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ABSTRACT — Lepidotes gloriae, sp. nov. (Actinopterygii: Semionotiformes) from the Late Jurassic of
Western Cuba is described. The skeletal anatomy of this fish shows two features previously unknown
in Lepidotes Agassiz, 1832: 1) presence of two pairs of ectopterygoids and 2) presence of dermome-
tapterygoids. Skeletal elements whose structure is little known or even unknown in other species of
Lepidotes have been studied in detail in L. gloriae: 1) branchial tooth plates, 2) endoskeletal shoulder
girdle, 3) posttemporal, 4) clavicle, 5) pelvic girdle, and 6) caudal fin skeleton. The sensory canal system
on the head of L. gloriae is unique among other species of Lepidotes in having the median part of the
supratemporal commissure enclosed within the parietals, in having a medio-anteriorly directed branch
of the infraorbital canal behind the orbit reaching from the dermopterotic into the frontal, and in
having the ventral part of the median pit line of the skull roof replaced by a short canal traversing the
dermopterotic. The cranial sensory canal system is unique among actinopterygians in having developed

an oral canal dorsal to the mandibular canal in the anterior part of the dentalosplenial.

INTRODUCTION

The Late Jurassic of Western Cuba although as yet
incompletely studied is rich in fossil fishes at some
localities and horizons. This is especially true of the
Upper Jurassic outcrops in the Vifiales Basin (Province
Pinar del Rio). It is therefore no surprise that this
region has been of interest to geologists and paleon-
tologists since the beginning of this century. Their ac-
tivities are reflected in part in the formation of large
collections of Cuban Late Jurassic fossils that today
are deposited in the Museo Poey (University of Ha-
bana, Cuba) and in several museums in the United
States (e.g., Museum of Comparative Zoology, Har-
vard University; American Museum of Natural His-
tory, New York; National Museum of Natural History,
Smithsonian Institution, Washington, D.C.). How-
ever, despite the abundance of material only a few
genera of the actinopterygian fauna from the Late Ju-
rassic of Cuba have been studied so far: Gyrodus, Ca-
turus, Sauropsis?, Eugnathides, Leptolepis?, and Luis-
ichthys (Gregory, 1923; White, 1942; Arratia and
Schultze, 1985).

Some years ago while studying Late Jurassic teleos-
teans from Chile and Cuba G. Arratia and H.-P.
Schultze examined the Cuban material in the National
Museum of Natural History (USNM). Within this ma-
terial they accidentally discovered some Lepidotes re-
mains and drew my attention to it. The genus Lepidotes
Agassiz, 1832 represents a Mesozoic actinopterygian
taxon rich in species that ranges from the Triassic into
the Late Cretaceous. The genus had an almost world-
wide distribution, however the majority of species were
described from the Jurassic and Cretaceous of Europe
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(Woodward, 1895; Schaeffer and Patterson, 1984).
Outside Europe Jurassic specimens of Lepidotes have
been reported from Africa, Asia (especially India), and
from North, Central, and South America (Schaeffer
and Patterson, 1984). Of these only the European and
Indian records have been adequately studied (Wood-
ward, 1895; Jain and Robinson, 1963; Jain, 1983) leav-
ing the material from the Jurassic of the Americas thus
far only insufficiently described. In this light a detailed
description of the Late Jurassic Cuban Lepidotes ma-
terial from the USNM is desirable. This material shows
many anatomical details previously unknown in Lepi-
dotes.

ABBREVIATIONS

Morphology —asc. proc. Pmx, ascending process of
premaxilla; Ao, antorbital; Boc, basioccipital; b. proc,
basipterygoid process; Ch, ceratohyal; Cl, cleithrum,;
Cla, clavicle; cll, canal for cephalic portion of lateral
line; Co, coronoid; Dmtp, dermometapterygoid; Dpal
1, 2, dermopalatines 1 and 2; d. proc. Cl, dorsal process
of cleithrum; Dspl, dentalosplenial; E, epural; ec, canal
for ethmoidal commissure; Ectp 1, 2, ectopterygoids
1 and 2; Entp, entopterygoid; Epi, epiotic; Exo, ex-
occipital; Fr, frontal; fri, facet for articulation of a
cranial rib; g.s.0, groove for superficial ophthalmic
nerves; H 1-7, hypurals 1-7; Har (Pu 1-6), haemal
arches and spines of first six preural vertebrae; Hym,
hyomandibula; Io, infraorbital; ioc, infraorbital canal;
Iop, interoperculum; jc, jugular canal; lcc, lateral cra-
nial canal; lco, lateral commissure; Le, lepidotrichia;
mbioc, medioanteriorly directed branch of infraor-
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bital canal; mec, mandibular canal; mpl, median pit line
of skull roof; m. proc. Mx, median process of maxilla;
Mtp, metapterygoid; Mx, maxilla; myo, posterior
myodom; Na, nasal; Nar, neural arches of preural ver-
tebrae; oc, oral canal; oca, foramen for occipital artery;
ocn, foramina for roots of occipital nerves; Op, oper-
culum; op. proc. Hym, opercular process of hyoman-
dibula; Pa, parietal; Pcl, postcleithrum; Pmx, pre-
maxilla; pP, pelvic plate; Pro, prootic; prof, foramen
for profundus nerve; Ps, parasphenoid; psa, notch for
efferent pseudobranchial artery; psc, groove for pos-
terior semicircular canal; Pt, posttemporal; Ra, radials;
Rb, branchiostegal rays; r. mand. lat, foramina for ter-
minal branches of ramus mandibularis lateralis; r. ot.
lat, foramina and canal for otic branch of lateralis
nerve; r. pal. VII, foramina or groove for palatine nerve;
rr. hym. VII + mand. lat, joint foramen for hyoman-
dibular branch of facial nerve and mandibular branch
of lateralis nerve; Sc, scales; Scl, supracleithrum; Sco,
scapulocoracoid; Smx, supramaxilla; Sp, spine of pec-
toral fin; spic, spiracular canal; Spo, sphenotic; soc,
supraorbital canal; Sop, suboperculum; st, supratem-
poral commissure; sup, posterior pocket in epiotic; tfc,
trigeminofacial chamber; Vo, vomer; v. proc. Pt, ven-
tral process of posttemporal; I, canal and openings for
olfactory nerve; III, foramen for oculomotor nerve; V,
foramen for trigeminal nerve; X, foramen for vagus
nerve; (a), anterior; (p), posterior; (1), left; (r), right.

Institutions —BMNH), British Museum (Natural
History); KU, Museum of Natural History, The Uni-
versity of Kansas; USNM, National Museum of Nat-
ural History (Smithsonian Institution).

MATERIAL AND METHODS

The Lepidotes material from the Late Jurassic of
Cuba deposited in the USNM comprises four speci-
mens:

USNM 18611 —fragment of a squamation in part
and counterpart. Locality: Hoyo de San Antonio, Prov-
ince of Pifiar del Rio, Western Cuba. Age: Oxfordian
(Jagua-limestone).

USNM 18612 —posterior part of the skull and part
of the squamation in part and counterpart; fragment
of the squamation in 14 pieces. Locality: Hoyo de San
Antonio, Province of Pifiar del Rio, Western Cuba.
Age: Oxfordian (Jagua-limestone).

USNM 21608 —caudal fin in part and counterpart.
Locality: Hoyo de San Antonio (5,720 m east of road
junction north of San Vicente), Province of Pifar del
Rio, Western Cuba. Age: Oxfordian (Jagua-limestone).

USNM 279856 —nearly complete specimen in part
and counterpart (five slabs). Locality: Western Cuba.
Age: Late Jurassic. (Specific locality and age of this
specimen unknown, but probably the same as in the
other specimens.)

In regard to their stratigraphic provenance the spec-
imens are labelled as being from the “Jagua-lime-
stone.” The exact stratigraphical position of this lime-
stone is unclear. It is probably identical with the Jagua

Vieja Member of the Jagua Formation (Oxfordian)
(Herrera, 1961; Wierzbowski, 1976).

From the above listed (unprepared) material only
USNM 279856 was selected for preparation. The part
and the skull portion of the counterpart of the speci-
men were prepared by applying the transfer technique
(Toombs and Rixon, 1950). The specimen was dusted
with ammonium chloride (NH,Cl) before photograph-
ing.

SYSTEMATIC PALEONTOLOGY

Division HALEcosToM1 Regan, 1923
Order SEMIONOTIFORMES Arambourg and Bertin, 1958
Family SEMIONOTIDAE Lehman, 1966
(=SEMIONOTIDAE Woodward, 1890 partim)

LEPIDOTES Agassiz, 1832

Synonymy —See Woodward (1895:77).

Revised Diagnosis —Fusiform semionotids with an
unpaired or coossified vomer in the adults. More than
one suborbital present on the cheek. Dentalosplenial
with a long posterior process reaching or almost reach-
ing the posterior border of the mandible. Two pockets
present in the epiotic. Dorsal ridge scales inconspic-
uous, without a posterior spine.

Discussion — All previous attempts to characterize
the genus Lepidotes are insufficient (Woodward, 1895,
1916-1919; Jain, 1983; for a critical review of Jain’s
revised diagnosis see McCune, 1986). Among the char-
acters listed by previous authors only the structure of
the vomer is useful in separating Lepidotes from the
allied fusiform semionotids Acentrophorus and Semio-
notus. Whereas the vomer is unpaired in Lepidotes this
ossification is paired in Acentrophorus and Semionotus
(Gill, 1923; Schaeffer and Dunkle, 1950; Patterson,
1973). But even this character may fail to characterize
Jjuvenile specimens of Lepidotes. Jain (1983) stated that
in smaller specimens of L. deccanensis the vomer is
paired and that it becomes coossified only in larger
individuals. Among semionotids a median vomer also
occurs in the hypsisomatic genera Dapedium and Te-
tragonolepis (Patterson, 1973; Thies, in prep.).

