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ABSTRACT

The perplexing fossil genus Cylindracanthus has long been a taxonomic
problem. Virtually a form genus of ribbed spine-like marine fish fossils (Creta-
ceous-Eocene), it has only recently been definitively shown to be rostral, based
on bilateral symmetry and the presence of teeth. Best-known from circum-
Atlantic sites, the first South Dakota specimen revealed the teeth for the first
time and gave impetus for this review. Although the study is on-going, an
emergent concept of relationships of the genus is now hypothesized, as well
as potential biostratigraphic utility.

Traditionally Cylindracanthus was discussed in relation to the billfishes
(marlins and swordfishes), particularly by those who considered the fossils to
be rostral fragments. Aside from the anatomical considerations, such a rela-
tionship is awkward for biostratigraphic and evolutionary reasons. The extant
billfish are highly derived Perciformes, an order that is virtually confined to the
Cenozoic.  Cylindracanthus and associated genera originated during the Cre-
taceous, which would place them among the earliest perciform genera, if cor-
rectly referred. In fact, they are in some respects even more derived than the
living billfish, presumably with a skeleton entirely of cartilage except for the
rostrum. (Extant billfish are bony, not cartilaginous.) It is thus unlikely that
Cylindracanthus would have appeared so much earlier than supposedly relat-
ed forms which are less derived. 

Ancestral Acipenseriformes (sturgeons and related forms) appeared in the
geologic record at about the same time in the Cretaceous as did Cylindracan-
thus , and a significant number of acipenseriforms survived the Cretaceous/Ter-
tiary extinction event, as did Cylindracanthus. All of the living members of the
order have tendencies toward projecting rostral development, and all are high-
ly cartilaginous. As many taxonomic groups of fishes have produced experi-
ments in bill-like projections of the rostrum, it is reasonable to speculate that
Cylindracanthus was such an experiment among the acipenseriforms, with
which all known features are consistent.  Of known actinopterygians, only
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Acipenseriformes have a projecting rostrum entirely anterior to the mouth, and
this appears to have been the case in Cylindracanthus as well.

Among these features are the teeth, now known from the South Dakota
specimen, which resemble those of juvenile Polyodon and of the various
toothed species and growth stages of Acipenser. The same specimen  exhibits
insertion grooves with the bones posterior to the rostrum which resemble the
insertion grooves in Acipenseriformes. The ventral rostral bones, cylindrical in
Polyodontidae, are comparable to Cylindracanthus, particularly if homology to
the vomer (generally a tooth-bearing element) is hypothesized. Microscopic
structures and chemical analyses are thus far consistent with such a reference.

The teeth of Cylindracanthus were vestigial at the earliest known appear-
ance of the genus, but became even more so during the course of evolution.
This aspect may have some biostratigraphic value when more fully studied.
Presumably Cylindracanthus became extinct when Eocene billed fishes of
more modern aspect, such as Blochius, became too competitive for survival of
similar, but archaic, forms.
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INTRODUCTION

Few fossil vertebrates have challenged understanding as much as has the
fossil fish genus Cylindracanthus Agassiz. From the time it was first described
(Agassiz, 1843) it was effectively a form taxon of cylindrical spines of Creta-
ceous through Eocene age. Easily recognized and fairly common in marine
sediments from both sides of the Atlantic Ocean (Casier,1966; Lauginiger,1984;
Robb,1989; Russell,1987), the specimens were nonetheless invariably incom-
plete and unassociated with any other skeletal material. Even the anatomical
position of  Cylindracanthus specimens remained unresolved. A possible rela-
tionship to the genus Blochius (of the Monte Bolca fauna of Italy) was advo-
cated by Woodward (1917) and more or less accepted by many subsequent au-
thorities (Fierstine, 1974). That hypothesis was the last major advance in
knowledge; most subsequent publications have been notes of occurrence or
discussions of form species and supposedly related form genera. Whether the
genus was chondrichthyan or osteichthyan was still to some degree debatable.

It is somewhat unusual for a single specimen of a fossil taxon to clarify re-
lationships after many years of confusion. This is particularly true when the
specimen comes from a lithic unit which is notorious for poorly preserved fos-
sils. It is thus with some bemusement that we describe a specimen of Cylin-
dracanthus which is very helpful to interpretations of the genus, and effec-
tively raises its status from form taxon to biologic taxon.

