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A B S T R A C T 

Ray, Clayton E., and David J. Bohaska, editors. Geology and Paleontology of the Lee Creek 
Mine, North Carolina, III. Smithsonian Contributions to Paleobiology, number 90, 365 pages, 
127 figures, 45 plates, 32 tables, 2001.—This volume on the geology and paleontology of the 
Lee Creek Mine is the third of four to be dedicated to the late Remington Kellogg. It includes 
a prodromus and six papers on nonmammalian vertebrate paleontology. The prodromus con­
tinues the historical theme of the introductions to volumes I and II, reviewing and resuscitat­
ing additional early reports of Atlantic Coastal Plain fossils. Harry L. Fierstine identifies five 
species of the billfish family Istiophoridae from some 500 bones collected in the Yorktown 
Formation. These include the only record of Makairapurdyi Fierstine, the first fossil record of 
the genus Tetrapturus, specifically T. albidus Poey, the second fossil record of Istiophorus 
platypterus (Shaw and Nodder) and Makaira indica (Cuvier), and the first fossil record of/. 
platypterus, M. indica, M. nigricans Lacepede, and T. albidus from fossil deposits bordering 
the Atlantic Ocean. Robert W. Purdy and five coauthors identify 104 taxa from 52 families of 
cartilaginous and bony fishes from the Pungo River and Yorktown formations. The 10 teleosts 
and 44 selachians from the Pungo River Formation indicate correlation with the Burdigalian 
and Langhian stages. The 37 cartilaginous and 40 bony fishes, mostly from the Sunken 
Meadow member of the Yorktown Formation, are compatible with assignment to the early 
Pliocene planktonic foraminiferal zones N18 or N19. The Pungo River fish fauna is domi­
nated by warm water taxa; the Yorktown fauna includes warm and cool water species. These 
changes are attributed to increased upwelling waters in Yorktown time. The abundant fossils 
provide the basis for several changes in selachian taxonomy and for two new species of bony 
fishes. George R. Zug records 11 taxa of turtles from the Yorktown Formation: a sideneck 
(Bothremys); six sea turtles (Caretta, IChelonia, Lepidochelys, Procolpochelys, Psephopho-
rus, Syllomus); a softshell turtle (trionychid); two pond turtles (probably Pseudemys and Tra-
chemys); and a giant tortoise (Geochelone). Albert C. Myrick, Jr., records the crocodylian 
Thecachampsa antiqua (Leidy) on the basis of fragmentary float material from the Pungo 
River or Yorktown Formation, or both. Robert W. Storer describes a new species of grebe of 
the genus Podiceps from the Yorktown Formation. Storrs L. Olson and Pamela C. Rasmussen 
record some 112 species of birds from the Pungo River and Yorktown formations. Apart from 
an undetermined number of shearwaters, only a few species are thought to come from the 
Pungo River Formation. The marine species from the Yorktown Formation include three 
loons, two grebes, five albatrosses, at least 16 shearwaters and petrels, one pelican, two 
pseudodontorns, three gannets, two cormorants, 9-11 auks and puffins, one skua, three 
jaegers, five gulls, two terns, and 20 ducks, geese, and swans. The less common land and 
shore birds are represented by 29 species, including three cranes, one rail, two oystercatchers, 
one plover, four scolopacids, one flamingo, one ibis, one heron, three storks, one condor, five 
accipitrids, one osprey, one phasianid, one turkey, one pigeon, and one crow. The fauna is 
dominated by a radiation of auks of the genus Alca. The early Pliocene fauna is very modem 
in aspect, suggesting that most modern lineages of birds were already in existence. 
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Geology and Paleontology 
of the 

Lee Creek Mine, North Carolina, III 

Prodromus 

Clayton E. Ray 

Prodromus... a preliminary publication or introductory work. 
WEBSTER'S THIRD NEW 

INTERNATIONAL DICTIONARY, 1964 

The archaic title is intended to reflect the antiquarian nature 
of this paper and to emphasize my conviction that our work on 
the Lee Creek Mine project, a quarter century of effort by many 
people, is decidedly preliminary. Publication began with vol­
ume I (Ray, 1983), which included papers on Remington 
Kellogg (to whom the series is dedicated), on the Lee Creek 
phosphate mine itself, and on stratigraphy and correlation, 
plants, and microfossils. The only paper specifically devoted to 
vertebrate fossils was that on otoliths of bony fish, included 
therein as "microfossils." That was primarily an unsuccessful 
effort to see the paper in print before the death of its senior au­
thor, John Fitch, who was then terminally ill. Volume II (Ray, 
1987) was devoted exclusively to mollusks, the most conspicu­
ously abundant and well-preserved fossils in the mine. Initially, 
it was planned that all vertebrate fossils, other than otoliths, 
would be included in a third, concluding volume (Ray, 
1983:3); however, subsequent productive collecting, especially 
that by able and devoted amateurs, has resulted in great accu­
mulation of more and better fossils. These have been subjected 
to thorough research by the contributors and, combined, ex­
pand the vertebrate papers beyond the reasonable confines of a 
single volume. The papers divide themselves conveniently into 
two sets, all groups other than mammals in this, volume III, to 
be followed by mammals, volume IV, which will include a tax-

Clayton E. Ray, Department of Paleobiology, National Museum of 
Natural History, Smithsonian Institution, Washington, D.C. 20560-
0121. 

onomic index to the publications of Remington Kellogg, pre­
dominantly on mammals. 

This prefatory note continues the historical theme of those 
introducing volumes I and II, in which I attempted to review 
the early history of paleontological discovery and publication 
on the middle Atlantic Coastal Plain of British America. Hav­
ing flattered myself that I had unearthed essentially everything, 
it is salutary to be reminded through several oversights that in 
antiquarian, as in paleontological, research one can never do 
too much digging. Returns in each are apt to be unpredictable 
and to be meager in relation to time invested (hardly "cost ef­
fective"), but there will always be something new, and, to com­
prehend it when found, one must be steeped in the subject. 
Thus, my primary objective is to rescue from obscurity or 
oblivion the additional early history that I have learned; not 
only to give credit to the pioneers, but to add to the foundation 
that may enable and inspire others to find out more, especially 
about American fossils surviving in European collections, and 
to dig further into the early literature. Thus, the present paper is 
an extension of those introducing volumes I and II and should 
be used in conjunction with them, as I have tried to avoid un­
due repetition of text and literature cited. 

Although a full explication is beyond my scope herein and 
beyond my competence anywhere, I hope in reviewing these 
records to give some inkling of their importance, not only in 
the development of paleontology, but also in the broader intel­
lectual concerns of the times. Fossils were more prominent in 
general scholarly discussions of the seventeenth and eighteenth 
centuries than at any time since. Although debate as to their na-
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ture and significance has long since dropped from the forefront 
of general investigation, we have by no means won the day. In 
western culture many educated people, including scientists, ei­
ther ignore fossils or reject them as evidence of organic evolu­
tion, and humankind as a whole knows nothing of fossils 
(Mclver, 1992; Lemonick, 1996). 

No paleontologist can claim to be literate without thorough 
attention, not merely a perfunctory bow, to the role of fossils in 
western thought. Neglect of history is inexcusable in a histori­
cal science such as paleontology, but its literature in English is 
very skimpy, and that written by practicing paleontologists is 
generally narrow and shallow (although not universally so; 
e.g., see Ward, 1990), much devoted to "correcting" past mis­
takes and concepts in the light of present knowledge and fads. 
Of course we are obligated to correct objective errors in striv­
ing to approach truth ever more closely, but this is less and less 
specifically useful as we delve deeper into the ontogeny of our 
science. Much more satisfying is to understand the thoughts on 
fossils in the context and constraints of the times and the rele­
vance of those thoughts to subsequent developments. The best 
primers on this subject in English are Rudwick (1976), espe­
cially the first 100 pages, and Drake (1996), the latter focused 
on Robert Hooke but with uncommon explication of context. 
Also very instructive are Challinor (1953), Morello (1979, 
1981), and Young (1992). Davidson (2000:333) outlined the 
otherwise neglected role of Richard Verstegan in the early sev­
enteenth century; however, she is mistaken in attributing the 
first published illustration, in 1605, of a shark's tooth to him. 
That distinction almost certainly belongs to Gesner (see Rud­
wick, 1976:30, fig. 1.9), who in 1558 even included a modern 
compara t ive specimen a longside his fossil . Davidson 
(2000:343) cited Gesner's work as probably available to Ver­
stegan but mentioned neither Gesner's figure nor the work of 
Kentmann of 1565 in Gesner (see Rudwick, 1976:11-17). 

These and other sources cited herein provide essential back­
ground on the principal players in the founding of paleontolo­
gy, including, among others, da Vinci, Colonna, Scilla, Steno, 
and Hooke, and those in the interrelated development of collec­
tions, including Aldrovandi, Cospi, Giganti, Kircher, Mercati, 
Worm, and others. I refer to their work and its broader implica­
tions only in the course of resurrecting the primary reports on 
American fossils. These allusions should be sufficient to show 
that these reports are not mere curiosities of antiquarian delight 
but were integral to cutting-edge (see Maienschein, 1994, re­
garding this trendy term) intellectual concerns. 

Although there is no universal agreement as to what or when 
the Renaissance was, few would disagree that it was earlier, 
stronger, wider, and deeper in Italy than it was anywhere else. 
It is no accident that Italian names, notably those mentioned 
above, dominate the earliest stages in the history of paleontolo­
gy and museums, and that Italian influence extended strongly 
into northern Europe and the British Isles. 

For example, Steno, or Niels Stensen, was a Danish cleric, 
but his scientific career was mostly Italian in locale, patronage, 
and material (Scherz, 1969, 1971); Olaus Worm, also Danish, 

probably was influenced by Aldrovandi in forming his museum 
(Schepelem, 1990:82); Aldrovandi's pioneering catalogs of his 
collection were emulated and cited frequently in much later 
catalogs in England (Grew, 1681; Sloane, see Thackray, 
1994:125); and John Ray visited and was much impressed by 
Aldrovandi's collection (Torrens, 1985:206). Steno's work was 
immediately translated into English by Oldenburg, and it be­
came the subject of great interest in the Royal Society (Eyles, 
1958; Stokes, 1969:16). (Hooke accused Oldenburg and Steno 
of conspiring to plagiarize his ideas (Oldroyd, 1989:217); 
Drake (1996:116-117), especially, supported Hooke's claims, 
and, more importantly, documented his widely undersung con­
tributions.) 

It has been suggested (e.g., Rudwick, 1976:39^11; Torrens, 
1985:207) that recognition of fossils as remains of once-living 
organisms occurred in Italy before it did in northern Europe 
and England because the Italian fossils were "easy," being geo­
logically young, little altered, and close to the sea and to living 
relatives, whereas those elsewhere were much older, in de­
formed inland rocks, and the most conspicuous fossils were not 
closely related to living forms. Unfortunately, these factors can 
at best only partially explain away the Italian preeminence. 
Surely at least as important was the existence of an affluent so­
ciety, with concomitant cultural sophistication, ready to under­
write research and to accept truth through logical argument. 
Gould (1997) presented a convenient and timely analysis of 
Leonardo's brilliant and prescient insights on fossils, well fixed 
in the context of time and place. Both geologic and human his­
tory preadapted Italy as the scene of these breakthroughs, and 
just as they were interwoven with a rich tapestry of culture, art, 
learning, and patronage, so also was the interrelated develop­
ment of natural history collections. The literature in English re­
veals little comprehension of the fact that natural history muse­
ums developed (and survived in some cases) in continental 
Europe, especially in Italy, in some semblance of modem form, 
a century earlier than in the English-speaking world. It seems 
altogether too revealing that in 1995 I found the pages uncut in 
the Smithsonian Institution Library copy of MacGillivray's 
(1838) life of Aldrovandi. This neglect has been partially cor­
rected in some excellent recent publications, including Impey 
and MacGregor (1985) and Findlen (1994). Ethnological and 
zoological objects from the Latin New World (then including 
Florida) have been well documented in these early collections 
(e.g., see Heikamp, 1976:458; Laurencich-Minelli, 1985), but 
to my knowledge no fossils have as yet been recognized. Nev­
ertheless, the search for the beginnings of paleontology of the 
New World should begin in sixteenth century Italy, through di­
rect examination of collections by appropriate specialists. The 
best hope might well be the collections of the great Ulisse (La­
tinized as Ulyssis) Aldrovandi (1522-1605), who was known 
to have had a strong interest in the New World (Heikamp, 
1976:458; Laurencich-Minelli and Serra, 1988). His catalogs, 
largely compiled during his lifetime but published posthu­
mously (Ambrosinus, 1648; Figure 1), remained a powerful in­
fluence long afterward in England (see above). 
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FIGURE 1.—Title page (much reduced) of Aldrovandi's 1648 monumental catalog of his museum. It was com­
piled and was widely known during his lifetime (1522-1605) but was published by Ambrosinus more than 40 
years after Aldrovandi's death (Findlen, 1994:25). 
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Some Early Records 

This brings me to the first instances to be added to early re­
ports of fossils from the Atlantic coast of North America. As 
early as 1669 an allusion was made to natural history speci­
mens from Virginia in a collection, long since forgotten and ir­
retrievably lost, maintained by the East India Company at its 
headquarters in London (Hunter, 1985:162). The first explicit 
record to be added is that by Nehemiah Grew, who in 1681 
published by subscription under auspices of the Royal Society 
a catalog of its collections, the title page of which is repro­
duced herein (Figure 2; see Hunter, 1989, especially p. 142 et 
sqq., for genesis and nature of the catalog; see LeFanu, 1990, 
for Grew's life and contributions; see Clark, 1992, for an au­
thoritative guide to histories of the society, its periodical publi­
cations, and indices thereto). Included are two entries for fos­
sils specifically stated to have come from the New World. 

A sort of MUSCUL1TES fill'd with Earth like Tobacco-Pipe Clay or Marie. 
Found amongst the earth of a Hill that was overturn'd at Kenebank in New 
England. (Grew, 1681:264) 

A great petrify'd SCALLOP. Figur'd by Ambrosinus {b) with the Name of 
Hippopectiniles. Given with several more of the same bigness, by Mr. 
Wicks. 'Tis half a foot over. Many of the same kind were taken out of a great 
Rock in Virginia, forty miles from Sea or River. (Grew, 1681:262) 

(b) Aldrov. Mus. Metall. (Grew, 1681:262, marginal citation) 

The first of these undoubtedly was a mussel shell, common 
in the late Pleistocene marine clays of the Presumpscot Forma­
tion of coastal Maine, including the vicinity of Kennebunk 
(Stuiver and Borns, 1975; Thompson, 1982:212, 226). John 
Winthrop, Jr. (1606-1676), an original fellow and major con­
tributor to the society's repository (Lyons, 1944:50, 64; 
Stearns, 1951:196,212,246, 1970:117-139), undoubtedly was 
the source of the specimen in question. In letters of 11 October 
1670, printed in part in Birch (1756(2):473^t74) and quoted in 
part by Steams (1970:137), he alluded to "small shells" among 
the objects sent from a "hill near Kennebeck, Me, that turned 
over in summer last (June or July) into the River." The mysteri­
ous "blowing-up" of the hill was reported also by John Josse-
lyn (1674:210; see also White, 1956:180). 

The second entry is potentially of much greater interest. The 
marginal bibliographic citation is to Aldrovandi's monumental, 
classic illustrated catalog (Ambrosinus, 1648), which Grew cit­
ed repeatedly, in this case alluding to a giant pecten illustrated 
on page 832 of volume 4. This raised the intriguing possibility 
that Aldrovandi's specimen might conceivably be a previously 
unsuspected and much earlier example from the New World. 
Unfortunately, my limited investigation to date has revealed no 
positive evidence that the giant pecten or any of Aldrovandi's 
fossils came from America; rather, Grew's allusion seems to be 
only an obsolete, broadly conceived synonymy, understandable 
for the time. The specimen has not been found among surviv­
ing collections in Bologna, but it is thought to have come from 
the vicinity of the city (Sarti, in litt., 1993). 

Returning to Grew's specimens from Virginia, I had previ­
ously been inclined to accept the argument that the specimen of 

giant pecten, Chesapecten jeffersonius, described and illustrat­
ed by Lister, the first fossil so far known of any kind from the 
New World to be described and illustrated, probably had been 
collected by John Banister and sent directly to Lister, Petiver, 
or Sloane (see Ray, 1987:2), but now the Royal Society's Re­
pository seems at least as likely. Not only was Lister's speci­
men "half a foot over," but also Lister (1639-1712) and Grew 
(1641-1712) coincided in their activities in the Society (Hunt­
er, 1994:188-189), and Lister is known to have used other 
specimens from the repository. 

The history of the repository is of great interest, not only in 
attempting to locate a potential historical treasure such as the 
giant pecten but also for its cautionary lessons to museologists 
in general. Early impetus to the establishment and support of 
the collection came from the need for a substantive rallying 
point for the struggling Royal Society and for a source of pub­
lic prestige (Hunter, 1985, 1989:127, 128). Explicit and strik­
ingly modem statements of the purposes of natural history col­
lections were made by Grew (1681, preface), who advocated 
collections as an inventory of nature and as documentation of 
the ordinary, and by Hooke (1635-1703), who also took an ac­
tive and at times official role in connection with the collections 
(see especially Hunter, 1989:125, 127, 139-141), and whose 
pioneering studies of fossil cephalopods stimulated his follow­
ing statements (1705:338; also in Drake, 1996:236-237): 

And indeed it is not only in the description of this Species of Shells and Fishes, 
that a very great Defect or Imperfection may be found among Natural Histori­
ans, but in the Description of most other things; so that without inspection of 
the things themselves, a Man is but a very little wiser.... It were therefore much 
to be wisht for and indeavoured that there might be made and kept in some Re­
pository as full and compleat a Collection of all varieties of Natural Bodies as 
could be obtained, where an Inquirer might be able to have recourse, where he 
might peruse, and turn over, and spell, and read the Book of Nature, and ob­
serve the Orlbographv. Etymologia, Synlaxis and Prosodia of Nature's Gram­
mar, and by which, as with a Dictionary, he might readily turn to and find the 
true Figure, Composition, Derivation and Use of the Characters, Words, Phras­
es and Sentences of Nature written with indelible, and most exact, and most ex­
pressive Letters, without which Books it will be very difficult to be thoroughly 
a Literalus in the Language and Sense of Nature. The use of such a Collection 
is not for Divertisement, and Wonder, and Gazing, as 'tis for the most part 
thought and esteemed, and like Pictures for Children to admire and be pleased 
with, but for the most serious and diligent study of the most able Proficient in 
Natural Philosophy. And upon this occasion tho' it be a digression, I could 
heartily wish that a Collection were made in this Repository of as many variet­
ies as could be produced of these kinds of Fossile-Shells and Petrifactions, 
which would be no very difficult matter to be done if anyone made it his care. 

Despite these and other resounding statements within the so­
ciety, the reality (dictated largely by its dilettante membership) 
was that its collection continued to be much like that of a pri­
vate cabinet of curiosities—devoted to the rare and bizarre 
rather than being a microcosm of what exists, ordinary as well 
as extraordinary (Hunter, 1989:150). This tension has yet to be 
resolved in museums, although the "inventory of nature" 
movement seems to be gaining ascendancy at last. Further, the 
society found that although establishing a museum is easy, 
maintaining it in the long term ("perpetuity") is almost impos­
sible. From the beginning, much of the society's attention was 
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FIGURE 2.—Title page (reduced) of Grew's 1681 catalog of the repository of the Royal Society. 
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usurped by monetary problems, including difficulty in collect­
ing dues and shortfall in funds to pay support staff. After years 
of vicissitudes in the care of its collections that entailed repeat­
ed efforts at revitalization, and finally faced with a critical 
problem in space to house the collection, the society offered its 
collections to the British Museum in 1779 (Hunter, 
1989:153-155), which accepted in 1781 (Lyons, 1944:211). 
Now, a mere two centuries later, the heir to that collection, The 
Natural History Museum (BMNH), London, the Gibralter of its 
kind, itself faces an uncertain future (e.g., see Nature. 1990), as 
do its counterparts elsewhere (Trescott, 1996; Butler, 1997). 

In any case, the "several" giant pecten(s) from Virginia 
should have gone in 1781 to the British Museum. Although it 
seems unlikely that such large, conspicuous shells would have 
been lost, sold, or destroyed, even in the vandalous "crema­
tions" of curator Shaw (Steam, 1981:17), they have not as yet 
been recognized in the existing collections of BMNH (Nuttall, 
inlitt., 1993). 

The specimens in all probability represent Chesapecten jef-
fersonius (see Ray, 1987), since 1993 the official fossil of the 
Commonwealth of Virginia (Anonymous, 1993) and thus of 
great historic and current interest if found. 

This leaves only the matter of the donor, "Mr. Wicks," 
who turns out to be a subject of specific and general interest in 
spite of the paucity of information about him. The person in 
question undoubtedly is Michael Wicks, clerk of the Royal So­
ciety for at least 20 years (Thomson, 1812:15, lists his years in 
office as 23), from the first meeting of the council on 13 May 
1663 (Birch, 1756(1):236) at least until 27 November 1683, 
when it was resolved that "Mr. Cramer be clerk to the society 
in Wicks's place" and that "Mr. Wicks be told, that his atten­
dance is of no farther use" (Birch, 1757(4):229). This resolu­
tion seems however not to have had the finality that it implied, 
as Mr. Wicks was given orders at the meeting of 2 April 1684, 
and the treasurer was ordered on 14 January 1685 to pay him 
"fifteen pounds for a year and a half's salary" (Birch, 
1757(4):277, 355). Robinson (1946:194-195) gave a summary 
of Wicks' employment by the society, indicating that the last 
mention of him is that of 13 November 1695, when a gratuity 
was voted him by the Council; however, Hunter (1994:235) 
noted a substantial payment to him as late as 1696. It should be 
noted that Robinson refers to Wicks as "Weeks," that he ap­
pears as "John Weeks" in Weld (1848:562), secondarily as 
"Weekes" in Hunter (1994:235), and is omitted altogether by 
Lyons (1940:344). 

Apparently prior to Wicks' appointment with the society, Dr. 
Jonathan Goddard (1617-1675, professor at Gresham College) 
had employed "Mr. Mich. Weekes, who looked to his stills" 
(Aubrey, 1898(1 ):268). In this case, the stills were for produc­
tion of ingredients to various secret medicinal nostra. It is 
thought that Wicks got the job as clerk through Goddard's in­
fluence (Robinson, 1946:194). This seems plausible in view of 
Goddard's major role in the birth and early development of the 
society, from its unchartered gestation, beginning in 1645 
(Copeman, 1960; McKie, 1960), through the turbulent period 

of the Civil War, Commonwealth, and Protectorate (inauspi­
cious for the founding of anything "Royal"). 

In John Aubrey's (1626-1697) notes (dated 12 March 1689) 
for his brief life of Walter Raleigh, in connection with Ra­
leigh's role in introducing tobacco to England, he states 
(Aubrey, 1898(2): 181-182), 

Mr. [Michael] Weekes, register" of the Royal Society and an officer of the cus-
tome-house, does assure me that the customes of tobacco over all England is 
four hundred thousand pounds per annum. 

aSubst. for 'clerk.' 

There can be no doubt that Weekes and Michael Wicks are one 
and the same person. In response to my queries regarding 
Wicks, Mary Sampson (pers. comm., 1993), archivist to the 
Royal Society, found only one written communication by 
Wicks in the society's unpublished Classified Papers series 
(CL. P. XXIV.56), a brief undated note of some 13 lines, ad­
dressed to Henry Oldenburg (his boss). I have been unable to 
decipher the handwritten note entirely, but the gist of it is that 
he put out some papers for Oldenburg stating, "I am sorry I 
could not wait upon you sooner, my business at Custome 
House being much more than ordinary." 

In 1993, Gillian Hughes, an independent researcher, under­
took on my behalf a preliminary search in the Public Record 
Office for evidence of Michael Wicks in the Customs Estab­
lishment. The earliest certain indication found by her lists 
Michael Wicks as Receiver for the Plantations among officers 
of his majesty's customes for 1673 and 1675 (PRO 30/32/15 
and 17), and his name was last seen in those lists for 1693 
(PRO, CUST 18/28). In the published Calendar of Treasury 
Books (Shaw, 1935:584), allusion is made under the date 17 
April 1694 to "Mich. Wicks, late Receiver of the Plantation 
Duties and of the new impositions on tobacco and 
sugar... lately discharged from that service." The Calendar of 
Treasury Papers (Redington, 1868:338) indicates "confusion 
in the accounts of Mr. Wicks," and the Commissioners of Cus­
toms "describe their perplexities about his accounts, and that to 
prevent further enlargement they had dispensed with his atten­
dance at the Custom House Dated 5 Jan. 1693 [now 1694]." 

Thus it seems clear that Michael Wicks (up to his dismissal 
under a cloud) was in an unusually favorable position for di­
rect, frequent communication with merchant ships sailing to 
and from British America. At the meeting of the Royal Society 
on 13 June 1683, "Mr. WICKS was desired to procure from the 
East-India ships a quantity of the shining sand of St. Christo­
pher's and James river in Virginia" (Birch, 1757(4):209). This 
request would hardly have been made had it not been anticipat­
ed that Wicks could accommodate it. 

Interestingly, this is the only instance in the long employ­
ment of Wicks by the society in which he was "desired" to do 
something, rather than "ordered" or "directed." This is proba­
bly not accidental, but reflects a momentary deference to his 
position with the custom house. Otherwise, paid subordinates 
were addressed in the imperative, whereas the gentlemen Fel-
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lows were "requested" or "desired" to do something. Pumfrey 
(1991:12-16; Drake, 1996:17-18, 104-105, not withstanding) 
has made a persuasive case for this distinction in connection 
with his study of Robert Hooke's precarious position betwixt 
and between, which may have contributed to Hooke's appar­
ently atypical egalitarian attitude toward subordinates (e.g., see 
Shapin, 1989:269), as well as to his prickly attitude toward the 
establishment. 

It should be recognized that the society's treatment of Wicks 
was not cruel and unusual but was in general correct for the so­
cial system of the time and place. Even allowing for the free­
wheeling attitude toward spelling in those days, it apparently 
was not important to get his name right or even to include it 
consistently in society records, nor perhaps was it important for 
Grew to remember or later insert Wicks's given name in the 
manuscript for the society's catalog. 

The next explicit report of specimens from the Atlantic 
Coastal Plain is that of Sloane (1697). He borrowed the speci­
mens from his friend, Dr. Tancred Robinson, who had just re­
ceived them from Maryland (most likely from the Rev. Hugh 
Jones, who arrived there in 1696 and was accused by Wood­
ward of sending specimens to "rogues and rascalls," including 
Sloane, Petiver, Lister, and Robinson (Stearns, 1952:292, 
306)). These specimens included at least three isolated tooth 
plates of the ray Aetobatis, illustrated in Sloane's figs. 7-12; it 
is unclear from his text whether the articulated partial tooth 
battery shown in his figs. 13 and 14 also is from Maryland (see 
Figure 3). At least the fragmental plate shown in his figs. 7 and 
10 is among the very small number of the founder's specimens 
known to survive in BMNH, where it was featured in an exhi­
bition on the history of paleontology (Edwards, 1931:61) and 
where it apparently is still to be found (Thackray, 1994:132). 
Obviously Robinson must have allowed Sloane to retain at 
least one of the fossils. Some or all of the others may be pre­
served in Woodward's collection at Cambridge. In an appendix 
to his primary catalog of English "extraneous" fossils (catalog 
B of Price, 1989:94), however, Woodward (1728-1729) listed 
modem specimens preserved for comparison to his fossils, and 
on page 111, under his entry number 25, a modern ray denti­
tion, he expressly stated that his ray tooth plates sent by Jones 
from Maryland "were digg'd up, together with those" reported 
by Sloane (see catalog B of Price, 1989). 

Sir Hans Sloane (1650-1753) is best known as a prodigious 
collector who provided the foundation for the collections of the 
British Museum and its offshoots. He also was a man of parts 
who was a successful doctor of medicine, an olympian letter 
writer, and a major force in the Royal Society, although he was 
not without his detractors, most notably John Woodward (e.g., 
see MacGregor, 1994:19). Most have made light of his abilities 
as a thinker and researcher. Nevertheless, his little paper on the 
fossil ray plates is an elegant example of modernity produced 
before any pattern was established. He placed the isolated un­
knowns (considered by some to be bits of petrified mush­
rooms) alongside the most appropriate specimens of known 
identity, articulated and disarticulated modem ray tooth batter­

ies, found them to be similar in detail, illustrated them accu­
rately in comparable orientations, and concluded that they de­
rived from identical or closely related organisms. One's first 
impulse today might be to dismiss this approach as routine, but 
it was not such in the context of the time. Although spectacular 
examples of brilliant comparative methodology are known here 
and there from the sixteenth century onward (note that Grew 
used the approach and the term, "comparative anatomy," in 
1681, see Figure 2), the techniques were not codified and uni­
versally applied until the nineteenth century under the influ­
ence of Cuvier, Owen, and Agassiz. This could not have oc­
curred prior to the Age of Enlightenment/Reason, with the 
spread of the notion that all problems could be successfully 
solved through intensive inspection and that ordinary humans 
could rely on their own careful observations irrespective of au­
thority. This approach was the cornerstone of the Royal Soci­
ety. Until recently, this reliance was taken for granted, so much 
so that the sublime notion could be expressed profanely, if I 
may be permitted one homely example: Remington Kellogg, 
once asked by a colleague what criteria allowed him to con­
clude that a certain fragmentary whale vertebra was in fact 
identifiable to a particular species, immediately replied re­
soundingly, "because it looks like it, goddamit it!" He did not 
live to experience the postmodern entry of doubt introduced by 
phylogenetic systematics and social constructivism, in which 
we question the meaning of all our observations. 

Further, Sloane's (1697) note was written when the nature of 
fossils as vestiges of once-living organisms had by no means 
been universally accepted by serious scholars. This topic brings 
us conveniently to the next known report and illustration of 
fossils from the Atlantic Coastal Plain, that of a bone fragment 
and a shark tooth by Scheuchzer (1708), whose title page and 
figures are reproduced herein (Figures 4-6). Both specimens 
are preserved in the Paleontological Museum of Zurich (Leu, in 
litt., 1997; see also Furrer and Lev, 1998:33). 

Johann Jacob Scheuchzer (1672-1733), little familiar to the 
English-speaking scientific community, is known primarily as 
an object of derision for his Homo diluvii test is faux pas, based 
on a fossil salamander (see Jahn, 1969, for this and for a good 
thumbnail biography of Scheuchzer in English). Scheuchzer 
was actually a very substantial scientist who translated Wood­
ward into Latin and promoted his ideas (notably organic origin 
of fossils) on the continent. Scheuchzer was in close contact 
with Sloane and other leading naturalists of the Royal Society. 
His historical significance would unquestionably be better ap­
preciated had Jahn's (1975) promised bio-bibliography of 
Scheuchzer and translations of his major works materialized. 

The bone fragment from Maryland was at tr ibuted by 
Scheuchzer (1708:22) to the acetabular region of the innomi­
nate bone of a mammal ("Animalis"), not a farfetched supposi­
tion. This fragment, however, matches very well the portion of 
a small cetacean atlas vertebra that characteristically remains 
after the vertebra breaks at the weak points and rolls on the 
beach; it is illustrated (Figure 5) alongside a typical float speci­
men and a well-preserved atlas from the Miocene of Chesa-
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FIGURE 3.—Plate accompanying Sloane's 1697 report on fossil ray teeth from Maryland (xl). His figures 1-6 
are of modern species, figures 7-12 are of fossil species from Maryland, and figures 13-14 are of fossils from an 
unknown locality, possibly Maryland. 

peake Bay in Maryland. This is probably the first cetacean (and 
mammalian) fossil from America to be illustrated. 

This Maryland specimen, especially if received by 
Scheuchzer from Petiver, probably was sent by Hugh Jones. 

Lhwyd (1660-1709) complained that Petiver and his pal Doo-
dy got aboard ship and rifled collections from Jones intended 
for him (Gunther, 1945:343,462). Among specimens cataloged 
by Sloane that came to him in Petiver's collection were "shark 
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FIGURE 4.—Title page of Scheuchzer's 1708 classic, Piscium Querelae et Vindiciae (x 1). 

teeth and other fossils sent from Maryland by the Revd Hugh his job as chaplain to the governor of Maryland through the ini-
Jones" (Thackray, 1994:126). Jones communicated especially tial recommendation of Lhwyd, furthered by the Temple Cof-
with Petiver and sent specimens from Maryland at least from fee House group that included Sloane, Petiver, Doody, Lister, 
1696 to 1702, although he became ill in 1700. Jones had gotten and Robinson (Steams, 1952:292-294; Jessop, 1989). 
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FIGURE 5.—Cetacean atlas vertebrae in cranial aspect (x0.82), a. Scheuchzer's figure reproduced; b. similar 
waterworn fragment, Lophocetus sp., probably collected on beach in Calvert County, Maryland, USNM 
449525 (National Museum of Natural History, Smithsonian Institution, which houses collections of the former 
United States National Museum); c. complete atlas. Cove Point, Calvert County, Maryland, St. Marys Forma­
tion, collected by Francis Markoe, Jr., 1841, part of the holotype oi Lophocetus calvertensis (Harlan), itself a 
historic specimen (Gilmore, 1941:311-312, 377; Simpson, 1942:162, 176). (Scale bar=l cm.) 

The second specimen, an incomplete tooth of Carcharodon 
megalodon Agassiz from the Carolinas (Figure 6a), is de­
scribed by Scheuchzer (1708:20) as lacking serrations. The ab­
sence of serrations is of no taxonomic significance because the 
tooth is clearly waterworn and is typical of the rolled speci­
mens so abundant in the lower reaches of several rivers in 
South Carolina. 

Scheuchzer's comparison was to Luid number 1259, a simi­
larly waterworn specimen from the British Crag (Figure 6c). 
The number refers to the collection of Edward Lhwyd, Lati­
nized as Luid, among the many variations of the surname (see 
Gunther, 1945:vii) (see Roberts, 1989, for a succinct biogra­
phy), whose specimen survives in the geological collections at 
the University Museum, Oxford (Powell, in litt., 1993). 

Scheuchzer's inferred outline of his incomplete specimen is a 
very early example of paleontological restoration, however 
modest. 

Jacob (or James) Petiver (71663-1718), identified as the do­
nor, was a London pharmacist and perhaps second only to 
Sloane as a natural history collector and letter writer (see 
Stearns, 1952, for the fullest account of Petiver). Of course, 
Lhwyd and Woodward outdid Petiver in their geological col­
lections (Torrens, 1985). 

Petiver's most productive correspondent in South Carolina 
was the Rev. Joseph Lord, who began sending him speci­
mens in 1701 and continued at least until 1713 (Stearns, 
1952:346, 362). Especially relevant may be Petiver's 
(1705:1960) account of two fossil shark teeth sent by Lord 
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FIGURE 6.—Teeth of Carcharodon megalodon (x0.82), a, Scheuchzer's figure reproduced; b, well-preserved 
tooth, showing serrations, collected by P.J. Harmatuk, from Yorktown Formation spoil, Lee Creek Mine, North 
Carolina, USNM 350941; c, waterworn specimen, probably from the bone bed at the base of the Red Crag, Suf­
folk, England (H.P. Powell, in litt., 1993), Lhwyd collection number 1259, Oxford University Museum, photo­
graph courtesy of Oxford University Museum of Natural History. (Scale bar=I cm.) 
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the first of which could possibly be the very one illustrated 
by Scheuchzer. 

Here may be mentioned what is probably the earliest allusion 
to a fossil of a bony fish from the New World, other than Win-
throp's 1636 allusion to "Fishes' bones" from the James River 
(Ray, 1983:4). In a letter to Petiver from his home at Dorches­
ter (this would have been old Dorchester on the Ashley River), 
South Carolina, dated 1 September 1707, Lord writes: 

Herewith comes a small box with divers Fossils.... In a part of my land where 
some were digging after a sort of Marl... a stone was digged, somewhat flat & 
broad, but looking like ye marl among which it lay, on which was ye tail of a 
small fish & ye body near as far as ye Navel, of a brown colour, shewing fins & 
scales very apparently, but all Stone; & it seemed so distinct that I had a con­
ceit I might separate it from ye rest of ye Stone, which I endeavoured to no pur­
pose, but in trying much defaced ye Impress; & since, only lying in my Study 
made it more obscure: but however I have put it into ye Box. 

The letter was marked as received on 26 January 1708, as 
was presumably the accompanying small box. The original let­
ter is preserved among the Sloane manuscripts (Sloane 4064, 
folio 150) in the British Library (permission to quote not re­
quired; Taylor, in litt., 25 April 1994) as a result of Sloane's 
having purchased Petiver's papers and collections after the lat­
ter's death (Steams, 1952:244; MacGregor, 1994:23). The fos­
sil fish should have been among the Sloane specimens that ini­
tiated the British Museum, but if it survives in the BMNH, it 
has not as yet been recognized (Thackray, 1994:132). 

In striking contrast to the loss or unknown fate of most North 
American fossils from the colonial era is the survival of those 
in the Scheuchzer collection and in the incomparable collection 
of his correspondent, John Woodward (1665-1728), preserved 
essentially intact, with data, at the University of Cambridge. 
The essential background to this collection can be learned from 
Woodward's own catalogs (Woodward, 1728-1729), Gunther 
(1937:424^133), and especially Price (1989). A measure of its 
volume and significance can be gained from the catalog entries. 
The North American fossils are contained in catalogs K and M 
of Price's notation (1989:93-94; table 1). Of 655 catalog en­
tries for foreign fossils (only fossils in the modem sense, ex­
cluding rocks and minerals), 74 are North American; these rep­
resent a minimum of 127 of the total 1210 specimens. Thus, the 
North American material constitutes more than 10 percent of 
both total catalog numbers and specimens. Of the 127 speci­
mens, 74 are invertebrates, mostly mollusks, and 53 are verte­
brates, mostly sharks' teeth. Of the 74 catalog entries, 51 are 
from Maryland and 23 are from Virginia. Among the Maryland 
entries, at least 27 are attributed to William Vernon, 18 to 
Hugh Jones, and three to David Krieg, the three most important 
names in seventeenth-century natural history collecting in 
Maryland. Although focused primarily on their botanical col­
lecting, the account of their activities in Maryland by Frick et 
al. (1987) is a convenient and authoritative source (see also 
Stearns, 1970:264-274). Jones, as previously noted, spanned 
the years 1696-1702 but was largely incapacitated for the last 
two. Vernon and Krieg overlapped almost exactly in their brief 
visits, during the spring and summer of 1698. There was keen 
interest and competition, in part unfriendly, among British nat­

uralists for the specimens. Woodward, generally at odds with 
most of his contemporaries, boasted that "Mr. Doody had given 
him all or the greatest part of those fossils you [Jones] sent 
him" (Petiver to Jones, 10 March 1698; quoted in Frick et al., 
1987:19; see also Steams, 1970:265). 

Of three catalog entries for Virginia specimens attributed to 
John Banister, two are explicitly stated to have been given by 
Doody, clearly a continuing benefactor of Woodward. Banis­
ter's collecting could not have been later than 1692, the year of 
his death (see Ewan and Ewan, 1970, for a definitive account 
of Banister). 

All of the 20 North American entries (19 mollusks, 1 barna­
cle) in Woodward's additional list (catalog M of Price, 1989) 
pertain to what was probably a single locality near the James 
River, 20 miles (-32 km) above its mouth. One specimen was 
found "by Lyons-Creek" (now Lawnes Creek, reverting to the 
place names of Christopher Lawne's Plantation, established in 
1619), which empties into the James River just below Hog Is­
land, opposite Williamsburg, some 20 miles (-32 km) up the 
James. All are attributed to a "Mr. Miller," who is probably the 
Mr. Miller described by Heame (Salter, 1915:148) as Wood­
ward's "neighbor & particular Acquaintance for 30 years past, 
who often went abroad with him to gather Fossils, and assisted 
him often in packing up boxes, to be sent abroad to Professors 
& curious persons, & presented him himself with a Drawer or 
two from the West Indies." 

With the possible exception of the Miller specimens from the 
James River, all North American specimens in the Woodward 
collection were collected prior to 1700. Judging from the iden­
tity of the collectors, their time, and Woodward's annotations, 
it seems highly probable that some of the specimens may have 
been studied or illustrated by Banister, Lister, Sloane, or con­
temporaries. Price's valuable studies, cut short by his untimely 
death, were only just beginning to reveal the value of this 
unique resource, and it has not been feasible to examine the 
collection firsthand for the present project. Close study of the 
specimens with relevant literature at hand could scarcely fail to 
yield interesting results. Some of the shark teeth have been ex­
amined recently by Shelton P. Applegate of the Universidad 
Nacional Autonoma de Mexico. 

The majority of the remaining entries for foreign fossils in 
Woodward's catalogs (catalogs K and M of Price, 1989) are 
from the extremely important collections of Scilla and 
Scheuchzer. Woodward appears to have been meticulous in cit­
ing their specimens, but as yet none of his entries for them can 
be identified as pertaining to North American specimens. The 
collection should, of course, be searched for them. 

The next instance of early collecting that I wish to note is 
from a letter to Peter Collinson from John Custis of Williams­
burg, Virginia, believed to have been written on 28 August 
1737. In it Custis alludes to the extreme drought of that sum­
mer, which necessitated his digging a deep well to water his 
garden. The letter is quoted in part from Swem (1957:47): 

As you are a very curious gentleman I send you some things which I took 
out of the bottom of A well 40 feet deep; The one seems to bee a cockle petre-
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fyd one a bone petrefyd; [this?] seems to have been the under beak of some 
large antediluvian fowl. Wish they may bee acceptable. 

In a letter of 5 December 1737, Collinson thanked Custis for 
"the Curious Fossils that you sent Mee last year" (Swem, 
1957:60); again, in a letter of 5 March 1741 (Swem, 1957:71), 
Collinson alludes to fossils sent by Custis as "shells that was 
found so Deep when you was Makeing the Mill Dam." At least 
some of these fossils were on exhibit at Mill Hill School, on the 
site of Collinson's home, near London, in the early 1930s, but 
they have been lost sight of since (Swem, 1957:172; Hume, 
1994:22). Interestingly, the 1964 archaeological reexcavation 
of Custis' 40-foot (-12 m) well in Colonial Williamsburg, Vir­
ginia, yielded fossil shells and whale bones (Hume, 1994:20, 
22). All of these specimens undoubtedly derive from the 
Pliocene Yorktown Formation. 

John Custis (1678-1749), educated in England, was a promi­
nent citizen of Virginia and an avid horticulturist, which led to 
his association with Peter Collinson (Swem, 1957:11-20). Col­
linson (1694-1768) was a successful business man with exten­
sive interests in the American colonies, including a lifelong av­
ocation to botany (Swem, 1957:1-9). He was singled out by 
Stearns (1951:194-195) as one of the most active fellows of 
the Royal Society in encouraging North American naturalists. 
He is perhaps best known in North America in connection with 
the vertebrate fossils of Big Bone Lick, Kentucky (Jillson, 
1936; Simpson, 1943). Although Collinson was especially ac­
tive in adding to Sloane's collection (Swem, 1957:3), no evi­
dence has yet emerged to identify any fossils from Custis' dig­
ging in Williamsburg in the surviving collections of BMNH. 

Lastly, although much later than the other reports cited here­
in, I wish to supplement my earlier account (Ray, 1983:6-7) of 
Latrobe's 1799 report of vertebrate fossils from Richmond, 
Virginia, including sharks' teeth, fish vertebrae, a large bird fe­
mur, and a partial porpoise flipper. Latrobe (1809:283-284) re­
turned to this subject as follows: 

It was my intention then, to have offered to the [American Philosophical] Soci­
ety, a series of geological papers, the materials of which I had collected, and of 
which this memoir [Latrobe, 1799] was the first. But my intention was delayed 
and partly defeated by the loss of a very large collection of all the principal fos­
sils, necessary to elucidate my observations, in their passage by water, from 
Fredericksburg to Philadelphia.—This collection, intended for the American 
Philosophical Society, was made by the industry of my excellent friends, Mr. 
William Maclure now at Paris, of the late Dr. Scandella whose untimely death 
in 1798 science and friendship equally have to deplore, and of myself.—It con­
sisted of specimens of loose and undecayed fossil shells, found on and near the 
surface, from the coast to the falls of the rivers of Virginia, of the shell rocks of 
York river, of the clays with impressions of shells in every fracture, but which 
shew no remaining evidence of any calcareous matter when subjected to chem­
ical tests; of the exuviae of sea animals', bones of fishes, sharks' teeth, marsh 
mud, fossil wood and coral rock, dug from the deep wells about Richmond, of 
the marles of Pamunkey and Mattapony, of all the strata of the coal mines on 
James's river, of the varieties of the granite of Virginia, of the free stone of 
James's river and the Rappahannoc, with the vegetable petrefactions and coal 
belong to it; and of a variety of miscellaneous fossils. ...The loss of this collec­
tion dispirited me, and the occupations of a most labourious profession de­
prived me of time. 

"Drawings of some of the exuviae accompanied my memoir, to which refer.— 
The bones of the foot there represented, are probably those of a sea tortoise.... 