More than one suborbital is present on a side in
Lepidotes and Acentrophorus (Gill, 1923; Gardiner,
1960). In contrast, Semionotus has only one cheek plate
(McCune, 1986, 1987). On the basis of this character
McCune (1986:227) regarded Lepidotes minor as a
Semionotus stating that “L. minor Agassiz is figured
by Woodward (1916-1919: fig. 14) as having only one
suborbital, although earlier Woodward (1895) figured
L. minor as having several suborbitals.” This is in-
correct. In his figure 14 Woodward (1916) drew L.
minor with two suborbitals. McCune (1986:227) also
claimed that “‘other species of Lepidotes, such as L.
toombsi (BMNH P25180) in which the metapterygoid
or other elements of the palate have been mistaken for
dermal cheek plates (Jain and Robinson 1963), should
probably also be referred to Semionotus....” This
seems to be incorrect as well. The figures and careful
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description of L. toombsi given by Jain and Robinson
(1963) leave no doubt that the authors correctly iden-
tified the metapterygoid and other palatal elements as
well as the cheek plates in BMNH P25180 and that L.
toombsi possesses more than one suborbital. For these
reasons I do not agree with McCune (1986) and still
consider L. minor and L. toombsi to be species of Lepi-
dotes. Further characters suggested by McCune (1986)
to distinguish Lepidotes from Semionotus are body size
with Lepidotes being generally larger than Semionotus
and the dentition, which is of crushing type in Lepi-
dotes and unspecialized in Semionotus. The first cri-
terion (body size) is of little diagnostic value. It is not
applicable in juvenile specimens and the maximum
body size is difficult to assess in fishes because these
animals grow continuously throughout life. Against the
second criterion (dentition) I must object that there
are at least two species of Lepidotes with a non-tritoral
dentition among which is L. elvensis, the type species
of Lepidotes (Jain, 1983).

A dentalosplenial with a long posterior process
reaching the posterior border of the mandible is present
in some species of Lepidotes (e.g., L. elvensis, L. len-
nieri, L. maximus; Wenz, 1967; Jain, 1983). In L.
toombsi and L. roxoi this process almost reaches the
posterior margin of the mandible (Silva Santos, 1953;
Jain and Robinson, 1963). In other species the process
remains much shorter (e.g., L. laevis, L. notopterus;
Saint-Seine, 1949). In Acentrophorus and Semionotus
the dentalosplenial never extends posteriad to the hin-
der margin of the lower jaw (Gill, 1923; Schaeffer and
Dunkle, 1950; Gardiner, 1960; Larsonneur, 1964;
McCune, 1986).

The formation of two pockets in the epiotic possibly
represents a constant character in Lepidotes. Its pres-
ence, however, is as yet demonstrated only for L.
toombsi, other species of Lepidotes being insufficiently
studied. Patterson (1975) suspected the existence of
the second (posterior) pocket in the epiotic is a prim-
itive feature. Little information is available on the
braincases of Acentrophorus and Semionotus and noth-
ing is known about the structure of the epiotic in these
fishes.

With regard to the morphology of dorsal ridge scales,
McCune (1986:218, 1987:30) stated that “Semionotus
. .. shares with most Lepidotes a series of simple, con-
vex scales with moderate to well developed, posteriorly
directed spines along the dorsal midline between the
extrascapulars and the origin of the dorsal fin.” I am
not sure if this is correct. Spined dorsal ridge scales do
have a wide distribution among species of Semionotus
(e.g., S. bergeri, S. kapffi, S. normanniae; McCune,
1986, 1987). But in Lepidotes, a genus containing about
40 species, the only species with similar dorsal ridge
scales as found in S. bergeri (type species of Semiono-
tus) that I could trace with certainty from published
records are L. minor, L. maximus, and L. mantelli
(Woodward, 1895, 1916; Weitzel, 1930). (McCune,
1987 also mentioned L. laevis and L. toombsi.) In other
species of Lepidotes, including the type species, L. el-

vensis (Quenstedt, 1847; Wenz, 1967), the dorsal ridge
scales are inconspicuous, i.e., more or less pointed pos-
teriorly but without a posterior spine.

In summary, the diagnostic characters of Lepidotes
listed above are either primitive or not present in all
members of the genus. But in combination they may
be useful for the generic identification of specimens of
Lepidotes in the traditional (non-cladistic) sense of the
genus. I was unable to identify a single autapomorphy
of Lepidotes within the bulk of anatomical data already
published on this genus. This does not mean that there
is no such autapomorphy. However, at the present state
of knowledge of the genus and considering its high
number of species and its long stratigraphic range (Late
Triassic to Late Cretaceous) I tend to consider Lepi-
dotes as a paraphyletic or polyphyletic taxon. I agree
with McCune (1986) in that a revision of the genus
Lepidotes is needed but this is beyond the scope of the
present study.

Type Species — Lepidotes elvensis (Blainville, 1818)
from the Upper Lias of France, Germany, and Eng-
land.

LEPIDOTES GLORIAE, Sp. nov.

Holotype —USNM 279856 —nearly complete spec-
imen in part and counterpart from the Late Jurassic
of Western Cuba.

Questionably Referred Specimens—USNM 21608,
USNM 18611; both from the Late Jurassic (Oxfordian)
of Western Cuba.

Etymology —Named in honor of Professor Gloria
Arratia.

Diagnosis — Dermal skull roofing bones without gan-
oin cover. Dermal bones of skull and shoulder girdle
smooth (a few rudimentary tubercles may be present).
Frontal at least three times as long as parietal. Left and
right parietal of almost equal size. In adults operculum
nearly twice as high as broad. Anterior and posterior
pit line of skull roof lacking; middle pit line reduced
and replaced by short canal, which is incorporated into
dermopterotic. Supratemporal commissure crosses
posterior part of parietal. Oral canal present in anterior
part of dentalosplenial. Teeth conical and pointed, non-
tritoral. Pectoral and pelvic fins without fulcra, pec-
toral fin with spine. Anterior flank scales smooth,
slightly less than twice as high as long and covered by
ganoin; posterior border serrated over its entire length.

Lepidotes gloriae differs from all other Late Jurassic
species of Lepidotes by the following combination of
characters: dermal bones of skull and shoulder girdle
smooth, dentition non-tritoral, pectoral and pelvic fins
without fulcra, pectoral fin with spine, and posterior
border of anterior flank scales serrated over its entire
length.

Remark —Based on its cranial anatomy, scale mor-
phology, and size USNM 18612 may also belong to
the genus Lepidotes. It differs, however, from USNM
279856 in that its operculum and preserved skull roof-
ing bones bear an ornament of elongated strong rugae.
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FIGURE 1. Lepidotes gloriae, sp. nov. (holotype, USNM 279856, part).

The remains are not sufficient for a proper specific
identification.

DESCRIPTION

The description of the new species is exclusively
based on the holotype (USNM 279856, Fig. 1). Because
of the extensive ossification in the endochondral neu-
rocranium the holotype probably represents an adult
individual. The preserved parts (skull, trunk, and cau-
dal peduncle) measure 48 cm in length. Because the
caudal fin is missing the total body length of the ho-
lotype can only be estimated at 55-60 cm.

Endochondral Neurocranium

Of the endochondral neurocranium the basioccipi-
tal, exoccipital, epiotic, prootic, and sphenotic are pre-
served.

Basioccipital (Figs. 2, 3; Boc)—The basioccipital is
a massive ossification that forms the posteroventral
floor of the braincase. Its posterior portion, which lacks
a superficial layer of perichondral bone, lodges a wide
conical pit for the insertion of the anterior end of the
notochord. Posteroventrolateral to the notochordal
pit a pair of stout and flattened processes are devel-
oped. On their distal end each of these processes bears
a facet for the articulation of a pair of cranial ribs (Fig.
3, fri). Similar facets have been found in L. toombsi
and L. latifrons (Patterson, 1975). The lateral wall of

the basioccipital is pierced by a foramen for the oc-
cipital artery (Fig. 3, oca).

Exoccipital (Figs. 2, 3; Exo)—The exoccipital forms
the posteroventral part of the neurocranial wall. It is
a curved ossification of irregular shape that posteriorly
meets its counterpart in the median plane of the skull.
Immediately above the notochordal pit in the basioc-
cipital the posterior edges of the left and right exoc-
cipital retreat from each other to form a large median
foramen, the foramen magnum. Laterally the exoccip-
ital is pierced by an almost horizontal row of five fo-
ramina. The most anterior of these differs from the
others by its larger size (Fig. 3, X). It transmitted the
vagus nerve (N. X). In accordance with L. toombsi
(Patterson, 1975) the four posteriorly following foram-
ina represent openings for the roots of occipital nerves
(Fig. 3, ocn). Behind each occipital nerve foramen is
a vertical crest that served for the insertion of an in-
termuscular septum. As in L. toombsi (Patterson, 1975)
the exoccipital enclosed the lower part of the posterior
semicircular canal as indicated by a groove on the
broadened upper edge of the ossification (not shown
in Fig. 3). Additionally, Patterson (1975) found a pro-
cess on the ridge separating the posterior and lateral
surfaces of the exoccipital in L. toombsi that he inter-
preted as homologous with the intercalar of holosteans
and teleosts. In USNM 279856, however, such a pro-
cess seems to be lacking.

Epiotic (Figs. 2, 3, 6; Epi)—The epiotic forms the
posterodorsolateral part of the braincase. The dorsal,
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FIGURE 2. Lepidotes gloriae, sp. nov. (holotype, USNM 279856, part). Right side of skull.
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FIGURE 3. Lepidotes gloriae, sp. nov. (holotype, USNM 279856, part). Endochondral neurocranium, right hyomandibula,

and parasphenoid. Lateral view.

posterior, and lateral surfaces of the ossified part are
oriented almost at right angles to each other. As shown
in Figure 6 a pronounced process extends from the
lateral upper corner of the bone posteriorly (into the
trunk musculature; Patterson, 1975). The medial sur-
face displays two deep, blind pits. The anterior, smaller
one (Figs. 3, 6; lcc) was considered to be homologous
with the lateral cranial canal of other actinopterygians
by Patterson (1975). The function of the posterior,
larger pit (Figs. 3, 6; sup) is still obscure. The wall of
bone separating these two pits bears an inconspicuous,
shallow groove (Figs. 3, 6; psc), which indicates that
the upper part of the posterior semicircular canal was
enclosed by the epiotic.

According to Jarvik (1980) and Bjerring (1984) the
lateral cranial canal most probably housed a lateral
diverticulum of a lymph-forming organ (“epimyelen-
cephalic lymphomyeloid organ’’). This organ seems to
differ considerably in its shape and formation of lateral
diverticula even within the same species (e.g., Lepi-
sosteus osseus; Bjerring, 1984). It might therefore be
possible that both large cavities in the epiotic of Lepi-
dotes accommodated lateral diverticula of the lym-
phomyeloid organ (although two pairs of lateral di-
verticula have not yet been observed on this organ).

