





Figure 14. The protobird Velociraptor
(= Deinonychus) antirrhopus, AMNH
3015 with skull based on YPM 5232;
data is in part from Ostrom (1969), the
sternal plate is from Barsbold (1983). In-
sert shows the hip musculature. Note the
long, upcurved skull, the forward-facing
eyes with binocular vision, and the great
sickle claw. The tail could bend up 90 de-
grees at its base. Scale bar equals 500
millimeters.

PrEvVIOUS PAGE

Figure 13. “Resting Velociraptor antir-
rhopus Pair.” Most big predators spend
most of their time relaxing and sleeping
while digesting their last meal. This pair
is getting hungry, as shown by their hol-
low bellies. These protobirds are shown
insulated in feathers. Note the various
horn ridges on the head and the proto-
beak. Only the tips of the teeth show be-
neath the upper lip. The locale is the Clo-
verly Formation; the flora consists of
ground ferns and the bizarre tree fern
Tempskya, its fronds blowing in the wind
of an oncoming storm. Checklist 83.
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sauropods have among the longest and most flexi-

ble backs of dinosaurs, and they retained a primi-
tive bounding gallop (Fig. 15). As Bakker (1978)
notes, prosauropods- probably reared high to
browse. : '

Heavily built, shortfooted prosauropods
such as Euskelosaurus (= Melanorosaurus, Rioja-
saurus) were the ancestors of sauropods. The more
complex vertebral articulations and shorter hind
feet suggest that they galloped less and trotted
more. Measurements of a Euskelosaurus hand and
foot by Ellenberger and Ginsberg (1966) must be
reversed because as presented the hind feet are ab-
surdly tiny and the hands enormous. Prosauropods
have five free fingers, of which only the inner three
bear claws. The slightly outward-facing hind feet
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are four-toed, each with a large claw and small
pads.

Prosaurapods were beginning to develop
cheeks at the back of their mouths (Paul 1984b).
Slender birdlike necks and small skulls suggest light
muscles. Galton (1985) shows that prosauropods
were herbivores, not predators as suggested by
Cooper (1980} and others. It is important to note
that all reports of blade toothed prosauropods and
sauropods are due to false associations with the
shed teeth or fragmentary jaws of truly predatory
archosaurs.

Despite the great difficulties in excavating
sauropods, a surprising array of new species based
on very good skeletons has recently been uncovered
on four continents. That their skeletons continue to
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be mounted incorrectly shows that they are in need
of a structural reappraisal. Riggs (1904) and Bak-
ker (1971b, c¢) show that sauropods were terres-
trial, a view that appears almost universally ac-
cepted (excepting Halstead and Halstead 1981).
Indeed they preferred seasonally dry, open conifer-
cycadeoid woodlands where they browsed among
the tree crowns (Bakker 1971b, ¢; Dodson, Beh-
rensmeyer, and Bakker 1980). The incompletely
straight knee and ankle of the very early Vulcano-
don suggest that it was a little faster than the
others. '
Coomb’s suggestion (1975) that sauropods
had proboscides is unlikely because of the lack of
appropriate facial muscles, the absence of scars for
these muscles, and the weakness of the nasal bar in
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some species. Furthermore, sauropod jaws and
teeth are well-worn, strong, powerfully muscled
cropping organs that did, I believe, not need the
assistance of a trunk. Because theit mouths were for
cropping, not chewing, sauropods lost all traces of
cheeks.

Many sauropods had erect, S-curved necks.
Diplodocids differ in that the neck was straighter
and more horizontal (contra Knight in Massey-
Czerkas and Glut 1982: 38, 43; Watson and Zal-
linger 1960; Bakker in Crompton 1968, and per-
sonal communication). Since sauropod skulls were
small and the neck vertebrae are very like those of
long-necked birds, their necks were lightly muscled.
Brachiosaurus brancai (Fig. 17) is quite unusual in
having withers—tall neural spines over the shoul-

RESTORATION: A HOW-TO GUIDE
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Figure 15. Plateosaurus engelhardti,
HMN XXV, with skull based on AMNH
6810; data are from Huene (1932). Pro-
sauropods are the only dinosaurs that re-
tain both the clavicle and interclavicle,
but they are not connected. The muscle
restoration shows the dinosaur in a
bounding gallop, the insert exposes the
hip musculature. Scale bar equals 1
meter.

