former
and “permit” for the latter. T. glaucus is un-
known to them as an inhabitant of Indian River.
Food St

The food habits of T. carolinus are well known.
Goode (1882: p. 38) stated that ‘“their food con-



POMPANOS OF SOUTH ATLANTIC COAST 195

sists of mullusks, the softer kinds of crustaceans,
and probably, the young of other fishes.” Accord-
ing to Evermann and Marsh (1902: p. 140),
“The food of this fish seems to consist very largely
of small bivalve shells and small crustaceans.”
Tracy (1910: p. 113) listed ‘‘Stomach contents:
fishes, small crustacea, amphipods, lamellibranch
ghells, diatoms, and vegetable debris. Often
seen rooting or digging in the sand for food . . . .”
Gunter. (1958: p. 189), referring to T. carolinus,
stated ‘“The little pompano feed to a large extent
on young Harengula, and are commonly found
in the summer with their stomachs distended
with them.” Stomach contents of T. carolinus,
13.5-80.5 mm. from. the Georgia beaches, were
found to contain amphipods, bivalve mollusks,
crab larvae, copepods, isopods, and invertebrate
eggs, in that order. Also found were small
sessile barnacles, polychaetes, cumacea, unidenti-
fied small crustacea, and other invertebrates.

Sand was quite commonly found in the stomachs,

confirming Tracy’s observations. Indian River
market fishermen state that it is not uncommon
to see several ‘‘pompano” accompanying large
rays, particularly the spotted eagle ray, as they
feed, supposedly feeding on mollusks and crustacea
uncovered by the rays and also on morsels the
rays fail to ingest.
Color .
Meek and Hildebrand (1925: p. 385) stated
that the color of T. carolinus is ‘‘bluish above,
silvery below; ventrals pale; other fins usually
black or dusky.” Smith (1907: p. 214) gave the
color as ‘“bluish or greenish on back, silvery on
sides, rich golden yellow below; fins with bluish
or yellowish shades.” Ginsburg (1952: p. 80)
stated that coloration is “‘Silvery, with a grayish
tinge on upper half, lighter below; fins dusky in
the larger specimens, usually almost uniformly
80; no cross bands.” Bean (1903: p. 444) gave
the color as “Uniform bluish above, sides silvery,
golden in the adult, without bands, fins plain
silvery or dusky.”

Beach specimens (2040 mm.) freshly killed in
formalin exhibited the following coloration:

Chin, branchiostegal region, and ventral surface
of body anterior to pelvic base white. Belly and
lower sides of body from pectorals to caudal base
silvery-white flecked with plumbeous chromato-
phores. Dorsal surface and upper sides of head
and body metallic blue-green. Spinous dorsal

" and lower ones hyaline.

with hyaline interspinous membranes; spines
dusky, especially along leading edges. Anterior
part of soft dorsal virtually black, because of
the concentration of melanophores between first
six or seven soft-rays. The lobe is dusky to the
tip. Remainder of soft dorsal hyaline along its
distal margin and proximal third of fin; base and
area between hyaline parts lightly dusky. Inter-
spinous membranes and basal portion of soft
anal fin hyaline; spines, leading edge of soft anal,
lobe, and distal margin distinctly yellow. Scat-
tered melanophores form dusky lines between
first three or four pectoral soft-rays; rest of
pectoral fin yellow along proximal half and
hyaline toward tip. Pelvic fins bright yellow-
white. Lobes of caudal fin bright yellow, flecked
with melanophores, causing outer principal rays
to appear dusky. Coloration diminishes toward
inner rays. Upper secondary caudal rays dusky
Eye with black pupil
and silvery iris with lightly dusky patch above
and below the pupil.

Live T. carolinus kept in aquariums exhibited
limited ability to change color. Small specimens
(15-30 mm.) were able to change body pigmen-
tation from silvery to very dusky, with an inter-
mediate “peppered” stage. Individuals above
about 30 mm. constantly maintained a uniform
silvery body color. Generally, live specimens in
the 30-50-mm. range showed very little duskiness
on the body and fins, except for the leading edge
and lobe of the dorsal fin, which is opposed to
the duskiness on the fins and bodies of preserved
specimens (fig. 7). o
Parasites . ._ ..

Linton (1905: p. 330-335, 366) listed the
following organisms found to be parasitic on 7.
carolinus:

Protozoa: Myxobolis (Henneguya) sp.; Nema-
toda: Immature nematodes (Ascaris) usually
encysted in viscera. Cestoda: Rhynchobothrium
sp. (encysted) in mesentary and on viscera;
Scolex polymorphus Rudolphi. Trematoda: Aspid-
ogaster ringens Linton; Distomum monticellii
Linton; Distomum pectinatum Linton; Distomum
valde-inflatum Stossich; Distomum vitellosum Lin-
ton; Distomum sp.; and Monostomum sp.

The soft fins of small specimens of Trachinotus
spp. are often deformed or atrophied by cysts that
adhere to the rays.: Mild infestations seem to

cause little damage, but concentrated infestations
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destroy parts of the rays and other parts of the
fins.

Status of Trachinotus argenteus

Ginsburg (1952: p. 82) considered Trachinotus
argenteus- Cuvier synonymous with 7. earolinus,
and I agree.

The original description, translated by DeKay
(1842: p. 1186), is as follows:

The Silvery Trachinote
Trachinotus argenteus

Characteristics. Silvery. Height to its length as one to
two. 5-6 dorsal spines, and one recumbent, directed
forwards. Length six inches.

Description. Body elevated; its height being one-half
the head and body alone, without including the lobes of
the tail, which are more than one-fourth the total length.
Lateral line irregular, with five or six slight undulations.
Five and sometimes six free spines on the back, without
including the recumbent spine in front, nor that which
adheres to the dorsal. The rays of the dorsal and anal
exceed in number most of their congeners. The points of
the dorsal and anal, when lying supine, reach only half the
length of these fins. The limb of the preopercle with
slightly elevated radiating lines, and oblique striae on the
base of the opercle. Teeth minute, equal and velvet-like.
Vertebrae compressed, twenty-three. The recumbent
spine is a part of the third interspinous.

Color. Silvery, with blackish at the elongated . tips of
the dorsal, and on the middle of the pectoral.

Length, 6.0.

Finrays, D.5or6.1.24;P.18;V.1.5;A.2.1.21;,
C. 17 §/8. :

Jordan (1887: p. 531), referring to the type,
stated that “It may stand as Trachinotus
carolinus.”

Various authors differentiate between T. earo-
linus and T. argenteus on the basis of depth, with
T. argenteus having a depth of 2 into standard
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length and T. carolinus a depth of about 2% to
2% into standard length. Bean (1903: p. 443)
stated—

There is still some question whether or not the argenteus
of Cuvier and Valenciennes is the young of 7. carolinus
(Linnaeus). If we consider them identical we must assume
that the very young, say from 1 ineh to 2 inches long, are
much more elongate than when they reach the length of
3 inches. .

Ginsburg (1952: p. 81, table XV; p. 82) has
shown that T. earolinus with depths greater than
50% S.L. are found in a size range of about
66—274 mm. My findings coincide with his except
that my depth percentages are slightly less. This
is no doubt because of a difference in method of
measurement. One 182-mm. specimen examined
in this study has a depth 55% S.L.. It is identical
to the typical T. carolinus ir. every respect but
depth.

TRACHINOTUS FALCATUS (LINNAEUS)
Trachinotus faleatus, the round pompano (figs.

'8-13), is a widely distributed and fairly common

species. The Florida fishery produced a total
of 98,503 pounds of ‘‘permit,” presumably this
species, during 1955-58, valued at about $10,288
(Anderson and Power, 1957; Bureau of Com-
mercial Fisheries, 1959; Power, 1958 and 1959).

Knowledge of the life history of T. faleatus is
meager. Since the species is generally not so
plentiful nor as commercially important as T.
carolinus, it seemingly has failed to attract com-
parable attention. "’

Spawning

Four offshore specimens identified as this
species were taken during the operations of the

Ficure 8.—T. falcatus, 5.0 mm. (Gill cruise 3, regular station 63).
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Figure 10.—7T. falcatus, 16.9 mm. (King and Prince Beach, St. Simons Island, Ga.).

Gill (figs. 8 and 9), of which three were taken in
close proximity to the axis of the Gulf Stream
and one was taken at about the 100-fathom line.
A fifth specimen (11.7 mm:), dip-netted aboard
the M/V Delaware, was taken at 37°30° N.,
68°10’ W., about 360 miles east of Cape Charles,
Va. The location of capture of these fish in-
dicates offshore spawning habits for the species,
in close proximity to or in the Gulf Stream.

631439 0—62——-3

Recruitment

T. falcatus arrives on Georgia beaches in late
May or early June at a size range of 18 to 44
mm. From shortly after initial beach recruitment
until the end of August it is never as abundant
as T'. carolinus, nor is there any apparent ‘“wave.”
The beach population consists of scattered 14- to
66-mm. individuals. Between the first of Septem-
ber to the middle of October a major influx of
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Fraure 11.—T. falcatus. Upper, 23.6 mm. (Capers Inlet,
8.C., ChM 31.207.12). Lower, 26.2 mm. (Fort Pierce,
Fla., Phillips collection).

ol

Fraure 12.—T7T. falcatus. Upper, 35.3 mm. (Capers Inlet,
8.C., ChM 31.207.12). Lower, 35.5 mm. (Fort Pierce,
Fla., Phillips collection). .

