
- - 

SCIENCE  
EDITOFUAL : S. NEWCOMB, Meahanics; E. C. PIcKERINQ, COMMITTEE Mathematics; R. S. WOODWARD, 

Ashnomy; T. C. MENDENHALL, Phyaick; R. H. THURSTON, Endneering; IRA REMSEN, Chemistry; 
J. LE CONTE, Geology; W. M. DAVIS, Physiography; 0.C. MARSH, Paleontology; W. K. BROOKS, 

C. HART MERRIAM, Zoology; S. H. SCUDDER, Entomology; C. E. BEBSEY, N. L. B R I ~ N ,  
Botany; HENRY F. &BORN, General Biology; C. S. MINOT, Embryology, Histology; 

H. P. BOWDITCH, Physiology; J. S. BILLINGS, Hygiene ;J. MCKEEN CATTELL, 
Psychology; DANIEL G. BRINTON,J. W. POWELL, Anthropology. 

FRIDAY,JUNE 24,1898. 

CONTENTS: 

Models o f  Extinct Vertebrates: PROFESSORHEXRY 
F. OSBORN.................................................. 841 

Natural Arches of Ken2ucky: PROFESSORARTHUR 
. M. MILLER ................................................. 845  
The International A2ronautical Conference at Strass- 

burg : PROFESSORA. LAWRENCE ........846ROTUH 
The Field Columbian Museum .............................848  
Current Notes on Physiography :- 

Yukon  Gold District; Physical Geography of W'or-  
tester, Mass.; Jamaica; Cuba; Appalachia: 
PROFESSOR ..............................€GO W. &I.DAVIS 

&went Nolea on Anthropology :-
!Z'he Ratio of Human Progrees; The Italian Anthro- 
pological Institute ; ' Organic ' Sociology : PRO-
FESSOR D. G. BRINTON.................................851 

Notes on Inorganic Chemistry: J. L.H ...............852 
-ti@ NO& and nos :-

The Royal Beographical Society ;Liquid Hydrogen; 
Genwal.... .................................................. 854 

Univeraita,and Educational News .........................859 
Diacutwion and Cbrrespondace :-

A Precise Criterion of Species: DR. FRANZ BoAs..860 
SciGntifi Li tmatwe :-

J. Bolvai's Scientia Spatii Absolute Vera and 
Bolyai Ide Bolya's ~en ta&en:  PROFESSORGEORGE 
BRUCEHALSTED.Sidis on the Psychology of Sug- 
gestion: PROFESSORWM. ROMAINENEWBOLD. 
Volkmnnn's Erkenntnistheordische, Grundzuge der 
Naturwiesenschaften and Pictet's Etude critique du  
matbrialisme et du spirituaZimnepar la physique ex- 
pkrirnatale: E. *. On theMeaning of Education: PROFESSORFRANK MC- 
MURRY.......................................................8 6   

W i e a  and Academies :- 
The New York Section of the American Chemical  
Society: DR. DURAND WOODMAN.The Torrey  
Botanical Club : EDWARDS. BURGESS............867  

New Books... ................................................ ..a68  

MSS. intended for publication and books, etc., intended 
for review should be sent to the responsible editor, Profes- 
nor J. McKeen Cattell, Garrlaon-on-Hudson, N.Y. 

B O D E L S  ' O F  E X T I N C T  VERTEBRATES." 

THEREare certain obligations resting upon 
the curators of metropolitan museums 

-

from which curators of university mu-
seums should enjoy a grateful immunity. 

These the un-
dertaking of arousing interest and spreading 
accurate information among very large 
class of inquisitive but wholly uninformed 
people. If these obligations are unfulfilled 
the museum fails in its pur- 
pose and deserves the withdrawal of pub- 
lic support. 

With this general idea in mind, members 
of the Department of Vertebrate Paleon- 
tology at- the American Museum have 

been making a 
the legitimate methods of attracting 
the attention and interest of visitors. 
Among these methods are the series of 
water-color restorations of extinct verte-
brates, executed by the animal 
Charles Knight, with the aid of various 
scientific and criticisms. T . ,~  
preparation of these drawings involves a 
far more careful preliminary study than 
would generally be supposed. The artist 
begins by making a number of models in  
Wax, based up0n the actua1 proportions and 
muscular indications of the skeleton, and by 

*Catalo~ue of Casts. Models. P h o t o m ~ h s  and -., 
~eatoratioisof Fossil vertebrates; issued by the De- 
partment of Vertebrate Paleontoloa,Mu-
seum of Natural History, April, 1898. 
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a series of preliminary anatomical studies trils and gape of the mouth are determined 
representing different attitudes and feeding by comparison of the lengt,h of the nasals, 
habits. Thus in the restoration of an ex- size of the anterior nares, character and 
tinct animal the proportions and positions position of the teeth, with similar parts in 
of a11 the joints and angles of the feet and the most nearly related forms. The eyes 
limbs may be made truetolife. The lips, nos- are carefully located and proportioned. Up 
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to this point the animal may be considered 
a fairly correct representation of the orig- 
inal. On the other hand, the shape of the 
ears, the color and epidermic characters are 
largely imaginative, except in so far as  they 
are suggested by relationship to modern 
allies, as  in the case of horses, tapirs, rhi- 
noceroses and other forms. 

