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ABSTRACT

Leptocephalid forms of the ten-pounder, Elops saurus Linnaeus, 5.1 to 31.8 mm. in
standard length, were identified from plankton samples taken in waters off the
south Atlantic coast of the United States during May, October, and November,
1953. These forms represent a larval stage heretofore undeseribed. A develop-
mental series was compiled from the plankton specimens and material obtained by
seine in beach and marsh waters in Georgia, representing the following periods or
stages of development: larval (leptocephalus, early metamorphic, mid-metamorphic,
and late metamorphic), juvenile, and adult. The series is illustrated and described:
and changes in form are discussed, in particular the shifting of the dorsal and anal
fins anteriorly during metamorphosis. Several early metamorphic larvae, reared
through metamorphosis in the laboratory, shrank in length from 35 mm. to about 20
mm. in 17-27 days.

It is suggested that leptocephali occupy an offshore habitat and move into beach
and marsh waters when about 4045 mm. long. The shrinking period (early
metamorphic) is spent in beach and marsh waters, and ends at about 25 mm. The
mid-metamorphic period (shrinking from 235 mm. down to 18-20 mm. and subsequent
length increase to 25 mm.) is also spent in inshore waters. The late metamorphic
period ends, and the juvenile stage begins, at about 5060 mm., when all fins have
full complements of rays, scales are present, the lateral line is formed, axillary
scales are present on paired fins, and subsequent developments are principally
changes in body proportions. This period is also spent in inshore waters.

The occurrence of leptocephali in offshore plankton samples indicates offshore
spawning. No leptocephali have been reported from inshore waters. The length
of time spent in the leptocephalid period is unknown. The presence of “shrinking’
larvae in beach and marsh waters in Georgia from March to Octuber suggests a
prolonged spawning season.

Iv




EARLY DEVELOPMENT AND METAMORPHOSIS OF THE TEN-POUNDER
ELOPS SAURUS LINNAEUS

BY JACK W. GEHRINGER, FiSHERY RESEARCH BIOLOGIST

In the initial phase of the study of biological,
chemical, and oceanographic conditions in the
waters between Cape Hatteras and the Florida
Straits, the U.S. Fish and Wildlife Service, in
cooperation with the U.S. Navy Hydrographic
Office, the Office of Naval Research, the Georgia
Game and Fish Commission, and the Florida State
Board of Conservation, collected data and samples
with the MV 7. N. G4ll from January 1953 to De-
cember 1954. The second phase in the biological
study involved the identification of fish and plank-
ton organisms collected at sea. During the course
of such studies, forms are at times discovered
which have never been-described. Understanding
the life histories of fishes is prerequisite to an un-
derstanding of the interrelationships of species
and to analysis of the biological potential of the
waters involved. The identification of the unde-
scribed forms often adds considerably to our
knowledge of a particular species. Such was the
case when leptocephali of the ten-pounder, E7ops
saurus Linnaeus, 5.1 to 31.3 mm. in standard
length, were identified from plankton samples

taken in offshore waters during May, October, and .

November, 1953 (fig. 1).

The ten-pounder, £'. saurus, undergoes a pecul-
iar larval development. The first post-yolk-sac lar-
val stage is a ribbon-like leptocephalus which
grows to about 40 mm.,, then shrinks in length to
about 20 mm. while metamorphosing into the adult
form. The development of the bonefish, Albula
vulpes (Linnaeus), and the tarpon, Tarpon atlan-
ticus (Valenciennes)! is similar. The shrinking of
the leptocephalid form of E. saurus during meta-
morphosis has been known for some time, as
shrinking and metamorphosing larvae are found
on the beaches and in the marshes. Leptocephali
prior to the period during which shrinking begins
have not previously been described. It has been
suggested (Hildebrand 1943) that the absence of

1In accordance with Balley (1951), single authority is used.

earlier stages of the ten-pounder in inshore waters
indicates offshore spawning and early growth.
This is substantiated by leptocephali of E. sawrus
5.1 to 31.3 mm. in standard length in the plankton
samples taken in offshore waters along the south
Atlantic coast of the United States.

In Georgia, shrinking larvae appear in seine
collections from the open beach beginning in
March or April. Within a few weeks, they appear
in marsh collections, and are present in marsh col-
lections through metamorphosis. Beach collec-
tions contain only occasional larvae after May, but
some have been found in late October. During
May of 1953 several larvae in the shrinking stage,
about 30 to 40 mm. in standard length, were reared
through metamorphosis in the laboratory. Other
larvae, which were undergoing or had undergone
metamorphosis before capture, were maintained
in laboratory aquaria for varying periods of time.
A developmental series (from leptocephalus to
adult) was compiled from plankton samples, lab-
oratory experiments, and seine samples_collected
over a period of 4 years.

This paper describes and illustrates a develop-
mental series from a 5.3-mm. leptocephalus to a
380-mm. adult (figs. 2 to 17), changes in rates of
growth of various body parts, and changes in body
structures during development ; and gives selected
measurements and meristic values for leptoce-
phali to adults, results of laboratory growth ex-
periments, and seasonal distribution of larvae.

A review of important contributions to our
knowledge of the larval development of the ten-
pounder (£. saurus), the bonefish (A. vulpes), the
tarpon (7. atlenticus), and some closely related
Pacific forms follows:

Dr. C. H. Gilbert in 1889 first identified the
leptocephalid larva of bonefish, 4. vulpes, but it
was 1905 before figures and descriptions prepared
from his material were presented by Jordan, and
in 1907 by Gill. Subsequently, various authors

Nore.—Approved for publication May 7, 1958. Fishery Bulletin 156. 619
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presented descriptions or illustrations of individ-
ual specimens or a series: Meek and Hildebrand
(1923), Delsman (1926), Hildebrand (1934, 1943),
Hollister (1936), Whitley (1937), Gopinath
(1946) ,and Fitch (1950).

Van Kampen (1908) first identified and de-
seribed the larvae of the East Indian tarpon,
Megalops cyprinoides (Broussonet) (translated
from the German by Beebe, 1927). Other contrib-
utors were; Delsman (1926), Holstvoogd (1936),
Hollister (1939), Gopinath (1946), Chidambaram
and Menon (1948), Alikunhi and Rao (1951), and
the Indian Council of Agricultural Research
(1951). Our knowledge of the larval develop-
ment of the Atlantic tarpon, 7. atlonticus, is
meager: Hildebrand (1934 and 1943), Hollister
(1939), and more recently, the University of
Miami Marine Laboratory (anon. 1955).

Jordan and Evermann (1896) recognized the
ribbonlike form of £. seurus larvae, and Smith
(1907) mentioned it, but larvae of this genus were
not described until 1923, when Meek and Hilde-
brand described leptocephali of E. affinis Regan.
Delsman (1926) illustrated a leptocephalus of
E. hawaiensis Regan; Fowler (1931) illustrated
an E. seurus larva; Holstvoogd (1936) discussed
larval development of E. hawaiensis (in particu-
lar, the development of the kidney) ; Hildebrand
(1943) treated Z'. saurus; Gopinath (1946) added
notes on £ éndicus (Swainson) ;2 Alikunhi and
Rao (1951) illustrated and described in detail the
shrinking and metamorphosis of leptocephali of
E. saurus from laboratory reared specimens in
India; the Indian Council of Agricultural Re-
search (1951) discussed larval development of
E. indicus;® and Nair (1952) illustrated an
E'. saurus leptocephalus.

All these publications treat the shrinking and
metamorphosing larvae, but contain only specu-
lation on initial development of the leptocephalus.

Regan’s 1909 revision of the fishes of the genus
Elops is generally accepted today. Of the seven
species he lists, £. saurus, E. affinis, E. senegalensis
Regan, E. haavaiensis, E. australis Regan, E. mach-
nate Forsk.,, and E. lacerta Valenciennes 3—
only E'. saurus occurs on the Atlantic coast of the
United States. Hildebrand (1939) found no evi-

3 E. indicus Swainson a synonym of E. saurus Linnaeus, after
Misra (1947).
3In accordance with Bailey (1951), single authority is used.

dence of E. saurus moving through the Panama
Canal into the Pacific, or the Pacific coast species,
E. affinis, moving through the Canal into the At-
lantic. According to Regan (1909), the east and
west coast species are quickly separated on number
of gill rakers: E. saurus has 12-15 on the lower
limb, and Z. affinis has 18-20. E. senegalensis,
found oft West Africa, has 12-14 gill rakers, which
overlaps the 12-15 count for E. saurus; but E.
saurus has 103118 scales in the lateral line, while
E. senegalensis has 94-98. Hildebrand (1943)
gives the following counts for several specimens
he examined: £ squrus, 10-15 gill rakers on lower
limb, 103-120 scales; E. affinis, 16-20 gill rakers,
104-116 scales; and E'. senegalensis, 11-12 gill rak-
ers, 98-100 scales.

Leptocephalid forms of Elops are readily sepa-
rated from those of Albula and Tarpon on one or
more characters, depending on the stage of de-
velopment. Prior to formation of fin rays, the
number of body myomeres can be used : Elops has
about 72-82 myomeres (generally more than 75),
Albula has about 66-72, and Tarpon has fewer.
One specimen examined by Hildebrand (1934)
had 52, and a 17.5-mm. specimen from 7'. N. Gill
collections had 57. Myomeres are discernible in
E. saurus larvae through the early and mid-meta-
morphic periods. Hildebrand (1943) stated that
after dorsal and anal fins become sufficiently de-
veloped to permit enumeration of the rays, the
species are readily separated by ray counts; E.
saurus has 21-25 dorsal rays and 14-17 anal rays,
whereas A. vulpes has 14-17 dorsal rays and 8-9
anal rays. His Tarpon larva of 20 mm. had 12
dorsal and 20 anal rays (the ¢/l specimen had 11
dorsal ray bases and 20 anal bases). .A{bula lepto-
cephali may reach 8 or 314 inches (about 76-88
mm.) before starting to shrink (Gill 1904) ; Elops
leptocephali begin shrinking at about 40 mm. The
size of Tarpon leptocephali before shrinking com-
mences is not known.