Had those collections survived and become available for re­
search in Philadelphia, paleontology of the Atlantic Coastal 
Plain might have been advanced by some decades. In the same 
report Latrobe went on to discuss other geologic phenomena 
including delineation of the fall line and its significance in rela­
tion to building stones. He was a practical man whose job at 
that time was "Surveyor of the Public buildings of the U. 
States," (Latrobe, 1809:293), which makes his closing observa­
tion (Latrobe, 1809:292) regarding the geologic problems dis­
cussed all the more revealing: 

It is fortunate that the solution of these aenigmas of nature are of no conse­
quence whatever to our happiness, or of use to our enjoyments.—But the plea­
sures of investigation, and of wonder, the offspring of ignorance, are not with­
out a charm, which often entices the mere speculative philosopher into 
researches that produce results beneficial to mankind. 

We continue to vacillate in the unresolved and unresolvable 
stress between applied and pure research. In the most recent cy­
cle, support for pure research probably reached a peak in the 
expansive mood of prosperity during the 1960s, when science 
could save us. We may hope that the retrenchment of the 
1990s, with its demand for quick returns and the rise of pseu-
doscience, is the nadir of the curve and not the precipitous 
slope of descent into continuing decay and rejection of science 
(see Sagan, 1995, especially chapters 14, 23, and 25, and Gross 
et al., 1996, for timely, accessible examinations of the problem; 
see Maull, 1997, for an example of the widespread and disas­
trous confounding of science and scientists by social construe -
tivists). 

Conclusions 

Review of these additional early publications on fossils from 
the Atlantic Coastal Plain leads to a few observations of seem­
ingly wider relevance. These may be grouped conveniently for 
present purposes under the topics of "Firsts" for North America 
and for paleontology and of "Sharks' Teeth." 

FIRSTS.—Simpson (1942, 1943) was among the very few 
practicing vertebrate paleontologists in the modem era to have 
looked seriously into the early history of the subject in North 
America. Here, too, should be mentioned the historical re­
search by Helen Ann Warren, under the aegis of Henry Fair-
field Osborn (in Osbom, 1931 :ix, 1-33), which was similar in 
content and emphasis, if not in depth, to that of Simpson. 
Simpson was more than casually involved with preparation of 
the book (on Edward Drinker Cope) of which Warren's work 
was part, overlapped completely with her at the American Mu­
seum of Natural History (Osborn, 1931:ix), and may have re­
lied too heavily on her spadework. Be that as it may, he 
brought together a great deal of scattered information and quite 
correctly contrasted casual or inconsequent early finds (such as 
those by early Indians—interesting but not contributing to sci­
ence) with those that were to become factors in the advance­
ment of knowledge in western culture. In his words, "true dis­
covery [is] that leading by a traceable route, however devious, 
to eventual elucidation of the problems concerned" (Simpson, 



14 SMITHSONIAN CONTRIBUTIONS TO PALEOBIOLOGY 

1942:135), and again, "merely seeing a fossil bone or picking it 
up in idle curiosity is hardly discovery scientific discovery 
was that which initiated continuous consciousness and record 
of the occurrence of fossil animals in America and had the first 
scientific studies as its sequel" (Simpson, 1943:26-27). 

Although these definitions are meaningful, Simpson was 
mistaken in every instance in applying them toward identifica­
tion of firsts for North America, thus making his papers not the 
definitive work that he supposed (Simpson, 1943:26). Taking 
caution from his example, I do not propose that my candidates 
are in truth firsts, only that they are the earliest known to me 
(as indicated, I suspect, even hope, that there are still earlier 
ones, especially Italian, and thus I believe that the present ac­
count is not the last word). It must be emphasized that Simpson 
provides a large target only because he had the rare insight to 
see the value of history and the ability to draw so much togeth­
er from scratch. His well-earned stature and authority make 
doubly important the correction of his objective errors. Further, 
those errors reflect what I believe to be a pervasive lack of 
comprehension among American paleontologists of the sophis­
ticated nature of natural history investigations by western Eu­
ropeans in the late seventeenth and early eighteenth centuries. 

Simpson (1942:131) defined six periods in the history of ver­
tebrate paleontology in America, the first two of which are of 
interest here. 

1. Pre-scientific Period.—From the earliest times to about 1762. The first 
fossil discoveries were made. Toward the end of the period bones were collect­
ed and sent to Europe. No truly scientific study of them had been made. 

2. Proto-scienlific Period.—From about 1762 to about 1799. In 1762 
Daubenton read a paper on American fossils treating them for the first time in 
what deserves to be called a scientific way. 

In reference to Lord's 1707 letter to Petiver about the fossil 
fish tail (see "Some Early Records," above) Simpson stated 
(1942:135), "The incident is...unique for its date, and for a 
long time there after, in involving a small fossil vertebrate. 
Most of the eighteenth century naturalists overlooked bones of 
animals smaller than the mastodon...." Simpson (1943:27) re­
garded letters from Cotton Mather as the "first publication on 
American fossil vertebrates" (published in 1714 in the Royal 
Society's Philosophical Transactions), and Simpson thought 
they probably were based on mastodon remains. In allusion to 
Catesby's 1743 report of African slaves' recognition of fossil 
proboscidean teeth, Simpson (1942:134) credited them with the 
"first technical identification of an American fossil vertebrate," 
assuming the incident to have occurred prior to 1739. Based on 
the collection from Big Bone Lick, primarily of mastodon re­
mains, Simpson stated (1942:135), "If Columbus discovered 
America in 1492, Charles Le Moyne, second Baron de 
Longueuil, discovered American fossil vertebrates in 1739." 
Simpson (1942:144-145) added that "Guettard (1756, read in 
1752) published the first illustration of an American vertebrate 
fossil... [and] a decade later Daubenton (1764, read in 
1762)... [provided]... an excellent example of the comparative 
method... one of the four most basic... principles in the rise of 

vertebrate paleontology and it may fairly be dated from 
Daubenton...." Both Guettard's and Daubenton's contribu­
tions stemmed from the 1739 Longueuil collection of mast­
odon remains. 

Both Sloane (1697) and Scheuchzer (1708) conspicuously 
antedate Guettard for the first description and illustration of 
North American fossil vertebrates. Sloane's paper in particular 
meets every possible criterion: the fossils reported were col­
lected through a purposive scientific program (about which 
more beyond); Sloane was among the most prominent natural 
historians of his or any other era; he published in the premier 
scientific journal in English; his title alone reveals the signifi­
cance of his subject; the specimens are small, and at least one 
survives today; and the paper is a model of comparative meth­
odology. 

The larger point to be emphasized is the nature of the natural 
history enterprise in western Europe in the late seventeenth and 
early eighteenth centuries, for present purposes especially in 
England, and especially centered among fellows of the Royal 
Society. Their sustained, intensive, extensive interest in North 
America is well recognized and is woven into the modem liter­
ature of zoology and especially of botany (Steams, 1970, and 
Frick et al., 1987, are superb examples) but is reflected hardly 
at all in that of paleontology (among notable exceptions is Ger-
mon et al., 1987), especially of vertebrates. 

There was nothing in the least casual or chancy in the collec­
tion of North American fossils; rather, they resulted from a pur­
posive campaign. In fact, it is a little surprising that the results 
were so meager for fossils in light of the effort expended. 
Much of the voluminous correspondence of Sloane, Petiver, 
Woodward, and others was devoted to creating and maintain­
ing a network of collectors, not least in the New World. 

A very good taste of the flavor of time and place can be had 
from Stearns' (1952:293-303) account of how the group 
cooked up a collector in cleric's clothing. The Bishop of Lon­
don, in 1694, sought advice from Martin Lister in recommend­
ing a candidate for chaplain to the governor of Maryland. This 
eventuated in Edward Lhwyd's putting forward his assistant, 
Hugh Jones, whose specific qualification was that he would be 
a worthy successor to John Banister. Jones was groomed in nat­
ural history, run hastily through religious orders, and rushed off 
to Maryland. Besides Lister and Lhwyd, James Petiver, Samuel 
Doody, Jacob Bobart, and Tancred Robinson are known to 
have had specific roles in the care and feeding of Jones; Petiver 
quite literally—besides equipment, supplies, and literature, he 
sent Jones a Cheshire cheese and English beer, plus medicine 
and medical advice (Steams, 1952:297, 299, 303). 

John Woodward (1696) provided "brief instructions" to geo­
logical collectors (see Eyles, 1971:403; Price, 1989:93, foot­
note 7). Petiver also prepared instructions, which were sent out 
with travellers and to correspondents. These were highly so­
phisticated, even to the point of recommending the stomach 
contents of sharks, and other great fish, as a source of "divers 
strange animals not easily to be met with elsewhere" (Steams 
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1952:363). As to fossils (his "formed Stones), Petiver instruct­
ed, "These must be got as intire as you can, the like to be ob­
served in marbled Flints, Slates, or other Stones, that have the 
Impression of Plants, Fishes, Insects, or other Bodies in them; 
these are to be found in Quarries, Mines, Stone or Gravel Pitts, 
Caves, Cliffs, and Rocks, on the Sea shoar, or wherever the 
Earth is laid open" (Stearns, 1952:364). 

Thus, these natural historians knew exactly what they want­
ed and devoted much thought, energy, and money toward get­
ting it. Much of their massive correspondence concerns details 
of instructing, inducing, exhorting, even bribing others to col­
lect (e.g., see MacGregor, 1995, on Sloane's correspondence 
and Steams, 1952, on Petiver's). 

SHARKS' TEETH.—Sharks' teeth are the quintessential enig­
mas of nature, whose charm has inspired wonder, and finally 
researches, more widely and continuously than perhaps any 
other fossil. It would scarcely be possible to overemphasize 
their importance in cutting-edge debate on the meaning, nature, 
and definition of fossils in the sixteenth and seventeenth centu­
ries. As indicated earlier, Rudwick (1976) has done a masterful 
job in laying out the major features of the story as it unfolded in 
the pioneering works of Colonna, Scilla, Steno, and Hooke; 
these need not be retold, but some essential points may be em­
phasized. 

First, "fossil" continued for many years to encompass almost 
any, usually natural, object "dug-up" from the earth, notably 
mineral specimens. "Figured stones" was a common term for 
what we now understand as fossils. Until there was general ac­
knowledgment that objects resembling living animals or plants 
actually were remains of once-living things, there was no logi­
cal basis to require a distinction from other interesting things 
dug up. 

Sharks' teeth, as glossopetrae or tongue-stones, were widely 
and deeply embedded in European pre-scientific culture, ema­
nating especially from Malta, where the fossils are abundant 
and are conveniently intertwined with the religious and magi­
cal lore of St. Paul, serpents, and poison (for a sampling of this 
lore, see Zammit-Maempel, 1975, 1989, and Bassett, 1982). 

From our present god-like heights of sophistication we have 
tended to dismiss the seeming wrongheaded reluctance to rec­
ognize sharks' teeth and other fossils for what they are as the 
ridiculous ignorance of benighted times; however, these gentle­
men were no simpletons but rather the greatest minds of that or 
any other age. Even after presentation of the careful, logical ar­
guments of Steno and Hooke, widely circulated in the Royal 
Society, that community of scholars did not rise as one in ac­
ceptance. Instead, the subject was hotly contested for some 30 
years before being laid to rest pretty much by the early 1700s. 
Grew, Hooke, Lhwyd, Woodward, Ray, Lister, Newton, and 
Scheuchzer all weighed in on the issue (e.g., see Stokes, 1969). 
Some, including Hooke, Woodward, and Scheuchzer, were de­
cisive in their support of organic origin. In this group only List­
er was adamant in his opposition. His views have been charac­
terized as ridiculous in hindsight, but his problem, in part, may 

have been that he knew too much. Lister knew mollusks as per­
haps none other of the time, and demanded, but did not find, 
exact correspondence between fossil and living forms. He was 
no fool—witness his coming close to "inventing" geologic 
mapping (Lyons, 1944:99; Steams, 1970:168). He might well 
be the Agassiz to Hooke's Darwin in this debate. Further, rec­
ognition of fossils as such created serious problems in the 
frame of reference of the time. From it followed almost inevita­
bly the problem of extinction of forms without modem coun­
terpart, and this was unacceptable in a perfectly economical 
universe, whether divine or natural. It was in relation to this 
problem that fossil and modern natural history specimens from 
far off places, such as America, held special appeal. Locally 
extinct organisms might well survive elsewhere. 

With the possible exception of Lister, it might be observed 
that the practices of those who equivocated on the nature of 
fossils made sense only if they in fact accepted their organic or­
igin. For example, Grew (1681:257) extrapolated (pretty suc­
cessfully) on the size of shark (36 feet; -11m) from which 
large glossopetrae originated; Sloane's (1697) paper on ray 
teeth was based solidly on comparative methodology—his per­
functory allusion to God's wisdom seems all too much like 
covering his flank. One is tempted to suspect persistence of a 
certain measure of accommodation to authority through lip ser­
vice while proceeding operationally on the basis of persuasive 
new insights. 

Another fascinating aspect in which sharks' teeth illustrate 
how scientific discovery works is the fact that Steno, Scilla, 
Hooke, and Woodward were essentially coeval in their re­
searches. Barring some more persuasive evidence of intellectu­
al piracy than has thus far materialized, the interesting point is 
that this was an idea whose time had come. Hooke was a great 
and wide-ranging idea man, and there is no need to detract 
from his astounding originality. His geologic insights and pri­
orities have at last been well presented (Drake, 1996). Never­
theless, he clearly had a tendency toward jealousy of priority— 
whatever the topic, he thought of it first (which contributed 
strongly to his irreparable schism with Newton). Even if Steno 
was aware of Hooke's and/or Scilla's ideas, he has to be ac­
corded primacy because he developed the idea fully with step-
by-step logical procedure, which has been brought out best by 
Scherz (1969, 1971). Woodward clashed with almost everyone, 
was a thoroughly unsympathetic character, and was accused of 
pirating Scilla's ideas, but he probably was not a plagiarist 
(Jahn, 1972:210) (useful and accessible insights into Wood­
ward's activities and character may be found in Eyles, 1971, 
and Levine, 1977). 

Another great truth illustrated by this history is that discover­
ies do not stay discovered; they must be tended like a garden. 
Scilla (1670) illustrated what turned out to be the first known 
specimen of a sharktoothed porpoise, family Squalodontidae, a 
nice piece of a mandible with three teeth. This historic speci­
men, preserved in the Woodward Collection at Cambridge, has 
since been the object of repeated attention in the paleontologi-
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cal literature of the modern era. Although first formally de­
scribed as a seal, and in one aberrant view regarded as a hippo­
potamus (Owen, 1840-1845:564-565, pl. 142: fig. 3), it has 
long since become securely and correctly embedded in the lit­
erature as a squalodont cetacean, the holotype of Squalodon 
melitensis (Blainville), where it has been alluded to and figured 
repeatedly (e.g., see McCoy, 1867:145; Kellogg, 1923:24; 
Gunther, 1937:433, unnumbered figure, p. 432; Fabiani 
1949:26-29, figs. 9, 10; Rothausen, 1968:92). Then, in 1992, 
Gould (in Purcell and Gould, 1992:93-94, figs. 64, 65) misi-
dentified the specimen as the jaw of a shark, invalid support for 
the valid interpretation of glossopetrae. Although as always we 
have a duty to correct objective mistakes, especially by con­
temporary and influential authorities (I wrote to Gould imme­
diately upon discovering the error, 8 March 1993), the signifi­
cant point is hardly that even the greatest living spokesperson 
for paleontology to the world at large is fallible, but that ap­
proach to truth is a fragile dynamic that requires continual vigi­
lance. There may be some validity to Gould's (1996:110) claim 
that "persistent minor errors of pure ignorance are galling to 
perfectionistic professionals," but this has no bearing on the 
overriding requirement that each professional strive assiduous­
ly to get things right and never knowingly let even "minor er­
rors" persist. 

Finally, the history of sharks' teeth in relation to humans is a 
powerful cautionary tale against fashion in science. Fortunate­
ly, people in general have maintained a seemingly innate curi­
osity and interest in them throughout time. In professional pale­
ontology, however, when I was a student some four decades 
ago at a prestigious university, only a naive beginner would 
risk being labelled childish, or worse, "amateurish," by betray­
ing any interest in sharks' teeth (or dinosaurs). Now dinosaurs 
are the hottest topic in vertebrate paleontology, and even sharks 
are respectable subjects of investigation (Klimley and Ainley, 
1996). Scientists are probably no more foolish as a group than 
the citizenry at large in lurching to extremes, but they may tend 
to appear so in retrospect because they put extreme views on 
record in emphatic terms. More reflective attention to the histo­
ry of our science would undoubtedly tend to mitigate our most 
embarrassing emanations and perhaps damp down fadism. I 
hope that these few modest historical nuggets are enough to 
persuade readers that ancient specimens, many lost or mislaid, 
and the thinking and writing surrounding them are not mere 
quaint curiosities but are landmarks that can and should have 
meaning today. 

Secord (1996:459) has made a forceful case for the value of 
history not merely as entertainment or nostalgia but as an ac­
tive force in research, concluding: 

Rather, a bold enquiry into the past can uncover the basic structures and 
large-scale patterns of change which lie behind our current dilemmas. We have 
inherited not just our institutions and practices, but our problems: and these can 
only be understood as products of history. A new culture of natural history will 
flourish only if it is effectively rooted in—and draws upon—a critical under­
standing of the past. 
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Analysis and New Records of Billfish 
(Teleostei: Perciformes: Istiophoridae) 

from the Yorktown Formation, Early Pliocene 
of Eastern North Carolina 

at Lee Creek Mine 

Harry L. Fierstine 

ABSTRACT 

Five species of the billfish family Istiophoridae (Istiophorus 
platypterus (Shaw and Nodder), Makaira indica (Cuvier), 
M. nigricans Lacepede, M. purdyi Fierstine, Tetrapturus 
albidus Poey) were identified from approximately 500 separate 
bones collected in the Yorktown Formation (early Pliocene) at Lee 
Creek Mine, North Carolina. This is the only record of M. purdyi, 
the first fossil record of the genus Tetrapturus (specifically T. 
albidus), the second fossil record of /. platypterus and M. 
indica, and the first record of I. platypterus, M. indica, M. nig­
ricans, and T. albidus from fossil deposits bordering the Atlantic 
Ocean. 

Identification was accomplished by converting length and width 
measurements of individual fossil elements to ratios (proportions), 
treating them as variables, and comparing them to ratios computed 
from a large series of bones from extant istiophorid species. Ratios 
of a fossil specimen that fell outside the range of ratios computed 
for extant species, or that were equivocal as to genus or species, 
were identified as one of the following: Istiophoridae, genus and 
species indeterminate; Istiophorus cf. /. platypterus; Makaira 
cf. M. indica; M. cf. M. nigricans; M. purdyi; cf. Makaira sp.; 
or Tetrapturus cf. T. albidus. Fifty-three percent of the fossil 
elements were identified as Istiophoridae, genus and species inde­
terminate, or as M. nigricans. 

Significant differences (P<0.05) exist between the predentary, 
rostrum, scapula, and vertebrae 1 and 23 of extant Makaira nig­
ricans and M. nigricans from Lee Creek Mine. Features at the 
extremely significant level (P<0.001) are predentaries that are 
deeper and rounder, rostra that have rounder cross sections and 
more ventrally placed nutrient canals, and first vertebrae that have 
a narrower transverse diameter anteriorly. 

Harry L. Fierstine, Biological Sciences Department, California Poly­
technic State University, San Luis Obispo, California 93407. 

A review of the natural history and zoogeography of the extant 
Istiophoridae was used to draw inferences about Lee Creek bill­
fish. The presence of Makaira indica at Lee Creek Mine suggests 
that the Panama seaway may have been a migration route for bill­
fish during the early Pliocene. The concentration of billfish at the 
mine supports the contention that the Yorktown Formation repre­
sents a tropical to warm temperate (21°-28°C) oceanic environ­
ment that was deposited at depths greater than 100 m. Using the 
width of the rostrum as an estimate of body size, M. nigricans at 
Lee Creek Mine probably had a sex ratio of a nonspawning popu­
lation; therefore, I hypothesize that by Yorktown time M. nigri­
cans had already established the present pattern of migrating 
northward in the western North Atlantic Ocean during the summer 
to feed after spawning in more southern waters. 

The fossil history of billfish relevant to the Lee Creek Mine 
fauna is reviewed and in some cases specimens are reidentified. 
The family Istiophoridae has a fossil history from the middle 
Miocene to recent, with the qualification that "Istiophorus" soli­
dus (Van Beneden) (late Eocene, Ghent, Belgium) may be an istio­
phorid. Makaira belgicus (Leriche) (middle Miocene, Anvers, 
Belgium), /. cf. /. platypterus (late Miocene, Eastover Forma­
tion, Virginia, United States), and Tetrapturus albidus (early 
Pliocene, Yorktown Formation, North Carolina, United States) are 
the oldest known species within their respective genera. 

Introduction 

Lee Creek Mine, located near Aurora, Beaufort County, east-
em North Carolina, is a large phosphate deposit mined by Tex-
asgulf, Inc. The Yorktown Formation (early Pliocene) at the 
mine has yielded the world's largest collection of fossils of the 
family Istiophoridae (billfish). Billfish are usually found as 
partial remains of one or two individuals at any one site (nu­
merous references in Fierstine, 1990, and Schultz, 1987), but at 
Lee Creek Mine approximately 500 separate bones have been 
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collected (mostly segments of rostra and vertebral centra). 
Based on past studies, the fragmentary nature of Lee Creek 
specimens would be expected to contribute little to our knowl­
edge of extant billfish. Recently, however, Fierstine and Voigt 
(1996) examined intra- and interspecific variation in recent 
billfish skeletons and demonstrated that adult billfish could be 
identified using rostral characters alone. They suggested that 
their technique of identification could be applied to partial ros­
tra, whether fossil or recent. Herein I employ methods de­
scribed in their paper to establish the presence of four species 
of extant billfish among the skeletal elements at Lee Creek 
Mine and to relate these data to the natural history and zooge­
ography of living billfish species. 

ACKNOWLEDGMENTS.—Without the contributions of many 
visionary amateurs, especially Peter Harmatuk and Becky and 
Frank Hyne, who donated fossil specimens to the National 
Museum of Natural History (NMNH; containing collections 
of the former United States National Museum (USNM)), 
Smithsonian Institution, there would have been few speci­
mens to study. R. Bisbee and family were gracious hosts dur­
ing the 1995 Bisbee Black and Blue Marlin Tournament, 
Cabo San Lucas, Baja California Sur, Mexico. Special thanks 
are extended to the following individuals for allowing exami­
nation of specimens in their custody: B. Brown (American 
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of Sciences), R. Feeney (Los Angeles County Museum of 
Natural History), S. Jewett (NMNH), M. McGrouther (Aus­
tralian Museum, Sydney), R. Purdy (NMNH), R. Rosenblatt 
(Scripps Institute of Oceanography, University of California, 
San Diego), V. Schneider (North Carolina State Museum), 
and J.D. Stewart (Los Angeles County Museum of Natural 
History). R.E. Weems (United States Geological Survey, Re-
ston, Virginia) and L.W. Ward (Virginia Museum of Natural 
History, Martinsville) provided valuable information on the 
collection site of Istiophorus calvertensis Berry (=7. cf. 7. 
platypterus). R. Purdy led me on an informative field trip to 
Lee Creek Mine and was exceedingly helpful in sending me 
specimens and references and in keeping me informed on var­
ious aspects of the Lee Creek Mine project. M. Gottfried 
(Michigan State University Museum), J.D. Stewart (Los An­
geles County Museum of Natural History), and D. Tyler 
(Smithsonian Institution Press) made valuable suggestions on 
an earlier version of the manuscript. L.G. Barnes (Los Ange­
les County Museum of Natural History) reviewed part of the 
paleogeographic section and brought Metaxytherium arcto-
dites Aranda-Manteca, Domning, and Barnes to my attention. 
Finally, A. Fierstine deserves special recognition for her as­
sistance and encouragement throughout this study. 

MATERIALS AND METHODS 

Following Fierstine and Voigt (1996), I use the scientific and 
common names of Robins et al. (1991) for recent species of 
fish, the institutional abbreviations of Leviton et al. (1985), and 

a combination of the osteological terminology of Davie (1990), 
Gregory (1933), Gregory and Conrad (1937), Jollie (1986), 
Rojo (1991), and Schultz (1987). Linear measurements of 
bones or structures were made to the nearest 0.5 mm with dial 
calipers or metric rule. 

LEE CREEK MINE SPECIMENS.—Billfish fossils were collect­

ed primarily by amateurs over the past 20 years from the 
weathered surface of spoil windrows from zones 1 and 2 
(Yorktown Formation), a by-product of dredging operations. 
Gibson (1983) concluded that both zones were deposited in 
early Pliocene time, and Hazel (1983:97) dated both zones at 
4.4-5.0 Ma based on planktonic foraminifers and radiometric 
dating of a stratigraphically equivalent site. Zone 1 contains 
sediments of open marine, inner- to middle-shelf environments 
that were deposited at depths of 80 to 100 m, and zone 2 con­
tains sediments of regressive, marginal marine environments 
that accumulated at 30 m or less (Gibson, 1983). 

Approximately 500 individual elements were examined, in­
cluding 183 vertebrae (mostly centra), 97 rostral fragments, 51 
predentaries, 30 scapulae, 28 quadrates, 26 first pectoral rays, 
21 maxillaries, 18 articulars, 17 dentaries, 13 parasphenoids, 
six epurals, four pterygiophores, two median-fin spines, and 
one vomer. The material is housed at NCSM and NMNH. 

RECENT COMPARATIVE SPECIMENS.—Whole and partial 

skeletons were examined. The number of specimens studied, 
their size range (length from lower jaw to fork of caudal fin, 
in mm), and the general collecting locality for each species are 
as follows. Sailfish, Istiophorus platypterus (Shaw and Nod-
d e r ) : 29 ( 1 4 3 7 - 1 8 3 0 ) w e s t e r n A t l a n t i c O c e a n , 16 
(1770-2175) eastern Pacific Ocean, 5 (1365-2025) off eastern 
Aus t ra l i a ; b lack mar l in , Makaira indica ( C u v i e r ) : 3 
(2457-3054) eastern Pacific Ocean, 8 (1325-2120) off eastern 
Australia; blue marlin, Makaira nigricans Lacepede: 41 
(1727-3283) central Pacific Ocean, 1 (3280) Indian Ocean, 11 
(2210-2432) western Atlantic Ocean, 1 (size and locality un­
known) ; whi te mar l in , Tetrapturus albidus Poey: 21 
(1530-1765) western Atlantic Ocean; shortbill spearfish, Tet­
rapturus angustirostris Tanaka: 5 (1486-1619) central Pacific 
Ocean; striped marlin, Tetrapturus audax Phi l ippi : 11 
(1924-2463) eastern Pacific Ocean, 1 (2500) off eastern Aus­
tralia, 2 (2420-2650) off New Zealand, 1 (1990) Indian 
Ocean, 1 (size and locali ty unknown) ; Medi te r ranean 
spearfish, Tetrapturus belone Rafinesque: 1 (size unknown) 
Mediterranean Sea; longbill spearfish, Tetrapturus pfluegeri 
Robins and de Sylva: 3 (1690-1740) western Atlantic Ocean. 
The material is housed at the following institutions: AMNH, 
AMS, CAS, GMBL, LACM, NCSM, UF, and NMNH. 

FOSSIL COMPARATIVE SPECIMENS.—The museum number, 

osteological material, geological age, and locality are given in 
the text for each relevant, non-Lee Creek Mine fossil speci­
men. The material is housed at The Natural History Museum, 
London (which houses collections of the former British Muse­
um (Natural History) (BMNH)), IRSNB, LACM, MNHNP, 
UCMP, and NMNH (collections are cataloged under USNM 
numbers). 
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CHARACTERS 

The characters and their definitions for each bone or struc­
ture are as follows. 

ARTICULAR (Figure \a,b).—Five characters occur in the re­
gion of the socket (main jaw joint) for articulation with the 
quadrate bone: length from the anterior margin of the socket to 
the posterior edge of the articular (ASM); length of the socket 
from its anterior to its posterior margin (AL); length from the 
apex of the socket to the posterior margin of the socket (AAL); 
width of the socket region from the medial process to the outer 
margin of the socket (ATW); and width of the socket proper 
(AW). 

DENTARY (Figure 2a).—Two characters are in the region of 
the interdentary joint: depth from the anteriormost denticles 
perpendicular to the ventral margin of the dentary (not to the 
distalmost margin of the dentary, which often has a projection) 
(DAD); and length of the interdentary joint from the mandibu­
lar foramen to the anteriormost denticles (DJL). 

FIRST PECTORAL-FIN RAY (Figure 2e).—Two characters oc­
cur on the surface of the first pectoral-fin ray that articulates 
with the scapula: greatest width from the outer margin of the 
flange to the outer margin of the ray (FW); and width of FW 
that crosses the scapular facet (FAW). 

MAXILLA (Figures \e,f 3a,c).—Five characters occur in the 
"triangular region" that articulates with the nasal, premaxilla, 

con con 

^QAW 

FIGURE 1.—Bones of a generalized istiophorid: a. 
left articular, lateral view of posterior region; b, left 
articular, dorsal view of joint with quadrate; c, left 
quadrate, lateral view; d, left quadrate, ventral view 
of joint with articular; e, left maxilla, lateral view of 
triangular region;/ left maxilla, dorsal view of trian­
gular region. Abbreviations: con=condyle, fv=facet 
for articulation with vomer, i pr=internal process, m 
pr = maxillary process, Q-A = socket of quadrate-
articular joint, sn = symplectic notch, tr=triangular 
region of maxilla. See "Characters" for definition of 
other abbreviations. 
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DJL 

FIGURE 2.—Bones of a generalized istiophorid: a, left 
dentary, medial view of interdentary joint; b, predentary, 
left lateral view; c, predentary, dorsal view; d, left pecto­
ral girdle, lateral view emphasizing articular surface for 
first pectoral-fin ray of scapula; e, left first pectoral-fin 
ray, proximal view emphasizing articular facet for scap­
ula. Abbreviation: mf=mandibular foramen. See "Charac­
ters" for definition of other abbreviations. 

DAD 

FW 

prenasal, and vomer bones: length of the "triangle" (ML); 
height of the triangle (MH); width from lateral surface of the 
triangle to the medial margin of the facet for articulation with 
the vomer (MW); and height (MVH) and width of the facet 
(MVW) for the vomer. 

Although the maxilla in whole specimens is an elongate bone 
with an anteromedially projecting internal process and a poste-
rolaterally projecting maxillary process, only the triangular re­
gion was preserved in Lee Creek specimens. 

PARASPHENOlD (Figure Sa,b).—Four characters are in the 
central region: distance between the left carotid foramen and 
the orbital margin of the left dorsal wing (PAF); width between 
the carotid foramina (PAFW); depth between the ventral mar­
gin of the parasphenoid and the notch posterior to the basisphe­
noid process (PAD); and narrowest width of the anterior pro­
cess (PAW). 

PREDENTARY (Figure 2b,c).—Three characters were mea­
sured: length along the ventral midline (PL); width across the 

widest expanse of the denticulated surface (PW); and depth 
perpendicular to the long axis from the widest expanse of the 
denticulated surface to the ventral surface of the bone (PD). 
The posterior extensions of the predentary usually form wing­
like processes that are wider than PW, but because the exten­
sions often are missing in the fossils and broken in the recent 
specimens, this measurement was omitted. 

QUADRATE (Figure \c,d).—Five characters were measured: 
greatest height from the condyle for articulation with the artic­
ular to the tip of the dorsal process (QH); height from the 
condyle to the notch for the symplectic bone (QHS); greatest 
width (medial to lateral) in the region of the condyle (QAW); 
width of the condyle (QMW); and length of the condyle 
(QML). 

ROSTRUM (Figures 3, 4).—Rostra were measured according 
to the methods of Fierstine and Voigt (1996). Two regions 
were emphasized in recent specimens: 0.5L, or one-half the 
distance between the distal tip and the orbital margin of the lat-
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H- Bill Length (L) 

0.5L 

-H 

0.25L 

t 
Premaxi l la 

Predentary M a x j | | a 

(m pr) Lateral 
Ethmoid 

FIGURE 3.—A generalized istiophorid rostrum (modi­
fied from Fierstine and Voigt, 1996): a. left lateral 
view; b, dorsal view; c, ventral view. Abbreviations: 
DE=dermethmoid bone, i pr=internal process, m 
pr = maxillary process, ORB = orbital region, 
PS=parasphenoid bone, tr=triangular region of max­
illa. See "Characters" for definition of other abbrevia­
tions. 

m pr 

0.25L 
L Premax i l l a - i 

eral ethmoid bone, and 0.25L, or one-fourth the distance be­
tween the distal tip and the orbital margin of the lateral ethmoid 
bone. Characters studied (Figures 3, 4) in each region (0.5L 
and 0.25L, respectively) were depth (DI, D2) and width (Wl, 
W2) of the rostrum, height (HI, H2) of the left nutrient canal 
(as seen in cross section), and distance (DD1, DD2) of the nu­
trient canal from the dorsal surface (as seen in cross section). 
Characters studied without reference to region were distribu­
tion of denticles on the dorsal surface of the rostrum measured 
from the distal tip (DZ), length from the distal tip of the ros­

trum to the distal extremity of the prenasal bone (P), presence 
or absence of denticles on the prenasal bone, and length from 
tip to where the fused premaxillaries divide (VSPM) into sepa­
rate bones. 

In Lee Creek Mine specimens, the exact position of 0.5L or 
0.25L was unknown, and cross sections were studied at the 
broken end(s). No transverse cuts were made. Using the tech­
nique of Fierstine and Crimmen (1996), a cross section was 
estimated to be at 0.5L if the prenasal bone was large and to 
be at 0.25L if the prenasal bone was tiny or absent. Characters 
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studied in each estimated region were identical to those stud­
ied in recent species. 

SCAPULA (Figure 2d).—Three characters occur on the sur­
face that articulates with the first pectoral-fin ray: length from 
the flange to the dorsal margin (SL); greatest width (SGW); 
and narrowest width (SNW). The articular surface also was 
judged to be "flat" or "curved." 

VERTEBRAE (Figures 5c-/ 6).—All members of the Istio­
phoridae have 24 vertebrae, with the genera Istiophorus and 
Tetrapturus having 12 precaudals and 12 caudals and the genus 
Makaira having 11 precaudals and 13 caudals (Nakamura, 
1983, 1985). Most vertebral remains from Lee Creek Mine are 
incomplete, consisting only of centra without processes. Each 
vertebra's general position in the vertebral column (e.g., anteri­
or precaudal or anterior caudal) usually can be determined, but 
not its specific position (e.g., first caudal). In contrast, the first, 
twenty-second, twenty-third, and twenty-fourth (hypural) ver­
tebrae are distinctive enough to be identified consistently 
among the fossil vertebrae and, therefore, were chosen for de­
tailed examination. 

Eight characters occur on the first, twenty-second, and 
twenty-third vertebrae (Figure 5c—f): length from the anteri­
or edge to the posterior edge of the centrum (CL); length from 
the anterior edge of the centrum to the anterior margin of the 
spinal foramen (AS); length from the posterior edge of the 
centrum to the posterior margin of the spinal foramen (PS); 
lateral diameter of the anterior surface of the centrum (LAD); 
dorsoventral diameter of the anterior surface of the centrum 
(VAD); lateral diameter of the posterior surface of the cen­
trum (LPD); dorsoventral diameter of the posterior surface of 
the centrum (VPD); and narrowest width of the centrum as 
seen from the ventral surface (NW). An additional measure­
ment was made of the greatest width across the articular sur­
faces for the exoccipital bones (ASW) on the first vertebra 
(Figure 5/). 

Five characters occur on the hypural (Figure 6): length from 
the anterior edge of the centrum to the hypural notch (HL); dor­
soventral diameter of the anterior surface of the centrum 
(HDD); length from the dorsal tip of the hypural plate to the 
ventral tip (HH); greatest width across the hypurapophyses 
(HW); and length of the hypural notch (HNL). 

DATA ANALYSIS 

SPECIES IDENTIFICATION AND COMPARISON.—This paper 
basically builds on methods developed by Fierstine and Voigt 
(1996) for identifying recent billfish using rostral characters. I 
believe ratios (proportions) help reduce size effects and facili­
tate identification of isolated bones or bone fragments; thus, ra­
tios were used as variables rather than direct measurements. 
Ratios were usually formed by dividing a shorter measurement 
(e.g., width) by a longer measurement (e.g., length). For exam­
ple, for the predentary bone (Figure 2b,c), width (PW) was di­
vided by length (PL) to obtain the ratio PW/PL, depth (PD) 
was divided by length (PL) to obtain PD/PL, and depth (PD) 

H-Width ( W 1 ) - H 

T T 
DD1 I 

i Depth (D1) 

1 
Nutrient Canal 

Midline Suture 

Premaxil la 

H-Width ( W 2 ) - * | 

DD2 / \ I 
i f \ Depth (D2) 

Nutrient Canal 

Midline Suture 

6 
FIGURE 4.—A generalized istiophorid rostrum (modified from Fierstine and 
Voigt, 1996): a. cross section at one-half bill length (0.5L); b. cross section at 
one-fourth bill length (0.25L). See "Characters" for definition of abbreviations. 

was divided by width (PW) to obtain PD/PW. A table of ob­
served ranges for each ratio was constructed for each recent 
species (Tables 1, 2). 

Each Lee Creek Mine specimen was measured, the measure­
ments were converted to ratios (Tables 3, 4), and the ratios 
were compared to the observed ranges of recent species (see 
Table 5 for examples using selected predentary bones). If a ra­
tio fell within the range of the recent species, then it was so 
scored. If a specimen had more scores of one species than an­
other, it was identified as belonging to that species. A specimen 
was identified only to genus if its score overlapped two or more 
species of the same genus; it was identified to family if its 
score overlapped two or more genera. If some ratios fell out­
side the observed ranges for recent species, the specimen was 
identified as a variant of a known recent (e.g., cf. Makaira sp.) 
or fossil taxon. 

Where possible, measurements of non-Lee Creek Mine fossil 
specimens were converted to ratios (Table 6) and were com­
pared with both Lee Creek and recent specimens. 
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PAD T. ff Iw 
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i n P S , 
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f 
FIGURE 5.—Bones of a generalized istiophorid: a, parasphenoid, left lateral view of posterior region; h, parasphe-
noid, ventral view of posterior region; c, twenty-second vertebra, left lateral view; d. twenty-second vertebra, 
anterior view; e, twenty-second vertebra, dorsal view;/ first vertebra, anterior view. Abbreviations: a pr=anterior 
process, b pr=basisphenoid process, cf=carotid foramen, lw=lateral wing, p pr=posterior process, sf=spinal 
foramen. See "Characters" for definition of other abbreviations. 

STATISTICAL METHODOLOGY.—As described above, sim­
ple descriptive statistics were used to identify fossil speci­
mens, that is, each ratio from a Lee Creek Mine specimen was 
compared to the range of values for that ratio in all recent is­
tiophorid species (Tables 1, 2). After the identifications were 

finalized, the unpaired Mest (Welch's modification, InStat® 
statistical software (GraphPad Software, 1993)) was used to 
compare variables (ratios) of Makaira nigricans from Lee 
Creek Mine to those of recent M. nigricans (Table 7) and M 
indica (Table 8). Other species from Lee Creek Mine were 
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HNL 
[*— HW—•] 

FIGURE 6.—Hypural of a generalized istiophorid: a. left lateral view; b, ante­
rior view. See "Characters" for definition of abbreviations. 

not included in the statistical analysis because of their small 
sample sizes. 

Systematic Paleontology 

Class ACTINOPTERYGII sensu Nelson, 1994 

Division TELEOSTEl sensu Nelson, 1994 

Order PERCIFORJVIES sensu Johnson and Patterson, 1993 

Suborder SCOMBROIDEI sensu Carpenter et al., 1995 

Family ISTIOPHORIDAE sensu Robins and de Sylva, 1960, 
genus and species indeterminate 

PLATES \a-k, 2a-j. 3d-h 

MATERIAL.—14 articulars (NCSM 5576; USNM 284817, 
284888, 290195, 291204, 475433, 481894, 481902, 481913, 
481917, 488016, 488062, 488099, 488113); 8 dentaries (NC­
SM 2126; USNM 381941, 475394, 475417, 476373, 481980, 
488025, 488084); 26 first pectoral-fin rays (NCSM 5297; 
USNM 284901, 284918, 284919, 290147-290149, 290202, 
475435, 475436, 481904-481907, 488026, 488028, 
488030^88032, 488041, 488053, 488054, 488061, 488083, 2 
USNM uncataloged); 5 maxillae (USNM 475425, 481983, 
481989, 488038, 488039); 1 parasphenoid (USNM 284815); 
26 predentaries (USNM 286961, 286966, 286967, 286970, 
286977, 475398, 475403, 475404, 475412-475414, 481952, 
481953, 481955-^81958, 481960, 481961, 481964^181966, 
488010, 488012, 488013, 488015); 17 quadrates (NCSM 6966, 
7901, 8324; USNM 475426, 475427,475429^175432, 481915, 
488042, 488051, 488081, 488090, 488108, 488114, 488115); 
37 rostra (NCSM 2972, 8657, 11224; USNM 286900, 286947, 
286994, 286995, 475400, 475409, 475422, 476329, 476331, 
476332, 476334, 481934, 481939,481945, 481946,481950, 

481951, 481970,481975, 481978, 481984, 488017-488019, 
488021, 488022, 488119, 7 USNM uncataloged); 12 scapulae 
(NCSM 7902; USNM 290205, 290206, 475428, 475434, 
481925, 481926, 488034, 488109, 488111, 2 USNM uncata­
loged); 9 vertebra number 1 (NCSM 4914, 6920, 11187; 
USNM 286178, 488058, 488074, 488077, 488087, 1 USNM 
uncataloged); 1 vertebra number 23 (USNM 488094); 11 hy-
purals (USNM 282946, 283731, 290542, 290594, 481982, 
488091, 488092, 488103, 488105, 2 USNM uncataloged). 

REMARKS.—Specimens range in size from small to large and 
have the morphology of a generalized istiophorid with the ex­
ception that some specimens have one or more ratios that lie 
outside the range of values measured for extant istiophorids 
(Tables 1, 2). Some of these unique specimens are as follows: 
articular NCSM 5576 (Plate \a,b), with an AAL/AL ratio 
(1.24) indicating an unusual-shaped socket for articulation with 
the quadrate; dentary USNM 488084 (Plate lc), a very small 
specimen, with a DAD/DJL ratio (0.32) indicating a shallow 
interdentary joint; first pectoral-fin ray USNM 290202 (Plate 
\d), with a FAW/FW ratio (0.80) demonstrating a large articu­
lar surface for the scapula; maxilla USNM 475425 (Plate \f,g), 
with three unique ratios (MVW/MVH = 0.66, MVW/ 
MW=0.37, MVW/MH=0.43) indicating a very small articular 
surface for the vomer bone; predentary USNM 481956 (Plate 
\j,k), with two ratios (PW/PL=1.54, PD/PL=1.02) indicating 
the bone is very short relative to its width and depth, yet it does 
not appear abnormally developed; quadrate USNM 481915 
(Plate 2a,b), with a QAW/QHS ratio (0.55) indicating a wide 
surface for articulation with the articular; 17 rostra having ei­
ther one or both ratios Dl/Wl, D2/W2 with values greater than 
0.83, suggesting a rounder cross section; first vertebra USNM 
286178, with three ratios (LAD/CL = 0.36, LPD/CL=0.36, 
LAD/LPD=1.0) indicating a centrum having a small diameter 
for its length. 

Parasphenoid bone USNM 284815 (Plate \h,i) is provision­
ally placed here because it has a confusing array of ratios: one 
(PAF/PAD) scores only for Tetrapturus albidus and another 
(PAD/PAFW) scores only for Makaira nigricans. Several pre­
dentaries (e.g., USNM 286961, 481955, 481957, 481960, 
481961) are from large individuals, much larger than any ex­
tant Istiophorus platypterus or T. albidus examined. Fifteen of 
the quadrates are so fragmentary that only two out of a possible 
five ratios can be used for identification. All scapulas have 
curved surfaces for articulation with the first pectoral-fin ray. 
Some specimens are larger than any scapulas examined of ex­
tant /. platypterus and Tetrapturus spp. (e.g., USNM 475428), 
whereas others are smaller (e.g., NCSM 7902, Plate id). 

Nine of the 37 rostra have denticles on the prenasal bone 
(Table 3), whereas the remainder either do not have denticles 
or the presence or absence of denticles is unknown. Twelve of 
the rostra are so poorly preserved that they have only one ratio 
that can be used for identification. Rostrum USNM 481946 
shares all of its ratios with extant M. indica as well as with one 
of the species of extant Tetrapturus. Several rostra (e.g., 
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TABLE 1.—Mean (x), observed range, and number of specimens examined (n) for each of 10 rostral variables (ra­
tios), and presence (P) or absence (A) of denticles on the prenasal bone for six extant species of the family Istio­
phoridae. Abbreviations for ratios are explained in the text and in the legends to figures 3 and 4. 

