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112 @ B. Widand—Notes on the Armored Dinésaurida.

Arr. XV—Notes on the drmored Dinosauria; by G. R.
WiLLAND,
[Contributions from the Paleoutological Labaratory of Yale Univercity.]
Wi the progeess of exploration in many fields it becomes
more and more evident that au intercsting parallel must exist
between the long-persistent Testudinata and the shorterdived
armared  Dinosaaria, o group whieh plainly constituted a
pummerens and varied cosmopalitan yace witl its dermogene
hones alwavs ns distimetly ranged in keels as in any turtles.
For, ac ivsisted wpon seveeal vears since, ot only ix a pri-
mary comparison atfordel Ly the kecls, but secondarity as well,
the lumbar-hip carapace, preseut in the Nodosanride though
not in the Stegosanridie, finds s analogy in the osteodermal
wmosaie of Dermoehelys.

Nevertheless, despite the enmnlative evildenee tor the exist-
ence of a mee of keeled cauriang of worldavide distribution,
and despite the frequent ocenrrence of more or less isolated
plates Trom thuse keels ouly the median dorsal line of Ntego-
seenpws andl the Jumbar-hip earapace of DPolacunthus (with
Steqopelte Willistout), are so far known witlee v degree of eat-
isfying exactness. I[ndeed it appears that collectors, in hoth
Europe and_America, Lave heen so little fortunate in finding
the keeled Dinosanrs with their plates more or less naturally

alicued {n situ as to long leave the existence of sneh a great

croup obseure, although field work lias but recently reached 2
far point in the colleetion of integumented skeletons of the un-
armoved, swift-footed Laramic Hadrosaurs. Not was it known
until three years ago that in that most explored of all verte-
lrate vielding horizons ol North America, the Niobrara chalk.
typical armored saurians occur. Then, as described in this

‘rlournal 2 the plates assigned to the new genus fHlicrosaurus

{(with dermal plates characterized by deep and Droad horn
shicld sulei), were found by the fossil hunter Sternberg.

As it transpired, the interest of these fossils had not been
fully recaguized by their eollector, [u conscquence, as was
lator learned on the veeasion of a visit by Mr. Sternbery at the
writer's home, many much weathered and broken fragments

of the type had been left hehind,  Dat fortunately, as found”

co desrabie by us both, Mr. Sternberg was able to make the
needed  reexamination of the loeality before the frosts of
another winter had sei 10, sermrieand sending every last
reinain 1 1g fre gwent.

% 1 1ev Armored Saurian from the Nighrara; by G R Wie hid. Th'
Journa 1, wl. xxvii, March, 1008 p. 230-233.

A maew Lexmored Dinosanr from the Uppar Crotageous of Wyowping; by
S W. Willsxto, Science, N. 5., voi. xxii. No. 564, Qctober 20, 1903 p. 303-
540, [ Prelminary note on Stegopelin landerensis, from the F== Bentou.
An illu istede I escription is not yet published.] tLoc. &5
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And indeed from this gegond instalment of the type much
_more has been lenrned than might Nave been antieipated.  In
it, as enumerated TeloW, Dearlyixury part of :eleton s re
resented.  In faet, after eareful scarch and renniting of man :
separated fragments, it is found that although much of thz:r
new material, especially of the limb bones, ishtoo mneh weath-
ered and hroken to permit restoration, there are present far
more than twice as many eomplete elements as were firs
secured ; while taking both collections together, guite on
third of the entire armor is directly indicated, and j’nfirentia]]e-
more than half, To the deseription of this new material “'},,
may now turn with the remark that the recovery of such .
large part of the armor in intimate association with the skel .
ton assures us that the Niobrara must in time yield finel o
served armored sanrians. ’ YR

Further Structures of Hierosaurus.
Figures 1-3a,
The additional portions of the skeleton of Hivrosau
described herein have the same general surface characters :;6&9

features of weathering as the plates first eollected, and are to”

lf)e regarded asl art of one and the same t They come
T‘Lc%g_m&y[ame ocality, and so lar as I can determine répresen
_the, : d ne répresen
Jut 4 single antmal, with the exception of the caudalpband:
s]w;rn fm the c?r(sit description (ef. figures 7, Te, loc, cit.)
Ax forwarded by Mr. Sternberg, this se | inst
. cond ins
includes the following skeletal parts{?’, second Tnstalment

(a). One large flat candal spine of isosceles triangular form 15
centimeters bigh with a base 13+ em. ]ongf Base sonie-
what crushed but showing clearly outlined surface of
atfhchruent about 4 em. wide. (Cf. fig. 3, 3a.)

