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Differences to this relatively simple pic-

ture of the Arctic Ocean used to exist in the 

western Eurasian Basin (north and east of 

Svalbard, north of Norway) where Atlantic 

water entering the Arctic through the Fram 

Strait (between Svalbard and northeast 

Greenland), at or near the surface, remained 

in contact with the atmosphere. In a previ-

ous study (4), the Atlantic character was seen 

to be extending eastward, toward eastern 

Siberia, between the early 2000s and the 

mid-2010s, leading to the notion of Arctic 

Ocean “Atlantification.”  It was shown that sea 

ice reductions, weakening of the halocline, 

and reduction in the depth of the Atlantic 

water layer were together making the eastern 

Eurasian Basin, north of Siberia, resemble the 

western basin in terms of its Atlantification. 

The consequent increased ocean heat flux 

was reducing the winter sea-ice formation 

rate, thus explaining the then-recent reduc-

tion in Arctic sea ice cover in the eastern ba-

sin. The hypothesis was that Atlantification 

was moving part of the Arctic Ocean toward 

a new climate state.

Polyakov et al. build on these observed 

changes in atmospheric circulation and in ice 

and ocean behavior. After decades of Arctic 

sea ice decline, they show that ice area and 

thickness have been stable, although variable 

since 2007. The decadal-scale variability of 

the atmospheric circulation explains this sea 

ice behavior. 

Atmospheric circulation variability is de-

scribed by using normal modes: patterns of 

variability in which all parts of the system 

change together. In the Arctic, the leading 

mode, the Arctic Oscillation, represents the 

variability of the polar high-pressure system. 

The second mode, the Arctic Dipole, is as-

sociated with anticyclonic winds over North 

America and cyclonic winds over Eurasia. 

The Arctic Dipole was roughly neutral before 

2007 and increasingly positive thereafter. In 

its positive phase, the Arctic Dipole weakens 

inflows to the Arctic Ocean across the Fram 

Strait while strengthening inflows through 

the Barents Sea, northeast of northern 

Norway. The resulting stronger Arctic Ocean 

circulation has been responsible for increased 

freshwater accumulation in the Amerasian 

Basin, which in turn has increased stratifica-

tion and reduced upward oceanic heat fluxes, 

slowing Arctic sea ice loss. This atmospheric 

forcing is consistent with observed and mod-

eled variability of Arctic Ocean freshwater 

accumulation and export (5, 6). An eventual 

return to dominance of the Arctic Oscillation 

mode would reinstate the faster sea ice re-

duction. Regardless of the mode in place, 

both the Arctic atmosphere and the Arctic 

Ocean are predicted to continue to warm 

faster than the rest of the planet through the 

21st century (1,7).

There remain unexplored and plausible 

ocean mechanisms that may further acceler-

ate Arctic warming, with consequences for 

the Arctic ice and ocean system, and with 

possible atmospheric feedbacks. When the 

Arctic Ocean is completely covered by sea 

ice, stresses exerted by winds are largely ab-

sorbed by the ice and ultimately transmit-

ted to land, greatly reducing the mechanical 

forcing of the ocean, hence the slow circu-

lation. When the sea ice declines, more of 

the ocean will be directly exposed to wind, 

increasing the efficiency of atmosphere-to-

ocean momentum transfer and accelerating 

the ocean circulation, called ocean “spin-up.” 

Consequently, parts of the ocean, particularly 

where it flows over rough topography around 

the edge of the continental shelf, would be-

come more turbulent, increasing the upward 

heat flux out of the Atlantic water layer (8) 

and likely spinning off more eddies (circu-

lar currents), carrying that heat toward the 

North Pole (see the figure). The strength of 

the Coriolis force—the force on a fluid that 

results from the rotation of Earth—in high 

latitudes changes the balance of physical pro-

cesses. Exotic turbulence mechanisms such 

as unsteady lee (standing) waves can be ex-

pected to dominate (9, 10), and they would be 

less season-dependent, further threatening 

Arctic sea ice survival outside summertime. 

Such mechanisms are not represented in any 

current forced ocean or coupled climate mod-

els and are the subject of ongoing research. 

In the Arctic Ocean, Atlantic-layer heat is 

presently trapped below the halocline, except 

where Atlantification has been taking place. 

However, ocean spin-up will increase turbu-

lence and mixing, which might release this 

heat more widely and in turn may accelerate 

the year-round sea ice decline. This would 

bring further and unknown consequences 

for both Arctic and mid-latitude weather, cli-

mate, and extreme events. j
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ANTHROPOLOGY

Did our 
ancestors 
nearly die out?
Genetic analyses suggest an 
ancient human population 
crash 900,000 years ago

By Nick Ashton1 and Chris Stringer2

E
arth’s climate system began to change 

during the Middle Pleistocene transi-

tion, which is associated with a severe 

cooling phase about 900,000 years ago. 

How this change might have affected 

human populations is difficult to deter-

mine, because the human fossil and archaeo-

logical records are relatively sparse for this 

period and lie beyond the reach of ancient 

DNA recovery. On page 979 of this issue, Hu 

et al. (1) use a new method of analysis called 

FitCoal to project current human genetic 

variation backward in time, to estimate the 

size of populations at specific points in the 

past. The results suggest that our ancestors 

suffered a severe population bottleneck that 

started around 930,000 years ago and lasted 

for almost 120,000 years. This is estimated 

to have reduced the number of breeding in-

dividuals to ~1300, bringing our ancestors 

close to extinction. 

