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The vector calculus  
behind honeybee  
communication   

The honeybee is not perhaps a species which is 

commonly recognized for its display of 

intelligent communication, and yet their ability 

to direct large numbers of fellow bees to 

suitable food sources clearly contradicts this 

view. Inside the pitch black interior of a honey 

bee hive, an incredible mathematical language 

has evolved from within the perceived 

madness.  

This species has several inherent characteristics 

which are imperative for the success of their 

communication. Firstly, they each have five 

eyes, including two large compound eyes which 

contain photoreceptors capable of seeing both 

ultraviolet and polarized light. This enables 

them to determine the location of the sun at all 

times, even through thick fog, as the sun’s light 

rays are polarized towards the sun when 

viewed from earth, and thus the bees can 

detect this orientation and precisely locate the 

position of the sun in the sky. A solar compass 

of sorts. Secondly, honey bees possess a finely-

tuned internal clock which enables them to 

predict the location of the sun in the sky from 

within the hive, so precise in fact, that it even 

takes into account the changes due to seasons 

and latitude, so the sun’s location is never 

unknown. Finally, the bees have incredibly 

sensitive antennae, including an important part 

known as the Johnston’s organ, which they use 

to pick up air vibrations within the dark hive, 

and this enables them to communicate even in 

darkness.  

In a vertically orientated bee hive, the natural 

reference point for bees is gravity, and they use 

this to establish both an up and down direction. 

In addition, the combination of their internal 

clocks and solar compasses provides them all 

with another communal reference point: the 

sun. By pairing these 2 constants, the bees are 

able to create a language to direct their colony 

towards a food source. The waggle dance.  

First observed by Aristotle, the waggle dance is 

performed in a figure of 8 motion, and has 

received its name from the bees’ shaking in the 

middle of the 8, which provides all the 

information required for the other bees to 

accurately locate the source. This part of the 

dance is always taken as a bearing from the 

natural ‘up’ reference point, and the angle at 

which they wiggle from this direction 

corresponds directly to the angle which the 

bees are required to fly away from the sun, 

whether to the left or right of the sun – 

corresponding to the left or right of the ‘up’ 

orientation in which the bee waggles.  

Paddy Christy-Parker, 12H 

The vector calculus  
behind honeybee  
communication   
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Life profile | Honeybee 

The honeybee, genus Apis, is the name given to any of seven extant insect 
species, characterised by their synthesis of honey. The have a distinct caste 
system, with male drones, formed from unfertilised ova in a process called 
arrhenotokous parthenogenesis.  Females can either become queens or 

workers. The study of honeybees is called melittology. 

 Their accuracy is maintained throughout 

the day as their internal clock allows them to 

adjust the angle of their dance by 1° towards 

the west every 4 minutes, to accommodate the 

sun moving across the sky.  

Moreover, this crucial part of the dance also 

contains useful information about the distance 

to the source, with a longer waggle section 

meaning that the flowers are further away from 

the hive. Generally, a 1 second waggle in the 

middle of the dance dictates that the flowers 

are 1km away from the hive, whilst flowers 

which are within several meters of the hive are 

shown with the waggle section being replaced 

with a more circular 

dance, but still in the 

correct direction. 

However, in reality, 

bees measure 

distances with 

regards to the 

amount of energy 

they expend on their 

journey, and so the 1s=1km rule does not always 

apply: for example, if a heavy wind is blowing, 

then they will dance as if the flowers are further 

away, as they require more energy to reach the 

same point. Therefore, the accuracy of the 

information that they provide is augmented 

even further. 

Having transmitted this message, the 

Johnston’s organ of the surrounding bees comes 

into play and allows them to reach and decode 

this language. Additionally, the bees may have 

returned with a small sample of the discovered 

nectar, or may produce specialized 

pheromones, to give the colony an idea of the 

food’s quality, potentially using two other 

senses: taste and smell respectively.  

With all this information (and therefore the 

exact location and quality of the source) 

assimilated, the colony equips itself with just 

enough nutrients for the journey there and sets 

out, successfully able to continue their role as 

the vital pollinators in our food chain; a task 

made significantly 

easier thanks to 

these simple yet 

wonderfully accurate 

instructions.  

This incredible 

c o m m u n i c a t i v e 

technique, from such 

small insects with 

tiny brains, pays tribute to the phenomenal 

power of evolution in both creatures large and 

small, and poses the question of whether or not 

the human language, which appears to set us 

apart from most other species, is really so 

unique after all.   
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The mitochondrion - often known as the 
"powerhouse" of the cell - is one of our most 
important organelles, generating most of the 
cell's supply of ATP. But just how did the 
humble mitochondrion appear in human cells?  

The theory for the mitochondrion's origin 
stemmed from the theory of symbiosis, a word 
first used by Albert Bernhard Frank. Symbiosis 
is used to describe the mutual relationships 
among two different species. Symbiotic 
relationships can be found everywhere around 
the world - coral polyps (the organisms that 
form coral reefs) rely on zooxanthellae algae 
for oxygen and glucose, while the algae rely on 
the polyps for CO2 and water. Clownfish eat 
small invertebrates that could harm the sea 
anemone, while the anemone’s stinging polyps 
provide vital protection for the Clownfish.  

The mitochondrion was originally a 
proteobacterium, capable of living and 
surviving by itself - an autotrophic organism. 
The bacteria would have been involved in a 
symbiotic relationship with a larger, more 
complex, eukaryotic cell; a relationship that 
would have been mutually beneficial - the 
bacteria provided energy to the eukaryote, 
while the eukaryote provided protection and 
nutrients. At some point this symbiotic 
relationship would have changed - the bacteria 
would have been engulfed by the eukaryote 

and effectively "enslaved", losing many of its 
genes and becoming fully reliant on its "slave 
master". And this could have happened as long 
as 2500 million years ago, during the Archaen 
Eon. 

