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I. Introduction 

Comprising one of the largest perciform families, with approximately 70 genera 
and 270 species (Chao, 1986), sciaenids commonly occur in temperate to tropical 
coastal waters and estuaries throughout the world. They are particularly abundant 
at the mouths of large continental rivers, but are generally absent or poorly re­
presented in oceanic island groups such as Hawaii. External morphological fea­
tures exhibited by the family are diverse, especially in general body form and mouth 
position, which have enabled sciaenids to adapt to a wide range of habitats, from 
benthic to pelagic. The vernacular English names of croakers and drums refer to 
the characteristic vocalization of the family. Related to sound production, swim­
bladder and otolith structure are also markedly diverse, being a most distinctive 
feature of the group. 

To date, taxonomic and phylogenetic studies have primarily utilized swimblad­
der variability to establish evolutionary groupings, suggested in part by otolith 
morphology (Trewavas, 1962, 1977; Chu et ai., 1963; Mohan, 1972; Chao, 1978a, 
1986). Although the great diversity of sciaenid swimbladder and otolith morphol­
ogy promises much in the study of relationships, limitations are apparent when 
considering "primitive" states and "character polarity", according to usual cladistic 
methodology. Moreover, past character analyses have been a priori, without 
recourse to additional information obtained from osteological and myological 
studies. Although a number of works on sciaenid osteology are available (Dharmar­
ajan, 1936; Green, 1941; Show and Yu, 1948; Kim and Kim, 1965; Topp and 
Cole, 1968; Taniguchi, 1969a, 1969b, 1970; Lucena, 1988), they have either been 
restricted to one or few species, or the findings have not been considered in the 
context of evolutionary relationships. Hence no overall syntheses of swimbladder, 
otolith, and other characters have been made to date. 

In addition to the heavy reliance upon swimbladder and otolith morphology, 
the widespread geographic range of the family has hampered a phylogenetic analysis 
of the entire group. Most work has been limited to regional studies (viz., eastern 
Atlantic by Trewavas, 1962; Chinese waters by Chu et ai., 1963; Indian waters by 
Mohan, 1972; Indo-West Pacific by Trewavas, 1977; western Atlantic by Chao, 
1978a). Consequently, an overall view of sciaenid phylogeny has yet to be present­
ed. 

The primary purpose of this paper is to establish intergeneric relationships 
within the Sciaenidae, using morphological, osteological and myological evidence, 
based on the philosophical approach advocated by Hennig (1966). In addition, 
monophyly of the Sciaenidae and relationships within the Perciformes are consid­
ered. Distributional patterns within the family are also analysed, giving a picture 
of sciaenid evolution in space and time. Resulting from this work, new 
classification of the Sciaenidae is proposed. 
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bladder); X, radiograph. Institutional abbreviations follow Leviton et al. (1985). 
Osteological and myological examinations were made on specimens stained in 

alizarin Red-S, and Wild M-8 dissecting microscope with a camera lucida utilized in 
the preparation of drawings. Terminology generally follows Weitzman (1962) for 
osteology, Winterbottom (1974) for myology, and Freihofer (1978) for nerves. The 
species name is omitted from the discussion when the feature described is characteris­
tic of all examined congeneric species. Measurements (in millimeters) are of Stand­
ard Length. 

Sciaenidae 

New World genera and species: 
Aplodinotus grunniens, UMMZ 164101, 4 specimens, 123 mm, (D), other specimens, 115-128 

mm, (X); UMMZ 111634, 7 specimens, 67-122 mm, (X); UMMZ 184136, 18 specimens, 
123 mm, (D), other specimens, 85-160 mm, (X). 

Atractoscion nobilis, UW uncat., 168 mm, (D). 
Bairdiella chrysoura, HUMZ 104915, 146 mm, (D); HUMZ 104919, 151 mm, (X). 
Cheilotrema saturnum, HUMZ 110957, 161 mm, (D); HUMZ 110956, 134 mm, (X); HUMZ 

110958, 216 mm, (P, X). 
Corvula macrops, CAS (SU) 06823, 2 specimens, 128 mm, (D), 144 mm, (X). 
Ctenosciaena gracilicirrhus, HUMZ 30878,130 mm, (D); NSMT-P 40584, 5 specimens, 122-144 

mm,(X). 
Cynoscion jamaicensis, NSMT-P 40602, 163 mm, (D); NSMT-P 40610, 127 mm, (X). 
Cynoscion similis, NSMT-P 40603, 2 specimens, 174 and 200 mm, (X). 
Cynoscion squamipinnis, HUMZ 34607, 236 mm, (D). 
Cynoscion striatus, FSFL EM-505, 350 mm, (X). 
Cynoscion virescens, HUMZ 31056, 249 mm, (D); NSMT-P 40604,295 mm, (X). 
Elattarchus archidium, CAS (SU) 06821, 6 specimens, 153 mm, (D), other specimens, 123-153 

mm,(X). 
Equetus lanceolatus, NSMT-P 40581, 134 mm, (D). 
Genyonemus lineatus, UW 1715, 153 mm, (D); HUMZ 110924-110929, 110945-110949,86-185 

mm,(X). 
Isopisthus parvipinnis, HUMZ 52057, 145 mm, (D); HUMZ 52063, 156 mm, (D); HUMZ 

52058-52061, 99-133 mm, (X). 
Larimus breviceps, NSMT-P 40590, 176mm, (D); NSMT-P 40588, 40589, 40591, 40592,174-

206mm, (X). 
Leiostomus xanthurus, F AKU 107631, 145 mm, (D); F AKU 104727, 107632; HUMZ 109630, 

67-165 mm, (P, X). 
Lonchurus lanceolatus, GCRL 11967, 2 specimens, 163 mm, (D); 147 mm, (X). 
Macrodon ancylodon, HUMZ 32361, 206 mm, (D). 
Menticirrhus americanus, NSMT-P 40586, 245 mm, (D); NSMT-P 40585, 290 mm, (X). 
Micropogonias furnieri, HUMZ 30835, 173 mm, (D); NSMT-P 40599 and 40600, 175 and 184 

mm,(X). 
Nebris microps, HUMZ 32357, 192 mm, (D); NSMT-P 40593, 194 mm, (D), NSMT-P 40596,65 

mm, (D). 
Odontoscion dentex, HUMZ 104917, 106 mm, (D). 
Ophioscion sciera, HUMZ 104916, 158 mm, (D). 
Pachypops sp., HUMZ 110965, 107 mm, (D); HUMZ 110964, 96 mm, (X). 
Pachyurus schomburgkii, USNM 123616, 6 specimens, 47 mm, (D); other specimens, 43-54 

mm,(X). 
Pachyurus sp., HUMZ 110963, 156 mm, (D). 
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Paralonchurus brasiliensis, NSMT-P 40607, 181 rnrn, (D). 
Paralonchurus elegans, NSMT-P 40610,192 rnrn, (D); NSMT-P 40613,191 rnrn, (D); NSMT-P 

40611 and 40612, 223 and 175 mm, (X). 
Pareques acuminatus, NSMT-P 40582, 115 mm, (D). 
Pareques iwamotoi, NSMT-P 40583, 170 mm, (D). 
PlagWscion auratus, UMMZ 147371, 7 specimens, 158 rnrn, (D); other specimens, 77-92 mm, 

(X). 
Plagioscion ternetzi, UMMZ 208124, 2 specimens, 222 rnrn, (D); 245 rnrn, (X). 
Plagioscion sp., HUMZ 110962, 162 mm, (X). 
Pogonias cromis, HUMZ 104921, 229 mm, (D); HUMZ 104922, 240 mm, (X). 
Roncador stearnsii, HUMZ 110951, 112 rnrn, (D); HUMZ 110950, 110952-110955, 106-108 

mm,(X). 
Sciaena callaensis, USNM 36934, 297 mm, (X); USNM 120709, 188 rnrn, (X). 
Sciaena deliciosa, F AKU 107905, 289 mm, (D). 
Sciaena gilberti, CAS (SU) 22698, 4 specimens, 114 mm, (D); other specimens, 105-110 rnrn, 

(X). 
Sciaena starksi, USNM 77731, 401 mm, (X). 
Sciaena trewavasae, USNM 211575, 159 rnrn, (D). 
Sciaenops ocellata, HUMZ 104920, 294 mm, (D). 
Seriphus politus, UW 18980, 177 mm, (D); HUMZ 110930-110944, 32-184 mm, (P, X). 
Stellifer microps, HUMZ 32211, 131 rnrn, (D). 
Stellifer rastrifer, NSMT-P 40614, 118 mm, (D); NSMT-P 40615, 2 specimens, 118 and 122 

mm,(X). 
Totoaba macikmaldi, CAS 60768, 289 rnrn, (P, X). 
Umbrina coroides, HUMZ 104918, 135 mm, (D); HUMZ 104919, 125 mm, (X). 

Eastern Atlantic genera and species: 
Argyrosomus regius, HUMZ 111136, 216 mm, (P, X); FSFL unreg., 408 rnrn, (P, X). 
Atractoscion aequidens, FSFL-R 729, 458 rnrn, (D). 
Miracorvina angolensis, MNHN 1967-850, 226 rnrn, (D). 
Pentheroscion mbizi, HUMZ 106567, 150 mm, (D). 
Pseudotolithus (Fonticulus) elongatus, HUMZ 106565, 164 mm, (D). 
Pseudotolithus (Hostia) moorii, MNHN 1967-847, 246 rnrn, (D). 
Pseudotolithus (Pinnacorvina) epipercus, HUMZ 106566, 96 rnrn, (D). 
Pseudotolithus (Pseudotolithus) senegalensis, HUMZ 106564, 233 rnrn, (D). 
Pseudotolithus (Pseudotolithus) typus, FSFL-EI 593, 245 rnrn, (D). 
Pteroscion peli, MNHN 1982-1296, 107 mm, (D). 
Umbrina canariensis, FSFL-EI 982, 230 rnrn, (D); IORD 81-12, 148 mm, (X). 

Indo-West Pacific genera and species: 
Argyrosomus japonicus, HUMZ 106580, 161 mm, (D); HUMZ 106576 and 106578, 389 and 347 

mm, (X). 
Argyrosomus miiuy, HUMZ 33176, 516 rnrn, (D); HUMZ 108575 and 108627, 264 and 247 rnrn, 

(X). 
Aspericorvina jubata, ANSP 59956, 124 rnrn, (X). 
Atrobucca nibe, HUMZ 110192, 215 mm, (D); HUMZ 105988-105991, 228-263 mm, (X). 
Austronibea oedogenys, AMS IB. 7193-7195,3 specimens, 126 rnrn, (D); other specimens, 123 

and 143 mm, (X); AMS IB. 1267, 27.4 rnrn, (P, X). 
Bahaba taipingensis, CAS 25723, 3 specimens, 138-150 rnrn, (X). 
Boesemania microlepis, ANSP 62510, 123 rnrn, (X). 
Ohrysochir aureus, SOSC, unreg., 3 specimens, 278-294 rnrn, (P, X); NSMT-P 44936, 208 mm, 

(X); BPBM 18619, 178 rnrn, (X). 
Oollichthys lucidus, HUMZ 110012, 115 mm, (D); HUMZ 106569, 110 rnrn, (X). 
Oollichthys niveatus, HUMZ 110013, 68 rnrn, (D); HUMZ 106570, 85 rnrn, (X). 
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ehthys wakiyae, HUMZ 79412, 137 mm, (D); Synagrops japonWus, HUMZ 79597, 108 mm, 
(D). 

Percidae: Perea flavescens, HUMZ uncat., 106 mm, (D). 
Scorpididae: Microeanthus strigatus, HUMZ uncat., 125 mm, (D). 
Serranidae: Epinepherus moara, HUMZ 110189, 146 mm, (D); Niphon spinosus, HUMZ 

47416, 171 mm, (D); Stereolepis gigas, HUMZ 78521, 138 mm, (D). 
Sillaginidae: Sillago japonica, HUMZ 55598, 165 mm, (D). 
Sparidae: Evynnis cardinalis, HUMZ 110547, 114 mm, (D). 
Teraponidae: Terapon jurbua, HUMZ 79350, 92 mm, (D). 

IV. Systematic procedures 

In order to evaluate phylogenetic relationships within the Sciaenidae as well as 
between sciaenids and other percoid families, the cladistic approach formulated by 
Hennig (1966) is adopted. Accordingly, groups derived strictly from shared derived 
characters (synapomorphies) are viewed as valid relationship indicators. 

In assessments of perciform phylogeny by this method, difficulties are always 
posed by polarity determination. The fundamental difficulty is that the mono­
phyly of this vast fish order, which includes 150 families and at least 6,900 species 
(Lauder and Liem, 1983) has no time been established. Patterson (1964) in fact 
argued for polyphyletic origins of the Perciformes. Moreover, neither evidence of 
monophyly, nor a well-founded scheme of interrelationships, has been proposed for 
the suborder Percoidei in which the Sciaenidae has been included. In most studies 
of percoid phylogenies, therefore, it is not possible to perform out-group comparisons 
between the study group and its closest relative. Nevertheless, I have accepted the 
monophyly of the Perciformes and its suborder Percoidei, in addition to the inclu­
sion of the Sciaenidae in the latter, for the purpose of polarity determination. 

Polarities are assessed according to the following criteria. 1) Out-group com­
parison. Character states most frequently found in percoids are hypothesized as 
being primitive for sciaenids. When the states are variable throughout the percoids, 
the condition possessed by the lower percoids is considered as primitive. Although 
the concept of "lower percoids" has itself not been well established (see Gosline, 
1966; Johnson, 1984), excessive caution would hamper entirely any attempts to 
analyze percoid phylogeny. Acropoma, Doederleinia, Malakichthys, and Synagrops 
are primarily considered as the representatives of the lower percoids here, since they 
retain a complete set of primitive percoid conditions (see Tominaga, 1986). 2) 
Structural-functional complexity. Conditions structurally complex (and thus func­
tionally more advanced) are considered to be derived. 3) Sequence of ontogenetic 
changes based on the rule of ontogenetic precedence (Hennig, 1966). Thus the 
larval and/or juvenile conditions are regarded as primitive. 4) Functional out­
group (Watrous and Wheeler, 1981). Accordingly, conditions commonly found in 
sciaenids with a simple swimbladder (that is, the functional out-group) are hypothe­
sized as also being primitive for sciaenids, based on the assumption that "the 
primitive state is likely to be associated with the state of other characters known 
from other evidence to be primitive (Kluge and Farris, 1969)". 

Characters varying intraspecifically are not used in the proposals of 
phylogenies, as the primary purpose of this study is the proposal of the relationships 
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at the generic level (but see exceptions, below). In cases where more than one 
character state are present in a genus, the most primitive state is considered for 
analytical purposes. 

Some characters are eliminated from consideration of overall phylogeny, owing 
to the difficulty in objective differentiation of character states. However, they may 
be effectively considered in smaller monophyletic units, determined by other charac­
ters. For example, the sulcus tail of the sciaenid otolith varies in its degree of 
curvature from nearly straight to well curved. Despite the highly divergent 
extremes, a number of intermediate forms prevent objective discriminate between 
character states. However, in a smaller unit where no intermediate forms exist, this 
character can be applied. . Characters in this category are also used after the 
establishment of monophyly in the major groups. 

In assessing intergeneric relationships within the Sciaenidae, most genera 
currently recognized are accepted as monophyletic, because material was too limited 
to allow varification of monophyly throughout. Some genera, however, are of 
doubtful monophyly. Because of variable swimbladder morphology, Chao (1986) 
considered that Sciaena is probably polyphyletic. Argyrosomus is similar to 
Sciaena in also having variable swimbladder morphs. Paralonchurus elegans is 
more similar to Lonchurus with its minute eye and very long pectoral fin, rather than 
to its congeners. In addition, monophyly of Atractoscion is also doubtful owing to 
its unusual distribution pattern (see Chapter VIII, Zoogeography). Consequently, 
the species included in these genera have been treated independently. Similarly, 
wherever subgenera have been recognized, each subgenus is coded separately. 

Correlation of characters was also considered. In cladistic methodology, it has 
been widely accepted that each character has evolved independently. This view 
may perhaps be due to the operational rule that the every character must be equally 
weighted and that the most parsimonious cladogram is accordingly constructed. 
However, it is important to consider that each character is correlated to each other 
more or less, and that many characters would be effected in time once some in­
novative change in form and function of one occurs. In sciaenids, correlative 
changes are frequently observed in relation to modification of the swimbladder, as 
shown in the following chapters. Even if character correlation appears to be 
obvious (before construction of the cladogram), correlative characters are included 
independently. This approach leads to the heavy (indirect) weighting of certain 
characters which are structurally and/or functionally related to others. 

The cladogram was constructed on the basis of parsimony arguments. The 
minimum step tree for the available data was derived using MIX (Mixed Method 
Parsimony) of J. Felsenstein's PHYLIP version 2.7. The tree was rooted by 
designating a hypothetical outgroup taxon lacking apomorphous states. All charac­
ters are weighted equally (but see above). Changes from primitive to derived and 
derived to primitive (reversal) were assumed as equally probable (except one 
character, see Character 22 of cranium). My understanding of parsimony follows 
"methodological parsimony" (Kluge, 1984). 
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Fig.1. Anal (A-O) and dorsal (D and E) pterygiophores. A, Doederleinia berycoides; B, 
Sillago japonica; 0 and E, Johnius belangerii; D, D. berycoides. asp, anal spine; 
d, distal element; m, medial element; p, proximal element; r, soft ray; s, stay. 

characteristic specializations of sciaenids closely related to "sound reception" as 
discussed below. Evidently, extensive specialization of the organs related to sound 
production and reception has played a central role in the evolution of the family. 
As discussed by Trewavas (1977), since the lateral line functions to localize sound 
vibrations, its extension onto the caudal fin must increase the ability of sound 
detection accordingly. However, this specialization is not unique for sciaenids, 
having evolved several times as discussed in Character 18. 

Character 5 (Fig. 2): Frontal cavernous. The sciaenid frontal is cavernous, 
owing to hypertrophy of the cephalic lateral line system, with a series of bridge-like 
bony struts covered by the scaly skin. Although nothing has been demonstrated 
experimentally concerning function, it seems that the wide fluid filled space on the 
neuromasts may act as a resonator and/or amplifier, enhancing reception of sound 
vibrations. In all small eyed sciaenids, such as Panna (Fig. 2C), the bridges on the 
frontal are always hypertrophic, probably to compensate for visual inability by a 
strengthening of hearing capability. 