Out of the necessity of giving the resto- 
rations a complete and natural artistic re- 
lief, the wax models have been made with 
increasing care, and it finally occurred to 
the writer that, with a little more elabora- 
tion, the models themselves might be made 
well worthy of preservation in plaster form, 
first finished in wax and then cast from 
a carefully prepared plaster model, as  
represented in the accompanying photo- 
graphs. 

The frilled Dinosaur, Agathaulnus spheno- 
cerus, Cope, is based upon a prior restoration, 
published by Professor 0. C. Marsh, of his 
Triceratops prorsus, this genus and species 
being distinguished from Triceratops by the 
large anterior median horn and the small 
posterior paired horns. As well known 
from Professor Marsh's descriptions and 
restorations, these Dinosaurs were great her- 
bivorous quadrupeds, with fore and hind 
limbs more symmetrically developed than 
in any other members of this sub-class, the 
total length of the skeleton beiug about 25 
feet. I n  addition to the powerful horns the 
skull is protected by a great bony collar or 
frill, which is surrounded by heavily barbed 
tubercles. The tubercular character also 
given by Mr. Kniglit to the epidermis is 
conjectural. 

The form of the second type, Badrosaurus 
mirabilis, Leidy, is quite as fully known, as 
i t  rests upon the remarkably complete skele- 
ton in the Cope collection, found in 1882 by 
Dr. J. L. Wortman in the Laramie Creta- 
ceous, and described by Professor Cope 
under the generic name Diclonius. This 
animal was thirty-eight feet in length, with 

a long neck, flattened duck-like bill, weak 
teeth, small fore limbsand heavy hind limbs, 
the body terminating in an elongated tail. 
I t  was probably of littoral habits, feeding 
on soft water-plants or small mud-loving 
organisms. 

The third type, Megulosaurus aquilunguis, 
Cope (Laelaps), is the most extreme ex-
ample of a highly conjectural restoration. 
I t  embodies the original ideas of Cope upon 
this subject, that these carnivorous Dino- 
saurs were capable of leaping through the 
air. The restoration is based upon the 
fragmentary skeletons in the Cope collec- 
tion, and upon Professor Marsh's restoration 
of the allied form, Ceratosaurus. The skele- 
ton was light, partly pneumatic. This spe- 
cies was about seven feet in length of trunk 
and neck, and had eight feet of tail. 
The disproportionately long hindlimbs and 
heavy tail remind one of the Kangaroo, 
which animal it may have resembled, both 
in its method of progression by leaps in- 
stead of by walking or pacing and in using 
its powerful hind feet, armed with heavy 
claws, in attacking its enemies. 

A most picturesque form is the Naosaurus 
claviger, Cope, which, although of the most 
extreme appearance, is probably nearer the  
truth than any one of the foregoing models. 
The enormous spines upon the back are not 
in the least exaggerated, since the spines of 
ATaosaurus collected by Dr. E. C. Case for 
the University of Chicago are even longer 
than those in the Cope collection. The 
skull in the Cope and in the University of 
Chicago collections is also sufficiently per- 
fect to assure us of the substantial fidelity 
of this region. The limbs and tail are liz- 
ard-like. The different species of Xaosau- 
rus reached from three to ten feet in length. 
The precise function of the extraordinary, 
rigid fin on the back is not known. It was 
humorously suggested by Cope that in iV. 
claviger, in which the dorsal spines present a 
series of cross-bars, the fin may have been 



used as a sail ; it was quite as probably or- 
namental as protective. This animal be- 
longs to the primitive reptilian order, 
Pelycosauria of Cope, but i t  represented a 
highly specialized side-branch related to 
the Rhynchocephalia or Proganosauria, as 
shown by Baur and Case. 

Interest in the ahove series of four is 
enhanced by the fact that Professor Cope, 

and Elk, so far as proportions of the body 
and the shape of the head are concerned. 

Other models are in preparation, and the 
series of water-color restorations, which 
now numbers nineteen, is progressing as fast 
as the complete skeletons are procured and 
prepared, serving as a basis for anatomical 
study. 

HENRY F. OSBORN. 

Fro. 1.-Powell County Natural Bridge. 

shortly before his death, gave Mr. Knight 
the benefit of many criticisms and ingenious 
suggestions. 

The latest of this model series is 
taken from the remarkable skeleton of 
Cert-alces americancis, in the Princeton 
Geological Museum. I t  is upon a larger 
scale than the preceding, and represents 
the animal as Scott has described it, namely, 
intermediate in form between the Moose 

NA TURAL ARCHES OF KENTUCKY. 

A~oh-a the western margin of the Eastern 
Coal Field in Kentucky are a number of 
' Natural Bridges,' which it seems to me can- 
not be explained in any of the ways yet 
suggested. They have not been formed by 
the falling in of the roofs of underground 
streams, by wind erosion, or yet again in 
the manner presented by the contribution 
on this subject in the May 30th number of 