~

Figure 13.—T. felcatus. 59.5 mm. (Little River, 1 mile
northeast of Calabash, N.C.).

small, 12- to 40-mm. fish appears on the beaches,
supplementing the scattered population of larger
fish. One to three size modes may be present at
this time. Its stay is very short, for by latter

‘October only a few individuals remain, these in

the 14- to 65-mm. size range, and none is found
after the middle of November.

Examination of material from southern Florida
reveals a much different recruitment pattern than
that found on the Georgia coast (See Phillips
Collection, appendix table 1). In the Miami-Vero
Beach area, specimens were taken throughout the
year and generally at much smaller sizes than in
Georgia. Specimens less than 12 mm. long were
taken from January into September. The near-
ness of the Gulf Stream to the southern Florida
coast no doubt influences the long period of beach
recruitment and the small size of the inshore
specimens. This pattern indicates a prolonged
spawning season, much of which is restricted to
subtropical waters.

Based on water temperature and salinity data
for the years 1956-59 (see under 7. carolinus,
p. 194), T falcatus first appears on Georgia beaches
when the water is warmed to about 27° C., and
remains on the beaches until the water cools to
about 19.5°, and has been taken in a salinity
range of 17.07-35.34 parts per thousand.

Size

Beebe and Tee-Van (1928: p. 116) stated that
T. falcatus “Grows to 12 inches and a weight
of 3 pounds.” Breder (1948: p. 139) said that it
reaches a length of about 18 inches. Ginsburg
(1952) examined & specimen 790 mm. (about3l
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in.) long. The maximum size attained by this
species was not determined.

Food

Stomachs of Georgia beach specimens (15.1-
53 mm.) contained isopods, amphipods, sessile
barnacles, calanoid copepods, crab larvae, bivalve
mollusks, flatworms, stomatopods, unidentified
crustacea, and diptera (pupa,e. and adults).

Form and Color

Marked variations in form and color of small
T. falcatus have been noted by various authors.
Mrs. Craig Phillips (personal communication)
observed—

The several dozen specimens I have seen . . . from the
St. Simons (Georgia) area differ in several respeets from
the form most eommon in south Florida . . . The fish (from
St. Simons) are almost invariably dark, reddish hrown
when netted. They are quite robust with an impressive
depth, and dorsal and ventral profiles that are quite angu-
lar. This form is present south at least as far as the
upper Keys. However the form that I have found to be
most common from Ft. Pierce (Florida) southward is
invariably silver when netted except . . . individuals less
about 20 mm., and these become gradually darker in pig-
ment as their size decreases. This form appears to be
more slender with less angular dorsal and anal profiles. . . .

Breder made the following observations regard-
ing T. falcatus:

Three examples about 24 mm. in standard length . .
were a smooth velvety black and the fins were hyaline.
Two of these were kept in the Aquarium for a few weeks
and lost this pigmentation becoming a silvery color similar
to the young of T. carolinus. The iris in life was a deep
ruby red (1923: p.3).

A single example of 24 mm. was taken. . . . Body
reddish black with silvery reflections. Tris silver. Dorsal
and anal spines red, membranes of soft dorsal and
anal dusky. Pectorals and ventrals hyaline, the latter
edged anteriorly with deep orange (1926: p. 125).

These were about 20 to 30 mm. in length (without tail)
and were passing out of the dark phase. The red of the
iris was completely gone and the coloration was nearly
as silvery as that of T. carolinus, with just a faint dusky
suggestion (1928: p. 6-7).

Beebe and Tee-Van (1928: p. 116) noted that—

Great variation exists among the small specimens taken
in Haiti, and the variations change while the fish is being
watched. Some of these small fishes instead of being
silvery, have parts of the sides a warm brown, usually

unsymmetrically. Descriptions from life . . . are given
below: .
13 mm. Entire body thickly covered with small brown

spots, so close together that the paler ground color is
almost obliterated; the brown color absent on the maxillary
premaxillary and on the branchiostegal membranes. Top

of head brick-red. Membrane of the spinous dorsal and
base of the anterior membranes of the soft dorsal black,
the black on the soft dorsal becoming less as it progresses
backward. A few black dots on the dorsal spines. Base
of the anal, membranes between the anal -spines and the
anterior membranes of the anal fin black. All other fins
pale.

15 mm. Two specimens of this length were recorded
as being iridescent bronze throughout; the iris and thick-
ened web about the dorsal and anal spines grenadine red;
the web between these spines and the basal half of the
dorsal and anal rays black.

45 mm. Bluish silvery, with minute blackish punc-
tulations over the entire body with the exception of the
lower chin, isthmus and just before the ventrals. Dorsal
membranes dusky. Anal membranes dusky basally, the
duskiness decreasing posteriorly. Pectorals clear. Tips
of the ventrals, the anal spines and tip of the anal lobe
orange-red.

Gunter (1958: p. 190) was seemingly confused
by the color variation. He stated—

Another species, at a size of 23 mm., was dusky or
blackish, had reddish orange dorsal spines and a reddish
orange eye. It seemed to be T. falcatus. . . . A third
species, at a size of 23 mm., was reddish orange on the
lower caudal lobe, the anal fin edge and large spine. It
was called T. goodei, which Ginshurg synonymizes with
T. glaucus, and probably belonged to the latter species.

Color notes of live and preserved specimens,
made during my study, corroborate these observa-
tions. A 9.8-mm. specimen (preserved) from
Fort Pierce, Fla., has the following color char-
acters:

Body above midline a.nd behind pectoral base
brown. Large deep melanophores on sides of
abdomen. Area behind abdomen and below mid-
line with small scattered brown chromatophores
and melanophores on flesh-colored background.
Large deep melanophores and brown chromato-
phores along dorsal base, anal base and posterior
part of midline, extending onto caudal peduncle,
giving the effect of dim lines running along these
areas. Spinous dorsal and spinous anal area
dark brown. Other fins hyaline.

Three specimens (5961 mm.) had these color
characters when fresh:

Chin, isthmus, gill covers, area below eye and
bodv below lateral line silvery-white (on one fish,
light orange on a white background shows on
lower limb of preopercle, mandibular articulation,
chest and anal region). Body above lateral line
and dorsal half of head light metallic. Dorsal
spines and membranes between spines plumbeous;
soft dorsal dusky, especially on lobe. Anal spines
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and soft-fin lobe very bright orange; outer margin
of soft anal hyaline, remainder dusky: Pectorals
dusky at base, hyaline elsewhere. Pelvics with
white background interspersed with very bright
orange. Caudal with orange-yellow on most of
lobes; outer rays dusky almost to tips; inner rays
grading to hyaline. One 39.5-mm. specimen had
much the same coloration except that it was
duskier and the orange was more intense. My
notes on a 64-mm. fresh specimen indicate similar
coloration and give eye color as ‘‘pupil blue-
black; iris coppery.”

A single specimen, 17.6 mm., was kept in an
aquarium and observed over a period of time.
The following notes pertain to this specimen:

(1) June 5, 1958, at 1130 hours. Body silvery
with slightly pinkish tinge on dorsal aspect.
Spinous dorsal and soft fin lobe black; remainder
with melanophores forming dusky lines between
rays and along base. Spinous anal and soft fin
lobe orange-red; remainder hyaline. Pectorals,
pelvics, and caudal hyaline. Eye with pink-
orange iris. At 1144 hours, body and fin color
remained much the same, but iris was silvery.

(2) Undated, but between June 5 and June 9,
1958. Fish in aquarium—color as described June
5,1958 at 1130 hours. Fish removed from aquar-
ium and placed in beaker (of sea water); agitated
by microscope light, and confinement. Posterior
half of body turned dusky gray. Fish carried
(outdoors) into direct sunlight—turned silvery.
Returned indoors. Posterior half turned brown,
then brownish color migrated to behind pectorals.
When color began receding rearward, fish was
agitated. Brown pigment covered entire body
and head. Insertion of black or white background
(into beaker) seemed to cause little immediate
change in coloration. However, when left against
white background for about 20 minutes, the top
of head and back in front of spinous dorsal
became a blotched flesh color. Fish returned to
aquarium. After about 10 minutes, the colora-
tion was silvery, as first described.

Subsequent tests with the same fish yielded
similar results. Usually when the fish was dis-
turbed the posterior half of the body turned uni-
formly dark brown first and then the color mi-
grated anteriorly. The intensity of color change
and the time involved varied considerably. The
fish also showed some color changes when undis-
turbed in the aquarium. Usually these changes
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involved duskiness or blackness on areas of the
body and on the dorsal lobe.

Variations in body depth in T. falcatus are con-
siderable and exhibit no distinet relation to
geographical location or time of year. Generally,
fish taken at the same time and location haive
comparable depths, but specimens taken at differ-
ent times from the same location and from differ-
ent locations have widely diverse depths. Figure
18 illustrates the depth differences, expressed as

- percent of standard length of fish taken at five

locations along the south Atlantic coast. Two of
these locations, King and Prince Beach, St. Simons
Island, Ga.,and Fort Pierce, Fla., are represented
twice each.

