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ABSTRACT

Diplodocus is a sauropod dinosaur from the Upper Jurassic Morrison Formation of North America. It is known around the world primarily
because of a single skeleton, that of the Carnegie Diplodocus, because the millionaire industrialist Andrew Carnegie had casts of this speci-
men mounted in nine prominent cities around the world between 1905 and 1930. As well as these iconic casts, the original fossil material was
mounted at the Carnegie Museum (now Carnegie Museum of Natural History) in 1907, and underwent a series of minor changes through the
years before a major remount as part of the Carnegie’s Dinosaur Hall renovation in 2005-2007. The composition of the original mount was never
fully described, and the changes made since the initial mount have not been extensively documented. The bulk of the skeleton consists of bones
from the Diplodocus carnegii holotype CM 84. The paratype CM 94, a referred specimen CM 33985, and a specimen of a related species CM
307 all provide additional fossil material. However, significant parts of this mount are casts or sculptures, including the skull, atlas, numerous
caudal vertebrae, forelimbs (including forefeet), and most of the left hind limb. The left forelimb and both forefeet used in the original mount
were cast from a camarasaurid, and the right forelimb from that of the diplodocine Galeamopus (= “Diplodocus”) hayi. The humeri, radii, and
ulnae were replaced in the 2007 remount by scaled-up sculptures based on probable diplodocid elements; and the forefeet by scaled-up sculptures
of another diplodocine specimen. Numerous divergent length measurements exist for this specimen, but the current mount is about 26.1 m long
based on photogrammetric and LIDAR models.

Key WORDS: cast, Carnegie Museum, dinosaur, history, sauropod, skeletal mount.

INTRODUCTION remains — the single best-known dinosaur in the world.

However, although the mounted skeleton is often referred

Diplodocus is a sauropod dinosaur from the Late Jurassic  to as CM 84, it is actually a composite containing sub-
of North America, found in the extensive Morrison Forma- stantial portions of the D. carnegii paratype CM 94 and

tion of the western United States. Although larger and more smaller parts of other specimens, as well as some cast and
complete sauropods are now known, Diplodocus was the  sculpted elements. The precise composition of the mount
first giant dinosaur known from a substantially complete has changed since its initial unveiling, and the eleven casts
skeleton: the Carnegie Museum’s iconic specimen CM 84,  that were made from its molds used slightly different ele-
the holotype of the species Diplodocus carnegii (Fig. 1). ments. Documentation of the choice of elements has not
As explained below, casts of this important specimen were ~ been comprehensive, and as a result, most of the museums
sent to cities throughout Europe and in Latin America  around the world that are exhibiting a Carnegie Diplodocus
and Russia, and as a result this individual became — and do not know exactly what bones went into its construction.
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Fig. 1.—The real mounted skeleton of Diplodocus carnegii as it is today: the original fossil material mounted in the Dinosaurs in Their Time exhibition
at the Carnegie Museum of Natural History. Anterior half of skeleton in left lateral view, with Homo sapiens Michael P. Taylor for scale. Photograph by
Mathew J. Wedel.

In this paper, we will summarize the history of the
original Carnegie Diplodocus and determine which fossil
elements are included both in the fossil mount at the Carn-
egie Museum and in the many mounted casts based on this
material.

Nomenclature

The mounted Diplodocus skeleton at the Carnegie Mu-
seum does not have a specimen number of its own. It is
often referred to loosely as CM 84, as that is the specimen
that contributes most of the original fossil material to the
mount; or, more carefully, as CM 84/94/307, as those are
three of the four specimens that contribute fossil material.
In this paper, we will refer to this mounted skeleton as “the
Carnegie mount”; when we refer to CM 84, we mean the
particular individual specimen, not the mount. When refer-
ring to the various cast mounts, we refer to them by the
name of the city that they were originally mounted in (e.g.,

the London cast, the Berlin cast, the Vernal cast); the sole
exception is that we refer to the Russian cast by the name
of the nation in which it resides, because it was initially
installed in St. Petersburg but currently stands in Moscow.
The diplodocine specimen initially designated CM 662
was traded to the Cleveland Museum of Natural History
(CMNH) in November 1956, because Carnegie Museum
director Graham Netting had instructed head of vertebrate
paleontology J. LeRoy Kay to trade large dinosaur speci-
mens due to lack of storage space (Tschopp et al. 2019:10).
Around the same time (1954-56), accession records show
that the Carnegie Museum acquired 10,803 bird specimens
from the CMNH, likely in exchange for the diplodocine.
In Cleveland, the diplodocine skeleton was given the
specimen number CMNH 10670. In 1963, however, the
specimen was sold for $15,000 to the Houston Museum
of Natural Science, where it was cataloged as HMNS 175.
(The CMNH’s Haplocanthosaurus [now the holotype of
delfsi] was excavated between 1954 and 1957 [Mclntosh
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Fig. 2.—Six of the key players in the story of the Carnegie Diplodocus and its casts. A, Andrew Carnegie, the millionaire industrialist and philanthropist
who funded the creation of the Carnegie Museum and after whom it is named; B, William J. Holland, second director of the Carnegie Museum, who
Carnegie tasked with sourcing a giant dinosaur to exhibit and who later published extensively on Diplodocus; C, Olaf A. Peterson (in later years), who
led the excavation of the paratype specimen CM 94. (See Fig. 5 for those who excavated the holotype specimen CM 84.); D, Arthur S. Coggeshall, who
was the lead preparator of the Diplodocus fossils and supervised the subsequent mounting of both the original material and the casts; E, John B. Hatcher,
who wrote the classic 1901 monograph describing the new species Diplodocus carnegii based on CM 84 and CM 94; F, Serafino Agostini, leader of the
Italian crew that made the plaster molds and sculpted some of the elements that these were taken from.
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Fig. 3.—Newspaper article “The Dinosaur of Wyoming”, from the New York Post of 1 December 1898 (Anonymous 1898a), with Andrew Carnegie’s
handwritten note to William J. Holland: “My Lord — Cant you buy this for Pittsburgh — try. Wyoming State University isnt rich — get an offer— hurry
AC.” (The “C” at the very end has a double loop characteristic of Carnegie when signing his own name.)
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and Williams 1998:4-5], and it is possible that the diplodo-
cine CMNH 10670 was sold because it became apparent
that there was not enough space to mount two large sau-
ropods.) The Houston Museum mounted the skeleton in
1975 — ironically completing it with elements cast from
second-generation Carnegie Diplodocus molds supplied
by the Utah-based commercial casting company Dinolab,
Inc. (Taylor et al. 2023) — then restored and remounted
it between 2013 and 2015. For simplicity, we refer to this
specimen throughout by its original designation CM 662,
as it was under this specimen number that most of its role
in this story was played out.

A distinction is made between molds and casts. A mold
is a negative structure made from an original specimen (or,
less commonly, from a cast or a sculpture), in which the
spaces inside the mold match the shapes of the original
specimen. A cast is a positive structure, a copy made of a
specimen made by filling a mold, and its shape matches
that of the original specimen.

Vertebrae are designated as follows, for a vertebra at
position 7 in a part of the spinal column: cervical vertebrae
Cn, dorsal vertebrae Dn, sacral vertebrae Sn, and caudal
vertebrae Can.

When measurements are quoted in both imperial and
metric units in either order, e.g., “84 feet (= 25.6 m)” or
“23.5 m (= 77 feet),” the first measurement is as originally
reported, and the second is converted.

Institutional Abbreviations.

AMNH, American Museum of Natural History, New
York, New York, USA; BMNH, British Museum of Natu-
ral History, London, England. (Now the Natural History
Museum, using the abbreviation NHMUK.); BSP, Bayer-
ische Staatssammlung fiir Paldontologie und Geologie,
Munich, Germany; BYU, Brigham Young University,
Provo, Utah, USA; CM, Carnegiec Museum of Natural
History, Pittsburgh, Pennsylvania, USA; CMNH, Cleve-
land Museum of Natural History, Cleveland, Ohio, USA;
HMNS, Houston Museum of Natural Science, Houston,
Texas, USA; MfN, Museum fiir Naturkunde, Berlin, Ger-
many (formerly HMN). Fossil reptile specimens are desig-
nated MB.R.nnnn; MNHN, Muséum National d’Histoire
Naturelle, Paris, France; TAMU, Texas A&M University,
College Park, Texas, USA; USNM, United States National
Museum, Washington, District of Columbia, USA (Now
National Museum of Natural History, Smithsonian Insti-
tution); WDC, Wyoming Dinosaur Center, Thermopolis,
Wyoming, USA; YPM, Yale Peabody Museum, New Ha-
ven, Connecticut, USA.

HISTORICAL BACKGROUND

On 27 November 1898 (not 28 November as reported by
Rea 2001:222), the St. Louis Globe-Democrat published
an article written five days earlier by Grant Jones entitled
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Fig. 4—William Harlow Reed of the 1899 field team, in Quarry D at
Sheep Creek, Albany County, Wyoming, as the Diplodocus carnegii ho-
lotype CM 84 is being excavated. Before him is the right femur in medial
view with the posterior side facing upwards and the proximal end to the
left. Closer to the camera is a pelvic girdle bone, probably the right pubis
in medial view with proximal to the left. Carnegie Museum of Natural
History Section of Vertebrate Paleontology Archive, photograph #29.

“An animal 130 feet in length” (Jones 1898). It reported
the discovery by William H. Reed of “the petrified bones
of the most colossal animal ever taken from the earth’s
stratas [sic],” claiming an exaggerated length of eight feet
for a femur, despite including an illustration of Reed stand-
ing next to the femur that showed him slightly taller than
it. The article optimistically extrapolated a total length of
130 feet, hip height of 35 feet, and shoulder height of 25
feet. Reed’s colleague, Arthur Coggeshall (1951a:238)
implied that Reed had a reputation for inflating the sizes
of his finds, so it is likely that Jones was merely relaying
dimensions relayed to him by Reed.

On 1 December 1898, the much more widely read New
York Post published an anonymously condensed version of
Jones’s article titled “The Dinosaur of Wyoming” (Anony-
mous 1898a). This came to the attention of industrialist
and philanthropist Andrew Carnegie (Fig. 2A), who at age
63 was beginning to turn his attention away from industry
and had become founder and funder of the Pittsburgh mu-
seum that bore his name. Excited by this report, Carnegie
scrawled on a copy “My Lord — Cant you buy this for
Pittsburgh — try. Wyoming State University isnt rich —
get an offer — hurry AC” (Fig. 3). He sent this to William
Holland (Fig. 2B), director of the Carnegie Museum, and
followed it with a cheque for $10,000 (about $380,000 to-
day according to https://www.in2013dollars.com/) (Hol-
land 1930:84). (Many accounts — including that of Hol-
land (1930:83) himself — credit a later article in the New
York Journal and Advertiser (Anonymous 1898b), which
depicts a “Brontosaurus giganteus” in bipedal posture,
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Fig. 5—The field crew that excavated the Diplodocus carnegii holotype
CM 84 at Bonediggers Camp, Sheep Creek, Albany County, Wyoming
in 1899. From left to right: Paul Miller, Jacob L. Wortman, William H.
Reed, and William Reed, Jr. Not pictured: Arthur S. Coggeshall. Carn-
egie Museum of Natural History Section of Vertebrate Paleontology Ar-
chive, photograph #37.

peering into an 11th story window, for triggering Carn-
egie’s interest, but Carnegie’s handwritten note shows that
the earlier article was the significant one.)

Holland used Carnegie’s money to hire experienced
field paleontologists away from other museums: Reed
from the University of Wyoming and Jacob L. Wortman
and Arthur S. Coggeshall from the American Museum of
Natural History (Coggeshall 1951a:238). He sent them
out to collect Reed’s “Most Colossal Animal.” It soon be-
came clear, however, that this discovery consisted only of
the proximal third of an apatosaurine femur (Coggeshall
1951a:240), which was acquired by the Carnegie Museum
as specimen CM 83 and is currently on display in the pub-
lic gallery. The specimen appears about the same size as
the femur of the Apatosaurus louisae holotype CM 3018,
which measures 1785 mm (5 feet, 10 inches) (Gilmore
1936:232), so Reed evidently exaggerated the size of the
specimen as well as its completeness. With this specimen
proving a disappointment, the team’s remit was broadened
to a search for spectacular sauropod specimens that could
be mounted in the museum.

Carnegie’s interest in large dinosaurs wasn’t unique;
at the time, dinosaurs — particularly sauropods — be-
gan to be used as the impressive centerpieces of grandly
constructed natural history museums funded with private
capital. On the one hand, “Robber Barons” wished to be
identified with these powerful and dominant creatures. On
the other, in a time of rising economic inequality and sub-
sequent labor disputes, such philanthropism was designed
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to demonstrate that capitalism could be altruistic as well as
competitive (Semonin 1997; Rieppel 2019:8-10).

On 2 or 3 July 1899, Wortman or possibly Coggeshall
(accounts differ) found the first bones of a largely com-
plete sauropod specimen at Sheep Creek in Albany Coun-
ty, Wyoming (Fig. 4). (This date is sometimes given as 4
July — Independence Day — perhaps because that was
when Wortman wrote to Holland with information about
the new finds. In Coggeshall’s (1951a:240) version, it was
he who found the first bones, and the date was 4 July; but
his reminiscences at a distance of more than 40 years are
not reliable and contain verifiable errors on other mat-
ters.) Wortman and his team (Fig. 5) collected the skel-
eton across a period of several months (Hatcher 1901:3-4;
Nieuwland 2019:44). This specimen was designated CM
84. It consisted of 14 cervical vertebrae C2—15 (although
see Taylor 2022a:8—-11 on uncertainties about the neck
material), all ten dorsal vertebrac D1-10, the complete
sacrum S1-S5, caudal vertebrac Cal-12, 18 dorsal ribs,
both sternal plates, left scapulocoracoid (not right as stated
by Hatcher), almost complete pelvis, right femur, and two
thin bones of uncertain identity which Hatcher thought
might be clavicles (McIntosh 1981:20).

In 1900, Olaf A. Peterson (Fig. 2C) and Charles W.
Gilmore collected another, slightly smaller, specimen of
the same sauropod species from the same quarry (Hatcher
1901:3). This specimen was designated CM 94. It consist-
ed of nine cervical vertebrae, nine dorsal vertebrae, the sa-
crum, some number of caudal vertebrae (39 as reported by
Mclntosh 1981, but see below), fragments of dorsal ribs,
five chevrons, both sternal plates and scapulocoracoids,
the complete pelvis, the left femur, and the right tibia, fib-
ula, astragalus, and pes (McIntosh 1981:20).