- I ? i

(b} Rmtal half of a somewhat Jower spine than the preceding,

(!.Z). Py o portions of summits of spines of moderate to large size,

{d). A low set spine strictly intermediate in form between the

~ preceding an following (tig. 15).

(). One clliptieal and ridged dermat plate 10X 15 cm. (fg. 1¢)

(/). A snbrhombie dermal plate like 2, X 15 cm. A

{g)- Four ablong elliptical elements ranging from ¢ to I1 cm
]fm-g.and .from 3 to 5 broad, and having a submedian ridgt;
varying from a shallow sigmoid (fig. 2¢} to a crescent

1 -
{fig. 2/, ), the latter form heing doubtless one of thel-: 4\ N
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most antertor in which the tendency 10 form a poste-~2

riorly set spine ix clearly marked,

{%). Three smaller obleng ridged elliptical elemenis about S‘\us 1\‘5

. 8X3oem, (fig. 2, a—e}.
{£). Series of twenty-five incomplete plates like the two pre-
. ceding groups. Length average § to 10 cm. :
(/). Aboutfifty additional fragments of sivaller elongste ridged
plates, less than 10 cm. in length. Some must be portions

AN
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of onc and the same plate, the group doubtless z-epreselut-
ing about twenty-five plates, Average length 11nder1€roaarr]t1.
(k). Six much c:lfuslhc;d do;‘smalI (E) centra # ¢m. long, Nearly
¥ sli - ceeloplatyan,
(). lﬁlj;idtieogoggsl;g( 2 cm!. (may include a caudal verteln‘.‘a,l).
(). Fragments of ribs of T-shaped gection with the top very
heavy, breadth 3 ecm.

Fio. 1.

|5k
ey S
" Figurg 1,—Hierosawrits Sternbergii Wieland. Cranial and dermal ele-

> d to the original type, = O°37. ) L
mf;nt: igf:::'eguter pm}tio[;1 of right sguamosal with series of fused spijuzals

(s, 8) indicating the presenve of a Triceratops-like frill of‘consid.e‘mhl: -r.;zslﬁ
{,:(;rrectlv iGentified (e paTisen is primari.y to Ye made with the * poste
" tereorephinins tufux Lambej— .
Mgteisnn:: fidecr-(lzf ffl'lnmvteristic cranial elrment snpfp?{:ed t{))_tl':tla l:::d:-gm
y . . con i1 ) i 0 e urhitd T —
j /i roncave side {at o) forming part y ) ;
T st i § 1 oglerior spine With the sugsgestion
element, Tising intc A large posie > L
nfbéd;rg?gue bifid ’condnion\ {The tngose erescentiforin hase is showa

helow) (—
¢, dermal plate tra
spive.

versed thronghont by a strong ridge nat rising into &

. I, an the drmoved Dinvga 115

(#). A portion of post cranial band—cf. figure 1, 5. s—as well
as larger parts of same rugose sarface character, with heavy
gulei. Al may be supra-cranial plates,

(0). A cranial element (jugal)—cf. figure Ie.

{). Many fragments of limb bones and other parts of skeleton
not determinable but bulking up as great as the parts
determinable, )

The prineipal anatomical features readily deterniinable from
this type, as in part illnstrated in my previous deseription (ef,
loc. eit. figures 1-7a) und by the accompanying fignres 1-da,
are ;—

1. That the length of the aniinal was about four meters,
being perhaps Jess than half the size of Stegasaurug, and Jis-
tinetly smaller than Steyopelta ;—whence the length of a gpine
series measnred from near the skull nver the lumbar-hip cara-
pace, and including the anterior threefonrths of the tail, would
be three mefers more or Jess.