Marked differences occur in coloration and
dorsal and anal profiles in the depth extremes in
T. falcatus (figs. 11 and 12), and a general correla-
tion exists between these characters and depth;
i.e., the deeper the fish, the darker the color and
the more angular the profile. The shallow Fort
Pierce specimens have silvery sides and very little
pigmentation on the vertical fins. They are also
definitely “popeyed,” and have uniform dorsal and
anal profiles. Deep-bodied specimens, such as the
Capers Inlet, S.C. fish, have much dark pigmen-
tation on the body and on the vertical fins. The
eyes are ‘normal” and the dorsal profile is slightly
concave on the head and strongly convex over the
procumbent spines. Another break in dorsal
profile sometimes occurs near the last dorsal
spine. The ventral profile usually has a break at
the third anal spine.

The greatest extreme in depth, color, and dorsal
and anal profile was observed in a 59.5-mm.
specimen from Little River, on the North Caro-
lina—South Carolina border (fig. 13). As men-
tioned earlier, dark body coloration is usually
restricted to smaller fish. This Little River fish,
with a depth of 75.4%, S.L.., has a greatly accentu-
ated profile, is very dark brown on the body, and
possesses almost black vertical fins.

Beebe and Tee-Van (1928: p. 115) referring to
T. falcatus, observed—

OQur fish differs from the photograph (Plate XXXTII)
of a 48-mm. fish given by Meek and Hildebrand in that
the depression over the eyes is not so marked. In all
the specimens the profile from the nostrils to the dorsal

fin is almost straight, with a slight convexity on the
posterior part.

Meek and Hildebrand’s (1925: Plate XXXIII,
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facing p. 378) illustration of a 48-mm. 7. falcatus
obviously depicts a fish with abnormal develop-
ment; i.e., clearly evident preopercular angle
spines, very short dorsal and anal lobes, complete
membrane connections between spines, and an
exceptionally small caudal fin. The fish also
has much dark coloration, and judging from the
photograph the depth is about 739, S.L. This
specimen and the fish from Little River may
indicate a correlation between extreme body depth
and abnormal rate of development.

Parasites
Linton (1940: p. 75-82, 156) listed the following
organisms found to be parasitic on 7. falcatus:
Trematoda: Cymbephallus wvitellosus (Linton);
Cryptocotyle lingua (Creplin) cysts on skin of
body and fins.

TRACHINOTUS GLAUCUS (BLOCH)

Trachinotus glaucus, the palometa, (figs. 14-17),
is comparatively rare along the south Atlantic
coast. The main part of its range is farther

Freure 15.—T. glaucus, 11.8 mm.

(Crandon Park, Miami, Fla.

Phillips Collection).
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FiGure 16.—T. glaucus, 14.6 mm.

Ficure 17.—T. glaucus: Upper, 19.4 mm. (King and
Prince Beach, 8t. Simons Island, Ga.) Middle, 28.9 mm.
(King and Prince Beach, St. Simons Island, Ga.) Lower,
39.4 mm. (King and Prince Beach, St. Simons Island,
Ga.).

(Louisiana. USNM 143953).

south, and it is apparently not so abundant
anywhere on the mainland as the other species.

Virtually nothing has been published about its
life history, and the few individuals taken during
the seining program of the Biological Laboratory
at Brunswick on the Georgia beaches do little
to augment present knowledge. Twelve individ-
uals, 19.4-61.0 mm., have been taken. All were
collected from August to November.

Size and Food

As with the other species, the maximum size
of T. glaucus is uncertain. Beebe and Tee-Van
(1933: p. 108) said that it grows to about a foot.
Carvalho (1941: p. 55) stated that its food con-
sists of crustaceans and small fish. Examination
of stomachs of the Laboratory specimens pro-
duced amphipods, bivalve mollusks, diptera,
stomatopods, hymenoptera, crabs, fish, and iso-
pods, in that order of significance.

Color and Form

Evermann and Marsh (1902: p.
coloration as—

138) gave

. . bluish above, golden bhelow; lobes of dorsal and
anal very dark; rest of fins pale, with bluish edges; caudal
bluish; pectorals golden and bluish; ventrals whitish.
Body crossed by four black vertical bands, . . . a black
spot representing a fifth band on lateral line between last
rays of dorsal and anal, . . . .

My specimens larger than 70 mm. exhibited
very little color. The upper half of the body and
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head was dull blue-gray, grading into white in
the branchiostegal region, breast, lower sides,
and belly. Dorsal and anal lobes black, remainder
of these fins dusky. Pectorals slightly dusky;
pelvics white. Caudal lobes very dusky along
outer rays; lighter toward inner rays. Five dark
vertical bars along sides of body.

Specimens 40 mm. and smaller can easily be
confused with T carolinus because of the similarity
in coloration and depth of body. Fresh specimens
exhibit dull silvery dorsal surfaces and light gray
to white flanks and belly. The dorsal lobe is
black; the anal lobe cinnamon and black (black
in preserved specimens). The spinous dorsal and
anal are pigmented. Other fins are very slightly
dusky, except for the caudal, which is moderately
dusky along upper and lower margins. There are
no bars on the body of the laboratory specimens.
Evermann and Marsh (1902: p. 138), referring to
small 7. glaucus, observed—

Young individuals, 2 inches in total length, may be
described as follows: . . . Color, bright-silvery, merging
into metallic-bluish on back and yellowish on lower sides
and belly; the four dark vertical bars very faint, but usually
distinguishable with a lens, . . . anterior rays of dorsal
and anal and outer rays of caudal black.

They also stated that—

Comparing young examples in our collection from Porto
Rico with specimens of similar size from Woods Hole

which have been identified as the young of T'. goodei, it is "

found that they are difficult to distinguish. The general
form, proportional measurements, fins, and general colora-
tion are very much alike, but the black vertical bars are
apparently not present on the Woods Hole specimens.

Status of Trachinotus goodei and ‘‘Permit”’

Ginsburg (1952: p. 76) placed T'. goodei Jordan
and Evermann in the synonymy of T'. glaucus, an
action my observations substantiate.

Trachinotus goodei Jordan and Evermann (1896:
P. 943) is “described from a small specimen from
Key West, the characters of the adult taken from
Giinther.” Morphometric and numerable charac-
ters given in the description well fit a small 7.

"glaucus of about 30-50 mm.: “Head 3; depth
2%. D. VI, 19; A. TI-I, 17,” and ventrals 2 in
head; anterior soft-rays of dorsal and anal fins
(dorsal and anal lobes) 4 in length of body, in the
young; caudal lobes about 3 in body.

Examination of photographs of syntypes (Stan-
ford University 1455) reveals specimens apparently
identical to 7. glaucus. Other specimens pre-
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viously identified by other workers as T. goode:
(USNM 68595 and 125672) are T. glaucus.

Ginsburg (1952: p. 72) aptly stated the basis of
confusion related to 7. goodei and the term
“permit”’:

The apparent existing misapprehension regarding the
western Atlantic species of Trachinotus involves also a
curious confusion of common and scientific names. In
current accounts, the “permit’” is generally treated under
the name of T. goodei. However, as stated, the name
“permit” apparently refers, partly or wholly, to large
specimens of falcatus; while the type on which the name
goodei is based, is evidently a small specimen of glaucus
as noted under its account, and the name goodei: must be
entered in the synonymy of glaucus.

Further confusion results from the almost
universal use of the term “permit” for any un-
usually large Trachinotus, and by its use for any
T. falcatus on Indian River, Fla.

ONTOGENY OF TRACHINOTUS SPECIES
HEAD LENGTH

There is a gradual decrease in relative head
length with an increase in standard length in the
three species, Trachinotus carolinus, T. falcatus,
and T. glaucus. Growth patterns in all species
are essentially the same. Below about 10 mm.,
relative head length is about 39-44%, S.L., and
by about 200 mm. it has decreased to about
26-27% S.L. Above 230 mm., relative head
length in T. carolinus is 259% S.L. or less
(appendix table 2 and fig. 19). '

Head lengths of 39.1%, and 41.5%, S.L. for the
3.07- and 4.0-mum. specimens (Trachinotus sp.)
fall in line with the trend suggested by the data
for the three species, but the value of 33.8%, S.L.
for the 4.66-mm. specimen is low (appendix .
table 2).

EYE DIAMETER

As in head length, there is a gradual decrease

in relative eye diameter with an increase in

~ standard length. Growth patterns in all three

species are very similar, with T. carolinus and
T. glaucus presenting virtually identical patterns
and T. falcatus showing a slightly larger eye at
any given length. Below 10 mm., eye diameters
are about 13-169%, S.L. for the three species, and
by 210 mm. they are about 6-8% S.L. This
relative decrease continues in T. carolinus and
specimens above 300 mm. approach an eye
diameter of about 5% S.L. (appendix table 2 and
fig. 19).
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Fiaure 18.—Body-depth ranges for 7' falcatus, expressed as percent of standard length.

(Five sites on the south Atlantic

coast of the United States and seven collecting dates are presented.)

In Trachinotus sp. eye diameters of the 3.07-,
4,0-, and 4.66-mm. specimens are 11.0, 13.2, and
11.29%, S.L. (appendix table 2).