Both specimens were prepared out of their matrix by
Arthur S. Coggeshall (Fig. 2D) and his team (Fig. 6).

On 15 May 1901 (Nieuwland 2019:46), the classic de-
scription of both these specimens of Diplodocus was pub-
lished (Hatcher 1901), written by John Bell Hatcher (Fig.
2E), the Carnegie Museum’s head of paleontology. This
monograph illustrated CM 84 in some detail and named it
as the holotype of the new species Diplodocus carnegii in
honor of the museum’s sponsor. (Hatcher’s (1901:56-57)
diagnosis of the new species is arguably rather thin, depend-
ing almost entirely on the orientation of the neural spines of
anterior caudal vertebrae, but John S. McIntosh considered
D. carnegii legitimately distinct from the type species, D.
longus (Rea 2001:ix), and this separation has been widely
followed.) The illustrations included a skeletal reconstruc-
tion of Diplodocus (Hatcher 1901: plate XIII; Fig. 7).

In early October 1902, King Edward VII of England
paid a surprise visit to Carnegie at Skibo Castle in Scot-
land (Nieuwland 2019:50), shortly after being crowned
King, with the likely aim of taking inspiration from Carn-
egie’s state-of-the-art castle for the renovation of long-ne-
glected palaces. There, according to most sources, he saw
a framed copy of the skeletal reconstruction of Diplodocus
from Hatcher’s descriptive monograph. As Coggeshall
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Fig. 6.—Carnegie Museum preparation laboratory, with key personnel, in 1903 — probably January 1903, based on the calendar on the right wall.
(Carnegie Museum of Natural History Section of Vertebrate Paleontology Archive, photograph #1010.) Foreground: various fossils still in matrix. Right:
a sequence of caudal vertebrae, anterior to the front, possibly from the Apatosaurus excelsus referred specimen CM 563 (subsequently transterred to the
University of Wyoming (as UW 15556) and referred to Brontosaurus parvus by Tschopp et al. (2015:229) (Anthony Maltese pers. comm. 2022)). People
are, from left to right: Far left, mostly cropped from image, field collector William H. Utterback; seated, facing right, field collector and researcher Olaf
Peterson; standing at rear, fossil preparator Louis S. Coggeshall (Arthur’s brother); seated, looking toward camera, fossil preparator and researcher
Charles W. Gilmore; seated at far table, field collector Earl Douglass; standing behind far table, chief fossil preparator Arthur S. Coggeshall; seated at
far table, facing left: fossil preparator Asher W. VanKirk; seated, illustrator Sydney Prentice; seated on bench, John Bell Hatcher, whose description of

Diplodocus carnegii had been published two years previously.

(1951b:276) told it nearly half a century later, however,
what the King saw on his visit to Skibo Castle was a wa-
tercolor sketch of the Carnegie Diplodocus that had been
executed by Holland even before Hatcher’s description
was published. And in Holland’s (1930:84) telling, it was a
lead-pencil sketch.

Happily, we were able to resolve these contradictions.
Victoria Connor of The Carnegie Club (pers. comm.
2024), which now owns Skibo Castle, informed us that no
relevant watercolor or lead-pencil artwork remains in the

castle today, and suggested that whatever artwork was
involved, the Andrew Carnegie Birthplace Museum might
have acquired it. Jennifer Jones of the Birthplace Museum
was able to confirm (pers. comm. 2024) that they have no
watercolor or lead-pencil artwork of the Diplodocus, but
that the printed plate in question was donated from Skibo
Castle to the Birthplace Museum as part of its founding gift
in 1928, along with other items associated with the King’s
1902 visit. The print is accessioned as ACBM 1928/461
and remains at the museum, although it is not currently
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Fig. 7.—John Bell Hatcher’s reconstruction of the skeleton of Diplodocus (Hatcher 1901: plate XIII). Andrew Carnegie had a framed print of this
reconstruction at his home at Skibo Castle, and it was seeing this that provoked King Edward VII of England to ask Carnegie for a Diplodocus for the
British Museum (see text). Hatcher’s reconstruction, now over 120 years old, remains mostly accurate: only the forefeet, which were unknown to him,
are badly wrong, with splayed digits rather than the vertical arcade of metacarpals that is now known to make up the sauropod manus. The tail is much
too short, and its dragging posture is also wrong: sauropod tails were habitually held above ground level, and the base of the tail should be distinctly
inclined upwards from the sacrum rather than downwards as here. The low posture of the neck illustrated by Hatcher was probably not habitual (Taylor

et al. 2009), but certainly could be attained in order to drink.

on display (Fig. 8). All evidence therefore suggests that it
was this print that the King saw — a print which we have
confirmed is identical to that included in Hatcher (1901).
At any rate, the King was impressed by the Diplodocus
skeletal reconstruction, and requested a specimen for the
British Museum (Natural History) in London, of which he
was a trustee (Nieuwland 2019:50). Carnegie was part of a
peace movement that aspired to put an end to war through
the creation of a system of arbitration for the resolution of
international conflict. For this reason, keen to gain favor
with men of influence, he happily undertook to provide
one as a gift, and on 2 October wrote to Holland to ask him
to excavate another Diplodocus for the British Museum
(Fig. 9).

In late December 1902, when Carnegie had returned to
Pittsburgh, Holland explained that finding a comparable
specimen was unlikely, and would be expensive even if
luck was on their side. He was able to persuade Carnegie
that a cast of their existing specimen would be a more prac-
tical gift (Nieuwland 2019:58). That same month, Holland
began arranging the details of the donation in correspon-
dence with E. Ray Lankester, his counterpart at the Brit-
ish Museum (Natural History), writing that “the whole [is]
to be executed in the very highest style of art.” The offer
would be formally accepted by the British Museum Trust-
ees on 23 February 1903 (letter from Holland to Lankester,
10 June 1904, reproduced by Barrett et al. 2010:24).

As early as 4 August 1903, Carnegie was thinking big-
ger than a single cast. In a letter to Holland, he wrote “I
think better to make more than one cast of Diplodocus —
if T visit all the Crowned Heads could send one to their
National Museums” (Carnegie 1903). Again, Coggeshall’s
(1951b:276) account is slightly different: in his telling, it
was Holland’s foresight, not Carnegie’s, that led to mul-
tiple copies being made — and Holland’s (1903:2) letter
of 31 January 1903 corroborates this interpretation: “The
first issue from the molds will be your gift to the British

Museum [...] Subsequent issues may be employed by you
to gratify the scientific acquisitiveness of such men as the
Kaiser and the Czar, the President of the French Republic,
the King of Belgium, et id omne genus.” Whoever origi-
nated this idea, it appealed to Carnegie as it allowed him
to exploit Diplodocus to gain support from those with au-
thority to advance peace arbitration, the main focus of his
philanthropy at this time.

Starting in 1903 and extending into 1904, the Carnegie
Museum made molds of the Diplodocus bones and the first
set of casts from these molds. The work was led by Arthur
Coggeshall, the chief preparator of fossils at the Carnegie
Museum, who was also in charge of designing the arma-
ture to carry the cast bones. A crew of Italian plasterers led
by Serafino Agostini (Fig. 2F) was employed, thanks to
their expertise in casting artworks and Agostini’s experi-
ence at the American Museum of Natural History (Nieuw-
land 2019:71). Having come from Italy to the USA at age
15, Agostini had worked for eight years with a Pittsburgh
manufacturer of church statuary (Seneff 1947:118). Other
members of the Italian crew included Emile Poli and Man-
no Fabri (Krishtalka 1988:15). The molding and casting
process was elaborate, as described by Seneff (1947:118):

“To produce the plaster dinosaurs, a cast had to be made of
each bone. The entire bone could not be copied at one time
but, protected by a thin coating of wax, must be marked off
by wax ridges into small sections, sometimes as many as
twenty to one bone. Then plaster was poured on. Assembled
in the shape of the whole bone, this shell was filled with glue,
which hardened. After the sections of plaster were removed, a
complete plaster cast of the bone was made around this glue
model. The plaster could not be cast directly on the bone be-
cause of its brittleness. Wire and iron reinforcements were
then added to the bones.”

Although the Diplodocus skeleton was made up of
about 200 bones (counting the skull as a single unit), the
molds consisted of 600 pieces (Madsen 1990:2), as some
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Fig. 8.—The original print of Diplodocus carnegii that caught the eye of King Edward VII on his visit to Andrew Carnegie at Skibo Castle in early
October 1902, leading to the creation of the London cast and, indirectly, all other casts of the Carnegie Diplodocus. This print is held by the Andrew
Carnegie Birthplace Museum as ACBM 1928/461. It is evidently a cut-down copy of the reconstruction from Plate XIII of Hatcher’s (1901) descriptive

monograph, with the headings and titles removed.

of the more elaborately constructed vertebrae required
twenty- to thirty-piece molds to capture their complexities
(Holland quoted in Nieuwland 2019:63).

Agostini continued to work for the Carnegie Museum
for another 44 years until retiring in 1948 (Krishtalka
1988:15), and remained an important part of the operation;
for example, the museum’s Annual Report for 1934 states
that “Mr. Agostini made some excellent moulds [sic] and
casts of the skulls of Apatosaurus and Diplodocus during
the year and one of these skull casts has been mounted
on our great skeleton of Apatosaurus which stands in the
exhibition hall” (Carnegie Institute 1934:40).

Although we, and other sources, speak freely of molds
and the casts made from them, the reality is rather more
complex. As Holland (1903) wrote in a letter to Carn-
egie, “the condition of our bones [...] is such that we
cannot without endangering the specimens in some cases
pour plaster about them to make piece molds. [...] It will

become necessary for us to carefully model in sculptor’s
clay a number of at least the vertebrae, and then from the
models make molds, from which an indefinite number of
reproductions can in future be made.” Thus the molds of at
least some of the complex vertebrae are actually molds of
sculptures, not of the original bones; and so the casts cre-
ated from them do not precisely match their original fossil
counterparts.

In the early summer of 1904, the cast created for the
British Museum was temporarily mounted as a trial in
the Main Hall of the Pittsburgh Exposition Society at The
Point in downtown Pittsburgh (Fig. 10; photograph in
Nieuwland 2019: fig. 3.1). At this point, it was the only
available building in the city big enough to house the
skeleton, the museum’s new Dinosaur Hall not yet hav-
ing been completed. The work was led by Coggeshall,
who was responsible not only for executing the mount but
also for creating the techniques. At the start of the 20th
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Fig. 9.—Letter from Andrew Carnegie to William J. Holland, 2 October 1902. “The King was attracted to the Diplodocus when here. He wants one
for British Museum badly. I read your note which told of the new finds. He is on your track now for duplicate.”

century, there was little prior art for mounting large fos-
sil skeletons. The most experienced crew was that respon-
sible for mounting all the Bernissart /guanodon specimens
in Brussels (Belgium), but they maintained little to no con-
tact outside the francophone world, and guarded their se-
crets. Coggeshall had to work out for himself how the cast
bones could be mounted in a lifelike posture, informed by
some experience with fossil mounts in his previous post
at the American Museum of Natural History, but nothing
on the scale of a complete sauropod. The mounting was
carried out by a team of three: Coggeshall himself aided
by Agostini and Arthur’s brother Louis. S. Coggeshall
(Coggeshall 1951b:276).

By 4 June, Hatcher (1904a) was able to write that “The
Diplodocus skeleton is rapidly assuming form in the Expo-
sition building, and we shall, I think, have the mount com-
plete by the 1st of July,” and on 14 June “The mounting of
our skeleton of Diplodocus in the Exposition building is
rapidly nearing completion and in two weeks more it will

be an accomplished fact” (Hatcher 1904b). The work was
on the predicted schedule, and the skeleton was shown to
an invited party on 29 June, then to the public on the 30th,
before being disassembled again on the 2 July. On the very
next day, Hatcher died of typhoid fever at only 42 years
of age — but he had at least seen the skeleton that he had
described in its mounted state before his death (Holland
1906:226). Carnegie field worker William H. Utterback
(1904) wrote that Hatcher’s sudden death was “a sad blow
indeed. Having been the warmest of friends for many
years and associated with him in this work under the most
trying of circumstances I feel his loss more than words can
express [...] The loss to science and to our institution will
never be fully realized.”

The Carnegie Museum’s Diplodocus cast was therefore
(albeit briefly) the first mounted sauropod in the world,
eight months ahead of the American Museum of Natural
History’s composite Brontosaurus, AMNH 460, which was
to be unveiled on 16 February 1905 (Brinkman 2010:104).
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Fig. 10.—Trial mount of the first Carnegie Diplodocus replica, before it was shipped to London, in the old Exposition Building, downtown Pittsburgh,
USA. Seated on the plinths, from left to right: preparators Asher W. VanKirk, Arthur S. Coggeshall, and Louis Coggeshall. Carnegie Museum of Natural
History Section of Vertebrate Paleontology Archive, photograph #620, taken on 1 or 2 July 1904.

With limited space at the museum before the completion
of the Dinosaur Hall, which by 14 June had only just be-
gun (Hatcher 1904b), the Diplodocus molds were stored in
a brick horse stable behind 419 Craft Avenue in the Oak-
land neighborhood of Pittsburgh (Krishtalka 1988:15).
The casts that had been made from them were shipped
from Pittsburgh on 3 December 1904 in a shipment of 36
packing cases, and arrived safely at the British Museum on
11 January 1905.

By February 1905, not only were the molds and the
BMNH cast complete, but four additional sets of cast ele-
ments had been made, all at a total cost of $8,558 (Nieu-
wland 2019:75) — about $300,000 in 2023 money. This
cost did not include that of shipping and mounting the
casts, which was typically rather more expensive than their
production had been. Each cast skeleton weighed 6,000 lb

(2.7 tonnes), or 10,900 1b (4.95 tonnes) when packed for
shipment.

In April 1905, Holland and Arthur Coggeshall arrived at
South Kensington and supervised the assembly of the first
cast skeleton (Holland 1905:443). At Ipm on 12 May 1905,
the mounted cast was unveiled at the BMNH — see pho-
tographs in Holland (1905: plates XVII and XVIII). It was
placed in the Hall of Reptiles, as the Hall of Palacontology
was full (Rea 2001:ix). At a lavish event, speeches were
given by Ray Lankester, Andrew Carnegie, Lord Avebury
speaking for the trustees, Holland (including a tribute to
the recently deceased Hatcher), Sir George Trevelyan (the
longest-serving of the trustees), and Sir Archibald Geikie
(representing British geologists). Although the material
for the mount had been completed as early as October of
the previous year, the public unveiling had been delayed
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until the spring of 1905 in the hope that more of London’s
dignitaries could be present. The king himself, disappoint-
ingly to Lankester and Carnegie, was not among those in
attendance. It is likely his unavailability had something to
do with Prime Minister Balfour’s attempts to rein in the
new monarch’s public appearances at occasions unrelated
to matters of state (see Ridley 2013:297-299.)

