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ABSTRACT

Morphometric, meristic, and pigmentation descriptions of laboratory-reared gulf menhaden, Brevoortia pa-
tronus, and Atlantic menhaden, B. tyrannus, indicate that larvae of these species can be distinguished from
each other by the number of myomeres and vertebrae; that Atlantic menhaden can be distinguished from
yellowfin menhaden, B. smithi, by the number of myomeres and vertebrae, by pigmentation, and by
morphometrics; and that gulf menhaden can be separated from yellowfin menhaden by pigmentation and
morphometrics. Unlike vellowfin menhaden, gulf and Atlantic menhaden lacked paired melanophores along
the dorsal midline forward of the dorsal fin and along the ventral midline between the paired fins. Compared
with yellowfin menhaden larvae of equal lengths, gulf menhaden had less body depth, shorter heads and
snouts, smaller eyes, and longer prepelvic and predorsal distances. Gulf menhaden eggs averaged 1.29 mmin
total diameter, 0.95 mm in yolk diameter, and 0.20 mm in oil droplet diameter. Twelve-hour-old larvae had a
snout-notochord tip length of 3.3 mm. Their growth rate averaged 0.30 mm/day through 90 days of rearing at
20°C. On specimens 6-17 mm the mean number of myomeres was 44.6; on specimens >15 mm the mean
numberof vertebrae was 45.3. Postdorsal-preanal myomeres decreased from 5.3 to 1.8 as the dorsal fin grew
and the gut shortened during development. Transformation from larva to juvenile in laboratory-reared gulf

menhaden was completed at a smaller size than reported for field-caught fish (25 vs. 28 mm SL).

Eggs and larvae of gulf menhaden, Brevoortia pa-
tronus Goode, have not been described, even though
this species is the most economically important
clupeid in the United States. The gulf menhaden
purse seine fishery landed an average of 660,368 t
annually from 1977 to 1981, making it the largest
fishery in the United States (U.S. National Marine
Fisheries Service 1982). Gulf menhaden, one of three
species of Brevoortia in the Gulf of Mexico, are found
from Florida Bay to the Gulf of Campeche, Mexico.
They spawn in the northern gulf at least as far
offshore as the 80 m isobath between mid-October
and late March, with a peak in December (Christmas
and Waller 1975%); juveniles are estuarine depen-
dent. Yellowfin menhaden, B. smithi, and finescale
menhaden, B. gunteri, co-occur with gulf menhaden,
but contribute <1% to the landings. The Atlantic
menhaden, B. tyrannus, which supports a large purse
seine fishery along the U.S. Atlantic coast, is a large-
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scaled cognate of the gulf menhaden, but does not
occur in the Gulf of Mexico (Hildebrand 1963).
Distribution of yellowfin menhaden is contin-
uous around Florida to as far north as North Caro-
lina.

Menhaden larvae superfically resemble the larvae
of other clupeids with which they co-occur and can be
distinguished from them (Houde and Fore 1973;
Houde and Swanson 1975), but current descriptions
(Suttkus 1956; Houde and Fore 1973; Houde and
Swanson 1975; Jones et al. 1978) are not adequate to
separate sympatric Brevoortia larvae. Eggs, larvae,
and juveniles of yellowfin menhaden have been de-
scribed (Houde and Swanson 1975), whereas the
early development of finescale menhaden has not.
Gulf and yellowfin menhaden hybrids in the eastern
Gulf of Mexico (Hettler 1968; Turner 1969;
Dahlberg 1970) further complicate separation by
species. Although gulf and Atlantic menhaden larvae
cannot be confused in ichthyoplankton collections
because of their allopatric separation by the Florida
Peninsula, Atlantic and yellowfin menhaden larvae
may be confused in collections from the east coast of
Florida, where both species are known to spawn dur-
ing the winter (Dahlberg 1970).

In this paper, I describe the eggs, larvae, and early
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juveniles of gulf menhaden spawned and reared in
the laboratory using morphometrics, meristics, and
pigmentation features, and I compare gulf menhaden
larvae with yellowfin menhaden larvae described by
Houde and Swanson (1975). Morphometric and
meristic data on laboratory-spawned and reared
Atlantic menhaden are also presented to supplement
the composite description of this species hy Jones et
al. (1978) and to aid in the separation of Atlantic
menhaden and yellowfin menhaden larvae. Charac-
ters for separating Brevoortia from other clupeids are
reviewed.