I gratefully acknowledge the assistance given
by various staff members of the South Atlantic
Fishery Investigations during this study and in
the preparation of the manuscript. Special thanks
are extended to Frederick H. Berry and Hugh M.
Fields for their critical reading of the manuscript.
Special thanks are also due to Dr. Elbert H. Ahl-
strom for critical reading of the manuscript and
suggestions for presentation of data, and to Bruce
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Taft for comments and suggestions on statistical
‘treatment of the data.

METHODS AND DATA -

All measurements less than 50 mm. were made
to the nearest 0.1 mm. with a micrometer eyepiece
and binocular stereoscopic microscope (eye diam-
eters less than 2.0 mm. were recorded to the second
decimal) ; and those exceeding 50 mm. were made
to the nearest half or whole millimeter with draft-
ing dividers and a Paragon scale. Scale draw-
ings of specimens 34.2 mm. and smaller were made
with the aid of a calibrated grid reticule, and those
of the 67.4-mm. and larger specimens were made
from tracings of enlargements of photographic
negatives.

Original measurements were used in the graphs,
figures 25 to 30. The regressions of body parts on
standard length were determined by the method
of least squares. Unless otherwise stated, speci-
men lengths are standard length measurements.
Hollister (1936) and Evans (1948) procedures
were followed in staining specimens with alizarine
red to show ossification.

Method of making plankton tows was that of
Anderson, Gehringer, and Cohen (1956). Bi-
weekly sampling with a seine in beach and marsh
habitats was done at the same place, at approxi-
mately the same tide conditions, low tide on the
beach and high tide in the marsh.

DEFINITIONS OF TERMS

Total length. Distance from tip of snout to most pos-
terior projection of caudal fin.

Standard length. Distance from tip of snout to tip of
urostyle (or notochord) or posterior horder of hypural
bones.

Head length. Distance from tip of snout to posterior
fleshy margin of opercle.

Head depth. Vertical measure of head at angle of jaws.

Head width. Horizontal distance between verticals at
lateral margins of eyes.

" Eye diameter. Horizontal distance, width.

Body depth at pectoral. Measure of depth at insertion
of pectoral fin,

Snout to dorsal. Distance from tip of snout to origin
of dorsal fin.

Snout to pelvie. Distance from tip of snout to inser-
tion of pelvic fin.

Snout to anal. Distance from tip of snout to origin of
anal fin. . <
MEeRISTIC COUNTS :

Dorsal, anal, pelvic, and pectoral fin rays. Total num-
ber of rays, including rudiments.

Caudal fin rays. Listed as: dorsal secondary-prin-
cipal4-ventral secondary rays (including rudiments).
The full complement, 10 dorsal and 9 ventral principal
rays, with 8-9 dorsal and 6-8 ventral secondary rays.
Principal rays are attached to the hypurals and include
all branched rays plus one upper and one lower unbranched
ray (one or more small secondary rays are also attached
to the anteriormost hypural). In small specimens some
of the principal rays which eventually branch were not
branched. .

Teeth. Number in each side of the upper and lower
jaws.

Myomeres. Number of body myomeres (last few in
caudal region are indistinet).

Gill rakers. Total number, including rudiments, on
upper and lower limbs of first gill arch, on cone side.

Number of the myomere at dorsal, pelvic, or anal fin
origin, etc. The number of the myomere whose dorsal or
ventral extremity approximates the position of part
involved. .

Number of scales. Lateral line scales, counted from
opercular flap to posterior scale on caudal fin.

There are two periods during the larval develop-
ment of the ten-pounder in which the length of
the larva increases, and one in which the length
decreases. First is the “leptocephalus” period of
initial length increase to the size at which shrink-
ing commences (my smallest leptocephalus is 5.1
mm. standard length and the largest is 43.3 mm.).
The second period is “early metamorphic,” and
includes those individuals shrinking in length
down to about 25 mm., the size at which marked
changes in form begin. DBecause it was not always
possible to distinguish those in the final stages of
shrinking from those undergoing initial increase
following shrinking, these individuals were com-
bined in the period, “mid-metamorphic.” In-
cluded are individuals undergoing the final few
millimeters of length decrease, and the first few
millimeters of subsequent length increase, or 25
mm. down to about 18-20 mm. and up to 25 mm.
(characterized by loss of ribbonlike form, shifting
of fins, and development in fins).

At about 25 mm., after length begins to increase
again, the fish is still larval (without full com-
plements of fin rays, branchiostegals, and gill
rakers; scales; lateral line, etc.). From 25 mm.
to about 60 mm., these characters are forming,
and the period is called “late metamorphic.” At
about 60 mm. the fish is a miniature adult, and is
called “juvenile.”
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Fieure 1.—Locations and dates of capture for leptocephali in plankton samples of 7. N. Gill cruises off the south At-
lantic coast of the United States. Location of seining station on Georgia coast is indicated by a triangle, 100-fathom
curve shown as dotted line, and approximate axis of Gulf Stream indicated by dashes.
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STUDY MATERIAL

The dates and locations of capture (fig. 1), and -

numbers and size ranges for all leptocephali from
plankton collections follow:

May 5, 1953, 31°57" N., 79°18" W. (1 gpecimen, 28.0
mm.) ; Oct. 12, 1953, 26°58’ N., 79°40° W. (2 specimens,
11.2 and 11.7 mm.) ; Oct. 12, 1953, 27°40’ N., 80°04’ W
(4 specimens, 15.2 to 22.4 mm.) ; Oct. 12, 1953, 27°37’ N
79°40' W. (1 specimen, 5.1 mm.) ; Oct. 13, 1953, 28°00° N
79°00° W. (1 specimen, 20.5 mm.) ; Oct. 15, 1953, 30°19’
N, 79°50' W. (1 specimen, 173 mm.) ; Oct. 16, 1953,
30°20° N., 79°26° W. (1 specimen, 5.3 mm.) ; Oct. 24, 1953,
81°34' N., 79°28' W. (1 specimen, 143 mm.); Nov. 12,
1953, 34°63’ N.; 76°10° W. (1 specimen, 31.3 mm.)

Table 14 presents the dates and locations of cap-
ture for metamorphic larvae, juveniles, and adult.
Beach seining was done on St. Simons Island, Ga.;
and marsh seining was done at Sapelo Marsh,
McIntosh County, Ga. (an estuarine area behind
the barrier islands), and estuarine marshes near
Brunswick, Glynn County, Ga.

MEASUREMENTS AND MERISTIC VALUES

Table 1 gives selected measurements and
meristic values for all of the leptocephali (14)
from plankton collections; and the 11 early meta-
morphic larvae, juvenile, and adult which are
figured and described. Table 10 gives selected
measurements for all specimens, and includes
those from which regression lines were derived.

DEVELOPMENT AND GROWTH

The development and growth of body parts is
traced from the leptocephalus to the juvenile or
adult for each part separately, rather than in a
simultaneous treatment of all parts for each
period.

MYOMERES

The smallest leptocephalus I have ascribed to
E. saurus is 5.3 mm. standard length (fig. 2). It
has about 78 myomeres (the last few in the caudal
region are indistinct), which precludes its being
either Z'arpon or Albula,both of which have fewer
than 72. Except for the monotypic genus Cyema,
of the family Cyemidae, I have been unable to find
reference to eel leptocephali having fewer than 100
myomeres. Cyema afrum Giinther has 73 myo-
meres, and the larva ascribed to this genus, Lepto-
cephalus cyematis atri, has T5-77 myomeres (Fish
1927). According to Berg (1947), Cyema is

499662 0—59——2

“widely distributed, deepwater,” and has 75-79
vertebrae. Bertin (1937, p. 5) gives a myomere
count of 74 (41 are preanal) for a damaged
11.2-rom. specimen of Cyema. He figures a
20-mm. Cyema leptocephalus which has 74 myo-
meres, 40 of which are preanal, and a body which
is much deeper than the head. My 5.3-mm. lepto-
cephalus has 70 preanal myomeres, and the head
is deeper than the body. These differences rule
out the genus C'yema. There remains the possibil-
ity that some fish other than these has an unde-
scribed leptocephalid development to which the
specimen may be ascribed.

Table 2 shows the number of myomeres for
specimens of different sizes and stages of develop-
ment. During the leptocephalus, and early and
mid-metamorphic periods the body is translucent
and thin, so that with transmitted light, the myo-
meres are visible. However, the myomeres in the
caudal region are not always distinct, and the
range shown (72-82) might reflect indefinite
counts. During the first part of the late meta-
morphic period the body becomes opaque, and
myomeres are indistinct. About 83 percent of the
specimens on which counts were made had 78-81
myomeres,

FIN FORMATION

Dorsal and anal—The rudimentary anterior
rays in the dorsal and anal fins of some soft-rayed
fishes are disregarded by some authors when ray
counts are given, possibly because they are variable
in number or difficult to discern without dissection.
Instead of the total number of rays, their counts
include only the branched rays plus one un-
branched ray. In larvae I examined, in which
rays were forming or branching, all were discern-
ible without dissection. On some specimens ex-
ceeding 50 mm. in standard length it was necessary
to scrape away tissue covering the small anterior
dorsal and anal rays before they could be seen, but
on others all rays were discernible without dissec-
tion. My counts include the small rudimentary
rays.

