








Figure 23. Ceratopsian. The nearly
complete Chasmosaurus ?belli, NMC
2280, with some details from NMC
2245; data in part from Sternberg (1927) -
and new PANS mount by Carpenter.

Scale bar equals 1 meter. Note the with-
ers formed by the tall shoulder spines and
the impossibility of the dorsal neck mus-
cles attaching to the top of the frill.
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and restrictive articulations. Although all ornitho-
pods could rear (Maryanska and Osmolska 1984)
to high browse, display, or in the case of campto-
saurs and iguanodonts fight, the many restorations
that show iguanodonts and hadrosaurs resting
kangaroo-style on bent tails are incorrect.

In most small ornithopods and camptosaurs
the fore limbs are too short to use at any but the
slowest speeds. In Tenontosaurus, Muttaburrasau-
rus, iguanodonts, and hadrosaurs the fore limbs are
long-running organs, and trackways prove that the
tore limbs were used at least occasionally (Norman
1980; Currie 1983). The common trackways show-
ing only hind prints do not prove that they were
walking bipedally because the hind feet may have
wiped out the fore prints. The fastest gait of this
long-fore-limbed species was probably a trot as the
fore limbs are too slender to support a gallop. In
most preiguanodonts the five fingers are free and
bear hooves on the inner three. The four long toes
are also free and -underlain by small individual
pads. Trackways and a recently discovered mum-
mified hand (Currie personal communication)
show that the iguanodont’s and hadrosaur’s three
central fingers and hooves are encased in a single
hooflike sheath. This is not a web as often thought,
nor is digit IT in a separate lobe as suggested by the
damaged SM R.4306 (contra Bakker this book).
The thumb is a great spike weapon in Camptosau-
rus, Muttaburrasaurus (Molnar 1982), and primi-
tive iguanodonts; it dwindles in advanced iguano-
donts and is lost in hadrosaurs. The outer digit is
free and unhooved. As for the hind feet, trackways
and mummies show the three short toes each un-
derlain by a single diamond-shaped pad, backed by
a fairly large central pad. The pigeon-toeing seen in
ornithopod trackways is not due to bipedal wad-
dling because it persists when the fore prints are
present.

Small mosaic scales are known on hadro-
saurs, iguanodonts, and tenontosaurs. The hadro-
saur “mummies” are both extraordinary and un-
derappreciated for the nearly complete information
they provide on surface topography. They invaria-
bly show a frill running along most if not all the
vertebral column. The frills are continuous skin rib-
bons in Edmontosaurus (Osborn 1912; Horner
1984) and Hypacrosaurus (Fig. 25; B. Brown

1916) or made of individual hornlets as in Krito-
saurus (Parks 1920). The Edmontosaurus frill has
rectangular dorsal serrations. The Hypacrosaurus
frill is very deep over the neck and attaches to the
crest, as it may have done in all crested hadrosaurs.
Small, nonbony hornlets are found on the flanks or
belly of some hadrosaurs (B. Brown 1916; Parks
1920). Vertical wrinkles mark some of the ribbon
frills and other areas of the body. Most prominent
of these are the large vertical skin folds enwrapping
the neck base, shoulder, and upper arm. These are
not artifacts caused by dessication because they are
always present, always vertical, and never found
elsewhere on the body. Yet most restorations ignore
the dorsal frills, and almost all ignore the shoulder
folds. ’

Some. duckbills were giants of ‘twelve to
twenty or more metric tons (Shantungosaurus, Me-
saverde tracks). Only sauropods were bigger.

Virtually complete mummies make Edmon-
tosaurus annectens and Hypacrosairus casuarius
the two most restorable published dinosaurs. The
life restoration of the latter in Figure 235 is estimated
to be eighty-five to ninety percent accurate.

THE SCIENCE OF PALEORESTORATION

Some paleontologists continue to consider paleo-
restoration as inherently unimportant and imprac-
tical. Actually we can no more observe how a living
dinosaur population evolves than we can see their
appearance. But as astronomers sample stars
through their spectra, we can use indirect means to
obtain information regarding the appearance of di-
nosaurs. In some cases dinosaurs can be restored
with remarkably high fidelity, almost as accurately
as some recently extinct animals. As for the impor-
tance of paleorestoration, it is just as interesting to
know what a dinosaur looked like as it is to know
its relationships. Proper restoration of the design of
animals can be important toward understanding
their function and ecology.