Ratio 
Dl/Wl 
Hl/Dl 
DD1/D1 
D2/W2 
H2/D2 
DD2/D2 
D2/VSPM 
W2/VSPM 
P/VSPM 
DZ/P 

Denticles on 
prenasal bone 

/. platypterus 

(x) (range) n 

.68(.58-.78)31 

.24(.15-.35)28 

.32(.21-.41)28 

.64(.55-.75)30 

.l8(.ll-.26)28 

.38(.28-.46)28 

.03(.03-.04)25 

.05(.04-.06)24 
,58(.45-.83)17 
1.4(.76-2.5)18 

(P/A) n 

(8/23) 31 

M. indica 

(x) (range) n 

.72(.66-.78)10 

.16(.13-.20) 9 

.43(.38-.49) 9 
,68(.58-.77)10 
,10(.08-.12) 9 
.46(.38-.51) 9 
.06(.05-.08) 8 
.09(.07-.IO) 8 
.53(.48-.60) 8 
.30(.10-.50) 9 

(P/A) n 

(0/10) 10 

M. nigricans 

(x) (range) n 

.70(.59-.80)41 

.14(.07-.20)36 
,46(.33-.62)36 
.64(.54-.83)41 
.12(.06-.21)32 
.47(.22-.64)32 
.04(.04-.05)35 
.07(.05-.08)35 
.51(.38-.87)33 

.04(0-.ll)37 

(P/A) n 

(1/36) 37 

T. albidus 

(x)(range)n 

,62(.56-.66)13 
,13(.09-.15) 7 
.40(.35-.45) 7 
.53(.47-.61)14 
,12(.09-.14) 7 
.40(.32-.43) 7 
.04(.03-.05)12 
,07(.06-.09)l2 
,53(.42-.66)ll 
2.4(1.5-3.3) 9 

(P/A) n 

(9/1) 10 

T. anguslirostris 

(x) (range) n 

.64(.57-.70)3 

-
-

.61(.58-.64)3 

.11(.07-.14)2 

.63(.62-.63)2 

.15(.13-.19)3 

.24(.20-.30)3 

.39(.30-.45)3 
0(0)3 

(P/A) n 

(0/3) 3 

T. audax 

(x) (range) n 

.68(.59-.80)13 

.I4(.I0-.I7) 8 

.11(.08-.14) 7 

.6I(.52-.67)13 

.12(.09-.14) 8 
,46(.41-.55) 8 
.04(.03-.05)12 
.06(.05-.08)12 
.48(.38-.57)l2 
.93 (.30-2.0) 9 

(P/A) n 

(2/8) 10 

T. pfluegeri 

(x) (range) n 

.62(.59-.64)2 

-
-

.65(.65)2 
-(.15)1 

.49(.48-.50)2 

.05(.05-.06)2 

.08(.07-.09)2 

.55(.55-.56)2 
0(0)2 

(P/A) n 

(0/2) 2 

USNM 286994, 476334, 481939) have a naturally shortened 
distal tip (Plate 2c,d). Two specimens have unequal-sized nu­
trient canals: USNM 475400 has the right canal more narrow 
than the left, and the left canal of USNM 475409 (Plate 2h) is 
larger in diameter than the right. The left prenasal of USNM 
476329 extends more distally than the right. 

Genus Istiophorus Lacepede, 1801 

Istiophorus platypterus (Shaw and Nodder, 1792) 

PLATE Aa-k 

MATERIAL.—2 maxillae (USNM 290198, 488082); 5 rostra 
(USNM 286949, 286972, 481967, 481968, 481973). 

REMARKS.—Both maxillae are large and probably come 
from specimens of greater body length than any extant Istio­
phorus platypterus examined. In fact, maxilla USNM 290198 
(Plate 4a, b) is much larger than any maxilla examined for Ma­
kaira nigricans. All rostra are small and fit within the body 
length expected for /. platypterus. All rostra have three or more 
ratios on which to base an identification and have ratios Hl/Dl 
and H2/D2 within the range of extant sailfish. Rostrum USNM 
481973 (Plate 4e) has asymmetrically sized nutrient canals. 

Istiophorus cf. /. platypterus (Shaw and Nodder, 1792) 

PLATE 5a-e 

MATERIAL.—1 rostrum (USNM 286950); 1 hypural (USNM 
488093). 

REMARKS.—Specimens are placed in this taxon because one 
or more ratios fall outside the range of values measured for ex­
tant istiophorids (Tables 1, 2), whereas other ratios fall within 
the characteristics of Istiophorus platypterus. Rostrum USNM 
286950 (Plate 5c) has a H2/D2 ratio (0.27) greater than any ex­
tant /. platypterus examined (Table 1). 

Genus Makaira Lacepede, 1802 

Makaira indica (Cuvier, 1832) 

PLATE 5f-k 

MATERIAL.—4 predentaries (USNM 475399, 475411, 
488009, 488014); 2 scapulas (USNM 481927, 488112). 

REMARKS.—The predentaries (Plate 5h-k) are distinguished 
by having PD/PL ratios that only encompass Makaira indica 
and M. nigricans and by having PD/PW ratios that fall outside 
the observed range for M. nigricans (>0.61) but within the 
range of other istiophorids. Both scapulas have a narrow, flat 
articular surface for the first pectoral-fin ray (Plate 5f,g). A nar­
row width with a flat articular surface is characteristic of M. in­
dica (Wapenaar and Talbot, 1964) (SNW/SL, Table 2). 

Makaira cf. M. indica (Cuvier, 1832) 

PLATE 5/ 

MATERIAL.—1 scapula (USNM 488100). 
REMARKS.—Scapula USNM 488100 (Plate 5/) has a narrow, 

curved surface for articulation with the first pectoral-fin ray. 

Makaira nigricans Lacepede, 1802 

PLATES da-m, 7a-m 

MATERIAL.—4 dentaries (NCSM 2124, 2125; USNM 
475396, 475423); 8 parasphenoids (NCSM 5159, 11248; 
USNM 2855370, 421526, 481990, 488047, 488048, 488050); 
13 predentaries (USNM 25741, 291066, 291114, 475415, 
481935-481938, 481954, 481959, 481962, 481963, 488011); 
38 rostra (NCSM 2129; USNM 286973, 286986, 286996, 
290614, 297407, 475397, 475401, 475405, 475406, 475408, 
475410,475419-475421, 476330, 476333, 481941—481943, 
481947^181949, 481971, 481972, 481976, 481977, 488020, 
488023, 488024, 8 USNM uncataloged); 5 scapulae (USNM 
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TABLE 2.—Mean (i), observed range, and number of bones examined (n) tor variables (ratios) on 12 bones of 
eight extant species of the family Istiophoridae. Abbreviations for ratios are explained in the text and in the leg­
ends to figures 1, 2, and 5. 

Ratio 

Articular 

AL/ASM 

AW/AL 

AAL/AL 

ATW/AL 

AW/ATW 

Dentary 

DAD/DJL 

First pectoral-fin ray 

(dorsal segment) 

FAW/FW 

Maxilla 

MW/ML 

MH/ML 

MVW/MVH 

MVW/ML 

MVW/MW 

MVW/MH 

Parasphenoid 

PAF/PAFW 

PAF/PAD 

PAD/PAFW 

PAW/PAFW 

PAD/PAW 

Predentary 

PW/PL 

PD/PL 
PD/PW 

Quadrate 

QAW/QH 

QMW/QAW 

QAW/QHS 

QMW/QHS 
QMW/QML 

Scapula 

SGW/SL 

SNW/SL 

SNW/SGW 

Vertebra 1 

AN/CL 

PN/CL 

ASW/VAD 

ASW/CL 

LAD/CL 

VAD/CL 

VAD/LAD 

LPD/CL 

VPD/CL 

VPD/LPD 

LAD/LPD 

VAD/VPD 

NW/CL 

NW/LPD 

Vertebra 22 

AN/CL 

PN/CL 

LAD/CL 

VAD/CL 

VAD/LAD 

LPD/CL 

/. platypterus 

(x) (range) n 

.70(.59-.80)22 

.74(.53-.94)22 

.74(.59-.92)22 

1.1 (.91-1.4)21 
.67(.54-.78)26 

.44(.33-.55)l5 

.65(.55-.71)17 

.39(.25-.57)14 

.33(.26-.47)14 

1.4(.95-2.4) 9 

.22(.17-.36) 9 

.55(.48-.63) 9 

,64(.59-.75) 9 

.58(.39-.67) 9 

.55(.47-.67) 9 

1.1 (.74-1.4) 9 
.70(.62-.86) 9 
1.6(1.2-2.2) 9 

.50(.23-.63)21 

.27(.20-.37)21 

.56(48-1.0)21 

.17(.15-.20)11 

.68(.58-.8l) l l 

.29(.24-.39) 11 

.I9(.17-.23)l l 

.73(.62-.80)ll 

,67(.55-.81)13 

.44(.30-.53)l3 

.65(.53-.78)l3 

.61(.53-.69) 7 

.46(.40-.52)10 

.82(.6I-1.0) 9 

.62(.50-.78) 9 

.68(.60-.77) 9 

,77(.62-.91)I0 

1.1 (.88—1.3) 9 
,78(.72-.89)l0 

.76(.70-.83)I0 

.97(93-1.0)10 

,89(.82-.97) 9 

1.0C.76—1.1)10 

.37(.22-.47)l0 

.47(.30-.56)10 

.60(.57-.64) 11 

.38(.32-.42)ll 

,58(.45-.66)ll 

.53(.47-.57)ll 

.91 (.78-1.1) 11 

,54(.48-.62)IO 

M. indica 

(x) (range) n 

.90(.85-.94)2 

.70(.69-.70)2 

.59(.59-.60)2 

,94(.94-.95)2 

.74(.74-.74)2 

-(.86)1 

.27(.18-.37)8 

-
-
-
-
-
-

-(•32)1 

-(.54)1 

- ( 5 9 ) 1 

-(.85)1 

-(.70)1 

,54(.48-.62)5 

,38(.30-.41)5 

.70(.63-.81)5 

.29(.28-.31)2 

.85(.83-.88)2 

.44(.44-.45)2 

.38(.38-.38)2 
1.1(1.1-1.1)2 

.44(.36-.53)8 

.16(.11-.19)8 

.36(.26-.47)8 

-
-
-
-
-
-
-
-
-
-
-
-
-
-

-(.56)1 

-(.38)1 

-(.68)1 

-(.50)1 

-(.73)1 

-(.74)1 

M. nigricans 

(x) (range) n 

.80(.66-.93)23 

,84( .68-l . l )23 

.68(.47-.9l)23 

1.2(.98-1.6)22 

.71(.55-.78)22 

,76(.55-.89)12 

.65(.5I-.72)20 

.64(.60-.70) 5 

,43(.38-.49)14 

1.2(1.1-1.3) 3 
.36(.35-.37) 3 

,56(.53-.60) 3 

.90(.81-.96) 3 

,41(.32-.52) 8 

.64(.57-.73) 8 

.63(.55-.79) 8 

.84(.67-1.0) 8 

.77(.62-.97) 8 

.65(.45-l .I)23 

.36(.26-.58)23 

.56(.48-.61)23 

.23(.l9-.27)22 

.77(.57-.92)22 

.36(.30-.43)2I 

.27(.22-.35)2I 

.86(.63-1.0)22 

.58(.51-.76)20 

.35(.22-.51)20 

.60(.37-1.0)20 

.64(.51-.74) 6 

,41(.38-.47) 9 

1.0(.79-1.6) 9 

,95(.77-1.2) 9 

,92(.84-I.0) 9 

.94(.74-I.O) 9 

1.0(.80-1.2) 9 

1.0(.92-1.1) 8 

.95(.86-l.0) 9 

.93 (.86-1.0) 8 

,9l(.86-.96) 8 

.99(.76-1.1) 9 

.63(.57-.74) 9 

.62(.55-.68) 8 

.60(.57-.62) 7 

.39(.36-.43) 7 

.77(.58-.87) 7 

.50(.42-.54) 7 

.66(.62-.73) 7 

,74(.56-.84) 7 

T. albidus 

(x) (range) n 

.71(.58-.91)15 

.91 (.65-1.3) 15 

.70(.54-.97)I5 

1.3 (.96-1.9) 15 

.71(.57-.86)15 

53(.47-.60)10 

,66(.61-.72)14 

.47(.44-.5l) 8 

.38(.34-.45)10 

1.2(.80-1.8) 3 

.20(.18-.24) 3 

.44(.40-.48) 3 

.54(.50-.58) 3 

.51 (45-.60) 9 

.60(.47-.83) 9 

.86(.73-.98) 9 

.53(.4l-.73) 9 

1.7(1.0-2.1) 9 

.41(.34-.57)I5 

,24(.20-.33)l5 

,59(.53-.65)15 

.21 ( .18-24) 17 

.73(.48-.88)18 

.35(.30-.40)18 

,25(.19-.30)18 

.83 (.53-1.0)18 

.64(.54-.72)l3 

.42(.30-.55)13 

.67(.50-.84)13 

.67(.57-.77) 4 

.37(.26-,42) 4 

.89(.85-.96) 4 

.69(.64-.76) 4 

.69(.62-.75) 4 

,77(.74-.79) 4 

1.1(1.1-1.2) 4 

.74(.69-.78) 4 

.73(.69-.76) 4 

,98(.97-1.0) 4 

.93(.9l-.96) 4 

1.1(1.0-1.1) 4 
.41 (.39-.47) 4 

.56(.5l-.60) 4 

,58(.55-.62) 5 

.39(.36-.45) 5 

.58(.54-.63) 5 

.50(.46-.53) 5 

.87(.84-.92) 5 

,54(.5l-.57) 4 

T. angustirostri. 

(x) (range) « 

-
-
-
-
-

-

-(.62)1 

-
-
-
-
-
-

-
-
-
-
-

.60(.54-.69)4 

.59(.52-.69)4 

.99(.97-1.0)4 

-(.16)1 
-(.65)1 

-
-

-(.56)1 

.70(.68-.71)2 

.60(.53-.68)2 

.87 (.74-1.0) 2 

-
-
-
-
-
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-

T. audax 

(x) (range) 

.78(.68-.88) 

.71(.58-.85) 

,66(.55-.79) 

1.1 (.87-1.3) 

/; 

9 
9 

9 
9 

.63(.58-.70)10 

.56(.39-.74) 

.62(.58-.67) 

.47(.45-,49) 

.37(.36-.37) 

1.2(.96-1.5) 

.28(.25-.3I) 

.60(.51-.69) 

.77(.68-.85) 

.68(.63-.72) 

.62(.57-.68) 

1.1(1.1-1.1) 

.58 ( .47-68) 
2.0(1.6-2.4) 

7 

4 

2 
2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

,42(.33-.51)13 

,26(.22-.30)13 

.60(.53-.72)l3 

.21(.20-.22) 

,71(.67-.77) 

.38(.37-.39) 

.28(.27-.28) 

.79(.65-1.0) 

,63(.60-.64) 

.56(.49-.63) 

.89(.82-1.0) 

.64(.59-.70) 

.43(.39-.45) 

,90(.81-.97) 

.8l(.76-.88) 

.78(.70-,87) 

.91(.82-.99) 

1.2(1.1-1.2) 

.86(.80-.90) 

,85(.78-.91) 

.98(93-1.0) 

.91(.88-.96) 

1.1(1.1-1.2) 

.45(.42-.52) 

.52(.47-.58) 

.60(.59-.60) 

,40(.40-.41) 

.61(.61-.61) 

.52(.51-.52) 

,85(.83-.87) 

.64(.63-.66) 

4 
4 

2 

2 

4 

4 

4 

4 

2 
5 

5 

5 

5 

5 

5 

5 

4 

4 

5 

4 

5 

5 

2 

2 

2 

2 

2 

2 

T he/one 

(x) (range) n 

-
-
-
-
-

-

-(.72)1 

-
-
-
-
-
-

-
-
-
-
-

- ( 5 9 ) 1 

-(•53)1 
-(.90)1 

-
-
-
-
-

-
-
-

-
-
-
-
-
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-

T. pfluegeri 

(x) (range) n 

-(.81)1 

-(.89)1 

-(.29)1 

-(1.1)1 

-(.81)1 

.26 ( .22-30)2 

-(.65)1 

.24(.23-.24)2 

.33 (.31-.34) 2 

-
-
-
-

-(.63)1 
-(.49)1 

-(1.3)1 

-(.89)1 

- ( 1 5 ) 1 

-(.65)1 

-(.60)1 

-(.92)1 

-(.17)1 

- ( 6 2 ) 1 

-(.30)1 

-(.18)1 

-(.71)1 

64(.64-.64)2 

,56(.54-.57)2 

.87(.85-.90)2 

-(.65)1 

-(.41)1 

-(.86)1 

- ( 4 8 ) 1 

-(.53)1 

- ( 5 6 ) 1 

-(1.1)1 

-
-
-
-
-

-(•22)1 

-

-(.62)1 

- ( 3 8 ) 1 

- ( 4 8 ) 1 

-(.45)1 

-(.94)1 

-(.46)1 
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Ratio 

VPD/CL 
VPD/LPD 
LAD/LPD 
VAD/VPD 
NW/CL 
NW/LPD 

Vertebra 23 
AN/CL 
PN/CL 
LAD/CL 
VAD/CL 
VAD/LAD 
LPD/CL 
VPD/CL 
VPD/LPD 
LAD/LPD 
VAD/VPD 
NW/CL 
NW/LPD 

Hypural 
HDD/HL 
HDD/HH 
HDD/HW 
HL/HH 
HW/HL 
HW/HH 
HNL/HL 

/. platypterus 

(x) (range) « 

.49(.45-.54)ll 
,90(.80-.97)10 
1.1 (.92-1.2) 10 
1.1(1.0-1.1)11 
.32(.26-.42)ll 
.58(.54-.62)10 

.69(.67-.75) 8 

.28(.20-.31)58 
,62(.56-,71) 9 
.58(.48-.73)10 
.90(.82-.98) 9 
.56(.48-.82)I0 
.50(.42-.63)10 
.90(.76-.99)IO 
1.2(1.1-1.2) 9 
1.2(1.1-1.2)10 
.53(.38-.81)10 
.95(.76-l.l)10 

.46(.38-.55)I0 

.24(.22-.26)10 

.41(.36-.47)10 

.53(.47-.58)10 
1.1 (.94-1.4) 10 
.59(.51-.66)10 
.37(.30-.47)10 

M. indica 

(x) (range) n 

-(.50)1 
-(.68)1 
-(.92)1 
-(1.0)1 
-(.41)1 
-(.55)1 

-(.69)1 
-(.24)1 
-(.83)1 
-(.56)1 
-(.68)1 
-(.63)1 
-(•50)1 
-(.79)1 
-(1.3)1 
-(1.1)1 
-(.53)1 
-(.84)1 

-(.34)1 
-(.20)1 
-(•36)1 
-(•58)1 
-(.96)1 
-(.55)1 
-(.22)1 

TABLE 2.—Continued. 

M. nigricans 

(x) (range) n 

,48(.45-.51) 7 
.65(.60-.81) 7 
1.0(99-1.1) 7 
1.0(.94-l.l) 7 
.49(.34-.56) 7 
.66(.59-.72) 7 

.59(.50-.68) 7 
,36(.28-.47) 7 
.88(.64-l.l) 7 
.57(.52-,64) 7 
,65(.57-.82) 7 
.68(.53-,83) 7 
,52(.44-.59) 6 
.77(.71-.88) 6 
1.3(1.2-1.4) 7 
1.1(1.0-1.2) 6 
.61(.44-.76) 7 
.90(.83-.92) 7 

.38(.29-.43) 6 

.21(.15-.25) 6 

.39(.28-.46) 6 

.55(.52-.58) 6 

.97 (.89-1.0) 6 
,54(.5O-.60) 6 
.28(.22-.31) 6 

T. albidus 

(x) (range) n 

,48(.46-.50) 4 
.89(.83-.93) 4 
1.0(99-1.1) 4 
1.0(.98-1.1) 4 
,32(.29-.34) 4 
.60(.53-.67) 4 

.58(.56-.94) 6 

.32(.30-.35) 6 

.64(.57-.71) 6 
,57(.53-.62) 6 
.89(.86-.94) 6 
.57(.52-.66) 6 
.53(.48-.59) 6 
,92(.88-.95) 6 
1.1(1.1-1.1) 6 
1.1(1.0-1.2) 6 
.5I(.46-.59) 6 
,89(.84-.95) 6 

.47(.44-.49) 6 

.26(.24-.28) 6 
,45(.44-.47) 5 
.55(.52-.58) 6 
1.0(1.0-1.1) 5 
.56(.54-.60) 5 
.34(.29-.40) 6 

T. angustirostris 

(x) (range) n 

-
-
-
-
-
-

-(.66)1 
-(.29)1 
-(.56)1 
-(•53)1 
-(.94)1 
-(.48)1 
-(.43)1 
-(.89)1 
-(1.2)1 
-(1.2)1 
-(.41)1 
-(.86)1 

-(.47)1 
-(.24)1 
-(.46)1 
-(.51)1 
-(1.0)1 
-(.51)1 
-(.41)1 

T. audax T. belone T. pfluegeri 

(x) (range) n (x) (range) n (x) (range) n 

.54(.51-.57) 2 
,84(.77-.9l) 2 
.95(.93-.97) 2 
.96(.93-1.0) 2 
.33(.33-.34) 2 
.52(.51-.53) 2 

.61 (.61-.62) 2 

.31(.30-.31) 2 

.72(.69-.75) 2 

.62(.60-,64) 2 
,86(.81-,92) 2 
.65(.63-.67) 2 
.54(.52-.56) 2 
.83(.77-,89) 2 
1.1(1.1-1.1) 2 
1.2(1.1-1.2) 2 
.53 (.51-.54) 2 
.81(.80-.82) 2 

.45(.41-.48) 3 

.24(.23-.25) 3 

.45(.40-.52) 3 

.53(.51-.56) 3 
1.0(.94-1.1) 3 
.54(.49-,57) 3 
.32(.31-.33) 3 

-(.40)1 
-(.87)1 
-(1.0)1 
-(1.1)1 
-(.68)1 
-(1.5)1 

-(.72)1 
-(.28)1 
-(.52)1 
-(.48)1 
-(.92)1 
-(.47)1 
-(.42)1 
-(.91)1 
-(1.1)1 
-(1.1)1 
-(.45)1 
-(.97)1 

-(•44)1 
-(.24)1 
-(.44)1 
-(.55)1 
-(1.0)1 
-(•55)1 
-(.37)1 

290197, 290211, 421527, 481929, 488110); 6 vertebra number 
1 (USNM 481923,488059, 488071, 488078, 488088, 1 USNM 
uncataloged); 8 vertebra number 22 (USNM 286181, 488056, 
488066, 488076, 488089, 488098, 2 USNM uncataloged); 16 
vertebra number 23 (USNM 286179, 288000,488044, 488045, 
488055, 488063, 488064, 488067, 488068, 488070, 
488094-488096, 3 USNM uncataloged); 3 hypurals (NCSM 
4938; USNM 488069, 488104). 

REMARKS.—All specimens have one or more ratios only 
within the range of values measured for extant Makaira nigri­
cans (Tables 1, 2). Seven of the eight parasphenoids have only 
one or two ratios out of a possible five used for identification. 
Most predentaries were assigned to this taxon on the basis of 
ratio PW/PL; however, four predentaries (USNM 475415, 
481936 (Plate 6g,i), 481938, 488011) have two ratios (PW/PL, 
PD/PL) characteristic only of M. nigricans (Table 2). All scap­
ulas have curved articular surfaces for the first pectoral-fin ray. 

Eight of the 38 rostra have only one ratio (either Dl/Wl or 
D2/W2) on which to base an identification. Two specimens 
have denticles on the prenasal bone, six lack denticles, and the 
presence or absence of denticles for the other 30 rostra is not 
known. Specimens range in size from moderate (USNM 
475421) to huge (USNM 475405, 481941 (Plate 6fh,j)). Some 
specimens (e.g., USNM 297407, 475406, 481943, 481949, 
481976,481977) have a naturally worn tip, sometimes with the 
nutrient canals exposed at the distal end (e.g., USNM 481976, 

Plate la-c). USNM 290614 has a small abnormal growth 
(keel) on the dorsal tip of the bill. 

All vertebrae 1, 22, and 23 have at least two or three ratios 
with values that are characteristic of M. nigricans. 

Makaira cf. M. nigricans Lacepede, 1802 

PLATES Za-j, 9a-f 

MATERIAL.—2 parasphenoids (USNM 488049, 488116); 3 
quadrates (NCSM 6944; USNM 476372, 481903); 5 rostra 
(NCSM 7427; USNM 286958, 481944, 481974, 1 USNM un­
cataloged); 5 vertebra number 1 (USNM 481897, 481910, 
488057, 488072, 488073); 5 vertebra number 22 (USNM 
286177, 488033, 488079, 488080, 488086); 7 vertebra number 
23 (USNM 476371, 481909, 488065, 488097, 3 USNM uncat­
aloged); 4 hypurals (USNM 283735,481979, 2 USNM uncata­
loged). 

REMARKS.—Specimens having one or more ratios that lie 
outside the range of values measured for extant istiophorids 
(Tables 1, 2) are placed here because the values for some of the 
other ratios fall within the range characteristic of only Makaira 
nigricans. Some of these unusual specimens include the fol­
lowing: parasphenoid USNM 488116 (Plate %d,f) with a PAT/ 
PAD ratio of 0.94, indicating a shallower depth of the paras­
phenoid bone; quadrate NCSM 6944 (Plate Sa,j) with three ra­
tios (QAW/QH=0.37, QAW/QHS=0.52, QMW/QML=1.1), 
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TABLE 3.—Mean (x), observed range, and number of specimens examined (n) for each of eight rostral variables 
(ratios), and presence (P) or absence (A) of denticles on prenasal bone for seven istiophorid taxa from Lee Creek 
Mine. Abbreviations for ratios are explained in the text and in the legends to figures 3 and 4. 

Character 

Ratio 
Dl/WI 

Hl/Dl 
DD1/D1 
D2/W2 
H2/D2 
DD2/D2 
P/VSPM 
DZ/P 

Denticles on 
prenasal bone 

Istiophoridae, gen. and 
sp. indeterminate 

(x) (range) n 

.79(.65-.89)12 

17(.10-.24) 6 
.48(.39-.64) 6 
.77(.61-.91)27 
,14(.09-.22)16 
49(.32-.53)16 

-(.39)1 
.31(.15-.41) 4 

(P/A/?) n 

(8/6/22) 36 

Istiophorus 
platypterus 

(x) (range) n 

.73(.72-.75)3 

.22(.21-.23)3 

.37(.35-.42)3 
-(.69)1 

.24(.22-.25)2 

.44(.43-.45)2 
-
-

(P/A/?) n 

(0/1/4) 5 

Istiophorus cf. /. 
platypterus 

(x) (range) n 

_ 

-
-

-(.75)1 
-(.27)1 
-(.39)1 

-
-

(P/A/?) n 

(0/1/0) 1 

Makaira nigricans 

(x) (range) n 

,79(.77-.80) 3 

,15(.09-.19)14 
.52(.41-.59)I4 
,76(.66-.83)36 
.15(.06-.22)I6 
.52(.40-.62)I6 

-
.49(.38-.59) 3 

(P/A/?) n 

(2/6/30) 38 

Makaira cf. M. nigricans 

(x) (range) n 

-(.86)1 

.14(.1I-.I9)3 
,59(.47-.80)3 
.90(.86-1.0)4 
.09(.06-.12)2 

-(.57)1 

-
-(.81)1 

(P/A/?) n 

(2/0/3) 5 

Makaira purdyi 

(x) (range) n 

-
-

(.95)1 
(.16)1 
(.57)1 
(.38)1 
(1.4)1 

(P/A/?) n 

(1/0/0) 1 

Makaira sp. 
(x) (range) n 

-
-(•20)1 
-(.43)1 

.76(.73-.77)5 
,17(.16-.17)2 
.51(.47-.55)2 

-
-(.35)1 

(P/A/?) n 

(1/2/2) 5 

quadrate USNM 476372 with two ratios (QAW/QH=0.37, 
QAW/QHS=0.54), and quadrate USNM 481903 with one ratio 
(QAW/QHS=0.51) indicating a wide surface for articulation 
with the articular; five rostra having either one or both ratios 
Dl/WI, D2/W2, with values greater than 0.83, indicating a 
rounder cross section; five vertebra number 1 each with a NW/ 
LPD ratio greater than 0.70, indicating a more hourglass-
shaped centrum; five vertebra number 22 with a mixture of 
unique ratios, two with a NW/LPD ratio greater than 0.74, indi­
cating a more hourglass-shaped centrum; seven vertebra num­
ber 23 with an array of unique ratios, including three with 
VPD/LPD ratios less than 0.69, two with LAD/LPD ratios 
greater than 1.39, and one with VAD/CL and VAD/LAD ratios 
less than any other istiophorids; and four hypurals (USNM 
283735, 481979 (Plate 9d,e), 2 USNM uncataloged), have HL/ 
HH ratios (0.72, 0.61, 0.63, and 0.62, respectively) indicating a 
shorter height from tip to tip. 

All vertebrae 1, 22, and 23 have a minimum of two ratios 
(except one USNM uncataloged vertebra 23 with one ratio) 
with values that are characteristic of M. nigricans. Hypurals 
USNM 283735 and two USNM uncataloged specimens have 
only three ratios out of a possible seven on which to base an 
identification, and they have just one ratio characteristic of M. 
nigricans. 

Makaira purdyi Fierstine, 1999a 

PLATE ia-c 

MATERIAL.—1 rostrum (holotype, USNM 481933). 
REMARKS.—The rostrum is morphologically distinct from 

any extant istiophorid in the following combination of charac­
ters: (1) the fused portion of the premaxillae is short and stout 
with denticles covering at least the distal one-half of its dorsal 
surface; (2) at 0.25L, the cross section is nearly round (D2/ 
W2=0.95) (Fierstine, 1999a). 

Makaira sp. 

PLATES 9g-l, \0a-d.g-i 

MATERIAL.—2 dentaries (USNM 286997, 475418); 1 pre­
dentary (USNM 481931); 2 quadrates (USNM 488006, 
488075); 5 rostra (NCSM 11223; USNM 285384, 475390, 
481969, 1 USNM uncataloged); 1 scapula (USNM 290204); 1 
vertebra 23 (USNM 290542); 2 hypurals (USNM 481981, 
488102). 

REMARKS.—These specimens have one or more ratios that 
fall within the observed range of values measured for both Ma­
kaira indica and M. nigricans (Tables 1, 2). Both dentaries are 
from large individuals. Predentary USNM 481931 (Plate 
\0a,b) is massive, much larger than any extant istiophorid ex­
amined. Four of the five quadrates have four of five possible 
ratios on which to base an identification, and all are from large 
individuals. Rostrum USNM 285384 has an eroded tip with 
both nutrient canals exposed. All rostra are from small- to 
moderate-sized individuals with the exception of USNM 
475390 (Plate 9g-i), which came from a very large fish. The 
scapula has a curved articular surface and is from a very large-
sized individual. The hypurals (USNM 481981 (Plate \0h.i), 
488102) came from large-sized individuals and have HNL/HL 
ratios within the range of both M. indica and M. nigricans. 

cf. Makaira sp. 

PLATE \0e,fj-l 

MATERIAL.—2 dentaries (NCSM 2990; USNM 475395); 2 
quadrates (USNM 481916, 481919); 1 hypural (USNM 
488007). 

REMARKS.—These specimens have at least one ratio near 
the observed ranges of values measured for Makaira indica 
and M. nigricans, but they have one or more ratios that lie out­
side the ranges of values measured for extant istiophorids (Ta­
bles 1, 2). Some of these unusual specimens include the fol­
lowing: dentaries NCSM 2990 (Plate 10/) and USNM 475395 
with DAD/DJL ratios (0.96 and 1.04, respectively) indicating a 
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deep interdentary joint; quadrates USNM 481916 (Plate lOk.l) 
and 481919 with QAW/QHS ratios (0.47 and 0.53, respective­
ly) indicating a wider joint surface for articulation with the ar­
ticular; and hypural USNM 488007 (Plate lOef) with three ra­
tios (HL/HH=0.71, HW/HL=0.85, HNL/HL=0.11) indicating 
both a longer centrum length and that it came from a small-
sized specimen. 

Genus Tetrapturus Raflnesque, 1810 

Tetrapturus albidus Poey, 1860 

PLATES \\a-j, \2a-d 

MATERIAL.—3 articulars (USNM 290193, 488029, 488043); 
7 maxillae (USNM 290203, 475393, 475402, 475424, 488036, 
488037, 488040); 2 parasphenoids (USNM 488027, 488046); 2 
quadrates (USNM 481908, 488008). 

REMARKS.—I have reservations about recognizing Tetraptu­
rus albidus at Lee Creek Mine because its identification is 
based on poorly preserved features of fragmentary material. 
Articulars USNM 290193 (Plate 1 la.b) and 488043, all seven 
maxillae, both parasphenoids, and quadrate USNM 488008 are 
from individuals of greater body length than any extant species 
of Tetrapturus measured. Five of the seven maxillae are poorly 
preserved, with only two ratios available for identification. 
Both parasphenoids are incomplete and have only ratio, PAD/ 
PAW, on which to base an identification. Quadrate USNM 
481908 (Plate I2a,b) has a QAW/QH ratio (0.31) that falls 
only within the range of values for Makaira indica, but its 
QMW/QAW ratio (0.53) is only within the range of values for 
T albidus. The other three ratios encompass an extant species 
of Tetrapturus. Quadrate USNM 488008 (Plate 12c,d) has two 
ratios (QMW/QAW=0.53, QMW/QML=0.61) characteristic 
only of values measured for T. albidus. 

Tetrapturus cf. T. albidus Poey, 1860 

PLATE \2e,f 

MATERIAL.—2 maxillae (USNM 488035, 488085). 
REMARKS.—Both maxillae have MVW/MH ratios (0.46 and 

0.47, respectively) outside the range of values measured for ex­
tant istiophorids (Tables 1, 2); however, other ratios are within 
the observed range of values for Tetrapturus albidus. 

Discussion 

COMPARISON OF LEE CREEK SPECIMENS TO OTHER FOSSIL 

AND RECENT SPECIES.—Because fossil billfish have been re­
viewed previously (Fierstine, 1974, 1978, 1990; Schultz, 
1987), only specimens with direct relevance to Lee Creek and 
recent istiophorids are discussed herein. There are three widely 
recognized families of billfishes, each defined in part by its ros­
trum. The Istiophoridae (marlin, sailfish, and spearfish) have 
an oval to round bill with paired nutrient foramina and have 
both fossil and recent representatives. The Xiphiidae (sword-

fish) have a flattened bill with paired nutrient canals as well as 
a central chamber and have both fossil and recent representa­
tives. The extinct Xiphiorhynchidae have an oval to round bill 
with one or more pairs of nutrient foramina and a central canal. 

Schultz (1987) recognized three questionable families of 
billfish, the extinct Blochiidae, extinct Paleorhynchidae, and 
extant Tetrapturidae. Too little is known about the first two 
families to determine if they are billfish (Fierstine, 1974), and 
the third should not be recognized (Fierstine and Voigt, 1996). 
Carroll (1988) placed many of these questionable billfish in the 
Xiphiidae, a decision that has no merit. 

Most early workers (see references in Fierstine, 1978, and 
Schultz, 1987) placed fossil specimens of Istiophoridae into 
new or existing fossil species of Istiophorus. Perhaps other 
genera and extant species were not considered because the sys­
tematics of the recent Istiophoridae was poorly understood. 
Robins and de Sylva (1960, 1963), Nakamura et al. (1968), and 
Nakamura (1983, 1985) revised the extant Istiophoridae and 
recognized three genera, Istiophorus, Makaira, and Tetraptu­
rus, although the number of species in Istiophorus and Makaira 
was equivocal. I follow Robins and de Sylva (1960, 1963) and 
Robins et al. (1991), and not Nakamura (1983, 1985), in treat­
ing both the sailfish and blue marlin as single, world-wide spe­
cies (/. platypterus and M. nigricans, respectively) and not as 
separate Atlantic Ocean (/. albicans and M. nigricans) and 
Indo-Pacific Ocean (/. platypterus and M. mazara) forms. Ge­
netic studies support the status of a single, world-wide species 
each of sailfish and blue marlin (Graves and McDowell, 1995). 

Because most early workers placed fossil billfish of disparate 
morphologies in Istiophorus (sailfish genus), I have reclassi-
fied specimens into other genera where warranted. If data to 
make an accurate identification were lacking, I left the speci­
mens in Istiophorus but put quotes around the generic name. 

"Istiophorus" robustus (Leidy, 1860) (AMNH 5684, holo­
type, ?Pleistocene, Ashley River, South Carolina) is a short 
(140 mm) distal rostral fragment that was refigured by Hussa-
kof (1908). Based on published accounts, the specimen is oval 
in cross section (long axis is dorsoventral) for most of its 
length. Nutrient canals were not discussed or figured. Denticles 
are probably restricted to the ventral surface (dorsal surface in 
Leidy's figure, but the specimen is probably upside down) 
(Fierstine, 1974). Schultz (1987) placed the specimen in Aglyp-
torhynchus Casier, 1967 (questionable billfish), and considered 
it to have been collected in the Eocene. Without reexamining 
the specimen I do not think it is relevant to Lee Creek istio­
phorids. 

"Istiophorus" rotundus Woodward, 1901 (BMNH P8799, 
holotype, Tertiary phosphate beds of South Carolina), is a 
very stout and round rostral fragment that is extremely mas­
sive for its length (313 mm). Due to poor preservation, I mea­
sured the specimen's width and depth 95 mm distal from its 
proximal end (W=93.8 mm, D=78.5 mm, D/W=0.84). The 
rostrum has never been sectioned to determine the presence, 
number, position, and size of nutrient canals. No denticles or 
alveoli are visible, and I was unable to determine which sur-
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TABLE 5.—Sample score sheet for species identification of selected predentary bones from Lee Creek Mine. Spe­
cies score code: 0=outlier, 1= Istiophorus platypterus, 2-Makaira indica, 3=M. nigricans, 4=Tetrapturus albidus, 
5=T. angustirostris, 6=T. audax, 7=T. belone. 

Catalog number 

USNM 291066 

USNM 475399 

USNM 475412 

USNM 481931 

USNM 481956 

Value 

.83 

.62 

.59 

.58 

1.54 

PW/PL 

Score 

3 

1,2,3,5 

1,2,3,5,7 

1,2,3,5 

0 

Value 

.50 

.40 

.35 

45 

1.02 

PD/PL 

Score 

3 

2,3 

1,2,3 

3 

0 

Value 

.60 

.64 

.59 

.76 

.67 

PD/PW 

Score 

1,3,4,6 

1,2,4,6 

1,3,4,6 

1,2 
1,2,6 

Species 

Makaira nigricans 

Makaira indica 

Istiophoridae 

Makaira sp. 

Istiophoridae 

face is dorsal or ventral. Schultz (1987) placed /. rotundus in 
Xiphiorhynchus, but it probably belongs to the genus Ma­
kaira. Until more is known about the morphology of /. rotun­
dus, meaningful comparison with Lee Creek and recent istio­
phorids is fruitless. 

"Istiophorus" solidus (Van Beneden, 1871) (IRSNB P643, 
holotype, late Eocene, Ghent, Belgium) is a poorly preserved 
rostral fragment with one pair of round nutrient canals that are 
placed more toward the lateral periphery than in other istio­
phorids. The specimen is 17 mm long, 27.3 mm wide, and 17.3 
mm deep at its proximal end (D/W=0.63). The exact position 
and size of the nutrient canals have not been recorded. Paired 
grooves run the length of the dorsal surface and indicate the 
presence of paired prenasal bones. Schultz (1987) placed /. 
solidus in Xiphiorhynchus, but because of the lack of a central 
canal and the presence of prenasal bones, I believe the speci­
men is an istiophorid. Its morphology is unlike any species of 
recent billfish or billfish found at Lee Creek Mine, but the 
specimen is poorly preserved. 

Istiophorus calvertensis Berry, 1917 (USNM 9344, holo­
type, late Miocene, Eastover Formation, Tar Bay, James River, 
Virginia), is a distal rostral fragment 310 mm long. Berry 
(1917) originally thought the specimen was collected in the 
Calvert Formation, but according to both R.E Weems (pers. 
comm., 1996) and L.W Ward (pers. comm., 1996) there is 
very little, if any, Calvert Formation at Tar Bay, and chances 
are very strong that it was collected in the late Miocene Easto­
ver Formation of Ward and Blackwelder (1980). Both Weems 
and Ward admit, however, that the specimen could have been 

collected in the Yorktown Formation, although it is unlikely 
due to the Yorktown Formation's minor presence at Tar Bay. 

The specimen is 25.8 mm deep (DI) and 36.0 mm wide (Wl) 
at its proximal end, which approximates 0.5L. A pair of nutri­
ent canals are exposed, each measuring 7.0 mm high (HI) and 
located 11.0 mm from the dorsal surface of the rostrum (DD1). 
The anterior extension of the prenasal groove (P) is 170 mm 
from the distal tip; 0.25L is estimated to be 134 mm from the 
distal tip. The rostrum is 21.2 mm deep (D2) and 30.8 mm high 
(W2) at 0.25L. On the dorsal surface of the rostrum, denticles 
extend posteriorly from the distal tip for 57.3 mm (DZ). 

Based on ratios computed from these measurements (Table 
6) and on reexamination of the specimen (Fierstine, 1998), I 
identify this specimen as Istiophorus cf. /. platypterus. It has 
relatively large nutrient foramina (Hl/Dl) similar only to re­
cent /. platypterus (Table 1), but the placement of the canals 
(DD1/D1) and area of the dorsal surface covered with denticles 
(DZ/P) are not sailfish-like. These latter two features are dis­
counted because the dorsal denticular pattern may not have 
been completely preserved, and ratio DD1/D1 is nearly within 
the range of values for recent /. platypterus. Comparison of 
USNM 9344 to rostra from Lee Creek Mine (Table 3) shows 
that the Dl/WI ratio is similar to that in specimens identified 
as /. platypterus, the Hl/Dl ratio is unlike that in any specimen 
studied, and the DZ/P ratio is similar to that in specimens iden­
tified as Makaira sp. 

On the basis of its large nutrient canals, Schultz (1987) clas­
sified /. calvertensis in Pseudohistiophorus De Buen, 1950, a 
genus that Nakamura (1983) synonymized with Tetrapturus. 
Schultz made an erroneous decision because, as noted above, 

TABLE 6.—Eight rostral variables (ratios) for six fossil istiophorid taxa from localities other than Lee Creek Mine. The 
presence or absence of denticles on the prenasal bone is unknown for these taxa. Abbreviations for ratios are explained 
in the text and in the legends to figures 3 and 4. 

Dl/WI 

Hl /Dl 

DD1/D1 

D2/W2 

H2/D2 

DD2/D2 

P/VSPM 

DZ/P 

Istiophorus cf. /. 

platypterus. 
type of /. calvertensis 

(USNM 9344) 

.72 

.27 

.43 

.69 

-
-
-

.34 

Makaira helgicus, 
type specimen 

(IRSNB Pl 117) 

-
-
-

.80 

.15 

.34 

-
-

Makaira courcelli, 

type specimen 
(MNHNP 250) 

.67 

-
-

.66 

-
-
-
-

Makaira panamensis, 
type specimen 

(USNM 181710) 

-
-
-

.76 

.27 

-
-
-

Makaira teretirostris. 

type specimen 
(depository unknown) 

.87 

.10 

.58 

.84 

.11 

.56 

-
-

Makaira nigricans 

(LACM 17693) 

-
-
-

.76 

.17 

.56 

-
-



NUMBER 90 37 

the size of the canals relative to the depth of the rostrum fits 
solely within the observed range of values for /. platypterus 
(Table 1). Fierstine (1990) thought critical review would syn-
onymize /. calvertensis with M. nigricans; however, based on 
the information presented herein, the specimen belongs to the 
genus Istiophorus. 

Istiophorus platypterus (Shaw and Nodder, 1792) was iden­
tified from a single, partial trunk vertebra (UCMP 125228) in 
upper Pliocene sediments, San Diego Formation, San Diego 
County, California, by Gottfried (1982). Until now, this verte­
bra was the only fossil record of a sailfish in the literature since 
the revision of the extant Istiophoridae (Robins and de Sylva, 
1960, 1963; Nakamura, 1983, 1985). Because the specimen's 
exact position in the vertebral column is unknown, and because 
I studied only vertebrae from Lee Creek Mine that could be ac­
curately identified to position 1, 22, 23, or 24 (hypural), I was 
unable to compare it to Lee Creek material. 

Makaira belgicus (Leriche, 1926) (IRSNB Pl 117, holotype, 
middle Miocene, Anvers, Belgium) is a distal rostral fragment 
measuring 200 mm long, 32.3 mm wide (W2), and 25.9 mm 
deep (D2) at its proximal end. Prenasal bones are indicated by 
grooves, and paired nutrient canals are visible in cross section. 
Based on ratios in Table 6, the specimen falls within the range 
of values of recent M. nigricans (Table 1) and of M. nigricans 
from Lee Creek Mine (Table 3, except for the nutrient canals 
being closer to the dorsal surface of the rostrum (DD2/D2)). 