Frontals ornamented by such bridges are not restricted to sciaenids, being 
common in the lower percoids (Katayama, 1959). However, homologous attainment 
of the bridges in sciaenids and lower percoids is doubtful, owing to the relationships 
between the bridges and epaxial muscle. In sciaenids with relatively weak, wide 
frontal bridges (=weakly developed cephalic lateral line system), the epaxial muscle 
extends well onto the frontal (Fig. 2B). In sciaenids with high, crest-like bridges, 
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c 

Fig. 2. Dorsal view of a lower percoid cranium (A) and sciaenid crania (B and 0), showing 
relationship between frontal and epaxial muscle. A, Acropoma japonicum; B, 
Leiostomus xanthurus; 0, Panna microdon. epax, epaxial muscle; f, frontal; pa, 
parietal. 
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the second (most common; Fig. 3A), second to third, or third to fourth vertebrae 
(where total vertebrae are numerous such as Lateolabrax), without extending onto 
the neural spines. Although the origin slightly including the first vertebra is also 
found in pempheridids, sparids, lethrinids, and gerreids (pers. obs.), it does not 
include the lateral side of the vertebra, differing from the sciaenid condition. This 
apomorphous muscle origin in the Sciaenidae has probably been obtained owing to 
the well developed swimbladder which has the thickend anterodorsal wall close to 
(or often partially attached to) the ventral side of the second vertebra, replacing the 
origin anteriorly and laterally. 

Character 9 (Fig. 4): Transversus dorsalis anterior not bipartite. Prim­
itively in perciforms, the transversus dorsalis anterior is composed of the two 
elements (Fig. 4A; terminology follows Anker, 1978): the musculus cranio­
pharyngobranchialis 2 and the musculus transversus epibranchialis 2 (Stiassny and 
Jensen, 1987). The transversus dorsalis anterior in sciaenids is specialized in 
lacking the m. cranio-pharyngobranchialis 2 (Fig.4B). Although Stiassny and 

E F 

Fig. 4. Aspects of branchial arches. A and B, dorsal view of upper branchial arch; C 
and D, mesolateral view of upper branchial arch; E-G, dorsal view of upper 
branchial arch. A, typical percoid condition (Acropoma japanicum); B, sciaenid 
condition (Panna microdon); C, haemulid condition (Hapalogenys mucranatus); D, 
sciaenid condition (Dendrophysa russelli); E, sciaenid condition (Otolithoides 
pama); F, embiotocid condition (Ditrema temmincki); G, chelidodactylid condi­
tion (Goniitstius zanatus )" . eb, epibranchial; iac, interarcual cartilage; Ii, levator 
internus; pb, pharyngobranchial; tda (m-eb2), transversus dorsalis anterior (m. 
transversus epibranchialis 2); tda (m-pb2), transversus dorsalis anterior (m. cmnio­
pharyngobranchialis 2); up4, upper pharyngeal tooth plate 4. 
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Jensen stated that the embiotocids are unique among acanthomorphs in having the 
transversus dorsalis anterior represented only by the m. transversus epibranchialis 2, 
I found this condition also in the Haemulidae, Chelidodactylidae, and Gerreidae, as 
well as in the Sciaenidae. The question of homology therefore arises. In em­
biotocids the pharyngobranchail 2 is reduced in size and lacks the tooth plate, as 
figured by Liem (1986) and Stiassny and Jensen (1987) (see also Fig.4F). This 
reduced condition may explain the muscle loss, because of the restricted potential 
attachment site. In sciaenids, haemulids, gerreids, and chelidodactylids however, 
pharyngobranchial 2 is moderately sized. Even among the latter families however, 
muscle-bone relationships are not uniform. In haemulids and gerreids, pharyngo­
branchial 2 is vertically oriented to the body axis and the m. transversus epibran­
chialis 2 passes behind the upper nipple-like projection of the bone (Fig.4C), 
whereas in chelidodactylids, the head of epibranchial 2 is broadly expanded so as to 
cover most of the dorsal side of pharyngobranchial 2 (Fig. 4G). Both the m. 
cranio-pharyngobranchialis 2 and the interarcual cartilage are thus absent in 
chelidodactylids. Finally, in sciaenids, the m. cranio-pharyngobranchialis 2 is 
absent, in spite of the basic percoid branchial osteology (Fig.4E). In sciaenids, 
pharyngobranchial 2 has little of its dorsal surface covered by the head of epibran­
chial 2, and the m. transversus epibranchialis 2 crosses over it (Fig. 4D). Therefore, 
although haemulids, gerreids, chelidodactylids, and sciaenids are identical in having 
the m. cranio-pharyngobranchialis 2 absent, the associated conditions cast strong 
doubts upon the condition being homologous. Accordingly, I regard the sciaenid 
condition as an autapomorphy in percoids. 

Liem and Greenwood (1981) demonstrated that the m. transversus epibran­
chialis 2 is subdivided in the Cichlidae, and considered this condition to be one of 
the defining characters of the family. It is of interest to note that the subdivision 
is also present in preperciform Beryx (pers. obs.), in which there is a third transversus 
dorsalis anterior element arising from the posterior portion of the muscle and 
inserting onto epibranchial 1, after passing over the muscle bundle on epibranchial 
2. This and other data suggest that the tansversus dorsalis anterior modifications 
have repeatedly occurred independently, and thus must be evaluated with 
circumspection at higher taxonomic levels. 

Character 10 (Fig. 5): Alf3 division present. Jaw muscle configurations 
have been used as relationship indicators at various levels of the percoid hierarchy 
(e.g., Johnson, 1980; Stiassny, 1981a, b; Marino and Dooley, 1982; Godkin and 
Winterbottom, 1985). However, recent studies have also demonstrated that the 
adductor mandibulae must be evaluated with great caution, since this muscle 
complex has undergone independent specializations in many phyletic linages. 
Hence the Paracanthopterygii as defined by Greenwood et al. (1966) and Rosen and 
Patterson (1968), to which the levator maxillae superioris (=Alf3) is important for 
characterization, is now no longer viewed as a valid group (Rosen, 1985). Further­
more, Marino and Dooley (1982) demonstrated that jaw muscle configurations may 
vary considerably, even within a single family (Branchiostegidae). The characteris­
tic sciaenid configuration of the adductor mandibulae has been pointed out by Dietz 
(1914), SoucM (1932), Johnson (1980), Aguileira (1982), and Gosline (1986). In 
sciaenids, the Al division is completely subdivided into two sections: Ala-a 
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Fig. 5. Aspects of cheek muscles and suspensoria. A and C, typical percoid condition 
(Doederleinia berycoides); Band D, sciaenid condition (Argyrosomus japonicus). 
A, sections of adductor mandibulae; pal, palatine; SIDX, supramaxillary. 

superficial element to the maxillomandibular ligament; A1f3-a profundus element 
to the maxillary head (Fig. 5B). It appears that the Al division is not subdivided 
primitively in percoids (Fig. 5A; Winterbottom, 1974; Johnson, 1980; Stiassny, 
1981b; Gosline, 1986; pers. obs.), and thus the sciaenid Al configuration represents 
a specialization. 

Specialized Al division is not restricted to sciaenids, being frequently en­
countered in perciforms (summarized by Gosline, 1986). However, close similarity 
to the sciaenid condition (sufficient to suggest homology), cannot be found in other 
perciform families. The forward extension of the Al division almost to the 
maxillary head (apparently structural prerequisite of the sciaenid condition) is 
present in various out-group taxa, e.g., Girellidae, Oplegnathidae, Teraponidae, 
Sparidae, Haemulidae (not all genera), Lutjanidae (Johnson, 1980), Mullidae (Gos­
line, 1985), and Serranidae (Stiassny, 1981b). However, the modifications of Al 
division among these families differ from the sciaenid condition. The Al division 
may comprise partial anterior separation only (Teraponidae, see Gosline, 1986) or 
subdivision of the Al may originate from the infraorbitals (Lutjanidae, see Johnson, 
1980). Comparing these taxa, the sciaenid configuration is unique in that the origin 
of the deep element (A1f3) includes the anterior border of the suspensorium (mainly 
palatine and metapterygoid). Accordingly, the sciaenid palatine also shows a 
specialization (see Character ll). 

Character 11 (Fig. 5): Palatine expanding ventrally. Typically in per­
co ids, the palatine is rod-like and more or less slender (Fig. 5C), whereas in sciaenids, 
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a laminar, ventral expansion produces a gently rounded ventral margin (Fig.5D). 
This leaf-like palatine serves as the attachment site of the anterior subdivision of 
Alp. Although an expanded palatine is also encountered in the Sparidae (Fig. 6B), 
Haemulidae, and Lethrinidae, it does not form an attachment site for Al division 
(pers. obs.), and is thus unlikely to be homologous with the sciaenid condition in 
which the palatine modification is strongly associated with specializations of the 
cheek muscle. 

Character 12 (Fig. 6): Symplectic dorsally flattened, interdigitating 
medially with metapterygoid. In most percoids, the symplectic is dorsally 
capped by a cartilage (Fig.6A), whereas in sciaenids, it is extended as laminous 
projections along the inner wall of the metapterygoid (Fig. 6C). Similar specializa­
tion of the symplectic is also reported from the sparoids (Johnson, 1980), but in these 
such projections expand onto the outer wall of the metapterygoid (Fig. 6B), thus 
suggesting nonhomologous symplectic expansion. In both this character (and 
Character 13), the condition is lacking in some members of the Sciaenidae. The 
symplectic is not laminarly expanded in Aplodinotus, Isopisthus, Oynoscion mres­
cens, and Odontoscion. 

Character 13 (Fig. 6): Metapterygoid and quadrate interdigitating 
medially. In out-group taxa examined, the metapterygoid and quadrate is separat­
ed by a narrow strip of cartilage (Fig. 6A and B), whereas in sciaenids the two bones 
interdigitate medially (Fig. 6C) (except in Dendrophysa and Pachyurus). This may 
represent a unique specialization of sciaenids. 

Character 14 (Fig. 5): Supramaxillary absent. Presence of a supramaxi­
llary is the primitive condition in percoids (Fig.5A). Although the loss of the 
element has undoubtedly occurred independently along a number of phyletic lines, 
its absence in sciaenids (Fig. 5B) is indicative of the relatively advanced status of 
the family. 

Character 15: Prevo mer edentulous. Presence of tooth plates on the 
palate and branchial cavity is a primitive percoid condition. Sciaenids are special­
ized in lacking prevomerine teeth, although such loss has occurred independently in 
other groups (Johnson, 1980). Although Cione and Torne (1987) found vomerine 

Fig. 6. Median view of suspensoria. A, typical percoid condition (Doederleinia bery­
caides); B, sparoid condition (Evynnis cardinalis); C, sciaenid condition (Argyro­
somus japonicus). mt, metapterygoid; q, quadrate; sy, symplectic. 
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teeth in one out of 60 specimens examined of the sciaenid, Pogonias cromis, they 
considered it to be an example of atavism due to an isolated mutational event. 
Hence their finding does not invalidate the significance of this character. 

Character 16 (Fig. 5): Palatine edentulous. A toothed palatine is the 
primitive condition in percoids (Fig. 5C). The toothless (apomorphous) condition 
of sciaenids (Fig.5D) may be related to the ventral expansion of the palatine. 

Character 17: Tooth plate absent from epibranchial 2. Primitively in 
percoids, the tooth plate is present on epibranchial 2, but such is absent in sciaenids. 
It is not certain whether this condition has arisen from fusion with pharyngobran­
chial 2 or by the independent disappearance of the tooth plate. 

Character 18 (Fig. 7): One branchiostegal rayon epihyal. The most 
common number of branchiostegal rays in percoids is six or seven (Johnson, 1984: 
table 120). Although sciaenids have the more primitive condition (7), they exhibit 
a specialization in having only one rayon the epihyal (Fig. 7B). Examination of 
out-group taxa and literature searches reveal that the arrangement of five rays on the 
ceratohyal and two rays on the epihyal (i.e., 5+2; Fig. 7A) is by far the commonest 
condition in percoids. Even in species with six rays, two rays are usually present 
on the epihyal (i.e., 4+2; first ray presumably being lost). Although McAllister 
(1968) showed a 6+ 1 condition in the suborder Polynemoidei, there is no known 
relationships between sciaenids and this suborder. 

Character 19: Drumming muscle typically present in males. Sound 
production is undoubtedly a basic and effective strategy in inter- and intraspecific 
interactions. Even within percoids, a trend towards swimbladder specializations 
and related muscles is apparent. Muscles thought to function as sound producers 
are found in the Apogonidae (not all species; pers. obs.), Centropomidae (not all 
species; Greenwood, 1976; pers. obs.), Serranidae (Hazlett and Winn, 1962; Gos­
line, 1966; pers. obs.), Teraponidae (Schneider, 1964; Vari, 1978), Pempherididae, 
Glaucosomatidae (Tominaga, 1986), Oplegnathidae (pers. obs.), Scorpididae (pers. 
obs.), Priacanthidae (not all species; Salmon and Winn, 1966; Starnes, 1988), and 
the Sciaenidae (numerous papers). Although Yabe (1985) considered that the 
drumming muscle is a primitive condition of percoids, the opposite interpretation is 
more likely, since it is lacking in most percoid families, including lower percoids. 

Although Sciaenidae and the aforementioned percoids possess a sound-related 

Fig. 7. Lateral view of hyoid arches. A, typical percoid condition (Acropoma 
japonicum); B, sciaenid condition (Pseudotolithus typus). br, branchiostegal ray; 
ch, ceratohyal; eh, epihyal. 
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Character 20 (Fig. 8): Sulcus head of otolith shallow. A series of special­
izations characterize sciaenid otoliths. The most distinctive feature is that the 
sulcus head is very shallow, whereas the sulcus tail is deeply grooved and impinges 
on the sulcus head (Fig.8B). This sharply contrasts with the typical percoid 
condition in which the sulcus head and tail are grooved equally deeply (Fig.8A). 
A second unique sciaenid character is that the sulcus head is evenly rounded 
anteriorly (Fig. 8B). In other percoids, the sulcus head is indented anteriorly 
(excisura ostii), forming the rostrum and antirostrum (Fig.8A). Gaemers (1984) 
considered the presence of an excisura ostii to be a plesiomorphic characteristic. In 
addition to these specializations, the sciaenid otolith appears to be derived in having 
a large size, with a large, wide sulcus head, and strongly curved sulcus tail. 

Character 21 (Fig. 8): Sulcus head evenly rounded anteriorly. See 
Character 20. 

2. SYSTEMATIC POSITION OF THE SCIAENIDAE 

WITHIN THE SUBORDER PERCOIDEI 

Tominaga (1986) listed the following character states as primitive for percoids: 
8 + 7 branched caudal rays; three epurals; two postcleithra; 10 + 15 vertebrae; 
myodome closed posteriorly; 0/0/0+2 predorsals; exoccipital condyles in broad 
contact with each other. Tominage noted that possessers of all of the above 
primitive states are restricted to the Glaucosoma-Pempheris lineage, the Acropoma­
group, and several members of the Sciaenidae. In addition, the following primitive 
character states retained by sciaenids (but not necessarily by all members) are 
included: procurrent spur present (Johnson, 1975); branchiostegal rays 7 (but see 
Character 16); operculum ending in two points (c.f;, three in Serranidae sensu 
Johnson, 1983); interarcual cartilage present. 

On the basis of the above characters, which indicate the relative primitiveness 
of the family, it is suggested that the Sciaenidae has diverged early in percoid 
evolution, subsequently becoming highly specialized. 

Of the 21 synapomorphies above, which characterize sciaenids, following 13 are 
autapomorphic for the family: 1, 4, 5, 8, 9, 10, 11, 12, 13, 18, 19, 20, and 21. 
Furthermore, of the eight remaining characters, most have probably arisen indepen­
dently in a number of percoid linages, with only Character 7 (chin and snout pored) 
appearing to be a reliable indicator of sister-group relationships. 

Presence of chin pores is a condition shared by the Sciaenidae and Haemulidae. 
In fact, a close relationship between these two families has already been suggested 
by Trewavas (1977). Trewavas pointed out that haemulids are not only similar to 
sciaenids in having pores on the chin (especially Plectorhynchus), but also in having 
a small third anal fin spine, and a fimbriate edge on the posttemporal. Furthermore, 
both haemulids and lutjanids are similar to sciaenids in the sulcus pattern on the 
sagitta. In my view however, only the presence of chin pores is useful in discussing 
relationships, because the fimbriate edge of the posttemporal is plesiomorphic, and 
the second and third anal fin spines of the haemulid Parapristipoma are equally 
sized. Furthermore, it appears to me that the hypertrophy of the second anal fin 
spine in haemulids has resulted in the relatively short third spine compared with the 
second, since the third anal fin spine of haemulids is still robust and never "diminu-
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tive". Concerning sulcus morphology, the sciaenid otolith is highly specialized as 
discussed in Character 20, whilst that of haemulids and lutjanids retain the basic 
perciform sulcus structure (Fig. 8A). Although the sulcus head is rather wide and 
the tail is relatively well curved in the latter families, this is so only a slight degree 
compared with other perciforms. Since the sciaenid otolith is highly specialized, 
sulcus morphology cannot be directly compared with that of other families. 

Johnson (1980) considered the Haemulidae to be defined by the following: 
subocular shelf absent (but it is well developed in Hapalogenys mucronatus, pers. 
obs.); trigeminal pterygiophores absent from dorsal and anal fins (but they are 
present in the last pterygiophore of both the dorsal and anal fins in Parapristipoma 
trilineatus, pers. obs.); strong attachment of sixth infraorbital to skull (but rather 
loosely so in Parapristipoma trilineatus, pers. obs.); presence of enlarged lateral line 
pores under chin; posterior projection of posteromedial margin of metapterygoid as 
a rounded, vertical flange overlapping medial side of lower arm of hyomandibular 
(but less modified in Parapristipoma trilineatus, pers. obs.). It is clear that the 
presence of the chin pores is the only synapomorphy shared by sciaenids and 
haemulids. 