29



ders—that may have supported a set of low cam-
ellike nuchal ligaments. Brachiosaurs and many
sauropods retain single neural spines, but advanced
diplodocids and camarasaurs are famous for their
V-shaped neck spines. That a cable ligament lay be-
tween these spines is unlikely because it would have
had little leverage in this position. Alexander’s cal-
culations (1985) that sauropod neck-lifting liga-
ments and muscles projected well above the neural
spines ignore the tissues between and astride the
spines. Instead the space between the V spines may
have been partly hollow.

The base of all sauropod tail vertebrae artic-
ulates in an upward arch (Gilmore 1932, 1936).
Lacking any leverage, the whiplash vertebrae of di-
plodocids must have drooped from the fleshy sec-
tion of the tail.

Riggs (1904) and Bakker (1971c, 1978) are
almost certainly correctin arguing that, like giant
ground sloths, diplodocids reared into a tripodal
stance to feed or fight. It is the only explanation for
their extremely massive hips and associated verte-
brae, since other, bigger sauropods have much
smaller hips and posterior vertebrae. Rearing also
explains the diplodocid’s straight necks, short fore
limbs, and sledlike chevrons. All sauropods, even
Brachiosaurus, however, bore most of their mass
on their more robust hind limbs and could rear on
occasion. Sauropod-theropod combat must have
been impressive (Fig. 16).

This is confirmed by the divergent, big-

clawed thumb weapons of diplodocids, which are

separate from the main united finger unit. Camara-
saur and brachiosaur thumbs are not separate and
are much smaller. The rest of the hand digits are
extraordinarily reduced and short in sauropods;
not even hooves were present. Very odd is the rarity
of thumb prints in fore prints (Bird 1944, 1985;
Lockley, this book) although at least one thumb-
claw print is reported by Ginsberg et al. (1966).
Some shallow prints can be attributed to diplodo-
cids walking with thumb claws clear of the ground,
but not the deep ones.

Sauropod hind limbs, always stouter than
their fore limbs, were laterally broad but antero-
posteriorly slender compared to those of elephants.
The plantigrade hind feet in Cooper’s sauropod re-

RESTORATION: A HOW-TO GUIDE

Figure 16. “Ambush at Como Creek: Al-
losaurus atrox Pack Versus a Diplodocus
carnegii Herd,” an example of what com-
bat between big theropods and sauropods
may have been like. Note that the diplo-
docid herd is retreating onto firm ground
as two adults protect a juvenile. Locale is
the famous Como Bluff quarry in Wyo-
ming, Morrison Formation. Araucarian
and other conifers, cycadioids, and ferns
make up the rather dry adapted flora.
This painting has been substantially mod-
ified (an earlier version is reproduced in
Bird [1985] and Czerkas [1986]). Check-
list 89.
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construction (1984) resulted from a misarticulated
astragulus and incomplete tibia. In well-preserved
sauropod ankles the astragulus is actually rotated

probably a pinnate muscle that formed a gentle
contour as it rose from under the jugal. Even the
most primitive species, including Lesothosaurus,

had them (Paul 1984a). The ribs tend to bunch
closer together at their lower ends than in other di-

backward relative to that of prosauropods (Ja-
nensch 1961: pl. xx1), giving them elephant-style,
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unguligrade hind feet. They are also rather like Af-
rican elephants in the absence of hooves on two of
the toes; but unlike elephants in that the inner three
or four toes bear increasingly massive banana-
shaped claws that sweep down and outward
(Hatcher 1901; Bird 1944; Ginsberg et al. 1966).
Theropods approaching the hips of sauropods were
in danger of receiving a nasty kick!

Because they are so reminiscent of elephants
itis tempting to restore sauropods with thick, wrin-
kled skin. Small patches of skin impressions, how-
ever, show a thin, unwrinkled skin of very small
bead scales, which could not have been seen from
more than a few meters away. It appears that a few
species may have been lightly armored (Powell
1980), but this is not yet completely certain.