METHODS

Gulf menhaden were collected as mature adults in
September 1981 near Gulf Breeze, Fla., tranported
to the Beaufort Laboratory, and induced to spawn
with human chorionic gonadotropin (HCG) and carp
pituitary (Hettler 1983). Spawnings that occurred in
November 1981 and February 1982 provided a
developmental series of eggs. larvae, and juveniles
up to 90 d old. reared at a temperature of 20° + 2°C
and a salinity of 30%o. One hundred eggs, preserved
during the early embryo stage, and 100 live eggs
were measured.

Atlantic menhaden were captured as juveniles in
September 1978 near Beaufort, N.C., and reared to
sexual maturity in the laboratory for 19 mo. They
were induced to spawn in April 1980, and the larvae
were reared at temperatures that began at 15°C and
increased to 25°C during development (Hettler
1981). This spawning resulted in a developmental
series of larvae and juveniles up to 130 d old.

All specimens were preserved in 2% buffered for-
maldehyde in seawater before being measured. The
following morphometic measurements were taken
with an ocular micrometer in a dissecting microscope
on 123 gulf menhaden and 196 Atlantic menha-
den.

Standard length (SL)—tip of snout to tip of
notochord before and during notchord flexion; in
postflexion larvae, tip of snout to posterior margin
of hypural bones. All references to length in this
paper are standard length unless otherwise
stated.

Preanus length—tip of snout to posterior end of
anus, measured along midline.

Predorsal length—tip of snout to anterior edge of
dorsal fin base, measured along midline.

Prepelviclength—tip of snout to anterior insertion of
pelvic fin, measured along midline.

Body depth—vertical depth at symphysis of the
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cleithra, exclusive of the finfold.

Dorsal and anal fin base lengths—distance from
anterior to posterior edges of fin base; in larvae with
incomplete fins, distance from origin of first ray to
the insertion of the last ray.

Head length—tip of snout to posterior margin of otic
capsules in yolk-sac larvae; tip of snout to opercular
margin in older larvae and juveniles.

Snout length—tip of snout to anterior margin of
eye.

Eye diameter—horizontal distance between anterior
and posterior edges of fleshy orbit.

Myomeres were counted on semidry specimens (not
completely immersed) up to 17 mm with transmitted
unpolarized light by adjusting the microscope mirror
to give maximum contrast between myosepta and
myomeres. Myomeres were classified as follows:

Total myomeres—all myomeres between the most
anterior myoseptum and the most posterior
myoseptum,

Preanal myomeres—number anterior to the myo-
mere in which the anterior ray of the anal fin is
inserted or to the myomere in contact with the
downward curve of the dorsal margin of the anus in
larvae without anal fin rays.

Postanal myomeres—number posterior to the
anterior insertion of the anal fin.

Predorsal myomeres—number anterior to the
myomere containing the origin of the first dorsal
fin ray.

Postdorsal-preanal myomeres—number between
the myomere connected to the last dorsal finray and
the most posterior preanal myomere.

Following morphometric measurements on all
specimens and myomere counts on specimens with
visible myomeres, the pigment pattern was recorded
and specimens of gulf menhaden were illustrated
with a camera lucida. Atlantic menhaden were not
illustrated as the figures in Jones et al. (1978) are
adequate.

Specimens were then used for counts of fin rays,
pterygiophores, predorsal bones, vertebrae. and
scutes. Specimens were transferred to 95% ethanol,
stained with alcian blue for cartilage, cleared with
trypsin, stained with alizarin red S for bone. and
stored in 100% glycerin®.