Difficulties exist in the acceptance of a sister group relationships of sciaenids 
and haemulids. Haemulids, so far as examined, are advanced in their pharyngeal 
jaw structure in that the parasphenoid is modified posteriorly to form a tight 
articulation between the dorsal roof of the upper pharyngeal jaw and the floor of the 
cranium. In particular the posterior portion of the parasphenoid is somewhat 
thickened ventrally to form a pair of blunt keels, subdivided by a shallow, medial 
groove. The identical state is also found in Kuhlia, Terapon, Scolopsis, Evynnis, 
Lepomis, Girella, Kyphosus, Goniistius, Oplegnathus, Microcanthus, Gerres, and 
Eucinostomus. In addition, haemulids share a second synapomorphy with the latter 
(except for Goniistius) (the myodome open posteriorly) and a third synapomorphy 
with gerreids (the specialization of the transversus dorsalis anterior-discussed in 
Character 9). ItJollows that the Haemulidae is most likely to be the sister group 
of the Gerreidae, within the group characterized by modifications of the para­
sphenoid and the open myodome, and thus cannot be placed so close to the 
Sciaenidae. 

In conclusion: the Sciaenidae is a group belonging to the Percoidei, represent­
ing an early offshoot in percoid evolution; neither evidence previously presented in 
the literature, nor characters examined in this study, has enabled the identification 
of a sciaenid sister group. 

GENERAL DESCRIPTION 

VI. Character analysis 

1. CRANIUM 

(Figs. 9-20) 

The general shape of the cranium is highly variable in its relative height, 
length, and width, reflecting a rich variety of body forms. The cranium comprises 
17 bones, of which 11 are paired and six are unpaired, namely the prevomer, 
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ethmoid, lateral ethmoids, frontals, nasals, parietals, sphenotics, pterosphenoids, 
basisphenoid, parasphenoid, prootics, pterotics, epiotics, intercalars, supraoccipital, 
exoccipitals, and basioccipital. 

The prevomer (unpaired) in edentulous, lying in the anteroventral portion of 
the cranium. Laterally expanded anteriorly, it has a short, posterior shaft lying 
beneath the anterior portion of the parasphenoid. The prevomer is sutured dorsally 
to the ethmoid and laterally to the lateral ethmoid. A narrow strip of cartilage 
marginally caps this bone anteromedially. 

The ethmoid (unpaired) forms the anterior border of the cranium together with 
the prevomer. It is laterally in contact with the lateral ethmoid and is dorsally 
overlapped by the frontal. The upper, medial, keel-like portion tends to hang 
forward in those fishes with an inferior mouth. 

The lateral ethmoid (paired) forms the anterior wall of the orbit, articulating 
dorsally with the frontal, medially with the ethmoid, ventrally with the prevomer, 
and posteriorly with the anterior portion of the parasphenoid. The anteromedial 
wall of this bone bears the olfactory tract foramen, and ventrally the facet to receive 
the dorsal process of infraorbital 1 (= lacrymal). More ventrally, two processes 

Fig. 9. Crania of two sciaenids. A, Sciaena trewavasae; B, Panna microdon. bo, basioc­
cipital; bs, basisphenoid; e, ethmoid; ep, epiotic; epax, epaxial muscle; eo, exoc­
cipital; es, extrascapula; f, frontal; ic, intercalar; i6, infraorbital 6; Ie, lateral 
ethmoid; n, nasal; p, parietal; pro, prootic; ps, parasphenoid; pt, posttemporal ; 
pto, pterotic; pts, pterosphenoid; pv, prevomer; so, supraoccipital; sor, supraor­
bital ridge; spo, sphenotic. Top, dorsal view; middle, lateral view; bottom, 
ventral view. Bar=5 mm. 
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articulate anteriorly and posteriorly with correspoding facets on the palatine. 
The frontal (paired) is the largest bone forming most of the anterior half of the 

dorsal skull roof. A forward extension covers ventrally the ethmoid region in those 
fishes with a inferior mouth, but little or not at all in fishes with a terminal or 
oblique mouth. The frontal is in contact with the supraoccipital, parietal, and 
pterotoic posteriorly, with the ethmoid and lateral ethmoid anteriorly, and with the 
sphenotic and pterosphenoid posteroventrally. The nasal (see also p.35 and Fig. 
23) is attached to the anterior margin of the frontal. Both frontal and pterotics are 
highly cavernous owing to hypertrophy of the cephalic lateral line system. A series 
of ridges occur on the frontal (see Taniguchi, 1969a), these being variable in their 
degree of development. The epaxial muscle insertion point may include the su­
praorbital ridge or behind the entire frontal element. 

The parietal (paired) lies on the dorsal skull roof just behind the frontal. It is 
sutured to the epiotic posteriorly, to the supraoccipital medially, and to the pterotic 
laterally. A thin crest (parietal crest) is usually well developed in high bodied 
fishes, but is either vestigial or absent altogether in low bodied fishes. 

The sphenotic (paired) forms the posterodorsal comer of the orbit. It articu­
lates with the frontal anteriorly, with the pterotic posteriorly, with the ptero­
sphenoid anteroventrally, and with the prootic ventrally. Together with the 
prootic, it forms the articulation point for the anterodorsal facet of the hyoman­
dibular. It also includes the attachment site for infraorbital 6 (dermosphenotic), 

Fig. lO. Crania of two sciaenids. A, Odontoscion dentex; B, Stellifer rastrifer. Abbrevi­
ations as in Fig. 9. Top, dorsal view; middle, lateral view; bottom, ventral view. 
Bar=5mm. 
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and connects the supraorbital and infraorbital lateral line system with a dorsolateral 
sensory groove on the pterotic. 

The pterosphenoid (paired) lies in the posterodorsal wall of the orbit, and 
medially bordering the dorsal fontanelle. It typically meets the frontal anterodor­
sally, the prootic and basisphenoid ventrally, and the sphenotic posteriorly. 

The basisphenoid (unpaired) typically bridges the posteroventral margin of the 
orbit. It is small and Y -shaped, typicall articulating with the pterosphenoid and 
prootic dorsally, and the parasphenoid in the ventral midline. 

The parasphenoid (unpaired) is long and shaft-like, lying between the olfactory 
and otic regions at the basal part of the cranium. Anteriorly, it contacts the 
prevomer and lateral ethmoid; posteriorly, it contacts the prootic and suturelly 
entends into the basioccipital. The posterodorsal section of the parasphenoid forms 
the floor of the myodome. 

The prootic (paired) forms most of the posteroventral wall of the orbit and 
anteroventral wall of the auditory bulla. It is attached to the pterosphenoid and 
basisphenoid anteriorly, the basioccipital, exoocipital, and intercalar posteriorly, the 
sphenotic and pterotic dorsally, and the parasphenoid ventrally. The prootic 
houses the trigeminofacialis chamber near its region of articulation with the 
sphenotic. This chamber contains three foramina for the cranial nerves: nervus 
oculomotoris (III), nervus trigeminus (V), and nervus facialis (VII). Typically, the 
three small formina are about equal sized. The typically small carotid foramen 

Fig.l1. Crania of two sciaenids. A, Johnius (Johnius) belangerii; B, Johnius (Joh­
nieops) distinctus. Abbreviations as in Fig. 9. Top, dorsal view; middle, lateral 
view; bottom, ventral view. Bar=5 mm. 
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opens on the suture separating the prootic from parasphenoid. 
The pterotic (paired) forms the dorsolateral part of the cranium. It makes 

contact with the frontal and sphenotic anteriorly, the parietal and epiotic medially, 
the prootic and intercalar ventrally, and the exoccipital posteriorly. Dorsally, it 
forms part of the posttemporal fossa, and laterally has a groove for the cephalic 
lateral line system. Just ventral to this groove, an elongate depression for articula­
tion with a facet of the hyomandibular is present, above the pterotic-prootic suture. 

The epiotic (paired) forms the inner wall of the posttemporal fossa. It is 
sutured to the parietal anteriorly, to the supraoccipital medially, to the pterotic 
ventrally, and to the exoccipital posteriorly. The posterodorsal portion is bifurcate, 
the outer process receiving the dorsal limb of the posttemporal. 

The intercalar (paired) forms a posteroventral part of the cranium. It typically 
meets the prootic anteriorly, the pterotic dorsally, and the exoccipital ventrolateral­
ly. Usually, it does not extend down to the auditory bulla. Its posterior border 
forms a facet for articulation with the ventral limb of the posttemporal. 

The supraoccipital (unpaired) is large, occupying medially the postorbital skull 
roof. It articulates with the frontal anteriorly, the parietal and epiotic laterally, 
and the exoccipital ventrally. A high median crest (supraoccipital crest) with 
typically smooth upper margin, is associated with a lateral ridge. 

The exoccipital (paired) forms the posterior wall of the cranium. It meets the 
supraoccipital dorsally, the pterotic and prootic anteriorly, the intercalar and epiotic 
dorsolaterally, and the basioccipital ventrally, forming the side and roof of the 
foramen magnum. The exoccipital condyle for articulation with the first vertebra 
is typically in broad contact with its opposite neighbour. The ridge leading to the 
condyle is perforated dorsally by the the vagus (X) nerve foramen, and ventrally by 
the glossopharyngeal (IX) nerve foramen. 

The basioccipital (unpaired) forms the posteroventral part of the cranium. It 
joins the exoccipital dorsally, the prootic anterolaterally, the parasphenoid anterior­
ly, and posteriorly forms a condyle for articulation with the first vertebral centrum. 
Typically, Baudelot's ligament is attached to the lateral surface of this bone. 

CHARACTERS 

Character 22 (Figs. 9-11,18): Epaxial muscle terminating behind su­
praorbital ridge of frontal. The cavernous frontal is one of the family 
synapomorphies (Character 5). Within the family, development of the frontal 
ridges varies from rather weak to strong, being correlated functionally with the 
hearing capability. As a measure of the degree of development of the ridges, the 
relationships between the supraorbital ridges (SOR) and epaxial muscle only are 
considered, since the relative width and height of the frontal ridges are gradually 
changed. The SOR on each frontal is wide, and nearly parallel with its opposite 
member. Together they receive a deep extension of the epaxial muscle in Sciaena 
trewavasae (Fig.9A), S. deliciosa, S. gilberti, Equetus, Pareques, Ctenosciaena, 
Umbrina, Sciaenops, Odontoscion (Fig. lOA), Coroula, Elattarchus, Seriphus, Leio­
stomus (Fig.20A), Pogonias (Fig.20B), Cheilotrema, Genyonemus, and Roncador, 
whereas in other genera and species, each SOR is relatively narrow or crest-like, 
forming with the opposite member a more or less V-shaped angle, onto which the 
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epaxial muscle is not received. As discussed for Characters 5 and 6, poorly devel­
oped frontal ridges represent the primitive state in the Sciaenidae, with the epaxial 
muscle extending onto the frontal. Accordingly, Character 22 is considered to be 
apomorphous. 

Character 22 is not admitted the reversal from the derived to the primitive 
condition, since the combined changes of the SOR and the epaxial muscle, following 
the loss of the functional merit, seem to be highly unlikely. 

Character 23 (Fig. 10): Outer margin of lateral ethmoid concaved 
medially. Typically in percoids and in most sciaenids, the outer margin of the 
lateral ethmoid is nearly straight or at most gently curved outwards or inwards. In 
Bairdiella, Ophioscion, and Stellifer (Fig. 1OB), it is medially concave. This concav­
ity is enclosed by a thin, transparent membrane, which excludes close association of 
nerves or ligaments. 

Character 24 (Figs. 11 and 12): Foramen for nervus facialis (VII) 
enlarged. Srivastava (1955) reported for the first time in sciaenids, the presence of 
a large, prootic foramen, in Johnius (Johnius) coitor and Otolithoides pama. He 
stated that the foramen was closed by a membrane, to which the anterior distal 
portion of the swimbladder appendages attached, forming a direct ear-swimbladder 
connection. Later, Taniguchi (1969a) found the enlarged foramen in Johnius 
(Johnieops) distinctus and Johnius (Johnius) belangerii, and Trewavas (1977) in 
Johnius (Johnius) amblycephalus. Trewavas further suggested that the large fora­
men was not an additional feature, but was homologous with a much smaller 
foramen found in other sciaenids. My observations confirm Trewavas' suggestion, 
because in Johnius the foramen for nervus facialis (VII) is enormously enlarged 
(Figs. 11 and 12B). Although an enlarged foramen is also present in Otolithoides, as 
found by Srivastava, it is apparently nonhomologous with that of Johnius (see next 
character). 

Fig. 12. Canted view from left anterolateral side of crania, showing size of foramen for 
nervus facial is (VII). A, Sciaena trewavasae; B, Johnius (Johnius) belangerii. 1, 
nervus oculomotoris (III); 2, nervus trigeminus (V); 3, nervus facial is (VII). bs, 
basisphenoid; f, frontal; pro, prootic; ps, parasphenoid; pts, pterosphenoid; spo, 
sphenotic. Bar = 3 mID. 
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Character 25 (Fig. 13): Carotid foramen enlarged. In Otolitlwides, the 
carotid foramen is enlarged (Fig. 13A), differing from the condition in Johnius. 
Contrary to Srivastava's (1955) statement, this foramen lacks a covering membrane, 
since it serves as a passage for the distal portion of the swimbladder appendage to 
the brain case (see Fig. 72D). 

Character 26 (Fig. 13): Auditory bulla notched-Macrodon type. In most 
sciaenids, the auditory bulla wall is rounded simply as in percoids, whereas in 
Macrodon the prootic, which roughly comprises anterior half of the auditory bulla, 
is medially squeezed, forming a distinct notch (Fig. 13B). 

Character 27 (Figs. 10 and 17): Auditory bulla notched-Stellifer type. 
In Bairdiella, Corvula, Elattarchus, Odontoscion (Fig. 10), Ophioscion, and StelliJer 
(Figs. lOB and 17E), the lateral wall of the auditory bulla is notched approximately 
at its mid-height. This specialization is probably owing to the enlargement of the 
lapillus (anteriormost otolith), since the upper portion of the auditory bulla divided 
by this notch coincides with the location of the enlarged lapillus. 

Character 28 (Figs. 14 and 16): Pterosphenoid in contact with lateral 
ethmoid. Typically in sciaenids, the parasphenoid and lateral ethmoid are widely 
separated from one another by the frontal (Fig. 14A) as in most percoids, whereas in 
Paralonchurus brasilienis (Fig. 16C), P. elegans, Lonchurus lanceolatus (Fig. 14B), 
and Collichthys lucidus, the pterosphenoid expands forward, making direct contact 
with the lateral ethmoid. This specialization coincides with diminution of the eye 
and modification of the orbital region in these species, but small eyed sciaenids do 
not always exhibit contact of these bones (viz., Pseudotolithus (Hostia) moorii, 
Nebris, and Collichthys niveatus). 

Character 29 (Figs. 11, 16, and 18): Frontal projecting downward. Typi­
cally in sciaenids, the bony interorbital septum is absent, although in some sciaenids 
the frontal projects ventrally forming a complete bony septum. The frontal is thus 
associated with the lateral ethmoid and parasphenoid in Johnius( Johnieops) (Fig. 

p so 

Fig. 13. Crania of two sciaenids. A, Otolithoides pama; B, Macrodon ancylodon. Abbre­
viations as in Fig. 9. Top, lateral view; bottom, ventral view. Bar=5 mm. 
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Fig. 14. Ventral view of crania of two sciaenids. A, PteroscWn peli; B, Lanchurus 
lanceolatus. dots, lateral ethmoid; stripes, pterosphenoid. Bar=5 mm. 

llB), Kathala (Fig. 18), and adult Argyrosomus japonicus (but not in A. miiuy) ; 
with the lateral ethmoid in Pseudotolithus (Pseudotolithus) (Fig. 16B); and with the 
parasphenoid in Pseudotolithus (Pinnacorvina). Althougth the basicranial elements 
which contribute in forming the bony septum are therefore variable, the frontal 
persistently projects downward, forming the basis for this character. Like most 
sciaenids, the frontal is not projecting downward typically in percoids, and thus this 
projection is apomorphous. Ontogenetic sequences support this conclusion, since 
Taniguchi and Okada (1986) demonstrated in Argyrosomus japonicus that the 
frontal has no connection with basicranial elements in juvenile specimens, such 
occurring only in the course of further ontogenetic development. 

Character 30 (Fig. 15): Pterosphenoid separated from basisphenoid. 
In most sciaenids, the pterosphenoid joins the basisphenoid ventrally as typical in 
percoids. However, in Bairdiella and Pteroscion (Fig. 15B), intervention by the 
prootic prevents direct articulation of the pterosphenoid and basisphenoid. 

Character 31 (Fig. 15): Basisphenoid separated from parasphenoid 
ventrally. In most sciaenids (and most percoids), the basisphenoid articulates with 
the parasphenoid (Fig. 15A). However these elements are separated in Plagioscion 
auratus (but not in P. ternetzi), Paralonchurus brasiliensis, Paralonchurus elegans, 
Pachyurus sp. (not in P. schomburgkii) , Seriphus, Odontoscion (Fig. 15C), and 
Pseudotolithus (Pseudotolithus) senegalensis (not in P. (P.) typus). 

Character 32 (Fig. 15): Basisphenoid absent. The basisphenoid is present 
in most sciaenids as in percoids, whereas in Lonchurus, Ophioscion, Panna (Fig. 
15D), Otolithoides, and StelliJer, it is absent. The loss of this element may in part 
be correlated with cranial modification resulting from the small eye in Lonchurus, 
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Fig. 16. Lateral view of crania of four sciaenids. A, Pteroscion peli; B, Pseudotolithus 
(Pseudotolithus) typus; C, Paralonchurus brasiliensis; D, Nibea mitsukurii. 
Abbreviations as in Fig. 9, Bar = 5 ·mm. 

cipital. The intercalar is boadly in contact with the basioccipital in Otolitlwides 
(Fig. 13A), Nibea (Fig. 16D), and Pennahia argentata (but not in P. macrophth­
almus). This condition is treated as an advanced condition within Character 33. 

Character 35 (Fig. 13): Intercalar in broad, ventral contact with prootic. 
Posteroventrally in most sciaenids as in percoids, the intercalar is in broad contact 
with the exoccipital. In Macrodon (Fig. 13B), the intercalar articulates ventrally, 
most broadly with the prootic and scarcely meets the exoccipital. 

Character 36 (Fig. 17): Intercalar in contact with epiotic. As in typical 
percoids, the intercalar of most sciaenids makes contact only with the pterotic and 
exoccipital posteriorly (Fig. 17 A), whilst in Aplodinotus (Fig. 17B) and Pogonias 
(Fig. 17C), the intercalar extends up the posterior wall of the cranium making 
contact with the epiotic. This apomorphous condition may not be independent of 
the well developed levator posterior muscle (see Character 68). 

