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ABSTRACT

The young of five species of jack crevalles (Caranx) commonly occur off the
Atlantic coast of the United States: Caranz crysos, C. ruber, C. bartholomaes,
C. latus, and C. hippos. Morphometric, meristic, and morphological characters,
and serial illustrations are presented for each of these species from the smallest
larval or early juvenile sizes available into the better-known juvenile and adult
stages. Development of certain body parts is defined and discussed, and com-
parisons are made for the species, The smallest available specimens of C.
dentex and C. lugubris—species which occur in the Western Atlantic, but have
not been reliably reported from inshore waters of the United States—are briefly
compared with the five common species. Nomenclatorial problems are dis-
cussed; several identification and distribution records are corrected; and a key
to the seven species is given.

Apparently the five common species have an offshore larval existence. Off
the southeastern Atlantic coast of the United States the larval stage occurs in
association with the offshore waters of the Gulf Stream. C. latus and C. hippos
lose their preopercular spines (a larval character persisting into the juvenile
stage) at about 20 mm standard length—at a smaller body size than occurs
in the.other three common species—and they tend to migrate inshore at about
this size. C. crysos, the relatively most-abundant young Ceranx in this area,
apparently does not migrate inshore hefore its late juvenile stage; C. bartholomaei
occurs inshore only occasionally as a juvenile or adult; and C. ruber has an
apparent tendency to remain offshore. As late juveniles or adults, all these
species may return to more southern areas.

The following suppositions are made regarding spawning of the five common
species: Spawning tends to occur in offshore waters, at least partially in associ-
ation with major current systems, and extends from about February into Sep-
tember. C. bartholomaei probably spawns off the southeastern Atlantic coast
of the United States, and the other four common species do spawn there; but
the major spawning areas for these.species are to the south of this area.

The time and place of spawning and the larval and early juvenile forms are
unknown for C. dentex and C. lugubris. Their juvenile and adult habitats are
apparently in offshore waters and in association with offshore islands.

The smallest, definitely identified specimens available for study were, in
standard length, C. crysos, 5.4 mm.; C. ruber, 12.4 mm.; C. bartholomaei, 8.1 mm.;
C. latus, 16.1 mm.; C. hippos, 15.3 mm.; C. dentex, 87 mm.; and C. lugubris,
242 mm. A series of specimens, 5.4 to 8.3 mm., identified only as Curanz sp.
(“latus and/or hippos™) includes either one or both of these species.

The affinity of Hemicaranx fasciatus (Cuvier) and Uraspis heidi Fowler
to the genus Caranz is briefly discussed.




YOUNG JACK CREVALLES (CARANX SPECIES) OFF THE SOUTHEASTERN
ATLANTIC COAST OF THE UNITED STATES

By FREDERICK H. BERRY, Fishery Research Biologist
' BUREAU OF COMMERCIAL FISHERIES

The family Carangidae is noted for the diversity
of body form of its species. Certain of these
species undergo an ontogenetic change of form in
having a deep-bodied larval stage and an elongated
adult shape that is inverse to the development of
many other fishes in which the larvae are narrow-
bodied forms and the depth generally increases as
the fish mature.

The genus Caranz has cosmopolitan distribation
in tropical and subtropical waters, and extends
into more temperate watcrs. The young jack
crevalles furnish food for many surface-feeding
carnivores, and the adults are themselves preda-
tory on other fishes. In some areas they are
utilized as food fish or for bait, and everywhere
are recogmzed as respectable game fish.

Five species of Caranx commonly occur in waters
off the Atlantic coast of the southeastern United
States: C. latus Agassiz, C. hippos (Linnaeus), C.
bartholomaer 'Cuv1er, C. ruber (Bloch), and C.
crysos (\[1t.(,lnll) Two other species, C. dentex
(Bloch and Schneider) and C. lugubris Poey, may
occur there, but no authentic records exist. Un-
questioned records of C. lugubris exist for Cuba,
the Bahamas, and Bermuda, and of C. denter for
Bermuda. Two other species of Carangidae,
Hemicaranx fasciatus (Cuvier) and Uraspis heidi
Fowler, are briefly considered relative to their
a,fﬁmty to the geaus Caranz.

Nichols has published a series of papers (see
Literature Cited, p. 530) over the past several
decades, giving descriptions, comparisons, and
records of distribution for young Carenxz in the
Western Atlantic. Ginsburg (1952) gave accounts
of late juveniles and adults of four of the species,
primarily from the Gulf of Mexico. Other in-
formation on the young of Caranz is meager, par-
ticularly in the area considered (off the south
Atlantic coast of the United States). The nomen-

Note.—Approved for publication, May 7, 1958. Fishery Bullctin 152.

clature of five of the seven species is still in
question.

The specimens of young Caranz taken on eight
of thé nine cruises of the Theodore N. Gill during
195354 in the waters off the Atlantic coast of the
southeastern United States by the U. S. Fish and
Wildlife Service’s South Atlantic Flshely Investi-

. gations represent the most complete series of young
of three of the species ever collected in this area.

Th_ls collection was supplemented by specimens
from the U. S. National Museum (USNM), Uni~
versity of Florida Museum (UF), Bingham Oce-
anographic Collection (BOC), Academy of Natural
Sciences of Philadelphia (ANSP), Chaplin
Bahaman Shore Fish Program (CBSFP), Museum

of Comparative Zoology (MCZ), American Mu-

seum of Natural History (AMNH), Charleston
Museum (ChM), Bears Bluff Laboratories (BBL),
and the U. S. Fish and Wildlife Service’s Gulf
Fisheries Exploration and Gear Research
(GFEGR) at Pascagoula, Miss., Gulf Fisheries
Investigations (GFI) at Galveston, Tex., and
Menhaden Investigations (MI) at Beaufort, N. C.,
and personally acquired and local collections of the
South Atlantic Fishery Investigations (SAFI) at
Brunswick, Ga.

Although concerned primarily with the Gill
collections and museum specimens from waters
off the southeastern Atlantic coast of the United
States, this discussion cannot be confined to that
area. Because the larvae of the five common
species of Caranz and the juveniles of three of
them apparéntly are associated with the Gulf
Stream in this area, it is quite likely that the
developing young in this area represent only a
portion of the population of each species, and that
the populatious, associated with current systems,
extend from off the northern coast of South
America into the Caribbean Sea and Gulf of
Mexico, through the Florida Straits and along the
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northern Bahamas, into the North Atlantic Cur-
rent east of the Grand Banks. If such is the case,
spawning might be expected to occur along all but

“the more northern portions of the route, and the
young forms might be expected to follow or be
moved by the drift of the Gulf Stream and the
currents contributing to the Stream until a critical
stage, at which time they would act against the
effects of the stream. '

The purposes of the present work are to ex-
pand the known definitions and variability of the
morphological, morphometric, and meristic char-
acters of Caranx species off the Atlantic coast of
the United States, principally the five common
species, to facilitate their identification and to
furnish a basis for comparison with the poorly
known relationships of closely related species or
forms from other geographic areas; to provide a set
of serial llustrations to depict the changes from
the smallest larval forms available into the better-
known juvenile stages; to depict growth relation-
ships for selected body parts; and to discuss dis-
tribution and theories of time and place of repro-
duction in waters off the southeastern United
States. .

I am grateful to Isaac Ginsburg and Elbert
H. Ahlstrom of the U. S. Fish and Wildlife Service
for their critical review of the manuscript and to
John C. Briggs and Arnold B. Grobman of
the University of Florida for their propitious
suggestions. The loan or procurement of speci-
mens and information on specimens by the follow-
ing were instrumental in the study: Leonard
P. Schultz, U. S. National Museum; John C.
Briggs, University of Florida Museum; James
E. Bohlke, Academy of Natural Sciences of Phila-
delphia and Chaplin Bahaman Shore Fish Pro-
gram; E. Milby Burton, Charleston Museum;
James E. Morrow, Bingham Oceanographic
Collection; Myvanwy M. Dick, Museum of
Comparative Zoology; G. Robert Lunz, Bears
Bluff Laboratories; John T. Nichols, American
Museum of Natural History; Harvey R. Bullis,
dJr., Edgar L. Arnold, Jr., Fred C. June, David K.
Caldwell, Doyle Sutherland, and Melba Wilson,
U. S. Fish and Wildlife Service; E. Lowe
Pierce and Benjamin B. Leavitt, University of
Florida; G. Palmer, British Museum (Natural
History); David H. Gould, Robert H. Godley,
J. A. Jones, and William F. Ricks, Georgia Game
and Fish Commission; Edwin H. Chandler, Lewis
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Crab Co., Brunswick, Ga.; and J. B. Siebenaler
and Winfield Brady, Gulfarium, Fort Walton
Beach, Fla. The assistance and suggestions of
members of the staff of the South Atlantic Fishery
Investigations were most helpful in preparation
of the manuscript.

METHODS
COUNTS

Meristic counts on fish of less than about 200
mni, standard length were made under magnifica-
tion. Aberrant counts, such as occur on injured
specimens, were either omitted or specifically
described.

MEASUREMENTS

All measurements of fish of less than about 45
mm. standard length were made with a calibrated
micrometer eyepiece and a stereoscopic micro-
scope, as were smaller structures on fish above this
size. Other measurements were made with a pair
of fine-point dividers. Measurements of pre-
opercular sp'nes were recorded to the nearest one-
one hundredth millimeter. All other measure-
ments were recorded as follows: Up to 45 mm.
standard length, to the nearest one-tenth milli-
Theter; 45 to 100 mm. standard length, to the near-
est one-half millimeter; over 100 mm. standard
length, to the nearest millimeter—with the excep-
tion of the standard lengths of fish not included in
the graphs, which were measured to the nearest
one-half millimeter if smaller than 100 mm., and
to the nearest millimeter if larger.

