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Introduction

The perciforms family Sciasenidac is
represented in warers of the South
Atlantiec Bight of cthe United Srates by 18
species in 11 genera (Table 1) (Ballev et
al., 19703 Hildebrand and Schroeder, 192B:
Anderson, 1968; Dahlberp, 1972: Welsh and
Breder, 1923; Marine Resources Ressarch
Inscitute - Marine Rescources Monitoring,
Asgessment and Prediction {MRRI-MARMAP)
Trawl Survey Data). All inhabic coastal
amdfor estuarine wacters except for the
four Equetus species, which [nhabit hard
ar "live" bottom areas of the continental
shell (MRRI-MARMAP Traw] Daca)i scowveral
cvoastal speeies (including Lelostomus
xanthurus and Micropogon undulatus) migrace
seasonally to continental shelf waters to
WRAWT .

The sciaenids are abundant Flshes of
coastal waters of the Hight and are Impor-
tant compunents of aport fisherics and
catehes Incldental to shriep trawling.
Lelostomes xanthurus, Micropogon undularus,
Pogonlas cromis, Sclasenaps ocellata, and
the species of Cynosclon and Ment fcirrhus
are sought-after sporc fishes: data on
spoarts catches are limited but significanc
catches of all these flshes are taken by
sport flshermen in che region. The
Selaenldae are the major component of the
finfish catch of shrimp travlers, making
up 13% numerically of the dncidental catch
throughout the Bight (Anderson, 1968) and
60% of the Ineldental cateh off South
Carolina (Keisar,- 1976). Lefostomus
xanthurus, Mlcropogon undulatus, amd
Srellifer lanceolotus mumerically account
for mosc of the [ncidental scimenid catch,
with species of Cynoscion and Menticirrhus
alpe taken Ln significanc nushers. Specics
whose maximum size {s roo small far sports
or commareial fishery exploltation are
abundant In estuaries and coasral waters
of the reglon; Stellifer lancealatus and
Bairdialla cheysura are excremely abunidanc
in trawl catches In these habltats in
Soputh Carolina and Georgla, while Larisus
fasclatus Is also present (Dahlberg, 1972:
Shealy et al., 1974},

Larval ‘and Juvenlile sciaenids are a
significant component of the ichthyoplank-
ten of South Atlancie Bipht waters.
Although Fahay (1975} found scinenids to
be & minor component of surface net catches
in continental shelf waters, Povles and
Stender (1978) found fishes of the family
(primarily Lelostosus xanthurus and
HMie rngagnn undulatus) to account for some
67L of winter neuston encches, while voung
Heaticivrchus and Cynoscion were presentc in
smaller numbers in spring and fall neuston
and bongo net cacches. WL11lams and
Daubler {1968) found Scilasnidas to he
important in the {chthyoplankeon of Pamlico
Sound, Merth Caralina, and unpublished data
(South Carolina Estuarine Survey Program)
indicate that young scimenids are common in
the plankton of South Carolina estuaries.

Early life histories of the Bcisenidas
have been Intensively srudied since the
beginning of the present century (Table 2).
For only ane South Atlantic Bight species
{Usbrinn coroides) is no published early
life himcory {nformatlon avallable. Devel-

opmental series from eggs to juveniles have
been deacribed for five specles, fromearly
larvae (poar yolk-sac absorption but without
developed fin rays) omvards for six specles,
and from late larvae (chose with the full
dorsal and anal fin ray complements)
anwards for two species (Table 23 complete
series of Equetus larvae not available),
Several summary works om identificacion
and ecology of sclaenid early life hiscory
srapes are available, Hildebrand and
Cable {(1934) produced a key for ldentifica-
tion of larvac and juvenilesm; thia
comprohenslve work, with their earlier paper
(1930}, provides a basis for sclaenid
early life history atudies, but contalne
imaccuracies (see individual species seccions).
Scotton et al, (1973) summarized published
information on seven specles occurring in
the Delaware Bay. Lippson and Moran (1974}
gummarized available {dentificarion and
ceologleal information for nlne speciles
found in the Potomac River Estuary.

Johngen [(1978) swmmarizes avallable infor—
matlon on early l1ife hiastory atages of
Scisenidae of the mid-Arlancic Bight. Keys
for {dentification of adults have baen pub-
lighed by several authors, the most recent
and complete heing thart of Chao (1976).

The quality of the many published
arudlea on early 10fs hilstory stages is
uneven. FPigmencacfon {n many published
[1lustrations does not agree with that in
fresh materlal ve have seen, suggesting
that specimens on which the published
descriptions vere bosed had cleared in pre-
servative. Several published fllustractions
are based on damaged or deformed specimens,
suggesting that the descriptions may have
been based on limiced material; in many
published studies, number of specimens
etudied are not glven. Some published series
are of mixed species. Flaally, most of the
published descriprions lack the derafled
developméntal morphometric and meristcic
data necessary for separation of larvae
which are superficlally very slmilar. For
these reasons it sesomed useful to
critically evaluate the exiscing liceracture
and add descriptive data from the macerial
available ar our laboratory.

We do not claim that this study is
complete, but believe that it permits def-
Inicion of areas vhere further study is
required and s preliminary overview of
developoental stages of the family as
represented in our area. Material on some
species ls lncomplete. ‘The lack of 11lus-
trations (noted by all our reviewers and
regeetted by us) resulted from a conecious
decisgion on our part; due to limited
regources, both drawings and detailed tax-
onomic data could not be provided in the
time available, and we opted for the data,
having seen too many Inaccurate, unsup-
ported drawings in the literature. We plan
to provide illuscraced publicarions on
selected specles dn the future. We hope
that this study will encourage other
studies of larvae of this diverse family
and provide a point of comparison with
such studfes. It I8 our particular hope
that further studles of larval Scisenidas
tand other speclose families) will empha-
slze characters for differsnciating larvae
of ¢losely-related species, for 1r iz in
this area thar past descriptions of larval
sclaenids have been most lacking.



Methods and Materials

Specimens for this study were collected
wich the following types of gear:

A. Sourh Carolina estuarles:

1. Conical meta of 1/2 m mouth
diamerer, mesh opening 371 microns, towed
at suyrface or boccom for 10 minutes at
1.3-1.5mfa (2.5- 3.0 knots) (Estuarine
Survey Progras).

2. A f&=m (20-ft), semiballoon
atter crawl rowed against a flooding tide
in daylight at 1.3-1.5 mfs (2.5— 3.0 k)
(Estuarine Survey Program).

1. A 4.%-m (16=fc) balleon
try=-net (Oyster Program).

B. South Carolina tidal passes:
Conical ners of l-m mouth dissoter, medh
opening 571 mlcrons, moored to bridges aor
plers and fished near botrom for 1 hour at
early er middle flood tide (Crustacean
Management Program, Office of Conservation
and Managemant).

C. Continentanl ghelf waters, South
Atlantic Bight:

1. Songo samplers of mouth
diameter 60 cm, mesh opening 505 microns,
towed in double oblique pattern from sut-
face to 2 m off horcom or 200-m depth and
to surface, at 0.8 m/sec (1.5 knots)
(MRRI-MARMAP Program).

2, MNouston mamplers of mouth
opening | m high by I m wide, mesh opening
947 microns, towed at surface at 2.6 misec
{5 knots) for 10 minutes [MRRI-MARMAP
Program).

D. Cape Fear River estuary: Conical
nees of 1 m mouth diameter, mesh opening
760 microns, towed mc 0.5 mfsec (1 knot)
{specimens loaned by Dr. Ronald Hodsom,
%orth Carolina State Universicy).

Plankcon samplea from South Carolina
collecrions were preserved inm 10X formalin
or in 5% formalin neutralized with borax.
Samples from concinental shelf waters were
inirially fiwved by Immersing the codend of
the plankton net (after washlong down) dAn
20% formalin for 1-2 minutes, Specimens
from 10% formalin were transferred to 5%
neutral Fformalin within a vear of initial
cellection. Samples From the Cape Fear
Eiver were preserved in 5% formalin.

Count®s were mede on specimens which
had mot been cleared and stained. ALl fin
elements of which any part was présent were
comted, following Rubbs and Lagler (1958).
Measurements werea made with ccular micro—-
meters on Wild M=5 binocular microacopes.
All measurements were made aloagor perpen—
dicular to the body midline. All
seaguresents and counts of paired fins were
made on the left side. Specimens wndergo—
ing notochord flexion are indicated becween
doshed lines in the meriscics table for
aach apecias. Procurrent caudal rays are
glven as dorsal, ventral counts in the
meristics tables. ALl internal and

external pigment was recorded for ecach
s#pocimen on worksheets, on which meriscic
and morphometric data were also recorded.
All specimen lengrha referred teo Inm our
descriptions are sither notochord lemgth
{hefore notochord flexfon) or standard
length (during and after flexion). Defini-
tions of seasurcmenta and abbreviaclons
for these ss used in tables are as follows:

Kotochord length (NL): symphysis of
upper jaw to tip of notochord (measured im
pre=flexion larvae)

Standard length (SL): symphysls of
upper jaw to posterior edge of hypurala
{measured In larvae undergoing notochord
flexion and post-flexien larvac)

Snout length (Snl): symphysis of
upper jaw to anterior margin of eye

Cve diameter (EDY: horlzontal
diameter of eye

Head lengeh (HL): symphysls of upper
jaw to posterlor margin of opercular
membrane

Preanus length (PAnL): aysphysis of
upper jaw to posterior margln of anus

Snout to origin of flrst dorsal (IDo):
symphysis of upper jaw to f{irst developed
dorgal spine base

Snout co origin of second dorsal
(IIDa): symphysis of upper jow to anterior
margin of first developed dorsal ray base

Snout to dorsal fin cermination (1IDE):
aymphyais of upper jow to posterfor margin
of last developed dorsal ray hase

Snout ta anal fin origin (Ao):
gymphysis of upper jaw to anterior margin
of filrst developed anal element base

Snout to anal fin termination (At):
symphysia of upper jaw to posterior margin
of last developed anal ray base

Anus=anal fin gap (Gap): posterlor
margin of mnus to anterior margin of firac
developed anal elementc base

Smout to pelwic fin insertlon (Fgll:
syephyais of upper jaw to anterior margin
of pelvic f[in base

Depth at clelthral syephysis (BDc):
wertical distance between dorsal body
margin and ventral sysphyais of cleithra

Depth at caudal peduncle (CpD}: least
vartical depth between the dorsal and ven—
tral body margins In the area posterior to
the terminal dorsal and anal fin rays and
anterior to the hypural plates of the
caudal fin

First dorsal count (ID)

Second dorsal count (1ID)

Anal count (A)

Peccoral count H'l}l



Table 1. Reported meristlcs of South Atlantic Bight Sclnenidac. Cownts In parentheses occur Infrequently, dash indicates range,
and semicolon indicaces two fins.

Dorsal Anal Gill Rakers
Specios Source  Apinas rays apinas riayE Vertoehraa upper lowar
Bairdiella chrysura 1 %1 19-23 48 8=10, 12413 -8 14-16
ugually 9
& XI-XII 19=-21 11 9=-10 14=16
5 iI:1 22 11 10 a8 18
7 XI1 19-22 11 A-10 11+14
Cynoscion nebulosus 1 IX=X 25-18 11 10=-11 (1) 1312 (13) 2=3 =9
3 25 10-12 5 B
& K{XT) 3T 264-26 I 10-11 R
5 X1 25-27 II 1a & 7
7 XI-XI1 24=27 11 10=11 13412
L] 25-27 9-10 4 h-8
10 245=-27 10=-11 25-26
Lynoscion nothus 1 35 2h=30 B-10 15%12 -4 B-10
z 27-30031) B=0 (10) 27 (26) 12=14 (15},
usually 13
3 24=28 =10 12=14
b X1 28-29 6§ 9 9
5 X1 27-29 11 g=10 i 9
7 XI 18-30 11 9 14413
9 26=29 =11
Cynuaclon regalls 1 1 26-29 11-13 {12) 1312 {13) 4§=5 10-13
& LA | 25-28 I1 11-12 11-13
3 Xt 26-29 11 11-11 5 1
] X-X1;1 24=19 11 10-12 14=15+10
! X1 24-28 11 10-12 13412
Equetus acuminatus 1 VIII-IX;I A7=41 11 -8 10415 5= Q=14
5 X1 J8=40 11 7 [ 5
7 ¥-X1 A6-40 11 LE-S 10415
8 1%=X;1 I7-40



Table 1. continued

Doraal Anal Gill Rakers
Specien Saurce  splnes Tays aplnes Tays Vercebrae Upper lower
Fquetus lanceolatus 1 KIT=XI1T;1 47-55 1L [ 115 S5-b 10-13
5 XIV-XVI.T 53 1I 5 i 4
7 XILT=XIV 4b=50 11 f 1015
8 XIIT-XIv 49-55
Equetus punctatis 1 XI-X11;1 43=47 11 b-H 10415 5 10=11
5 KI-X11;1 46 11 fi=7 [ 11
7 XI11 Gh=5% 11 -8 10415
8 II-XII;1 45-47
Equetus o8 US 1 X-XI1;1 38=40 i 7 10415 fi=6 10-12
5 X;l 40 11 7
7 I%=%1 38-139 11 7 LO+15
Lavims [asnefatus 1 X:1 245=27 11414 11-13 22=25
4 X1 24-27 11 f-8 23-25
5 3l 24-26 11 5-h 11 24
7 KT=%11 25-27 11 & 1+15
Lelostomus santhurus 1 I%;1 29-135 11 12-13 10415 B-12 20-21
i 1 I0-34 I1 12-13 22-11
5 i1 il i 41 12 B 22
7 XI-X1T 29=32 Il 12-13 10415
Henticlirrhus americanus 1 il 20-26 I &=8,
usually 7 10415 2-3 0-7
4 X:I 24=27 1 7-8, )
usually 7
5 ¥:1 26-25 1 7
7 X1 =26 II 7-8 1015
Menclelrrhus liccoralis 1 =31 19=21 10415 =5 0-8
4 X1 24-26 1 7 ==
5 Xl 23-25 1 7 7
7 X1 24-25 1T 7 10+15



Table 1. continued

Daraal
Specien Source  Bpines Tays
Menticirrhus soxatilis 1 X1 22-27
4 X1 24-26
5 %I 26=27
7 X1 23-25
Micropogon undulatus 1 X1 $1-30
& il 28-29
] I 28=19
7 X1 28-29
Pogonias cromis 1 6l 13-21
& X:1 20-22
5 ;1 21
7 XI 21-23
Sciaenops ocellaca 1 X;1 23-25
& i1 23-25
5 LR 24
7 XI 13-25
Stellifer lanceolatus 1 XI-XII;I 20-24
5 XII 20-23
7 XII-XIII 21-24
Umbrina coroides 1 X:1 26=11
" NGl 29
5 X:1 i7-28

Sources:
1. Chaa, 1976
2, (Ginsburg, 1929
3. Mldebrand and Cable, 1934

4. Hildebrand ond Schroeder, 1928

5, Jordom and Evermann, 1896

Anal

spines rays

1 =9,
usually 8,

I B-9,
usually 8

L

11 i-8

1I a-4

11 a

II i

11 a

IT 5-h

1r 6=7

o § 5=

11 ]

I1 A-9

i | 8

11 8

11 7-8

I1 =8

11 7-u

11 ]

II b

11 h=7

6. Lippsom and Moram, 1974

7. Miller mmd Jorgensen, 1973

8., Randall, 1968

9. Welsh and Breder, 1923

10. Danials, 1977

G111 Rakers
Vertebras Lppar lawer
10415 3-5 0=7
-6
1015
1015 =10 14=-18
1&=1h
7 16
10415
1014 b= 12=16
14=16
& 12
1015
10415 =5 -9
B-9
5 7
115
11414 10-13 22-23
13 22
LO+15
11+18 5-7 =10
11
5 9



Table 2. Fublished information on identification of early life history stages of South Atlantic Bight Sciamsnidae.

fpecien Eggn ¥Yolk sac larvae Early larvac Late larvae
Bolrdielln chrysura 8,14 8,14 6,8,14 6,8,14
Cynoscion nebulosus 1 4,6 4,11
Cynoscion nothus &
Cynoncion regalis 2,10,14 14 4,12,13,14 &,12,13.14
Equetus spp. 15 15
Larisus fasciatus L] i
Leiogtomus xunthurus 3;9:11;16 31,6,9,11,14
Mentielirrhua americanus b6 &6
Menticirrhus littoralls i
Mentielrrhus saxatilia 15 14 6,13 [ -
Micropogon undulatus 3.9,11,14,16  3,9.11,16
Pogonias cromis i F i 6,7,11 11
Scinenops ocellata 6,11 6,11
Stellifer lanceclatus 4 &
Umbrina coraides
Sourcest

1. Guest and Gordon, 1958 1. Joseph et al., 1964

2. Narmic, 1958 8. FKuntz, 1914

3. Nildebrand and Cable, 1930 9. Lippson and Moran, 1974

L] Hildebrand and Cable, 1934 10. Merrimer, 1976

6, Jannke, L9371

5, Hildebrand and Schroeder, 1928

11. Pearson, 1929

1}. Pearson, 1941

Juveniles

8,14
&,5,11,14
&,14

412,14

3,11,14
11
11,14

4,14

13. Scotton et al.,

Recapitularion
3,9,13,14,17
1,9,17

17

5:9,13:17

17
9,13,17
9,13,17
17
9,13,17
9,13,17
9,13,17
9,17
17

1973

14, Welsh and Breder, 1923
1%. Powles and Burgess, 1978

16. Fruge, 1977
17. Johnson, 1978



Pelvic count (P,)

Principal caudal rays (C)
Procurrent caudal rays (pC)
Preopercular spines (Precperc)
opercular spines (Operc)
Subopercular apines (Subopéerc)
Poscreamporal spines (Posttemp)
Finfold (£F)

Yot developed (N)

Scientific and cossmon names used in
this report follow Bailey ec ml. (1970).
Recent changes in noménclature (Chao,
1976} are given in parenthesas at the head
of species accounts. For praopercular
spines, we use the terms "latersl” and
“marginal" of Aprieto (1974). The lateral
row consista of relatively small spines
which projecc laterally from the surface
of the preoperculum, the marginal row of
relatively larger spines which project
posteriorly and ventrally from the margin
of the preoperculum. In most specles
spines of these two rows have heen countced
and differentiated {n the mariscic tables
{lateral /marginal).

We define "larvas™ to include apeci-
meng from tha cime of hacching ro che cime
of complete development of gll fin elements
and onset of scale formationand "juvenile"
to inelude specimens from the end of the
larval pericd to the onsercof sexual matur-
fey. We have used the term “early" to
indicate larvae between yolk-gacabsorption
and complete development of second dorsal
and anal fin complements and “late" to
indicare larvae with complete developmont
of elements of these flns. “Volk-sac"
larvae would indicate larvae with
unabsorbed yolk; however, we have not
fdenclfied 'volk-sac larvae of Sclacnidoe
from our collections. By vaing chese
torms, wa do not vant to complicats the
field of larval stage terminology: however,
we consider the distinction isportant
aince idencificacion follows differentc
groups of characrers in larvac vhose
dorsal and anal elements can be comted
than in less advanced larvae.

Previous works by Pearson (1929,
1941), and Welsh and Breder (1923) did net
aspecify the kind of lengths (5L, TL, ML)
taken on their spocimens. For this reason,
when referring to these earlisr scudies,
we do not specliy the kind of léngth taken
although some authora (Lippson and Moran,
1974) have agsumed this to be TL in most
(=t E1-5 %

Bairdiella chrysura

Bafrdiella chrysura (Bairdiella chrysoura
of Chao, 1976) = Silver perch

Range - Massachusetts to Texas (Hildehrand
and Cable, 1930}

Spawning Season -

e

Delavare Bay - May to July (Thomas, 1971)

Chesapeake Bay - May to July (Hildebrand
and Schroader, 1928; Joseph et al.,
1964)

Beaufort, North Carolina - late April to
August (Kuntz, 1914; Hildebrand and
Cable, 1%30). Spawvning peaka In late
June and early July (Kuncz, 1%14), in
late May and early June (Mildebrand
and Cable, 1930)

South Carelina - smallest juveniles
(33-52 = TL) taken in July (Shealy
et al., 1974)

Georgla - April and May (Dahlberg, 1972}

South Florida - April to September
{Jannke, 1971)

Louisiana — April to Seprember (Sabins,
1973; Frank Truesdale, pers. comm.}

Spmwning Area

Spawning apparently occurs in estua-
rine and coastal waters. Hildebrand and
Cable (1930) took larvae in estuacies, in
Beaufort Harbor, and in coastal waters to
22-28 km (12-15 miles) offshore. Jannke
(1971) suggested that spawning occurs both
inside estuaries and in coastal waters,
while Sabhins (1973) cawght small postlarvae
inatidel pass, suggesting spavning nearhy
In eatuarine or coastal waters.

Early Life History

Eggs require about 18 hours te hateh
ar 27 ¢, 40-50 houra at 19=I11 C; spawning
occurs in early evening, before 8 p.m.
(¥untz, 1914)., Larvae are said to bacome
demersal at about 5 mm (Pearson, 1941);
larvae ware more abundant and more fre-
quéntly caught in botrom ctham in surface
houls by Hildebrand and Cable (1930).
Truesdale and Birdsong (Fraok Truesdale,
pers. comm.) collscred more specimens in
bottom than in surface hauols, more at
night than by day, and more on flooding
tidea than ac ocher tide stages in a tidal
pass in Souch Louisianm. Hildebrand and
Schroeder (1928} reported cthat fish mature
at 130-160 mm, at an age of 1 year; this
conclusion agrees with that of Hildebrand
and Cable (1930). Welsh and Breder (1923),
however, reported first spawning ro occur
at 150-210 mm, ac aga 2.

Descripcion of our Material

The following description is based om
21 gpecimons 3.1-B.8 mm, and cne 4.1 ==
juvenile, from Souch Carolina estuaries and
tidal passes.

Bady form (Table 3). Body propor-
tions change gradvally during the early
and late larval atages. Preanus length,
40.0=47.6% KL in larvae of 3.0-3.9 mm,
increases steadily te 53,3-58.5% 5L in
larvae 7.0-8.9 m= and 65.1X% SL at 24.1 mm.
Body depth changes littlewith development.,
being some 10.8-39.3% 5L chroughout the
series available. Discance becween the
anus ond the snal fin origin is relacively
great (15.4-21.7% SL) in larvae less than

5.0 em, and decreases to 7.6-11.9% SL in
larvae 7.0-8.8om and to8.3% 5L at 24.1 mm.



Fin development (Table 4). In the
caudal region notochord flexion cccurs
bétweeén 1.8 == and 4.8 =5, Principal
caudal fin rays are first seen at 3.5 mm;
the adult complement of 9 + 8 principal
rays is present in specimens > 5.0 mm.
Procurrent caudal rayvs begin co develsp at
5.7 mm, and reach a count of & dorsal and
5 ventral by 8.8 om.

Bases of the second dorsal and anal
fina are present consistently in specisens
* 4.3 mu. Development of elements in these
Flne 15 completa by 5.7 mm, and at this
lengeh rthe full complement of first dorsal
gpines is also present.

Tha palvic fin buds firsc appear in
our sarles at 5.7 mm; however, Peter
Berrlen (pers. comm.) has cbserved pelvic
buds at 5.2 m= in specimens from Georgla.
By 7.0 mm che adult complement of I,5 is
present. The pectoral fins are present,
with no differentiated rave, in the earli-
est larvae avallable; development of rays
bhegine ac 5.7 mm. Sixtean pectoral Tays
are present at 8.8 mm and at 24.1 m=.

Pigmentation. A scriking swath of
pigment, from the dorsal midline cto the
ventral midline, roughly parallelling the
cleithrum, is characteristic of larval
B. cheysuea, Melanophores in several
areas constitute this swach: in che ous-
culature dorsal to the visceral mass, both
above the notocherd end on the dorsal and
ventral surfaces of the notochord; on the
dorsal, anterior, posterior and ancerio-
lateral surfaces of the airbladder and
wvigsceral mass; internally, ventral to the
brain and in the hyoid area; on the wentral
body surface anterior to the cleichrum;
and on the ventral surface of the visceral
mass. In most specimens of our seriles,
expanded melanophores are present in these
areas, 80 that a continuous dark pigment
swath 18 formed., In a few specimens (two
of the 13} in the length range 3.1-4.9 mm,
malanophores in thesae areas are contracted,
80 A continuous swath of pigment is not
developed; however, in these speclmens
melanophores are present in the separate
areas listed. At > 5.0 mm
these melanophores are more frequently
contracted than in smaller specimens, and
thickening of the body wall begins to
ohacure the internal pigment arean; thus,
the pigmenc swath is somewhar less evident
in larger larvee. Pigment in some of
these arcas is found in larvae of most
other sciaenid species we have seen;
however, pigment in this area is most
extensive and continuous In B. chrysura.
This plgment swath can be variable; Perer
G. Berrien (pers. comm.) states that the
gwath may not be wery scriking in some
speclmens, although melancphores are gener-
ally present {n the locations noted. These
specimens were 3 years old and aleochol-
preserved, #o lack of pigment may have
been due te age and preservatlon.