Character 37 (Fig. 17): Exoccipital condyles not broadly joined to each 
other-Stellifer type. Identical with the condition in lower percoids, the exoc­
cipital condyles are broadly joined to each other in most sciaenids, whereas in 
Odontoscion, Bairdiella, Ooroula, Elattarchus, Ophioscion, Stellifer (Fig. 17E), Joh­
nius (Johnius), and Johnius (Johnieops) (Fig. 17F), the condyles are only narrowly 
attached or completely separated. 

This specialization is directly correlated with the anterolaterally expanded 
swimbladder which shape necessitates a laterally expanded postcranial region. 
Although anterolaterally expanded in all of the above genera, the structure of the 
swimbladder in Johnius is basically different (see Character 124). Accordingly, the 
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Fig. 17. Posterior view of crania of six sciaenids. A, MicTopogonias furnieri; B, 
Aplodinotus grunniens; C, Pogonias cromis; D, Leiostomus xanthurus; E, StelliJer 
rastrifer; F, Johnius (Johnieops) distinctus. boc, basioccipital condyle; eoc, exoc­
cipital condyle; fm, foramen magnum; other abbreviations as in Fig. 9. 

Johnius is categorized separately from the other genera. 
Character 38 (Fig. 17): Exoccipital condyles not broadly joined to each 

other-Johnius type. This includes Johnius (Johnius) and Johnius (Johnieops) 
(Fig. 17F). See Character 37. 

Character 39 (Figs. 10, 18, and 19): Basioccipital projecting backwards 
-Stellifer type. Usually in percoids, and in most sciaenids, the basioccipital does 
not project backwards. However, in Kathala (Figs. 18 and 19A), Corvula, Elattar­
chus, Odontoscion (Fig. lOA), Bairdiella, Ophioscion, and Stellifer (Figs. lOB and 
19B), the basal portion of the basioccipital projects backwards to support dorsally 
the first (Kathala) or first and second (other genera) vertebrae, and ventrally to 
suspend the swimbladder. 

As in the case of Characters 37 and 38, this specialization is apparently 
associated with swimbladder condition. Accordingly, evaluation of swimbladder 
morphology enables reasonable assessment of the homologous or otherwise develop­
ment of the basioccipital condition. The swimbladder is single chambered in 
Kathala, whereas in the other genera it is divided into anterior and posterior 
chambers (see Character 112). This may indicate that the basioccipital 
modification functions in order to suspend the newly derived anterior chamber in the 
latter genera, whereas in Kathala, the projection has developed simply to strengthen 
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Fig. 18. Cranium of Kathala axillaris. Abbreviations as in Fig. 9. Top, dorsal view; 
middle, lateral view; bottom, ventral view. Bar=5 mm. 

the bladder suspension. In addition, parallel development of the basioccipital 
projection is supported by the fact that the basioccipital is not modified in 
Macrospinosa. Although Macrospinosa cannot be included in the cladogram data 
base owing to a lack of material for complete dissection, there is little doubt that the 
genus is very closely related to Kathala, judging from data presently at hand (from 
radiograph and partial dissection). Accordingly, the basioccipital projection of 
Kathala cannot be homologous with that of the Stellifer type, and is assigned 
separate character status. 
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A 

Fig. 19. Crania and anterior vertebrae of two sciaenids. A, Kathala axillaris; B, Stel­
lifer microps. Abbreviations as in Fig. 9. Bar=3 mm. 

Character 40 (Fig. 19): Basioccipital projecting backwards-Kathala 
type. This is an autapomorphy of Kathala (Fig. 19A). See Character 39. 

Character 41 (Fig. 19): Baudelot's ligament attached to exoccipital. In 
most sciaenids (and percoids), Baudelot's ligament is attached to the basioccipital, 
but in Corvula, Elattarchus, Odontoscion, Bairdiella, Ophioscion, and Stellifer (Fig. 
19B), it is attached to the exoccipital. This relocation of Baudelot's ligament may 
not be independent of basioccipital modification in these genera (Character 39). 

Character 42 (Figs. 17 and 20): Basicranial modification-Pogonias type. 
In most sciaenids, the basicranial region has not undergone any particluar 
modifications. However, in Pogonias (Figs.17C and 20B) and Leiostomus (Figs. 
17D and 20A), two apomorphous conditions are seen. In Pogonias, as noted by 
Stiassny and Jensen (1987), the posteroventral portion of the parasphenoid forms a 
flat, semicircular face encircled anteriorly by a thin, crest-like rim. This condition, 
as well as that of Leiostomus (below), is functionally associated with the highly 
integrated, pharyngeal jaw structure (see Characters 60-69). 

Character 43 (Figs. 17 and 20): Basicranial modification-Leiostomus 
type. In Leiostomus, each side of the basioccipital swells outward, forming a 
knob-like protrusion (Figs. 17D and 20A). 

Other variations. 
As far as is known, a spinous supraoccipital crest occurs in the following 

sciaenids: Larimichthys crocea, L. polyactis, Collicthys niveatus, C. lucidus, and 
Panna heterolepis. Yamada (1973) showed in the first four species that the spines 
on the supraoccipital crest weaken and/or disappear with age. Trewavas (1977) 
stated that the spines in Panna heterolepis are no doubt a juvenile character. 
Application of this character is not possible, however, until the occurrence of the 
spines throughout the Sciaenidae is more throughly known. Presently, knowledge 
of sciaenid larval characters, especially those of Indo West-Pacific species, is still 
poor. 
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B 

Fig. 20. Crania of two sciaenids. A, Leiostomus xanthurus; B, Pogonias cromis. Abbre­
viations as in Fig. 9. Top, dorsal view; middle, lateral view; bottom, ventral 
view. Bar=5mm. 

2. INFRAORBITALS AND NASAL 

(Figs. 21-23) 

GENERAL DESCRIPTION 

The sciaenid infraorbitals always number six, although of varying size. They 
are associated with a series of bridges and flanges which provide protection for the 
infraorbital canal of the cephalic lateral line system. 

Infraorbital 1 (the lachrymal) is rather deep and is the largest element of the 
infraorbital series. A low dorsal process on its inner margin exists for articulation 
with the lateral ethmoid. It overlies the maxillary along most of its length. 

Infraorbital 2 is small (always less than half the length of infraorbital 1) and 
slightly overlaps the posterior margin of infraorbitall. Typically, its dorsal margin 
is moderately broad situated between the margins of infraorbitals 1 and 3. 

Infraorbital 3 is the second largest of the series. Usually obliquely set to the 
horizontal axis of eye, this bone bears a subocular shelf on its dorsal margin, in many 
sciaenids. 

Infraorbitals 4 and 5 border the posterodorsal margin of the eye. 
Infraorbital 6 (the dermosphenotic) is the last bone of the infraorbital series, 

and is tightly attached to the lateral face of the sphenotic. In this work, it is 
figured with the cranium. 
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Fig.21. Infraorbitals of Aplodinotus grunniens. A, right side; B, left side. i, infraor­
bital; ss, subocular shelf. Bar=5 mm. 

The nasal is variously shaped, and is attached to the anterior rim of the frontal, 
from which it receives the supraorbital canal of the lateral line system. Its mesial 
and outer edges are turned upward. 

CHARACTERS 

Character 44: Eye diminutive. Although the eye size is not an osteological 
feature, it is included in this section, because of the direct relationship of the eye size 
and infraorbital structure. Because the eye is moderately large in most sciaenids, as 

Fig. 22. Infraorbitals of eight sciaenids. A, Micropogonias furnieri; B, Paralonchurus 
elegans; C, Nebris microps; D, Otolithoides pama; E, Panna microdon; F, Leio­
stomus xanthurus; G, Oheilotrema saturnum; H, Pachyurus schomburgkii. Abbre­
viations as in Fig.21. Bar=5 mm. 
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in percoids, the diminutive eye is considered to be apomorphous. This condition is 
found in Paralochurus elegans, Lonchurus, Nebris, Pseudotolithus (Hostia), Otolith­
oides, Panna, and Collichthys. 

Character 45 (Figs. 21 and 22): Infraorbital 2 flattened dorsally. Typi­
cally in sciaenids, as in percoids, the infraorbitals are moderately thick dorsally 
(Figs. 21 and 22A). However, in many of the small eyed sciaenids infraorbitals 2 
and even 3 have become thin laminous sheets which are almost or completely 
excluded from the eye margin. Infraorbital 3 is attached to the inner side of 
infraorbital 4 in Paralonchurus elegans (Fig. 22B) and Lonchurus; infraorbitals 2 
and 3 are attached to infraorbitals 1 and 4 respectively in Nebris (Fig. 22C) ; 
infraorbital 2 is attached to infraorbital 1 in Otolithoides (Fig. 22D). Consequently 
this character (infraorbital 2 flattened) is scored for Nebris and Otolithoides. 

Character 46 (Fig. 22): Infraorbital 3 flattened dorsally. This apomor­
phous condition is shared by Paralonchurus elegans, Lonchurus, and Nebris (see 
above). 

Character 47 (Fig. 22): Infraorbital 3 lying almost parallel to horizontal 
axis of eye. Infraorbital 3 lies obliquely to the horizontal axis of the eye in most 
sciaenids, whereas it lies almost parallel to the horizontal axis in Pachypops and 
Pachyurus (Fig. 22H). Hence, these two genera are derived in this regard. In the 
latter genera, the eye has a rather elongate, oval shape, and this structure may be 
related to the unique disposition of infraorbital 3. 

Character 48 (Fig. 23): Nasal acutely pointed. Typically in sciaenids, the 
nasal is bluntly rounded anteriorly (Fig. 23A-G), whereas it is acutely pointed in 
Pachypops (Fig. 231) and Pachyurus (Fig. 23H and J). 

Fig. 23. Nasals of 10 sciaenids. A, Otenosciaena gracilicirrhus; B, Menticirrhus ameri­
canus; C, Umbrina canariensis; D, Pareques iwamotoi; E, Nibea mistukurii; F, 
StelliJer rastrifer; G, Pennahia argentata; H, Pachyurus sp.; I, Pachypops sp.; J, 
Pachyurus schomburgkii. Ba.r=2 mm. 
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Other variations 
Loss of the subocular shelf is frequently observed in small eyed sciaenids, 

although its presence or absence cannot be adopted as a character due to variations 
even within a single specimen (Fig. 21). Although Smith and Baily (1962) argued 
that loss of the shelf was correlated to the fresh water habitat, as well as to the 
demands of respiration and/or predaceous or piscivorous habits, this is refuted by 
Johnson (1980) and Datta and Bandyopadyay (1982). On the other hand, a 
apparent direct correlation exists between subocular shelf loss and decrease in eye 
size in the Sciaenidae. 

B 

pmx pal 

Aw pop 

Fig. 24. Cheek muscles and supensorium of Pennahia argentata. A, superficial view; B, 
Ala, A2 partly removed; C, medial view of cheek muscles and jaws; D, suspensor­
ium. aa, anguloarticular; aap, adductor arcus palatini; d, dentary; do, dilatator 
operculi; ecp, ectopterygoid; end, endopterygoid; hm, hyomandibular; im, inter­
mandibularis; iop, interoperculum; lap, levator arcus palatini; 10, levator oper­
culi; md, mandibule; mml, maxillomandibular ligament; mt, metapterygoid; 
mtl, metapterygoid lamina; mx, maxillary; op, operculum; pal, palatine; pm, 
premaxillary; pop, preoperculum; pt, posttemporal; q, quadrate; ra, retroar­
ticular; rc, rostral cartilage; sop, suboperculum; sy, symplectic. Bar=5 mm. 
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3. SUSPENSORIUM, OPERCULAR APPARATUS, AND ASSOCIATED MUSCLES 

(Figs. 24-30) 

GENERAL DESCRIPTION 

A typical configuration of the sciaenid suspensorium, opercular apparatus, and 
associated muscles is shown in Fig. 24. The sciaenid suspensorium consists of the 
hyomandibular, metapterygoid, quadrate, symplectic, endopterygoid, ectopterygoid, 
and palatine. The general proportions vary from dorsally depressed and horizon­
tally elongate to laterally compressed and vertically elongate. 

The hyomandibular is a heavy bone with a long, ventrally directed shaft. It 
has three dorsal, articulating facets: the anteriormost articulating with a socket 
formed by the prootic and sphenotic; the medial articulating with a groove-like 
socket in the pterotic; and the posteriormost articulating with the anterodorsal 
corner of the operculum. The hyomandibular is connected to the metapterygoid 
anteroventrally, and is firmly attached to the preoperculum. Ventrally, it is 
attached to the symplectic and interhyal through the cartilaginous interspace. 

The metapterygoid is rectangular or squared in form, articulating with the 
hyomandibular dorsoposteriorly, with the quadrate ventrally, with the endoptery­
goid anteriorly, and with the symplectic posteroventrally. The anterior margin of 

Fig. 25. Suspensoria of six sciaenids. A, Sciaena trewavasae; B, Micropogonias furnieri ; 
C, Menticirrhus americanus; D, Paralonchurus elegans; E, Lonchurus lanceolatus; 
F, Aplodinotus grunniens. Left, medial view; right, lateral view. Abbreviations 
as in Fig. 24. Bar = 5 mm. 
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this bone tends to extend forward (Fig. 27B-F), forming the attachment site of Al(3' 
(a muscle of cheek, see below). Typically, the metapterygoid interdigitates medi­
ally with the quadrate, and lacks continuous intervention of the cartilage. The 
metapterygoid lamina varies from absent altogether to well defined, and the inter­
space between the hyomandibular and metapterygoid also varies from small to large. 
The posteromedial margin of the metapterygoid usually fails to make contact with 
the medial side of the lower arm of the hyomandibular. 

The quadrate is a triangular bone, with a large facet for articulation with the 
anguloarticular at its anteroventral corner. It is sutured to the ectopterygoid 
anteriorly, to the posterior edge of the endopterygoid anterodorsally, to the metapter­
ygoid dorsally, and to the symplectic mesolaterally. The posterior margin of the 
quadrate, which joins the preoperculum, varies from nearly straight to distinctly 
convexed. 

The symplectic varies in form from broad to slender; the dorsal portion is 
usually laminarly expanded, overlapping the lower posterior portion of the 
metapterygoid medially; contact of the posterior margin of the symplectic with the 
preoperculum varies from a very slight dorsally to broadly overlapping nearly its 
entire length. 

The endopterygoid is a thin, laminous bone. It is sutured to the palatine 

Fig. 26. Suspensoria of six sciaenids. A, Pachyurus schomburgkii; B, Pachyurus sp., C, 
Pachypops sp., D, Pentlwroscion mbizi; E, Leiostomus xanthurus; F, Odontoscion 
dentex. Left, medial view; right, lateral view. Abbreviations as in Fig. 24. 
Bar=2mm. 
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anteroventrally, to the ectopterygoid posteroventrally, to the matapterygoid dor­
soposteriorly, and to the quadrate ventroposteriorly. 

The ectopterygoid is a boomerang-shaped bone. It is sutured to the palatine 
anteriorly, to the endopterygoid dorsally, and to the quadrate posteriorly. 

The palatine is edentulous and laminously expanded to form the attachment 
site of AlfJ" (a cheek muscle, see below). The ventral margin is typically nearly 
straight or slightly convex, whilst the dorsal side has two facets for articulation with 
the lateral ethmoid. 

The muscles of the cheek associated with the suspensorium comprise AI, A2, Aw 
levator arcus palatine, and adductor arcus palatini. 

Al section is clearly divided into Ala and AlfJ sections. Ala, located 
dorsolaterally to A2, originates from the preoperculum and hyomandibular, and is 
inserted onto the posterior part of the maxillary via the maxillomandibular liga­
ment. AlfJ is medial to Ala and further divided into two subsections-AlfJ' and 
AlfJ" (Fig. 24). The origin of AlfJ" is mainly restricted to the palatine, whereas the 
origin of AlfJ' is primarily the metapterygoid, but may also include the hyoman­
dibular, quadrate, endopterygoid, and ectopterygoid. Both subsections are inserted 
immediately behind the head of maxillary. 

Fig. 27. Suspensoria of six sciaenids. A, Stellijer microps; B, Otolithoides pama; C, 
Panna microdon; D, Protonibea diacanthus; E, Dendrophysa russelli; F, Aus­
tronibea oedogenys. Left, medial view; right, lateral view. Abbreviations as in 
Fig. 24. Bar = 5 rom. 
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The levator arcus palatini originates on the sphenotic and pterotic, and is 
inserted on the hyomandibular and metapterygoid. The relationships between the 
levator arcus palatini and A1f3' vary greatly from widely overlapping to well 
separated (Figs. 28 and 29). 

The floor of the orbit is filled by the well developed adductor arcus palatini, 
usually present as a single element. 

The opercular series consist of the preoperculum, operculum, suboperculum, and 
interopercul urn. 

The preoperculum is a large bone, crescentic in shape, associated with variously 
developed ridges which fold over the preoperculomandibular canal of the lateral line 
system. Its posterior margin is typically thin and weakly serrated. 

The operculum is a thin triangular bone, bordered by the preoperculum anterior­
ly and by the suboperculum ventrally. It is produced posteriorly into two points. 
The dorsal border of the operculum is typically situated level with the upper margin 
of the hyomandibular. 

The sub operculum is L-shaped, the anterior vertical arm being attached to the 
anteroventral margin of the operculum, and the posterior arm being slightly covered 
by the lower border of the operculum. 

The interoperculum is thin and elliptical in form. It lies under the inner 
surface of the ventral part of the preoperculum. Anteriorly, it is connected with the 
retroarticular of the lower jaw by a strong ligament. 

There are three muscles connecting the operculum with the cranium: the 
dilatator operculi, adductor operculi, and levator operculi. The levator operculi is 
usually originated on the sphenotic and/or hyomandibular, and is inserted onto the 
upper, medial portion of the operculum. 

CHARACTERS 

Character 49 (Figs. 25-27): Suspensorium strongly depressed. The 
sciaenid suspensorium varies considerably in length and depth, making clear-cut 
separation of suspensorium "types" virtually impossible. However, in Pachyurus 
(Fig. 26A and B) and Pachypops (Fig. 26C), the suspensorium is strongly depressed 
and elongate longitudinally, providing a good contrast with other sciaenid suspen­
soria which are at most moderately depressed. This condition considered to be 
apomorphous, since in the usual condition in percoids, the suspensorium is depressed 
from slight to moderate degree. Depression of the suspensorium in Pachyurus and 
Pachypops must have occurred concurrently with snout prolongation. 

