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Tale as old as time, or 
indeed even older? In this issue, we ponder 

an entropic force which has shaped the cognition, creativity, 
imagination, language, and logic of Homo sapiens and all species alike. 
Evolution has plainly left its touch on many pieces of our lives, from the 
hand we use to grab our morning coffee (p. 20) to the little voice in our 
head who keeps us from committing crimes (p. 30). To gain more clarity  
on present brains, we look to the sea, the birthplace of nervous systems 
(p. 10), then turn back to examine the remarkable intelligence of the  
‘manybrained’ bloblike superorganism Physarum polycephalum (p. 14),  
or “simple” fungi networks (p. 12). But what is truly advantageous about 
an organ so complicated and energetically expensive as the brain? One 
theory from Dr. Robin Dunbar, the Social Brain Hypothesis, might be 
receiving new life (p. 24). Social behavior plainly shapes evolution in  
another way: extravagant courtships and sexual selection (p. 18). Then 
why, indeed, does the loner cephalopod necessitate a similarly expensive 
brain (p. 20)? A multitude of theories abound (p. 6), but in many ways, 
we aren’t so different from the birds singing to potential mates, cepha
lopods in the deep, or indeed even from the dogs and cats living in our 
own homes (p. 16). However many of these organisms live more fleeting  
lives than those of our everincreasing lifespans. Indeed, one must look 
closer at the individual life, at the influence of traumas (p. 26) and the 
slow march of age creeping in our very cells (p. 32). As technology and 
pandemics place unique evolutionary pressures on us (p. 36), what will 
become of Homo sapiens? Can we expect, as in some great works of  
science fiction (p. 34), to give way to some new transhuman species: 

Homo novus? Only time will tell.

        Your EditorinChief,

Leandre

Like 
what you see?  

Interested in contributing? We are 
always looking for new authors and submis

sions on anything related to the topic of neuroscience.

Pitch us your idea, send us an article, take snapshots from your 
microscope, or submit your poems, drawings, short stories,  
critiques, and reviews. Not sure what you want to con
tribute? Get involved by contacting our editing team at  
cnsnewsletter@charite.de

This issue’s best contribution 
has been awarded to Manisha 
Biswas for her insightful 
analysis of the Social Brain 
Hypothesis and its place in the 
modern context of evolutionary 
and social neuroscience (p. 24). 
Her article will be rewarded 
with the book “The Accidental 
Mind.”

Congratulations and thank 
you to everyone for their 
contributions!
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Mismatched Genes

Prof. Dr. 
Stefan Gold

Charité research group demonstrates link between Neanderthal gene variants and    risk factors for psychiatric disorders and addiction behaviors

It all began with a fascination 
with Neanderthals. 

In an interview, Dr. Stefan Gold tells the story of how 
he, a professor of clinical neurosciences and immu
nology, came to publish a paper on the genetic 
influences passed from Neanderthals to modern 
humans [1].

To begin the story, Gold describes a paper by first 
author Michael Danneman, a postdoc working 
with Svante Pääbo (2022 Nobel Prize winner for 
his technique for sequencing ancient hominid 
genomes). In this paper, Danneman and col
leagues found that genes which were inherited 
from Neanderthals contributed to more variation 
in “chronotype, loneliness or isolation, frequency 
of unenthusiasm or disinterest in the last 2 weeks, 
and smoking status” [2].

“From my point of view, it looked like depression,” Gold 
tells me. He later invited Dannemann to give a talk, and 
in true research fashion, the most interesting discussions 
arose at dinner and drinks. Why would Neanderthal genes 
contribute to (modern) phenomena such as depression? A 
collaboration was born. 

In a study which began as a hunt for genes related to 
depression or other mental disorders, Prof. Dr. Stefan Gold 
and colleagues recently published a paper in Translational 
Psychiatry which links multiple gene variants, inherited 
from Neanderthals, to smoking, drinking, and sleeping 
habits [1]. Known largely as “genomewide association 
studies,” or GWAS, this research approach uses large data
sets to link diseases or traits with genes that have a higher 
frequency in the affected population. In other words, 
Gold and colleagues looked for Neanderthal gene variants 
which were more frequent in individuals with depression, 
for example, than those without.

The work began with a dataset from UK Bio Bank, which 
not only screened for the right variants, but also included 
information such as medical diagnoses and behavioral 
data. As a second measure of medical data, Ph.D. candi
date and medical student Victoria Stiglbauer meticulously 
annotated all the prescription drugs from the UK Bio Bank 
dataset.

The work couldn’t stop there. “We can’t just do the UK 
Bio Bank,” Gold explains. “We have to confirm it, so 
we’re hunting for datasets and that was what took a really 

long time. You need a data set that has the genetics that 
captures the Neanderthal variants, which are quite rare – 
below 5% frequency, so I spent about two years chasing 
datasets, in the meantime getting scooped oneandahalf 
times by people who didn’t do the replication. If my main 
job relied on these public datasets, I would never be able 
to sleep again” [3].

In the end, Gold and colleagues published analyses of not 
only the UK Bio Bank dataset, but three additional data
sets from Japan, the Netherlands, and Estonia [1].

Why study Neanderthal genes?

While it might be cool to hear that Neanderthals could 
be responsible for your sleeping habits, it is not immedi
ately obvious what this evolutionary link means. “It’s a 
cool genetic tool to time the age of a genetic variant,” says 
Gold, “because we know it has to be somewhere between 
50,000 and 40,000 years ago when it entered [the Homo 
sapiens genome] and then it got rapidly cleared out”. How
ever, some variants have persisted, which begs the ques
tion ‘why is it still here?’
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Cast of the Gibraltar Skull, discovered in 
1848 in Forbe’s Quarry, Rock of Gibraltar. 

This was the first Neanderthal skull ever found. 
Image credit: Carl Bento, copyright - Australian Museum

Charité research group demonstrates link between Neanderthal gene variants and    risk factors for psychiatric disorders and addiction behaviors

[1] Dannemann, M. Transl Psychiatry 2022

[2] Danneman, M. Am J Hum Genet 2017

[3]  Authorconducted interview

[4]  Saah, T. Harm Reduct J 2005

[5]  Press Release, https://tinyurl.com/yxk9fz2w

 Smoke, DNA, and wine icons created by  

Freepik  Flaticon

“What’s the advantage of smoking?”

It’s hard to imagine an evolutionary advantage to nicotine 
or alcohol addiction. To this point, Gold reminds me that 
evolution does not shape diseases directly. While their 
results link Neanderthal genes to modern behaviors such 
as number of cigarettes smoked daily or regular alcohol 
intake [1], it would be incorrect to say that substance use 
must therefore be evolutionarily advantageous. Instead, 
these links to addictive behaviors might be maladaptive. 
In other words, “you optimize the trait for a world that no 
longer exists.”

Gold’s hypothesis is inspired by an evolutionary psychi
atrist working on addiction, who postulated that hunter 
gatherer societies made use of the tobacco plant for its 
antibiotic and antiinflammatory properties. An individ
ual with a higher tolerance for nicotine might therefore 
benefit more from the tobacco plant. In another context, 
one could postulate that alcohol use, for example old 
fruits, might have also been beneficial for social cohe
sion. “We even see monkeys seek out fermented foods, get 
high, and end up falling out of trees,” says Gold. “I think 

there’s a craving for the intoxicating effects of alcohol in 
all primates.” Other theories on the evolutionary origins 
of addiction also suggest a “coevolution of the human 
brain, rewardseeking, and psychotropic substances” [2,4] 
In today’s world of quick and easy access to nicotine 
and alcohol, a higher tolerance for these substances may 
instead lead to habit formation and addition.

So, Neanderthals aren’t  
to blame for depression?

“It would be weird if it were so simple that a specific vari
ant is associated with the disease,” says Stiglbauer. “Some
thing like depression also tends to manifest later in life, so 
it isn’t necessarily linked to an advantage or disadvantage 
in terms of having children.” While these Neanderthal 
gene variants can’t be blamed for our modern struggles 
with depression, it can be noted that nicotine, alcohol, and 
sleep problems are “common risk factors for a range of 
neurological and psychiatric disorders,” and could very 
well “help us to unravel the evolutionary origin of addic
tive and rewardseeking behavior” [5].

Leandre Ravatt
Ph.D. candidate

AG Wegmann,  
MedNeuro, ECN
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An analysis of evolutionary hypotheses of the brain

Your Brain’s Guide to Why and How to Evolve

Understanding mechanisms of evolution 
have always been helpful for us to under
stand both our place and roles in nature, 
and the reasons behind our individual 
behaviors. When they first hear about the 
theory of evolution, some people tend to 
see the world from a highly reproductive 
angle. Nowadays, we observe that better 
brains are not directly for breeding (some 
of us may choose the number of citations 
over the number of kids). So, we may 
want to have better instructions on why 
and how to evolve our brains.

WHYs
Answers to the WHY question can be 
grounded in Darwin’s theory of evolution 
[1],

• Limited food

• Clash for mating

• Survival and fertility rates 

and to our previous knowledge of other 
factors important in evolution,

• DNA changes (i.e. mutations) [2]

Any organism should be armored with 
properties that are useful to fit better in 
current environmental conditions and in 
changing conditions. This will eventually 
help organisms to continue reproducing 
with higher reproductivity rates. These 
adaptations occur in response to changes 
in the number of individuals within 
the population or other species within 
the same ecosystem, or environmental 
changes (temperature, light, etc.). Species 
with brains should evolve their possibly 
best weapon to find food where resources 
are limited, mate when there is a selection 
for breeding, avoid danger, and survive. In 
addition, there can be new mutations and 
alterations in DNA that can help the brain 
along that line. We will now discuss these 
changes through the HOW question. 

HOWs
There are many hypotheses about how the 
brain dealt with the problem of fitness. The 
reason for this richness is a) the abundance 
of evidence for each hypothesis, b) the ten

dency to surpass the need to combine all 
explanations and favor a new way instead, 
and c) trying to explain a specific group of 
species (especially explaining why humans 
are special among other primates) rather 
than finding a theory that can be applied 
to all. [2]

The hypothesis we are looking for should 
be able to explain WHY we observe some 
patterns,

I larger size of brains in primates
II. varying size of brains among 
 primates,
III correlation of group size and brain 
 size in only some species (especially 
 primates)
IV. a complex social bonding in 
 primates
V. mono vs. polygamic nonprimates 
 having different sizes of brain
VI better technical abilities of some 
 primates [2]

As we search for this hypothesis, we 
should first differentiate between i) func
tional, and ii) mechanistic hypotheses. 
With functional explanations, we will try 
to understand what is the general way 
of providing better fitness for the species 
through the evolution of the brain. Later, 
with mechanistic explanations, we will 
look at molecular, genetic, and develop

mental limitations and methods of evolu
tion. You can imagine this as your favorite 
machine (maybe a device in the lab): func
tional hypotheses explain reasons why 
this machine continued to be improved 
(i.e. to decrease the power consumption), 
and then, mechanistic hypotheses explain 
which gears have been changed or which 
software is added, and how all these 
changed the device. 

fitness: the ability of species 
to answer environmental pressures 

by optimizing its survival 
and reproduction rates

Functional Explanations

We will start with hypotheses that are try
ing to explain the reasons leading brains 
to evolve and how they managed to keep 
up with them. As you read, we will return 
to the patterns (IVI) we observe and if the 
hypotheses can explain them. 

Triune Brain Hypothesis:
Being one of the most famous hypotheses 
(from the 1960s) [3], this hypothesis still 
finds its place in social media and blogs 
even if it is scientifically inaccurate today. 
[4] It states that there are three main brain 

Triune hypothesis and modern hypotheses of brain evolution. 
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structures that are evolved separately, one 
after the other, and associated with rep
tiles (lizard brain), mammals (mammal 
brain), and late mammals (human brain). 
These three "brains" are claimed to func
tion independently to manage basic life 
functions, emotions, and cognitive activ
ities, respectively.

There are several reasons that this 
hypothesis is abandoned. Firstly, there 
is a growing body of evidence showing 
evolution has not generated one part and 
then the other. Instead, neural regions are 
shared by each of these classes of species, 
meaning reptiles also have many parts 
that are said to be in the mammalian or 
human brain. Furthermore, we cannot 
separate activities of these regions: for 
example, when we think about how beau
tiful science is, there is an exchange of 
information between our amygdala and 
cortical areas. Also, brain regions are not 
activated only in response to information, 
rather they are always active at a certain 
degree but showing relative activities. For 
example, many brain areas are activated 
during sleep, but at different rates. [4]

So, unfortunately, you don’t have a lizard 
brain inside and you cannot just leave 
your tail when you face a problem, you 
need to face it with your emotions and 
thoughts!

Instrumental Hypothesis:
One important feature of a species for its 
fitness is its ability of foraging**. There is 
much evidence showing that innovative 
developments in the search for food and 
tool use are correlated with the brain 
size of primates and birds [4]. You may 
have encountered the video of a monkey 
crashing nuts with a rock, a crow doing 
multistep solutions to get food, or even 
the tusk fish opening a clam by using a 
rock (I highly recommend you to watch 
this at facebook.com/bbcearth/videos/ 
1937413866365203/). But, we don’t see 
these innovations in all species with a 
brain, thus failing to explain why we 
observe I, III, IV, and V (check the list 
under HOWs). [2]

foraging: searching for food

Social Hypotheses

Machiavellian Intelligence Hypothesis
In The Prince, Machiavelli explains to 
his Prince that he can use unethical 
ways (deception, cunning, and dishon
esty) to maintain his authority, although 
he should appear to be a good Christian 
to his society. [6] So, we define such 
unethical behaviors for one’s own good as 
Machiavellism. Furthermore, these behav
iors give ground to philosophies, such as 
Hobbes’ view on human nature.

Species compete with each other for sexual 
partners and food, thus requiring Machi
avellist behaviors (tactical deception) to 
be the fittest. Furthermore, tactical decep
tion has a positive correlation with the 
volume of the neocortex. However, this 
doesn’t explain why animals live together, 
and why philosophers such as Rousseau 
and Rawls come up with hypotheses on 
the common good. Thus, Machiavellian 
hypothesis is only able to explain why we 
observe I and II. [2]

Cultural Intelligence Hypothesis
Now, we need to find a reason why ani
mals live in groups even if it has higher 
costs. As the name of the hypothesis 
indicates, groups may have formed to 
distribute and improve information trans
mission through culture. This hypothesis 
adds a social perspective to the Instru
mental Hypothesis by suggesting that 

innovations and tool usage are taught 
by the members of the group, and cause 
accumulated information within a group.

This hypothesis can support the bigger 
brain size of humans and other primates 
who learn in a group. However, there is 
opposing evidence from Baboons who 
learn to forage before their social life 
starts. Also, we would expect larger brains 
from species who help raise up a cub (help 
from the father or whole community), 
however, we don’t see this correlation. On 
the contrary, monogamous species have 
larger brain sizes than their polygamous 
counterparts. Thus, this hypothesis is only 
helpful to answer why we observe VI. [2]

Vygotskian Intelligence Hypothesis
Opposing the Machiavellian hypothesis, 
this view suggests the need for commu
nicative, teachingfocused, and collab
orative collective intelligence in human 
societies. It aims to explain why human 
brains are larger, but fails to capture other 
species or explain neither similar proper
ties in some primate species nor a positive 
correlation of group size with brain size. 
Thus, explains only why we observe only 
the first (I) among IVI. [2]

Scheherazade Hypothesis
This hypothesis focuses specifically on 
sexual selection. Brain size increases due 
to specific mating needs and to spread the 
genetic material. However, the main indi
ces of sexual selection (size of the testes 
and mating behavior of females which 
create pressure on males) are not corre

Harlequin Tusk Fish. A young capuchin monkey opening nuts 
with a tool.
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lated with brain size. But still, breeding 
is not only about the selection of genetic 
traits of the mate. For example, some of 
us (and several species) may look for “the 
one”, to bond with. This hypothesis is able 
to explain why monogamic species have 
larger brains than their polygamic coun
terparts. Still, it is not able to explain why 
we observe II, III, and VI. [2]

Social Brain Hypothesis
The reason that most of us either know or 
heard of this hypothesis is that is is capa
ble of giving space to previous hypothe
ses. It argues that species face ecological 
problems that they need to solve by work
ing together, and this social development 
requires bigger brains. As cooperativ
ity increases with larger groups, it can 
explain the positive correlation of group 
size with several measures of brain size: 
neocortex, frontal lobe, and whole brain 
volume. Furthermore, correlation is bet
ter for female group sizes. Now, those of 
you who enjoy neuroimaging more than 
behavioral methods, hold on to your hats! 
Those humans and macaques that have 
more Facebook friends and bigger net
works/groups have bigger associated loci 
in the frontal and temporal lobes. [7] This 
is a strong evidence for the correlation 
between larger social networks and larger 

brains in humans and primates. Well, now 
you are interested in having more Linke
dIn connections, ha?