BODY DEPTH

Relative depth increases with an increase in
standard length to about 120 mm. in all species.
Growth patterns for T. carolinus and T. glaucus
are similar, with 7. glaucus slightly the shallower

between 20 and 120 mm. 7. falcatus is markedly
deeper at all sizes. Below 10 mm., the relative
depth for T. carolinus and T. glaucus is about
32-36%, S.L. and increases to about 48-509, S.L.
at 130 mm. Above 130 mm., this relative depth
is maintained in 7. carolinus to about 200 mm.
after which it gradually decreases, with specimens
about 300 mm. and above having a depth ap-
proaching 409, S.L. Below 10 mm., T falcatus
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has a relative depth of about 30-409, S.L. By
100 to 140 mm., depth has increased to about
60—68% S.L. Relative depth decreases at sizes
above about 140 mm. and is less than 60% S.L.
at about 200 mm. (appendix table 2 and fig. 20).

In Trachinotus sp., depths of the 3.07-, 4.0-,
and 4.66-mm. specimens are 18.2, 19.2, and 20.2%
S.L., respectively (appendix table 2).

DORSAL FIN
Elements

Trachinotus sp.—At 3.07 mm., no spines or
soft-rays are discernible. At 4.0 mm., five spines
and about seven soft-ray buds are barely discern-
ible. At 4.66 mm., six spines and 20 soft-ray
buds are present (figs. 1-3).

T. carolinus—Elements V to VI-I, 22 to 27.
Ginsburg (1952) found that of 346 specimens he
examined 51 had six (V-I) and 295 had seven
(VI-I) spines; and that of 342 specimens examined
36 had 23 soft-rays, 183 had 24, 110 had 25, 12
had 26, and 1 had 27. Of 197 specimens examined
in my study, 17 had six dorsal spines, and 180
had seven. Dorsal soft-ray counts were made
on 172 specimens: One had 22, 12 had 23, 99
had 24, 55 had 25, and 5 had 26 dorsal soft-rays
(table 1). Spines are prominent, and soft-rays
are developed by about 7 mm. (fig. 4). At this
size all but about six of the soft-rays are seg-
mented; none is branched. All soft-rays are
segmented by about 10 mm. Branching occurs
at about 1820 mm. in all soft-rays except the
first (anteriormost), which branches at approxi-
mately 40 mm.

T. falcatus.—Elements VI-I, 17 to 21. Qins-
burg (1952) examined 24 specimens and found
all to have seven dorsal spines. One specimen
had 18 dorsal soft-rays, 16 had 19, and 7 had 20.
All 386 specimens examined for this character
in my study had seven (VI-I) dorsal spines. One
specimen had 17 soft-rays, 13 had 18, 255 had
.19, 113 had 20, and 4 had 21 (table 2). Spines
are prominent in the 5.0-mm. specimen (fig. 8),
and the individual soft-rays discernible. No
segmentation or branching has occurred. By
about 6.5 to 9 mm. all but 1 to 3 soft-rays have
segmented. All are segmented after about 9.5
mm. Branching begins at about 12 mm., and
all soft-rays except the first are branched by
about 17 mm. Branching is completed by about
20 to 24 mm.

TasLE 1.—Dorsal and anal sofi-ray relation for 172 speci-
mens of Trachinotus carolinus
{Upper numbers in blocks represent specimens with the indicated combi-

nation; numbers in parentheses represent approximate percentage of the
sample with that combination]

DORSAL SOFT-RAYS
Total
anal rays
22 23 24 25 26
@ 1 2 5 8
z 20 | (0.6) (1.2) @9 (%))
o 9 10 13 1 63
E: 21 (5.2) | 28.3) | (7.6) 0.6) (36.6)
© 1 53 37 3 o4
: 22 ©0.0). | 0.8 [ @5 | 1.D 54.7)
bl 1 5 1 7
Z| = ©e 1 @9 | ©6 4.1)
Total
dorsal 1 12 99 55 5
rays (0.8) (7.0) | (57.6) | 32.00 | (2.9)

TABLE 2.—Dorsal and anal soft-ray relation for 386 speci-
mens of Trachinotus falcatus
[Upper numbers in blocks represent specimens with the indicated combi-

nation; numbers in parentheses represent spproximate percentage of the
sample with that combination]

DORSAL SOFT-RAYS
Total
anal rays|
17 18 19 20 21
@ 2 2 4
: 16 0.5) | (0.5) (¢N)
o 1 9 147 42 199
E 17 { (0.3) 2.3) | @8.1) | (10.9) (51.6)
o 2 1068 7 3 182
3 18 05 | @5 | as.9 | ©.8) (47.2)
; 1 1
Z 19 (0.3) 0.3)
Total
dorsal 1 13 255 13 4
rays 0.3) | 34 | (8.1 | (20.3) | (L0)

T. glaucus.—Elements VI-I, 19 or 20. All 39
specimens examined by Ginsburg (1952) had
seven dorsal spines; 23 had 19 soft-rays and 16
had-20. All 74 specimens I examined had seven
(VI-I) dorsal spines; 45 had 19 soft-rays and 29
had 20 (table 3). In the 7.8-mm. specimen (fig.
14) all soft-rays but the anteriormost and the
last three are segmented. Segmentation is com-
plete in the 11.8-mm. specimen (fig. 15). Branch-
ing has not begun by about 19 mm.; but all
soft-rays except the first are branched by about
23 mm., and the first soft-ray branches between
28 and 35 mm.

Lengths

The dorsal fin possesses no lobe at sizes smaller

than about 11 mm.; i.e., the anterior distal margin
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is uniformly rounded. At about 11 mm., the fin
margin becomes angular at the tips of soft-rays
24 or 5 and forms an indistinct lobe. Relative
dorsal-fin lobe length increases with increased
standard length at about the same rate in all
species to a size of about 50 mm. At about
1020 mm., these lengths are about 209, S.L. for
. T. carolinus and T. falcatus and about 229, S.L.
for 7. glaucus. By 40 to 50 mm., the lengths
are about 22-259%, S.L. for T. carolinus and about
22-209% S.L. for T. glaucus and 7. falcatus.
T. carolinus maintaing a dorsal lobe length of
about 24299, S.L. from 50 mm. to above 200
mm., where there is a slight increase in relative
lobe length to about 27-30%, S.L.. at 230-260 mm.
Above 260 mm. there is a decrease in relative
lobe length in T'. earolinus, approaching about
229, SL. in the largest specimens. Relative
dorsal lobe length increases with increased stand-
ard length in T. falcatus and T. glaucus to the
largest sizes examined—47 % S.L. in the 216.5-mm,
T. falcatus and 72% S.L. in the 211-mm. T. glaucus
(appendix table 2 and fig. 20).

TABLE 3. Dorsal and anal soft-ray relation for 74 speci-
mens of Trachinotus glaucus.
[Iﬁ)per numbers in blocks represent specimens with the indicated combina-

on; numbers in parentheses represent approximate percentage of the
sample with that combination}

DORBAL -
SOFT-RAYS Total
— anal
rays
19 20
@ 16 2 1 3
Py 2.7 (1.3) (4.0
]
<] 17 35 17 52
Z e w3 | @0 | @03
<
[] 18 8 11 19
w@ (10.8) (14.9) (25.7)
Total 45 29
dorsal (60.8) (39.2)
rays

Relative dorsal base lengths increased gradually
with increased standard length to about 120 to
130 mm. in T. carolinus and T. glaucus, and in-
crease rapidly in 7. falcatus to about 70 mm.
Below 10 mm., dorsal hase lengths are about
41%, 43%, and 429 S.L. for T. carolinus, T.
falcatus, and T. glaucus, respectively. Above 10
mm., T. glaucus averages the shortest, and T.
faleatus the longest relative dorsal base lengths.
By about 80 mm., the base lengths for T. carolinus,
T. falcatus, and T. glaucus are about 53%, 57%,

and 509, S.L., respectively. Beyond 80 mm.,
T. falcatus maintains a base length of about
55-59% S.L., and by 180 mm., T. carolinus
reaches its maximum relative base length of about
57-58%, S.L. The relative length of this part
increases with increased standard length through-
out the specimens of 7' glaucus examined with the
211-mm. specimen possessing a dorsal base length
55% S.L. (appendix table 2 and fig. 21).
ANAL FIN

Elements

Trachinotus sp.—At 3.07 to 4.66 mm. the spines
are barely discernible. No rays are present at
3.07 and 4.0 mm., but 15-soft-ray buds are evident.
in the 4.66-mm. specimen (figs. 1-3).