It was the Russian botanist Konstantin 
Mereschowsky who, in 1910, first properly 
explained the appearance of mitochondria, 
proposing the above. He named his theory 
"endosymbiosis". Ivan Wallin later extended the 
idea even more, providing a more complete 
version that gave the foundation for the theory 
currently accepted today.  

The word endosymbiosis is derived from the 
Greek words endo, meaning ‘within’, syn, 
meaning ‘inside’, and biosis, meaning ‘living’. 
Mereschowsky's theory explained how the first 
eukaryotic cells - cells that have a nucleus and 
other membrane-bound organelles - developed 
from prokaryotic cells that possessed a 
nucleoid instead. Thus, he was able explain the 
existence of mitochondria. The first clue that 
pointed to mitochondria originally being 
separate organisms was the existence of DNA 
different from that in the nucleus. This meant 
that nuclear and mitochondrial DNA (otherwise 
known as mtDNA) had to be of separate 
evolutionary origin; this was the first piece of 
the puzzle that helped form the theory of 
endosymbiosis we accept today.  

MitochondriaMitochondriaMitochondria   

   &&&   SymbiosisSymbiosisSymbiosis   
            Albert Khazen, Albert Khazen, Albert Khazen, 10 Blue10 Blue10 Blue   
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How might a shoal 
of fish keep its 
shape? 

Alex Gillespie 
8 Brown 

While there is no direct proof and it is suggested 

that learning may be the most important factor 
in coordination and signalling between the 

individuals in a shoal, I suggest that electro 
communication may have a role to play. 

All animals inadvertently give off weak electrical 
fields from their nervous system and muscles. 

Some fish, over time, have adapted and taken 
advantage of this as a survival technique. Fish 

which use these electrical impulses to their 
advantage can be divided into different groups; 

fish which can receive and create electrical 
signals, fish which can only create an electrical 

signal and fish which can only receive an 
electrical signal. Some predatory fish such as the 

electric eel or the catfish are capable of 
producing high voltage fields of up to 500 volts. 

However, strongly electric fish cannot perceive 
changes in electrical fields.  

A shoal of fish is a classic example of bio 
communication; for some incredible reason, 

they are able to frantically swim about and 
escape a predator without bumping into each 

other, even though each shoal can be a few miles 
in length. Since there are only about two fish 

which can perceive and receive electrical signals, 
I believe that the fish within the shoal use electro 

receptors. Depending on the type of animal, 
there are two different organs used for electro 

reception- the ampullary system (associated 
with passive electro reception) and the tuberous 

system (associated with active electro 
reception).  

 

Passive electro reception is when an animal 

senses the electrical impulses given off from 

the central nervous systems of other animals 

and it then uses the information to locate them 
(normally predatory animals). Active electro 

communication is when an animal creates a 
weak electrical field and senses disturbances in it

- this is commonly used in weak electric fish- to 
create an electrical field. Electrical gradients or 

potential across a cell membrane when 
depolarised causes current and by definition an 

electrical field. After this, repolarisation takes 
place before the nerve fibre goes back to its 

resting state; all of this happens over the space 
of five milliseconds. The electric eel has a 

command nucleus and thousands of these action 
potentials. When an electrical field is to be 

discharged, the command nucleus sends an 
impulse through a series of nerve networks to 

the action potentials and it triggers all of them at 
the same time, generating a current.   

An electro-receptor is a specialised “sensory” 
organ which detects a change/changes in an 

electrical field. The tuberous electro receptor 
and the ampullary electro receptor are examples 

of these organs. The tuberous organ is used in 
active electro reception and consists of a thin 

layer of surrounding cells followed by receptor 
cells and a sensory neuron which will send a 

message directly to the brain if there has been a 
change in the electrical field.  A distortion will be 

made in the electrical field if a non-conductive 
object enters it and it can then be located or 

acknowledged.  

Passive electro reception, however, uses an 

ampullary electro receptor, which has a 
conductive gel, receptor cells and a sensory 

neuron which completes the same function as it 
does in a tuberous organ.   6 



 The fish in any shoal are all very similar (if one stands 
out, it is more likely to be eaten), so they should all have a 
tuberous system to detect changes in their own electrical 
field. A way to test this would be to measure the current 
within a shoal and see if it is minutely higher than average. If 
the fish in the shoal are gifted with this, the reason they 
move in unison is because they can already sense other fish 
in the group moving away without physically seeing them, 
so they move in the same direction and at the same time 
(they would probably still concentrate on their immediate 
neighbour a bit, but this means the fish are prepared); for 
these reasons, I hypothesise that this is why the fish in a 
shoal don’t bump into each other all the time and can remain 
organised.  

Tuberous 

electro receptor 

 

We are humans and, as humans, we have our 
limits, due to our physicality, brainpower and or 
defence against diseases. What if we could 
extend those limits or possibly abolish them 
completely? Bioinformatics is the science of 
collecting and analyzing complex biological data 
such as genetic codes. We can collect and analyze 
our DNA to work out how we can upgrade and 
modify ourselves.  That is where the possibility of 
germline engineering comes in.  

Germline engineering is the genetic modification 
of individuals whose alterations will be passed on 
to their offspring. It involves altering genes in 
eggs, sperm, or early embryos, by insertion of 
artificial chromosomes, gene deletion or gene 
transposition. It is done by a process known as 
CRISPR (Clustered regularly-interspaced short 
palindromic repeats). It allows scientists to edit 
genomes with unprecedented precision, 
efficiency, and flexibility. The past few years have 
seen CRISPR improve quicker than ever, from 
creating monkeys with targeted mutations to 
preventing HIV infection in human cells. Earlier 
this month, Chinese scientists announced they 
applied the technique to nonviable human 
embryos, hinting at CRISPR’s potential to cure 
any genetic disease. A simple CRISPR system – 
using a nuclease enzyme known as cas9 - has 
been targeting and finding a mutated string of 
DNA and subsequently sniping out the string and 
replacing it with a fully functioning piece of DNA.  