But, (there is always a “but”) group size 
and brain size correlation is only observed 
in primates. Still, this hypothesis has sup
port for other species such as fish and 
insects through social skills. When we talk 
about social insects, the first thing com
ing to our mind is bees. Bee species with 
queens that are more social are shown to 
outscore the volume of a brain region that 
is responsible for sociality. Furthermore, 
social skills are learned and this occurs 
after delactation to first breeding. Studies 
showed that this learning stage is better 
at explaining the differences in brain size 

compared to earlier developmental stages.
Other social hypotheses can find their 
place either by directly contributing or 
acting as results of the social brain. Also, 
it needs to be combined with the Instru
mental Hypothesis to be able to explain 
more. Then, it will be able to answer all 
the questions we had above. [2] To learn a 
little more about modern approaches to the 
Social Brain hypothesis, turn to page 24.

Adaptive Brain Hypothesis
Based on a very recent publication [4] this 
hypothesis sees the brain as a system that 
is continuously trying to find optimal func
tion and associated adaptation by tracking 
internal and external settings while consid
ering previous and future states. Although 
all other hypotheses already work along 
the path of adaptations, this hypothesis 
considers the brain as a machine contin
uously working on how to adapt better, 
thus putting the aim of adaptivity to focus 
on every mechanism it has and develops. 
It is a Bayesian system that acts based 
on prior experience to predict and adapt. 
Also, it tries to minimize the errors that 
can decrease fitness by analyzing external 
cues and slowing the process for tasks that 
are not experienced before.

It can be counted under the social hypoth
esis as it considers social connection as an 
adaptive mechanism along with emotion 
and cognition. Also, it highlights strong 
social connections as an important adap
tation to face stress and environmental 
constraints. Last but not least, focusing 
on the adaptive brain may give a new 
perspective of our understanding of men
tal diseases. One example is given about 
chronic stress in which an animal is not 
able to adapt to stress which prevents the 
animal to respond to stress. [4]

Mechanistic Explanations

After explaining functional hypotheses of 
brain evolution (the reasons driving our 
machine to be developed), now we want 
to know responsible genes, molecular net
works in our cells, and guiding cues for 

A summary scheme for the hypotheses.

Humans and macaques 
with more Facebook friends 
and bigger networks/groups 

have bigger associated loci in 
frontal and temporal lobes

[2
]
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our stem cells (system updates and new 
gears in the machine). So, in the next sec
tion, there is a mechanistic guideline for 
your brain on how to evolve. Rest is left 
as an exercise.

Developmental Approach:
In the early stages of our existence, there 
are groups of genes responsible for our 
brain development. Most of the genes 
that are fundamental for the general brain 
shape and structure such as "homeobox 
genes" are highly preserved throughout 
evolution.  In later stages, "early patterning 
genes" are responsible for determining the 
axes, size, and location of cortical regions. 
Development of the body (also the brain) 
depends on stem cells and progenitor cells 
which are descendants of stem cells, but 
with limited ability to divide and able 
only to form a specific cell type. Several 
other genes guide these progenitor cells 
to their positions where they will differ
entiate into mature neuron and glial cells, 
and some other genes guide axons and 
synapses. Thus, change in expression pat
terns of these genes through DNA modifi
cations (e.g. mutations, DNA breaks, and 
reattachments) can cause different shapes 
and sizes of brains. Furthermore, through 
development, activities caused by sen
sory or spontaneous drives (inputs from 
the environment) can change the cortical 
map, size, and connectivity of the brain.

In one study, it was possible to find some 
topological organizations such as small
world networks which are costeffective 
and have higher complexities. This is a 
cool example of how the brain can find 
solutions to reduce its size and delays in 
activity. [8]

smallworld networks: One way to study the brain is by thinking of every neuron 
as nodes that are connected through edges (such as points connected by lines). 
This is a topological way of representing the brain and a method used in build
ing brain connectomes. These networks of nodes (neurons) can be connected in 

different patterns. There can be random connections between a group of neurons 
or specific patterns of connections such as smallworld networks. 

Cellular Biology Approach
Neuron morphologies are also dif
ferent and account for differences 
in brains. Primates are found to 
have more spines and specialized 
branches in their dendrites. Fur
thermore, the CRir pyramidal cell 
is humanspecific whereas some 
neurons such as spindleshaped cells are 
specific to humans and some apes. In 
addition, humans have more types and 
numbers of interneurons in their brains 
compared to other species. However, 
there are restrictions on cellular evo
lution as neurons conserve their basic 
structures, size, and properties. Still, 
several new structures such as patterns 
of dendritic branching improved the 
brain which suggests that changes in cell 
morphology tended optimization of the 
brain. [8]

Genetic Approach
Even if studies show that the changes 
above have their roots in genetic changes, 
it can be convincing to name some genes 
for the readers who cannot do without 
genes.

Two of the genes responsible for con
trolling the size of the brain are Micro
cephalin (MCPH1) and Abnormal Spin
dlelike Microcephaly (ASPM). It is shown 
that MCPH1 evolved at a fast rate during 
primate evolution, leading to humans and 
slowed down afterwards. ASPM evolved 
after humans evolved and still continues 
its role in human evolution. [9]

Another gene, ZEB2, has been associated 
with larger forebrain of humans com
pared to apes. Furthermore, we can even 
find differences from other Homo species, 

such as NOVA1 that may have separated 
us from our early relatives. [10]

None of the genetic discussions can end 
without mentioning noncoding DNA 
and we will always regret the time when 
we called them “junk”. One example is 
the non-coding DNA-regulated change  in 
expression of the SPATA18 gene that causes 
significant changes between humans and 
apes. [11] Finally, in addition to many ways 
of genetic changes, the error rate of the 
DNA repair mechanism is also an impor
tant difference between species. [12]

While this short guide was being writ
ten, and as you read it, our brain, and the 
many theories about it, have continued to 
evolve. Also, we have learned something 
more about who we are. Now, before you 
move on, take a second to appreciate your 
adaptive, social, and instrumental brain 
for its efforts to make your life easier. 

Öykü Okur,
Integrated M.Sc./Ph.D. fellow

MedNeuro, ECN
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Taking a deeper look at the evolution of early nervous systems

Who‘s Got the Nerve in Bikini Bottom?

B R E A K I N G  N E W S : 
Flying Dutchman holds a fancy knotting 
contest in Bikini Bottom. Who do you 
bet on? SpongeBob? Patrick the star? 
Or maybe King Jellyfish? It is the final 
round and you have to give it your best 
shot. To make the best decision, you 
should closely follow through nearly 280 
episodes of the show.

Or, alternatively, you may consult your 
scientific background and look at the 
evolution of their respective nervous 
systems. In addition to making a calcu
lated wager in this imaginary scenario, 
this approach helps us to understand 
how we have turned from a single cell 
into a cultured human being and got our 
current brain in the circular chains of 
evolution.

The nervous system consists of soft tis
sues which are not likely to survive in 
fossils. Therefore, despite some impor
tant fossil discoveries of primitive nerve 
systems [1  3], we still need to inves
tigate existent organisms with the sim
plest nervous systems and study their 
anatomical and functional features to 
get a better sense of the big picture of 
the nervous system evolution.

How the nervous systems 
of Bikini Bottom citizens 
look like
Porifera, better known as sponges, is 
a phylum within the animal kingdom, 
and one of the ancient rulers of the liv
ing things. These creatures, including 
SpongeBob, are assumed to be the oldest 
that have defied extinction. A team of 
researchers led by Nanjing Institute of 
Geology [4] have found Eocyathispon
gia qiania, a spongelike fossil, to be the 
earliest animal on earth ever recorded. 
Members of the porifera phylum do not 
have digestive, coronary, or nervous 
systems: their bodies basically consist of 
a jellylike mass jammed between two 
main layers of cells. These cells have 
no direct and fast communication with 
each other. Instead, sponges use the 
water flow, which they actively create 

inside their body. Furthermore, they 
have specialized cell types which “wan
der” around in this jellylike mass and 
fulfill some of those basic functions.

The evolution of the nervous system has 
been a gradual process. It seems that 
the most primitive form of the nervous 
system is a simple neural network that 
was first observed in Cnidaria, a big 
family which includes jellyfish. Those 
simplest nervous systems can also be 
found in members of the Ctenophora 
(which also look like jellyfish, but are 
not closely related to them) and Echi
nodermata – with Patrick the Star and 
his family and relatives of starfishes, 
sea urchins, and sea cucumbers belong
ing to the latter group. Nerve nets 
allow these creatures to better respond 
to their environment with enhanced 
adaptation. Jellyfish and their relatives 
possess a bunch of primitive neural 

cells alongside their body which facili
tates its reaction to the environmental 
surrounding. Their neural net allows 
them to find nutrition and chemicals 
but they cannot detect sources of stimuli 
[5]. Starfish, on the other hand, have a 
nerve net in each arm, connected to a 
nerve ring at their center, which func
tions like a command station that coor
dinates the movement of the arms [6]. 
This more complex neural system relays 
impulses from light, touch and chem
ical sensors around Echinodermata’s  
body.

Scientists classically use Hydra – a 
prominent member of Cnidaria – as a 
simple model to study nerve nets [7]. 
These nets consist of ganglia and sen
sory cells. Nerve nets are formed as 
spread apart neurons – unlike neurons in 
central nervous systems of higher order 
animals, which are usually grouped 
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together. For instance, Mr. Krabs has two 
main nervous centers consisting of two 
ganglia located between his eyes and 
near his legs, that exchange information 
with each other to perform better under 
the water. In contrast, King Jellyfish just 
has some simple distributed neural nets, 
containing some interneurons which 
help him to modulate neural interac
tions between the sensory input of the 
stimulus and the later motor output.

Did SpongeBob lose his nerves 
to evolution?
“Holy Krabby Patties!” you may exclaim 
and go for either Patrick or King Jelly
fish in the aforementioned contest. Yet, 
Dr. Hirth would not be so sure. Hirth 
and Reichert [8] assume that in their 
lengthy evolutionary path, sponges 
once have had neuronal structures, 
which they subsequently lost in the pro
cess of “evolutionary reduction.” Using 

phylogenomic methodology, scientists 
have later found evidence that opens 
“the possibility that sponges … could 
have lost neural cell types or that the 
ctenophore nervous system evolved 
independently” [9]. By looking at gene 
samples from various organisms, they 
come to the conclusion that not Porifera 
(sponges) but Ctenophora (the creatures 
looking like jellyfish without being 
closely related) might be the sister group 
of all other animals, i.e., the first ones 
to branch off the evolutionary tree from 
the last common ancestor of all animals. 
Considering the nearly complex nerv
ous nets in Ctenophora, this indicates 
that the ancestors of all phyla might 
have had some kind of neural system, 
which the sponge family lost at some 
point during their evolutionary journey.

There is also another array of stud
ies [10,11], showing that sponge cells 

can communicate with each other via 
calcium waves, though they lack volt
ageactivated sodium channels which 
are necessary for the generation of 
action potentials. Sponge cells express a 
cluster of primitive proteins, resembling 
the postsynaptic density of a synapse. 
They also differentiate sensory cells 
responding to gravity, light and fluid 
currents [12]. The functions of these 
structures are yet unclear, but they can 
be seen as evidence supporting the more 
recent theory which stipulates the pres
ence of nerve nets in Porifera at early 
stages of evolution.

Well, then, can we consider Mr. Squarep
ants as the most intelligent one who 
omitted some extra redundant nerves in 
favor of optimal life? Maybe.

Or maybe not. Maybe the whole win
ner or loser distinction is irrelevant. As 
Niven & Chitta once said, “All extant … 
systems are success stories; no single 
one is inherently better than any other: 
they are the products of different sets of 
evolutionary pressures produced by dif
ferent life histories” [13].

Mahdieh S. Mirmohammad
M.Sc. student
Berlin School 

of Mind and Brain
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A non-fiction book about wonders of mycology by Merlin Sheldrake

Entangled Life

Regarding evolution, people tend to com
pare humans to other species based on 
their brains and cognitive abilities. We 
rarely think about “brainless” organisms 
that shape the world around us: fungi. 
Most of us know fungi as tasty mush
rooms that we can find on our walks in 
Grunewald, or moulds that appear on our 
walls when we underestimate the impor
tance of ventilation. Entangled Life is a 
book written by biologist and fungi enthu
siast Dr Merlin Sheldrake, whose simple 
mission is to show everyone reading this 
book that fungi are indeed fun.

Fungi are eukaryotic organisms found 
everywhere around and inside us. Scien
tists have described only 8,000 to 120,000 
of an estimated 1.5 million fungal spe
cies. These numbers suggest fungi are 
the least explored biodiversity resource 
on Earth [1]. The book Entangled Life 
summarizes all the cool things fungi can 
do, with so many unknown species, there 
may be many cooler things yet to come 
[2]. Fungi possess a nucleus enclosed by 
a nuclear membrane, as well as rigid cell 
walls, endoplasmic reticulum and mito
chondria. Fungi can be multicellular (i.e., 
moulds) or unicellular (i.e., yeasts), they 

may reproduce sexually or asexually, feed 
on both nonliving and living organic sub
strates and some species do not even have 
a cell wall [3]. Fungi react to their envi
ronment via a signalling cascades, such 
as the mitogenactivated protein kinase 
(MAPK), which is typical for yeasts. Dif
ferent MAPK cascade signalling cascades 
can regulate budding and fission, these 
stress response, cell wall biosynthesis and 
other processes required for the yeast’s 
survival [4].

A glimpse of the author
Dr. Merlin Sheldrake received his Ph.D. 
in tropical ecology from Cambridge Uni
versity, where he studied underground 
fungal networks. However, he was already 
working on this topic as a predoctoral 
research fellow at the Smithsonian Trop
ical Research Institute before. Currently, 
he is a research associate in the Nether
lands at the Vrije University Amsterdam. 
Dr Sheldrake’s research interests range 
from biology to the history of Amazonian 
ethnobotany. He is also an enthusiastic 
brewer, fermenter, and musician [5].

A glimpse of the topics discussed
Entangled Life tells us a story of how fungi 
influenced Dr Sheldrake’s life, enriched 
by amazing fungi illustrations. Dr Shel
drake introduces essential fungal quali
ties. These include eating rocks, digesting 
pollutants, surviving in space, inducing 
visions, manipulating animal and human 
behaviour, solving human problems (with
out any need to use human brains) and 
many more [2]. In the following para
graphs, I will introduce a small sample of 
topics discussed in this book. However, I 
promise that Entangle Life still has much 
more to offer. So, if you have time to read 
only one book before the end of this year, 
read Entangle Life!

Living labyrinths
Fungi contain rootlike structures called 
mycelia, which create dense networks 
that grow into their surroundings with 
infinite variability. In fact, root growth 
can be directed, allowing fungi to navigate 
wherever they like, and so efficiently that 
scientists sometimes use them to solve our 
problems! For example, slime moulds (sim
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A small brain exercise that could 
probably be easily solved by fungi. 

