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Editors’ Note

Nau mai, haere mai! Welcome to the Scientific’s second issue of Volume Two.

As we jump back into on-campus life, we are all again adjusting into the routine of early wake-ups and 
watching lectures without the comfort of our pyjama pants. On-campus life does have its perks however; 
[e [ere e\cited to see and talk to Qany of you at tLe science carnival and cluF e\Tos [itLin tLe first [eek 
back. 

8Lis issue [ill Fe tLe first released on caQTus since -ssue 8Lree, VoluQe 3ne of 202�, and [e are tLrilled 
Fy tLe oTTortunity to finally see soQe of you at our launcL events.

We feature plenty of amazing guest writers who span a range of disciplines and topics from the extra-
terrestrial life hypothesis to the exploration of Einstein’s miracles. Our cover article is an adaptation of a 
seKQent froQ ��F*1ƅs sLo[ Ƅ8oQorro[ƅs ;orldƅ, [ritten and Troduced Fy -sla 'Lristensen, and Stella 
,uKKins. )lla STears uncovers tLe eusociality of LoneyFees tLat ultiQately inforQs tLe roles and FeLaviours 
of individuals within a colony. Lucas Tan considers the potential for extra-terrestrial life, exploring a 
multitude of hypotheses that suggests why we are yet to encounter it. Detection of incognito plastics is 
develoTed Fy NarKiss 8aleF and )uKene -n as suQQer researcL interns in tLe use of 6aQan sTectroscoTic 
tecLniUues. 0astly, 'aleF 8odd returns for Lis tLird instalQent of tLe Einstein's Year of Miracles series, titled 
Part 3: Relativity. 

As always, our own executive team has contributed fascinating content for this edition. Writing coordinator 
SaraL 1oir e\Tlains tLe siKnificance of Facteria and QosUuito syQFiosis in TreventinK and QanaKinK tLe 
(enKue Furden. 0astly, our treasurer Ale\ 'LaTTle revie[s recent develoTQents in tLe field of atoQic 
clocks and continues to e\Tlain tLeir Fenefits and Qore.

A big thank-you to our readers, and special thanks to our guest writers. We are continually amazed by the 
work and passion you all have for engaging and contributing to science communication — whether it be 
picking up the editions or writing a piece yourself.

STecial tLanks to 0e )n 0oL froQ NKee Ann 4olytecLnic SinKaTore for tLeir aQa^inK art[ork tLat features 
on our cover page.

Ngā mihi maioha,
Sarah Moir, Writing coordinator for UoA Scientific 2022
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You can think of a reference frame as the camera through 
[LicL you are vie[inK tLe scene. -QaKine soQeone naQed 
Alice is on a train moving at some speed v and passes 
another person named Bob, who is standing still by the side 
of the tracks. A camera centred on Bob would see him as 
stationary and Alice as moving through the shot at a speed 
v. 'onversely, a caQera trackinK [itL Alice [ould see Ler as 
stationary and Bob as moving through the shot with a speed 
v in the other direction. Although we usually think of Bob’s 
reference frame as being ‘more correct,’ this is only because 
we spend most of our time stationary with respect to the 
Earth’s surface. Both perspectives are equally valid.

SuTTose &oF is tLro[inK and catcLinK a Fall for fitness and 
for fun. -f Le tLro[s tLe Fall directly uT[ards, it [ill rise and 
fall without deviating sideways and he will not have to move 
to catch it. Now imagine that Alice repeats this experiment 
on tLe train. SLe stands still [itLin tLe carriaKe and tLro[s 
the ball directly up. What happens? Does the ball, knowing 
that the ground is moving beneath Alice, start deviating 
towards the back of the carriage, forcing her to move 
to catcL it# No. 6atLer, Alice oFserves e\actly tLe saQe 
behaviour as Bob: the ball rises and falls in a direct line 
above her. None of the physics changes when you change 
reference fraQes. -QTortantly, tLat is only true Fecause 
the train is not speeding up or slowing down as the ball is 
in the air. Any acceleration will change the result. For that 
reason, [e sTecifically deal [itL inertial reference frames 
— ones which are not undergoing any acceleration. With 
that established, we can now state the Galilean principle of 
relativity ?�A�

The laws of motion are the same 
in all inertial reference frames.

-n otLer [ords, Qatter Las no Treferred reference fraQe� it is 
impossible to perform an experiment that will tell you which 
inertial fraQe of reference you are in. -t is very fortunate tLat 
tLis is true, actually. 8Le )artL is LurtlinK around tLe Sun at 
�0� 000 kTL, so tLe la[s of Qotion [ould Fe very [arTed 
indeed in everyday life if it mattered that we were not at rest 
coQTared [itL tLe Sun �or tLe rest of tLe Kala\y
. 