Pigment in the tall region, poscerior
co the anus, 1z also of valua in idencify-
ing larvae of 8. chrysura. A row of some
10 melanophores is present in the vencral
sidline ac 3.1-31.8 mm; one of chese,
located some 2/3 of the distance Erom anus

to notochord tip, 1s larger than the
others. By 4.3 mm the base of the anal
fin is well developed, and melanophores of
the ventral row are placed as follows: one
or two anterior to the anal base, one at
the anterior end of the anal base, one
(che largest of the row) at the poaterior
end of the anal base, and three or four
between the anal base and the developing
caudal fin. This arrangement persists
until 5.7 mm. After 7.0 ==, the melano-
phore(s) anterior to the anal base are no
longer visible, and melanophores begin to
appear along the anal base in addition to
anterior and posterlor ones. Othervise,
pigmentation along the ventral body margin
remains racther constant with development
to 8.8 ==. A single melanophore is pre-
gent in the caudal fin membrans near the
caudal base throughour che series; in
specimens larger than 3.8 mm, in which the
caudal fin has differentiated into dorsal
and ventral lobes, this melanophore im at
the base of the ventral lobe.

In the head region (in addition to
the melanophores of the vertical pigment
mwath), a melanophora i present ac the
angle of the lower jaw, throughour the
series available. A melanophore is pre-
sent laterally on the dentary at 3.1-4.3
mm; between 4.4 and 7.0 em a melanophore
is occasionally present in cthis area, and
at > 7.5 mm the laceral surface of che
dentary consistently shows one melanophore
or several. Pigment is present at the tip
of the premaxillary at > 5.7 mm and ar the
tip of cthe lower jaw ar > 7.5 mm. Melano-
phores are present above the eyve (over the
anterior surface of the midbrain) and in-
ternally on the surface of the midbrain ac
its junction to the hindbrain ac > 7.0 =m.
Melanophores on the dorsal surface of the
forebrain are present at > 7.7 mm.

Pigmencaction of the visceral mass
reglon (in addition to that described
above), includes two melanophores in the
midventral line; one midway becween the
cleithral symphysis and the anus (between
the pelvic fin bases when these are
developed) is present at > 3.3 mm, while
the other, on the anteroventral surface of
the anus, is present in specimens of 3.1-
5.0 mm. A third melanophore, located
midway between these, Is present in some
specimens 3.54.7 mm and in all apecimens
> 4.8 em. A small patch of melanophores
may alzo he present midway between the
cleithral symphysis and the pelvic bases
(Peter Barrien, pers. comm.). On the
posterior surface of the visceral mass,
above the anue, a melanophore is present
at > 4.9 mm; this melanophore becomes
inereasingly branched and dark ac>5.7 mm.

Further pigment on the body surface
begins to asppear in late larvae, at = 7.0
mm, and Includes a cluster of melanophores
{n the dorsal midline anterier to the
first dorsal fin, a group of selanophoras
ventral to this cluster, and a serles of
melanophores in the midlateral line hacwean
the anus and the caudal peduncle. Numbers
of melanophores In these arcas increase
with growth. Melanophores on the dorsal
surface of the head, above the forebrain
and midbrain, and on the lateral surface



Table 3.
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Development of body proportions of Bairdiella chrysura.

3.0-3.4
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7.1-8.7
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4,0-4.9
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7.2-10,6
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30,3-37.3
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N,38.9-42.5
47.0-61.9
T6.2-B3.2
15.4-21.7
62.2-66.4
73.7=81.4
N-35.7
33.6=37.2
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5.0-5.9

3

B, 6-8.6
10, 9=11. 4
15.2-35.7
48.6-31.4
37.1-39.9
57.8-60.0
82.9-83.6
10.64=17.9
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36.7-37.1
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7.0-7.9

4
7.0-10.9
10.6-11.6
15,8-38.3
53.3-58,5
37.2-43.6
57.6-59.8
#1.5-83.7
7.6-11.9
63,0-68.1
78.3-80.8
35, 8=40.4
35.8-37.2
. 7=11.%
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56.1
9.3
9.8
85.0
B.4

B, 5
79.5
19.3
6.4
10.3

4.1

13.4
B3.5
52.5
32.2
10.1



Table 4. Dovelop=ent ol meriatle characters of Balrdiella chrysura.

NL/SSL ] I1D A Pl Py C pt Preoparc Posttemp
1.1 ff £F £f bud H £f 0 213 0
1.3 if 15 7 bud N £f 1] 0/ 0
3.5 143 ff £f bud H rr ] 1/2 1]
3.5 43 14 7 bud ¥ B+ 6 0 2f3 o
1.6 £ £f £f biad b £r 0 /5 0
3.7 it £f EE bud ] L 4] 2f2 0
3.7 43 £f £ bud H ff 1] 12 i)
3.8 £E £t fE buad N £f 0 0f2 0
4.3 [ 34 15 ] bud ] T+ 6 o 213 0
b.4 [ 44 15 B b N T+7 1] 213 o
b4 ff 18 6 huad N T+7 (4] 2f4 (1]
4.8 (44 20 10 (11T ] 8+ 7 0 213 1]
4.9 £F 19 1,9 boiacl ¥ 94+ 4 (1] 441 1
5.0 £F 1,71 1,9 bud ] 9 + 8 o 574 1
5.7 xL 21 11,9 bugd 3 9+ 8 3,1 415 2
5.7 X1 1,21l 11,9 [ 1.2 G+ 8 1] Olh 1
7.0 X1 1,71 11,9 11 1,5 94+ 8 4,1 5l 1
1.8 XI 1,21 11,9 12 1,5 9 4+ 8 5.4 5/4 1
1.5 X1 1,22 11,9 8 L5 g+ 8 4,4 514 1
1.7 X1 1,21 11,9 12 1.5 9+ 8 5.4 5/h 1
8.6 X1 1,22 11,9 16 1.5 94+ 8 6,5 5/ 2
24.1 XI 1,22 11,9 16 1,5 94+ 8 1] /4 3
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of the visceral mass also become more
numercus with growth afcer 7.0 sm. Ry
24.1 mm, moatr of the head and body are
covered with small melanophores. These are
spaced moet closely antercdorsal ro the
eye and on the dorsal and ventral surfaces
of the cauwdal peduncle. Melanophores are
preaent in the membranes of the spinous
dorsal, soft dorsal, anal, caudal and
pectoral fins.

Ocher Structures. Lateral and
marginal precpercular spines are present
throughout the serieca (Tahle 4). Spines
become more numerous with growth; 5 lateral
and 4 marginal are present In larvae 7.0-
6.8 mm. The marginal spines are larger
than the lateral and are gquite large ar
all sizes. Spilnation on the posttesporal
1g present conslatently at > 5.0 == (Table
4) as a single spine in all specimena to
7.7 nm and 2 spines at 8.8 mm. A 3-spined
gcale bone is present at 24.]1 pa.

A complete serfes. from eggs to a
== juvenile, was described and 11lus-
trated by Eunez (1%914). Kuntz's work has
baen widely cdred In later studles of
larval B. chrysura. Our observacions
agree substantially with his description
and 11luserations, and it is certain that
hiz series 18 B. chrysura. The character-
istle swath of pigment from mape co vencral
head and visceral mass is well shown by
Kuntz. However, a melanophore In the
dorsal midline posterior to the position
of the anus shown by him in @peciméns up
to 7.5 mm ls not present In specimens
larger than 3.7 mm NL In our material.
{(Peter Berrian, pers. comm.) has observed
this melanophore in specimens as large as
5.2 mm.) Dorsal, anal, pelvic and caudal
fina develop at smaller sizes in our
material chan in chac of Runtz; for exae—
ple, in his 5-mm specimen the second
dorsal and anal fins are undeveloped and
candal flexion has scarcely begun, while
in our series most second dorsal and anal
fin elements are present and caudal
flexion is complete at 5.0 mm. Such dis-
crepancies may have heen due to the fact
that Kuntz used living or freshly dead
rather than preserved material; our
specimens have been formalin preserved,
most for ar least a year, which may have
caused some shrinkage and plgment changes.

Jannke (1971) {llustrated B. chrysura
of standard lengths 2.0 and 5.0 sm. The
smaller specimen iz smaller than any of
Ours S0 we cannot comment on fts Ldentity.
The larger specimen agrees with our
B. cheysura in fin developmenc, preopercu-
lar spination, and fin element counts.
Hedther specimen has the conspicuous
vertical swath of pigment in the area
posterlor to the head, although both have
contracted melanophores In some areas
making up the swacth. The larger specimen
lncks many melanophores of the midventral
lime seen in our specimens; only those at
the anterior and posrerior ends of the
anal fin base are shown, and this specimen
thus resembles 5. lanceolatus in pigmenta-
tion in this area.

Cynoscion nebulosus

Cvnoscion nebulosus - Spotted scatrout

Range - Cape Cod, Massachusatts - Gulf of
Campeche, Hexico (Mahood, 1974)

Spawning Season -

Chesapeake Bay — May to July or August
{Lippson and Moran, 1974&)

North Carolina - April to August, mainly
April and May (Hildebrand and Cable,
1934)

South Carolina - April te August (collaec-
tions of small larvae In South Carolina
eatunries and tidal passes)

Ceorgla - April to August, peak in May
(Mahood et al,, 197&; Mahood, 1974}

Florida, east coasr - mid-April o latce
July (Tabb, 1961)

Florida, Everglades — year round, moscly
April to October, peak April to June
(Jannke, 1971)

Florida, norchwest coast — lace April
through Septesber (Klima and Tabb,
1959)

Louisiana = April to August, paaks in
May and August (Frank Truesdale, pers,
comm. )

Texas = Harch to October, mainly April
and HMay (Pearson, 1929)

Spawning Area -

Virginia - offshore on shelf and near
mouth of Chesapeake Bay (Lippson and
Horan, 1974); within Chesapeaks Bay
(Welsh and Breder, 1923)

North Carolina = inside and outside
waters, North Carolina not an impor-
tant spawvning area (Hildebrand and
Cable, 1934)

South Carolina - lower estuaries and
inlets, possibly just off Inlets
(early larval collectlons in South
Carolina estuaries and tidal passes)

Ceorgia - In 1-3 = (3-10 foot) depthas in
tidal erecks, viviers, sounds, and
beaches near inlecs (Mahood, 1974)

Florida, east coast = in deeper holes
and channels of lagoons (Tabh, 1961)

Florida, Everglades - outside estuaries
and in high salinicy bays (Jannke,
1%71)

Florida, northwest coast - probably
inshore ever grassy arcas (Moody,
1950)

Louisiana - in and near coastal passes,
posaibly In drifting detrital masses
(Sabinx, 1973)



Texas - large or entirely within bays
and lagoons im 3-5 m (10-15 foor)
depths {Pearson, 1%2%)

Early Life History

Off Borth Carolina, moat young larvae
{< 5 sm) ocourred In offshore, surface
tows wicth larger ones in inshore bottom
tows (Hildebrand and Cable, 1934). Pearson
{1929) stated that the eggs hatched over
grassy bottom shallows off Texas, and
Guagr and Gunter (195B) reported the young
develop In these beds. Sabins (1%73) found
postlarval speckled trout assoclated with
deifeing detrital masses in areas whare
grass beds did nor occur. Young remain in
grass beds untll wiater when they move iato
deeper waters (Moody, 19503, Fable et al.
(1878) found thar reared eggs hatched in
16-20 hr ar 25 C at 1.30-1.56 om and grew
to 5.59 man o 15 davs when maintained at
24-26"C. Fearson (1929) determined that
the young reached 130 mm at thelr Firsc
winter. Jannke (1971) caught larvae in
salinitles of 23.5-37.4 oo, with most in
greater than 36 oo, and in temperaturas
24=30"€C. Josaph and Yerger (1956) in
northwestern Florida reported 30-mm young
throughout the sumer in open waters and
in tidal streams.

Klims snd Tabb (1959} found that
females matured at age I at 250 mm TL and
males matured at age IT at 270 mm TL.
Miles (1950 and 1951, cited in Guest and
Gunter, 1958) found 10X of Cynoscion
nebulosus to be mature at age I at 164 mm
TL (most of the 10% being males) and 50%
to be mature ar age IT ac 250 mm TL. Most
spawnera in Milea's srudies wvere ages II-
IV at 250-450 m= TL; females had 100,000
to 560,000 ova, one third of which were
ready for spawning. Hia age VIII females
bore 1,500,000 ova. Pearson (1929} foumda
480 mm TL female with 427,819 sva and 620
mm TL one with 1,118,000 ova.

Description of our Material

This study is based on 25 specimens
(1.9-32.2 mm) from South Carolina
estearies and inlets.

Body form (Table 5). Several body
proportions change with growth. The
anus-anal fin gap rapidly decreases from
20.0% ML ar 3.0 mm to 7.8% SL ar 3.9 =mm,
continues to decrease rapidly to 0.9% 5L
at 8.0=8.9 mn, and gradually increases to
5,92 SL 4n juvenile filsh at 32.2 mm.
Head length, preanus distance, snout
length, and depth at caudal peduncle
increase rapidly during early development
(1.0-3.0 mm for first two measurements;
1.0-6.0 mm for last two) and then stabi-
lize. Eye diameter decreases consistently,
but gradually, over the entire series of
specimens examined. All other morphome-
trics change lictle through the series
examined.

Fin development (Table 6)}. The
darsal, caudal, and anal finfolds are con—
tinucus In the smallest specimens; the
pectoral bud is present. Hypural plates
begln forming at 3.0 mm with notochord
flexion oceurring from 3.5-4.8 mm.
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Preryglophores are sufficiently developed
to permit some cnuseration inm the anal fin
at 3.5 mm and dorsal fin at 1.8 mm. The
pielvie bud is fivsr vigible ac 4.8 mm.
Pectoral fin rays are first countable at
6.6 mm. The slze for each fin at which
elements are completely developed ia 6.8
mn for the caudal (princilpal rays only),
6.6 mm for the anal, 7.6 mm for the dorsal,
and 8.4 mm for the pectoral and pelvic
fins.

Pigmentation. At the smalleat sires
(1.9 mm), intecnal pigmeat 1s distlagulsh-
ahle on the ventral surface of the hind-
brain from posterior to the eye to
anterior to the first vertebra. This
plgment is present in all specloens
examined mlthough its extent is varlable.
At 3.5 mm, an Internal melanophore appears
on the anterior surface of the midbrain.
By 4.8 mm, this midbrain pigmeat has
increased to three branching selanophores
on the anterior, dorsal, and poaterior
gurfaces; thess are present in 7 of 8
specimens longer than 4.8 ==. At 6.6 mm,
an external selanophore ia present dorsal
ta the midbrain. From 6.6 to 31.2 mm,
excernal pigmentation generally Iincreases
to cover the dorsal half of the head with
dense, branching selanophores. At > B.4
em, an internal pigment spot 18 present on
the ancterior porcion of the forebrain. The
eyes are plgmented at all slzes examlned.
Internal pigment on the ventral aurface of
the palatines is present throughouc the
series. External pigment on the snout is
present at > 8.4 mm; by 32.2 mm, the snout
is cowvered with dense, branching melanoc=
phores continuous with the external
pigment on the dorsal surface of the head.

At 5.2 mm, two subsurface plgment
gpots are present on the internal surface
of the operculum posterior to the ave.
These spots persist (except om a 5.5 ==
specimen) to about 12.7 mm when 5 spots
appedt on the external surface posterior
to the position of the internal ones. By
32.2 mm, these external spots form a dense
blotch on the upper operculum that 1a
continuous wicth the dorsal head pdgment.

One melanophore is present at the
premaxillary symphyais at 3.5 == plgmen-
tatlon inereases wuntll 1t covers the
anterior half of the upper Jaw at 7.4 mm.
Internal plgment on the premaxillary,
present at 4.8 mm, ia found on most (7 of
8) larger apecimens.

A melanophore 1s first present on the
lower jaw (external om the anterior tip of
the deatary) at 3.3 ==} selanophores
increase in numher to cover che anterior
half of the lower jaw at * 7.6 =m. Pig-
ment on the ventral midline of the lower
jaw is presént exteérnally on 10 of the 25
specimens. One or two spots are present
at the angle of the lower jaw in about
half of the specimens examined.

Exrernal pigmencation on the ventral
midline of the visceral mass 1s present on
most specisens (20 of 25). Twelve, all
lagger than 3.3 mm, have a apor ancerior
to the clefichrum. Sixtesn have 1-3 spots
on the midline of the wvisceral mass and 12



have & small melanophore just anterior to
the anus. Internal pigment ig present on
the anterlor, dorsal, and posterlor sur-
faces of the viaceral mass at all sizes.
The gingle anterior meélanophore 18 &mall
at all sizes. The dorsal surface is lined
with small, discrece, branching melano-
phores which, ar 4.2 mm, are found as a
continucus row with a second rovw below its
posterior portion. At less than 4.2 mm,
the posterlor spot is well separated from
the dorsal line but is continuous with the
dorsal pigment at > 4.2 mm.

A gradual Increase occurs In che
number of external spocs along the base of
the dorsal fin from l=-4 posteriorly placed
gpote in larvae less than 3.0 mm to a con=
tinvous row st 6.6-12.7 mm. By 32.2 sm
along the base of the dorsal, a blocch of
denae, branching melanophores Is continu-
ous from the dorsal head pigment to below
the spinous dorsal fin, and dimcontinuous
blotches continue posteriorly to the hase
of the cawdal fin., A varying number of
incernal melanophores constitutes this
dersal row in specimens > 6.6 mm.

Midlateral body pilgment, particularly
characteristic of Cynosclon nebulosus
larvae, is preaent ac all sizes. In
larvae < 4.2 mm, a series of dashes on the
external surface along the midlatersl line
extends from above the middle of the
visceral mass te 2/3 or 3/4 of the way
along the caudal portion of the body.
Barwean 4.2 and B.4 mm, these melancphores
become close-ser and branching and ave
palred in a band from above the midgut to
the middle of the caudal peduncle; melanc—
phores are more widely spaced at the
anterior end. With further development,
thia band becomes continuous from the
operculum to the caudal base. Between 7.4
and 32.2 mm, the nusher of spots scattercd
above and below this band increases.

In 2.7 em larvae, dashes of internal
pigment form a row parallel to the exter—
nal; midlateral dashes. Addicional dashes
aré present internally sbove and below the
notochord in this same reglon. The series
below the norochord 18 composed of fewer
spots placed more posteriorly than the
dorsal series. By 4.8 =m, 8 row of inter-
nal spots forms midway along successive
neural spines over the length of the
vertebral column axcept for 1 or 2 verte—
brae at elther end. By this size, the
series below the vertebroe is continuous
with the lateral serles. A few melanc-
phores are scattered internally along the
hemal spines, By 12.0 mm, additional,
gcattered, Internal melanophores are
present above and below che midlaceral
geries; the 32.2 om specimen waz too
opague to observe this incernal plgsent.

Along the ventral body margin, there
is an intermal series of melanophores
generally continuous from the visceral
mass to below the midlateral series. This
geries is present up to 12.7 mm when it
becomes less continuwous overall and darker
above the amal fin base., There are a few
external melanophores along the ventral
margin at < 7.4 mm. Ar 7.4=-B.4 mm, the
éxternal pigment hecomes more continuous,
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wicth the 12.7 mm larva having a band from
the anus to the candal fin base. By 32.2
mm, this band i1z composed of more ascat-
tered spota from along the anal co the
caudal fin base.

A spot is presemt at the posterier
tip of the notochord or in the middle of
the primitive caudal base in 3 of 13 spec-
imeng < 3.8 mm. From J.8=6.4 ==, all
larvas have a &pot At the base of the
inferior lobe of the caudal Fin. The
number of spots at the cavdal base increas-
o8 to 5 by 8.4 mm. At 12.7 mm, there is a
bloteh of branching melanophores at the
base of the inferlor lobe of the cauwdal,
and by 32.2 mm, there is a blotch on the
ancerior half of the caudal fin and 3
smmller blotches posteriorly on the infer-
ior lobe of the fin extending toward the
ctip.

The only other fin pigment is on the
dorsal fin at 32.2 sm. The pigment is in
the sesbrane between the dorsal fin ele-
ménts, giving the impression of a row of
verctically=oriented lines.

Other Structures. Teeth are present
ot the ppper and lower jawvs in all speci-
mens examined. Opercular spination is
first spparent om a 3.8 mm larva, and all
specimens * 4.2 mm had 1 or 2 spines on
the operculum:. A single marginal preo-
percular apine ia apparent at 3.0 mm;
spines incresse with size to 6 + 11 on
the 32.2 mm specimen. This largest speci-
man hag a 4-toothed projection at the
posttemporal. The B.4 mm specisen has 1
posttemporal spine. Threa of the 7 speci-
mens larger tham 5.2 == have I small
Epinés developed on lateral surface of the
suboparculum.

Published Developmental Descriptions

Walsh and Breder (1923) deacribed and
1llustrated fish from 28-240 mm. FPearson
{1929) deseribed fish of 7.8 and 15-35 mm
and 1llustrated 7.8, 13, 41, and 120 mm.
Hildebrand and Cable (1934) gave descrip—
tions and illustracion of specimens from
1.8-100 pm. Jannke (1971) Lllustrated 3.0
and 5.0 =m larvae. Lippsen and Moran
{1974) and Johnson (1378) recapitulated
the above works. Danlels (1977) described
and 1llustrated larvae from 1,8-11.3 e= SL.
Fable et al. (1978} gave {llustrations and
descriptions of reared larvae 1.3-4.6 =m.

Morphometrics of our specimens roughly
agree (2 5I SL) with those reported by
Hildebrand and Cable (1934), Daniels
(1977), Fable et al. (1978), and Welsh and
Bredar (1923) for similar-sized specimens.
However, the racio of depch poscerior to
the anus to eye dlamerer was less in our
apecimens than reported by Hildebrand and
Cable (1934) for emall larvae (1.8 and 2.5
mm). Aleo, morphomecrica reporced by
Fable et al. (1978) were somewhat lower
than we found on similar sized specimens,
but this is probably due to greater
shrinkage in our larvae vhich were gener-
ally preserved for a longer periocd of time.

In general body form, the smallest
larvae (1.89-2.10 mm) in the series by
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Development of body proportions of Cynoscion nebulosus.

1.0-1,9

z

5.1-5.2
11.5-12.2
21.9-22.4
40, B-41.7
H

N

K

]

H

]

H
28.56=30.2
3. 1=4.2

2.,0-2.9

3

5.7-8.2
10.9-11.4
27.1-19.0
51.8-51.4
b

N

N

N

B

N

N
25.7=31.5
3.6-5.1

1.0=-1.9
10

1. 8=-11.0
19,7-11.8
29.7-37.0
51.0-58.5
42.2-43.8
G0, 0=60.0
72,3-86.7
7.0=-20.0
63.2-h8.0
TL.1-77.6
H
26.1-36.7

3.6-8.9

b 0=k 9

2
10.1-10.6
11,3-13.4
37.0-38.2
55, 5-61.8
L2, 5-44,7
54, B-65.10)
74.0-89.4
5.6-8.1
B4, B—69.9
75.0-83.7
18,2

30, 5-31.7

6.4-7.3

3.0-3.9

2
10.6-12.0
9.8-5.9
36.3-43.7
62.1-63.4
42.3,-463.9
37.8-60.6
B4, B=87.3
5.6-9.1
69.0-71.2
83.3-84,5
37.8-38.0
28,7-28.9

7.5-8.4

6.6

9.3
10.0
36.0
B2.6
46.6
61.3
50,6
5.3
bE. 0
B2.6
38.6
29.3

8.5

1.0-7.9

2

10, 7=12,5
8.7-9.3
38.5-34.8
63, 3-65.6
40.8=45.8
57.1-62.5
87.5-88.8
3.1-4.1
67, h=68.7
80.2-81.6
38.8-39.5
27.6-29.1

9.0-9.2

B.4

12.5
a.8

18.9
68.5
43.3
60.2
8A.0
0.9

69,4
B4.3
8.0
6.8

9.3

12.17

10.1
8.3

40,4
69.0
44,0
59.5
89.2
3.6

72.6
84.5

&6.0

2.2

38.5
67.3
7.8
7.4
87.1
5.9

13.2
B83.8
46,8
5.1

8.6

51



Table 6, Developeent of meristic characters of Cynoscion nebulosus.

&1

ML/ 5L 1D 11D A | Py c Freopere Opere Subopere Pout cemp
1.9 ff it ff bud ] £(f 0/0 ] i} 0
1.9 Ef It Ff bonsd i FE 0/0 ] o 1]
2.1 ff if 4 5 bud M ff 0/ f o 0
) ff it £f bud . FE o/0 1] 0 0
2.7 £ & il d bl N if 0/0 0 0 1]
3.0 £ fr i g hund N rf o/l 0 ¥ [i]
3.0 4§ i fi bruad N £ 1/2 0 o 0
3.1 if I £ bud ] i 1/2 ] 0 0
3.3 4 £ ff bl N 3 243 1] 0 0
3.3 i £ [ : bud N 4 4 1/2 0 0 o
3.5 41 i £f bud ] 1+ 6 1/2 1] i) 0
3.5 fF {4 [ bud N 1+ ] 213 0 0 0
3.7 if ¥ i bud N 43 2/3 1} [i] a
3.8 i 14 i b N 5404 /4 1 0 0
1.9 i fr fr hud N A+ & 314 0 0 0
4.2 rf 15 % bud N B+ & 2/3 0 0 0
4.8 £E s 2 bud bud g+ 7 4/3 1 o o
5.2 11T 20 10 b ] 9+ & 213 1 0 0
5.5 X 25 11 bud bud 94+ 8 /3 i 2 0
6.6 X1 24 11,100 167 5 948 63 2 0 0
7.4 ®l i) I,ia 1o 1,4 9 4 & &3 ? (i} 0
7.6 X1 26 I, 10 hud bud 948 5/3 2 2 0
8.4 Xi 26 o . S L5 94+ & 514 2 2 1
12.7 I 28 IT, 1L 147 1,5 9 + B 7/5 2 0 [}
32.2 X1 25 I1.10. 15 L.5 9 4+ 8 6/11 2 0 [



Fable et al. (1978) were less developed in
eye plgmentaclon and differentiation of
the gut and mouth parts than our smallest
specimens (1.9 em). This may alao reflect
varving shrinkage rates.