Prootic (Figs. 2-4; Pro)— The prootic completes the
ventral part of the braincase behind the orbit. The
irregularly shaped bone has a lateral and an orbital
surface separated by a strong vertical ridge. A down-

wardly directed foramen for the glossopharyngeal nerve
(N. IX) penetrates the lateral surface, but in USNM
279856 it is hidden beneath the upper part of the hyo-
mandibula, which partly covers the lateral surface of
the prootic. For the same reason the exact position and
shape of the foramen for the hyomandibular trunk of
the facial nerve (N. VII) must remain obscure in USNM
279856. The spiracular canal (Fig. 4, spic), which is
enclosed in the vertical ridge separating the lateral and
the orbital part of the prootic, enters the bone through
a foramen on the posterior surface of this ridge (as in
Amia calva and L. toombsi; Allis, 1897; Patterson,
1975). In USNM 279856 this foramen is also hidden
by the overlying hyomandibula. However, its existence
and position can be demonstrated by inserting a hair
into the upper opening of the spiracular canal. Medial
to the spiracular canal another dorsally directed canal
is incorporated into the prootic (Fig. 4, r. ot. lat). A
similar canal in the recent Amia calva (Allis, 1897)
contains the otic branch of the lateralis nerve (=*‘ramus
oticus VII”’; for discussion of sensory canal nerve sup-
ply in Amia see Jarvik, 1980). In living chondrosteans
and holosteans this nerve branch supplies a neuromast
organ lodged near the top of the spiracular canal (Gar-
diner, 1984). In L. toombsi the otic canal has been
found to join the spiracular canal in the sphenotic (Pat-
terson, 1975).

On the orbital surface the anterior opening of the
trigeminofacial chamber is developed as a large recess



24 JOURNAL OF VERTEBRATE PALEONTOLOGY, VOL. 9, NO. 1, 1989

r.ot.lat

myo

FIGURE 4. Lepidotes gloriae, sp. nov. (holotype, USNM 279856, part). Right prootic. Anterior view.

in the center of this surface (Fig. 4, tfc). (The term
“trigeminofacial chamber” is used here in the sense of
Schaeffer, 1971). The large foramen in the upper an-
teromedial corner of the chamber represents the open-
ing for the trigeminal nerve (N. V) (Fig. 4, V). Below
and slightly lateral to the trigeminal foramen the jug-
ular canal opens into the orbit (Fig. 4, jc). Laterally the
chamber is bridged by a short, stout lateral commissure
(Fig. 4, Ico). The small foramen in the roof of the
anterior opening of the trigeminofacial chamber is the
ventral opening of the otic canal by which the otic
nerve entered the prootic (Fig. 4, r. ot. lat). As in other
species of Lepidotes (Patterson, 1975) the orbital sur-
face of the prootic of USNM 279856 lacks separate
foramina for the superficial ophthalmic nerves. Gar-
diner (1984) assumed that these nerves passed through
the trigeminal foramen. If this assumption is correct
the deep groove above the trigeminal foramen between
the trigeminofacial chamber and the (presumed) pro-
otic/pterosphenoid boundary has most likely been left
by the superficial ophthalmic nerves (Fig. 4, g.s.0).
Anterior to the trigeminofacial chamber three more
foramina are located on the orbital surface of the pro-
otic. The most dorsal of these transmitted the profun-
dus nerve (Fig. 4, prof). The second foramen is slitlike
and situated at the (presumed) prootic/basisphenoid
boundary. It transmitted the oculomotor nerve (N. III)
(Fig. 4, III). The palatine branch of the facial nerve
(N. VII) left the prootic through the anteromedially
directed third foramen, which is placed ventral to the
profundus and oculomotor foramina in the roof of the
posterior myodom (Fig. 4, r. pal. VIII). With its an-
teroventral surface the prootic takes part in the for-

mation of the roof and lateral wall of the posterior
myodom (Fig. 4, myo).

In summary, the prootic of USNM 279856 resem-
bles those of Lepidotes semiserratus, L. toombsi, L.
latifrons, and L. mantelli in the development and ar-
rangement of the foramina and canals piercing the bone
(Rayner, 1948: figs. 11, 12; Gardiner, 1960: figs. 44—
66; Patterson, 1975; figs. 108-110). It differs, however,
considerably from the prootic of L. deccanensis, which
has been described and figured by Jain (1983: pl. 3) as
lacking the otic canal but instead having developed
two separate canals for the superficial ophthalmic
nerves.

Sphenotic (Figs. 2, 3; Spo)—The sphenotic seems to
be only partly preserved on the acid-prepared part of
USNM 279856, the rest of the bone being contained
in the counterpart. Thus, the exact shape of the bone,
which was detached after death from the prootic and
shifted into the orbit, remains obscure. The (presumed)
dorsal surface shows a single foramen (Fig. 3, spic) that
I interpret as the dorsal opening of the spiracular canal
(assuming that within the sphenotic, as in L. toombsi,
the otic canal runs into the spiracular canal).

Patterson’s brief account of the course of the spi-
racular and otic canals in the sphenotic of L. toombsi
is a little confusing. On the one hand, he wrote that
the otic canal joins the spiracular canal in the sphenotic
(Patterson, 1975). On the other hand, in the recon-
struction of the neurocranium of L. toombsi he has
(?erroneously) labeled the single foramen on the dorsal
surface of the sphenotic as the upper foramen for the
otic nerve (Patterson, 1975: fig. 108).

The orbital part of the braincase of Lepidotes is
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formed by a median basisphenoid and orbitosphenoid
and a paired pterosphenoid (Rayner, 1948; Gardiner,
1960; Patterson, 1975; Jain, 1983). None of these os-
sifications are preserved in USNM 279856. Their loss
was presumably postmortem.

Ethmoidal neurocranial ossifications have not yet
been reported from Lepidotes with certainty. In a skull
reconstruction of L. semiserratus Holmgren and Sten-
si0 (1936: fig. 364) figured an ectethmoid and a preeth-
moid. However, Rayner (1948) doubted the presence
of these bones in the particular specimen used by
Holmgren and Stensio.

Dermal Neurocranium

All dermal neurocranial bones lack a superficial cov-
er of ganoin.

Parietal (Figs. 6, 7; Pa)—The form of the parietals
that have been preserved isolated from the skull can
roughly be described as rectangular. Left and right pa-
rietals are of nearly equal size. The median suture be-
tween them is interdigitate. The left parietal shows
some vestigial tubercles on its external surface, oth-
erwise both parietals are smooth. The supraorbital ca-
nal (Figs. 6, 7; soc) enters the bone at its anterolateral
corner and runs about halfway along its lateral edge.
A transverse canal near the posterior edge in both pa-
rietals conveyed a portion of the supratemporal com-
missure (Figs. 6, 7; st). There are no traces of pit lines
on the parietals.

Dermopterotic (Fig. 8)—Only the right dermopte-
rotic of USNM 279856 is preserved. Like the parietals
it became detached from the skull after death. It is a
massive, elongated, and irregularly shaped ossification.
The central part of the dorsal surface is pierced by
numerous pores, which may have transmitted blood
vessels. The infraorbital canal (Fig. 8, ioc) is deeply
embedded into the dermopterotic and traverses the
bone some distance from its lateral edge. It sends off
small tubules that open on the dorsal surface in the
vicinity of its lateral edge. Anteriorly the infraorbital
canal sends off a medioanteriorly directed branch (Fig.
8, mbioc). This branch continues into the frontal where
its further course remains obscure. A second canal can
be observed in the posterior part of the dermopterotic
(Fig. 8, mpl). It is oriented transversely and lies above
the infraorbital canal. This canal obviously represents
the equivalent of the dermopterotic portion of the me-
dian pit line of the skull roof.

Frontal (Figs. 2, 5; Fr)—The frontals are rather nar-
row, anteroposteriorly elongated plates of bone. They
are about three times as long as the parietals, having
their greatest width just behind the orbit. The post-
orbital part of each frontal is gently curved medio-
laterally. As far as can be judged from USNM 279856
the median suture between the right and left frontals
is almost straight. The course of the supraorbital canal
(Figs. 2, 5; soc) in front of and above the orbit can
easily be traced by a prominent ridge on the medial
side of the bone close to its lateral edge. The postorbital

course of the supraorbital canal cannot be observed
directly, but from the lateral position of this canal in
the parietals (Figs. 6, 7; soc) it is concluded that in the
posterior part of the frontals the supraorbital canal also
runs near the lateral edge of the bone. On the anterior
part of the frontal the canal opens through one or two
large, slit-like foramina that are placed immediately
above the sensory canal (Fig. 2). Unfortunately, USNM
279856 does not reveal the number, shape, and ar-
rangement of the supraorbital sensory canal pores on
the posterior part of the frontals. The four foramina
on the postorbital lateral edge of the right frontal (Fig.
2) might belong to the medioanterior branch of the
infraorbital canal, which, originating in the dermop-
terotic (see above; Fig. 8, mbioc), presumably enters
the frontal a little posterior to the hindermost and
largest of these foramina.

Nasal (Figs. 2, 5; Na)—Both nasals are present in
USNM 279856. While the right nasal (Fig. 2, Na(r)) is
preserved completely, only a fragment of the left nasal
appears on the counterpart (Fig. 5, Na(l)). The external
surface is smooth, its outline is roughly oval. The su-
praorbital canal (Figs. 2, 5; soc) traverses the nasals
longitudinally producing only a few pores at the an-
terior edge of the bone.

Antorbital (Figs. 2, 5; Ao)—Both antorbitals are vis-
ible on USNM 279856 with the left one (Fig. 5, Ao(l))
nearly completely preserved. Being developed as a nar-
row and boomerang-shaped ossification, the antorbital
of USNM 279856 corresponds morphologically to the
antorbital of Lepidotes minor (Patterson, 1975: fig. 135)
and L. elvensis (Wenz, 1967: figs. 43—45, “Ros”). (Pat-
terson, 1975 indicated that the bones identified by Wenz
in L. elvensis as a paired rostral most probably rep-
resent the antorbitals.) The canal for the ethmoidal
commissure (Figs. 2, 5; ec) is restricted to the antero-
medially directed branch of the antorbital (=*anterior
process of the antorbital” sensu Patterson, 1975) leav-
ing the posterior branch as a solid strut of bone.

Infraorbital (Figs. 2, 5; Io)—The infraorbital series
is incompletely preserved. Some small, roughly rect-
angular bony plates, all of them traversed by a canal
(Figs. 2, 5; ioc) and lying in or around the orbit of part
and counterpart of USNM 279856, can be identified
as infraorbitals. The fragmentary nature of the remains
does not allow any conclusions about the exact number
and arrangement of elements in the infraorbital series
of USNM 279856.

Parasphenoid (Figs. 2, 3; Ps)—The parasphenoid is
visible in lateral view in USNM 279856. Its anterior
part is still in contact with the vomer, which articulates
with the ventral surface of the parasphenoid. The sur-
face of articulation for the vomer measures approxi-
mately one third of the length of the anterior part of
the parasphenoid in front of the basipterygoid process.
Beginning just in front of the posterior myodome a
deep paired groove on the dorsal surface of the para-
sphenoid runs forward and laterad. It gradually passes
onto the ventral surface and ends a little behind the
tip of the posterior flange of the vomer (Fig. 3, r. pal.