The figures and tables in this report do not in-
clude data on the relation of the lengths of the
fourth dorsal spine, the second dorsal soft-ray,
pelvic fin, and body depth at first anal spine to
standard length; or measurements of the first and
second anal soft-rays.

CONSTRUCTION AND INTERPRETATION OF
GRAPHS

Graphs of the relation of the mean number of
scutes, of the mean lateral-line ratio, and of the
preopercular-angle spine length to standard length
for the individual species have been fitted with
visually estimated perimeters enclosing the dots
or other described marks that represent coordi-
nates of the individual specimens. The graphical
area enclosed by each perimeter is intended to
depict the range of variation for that relationship.
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Although the perimeters were drawn liberally in an
attempt to estimate population variations from
the samples, some specimens may be expected to
exceed the estimates. Still, it provides a useful
treatment of these highly variable relationships.
In the composite graphs of these relationships
under Comparison of Species, page 426, the perime-
ter for each species is specifically symbolized.

On the graphs illustrating the relation of third
dorsal spiné length, first dorsal soft-ray length,
pectoral length, body depth at pelvie, head length,
eye diameter, and snout length to standard length,
each dot or other described mark represents the
coordinate of a single specimen. Arithmetical
plots of individual variates indicated that in most
instances the formula for a rectilinear regression,
Y=a+4bX, adequately described the relation-
ships. The regression lines for the five common
species were determined by the method of least
squares over a designated size range of the speci-
mens represented in each graph. A line so deter-
mined is referred to in the text as the “calculated
regression line’ and is illustrated in the graphs as
a solid line. The trend of such a line is frequently
extended on the graphs (as a line of dashes) to
allow an estimate of the relation of specimens
larger or smaller than those included in the calcu-
lated regression line. The composite graphs of
these relations under Comparison of Species con-
sist only of the calculated regression lines (specif-
ically symbolized for each species). Because of
the limitations of material and methods, only
certain size ranges are suitable for comparison,

Use of the term “inflection,” applied to the
descriptions of the relations of body parts follows
Martin (1949) and denotes a change in slope of the
relative growth line.

FISH ILLUSTRATIONS

Fish less than 16 mm. standard length were
drawn with a camera lucida. Fish above this
size were photographed, and an enlargement of
the negative was used to reproduce the outlines.

NOMENCLATURE AND SYNONYMY

The discussions of nomenclature point out, with
the exception of ruber and bartholomaer, that the
relationships of the Western Atlantic species of
Carana to certain closely related forms from other
arcas arc uncertain; consequently, the nomen-
clature is tentative. Since authors have differed
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in opinion concerning the nomenclature and
synonymy of forms ascribed to the genus Caranz,
a comprehensive review of the literature was neces-
sary to understand the problems involved. This
is briefly outlined under the species concerned.
The synonymies are mainly composed of only the
earliest reference to each applicable binomial that
I have found. The principal purpose is not to
revise the nomenclature, but to point out dis-
crepancies that exist and to stabilize the usage
until adequate revisions are made.

THEODORE N. GILL COLLECTIONS

All methods employed on the Gill cruises—in-
cluding plankton and dip-net collections, stomach
contents of species caught by trolling and hand
line, and network of collecting stations—are given
by Anderson, Gehringer, and Cohen (1956). The
following abbreviations apply to the Gill cruises
and specimens: Reg. (regular station), Spc. (spe-
cial station), Std. (standard station, east of Elbow
Cay, Bahamas), and TO (Tongue of the Ocean
station, Bahamas).

DEFINITIONS

The definitions of measurements and counts
and descriptions of terms are arranged in the same
sequence in which the characters are considered
in this and the following sections. Frequently,
descriptions of ontogenetic changes are included.
Since earlier workers have used varied, and often
inadequately described, methods, some explana-
tions in this section have been expanded for clari-
fication.

BODY LENGTHS

Standard length—Measured from the tip of the
snout to the end of the hypural bones (the caudal
base). All body lengths referred to are in stand-
ard length unless otherwise noted.

Fork length.—Measured from the tip of the snout
to the end of the shortest median caudal ray.

Total length.—Measured from the tip of the
snout to a vertical at the tip of the longest lobe of
the caudal fin.

Body length conversion factors.—The rectilinear
regression formula, Y=a-+b.X, was used to de-
termine the conversions of total length and fork
length to standard length. Standard length was
used as the independent variate so that fork
length=a+b (standard length); totallength—=a-+-b
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(standard length). For conversion to standard
length the following formulas apply:

fork length—
by v

total length—

———b———a.

Standard length=

standard length=

The following @ and b values were obtained:

crysos
Fork length: a=10.947, b=1.077
Total length (less than 85 mm. standard length and 104
mm. total length): a=—0.228, b=1.224
Total length (more than 85 mm. standard length and
104 mm. total length): a=—4.879, b=1.280
ruber
Fork length: a==1.020, b=1.078
Total length: a=—0.896, b=1.251
bartholomaei
Fork length: ¢=1.260, b=1.073
Total length (less than 50 mm. standard length and 61
mm. total length): ¢=0.151, b=1.219
Total length (more than 50 mm. standard length and
61 mm. total length): a=—2.609, b=1.267
latus
Fork length: a=1.242, b=1.082
Total length: a=—2.671, b=1.275
hippos
Fork length: a=1.006, b=1.076
Total length (less than 50 mm. standard length and 60
mm. total length): e=0.326, b=1.198
Total length (more than 50 mm. standard length and 60
mm. total length): a=—2.936, b=1.272
Body lengths given by workers in total length
and fork length and converted to standard length
are designated in the following manner: “about z
mm. (converted).” '

DORSAL AND ANAL SPINES

Counts and deseriptions.—The usual number of
dorsal spines is nine—eight comprise the first
dorsal fin, and the ninth is the first element of the
second dorsal fin. In the few specimens which
had only 6 or 7 spines in the first dorsal fin, the
base or position of the missing spine or spines
could usually be determined. On specimens of
hippos larger than 200 mm.,, the first dorsal spine
is relatively small and partially overgrown by
skin.

A procumbent or recumbent dorsal spine in
advance of the first dorsal-fin spines has been
mentioned or tabulated in the dorsal-spine count
by many authors (Nichols, 1912: 185; Fowler,
1941a: 85; Roxas and Agco, 1941: 39; Weber and
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de Beaufort, 1931; and others). This is not an
articulated dorsal spine, but is shown on cleared
and stained specimens of the five common species
to be a pointed, forward extension of the first
pterygiophore (the third or fourth interneural
spine). It is more pronounced on smaller speci-
mens and is discernible in figures 69 to 71 and
81 to 83.

There are three anal spines—the first and second
remain in close proximity and become appreciably
separated from the third with an increase in body
size. The third spine has a positional relation to
the- anal soft-rays identical to that of the last
dorsal spine to the dorsal soft-rays. The last
dorsal spine and the third anal spine have been
ignored or incorporated in the soft-ray counts by
many authors.

Lengths—The spines were measured in an
erected position (if possible, otherwise estimated)
on a chord from the anterior points of emergence
from the skin to the tips.

DORSAL AND ANAL SOFT-RAYS

Definition.—In the early larvae, those rays
which from their position in the second dorsal
or the anal fin were considered as potentially
segmented were counted as soft-rays.

Counts.—The buds or the bases of the soft-rays
are readily visible with magnification and trans-
mitted light in specimens from 8 mm. to more
than 100 mm. standard length. Occasionally,
malformed dorsal and anal fin-ray elements and
missing rays were encountered—these are dis-
cussed under Comparison of Species, page 428.
Malformed rays were enumerated in the total
soft-ray counts. Counts for fins with missing
soft-rays, indicated by a ray base without a ray,
or by an abnormally wide space between any two
rays, were not included in establishing ranges.

Tabulations showing the relation of number of
dorsal soft-rays to number of anal soft-rays are
used because their numbers are apparently intra-
specifically correlated.

Lengths.—Measurements were made as for the
dorsal spines, except on larger specimens that had
developed the fleshy, scale-covered sheath along
the base of the fin—in which instance the proximal
point of measurement was taken at the emergence
of the erected ray from above this sheath.
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INTERNEURAL AND INTERHEMAL SPINES

The interneural and interhemal spines
(ptervgiophores) of at least the five common
Atlantic species of Caranx possess posterior lateral
projections. These are discernible in illustra-
tions by Hollister (1941) in a lateral view from
stained and cleared specimens of ruber (p. 43,
fig. 19) and latus (p. 44, fig. 20).

Within certain size ranges in two of the species
(latus and hippos) these projections extend above
the dorsal surface of the body along both sides
of the soft-rays of the dorsal and anal fins. They
are similar to fin spines in appearance, although

not so pointed, and are covered by little, if any,

epidermis. None of the other five species studied
had these projections protruded or extended
above the body surface.

CAUDAL FIN

Description.—The principal rays extend to the
posterior margin of the fin—the most-dorsal prin-
cipal ray and the most-ventral principal ray are
the only two that remain unbranched. The sec-
ondary caudal rays also remain unbranched.

Counts—The count is given as principal rays
above the median line plus those below. The
number of secondary rays was determined on
only a portion of the specimens examined.

Urostyle—Described as visible in normally pre-
served specimens.