In the course of describing this specimen, we have assembled others of
good quality and have re-examined the genus thoroughly. We began to ques-
tion traditional assignments of Cylindracanthus (including those which we
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had been formerly willing to accept), based on both stratigraphic and anatom-
ical grounds. The new anatomical evidence suggests affinities to the Acipenser-
iformes, the sturgeon-like fishes, a hypothesis that we develop in detail here-
in.

AREA OF INVESTIGATION

Cylindracanthus has a wide distribution, but is particularly well known
from circum-Atlantic sites of Cretaceous and Eocene age. Our comparative ma-
terials have been primarily from North America, both Cretaceous and Eocene
sites. Of particular interest is the specimen from South Dakota, first publicly an-
nounced by Parris et al. (1996), which extended the range of the genus to the
Western Interior. Other specimens included within this study are from the At-
lantic and Gulf Coast states from New Jersey to Texas.

METHODS

Much of our investigation has consisted of  examination of fossil specimens
to determine the presence or absence of teeth and tooth bases or remnants.
This generally included gross examination followed by binocular microscopy,
recorded notes, sketches and in some cases, photographs. We have also at-
tempted to determine whether the fossils consist of acellular (massive) bone,
but have not yet prepared thin sections specifically for this purpose, only ex-
amining existing sections and broken ends of specimens. Examination of re-
cent acipenseriform specimens included inspection of prepared complete
skulls and skeletons and of liquid-preserved entire specimens, under binocu-
lar microscopy.

RESULTS

Systematic Paleontology

Genus Cylindracanthus Leidy 1856

Type Species: Cylindracanthus rectus Agassiz 1843
Amended Diagnosis: Osteichthyan fish known primarily from cylindrical

rostrum, gradually tapering and possessing longitudinal ridges corresponding
to wedge-shaped sector of the rostrum. Bilateral symmetry often reflected in
median partition of a central cavity and in paired grooves which may bear teeth
or tooth bases.

Type Species: Cylindracanthus ornatus Leidy 1856
Amended Diagnosis: Rostrum bearing 32 to 55 longitudinal ridges, some

pairs uniting into single ones toward the narrow end. Teeth or tooth remnants,
when present, spaced about 10 per centimeter of rostrum length.
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Referred Specimen: SDSM 30638, a fragment of rostrum with teeth. Repos-
itory is Museum of Geology, South Dakota School of Mines and Technology
(Fig. 1).

Provenience: Pierre Formation, Verendrye Member, from Locality V952 in
Hyde County, South Dakota, with precise locality data on file at South Dakota
School of Mines and Technology (SDSM). Precise stratum is two meters above
the designated iron-stained layer, a marker bed in the lower Verendrye Mem-
ber noted in the stratigraphy of Hanczaryk et al. (1996).

Age: Cretaceous, Campanian.
Description: Restored length of the specimen is 261 mm and its diameter

varies from 7.8 mm to 12.9 mm. The number of longitudinal ridges varies from
21 to 44. In cross-section, the specimen exhibits vaguely the familiar double
cavity described by Leidy (1856) and subsequently illustrated by various au-
thors, including Fowler (1911) and Schultz (1987).

The remarkable aspect of SDSM 30638 is that it bears well-developed teeth,
the first specimen known to us to retain them. The teeth are typically acrodont
and appear to be composed of vitrodentine. Curved strongly at the bases, the
teeth are oriented with a long axis at an acute angle with the long axis of the
rostrum, pointing toward its larger diameter, the presumed basal or posterior
end. The teeth do not rise significantly above the groove in which they are
placed, thus they could scarcely serve as barb retainers in the generally ex-

Figure 1. Cylindracanthus ornatus Leidy. SDSM 30638, partial rostrum from the
Verendrye Member, Pierre Formation, (Cretaceous,Campanian), Locality V952, Hyde
County, SD.
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pected manner. Indeed, the apex  of each tooth overlaps the basal portion of
the adjacent more posterior tooth. They are of regular size (approximately two
mm long), and are spaced quite evenly at 10-11 per centimeter. They are
translucent and appear to have internal open structure, but have closed point-
ed tips (so presumably did not serve as venom-conducting fangs). Some re-
placement teeth are visible, emerging beside the functional row, so it may be
presumed that regular tooth replacement followed shedding or losses from the
main row. There are six to fifteen ridges between the tooth rows.