A Not-So-Light Matter

Our story now moves forward a couple of hundred years 
froQ +alileo to JaQes 'lerk 1a\[ell Ƃ anotLer scientist 
[Lo is very close to )instein on tLe +ood�At�4Lysics 
leaderboard. Maxwell’s most noted contributions to physics 
are the so-called Maxwell’s equations that describe the 
FeLaviour of tLe electric and QaKnetic fields. 8Lere is a 
great deal which can be said about Maxwell’s equations, but 
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Einstein’s Miracles, Part 3: Relativity
Caleb Todd

Figure 1: Albert Einstein, transcendent genius.

Einstein’s theory of special relativity is among the 
Kreatest scientific [orks ever Troduced. 8Le 
content of his third annus mirabilis paper, On the 
Electrodynamics of Moving Bodies, constitutes the 

miracle year’s absolute highest point, and is, to me, the most 
emblematic of what made Einstein such a transcendent 
genius. His ability to see the universe with fresh eyes 
— unburdened by the assumptions built by previous 
generations — and generate a truly original framework will 
be shown in full force.

STecial relativity cLallenKes our Qost Fasic notions of 
space, time, and motion. We will not be able to fully develop 
every idea contained in Einstein’s paper, and our approach 
will diverge somewhat from his to keep things simple. 
Nonetheless, you will see how fundamental its subject 
matter is to how we perceive the universe.

Galilean Relativity

The story of special relativity begins hundreds of years 
before Einstein with another truly great physicist: Galileo 
Galilei. Although he is best known for astronomy and 
LeliocentrisQ, +alileo Qade siKnificant contriFutions to 
tLe la[s of QecLanics. -n Tarticular, Le forQulated tLe so�
called Galilean principle of relativity, which constitutes one 
of two fundamental postulates that Einstein used to derive 
Lis tLeory of sTecial relativity ?�A. ,o[ever, to understand 
+alilean relativity, [e Qust first take a detour to talk aFout 
reference frames.
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A device known as a Michelson interferometer, named 
after its designer Albert Michelson, could detect the relative 
speed of two light waves that travelled in perpendicular 
directions ?�A. -f tLe )artL Qoves relative to tLe aetLer, tLen a 
beam of light travelling parallel to the ‘aether wind’ will move 
at a different speed to one travelling perpendicular to said 
[ind. -n ����, AlFert 1icLelson and )d[ard 1orley Fuilt an 
interferometer that they believed would be precise enough 
to detect that difference. However, when the experiment 
[as conducted, tLey detected no aFsolute aetLer [ind ?�A. 
The Michelson-Morley experiment became perhaps the 
most famous failed experiment in history. 

One candidate explanation for this failure was that the Earth 
dragged the aether with it, perhaps by gravity. That, however, 
failed to explain other observations, like the aberration of 
light. Other explanations were proposed, but there was 
no satisfying physical interpretation of the experiment. 
8Le outcoQe of tLe 1icLelson�1orley e\TeriQent �and 
suFseUuent reTetitions and iQTroveQents on it
 Tosed 
QaNor TroFleQs to tLe TLysics coQQunity. SoQe of you 
may be noticing a close correspondence between this story 
and that of the ultraviolet catastrophe which led Einstein 
to UuantuQ QecLanics in Lis first annus mirabilis paper: 
an unexpected experimental result and no satisfactory 
e\Tlanation to Fe found. All of tLe Fest scientific [ork 
happens in that space of uncertainty. All of the hardest 
scientific [ork, too, Fut tLatƅs [Lat Qiracle years are for.

The Two Postulates

While other scientists tried continuously to rework the 
aether theory to account for the Michelson-Morley null 
result, Einstein did what he did best: thinking so far inside 
the box that it sounds like he’s thinking outside the box. 
Einstein decided to move away from the aether and instead 
returned to Galileo. He asked himself what would happen if 
we took Galilean relativity really seriously. What would that 
iQTly# ,e FeKan froQ Nust t[o Tostulates ?�A�
 

1) The laws of motion are the same in all inertial frames 
    ?+alilean relativityA

 
2) The speed of light in a vacuum is c in all inertial 

reference frames 
    ?1a\[ellƅs eUuations are suFNect to +alilean relativityA

Thus, special relativity was born. As we shall see, the 
consequences of these two postulates are patently absurd. 
But the theory that was born from them has become one 
of tLe Qost Trecisely verified and universally acceTted 
theories in the history of science. 

for our purposes, only one fact matters: Maxwell used his 
equations to prove that light is a wave in the electromagnetic 
field tLat [ill travel in a vacuuQ at tLe sTeed c ! �00 000 
000 Q�s ?2A. 8Lis [as a triuQTLant QoQent [LicL finally 
ans[ered one of tLe Qost siKnificant TroFleQs in TLysics, 
namely the nature of light. However, physicists quickly 
noticed that a major issue arose when Maxwell’s result was 
applied to the Galilean principle of relativity. 

