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Cenozoic History of the 

Bering Land Bridge 
The seaway between the Pacific and Arctic basins has 

often been a land route between Siberia and Alaska. 

David M. Hopkins 

Many facts of paleontology and bio- 
geography (1, 2) indicate that the Old 
and New Worlds have sometimes been 
connected by a continuous land route 
that extended from Alaska across the 
present shallow floors of the Bering and 
Chukchi seas (Fig. 1) to Siberia. Recent 
geologic studies in western Alaska per- 
mit a more detailed consideration of the 
times at which the land bridge existed 
during the last 50 million years of Ter- 
tiary and Quaternary time. Some well- 
founded inferences can also be drawn 
concerning the climate and vegetation 
that prevailed on the land bridge during 
the last (Wisconsin) glacial interval, the 
most recent period during which the 
land bridge existed (3). 

Character of the Sea Floor 

The floor of the northeastern Bering 
Sea, Bering Strait, and Chukchi Sea is a 
wide platform extending from the Alas- 
kan to the Siberian coast, covered by 100 
to 500 feet of water (Fig. 2). The plat- 
form is separated from the much deeper 
floor of the western Bering Sea by a sub- 
marine escarpment more than 5000 feet 
high. A less abrupt escarpment descends 
from the northern edge of the Chukchi 
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platform to the depths of the Arctic 
Ocean. 

The Bering-Chukchi platform is mo- 
notonously flat. St. Lawrence Island, St. 
Matthew Island, the Pribilof and Dio- 
mede islands, and several smaller islands 
near the coast of Seward Peninsula are 
the only prominent topographic highs in 
the Bering Sea and Bering Strait. Herald 
Shoal, 42 feet deep, lies in the central 
Chukchi Sea. Aside from these, the sur- 
face of the platform is devoid of sharply 
defined topographic features. Bottom 
gradients are so small that they are diffi- 
cult to measure (4, pp. 2-4). No features 
are recognized that can be interpreted 
as submerged valleys or submerged 
strand lines (5). 

The nearly featureless topography of 
the surface evidently results from intense 
marine sedimentation during the last few 
thousand years (6). Very gentle slopes 
underlain by fine sand radiate from the 
mouths of the Yukon and Kuskokwim 
rivers, and a gently sloping ramplike 
surface underlain by fine sandy mud de- 
scends from the mouths of the Kobuk 
and Noatak rivers, through Kotzebue 
Sound, to the deeper part of the Chukchi 
Sea. The flat surface beneath the north- 
western Bering Sea and the central 
Chukchi Sea is underlain by silt and clay 
containing numerous ice-rafted pebbles. 
Hydrogen sulfide is reported in many 
bottom samples from Chukchi Sea; its 

presence suggests rapid deposition in a 
reducing environment. Bering Strait has 
a sandy and rocky bottom that lies 
slightly below the general level of the 
adjoining parts of the Bering-Chukchi 
platform. The overdeepening and the 
coarser bottom sediments probably result 
from the strong, north-setting currents 
that pass through the strait. 

Though the Bering-Chukchi platform 
happens to be a marine basin at present, 
the crustal structure below the veneer of 
young marine sediments resembles the 
structure of continental areas rather than 
the structure of typical ocean basins (7). 
Most of the present islands in the Ber- 
ing Sea and Bering Strait are composed 
of typical continental rocks similar to 
those in parts of Siberia and Alaska. 

Striking evidence for the structural 
continuity of the western Alaska and 
eastern Siberia land masses is provided 
by a comparison of the bedrock stratigra- 
phy and structure of Wrangell Island on 
the continental shelf north of Siberia 
with the stratigraphy and structure of 
Lisburne Peninsula in northwestern 
Alaska (Fig. 3). Both areas are under- 
lain by ancient sedimentary rocks of 
similar age, sequence, and character 
[compare geologic maps of Alaska and 
eastern Siberia (8, 9).] East-trending 
folds and faults that record the thrusting 
of older rocks northward over younger 
rocks on Wrangell Island correspond to 
south-southeast-trending folds and faults 
that record the thrusting of older rocks 
eastward over younger rocks on Lisburne 
Peninsula. The two areas evidently rep- 
resent segments of a single mountain arc 
which once straddled the continents and 
is now partly submerged, extending from 
Wrangell Island eastward through Her- 
ald Island (in the Chukchi Sea), south- 
eastward through Herald Shoal, and 
south-southeastward across Lisburne 
Peninsula. 

The geological evidence indicates 
quite clearly that Siberia and Alaska 
represent segments of a single continen- 
tal mass, separated by a segment only 
temporarily submerged, the Bering- 
Chukchi platform. Paleontological evi- 
dence indicates, however. that the landl 
connection has been interrupted by tem- 
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Fig. 1. The Bering land bridge as a barrier to marine organisms. Late Tertiary molluscan 
fauna at Camden Bay ( 1) on the Arctic coast of Alaska resembles contemporary faunas 
from the North Atlantic Ocean and differs sharply from contemporary faunas from the 
Gulf of Alaska (2) ; the Bering-Chukchi platform must have been a land barrier separat- 
ing the Arctic Ocean from the Pacific Ocean when the Camden BXay fauna was living. 
The first opening of a marine connection between the Pacific Ocean and the Arctic Ocean 
is recorded by the Neptunea complex from the Gubik formation along the lower Colville 
River (3). 

porary submergence in this area several 
times during the last 50 or 60 million 
years. 