2. The dermal clements present in whole 8y part now nuin-
ber nearly 70.  Ience if all were arbitrarily placed end to end
with an allowance of say onefonrth their nctual eize as ahut-
ting space, a length of from 9 to 10 meters on keel lines or tho
equivalent of three full keel lengths is present. Or counting
off kpace for the lumbar-hip earapace, fully fopr keels.

3. Bince the dermal elements no doubit fairly represent all
the keels and yet include no strictly bilateral members, it is
not likely that there was a true median keel, whenee five to six
keels ave arbitrarily demonstrated as present,

To make an estimate of the maximnm nunmber of keels is
however seen to be impracticable. One can only say that
there apflear to have heen at least as many as on the turtles
with a neural, two pleural, two supra-marginal, and two mar-
ginal kegls, or seven in all,

4. Since a few cranial hones arc present, but no portion of
the Inmbar-hip earapace which was no doubt well developed,
it is likely that the derwal elements recovered are mainly of
the anterior dorsal region.

5. The complex character of the armor is striking, combin-
ing as it does a system of free keels which lose their identity
in a lumbar-hip carapace and must then reappear in the candal
rings. No less too is the tout ensemble one of the most ornate
that has ever been demonstrated. TFor as we see the elements
of the keels vary regularly in shape from tubereles through
rounded, oblong, elliptical, subrhombic and crescentic forus,
with regulurly increasing elevations passing from points to
ridges both straight and sigmoid, low bifid, and at last huge
caudal spines,
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The speeific isolation of Jlicrosawrus Stern?ferg‘rw is lﬁl
Heved to be clearly established, sinc; .t.h:_. %g;lﬁfgit ,TCEI]'E:; “(:t)

Lol it 1Gt ed iy Stegopella of Willisto . Cit.
whicl it can be L(l.l:lp!ti‘ed is & Jroita O Viston (loe. i)
$ different horizon ]10\&'0\'0:-: e Fort niau -
t'r‘[!):”(;]t{:arl_',r illustrated, that genus is described os having Ifnf?lf'lﬂ
isunded dermal elemeunts, whereas those of the present foss

Fua. 2,

s !
. i Wi 5 teristje
FauRe 3.-—!{55‘-1&".?1;3 Stemberfgu “I‘!;B]a‘l:;i,lig; tlfl I;j:s_;ledcfho:ﬁ; a-c,?t;
Anents stiowing variation riw the ut orms o, 1o
?}T;Trt-lace::? Ee;’?cd fCII‘I]lB“: 7, g, and the sigmoid keel e. In all these

il i ion of the

eept o, ineompletel it can reacdily b‘e dele‘rnrx‘nidlol‘i{]mspec! on
g})eiilmen’which is the nnterior end.  {That of ¢ is below, ) .
' i L3Pac e s ar
cannot bo so deseribed.  But in other respects t%tt-sdecréozr?huth
g0 near a3 to make it possible that a fuiler !\[10":‘]{: go of Lotk
will warrant Lringing the Niabrara sanrian wit 1{11‘1 the genns
Stegopelte ; while the next nearest 1'eiatlon 1:sl (0]};0)11.‘? 5 the

aimﬁltlx older Stercoceplialus of T‘mube* from the 3
series of the Red Deer River, Alberta.? | )

* s Genera and Speeies from the Belly River Herdes !'M:tﬂ-l{‘.n:'tai‘.:sionfﬁ.
b Ee:\ e:li: M. Lawbe. Contributisve to Canadian Paleontology, vol, lii,

v Lawr i .

e . ‘_)“ ;- i FALTE gir]
Ottuwa, 19;?;'11?@ :hesu lines T have shown the type rn.aterlﬂ.l‘:;;fv::il’;e ”:j]_‘i(:tt;fnt('t,
t, 1‘9?‘]:1?:"-51?;: WiITL-al:ou wio suys e hehéfvest ii:etfit:ll :::1 fe;:l_ter' - gmr iy

. ) ' A ¥ o a AL T AL 3
I and enllsattenuon Ly the fag ! nany ot the
o ;‘i“‘esﬂ)i?;i;ﬂi,:;; w large shallow pitking whereas no ﬁuﬁ:\'??};ﬁ;n?;cov-
{ti;;neit Iﬁa any of the Himrasawrus plates, thongh so many
pres :

ered,
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Fig, 3, Fig. 3a.