Hu et al. argue that the proposed bottle-

neck correlates with a chronological gap in 

the African and Eurasian fossil records and 

may have led to the evolution of a new hu-

man species, ancestral to Homo sapiens. They 

favor a widely defined H. heidelbergensis as 

this ancestral species, probably emerging in 

Africa by 800,000 years ago. Two lineages of 

large-brained humans have long been recog-

nized in the later Pleistocene: H. sapiens and 

Neanderthals (H. neanderthalensis). A third 

group—Denisovans—was identified more re-

cently from ancient DNA in fossils and sedi-

ments at Denisova Cave in Siberian Russia 

(2). Considering how the inferred bottleneck 

might have affected human evolution in-

evitably leads to debate about the nature of 

the last common ancestor of H. sapiens, Ne-

anderthals, and Denisovans, and when and 

where this ancestor lived. 

It is not yet clear whether the last common 
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ancestor lived in Europe, Asia, or Africa. Hu 

et al. attributed the East Asian fossil record 

from that time to the more ancient human 

species H. erectus. However, there is evidence 

from sites such as Yunyang, China, of a dis-

tinct species that is morphologically closer to 

later humans from Eurasia and Africa such 

as H. sapiens and Neanderthals (3), suggest-

ing their ancestral lineage(s) might already 

have diverged from H. erectus by the time 

of the Yunyang fossils, which are dated at 

800,000 to 1,100,000 years ago. Moreover, 

some genetic models for the deep ancestry 

of H. sapiens and Neanderthals suggest that 

concepts of a single last common ancestor in 

time and space might be illusory (2, 4). 

Estimates using genomic data from H. 

sapiens, Neanderthals, and Denisovans 

calibrate the last common ances-

tor to between about 500,000 

and 700,000 years ago (2), which 

would relate the inferred bottle-

neck to this ancestral population, 

wherever it lived, with compa-

rable signals expected from Den-

isovan and Neanderthal genomes 

as well as from those of H. sapi-

ens. However, some recent stud-

ies of dental and cranial variation 

in fossilized skulls place the last 

common ancestor earlier, between 

about 800,000 and 1,200,000 years 

ago (5, 6), which might mean that 

already separated basal lineages 

of Neanderthals and Denisovans 

avoided the bottleneck, or suffered 

it to a different extent. Morphologi-

cal analysis of fossils suggests that 

the last common ancestor might be 

H. heidelbergensis (as favored by Hu 

et al.), H. rhodesiensis, H. antecessor, 

or H. bodoensis (7).   

The proposed bottleneck needs 

to be tested against the human fos-

sil and archaeological evidence by 

assessing how much of it might lie 

within the designated time span 

of 930,000 to 813,000 years be-

fore present. Most sites are dated 

through magneto-stratigraphy, 

whereby changes in the polarity 

(normal or reversed) of Earth 

can be identified, in combina-

tion with isotopic dating methods 

and in some cases changes in the 

species of mammals present. The 

putative bottleneck occurred dur-

ing a reversed phase (end of the 

Matuyama Chron) between the 

normal polarity of the Jaramillo 

Subchron and Brunhes Chron (see 

the figure). Despite issues with 

the resolution of dating, there are 

sites with evidence of human oc-

cupation in Africa, Asia, and Europe that 

have been attributed to this period of re-

versed polarity and, with varying degrees of 

certainty, to the inferred time of the bottle-

neck. These include sites in Kenya such as 

Kilombe (GqJh1 and Gqjh2), Kariandusi 

and Isinya (8), and locations in Bed IV of 

Oldupai in Tanzania (9). Of particular im-

portance are the human fossils from Gom-

bore II in Ethiopia that have an estimated 

age of 850,000 years before present (10), 

which lies within the bottleneck window. 

Sites in Europe, such as Gran Dolina and 

Boella in Spain, Monte Poggiolo in Italy, and 

Happisburgh 3 in the UK, have also been 

attributed to this period (11). Of further im-

portance are the increasing number of sites 

in China, particularly in the Qinling Moun-

tain Range, which cover the time span of 

the proposed bottleneck (12). This includes 

the human fossils from Yunyang (3).

These fossil records dating to the inferred 

bottleneck period 813,000 to 930,000 years 

ago suggest that humans were widespread 

inside and outside of Africa. Therefore, what-

ever caused the proposed bottleneck may 

have been limited in its effects on human 

populations outside the H. sapiens lineage, 

or its effects were short-lived. This also im-

plies that the cause of the bottleneck was 

unlikely to have been a major environmental 

event, such as severe global cooling, because 

this should have had a wide-ranging impact. 

Nevertheless, the provocative study of Hu et 

al. brings the vulnerability of early human 

populations into focus, with the implication 

that our evolutionary lineage was 

nearly eradicated. Recent work 

suggests that Europe was prob-

ably completely depopulated after 

a previously unrecognized cold 

phase about 1,100,000 years ago, 

before the proposed bottleneck (11). 

If methods such as FitCoal can be 

further applied to growing data 

from the genomes of H. sapiens, 

Neanderthals, Denisovans, and 

hopefully others, this should clarify 

ancient bottlenecks, and which re-

gions under habitation might have 

been the most or least affected. 

However, the genomic data must 

also be tested against the fossil and 

archaeological records of early hu-

man populations, records that need 

further enhancement from many 

regions of the ancient world. j
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Archaeological evidence during the bottleneck
Evidence of human occupation, including fossilized human bones (sites in 

bold), dated to the proposed population bottleneck [813,000 to 930,000 

years before present (kyr B.P.)], is recorded in Asia, Europe, and Africa. 

Gray bars represent the range of age estimates for when site occupation is 

thought to have occurred, and arrows indicate that occupation is thought 

to have extended beyond the date range shown [based on (3, 8–14)]. This 

suggests that the effects of the bottleneck were limited geographically and 

chronologically. The stone tools from Trinil are disputed.
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