However , the event attracted a great deal of press cov-
erage, not only in London and Pittsburgh but across Brit-
ain and America, and even in Canada and Australia. The
next day, the exhibit was opened to the general public,
and attracted the largest crowds that had ever attended the
museum (Holland 1906:264). As later recounted by Hol-
land (1930:85), on his return from London he received a
telegram from President Theodore Roosevelt congratulat-
ing him on the installation, lamenting the extinction of Di-
plodocus and writing “What glorious shooting we would
have had on the Little Missouri had it survived to our
time!”

After Hatcher’s death, Holland had succeeded him
as the scientific leader of the work on Diplodocus, even
though the latter’s principal field of study was lepidopter-
ology. In 1906, his monograph on Diplodocus osteology
(Holland 1906) was published, using two new specimens
to expand on Hatcher’s (1901) description with more de-
tail especially on the skull, atlas, tail, sternal plates, and
supposed clavicles.

By 1906 or perhaps late 1905, work had begun to
mount the original Diplodocus fossils at the Carnegie Mu-
seum — a logistically demanding undertaking. “The work
of mounting the original specimen, owing to the great
weight of the bones and their extreme brittleness, is a far
more difficult task than the work of mounting the replica
which is now in the British Museum” (Carnegie Museum
1906:30). This annual report, published in Spring 1906,
expressed an optimistic hope that the mount would be
complete by 1 November of that year. The next year’s re-
port said that Arthur and Louis Coggeshall and Agostini
“have with remarkable skill and ingenuity completed the
mounting of the great skeleton of the Diplodocus™ (Carn-
egie Museum, 1907:25), presumably some time before the
report’s cutoff date of 31 March.

The mounted skeleton’s public debut was on 11 April
1907 (Nieuwland 2019:92), nearly two years after the Lon-
don cast. The skeleton was unveiled as part of the opening
of a huge extension to the Carnegie Museum building on
Forbes Avenue in Oakland. As will be discussed in detail
below, this “original material” mount in fact included ele-
ments from multiple specimens, casts of several more, and
sculpted elements based on yet other specimens. The next
day, Carnegie met with the German Theodor von Méller
(formerly the Prussian trade minister) and the Frenchman
Paul Doumer (formerly President of the Chamber of Dep-
uties), each of whom asked him to gift Diplodocus casts
to their respective countries. Carnegie agreed, and on the
next day — the last of the three-day inaugural festival —
Holland announced the gifts to all the guests. Although the
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Diplodocus mount had been only one part of the Carnegie
festival, its fame quickly grew with the local population,
and it “became increasingly identified with the museum
itself to the point where one could wonder whether it con-
tained anything else” (Nieuwland 2019:97).

Holland and Coggeshall worked on the casts destined
for Berlin and Paris, hoping initially to install the Paris
cast first but finding it difficult to get the necessary ar-
rangements solidified. In the end, both casts were con-
structed on the same European trip. The German cast was
erected at the Museum fiir Naturkunde in Berlin beginning
on 14 April 1908, and the work was complete by 13 May.
Coggeshall (1951b) claimed that during the trip he was
interrogated by the German Secret Service at their head-
quarters under suspicion of being an English spy, until he
was able to produce a card signed by the Kaiser explaining
the work that he was doing. The exhibition was opened
to disappointingly little fanfare, with no formal unveiling
event at the museum, although a celebratory dinner at the
prestigious Hotel Adlon was reported widely in the press.
The mounted cast was positioned off to the side of the
main hall, which remained dominated by whale skeletons
(Nieuwland 2019:115-118).

On 22 May, Holland and Coggeshall arrived in Paris
to erect the third cast at the Muséum National d’Histoire
Naturelle, to find that the French press were already rais-
ing public excitement. It had been decided beforehand to
mount the cast with its tail curled back in a loop, because
of space restrictions. The work was completed in time for
a lavish public ceremony on 15 June, in great contrast to
the muted launch of the Berlin cast. The Paris unveiling
was attended by the French president and prime minister,
the Parisian police prefect, the American ambassador, and
a selection of scientists and artists (Nieuwland 2019:139—
140). Carnegie himself was strangely unconcerned, and
did not attend the festivities.

The visibility of the Carnegie Diplodocus in multiple
locations, in its mammal-like upright posture, provoked
some controversy: Hay (1908, 1910, 1911) and Tornier
(1909) — independently, so he claimed — argued that its
erect-legged posture was incorrect, and that it should in-
stead sprawl like a lizard. Tornier also criticized the posi-
tions of the neck and tail. Abel (1910) and Holland (1910a)
emphatically rebutted these suggestions; Matthew (1910)
also disagreed — showing rather more respect to Hay than
Holland did, and critical of Holland’s tone, but dismis-
sive enough of Tornier to write that “the subject appears,
frankly, to be somewhat outside the range of his studies,
and his comparisons are not broad or thorough enough to
be at all convincing.”

The donation of a cast to the Kaiserliches und koni-
gliches naturhistorisches Hof-Museum in Vienna, Austria
was not wholly welcome to the museum director Franz
Steindachner. But once emperor Franz Joseph of the
Austrian-Hungarian empire had requested the gift from
Carnegie, Steindachner had little option but to find space
for it somewhere. This proved difficult — a mooted new
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building was cancelled due to lack of funds, and in the end
the skeletal cast was mounted in a three-meter-wide corri-
dor (Nieuwland 2019:216-219). The emperor was present
for the unveiling on 24 September 1909, but the ceremony
appears to have been a rather unspectacular affair, lasting
only fifteen minutes. The novelty of the Carnegie Diplod-
ocus was wearing off, and most of the subsequent gifts
would be received with less than extravagant gratitude.

On 27 October 1909, the last of the original batch of
five casts was mounted in Bologna, Italy. While the name
of King Victor Emmanuel III was invoked, gratifying
Carnegie’s desire to be seen to be responding to requests
from heads of state, Giovanni Capellini, the director of the
Aldrovandi museum at the university, was the true origi-
nator of the request (Nieuwland 2019:227-228). Although
previously casts had been erected in only the capital cit-
ies of the countries they were donated to, Bologna was
considered an appropriate venue, perhaps partly because
Universita di Bologna is the oldest continuously operating
university in the world.

The original casts had now all been given away, but re-
quests kept coming in, which led Carnegie and Holland to
have another five casts prepared. The first planned dona-
tion, to Rio de Janeiro, was thwarted by the quagmire of
Brazilian politics. However, a cast was installed in St. Pe-
tersburg, Russia in June and July of 1910, again supervised
by Holland, who confided to Carnegie that he was “really
getting tired of ‘the old Dip’” (Nieuwland 2019:232), to-
gether with Coggeshall. Holland (1910b, 1913:249-250)
told colorful and somewhat contradictory tales of the
in-progress mount’s catastrophic collapse when visited
by a party of officials, and these have been retold (e.g.,
Krishtalka 1988:15-16). But Coggeshall’s (1951c:313—
314) published reminiscences of his work in Russia with
Diplodocus made no mention at all of this incident, and we
considered it apocryphal until Konstantin Rybakov sent us
a translated account from a contemporary Russian journal
(Vejberg et al. 1911:22) containing the words “this rather
difficult work was completed safely, except for a small
breakdown of pelvis and several vertebrae that broke off
the chains at the first attempt to lift them, which was fixed
without much difficulty in a few days.” So, Holland’s sto-
ries seem to be broadly true, though exaggerated.

The precise date of the cast’s completion is impossible
to determine, as there was no official opening event. On 5
July 1910, Holland wrote to Carnegie that “work on the
St. Petersburg Diplodocus is drawing to a close” (Holland
1910d), and he reported getting home on 22 August, so
these dates give us bounds on completion of the mount. In
an earlier letter to St. Petersburg museum director Theo-
dosius Tschernyschew on 3 January (Holland 1910c),
Holland had outlined plans to visit the First Entomologi-
cal Congress in Brussels immediately after setting up the
Russian cast. That conference took place from 1-6 August.
Assuming that he did in fact attend, the journey from St.
Petersburg to Brussels must have taken about a week, so
that places the possibility of finishing the work between
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roughly 7 July and 23 July. Holland may have spent some
time in Berlin before the conference as well, so “early to
mid July” is the best estimate available. This particular
cast would go on to endure a turbulent history (see Taylor
in prep.).

Although Holland had by now grown weary of travel-
ing across the Atlantic each summer to set up yet another
Diplodocus cast, he was persuaded to travel to Argenti-
na for that purpose in 1912 (Otero and Gasparini 2014).
The request had come from Argentinian President Roque
Saenz Pena via the American ambassador in Buenos Aires,
Charles Sherill. While Carnegie’s efforts had thus far been
aimed at European states, by 1911 Argentina was looking
as though it could well become the most influential state in
the southern hemisphere, and even rival the power of some
of Europe’s nations. It was therefore an interesting nation
for Carnegie to ply with a Diplodocus replica. Carnegie
briefly even threatened to send the original Diplodocus to
the museum in La Plata, but was stopped from doing so by
Holland (Nieuwland 2019:238-239), who wrote to Carn-
egie with uncharacteristic bluntness (Holland 1911):

“It would be just as wise to send the original Diplodocus
which we have here to some out-of-the-way museum as it
would be for King Edward to donate the Kohinoor from the
crown jewels to a museum. No Sir-ree! The one only and
original Diplodocus stays in Pittsburgh. [...] If you attempt to
take his glorious old “Nibs” away from us here we are going
to fight. Banish such thoughts from your mind.”

By this time, Diplodocus itself had begun to fade in
the light of German discoveries of huge sauropods in their
East African colony (present-day Tanzania; Maier 2003),
which in this period began to become the yardstick by
which dinosaurian hugeness was measured.

By July of 1912, the Argentinian cast was ready for
shipment, and it arrived at the Museo de La Plata in Au-
gust; Holland and Coggeshall followed a month later. Con-
structing the dinosaur itself presented no meaningful chal-
lenges to so experienced a team. Of course, the reception
of an object this size caused some discussion, mainly about
the orientation of the skeleton and the position of the tail.
In the end, it was decided to orient Diplodocus towards
rather than away from the main hall of the building, and to
introduce a Parisian-style curl of the tail. By mid-October,
the project had been finished. The Argentinian president
was unable to conduct an official opening himself, because
the departure from Buenos Aires to La Plata would have
involved a formal handing over of authority to the vice
president (Coggeshall 1951¢:314-315). The donation re-
ceived very little publicity at the time, although Holland’s
memoir of the trip gave it some notoriety afterward (Hol-
land 1913).

Shortly after the preparations for the La Plata cast had
begun, in January of 1912, the Spanish ambassador was
ordered to request a Diplodocus from Carnegie on behalf
of King Alfonso XIII (Pérez Garcia and Sanchez Chillon
2009). In marked contrast to Argentina, public interest in
the Spanish Diplodocus was far greater than it had been in
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any country since France (Nieuwland 2019:243-246). The
Madrid cast was prepared concurrently with the Argen-
tine cast and sent to Spain in September of 1913. Holland
and Coggeshall, who arrived in Madrid on 11 November
1913, were treated as guests of honor, and took longer
to complete their work than they had in La Plata due to
numerous social obligations (Coggeshall 1951¢:314). The
cast was complete by 28 November and donated in absen-
tia to the monarch who was nominally the cast’s recipi-
ent. On 2 December 1912, Queen Maria Cristina and her
daughter,

Infanta Beatriz, opened the new museum hall containing
the Diplodocus, which was perhaps the closest thing to
an official unveiling of this specimen (Pérez Garcia and
Sanchez Chillon 2009:140).

The outbreak of World War I put an end to Carnegie’s
arbitration campaign, and affected him deeply as a per-
son: he retreated almost entirely from public life to his
New York apartment, where he died in 1919. As a conse-
quence, the Diplodocus donation scheme came to a halt.
It had been a great success, however: Holland was later
to write to Carnegie’s widow Louise that “Your dear hus-
band once said to me: ‘I never got as much pleasure or as
much publicity from so small a sum of money as I have
through your happy thought of making replicas of the ani-
mal, which bears my name’.” (Holland 1928).

By the time of his death, Carnegie had mostly suc-
ceeded in giving away his fortune, and it soon became
clear that the museum’s previously luxurious financial
circumstances were to be exchanged for relatively spartan
ones. The continuing funding from Carnegie’s trust “cer-
tainly did not allow the natural history museum to keep
up its competition with New York’s AMNH” (Nieuwland
2019:250). As noted by Gangewere (2011:24), Carnegie’s
gifts to his Institute and Library during the last 20 years
of his life amounted to $11,729,470 (about $200,000,000
in current dollars); but in the 20 years after his death, only
an additional $1.4 million (in the dollars of the time) was
provided — just 12% as much — and relatively little of this
would have gone to the Natural History Museum. While
Holland had considered closing the Carnegie Quarry, near
Vernal, as early as 1917 (Carpenter 2018:13), the reduc-
tion in funding must have played some part in the even-
tual decision to abandon it in 1922.

Around this time, the molds from which the casts had
been made went into storage, and were not used again for
forty years (Untermann 1959:364). However, of the ten
casts that had been created from them, two still remained
in Pittsburgh, though incomplete.

In 1922 Holland retired from the museum, aged 74,
but his involvement with Diplodocus would require one
last trip. Seemingly unaware of rising political tensions
between the United States and Mexico, he supported a
request for a Diplodocus cast from the Mexican ambassa-
dor in a letter to Louise Carnegie in 1927 (Rea 2001:204—
207). She was persuaded to spend part of the money in
the Diplodocus restoration fund on having the last two
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casts completed and to gift one of them to Mexico. On 6
April 1930, at the age of 81 (not 80 as stated by Niecuw-
land 2019:250), Holland arrived in Mexico City together
with Arthur Coggeshall’s brother Louis, to set up his last
Diplodocus at the Universidad Nacional Auténoma de
México, the oldest university in the Western Hemisphere.
He was compelled to return home shortly before the
mount was completed (Rea 2001:209), and the task was
finished by Louis Coggeshall, but there was no formal un-
veiling ceremony in Holland’s absence. A year and a half
later, Holland died of a stroke on 13 December 1932.

