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ABSTRACT 

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 Makaira purdyi 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 Lacépède, 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 modern 
in aspect, suggesting that most modern lineages of birds were already in existence. 
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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 
comparative specimen alongside his fossil. Davidson 
(2000:343) cited Gesner's work as probably available to Ver- 
stegan but mentioned neither Gesners 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 
(Schepelern, 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, 1976:39-41; 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 modern 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 MUSCULITES 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 
Hippopectinites. 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):473-474) and quoted in 
part by Stearns (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 pectén 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 pectén 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 pectén, 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 pectén 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 modern 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 Orthography, Etymologia, Syntaxis 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 Literatus 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 tepository of the Royal Society. 