On the smallest leptocephalus, 5.3 mm. (fig. 2),
a median finfold begins immediately back of the
head, continues posteriorly, around the tip of the
urostyle, and forward ventrally to the anus. It
is swollen or bullate throughout most of its length,
and the margin is frayed or ruffled. A median
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TABLE 1—Selected measurements and meristic values for leptocephali; and the metamorphic larvae; juveniles and adult figured

Measurements Mid-
and counts Leptocephali Early metamorphic larvae metlamorphic Late metamorphic larvae to adult
arvae
Sr.andard length,
- li““'.i’l-““ 51 5.3 1.3 1.7 14.3 15.2 17.3] 17. 9 20.5 20.6 22. 4 28.0) 3.3 43.3] 3.0 30. 9] 28. 6) 21. 5 24.7 25.9 34.2 67.5 152 380
ota eng
- d i.--. i\ _____ 5.1 5.3 115 121} 14.6 15.9] 18. 5 18.7] 22,3 24.9 30.2 34.2 46.7 38.4 34.5 30.3 24. 4 29. 0 311 41. 4 82.5 190 450
ea engt! .
........... L1y 10 L5 L4 L7 1§ 2.1 1.9 2.2 2.2 2.1 2. 5§ 2.4 3.2 3. 0f 3.2 3. 5 3.0 4. 8] 6. 8] 10.0 20. 4| 44. 0 95
Hmd width,
mm_._....___._ 0.6 0.6 08 08 11 1. 0| 11 1.2 1.0] L5 1.2 1.3 1. 6| 1.9 1. 9] 2.1 2.1 1.7 2.4 2.7 4.0 6. 0) 15. 5 35
Head depth,
........... 0.6 0.6 0.8 07 0.8 0.9 0.8 0.9 L1l 0.8 0. 8| 1.0 0.9 1.4 1. 5 1.6 1.7 1. 6] 2, 5§ 3.1 4.6 8.5 21. 0f 49
Body depth at
Epe%tpral {nm.. 0.5 0.4 07 08 0.8 0.9 0.9 0.9 1.1 1.0f 1.0 1.3 1.4 1.7 1. 8] 1. 8] 2.2 1. 8] 2.7 3.0 4.3 9. 4 22.0] 56
ye iameter, L
........... 0.30) 0.24( 0.36; 0.36 0.30] 0.42 0.42 0.39 0.48( 0.42 0. 42 0.51 0.51 0.68 0. 68 0. 68 0.76] - 0.60 1.10} 1.44 23 4. 6 9.5 19
Snout to dorsal,
___________________________________ 112.6/] 113.2( 1151 1t15.6/ '17.6/117.8] 119.0] !23.4 26.4 36.1 27.9) 24.1 19.4 15. 6] 15. 8] 15.0) 18. 8 35. 4 79.0 195
Snout to pelvie,
............................................................................................................... 8.1 16. 0, 14. 4 11. 2] 12. 9] 14, 5§ 19. 0} 36. 5 78.0 193
Snout to anal,
_____________________________________ 116.6/] 116.8( 119.0/t19.4f 121.1] 126.1] !29.3 40.1 31. 4 27.8 22.8 18. 4 19. 5| 20. 3| 26. 9 50. 5 117 205
Menshc counts:
Dorsal rays._ |- oo e e 28-9 2 14 211 216/ 215 220 222 16 224 22 224 24 22 25 25 28| 28] 27| 27
Anal rays____ ? 28| 26 28 211 212 14 13 14 14 14 16) 17] 19 19| 17| 17
Pelvie rays. - |- oo feoooneme e e e e e e bud bud bud bud 7 13, 14 14 15 14
Pectoral rays.. bu bu b bud| bud bi bi b bud bud 2 2| 3 11 15 17 18 17| 17
galllldallr 37 O R NSRS ERPRUTS FR IR 0+19+4-0,0419+4-0{04-194-0/0+4-19+0. __ .. 0-4-19-1{0-4-194-1( 14 194-2(14-194-2|14- 19+ 114194214 194-2)14-194-2|24-194-3{3+ 19-+4/6+194-6{04-194-7/8+194-6/8+19+4-7
ill rakers:
Upper limb_|._____| || e FESRRRVIOS [PRPUURR EURPURIRVS FPRRPRRN PSypUptpRpv PSS uymayiyn) (RVRyESuyn) FRRpUS) FEVSNRRpuyt VRO MRUyRUyuyt MPUSORRpRS) SRR 6| (] 6| 6 7
Lower Ymb_| | e || e | e e e Y PR RS R PSP S 7 11 12 15 12 13
Branchioste-
gals: (left- .
3 7411 JURRR (RUURION (RPN PR FPRIN VS MRS PR UPIiY NP MP SR NP SIS " MpIun Ny RIS MY PSPPI S —" 5-5| 17-16] 25-24] 30-28] 32-31] 33-30] 31-28
Myomeres:
Total num-
ber._.__... 80 78, 81 80) 78 74 80 80 74| 81 77| 75 80; 82 78 80 79| 72 81 80| .eo- - [ESSER
Number at
[ ) SN PR SR FP F, 64 61 64 65 60| 64 62 59 64 62 62 61 56 49 47| 1] SR AP PRSI
Number at
nal e e[ ——— 73| .- 68| 73 70| 68| 72| 72| 71 7 69) 60| 62 [/ I~ N [
Number at
[ L7 TN RN PUPRRRN [RRPUPU FRSRPRRus NPUPUUS (PUSUIS) EpUuyuousupepey FRPRRRPUyu (SFRPRPUUPIGurts RYSUpSRNS PPRSpUpsvips) SRESpUssyups MPSUREPIPIrS S 36 37 37| 32 36 ] FSSRRN RUPRPRRRIN FRPRRI FRom
Number at
air blad-
deri) _____________ 28 35-36] 354 35 32] 35 36 34 35 34 33] 35-36 34-35 35 36 34 2830 29-37] 1831 _____ | |eiao oo
Number at
Nkldgey____ ............ 51-52| 40-52) 49-51| 47-48] 50-52| 50-53| 48-50| 50-53| 49-52{ 4840 51-53| 48-50| 50-52f 51-54] 50-53] 44-48) 4854 .. _|emiooo|ememi e o
umber at
anus. ... 70| 70) 72 71 70 65 71 72| 66 72 69 67, 71 ! 70] 70] 68 59 61 5 U (RN RPN N
Teeth: 3
Upper jaw
L(sone side).| 2-0] 2-2 2-4 24 2-2 24 2-5) 2-5) 2-4| 26 2-6) 2-7] 2-7) 11 9 10 20 14 b | PR RO FRSRSUN (SR R
wer jaw -
8 l(one side)_ 40 40 42 43 46 46 4-7] 47 4+6] 48 4-8 4-8 4-? 13| 14 12 24 12 -+ R FIR PSPPI PSR MR,
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1 Snout to dorsal or anal ray bases, no rays formed.
2 Ray bases, no rays formed.
3 Numbers refer to: large fanglike teeth—smaller teeth.
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TABLE 2.—Variation in number of body myomercs in in-
dividuals of different staucs of development (specimens
grouped by size)

Number of individuals with myomeres

. numbering—
Standard length _
T2( 7| T4{75{ M (77178 79 (80|81 &
Leptocephali:
50-99mm__..___. ... [N RN S PO I BN S S
10.0-14.9 mm. - 1 1 |-
15.0-199 mm. - 2
20.0-24.9 mm.___ -
: 1
1 3 |- 1
21 4] 7| 2[.-—-
1 R I N P
RSO (RSP RPN IR R P 2 (... 1
Mid-metamorphic lar-
vae:
24.9-15.0 and 15.0-24.9
mm.._ a1 - - 116 1 -
Late metamorphic lar-
vae:
250-209mm.__________ RN PRSI PRI U (NI NIV MR P B § ) N
30.0-349mm._____..... FEUUPEVRS RN (ROUVEY PRPRPOOS EOUVEY ROUVRRN DRRPRPSY SRV N PRI S
Total.............. 1 2( 211 0 1| 6110125 6 3

preanal finfold extends from the anus-anteriorly
to a point about one-third the distance to the head,
and has a smooth and regular margin. By about
11 mm. (fig. 3) the dorsal portion of the finfold is
much reduced anteriorly, and its margin is more
uniform. The caudal portion is rounded, and the
margin invaginates dorsally and ventrally an-

FIGURE 2.—Leptocephalus, 5.3 mm. standard length.

terior to the urostyle. By about 15 mm. (fig. 4)
dorsal ray bases are discernible, and by about 17
mm. (table 1) anal ray bases are present. Dorsal
rays ave discernible at about 31 mm. (fig. 6), and
anal rays at 43.3 mm. (fig. 7), the largest lepto-
cephalus examined.

The dorsal and anal finfolds diminish during the
leptocephalus period to the extent that the fins are
separated from it on the largest leptocephalus.
During the early metamorphic period (figs. 7 to
10), the finfold is reduced to a small amount at the
caudal peduncle. The preanal finfold diminishes
more slowly, persisting through the mid-meta-
morphic pertod (figs. 11 and 12), and disappear-
ing early in the late metamorphic period (25-
30 mm.).