The sizes at which fin counts can be
made (Table 8) are similar to those
reported in the literature, excepc that no
anal finfold ism found in specioems 7.4-7.6
e= as found in Pearson's (1929) 7.8 mm
larvae and that pelvie fin buds are firec
apparent at 4.5 mm rather than 7.0 mm in
Hildehrand and Cable (1934). Dorsal, anal
and caudal counts were obtalnable at
earlier sizes (6.2, 3.5, and 3.5 mm 5L,
respeccively) than those reported by
Daniela (1977); however, this may be a
result of our counting pteryglophores.
Kotochord flexlon takes place at 3.5-4.8
mm, ®imilar co sizes 3.0-3.6 mm reported
by Hildebrand and Cable (1934) and 3.5-4.4
mm reported by Fable et al. (1978).

Opercular spination is found earlier
(5.2 mm) than Hildebrand and Cable's
{1534) 20~-mm specimen, while preopercular
spination (found at 3.0 ==) is developed
garlier than on their 7.0-mm larva.

The prominent spot anterior to the
anus in 1.8 and 2.5 m= larvee (Hildebrand
and Cable, 1934) is present as a small
external melanophore on 1 of 3 apecimens
less than 2.7 mm. The band on the snout
{actually, on the veniral surface of the
palacines) im recognizable at an earller
size (1.9 =) than reported by Hildebrand
and Cable (1934% (3.0 mm), and the promi-
nent stripe along the dorsal body margin
appears earlier (4.8 mm) than in the
series of Hildebrand and Cable (1%34)

(7.0 =m) and of Pearson (1929) (7.8 mm).
Daniels (1977) reported that pigment along
the dorsal midline disappears im larvae

* 5 mm; howewer, it develops into a con-
tinuous row in our specimens from 6.6-12.7
m=. The lack of pigment in her 7.0 mm
larva may be due to blanching of pigment
in older specimens. A significant problem
is encountered in comparing pigment with
reported literature becawse the distine-
tion was not made {n previous works
beatweasan internal and external pigment.
Daniels {1977) did note some internal
plgment about the camdal vertebrae, but
this is visible in our specimena ac

larger sizes (< 12.7 mm} than she reported
(= 6 mm).

Comparison of the pigmentc in our
wild-caught specimens with those reared by
Fable et al. (1978) ylelded seversl differ-
ences, Their larvae had more pigment
along the dorsal margin of the body and
along the ventral surface of the wisceral
magg. The mid-lateral stripe on the tail
and band on the snout occurred at earlier
sires (> 1.9 mm) in our series than in
theirs (2.37=3.48 == and 2.04-2.15% mm,
respectively). The vertical bars in thelr
1.89=2.10 =m larvae were not cbaerved by
us, Internal pigment on the ventral sur-
face of the hindbrain and on the anterior
margin of the gut occurred at larger sizes
or Was absent in thelr serles.
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Cynosclon nothus

Cynoscion nothus - Silver seatrout

Range = Chesapeake Bay — southWescern
Texas (Mahood, 1374)

Spawning Season -

Korth Carolina - May or June through
August (Hildebrand and Cable, 1934)

South Carolina = apparencly spawn In
late August through November (MRRI-
MARMAF plankton samples, woung 2.7-9.7
mm caught in Kovember)

Georgia - spring and August to October
{Mahood, 1974)

Florida, east coast — fall (Fahay, 1975)

Gulf of Mexico - fall (Welsh and Breder,
1923)

Taxas = August to November inferred from
catches of small Eish (43-108 mm TL)
only in Octeber and Novemher and a
fingle ripe male taken on 30 Augusr,
1941 (Gunter, 1950)

Spavning Area =

Morch Carolina - at sea (Hildebrand and
Cable, 1934)

South Carolina - continental shelf to
the south of Souch Carolina, In waters
deapar than 60 m deprh (MRRI-HARMAP
plankton studies)

Georgia - about 18.5 km (10 miles)

offshore, in spring and closer inshore
in fall (Mahood, 1974}

Florida, eamt coast - offshore, 5 larvae
(15.1-17.9 mm FL)} captured 57 km (31
nautical miles) off Jacksonwille,
Florida (Fahay, 1975)

Gulf of Mexico - offshore, probably in
deep water {Guast and Gunter, 1958)

Early Life History

Hildebrand and Cable (1934) scated
that young were not Tegular Inhabltants
off Reaufort Inlet, Morth Carclina, and
that the larger young inhabited the same
grounds as the adulrs. Mahood (1974)
found thar che emallest specimens were
nost abundant in ootside waters from
April through June. The maximum juvenile
mortallcy occurred in May when shrimpers
fished off Georglia for large roe shrimp.
Of Bl7 fish, 34.4% were males, and 65,561
wore females, with 13 having sdvanced
steges of gonadal development (9 females,
4 males) (Mahood, 1374). Guacter (1950)
cbrained a ripe male 208 == TL off Texas.

Descriprion of our Material
This study is based on 38 specimens,

2.7-9.7 mm, taken in continental shelf
uvaters of the South Atlancie Bight and om




one specimen 55.7 mm from a South Carolina
estuary.

Body Form (Table 7). Body proportions
vary greacly wicth inereasing length, the
amount of variation cbscuring any patterns
except for three proportions. Eyve diameter
decreases with increasing size, from 13.2-
13.6% ML at 2.7-2.8% mm to 7.8 SL in the
55.7 mm specimen. Preanus length increas—
as from 54.7-57.3% WL act 2.7-2.8 m=m to
69.5% 5L at 55.7 mm. The depth of the
caudal peduncle increases from 5.4-5.8% ML
ar 2.7-2.8 mm to 7.9-11.4% SL at 5.3-3.7
mm and remains reasonably constanc there-
after.

The anterisr sutline of the gur has
an snteriorly-directed vencral hump in 22
of 35 specimeéns less than 6.9 sm. In the
threa largast spacimens, the antarlor pro-
file of the gut is more evenly contoured.

Fin development {(Table 8). The
dorsal, caudal, and anal finfolds are
continuous in our s=allest specimen (2.7
mm). Hypural formacion beging by 3.0 mm
with notochord flexion cccurring at 3.3-
3.3 mm. The pectoral fin bwd is presenc
on the smallest larva. Prerygiophores or
elements are developed sufficiently to
allow at least partial counts of the
doraal and caudal fine in a 3.8 =m speci-
men, of the anal and pelviec by 4.1 ==, and
of the pectoral by 6.6 mm. The slzes at
vhich complete complements of elements are
present in the fins are 6.2 mm for che
dorsal, 6.6 mm for the pelvic, 6.9 == for
the anal and caudal (principal rays only),
and between 9.7 and 55.7 mm for the
peetoral.

Pigmentation. Internal pigment is
occasionally present on the venrral sur-

face of the hindbrain (in 9 of 38 specimens
2.7-9.7 mm}. External pigment on the head
is present in che 55.7 mm fish an small,
scattered melanmophores over the dorsal
surface in no particular pattern. The
eyes are plgmented at all sizes examined.
Pigment on the snour 1s present on the
largest specimen as scattered external
melanophores.

Oparcular pigmentation appears on
two specimens: cna J.0-mm specimen, as a
single small melanophore on the posterior
margin dorsally on the right operculum,
and on the 55.7 mm specimen, as scattered
melanophores on the upper operculum witch
those on the posterior half being larger,
sore compact, and forming a darkened
blotch.

A alngle melanophore at the symphysis
of the uppar jaw is present on the 9.7 mm
specimen; on che 35.7 == specimen, melano-
phores cover the snterior half of the upper
jaw. An external melanophore {s present
on the tip of each lower jaw ramus at 6.9
and 9.7 mm; by 55,7 m=, several melanoc-
phores cover the anterior half of the lower
jaw. Most specimens (31 of 19) have 1-3
external melanophores along the ventrral
midline of the head. Inhalf the specimens,
thare are 1 or 2 melanophores on the
midlareral surface of esch ramus either
externally or inrernally. Incernal pig-

17

ment if present on the anterior half of
the dentary and scattered over the congue
on the 55.7 mom spacimen. Rarely is there
no pigment at all on the lower jaw (3 of
39). A vertically expanded melamophore is
present externally at the angle of the
lowar jaw in mos: specimens (37 of 19).

Figment is present at the nape in all
19 specimens: incernally buried in the
musculature in 21, exrernally on the dorsal
surface in 2, both internally and external-
1y in 15. In specimens < 3.9, the
pigment typlcally consists of an external
mélanophore on the dorsal surface wich an
adjacent, underlying internal one in the
susculature. At 3.9 mm, the internal pig-
ment area is generally found deepar in the
musculature near che vertebral columm and
is more branched. Internal pigment on the
dorsal surface of tha first 1 or 2 verte-
brae is rarely found and only in specimens
< 6.1 mm. MHape pigment on the 55.7 mm
specimen consists of small melanophores
outlining the posterior margins of scales.

All specimens except the largest (too
opaque} have internal pigmeat on the
anterior, dorsal, and posterior surfaces
af tha vigsceral masa. The anterior and
poscterior pigment areas each consist of o
prominent, branching melanophore; the
dorsal area appears as a line of pigmenc.
In specisens « 4.3 mm, the anterisr gur
spot is somewhat larger than the posterior.
At > 4.3 p=, anterlor and posterior melanc—
phores are equal or the posterlor is
somewhat larger. External pigment is
present on the ventral midline anterior to
the cleithrus in all specimens, bensath
tha ancarior pare of che gut in 32, and
anterior to the anus In 32. There are 1-3
melanophores on the lateral surface of the
gut. The largest specimen has scattered
exteérnal melanophores over the lateral sur-
face of the visceral mass. A small,
branched selanophore may be present on the
dorsal surface of the axil of the pectoral
fin or anteriorly on the base of the
pectoral. The largest specimen has many
small selanophores externally on the
anterior bagzae of the pectoral.

Pigment along the dorsal body margin
occurs only in the largest specimen. This
specimen has the posterlor margins of all
gealer ourlined wicth small melanophores.

Midlateral pigment cccurs in the 2.7
mm larva as an Internal melanophore lateral
to the urostyle and on the 55.7 mm as
gmall melanophores cutlining the posterior
marginsg of the scales.

An inrernal melsnophore is buried in
the musculature betveen the anuws and the
anal fin origin {or comparable position in
gmall specimens) in most specimens (34 of
39). In larvae < 3.8 mm, this is followed
by a series of 5-B {nternal or external
malanophores extending to che caudal
pedunele. At > 3.8 mm (24 fish), this
serles consists of an {nternal (13 of 24)
or external (11 of 24) melanophore ar che
anterior end of the anal fin base and 1-3
melanophoresat the posterior end of the
anal base that are Internal, external, or
both: This series {s followed by 0-3 (2
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Development of body proportions of Cynosclon nothus,

2.0=2.9 3.0-3.9
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10.2=-11.7  7.5=12.5
13.2-13.6  10.1-14.9
32.3-34.2 2B.6-38.6

S4.7=57.3  45.9-80.2

N IR I=65.4
L 51.1-59.2
B 70.1=-73.8
H 10, 3-12.2
N 68, 71=70.1
M 718.1-T8.13
H N

38.3-39. 7 28.6<41.3

5. 4-5.8 b, 4=B.0

4,.04.9

6
9.6-11.1
12.0-14.2
36, =40, 3
55.9-63.9
39, f-49, 5
53, 7-62,0
Bl.6=93.4
B.2-15.6
0. 4=T6.1
BO.7-83.4
38.0-46.7
36.4-40.9

T.h=10.4

3,0-5.9

7
10.0-11.7
10.0-13.6
32.4-40.6
52,5-60.2
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3l.8-61.6
TR, 4-89,7
9.0=15.7
05 5=73.5
T4 B-B3.8
15.2=45. 5
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b, 0=6.9

4
10.2-11,1
10,2-11.6
36.2-41.0
37, 3-64,1
A0, 45=46.5
55.1=57.5
85,0-88, 6
7.7-14.8
0,0-75.0
Bl1.2-85.2
I8.0=47,4
36.,0-42.3

9.0=10.4

9.7

B.8

9.2

39.5
58.0
41.5
7.2
87.9
12.9

70.9

il.8

5.6

5.7

7.8
8.6
3.7
69.5
3.4
53.6
90.2
4.k
T, 1
Al.0
36.4
6.8
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Table 8,

Development of meristlc characters of Cyvnoselon nothuys.

NL/SL 1D 1in A P, Fa ¢ Preoperc (rpere Suboperc Postteap
2.7 i {1 if bud N £ 1/2 1 0 0
2.8 Ff fr iE bud K ff 243 1] (1] 1]
3.0 ff ff T bud N | 714 213 1} 0 4]
3.1 Ef £E £ bud N 4 1/3 (4] (1] 0
o | i o d if hud N 24 2/3 1 0 ]
3.3 ff ff £f bud N ff 1/3 0 i} il
3.4 £f ff {3 bud N it ar3 1] 0 o
3.4 4 4 £f ff Tl b fr 2/3 1 (1]
3.4 7 3 £ £f bud N B+ & 2/3 1 1 1
3.4 ff fr i bud N ff 21h i} L] 1]
3.4 £f 143 fF hud N ff 243 1 0 [¥]
3.6 ff £ £f bud N 4 4 213 1 [V ]
1.6 4 4 i 4 - bud N if 1/3 4] ] o
1.6 £f 13 ff bud N fr 213 (] 1] 0
3.7 £ £f £ bud M £F /4 1] 0 i
1.8 i if ff bud K 4 4 213 0 0 0
3.8 ff fE [ 4 5 bud N ff 173 1 1] 0
3.8 if (44 Ef bud N Ef /3 1 (1] [i}
1.8 1§ § 15 if bud ] T+ 7 3/ 1 1 [i]
3.9 i 16 fr bud N T+ 6 /3 1 1 0
T | VI 27 B bud bud 9+ 6 /3 1 2 1
4.2 VIT 15 L bud N 9 4 7 /3 1 0 0
4.3 i it £ bl Douail T+5 3/3 1 2 z
4.3 Vi 23 1,8 bud b T+7 /3 1 1] 1
5.7 X1 21 9 bud bud 9+ 8 /3 2 2 0
4.8 vIIT 29 1.9 bud bud A+ 7 /3 1 1 [1}
5.0 1% 22 1.9 bud b B+ 7 Wl 1 2 1
5.1 X 24 9 bud bud 94 7 /3 2 2 n
5.2 X 26 8 b huod 9+ 8 ifa 2 2 1

5.3 _Ix 18 . bud bud g4 7 ] 2 2 2
5.4 ¥ 9 11,9 hud bud g+ 7 2/3 2 2 [i]
5.5 X 29 fi hud bud 3+ 8 /4 1 F 1
5.7 X 24 1.9 bud bud 9+ 8 413 1 2 1
b.l X1 26 I:9 bud bud 8+ 7 443 1 2 1
h.2 4 27 11,9 bud N 9+ 8 443 1 2 1
G.h X1 7 1,10 1A 1.5 A+ 7 3/3 1 2 1
6.9 X1 29 11,9 12 I.5 94+ 8 415 2 2 1
9.7 X 0 11,9 14 1,5 9+ & a7 2 2 z

55.7 X1 8 11,9 19 I.5 g+ 8 /2 2 o 5

* damaged

&1



in 10 of 24 specimens) Iinternal or external
melanophores along the ventral margin of
the cavdal peduncle, In 28 of the 39
specimens, the Internal melanophore
between the anus and the anal fin origin
gnd the one at the posterior end of the
anal base are of equal size and larger
than the rest of the venrral series.

Mot specimens > 3.0 mm (34 of 36)
have 1-4 spors at the base of the ventral
lobe of the cawdal fin base. In the
largest specimen, pigment on the cawdal
fin consists of melanophores in horizental
rowa along the caudal raya.

No pigment is present on the dorsal
and anal fins until 55.7 mm where selana-
phores occcur in rows along the splnous and
soft rove of the dorsal fin and ns a few,
small, scatcered melanophores on the anal
fin. The pectoral and pelvie fine are
munpigmented throughout the series.

Other Structures. Teeth are present
on all specimens examined. Mose larvae
have a single opercular spine, although in
amall larvae (< 3.8 ==) this may be absent
and in large larvae (> 4.3 sm) there may
be two splnoes.

Preopercular spines are present on
all specimena and generally increase from
1+2at 2.7 mmto 5 +7 at 9.7 nm. Tha
largest specimen has a precpercular count
of 1+ 2.

Spines are present on the subsparcu-
lum at 3.4 == (1 spine), ac 3.5 mm. A
subopercular spine is first apparent on a
3.4 mm larva, and the mumber increases to
2 in most spéecimens 3.9-9.7 emj hewaver,
the largeat specimen has none.

In 30 specimens < 5.5 mm, 7 have 1 or
2 spines projecting from the poattemperal.
In 6 specimens 5.53-6.9 mm, there is one
spine on the posttemporal. Two spinous
projections are present at 9.7 mm and 3 at
55.7 mem.

Fublished Developmental Descripcions

Welah and Breder £1923) gave charac=
tars distinguishing Cynoscion nothes from
Cynoscion regalis voung (110-190 mm).
Hildebrand and Cable (1934) described and
11luneraced spocimons 9.5-77 mm. Johnszon
(1978) recapitulated the above works.
Specimens less than 9.5 m=m have not been
deseribed.

Comparison of our 9.7 mm lacva with
Hildebrand and Cable's (1934) descripcion
of 9.5=11.0 mm shows agreement in all des-
eribed or 1llustrated morphomatrics,
meristics, pigmentation, end other atruc—
tures, with three exceptions. On owr

*_ipni:lmt'n, the soft dorsal count 1s 1 element

higher, the poscerior end of the maxillary
ig beneath the anterlor margin of the eye,
and there is no pigment along the base of
the dorsal fin. Our 55.7-mm specimen
differa from Hildebrand and Cable's (1934)
description of a 40-46 =m specimen in
lacking lateral and doraal blotches of
pigment and i in agreement with Welsh and
Breder's (1923) deseription of 110=190 ==
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juveniles. Because of agreement with
earlisr work in cthese comparisons and in
all other aspects and the continuity of
characters in our series, we feel that our
idencificacions are correct.

Cynosclon regalls
Cynoscion regalis - weakfish

Range - Bay of Fundy, Nova Scotia to
castern Florida (Thomas, 1971)

Spawning Season =

Delawares Bay - late May to early August
(Daiber, 1957; Hormie, 1958)

Chesapeake Bay - May to September,
wainly May to July (Hildebrand and
Schroeder, 1928)

Horth Carolina - March through August
or October, peak April through July
(Merriner, 1976)

South Carelina - May to August (Shealy
at al., 1974)

Ceorgla = March through August, peak
March to May (Mahood, 1974)

Spawning Area -

Delaware — in eastern Delaware Bay in
5.5-8.2 m (3-5 fm) over mud and sand
{Welsh and Breder, 1923); In south-
woestern bay but not in tributary
rivers nor tidal streams (Harmic,
1958)

Virginia = in lower Chesapeake Bay and
along Atlantic coast (Lippson and
Moran, 1974)

North Carolina = primarily ar sea
(Hildebrand and Cable, 1934); in or
near inlets and in Pamlico Sound
{Merriner, 1976)

South Carolina - probably coastdal warers
(MERI gollections of early larvae in
South Carolina estuaries and tidal
passes)

Goorgla - In deeper sounds of estuaries
and off beaches (Mahood, 1974}

Early Life History Ecology

The planktonle eggs have been reported
to hatch in 36-40 hr at 20-21"C (Welsh and
Breder, 1923), 40 hr at 20.0-21.0°C_
(Merriner, 1976), and 50 hr at 17.8 C
{paiber, 1957}, Createst hatching success
wae at 18=24"C and was independent of
salinity in the range of 10-33 ®/oo
(Harmic, 1958). Harmic (1958) suggested
that, since mechanical disturbances
increased the number of injured specimens,
there could be an increase in larval mor-
talicy resulting from storms during larval
development. HReported lengthe at hatching
were 1.75 mm NL (Welsh and Breder, 1923)
and 1.8 mm KL (Merriner, 1976).

Off Morth Carolina the larvae assumed
a8 demersal existence early; most larvae



1.5-10 == TL were found on the hottos
(Hildebrand and Cable, 1934). Off Virginia
larvae 1.5-7 mm were planktonic and less
abundant inshore while larvae > B =m
adopted o demersal existence (Fearson,
1941). Young C. regalis moved Into the
Delaware River in deeper wacers and cthen
dispersed to the shallows of the upper
river in low-galinity waters. Hovesent
into fresh water was blocked by low oxygen
content (1.0-2.3 ppa). Young (13-129 mm
TL} oceurred in eidal creeks up to 10
miles from the mouths inmarginal habitacs,
but most inhabited deeper waters; young
remained wvery sensitive to fresh water
floods (Thomas, 1971). Chao (1976) found
young more abundant in the York River
Channel, Virginia, and showed Cynosciom
regalis to be morphologleally adapted For
a pelagic existence. In winter, che young
moved offshore and south inte warmer waters
off Virginia and North Carolina, from
which they dispersed in the aspring
{Thomas, 1971; Chao, 1976).

Ona month old fish averaged 30 mm,
and 3-6 month old averaged 102-180 mm
{Welsh and Breder, 1923 and Rigelow and
Schroeder, 1953). The annual morcality
E;;k?nnncian regalis was 50-75% (Nesbit,
1 K

Maturing males (210-280 mm TL) along
the middle Arlantic coast spavned at ages
2-13 years and females (280=330 mm TL) at
3-4 years, but the bulk of spaswming at
Cape Hay, New Jersay, was by 5 year old
fish (360 mm TL) (Welsh and Breder, 1923).
OFf Morehead Clity, Morth Carolinma, 50% of
the males were mature at 130 mm SL while
50% of the females were mature at 145 em
5L; in Pamlico Sound, 50T of the males
were mature at 150 mm 5L and of the
females at 150 mm SL. ' Ova counts in
youngesr females (age 0) were 45,000, and
in older ones (age IV) ware 1,726,000
(Merriner, 1976). Merriner (1973 in Chao,
1976) reported sultiple spawning in
famalas within a spauning season.

Description of our Haterial

This study is based on 3] specimens
(2.7-12.2 mm} from South Carclina
eatuaries and | specimen (25.5 mm) from
surface watera 90 km moutheast of
Charleston, Soucth Carolina.

Body Form (Table 9).  Most body
propertions remain failrly conscant with
an Inerease In lengeh or do not follow
particular patterns. Freanus length gemer—
ally increases (&5.6ENLat 2.7 mm to 6R.4%
5L mt 25.5 em) with incrsaring length. The
postanus-preanal gap remaing reasonably
stable at 10.6-20. 3% 5L from 3.0-8.3 mm and
regularly decreases thereafcer from 14.7%
8L at B.5 em ro 3.6% SL ac 25.5 mm.

The gut has the characteristic,
posterior hump (as dravm by Pearson, 1941,
for 8.2 and 10.5 o= larvae) just antero-
dorsal to the anus in 23 of the 33
specimens of 2.7-12.7 mm.

Fin developmeént (Table 10). 1In the
smallest larvoe (2.7 mm), the dorsal,
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caudal, and anal finfolds are continusus,
and the pectaral fin bud i present.
Enuseration of dorsal and anal fin
pteryglophores is first possible ar 3.5 ==;
fin rays and dorsal spines develop at 4.4
mm. Hypurals and caudal ravs begin fore=
ing at 3.5 mm, with notochord flexlon
taking place from 4.0-4.3 ==, The pelvic
fin bud is first observed at 4.3 e=, and
borh the pelvic and pectoral fins have
countable elemence ac 6.7 ==, Complete
complements of elemencs are presenc ac 5.9
mm for the anal fin, 6.7 == for the caudal
(principal raya only), 7.4 m= for the
dorsal, 9.2 mm foar the pelvic, and 10.1 mm
for the pectoral.

Pigmenratfon., Pigment on the ventral
surface of the hindbrain {= present in the
smallest specimen (2.7 B=) and resalns on
half of the speclmens cxamined. Plgment
on the anterior surfaces of the forchrain
and midbrain is present on 11 and 12,
respectively, of 17 specimens 4.5 mm and
larger. External head plgment beglns as
four branched melanophores an each side
over the dorsal surface of the midbrain ac
10.1 mm and persists in all larger speci-
meng, expanding to a pateh of scattered
melanophores over the midbrain and
hindbrain and a triangular patchof larger.
branching selanophores on the posterior
surface of the head at 25.5 mm. Theé eves
are plgmented at all sizes examined. Exter-
nal pigment on the soout s present on the
two largest apecimens, at 12.2 mm as thres
selanophores and at 25.5 mm am a amall
patch on the anterodoraal surface of the
anaut.

One or twe melancphores are present
on the internal surface of the opereulum
posterior to the eve on mast specimens
Fubi=10.1 em. AL 10.73 mm, Z=4 melanophores
are present externally i{n the =ame area,
ond, at 25.5 mm, scattered spots are pre-
sent on the upper part of the operculum
and along the posterior margin of the
precperculum.

Flgment on the upper Jjaw ls prescent
at * 3.9 mm and increases from a single
melanophore at the cip ro a serles cover-
ing the anterior half of the premaxillary.
Pigment is present on the lower Jav in
most of the specimens (I4 of J&).
Characteristically, at all sires, there
are 1-& mmall selanophores along the
ventral midline. Twe melanophores (1 on
each side) appear on the anterlor tip of
the lowver _1.nu I the 5.9 mm upl-riml-n:
thesa increase to a series covering the
anterior half eof the lower faw ar 25.5 mm.
Rarely (in 5 of 24 with lower jaw pigment),
plgment Is alse preaent midlaterally on
the ventral surface of each vames. A
melanophore I3 present [n mosat apeclmens
at the angle of the lower jaw.