{3,';3,

Frovres 3, Bo— L erusainiguy Slernbergii Wiel nd, x g lLarge broad-
haged eaugdal 8ping of the type, 0 centimeters 1 g Figure 3 xhows the
slightly Auted intero-superior #ide, and figure dn the rither ot extero.infe.

Tior sirface.  The basve was Droad and heavy, the apex ornately nuteprved
aud sharp.

The family attribution of botl, genera along witl plapg.
this ITnike, Nodosaurns l\-[arﬁshJr Lraleegses s Letdy, Stepeq.
cupleafus Lambe, and Arkylosrurus Brown, we think snrelv
hies within the Nodosaurida: of Marsl, )

It is thus reen that the type of Hicrosanpus, thowgh promis-
g hat little of its trpe interest when first noterd in fragmeats
weathered, broken and scattered in the Kansas clalk hiils,
shons students as wel) as callectors that exhanstod fossil-bear-
ing horizons are as vet nnknown. As ennmerated, the ele.
tients reeovered indicate that approximately an entipe skeleron
WS preseat when erosian of the matrix began, Evidently
firtove searel in the Niobrars eannot fail to reveal other coni-
plete examples, mavhap with their keels tairly in place.

But for the present the evidence available for even tenta-
tively illnstrated restorations of myil-elad Dinosaurs remajns
‘00 hatlling, Perhaps if vne were iy ignorance of both Polg.
runthns and Stegopelty it would he possible to prodace a
Plavsible veneralized rest.ration of the armor of yur Niobrara
form, seeing that it has quite the longest series of finely aon-

Ay, Jour, !S)Cl,—FOCRTH SErIEs, Vor, XXXI, No. 182. — FgBRUARY, 1817,
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served plates of any gpecimen so far obtained. Indeed Brown,®
overlooking Polacanthus entirely, has attempted with far Jess
material to restore the Leels of his Ankylosqurus. Lot as
Willistont bas rightly said of this restoration, * It is based on
too seanty material toserve as a satisfactory basis for a restora-
fon * ¥ since the form must be included in the same family
as Polacanthus [Tulke.” Whence it is pertinent to remark thatl
vertebrate paleontologists have reached the time swhen it is
well to realize that even though what is more & surmise vl A
guess prove fortunate, its value both present and future must
depend un the concrete ovidence which lies behind it, as W
have learned from severe experience.

We nay pass on toa ULrief notice of some further structores
of the mail-coated Dinosauria of much preseut interest.

Plewral Armor of Stegusdarms.,

G far, the startlingly strange, complex, and ornate aspect at
once indicated by even lesser portious of the mail-clad Dino-
<uurs, has naturally led to so called * new fanilics.” Not to
\uention a long series of genera of vonvenience, we thus have
the Seelidosanridee, Polacanthide, Stegosan rda, Nodosaaridae,
Ankylosauride, ete., etc.

Now while this nomenclatore of expediency may really
foreshadow the degree of complexity the mailed saurians will
altimately bhe found to exhilit, they are none the less to be
regarded as 2 compact aud hoinogeneous series. And in all
likeliliond this series displayed as muell nniformity in the gen-
eral alignment of its keels us might be observed in a similar
array of Cretaceous Testudinate families. From our view-
Loint we lience hold it safe to prediet that buttressing pleural
{ceels will certainiy be found in addition to the two great and
firmly set dorsal Sregosanrian keels recovered. On Dbogh
anatomical grounds and relationship this must be the conclusion;
though it i very lear that snel pleural keels would be low,
gince the mid-line arnor bad hecome the dominant means uf
defense, or at least region of accelerated growtl, Even so
there is in the nearly rigid back a most curious parallel to the
turtles, and we believe hat restorations should take wiore cog:
nizance of this fact in dealing with the Jeg lexjon than they
hiave so far.