Maxwell’s equations 
are laws of physics, 
just like Newton’s 
laws. We know 
from Galileo that 
Newton’s laws of 
motion are the 
same in all inertial 
reference frames, 
so is the same thing 
true of Maxwell’s 
eUuations# -f so, 
that implies that 
the speed of light 
�in a vacuuQ
 is 
c in all reference 

frames, since the speed of light is a direct prediction of 
Maxwell. However, this forces us to conclude a seemingly 
nonsensical result. 

0etƅs return to Alice, &oF, and tLe train. -f Alice, on tLe train, 
is moving at a speed v with respect to Bob, and Alice throws 
a ball forward at a speed u, then we would naturally expect 
that Bob sees the ball moving forward at a speed v + u. 
However, Galileo and Maxwell are now telling us something 
Uuite different aFout liKLt. -f Alice, instead of tLro[inK a 
ball, shoots a beam of light at a speed c, we would expect 
Bob to see it moving at a speed v + c. However, what the 
Galilean principle of relativity would claim, if it applies to 
Maxwell’s equations, is that Bob also sees the beam of light 
moving at a speed c. This seems like a contradiction. How 
can the apparent speed of light not change depending on 
your motion relative to it? Galilean relativity must not apply 
to Maxwell’s equations. For light, there must be such a thing 
as a preferred reference frame, and it is possible to detect 
inertial motion relative to that frame.

Scientists Qoved Uuickly to Nustify [Ly liKLt [ould Lave a 
preferred reference frame. The foremost theory was that 
electroQaKnetic [aves Qove tLrouKL soQe QediuQ �called 
tLe aetLer
, and tLe sTeed of liKLt is only c with respect to 
tLe reference fraQe in [LicL tLe aetLer is stationary ?�A. -f 
so, then the Earth’s motion with respect to the aether ought 
to Fe detectaFle if a suƾciently Trecise e\TeriQent could 
be devised.
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Figure 2: JaQes 'lerk 1a\[ell
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example. Any other reference frame will measure a longer 
tiQe interval �since v ƴ 0 iQTlies γ " �
, and tLe Kreater tLe 
relative velocity between reference frames, the longer the 
time interval will be.

8iQe dilation is a sLockinK reality to confront. -f you Lad 
a twin who became an astronaut and travelled to Alpha 
'entauri at a sTeed close to tLe sTeed of liKLt, tLe Nourney 
would seem to take around four years to you, but they may 
have only experienced a few weeks. You would still be twins, 
but no longer the same age.

-nterestinKly, tiQe dilation is a TLenoQenon tLat Qay allo[ 
us to feasiFly colonise incrediFly distant Tlanets. -f [e find a 
planet on which humans could live but which is thousands of 
lightyears away, it would seem impossible for us to reach it 
before the colonists on the spaceship died. However, due to 
time dilation, a thousand-year journey could constitute just 
a few hours of a colonist’s life if the ship were fast enough. 
Unfortunately, those on Earth would not live long enough 
to find out if tLe sLiT arrived at its destination, unless our 
lifespans increased by a couple of thousand years.

Length Contraction

The bending of reality does not end with time dilation, 
though. Now let’s imagine that Alice and Bob both try 
to measure the length of the train. To do that, they both 
measure the time taken for the entire train to pass Bob. 
Alice gets:

and Bob gets:

&ut reQeQFer tLat t and tϛ are not tLe saQe. 8Lis tiQe, 
our two events are the front and back ends of the train 
passing Bob. These two events happen at the same place 
in Bob’s frame, so he measures the proper time. Alice, 
therefore, measures a time lengthened by a factor of 

Time Dilation

Let’s return to Alice and Bob. Alice, on the train, has a laser 
[LicL [ill send a FeaQ of liKLt froQ tLe ƽoor to tLe roof Ƃ a 
distance of length d. Both Alice and Bob watch this happen 
and measure how much time the light beam seems to take 
to travel tLat distance. -n tLe reference fraQe co�QovinK 
with Alice, which we will call F, the light travels at a speed c, 
and therefore takes a time t = d/c to travel froQ tLe ƽoor to 
tLe roof. -n &oFƅs reference fraQe, *ϛ, Lo[ever, tLe liKLt does 
not travel directly vertically, but has some horizontal motion 
as [ell. -f *ϛ is travellinK at a sTeed v with respect to F, then 
froQ *iK. � �and usinK 4ytLaKorasƅ tLeoreQ
 it is clear tLat 
Bob sees the light travel a longer distance. We have:

for Alice, but

for Bob. 

SuFstitutinK Aliceƅs e\Tression into &oFƅs and rearranKinK 
gives the absurd relation:

Alice and Bob measure completely different time intervals 
Fet[een tLe liKLt leavinK tLe ƽoor and LittinK tLe roof. 8iQe 
is moving more slowly for Alice!