 

Although it has only been tested on sperm cells, 
egg cells and early embryos; what is stopping us 
from modifying the CRISPR and or the enzyme to 
create something that would not just work on 
early stages of life but could possibly be used on 
adult humans, too? If a mutation developed, a 
simple injection of the necessary CRISPR would 
be sufficient to set a patient well on the road to 
recovery.  

If that happened, what would be holding us back 
from the possibility of developing completely 
new strands of DNA or chromosomes and 
inserting them into our body to upgrade 
ourselves. This would open up so many 
possibilities: enhanced healing, enhanced 
eyesight, enhanced hearing, enhanced 
metabolism and many more. 

Someone would just have to have an idea; 
develop a new strand of DNA based around it (by 
adjusting an existing strand), and all of a sudden 
the human race could just become better as a 
whole. If someone didn’t feel well they would just 
head over to a machine in their house, have a full 
body examination, answer a few questions, and 
find out what disease they had. They could head 
down to the pharmacy and get whatever they 
needed - they would then be cured and health 
would no longer be a problem - hospitals would 
no longer be needed. Thus, the government 
would be richer, and possibly taxes would be 
lowered. Or is that just wishful thinking?  

Genetic Modification 
Luke Wainwright, 8 Green 

 
Ampullary 

electro receptor 
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  James Wainwright, 11 Green 
The link between mutation and 
b i o i n f o r m a t i c s  i s  t h e 
understanding of how mutations 
lead to changes in protein function 
and/or protein interaction. This is 
critical for the understanding of 
the molecular causes of clinical 
phenotypes. Furthermore, the 
integration of protein interaction 
data and mutation data may give 
rise to cures for countless medical 
conditions.  

The less religious among society 
say that reproduction and 
continuation of the human race is 
our sole purpose as a species and 
mutation plays a vital role in 
reproduction. So why does 
mutation; a process so vital for the 
continuation and development of 
the human race supposedly cause 
lead to many incurable diseases?  

In Biology, mutation is defined as a 
permanent alteration of the 
nucleotide sequence of the 
genome of an organism, virus, or 
extra-chromosomal DNA or other 
genetic elements. More specifically 
somatic mutations are ones that 
occur within somatic cells, or 
haploid cells in humans. So why do 
somatic cells mutate if they have 
the possibility of mutating into 
something that does not benefit 
the human body? Somatic 
mutations, in particular, do not 
actually affect the germ line so are 
in fact different to germ line 
mutations, as factors acquired 
from somatic mutations are not 
actually inherited by offspring. This 
only really furthers the question of 
why these mutations occur, if they 
are not inherited and yet may give 
rise to Parkinson’s, Alzheimer’s and 

even cancer.  

There are in fact many beneficial 
qualities of somatic mutations. 
Somatic Hyper-mutation would be 
an example; this is a mutation vital 
to the enhancement of the 
immune system, leading to 
adaptions to white blood cells, 
allowing them to destroy new 
foreign elements that confront the 
i m m u n e  s y s t e m .  T h e s e 
adaptations caused by mutation 
affect the antibodies that are 
produced by said white blood cells, 
thereby allowing the immune 
system to destroy any pathogens 

that enter the body and all of these 
cells are produced in the bone 
marrow from stem cells. Indeed, it 
is these stem cells which mutate to 
produce the necessary white blood 
cells for the immune system. 
Again, another vital function of 
mutation in the body.  

However, Acute Lymphoblastic 
Leukemia (ALL) is a cancer that 
affects the white blood cells that 
produce antibodies. The white 
blood cells they affect are vital for 
fighting infection, yet Leukemia 
inhibits natural production of these 
cells.  
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 Leukemia causes abnormal white 
blood cells because they mutate during 
production from the Lymphoid stem cells to 
lymphocytes leading to too many 
undeveloped lymphocytes. These abnormal, 
undeveloped lymphocytes are then unable 
to destroy pathogens; this causes a 
weakened immune system thereby 
meaning the human body is more 
susceptible to infection. 

This then causes the bone marrow to 
overproduce white blood cells therefore 
overcrowding itself, so there is not enough 
space for the production of other types of 
blood cells. This causes further problems 
leading to Anemia, as there are not enough 
red blood cells, or bleeding problems, as 
there are not enough platelets. This can lead 
to further infection if the production of 
platelets is hindered and so the body is 
unable to keep pathogens which it cannot 
deal with out. Furthermore, these abnormal 
white blood cells can build up in parts of the 
lymphatic system, such as the spleen and 
lymph nodes, causing swelling. The 
Leukemia cells can also spread to the brain 
and, in men, the testicles. 

 

Many studies suggest that radiation 
exposure is one of the leading causes of 
Leukemia. These studies include ones of 
people who were exposed to radiation in 
the World War II Japanese bomb attacks or 
workers who were exposed during the clear 
up in the aftermath of the Chernobyl 
disaster; in both these sets of people there 
were higher rates of Leukemia. Studies also 
showed that even at low doses of radiation 
there is an increased risk of all types of 
Leukemia. There is even some evidence that 
X-rays of pregnant women increase the risk 
of their unborn child developing childhood 
Leukemia. The main process linking all of 
these causes is the fact that the ionizing 
radiation causes mutation. Again, mutation 
being the cause of these diseases.  

 

So in conclusion, it is safe to say that 
mutation plays a key role in the 
development of disease, yet without 
mutation there would be many other 
diseases that would cause just as many 
deaths; these diseases are just prevented by 
mutation. So who's to say that mutation in 
the future won’t lead to the curing of those 
diseases currently caused by mutation?   
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Quorum Sensing    
  in Bacteria  

 Manoj Vaithilingam, 11 Blue 

You simply cannot question the importance of 

communication in our lives. It is a tool that 

enables us to exploit our individual skills and 

work together to create an entirely new 

product.  

