
more, selective deletion of each class of neuron 
yields different behavioural outcomes, such as 
changes in gait or speed6,7. In this context, the 
idea that the spinal cord might be modelled 
just as well — if not better — by a near-random 
mishmash of neurons seems faintly heretical.

What is the rationale for developing a model 
of locomotor circuits in this way, rather than  
by making use of the extensive research on 
spinal-cell classes? One challenge in building a 
spinal network out of identified neuron classes 
is that these classes are far more numerous 
than was first appreciated. Each cardinal class 
of spinal neuron has been subdivided into as 
many as 50 subclasses8,9, and researchers 
are largely in the dark as to their patterns of 
activity and interconnectivity. Lindén and 
colleagues do not dismiss the importance of 
these neuron classes, but they suggest that 
it might be beneficial to start from a fairly 
generic model that reproduces the physio-
logical recordings, rather than from untested 
assumptions about connectivity. They point 
out that some of the neurons in their model 
can be ‘identified’ as belonging to putative spi-
nal classes on the basis of their contribution to 
behaviour. This observation sets up the idea 
that future analyses might allow researchers to 
link particular genetically identified classes of 
neurons to their position in the spinal network 
and their role in dynamical activity.

A related advantage of the approach taken 
here is that it is rooted in physiological record-
ings of neuronal activity. Manipulations in 
mouse models involve long-term silencing of 
defined classes of neurons, followed by anal-
ysis of the resulting behavioural output. This 
approach provides insights into the possible 
roles of each class of neuron, but gives no indi-
cation about the consequences for the locomo-
tor circuit — how does loss of one class of spinal 
neuron affect activity in the other classes? 
Furthermore, these long-term silencing 
approaches might drive compensatory 
changes that distort the apparent function of 
each neuron class. As a result, the field is still 
missing a defined mechanistic link between 
genetic manipulations and their consequences 
for behaviour.

The model put forward here makes a strong, 
testable prediction — that both excitatory and 
inhibitory neurons should exhibit activity at all 
phases of the locomotor cycle. It is currently 
difficult to address this prediction in turtles 
or, even, in mice, because neurons that release 
excitatory or inhibitory neurotransmitters are 
spatially intermingled, and cannot be distin-
guished with standard recording techniques. In 
zebrafish, some results do support the idea that 
inhibitory neurons are active throughout the 
locomotor cycle10; it will be interesting to extend 
this analysis to limbed vertebrates. In addition, 
integrating this rotational model with known 
spinal-neuron classes should spur a series of 
new experimental and modelling questions.
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Like all humans, Neanderthals lived their lives 
embedded in communities. They ate, slept, 
loved and died in the company of their kin. 
These communities were connected to others 
in larger webs of interaction, together form-
ing a region’s Neanderthal population. But how 
were the communities organized? What rela-
tionships formed the fabric of a group? Who 
left home to join another clan and who stayed 
put? On page 519, Skov et al.1 address these 
questions, by sequencing DNA from the bones 
of 13 Neanderthal men, women and children.

Since 2010, genome-wide data have been 
recovered for only 18 Neanderthals (see Fig. 1 
of the paper1), so this is a major data milestone 
and attests to the continued improvements 
in extraction and isolation of ancient DNA 
spearheaded by this research group. But what 
makes this work particularly remarkable is that 
the sequenced individuals are not scattered 
widely across the vast expanse of Neanderthal 
existence, but are concentrated at a specific 
point in time and space, thus providing the 
first snapshot of a family group. 

The authors take us to the northwestern 
foothills of the Altai Mountains in Asia. There, 
sometime between 51,000 and 59,000 years 
ago, Neanderthals at the easternmost edge 
of their range hunted migrating bison, and 
retreated to Chagyrskaya Cave (Fig. 1) to enjoy 
their spoils2. Their living space was cramped, 
but occupation was probably only seasonal. 
Approximately 90,000 stone artefacts have 
been found in this cave, along with the largest 
collection of Neanderthal remains known for 
north Asia3. 

It was from these remains that Skov et al. 
sequenced 11 Neanderthal genomes, along 
with those of 2 individuals from the nearby 

Okladnikov Cave. All seemed to be part of the 
same broad population — the descendants 
of a late expansion of eastern European 
Neanderthals into Siberia, distinct from the 
earlier occupants of Denisova Cave, only 
100 kilometres to the east3. Archaeological 
data suggest that Chagyrskaya was used by 
Neander thals for a few millennia2, an unwieldy 
time span for a study of social organization. 
But the authors’ discovery of biological 
kinship at the site changes this arithmetic; at 
least some individuals were contemporaries.

Among those present were members of a 
nuclear family — a father and his adolescent 
daughter — as well as a male–female pair of 
second-degree relatives (those who share 
about 25% of their DNA). A male individual 
who was a maternal relative of the aforemen-
tioned father was also identified, owing to a 
genetic phenomenon called heteroplasmy. In 
hetero plasmy, an individual has two different 
versions of mtDNA (a maternally inherited loop 
of DNA housed in cellular organelles called 
mitochondria).These different versions coexist 
for only a few generations, and thus individ-
uals who share a heteroplasmy are expected 
to be recently related along the female line. 
Skov et al. speculate that these men might 
have shared a grandmother, but note that their 
approach is not designed to detect relation-
ships beyond the second degree.