4Taylor, W. R., and G. C. Van Dyke. 1978. Staining and clearing

small vertebrates for bone and cartilage study. Unpubl. manuscr.,
19 p. National Museum of Natural History. Washington, DC
20560.
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DESCRIPTION
Embryos

Gulf menhaden eggs were spherical, and had an
unsculptured chorion, a faintly segmented yolk, and a
single oil droplet. Living eggs were buoyant in
salinities > 26%o. Twenty-seven percent had both an
outer and inner chorionic membrane, This has not
been reported in wild-caught Brevoortia eggs. This
inner chorion was not an artifact of preservation,
since live eggs also contained a double chorion, but
may have been a result of induced ovulation by HCG
and carp pituitary. Dimensions of preserved and live
eggs were the same as maximum sizes given by
Houde and Fore (1973) for gulf menhaden eggs taken
in plankton collections (Table 1). At its widest point
the perivitelline space was 24-28% of the egg
diameter. Eggs produced during December 1982 by
another spawning group of gulf menhaden were
smaller than gulf menhaden eggs produced the year

TARLE1.—Mean diameter (mm) of gulf menhaden, Breconrtia pa.
tronus, eggs. Numbers in parentheses are equal ta one standard
deviation of the mean.

inner chorion Yolk
Total diameter (if diameter Oil droplet
Eggs N diameter present) {along axts) diameter
Preserved 100  1.29(0.04) 1.23 (0.04) 0.95 {0.05) 0.20 {0.02)
Live 100 1.30(0.05) 1.25 (0.03) 0.97 {0.04) 0.19 {0.01)

before; total diameter was 1.18-1.22 mm; the volk
diameter was 0.66-0.79 mm:; the oil droplet was 0.16
mm. The adults producing these eggs were smaller
(17.8 cm mean length, 90 g mean weight) than the
spawners that produced the larger eggs (20 cm, 135
g) (Table 1). Small adult size may be responsible for
the small eggs as well as the reduced fecundity. Only
afew hundred fertilized eggs were collected from the
December 1982 group of 20 fish.

Advanced embryos had 30-40 small melanophores
on each side along the dorsal surface from the pos-
terior end of the head to the notochord tip (Fig. 1A).
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FIGURE 1.—Early stages of Brevoortia patronus. A. Embryo 40 h after fertilization. B. 2.6 mm larva. 5 min after hatching. ¢.3.5 mmlarva,1d
efter hatching. D. 3.9 mm larva, 2 d after hatching.
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About 15-20 myomeres were visible in the caudal 36 .
region. The yolk was faintly segmented into irregular i
globules. Eggshatchedin 40-42 h at a water tempera- 32r .
ture of 19°-20°C. 28 .
Atlantic menhaden eggs spawned in the laboratory - i :
were larger than gulf menhaden eggs in total € ,al /o
, diameter (1.54-1.64 mm) but similar in yolk diameter E : /’ ’
(0.82-0.95 mm) and oil droplet diameter (0.20- 2 20t L .
0.23). w s .
a 1sv- e
Larvae E :y /
Z 12} /
Growth » "

Gulf menhaden larvae were 2.6-3.0 mm SL
immediately after hatching (Fig. 1B), but within 6 h
had a mean length of 3.3 mm. The yolk and oil droplet
were absorbed, the eyes were pigmented, and the 40 50 60 70
mouth was functional at a length of 4.5 mm, 4 d after
hatching. The growth rate of larvae at 20° + 2°C
averaged 0.30 & 0.03 mm/d through 90 d of rearing
(Fig. 2). Yellowfin menhaden reared for 32 d at 20°C
grew 0.36 mm/d (Hettler 1970). Yellowfin menhaden

80 90
DAYS AFTER HATCHING

FIGURE 2. —Growth of laboratory-reared larvae ol Brevoortio pa-
tronus. Lines connect means of each age group.

reared at 26°C grew 0.45 mm/d until the 20th day
(Houde and Swanson 1975).

Body Proportions

For 123 gulf menhaden, 3.1-34.9 mm, body depth,
head length, prepelvic length, dorsal fin base length,
anal fin base length, snout length, and eye diameter
all increased relative to standard length as larvae
grew, while preanus length and predorsal length de-

creased (Table 2). The decrease in predorsal length
resulted from the forward movement of the dorsal fin,
and the decrease in preanus length reflected the
transformation from an elongate clupeiform larva
shape to the laterally flattened fusiform shape of the
juvenile. Transformation from the larval to the
juvenile form in gulf menhaden began at about 19
mm (Fig. 3C) and was completed at about 25 mm.
Atlantic menhaden larvae completed transformation
at about 27 mm.

TABLE 2.—Proportions of head and body parts of gulf menhaden, Brevdortia patronus, expressed as a percent of stan-
dard length, Characters were not developed at lengths marked with a dash.