Consider bees, for instance, and you will notice 

that the hexagonal honeycomb manufactured 

to mathematical perfection (ensuring there is 

no wastage of space) is made with a system 

requiring every individual to work in unison. 

Whilst we reflect on their brilliance, it must be 

acknowledged that at least they had various 

“senses” at their disposal, which made the task 

wholly easier, but what about organisms that 

do not? Being unicellular and without these 

services available to them, it is remarkable that 

bacteria are, in fact, also able to work together 

and synergistically trigger violent attacks, for 

example, on any host they please.  

In today’s society, it seems we are growing 

more concerned about the social behaviour 

bacteria exhibit, which can be seen with the 

recent anti-biotic resistance crisis. Whilst past 

articles all have seemed to claim that this is due 

to overuse of anti-biotics, it appears that a new 

idea has recently emerged, providing more 

accurate reasons for this worrying 

development in the form of a process named 

Quorum Sensing. The basis of this 

phenomenon lies around an enzyme, which 

synthesises molecules (or autoinducers) and 

causes them to diffuse out of a bacterial cell. In 

areas where the cell 

density, or population of a 

certain bacterial species is 

high, the concentration of 

these molecules increases 

(as a result of there being 

more cells to carry out this 

task), which leads to a 

c e r t a i n  ‘ c r i t i c a l 

concentration’ being 

reached.   
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 The process completes when this is 

measured and is assessed through the multiple 

receptors found lining the bacteria’s cell 

membranes.  Upon assessment, the bacteria 

are then able to recognise the presence of a 

similar cells and can then generate co-

ordinated attacks, such as the simultaneous 

release of toxins. 

Research performed by 

Professor Bonnie 

Bassler, a specialist in 

microbiology,  could 

finally solve the 

problem of anti-biotic 

r e s i s t a n c e  i n 

pathogenic bacteria. 

Bassler hints that 

interfering in the communication between 

bacterial cells could deny them knowledge of 

one another’s existence and induce a state of 

stagnation. This, she claims, could lead to 

bacteria being unable to express instructions to 

release toxins and harm the infected host. 

Better yet, the frustration caused by ‘horizontal 

gene transfer’ – a process whereby the 

resistance-causing gene is exchanged with 

neighbouring bacteria – could be erased 

entirely, diminishing the effect and spread of a 

random mutation for anti-biotic resistance. The 

key to success appears to involve blocking the 

receptors associated in the procedure by 

creating replicas of the synthesised 

autoinducers - research has even shown that 

these generated chemicals are all similar in 

structure, with each specie only producing 

molecules with a slight variation, making the 

job of targeting all resistant 

strains of bacteria a lot 

easier.  

It would seem that 

manufacturing these would 

prove vital in the world of 

science and, surely, would 

disable the carefully crafted 

system that has seemed to 

perplex scientists. Rather, the confusion would 

act in the opposite direction and would rise 

within each bacterium with the lack of a buddy 

to attack with, causing idleness within the 

population. They’d become, quite literally, 

‘frozen’. 

The bacterium Pseudomonas aeruginosa is an 

excellent example of this. Known to cause 

pneumonia, they remain harmless until they 

know the population is large enough to 

dumbfound a host’s immune system, when 

faced with a cocktail of toxins.   

 

Life profile | Hawaiian Bobtail Squid 

Euprymna scolopes is a species of squid found in the Pacific Ocean, 
particularly in shallow waters surrounding the Hawaiian islands. As the article 
states, they are well known for their mutualistic relationship with the V. 
fischeri bacterium, feeding it a solution of sugars and amino acids. The 
relationship is one of the most carefully studied in nature. 
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 In hindsight, Quorum sensing, it can be 

agreed, is impressive and if stopped, could 

clearly answer calls for a mechanism to prevent 

the rise of superbugs. Yet, it also has a side 

unknown to many. Somewhat more 

appreciable, it enables the Hawaiian Bobtail 

Squid (centre) to not only survive, but also thrive 

in the shallow waters of the Hawaiian Islands. 

The abilities of certain bacteria, named Vibrio 

fischeri, enable this squid to safely hunt at night.  

Operating nocturnally, the Bobtail Squid is 

accompanied by the bacteria, which display 

bioluminescence when present in vast numbers, 

and mimic the moonlight shining downwards 

during the night. Importantly, this is what 

ensures the squid’s shadow, created when it 

swims quickly, is negated, so that predators 

below aren’t aware of its presence and so that it 

seems as if the light experienced is directly from 

the moon. In turn, the alliance is maintained 

through the squid offering the bacteria 

‘permanent’ accommodation. Well, for five 

percent of them, anyway, seeing as it is unable 

to provide all of them with the essential 

nutrients required. Instead, as it chooses to bury 

itself into the sand during the day, it pumps out 

the remaining bacteria, disables the system and 

ensures light is no longer emitted. ‘An alliance’ 

was perhaps the wrong word, I suppose.  

Nonetheless, Quorum Sensing is crucial all 

round and, whether it be for good or for bad, it 

cannot be denied that bacteria are cleverer than 

previously thought. It is not only pivotal in the 

survival of the Hawaiian Bobtail Squid, but it 

may also prove vital in the prevention of 

disease. Without a doubt, this is an intriguing 

field which merits yet further research.    

 
Animals can communicate in a number of 

different ways, ranging from sound (whale 

song) to visual (cobra hoods). All of these are 

used for a variety of purposes, including 

territorial displays, mating, hunting and 

warnings. Animals often demonstrate ingenious 

adaptations to the environment in which they 

live, but humans can have unexpected impacts 

which can be catastrophic. 

Although in the ocean visibility is poor and 

distances are great, sound travels well. Large 

whales, such as blue and humpback, use a 

variety of noises to communicate. The 3 main 

sounds they make are clicks, whistles and 

‘pulsed calls’, because the sounds are made at 

very low frequency they can travel miles. The 

clicks are used for social interactions, like sonar 

to keep the pod together, and for navigation. 