26

FIGURE 5.

JOURNAL OF VERTEBRATE PALEONTOLOGY, VOL. 9, NO. 1, 1989

rpal ¥I(p)  ec rpal ¥iI(a) Fr() e¢
I I(a) socC soc

asc.proc.Pmx
Na(r)

? rmand.lat

Mx(r)

mc oc

Lepidotes gloriae, sp. nov. (holotype, USNM 279856, counterpart). Left side of skull.
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FIGURE 6. Lepidotes gloriae, sp. nov. (holotype, USNM 279856). Right epiotic and parietal. A, dorsal (external) view. B,

ventral (internal) view.

VII). This groove must have lodged the palatine branch
of the facial nerve (N. VII). The strongly developed
basipterygoid process (=‘‘anterior ascending process”
sensu Jain, 1983) is directed anterolaterad (Fig. 3, b.
proc). Its tip is broken off thus producing a cross section
of the basipterygoid process of the parasphenoid, which
reveals the existence of a deep gutter on the dorsal
surface of the proximal part of the process. Such a
gutter has previously been described in Lepidotes
latifrons and L. deccanensis (Rayner, 1948; Jain, 1983).
Rayner (1951) and Patterson (1975) have pointed out
that in certain actinopterygians the basipterygoid pro-
cess is a compound structure formed in part by the
endochondral neurocranium and by the parasphenoid,
which wraps around the neurocranial component. Ac-
cordingly, the above described gutter on the dermal
basipterygoid process of USNM 279856 should have
contained a neurocranial (=basisphenoid) component.
Patterson (1975) assumed that the neurocranial com-
ponent of the basipterygoid process was ossified in
large individuals of Lepidotes. However, USNM
279856 does not support this assumption. This spec-
imen was certainly a large adult but the basisphenoid
component of the basipterygoid process seems to have
been formed by cartilage only. No traces of an endo-
chondral ossification were found in the dorsal gutter
on the basipterygoid process.

A deep lateral notch on the anterior part just in front
of the basipterygoid process (Fig. 3, psa) marks the
passage of the efferent pseudobranchial artery (Rayner,
1948). An identical or similar notch occurs in Lepidotes
deccanensis, L. latifrons, and L. minor (Woodward,
1893, 1916; Rayner, 1948; Jain, 1983).

The posterior portion behind the basipterygoid pro-
cess is partly covered by the hyomandibula in USNM
279856 leaving only its posterior end free. This end is
developed into a pair of lateral flanges each of which
carries a vertical lamella on its ventral side. In this

way the posterior end of the parasphenoid together
with the ventral side of the basioccipital forms a groove
for the dorsal aorta (Patterson, 1975; Jain, 1983).

The parasphenoid of USNM 279856 does not bear
teeth.

Vomer (Figs. 2, 5; Vo)—Patterson (1973) stated that
in Lepidotes the vomer is a median ossification. How-
ever, Jain (1983) found that in small individuals of L.
deccanensis the vomer is paired, becoming co-ossified
in larger individuals but still showing a median suture.
In USNM 279856, which represents a large, adult in-
dividual, the vomer also is a median ossification with
the left half preserved on the part (Fig. 2, Vo) and the
right half on the counterpart (Fig. 5, Vo). The massive
anterior part bears two transverse rows of teeth. The
number of teeth in each row can only be estimated but
must not have exceeded six. All vomerine teeth are
tall, cylindrical, and pointed. As in other species of
Lepidotes (e.g., L. deccanensis; Jain, 1983: fig. 5B) the
anterior teeth are styliform whereas the posterior ones
are more robust.

The hinder part is developed into a pair of large
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FIGURE 7. Lepidotes gloriae, sp. nov. (holotype, USNM
279856). Left parietal. External view.
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posterior processes that articulate with the ventral sur-
face of the parasphenoid (Fig. 2).

The extrascapular(s), suborbitals, supraorbital(s), and
the rostral were lost after death in USNM 279856.

Visceral Skeleton
Mandibular Arch
Endochondral Elements

Metapterygoid (Fig. 2, Mtp)—Only the right meta-
pterygoid of USNM 279856 is preserved. It is a thin
bone, which is slightly curved dorsoventrally. Its out-
line is rounded and leaf-shaped. On its external surface
near the hinder margin of the bone originates a strong
posterior process (=‘“processus otique” sensu Wenz,
1967) that is directed dorsally and posteriorly. In its
general morphology the metapterygoid of USNM
279856 resembles those of Lepidotus semiserratus and
L. latifrons (Woodward, 1893; Rayner, 1948) but it
differs considerably from those of L. lennieri and L.
mantelli, which seem to be more elongated longitu-
dinally and pointed anteriorly (Gardiner, 1960; Wenz,
1967). The metapterygoid of L. latifrons, which was
figured and described by Woodward (1893) as the left,
instead appears to be the right metapterygoid. This is
indicated by the position and orientation of its process,
which is directed posteriorly as shown by USNM
279856, and not anteriorly as stated by Woodward.

Rayner (1948) and Jain (1983) have stated that in
Lepidotes semiserratus and in L. toombsi, respectively,
the metapterygoid articulates with the basipterygoid
process of the parasphenoid. However, USNM 279856
does not provide any evidence for the existence of such
an articulation. Rather, it is more likely that in Lepi-
dotes the metapterygoid was connected to the postor-
bital process (sphenotic) by a muscle that inserted (at
least partly) at the posterior process. A connection of
this kind is realized in the Recent Amia calva, which
possesses a metapterygoid very similar to that found
in USNM 279856. In Amia the metapterygoid is linked
to the postorbital process (sphenotic) by the m. levator
arcus palatini, which originates at the postorbital pro-
cess and inserts on the posterodorsal process and on
the upper outer surface of the metapterygoid (and on
the outer surface of the hyomandibula) (Allis, 1897).

Entopterygoid (Figs. 2, 5; Entp)—On the part (Fig.
2) that displays the right entopterygoid large portions
of the bone are hidden under the metapterygoid and
the ectopterygoid 1. From what is visible it appears
that the entopterygoid is a narrow strip of bone, elon-
gated longitudinally and slightly curved dorsoventrad.
While there is a distinct suture between the (right)
entopterygoid and the bone labelled ?Ectp 2, no such
suture occurs between the entopterygoid and the pal-
atine (Fig. 2). It seems that the entopterygoid and the
palatine are coossified in USNM 279856.

The left entopterygoid is preserved only fragmen-
tarily on the counterpart, ventrolateral parts of the
bone being broken off (Fig. 5, Entp (1)). The lateral
fracture surface on the left entopterygoid shows that

lcm
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FIGURE 8. Lepidotes gloriae, sp. nov. (holotype, USNM
279856). Right dermopterotic. External view.

the entopterygoid of USNM 279856 reaches a consid-
erable thickness.

Palatine (=autopalatine; Fig. 2, Pal)—The palatine
is developed as a thin lamella of bone, slightly curved
dorsoventrally. Posteriorly it seems to be fused with
the entopterygoid, so that its exact shape and dimen-
sions remain obscure. Its anterior edge is rounded and
shows some indentations. The dermopalatine 2 is at-
tached to the anterolateral part of the internal surface
of the palatine as shown by the part (Fig. 2). USNM
279856 does not reveal the position of the attachment
of dermopalatine 1 to the palatine because after death
dermopalatine 1 lost direct contact with the palatine
on either side of the fossil (Figs. 2, 5; Dpal 1).

In its sheet-like appearance the palatine of USNM
279856 differs markedly from those of Lepidotes man-
telli, L. lennieri, and L. elvensis, which have been de-
scribed as being massive and stout (Gardiner, 1960;
Wenz, 1967).

Quadrate (Fig. 9)—Only the right quadrate is pre-
served in USNM 279856. It is a small bone roughly
triangular in shape. Its upper portion is sheet-like with
a rounded upper edge. The lower part is developed
into a massive condyle for the mandibular articulation.
The lateral surface bears a high, narrow crest along the
ventral edge. A wing-like expansion extends from the
hinder edge of the quadrate condyle. As demonstrated
by Patterson (1973) in Lepidotes sp. the quadratojugal
(not preserved in USNM 279856) abuts the lateral crest
and this wing-like expansion.

The quadrate of USNM 279856 bears a strong re-
semblance to the quadrate of Lepidotes latifrons and
L. lennieri (Woodward, 1893; Wenz, 1967). (In his figs.
4 and 5 Woodward, 1893 has confused the inner and
outer aspect of the quadrate of L. latifrons. Therefore,
fig. 4 shows the left and not the right quadrate, as
indicated by the presence of a crest on the lateral sur-
face, while the bone in his fig. 5 represents the right
quadrate. The bone of L. elvensis identified by Wenz
(1967) as the quadrate is probably not the quadrate
but may correspond to the palatal element of USNM
279856 that I have termed ?ectopterygoid 2; see be-
low.) The position of the quadrate relative to the other
palatal elements remains obscure in USNM 279856
because the bone was displaced after death from its
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FIGURE 9. Lepidotes gloriae, sp. nov. (holotype, USNM 279856). Right quadrate. A, lateral view. B, medial view.

original position and was found isolated from the pal-
atal arcade.

Further endochondral ossifications of the mandib-
ular arch cannot be observed on USNM 279856.

Dermal Elements

Premaxilla (Figs. 2, 5; Pmx)—Both premaxillae are
preserved in USNM 279856. Anteriorly the premaxilla
consists of a narrow, transverse strip of bone that bears
a single series of seven long, styliform, and sharply
pointed teeth on its ventral surface. A terminal branch
of the palatine nerve entered this strip of bone through
a foramen on its posterior edge (Fig. 5, r. pal. VII(p))
and emerged through a second foramen on its dorsal
surface (Fig. 5, r. pal. VII(a)). In Lepidotes lennieri the
latter foramen is placed far more posteriorly on the
premaxilla (Wenz, 1967). From the median extremity
of the tooth-bearing part of the premaxilla an ascending
process (=‘“nasal process” sensu Patterson, 1973) pro-
jects posteriorly far below the frontal bone (Figs. 2, 5;
asc. proc. Pmx). This process considerably exceeds the
anterior transverse tooth-bearing part in length. Lon-
gitudinally the ascending process is penetrated by a
wide canal for the olfactory nerve (N. I) (Figs. 2, 5;
I(a), I(p)). The canal continues anteriorly as a wide,
deep groove that may have taken part in the formation
of the nasal pit (as in Amia calva and Semionotus cana-
bensis where the ascending process of the premaxilla
has been found to form a part of the floor of the nasal
pit; Allis, 1898; Holmgren and Stensio, 1936; Schaeffer
and Dunkle, 1950).