Length class Number of Preanus Pradorsal Prepelvic Body Dorsal fin Anal fin Head Snout Eye
{mm, SL) specimens length length length depth  base length base length length length diameter
3.0-3.9 6 84.0 - - —_ - — 14.1 2.3 5.2
4.0-4.9 19 80.2 - - 9.7 — - 135 1.7 5.4
5.0-5.9 12 81.4 — - 9.6 — — 15.8 3.0 5.2
6.0-6.9 8 82.4 69.3 i 8.4 4.4 —_ 15,5 3.1 5.0
7.0-7.9 7 83.0 70.2 — 8.2 5.0 - 15.4 2.9 4.9
8.0-8.9 4 83.2 67.6 — 7.9 82 - 15.5 3.1 4.8
9.0-9.9 5 83.9 65.8 — 8.3 10.0 3.8 16.2 3.6 5.0
10.0-10.9 6 85.5 65.6 — 8.3 1.5 4.9 16.9 3.7 5.0
11.0-11.9 3 85.5 65.2 — 8.9 13.2 5.6 17.7 39 5.2
12.0-12.9 2 83.1 63.0 — 8.6 133 6.0 16.9 3.6 4.8
13.0-13.9 3 84.2 62.8 — 8.9 15.1 6.8 17.8 3.7 4.9
14.0-14.9 1 81.0 62.0 415 10.0 145 75 17.0 35 5.0
15.0-15.9 t 82.2 61.2 — 10.7 15.4 7.5 18.2 3.7 5.1
16.0-16.9 4 79.8 60.8 44.2 108 15.3 9.4 18.9 4.0 5.5
17.0-17.9 3 79.0 61.0 443 124 14.8 1.0 19.4 4.1 5.5
18.0-189 2 76.0 57.0 47.6 18.1 16.8 12.3 241 5.0 7.3
19.0-19.9 4 76.2 56.4 46.9 17.8 166 128 240 5.1 6.8
20.0-21.9 8 71.4 51.8 50.0 25.8 18.6 16.0 28.1 6.0 8.1
22.0-239 8 70.2 48.6 49.2 28.0 184 15.7 28.9 6.1 8.4
24.0-256.9 6 70.7 47.9 49.6 29.1 193 16.0 29.3 6.6 8.5
26.0-27.9 3 70.6 44.7 50.0 31.6 19.2 17.0 29.7 6.9 8.6
28.0-29.9 1 70.2 43.5 49.4 30.1 20.1 16.4 27.7 6.4 7.7
30.0-34.9 7 72.7 47.7 51.3 36.0 19.4 171 31.5 7.2 7.8
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FIGURE 3.—Larval Brevoortia patronus: (A) 13.0 mm (28 d after hatching). (B) 16.5 mm (44 d after hatching). (C) 18.9 mm (53 d after
hatching).

Gulf menhaden larvae and Atlantic menhaden lar-
vae could not be separated morphometrically (Table
3,Fig. 4), but both could be separated from yellowfin
menhaden larvae between 10 and 20 mm (Houde and
Swanson 1975) by body depth, prepelvic length, and
head length. Snout length and eye diameter may be
useful to distinguish 15-25 mm specimens; snouts
=7% of SL and eye diameter >9% of SL probably
identify yellowfin menhaden.

Myomeres

The total number of myomeres could be counted
only on specimens under 17 mm in length. Although
the preanal myomeres could be easily counted on
larger specimens, the last few postanal myomeres on
the peduncle became indistinguishable. The number
of myomeres (mean = 44.6) did not change
significantly with length in gulf menhaden and cor-
responds with the number of adult vertebrae (44-46;

mean = 44.7 not counting the hypural bones) report-
ed by Dahlberg (1970). Radiographs of 20 adult gulf
menhaden spawners used in my study showed that all
fish had either 45 or 46 vertebrae (counting
hypurals), with a mean of 45.6. During development
the dorsal and anal fins moved in relation to the
myomeres (Table 4). The anterior end of the dorsal
fin moved from myomere 30 forward to myomere 23,
numbered from head to tail. The posterior end of the
dorsal fin remained fixed at myomere 32. The anus
and the anterior end of the anal fin moved forward
from myomere 37 to myomere 34. The postdorsal-
preanal myomere count of 2 or 3 is diagnostic for
Brevoortia at lengths >14 mm, Atlantic menhaden
larvae 6-16 mm SL had a mean of 47.2 myomeres,
with about two more predorsal myomeres and one
more postanal myomere than gulf menhaden.
Myomere number and distribution for gulf men-
haden and yellowfin menhaden (Houde and Swanson
1975) were so similar that neither were useful for
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TABLE 3.—Proportions of head and body parts of Atlantic menhaden. Brevoortia tyrannus, expressed as a percent of
standard length. Characters were not developed at lengths marked with a dash.