At the end of the leptocephalus period (about
40—45 mm.) metamorphosis begins, and the larval
form starts to shrink in length. During the early
metamorphic period (down to a size of about
25 mm.), dorsal and anal rays remain fairly con-
stant in number, ranging 21 to 24 for the dorsal
and 12 to'15 for the anal (figs. 7to 10). The last
ray of both the dorsal and anal fin is branched at
its base at the size the leptocephalus begins to
shrink (4045 mm.). During mid-metamorphosis
(25 mm. down to about 18-20 mm. and subsequent
length increase to about 25 mm.) dorsal rays range

. | mm. N
L R

(a) Side view of one of fanglike teeth in upper jaw, showing end

beveled on upper surface.
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Freure 4.—Leptocephalus, 15.2 mm. standard length.

F1euReE 5.—Leptocephalus, 22.4 mm, standard length.

5 mm.

F1eure 7.—Early metamorphic larva (or leptocephalus), 43.83 mm. standard length.

F1GURE 8.—Early metamorphie larva, 34.0 mm. standard length.
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F1aUrE 12.—Mid-metamorphic larva, 24.7 mm.,

in number from 22 to 26, and the anal rays range
from 14 to 18. From the late metamorphic period
to the adult (25 mm. and larger), there are 2529
dorsal rays and 16-19 anal rays (tables 3 and 4).

Branching of the dorsal and anal fin rays com-
mences during the late metamorphic period, and
by 35 mm. about 17 dorsal rays and 12 anal rays
are branched. The last dorsal ray is branched at
its base and the anterior branch is divided again.
My 380-mm. adult had 17 of the 27 dorsal rays and
12 of the 17 anal rays branched. Delsman (1926)
shows all dorsal (#+20) and anal (=*14) rays
branched in his illustration of a 37-mm. £.
hawaiensis “leptocephalus” (an early metamor-
phic larva by my definition), a point inconsistent
with my findings for £ saurus.

Smith (1907) gave 20-21 as the dorsal-fin ray
complement and 13 for the anal fin. Regan (1909)
gave 23-26 as the range for the dorsal fin (18-20
branched), and 15-16 for the anal fin (11-12
branched). Hildebrand (1943) gave 21-25 for
the dorsal fin and 14-17 for the anal. Holbrook
(1860) listed 24 dorsal and 17 anal rays. Meek
and Hildebrand (1923) gave 22-25 for the dorsal
fin and 15-17 for the anal. It is likely that some
of the small anterior rays of these fins were not
included in the ranges listed.

Pectoral fin.—The pectoral fin on the 5.3-mm.
leptocephalus (fig. 2) is a rounded bud. The first
rays to form appear in the dorsal portion of the
fin bud at about 30 mm. in the early metamorphic
period (fig. 9). During the mid-metamorphic
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TaBLE 3.—Number of dorsal fin rays on individuals of different stages of development (specimens grouped by size)

Standard length

Number of individuals with dorsal rays numbering—

13|14 15 (16 (17 (18 |19 (20 (21 |22 |23 [24 (25| 26 (27 | 28 [ 29

Early metamorphic larvae:
4

mm...

25,0-20.9 MM e e

FEPRPRR PRV (I EVUpHE NI (RSN SO RO Y NS S — .
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! Ray bases, no rays have formed.

TABLE +.—Numbcer of anal fin rays on individuals of different

stages of development (specimens grouped by size)

Standard length

Number of individuals with anal rays numbering—

Leptocephali:
5.0-9.9

Mid-metamorphic larvae: 24.8-15.0 and 15.0-24.9 mm_ ...
Late metamorphic larvae to adult: 25.0-880 mm_....____.._______

! Ray bases, no rays have formed.

period the number increases, and by about 30-35
mm. in the late metamorphic period the number
is within the range for adults, 16-19 (figs. 11 to
14). For specimens exceeding SO mm. in standard
length, the range was 17-18. Holbrook (1860)
listed 18 pectoral rays.

Pelvic fin.—The pelvic fin buds were first evi-
dent on a 34.0-mm. early metamorphic larva
(fig. 8) at about the 36th myomere and just pos-
terior to the air bladder. Rays develop during the
mid-metamorphic period. Five rays were visible
(after staining with alizarine red) on a 21.5-mm.
specimen (fig. 11). By about 35 mm. in the late
metamorphic period the full complement is pres-
ent, 14-15 (table 6). Holbrook (1860) listed
15 pelvic rays.

Caudal fin.—At 5.3 mm. (fig. 2), the leptoceph-
alus has no caudal fin. The urostyle begins to

tip up slightly by about 10 mm., and four hy-
purals are visible (fig. 3). By about 15 mm. 8 or 9
hypurals and 19 caudal rays are discernible, and
the posterior margin of the fin is somewhat trun-
cate (fig. 4). By about 20 mm. the fin is forked,
and one secondary ray is present (fig. 5). The
largest leptocephalus (43.3 mm.) has 19 principal
and 1 dorsal secondary and 2 ventral secondary
rays, with 6 principal rays branched in each lobe
(fig. 7). During the early metamorphic period
(43.3 mm. down to about 25 mm.), the complement
remains constant at 1+19+2 (dorsal secondary,
principal, and ventral secondary rays) (figs. 7 to
10). Through the mid-metamorphic period (25
mm. down to about 18-20 mm. and up to about 25
mm.) the number of rays increases to 3+19+3,
and the complement. of branched rays is complete
(9 in the dorsal lobe and 8 in the ventral lobe).
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TaBLE 5.—Number of pectoral fin rays on individuals of different stages of development (specimens grouped by size)

8tandard length

Number of individuals with pectoral rays numbering—

Early met.aanorphic larvae:

29.0-25.0 mm. ..
Mid-metamorphic
and 15.0-24.9 mm. _.___
Late metamorphic larvue
25.0-29.9mm.. ...
30.0-34.9 mm__
35.0-39.9 mm.___
40.0-49.9 mm._.
§0.0-59.9 mm..

FieURE 14.—Late metamorphic larva, 34.2 mm.

TABLE 6.—Number of pelvic fin rays on mid-metamorphic
larvae to adults (specimens grouped by size)

Number of individuals with pelvic
rays numbering—
Standard length

6 (7 (819 (10{11[{12(13} 14} 1516

By about 50 mm. in the late metamorphic period,
the full complement of caudal rays is present, 8 or
9+19+7 or 8. Table 7 presents data on the num-
ber of secondary caudal rays for late metamorphic
larvae, juveniles, and adult, and shows that
9+19+7 was the most frequently occurring
complement.

TABLE T7.—Number of secondary caudal fin rays on late
metamorphio larvae to adults (specimens grouped by
size and ratio of rays in ventral and dorsal lobes)

Rays and length Number of individuals with secondary
caudal rays numbering—
Number of rays:

Total.. o n gl |11 |12(13[14115] 16| 17
Ventrallobe_ ________._____... 5] 6| 5| 61 6 6] 7| 7 8
Dorsallobe. ... 4/ 5) 6} 6) 7/ 8! 81 9 9

Standard length:
30.0-39.9 1 1 1 1 D U (PRI NN PPN N,
40.049.9 mm. . [ R 1. 1 3 |----
50.0-380mm._._._...___.. . cmecfeme] e} B3] T 28 3

The minute anterior secondary rays on juveniles
and adults are often difficult to discern without
dissection. By about 50-60 mm. the anterior-
most dorsal and ventral secondary ray is usually
completely covered by an elongate, concave, bony
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scale. Holbrook (1860) gave 28 as the caudal ray
complement, which obviously does not include all
secondary rays.

TEETH

The 5.3-mm. leptocephalus (fig. 2) has four
teeth in a single row on each side in each jaw.
The anterior two in the upper jaw are the largest,
and are fanglike, uniform in diameter throughout
their length, and beveled at their tips. The two
remaining teeth in the upper jaw and those in the
lower jaw are gently tapered, with sharp tips. By
about 10 mm. there are 6 teeth in each side of each
jaw, the anterior 4 in each jaw larger than the
others. The number increases as the leptocephalus
grows, and at the size the larva begins to shrink
(about 4045 mm.) there are about 10-11 teeth in
the upper jaw and 12-14 in the lower (the fang-
like teeth are difficult to distinguish from the
others at about this size). During the early meta-
morphic period the number increases. During the
mid-metamorphic period it becomes difficult to
make an accurate count because of the varying
number of developing and partially exposed teeth.
At the end of the mid-metamorphic period the
maxillary teeth are in bands on the ventrolateral,
ventral, and ventromedial surfaces, irregularly set
vomerine teeth are present, and there are 3 pala-
tine teeth in a row on each side of the mouth. By
about 35 mm. (fig. 14) teeth are present on the
tongue. Juvenile and adult fish have pterygoid
teeth as well, and teeth are numerous in the jaws
and in the mouth.

KIDNEY

On an 11.2-mm. leptocephalus (fig. 3) two large
blood vessels extend from the digestive tract into
the body at the 51st and 52d myomeres. By about
20 mm, (fig. 5) it is evident that the blood vessels
enter a mass of tissue along the dorsal wall of the
digestive tract. Delsman (1926) showed this
tissue in his illustration of a 37-ram. £ hawaiensis,
but did not identify it. Holstvoogd (1936) dis-
cussed the development of the kidney in larval £.
hawaiensis, defining this tissue as mesonephros
and the two large blood vessels as branches of the
‘third mesenteric artery. During the early meta-
morphic period the kidney enlarges, and extends
from about the 48th to the 54th myomeres by the
end of the mid-metamorphic period (figs. 7 to 12).

The body becomes opaque at about this stage, and
no further observations were made on the kidney.