T. carolinus.—Elements I1-1, 20 to 23. Gins-
burg (1952) examined 346 specimens; 4 had 20
soft-rays, 127 had 21, 188 had 22, and 27 had 23.
Of 172 specimens examined in this study 8 had 20
soft-rays, 63 had 21, 94 had 22, and 7 had 23
(table 1). Spines are prominent and soft-rays
are developed by about 7 mm., and all but about
5 of the soft-rays are segmented (fig. 4). All
soft-rays are segmented by about 10-11 mm.
(fig. 5). Branching of all soft-rays but the first
begins at about 17 mm. and is complete by about
21 mm. The first soft-ray branches at about 27
mm,

T. falcatus. — Elements II-I, 16 to 19. Of the
24 specimens examined by Ginsburg (1952) 15
had 17 and 9 had 18 anal soft-rays. Of 386
specimens examined in this study, 4 had 16 anal
soft-rays, 199 had 17, 182 had 18, and 1 had 19
(table 2). At 50 mm. (fig. 8) the spines are
prominent and the individual rays are discernible,
but none is segmented. By 6.5-8 mm., all but 1
to 5 of the soft-rays are segmented, and by 9 mm.,
all anal soft-rays are segmented. Branching
begins at about 13 mm. and is complete at 18
to 19 mm,

T. glavcus—Elements IT-I, 16 to 18. Gins-
burg’s (1952) 39 specimens-were composed of 4
individuals with 16 anal soft-rays, 23 with 17,
and 12 with 18. Of 74 specimens examined by
me, 3 had 16 anal soft-rays, 52 had 17, and 19
had 18 (table 3). All rays but the anteriormost
and the posteriormost are segmented in the 7.8-
mm. specimen, and segmentation is complete in
the 11.8-mm. individual (figs. 14 and 15). Branch-
ing has not begun by 19 mm., but is completed in
some individuals by about 22 mm. The anterior-
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most soft-ray does not branch in some specimens
until about 28 mm.
Lengths

The anal-fin lobe becomes discernible at about
11 mm. Relative length of the anal-fin lobe
increases with increasing standard length to about
60 mm. in 7. carolinus. A similar increase occurs
in T. falecatus and T. glawcus and continues
throughout all sizes examined, except in large
T. faleatus of 170 to 190 mm., which reach about
36% S.L., and in the largest 7. glaucus which
reach about 679% S.L. At 10-20 mm., anal-fin
lobe lengths for T'. carolinus, T. falcatus, and T.
glaucus are about 18209, 18229%, and 229%,
S.L., respectively, and by about 60 mm. they are
about 22-259, 24-26%, and 23-27% SL,
respectively. 7. carolinus maintains a lobe length
of 23-269, S.L. to about 280 mm., after which
relative length decreases to about 21-249%, S.L.
(appendix table 2 and fig. 22).

Relative anal-fin base length increases with
increasing standard length to about 100 mm. in
T. carolinus and T. falcatus. Relative length
increases in all sizes of 7. glaucus, approaching
43% SL. at 211 mm. Below 10 mm., base
lengths for T. .carolinus, T. falcatus, and T.
glaucus are about 27%, 29%, and 289, SL.
respectively, and at-about 100 mm., the base
lengths are about 40%, 45%, and 37% S.L.
T. carolinus and T. falcatus maintain relative
anal-base lengths of about 38429 S.L. and 45—
47% S.L., respectively, between about 100 and
280 mm. in 7. carolinus, and between about 100
and 216 mm. in T. falcatus (appendix table 2
and fig. 21).

PECTORAL FIN
Elements

Trachinotus sp.—No spines or soft-rays are
evident at 3.07 and 4.0 mm. (figs. 1 and 2).
" Four or five soft-rays are barely discernible at
4.66 mm. (fig. 3).

T. carolinus—Elements I, 16 to 18. Ginsburg
(1952) shows the pectoral soft-ray range (compen-
sated) as 16 to 18 on 174 specimens; 15 specimens
had 16 soft-rays, 130 had 17, and 29 had 18.
Of 102 specimens I examined, 14 had 16 soft-rays,
75 had 17, and 13 had 18 (table 4). At about 7
mm., all but about 4 of the soft-rays are seg-
mented ‘and, by about 11 mm., all rays have
segmented and branchirig has probably begun

(it is difficult to examine the innermost, or lower-

most rays in small specimens, therefore error is
possible in determining when these soft-rays
segment or branch). Branching is complete by
about 21 mm. The uppermost ray (adjacent to
the spine) remains unbranched.

T. falcatus.—Elements I, 17 to 19. In examin-
ing 17 specimens, Ginsburg (1952) found two
with 17 soft-rays, 14 with 18, and 1 with 19.
In 78 specimens I examined, 29 had 17 soft-rays,
47 had 18, and 2 had 19 (table 4). At 5.0 mm.,
the individual rays are discernible, but no seg-
menting has occurred. By about 7 mm., all
but 4 to 5 soft-rays are segmented and segmen-
tation is complete at about 9-12 mm. Branching
begins at about 14 mm., and most has occurred
by 20 mm. In some individuals branching is
complete by 17 mm., whereas in others it is not
complete until about 45 mm.,

TaBLE 4.—Pectoral soft-ray counts for Trachinotus caro-
linus, T. falecatus, and T. glaucus
[Upper numbers in blocks represent specimens with the indicated combi-

nation; numbers in parentheses represent approximate percentage of the
sample with that comhination]

PECTORAL SOFT-RAYS

15 16 17 18 19
T. carolinus 14 75 13
(102 specimens) (13.7 (73.5 (12.7
T, falcatus 20 47 2
(78 specimens) : (37.2) (60.3) (2.6)
T. glaucus 1 8 52 8 2
(71 specimens) 1.4 (11.3) (73.2) (11.3) 2.8

T. glaucus.—Elements I, 15 to 19. Thirty-six
specimens examined by Ginsburg (1952) showed 2
specimens with 15 soft-rays, 5 with 16, 24 with 17,
and 5 with 18. Of 71 specimens I examined, 1
had 15 soft-rays, 8 had 16, 52 had 17, 8 had 18,
and 2 had 19 (table 4). All soft-rays are seg-
mented by 11.8 mm. and branching has begun by
about 16 mm. By about 19 mm., all but 3 to 10
soft-rays are branched and branching is complete
by 35 to 48 mm.

Lengths at sizes below 10 mm., 7. carolinus
and T. falcatus have pectoral-fin lengths about
199% and 13-229, S.L., respectively. At 10-20
mm., T. glaucus and T. falcatus have reached
their maximum relative pectoral-fin lengths of
about 25% S.L. Relative pectoral length in-
creases in 7. carolinus to about 22-259%, S.L.. at
about 70 to 80 mm. (appendix table 2 and fig.23).
Relative pectoral-fin lengths are constant above
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70 mm. in all species, with T'. carolinus, T. falcatus,
and 7. glaucus maintaining pectoral lengths of
22-259%, 21-249, and 21-229, S.L., respectively,
to about 210-220 mm. S.L.. Above 230 mm., 7.
carolinus continues a pectoral-length range of
22-259%, S.L.., with the largest specimen (341 mm.)
possessing a pectoral length of about 199, S.L.

PELVIC FIN
Elements

Trachinotus sp.—There is no evidence of the fin
at 3.07 and 4.0 mm., but at 4.66 mm. buds are
discernible (figs. 1-3).

T. carolinus.—Elements I, 5. All soft-rays are
segmented but none are branched before 10-12
mm. Between 12 and 16 mm. various states of
branching are apparent, and after about 16 mm.
branching is complete. -

T. falcatus—Elements I, 5. At 5.0 mm. the
pelvic fins are minute buds, ard by about 6.5 mm.
the fins are small, flattened, flipperlike structures
without spine or soft-rays. Spines and soft-rays
are discernible at about 7 to 7.5 mm. (one 7.3-mm.
specimen possesses a spine but no discernible soft-
rays, the other specimens have the full comple-
ment). Segmentation begins at about this size
and is completed by about 9.5 mm. Branching
commences at about 11-12 mm. and is completed
at 14-18 mm.

T. glaucus.—Elements I, 5. At 7.8 mm. all
.soft-rays are segmented, and branching is complete
by 11.8 mm.

Lengths

Relative pelvic-fin length increases very rapidly
in all species from about 5-11%, S.L. at sizes
below 10 mm. to about 16-179%, S.L. at about
20 mm. 7. carolinus maintains a pelvic length of
about 15-199%, S.L. to about 100 mm,, after which
relative pelvic length decreases gradually, becom-
ing about 109, S.L. at sizes larger than about
290 mm. Relative pelvic length decreases gradu-
ally with an increase in standard length in 7.
faleatus at sizes above about 30 mm., becoming
about 119 S.L. in specimens larger than 170 mm,
T. glaveus maintains a pelvic length about 17%,
S.L. to about 70 mm., after which there is a
gradual relative decrease with an inecrease in
standard length, becoming 139, S.L. in the 211-
mm. specimen (appendix table 2 and fig. 23).

CAUDAL FIN
Elements
Trachinotus sp.—At 3.07 and 4.0 mm. the caudal
rays are not evident, but at 4.66 mm., six principal
rays in each lobe are discernible (figs. 1-3).

T. carolinus. Rays 94-8. All principal rays
are present and segmented, but none is branched
at 7.2 mm. The two median caudal rays branch
at about 10 mm., by about 11 mm. five or six
rays in the upper lobe and about five in the lower
lobe are branched, and branching is complete at
15-20 mm,

T. falcatus—Rays 9-+8. By 5-7 mm. all prin-
cipal rays are present, and all but the outermost
principal ray in each lobe are segmented. Seg-
mentation is complete between 7 and 7.5 mm.
Branching begins with the median caudal rays

and is complete by about 12 mm.

T. glaucus.—Rays 9-+8. At7.8 mm.all principal
rays are present and segmented, but noneis branched.
At 11.8 mm. six rays in the upper lobe and five
in the lower are branched, and by 14.6 mm.
seven upper rays and six lower ones are branched.
All specimens larger than about 15 mm. exhibit
complete branching.

Lengths : :
Relative caudal-fin lobe length gradually in-
creases with an increase.in standard .length to

about 250 mm. in 7. carolinus. Maximum rela-
tive length of this part is undetermined in T.