Land Bridge 

Nonmarine sediments of Eocene age 
(containing Sequoia and other plant re- 
mains) are found on St. Lawrence Island 
(10), and marine sediments tentatively 
assigned a Pliocene age are found in sev- 
eral localities on Seward Peninsula (11) 

and on the Pribilof Islands (12). Aside 
from these isolated occurrences, no Ter- 
tiary sediments (1 to 60 million years 
old) have yet been surely identified in 
western Alaska north of the Aleutian 
chain. Consequently we must continue to 
rely, for a while, upon indirect evidence 
-evidence for and against intercontinen- 
tal and interoceanic faunal migrations- 
in attempting to piece together the Ter- 
tiary history of the land bridge. 

Simpson shows that major faunal in- 
terchanges took place between the con- 
tinents and thus that a land connection 
existed in early Eocene, late Eocene, 
early Oligocene, late Miocene, and mid- 
dle-to-late Pliocene time (1, 13). An 
almost complete lack of interchange dur- 
ing middle Eocene time seems to indi- 

cate the temporary existence of a water 
barrier on the Bering-Chukchi platform; 
reduced interchange during later Ter- 
tiary time may merely ieflect the exist- 
ence of unfavorable conditions for faunal 
migrations through the area of the land 
bridge (1, pp. 654-656). 

A land bridge for vertebrates is, of 
course, a land barrier to marine organ- 
isms. The existence of such a barrier in 
the Bering-Chukchi -region throughout 
most of Tertiary timae is indicated by 
molluscan faunas that show no relation- 
ship to contemporaneous Atlantic faunas 
in sediments of early, middle, and late 
Tertiary age along the coast of the Gulf 
of Alaska (14) and by a molluscan 
fauna closely related to faunas of middle 
Tertiary age from the North Atlantic in 
beds of Miocene or Pliocene age at Cam- 
den Bay on the arctic coast of Alaska 
(15) (Fig. 1). Evidently molluscan 
populations dwelling in the North At- 
lantic could migrate freely across the 
northern edge of North America to the 
arctic coast of Alaska but were denied 
access to the North Pacific by a land 
barrier in the area of the Bering- 
Chukchi platform. 

We may conclude that the area of the 
Bering and Chukchi seas lay above sea 
level throughout most of the last 50 or 

60 million years. Water barriers betweeni 
the continents existed only briefly, if at 
all, from middle Eocene until middle 
Pliocene time, and they resulted from 
crustal warping. The present basins of 
the Bering and Chukchi seas could not 
have come into existence until after the 
major exchange of land vertebrates that 
took place during middle-to-late Plio- 
cene time, a few million years ago. 

Initiation of Seaway 

At some remote time near the begin- 
ning of the Pleistocene epoch, approxi- 
mately a million years ago, the Bering- 
Chukchi platform was depressed, the 
Bering and Chukchi coasts of Alaska 
assumed approximately their present 
forms, and the water barrier between the 
continents came into existence. The out- 
line of the original marine basin is re- 
corded today by an abandoned wave-cut 
cliff that is traceable, with minor inter- 
ruptions, from the Arctic Coastal Plaini 
of Alaska southward to the Yukon River; 
a similar feature can be traced around 
the perimeter of isolated bedrock high- 
lands on St. Lawrence Island (Fig. 3) 
(16, 17). The ancient wave-cut cliff is 
separated from the present strand by 
coastal lowlands ranging in width from 
a few hundred feet to a few miles; all 
marine sediments of Pliocene or Pleisto- 
cene age known in western Alaska lie 
seaward of the cliff. 

In most areas in northwestern Alaska 
the cliff marks the abrupt coastward ter- 
mination of a rolling upland that evi- 
dently represents an ancient erosion sur- 
face, now deeply dissected by valleys 
graded to present sea level (18). A simi- 
lar rolling surface forms the summit of 
the isolated bedrock highlands of St. 
Lawrence Island and the cliffed islands 
off the coast of Seward Peninsula. 

The old wave-cut cliff has not been 
positively identified and may be absent 
along the Alaskan coast south of the 
Yukon River; it is probable, nevertheless, 
that the southern part of the Bering- 
Chukchi platform was submerged at 
about the same time, for the earliest rec- 
ognized molluscan faunas lying seaward 
of the cliff in the north are closely re- 
lated to faunas of the same age from the 
Pribilof Islands and the Pacific Ocean. 

The time at which the Bering-Chukchi 
platform was depressed to form a sea- 
way connecting the Pacific Ocean with 
the Arctic Ocean is established with fair 
precision by stratigraphic evidence con- 
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tained in the famous gold-bearing marine 
sediments at Nome and by recent studies 
of the history of the genus Neptunea, a 
large marine snail that was confined to 
the Pacific basin during most of Tertiary 
time and that first appears in the Atlan- 
tic basin in beds of earliest Pleistocene 
age. 