AIR BLADDER

The rudimentary air bladder is visible as a slight
bulge in the dorsal wall of the digestive tract at
about the 85-36th myomeres on an 11.2-mm. lepto-
cephalus (fig. 3). On the largest leptocephalus
(43.3 mm.) it is a long, cylindrical, blind sac aris-
ing from the digestive tract at the 34th myomere,
directed dorsally into the body. During the early
metamorphic period it expands and lengthens, and
by about 30 mmn. it extends to the vertebral column,
with its dorsal surface flattened against the col-
umn (fig. 9). During the mid-metamorphic
period the air bladder becomes broader and longer,
and on a 25.9-mm. late metamorphic larva it is
elongate and occupies a considerable portion of the
body cavity (fig. 13). By about 35 mm. in the
late metamorphic period (fig. 14) it is long and
thin, as in the juvenile and adult.

GILL RAKERS

Gill rakers are first visible on mid-metamorphic
larvae, 20-25 mm. Tables 8 and 9 give the num-
ber of gill rakers on the first arch of mid- and late
metamorphic larvae, juveniles, and adult. The
counts include rudiments. The ranges for speci-
mens exceeding 30 mm. are 5-7 for the upper limb
and 11-15 for the lower. For juveniles exceeding
70 mm. and adults the ranges are 5-7 for the upper
limb and 12-15 for the lower. Hildebrand (1948)
gave 5-8 for the uper limb and 10-15 for the lower;
Regan (1909) gave 12-15 for the lower limb; and
Meek and Hildebrand (1923) gave 11-14 for the
lower limb.

PSEUDOBRANCHIA

Large pseudobranchia are present on mid-meta-
morphiclarvae.

BRANCHIOSTEGALS

Branchiostegals were first visible on mid-meta-
morphic larvae, 5 on each side in a 21.5-mm. speci-
men (fig. 11). During the late metamorphic pe-
riod the number increases, and by about. 35 mm.
there are approximately 30 on each side, with
usually more on the left side than on the right.
Holbrook (1860) stated that there is always one
more branchiostegal on the left side than on the



EARLY DEVELOPMENT OF THE TEN-POUNDER 631

right. I found the counts for the two sides to
differ by as many as 3, with a range of 27-33 for
one side for juveniles and adult. Berg (1947)
gave the range for Elops as 27-35, and Regan
(1909) gave 28-36.

GULAR PLATE

The gular plate (a long, flat, narrow bone be-
tween the rami of the mandibles), which distin-
guishes the tarpon and ten-pounder from the bone-
fish, develops during the mid-metamorphiec period.

TABLE 8.—Variation in number of gill rakers on upper and
lower limbs of first arch of mid-metamorphic larvae to
adulls

Number of individuals with gill rakers on
first arch numbering—

Standard length

Upper limb Lower limb

4 |5 (6|7 (10]11)12]13|14]13

) U IO UV PR

. .
|—i 1t 3 1t &3
[

= H
Ob’-‘ﬁl:
T T
-
-G

R P T )

T T
- '
T et bk DD 1
' '
T ISR

..
PO P S

TABLE 9.—Variation in number of gill rakers on first arch
of mid-mctamorphic larvae to adults

Number of individuals with lower limb gill rakers
Number of individuals numbering—
with upper limb gill
rakers numbering—
10 11 12 13 14 15
L SRRSO SRRt U IV A, ) U IR
B 1 [ I P 4 4 1
TSRO PR 3 3 5 6 3
(SRR IPR IR SRIPI PRERIRy PRSPPI P 15 [ 2 R

SCALES AND LATERAL LINE

Cycloid scales and the lateral line are first pres-
ent at about 50 mm. in the late metamorphic
period. The lateral line and scales extend onto
the caudal fin, and the number of scales along the
lateral line ranges 105-115. The head is unscaled
in Elops. Hildebrand (1943) gave the range of
scales as 103-120, with scales appearing at about
50 mm., and scalation complete by about 60-65
mm. Sheaths of scales at the bases of the dorsal
and anal fins are developed by about 60 mm.
Several long, and irregularly shaped axillary
scales at the insertions of the pectoral and pelvic
fins are present at about 50 mm.

499662 0—59——3

ADIPOSE EYELID

The adipose eyelid is present by about 50 mm.
in the late metamorphic period, covering very
little of the anterior and posterior margins of the
eye (fig. 15). During the juvenile period the eye-
lid extends farther over the eye, and on the adult
(380 mm.) all of the eye is covered except a
vertical slit the width of the pupil (fig. 17).

CHANGES IN BODY FORM

The body of the leptocephalus at 5.3 mm. (fig.
2) is ribbonlike; long, thin, and deep (deepest
about midway between the head and the anus),
and tapers gently to a rodlike urostyle (or tip of
notochord). The head is broader and slightly
deeper than the body. By about 10 mm. (fig. 8)
the body is deeper than the head, and the head is
triangular in dorsal aspect. By about 20 mm. the
caudal fin is forked, and the body is still ribbon-
like in appearance. At the end of the leptoceph-
alus period (fig. 7) the head is relatively smaller
than at any other size or stage of development ; the
body is long, thin, and deep; and fins are not yet
prominent. During the early metamorphic pe-
riod the body shortens and thickens slightly while
the head remains a constant length. During the
mid-metamorphic period the ribbonlike appear-
ance is lost as the body thickens, and the head loses
its triangular shape. Also during the mid-meta-
morphic period the anal and dorsal fins shift
anteriorly (this change in position is discussed

- under “Regressions of body parts on standard

length”). By the end of the late metamorphic
period the body form is generally that of the
adult; long, round, and tapered at the head and
caudal, with the fins large and well developed
(fig. 15).

PIGMENTATION

The 5.3-mm. leptocephalus (fig. 2) is translucent
except for a silver eye with a black pupil and a few
melanophores scattered along the dorsal aspect of
the digestive tract. During the leptocephalus
period the melanophores along the digestive tract
increase, and some develop between the body myo-
meres, along the mid-lateral line of the body, on
the caudal fin, and between the myomeres .at the
anal ray bases (figs. 2 to 7). The largest lepto-
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Fraugre 17.—Adult, 380 mm. standard length.

cephalus, 43.3 mm. (fig. 7), has pigment on the
dorsal surface of the eye.

During the early metamorphic period, the
melanophores increase in number and size, and
the dorsal surface of the air bladder becomes
densely pigmented (fig. 10).

During the mid-metamorphic period melano-
phores appear on the head, those on the body in-
crease in number, and the dorsal and caudal fins
develop a distinct pattern of pigmentation (figs.
11and 12). :

By about 35 mm. (fig. 14) during the late meta-
morphic period the pattern on the dorsal snrface
of the head and body becomes denser, the pigment
on the dorsal and caudal fins extends, and some is
present on the anal fin. By the end of the late
metamorphic period (50-60 mm.) the dorsal pat-
tern is a dense greenish-black, grading to silver
below. The pattern on the fins is a uniform pep-
per-spot appearance on the dorsal and caudal fins,
with a few scattered spots on the pectoral and pel-
vic fins, and a small group on the anal fin.
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Pigmentation of the 380-mm. adult immediately
after death had dorsal surfaces of head and body
greenish-black overlaid with silver scales, with
the sides shading to silvery below. The dorsal fin,
dusky, grading to greenish-black on the anterior
edge. The pectoral and pelvic fins, dusky on the
anterior portions. The anal, hyaline with a few
greenish spots. The caudal fin, dusky to greenish-
black, with the ventral lobe darker than the upper
(the lowest principal rays are nonpigmented).
The eye, greenish-gold and silver with a black
pupil.

OSTEOLOGY

Several leptocephali and early, mid-, and late
metamorphic larvae were stained with alizarine
red, using methods described by Hollister (1936)
and Evans (1948), to study in particular the devel-
opment in the caudal fin.

The fin rays begin to ossify in the following
order: caudal, dorsal, and anal rays in the lepto-
cephalus period; pectoral rays in the early meta-
morphic period ; and pelvic rays in the mid-meta-
morphic period. The maxillary and mandible
ossify in the leptocephalus period (fig. 18), pre-
maxillary in the early metamorphic period (fig.
19), and branchiostegals begin to ossify in the
mid-metamorphic period (fig. 11). No attempt
was made to trace the development of ossification
of the various other bones of the head.

Immediately anterior to and lying against the
basal portion of the first pectoral and pelvic ray
is a short, slender process which resembles the
spinous ray on the paired fins of spiny-rayed fishes
(fig. 20). However, its single, flattened base is
embedded in the flesh dorsolateral to the insertion
of the fins. The ridge on the forward edge of the
first ray is replaced by this process (which lies in a
depression on the ridge) near the base of the ray.
I find no mention of this structure in the literature.

Caudal development—The caudal osteology
was given special attention when it became ap-
parent that the degree of ossification might be of
use in separating leptocephali and early metamor-
phic larvae of similar size and general appear-
ance. Figures 22 to 24 illustrate the degree of
ossification for specimens of similar size but in
different stages of development. The density of
stippling in the illustrations is to approximate the
intensity of the stain. Regan (1910) and Hollister
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FIGURE 18—Early metamorphic larva (or leptocephalus),
43.3 mm. standard length. Side view of head show-
ing ossification as stippled areas (portions which
stained with alizarine red).

Ficure 19.—Early metamorphic larva, 26.6
mm. standard length. Side view of head
showing ossification as stippled areas.