Plgment {s present intermally in the
musculature of the mape In all but the 1
largest specimens. External pigment 1s
present on the dorsal surface of the nape
above the internal plgment on half of the
specioens, appearing as a slngle melano=-
phore at 2.7 mm increasing to a trisngular
patch of branching melanophores at 25,5 e=.



Internal pigment is also present on the
dorsal surface of the anterior 1 or 2
vertebrae (or similar position when
vertebrae are not developed) and somet imes
has branches tdnnattina ta the internal
plgment in the napa musculaturs.

Internal pigment fs present on the
anterioer, dorsal, and posterlor surfaces
of the visceral mass in most specimena.

In general, the dorsal plgment consists of
a band of dense melanophores, while the
anterlor and posterlor plgment areas are
each composed of asingle branching melano-
phore, the two of approximately eqeal
intensity. At 7.4 mm, the numbar of
melanophores In dorsal and posterlor areas
increases to form a continuous band of
pigmene, while the anterdor spot reduces
in intensity. Ar 11.2 mm, a row of
branching melancphores begins to form oo
the lateral surface of the visceral mass
just anterior to the posterior pigment
area and expands anteriorly ro form a row
of spots below the dorsal pigment area on
larger specimens.

Single, branching melanophores on the
ventral surface of the visceral mass are
present In most specimens In 5 positclons -
at the cledchrum, below anterior portion
of the wisceral maes, anterior to the anus
on the ventral midline, and on each side
of both the spor bencath the anterior part
of the visceral mass and the one anterior
to the anue. A Small branching melano-
phore is present near the dorsal end of
the pectoral fin axll at 2.7-2.9 == or on
the cleithrum anterior to the latter posi-
tion at 3.5-8.5 mm in about half of the
specimens. At 10.3-11.2 mm, this spor i
replaced by one on the lateral surface of
visceral mass medial to the pectoral fin.

Pilgment 1s present on the dorsal
midline at the dorsal {in termination {(or
4 comparable position in specisens without
o completely developed dorsal fin) in most
specimens (30 of 34). At 9.4 mm, 1 or 2
short horizental rows of 2 or 3 branching
melanophores are present In this position;
they may extend omto the ptervgiophores of
the dorsal fin. At 6.7 mm, external spots
develop on each side of the spinous dorsal
base and are present on all but 2 of 13
larger specimens. These gradually form 1
or 2 horizontal rows of 5 or & melano-
phores by 25.5 mm. At 9.2 mm, an external
melanophore appears below the anterior
part of the soft dorsal base (present in
only 1 smaller specimen at 6.7 mm) and
develops into 1 or 2 horirontal rows of 3
er & melanophores by 10.1 mm. The rows in
these 3 arcas become the dorsal part of 3
saddle-shaped blorches at 25.5 ==, At
25.5 mm, thare also 18 present a row of
external melanophores along the dorsal
surface of the caudal peduncle and a shore
row between the anterior and posterior
blorches of the soft dorsal.

No midlateral line plgment is present
on small larvae {< 5.9 mm). At 5.9 mm,
plgsont in this area consists of 1 or 2
extemal spors ahove the midanal base and
another few below the spinous dorsal. Ac
7.4=8.3 =m, external pigment appears on
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the lateral line below the anterlor parec of
the soft dorsal fin. At 10.]1 =m, a melanc—
phore appears externally lateral to the
ursacyle. Pigment In these & arcas has
spread dorsally and ventrally from the
midlateral line by 25.5 mm, forming cthree
saddles extending from the dorsal midline
to below the midlateral line and a
midlateral blotch on the caudal peduncle
{not connected with the dorsal pigment on
the cavdal peduncle}. Internal plgment on
the dorsal surfaces of rhe vertebrae
expands posteriorly from the ancerior
vertebrae to @ few more of the anterlor
abdominal wvertébrae at 5.9 mm and to all
of the wvertehrae anterior re thar above
the snal fin termination ac 12.2 mm; the
25.5 mm specimen is too opaque to distin-
gulsh the Internal plgment. Ac 9.2 pm, an
internal melanophors develops on the
laterasl surface of the urostyle and is
vigible at all lurger sizes except 25.5 mm.

In the smallest larva (2.7 mm), a row
of 7 evenly spaced internal salanophores
15 present along the vencral sidline from
the anus to the midcaudnl regiom, where a
spot consisting of both internal and
external melanophores slighcly larger chan
the other melanophores of this series, is
found. Posterior to this spot iz o series
of &4 malanophores composed of Internal and
external pigment. By 3.5-4.0 mm, che
anterior series is replaced by one promi-
nent melanophore burled in the susculature
between the anus and the anal fin orlgin;
this spot is present inm all but & larger
specimens (4.8, 6.7, 10.3, and 25.5 em).
The melanophore midway along the anal [in
base is inrternal and prominent ar 3.5-&.0
mm, and a serles of 0-3 internal er axcar—
nal melanophores is present posterior to
this apet along the ventral midline of the
caudal peduncle. At 9.2 mm, 2 internal
melanophores, one behind the other, are
placed midway along the anal base. Ap 9.4
mm, an external apoc develops at the
anterior end of the base of the anal fin.
Helanophores along the anal £in base are
more numerous At 10.1 mm. At 25,5 mm, a
row of melanophores is present along the
midventral body margin above the anal fin
base and along the caudal peduncle.

All fins except the caudal are
unpigménted in our series. At 3.5 mm, n
melanophore s present posteroventral co
the developlng hvpural plates on the ven-
tral half of the caodal finfold. This
spot ls present at the base of the vencral
lobe of the coudal fin on all larger
specimens, except for 1 at 6.7 mm. At
11.2 mpm, 2 vertically-expanded melanophores
appear at the bazes of the dorsal and
ventral lobes of the caudal. A vertical
bar compoaed of ssveral selanophores is
present at the base of che caudal fin in
the 25.5 mm specimen. At 25.5 mm, rows of
plgment overlying the caudal rays are
presasnt on the ventral lobe of the caudal fin.

Other Structures. Testh are presant
in both jaws in all specimens cxamined.
Mne or two opercular spines are present
throughout the series. Preopercular
spines ore present throughout the series,

increasing from 1 4+ 1 at 2.7 em to 7 + 8
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Development of body proportions of Cynosclon regalls.
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L6,4-57.3
36.8-52.3
50,0-57.4
76.9-88.7
11.6-22.6
58,9-69.9
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32.3-13.3
30.8-38,0

5. 6=9.7

5.0-5.9
z
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10,2-10.6
T =39, 7
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9. 1-al.1
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85,9-87.4
10. 6-20.3
70.2-70.3
B2.8-H4.8
35.9

34, 4-38.4

8.6=-10.6

. 0=6.9
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1.5=-10,9
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54.0-58.6
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Table 10. Development of meristic chavacters of Cynesclom regalis.

HL/SL 1o 11D A " Py g Preopere  (Opere Subopere Posttemp
2.7 ff ff FE bud N 33 N 1] 0
2.9 : o ff 4 4 boud N £f 111 1 0 0
3.5 {4 4 11 5 bud N 3+ 4 311 1 1] i}
3.8 ff Ir £f bud ] Ef 1/3 | 1] 0
4.0 £f 24 9 beuad N 9+ 8 23 L 4 LH]
4.0 14 20 9 Toud H 9+ 7 /3 ] 0 L]
4.1 L 20 8 b ] 7+6 2/1 1 0 0
4.2 ff 25 10 bvued N 8+ 8 3/3 1 ] i)
4.2 Iv 25 G beuaed o] 9+ 8 213 1 0 Y]
4,2 i 23 11 sl ¥ 8+ 7 /3 1 1 [i]
T [t 23 7 bud | 6+ 5 1/3 i} i} [}
4.3 £r 26 10 el bud LI 273 | ] [i]
bk 11 23 10 bud N T+ 7 33 2 0 ]
o b X 24 4] e ] B+ 6 2/3 1 [1] 1]
4.8 11 28 12 hinl " 8 +7 33 2 1 1
4.8 11 2n 11,8 bud N 9+ 8 fh 1 1 1
i, B L 27 10 bud N B+ 6 2/1 0 0 0
h. B ¥ 24 it bud N 9+ h af3 1 0 il
5.0 ff 26 13 sl bud 9+ 8 213 2 0 0
5.9 XI1T 26 IT,11 bud bud 9+ 8 33 2 2 1
fra 7 X1 25 11,14 12 1,5 9+ 8B 2/1 0 0 0
6.8 IX 27 11,10 bud hud 9 + B 33 2 (1] ]
7.4 X1 26 11,10 5 Tl 9+ 8 3 2 2 4]
p xi1 I8 11,10 bud B 9 + R 13 b 1 0
B.3 X1 26 11,11 15 1.3 9 +8 5/3 2 2 1
B.5 X1 28 11,10 18 k| 9 4+ f /4 2 1 1
9.2 Xl 26 11,11 16 1,5 9+ B 5/4 2 2 1
9.4 X 27 11,12 14 1.5 9+ 8 &1 1 2 z
10.1 X1 26 11,11 18 1.5 9+8 4 2 1 1
10.3 %1 25 11,11 16 1,5 9 + A 543 z 0 1
11.2 X1 27 11,11 17 1,5 9 +B 114 2 1 &
11.2 X1 7 ir,.12 18 T.5 o +B alé . 2 4
12.2 X1 26 11,12 18 1.5 9 + &fh 2 2 2
25.5 44 25 11,11 18 Tu5 9+ B 7/8 z o 4
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at 25.5 mm. Spination on the posttemporal
is present on most (13 of 20) specisens
4.8 mm and larger, the number of spilnous
projections increasing from 1 at 4.8 mm to
4 at 25.5 mm. O(me or two spines on the
suboperculum are present in 15 of 30
gpecimens 4.0 mm and larger. The two
specimens at 11.2 mm have 2 spines on the
epiotic but these are not apparent ac any
other sizes and may represent an arcifact
of preservation

Fublished Dewvelopmental Deseriptions

Welsh and Breder (1923) described and
illustrated specimens 1.75=32 m=. Thelr
6.5 and 12.5 mm {llustrations and descrip-
tion were taken from Tracy (1908). Pearson
(1941} described and illustrated specimens
at 1.8=-32 mm. Hildebrand and Cable (1934)
incleded information on Cynomcion regalis
larvae and juveniles in their keys for
Sclaenidae for aizes 1.7-35 sm. Scotton
et al. (1973) summarized
the above descripcions, publishad
Pearson's (1941) illustrations of 1.8 and
8.2 mm larvae, and supplied original draw—
inga of 3.8, 4.6, and 10.5 == larvae.

Body depths and preanus distances of
our specimena are In géneral agreement
with the limited information given by
Hildebrand and Cable (1934) and Pearscn
{1941y, with the exception that the
increase in body depth from 1.8 to 17 mm
and decrease thereafcer (Pearson, 1941)
wag not found.

The sizex at which fin anumérations
could be made In our specimens were genar-
ally eonsistent with litecature reports
with excepcions in chree fins. Complete
counts were obtalned In the dorsal and
anal fine as carly as 5.9 mm as opposed to
B8=10 == In Hildebrand and Cable (1934),
10.5 == in Scotton et al. (1973), and 8.2
e in Pearson (1941). The pelvic fin was
frist present as a bud at 4.3 mm and con-
tained coutable elements at 6.7 and B.3 mm
in our specimens as opposed co firsc
appearing and countable at 10.5 mm in
Pearson (1941) and Scotton et al. (1973)
and at 6.5 mm in Welsh and Breder (1923).
The pelvic fin complement was complere at
a size simlilar to reported slzes.
Motochord flexion occurred bertween 4.0 and
4.3 mm and wan complete earlier than pic—
tured in Pearson (1941) and Scoccon et al.
(1973).

Teerth were present on our smallest
specimen (2.7 mm), agreeing wich the
descriptions of Pearson (1941) and Scotten
&t al. (1973) but éarlier than the report
of Welsh and Breder (1923) whare teath
were flrst present ac 6.5 o=

Opercular (1) and preapercular splncs
{1 # 1) were present as early as 2.9 mm.
These appeared earlier than deplcced in
any of the published illustrations.

Pigmentation chaerved was in gensral
agrecsent with the published descelptlons
with the following exceptions. Some pig-
ment was on or buried in che musculatoere
of the nape and below the position of the
dorsal fin termination at all sizes

examined but has been reported or depicted
only for larvae larger than 6.5 mm in
Welsh and Bredar (1923) and 10.5 mm in
Pearson (1341}, In Scotten sr al. (1973),
plgment was Indiceted on the nape for all
slzes except 4.6 and 8.2 mm and below the
dorsal fin terminacion only for sizea
greacer than 10 mm. Pigment ac the base
of the dorsel fin shown in a 12.5 mm
specimen by Welsh and Breder {1923} and
Tracy (1908) was not obaserved in our
series. Pigment on the midlaceral line im
our series was less widespread than that
shown by those authors and occurred inter-—
nally aleng the vertebral coelumn. Their
12.5 mm €. regalis resembles our

€. nebulogus larva at 12.7 mm and thus may
be misidentified; howevar, thia cannot be
stated with cercainty. Once again, the
extent of internal pigmentation has not
been clearly defined in previous works.

A comparison of our C. regalis larvae
with larval C. arenarius of Daniels (1977)
showed the head length of €. arenacius to
be amaller. Plgoeatation showed similari-
cies and diffarances; however, furthar
comparizons of the specles will be
necesgary to ensure accurate Identification
of these species In Gulf of Mexice waters.

Equetus acuminatus

Equerus acuminatus (Pareques acuminatus of
Chaeg, 1976) - High-har

Range — Bahamas and Florida through Lesser
Antilles (Bohlke and Chaplin, 1968);:
South Atlantic Bight (MRRI-MARMAP trawl
data)

Spavning Season - No information
Spavming Area = Presumably the adult habi-
tat = in the South Atlantie Bight, hard

or "live" bottom areas

Early Life History - See¢ notes on Equetus
app. bélow

Equetus lanceolalus

Equecus lanceolatua = Jacknlfe fish

Range - Bermuda, Carolinas and Bahamas to
Brazll, Including Gulf of Mexico (Bohlke
and Chaplin, 196H)

Spawming Scason — No published information.
Specimens 18-25 em TL taken off Georgla
in September, 19753, in HERI-MARMAF trawl
tows, had ripening ovaries and testes

Spawning Area - Presumably the adult habi-

tat; in the South Atlantie Bight, "live"
bottom arcas

Early Life History - S5ee notes on uet uf
spp. buelow

Equetus punctatus

Eguetus punctatus - Spotted drum

Range - Bahamas (Bohlke and Chaplin, 1968),
Florida, the Antilles, Fanama Eo Brazil
{Chao, 1976); South Atlantic Bight
(MRRI-MARMAP trawl tows)



Spawming Season - No informatiom

Spawning Area = Presumably the adulr
habitac; in the Souch Aclantcic Bight,
"1ive" bottom areas

Early Life History - See notées on Equetus
Bpp. below

Egquetus umbrosus

Equetus umbromusa (Pareques umbroaus af
Chao, 1976} = Cubbyu

Ranges — Charleston, 5. C. to Pensacola,
Florida (Jordan and Evermann, 189&)

Spawning Season - No informacion

Spavming Area — Presumably the adule habi-
tac; in che Sourth Arlancic Bighr, "1ive"
bottom areas

Early Life History - See notes on Eguetus
app. below

Equetus spp.

E. acuminatus and E. umbrosus have
been referred to the genus Pareques by
Chao (1976), but we follow Bafley ot al.
(1970) in recalning Equecus for all four
species. Addicional undercribed specias
may be present in our area (Chao, 1976).
Unlike the other sclaenids of our area
these are year-round inhahitancta of conci-
nental shelf waters, found chiefly in
"lve=bottom” areas (hard substrate areas
with high Invertebrate and fish diversity)
In the Scuth Atlantie Bight and in and
around coral reef areas in the tEropileal
wvestern Atlancic.

Little is known of the early life
history of Eguetus species. The long
filaencous firsc dorsal, pelvic, and
caudal fine characteristic of the juve-
niles were described by Longley and
Hildebrand (1941), Gohlke and Chaplin
(1968) and Randall (1968). Three larval
Equetus, 4.4=7.6 em SL, unidentifiasble to
speciea, from the Carlbbean have been
described and {l1lustrated by Powles and
Burgess (1978 as Paraques. The
larvae had a distinct gap (6.9-13.1X% SL)
between the anus and anal fin origlan and
had the long second dorsal and shorc anal
fin characteriscic of the Sciaenidas.
Dorsal fin clesents were incompletely
developed In 4.5 e= and 6.3 »m specimens,
bur enough elemencs were prasent to iden-
tify the larvae as Equetus; dorsal fin
elements were completely developed In the
7.6 mm spocisen. The larvae wérs heavily
pigmented. Anal fin elements were complere
at 6.3 and 7.6 mm.  All three were captured
by divers and were actively orienting to
features of the bortom (rocks or a aea
urchin): thus, larval Equetus appear to
take on a benthle mode of 1ife carly In
development. HNo {dentifiable Equetus
larvae have hesn caken on our surveys in
the South Atlentic Bight.
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Larimus fasclatus

Larimus fasciatus = Banded drus

Range - Cape Cod, Massachusetts to Texas
Hildebrand and Cable, 1934)

Spavming Season —

Beaufort, M. C. = May to October
(Hildebrand and Ceble, 1934). South
Atlantic Bight - small larvae have
bean taken on MRRI-MARMAP cruises in
April-May and in August- Scptember

Louisiana — March and May to August
(Frank Truesdale, pers. coss.)

Spavning Area

Apparently outside estuaries, in
coastal or shelf waters. Larvas wara
taken from shore to 22 km (12 miles) off
by Hildebrand and Cable (1934). Larvae
have been taken In continental shelf
waters on MRRI-MARMAP ¢rulses and have not
been identified from plankten towa iIn
South Carolina estuarlies. However, Frank
Truesdale (pers. comm.) reports taking
small larvae (2.4-%.7 =) in Caminada Pass,
a tidal pass in South Louisiana.

Early Life History

Hildehrand and Cable (1934) took
larvae only in bottom plankton hauls, not
at the surface. However, we have taken
tha larvae in boch neuston tows and
oblique bongo sampler tows.

DEIEIIE!!.QI‘L of our Hacerial

The following descriprion is based on
21 larvae, 3.0-5.9 mm, from neuston and
bongo toWwe ovar the South Aclancic Bighe
continental shelf.

Body form (Table 11). Larval L. fas-
¢iarus are desp-bodied, and preanus length
15 greater than 50% 5L, throughout the
size range available. The gap betwesn the
onus and anal fin origin & less chan 10X
SL in aleosr all specimens, shorter than
in some other deep-bodied sclaenld larvae.
The dorsal fin base is notably longer than
thie anal base In specimens &.0 mm and
larger.

Fin development (Table 12). The
notochord fa undergoing flexion in the cau-
dal region in gpecimens 3.6-3.8 mm.
Principal caudal rays are first scen at
3.6 mm, and the adult complement is conais-
tently present at > 4.9 mm. Procurrent
caudal rays are first present at 3.5 mm; 1
dorsal and 2 ventral rays arc present in
the largest specimen available.

The soft dorsal and anal fin bases
with developing pteryglophores are present
firat at 3.6 mu. The adult complements of
glements in these fins are consistently
present from £.9 mm. The spinous dorsal
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Development of body proportions of Larimus fasclotus.
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Table 12. Development of meristle characters of Larimes fasciatus,

NL/SL 1D i A 31 Fy G po Preoperc  Posttemp
3.0 ff ff ff b L 143 ] 12 1]
3.2 £ £f £f bud M it 0 03 o
3.6 £F 16 5 bl b 6+ 5 0 0/3 1]
3.8 fr 10 fr b ] 341 o /3 1]
4,0 ££ 19 ] bud bud 9+ 8 ] 3/3 1]
3.6 ff 20 5 7 hud 7T +6 [V} o3 [i]
4,2 ff 16 7 bud hud B+ 68 [i] 243 0
h.3 £t 1% B T bud b+ 5 1] 03 1]
4.3 £f 20 7 f bud g+ 7 0 213 0
.4 % 27 11,6 11 T4 9 4+ B 1] i3 [1]
5.5 II11 22 T i) bud B+6 (1] 2/ 1]
4.8 X 25 f 10 bud 9+ 7 0 if3 1]
4.9 X 27 11,6 12 1,3 9+ 8 1] 3 [1]
5.0 X 2h 11,6 10 .1 9+ 8 [1] 53 1]
5.0 ILX 23 1.5 9 1 9+ 8 (1] 541 1]
5.5 X 27 11,6 15 I.5 9+8 0,1 513 1
5.5 1% 26 IT,6 L4 .2 9+ 8 1,2 B3 1
5.5 1% 27 11,6 12 1.1 9 + § 0,1 6f3 0
57 X 27 11.6 14 L4 9+ 8 0,1 6/4 0
5.8 X1 z 11.6 16 Ll 94+ 8 1,2 64 2
5.9 1% 27 11,6 15 o 94+ 7 2.2 6k i}

6%



fin develops later than the soft dorsal
adule splne counts ate present at > 4.8 mm.

Pelvic fin buds are present at > 3.6
mm: elements begin to develop at 4.4 mm,
and the adult complement of I,5 la consis—
tently present in large larvae, 5.6-3.9%
mm. Pectoral fins are present throughout
our series; raya begin to develop early
(relative to orher larval scimenids), at
1,6 =m, but pectoral ray complements are
not complete in the largest larvae
avallable.

Pigmentation. Larval L. fasciacus of
the sizes availahle are heavily and
characteriscically pigmented; particularly
useful for identification of early larvae
are the pigmented areas of the brain and
of the pectaral finm,

Melanin is present on the anterior
surface of the forchrain, the anterior and
posterior surfaces of the midbraim, the
posterodorsal surface of the hindbrain,
and the ventral surface of the brain pos-
cerior to the eve, throughout the series
available. The pectoral fin basc and
membrans are heavily pigmented throughout
the series. Pigment in the membrane,
diffuse in small larvae, is found between
the fin rays in specimens of > 1.6 mm. An
expanded melanophore is present om the
visceral mass just veatral to the pectoral
fin base throughout the series; twoor more
melanophoares may be present here at 4.2 mm
and larger.

In the midventral line of the head,
betwern che lower jaw rami, o line of
threa melancphores is present between the
tip of the lower jaw and the level of the
posterior margin of the eye chroughout the
series (two or four may be present). A
melanophore appears at the poscerior
margin of the prooperculum, ventral and
posterior to the eye, at > 4.0 m=. Addi-
tisnal melanophores appear posterior to
the eye on the precoperculum and operculum
after &,0 mm. A melanophora i presont at
the angle of the lower jaw and another
anterior to the cleithral symphysis
throughout the series.

Internally in the visceral mass area,
the doraal surface of the airbladder and
the anterior and posterior surfaces of the
visceral mass are pigmented chroughout the
geries, In the vencral midline, three
melanophores are present In carly larvae,
one posterior to the cleithral symphysis
{(between the pelvie fin hases when those
are developed), one midway between the
eleithral symphyeis and the anus, and ona
on the anteroventral surface of the anus.
At * 3.6 onward, no melanophore is pre-
sent here. AL > 4.5 mm, two or three
malanophores may be present at each of rthe
pther two locatlons. At * 5.0 mm melano-
phores begin to appear and co Increasec in
pumbers on the laceral surface of the
vigeeral mass, and the visceral mass is
rather heavily pigmented in tha largest
larvae available.

In the ventral midline posterior to
the anus, a row of & melanophores is
present at 3.0 e=m; the 5th of these, about
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midway between the anus and the notochord
tip, i# larger than the others. At * 3.2
=, only two melanophores are present in
the midventral line, one at the position
of the large mslanophore of the orlginal
series, and one anterior to this. In
larvae with the anal base developed, the
larger, posterior melanophore 1s placed at
the posterior end of the anal fin base and
the anterior, smaller one, just posterior
to the anterior end of the anal base; both
are present throughout the remainder of
the series. One melanophore is present at
the base of the ventral lobs of the caudal
fin throughout the series.

In che dorsal midline of the body, one
melanophore 1s present an the body surface
snterior to the origin of the finfold or
first doreal fin ar *> 3.8 mm; two or three
selanophores may be present here ar » 4.5
em. Two melanophores, one on either side
of the midline, are presenc on the body
surface midway along the spinous dorsal
base at > 4.8 mm. A similar palr of
melanophores is present about two-thirda
of the way along the soft dorsal base In
the 5.9 mm specimen.

On the lateral surface of the bady,
berween the spinous dorsal fin base and
the visceral mass, one or two melano-
phores are present at 4.4 mm. By 5.0 mm,
a row of four melanophores is present
here; at 5.5 mm, two such Tows, one above
the other, ara present. Melmnophores in
these rows increase in number with further
growth uncil 7 are present in each row by
5.9 =mm.

Other Structures, Preopercular
spines are present in all larvae available
{(Table 12). Lateral spines are very small
and in early larvae are often absenti they
increase in number until, by 5.5 mm, the
margin of the preoperculum is serrated.
Marginal spines are larger than lateral
gpines bur are not se well developed as in,
for example, Bairdiella chrysura or
Stellifer lanceolatus. Ome or two small
posttemporal splnes are present in aome
larvae of > 5.5 mm. A low, splnous
supracrbitel ridge ls present in larvae of
1 5.5 mm.

Published Devalopmental Descriptions

Hildebrand and Cable (1934) described
and {1lustrated a serdes from 1.9-65 mm.
Their larval illustrations and descriptions
agree with our material in body propor-
tlons;, Fin development, and some important
aspects of pigmentation, particularly the
heavily pigmented pecteoral fin and pigment
in che ventral midline pesterior to the
anus. We have, howaver, observed addi-
tional areas of plgment not noted by them.