Can you solve it too?
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ilar to fungi in many ways, not considered 
fungi anymore) were used to model the 
Tokyo train network and to design some 
quick fire escape routes. If you ever got 
lost in IKEA and had to ask a staff member 
for help, then slime moulds might be a bit 
smarter than you. Slime moulds can figure 
their way out of any maze at any time. The 
author states that fungi can do this too, 
as they are mazedwellers and basically 
evolved to solve mazerelated problems [4].

But how do fungi coordinate their systems 
to extend their hyphae (branches of myce
lium) without a central source of control? 
This question is puzzling not only for Dr 
Sheldrake but also for researchers world
wide. Why is that? Well, unlike animals, 
mycelial networks have no brains, and no 
nervous system; yet they still coordinate 
their bodies quite efficiently. In the end, 
they effectively solved humanmade mazes 
[2, Chapter 4], while some of us get lost in 
Berlin even with the help of Google Maps.

Mycelial minds
Besides solving human problems, fungi 
can also influence the minds of other 
species, including humans. All of us have 
heard of psilocybin, a psychedelic that 
can elicit divine experiences. Many of us 
find it interesting how a simple fungus 
evolved to synthesise this one chemical, 
which we have receptors for in our brains. 
In this chapter, the author also references 
Michael’s Pollan book “How to Change 
Your Mind”, which is another fascinating 
read, focused on psychedelics. However, 
this chapter also talks about more disturb
ing fungal mindaltering abilities. Dr Shel
drake tells us a story of zombie fungi, which 
can modify hosts’ behaviour in ways that 
basically end up with the hosts’ suicide. 
These types of fungi infect ants and force 
them to climb up to the nearest plant. We 
know that this is the work of fungus since 
it is very unusual behaviour for ants. The 
fungus makes ants open their mouth, and 
clamp the plant. The fungal mycelium then 
grows from the ants’ feet and stitches to 
the plant’s surface. During this ‘ritual,’ the 
infected ant dies. The mechanism of this 
action is rather intriguing. When we study 
psychedelics, we know that they affect our 

brains, which subsequently alters our con
scious experiences. Watching these ants 
commit suicide makes you think that fungi 
must somehow alter ant behaviour by act
ing on the ant’s brains. However, research
ers have discovered a different, more sur
prising mechanism of fungal action. The 
fungus in the ant does not invade the brain 
but acts on the muscles and other parts 
of the central nervous system. The brain 
remains completely unaffected [2, Chapter 
4]. How creepy is that?

Radical Mycology
After discussing fungal mazesolving and 
mindcontrolling abilities, the author talks 
about other benefits fungal existence offers 
to humans. First, we know that yeasts are 
amazing model organisms with many 
equivalent genes to humans. They are also 
thought to share a very intimate history 
with us, due to their presence on our skin, 
lungs, digestive systems, and walls of our 
houses. Fungi are also extremely helpful 
in dealing with the problems we cause 
to nature. As we are wellknown pollut
ers, we are extremely fortunate that fungi 
can transform many pollutants present 
in soil and waterways into less harmful 
substances. Moreover, fungi can deal with 
pesticides, synthetic dyes, and explosives, 
such as TNT and plastics. Therefore, fungi 
are considered the best organisms for 
environmental remediation.

If this information is insufficient to appre
ciate and bow to fungi, the author contin
ues to talk about their even more inter
esting uses. There is a possibility of using 
mycelia to grow barracks for soldiers. 
These barracks could be built from dried 
mycelium, which is quite cheap. Another 
advantage of this method is that the myce
lium can decompose immediately after its 
job is done. This means that there would 
be no environmental impact and no waste 
produced when soldiers had to move 
around to different stations [2] (Chapter 

7). Am I too early now to hope for a cute 
mushroom house in the woods as well?

Commentary
Entangled Life kept popping up in my 
reading suggestions for quite a while 
before I finally decided to read it. I must 
say that my hesitation came from the fact, 
that my knowledge about the kingdom of 
fungi was very limited. Sadly, my “fungal 
education” was mostly related to learning 
the classification of fungi, their reproduc
tion strategies, nutrition, and mostly the 
classical textbook facts. However, this 
book extends beyond textbooks, by telling 
fun fungal stories. And since it is not just 
one story, it makes it a perfect coffee table 
book, so you can read one fun fact at a time. 
The author presents new research, labora
tories working with fungi, other books, the 
historical context of fungal research, and 
his and his friends’ personal experiences. 
The writing style is simple, easy to read, 
and no knowledge of fungi is required. In 
this review, I only offered a short glimpse 
of what the book contains, but this book 
has so much more than that. I would never 
think that I will be a person sharing fungal 
facts with friends at random meetings, but 
here I am.    

Patricia Zvarova
Integrated M.Sc./Ph.D. fellow 
Netstim Laboratory/AG Horn, 

MedNeuro, ECN
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The incredible intelligence of the brainless Physarum polycephalum

Brains Are Overrated

As neuroscientists, we tend to think that 
intelligence can only be found in animals 
and view neurons as the indispensable 
building blocks of information processing 
in biological systems. What if I told you 
that having a brain is not actually required 
for an organism to show intelligent behav
ior? Let me introduce you to the slime 
mold Physarum polycephalum, also known 
as “the blob”. It doesn’t have a brain, a 
nervous system, or a single neuron! It is 
actually made of one multinucleated cell 
(one cell containing several nuclei), and 
is not classified as a plant, an animal, or a 
fungus. The blob is a yellow amoebalike 
cell that can measure up to several square 
meters [1]. You can usually find it in shady, 
cool and humid forest litter. There, it feeds 
on bacteria, fungi and molds, but in labora
tories, it has a taste for oat flakes. Over the 
past 20 years, this brainless organism has 
been the focus of many scientists around 
the world in an attempt to unravel the 
mysteries of this creature’s unique abili
ties. Indeed, without any centralized con
trol, it has displayed remarkable behavior 
that reveal primitive forms of intelligence. 
But what makes an organism intelligent?

Did you know? 
A specimen of P. polyceph-
alum entered the Guinness 
Book of Records in 1989 as 

the largest single cell  
organism ever grown, with a 

surface of 5.5m2! [2]

Solving problems
First, one could argue that intelligence 
pertains to the ability to solve problems. To 
that end, the singlecell blob has demon
strated a surprising aptitude for finding 
efficient solutions to mazes and network 
puzzles.  In a study conducted twenty 
years ago, the slime mold was placed in a 
maze, with food sources on the 
two ends [5]. It first crawled 
on the surface, using tubelike 
structures called pseudopods, 
and covered the entire surface 
of the maze. Then, the parts of 
the creature which had wan

dered into areas without food shrunk, 
while the parts that had reached the food 
stayed in place. At the end of this process, 
the blob formed a unique tubular struc
ture inside the labyrinth, joining the two 
patches of food through the shortest path 
between them. This ability to connect food 
sources in the most efficient way possible 
also applies when more patches are pres
ent, leading to remarkable networkbuild
ing abilities. In another study, researchers 
reproduced on an agar plate a map of the 
Tokyo region, with patches of food repre
senting the capital and surrounding cites 
[6]. They even simulated geographical 
landmarks by shedding light (which repels 
the cell) in a pattern replicating moun
tains, lakes and coastlines. After being 
placed in the location of Tokyo, the cell 
again enveloped the surface of the arena, 
before recoiling in parts where no food 
was found. This resulted in a network 
of tubes connecting the different food 
sources, which showed similarity with the 
real railway system in this region in terms 
of efficiency, cost, and fault resistance. 
Therefore, this foraging behavior allowed 

the blob to find powerful solutions to net
work puzzles without any central control. 
This opens the possibility for researchers 
to use these singular abilities to inspire 
future selforganized network designs.

Learning and memory
It has also been argued that a hallmark of 
intelligence is the ability to learn and form 
memories [8]. There again, the amoeboid 
organism revealed unexpected capacities. 
For example, it has been found that this 
organism uses an externalized spatial 
memory to explore its environment ingen
iously [9]. This feature was discovered by 
placing Physarum polycephalum in an 
arena with a Ushaped trap separating 
the cell from a source of food. If it only 
followed the nutrient gradient towards the 
food, it ended up trapped in a deadend. 
The blob however managed to escape the 
trap and reach the food, by avoiding areas 
where it had already been. Indeed, when 
it moves, it covers the surface with a thick 
layer of transparent extracellular slime. 
This coating then indicates to the cell that 
this part of the environment has already 
been explored, and it goes in another 
direction. Moreover, if the blob has a 
choice between a coated and a noncoated 
region, it goes on the latter; however if all 
surfaces are covered with slime, it will still 
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Physarum polycephalum creating an efficient network in the Tokyo area

move on the coated area. This implies that 
the extracellular slime doesn’t stop the 
course of the cell entirely, but rather helps 
it choose the best area to explore. This is 
yet another example of the problemsolv
ing abilities of this creature, but this time 
using only local information (the presence 
of extracellular slime and food gradient) 
to navigate its environment, thanks to an 
externalized spatial memory. In addition, 
the blob has also been shown to be capa
ble of habituation, a basic form of learning 
[10]. To prove this, researchers put the 
blob in a petri dish, connected to another 
dish containing food, through a bridge 
covered in a chemical repellent. Because 
of this repellent, the slime mold took more 
time to reach the food and extended a 
smaller pseudopod, to decrease contact 
with the bridge surface.  After several 
days though, it progressively crossed the 
bridge faster and with a larger pseudopod, 
illustrating a decreased sensitivity to the 
repellent. Furthermore, after the stimulus 
was withheld, it reacted aversively again 
to a novel presentation of this chemical. 
Therefore, the blob behavior exhibited 
the two key elements identifying habitua
tion: a decreased response to the repeated 
exposure of a stimulus, and a recovery 
of the original behavior after some time 
without facing the stimulus.

Anticipating events
Finally, the brainless organism also 
demonstrated yet another distinctive fea
ture of intelligence, in being able to not 
only retain memories, but also to use this 
knowledge to make predictions about 
the future [11]. The anticipation skills of 
this species were investigated by expos
ing it to recurrent changes in tempera

ture and humidity. The blob’s preferred 
conditions are those which are cool and 
humid. Exposing it to drier conditions led 
the blob to move more slowly than in its 
standard condition. Repeatedly changing 
the blob’s environment from standard to 
dry therefore caused periodic changes in 
locomotion speed. Intriguingly, when this 
environmental cycle stopped, research
ers still observed a slowing of the blob’s 
movements at the time in which the next 
dry episode should have happened. This 
occurred up to 3 times after the end of the 
dry episodes, after which the cell stopped 
anticipating another cycle and came back 
to its normal behavior. Even more fasci
natingly, when submitting the blob to a 
single dry period again several hours after 
the original training, it reacted again by 
decreasing its locomotion speed at the 
time of the next predicted occurrence. 
This means that this simple organism was 
able to remember the periodic changes of 
its environment, anticipate such changes, 
and even keep track of the time period of 
the cycles for a relatively long time. 

Diverse intelligence
So how can such a simple aneural organ
ism have impressive brainlike abilities? 
Baluška and Levin [12] contend that forms 
of cognition can be generated by networks 
of elements interacting together: the for
mation and adjustment of connections in 
this network allow it to store, integrate 
and process information. A network of 
neurons plays this role in the brain, but it 
may be possible to have cognition emerg

ing from other physical substrates. The 
cytoskeleton, gene expression regulatory 
networks, extracellular matrixes, and bio
electrical networks, are examples of bio
logical processes that could underlie mem
ory formation without needing a neural 
network. This way, Physarum polycepha
lum, with its extracellular slime and com
plex intracellular dynamics, could gener
ate complex intelligent behaviors without 
needing a neural network. Needless to say, 
we are not referring here to higherorder 
forms of intelligence allowing selfaware
ness and consciousness. For instance, 
there is still no reliable proof of the exist
ence of associative learning in the blob 
[1]. Nevertheless, these intelligent abilities 
in an organism so far away from us on the 
tree of life could provide an insight into 
the evolutionary origin of our brains. The 
presence of basic forms of learning and 
cognition in the blob suggests that these 
functions may predate the existence of 
nervous systems [10]. Studying this prim
itive form of intelligence could therefore 
be a way to understand the fundamental 
principles underlying human intelligence.

Marine Balcou
M.Sc student, MedNeuro
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„the single-cell blob has 
demonstrated a surprising 

aptitude for finding efficient 
solutions to mazes and 

network puzzles“

„The presence 
of basic forms of learning 
and cognition in the blob 

suggests that these functions 
may pre-date the existence 

of nervous systems.“

„this simple
organism was able to  

remember the periodic  
changes of its environment, 
anticipate such changes, and 
even keep track of the time 

period of the cycles“
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Are Humans Really the Pinnacle of Evolution and Intelligence?

A Vox Pop with Pets:

A cat or a fish 
does not have to learn the 
principles of patch clamp 
or understand synaptic 

plasticity to live.
Image caption: A branch 
from the tree of life
Image credit: Author

Humans have always had the tempta
tion to place themselves at the center 
of all things, be it the thought of the 
universe revolving around the earth or 
the thought of humans being at the top 
of the evolutionary ladder. While the 
former has been widely accepted to be 
wrong, there are still some misconcep
tions about the latter. In popular media, 
evolution is depicted as a linear process, 
painting a picture of fish emerging on 
land to become primates, which then 
eventually become humans with amaz
ing cognitive abilities. But, are the 
brains of other animals merely previous 
stages that lead to human intelligence? 
The author asked this question in a vox 
pop interview with her pets. 

Underwater and underrated
“Umm…definitely not. I think my cous
ins and I can do most things that you do, 
maybe in a different way but I am cer
tain that we can. We can swim through 

any maze and even do it without google 
maps. Also, contrary to your belief, 
our memory span is not three seconds” 
said Ferd (name changed), the author’s 
youngest, slightly defensive rainbow fish.

He is not wrong. Fishes have a consid
erably long memory span and are used 
as models of learning in neurobiology, 
lab experiments have shown that rain
bowfishes, which have a lifespan of 2 
years, can remember the location of a 
hole in a net for a whole year [1]. They 
are also quick learners, an experiment 
compared cleaner wrasse fishes, capu
chin monkeys, chimps, and orangutans; 
they were given equal amounts of food 
on two different colored plates. One of 
the plates was always removed when 
they ate from the other one, and the 
animals had to learn which color to eat 
from to avoid this. The fishes were the 
first to pick that up while most of the 

primates never got it right. 
The fishes were also 

the quickest to figure 
things out when the 
colors were switched 

thereby demonstrating reversal learn
ing, which is a cognitive feat usually 
associated with bigger brain size and 
high intelligence [2]. In addition, they 
are fast at Pavlovian learning, just like 
vertebrates. They also use egocentric 
and allocentric strategies to solve spatial 
tasks and build complex spatial cogni
tive representations of their environ
ment [3].

“We have small brains and don’t have 
the internet but that doesn’t mean that 
we are less intelligent. We can maybe 
build internet? Because we can definitely 
use tools and do math!” said 2yearold 
Buss (name changed), author’s oldest 
ambitious goldfish.

While that might be an exaggeration, 
fishes do have the ability to use tools 
which is one of the highest bars set for 
animal intelligence. Several species of 
wrasse have been shown to use rocks 
to smash open sea urchins. They also 
exhibit numerical competency and there 
is substantial evidence that they can 
use purely numerical information in 
different contexts, like discriminating 
among different quantities or choosing 
number of social companions, which is 
also an indicator of social cognition in 
fishes [4]. On top of having social cog
nition to identify other fishes, they also 
passed the mirror test, suggesting that 
they have some level of selfrecognition, 
which is a remarkable sign of intelli
gence and consciousness [5].

Overall, fishes have been shown to have 
a remarkable amount of intelligence 
though they are among the earliest ver
tebrates and have very different brains 
compared to humans. They lack a neo
cortex but use their forebrain to perform 
higher cognitive functions. In 2006, a 
group of scientists showed that the spa
tial abilities of goldfish are associated 
with the pallium of the forebrain that 
may correspond to the hippocampus in 
mammals, which suggests that differ
ent brain structures can support similar 
intelligence behavior. 
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Feeline Smart
“Purr..” said Puna (name changed), the 
author’s 3yearold cat, ignoring the 
question.