(1936) presented the caudal osteology of juvenile
or adult £. saurus. Figure 21, after Hollister
(1936), is of the caudal osteology of a 258-mm.
specimen. Nomenclature of caudal bones follows
Hollister (1936).

Figure 22 shows the caudal fin of the 31.3-mm.
leptocephalus '(fig. 6). Seven hypurals and sev-
eral uroneurals are-partially ossified. There are
1 dorsal and 2 ventral secondary rays ossified in
addition to the 19 principal rays. The ventralmost
prineipal ray appears to originate between the two
lowermost (anterior) hypurals.

The complement of rays is the same for the
30.9-mm. early metamorphic larva shown in fig-
ure 9. However, the illustration of its caudal fin
(fig. 23) shows the 5 upper hypurals, 3 of the 4
lower hypurals, 1 haemal process, and 2 neural
processes as partially ossified. There is no change
in the uroneurals. : :

Figure 24 shows the caudal fin of the 25.9-mm.
late metamorphic larva (fig. 13). Although this
specimen is smaller than the other 2 larvae, the
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FIGURE 20.—Anterior view of the leading edge
of pelvic fin of 240-mm. specimen, showing
first four rays with process lying against
-first ray (base of process imbedded in flesh
to the left of, or dorso-lateral to, the base of
the first ray).

ossification is so far advanced it is considered of
similar size for this comparison. All 9 hypurals,
the uroneurals, the 3 epurals, and neural and
haemal processes have ossified; and some of the
centra are partially ossified. The lowermost prin-
cipal ray is attached to the anteriormost hypural,
asis the next ventral ray, a secondary. A 34.2-mm.
late metamorphic larva (fig. 14) showed partial

F16URE 21.—Caudal osteology of 258-mm. E. saurus,
(modified from Hollister, 1936, p. 261, fig. 14). The
9 hypurals are indicated by the letter H, the 4 uro-
neurals are stippled, and the 3 epurals are crosslined.

ossification in all 85 vertebrae, development pro-
gressing anteriorly. _

The degree of ossification will separate lepto-
cephali from early metamorphic larvae for sizes
smaller than about 35 mm. Individual variation
in development in larvae exceeding 35 mm. rules
out this character for separating the larger larvae.

REGRESSIONS OF BODY PARTS ON STANDARD
LENGTH

Several measurements were selected to show
changes in form of various body parts and shift-
ing of the dorsal and anal fins anteriorly.

The unique development of £'. saurus precludes
depicting the regression of a part on the standard
length with a continuous line through all periods
of development. The size at which the lepto-
cephalus period ends varies with the individual
specimen, as does the size at which shrinking
ceases. I have no observations on living speci-
mens passing from the leptocephalus period to the
early metamorphic period, and few observations
on living specimens in the mid-metamorphic pe-
riod. I was unable to determine the average size
at which shrinking begins and the size at which, it .
ceases.

0.5 mm.

Fieure 22.—Caudal osteology of a 31.3-mm. leptocephalus
(fig. 8). Density of stippling indicates intensity of
alizarine red stain.
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Fieure 23.—Caudal osetology of a 30.9-mm. early meta-
morphie larva (fig. 9). Density of stippling indicates
intensity of alizarine red stain.

Original, individual measurements (table 10)
plotted on the graphs showing relations of various
body parts to standard length (figs. 25 to 30) were
used in the calculation of the regression lines
(determined by the method of least squares).
Table 11 presents the statistics describing the re-
gressions of the body parts on standard length.
Arithmetical plots of individual variates indicated
that in most instances the formula for a rectilinear
regression, Y =a+bY, adequately describes the
relationships.

Three regression lines were calculated for the
relations of head length, eye diameter, body depth
at pectoral, snout to insertion of the dorsal fin, and
snout to insertion of the amal fin to standard
length; one for the leptocephalus period, one for
the early metamorphic period, and one for the late
metamorphic and juvenile periods combined. A
single line was calculated for the regression of
snout to insertion of the pelvic fin on standard
length (late metamorphic period into juvenile)
since this fin did not develop until the early meta-
morphic period and I had few values for this

635

period. The variation in the body parts during

the mid-metamorphic period and the difficulty in-
separating the shrinking larvae from those in-

creasing in length preclude fitting regression lines

for this period. :

Regression lines for the late metamorphic and
juvenile periods were determined from specimens
138 mm. or less in standard length as my data be-
yond 138 mm. are insufficient for calculating
regressions. I have extended the calculated re-
gression lines beyond 138 mm. as broken lines to
determine whether the relation suggested by
smaller specimens continues beyond 138 mm. The
insets in the graphs expand the scale for specimens
less than 50 mm. to better show the relationship
in this size range.

Head length.—During the leptocephalus period

. the head length increases 0.055 mm. for each milli-

meter increase in standard length (fig. 25, table
11). During the early metamorphic period the
increase is 0.005 mm. for each millimeter decrease
in standard length. During the late metamorphic

| mm.

Ficure 24—Caudal osteology of 25.9-mm. late meta-
morphic larva (fig. 13). Stippling indicates alizarine
red stain.
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Ficure 25.—Relation of head length to standard length. X's represent leptocephali; small dots, early metamorphic
larvae; large dots, mid-metamorphic larvae; and circles, late metamorphic larvae to adults.
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Fieure 26.—Relation of eye diameter to standard length. X's represent leptocephali; small dots, early metamorphic
larvae; large dots, mid-metamorphic larvae; and circles, late metamorphic larvae to adults.
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Ficure 27.—Relation of body depth at pectoral fin to standard length. X's represent leptocephali; small dots, early
metamorphic larvae; large dots, mid-metamorphic larvae; and circles, late metamorphic larvae to adults.
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Ficure 28.—Relation of distance snout-to-dorsal fin to standard length. X's represent leptocephali; small dots, early
metamorphic larvae; large dots, mid-metamorphic larvae; and circles, late metamorphic larvae to adults.
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Fiaure 29.—Relation of distance snout-to-anal fin to standard length. X's represent leptocephali; small dots, early
metamorphic larvae; large dots, mid-metamorphic larvae; and circles, late metamorphic larvae to adults.
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TABLE 10.—Measurements used. in calculating regressions
of body parts on standard length, arranged by specimen
size and stage of development

[Measurements in millimeters]

Body Distance from snout to—

TABLE 10.—2Measurements used in calculating regressions
of body parts on standard length, arranged by specimen
size and stage of development—Continued

[Measurements in millimeters]

Body Distance from snout to—
Head | depth | Eye Head { depth | Eye
Standard length length at diam- j Standard length length at diam-
pectoral| eter | Dorsal | Anal | Pelvie pectoral| eter | Dorsal| Anal | Pelvie
fin fin fin fin fin fin
Late metamorphic
1.1 0.5 larvae—Continued
1.0 .4 [ 10.3 5.4 36.
1.5 .1 10.6 5.0
1.4 .8 10.1 59
1.7 .8 11.0 6.0
1.8 .9 12.0 5.4
2.1 .9 12.4 6.4
1.9 .9 13.0 5.0
2.2 1.1 13.0 6.1
2.2 1.0 8 12.5 6.0
2.1 1.0 0 18.5 ...
2.5 1.3 4 14.7
2.4 14 4 13.9
3.2 1.7 1
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1 Either leptocephalus or an early metamorphic larva.

period, and to a juvenile size of 138 mm., the head
increases 0.294 mm. per millimeter increase in
standard length. The extension of this regression
line beyond 138 mm. suggests an inflection at about
120 mm., and that the rate of increase above
120 mm. is less than for smaller specimens.

E'ye diameter.—During the leptocephalus period
the eye diameter increases 0.015 mm. per milli-
meter increase in standard length (fig. 26, table
11). During the early metamorphic period the
increase is.0.002 mm. per millimeter decrease in
standard length. During the late metamorphic
period and juvenile period to 138 mm. it increases
0.069 mm. per millimeter increase in standard
length. The extension of the regression line be-
yond 138 mm. indicates a lower rate above 120 mm.
(as was seen in régression of head length on stand-
ard length). A curve might better fit the data
in the late metamorphic period to adult size range
since most of the values for specimens smaller than
50 mm. and larger than 120 mm. fall below the
calculated straight line.
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TABLE 11.—Stutistics describing regressions of body parts on standard length for ten-pounder leptocephali to juveniles

Specimen
Independent variable x Dependent variable y Stage of development slze range b b4 N b a Sy.x
'mm.)
Standard length..____._..| Head length ___ _._.___.. Leptocephall. .. ... 5.1-43.3 | 18.88 1.94 14| 0.055 ] 0.802 0.143
d Early metamorphiclarvae. _._..._._._| 43.3-28.6 | 35.76 3.05 36| —.005 3221 .178
Late metamorphic larvae to 1uvenllns. 25.9-138 | 75.37 | 22.40 43 .204 . 261 1.089
Leptocephall. .. oo 5.1-43.3 | 18.8%6 0.42 14 .010 .22 . 085
Early metamorphic larvae.._._._. 43.3-26.6 | 35. 7! 0.64 38 | —.002 . 689 072
.| Late metamorphie larvae to juvenﬂes_ 25.9-138 74.93 5.27 42 . 069 . 097 . 402
.| Leptocephali_________________ 3 18. 88 0.9 14 . 083 . 336 . 064
Early metamorphic larvae . 5 . 35.7 .75 38 .003 | 1.6454 . 144
Late metamorphic larvae to juvemles. 25.9-138 | 75.37 | 11.11 43 L1587 | =74 . 639
Leptocephali .. 14.3-43.3 | 23.08 | 19.68 10 .800 | 1.015 . 133
Early metamorphie larvae__________._ 43.3-26.6 | 385.76 | 29.42 36 . 980 | —4.808 . 568
Late metamorphic larvae to juveniles.| 25.9-138 | 75.37 | 40.07 43 L8051 2.018 1.027
Leptocephall . aaaaaa 17.3-43.3 | 25.16 | 23.55 8 .914 . 541 178
Early metamorphic larvae . . 43.3-26.6 | 35.7 32.80 36| 1.006 |—3. 161 . 382
D - d Late metamorphic larvae to ]uvsnﬂos 25.9-138 | 75.37 | 57.94 43 . 756 1.148
Standard length__________ Snout to pelvie fin. . Late metamorphic larvae to juveniles. 25.9-138 | 75.37 | 40.13 43 . 2, 432 1.268

X=mean of values of x
¥=mean of values of y
N =number of specimens

Body depth at pectoral fin—During the lepto-
cephalus period the body depth at pectoral in-
creases 0.033 mm. per millimeter increase of
standard length (fig. 27, table 11). During the
early metamorphic period it decreases 0.003 mm.
per millimeter decrease in standard length, and
during the late metamorphic period and juvenile
period to 138 mm. it increases 0.157 mm. per milli-
meter increase in standard length. The extension
of the regression line beyond 138 mm. appears to
fit the data for the larger sizes, suggesting the rela-
tion to be constant for the late metamorphic period
toadult.