Burian’s well-known restoration of Brachio-
saurus brancai (Spinar and Burian 1972) is faulty
in almost all respects, including being posed in an
unnatural gorge lake. My new restoration (Paul, in
press, b: fig. 24a) shows that B. brancai is shorter
trunked and more gracile than previously realized.
The largest B. brancai specimens are similar in size
to “Ultrasaurus.”

Many of the new Chinese sauropods appear
to represent a radiation of basal diplodocids. He et
al. (1984) note that Omeisaurus and Mamenchi-
saurus are close relatives. Therefore the skull of
Omeisaurus, instead of the skull of Diplodocus,
should be used to restore the unknown head of Ma-
menchisaurus. Watson and Zallinger (1960) and
Zallinger (1977) persist in restoring Apatosaurus
with the overly long plaster fore limbs of the
AMNH mount (a good example of why one must
be sure to determine what is real and not in
skeletons!).

I find the elephantine sauropods among the

nosaurs. Note that the posterior ribs were always
in front of the prepubis, never outside it.

Having beaks, cheeks, and retroverted
pubes, segnosaurs can be considered basal ornitho-
pods (Paul 1984a); certainly they are not thero-
pods. No single good specimen exists, so parts
from various segnosaurs must be used for a com-
posite restoration (Fig. 18a). Nanshungisaurus,
published as a small sauropod (Dong 1979), is a
segnosaur. Enormous-clawed Therizanosaurus,
published as a theropod, has a remarkably segno-
saurlike scapulacoracoid and humerus. These
rather prosauropodlike quadrupeds have four-toed
feet with remarkably big claws. The anterior iliac
blade flares outward an incredible amount and sup-
ports an enormous gut.

The long, strong fore limbs of these early, yet
sophisticated and gracile ornithischians suggest
that heterodontosaurs were quadrupedal gallopers.
The best-articulated skeleton clearly shows a strong
downward arch (Fig. 18b; contra Santa-Luca
1980). This skeleton also has inwardly divergent
thumbs as per Bakker and Galton (1974), and their
restoration of the hand is more accurate than
Santa-Luca’s. The five-fingered hand bears three in-
ner claws, the four toes a claw each.

Scelidosaurus (Fig. 19a) and Scutellosaurus
are primitive, quadrupedal ornithischians that lack
the skeletal specializations of stegosaurs and an-
kylosaurs, but have extensive armor coverings. In-
deed the body form is so standard that there is little
that needs to be said about it. Scelidosaurus has
normal dinosaur skin (Norman 1985). The hands
are not known, the feet have four-clawed toes.

With the anterior dorsal ribs swept back,
the shoulder girdle of the stegosaur is set far back,
so that they have long, slender, S-curved necks in-

Figure 17. Brachiosaurus brancai, HMN
SII, with most of posterior column, hips,
and hind limbs after other specimens;
compare to Janensch (1950a). Note the
withers formed by tall shoulder spines—
only chasmosaurs (Fig. 23) also have
this. Insert exposes the hip musculature.

stead of the short, stout, straight one seen in most
restorations. The tail base is upwardly arched.
Bakker (1971c, 1978) is probably correct in
suggesting that stegosaurs reared to feed, using
their surprisingly diplodocidlike tails as a prop. Of

most elegant and majestic of all creatures.
Ornithischians are characterized by beaks,
cheeks covering the sides of the mouth (Galton
1973), and retroverted pubes. Horn lengthened the
beaks. Tyson (1977) shows that the cheek was
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Figure 18. Basal ornithischians. a. A
composite segnosaur based mainly on
Nanshungisaurus brevispinus presacrals
and hips, and Erlikosaurus andrewsi
skull (information on the tail has not
been published). Proportions are approxi-
mate; scale bar equals 1 meter. b. The
nearly complete Heterodontosaurus
tucki, SAM K1332. Scale bar equals 250
millimeters. Data from Santa-Luca
(1980) and Barsbold (1983).
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course, their tails were also powerful weapons.

The small, early stegosaur Huayangosaurus
is only partly rectigrade in limb design, and unlike
other stegosaurs it could probably still trot. Stego-
saur hands and feet are exceptionally short and
small, with only three toes. The digits themselves
are exceptionally short. The inner two fingers have
flat hooves (Sereno personal communication), the
outer three are buried. There are only three toes;
these have blunt, vertical, rather elephantlike
hooves and were backed by a large elephantine hind
pad.