The coastal plain at Nome is underlain 
by marine sediments that record three 
distinct intervals during which sea level 
stood as high as, or higher than, it does 
at present and during which water tem- 
peratures were warmer than they are at 
present (11, 19, 20). The two younger 
sets of marine sediments probably ac- 
cumulated during the last (Sangamon) 
and the next-to-last (Yarmouth) Pleisto- 
cene interglacial intervals. The oldest 
may have accumulated during the first 
(Aftonian) interglacial interval, or it 
may have accumulated at about the be- 
ginning of Pleistocene time, prior to the 
lowering of sea level that accompanied 
the first (Nebraskan) glacial interval. 
The earlier age is suggested by the fact 
that these oldest marine deposits at 
Nome have yielded a mollusk, Pecten 
hallae, belonging to a subgenus (Forti- 
pecten) that was previously known only 
from sediments of Pliocene age in 
Japan and Sakhalin (11), and a fora- 
minifer, Pseudopolymorphina ishikaw- 
aensis, known previously only from sedi- 
ments of Miocene or Pliocene age in 
Japan (21). The second known North 
American occurrence of Fortipecten was 
discovered in 1957, far north of Bering 
Strait, at the inner edge of the coastal 
plain at Kivalina, Alaska (22) (Fig. 3). 

Marine sedimentation at Nome began, 
then, during or before the first Pleisto- 
cene interglacial age. The presence of 
Fortipecten and Pseudopolymorphina 
ishikawaensis in the oldest marine sedi- 
ments at Nome and of Fortipecten at 
Kivalina indicates that by late Pliocene 
or early Pleistocene time a new seaway 
extended across the Bering-Chukchi plat- 
form, affording a migration route north- 
ward for marine organisms that had pre- 
viously been confined to the North 
Pacific Ocean. 

Evidence bearing on the age of the 
late Cenozoic submergence of the Ber- 
ing-Chukchi platform is also provided 
by an unpublished recent study of the 
genus Neptunea by F. S. MacNeil: "The 
genus Neptunea apparently originated in 
the Pacific Ocean during early Tertiary 
iime. Its earliest occurrences in the At- 
lantic province are in the basal Pleisto- 
cene deposits of England, Belgium, and 
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the Netherlands, where there is a vari- 
able population that contains varieties 
foreshadowing both of the living Atlan- 
tic species, the more northern N. de- 
specta, and the more southern N. anti- 
qua. An even larger and more variable 
intergrading population of Neptunea is 
found in the lower part of the Gubik 
formation along the Colville River in 
the Arctic coastal plain of Alaska [Fig. 
1, location 3]. The collections from the 
lower Gubik formation include varieties 
similar to those originally found in 
Etirope, as well as varieties that approach 
the typically North Pacific and Siberian 
living species, N. ventricosa" (23). 

The sudden appearance of Neptunea 
at the beginning of Pleistocene time in 
Europe suggests that the genus had 
found a migration route from the Pacific 
to the Arctic basin a short time earlier, 
and the presence of possibly ancestral 
forms on the Arctic coastal plain of 
Alaska suggests that the lower part of 
the Gubik formation may be of late 
Pliocene or earliest Pleistocene age. 

The available lines of evidence seem 
to agree in pointing to a submergence 
of the Bering-Chukchi platform near the 
end of the Pliocene epoch, approximately 
a million years ago. (i) The evidence of 
strong faunal interchange of land mam- 
mals between Eurasia and North Amer- 
ica during middle and late Pliocene 
time indicates that the water barrier 
could not have come into existence until 
shortly before the beginning of Pleisto- 
cene time. (ii) The stratigraphic record 
at Nome indicates that the first marine 
deposits there were laid down during or 
before the first Pleistocene interglacial 
interval. (iii) The distribution in time 
and space of fossil Neptunea indicates 
that at, or shortly before, the beginning 
of the Pleistocene epoch a marine migra- 
tion route opened, permitting molluscan 
populations from the North Pacific 
Ocean to invade arctic-waters, -and then 
spread along the northern margin of the 

Fig. 3 (at left). Pleistocene geology of 
western Alaska and eastern Siberia [Lam- 
bert conformal conic projection (48)]. 
The limits of glaciation are shown by a 
solid line (or by a dashed line where there 
is uncertainty). 

Areas covered by ice during 
Wisconsin glacial stage. 

t Areas covered by ice during 
L~?i Illinoian glacial stage. 

Areas in Siberia and Saint 
{ 1Lawrence Island covered by 

glacial ice of unknown age. 
nunm_n Old wave-cut scarp. 

continents into Atlantic waters; and 
(iv) the ancient wave-cut cliff lying at 
the inner edge of coastal plain areas 
throughout much of western Alaska 
marks the former shore of this early 
waterway. 