PECTORAL AND PELVIC FINS

Counts.—Counts were made of the fins on one
side only, usually the left. - Each fin contained
.one spine plus a number of soft-rays. The spines
of the paired fins were similar in. construetion to
each other and to the spmes of -the dorsal and
anal fins. '

Lengths. —Mea.surement of the longer of each
of the paired fins was recorded if the lengths
varied. Each fin was measured from the insertion
of its spine to the tip of the longest ray, with the
fin agmnst the body.

BODY DEPTH

Depth at pelvic—Measured as the distance
between' the ventral midline of the body at the
insertions of the pelvic fins and the origin of the
first dorsal spine.

" Depth ‘at” first -anal spine—Measured as the

-mm. standard length on Aippos)..

distance between origin of the.first anal spine
and origin of the spine of the second dorsal fin
(the ninth dorsal spine.)

Description.—Both depths are near-vertical.
The depth at pelvic is more subject to distortion
by stomach contents, but is preferable to depth
at the first apal spine, which has a more anterior
location with respect to the spine of the second
dorsal fin at lengths of more than 50 to.70 mm.

standard length.
HEAD

Length.—Measured from the tip of the snout
to the posterior edge of the fleshy portion of the

operculum.
EYE

Diameter—Measured as the maximum diameter
from the anterior to the posterior inner margins
of the circumorbitals.

SNOUT

Length.—Measured as the least distance from
the tip of the snout to the anterior inner margin
of the circumorbitals.

GILL RAKERS

Counts.—Gill-raker counts were made on the
first arch, usually on the left side. A gill raker
located at the junction of the upper and lower
limbs was included with the count for the lower
limb because the major portion of its base origi-
nates on the lower limb, and its inclusion facilitated
the correlation of the numbers of upper- to lower-
limb gill rakers.. Rudimentary gill rakers (tuber-
cles or very-shortened gill rakers) occurring at the
origin of either limb were included in the total
count for that limb. These rudimentary rakers
are less definitive on larger specimens, but they
could be accurately counted on the largest sizes
of each species that were examined (up to 830
Gill-raker
counts on specimens less than 20 mm. were not
included in the tables, although specimens be-
tween 14 mm. and 20 mm. apparently have formed
the adult complement. Relation of the numbers
of upper- to lower-limb gill rakers is used to
show that they apparently are mtraspemﬁcally
correlated.

SCUTES

Definition—~In Caranz, the term ‘“‘completely
developed scute” defines a modified scale situated
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along the straight portion of the lateral line. Itis
vertically and usually horizontally expanded with
respect. to other body scales, usually is thicker
and harder than other body scales, and the pos-
terior margin either terminates in a posteriorly
projecting, flattened or slightly elevated spine,
or ends in an apex, with the angle of the scute
formed by this margin being not. greater than 110°
to 120°. In the following accounts, a reference to
scutes having completed their development im-
plies that they have developed the structural
characters that will fit this definition. The physi-
cal development of enlarging and hardening con-
tinues with growth of the fish.

Scales in the straight lateral line which have not
developed the structural characters defined here,
but whose positional relationship indicates that
they would have become completely developed
scutes, are termed “developing scutes.”

C'ounts.—Scutes were counted on both sides of
the fish from the most-anterior to the most-
posterior completely developed scute.

Relationship.—The mean of the number of
scutes of the right and left sides was used because
approximately 80 percent of the specimens ex-
amined showed an individual bilateral variation
This variation on individual
specimens examined ranged from 1 to 5 scutes in
hippos, 1 to 4 in latus, erysos, and ruber, and 1 to 3
in bartholomaei. There was little correlation of
this feature with the length of the fish, except that
more variation was found at the smallest sizes
(less than 30 mm. standard length) when the first
scutes to complete their formation do so rapidly.

Explanation.—Some scutes immediately fol-
lowing the most-anterior completely developed
scutes may not end in a spine or an apex—on
smaller fish they have not completed development
and on larger fish they may represent scutes which
will never develop spines or whose weak spines
have worn off; in either case they are included in
the scute count.

Nichols (1920b: 29) remarked, “The most an-
terior scutes near the angle of the lateral line are
small and poorly developed and the most posterior
ones minute, so that the personal equation enters
into their count somewhat.” This applics more
to the smaller forms, for in most specimens of
more than 100 mm. the scutes are completely
developed to the point of junction with the curved
part of the lateral line and the terminal scute at the

fen tlle Aleom d are
in this character.
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caudal base has a strong spine. Because of the
variation in scutes in smaller fish, and because the
adult complement of scutes is not present until the
fish has grown to a size greater than 100 mm., I
have applied an exacting definition and count.
This has resulted in my counts being lower for
fish of less than 100 mm. than are those usually
given in the literature; but the counts on larger
fish should approximate previous counts within the
limits of personal hias. Use of the mean number
of scutes will result in ranges being less variable
than is the case when scutes are counted on only
one side of a fish.

Ontogeny.—The first scutes to complete their

" development are located near the posterior two-

thirds of the straight part of the lateral line, and
the extent of development of the other scutes is
graduated from these toward both ends of the
lateral line.

LATERAL LINE

Measurements.—The curved part of the lateral
line was measured as a chord of the arch from its
junction with the upper edge of the shoulder girdle
to its junction with the straight part of the lateral
line. The straight part of the lateral line was
measured from its junction with the curved part
of the lateral line to its termination on the caudal
fin; on fish less than about 16 to 18 mm. standard
length, the formation had not progressed .poste-
riorly to the caudal base, but the measurement
was taken to the caudal base. Measurements
were taken on both sides of the fish.

The point of junction of the two parts of the
lateral line on some fish was marked by an abrupt
upturning of the curved part, and on others by a
gradual upturning—which forced an estimation of
this point. By definition, this point occurs where
the curved part bends upward from the straight
part. The straight part that continues forward
with no scutes or pores marking the continuation
is called the false lateral line and is difficult to see
on most Caranx.

The extension of the lateral line onto the caudal
fin in the species of Caranx examined is contrary
to a statement by Gill (1883: 488) in his descrip-
tion of characteristics of the family: “Lateral line
continuous to and ending at the base of the
caudal fin.”

Ratio.—The mean of the quotients, obtained
by dividing the length of the straight part of the
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lateral line by the length of the curved part of
the lateral line from each side, was used as the
mean lateral-line ratio. This is expressed by the
following formula: [(straight right =+ curved
right) 4 (straight left +— curved left)] — 2 =
mean lateral-line ratio.

Use of three variates in determining the rela-
tionship of the lateral-line ratio to standard length
illustrates the interspecific differences of the
lateral line better than use of only two variates.
Previous taxonomic emphasis was placed on the
ratio by Nichols (1921b, 1937a, 1938b, 1939),
Nichols and Breder (1927), Wakiya (1924), and
others. The mean of the ratios from both sides
was used because frequent and appreciable dif-
ferences were found between the two sides of a
fish. For example, on a 44-mm. specimen of
bartholomaei the point of junction of the curved
and straight parts of the lateral line on the left
side was under the fifth dorsal ray and on the
right side it was under the eleventh dorsal ray.

PREOPERCULAR SPINES

Deseription.—The five common species of
Caranr possess a spine, the preopercular-angle
spine, that protrudes from the posterior margin of
the preoperculum in the smallest sizes examined
and persists to 16 to 49 mm. standard length
(the maximum size of retention is variable among
the species). Fish within this range may also
possess from 1 to 8 smaller spines, the preopercular
upper- and lower-limb spines, arranged in grad-
uated series on the margins of the upper and lower
limbs of the preoperculum.

Ontogeny.—The preopercular spines increase in
length only up to a certain size (possibly to 7 mm.
in cryses). Above this size, the lengths di-
minish, due to a cessation or diminution of spine
growth and ventral and posterior expansion of
the preopercular margin, until the spines are
completely absorbed by the preoperculum.

Counts—Spines were counted only if they pro-
truded from the margin of the preoperculum and
were not covered by a thickened laver of skin.

Lengths.—The preopercular-angle spine (the
longest preopercular spine and the last to be
absorbed) was the only spine measured. The
measurement. taken is represented by line a in
figure 24. The longer spine was measured for
each . fish that showed bilateral variation in this

length; if damage was obvious, a spine was not
measured.
PIGMENTATION

Descriptions of pigmentation represented in the
illustrations were made from microscopic obser-
vations of preserved specimens. Most of the
specimens were preserved in formalin—a few in
ethyl or isopropyl aleohol. Consequently, the
vellows, greens, and other shades present in living
or freshly caught specimens are absent. Melano-
phores have apparently faded from some of the
smaller specimens, and their pigment descriptions
may be incomplete.

DEVELOPMENTAL STAGES

Larval—Defined as the stage of development
commencing with hatching and ending with the
completion of formation of the adult complement
of fin rays. A ray was considered to be completely
formed when it became partially ossified, as indi-
cated by its staining red when treated with aliz-
arin. The secondary caudal-fin rays are the last
rays to complete their formation, which progresses
anteriorly. The size at termination of the larval
stage was difficult to delimit because only a few
larval specimens were available, larvae of all
species were not identified, and intraspecific varia-
tion in the size at completion of fin-ray formation
could not be determined. Study of a series of aliz-
arin-stained specimens of erysos (the most com-
plete series available) showed that the fin rays had
not completed formation on fish 7.5 mm. standard
length and smaller, and that the next largest speci-
men, 8.5 mm., and all larger specimens had adult
complements of fin rays. The specimens identified
as “latus and/or hippos” (see p. 487) and the two
smallest specimens of bartholomaer apparently show
a similar size on formation of the adult complement
of fin rays. Of the “latus and/or hippos’’ series, the
8.3-mm. specimen had completed development of
the fin rays and the 6.9-mm. specimen had not.
The 6.0-mm. bartholomaet had only partially com-
pleted formation of the fin rays, the 8.1-mm. bar-
tholomaei had completed the formation with the
possible exception of one or two dorsal and ventral
secondary caudal rayvs, and the 10.5-mm. bar-
tholomaei had completed formation of all fin rays.
By analogy, the size at transformation from larva
to juvenile in Carane is estimated to be about 8.0
mm. standard length. ' '
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Juvenile. —Defined as commencing with the end
of the larval stage and terminating with the attain-
ment of sexual maturity. Size at the juvenile—
adult transition stage has not been determined for
any species because of the scarcity of records and
specimens of mature individuals (the smallest adult
recorded is a 225-mm. ¢rysos). The juvenile fish
develop body bars (blotches in bartholomaet) at
about 15 to 20 mm. that persist to about 100 to 200
mm.; the size at disappearance of the bars varies
with the species. The loss of these bars may have
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some connection with the onset of sexual maturity.
Spines on the preoperculum are present on larval
forms and disappear during the juvenile stage (be-
tween 16 mm. and 45 mm., varying with the
species). These spines are considered larval
structures that persist into the juvenile stage
rather than a character that delimits the larval
stage.