Length class Number of Preanus Predorsal Prepelvic Body Dorsal fin Anal fin Head Snout Eve
{mm, SL) specimens length length length depth  base length base length length length  diameter
3.0-3.9 4 85.4 - - - — — 14.5 1.9 6.7
4.0-4.9 10 82.8 - — 8.3 — — 12.0 1.9 5.4
5.0-5.9 15 81.0 - - 84 — — 12.1 22 5.0
6.0-6.9 7 81.4 - - 8.4 — — 13.3 25 4.8
7.0-7.9 18 823 71.0 - 8.0 2.6 — 13.7 26 4.8
8.0-8.9 12 82.7 69.6 - 79 4.3 - 13.9 2.6 4.8
9.0-9.9 13 82.8 67.3 - 83 6.5 2.4 15.0 3.0 6.2
10.0-10.9 13 85.6 ©6.9 - 86 9.5 4.2 16.4 34 5.3
11.0-11.9 8 85.9 66.4 - 87 101 5.0 16.6 35 5.4
12.0-129 10 84.7 64.6 - 9.1 115 5.5 17.6 a7 5.6
13.0-13.9 10 83.2 63.6 - 9.4 13.0 6.7 18.2 4.0 6.0
14.0-14.9 7 82.9 62.7 45.8 9.8 13.6 71 18.3 4.0 6.2
15.0-15.9 7 81.7 61.9 45.3 10.0 14.0 7.8 18.3 4.0 6.2
16.0-16.9 9 80.8 625 45.5 1.4 14.0 8.8 20.2 4.1 6.8
17.0-17.9 8 79.9 60.2 47.6 12.8 16.2 10.0 229 4.5 7.3
18.0-18.9 8 77.9 58.6 47.0 14.2 15.7 10.6 23.2 4.4 7.4
19.0-198 9 76.9 57.3 48.0 16.1 16.0 11.8 23.8 4.6 7.8
20.0-21.9 7 74.2 53.8 48.6 19.8 17.1 14.2 27.2 4.8 8.0
22.0-23.9 3 73.4 50.4 50.9 24.7 17.7 16.1 29.8 5.5 8.0
24.0-25.9 2 72.7 51.4 51.3 25.4 17.6 15.9 31.0 5.7 7.8
26.0-27.9 3 74.7 49.6 52.8 29.1 19.6 18.0 311 7.0 8.3
28.0-29.9 1 72.6 48.9 51.5 29.0 17.3 18.3 31.3 6.8 7.8
30.0-34.9 4 75.4 49.8 52.4 328 20.0 15.6 33.0 8.2 8.8
35.0-39.9 3 76.0 49.9 53.2 36.5 204 16.6 336 7.6 7.8
40.0-49.9 4 74.9 49.6 52.2 335 20.5 171 32.2 76 8.3
60.0-69.9 3 74.8 48.9 62.2 334 19.5 16.8 324 7.0 5.3

TABLE 4.—Number of myomeres relative to dorsal fin and anal locations on gulf menhaden,
Brevoortia patronus, larvae.

Length class Preanal Postanal Predorsal Postdorsal-Preanal

{mm, SL) N Range Mean N Range Mean N Range Mean N Range Mean
<6.0 4 36-37 36.7 4 8 8.0 - - -_— — —_ _
6.1-8.0 16 36-37 36.7 3 79 7.7 9 2830 289 9 46 5.3
8.1-10.0 9 356-38 363 9 810 8.6 9 26-28 273 9 35 4.4
10.1-12.0 10 33-37 354 10 8-10 9.1 10 23-27 252 10 3-4 33
12.1-14.0 4 33-35 340 4 810 95 4 23-256 237 4 2-3 22
14.1-17.0 4 32-33 325 - — — 4 22-23 222 5 1-2 t.8

separating small larvae of these species. Yellowfin
menhaden had a mean of 45.7, about one less pre-
dorsal myomere, and about one to two more postanal
myomeres than gulf menhaden. Atlantic menhaden
had about two more preanal myomeres and about
one more postanal myomere than gulf menhaden at
each size class (Table 5).