Maxilla (Figs. 2, 5; Mx)—Only the right maxillary
bone is preserved in USNM 279856. The upper por-
tion can be seen on the part (Fig. 2); the lower portion
is displayed on the counterpart (Fig. 5). As in other
semionotids the maxilla is a thin lamella of bone, nar-
row anteriorly and becoming wider posteriorly, with a
rounded posterior edge. The anteroventral edge of the
maxilla bears eight or nine small, conical, and widely
spaced teeth. The anterior extremity of the bone is
developed as a strong, almost cylindrical median pro-

cess (Figs. 2, 5; m. proc. Mx). This process is supposed
to have extended below the ventral surface of the pre-
maxillary bone (Wenz, 1967).

Supramaxilla (Figs. 2, 5; Smx)—The maxillary ap-
paratus in USNM 279856 is completed by a supra-
maxillary bone. Only the right supramaxilla is visible
and, like the maxilla, this bone is preserved in two
portions on part and counterpart. The supramaxilla is
oval or ovoid in shape.

Dermopalatines 1 and 2 (Figs. 2, 5; Dpal 1, Dpal
2)—Gardiner (1984) stated that there is only one pair
of dermopalatines in Lepidotes. In USNM 279856,
however, there are two pairs.

Dermopalatine 1 (Figs. 2, 5; Dpal 1) is a relatively
small, but stout and massive ossification bearing three
transverse series of cylindrical, apically pointed teeth
on its oral surface. In the right dermopalatine 1 the
anterior and posterior series each have two teeth; the
middle series has three teeth. The lateral side of der-
mopalatine 1 is developed into a deep, oval-shaped
pit. The wall of this pit is deeply serrated in its antero-
dorsal, anterior, and anteroventral parts. This pit sup-
posedly provides an articular surface for the palatine.
Both dermopalatines 1 have become detached from
the palatines in USNM 279856 after death. Their exact
position and orientation in the roof of the mouth re-
mains obscure in the specimen. In its appearance the
dermopalatine 1 of USNM 279856 resembles the der-
mopalatine of Lepidotes elvensis (Wenz, 1967).

Dermopalatine 2 (Figs. 2, 5; Dpal 2) is smaller than
dermopalatine 1 and also differs from the latter in that
it is a less massive ossification. In transverse view the
dorsal surface of dermopalatine 2 is concave whereas
the tooth-bearing ventral surface is convex. The right
dermopalatine 2 is still in its original position being
attached to the anterolateral part of the ventral surface
of the palatine (Fig. 2). The lateral edge of the bone is
thickened and seems to wrap around the lateral edge
of the palatine. Five teeth arise from each of the oral
surfaces of right and left dermopalatines 2, which are
identical with those on dermopalatine 1. Apart from
the dentition the dermopalatine 2 of USNM 279856
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resembles the so-called “pterygo-palatine” of Lepi-
dotes mantelli in shape and morphology (Woodward,
1916).

Ectopterygoid 1, ?Ectopterygoid 2 (Fig. 2; Ectp 1,
?Ectp 2)—The anterolateral part of the palate is formed
by two thin, sheet-like ossifications. The larger, ante-
rior one (Fig. 2, Ectp 1) is elongated and of irregular
shape. Its dorsomedial edge is irregularly rounded; the
ventrolateral edge is concave. This anterior ossification
covers a large part of the external surface of the palatine
and of the entopterygoid, and like these elements the
bone is slightly curved ventrodorsad. Six medium-sized,
cylindrical, and pointed teeth are visible on the internal
surface along the anterior part of the ventrolateral edge
of the bone. The true extent of the dentition on the
internal surface of this ossification remains uncertain
in USNM 279856. Its anterolateral position in the pal-
atal arcade leaves no doubt that it represents an ec-
topterygoid. An ectopterygoid of similar shape has been
found in Lepidotes elvensis, though the bone is much
narrower in this species (Wenz, 1967).

Posteriorly the ectopterygoid 1 is followed by a sec-
ond, smaller ossification (Fig. 2, ?Ectp 2). Because this
bone is partly covered by the hinder portion of the
ectopterygoid 1 anteriorly and the anterior portion of
the metapterygoid posteriorly its exact outline remains
obscure. Dorsomedially it borders the entopterygoid
as shown by a distinct suture. Like the neighboring
bones it is slightly curved ventrodorsad. A determi-
nation of the homologies of this bone is not yet pos-
sible. Amia calva has only one pair of ectopterygoids
that are in contact with the metapterygoids (Jarvik,
1980). An ossification, similar to ?Ectp 2 in regard to
its relation to the ectopterygoid, occurs in Lepidotes
elvensis where it is apparently also covered by the ec-
topterygoid anteriorly. Wenz (1967) referred to this
bone in L. elvensis as the quadrate. However, the quad-
rate is well known in USNM 279856 (see above) and
is quite different from the ?Ectp 2 (as well as from the
ossification in L. elvensis Wenz identified as the quad-
rate). Because the ?Ectp 2 is in contact with the en-
topterygoid dorsomedially, with the metapterygoid
posteriorly, and (presumably) with the quadrate ven-
trolaterally, I tentatively interpret this ossification as
a second (posterior) ectopterygoid although a second
pair of ectopterygoids has not yet been found in any
other living or fossil actinopterygian.

Dermometapterygoids (Fig. 2, Dmtp)—The roof of
the mouth of USNM 279856 is completed by two fur-
ther sheet-like, paired ossifications posterior and me-
dial to the metapterygoid. As far as can be judged from
their visible parts both bones are of irregular shape,
elongated in dorsoventral direction, and have a convex
posterior edge. Their external surface is smooth. It is
not clear from USNM 279856 whether or not they
bear teeth on their internal surface. The anterior, slight-
ly larger of these two bones partly overlaps the pos-
terior one. The anterior ossification is, in turn, over-
lapped by the metapterygoid anteriorly. Because the
anterior bone is in contact with the medial face of the

metapterygoid (and might have bordered the ento-
pterygoid anteriorly) I homologize the two bones in
question with the dermometapterygoid of Amia calva
(Jarvik, 1980). Primitive fossil actinopterygians are re-
ported to have up to five pairs of dermometapterygoids
(Gardiner, 1984). In Lepidotes dermometapterygoids
have not previously been described.

Dentalosplenial (Figs. 2, 5; Dspl)—The complete
right and the anterior portion of the left dentalosplenial
are preserved in USNM 279856. The anterior half of
the bone is narrow and strongly bent towards the me-
dian plane to meet its counterpart in the symphysis.
The lateral side of the anterior part is convex; the
medial side is concave near the symphysis. Along its
upper edge the anterior narrow part of the dentalo-
splenial bears a single series of eight to ten long, styli-
form, and pointed teeth that equal the premaxillary
teeth in size. In its posterior half the dentalosplenial
widens rapidly and takes part in the formation of the
coronoid process. The posterior edge is almost straight
and vertical. A long, narrow process extends backwards
from the posteroventral corner.

Two longitudinal canals are present in the anterior
narrow part of the dentalosplenial lying one above the
other (Figs. 2, 5; oc, mc). Both canals have their an-
terior extremity near the symphysis. Laterally each ca-
nal opens separately through its own row of pores. The
upper row is shorter than the lower one and its pores
are slightly smaller in diameter. Because the formation
of pores is restricted to the anterior, narrow part of the
dentalosplenial the exact course of the canals cannot
be traced on its posterior part. I assume that the dorsal
canal (Figs. 2, 5; oc), which is referred to here as the
oral canal, is limited to the anterior half of the den-
talosplenial. The ventral canal (Figs. 2, 5; mc) seems
to continue posteriorly through the posterior half (into
the angular, which, however, is not preserved in USNM
279856) and must represent the mandibular canal.

Some further openings can be observed on the an-
terior part of the ventral edge of the right dentalo-
splenial (Fig. 5, ?r. mand. lat). They are fusiform in
shape and larger than the sensory canal pores. They
lead into tubules (or narrow canals) that connect the
oral and mandibular sensory canal with the ventral
edge of the bone. Because such openings are unknown
in other fossil or living actinopterygians their function
remains uncertain. I assume that they served for the
nerve supply of the sensory canals by the mandibular
branch of the lateralis nerve (=“ramus mandibularis
externus VII”’; for discussion of sensory canal nerve
supply in Amia see Jarvik, 1980).

Coronoid (Fig. 5, Co)—One pair of poorly preserved
coronoids is visible in USNM 279856. The remains
suggest that the coronoids are massive ossifications
bearing at least two longitudinal rows of teeth that
match the teeth of the dentalosplenial in size and shape.

Only one pair of coronoids occurs in Lepidotes dec-
canensis, L. minor, and L. mantelli (Woodward, 1916;
Jain, 1983) whereas L. elvensis is supposed to have two
or three pairs of coronoids (Wenz, 1967; Jain, 1983).
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FIGURE 10. Branchial tooth plates. A-G, Lepidotes gloriae, sp. nov. (holotype, USNM 279856). H, Amia calva (KU 21605).
All x20.

Further dermal elements of the mandibular arch are
either not preserved or not visible in USNM 279856.

Hyoid Arch
Endochondral Elements

Hyomandibula (Figs. 2, 3; Hym)—The hyoman-
dibula is a slender and compressed strut of bone with
a broadened dorsal and a less broadened ventral ex-
tremity. A little above the middle of the bone there
arises a pronounced opercular process on its posterior
edge (Fig. 3, op. proc. Hym). The hyomandibula is
pierced by a joint canal for the hyomandibular branch
of the facial nerve (N. VII) and the mandibular branch
of the lateralis nerve (Jarvik, 1980). It opens on the
lateral surface of the hyomandibula through a down-
wardly directed foramen (Fig. 3, rr. hym. VII + mand.
lat). Between this foramen and the opercular process
is a sharp, posteriorly directed crest developed on the
lateral side of the bone against which the preoperculum
must have rested as in Semionotus and many teleosts
(Olsen, pers. comm.).

In width the hyomandibula of USNM 279856 re-
sembles those of Lepidotes semiserratus, L. latifrons,
and L. congolensis, which are also relatively narrow

(Woodward, 1893; Rayner, 1948; Saint-Seine, 1950).
The hyomandibulae of L. minor and L. mantelli are
more expanded (Woodward, 1916).

?Ceratohyal (Fig. 5, 7Ch)—A fragment of bone on
the counterpart may also belong to the hyoid arch.
Being expanded dorsoventrad and laterally com-
pressed at its (assumed) anterior extremity the frag-
ment is similar to the anterior part of the ceratohyal
of Lepidotes mantelli (Woodward, 1916). L. mantelli
and L. elvensis seem to be the only species of Lepidotes
in which the epihyal, ceratohyal, and hypohyal are well
known (Quenstedt, 1847; Woodward, 1916).