Sedimentation and Crustal Warping 

One cannot assutne, of course, that the 
surface topography of the Bering- 
Chukchi platform has remained un- 
changed throughout the'lengthy period 
since it first submerged, near the begin- 
ning of the Pleistocene epoch. In the 
course of the long emergence during 
Tertiary time, a stream-sculptured to- 
pography must have developed that 
would now lie buried beneath the marine 
sediments that form the present monot- 
onously flat sea floor. I believe that the 
rolling upland surface extending inland 
from the old wave-cut cliff throughout 
much of northwestern Alaska and the 
similar rolling' surface that forms the 
summit area of the islands in Bering 
Sea represent remnants of this pre-Pleis- 
tocene stream-sculptured landscape per- 
sisting in areas that either formed high- 
lands on the Tertiary land bridge or that 
were not involved in the general sub- 
mergence that brought the Bering and 
Chukchi seas into existence. Herald 
Island and Herald Shoal appear to be 
submerged remnants of a low mountain 
range that once extended from Lisburne 
Peninsula, Alaska, to Wrangell Island, 
Siberia. 

It is likely, then, that a stream-sculp- 
tured bedrock topography, having a re- 
lief of several hundred feet, lies buried 
beneath the Pleistocene and Recent ma- 
rine sediments that mantle the Bering- 
Chukchi platform; it is also likely that 
the floors of the Bering and Chukchi 
seas have become progressively shal 
lower, due to the deposition of marine 
sediments, during each succeeding inter- 
glacial interval of high sea level. 

Crustal warping during Pleistocene 
time has affected the depth and extent 
of parts of the Bering and Chukchi seas; 
however, only along the south coast of 
western Seward Peninsula has the crus- 
tal disturbance been of a magnitude 
likely to affect the duration of temporary 
land connections between Siberia and 
Alaska during Pleistocene time. Even 
here, the effect of crustal warping has 
probably been to make Bering Strait 
shallower-during successively more re- 
cent interglacial intervals. 

The spectacular local deformation in 
western Seward Peninsula apparently re- 
sults from repeated movement along an 
inferred fault that lies just offshore at 
Cape York and that may extend west- 
ward to or beyond Cape Prince of Wales, 
the eastern portal of Bering Strait (Fig. 
3). In the Cape York-Cape Prince of 
Wales area, the ancient wave-cut cliff 
lies at the inner edge of a marine terrace 
as much as 3 miles wide that has been 
unevenly warped 300 to 750 feet above 
sea level (17, 24). The terrace is dis- 
sected by valleys graded approximately 
to present sea level, and the valleys con- 
tain glacial deposits of probable Illinoian 
(third glacial) age; thus, most of the 
crustal warping that resulted in uplift of 
the terraces took place prior to Illinoian 
time. 

Elsewhere, the Alaskan coast south of 
the Yukon River appears to have been 
submerged by more than 100 feet during 
late Pleistocene time, probably as a re- 
sult of isostatic adjustment to the heavy 
sediment load that has been delivered to 
the eastern Bering Sea by the Yukon and 
Kuskokwim rivers and to the weight of 
the large glaciers that invaded Kusko- 
kwim Bay and Bristol Bay during Illi- 
noian(?) and Wisconsin time (Fig. 3). 
The deeply indented fjord coast of south- 
ern and eastern Chukotskiy Peninsula 
may also have subsided in late Pleisto- 
cene time in response to a heavy load of 
glacial ice. Kotzebue Sound has been en- 
larged by slight tectonic subsidence of 
its southern shore east of Cape Espen- 
berg (Fig. 2) since Illinoian(?) time 
(25). 

Other parts of the Bering and Chukchi 
sea coasts appear to have remained rela- 
tively stable throughout Pleistocene time. 
Marine sediments containing faunas 
ranging in age from late Pliocene or 
early Pleistocene (12) to late Pleisto- 
cene (26) are found near present sea 
level on the Pribilof Islands, and old 
beach ridges recognizable on topographic 
maps are abundant below altitudes of 
125 feet, and lacking at higher altitudes,, 
on St. Lawrence Island, on the shores of 
Norton Sound, and along most of the 
Alaskan coast of Chukchi Sea. 

The effects of sedimentation and crus- 
tal warping upon the depth and width of 
the Bering-Chukchi platform may be 
summarized as follows. 

1) The deposition of marine sedi- 
ments has tended to fill the marine basin 
and to lead to progressively shallower 
water during each succeeding intergla- 
cial interval. 
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2) Submergence due to isostatic load- 
ing of the Alaskan coast south of Norton 
Sound and of the south and east coasts 
of Chukotskiy Peninsula tended to widen 
and deepen the eastern and northwest- 
ern parts of the Bering Sea during late 
Pleistocene time. The submergence seems 
to have been localized in areas within a 
few tens of miles of the present coast, 
for St. Lawrence Island and the Pribilof 
Islands do not appear to have been af- 
fected. 

3) Western Seward Peninsula is a tec- 
tonically active area. Deformation of the 
magnitude recognized between Cape 
York and Cape Prince of Wales would 
have resulted in appreciable changes in 
the depth of Bering Strait if the inferred 
coastal fault extends west of Cape Prince 
of Wales. Bering Strait may have been 
considerably deeper during early Pleis- 
tocene time than during late Pleistocene 
time. 