Adult.—Defined as commencing with the onset
of sexual maturity.

KEY TO WESTERN ATLANTIC SPECIES OF CARANX

A key that would identify the seven species at
all sizes could not be constructed hecause & com-
plete size series was not available for comparison.
The following key is intended for use with speci-
mens larger than approximately 14 mm. standard
length, the minimum size at which counts of gill
rakers can be considered adequately accurate for
taxonomic separation (fig. 2). The adult comple-

A. Lower-limb gill rakers 31 to 35
(D. 26 to 30; A. 23 to 26; G. R. 10 to 14 + 31 to 35)
AA. Lower-limb gill rakers, 23 to 28

B. Mean number of scutes more than 35 on specimens larger than 50 mm.

ments of dorsal and anal soft-rays have com-
pleted formation by 8 mm. (fig. 1). Although
latus and hippos were not separated in specimens
less than 10 mm., a ‘“latus and/or hippos’ series
can be distinguished as having a greater depth at
pelvic than does crysos or bartholomaes (fig. 9).
Below 10 mm., the second anal spine is shorter in
bartholomaei than in erysos (fig. 4). -

________________________________________________ ruber,

Mean lateral-line ratio more than 1.0.

Donrsal-fin third spine shorter than first soft-ray (on specimens larger than 70 mm.)__ .. ___ . _______.__ crysos,
(D. 22 to 25; A. 19 to 21; G. R. 10 to 14 4+ 23 to 28)

BB. Mean number of scutes less than 35 on specimens larger than 50 mm. Mean lateral-line ratio less than 1.0.

Dorsal-fin third spine longer than first soft-ray on specimens larger than 70 mm._____. . _______._____ denter,!
(D. 24 to 27; A. 20 to 23; G. R. 11 to 13 + .26 to 28)

AAA. Lower-limb gill rakers 16 to 21
C. Dorsal soft-rays 25 to 28
(D. 25 to 28; A. 21 t024; G. R. 6 to 9 + 18 to 21)
CC. Dorsal soft-rays 19 to 23
D. Color brown to sooty black

(D.21t023; A.17t020; G.R. 60or 7 + 19 to 21

__________________________________________ bartholomaet,

_____________________________________________ lugubris,?

DD. Color green, yvellow, and silver in adults; dark body bars in juveniles to more than 100 mm.; never com-

pletely brown or hlack

E. Chest completely scaled on specimens larger than 20 to 25 mm. Pigment of first dorsal fin concentrated

between first and fourth spines in specimens about 17 to 45 mm.

Pigment of posterior three body bars

terminates immediately below straight lateral line on most specimens between about 20 to 60 mm___ _lalus,
(D.19t022; A. 16 t0 18; G. R. 6 or 7 4+ 16 to 18)
EE. Chest with only a small pateh of scales before pelvies on specimens larger than 25 mm. (fig. 85). Pig-’

ment of first dorsal fin spread over entire fin on specimens about 17 to 45 mm.

Pigment of posterior

three body bars extends to base of anal fin on specimens hetween about 15 to 60 mm____________ hippos,?
(D.19to21; A. 16 or 17; G. R. 6 to 9 + 16 to 19)

1 8pecimens of denfexr of less thun 87 mm. standard length apparently have not been deseribed, and characters sugpested for use helow this size are specu -
lative. A partial separation of erysos and denter may be effeceted by the number of dorsal and anal scft-rays: eryses with D, 22 or 23, A. 19 und dexter with D. 26

or 27, A. 22 or 23.

2 Specimens of Jugitbris below 240 mm. standard length apparently have not heen deseribed.  Above this size lugubris can be separated from latus and hippos
hy its blunter profile, higher mean lateral-line ratio (sec fig. 93), and longer second dorsal fin lobe or first soft-ray length. A partial separation may be effected
by numbers of dorsal and anal soft-rays and lower-limb gill rakers: Lrgubris with D. 23, A. 19 or 20, G. R. 20 or 21, and [afus and hippos with D. 19 or 20, A. 16,

G. R. 16to 18. A completely scaled chest separates Jugnbris from hippos.

3 A partial separation of Jafus and hippos may be offected hy mean number of seutes (fig. 13) and mean lateral-line ratio (fig. 14) on specimens larger than

16 mm. and by body depth at pelvie (fig. 8) for specintens smaller than 17 mm,

It is suggested that coordinate points of a questionable specitnen be plotted on

these figures—a value that does not fall within the overlapping range of the estimated perimeters will indicate a specific identity.
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Froure 1.—Corrclation of dorsal soft-rays and anal soft-rays for seven species of Caranz.
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COMPARISON OF SPECIES

The five common species of Carenx in the
Atlantic off the United States are compared with
respect to selected characters—comparisons of
dentexr and lugubris with these are less complete.
Regression lines for selected characters show
trends of differences between the species, but in
most instances they are not applicable to taxo-
nomic separation because of the overlapping of
individual measurements. Descriptions and com-
parisons apply to the size ranges given for each
species.

Comparison of a series of morphometric char-
aracters of larval carangids morphologically similar
to Caranxz showed a converging of body propor-
tions around 4 to 5 mm. standard length. Only
species of Decapterus and Selar were compared,
but gross study of other larger carangid larvae
and juveniles indicated that species of Trachurus,
Chloroscombrus, and Hemicaranx would follow the
same trend. No suitable meristic characters were
discovered to separate the genera at this size.
A treatment of the larvac of most of the species in
the family would be necessary to assurc generic
and specific separation below 5 mm. standard
length, and the majority of these are undeseribed.
Consequently, the series of erysos and of the form
referred to as Claranx sp. (‘“latus and/or hippos’’)
were begun with specimens of 5.4 mm.; but a
3.8-mm. specimen that is suspected to be crysos
and a 4.9-mm. specinien that may belong to
the “latus and/or hippos” group are illustrated.
A 6.0-mm. form is the smallest one referred to
bartholomaei, but an 8.1-mm. specimen is the
smallest definitely identified bartholomaei. The
smallest ruber is 12,4 mm. The smallest latus is
16.1 mm., but a specimen between 12.7 and 13.0
mm. is tentatively referred to this species. The
smallest hippos is 15.3 mm., but a specimen of
12.7 mm. is tentatively referred to this species.
The series of specimens between 5.4 and 8.3 mm.
labeled ‘latus andfor hippos” represents either
latus or hippos, or both species. The smallest
dentex and only lugubris available for examination
were 87 mm. and 242 mm., respectively. )

The largest sizes examined were crysos, 267
mm.; ruber, 230 mm.; bartholomaei, 315 mm. (a
damaged specimen) and 243 mm.; latus, 146 mm.;
hippos, 830 mm.; dentex, 132 mm.; and lugubris,
242 mm.

CHARACTERS

Numbers preceding discussions of meristic
characters are the counts or ranges found in the
seven species combined. All body lengths are
given in standard length unless otherwise noted.

Scales on chest.—All species have fully scaled
chests except hippos which has a patch of scales
anterior to the pelvies on an otherwise scaleless
chest. (fig. 85).

Dorsal spines.—VIII and I. Rarely 6 or 7
spines were counted in the first dorsal fin, and on
such specimens the position of the missing spine
or spines could usually be determined. The third
spine averages the greatest length of the first
dorsal-fin spines on specimens more than 30 to
40 mm. standard length; below this size it is
exceeded in length only by the fourth spine.
The interspinous membrane that connects the
eighth and ninth spines persists to larger sizes in
crysos and bartholomaet (to about 90 mm.) than in
the other three species (about 75 to 80 mm.).

A composite graph of the regression lines for
third dorsal spine length on standard length of
the five common species is shown in figure 3.
The species can be adequatcly compared between
20 mm. and 80 mm. (. ¢rysos apparcntly has
the fastest spine growth rate and ruber the slowest
(0.13-mm. and 0.10-mm. increase in spine length,
respectively, per 1.0 mm. increase in standard
length). (. latus apparently averages the greatest
spine length at comparable body lengths and
ruber the least. :

Anal spines.—II and I. The second spine is
longer than the first in all specics, except hippos
below 20.4 mm., in which the first spine. is the
longer. For specimens less than 10 mm., a differ-
ence in lengths of the second anal spine is illus-
trated between crysos and bartholomaei in figure 4;
specimens of the “latus and/for hippos’ series over-
lap these two. The interspinous membrane con-
necting the second and third spines is lost at the
smallest size in hippos (about 25 mm.) and at the
largest size in crysos (about 45 mm.).