Snout to dorsal fin—During the leptocephalus
period the distance from snout to the origin of the
dorsal fin increases 0.809 mm. per millimeter in-
crease in standard length (fig. 28,table 11). Dur-
ing the early metamorphic period it decreases
0.960 mm. per millimeter decrease in standard
length, a slightly higher rate of decrease than the
rate of increase in the leptocephalus period. Dur-
ing the late metamorphic period and to a juvenile
size of 138 mm., the rate of increase is 0.505 mm,
per millimeter increase in standard length. This
regression line extended beyond 138 mm. fits the
plot of measurements for larger specimens, sug-
gesting the relation to be constant for the late
metamorphic period to adult. The shifting of
the dorsal fin anteriorly during the early and mid-
metamorphic periods is evident when we compare
the distance from the snout to the dorsal fin for
specimens of similar size, 28 mm. standard length
for example, in various periods of development:
leptocephalus, about 24 mm.; early metamorphic,

b=rate of increase of y
a=y-intercept of regression line
8y.x=standard deviation from regression (standard error of estimate)

about 22 mm.; and late metamorphic, about 16
mm. (values are averages determined from regres-
sion line).

Snout to anel fin—During the leptocephalus
period the distance from the snout to the origin
of the anal fin increases 0.914 mm. per millimeter
increase in standard length (fig. 29, table 11).
During the early metamorphic period, it decreases
1.006 mm. per millimeter decrease in standard
length. During the late metamorphic period and
to a juvenile size of 138 mm., the increase is 0.756
mm. per millimeter increase in standard length.
As in the regression of snout to dorsal fin on
standard length, the extension of the regression
line beyond 138 mm. appears to fit the data for
larger sizes, snggesting a constant relation from
the late metamorphic period to adult. Shifting
of the anal fin anteriorly during the early and
mid-metamorphic periods is léss than the shift of
the dorsal fin; for example, at. 28 mm. standard
length, the distances from snout to anal fin are;
about 26 mm. for leptocephalus, about 25 for early
metamorphic larvae, and about 22 for late meta-
morphic larvae (averages determined from the
regression line).

Snout to pelvie fin.—The pelvic fin is first dis-
cernible during the early metamorphic period, and
the plot of distances from snout to insertion of
pelvic on standard length indicates there is little
if any shifting of this fin during metamorphosis
(fig. 80). The slightly lower values for specimens
in the early metamorphic period, as compared
with those for late metamorphic larvae of similar
size, may indicate a slight shift posteriorly, or it



EARLY DEVELOPMENT OF THE TEN-POUNDER

may merely reflect individual variation. I have
not attempted to fit a regression line to the early
metamorphic larvae because of the narrow size
range involved. For late metamorphic larvae and
juveniles to a size of about 138 mm., the distance
from snout to insertion of pelvic fin increases
0.500 mm. per millimeter increase in standard
length (fig. 30, table 11). Extension of the re-
gression line beyond 138 mm. suggests the relation
is constant from the late metamorphic period to
adult.

LABORATORY GROWTH EXPERIMENTS

Three early metamorphic (shrinking) larvae
were reared through metamorphosis, and several
. late metamorphic larvae were reared to juveniles.
Water from the location of capture of the fish was
used, and an inch of washed builder’s sand was
placed in 4-gallon aquaria. The water was aerated
but never changed, and uneaten food and excre-
ment were siphoned off regularly. The water level
in the aquaria was maintained by adding distilled
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water as necessary. Water salinity was checked
periodically, and water temperatures were checked
daily (more frequently during periods of extreme
heat). Occasionally a bacterial growth (which
smelled of hydrogen sulfide) covered the sand, and
it was necessary to move the water and fish from
one aquarium to another. In such cases the water
was strained through No. 20 silk bolting cloth.
Feeding habits—Specimens were fed once daily
from the beginning of the experiments on April
10 to August 25, and two feedings were made daily
from August 25 to conclusion of the experiments
on October 1 (fig. 31). Early metamorphic larvae
readily ate brine shrimp (A»rfemia sp.), often in
such quantities that the digestive tract in vicinity
of the air bladder would be distended. No special
care was exercised to exclude unhatched shrimp
eggs when feeding shrimp to the larvae, and these
were often eaten (but apparently not digested).
Late metamorphic larvae readily took pieces of
shrimp (Penaeus sp.), small, live killifish (Fundu-
lus sp.), and mosquito fish (Gambusia sp.), and

130 |
120 |
1o b
,100 |
=
2 -
z %0} /
z 4
80 |- J J
O .
Z / o
w
- 70} 7. /-/ 4
g Ay
S eof € 7
z P
< S
£ 50| e
i
a0} 8 5//
9- [ Y 4, —— » /——.
30 \ 3'/ /:"'"- 8
\\. 2./_,_.,/
20F BT 7 WS

Jllllllllllllllllllllllllllllllllllllyll

')
\
—

APRIL MAY JUNE

F1cURE 31.—Growth of laboratory-reared specimens.
nected to indicate individual growth rates.
table 12,

JULY

AUG. SEPT. OCT.

Standard length measurements for individual specimens are con-
Numbers associated with growth lines refer to specimen numbers in



642 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

UBLALELELEN BLELELL LI BN A AL B LA NN LN L L B B B L B B
- ° E
180 | -1
3 ° -
160 - -1
(o]
= o -
140 - ‘o -1
b~ o -
=
=201 .
= o
= [e] (] -
= o
5
Lzu 100 h
-4 L o 8 -
o
Eeof .
< o
= e ° °
Deol -
<]
- o -4
40 ;' 3 ‘ o ° -
. ° i . [ e L] o
r l :: L) E L) LA l > -1
e o
20 E 4
x o
- x -4
x %
0 Aol L1 1 U T T T | L. 1111 | | | l | I | I | l L1111 l N N
MARCH APRIL MAY JUNE JULY AUG. SEPT. OCT NOV.

Fieure 32.—Distribution of leptocephali (X's) from plankton samples; and early metamorphic larvae (small dots),
mid-metamorphic larvae (large dots), and late metamorphic larvae and juveniles (circles) from seine samples;
by size frequencies and dates of capture for the period from March 1953 to October 1956.

pieces of both fish. The live fishes were swallowed
head first, the Elops usually swimming alongside
its prey for some time before darting ahead, turn-
ing abruptly, and seizing it. * A fish grabbed cross-
ways would be released and recaptured head-on.
Bits of fish lying on the bottom of the aquaria were
often snatched from forceps and eaten as an at-
tempt was made to remove them. A 35-mm. late
metamorphic larva (E. seurus) was eaten by a
73-mm. juvenile £'. sawrus within a half hour after
being placed in the aquarium with the larger fish.

T'reatment of water—On several occasions the
fins of some fish were attacked by fungus or bac-
teria. Treatment of the water in the infected
tanks with several drops of Mercurochrome us-
ually cleared up the infection, and fins later re-
generated. Other than this treatment, and
removal of bacteria covered sand mentioned pre-
viously, no special attention was given the aquaria.

Measurement of spécimens.—About once a week

the fish were removed from their aquaria and meas-
ured with dividers and a millimeter rule. Care
was exercised to minimize injury to specimens
during handling. By separating specimens by
date of capture and size (a few to each aquarium),
it was possible to determine growth rates for in-
dividual fish.

Table 12 shows periodic measurements for indi-
vidual specimens, and figure 32 is a graphic pre-
sentation of their growth. One early metamorphic
larva (No. 1) was reared from 35 mm. through
metamorphosis and up to a juvenile of 96 mm.
standard length before death occurred. Several
additional larvae lived through early and mid-
metamorphosis and died. One juvenile, No. 6,
lived 4 months, growing from 60 mm. to 135 mm.
The mandible, and sometimes the upper jaw, of
the larger specimens became blunt from pressing
against the sides of the aquarium.

Metamorphosis—Tables 12 and 13 and figure 31
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TABLE 12.—Standard length measurements for individual
specimens, determined periodically during laboratory
growth experiments

TapLE 18.—Variations in rates of change in standard
length during and following metamorphosis for speci-
mens in laboratory growth experiments

Standard length measurement (mm.) for specimen
Dat mber—
ate

June

July
9

Aug.