Cats are generally not very cooperative 
and are nervous in social situations, 
making it harder to study them. How
ever, the little existing research done on 
cats have concluded that they are indeed 
very smart.
“Of course, we are smart and I don’t think 
humans are the pinnacle of intelligence! 
I know and remember everything. Now, 
give me the treats you are hiding.” said 
Chunk (name changed), the author’s 
oneyearold cat.

Yes, cats have excellent memory capac
ities and extensive longterm memory 
retention for about 10 years [7]. Also, 
their capacity for learning is compara
ble to their exceptional memory skills. 
Studies have identified observational 
learning in kittens, wherein the kittens 
that were allowed to watch their moth
ers performing an experimental act per
formed the same act sooner than other 
kittens [8]. In addition, cats also have 
an understanding of object permanence, 
which is the ability to keep an object in 
mind even when it goes out of view [9]. 
For example, if they see a treat being 
hidden under the bed, they know that it 
is still there even though they can’t see 
it anymore. This ability can further be 
extended to train the cats to discrimi
nate between quantities.

While cats are generally perceived as 
solitary creatures that lack social intel
ligence, it has been proven that they rely 
on communication within and between 
species to thrive in different environ

ments. These com
munications might 
also have a physio
logical influence on 
them; animal studies 
conducted on domes
tic cats show that 
kittens handled by 
humans for 20 min

utes a day, matured earlier and showed 
more synchrony in their EEG patterns 
as compared to the control group [10]. 
On a longer time scale, as a consequence 
of domestication practices, changes in 
the genetic structure of specific types of 
cats have also been identified [11]. This 
suggests that human selection has con

tributed to cats possessing characteris
tics such as social cognition, desirable 
for shared human habitation. However, 
cats also have “ecologically surplus abil
ity”, which is the capacity to cope with 
unexpected changes in the environment, 
making it easy for them to move from 
being a pampered pet to feral feline and 
back again, within a very few genera
tions, or even within the lifetime of a 
single cat [12].

What’s intelligence anyway?
A cat or a fish does not have to learn 
the principles of patch clamp or under
stand synaptic plasticity to live. Humans 
are biased in assessing the intelligence 
of other species as they often define 
intelligence as ‘thinking like humans’. 
But there are lots of animals that exhibit 
higher reasoning than what humans can 
even describe. For example, nutcrackers, 
the short tailed birds found in coniferous 
forests, can remember where they have 
cached up about 30,000 nuts each year, 
which is almost impossible for humans. 
The perception of intelligence to be an 
exclusively human trait is therefore a 
flawed idea. Different animals have dif
ferent innate behaviors and can do dif
ferent things that humans can and can’t 
do, making the world very heterogenous 
and exciting.

Poornima Anantha  
Subramanian

Ph.D. candidate 
AG Shoichet, MedNeuro, ECN
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Courtship Displays from Manakin Arenas to the Night Life

Fantastic Dances of the Brain: 

To the awe of nature admirers, life on 
our planet developed spectacular and 
diverse ways of propagating genes for
ward: sexual selection through court
ship displays. Throughout the next 
paragraphs, you will be amazed by 
how unconventional and creative these 
courtships can be, why they make sense 
in an evolutionary context, and which 
neural mechanisms could be behind 
such complex behaviors.

Breeding is at the very heart  
of evolution
The male eastern cottontail rabbit, 
when in front of a female, jumps up 
to 4 meters into the air, flipping 180 
degrees, whilst the female runs and 
turns 180 degrees to face it again. Then, 
they reverse their acrobatic roles [1]. 
Alligators, on the other hand, use their 
deep larynx to resonate with the water 
above, from which a unique pattern of 
water drops emerge [2]. Finally, we turn 
to the main players of elaborated court
ships: birds. The rare vogelkop superb 
birdofparadise male dramatically 
spreads its black feather cape whenever 
close to a female, hopping around her so 
that all that can be seen is the blackness 
of its body, together with its flamboyant 
blue eyes and breast feathers [3]. Prob
ably there are more courtship rituals in 
nature than feathers in a peacock.

Why is it so much work  
to get laid?
Creative courtship displays usually 
draw evaluator’s attention and give 
information about performer's health 
and fitness. As best displays usually 
lead to breeding, sexual selection can 
give rise to alluring and curious court
ship displays in an evolutionary time 
frame [3]. These behaviors can be very 
costly energetically. Male manakins, for 
instance, practice courtship displays 
daily in their selfbuilt arenas for up to 6 
months [4]. During the courtship, heart 
rates rise up to 1300 beats per minute, 
almost six times more than at rest [5]. 
One could wonder if they are exagger
ating, but in fact they are just adapting 
to females' really high standards. For 
example, males that reach a "beardup" 
posture more rapidly after landing cop
ulate more, even if the difference is in 
the order of tens of milliseconds [5]. 
Actually, the manakin visual processing 
area, named the ventrolateral mesopal
lium, is larger in females, and possibly 
a product of evolution to allow rapid 
visual processing of male displays.

Then, remains the question of how 
nervous, endocrine and muscular sys
tems come together to support such 
complex behaviors. It’s reasonable to 
think that existing neural schemes 
underlying ancestral behaviors such as 

jumping and singing can be used as 
modifiable templates to generate 

new displays. Moreover, soma
tosensory information must 

be able to trigger motiva
tional programs and hor
monal cascades which, 
in turn, activate neural 
circuits that ultimately 
lead to complex mus
cular coordination. 
Thus, we could expect 
a potential courtship 

circuit to be regulated 
by hormones, con

textdependent and cul
minate in coordinated motor 

sequences [3].

The dancing brain
The conserved periaqueductal grey 
(PAG) area looks like a good candidate 
for the main role in this circuit. PAG 
is an area of grey matter located in 
the midbrain, which works as an inter
face between the "higher brain" and 
the lower brainstem, spinal cord, and 
muscular system, thereby playing an 
important role in the intermediate stage 
of processing of instinctive behaviors. 
Further regulating this whole system 
is the preoptic area (PoA), a region of 
the hypothalamus involved with diverse 
regulatory functions, but most impor
tantly for us, it has been linked to sexual 
behavior and partner preference. PoA 
may achieve that by its GABAergic 
projections to inhibitory interneurons 
at the PAG, thereby inhibiting the inhi
bition of PAG courtshipspecific excita
tory neurons. Other structures relevant 
for neuromodulation can make PAG 
activity dependent on the general brain 
state, such as the serotonin producer 
raphe nuclei. Moreover, the amygdala 
in mammals, strongly related to threat 
and fear processing, and other telence
phalic structures in songbirds and fish, 
have GABAergic projections to PAG 
excitatory neurons, thus inhibiting 
courtship in a contextdependent fash
ion. The takehome message here is that 
PAG relevance for courtship displays is 
potentiated by the multiple sources of 
information that it receives about the 
environment and the internal state of 
the brain.  Overall, this potential court
ship display circuit is highly conserved 
among vertebrates.

An elegant study showed that, indeed, 
the PAG is necessary for vocal court
ship displays in mice [6]. By genetically 
tagging active PAG neurons during 
vocal courtship, researchers could opto
genetically reactivate and deactivate 
the same neurons afterwards to test if 
courtshipspecific vocalizations would 
be artificially elicited in nonrepro
ductive contexts or suppressed during 
reproductive contexts. The results were 
remarkable: mice vocal courtship dis
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plays can be engineered with modula
tion of its specific supporting neurons in 
the PAG. It is conceivable, additionally, 
that the PAG may be important for other 
elements of courtship displays, such as 
body movements, given its central role 
in complex behaviors like hunting, mat
ing and defensive behavior.

It has to be dynamic and 
context-dependent!
Hormones are definitely major players 
in regulating reproductive behavior. 
Treatment with testosterone was shown 
to induce expression of courtship dis
plays in birds [5] and natural plasma 
testosterone levels were correlated with 
the displaying season [4]. In the brain, 
testosterone can activate androgen 
receptors (AR) and, indirectly, estrogen 
receptors (ER). Different brain regions 
express receptors that can be activated 
by testosterone, namely various struc
tures in the courtship display circuit. 
Moreover, the output nodes of the cir
cuit are also sensitive to androgen hor
mones, from the spinal cord to the mus
cle tissue. After binding to receptors, 
hormones can alter gene expression 
patterns and act as second messengers, 
leading to fast functional consequences. 
With these mechanisms, levels of hor
mones in the body and brain can make 
the emission of courtship displays 
dependent on the time of the day, year, 
and contextual factors.

Evolution and diversification of court
ship behavior can take place by altering 
elements of the courtship display circuit 
in the brain. Different events could lead 

to functional changes: polymorphism of 
genes responsible for intrinsic properties 
of selected PAG neurons, circuit wirings 
and motor modules. Small genotype 
differences can generate dramatically 
distinct phenotypes. A study on mice 
locomotion exemplifies how a single 
mutation to the EphA4 receptor, which 
is relevant for several steps of brain 
development and is expressed from the 
cortex to the spinal cord [7], can lead to 
a novel hopping gait [8].

Human courtship can be 
interesting as well...
This whole story about birds and other 
vertebrates reproductive behavior is fas
cinating, but how does human courtship 
relate to that? Our courtship displays are 
comparably complex, with more cog
nitive and linguistic elements involved. 
The threephase model of human court
ship represented by Attraction, Comfort 
and Trust, and Seduction [9] may be 
related to other animals displays, which 
perhaps are less developed at the sec
ond phase. How exactly the courtship 
circuit in the brain works is a matter of 
debate, however it is probable that we 
share similar patterns with nonhuman 
species. For instance, touch is important 
for bonding in human and nonhuman 
primates, which is supported by psy
chopharmacological cascades involv
ing oxytocin, endorphins, dopamine 

and other neuropeptides [10]. To date, 
there is no conclusive evidence relating 
PAG to courtship behavior in humans 
and research protocols for assessing 
courtship displays still need to be devel
oped. However, more is known about 
sexual arousal: in humans, conserved 
subcortical structures in the hypothal
amus, midbrain, and spinal cord lead 
to sexual behavior, whereas cortical 
areas, serotonergic, and dopaminergic 
circuits act as main regulators [11]. It 
is also interesting to explore supposedly 
humanspecific variables in courtship. 
Humor, for example, is known to be 
important for human mate selection, 
perhaps because it is a good index of 
mental fitness [12]. 

The research field of courtship displays 
in humans and other animals is cer
tainly interesting and more findings 
shall bring excitement for scientists 
and the general population. Hopefully, 
informed by science, can we understand 
our mates better and perhaps even be 
more successful when dating?

João Pedro 
Parreira Rodrigues

Integrated M.Sc./
Ph.D. fellow

MedNeuro, ECN

[1]  https://bit.ly/3Ua08gd 

[2]  Ryan W Schwark et al., ELife, 2022

[3]  https://bit.ly/2KekQIv

[4]  Schlinger, BA et al., Front Neuroendocrinol, 

2013

[5]  Barske, J, Schlinger, B, et al., Proc R Soc 

Lond B Biol Sci, 2011

[6]  Tschida, K et al., Neuron, 2019

[7]  Greferath, U et al., Mechanisms of  

Development, 2002

[8]  Kullander, K et al., Science, 2003

[9]  Oesch, N and Miklousic, I, Evol Psychol, 

2012

[10]  Dunbar, RIM, Neurosci and Biobehav Rev, 

2010

[11]  Calabrò, RS et al., Brain Behav, 2019

[12]  Howrigan, DP and MacDonald, KB, Evol 

Psychol, 2008

[13]  Scholes, E, Laman, TG, PeerJ, 2018Akshay Gupta. 
https://pixahive.com/photo/couple-laughing-at-a-joke/

Humor is important for 
human mate selection.



20 January 2023

FOCUS

CNS newsletter

The Octopus and the Evolution of Intelligent Life by Peter Godfrey-Smith

Other Minds:

“If we can 
make contact with 

cephalopods as sentient 
beings, it is not because 

of a shared history, 
not because of a kinship, 
but because evolution 
built minds twice over. 

This is probably the 
closest we will come to 
meeting an intelligent 

alien.” (p. 9)

“The mind 
evolved in the sea. 

Water made 
it possible.”

                                       photo by Dan Boud

Peter 
GodfreySmith

It is a phenomenon reported by divers and nature photogra
phers: a sense of mutual engagement with wild animals. Dr. 
Peter GodfreySmith begins his book ‘Other Minds’ with 
one such encounter: a meeting with a giant cuttlefish who 
appeared to return the interest of a diver. Are such encoun
ters truly an exchange between two conscious beings? 
Indeed, what does it mean to be conscious?

Dr. Peter Godfrey-Smith earned his PhD in philoso phy  
from UC San Diego and followed it up with a prestigious 
career as a professor of philosophy, eventually leading 
him back to his home in Sydney, where he works as a 
professor in the School of History and Philo sophy of 
Science at the University of Sydney. He has published 
his work in many notable scientific publications such as 
PNAS, Journal of Philosophy, and Biology and Philosophy.  
In addition to ‘Other Minds,’ he has written three other 
books, appeared on podcasts and interviews, and had 
his photos and videos featured in publications such 
as The New York Times, National Geographic, and  
Science. He also runs an Instagram account full of  
amazing wildlife shots (@insta_zoan)

GodfreySmith does not presume to solve the mystery of 
consciousness but rather proposes to make progress towards 
understanding subjective experience: “what it feels like to 
be such an animal,” by comparing two “independent experi
ments” in consciousness: humans and cephalopods.

The Evolutionary Toolbox: Teeth and Shells, 
Language and Complex Nervous Systems
With a playfulness often absent from classroom textbooks,  

GodfreySmith guides us through 
the evolution of the earliest 

animals while actively 
acknowledging our 
very human reactions 
to certain claims, such 
as the relative evolu
tionary importance of 
sponges. At the end of 
our tour through Edi
acaran and Cambrian 
periods, we reach at 
last the cephalopods.

‘Smart,’ as the author 
remarks, is a conten
tious word, and we 
must tread carefully as 
we contemplate their 
remarkable, albeit 

very other, intelligence. 
Thus, a discussion 
of theories of intelli
gence and conscious
ness is warranted 
and leads naturally 
into an exploration 
of the possible ways 
in which conscious
ness may have appeared in 
the evolutionary lineup. In our human 
experiences, language is inextricably linked to language. We 
see a similarly robust potential for complex communication 
in cephalopods with their ‘LEDlike’ skin. Paradoxically, 
cephalopods are, on the whole, less social creatures than pri
mates and sometimes display complex patterns seemingly to 
no one. This begs the question: who are they communicating 
with? GodfreySmith proposes that this phenomena of soli
tary displays might reflect internal thought, indicating rich 
inner lives.

Regardless of whether the specifics of cephalopod intelli
gence can be established, it is clear that cephalopods dedi
cate a tremendous amount of energy into growing complex 
nervous systems. GodfreySmith points out that this energy 
expenditure pays off for humans in learning and memory 
over many years, but giant cuttlefish, for example, live only 
a measly 4 years. Why then, evolutionarily, did cephalopods 
develop such large brains, and why do any of us age at all?
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GodfreySmith ends the book where he began: in Octopolis, 
an unlikely metropolis of cephalopods and other sea life. It is 
only natural, at this stage, to turn to the drastic changes that 
humans have visited upon the environment there.

Swimming between disciplines
While GodfreySmith borrows from many different disci
plines, he is a philosopher by training. “I hope as the book goes 

along,” he writes in the beginning, 
“it will move in and out of 

philosophy through 
seams that you won’t 
much notice” (p12). 
In this, he undoubt
edly succeeds, as it is 
only through a sec
ond or third read that 
I can pick out these 
junctions.

Reigniting scientific curiosity
From the perspective of a scientist trained in skepticism and 
restraint, this interweaving of hard science, philosophy, and 
pure curiosity is a heady, intoxicating experience. Much of 
the book indulges in scientific taboos such as anthropomor
phism or exaggeration for the sake of comprehension. How
ever, GodfreySmith is mindful of his rulebreaking, and often 
acknowledges when he might rankle the feathers of biologists 
with his illustrations, for example of overly generous ‘eye
spots’ on an early bilaterian.