Small armor nodules encase the neck (ob-
viously this slender organ was a tempting target).
The great plates and horns were much enlarged by
horn sheaths and not skin alone as implied by Buf-
frenil, Farlow, and de Ricqlés (1984). Bakker (in
Wood et al. 1972) suggests that the plates, except
the broad-based front and back plates, were mo-
bile. A pair of virtually identical plates in the holo-
type Stegosaurus ungulatus (YPM 1853, Ostrom
and Mclntosh 1966: pls. 591, 60) suggests that
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the plates were paired, but other arrangements are
possible (Czerkas, this book). In S. stenops the s -
curved tail tip and differentially beveled spike bases
caused the spikes to diverge from each other like a
pincushion (Fig. 20b; Ostrom and Mclntosh 1966:
pl. 54). Some stegosaurs appear to lack this adap-
tation (Dong, Zhou, and Zhang 1983: fig. 102).

Most stegosaurs are like other ornithischi-
ans in being fairly long and low. Stegosaurus ste-
nops (Fig. 19b) proves to be about as tall and short
as S. ungulatus. But Lull’s S. ungulatus restoration
(1910), based on different-sized specimens, is too
short. S. stenops has exceptionally large plates; S.
ungulatus has four or more pairs of tail spines to
the former’s two.

The idea that these very elephantine animals
rolled up like hedgehogs for protection (Ratkevich
1976; McLoughlin 1979) is best characterized as
ludicrous.

Carpenter (1982, 1984) has done crucial
work on the difficult problem of reconstructing the
skeletons and armor of ankylosaurs and nodosaurs.

I have not attempted a skeletal reconstruction be-
cause of unresolved design question. Coombs
(1979, personal communication) and Huene
(1956) indicate that ankylosaurs have twenty-four
to twenty-six presacral vertebrae, Carpenter and
Nopsca (1928) suggest twenty. In addition, some
ankylosaur and nodosaur pelves are incredibly
broad, and personal inspection revealed no strong
dorso-ventral crushing. But other specimens (espe-
cially British Museum (Natural History), BMNH
5161) and Carpenter (1984) suggest narrower
pelves. It is particularly difficult to resolve the
greatly differing lengths of the sacralized dorsal ribs
in various specimens and reconstructions.
Ankylosaurs are unusual among dinosaurs
in having relatively small eyes. The tail base is di-
rected downward, but the tail does not drag on the
ground (Carpenter 1982, 1984). The idea of Wood
et al. (1972) that ankylosaurs were made primarily
of “solid fat” is due to a misunderstanding about
their great girth (Bakker personal communication).
The fusion of a scapulacoracoid to a rib in
one specimen (Maryanska 1977) is difficult to con-
firm. If correct, it is either a pathological or a sec-
ondary restriction of scapular mobility. The nodo-
saur’s vertical fore limbs are evidence of a slow gait.
The hind-limb-dominant nodosaurs, however,
have short fibulas (Coombs 1979: fig. 5d—e) so that
the knee appears to have been flexed and the ankle
was mobile. This condition is intriguing because it

is similar to but the reverse of that seen in fore-

limb-dominant camels, which have straight knees
and flexed elbows (Muybridge [1887] 1957). Ap-
parently these animals have kept their strongest
limbs flexed for trotting and slow galloping. The
stronger-limbed, completely flex-jointed ankylo-
saurs were probably full gallopers. They have five
free fingers, of which the inner three or four appear
to have had small hooves. Trackways show that the
slightly outward facing hind feet were backed by a
fairly large, rhinolike pad. The four toes were sep-
arate and bore well-developed hooves.

When the body proportions are pinned
down, the remains of articulated armor and
impressions of skin make these among the most res-
torable of dinosaurs.

