
SPECIAL ARTICLES 
ANCIENT MIGRATION ROUTES O F  

CENTRAL ASIA' 
The discovery by Andrewe, Granger, Berkey and 

Borhiak of a central lPsiatic vertebrate fauna from 
Upper J d c  to  Pleistocene time and onwards, be- 
tween 40° and SO0 N. Lat. and 60° and 120° E. 
Long., throws a new and important light on the world 
centere of origin and the r o u h  of migration both of 
Reptilia and Mammalia. I n  Upper J u r d c  and Lower 
Cretaeeoue times a Sauropoda canter ie revealed of eev. 
eral hundred milw e a t  i d  west, between the 40th and 
60th parallele. From this center (ahart I, 1 )  it appeard 
probable that the giant sauropode migrated to every 
continent, including Australia, where they are recently 
reported in Queeneland, to East Africa and the island 
of Madagascar (i-6). At three points the Mesozoic 
Mammalia occur in the name bede with the Sauropoda 
and it is possible that they followed routes 2, 3 and 6; 
a h  that the pro-Mampidia may have entered Aue- 
tralia along route 6 in Lower Cretaceone time. After a 
60,000,000-year interval the Mesozoic Mammalia gave 
rise to the giant mammala known ae Proboecidea, includ- 

continent except Anhal ia ,  eo that in eeveral regiom 
their giant fossil remaim are now found not f a r  distant 
from the Lower CretaEeone bed8 in which occur the re- 
maim of the fa r  more ancient eauropode. Originating 
in Africa in the Lower Eocene, the Proboecidea reached 
Europe, central Asia and India in the Lower Miocene, 
Noith America in the Middle Miocene and South h e r -  
ica in the Upper Pliocene and early Pleietocene; no leas 
than four d i e t  lines of proboddeans entered 8011th 
America, including three maetodonta-the Andean and 
the Humboldtian, ale0 the Stegomatodm from India- 
beaides one true elephant which penetrated into French 
Quiana A further point of interest is that in Pliocene 
and early Pleistocene times the P r o b d d e a  were accom- 
panied on a t  least three of their migration r o u h  by 
primitive man. At  two poinb r e m b  of primitive 
Upper Pliocene man have been diecovered with Upper 
P l i m e  elephants. I n  the recently h o v e r e d  central 
Asiatic center (7 A, B, C) a etriking feature L the 
absencu of the horees; up to Miocene time not a single 
equine has been diecovered. T h i  proves that there is 
a very important still to be explored area (8) north of 

ing both maetodonte and elephants. Between Eocene the 60th parallel which, if it 3e lde  ~ e r t i a r y  horiums, 
and Pleistocene time the Proboecidea, originating in will probably reveal the original adaptive radiation cen- 
Africa (Chart 11, 6), spread northward and eaatward ter not only of the honrea but of the tapire, rhinoceroses 
acroee the Jurassic 8auropoda center and feac~ed every and titanotherem ae well, because thws amall ancestral 

1 Abetract of paper read before the National Academy padrnpede snceedvel~ appear by in the chief 
of Sciences, Princeton, November, 1929. North American center (a), aka on the 40th parallel; 

Chart I. M ~ a u n o a  LINES OF 8AUROPODA (MESOWIC>, or PBOBO~CIDBA (CWOZOIO) 

( 1  8 )  Recently diecovered (Andrewe, Borieeiak) central Asiatic origin of the Sauropoda in Lower Cretaceous 
time. Migration lines (double) : (2) To weetern Europe, (3) to Africa and .Madagascar, (4) to India, (5) to Aus- 
tralia, (6) to North America and South America. 

(P)  Cenozoic center, origin of the Proboecidea. Migration lines (eolid) reversing in direction those of the Sau- 
ropoda: Africa to weetern Enrsaia, India, Japan, the East Indiea, North America and south America. 