That pleural keels have ot been so far recovered, oF recog:
nized must be explained away as due to accidents of preservi-
tion and collection—even to paucity in field observations ot
notes. At best the chanee to lind more or less Jnose peripheral

# The Aukylosauride, & new family of Armored Dinosanrs from the
Upper Cretaceous, by Baruum Brown. Bull, Am. Mne. Nat. Hist,, vol. xxiv,

Feb. 13, 1909, pp. 1897-201.
t American Naturalist, vol, zlii, Sept., 1908, p. 629.
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elements is alway i
always most precarions, as we k
s is alway : , as we know fr y
quent dissociation of testudinate marginals, fom the fre-
Dinosaur Mail from the Ceratopsin Beds
Figures 4-7.

e . . . " .
I ]1 e 1S SI I"Ona reasom Iﬁ be] ey 1[]31 Wing il) 81'(:1(]9]]t€. i f
- L eve .(__ >
pl'euel ¥ ﬂ.thIl, thf_, COuLrse i § X I :
ser ] it “f erosion {llllll t]lCll ]nﬂtl'lx, ﬂnd even

Fri. 4.

Frerre 4.—Oblong 11
the e & 1z o .L-'rmal plates of Nodosanride X i
fhe e‘(ill-:tm?é}s]']-mds of Converse Connty, Wyomwing xof Cel;at'n'pmflse ot
(g oxtren s'( ;Tplacement_ of the spinal node, In ihe uipl ar OﬁlmS e
inner, and digtﬁ] -_;tntterr_ vle\v1 of a plate, the inner left hal:al 1“3111:80: ::htihr
S 1 izngalar spinal rati ’ Fejicon b
W E;ez}] 1slthe major axis, xc',emainsplulcerf:]t{i}r‘latmn 5%, 3 catiaeters Righ
the endeqfo;\{;rtt;fg:es, the s_pina} node is at the middle of the apper edge at
parmond of the trans t‘re.rst% axis oa’, although the trifaced feature ispas diﬂ%inat
. ire form is shown by the transverse nnd ]ongitudinil

sections ra’ and bF r ively i
eotiots wa espectively, » being the upper inner face of the plate
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to the fortunes of collection, the bony plates thus far found
mare or less closely associated with the reptiles of the Ceratops
beds do not represent the trne abundance and proportion of

FiG. 5..

F1GURE 5.—Rounded, elliptical and snbrhinmbir deral plates of Nodo-
sauridae or (.)eratupsidaa. forther illnstrating the great variety of form and
the ch;mging development and Tosition uf the spma} node. Al are fmn.l
the Cerntops beds of Converse (County, W.V}:on.\;img, zlnd at least in part

: he same individual as the plates shown in figure =
fr 111-1.1‘ t‘form a series passing from a rounded flattened tubercle (1) to a form
ith a low node (1£), to a ridzed _form (rin), at with 2
:‘}inal node su (17).  In v the spinal node sn lies near Lo the pustetior ‘horder:
7 All are of heavy and cowmparatively dsmse boue. upper swrfaces usually

shiowing nutritien canals.
armored saurians in that horizomn.

and vet it cannot serve as ?. sati
There way, theretore, e far more o

and then a form with a heavy

Sneh armor is as a rule
found at some distance from the skeletons to which it belongs,
sfactory basis for new species,
f it in the various eollee-
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tions than one might snppose from the minor mention it
reeeives. in all aeconnte of Dinosaurian material from the
Ceratops beds of the Laramie and Belly River series.

The plain fact is that we have been entirely misled by a
seeming paueity of sneli armor not in accord with the existence
in the Laramie of nnmercus representativés of the armored
race, each bearing, as one may readily calenlate, anywhere from
200 to 300 dermal elements varying from mere tubereles up to
huge staked plates. Indeed it would be of very considerable
interest to know the aetual number and proportion of thesc

Fia, 6.

FicrrE B.—Subrhomboidal Nodosaurid or Ceratopsid dermal element
from the Cleratops beds of Converse County, Wyoming. x§. (Thickness
1'% eantimeters.)