Meristics

In gulf menhaden the caudal and dorsal fins were
the first fins to initiate development and the pectoral

fins were the last fins to complete development, even
though they were the first fins to form as nonrayed
buds (Table 6, Fig. 1C). Two specimens had an extra
principal ray in both the upper and lower group of
caudal rays. Vertebrae centra did not first stain with
alcian blue as did other bony structures. At 13 mm.,
vertebrae first stained with alizarin red S, with the
staining reaction progressing from the middle of the
column towards each end as length increased. The
neural and haemel spines initially stained blue,
beginning at each end of the column and progressing
towards the middle. The mean number of vertebrae,

TABLE 5.—Number of myomeres relative to dorsal fin and anal locations on Atlantic men-
haden larvae, Brevnortia tyrannus. Myomeres on specimens <6 mm could not he

accurately counted.

Preanal Postanal Prad: Postd: I-Preanal
Length class

{mm. S1) N Range Mean N Range Mean N Range Mean N  Range Mean
6.1-8.0 13 3840 387 13 8-10 9.0 10 30-31 307 10 5-6 5.7
8.1-100 16 3740 384 16 8-11 9.9 16 27-30 29.0 10 4-6 5.2
10.1-12.0 16 36-37 36.1 16 10-11 10.8 16 25-28 26.2 16 3-5 4.0
12.1-140 14 35-37 356 10 10-11 10.7 14 24-26 251 14 3-4 3.2
14.1-16.0 2 35-36 355 - - — 2 24.25 245 3 3 3.0
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FIGURE 4.—Morphometric comparisons as a percentage of standard length of laboratory-reared Brevoortia patronus (P),B. tvrannus (T), and B.
smithi (S). Yellowfin menhaden data from Houde and Swanson (1975).
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TABLE 6.—Meristics in gulf menhaden, Brevaortia patronus, (35 specimens) and in Atlantic menhaden. /5.
tvrannus, (34 specimens).

Size {mm SL) when
first stained

Size (mm SL) when

all are stained Number in full complement

Meristic B. patronus 8. tyrannus B. B. B.
Caudal fin rays
Principal 8 9 ] 12 10-11 (dorsal) 10 (dorsal)
16 13 18 20 9-10 {ventral) 9 (ventral)
Procurrent 8-9 (dorsal} 7-8 (dorsal)
7-8 (ventral) 6-7 (ventral)
Dorsal fin
Pterygiophores 8 8 18 16 19-21 18-19
Rays 8 9 19 17 21-23 20-22
Anal fin
Pterygiophores 9 10 16 15 17-20 17-20
Rays 10 12 17 15 18-22 19-21
Pelvin fin rays 16 15 18 18 7 7
Pectoral fin rays 18 18 1 il 1315 15-17
Predorsal bones 19 17 21 21 9-11 10-12
Vertebrae 13 14 16 15 45-46 48-49
Ventral scutes 21 21 31 27 29-31 32-33

including the hypural bones, was 45.3 counted in 21
specimens longer than 16 mm SL. The first bones to
stain with alizarin red S were the dentaries, the max-
illaries, and the cleithra which occurred in 9 mm
specimens,

Only vertebrae and ventral scute counts were useful
in separating gulf menhaden and Atlantic menhaden;
other meristics overlapped (Table 6). Yellowfin
menhaden larvae could not be separated from the
two large-scaled menhaden by meristics, with the
possible exception of Atlantic menhaden that had
47-48 vertebrae and yellowfin menhaden that had
45-47 (including the hypural bones) (Dahlberg 1970).