Pachycephalosaurs are among the most bi-

zarre of dinosaurs and the only ones more interest-

" ing in top view than in side view (Fig. 20). This is

because of their incredibly broad ribcages and un-
believably long tail-base transverse processes. No
other dinosaur has anything like the latter. The ab-
sence of anterior chevrons is another peculiarity.
The unusually spacious tail base must have sup-
ported an unprecedented migration of part of the
digestive tract to behind the-hips (Bakker, this
book). That the neck is unknown is unfortunate
since it may have been specialized to absorb the
stress of using the dome-roofed skull as a battering
weapon. The tail base is down-arched a little, and
its end is stiffened by a crisscross of ossified rods.
The hands are unknown, the four-toed hind limbs
are like those of ornithopods.

Psittacosaurs are rather like small ornitho-
pods in overall design. Fairly long fore limbs sug-

gest they were at least partly quadrupedal trotters .

or gallopers. The jugals form very prominent cheek
bosses that project out behind the narrow but deep
parrot beak. The hand has four small fingers of
which the outer is very reduced and the inner three
have small blunt hooflets. The foot has four blunt-
clawed toes of which the inner is short.

Several researchers (Bakker 1968; Russell
1970b; Coombs 1978) have suggested that proto-
ceratopsians ran bipedally. Since scapular rotation
makes the fore limbs as long as the hind limbs there
is, however, no good reason for dinosaurs with
such heavy heads and necks (including Microcera-
tops) not to have used them. The fastest gait of the
stiff-backed protoceratopsids and the big ceratop-
sids was probably a fairly smooth, asymmetrical,
rhinolike gallop (Fig. 21).

Despite the ceratopsians’ very large heads,
the hind limbs are the more robust and bear most
of the weight. Their trunk is also short, so ceratop-
sians could rear. After all, horses, bighorn sheep,
takin, and elephants rear even though they are fore-
limb dominant. Ceratopsians may have reared to
reach the occasional choice food item or—Ilike an

‘enraged bear—to present a most intimidating vis-

age to rivals and tyrannosaurs (Fig. 22). It is un-
likely that horned dinosaurs relied on defensive
rings. This is a specialty of open-tundra musk oxen
(Nowak and Paradiso 1983), which spot predators

RESTORATION: A HOW-TO GUIDE
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at great distances. Ceratopsians lived in wooded  counterbalance the skiill as Tyson argues (1977).  Figure 20. The first modern restoration _
habitats (Russell 1977) that may have prevented  Display could be handled by soft tissues, so thigwag:=  ©of 2 “domehead, Homocephalé calatho-
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cercos holotype, GI 100/51, with the neck

Figure 19. Armored dinosaurs. a. The
early Scelidosaurus harrisonii, BMNH
R1111, with some details from a new
specimen. Scale bar equals 500 millime-
ters. Note the trispiked armor just behind
skull; the rest of the armor is-after Owen
(1861, 1863), which appears to be more
accurate than Norman (1985). b. The
first restoration of the virtually complete
Stegosaurus stenops holotype, USNM
4934, with distal tail after USNM 4714;
the left row of armor is removed. Scale
bar equals 1 meter.
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them from organizing defensive rings. Their best
defense was probably aggressive charging or flight
into dense bush.

The restoration of the styracosaur beak by
Spinar and Burian (1972), which is much too
broad, has been faithfully copied by many other
artists! An array of hornlets and bosses decorates
the frill rim, midline, squamosal upper surface, ju-
gal tip, and sometimes the area in front of the nasal
horn. Care should be taken to apply the proper
number of these elements in each species. Horn un-
doubtedly emphasized their appearance in life
(Figs. 1, 21-23), especially in styracosaurs. In un-
gulates horn sheaths add from a third to double the
length of the bone core; a middle value is best used
for ceratopsian horns.

Rowe, Colbert, and Nations (1981) show
the actual shape of the Chasmosaurus (Pentacera-
tops) sternbergi frill, and C. russeli has a similar
frill (Sternberg 1940). It has long been argued that
the frill anchored the great closing muscles of the
jaw. This is the only good explanation for the great
bone structure (see Fig. 1). All other big-headed an-
imals lack such a structure, so it was not needed to

only a secondary function (Pringle 1978: cover). Fi-
nally in some chameleon specimens the surfaces of

the frill bearing the jaw muscle are highly chan-

neled as in ceratopsids (contra Tyson [1977]). If the
suprafenestral horns of Monoclonius and Anchi-
ceratops are the ossified cartilagenous spurs of a

- pinnate frill muscle they indicate that the muscle

was a fairly robust belly instead of a thin sheet. Ce-

ratopsids had wickedly powerful bites, and short-

horned chasmosaurs probably bit at predators like
the big-incisored Asian rhinos.