Lefostomus xanthurus

Leiostoms xanthurus = Spot

Range - Massachusetrs - Texas (Welsh and

Breder, 1923)

Spavning Semson -

Chesapeake Ray - late autumn and early



winter (Hildebrand and Schroeder,
1928), possibly continuing to March
and April (Joseph et al., 1964)

Beaufore, M. C. - December to May
(Hildebrand and Cable, 1930)

South Carolina - ripe fish taken October-
February, spent fish in February
(Dawson, 1958)

South Florida - Decesher to late March
{(Jannke, 1971)

Louisiana = December-April,
December (Sabins, 1%73)

peaking in

Texas — December—March, peaking in
January and February (Pearsen, 1929)

Spawning Area

Wincer spawning migracions from
estuarles offshore have been reported by
many authors (e.g., Hildebrand and
&Schroeder, 1928}, and Hildebrand and Cable
(1930) and Jannke (1%71) believed spawning
to be putside estuaries on the basis of
sglze of larvae in estuaries. Dawson
(1958) found ripe Ffish in deprhs ro at
leasc 82 m (45 fm) in wincer off Souch
Carolina. Fruge (1977) found small larvae
to be mosc abundanc &60=-80 km of fshore off
Louimiana, and mean length of larvae
increased with decreasing discance frosm
the shore, Fearson (1929) belleved spavn-
ing ro cecur at che eouths of cidal passes,
but the other svidence cired would appear
te contradice this.

Early Life History

Spawning first occura at the end of
the second year of 1ife (Hildehrand and
Cable, 1930; Pearson, 1929) ar a sinimum
lengeh of 200=-220 == (Hildabrand and Cable,
1930). Owa. eounts of two females, stan—
dard lengchs in the inrerval 158-187 om,
were 78,000 and 84,000 (Dowson, 1958). Owva
are of several size classes (Hildebrand
and Cable, 1930), mo all eggs are probably
not spavned At once. Larvas were reported
to be more abundant in boctes than in sur-
face tows (Hildebrand and Cable, 1930);
however, MRAT-MARMAP ncuston tows in
continental shelf warers have taken many
larval and juvenile specisens.. Young may
be found as far upstream as freshwater
(Dawson, 1958). Populations of L. xanthyrus
fluccuate dramarically from year Lo ysar;
since year-clasa screngeh ia determined
before wvoung enter estuaries, ic is proba-
bly determined by factors affecting
planktonle stages offshore (Joseph, 1972},

Descriptlon of our Materinl

This descriprion Ia based onm 14 speci-
muns, #.0-39.0 ==, from South Carclina
estuarles and from continental shelf
waters of f the southeastern United States.

Body form (Table 13). Body propor-
tionn of L. xanthurus change graduaally
with deu-('lnrlmnt. Hody depth is rela-
tively small, less than 32.3% SL in all
apecimens and less chan 29.38 at > 7.0 mm.
Froanud disconee, less than 50.0% SL from

kx

4.0-15.5 mm, increasce to greater than
48.4% SL at > 16.0 mm. The ancs-anal fin
gap, 7.1=-17.0% SL at less chan 16.0 mm,
decreases to 7.01 5L or less in specimens
> 16.0 om.

Fin development (Table 14). Noco-
chord flexion beging at 4.4 wm and ia
complete by 4.7 mm. Principal caudal rays
bitgin to develop at 4.5 mm; the adult
complement is present In most larvae of
> 5.8 mm, 1n all specimens > 7.2 mm. Pro-
current caudal rays firsc appear in a 6.2
mm specimen; counts stabilize at 7 dorsal
and 8-7 ventral at 15.5 sm. The truncate
cauvdal is evident in larvae of * 9.3 ma.
Caudal rays may be broken.

Soft dorsal and anal fin prerygio-
phores are firsc apparent as notochord
flexion begins, at 4.4 m=; the soft dorsal
has more elements than the anal in all
specimens in which councs can be made.
Soft dorsal and anal f£in rays are present
in specimens > 7.2 ==. Adult complements
of 1,29-30 soft dorsal elemtncs and
11,12-13 anal elesents are gensrally pre-
seénc from 9.3 em; anal ray or pteryglophore
counts of 12 or 13, characteristic of
L. manthurus, are present from 6.2 mm.
Porsal fin spines are Firsc presenc at 7.2
en; adult complements of X or X1 are con—
sistently present from 14.1 mm, although
smaller specimens may have the adult
complemént.

Pelvic fin buds first appear ar 5.2
em. Elements of these fins appear ac 8.0
min, and adult counts are present from 10.7
. Pectoral fins are present ln all
specimens. Elements are (irsc developed
at 10.7 =m, and counts, apparently scabi-
lized, of 19-21 are present at * 16,8 =m.

Pigoen +« In the head region, a
melanophore is present ac the amgle of the
lowver jaw, and one is present anterior to
the ventral symphysis of the cleithra, from
&.0 mm (the smallesr specimen available)
throughout the series. A melanophore is
present on the ventral surface of the hind—
brain in some speciméns &.7-12.8 =m, and
one is pressnt inrernally jusc postarlor
to che hindbrain from 65.2-12.8 mm. A
melanophore is present on the posterior
gurface of the mldbrain from 11.1-19.7 mm.
On the dorazal surface of che head, above
the midbrain, a melanophore is present in
specimens > 12.9 mm; from 15.5 =m melano—
phores I[ncrease In gumber in this area
until it is fairly heavily pigmented by
39.0 mm. Pigment appears in other areas
of chie head at 15:1 mm and increases in
extent through the ecarly juvenile stages
on the tip of the upper and lower jawa and
aleng the anterior half of che surface of
the dentary, on the preoperculum postero—
ventral to the eye, and on the dorsal
aurface of the head above the hindbrain.
Pigment in all chese areas is well
developed at 19.7 mm and 39.0 mom.

0n the venrral surface of the visceral
miss, 4 left-right pair of melanophores is
present nidway betweon the cledthral
avephyvalis and the anus in all specizens;
@ach of thewe is placed at the base of
each palvie fin when these are present.



One melanophore is present in the ventral
midline just anteérior to the anus from
4,0-15%.3 =m. An internal selanophore is
placed on the anterior surface of the
visceral mass, between the cleithra, from
4.0-15.5 s, and an internal melancphore
is presant on the posrerndorsal surface of
tha intestine dorsal to the anus from 4.0-
17.5 =m. Melenophores are present on the
dorsal surfate of the airbladder in all
spacimenk. A pigment spot Is present
internally in the susculature of the nape
from 6.2-13.8 mm; in larger spacimens che
thickening of the body wall and
susculature may prevent seeing this spot.

Pigmencacion in che ventral midline
posterior to the anus is rather constant
over a large part of the developmental
seriea. In che smalleat apecimen, &.0 m=m,
15 small melanophores are present between
the mnus and notochord tip. By 4.4 mm,
when the anal fin base has begun to develop,
this row of apors has taken the following
form: one spot is placed anterior to the
anal fin origin, two are present along the
anal base, one is placed at the posterior
end of the anal base, and rhrea are placed
berwean the cerminacion of cthe anal fin
and the developing caudal fin. This
pattern remains rather comstant vatll 19.7
mm. One to three melanophores (occasion—
ally as many as five) are present slong
the anal base, and four or five (occcasion
ally as many as seven) are placed posterior
to the anal base, in addicion to the
&ingle melanophore anterior to the anal
base and that at the posterlor end of the
anal base. By 39.0 mm this row of melamo—
phores is no longer present or has been
obgcurad by development of diffuse pigmen-
tation laterally and ventrally on the body
surface.

Pigmentation in the dorsal body
midline and on the lateral surface of the
body develops at * 15.1 mm. An external
melanophore fs present at the poaterior
end of the first dorsal fim base ar 15.1
mm; one or twoe melanophores are present
here from 15.5-19.7 mm. Along the soft
dorsal base, two melanophores are present
at 15.1 and 15.5 mm; six are present from
16.8=-19.7 mm. At > 15.5 mm two or more
melanophores are present on the body sur-
face anterior to the flrsr dorsal origin,
and o large melanophore is present on the
dorsal surface of the caudal peduncle,
poaterior to the second dorsal fin. 1In
the midlaceral line, four melanophores are
placed on the body surface between the
anal fin erigin and the caudal fin base at
15.5 =m; by 19.7 mm 6 cluscers of =mall
melanophores are present In the midlateral
line between the opercular margin and the
caudal base. By 319.0 =m such of the
dorasal, laceral and vencral bhody surfaces
are covered with small melanophores, with
gome concentration of these along myosepta
a0 that the myostres are outlined; the
cluacers of melanophores in the midlateral
line are stlll present at this length.

A single melanophore i3 present at
the base of the developing caudal f£in at
b4 mm; by 6.6 mm tuo such spots, one in
the dorsal lobe and one in che ventral,
are present. By 9.] =5 three selanophores
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are present at the base of the ventral
lobe, outlining the fin base; by 14.]1 =m
two melancphores are presant in che dormal
lobe, so that the entire caudal fin base
is more or less outlined. 5Small melano-
phores are placed throughout the caudal
fin membrane at 19.7 and 39.0 mm. A few
small melanophores are present in the
firer doreal and anal fin meshranes at 15.5
==. Their oumbers have Increased, and
melanophores are present on the second dor-
snl membrane, by 16.8 mm; at 19.7 and 39.0
mm tha dorsal and enal meshranes are
largely covered with small selanophores.

Other Structures. Lateral and marginal
preopercular spines are present in all
specimens except the largest (39.0 m=)
(Table 14), in which these spines have
apparently bean owvergrosm by the develop-
ing preoperculum. A small posttemporal
spine 15 present from 14.6-16.8 mm and in
two amaller specimens (Table 14). Teech
are present in all specimens, in both
upper and lower jaws, Scales, including
the pored scales of the lateral line, are
developed in the 39.0-mm specimen.

Fublished Developmental Descriptions

Welsh and Breder (1923) 1llustrated
juveniles of lengths 29 =m and 164 mm.
Pearson (1929) illustraced specimens of
10.5 m= and 13.5 mm, briefly described
specimens 7.0-50 mm, and reprintéd the
earlier drawings of juveniles. Fin
davelopment and general body form were
shown fairly well by Pearson, but much
important pigment was not shown by him.
Hildebrand and Cable (1930) described and
{1lustrared a developmencal series from
1.5-50.0 mm. Early larvae lllustrated by
them were apparencly distorced; body form
of specimens up to 7 == is unlike that in
larvae we have seen. Although the pigmen-
tation shown and desceribed is pgensrally
accurace (e.g. that of the ventral midline
behind the anus), much {mportant pigment
(e.g. that of the ventral visceral mass)
was not shoun or referred to in the
descriprion. Development of the caudal
and other fins is similar to that cbserved
by uws. In general, this description is
not suitable for separationof L. xanthurus
from many other sciaenid and non=-scilaenid
spacias. Jannke (1971) 1llusrrarad a
specimen of 11 ==. Thisz illustration 1is
accurate in body form and fin development,
and the doraal and anal fin councs ars
those of L. xanthurus; pigment, however,
as shown in his figure does not agree with
vhat we have ohaerved.

Scoreen ec al. (1973) reprinced
Hildebrand and Cable's (1930) figures and
provided a condensed version of the earlier
descripriona. Lippeson and Moran (1974)
repoated Hildebrand and Cable's (1%30)
description and i{llustratioms of early
larvae and early juveniles; however, they
included original {lluscrations and a
description of late larvae by Peter
Berrien, which are far better than previous
work on the species. Based on this work,
larval L. manthurus can be separated from
other specles.

Fruge (1977) deseribed and
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33,3-34.5
23.0-23.8

8.0-8.3

13.0-15.9
3

7.6-8.8
7.6-7.8
27.2-31.1
7 .8-49.4
33.3-35.2
46.7-50.6
B5.6-86.8
7.6-10.0
55.4-58.2
75.0-79.1
32.2-35.2
22.2-23.1

8,7-8.9

16,0-16.9
2

7.4-9.0
B.4-9.0
29,5-32.0
48.4=57.0
33.7-35.0
48, 4-50.1
85.3-BB.0
5.7-7.0
54.7-59.0
Th.4-B0.0
31.6-36.0
26,2-26.0

9.0-9.5

17.5

0.8
52.9
35.6
51.9
B6.3
5.7

a8.6
76.9
34,6
24,0

9.6

19.7

10.3
8.6

35.9
5d.T
35.9
53.0

8.0

59.0
17.8
35,2
27.4

B

39.0

6.5

9.3

31.0
62.5
35.8
3.9
91.0
2.6

65.1
719.7
35.3
9.3

9.5

bt



Table lé. UDevelopment of meristic charactern of Leiostomus xanthurus.

ML/ 5L 1D 1 A Py Fy c pe Preaperc Posccomp
4.0 if £f ff hud H ff o ofz ]
4.5 i ff Ef bud N 5 +:5 1] 21 (1]
G. 4 4 15 7 bud B o+ [&] 2f2 1]
4.5 L 13 10 bud N T+7 4] kT ]
.7 fF 20 10 el ] 9+ 8 0 213 1]
5.2 £ 18 9 hisd bud 9 +7 4] /3 0
5.4 £ 10 10 bud bud B+7 0 213 0
5.5 £ 16 7 bud bud 84+8 0 2/3 o
5.8 if 20 10 bud b 9+ 8 23 [+]
6,2 £ 21 12 bud bud 9+ 8 11 33 0
6.6 ifr 27 L,13 buad bud 9+ 8 373 o
7.1 £E 26 13 bud bud G+ 7 311 o
7.2 £ 22 1,12 buad H 9+ 8 0,1 3 0
7.2 1% 25 I, 12 el bud 9 4+ 8 1,1 213 0
B.0 X 24 IL, 12 bud 2 9+ 8 1,1 214 ]
B.6 111 24 1,13 Thud ] 9+ B 1,1 A4/ i
9.1 X 10 11,12 bud 4 9 + 8 1A &b 0
9.3 X 1,30 I1,12 bud i 9+ 8 2,2 43 0
10.7 X 1,28 11,12 9 I.5 9+ 8 1,4 & 14 L
11.1 4 | 1.30 11,13 10 Ii2 9+ 8 3.3 LY 4]
11.3 X1 1,29 17,13 1L 1,5 R 5.4 4 fh 1
12.8 v k(1] 11,12 11 1,5 9+ 8 b, LYY 0
12.% IX 1,30 11,12 10 I.5 9+ 8 5,4 3f3 (1]
13.8 Vi 1,29 I1.12 15 I.5 948 55 415 (1]
16.1 b 1,31 11,12 14 1,5 9+ 8 6,5 & f4 0
14,6 X 1,31 11,12 18 | %] 9 + 8 b,5 LY 1
15:1 X I, 1,12 17 1.5 9+ 8 6,6 33 1
15.3 X 1,31 11,12 20 1.5 9 4+ 8 afh 1
15.5 X L,30 11,12 19 I:5 9 + 8 7.6 Ly 1
16.0 X 1.1 I1,13 17 1.5 9+ 8 1.7 o4 1
16. 8 X 1,30 11,13 20 1,5 94+ 8 1] i3 1
17.5 X o 1L,12 19 1.5 9+ 8 7.6 615

19.7 X 1,30 11,12 20 T8 44+ 8 7.6 i3

39,0 x 1,73 11,13 e | " - 9+ 8 1.7 0o 0

SE
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illugtrated a serdies 1.6-10.7 m 5L. His
description i{s quite similar to ocur
materisl, with some differences in fin
development stages (e.g. earlier develop-
ment of caudal rays in Fruge'a materiall.
Fruge {1977) noted that eye diamecer and
preanus distance could be used to separate
L. xanthurus from Micro n undulatus
larvae, and provided useful comparative
dota on pigment of the ventral aurfacs of
the visceral msss in these two species.

Menticirrhus americanus

Menticirrhus americenus = Southern kingfish

Range = New York ro Argencina, most abun—
dant from Chesapeake Bay souchward
(Hildebrand and Cable, 1934; Chao, 1976)

Spavning Season -

Mid=-Atlantic region = May to Juns
(Joseph et al., 1964) and August
(Welsh and Breder, 1923)

Beaufort, North Carolina = April to
August and posaibly carly September,
peak in June to August (H{ldabrand
end Cable, 1934)

South Carolina - May to Seprember, peak
in June to July (Beardan, 1963)

Georgla - April to Avgust (Dahlberg,
1972)

South Florida = vear=round (Jannke, 1971)

Gulf of Mexico = June or July to
September (Pearson, 1941); April te
August, peak In July to Augustc
{Sabins, 1973)

Spawvning Area

Spavming cccurs outside estuaries
(Dahlberg, 1972; Hearden, 1963: Jannke,
1971), probably in coastal waters near-
shore (Hildebrand and Cable, 1934).

Early Life Hiscory

Small specimens (less than 20 sm)
wersa moré abundant outside Beaufort Inlet
than inside; larvae were rtaken more often
in boteom than In surface tows (Hildebrand
and Cakle, 1934). Smallest juveniles were
found furthest upstream in South Carelina
eatuaries, with progressively larger
specimens found closer to the sea
(Bearden, 1963).

Degeription of our Haterial

See below, Manticirrhus sp.

Menticirrhus Ilittoralis

Hencfcirvrhus liccoralis - Gulf kingfish

Eangée - Virginla to Brazil, most abundant
south of Cape Hatteras (Hildebrand and
Cahle, 1938; Chao, 1976)

Spavning Season -

Beaufort, Nerth Carolina - Mav te Auguse,
on the basis of limited data

(Hildebrand and Cable, 1934).

South Carclina - emallest specimens
taken in fall, implying summer
spovning (Bearden, 1963)

G¢nrai? = April to September (Dahlberg,
1972

Spawning Area

Spavning probably occura outaide
estuaries in open waters (Hildebrand and
Cable, 1934),

Description of our Macerial

S¢e below, Menticirrhus sp.

Menticirrbus saxatilis

Menticirrhus saxatilis = Northerm kingfish

Range - Cape Cod to Mexico, stragglers to
Maine: most abundant From Chesapeake Bay
northward (Hildebrand and Cable, 1918;
Chao, 1976)

Spavning Scason -

Mid-Atlantic region - May to Septesber
(Welsh and Breder, 1923; Joseph &t al.,
1964; Schaefer, 1965)

Beaufort, North Carolima = April to May
at least (Hildebrand and Cable, 1934)

South Florids - fall and winter, based
on limicted data (Jannke, 1971)

Spawning Area

Spawming occurs outside estuaries
(Jannke, 1971; Thomas, 1971), perhaps in
open coastal waters (Hildebrand and Cable,
1934).

Early Life History

JEggs hatch in 46-30 hours ar 10.0-
21.1 C (68-70 F) (Welsh and Breder, 1923).
Males mature at age 2, females at age 3
{Hildehrand and Cable, 1934).

Descripeion of ocur Material

Se¢ below, Menticirrhus ap.

Ment/cirrhus sp.

Identification of larval Menticirrhus
poses a probles, because of our limited
material and the skecchiness of the licer-
ature. For this resson we have limired
ourselves toa discussion of identification
information available, description of a
sories idencified co the pgenus level, and
a symmary of developmental descriptions in
the litérature. Further work is needed on
larvae of the three South Atlantic Bighe
Hencicirrhus specles.

Identification of Mentieirrhus te the
genus level Is straightforward from early
larvae to adult stages. In juveniles and
gdults, the single barbel and the single
anal spine are unigque in sclaenida of our
area (Chao, 1976). In carly and late
larvae the heavy body plgmentation should
differentiate Menticirrhus from all other
sclaenids excopt Cynoscion nebulosis




(nssuming that larval M. littoralis will
have heavy body pigment), which can ba
separated from Mencicirrhus by characters
given in the vummary of this report.

idencificacion of young Menticirrhus
to species is somevhat more difficult.
Fleld {dentiffication of Juveniles is
"difficult and time-consuming” {Dahlberg,
1375). Identificacion in the larval
gtages, probably a difficule task, has
been complicated by published studies
through mixing of specles other chan
Moenticirrhus inco developmencal meriaes
{Hildebrand and Cable, 1934), use of
{ncomplete series (Scotton et al., 1973),
and an apparent Iack of exrenaive compara=
tive material, which shows up in earlier
auchors' failure to give definicive
reasons for naming their larval series and
for differentiation from the othar specias.
The two larval cypes in the literature,
1934 and H. saxatilis of Scotton et al.,
1973) differ primarily in pigmentacion,
which we feel has been uncritcically
treated In many studies of sclaenid larvae.
The spavning seasons of all three specles
ovarlap, as do their ranges In che areas
vhare descriptive studlies have besn done,
an it is possible that larvae of all
apeclea could have been present in samples
of the sarlier workera.

Characters for adulet species idencifi-
catlon are chest scale size (scales fully
developed by 40 mm in all three specles
gccording to Welsh and Breder, 1923 and in
one 19.3 mm SL M. americanus in our collec-
tion) and anal fin counts (developed by &
=, from Jannke, 1971, and our observa-
tions). Chest scales are smaller than
scales on sides In M. littoralis, not in
the athar rwo apecias; anal counts are I.B
(rarely 1,9) in M. saxatilis, and I,7
(rarely 1,8) in ¥. smericanus (Hildebrand
and Cable, 1934; Dahlberg, 1973%; Chao,
1976). Fin pigmencacion 13 a useful
character in identifving juvenlles
(Hildebrand and Cable, 1934; Dahlberg,
1§753). Construction of good size series
downward from early juveniles identified
by these characters through larvae, or
from rearing studies, would be necessary
for unequivocal separacion of rhe larvae.

In our larval seéries, the largest
specimen (19.3 mm) is identifiable as
H. americanua; late larvae have 7 anal fin
rays, but we have insufficlient material to
link these with the largest specimen.

larvae of our series resemble H. americanus

of Hildebrand and Cable {W!-ﬂ._ It 1=
possible that we have a mixed series,
although morphometric, meristic and pig-
ment characters of specimens develop
wirhout abrupr changes. In any case wo
have Insuffieient material to state
unequivocally that the series is M.
amerlcanus, and so ctreat it as Menticicrhus
sp. This descripcion 1s based on 23
specimens 2.5 to 19.3 mn from continental
shelf waters of the South Atlantic Bight
and from the Cape Fear River estuary.

Body form (Table 15). HMenticirrhus
ap. are falrly deep-bodied as early larvae
{depth 35.5-38.5% SL at less than 4.0 =m),
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with body depth decreasing to cthe late
larval and juvenile scages. The gap between
the anus and anal fin is short, noneé heing
present in many specimens and the maximum
value being 5.0% SL. Relative lengths of
the soft doraal and anal fins are esta-
blished by 3.6 mm, permitting early
identification to the family level. The
snus is pesterlor to mid-body, at 53.1-
6£3.5% SL. Aparc from body depth, body
proportions change little with development.

Fin development {(Table 16). Hotochord
flexion in the caudal region occurs
berween 3.6 and 4.1 mm. Caudal ravs are
firsc present in a pre-flexion specimen of
3.6 m=, and the adule complement of princi-
pal rays s present ac and after B.4 =m.
Elemonts of cthe dorsal £in are fivst
presenc at 4.1 ==; adult dorsal fin comple-
ments of ¥-1, 24-27 are presanc at > 6.6
mm. Anal fin elamencs are first present
at 4.1 mm and are complete (1,7) at 2 5.2
mm. Pectoral fin elements are présant at
* 65,8 mm; 21 are present in the two
Targest specimens of 10.1 and 19,3 mm.

The pelvic fin appesrs as a bud in a
specimen of 4.1 pm; the adult complement
of 1,5 elements is present ar > 6.8 m=m.

Pigmentation. Heaticirrhus sp.
larvae are heavily pigmented in all stages

represented in our series.

In the head region, a melanophore is
present at the angle of the lower jaw
throughout our series. Unlike moat other
sclaenids, melanin is absent from the area
anterior to the cleithral sysphysis in the
yentral midline. A oelanophore is present
at the tip of each premaxillary from 2.5-
10,1 mm, while ancther is placed on the
latersl surface of each dantary halfway
along its length in specimens 4.6-10.1 mm.
A patch of melanin is present om the roof
of the mouth from 2.5-10.1 tm. In the
ventral midline between the lower jaw rami,
2-3 melanophores are present in line from
2.53%.6 m=, 4 or more In larger larvae: a
pair of spots, one at the anterior cip of
each lower jaw rasus, is present at * 4.1
om. AL * 6.1 == chese melanophores are
ofren expanded. On the brain, a selanc—
phore is present on the posterior surface
of the midbrain from 3.6 ==, one on the
doraal surface of the hindbrain at > 4.6
tm, one on each side of the anterior sur-
face of the midbrain (above the aeye) at
* 4.6 mm. At > 6.1 mm, melanophores are
present on the dorsal surface of the head
above the midbrain, and from 6.8-10.1 m=m
nusber of melanophores here increases untll
the dorsal surface of the head is well
pigmented by 10.1 =m. Om the lateral
gurface of the head, a melanophora is
present posterior to the eye medial to the
precperculum ar > 2.5 mm. One is present
posterior to this on the branchiostegal
meshrane at > 3.6 mm, and one is present
ventral to the eye at > 4.7 mm. Nusber of
selanophores posterior snd ventral to the
eye lncreases at * 6.8 =

In the visceral mass area, pigment is
present on the dorsal surface of the
airbladder and on the anterior surface of
the visceral mass between the cleithra
throughout the series. O(m the ventral



surface of the visceral mass, many amall
milanophores are present in all specimens.
From the time of appearance of the pelvic
fing (4.1 mm), thede apoks are localized
into o group on the ancerior part of che
visceral mass, 8 group on the anteroven—
tral surface of the anus, and one melanc—
phore at the base of sach pelvié fin. On
the posterior surface of the visceral mass
dorsal to the anus, one or several melanc—
phores, usually expanded, are present at
* 3.6 mm. A melanophore is placed ar the
dorsal end of the axil of the pectoral fin
ac > 3.6 mm.