The remaining Diplodocus was completed, boxed,
and shipped to Munich’s Bayerische Staatssammlung fiir
Paldontologie und Geologie in November and Decem-
ber of 1934, completing an exchange for fossils received
from Germany five years previously (Carnegie Institute
1934:40). On arrival, however, the cast was not mounted,
but instead stored in the basement of the Alte Akademie,
which also housed the rest of the paleontological collec-
tions. The replica was long assumed to have been de-
stroyed during World War II, specifically during a British
Royal Air Force bombing in April 1944, along with the
Spinosaurus aegyptiacus holotype BSP 1912 VIII 19 and
other dinosaur remains from Egypt. However, the cast had
been removed from the building before the bombing raid,
and while the elements themselves were not destroyed,
the record of where they had been moved to was lost. It
now seems the cast was taken to an abandoned convent
on the outskirts of Munich. It is believed that a group of
hippies, holding parties in the convent during the 1960s,
found some cast bones, took them home, and attracted the
attention of authorities who then discovered the crates
(sources who wish to remain anonymous, pers. comm.
2022). At any rate, the cast was returned to the Munich
museum in 1977 but has remained in storage ever since.
Calls for it to be mounted as one of the attractions of a
new museum at the Nymphenburg castle came to nothing,
partly because the museum authorities favored a lighter
and stronger resin cast over the maintenance-intensive
plaster one.

Although this was the last of the ten plaster casts cre-
ated at the Carnegie Museum, the molds were to be called
into service at least one more time. In 1952, J. LeRoy
Kay, the museum’s curator of vertebrate paleontology,
gifted the now decrepit molds to the Utah Field House of
Natural History in his home town of Vernal, Utah (Unter-
mann 1952). There they were used to create a concrete
cast which was erected outside the Field House in 1957
(Untermann 1959), where it stood until 1989 (Taylor et
al. 2023). It is not clear what happened to the molds after
this: see the extensive discussion in Taylor et al. (2023).
The concrete cast was then dismounted, repaired, and
used to create a second-generation set of molds by Di-
nolab, Inc. These molds have since been used to create
further Diplodocus casts, and also to supply missing el-
ements for the American Museum of Natural History’s
rearing Barosaurus mount (Taylor et al. in prep.).
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In 1992, one of these second-generation casts was sent
to Japan as part of a traveling exhibition organized by the
Carnegie Museum in association with the Japanese depart-
ment store Mitsukoshi (Duda 1992). Also included in the
traveling exhibit was the skull CM 11161 attributed to Di-
plodocus (but see below) “whose value and delicate condi-
tion required that it be accompanied by museum staff on
the trip to Japan” (Duda 1992). Andy Redline (who headed
the project) and Norm Wuerthele were the staff members
who hand-carried the skull in July 1992. However, on entry
into Japan, customs officials opened the boxes containing
the skull and mandible without the presence of either staff
member. When the skull was returned to them, it had been
damaged by inexpert handling. Because of this, it was not
used in the exhibition. At some point during the Japanese
visit, the armature that had supported this skull and man-
dible was also lost. When the exhibition period was over,
in October 1993, Redline and Wuerthele returned to Japan
to collect the skull, and one of us (Henrici) repaired it on
its return.

See Table 1 for a summary of all the original Carnegie
Diplodocus casts and the original mount, in chronologi-
calorder; see Taylor et al. (2023: table 1) for a summary of
all known second-generation casts.

MATERIAL IN THE MOUNTED SKELETON
The Original Mount at the Carnegie Museum

Hatcher’s (1901) descriptive monograph on Diplodocus
carnegii was written well before any of the material was
mounted, and so does not comment on the material com-
prising the mount. Hatcher (1901:4) did provide material
lists both for the Diplodocus carnegii holotype CM 84
itself and for the paratype specimen, CM 94, which pro-
vided much of the other material in the mount. But his list
contains at least one error — it is the left scapula and cora-
coid that are preserved, not the right (McIntosh 1981:20).
Hatcher’s (1903) brief further notes on Diplodocus carne-
gii also did not touch on the planned mounting. He did
however revise the interpretation of the manus to be more
plantigrade than previously proposed: this was exactly
wrong, as would be shown only a year later in Osborn’s
(1904) paper beginning “My previous figures and descrip-
tions of the manus are all incorrect” and illustrating the
now familiar vertical semicircular arcade of metacarpals.
Two years later, Holland (1906:226), either unaware of
or unconvinced by Osborn’s paper, would claim that the
manus should be even more plantigrade than Hatcher had
argued.

Holland (1905) provided an account of the presenta-
tion of the first cast to the BMNH, and especially of the
speeches given during the presentation ceremony. (In this
account, and in subsequent papers, Holland referred to
Carnegie’s Diplodocus species by the name “Diplodocus
carnegiei.” Although this spelling of the species name
should perhaps have been used in the original descrip-
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tion, the fact is that it was not, and Hatcher’s (1901) prior
publication of the species name carnegii has priority.)
Although Holland’s (1905) account is more political than
scientific, it does contain the detail that the proximal end
of the right tibia shows theropod tooth marks. (As noted
by Mclntosh (1981:20), the right tibia is actually from the
paratype CM 94, not the “core specimen” CM 84.)

Holland’ s (1906) follow-up on the osteology of Diplod-
ocus, while dealing in part with the cast that was mounted
at the BMNH in 1905, also antedated the 1907 mounting
of the original fossil material at the Carnegie Museum.
This paper was therefore unable to provide a comprehen-
sive catalog of which bones from which specimens were
used in the mount, but it did provide some relevant infor-
mation especially about the skull. The holotype CM 84,
the specimen from which the Carnegie mount is mostly
assembled, does not include any skull material. Holland
(1906:227) explained that the skull supplied to the BMNH
as part of the Diplodocus cast presented to it in May 1905
was a composite sculpture based on several specimens.

The posterior portion was sculpted based on mate-
rial from CM 662, which was described in detail and il-
lustrated by Holland (1906:230-246; plates XXVII and
XXVII). This specimen was initially referred by Holland
(1906) to the genus Diplodocus, and subsequently made
(by him) the holotype of the new species “Diplodocus”
hayi (Holland 1924:399). The species has since been made
the type species of the new genus Galeamopus (Tschopp et
al. 2015:267).

The remainder of the skull was based on USNM 2673
(illustrated by Holland 1906: plates XXII-XXV), the
specimen on which Marsh (1896:175-179) had primarily
based his description of the skull of Diplodocus. With the
USNM’s permission, the Carnegie Museum made a cast of
this skull, of which only the left side had been fully pre-
pared. They used this to restore the unprepared right side.
Ironically, this skull has since been referred by Tschopp et
al. (2015:228) to Galeamopus, meaning that both fossils on
which the Carnegie mount’s skull were based are now con-
sidered to belong to that genus rather than to Diplodocus.

Holland (1906:228-230) was ahead of his time in de-
termining the orientation of the skull as being strongly
inclined relative to the cervical column. Citing Marsh’s
(1896:175-176) observation that “the occipital condyle
[...] is placed nearly at right angles to the long axis of
the skull,” Holland (1906:229-230) rightly observed that
“to place the skull with its longer axis in a line parallel
with that of the cervical vertebrae was a mechanical and
anatomical impossibility [and] involves the dislocation
of the neck.” Instead he arranged for the skull of the Lon-
don cast to be strongly inclined downwards. Yet when
the Senckenberg Museum in Frankfurt, Germany opened
in 1907, displaying a bas-relief half-mounted Diplodo-
cus skeleton supplied to it by the American Museum of
Natural History, the skull was oriented incorrectly, with
its long axis parallel to the neck (photograph in Anony-
mous 1907: fig. 1), and it remains in this impossible pos-
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Mount

London cast

Carnegie mount
Berlin cast
Paris cast

Vienna cast

Bologna cast

Russian cast

La Plata cast

Madrid cast

Mexico City cast
Munich cast

Vernal cast

molds, in chronological order of presentation.

Museum

British Museum (Natural History) (now the Natural His-
tory Museum)

Carnegie Museum of Natural History
Museum fiir Naturkunde Berlin
Muséum National d’Histoire Naturelle

Kaiserliches und koénigliches naturhistorisches Hof-
Museum

Museo Giovanni Capellini, Universita di Bologna

The Imperial Museum, St. Petersburg

Museo de La Plata

Museo Nacional de Ciencias Naturales

Museo de Paleontologia (Universidad Nacional Autono-
ma de México)

Bayerische Staatssammlung fiir Paldontologie und
Geologie

Utah Field House of Natural History

Presented to

King Edward VII

N/A
Kaiser Wilhelm II
Président Armand Falliéres

Emperor Franz Joseph

King Victor Emmanuel IIT

Tsar Nicholas II (nomi-
nally)

President Roque Saenz
Pena Lahitte

King Alfonso XIII
N/A

N/A

N/A

TABLE 1. The dozen Carnegie Diplodocus skeletons consisting of the original material mount and all casts made from the original

Unveiled

12 May 1905

11 April 1907
13 May 1908
15 June 1908
24 September 1909

27 October 1909

Early to mid July 1910 (see
text)

1912; no specific event

2 December 1913

1930; no specific event

(Arrived in 1934; never
mounted)

6 June 1957

ture even in a subsequent remount (see, e.g., Norman
1985:188—189). Over a century later, it is still common
to see artwork of Diplodocus (and other sauropods) with
their heads parallel to their necks, as for example in the
cover art of Lindsay (1992) and even the silhouette on the
cover of Nieuwland (2019). Holland (1906:246-249) also
described and illustrated in detail the atlas of AMNH 969,
but did not specify that it was the one used as the basis for
the sculpture used in the mount — and indeed it does not
appear to be, as his illustrations of the disarticulated odon-
toid, atlantal intercentrum, and neural arch halves (his figs.
11-21) do not resemble the fully ossified atlas depicted in
his photograph of the mounted skull and anterior neck (his
fig. 1). (See below for details.)

Holland (1906:257-264) also discussed the bone that
Hatcher (1901:41) had tentatively described as a clavicle,
but was unable to reach a conclusion as to its true identity,
dismissing the suggestion of Nopcsa (1905) that it was a
baculum and suggesting that it could instead be a sternal
rib. A pair of sculpted clavicles based on a similar element
from CM 662 were tentatively included in the BMNH cast
during its mounting, and photographed (Holland 1906:
figs. 25-26), but were removed after a few days due to the
uncertainty about their true identity (Holland 1906:263—
264; see photograph in Holland 1905: plate XVIII). They
do not seem ever to have been incorporated in the Carn-
egie mount, and are not present in the current mount (Fig.
11). A single putative clavicle labelled CM 84, presum-
ably the same bone, remains in the collection area, parts
of it exhibiting theropod tooth marks. It is the only origi-

nal fossil bone of CM 84 not incorporated into the mount.
More recently, it has been suggested that this bone, and the
similar bone in CM 662, are interclavicles (Tschopp and
Mateus 2012:6-9).

Only these scraps of information on the mounted skel-
eton can be gleaned from Hatcher’s and Holland’s publica-
tions. In fact, we have not been able to locate any detailed
published account of the material used in the mount ear-
lier than that of Mclntosh’s (1981) catalog of the Carn-
egie Museum dinosaur collection. McIntosh’s account is
understandably terse, given that he was writing notes on
hundreds of specimens, so we reproduce the relevant sec-
tions in full here:

Diplodocus carnegii Hatcher, 1901

Cervicals 2—15, dorsals 1-10, sacrals 1-5, caudals 1-12, 18
ribs, left scapula (not right as stated by Hatcher), left cora-
coid, right ilium and a fragment of the left, pubes, ischia, right
femur, both sternal plates, supposed clavicle. [...] This speci-
men forms the core of the skeleton which was mounted and
put on display in 1907. The latter was completed by additions
from several other individuals as follows: CM 94 (median
caudals, right scapula-coracoid, right tibia-fibulapes), CM
307 (distal caudals). The skull was modelled from the brain-
case of CM 662 and skull USNM 2673. The right forelimb
(and also the left forelimb of the eleven casts of the skeleton
sent to museums throughout the world) was accurately mod-
elled from the smaller individual CM 662. The forefeet were
modelled from the larger manus AMNH 965 now known to
belong to Camarasaurus, and too many phalanges were as-
signed to the manus. In the Carnegie Museum of Natural His-
tory original only, the left forelimb CM 21775 now assigned
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to Camarasaurus was used, as were the left fibula and partial
pes CM 33985.

(MclIntosh noted that the right “tibia-fibula-pes” of the
mounted skeleton was furnished from CM 94. He did not
explicitly mention the right astragalus, but given that CM
94 includes this element it seems reasonable to assume this
was also used in the mount. The CM 94 astragalus cannot
presently be located in the collection, providing additional
evidence for its incorporation into the mount.)

Hatcher (1901:4) noted that CM 94 “pertained to a
somewhat smaller individual” than CM 84. Frustratingly,
he gave few measurements of CM 94, and those he did
give (e.g., of the ilium, p. 46) mostly do not correspond
to measurements he provided for CM 84. The exception
is the femora, which Hatcher (1901:47) reported as 1,542
mm in length for CM 84 and 1,470 mm for CM 94. On
this basis, CM 94 is 95% as large as CM 84, and including
elements from it in the skeletal mount based primarily on
CM 84 is therefore warranted. (The CM 94 femur is pro-
portionally less robust than that of CM 84, though, being
only 78% as broad across the proximal end and 89% as
broad across the distal end.)

CM 662 had not been discovered at the time Hatcher
wrote his 1901 monograph. It was described by Hol-
land(1906) but with a strong focus on the skull, and no
measurements were given — a distressingly common
problem even in modern publications on non-avian dino-
saurs (Wedel 2009). No subsequent description has been
published of this excellent specimen, neither while it was
at the Carnegie Museum, nor during its time at the Cleve-
land Museum of Natural History, nor since its arrival at the
Houston Museum of Natural Science. McIntosh (1981:20)
mentioned it being “the smaller individual” compared
with CM 84, but did not quantify this. However, McIntosh
(20052:68) gave the femur length of CM 662 as 1448 mm.
As a crosscheck, he also (p. 61) gave the humerus length
as 910 mm (left) and 936 mm (right), and on the previ-
ous page gave the humerus:femur ratio as 0.64, implying
femur lengths of 1,422 mm (left) and 1,463 mm (right) —
and the given femur length falls close to the middle of this
range. Given the 1542 mm femur length of CM 84, CM
662 is therefore 94% as large: very similar in size to CM
94, and sufficiently close to CM 84 that inclusion of its
casts in the mount is justified, at least as regards size.