One must conclude that a seaway at 
least as deep as the present one separated 
Siberia from Alaska during each Pleisto- 
cene interglacial interval and that the 
land bridge was open only when the sur- 
face of the sea lay considerably below 
its present level. 

Fluctuating Sea Level 

The repeated growth and disappear- 
ance of large glaciers during the Pleis- 
tocene epoch was accompanied by re- 
peated changes in the position of sea 
level. The surface of the sea lay at least 
100 feet higher than it does at present 
during the warmest interglacial intervals, 
when glacial ice disappeared almost 
completely throughout the world, and 
.sea level was lowered by more than 300 
feet during the most intense glacial in- 
tervals (27). 

The application of radiocarbon dating 
to oceanographic and stratigraphic stud- 
ies of late Pleistocene marine sediments 
has begun to yield a more detailed 
knowledge of the positions of sea level 
during the last 10,000 years and at least 
a sparse knowledge of positions of sea 
level during the preceding 30,000 years 
(Fig. 4). Curves showing the late Wis- 
consin and post-Wisconsin rise in sea 
level from - 180 feet to its present posi- 
tion are given with substantial agreement 
in at least three recent publications 
( 28 ). Submerged shore-line features at 
depths of from -150 to -180 feet and 
from -60 to -80 feet in the Gulf of 
Mexico off the coasts of Texas (29) and 

Florida and Alabama (30) apparently 
record brief interruptions that occurred 
about 11,000 to 8000 years ago (31) in 
the otherwise steady and rapid late Wis- 
consin rise in sea level. 

Most authors (32) have considered it 
probable that during earlier Wisconsin 
time sea level rose slowly but steadily 
from its lowest position (deeper than 
- 300 feet), held more than 35,000 years 
ago, to the position of - 180 feet, held 
11,000 years ago; however, recently pub- 
lished radiocarbon dates from the Mis- 
sissippi delta (33) seem to indicate that 
an initial rise from a depth of more 
than - 300 feet to a depth of less than 
- 150 feet (and possibly less than - 100 
feet) was accomplished more than 35,- 
000 years ago. The few radiocarbon- 
dated specimens having ages between 
35,000 and 11,000 years, then, seem to 
record a renewed but lesser lowering of 
sea level to about - 200 feet during the 
interval from 25,000 to 13,000 years ago 
(34). 

This modest reduction in sea level fol- 
lowing an interval of relatively high sea 
level during middle Wisconsin time 
seems to be represented in a submarine 
drill core from Atchefalaya Bay, Louisi- 
ana, in which marine sediments 11,950 
years old overlie the subaerially weath- 
ered surface of older marine sediments 
27,700 years old at a depth of about 
- 110 feet (35). The evidence for rela- 
tively high sea level during the interval 
from 35,000 to 25,000 years ago, and for 
renewed lowering of sea level during the 
interval from 25,000 to 13,000 years ago, 
also accords closely with the radiocar- 
bon-dated history of the final advance of 
the continental ice sheet from the vicin- 
ity of the Great Lakes to the Ohio River 
after middle WisconSin time (36). 

My interpretation of the history of sea 
level during Wisconsin time may be suni- 
marized as follows (see Fig. 4). Sea 
level was reduced more than 300 feet 
at the glacial maximum during early 
Wisconsin (Iowan ?) time, more than 
35,000 years ago. Sea level then rose, 
apparently during an interval of rela- 
tively mild climates within the Wiscon- 
sin glacial interval, and seems to have 
been higher than - 150 feet during the 
interval from 35,000 to 25,000 years ago; 
the edge of the continental ice in North 
America at that time lay somewhere 
north of the Great Lakes (37). 

The glacial advances of late Wisconsin 
time, reaching the latitude of the Ohio 
River, were reflected by a renewed low- 
ering of the sea to a level of about - 200 

feet. During the oscillating retreat repre- 
sented by moraines of Tazewell, Cary, 
and Mankato age in the central United 
States, sea level rose again to a position 
between - 150 and - 180 feet. Submerged 
shore-line features at - 150 to - 180 feet 
in the Gulf of Mexico record a stable 
position of sea level about 11,000 or 12,- 
000 years ago that may coincide with or 
may immediately precede the Valders of 
Thwaites (38) and Mankato readvances 
in the Great Lakes region. 

A sharp warming of air and sea tem- 
peratures throughout the world from 
11,000 to 9000 years ago was accom- 
panied by an almost catastrophic retreat 
of the continental glaciers. Sea level rose 
to a new stable position, marked by sub- 
merged shore-line features at depths of 
- 60 to - 80 feet in the Gulf of Mexico; 
this position was occupied about 800() 
years ago and may have coincided with 
or immediately preceded the readvance 
of the North American ice sheet to the 
vicinity of Cochrane, Ontario. The 
rapid rise in sea level began again about 
7000 years ago, and sea level has lain 
within 10 feet of its present position 
throughout the last 5000 years. 