In the dorsal body midline, 1 to 3
amall melanophores are present anterior to
the arigin of the finfold from 2.6-3.6 mm,
while one is present In larger specimens.
Several melanophores are placed along the
soft dorsal base at » 3.4 mm. Melano-
phores are placed along the wpinous dorasl
base at * 6.1 mm; thus, at this size and
larger, the dorsal midline has a series of
metlanophores almost its whole length. Tn
the midlateral line, a series of melano-
phores, each extending intoe the body
musculature, is present in all specimens;
at > 2.5 mm, this series extends from
above the anus about halfway te the
notechord tip, and at > 3.4 mm, the serles
extends further posteriorly, almost to the
caundal peduncle. In the ventral midline a
row of melanophores is placed between the
anus and the noctochord cip arc > 2.8 =m.
From the time of appearance of the anal fin
base (3.4 mm), this row extends from the
anal origin posteriorly, the selanophores
belng larger along cthe anal base chan
postecior to ft. At 4.6 mm, one large
melanophore is present miduay alomg the
anal base, four large melanophores pos—
terior to the anal base, and one to chree
smiller selanophores posterior to these
four. At > 6.8 mm, large melancphores are
placed in series along and posterior to the
anal base, extending almost to the caundal
peduncle.

HMelanophores on the lateral surface
of the body, sbove and below the mid-
lateral line series, appear at 4.6 mm in
the area between the anus and the cavdal
peduncle. Melanophores on the lateral
body surface increagze in nusher and gize
with growth, but the caudal peduncle
resaing unpigeented until 10.1 mm. Melano-
phores appear doraal and lateral to the
vigceral mass at 6.1 om, and become more
numerous with growth. By 10.1 mm, the
whole lateral surface of the bady is
heavily pigmented, and a cluster of
malanophores appears ower the hypurals.

One or two small @elancphores are
present at the base of the vencral lohe of
the caudal in about half the specimens at
4.1 mm. Ac > 6.8 mm, the splnous dersal
and anal sesbranes are covered with melano-
phores, while a few small melanophores are
placed in the pelvie mesbrane ac 10.1 fm.

Other Structures. Small marginal
preapercular spines are present at 3.6 mm
and increase in number from 3 to a maximum
of 4=5 ac 4.6-10.1 mm (Table 16%. Lateral
precpércular spines appear at &.1 mm and
increase in number to a8 maximum of 6 at
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7.0-10.0 =. Preapercular spines are
overgrown wich bone in che 19.3 =m
specimen.

A small posttemporal spine is firsc
seen at 6.6 ma, and at > 7.8 =m a well-
developed scale bone Is prezent (Table 16).
Scales are present along the lateral line
from the opercular margin to the level of
the anus ac 10.1 mm and are sufficiently
developed at 19.3 mm to determine thac
chest scales are not reduced, permitting
idencificacion of this specimen as M.
gmericanus. The single mental barbel is
present at > 9.2 mm.

Published Developmental Descriptions

Welsh and Breder (1923) illuatraced a
Z6-mm juvenile M. smericanus. Hildebrand
and Cable (1934) described and fllustrated
a series ldentified as M. americanus.
lengths 1.7-59 mm. Their descriprion of
large larvae (> & mm) agrees fairly well
with our Menticirrhus material in body
form, fin development, and some aspects of
plgment. Thedir 11luscrarions of specimens
1.7, 2.9 and 3.8 mm are insufficlently
detailed to be definirely ddencified as
M. americanus and are not in agreement
with our material in proportions. Their
5.8 mm specimen (Fig. 4, p. 57) 13 not
Hencicdrrhus; ir is probably a sciaenid,
but its characters do noc fir any of our
sciaenid material (it is closest to
Stellifer lanceolatus). Jannke (1971)
illuscrated three Mentieirrhus larvae
identified as M. americanus. He ciced
Hildebrand and Cable's (1934) erroneous
5.8 mm specimen in making the identifica-
tion. Anal fin ray counts (7)) of two of
his larvae, both & ==, were those usually
found in M. americanus and M. littoralis.
Ha did not give reasons for identification
of his 2.5 mm larva as M. asericanus.
Scotton et al. (1973) reprinted Hildabrand
and Cable's (1934) drawings and main
pointe of their deseription. They included
Welsh and Breder's (1923) figure of a 2.7
mm M. saxatilis with the M. americanus
series because of an error in the caption
of Welsh and Breder's (1923) original
paper (Figurs 52, page 193). Lippson and
Moren (1974) recapitulaced the Hildebrand
and Cable materfal, but pointed out that
the 5.8 mm specimen {llustrated in the
earlier work im not M. americanus.

Welsh and Breder (1923) noted features
of threa 36-51 mm M. 1ittoralis distin-
gulshing them from M. americanus and M.
gaxacilis, and 1llustrated & 50 mm fish.
Hildebrand and Cable (1934) described and
illustrated M. litroralis of 10-60 mm.

Eggs and yolk-sac larvae of M.

gaxatilis were described and {llustrated

by Welsh and Breder (1921), as was a
juvenile of 3% =m. Hildehrand and Cable
(1934) described and 1llustrated late
larvae and juveniles 10-60 mm and recapitu-
lated Welsh and Breder's (1923) work.
Jannke (1971) 1llustrated 2 specimens, 5.0
and 8.0 mm, presumably identifled by the
characterisctic anal fin ray count of 8.
Scottom et al. (1973) reprinted Welsh and
Breder's dravings of 2.2 and 2.5 mm and
Hildebrand and Cable's drawings of 10.0,




Table 15.

NL/SL

snl
ED
HL
PAnL
o
10
11ipe

Gap

AL
Pal
BDe

Gpl

2.0-2.9

2

5.5-7.7
12.3-15.1
30.1-30.8
53, 4=55.4

=

354.2-38.3

1.0-3.9

5

B.4-8.6
§.7-12.9
32.3-35.9
53.1-63.0
39.7-43.5
52.1-54.1
73.5-81.7
1.1=5.0
37.0-63.0
66.7-71.7
H
30.6-31.3

ﬁ!ﬁ_?l 5

4.0-4.9

i
6.9-10.0
9.6-11.8
30.4-37.5
55 . B-62.5
19.2-46.6
50.0-60. %
T9.7-89.1
1.0=3.0
57.7-64.1
69.3=-76.6
19.1-42.5
30.7-36.3

ﬁig_]nll

Development of body proportions of Menticicchusz ap.

5.2

9.4

10.9
37.3
60.9
43.7
56.2

B7.5

62.5
13.0
19.0
3.8

£

6, 0-6.9

g

6,.8-7.7
§.6-10.8
3. 3-33.7
56 G-b0. 2
37.3-42.1
52.7-59.4
&7.3-89.2
1.2=2.6
37.8-62.8
12.3=753.6
13.7-38.7
27.7-31.1

B.4-10.2

7.0-7.9

k|

5.3-8.2
10.1-10.6
33.7-36.4
57.9-63.5
36, 0-40.0
53.7-56.5
78.9-89.9
N
57.8-61.5
73.0-75.3
1. B-40.0
27.4-29.2

q'aﬂ—'”.'l

10.1

8.1

10.6
3.1
63.4
a0.7
6.1
BO. 4
1.6

65. 0
76,4
5.8
7.6

B.9

19.13

7.8

8.7

0.4
57.4
g
533.0
B7.0
3.5

.9
12.2
EL

25.3

6E



Teble 16, Development of meristic choracters of Menticirrhus sp.

HL /5L 1D I1n i By Pq C Preoperc Posttemp
2.5 £f £f if bud H if N 4]

2.8 £E £F £t bud N £t N 0

3.4 [E ff £ bud ] £f .| 1]

3.6 £E if £f bud N £f 0/3 i

3.6 ff £f £f bud K &+ 4 0/3 0

3.B 4 Ef Ef bud . 5 + & n/z 1]

i.8 fi £f £f bud N 342 02 0

4.1 ff ff £f bud brudd 5+ 13 04 a

4.1 if 23 9 bud bud 745 12 0

4.4 i 19 5 bud bud 7+ & 1/3 0

h.B 4 4 24 7 bud bud 947 2/4 i}

4.7 £ 26 7 bud bud g+ 7 34 0

5.2 X 26 1,7 bruc b 1+6 43 4]

6.1 X 27 I.7 el bl B+7 2/5 4]

6.4 X 25 1.7 bud bud 9+ 8 245 [i]

b.6 X 1,24 1.7 bud bud 9+ 8 Sf4 1

6.8 X 1,25 I,7 21 1,5 9+ 8 /5 4]

7.0 4 1,25 1,7 17 1.3 9 + 8 65 2

7.3 X 26 .7 I.5 9 + 8 b4 several
1.8 X 1,26 I;7 18 I.5 9+ 8 65 3

9.2 X 1,25 1,7 L5 9+ 8 o/2 several
10.1 X 1,23 I.7 21 I.5 3+ 8 6/5 5

19.3 X 1,24 1,7 21 1.5 9+ 8 if2 2

ar



20.0 and 30.0 mm {ish; Scotton et al.
{1971} also added original drawinge of 3.7
and 4.5 mm specimens idencified as M.
anxatilis. The basie for this identifica-
tion was not given by them and fin elements
were Incompletely developed in these
specimens. Presumably the identification
was based on the facts that these larvae
were sciaenlds, were probably Menticirrhus
(because of the heavy body pigmentation,
gsimilar te M. americanus of earlier
vrliters), but were not M. americanus since
the decails of pigmenc pacterm were differ-
ent. Scotton et al. (1973) also provided
a brlef deseription based on their {1lus-
trationa and the earlier stwlies. Lippson
and Moran (1974) reprinted the figures of
Welsh and Breder (1923), Scotton et al.
(1973), and Hildebrand and Cable (1934)
and provided brief descriprions based om
these earller works.

Micropogon undulatus

Micropogen undulatus (Micropogonias
undulatus of Chao, 1 = Atlantic

croaker

Range - Massachusetts = Brazil (Hildebrand
and Schroeder, 1928; Chao, 1976)

Spavning Season -

Chesapeake Bay - Seprember ro November,
possibly to January and February
(Hildebrand and Schroeder, 1928;
Joseph et al., 1964)

Beaufart, Morth Carolina - September to
May, peaking October to March
(Hildebrand and Cable, 1930)

South Carolina - October te January
{(Bearden, 1964}

Georgla = Septesber to April (Dahlberg,
1972)

Gulf of Mexlco = Cotober to April, peak-
ing in November (Pearaon, 1929; Sabins,
1973)

Spawning Area

Most muthors and our data suggest
spawvning In continental shelf waters some
distance from shore, although Pearson
(1929} belisved apawning occurred at the
mouths of tidal passes. Bearden (1964)
and Hoese (1965} stated that spawning
cecurs of fshore. Bearden {1964) found
ripe adulta 5-50 km {(3-30 mi) offshore off
South Carclina, and found no early larvae
nearshore, although 8=15 m= larvae were
enptured here. Hildebrand and Cable (1930)
sugpested that spawning occurred 22-56 km
{12-30 mi) offsghore. Minimum length of
larvae in the harbor at Beaufort, HNorth
Carolina, was 3 mm, while 10-25 mm speci-
mens were more numércus in Beawfort Harhor
than offshore (Hildebrand and Cable, 1930).
Fruge (1977) found small larvae most sbun-
dant 60-80 km offshore, while larger
larvae becams more abundant with decreasing
distance from shore. Small larvae (< 10.0
mm 5L} are present in MRRI-MARMAP bongo
and neuston tows In shelf waters, and are
absent from South Carolina Estuarine
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Survey plankton tows.

Early Life History

Mean length at marcurity 1s 220 mm,
minimum length 140 ==; growth in the firac
year iz 150 mm, in the second to 200 mm
(Pearson, 1929), A 385 == female con-
talned 180,000 egps, and all ova were of
uniform size (Hildebrand and Schroeder,
1928). Young may use deep estuarine cur-
Tents to move upbay; larvae were more
common In bottom than in surface tows off
Beaufore, Worth Caralina (Hildebrand and
Coable, 1930), and have been taken in deep
{33=53 m) waters of Chesapeske Bay (Welsh
and Breder, 1923; Haven, 1957). In
continental shelf waters, however, larvae
are frequently taken In neuston Lows
(MRRI-MARMAP unpublished data).

Deacription of our Marerial

The follewing description is based on
&7 specimens, 3.1-41.0mm, from continental
shelf waters of the South Aclantic Bight
and from South Carelina estuaries.

Body form (Table 17). Larval
M. undulacue are relatively slender, depth
© 30X SL throughout our series except for
1 specimen in the 3.0-3.9 =m range. The
relative lengrhs of the soft dorsal and
anal fins are established in larvae 5.0-
5.9 mm. The gap between the anus and anal
fin origin is relatively short (4.6-16.0%
§L at 3.1-6.9 mm, 0-8.3% SL in larger
gpecimens). Preanus length is < 508 WL in
the smallest larvae avallable and
increases steadily to 55-60% SL in large
larvae and small juveniles.

Fin development {Table 18). Caudal
flexion occurs between 4.0 and 4.4 mm.
Principal caudal rays have begun to differ-
entiate In one pre-flexion specimen and
are consistently present in specimens
> 4.3 mm; the adult complement of 9 + 8
principal caudal rays ig present in
gpecimens > 6.8 mm. Procurrent caudal rays
are first seen at 7.1 mm; counts stabilize
at 7-9 dorsal and 7-8 wentral ac 17.5 mm.

The soft dorsal and anal bases are
firse wisible at 3.9 mm. Elementa of these
fins appear at 4.4 mm. Adulr anal fin
complemants of II, 7-8 are present at
2 6.8 mm; adult soft dorsal counts of 1,
27-30 are present at > 10.1 mm.

Dorsal fin apines are countable at 7.4 ==,
and adult ecounts (X spines) are comsis-
tently present at > E.4 mm.

The pelvic fin appears lata in
development, compared with other larval
sciaenids, the bud first being present at
8.4 m=. Pelvic elements begin to appear
at 9.4 ==, with the spine developing firsc
and the rays developing from the spine
mediad; the adult complement of I, 5 cle-
ments is present at * 11.8 ==, Pectoral
fin rays appear at 7.8 ==

Figmentation. In the head reglon,
selanophores are present at the angle of
the lower jow and anterior to the cleichral
symphysils throughout the aeries. Other
head pigment appears late in development.



The ventral surface of the hindbrain is
plgmented at > 7.4 mm. The tip of the
lower jaw has a melanophore in a few
specimens B.3-10.1 =m and in all specimens
» 10.1 em. A melanophore at the tip of
the premaxillary and another on the rames
of the lower jaw below the eye appaar at
11.8 gm. Two melanophores appear posterior
to the eye atr 11.8 em. Helanophores
appear on the dorsal surface of the head,
dorsal to the forebrain and midbrain, ac
12.9 mm. Malanophores on the jaws, dorsal
to the brain, and posterior to the eye
inerease in numbers with growth, and all
these areas are rather heavily pigmented
at * 15.8 mm.

Throughaut the serisa, malanin is
present on the dorsal surface of the
airbladder, and one or twe melanophores
are present on the posterior aurface of
the visceral mass dorsal to the anus.
Unlike many other larval scilaenids, no
plgment is present on the snterlor sur—
face of the visceral mass between the
cleithra, In the ventral midline in the
visceral mass area, a melancphore 1s
present just posterior to the cleithral
symphysis and another on the anteroventral
surface of the anus at > 3.1 mm. At > 4.9
mm, a third melancphore is presenc about
midway between these; this melanophore is
betwasn the pelvic fin bases at > 7.4 mm
when the pelvie is present. Often two
me lanophores, one on each side of che
midline, are present here. Two melano-
phores appear on the lateral surface of
the visceral mass posterior to the pecroral
fin base at 15.8 em; two-three ara presentc
here through the rest of the serims.

In the dorsal midline of the body, a
single melanophore is present on the body
surface anterior to the origin of the
finfold from 3.1-3.9 mm. Subsequently, po
dorsal midline pigment ia present until
11.8 mm, when a pair of melanophores, one
each side of the midline, appears anterior
to the origin of the Firar dorsal. Two or
thres melanophores appear along the second
dorsal base at 11.5 mm. HNumbers of melano—
phores in this sequence increase until 5=6
are present at 21.5-33.8B mm. A large
melanophore at the posterior end of the
firat dorsal base is first seen at > 12.9
mm. In the largest specimens of the serles;
plgment in the dorsal midline conslats of
a scquence of B-10 clumps of small melano-—
phores, evenly spaced from anterior to the
first dorsal to the postericr end of the
second dorsal,

In the midlateral line of tha body,
thres melanophores are first seen on the
body surface at 11.8 mm, one above the
anus, on¢ above the anal fin base, and one
below the termination of the soft dorsal
fin. WBumbers of melanophores in the
midlateral line increase, and the line of
melanophores extends posteriorly co the
caudal peduncle and anteriorly te above the
visceral mass with further dewvelopsent. At
> 21.5 mm 10 melanophores are placed In
this sequence. A line of 5 melanophorea
appears on the body surface between the
first dorsal fin base and the midlateral
line at 13.4 wm; 3-5 melanophores are
placed in this line in specimens
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13.4-24.4 mm. At > 33.8 == about 10
melanophores are present between the
dorgal fin base and the midlateral lina.
At > 33.8 =m, the melanophores in the
three lengthwise lines (ar the dorsal
base, in the midlaceral line, and between
thege) increase in nomhers and spread
dorsally and ventrally until, in the larg-
est specimens, 10 vertical bars of pigmentc
are formed.

In the ventral midline, 12 melano-
phores are placed in a row from the anus
to the notochord tip ac 3.1 mm; two of
thesa, midway along the row, are larger
and more expanded than the othera.
Teelve=fifresn such melanophores, usually
wich one expanded (2/3 of the way between
anus and notochord tip), arc present from
3.1=3.5 mm. By 3.9 mm, with the anal base
developing, a large melanophore is present
ar the origin and one at the termination
of the anal base, &nd no melinophores are
present along the rest of the base. From
4.3-7.1 sm, there is8 one malanophore
anterior to the anal base, ona just pos-
tarior to cthe anal origin (at the base of
the second anal ray when this is developed),
one at the posterior end of the anal base,
and three—six posterior to the anal fin.
At > 7.1 mm, cthe melanophore anterlor to
the anal fin is not present and the number
af melanophores posterior to the anal fin
is reduced to two—four. The gap in the
midventral pigment along the anal base
separates Micropogon undulatus from
Leiogtomus xanthorus. At > 15.8 mm, 2-3
melanophores are arranged in sequence
along the anterior half of the anal fin
base; at > 24.4 mm melanophores are found
along the whole length of the amal fin
base.

Pigment appears in all the median
fins during development. One or two
pelanophores are pressnc at the base of
the ventral lobe of che cawdal fin through-
put the serles; two melanophores ara
present at the base of the dorsal lobe at
> 11.8 mm. Small melanophores appear in
the spinous dorsal, anal, and caudal
membranes ot 15.2 mm and in the soft
dorsal membrane at 17.5 mm.

Other Structures. COne or two small
poattemporal spines are present from B.3-
10.2 =m (Table 18). HNumber of posttemporal
splnes Increases to 5 by 21.5 mm, and a
well-developed scale bone I present at
z 21.5 =,

Preopercular spines are present in
all specimena (Table 18). Numbers of
lateral and marginal spines increase to a
maximom at 13.4 mm, and numbers subse-
gquently decrease slightly as the smaller
lateral spines are resorbed and cha
marginal spines are overgrown by the
developing operculum.

Barbels are firsc seen ac 21.5 mm.
Threa or four short barbels on each lower
daw ramus are developed in specimens
= 21,5 mm. Scales are present ac?21.5 =m.

Published Developmental Descriptions

Weleh and Breder (1523) illuscrared




Table 17.
HL/SL
n

Snl
ED
HL
PARL
1D
11De
Tioe
Gap
Ao

At
Pyl
Bbe

Cpd

Deve lopment of body proportions of Micropopon undulatus.

3.0=3.9

]

f.2=H.4
8.2-11.92
26.8-31.6
4l.2=47.0
]

H=49.5%
N-75.2
N=-10.9
H-57.4
N=635.1

M
25.6-30.5

&.b6=6.7

bol=i .9
12
5.9=9.2
8.3-9.8
30.3-34 .8
62, 7-54.5
M=40.0
46.9-532.2
T0.6-86.7
7.0-15.5
54, 5-61.8
67.3-78.2
i
27.4-29.8

G.4-9.1

5,0-5.9

B
4.8-9.2
7.2-10.1
26.1-36.9
42.0-56.9
N
46.4-55.1
80, 6-85.5
4.6-16.0

58.0=-61.5

b.0=06.9

9

G.2-8.2
fi.6-8.2
18.9-32.9
Gf.7-52.5
14.2-39.5
49, 3-33.2
A1.9-BA.9
5.0-11.0

36.6-61.0

72.5 =78.5 10.9-79.2

b
2h.6-29.3
8.1-10.1

H
23.7=-27.4

7.9-10.4

1.0-1.9

4

6.9-8.4
6.9-8.0
11.6-33.3
50.6-53.3
34, 5-36.8
5. 6-51.7
AS.6-B7.4
3.2=-6.9
35.8-60.0
T2.6=74.7
29.5-35.6
16.3=-28.9

8.0-9.2

B.0-B.%

L3

5.9-8.9
5.8=7.3
30.1-33.3
49,0-534.3
32.4-35.9
4B, 5=51.5
B4 2=-B7.4
2.9-8.1
S6,9-00.2
0.6=T4.8
31.4=33.0
24.8-27.2

B.3-9.8

9.0-9,4
&

5.0-8.3
b.71=7.8
28.6-30.¢
AT, 9=50.1
30.5-31.9
46.2-50.0
T9.8=8A.7
¥=4,2
52,1=-56.3
67.2-73.3
28.6=31.0
25.2-27 .6
B.3=9.5

10.0=10.9
1

G, 8=7,8
5.8=7-3
26.7-31.5
51.7-57.8
13.3-35.9
50.,0-53.1
84.7-86.3
2.4-3.3
55.0-60.9
71.8=76. 6
29,0-35.0
25.0-18.1

7.8-10.1

£y



Table 17. continued
WL/SL 11.0-11.9
n 3

SnlL 8.5-10.0
ED 7.0-8,5
HL 31.0-32.9
PAnlL 49.3-57.1
1D 33.8-37.1
11D 36.6-53.9
IIme 85.9-87.3
Gap 2.8-5.6
Ao 54,9=60.0
Ad 71.8-74.3
Pyl 32, 4=35.7
BDc 26.8-29.7

1.1-9.9

1.9

9.1
7.8
3.1
37.1
35.1
51.9

88.3

59.7
T6.0
1.8
28.6

gll

13.4

56.2
32.5
il.2
86.2
1.3

T
7.8
33.8

28.8

4.1

7.1

32.1
36.0
6.9
54,2
86.9

15.0=-15.9
Z

7.8-8.5
T.4=7.8
12.2=-34.0
34 4=36.4
4, 4=35,1
50.0-53.2
B3.6=-89.4
L.o2-2.1
55.8=-58.5
71.1-72.3
34.0-34.4
27.8-28.7

8.5-8.9

17,5

8.7

6.7

6.5
6.7
35.6
0.0
B 5
2.9

59.6
73.1
34.6
21.9

T:7

21.0=-21.9
3
7.8-10.2
7.8-B.5
32.3-35.12
58.5-39.4
34.4-39.1
30.0-55.5
B3.6-86.7
W=3.9
58.6-62.5
710.3-75.8
32.0-39.1
25.0-28.1

7.8=-8.5

24,4

8.3

33.8

8.5

35.3
59.7
5.3
58.2

B5.1

41.0

33.6
61.5
36.3
5.0
B7.7
3.3

64,8

36.1
28.13

8.2

Lh



Table 18, Development of meristic characters of Hlcropogon undulacus.