The upper surface, showing the large nutrition canals radiating from the
subeentral aund little elevated nodal area. The under sitrface is distinetly
uonvex and shows the Nodosaurus festilis type of stristed surface, A
freguent and typical form.

elements iu tlie collections, and especially their associations ;
though it is, we repeat, greatly to be feared that ficld notes snffi-
cient to reveal the full cumulative value of this evidence may
be lacking. The inore are we impressed with this idea because
of the fact that the discovery of the armored saunrians has been
late, is only beginning now. Fuarthermore we ean add very
tangible evidence to these views, having hut reeently secured
from Mr. Sternberg a eollection from the Larande of some
thirty most interesting dermal clements, the chief forms of
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which are fignred herewith. t 'I;i::;;;l ;r"le” ilglzfiglgllféotrﬁofy‘; ;::
individuals and may represent Az rris ox wn allys thonel
it is, a3 we must insst, by no means proven et some o et
id not pertain to Ceratopsia, just as Uro Marsh
zﬁ;)?gsgd they ﬁ'ld. Forms like thgsc”“l'er(% ‘rog:?);:}ezlf ﬁf;:e
topsians by Hatcher, and S‘t.&.ernberg aa:ni: 11181 o A g
plates accompanying the Triceratops skull ne sen
i um iwo Years agy. - ’ )
;E}ﬁ\s{::gdil}- scen frown ius%ptgctm:tl]oE 1t(lll§ {:l;féll:?fﬂ};:;?;L‘:::l?pib
ar more variety of torm tha Tierosewr s,
ijl"l'l?:(\{llttlsfﬂlva|-y all the way from tuherc}es to‘ pl’?tt,}':bti::; ]:.lli i(é
size, and from m(‘-l‘c-kuota‘ of bone to \a,rmol \
ornate ridging. Taking the elements aﬁ. Fro. %
a whole there is in fact a notably sma
muber with flat upper surfaces, the ien-
deney being to rise first as a pomnt, t 101;
as a more or less roanded_elcvatmn, and
more often into a keel. Finally, there is
the backward projection and elevation
i spine. ) ]
mt’;l?ef;?:ur};:s 4-7 taken in con_]m'.cu'ovn
with those illustrating Hierosaurus give
a fair iden of forin-range in l_)mosaurmg
derionl armature where passing beyon
the stage of minov patternless ossifieations

FigrrE i.—Thick
'y var strongly rugose Cera-
cnch as may have been present in varions o e N g eaarid
Leavy-skinned Dinosaurs and have been  dermal elemenlf di"";‘}
i}OilltL‘d out to me as accompanying Pelo- the Cerataps be

2 3 1 t ans \':.l' - Converse Cuunty, Wy-
ML ] Y Y 5 ELNOW o

tlll) lallge n tllebe t&])?q ('-hal aCtEI ize(i b “. At h b ng horn-
! Y * l . : FTR '0

' 1 ave appgars,
a d(ll[ll[lallt ]1“93«1 aflﬂ”ge'nc“t Df tlJG 5 !-e shield pBraoy ¥ r

1 jos 3 aont to be confused with
ments, on which these studies are based. 0t 40 b e male,

In particular one notes that. the spinal 09 “giowing ;urt}éer
node, as we term that poins, [ive or area gyidence of a high de-
*

: rated - 3 velopment of hormn-
which tends to praject, whether pre velopt s s, many

nonneed or not, iy oecupy any po-rtll?n ot these forms.
of the face. Usnalily the spine once 1¢ [e- corior half. Bt
eomes pronounced of course rises from the p?s sat a plate
as a ridge the node may even rse 1o form the edg
as in figure 4.
1 \ ) i ;tant variation in
T all the armored sanrians there 18 the c_m_lst:a.n] variation
aeperal form of the plates and spines snggestnllg_, clo c abutinent
to suit the different body Eusas,li}tgl g:ffllgrgggfézﬁlino oubt &
e oten Tndeed these ani Is in the larger sense started
inates. Indeed these anunals 1n o ;
?Slsftillglgirection of testudinate armoring but ran off to bizarre