Dorsal soft-rays.—C'. latus, hippos, and lugubris
are separable from bartholomaei, dentex, and ruber
by the smaller number of dorsal rays; erysos over-
laps these two groups (fig. 1). The first soft-ray
is generally the longest soft-ray of the dorsal fin
on specimens above 30 to 40 mm. standard
length; below this approximate size it is usually
exceeded in length only by the second soft-ray.



YOUNG JACK CREVALLES 427
|5 T T T T l T T 1 T I L] T T I l 1 T I T I T 1 K T T
- -t
N iutatats crysos g i
E. R ———ruber B )
= mmen - it ~
= R bartholomaer _ o
..... ~
?_: 10 }— latus o - . -
(O] ~
E | e / -
a ~
wl - -
4
o L o
n
| L 4
<
4
s 5\ -
o
o 4
o
. -
'_
N o
- .
0 1 1 1 1 l 1 1 M} l I 1 1 1 I 1 1 A 1 l 1 i 1 1
o] 25 50 75 100 125

STANDARD LENGTH IN MM.

Ficure 3.—Comparison of the regression lines for the relation of length of the third dorsal spine to standard length
for five species of Caranz.

A composite graph of the regression lines for
length of the first dorsal soft-ray on standard
length of the five common species is shown in figure
5. The species can be adequately compared be-
tween about 32 mm. and 83 mm. standard length.
C'. latus apparently has the fastest soft-ray growth
rate and ruber the slowest (0.21-and 0.12-mm. in-
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Fiaure 4.—Caranx crysos, Caranx sp. (“latus and/or
hippos™), and C. bartholomaei: Relation of length of
the second anal spine to standard length for specimens
smaller than 10 mm. standard length.

crease in soft-ray length, respectively, per 1.0-mm.
increase in standard length). . hippos apparently
averages the greatest soft-ray length at comparable
body lengths to about 80 mm. where it is equaled
and at a larger size exceeded by latus. Above ap-
proximately 38 mm., ruber apparently averages the
least soft-ray length at comparable body lengths.

The greater average length of the first soft-ray
of latus and hippos above approximately 50 mm.
standard length (fig. 5) expresses the more pro-
nounced fin lobe of these two species as compared
with that of erysos, ruber, and bartholomaei. The
lobe of lugubris may be even more pronounced
(fig. 98). (. dentex differs from the other six
species in lacking a distinet lobe, and in having
the third dorsal spine longer than the first dorsal
soft-ray (figs. 25 and 97).

Anal soft-rays—C. latus, hippos, and lugubris
are separable from bartholomaei, dentex, and ruber
by the lesser number of anal rays; erysos overlaps
these two groups (fig. 1). A trend of direct rela-
tion between numbers of dorsal and anal soft-
rays is shown for these members of the geuus.
The same intraspecific relationships of the lengths
of the first and second soft-rays and interspecific
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Ficure 5.—Comparison of the regression lines for the relation of length of the first dorsal soft-ray to standard length
for five species of Caran.

relationships of the first soft-ray (fin lobe) lengths
that apply to the dorsal soft-rays also apply to
the anal soft-rays.

Distortion, loss, or absence of dorsal and anal
soft-rays.—Distortion or absence of one or more
soft-rays of the dorsal or anal fins were ohserved
in all five of the common species. Some of the
rays were of similar length to other rays in the fin,
but were bent or thickened; others were rudi-
mentary, their distal ends tapering to a point and
of much shorter length than the normal rays. The
dorsal and anal fins of fish possessing rudimentary

or missing rays usually had distorted rays. Judg-
ing from the extent of distortion of these abnormal
rays, they could not have regenerated to a normal
size and structure. If these abnormal specimens
had attained maturity, their soft-ray counts
would have been contusing, because the over-
growth of the scaly sheath at the fin bases and the
enlargement and near-coalescing of the rays would
tend to obliterate evidence of the missing or
rudimentary rays.

This abnormality was observed to the greatest
degree in specimens of ruber from the Gill dip-net
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collections. Of 231 specimens taken, 6.9 percent
had tudimentary rays in the dorsal or anal fins,
or in both. Six (13.3 percent) of the forty-five
dip-net collections containing ruber had specimens
with rudimentary rays. These collections were
distributed in time and place from April through
August and from the Bahamas to off North Caro-
lina. Of the six collections containing specimens
with rudimentary rays, 22.2 percent of the speci-
mens had rudimentary rays. The most aberrant
of these had 8 rudimentary dorsal soft-rays and
5 rudimentary anal soft-rays; the least aberrant,
1 and none, respectively. _

No rudimentary rays were found 1 the caudal,
pectoral, or pelvic fins, although specimens with
extremely distorted or rudimentary dorsal and
anal rays frequently also had misshapen caudal
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and pelvic rays. Other morphometric characters
of these fish were within the range of predicted
normality. The size range of specimens examined
with aberrant rays was 23 to 77 mm.

Internewral and interhemal spines.—Posterior
lateral projections of these spines protrude above
the body surface along the bases of the dorsal and
anal soft-rays in latus and hippos, at least within
the following size ranges, 16.1 to 141 mm. and
15.3 to 164 mm. They were not present in this
protruded manner in any specimens of the other
species. ;

Caudal.—9+8 principal rays. A minihum of
interspecific and intraspecific variation was found
in the ray counts and development of the fin. *

The generic character of paired caudal keels on
each side of the body—one beginning above and
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Frcure 7.—Comparison of the regression lines for the relation of body depth at pelvic to standard length for five species
of Caranz.

one below the lateral line on the posterior portion
of the peduncle, converging toward the lateral line,
and ending on the fleshy part of the caudal-—is not
produced until about 60 to 75 mm. standard
length in the five common species examined
(present on the smallest dentex of 78.5 mm.).
This character is more pronounced at sizes larger
than 100 mm. The paired caudal keels form at
about 30 mm. on crysos, ruber, and bartholomaei
(at slightly larger sizes in latus and hippos) on the

fleshy part of the caudal fin posterior to the caudal
base.

Pectoral —1-18 to 23. (. erysos averages the
greatest number of rays; ruber, the least.

A composite graph of the regression lines for
pectoral length on standard length of the five
common species is shown in figure 6. These
species can be adequately compared between 16.1
mm. and 125 mm. standard length. Within this
size range all species have an inflection followed
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by an increased pectoral growth rate. This occurs
at the smallest body sizes in latus and hippos
(approximately 43 mm. and 54 mm.) and at the
largest in ruber, bartholomaei, and erysos (approxi-
mately 75 mrn., 75 mm., and 70 mm.). Preceding
their inflections, bartholomaei and hippos appar-
ently have the fastest pectoral growth rates and
erysos the slowest (0.27-mm. and 0.195-mm. in-
crease in pectoral length per 1.0-mm. increase in
standard length). Subsequent to these inflections,
crysos apparently has the fastest pectoral growth
rate and latus the slowest (0.41-mm. and 0.37-mm.

increase in pectoral length per 1.0-mm. increase

in standard length). Above approximately 20
mm., bartholomaet, latus, and hippos apparently
average greater pectoral lengths than erysos and
ruber; and above approximately 65 mm., latus and
hippos apparently average the greatest pectoral
length and ruber the least at comparable body
lengths.

Pelvie.—I-5. Generally, similar pelvic lengths
occur at corresponding body sizes in all species.

C. dentex may evidence a significantly greater -

pelvic length than the other species above 110 or
130 mm. standard length.

Body depth—A composite graph of the regres-
ston lines for body depth at pelvic on standard
length of the five common species is shown in
figure 7. At approximately 23 or 24 mm. stand-
ard length, crysos and »uber have inflections fol-
lowed by o decrease in body-depth growth rate;
and similar inflections are suspected to occur at
smaller sizes in the other three species.. The
species can be adequately compared between 24
mm. and 88 mm. (. bartholomaei apparently has
the fastest body-depth growth rate and erysos and
ruber the slowest (0.39-mm. and 0.29-mm. in-
crease in body depth per 1.0-mm. increase in
standard length). (. bartholomaei apparently
averages the greatest body depth and erysos the
least at comparable body lengths. C. dentex com-
pares in depth with ruber and crysos. The one
specimen of lugubris has a greater depth than
kippos at a comparable size.

Figure 8 illustrates the relation of body depth

at pelvie to standard length for specimens of latus

and Aippos of 30 mm. standard length and smaller.
The smallest specimen plotted of each (about 12.7
mm.) is damaged and tentatively identified, but
these coordinates represent fairly accurate meas-
urements. At sizes smaller than approximately
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~ Ficure 8.—Carang latus and C. hippos: Relation of body

depth at pelvic to standard length for specimens 30
mm. standard length and smaller.

25 mm., latus ave.rages d lesser body depth than
hippos.

Flgum 9 illustrates differences in depth at pelvic
of spec1mens below 10 mm.—the “latus and/or
hippos’’ series averages a greater depth than
crysos and bartholomaei.

Shapiro (1943: 94) graphically illustrated thpos
(116 to 312 mm., measured from snout to least
depth of peduncle) to be relatively heavier than
erysos (96 to 203 mm., snout to least depth of
peduncle) with a tendency for convergence of
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Ficure 9.—Caranz crysos, Caranz sp. (‘“letus and/or
hippos™), and C. bartholomaei: Relation of body depth
at pelvic to standard length for specimens smaller than
10 mm. standard length.
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relative growth rates at larger sizes. He stated
that these two species can he separated by their
constant differential length~weight growth ratio,
as well as by differences in weight at the same
length.