Jfaleatus and T. glaucus since a continuing and

moderate increase was indicated by the largest
specimens examined. Below 10 mm. 7. faleatus
and T. glaucus exhibit caudal-fin lobe lengths
about 25-35%, and 339, S.L., respectively. At
10-30 mm., the lengths of this part for T. caro-
linus, T. faleatus, and T. glaucus are about 31—
349%, 31-38%, and 35% S.L., respectively.
Caudal-fin lobe length in T'. earolinus increases to
about 41-449%, S.L. at 230 to 260 mm.; thereafter,
the part decreases in relative length, approaching
35% S.L. at sizes larger than 300 mm. The
four largest T faleatus (172—-216.5 mm.) had caudal
lobe lengths 42.945.5%, and three of the larger
T. glavcus (124-141.5 mm.) had caudal lobe
lengths 42.8-47.3% S.L. (appendix table 2 and
fig. 22).

GILL RAKERS

The complete gill-raker complement in
Trachinotusis 7 or 8+13 or 14. This complement
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is very seldom encountered, however, because of
damage to the arch, destruction of rakers by
parasitic isopods, and natural degeneration of gill
rakers. No.specimens examined had the complete
complement of rakers fully developed, but they
exhibited the possibility of having possessed the
full complement of gill rakers at some time; i.e.,
they ‘had enough rudiments or tubercles or
adequate space on the ends of the arch to account
for missing rakers. The separation of gill rakers
from rudiments is arbitrary, the criterion used
here is that a raker so shortened as.to be covered
with flesh and to have no appreciable flexibility is
considered rudimentary.

Gill-raker degeneration usually begins at the
ends of the arch and progresses toward the angle.
. The outermost rakers first become rudimentary

and later become low tubercles. As the rudiments
degenerate to tubercles other tubercles form
between the gill-raker sites and masses of low
tubercles form along the ends of the arch. Quite
often tubercles form between fully developed
rakers, especially in larger fish.

Trachinotus sp.—Gill rakers were not examined.

T. carolinus.—Rakers 7+413. Some specimens
to about 310 mm. possessed the maximum number
(including rudiments) on one limb of the arch.
Degeneration is more pronounced on the lower
limb, generally progressing with increase in size.
Specimens at all sizes above 10 mm. exhibit a
complement of 4 to 6 fully developed rakers in the
upper arch. On the lower arch, 10- to 30-mm.
specimens exhibit a range of 10 to 12 fully devel-

" oped rakers (the majority have 11); at 50 to 80
mm, the range is 9-11 (half the specimens have
10); and from 80 mm. on the range is 6-10 (most
specimens have 8 or 9).

T. falcatus—Rakers 8+14. At smaller sizes
(10-40 mm.). the gill-raker range is 3-8 12-14,
with most specimens possessing 5 or more rakers
on the upper limb. From 40 to 100 mm. the
range is 5-7-10-14 (numbers evenly distributed
for upper limb, but with about half the specimens
with 12 rakers in the lower limb.) Above 100
mm. the range is 3—7-8-13 (with more specimens
having 5 than any other count on the upper limb
and with a majority having 11 or 12 on the lower
limb). _

T. glaucus.—Rakers 8+14. At 10 to 60 mm.
the range is 3-8+ 9-14 (most specimens have 5 or
6 on the upper limb and 11 or 12 on the lower
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limb); at 60 mm. and above, it is 4-84-10-11
(about half the specimens have 6 on the upper
limb and the majority have 10 on the lower limb).
There is a tendency toward reduction in the
number of fully developed gill rakers with increas-
ing size of the fish.

PREOPERCULAR SPINES

Very small Trachinotus possess two series of
conspicuous preopercular spines (figs. 1, 2, and 3).
The series of preopercular-margin spines is located
along the edge of the preopercle. Anterior and
parallel to this is the series of preopercular-face
spines. The 'margin series consists of three
primary margin spines, at and near the angle, the
middle (PMS 1) the longest and the upper (PMS
2) and lower (PMS 3) being somewhat shorter.
These are followed on both limbs by preopercular-
margin secondary spines. The secondary spines
on the lower limb number two or three and remain
fairly constant in number and relative size. The
upper secondary spines are few in number at
small sizes but increase in number and decrease in
size as the fish grows, the result being a finely
serrated margin on the upper limb during the
latter stages of preopercular-spine development.
This is especially true of T. falcatus.

The preopercular-face series consists of two or
three rather obtuse spines positioned relatively
the same as the primary angle spines in the margin
series (PFS 1 to 3). These spines, very conspic-
uous in small specimens, become relatively smaller
with increase in fish size and disappear at about 13
mm. The margin series remains conspicuous in
fish to the larger sizes. _

At about 13 mm. the preopercle begins to grow
laterally, and flat, bony projections begin to
radiate between and encroach upon the margin
spines. As this encroachment progresses the
spines are assimilated into the bony mass with
the uppermost and lowermost spines disappearing
first. In turn, the bony mass may radiate from
the edges of the spines as the spines become a part
of the preopercle. In conjunction with this pro-
cess, the larger spines, primary and lower limb,
become overgrown with flesh prior to bony en-
croachment. Any spine so covered is considered
agsimilated. .

Other bony projections in small Trachinotus
are a ridge over and behind the brow and short
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spines near the upper end of the gill opening
(figs. 1-3).

Trachinotus sp.—In the 3.07-mm. specimen,
the three- primary margin spines are present,
superimposed by two spines of the preopercular
face series. The 4.0- and 4.66-mm. fish have
three primary margin spines and three primary
face spines (figs. 1-3).

T. carolinus.—At 7.2 mm. there are two spines

on the lower limb and one on the upper limb of
the margin series, plus the angle spines. Only
one face spine (PFS 3) is obvious, the other two
are virtually extinct (fig. 4). By 11 mm. there
are three spines on the lower limb and four on
the upper, plus the angle spines, in the margin
series. Two face spines (PFS.1 and 3) are pres-
ent but reduced (fig. 5). The face spines are
. obliterated, and the margin spines reach their
- maximum numerical development at 12 to 13 mm;
By 18 to 20 mm. all but the primary margin
spines have become assimilated into the pre-
‘opercle. PMS 2 and 3 are not obvious after
about 24 mm. PMS 1 is the last to be assimilated,
usually at about 33 mm., but is sometimes dis-
- cernible to about 45 mm., and occasionally the
very tip of this spine remains uncovered after
the preopercular margin has grown past it.

T. faleatus.—At 5.0 mm, the primary spines
and one lower limb secondary spine are found in
the margin series, and the face series is comprised
of three spines (fig. 8). By about 7 mm. there
are two spines on the upper limb and two on the
lower limb of the margin series, and three face
spines are present but receding (fig. 9). By
11 mm. there are two spines on the lower limb
and about five on the upper limb of the margin,
and the three face spines are relatively small.
In 13- to 20-mm. specimens, two or three spines
comprise the lower limb margin complement,

two to many spines are found on the upper limb,

and the face series has disappeared (fig. 10).
Preopercular encroachment and spine assimilation
are rapid beyond this size, and only the primary
-spines are conspicuous between 20 and 30 mm.
By 30 to 32 mm. all spines are assimilated.

T. glavcus.—At 7.8 mm. two spines are evident
on the upper limb and none on the lower limb
of the margin. Three distinct face spines are
present (fig. 14). At.11.8 mm. the face spmes
have disappeared, a.nd there are three margin
spines on the upper lnub and two on the lower

(fig. 15). At 14.6 mn. three spines are present
on each limb of the margin (fig. 16). After about
23 mm., PMS 1 is the only spine remaining up-
covered. This spine is assimilated at about
28 to 35 mm,

BRANCHIOSTEGAL RAYS

Branchiostegal rays were counted on specimens
in which the opercular flap was flared outward,
thereby presenting well-spread branchiostegal
membranes. In some specimens the innermost
rays are very narrow and inconspicuous and are
“floating’ or unattached.

Trachinotus sp.—The 3.07-mm. specimen has a
complement of 5 or 6+ 5 or 6; the 4.0- and 4.66-mm.
specimens have 7+ 7 branchiostegal rays.

T. carolinus—Rays, usually 74+7. Of 220
specimens examined, 195 had 747 branchiostegal
rays, 9 had 748, 9 had 8+7, 6 had 848, and 1
had 849 (table 5).

T. falcatus.—Rays, usually 8+8. Of 203 speci-
mens examined, 117 had 848 branchiostegal rays,
9 had 7+8, 23 had 8+7, 53 had 7+7, and 1 had
617 (table 6).

T. glaucus.—Rays, usually 848. Of 49 indi-
viduals examined, 44 had 848 hr ancluostegal
rays, 3 had 747, 1 had 748, and 1 had 847
(table 7).