Makaira courcelli (Arambourg, 1927) (MNHNP 250, holo­
type, early Pliocene, Algeria) consists of two rostra and several 
fragments. One well-preserved rostrum is 287 mm long, with 
the following widths and depths in mm: Dl=21.7, Wl=32.6, 
D2=16.4, W2=24.8. Ratios for this specimen are listed in Ta­
ble 6. The other rostrum is crushed at its proximal end and 
measurements were not taken. Each rostrum contains one pair 
of nutrient canals, but their size and position have not been 
measured. Denticles are restricted to the ventral and lateral sur­
faces of the well-preserved specimen, and paired prenasal 
grooves are present. Arambourg (1927) originally placed the 
specimens in Xiphiorhynchus; however, Schultz (1987) placed 
the specimens in Makaira and gave the age of the locality as 
late Miocene. Based on the ratios given in Table 6 and the dis­
tribution of the denticles, I agree with Schultz's identification. 
The lack of other morphological information precludes a mean­
ingful comparison between M. courcelli and other fossil and 
extant istiophorids. 

Makaira indica (Cuvier, 1832) was identified from a nearly 
complete head (including pectoral and pelvic girdles and fins) 
from the early Pleistocene, ?Cabatuan Formation, Luzon, Phil­
ippines, by Fierstine and Welton (1983). The specimen was 
identified by its rigid pectoral fin, a diagnostic feature of the 
black marlin. Until the present study, this specimen was the 
only record of a black marlin in the paleontological literature. 

Makaira cf. M. nigricans Lacepede, 1802, was identified 
from an incomplete, disarticulated skull (USNM 375733) in the 
Eastover Formation, late Miocene, Virginia (Fierstine, 1998), 
and from a nearly complete rostrum (USNM 358534) in the 

Gatun Formation, late Miocene, Panama (Fierstine, 1999b). 
The Eastover specimen is similar to recent M. nigricans in 15 
of 19 ratios, but it is dissimilar in four, three of which are out­
side the observed range of all extant istiophorids. The Gatun 
specimen is similar to recent M. indica in 15 of 18 ratios, and it 
is similar to recent M. nigricans in 16 of 18 ratios. Two ratios 
that are similar to recent M. indica, but not M. nigricans, are 
discounted because they involve the denticular pattern on the 
dorsal surface of the rostrum, features that may have been in­
completely presereved. 

Makaira panamensis Fierstine, 1978 (USNM 181710, holo­
type, late Miocene or early Pliocene, Chagres Sandstone, At­
lantic coast of Panama), was described from a large neurocrani-
um with a poorly preserved rostrum attached. Except for its 
unique features (size of myodome, length of orbit, and relative 
size of nutrient canals), the specimen is most similar to recent 
blue marlin and black marlin; hence, the rationale for recogniz­
ing it as a new species of Makaira. If the rostrum without the 
neurocranium had been among material collected at Lee Creek, 
it would have been listed under "cf. Makaira sp." Fierstine 
(1978) believed the Chagres Sandstone was late Miocene based 
on Woodring (1957, 1970, 1973), but its age is now considered 
to be late Miocene or early Pliocene (Woodring, 1982) or 
Pliocene (Coates et al., 1992). 

Makaira sp. was identified from several bones from late Mi­
ocene localities in Southern California. Fierstine and Applegate 
(1968) studied a distal rostrum (LACM 17693) and predentary 
bone (LACM 16074) from separate localities in Orange Coun­
ty, California, and Fierstine and Welton (1988) examined sev­
eral associated bones (articular, dentary, preoperculum, ptery-
giophores) of a single individual marlin (UCMP 118559) from 
the San Mateo Formation, San Diego County, California. The 
specimens were originally identified as Makaira sp. because of 
a lack of recent comparative material, but now that skeletal ma­
terial is available, I have reexamined them with the following 
results. 

Extant Makaira nigricans (Table 1) is the common identifica­
tion for all three ratios computed for the rostrum (Table 6). Be­
cause the ratios of the predentary (PW/PL=0.62, PD/PL=0.37, 
PD/PW=0.60) fall within the observed range of values (Table 
2) for both Istiophorus platypterus and M. nigricans, it is identi­
fied as Istiophoridae, genus and species indeterminate. 

Analysis of the articular and dentary bones separately, as in 
the Lee Creek fossils, yields an identification of Istiophoridae, 
genus and species indeterminate, for both; however, when they 
are considered as skeletal elements from a single fish, then M. 
nigricans becomes the obvious choice. The ratios of the articu­
lar are within the observed values for sailfish, blue marlin, and 
white marlin, whereas the ratio of the dentary is within the ob­
served values for blue marlin and striped marlin; therefore, the 
common identification for the two bones is M. nigricans. 

Makaira teretirostris (Van Beneden, 1871) (?middle Mi­
ocene, Belgium, exact locality unknown) is a large, distal ros­
tral fragment (520 mm long) with paired nutrient canals and 
prenasal bones. Denticles and alveoli are neither mentioned nor 
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figured. The original description of the specimen was based on 
a cast and an artist's drawing, and disposition of the type is un­
known. Schultz (1987) synonymized the specimen with M. bel-
gicus and gave the type locality as southern France and the age 
as Pliocene. I made measurements from the drawing in Van 
Beneden (1871) and computed ratios (Table 6). Based on this 
analysis, M. teretirostris is slightly outside the observed range 
of ratios of recent M. nigricans (compare Tables 1, 6) but is 
within the range of values of M. cf. M. nigricans from Lee 
Creek Mine (Table 3). Without more information about the 
specimen, I recognize M. teretirostris and do not synonymize it 
with M. belgicus. 

Lawley (1876) described a well-worn, elongate, slender ros­
trum from lower Pliocene rocks, Orciano, Italy, as Brachyrhyn-
chus vanbenedensis. The specimen was redescribed, refigured, 
and placed into the living Histiophorus herschelii (Gray, 1838) 
by Barbolani (1910). Nakamura et al. (1968) synonymized H. 
herschelii with M. nigricans, and more recently Schultz (1987) 
placed B. vanbenedensis in synonymy with M. teretirostris. 
Until the specimen is studied further, I follow Schultz (1987). 

In summary, the family Istiophoridae has a fossil history 
from middle Miocene to recent, with the qualification that "Is­
tiophorus" solidus (late Eocene, Ghent, Belgium) may be an is­
tiophorid. Makaira belgicus (middle Miocene, Anvers, Bel­
gium), Istiophorus cf. /. platypterus (late Miocene, Eastover 
Formation, Virginia, United States), and Tetrapturus albidus 
(early Pliocene, Yorktown Formation, North Carolina, United 
States) are the oldest known species within their respective 
genera. The temporal distribution of the Istiophoridae is given 
in Figure 7. 

INTERSPECIFIC AND INTRASPECIFIC VARIATION.—Any study 

of variation at Lee Creek Mine is dependent upon two factors: 
the number of fossil bones identified to species and the number 
of bones examined for each extant species. Only Makaira nig­
ricans is sufficiently represented at Lee Creek to make a statis­
tically meaningful comparison, and then only for a few bones. 

Significant differences exist only between the predentary, 
rostrum, scapula, and vertebrae 1 and 23 of extant M. nigricans 
and M. nigricans from Lee Creek Mine (Table 7). The preden­
tary in the Lee Creek specimens tends to be wider (PW/PL), 
deeper (PD/PL), and rounder in cross section (PD/PW). The 
rostra from Lee Creek tend to have rounder cross sections 
throughout their length, and the nutrient canals are smaller dis­
tally (H2/D2) and are more ventrally placed both proximally 
(DD1/D1) and distally (DD2/D2). In addition, the distal dorsal 
surface of the rostrum (DZ/P) is covered with more denticles 
than in the extant blue marlin. The scapulae from Lee Creek 
Mine have a narrower articular surface (SNW/SL, SNW/ 
SGW). First vertebrae from Lee Creek Mine exhibit a narrower 
anterior articular surface (LAD/CL) and a more constricted 
centrum (NW/LPD) with respect to their length. Twenty-third 
vertebrae of the blue marlin from Lee Creek have centra that 
are less depressed anteriorly (VAD/CL) and more constricted 
(NW/LPD) with respect to their posterior width. 

Blue marlin from Lee Creek Mine are more similar to extant 
black marlin than to extant blue marlin in two features (Table 
8). The predentary bone in Lee Creek material is rounder (PD/ 
PW) than in extant blue marlin, and the dorsal surface of the 
distal rostrum has more denticles (DZ/P). So few vertebrae of 
extant black marlin were examined that no meaningful compar­
ison with Lee Creek specimens was undertaken. 

TABLE 7.—Results of the unpaired /-test (Welch's modification) to determine 
significant differences between the means of variables (ratios) of the preden­
tary, rostrum, scapula, and two vertebrae among Makaira nigricans from Lee 
Creek Mine and extant M. nigricans. Abbreviations for ratios are explained in 
the text and in the legends to figures 2-5. (*=P<0.05; **=P<0.01; 
»**=p<0.001.) 

Ratio 

Predentary 
PW/PL 
PD/PL 
PD/PW 

Rostrum 
Dl/WI 
DD1/D1 
D2/W2 
H2/D2 
DD2/D2 
DZ/P 

Scapula 
SNW/SL 
SNW/SGW 

Vertebra 1 
LAD/CL 
NW/LPD 

Vertebra 23 
VAD/CL 
NW/LPD 

Extant M. nigricans 
compared with 

Lee Creek M. nigricans 

* 
*«* 
*** 

«* 
*** 
*** 
«* 
** 
* 

•• 
* 

*** 
* 

• 
* 

TABLE 8.—Results of the unpaired /-test (Welch's modification) to determine 
significant differences in the means of the same variables (ratios) listed in Ta­
ble 7 for the predentary, rostrum, and scapula among Makaira nigricans from 
Lee Creek Mine and extant M. indica. Abbreviations for ratios are explained in 
the text and in the legends to figures 2-5. (n.s.=not significant (P>0.05); 
*=P<0.05; **=P<0.01; ***=P<0.001.) 

Ratio 

Predentary 
PW/PL 
PD/PL 
PD/PW 

Rostrum 
Dl/WI 
DDI/DI 
D2/W2 
H2/D2 
DD2/D2 
DZ/P 

Scapula 
SNW/SL 
SNW/SGW 

Extant M. indica 
compared with 

Lee Creek M. nigricans 

*** 
** 

n.s. 

* 
• *• 
*** 
* » • 

• * 
n.s. 

** 
* 
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FIGURE 7.—Temporal distribution of the family Istiophoridae. Arrow indicates species that exist in recent time. 
Time scale is from Gibson (1983:38 (uncopyrighted)). 

Some of the rostra at Lee Creek Mine demonstrate abnormal­
ities found in extant billfish (Gudger, 1940; Morrow, 1951; Fi­
erstine and Voigt, 1996). For example, rostrum USNM 481976 
(Plate la-c) has a foreshortened tip with nutrient canals ex­
posed distally, and rostrum USNM 475409 (Plate 2h) has un­
equal-sized nutrient canals. Rostrum USNM 481984 (Plate 
2i,j) and a few others appear eroded, possibly by stomach acids 
after being consumed by a predator. 

DISTRIBUTION AND LIFE HISTORY OF RECENT SPECIES .— 

The following information was taken liberally from Nakamura 
(1983, 1985) unless otherwise indicated. Emphasis is placed on 
species that inhabit the Atlantic Ocean and are found at Lee 
Creek Mine. In general, istiophorids are distributed throughout 
tropical and subtropical waters, some entering temperate cli­
mates. All are oceanic and epipelagic species that usually favor 
waters greater than 20°C. Sexes are separate and are indistin­
guishable externally. Each species has a distinct reproductive 
season and spawning ground, and mature individuals spawn 

several times each season by broadcasting gametes (Hopper, 
1986). Adults are opportunistic predators, consuming cephalo-
pods (squids) and many different species of pelagic fishes, in­
cluding members of the Carangidae (jacks), Clupeidae (her­
rings, pilchards, sardines), Coryphaenidae (dolphin-fish), 
Scombridae (mackerels, tunas, and allies), and Trichiuridae 
(snake mackerels, cutlass fishes). Although age estimates are 
given below for some species, aging of billfish is imprecise be­
cause of the difficulty in establishing annual growth patterns in 
calcified structures (Hill et al., 1989). Frazier et al. (1995) con­
cluded the function of the rostrum was unclear. It may serve in 
one or more capacities, possibly in hydrodynamics, food cap­
ture (spearing/slashing), or defense/aggression, but the fish can 
get along without its bill because there are numerous records of 
apparently healthy billfishes with damaged, malformed, or 
missing rostra. 

Istiophorus platypterus (sailfish) inhabits the Atlantic, Indi­
an, and Pacific oceans, possibly the Mediterranean Sea, and 
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sometimes enters the Red Sea through the Suez Canal. It is 
considered to be the least oceanic of the billfishes, often mi­
grating to near-shore waters. Its distribution is influenced by 
wind and water temperature , favoring temperatures of 
21°-28°C. In the western North Atlantic and western Pacific 
oceans, /. platypterus migrates northward in an extension of 
warm water during the summer and migrates southward with 
the onset of cold weather to form loose schools of up to 30 in­
dividuals. The sailfish reaches a total length of around 3.2 m 
(tip of bill to tip of tail) and a weight of 58 kg in the Atlantic 
Ocean and reaches around 3.4 m total length and 100 kg in 
weight in the Indo-Pacific Ocean. Females are consistently 
larger than males (Jolley, 1974). Tagged sailfish are generally 
recaptured near their original release site; however, one speci­
men caught off Isla Mujeres, Mexico, in the Caribbean was 
recaptured 2596 km distant off La Guiria, Venezuela (Nation­
al Marine Fisheries Service, 1994). De Sylva (1957) reported 
that sailfish grow rapidly, attaining a weight of 9.1 kg within 
one year and having an estimated life span of two to three 
years. Jolley (1974), using a different aging method, found 
that sailfish in the Atlantic Ocean reached an age of seven 
years, with ages two to four being the most numerous. 

Makaira indica (black marlin) is restricted to tropical and 
subtropical waters of the Indian and Pacific oceans, except for 
occasional strays into the Atlantic Ocean via the Cape of 
Good Hope. It is found in waters with surface temperatures 
ranging from 15°-30°C and is often found as close to land 
masses as is Istiophorus platypterus. The distribution and 
abundance of M. indica off Natal are positively influenced by 
the presence of submarine canyons, some reaching a depth of 
600 m within one km of shore (van der Elst, 1990). The black 
marlin reaches a total length of 4.48 m and a weight of 708 
kg. Females grow more rapidly than males so that at any giv­
en age males are much smaller than females (Hopper, 1986). 
Fish tagged off northern Queensland, Australia, generally are 
recaptured north or south of their point of release. One speci­
men released off Baja California was recaptured north of New 
Zealand, thereby making a trans-Pacific and trans-equatorial 
migration of 5700 km (Pepperell, 1990). 

Makaira nigricans (blue marlin) inhabits the tropical and 
temperate waters of the Atlantic, Indian, and Pacific oceans. It 
is the most tropical of all billfishes, favoring blue water 
(depths greater than 100 m) at surface temperatures around 
24°C (22°-31°C) . The blue marlin in the Atlantic Ocean 
reaches a total length of approximately 4.0 m and a weight of 
580 kg, whereas in the Pacific Ocean it reaches a total length 
of approximately 4.5 m and a weight of 906 kg. Although 
most tagged blue marlin are recaptured near their point of re­
lease, one fish traveled at least 16,871 km from the North At­
lantic Ocean off Delaware, across the equator to the Indian 
Ocean near Madagascar, presumably via the Cape of Good 
Hope (National Marine Fisheries Service, 1994). As in M. in­
dica, females grow more rapidly than males, so that at the 
same age females are much larger than males (Hopper, 1986). 
Both sexes become sexually mature at around six to eight 

years of age. During the reproductive season (usually sum­
mer), smaller males outnumber the larger females by as much 
as six to one (Hopper, 1990). Based on preliminary estimates 
from blue marlin caught off Kona, Hawaii, longevity is at 
least 18 years for males and at least 27 years for females (Hill 
etal. , 1989). 

According to Browder and Prince (1990), blue marlin are 
most abundant off the mid-Atlantic coast in the summer. May 
and June are probably spawning months for blue marlin off 
Florida and the Bahamas. Adult fish off Cape Hatteras in June 
appeared to have already spawned. 

Tetrapturus albidus (white marlin) inhabits much of the At­
lantic Ocean, including the Gulf of Mexico and Caribbean 
Sea, from 45°N to 45°S in the western South Atlantic and to 
35°S in the eastern South Atlantic. A few individuals are 
known from the Mediterranean Sea and from off Brittany, 
France. The white marlin is usually found in blue water and 
favors surface temperatures greater than 22°C. Steep drop­
offs, submarine canyons, and shoals are often scenes of im­
portant feeding concentrations. They migrate to subtropical 
waters to spawn, with peak spawning in the summer. Females 
become larger than males, and during the spawning season 
males outnumber females on the spawning grounds. Most 
tagged white marlin were recaptured nearby, some after two 
or more years at large. Individuals, however, can travel long 
distances. One fish released in the United States Virgin Is­
lands in 1991 was recaptured one year later off Mohammedia, 
Morocco, a transoceanic and transequatorial movement of 
5840 km (National Marine Fisheries Service, 1994). White 
marlin attain a maximum size of 2.0 m (lower jaw to fork of 
caudal fin) and a weight of 79 kg. 

Tetrapturus audax (striped marlin) and T angustirostris 
(shortbill spearfish) inhabit mainly the tropical, subtropical, 
and temperate waters of the Pacific and Indian oceans, occa­
sionally straying into the Atlantic Ocean via the Cape of Good 
Hope. Striped marlin prefer more temperate water than other 
billfishes, and shortbill spearfish are more oceanic, favoring 
waters greater than 900 m in depth. Tetrapturus belone (Medi­
terranean spearfish) is limited in distribution to the Mediterra­
nean Sea, and T. pfluegeri (longbill spearfish) is widely distrib­
uted in the Atlantic Ocean from approximately 40°N to 35°S. 
Striped marlin attain the largest size and weight of any species 
of Tetrapturus, reaching a length (tip of bill to fork of caudal 
fin) of 3.5 m and a weight of 200 kg. Maxiumum body lengths 
(tip of lower jaw to fork of caudal fin) and weights, respective­
ly, are approximately 2.4 m and 70 kg for the Mediterranean 
spearfish, 2.0 m and 52 kg for the shortbill spearfish, and 2.0 m 
and 45 kg for the longbill spearfish. A striped marlin tagged off 
Cabo San Lucas, Baja California Sur, Mexico, was recaptured 
near Norfolk Island in the South Pacific, a distance of 9600 km 
(Squire and Suzuki, 1990). Movement patterns of spearfishes 
are poorly understood. 

IMPLICATIONS OF DISTRIBUTION AND LIFE HISTORY OF R E ­

CENT SPECIES FOR LEE CREEK MINE FOSSILS.—The presence 

of Makaira indica at Lee Creek Mine is unexpected based on 
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its present distribution. During or prior to the early Pliocene, 
the black marlin may have had access to the North Atlantic 
Ocean via a more favorable environment than the Cape of 
Good Hope. According to Coates et al. (1992), the final clo­
sure of the Isthmus of Panama occurred around 3.5 Ma BP, 
1.0-1.5 Ma after Yorktown time at Lee Creek (Hazel, 1983). 
Coates et al. (1992) also believed that depths prior to closure 
ranged from shallow to shallow inner shelf (<200 m) and up­
per slope (200-800 m) on the Caribbean side of Panama to a 
trench-slope environment on the Pacific side. Makaira indica 
is often found near land masses, islands, and coral reef areas 
(Nakamura, 1985). Therefore, during and prior to Yorktown 
time the Panama region was not a barrier but was a route for 
black marlin migrating between the Atlantic and Pacific 
oceans. Whitmore and Stewart (1965) believed the Canal 
Zone was the site of a narrow seaway throughout most of the 
Tertiary. 

There is other evidence that the Panama seaway was a migra­
tion route for vertebrates. According to Purdy et al. (this vol­
ume), the sharks Carcharhinus macloti and Triaenodon obesus 
are present at Lee Creek Mine. Both species inhabit only the 
tropical Indo-Pacific Ocean today (Compagno, 1984). Gillette 
(1984) concluded that the ichthyofauna of the Miocene Gatun 
Formation (Panama) resembles the marine faunas of North 
Carolina (Pungo Formation), Ecuador, and the Antilles. Final­
ly, the presence of the sirenian Metaxytherium calvertense 
Kellogg in both the middle Miocene Calvert Formation (Mary­
land, United States) and the correlative Montera Formation in 
Peru (de Muizon and Domning, 1985) and the presence of Met­
axytherium arctodites Aranda-Manteca, Domning, and Barnes, 
1994, in Mexico and California, further suggests there were 
faunistic exchanges between the Atlantic and Pacific oceans 
during the mid-Neogene. 

The presence of Istiophorus platypterus, Makaira nigri­
cans, and Tetrapturus albidus at Lee Creek Mine fits the dis­
tribution of extant species in the northwestern Atlantic Ocean 
today. The blue marlin is much more abundant at Lee Creek 
Mine than are the other two species, but this may be due to 
collection bias or to difficulty in identifying isolated and frag­
mentary elements. 

Recent Makaira nigricans and most other billfish favor blue 
water (>100 m depth) and water temperatures of 22°-31°C, so 
it is likely that billfish during Lee Creek time preferred the 
same environments. Based on Gibson's (1983) conclusion that 
zone 1 of the Yorktown Formation was deposited at water 
depths of 80 m to 100 m and zone 2 was deposited at depths of 
less than 30 m, I believe that most, if not all, adult billfish spec­
imens were collected in zone 1 (basal Yorktown Formation). 

If one assumes, based on my sample of 38 recent blue marlin 
where sex was known, that all fish with a rostrum width greater 
than 23.0 mm (measured at one-fourth bill length, or 0.25L) are 
female, then blue marlin at Lee Creek Mine have a sex ratio of 
approximately one male to two females. The ratio of males to 
females would be much larger in a spawning population (Hop­

per, 1990); therefore, I hypothesize that the present pattern of 
blue marlin migrating northward in the western North Atlantic 
Ocean during the summer to feed after spawning was estab­
lished during Yorktown time or earlier. 

Frazier et al. (1995) and Fierstine and Crimmen (1996) 
have reviewed the literature of extant istiophorids impaling 
inanimate and animate objects with their rostrum. They noted 
that healthy billfish have been captured with shortened bills 
and assumed damage occurred when the fish broke away from 
its impalement. Although the reasons for spearing behavior 
are unclear, foreshortened bills at Lee Creek Mine is evidence 
that the behavior was established during Yorktown times or 
earlier. 

STUDY LIMITATIONS.—Purdy et al. (this volume) have point­
ed out many of the pitfalls that reduce understanding of the Lee 
Creek Mine fauna. They believed careful excavation of units 
1-3 of the Yorktown Formation, rather than surface collecting 
from spoil piles, would have produced articulated skeletons and 
less fragmentary material. Strict stratigraphic control is critical 
for exploration of changes in species composition (seasonal or 
throughout Yorktown time) and for collecting paleoecological 
data. Partial or whole, articulated skeletons would have made 
identification more convincing because identification would 
have been based on measurements of several elements, not just 
those from one fragmentary bone. Also, more complete skeletal 
material from recent species, especially black marlin and most 
of the species of Tetrapturus, would have increased our knowl­
edge of interspecific and intraspecific variation of the Istio­
phoridae and would have made comparisons more certain. 

Conclusions 

The identification of Istiophorus platypterus, Makaira indi­
ca, M. nigricans, M. purdyi, and Tetrapturus albidus at Lee 
Creek Mine is very significant. It is the only record of Makaira 
purdyi, the first fossil record of the genus Tetrapturus, specifi­
cally T. albidus, the second fossil record of /. platypterus and 
M. indica, and the first record of /. platypterus, M. indica, M. 
nigricans, and T. albidus from fossil deposits bordering the At­
lantic Ocean. 

The presence of M. indica at Lee Creek suggests that the 
Panama seaway may have been a migration route for billfish 
during the early Pliocene. The concentration of billfish at Lee 
Creek Mine supports the contention that the Yorktown Forma­
tion represents a tropical to warm temperate (21°-28°C) ocean­
ic environment that was deposited at depths greater than 100 m. 

Based on the size of isolated bones at Lee Creek Mine, /. 
platypterus and T. albidus are estimated to have reached much 
larger sizes and weights than their living representatives. Ma­
kaira nigricans from Lee Creek are more similar to extant M. 
indica than to extant M. nigricans in two features, a more 
round predentary and a greater area of denticles on the dorsal 
surface of the distal rostrum. 
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PLATE 1 

Istiophoridae, genus and species indeterminate 
Yorktown Formation, Lee Creek Mine 

a.b. NCSM 5576, right articular: a. lateral view; b, dorsal view of joint with quadrate. 
c. USNM 488084, left dentary, medial view of interdentary joint. 
d. USNM 290202, first pectoral-fin ray, view of articular facet for scapula. 
e. NCSM 5297, first pectoral-fin ray, view of articular facet for scapula. 

f,g. USNM 475425, left maxilla:/ lateral view; g, dorsal view. 
h,i. USNM 284815, parasphenoid: h, ventral view; /, left lateral view. 
j,k. USNM 481956, predentary: j , right lateral view; k, dorsal view. 

Each scale bar=2 cm 
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PLATE 2 

Istiophoridae, genus and species indeterminate 
Yorktown Formation, Lee Creek Mine 

a,b. USNM 481915, left quadrate: a. lateral view; b, view of articular condyle for articular. 
c-e. USNM 481939, rostrum: c, left lateral view; d. dorsal view; e, cross section. 
f-h. USNM 475409, rostrum:/ left lateral view; g, dorsal view; h, cross section. 
i.j. USNM 481984, rostrum: /, left lateral view;/ dorsal view. 

Each scale bar=2 cm 
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PLATE 3 

Makaira purdyi Fierstine, 1999a 
Yorktown Formation, Lee Creek Mine 

o-c USNM 481933 (holotype), rostrum: a. left lateral view; b, dorsal view; c, ventral view. 

Istiophoridae, genus and species indeterminate 
Yorktown Formation, Lee Creek Mine 

d. NCSM 7902, right scapula, view of articular surface for first pectoral-fin ray. 
e.f. NCSM 4914, vertebra 1: e. left lateral view;/ anterior view. 

g.h. USNM 481982, hypural: g, left lateral view; h, anterior view. 

Each scale bar=2 cm 



NUMBER 90 51 



52 SMITHSONIAN CONTRIBUTIONS TO PALEOBIOLOGY 

PLATE 4 

Istiophorus platypterus (Shaw and Nodder, 1792) 
Yorktown Formation, Lee Creek Mine 

a,b. USNM 290198, left maxilla: a, dorsal view; b, lateral view. 
c—e. USNM 481973, rostrum: c, left lateral view; d, dorsal view; e, cross section. 
f-h. USNM 286949, rostrum:/ dorsal view; g, left lateral view; h, cross section. 
i-k. USNM 481967, rostrum: ;', left lateral view;/ cross section; k, dorsal view. 

Each scale bar =2 cm 
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PLATE 5 

Istiophorus cf. /. platypterus (Shaw and Nodder, 1792) 
Yorktown Formation, Lee Creek Mine 

a-c. USNM 286950, rostrum: a, left lateral view; b, dorsal view; c, cross section. 
d,e. USNM 488093, hypural: d, left lateral view; e, anterior view. 

Makaira indica (Cuvier, 1832) 
Yorktown Formation, Lee Creek Mine 

/ USNM 481927, right scapula, view of articular surface for first pectoral-fin ray. 
g. USNM 488112, right scapula, view of articular surface for first pectoral-fin ray. 

h.i. USNM 475399, predentary: h. right lateral view;;', dorsal view. 
j.k. USNM 488009, predentary:/ right lateral view; k, dorsal view. 

Makaira ci. M. indica (Cuvier, 1832) 
Yorktown Formation, Lee Creek Mine 

/. USNM 488100, left scapula, view of articular surface for first pectoral-fin ray. 

Each scale bar=2 cm 
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PLATE 6 

Makaira nigricans Lacepede, 1802 
Yorktown Formation, Lee Creek Mine 

a. NCSM 2125, left dentary, medial view of interdentary joint. 
b,d. NCSM 5159, parasphenoid: b, left lateral view; d, ventral view. 
c.e. USNM 291066, predentary: c, dorsal view; e, left lateral view. 

f.h.j. USNM 481941, rostrum:/ left lateral view; h, dorsal view;/ cross section. 
g.i. USNM 481936, predentary: g. dorsal view; I, left lateral view. 

k-m. USNM 481943, rostrum: k. cross section; /, left lateral view; m, dorsal view. 

Each scale bar =2 cm 
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PLATE 7 

Makaira nigricans Lacepede, 1802 
Yorktown Formation, Lee Creek Mine 

a-c. USNM 481976, rostrum: a, left lateral view; b, dorsal view; c, view of nutrient canals exposed at distal 
tip. 

d. USNM 421527, right scapula, view of articular surface for first pectoral-fin ray. 
e. USNM 290197, right scapula, view of articular surface for first pectoral-fin ray. 

fih. USNM 286179, vertebra 2 3 : / left lateral view; h. anterior view. 
g.l. USNM 286181, vertebra 22: g. anterior view; /, left lateral view. 
i,k. USNM 481923, vertebra 1: ;', anterior view; k. left lateral view. 

j.m. NCSM 4938, hypural:/ anterior view; m, left lateral view. 

Each scale bar =2 cm 
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PLATE 8 

Makaira cf. M. nigricans Lacepede, 1802 
Yorktown Formation, Lee Creek Mine 

aj. NCSM 6944, left quadrate: a, lateral view;/ view of articular condyle for the articular. 
b.c. NCSM 7427, rostrum: b, left lateral view; c, dorsal view. 
d,f. USNM 488116, parasphenoid: d, right lateral view;/ ventral view. 
e.g. USNM 481944, rostrum: e, left lateral view;g, dorsal view. 
h,i. USNM 481897, vertebra 1: h, left lateral view; /, anterior view. 

Each scale bar =2 cm 



NUMBER 90 



62 SMITHSONIAN CONTRIBUTIONS TO PALEOBIOLOGY 

PLATE 9 

Makaira cf. M. nigricans Lacepede, 1802 
Yorktown Formation, Lee Creek Mine 

a.b. USNM 286177, vertebra 22: a, left lateral view; b, anterior view. 
c,f USNM 481909, vertebra 23: c, left lateral view;/ anterior view. 

d,e. USNM 481979, hypural: d. right lateral view; e, anterior view. 

Makaira sp. 
Yorktown Formation, Lee Creek Mine 

g-i. USNM 475390, rostrum: g, dorsal view; h, cross section; f, left lateral view. 
/ / . USNM 290542, vertebra 2 3 : / left lateral view; /, anterior view. 

k. USNM 286997, right dentary, medial view of interdentary joint. 

Each scale bar=2 cm 
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PLATE 10 

Makaira sp. 
Yorktown Formation, Lee Creek Mine 

a,b. USNM 481931, predentary: a, left lateral view; b, dorsal view. 
c,d. USNM 488006, left quadrate: c, view of articular condyle for articular; d, lateral view. 

g. USNM 290204, left scapula, view of articular surface for first pectoral-fin ray. 
h.i. USNM 481981, hypural: h, right lateral view; /, anterior view. 

cf. Makaira indica sp. 
Yorktown Formation, Lee Creek Mine 

e.f USNM 488007, hypural: e, left lateral view;/ anterior view. 
/ NCSM 2990, right dentary, medial view of interdentary joint. 

k.l. USNM 481916, left quadrate: k, view of articular condyle for the articular; /. lateral view. 

Each scale bar=2 cm 
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PLATE 11 

Tetrapturus albidus Poey, 1860 
Yorktown Formation, Lee Creek Mine 

a,b. USNM 290193, left articular: a. lateral view; b, dorsal view of joint with quadrate. 
c,d. USNM 475393, right maxilla: c, lateral view; d, dorsal view. 
e.f. USNM 488046, parasphenoid: e. left lateral view;/ ventral view. 

g.h. USNM 290203, right maxilla: g, lateral view; h, dorsal view. 
i.j. USNM 488027, parasphenoid: /. left lateral view;/ ventral view. 

Each scale bar=2 cn 
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PLATE 12 

Tetrapturus albidus Poey, 1860 
Yorktown Formation, Lee Creek Mine 

a.b. USNM 481908, right quadrate: a, lateral view; b, view of articular condyle for the articular. 
c.d. USNM 488008, left quadrate: c, lateral view; d, view of articular condyle for the articular. 

Tetrapturus cf. T. albidus Poey, 1860 
Yorktown Formation, Lee Creek Mine 

e.f. USNM 488085, left maxilla: e, lateral view;/ dorsal view. 

Each scale bar=2 cm 
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The Neogene Sharks, Rays, and Bony Fishes from 
Lee Creek Mine, Aurora, North Carolina 

Robert W. Purdy, Vincent P. Schneider, Shelton P. Applegate, 
JackH. McLellan, Robert L. Meyer, and Bob H. Slaughter 

ABSTRACT 

The fish remains, including 104 species from 52 families, col­
lected at the Lee Creek Mine near Aurora, Beaufort County, North 
Carolina, constitute the largest fossil marine fish assemblages 
known from the Coastal Plain of the eastern United States. The 
fish faunas came principally from the Pungo River Formation 
(Burdigalian, planktonic foraminifera zones N6-7) and the York-
town Formation (Zanclian, planktonic foraminifera zone N18 and 
younger). A few specimens were obtained from the James City 
Formation (early-middle Pleistocene). 

As an assemblage, the fishes found in the Pungo River Forma­
tion, including 44 species of selachians and 10 species of teleosts, 
are most similar to those from the "Muschelsandstein" of the 
Swiss Molasse. 

The Yorktown Formation fish assemblage includes 37 species of 
selachians and 40 species of teleosts, derived mostly from the base 
of the Sunken Meadow Member. 

Although the Pungo River Formation fish fauna is dominated by 
warm-water (18°-25°C) taxa, the Yorktown Formation fossil fish 
fauna includes warm and cool water species. Both fish assem­
blages occur with a cool-temperate invertebrate fauna. 

The abundant remains in both faunas permit us to make the fol­
lowing interpretations concerning shark taxonomy. We reassign 
Megascyliorhinus to the family Parascyllidae and Parotodus bene-
denii (Le Hon) to the Lamnidae. Among the mako sharks, we des­
ignate the lectotype of Isurus desori (Agassiz) and synonymize it 
with /. oxyrinchus Rafinesque and separate Isurus xiphodon 
(Agassiz) from /. hastalis (Agassiz). Palaeocarcharodon, Procar-

Robert W. Purdy, Department of Paleobiology, National Museum of 
Natural History, Smithsonian Institution, Washington, D.C. 20560-
0121. Vincent P. Schneider, Paleontology Department, North Caro­
lina Museum of Natural History, P. O. Box 27647, Raleigh, North 
Carolina 27611. Shelton P. Applegate, Instituto de Geologia, Apar-
tado Postal 70-296, Cuidad Universitaria, 20 D.F., Mexico. Jack H. 
McLellan, 112 Shoveler Court, Georgetown, Kentucky 40324. Robert 
L. Meyer, Union Oil Company of California, 500 Executive Plaza 
East, 4615 Southwest Freeway, Houston, Texas 77027. Bob H. 
Slaughter (deceased). 

charodon, Megaselachus, and Carcharocles art synonymized with 
Carcharodon. Sphyrna laevissima (Cope) is synonymized with S. 
zygaena (Linnaeus), and Galeocerdo triqueter Cope is synony­
mized with Alopias cf. A. vulpinus (Bonnaterre). 

This fauna produced four new records and two new species. 
Among the selachians, we note the first records of Megascyliorhi­
nus, Rhincodon, Megachasma, and Isistius from the Atlantic 
Coastal Plain, and among the bony fishes, the first occurrences in 
the fossil record of Caulolatilus and Pomatomus. We also describe 
two new species of bony fishes, Lopholatilus rayus and Pagrus 
hyneus. 

Introduction 

The fossil faunas of both bony fishes and elasmobranchs at 
Lee Creek Mine are among the largest in the world, and the 
Pliocene remains represent one of the most abundant and di­
verse fossil vertebrate faunas yet recorded in the scientific liter­
ature (see Table 1). This fossil fish fauna consists of tens of 
thousands of selachian teeth (including six associated denti­
tions) and bony fish remains (including teeth, cranial frag­
ments, an articulated skull, several associated skeletons, verte­
brae, fin spines, otoliths). This fauna extends the record of 
many extant fishes into the Neogene of the United States. We 
identify more than 35 species not previously recognized from 
this province (excluding the otolith record; see Fitch and 
Lavenberg, 1983) and provide the first thorough account of this 
faunal diversity and its paleoecological implications. 

PREVIOUS WORK.—The literature concerning fossil fishes of 
the Atlantic Coast of North America is rather meager. Leriche 
(1942) provided one of the most comprehensive accounts of 
the fossil fishes of the area with a list of 50 Miocene and 
Pliocene species, and he also reviewed work previous to his 
own. The most useful of these works are illustrated papers by 
Gibbes (1848-1849) and Leidy (1877), concerning the phos­
phate beds of South Carolina, and Eastman's (1904) summary 
of the fishes of the Chesapeake Group in Maryland. 
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Fowler's (1911) lengthy work on the fossil fishes of New 
Jersey is useful as a catalog, but the specimen locality data are 
so poor that the informational value of the paper is seriously 
marred. Case's (1980) paper on the lower Miocene sharks of 
the Belgrade Formation is the only recent work about the Neo­
gene fishes of the Atlantic Coast of North America. 

North Carolina fossil fishes are especially poorly known. 
Emmons (1858) included some species now known to occur 
prolifically at the Lee Creek locality. Cope (1869, 1871, 1875) 
made additions to this fauna, and Leriche's (1942) Duplin Marl 
occurrences are primarily from North Carolina. 

PROJECT HISTORY.—A first manuscript describing the fossil 
fish fauna of Lee Creek Mine was completed in the mid-1970s. 
It reflected largely the work of Robert L. Meyer (sharks and 
rays) and Bob H. Slaughter (bony fishes). In the early 1980s 
Jack H. McLellan revised the manuscript and added to it addi­
tional taxa that he and Robert W. Purdy had identified subse­
quent to the first manuscript. Due to other commitments, Mey­
er, Slaughter, and McLellan relinquished responsibility for 
final revisions to Purdy. Purdy, who revised the Chondrich-
thyes and the geological portions of the manuscript, sought the 
help of Vincent P. Schneider to do the fossil bony fishes. 

Shelton P. Applegate reconstructed composite dentitions of 
the common Lee Creek shark taxa; he and Purdy subsequently 
refined these to reflect, as accurately as possible, the dentitions 
of these sharks. They are illustrated herein. 

We must state here that Applegate disagrees with Purdy's as­
signment of Parotodus to the Lamnidae, Purdy's identification 
of the first upper anterior tooth of Parotodus and Carcharodon 
as the second anterior tooth, and Purdy's recognition of Galeo-
cerdo contortus as a species separate from G aduncus Agassiz 
(= G. sp. herein). 

Since the completion of the McLellan manuscript in the early 
1980s, much new information has been published about the pa-
leoecology and paleooceanography of the Atlantic Coastal 
Plain, the ecology of extant fishes, and the taxonomy of fossil 
and extant fishes. Many additional specimens were added to 
the collections, including two associated dentitions of fossil 
sharks. Also, Gordon Hubbell made available to us his impor­
tant collection of extant sharks' dentitions. This manuscript, 
therefore, represents a major revision of the earlier ones. 
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METHODS 

The lack of adequate skeletal collections of extant western 
Atlantic fishes hampered our identification of the bony-fish re­
mains. We identified the more tropical species of the fauna at 
the University of Florida, where Elizabeth Wing maintains an 
excellent synoptic skeletal collection of Florida fishes. One of 
us (V.P.S.), with the assistance of members of the North Caro­
lina Division of Marine Fisheries, especially Fritz Rhode and 
Jim Franesconi, assembled a synoptic collection of the fishes 
presently living off the coast of North Carolina; this collection 
now resides in the North Carolina State Museum. Gordon Hub-
bell's extensive private collection of extant sharks' dentitions 
assisted in our identification of the fossil teeth. We also exam­
ined specimens from the private collections of Chris Harmatuk 
(Bridgeton, North Carolina) and Leonard Compagno (Cape 
Town, South Africa). These collections and the osteological 
specimens available in the Division of Fishes, NMNH, were 
used as the comparative basis for identifying the Lee Creek 
Mine material. 

To avoid the erection and perpetuation of unnecessary taxa, 
Leriche (1905, 1910, 1936b) advocated using reconstructed 
tooth sets for the study of fossil shark species. For lamnoid 
sharks, Applegate (1965, in prep.) supplemented Leriche's 
work by refining Leriche's tooth terminology and by identify­
ing the morphological characters of the anterior teeth. These 
characters identify them to jaw position even when they occur 
as isolated teeth. For taxa with dentitions that are not easily dif­
ferentiated into anteriors and laterals, Applegate recommended 
that the dentitions of closely related extant taxa be used as 
models for the reconstructions. Leriche's and Applegate's 
methods were employed in our study of the Lee Creek Mine 
sharks. 

The abundance and diversity of elasmobranch teeth in the 
Miocene and Pliocene sediments at Lee Creek Mine allowed us 
to reconstruct the dentitions of the common shark taxa. By 
comparing these reconstructions with the dentitions of extant 
sharks, we believe we have unraveled ambiguities that have 
plagued the study of fossil sharks. 

The unrecognized high degree of variation in dental mor­
phology in extant sharks fostered this ambiguity. Compagno 
(1988:26) noted that "the general scarcity of comparative data 
for teeth of living sharks has led to many errors in the paleonto­
logical literature. Unawareness of patterns of positional, devel­

opmental, and sexual heterodonty have led both paleontologists 
and neontologists astray." In our attempts to establish the iden­
tities of the Lee Creek Mine sharks, we examined as many den­
titions of extant sharks as possible, both from different age 
groups and sexes and from different parts of the world. For 
most taxa, only a few specimens were available, and some of 
these were not sized or sexed and were from the same popula­
tion. 

At this time, cladistic analyses of the taxa are not possible 
because of the fragmentary nature of the material and the un­
availability of comparative osteological data for phylogenetic 
analysis. Where possible we have identified potential synapo-
morphies, but we qualify them as tentative for the reasons giv­
en above. 

The taxonomic classifications and nomenclature used in this 
paper follow Compagno (1977, 1984) and Carroll (1988). De­
scriptions of taxa are from these sources unless noted other­
wise. Dates for taxa published by Agassiz (1833-1843) were 
taken from Jeannet (1928, 1929), who published a schedule of 
publication dates for Agassis's work. 

Synonyms are provided only for fossil taxa whose identifica­
tions are being changed. 

Due to the great number of fossil fish specimens recovered at 
Lee Creek Mine, only figured or measured specimens were cat­
aloged. Thus, although the total number of specimens referred 
to each taxon is cited, with few exceptions, only the cataloged 
specimens are listed. Figured specimens are from Lee Creek 
Mine unless otherwise noted. 

All measurements were made in millimeters or centimeters. 
For shark teeth, tooth height was measured from the apex of 
the crown to a line tangential to the basal margin of the root, 
tooth width was measured at the greatest lateral extent of the 
tooth, and tooth thickness was measured in the area of the cen­
tral foramen of the root. Total length is abbreviated as TL. 

Because the specimens were not collected in place, we made 
special efforts to collect from spoil areas where there was the 
least chance of mixing taxa from different horizons. We sifted 
large quantities of the Pungo River Formation, particularly the 
ore zone (unit 3) and units 4 and 5. Our principal source for 
ore-zone material was the coarse tailings found at the mill, and 
even in this material we occasionally found waifs from the 
Yorktown or James City formations. Despite these problems of 
mixing, we believe our collection techniques were careful 
enough to allow us to decide the stratigraphic occurrence of 
most of the taxa in this study. 

A field party from the Shuler Museum of Paleontology of 
Southern Methodist University undertook the initial bulk pro­
cessing of sediments for fossils, especially microvertebrate re­
mains. Subsequent bulk collecting was conducted by McLel­
lan, Applegate, Schneider, and Purdy. We also collected on the 
spoil piles from areas that did not appear to be contaminated by 
mixed sediments and fossil invertebrates. Because we could 
not collect on the working face of the mine, we made special 
efforts to bulk sample uncontaminated piles of units 1 to 3 of 
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the Yorktown Formation. Some specimens were found in 
lumps of matrix or had matrix in cavities or grooves in the 
specimen; this associated material was submitted to Thomas G. 
Gibson (United States Geological Survey) for analysis of any 
foraminifera present. Gibson's reports helped us to stratigraph­
ically place many of these specimens. 

The Lee Creek Mine collection has accumulated since the 
opening of the mine test pit in 1963. Field parties under the di­
rection of Clayton E. Ray (NMNH) began actively prospecting 
the locality in August 1971. Bob Slaughter and a party from 
Southern Methodist University, Dallas, Texas, collected bulk 
samples for screen washing in July 1972. 

The cataloged specimens are housed in the collections of the 
North Carolina State Museum of Natural Sciences and the 
NMNH. 