Sea Level and the Land Bridge 

The present-day surface of the Bering- 
Chukchi platform slopes so gently that 
changes in sea level of the magnitude 
recorded during the last 40,000 years 
would result in great modifications in the 
distribution of land and sea. A reduc- 
tion in sea level amounting to 60 to 80 
feet-the level at which sea level stood 
about 8000 years ago-would drain shal- 
low indentations such as Norton Sound 
and Kotzebue Sound, and the west coast 
of Alaska would be considerably less 
deeply embayed (Fig. 5, A). If sea level 
were lowered 150 to 180 feet-the posi- 
tion recorded by submerged beaches 11,- 
000 years old in the Gulf of Mexico- 
Bering Strait would be drained, and an 
intercontinental land connection would 
extend from St. Lawrence Island north- 
ward to the Diomede Islands (Fig. 5, 
C). If sea level lay only 120 feet below 
its present position-its approximate 
position 25,000 to 35,000 years ago-the 
continents would again be separated by 
a shallow channel locally only 20 miles 
wide (Fig. 5, B). A reduction in sea level 
of 300 feet-to the level recorded during 
early Wisconsin time more than 35,000 
years ago-would result in the exposure 
of nearly all of the Bering-Chukchi plat- 
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form, and Alaska and Siberia would be 
joined by an almost featureless plain 
extending nearly 1000 miles from the 
north shore of a shrunken Bering Sea to 
the south shore of the Arctic Ocean 
(Fig. 5, D). 

Sedimentation on the Bering-Chukchi 
platform has been intense and rapid 
since the latest inundation by the rising 
sea, and the surface that was exposed 
during the last period of low sea level 
evidently lies buried beneath a cover of 
Recent marine sediments at least several 
tens of feet thick. Thus the interconti- 

nental land connection may have been 
inundated still earlier in the course of 
the late glacial rise in sea level than is 
suggested by the present topography of 
the sea bottom. 

Comparison of the sea floor topogra- 
phy with recorded fluctuations in sea 
level, then, suggests that (i) a land 
bridge more than 1000 miles in north- 
south width connected Siberia and 
Alaska during the most intensely glacial 
phase of early Wisconsin time, over 
35,000 years ago; (ii) the land connec- 
tion was greatly narrowed and probably 

severed when sea level rose to within 
less than 150 feet of its present posi- 
tion during a cool but prolonged middle 
Wisconsin interglacial interval, 25,000 
to 35,000 years ago; (iii) the land con- 
nection resumed or widened again when 
sea level fell to about - 200 feet during 
the late Wisconsin glacial advances, from 
25,000 to 12,000 years ago; (iv) the land 
bridge was closed by the rising sea for 
the last time between 10,000 and 11,000 
years ago. 

The land bridge ceased to exist at a 
time when world climates still were far 
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more rigorous than they are at present 
and when the southern margin of the 
continental ice in east-central North 
America still stood near the United 
States-Canada border. The thickness of 
marine sediments on the Bering-Chukchi 
platform was less during earlier glacial 
ages, and consequently, smaller areas of 
the platform lay high enough to be ex- 
posed at any given position of sea level. 
It is probable that the land bridge was 
closed even earlier in the waning phases 
of the pre-Wisconsin glacial intervals, 
and it seems unlikely that the Bering 
land bridge was ever open during the 
Pleistocene epoch at a time when world 
climates were less severe than those of 
late Wisconsin time. 

Glaciated and Ice-Free Areas 
on the Land Bridge 

Most parts of the Bering land bridge 
have always been free of glacial ice, but 
glaciers did invade several areas near the 
present shores of Alaska and Siberia dur- 
ing the Illinoian and Wisconsin glacial 
intervals (Fig. 3) and probably during 
earlier glacial intervals. Small, local 
glaciers have existed in the past on St. 
Lawrence Island and possibly on the 
Pribilof Islands (26). However, even 
when the more extensive Illinoian glaci- 
ation was at its height, a broad ice-free 
corridor extended from central Alaska 
across the land bridge to eastern Siberia. 
Glaciers may have barred access to the 

central parts of North America and Asia, 
but they have never constituted a barrier 
to migration between eastern Siberia 
and central Alaska. 

Forest or Tundra of the Land Bridge? 

Recent paleobotanical studies in west- 
ern Alaska establish clearly that the 
land bridge supported only treeless tun- 
dra during its most recent period of ex- 
istence in late Wisconsin time. More- 
over, a comparison of the vegetation of 
Alaska and Siberia suggests that the land 
bridge never supported forests during 
Pleistocene time. 