This phenomenon is known as time dilation. The time 
measured between two events depends on the reference 
fraQe you are in. 0et us define tLe factor γ  by

As v increases froQ 0 to c, γ increases froQ � to infinity. 8Lis 
Qeans tLe sLortest TossiFle tiQe �kno[n as tLe ƄTroTer 
tiQeƅ
 is Qeasured in tLe reference fraQe in [LicL tLe t[o 
events are stationary �[Lere v ! 0
 Ƃ Aliceƅs fraQe, in our 

3

Figure 3: A laser FeaQ QovinK froQ tLe ƽoor to tLe roof of a QovinK train froQ t[o different TersTectives. Alice sees tLe liKLt Qove directly 
upwards, whereas Bob sees it angled to match the changing horizontal position of the train.
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is a universal speed limit: c. Nothing can travel faster than 
the speed of light.

Simultaneity and Causality

With time and space now fully bent — and our brains bent 
with it — let us now turn to a thought experiment that brings 
to light an apparent contradiction in special relativity. Alice’s 
train hurtles towards a tunnel that is half the length of the 
train. At each end of the tunnel are enormous guillotines 
that Bob can control and which would destroy the train if it 
were in the wrong place at the wrong time. When Bob sees 
that the train is exactly in the middle of the tunnel, he drops 
FotL Kuillotines siQultaneously, Fut finds tLat notLinK at 
all happens to the train. How can that be the case? Well, 
fortunately for Alice tLe train [as travellinK at �0	 tLe sTeed 
of light, so length contraction meant the train was less than 
Lalf its TroTer lenKtL �and tLerefore aFle to fit entirely [itLin 
tLe tunnel
 in &oFƅs fraQe of reference.

8Lat sounds all fine and dandy, Kiven [Lat [e kno[ aFout 
special relativity. The contradiction, however, comes when 
we try to view the same situation in Alice’s frame instead of 
&oFƅs. -n Ler fraQe, tLe train is stationary, and tLerefore its 
length is not contracted. Furthermore, the tunnel is moving 
to[ards Ler at �0	 tLe sTeed of liKLt, and tLerefore it is 
contracted to less tLan Lalf its TroTer lenKtL �i.e., less tLan 
��� tLe lenKtL of tLe train
. 8Lere is no [ay for tLe train to 
fit entirely inside tLe tunnel, and tLerefore it is iQTossiFle 
for it to survive when the guillotines drop simultaneously. 
-t [ould seeQ, tLen, tLat Alice sees Ler train FeinK cut into 
pieces. How can the train be destroyed according to one 
observer, but remain unscathed according to another? 
Though different observers will perceive space and time 
differently, they must surely agree on what actually happens 
to the train, right? 

KaQQa. SuFstitutinK tLat relationsLiT into tLese t[o lenKtL 
equations yields:

So tLe si^e of an oFNect Ƃ tLe distance Fet[een t[o Toints 
— depends on the reference frame as well. The longest 
TossiFle lenKtL �kno[n as tLe TroTer lenKtL
 is Qeasured in 
the reference frame in which the object is stationary — Alice’s 
frame, where the train is motionless. The object’s length in 
any other reference frame is shortened by larger and larger 
proportions as the relative speed between reference frames 
increases. This is length contraction.

Velocity Transformations

As we have seen, both time and space are distorted when 
comparing inertial reference frames. We must expect, 
tLen, tLat tLe velocity of an oFNect �Lo[ Uuickly its Tosition 
cLanKes as tiQe increases
 [ill also defy our intuition. -f 
Alice throws a ball forward on the train at a speed u, at what 
speed u′ [ill &oF Qeasure it to Fe travellinK# 4re�)instein, 
the answer would be u + v. 4ost�)instein, Lo[ever, tLe 
answer becomes something more bizarre:

8Lis eUuation Las an iQTortant conseUuence. -f Alice 
throws the ball at the speed of light, i.e., if u = c, then the 
speed Bob measures is:

-n otLer [ords, soQetLinK travellinK at tLe sTeed of liKLt in 
one reference frame is travelling at the speed of light in any 
reference frame. This was one of our postulates, so we are 
seeing that the theory of special relativity is self-consistent. 
Furthermore, any speed u in any reference frame v will 
always be measured as less than the speed of light. There 
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 aKainst reference fraQe sTeed as a 
fraction of the speed of light. The larger γ 
becomes, the more distorted space and time 
are when compared across reference frames.
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entities. However, the more you learn about special relativity, 
tLe Qore linked tLese t[o asTects of reality FecoQe. -ndeed, 
Einstein’s third annus mirabilis TaTer unified tLeQ tLrouKL 
the concept of a spacetime interval.