Pigmentation

Pigmentation of gulf menhaden larvae (Figs. 1, 3, 5,
6) was similar, but not identical, to the pigmentation

described for yellowfin menhaden (Houde and Swan-
son 1975) and Atlantic menhaden (Jones etal. 1978).
Gulf menhaden up to 8 mm had 1 melanophore on the
dorsal side of the notochord tip and 1 or 2 mela-
nophores on the ventral side of the notochord tip,
whichis diagnostic for the genus Brevoortia (Figs. 1C,
D, 5A). Lateral pigmentation, although found on the
trunk of specimens as small as 4.9 mm, was not found
on all small specimens. At 10 mm, all specimens had
5-20 melanophores scattered the length of the trunk.
Larvae 4-5 mm had 10-20 tiny melanophores on top
of the head. One 7.8 mm larva had a single stellate
melanophore on top of the head behind the eyes. One
single medial melanophore, which enlarged into
additional melanophores as larvae grew, was present
along the isthmus (ventral midline forward of the
cleithrum) on 6 mm and larger larvae. On 8-20 mm
larvae, 1 or more melanophores occurred along the
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FIGURE 5.—Larval Brevoortia patronus: (A) 7.2 mm (12 d after hatching). (B) 9.2 mm (20 d after hatching).
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FIGURE 6.—Juvenile Brevoortia patronus 33.8 mm (90 d after hatching).

cleithrum axis on each side. Along the surface, lateral
and parallel with the dorsal surface of the foregut,
there were usually 6-10, but sometimes up to 20, rec-
tangular melanophores on each side. These paired
melanophores were positioned anteriad to 2 or 3
stellate melanophores covering the dorsal surface of
the gas bladder. A series of 10-18 medial, unpaired
melanophores occurred between the trunk muscula-
ture and the dorsal surface of the gut. This series
merged into 1-3 stellate melanophores projecting
ventrally over the end of the gut towards the anus. A
medial string of nearly continuous, thin mela-
nophores traced the junction of the finfold along the
ventral surface of the hindgut. Dorsal to the base of
the anal fin 2 or more melanophores were always pre-
sent in larvae >5 mm. The caudal fin was pigmented
by 10 mm, whereas the medial fins, lower jaw tip,
snout, and nape acquired pigment by 18 mm (Fig.
3C). Pigment was absent on the surface lateral to the
ventral portion of the foregut between the distal end
of the pectoral fin rays and the pelvic fin.
Melanophores were present on specimens >17 mm
along the base of the dorsal fin and along the dorsal
midline between the dorsal and caudal fins. Paired
melanophores were absent between the head and
dorsal fin. For pigment descriptions of gulf
menhaden larvae and juveniles >19 mm, see
Suttkus (1956).

Other Structures

By 4.5 mim. the dentaries, maxillaries, branchial
arches, cleithra, and hypurals were stained with
alcian blue, but the first bones to accept alizarinred S
stain, and thus indicate ossification, were the cleithra
in 8.5 mm specimens. Flexion of the notochord

upward to initiate caudal fin development began at 7
mm. Ossification of the hypural bones began at 10
mm and was completed at 15 mm. Eight maxillary
teeth and three dentary teeth on each side were
ohserved on 10 mm larvae. Fourteen teeth on each
maxillary and three teeth on each dentary were still
visible on 25 mm juveniles. In the oral cavity of 16-24
mm larvae, one or two teeth projected downward
from each endopterygoid bone and one or two teeth
projected upward from the second basibranchial car-
tilage. These teeth were absent in fully transformed
juveniles. Scales were first visible along the dor-
solateral margin of the caudal peduncle and along the
midline on each side of the trunk at the beginning of
transformation, which occurred at 19 mm.