Character 50 (Figs. 25-27): Posteromedial margin of metapterygoid 
overlapping or attached to medial side of lower arm of hyomandibular. 
Typically in sciaenids, the posteromedial margin of the metapterygoid does not 
extend to the medial side of the lower arm of the hyomandibular, whereas it overlaps 
or is attached medially on the lower arm in Menticirrhus (Fig. 25C), Paralonchurus 
elegans (Fig. 25D), Lonchurus (Fig. 25E), Aplodinotus (Fig. 25F), Pachyurus (Fig. 
26A and B), Pentheroscion (Fig. 26D), Leiostomus (Fig. 26E), and Otolithoides (Fig. 
27B). Since this overlap or attachment has been previously reported among per­
coids only from haemuloids (Johnson, 1980), the character is considered a 
synapomorphy for the above sciaenids. 
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Fig. 29. Cheek muscles of two sciaenids. A and B, Leiostomus xanthurus; C and D, 
Pachyurus sp. A and C, superficial view; Band D, Ala, A2 partly removed. 
Abbreviations as in Fig. 24. Bar=5 mm. 

of the palatine and is inserted either onto the anterodorsal margin of the hyoman­
dibular (P. elegans and Lonchurus), or onto the posterodorsal portion of the para­
sphenoid shaft (Otolithoides); the ventral element fills the floor of the orbit. This 
apomorphous feature has probably resulted from the overall modification of the 
orbital region, with the decrease in eye size. 

Character 53 (Fig. 30): Levator operculi originating from posttemporal. 
In most sciaenids, including those with a simple swimbladder, the levator operculi 
originates on the cranium and hyomandibular (Fig. 30A), whereas in Sciaena gilberti 
(Fig. 30B), Bairdiella, Odontoscion, Ophioscion (Fig. 30C), and StelliJer (Fig. 30D), it 
originates wholly or partly on the posttemporal. Although the disposition of this 
muscle has not been well described in percoids, the most common, and apparently 
primitive state seems to be the former. Hence the muscle originating from the 
posttemporal represents an apomorphous character. 

Other variations 
Preopecular spines. The preopercular spmes are sometimes distinct (e.g., 
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lap 

Fig. 30. Superficial postorbital muscles of four sciaenids. A, Argyrosmnus japonicus; B, 
Sciaena gilberti; C, Ophioscion sciera; D, Stellijer microps. sb, swimbladder; 
other abbreviations as in Fig. 24. Bar=3 mm. 

Micropogonias, Fig. 25B), but cannot be used as a character for phylogenetic analy­
sis, because spine devlopment in sciaenids follows a progressive rather than a 
stepwise pattern. 

Shape of operculum. Similarly, shape of the operculum is not adoped as a 
character because of the progressive nature of its development. The upper half of 
the operculum seems to be almost lost in Stellifer (Figs. 27 A and 30D), but a series 
of intermediate conditions can be traced among Bairdiella, Oorvula, Elattarchus, 
Odontoscion, and Ophioscion (Fig.30C). All these genera are characterized by 
having a laterally expanded anterior chamber of the swimbladder (see Character 
112), progressive development of which seems to be closely correlated with reduction 
of the operculum. Since exposure of the swimbladder to the outer surface of the 
body (probably to increase hearing ability) is a notable evolutionary trend of the 
Sciaenidae, reduction of the operculum can be understood in this context. 

Levator arcus palatini-Al,B' relationship. Although the relationship between 
the levator arcus palatini and Al,B' is not adopted as a character owing to the 
merging of developmental steps, it can be generally defined by three factors. First, 
the levator arcus palatini and Al,B' tend to overlap, depending upon eye size (Fig. 
28). A smaller eye necessarily results in the forward expansion of the levator arcus 
palatini and thus the two muscles overlap. Secondly, the muscles tend to be 
separated in those sciaenids having a deep body (= high suspensorium) (Fig. 29A 
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and B). Thirdly, the two muscles tend to be separated in long-snouted sciaenids, 
with an elongate, depressed suspensorium (Fig. 29C and D). 

4. JAWS 

(Figs. 31-34) 

GENERAL DESCRIPTION 

Sciaenid jaws consist of the following elements: the premaxillary and maxilla­
ry in the upper jaw; the dentary, anguloarticular, retroarticular, and coronomecke­
lian in the lower jaw. Cartilaginous elements, the rostral and Meckelian cartilages 
are also present. The supramaxillary is always absent. 

The premaxillary includes four processes: the ascending process, articular 
process, alveolar process, and postmaxillary process. The rostral cartilage is 
attached to the posterior rim of the ascenidng process. The length relationships 
between the ascending and alveolar processes are not uniform, the former usually 
being longer in those sciaenids with an inferior mouth. The alveolar process is 
usually longer in sciaenids with a terminal to oblique mouth. Along its ventral 
border, the alveolar process has typically conical, regularly sized teeth. 

The maxillary comprises a distinct head and shaft. Ventrally, the head has 
two condyles for articulation with the premaxillary articular process. Posterodor-

acp 

arp 

pm 

Fig.31. Jaws of &iaena trewavasae. aa, anguloarticular; acp, ascending process; alp, 
alveolar process; arp, articular process; cm, coronomeckelian; d, dentary; mc, 
Meckelian cartilage; rnx, maxillary; pm, premaxillary; pmp, postmaxillary proc­
ess; ra, retroarticular; rc, rostral cartilage. Bar = 5 mm. 
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B 
rc 

ra 0 

Fig. 33. Jaws of six sciaenids. A, Otolithes ruber; B, OdontoscWn dentex; C, Larimus 
brwU;eps; D, Seriphus politus; E, Oollichthys lucidus; F, Sciaena umbra. Abbre­
viations as in Fig. 31. Bar=3 mm. 

of the ventral surface. Anteriorly, the groove is bridged by narrow struts or flanges, 
forming variably sized foramina. 

The anguloarticular is anteriorly pointed, being inserted into the hollow of the 
dentary. It is medially attached to the dentary by Meckelian cartilage. The 
posterodorsal portion of the anguloarticular thickens, forming a saddle-shaped facet 
for articulation with the quadrate. Ventrally, it forms a open groove, which is 
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continuous with that of the dentary. 
The retroarticular is a small bone sutured to the posteroventral portion of the 

anguloarticular. It provides an attachment site for the ligament connecting the 
lower jaw to the interoperculum. 

The coronomeckelian is a tiny bone, lodged on the medial face of the anguloar­
ticular which articulates near the posterior end of Meckelian cartilage. 

CHARACTERS 

Character 54 (Fig. 32): Lower jaw teeth absent in adults. Typically in 
sciaenids, both jaws are toothed, whereas in Leiostomus, teeth are absent from the 
lower jaw (Fig. 32C). Govani (1987) demonstrated that in this genus, teeth develop 
on the dentary of juveniles up to 40-50 mm SL, but are thereafter lost. This 
observation also indicates that the absence of the teeth is an apomorphous feature. 
Govani argued that the loss of teeth reflected a structural adjustment to feeding that 
accomodates scooping with the dentary in addition to sucking. As described and 
figured in Characters 70-74, the pharyngeal jaws of this genus are highly specialized. 
It appears therefore that the loss of teeth is fully compensated by the upgrading of 
the pharyngeal jaws. 

Character 55 (Figs. 32 and 33): Canines present. Trewavas (1977) defined 
the canines as: "the few outstanding teeth, more than twice as long as any other 
teeth in the jaw". In sciaenids, the canines are present in Cynosdon (Fig. 32E), 
Macrodon (Fig. 32F), Isopisthus, Otolithes (Fig. 33A), Pterotolithus, Chrysochir, 
Elattarchus, and Odontosdon (Fig. 33B). Because canines are only occasionally 
encountered in percoids, and then somewhat randomly, the presence of canines in 

pmx 

Fig. 34. Ethmo-prevomerine regions of two sciaenids. A, Aplodinotus grunniens; B, 
Pachypops sp. Top, lateral view; bottom, ventral view. pv, prevomer; other 
abbreviations as in Fig. 31. Bar=5 mm. 
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some sciaenids is considered to be an apomorphous feature. 
Character 56 (Fig. 32): Teeth "arrowhead"-shaped. In most sciaenids as 

in most percoids, the teeth are conical and simply pointed at their tips, whereas in 
Macrodon, teeth on both the jaws and the pharyngobranchials have a triangulated 
head, similar to an arrowhead in shape (Fig. 32F). 

Character 57 (Fig. 34): Head of maxillary anterior to ethmoid and 
prevomer. Typically in sciaenids as in percoids, the heads of the left and right 
maxillae are separated medially by the ethmoid and prevomer (Fig. 34A), whereas 
in Pachyurus and Pachypops, the maxillary heads are forward the ethmoid and 
prevomer (Fig. 34B). This unique development may be related to the long snout of 
these genera. 

Character 58 (Fig. 33): Maxillary shaft foramen present. Typically in 
sciaenids, there is no foramen in the maxillary shaft, whereas a large foramen is 
present in the shaft in Collichthys (Fig. 33E) and Kathala. 

Character 59 (Fig. 33): Dentary foramen present. A large foramen, usu­
ally absent in sciaenids, is present on the lateral side of the dentary in Larimus (Fig. 
33C) and Seriphus (Fig. 33D). 

Other variations 
Mouth position and nature of dentition is highly variable in the Sciaenidae. 

Canines are limited to those sciaenids with large terminal or oblique mouths, 
possibly as an adaptation for midwater, piscivorous feeding. Conversely, a broad 
band of small, conical teeth has developed in those sciaenids with an inferior mouth. 
Further specialization is seen in the loss of lower jaw teeth in Leiostomus. In those 
sciaenids with an inferior mouth, the ascending process of the premaxillary tends to 
be longer than in other sciaenids. Chao and Musick (1977) demonstrated that the 
entire premaxillary and lower jaw moved anteroventrally in such sciaenids, whereas 
the upper jaw is nonprotrusible in sciaenids with a terminal to oblique mouth. In 
the latter the premaxillary is fixed anteriorly. This suggests that the long premaxil­
lary ascending process structurally assists extensive mouth protrusion in some 
sciaenids. 

GENERAL DESCRIPTION 

5. HYOID ARCH 

(Figs. 35 and 36) 

The sciaenid hyoid arch comprises the dorsal and ventral hypohyals, ceratohyal, 
epihyal, interhyal, branchiostegal rays, basihyal, and urohyal. The basihyal is 
figured and described in the section of the branchial arches (p. 50). 

The dorsal hypohyal is attached ventrally to the ventral hypohyal and with 
posteriorly to the ceratohyal. It is attached by a ligament to the lateral surface of 
basibranchial 1. The ventral hypohyal caps the anteroventral surface of the 
ceratohyal, below the dorsal hypohyal. It is connected medially with the urohyal 
by a strong ligament. 

The ceratohyal is the largest bone in the hyoid arch. It articulates posteriorly 
with the epihyal, and anteriorly with the hypohyals. A narrow strip of cartilage 
margins the posteroventral corner of the ceratohyal. The dentate junction between 
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dhh 

Fig. 36. Hyoid arches of four sciaenids. A, Sciaena trewavasae; B, Ctenosciaena 
gracilicirrhus; C, Otolithes ruber; D, Isopisthus parvipinnis. brs, branchiostegal 
ray; ch, ceratohyal; dhh, dorsal hypohyal; eh, epihyal; ih, interhyal; vhh, ven­
tral hypohyal. Bar=5 mm. 

hyal and epihyal. Three rays are attached laterally, and three medially, to the 
ventral rim of the ceratohyal. The last ray is attached to the lateral surface of the 
epihyal. 

The urohyal is roughly plate-like, lying in the midline below the basibranchials. 
It is connected to the ventral side of the first basibranchial through a dorsal ramus. 
The strong, forward inclination of the dorsal ramus in some genera, progressively 
lessens posteriorly, generally tending to be inclined backwards in those sciaenids 
with an inferior mouth. 

CHARACTERS 

None. 

6. BRANCHIAL ARCHES AND ASSOCIATED MUSCLES 

(Figs. 37-46) 

GENERAL DESCRIPTION 

Sciaenid branchial arches and the associated muscles are of the generalized 
percoid type except for the transversus dorsalis anterior and retractor dorsalis 
(Characters 8 and 9). The typical sciaenid arrangement of arches and muscles is 
shown in Figs. 37 and 38. 

The basihyal (unpaired) is plate-like, roughly triangular in shape, and articu­
lates posteriorly with basibranchial 1. 

The basibranchials (unpaired) form the floor of the pharynx, and laterally make 
contact with the hypobranchials (except basibranchial 1). The three anterior 
basibranchials are well ossified, the posteriormost being cartilaginous. Basibran­
chial 1 is small and compressed. Basibranchial 2 is funnel-shaped, narrow anterior-
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Fig. 37. Branchial region of Otenosc:iaena grac:ilicirrhus. A, lateral view; B-D, dorsal 
view; E, posterior view. ad, adductor; bh, basihyal; cb, eeratobranchial, cl, 
cleithrum; eb, epibanchial; hh, hypohyal; iac, interarcual cartilage; Ie, levator 
externus; Ii, levator internus; Ip, levator posterior; oes, oesophagus; od, obliquus 
dorsallis; op, obliquus posterior; pb, pharyngobranchial; pee, pharyngoclavicular­
is externus; pci, pharyngoclavicularis internus; pp, protractor pectoralis; rc, 
rectus communis; rd, retractor dorsalis; sci, supracleithrum; sh, sternohyoideus; 
so, sphincter oesophagi; tda, transversus dorsalis anterior; tdp, transversus dorsalis 
posterior; uh, urohyal. Bar=5 mm. 
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ly, broad posteriorly, and articulates anterolaterally with hypobranchial 1. Basi­
branchial 3, the largest of the series, is slender and articulates anterolaterally with 
hypobranchial 2, posteriorly with hypobranchial 3. 

The hypobranchials (paired) are situated between the basibranchials and the 
ceratobranchials, and decrease in size posteriorly. Hypobranchial 3 lies in a 
longitudinal plane, and anteriorly, extends slightly below hypobranchial 2. 

The five ceratobranchials (paired) lie between the hypobranchials and the 
epibranchials. The anterior four are slender and rod-like, with the fifth usually 
being medially expanded, forming a teeth-bearing plate. 

The epibranchials (paired) form the dorsolateral wall of the pharynx, articulat­
ing with the ceratobranchials distally and the pharyngobranchials proximally. 
Epibranchial 1 is slender, with a flat, dorsal process along approximately three 
quarters of its length. This process in associated proximally with the interarcual 
cartilage, which extends to the anteromedial corner of pharyngobranchial 2. 
Epibranchial 2 is rod-like, with lateral flanges, and articulates with the medial 
region of pharyngobranchial 2 and the anterolateral region of pharyngobranchial 3. 
A tooth plate is absent from this bone. Epibranchial 3 is rod-like with a well 
developed, sail-like crest, which is bound to epibranchial 4. Meeting against the 

Fig. 38. Branchial arches of Ctenosciaena gracilicirrhus. A, ventral branchial muscles; 
B, dorsal view of ventral branchial arch; C, ventral view of dorsal branchial arch; 
D, dorsal view of dorsal branchial arch. bb, basibranchial; bh, basihyal; cb, 
ceratobranchial; eb-tb, epibranchial tooth plate; hb, hypobranchial; iac, interar­
cual cartilage; ov, obliquus ventralis; pb, pharyngobranchial; pee, pharyngo­
clavicularis exteruns; pci, pharyngoclavicularis internus; rc, rectus communis; rv, 
rectus ventralis; so, sphincter oesophagi; tva, transversus ventralis anterior; tvp, 
transversus ventralis posterior; up4, upper pharyngeal tooth plate 4. Bar=5 mm. 
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lateral rim of pharyngobranchial 3, it has a small tooth plate on its oral surface. 
Epibranchial 4 is stout, and articulates with the cartilaginous posterior corner of 
pharyngobranchial 3 and the anteromedial portion of upper pharyngeal tooth plate 
4. 

There are three pharyngobranchials (paired) and a circular pharyngeal tooth 
plate 4 (paired). Pharyngobranchial 1 is modified as the suspensory pharyngeal, 
and interconnects the prootic of the cranium and epibranchial 1. Pharyngo­
branchial 2 is typically flat and triangular, with a tooth plate on its oral surface. 
The tooth plate varies both in size and in its relationship to pharyngobranchial 3. 
Pharyngobranchial 3 is typically the largest in the pharyngobranchial series, with a 
tooth plate on its oral surface. Teeth on the plate vary from conical to molariform 
in shape. Pharyngeal tooth plate 4 lacks the basal skeletal element, and is usually 
circular in shape. 

Muscles of the dorsal part of the branchial arches comprise the following: 
levator externus; levator internus; levator posterior; transversus dorsalis anterior; 
transversus dorsalis posterior; obliquus dorsalis; obliquus posterior; adductor; 
and retractor dorsalis. 

The levator externi (paired) consist of four elements, connecting the cranium to 
the epibranchials. They originate just below the cranial groove for articulation of 
the hyomandibular. The four elements are respectively inserted epibranchial 1 
(levator externus 1), epibranchial 2 (levator externus 2), epibranchial 3 (levator 
externus 3), and epibranchial 4 (levator externus 4). The degree of development of 
each of muscle elements is variable. 

The levator interni (paired) consist of two elements, and share the same origin 
with the levator externi. Levator internus 1 is mostly inserted onto the anterior 
margin of pharyngobranchial 2, but may be partially inserted onto the interarcual 
cartilage. Levator internus 2 is inserted onto pharyngobranchial 3, just medial to 
the head of epibranchial 3. These two elements are separated by the transversus 
dorsalis anterior. 

The levator posterior (paired) usually originates from the ventral side of the 
intercalar and exoccipital. It is inserted onto epibranchial 4, just lateral to levator 
externus 4. Development of the former is usually weak. 

The transversus dorsalis anterior (unpaired) consists of a single element, the m. 
transversus epibranchialis 2 (see Character 8), which connects epibranchial 2 of each 
side, by passing over dorsally (and usually completely covering) pharyngobranchials 
2 and 3. 

ThE) transversus dorsalis posterior (unpaired) occupies the space between the 
heads of epibranchials 3 and 4, and laterally lies beneath the obliquus dorsalis. 