The whistles and pulsed calls are also social. The 

pulses are more commonly used and sound like 

squeaks and squawks to us.  

AnimalAnimal  Communication  

Communication    

  Jonny Tennant, 8 Green  

WhalesWhales  &&  
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 All the males in a group will sing the 

same version of a song even when separated 

while other pods will sing a different song in a 

different dialect, avoiding confusion. To make 

sure they are singing correctly, all males in one 

pod will stay in tune. These group songs can 

last for hours or even days. Whales also make 

slapping sounds on the surface of the water 

with their tails, which can be heard for 

hundreds of metres below the surface. These 

are used as a warning, a sign of aggression or 

to scare schools of fish together, making 

hunting easier.  

In the mating season all these sounds are 

combined by a male to make a song; these 

songs can last from a few minutes to half an 

hour and each male has his own. They can also 

be heard singing in unison even when they are 

miles apart and when one comes into contact 

with another it can lead to aggressive 

behaviour. It has not yet been determined 

whether these songs are used to flirt with a 

female or to confront another male. Songs 

similar to these can be heard during feeding 

times or when a whale has lost a loved one, 

however the songs are not the same as during 

the mating period.  

There are problems with this form of 

communication as sounds can be mistaken, 

and in the modern world that happens a lot. 

Sonar equipment, boats, propellers and 

movement on the seabed all generate noise 

that can upset the whale’s sonar ability and 

split up pods. They can become frightened, 

lost and, in the worst case scenario, may beach 

themselves.  

Whale song is just one example off the many 

varied ways in which animals have adapted to 

their environments to communicate. The use 

of sound is ideal in the oceans with their vast 

distances and poor visibility. The result can be 

striking and hauntingly beautiful, even to 

human ears, but it is prone to interference. We 

need to be aware of how our modern 

technology can have an impact on nature, 

even if it is not considered as pollution by most 

people.   
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  Louis Bishop, Louis Bishop, 8 Brown8 Brown  

DolphinsDolphins  &&  
Do they have their own Do they have their own   

language? 
As this issue of Life is all about 

communication, I thought I would delve into 

the language of everyone’s favourite marine 

mammals – the dolphin. They are the most 

intelligent of all marine mammals, and have 

their own unique language made up of many 

different methods of communication.  

Dolphins tend to use two types of vocal 

communications; a pure tone and a pulse 

sound. Scientists refer to these as ‘frequently 

modulated sounds’, which means that the 

pitch of the sound changes with time. The 

most obvious of the first category is a whistle. 

Dolphins produce whistles during social 

situations, when separated from friends, when 

excited, when happy and when panicked. Also, 

in each of these different situations, a dolphin 

will produce a different whistle; not unlike the 

language of humans. For example, when we 

are shocked or afraid, we scream or yell. When 

we are happy, we laugh. And when we are 

bored, we sigh or groan.  

It is proposed by scientists that each dolphin 

has their own signature whistle, which they 

develop in their first year. However, a dolphin 

is not only able to produce its own signature 

whistle, but also that of its friends. Isolated or 

distressed dolphins have been observed 

producing frantic signature whistles; 

seemingly calling out to their friends and 

family to let them know that they are 

distressed or in danger.  

Unlike whistles, pulsed sounds are basically 

clicks that occur in rapid succession at regular 

intervals. A series of clicks together is called a 

‘click train’. Usually, researchers classify these 

sounds as echolocation clicks or ‘burst pulses’.  

Echolocation as many of you will already 

know, is a method that many animals use to 

generate a 3D image in their brain of their 

surroundings. Echolocation is most commonly 

associated with bats, but it is used by a much 

broader range of animals than just bats and 

their relations.  

Burst pulses occur when dolphins release clicks 

so rapidly that it is not believed that they are 

able to gain any information in the way they 

do from echolocation clicks. Clicks can be 

released as fast a pace as 200 clicks per second 

and are still likely get information for 

echolocation – but clicks released over that 

rate, and extending as rapidly as 2000 clicks 

per second – are thought to be communication 

signals, not echolocation signals. Dolphins of 

many species release bursts pulses when they 

are excited or angry, and burst pulses are 

thought to give information about a dolphin’s 

emotions.   14 



 Some scientists have found a very 

specific burst signal produced by bottlenose 

dolphins that appears to be a ‘play’ signal – 

indicating to other dolphins that ‘it’s playtime!’. 

Burst pulses can be extremely loud, and 

dolphins may also use them during aggressive 

encounters – possibly to hurt the ‘ears’ of other 

dolphins or marine creatures.  

Dolphins also produce a number of non-vocal 

sounds that they 

u s e  f o r 

communication. 

This means that 

the sound is not 

produced by the 

organs inside the 

dolphin’s vocal 

area (mouth, nose 

and larynx etc.). 

For example, a 

scream is a vocal 

sound, whereas a clap is not. Examples of these 

in dolphins are tail slaps and flipper slaps, jaw 

claps and jaw pops as well as chuffs, breaches 

and bubbles.  

They often hit the surface of the ocean with 

their flukes (tail) or their pectoral fins, and this 

produces an extremely loud, booming sound 

that can be heard from great distances in the 

water. More often than not, this would be a sign 

of aggression, but this is not always the case. 

They may also be signals to other dolphins in 

the pod, to say things like ‘it’s time to leave’ or 

‘this way to the best feeding spot’.  

The animals can also produce extremely loud 

sounds by rapidly clamping their jaws together. 

This behaviour bangs their teeth together, 

producing a signal that transmits large 

distances. Jaw claps are understood as a signal 

of aggression, and are used as a threat. 

However, it also occurs during play, and the 

difference in the play aggression and real 

aggression is very subtle, just like in the case of 

big cat cubs.  

The chuff may sound a bit weird – but this is 

luckily nothing to do with that you’re probably 

thinking of. A 

chuff is when a 

d o l p h i n 

exhales loudly, 

and can often 

hear the sound 

of a chuff 

when dolphins 

break the 

s u r f a c e .  