. DENTITION

The following description of dentition in 7rachi-
notus was obtained from specimens 20 to 60 mm.
in length, but applies to all sizes in which teeth
are evident. The teeth on the premaxillaries
and dentaries are small, rather slender, conical,’
and recurved. An irregular, double row - of

TaBLE 5.—Left and right branchiostegal ray relation for
220 specimens of Trachinotus carolinus

Yper numbers in blocks represent specimens with the indicated combina-
tion; numbers in parentheses represent approximate percentage of the
sample with that combination]

LEFT Total
|| right
. rays
7 8
7 195 9 204
E (88.6) (4.1 (92.7) .
2] 8 | 9 6 15
<l @1 @27 (6.8)
“ 9 1 1,
(0.5) - (0.5)
Totalleftrays_| 204 16
- (92.7) (7.3) J
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TaBLE 6.—Left and right branchiostegal ray relaiion for
208 specimens of Trachinotus falcatus
[Upper numbers in blocks represent specimens with the Indicated combi’

natlon; numbers in parentheses represent approximate percentage of the
sample with that combination]

LEFT . Total
right,
rays

6 7 8
= 7 1 53 23 77
m (0.5 (26.1) (11.3) 37.9)
2 8 9 117 126
] 4.4) (57.6) ®2.1)
Total left

rays..__.. 1 62 140

(0. 5) (30. 8) (69. 0)

TaBLE 7.—Left and right branchiostegal ray relation for
49 specimens of Trachinotus glaucus
[Upper numbers represent specimens with the indicated combination; num-

bers in parentheses represent approximate percentage of the sample with
that combination]

LEFT Total
right
rays
7 8
& 7 3 1 4
g (6.1) 2.0 (8.2)
o 8 1 44 45
(2.0) (80.8) (91.8)
Total left rays_| 4 45
(8.2) (91.8)

strongly recurved teeth runs most of the length
of the inner edge of the premaxillaries. The
remainder of the ‘‘gum’ surface is covered with
minute papillae. A single irregular row of
slightly larger teeth of the same type, 8 to 10
teeth to each side, is located on the outer edge
of each dentary for approximately half its length
from the symphysis, and 2 or 3 teeth are located
on each side, immediately behind the row, adjacent
to the symphysis. An irregular, double row of
smaller, strongly recurved teeth is located along

the inner edge of the dentary for. most of its

length. The area between the single row and the
double rows is covered with papillae.

There are 3 to 5 short, slightly recurved teeth
on the head of the vomer, and a single row of
about 5 slender teeth on each palatine. The
teeth present on the tongue (of 7. falcatus only)
are in a narrow band on the middle of the tongue.

Some or all the teeth become overgrown with
flesh and papillae as the size of the fish increases.
The erratic dentition development found in some
phases of this study may be effected by the
preserving medium. The inherent shrinking of
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flesh in alcohol-preserved fish may bare teeth
that would be undetectable in specimens preserved
in formalin. '

Trachinotus sp.—The only teeth evident at
3.07 mm. are one or two recurved ones projecting
slightly forward on the anterior ends of the
premaxillaries. Premaxillary teeth are also the
only ones evident in the 4.0- and 4.66-mm. speci-
mens..

T. carolinus.—Teeth are present on premaxil-
laries, vomer, palatines, and dentaries of the
smallest specimen and all below about 20 mm.
Above 20 mm. the vomerine and palatine teeth
become overgrown in some specimens, although
they can still be found in others up to 150 mm.
At about 150 mm. all but the dentary teeth dis-
appear.and they are gone by about 170 mm.

T. falcatus.—The 5-mm. specimen has teeth
on the premaxillaries, vomer, palatines, and
dentaries, but has no teeth on the tongue. At
10 to 80 mm., teeth are present also on the tongue.
At 80-140 mm,, some specimens have no teeth
on the vomer, palatines, or tongue; at 140-190
mm., teeth are found only on the tongue and
dentaries; and the 216.5-mm. individual is
toothless.

T. glaucus.—Teeth are present on premaxil-
laries, vomer, palatines, and dentaries of the
7.8-mm. specimen, and persist to at least 140 mm.
The 211-mm. individual lacks teeth on the vomer.
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APPENDIX

APPENDIX TABLE 1.—Specimens examined, by species and AprENDIX TABLE 1.—8pecimens examined, by species and
collection collection—Continued
[Gear: 8, beach seine; T, shrimp trawl; DN, dip net; P, plankion net; L,

larval-fish tow net; C, ‘commercial catch]
Num-
. Collection ¢ ber of | 8ize (mm.} Date of | Gear
. Num-| speeci- capture used
Collection ! ber of [ 8ize (mm.) Date of | Gear mens
speci- capture used
mens
T. carolinus—Cont
Jekyll Island Beach, Ga.. 6 15-56 10-5-56 | 8
Trachinotus sp.: Do. 1 12 4-16-57 | 8
BLBG: Do. 85 22-556 10-19-57 | 8
Gill cruise 2, Reg. Sta, 2 Do 10 13-19 4-27-50 | 8
(26°56' N, 79°41’ W)__ 1 3.07 492353 | P Do 300 14-01 8-7-50 | R
Combat Sta 30" (32°10° Do. 2 11-66 9-8-59 | 8
N., 78°56° W.)_._._.__. 1 4.0 4-22-57 | L Sapelo Beach, Sapelo Is-
DO eI 1 466 +257 | L 1and, Ga. . eooemeonn 1 82.5 6-10-53 | 87
T. carolinus: Commercial trawling
BLBG: area, Brunswick, Ga_.._ 1 143 52-54 | T
King and Prince Beach, D 1 101 3—17-55 T
St, Slmon.s Island, Ga_. 1 14 422-58 | 8 1 209 T
23 17-2 56-53 | 8 1 190 17/"0—56 T
- 10 13-16 520-53 | 8 2| 136.5,150. 5 7-..3/.44—56 T
- 153 16-37 s 1 195 7-27-56 | T
- 23 14-62 6-5-53 | 8 4 133-160 7-31-56 | T
- 20 9-57 6-17-53 | 8 8 139-167 9-23-56 | T
- 240 1468 6-18-58 | 8 1 185. 5 3-29-57 | T
- 47 17-52 7-3-53 | 8 2 160, 186 10-22-58 | T
- 24 21-73 7-21-53 | 8 Fort Walton Beach (Gulf-
- 23 14-60 8-26-53 | 8 arium), Okaloosa Coun-
- 14 14-34 9-9-53 | 8 ty. Fla o ooooecomemae 2 262, 316 |Spring, 1958 | —
- 3 34-36 12-8-53 | 8 Port Canaveral, Brevard
- 2 14,19 4-25-55 | 8 County, Fla_ e 1 12.1 4-28/20-57 | DN
- 2 12,37 5 | 8 Gill cruise 3, Reg Sta. 42
- 72 13-43 524-55 | 8 (31°57' N, 79°16' W.)___ 1 7.2 8553 { P
. 67 19-47 6-9-55 | 8 Gill cruise § Reg. Sta. 47
- 73 15-94 6-22-55 | S (32°40’ N, 79°00' W.)___ 1 1.0 9-25-54 | DN
- 2 27,63.5 7-22-55 | & Phillips. Beach at Marine-
. 29 14-51 8-5-55 | 8 land, St. Johns County, Fla_ 7 10.1-16. 7 8-12-56 | 87
- 32 21-7 9-8-56 | 8 UF 5550, Commercial irawl-
. 29 13-85 9-19-55 | 8 ing area, Brunswick, Ga..... 1 168.5 10-23-55 | T
- 19 27-35 10-5-55 | 8 Inst. Jam. Kingston Har-
- 2 24, 38 11-3-55 | 8 bour. Jamaica, British West .
- 3 81-102 11-16-65 |8 = Indies ... ____._._. 1 283 6-25-57 | —
- 2 44, 51 12-2-55 | 8 ChM 31 207.3.  Capers Inlet,
.| o666 11-30 51456 | 8 Charleston County, 8.0 2 115,122 9-10-31 | —
- 87 16-40 5-08-56 | 8 Commercial cateh. Indian
.| 108 15-62 6-11-56 | 8 R,, Brevard County, Fla_._. 10 236-284 8-19-58 | C
.| e 2269 6-26-56 | 8 Do 20 243-341 &-20-58 | C
- 01 12-78 7-10-58 | 8 T. falcatus:
- 35 18-31 7-24-56 | B BLB:
- 25 17-65 8-8-56 | S King and Prince Beach,
- 27 14-56 8-24-56 | 8 St, 8imons Island, Ga. .. 2 18,27 7-21-53 | 8
- 74 13-80 9-7-56 | 8 Do 1 14 §-26-53 | 8
. 77 15-54 9-27-56 | 8 1 18 9-9-53 | 8
. 31 1442 10-11-56 | 8 b 17-20 8-6-54 | 8
- 28 13.6-42.1 10-23-56 | 8 1 46. 4 9-1-54 | 8
- 7 2247 11-7-56 | 8 26 18-33 10-29-54 | 8
- 14 10-42 11-20-56 | S 2 24,28 7-22-55 | S
- 13-1% 4-16-57 | 8 1 8 8-5-55 | S
. 395 12-39 5-2-57 | § 15 16-23 8-6-55 | 8
- 37 12-15 5-11-57 | 8 23 13-30 9-10-55 | 8
- 20 17-52 5-16-57 | 8 10 18-30 10-3-55 | 8
- 17-76 53157 | 8 59 14-52 10-14-55 | 8
- 33 13-75 6-14-57 | B 4 19-34 11-3-55 | 8
- 13 13-97 7-1-57 1 8 5 34-46 11-18-55 | 8
- 45 15-127. 5 7-15-57 | 8 1 P} 6-11-56 | 8
- 58 13-51 7-20-57 | 8 2 21,22 6-26-56 | S
- 22 13-60 81357 | 8 4 7-10-56 | 8
- 11 15-28 82757 | B 1 Ju 7-24-56 | 8
- 3 15-31 9-11-57 | 8 1 14 8-24-56 | S
- 20-21 9-26-57 | 8 29 12-56 9-7-56 | S
- 111 17-47 10-11-57 | S 15 18-49 9-27-56 | S
- 16-21 10-25-57 | 8 4 14-22 10-23-56 | S
- 11 13-18 4-27-59 | 8 15 27-44 5-31-57 | 8
- 607 12-58 5-11-59 | 8 14 24-50 6-14-57 | S
- 104 19-73 8 3 35-47 7-1-57 | B
- 84 15-63 62359 | & 7 24-31 7-9-87 | 8
- 75 13-71 7-9-59 | & 12 23-53 7-15-57 | 8
- 14-83 7-23-5 S 7 2143 7-29-57 | 8
- 49 12-101 87-50 | 8 7 16-51 8-13-57 | 8
- 17-78 8-21-50 | § 12 18-51 82757 8
- 18 41-77 S n 13-33 9-7-57 | B
- 42 18-79 9-21-59 | 8 4 21-41 g-11-57 | 8
- 4 17-116 10-6-59 | 8 7 15-38 9-26-57 | 8
5 YO 2 42 10-20-59 | 8 70 13-102 10-11-57 | S
East Beach, St. Simons 7 18-45 10-25-57 | 8
Island, Ga 3 14-44 8-11-53 | 8 1 18 6-4-58 | 8
Do... 23 4-38 5-28-56 | 8 1 26 6-20-58 §
3 27.2-35 6-11-66 | S 2 32, 46 7-3-58 5
2 14 4-16-57 | & 23 16-54 8-18-68 | 8
1 51 7-9-59 | 8 8 22-51 10-2-58 | §
50 12-110 7-11-56 | 8 15 13-65 10-16-58 | 8
42 16-71 7-19-58 | S 4 18-45 11-14-58 | S
0 20-28 8-9-59 | 8
! See footnote at end of table. 3 15-24 6-23-50 ! 8
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ApPENDIX TABLE 1.—Specimens exammed by species and
collection— Continued