Educational sketch of an 
early bilaterian, repro
duced by author from 
Other Minds

GodfreySmith is himself an “excellent philosopher of cog
nitive science and biology,” says Dr. Dimitri Coelho Mollo, 
Assistant Professor in Philosophy of AI at Umeå University, 
and “he presents current debates and open questions very 
well.”  In the space of 204 pages, he undoubtedly succeeds in 
his proposal to make progress on the question of subjective 
experience.

Dizzyingly complex, remarkably simple
Whether or not ‘Other Minds’ has a place in formal scientific 
discussions of consciousness, it is an outstanding example 
of science communication for a diverse audience. Simulta
neously complex and approachable, the book demonstrates 
that good science communication does not need to be simple. 
When necessary, he uses metaphors such as Paul Revere’s 
Ride (“one if by land, two if by sea”) to describe the function 

of nervous systems. Throughout the book, GodfreySmith 
simplifies only in those cases in which a scientific field has 
built unnecessarily baffling walls of jargon. The result allows 
people from most educational backgrounds to engage with a 
systematic and scientific approach.

A book for anyone
However you came to read this review, I can guess that you 
have at some point wondered: ‘What, in fact, do we mean by 
consciousness, and where did it arise?’ In the space of 204 
pages, GodfreySmith consults experts across scientific disci
plines and pulls from his own extensive research background, 
not to answer this question but rather to share a collection of 
evidence and arguments with the reader, an equal partner in 
the discussion.

Regardless of your educational background or current sci
entific discipline, I recommend this book to everyone inter
ested in taking a creative, scientific approach to pondering 
questions of the mind.

Leandre Ravatt, Ph.D. candidate
AG Wegmann, MedNeuro, ECN

“Good philosophy 
is opportunistic, it uses 
whatever information 

and whatever tools look 
useful.” (p12)
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Left Behind?

90% of humans wake up every morning and pick up their cup of 
coffee with their right hand. This act, which is so subconscious 
and natural to us, is indeed a very unique feature displayed by 
humans.

Most other “nonhuman” primates, such as chimpanzees and 
gorillas, do not show a preference towards one hand on a popu
lation level. This suggests that handedness (an individual’s pref
erential use of one hand, known as the dominant hand, due to it 
being stronger, faster or better in dexterity [1]) probably arose 
around 5 million to 7 million years ago [2].

Could analysis of fossils lend a hand?
Tracing back the evolution of handedness is a lot harder than 
you would imagine. We may intuitively think that palaeontol
ogists could compare the bone structure of both hands of fossils 
to detect preferential use of one hand, but for this, both hands 
need to be found which is almost never the case. Hence, they use 
other measures to detect handedness, such as the teeth! Scientists 
believe that if the direction of striations on the teeth go from left 
to right  it suggests right handedness. The earliest evidence for 
right handedness is believed to be a Homo Habilis that dates back 
to 1.8 million years ago as suggested by fossilised teeth [3]. 

‘Hand in Hand’ with lateralization?
While there is evidence that other animals show a hand or paw 
preference on an individual level, there is no evidence for con
sistent preference of one hand on a population level. It has been 
suggested that handedness probably developed alongside speech. 
While this may be the case, other, such as Bill Hopkins at the 
Yerkes Regional Primate Research Center in Atlanta (USA) 
hypothesise that handedness was perhaps not related to speech 
at all but developed due to the increased need for motor coordi
nation. And therefore, may have occurred significantly further 
back in the evolutionary timeline, even before humanity’s split 
with other primates [4].

As is the case with most evolutionary theories, countless con
jectures have been put forward. Some studies indicate hand 
preference in prosimians (nonape primates such as lemurs). For 
example, the right hand was used as more “dominant”  perhaps 
to grasp a branch while the left hand was preferred for small 
quick movements like catching insects. The effect of this lateral
ization was highlighted during tasks that required the animal to 
stand upright. Based on this study, Peter MacNeilage developed 
his “postural origins theory” of handedness that postulates that 
“handedness and laterality originally developed to enhance the 
stability of posture and locomotion, and that the differentiation 
of the roles of the upper limbs developed when prosimians and 
primates started walking upright.” .The pretty cool thing is that, 
just like our ancestors that leapt around in treetops, most mod
ern humans tend to jump across a puddle leading with the right 
leg [3].

Some possible evolutionary theories
As one might expect, there is of course a genetic theory 
that suggests that the gene responsible for handedness is 
unique to humans and emerged much later in our devel
opment due to a random mutation during the evolution of 
Homo Sapiens. It could also be that handedness emerged as 
a consequence of mothers carrying their infants on the left 
side to keep their right hand free for other tasks [4].

In any case,  lateralization  usually begins in the brain. Nor
mally, the left side of the brain has more control over the 
right side of the body and vice versa. Then, what could have 
been the evolutionary advantage for handedness to emerge? 
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Some scientists claim that the division of neurological labour 
perhaps evolved because it is more efficient for the two brain 
hemispheres to carry out different computations at the same 
time [5]. The left side of the brain might have evolved to 
carry out general tasks such as foraging for food while the 
right side was kept free to detect unexpected challenges in 
the environment such as predators. This has been observed 
in some fish and birds that are more likely to attack prey 
seen with the right eye [6]. As stated by  scientist Stephanie 
Braccini, it is thus likely that the strengthening of individual 
asymmetry started as soon as early hominins  used to stand 
on their feet for foraging or to use tools [7].

On the other hand...
Being a part of the remaining 10% is unfortunately not too fun, 
especially when you have to deal with a pair of scissors, a desk 
or a spiral notebook designed specifically for right handed peo
ple! If most humans are righthanded, why are some people left
handed? The reason is most likely genetic, but several other bio
logical, social and cultural aspects may play a role. While most 
newborns use both hands,  handpreference is observed by two 
years of age [8], studies have shown that handedness could even 
develop inutero making it possible to predict it by studying pre
natal ultrasounds [9]. A group of scientists measured left to right 
asymmetry of the cerebral cortex in 28,802 righthanders and 
3,062 lefthanders. They found only small average differences 
between the two groups in brain regions important for con
trolling the language, vision, and working memory. Although, 
genetic influences on handedness were found to be associated 
with some of these brain asymmetries, especially languagere
lated regions. One implicated gene was NME7, which also affects 
placement of the visceral organs suggesting a possible connec
tion between brain and body asymmetries  during the embryonic 
development [10].

It’s is indeed quite interesting that historically, lefthandedness 
was not considered the most respectful trait and was rather seen 
as  sinful and has been associated with the devil, something evil 
and weakness [11]. Were these some of the factors that drove 
people to be more righthanded, or is there a scientific reasoning 
as to why we prefer righthandedness as a species?  While hand
edness doesn’t offer huge advantages other than of course being 
able to use a pair of scissors without struggling in this right
handed world, most questions still remain unanswered.

Marula Mathew
Integrated M.Sc./Ph.D. fellow

AG Mergenthaler, MedNeuro, ECN

[1]  https://tinyurl.com/yks879tk

[2]  https://tinyurl.com/2tj8fxmz

[3]  Frayer, J Hum Evol, 2016.

[4]  Peter F. MacNeilage,The “Postural Origins” Theory of Primate  

Neurobiological Asymmetries in Biological and Behavioural  

determinants of language development.

[5]  https://tinyurl.com/3vmks478

[6]  https://tinyurl.com/4vwt32vr

[7]  Braccini, J Hum Evol, 2010. 

[8]  Hepper et al, Neuropsychologia 1998.

[9]  https://tinyurl.com/zbvnuuvk

[10]  Sha, PNAS, 2021. 

[11]  https://tinyurl.com/mfkr7kaa



24 January 2023

FOCUS

CNS newsletter

Possible Ways Forward for the Social Brain Hypothesis

An ecological niche describes the 
unique role a species plays in its envi
ronment. Species evolve to exploit their 
respective niches for survival; bees 
occupy the niche of great social coor
dination, snakes for agility in hunting 
small prey, cats for general cuteness, 
and the list goes on. It has been argued 
that the human niche is cognitive abil
ity, our enormous capacity for general 
intelligence, which vastly surpasses that 
of closely related nonhuman primates 
[1]. However, the utility of this jump in 
cognitive ability remains unknown: Did 
intelligence itself increase our chances 
of survival, or did it support another 
capacity with this ultimate goal?

In 1992, Dr. Dunbar suggested that 
instead of optimising for general intelli
gence, a trait observed in many species, 
we evolved to optimise our social capac
ities; intelligence merely served this 
goal [2,3]. Once humans started living 
as a part of large cohesive groups, our 
chances of survival depended a lot more 
on our status within our social group and 
a lot less on ecological pressures such as 
resources or seeking shelter. Thus, our 
cognitive capacity expanded to support 
the complex social interactions associated 
with navigating status in large groups.

The natural conclusion from this argu
ment is that as social groups grow, there 
is an evolutionary need for higher cog
nitive capacities. This is exactly what 
Robin Dunbar found. Using brain size as 
a proxy for cognitive capacity and social 
group size as a proxy for complexity of 
social interactions, he showed that as 
the group size increases there is a con
current increase in brain size.

While this is convincing to a certain 
degree, the proxies used in this original 
paper have come under heavy criticism 
from ecologists [4]. They argue that 
brain size and group size are crude meas
ures of cognitive capacity and social 
complexity, respectively. For example, 
a 2017 study found that as compared to 
group size, diet is a better predictor of 
brain size [4]. Further, fossil evidence 
indicates that the Neanderthals had 
larger brains than modern humans [5] 
and if such brain sizerelated cognitive 
capacity granted superior survival abil
ity then the eventual extinction of the 
Neaderthals seems incongruous. Nei
ther does the size of a group tell us much 
about the quality or complexity of social 
interactions. There are many species in 
nature that live as social animals, such 
as ants, bees and migratory birds, but 

we don’t see the same need for cognitive 
capacity in these species.

New horizons for the Social 
Brain Hypothesis means finding 
new proxies
While the proxies used in the origi
nal Social Brain Hypothesis might be 
flawed, these weaknesses do not negate 
the underlying theoretical reasoning 
that our cognitive capacities evolved to 
subserve social goals. Recent research 
might allow us to substitute these prox
ies by identifying the unique features of 
human social structures that necessitate 
expanded cognitive capacities.

Alternative proxies for social 
complexity
Dr. Harcourt proposed a convincing 
measure for social complexity – patterns 
of alliances [6]. Unlike other species in 
which alliances are usually only formed 
between close relatives, primates can 
form alliances strategically. When there 
is a fight between two primates, they 
may each approach other primates for 
help to set up alliances. In such situa
tions, some individuals in the group are 
propositioned more than others, these 
soughtafter powerful partners indi
cate that primates possess knowledge 

Baboon Social Group. 

Credit: Flicker, Cloudtail
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of relative rank amongst their group 
members [7]. Such kind of knowledge 
involves not just understanding one
toone relationships but also under
standing the network of interconnec
tions between other members of the 
group and can only come from multiple 
opportunities to observe and learn from 
interactions between others. As group 
size increases, the opportunity to derive 
such knowledge also increases mani
fold [8]. This mirrors the kind of social 
intelligence required to participate in 
complex human societies, wherein we 
must choose not only whom to ally with 
but also whom to learn from. In fact, 
social learning might be a key factor in 
the story of our evolution. Prominent 
researchers in this field have argued that 
cognitive capacity is causally related to 
social learning because learning from 
others is able to support the kind of 
behavioural flexibility we need to sur
vive [9]. 

Alternative proxies for 
cognitive capacity
Instead of brain size, we might also find 
better proxies for cognitive capacity. For 
example, Dr. Herculano Houzel employs 
more reliable measures of cognitive 
capacity through her pioneering tech

nique to accurately count neurons [10]. 
In 2012, she argued that the sociocul
tural invention of cooking might have 
contributed to the evolution of our brains 
by allowing us to overcome a tradeoff 
between number of hours available for 
feeding and the low caloric yield of raw 
foods, that is, cooked diets allowed us to 
spend less time feeding freeing up time 
for other activities [11]. 

Implications of a renewed Social 
Brain Hypothesis
Therefore, a convincing way forward 
for the Social Brain Hypothesis is to 
adopt alternative proxies for cogni
tive capacity and social complexity. 
Increasing support for this hypothesis 
has implications for both evolutionary 
and experimental studies on human 
behaviour. It would shift the attention 
of human evolutionary sciences from 
focusing exclusively on what makes the 
individual human unique to what makes 
human groups unique, especially our 
ability to learn from others. This kind 
of social learning contributes to the 
behavioural flexibility that allows us to 
survive in a vast range of habitats [12]. 
It also has interesting implications for 
current experimental studies on human 
behaviour. For example, if intelligence 

evolved to sustain our social abilities, 
studying perception in a lab with single 
subjects alone cannot fully describe the 
phenomena. 

Manisha Biswas
Ph.D. candidate 
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Psychological Trauma and Ontogeny

Childhood maltreatment, as one of the 
most prevalent types of early traumatic 
experiences, affects approximately 20% of 
children in highincome countries world
wide [1]. Statistics show that “nearly 
twothirds of people [experience] at least 
1 significant traumatic event prior to the 
age of 18,” and a third of these individuals 
develop clinically relevant symptoms [2, 
p. 1]. In fact, most mental disorders have 
their root in teenage years, which means 
that finding the mechanisms that give 
rise to them can greatly benefit treatment 
recommendations and early interventions 
[3]. In this overview, some of the most 
important findings relating to psycho
logical trauma and brain development or 
ontogeny will be outlined. Trauma for the 
purpose of this article is broadly defined 
as the “subjective perception of intensely 
distressing experiences” to brain develop
ment [1, p. 518].

Long-term Effects of 
Trauma
In general, early trauma 
can cause changes in 
the brain at “all levels of 
analysis, ranging from 
cellular signaling to 
behavioral expression” 
[4, p.11]. Macroscopic 
changes in structural and func
tional analyses of the brain, for instance, 
are deemed particularly important for 
understanding ontogenetic transforma
tions in trauma research [3]. The com
plexity of largescale effects alone can be 
seen in Figure 1 [5]. Additionally, large
scale neuroimaging studies are considered 
easier to relate to clinical symptoms and 
determine if the hypothesis is promising, 
providing the foundation for research at 
a lower level of analysis, such as changes 
at the synaptic level. Studies investigating 
trauma typically take a transdiagnostic 
approach, which is important because of 
the magnitude of effects of trauma later 
in life and variations between individu
als. Diagnoses range from depression to 
posttraumatic stress disorder (PTSD), and 
from substance abuse to attentiondeficit 
hyperactivity disorder, binge eating and 
personality disorders [6]. The transdiag

nostic approach is empir
ically founded by stud
ies that show smaller 
hippocampal volume in 
patients with different 
diagnoses; the common 
factor between patients 
was early abuse and not 
diagnosis [4, 5]. The com
monalities and differences between 
posttraumatic diagnoses have not been 
settled from a neuroscientific perspective, 
for example with regards to neuroimaging 
studies. Therefore, these results further 
argue for examining macroscopic changes 
at this point in research to attempt to 
resolve these discussions as well as figure 
out the direct influence of trauma on brain 
development.

Trauma is assumed to have differing effects 
on brain development depending on the 

stage the child is in, although it can 
be said that the earlier the 

onset and the longer the 
duration of the trauma, 
the greater the morpho
logical change [5, 7]. An 
alternative hypothesis is 
that “stresssusceptible 
brain regions have […] 

unique sensitive periods” 
[6, p. 252]. Andersen and col

leagues [6] conducted a study comparing 
27 women with childhood sexual abuse to 
17 notabused women aged 1822 years. 
They found that the density of abuse – the 
number of years abused in a certain devel
opmental stage, in this case at ages 35 and 
1113 years  was associated with reduced 
hippocampal volume, which could explain 
52% of the variance in volume. The hip
pocampus matures rapidly in all individu
als, such that it reaches 85% of adult vol
ume by the age of 4. Therefore, the effect 
of trauma coinciding with this important 
stage of hippocampal development will 
have a large impact on this brain region. 
Contrarily, the frontal cortex is latest to 
develop, which corroborates the finding 
that grey matter volume in this region was 
related to the density of abuse at ages 1416 
years old, explaining 37% of the variance in 
volume [6].