No other endochondral elements of the hyoid arch
can be observed in USNM 279856.

Dermal Elements

Operculum (Fig. 2, Op)—The shape and proportions
of the operculum vary to some extent in Lepidotes and
have been used as a diagnostic feature by Woodward
(1895) (for discussion see Jain, 1983). In the part of
USNM 279856 the remains of the (right) opercular
apparatus have been shifted after death behind the
cleithrum. The operculum is completely smooth on its
external face. The anterior border is straight dorsally
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and slightly concave ventrally. The posterior border is
convex. The height of the operculum is slightly less
than twice its maximum length. These proportions cor-
respond to those of Lepidotes minor, L. leedsi, and L.
unguiculatus (Woodward, 1895).

Suboperculum (Fig. 2, Sop)—A fragment of bone on
the part, ventral to the operculum and partly over-
lapped by it, can be identified as the suboperculum.
Like the operculum the suboperculum is smooth on
its external surface. The exact shape of the bone re-
mains uncertain because of its poor state of preser-
vation.

?Interoperculum (Fig. 2, ?Iop)—Another piece of
bone on the part might represent the (left) interoper-
culum. The bone appears to be plate-like and shows
its medial side. Its anterior tip is pointed. The ex-
panded posterior portion of the bone is covered mostly
by the left cleithrum.

Branchiostegal Rays (Fig. 2, Rb)—The branchioste-
gal series forms the lowermost part of the opercular
apparatus. Only two isolated and detached rays are
visible on the part of USNM 279856. As long and
narrow strips of bone they extend across the lower end
of the left cleithrum and the ?interoperculum, respec-
tively. The exact number of branchiostegal rays re-
mains unknown. In Lepidotes lennieri, Wenz (1967)
found six to seven branchiostegal rays. Six rays are also
present in L. mantelli (Woodward, 1916).

Branchial Apparatus

The only remains of the branchial apparatus dis-
covered in USNM 279856 are branchial tooth plates
(Fig. 10A-G). These became detached from the bran-
chial arches after death and were found isolated and
widely distributed over the head skeleton in the course
of preparation. Two morphological types of tooth plates
can be distinguished. The first type (Fig. 10A, B) com-
prises tooth plates that have an expanded and strongly
folded basal plate. The basal plate bears numerous tiny,
cylindrical and sharply pointed teeth on the apex of
the outer surface. This type agrees morphologically
with the tooth plates that in Recent Amia calva occupy
the posterior border of the branchial arches (Fig. 10H).
The second type of branchial tooth plates found in
USNM 279856 (Fig. 10C-G) has developed a pedicle
instead of a basal plate. The pedicle is expanded at its
distal end to accommodate some teeth that form an
obtuse angle with the pedicle and in this way give the
tooth plate a rake-like appearance. The number of teeth
varies in this type but does not seem to exceed ten.
The teeth themselves are more or less compressed lat-
erally and sickle-shaped at the apex.

Axial Skeleton

Some isolated and detached fragmentary ossifica-
tions that were found on the part behind the neuro-
cranium seem to represent remains of the axial skel-
eton. I was, however, unable to identify these remains
with certainty. Some other remains of the axial skel-

eton are visible in the tail region of USNM 279856.
They will be dealt with together with the skeleton of
the caudal fin (see below). A brief account of the axial
skeleton of Lepidotes mantelli was given by Woodward
(1916).

Shoulder Girdle and Pectoral Fins
Endoskeletal Shoulder Girdle

Scapulocoracoeid (Fig. 2, Sco)—Immediately behind
the lower portion of the left cleithrum lies a peculiar
endochondral ossification in the part of USNM 279856.
The bone is stout, asymmetrical, and folded. The mar-
gin of its larger wing is interrupted by a deep incision.
The smaller wing bears a prominent and massive ridge
on its visible surface. Morphologically this bone does
not agree with any of the known endochondral ossi-
fications of the neurocranium and the visceral arches
of Lepidotes. Its position in the fossil close to one of
the cleithra suggests that it represents the endochon-
dral shoulder girdle (or at least a part thereof). In Amia
the endoskeletal shoulder girdle consists of a single
piece of cartilage that does not allow discrimination of
a separate scapula and coracoid (Jessen, 1972). (For
discussion of the terms “scapula’ and “coracoid” and
their use in actinopterygians see also Jessen, 1972.)
From studies of primitive, fossil actinopterygians such
as Moythomasia, Palaeoniscum, Pteronisculus, Bir-
geria, etc. it is known that their primary shoulder girdle
ossified as a single piece (Jessen, 1972). I therefore
interpret the endochondral ossification behind the left
cleithrum in USNM 279856 as a scapulocoracoid.

The endochondral shoulder girdle is poorly known
in Lepidotes. The holotype of L. mantelli shows a bone
below the cleithrum identified by Woodward (1916:
pl. 8, fig. 1) as a coracoid. Rayner (1948) later consid-
ered the same bone to be a scapula. From Woodward’s
figure I can, however, recognize only little resemblance
between that bone and the ossification Sco in USNM
279856. It remains uncertain whether the two bones
are homologous or represent different ossifications.

Exoskeletal Shoulder Girdle

Posttemporal (Fig. 2, Pt)—Only the right posttem-
poral can be observed. It is partly covered by the su-
pracleithrum. The bone has been dislocated and re-
versed after death and now displays its medial side.
The posttemporal is elongated in anteroposterior di-
rection and of roughly triangular shape. Its medial sur-
face is concave, its lateral surface convex. At the pos-
terior border a long and slender ventral process arises
from the medial face (Fig. 2, v. proc. Pt). The cephalic
portion of the lateral line emerges from the bone through
an opening at the base of the ventral process to pass
into the supracleithrum (Fig. 2, cll). A pit on the medial
side, posteromedial to the ventral process, functioned
as an articular surface for the supracleithrum.

Morphologically the posttemporal agrees almost
perfectly with the posttemporal of Amia calva. Besides
the triangular shape the posttemporal of Amia has a
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long and slender ventral process on its medial surface
originating near the posterior border of the bone. In
Amia, as well, the canal for the cephalic portion of the
lateral line opens at the base of the ventral process.
However, in Amia the ventral process is attached to
the intercalar. In Lepidotes toombsi the ventral process
of the posttemporal articulates with a little process on
the ridge separating the posterior and lateral surfaces
of the exoccipital. This process on the exoccipital of
L. toombsi (which seems to be lacking in USNM
279856, see above) was therefore regarded as homol-
ogous with the intercalar in holosteans and teleosteans
(Patterson, 1975).

Supracleithrum (Fig. 2, Scl)— A large portion of this
bone is covered by the operculum in USNM 279856.
The visible part reveals that the supracleithrum has a
straight anterior and a convex posterior border. The
bone does not bear any ornamentation on its outer
surface. The cephalic portion of the lateral line has
entered the supracleithrum at its anterodorsal corner
and has presumably left it at about the middle of its
posterior border (Fig. 2, cll). The canal for the lateral
line opens through pores on the outer side of the bone.

Cleithrum (Fig. 2, Cl)—Both left and right cleithra
are preserved in USNM 279856. The cleithrum is a
long, arched ossification, narrow in its dorsal one fourth
but much expanded in its ventral three fourths. The
dorsal extremity of the cleithrum is developed as a
strong process (Fig. 2, d. proc. Cl) by which the bone
must have articulated with the supracleithrum. In the
expanded lower three fourths the anterior portion of
the bone is folded inward producing posteriorly a lat-
erally oriented outer surface and anteriorly a medio-
laterally oriented outer surface. Along the ridge sepa-
rating the lateral and the mediolateral surface the middle
part of the cleithrum bears on its external side eight to
ten longitudinal, parallel bands of very small denticles.
These denticles are multicuspid and have their cusps
directed posteriorly. Cleithral denticles of the same
type also occur in the Recent Amia calva and have
previously been reported from other Mesozoic acti-
nopterygians including Lepidotes (Patterson, 1977,
Jarvik, 1980). In Amia, as well, the cleithral denticles
are arranged in long, narrow bands. However, in Amia
these dental bands wind randomly over a part of the
external face of the cleithrum and do not show any
specific pattern (pers. obs.).

Clavicle (Fig. 2, Cla)— A long, narrow, and thin strip
of bone covers the anteroventral part of the outer face
of the right cleithrum. Its ventral border is convex and
its dorsal border is concave. The bone is devoid of
ornamentation or denticles on its external surface. It
is possible that originally this bone had a more forward
position in the shoulder girdle of USNM 279856, so
that only the hinder part of it covered the anteroventral
portion of the cleithrum. Because of the position of the
bone lateral (and possibly anterior) to the lower part
of the cleithrum I consider it to be homologous with
the clavicle of primitive actinopterygians (Jarvik, 1944).
The presence of a clavicle in Lepidotes has previously

been mentioned only by Patterson (1977) who, unfor-
tunately, did not record his observations in detail.

Amia does not possess a clavicle. Instead, Amia has
two pairs of so-called “serrated appendages” (or fla-
gella) of which the posterior one has been homologized
with the clavicle (Liem and Woods, 1973).

Postcleithra (Fig. 2, Pcl)—There is a series of plate-
like postcleithra in Lepidotes containing a varying
number of elements (e.g., three in L. minor, four in L.
mantelli; Woodward, 1916). At least one of these ele-
ments is present in the part of USNM 279856. The
bone in question is a thin plate lying behind the clei-
thrum. Its anterodorsal margin is covered by the frag-
ment of the suboperculum above. The plate is tear-
drop shaped with the expanded part below. The entire
posterior border of the bone is serrated and its outer
surface shows traces of tuberculations ventrally.

The number of postcleithral plates remains un-
known in USNM 279856. The plate described above
was probably from the middle of a series of (at least
three) postcleithral elements because in other species
of Lepidotes the uppermost postcleithrum is known to
be much more elongated dorsoventrally and to be in
contact with the supracleithrum above (Woodward,
1916; Wenz, 1967).

Pectoral Fin

Little remains of the pectoral fin skeleton in USNM
279856. The remains comprise four fragments of long
and slender (proximal) radials that have expanded
proximal and distal extremities (Fig. 2, Ra). Below the
radials lie remains of lepidotrichia (Fig. 2, Le). These
represent only the unsegmented basal parts of some fin
rays that have lost their segmented distal portion dur-
ing fossilization. The proximal extremity of the fin rays
is differentiated into two small and inconspicuous pro-
cesses for the insertion of pectoral fin muscles. There
is no ganoin cover on the lepidotrichia. The exact num-
ber of radials and lepidotrichia remains unknown.

Fulcra seem to be lacking in the pectoral fin. Instead,
the leading edge of the pectoral fin was stiffened and
protected by a long and strong spine, which bears a
rudimentary, narrow strip of ganoin on its proximal
part (Fig. 2, Sp). This spine presumably represents a
modified pair of lepidotrichia.