ABBREVIATIONS.—Institutional abbreviations used in the 
text are as follows. 

AMNH American Museum of Natural History 
ANSP Academy of Natural Sciences of Philadelphia 
CAS California Academy of Science 
CMM Calvert Marine Museum 
ETHGI Palaontologisches Institut Universitat Zurich 
IG Brussels Museum of Natural History 
NCSM North Carolina State Museum of Natural Sciences 
TE-PLI Staatliches Museum fur Naturkunde Karlsruhe 
UNIG Universitat Neuchatel, Institut fur Geologie 
NMNH National Museum of Natural History collections (including col­

lections of the former United States National Museum), 
Smithsonian Institution 

Stratigraphy 

The section exposed at Lee Creek Mine includes more than 
30 m of fossiliferous marine sedimentary rocks assigned to the 
Pungo River and Yorktown formations. Gibson (1967, 1983) 
described these exposures in detail; unless otherwise noted, 
stratigraphic units herein are those of Gibson. 

The Pungo River Formation, a subsurface unit, is exposed in 
the lower part of the mine pit. The upper 3.7 m of this forma­
tion consists of thin limestone layers interbedded with thin 
phosphate sand layers (units 4-7). Below this lies the ore bed, a 
phosphate sand layer about 12 m thick (units 1-3). Within the 
ore bed, a thin but persistent indurated sand layer containing 
diatomite occurs (unit 2). Below the main ore layer, about 3 m 
of low-grade indurated phosphatic sand occurs that is not 
mined. This layer rests unconformably on the Castle Hayne 
Formation of middle Eocene age. Gibson's units 1 to 3 corre­
late with the lower Miocene Dunkirk beds of the Calvert For­
mation of the Chesapeake Group to the north, which are Burdi-
galian (Hoffman and Ward, 1989:55), and units 4 to 7 correlate 
with the Fairhaven Member of the Calvert Formation, which 
are Langhian (Hoffman and Ward, 1989:55). 

The Yorktown Formation, which at Lee Creek Mine uncon­
formably overlies the Pungo River Formation, consists of blue 
clayey, fossiliferous sand. Ward and Blackwelder (1980) sub­
divided the Yorktown Formation into four members; beginning 

with the oldest, they are the Sunken Meadow Member, the 
Rushmere Member, the Morgarts Beach Member, and the 
Moore House Member. Only the first three members occur at 
Lee Creek Mine. Hazel (1983) presented evidence that the 
Yorktown Formation at the Lee Creek locality is planktonic 
foraminifera zone N19 (early Pliocene). Riggs et al. (1982), 
Gibson (1983), Snyder et al. (1983), and others have confirmed 
this age assignment. At Lee Creek Mine, the Sunken Meadow 
Member is the source of most of the vertebrate fossils. 

SOURCES OF THE FISH FOSSILS 

Vertebrate fossils occur in both the Yorktown and the Pungo 
River formations. A few fish fossils were found in situ, in ex­
posures along the pit walls. Most specimens, however, were 
obtained by searching piles of overburden in mined-out parts 
of the pit. Other sources of fossils were the piles of ore waiting 
to be slurried and pumped to the mill, the residue of coarse 
rubble left behind at the ore pumping sites, and the reject piles 
at the mill. 

The overburden consists of the Pleistocene sediments, York-
town Formation, and the top 3.7 m or so of the Pungo River 
Formation. During mining the draglines cast the overburden 
aside into a previously mined cut, stacking this material in 
windrows or spoil piles. Rains wash finer sediments down the 
slopes of the spoil piles leaving the fossils behind. Fish teeth 
and bones and other fossils are common in this lag material. 

As the draglines cast the overburden aside, inevitable mixing 
of the overburden layers occurs. Because, however, the dra­
gline buckets are very large and the sediments are cohesive, 
large masses of homogeneous material from identifiable hori­
zons survive the drop from the bucket onto the spoil piles. 

PUNGO RIVER FORMATION.—Much of the Pungo River ma­
terial studied herein was collected from the ore layers (units 
1-3). We obtained this material at the active mining sites 
where the draglines stack thousands of tons of ore to await 
transport to the mill. By screening bulk samples of this unproc­
essed ore through size 30 mesh screens, we collected many 
small bones and teeth. 

Smaller draglines move the ore to sumps; there it is mixed 
with water, screened to remove coarse particles, and pumped 
through pipelines to the mill. When all of the ore at a site has 
been pumped to the mill, large piles of particles too coarse for 
slurrying remain. These piles yielded many fossils. 

When the ore slurry reaches the washer section of the mill it 
is screened, and particles coarser than sand size are discarded. 
These piles of mill rejects, which we screened, also yield Pun­
go River fossils; the pumping and screening, however, abrades 
the specimens. 

The upper 3.7 m of the Pungo River Formation (units 4-7) is 
cast upon the spoil piles along with the nonphosphatic York-
town Formation. After weathering, these upper Pungo River 
sediments are easily recognized by their characteristic litholo-
gies. Shark teeth and osteichthyan vertebrae occur embedded in 
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the thin limestone layers, but the phosphatic sands that alter­
nate with the limestones (unit 4) are a more prolific source of 
fossils. It was from these sources that we obtained the Pungo 
River fish assemblage. Although we did not collect them in 
place, we assign them with some confidence to the lower and 
middle parts of the formation (units 1-3) and to the upper part 
(units 4-7). 

YORKTOWN FORMATION.—The blue gray, silty sands con­
taining some phosphate pellets, cetacean bone fragments, and 
Placopecten clintonius (Gibson, 1983), the invertebrate guide 
fossil for the basal part of the Yorktown Formation, identify 
sediments of the lowest 1.2 m of the Yorktown Formation. 
These sediments yielded many fish fossils. 

In the basal layer of the Yorktown Formation, fish fossils oc­
cur in two states of preservation. They either are well preserved 
and unabraded or are blackened, broken, worn, and heavily 
etched. Intermediately worn specimens are uncommon. 

The dark, wom specimens are themselves divisible into two 
groups: (1) fossils that are common in the Pungo River Forma­
tion and occur only in the basal layer of the Yorktown Forma­
tion as redeposited specimens, and (2) fossil teeth known to oc­
cur only in the basal layer of the Yorktown Formation. We 
believe they originated in post-Pungo River beds that were 
eroded completely before or during the Yorktown transgres­
sion. 

The well-preserved component of the fossil fish assemblage 
accumulated after the initial high-energy transgression. We be­
lieve that most of the identifiable bony-fish remains found on 
the spoil piles came from the bottom 4 m of the Yorktown For­
mation (units 1-3). Sediments representing unit 3 occur only as 
small patches on the spoil piles, as the unit is only 0.6 m thick. 
These patches are readily identified by an abundance of fish 
otoliths, well-preserved small shark teeth, chalky crab chelae, 
and other characteristic fossils. 

BIOSTRATIGRAPHIC IMPLICATIONS OF THE FISH FAUNAS 

Based on fish remains alone, the biostratigraphic position of 
this fish fauna is difficult to assess. Many of the Lee Creek 
Mine taxa cannot be distinguished from the extant species. 

Another problem is that many species of extant sharks segre­
gate by size and/or by sex, and in some species the growth rates 
vary such that individuals of the same age in two different pop­
ulations of the same species will be of measurably different siz­
es. The effects of these distributions and size differences on the 
fossil record of sharks have not yet been assessed. Until they 
are, we believe that the usefulness of fossil shark teeth as guide 
fossils is questionable. 

The stratigraphic ranges of several large shark genera, such 
as Galeocerdo and Carcharodon, suggest the maximum ages 
of the deposits. Galeocerdo sp. (=G. aduncus of Agassiz, Cap-
petta, Leriche, and others) and G. contortus, frequently used 
as guide fossils, have broad stratigraphic ranges: Rupelian to 
Serravalian for the former and Chattian to Tortonian for the 

latter (Cappetta, 1987:123). Based on specimens from a strati­
graphically controlled collection he made from the Neogene of 
Belgium, Leriche (1926) extended the range of Galeocerdo 
aduncus into the Zanclian; these teeth, however, may be from 
juveniles of G. cf. G. cuvier. De Stefano (1909) questionably 
referred a tooth frm the Pliocene of Tuscany to G. aduncus; 
however, this is apparently referable to G. cf. G. cuvier and 
definitely is not G. aduncus. Galeocerdo contortus has a more 
restricted stratigraphic range than does G. sp., and along with 
the presence of Carcharodon subauriculatus, which ranges 
from the Chattian to the Burdigalian and possibly the Lang-
hian, it suggests a maximum age of Chattian for the Pungo 
River fauna. 

In the Yorktown Formation the absence of Galeocerdo sp. 
and G. contortus and the presence of G. cf. G. cuvier corre­
sponds with the occurrence of these sharks in Europe. The 
large Galeocerdo from the lower part of the Yorktown Forma­
tion is quite modern in aspect. The only fossil teeth that to our 
knowledge are similar are those from the Ashley phosphate 
beds of South Carolina (now thought to be of Pliocene age, 
Sanders, pers. comm., 16 Jun 1990) and the Galeocerdo from 
the Orciano beds of Pliocene age in Italy (Lawley, 1876; De 
Stefano, 1909). Espinosa-Arrubarrena and Applegate (1981) 
also reported the occurrence of this shark as G. rosaliensis in 
the basal late Pliocene of Baja California, which may also be a 
synonym of G. capellini. The absence of Galeocerdo sp. in 
the basal Yorktown Formation and the presence of the more 
modern G. cf. G. cuvier supports an early Pliocene age for 
these beds. 

Fossil Shark Teeth 

From the beginnings of shark paleontology, most paleontolo­
gists have identified the different morphotypes of shark teeth as 
belonging to different species, but within a species, tooth mor­
phology varies considerably; the dentitions of one species may 
contain several different morphotypes. This practice for nam­
ing fossil shark species has led to much taxonomic confusion. 

Agassiz (1833-1843) published the first extensive work on 
fossil shark teeth. Many of his species were based on incom­
plete teeth or on teeth from different jaw positions of species he 
described earlier in his work; nevertheless, his classic work laid 
the foundation for the study of fossil shark taxonomy. 

Maurice Leriche, who studied fossil sharks for the first half 
of this century, revised many of Agassiz's species and those of 
other earlier workers. As the basis of his taxonomic studies, 
Leriche created artificial tooth sets for fossil species. He was 
the first fossil shark specialist to do this, and although many 
fossil shark specialists ignored Leriche's method of study, he 
made many significant contributions to the study of fossil 
sharks. 

Despite Leriche's work, the naming of new species seemed 
to be more important than scientific accuracy. As a result of 
this, common fossil shark taxa have appeared in the literature 
many times under many different names. Today, a morass of 



76 SMITHSONIAN CONTRIBUTIONS TO PALEOBIOLOGY 

TABLE 1.—Faunal list of Lee Creek Mine fishes (l-6=stratigraphic unit, A=abundant, C=Common, 
U=uncommon, R=redeposited). 

Taxon 
Pungo River Formation Yorktown Formation 

1 2 3 James City Formation 

Class CONDRICHTHYES 

HEXANCHIDAE 

Notorynchus cepedianus 

Hexanchus sp. 

ECH1NORHINIDAE 

Echinorhinus cf. E. blakei 

SQUALIDAE 

Squalus sp. 

Isistius sp. 

PRISTIOPHORIDAE 

Pristiophorus sp. 
RHINOBATIDAE 

Rhinobatos sp. 
PRISTIDAE 

Pristis sp. 

P. cf. P. pectinatus 
RAJIDAE 

Raja sp. 

DASYATIDAE 

Dasyatis say 
D. centroura 
D. cf. D. americana 

MYLIOBATIDAE 

Pteromylaeus sp. 

Aetobatus sp. 
RHINOPTERIDAE 

Rhinoptera sp. 

Plinthicus stenodon 
MOBULIDAE 

Mobula sp. 
Mania sp. 

SQUATINIDAE 

Squatina sp. 

PARASCYLLIDAE 

Megascyliorhinus miocaenicus 

GINGLYMOSTOMATIDAE 

Glnglymostoma sp. 
RHINCODONTIDAE 

Rhincodon sp. 
ODONTASPIDIDAE 

Carcharias taurus 

C. cuspidata 
C. sp. 

Odonlaspis ferox 

O. cf. O. aculissima 
MEGACHASMIDAE 

Megachasma sp. 

ALOPIIDAE 

Alopias ci. A. superciliosus 

A. ci. A. vulpinus 

CETORHINIDAE 

Cetorhinus sp. 

LAMNIDAE 

Parotodus benedenii 

Isurus oxyrinchus 

I. haslalis 

I. xiphodon 

Lamna sp. 

Carcharodon subauriculalus 

C. megalodon 

C. carcharias 
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Taxon 

SCYLIORHINIDAE 

Scyliorhinus sp. 
TRIAKIDAE 

Galeorhinus cf. G. affinis 
Hypogaleus sp. 
Mustelus sp. 

HEMIGALEIDAE 

Paragaleus sp. 
Hemipristis serra 

CARCHARHIN1DAE 

Galeocerdo sp. 
G. contortus 
G. cf. G. cuvier 
Carcharhinus brachyurus 
C.falciformis 
C. leucas 
C. macloti 
C. obscurus 
C. perezi 
C. plumbeus 
Rhizoprionodonl sp. 
Negaprion brevirostris 
Triaenodon obesus 

1 

C 

U 
U 

u 
A 
A 

A 
A 

A 

U 
A 

U 

U 

2 

C 

u 

u 
A 

A 

A 

A 

A 

u 
U 
A 

U 

u 

TABLE 1.—Continued. 

Pungo River Formation 

3 

C 
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u 
A 
A 

A 
A 

A 

U 
U 
A 

A 

U 

U 

4 

C 

U 

u 
A 
A 

A 
A 

A 
U 
U 
A 

A 
U 
U 
U 

5 

C 

U 

U 

A 
A 

A 
A 

A 

u 
C 

A 
U 
U 

u 

6 

C 

c 
C 

Yorktown Forn 

1 2 

R? 

R? 

R? 
C 

A 

C 
R 
C 
C 
U 

u 

R? 

C 

C 

C 

C 

U 

lation 

3 James City Formation 

U? 

U 

C 

c 

SPHYRNIDAE 

Sphyrna lewini 

S. cf. 5. media 

S. zygaena 

Class OSTEICHTHYES 

ACIPENSERIDAE 

Acipenser ci.A. oxyrhynchus 

LEPISOSTEIDAE 

Lepisosteus osseus 

ELOPIDAE 

Megalops cf. M. atlanticus 

CONGRIDAE 

Conger cf. C. oceanicus 

CLUPE1DAE 

Alosa cf. A. sapidissima 

ARIIDAE 

Bagre sp. 

BATRACHOIDIDAE 

Opsanus lau 

LOPH1IDAE 

Lophius cf. L. americanus 

MERLUCCIDAE 

Merluccius bilinearis 

TR1GLIDAE 

Prionotus cf. P. evolans 

SERRANIDAE 

Epinephelus sp. 

Mycteroperca sp. 

BRANCHIOSTEG1DAE 

Caulolatilus cf. C. cyanops 

Lopholatilus rayus 

POMATOM1DAE 

Pomatomus saltatrix 

CARANG1DAE 

Seriola sp. 

SPARIDAE 

Archosargus cf. A. probatocephalus 

Lagodon cf. L. rhomboides 

Pagrus hyneus 

C 
u 

C 

u 
c 
u 

c 
u 

c 
u 

u 
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u 
u 
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u? 
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TABLE 1.—Continued. 

Taxon 

P.sp 

Stenotomus cf. S. chrysops 

SCIAENIDAE 

Sciaenops sp. 

5. ocellatus 

Pogonias cf. P. cromis 

LABRIDAE 

Tautoga cf. T. on His 

URANOSCOP1DAE 

Astroscopus sp. 

SPHYRAEN1DAE 

Sphyraena cf. S. barracuda 

SCOMBRIDAE 

Sarda sp. aff. S. sarda 

Auxis sp. 

Thunnus sp. 

Acanthocybium solandri 

XIPHIIDAE 

Xiphias gladius 

ISTIOPHORIDAE 

Istiophorus cf. /. platypterus 

Makaira cf. M. indica 

M. nigricans 

Tetrapturus cf. T albidus 

Hemirhabdorhynchus sp. 

BOTHIDAE 

Paralichthys sp. 

MONACANTHIDAE 

Aluterus sp. 

TETRAODONTIDAE 

Sphoeroides hyperostosus 

DlODONTlDAE 

Chilomyclerus schoepfi 

MOLIDAE 

Mola chelonopsis 

Indeterminate 

Emmon's fish tooth 

Pungo River Formation 

C 

C 

c 

C 

c 

U U u u 

C c 

u u 

Yorktown Formation 

1 T~ 3 
C 
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A 
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l i 
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u 
A 
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James City Formation 
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A 
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A 
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scientific names exists in shark paleontology, and more new 
fossil taxa are described each year. 

Many of the type specimens for the species described in Eu­
rope during the nineteenth century have yet to be rediscovered. 
Some were destroyed by the ravages of wars; others remained 
in private collections, many of which have been lost or de­
stroyed. Even the type specimens that were not lost were rarely 
redescribed and refigured. These problems have further hin­
dered fossil shark taxonomy. 

The lack of good museum collections of dentitions from ex­
tant sharks and the paucity of scientific papers describing den­
tal variation in extant sharks also have hampered the study of 
fossil sharks. In extant species, the extent of dental variation re­
mains undocumented. Without knowing the range of dental 
variation, paleontologists cannot make sound judgements about 
the taxonomy of fossil sharks. 

In studying the Lee Creek Mine sharks, we attempted to 
make the most parsimonious interpretation possible of the fos­

sil evidence. We compared the fossil teeth with those of as 
many related extant species as possible, looking for characters 
to separate or synonomize the fossil species. Where studies of 
extant species indicated that great variability in dental mor­
phology existed but that variability was not defined, we identi­
fied these taxa to genera only. In instances where no informa­
tion exists about dental variability in the extant species, we 
identified the fossil teeth to the fossil species. For fossil teeth 
that we could not separate from those of the extant species, we 
give ecological information on the extant species and the prob­
able total length of the fossil species. The latter we estimated 
from the measurements of the largest tooth in the upper jaw of 
extant sharks of known length. 

TOOTH TERMINOLOGY 

An extensive terminology, including many synonymous 
terms, has arisen for the description of shark teeth. Compagno 
(1988) called for a standardization of this terminology, and we 
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cusplets 

distal 

apical 

mesial 

apical 

primary 
cusp 

mesial 

apex of crown 

basal 
lateral 
cusplet 

central foramen 

basal 

distal 

crown foot 

labial recurvature 
of tip 

labial \ lingual 

transverse groove 

cutting 
edge 

deep notch 

shoulder 

central foramen 

FIGURE 1.—Tooth terminology used in this paper. 

use the terms he suggested, which incorporate those of Apple-
gate (1965a, 1967). See Compagno (1988:27-30) and Figure 1 
for the definitions of these terms. In view of the importance of 
reconstructing tooth sets of fossil shark species, Applegate and 
Compagno's tooth terminology is reviewed below. 

Among the lamniform sharks, which include Alopias, Car­
charias, Carcharodon, and Isurus, among others, several basic 
tooth types occur. Leriche (1905) and Applegate (1965a) iden­
tified these tooth types as median (medial), symphysial, alter­
nate, anterior, intermediate, lateral, and posterior (Figures 2, 
5a; Compagno, 1988, fig. 3.4). These names indicate position 
in the shark's jaws. Compagno (1988:32-33) defined shark 
teeth that cannot be differentiated into anteriors and laterals as 
follows: 

When anteriors are not differentiated (as is often the case in the lower jaw) but 
posteriors are, the more mesial teeth are termed ANTEROLATERALS; when 
posteriors are not differentiated but anteriors are, the more distal teeth are 
LATEROPOSTERIORS; and when neither anteriors or posteriors are differen­
tiated, the parasymphysial teeth are ANTEROPOSTERIORS. 

Small symmetrical and asymmetrical teeth occur in the sym­
physial region of many species of sharks; Applegate recog­
nized three types of teeth in this region: median (medial), sym­
physial, and alternate (definitions from Compagno, 1988; 
occurrence of teeth in taxa from Applegate, 1965a). The lamni­
form tooth types are described below. 

UPPER AND LOWER TEETH.—The lower teeth are not as 
compressed as the upper teeth; their tips usually recurve toward 

the more convex side of the tooth or lingually. A straight-edged 
area parallel to the long axis of the flat or labial face of the 
crown and tangent to the base of the crown facilitates seeing 
this relationship (in upper teeth as well). (Exceptions to this are 
the upper anterior teeth. Except in Alopias, the tips of these 
teeth bend lingually, but this lingual bend is not as great as that 
of the lower anterior teeth). In the area of the central foramen, 
in the lower anterior teeth and the first two or three laterals, the 
root possesses a noticeable bulge or torus. In the lower lateral 
teeth, the angle formed by the root lobes is not as obtuse as that 
in the upper laterals. 

In the upper teeth, the tip of the crown in profile or lateral 
view is straight, or it may recurve labially, and the crown is 
more compressed or blade-like than are those of corresponding 
teeth of the lower jaw. The torus on the lingual face of the root 
is noticeably developed only in the anterior and intermediate 
teeth; the roots of the upper lateral teeth are flatter than those of 
the lowers. 

Exceptions, however, do occur. In the extant Lamna and in 
Isurus paucus we observed upper lateral teeth with slight lin­
gual bends, and in two juvenile /. paucus dentitions from the 
same locality, the same upper lateral tooth in each dentition has 
a strong lingual bend. 

MEDIAL TEETH.—Medial teeth are small, often symmetrical 
but may be asymmetrical, and occur at the juncture of the left 
and right jaws. These teeth are found in the Scyliorhinidae, Tri-
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akidae, Pseudotriakidae, Carcharhinidae, Sphyrnidae, Hexan-
chidae, Squalidae, and Heterodontidae. 

SYMPHYSIAL TEETH.—These teeth, which usually look like 
miniatures of the first anterior teeth, have asymmetrical roots 
and occur on either side of the symphysis. They are usually in 
the lower jaw but also may occur in the upper jaw. Symphysi-
als are found in the Odontaspididae, Cretolamnidae, Carchar­
hinidae, Sphyrnidae, Hemigaleidae, and the Mitsukurinidae. 

ALTERNATE TEETH.—These are "small teeth with asymmet­
rical crowns that form two interdigitated rows on the symphys­
is, with the cusps of each row hooked mesially towards the op­
posite row" (Compagno, 1988:32). They are found in the 
Carcharhinidae and Hemigaleidae. We did not recover alter­
nate teeth at Lee Creek Mine. 

ANTERIOR TEETH.—Two upper (three in Carcharias and 
Mitsukurina) and three lower anterior teeth occur in the denti­
tions of lamnoid sharks. These teeth usually have erect, awl­
like crowns; their tips may curve slightly toward the corner of 
the jaw (distally). The width of an anterior tooth is less than 
80% of the tooth's height. In Odontaspis, Carcharias, Mitsuku­
rina, Scapanorhynchus, and small individuals of Isurus, the an­
terior teeth have a sigmoidal curvature in lateral view, but in 
upper teeth the sigmoidal curvature is not as great, and the root 
is not as thick in lateral view as it is in the lower anterior teeth 
(Figure 3). A shallow to deep hollowing of the labial face of 
the root occurs in these teeth to accommodate the torus of the 
next-forming tooth. This hollowing or concavity has its great­
est development in the lower anterior teeth, 
which have the most prominent toruses, and in 
which the crown of the tooth overhangs the root. 
In upper anterior teeth, where the torus is less 
developed, the labial face of the root may be 
slightly recessed or flush with the labial face of 
the crown. 

Some exceptions to these characters do occur. ; 
In the upper teeth of Carcharodon, Isurus xiph-
odon, and large individuals of I. paucus, the an­
terior teeth lose their awl-like appearance, and in 
Carcharodon and /. xiphodon the angles of the 
root lobes are broader than in those of other lam­
noid species. 

Because each anterior tooth exhibits a basic 
morphological pattern, the identification of the 
characters that define them is most important, I 
but one of these characters alone, such as the an­
gle formed by the root lobes, is not sufficient for 
identifying this tooth type. One of us (R.W.P.) 
measured the angles of the root lobes (see Table 
2) of the anterior teeth in dentitions from extant 

FIGURE 3.—Upper and lower anterior teeth in lateral view to 
show sigmoidal curvature of crown: a, upper; b, lower. 

TABLE 2.—Variation in the angle of the root lobes in the first two upper (Al, 
A2) and lower (al, a2) anterior teeth of extant lamnoid sharks. («=number of 
specimens.) 

Taxon 

Carcharias 
Lamna nasus 
L. ditropis 
Isurus paucus 
I. oxyrinchus 
Carcharodon 

n 

2 
9 
3 
8 
4 

28 

Al 

38o^10° 
-
-
-
-
-

A2 

44°-92° 
82°-143° 
86°-125° 
86°-137° 
76°-91° 

116°-156° 

al 

37°-51° 
60°-120° 
83°-135° 
34°-60° 
30°-50° 
62°-108° 

a2 

48°-67° 
106°-141° 
100°-!30° 
74°-lll° 
45°-75° 
81°-115° 

lamnoid species; he found that these angles broaden as the 
shark increases in size and that the angles differ noticeably for 
the same tooth position in the left and right jaws. In identifying 
anterior teeth, then, the attitudes of the crowns and the propor­
tional development of the root lobes are the most constant and 
the most important features (Figure 4). Even these features are 
variable, and they should be used with prudence. 

First Upper Anterior Tooth (Applegate ' s type A 
tooth): This is the most symmetrical tooth among the upper 
anteriors, and the root lobes are nearly equal in size and form 
an acute angle. The crown may appear to be symmetrical or 
slightly asymmetrical, but it remains erect. 

Second Upper Anterior Tooth (Applegate's type C 
tooth): The root lobes of this tooth form a wide acute to right 
angle, and the lobes are not equal in size (the longer root lobe 
is usually on the mesial side of the tooth). The crown has a 
slight distal slant, and the mesial cutting edge is slightly to 
very convex. 

Third Upper Anterior Tooth (Applegate 's type E 
tooth): This is the shortest tooth in the upper anterior series. 
The mesial root lobe is onger than the distal lobe, and the crown 
leans distally; the distal cutting edge is slightly to very convex. 

First Lower Anterior Tooth (Applegate 's type B 
tooth): The root lobes of this tooth are nearly equal or equal 
in length, form an acute angle, and are almost U-shaped in ap­
pearance; one lobe may be somewhat flattened. The torus or 
swollen area surrounding the transverse groove and/or central 
foramen attains its greatest development in this tooth. In some 
species the roots of these teeth are elongated. The crown of 
this tooth, the most symmetrical of the lowers, has the least 
amount of distal curvature. 

Second Lower Anterior Tooth (Applegate's type D 
tooth): The root lobes of this tooth form an acute to small ob­
tuse angle, and the mesial lobe is usually longer than the distal 
lobe. The curvature of the crown is similar to that of the first 
lower anterior tooth. Except in Carcharodon, this tooth is usu­
ally the greatest in height. 

Third Lower Anterior Tooth (Applegate's type F tooth): 
This is the shortest tooth in the lower anterior series. The root 
lobes form a right to obtuse angle, and the mesial root lobe is 
noticeably longer than the distal one and may be pointed. The 
torus is more noticeable in this tooth than it is in its upper 
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counterpart. The tooth's crown has a strong distal lean to it; its 
mesial edge is almost straight or is concave. 

INTERMEDIATE TEETH.—Intermediate teeth occur in the up­
per jaws between the anterior and lateral teeth. Although they 
are usually small, they may be almost as large as the neighbor­
ing teeth. Two sharks of the same size and species can have in­
termediate teeth of markedly differing sizes. These teeth, ex­
cept in Carcharodon and Isurus xiphodon, have U-shaped 
roots, and their crowns, except in Carcharodon, slant toward 
the corner of the jaws. The mesial edge of the crown is slightly 
concave to convex, and the distal edge is concave. In Carchar­
odon these teeth may be broad- or narrow-crowned, with root 
lobes that form right to obtuse angles. In Isurus xiphodon the 
intermediates have triangular crowns and have root lobes that 
form obtuse angles. 

LATERAL TEETH.—The root lobes in the lateral teeth form 
obtuse angles. These angles are usually smaller in the lower 
teeth than they are in the corresponding upper teeth, which are 
usually more blade-like than the lower teeth. In the upper teeth 
the crowns curve toward the angle of the jaws, whereas in the 
lower teeth they usually tend to be erect; however, we have 
seen strongly curved lower lateral teeth in Isurus oxyrinchus. 

POSTERIOR TEETH.—In the posterior teeth, the crowns are 
small and are not well developed. 

Systematic Paleontology 

Class CHONDRICHTHYES 

Order HEXANCHIFORMES 

Family Hexanchidae 
(cowsharks, sixgill sharks, and sevengill sharks) 

Maisey and Wolfram (1984:172) identified three dental char­
acters that, in addition to nondental characters, they considered 
to unite the living hexanchids: (1) "teeth compressed labiolin-
gually; lateral teeth bladelike but with several cusps in a recti­
linear series along the cutting edge;" (2) "upper and lower teeth 
distinctly different, the lowers generally being longer and hav­
ing more cusps;" and (3) "posteriormost upper and lower teeth 
are small button-like, unserrated and lacking cusps." 

Maisey (1986:101) revised these characters and reduced the 
number of dental characters to one: "Labio-lingually flattened 
teeth, with the root and crown lying in the same plane and the 
basal surface enlarged to form the 'lingual' side of the root." 
His character, however, also may be applied to the Echi-
norhinidae. 

Thies (1987:197) modified Maisey's dental character to 
read: "Lower lateral teeth flattened labiolingually and elongat­
ed mesiodistally, producing a sawblade-like appearance to the 
tooth (Maisey and Wolfram 1984, in part)." His modification 
restricts the application of this character to the Hexanchidae. 
Thies (1987:197) also added the following two additional den­

tal synapomorphies: "Main cusp of lower lateral teeth with a 
serration on the lower portion of its mesial edge or, alternative­
ly, with mesial cusplets," and "tooth root of lateral teeth flat­
tened labiolingually and rectangular in shape, with a straight 
basal edge." 

Compagno (1984:13) also identified elongate, comb-like, 
lower lateral teeth, which he called anterolaterals, as a charac­
teristic of the family. These dental synapomorphies define the 
family Hexanchidae. 

Maisey and Wolfram (1984:173) stated that the lower medial 
tooth of Notorynchus has a vertical median cusp that is strongly 
inclined, whereas in Hexanchus it is almost vertical. The medi­
an teeth in three dentitions, however, two ofH. griseus (USNM 
176566, 188048) and one ofH. vitulus (USNM 110900), all 
with strongly inclined median cusps, contradict their observa­
tions about this tooth; Thies (1987:195) also confirmed that 
their character is not taxonomically useful. 

Using the lower anterolateral teeth, Applegate (1965b: 124) 
identified characters for separating the genera of this family, 
stating, "Hexanchus possesses serrations on the front [mesial] 
edge of its most anterior crownlet. Notorhynchus [sic] has 
small unequal denticles [which increase in size apically] and 
the third genus in the family Hexanchidae, Heptranchus [sic] 
has one or two distinct narrow anterior denticles." Maisey and 
Wolfram (1984:173) and Compagno (1984:17, 19, 22) added 
that there are eight to 10 distal cusplets in the teeth of adult 
Hexanchus, five to six distal cusplets in the teeth of adult Noto­
rynchus, and "an abruptly high cusp, and up to 7 or 8 distal cus­
plets" in the teeth of adult Heptranchias. Applegate did not 
identify the taxonomic characters of the upper anterolateral 
teeth. 

Kemp (1978) was the first paleontologist to try to distin­
guish the upper anterolateral teeth of Notorynchus from those 
of Hexanchus, with the following observations: "Teeth [of 
Notorynchus] in first rows a little higher than broad ranging 
through to a little broader than high in last rows. Teeth of 
Hexanchus are lower and broader in comparison. Primary 
cusp similar to H. griseus but with fewer crownlets distally, 
ranging from only 1 in first row to 4 to 5 or 6 in the last row." 
In the dentitions of the extant hexanchid genera available to 
us, Kemp's relationship of tooth height to breadth was vari­
able in both genera; the Notorynchus condition was found in 
the upper anterolaterals of Hexanchus and the converse in No­
torynchus. In addition to Kemp's character of the number of 
distal cusplets, the upper teeth of Notorynchus are distin­
guished from those of Hexanchus by the presence of one or 
more cusplets on the mesial cutting edge of the anteriormost 
teeth and by the presence at the base of the mesial cutting 
edge of a small shoulder. Because only a small number of 
dentitions of the living species were available to us, we can­
not ascertain the validity of these characters. Using these 
characters and those identified by Applegate (1965b), we 
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identified only the genera Notorynchus and Hexanchus among 
the Lee Creek Mine fossil teeth. 

Herman et al. (1987:43-56), in their comparative morpholog­
ical study of the posterior teeth of the Hexanchidae, found that 
these teeth possess characters that allow generic identification. 
These teeth, however, were not recovered at Lee Creek Mine. 

In the Hexanchidae, ontogenetic variation is known to occur 
in two genera, Hexanchus and Notorynchus. In juveniles of 
Hexanchus, Bigelow and Schroeder (1948:82) reported that in 
the lower lateral teeth "the inner [mesial] margins [are] smooth 
in newborn specimens, but finely serrate in large, with interme­
diate sizes showing intermediate states." Concerning Notoryn­
chus, Kemp (1978) noted, "As in Hexanchus the number of 
crownlets, especially in the lower laterals and the degree of 
denticulation of mesial margin of all teeth increases with age, 
and thus the size of the tooth." 

According to Ward and Thies (1987), the dental formula 
for each upper jaw is one to two symphysial, five to six ante­
rolateral, and six to 13 posterior teeth; in the lower jaws it is 
one medial tooth; and in each jaw, it is five to six anterolater­
al and four to 12 posterior teeth. They did not mention, how­
ever, the upper medial tooth that is present in Notorynchus 
(Kemp, 1978). Kemp (1978) gave the dental formula for the 
upper jaw (one side) of Notorynchus cepedianus as two medi­
al (one medial, one symphysial), six to seven lateral (antero­
lateral), and 11 to 13 posterior teeth, and for the lower jaw 
(one side), one medial, six lateral (anterolateral), and eight to 
nine posterior teeth. He gave the dental formula for the upper 
jaw (one side) of Hexanchus griseus as two medial (both 
symphysial), nine lateral, and eight posterior teeth, and for 
the lower jaw (one side), one medial, six lateral, and eight to 
nine posterior teeth. 

Notorynchus cepedianus (Peron, 1807) 

FIGURE 4 

Notidanusplectrodon Cope, 1867:141 [Miocene, Maryland]. 
Notidanus primigenius Agassiz, 1843:303, pl. 27: figs. 6-8, 13-17 [Miocene, 

Switzerland].—Eastman, 1904:77, pl. 29: fig. 6 [Miocene, Maryland].—Ler­
iche, 1942:63-64, pl. 4: figs. 7-9 [Miocene, Maryland], 

HORIZON.—Pungo River Formation (units 1-5); Yorktown 
Formation (units 1, 2). 

REFERRED MATERIAL.—Some 300 teeth, USNM 205296, 
256290, 256312, 256315, 256316, 282771, 282776, 391921, 
459874^459915, 474814-474857, 474871, 474872. 

REMARKS.—Although these teeth are often assigned to the 
species Notorynchus primigenius, they are identical to those 
of the living N. cepedianus from the Pacific Coast of North 
America. Like the extant species, the attitudes of the primary 
cusps and cusplets range from almost erect to more recum­
bent, with the latter attitude being more predominant. 

Figure 4a shows our reconstruction of this dentition. As 
noted above, the posterior teeth were not recovered at Lee 
Creek Mine. In the upper dentition, the first two mesial sym­
physial teeth lack a shoulder at the basal extremity of the cut­
ting edge, but in comparison to extant hexanchid dentitions, 
these teeth are most similar to those of Notorynchus. The first 
of these two teeth, the first symphysial, has a squarish root in 
labial view; in Hexanchus the root of this tooth appears to be 
triangular to rhomboidal. As in Notorynchus, in the second of 
these two teeth the mesial and apical edges of the root form a 
right angle. In Hexanchus this angle is absent, and the slanted 
contour of the cutting edge continues down to the base of the 
root. The remaining teeth in the upper jaw are characteristic 
of Notorynchus. 
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FIGURE 4.—Notorynchus cepedianus: a, lingual view of composite dentition; b, lingual view of lower lateral 
tooth, USNM 474871, with enlarged serrations on mesial edge; c, lingual view of lower lateral tooth, USNM 
474872, with mesial serrations absent. (Scale bars= 1.0 cm.) 
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In the lower jaw, the medial tooth has a nearly erect median 
cusp with lateral cusplets that are slightly recurved, which is 
characteristic of Notorynchus teeth rather than those of Hex­
anchus. All the other teeth in the dentition are identical to 
those of Notorynchus cepedianus. 

In his review of the fossil Hexanchidae, Kemp (1978) identi­
fied the more erect primary cusp and cusplets as a character for 
separating the teeth of N. primigenius from those ofN. cepedi­
anus; however, Kemp's character occurs in the extant species 
(Guzman and Campodonico, 1976:208), and Agassiz 
(1833-1843, pl. 27: figs. 16, 17) included in his type suite two 
teeth with more recumbent primary cusps and cusplets, which 
Kemp stated was characteristic of the extant species. Kemp's 
characters, therefore, cannot be used for separating N. primige­
nius from N. cepedianus, and the fossil species is a junior syn­
onym of the extant species. 

Two teeth from Lee Creek Mine exhibit morphological vari­
ations not previously noted in Notorynchus. In USNM 474871 
(Figure 4b) the recurved serrations on the mesial shoulder of 
the cutting edge are greatly enlarged, and in USNM 474872 
(Figure 4c) the serrations are almost completely absent; at the 
mesial end of the shoulder of this tooth only three very small 
serrations are present. In Mesozoic deposits, specimens with 
enlarged mesial serrations, which are yet to be observed in the 
extant species, have been assigned to the genus Notidaniodon 
(Cappetta, 1975; Ward and Thies, 1987), but because this en­
largement also occurs in the Lee Creek Hexanchus teeth (see 
below), we believe this enlargement of the mesial serrations 
may fall within the range of variation in the extant species and 
does not warrant generic separation. 

Available lower anterolateral teeth range from 14 to 30 mm 
in length and from 19 to 21 mm in maximum height. The larg­
est of these teeth are twice the size of those from two extant 
dentitions that we measured, which were from males 2 m in 
length. These larger fossil teeth came from individuals between 
3 and 4 m TL. 

According to Ebert (1986:439), Notorynchus inhabits rela­
tively shallow (< 100 m in depth), open coastal, temperate hab­
itats. Compagno (1984:23) reported that they often occupy wa­
ter less than 1 m in depth. They feed principally on sharks and 
rays, but marine mammals and bony fishes also are important 
prey, and they also eat mollusks and crustaceans (Ebert, 
1986:444, 1991). 

Hexanchus sp. 

FIGURE 5 

HORIZON.—Yorktown Formation (units 1, 2). 
REFERRED MATERIAL.—22 teeth, USNM 256275, 256289, 

256313, 256314, 282780,437771,474859-474870. 
REMARKS.—These teeth are so similar to those of the living 

Hexanchus griseus that specific segregation of the two is ques­
tionable. This applies as well to Sismonda's type specimen 

(1861, fig. 13) of H. gigas. All of Leriche's (1926:391) criteria 
for distinguishing these two species, such as size of mesial ser­
rations, point of maximum root height, and absolute size, are 
subject to ontogenetic variation and do not work with large 
samples, a problem also noted by Cione and Reguero (1994:6). 
Arambourg (1927:223) suggested one character, overlooked by 
Leriche and by Cione and Reguero, that may be sufficient to 
separate the fossil form. In the lower anterolateral teeth, the 
cusps ofH. gigas are separated by notches that nearly reach the 
coronal-root boundary and thus make the cusps appear well de­
veloped and separate. These notches are much shallower in H. 
griseus and H. vitulus (e.g., see Bigelow and Schroeder, 1948, 
fig. 8; Kemp, 1978, pl. 12: fig. 5). Teeth with both types of 
notches occur in about equal numbers in the Pliocene sedi­
ments of Peru, where Hexanchus is more abundant than it is at 
Lee Creek Mine. Because adequate samples of H gigas and the 
extant species were unavailable for this study, we cannot assess 
the taxonomic value of this character; therefore, we believe it is 
premature to assign the Lee Creek Mine teeth to a species. 

Two forms of lower anterolateral teeth occur at Lee Creek 
Mine. In one the cusplets diminish gradually in size toward 
the distal end of the tooth (Figure 5a), and in the other the 
principal cusp is significantly higher than the distal cusplets 
(Figure 5b); Ward (1979:115) identified these forms as grisi-
form and vituliform, respectively, representing two evolution­
ary lines leading to the extant species. He based his definition 
of vituliform on a male dentition published by Bass et al. 
(1975d, pl. 2), which he must have assumed was characteristic 
for the species. In the dentition of the holotype ofH. vitulus (a 
female) published by Springer and Waller (1969, fig. 2A), the 
lower anterolateral teeth are grisiform. According to David A. 
Ebert (pers. comm., 10 Dec 1990), this type of sexual dimor­
phism also occurs in H. griseus. The grisiform teeth are, 
therefore, those of females, and the vituliform teeth are those 
of males. 

Lower anterolateral teeth in the Lee Creek Mine collection 
range from 42.7 to 55.0 mm in width and from 24.1 to 32.2 mm 
in maximum height. USNM 256289 (Figure 5e), from the 
Yorktown Formation, is the largest of these, with 11 distal cus­
plets; it measures 55 mm in width and 32 mm in height. This 
tooth is 20%-30% larger than the largest lower anterolateral 
tooth in the largest dentition available to us, USNM 188048 
(female Hexanchus griseus, 433 cm TL), which measures 42.6 
mm in width and 22.6 mm in height. 

Another large specimen from this formation is a symmetrical 
lower medial tooth, USNM 474860 (Figure 5/), which mea­
sures 24 mm in width and 26 mm in height. As is often found 
in the medial teeth of the extant species of Hexanchus, the me­
dian cusp of this tooth is greatly developed, with shallow me­
sial and distal notches in the cutting edge; the mesial and distal 
shoulders are serrated with coarse, erect serrations. In some ex­
tant Hexanchus these serrations are large enough to be consid­
ered cusplets (height > 1.0 mm). 
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FIGURE 5.—Hexanchus sp.: a, USNM 256313, lingual view of lower anterolateral tooth with gradually diminish­
ing distal cusplets; b, USNM 474859, lingual view of lower anterolateral tooth with principal cusp much taller 
than distal cusplets; c, lingual view of seven upper anterior teeth; d. USNM 437771, lingual view of lower lateral 
tooth with enlarged serrations on its mesial edge; e, USNM 256289, lingual view of largest lower anterolateral 
tooth from Lee Creek Mine in USNM collections;/ USNM 474860, symmetrical lower medial tooth. (Scale 
bars: a.b=0.5> cm; c-f=\.0 cm.) 

Eight of the 22 teeth from Lee Creek Mine are from the an­
terior portion of the upper jaw; these teeth possess one to two 
distal cusplets (Figure 5c). In the extant H. griseus the first 
two teeth usually do not have distal cusplets; in the teeth that 
follow these, the number of distal cusplets varies from denti­
tion to dentition. In USNM 188048 (female, 433 cm TL), 
these teeth possess two to three distal cusplets. Ebert (pers. 
comm., 10 Dec 1990, 17 Apr 1992) has a male dentition from 
an individual of 333 cm TL having upper teeth with one to 
two cusplets, and he has examined another dentition from a 

female of 421 cm TL with two to three distal cusplets on the 
upper anterior teeth. As also noted by Kemp (1978), the num­
ber of distal cusplets increases as the shark grows larger. This 
variation in the number of distal cusplets evidently is ontoge­
netic and not sexually dimorphic. 

In four comparative dentitions and in dentitions illustrated in 
published accounts of both extant species, we noticed signifi­
cant variation in the morphology of the teeth. The tips of the 
cusplets are either straight or recurved, and the cusplets of 
some teeth appear to be more erect than are those of others. In 
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dentitions where the mesial and distal ends of the teeth do not 
abut, the mesial edges of the roots are straight rather than con­
cave, and in abutting teeth this concavity ranges from slight to 
deep. 

One fossil lower anterolateral tooth with eight distal cusplets 
(USNM 437771) exhibits a morphology that we have not ob­
served in the teeth of the extant species; the mesial serrations, 
which are not recurved, are greatly enlarged, being as large as 
some of the distal cusplets (Figure 5d). Nothing about this 
tooth suggests that it is pathologic. 

Compagno (1984:20, 21) reported that the extant species in­
habit continental and insular shelves in temperate and tropical 
seas in water depths exceeding 90 m; they feed on other sharks, 
bony fishes, carrion, seals, and crustaceans. Ebert (1994:216) 
noted that in the extant species, the young feed principally on 
cephalopods, and that as they mature, bony fishes and chon-
drichthyans become an increasingly important part of their diet. 
The few individuals greater than 200 cm TL that he examined 
fed on cetaceans and on larger, more active teleosts, such as 
marlin and swordfish. 