The obliquus dorsalis (paired) is extended between pharyngobranchial 3 and 
epibranchials 3 and 4. Anteriorly, it lies below the transversus dorsalis anterior, 
and posteriorly, over the transversus dorsalis posterior. 

The obliquus posterior (paired) connects the dorsal side of ceratobranchial 5 to 
the posteroventral margin of epibranchial 4. Typically, it is the largest muscle 
associated with the posterior portion of the branchial arches. 

The adductores (paired) lie between the epibranchials and ceratobranchials. 
Usually, adductor 4 can be seen between adductor 5 and the obliquus posterior, when 
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viewed posteriorly. Adductor 5 is typically poorly developed. 
The retractor dorsalis (paired) originates from the posterior margin of pharyngo­

branchial 3 and pharyngeal tooth plate 4, and is typically inserted onto the first and 
second vertebrae. 

The muscles of the ventral part of the branchial arches consist of the following: 
the sphincter oesophagi; obliquus ventralis; rectus ventralis; transversus 
ventralis; and rectus communis. 

The sphincter oesophagi (unpaired) encircles the oesophagus. It arises ventral­
ly from the dorsal rim of ceratobranchial 5, and dorsally from the inner, posterior 
margin of epibranchial 4. 

The obliqui ventrales (paired) comprise three elements, interconnecting respec­
tively hypobranchial 1-ceratobranchial 1, hypobranchial 2-ceratobranchial 2, and 
hypobranchial 3-ceratobranchial 3. 

o 

L 

Fig. 39. Tooth plates on upper branchia.l arches of 12 sciaenids. A, Protonibea diacanth­
us; B, Otolithoides pama; C, Menticirrhus americanus; D, Nebris microps; E, 
Plagioscion aumtus; F, Seriphus politus; G, Pareques acuminatus; H, Roncador 
stearnsii; I, Sciaena deliciosa; J, &iaenops ocellata; K, Genyonemus lineatus; L, 
Gheilotrema saturnum. Abbreviations as in Fig. 38. Bar= 1 mm. 
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The rectus ventralis (paired) consists of a single element, lying between the 
anterior tip of hypobranchial 3 and ceratobranchial 4. 

The transversus ventralis (unpaired) usually consists of two elements. The 
transversus dorsalis anterior lies between ceratobranchials 4, and transversus dorsalis 
posterior lies between ceratobranchials 5. 

The rectus communis (paired) originates from the dorsal side of the urohyal and 
is inserted onto ceratobranchial 5. 

The sternohyoideus (paired) arises from the lateral side of the urohyal and 
inserted onto the lower region of the cleithrum. Dorsally, it develops a tendon 
which is inserted onto the anterior tip of hypobranchial 3. 

The pharyngoclavicularis (paired) connects ceratobranchial 5 with the cleith­
rum. It consists of the pharyngoclavicularis externus and, medially, the 
pharyngoclavicularis intern us. 

The protoractor pectoralis (paired) connects the cranium and cleithrum. 
Originating from the pterotic and inserted onto the cleithrum, its development in 
sciaenids varies from weak to strong. 

Fig. 40. Ventral branchial arches of Aplodinotus grunniens (A-C) and Pogonias cromis 
(D-H). A and D, dorsal view of ceratobranchial 5; Band E, ventral view of 
ceratobranchial 5; C and F, lateral view of ceratobranchial 5; G, lateral view of 
ceratobranchial 5 with related muscles; H, ventral view of ventral branchial arch. 
Abbreviations as in Figs. 37 and 38. Bar=3 mm. 
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CHARACTERS 

Character 60 (Figs. 38, 39, 42, and 44): Tooth plate on pharyngobranchial 
2 enlarged and anteriorly located. Primitively among percoids, the tooth plate 
on pharyngobranchial 2 is as large as that on epibranchial 3, and abuts obliquely 
onto the tooth plate on pharyngobranchial 3. Many sciaenids possess this primitive 
condition (Fig. 39A-C), whereas in Bairdiella, Ophioscion, Umbrina, Ctenosciaena 
(Fig. 38D), Pareques (Fig. 39G), Equetus, Roncador (Fig. 39H), Sciaena umbra, S. 
deliciosa (Fig. 391), S. gilberti, Sciaenops (Fig. 39J), Genyonemus (Fig. 39K), 
Cheilotrema (Fig. 39L), Aplodinotus (Fig. 42D), Pogonias (Fig. 42F, but see Charac­
ter 66), Leiostomus (Fig. 44), Micropogonias, Paralonchurus brasiliensis, and Pa­
chyurus, the tooth plate on pharyngobranchial 2 is enlarged (more than twice as 
large as that on epibranchial 3), and anteriorly located so as to broadly rim the front 
margin of the pharyngobranchial 3 tooth plate. Separate treatment of the size and 
location of the pharyngobranchial 2 tooth plate prevents individual consideration 
(Fig. 39D-F), although the combination of both conditions is diagnostic. A forward 
location of the enlarged tooth plate on pharyngobranchial 2 aids in seizing of the 
prey in the narrow buccal cavity, and positioning it suitably for crushing between 
the upper and lower pharyngeal jaws. Further specializations derived from this 
condition can be recognized in Aplodinotus, Pogonias, and Leiostomus as discussed 
below. 

Character 61 (Fig. 40): Interdigitating suture between ceratobranchials 
5. In sciaenids such as Aplodinotus (Fig. 40A), Pogonias (Fig. 40D), Roncador (Fig. 
41F), and Leiostomus (Fig. 44E), the lower pharyngeal jaw (ceratobranchials 5) 
exhibits pharyngognathy (Liem and Greenwood, 1981; Kaufman and Liem, 1982), 
in that left and right ceratobranchials 5 are united into a single unit. In the case 
of sciaenids, however, contact of these bones varies gradually from narrow to broad 
(Fig. 41), so that clear-cut character states cannot be identified. On the other hand, 

Fig.41. Left and right ceratobranchials 5 of six sciaenids. A, Atractoscion nobilis; B, 
Ctenosciaena lJ'acilicirrhus; C, Sciaenops ocellata; D, Pseudotolithus (Hostia) moor­
ii; E, Cheilotrema saturnum; F, Roncador stearnsii. Ba.r=2 mm. 
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Fig. 42. Dorsal branchial arches of Aplodinotus grunniens (A, C, and D) and Pogonias 
cromis (B, E, and F). A and B, dorsal view with muscles; C and E, dorsal view; 
D and F, ventral view. Abbreviations as in Figs. 37 and 38. Bar=5 IDID. 
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a derived character can be recognized when the nature of the suture between the 
ceratobranchials is considered. Whereas in most sciaenids, the suture is straight, it 
clearly interdigitates in Pogonias (Fig. 40E). This apomorphous condition, indicat­
ing a tighter unification of the 5th ceratobranchials, is typically absent in percoids. 

Character 62 (Fig. (0): Ventral process present in ceratobranchial5. In 
most sciaenids, the ventral side of ceratobranchial 5 has undergone no noticeable 
modifications, whereas both Aplodinotus (Fig.40A-C) and Pogonias (Fig.40D-H) 
possess a prominent horn-like process (figured and described by Chao, 1978a). 
Because this ventral process does not make contact with the cleithrum (Fig. 40G), 
"the pharyngocleithral joint" of Liem and Greenwood (1981) is absent. The process 
forms the insertion sites for the well developed rectus communis and pharyngo­
clavicularis internus, probably to enable elaborated forward and backward move­
ments of the lower pharyngeal jaw. 

Character 63 (Fig. (0): Transversus ventralis anterior and posterior 
present as a single element. In most sciaenids, the transversus ventralis anterior 
and posterior are present as separate divisions from one another (Fig. 38A), whereas 
in Aplodinotus and Pogonias (Fig.40H), the two muscles are fused into a single 
element. 

Character 64 (Figs.42 and (4): Dorsal face of pharyngobranchial 3 
incompletely covered by muscles. In most sciaenids, the entire dorsal face of 
pharyngobranchial 3 is completely covered by the transversus dorsalis anterior, 
transversus dorsalis posterior, and obliquus dorsalis (Fig. 37), whereas in 
Aplodinotus (Fig. 42A), Pogonias (Fig. 42B), and Leiostomus (Fig. 44A), the bone is 
partially exposed, owing to the obliquus dorsalis terminating on pharyngobranchial 
3. The exposed portion of pharyngobranchial 3 forms a raised facet to which the 
cranial floor is tightly attached (for the modification of cranial floor, see Characters 
42 and 43). 

Character 65 (Fig. (2): Transversus dorsalis anterior not extending 
across dorsal surface of upper pharyngobranchials. A further specialization 
of Character 64, found only in Pogonias, the transversus dorsalis anterior lacks a 
medial connection, and thereby loses its "transversus" character. 

Character 66 (Fig. 42): Pharyngo branchial 3 enlarged. In most 
sciaenids, pharyngobranchial 3 is only slightly larger than pharyngeal tooth plate 4 
(Fig. 39), whereas in Aplodinotus (Fig.42C and D) and Pogonias (Fig. 42E and F), 
pharyngobranchial 3 is by far the largest element in the upper pharyngeal jaw. 
Although pharyngobranchial 3 is also larger than pharyngeal tooth plate 4 in 
Leiostomu8, the latter is not scored for this character, because the condition seems to 
have resulted mainly from enlargement of pharyngobranchial 2 and diminution of 
pharyngeal tooth plate 4. 

Character 67 (Fig. (2): Tooth plate on pharyngobranchial 2 relocated 
obliquely to pharyngobranchial 3. A further specialization of Character 66, in 
which the enlargement of pharyngobranchial 3 is more prominent in Pogonias than 
in Aplodinotus. The position of the pharyngobranchial 2 tooth plate is modified 
from fully in front of to oblique to pharyngobranchial 3, probably through forward 
expansion of the latter, judging by the wide space between the head of epibranchial 
2 and the anterior margin of pharyngobranchial 3. The oblique setting of the tooth 
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Fig. 44. Branchial arches of Leiostomus xanthurus. A, dorsal view of branchial arch with 
muscles; B, ventral view of cranium with muscles; C, dorsal view of dorsal 
branchial arch; D, ventral view of dorsal branchial arch; E, dorsal view of cerato­
branchial 5; F, lateral view of ceratobranchial 5. aap, adductor arcus palatini; 
other abbreviations as in Figs. 37 and 38. Bar=3 mm. 

attachment site for part of the transversus dorsalis anterior (Fig. 44B). Dense 
peg-like teeth on pharyngobranchial 2 suggest that the osteological/myological 
modification functions for conveying of the prey to the position where "crushing" is 
performed-that is, the space between the molariform teeth on the upper and lower 
pharyngeal jaws (Fig. 44D-F). 

Character 71 (Fig. 44): Head of epibranchial 2 enlarged. This is an 
autapomorphy of Leiostomus. See Character 70. 

Character 72 (Fig. 44): Interarcual cartilage connection with pharyngo­
branchial 2 lost. This is an autapomorphy of Leiostomus. See Character 70. 

Character 73 (Fig. 44): Transversus dorsalis anterior well developed, 
partially inserted onto parasphenoid. This is an autapomorphy of Leiostomus. 
See Character 70. 

Character 74 (Fig. 45): Retractor dorsalis originating from basicranial 
region and first vertebra. The origin of the retractor dorsalis from the first and 
second vertebrae is a synapomorphy for the Sciaenidae as discussed in Character 8 
(Fig. 45A). Further modification of this muscle is found in Bairdiella, Oorvula 
(Fig. 45B), Elattarchus, Odontoscion, Ophioscion, and Stellifer, in which the muscle 
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Other variations 
The enlarged and anteriorly located pharyngobranchial 2 tooth plate (Character 

60) symbolizes the overall up-grading of the feeding apparatus within sciaenids, 
since a number of specializations (listed below) are frequently encountered within 
these genera characterized by the former feature: mouth small and terminal; pores 
on snout and chin well developed; chin with barbel(s); ascending process of 
premaxillary long, probably to allow the strong protrusion of the jaws anteroventral­
ly (see section 4, p. 44); pharyngeal jaws consisting of blunt or molariform teeth; 
ceratobranchial 5 more or less broad and/or united with opposite member; levator 
intemus I developed; levator extemus IV developed; levator posterior developed; 
protractor pectoralis developed; pharyngobranchial 2 tightly hinging on pharyngo­
branchial 3; head of epibranchial 2 expanded to support enlarged pharyngobran­
chial 2. In summary, the mouth and pharyngeal jaws appear to have undergone 
integrate development, giving an advantage as benthic feeders to those sciaenids 
with an enlarged pharyngobranchial 2 tooth plate. The resulting protrusible jaws 
must be effective for "sucking" epibenthos and infauna, and the specialized pharyn­
geal jaws associated with well developed muscles would be advantageous for "masti­
cation" of hard-shelled, benthic invertebrates, in addition to a wide variety of other 
orgamsms. 

7. PECTORAL GIRDLE AND ASSOCIATED MUSCLES 

(Figs. 47-49) 

GENERAL DESCRIPTION 

The sciaenid pectoral girdle always includes two extrascapulae, posttemporal, 
supracleithrum, cleithrum, scapula, four radials, coracoid, and two postcleithra. 

The extrascapula is a thin membraneous bone, bearing struts which form the 
canal of the cephalic lateral line system. The lateral line extending from the 
posttemporal is conveyed into the supratemporal and supraorbital canals via the 
posterior extrascapula. 

A 

Fig. 47. Pectoral girdles of four sciaenids. A, Sciaena trewavtUae; B, Menticirrhus 
americanus; C, Paralonchurus elegans; D, Macrodm! ancylodon. cl, cleithrum; cr, 
coracoid; dpcl, dorsal postcleithrum; es, extrascapula; pt, posttemporal; r, 
radial; sc, scapula; sci, supracleithrum; vpcl, ventral postcleithrum. Bar= 5 mm. 
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The posttemporal bears the dorsal and ventral limbs for articulation with the 
cranium. The anterior portion of the dorsal limb is flattened for articulation with 
the epiotic, whereas the ventral limb is rod-like and firmly connected with the 
intercalar. The posterior margin of the posttemporal is thin and fimbriate, and the 
lateral side is bridged by thin struts, forming a groove for the lateral line system. It 
is also perforated by a foramen. 

The supracleithrum is leaf-like, interconnecting the posttemporal dorsally and 
the cleithrum ventrally. The lateral line system runs through the supracleithrum 
near the dorsal end. 

The cleithrum is the largest of the pectoral bones, the dorsal and ventral limbs 
forming an obtuse angle. The dorsal limb bears a shallow depression which accepts 
the supracleithrum. The ventral limb bears a flange, forming a pocket which 
receives the lateral, pectoral fin muscles. 

The scapula is roughly rectangular, sutured to the cleithrum both anteriorly and 
dorsally, and to the coracoid ventrally. This bone is perforated by the scapula 
foramen. The posterodorsal comer is distinctly concave for articulation with the 
dorsalmost ray of the pectoral fin. 

The radials always number four, usually three and half articulating with the 
scapula. 

The coracoid is V-shaped. Usually the ventral arm of this bone is gradually 
tapered and articulates directly with the cleithrum. 

E 

Fig. 48. Muscles of pectoral girdle of PteroscUm peli. A and B, lateral view; C-E, medial 
view. abp, abductor profundus; abs, abductor superficialis; adp, adductor profun­
dus; adr, adductor radialis; ads, adductor superficialis ; ard, arrector dorsalis; arv, 
arrector ventralis. Bar=2 mm. 
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The postcleithra always number two. The dorsal postcleithrum is crescent­
shaped; the ventral postcleithrum is rod-like and slender. 

The typical condition of the sciaenid pectoral girdle muscles is shown in Fig. 48. 
They always comprise the abductor superficialis, abductor profundus, arrector 
ventralis in the lateral side; adductor superficialis, adductor profundus, arrector 
dorsalis, and adductor radialis in the medial side. Adductor medialis is absent, and 
coracoradialis may be present or absent. 

The abductor superficial is provides the superficial division along the lateral 
surface of the pectoral girdle. This muscle originates from the lateral flange of the 
cleithrum and is inserted onto the bases of the fin rays, except for the uppermost. 
The muscle may fade into the thin transparent fascia before reaching the fin ray 
bases in the lower two or three rays. 

The abductor profundus is the medial division of the lateral muscle mass of the 
pectoral girdle, lying under the abductor superficialis. The former primarily origi­
nates from the coracoid (but the origin may also include the cleithrum and part of 
the scapula), and is inserted on the bases of all of the fin rays. 

The arrector ventralis occupies the dorsomedial division of the lateral muscle 
mass of the pectoral girdle. This muscle originates from the lateral flange of the 
cleithrum and is inserted onto the anteromedial base of the uppermost ray. 

The adductor superficialis is the dorsomedial division of the medial muscle mass 
of the pectoral girdle. It originates on the dorsomedial face of the cleithrum, and 
inserted onto all of the fin rays, except for the uppermost. The precise insertion is 
onto spurs located somewhat above the bases of the fin rays. 

The adductor profundus widely occupies the medial side of the pectoral girdle. 
This muscle originates from the coracoid and scapula, and is inserted onto the bases 
of all of the fin rays, except for the uppermost. Typically this muscle does not pass 
through the coracoid foramen onto the lateral side of the pectoral girdle. 

The arrector dorsalis is an elongate division of the medial mass of the pactoral 
girdle, situated just above the adductor profundus. It arises from the cleithrum and 
coracoid, and is inserted onto the base of the uppermost ray. 

The adductor radialis is a small muscle on the medial side of the pectoral girdle. 
It interconnects the bases of some lower rays and the lower two or three radials. 

The coracoradialis (not figured) is the muscle between the fourth radial and the 
posterior process of the coracoid. This muscle is either very poorly developed 
(comprising a few fibers only on the transparent membrane) or is absent altogether. 

CHARACTERS 

Character 77: Pectoral fin very long. Although pectoral fin length is not 
an internal character, it is considered here, because fin condition seems to be related 
to internal characters. Typically in sciaenids, the pectoral fin is short, not extend­
ing beyond the anal fin origin, whereas in Lonchurus and Paralonchurus elegans, it 
is very long, extending well beyond the anal fin origin. 