The present-day continental limit of 
spruce forest in Alaska extends from the 
base of the Alaska Peninsula northward, 
parallel to the present coast but inland a 
few miles, to Kotzebue Sound and thence 
eastward, parallel to and a bit north of 
the Arctic Circle (39). During the Wis- 
consin glacial interval the western limit 
of spruce forest in Alaska lay even far- 
ther eastward. Pollen studies in the Cook 
Inlet area (on the south coast of Alaska 
east of the Alaska Peninsula) indicate, 
for example, that the first vegetation to 
take root on glacial drift of Wisconsin 
age consisted of treeless tundra and that 
the first trees did not appear until sev- 
eral thousand years after the area was 
deglaciated and after the Bering land 
bridge was drowned by the rising sea 
(40). Griggs has shown, moreover, that 
the spruce forest has been extending rap- 

idly westward into tundra areas on the 
Alaska Peninsula during recent decades; 
the edge of the forest in southwestern 
Alaska now lies farther westward than 
it has lain for many thousands of years 
(41). Fossil pollen contained in pond 
sediments overlying drift of Wisconsin 
age near Platinum, several tens of miles 
west of the present limit of spruce in the 
Kuskokwim Bay area, records only tun- 
dra vegetation (42). 

Paleobotanical studies in several parts 
of Seward Peninsula that lie west of 
the present continental limit of spruce, 
indicate that there, too, the vegetation 
consisted of tundra during the Wiscon- 
sin glacial interval. The continental tim- 
ber line advanced temporarily several 
tens of miles beyond its present limits 
during a brief interval 8000 to 10,000 
years ago, when summers were warmer 
than they are at present (20, 43), but 
this warm interval began at almost the 
moment that the rising sea closed the 
Bering land bridge. It is clear that for- 
ests never extended onto the land bridge 
beyond the present shores of the Bering 
and Chukchi seas during the Wisconsin 
glacial interval. 

Little direct evidence is available con- 
cerning the character of the vegetation 
on the land bridge during its earlier 
periods of existence in Pleistocene time. 
However, comparisons of the living vege- 
tation of Alaska and eastern Siberia and 
of the fossil floras of Pleistocene age 
known from both regions suggest that 
the tundra vegetations of the two con- 
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'tinents have merged repeatedly and re- 
cently but that the forest vegetations 
have not been in contact with one an- 
other for a long time, probably not since 
the beginning of Pleistocene time. The 
tundra vegetation is made up largely of 
circumboreal species ranging widely on 
both continents (44), but no tree species 
is recognized as occurring in both Siberia 
and Alaska (45). In even the oldest of 
the Siberian Pleistocene floras the forest 
elements are Asiatic (46). The evidence 
of plant geography seems to indicate that 
the Bering land bridge has supported 
only tundra vegetation and that no con- 
tinuous belt of forest ever extended 
across the land bridge from Siberia to 
Alaska during the Pleistocene epoch. 

Pleistocene Climates on the 
Land Bridge 

Several lines of evidence point to the 
conclusion that a severe arctic climate 
prevailed on the Bering land bridge dur- 
ing the Wisconsin glacial interval and 
presumably during the earlier periods of 
its existence within the Pleistocene 
epoch. The conclusion that the land 
bridge existed only during major glacial 
intervals leads to the inference that the 
climate there was at least as severe as 
the present climate around the shores of 
Bering and Chukchi seas. The paleobo- 
tanical evidence that the land bridge 
supported only tundra vegetation is most 
easily explained if one assumes that 
summers were too short and too cold to 
support forest vegetation (47). Finally, 
studies of fossil frost features on Seward 
Peninsula indicate that during the Wis- 
consin glacial interval summers were 
shorter and colder than they are at pres- 
ent, that winters were as severe as at 
present, and that snowfall in lowland 
areas was thin and patchy (20). 

Conclusions 

The interpretation of the Cenozoic his- 
tory of the Bering land bridge offered 
in this article, resting as it does upon a 
synthesis of fragmentary data from many 
areas and several disciplines, must be 
regarded as tentative and rather specu- 
lative. Each new collection of Cenozoic 
mollusks from western Alaska, each new 
stratigraphic study of another coastal- 
plain area along the Bering or Chukchi 
coast, each new radiocarbon date relat- 
ing to a position of sea level, can force 
some modification of the history as I 

have interpreted it. Much could be 
learned from submarine cores on the Be- 
ring-Chukchi platform deep enough to 
penetrate through the Recent marine 
sediments into older deposits. The most 
serious gap in present knowledge, how- 
ever, is the lack of data on the stratig- 
raphy and structure of the sediments 
in the deformed marine terraces of west- 
ern Seward Peninsula adjoining Bering 
Strait; future studies in this area may 
result in profound modifications of the 
history that .I have proposed here. 