ApPENDIX TABLE 1.—Specimens examined, by species and
collection—Continued

Num- . Num-

Collection ! ber of | 8ize (mm.) Date of | Gear Collection 1 ber of | Size (mm.) Date of | Gear
speci- capture used speci- capture used
mens mens

T. fulcatua—Con T. faleatus—Con.
LBG Phillips: .
King and Prince Beach, Fort Pierce, Fla...._...... 40 9.8-28.6 | _
8t. Simons Island, Ga__ 4 48-59 7-23-59 | 8 Do 45 23-66. 5
Do 8 20-66 8-21-59 [ 8 4 76-103
2 23-89 9-21-50 | 8 1 38.1
19 14-42 10-6-59 | S 35 18. 4-46. 6
1 18 11-6-59 | S 1 8¢5
East Beach St. Simons 1 20 28-56 | 8 4 0.1-18.8
Island. Ga.
Do. 1 2! 6-11-56 | 8 1 9.3
2 20,33 7-20-57 | 8 ° 2 8.5.9
3 2729 7-21-58 | § 4 83-9.5
4 23-70 8-18-58 | 8 2 10.4,10.7
40 19-57 9-2-58 .| 8 32 7.2-10.6
11 23-29 10-2 S 14 5.7-11.1
2 37-55 11-3-58 | S 5 8.5-11.5
2 30 7-9-50 | 8 11 6.7-11.5
L 1 16 9-8-59 | S 2 9.9, 10
Causeway between Jekyll 1 17.7 10-11 57 | 8 3 6.49.8
Island and Brumswick, 1 8.9
Ga. 1 7.6
.................... 1 32 7-9-59 | 8 1 7.6
Jekyll Island Beach, Ga.. 1 21 10-5-56 | 8 1 1.3
.................... 1 24 10-19-57 | 8 Vlrgmla Key, Miami, Fla. 1 8.1
Lewls Crab Co., Bruns- 3 154, 5-182 5-50 |-~ Vero Beach, Fla_._._.__... 1 7.9
wieck, Ga. (no data) 1 8.9
Gill cruise 2, Reg. 8 1 7.7 5-6-53 | DN 1 R4
(31""9' N., 78°41' W ) 9 8.4-12.1
il cruise 3 Reg, Sta. 42 1 7.3 8553 | P 1 8.9
(31"57' N,, 70°16' W), " T. glaucus:
Gill cruise 3, Reg. Sta. 50 1 7.3 86-53 | P BLBG:
(31°57' N, 78°09’ W.). King and Prince Beach, 1 28.9
Gill cruise 3, Reg, Sta, 63 1 5.0 &11-53 | P St Snnons Island, Ga
(33°24' N, 76°25' W.), - 2 35.8,39. 4
BLBG(MI): 2 23.9,2
Little River, 1 mile NE 1 59.5 7-21-56 | 8? 1 23.3
Calabash, 3 48. 5-61
QGreat Egg Ha.rl)or, N. 3 I 1 24,1 10-6-5¢ | 8?2 1 10.4
Indian River, Sebastian, 12 17.9-46. 6 11-7-56 | &? 1 26.2
Fla. Do. 1 60.0
USNM 49635: Woods Hole, 4 20.2-33.6 814-99 |. ... UF (uncataloged)
Mass. Open Gulf beach, 5 km. 4 76.5-124 | 1-20/21-58 |.._.__
USNM 143935: Katama Bay, 2 17.7.2 7-27-15 |-cemeo south Veracruz Mo-
Mass. cambo, Mexico.
USN M 678090:; Bay near Ocean 1 64.5 9-98 |..._ Beach 5 miles W. Nassau, 21 16.6-110 7-5-58 |....-_
View, Va. New Providence Island,
USNM 742 '9" Cape Lookout, 1 44.9 7-12 | Bahamas.
N.C. Do 1 128 8-11-56 |..._-.
USNM 111763: Fort Macon, 1 27.3 6-30-82 |.----- UF 5008:;
.C. Flagler Beach, Flagler 7 36-50. 5 10-2-56 (-..--.-
USNM 122646: Port au Prince 1 172 1043 ... County, Fla.
market, Haiti. Inst. Jam.:
USNM 50126: Mayaguez, 1 132 1-19-99 (... Lucea, Jamaiea___ ... 1 211 9-30-51 |......
Porto Rico Kingston market, Jamaica. | 1 141.5 4-24-59 (..
USNM 73745 Do 3 26.4-42. 9 1-19-99 [--..__ hM:
USNM 111762: Key West, [4(0f15) 17-84 10-13-19 |...... 014 Collection; 8.C........1 1 (of EE: 1" 2 (NP P
Fla., near Slaughter House. 2).
UBNM 26585: Key West, Fla_ 1 216. 5 1880 [------ Phillips
USNM 1253517: Tampa mar- 1 125.5 11-7-96 [...__. BahlaHonda Key,Fla___. 5 71.5-89 4-15-56 | 8
ket, Fla. Crandon Park, Miami, 1 11.8 -8-57 [-ooooo
USN M 26596: Cedar hey, Fla. 1 83.5 a.
USNM 185075: Do...____. 1 42.1 Seaquarium Boat Dock, 1 7.8 2858 [------
USNM 116840: Tortugas Fla. 3 32.5-64. 5 Miami, Fla.
USNM 143840: Oso bridge, 1 133.5 USNM 125872, Buzzards Bay, 1 65 9-22-97 |......
Corpus Christi Bay, Tex.
USNM 143939: Corpus 2 26.1,35.6 | 10-14/29-26 |_._._ USNM 62609. 8t. Augustine, 4 35.3-45.5 11-18-08 [..-...
Chnst,x, Tex. Fla.
USN 80100: Fox Bay, 3 2,242, 5 1-3-11 |----n USNM 50100. Aquadilla, 1 110 |-
Panamn Porto Rico.
USNM  44703: Central 1 127.5 1808 |------ USNM 73744, Mayaguez, 1 2.4 1-20-99 [-.....
America (probably from Puerto Rico.
Atlantic) i USNM 111767. Key West, Fla_ 1 40.5 10-13-19 (...
U%NI\/lI1 76319 Porto Seguiro, 2 (C - N N (R USNM 88595. Dry Tortugas, 1 63 [
la.
UF C-8-1266-1: Plantation 3 12.3-15.7 6-12-56 (-----. USNM 61127, Tortugas, Fla... 4 4045 | ...
Key, Monroe County, Fla. USNM 143052, Tortugas, Fla._ 2 43,85 11-25-19 |-
Inst. Jam.: Lazaretto Cairn, 1 - 57,0 6-16-57 [--.——- USNM 143953. Louisiana...... 1 14,6 [ooeemoooaea-- .
Jamaica, near Kingston. . USNM 143954, Aransas Pass, 4 7388 | 10-2/11-26
ChM 31.267: Mount Pleasant, 1 136.5 11-13-31 [--oooo Tex.
E. Frampton, 8.C. USNM 123068, Cape San Ro- 3 24, 7-85 4225 |
(‘111\(/[3 31.207.12: Capers Inlet, 15 21-48.9 9-10-31 |-----_ man, Gulf of Venezuela.
UG 378: Sapelo Island, Gn._.. 1 85.5 9~4-54 |-—-—__
BU: M/V Delaware (37°30' N 1 1.7 7-11-57 | DN

68°10' W

1 Abbreviations explained, page 189.
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