Character 78 (Fig. 47): Two and half radials on scapula. In most 
sciaenids, three and half radials are present on the scapula (Fig. 47 A), compared 
with two and half radials in Menticirrhus (Fig. 4 7B) and Paralonchurus elegans (Fig. 
47C). Katayama (1959) argued that the latter state is derived for the Serranidae, 

- 64-



1989J SASAKI: Sciaenid phylogeny and zoogeography 

Fig. 49. Pectoral girdles of two sciaenids with adductor profundus. A and B, 
Parakmchurus elegans; C and D, Larimichthys crocea. Left, lateral view; right, 
posterior view. Bar=5 mm. 

considering the condition of the Beryciformes, in which the former state is common. 
Similarly, Gosline (1966) applied this criterion to separate the Percichthyidae from 
the more advanced Serranidae. If this is so, the presence of three and half radials 
represents the primitive condition for percoids, including sciaenids. Alternatively, 
the presence of two and half radials on the scapula may be considered to represent 
a derived condition within the Sciaenidae. 

Character 79 (Fig. 47): Ventral arm of coracoid broad. In most 
sciaenids, the ventral arm of the coracoid gradually tapers (Fig. 47A-C) as typically 
seen in percoids, whereas in Isopisthus the ventral arm is uniformly broad (Fig. 
47D). 

Character 80 (Fig. 49): Adductor profundus passing to lateral side of 
pectoral girdle via coracoid foramen. The adductor profundus is restricted to 
the medial side of the pectoral girdle in most sciaenids, whereas in Paralonchurus 
elegans (Fig. 49A), Lonchurus, Larimichthys (Fig. 49C), and Collichthys the muscle 
passing to the lateral side of the pectoral girdle via the coracoid foramen. Since this 
muscle appears to be restricted to the medial side of the pectoral girdle in percoids, 
such an extension to the lateral side is an apomorphous feature. In the Para lon­
churus and Lonchurus, it appears that the unusually long pectoral fin may be 
functionally related to such a condition, because a well developed adductor profun­
dus is required to aid its movement. However, the pectoral fin is moderately sized 
in the other two genera. 

8. PELVIC GIRDLE AND ASSOCIATED MUSCLES 

(Fig. 50) 

GENERAL DESCIPTION 

The sciaenid pelvic girdle consists of a single element, the pelvic bone (basiptery­
gium), which is thin and triangular, bearing a fin comprising one spine and five soft 
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Fig. 50. Pelvic girdle of Ophioscion sciera. A-C, ventral view; D and E, dorsal view. 
abp, abductor profundus pelvicus; abs, abductor superficialis pelvicus; adp, ad­
ductor profundus pelvicus; ads, adductor superficialis pelvicus; ard, arrector dor­
salis pelvicus; arv, arrector ventralis pelvicus; ask, accessory subpelvic keel; exp, 
extensor proprius; pp, postpelvic process; sbk, subpelvic keel; sbp, subpelvic 
process; spk, suprapelvic keel. Bar=5 mm. 

rays. It is always ornamented with a series of keels and processes; the suprapelvic 
keel, subpelvic keel, accessory sub pelvic keel, subpelvic process, and postpelvic 
process. A pelvic foramen (Mok and Shen, 1983) is always absent. 

The muscles of the pelvic girdle always comprise the abductor superficialis 
pelvicus, abductor profundus pelvicus, arrector ventralis pelvicus, adductor 
superficialis pelvicus, adductor profundus pelvicus, arrector dorsalis pelvicus, and 
extensor proprius. 

The abductor superficial is pelvicus originates from the ventral side of the pelvic 
girdle and is inserted onto the bases of all soft rays and spine. 

The abductor profundus pelvicus originates from the ventral side of the pelvic 
girdle and is inserted onto the bases of all soft rays. 

The arrector ventralis pelvicus arises from the ventrolateral side of the pelvic 
girdle and is inserted onto the ventrolateral face of the pelvic spine. 

The adductor superficial is pelvicus is a division of the muscle mass lying on the 
dorsal side of the pelvic girdle. This muscle is sandwiched by the extensor proprius 
(partially) and the adductor profundus pelvicus. Its insertion region includes the 
bases of all soft rays and spine. 

The adductor profundus pelvic us originates from the dorsal side of the pelvic 
girdle and is inserted onto the bases of all soft rays and spine. 

The arrector dorsalis pelvicus arises from the lateral side of the pelvic girdle and 
is inserted laterally onto the base of the spine. 

The extensor proprius lies over the adductor superficialis pelvicus and adductor 
profundus pelvicus. Its insertion point is the innermost soft ray base. 
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CHARACTERS 

None. 

9. VERTEBRAE AND ASSOCIATED BONES 

(Figs. 51-53) 

GENERAL DESCRIPTION 

The vertebral column comprises 24-30 vertebrae; lO-14 abdominal and 14-20 
caudal. The first vertebra bears a condyle on either side for articulation with the 
exoccipitals. The neural spines are usually well developed except for the last two 
centra (see section lO, p. 73), and are variously angled to the longitudinal body axis. 
The first neural spine is autogenous with the centrum. Parapophyses are absent 
from the first three vertebrae. A transverse, bony commissure between the right and 
left parapophyses, is usually present in the posterior abdominal vertebrae. The 
ventral sides of the anterior abdominal vertebrae (particularly the third and fourth) 
are highly modified for suspension of the swimbladder. 

More than six epipleural ribs, usually slender and tapering, are associated with 
the abdominal vertebrae. The relationship between epipleural and pleural ribs 
varies with a complete range of intermediate forms. The attachment site of the 

D 

Fig.51. Anterior abdominal vertebrae and associated bones. A, Otenosciaena gracilicirr­
hus; B, Pareques iwamotoi; C, Equetus lanceolatus; D, Macrodon ancylodon. cr, 
cranium; epr, epipleural rib; ns, neural spine; p, pterygiophore; pap, parapo­
physis; pd, predorsal; pr, pleural rib. Bar=5 mm. 
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epipleurals varies from close to well distant from the pleural head. In addition, 
epipleural-pleural articulation varies from direct attachment to myoseptal support 
only. There are seven to 12 pleural ribs, the first always being on the third vertebra. 
They are usually present on the abdominal vertebrae only. 

The dorsal fin is typically single, comprising both spines (IX-XIV) and soft rays 
(19-51). A deep notch is present between the penultimate and last spines. The 
anal fin also comprises spines (lor II) and soft rays (6-21), with the base being 
typically far shorter than that of the soft dorsal fin. 

The pterygiophores supporting the dorsal and anal fin rays are bisegmental, and 
lack free autogenous medial elements. A well ossified stay is always present. The 
first pterygiophore in both the dorsal and anal fins usually bears two spines. 

Predorsals number 0-3, usually 3. Most commonly, the anterior predorsal is 
inserted in front of the first neural spine, the middle one between the first and second 
neural spines, the posteriormost between the second and third neural spines together 
with the first dorsal pterygiophore, following the 0/0/0+2/ pattern of Ahlstrom et 
al. (1976). 

CHARACTERS 

Character 81 (Fig. 51): Neural spines reduced in size. Typically in 
sciaenids, the neural spines are well developed and pointed (Fig. 51A, B and D) as 
in most percoids, whereas in Equetus, the first and second neural spines are reduced 
in size (Fig.5IC). This derived character is associated with a flag-like spinous 
dorsal fin, as discussed under Character 99. 

Character 82 (Fig. 51): First and second neural spines widely separated. 
In percoids, including most sciaenids, a general trend is apparent in that the second 
and third neural spines are widely separated with increased elongation of the body. 
In Cynoscion, Macrodon, and Isopisthus (Fig. 51D) however, the first and second 
neural spines are very widely forked, the first being immediately behind the 
posterior rim of the cranium. This specialization of the neural spines appears to be 
related to the loss of the predorsal(s) in these genera (see Character 98). 

Character 83 (Fig. 52): Fifth parapophysis enlarged. The parapophysis 
may be either present or absent in the fifth vertebra in sciaenids. If present, it is 
moderately sized, apparently functioning to serve as the attachment site for the 
pleural rib. The fifth parapophysis is very large and wing-like in Ophioscion and 
StelliJer (Fig. 52E), in which it functions not only to provide the attachment site for 
the pleural rib, but also to suspend the posterior chamber of the swimbladder 
utilizing a massive connective tissue development. 

Character 84 (Fig. 52): Ventral modification of anterior abdominal 
vertebrae-Lonchurus type. The ventral surface of the anterior vertebrae are 
strongly modified for suspension of the swimbladder in the Sciaenidae. Show and 
Yu (1948) and Taniguchi (1969b) described and illustrated this character in some 
Chinese and Japanese sciaenids. Primitively in percoids, only a pair or processes is 
present on each centrum. Sciaenid specializations from this primitive condition can 
be categorized into seven types and treated here accordingly. 

In Lonchurus, Paralonchurus brasiliensis, and Paralonchurus elegans (Fig. 52B), 
the posterior margin of the third centrum and the anterior margin of the fourth 
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B 

Fig. 52. Ventral and lateral (J and L) views of anterior abdominal vertebrae. A, Sciaena 
trewavasae; B, Paralonchurus elegans; C, Nebris microps; D, Corvula macrops; E, 
Stellijer microps; F, Johniu8 (Johnius) belangerii; G, Macrodon ancylodon; H, 
Atractoscion aequidens; I and J, Larimicthys polyactis; K and L, Collichthys 
niveatus. Bar=3 mID. 
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centrum are strongly produced anteroventrally as thin lamina, which combine to 
form a cylindrical bony tube. 

Character 85 (Fig. 52): Ventral modification of anterior abdominal 
vertebrae-Pseudotolithus type. In Nebris (Fig. 52C), Larimus, Pteroscion, 
Pseudotolithus (Fonticulus), P. (Hostia), P. (Pinacorvina), P. (Pseudotolithus), and 
Dendrophysa, the haemal canal of the fourth centrum is covered by a rounded bony 
roof, with deeply concave anterior (all) and posterior (all, excepting Larimus) 
margms. 

Character 86 (Fig. 52): Ventral modification of anterior abdominal 
vertebrae-Stellifer type. In Bairdiella, Oorvula (Fig. 52D), Elattarchus, Odonto­
scion, Ophioscion, Stellifer (Fig. 52E), Johnius (Johnius) (Fig. 52F), J. (Johnieops), 
and Kathala, the fourth vertebra is ventrally modified into a horseshoe-shaped arch. 

Character 87 (Fig. 52): Ventral modification of anterior abdominal 
vertebrae- Cynoscion type. Anteriorly the fourth vertebral margin bears a pair 
of hom-like projections, which support the third vertebra in Oynoscion, Macrodon 
(Fig. 52G), and Isopisthus. 

Character 88 (Fig. 52): Ventral modification of anterior abdominal 
vertebrae-Atractoscion type. The ventral surface of the second to fourth verte­
brae are fiat, and form a right angle with the lateral surface of the vertebrae in 
Atractoscion aequidens (Fig. 52H) (less modified in A. nobilis). 

Character 89 (Fig. 52): Ventral modification of anterior abdominal 
vertebrae-Larimichthys type. Larimichthys (Fig. 521 and J) and Oollichthys 
(Fig.52K and L) are unique in that the third vertebra (not fourth) is modified to 
support the swimbladder. In both genera, the third vertebra bears a pair of oval 
bony plates (less developed in Larimichthys). See also Character 90. 

Character 90 (Fig. 52): Ventral modification of anterior abdominal 
vertebrae-Collichthys type. This is a further modification of the Larimichthys 
type, found in Oollichthys (Fig.52K and L), in which the bony plates of each side 
are tightly united medially, forming a single, ventrally directed, golfclub-shaped 
process. The third vertebra of Sonorolux seems to be similarly modified, but the 
details could not be observed clearly from the radiographs. 

Character 91 (Fig. 51): Epipleural ribs few and reduced. In most 
sciaenids, epipleural ribs are associated with abdominal vertebrae at least. It is not 
presently possible however, to determine "the widespread epipleural rib number" in 
percoids with certainty, due to lack of information., With regard to sciaenids, 
epipleural ribs most frequently number seven in genera represented in the New 
World, whereas they number eight to lO in the Old World genera. I consider seven 
to be the primitive epipleural rib number for the family, since all sciaenids with a 
simple (=primitive) swimbladder possess seven epipleural ribs. However, the 
intraspecific variations rule against application of the epipleural rib number as a 
character. Consequently, a combination of the number of epipleural ribs (if less 
than seven) and condition (reduced and unattached to pleural ribs) is considered to 
be an apomorphous character. This condition is found in the following genera 
(epipleural rib number in parenthesis): Nebris (3), Oynoscion (4-5), Macrodon (4), 
Isopisthus (4-5) (Fig. 51D), and Plagioscion (3-6). 

Character 92 (Fig. 53): Epipleural ribs inflated. In most sciaenids, the 
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only a single spine (Fig. 53B). Judging from the size and position of the remaining 
spine, the first small spine appears to have been lost. 

Character 96 (Fig. 53): First anal pterygiophore bearing one spine. In 
most sciaenids, the first anal pterygiophore bears two spines, of which the first is by 
far the smaller (Fig. 53C), whereas in Menticirrhus the pterygiophore bears only a 
single spine (Fig. 53D). Judging from the size and position of the remaining spine, 
the first small spine appears to have been lost. 

Character 97 (Fig. 51): Predorsals number less than three-Equetus 
type. The primitive number and arrangement of predorsals in percoids were 
intensively discussed by Johnson (1984). In sciaenids, three predorsals, with 
arrangement pattern 0/0/0+2/, are most common and apparently represent the 
primitive condition. Three conditions of predorsal loss are recognized in the fam­
ily. In the first condition, the neural spines and pterygiophores of the dorsal fin 
have undergone no particular modifications. This condition is not included in the 
analyses, since the intraspecific variations are frequently observed. The second 
condition is represented by Equetus (//2+1+1+1+1+1+1+1+1+1+1+1), in 
which there are no predorsals owing to the more anterior relocation of the dorsal fin 
pterygiophores (Fig. 510, see also Character 99). The third condition is considered 
below. 

Character 98 (Fig. 51): Predorsals number less than three-Cynoscion 
type. In Cynosdon (/0+0/2), Macrodon (/0/2), and Isopisthus (/0/0+2) (Fig. 
51D), predorsals are always absent between the cranium and the first neural spine, 
owing to the absence of the necessary space for their insertion (see also Character 82). 

Character 99 (Fig. 51): Numerous dorsal pterygiophores in front of 
third neural spine. Typically in sciaenids, there is a single dorsal fin pterygio­
phore in front of the third neural spine (Fig. 51A), whereas numerous pterygiophores 
occur in Pareques (7; Fig. 51B) and Equetus (12; Fig. 510). In these genera, the 
pterygiophores are closely arranged, forming a triangular, bony plate, which sustains 
the dorsal fin, of which the spinous portion is elongated like a flag. McPhail (1961) 
discussed the close relationships of the two genera, based upon the pterygiophore 
arrangement. Equetus is undoubtedly more advanced in having the higher number 
of the pterygiophores in front of the third neural spines. This condition may 
explain the loss of the predorsals, as well as the reduction of the first and second 
neural spines in this genus. 

Other variations 
Meristic variables such as the total number of vertebrae and the formation of 

abdominal and caudal vertebrae were not considered as characters for analysis, not 
only because the changes are always continuous rather than stepwise, but also 
because of intraspecific variability. The sciaenid vertebral number, 10+ 15-the 
primitive percoid condition (Johnson, 1984, Tominaga, 1986)-is most reasonably 
hypothesized as the primitive condition, judging from its commonality within the 
family as well as its characterizing those sciaenids with a primitive swimbladder. 
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10. CAUDAL SKELETON AND ASSOCIATED MUSCLES 

(Figs. 54-56) 

GENERAL DESCRIPTION 

The general configuration of the sciaenid caudal skeleton and associated muscles 
is shown in Fig. 54. The caudal skeleton usually consist<; of the following bony 
element<;: five hypurals, one parhypural with a distinct parhypurapophysis, two 
uroneurals, three epurals, one urostyle, and autogenous haemal spines on pre ural 
centra 2 and 3. Two or three ventral radial cartilages are present (verified in Nebris, 
Pennahia, Johnius, and Larimichthys; see Fig. 56A and B). 

The caudal skeleton bears both principal rays (typically one unbranched and 
eight branched on the upper lobe; seven branched and one unbranched on the lower 
lobe) and procurrent rays. A procurrent spur (Johnson, 1975) is usually well 
developed. 

Sciaenid caudal muscles always comprise the interradialis, hypochordal lon­
gitudinalis, flexor dorsalis, flexor dorsalis superior, flexor ventralis, flexor ventralis 
inferior, and flexor ventralis externus. The adductor dorsalis is always absent. 

The interradial is principally interconnects all of the principal rays, and is also 
present between the uppermost principal ray and the next (upper) procurrent ray. 

The hypochordal longitudinalis originates mainly from the upper surface of 
hypural 2, but it<; origin partially includes the base of hypural 1, parhypurapophysis, 
and urostyle. It is inserted onto the bases of the dorsal principal rays, excluding the 
lower two or three. The first, dorsal principal ray always receives the uppermost 
portion of this muscle. 

The flexor dorsalis typically originates on the dorsal half of preural centrum 2 
and its neural spine, and extends posteriorly to the dorsal ray bases. 

The flexor dorsalis superior originates near the distal end of the last two neural 
spines and epurals, and is inserted onto the bases of the uppermost principal ray and 
a few dorsal procurrent rays. 

The flexor ventralis arises from preural centrum 2 and it<; haemal spine, par­
hypurapopysis, and lower hypurals, and is inserted onto the bases of all of the 
ventral principal rays and a few ventral procurrent rays. 

The flexor ventralis inferior lies ventral to the flexor ventralis. It<; insertion is 
on the bases of a few ventral procurrent rays. 

The flexor ventralis externus usuall arises from the side of preural centrum 3, 
and is inserted onto the second or third ray of the ventral caudal lobe, as a thin 
transparent fascia. 

CHARACTERS 

Character 100 (Fig. 55): Lower caudal lobe with six branched rays. 
Typically in sciaenids, the lower lobe of the caudal fin contains seven branched rays 
(Fig. 55A), compared with six in Lonchurus (Fig. 55B). In the latter, the seventh 
ray in the lower lobe is unbranched. 