However, it is 

also an action 

that is thought to denote aggression.  

A breach is when a dolphin leaps out of the 

water fully, before splashing down again, 

making a deafening, low frequency sound in the 

case of larger species. Spinner dolphins produce 

dramatic spinning leaps that are always a 

delight to see, which produce loud slaps upon re

-entry. Scientist have just begun to classify the 

small differences between types of breaching 

behaviour, and are beginning to understand 

how small changes in the structure of the 

breach may in fact communicate different 

information in different situations. Finally, we 

come to bubbles. Bubbles play large roles in 

dolphins’ lives, even outside of communication. 
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 However, dolphins often blow bubble 

streams and bubble clouds in a variety of 

situations, and whilst these are primarily visual 

signals, the release of a large bubble cloud also 

produces a distinctive noise that can probably 

be heard over short distances. 

After considering all the different methods I 

have been able to present here, plus the ones I 

had to leave out such as body language, I think 

it is clear that dolphins already communicate in 

a complex ‘language’. Indeed, as dolphins 

continue to evolve, as do we, they will probably 

find even more ways to communicate. Many 

projects all over the world have done pioneering 

research in translating the dolphin language, 

and with incredible results. All we can do now is 

support the dolphin, because even though 

everybody loves them, certain species have 

become critically endangered over the years, 

and one or two even extinct in the wild. You 

could adopt a dolphin or donate to charities – 

however you choose to help, keep in mind that 

you are helping to save one of the smartest 

marine mammals on earth with their own, 

incredible language.  

Jan Scheuermann suffers from spinocerebellar 

disorder, which means the spinal nerves 

connecting her brain to her muscles have 

deteriorated. She can feel her 

body and simulate the 

feelings required to move her 

muscles, but can’t translate 

these simulations into action.  

Jan is paralysed from the 

neck down, yet can still recall 

the feeling required to move 

the various muscles of her 

body. She became involved in 

a study at the University of 

Pittsburgh which led to the development of the 

first mind controlled prosthetic arm. The 

scientists at the University of Pittsburgh 

developed two square grids which could 

connect the brain cells of Jan to the 

electronic circuitry of the brain. These devices 

were implanted into her left motor cortex, the 

section of the brain responsible for relaying 

signals for arm movement.  

Jan simulated the movement 

which she wanted the arm to 

conduct, and the electrodes 

translated that information 

onto a computer where the 

intention of the action was 

decoded. The output was 

then used to control the arm, 

and perform whatever action 

Jan was thinking about in her 

mind. Through practice of using the arm and 

refining the technology it was made possible for 

Jan to perform basic functions such as eat, and 

lift objects.  

Jan Scheuermann Jan Scheuermann   
and the Capabilities and the Capabilities   
of the Human Brainof the Human Brain  

Nicholas VeerapenNicholas Veerapen  

11 Brown11 Brown  

16 



  Not only does this mark a major 

advancement in the road towards curing 

paralysis, it also showcases how we can use the 

power of the brain and the power of technology 

in harmony. Due to Jan’s mastery of the 

technology she became involved in much more 

sophisticated research which culminated in one 

of the most astounding experiments in 

neurological history. Jan’s brain interface was 

detached from the robotic arm and connected 

to a flight simulator.  Without functioning arms 

or a joystick Jan was faced with the challenge of 

flying the digital plane using only her thoughts. 

She considered what it would be like to not 

control the plane, but to physically fly the plane. 

The experiment was a success and considering 

Jan had no previous piloting experience it 

became apparent to the scientists that the 

power of this new technology was far greater 

than they had previously imagined. The findings 

of these experiments point to a world in which 

the power of our brains isn’t confined to our 

bodies, and can interact with the technology 

present in the modern world. 

The future for developing brain machine 

interfaces suggests we may be able to not only 

replace human limbs, but elevate them from 

their fragility to something more durable. 

Artificially produced limbs that interact with the 

brain, in the same way Jan’s prosthetic arm 

does, could be developed to replace our natural 

bodies which degrade over time. This would 

open up the possibility for space travel deeper 

into the universe, and to protect our bodies 

from the process of aging. Jan’s flying of a plane 

simulator, suggests the brain may be capable of 

controlling objects which are entirely 

unrecognisable.  

With more developed brain-machine interface 

and wireless technology this idea could be 

extended to machines which can be wirelessly 

controlled by the brain. Using sensory feedback 

and the somatosensory cortex you could both 

see and feel how a machine moves. This 

information could then be transferred from the 

brain to the machine wirelessly, and the 

machine could then interpret that data to evoke 

a response. An example of this may be that we 

would be able to develop mind controllable cars, 

which the driver can operate by learning and 

visualising the cars movement. Of course this 

would take much more practice than learning to 

control an arm, however, within time humans 

could adapt to interact with machines with the 

same ease they interact with the natural limbs 

of the body. In the future we may see the 

capabilities of the human brain extend far 

beyond the realms of our imaginations.                     

17 



 DNA (Deoxyribonucleic Acid) is a long 
molecule that contains our unique genetic code. 
Like a recipe book, it holds the instructions for 
making all the proteins in our bodies.  DNA 
holds four basic ‘bases’ (i.e. building blocks) 
which are Adenine (A), Cytosine (C), Guanine (G) 
and Thymine (T). They bond together in ‘base 
pairs’, always G with C, and A with T, through 
Hydrogen bonding to form a double helix 
structure. The human genome, which contains 
the entire DNA needed for replication, has 3.2 
billion bases of DNA, and this varies in 
organisms due to size. 