Recorded maximum sizes of the species have
not received much attention. The following max-
imum total lengths and weights represent a partial
abstract of the literature:

erysos—about 28 in. (750 mm., Fowler 1953: 57);

about 4 lb. (Bigelow and Schroeder, 1953:
376).
ruber—12.1 in. (308 mm., UF 3538).
bartholomaei—about 39 in. (1,000 mm., Fowler
1953: 57). .
- latus—to 22 in. (Beebe and Tee-Van, 1928:108).
hippos—40 in. (1,020 mm., SAFI collection);
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maximum recorded weight 36 lb. (Bigelow
and Schroeder, 1953: 376). Several eye-
witness accounts of large jack crevalles of
more than 5 feet in length from the Gulf of
Mexico may have been this species. Stewart
Springer reported (personal communication)
having preserved and mounted a 41-b,
hippos caught off the Mississippi coast.
denter—24 in. (Jordan and Evermann, 1896:

927).
lugubris—about 39 in. (about 1,000 mm.,
Fowler 1953: 58); 15.5 lb. (Woods and

Kanazawa, 1951: 631).

Head length.—A composite graph of the re-
gression lines for head length on standard length
of the five common species is shown in figure 10.
At approximately 22 mm. standard length, crysos
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Ficure 10.—Comparison of the regression lines for the relation of head length to standard length for five species of Caranz.
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has an inflection followed by a decrease in head
growth rate; and the other species evidenced a
single regression line within the size ranges that
were considered for each. The species can be
adequately compared between about 25 mm. and
88 mm. standard length . C. latus apparently has
the fastest head growth rate and crysos the
slowest (0.32-and 0.26-mm. increase in head
length per 1.0-mm. increase in standard length).
C. bartholomaei and larus apparently average the
greatest head lengths and crysos and ruber the
least at comparable body lengths.

Eye diameter.—A composite graph of the re-
gression lines for eye diameter on standard length
for the five common species is shown in figure 11.
Inflections occur in this relationship for crysos,
ruber, and hippos at approximately 22 mm., 34
mm., and 55 mm. standard length; and bartholo-
maet and latus evidenced no inflections in the size
range of each that was treated statistically. The
species are adequately comparable between ap-
proximately 16 mm. and 83 mm. standard length.,
Above 22 mm., bartholomaei apparently has the
fastest eye growth rate and above 34 mm., ruber
apparently has the slowest (0.095-mm. and 0.058-
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mm. increase in eye diameter per 1.0-mm. in-
crease in standard length). C. bartholomaei and
latus apparently average the greatest eye diameter
and erysos and ruber the least at comparable body
lengths. :

A decrease in the eye growth rate of bartholomaei,
as suggested later, causes latus to average the
greatest eye diameter above approximately 100
mm. ; and the large eye size of latus has earned for
it thn common name of “horse-eye jack.”

Snout length.—A composite graph of the re-
gression lines for snout length on standard length
of the five common species is shown in figure 12.
The species can be adequately compared between
16 mm. and 89 mm. standard length. C. bartho-
lomaei apparently has the fastest snout growth
rate and erysos and hippos the slowest (0.11-mm.
and 0.08-mm. increase in snout length per 1.0-
mm. increase in standard length). Above ap-
proximately 20 mm. standard length, bartholomaei
apparently averages the greatest snout length
and hippos the least at comparable body lengths.
C. deiitex may average a snout length similar to
that of bartholomaei.

Gill rakers.—The relation

of the- numbers of
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Frcure 11.—Comparison of th'q regression lines for 'the relation of 'eye diameter to standard ‘length for five species of
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Ficure 12.—Comparison of the regression lines for the relation of snout length to standard length for five species of
Caranz.

lower-limb to upperllimb gill rakers (fig. 2)
divides the seven species of Caranxr into three
distinet taxonomic groups: (1) lafus, hippos,
bartholomaei, and lugubris; (2) crysos and dentex;
and (3) ruber. A general trend of a direct relation
between upper-limb and lower-limb gill rakers is
apparent, but this relation is not as sharply
defined as is the dorsal ray-anal ray relation.

It is estimated from examination of many small
specimens that the full complement of gill rakers
for an individual fish will be formed by a size of
14 mm. Three of the species, bartholomaei, latus,
and hippos, exhibit a tendency for gill rakers at
the origins of both limbs to become smaller or
rudimentary with growth, but erysos and ruber
do not.

Branchiostegals.—Branchiostegal rays were
counted on more than 300 specimens, representing
all species examined. Seven rays were found on
cach side in all counts made—the number reported
as generally characteristic of the family.

Scutes.—The estimated perimeters of the ranges
of the mean number of scutes evidence appreciable
overlapping in the individual species (fig. 13); but
this character may be used for interspecific identi-

fication. A few scutes have completed their indi-
vidual devclopment on hippos and latus by 15.3
mm. and 16.1 mm., respectively. The smallest
size at which completely developed scutes"may be
present on these two species is unknown; probably
it is around 13.5 mm. The first scutes to complete
their development on the other three- common
species do so between about 18 mm. and 24 mm.
As predicted by the perimeters, the range of the
mean number of scutes of erysos does not overlap
that of ruber or bartholomaei above 25 mm., and
does not overlap that of hippes above about 35
mm., and of latus above about 55 mm.; the range
of latus docs not overlap that of ruber or bartholo-
maet and averages a greater number of scutes,
but it overlaps hippos at all sizes; the range of
hippos does not overlap that of ruber or bartho-
lomaei below about 25 mm., but does above this
size; and the ranges of ruber and bartholomaei over-
lap at all sizes. The four specimens of dentex show
an overlap in this character with hippos, ruber, and
bartholomaei, but the true range for the species
may be below that of latus. An estimated range of
26 to 33 scutes for lugubris (from the specimen ex-
amined and published accounits) is similar to that
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of hippos and overlaps all but erysos in this
character. '

The relationship of the number of scutes and
length of fish has been dealt with for another mem-
ber of the family. Blegvad (1944) suggested that
the number of scutes of Selar kalla (Cuvier) in-
creased with the total length. Bapat and Prasad
(1952: 114) combined their observations with
Blegvad’s and showed a scute increase from 21 to
22 at 35 mm. total length to about 40 at about 128
to 134 mm. total length.
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Lateral line.— As shown by the estimated perim-
eters of the ranges of the mean lateral-line ratios
(fig. 14), a slight overlap of erysos and latus with
hippos ocecurs in this character. The interspecific
relationships of the mean lateral-line ratios are
similar to those of the mean number of scutes for
the five common species of Caranz;i. e., the longer
the length of the straight lateral line relative to the
length of the curved lateral line, the greater the
number of scutes. The specimens of dentex and
lugubris do not conform to this—the range of the
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species of Caranzr.
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Figure 14.-—Comparison of the variations of the mean lateral-line ratio with respect to standard length for five specles
of Caranz.

mean number of scutes in denter overlaps the
upper portion of this range in bartholomaei, while
the range of the mean lateral-line ratio falls below
that in bartholomaei; and the mean number of
scutes of the one specimen of lugubris falls within
the scute range of hippos while the lateral-line
ratio of lugubris is well above the range of the
lateral-line ratio of hippos. However, intraspe-
cifically no obvious correlation between the mean
number of scutes and the mean lateral-line ratio
occurs in specimens larger than about 70 mm,
standard length.

Preopercular spines.—There are indications that
the preopercular-angle spines cease to grow be-
tween about 5.4 mm. and 7 mm. standard length
in erysos and the “latus and/or hippos” serics, and
they begin to decrease in length between this size
range and 10 mm. (fig. 15). The angle spines of
ruber and bartholomaei apparently begin to de-
crease in length at sizes smaller than 18 mm, and 12

" forms.

mm:, respectively. The angle spines, the last re-
maining spines, have been absorbed or overgrown
by the expanding margin of-the preoperculum be-
tween 16 to 20 mm. in latus, 21 ‘to 22.5 mm. in
kippos, about 38 mm. in bartholomaei, and about 44
mm. in erysos and ruber. ‘The number of preoper-
cular upper-limb and lower-limb spines varies to
such a great degree mtraspemﬁcmlly that only
slight interspecific differences cari’ be adjudged
(table 1). C. erysos averages a higher number of
spines on both limbs than do the: other spe('les
The lower limb of all species aver ages more spines
than the upper. The number of spines on both
limbs decreases above about 15 .mm.—the spines
.on both limbs nearest the a,ngle spine are the last
to disappear.

Pigmentation.—Comparative reference to the
illustrations will point-out most of the interspecifie
differences in pigmentation of larval and juvenile
A few distinctions are listed here.
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Ficure 15.—Comparison of the variations of length of the preopercular-angle spine with respect to standard length
for five species of Caranzx.

TaBLE 1. —R(mges in numbers of spines on the upper and.
lower limbs of the preoperculum, by 5-mumn. intervals, for
five species of Caranx

Number of preopercular spines on—
Lower limb Upper limb
Standard
length of fish g g
H - H .
>
sl g|8|&lz || B|&|E| =
0.0-4.9mm_ | e e e e
S.099mm. ... 5 4-8 2-5 .- 3-4 3-4
10.0-14.9 mm 4-6 5 ?14-5|4-5]| 35 1 ?
15.0-19.9 mm. 0-7 45|46 | 46| 0-4] 06 0 0
20.0-24.9 mm. 3-6 01385270403 0 0
25.0-29.9 mm. 2-5 0 0(0-5]|0-1 |03 0 0
30.0-34.9 mm. 3-5 [ o102 0 1 0 [
35.0-39.9 mm 0-1 0 0 2 0 0 0 0
40.0-44.9 mm 0 0 0 0|01 0 0 0

(1) Specimens of Aippos from about 20 to 45
mm. have intense pigmentation over most of the
first dorsal fin; in comparable sizes of lafus this is
associated primarily with the second, third, and
fourth spines.