Character 101 (Fig. 56): Flexor ventralis externus faded into flexor 
ventralis. In most sciaenids, the flexor ventralis extrenus is posteriorly connected 
by fascia to the fin ray base(s), the muscle being separated from the flexor ventralis 
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fds 

int 

Fig. 54. Caudal skeleton and associated muscles in Protonibea diacanthus. A, superficial 
view; B, superficial muscles removed; C, skeleton. epax, epaxial; eu, epural; fd, 
flexor dorsalis; fds, flexor dorsalis superior; fv, flexor ventralis; fve, flexor 
ventralis externus; fvi, flexor ventralis inferior; hi, hypochordal longitudinalis; 
hp, hypural; hpax, hypaxial; hs, hemal spine; int, interradialis; ip, infracar­
inalis posterior; ns, neural spine; ph, parhypural; pha, parhypuapophysis; pr, 
procurrent ray; prs, procurrent spur; pu, preural centrum; sp, supracarinalis 
posterior; un, uroneural; us, urostyle. Bar == 5 mm. 
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Fig. 55. Sixth lower principal ray to first procurrent ray of Clwilotrema saturnum (A) and 
Lonchurus lanceolatus (B). Bar '" 5 mm. 

Fig. 56. Caudal skeletons and associated muscles of nve sciaenids. A, Nebris microps; B, 
Johnius (Johnius) belangerii; C, Pachypops sp.; D, Elattarchus archidium; E, 
Corvula macrops. re, radial cartilage; other abbreviations as in Fig. 54. Bar==2 
mm. 

for its entire length (Fig.54B) as typically for percoids. However, in Sciaena 
gilberti, Elattarchus (Fig. 56D), Corvula (Fig. ME), Odontoscion, Genyonemus, Seri­
phus, and Collichthys, the muscle has lost its posterior connection with the fin ray 
bases, instead being fused with the flexor ventralis. 

Other variations 
The following features are not included in analyses, because they are each 

subject to intraspecific variation. Johnson (1975) argued that the presence of the 
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procurrent spur is primitive for percoids on the basis of its distribution in both 
preperciforms and perciforms. In light of this, the absence of the spur in Pachypops 
sp. (Fig. 56C), Oollichthys niveatus appears to be a derived condition. However, 
application of the character is not possible, as noted below. Johnson listed Oolli­
chthys lucidus (as fragilis) as one of those sciaenids with a spur, but such is not 
present in my material. Similarly, Johnson found a spur in Pachypops furchaeus, 
but I did not find it in Pachypops sp. Both intrageneric and intraspecific variations 
are therefore apparent. Another character not considered is the fusion of hypurals 
1 and 2. Despite a rich variety of caudal fin shape in sciaenids, the formation of the 
hypurals is remarkably uniform. Only one departure from the primitive five 
hypurals was found, in Nebris microps; which has hypurals 1 and 2 fused. This 
character is discarded however, since such fusion is not consistent for the species. 
Two epurals, compared with the usual three, are found in Pachypops (Fig. 56C) and 
Pteroscion, but this character is also discarded, owing to variation of epural number 
within Nebris microps. 

GENERAL DESCRIPTION 

11. OTOLITH 

(Figs. 57-61) 

The sciaenid inner ear contains three otoliths: the lapillus, sagitta (very much 
the largest), and lagena. 

Shape of the sagitta varies within the family, from thin to thick, and from 
circular to elongate. Usually, a distinct notch or horn-like projection(s) around the 
outer margin is absent. The longitudinal axis is usually straight. 

The inner face of the sagitta is always convex, varying in degree from weak to 
strong, and transversed by a tadopole-shaped groove (sulcus). The anterior portion 
of the sulcus is shallow, and expanded into an oval shape (head), whereas the 
posterior portion is deep and narrowly elongate (tail). The head varies from rather 
small to moderately large, while the tail is usually well curved (J-shaped), gradually 
tapering distally. 

CHARACTERS 

Character 102 (Figs. 57 and 58): Lapillus enlarged-Kathala type. A 
series of specializations in the sciaenid otolith has been discussed under Sciaenid 
Monophyly (see Characters 20 and 21). Considering the peculiarities shown by the 
sciaenid otolith, polarity determination is based upon the principle that the condi­
tion widespread in those sciaenids with a simple swimbladder, is plesiomorphous for 
the family, although information from other percoids will be incorporated where 
possible. 

In all sciaenids with a simple swimbladder, the lapillus is far smaller than the 
sagitta (Fig. 57 A), as usual in percoids (Frost, 1927; Schmidt, 1968; No If, 1985), 
and thus the presence of a large lapillus is apomorphous. 

Although a large lapillus is possessed by lO sciaenid genera, homology among 
them seems to be highly doubtful, in spite of the following additional similarities, 
which have resulted from enlargement of the lapillus: anterior margin of the sagitta 
concave or nearly straight; sulcus head of the sagitta bent obliquely; posterior 
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A 

19 

Fig. 57. Inner ears of four sciaenids. A, Pennahia argentata; B, Kathala a:rillaris; C, 
Johnius (Johnius) belangerii; D, Stellifer microps. 19, lagena; lp, lapillus; sg, 
sagitta. Bar=2 mm. 

margin of the sagitta pointed, enabling entry to the narrow, posterior corner of the 
anditory bulla (possibly because the sagitta has been pushed backward by the 
enlargement of the lapillus); sagitta relatively small. Whilst it is true that the 10 
genera can be grouped on the basis of lapillus condition, examination of a second, 
sound-related organ, the swimbladder, shows that the cephalic portion of the latter 
has been attained in three, basically different ways (see section 12, p. Sl). Although 
the deeply cephalic appendage is not always associated with an enlarged lapillus, 
because both lapillus and cephalic appendages have sound-related functions, it is 
highly unlikely that their modification has been independent. A similar combina­
tion of elaborated swimbladder and enlarged lapillus is also found in the Ostario­
physi (Greenwood et al., 1966), in which the inner ear and swimbladder are linked 
by the Weberian apparatus. Consequently, the enlarged lapillus character is 
divided into three types: Kathala type (Figs. 57B and 5SA), Johnius type (Figs. 
57C and 5SB), and StelliJer type (Figs. 57D and 5SC). In addition, the somewhat 
differently modified sagitta sulcus in the three groups also supports the non­
homologous nature of the enlarged lapillus. 

Kathala type comprises Kathala and Macrospinosa. Although Macrospinosa 
was examined only radiographically, the enlarged lapillus was clearly recognizable. 
In addition, Trewavas' (1977) figure of the sagitta shows the anterior margin to be 
concave in this genus. Since Macrospinosa is identical with Kathala, in the 
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large foramen has developed (Character 23), through which the enlarged lapillus can 
be seen. It is likely that the foramen has developed concurrent with the enlarge­
ment of the lapillus. 

Character 104 (Figs. 57-59): Lapillus enlarged-Stellifer type. See Char­
acter 102. This type comprises Elattarchus (Fig.59A and B), Oorvula (Fig. 59C}, 
Odontoscion (Fig. 59D}, Bairdiella (Figs.58C and 59E), Ophioscion (Fig. 59F), and 
StelliJer (Figs.57D and 59G) (see Chao, 1978a). 

Horn-like projections of variable size are present on the anterior margin of the 
sagitta. In addition, size and shape of the sulcus head are not uniform. Although 
such character variability and lack of distinctive developmental stages mitigate 
against inclusion in phylogenetic analyses, some comments can be made. There is 
an apparent trend in that a relatively small lapillus is accompanied by a sagitta with 
a prominent dorsal projection (Fig. 59A-C, E), whereas a relatively big lapillus is 
accompanied by a sagitta with a weak projection or even a concavity, which accepts 
the posterior portion of the lapillus (Fig. 59D, F, G). Hence a conclusion might be 
drawn that the horn-like projection on the sagitta represents a part which has not 
been lost, owing to the development of the lapillus. Accordingly, the presence of 
prominent sagittal spine may be a plesiomorphous condition within the StelliJer 
type. Similarly, the variable location and size of the sulcus head can also be 

E F G 

Fig. 60. Sagittae of 12 sciaenids. A, Sciaena umbra; B, Umbrina canariensis; C, 
Equetus lanceolatus; D, Plagioscion auratus; E, Pachyurus scJwmburgkii; F, Lon­
churus lanceolatus; G, Cynoscion jamaicensis; H, Panna microdon; I, Protonibea 
diacanthus; J, Austronibea oedogenys; K, Dendrophysa russelli; L, Pentheroscion 
mbizi. Left, inner surface; right, outer surface; bottom, lateral view. Abbrevia­
tions as in Fig. 58. Bar = 2 mm. 
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sagitta. In those sciaenids with a simple swimbladder, the sulcus head is located 
on the inner surface of the sagitta, whereas in Elattarchus, Corvula, Odontoscion, 
Bairdiella, Ophioscion, and Stellifer, it is located on the anterior surface of the sagitta 
(Fig. 59). 

Character 109 (Fig. 61): Sulcus tail only slightly curved. In sciaenids, 
the degree of curvature in the sulcus tail is variable. Although the sulcus tail is 
weakly to moderately curved in most percoids, it is well curved in those sciaenids 
with a simple swimbladder (Fig.60A-C). Considering the strongly apomorphous 
nature of the sciaenid otolith, as discussed in the monophyly of the Sciaenidae, the 
well curved tail can be reasonably hypothesized as primitive for sciaenids. How­
ever, although polarities of this character are thus postulated, small differences only 
in the degree of the curvature in some family members, restrict usefulness of the 
character. Accordingly, this character is applicable only within a monophlyletic 
unit, defined by other characters, in which an objective discrimination between 
"well curved" and "slightly curved" is possible. Within the subfamily Otolithinae, 
defined by Trewavas (1977) and confirmed in this study as a monophyletic grouping, 
this character is effective. In the Otolithinae, the derived condition is found in 
Pennahia (Fig. 61E), Atrobucca (Fig. 61F), Chrysochir (Fig. 6IJ), Otolithes, Larimi­
chthys (Fig. 61K), and Collichthys (Fig. 61L). 

Character 110 (Fig. 61): Distal end of sulcus tail circular. In most per­
coids, including sciaenids with a simple swimbladder, the distal end of the sulcus tail 
is never expanded distally, whereas the tail is expanded into a circular shape in 
Micropogonias (Fig. 61G), Macrodon (Fig. 61H), Otolithoides (Fig. 611), Chrysochir 
(Fig. 61J), Otolithes, Larimichthys (Fig; 61K), and Collichthys (Fig. 61L). 

Character 111 (Fig. 58): Distal end of sulcus tail with a deep hollow cone. 
The condition has been observed only in Johnius (Johnius) and J. (Johnieops) (Fig. 
58B). 

GENERAL DESCRIPTION 

12. SWIMBLADDER 

(Figs. 62-74) 

The sciaenid swimbladder is thick walled and single chambered, usually being 
suspended by the third to fifth vertebrae. It typically occupies the entire length of 
the abdominal cavity, but does not extend posteriorly beyond the anal pterygiophor-
es. 

Various kinds of appendages, arising from the main body of the swimbladder, 
are classified into: bud-like, hom-like, tube-like, and arborescent. They are further 
distinguished by their branching pattern, number, and length. Appendage origin 
varies from the anterior to the posterior end of the swimbladder. Occasionally, the 
appendages develop along the entire lateral surface of the swimbladder. Usually, 
appendages do not extend forward through the septum transversum, but they extend 
into the head (below the cranium) through the septum in some. These appendages 
are named as cephalic. 

A drumming muscle is typically present in males, but is usually weak or absent 
in females. If present, it usually originates from a thin, free-lying sheet of tendon 
(aponeurosis) on the dorsal side of the swimbladder. 
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PRIMTIVE SWIMBLADDER FOR THE SCIAENIDAE 

It is considered that a simple, elongate and carrot-shaped swimbladder, which 
occupies the entire length of the abdominal cavity, is plesiomorphous for sciaenids. 
Although a range of variation is present in percoids viz., a pair of knob-shaped 
appendages in Synagrops and Doederleinia (Katayama, 1959; pers. obs.), two cham­
bered in the Teraponidae (Vari, 1978; pers. obs.), constricted or vestigial in some 
species of Pempheris (Tominaga, 1968, 1986; pers. obs.), horn-like or tube-like 
appendages in the Sillaginidae (McKay, 1986; pers. obs.) and Gerreidae (pers. obs.), 
the vast majority of percoids possess a simple, carrot-shaped swimbladder. Dapart­
ures from this morph are regarded as apmorphous. Moreover, the ontogenetic 
changes in sciaenid swimbladders are consistent with the hypothesis that a simple 
swimbladder is primitive for the family. Although supporting examples are few, 
available evidence indicates that a simple juvenile swimbladder transforms into a 
complex adult one in Austronibea, Pennahia, and Nibea (pers. obs.). Appendages 
themselves may change ontogenetically from simple to complex (Yamada, 1973; 
Trewavas, 1977; Chao, 1978a; pers. obs.). For polarity determination of append­
age variation, structural complexity is primarily used, in the absence of feasible 
outgroup comparisons. 

A simple swimbladder, lacking appendages, has been treated as the defining 
character for the tribe Sciaenini by Trewavas (1962, 1977) and Chao and Miller 
(1975), and the subfamily Sciaeninae by Mohan (1972) and Trewavas (1977). 
However, this grouping will be shown to be invalid cladistically. In the material 
examined, the primitive condition is found in Sciaena deliciosa, S. umbra, S. 
trewavasae (Fig. 62A), Equetus, Pareques, Leiostomus, Ctenosciaena (Fig. 62B), 
Umbrina, Menticirrhus (but size reduced), Pachyurus schomburgkii (Fig. 64G), 
Aplodinotus, Cheilotrema, and Seriphus. 

Fig. 62. Swimbladders of five sciaenids. A, Sciaena trewavaslUl; B, CtenoscilUlna graciri­
cirrhus; C, Corvula macrops; D, Elattarchus archidium; E, Stellifer rastrifer. 
Bar=5mm. 
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CHARACTERS 

Character 112 (Fig. 62): Swimbladder two chambered. Stellifer pattern 
of Chao (1978a). The swimbladder is divided by a constriction into the anterior 
and posterior chambers (Fig. 62C-E). The anterior chamber is york-shaped, and 
suspended by the modified basioccipital (see Character 38); the posterior chamber 
is elongate and tapering, and suspended by the modified fourth vertebra (see 
Character 85). Corvula (Fig. 62C), Elattarchus (Fig. 62D), Odontoscion, Bairdiella, 
Ophioscion, and Stellifer (Fig. 62E) all possess this condition, although further 
variations exist within these genera (see Characters 113 and 114). 

Character 113 (Fig. 63): Anterior chamber of swimbladder laterally 
expanded to outer rim of pterotic. The anterior chamber of the swimbladder 
terminates laterally below the intercalar in Corvula, Elattarchus, Odontoscion (Fig. 
63A), and Bairdiella, whereas it is further expanded, reaching to the outer rim of the 
pterotic in Ophioscion and Stellifer (Fig. 63B). The latter condition is considered 
apomorphous, since the expansion apparently increases hearing ability by extending 
the swimbladder to close to the outer surface of the body. 

Character 114 (Fig. 62 and 63): A pair of appendages on anterior cham­
ber of swimbladder. This is one of the diagnostic characters that Chao (1978a) 
applied in his definition of Stellifer, wherein a pair of appendages has developed 
from the posterolateral wall of the anterior chamber (Figs. 62E and 63B). 

Character 115 (Fig. 64): A pair of horn-like appendages arising at 
anterior end of swimbladder. A single pair of appendages arising at the anterior 
end of the swimbladder is seemingly the most common and most easily attained 

Fig. 63. Relationship between anterior chambers of swimbladders and crania of two 
sciaenids. A, OiWntoscion dentex; B, Stellifer microps. ap, appendage; bl, 
Baudelot's ligament; cr, cranium; ic, intercalar; pto, pterotic; sb (a), anterior 
chamber of swimbladder; sb (p), posterior chamber of swimbladder. Bar=5 mm. 
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Fig. 64. Swimbladders of 10 sciaenids. A, Larimus fasciatus (redrawn from Chao, 
1978a); B, Larimus breviceps; C, Atractoscion aequidens; D, Oynoscion jamaicen­
sis; E, Plagioscion ternetzi; F, Plagioscion auratus; G, Pachyurus schomburgkii; 
H, Pachyurus sp.; I, Pachypops sp.; J. Paralonchurus brasiliensis. Bar=5 mm. 

modification in the family. Observations on some ontogenetic sequences of swim­
bladders (Pogonias, Chao, 1978a; Austronibea, Pennahia, and Nibea, pers. obs.), 
suggest that many complex adult morphs have initially started from the develop­
ment of a single pair of knob-like appendages at the anterior end of the swimbladder, 
subsequently undergoing further changes or adding additional appendages. Avail­
able data, however, are too meager to generalization, and thus the adult morphs are 
primarily considered here. This character includes those sciaenids possessing a 
single pair of anteriorly based horn-like appendages, viz., Larimus breviceps (Fig. 
64B, but not in L. fasciatus, Chao, 1978a, Fig. 64A), Atractoscion (Fig. 64C), 
Cynoscion (Fig. 64D), Macrodon, Isopisthus, Plagioscion ternetzi (Fig. 64E), Pachyur­
us sp. (Fig. 64H, but simple in P. schomburgkii; Fig. 64G), Pachypops (Fig. 641), 
Paralonchurus elegans, P. brasiliensis (Fig. 64J), Lonchurus, Sciaenops (Fig. 68F), 
Kathala (Fig.7lA), Macrospinosa (Fig.7lB), Panna (Fig.7lC and D), and 
Boesemania (Fig. 7lE). 

The swimbladder appendage of Plagioscion ternetzi originates anteriorly (Fig. 
64E), but is more posteriorly in P. auratus (Fig. 64F). The posterior origin in P. 
auratus has probably resulted from a progressive incision initiated at the inner, 
anterior corner of the appendage, since in P. ternetzi, the swimbladder is notched 
dorsally and ventrally along the sides, although not forming a separate tubule. 
Such a trend seems to be present also in Cynoscion, since a parallel condition is found 
in C. nebulosus (Tower, 1908, pI. 6, fig. 2). Accordingly, the posterior origin of the 
appendages in P. auratus is considered to be derived from the Cynoscion pattern and 
the most primitive condition in Plagioscion (Character 114) is treated as the repre­
sentative of the genus. 

Character 116 (Figs. 64, 65, 71): A pair of tube-like appendages arising 
at anterior end of swimbladder. This character is applicable to those sciaenids 
in which the swimbladder is associated with a pair of simple, tube-like appendages, 
arising at the anterior end of the swimbladder. This character is considered addi-

-84 -












































































































	0001.tif
	0002.tif