Pelvic Girdle and Fins

The pelvic girdle of USNM 279856 consists of a pair
of large, elongated, and thin plates that are well ossified
(Fig. 11, pP). The plates are triangular with the anterior
part expanded. The posterior extremity of each plate
is developed into a condyle for the articulation of the
pelvic fin.

The pelvic fin is formed by five pairs of lepidotrichia;
only four of them are visible in Figure 11 (Le). The
lepidotrichia of the pelvic fins strongly resemble those
of the pectoral fins in having a long unsegmented basal
portion and two stout processes at their proximal ex-
tremity. Apparently, the pelvic fins were also not fringed



34 JOURNAL OF VERTEBRATE PALEONTOLOGY, VOL. 9, NO. 1, 1989

with fulcra. If there were endoskeletal components
present in the pelvic fin skeleton these must have been
formed entirely by cartilage and are not preserved. In
position the pelvic fins are closer to the anal fin than
to the pectoral fins (Fig. 1).

Unpaired Fins

The dorsal fin has almost completely disintegrated
(Fig. 1). Most of its lepidotrichia are scattered above
the caudal peduncle. The dorsal fin inserts a little be-
hind the pelvic fins, and its anterior edge is fringed
with fulcra.

The anal fin is placed slightly in front of the caudal
peduncle (Fig. 1). All of its lepidotrichia have lost their
segmented part. The endoskeletal components are cov-
ered by scales and are not visible. The front edge of
the anal fin is also protected by fulcra.

The exoskeleton of the caudal fin has also completely
disintegrated. Some remains of the endoskeleton, how-
ever, are preserved and visible. The caudal fin is sup-
ported by a series of hypurals. In USNM 279856 hy-
purals 1 to 7 can be observed (Fig. 12, H 1-7). All of
these consist of a laterally broadened, plate-like prox-
imal part (=basal plate), which is slightly arched trans-
versely and which once rested against the ventral side
of the notochord. The basal plate is fully ossified and
represents the arcocentral component of the hypurals.
From the basal plate a stout, rod-like process projects
posteroventrad. In hypural 3 this ventral process is
partly broken and shows that it was mainly formed by
cartilage that was only superficially lined by a thin layer
of perichondral bone. In hypurals 1 and 2 the ventral
process is compressed laterally. Posteriorly the hypu-
rals diminish in size gradually. Their exact number in
the caudal fin skeleton of USNM 279856 remains un-
known because the posterior part of the hypural series
is still enclosed in the counterpart. In Lepidotes elven-
sis, Wenz (1967) has counted 17 hypurals.

Posteriorly a series of ossified radials joins the hy-
purals. Two of these radial elements are still in their
original position in the caudal fin skeleton (Fig. 12,
Ra; a third radial is detached and therefore not shown
in Fig. 12). The upper one is nearly complete and re-
veals the unusual size and shape of the caudal fin ra-
dials in USNM 279856. The main part of the radial
is a rounded and columnar piece of bone. It is only a
little shorter than the ventral processes of the neigh-
boring hypurals and equals those in diameter. Its prox-
imal extremity is bifurcate showing two branches or
processes of different length. The lower and longer of
these branches is about as long as the rest of the radial
and extends along and articulates with the ventral pro-
cesses of the three hypurals in front of it. The two other
caudal fin radials preserved display the same mor-
phology. Ossified caudal fin radials of this size and
shape are unknown in any other actinopterygian species.
Unfortunately, the exact number of radials present in
the caudal fin skeleton of USNM 279856 remains ob-
scure. Because most of the radial elements were pre-
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FIGURE 11. Lepidotes gloriae, sp. nov. (holotype, USNM
279856, part). Pelvic girdle. Lateral view.

sumably articulating with several hypurals, the number
of radials should be much smaller than the number of
hypurals.

Anterior to hypural 1 the haemal arches (and the
proximal parts of the haemal spines) of the first six
preural vertebrae are visible (Fig. 12, Har (Pu 1-6)).
In the most posterior preural vertebra (Pu 1) the right
haemal arch is broken off and reveals the canal for the
caudal artery and vein, which is asymmetrical in USNM
279856 and posteriorly opens to the right side. The
haemal spines of at least the first preural vertebra must
have taken part in the caudal fin support.

Above the level of the notochord some neural arches
of the preural vertebrae also become visible in the tail
of USNM 279856 (Fig. 12, Nar). These cannot be as-
signed to specific preural vertebrae with certainty. They
are smaller and less expanded than the corresponding
haemal arches and their spines seem to be shorter and
more delicate than the haemal spines.

Behind the neural arches and above the hypurals lies
a small, rod-like piece of bone among some disar-
ranged scales (Fig. 12, ?E). This bone may represent a
fragment of an epural.

The upper lobe of the caudal fin was fringed with
fulcra.

Scales

In the trunk region of USNM 279856 most scales
are more or less damaged and covered by a thin layer
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FIGURE 12. Lepidotes gloriae, sp. nov. (holotype, USNM 279856, part). Caudal fin skeleton. Lateral view.

of pyrite. Nevertheless, it can be discerned that all
scales bear a superficial cover of ganoin and lack or-
namentation. Some better preserved scales behind the
opercular apparatus show that the flank scales of the
trunk are almost twice as high as long (Fig. 13). The
posterior border of these scales is serrated over its en-
tire length. Towards the dorsal and ventral midline of
the body and in the abdominal region the serration of
the scales gradually disappears and is confined to the
ventral part of the posterior border. In the immediate
vicinity of the dorsal and ventral midline and on the
posterior portion of the caudal peduncle the serration
is absent, and the posterior border of the scales is
smooth. The dorsal ridge scales between the skull and
the origin of the dorsal fin are acuminate posteriorly
but lack a posterior spine as present in Semionotus
(McCune, 1986).

REMARKS ON THE CRANIAL
SENSORY LINE SYSTEM

The cranial sensory line system of USNM 279856
shows some remarkable features. These are:

1) Enclosure within the Parietals of the Supratem-
poral Commissure —In USNM 279856 a continuous

transverse canal runs along the posterior edge of the
parietals (Figs. 6, 7; st). Laterally the canal starts at the
parietal/extrascapular boundary and is therefore con-
sidered as the median part of the supratemporal com-
missure.

In actinopterygians the supratemporal commissure
is normally found on the extrascapular series of bones
exclusively. Among fossil actinopterygians only Tetra-
gonolepis semicincta is known to have the median part
of the supratemporal commissure lodged in the pari-
etals (Thies, in prep.). In Tetragonolepis the extra-
scapular series seems to be reduced. There is only one
pair of lateral extrascapulars in this fish. These are
separated medially by the posteriorly extended pari-
etals that border posteromedially on the scales of the
trunk. In USNM 279856 the number and arrangement
of extrascapular bones is unknown. However, the me-
dian part of the supratemporal commissure is enclosed
in the parietals indicating that USNM 279856 may
also have lacked median extrascapulars (like Lepidotes
elvensis and L. lennieri, in which, however, the course
of the supratemporal commissure is still unknown;
Wenz, 1967).

In the living teleost Abramis brama the parietals are
also pierced by a canal for the supratemporal com-
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missure (Holmgren and Stensio, 1936). Holmgren and
Stensid claimed the presence of a supratemporal canal
in the parietals of this fish was evidence for the fusion
of an extrascapular element with the parietal. It is,
however, also possible that the course of the supratem-
poral canal through the parietals results from complete
reduction of median extrascapular elements. Unfor-
tunately, detailed embryological and ontogenetical data
concerning the development of the dermal skull roof
of Abramis brama, which would help to answer this
question, are still missing.

2) Presence of a Medioanteriorly Directed Branch
of the Infraorbital Canal Behind the Orbit —In USNM
279856 the infraorbital canal sends a medioanteriorly
directed branch from the dermopterotic into the fron-
tal (Fig. 8, mbioc). Unfortunately, it cannot be deter-
mined if this branch anastomoses with the supraorbital
canal in the frontal.

Among fossil actinopterygians a medioanteriorly di-
rected branch of the infraorbital canal is otherwise
known only in Tetragonolepis (Thies, in prep.). In
Tetragonolepis this branch also originates in the der-
mopterotic and passes into the frontal where it ter-
minates above the middle of the orbit. Its course in
the frontal of Tetragonolepis is lateral and parallel to
the supraorbital canal. It is unknown if there is an
anastomosis between this branch of the infraorbital
canal and the supraorbital canal in Tetragonolepis.

Three other species of Lepidotes show similar con-
ditions in regard to the development of the supraor-
bital and infraorbital canals. In L. /aevis the supraor-
bital canal has a posterolaterally directed branch. This
branch leaves the supraorbital canal in the frontal in
the immediate vicinity of the frontal/dermopterotic
boundary. It reaches back far into the dermopterotic
(=*‘supra-temporal”’) but does not anastomose with the
infraorbital canal (Saint-Seine, 1949). In L. elvensis
and L. notopterus the infraorbital canal has a medio-
posteriorly directed branch that detaches from the ca-
nal in the anteriormost part of the dermopterotic. In
both fishes this branch runs back to the medial edge
of the dermopterotic opposite the anterolateral corner
of the parietal. It is unknown if this branch of the
infraorbital canal in L. elvensis and L. notopterus con-
tinues posteriorly into the parietal (Dechaseaux, 1943;
Saint-Seine, 1949).

The course of the supraorbital canal varies widely
in actinopterygians. In palaeoniscoids the supraorbital
canal generally extends from the snout back into the
parietal. There is no postorbital connection between
the supraorbital and infraorbital canals (Moy-Thomas
and Miles, 1971). In Amia the supraorbital canal ter-
minates posteriorly near the posterior margin of the
frontal. There is a canal connecting the infraorbital and
supraorbital canal that extends from the dermopterotic
into the frontal (Allis, 1889; Arratia, pers. comm.). In
many (higher) teleosteans the supraorbital canal does
not extend far back in the frontal but joins the infraor-
bital canal behind the orbit. With the supraorbital ca-
nal extending into the parietal posteriorly and the in-
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FIGURE 13. Lepidotes gloriae, sp. nov. (holotype, USNM
279856, part). Squamation of the trunk behind the opercular
apparatus.

fraorbital canal having a medioanterior branch behind
the orbit USNM 279856 takes an intermediate posi-
tion between the palaeoniscids and 4Amia in regard to
the development of the supraorbital and infraorbital
canals.

3) Ventral Part of the Median Pit Line of the Skull
Roof Replaced by a Short Canal in the Dermopterotic —
There are no traces of pit lines on the parietals of
USNM 279856. The posterior part of the dermopte-
rotic is traversed dorsoventrally by a short, superficial
canal, which by its position and orientation can be
homologized with the ventral part of the median pit
line of the skull roof (Fig. 8, mpl).