"-LI"SL n 1D A PI P2 C pl: PEEUFETB Poat LD
1.1 £f fr £f bud H £F 0 01 0
3.5 £f 144 £f bud N £f 0 0.1 0
3.7 13 £F ff bud W £F 0 242 0
4.8 £f £f £f bud N 1+ 2 0 302 0

4.0 ff ff ff bud L £f 0 22 0
4.3 £f £f (f bud N 1+1 o 2/2 0
4.3 fr £ ff bud ] 1 2 [i] 1f2 L]
body i § 23 8 bud N 7+6 o 242 ]
b8 £ ff i bud N 9+ 5 0 0
5.3 £ 21 1,8 bud N B+7 0 o
5.7 ff 20 7 bud | B+ 7 o 3/3 0
6.0 ff 23 8 b N 9+ 8 o 243 1]
6.2 if 27 1,7 bud N 9+ 8 0 VE 0
b.5 £f 24 A buad N A+ 7 0 LYk 0
5.8 £f 27 n,7 bud K 9+ 8 0 afl 0
1.1 i 26 I1.8 bud N 9+ 8 1,0 4 0
1.4 £f 27 1,R bud N 7 + A 0 3 0
7.4 x 26 11,8 touel ] 9+ 48 0 0
7.8 I 28 11,8 2 N 9 48 1,1 a4 0
B.3 Ix 28 1,8 3 N 9+4 3,3 1
8.4 X 1,28 IX, 8 bud bud 9+ 48 0 14 1
8.9 X 30 11,8 bud bud 9+ 8 1,2 2
9.4 X 28 11,7 5 5% 9 + @ 4,5 2

10.1 X .29 1,8 5 9+ 8 5.4 414 1

10.2 X 1,30 11,8 6 1,3 9 +8 5,3 4/3 1

11.8 ¥ 1,29 1.8 L4 1,5 9+48 5,3 415 1

1.9 ¥ 1,28 1.8 16 1,5 5+8 bk 5/5 3

13.4 X 1,29 11,8 16 1.3 9 + 8 N 65 &

15.8 b3 1,29 1.8 17 I.5 5+ 8 f,5 515 3

17.5 X 1,30 11,8 16 1,5 9 48 8,7 545 3

21.5 X 1,29 11,8 17 1.5 9+ 8 8,7 46 5

21.8 % 1,28 11.8 17 1,5 9+ 8 9,7 445 5

24.0 X 1,27 11,8 i8 1,5 9 + A B.8 34 several

33.0 ¥ 1,27 11,8 18 1,5 5 + B 7.1 34 several

4.5 X 1,29 11,8 18 [.5 9+ 8 A,B /4 soveral

b1
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and brisfly described late larvae (11-12
mu) and juveniles (30-80 mm). Pearson
{1929} described and {lluscraced a 6.5 mm
larva and repeated Welsh and Breder's
earlier information on the later stages.
Hildebrand and Cable (1930) illustrated
and described a series from 2.5 mm larvae
to 110 mm juveniles. Their illuscracions
and descriptions are fairly accurate for
specimens & mm and larger, in terms of
body form, fin development, and pigmenta-
tion; however, their smallesc specimen
{2.5 mm) is distorted, and the details
{particularly pigmencation) given for
early larvas are not sufficlant for sepa-
ration of the larvae from thosa of L.
xanthurus. Lippson and Moran (1974
repeated Hildebrand and Cable's (1930)
{llustrations and characters for sarly
larvae and juveniles, but included
accurete originel {1lustrations (5.3, 7.7,
12,2 mm SL) by Peter Berrilen which repre-
aent the best avallable for the species.
Lippeon and Moran alsa include characcers
for separaction of larval M. undulatus from
L. xanthurus. Fruge (1977) described and
illustrated a series 1.7-10.5 m SL. His
deseription macchea our material guite
closely except for some differences in fin
development stages (earlicr developoent of
caudal fin rays in Fruge's descriptiom,
most notably). Fruge (1977) gives useful
comparative data on ventrel visceral mass
pigment in M. undulatus and Lelogtoous
xanthurus.

Pogonlas crom/is

Fogonias cromis = Black drum

Range - Gulf of Maine - Braril (Chao, 1978)

Spavning Season -

Delavare Bay - April and May, possibly a
second spawning in Septesber (Thomas,
1971}

Chesapeake Bay = April and May (Joseph
et al., 1964)

South Florida = Novesber to March
{Jannke, 1971)

Louisiana - March and April (Framk
Truesdale, pers. coem.)

Texas - February te May, poasaibly a
second spawning July te Bovesmber
(Pearson, 1929)

Spawning Area

Spnvnin,g pecurs in coastal waters
nearshore and pessibly inside estuarles
(Pearson, 1929; Joseph et al., 1964;
Jannke, 1971). Jannke (1971) cited evi=-
dence of estuarine spawning from the
literature but belisved P. cromis to spawm
outside estuaries of the Everglades.
Pearson (1929) reported spawning at the
geavard side of tidal passes, and Joseph
er al. (1964) reported spawning in lower
Chesapeake Bay. Truesdale and Birdsong
took small larvae (2.6-5.8 mm) in a tidal
pags In Louisiana (Frank Truesdale, pers.
comm. ) .

Esrly Life History

Average slze at maturity is about 350
mn, minisum 270 mm (Pearson, 1929). P.
cromls reach about 320 mm after 2 vears
growth (Simmons and Breuder, 1962}, A
female of 1100 mm total length contained
6,000,000 egge (Paarson, 1929). Epggs, of
diameter 0.8=1.0 mm in the plankton, take
less than 24 hours to hatch at about 207C
(Joseph et al., 1364).

%o larval P. cromis were taken by
Joseph et al. (1964) in planktom hauls
despite extensive collections at times and
in areas of suspected spawning. Young
gpecimens (8-15 mm S5L) were taken in
ditches and creeks of the Delaware Bay
area by Thomas (1971), and were not found
in deeper areas sampled by crawl.

Juveniles (30-530 == tocal lengrh) were
taken at seine stations alomg river edges,
and minimom total length in trawl stations
was 60 mm (Thomas, 1971). Frisbie (1961)
also suggests that shallow estuarine waters
are the nursery ground for young P. cromis.

Description of our Material

The following description is based on
5 specimens, 3.9-5.6 mm, from the Cape Fear
River estuary and South Caralina sstuaries.
This limirsed material is identified as
P. cromis becsuse the specimens are
Sciacnidae, are not other specles, and
agres with published descriptions (Pearsonm,
1929%; Joseph et al., 1964).

Body form (Table 19). The larvae are
slender for sciaenids, depth less cthan 25X
5L. The dorsal fin base ix longer than
the anal fin base in larvae vhere these
structures are present (&4.4-4.6 ==m), and a
marked pap (10-12% SL) exiscs between the
onus and anal fin origin, both characters
suggesting that these larvae are Sclaenidae.

Fin dévalopmént. WNotochord flexion
in the caudal region has begun in one of
the two 4.6 mm specimens. The bases of
the second dorsal and anal fins are pre-
sent ar G.46=4.6 mm, but no fin elemencs
ara coumtable. The pectoral fin is
present, with oo differentiated rays, in
all specimens., First dorsal and pelvic
fine are not present.

Pigmentation. P. cromis larvae are
extensively pigmented, such of their pig-
mentation being in large, atellata,
branching melancphores.

In the head region, one melanophore
is present at the tip of the lower jaw,
and another on the interior surface of
each lower jaw ramus. O(nme melanophore is
present in the ventral midline below the
enterior margin of the eye at 4.5 mm, and
at this size, a selanophore 1s present
laterally on the presaxillary at about ira
midpoainc. A large area of malanin im
present on the ventral surface of the
brain, posterior to the eve, in all speci-
mens. Two melanophores are present on the
preoperculum behind the eye in one 4.6 ==
specimen. A melanophore is present at the
angle of sach lower jaw and one is present
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Table 19. Development of body proportions of Pogonias cromis

ML/SL 3.9 9 &4 LB h.B
n 1 1 1 1 1

Snl 7.0 5.0 &.4 8.5 7T
ED 8.0 8.9 8.0 7.6 8.3
HL 26.0 27.7 28.3 8.0 H

FanL 46.0 46.3 47.8 47.5 47.9
IDa [ H K ] L

I1De [ i 45.2 46,6 9.6
ITDc K K 61.9 67.8 70.9
Gap W K 1.5 11.0 10.2
AD . L 9.3 58.5 38.1
AL N N £5.5 B66.1 6.7
1"21 L K L ] N

BDe 23.0 2&.8 2s.8 3.7 254.8

cpDh 4.0 4.4 5.1



anterior to the cleithral symphysis, inall
specimens.

Diffuse melanin iz present on the
dorsal surface of the airbladder, and a
large branching melanophore 1s present on
the posterior surface of the visceral mass,
dorsal to the anus. A large melsnophore
is present on the anterior surface of the
visceral mags. In the ventral aldline,
two melanophorer, one behind the ather,
are present poscerler to che cleichral
symphysis in all specimens but one of 3.9
em; the anterior of the two 1s the larger.
A melanophare 1s present on the anteroven—
tral surface of the anus in all specimens.

In the dorsal sidline of the body, one
internal melanophore is present in the
nape in all specloens. Oune or two large,
branching melanophores are placed on the
dorsal midline about halfway between the
posicion of the anus and the notochord
tip im all speclsens but one of 3.9 mm;
these melanophores are located along the
posterior part of the second dorsal base
in specimens in which this iz developing.

In the midlateral line, three
expanded stellace melanophores are placed
in longltudinsl sequence from just ancerior
te just posterlor of the anus. One 3.9 mm
specimen has tvo further stellate melano—
phores behind chese chree, while che other
has no stellate melanophores in the
midlateral lime.

In the ventral midline, a series of
about 5 large melanophores is located
between the anus and the developing caundal
fin. Some of these are stellate, branch-
ing dorsally almost to the midlateral line.
A Bingle melancphore is placed at the base
of the ventral lobe of the developing
cauvdal fin in all specimens.

Qther Structures. Teeth are present
in both jaws in all specimens except one
of 1.9 mm. All specimens have precpercular
spines, counts ranging from 1/0 (laceral,
marginal) at 3.9 mm to 1/2-3 at 4.6 mm.

Publishad Deve tal cripeions

Pearson (1929) described and {llus-
trated a serieas from 4.5 mm larvae to
adults. Joseph et al. (1964) described
and {llustrated eggs, yolk-sac larvae, and
later larval stages to 8.0 mm TL. Jannke
(1971) 4lluscrared larvae of 3.5 and 5.5
mm. The descripeions of Pearson (1929)
and of Joseph et al. (1964) agreed with
respect to fin development, body form, and
plgment. Jannke's (1971) 5.5 mm specimen
was somawhat more advanced wich respect to
fin development than specimens of tha
other authors at similar lengths, and
although Jannke (1971) showed plgment in
the same areas as Pearson (1929) and
Joseph et al. (1964), he did not illus-
trate the branching nature of the
melanophores characteristic of P. cromis
in che other descriptions and our
material.
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Sciaenops ocellata

Sclaenops ocellata = Red drum

Eﬂl‘lil - Maggachusetts to Texas {Elldﬁh‘l‘l‘nﬂ.
and Schroeder, 1928; Chao, 1976)

Spavming Season -

East coast Uniced Scates - lace fall and
early winter {(Welsh and Breder, 1923)

Chesapeake Bay - August te Novembar, pos-
sibly somewhar larer (Hildebrand and
Schroeder, 1928; Hansueti, 1960;
Joseph et al., 1964)

South Florida - Seprember to February
(Jannke, 1971)

Louisiana - September to November (Sabins,
1973)

Texas = September to November (Pearson,
1929}

Spawming Area

Spawning occurs outsgide escuaries in
coastal waters nearshore (Pearson, 1929;
Manguetd, 1960; Jannke, 1971}.

Early Life History

Late larvae and early juvenlles are
found in grassy areas of estuaries, seldom
over bare sand bottoms; minimum and mean
glres of young increase with distance from
the ses within estuaries. At 50-150 mm,
young flsh move from the grassy areas to
desper estuarine areas. Size at maturicy
is sbour 800 em. A female of 900 mm cocal
length had 3,500,000 eggs (Pearson, 1929).

Deascription of our Harerial

The following description is based on
nine specimens from the Cape Fear River
estuary and from South Carolina estuaries,
4,1-7.9 mm. This material is relatively
limited, so the description may not include
all variations which may occur In the
larvae.

Body form (Tabhle 20). Larval 5.
ocellata of the sizes avallable are slim-
bodied, body depth less than 32% S5L. The
second dorsal £in base is longer than the
anal base in all specimens available,
facilitating identification to tho family
Sciaenidae. The gap between anus and anal
fin, 10.2=-12.3% 5L in larvae of 4.1 and
5.1 mm, decreases to 5.1-7.1% 5L in larvae
£.5-7.9 mm. Other bedy proporcions remain
rather constant over the size range
avallable.

Fin development (Table 21). Norochord
flexion, vccutring at 4.1 mm, 15 complete
by 5.2 mm. Principal caudal rays are
present in all speciment available and are
complete (9 + & rays) at > 6.5 mm. Procur-
rent caudal rays (4 dorsal, 1 ventral) are
first seen in the largest specimen, 7.9 mm.
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Deve lopment of body proportions Sciasnops ocellata.
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Table 21, Development of meristic characters of Sclaenops ocellaca.

NL/SL o 11D A Py P, c pC  Precpece
-l:.‘!; It 14 5 bud N g+6 a 211
5.2 £f =22 7 bsd buedd i+6 o 242
6.1 Vi 1,25 11,8 Tl b g+ 8 0 3/3
6.2 1% 1,24 11,8 bud bud B+ & 0 E g
6.2 v 1,24 1.8 bud bl 947 ] 33
6.5 VIl 1,25 11,8 bud bl 94+ 7 ¢] 141
6.5 Ix 1,22 I1.8 i buad 948 0 afh
7.0 X 1,25 11,8 bugd bl 9+ A n 44

7.9 X 1,25 11,8 [ bud 9+ 8 4,1 5

0%



Soft dorsal and anal fin bases with
fin ¢lements are developed In all speci-
sens (Table 20). The adult second doraal
and anal complementa are complece by 6.1
m (except for ome 6.5 mm specimen with 22
second dorsal raye and a 6.2 mm specimen
with one anal gpine). Firse dorsal spline
counts are complete wt 7.0 mm. The pelwvie
fin first appears ot 5.2 mm: no fin ele-
ménts are developed in this fin through
7.9 mm. The pectoral fim, present In all
apecimms, first has developed elementcs
(6 ac 7.9 mm.

Plgmentation. 5. ocellara larvae are
extensively plgmented. Particularly nota-
ble in all specimens ls a secies of about
10 Internal melanophores assoclated with
the dorsal surfage of the developing verte-
bral columm. These melanophores are
placed one por myomere and extend from the
posiction of the anus to the caudal
peduncle.

In the ventral midline, a melanophore
is present botween the anus and the anal
fin erigin in all specismens except that of
7.9 mm. Specimens > 3.2 mm have one or
two melanophores along the anal fin basa.
All Epecleéns have one or tvoe melanophores
at the poaterior end of the anal basec:
thiae frequently branch dorsally to the
midlateral line. Between the snal base
and the caudal fin base, two melanophores
are present throughour the serfes. A
elngle melanophore s present ac the base
of tha vantral loba of the caudal fin
throughout the serles. In the dorsal
midline, a pigment spot 1s present ar che
oripin af the second dorsal and another
above the position of the anal fin termlne-
tion in all specimens; these spots are made
up of both internal and external pigment.
An exterior melanophorée is placed on the
nape in all specimens in which the spimous
dorsal fin is present (> 5.2.mm). TIn the
midlateral line, a branching melanophore
1s present on the body surface above the
position of the anus in most larvae; this
15 usually prasent ac < 6.5 == and alvays
present at > 6.5 =m.

On the premaxillary, one melanophore
at the symphyais and one on the lateral
surface are present in all specimens. The
maxillary has one melancphore, bolow the
anterler margin of the eye, In specimens
> 5.2 mm. Ome melanophore is placed in
the ventral midline, between the Lower jaw
raml, in all speclimums.

The ventral surface of the brain,
posterior to the eve, has a large patch of
selanin in all sapecimens. One or two
melanophores are present on the lateral
gurface of the brain, at the midbeain-hind-
brailn junction, at > 7.0 mm. Above the
eye, on the surface of the head, one
pelanophore s present in absur half our
specimens, and posterior to the eve,
medlal to the surface of the precperculum,
ong or two melanophores are present Iin all
specimens * 5.2 em.. A melanophore is
present at the angle of the lower jaw and
another anterior te che elaichral
aymphyais In all specimens.

HMffuse melanin Is present internally

a1

on the doraal and posterior surfaces of

the alrbladder and on the posterior sur-
face of the visceral mass In all specizens.
One internal melanophore ls placed on the
anterior surface of cthe visceral mass
between the elelthrs throughout the serles.
In the vencral midiine, all specimens have
a4 melanophore at the posltlon of the pelvic
fin insertion and one on the anteroventral
surface of the anus.

Other Structures, S=all lateral and
marginal preopercular spines are present
in all specimens (Table 21). These increase
in number with growth, 4/4=5 (lateral/
marginal) belng present In the three largest
larvae avalloble. The marginal spines are
larger than the lateral; these are not,
howevér, as large as In B. chrysura or
&, lanceolatus. Small teech are present
on the premaxlllary snd dentary throughouot
the series,

Fublished Developmental Descripcions

Pearson (1929) described and 1llus-
trated larvae and juvenlles from 4.0 mm to
42 =m, His specimens of 4.3 mm and 7.0 mm
agree fairly well with our material in
median fin development. However, he
sfhowed no pelvie fina ar 7.0 mm, and a
rudiment of broken branchiestegal ravs in
his 1llustration might be interpreted as a
Jugular pelvie fin. Body proportions in
his figures indicate distortion. Pigmenta-
tlon on the body surface shown by FPearson
(1929} is similar to that in our specimens,
and his descriprion iz adequate for separa=-
tion of 5. ocellats larvae from other
sclaenld larvae on thils character. Howewver,
he did not show the internal pigment asso-
clated with the notochord which 1a vary
evident in our material. Head and
wviscerasl mass pigment and preopercular
spination observed by us were not shown or
specifically described by Pearson.

Jannke (1971) tlluseraced larvae of
3.5 pm ond 6.5 mm.  Jannke's (1971) Lllus-
trations agree with our specleens In bady
proportions, preopercular apinacion, and
fin development. He Lllustrated 10 + 8
principal caudal royes, 7 snal rays, and 22
doreal rays; these counts appear from the
drawing o be complece, but chey are noc
characteristic of adult 5. ocellata (Table
1}. Melanophores assoclated with the
vercebral colusn are shown In both of
Jannke's 1llustrarions, as is pipgmentacion
at the posterior end of the anal fin base,
but much pigmentatlion on the body surface,
vigceral mass, and head meen in our zpeci-
mens is not shown by Jannke (1971). Thus,
the 1llustrations of Jannke (1971) and of
Pearson (1929) are not In agreément, but
show characters in common with our material
wirich permit confirmation of their
identifications as S. ocellata.

Stellifer lanceolatus

Stellifer lanceclatus = Star drum

Range - Chesapeake Ray to Texas, possibly
to Mexico (Hildebrand and Cable, 1934)

Spauming Season =
Chesapeake Bay - late spring and early
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summear (Hildebrand and Schroeder.
1928)

Beaufort, North Carolina - May or June
to Auguat (Hildshrand and Cable, 1934)

South Carolina - smallest juveniles
caught July to October (Shealy st al..
1974)

Georgia = May and June to Septomber
{Dabhlberg, 1972}

Loulsiana = May to June, August and
October (Frank Truesdale, pers. comm.)

Spasming Area

Most larvae were taken between che
coast and 13-22 km (7-12 miles) offshore,
few in estuarlies by Hildebrand and Cable
{1934), Small larvae are, however, fre-
quently taken in estuaries of South
Carolina (Estuarine Survey unpublished
data). Small specimens (minimum 2.4 m=m)
were taken in a cidal pass in Loulsiana
(Frank Truesdale, pers. comm.).

Early Life History

Larvae were taken only in bottom
plankton tows, not in surface tows, by
Hildebrand and Cable (1934); howewver,
larvae have been taken in both surface and
bottos hauls in South Carolina estuaries
{Estuarine Survey unpublished data).

E. lanceolactus firac macure at age 1 year,
at a length of 80 mm (Welsh and Breder,
1923).

Descriprion of our Material

The following descriprion is based on
26 specimoms, 2.8-15.1 mm, from South
Carolina estuaries and tidal passes.

Body form (Table 22). Body propor-
tions change slowly with development.
Depth at the cleithral symphysis decresses
gradually from 33.0-41.2% 5L at 2.9-3.% mm
to 33.3=-35.8Z 5L acr 13.0-15.1 mm. Preanus
lengrh increases alightly, from 41.2-47.1%
5L st 2.9-3.9 m= to 54.2-57.8% 8L ac 13.0-
15.1 em, Distonce from the anus to the
anal fin origin, 13.3=-21.51 SL in larvae
of 2.9-31.9 ==, alac decreases gradually
with growth te 12-16% SL at 4.0-5.9 mm and
to 6.5-9.7% 8L at 13.0-15.9 mm.

Fin development (Table 23). Bases of
the second dorsal and anal fins are visl-
ble in all specimeéns. Prerygiophores in
the second dorsal are countable (10} at
3.1 mm, and the adult complement of 20-24
rays is present at > 5.5 mm. Anal fin
pteryglophores are countable (8) at 3.3 mm;
adult complements of II, B-9 elements are
present in specimens of > 4.5 mm. The
spinous dorsal fin is firset visible at 4.1
mm, and adult spine counts of XIT are con—
slstently present at * 6.9 =m.

The notochord flexes ar 3.3-4.3 mm.
The full principal ray complemenc (9 + B)
15 present at * 4.5 =mm. FProcurrent caudal
rays first appear at 5.1 e= and the adult
complement {s present at * 10.2 mm.

The pelvic fin bud first appears in a
specimen of 4.5 mm and is consistently pre-
sent at * 5.8 mm. The adult eount (I,5)
is present In specimens > 7.4 mm. The
pectaral fin ia present in all apecimana;
rays are firsc seen ac 6.9 = with the ray
complement complete in specimens of * 14.0

Pigmentation. 1In the smallest larvae
avallable, £ 3.1 mm, a row of five melanc-
phores is present in the ventral midline
herween cthe anca and the notochord tip;
one or two melanophores two-thirds of the
way [rom anus to notochord tip are expanded
laterally. 1In all specisens > 3.1 mm a
large melanophore ls present at the pos—
terior end of the anal fin base. This
melanophore branches dorsally in most
specimens, often as far as the midlateral
1ine. In mosc specimens > 3.1 mm a =elanc—
phore is also placed at the anterior end
of the anal base. One to three melano—
phores are present poaterior to the anal
base in most specimens 31.3-6.2 mm; no
plgment is present in this area ac 6,2-
10.2 mm, and at > 10.2 mm, three or four
melanophores are agala present hers. An
external melanophore is present in the
dorsal midline dorsal to the melanophore
at the posterior end of the anal base in
oost specimens 2.9-6.2 mm. A amall, faint
plgment spot 1& present in the midlateral
1ine above the melancphore at the posterior
end of the anal base In some specimens
3.1-5.5 e=m. A single melanophore is
present at the base of the infarior lobe
of the caudal fim at > 3.1 mm.

A large, internal melanophore is
present on the anterior surface of the
wvisceral mass, between the clelthea,
throughout development. A aimilar large
melanophore is present internally an the
posterior surface of the wisceral mass,
dorsal to the anus, &t * &1 om; this
melanophore becomes extensively branched
at » 6.9 mm, and addicional, bramched,
incernal melanophores appear anterodorsal
and posteroventral to this one, on the
posterior surface of the visceral mass, at
> 10.2 mm. On the ventral surface of the
wvigceral mass, a melanophore 18 present
midwvay from the cleithral aymphysis to the
anus at 2.9-6.2 ma (between pelvic fin
bases at slzes where the pelvics are
present), and a second melanophore 1is pre—
sent on cthe ancerovencral surface of the
anus at 2.9-5.5 mm.

In emall larvae (< 1.8 mm) pigment is
aleo present externally in the dorsal mid-
line and internally (associated with the
notochord) above the visceral mass. In
Eptcﬂlﬂlﬂ. < 5.5 mm a malanophore is placed
on the body surface at its junccion wich
the dorsal edge of the pectoral fin. Pig-
ment is found at the angle of the lower jaw
in speécimens amallér than 6.2 mm and
anterlor te the cleichral sy=mphysis
throughout our serles. A characteristic
internal area of pigment at the uppar end
of the operculum, in the otlc reglon, is
present in all specimens > 7.4 mm. This
area appears to roof a cavity between the
body wall and the hindbraim (possibly the
orle capsule).
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Development of body proportions of Stellifer lanceclatus.
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Table 23. Dovelopment of meristic characters of Stollifer lanceolatus.

ML/5L n 11D A Py Py [ i Preopere Posttemp
2.8 £ ff it bud N if 4] 1/3 4]
2.9 [f I if bud H if 0 2/5 i}
3.1 44 10 ff b H 242 1] 3/ 0
3.1 i it ft bud N £F 4] 23 a
3.3 [E 15 | T ] b+ 6 0 33 i}
3.4 ff 19 7 bud ] 4 + 5 (1] 343 0
3.5 ff 4 4 4 4 bud H 8+7 0 2/3 0
3.8 ff 18 8 Trud H g4+ 7 1] /3 ]
f.1 £ 4 17 1.8 bruind H 8+7 0 LY i}
L3 ff 19 8 bud N 8+6 1 33 0
4.5 11 21 11,8 Tanad N 9+ 8 L] LYy 1
H.9 3 4 20 I,8 Tl buad 9+ 7 a ArG 1
5.1 v 19 11.8 bud H 9+ 8 1.1 &5 1
5.5 & 19 1.8 bud ] a+7 0 32 i
3.3 £ 22 11,9 bl ] 9+ B 1,1 LT 1
5.8 £f 22 11,8 bud ] 2+ 8 o /4% i}
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6.9 11 22 11,8 7 I,4 9+ 8 [ | a4 1
7.4 11 23 11,8 13 I,5 948 b4 4/4 1
L XII i 11,8 7 1,3 94+ 8 3.5 &14 1
7.8 £ 22 11,8 13 1,5 9+ 8 L S/4 1
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13.1 XL 1,22 11,8 19 1,5 9+ 8 4,8 irs &
13.9 I 1,22 11,8 15 1,5 9+ 8 9.8 6/h &
14.0 X1 1,21 11,8 19 1,5 9+ 8 9.8 704 4
15.1 XL 1,41 11,8 20 1,3 2.+ 8 2.8 8% Y
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Further external and {nternal pigment
develeps in the head raglen, laterallwy an
the body surface, and In the fin membranes
in speciomens larger than 10.2 mm. A row
of 4=8 mwlanophores Iw present on the sor-
face of tha hady hatween the firac dorsal
bagse and the visceral mass ac 13.1-14.0 mm,
and by 15.1 s this ares has many small
scatterad melanophores. Four clusters of
amall melanophorea are present {n the dor-
sal midline at 1J.1 mm and peraist through
15.1 mm: one Is placed anterior to the
flrat dorsal origin, one midway along the
filrat dorsal basze, ones ar the second dor—
sal origin, and one midwvay aslong the
second dorsal base., A few small melano-
phores appear in the first doraal membranc
at 13.1 mm and in the second dorzal ses-
brane at 15.1 mm. Small melanophores at
the tip of the caudal fin appear at 13.1
mm. At 14.0 mm, a few internal selano-
phores appear scattered around cha
midlateral line dorsal to che anal fin
hase. Ay 15.1 mm, pigmentation s not
particularly heavy and 18 locallzed in the
areas deseribed abave.