The head articulates with the neck via a
highly mobile ball-and-socket joint. The neck is
gently curved upward, not straight as per Lull
(1933). Because the anterior dorsal ribs are swept
back and the shoulder girdle is set aft, the neck is
longer than usually shown. Tyson (1977) shows
that the neck muscles attached to the braincase in
the normal manner, not to the top of the frill as in
Ratkevich (1976) and McLoughlin (1979). Hip
and tail orientation is very variable, with the tail
eventually directed downward (Fig. 23). The pos-
terior dorsal ribs are strongly curved fore and aft
(specimens seeming to show otherwise are partly

RESTORATION: A HOW-TO GUIDE

restored and fore limbs and some other
details after Stegoceras. The anterior cau-
dals with their hyperelongated transverse

- processes are included in the posterior

view. Data in part from Maryanska and
Osmolska (1974). Scale bar equals 500
millimeters.
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disarticulated), and one of these ribs was connected

in life to the tip of the prepubis (Fig. 23; Osborn
1933). _ .
The five fingers and four toes of protocera-
topsids and ceratopsids are all free, finger 5 and toe
1 are much shorter than the others. The fingers and
toes bear fairly large, flat hooves, except as usual
the hoofless outer two fingers. The hind feet were
probably backed by a fairly large, rhinolike pad.

Although rhinolike in body form, large skin
patches show that ceratopsid skin is a very “reptil-
ian” mosaic of large polygonal scales surrounding
even larger polygonal scales (B. Brown 1917; Lull
1933). Combined with the horns, hornlets, and
bosses, these large scales presented a very rich to-
pography (Bakker in Crompton 1968; Figs. 1, 21—
23). Unconfirmed is a possible row of scutes atop
the tail (B. Brown 1917).

Both the largest and most uniform of the or-
nithischian groups, ornithopods are very important
because some species can be restored with excep-
tionally high accuracy.

Ornithopods, except hadrosaurs, have or-
bital bars above the eyes that gave these most un-
fierce of herbivores threatening “cagle eyes.” The
bar is fixed to the postorbital in some species, and
so it was immobile.

Many ornithopods have normally arched
backs. Hadrosaurs, Ouranosaurus, Tenontosau-
rus, and Othnielia (= Yandusaurus?), however,
have very strongly down-arched anterior dorsal
columns (Figs. 24-26; Bakker 1978; Maryanska
and Osmolska 1984). Almost all specimens are pre-
served this way, and straightening the back violates
the anatomy. Straight-backed ornithopods were
probably medium-level browsers. The down-
arched backs of other ornithopods suggest a pref-
erence for browsing ground cover, and this is con-
firmed by their broader, more rectangular beaks
(Figs. 24, 26).

In most ornithopods the tail droops imme-
diately behind the hips (Gilmore 1909; Galton
1970). In iguanodonts and hadrosaurs the tail base
is arched up just a little. In most small ornithopods
the end of the tail is stiffened by ossified rods; in
iguanodonts and hadrosaurs almost the entire post-
cervical column is greatly stiffened by ossified rods

RESTORATION: A HOW-TO GUIDE

Figure 22. “Rearing Chasmosaurus
2belli.” Rearing may have been an intimi-
dating threat posture of ceratopsids; the
object of this animal’s attentions may be
another member of the species or a preda-
tor. The rich skin topography is restored
after skin impressions. Locale is a bald
cypress lake with water lily and duckweed
type plants in the Judith River Formation;
the moon is about to occult Venus.

v

OPPOSITE

Figure 21. “Charging Triceratops horri-
dus group.” Even the biggest of the cera-
topsians were built for rhinolike gallop-
ing. Fore-limb action is shown alittle too
erect (see Fig. 23b). Locale is a dried-out
bald cypress swamp in the Lance-Hell
Creek Formation. This painting-has been
substantially revised (for original version
see Gould [1978, 1980]). Checklist 70.
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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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