* * * * *
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patterns.  As a rule, owever, the transition from low, flat or
erect plates ta large spines does not appear o abrnpt as in the
case of the more or less fluted ecandal spines of Stegosaurvs;
bat taken ali in all, it is evident enough that there was present
thronghout an entire armored race a most ornate keeled armo-
vial pattern. And while the complexity of this pattern as yet
Lattes exact restoration, it is now seen to be most iikely that
forms with their armor in place will soon be diseovered, reveal-
ing in full the structure and number of the keels, the degree of
carupacial and hornshield development, the extent of possible
comparison with the armor of the Testndinata, the correlated
skeletal strnetures, and tinally tallowing anatomical features,
the extent and the nature of the antithetic course of evolution
which must be involved in the development of the late Creta-
¢eons earnivorous and mailed and horuel Dinosauria.

Indeed so extended has already become the evidence here
added to, that » farther brief word of interpretation is perti-
nent. At first sight all development of dermal arwnatare may
appear to be mainly a senile feature, dne even to inertis—the
general life movement of the individual and the race.® But it
15 alzo evident that the development of dermal ossicles in serjes
tinally resulting in a proteetive osteoderma! armature or cara-
pace 1s a most profound change codrdinated with striking endo-
skeletal alteration. Ulked with less suecess by the Dinosauria,
as already much specialized, the accomplishment of this change
however appears to have given the Testudinata an exceedingly
long lease of life.

It is hence in our view most probable that not so much
hathmic eourses and tendencies as ordinary exigencies of life
and environment were really primary factors in the origin of
armoredl reptilian races. At least ever since the discovery that
races of*formidable carnivores like Megalosanrus and w®laps
developed side by side with such strongly acmored lierbivores
as Seclidosanrus, Hyleosaurus and Stegosanrius, it has seemed
reasonable to lelieve that a ecompleter knowledge of Dino-
saurian faunre must finally reveal some of the modes of adjust-
ment to a life of attack and defenze in these dominant but
comparatively short-lived apposite lines. For if ever the ver-
tebrate palcontologist might hope to detect boumdaries between
the direct origin of organs to meet obvious necessities, Rnd
their appearance with tlie aging of races as seeondarily used
senile features, here where all the characters are writ large

* On page 1006 of this Journal, Ang., 1902, the parallel modifieation of cer-
vicals in long separated Testudinate raves was ecited by the weiter as a case
of evolutionary inertia. It is a ronspicuous one, and is cotreetly named

inertia, whereas the term momentnin, now used by some, implies a knowl.

«dge of rates of evelution we do not ns ¥et possess. The general term is
certuinly preferable,
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must be the point. Though in the simple relations of attack
and defense involved in spines, bony plates, horns and teeth,
nothing we can to-day observe in the reptiles or the manmals of
the land or sea could lLave quite prepared us for that veritable
apothegsis of force finally involved in the juxtaposition of
Tyrannosaurus with the Ceratopsia as justly inclnded mem-
bers of tlie great group of keel-armored sanrians here hivpothe-
sized.

Certainly theu oue can nat bring himself to seek an explana-
tion of the evident parallel development of these structurally
autithetic rerivs, and their brief cubuination in the latest Cre-
taceons, as a chronological accident, cxplicable in terms of
senility and bathimism, or of mere developmental inertia.

That one or the other o these opposed series could o arise
as an aging race during eontinental and dimatic evolution is
thinkahle. DBut that both the carnivorous and horned and mail-
cvated herhivarous Dingsansian lines so developed their formid-
able array of structures of attack and defense synehronously,
appears improbable.  Suel equal rates of evolution Lave never
Deen demonstrated ; thougli in any alternative one is surely led
to believe that when once the Dinosaurian lines are known in
approximate paleontologic totality, the sequence and cause of 9§
complementary development in these groups, whether simple |
as it now seems, or obsenre, way not only be largely under- §
gtood, but that the facts will aid ns notably in gaining very
definite coneeptions of fundamental biglogic factors involved}.
Indeed it is most evident that any idea that the study of the
Dinosauria can be in the least barren mnst be wholly erro-
neous, and that contrariwise, this gronjp is destined to yield in
largesse evolutionary testimony of evervday bearing that can
be learned nowhere else,