Holland (1906:254) gave a more precise account of the
source of the caudal vertebrae in the London cast: Cal—12
were from CM 84, Cal3-31 and Ca33-36 were from CM
94, and Ca32 and Ca37-73 inclusive were from CM 307.
Curtice (1996:73) believed that the CM 307 caudals were
mounted about six vertebral positions further posteriorly
than they should have been. (The CM 307 caudals were
identified by Mclntosh (1981:21) as Diplodocus sp., not
necessarily D. carnegii, and in fact they may not belong to
the genus Diplodocus at all. Tschopp et al. (2019:19-21)
referred them to Diplodocinae indet.) See below for more
details on the caudal vertebrae in the Carnegie mount.
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Fig. 11.—Pectoral region of the mounted Diplodocus skeleton at the
Carnegie Museum of Natural History as it is today, in left anterolateral
view. Highlighted bones: scapulae in blue, coracoids in red, sternal plates
in yellow. Note the absence of the putative clavicles that Holland tenta-
tively added to the mounted BMNH cast in May 1905, as shown in his
photographs (Holland 1906: figs. 25-26), before removing them. Photo-
graph by Michael P. Taylor.

Mclntosh’s (1981) account of the mounted fossil skel-
eton omits the sources of several elements, and these
omissions have not been remedied by any subsequent
publication known to us. The elements of unspecified ori-
gin are the atlas (C1), chevrons, left ilium, femur, and tib-
ia. Furthermore, while McIntosh noted that the left fibula
and several left pedal elements of the original mount were
taken from CM 33985 and that these were not used in the
casts, he did not indicate how the left fibula and pes were
furnished in the casts.

As best we can determine, the atlas used in the casts and
the original Carnegiec mount (Holland 1906: fig. 1) was a
sculpture rather than a cast of a specific element from an-
other specimen. It does not resemble the atlas illustrated
by Marsh (1896: plate XXVII, part 1) as belonging to D.
longus, and reproduced by Hatcher (1901: fig. 4). Nor, as
noted above, do its neural arches resemble those of AMNH
969, illustrated by Holland (1906: fig. 14). Furthermore,
it seems that the atlas in the present Carnegie mount is
different yet again, having longer and slenderer posterior
processes of the neural arch than those of the atlas used
in the London cast and possibly for the original Carnegie
mount as well (Fig. 12). This change may have been made
at the same time that the original skull replica was replaced
by a cast of CM 11161 (see below), or alternatively a dif-
ferent sculpt of the atlas may have been used in 1907 for
the original version of the Carnegie Museum’s own mount.
The ribs of the atlas present another mystery. Holland’s
(1906: fig. 1) illustration of the skull and anterior neck of
the London cast omits these, and they seem to have been
absent from the original Carnegie mount itself as well (see
detail in various figures herein). Neither are they present
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Fig. 12.—Comparison of atlas (cervical vertebra 1) of various specimens referred to Diplodocus, all in left lateral view, scaled to about the same size.
A, a highly fused atlas illustrated by Marsh (1896: plate XXVII, part 1) and described by him as belonging to Diplodocus longus. This was reproduced
by Hatcher (1901: fig. 4) as the only then-known atlas referred to Diplodocus, although the referral must be considered highly uncertain. The specimen
number is unknown. As noted by Holland (1906:248), the posterodorsal process of the neural arch is broken off, and Marsh’s restoration of its tip is too
short; B, the atlas of AMNH 969, showing the neural arch in left lateral view (from Holland 1906: fig. 14) with a speculative drawing of the intercentrum
(which Holland illustrated in anterior, posterior, and ventral views, but not lateral view). Holland considered this atlas to belong to Diplodocus, but
Tschopp et al. (2015:219) referred it to Galeamopus sp.; C, the atlas of the Paris mount, unchanged since its original installation. The neural arch appears
pale gray in this photograph while the intercentrum is a darker brown. Two areas of the image have been lightened where the atlas is obscured in lateral
view by part of the skull and by the atlantal rib (see text). Photograph by Vincent Reneleau (MNHN). This is evidently the same as the atlas used in the
original London mount, as illustrated by Holland (1906: fig. 1); D, The atlas of the current Carnegie mount. Note that this differs from all three of the
other specimens in having longer and slenderer posterior processes of the neural arch, and it has an anteroposteriorly longer intercentrum than in part C.

in the current Carnegie mount (detail in Fig. 1; Taylor
pers. obs. 2019). However, the Paris cast features a pair of
very large atlantal ribs that extend posteriorly well past the
posterior end of the axis. They resemble the element illus-
trated by Holland (1906: fig. 20) as a “supposed rib of the
atlas of Diplodocus preserved in the American Museum of
Natural History” and may therefore be sculptures based
on this element. However, the second bone that Holland

(1906: fig. 21) illustrated as the putative rib of the axis is
not included in the Paris mount. The Vienna cast has long
atlas ribs similar to those of the Paris mount, but they are
not identical, having a wavy ventral rather than dorsal mar-
gin, and possessing a dorsal expansion of their proximal
end (Taylor 2024). Atlantal ribs are currently absent from
the London mount (Taylor 2022b) and also from the Ber-
lin mount (Daniela Schwarz pers. comm. 2022), and they
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Fig. 13.—Skeletal atlas of the Carnegie mount of Diplodocus as originally erected in 1907, with bones color-coded according to the specimen they
belonged to or were cast or sculpted from. Modified from a skeletal reconstruction by Scott Hartman, used with permission. Bones are colored as fol-
lows: CM 84 (most of the skeleton), yellow; CM 94 (right scapulocoracoid, lower right hindlimb, much of the tail and some chevrons), sculpted left
tibia, red; CM 307 (the rest of the tail), not pictured; CM 662 (sculpted braincase, right humerus, radius and ulna), green; AMNH 965 (sculpted forefeet
and carpus), purple; CM 21775 (left humerus, radius and ulna), cyan; CM 33985 (left fibula and lateral metatarsals), orange; USNM 2673 (sculpted
remainder of skull), gold. White elements were sculpted, but the specimens on which these sculptures were based are not definitively known, though are
most likely the corresponding CM 84 elements from the other side. Hyoids, clavicles, interclavicle, sternal ribs, and gastralia were all omitted from the
mounted skeleton. Source of chevrons past the first seven is uncertain. See Table 2 and text for details.

were absent from the latter cast even before its remount in
the 2000s (Taylor pers. obs. 2005). Bizarrely, the Russian
cast has different and simpler, rod-like atlantal ribs (Taylor
2024). Why differing large atlantal ribs were included in
the Paris and Vienna casts, and small ones in the Russian
cast, but these elements were omitted from the Carnegie
mount and the London and Berlin casts, is unknown.

Hatcher ’s (1901:4) list of the material of CM 84 does
not mention chevrons, but the quarry map (Hatcher 1901:
plate 1) shows seven proximal chevrons in place be-
low their caudal vertebrae, so it is likely Hatcher simply
omitted to mention them in the list. He later refers to the
chevrons of “Cs [i.e., caudals] 2—6 inclusive,” “C. 6 to C.
11 inclusive” and a sequence “commencing with C. 13”
(Hatcher 1901:36). He presumably included in these se-
quences elements from both CM 84 and CM 94, with the
chevrons of caudals 2—7 likely being those from CM 84.
His material list for CM 94 (Hatcher 1901:4), unlike that
for CM 84, does include chevrons, but says only that “these
remains were found associated with a few chevrons,” reit-
erated in his mention on page 34 that “associated with No.
94 there were found [...] several chevrons” — clearly not
enough to furnish all the necessary chevrons for the tail of
the mounted skeleton.

Holland (1906:255) wrote that “the anterior chevrons
used in making the reproduction [i.e., the London cast]
were those found with our specimen No. 84,” presumably
those illustrated in the quarry map. Mclntosh’s (1981:20)
catalog entry for CM 94 says “[other elements] and chev-
rons were used to complete the mount of CM 84,” though
the entry for CM 84 does not mention this, and McIntosh

does not say which CM 94 chevrons were used. Further
confusing matters, Holland (1906:255-256) continued
“Many of the chevrons after the first six [not seven as we
might expect] are reproductions of those found and de-
scribed by Professor Osborn in his paper on Diplodocus,”
i.e., those of AMNH 223, described by Osborn (1899). The
use of AMNH 223 casts for many of the rest of the chev-
rons is corroborated by Brinkman’s (2010:240) observa-
tion that the London cast “was also missing a long series of
chevrons, casts of which had been urgently requested from
the American Museum, which was slow to fill the order.”
Nine or ten chevrons of CM 94 remain in the Carnegie
Museum collection today, and it is not clear why they were
not used in the mounted skeleton.

Disappointingly, Holland (1906) did not comment on
the provenance of the left hind limb or ilium used in the
London cast. The paratype specimen CM 94 includes the
left femur, and it is likely that it was cast for the London
mount. It would have made sense also to use the origi-
nal bone in the Carnegie’s fossil mount, but as McIntosh
(1981:20) pointed out, the left femur was among the mate-
rial of CM 94 that was transferred to the Cleveland Mu-
seum along with CM 662 — and this is confirmed by ac-
cession records at CMNH (Amanda McGee pers. comm.
2022), which note that “most of other femur” and six
anterior caudals were also transferred. In an unpublished
manuscript, Madsen (1990:5) said of the Carnegie mount
that “Sculpted elements include the left femur and tibia,”
but gave no further details. Inspection of the current mount
shows that the left femur and tibia are indeed not real bone,
as is the left ilium. No records have been located indicat-
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ing which elements the sculptures were based on, but most
likely the left femur is another cast of that of CM 94, the
left ilium is a sculpture mirroring its counterpart from the
right side of CM 84, and the left tibia mirrors the right of
CM 94.

Table 2 summarizes the contributions from different
specimens to the Carnegie mount (and subsequent modi-
fications, and the casts). Figure 13 shows graphically the
contributions of the different specimens to the original
mounted skeleton. Figure 14 shows the original mount as
it appeared in 1907, and highlights the difference between
humeri, that of the left forelimb having been supplied from
the camarasaurid specimen CM 21775.

Changes Made to the Mount at the Carnegie Museum

Replacement of skull with replica of CM 11161.—The
first known change made to the Carnegie mount was the
replacement of the original sculpted skull that had been
based on CM 662 and USNM 2673. We have been un-
able to locate records stating which skull was used in the
replacement, but it is still in place today, and judging from
first-hand inspection, it is evidently based on CM 11161.
This specimen is a complete and superbly preserved di-
plodocine cranium and mandible (often, though not al-
ways, referred to Diplodocus longus; see, e.g., Tschopp
et al. 2015), described and illustrated in detail by Holland
(1924). It was discovered on Thanksgiving Day of 1912
from the Carnegie Quarry at what is now Dinosaur Na-
tional Monument in Utah (McIntosh 1981:17).

Curiously, the skull replacement is not mentioned in
Mclntosh’s (1981) account of all the dinosaur specimens
reposited at the Carnegie Museum at the time, and in par-
ticular not in the section on the Diplodocus mount on page
20. Given MclIntosh’s habitual thoroughness, this omission
from his account of the mounted skeleton is anomalous.

In the absence of extant records, it cannot be precisely
stated when this replacement was made, or even whether
the current skull is a cast or a sculpture. Carnegie Mu-
seum annual reports from 1912 (when CM 11161 was
discovered) up until the turn of the millennium make no
mention of the use of this specimen as the basis of a new
skull for the mount. It was certainly available for Sera-
fino Agostini to have used when he “made some excel-
lent moulds [sic] and casts of the skulls of Apatosaurus
and Diplodocus” in 1934 (Carnegie Institute 1934:40).
However, as this report mentions that one of those casts
was used to provide a skull for the mounted Apatosau-
rus CM 3018 but no mention is made of a cast used for
the Diplodocus mount, we can assume this was probably
not done, and that the substitution must have happened
at a different time. (Berman and Mclntosh (1994:92)
state that the incorrect Camarasaurus skull replica was
mounted on the Carnegie Apatosaurus CM 3018 in
December 1932, but if the skull in question was that cre-
ated by Agostini in 1934, this cannot be correct.)

At any rate, the new Diplodocus skull was in place by
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1947, as it is shown in a photograph of the mounted skel-
eton included in a Carnegie Magazine article of that year
about Serafino Agostini (Seneff 1947). So, the replacement
must have happened some time between 1912 and 1947.

Regarding whether the present skull is a cast or a sculp-
ture: it captures bone texture, including damage, very ac-
curately (Fig. 15). The mounted skull includes the sclerotic
ring in the left orbit but omits this structure from the right
orbit. This is the condition in the original CM 11161 fossil
(compare Tschopp et al. 2015: fig. 1D with these authors’
fig. 3E), and while this asymmetric preservation would be
replicated by a cast, it would not likely be included in a
sculpture. For these reasons, we believe the skull on the
mount is a cast.

It is possible that the atlas was replaced at the same time
as the skull (see above).

Suspension of neck.—In a photograph of the mounted Di-
plodocus taken some time between 1985 and 1999 (Fig.
16), the neck is shown suspended from the ceiling. This
is in contrast to older photos in which it is supported from
beneath by a tripartite pole (Fig. 14). However, the tail re-
mained in its original dragging posture.

It is possible that the change in neck support was made
to free the space under the neck and so make room for the
tail of the Allosaurus mount CM 11844 that was at some
point moved to a position in front of the Diplodocus mount
from its original 1938 position behind and to the right of
the tail of this sauropod. (The tail of the repositioned A4/-
losaurus can be seen at lower left in Fig. 16.) But as the
date of the Allosaurus move is not known, this does not
help us determine when the Diplodocus neck support was
changed.

1999 replacement of forefeet with CM 662 replicas.—
The forefeet of the original mount were sculpted from
those of a camarasaurid specimen AMNH 965, the forefeet
of Diplodocus being unknown at the time. They were re-
constructed in a semi-plantigrade posture now known to
be inaccurate, and reconstructed with unguals on each of
the first three digits (Figs. 14A-B, 17A), although it was
already known at the time of mounting that sauropod fore-
feet had claws on only the first digit (Osborn 1904:181).
Nearly a century later, in the second quarter of 1999, these
errors were finally remedied, when Norman Wuerthele and
one of us (Henrici) made casts of the forefeet of CM 662
(Carnegie Institute 1999:2), which were installed on the
mount shortly thereafter (Fig. 17C). Although CM 662 was
originally a Carnegie Museum specimen, by this point it
was at the Houston Museum of Natural Science.