Other Structures. Lateral and
marginal precpercular spines are present
throughout davelapment. The marginal
spines, numbering 3-4 ac 2.9-7.5 om, are
larger than the latecal and are rather
well-developed at all slzes. Teeth are
prosent on the premaxillary and dentary at
all sizes. A posttemporal spine appears
ar 5.1 == and 1s present until 7.8 sm. &
gap existg in our series between 7.8 and
10.1 =m; In specimena 10.2 mm and larger a
"seale bone” with 4 spinous polnts is
prezent {n the posttemporal reglonm.

Publ fahed Dévelopmental Doseriptions

Hildebrand and Cable (1934) described
and illustraced a series 1.8-85 mm, includ=
ing Welsh and Breder's (1923) figures of
29 om and 164 mm juveniles, with their
eriginal illuscracions of specimens 1.8=
13.0 mm. The early larvae (lengths
1.8=3.5 mm} described by Hildehrand and
Cahle (1934) as 8. lanceolstus have pig-
ment of the brain and pectoral fin, and
early developing pectoral rays character—
Istic of Larimus faseiatus; the hady pro-—
portions glven by these authors correspond
more closely to our L. fasclatus tham to
our 5. lanceolatuf. Thelr {llustrations
of larvas 1.8, 1.5 and 3.3 mm do not
correspond to their description in terms
of pigment, and represent nelther L.
fasclatus nor 5. lanceolatus as we know
them. Hildebrand and Cable's (1934) des-
cription of later larvas corresponds
fairly well to our observations with
respect to body proportions, preopercular
spination, and development of fina. The
description includes most of the plgment
wa have seen in our material, wvith the
exception of an external melanophore in
the dorsal midline, doreal to a prominanc
spot ac the poaterior end of the anal fin.
This 1s present in almost all our speci~
mens below 7.0 mm but was rarely present
in those of Hildebrand amd Cable (1934).
Thelr {llustrations of late larvae
correapond somewhat better to thelir
descripcion than do those of the small
larvae.

5%

Umbrina coroldes

lshring coroides = Sand drum

Range - Flordida and the Bahamag to Brazil,
including Gulf of Mewlco (Bohlke and
Chaplin, 19G68; Chao, 1976). One speci-
men recorded from Chesapeake Bay
{Hildebrand and Schroeder, 1928)

Spawning Season = Ko Information
Spawming Area - Mo information

Farly Life Hiatory

No information. This specles Is
probably rare in the South Atlantie Bight;
we know of no records north of Florida
except the Chesapeake Bay specimen nocred
above. U. coroides inhabits shallow
waters along sand beaches (Bohlke and
Chaplin, 1968). We have fdentified no
larval, juvenile or adult speclsens in any

of our colleccions.

Summary and Discussion

Published information on spavning
seasons, based on both observaclons of
gonad condition and of presence of eggs
and larvae, {a avallable for all but five
spoacies of South Atlantic Bight sciaenids
{four specles of Equetus and Umbrina
coroldes). Most sclaenlds of the area can
be characrerized as winter or summer
spavnerg (Table 24). Two species are
winter spawners; nine are summer spavners.
Of the nilne summer apawners, eight have
apawning seasons atarcing in late spring.
Two apeclies cannot he characterized aas
summer of winter spawners: Sclaenops
ocellata apawns 1o fall, and Pogonlas
cromis has been reported ro spavn ac
various times throughout cthe year.

Fublished Information on egg and
larval distributions ond on migrations of
adultes before che spawning season indi-
cates that spavning of sclaenids may occur
in estwuarine, coastal, and contipental
abhelf wvatera (Table 25). FPour specles
spawvn in estuvarine and coastal waters.
Five specles are reported to spawn outside
estuaries, probably in coascal warers.
Eight species are supposed to spawn sose
distance from shore in continental shelf
waters. For Lelostomus sanchurus and
Micropogon undulacus the supposition is
well supported. Small larvae (< 5 mm SL)
of Cynoscion nothus and Larimus fasciatus
have been taken in shelf waters in
HRRI-HMARMAP hongo and nausron CowEe.
Equetus spp. are permanent inhabitants of
shelf waters in the South Atlantdc BHight
and thus almost certalnly spawn there.

All apecles for which eggs ave knowm
spawn planktonic egge, and, from fecundicy
data and the obsence of reports of demersal
spawning, it Is to be expected that this
spavning pattern [s& chardcteriatic of the
fazily. Larvas are planktonic in all
sclaenlds In which the larvae are known,
except for Equetus; the three Larval
Equetus knownm were collected on the bottom.
In many epecies, larvae are reported to be
more abundant in water near bortom than In



Table 24.

Spavning seasons of South Arlantcic Bight Scilaenidae

WINTER SPAWNERS -

Fall = Wincer:

Winter:

SIMMER SPAWNERS -

Spring = Summer:

Susmiy - Fall:

Spring - Susmser - Fall:

FALL SPAWNERS =

Fall:

QUESTIOMABLE -

KO DATA =

56

Micropogon wundulatus

Lefostomus xanthurus

Bairdiella chrysura

Cynoscion nebulosus

Cynoacion regalis

Menticirrhus americanus

Menticirrhus littoralis

Menticirrhus saxatilis

Stellifer lanceolatus

larisus fasclatus

Cynoscion nothus

Selaenops ocellaca

Fogonlas cromis

Equetus spp-

Usmbrina coroides
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Table 25. Spawning areas of South Atlantic Bight Sclaenldae

ESTUARINE AND COASTAL = Balrdlella cheysura

Cynozelon mebulosus

Cynoscion regalis

Pogonias cromis

COASTAL - Menticirrhus americanus

Menticirrhus licroralis

Menticirrhus saxatilis

Sciaenops ocellata

Stellifér lanceolatus

CONTTNENTAL SHELF - Cynoscion nothus

Equetus spp.
Lari=us fasciatus

Leiostomus xanthurus

Micropogon undulatus

N0 DATA = Usbrina coroidea




surface waters, and it has beoen hypothe=
sized (e.g. Mansuveti, 1960) that presence
of larvae in bottom water accounts for
upstream tranaport in estuarine bottom
currenca,. Larvas of offshore-apawning
specien, however, have been found in large
numbers in MERI-MARMAF neuston tows in
continental shelfl waters.

Family Characters of Larvae

Larval sciaenids can be characterized
an unspecialized perciform larvae, with
myomere counts of 24-27. They lack the
speclalired larval characters (e.g. highly
developed head and fin spines and exoctic
body shape) found in many other perciform
gnd non-perciform larvae. Thus, Idencifi-
cation of larvae to the family level may
be to a considerable extent a matcer of
elimination of non-sciaenid larvae.

Body proportions are sufficiently
gimilar in larvae of all speciss to ba of
limited wsafulneas in separacing genera
and species. Body depth is rather similar
in the early stages (depth at cleithral
aymphysis ca. 30T SL at < 3.5 mm) but in
later stages larvae fall roughly inte a
deep-bodied group (depth at cleithral
symphyvsls greater than 32X SL in
Bairdiella chrvsura, Cynosclon ndathus,
larimus fasciacus and Stellifer
lanceglatus) and a shallow-bodied group
{depth at cleithral symphysls less than
32% BL in Cynosclon nebulosus, Lelostomus
xanthurus, Micropogon undulatus, Pogonias
cromls, and Sclaenops ocellata); body
dupthe of Cynoscion rugalis are intermedi-
ate between those of the two groups.

Fins develop early, with the full
complement of dorsal and anal soft rays
presént before 10 mm In all specias we
have seen. Fin development sequence le
that of most larval teleosts, with full
complements of elements developing usuvally
in the followlng sequence - anal and dop-
gl rays, principal cauvdal rays, dorsal
spines, pelvic spine end rays, pectoral
rays, procurrent caudal rays. In Equetus
the spinous dorsal and the pelvic fins
devalop early and are well-developed at
the rims of notochord flexiom. In
Larimus fascilatus, pectoral ray development
begine relacively early, simultanscusly
with nocoechord flexion. In all species,
bagas of tha sofrc dorsal and anal begin
development early (< 5 mm). In adults,
the soft dorsal base Is art least cwice as
long as tha anal base and the sofr dorsal
bags has ac least twice AS many Tays as
the anal. Ia all lazvae in which bages of
these fins are developed, the soft dorsal
base is noticeably longer than the anal,
and this represents a good character for
family-lavel ildentification. Presence of
one or two anal splnes, an adult character,
is not a good larval character since in
larvae of many perciform families with
three anal spines the third spine develops
from a ray in the lare larval stages. In
larvae of most sciaenids we have seen
(excepr Menticirrhus sp. and Cymoscion
nebulosus), there 1s a marked gap between
the anus and anal fin origin; this gap is
found in larvae of fow other perciform
famllies (e.g. Gerreldae, Scombridae).

Freopercular spines are present in all
specles we have seen, but in many the
spines are small and in none are thov as
well developed as in, for example, larval
Carangidas and Lutjanidas.

Pigmentation ranges from sparse Lo
moderately heavy and extensive. Early
gcinenid larvae (< 3.54.0 mm) have, like
many other larvae, a row of melanophores
in the ventral midline from the anus to
the caudal finfold; with development,
melanaphores of this row become less numer—
ous and form characteristic sequences o
relation to the anal fin base which are
useful in separaring genéra and species.
Pigmant characters common to most larvae
of the family are shared wicth larvae of
other families and include melanophoras at
the angle of the lower jaw and anterior teo
the ventral symphvsis of the cleithra; on
the dorsal, posterior and ventral surfaces
of the visceral mass; on the ventral sur-
face of the brain; and ar the base of the
ventral lebe of che caudal fin. Plgment
on the anterior surface of the viscersl
pass and Internally in the musculature of
the nape 1s somewhat better developed in
sciaenid larvae cthan in other larval
fizhes of our area. Alchough pigment.
which degrades with storage; 1s not gener-
ally the most reliable character for
separation of larval fishes, it is
necessATY Tto rely to a considermble extent
on pigment for generic and specific’ identi-
ficatlons In larval sclaenids of our areéa.
Thus, sorcing samples of larval Sciaenidae
should ba performed as soon after collec-
tion as pousible.

Families whose larvae may be confused
with those of the Scimenidae include the
Apogonidae, Cerreidae, FPomacentridae,
Sparidas and Stromateidas. Apopgonid,
pomacentrid, and stromateld larvaec =might
be confused with sclaenld larvae In the
early stages. Myomere counta are higher
{> 30) In siromatelds of our reglon than
in the sciaenids. Apogonid larvac develop
dorsal and anal fins ecarly (ca. 5 mm); the
tvoe dorsal fins are separated, length of
the second dorsal fin base 1s short, and
second dorsal counts are low (< 10) in
apogonids of our region. Pomacentrid
larvae alsc develop second dorsal and anal
fins ecarly {ca. 5 mm); lengths and counts
of these fine are approximstely equal, in
contrast £o the sciasenids. Sparid and
gerreld larvae of our area are someéwhat
slimmer=bodied than the desper-bodied
sciaenid larvae but might be confused with
slendar-bodied scisenids im the later
stages; however, fin element counts and
the space herwesn successive raye should
separace the families in these stages.
Gerreld larvas have distinct melanophores
in the dorsal midline posterior to the
second dorsal fin which we have not
observed in larval sciaenids. Sparid
larvae have 5 shorter anus-anal fin gap
than most sciaenid larvae and many we have
sean lack the melanophore at the angle of
the lower jaw characteristic of larval
scizenids.

Synopsis of Generic and
Specific Characters

Characters used In this synopsis are



derived from our observations rather than
literature descriprions, except for fin
counts and a few exceptionz noced. We
emphasize characters for seéparation of
early larvae (those without complete dorsal
and anal ray counts), since ldentification
of late larvae ia facilitaced by fin counts.
Specles are placed in this synopsis in
approximte order of decreasing body deprh.
Lengths of specimens seen by us are glven
in parentheses following the species name.
The term "tail" refers to that part of che
body posterior to the anus.

Equetus spp. (4.8, 6.3, 7.6 mm)

Spinous dorsal and pelvic fins
develop precociously (well-developed at
4,4 mm); dorsal ray preryglophores = 35 at
> 4.4 e, Pigmenr anterior to eyas, on
operculum, on spinous dorsal and pelvic
fins well-developed at > 4.4 mm. Hnown
specilmens collecced In benchie, not
planktonic, habirar. Dorsal rays complete
at 7.6 mm; anal rays complete at 6.3 mm.
BDc 37.7-42.71 5L; dorsal cays 36-55, anal
rays 5=8.

Besesble no other larval Sclaenidae
af aur area.

Larimus fasclatus (3.0-5.9 mm)

Melanophores on anterior and
posterior surfoces of midbrain (emcircling
the midhrain), anterier surface of fore-
brain, and dersal smurface of hindbrain
very pronounced at all sizes. Pectoral
fin pigmented at all sizes. Rows of
melanophores present on body surface
between firet dorsal fin base and visceral
mass 4t > 4.4 mm. Melanophore at anterior
end and one at posterlor end of anal base
ac > 3.2 mm., Soft dorsal and anal rays
complete at 4.9 mm; pelvic fins firsc
present at 3.6 mm, pectoral rays flrst
present at 3.6 mm (earlier than all other
specles). BDe 33.7-50.82 SL; dormal rave
24=27, anal rays 5-B.

Eesembles no other larval Sclaenidae
ef our area.

Bairdislla chrysura (3,1-8.8 mm, 24,1
=)

Swath of Internal and external pigment
from nape to cleithral symphysis present
in all speclomens, more pronounced in those
< 4.9 g= since melanophores of the swath
more expanded at these sizes and
thickening body wall obscures Internal pig-
ment in larger larvae; nape pigment rends
to outline several myomeres. FPigmenr of
ventral midline consists of a row of 10
melanophores at < 1.8 mm; a melanophore
at the anterlor end and one at the pos=
terfor end of the anal fin base in all
apecisens > 4.3 == @ melanophore in
the anus-anal fin gap at 4.3=5.7 mm;
additional melanophores along the anal base
at > 7.0 ==, Second dorsal and anal rays

complete at 5.7 =m; pelvie bude firat
present at 5.7 mm; pectoral rays first
present at 5.7 mm. BEDec (larveo) 30.8-39.3X
5L; dorsal rays 19-23, aoal Tays 8-10.

Resesbles Stellifer lanceclatus,
Cynosclon mothus, Cynosclon regalls;
differcntiated from these by presence of
pigment swath and by pigment of ventral
midline of cail.

Stallifer lanceoclatus (2.9-15.1 ==)

Pigment im ventral =idline of tall
consists of a prominent melanophore at the
posterlor end of the anal base, usually
branching dorsally, cften to the mid-
lateral line; a smaller melanophore at the
antericr end of the anal base; and 1-3
small melanophores posterior to anal base;
no mélanophore in the anus-anal fin gap.
Melanophore in dorsal midline above
prominent anal-fin apot present in most
specimens 2.9-6.9 mm; no spot in this
position 7.4=-13.1 mm: plgment again
prasent here in larger spacimens. Pigment
in midlateral line (faint external
branches from prominent melenophore at
posterior end of anal base) present in
many. Internal pigment area at dorsal
Junction of operculum wich body wall ac
> 7.4 mm. Internal epate along
notochord above anal fin base present at
> 14.0 mm. Anal rvays complete at 4.5 wm,
dorsal rays at 5.3 mm; pelvic buds flrac
present at 4.5 mm, conslstently from 5.3
mm; pectoral ravs [lrst present at 6.9 mm.
BDe 32.4-41.2% 5L; dorsal rays 20-24, amal
rays 7=9.

Resembles Bairdlella chrysura,
Cynoselon mothus, Cynosclon regalisg
differentiaced by pigment of wentral
midline of tail and sbsence of swath of
pigment at the nape.

Cynoscion regalis (2.7-12.2, 25.5 mm)

Flgment in ventral midline (> 3.5 mm)
coneists of a4 melanophore 1o the ancs-anal
fin gap in spaciméns < 4.7 mm, a melano-
phore midway along the anal bhase, 0=3 small
malanaphores pasterior to the anal basae,
and (* 9.4 mn) a melanophore st the
anterior end of the anal base. Melanophore
in dorsal midline at second dorsal fin
termination present ac all mizes. Exrernal
plgment in midlateral line at > 5.% mm;
internal pigment dorsal to anteriormost
vertebrae at < 5.9 mm, dorsal to all
abdominal verctebrae at > 5.9 mm, dorsal to
all but vertebrae of cauvdasl peduncle at
> 12.2 wm. Posterodorsal outline of
viaceral masa with a poaterior hump dorsal
to the anus. Dorsal rays complece 4.8 mm,
anal rays 3.0 mm; pelvic buds firet pre-
genr 4.3 mm, consistently from 5.0 mmg
pectoral rave first present 6.7 mm, consis—
tencly from 8.3 mm. BDe 29.3-43.21 5L:
dorsal rays 26-29, anal rays 10-13,

Resembles Bairdiella chrysura,

sclon nothus, Stellifer lanceclatus;
%ﬁmm by plgment of tall and




abgence of plgment swach at nape.

Cynoscion nothus (2.7-9.7, 55.7 =a)

Pigment in ventral midline poaterior
to anus (> 3.8 mm) consists of a melano-
phore in the anus-anal fin gap, one at
anterior emd of ansl base, 1-2 at posterior
end of anal base, none-three posterior to
anal base. Pigment In midlateral line and
in dorsal midline along second dorsal fin
prasent at » 9.7 mm. Anteroventral
outline of wisceral mass with a pronounced
snterior hump, Dorsal rays complete 5.4
pm, anal rays 5.7 =m; pelvic buds First
present at 4.1 mm, congistently from 5.1
mm; pectoral rays flrst present at 6.6 mm.
BDe 28,6-52.3% 5L: dorsal rays 24-31, anal
rays 8-11.

Resembles Bairdiella chrysura,
Cynogcion regalis, Scellifer lancealacus;
differentiated by pigment of tail and
absence of plgment swath at nape.

Menticirrhus sp. {2.519.3 mm)

Heavily pigmented. Row of external
pelanophores with imvard extensions
on lateral midline of rail, row im ven—
rral midline ac > 2.8 mm, row in dorsal
midline continuous at > 6.1 mm. Anus—anal
fin gap short, < 5% 5L in all specimens.
At > 8 pm, pigment of body surface con—
aigrs of well-branched melanophores,
giving uniform dusky appearance; ne
discrete plgment lines. No melanophore in
ventral midline anterior to cleithral
symphysis; 1-4 wall-definad malanophores
on nape at < 3.6 mm, one at > 3.6 =m;
well-defined melanophore on or near
eleithrem at dorsal end of péctoral axil
in *» 751 of apecimens; no pigment In ven-
tral midline in anus-snal fin gap in most
specimens > 3.4 mm, pigment present here
ar < 3.4 mm; mélanophores in ventcral
midline discrete; BDc usually > 30% SL at
< & mmn, Dorsal rays complete &.4 mm, anal
rays 4.6 mm; pelvic buds first present 4.1
sm; pectoral raya first present 6.8 mm.
BDc 27.4-38.5% SL; dorsal rays 19-17,
anal tays 6=9.

Closely rosembles Cynoscion nebulosus
in body formand plgment; differentiaced by
pigmeént characters describad.

Cynoscion nabulosus (1.9-32.2 mm)

Heavily pigmented. Extermal row of
selanophores on midlaceral line of the
tail; internal pigment dorsal, lateral and
wventral to noctochord at > 2.7 mm; row of
internal and excernal melancphores in ven-
tral midline of tall, this row continuous
at < 12,7 ==; row of melanophores in
dorsal sidline continuous ac * 6.6 mm.
Anus-anal fin gap short, < 10%4 5L st all
slzes (except where anal origin 111
defined). Dorsal, midlateral, veatral
plgment lines atill discrete ac = B mm,
dorsal and midlateral lines broad. Postero-
dorsal outline of gut sloping gently Erom

alrhladder to anus, no hump. Melanophore
anterior to cleithral symphysis in ven—
tral midline present In abour 331 of
specimens < 3.5 mm, in about 66X of
apecimens > 3.5 mm. Plgment usually
absent from exterior surface of nape, al-
though faint diffuse spot present in 20X
of specimens > 3.6 mm; no well-defined
apot at dorsal end of pectoral axil,
slthough other pigment (of visceral mass)
may be present in this area; BDc wasually
< 32X SL at <« 4 mm. Dorsal rays complete
5.5 mm, anal rays complete 4.2 mm; pelvic
budas firat present 4.8 mm, pectoral rays
firsc present 6.6 mm. BDec 25.7-36.7% SL;
dorsal rays 24-27, anal cavs 9-12.

Closely resembles Mencicirrhus sp. dn

body form and pigmenc; differentiaced by
pigment characters described.

Sedaenops ocellata (4.1=-7.9 mm)

Internal melunophores, expanded and
prominent, present along dorsal surface of
natachord or vercebrae of the caill. One
or two large melanophores at postecior end
of anal base, in most specimens branching
dorsally to midlatéral line; oné melanc—
phore ar sofr dorsal origin and one
partwey along soft dorsal base at all
slzes; often o stellate selanophore In
midlaceral line above anus. Anal rays
complete 5.2 mm, dorsal rays usually
complete at * 6.1 mm; pelvie buds firsc
present 5.2 mm, pectoral rays firsc
present 7.9 mm. BDc 26.5-31.1X SL;
dorsal rays 23-25, anal rays 7-9.

Resembles Fogondas cromis; differenci-
ated by presence of intermal plgment along
notochord In tail, pigment of dorsal,
lateral and ventral midlines of tail.

Pogenlas cromls (3.9-4.6 mm; Pearson,
1929; Joseph er al., 1964)

Melanophores of tall reglon very
stellate, branching. Two to fiwe bhranching
melanophores in ventral midline of call ac
< & =m=; one or two along soft dorsal base
{no melanophore at soft dorsal origin in
our specimens or description of Joseph
et al., 1964; Pearson, 1929, showa one at
4.5 e=, none in later larvae):; three in
midlateral line above anus in our speci-
mens. Dorsal and anal rays complete at
» 4.6 mm (ca. 6 mm from Pearacn, 1919 and
Joseph et al., 1964); pelviec buds first
present ca. 8 mm (Pearson, 191%; Joseph
ar al., 1964). B0c 23.0-24.8% 5L; dorsal
rays 19-23, anal rays 5-7.

Reseshles Sciasenopa ocellara; differ-
entlaced by absence of Internal notochord
pigment In tall reglon, absence of melanc—
phore at soft docsal origin.

Lelostomus santhurus (4.0-19,7, 39,0

ma)

No pigment in dorsal midline of tail
or lateral surface of tail at < 15.1 mm.
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Plgment in ventral midline of tall a more
or less continovous row of diserece melano-
phores; at < 4.3 ==, about 15 such
melanophores; ar * 4.3 mm, one selanophore
in snus-anal fin gap, one o five aleng
anal base, one at posterior end of anal
bane, 4-5 (occasionally more) posterior to
anal base. Pair of melanophores, one at
each pelvie fin base er in theas positions
before pelvics develop, and melanophore
anterior to anus form triangular pattern
when viewed from ventral; pigment patch
present on anterlor surface of viasceral
mags, between the cleithra. Anal rays
complece 6.2 mm, dorsal rays complete 9.3
mm; pelviec buds first present 5.2 mm,
pectoral rays first present 10.7 em. BIc
22.2-32.51 SL; dorsal rays 29-35, anal
rays 12-13.

Resembles Micropogon undulatus;
differenciaced by pigsent along anal fin
base, pigment pattern on ventral surface
of gut {not always reliable since
M. pndulatus may have a triangular patcern
similar to that of L. xanthurus), presence
of pigment on anterlor surface of visceral
mass, between cledthra.

Micropogon undulacus (3.1=-41.0 @m=)

Ko pigment in dorsal midline of tail
or lateral surface of tail ac = 11.8 om.
Plgment of ventral midline of tail with &
break along the middle of the anal £in
base; at = 3.5 mm about 12 melancphores
from anus to cavdal region; ac > 4.3 mm a
meélanophore in anus-anal fin gap, one at
second anal ray base, one at posterior end
of anal base, 3-8 posterior ro anal base.
A melanophore fust posterior to the
cleithral symphyeis and one just anterior
to the anus in the ventral sidline at all
slzes; at > 4.9 mm 5L a single melanophore
midway between these two or batween palvie
fin bages when pelvics are presemt (ccca-
sionally paired, usually paired ac > 9.8
mm 5L). No plgment on anterieor surface of
wisceral mass between cleithra. Anal rays
completa 5.1 mm, dorsal rays complete at
> 1.8 mm; pelvic buds firar present 8.4 o=,
pectoral rays first present 7.8 mm. BDc
23.7-30.5% 5L; dorsal rays 27-30, anal
raye 7-9.

Closely resembles Leicstomus
xanthurus in body form and plgmentacion;
differentiated by gap in pigment row of
ventral midiine of tall aleng amal fin
base, by absence of pigment on anterior
surface of visceral mass between cleithra,
and by pigment pattern on ventral surface
of visceral mass (occasionally misleading
gincé M. undulatus may have a triangular,
Lelestomus-1ike parctern).
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