One other conspicuous feature of SDSM 30638 is a sulcate groove on the
surface which we interpret to be the dorsal side. The bilateral symmetry plane
passes through it and the two tooth rows are paired closer to the other side.
This sulcus, positioned at one end, appears to expand toward the base of the
specimen and may represent the insertion of another pair of skeletal elements.

Another specimen with teeth preserved has been noted in the collections of
the Alabama State Museum, catalogued as ASM-PV 994.2.111, and which has
been loaned to us for inclusion in this study (Fig. 2). Also referable to the species
Cylindracanthus ornatus, it is from the Bluffport Marl Member of the Demopo-
lis Chalk in Marengo County, Alabama. (Precise locality information is known
and catalogued.)  It is quite similar to the South Dakota specimen in general
form, with a number of loose teeth preserved in matrix within the ventral
grooves. The teeth are no different from those in the South Dakota specimen. 

Figure 2. Cylindracanthus ornatus Leidy. ASM-PV 994.2.111, partial rostrum from the
Bluffport Marl Member, Demopolis Chalk, (Cretaceous), Marengo County, AL. Precise 
locality information on file.
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Comparisons

The type material of Cylindracanthus ornatus (Fig. 3) was made available
for comparison by the repository, the Academy of Natural Sciences of Philadel-
phia (ANSP). Leidy (1856) described the species from three fragments, ANSP
5186-5188. Additional description was contributed by Fowler (1911), whose
notations on the number of ridges remain as part of the specific diagnosis.
However, his description of the genus indicates absence of denticles, when in
fact all three fragments show evidence of two rows of tiny teeth on the outer
surface, separated by two to four ridges (Fig. 3). The grooves in which these
tooth remnants are located are wider than the other grooves. The central lu-
men is divided into two sides, presumably left and right, and the two tooth
remnant tracts seem to be associated in the same left and right portions, one
tooth tract on each of the two sides.

It would appear that the type material of Cylindracanthus ornatus comes
from a larger individual (or individuals) than does SDSM 30638. Because the
range of variation in this taxon is uncertain and because SDSM 30638 seems to
match ANSP 5186-5188 in all major features (Fowler’s diagnosis notwithstand-
ing) we refer SDSM 30638 to the species. It is probable that they differ sub-
stantially in age, however, SDSM 30638 being Campanian and ANSP 5186-5188
being almost certainly Maastrichtian. Although Fowler (1911) gave a range of
potential formation proveniences for the type material, its preservation is high-
ly indicative of the Navesink Formation.

Figure 3. Cylindracanthus ornatus Leidy. ANSP 5186-5188, from Pemberton, Burlington
County, NJ. TYPE. Believed to be from the Navesink Formation.
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Specimens of Eocene age have also been referred to Cylindracanthus or-
natus (and more often to the species Cylindracanthus rectus Agassiz, which
was originally described as a species of Coelorhynchus and which is sometimes
considered a senior synonym of Cylindracanthus ornatus Leidy). This is espe-
cially true of Gulf Coast area specimens (Woodward, 1891; Thurmond and
Jones,1981). 

We have had the opportunity to make detailed comparisons with three
specimens described by Fallow (1964) through the courtesy of the University
of North Carolina (UNC), and another  which was loaned from the personal
collection of Donald Clements of North Carolina. These specimens were not
referred to any described species, but seem to be typical of Eocene specimens
generally, except for those historically referred to the species Cylindracanthus
acus Cope. Our comparisons, given as follows, offer some basis for distinction
from Cretaceous specimens. Fallow’s specimens are from the Castle Hayne For-
mation of North Carolina and the Santee Formation of South Carolina UNC
3595, 3596, 3597). Details of the ossification are more observable in these spec-
imens, at least in binocular magnification, than in the Cretaceous specimens
seen by us (Fig.4).

Grooves in these specimens seem to represent areas which are intensely
vascularized and/or innervated relative to the ridges. Small pores are visible on
the surfaces at the bottoms of the grooves. Where breaks have occurred, usu-
ally along the grooves (which apparently are weak positions), a network of
fine interior grooves may be seen, suggestive of a capillary bed. Calcified tis-

Figure 4. Cylindracanthus rectus Agassiz. ASM-PV 989.4.200, from the White Hills 
Locality, Lisbon Formation(Late Eocene) near Melvin, Choctaw County, AL.
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sue of the ridges, when broken, generally appears granular, unlaminated, and
in no way trabecular in contrast to the broken grooves.