Published information on the cranial sensory canal
and pit line system of Lepidotes is surprisingly little
and widely dispersed in the literature. L. semiserratus
has all three pit lines of the skull roof (i.e., anterior,
median, and posterior pit line) with the anterior pit
line extending from the parietal onto the frontal and
the median pit line extending from the parietal onto
the dermopterotic (Westoll, 1937). In L. laevis only the
median pit line of the skull roof is present. It also
extends over the parietal and the dermopterotic (Saint-
Seine, 1949). In L. minor and L. mantelli, as well, only
the median pit line of the skull roof seems to be present
but Woodward’s (1916) descriptions are not clear on
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this point. In no case has it been reported that one of
the cranial pit lines of Lepidotes, or a part of it, has
been replaced by a canal completely enclosed by bone.

Among other fossil actinopterygians the replacement
of one or more cranial pit lines by canals or fragments
of canals has been observed repeatedly, e.g., in Chei-
rolepis canadensis, in which the median and posterior
pit lines of the skull roof are represented by canals
embedded in the parietal (Lehman, 1947). In the
semionotiform genus Dapedium the anterior pit line
of the skull roof as well as the horizontal and vertical
pit lines of the cheek can be replaced by canals (Wenz,
1967; Thies, 1988). The functional significance of this
phenomenon is still obscure.

4) Presence of an Oral Canal in the Anterior Portion
of the Dentalosplenial — The dentalosplenial of USNM
279856 has enclosed in its anterior portion two lon-
gitudinal canals situated one above the other. The ven-
tral one represents the mandibular canal (Figs. 2, 5;
mc) whereas the dorsal one is identified here as the
oral canal (Figs. 2, 5; oc). Both canals open separately
on the lateral side of the dentalosplenial by a separate
row of pores each.

The general plan of the sensory lines on the head of
Recent fishes and amphibians includes six lines, two
of which are located on the lower jaw; the oral line
dorsally and the mandibular line ventrally (Stensio,
1947). In actinopterygians the mandibular line is lodged
in a canal running through the dermal bones of the
lateral side of the lower jaw (=mandibular canal). Rel-
atively little is known about the oral line. In many
Recent and fossil actinopterygians there is a mandib-
ular pit line above the mandibular canal on the pos-
terior portion of the lower jaw. Additionally, in some
fossil actinopterygians there is a short dentary (=oral)
pit line, which is situated just above the anterior ex-
tremity of the mandibular canal on the anterior part
of the lower jar near the symphysis, e.g., Mimia toomb-
si and Haplolepis ovoidea (Westoll, 1944; Gardiner,
1984). In Brachydegma caelatum this pit line extends
far back on the dentary (Dunkle, 1939). Based on em-
bryological data from Recent fishes and amphibians
Stensi6 (1947) has interpreted the mandibular and den-
tary pit lines of fossil actinopterygians as marks left by
the posterior and anterior portions of the oral sensory
line, respectively. In some osteolepiforms, porolepi-
forms, and dipnoans the posterior portion of the oral
line lies deep within the bone and is enclosed in a canal
(Stensid, 1947; Jarvik, 1972; Gardiner, 1984); in ac-
tinopterygians this sensory line seems to be much more
superficial. A canal or a fragment of a canal in the
lower jaw for the oral sensory line has never been re-
ported from any living or fossil actinopterygian. How-
ever, the position of the upper canal in the dentalo-
splenial of USNM 279856, dorsal to the anterior end
of the mandibular canal, leaves little doubt that it rep-
resents the homologue of the dentary pit line of other
fossil actinopterygians and must once have lodged the
anterior portion of the oral sensory line.

There are at least two more species of Lepidotes

known to have a double row of sensory canal pores on
the anterior part of the lower jaw: L. elvensis from the
Early Jurassic of France, Germany, and England (De-
chaseaux, 1943; Wenz, 1967) and L. minor from the
Wealden (Early Cretaceous) of North-West Germany
(which is possibly not identical with L. minor from the
Purbeckian (Early Cretaceous) of England; Branco,
1887). Wenz (1967) concluded that this phenomenon
represents only a “dédoublement des pores de la sec-
tion antérieure du canal mandibulaire.” The condi-
tions found in USNM 279856, however, strongly sug-
gest the presence of a distinct oral sensory canal dorsal
to the anterior part of the mandibular canal in L. el-
vensis and in L. minor (from the Wealden of North-
West Germany).

DISCUSSION

The fish from the Late Jurassic of Western Cuba
agrees with four of the five diagnostic characters of
Lepidotes as given above, i.e., it has a single median
vomer, a dentalosplenial with a long posterior process,
two pockets in the epiotic, and inconspicuous dorsal
ridge scales that lack a posterior spine. Nothing can be
said about the number of suborbitals because these
ossifications were lost after the death of the specimen.
The median vomer and the dentalosplenial having a
long posterior process clearly separates the fish from
Cuba from the other two fusiform semionotid genera
Acentrophorus and Semionotus in which the vomer is
paired and the dentalosplenial does not develop a
prominent posterior process. Furthermore, the speci-
men differs from Semionotus by the presence of in-
conspicuous dorsal ridge scales. In accordance with L.
toombsi from the European Late Jurassic the specimen
from Cuba shows two pockets in the epiotic. There is
therefore no doubt that the fish from the Late Jurassic
of Cuba belongs to Lepidotes. The generic identifica-
tion is additionally supported by the presence of two
rows of sensory canal pores on the dentalosplenial, a
feature that among actinopterygians is found otherwise
only in L. elvensis, the type species of Lepidotes, and
in L. minor from the Wealden of northwestern Ger-
many.

The specific identification is, however, more prob-
lematical. Late Jurassic species of Lepidotes are nu-
merous and comprise at least 19 taxa: Lepidotes affinis
Fricke, 1875 —Oxfordian/Kimmeridgian of NW Ger-
many; Lepidotes decoratus Wagner, 1863 —Tithonian
of S Germany; Lepidotes intermedius Wagner, 1863 —
Tithonian of S Germany; Lepidotes koeneni Branco,
1887 —Kimmeridgian of NW Germany; Lepidotes lae-
vigatus Sauvage, 1879—Oxfordian of France; Lepi-
dotes laevis Agassiz, 1837 —Kimmeridgian of Switzer-
land and SE France; Lepidotes latifrons Woodward,
1893 —Oxfordian of England; Lepidotes leedsi Wood-
ward, 1895—Oxfordian/Kimmeridgian of England;
Lepidotes lennieri Sauvage, 1893 —Kimmeridgian of
France; Lepidotes macrocheirus Egerton, 1845—Ox-
fordian of England; Lepidotes maximus Wagner,



38 JOURNAL OF VERTEBRATE PALEONTOLOGY, VOL. 9, NO. 1, 1989

1863 —Late Jurassic/Early Cretaceous of Germany,
France, England, Switzerland, Austria, and Italy; Le-
pidotes minor Agassiz, 1837 —Purbeckian of England;
Lepidotes notopterus Agassiz, 1837 —Kimmeridgian/
Tithonian of S Germany and SE France; Lepidotes
oblongus Agassiz, 1837 —Tithonian of S Germany;
Lepidotes palliatus Agassiz, 1837 —Oxfordian/Kim-
meridgian of Germany, France, and England; Lepi-
dotes pusillus Bocchino, 1973 —?Late Jurassic of Ar-
gentina; Lepidotes subovatus (Muenster, 1842)—
Tithonian of S Germany; Lepidotes toombsi Jain and
Robinson, 1963 —Kimmeridgian/Tithonian of En-
gland; and Lepidotes unguiculatus Agassiz, 1837 —Ti-
thonian of S Germany.

The majority of the above listed species, i.e., L. mac-
rocheirus, L. laevigatus, L. latifrons, L. palliatus, L.
leedsi, L. laevis, L. koeneni, L. lennieri, L. toombsi, L.
decoratus, L. intermedius, and L. minor, differs from
the Lepidotes from the Late Jurassic of Western Cuba
in having the external cranial bones ornamented to a
varying extent by ganoin tubercles or rugae (Agassiz,
1837; Wagner, 1863; Branco, 1887; Woodward, 1895;
Saint-Seine, 1949; Jain and Robinson, 1963; Wenz,
1967). Additionally, unlike the specimen from Cuba
the dentition is moderately or strongly tritoral in L.
macrocheirus, L. latifrons, L. palliatus, L. leedsi, L.
laevis, L. lennieri, L. toombsi, L. decoratus, and L.
minor. (In L. laevigatus, L. koeneni, and L. intermedius
the dentition is unknown because the specimens are
missing the anterior part of the head.) Only L. notop-
terus, L. unguiculatus, and L. pusillus possess, like
USNM 279856, smooth or nearly smooth external cra-
nial bones. However, the teeth are tritoral in L. no-
topterus and L. unguiculatus. Besides, in both species
the posterior border of the scales is straight (Agassiz,
1837) and the paired fins are fringed with fulcra (Wag-
ner, 1863; Woodward, 1895) whereas in the Lepidotes
from Cuba the hinder border of the scales is serrated
and the paired fins lack fulcra. In L. pusillus the ex-
ternal bones of the head are of different dimensions
and shape (Bocchino, 1973).

L. maximus is a giant species with a body length of
about 2 m and a strongly developed tritoral dentition
(Jain, 1985). The Lepidotes from Cuba is much smaller
and its dentition is non-tritoral.

L. oblongus is based on several fragments of a large
fish. The head is missing and the species is therefore
insufficiently defined. Wagner (1863) stated that the
scales of L. oblongus are longer than high. In USNM
279856 the scales (of the trunk) are higher than long.

Even less is known about L. affinis. Fricke (1875)
founded this species on some jaw and palatal roof frag-
ments that differ from USNM 279856 in bearing a
tritoral dentition.

The systematic position of L. subovatus is unclear.
Miinster (1842), Agassiz (1844), and Wagner (1863)
put this species into its own genus, Scrobodus, whereas
Woodward (1895) regarded it as congeneric with Le-
pidotes. According to Wagner (1863) L. subovatus might
represent a dwarf species of Lepidotes. It differs from

all other species of Lepidotes, including the specimen
from Cuba, by its specialized dental morphology, which
resembles that of Gyrodus.

Finally, in none of the above listed Late Jurassic
species of Lepidotes does the pectoral fin have a spine.
Possession of a spine is a prominent feature of the
Cuban specimen.

The discussion above demonstrates that the Lepi-
dotes from the Late Jurassic of Western Cuba does not
agree at the species level with known Late Jurassic
species of Lepidotes and I therefore consider it to be a
new species.
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