
50 Years Ago
The Meteorological Office is 
cheerful if restrained about the 
success of its long range weather 
prediction service in its annual 
report for 1965 … Long range 
forecasts for a period of thirty 
days ahead have been published 
twice a month for the past three 
years … the Meteorological Office 
says that results have been slightly 
better than expected … forecasts 
are assessed after the event … and 
“marks are given for the accuracy 
of forecasts of temperature, rainfall 
and additional information”. 
Predicting temperature seems to 
be the easiest, with twenty-eight 
out of fifty forecasts ranking for the 
mark “good agreement”. On rainfall, 
however, agreement between 
forecasts and reality was good 
on fourteen occasions, moderate 
on seventeen and deserving the 
description “little agreement” 
on nineteen occasions … The 
long range forecasts are based on 
searches of records going back 
to the middle of the nineteenth 
century for analogous patterns 
of mean temperature and 
mean pressure in the northern 
hemisphere … What might 
be called objective long range 
forecasting is reckoned to be an 
extremely distant prospect.  
From Nature 20 August 1966

100 Years Ago
The firing of very heavy guns at a 
great distance was clearly audible 
at Harpenden throughout the days 
of August 7 and 8, as well as on 
previous occasions. The direction 
of the sound is evidently from 
the south-east, and that of each 
explosion lasts about two seconds. 
Our elevation is 440ft., and the 
local wind has been from west to 
north-west. The distance between 
Harpenden and Bapaume would be 
about 185 miles.
From Nature 17 August 1916

that occurred outside the 6-hour window. By 
contrast, when they inhibited excitation of the 
same population, preventing co-allocation of 
neuronal ensembles, memories that occurred 
within the 6-hour window were separated. 
These experiments confirm that common 
excitability of neurons in the amygdala is 
responsible for co-allocating neurons to mem-
ories within a window of time. 

A related paper by Cai et al.2 was recently 
published in Nature, and reported a similar 
finding — spatial memories that are acquired 
near in time are associated with overlapping 
neuronal ensembles in the brain’s hippocam-
pus. In this study, the authors monitored 
neuronal activity in mice exposed to one envi-
ronmental context (context A), then a week 
later to two other contexts (contexts B and C) 
separated by five hours. In line with Rashid 
and colleagues’ findings, Cai et al. observed 
co-allocation of activated hippocampal neu-
rons as animals explored contexts five hours 
apart, but not seven days apart. They then 
demonstrated the behavioural significance of 
this co-allocation by showing that subsequent 
pairing of shock with context C resulted in 
fear of that context and of context B, but not  
of context A. 

Importantly, the memories of contexts B and 
C were distinct — subsequently extinguishing 
the fear of context C did not extinguish the fear 
of context B. This is in contrast to Rashid and 
colleagues’ findings, and suggests a distinction 
in how timing contributes to the integration of 
memories in different systems. The results in 
the amygdala reflect the region’s role in gener-
alizing defensive reactions to aversive stimuli. 
By contrast, in the hippocampus, the linkage 
of distinct memories promotes recall of one 
memory when cued by another, reflecting the 
role of this region in supporting the elaborate 
organizational structure and flexibility of our 
conscious memories. 

The role of time in binding memories has 
been recognized since Aristotle’s day3. Our cur-
rent understanding of this process is embodied 

in a theory called temporal context memory 
(TCM), which was originally developed to 
explain why people have a better memory for 
words that occur close together in a list than for 
those farther apart. The theory was extended 
in 2013 to explain why people better remember 
events that occur within a few thousand sec-
onds of each other4. TCM theory posits that 
the transient overlapping of neural-activity  
patterns creates a gradually changing  
activity landscape that can link memories that 
are created close together in time and can sepa-
rate memories that are created far apart . The 
present results confirm TCM theory.

Consistent with TCM, a neurophysiological 
study in rats has shown5 that firing patterns of 
neural ensembles in the hippocampus gradu-
ally change over time. This change enables the 
animals to remember the order in which events 
occurred during an experience. More over, the 
gradual evolution of the neural networks that 
represent experiences continues for days6,7. 
Brain-imaging studies in humans have also 
documented a gradual evolution of hippocam-
pal neuronal activity associated with successful 
recall of the temporal order of events and with 
distinguishing events that occur at different 
times8,9. Thus, in addition to the role of time in 
linking and separating memories described in 
the current studies, time can also sequentially 
organize memories.

Of course, time is only one variable that 
can link and separate memory representa-
tions. Previous studies have demonstrated 
that other types of contextual manipulation, 
such as shared or distinct stimuli9 and consist-
ent or opposing reward associations for the 
same stimulus10, can link or separate neural 
representations of memories that occur close 
in time. Nonetheless, Rashid et al. and Cai et al. 
extend our understanding of the role of time 
in integrating and separating emotional and 
spatial memories, and reveal that allocation of 
neural ensembles underlies the powerful role 
of evolving temporal contexts in linking and 
separating memories. ■
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Figure 1 | Co-allocating cell populations to memories by time. Rashid et al.1 trained mice to fear a 
tone (tone 1) that was coupled to a mild electric shock. They then repeated the training for a different 
tone (tone 2), either 6 or 24 hours later. Overlapping populations of neurons in the brain’s amygdala were 
excited during the training sessions 6 hours apart, but not those 24 hours apart. As a result, the memories 
of the training sessions that occurred close together became linked. 
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