Before special relativity, we believed that distances were the 
saQe no Qatter [Lat reference fraQe you [ere in. -f t[o 
objects are separated by distances x, y, and z in the three 
spatial dimensions we experience, then the value r2 = x2 + 
y2 + z2 was invariant across frames of reference. However, 
we now know that length contraction exists and therefore 
the Euclidean distance r is not preserved. As length is 
contracted, tLouKL, tiQe is dilated. So, )instein [as aFle to 
discover a new value called the spacetime interval between 
two events, s2 = t2 - x² + y² + z2, that was the same in any 
reference frame. The spacetime interval replaces the notion 
of distance in sTecial relativity. STace and tiQe [ere no 
longer separate entities, but rather two parts of a larger 
fabric of spacetime. This is why we now say that we live in a 
four dimensional universe, as opposed to  three. 

STacetiQe addresses tLe interestinK oddity in sTecial 
relativity tLat is tLe universal sTeed liQit. -t seeQs stranKe 
that any speed is possible less than c, but nothing can move 
faster. -tƅs alQost asyQQetrical in tLat [ay. ;Len sTace and 
tiQe are unified, tLouKL, a ratLer TleasinK resolution to tLat 
awkwardness manifests itself. We know that the faster a 
reference frame is moving, the more slowly time is passing 
in tLat reference fraQe. -n otLer [ords, tLe faster soQetLinK 
Qoves tLrouKL sTace, tLe slo[er it Qoves tLrouKL tiQe. So, 
it is not really the case that any speed is possible; instead, 
there is only one speed. SoQe oFNects are stationary and are 
moving forward through time at a ‘speed’ c, while others are 

The resolution of this paradox comes by challenging 
soQetLinK - iQTlicitly assuQed in Qy descriTtion of 
what Alice sees. Just because the two guillotines drop 
simultaneously in Bob’s reference frame does not mean 
they drop simultaneously in Alice’s reference frame. Alice 
survives in her own reference frame because she sees 
tLe far Kuillotine droT first �Fefore sLe reacLes it
, tLen a 
pause before the rear guillotine drops after she has passed 
it by. The order of events can depend on the reference 
frame through which they are viewed! The concept of 
time in special relativity is entirely different to what we 
normally experience. There is no absolute ‘present’ across 
all reference frames, and different observers can disagree 
on the order in which events occur. This is the relativity of 
simulteneity.

8Le final coQTlication to tLis rearranKeQent of events is 
causality. -f one event causes anotLer, tLeir order cannot 
be switched. Fortunately this is accounted for in special 
relativity via the universal speed limit c. -t is only TossiFle for 
one event to cause another if a signal travelling at the speed 
of liKLt �or slo[er
 can leave tLe first event and reacL tLe 
second one on tiQe. -f tLey are too far aTart, no inforQation 
aFout tLe first event can inƽuence tLe second. 8Le QatLs 
of special relativity says that the order of two events can 
only be switched if a beam of light could not travel between 
them, so causality is preserved.

Spacetime

8LrouKLout tLis article, - Lave Feen referrinK to sTace and 
tiQe seTarately, Fut alQost al[ays in conNunction. 4re�
Einstein, space and time were viewed as entirely disjoint 

5

Figure 5: Ten years after inventing special relativity, Einstein would take the idea of spacetime even further. His general theory of relativity 
descriFes Kravity as curvature in sTacetiQe, leadinK to diaKraQs sucL as tLis �acUuired froQ TnK[inK.coQ
.
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and Las FecoQe, alonK [itL UuantuQ field tLeory, one of 
the two pillars of modern physics. Without special relativity, 
though, general relativity would not have been possible.

STecial relativity is an e\traordinary toTic tLat forces you to 
really think like a scientist — casting off your assumptions. 
We are now three papers into Einstein’s ‘miracle year’, and it 
is FecoQinK increasinKly clear [Ly ��0� is no[ kno[n Fy 
tLat naQe. 8Le fourtL and final annus mirabilis paper will be 
an elaboration on some aspects of special relativity which 
we have not mentioned, notably giving rise to the most 
famous equation in history: E = mc2. That will be the topic of 
my next article here in UoA Scientific. 

using some of their speed to move through space instead, 
and hence move more slowly through time. Everyone and 
everything is travelling at the speed of light, just in different 
directions. 