 

 

 

 

 

 

 

 

 

 

 

  

On May 6, 1930, a Tasmanian farmer named 
Wilfred Batty grabbed a rifle and shot a 
Thylacine—commonly known as a Tasmanian 
Tiger—that was causing a commotion in his 
henhouse. Twenty minutes later, it died, but 
what he didn’t know was that he had made the 
last documented kill of a wild Thylacine, and 
within six years it would also be extinct in 
captivity. The Thylacine is one of 795 extinct 
species on the International Union for 
Conservation of Nature's Red List, which since 
1963 has been tracking the planet's biodiversity. 
An advantage of bringing back more recently 

extinct species is to undo human wrongs in 
the past, as well as to prevent a blunder in 

the environment, ecosystem and the food 
chain. However, if we were able to successfully 
bring back species extinct for longer, such as the 
Dodo or the Woolly Mammoth, it might be able 
to let us learn more about things such as the 
origin of life, evolution and the earth.  

Bringing back extinct species is definitely a field 
that is best tackled by genetic engineering. This 
is mostly because of the fact that DNA must be 
extracted from the organism in order to be able 
to stimulate an egg cell, and reproduce the 
organism, and this string of genetic information 
must be complete. There are two main ways of 
attempting to bring back an extinct organism. 
The first you may have seen in the Jurassic Park/
World movie series, the premise of which 
involves extracting dinosaur DNA from the 
stomach of fossilised mosquito. However, I’ll be 
the first to tell you that you might not want to 
go down this route if you’re into resurrecting 
animals. Not only were dinosaurs extinct by the 
time these organisms were fossilised, even if 
there was dinosaur blood in these mosquitoes, 
the DNA within it would be long gone.  

This first method is known as cloning. Cloning 
involves making an identical copy of the animal. 
This is because if you’re extracting the DNA of 
an extinct animal, the animal you produce is 
exactly the same as the dead fossil that you 
extracted the information from. The most 
common cloning process is called ‘somatic cell 
nuclear transfer’. Essentially, this process 
requires two cells. The first is the somatic cell. 
This is a cell from the animal you’re cloning 
which isn’t the sperm or the egg, but which 
contains the complete DNA, or genetic 
blueprint of that animal. The DNA from this cell 
is removed. The second cell required is an egg 
cell, which is collected from a female of the 
same species (known as the egg donor). 
Following this, the scientist removes the nucleus 
(which contains half a set of chromosomes) 
from the egg cell and replaces it with the 
somatic cell’s nucleus.   

Attempting De-Extinction              Aleksy Sogliani, 10 Blue 
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 The nucleus is removed though a process 
called nuclear transfer.  

Materials used in this procedure are a 
microscope, a holding pipette (small vacuum) to 
keep cell in place, and a micropipette (hair-thin 

needle) capable of extracting the nucleus of a 
cell using the holding pipette’s vacuum. For 
some species, such as mouse, a drill is used to 
pierce the outer layers of the cell. Various 
chemical reagents are used to dissolve the 
membrane. This is used both for removing the 
nucleus from the adult cell for transfer, as well 
as removing the gamete within the egg cell to 
be discarded. Following this, the completed 
nucleus is inserted into the egg cell and an 
electric shock is given to stimulate the egg, 
causing it to divide like a normal fertilised egg. 
As is divides over the next few days, it forms a 
blastocyst (an early stage embryo). After a week 
of this, the embryo is transferred into a female 
recipient (or surrogate mother), and 
development continues until it gives birth to an 
identical copy of the cloned animal. It was by 
this method that Dolly the Sheep was created, 
and there is a good reason why living organisms 
such as sheep can be easily cloned, while 
cloning extinct animals usually end in failures. 
DNA has a finite half-life of 521 years; meaning 
after 1000 years around ¼ of the sample is left 
over. However, the presence of water speeds up 
the decay of cells. These cells will be mixed with 
other cells, meaning it will be even harder to 
find it. After around 6.5 million years the DNA 
will have fully decayed, therefore after 65 
million years it will be long gone. Meanwhile, 

DNA from living organisms is complete and 
requires no further effort past removing it. It 
may be harder to sequence together a full set 
for an extinct animal, and attempts to fill in the 
gaps would likely result in inaccuracies. 

While the use of cloning in bringing back extinct 
species benefits our environmental and 
educational gain greatly, it also has great 
commercial value for non-extinct species. It can 
be used to bring back animals from the brink of 
extinction, rather than letting them disappear 
from the food chain. It can be used to reproduce 
particularly highly yielding farm animals, which 
could in turn greatly benefit our food or 
medicine supply. Furthermore, through cloning, 
stem cells can be generated directly from adult 

cells and can be used in therapies and disease 
research. It could also be used to clone dead 
pets, and while it is currently illegal throughout 
most of the world, cloning dead relatives and 
children is also a possibility, the latter of which is 
likely to gain much more support for the future, 
as it may be able to at least spare families of 
grief. Nonetheless, cloning is a fairly young field 
of study, the first breakthrough only 20 years 
old, and there is yet much development to be 
had. What was once science fiction may be 
possible in the future, as technology advances.
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The The BiggerBigger  PicturePicture  

Environmental Niche ModellingEnvironmental Niche Modelling  

Pietro Hughes, Pietro Hughes, 12H12H  
Traditionally, ecology and 
conservation science have 
relied heavily on field data. 
This, though, is generally 
r e s o u r c e - i n t e n s i v e , 
problematic to sustain (across 
large areas and over long 
periods of time) and 
occasionally invasive in its 
collection. 

The answer to each of these 
problems lies in remote 
sensing technology. In its 
conception, this involved the 
implementation of camera 
traps, field spectrometry and 
acoustic sensors. These 
continue to make a vast impact 
on conservation, enabling the 
recording of data that could 
not otherwise be collected by 
the human eye of ear. 
However, they are not without 
their flaws. For instance, the 
installation of a camera trap 
still requires a specialist, and a 
specialist requires transport, 
a c c o m m o d a t i o n  a n d 
sustenance. An improvement 
on field data perhaps, but the 
final solution? No. 