This paper is intended to reduce the frus-
trating number of mistakes plaguing the field.
These errors cannot all be attributed to a lack of
knowledge. Correct information has often been
available for decades—the famous, yet underused
Edmontosaurus mummy was published before

Figure 24. Grazing Ouranosaurus niger-
iensis. The broad beak and down-curved
back demonstrate the ground cover
browsing adaptations of this advanced ig-
uanodont and hadrosaurs. Unique to
this species is the great finback.
Checklist 78.




World War 1. In part the problem stems from the

postdepression doldrums that long afflicted dino-
C saurology. The field has revived since the mid-
1960s, and dinosaur restoration has not only ben-
- efited from but contributed to this revival.
Yet the skepticism and-the noncritical attitude of
some scientists, exhibits personnel, and editors
hold it back. ' ’
-~ Part of the solution is a more rigorous, crit-
ical attitude. The common assertion that there is
always more than one way to restore a given animal
is not true. Another problem is lavishly detailed res-
torations that do not capture the basic shape and
form of the subject. It is more important to execute
the distinctive profile of each dinosaur than to me-
ticulously add hypothetical details. A different
problem arises when fine wildlife artists produce
cartoonlike renderings (notable exceptions are
Kish’s work [Russell 1977] and Bill Berry’s Dino-
saur National Monument restorations [White
1967]). More critical guidance is needed. Further,
there must be solid reasons for alternative represen-
tations. Herbivorous dinosaurs should not be re-
stored with hollow bellies when this violates all that
is known about herbivore alimentary tracts. Had-
rosaurs should always be restored with frills and
vertical shoulder folds. And tails are best put where
they belong, in the air.
= [ndeed, arching the sauropod’s tails over the
visitor’s head brings us to another point. We need
to be daring and bold. Not only are traditional con-
cepts of dinosaur appearance no more intrinsically
valid than controversial ones, more often than not
they are incorrect. The reasons for illustrating al-
ternative views of dinosaurs are excellent if not
imperative.
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THE ART

As well as being scientific, the best dinosaur resto-
rations should also be artistic. Most dinosaur res-
torations are illustrations and do not possess that
indefinable air that qualifies them as art. In this re-
gard I disagree with photographic-image restora-
tions. Extinct animals cannot be restored with
complete confidence or be photographed. Art is the
use of visual cues and creative license to convince
people that they are seeing a version of reality.

Figure 25. The duck-billed Hypacrosau-
rus (= Corythosaurus) casuarius holo-
type, AMNH 5240, a nearly complete
male mummy in which much of the
shown skin topography is preserved. Scale
bar equals 1 meter; insert exposes the hip
musculature. Fore limb after AMNH
5338; data from B. Brown (1916).
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- among Dawn Redwoods.” The design of
" duck-billed fore limbs indicates gzt they

Figure 26. “Parasaurolophus walkeri

were usually quadrupedal. Locale is i,
udith River Formation in the/dry season

" the deciduous conifers have dropped their
needles. Checklist 76.
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Paintings and other restorations should be just
what they are, aesthetic and realistic illusions of
how the subjects may have appeared in life. This
brings us back to boldness, the importance of com-
bining color, lighting, composition, and action to
create a work that may even verge on the surreal-
istic but that is based on facts and possibilities.
Such works not only inform, they challenge the
viewer.

An important inspiration for me is the wild-
life art of Shepard (1969). Indeed the composition
of “Brachiosaurus brancai herd” (Fig. 7), my first
professional and favorite restoration, is derived
from one of his elephant scenes. The western equid
scenes of Remington (1895) are another influence;
“Charging Triceratops horridus group” (Fig. 21)
especially owes much to his scenes of galloping
horses.

Time constraints often prevent us from
achieving what we would like, and balky exhibits
departments and editors sometimes (but not al-
ways) get in the way. Often things just don’t work
out. But whenever possible the aim should be to
render dinosaurs as rigorous, scientific, yet provoc-
ative and dynamic pieces of art.
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