COMPARISON AMONG BREVOORTIA
AND WITH OTHER CLUPEIDS

Of the Brevoortia species, eggs and larvae of gulf
menhaden were the most difficult to distinguish from
yellowfin menhaden. Gulf menhaden had 44-46
myomeres, whereas yellowfin menhaden had 45-47
(Houde and Swanson 1975). Morphometrics may be
useful to distinguish 10-25 mm specimens of gulf
menhaden from yellowfin menhaden. At equal
lengths, gulf menhaden had less body depth, a short-
er head length, a longer prepelvic distance, a longer
predorsal distance, a shorter snout, and a smaller
eve. Yellowfin menhaden >17 mm had paired
melanophores between the head and the dorsal fin
(Houde and Swanson 1975), whereas gulf menhaden
did not. Wild specimens of yellowfin menhaden from
southern Florida also had a double row of
melanophores along the ventral midline between the
pectoral and pelvic fins, but neither laboratory-
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reared gulf menhaden or wild specimens of gulf
menhaden collected from four locations along the
northern Gulf of Mexico had ventral midline pig-
ment. Gulf menhaden had more dorsal fin rays, but
both species had an equal number of anal rays. Fer-
tilized eggs of the two species had the same diameter,
but gulf menhaden had a larger oil droplet (0.20 vs.
0.15 mm) than yellowfin menhaden. No description
of finescale menhaden larvae exists, but presumably
they have 42-43 myomeres, based on the number of
vertebrae reported for this species (Dahlberg 1970).
Although gulf menhaden larvae are geographically
separated from Atlantic menhaden larvae, they can
be separated by counting myomeres or vertabrae;
gulf menhaden. 44-46; and Atlantic menhaden, 47-
48. Atlantic menhaden and yellowfin menhaden had
nearly equal dorsal and anal fin ray numbers, but
Atlantic menhaden had one to four more myomeres
and lacked dorsal and ventral midline paired
melanophores anterior to the dorsal and pelvic fins.
Mophometric differences between Atlantic men-
haden and yellowfin menhaden are similar to dif-
ferences between gulf menhaden and yellowfin
menhaden.

There are some differences in egg and larval meris-
tics and morphology data between my study and the
literature, which may be due to differences between
laboratory-reared and wild specimens. Houde and
Fore (1973) reported that gulf menhaden had 45-48
myomeres (vs. 44-46 that I found for gulf menhaden),
20-23 anal rays (vs. 19-21), 17-21 dorsal rays (vs. 20-
22), and reported that pelvic fins in northern gulf
specimens were not developed until 20 mm (vs. 18
mm). They also reported that gulf menhaden eggs
had a diameter of 1.04-1.30 mm (vs. 1.18-1.34 mm),
an oil droplet of 0.08-0.20 mm (vs. 0.16-0.22 mm),
and a wide perivitelline space of about 33% (vs. 24-
28%). Jones et al (1978) reported that Atlantic
menhaden egg diameter was 1.30-1.95 mm (vs. 1.54-
1.64 mm that I found for Atlantic menhaden), that
yolk diameter was 0.90-1.20 (vs. 0.82-.095 mm), and
that the oil droplet diameter was 0.11-0.17 (vs.
0.20-0.23). For Atlantic menhaden larvae of
unspecified lengths they reported 16-18 dorsal rays
(vs. 20-22), 18-20 anal rays (vs. 19-21), and a body
depth:standard length ratio of about 0.05 at 23 mm
total length (vs. about 0.20 I found at the same
length); however, the body depth ratio is undoubt-
edly a typographical error.

Laboratory-reared gulf menhaden and Atlantic
menhaden both appeared to transform into juveniles
at a smaller size than wild fish. Morphometric data
and photographs of specimens of gulf menhaden
from Louisiana indicated that the juvenile form was
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not reached until about 30 mm SL (Suttkus 1956).
Lewis et al. (1972) indicated that Atlantic menhaden
from North Carolina did not complete “prejuvenile”
growth until about 33 mm SL. Houde and Swanson
(1975) suggested that tank-reared yellowfin men-
haden transformed at smaller sizes than did wild fish,
and I concur.

Characters useful for separating eggs and larvae of
Brevoortia from other clupeids have been identified
(Houde and Fore 1973; Richards et al. 1974; Houde
and Swanson 1975; Powles 1977). Sardinclla and
Opisthonema have about the same total myomere
counts as Hrevoortia, but usually have 6-9 post-
dorsal-preanal myomeres. Etrumeus has the same.or
more total myomeres than Brevoortia, but about 10
fewer anal rays. The smaller larvae of Sardinella,
Opisthonema, and Etrumeus have no pigment on the
dorsal side of the notochord tip, whereas Brevoortia,
Harengula, and Jenkinsia have this pigment.
However, Jenkinsia and Harengula have 42 or fewer
myomeres. The spawning seasons of all these genera
overlap with the spawning season of Brevoortia
species (Houde and Fore 1973; Powles 1977; Jones
et al. 1978). Larvae of Dorosoma and Alosa are not
normally found in marine waters with Brevoortia.
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