There is evidence that in Upper Pliocene and Lower Pleistocene timee 'man may have followed the same migration 
route in India, western Europe, and south Africa, ae the Upper Pliocene proboecideane. 



Chart 11. W o w  CENTERS OP M A M M ~ A N  ORIGIN IN ORDER OP DIBCOV&BY 
(1) Western Europe-Cuvier. (2) India and Burma-Falconer and Cautley. (3) Weetern America-Leidy, 

Marsh, and Cope. (4) Anstralia-Owen. (5) South America-Ameghino and Scott. (6) North Africa-4. W. 
Andrewe and Osborn. 

(7 A) East central Asiatic area-Roy C. Andrewe (1922-1929). (7 B) Weet central Aeiatic area-Boriesiak. 
(7 C) Baluchistan area-Fomter Cooper. (8) Unexplored north central Aeiatic area, in which will probably be 
found the plain8 and upland8 anceetora of the tapim, horeee, titanother-, rhinoceroees. The chief adaptive radiation 
center of the odd-toed ungulates or Perbaodaetyla. 

moreover the central -tic fauna (7 A, B, C) a ~ m e  
to point to a sen@ of invaeione from the north. During 
the early Tertiary, a t  least up to  the cloee of Oligocene 
time, thin center (7 A, B, C) was in close connection 
by migration with the North American center (3), and 
in Oligocene time it formed a cloee connection with the 
west European center (1). Another very striking fea- 
ture of the central Aaiatic center (7 A, B, 0 )  ie the 
abeence of any tnrce of the Proboecidea until Miocene 
t i e ,  a fact which eervea to eetabliah north Africa (6) 
8 a  the probable center of adaptive radiation of the 
Proboacidea, because all the primitive member8 both' of 
the mastodontine and elephantine divbione have now 
been diiwvered in Africa. Accordingly from central 
Asia (7 A, B, 0 )  and from north Africa (6) it now 
appear8 probable that India (2) was populated chiefly 
by heat-loving maatodonta and elephants and by offahoots 
of the great bovinee and antelopines of Africa, because 
the adaptive radiation of them animala now seem to 
have had i b  center in the upland plateau of that con- 
tinent (6). Returning to the central Asiatic region 
(7 A, B, C), the mammalian fauna wae not only ex- 
tremely varied in Eocene and Upper Oligocene times but 
extremely flourishing, all the genera and apecies being 
represented by animala of relatively etupendoue size. 
Aeide from the abeence of the horaea and of other ancw- 
tral periesodactyla, it ie important to note the abaence 
se well of all trace of the Palaeotheree, the diecovey of 
which by Cuvier in (1) aroused euch excitement, and 
sleo of the anceetora of the great bovine family. This 

central Asiatic fauna, diecovereii by Andrew, Granger, 
Beirkey and Boriaaiak, ia accordingly highly character- 
iatic of the Northern Hemiepherei t  ia the ancient 
Holarctic or North Hemiepheral fauna of the world. 

THE STRUCTURAL CORRELATION OF GI- 
TOXIGENIN WITH DIGITOXIGENIN 

IT has been the assumption that digitoxigenin and 
gitoxigenin, the two aglucones found in the principal 
cardiac glucosides of the digitalis plant, are struc- 
turally very closely related. Recent work from our 
laboratory as well as from that of Windaus and co- 
workers has brought partial confirmation of this aa- 
sumption. However, to what extent the structural 
analogy between these substances may be developed 
remained to be determined. The solution of this 
question, which is of great importance in the problem 
of the structural chemistry of the digitalis glucosides, 
has now been practically completed. Our recent in- 
vestigations, which will be published more fully else- 
where, have conclusively shown that gitoxigenin is 
hydroxydigitoxigenin. The hydroxyl group which is 
p m r n a b l y  of tertiary character is situated probably 
on a carbon atom adjoining the one which bears the 
other tertiary hydroxyl of digitoxigenin and which 
is involved in the i someht ion  to iso componnds. 