Effects on 
Brain Regions
Some studies have 
shown a large number 
of effects of trauma in 
individual brain regions. 
Some examples from 
studies in women with 

PTSD from early abuse 
showed decreased blood flow in the 

orbitofrontal cortices, medial PFC, and 
fusiform gyrus [5]. Conversely, increased 
activation was found, for example, in the 
left inferior parietal cortex and left mid
dle frontal gyrus. These match the finding 
that early physical or sexual abuse is cor
related to reduced maturation of the left 
hemisphere, which might be compensated 
with increased activation [6].

Particularly, the hippocampus has been 
studied in depth in relation to trauma, 
as it is not only particularly sensitive to 
stress, but also shows very high plasticity 
[5]. Stress has a neurotoxic effect on the 
hippocampus, and may lead to atrophy. 
Studies in adults with childhood abuse 
trauma have found a 12% reduction of 
hippocampal volume compared to controls 
[5]. Additionally, in a longitudinal study, it 
was found that cortisol levels and symptom 
severity predicted the volume reduction 
in prepubescent children over a twelve
month period [8]. However, metaanalyses 
do not show consistent effects in children 
and adolescents, even though they appear 
in adulthood [7]. Bremner [5] argues that 
the difference in results across ages can 
be attributed to the chronicity of trauma 
impacts or an interaction of trauma with 
development. The changes in hippocam
pal volume can be explained as a type of 
“memory dysregulation, including both 
explicit memory deficits as well as frag
mentation of memory” [5, p. 449, 8].

Effects on the Level 
of Brain Networks 
Most prominently, researchers have exam
ined the networks (circuitry) of the brain 
and how different brain regions relate to 
each other. The following will focus on 
brain networks that have been implicated 
with regards to trauma in numerous studies. 

Early adversity affects 
up to 20% of children 

worldwide.

Brain reactions to 
trauma depend on 

the stage the trauma 
occurs.
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1) Stress Processing Circuitry
According to a prevalent hypothesis to 
explain the mechanisms of trauma effects, 
traumatic incidents elicit a stress response, 
which if it become chronic or frequent, 
can change the development of the brain 
and dysregulate circuitry [8]. In particu
lar, the hypothalamuspituitaryadrenal 
gland (HPA) axis, as a central biological 
pathway of stress through cortisol release, 
has been studied in trauma [1]. Animal 
models have shown that trauma causes a 
lasting effect on the HPA axis, such that 
the axis is less able to downregulate or 
fastfeedback [5]. Additionally, some 
human studies also show a chronic acti
vation of the HPA axis [1] or increased 
cortisol reactivity to stressors [5]. Looking 
into brain regions, the hippocampus has a 
large number of cortisol receptors, which 
if activated repeatedly, can (among other 
effects) lead to atrophy and reduced neu
rogenesis [7]. However, cortisol alone is 
unlikely to explain the manifold effects of 
trauma on brain development, as at least 
three other networks are involved.

2) The Emotion Regulation Network
The emotion regulatory network has been 
studied in relation to trauma as changes in 
emotions are among the typical symptoms 
of PTSD or similar traumacaused mental 
disorders. This network includes the pre
frontal cortex (PFC), anterior cingulate 

cortex (ACC) and amygdala. This “sys
tem of threat perception and evaluation” 
can be seen as overreactive in individuals 
that have experienced early adversity [4]. 
Youths who have experienced trauma 
have decreased prefrontal grey matter vol
ume and reduced frontal lobe asymmetry 
[7, 8]. This is combined with an increased 
volume and reactivity of the amygdala, 
which has reduced functional connectiv
ity to the subgenual ACC [1, 7]. A vast 
number of studies show a relationship 
between the amygdala and the processing 
of negative emotions. Figure 2 shows that 
in trauma there is an increased amygdala 
activity in response to negative facial 
expressions relative to controls – an 
effect that can last through
out an individual’s life
time [6]. Putting these 
findings together can 
suggest the explanation 
that the increased fight
orflight response – or 
hypervigilance – medi
ated by the amygdala 
arises due to reduced inhibition 
and regulation by the PFC [6].

3) The Reward Network
Individuals who experience trauma early 
in life frequently develop depressive 
symptoms later in life [6]. Therefore, it is 
not a surprise, based on these symptoms, 

that the reward networks in the brain are 
implicated as well. The reward networks 
are, broadly speaking, related to learning 
new behaviour, unlearning old behaviour 
and responding to rewards and punish
ments. Studies have shown a reduced 
sensitivity to rewards in the ventral 
striatum in youth and adults, which can 
impair learning [1, 7]. The differences in 
reward system activity are also linked to 
the HPA axis [7]. Systems neuroscience 
operates under the assumption that many 
brain networks interact and overlap with 
each other. Therefore, it is plausible and 
all the more debilitating that trauma can 
have longterm effects on multiple brain 
systems. These effects on networks and 
their interaction might also explain the 
large variety of symptoms and diagnoses 
that can arise from traumatic experiences. 
An interesting additional approach would 
be to longitudinally examine the order 
in which the networks are implicated in 
traumatic reactions, as some researchers 
believe that dysfunction of different net
works arises from a cascade of smaller 
effects on individual brain regions that 
spread throughout the brain [9].

4) The Default Mode Network
Lastly, traumatic experiences can also 
affect resting state neural activity. The 
default mode network (DMN) has its 
most important nodes in the medial PFC, 
parietal lobe, posterior cingulate cor
tex, and medial temporal lobe [7]. This 

network is usually moderately active 
in healthy individuals at 

rest and becomes less 
active when attention 
is directed towards a 
task. It appears that this 
network is involved in 
introspection and regu
lation of attention dur
ing tasks. In individuals 

who experienced trauma, there 
is a heightened activity of the DMN dur
ing resting state and the normal decrease 
in activity when tasks are initiated is 
impaired. Furthermore, the structural 
connectivity between the involved brain 
regions is reduced. This could possibly 
explain that some symptoms of traumatic 

Trauma is related 
to higher threat 

perception.
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Figure 1: Lasting effects of trauma on the brain, showing longterm dysregula
tion of norepinephrine and cortisol systems, and vulnerable areas of hippocampus, 
amygdala, and medial prefrontal cortex that are affected by trauma. GC, glucocor
ticoid; CRF, corticotropinreleasing factor; ACTH, adrenocorticotropin hormone; 
NE, norepinephrine; HR, heart rate; BP, blood pressure; DA, dopamine; BZ, benzo
diazapine; GC, glucocorticoid
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reactions can include being unable to rest 
or focus on tasks, which again shows 
the significant impact trauma can have 
throughout life.

Limitations and Future Research
Finally, I want to look at two of the most 
important limitations of studies research
ing developmental effects of trauma expe
riences. First, the studies have large vari
ations, for example with regards to types 
of trauma [6]. Some studies, like the one 
conducted by Andersen and colleagues 
[6], constricted their research to one type 
of trauma, such as childhood sexual abuse. 
These kinds of categorisations allow eas
ier comparisons between individuals in 
case of differential effects of different 
types of trauma but they reduce the eco
logical validity of the study [7], as they do 
not reflect the natural heterogeneity of 
traumatic experiences. Trauma is “multi
faceted & complex” [6, p. 8] so research
ers should consider the usefulness of their 
categorisations and the impact on the 
generalisability of their results. This can 
be aided by additional research on the dif
ferential effects different types of trauma 
do or do not have. 

Secondly, the nature of the samples used 
is very different across studies. According 
to Thomason and Marusak [7, p. 3], there 
are gender differences in the “neurodevel
opmental connectional and structural tra

jectories”. For example, 
a study has found that 
boys have continuous 
white matter growth, 
while in girls white 
matter only develops 
in mid adolescence 
[10]. The studies cited 
in this overview frequently 
used female samples, due to the type of 
trauma researched being sexual abuse, but 

many other studies do not examine gender 
effects at all. Studies have found that the 
phase of the menstrual cycle a woman is 
in influences the recollection of traumatic 
events such that increased intrusive mem
ories occur during the luteal phase [11]. 
This effect is greatest when the traumatic 
event also took place in the luteal phase. 
To summarise, research into neurobiologi
cal trauma mechanisms has some impor
tant methodological flaws that should be 
taken into account in future studies.

Future research might also look at the 
pace of brain development in relation to 
trauma. Some studies have examined the 
effect of socioeconomic status (SES) to 
find that lower SES is related to faster 

brain development, which is 
thought to arise from 
chronic stress exposure 
[13]. For instance, the 
thickness of the cere
bral cortex decreases 
with age during neural 
pruning – an effect that 
occurs sooner and faster 

in individuals with low SES 
(see Figure 4). The authors suggest 

three mechanisms that could lead to this 

Memories change 
with menstrual 
cycle phases.

Figure 2: Neurobiological correlates of childhood trauma are evident even decades 
later into adulthood. History of childhood maltreatment is positively associated with 
amygdala responses to negative facial expression in adults [7].

Figure 3: Adapted from [12]. This fig
ure shows differential activation from 
72 studies examining neural effects of 
adverse or traumatic experiences. Blue 
colours show brain regions that are con
sistently reported as being activated. Red 
colours are controlled for base rate acti
vation of regions.
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acceleration. Firstly, the “repeated use 
of stressdetection and stressregulation 
circuitry” [13, p.376], which includes the 
amygdala and PFC. Secondly, high cor
tisol levels can cause accelerated ageing 
of the entire body, which is corroborated 
by studies showing children with low SES 
enter puberty earlier in life than children 
with a higher SES. Thirdly, the perception 
of threat can be a type of cue for the brain 
“that the environment requires maturity[, 
which] triggers adaptive topdown pro
cesses that cause development to proceed 
more quickly” [13, p.376]. The chronic 
stress factor and employment of cortisol 
and amygdalae circuitry are common to 
trauma as well, as I have shown in this 
overview. Thus, a plausible hypothesis 
would be that trauma has an effect not 
only on brain regions individually and 
brain networks across regions but also 
on the speed at which the brain reaches 
maturity.

Conclusion
In conclusion, traumatic incidents early 
in life can cause lifelong changes in the 
brain across many different aspects 
of brain structure, from microscopic 
structural changes on a cellular level to 
macroscopic changes in structure and 
function examined in this overview [4]. 
Most prominently, the HPA axis as the 
major stress pathway in the brain, the 
emotion regulatory, reward and default 
mode networks were explored. Together, 
the network approaches can help under
stand how trauma can cause an inability 
to adapt to stressors, a bias toward nega
tive emotions, depressive symptoms, and 
hypervigilance later in life, respectively. 
I also explored the hippocampus as one 
of the regions most studied in trauma 
patients. The reduced hippocampal vol
ume across an individual’s lifespan can be 
taken as a type of memory dysregulation 
arising from hyperarousal [5, 8]. I also 
examined the idea of regional differences 

in the periods of sensitivity to traumatic 
events, a type of research that is still 
largely unexplored [6]. Overall, trauma 
has a range of adverse effects on neuro
biological development that can be used 
to optimise individualised treatments for 
maximal effectiveness [7] or use neuroim
aging in treatment outcome research [8]. 
Therefore, although childhood adversity 
can have a large impact on brain ontog
eny, research in this field can be used to 
employ neuroplasticity successfully in 
order to help individuals with past trauma 
adapt and heal successfully.

Aradia Wilms
M.Sc. student
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The Prefrontal Cortex (PFC) and its role in behavior and identity

What Makes Us, Us?

Imagine you are walking down a street; you are very hungry, 
and you come across a restaurant selling deliciouslooking 
hamburgers. What prevents you from barging in, stealing a 
couple of burgers, and getting out without saying a word?

To you, this question may sound strange; of course living 
in a society is the main factor preventing such behaviors. 
Notwithstanding the rules, how do we abide by them? How 
do we control ourselves when we crave that burger but can 
not afford it? What controls our animal instinct?

On September 13th, 1848, a group of construction workers, 
among them a man called Phineas Gage, was preparing a 
railroad by detonating rocks to make a roadbed. This was 
done by using a metal rod to stick the blasting powder into 
a hole. However, the powder exploded by mistake, causing 
one of the metal rods to stab through Gage’s face. Surpris
ingly, he survived the accident, and after six months his 
motor functions and memory were intact again. However, 
this wasn’t the case for all his cognitive functions.  Gage’s 
doctor noticed that he failed to maintain a sense of balance 
between his animalistic impulses and his civilized behavior. 
Most of the time he was rude, impatient, angry, and careless, 
prompting his acquaintances to think that he was “no longer 
Gage.” Twelve years later, after suffering from many epilep
tic seizures, he died [1].

What can account for such a 
drastic personality change?

During the accident, Gage’s prefron
tal cortex  (PFC) was damaged by the 
iron rod, and this caused a syndrome 
known as “Frontal Lobe Disinhibition,” 
which describes the inability to inhibit 
inappropriate behavior [1,2]. Indeed, 
the PFC is mainly responsible for deci
sionmaking, controlling social behav
ior, emotional processing, complex cog
nitive behavior, and imagination. Due 
to that injury, Gage couldn’t control 
his emotions, focus, solve problems, or 
behave in socially accepted ways any

A rendering of the Gage skull with the 
best fit rod trajectory and example fiber 
pathways in the left hemisphere inter
sected by the rod.

Credit: Van Horn JD, Irimia A, Torgerson CM, 
Chambers MC, Kikinis R, et al. PLOS ONE

Photograph of caseddaguerreotype studio portrait of 
braininjury survivor Phineas P. Gage (1823–1860) shown 
holding the tamping iron which injured him.

Credit: Photograph by Jack and Beverly Wilgus of daguerreotype orig-
inally from their collection, and now in the the Warren Anatomical 
Museum, Center for the History of Medicine, Francis A. Countway 
Library of Medicine, Harvard Medical School.
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more [36]. Technically, Phineas Gage is still Phineas Gage. 
But, what changed was much more profound; his person
ality. It may be argued that there is no single answer for 
what makes us “us,” but certainly the prefrontal cortex plays 
a role.

Now we can answer the opening question: the PFC would 
prevent us from doing so. It might be like having a Jiminy 
Cricket saying to us: “I know you are hungry, but if you steal 
this burger, you may go to jail for being a thief or people 
won’t like being with you anymore.” If you are invited for 
dinner at your friend’s house, and the food is horrible, your 
PFC would prevent you from exclaiming “you suck at this!” 
and maybe you would opt for more polite feedback because 
being rude is not socially acceptable. We can say that it 
makes you do the harder thing when it’s the right thing to 
do and is responsible for determining whether you should do 
something – or say something – that suits your social status 
or social contract [35].

We know today that the PFC has evolved at different times 
and it is not exclusive to humans. Rodents, primates, and 
other contemporary mammals all inherit the same agranular 
PFC components that first appeared in early mammals, Fig 
(2). Still, less is known about the parts of the PFC that are 
unique to primates, such as the granular (a type of neurons 
in the brain cortex) PFC that predominates the human fron
tal lobe. The structure, functions, and development of the 
common regions are wellunderstood thanks to studies on 
rodents. However, either early primates or the last common 
ancestor of humans and treeshrews were responsible for the 
evolution of the first granular PFC regions [7].

During brain development, PFC is one of the last brain 
regions to mature [8]. In fact, the later it takes for neurons to 

mature, the more complex dendritic trees they have, which 
will cause more and more connections in return [9]. Neu
rons can interact with one another through dendrites, which 
are projections emanating from the cell body of a neuron. 
Communication chances are increased by dendrites that 
are longer or more numerous [8], [911]. Therefore, these 
connections of the PFC need until the age of 25 to be fully 
developed [12].