The inner wall of the lumen of the specimens shows pores on the surface,
appearing like vascular foraminae, which presumably are vessel passages to
the central tissue mass. In some of the specimens the lumen is partially oc-
cluded by mounds of what appear to be secondary calcified tissue, developed
inside the radially structured bone of the major portion of the specimen. Al-
though lacking the radial structure, this secondary calcified tissue (which may
be dentine or calcified cartilage) does have some vascular channels which run
parallel to the long axis.

One specimen (UNC 3597) shows evidence on a broken end surface of or-
ganized calcification of the ridges. In each ridge there are patterns of organi-
zation of calcified tissue radiating outward (on a curving diagonal) from the
center line of the ridge toward the outer surface of the cylinder and the outer
surface of the ridge, presenting a feather-like pattern in end view. The vascu-
lar traces in the specimen are not absolutely straight, and it appears that there
may be secondary osteons in the area of the internal midline ridge. The feath-
er-like pattern suggests a pattern of calcification perhaps similar to teeth. The
bone lining the lumen has a longitudinal (almost fibrous) structure.

The South Carolina specimen (UNC 3595) has the tip preserved and has a
large foramen opening by the tip (possibly a sensory nerve passage) and the
tip also appears worn rather evenly all around. The specimen loaned by Mr.
Clements is from the Castle Hayne Formation at the Lanier Pit, Maple Hill, Pen-
der County, North Carolina. It has a large groove, an indentation of the entire
structure, possibly homologous to the grooves which bear dentition or denti-
tion remnants, but it is sufficiently worn to have obliterated any actual rem-
nants. A Cretaceous specimen loaned by Eugene Hartstein of Delaware came
from the Mt.Laurel Formation spoil piles of the Chesapeake and Delaware
Canal in New Castle County, Delaware. It has relatively large tooth bases, mea-
suring approximately 1.58 millimeter diameter, with spacing at 28 per cen-
timeter. There are four ridges between the tooth rows and a total of twenty in
the entire circumference, none of them anastomosed within the short length of
the specimen as preserved (less than 2 centimeters). The specimen is of par-
ticular interest in that the central lumen is not of normal orientation, but in-
stead has an axis oblique to the tooth rows, despite the overall persistence of
bilateral symmetry.

No teeth were mentioned by Fallow (1964) in his specimens, but in fact
they are present as tiny remnants, readily seen if magnification is sufficient.
Two rows of tooth bases are observable in UNC 3595 and a few remnants are
visible in UNC 3596. Grooves are narrower on the Eocene specimens, and the
tooth remnants consequently are much smaller than in the Cretaceous speci-
mens.

Less detailed comparisons to other specimens, none of them published,
confirmed the general observations listed above. We have examined approxi-
mately 200 such specimens of the genus ranging in age from Cretaceous to
Eocene, and geographically from New Jersey to Texas. In addition to those in-
stitutions previously listed, we have viewed and borrowed specimens from
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Louisiana State University (LSU) and the Mississippi Museum of Natural Science
(MMNS). (There are reportedly some specimens from younger horizons, but
we have not reviewed the validity of such records.)  With regard to the species
Cylindracanthus ornatus, there seems to be consistency in the lesser devel-
opment of tooth base remnants in the younger horizons. While various au-
thorities have placed Cylindracanthus ornatus Leidy and Cylindracanthus
acus (Cope)  in synonomy with Cylindracanthus rectus Agassiz, it seems clear
to us that the latter species is perceived as having virtually no bilateral sym-
metry nor tooth base development, and is characteristically found in strata of
Eocene age, as was the Agassiz type material (Arambourg,1952;Thurmond and
Jones,1981; Weems,1999). Cylindracanthus ornatus, which exhibits tooth de-
velopment, is Cretaceous through Eocene, but with diminished tooth develop-
ment in specimens from younger strata. Because a rigorous taxonomic revision
would require examination of the type material of Agassiz, we provisionally
suggest that the three species should be retained as distinct, and restrict our
primary comments on the teeth to the species Cylindracanthus ornatus Leidy.