2007-2008 refurbishment of the dinosaur exhibition.—
By the turn of the millennium, the Carnegie Museum’s
original 1907 Dinosaur Hall had been in place for nearly
a century with no major renovations. Plans were laid in
the early 2000s not just to renovate the hall but also to add
additional space in a newly constructed atrium, add more
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TABLE 2. Sources of the skeletal elements of the original Carnegie mount, modifications subsequently made to that mount, and
sources of elements of the casts where they differ from the original-material mount. (C) indicates that a cast was used for an ele-
ment rather than real bone (this is omitted in the casts column); (S) indicates that a sculpture was used, based on the named speci-
men. No attempt is made to track changes made to the casts subsequent to their creation.

Element
Skull

Atlas
C2-15

DI1-10

Sacrum (S1-5)
Ca 1-12

Ca 13-31, 33-36

Ca 32,37-73

Ca 74-83

Cervical ribs

Dorsal ribs
Chevrons 1-6
Chevrons 7—

Sternal plates

Left scapulocoracoid
Right scapulocoracoid
Clavicles
Interclavicle

Sternal ribs
Gastralia

Left humerus, radius, ulna

Right humerus, radius, ulna

Forefeet

Left ilium
Right ilium
Pubes
Ischia

Left femur
Right femur
Left tibia
Right tibia
Left fibula
Right fibula
Left pes
Right pes

Original mount

CM 662 (S) +
USNM 2673 (S)

Sculpture
CM 84

CM 84
CM 84
CM 84

CM 94, mix of real fossils and casts

CM 307, mix of real fossils and casts

(omitted)

CM 84, some sculptures
CM 84, some sculptures
CM 84

CM 94 (S), AMNH 223 (S)
CM 84

CM 84

CM 94

(omitted)

(omitted)

(omitted)

(omitted)

CM 21775

CM 662 (S)

AMNH 965 (S)

Sculpture
CM 84
CM 84
CM 84
Sculpture
CM 84
Sculpture
CM 94
CM 33985
CM 94
CM 33985 (in part)
CM 94

Changes to mount
CM 11161 (C), maybe 1962

New sculpture

One real CM 94 caudal replaced a
cast, 2007

Some CM 307 caudals replaced
casts, 2007

Ten sculptures added to end of
tail, 2007

BYU 681/4742, BYU 681/4726,
BYU 681/4708 (S), 2007

BYU 681/4742, BYU 681/4726,
BYU 681/4708 (S), 2007

CM 662 (S), 1999; replaced again
by WDC-FS001A (S), 2007

Casts

?

Some cast from sculptures
rather than from original
elements

CM 662 (S)
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Fig. 14—Two views of the mounted skeleton of Diplodocus carnegii as originally exhibited at the Carnegie Museum, highlighting the mismatched hu-
meri. A, skeleton in almost directly anterior view, taken between 1932 and 1936, part of photograph used by Gilmore (1936: plate XXXV); B, skeleton in
right anterolateral view, taken in 1907, the year of the unveiling. Note that in both A and B, the left humerus is significantly shorter and more robust than
the right, and that the forefeet are splayed and carry unguals on all of the first three digits; C, line drawing of right humerus of Diplodocus sp. AMNH
5855 in anterior view, modified from Mook (1917: fig. 2A); D, right humerus of the Carnegie mount in right anterolateral view, enlarged from part B,
sculpted from CM 662, a slightly smaller diplodocine individual then thought to belong to Diplodocus, subsequently referred to the new species Diplodo-
cus hayi Holland, 1924, and now referred to its own genus Galeamopus Tschopp et al. 2015; E, left humerus of the Carnegie mount in anterior view,
enlarged from part B, CM 21775, assigned by Mclntosh (1981:16) to Camarasaurus, but considered by Tschopp et al. (2019:29-37) to be Camarasau-
ridae indet. This bone measures 1000 mm in proximodistal length (Tschopp et al. 2019: table 10); F, right humerus of Camarasaurus supremus AMNH
5761/H.1 in anterior view, modified from Osborn and Mook (1921: fig. 84B). Parts C and F scaled to the same heights as parts D and E respectively.

mounted skeletons and other specimens, and remount
the existing skeletons. The expansion was announced on
Thursday 11 April 2002 (Siemers 2007); architects were
hired in 2004 (Hopey and McNulty 2007) and the hall was
closed for refurbishment on Friday 11 March 2005 with a
special event that evening marking the occasion (Horne
2005).

The new dinosaur exhibition, titled Dinosaurs in Their
Time, was opened in two phases: the majority of the exhi-
bition in November 2007, and the Hell Creek Formation
(i.e., latest Cretaceous continental) section in June 2008.
The Jurassic section, including Diplodocus and the Apato-
saurus louisae holotype CM 3018, was opened for ticket-
ed previews at 6 am [sic] on Saturday 17 November 2007
(Roddy 2007) and for general admission on 21 November

2007 (McNulty 2007).

As part of the broader renovation project, the Carnegie
Diplodocus was remounted in a new, more dynamic pos-
ture by Phil Fraley Productions (PFP; Fig. 18), and several
changes were made to the materials incorporated in the
mount, detailed in the following sections.

Forefeet WDC-FS001A.—As noted above, CM 662 has
been recognized since 1924 as representing a different
species from CM 84, namely “Diplodocus” hayi (Hol-
land 1924:399). It was for this reason that, unlike their
predecessors, the cast forefeet based on those of CM 662
remained in the Carnegie mount for less than a decade.
During the 2007 remount, the forefeet were replaced once
more, this time with scaled-up sculptures based on casts



2025

TAYLOR ET AL.—COMPOSITION OF THE CARNEGIE DIPLODOCUS 77

Fig. 15.—The present skull on the mounted skeleton of Diplodocus carnegii at the Carnegie Museum of Natural History, in right anterolateral view. This
is believed to be a cast of the complete and largely undistorted diplodocine cranium and mandible CM 11161. Note the realistic bone texture, including
damage, especially on the mandible. The mounted skull includes the sclerotic ring in the left orbit but omits this structure from the right orbit, as in the
original CM 11161 fossil. Photograph by Joshua Franzos, used with permission.

of the putative Diplodocus carnegii manus WDC-FS001A
described by Bedell and Trexler (2005) (Fig. 17D). At this
point the old CM 662-based casts were moved into the col-
lection and given their own catalog number, CM 81786.
Since the replacement of the CM 662-based forefeet,
the species hayi has been moved to its own genus, Gale-
amopus (Tschopp et al. 2015:267), further justifying the
decision to replace these forefeet with those of Diplodocus
proper. However, the phylogenetic analysis of Tschopp
et al. (2015:229-230) found WDC-FS001A to be a basal
diplodocine not included in Diplodocus, suggesting that
even this third set of replica forefeet may not be correct.

Forelimb elements from BYU material —The initial
version of the Carnegie mount included the obviously in-
correct left humerus, radius, and ulna of the camarasaurid
specimen CM 21775 (Figs. 14B, E). These remained in
place into the 1930s (Fig. 14A) and are generally said to
have been retained until the 2007 remount (e.g., Tschopp
et al. 2019:33). This is most likely correct, but it is notable
that in a photograph taken some time between 1985 and

1999 (Fig. 16), the left humerus appears about as long and
as gracile as the right, suggesting the possibility that it may
have been replaced some time before then. The apparent
difference in forelimb disparity between the 1907 iteration
of the mount and its 1980s/1990s counterpart may how-
ever be explainable by the different camera angles and the
foreshortening effects produced by their perspectives on
the two humeri.

At any rate, and as discussed above, the right humerus,
radius, and ulna, having been based on the diplodocine
CM 662, were always a much better, although not perfect,
match for CM 84. Nevertheless, the humeri, radii, and ul-
nae on both sides were slated to be replaced in the 2007 re-
mount. Various enquiries regarding potential replacement
elements were made, but most proved unfruitful:

The Smithsonian (National Museum of Natural His-
tory) has a fine partial skeleton of Diplodocus, USNM V
10865, which includes both humeri and ulnae and the right
radius, with the right forelimb having been found in articu-
lation (Gilmore 1932:19-20). However, that institution’s
vertebrate paleontology department had no casts of these
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Fig. 16.—The mounted skeleton of Diplodocus carnegii at the Carnegie Museum of Natural History in left anterolateral view, by Melinda McNaugher/
Carnegie Museum of Natural History. This photograph was taken some time between 1985, when McNaugher became the exhibit photographer, and
1999. It cannot date from later than 1999 because the original replica forefeet are still in position, with their splayed metacarpals and unguals on digits
1-3. Note that the neck support had by this time been changed since earlier photographs (e.g., Figs. 14A-B), now suspended from the ceiling rather

than supported from below by a tripartite pole.

elements on hand and the undermanned vertebrate paleon-
tology department did not have the necessary resources to
mold and cast replicas of the required limb bones.

The Sauriermuseum Aathal in Switzerland has several
diplodocid specimens. The owner, Kirby Siber, noted that
between 1990 and 1995 “we collected seven Diplodocus
specimens, all partial skeletons and all without forelimbs!
It looked to us like Diplodocus did not have any!” Tetra-
pod forelimbs are typically lost early in taphonomy (Hill
1980:133; Walker 1980:196), and this seems to be espe-
cially true in Diplodocus (Siber pers. comm. 2022). Siber
proposed that limb bones of their specimen XL, about 90%
the size of CM 84, might be of use. The cost of purchas-
ing the original fossils proved prohibitive, and the option of
casting was therefore explored. However, these plans, too,
were ultimately abandoned, as XL did not include a radius
and its ulna had been misplaced.

The Wyoming Dinosaur Center had relevant elements
but they were all too small (about 60% the size of CM 84).

Enquiries were made about the mounted Diplodocus
DMNS 1494 at the Denver Museum of Nature and Sci-
ence. This specimen had been received from the Carnegie
Museum in exchange for fossil mammals, and mounted by
Philip Reinheimer during the mid-1930s with a Works Prog-
ress Administration crew, before being remounted more re-
cently by Ken Carpenter and Bryan Small (Carpenter pers.
comm. 2022). This line of enquiry was abandoned when it
became apparent that the forelimbs of DMNS 1494 were
casts of the Carnegie’s original, incorrect forelimb material!

The American Museum of Natural History, Dinosaur Na-
tional Monument, and the Yale Peabody Museum were all
also suggested as possible sources of replacement humeri,
radii, and/or ulnae, but none was able to help. Sauropod
limb specialist Ray Wilhite was consulted, and concluded
from his data that the choice was between elements that
were the right size but poorly preserved, or well preserved
but the wrong size.

As it would be necessary to combine elements from mul-
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Fig. 17.—Right forefeet of the Carnegie Diplodocus and its casts, all in approximately anterior view. A, the feet as originally mounted in 1905 (in the
London cast), 1907 (in the first iteration of the Carnegie Museum original-material mount), and subsequent casts, as supervised by Hatcher and Holland
and executed by Coggeshall. This photograph shows the right forefoot of the Paris mount, which is unchanged since its original mounting. This forefoot
material, sculpted from the camarasaurid specimen AMNH 965, has elongate metacarpals splayed in a semi-plantigrade posture, with multiple phalanges
on each of the three medial digit and large unguals on digits I, II, and III. Photograph by Vincent Reneleau (MNHN); B, the right forefoot of the Berlin
mount, as remounted in 2006 by Research Casting International, supervised by Kristian Remes. This consists of the original casts mounted in 1908
by Holland and Coggeshall, reposed in a more modern digitigrade posture, with superfluous phalanges and unguals discarded (see text). Photograph
by Veroénica Diez Diaz (M{N); C, the forefeet of Galeamopus (= “Diplodocus”) hayi HMNS 175 (formerly CM 662), casts of which were used in the
Carnegie mount between 1999 and 2007. Note the much shorter metacarpals, the fully digitigrade posture, the reduction in phalangeal count, and the
single large manual ungual on digit I. Photograph by Jeremy Huff (TAMU); D, the present forefeet of the Carnegie mount, modelled in 2007 after those
of WDC-FS001A, then thought to belong to Diplodocus carnegii (Bedell and Trexler 2005) but currently thought to belong to an as-yet unnamed basal
diplodocine (Tschopp et al. 2015:229-230). Note the resemblance to the diplodocine forefoot in part C, with short metacarpals, digitigrade posture,
reduced phalangeal count, and a single large manual ungual. Photograph by Matthew C. Lamanna.
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Fig. 18.—The Carnegie Diplodocus in left posterolateral view, toward the end of the remounting process at Phil Fraley Productions’ studio (Hoboken,
New Jersey) in 2007. The armature has not yet been painted to match the bone, and the posterior segment of the tail has yet to be fitted. Photograph by
Phil Fraley.

tiple specimens to create complete forelimbs, Scott Lucas
of PFP, in consultation with Wilhite, concluded that the
best option was to sculpt scaled-up forelimb bones based
on a smaller but well-preserved and purportedly associ-
ated right forelimb from BYU locality 681, Cactus Park.
Specific elements used were as follows: the humerus BYU
681/4742, the radius BYU 681/4726, and the ulna BYU
681/4708 (Tschopp et al. 2019:33). Wilhite (2003:33)
had assigned all three bones to Diplodocus, but Bonnan
(2007:1111) listed the humerus BYU 681/4742 as belong-
ing to Camarasaurus. Ray Wilhite (pers. comm. 2024)
confirmed that the humerus “is part of a partial skeleton of
a Diplodocus and lacks medially bowed body and medi-
ally offset head characteristic of Camarasaurus.”

The BYU humerus, radius, and ulna respectively mea-
sure 61, 47, and 48 cm in length (Scheetz 2006). By con-
trast, the right humerus of CM 662, from which the origi-
nal mount’s right forelimb had been sculpted, measures
936 mm (MclIntosh 20052a:68). The BYU animal, then, is
less than two thirds the size of the previous forelimb pro-
vider. This is much too small an individual for casts of its

bones to have been incorporated directly into the Carnegie
Diplodocus mount, hence the scaling of the sculptures.

Caudal vertebrae.—It has been generally assumed that
all the caudal vertebrae in the Carnegie Diplodocus mount
are original fossils. In truth, the situation is more complex.
The anteriormost 12 caudals are from the holotype, CM
84, and all are real fossils. But the remainder of the tail in-
cludes or has included several replicas composed of plas-
ter, plastic, and even wood.

As noted above, Holland (1906:254) explained that in
the London replica, Cal3-31 and Ca33-36 were cast from
CM 94, and Ca32 and Ca37-73 were cast from CM 307.
It is natural to assume that the corresponding real fossils
were used in the Carnegie mount, but for numerous com-
plex reasons discussed below, this cannot be so.