Order SQUALIFORMES 

Family ECHINORHINIDAE 

(bramble sharks) 

Echinorhinus blakei Agassiz, 1856 

FIGURE 6 

Echinorhinus blakei Agassiz, 1856:272, pl. 1: figs. 7, 8, 17 [Miocene, Califor­

nia].—[Not Echinorhinus blakei Jordan and Hannibal, 1923, pl. 4: figs. c,d.] 

HORIZON.—Pungo River Formation (units 4, 5). 
REFERRED MATERIAL.—13 complete teeth and fragments of 

teeth, USNM 207608, 207609, 280334, 281317, 281331, 
287739, 287740, 412221, 457232^*57236. 

REMARKS.—The upper and lower teeth of bramble sharks 
are alike (dignathic homodonty). This small to medium-sized 
shark has smooth-edged teeth, with the strongly oblique central 
cusp sloping toward the corners of the mouth. In published 
dentitions of Echinorhinus brucus (Bigelow and Schroeder, 
1948, fig. 102; Bass etal., 1976, pl. 11; Herman et al., 1989, pi. 
1) this obliquity varies noticeably. The greatest obliquity oc­
curs in Bigelow and Schroeder's dentition of an unsexed indi-

FlGURE 6 —Echinorhinus blakei: a. USNM 412221, posterolat­
eral tooth, lingual view; b, USNM 207609, upper posterolateral 
tooth, lingual view; c. USNM 207608, posterolateral tooth. Echi­
norhinus blakei. Miocene, California: d.e. views of holotype. 
Echinorhinus richiardi. Pliocene, Tuscany:/-A, syntypes. Echi­
norhinus caspius, Oligocene, Armenia: i, lingual view. Echi­
norhinus priscus. Eocene, Morocco: j,k. lingual views. Echi­
norhinus brucus: l.m. outlines of partial dentitions of the extant 
Atlantic species, after Bigelow and Schroeder (1948); n. USNM 
287739, lower posterolateral tooth, lingual view; o. same speci­
men, labial view;/;, USNM 457235, upper posterolateral tooth, 
lingual view; q. same specimen, labial view; r. USNM 457236, 
upper posterolateral tooth, lingual view; s, same specimen, labial 
view. (Scale bars= I 0 cm.) 
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vidual, and the least occurs in Herman et al.'s dentition from a 
228 cm female. In these dentitions the mesial edges of the teeth 
also exhibit noticeable variation; those of Herman et al.'s denti­
tion are very convex, whereas in the other dentitions they are 
straight to slightly convex. In adults, one to three lateral cus­
plets may be present on the mesial side of the central cusp, and 
one to two lateral cusplets may be present on the distal side; 
some of these cusplets may occur unpaired. In juveniles only 
the main cusp is present (Compagno, 1984:25). 

We refer 12 teeth from the Pungo River Formation to Echi­
norhinus. They show considerable variation in the number of 
accessory cusplets and in the degree of curvature of the edges 
of the central cusp (Figure 6n-s). One tooth (Figure 6n,o; cf. 
Figure 6d,e) strongly resembles the holotype of E. blakei from 
the Miocene Temblor Formation of California. Of two extant 
species recognized by Compagno (1984), E. brucus (Bonna-
terre, 1788) and E. cookei Pietschmann, 1928, the fossil teeth 
bear a closer resemblance to those of the latter species; how­
ever, this comparison is based on the pubished dentitions of E. 
brucus cited above and on one of E. cookei (Garrick, 1960, 
fig. 3). 

The earliest known echinorhinid teeth, E. caspius Glikman 
(1964) from the early Oligocene of Armenia (Figure 6/) and E. 
priscus Arambourg (1952) from the early Eocene of Morocco 
(Figure 6j,k), are simple, lacking well-developed cusplets. In 
the extant species, the juvenile teeth (Figure 6m) and the adult 
posterior teeth also lack cusplets (Garrick, 1960; Compagno, 
1984; Herman et al., 1989), and the type specimens of Glikman 
and Arambourg are very similar to the juvenile teeth of the ex­
tant species. Without examining the types of the fossil species 
and many dentitions of the extant species, the affinities of these 
Paleogene species cannot be determined. 

Echinorhinus richiardi from the Pliocene of Tuscany (Figure 
(>f~h), with well-developed lateral cusplets, may belong to the 
extant species E. brucus. 

The teeth identified as Echinorhinus blakei by Jordan and 
Hannibal (1923) are fragmentary hexanchid teeth. The tooth in 
their pl. 4: fig. d is a median tooth of Hexanchus; the generic 
identity of the other tooth figured is indeterminate. 

We provisionally assign the teeth from Lee Creek Mine to E. 
blakei; without an extensive series of dentitions from the extant 
species we cannot determine if the teeth of the fossil and extant 
species are separable. The fossil teeth may be identical to those 
of E. cookei, and this latter species may be a junior synonym of 
E. blakei. 

The height of the teeth ranges from 9.4 to 11.8 mm, and the 
width ranges from 11.8 to 15.8 mm. 

The living species of this shark (Compagno, 1984:26, 27) are 
bottom dwellers in temperate to tropical seas, sometimes oc­
curring in shallow water but primarily in deep water. Echi­
norhinus brucus occurs in waters from 18 to 90 m deep, and E. 
cookei occurs in waters from 11 m to at least 424 m in depth. 
They feed on other sharks and on bony fishes, including cat­
fish, hake, and flounder. 

Family SQUALIDAE 

(dogfish sharks) 

Squalus sp. 

FIGURE 7a,b 

HORIZON.—Yorktown Formation (units 1, 2). 
REFERRED MATERIAL.—1 tooth, USNM 207546. 
REMARKS.—Unlike Squalus acanthias, the common North 

Atlantic dogfish, but like S. almeidae, this tooth is rather ro­
bust. Its cutting edges are smooth but irregular. On its labial 
face (Figure la) the crown foot is slightly convex and extends 
basally to form a peg; this peg extends well below the basal 
margin of the root. Like S. almeidae, the lateral edges of the 
peg converge but become parallel near the peg's basal end. Lat­
eral to the peg the boundary between the crown foot and the 
root is sinuous. 

On the lingual face of the tooth (Figure 7b), the crown foot 
extends basally to form a prominent process; this process has a 
deep central depression (also observable in S. acanthias), mak­
ing it V-shaped. On either side of this process the root is exca­
vated, and clearly marked foramina open into these depres­
sions. The basal margin of the root forms a ridge, which is 
bisected by a transverse groove. 

In the extant species the teeth are alike in both jaws, being 
low crowned, blade-like, interlocked teeth with a single cusp 
and a distal enamel shoulder on a low root; the cutting edges 
are smooth in living species but are serrated in some fossil spe­
cies (Compagno 1984:109). Bass et al. (1976:13) noted that in 
Squalus acanthias "slight sexual dimorphism is apparent, the 
male having teeth with more erect and pointed cusps." 

Although the teeth from Lee Creek Mine share characters 
with Squalus almeidae from the middle Miocene of Portugal, 
USNM 207546 differs from this species in the sinuosity of the 
mesial cutting edge, which is rectilinear in S. almeidae. Because 
at this time we cannot assess the taxonomic value of this charac­
ter, we do not assign the Lee Creek Mine specimen to a species. 

This specimen measures 2.9 mm in height and 4.2 mm in 
width; its size falls within the size range of the extant Squalus 
acanthias. According to Compagno (1984), the latter species 
ranges in size from 22 cm at birth to 160 cm TL. 

The extant Squalus acanthias inhabits boreal to warm tem­
perate waters from the intertidal zone to 900 m in depth. This 
shark feeds primarily on bony fishes (Compagno, 1984:112). 

Isistius sp. 
(cookiecutter sharks) 

FIGURE 7f,g 

HORIZON.—Yorktown Formation (units 1-3). 
REFERRED MATERIAL.—5 teeth, NCSM 11287, 11288, 

11291, 11292, USNM 475362. 
REMARKS.—While bulk sampling a Yorktown Formation 

spoil pile, one of us (V.P.S.) recovered five lower teeth of this 
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species. These teeth compare favorably with those illustrated 
by Bigelow and Schroeder (1948:510). All of the teeth have 
broad, flat, triangular crowns with smooth, very thin, transpar­
ent cutting edges. Of the five teeth, NCSM 11287 (Figure If) 
and NCSM 11292 (Figure Ig) are nearly complete. NCSM 
11287 is the largest, measuring 8.3 mm in height and 5.3 mm 
in width; a central foramen and shallow transverse groove are 
present on the lingual face of the root. In NCSM 11292 the root 
basal to the central foramen is missing; this tooth measures 3.7 
mm in height and 2.4 mm in width. 

These teeth compare favorably with the types of Scymnus tri-
angulus (Probst, 1879:175), which Cappetta (1970) rightly re­
ferred to Isistius. The Lee Creek Mine teeth, however, differ 
from Probst's species and the living species in lacking the me­
dian groove. With the lack of ample comparative extant and 
fossil material, we cannot judge the validity of this character or 
the validity of I. triangulus Probst. Of the two living species, /. 
brasiliensis, which has moderately large teeth, and /. plutodus, 
which has enormous teeth (Compagno 1984:93-95), the Lee 
Creek Mine species appears to be more closely related to /. 
brasiliensis. 

Although teeth of Isistius have been found in the Miocene 
and Pliocene sediments of Europe and South America (Ecua­
dor) (Cappetta, 1987:64), the specimens from Lee Creek Mine 
represent the first occurrence of this taxon in North America. 

According to Compagno (1984:94), the extant I. brasiliensis 
is a tropical, oceanic shark, epipelagic to bathypelagic in distri­
bution. In addition to feeding on squid, gonostomatids, and 
crustaceans, this shark "has highly specialized suctorial lips 
and a strongly modified pharynx that allow it to attach to the 
sides of large bony fishes such as marlin, tuna, albacore, wa-
hoo, and dolphinfishes, as well as dolphins and other cetaceans 
and even the megamouth shark (Megachasma). The shark then 
drives its razor-sharp sawlike lower dentition into the skin and 
flesh of its victim, twists about to cut out a conical plug of 
flesh, then pulls free with the plug cradled by its scooplike low­
er jaw and held by the hooklike upper teeth" (Compagno, 
1984:94). 

Order PR1STIOPHOR1FORMES 

Family PRISTIOPHORIDAE 
(saw sharks) 

FIGURE 7.—Squalus sp.: a. USNM 207546, labial view; b. same specimen, lin­
gual view. Pristiophorus sp.: c, USNM 207583, rostral spine, lateral view. Rhi-
nobatos sp.: d, USNM 207544, lingual view; e. USNM 207545, lingual-
occlusal view. Isistius s p . : / NCSM 11287, lower tooth, lingual view; g. 
NCSM 11292, lower tooth, labial view. (Scale bars=0.25 cm.) 

Pristiophorus sp. 

FIGURE 7C 

HORIZON.—Pungo River Formation (units 1-3). 
REFERRED MATERIAL.—6 rostral teeth, USNM 207583, 

299481, 467554-467556,467587. 
REMARKS.—We assign these teeth to this genus rather than 

to Pliotrema because their dorsoventrally compressed and 
enameled crowns are not serrated on the distal edges. In 
Pliotrema (Fowler, 1941:283) these distal edges are serrated. 
The largest tooth in this sample measures 19.2 mm in length 

(Figure 7c). Because large samples of the dentitions of the ex­
tant species were not available, we believe it is not prudent to 
identify these specimens beyond genus. 

According to Compagno (1984:137), the extant Atlantic spe­
cies is "a little known, deep-water, tropical sawshark of the 
continental and insular slopes of the Bahamas region, occurring 
on or near the bottom at depths from 640 to 915 m." Its pres­
ence in the shallower Pungo River seas may have been through 
the excretions or the regurgitated hard parts from a predator 
shark. 
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Order RHINOBATIFORMES 

Family RHINOBATIDAE 

(guitarfishes) 

Rhinobatos sp. 

FIGURE ld,e 

HORIZON.—Pungo River Formation (units 4, 5). 
REFERRED MATERIAL.—9 teeth, USNM 207544, 207545. 
REMARKS.—In occlusal view, these teeth are oval to tetrago­

nal (Figure 7e); a peg extends down from the lingual surface of 
the crown onto the surface of the root (Figure Id), which is lin­
gually deflected. A transverse groove bisects the root. Because 
the range of dental variation in the extant species is not yet 
known and because we were unable to examine any specimens 
of the extant species, we believe it is unwise at this time to at­
tempt a taxonomic evaluation of the fossil species or to attempt 
a more precise identification of the Lee Creek Mine specimens. 

The extant species, Rhinobatos lentiginosus, inhabits sub­
tropical to tropical waters of the western Atlantic Ocean (Big­
elow and Schroeder 1953:66-67); it occasionally reaches as far 
north as Cape Hatteras, North Carolina. Little is known about 
its range and habits. 

Order PRISTI FORMES 

Family PRISTIDAE 

(sawfishes) 

Pristis sp. 

FIGURE 8a, b 

HORIZON.—Yorktown Formation (unit 1?). 
REFERRED MATERIAL.—3 rostral teeth, USNM 281389, 

281390,412220. 
REMARKS.—These teeth may be those of juveniles because 

they lack a groove along their posterior edges; this condition 
also is found in an extant species with rostral teeth of similar 
form (Pristis sp., USNM 232696). All three specimens are 
slightly abraded, and their surfaces exhibit bite marks. Teeth 
from Lee Creek Mine are relatively short (23.5-25.5 mm in 
length) and thin (2.6-2.9 mm in thickness; ratio of width to 
thickness 2.1-2.7). They show no trace of a subbasal barb. 

Bigelow and Schroeder (1953:28-29) reported that the ex­
tant common sawfish (P pectinatus) inhabits warm temperate 
to tropical coastal waters and feeds on bony fishes and bottom-
dwelling animals. 

Pristis cf. P. pectinatus Latham, 1794 

FIGURE Sc.d 

HORIZON.—Yorktown Formation (unit 1?). 
REFERRED MATERIAL.—1 rostral tooth, USNM 412219. 
REMARKS.—This rostral tooth does not differ appreciably 

from those of the extant Pristis pectinatus. The exserted part of 

FIGURE 8.—Pristis sp.: a, USNM 412220, dorsal view; b, same specimen, dis­
tal view. Pristis cf. P. pectinatus: c, USNM 412219, dorsal view showing reg­
ularly tapering exserted portion; d, same specimen, posterior view showing 
position of groove. (Scale bar= 1.0 cm.) 

the tooth is moderately short, being about equal to the inserted 
part. The apex of the crown is aligned with the mesial axis rath­
er than being displaced distally. On the exserted portion of the 
tooth, the distal margin is straight (Figure 8c), with a noticeable 
groove (Figure Sd) that extends to the tip of the tooth, rather 
than a cutting edge. On the inserted portion of the tooth the dis­
tal margin bends mesially. The outline of the mesial margin of 
the tooth is obliterated by wear and breakage, but the exserted 
portion was probably convex and rounded in cross section. The 
tooth is 52.7 mm in proximodistal length, 12 mm in anteropos­
terior length, and 7.5 mm thick at the proximal end, tapering to 
2.0 mm at the worn apex. 

Oral teeth, which also are important for the identification of 
fossil pristid remains, were not recovered at Lee Creek Mine. 

Order RAJIFORMES 

Family RAJIDAE 

(skates) 

Raja sp. 

FIGURE 9 

HORIZON.—Yorktown Formation (unit 1). 
REFERRED MATERIAL.—2 teeth, USNM 476398,476399. 
REMARKS.—Two teeth recovered from the spoil piles of 

principally Yorktown matrix compare favorably with those in 
a dentition of a male of the extant species Raja laevis (USNM 
110962). USNM 476398 (Figure 9a,b), from the anterior por­
tion of the jaw, has an awl-like crown that inclines strongly 
lingually; the crown foot extends laterally, creating a shelf 
that circumscribes the crown. Basal to the crown foot the root 
is constricted but flares basally. On its labial side the root is 
flattened, which gives it a semicircular cross section. A deep 
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FIGURE 9.—Raja sp.: a, USNM 476398, labial view; b, same specimen, lateral view; c, USNM 476399, labial 
view; d, same specimen, lateral view. (Scale bar=0.l cm.) 

transverse groove bisects the root, giving it a bipedal appear­
ance. This tooth measures 7.25 mm in height and 5.35 mm in 
width. In USNM 476399 (Figure 9c,d) the crown is stubby 
and rounded by wear; the root is similar to that of the above 
specimen. This tooth measures 5.20 mm in height and 5.40 
mm in width. 

The extant Raja laevis feeds chiefly on larger crustaceans, 
but it also eats bony fishes, including tautog and hake (Bigelow 
and Schroeder, 1953:223). According to McEachran and Mu-
sick (1975:119), this skate ranges from the Gulf of St. 
Lawrence to Cape Hatteras and occurs to depths of 375 m. 

Order MYLIOBATIFORMES 

Family DASYATIDAE 

(stingrays) 

Dasyatis say (Lesueur, 1817) 

FIGURE 10a-r 

HORIZON.—Pungo River Formation (units 1-5); Yorktown 
Formation (units 1, 2). 

REFERRED MATERIAL.—433 isolated teeth, USNM 
207584-207588, 301684-302045. 
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FIGURE 10.—Dasyatis say, male and female teeth: a, USNM 207584, Yorktown Formation, female tooth, 
occlusal view; b, same specimen, lateral view; c, same specimen, labial view; d, same specimen, lingual view; e, 
USNM 207585, Yorktown Formation, female lateral tooth, occlusal view (lingual side down);/ same specimen, 
lateral view; g, same specimen, labial view; h, same specimen, lingual view; /, USNM 207586, Yorktown Forma­
tion, male tooth, occlusal view;/ same specimen, lateral view; k, same specimen, labial view; /, USNM 207587, 
Pungo River Formation, male tooth, occlusal view; m, same specimen, lateral view; n, same specimen, labial 
view; o, USNM 207588, Pungo River Formation, male medial? tooth, occlusal view; p, same specimen, lateral 
view; q, same specimen, labial view; r, same specimen, lingual view. Dasyatis cf. D. americana, USNM 207548, 
Pungo River Formation: s, lateral view; t, labial view; u, occlusal view. (Scale bars: a-r=0.5 cm; s-u=0.25 cm.) 

REMARKS.—The Lee Creek Mine teeth are morphologically 
identical to those of the modern Dasyatis say. They both dis­
play a punctate occlusal surface, a well-defined cutting edge di­
viding the occlusal surface and lingual apron, and abbreviated 
striations that extend a short distance down the lingual apron 
from the cutting edge. 

Bigelow and Schroeder (1953:382) and Taniuchi and Shimi-
zu (1993) reported that the teeth of D. say exhibit sexual di­
morphism. The teeth of females and immature males are "qua­
drangular with blunted corners, about as broad (transversely) as 
long (anteroposteriorly), the functional surface weakly rounded 
or more or less irregular from wear; those of mature males with 

low and broadly triangular cusps, largest in youngest rows" 
(Taniuchi and Shimizu, 1993:54). Teeth from both sexes occur 
at Lee Creek Mine; those of females are illustrated in Figure 
IQa-h, and those of males are illustrated in Figure 10/-r. The 
teeth range in height from 2.6 to 3.8 mm (mean=3.2 mm, «=5) 
and range in width from 2.8 to 3.9 mm (mean=3.3 mm, n=5). 

Although the extant species normally inhabits subtropical to 
tropical waters, it ventures into more temperate waters during 
the summer. Bigelow and Schroeder (1953:358-359) reported 
that D. say "has been reported as deep as 6-20 fathoms; and 
some may summer where the depth is as great as 20-30 fath­
oms, if reports of their occurrence on Georges Bank are well 
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founded." The extant species probably feeds on crustaceans and 
mollusks. 

Dasyatis centroura (Mitchill, 1814) 

FIGURE Wa-d, g-i 

HORIZON.—Yorktown Formation (units 1, 2). 
REFERRED MATERIAL.—About 350 dermal denticles, 

USNM 182122, 182123, 182129-182135, 182137, 182139, 

182141, 280071-280305, 353680, 353684, 445534,445544, 
476402, 476403, 482224^182229. 

REMARKS.—Numerous dermal denticles were recovered 
from the spoil piles, particularly in the Yorktown matrix, that 
are very similar to those found along the tail and back of the 
extant species Dasyatis centroura. These denticles are circular 
to oval in outline, with one or more centrally located conical 
points. Silas and Selvaraj (1985:252) reported that the sharp­
ness of the conical points decreases as the base of the denticle 

FIGURE 11 .—Dasyatis centroura: a, USNM 353684, dorsal view of dermal denticle marked by radiating rugosi­
ties with enameloid caps missing; b. USNM 280071, dorsal view of dermal denticle with three conical points 
with enameloid caps preserved; c, USNM 353680, dorsal view of dermal denticle with triangular enameloid cap 
Recent D. centroura: d, USNM 197504, dorsal view of caudal denticles. Ceratopterus unios, holotype, ANSP 
8069, dermal denticle: e, dorsal view;/ lateral view. Dasyatis centroura: g, USNM 482224, dorsal view'of der­
mal denticle; h. same specimen, lateral view; /, USNM 482225, dorsal view of dermal denticle with serrate 
enameloid cap. (Scale bars= 1.0 cm.) 



NUMBER 90 93 

increases in size. Unlike D. centroura, which is known to have 
denticles that support only two or three conical points (Bigelow 
and Schroeder, 1953:355), the Lee Creek Mine specimens sup­
port up to 10 conical points, which may be the result of the Lee 
Creek Mine denticles coming from specimens larger than those 
available to Bigelow and Schroeder. 

The external surfaces of these denticles may have fragile, tri­
angular (narrow to wide) to conical enameloid caps (Figure 
1 \b,c) (terminology of Reif, 1979). Basal to these caps, the ex­
ternal surface of the denticle may be smooth to strongly striat­
ed. According to Bigelow and Schroeder (1953:355), those 
with striated bases occur only on the tail. On the dermal denti­
cles of a tail of a recent D. centroura (USNM 197504) (Figure 
1 \d) and in a Lee Creek Mine specimen (USNM 280071, Fig­
ure 1 lb), these striations extend under the enameloid cap. In 
Lee Creek Mine specimens that lack enameloid caps, these stri­
ations extend almost to the apex of the denticle (Figure 1 \a). 
Paleontologists (Larrazet, 1886; Zittel, 1887-1890; Reif, 1979) 
have identified fossil specimens without their enameloid caps 
as Acanthobatis; these should be referred to Dasyatis. 

Figure 11/ shows a narrow denticle, USNM 482225, that we 
believe also belongs to Dasyatis centroura. The edges of the 
enameloid cap are serrated in the same manner as the caudal 
spines. 

According to Stehmann (1981), the extant species inhabits 
tropical latitudes, occurring in waters to depths of 300 m, and it 
feeds principally on bivalves, crustaceans, and worms. 

Dasyatis cf. D. americana Hildebrand 
and Schroeder, 1928 

FIGURE \0s-u 

HORIZON.—Pungo River Formation (units 1-3). 
REFERRED MATERIAL.—1 isolated tooth, USNM 207548. 
REMARKS.—The root is dasyatid except that the specimen il­

lustrated has two grooves rather than the usual one. The root 
constricts to one-third of the basal diameter at the crown-root 
boundary. Like most male dasyatid teeth, the crown is acumi­
nate but asymmetrical, the occlusal surface is convex labially 
and divided into two ridges by a deep medial sulcus, and the 
basal margin is accentuated by a cingulum-like irregular ridge. 
The Lee Creek Mine specimen is 3.5 mm in maximum height 
and 1.9 mm in width (mesial-distal diameter). 

Except for the tripartite root, this tooth, which has a medial 
sulcus on the occlusal surface, resembles those of the male 
Dasyatis americana. 

According to Bigelow and Schroeder (1953:350-351), the 
extant species prefers warm-temperate to tropical coastal wa­
ters. It is not known to occur at the depths represented by the 
Pungo River Formation; their presence there may be the result 
of regurgitation by sharks that fed on them. The extant Dasyat­
is americana feeds on blue crabs, clams, shrimp, worms, and 
small bony fishes. 

NOTA BENE 

Leidy (1876:86) described as a new species of manta ray 
(Ceratoptera unios) a large, thick, dermal denticle (length=8.2 
cm, width=5.4 cm, thickness=3.6 cm) of Dasyatis. The holo­
type (ANSP 8069), which Leidy mistook for a caudal spine, 
has an elongate, oval enameloid cap. Basal to this cap the den­
ticle surface is striated. At one extremity of its long axis, a facet 
indicates that this denticle abutted another one. This specimen 
(Figure 1 le,/), which was found in the phosphate beds along 
the Ashley River, South Carolina, and may be from the 
Pliocene, is more massive than any found at Lee Creek Mine. 
Two fused denticles from Lee Creek Mine, USNM 482224, 
which together measure 4.8 cm in length (width=2.4 cm, 
thickness=1.4 cm), are similar in morphology (Figure \\g,h). 
These fused denticles support our assignment of Ceratoptera 
unios to Dasyatis. At this time we cannot ascertain the specific 
identity of Leidy's holotype. 

Family MYLIOBATIDAE 

(eagle rays) 

Pteromylaeus sp. 

FIGURE 12a,* 

HORIZON.—Pungo River Formation (units 1-5). 
REFERRED MATERIAL.—7 partial dental pavements, USNM 

24758, 25448,297760,464159. 
REMARKS.—These specimens may be indistinguishable 

from the extant species, Pteromylaeus bovinus, which is pres­
ently found in the eastern Atlantic Ocean and the Mediterra­
nean Sea. With only one specimen of the extant species avail­
able to us, we cannot confirm the identity of the fossil species; 
thus, we identify the teeth from Lee Creek Mine to genus only. 
The largest specimen of this species from Lee Creek Mine is 
USNM 464159 (Figure 12A:). 

We refer the Lee Creek Mine specimens to Pteromylaeus be­
cause the length of the median teeth is seven times greater than 
their width, a character that McEachran and Capape (1984:206) 
and Capape and Quignard (1975:1335) used to separate the 
teeth of Pteromylaeus and Myliobatis. Garman (1913:438) 
characterized the teeth of Pteromylaeus as having three rows of 
very narrow lateral teeth; however, the width of the teeth ap­
pears to be variable because Capape and Quignard (1975:1331) 
figured a dentition with lateral teeth that are identical to those 
of Myliobatis. Nishida (1990), who studied the phylogeny of 
the myliobatoids, stated that the size and shape of these teeth 
are highly variable. When large suites of dentitions of mylio-
batids become available for study, our generic assignment for 
the fossil species may have to be revised. 

The extant species inhabits warm-temperate to tropical wa­
ters (McEachran and Capape, 1984:205) and feeds on bottom-
dwelling crustaceans and mollusks. 
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FIGURE 12.—Pteromylaeus sp.: a. USNM 24758, lower dental battery, occlusal view. Aetobatus sp.: b, USNM 
312263, lower dental battery, occlusal view; c, USNM 312264, upper dental battery, occlusal view. Rhinoptera 
sp.: d. USNM 24745, lower medial tooth, occlusal view; e, same specimen, anterior view. Plinthicus stenodon.fi 
USNM 207591, incomplete medial tooth showing narrow occlusal surface; g. same specimen, lingual view 
showing bifurcating grooves on crown and multilobed root; h. same specimen, labial view;y, same specimen, lat­
eral view. (', USNM 207592, lateral tooth, occlusal view. Pteromylaeus sp.: k, USNM 464159, lower dental bat­
tery, occlusal view. (Scale bars= 1.0 cm.) 

Aetobatus sp. 

FIGURES \2b.c, 13 

HORIZON.—Pungo River Formation (units 4, 5); Yorktown 
Formation (units 1, 2). 

REFERRED MATERIAL.— 3 uncataloged incomplete upper 
dental plates (Pungo River Formation phosphatic limestone); 
numerous uncataloged incomplete isolated teeth; 2 lower and 
upper dental batteries, USNM 312263, 312264; cast of 1 re­
stored upper dental pavement, USNM 489120 (Yorktown For­
mation). 

REMARKS.—Most of the specimens from Lee Creek Mine 
are incomplete, isolated teeth. They include chevron-shaped 
lower teeth and gently arching upper teeth that are characteris­
tic of Aetobatus. The largest and only specimen with complete 
teeth from Lee Creek Mine is in the collection of George W. 
Powell, Jr., who donated an excellent cast of this specimen to 
the Smithsonian Institution (USNM 489120, Figure 13). This 
specimen, which is 24.2 cm long and 12.5 cm wide, has the lin­
gual portion of the dentition nearly complete; the labial portion 
of the dentition consists of teeth with large fragments missing. 
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FIGURE 13.—Aetobatus sp., USNM 489120, Yorktown Formation, cast of 
upper dental battery collected and restored by George W. Powell, Jr., occlusal 
view. (Scale bar= 1 cm.) 

In form, the teeth are gently arcuate, with no lateral tooth rows 
present, which is characteristic of the genus (Bigelow and 
Schroeder, 1953:452). On the right lateral extremity of the den­
tition, each tooth tapers to a rounded point. On the left side, the 
teeth are truncated and have rounded corners. Because denti­
tions from large individuals of the extant species of Aetobatus 
were not available to us, we believe that at this time it is pru­
dent not to identify this specimen to species. 

According Bigelow and Schroeder (1953:461), the extant 
species inhabits shallow to deep, warm temperate to tropical 
waters. It feeds on bivalve mollusks. 

95 

Family RHINOPTERIDAE 

(cownose rays) 

Rhinoptera sp. 

FIGURE \2d,e 

HORIZON.—Pungo River Formation (units 1-5). 
REFERRED MATERIAL.—Approximately 200 fragments of 

teeth; 52 isolated teeth, USNM 24745, 284831, 312262. 
Garman (1913), Gudger (1933), and Nishida (1990) reported 

that the size, shape, and number of rows of these teeth (5-19) 
are highly variable. Because sufficient samples of the denti­
tions of the extant species were unavailable to us, we believe it 
is premature to assign the Lee Creek Mine specimens to a fossil 
species or to evaluate the validity of the fossil species. 

REMARKS (isolated teeth).—The crown height of unworn 
teeth is approximately equal to the width of the crown (crown 
height/width=0.9-1.3, mean=1.06, n=6). In medial teeth the 
crown heights are uniform from one side of the tooth to the 
other, but in the first rows lateral to the medial teeth, the 
crowns are higher on the mesial side than on the distal side. In 
unworn teeth, the occlusal surfaces either are smooth or are 
covered with faint and irregular depressions. The transverse 
edges of the crown show irregular vertical ridges; on the labi­
al side of the tooth, the surface is smooth and shiny, but on the 
lingual side of the tooth, it usually has a finely pebbled tex­
ture. On this same side of the tooth just below the crown, a 
prominent transverse ridge extends the full length of the 
tooth. 

The crown overhangs the root on all but the lingual side, 
where the root margin is even with or projects beyond the base 
of the crown. As the teeth grew, the number of grooves in the 
root decreased; for example, the number of grooves per cm 
(spacing of grooves) decreased from a maximum of 13.6 (small 
median tooth, transverse width=14 mm) to 7.5 (intermediate-
sized upper medial tooth, transverse width=23 mm). The larg­
est specimens have 7.5 to 8.5 grooves per cm. 

The extant cownose ray inhabits coastal to deep, warm-tem­
perate to tropical waters, but it migrates into more temperate 
waters during the summer (Rogers et al., 1990). It feeds on bi­
valve mollusks. 

Plinthicus stenodon Cope, 1869 

FIGURE !2/-y 

HORIZON.—Pungo River Formation (units 1-6). 
REFERRED MATERIAL.—Several hundred isolated teeth, 

USNM 207591, 207592. 
REMARKS.—This species, known only from isolated teeth, is 

easily recognized. The occlusal face is concave and is covered 
with labiolingually oriented rounded ridges and grooves. On all 
specimens the width of the occlusal surface is about 2.5 mm, or 
about one-third the height of the medial teeth and about one-
half the height of the teeth of the presumed second lateral row. 
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Labial and lingual articulating surfaces bear closely spaced (20 
per cm) vertical ridges that often split and divide. When viewed 
laterally, the laminae on the root (which is the myliobatid type) 
are subcircular and are unusually thin (0.3 mm) and fairly 
widely spaced (6 per cm). 

Three types of teeth are present in the sample: (1) asymmet­
rical teeth about 1 cm in length, higher mesially than distally; 
(2) symmetrical short teeth also about 1 cm in length; and (3) 
symmetrical long teeth. Teeth of the third type are almost al­
ways broken, but the contacting pieces of a complete tooth 
sometimes can be recovered by careful collecting. Two such 
teeth, each 42 mm in length, were collected from the sandy 
layers of units 4 and 5 of the Pungo River Formation. When 
arranged in a rhinopterid pattern, the short teeth of types one 
and two would represent the second and first lateral rows, re­
spectively, and the long teeth of type three would represent 
the medial row. This series formed a rather coarsely ridged 
pavement that, judging from the seemingly little wear that ap­
pears on the occlusal surfaces, was not used for heavy-duty 
crushing. 

Cappetta (1970, 1987) assigned Plinthicus to the mobulids 
because the tooth is high and thin and little wear appears on the 
occlusal surface and because of the osteodentine histology; 
however, his sample was too small to reconstruct the dentition. 
When we reconstructed the dentition of this ray, the teeth best 
fit in a typical Rhinoptera pattern, with a transversely convex 
upper pavement and a nearly flat or only slightly transversely 
concave lower pavement. Both of the dental pavements were 
longitudinally convex, the upper more so than the lower. Each 
dental pavement appears to have consisted of seven rows of 
teeth: three distinct sets of transversely elongated teeth, a medi­
al and two lateral rows, and four rows of lateralmost teeth with 
nearly equal transverse and longitudinal widths, the condition 
in the extant species. 

The specimens that Fowler (1911) attributed to Plinthicus 
belong in part to Myliobatis and in part to Aetobatus. 

A few teeth with lower crowns were found in the same lay­
ers as the above specimens; these have a similar root pattern 
but a distinctly different occlusal surface. This surface is less 
rugose, and it inclines sharply downward toward the labial 
edge. It is uncertain if this represents a different form or is a 
result of wear. The occlusal surface does not appear to be 
abraded. 

Family MOBULIDAE 
(manta rays) 

Mobula sp. 

FIGURE Ha-p 

HORIZON.—Pungo River Formation (units 1-5); ?Yorktown 

Formation (unit 1, possibly redeposited). 

REFERRED MATERIAL.—40 isolated teeth, USNM 207549, 
207579-207582; 7 caudal spines, USNM 285372, 285381, 
291226, 421695, 467584, 467585. 

REMARKS.—Notarbartolo-di-Sciara (1987:9) reported that 
ontogenetic variation and sexual dimorphism occur in the teeth 
of Mobula, stating, "Heterodonty is one of the most salient 
mobulid characteristics. Sexual dental dimorphism, as well as 
ontogenetic, dignathic, and monognathic heterodonty, all occur 
in most Mobula species. One cause of such a high degree of 
variability may be that teeth often appear to grow in width, 
therefore increasing the number of cusps and of root lobes, pri­
or to the branching of one row into two. As a consequence of 
the variety of tooth shapes which can be found within the same 
toothband, the use of tooth morphology as a systematic tool 
may be misleading in living forms, and quite problematical in 
palaeontological [sic] studies. An effort should be made of 
identifying tooth characters which remain constant within each 
species, if tooth morphology is to be used as a taxonomic aid in 
defining the systematics of the genus Mobula." 

In view of the above, we herein identify the three morpho­
types that occur at Lee Creek Mine to genus only. 

The teeth of the first morphotype (USNM 207549, 207579, 
207580; Figure 14o-i) have flat, triangular, ovoid, or rectangu­
lar occlusal surfaces and one to four lingual cusplets. A row of 
tubercles may occur on the occlusal surface along the labial 
edge or along the labiolingually directed shallow striations. In 
sagittal section the root is wedge-shaped to trapezoidal and is 
basally divided into one to four grooves, the number of grooves 
increasing with an increase in the length of the tooth. 

Teeth of the second morphotype (USNM 207581; Figure 
\4m-o) are small (1.5 mm total height), with a prominent, me­
dian, lingually directed cusplet bordered on either side by a pair 
of much shorter lateral cusplets. The occlusal surface is marked 
by relatively deep and labiolingually directed sulci that extend 
from the labial edge of the tooth, where they are best devel­
oped, partly onto the median cusplet. The lateral edges of the 
crown are usually higher than the middle of the occlusal sur­
face, making the latter concave. The root is either bipartite or 
tripartite. 

In the third morphotype (USNM 207582; Figure 14/'-/), the 
teeth have broad, labiolingually compressed crowns. The labial 
and lingual faces appear corrugated, with strong, vertical ridges 
separated by deep grooves; the ridges may bifurcate or end part 
way up the crown face. The occlusal face is flattened; this sur­
face is triangular in occlusal view on narrow specimens but 
zig-zags on more elongate specimens, an effect caused by the 
jagged lingual edge. The root is small and is divided basally 
into two to five lobes. 

Seven caudal spines from the spoil piles at the Lee Creek 
Mine are referred to this genus. They compare favorably with 
the spine illustrated by Notarbartolo-di-Sciara (1987:58), ex­
cept that just basal to where the exserted spine inserts into the 
bulbous base there are two thin, lobate structures (Figure \4p). 
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The extant species (Bigelow and Schroeder, 1953:493) in­
habits warm temperate to tropical coastal waters, feeding on 
small shrimp and minnows. 

Manta sp. 

FIGURE 14<? 

HORIZON.—Yorktown Formation (units 1, 2). 
REFERRED MATERIAL.—30 osseous masses partially enclos­

ing diminutive caudal spines, USNM 280595, 467557^167583. 
REMARKS.—Holmes (1859) first described and published 

the only illustration of these caudal spines. In their discussion 
of the extant giant devil ray, Manta birostris, Bigelow and 
Schroeder (1953:504) noted that some specimens have one or 
two small caudal spines. Other specimens lack emergent spines 
but may have a prominent hard protuberance on the dorsal side 
of the base of the tail, close behind the dorsal fin. This knob is 
formed by a fusiform mass of bony material that is attached to 
the muscular tissue of the tail. On the sloping posterior surface 
of the bony mass, a stubby spine is often present, the spine and 
the bone being completely covered by skin. 

A number of fusiform osseous masses, some with very small 
caudal spines, were collected at Lee Creek Mine from the low­
er beds of the Yorktown Formation (e.g., Figure 14^). These 
agree very closely with Holmes's description and figure. 

Extant devil rays (Bigelow and Schroeder, 1953:501, 
509-510) inhabit subtropical to tropical shallow waters, and 
they also may be found in deeper waters. Little is known about 
their feeding habits. 

BATOIDEI 

Genus and species undetermined 

FIGURE 15a 

HORIZON.—Pungo River Formation (units 1-5); Yorktown 

Formation (units 1, 2). 
REFERRED MATERIAL.—1 caudal spine, USNM 476297; nu­

merous uncataloged caudal spines. 
REMARKS.—Imbricated caudal spines are common fossils at 

Lee Creek Mine, especially in Pungo River sediments. Al­
though they are frequently referred to Dasyatis (stingray) in the 
Lee Creek fauna, at least four families of batoid fishes have 
members that bear one or more of these spines on the dorsal 
surface of the tail. It is not possible now to assign these spines 
to genus or species. 

Order SQUATINIFORMES 

Family SQUATINIDAE 

(angel sharks) 

Squatina sp. 

FIGURE 156-/ 

HORIZON.—Pungo River Formation (units 4, 5); Yorktown 
Formation (units 1, 2). 

REFERRED MATERIAL.—17 teeth, USNM 207541-207543, 
475000; 14 vertebrae, USNM 464226^164240. 

FIGURE 14.—Mobula sp., tooth type 1: a, USNM 207549, lin­
gual view; b, same specimen, occlusal view; c, same specimen, 
lateral view; d, USNM 207579, tooth lacking posterior cusplets, 
labial view; e, same specimen, occlusal view;/ same specimen, 
lateral view; g, USNM 207580, tooth with prominent posterior 
cusplets and tripartite root, lingual view; h, same specimen, 
occlusal view; i, same specimen, lateral view. Mobula sp., tooth 
type 2:j, USNM 207581, lateral view of high-crowned tooth 
with bipartite root; k, same specimen, occlusal view; /, same 
specimen, lingual view. Mobula sp., tooth type 3: m, USNM 
207582, labial view of anterolateral tooth; n, same specimen, 
occlusal view; o, same specimen, lateral view. Mobula sp., cau­
dal spine: p. USNM 291226, dorsal view. Manta sp., caudal 
spine: q, USNM 280595, dorsal view. (Scale bars: a-/=0.25 
cm; g-i=0.30 cm;/-o=0.20 cm; p,q=2.0 cm.) 
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REMARKS.—The teeth have broad roots that appear thin or 
very compressed when viewed labially or lingually. In basal 
view, the root is hollowed out and protrudes lingually, more so 
in the lower teeth than in the upper teeth. On the labial face of 
the crown, an enameloid peg extends basally; on the lingual 
face, the crown foot extends like an apron out onto the root. 
These dental characters are characteristic of Squatina (Cappet­
ta, 1987). 

An anterior tooth from the Pungo River Formation (USNM 
207543, 6.8 mm high x 6.5 mm wide) is distinctive because of 
the robustness of the crown relative to the root (Figure \5h-j). 
The crown is smooth on the labial face (Figure 15/'), and it is 
slightly less convex on the labial face than on the lingual face. 
The mesial cutting edge of the crown is absent, possibly due to 
wear. Mesial and distal enamel shoulders are short and concave 
rather than convex toward the root. The root is marked basally 
by a deep sulcus. 

USNM 207542 (5.8 mm high x 1.1 mm wide; Figure \Se-g) 
and USNM 475000 (6.7 mm high x 8.0 mm wide), from the 
Yorktown Formation, also are anterior teeth as indicated by 
their convex roots, which are concave in basal view. They dif­
fer from the other specimens in having a central, well-marked 
ridge on the lower half of the labial face of the crown, which 
forms an apron over the labial face of the root. The enamel 
shoulders extend almost to the lateral extremities of their roots. 

A small Yorktown Formation specimen, USNM 207541 (3.5 
mm high x 3.7 mm wide; Figure \5b-d), shows a faint indica­
tion of the coronal ridge that characterizes the aforementioned 
Yorktown Formation specimens. It differs from both of the oth­
er teeth in having low but distinct lateral denticles on each 
enamel shoulder. 

Fourteen vertebrae were found that are identical to those of 
the extant Squatina squatina. They are aseptate centra that in 
cranial or caudal view are oval in outline (Figure \5k,l). The 
largest centrum measures 18.2 mm in height and 24.9 mm in 
width. 

The extant western Atlantic species, Squatina dumeril, in­
habits temperate to subtropical waters (Compagno, 1984:146). 
It feeds on small bottom fishes, crustaceans, and shellfish. 

Order ORECTOLOBIFORMES 

Family PARASCYLLIDAE 

(collared carpetsharks) 

Genus Megascyliorhinus Cappetta and Ward, 1977 

When it was first described, Megascyliorhinus was assigned 
to the Scyliorhinidae. Later, Cappetta (1987:113) noted that the 
teeth of this genus lack a pulp cavity and possess a core of os­
teodentine in the lower half of the cusp and that this genus, 
therefore, may not be a scyliorhinid. 

Pfeil (1984:112) erected a new family, Megascyliorhinidae, 
for this genus, noting that "the apico-basal transverse ridges of 
the lingual and labial crown faces and the morphology of the 

root with its characteristic system of vascularisation" distin­
guish this family from the Scyliorhinidae. Because these char­
acters occur in other orectilobiform families and do not estab­
lish a unique identity for Pfeil's taxon, we believe his erection 
of a new family is incorrect. 

Cione (1986) identified a new species, Megascyliorhinus 
trelewensis, from the late Oligocene-early Miocene sediments 
of Patagonia. His specimens differ, however, from all others 
assigned to this genus in two ways: (1) they lack an osteoden­
tine core, and (2) the transverse groove of the root does not di­
vide the basal face of the root into two "pedestals." When we 
compared the illustrations of his type suite to the juvenile teeth 
of the extant species, the nature of the transverse groove, the 
position of the central foramen, and the occurrence of lateral 
foramina were very similar. We believe, therefore, that Cione's 
species is not assignable to Megascyliorhinus and may be 
based on juvenile teeth of an already described species of 
Hemipristis, which in fossil form has orthodont teeth (Compag­
no, 1988:35). 

Nishimoto and Karasawa (1991) noted that unlike the 
Scyliorhinidae, the root of Megascyliorhinus miocaenicus 
lacks labial marginal foramina, and it bears a pair of large, lin­
gual marginal foramina. Further, the flattened basal face of the 
root with a central foramen and a pair of large, lingual marginal 
foramina suggested to them that this genus belongs in the Orec­
tolobiformes, family indeterminate. 