Sept. 4.
11

include data on shrinking in three early meta-
morphic larvae. Rates of change in standard
length through the early metamorphic period, to
a size of about 25 mm., ranged from —0.750 to
—1.428 mm. per day, and averaged —1.061. Fur-
ther shrinking to a size of about 2021 mm. pro-
ceeded at a slower rate, —0.231 to —0.500 mm. per
day, and averaged —0.342. Initial length in-
crease following shrinking, from a size of about
20 mm. to 25 mm., was considerably slower, +0.118
and +0.154 mm. per day for the two specimens,
and averaged +0.140. The slow rate during the
period of initial increase following shrinking is
not explained.

Alikunhi and Rao (1951, p. 103) stated concern-
ing their experiments with £. saurus in Madras,
India, “Events leading to the transformation of
the transparent, ribbon-shaped post-larva, 35.0
mm. long, into the young adult, measuring only
23.5 to 25.0 mm. in length, have been progressing
at a quick pace and were completed in the course
of only 9 days.” It is impossible to determine the
rate of change accurately from this statement;
but if the change was from 35 mm. down to 20 mm.,
and up to about 24 mm. in 9 days, the overall
change would be 19 mm., and the rate, 2.11 mm.

Average

. Size at rate of
Specimen . beginning] Num- | Changes | increase

number Period covered and end | ber of | in length| (or de-

of period | days (mm.) crease)

(mm.) per day

(mm.)
Early meta-
morphie:

1 Apr.22-May 4..__| 3526 12 -9 —0. 750
Apr. 22-May 6.___| 40-24 14 —-16 —1.143
.-| Apr.13-Apr. 20.__ 35-25 7 —-10 —1.428
May 4-May 19__._ 26-21 16 -5 -.333
May 8-May 19__.. 24-21 13 -3 —.231
Apr. 20-Apr. 30.__ 25-20 10 —b —. 500
- ay 19-June 14___ 21-25 26 +4 +. 154
Msay 19-June 5__._.| 21-23 17 +2 +.118
-...| June 14-Aug. 28.__| 25-60 75 +35 +.467
..| May 20-July4._._| 25-53 45 428 +-. 622
-| June 6-July 17____ 30-61 41 +31 +.788
May 20-June 27___ 35-680 38 +25 +.658
_| June 6-July 4.____ 40-63 28 +23 +.821
Aug. 28-Sept. 25 60-96 2 +36 +1. 286
July 17-July 31____ 81-70 14 +9 +. 643
July 4-Aug. 15____ 63-91 42 428 +. 667
_{ June 4-Oct. 1_____ 60-135 119 +75 +. 630
June 4-Aug. 15_._._| 70-113 72 +43 +. 597

per day. The average rate for a similar change
for my specimens was 0.474 rom. per day, or about
one-fifth that for their experiment. If in the pe-
riod of 9 days, their larva decreased from 35 mm.
down to 24 mm., the rate would be —1.222 mm.
per day, or comparable to my average rate for this
period (early metamorphic), —1.061 mm. per day.
The Indian Council of Agricultural Research
(1951) reported the transformation completed in
about 20 days for £. saurus, but gave no sizes.
Growth during the late metamorphic and ju-
venile periods—The rates of change in standard
length during the late metamorphic and juvenile
periods range from +0.467 to +0.821 mm. per
day, and averaged +0.626, for the late meta-
morphic period (from 25 mm. to 60 mm.); and
+0.597 to +1.286 mm. per day, and averaged
+0.694, for the juvenile period (above 60 mm.).
Excluding the +1.286-mm.-per-day value for
specimen No. 1, the juvenile period average was
+0.628 per day, which is comparable to the +0.626
average for the late metamorphic period.
Undoubtedly the growth rates from these ex-
periments varied from those of fish in their nat-
ural habitat, and probably were affected by water
temperature, type and quantity of food, limited
space in aquaria, and periodic handling during
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measuring. If the 25- to 30-mm. late meta-
morphic larvae taken May 20-represent the same
population as the 80 to 120 mm. juveniles taken on
June 19 (table 14), a growth of more than 2 mm.
per day is indicated, a rate of increase almost
double the highest rate in my experiments, +1.286
mm. for specimen No. 1 for growth between 60 and
96mm.

Alikunhi and Rao (1951) reported a maximum
increase “following metamorphosis” of 29 mm.
(85 mm. to 64 mm.) in 160 days for specimens in
cement nurseries, or a rate of +0.181 mm. per day.
The maximum increase they reported for growth
in & laboratory aquarium during the same period
was 100 mm. (835 mm. to 135 mm.), or a rate of
+0.625 mm. per day. This rate is comparable to
my average for growth during the late meta-
morphie and juvenile periods (+0.663 mm., per
day, including all specimens).

The periods of little or no length increase for
late metamorphic larvae and older fish in my ex-
periments (fig. 31) are not explained, but might
be attributed to type and quantity of food offered
(the rate rose sharply during August when two
feedings a day commenced). The rate for speci-
men No. 1 rose sharply after June 20 when it be-
gan to eat pieces of fish (late metamorphic
period).

Tolerance to abrupt changes in salinity—Ex-
periments to determine the tolerance of late meta-
morphie larvae 25-30 mm. long to sudden changes
in salinity were inconclusive. Fish captured from
marsh water were placed in beach water to which
varying amounts of distilled water had been
added. The salinity of the marsh water was 14.8
parts per thousand, and that of the beach and
combination of beach and distilled water ranged
from 17.0 to 26.8 ppt. On the day of capture, the
fish placed in water with a salinity exceeding
22.0 ppt. died within an hour, but on the follow-
ing day other specimens tolerated a higher salin-
ity. The shock the fish experinced during han-
dling the day they were captured probably
affected their response to the difference in salinity
or other water conditions. Alikunhi and Rao
(1951) reported complete success in transferring
“leptocephali” from water with a salinity of about
18 ppt. to completely fresh water, by stages and
by direct transfer. I transferred no larvae from
saline to nonsaline water.

OCCURRENCE OF LARVAE

Figure 1 shows the locations of capture for
leptocephali from waters off the south Atlantic
coast of the United States in 1953. Except for
the 28.0-mm. specimen taken May 5 off Charleston,
S.C., all were taken during October and Novem-
ber. The largest leptocephalus, 31.3 mm., was
taken nearest the coast, several miles off between
Cape Lookout and Cape Hatteras, N.C., on No-
vember 12, I believe it was captured during its
migration to the beach, and that it occupied an
offshore habitat during its early development.
The other leptocephali were from waters of 100
fathoms or deeper, except for several taken at a
single location on the 20-fathom curve.

Table 14 and figure 32 show the seasonal
occurrence of early metamorphic larvae (shrink-
ing) by size groups in biweekly seine samples
from beach and marsh habitats near Brunswick,
Ga., between March 1953 and October 1956. The
earliest occurrence was March 15, the latest,
October 23, but most. (by number and frequency
of occurrence) were taken during April and early
May. In April 1953 they appeared first on the
beach, then in the marsh, and in May they occurred
only in the marsh. In 1954, 1955, and 1956 only
one metamorphic larva was taken in the marsh.
All late metamorphic larvae were taken in the
marsh. The greater numbers of early, mid-, and
late metamorphic larvae taken during 1956 prob-
ably reflect the increased efficiency of the larger
seine used during that year.

How much time elapses between hatching of the
egg and appearance of early metamorphic larvae
on the beach is unknown. If the early meta-
morphic larvae that appear on the beaches of
Georgia during March, April, and May (fig. 32)
are of the same population as the leptocephali
taken offshore in October and November, it would
indicate slow growth during the winter months of
November through February, and an age of about.
6-8 months when they reach the beaches. I be-
lieve the smallest leptocephali taken offshore, 5.1
and 5.3 mm., are recently hatched fish, possibly
only a few days old. Larger leptocephali (10-
20 mm.) taken during October possibly were
spawned within a month of capture. The extent
of the spawning season is not indicated, only that
there is spawning during the fall. However, the
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TABLE 14.—Seasonal occurrence of early metamorphic larvae, mid-metamorphic larvae, late metamorphic larvae, and
juveniles in. seine collections (specimens grouped by size)

8ize groups in millimeters

Mid-
Early metamorphic meta-

Number of Individuals larvae morphic
captured on— larvae

Late metamorphic larvae to juvenile

44,9~ 39.9- | 34.9- | 29.9- | 24.9-15.0 25.0~
X 30.0 and 9
15.0-24.9

. 0— | 35. 0~ | 40. 0~ | 50. 0~ | 60
. 9 .9 | 9.9

. 0- [ 70. 0- | 80. 0~ | 90. 0- | 100~ | 120~ | 140- | 170~
39.9 | 49, 69.9 | 79.9 | 89.9 ( 99.9 | 119 | 139 | 168 | 199

1 Taken on the beach.
2'0One specimen from marsh; others from the beach.
3 From tidal marsh, Brunswick, Ga.

occurrence of early metamorphic larvae on the
Georgia beaches from late March into October in-
dicates a prolonged spawning season.

The appearance in 1953 of late metamorphic
larvae (table 14) in the seine collections at Sapelo
Marsh coincided with the disappearance of early
metamorphic larvae, and suggests a single popula-
tion.

Hildebrand (1943) reports ripe or nearly ripe
fish on October 23, and leptocephali in various
stages of development at Beaufort, N.C., during
most of the months of the year. Holbrook (1860,
p. 183) stated for South Carolina that “The Elops
sawrus arrives on our coast about the first of June,
and remains with us until October, when it dis-
appears until another season.”
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