This would not be reached for 
another 20 years, though the 
intermediary steps towards it 
have proven just as valuable. 
One such step was the 
invention of a Global 
Positioning System (GPS), in 

1989. Whilst this was first 
invented for human use, a vast 
variety of species besides our 
own have benefited. Satellite 
tags strapped to a subject and 
connected to the Argos 
System (a scientific satellite 
system in use since 1978) 
obtain accurate data with 
regards migratory patterns. 
West Indian Manatee, for 
example, have benefitted 
vastly; the discovery of their 
annual migration from Florida 
to Rhode Island could not have 
been made without GPS, and 
habitats along the USA’s 
Atlantic coast have been 
subsequently adapted for the 
species. However, the same 
criticisms could be made of 
GPS as with a camera trap. 
E x p e n s i v e  b o t h  t o 
manufacture and transport to 
the subject, a more sustainable 
means by which to collect data 
remained in the offing. 

In part, though, the answer 
had already been reached with 
the use of satellites in GPS. 
However, rather than 
triangulating the location of an 
organism, photographic 
images could be taken of the 
bioclimatic niche in which the 
species might be expected to 
thrive.  
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 At this point, habitat loss could be 
identified, as well as the effects of pollution and 
industrialisation on a given habitat. The iconic 
images of receding sea ice on both polar caps 
are without doubt the most widely documented 
example, though images of deforestation of the 
Amazon Rainforest have too made waves. In 
doing so, humanity’s extreme impact on various 
biomes has been documented, and in a non-
invasive and sustainable manner.  That said, the 
images obtained did little more than raise 
awareness of the plight of the natural world; in 
actuality, constructive means by which to 
augment conservation efforts the images did 
not provide.  

For this to occur, the specific 
abiotic and indeed biotic 
factors affecting an 
ecosystem would have to be 
documented.  Infrared 
cameras went a long way in 
fulfilling this requirement. 
T e m p e r a t u r e  i s 
unquestionably one of the 
principal abiotic influences on 
a niche, and organisms are intrinsically suited to 
specific temperature ranges. Here, with the 
species’ distribution assigned in black, it is clear 
that it favours a (mean) temperature of between 
13°C and 15°C. Soil type, altitude and 
precipitation data are taken in localities globally, 
regardless of scientific research, and, when 
assimilated, the information ought to provide 
an accurate profile of a species’ preferred 
habitat. Thus, should the species find itself 
endangered, the identification of similar 
bioclimatic niches might prove invaluable during 
conservation attempts to extend the creature’s 
range.  

An example of environmental niche modelling 
currently in action involves the reintroduction of 
Scimitar-horned Oryx to West Africa. This 
species’ last stronghold had been in game 
reserves of sub-Saharan Chad, so the area was 
deemed ideal for a reintroduction programme. 
However, prior to the attempt, the climatic 
parameters of the niche were examined. With 

data regarding precipitation, mean temperature 
and such-like already obtained, the normalized 
difference vegetation index (NDVI) would prove 
critical to assessing the suitability of the habitat. 
This measure takes advantage of a plant’s 
reflection of near-infrared light (between 0.7 µm 
to 1.1 µm) and is thus able to reveal the primary 
productivity of an area. In conducting the study, 
it was observed that desertification was 
occurring to the north, whilst, to the south, 
primary productivity had been increasing. 
Newly employed irrigation systems were largely 
culpable for this and indeed much of the 
calculated biomass to the south was that 

introduced by farmers. 
Meanwhile, the overgrazing 
supervised by cattle herders 
to the north (and the area’s 
deprivation of water for use 
further south) lead to the 
d e s e r t i f i c a t i o n 
phenomenon. To conclude, 
it could be predicted that 
the Oryx’s preferred sub-
Saharan habitat was under 

threat and the chances of a successful 
reintroduction would be slim. Whilst this may 
not appear a true success story, the use of 
remote sensing to calculate the NDVI ensured 
that the future of the few Oryx that survive in 
captivity was not placed in peril.  

With regards both the West Indian Manatee and 
Scimitar-horned Oryx, remote sensing has 
proved invaluable in their protection. As a 
means performed over vast areas, that is both 
non-invasive and requiring of few resources, its 
applications look only to expand. Whereas 
previously only photographic images and GPS 
data could be obtained, the invention of the 
innovative NDVI is just a single example of the 
technology’s potential. As humankind further 
evolves to imprint itself upon the planet, there 
can be no doubting the detrimental effect this 
will have on biodiversity. It is necessary, 
therefore, that conservation attempts, too, 
evolve and adopt a similarly progressive 
approach: remote sensing is the future.                     

A Giant Pangolin, 

captured by camera 

trap in Gabon  
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Life Editorial 

The eagle-eyed amongst you will have spotted that the logo and structure of this edition 
of Life magazine has changed. After a fantastic shift from Krunal Patel et al, the time has 
come for the budding biologists of the Lower Sixth 2015-16 to pick up the baton and 
continue to produce these high quality publications. This edition was produced by Joseph 
Al-Khalili, and the front cover was designed by Robert King. 

For our maiden voyage, the theme of this issue is bioinformatics. Put simply, 
bioinformatics is the fusion of biology and technology. A fairly modern area of science, it 
demonstrates how much biology has changed since the rise of technology in the middle 
of the 20th century. In this magazine, we have a wide range of articles describing this shift 
in scientific methodology, the ways in which bioinformatics is being used in the present 
day and the opportunities it creates for the future. 

A big thank you to everyone who contributed to the magazine. The standard of article is 
incredibly high; even those in the lower years have written excellent pieces on very 
advanced and interesting areas of science. Thanks also to Mr Davis for gathering writers 
and over-seeing the publication. 

We hope you enjoy, 

The Editorial Team 

   

If you are interested in getting involved in producing the next edition of Life, whose theme 

will encapsulate bio-mimicry, do not hesitate to contact Mr Davis using the email: 

pdavis@suttonmail.org 

 

Visit www.sgsbiology.co.uk to view past issues, and to find out more about Sutton 

Grammar School’s Biology Department. 

 