We agree with Nishimoto and Karasawa (1991) that this ge­
nus is an orectolobiform, but we also believe that it is a mem­
ber of the family Parascyllidae. Of the orectolobiforms, only 
the teeth of the Parascyllidae have roots with broad, flat bases 
divided by median grooves. Also, in basal view, the roots of 
the teeth of Megascyliorhinus have the same shape as those of 
the parascyllids. Similarities between parascyllids (illustrated 
by Herman et al., 1992) and Megascyliorhinus also can be 
found in the crown, dentitions of both have teeth that are elon­
gate, and both lack labial aprons or pegs. Unlike the teeth of 
the Parascyllidae, lateral cusplets are absent or are not as large 
as those in the extant members of this family, and the coronal-
root boundary is not constricted. Despite these differences, we 
believe Megascyliorhinus should be assigned to the Parascyl­
lidae. 

Megascyliorhinus miocaenicus (Antunes and 
Jonet, 1969-1970) 

FIGURE \5p,r 

HORIZON.—Pungo River Formation (unit 1). 
REFERRED MATERIAL.—1 tooth, USNM 475364. 
REMARKS.—David Ward donated to the USNM one tooth of 

this species, which he recovered from the "basal black sand" of 
the Pungo River Formation, Gibson's (1967) dark greenish 
brown phosphatic sands (unit 1). This tooth lacks its tip and 
lacks lateral cusplets, and the very convex labial face obscures 
the cutting edge. Unlike other teeth of this species, which are 
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FIGURE 15.—Batoid: a, USNM 476297, caudal spine, dorsal view. Squatina sp.: b, USNM 207541, incomplete 
anterolateral tooth, labial view; c, same specimen, lateral view; d, same specimen, lingual view; e, USNM 
207542, anterior tooth, labial view;/ same specimen, lateral view; g, same specimen, lingual view; h, USNM 
207543, anterior tooth, lingual view; ;', same specimen, lateral view;/ same specimen, labial view; k, USNM 
464235, vertebra, dorsal view; /, same specimen, ventral view. Ginglymostoma sp.: m, USNM 457231, lingual 
view; n, same specimen, labial view. Rhincodon sp.: o, USNM 467537, lateral view. Megascyliorhinus miocaen­
icus, USNM 475364:/), lingual view; r, labial view. (Scale bars: a=1.0 cm; b-d,h-j,m,p,r=0.2 cm; e-g=0.9 cm; 
k,l=0.75 cm; n=0.15 cm; o=0.175 cm.) 

striated on the labial and lingual faces, only the base of the la­
bial crown foot has faint striations, and the lingual face is 
smooth. Striations, a primitive character, also are absent on the 
teeth of the extant species of this family. With the exception of 
the striations, this specimen compares favorably with the holo­
type of Megascyliorhinus miocaenicus. The tooth measures 7.2 
mm in height and 6.4 mm in width. 

Antunes and Jonet (1969-1970) assigned this species to 
Rhincodon, but Cappetta (1987:113) correctly assigned it to 
Megascyliorhinus. 

The Lee Creek tooth is the first record of this genus from 
North America and is the first record of this species in the 
western Atlantic basin. Megascyliorhinus miocaenicus has 
been found in the Miocene and Pliocene sediments of France, 

Tunisia, and Japan and in the Oligocene of Czechoslovakia 
(Cappetta, 1987:113). 

From the Miocene-Pleistocene sediments of New Zealand 
and Australia, Keyes (1984) identified more elongate teeth 
with striated crowns that also lacked lateral denticles as M. 
cooperi Cappetta and Ward, a species previously known only 
from the Paleogene. In differentiating his specimens from M. 
miocaenicus, Keyes (1984:205) noted that the teeth of the lat­
ter species were "more robustly crowned with pronounced, 
elongate denticles." His description does not agree with that 
of Antunes and Jonet's holotype (1969-1970:153, fig. 205, pl. 
9: figs. 42—44). This specimen has a stockier appearance than 
those illustrated by Keyes, and it lacks lateral denticles. In the 
extant parascyllids, the more slender teeth come from the an-
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terior portions of the jaws. Antunes and Jonet's holotype 
probably came from a more distal position in the jaw than 
those illustrated by Kemp. Like the lamniform and carchar-
hiniform sharks, elongation of teeth also may be an intraspe-
cific variation in Parascyllids. Kemp's basis for assigning the 
New Zealand and Australian Neogene teeth to M. cooperi 
seems tenuous. 

Family GlNGLYMOSTOMATIDAE 

(nurse sharks) 

Ginglymostoma sp. 

FIGURE I5m,« 

HORIZON.—Pungo River Formation (unit 3). 
REFERRED MATERIAL.—1 tooth, USNM 457231. 
REMARKS.—One tooth of a nurse shark was recovered from 

the Lee Creek Mine. It has a stocky principal cusp with one 
pair of lateral cusplets (Figure 15m,«). The root is well devel­
oped, and it is bisected by a transverse groove that penetrates 
its lingual edge. It measures 2.6 mm in height and 4.3 mm in 
width. 

The teeth of Nebrius, which have more than two pairs of lat­
eral cusplets and have cusplets that occur more apically along 
the cutting edge than in Ginglymostoma, have been misidenti-
fied as Ginglymostoma (see Arambourg, 1935, pl. 20: figs. 5, 
6; Cappetta, 1970, pl. 7: figs. 1-6). According to Compagno 
(1984:207), the teeth of Nebrius are "more or less compressed 
in the sides of the jaws," whereas those of Ginglymostoma are 
not. 

Nurse sharks are inshore, bottom sharks (Compagno, 
1984:206) that inhabit subtropical to tropical waters from less 
than 1 m to at least 12 m in depth. These sharks feed on bot­
tom-dwelling invertebrates and on sea catfishes, mullets, puff­
ers, and stingrays. 

Family RHINCODONTIDAE 

(whale sharks) 

Rhincodon sp. 

FIGURE I5O 

HORIZON.—Pungo River Formation (units 1-3). 
REFERRED MATERIAL.—17 teeth, USNM 467536,467537, 

467539^167553. 
REMARKS.—Compagno (1984:209) characterized the minute 

teeth of this genus as "not strongly differentiated in jaws, with 
a medial cusp, no cusplets and no labial root lobes; tooth rows 
extremely numerous, in over 300 rows in either jaw of adults 
and subadults." 

The crown of the Lee Creek Mine tooth (Figure 15o) is 
sharp, slightly curved lingually, and has a perfectly smooth sur­
face. It is compressed laterally, and the cutting edges are dis­

tinct but dull. A narrow and relatively long apron descends 
onto the lingual face of the root. 

The roots of these teeth are bulbous and are wider at the me­
sial and distal sides than at the crowns, and they possess a well-
marked central foramen and transverse groove. A pair of prom­
inent lateral foramina are located high on the mesial and distal 
sides of the root, and the basal area of the root is marked by 
small, irregular vascular openings. These teeth are identical to 
those of the extant species, Rhincodon typus Smith. 

The largest tooth collected has a maximum dimension of 6.3 
mm; other specimens range in maximum dimension from 5.5 
mm to 3.0 mm. 

Cappetta (1987:81) reported the only other occurrence of 
Rhincodon in the fossil record as coming from the middle Mi­
ocene of southern France (see Cappetta, 1970, fig. 72A-C). 
The Lee Creek Mine specimens are the first occurrence of this 
genus in the Atlantic Coastal Plain. 

According to Bigelow and Schroeder (1948), the extant 
whale shark reaches a length of 18.3 m TL, and may have over 
3600 small teeth. A sampling of the ore reject gravels indicates 
that these fossil teeth are quite abundant. 

According to Compagno (1984:210-211), the living whale 
shark is a "tropical and warm-temperate shark, often seen far 
offshore but coming close inshore and sometimes entering la­
goons of coral atolls....It apparently prefers areas where the 
surface temperature is 21° to 25°C with cold water of 17°C or 
less upwelling into it....The whale shark is a versatile suction 
filter-feeder, and feeds on a wide variety of planktonic and nek-
tonic organisms. Masses of small crustaceans are regularly re­
ported, along with small and not so small fishes such as sar­
dines, anchovies, mackerels, and even small tunas and albacore 
as well as squids." 

Order LAMNIFORMES 

Compagno (1990a:370-372) identified synapomorphies for 
the Lamniformes, which include the following dental charac­
ters: (1) excluding Cetorhinus and Megachasma, teeth are dif­
ferentiated into anteriors, intermediates, laterals, and posteri­
ors; (2) excluding Mitsukurina, transverse ridges are lost on 
tooth cusps in the anterolateral teeth, and reduced ridges are 
sometimes present on basal ledges; (3) excluding Mitsukurina 
and Carcharias, the first upper anterior tooth is lost or replaced 
by a symphysial tooth; and (4) excluding Mitsukurina and the 
Odontaspididae, the third lower anterior tooth is reduced to the 
size and shape of a lateral tooth. 

We amend these with the following. In associated dentitions 
of Carcharodon subauriculatus and C. megalodon, the third 
lower anterior tooth shows little or no lateralization. This con­
dition often persists in the dentitions of C. carcharias, and this 
condition is not as great as that found in the two extant species 
of Isurus and in two associated dentitions of Isurus xiphodon, 
the putative precursor of C. carcharias. 
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Family ODONTASPIDIDAE 

(sand tigers) 

In the past, all species of Odontaspididae were assigned to 
the genus Odontaspis, but Compagno (1977) recognized char­
acters to identify two genera in this family: Odontaspis and 
Carcharias. Because, however, the latter name had been sup­
pressed by Opinion 723 of the International Commission on 
Zoological Nomenclature (1965), Compagno assigned Odon­
taspis taurus to the next available junior synonym of Car­
charias, Eugomphodus. Cappetta (1987:91), using Rule 23b 
of the 1964 edition of the International Code of Zoological 
Nomenclature (ICZN), rejected Eugomphodus as a nomen 
oblitum, but he did so without the required approval of the In­
ternational Commission on Zoological Nomenclature, and for 
the senior synonym he selected Synodontaspis White, 1931. 
With the publication of the 1985 edition of the ICZN, howev­
er, Rule 23b can no longer be used to suppress taxonomic 
names; therefore, Cappetta's (1987) suppression of Eugom­
phodus was unjustified. In 1986 Compagno and Follett's ap­
peal for the conservation of Carcharias Rafinesque, 1810, 
was published and in 1987 the commission (Opinion 1459) 
conserved Carcharias (International Commision on Zoologial 
Nomenclature, 1987). 

Both Carcharias and Odontaspis occur at Lee Creek Mine. 
Compagno and Follett (1986:89-90) described the following 
dental characters, which separate these two genera: 

[Carcharias with] three rows of upper anterior teeth on either side of the sym­
physis; heterodonty strong along jaws, lateral teeth compressed and bladelike, 
with flattened cusps, and posterior teeth strongly differentiated as carinate, mo­
lariform crushers; cusplets on anterior teeth short and strongly hooked and 
cusps stout and broad-tipped; teeth larger, second lower anterior tooth 1.3 to 
1.5 times the height of comparable tooth in Odontaspis.... 

...[Odontaspis with] two rows of upper anterior teeth on either side of sym­
physis; heterodonty weaker along jaws, lateral teeth little compressed and not 
bladelike, with cusps little flattened, and posterior teeth not differentiated as 
molariform crushers; cusplets on anterior teeth long and straight or weakly 
curved, not hooked, and cusps slender and narrow-tipped; teeth smaller, sec­
ond lower anterior tooth 0.6 to 0.8 times height of comparable tooth in Car­
charias. 

In the Lee Creek Mine fauna we identified three species of 
Carcharias: C. taurus, C cuspidata, and C. contortidens; and 
we identified two species of Odontaspis: O.ferox and O. cf. O. 
acutissima. 

Carcharias taurus Rafinesque, 1810 

FIGURES 16, Ylc.d 

HORIZON.—Yorktown Formation (units 1, 2); James City 
Formation. 

R E F E R R E D M A T E R I A L . — A b o u t 200 teeth, USNM 
453082^153084, 453086, 453087, 453089, 453091, 453092, 
453094-453097, 453100-453107, 453110-453112, 
453114-453116, 453118-453122, 453124, 453126^153130, 
453133,453135, 454400-454404, 454407, 454410-454412, 
454414, 454416-454418, 476344^76346, 476348, 476349, 
489143; 1 vertebra, USNM 464242. 

REMARKS.—The anterior teeth (Figure 16) are identical to 
those of the extant Carcharias taurus. The main cusps of the 
teeth are slender and awl-like, with convex but slightly flat­
tened lingual faces. On the lingual face of the crown, faint and 
irregular striae occur as they do in some teeth of C. taurus and 
in some specimens attributed to Odontaspis acutissima Agas­
siz. In the fossil teeth and in the dentition of the extant Car­
charias taurus, the cutting edges of the lower first anterior 
tooth end higher (apically) on the crown (about one-third up 

FIGURE 16.—Carcharias taurus, anterior teeth: a, USNM 476344, first upper anterior, lingual view; b, USNM 476345, first 
lower anterior, lingual view; c, USNM 476346, second upper anterior, lingual view; d, USNM 489143, second lower ante­
rior, lingual view; e, USNM 476348, third upper anterior, lingual view;/ USNM 476349, third lower anterior, lingual view. 
(Scale bars: a-d,ef-1.0 cm.) 
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the crown) than do those of the other anterior teeth; this condi­
tion of the lower first anterior tooth exists also in the anterior 
teeth of Odontaspis. In the second and third anterior teeth, the 
mesial and distal cutting edges are complete. 

The lateral teeth of this species and those of the more abun­
dant Carcharias cuspidata are identical. None of the lateral 
teeth from the Yorktown Formation are striated. 

Two studies, one by Sadowsky (1970) and the other by Tani­
uchi (1970), provide some information about variation in the 
dentitions of the extant species. Sadowsky noted that one pair 
of lateral denticles was present in 93% of the dentitions he ex­
amined («=528); the remaining dentitions had from zero to two 
pairs of lateral denticles. Other observations from his suite of 
specimens pertinent to the study of fossil shark teeth include 
the following: (1) the number of symphysial tooth positions 
varies; the number of anterior tooth positions (three) is con­
stant; (2) great variability exists in the number, size, and shape 
of the lateral teeth; (3) there is no sexual dimorphism in these 
dentitions; (4) embryonic teeth lack lateral denticles; and (5) 
the number of intermediate teeth varies from one to four. 

Taniuchi, who studied 24 specimens, added (1) the number 
of lateral denticles correlates closely with the size of the shark; 
(2) in sharks under 100 cm TL, lateral denticles are absent; (3) 
in some specimens the first through fourth lateral teeth have 
two pairs of lateral denticles; and (4) the number of intermedi­
ate teeth varies from one to five. He also reported a fourth up­
per anterior in one specimen, but from his illustration, this 
tooth appears to be a symphysial tooth, which may occur in up­
per jaws of Carcharias taurus. 

In the living species, we observed the following variations in 
tooth morphology. A dentition from South Africa (Hubbell col­
lection, ML 102387) exhibits considerable variation in tooth 
morphology. The second upper anterior and the third lower an­
terior teeth (as well as the first and second upper laterals), on 
the labial faces, have shallow V-shaped depressions in the 
crown foot, and the lower first and second anteriors have deep 
V-shaped depressions in the crown foot, causing the enamel to 
overhang the root. On the labial face of the lower lateral teeth, 
starting with the first, the crown foot is adorned with vertical 
plications; these plications extend down onto the dentine of the 
basal groove. Leriche (1910:271) also noticed these plications 
and stated, "This character has no specific or even individual 
value." In contrast, in another adult specimen, USNM 110298, 
the V-shaped grooves in the crown foot are absent, and the pli­
cations are finer and are confined to the basal groove. In USNM 
110939, from a juvenile, the plications are absent. These obser­
vations, based on a small number of dentitions, suggest that de­
pressions and ornamentation on the labial face of the crown 
foot are variable and are taxonomically insignificant. 

The anterior teeth range from 18.0 to 41.0 mm in total height 
(mean=31.9 mm, «=51), from 15.0 to 21.0 mm in maximum 
width (mean=18.0 mm), and from 2.4 to 1.4 in height to width 
ratio (mean=1.8). 

One vertebra found on the spoil piles is identical to those of 
Carcharias taurus (Figure \lc,d). It is septate and of medium 
size, with thick rims; the oval ventral and dorsal foramina ex­
tend to the rims of the vertebra (Kozuch and Fitzgerald, 1989). 

Compagno (1984:217) reported that this shark inhabits shal­
low, temperate to tropical waters from the surf zone to 191 m 
in depth. It feeds on a wide variety of bony fishes, including 
bluefish, bonitos, hakes, searobins, sea basses, and porgies, as 
well as on small sharks, rays, and invertebrates. 

Carcharias cuspidata (Agassiz), 1843 

FIGURES \7a,b. 18 

HORIZON.—Pungo River Formation (units 1-3); Yorktown 
Formation (units 1, 2). 

REFERRED MATERIAL.—331 teeth, USNM 207611, 451255, 
451257^151273, 454631, 476350. 

REMARKS.—Agassiz (1843:290) distinguished this species 
from Carcharias elegans by the smoothness of its labial and 
lingual tooth faces, and he distinguished it from other odon-
taspids by the greater development of the tooth's root. Of the 
specimens he figured (pl. 37a: figs. 43-50), the second upper 
anterior teeth in figs. 46 and 48 and a second lower anterior 
tooth in fig. 49 are of Carcharias; the teeth in his figs. 43^45, 
which were still in matrix at the time of illustration, also may 
belong to this genus, but the tooth in his fig. 47 is indetermi­
nate. The tooth in his fig. 50 may belong to Odontaspis. 

Leriche (1910:270) further characterized this species as fol­
lows: 

The teeth oi Odontaspis cuspidata ...ire large and robust. Their crown is 
completely smooth, very sharp along the edges, flat on the external face, 
strongly convex on the internal face. 

The lateral denticles are in the anterior teeth, relatively small and very acumi­
nate. In the lateral teeth, they are much enlarged, becoming often very obtuse 
and sometimes seem to form a prolonging of the enamel of the crown. Their 
crest is itself denticulated. One observes generally an external, rather large den­
ticle and, between this last and the crown, much smaller denticles. 

The root is rather developed. The furrow in which the nutritive foramen 
opens, on the internal face, is shallow; it is hardly indicated in the anterior 
teeth. (Translated from French by R.W.P.) 

Most of these characters occur in C. taurus; the two excep­
tions are the greater development of the root and the the wider 
crowns of the anterior teeth, which do not occur in teeth of sim­
ilar size in the living species. 

Comparing anterior teeth of similar size, the crowns in C. 
taurus are more elongate and have a narrower appearance than 
in C. cuspidata, and the roots of the second upper anterior tooth 
of C. cuspidata are longer and the crown is shorter than in C. 
taurus (see Figure \la,b, cf. Figure 16c). 

Another character that may prove taxonomically significant 
is that the angle of the root lobes in the lower first anterior teeth 
is greater in C. cuspidata (mean=72°, range=63°-82°, n=\\) 
than in C. contorlidens (mean=63°, range=54°-70°, n=18) 
and in C. taurus (mean=62°, range 53°-75°, n= l l ) . Before 
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FIGURE 17.—Carcharias cuspidata: a, USNM 476350, second upper anterior 
tooth, lingual view; b, USNM 454631, second upper anterior tooth, lingual 
view. Carcharias taurus, vertebra, USNM 464242: c, slightly oblique dorsal 
view; d, lateral view. (Scale bar=1.0 cm.) 

these angles can be used with confidence, they must be tested 
on larger populations of all three species. 

In Figure 1 Sa, using teeth from the Pungo River Formation, 
we reconstructed a composite dentition of this species. As 
mentioned earlier, because of their identical morphology, 
some of the lateral teeth may be those of Carcharius taurus. 

103 

It is surprising to find Carcharias cuspidata as late as the 
early Pliocene (Figure ISb-d), but there is little doubt as to the 
identity of the Yorktown form, and the teeth are so well pre­
served that reworking from a lower horizon is very improbable. 
Only 11 teeth of this species were found in Yorktown sedi­
ments. Three of these are first lower anteriors and have a mean 
height of 3.2 cm (range=3.0-3.8 cm), a mean width of 2.0 cm 
(range= 1.8-2.3 cm), and a mean root angle of 79° (range = 
69°-85°). 

The first lower anterior teeth range from 2.4 to 3.2 cm in 
height (mean = 2.8 cm, «=11), 1.6 to 2.1 cm in width 
(mean=1.8 cm, n=\ 1), and 63° to 82° in root-lobes angle 
(mean=72°, n=\\). 

Carcharias sp. 

FIGURE 19 

HORIZON.—Pungo River Formation (units 1-5). 
REFERRED MATERIAL.—About 100 teeth, USNM 454419, 

454420, 454565-454571, 454573-454579, 454618, 454619, 
454628, 454632-454635, 454643, 454651, 454655, 454657. 
454689. 

REMARKS.—The Lee Creek Mine specimens are very simi­
lar to those described by Agassiz (1843:294-295) as Carchar­
ias contortidens. Of the specimens in his type suite, only 
those in his pl. 37a: figs. 21-23 have lateral cusplets and can 
be assigned to the genus Carcharias. The specimen in his fig. 
21 appears to be an incomplete, second upper anterior tooth; 
those in figs. 22 and 23 are first lower and upper anterior 
teeth, respectively. Agassiz (1843:294-295) characterized a 
tooth of this species by "its subulate form, irregular and re-

— a 

AAAAAAAA 
FIGURE 18.—Carcharias cuspidata: a, composite dentition 
from the Pungo River Formation; b, USNM 207611, second 
upper anterior tooth, lingual view; c, same specimen, labial 
view; d, same specimen, lateral view. (Scale bars: a=1.0 
cm; 6-c/=0.75 cm.) 

b - c 
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curved inside; its internal face is distinctly folded, and the 
folds continue over all the length of the cone even near the tip, 
assuming the form of more or less undulated, small veins, 
very numerous and strongly distinct at the base of the enamel, 
but of which the number diminishes higher proportionally as 
they become mixed up." As in the teeth from Lee Creek Mine 
(Figure 19), the type teeth are more slender than those of C. 
cuspidata of similar size, and in comparison to C taurus, the 
teeth of C. contortidens are striated or partially so on the lin­
gual faces of their crowns, whereas in the living species they 
are usually smooth. 

Leriche (1910) synonymized C. contortidens with Odontas­
pis acutissima Agassiz; he believed that these two species were 
based on teeth from different jaws of the same dentition. Odon­
taspis acutissima, however, is a separate species and belongs in 
the genus Odontaspis (see below). 

The teeth of C. contortidens compare more favorably with 
those of C. taurus than do those of C. cuspidata. In the extant 
and fossil species, the range of dental variation is unknown; 
therefore, the validity of the characters used to identify the fos­
sil species cannot be assessed as yet, and we believe it is not 
prudent to identify the Lee Creek Mine teeth to species. 

The first lower anterior teeth of C. contortidens range from 
2.8 to 3.7 cm in height (mean=3.3 cm, «=18), 1.4 to 1.9 cm in 
width (mean 1.6 cm, «=18), and 54° to 70° in root-lobes angle 
(mean=63°, «= 18). 

Odontaspis ferox Risso, 1826 

FIGURE 20a-c 

HORIZON.—Pungo River Formation (units 1-6). 
REFERRED MATERIAL.—35 teeth, USNM 278545, 453065, 

453067-453081. 
REMARKS.—The teeth of this species are rare in the Lee 

Creek Mine fauna; they are identical to those of the living 
Odontaspis ferox. As in the extant species, the cutting edges of 
the teeth do not reach the base of the crown. The lateral cus­
plets are longer than those in teeth of comparable size of Car­
charias. In the extant and the fossil species, the number of pairs 
of lateral cusplets varies from one to three. 

As in Carcharias taurus, the teeth of O. ferox exhibit mor­
phological variations. In a dentition from an individual 2.75 m 
TL long and of unknown sex (Hubbell collection, MRD2), the 
anterior teeth have only one pair of lateral cusplets, whereas the 
lateral teeth have two pairs. In another dentition from a larger 
individual of unknown size and sex (Hubbell collection, 
MRD1), the anterior and lateral teeth possess two to three pairs 
of lateral cusplets. On the labial faces of the crowns of the up­
per and lower teeth of this latter dentition, plications occur on 
the crown foot basal to the lateral cusplets but not between 
them, but in the teeth of the 2.75 m individual, these plications 
are absent. The labial faces of these plicated teeth are moder­

ately convex, whereas those of the unplicated dentition are only 

slightly convex. 
Only two first lower anterior teeth were found in the Pungo 

River Formation: USNM 453079, which measures 3.4 cm in 
height and 1.6 cm in width, and USNM 453065 (Figure 20a), 
which measures 3.0 cm in height and 1.5 cm in width. The 
Yorktown occurrence is represented by one first lower anterior 
tooth, USNM 278545 (Figure 20c), which measures 3.9 cm in 
height and 2.0 cm in width. These teeth are from individuals 
with total lengths of greater than 3 m TL. 

Compagno (1984:220) reported that this little-known shark 
inhabits "deepish water in warm-temperate to tropical seas...at 
depths of 13 to 420 m.... It feeds on small bony fishes, squids 
and shrimps." 

Odontaspis cf. O. acutissima (Agassiz, 1843) 

FIGURE 20d-h 

HORIZON.—Pungo River Formation (units 1-5, ?6). 
REFERRED MATERIAL.—180 teeth, USNM 451147-451180, 

454526^54538. 
REMARKS.—We tentatively identify the small Pungo River 

odontaspid as Odontaspis acutissima (Figure 20d-h). The syn­
types of this species have long lateral cusplets, which are char­
acteristic of Odontaspis. The second tooth in the type suite 
(Agassiz, 1843, pl. 37a: fig. 34), from the Miocene of Switzer­
land, is embedded in matrix except for the tip of its crown, with 
only its labial face exposed. Agassiz (1843:294) provisionally 
assigned this specimen to Lamna acutissima. The first speci­
men (his fig. 33), a lower lateral tooth with elongate lateral cus­
plets of unknown provenance, therefore must be considered the 
holotype of this species. If this specimen still exists, it must be 
reexamined because it resembles a Paleogene form rather than 
one from the Miocene. The Miocene teeth identified as O. 
acutissima may have to be assigned to the next available junior 
synonym. 

Agassiz characterized the teeth of this species as having 
distinct striations on the lingual faces of the crowns. In the 
Lee Creek Mine teeth, the striations are weakly developed, 
and they are best seen under magnification with a raking light. 
Because the taxonomic significance of these striations cannot 
now be assessed, we tentatively assign the teeth from Lee 
Creek Mine to a species. Questions about these teeth, such as 
whether they should be referred to juveniles of O cf. O. ferox 
or whether they fall within the range of variation of the teeth 
of the extant species cannot be answered until large samples 
of teeth from the fossil and extant species are available for 
study. 

The first lower anterior teeth of this species range from 1.5 to 
1.9 cm in height (mean= 1.7 cm, w=10) and from 0.8 to 1.2cm 
in width (mean=0.9 cm, n=\0). 



NUMBER 90 105 

FIGURE 19.—Carcharias sp., anterior teeth: a, USNM 454566, first upper anterior, lingual view; b, USNM 
454573, first lower anterior, lingual view; c, USNM 454628, second upper anterior, lingual view; d. USNM 
454643, second lower anterior, lingual view; e, USNM 454635, third upper anterior, lingual view;/ USNM 
454632, third lower anterior, lingual view. (Scale bar= 1.0 cm.) 

FIGURE 20.—Odontaspis ferox, anterior teeth: a, USNM 453065, first lower anterior, lingual view; b, USNM 
453078, second lower anterior, lingual view; c, USNM 278545, first lower anterior, lingual view. Odontaspis cf. 
O. acutissima: d, USNM 451148, second upper anterior, lingual view; e, USNM 451150, third upper anterior, 
lingual view;/ USNM 451147, first lower anterior, lingual view;g, USNM 451149, second lower anterior, lin­
gual view; h, USNM 451151, third lower anterior, lingual view. (Scale bars: a,b,d-h=\.0 cm; c=1.4 cm.) 

Family MEGACHASMIDAE 

(megamouth sharks) 

Megachasma sp. 

FIGURE 21 

HORIZON.—Pungo River Formation (units 1-3); ?Yorktown 
Formation. 

REFERRED MATERIAL.—9 teeth, NCSM 8796, 9560, USNM 
457237, 457238, 459821, 459822, 464062, 475475, 482303. 

REMARKS.—The larger specimens of this species are from 
the Yorktown Formation. The largest of these (NCSM 8796) is 
17.0 mm high, 15.0 mm thick, and 11.9 mm wide (Figure 
21e,/). It and the two following specimens were collected by 
Frank and Becky Hyne, who are experienced collectors at Lee 

Creek Mine and who are familiar with the stratigraphy of the 
site. USNM 457237 is 15.2 mm high, 12.5 mm thick, and 13.1 
mm wide (Figure 2\a,b), and USNM 457238, a lower tooth, is 
9.6 mm high, 5.2 mm thick, and 7 mm wide (Figure 2\g,h). 
The Hynes are confident that they collected these specimens on 
the Yorktown spoil piles, where they concentrate most of their 
collecting effort. USNM 475475 (Figure 2\n-p) is 14.3 mm 
high, 10.8 mm thick, and 16.1 mm wide; NCSM 9560 is 15.7 
mm high, 10.0 mm thick, and 10.8 mm wide. With the excep­
tion of USNM 457238, these specimens have elongate, slender 
crowns. USNM 457238 is more like the Pungo River speci­
mens, and it may be from that formation. 

The Pungo River specimens are smaller (Figure 2\i-m), with 
USNM 459821 measuring 8.1 mm in height, 6.2 mm in thick­
ness, and 6.8 mm in width, and USNM 459822 measuring 8.7 
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FIGURE 21.—Megachasma sp. teeth: a, USNM 457237, Yorktown Formation, lingual view; b, same specimen, 
lateral view; c, USNM 464062, Yorktown Formation, lingual view; d, same specimen, lateral view; e, NCSM 
8796, Yorktown Formation, lingual view;/ same specimen, lateral view; g, USNM 457238, Yorktown Forma­
tion?, lingual view; h, same specimen, lateral view; i, USNM 459821, Pungo River Formation, lingual view;y, 
same specimen, lateral view; k, USNM 459822, Pungo River Formation, lingual view; /, same specimen, lateral 
view; m, same specimen, labial view; n, USNM 475475, ?Yorktown Formation, lingual view; o, same specimen, 
labial view; p, same specimen, lateral view. (Scale bars: a-k= 1.0 cm; l,m= 1.11 cm; n-p= 1.25 cm.) 
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mm in height, 5.4 mm in thickness, and 7.0 mm in width. Un­
like the Yorktown specimens, these teeth have stocky crowns. 
We do not know enough about the dentitions of the extant spe­
cies to determine if these size differences are of ontogenetic or 
taxonomic significance. 

The Lee Creek Mine specimens are similar to the teeth of 
the extant Megachasmapelagios (Compagno, 1990a:359, fig. 
2; Herman et al., 1993:195, pis. 45-48) but differ from them in 
one respect. In two of the eight Lee Creek Mine specimens, the 
lateral edges of the roots protrude slightly more than those of 
the illustrated teeth of M. pelagios. They differ also from other 
megachasmid teeth from the Miocene of California by the less­
er development of the lateral protrusion of the roots and by the 
absence of lateral cusplets, which also are present in some of 
the teeth of the extant species (Herman et al., 1993, pis. 
45-47). The small sample size of teeth from Lee Creek Mine 
does not allow us to assess the taxonomic significance of these 
differences. 

The teeth from Lee Creek Mine exhibit considerable mor­
phological variation: crowns may have incomplete cutting 
edges, transverse grooves may be absent or in varying stages 
of development even though they appear to be functional 
teeth, a callosity on the labial crown foot may be smooth or 
grooved, and the size and the position of the central foramen 
on the torus of the root may vary. In the larger, Yorktown For­
mation specimens, the cutting edges of the crown are usually 
incomplete, but in one of these larger teeth (NCSM 8796), the 
cutting edges extend to the base of the crown. Punctae on the 
labial face of the root are present only on these larger teeth. 

The living species is a slow-swimming plankton feeder that 
normally inhabits mesopelagic waters, but it may return to 
shallow waters to mate (Lavenberg, 1991). 

Family ALOPIIDAE 

(thresher sharks) 

Genus Alopias Rafinesque, 1810 

In Alopias the third upper anterior tooth, second from the 
symphysis, is usually the largest anterior tooth, although in A. 
superciliosus the second upper anterior tooth is occasionally 
the largest. The lower anterior teeth are 10% to 20% smaller 
than the upper anteriors. In both jaws, the anterior teeth are not 
much larger than the first two lateral teeth, which Gruber and 
Compagno (1981:626) noted is characteristic of Alopias. 

Two species of thresher shark have been found at Lee Creek 
Mine, Alopias cf. A. superciliosus (Lowe) and A. cf. vulpinus 
(Bonnaterre). 

Alopias cf. A. superciliosus (Lowe, 1840) 

FIGURE 22h 

HORIZON.—Pungo River Formation (unit 3). 
REFERRED MATERIAL.—1 tooth, USNM 475448. 

REMARKS.—A tooth from the Pungo River Formation ore-
coarse fraction is almost identical to some of the lower first an­
terior teeth found in males of the extant bigeye thresher shark. 
The crown is elongate, and on its lingual face the basal callosi­
ty is smooth. A shallow transverse groove is present on the lin­
gual face of the root. This tooth measures 13 mm in height and 
9 mm in width. 

In the paleontological literature, this species has been identi­
fied from the lower Miocene of North Carolina (Case, 
1980:83); from the middle Miocene of Maryland (Kent, 
1994:72), Parma, Italy (Cigala-Fulgosi, 1983:224-226), and 
Lisbon, Portugal (Antunes, 1970); and from the Pliocene of 
Tuscany, Italy (Cigala-Fulgosi, 1988). 

According to Compagno (1984:231), the extant species in­
habits circumtropical coastal and oceanic waters from the sur­
face to depths of at least 500 m. It feeds on bony fishes and 
squids. 

Alopias cf. A. vulpinus (Bonnaterre, 1788) 

FIGURE 22a, b. fig 

Galeocerdo triqueter Eastman, 1904:89, pl. 32: fig. 12 [holotype, ANSP 1214, 
Calvert Formation, Maryland]. 

HORIZON.—Pungo River Formation (units 4, 5); Yorktown 
Formation (units 1, 2). 

REFERRED MATERIAL.—About 70 teeth, USNM 282471, 
289095, 289106, 297466, 312441, 312447, 324928, 421917, 
421919, 421921, 437885, 451181-451211, 451328, 451329, 
457241, 457242; 1 vertebra, USNM 464241. 

REMARKS.—Middle Tertiary alopiid teeth have been as­
signed to two species, Alopias exigua (Probst, 1879) and A. 
latidens Leriche, 1908. Probst (1879), who did not give a di­
agnosis for his species, described as a new species of mako 
shark a suite of teeth that he believed were from different po­
sitions in the jaws. His figs. 20 and 21, which he identified as 
anterior teeth, represent incomplete teeth with erect, slender 
crowns and cannot be identified with confidence to genus; 
however, Leriche (1927:76) indicated that fig. 20 may repre­
sent a tooth of Lamna cattica. This tooth, which consists of 
only the crown, is not that of an Alopias. Probst's fig. 21 re­
sembles the tooth of a carcharhinid rather than that of Alo­
pias; nevertheless, the teeth in his figs. 22 to 25 possess roots 
that are more characteristic of Alopias than ofIsurus. Because 
the location of Probst's type specimens is unknown, they can­
not be compared with those of A. vulpinus; therefore, the va­
lidity of A. exigua cannot be determined. 

Leriche (1908:379) separated A. latidens from A. exigua "by 
its greater size and stockier form," but stocky teeth occur in the 
extant A. vulpinus. In USNM 110941 (sex not indicated) the 
lower teeth are stockier than those of another individual of ap­
proximately the same size, USNM 232639; therefore, the 
stockiness of the crown, which also is a sexually dimorphic 
character in A. superciliosus (see Cigala-Fulgosi 1983), is not a 
useful character for separating species of Alopias. 
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FIGURE 22.—Alopias cf. A. vulpinus: a. composite dentition, with intermediate tooth, fourth to sixth and tenth to 
seventeenth upper lateral teeth, third lower anterior tooth, and sixth to seventeenth lower lateral teeth missing; b, 
USNM 464241, vertebra. Celorhinus sp.: c, USNM 312269, tooth, lateral view; d, same specimen, lingual view, 
e, USNM 467556, clasper spine, dorsal view. Holotype oi Alopias triqueter (=A. cf. A. vulpinus), ANSP 1214:/ 
lingual view; g, labial view. Alopias cf. A. superciliosus: h, USNM 475448. tooth, lingual view. (Scale bars: 
a,b,e,h=\.0 cm; c,rf=0.25 cm;/g=0.33 cm.) 

Leriche (1927:76) and Cappetta (1970:23) also identified 
incomplete cutting edges as a character to distinguish A. ex­
igua from A latidens. In Probst's type suite for A exigua, the 
two non-Alopias teeth are the only ones with incomplete cut­
ting edges; therefore, both species have teeth with complete 
cutting edges. 

The validity of A. latidens will have to await the restudy of 
Probst's types, if they still exist, study of Leriche's type spec­
imens, and study of dental variation in a large population of A 

vulpinus and large, synchronous populations of the fossil spe­
cies. In view of the above and the limited number of fossil and 
extant specimens, we cannot find characters to separate the 
Lee Creek Mine specimens from the extant species, and we 
believe the assignment of the Lee Creek Mine allopiid to a 
species is unwarranted at this time. 

The teeth from Lee Creek Mine (Figure 22a) have wide, 
stocky crowns with complete cutting edges, and the callosity 
on the labial face of the crown foot is rounded, sometimes 
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forming a ridge, and is plicated. Of the three extant species of 
Alopias, these characters occur in the teeth of A. vulpinus. 

In the five dentitions available to us, the teeth of Alopias 
vulpinus exhibit considerable variation and characters not not­
ed in the paleontological literature. The lower medial tooth var­
ies in size and may be absent. The lower anterior teeth are 10% 
to 20% smaller than the upper anteriors. Among the upper ante­
rior teeth, the third upper anterior (second from the symphysis) 
tooth is the largest. The tips of the intermediate teeth bend lin­
gually rather than labially or being straight. In the lower lateral 
teeth, the attitudes of the crowns range from inclined with a 
straight distal cutting edge to hooked with a concave distal cut­
ting edge. The tips of some of the upper lateral teeth, in lateral 
view, do not curve labially but rather curve slightly lingually. 
Mesial and/or distal cusplets may be present. 

Galeocerdo triqueter was established on the basis of an 
abraded lower anterior tooth. Eastman (1904:89) characterized 
the species as follows: "Teeth very robust, with elevated 
crowns, smaller and less twisted than those of G. contortus, 
and more faintly serrated along the coronal edges. Anterior 
margin only slightly arched, posterior notch inconspicuous." In 
examining the holotype of this species, ANSP 1214 (Figure 
22f,g), we noticed that the faint serrations are confined to the 
basal portion of the distal cutting edge; the remainder of the 
cutting edge is smooth. We synonymize Galeocerdo triqueter 
with Alopias cf. A. vulpinus because the type specimen lacks 
the well-developed distal enamel shoulder characteristic of Ga­
leocerdo and because there is a callosity on the labial face of 
the root that extends well onto the root. This tooth is almost 
identical to the first lower anterior tooth of Alopias vulpinus, 
and we believe it represents the same species as the specimens 
from Lee Creek Mine. 

The anterolateral teeth from Lee Creek Mine range in height 
from 0.8 to 1.5 cm (mean=1.2 cm, «=18). These sharks were 
probably 4.5 to 6 m TL. 

The vertebrae of this shark also are found at Lee Creek Mine. 
Their craniocaudal length is short (see Kozuch and Fitzgerald, 
1989), and in side view they are septate, with the septa diverg­
ing toward the rims of the vertebrae (Figure 22b). Their dorsal 
and ventral foramina vary in shape from oval to rectangular. 
These vertebrae are identical to those of a specimen of A. vulpi­
nus (USNM 110242). 

Compagno (1984:233) reported that A. vulpinus inhabits 
coastal to oceanic temperate to tropical waters; the young are 
often found close inshore and in shallow bays. They feed main­
ly on schooling fishes, such as mackerels and bluefish. 

Family CETORHINIDAE 

(basking sharks) 

Cetorhinus sp. 

FIGURE 22c-e 

HORIZON.—Pungo River Formation (unit 3). 

REFERRED MATERIAL.—1 tooth, USNM 312269; 1 calcified 
clasper spine, USNM 467556. 

REMARKS.—The single-cusped crown is nearly recumbent 
(Figure 22c,d); near the apex of the crown the labial face is al­
most parallel to the basal face of the root. In cross section, the 
crown is triangular basally to oval apically. The labial face 
forms the short side of this triangular crown foot; the lingual 
faces are wider than the labial face and meet at an acute angle 
near the crown-root boundary. 

The root forms a pedestal for the crown. In basal view it has 
a triangular outline; a lingually placed central foramen occurs 
in a shallow transverse groove that bisects this face. The labial 
face protrudes somewhat, but it is flush with the crown; the la­
bial end of the transverse groove divides this face. Both on the 
mesial face and the distal face of the root, three lateral canals 
open into a depression. The tooth measures 3.1 mm in total 
height, and the root is 3.3 mm in width, and 2.1 mm thick. 

In morphology, except for its strongly lingually directed 
crown, this tooth compares well with adult teeth of extant Ce­
torhinus maximus, but it differs in its much smaller size, which 
is about half that of the extant species (compare with Herman 
et al., 1993, pl. 43). The strong lingual inclination of the crown 
is more characteristic of juvenile than of adult basking sharks 
(Herman et al., 1993:194-195), but unlike the teeth of the juve­
niles, the crowns of the teeth from Lee Creek Mine are unoma-
mented. Sufficient specimens of the extant species have not 
been examined to determine if ornamentation is a variable 
character in juveniles. 

In addition to the tooth, a calcified clasper spine (Figure 
22e), was recovered from the spoil piles. This specimen is 
identical in morphology to those illustrated by Leriche (1926, 
fig. 195, pl. 37: figs. 6, 7). 

The living basking sharks are plankton feeders and inhabit 
boreal to warm-temperate coastal to pelagic waters (Compag­
no, 1984:235). Along the Atlantic coast of North America they 
have been reported as far south as the Florida coast. 

Family LAMNIDAE 

(mackerel sharks, mako sharks, white sharks) 

There are three extant genera in this family, Carcharodon, 
Isurus, and Lamna. Of these, Lamna has the most primitive 
teeth1, which are very similar to those of Cretolamna appen-
diculata. Lamna, however, has teeth with reduced, tapered lat­
eral cusplets and root lobes that are not very lobate, and it has a 
first anterior tooth with root lobes that form an angle of 90° or 

'in their phylogenetic analysis based on dental morphology, Long and 
Waggoner (1996) selected Mitsukurina as the outgroup. In comparison to Hy-
bodus and Cretolamna, however, the teeth of Mitsukurina are very derived. 
Several of their synapomorphies, such as absence of diastem, short root lobes, 
multiple pairs of lateral cusplets, and moderate lateral cusplets, are plesio-
morphic characters. 
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greater rather than the acute angle of those of Cretolamna. We 
identify these characters as autapomorphies for Lamna. For 
Carcharodon and Isurus, Compagno (1990a:372) identified as 
dental synapomorphies the characters "jaws and anterior teeth 
enlarged; lateral cusplets lost on teeth or present only in very 
young (?)," and as a synapomorphy of Isurus, he identified the 
flexed anterior teeth. This synapomorphy is absent in Isurus xi­
phodon (see below). Only one of the synapomorphies Compag­
no (1990a:372) identified for Lamna is found as a fossil: a cal­
cified rostral node without lateral fenestra. 

In addition to these genera, we tentatively assign, as Kemp 
(1991) did, Parotodus to this family. The teeth of this genus 
exhibit characters that prompted Cappetta (1980) to assign it to 
the Otodontidae. Our comparisons lead us to assign Parotodus 
to the Lamnidae for the reasons discussed below. 

Cappetta (1980) included Parotodus in the Otodontidae be­
cause of its very globular root, particularly in the lateral teeth, 
and because of the presence, in the Oligocene form, of lateral 
denticles. These characters, however, are not taxonomically 
useful. As in other lamnids, the globular roots are confined to 
the lower teeth where the toruses are well developed. Lateral 
cusplets, a primitive character, also occur in Lamna, the Odon­
taspididae, the Alopiidae, Triaenodon (which have very broad 
lateral cusplets), and occasionally in the adult teeth of Isurus 
(Bass et al., 1975c:28) and Carcharodon. We did not find any 
derived characters to justify the assignment of Parotodus to the 
Otodontidae. 

At first we assigned Parotodus to the Alopiidae because al­
though some individuals of living makos may have stocky teeth, 
their anterior teeth are more elongate than their lateral teeth. In 
our sample of P. benedenii, however, the heights of the largest 
lateral teeth (5.6-6.0 cm) and those of the anterior teeth (5.8-6.6 
cm) overlap. This overlap in height, which does not occur in ex­
tant Isurus or in Otodus, agrees with the observations on Alo­
pias of Gruber and Compagno (1981:626): "Anterior teeth of 
threshers differ from lateral and posterior teeth in having nar­
rower crowns relative to their height and more erect cusps, they 
are less well differentiated in Alopias than in lamnids, odontas-
pidids, pseudocarchariids." Compagno (1990a:371) identified 
the reduced size of the anterior teeth as a synapomorphy of Alo­
pias; this synapomorphy also pertains to Parotodus. 