So, keep in mind that impulsive behavior is quite ubiquitous 
in biology, and in some cases, it may be quite strong. But 
they are highly regulated by the PFC. Next time when you 
behave appropriately according to a social situation, your 
PFC takes some credit.  It has a crucial role in regulating 
complex cognitive functions, spanning over individual, 
social and cultural behaviors. Because culture seems to be 
uniquely complex in humans, it is hypothesized that our 
beloved PFC has a lot to do with it. 
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Brain Fables

Within the realms of evolutionary biol
ogy, “Why do we age?” remains press
ing question, to date. When we look at 
the intricate mechanisms that guide the 
growth and development of organisms, 
it is remarkable that natural selection 
still hasn’t eliminated the aging process 
to simply maintain what has already 
been formed.

Aging as a trait of fitness
In evolutionary biology, fitness implies 
the number of offsprings an organism 
has during its lifetime. Natural selection 
favors the traits that increase fitness. 
Interestingly, early evolutionary biol
ogists who investigated aging believed 
that it is a mechanism designed by 
natural selection in order to eliminate 
the weak and wornout members of a 
population. Like August Weissman said, 
“Death is an adaptation that was gener
ated by natural selection” [1], it seems 
almost paramount that natural selec
tion tends to favor individuals that age 
faster, as a longlived individual would 
have a higher probability of having an 
offspring than a short lived one. Hence, 
in the eyes of natural selection, aging 
would be an available trait. What tickles 
the curiosity bone though is the fact that 
if aging isn’t favored by evolution, why 
is still so common?

To answer this question, one can dive 
deep into the antagonistic pleiotropy 
theory introduced by George. C. Wil
liams. In his 1957 paper, Williams 
pedantically explained this by stating 
the reproducibility probability distri
bution [2]. The idea was simple: as an 
individual approaches sex
ual maturity, its overall 
likelihood of reproducing 

increases. This eventually reaches a 
peak after full sexual maturity. Notably, 
as an individual continues to age, the 
cumulative probability of its death also 
increases, due to exposure to predation, 
disease factors, and other comorbidities. 
Even in the absence of biological aging, 
the probability of reproduction begins 
to decrease precisely after it reaches its 
peak [2]. It is interesting to explore that 
the rate of aging of an organism, there
fore, tends to evolve through two oppos
ing forces of selection  early fitness 
and faster aging. Williams, therefore, 
argued that the rate of aging depends 
upon a delicate balance between these 
two forces.

Over the years, scientists have identified 
several hallmarks of aging, including 
altered intercellular communication, 
telomere attrition, cellular senescence, 
mitochondrial dysfunction, dysregu
lated nutrient sensing, epigenetic and 
stem cell alterations, along with loss of 
proteostasis and genomic instability. A 
question that still remains: Does longer 
life eventually come down to a nutritive 
diet, appropriate exercise, medicine, or 
something else? Whilst advents in med
ical technologies, such as the develop
ment of cell repairing nano box or gene 
therapy, artificially extend our years, do 
we really want to live that long? Starting 
as a benchmark of an overall living his
tory of 122 years by Jeanne Calment, a 
French woman as an inspiration there is 
no telling where our curiosity to explore 
evolution based aging might lead us!

Imperative to note is also that the evolu
tionary theory is intrinsically modified 
to include our modern molecular views 
on genetics and permeates all aspects 
of modern biology. Obtaining a deeper 
understanding of human biology, there
fore, incorporates acknowledging our 
genetic heritage carved by the evolu
tionary forces that have led to humans 
occupying our current niche. As a mat
ter of fact, a plethora of neurodegenera
tive diseases (NDDs), characterized by a 
loss of neurons in various brain regions, 
affect humans as they age. Thus, it 
becomes interesting to look at the rela
tionship of evolution to agerelated neu
rodegenerative disorders.

Exploring the local brain age
Brain aging is a complex process asso
ciated with a sharp decline in cogni
tion, though these effects might differ 
greatly between individuals. Conven
tionally, brain atrophy is measured 
using structural MRI and is often used 
as a pathological marker for NDDs as 
well as in the normal aging process [3]. 
However, both normal aging processes 
and dementia can affect the same brain 
areas. This makes us wonder about the 
early stages of agerelated NDDs and 
what determines the local brain age 
of an individual. While determining 
whether changes are normal or patho
logical is challenging, diving into the 
brainage paradigm can offer informa
tion to determine whether an individu
al’s brain is aging as expected for their 
respective age.

Deciphering the evolutionary mysteries of aging and neurodegeneration
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In recent years, the differences between 
the chronological age of an individual 
and the “predicted brain age” obtained 
from neuroimaging data have pro
vided incremental insights into the 
relationship between brain aging and 
disease [4]. These could potentially be 
used as biomarkers to elucidate clin
ical outcomes in NDDs. So is it possi
ble to obtain a finergrained image of 
brainaging patterns? Having such an 
approach could yield several benefits. To 
begin with, neuroanatomical patterns 
could shed light on mechanisms under
lying clinical manifestations of disease. 
Following this, differential brain homo
geneity could be elucidated. In addition, 
the formation of local individualized 
brain maps could enable the finegrain 
characterization of alterations in brain 
morphology as the disease progresses 
in response to an applied treatment. 
However, the field of neuronal aging 
continues to evolve and approaches 
tend to generate brainage predictions 
at a global level, with a single value per 
brain image.  An individualized brain
age prediction would have much more 
translational reproducibility when it 
comes to exploring neuronal aging. 

Employing a noveldeep learning 
framework that could be used to reli
ably predict age from neuroimaging 
data, researchers evaluated localized 
brainage predictions using a Unet 
architecture in healthy and Alzheim
er’s disease (AD) patients. Interestingly, 
they were able to generate voxellevel 
prediction, and found that withinblock 
homogeneity was high [4]. The effective 

resolution was lower than a 
single voxel, suggesting 
that the generation of 
localized brainage predic
tions is feasible.  Thus, it is 

no big secret that our bodies 
undergo continuous changes 

and modifications as we grow 
older; we experience aches and 

pains in joints overtime whilst our 
younger selves could spring out of the 

bed in the morning! What is imperative 
to remember then is that our brains are 
constantly transforming throughout our 
lives – and it’s certainly not as simple as 
one might think.

Selective functions like memory, pro
cessing speed, higher order cognitive 
processes and spatial awareness dete
riorate as we age, but other skills like 
verbal abilities and abstract reasoning 
actually get better. Specifically, orient
ing and executive functioning improve 
with age [7]. Why does this happen 
though? Maybe diving into changes that 
occur when the brain ages could enable 
us to plausibly understand this.

What changes 
as the brain ages?
We know that in the early stages of 
development and our lives, more than a 
million neural connections are formed 
in the brain every second. Whilst 
escalated neurogenesis is a boon, it is 
surprising to note that by the age of 
6, the brain ages and size increases up 
to approximately 90% of its volume as 
observed in adulthood [6]. Followed by 
a gradual shrinkage in volume by the 
ages of 30’s and 40’s. This phenomenon 
then undergoes a rapid increase, leading 
to elevated overall shrinkage by 60’s. 
In terms of appearance, similar to how 
light wrinkles and gray hair appear as 
we age, the brain’s appearance changes 
too! Specifically, with the physical 
alterations in the brain, an individual’s 
cognitive abilities become impaired and 
could occur because of decreased  vol
ume of the brain  with age, localized in 
the hipopocampus and frontal lobe area, 

responsible for cognition [6]. Similarly, 
alterations occur in the cortical density 
which refers to the thinning of the outer 
corrugated surface of the brain and 
occurs due to reduced synaptic connec
tions. Interestingly, the process of cor
tical thinning follows a similar pattern 
as seen with the loss of volume. The 
lower the density of the cortical areas, 
the fewer the connections and decreased 
is the cognitive processing. Further
more, as the brain ages, another change 
that affects neuronal functioning is the 
density and localization of myelinated 
nerve fibers in the white matter. Recent 
studies indicate that the myelin sheath 
responsible for fast relay and conduction 
of nerve signals shrinks with age [5]. To 
conclude, alterations are also observed 
in the neurotransmitter systems as the 
brain produce different levels of chem
icals that affect signal transduction and 
protein production, ultimately leading 
to a decline in cognitive function.

Therefore, the occurrence of pathologies 
isn’t atypical; rather it is commonplace 
across aged populations and differs 
greatly between individuals! Brain 
aging is associated with a number of 
challenges to homeostasis including the 
intensification of oxidative stress, com
promised bioenergetics, increased levels 
of proinflammatory substances as well 
as changes in the glymphatic system. 
However, the mechanisms underlying 
cognitive longevity or even reverting 
the ageinduced impairment of cogni
tion remain to be explored.

Sirjan Chhatwal, M.Sc.
Alumna, MedNeuro
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Artificial brain evolution in science fiction

On the Right (Star) Track?

Since the dawn of the science fiction 
genre in the late 19th century, there has 
been a fascinating bidirectional rela
tionship between science and science 
fiction. 

Fictional stories drew inspiration from 
the newest scientific advancements and 
infused them with boundless human 
creativity and imagination  to create 
fantastical inventions far from reality. In 
much the same way, science itself often 
sought inspiration from these fictional 
phantasmagoric technologies in order to 
invent and advance. 

So, is it possible to predict the develop
ments of our own future from the vast 
possibilities outlined in science fiction?

From Book to Bench
SciFi authors are pioneers who have 
always pushed the limits of scientific and 
technological imagination  scientists 
follow with the actual realization, often 
decades later. Portable cellphones first 
appeared in “Star Trek” in 1966, Marty 
McFly’s kids wear multifunctional smart 
glasses in “Back to the Future II” from 
1989 and humans have been fictionally 
flying and fighting in space long before 
Yuri Gagarin took off [1]. 

It is evident that technological advance
ments were often accurately foreshad
owed in and inspired by SciFi 
works  does this extend to advance
ments of human biology as well? 

Transcending Humanity 
The philosophical and scientific 
movement of transhumanism 
encourages the use of emerging 
technologies like nanotechnology 
and genetic engineering to aug
ment the biological constitution 
of humans in order to transcend 
the human nature to a posthuman 
future [2]. 

A prominent and eccentric pro
moter of transhumanism is the 
computer scientist and futurist Ray 

Kurzweil, whose charismatic TED talks 
about humanity’s future excite with 
their innovative possibilities, yet unset
tle with the scope of their consequences 
(see [3] for his most famous talk). 

But before transhumanist ideas were as 
realistically proposed and researched as 
they are today, the notion of surpass
ing the human condition by means of 
technology has long been a popular and 
recurring theme in most science fiction.

Looking at the explored options of more 
or less possible paths of biological and 
brain evolution offers glimpses into 
where the future might evolve.

Homo Novus Naturalis
Some SciFi authors, such as H.G. 
Wells in “The Time Machine” from 
1895, proposed that the future evolu
tion of humans will occur as a natural 
continuation of Darwinian evolution, 
where changing environmental condi
tions favor and select certain biological 
adaptations [5]. Considering the present 
state of our wold and projected future 
development, what would such a Homo 
novus naturalis look like?

One could imagine that the central ner
vous system of Homo novus naturalis  
functions more efficiently in warmer 
temperatures due to continuous global 

warming and it’s visual system would 
presumably be optimized to process 
shortdistance visual stimuli of digital 
screens. And since “trivial” tasks such 
as navigation and locomotion will be 
performed by machines, it would not 
need large brain areas dedicated to these 
functions, resulting in large parts of the 
motor cortices and hippocampus to be  
overtaken by other functional domains, 
for creative cognition for example. 

Homo Novus Artificiosus
The possibilities of artificially enhanc
ing and altering the brain are almost 
limitless, at least in fiction. 

Many works, such as “Starmaker” by 
Olaf Stapledon or “Brave New World” 
by Aldous Huxley, introduce the idea 
that the first step of artificial evolution 
is getting rid of ageing and diseases 
through genetical and biological engi
neering [6,7]. 

Human’s millenniaold fascination with 
immortality also sparked the idea of an 
alternative to the intuitive biological 
one: digital immortality. This would 
be achieved by transferring ones mind 
either into an artificial robot brain, or 
uploading it as data into a digital cloud 
server. The latter was first described in 
Arthur C. Clarke’s “The City and the 
Stars”, where the consciousnesses of 

[4
]
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these kinds of Homines novi artificiosi 
of a futuristic city exist as data patterns 
in a central computer [8].  

While this idea seems quite unrealis
tic, massive research projects like the 
Human Brain Project or the BRAIN 
initiative have already begun to tackle 
and partly realize the digitization of the 
mind, a first step to immortalizing it in 
a computer [9]. In a similar sentiment, 
computer scientist Hans Moravec pro
posed a theoretical method to upload 
the consciousness into a robot body by 
replacing each neuron with an identical 
transistor in the robot, to whom one is 
electrically connected.

Besides immortality, other transhu
manist paths that have been explored 
in science fiction are mindcontrolled 
external devices, from light switches to 
exoskeletons, robots or spaceships. Pol
ish science fiction icon Stanisław Lem 
often placed his protagonists into gigan
tic telepathically controlled robots and 
machines, like in “Solaris” or “Fiasco”, 
where they encounter the strangeness of 
alien life in absurd sentiments reminis
cent of Franz Kafka’s stories [10,11]. 

(Un)natural Evolution
A recurring debate in several science 
fiction works is of a more philosophical 
nature: whether artificial humanmade 
evolution is disturbing and tampering 
with the natural course of evolution, or 
whether artificial evolution and tran
shumanism are the next natural step of 
evolution, including the emergence of 

artificial intelligences as a new subspe
cies. 

It would be quite insightful to compare 
our course of evolution of intelligent 
life to that of other planets, but in the 
absence of any such information (despite 
great efforts to find alien life), fictional 
comparisons remain the only possibility.

What is Human?
The longer one ponders this genre, the 
more philosophical questions arise from 
the thought experiments that are science 
fiction stories.

At what point do these Homines novi 
naturales and Homines novi artificiosi 
cease to be humans and are considered 
a new transhuman species? For any 
debate on this, one would first need to 
define what the human is. 

Evolutionary biologists identified several 
characteristics of Homo sapiens sapiens, 
that distinguish us from other species 
of the hominin clade. These include the 
capability for social networking, lan
guage, cognition, ecological plasticity 
and technological competence (see [13] 
for a review).

Considering these criteria, a drastic 
change in cognitive ability or technology 
use would mark the transcend of Homo 
sapiens sapiens to something else. What 
makes this future evolution so intriguing 
is that, unlike preceding biological evolu
tion, where even small changes took mil
lions of years to manifest, fusing one’s 

mind with that of a robot could happen 
within hours. Humans could witness 
their own transition to a new species  a 
process that must be profoundly alien to 
experience. 

But apart from these technical taxonomic 
considerations of future evolution, a 
more orphic issue is left: what happens 
to the holistic entity of being human, the 
feeling and experience of consciousness? 

If we are able to upload our minds to a 
cloud server, as Ray Kurzweil aspires 
towards, are we still one human entity, 
or rather a disembodied data stream, or 
both? 

If the stop of aging and disease succeeds, 
is an immortal human still a human or 
is the loss of ephemerality too profound 
a change to leave intact the essence of 
being human?

Which future path will become reality, 
only time will tell.

Lilly von Kalckreuth
Integrated M.Sc./PhD fellow

AG Ott, MedNeuro, ECN
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How is our present shaping the future brain?

Into the Future

So, is that it? 
Are our brains done evolving?

The past, the present, 
and the future
Since our ancestors, our brains have 
undoubtedly experienced numerous 
changes in neural architecture, size and 
overall development. If there is one thing 
studies on evolution have demonstrated, 
it is that our environment and experi
ences are tied closely to evolution. Social 
experiences are common to humans and 
they expose us to various environments: 
meeting colleagues at the workplace, 
working on your statistics homework 
with coursemates or going on a hike 
with friends. When the first civilizations 
started in the last 3,000 years our brains 
have surprisingly lost volume – roughly 
about the size of four ping pong balls, 
according to anthropologist Jeremy 
DeSilva [2,3]. An interesting specula
tion is that social systems allow us to 
share information collaboratively. Such 
attributes are essential for maintaining 
complex societies with collective prob
lemsolving, which is something only 
humans and other social insects can do 

[4]. This collective intelligence means 
that we don’t need to retain as much 
information in any one brain. Turns 
out that smaller brains don’t necessarily 
mean bad brains, I suppose!