164 mm. and 248 mm.

(2) On hippos of 15.3 to 60 mm., the pigment
of the posterior 3 bars extends nearly to the base
of the anal fin; on most specimens of latus of more
than 20 mm., these bars terminate ventrally on or
slightly below the straight lateral line.

(3) The bars of juvenile latus larger than 26
mm. are wider than those of hippos of comparable
size, but this character is most difficult to measure.

(4) Commonly, 5 body bars occur on latus,
hippos, and bartholomaei, 6 on ruber, and 7 on
crysos.

(5) The presence of body bars (and blotches on
bartholomaer) is probably characteristic only of the
juvenile stage. These bars persist to the largest
sizes on hippos, disappearing at some size between
‘The bars of latus disappear
at some size between 90.5 mm. and 116 mm., those
of ruber at probably.a little over 105 mm., and
those of erysos at about 110 mm. The bars of
bartholomaei begin to break up at about 28 mm.,
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and its juvenile blotches persist to a little over
95 mm.

(8) The opercular spot of hippos is much more
prominent and is definitive at a smaller body size
than is that of cryses. The opercular spot of
latus is less prominent than in both of the pre-
ceding species. (. ruber and bartholomaei lack an
opercular spot.

(7) C. dentex may be distinguishable from other
species by a dark-tipped upper caudal lobe at
certain sizes.

(8) C. lugubris secems distinguishable from the
other species, at least above 240 mm., by a sooty
black or brownish body color.

DISTRIBUTION OF WESTERN ATLANTIC SPECIES
OF CARANX :

General Distribution

crysos: Western Atlantic—Cananeia, Sao Paulo, Brazil
(Carvalho 1941: 53) to Herring Cove, Nova Scotia (Vlady-
kov 1035: 4). ?Eastern Atlantic. ?Mediterranean.

ruber: Western Atlantic—Rio de Janeiro, Brazil (Fowler
1940: 766, as Caranz crysos, locality questioned), Union
Island, British West Indies (Beebe and Hollister, 1935:
214), and Caledonia Bay, Panama (Breder 1925: 153) to
Cape Hatteras, N. C. (text, p. 468; USNM 53109), and
39°13’ N., 71°13’ W. (Mather 1954: 293).

bartholomaei: Western Atlantiec—Maceio, Brazil (Gilbert
1900: 167) to Woods Hole, Mass. (Smith 1898: 8).

latus: Western Atlantic—Rio de Janeiro, Brazil (Castel-
nau 1855) to Squan River (Manasquan River), N. J.
(Fowler 1905hb: 258).

hippos: Western Atlantic—35°30’ W. off Uruguay
(Pozzi and Bordale, 1935: 164) to Musquodoboit Harbor,
Nova Scotia (Vladykov 1935: 4). Eastern Atlantic.
Eastern and Western Pacific. Indian Ocean.

dentex: Western Atlantic—Rio de Janeiro, Brazil (Cuvier,
#n. Cuvier and Valenciennes, 1833: 87) to Bermuda (Bean
1906: 47); not on United States coast. Eastern Atlantic.
Eastern and Western Pacifie. Indian Ocean.

lugubris: Western Atlantie—Santos, Brazil (Miranda
Ribeiro 1918: 52) to Bermuda (Woods and Kanazawa,
1951: 631); not on United States coast. Eastern Atlantic.
Eastern and Western Pacific. Indian Ocean.

Distribution off Southeastern Atlantic Coast of the
United States

Early juveniles of erysos, ruber, and bartholomaei
have pelagic offshore habitats, probably directly
associated with the Gulf Stream. Aslate juveniles,
at least part of the populations of crysos and bar-
tholomaei move into inshore waters—erysos is the
most common Caranx in inshore waters along the
Atlantic coast. Juveniles and adults of ruber
maintain a pelagic offshore habitat, and the rare
inshore records probably represent stray speci-
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mens. Larvae and early juveniles of latus and
hippos apparently have an initial pelagic offshore
habitat, but at least some of the early and older
juveniles and the adults of these two species occur
in inshore and even brackish-water habitats—
hippos is the second most common Caranz in in-
shore waters along the Atlantic coast. There are
no reliable records of denfexr and lugubris from in-
shore waters along the Atlantic and Gulf coasts of
the United States, but both might be expected as
strays. Records of dentex and lugubris denote them
to be offshore, or at least insular species.

The occurrence of young of the five common
species in this area is seasonal, and the larvae of
all species and the juveniles of at least erysos,
ruber, and bartholomaei probably comprise popu-
lations which move northward in the Gulf Stream
each year from about March to December. Some
of the annual recruitment of these populations
may result from spawning within this area, but
the major recruitment to each probably comes from
more southern waters that contribute to the Gulf
Stream off the southeastern United States (around
southern Florida, Cuba, and the Bahamas and
from the eastern Gulf and the northern “Carib-
bean). Larval and juvenile erysos and juvenile
ruber are most abundant in this part of the Stream
from June through August.

The factors that promote an association of
larvae and juveniles of Caranr species with the
offshore waters of the Gulf Stream are unknown.
The relation of their food habits to organisms that
might be associated with these waters and a
tropism to the currents may be involved, and there
are indications that temperature and salinity may
be influencing factors. Larvae and juveniles were
collected at Gill stations where surface temper-
atures ranged from 20.4° to 29.4° C. and surface
salinity values ranged from 35.2 to 36.7 parts per
thousand; however, at two-thirds of the stations
where they were taken, the temperature range was
only 27.4° to 29.4° C. and the salinity range 36.0
to 36.3 parts per thousand. Generally, the Gill
stations closest to inshore waters at which Caranx
specimens were taken had higher temperature
and/or salinity values than successive stations
closer to shore where Caranx were not taken. The
minimum temperature and salinity values of these
stations closest to inshore waters at which Caranx
species were taken varied with each cruise,
however.
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Data from the dip-net collections of the Gill
cruises are interpreted to indicate the relative dis-
tribution and abundance of the larval and juvenile
stages of the five common species in this area by
comparison of the number of occurrences in the
collections and the total number of specimens of
each species:

Number of Number of

occurrences  specimeng
CTY8O8_ _ oo 31 307
ruber—___ . __ o ______ 45 231
bartholomaei . - _ .. ___________.__ 20 35
latus. . . _____ 4 8
hippos_ o e 1 1

C'. ruber is most widely distributed, but erysos
is most abundant. C. bartholomaer is more re-
stricted in both occurrence and numbers thanm
crysos and ruber. The scarcity of latus and
hippos is attributed to their apparent tendency to
migrate to inshore waters at about 21 to 50 mm.
standard length. The majority of these dip-net
collections were made in association with floating
sargassum. The collections were about evenly
divided between day and night hours.

The juveniles of the five common species are
frequently found in the same locality. Two or
three species were taken together in 28 of the
67 dip-net collections of the @ill cruises that
contained Caranx species. The following com-
binations occurred (number of occurrences in
parentheses) : ruber-bartholomaei (9), crysos-ruber
(11), crysos-ruber-bartholomaei (5), crysos-bartholo-
maer (1), crysos-latus (1), crysos-ruber-latus (1).
Records of a few stations of the M/V Oregon
from the Gulf of Mexico, of a few collections of the
U. S. National Museum, and collections of the
Combat from the Western Atlantic added the
following combinations: bartholomaei-latus, barthol-
omaei-hippos, latus-hippos, crysos-hippos, crysos-
latus-hippos, ruber-bartholomaei-hippos, crysos-
ruber-bartholomaei-hippos, and crysos-ruber-latus-
hippos. In all of these collections the sizes or
size ranges {of concurrent species were nearly
equal or overlapping.

The stomach contents of 26 fish taken by
trolling on the Gill cruises collectively contained
all five of the common species of Caranz. Data
on these Caranx specimens are given in table 2.
These specimens have not been included in the
tables of individual species locations.

TABLE 2.—Occurrence of Caranx species in the stomachs
of 26 fish caught by troiling on Gill cruises, listed by
predator species

[An asterisk (*) indicates estimated size]

Location
Stand-
Caranr species ard Dats
length | N.latitude| W. longi-~
(mm.) tude
Sphyraena barracuda
(Walbaum):
‘127 2 25°53" 77°51" | Oct. 11,1953
21.
‘12.7
s 26°05' 78°12’ | Nov. 11,1958
21
(? *22
Seriola dumerili’ Risso: *90 32042/ 78°52" | Aug. 15,1953
crysos(?).
Coryphaena hippurus Lin-
naeus:
ruber. ... *76 23°40. 5’ 76°50" | June 19,1954
bartholomaei. :38
gg;fmgm:; a9 23°40. 5° 76°50° | June 19,1954
*55
:55 23°40. 5" 76°50" | June 19, 1954
e |} e 76°54” | June 18,1954
‘;?g 27°02' 79°23’ | July 25,1953
:gg } 23°04’ 79°09° | July 26, 1953
an |} o 79°09° | July 26,1953
B} wor 80°02' | Apr. 27,1954
*51 ’
........... *52 } 31°33/ 79°00° | Aug. 5,1953
*62
----------- bt S R L T 7°27' | Aug. 51953
..... *65
e i |} W 74°28' | May 12,1958
Lobotes au,rmame-n.sis
(Bloch): !
*31
*32
*32
*32
o 26°21.2' | 76°46.5 | July 19,1953
*45
*50
*55
65
Katsuwonus pelamis
(Linnaeus): .
A — S |} sy | 7rese | June 2,10
latus. .. i 25°57" 77°55' | June 22,1954
crysos.__ |
crpsos i 26°09. 5’ 78°13.5° | June 22,1954
Eulh nnus  alletteratus
afinesque):
crysos .................. *25 29°07’ 80°25° | Aug. 28,1954
[ TE 77— *28 32°09" 79°287 | Oct. 25,1953
Thmmus atlanticus (Les-
son): .
RipPOS. oo 28.5 26°06’ 78°08' | June 22,1954
erys08 (M mecoeoeoean *12.3 30°20° 80°01’ | June 26,1954
Thunnusg albacares (Bon-
naterre):
Caranr SPae— oo cocneee g8 25°57. 8’ 77°56’ | June 22,1954
26°01. 5’ 78°0L. 5' | June 22, 1954
26°06' 78°08' | June 22,1054
28°16' 77°01’ | Nov. 5,1954