Other characters, however, suggest that Parotodus is not an 
alopiid. While examining the Lee Creek Mine specimens, 
Compagno (pers. comm., 14 Apr 1993) noted that the morphol­
ogies of the roots of Parotodus were like those of a mako rather 
than those of a thresher. We reexamined these teeth and those 
of Isurus and Alopias to verify his observation, and we found 
the following. (1) Unlike alopiids, in labial view, the lateral 
teeth of Parotodus do not have broad, shallow roots with 
enamel shoulders extending to the extremities of the root lobes. 
Like lamnids, in Parotodus the root lobes extend slightly be­
yond the basal boundary of the crown foot, and the roots are 
deep. (2) Like lamnids and unlike alopiids, the lower anterior 
teeth are not 10% to 20% smaller in height than the upper oc­

cluding teeth. (3) Like lamnids and unlike alopiids, the heights 
of the first three or four lateral teeth exceed their respective 
widths. These findings suggest to us that the less differentiated 
anterior teeth (see Compagno, 1990a:371) were derived inde­
pendently of Alopias, and we assign Parotodus tentatively to 
the Lamnidae. 

Genus Parotodus Cappetta, 1980 

Until 1980, paleontologists assigned the sole species of this 
genus, Parotodus benedenii, to the genus Isurus; in that year 
Cappetta erected a new genus for this species, Parotodus, 
which he characterized as having "very great thickness of the 
crown and a very globular root" (Cappetta, 1980:35). We re­
vise his diagnosis to read as follows: upper and lower laterals 
with hooked, mako-like crowns; heights of first three or four 
lateral teeth exceed their respective tooth widths; anterior teeth 
not well differentiated from lateral teeth. 

Antunes and Jonet (1969-1970) and Antunes (1978) stated 
that the teeth identified as Isurus benedenii were the intermedi­
ate teeth of Isurus hastalis. Cappetta (1980), however, correct­
ly argued that the teeth of Parotodus benedenii represented dif­
ferent jaw positions and that their thicknesses were 
proportionally greater than the intermediate teeth of I. hastalis. 

Despite their stocky crowns, the teeth of Parotodus bear 
some similarities to Isurus oxyrinchus. Like /. oxyrinchus, the 
lower anterior teeth have well-developed toruses and robust 
crowns, which in the Lamnidae are peculiar to Isurus oxyrin­
chus. Also like /. oxyrinchus, the tips of the lower teeth, in lat­
eral view, recurve labially. Unlike /. oxyrinchus, the sharply 
defined cutting edges on the anterior teeth extend to the crown 
foot. The roundness of the lingual crown foot, noticeable from 
the labial side in /. oxyrinchus, is not visible from this side. We 
do not believe, however, that these similarities warrant synony-
mizing Parotodus with Isurus. 

Kuga (1985:14-16), apparently unaware of Cappetta's pa­
per, erected the genus Uyenoa for this species, which he kept in 
the family Lamnidae; however, the senior name for this species 
is Parotodus. 

Parotodus benedenii (Le Hon, 1871) 

FIGURES 23,24 

Isurus moniwaensis Hatai, Masuda, and Noda, 1974:19-20, pl. 2: figs. 20, 22 
[Miocene, Japan]. 

Uyenoya benedenii Kuga, 1985:14-16 [Neogene, Japan]. 

HORIZON.—Yorktown Formation (units 1, 2). 
REFERRED MATERIAL.—85 isolated teeth, USNM 24757, 

279254, 279320, 281382, 282471, 283598, 289044, 289088, 
289095, 289104, 289106, 293759, 293762,297466-297468, 
302442, 312441, 312447, 324928, 421612, 421629, 
421917-421921, 437885, 454539^154563, 457258-457285. 
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REMARKS.—Le Hon (1871:6) characterized this species as 
follows: "Species of enormous thickness that resembles the 
Cretaceous Oxyrhina crassidens of Dixon. The neck of the 
tooth is very wide and the gum imprint exceedingly pro­
nounced as in all teeth with thick roots. The crown is incurved 
more or less, and some curved and hooked teeth having the 
same characters it seems to me to have belonged to the same 
animal" (translated from French by R.W.P.). The type speci­
men that Le Hon illustrated is a second lower anterior tooth, 
which he noted was found in Pliocene sediments during the ex­
cavation of the fortifications around Anvers, Belgium. 

Leriche (1910:281-283) reported the earliest occurrence of 
this species in the early Oligocene, Rupelian, of Belgium. 
These teeth are much smaller than those of the Pliocene form. 
In his suite of illustrated specimens, Leriche (1910) also in­
cluded two teeth of Lamna rupeliensis (his pl. 16: figs. 5, 6), 
which he identified as Oxyrhina benedenii. Leriche (1910:282) 
noted that "the transformation of the heels of the crown into 
lateral cusplets is observed mainly in the lateral teeth of the up­
per jaw (Fig. 5, 6, 8, 9)" (translated from French by R.W.P.). 
Although the teeth in his figs. 5 and 6 were not found in associ­
ation with the others, his identification of them was not chal­
lenged by subsequent workers. 

The sample of 85 teeth from Lee Creek Mine permitted us to 
reconstruct the dentition of this shark (Figure 23). As in lamni-
form sharks, the upper and lower anterior teeth exhibit the 
same morphological characters that permit their differentiation: 
their crowns are more erect, and the angle formed by the root 
lobes is more acute than in the lateral teeth. In the lower anteri­
or teeth there is a greater development of the torus. 

Only the second and third upper anterior teeth are present 
from Lee Creek Mine. The first anterior tooth may be absent in 
this genus; no teeth were recovered that were nearly symmetri­
cal and with root lobes forming an acute angle. In the second 
anterior tooth, the crown inclines distally, the distal cutting 
edge is concave, the root lobes intersect at a right or slightly 
obtuse angle, and the distal root lobe has a greater mass than 
the mesial one. In the third upper anterior tooth, along the me­
sial edge, the arc of the distal curvature is almost continuous 
from the tip of the crown to the base of the root. The distal cut­
ting edge is nearly straight. The root lobes intersect at an ob­
tuse angle, and as in the second anterior tooth, the distal root 
lobe has the greatest development. 

We identified three intermediate teeth: USNM 289088, 
293762, and 312447 (Figure 24a-e). As in the anterior teeth, 
these teeth are much higher than they are wide, but they are 
smaller than the anterior and lateral teeth in our suite of speci­
mens. Their root lobes form an acute to right angle, and as in 
the third upper anterior, their crowns have a distal curvature 
and, in lateral view, a very pronounced labial curvature. 

In the lower jaw, the anterior teeth possess toruses (lingual 
protusion of the root) (Figure 24/) with a much greater devel­
opment than those of the lateral teeth. The first anterior tooth 
has an erect crown, with the root lobes forming an acute or 
right angle. In the second anterior tooth the erect crown has a 
slight distal curvature; the root lobes form a right or obtuse an­
gle. In the third anterior tooth, which has a distally inclined 
crown, the mesial root lobe is longer than the distal one. 

In Parotodus, except for their size, the lateral teeth of both 
jaws have hooked crowns very similar to those of two denti­
tions of an Isurus oxyrinchus in the Hubbell collection 

FIGURE 23.—Parotodus benedenii, composite dentition, lingual view. (Scale bar= 1.0 cm.) 
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FIGURE 24.—Parotodus benedenii: a, USNM 289088, intermediate tooth, lingual view; b, USNM 293762, inter­
mediate tooth, lingual view; c, USNM 312447, second lower intermediate tooth, lingual view; d, same specimen, 
lateral view; e, same specimen, labial view;/ USNM 457258, lower anterior tooth, lateral view showing devel­
opment of torus. (Scale bars: a,b= 1.0 cm; c-e=0.9 cm;/=0.5 cm.) 

(D052188, MD62287). In both species the lower teeth are 
more erect than the upper teeth. 

Kemp (1991, pl. 32) noted and illustrated a specimen of this 
species consisting of 30 detached teeth in matrix from the ear­
ly Miocene Batesford Limestone, Batesford, Australia, in­
cluding the upper and lower anteriors and two symphysial 

teeth. The symphysial teeth appear to be from the upper and 
lower jaws; the tooth in his fig. El,2 is more compressed than 
the symphysial tooth in his fig. D; therefore, we concur with 
Kemp's identification of them as upper and lower symphysial 
teeth. We did not find any comparable teeth at Lee Creek 
Mine. The presence of symphysial teeth in the Batesford spec-
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imen may be the retention or reappearance of a primitive 
character. 

Davis (1888:26-27) described the species Oxyrhina von-
haastii from the Oligocene of New Zealand and included in his 
type suite a mass of about 20 teeth in limestone. Although we 
have not seen his type suite, we believe that this species should 
be assigned to Parotodus, and it may be a junior synonym of P. 
benedenii. 

In the fall of 1992, Clyde Swindell and George Powell re­
covered an associated, partial dentition of this shark from Lee 
Creek Mine (Kent and Powell, 1999). This dentition confirms 
the presence of two upper anterior teeth. Until this specimen 
can be compared with those from Australia and New Zealand, 
we believe it is premature to assess the relationship of this spe­
cies to the Oligocene and early Miocene specimens and to oth­
er lamnids. 

The anterior teeth of this shark range from 5.8 to 6.3 cm in 
height (mean=6.2 cm, «=6) and from 3.7 to 5.0 cm in width 
(mean=4.3 cm, «=6). Because their lateral and anterior teeth 
are not well differentiated by tooth height, there is no living 
lamnid that can be used as a model for estimating the total 
length of Parotodus benedenii, but we guess that large adults 
were between 6 and 7.5 m long. 

Hatai, Masuda, and Noda (1974:19-20, pl. 2: figs. 20, 22) 
described a new species, Isurus moniwaensis, from the Mi­
ocene of Japan; their type specimen is identical to specimens 
identified herein as Parotodus benedenii. 

Roux and Geistodoerfer (1988) reported the occurrence of 
teeth of this species in the Pleistocene deposits in the Indian 
Ocean off New Caledonia (see "Carcharodon megalodon 
(Agassiz, 1835)," below, for further discussion). 

Compagno (pers. comm., 14 Apr 1993) suggested that this 
shark fed by grabbing prey, such as seabirds, porpoises, and 
seals, with its teeth and swallowing it whole. 

Genus Isurus Rafinesque, 1810 

The teeth of Isurus have smooth cutting edges, have smooth 
labial and lingual coronal faces, usually lack lateral cusplets, 
and the central foramen usually does not open into a well-de­
fined transverse groove. In both jaws the teeth are differentiat­
ed into anteriors, intermediates (upper jaw only), laterals, and 
posteriors. Espinosa-Arrubarrena (1987:26) gave the formula 
for fossil and living makos as follows: (upper jaw) two anteri­
ors, one intermediate, five to seven laterals, three to four pos­
teriors; (lower jaw) three anteriors, five to seven laterals, three 
to four posteriors. Of these tooth types, the anteriors are the 
most important taxonomically; in the dentitions we have ex­
amined so far, they exhibit the least amount of variation within 
a species. 

Ontogenetic heterodonty occurs in the extant species of 
Isurus. In individuals over 3 m TL, the teeth broaden and be­
come thinner, even in the lower laterals, which normally have 
robust crowns, and the attitudes of the crowns may change 

considerably, becoming strongly arched distally. Espinosa-
Arrubarrena (1987) noted that lateral cusplets occurred in the 
lateral and posterior teeth of juveniles, but in the available ju­
venile dentitions of I. oxyrinchus (USNM 232652, TL=1901 
mm?; USNM 232650, TL=1310 mm), Isurus paucus (USNM 
196024, TL=1251 mm; USNM 196039, TL=1801 mm), and 
in numerous juvenile /. xiphodon teeth, we did not observe 
any lateral cusplets. Bass et al. (1975c:28), however, reported 
that in large individuals of I. oxyrinchus, minute lateral cus­
plets occur on the distal shoulder of the more posterior lateral 
teeth. To date no sexual heterodonty has been noted. 

In the upper and lower jaws, differences in morphology ex­
ist between teeth of the same jaw positions. The upper teeth 
have broader, thinner crowns, and their roots are not as well 
developed as are their counterparts in the lower jaw. In the 
lower teeth, in the area of the central foramen, the torus is 
well developed; the greatest development of the torus occurs 
in the lower first anterior tooth and diminishes in each succes­
sive tooth until it is not discernible in the second or third later­
al tooth. 

Espinosa-Arrubarrena (1987:110-117) recognized three 
groups of makos based on the elongate and cylindrical shape of 
the crowns of the anterior teeth and on the lengths of the root 
lobes of the upper anterior teeth. To facilitate discussion, we 
call his groups the oxyrinchus-paucus group, the desori group, 
and the hastalis group. 

He defined the oxyrinchus-paucus group as containing spe­
cies with "small to medium-sized teeth, that have cylindrical to 
slightly flattened and very narrow crowns in the upper anterior 
teeth" (Espinosa-Arrubarrena, 1987:110-113). He subdivided 
this group into three lineages: the /. oxyrinchus lineage, the /. 
paucus lineage, and the /. sp. D-I. sp. E lineage. His /. oxyrin­
chus lineage is characterized by having anterior teeth "with 
root branches that are unequally long [the mesial side is long­
er]." His second subgroup, the /. paucus lineage, is character­
ized by having "root branches that are equally long," and his 
third subgroup, the /. sp. D-I. sp. E lineage, is characterized by 
unequal root branches but with the distal branch longer than the 
mesial one (Espinosa-Arrubarrena, 1987:113). 

The desori group was defined as "isurid species with large 
and very robust teeth that represent an intermediate stage be­
tween the narrow or cylindrical crowns of the uppers of group 
one [oxyrinchus-paucus group] and the wide and totally flat­
tened upper teeth of the /. hastalis and /. planus lineages. The 
species included in this category are /. desori, I. retroflexus, 
and /. sp. F The upper anterior morphotypes in /. desori tend to 
be unequal (longer mesial side [root lobes]), and in /. retroflex­
us and I. sp. F, the same elements tend to be equal in size" (Es­
pinosa-Arrubarrena, 1987:113-114). 

Finally, his hastalis group was defined as "isurid species 
with wide crowns and totally labiolingually flattened upper 
teeth (triangular shaped crowns). The species groups of/. 
hastalis and /. planus (with /. sp. G and /. sp. H respectively) 
obviously represent the opposite end of the grasping-cutting se-
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ries. These are teeth of very large size, the cylindrical (rounded 
cross section) shape of the crown has been completely lost. 
And the root branches of the upper anteriors are unequal in /. 
hastalis and very symmetrical (mesial and distal sides of the 
same size) in /. planus" (Espinosa-Arrubarrena , 
1987:116-117). Espinosa-Arrubarrena and others have identi­
fied as I. hastalis teeth that Agassiz named / xiphodon, which 
is not a junior synonym of I. hastalis (see below). 

When we applied these characters to recent and Lee Creek 
Mine specimens, we found the following exceptions to Espi­
nosa-Arrubarrena 's groupings. (1) In a dentition from a 3.9 m 
TL female /. paucus (Hubbell collection, JG5379), the third up­
per left anterior tooth has a mesial root lobe that is longer than 
the distal one. In another dentition from a 4 m TL female of the 
same species (Hubbell collection, NA91690), in all of the teeth 
except the upper intermediate and the third through fifth upper 
laterals, the mesial root lobes are longer than the distal root 
lobes. (2) In a dentition of a large /. oxyrinchus of over 3.7 m 
TL (USNM 309253), the second upper anterior tooth has a dis­
tal root lobe that is longer than the mesial one. (3) In dentitions 
of/, paucus from individuals of over 3.7 m TL, the anterior 
teeth become broader and flatter, losing their cylindrical or 
rounded cross section. Compared to /. paucus, in /. oxyrinchus 
the compression of the anterior teeth occurs to a much lesser 
degree in some individuals (USNM 309253), and no compres­
sion occurs in others (LJVC 901119). (4) The teeth in the type 
suite for I. desori (Agassiz, 1843:282), in size and roundness of 
cross section, can only be assigned to Espinosa-Arrubarrena's 
oxyrinchus-paucus group. (5) The broadness and flatness of the 
holotype of/, planus falls within the range of variation occur­
ring in the extant /. oxyrinchus and /. paucus, particularly in in­
dividuals of 3.7 m TL or more. 

In summary, the lengths of the root lobes and the roundness 
of the crowns of the anterior teeth in cross section are charac­
ters that vary within a species. 

We believe, however, that there are three species of mako 
sharks represented at Lee Creek Mine. Those with more flex-
uous, awl-like anterior teeth with a labial recurvature at the 
tips we identify as /. oxyrinchus; those with less flexuous an­
terior teeth with more compressed crowns and with straight-
tipped lower anterior teeth we identify as /. hastalis; and 
those with triangular, compressed upper anterior teeth with 
tips that may become labially recurved as they become larger 
and with straight-tipped lower anterior teeth we identify as /. 
xiphodon. 

Isurus oxyrinchus Rafinesque, 1810 

FIGURES 25,26 

Oxyrhina desori Agassiz, 1843:282, pl. 37: figs. 8, 9 [figs. 10-13 indetermi­
nate; lectotype: ETHG1 P145, selected herein; Miocene, Switzerland],—Ler­
iche, 1927:68, pl. 10: figs. 1-10 [Miocene, Switzerland]. 

Oxyrhina desori Gibbes, 1848-1849:203, pl. 27: figs. 169, 170 [Pliocene, 
South Carolina]. 

HORIZON.—Pungo River Formation (units 1-5); Yorktown 
Formation (units 1, 2). 

REFERRED MATERIAL.—115 teeth, USNM 207619, 207620, 
207622, 207626, 207628-207630, 279119, 279136,279155, 
293736, 312442, 312443, 312448, 312449, 312452, 336759, 
339897, 421619, 421884, 421983, 425494, 425502, 425558, 
425851, 425856, 425862-425872, 452469, 452481, 452483, 
452487, 452488, 452491, 452494^52497, 452499^152501, 
452505-452507, 452510, 452512, 452514, 452530, 
452541-452543, 452550, 452563, 452565, 452566, 
452572-452574, 452579, 452583, 452612, 452620, 453142, 
453146, 453147, 453152, 453153, 453156, 453158, 
453160^153162, 453164, 453170, 453174, 453175, 453184, 
454280, 454281, 454283, 454286, 454302-454304, 454336, 
454355, 454358, 454360, 454378, 454383, 454385, 
454387^154389, 474966^*74975, 476296. 

REMARKS.—Agassiz (1843:282) characterized Oxyrhina 
desori as follows: "Relative to their height, the teeth of our 
Oxyrh. desori are much less broad than those of Oxyrh. hasta­
lis; moreover they are thicker and nearly semicylindrical; and 
the cone of the tooth, instead of being straight, curves at first 
a little to the outside in order to turn back next to the inside; 
and when the tip, from its side, recurves in turn to the outside, 
the profile of the tooth takes on a very wavy appearance, 
which contrasts with the straight form and uniform bend to 
the outside of Oxyrh. hastalis" (translated from French by 
R.W.P.). 

Except for two, the syntypes are indeterminate, and Gibbes 
(1848-1849:203) related that Agassiz, subsequent to the pub­
lication of his opus, felt that /. desori was identical to Lamna 
cuspidata. Gibbes, therefore, named a new species of fossil 
mako as O. desori to preserve Agassiz's name; the three teeth 
of his type suite are referable to Isurus oxyrinchus and /. xiph­
odon (Gibbes, 1848-1849, pl. 27 figs. 169, 170, and fig. 171, 
respectively). Oxyrhina desori Gibbes, however, is a junior 
homonym of Oxyrhina desori Agassiz, and it is unavailable 
for use as a species name. 

Leriche (1910) also considered the syntypes of Agassiz's 
species to be indeterminate. Rather than abandon the name, 
Leriche (1910, 1927) referred his own specimens to "Oxyrhi­
na desori" as identified by Sismonda (1849), which is pre­
sumably, but not necessarily, also referable to Oxyrhina des­
ori sensu stricto. Leriche's concept of this species, which is 
based on teeth that are similar to those of/, paucus, has pre­
vailed until now even though, according to the rules of zoo­
logical nomenclature, his redefinition of the species was in­
valid. 

Had Agassiz and Leriche been correct about the type suite 
of O. desori, this species would be a nomen dubium and 
would be unavailable as a species name; however, one of 
Agassiz's syntypes is a diagnostic anterior tooth of Isurus. We 
obtained casts of three of Agassiz's (1843) syntypes, the spec­
imens figured in his pl. 37: figs. 8-10. Of the three, the tooth 
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FIGURE 25.—Isurus oxyrinchus: a, composite dentition, lingual view; b, USNM 312443, first lower anterior 
tooth, lateral view; c, USNM 474966, second lower anterior tooth, lateral view; d, USNM 452530, second upper 
anterior tooth, lateral view; e, USNM 453175, third upper anterior tooth, lateral view. (Scale bars: a,c-e= 1.0 cm; 
A=0.5cm.) 

in fig. 9 (ETHGI P145) is the second upper anterior of Isurus; 
this specimen lacks lateral cusplets and lacks any indication 
that they were ever present, and it possesses a sufficient por­
tion of the root to show the absence of a well-developed trans­
verse groove, which is present in odontaspids. Agassiz's fig. 8 
also may be the same tooth of Isurus, but the tooth in fig. 10 
and the teeth illustrated in figs. 11-13 are indeterminate. Be­
cause ETHGI P145 (Figure 26a-c) is the only tooth of the 
type suite that can be definitely identified as Isurus, we desig­
nate this specimen the lectotype, and Oxyrhina desori is not a 
nomen dubium. 

Oxyrhina desori is, however, a junior synonym of Isurus 
oxyrinchus Rafinesque, 1810. The morphology of the lecto­
type is identical to a right, upper second anterior tooth of al­
most equivalent size in the dentition of/, oxyrinchus (USNM 
309253). The widths of the crowns and the development of 
the distal cutting edges are the same in both. Therefore, we 
place Oxyrhina desori Agassiz in synonymy with Isurus 
oxyrinchus. 

In the anterior teeth of/, oxyrinchus (Figure 25b-e), the tips 
of the crowns usually exhibit a labial recurvature; this is more 
noticeable in the upper anteriors. This recurvature also occurs 

in the tips of the upper and lower lateral teeth, but it is not al­
ways present. 

In the extant /. oxyrinchus, as in the Lee Creek Mine speci­
mens, the upper anterior teeth exhibit morphological variation. 
The mesial cutting edge of the second upper anterior (first 
tooth in jaw) is straight to strongly convex, whereas the distal 
cutting edge may be gently sinuous to nearly straight. The root 
lobes intersect at acute to obtuse angles, and their lateral ex­
tremities may be pointed to rounded. 

In the third upper anterior tooth, as in the second upper ante­
rior, the mesial cutting edge is straight to strongly convex. 
These strongly convex cutting edges may not form the usual 
continuous arc with the mesial margin of the root. The root 
lobes intersect at right to obtuse angles. 

Intermediate teeth have distally hooked crowns, and the 
root lobes are often pointed, with the basal margin of the root 
arcuate. 

The lower anterior teeth are more robust and are more flexu-
ous than those of similar-sized individuals of Isurus paucus 
and /. hastalis, and in labial view, the roundness of the crown 
foot obscures the definition of the mesial or distal (or both) cut­
ting edges; this condition also exists in the upper anteriors. 
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FIGURE 26.—Isurus oxyrinchus, cast of ETHGI P145, lectotype oi Oxyrhina desori, USNM 476355: a, lingual 
view; b, lateral view; c, labial view. Isurus oxyrinchus: d, USNM 452483, first lower anterior tooth with elongate 
root lobes, lingual view; e, USNM 312448, lower lateral tooth with mesial cusplet, labial view;/ USNM 
476296, lower lateral tooth with broad lateral cusplets, labial view; g, USNM uncataloged, lower lateral tooth 
from extant species with lateral cusplets, labial view. (Scale bars= 1.0 cm.) 

These anterior teeth incline distally. In one dentition (Hubbell 
collection, 11191), plications are present on the labial crown 
feet of the lower anterior teeth. Like /. hastalis but unlike /. xi­
phodon, the teeth usually have elongate root lobes (Figure 
26d), particularly in the first and second anterior teeth, that 
taper to a point, but they also may be rounded. 

Garrick (1967:679) noted that in juveniles and small adults, 
the distal cutting edge of the second upper anterior and the 
first lower anterior teeth are incomplete. In larger adults these 
cutting edges are complete. 

In the lateral teeth of the extant species (Figure 26g), the 
crowns are erect to strongly hooked. Often the enameloid 
does not extend down to the basal margin of the crown foot, 
giving the crown foot a dull appearance. Ridges may be 
present on the labial crown feet. In large adults, the crowns 
become very thin. The root lobes are angular to lobate. On the 
lingual surface a shallow transverse groove may occur, which 
also occurs in anterior teeth. 

In addition to the above morphological variations, we note 
the following. In the first lower anterior tooth (USNM 452483, 
height of tooth=46.0 mm, labial height of root=20.2 mm), the 
root lobes are longer than those of a larger first anterior of the 
extant species (Compagno collection, LJVC-901119, height of 
tooth=50.8 mm, labial height ofroot=19.8 mm). Also, two lat­
eral teeth exhibit a pair of broad, low, rounded lateral cusplets 
(USNM 312448, 476296, Figure 26c/). 

Anterior teeth from the Pungo River Formation ranged from 
2.7 to 5.0 cm in height (mean=3.8 cm, 77 = 8) and from 1.7 to 
2.9 cm in width (mean = 2.2 cm). Anterior teeth from the 
Yorktown Formation ranged from 2.8 to 5.8 cm in height 
(mean = 3.9 cm, « = 50) and from 1.1 to 3.2 cm in width 
(mean=2.2 cm). On the basis of measurements of teeth from 
extant sharks of this species of known size, the shortfinned 
makos of the Pungo River and Yorktown seas ranged in size 
from 2.4 to 4.6 m TL. 

The extant shortfin mako shark (Compagno, 1984:243) is 
common in coastal and oceanic waters in warm-temperate and 
tropical seas. It feeds on a wide variety of bony fishes, includ­
ing tunas, bonitos, carangids, sea basses, porgies, and sword-
fish, and on other sharks, sea turtles, and, occasionally, ma­
rine mammals. 

Isurus hastalis (Agassiz, 1838) 

FIGURES 27, 28o-c 

Oxyrhina hastalis Agassiz, 1838: pl. 34: figs. 3, 5, 13, 16, 17; 1843:277 [figs. 
4, 7-10, 12, 15, indeterminate; early Miocene, Switzerland].—Leriche, 
1926:399, pl. 31: figs. 3,4, 7, 8, 11, 12,20-23; 1927:71, pl. 11: figs. 1-3,5-7 
[not fig. 4; early Miocene, Switzerland]; 1942:69-71, pl. 5: figs. 11-20 [Cal­
vert Formation, Maryland]. 

Oxyrhina xiphodon Agassiz, 1838, atlas volume 3, pl. 33: figs. 11, 12. 
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HORIZON.—Pungo River Formation (units 1-5); Yorktown 
Formation (units 1-3). 

REFERRED M A T E R I A L . — A b o u t 500 teeth, USNM 
207632-207635, 278592, 281043, 293598, 293610, 293705, 
336748, 336750, 336761, 421883, 421885, 425491, 425553, 
425644, 425857, 425858, 425860, 425861, 425873-425880, 
437446, 452431, 452468, 452482, 452484-452486, 452489, 
452498, 452503, 452504, 452508, 452511, 452513, 452515, 
452516, 452518-452529, 452532-452540, 452544^152549, 
452551-452556, 452561-452564, 452578, 452580, 452582, 
452591-452593, 452596, 452598, 452601, 452602, 
452604-452607, 452609-452611 , 452613, 452614, 
452616-452622, 452625, 452626, 452628-452631, 452634, 
452635, 452638-452640, 453140, 453141, 453143, 453145, 
453149, 453153, 453155, 453159, 453165-453171, 453173, 
453176-453183, 453185-453187, 454284, 454285, 
454287-454289, 454314-454321, 454324, 454326, 454335, 
454337-454339, 454342-454344, 454349^154354, 454356, 
454357, 454359, 454361-454363, 454366, 454369, 
454374^154377, 454379, 454380, 454382, 454393, 454520, 
474976-474993. 

REMARKS.—Agassiz's type suite (1838, pl. 34: figs. 3-13, 
15-17) consists of mainly upper anterior teeth; his fig. 3 is a 
lower lateral, and his figs. 4 (UNIG 240), 5 (UNIG 243), and 7 
are upper laterals. Although most of his remaining specimens 
are incomplete, the size and the broadness of the crowns sug­
gest that they are all mako teeth. With the possible exceptions 
of the specimens in his figs. 6 and 11 (UNIG 244), these upper 
teeth all appear to belong to the same species. Agassiz 
(1843:277) characterized them as "teeth with rather great stat­
ure, elongated and in the form of a lance." The tips of the upper 
anterior teeth in the type suite exhibit a strong labial curvature, 
a character that we believe is taxonomically significant (see be­

low). Of Agassiz's syntypes, the specimen in his fig. 16, if it is 
still in the collections of the Universitat Neuchatel, should be 
declared the lectotype for this species. 

In morphology, the teeth of Isurus hastalis (Figure 27) are 
almost identical to those from large individuals (TL=3.7-4.3 
m) of/, paucus. The tips of the upper anterior teeth of the latter 
species, however (TL=2.3^1.2 m, n=9), usually lack the labial 
recurvature that is so well developed in /. hastalis (Figure 28a). 
In the small number of/, paucus dentitions available to us 
(n=9), only one dentition (Hubbell collection, JF91980, 2.6 m 
TL, female) had upper anterior teeth with tips that exhibited a 
strong labial recurvature. At present, we do not know how 
common this recurvature is in the extant species. 

The upper anterior teeth of Leriche's (1910:275-280, figs. 
78-86, pl. 16: figs. 16-31) sample of teeth from the Oligocene 
of Belgium, which he identified as Oxyrhina desori and O. des­
ori flandrica, are identical to those of the extant Isurus paucus. 
They lack a labial recurvature. This suggests that /. paucus may 
be a junior synonym of/, hastalis, but because of the small 
number of dentitions available of/ paucus, we hesitate in syn-
onymizing the two species. 

In / hastalis and / paucus, the cutting edges of the anterior 
teeth are sharply defined to the base of the crown. The lower 
anterior teeth of these two species are difficult to distinguish, 
but in /. paucus the more prominent development of the lingual 
torus of the roots may prove to be a useful character; although 
its consistent occurrence in a large sample of this species can­
not yet be determined. In /. hastalis the mesial cutting edges of 
the lower anterior teeth are convex, whereas they are straight in 
/. xiphodon, and the root lobes, particularly in the first anterior 
tooth, are more elongate and are not as massive as those of/. 
xiphodon. 

FIGURE 27.—Isurus hastalis, composite right dentition, lingual view. (Scale bar= 1.0 cm.) 
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FIGURE 28.—Isurus hastalis: a, USNM 452545, second upper anterior tooth, lateral view showing labial recurva­
ture; b, USNM 454285, first lower anterior tooth, lingual view showing rounded torus with transverse groove; c, 
IG 27385, lower Miocene, Antwerp, Belgium, close-up of serrated cutting edge. Isurus xiphodon: d, USNM 
476356, Yorktown Formation, unit 4, close-up of mesial cutting edge with incipient serrations; e, USNM 457248, 
first upper lateral tooth, lingual view showing ear-like structures on root;/ USNM 457251, lower lateral tooth, 
lingual view showing transverse groove on root. (Scale bars: a,b= 1.0 cm; c/=0.33 cm; d=0.25 cm; e=0.5 cm.) 
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Unlike Isurus oxyrinchus, the upper and lower lateral teeth 
of /. hastalis have tips that lack the labial recurvature. Their 
crowns are usually broader than those of I. oxyrinchus, but the 
upper lateral teeth are not as broad as those of/, xiphodon. The 
lower lateral teeth are asymmetrical and are broader than those 
of/, xiphodon. 

One morphological variation in the teeth of/, hastalis should 
be mentioned. In a first lower anterior tooth (USNM 454285), 
the torus of the root is bisected by a broadly rounded transverse 
groove (Figure 28b). 

Isurus hastalis is the most common mako at Lee Creek 
Mine. The anterior teeth from the Pungo River Formation 
range from 2.3 to 5.2 cm in height (mean=4.1 cm, n-58) and 
from 1.3 to 3.8 cm in width (mean=2.6 cm, «=58). Those from 
the Yorktown Formation range from 1.7 to 5.7 cm in height 
(mean=4.1 cm, « = 76) and from 1.1 to 3.8 cm in width 
(mean=2.6 cm, n=75). Anterior teeth within these size ranges 
in the extant /. paucus are found in individuals of 1.8 to 4.6 m 
TL. 

Recently, dentitions from both species of extant makos over 
3.7 m TL became available for study. Dental characters used to 
identify / retroflexa also occur in these dentitions. The com­
pressed tooth crown that Agassiz (1843:281) said distinguished 
/. retroflexa from all other species of Isurus is found in /. ox­
yrinchus (USNM 309253) and in /. paucus (Hubbell collection, 
JG5379). In a dentition from an /. paucus of 3.9 m, the com­
pressed upper and lower teeth have rounded tips identical to 
those identified by Leriche (1926, 1927) and Cappetta (1970, 
pl. 6: fig. 1) as /. retroflexa. Agassiz's holotype and only speci­
men of/, retroflexa, an incomplete lower lateral with a rounded 
tip, lacks the labial recurvature that usually occurs in /. oxyrin­
chus. The nature of this specimen does not permit its assign­

ment with confidence to /. hastalis, I. oxyrinchus, or /. paucus; 
therefore, we consider /. retroflexa a nomen dubium. 

Isurus xiphodon (Agassiz, 1838) 

FIGURES 28^-/29-31 

Oxyrhina trigonodon Agassiz, 1843:279, pl. 37: figs. 17, 18 [Neogene, 
Germany]. 

Oxyrhinaplicatilis Agassiz, 1843:279, pl. 37: figs. 14, 15 [Neogene, Italy]. 
Oxyrhina crassa Agassiz, 1843:283, pl. 37: fig. 16. 
Oxyrhina desori Gibbes, 1848-1849:203, fig. 171 [Pliocene, South Carolina]. 
Anotodus agassizii Le Hon, 1871:8-9 [Neogene, Belgium], 
Oxyrhina hastalis Agassiz.—Leriche, 1926, pl. 31: figs. 5, 6, 9, 10, 13-19, 24, 

26-30 [Neogene, Belgium]. 
Isurus hastalis (Agassiz).—Menesini, 1969:15-17, pl. 2: figs. 1-3,5,9, 11, 12. 

HORIZON.—Yorktown Formation (units 1, 2). 
REFERRED MATERIAL.—About 400 teeth, USNM 278765, 

278766,278771, 278774, 278792, 278799, 278801, 278814, 
279059, 279060, 279062, 279188, 279200, 279963, 279964, 
279967, 287485, 287694, 293599, 293609, 293710,293713, 
293714,302447, 312646, 324933, 336738, 336739, 336746, 
421613, 421618, 421769-421772, 421776, 421777, 
421910-421913, 421916, 421923, 421977, 425592, 425854, 
425859, 437443, 437444, 437447, 452557, 452571, 452576, 
452577, 452927-452930, 452937, 452945, 452946, 
452948-452950, 452955, 453144, 453150, 453157, 454307, 
454313, 454325, 454345, 454347, 454348, 454364, 454368, 
454370,454371, 457245-457251, 474918, 474919, 476356, 
476416-476422, 482198^182211, 482214, 482218, 482219, 
482221. 

REVISED DIAGNOSIS.—Upper anterior and lateral teeth 
broad, triangular; juvenile teeth like those of adults in form; 

FIGURE 29.—Isurus xiphodon, composite dentition of an adult, lingual view. (Scale bar= 1.0 cm.) 
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FIGURE 30.—hums xiphodon, composite dentition of a juvenile, lingual view. (Scale bar=1.0cm.) 

lower teeth with erect crowns; lower anterior teeth with short, 
massive root lobes. 

REMARKS.—Agassiz (1843:278) separated this species from 
Isurus hastalis on the basis of a "noticeable flattening" of the 
lingual crown foot. This flattening, however, is not always 
present, and it is insignificant taxonomically. The broadness of 
the teeth of/, xiphodon, a character that Agassiz (1843:278) 
believed was too vague, does, however, separate the two spe­
cies. 

Two of the seven specimens in the type suite for /. xiphodon 
(Agassiz, 1838, pl. 33: figs. 11, 12) are teeth of/, hastalis. The 
remainder of the specimens, figured in pl. 33: figs. 14—17, are 
broad, triangular, upper-jaw teeth of/, xiphodon. The speci­
mens in figs. 16 and 17 are anterior teeth, but only the speci­
men in fig. 17 is complete. If this specimen (listed by Agassiz 
as in the collection of "Mr. Bronn") still exists, it should be 
designated the lectotype of this species. 

Agassiz attributed two upper teeth and one lower tooth of 
this mako to three different species, Oxyrhina trigonodon, O. 
plicatilis, and O. crassa, respectively. Lawley (1878), on the 
basis of 140 associated teeth from the Pliocene of Tuscany, 
synonymized Agassiz's species, which were based on upper 
teeth, with Le Hon's newly described A. agassizi. Leriche 
(1926) synonymized O. trigonodon, O. plicatilis, and O. cras­
sa with what he believed was the same species as the senior 
name, /. hastalis. 

Lawley (1878, pl. 5: fig. 1) reconstructed from 140 associat­
ed teeth the first dentition of this species, but the upper anterior 
teeth are from the opposite jaw; their tips are pointing in the 

wrong direction, and the positions of the first and second lower 
anterior teeth are reversed. 

Based on unassociated teeth from the Neogene of Belgium, 
Leriche (1926, pis. 31, 32) published the first accurate recon­
struction of this dentition, but he considered the broad, triangu­
lar teeth to be those of an old individual of/, hastalis. Because, 
however, the general form of the upper and lower teeth of juve­
niles and young adults of /. xiphodon are identical to those of 
large adults (Figures 29, 30), /. xiphodon cannot be synony­
mized with / hastalis. 

In addition to the above illustrated specimens, two associated 
dentitions were available to us, one nearly complete, from the 
Pisco Formation of Peru, and the other consisting of 27 teeth, 
including the anteriors, from the Calvert Formation of Mary­
land. Our reconstructions (Figures 29, 30) are based on these 
specimens. 

The upper teeth have broad, triangular crowns that become 
more asymmetrical toward the corners of the mouth. Unlike 
any other species of mako, the upper anterior teeth have very 
broad, flattened crowns. In the second upper anterior tooth, 
which is the first tooth from the symphysis, the crown is usu­
ally asymmetrical, with a broadly convex mesial cutting edge 
and a concave distal cutting edge. The angle of the root lobes 
is smaller in the second upper anterior tooth, and the root 
lobes are almost equal in size. The crown is more asymmetri­
cal in the third upper anterior tooth than in the second tooth, 
and the mesial root lobe is longer than the distal root lobe. In 
the morphology of the crown and in the angle of the root 
lobes, the intermediate tooth of our reconstruction compares 
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favorably with the form of those of other mako species. Its 
crown is erect, and it has a strong labial curvature. In the lat­
eral teeth the mesial and distal root lobes form nearly a 180° 
angle. 

The lower teeth have erect crowns that in labial or lingual 
view appear almost symmetrical. Unlike those in other species 
of mako, the lower anterior teeth exhibit very little distal curva­
ture or labiolingual sinuosity. (Note that in our reconstruction 
(Figure 29), the undersized first and third anterior teeth were 
the only ones available to us for these tooth positions). In all 
the lower teeth, unlike in /. oxyrinchus, the tips are straight, 
which suggests that /. xiphodon is more closely related to / 
paucus. As in the extant makos, the lower teeth of this mako 
often have compressed crowns; paleontologists often identify 
these as /. retroflexa. 

In teeth identified as Isurus hastalis, from the late Miocene 
of Peru, Muizon and De Vries (1985:553-555) noticed that 
incipient to very fine serrations were present on the cutting 
edges, the latter type coming from youngest beds of the late 
Miocene. They interpreted this occurrence as documenting a 
transition from this species to Carcharodon carcharias, 
which is abundant in the early Pliocene. Carcharodon car­
charias teeth, however, occur in the middle Miocene of Mary­
land, and white-shark teeth that may be from ancestors of C. 
carcharias were collected in older Tertiary sediments (Purdy, 
1996:69). Does the Peruvian record represent a transition? We 
think not. 

Serrations do occur in different mako species groups. Agas­
siz (1843) first noticed mako-type teeth with very fine serra­
tions. His syntypes of Carcharodon escheri from the middle 
Miocene of Switzerland, an upper and a lower lateral tooth, 
compare more favorably with those of Isurus oxyrinchus than 
they do with those of/, xiphodon. In labial or lingual view the 
crown of the lower lateral tooth has a distal curvature, and the 
coronal tip exhibits a labial recurvature, which is characteristic 
of the lower laterals of I. oxyrinchus. The crown of the upper 
lateral syntype is characteristic of both /. oxyrinchus and /. 
paucus, but the tip of its crown also exhibits a labial recurva­
ture, which is characteristic of the former species. Carcharo­
don escheri, therefore, is not a species intermediate between /. 
xiphodon and C. carcharias. 

The teeth identified by Leriche (1926:409, pl. 33: figs. 1-8) 
as Isurus hastalis escheri from the early Miocene of Antwerp 
are teeth of/, xiphodon (his figs. 3, 6, 8) and /. hastalis (his 
figs. 1, 2, 4, 5). Figure 28c shows the partially serrated edges of 
the tooth in Leriche's fig. 5 and another tooth, a second upper 
anterior, both cataloged as IG 27385. Serrations, therefore, 
may appear in any of the three mako groups, and they are not 
useful for establishing phylogenetic relationships. 

From the matrix of Gibson's (1967, 1983) zone 4 of the 
Yorktown Formation (Rushmere Member), one of us (J.H.M.) 
collected a tooth (USNM 476356) of I. xiphodon on which the 
basal third of the distal cutting edge bears incipient serrations 
(see Figure 28d). 

Although the forms of Isurus xiphodon and Carcharodon 
carcharias are similar, differences exist between them to sug­
gest that the former did not give rise to the latter. First, in /. xi­
phodon, the juvenile lower first anterior teeth possess root 
lobes of equal length (Figure 30), and the angle formed by 
them is acute; this character is present in seven of the teeth 
present in the USNM collections. In the same teeth in juvenile 
Carcharodon carcharias, however, the mesial root lobe is 
longer, and the angle between the root lobes is obtuse (Figure 
33a). In juvenile dentitions in the Compagno and Hubbell col­
lections, these two characters are consistent in teeth of C. car­
charias. Second, unlike C carcharias, which exhibits strong 
ontogenetic heterodonty, ontogenetic heterodonty was weak or 
absent in /. xiphodon. Third, unlike Carcharodon, in the two 
associated dentitions of I. xiphodon available to us, the second 
lower anterior is the largest tooth in the anterior series. The 
heights of the anterior teeth are as follows. 

Second lower anterior tooth Second upper anterior tooth 

CMM V-245 
Hubbell/Peru 

6.6 cm 
6.0 cm 

6.3 cm 
5.8 cm 

Finally, in his comparative analysis of mitochondrial DNA se­
quences of the Lamnidae, Martin (1996:52) estimated that the 
time of origin of Carcharodon occurred perhaps in the Pale­
ocene or early Eocene; this estimate is supported by the fossil 
evidence (Purdy 1996:69). 

In view of the above, we cannot agree with Casier (1960), 
Cappetta (1987), and Muizon and De Vries (1985) that Car­
charodon carcharias evolved from /. hastalis (herein identified 
as /. xiphodon). We believe that the similar tooth morphologies 
of these two species are due to parallel evolution rather than to 
a direct phylogenetic relationship. 

Several teeth from Lee Creek Mine exhibit morphological 
variations worth mentioning. Below the basal margin of the 
crown on the lingual face, ear-like structures occur on the roots 
of four upper teeth (USNM 454345, 457245, 457248, 457250) 
at their mesial and distal extremities (Figure 28e). In two lower 
teeth the roots appear swollen (USNM 457247, 457249; Figure 
2>\b), and one of these, USNM 457247, has the appearance of 
buttocks, with a broad transverse groove. Another lower tooth, 
USNM 457251, the root of which is not swollen, has a deep 
transverse groove that is offset from the center of the lingual 
face of the root and which extends to the basal margin of the 
root (Figure 28/). 

Although the teeth of this species have been recovered from 
the Calvert Formation (middle Miocene), we did not find them 
in the Pungo River Formation. We suspect that this may be due 
to the absence or rarity of pinnipeds and cetotheres in the Pun­
go River sea. 

In Figure 3lc-e, several examples of pathologic teeth are 
shown. One of them, USNM 457246, exhibits the same con­
striction of the crown that Uyeno and Hasegawa (1974:258) 
used to diagnose a new species, Carcharodon akitaensis. Caus­
es of tooth pathologies in mako sharks are not yet known. 