DISCUSSION

Cylindracanthus has a lengthy history of recorded specimens and discus-
sion of its affinities (Fierstine, 1974,1990; Schultz, 1987). We concede that only
better specimens will ever reveal a definite taxonomic position for the genus.
We at least have a better specimen than any found previously, and thus have
some basis to form our own hypothesis. A complete historical review of the
supposed relationships of the genus is beyond the scope of this present work,
but it will suffice to note that many authorities have proposed that Cylindra-
canthus is related to the extant billfishes (Schultz, 1987). While we ourselves
have discussed the genus as a possible xiphioid relative, the biostratigraphic
record shows this to be a very awkward arrangement. 

The extant xiphioids are very derived members of the order Perciformes,
an order that is virtually confined to the Cenozoic. As some authors have not-
ed (Weems, 1999), to place the genus Cylindracanthus in that group would
make it one of the earliest taxa of the order, because of its appearance in the
Cretaceous. However, it would appear that Cylindracanthus, if considered to
be a perciform, is even more derived than the extant xiphioids, because in all
probability the skeleton was cartilaginous except for the acellular bones of the
bill. Extant xiphioids are bony, not cartilaginous, and it is highly unlikely that
Cylindracanthus would have appeared so much earlier than other, supposed-
ly related forms, which are less derived.

Based on our new anatomical evidence from the teeth and posterior in-
sertions of the rostrum, we suggest another possible relationship which seems
consistent with all available evidence. The Acipenseriformes, sturgeons and re-
lated forms, have a substantial fossil record in the Cretaceous, appearing at
about the same time as Cylindracanthus. As noted in the monographic reviews
of Grande and Bemis, 1991,1996), the acipenseriforms have tendencies toward
cartilaginous skeletons and substantial rostral development. Of known
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actinopterygians, they are the only group known to have a projecting rostrum
entirely anterior to the mouth, which was probably the case in Cylindracan-
thus as well, there being no evidence of an occlusion to a lower jaw on even
the best of specimens. The acipenseriforms fared well during the Cretaceous,
and also survived the Cretaceous/Tertiary extinction event (as did Cylindra-
canthus). They are extant in relatively small numbers and diversity, being
somewhat at a competitive disadvantage with more derived forms (such as the
Perciformes).

As many taxonomic groups of fishes have produced forms with bill-like
projections of the rostrum, it is reasonable to speculate that Cylindracanthus
was such a form among the Acipenseriformes, with which all known anatom-
ical features are consistent. Among these features we can now cite the teeth,
which greatly resemble those of juvenile paddlefish (Polyodon) and those of
toothed species and growth stages of sturgeons (Acipenser). The South Dako-
ta specimen also exhibits insertion grooves which resemble those on the ros-
trum of Acipenser. Furthermore, the ventral rostral bones,cylindrical in Polyo-
dontidae (Grande and Bemis,1991) may be homologous to the vomer (Jol-
lie,1980), commonly a tooth-bearing element in fishes.

Weems (1999) suggested that Cylindracanthus could be related to the
Dercetidae. While based on the definite resemblance of the rostrum to that of
Rhynchodercetis (Chalifa, 1989), the fully ossified skeleton, modest size, and
fully functional dentition of dercetids lend little support for such a relationship.
Furthermore, the resemblance of Rhynchodercetis  is to Cylindracanthus rec-
tus rather than to the Cretaceous specimens of Cylindracanthus, while Rhyn-
chodercetis is early Cenomanian, considerably older than any taxa discussed
here. 

The trend in the dentition of Cylindracanthus is toward tooth reduction.
The teeth were vestigial in the oldest specimens (Cretaceous) and became even
more so, as noted within the species Cylindracanthus ornatus. This aspect
may have biostratigraphic value when more fully studied. Presumably Cylin-
dracanthus declined toward extinction when Eocene billed fishes of more
modern aspect became too competitive for the survival of similar, but archaic
forms. As a relatively common and widespread marine fossil that spans the Cre-
taceous/Tertiary boundary, the potential value of Cylindracanthus in bios-
tratigraphy commands special interest, and it is to be hoped that yet more dis-
coveries of better specimens will continue to improve our knowledge of it.
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