Regarding CM 94, Hatcher (1901:4) listed among its
bones 20 caudals and 11 vertebrae that were not at that
point sufficiently prepared to be identified. He also noted
that the caudal “sequence” was found disarticulated, and
that the elements cataloged under this specimen number
“doubtless pertain to two or more individuals” (Hatcher
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Fig. 19.—Caudal vertebrae 37-48 of Diplodocidae indet. CM 307 in left lateral view. Top rows: Ca37-43 (labelled as 37, 38a, 38b and 39-42). Bottom
rows: Ca44-51 (labelled as Ca43-50). Photographs provided by Phil Fraley, drawings reproduced from Holland (1906: plate XXIX). Note that Holland’s
illustrations are rather optimistic, and that the real fossils preserve less of the neural spines and zygapophyses than suggested.

1901:34). Of the 11 unprepared vertebrae, one (field no. 5)
was subsequently identified as a cervical, but the other ten
are probably all caudals (McIntosh 2005b). This gives us a
total of at most 30 caudals from this specimen, which is in
accord with Hatcher’s (1901:34) assessment of “between
twenty and thirty other caudals.” (How can we explain the
multiple individuals Hatcher alluded to? No information
survives to our knowledge. We might speculate that some
of the interloper elements were actually caudals of CM 84,
but were that so then Hatcher would likely have raised the
possibility.)

However, as noted above, Mclntosh (1981:20) provid-
ed a caudal count of 39 for CM 94. Where can this num-
ber have come from? When McIntosh was studying the
Carnegie Museum collection in 1969, he found 17 caudals
marked CM 94 that were physically located in the collec-
tion storage area (i.e., not included in the mounted skel-
eton) (McIntosh 2005b). To these must be added a further
six that had been transferred to Cleveland and later Hous-
ton to supplement the Galeamopus (= “Diplodocus™) hayi
specimen initially numbered CM 662. In the early 1970s,
Wann Langston, having made casts of these six caudal ver-
tebrae for the Houston mount, returned the originals to the
Carnegie Museum (Mclntosh 2005b), at which point there
were 23 caudals of CM 94 in the collection area. There
were also caudals of this specimen, or replicas derived
from them, in the mount: specifically, 19 from Cal3—Ca31
and another four from Ca33—Ca36 (Holland 1906:254), for

a total of 23. However, McIntosh (2005b) had determined
at some point earlier that at least seven of the CM 94 cau-
dals in the mount were plaster casts (but he did not say
which ones), reducing the number of real CM 94 caudals
in the mount to at most 16. (McIntosh (2005b) speculated
that Coggeshall used some of the better preserved caudals
of CM 94 and made casts of those that were not in such
good condition.) If there were 16 real caudals in the mount
plus the 23 in the collection, that would give a total of 39,
perhaps explaining the count of 39 caudals indicated in
Mclntosh’s (1981) catalog. Even if so, however, it is im-
possible to reconcile this number with Hatcher’s (1901:4)
initial account of 20 caudals and 11 unidentified vertebrae.
As 0f 2023, 21 caudal vertebrae of CM 94 could be located
in the collection area.

It seems likely, then, that at least seven of the caudal
vertebrae used in the mount in the ranges 13-31 and 33-36
were probably plaster casts. McIntosh (2005b) stated that
the two fused pairs 20-21 and 24-25 are “certainly real.”
When the PFP team was disassembling the original mount
in 2005, they analyzed the individual elements, and Scott
Lucas sent a list of nine plaster caudals: those in positions
13-16, 31, 32, and 33-35 — which is compatible with the
two fused pairs being real bone. Even this list cannot be
straightforwardly interpreted, however, as it contains one
too many caudals in the range 13-36, including two that
are both numbered 32 — it is the more anterior of these
two “32nd caudals” that is listed as plaster. It may not be
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Fig. 20.—The tail of the current mounted skeleton of Diplodocus carnegii in right lateral view, consisting of original fossil and sculpted elements from
the holotype CM 84 and paratype CM 94, and Diplodocinae indet. CM 307. The five sacral vertebrae S1-5 and first 40 caudal vertebrae Cal—40 are
labelled above the elements: numbers with white backgrounds indicate real fossils, and those with gray backgrounds indicate sculpted models, except
that it is likely that one of the grey CM 94 elements has been replaced by a fossil. All of the CM 307 caudals are real bone except the last four, which
are sculptures created to replace the stolen posteriormost vertebrae. The sources of the bones (or of bones that models were based on) is shown below
the tail: elements from CM 84 in red, those from CM 94 in green, and those from CM 307 in gold.

coincidental that Ca32 is the only vertebra in the Cal3-36
sequence that is listed by Holland (1906:254) as having
come from CM 307. It is possible that first of the two
“32nd caudals” in Scott Lucas’s list is the real anteriormost
preserved caudal of the sequence from CM 307, and the
second is a cast of a CM 94 vertebra. While it remains pos-
sible, then, that the three plaster caudals numbered 33-35
in the list are really those in the designated positions, they
are more likely those in positions 34-36. As the list also
mentions a number 36 (i.e., the 37th in sequence) that is
real bone, this may indicate that one more CM 94 caudal
was incorporated into the mount than Holland (1906:254)

had indicated.

It might be expected that numerous CM 94 caudals,
conserved and stabilized, would have been incorporated
into the 2007 remount in place of plaster casts. However,
a database note on this remounting located by one of us
(Henrici) says “One caudal added from CM 94.” No re-
cords have been found indicating which caudal this was,
nor why only one was used. At any rate, it is likely that
the number of CM 94 caudal plaster casts remaining in the
mount is eight.

The situation regarding CM 307 is similarly complex.
Mclntosh (1981:20) credited this specimen as having sup-
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plied “distal caudals,” and Curtice (1996:73) stated “These
[CM 307] caudals were used to complete the mount of
CM 84, occupying position 32 and 3773 inclusive” — a
total of 38 mid-to-posterior caudals — echoing Holland
(1906:254). But there are multiple reasons to believe that
much of the CM 307-derived material in the mount has
been, and in some cases still is, replica rather than real fos-
sil material.

First, the small caudals at ground level in the original
mount were a tempting target for souvenir hunters. There
is evidence that this was a real, rather than theoretical,
problem, as one of us (Henrici) recalled a plexiglass box
being placed over the posterior ends of the dragging tails
of both the Diplodocus and Apatosaurus mounts at some
point. (None of the photographs we have located show
these boxes, however, so they may have been in place for
only a short time.) In a report made to document damage to
the Dinosaur Hall mounts before the PFP team disassem-
bled them, Wuerthele and Henrici (2005:3) noted that cau-
dals 48—-69 (22 in total) were made of wood and in good
condition. Most likely, these wooden caudals had been
substituted for the real fossils to keep the latter safe. This
report does not list caudals 70-73 at all, and it is likely that
this is because they were not present.

Harris (2006: fig. 18c) published photographs of two
whiplash (i.e., posterior) caudals of CM 307, which he
took in the museum’s Section of Vertebrate Paleontol-
ogy collection area in ca. 2003 (Jerry Harris pers. comm.
2022). Another photograph taken by Harris at the same
time shows a drawer of 18 whiplash caudals, one of which
is a perfect match for one of those in his (2006: fig. 18c)
illustration. It therefore seems that shortly before the re-
mount, at least 18 posterior caudals of CM 307 were in
the Carnegie collection area rather than being incorporated
into the mounted skeleton. It seems likely, then, that with
four of the real caudals probably having been stolen at
some point, the museum responded by removing a further
18 (i.e., those photographed by Harris) and replacing them
all with the 22 wooden sculptures mentioned above.

More recently, one of us (Henrici pers. obs. 2022)
found a “specimen removed” tag in the drawer labeled
CM 307 in the museum’s collection area, indicating that at
least some elements of the specimen were removed from
this drawer for loan to PFP on 20 November 2006. Corre-
spondence between another of us (Matthew Lamanna) and
Scott Lucas confirmed that, in November 2006, Carnegie
staff sent an unspecified number of caudal vertebrae from
CM 94 and CM 307 to the PFP studio — most likely the
single vertebra of CM 94 referred to in the database note
cited above and the 18 of CM 307 that had been photo-
graphed by Harris in ca. 2003. No CM 307 caudals remain
in the drawer today, presumably because they were all in-
corporated into the mount. (It would have been natural to
return the real caudals to the tail when it was reposed in its
present elevated posture, far out of reach of opportunistic
museum Visitors.)

There are no wooden caudals remaining in the mount
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today (Henrici and Church pers. obs. 2023), so as well as
reintegrating the 18 fossil caudals photographed by Harris,
it is likely that the PFP crew constructed four additional
replicas to replace the wooden ones that had themselves
replaced those that had been stolen.

Adding to the confusion, the database note located by
Henrici and mentioned above continues “Caudals 37-73
were casts in original mount and replaced with caudals
from CM 307.” (Note that the stated range encompasses
all the CM 307-derived caudals in the mount apart from
Ca32.) This note is at least partly incorrect, however. Pho-
tographs of caudals 37-46 supplied by Phil Fraley, which
were taken after they were removed from the old mount for
the remounting process (Fig. 19), clearly show that these
elements were real bone and not casts. (Incidentally, Hol-
land’s [1906: plate XXIX] illustrations of these caudals do
not closely resemble the actual fossils.) Perhaps the phrase
“original mount” in this note referred to the state of the
mount as it was just before the 2007 remount, but even
under this interpretation it is incorrect at least as regards
caudals 37-46.

Piecing all this together, it seems that immediately be-
fore its disassembly in 2005 the tail of the mounted skel-
eton was composed as follows:

Cal—Cal2: real fossils from CM 84

Cal3—Ca31: mix of real fossils and plaster casts from CM 94
Ca32: real fossil from CM 307

Ca33—Ca36: mix of real fossil and plaster casts from CM 94
Ca37-Ca46: real fossils from CM 307

Ca47: probably a real fossil from CM 307

Ca48-Ca69: wooden sculptures based on CM 307
Ca70—Ca73: missing, having been stolen

One further oddity is that Fraley’s photographs show
that two separate caudals of CM 307 were labeled 38 A and
38B. This would seem to indicate that either (1) the cau-
dals described as 37—73 actually totaled 38 rather than 37;
or (2) that a sequence of 37 caudals filling positions 37-73
were actually numbered 37, 38A, 38B, and 39-72. Once
more, we have not been able to locate records or corre-
spondence that would enable us to settle this point.

In summary, the most likely sequence of events re-
garding the use of material of or based on CM 307 in
the mount is as follows: 38 real caudals were used in the
original mount (Ca32 and Ca37-Ca73); four belonging to
this latter sequence were stolen, 18 more were removed
from the mount to the collection area to keep them safe,
and 22 wooden replicas were substituted; and (in the 2007
remount) these 18 original caudals were restored to the
mount along with four new sculptures.

Also included in the 2007 remount were ten additional
posteriormost “whiplash” caudals made by Western Pa-
leontological Laboratories, bringing the total number of
caudal vertebrae in the mount to 83. The rationale was that
the complete tail of the small apatosaurine specimen CM
3378 (probably Apatosaurus louisae) contains 82 verte-
brae; given that diplodocines are generally more elongate,
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Fig. 21.—Mid-caudal vertebrae of diplodocine sauropods, all from approximately the same region of the tail, plus or minus two positions. A, Diplod-
ocus longus CM 887; B, Diplodocus carnegii CM 94; C, Diplodocus sp. CM 11975; D, Galeamopus (= “Diplodocus ) hayi HMNS 175 (formerly

CM 662). Scale bar 10 cm. Reproduced by permission of Ken Carpenter.

gracile animals than apatosaurines, it was estimated that
Diplodocus carnegii would have had at least 83 caudals in
life. Figure 20 shows the provenance of the caudals in the
present tail.

It may be that the already very long tail of the Carnegie
Diplodocus should be longer still. Although the lower-
level taxonomic identity of the diplodocine CM 307, from
which many of the mid-to-posterior caudals were taken,
is not known with certainty (see Tschopp et al. 2019:19—
21), it does not appear to be Diplodocus carnegii, as Ken
Carpenter (pers. comm., 2024) has noted that mid-caudals
of D. carnegii are proportionally about 25% longer than
those of other diplodocine species (Fig. 21). As approxi-
mately 40% of the tail length is made up of CM 307 ver-
tebrae (Taylor pers. obs. 2022), increasing that portion by
25% would increase the total tail length by about 10%. The
present tail is about 15 m long (see caption to Fig. 22A), so
this would extend the total length of the animal by 1.5 m,
from approximately 26.1 m to approximately 27.6 m (see
caption to Fig. 22).

The Casts Made from the Carnegie Molds

As noted above, Mclntosh (1981:20) reported that the casts
of the Carnegie Diplodocus, starting with the BMNH cast
in 1905, were different in some details from the original-
material mount erected in 1907 at the Carnegie Museum.
Specifically, the left humerus, radius, and ulna of the casts
were sculpted from the slightly smaller diplodocine indi-
vidual CM 662 rather than from the camarasaurid forelimb
CM 21775. Not only was the forelimb of this diplodocine
inherently more appropriate for Diplodocus, it was also
a better match for the right forelimb, which in both the
Carnegie mount and the casts was also based on CM 662.
In this respect, the casts were more osteologically accurate
than the original mount.

As noted above, the Diplodocus carnegii referred
specimen CM 33985 provided the left fibula and partial
pes (metatarsals 111, IV, and V; see MclIntosh 1981:21) of
the original mount. (Mclntosh listed this specimen as be-
longing to D. carnegii on page 21 of his catalog, but only
as Diplodocus sp. in the table on page 59.) For unknown
reasons, however, these were not used in the casts. One
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possible reason would be that CM 33985, which had been
excavated in 1900, might not have been prepared out of
its matrix at the time the material for casting was being
assembled in 1903—-1904. This would be reasonable given
the extraordinary volume of fossil vertebrate material that
was being collected and prepared by Carnegie Museum
teams around that time.

No documentation survives indicating what material
was used to create the left fibula and metatarsals I1I-V
used in the casts. Most likely, these bones were mirrorim-
aged sculptures of the right-side elements preserved in the
D. carnegii paratype CM 94.

Since the mounting of the nine original casts, numerous
updates have taken place. These are reviewed by Taylor (in
prep). As noted above, the Munich cast was never mount-
ed, and at the time of writing, it remains in that museum’s
basement.

DISCUSSION
The Length of the Carnegie Diplodocus

The length of the Carnegie Diplodocus and its casts has
been variously reported in the literature. Hatcher (1901:39),
working with the holotype and referred specimens CM 84
and CM 94, but without a complete tail, derived a total
length of 68 feet (= 20.7 m) along the vertebral column
from the tip of the snout to the end of caudal 37. This es-
timate omitted the posterior part of the tail and would be
revised upwards in future publications.