This lack of resolution is frustrating, but 
understandable — the study relies on esti-
mates of overall genome similarity to meas-
ure relatedness, and sparsity of data keeps 
the error bars large. In the future, deeper 
sequencing of the Chagyrskaya remains 
might provide a clearer picture, by enabling 
analyses of the number and length of genomic 

Ancient genetics

The first genomic portrait 
of a Neanderthal family
Lara M. Cassidy

Ancient genomic data have been retrieved for 13 Neanderthals 
from 2 caves in Siberia. The genomes provide unprecedented 
insights into the social organization of Neanderthal 
communities. See p.519
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segments that are shared between individuals. 
These approaches are better suited to iden-
tifying distant relatives and determining the 
nature of second-degree relationships (for 
example, distinguishing aunt and niece from 
grand parent and grandchild). 

The Chagyrskaya genomes, like that of an 
earlier Neanderthal from Denisova4, con-
tain signatures of inbreeding, in the form 
of long stretches of identical DNA inherited 
from each parent. In isolation, an individual 
with signs of inbreeding as extreme as one of 
these Neander thals might be mistaken for the 
offspring of second-degree relatives. However, 
when a whole population shows this profile, 
the interpretation moves towards less-recent 
but more-numerous ancestors shared between 
parents, as a result of consistently small 
population sizes. The authors draw parallels 
with endangered mountain gorillas, a sub-
species that recent decades comprised fewer 
than 1,000 individuals5. An outstanding ques-
tion is whether this level of inbreeding was a 
common predicament for Neanderthals, or a 
specific feature of Altai populations isolated 
at a geographical extreme.

It is fairly well accepted that Neanderthals 
lived in small communities — comprising per-
haps 10–30 individuals per group — with very 
low population densities in many regions6. 
What is less clear is the nature and level of 
interaction between these communities. 
Perhaps, then, Skov and colleagues’ most pro-
vocative finding is that women seem to have 
been frequently on the move between groups.  
Chagyrskaya provided an unprecedented haul 
of Neanderthal Y chromosomes (six in total), 
which were notably lacking in diversity — on 
average, two male individuals could expect 
to share a male-line ancestor around 450 years 
before they lived. By contrast, the equivalent 
estimate for female individuals (generated 
using mtDNA) was around 4,350 years. 

Several scenarios could account for the 
greater diversity of maternal lineages, includ-
ing the possibility that a subset of men fathered 
most children. But, through modelling, the 
authors found that their data are best explained 
by female-biased migration between commu-
nities of about 20 individuals, with more than 
60% of women being born elsewhere. There 
are, of course, many caveats to consider. The 
authors’ sample size is small; the sequenced 
remains might be a skewed representation of 
the community or derive from multiple com-
munities; and models are always wrong to some 
extent. But, in line with the group’s hypothesis, 
a study of mtDNA has previously hinted that 
some Neanderthals practised patrilocality7 

(women residing with their partner’s family), 
and Skov et al. provide the most convincing 
evidence yet for such behaviour.

Our own species has a uniquely fluid social 
structure within which bonds of marriage are a 
central feature. Detailed analysis of present-day 
hunting and gathering societies shows that  
both men and women frequently move 
between groups8, and that dispersed relatives 
often maintain lifelong ties — which is not the 
case for apes9. A father whose daughter moves 
to another community is able to recognize his 
grandchildren as kin, and to bond with (or at 
least tolerate) his son-in-law. This can allow 
vast social networks to form, if population 
densities are high enough. Whether this level 
of flexibility and cooperation is unique to 
Homo sapiens (and perhaps part of our suc-
cess story) or a trait shared with our closest 
relatives remains to be seen. Chagyrskaya Cave 
and other sites across Eurasia have many more 
secrets to yield.
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These days, a buzzing sound overhead is 
perhaps just as likely to signal the approach 
of a camera drone as that of a bee. Either way, 
the sound results from wings or rotors whose 
fast cyclical motion serves the joint functions 
of supporting the flier’s weight, and stabilizing 
and controlling its flight. Achieving stability 
through feedback control requires an accurate 
estimate of the attitude angle that describes a 

flier’s orientation with respect to the direction 
of gravity. Drones estimate their attitude using 
gravity-sensing devices called accelerometers, 
but it’s not yet clear how insects do so without 
accelerometers1, because vision offers a direct 
estimate of attitude only when the horizon is 
visible. On page 485, de Croon et al.2 show how 
vision can be used to infer attitude dynamically 
from the apparent motion of features in a flier’s 

Engineering

Embrace wobble to level 
flight without a horizon
Graham K. Taylor

The apparent motion of a flier’s surroundings is shown 
to stabilize its flight by providing information about its 
orientation. Lapses in information are overcome through the 
effects of sensor noise and body oscillations. See p.485
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Figure 1 | Chagyrskaya Cave in Siberia. Skov et al.1 analysed genomic data from Neanderthal remains found 
in this cave.
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