Not the End

8Lis article is overly lonK already, yet - Lavenƅt even covered 
half of what Einstein spoke about in his paper, nor was this 
the last paper he wrote on the subject. Furthermore, you 
may have been wondering why we call special relativity 
"special" relativity, not just relativity. The answer is that 
special relativity is merely a special case — a subset — of 
the more general theory of general relativity, which also 
incorporates non-inertial frames of reference. General 
relativity [as unleasLed on tLe [orld Fy )instein in ���� 
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'aleF is a 6esearcL and 8eacLinK Assistant in tLe (eTartQent of 4Lysics at UoA ne[ly finisLed [itL Lis 
&Sc�,ons
 deKree. ,is researcL is in nonlinear oTtics and laser TLysics� in Tarticular, tLe dynaQics and control 
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�entry into tLe cell for aQTlification and reTlication
 ?2A. 
Another pathway, the Antibody-Dependent Enhancement 
�A()
 TatL[ay, is associated [itL Kreater disease severity 
or potentially fatal dengue shock syndrome. The ADE 
pathway exploits processes of the immune system. Fc 
iQQune cell receTtors Find antiFodies �Found to TatLoKen 
()NV
 for endocytosis Fut also act to Flock key antiviral 
molecules such as cytokines, which are regulators of the 
iQQune resTonse ?�A. ()NV acts to decrease transcriTtion 
and translation of Tro�inƽaQQatory cytokines and increase 
transcriTtion and translation of anti�inƽaQQatory cytokines. 
SucL iQFalanced inƽaQQatory resTonses cause inner 
blood vessel lining pathology and vascular leakage, leading 
to LyTovoleQic sLock ?2A. (enKue Trevalence is attriFuted 
to Aedes aegypti’s life-long infectiousness and high 
transmission, but the spread of Dengue is compounded by 
social and environmental contributors discussed in coming 
cLaTters ?2A. 

Wolbachia

To control the dengue burden, research in vaccines, 
antivirals, and vector-control has been discernible over the 
Tast decade ?�A. ,o[ever, lack of effective vaccines Las 
left vector control the pertinent method for reducing viral 
sTread ?�A. )ndosyQFiont Wolbachia’s protection against 
siKnificant infection of 6NA viruses, and tLus reduction 
of dengue infectivity in Aedes aegypti, has been known 
for years despite the lack of consensus on the underlying 
mechanisms. Wolbachia are maternally inherited bacteria 
kno[n to infect "��	 of insect sTecies, yet do not naturally 
infect Aedes aegypti ?�A. *ortunately artificial infection is 
feasible, thus, opening the door to potentially effective and 
naturally dispersive vector control. 

4an et al. ?�A TroTosed tLe estaFlisLQent of syQFiosis 
between Wolbachia and its host to increase pathogen 
resistance. Wolbachia exploits host innate immunity by 
activatinK toll and iQQune deficiency �-1(
 FiocLeQical 
pathways. This is via activating pattern recognition receptors   
�Troteins caTaFle of recoKnisinK TatLoKenic Qolecules
�   
both  of which induce the expression of antimicrobial peptides, 
[LicL in turn induce overe\Tression of antio\idants. 4an et 
al. acknowledge that it is unknown how these pathways 
reduce DENV infection and facilitate symbiosis, although it 
is clear upregulation of such pathways increases Wolbachia 
presence. For example, antioxidant enzymes induced by 
Toll pathways are suspected to enhance Wolbachia fitness 
?�A. 8Lis is suTTorted in anotLer study, [Lere increasinK 
ƽy survivaFility in LyTero\ic conditions [as sLo[n to Lave 
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Mysterious Wolbachia Bacterium 
Helps Fight the Dengue Virus
Sarah Moir

If youƅre travelinK to tLe 'ariFFean, -ndonesia, Australia, or 
any troTical cliQate really �[Lere else [ould you Loliday
, 
falling ill to the dengue virus may be in the back of your 
mind. And you would be smart to pack the mosquito 

repellant; dengue fever is a serious and potentially fatal 
disease [itLout any sTecific treatQent nor Treventative 
Qedicine. 1ore siKnificantly, denKue Furdens Qillions of 
people that inhabit the endemic habitat of Aedes aegypti, 
the carrier mosquito; endemicity that is rapidly spreading 
towards European and North American populations thanks 
to climate change. Over the past decade, reported dengue 
virus �()NV
 cases to ;,3 Las increased eiKLt�fold to 
�.2 Qillion in 20�� ?�A. Asia disTroTortionately reTresents 
�0	 of tLe denKue Furden, tLouKLt to Fe an effect of raTid 
urFanisation and KloFal [arQinK ?�A. 8Lus, social and 
environmental issues should be taken into consideration 
when responding to the dengue outbreak. The lack of viable 
vaccines and sTecific treatQent sTotliKLts Wolbachia 
bacterium as a cheap and effective solution through a 
somewhat known, yet mysterious, symbiosis. 