Holland” s (1904a) letter to Ray Lankester promised
that “the skeleton when mounted will be between 78 and
80 feet in length,” referring to the London mount which
included casts of posterior caudals from CM 307. In a let-
ter to Andrew Carnegie (with Carnegie addressed as “My
Dear Lord Rector”), apparently written immediately there-
after (Holland 1904b), Holland explained in more detail:

“The beast turns out to be between 84 and 85 feet long from
the tip of the nose to the tip of the tail, when the vertebral
column is laid down horizontally. When mounted, of course,
with the necessary graceful curvature which belongs to the
mounted skeleton, the length is diminished, so that it covers
on the floor a length of only about 78 or 80 feet. The whipcord
tail adds considerably to the length, but Hatcher swears that
as three tails have now been found with the bones in position
and all tapering out as is the case here, that we are quite right
in putting on this long tail.”
(Carnegie had an honorary position as the Rector of the
University of St Andrews, a 50 mile journey northeast of
Edinburgh, and Holland was Chancellor of the University
of Pittsburgh. In their correspondence they would occa-
sionally refer to one another jocularly by these titles.)

By the time of Holland’s (1905:448) account of Lord
Avebury’s speech at the dedication of the London mount,
the reported length had increased to 84 feet (= 25.6 m)
— perhaps using Holland’s earlier straight-line length esti-
mate. When writing to arrange the installation of the Berlin
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cast,

Holland (1907) wrote that “The entire length of the speci-
men as it stands in our Museum, from the tip of the nose
to the end of the tail is approximately [23.94 in German
translation] meters in length” (= 78.5 feet). (Holland wrote
in English and left a gap for the length in meters. It appears
that when the letter was translated into German, the length
was inserted.) The length of the original fossil mount is
given as 78 feet (= 23.77 m) in the caption to a photograph
(Seneff 1947:118) and Coggeshall (1951a:241) gave the
length as “84 feet long over the curves.”

Untermann (1959:365) gave the length of the Utah
Field House’s concrete cast as 76 feet (= 23.2 m). Sarti
(2012:14) gave a length of 27 m (= 88.6 feet) for the Bolo-
gna mount, and Otero and Gasparini (2014:299) gave the
same length for the La Plata mount — lengths that are un-
likely to be correct unless additional posterior caudal ver-
tebrac have been added since these casts were mounted.
This possibly inflated length frequently appears in popular
sources, and also (without a referenced source) in one of
the present first author’s earlier papers (Taylor and Naish
2007:1560). David Letasi (pers. comm. 2022), in prepar-
ing mounts of second-generation casts for the Museum of
Science and Industry in Tampa, Florida, had Jim Madsen
of Dinolab lay out the skull and postcranial axial skeleton
at his lab, and measured it at 75 feet (= 22.9 m). Vincent
Reneleau has measured the Paris mount by dropping a
plumb line from its snout and measuring in a straight line
along the ground until the curve in the posterior tail, then
measuring around the curve. He found a total length of
23.5 m (= 77 feet), which would increase by 80 cm if the
tail were elevated to the height of the pelvis and held hori-
zontally (Reneleau pers. comm. 2022).

Discounting Hatcher’s initial estimate as having been
based on an incomplete skeleton, we find good agreement
between the measurements of Untermann, Letasi, and
Reneleau, all in the region of 76 feet. These all appear to be
straight-line measurements. Avebury’s 84 feet may have
been an exaggeration to amplify the value of Carnegie’s
gift, but the reappearance of this measurement in Cogge-
shall (1951a:241) suggests this may have been an accurate
measurement along the curve. The six-foot (1.8 m) differ-
ence between linear and along-the-curve measurements
does not feel too excessive, though it is more than twice
the 80 cm estimated by Reneleau.

The various 27-meter estimates are unsourced and
should probably be ignored. Thus, the casts likely mea-
sure about 76 feet (= 23.2 m) in a straight line. However,
as pointed out by Wedel (2019), casts are typically about
2.5% smaller than the elements from which they were
molded. If that was the case for these casts, that suggests
that the original skeleton may have been approximately
two feet longer, giving a figure of 78 feet (= 23.8 m), which
accords well with Holland’s first (1904a) letter.

The total length of the real skeleton as now mounted
at the Carnegie Museum is surprisingly difficult to mea-
sure, perhaps casting some light on why published esti-
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Fig. 22.—Digital models used for measuring the total length of the current Carnegie Diplodocus mount. A, photogrammetric model created by Peter
Falkingham (Liverpool John Moores University) from photographs taken by former Carnegie Museum volunteer Hannah Smith (now Hannah Rak).
This screenshot, viewing the model as though from above and slightly to the left of the mounted sauropods, shows the Diplodocus carnegii mount at
top left and the Apatosaurus louisae holotype CM 3018 at bottom right. Pale blue dots along the midline of the Diplodocus model show where markers
were placed: at the tip of the snout, at mid-neck, at the cervicodorsal junction, on the neural spine of each of the first 33 caudal vertebrae, at the tip of the
tail, and at a point midway between Ca 33 and the tail tip. The total length was calculated as the sum of the measurements between consecutive markers:
6.76 m for the head and neck, 3.78 m for the trunk, and 15.51 m for the tail, totaling 26.05 m; B, LIDAR-based model by Dakota Campbell (Eye-Bot
Aerial Solutions, New Kensington, Pennsylvania). Blue boxes show lengths of measured segments in feet and inches. The total of these measurements
is 85 feet, 8+11/16 inches (= 26.13 m).
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mates have varied so much. The obvious approach is to
run a string from the snout along the curve of the verte-
bral column to the tip of the tail, then measure the length
of the string. But even using lifts it is difficult or impos-
sible to position a string directly along the dorsal midline
of the vertebrae. An alternative would be to drop plumb-
lines from the midline of the skeleton and measure be-
tween them along the floor, but this too is difficult due to
the complex pose with its laterally curved neck and tail,
which would require many plumb lines, and also because
of the raised platform on which the skeleton is mounted.
Moreover, the presence of numerous reconstructed Juras-
sic plants on the platform would complicate such an effort.

Instead, Peter Falkingham (pers. comm. 2022) mea-
sured the length of the current mount (including the ten
posteriormost caudal vertebrae added in 2007) using a pho-
togrammetric model constructed in November 2022 using
RealityCapture from photographs taken by then-Carnegie
Museum volunteer Hannah Smith (now Hannah Rak) in
the early to mid 2010s (Fig. 22A). Markers were placed
along the midline of the Diplodocus digital model at the
tip of the snout, at mid-neck, at the cervicodorsal junction,
on the neural spine of each of the first 33 caudal vertebrae,
at the tip of the tail, and at a point midway between Ca33
and the tail tip. The total length was calculated as the sum
of the measurements between consecutive markers, yield-
ing 26.05 m (= 85.5 feet). A recent LIDAR scan by Dakota
Campbell and colleagues from Eye-Bot Aerial Solutions
corroborates this estimate. Measuring along a sequence
of line segments connecting the neural spines of short se-
quences of vertebrae (Fig. 22B), Campbell found a total
length of 85 feet, 8+11/16 inches (= 26.13 m). The close-
ness of this estimate to that of Falkingham provides some
reassurance that these measurements of slightly over 26 m
(85.25 feet) are correct. Of the two, Campbell’s estimate is
perhaps likely to be the more accurate, as the (virtual) ver-
tebral column was measured along more segments. This is
2.33 m longer than the likely 23.8 m of the original mount.
The extra length arises from several sources:

Additional posterior caudals inserted in the remount.
The last few caudals (70-73) of CM 307 average 110 mm
in length (Tschopp et al. 2019: table 3). If the ten sculpted
whiplash caudals were of similar length, they would ac-
count for 1.1 m of additional length.

The elevated pose of the new mount’s tail places it hori-
zontally in a straight line, so no length is lost due to its
drooping. As noted above, Vincent Reneleau (pers. comm.
2022) estimated that reposing the tail of the Paris mount
horizontally would add 80 cm to its length, and that the
Carnegie mount’s repose likely had a similar effect.

It may be that the laterally curved pose of the remount-
ed neck and tail required additional space between some
sequential verebrae in the cervical and caudal sequences,
adding an unknown length extension which could reason-
ably approach 43 c¢cm (e.g., 1 cm additional space between
each of the 15 cervicals and 28 anterior caudals).

These three changes would account for 1.1 + 0.8 +0.43
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= 2.33 m additional length.

See Table 3 for a summary of the different length esti-
mates in the literature. The uncertain dimensions of even
the best-known dinosaur specimens have uncomfortable
ramifications for paleobiological inference. For example,
in chapter 4 of his doctoral dissertation, Mathew Wedel
(2007) included femoral measurements of D. carnegii
along with cervical and dorsal vertebral lengths in a da-
tabase used for statistics, not realizing to what extent the
mounted skeleton is a chimera (Wedel pers. comm. 2022).
Given that the femora of CM 84 and CM 94 differ in length
by 5%, in proximal breadth by 28%, and in distal breadth
by 13%, the conclusions drawn from his analysis could
vary considerably depending on which femur is used. Cau-
tion is always warranted when making statements about
the sizes of dinosaur species, as opposed to specimens.

Documenting Skeletal Mounts

The mounted skeleton of Giraffatitan brancai, based on
its paralectotype specimen MB.R.2181 (then “Brachio-
saurus” brancai HMN S II) was unveiled in August 1937.
With understandable delays due to World War II, Werner
Janensch (1950) published his account of the mount 13
years later, specifying which elements were from the para-
lectotype, which had been filled in from other comparable
specimens, and which were sculpted and at what scales.
The Berlin museum’s atrium was renovated and its skele-
tons remounted in 2005-2007, and the revised Giraffatitan
mount unveiled in 2007; only four years later, Remes et al.
(2011) gave a comprehensive account of the remount. Un-
fortunately, such published documentation is the exception
rather than the rule, and the composition of many impor-
tant sauropod mounts remains essentially undocumented.
For example, in Matthew’s (1905) nine-page account of
the American Museum of Natural History’s newly mount-
ed Brontosaurus, only half a page is dedicated to summa-
rizing the actual fossil material included. Little is known
about the Yale Peabody Museum’s Brontosaurus excelsus
mount based on the holotype YPM 1980, beyond extracts
of Lull’s terse account reproduced by Schuchert and LeV-
ene (1940) and then by Padian (1978). Over time, primary
documentation is lost, memories fade, and the principals
retire or die. There is no way now to ask Hatcher or Hol-
land what was the source of the left ilium, femur, and tibia
in the Carnegie Diplodocus mount; nor, in relation to a
mounted skeleton erected only 30 years ago, to ask John
Mclntosh about the choices made in creating the rearing
Barosaurus in the rotunda of the American Museum of
Natural History.

We recognize that dinosaur mount renovations are in-
tense projects, often executed under ambitious schedules,
and typically overseen by scientists who have numerous
other responsibilities competing for their attention. One of
us (Lamanna) was the scientist in charge of the 2005-2007
renovation of the Carnegie Museum’s dinosaur galleries,
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TABLE 3. Published length measurements for the Carnegie Diplodocus and its various casts. Some were originally reported in
feet, others in meters. In each case, both measurements are given: the original is marked with *; the converted measurement is
unadorned.
Reference Length Length Notes
(feet) (m)

Hatcher (1901:39) 68 feet * 20.7 m Along axial column from tip of snout to end of
caudal 37

Holland (1904a) 78-80 feet * 21.3-244 m London mount, predicted

Holland (1904b) 84-85 feet * 25.6-259 m London mount, from tip of snout to tip of tail when
vertebral column is laid down horizontally

Holland (1904b) 78-80 feet * 21.3-244 m London mount, when mounted [...] with necessary
curvature

Holland (1905:448) 84 feet * 25.6 m London mount

Holland (1907) 78.5 feet 2394 m* Berlin mount

Seneff (1947) 78 feet * 23.77 Original fossil mount

Coggeshall (1951a) 84 feet * 25.6 m “over the curves”

Untermann (1959:365) 76 feet * 23.2m Vernal mount

Sarti (2012:14) 88.6 feet 27 m * Bologna mount

Otero and Gasparini (2014:299) 88.6 feet 27 m * La Plata mount

David Letasi (pers. comm. 2022) 75 feet * 229 m Elements used in Lehi mount, laid out in sequence

Vincent Reneleau (pers. comm. 2022) 77 feet 23.5m * Distance along floor between plumb-lines dropped
from tip of snout and tip of tail

Current Carnegie mount 85.5 feet 26.05m * Photogrammetry: see text

Current Carnegie mount 85 feet, 8+11/16 26.13 m LIDAR model: see text

inches *

and says without reservation that this was the most de-
manding project he has ever been involved in. Had those
involved in the Diplodocus remount realized at the time
that the decisions they made would be important for pos-
terity, they would have kept running notes, material lists,
and a correspondence archive. Every mounted dinosaur
skeleton is an important scientific and historical artifact:
those of large and generally incomplete dinosaurs such
as sauropods arise from complex scientific and political
processes involving myriad controversies and decisions.
We urge those who have the privilege of working on them
to write up their choices for publication before memories
evaporate and records are lost.

In working on this paper, it has become apparent how
much the work we do now is part of a continuing story.
Only six years elapsed from the discovery of CM 84 to
the mounting of the London cast; two more years until the
Carnegie mount of the original fossil material was erected;
only six more years elapsed before the last pre-World War
I cast, the eighth, was mounted in Madrid; 21 years after
that until the last of the Carnegic Museum’s ten plaster
casts was sent to the Munich museum that never mounted
it; 18 years until the molds themselves were donated to the
Field House museum in Vernal and five more years until
the concrete cast was set up outside the Field House (Tay-

lor et al. 2023); 22 years until the original cast in London
was moved into its natural home in the main gallery of
the Natural History Museum; 12 years until a fresh mold
made from the concrete cast was used to supply Diplodo-
cus parts for the American Museum of Natural History’s
iconic rearing Barosaurus mount (Taylor et al. in prep.);
eight years until the forefeet of the Carnegie mount were
replaced; eight more years until the renovation of the
Carnegie mount; and ten years until the Natural History
Museum removed the first ever Diplodocus cast from dis-
play to make more room for corporate functions. A single
narrative thread winds through all these events. Now, eight
years on, we hope that in writing up some of this history
we are making our own contribution to the ongoing story
of this most historic, charismatic, and important of fossils.
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