Could certain qualities of our present 
environment be influencing our future 
brain? GomezRobles et al. found that 
in a sample of related individuals, the 
organization of the human cerebral 
cortex is less influenced by genes com
pared to that of chimpanzees, who show 
much higher heritability in their cortical 
organization [5]. This suggests that the 
cerebral cortex in humans is more sus
ceptible to environmental influences 
which allow us to adapt to changing 

surroundings and could explain the evo
lution of the human brain across chang
ing social and cultural contexts [5].   

So what about our present environment? 
How is it shaping our brains? Let’s see 
what science has to say about just two 
aspects of our present society and how 
they could potentially influence the 
future evolution of the human brain: 1) 
the use of technology, and 2) the COVID
19 pandemic.

How is technology driving the 
evolution of our brains?
With the rapid development of technol
ogy over the years, humans have never 
been more dependent on it. In her TEDx 
talk, neuroscientist Tara Swart takes her 
audience through brainrelated pros and 
cons of intense interaction with technol
ogy in the next decades [6]. The tricky 

part is there is no certainty, we can only 
ponder or make educated guesses. Will 
our brains merge with technology and 
become some sort of a humanartificial 
intelligence hybrid? How will braincom
puter interfaces (BCIs) alter the brain?
Dr Swart thinks technology will likely 
make us smarter, as we have access to 
huge amounts of information on literally 
anything under the sun (and beyond!). 
It can also make us more efficient; for 
example, classes could continue online 
during the pandemic without cancel
lation. Technology could also facilitate 
earlier rehabilitation of the brain’s motor 
system, as shown by current research 
utilizing BCIs to bypass damaged motor 
neurons to restore motor function [7].

But what will technology do to our more 
“human” qualities over time? Will we 
still be kind, empathetic, creative, social, 
and selfless at the rate at which we are 
dependent on technology? Frequent 
screen time, especially during the pan
demic, has led to problems with atten
tion and concentration, deficits in social 
and emotional intelligence, loneliness, 
poor brain development and disturbed 
sleep [8]. Yet there is also evidence for 
beneficial results on brain function such 
as improved memory, selfmanagement 
and better mental health thanks to video 
games and digital tools [8]. 

Therefore, the question of how our brain 
evolves with technology really depends 
on how we use technology. “So what will 
it be with technology?” asks Dr Swart. 
“Will we let technology happen to us?  
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The human brain has evolved  
dramatically over millions of years to 
become what it is now – the most 
complex of its kind. The modern  
human brain has fascinating features 
such as more than 100,000 km of 
synaptic connections and an estimated 
storage capacity of 1.25 x 1012 bytes  
(equivalent to about 1 terabyte or 
about 85 million pages of Word  
documents) [1]! 
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Or can we use the power of neuroplas
ticity, the ability of the brain to change 
itself, to harness technology for the ben
efit of humanity?” Mindful habits such as 
monitoring your screen time and mind
less scrolling, setting aside time for phys
ical meetups when possible, and making 
conscious choices of using technology 
for the better such as learning about 
different cultures, could help guide the 
positive progression of humanity.

The pandemic might be doing 
more than just infecting
The COVID19 pandemic uniquely 
impacted the entire world, not only 
through infection but also through social 
isolation and increased screen time. 
Given that it has been around for three 
years and is still ongoing, how could it 
be altering our brains? A recent news 
feature on Nature covers work done by 
child development researchers on assess
ing the pandemic’s effect on infant brain 
development [9]. In 2011, Brown Univer
sity’s Advanced Baby Imaging Lab began 
a longterm study on early childhood 
development of children aged 3 months 
to 3 years [9]. The staff there noticed 
something peculiar: pandemicborn kids 
were taking much longer to get through 
motor skills and cognitive tasks like 
puzzlesolving and learning language 
[9]. They then compared neurodevel
opmental scores between prepandemic 
and pandemic periods and found that 
the scores were much worse during the 
pandemic [9,10].

Lower childtoparent interactions, 
reduced words spoken at home and 
lesser play time outdoors are suggested 
to explain these findings [9]. As alarm
ing as this might be, some researchers do 

not think that cognitive scores of infants 
predict longterm developmental issues 
and that it’s still too soon to see what this 
means for the future [9]. Child and ado
lescent psychologist Moriah Thompson 
expects that the children will be able to 
catch up on their developmental lapses 

when the restrictions ease [9]. Even so, 
active documentation of the pandemic’s 
effect on the brains of different popula
tions is essential to assess potential long
term effects. Recently, a longterm study 
by neuroscientists at Western University 
found cognitive impairments in the 
speed of processing information, but not 
in the memory of adults who contracted 
COVID19 [11]. Fortunately, aerobic 
exercise has been suggested to reduce 
these cognitive symptoms by increas
ing brainderived neurotrophic factor, 
particularly in long COVID syndrome, 
which is where longlasting symptoms 
like fatigue and anxiety exist postrecov
ery from COVID19 [12].

In either case, it is most important to 
intervene earlier: provide extra support 
for children who are cognitively strug
gling, and actively stimulate your own 
brains if you feel like the pandemic is 
making you “foggy”. It’s hard to say if 
the pandemic will play a significant role 
in the trajectory of our brain’s evolution 
just yet, but it is safe to say we have some 
degree of control over its direction.  

Fun fact (perhaps not so fun!):  
The 2022 Nobel Prize winner in Physiology or Medicine 

Svante Pääbo, together with Hugo Zeberg recently found that 
the major gene cluster that increases the risk for severe 

COVID-19 is inherited from Neanderthals [13].

Taking charge of the present 
for the future!
Our brains are definitely not done evolv
ing, and it’s impossible to know precisely 
what the future brain holds. What we do 
know is that our present is a very likely 
contributor. 

You have more control over the struc
ture of your brain than you might think! 
The next time you take a stroll down the 
street, think about how your lifestyle is 
shaping your brain. Could you cut down 
some of that extra screen time with a 
bit more sunlight? How often do you 
mindlessly scroll over social media when 
you could learn something new from it 
instead (I feel personally attacked here)? 
Can’t take your kids outdoors because 
of COVID19 restrictions? Perhaps play 
good old hide and seek at home to keep 
their brains active! Take charge of your 
brain health today: what you do now has 
potential implications for how we evolve 
in the future.

Shehani Jayalath Mudiyanselage
M.Sc. student

MedNeuro, Neurasmus
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“So what will it be with technology? 
Will we let technology happen to us? 
Or can we use the power of neuro-
plasticity, the ability of the brain to 
change itself, to harness technology 
for the benefit of humanity?”
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tive decision making and  is now more 
focused in basic understandings of neuro 
social behaviors. She likes to write, paint, 
and hike. In her quality leisure time, 
however, she loves to hang out with people 
under the 10 or video games over 30 years old.

Marula Mathew
Marula just started her PhD as an ECN 
fasttrack student. She is always praying 
for her cells to not die and in her free 
time loves to watch f1, paint and sleep.

João Pedro Parreira Rodrigues
A mind wanderer willing to explore life 
as much as he can in the few years given 
by evolution to the human lifespan. João 
is fascinated by the neural substrates of 
consciousness, language, volition, and 
the self. He also loves music, football, 

skateboarding, and hiking.

Yusef Jondiah
Yusef is a Neuramsus 2year mas
ter student and a former doctor who 
chose to pursue neuroscience because 
of the enormous amount of questions 
that have to be answered regarding 
the brain. He enjoys looking for these 
answers, especially the ones related to 
social and behavioral neuroscience.  He also 
loves astronomy and physics and of course, video games.

Öykü Okur 
(transl. Reads a Story)
Öykü is a wanderer in experiences in 
life and questions of humanity. She has 
the brain on her agenda and to scien
tifically communicate what she knows. 
She is a cofounder and first president of 

a SciComm student society. She loves sim
ulating neurons. She has explo(re)/(ite)d many 

things (dances, art, and many countries by Couchsurfing), 
and will continue in Berlin for 5 years, as an FTECN fellow.

Lilly von Kalckreuth
I’m a fasttrack PhD student in the AG 
of Torben Ott, and want to study how 
our favorite neuromodulators dopa
mine and serotonin influence decisions. 
Besides neuroscience my biggest pas
sion is physical cosmology, which also 
sparked my love for science fiction. In my 
free time I enjoy playing video games, cooking 
and going to techno raves.
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 ECN PhD Retreat 2022

On 27th October, 22 ECN Ph.D. students 
from 4 different cohorts gathered in 
front of Berlin Hauptbahnhof with bags 
full of enthusiasm to board an early 
train to the gateway of Saxon Switzer
land Pirna. Off we went on a threeday 
retreat!

On reaching, we admired the rus
tic streets of Pirna and munched on 
scrumptious food before gearing up for 
our first workshop “Science of graphs” 
by Philip Jordan. He showed us how to 
visualize complex data with beautiful 
graphics, after which we socialized over 
dinner.

We started the second day with yet 
another amazing workshop moderated 

by Amani Said, where we introspected 
about our career paths as scientists. Fur
ther, Katharina Grauel from the ECN 
office joined us for a constructive dis
cussion about ECN, before we started 
our scenic hike in Bastei. Hiking through 
tall trees that carried every imaginable 
shade of yellow, interspersed with tow
ering grey boulders having magnificent 
views of river Elbe was one of the high
lights of the retreat. We ended the day 
with a relaxing sauna and a swim at the 
hotel.

The third day began with an eyeopen
ing talk by Marta Oliveira on power 
abuse in academia. We also discussed 
what we can do as grad students to 
combat this. After some deep conversa

tions about this at lunch, we headed to 
Dresden for a quick surprise tour of the 
beautiful city.

We got back from our midautumn 
dream feeling refreshed and energized 
to focus on work. We would like to thank 
the organizing team (Eugenio Graceffo, 
Hugo McGurran, Natalie Gloveli), the 
ECN office and of course, the wonderful 
participants for making this a retreat to 
remember. I am sure that most of us are 
already looking forward to the retreat 
next year!

Poornima 
Anantha Subramanian

Ph.D. candidate 
AG Shoichet, MedNeuro, ECN
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We welcome new and former neuroscientists at any stage of their  We welcome new and former neuroscientists at any stage of their  
career from or in Berlin at https://network.neurosciences.berlin.career from or in Berlin at https://network.neurosciences.berlin.

MSc Graduation 2022

On October 14th at 9:00 AM, senior 
MedNeuro students defended their 
master’s thesis projects and all of them 
successfully passed. As part of the Berlin 
Neuroscience Meeting in the evening, 
graduates were handed diplomas and 
two books of Ramón y Cajal’s: “Advice 
for a Young Investigator” as well as 
“Beautiful Brain,” and to celebrate, a 
reception with food and drinks.

As some graduates had already moved to 
different institutions or even cities, we 
were lucky to have some of them return
ing to Berlin for the celebration. It was a 
bittersweet ceremony of farewells.
 

New MSc Students 2022

This fall, 18 new firstyear students (five as part of the inte
grated MSc/Ph.D. of the Einstein Center for Neurosciences 
Berlin (ECN), five from the Neurasmus program) and five 
secondyear Neurasmus students from all around the world 
joined our MedNeuro family. Unfortunately, the obligatory 
campus walk was very limited, and the tour of the Berlin 
Museum of Medical History was once again taken off the 
plan due to construction works. As usual, the office gave an 

introduction to the program and assisted the students with 
administrative tasks.

Enthusiasts of statistics will be interested to learn that 
roughly 80% of firstyear students (more specifically, 70% 
of MedNeuro, 60% of ECN, 100% of Neurasmus), and 80% 
as well of secondyear Neurasmus students (having com
pleted their first year in either Amsterdam or Bordeaux) 
are women. That makes a total of 72% of women in 2022 
incoming students.
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ECN Open Innovation in Science Award

We congratulate the winners of this year’s ECN Open Inno
vation in Science Award, Fiona O’Donovan (1st prize) and 
Linda Kokwaro and Helena Krüger (RunnersUp)! Fiona 
and Linda are MedNeuro MSc alumnae, MedNeuro Ph.D. 
students, and ECN PhD Fellows.

The ECN Open Innovation in Science Award is imple
mented in collaboration with the Ludwig Boltzmann 
Gesellschaft’s Open Innovation in Science Center (LBG OIS 

Center), QUEST and SPARKBerlin, and was awarded for 
the second time.

Six Ph.D. students pitched their ideas for projects that foster 
Open Innovation and Open Science principles and methods 
for the progression of scientific research. The winners will 
receive financial support of 5,00010,000 € as well as expert 
training and coaching modules for further developing and 
implementing the projects.

Ralf Ansorg, Medical  
Neurosciences Office

Berlin Neuroscience Meeting 2022

After two years of pandemics, we were 
finally able to hold the Berlin Neuroscience 
Meeting as an inperson event!

It started on October 13th with a keynote 
lecture from Anne McKinney, from McGill 
University and a gettogether with students 
and postdocs at the BCCN lecture hall. On 
October 14th, a large crowd met at the Kai
serinFriedrichHaus.

It was an opportunity for fruitful scientific 
interactions among Berlin neuroscientists. 
Moreover, new ECN PhD students had the 
chance to get an overview of the diverse 
neuroscience landscape in the city and to 
get to know each other and the neuroscience 
community.

In addition to many interesting talks, 
five finalists presented pitches incorpo
rating Open Innovation in Science (OIS) 
approaches.

 Images: 
 Stephan Niespodziany 
 for ECN/Charité

More information about the ECN OIS Award:
https://www.ecnberlin.de/openinnovation153/einsteinopeninnovationinscienceaward.html
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Next quarter sneak peek for events

March ‘23
22. | 17:00 | Scholar Minds, Growing up  

in Science: Prof. Dr. Harald Prüß

January ‘23
10. - 11. | Academic Publishing  

in Europe Conference, Berlin

12. | 18:00 | Decolonizing Policy of  
Equality of Diversity – University in the 

Tension between Diversity,  
Racism Critique, and Coloniality,  

Prof. Dr. Encarnacion  
https://tinyurl.com/4dc3udr3

12. | Berlin Stem Cell Club BSCC Talk: 
Jamie Hackett (Rome, Italy) /  
Edda Schulz (MPIMG Berlin)  
https://tinyurl.com/4spydrsf

15. | Deadline for applications to  
MedNeuro MSc and ECN

17. | QUEST Seminar: Lessons learned 
from teaching a handson  

“Publish my protocol” course.  
https://tinyurl.com/mppzv2bw

25. | 17:00 | Scholar Minds,  
Growing up in Science:  
Prof. Dr. Barbara Krahé

26. | 18:00 | Institutional and Geopolitical 
Diversity: Limits to the Paradigm of  

Internationalization. Prof. Dr. Maureen 
Maisha Auma at Lecture Hall H 3007 –  

Technische Universität Berlin. 
https://tinyurl.com/4dc3udr3

31. | QUEST Seminar: LabCIRS –  
Errorreporting tool to support a  

transparent and positive error culture  
in research laboratories  

https://tinyurl.com/mppzv2bw

February ‘23
09. | 18:00 | The Hidden Mechanisms  

of Power. Prof. Dr. Sabine Hark at Lecture 
Hall H 0111 Technische Universität Berlin.  

https://tinyurl.com/4dc3udr3

14. | QUEST Seminar: CAMARADES –  
Facility for systematic review and  
metaanalysis of animal studies  
https://tinyurl.com/mppzv2bw

22. | 17:00 | Scholar Minds, Growing up  
in Science: Dr. Garret O’Connell
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Stay tuned for a 3part CNS workshop 
series on pitching, reviewing, and editing 
articles led by Claudia Willmes, Senior  

Scientific Editor at Cell Press.  
(Exact dates tbd) 

For more information, contact us at  
cns-newsletter@charite.de
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