(enKue is a Tositive�strand 6NA arFoviral disease of tLe four 
serotyTes ()NV ���, FelonKinK to tLe *lavivirus faQily ?2A. 
Aedes aegypti mosquitoes are its primary vector, facilitating 
tLe carryinK and sTread of ()NV aQonKst ToTulations ?�A. 
Humans also reservoir DENV, infecting mosquitoes who 
feed on tLeQ ?�A. 8Le route do[n ()NV infection involves 
E proteins embedded within the viral lipid membrane, of 
which bind to cellular receptors to initiate endocytosis 

Figure 1: 1osUuito iQaKe Fy =oKesL 4edaQkar froQ UnsTlasL.
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-f you Lavenƅt tLouKLt aFout '3V-(��� enouKL, tLe latest 
TandeQic e\eQTlifies tLe [ays in [LicL increasinK 
viral transmission in a warmed and urban climate may 
indirectly iQTact tLe denKue Furden. 'o�infections, lack 
of discriQination Fet[een '3V-(��� and ()NV in FotL 
clinical presentations and diagnostic methods, as well as 
access to healthcare may overrun such systems and put 
Tatients at furtLer risk ?��A. 'oQQunities vulneraFle to sucL 
consequences of global warming and rapid urbanisation 
reinforces the need to explore beyond purely biological 
solutions. 
 
Dengue is considered as one of the fastest growing viral 
diseases today, now extending beyond endemic boundaries 
conseUuential to urFanisation and KloFal [arQinK ?�A. Vector 
control methods using Wolbachia bacteria is a promising 
area of research. However, unresolved consensus on the 
mechanisms of DENV control leaves more research to be 
done. Not only is Wolbachia potentially protective against 
dengue, but also for other diseases including malaria, yellow 
fever, and zika. Wolbachia is tLus a siKnificant FacteriuQ 
tLat Qay Totentially lead tLe fiKLt aKainst QosUuito�Forne 
disease for the protection of human health over the coming 
years.

high antimicrobial peptide and antioxidant 
Tresence ?�A. AntiQicroFial TeTtides 
potentially maintain the Wolbachia niche 
in preventing the growth of microbial 
ƽora [itLin QosUuitos ?�A. As descriFed 
above, Wolbachia’s exploitation of a host’s 
immune response allows it to beat its 
microbial competitors. Evidently, boosting 
mosquito immunity with Wolbachia could 
both amplify Wolbachia titer �ToTulations
 
and resistance to DENV.

A secondary speculated mechanism 
suggests Wolbachia may out-compete 
DENV for important host cell components 
including cholesterol, by which Wolbachia 
nor Flavivirus’ have the biosynthetic 
capability to synthesise autonomously. 
-nterestinKly, ()NV reUuires cLolesterol in 
order to replicate and cause pathogenesis 
?�A. 8Le siKnificance of coQTetition Fet[een Wolbachia 
and DENV is yet to be determined, however, it sounds like it 
could be a key area of focus in future studies.
 
Thinking beyond Wolbachia

The importance of DENV control is reinforced when 
considering the implications of both urbanisation and 
global warming on the dengue burden. Aedes aegypti 
survival, reproduction and transmission are promoted by 
increase in temperature, annual precipitation and humidity 
?�0A. &anKladesL e\eQTlifies Lo[ Aedes aegypti exploit 
sucL cliQatic sLifts [Lere tLe 20���20�� Tre�Qonsoon 
season saw seven times more dengue cases than the 
2000�20�� season ?��A. 6aTid urFanisation [as also 
linked to increasinK denKue cases in &anKladesL. 4oor 
health care, infrastructure, sanitation, waste disposal, and 
drainage facilitates increased transmission and mortality in 
sucL QetroTolitan aKKloQerates ?�2A. &otL KloFal [arQinK 
and urbanisation extend Aedes aegypti habitat beyond 
endeQicity [Lere LuQan interaction [itL ^oonotic �aniQal�
Forne
 disease increases [itL deforestation and e\tension 
into wild habitat whilst tropical boundaries continually 
stretcL to[ard tLe Toles ?��A. -n 20��, aTTro\iQately ��	 
of the global population was modeled to inhabit dengue risk 
areas, and [as TroNected to increase to �0	 in 20�0 ?�0A.
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Figure 2: 4oor infrastructure, drainaKe and sanitation are deTicted as a conseUuence of 
rapid urbanisation in Vietnam. Vietnam, like Bangladesh, manages the dengue burden 

seasonally and [itL increasinK severity. -QaKe Fy 8ony 0aQ ,oanK froQ UnsTlasL.
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[eaTon of cLoice, 6aQan STectroscoTy Ƃ tLe detection 
method that gives the possibility of pinning nanoparticle 
contaminants on our pollution radar.