1 About 450 mm. standard length; taken at night by dip net.
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‘Records of Eggs, Larvae, and Early Juveniles of Caranx
Species that Occur'in the Western North Atlantic

Apparently the only published record of eggs
and larvae of species of Caranx that occur in
the Western Atlantic is by Chacko (1950: 171) in
his account of plankton around the Krusadi
Island in the Gulf of Mannar, India. For Carenx
hippos (Linnacus) he gave the following informa-
tion: Spawning scason, August to September;
diameter of egg, 0.7 to 0.9 mm.; chief characters
of egg, segmented yolk and one ycllowish oil
globule of 0.18 mm. diameter with dark pigments;
chief characters of larva, 1.6 to 1.8 mm. in length,
brown pigments on dorsal side of body, and 12
preanal myotomes. In citing this reference in
his bibliography of the deveclopment of Indian
fishes, Jones (1950: 129) assigned it to the
synonymy of C. sexfasciatus Quoy and Gaimard;
but his reasons for doing this are not given, and
the correct identity of Chacko’s speeimens is
uncertain,

Schnakenbeck (1931: 17, fig. 12) illustrated a
20-mm. total length specimen taken south of
Crete, which he questionably identified as Caranr
fusus Geoffroy. The illustration and soft-ray
counts are very similar to the closely related, if
not identical, Atlantic erysos. According to this
observation and Tortonese’s (1952) review of the
Mediterranean Carangidae, the specimen is fusus.

Schnakenbeck (1931: 18, figs. 13 to 16) illus-
trated a 6-mm. total length specimen questionably
identified as (. denter taken between Crete and
North Africa, and recorded the same identity to
a 5-mm. total length specimen from around
Corsica. He stated that the identification was
based upon supposition. Although the specimen
illustrated may belong to the genus Caranz, it
would be better unassociated with any specics
designation pending the acquisition and study
of identifiable serics of the Mediterranean species.

Nichols (1938b: 1) illustrated and gave propor-
tions of a 22-mm. juvenile erysos taken in the
Gulf Stream off Bimini, Bahamas; and illustrated
a 30-mm. juvenile ruber.

Nichols (1939) gave proportions and pigment
descriptions for juveniles of five species of Caranx
from the West Indies: erysos, 12 to 72 mm.;
ruber, 13 to 62 mm.; bartholomaei, 16 to 51 mm.;
latus (=sexfasciatus), 12 to 25 mm.; and hippos,
13 mm. His key to young Carenx of the West
Indian region does not allow for changes in ratios
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with changes in relationships of body parts or
the intraspecific variation and interspecific overlap
that is characteristic of these species.

Fowler (1945: 292) misidentified a -juvenile
from Boca Chica, Key West, Fla., as denfex (under
the name of guara)—the speeimen is a 24.4-mm.
bartholomaei. .

Fowler (1950: 70) misidentified a juvenile
bartholomaei, 17.4 mm., from northwest of Cay
Sal Bank, as latus.

Fowler (1950: 70, fig. 3) misidentified 2 juvenile
specimens of bartholomaet, 15.8 and 17.2 mm., from
northwest of Cay Sal Bank, as dentex (under the
name of guara).

Padoa, wn Padoa et al. (1956: 54—5) reproduced
the illustrations of Caranr which Schnakeribeck
(1931) had identified as dentex and fusus, and
expressed doubt on the identity of the former
and concurred with the identity of the latter.

Liitken (1880: 535) briefly described differences
in comparative measurements (body depth, head
and pectoral lengths) between small and large
sizes of three species of Caranx: C. ruber, under
the name of C. blochii Cuvier; C. hippos; and
(. crysos, under the name of (. pisquetus Cuvier.
He mentioned minimum lengths of 13 mm.: for
ruber and 34 mm. for crysos. He (op. cit.: 538)

" said that the body bars of young C. latus (under

the name of C. fallex Cuvier) disappeared com-
paratively early.

SPAWNING

Published data relating to the spawning’ of
hippos and erysos are very meager, and apparently
are nonexistent for the other species of Caranzx.
Spawning may occur in waters off the south-
eastern Atlantic coast of the United States for
latus and hippos (whether this applies to one or
both species is dependent in part on the specific
identity of the ‘““lafus and/or hippos” series of
specimens), for ¢rysos and ruber, and possibly for
bartholomaei. The major areas of spawning are
probably to the south of this area. Since the
larvae and early juveniles are associated with the
Gulf Stream, spawning must occur in offshore
waters of the Gulf Stream or in currents con-
tributing to it. :

The spawning season that contributes Caranx
to this area is estimated to extend from Kebruary
into September.
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DESCRIPTION OF SPECIES

Numbers preceeding discussion of each meristic
character are the counts or ranges found in adult
fish, unless otherwise indicated. Body lengtlis
are given in standard length unless otherwise
noted. The development of "all characters is
described as a continuous series as far as is
practical, following the “dynamic approach’ used
by Ahlstrom and Ball (1954: 215).

Caranx crysos (Mitchill)

(Figures 17-24)

Scomber crysos Mitchill, 1815, p. 424, pl. IV, fig.. 2 (New
York Bay). .

Scomber chrysos, Cuvier, in Cuvier and Valenciennes, 1833,
p. 98 (listed as synonymous with Scomber hippos
Linnaeus; New York).

Caranx pisquetus Cuvier, in Cuvier and Valenciennes, 1833,
p. 97 (Saint-Domingue; Cuba; Brazil).

Caranz crysos, DeKay, 1842, p. 121, pl. XVII, fig. 85
(New York).

Trachurus squamosus Gronow, in Gray, 1854, p. 125
(Carolina).

Caranx chrysos, Gill, 1857, p. 262 (New York market).

Caranz hippos (non Linnaeus), Holbrook, 1860, p. 90,
pl. XII, fig. 2 (Massachusetts to Florida).

Paratractus pisquetus, Gill, 1863, p. 432 (eastern coast of
United States). .

Carangus chrysos, Gill, 1873, p. 803 (Cape Cod to Florida).

Paratractus pisquetos, Gill, 1873, p. 803 (Cape Cod to
Florida),

Paratractus chrysos, Poey, 1875, p. 76 (Cubha).

Carangus chrysus, Jordan and Gilbert, 1879, p. 376 (Beau-
fort Harbor, N. C.).

Carangus pisquetos, Jordan and Gilbert, 1879, p. 376
(Beaufort, N. C.).

Carangus pisquetus, Goode and Bean, 1880, p. 339 (West
Florida).

Caranx caballus (non Giinther), Giinther, 1880, p. 10
(Bermuda).

Caranz pisquetus, Goode and Bean, 1882, p. 237 (Gulf of
Mexico).

Caranx chrysus, Jordan and Gilbert, 1882h, p. 970 (in
key). ) .

Carangus crysos, Kendall, 1908, p. 81 (Massachusetts,
Rhode Island).

Paratractus crysos, Jordan, Evermann, and Clark, 1930,
p. 272 (Cape Cod to Brazil).

Paratractos chrysos, Gunter, 1935, p. 40 (off Louisiana).

Nomenclature

Caranz. erysos (Mitchill 1815) of the Western
Atlantic should be recorded as distinct from the
closely related, if not identieal, (. caballus Ginther
“1869) of the Eastern Pacific and C. fusus Geoffroy-

Saint-Hilaire (1809) of the Mediterranean wuntil
the true relationships of the three forms become
known. This will distinguish the three popula-
tions and conform to more common usage until
adequate comparisons of the three have been
made.

Conflicting opinions on the relationship of (.
caballus and C. ¢rysos have been given by Nichols
(1920a: 29; 1921b: 45) and Nichols and Breder
(1927: 113), who considered the two forms con-
specific; by Evermann and Jenkins (1891: 138)
and Nichols and Murphy (1944: 243) who con-
sidered them to be subspecies; and by Jordan and
Evermann (1896) and Meek and Hildebrand
(1925: 348) who considered them to be distinct
species. ,

Caranx fusus has been regarded as a distinct
species endemic to the Mediterranean. Recently,
Enrico Tortonese suggested (personal communi-
cation) that C. fusus and C. c¢rysos might be the
same. Ben-Tuvia (1953: 19), whose specimens
from the Mediterranean off Israel were identified
by Dr. J. T. Nichols, placed C. fusus in the syn-
onymy of C. erysos. If they are the same, C.
crysos will become a synonym of C. fusus. C.
crysos, abundant in the Western Atlantic, has
also been'recorded from the Eastern Atlantic and
West Africa (Steindachner 1894: 20;" Metzelaar
1919: 265; Fowler 1936: 698; Nichols 1939: 4).
If these latter records are valid, the currently
enforced concept that (. fusus is distinct from
C. crysos and is endemic to the Mediterranean is
improbable. '

Material

Measurements and counts were taken on a series
of 120 specimens from 5.4 to 267 mm. standard
length and meristic values were recor