Though uncertainties persist, to be re- 
solved by future work, these generaliza- 
tions accord with the information now 
available. (i) The data of vertebrate 
paleontology suggest strongly that a sea- 
way existed across the Bering-Chukchi 
platform during middle Eocene time, 
but physical evidence of its existence has 
not yet been found in Alaska or on the 
islands of the Bering Sea. (ii) The Be- 
ring-Chukchi platform was a land area 
during most of the remainder of the Ter- 
tiary period. (iii) A seaway across the 
Bering-Chukchi platform came into ex- 
istence after middle Pliocene time and 
earlier than the beginning of the Pleis- 
tocene epoch. (iv) The continents were 
separated by a seaway on the Bering- 
Chukchi platform during each intergla- 
cial interval of the Pleistocene, and they 
were connected by a land bridge during 
each glacial interval. (v) Rising sea level 
eliminated the land bridge for the last 
time between 10,000 and 11,000 years 
ago. (vi) During Wisconsin time the 
land bridge had an arctic climate char- 
acterized by cold summers and severe 
winters; it supported treeless tundra 
vegetation; and animals migrating be- 
tween the continents had to adapt to 
life in a tundra environment. The same 
conclusion is applied, with less convic- 
tion, to intercontinental land connections 
on the Bering-Chukchi platform during 
earlier glacial intervals. 
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Biochemical Theories 

of Schizophrenia 

Part I of a two-part critical review of current 
theories and of the evidence used to support them. 

Seymour S. Kety 

The concept of a chemical etiology in 
schizophrenia is not new. The Hippo- 
cratic school attributed certain mental 
aberrations to changes in the composi- 
tion of the blood and disturbances in the 
humors of the brain, but it was Thudi- 
churn (1), the founder of modern neuro- 
chemistry, who in 1884 expressed the 
concept most cogently: "Many forms of 
insanity are unquestionably the external 
manifestations of the effects upon the 
brain substance of poisons fermented 
within the body, just as mental aberra- 
tions accompanying chronic alcoholic 
intoxication are the accumulated effects 
of a relatively simple poison fermented 
out of the body. These poisons we shall, 
I have no doubt, be able to isolate after 
we know the normal chemistry to its 
uttermost detail. And then will come in 
their turn the crowning discoveries to 
which our efforts must ultimately be 
directed, namely, the discoveries of the 
antidotes to the poisons and to the fer- 
menting causes and processes which pro- 
duce them." In these few words were 
anticipated and encompassed most of 

The author is chief of the Laboratory of Clini- 
cal Science, National Institute of Mental Health, 
National Institutes of Health, Bethesda, Md. This 
article is based on the Eastman memorial lecture, 
delivered at the University of Rochester, December 
1957, and on a paper presented at the third Inter- 
national Neurochemical Symposium, Strasbourg, 
August 1958. 

the current chemical formulations re- 
garding schizophrenia. 

It may be of value to pause in the 
midst of the present era of psychochem- 
ical activity to ask how far we have 
advanced along the course plotted by 
Thudichum. Have we merely substi- 
tuted "enzymes" for "ferments" and 
the names of specific agents for "'poisons" 
without altering the completely theoreti- 
cal nature of the concept? Or, on the 
other hand, are there sorne well-substan- 
tiated findings to support the prevalent 
belief that this old and stLubborn disorder 
which has resisted all previous attempts 
to expose its etiology is about to yield 
its secrets to the biochemist? 

An examination of the experience of 
another and older discipline may be of 
help in the design, interpretation, and 
evaluation of biochemical studies. The 
concepts of the pathology of schizo- 
phrenia have been well reviewed recently 
(2). As a result of findings of definite 
histological changes in the cerebral cor- 
*tex of patients with schizophrenia which 
were described by Alzheimer at the be- 
ginning of the present century and con- 
firmed by a number of others, an un- 
critical enthusiasm for the theory of a 
pathological lesion in this disease devel- 
oped, and this enthusiasm penetrated 
the thinking of Kraepelin and Bleuler 
and persisted for 25 years. This was fol- 

lowed by a period of questioning which 
led to the design and execution of more 
critically controlled studies and, even- 
tually, to the present consensus that a 
pathological lesion characteristic of 
schizophrenia or any of its subgroups re- 
mains to be demonstrated. 

Earlier biochemical theories and find- 
ings related to schizophrenia have been 
reviewed by a number of authors, of 
whom McFarland and Goldstein (3), 
Keup (4), and Richter (5) may be 
mentioned (6). Horwitt and others (7- 
9) have pointed out some of the diffi- 
culties of crucial research in this area. 
It is the purpose of this review to de- 
scribe the biochemical trends in schizo- 
phrenia research of the past few years, 
to discuss current theories, and to ex- 
amine the evidence which has been used 
to support them. 

Sources of Error 

Because of the chronicity of the dis- 
ease, the prolonged periods of institu- 
tionalization associated with its manage- 
ment, and the comparatively few objec- 
tive criteria available for its diagnosis 
and the evaluation of its progress, schizo- 
phrenia presents to the investigator a 
large number of variables and sources 
of error which he must recognize and 
attempt to control before he may at- 
tribute to any of his findings a primary 
or characteristic significance. 

Despite the phenomenological simi- 
larities which permitted the concept of 
schizophrenia as a fairly well defined 
symptom complex to emerge, there is 
little evidence that all of its forms have 
a common etiology or pathogenesis. The 
likelihood that one is dealing with a 
number of different disorders with a 
common symptomatology must be rec- 
ognized and included in one's experi- 
mental design (8, 10, 11). Errors in- 
volved in sampling from heterogeneous 
populations may help to explain the 
high frequency with which findings of 
one group fail to be confirmed by those 
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