Raman Spectroscopy

By shining a red light onto a material, you would expect 
tLe e\act saQe colour to Fe reƽected Fack. A 6aQan 
spectrometer, however, can measure that a small fraction 
of tLis reƽected liKLt is a different colour. 8Lis is a result 
of molecular vibrations causing a change in the energy, 
and therefore, the frequency of the light being scattered. 
As each chemical bond has its own associated energies, 
individual Fonds �eK. '�3, '�,
 and KrouTs of Fonds 
�e.K. Fen^ene rinKs
 e\LiFit different enerKy sLifts and 
tLerefore, can Fe identified Fy tLeir Teak Tosition in tLe 
6aQan sTectra. 8Le Fenefits of 6aQan are tLe incrediFly 
simple sample preparation and non-destructive nature of 
cLaracterisation ?�A. -t is tyTically an effective tecLniUue for 
TolyQer identification Ƃ Lo[ever, nanoTlastics are unaFle 
to generate signals strong enough to give rise to spectral 
Teaks. So, Lo[ can [e use tLis viFrational tecLniUue to 
detect nanoplastics?

Surface�enLanced 6aQan sTectroscoTy �S)6S
 is a 
technique introduced to overcome some of the limitations 
of traditional 6aQan sTectroscoTy. &y usinK Qetallic 
nanoTarticles, tLe electric field surroundinK tLe Qetal 
surface is enLanced, allo[inK tLe aQTlification of scatterinK 
signals when interacting with the analyte. 

Our Approach

As suQQer interns Tart of 4rofessor (uncan 1c+illivray�s 
Soft 1atter KrouT, [e leaTed into tLis e\citinK TroNect, 
developing methodology for the detection of polystyrene 
nanoparticles. The studies involved the synthesis of 
sTLerical Kold nanoTarticles �AuN4
 actinK as our 
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The Plastic Pandemic

With the mass production of plastic in the 
���0�s, LuQans Lave coQe to live lives of 
convenience and ease. What manufacturers 
didn�t anticiTate [as tLe vast distances 

across which these plastics would eventually travel 
Ƃ  reQote Tlaces sucL as tLe &alcony of 1t. )verest ?�A 
and Antarctic ice cores ?2A, tLe diKestive tracts of Qarine 
orKanisQs ?�A, even in our o[n Flood ?�A. -t�s every[Lere. 
Although the idea of plastic pollution has been around since 
tLe ���0�s ?�A, it Lasn�t Feen until tLis year tLat tLe e\tensive 
impacts of this have been acknowledged. The beginning of 
March marked a historic event in which the United Nations 
declared Fy 202� to Lave created an international treaty 
addressing the plastic problem at each stage of its lifecycle. 
From looking at more environmentally friendly alternatives 
to the management of its waste, the treaty is an awesome 
step in the right direction. 

However, many of the mitigation steps still require us to 
know exactly where our plastic is in order to help regulatory 
coQQunities assess tLeir risk. 4lastic in tLe environQent is 
fragmented and degraded into smaller particles via various 
natural processes; UV-induced, thermal, and microbial 
Trocesses to naQe a fe[ ?�A. 8Le Tlastic lifecycle is lonK. 
0arKe �Fulk
 Tlastics deKrade slo[ly into tLe [ell�kno[n 
QicroTlastics �akin to tLose of e\foliant Feads in face 
scruFs
, and eventually [eatLerinK, fraKQentinK over tiQe 
�in various environQents
 into sQaller nanoTlastics. 4lastic 
deKradation is infinite, and Las Kiven rise to tLe scientific 
quest of detecting these seemingly ‘invisible’ plastics. 
Microplastics and larger fragments already have methods 
of detection and isolation that are long established; however, 
their even smaller counterparts, nanoplastics, have slipped 
under the radar, incognito if you will. 

3nly eQerKinK in scientific literature in tLe last seven years, 
the implications of nanoplastics for human health and the 
environment are still riddled with uncertainties. Nanoplastics 
tLeQselves are yet to Lave a standardised definition of tLeir 
size. The issue stems from the vastly different physical and 
chemical properties these nano-sized materials exhibit,  
and by their behavior, while interacting in our macroscopic 
world. Understanding these materials seems unattainable 
�for no[
. ;Lile [e coQFat tLe nanoTlastic tLreat socially, 
tLe first line of active defense coQes [itL detection. ;itL 
our research, we reached our small victory in just that. 
Nanoplastics are invisible no more.

Before things get underway, let us introduce to you our 

Going Incognito: The Invisible 
Universe of the Nanoplastic Pandemic
Eugene In & Nargiss Taleb

Figure 1. 4olystyrene Qolecule.
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Finding Nanoplastics — Unveiling the ‘Invisible’ 
Nano-world

Our results were astounding, with consistent enhancement 
of characteristic styrene peaks from our analyte of interest, 
[LicL [as Tositively cLarKed 20 nQ Tolystyrene �a coQQon 
Tlastic
. Selective Tolystyrene Teak enLanceQent siKnals 

over tLe filter TaTer Qatri\ [itL an AuN4 caTTed surface 
[as key to recordinK successful S)6S siKnals. 

;itL S)6S effects, [e can Uuantify tLe increase in siKnal 
strenKtL via calculation of tLe enLanceQent factor �[e 
[ill sTare you froQ tLe QatL
. Selective styrene Teak 
enLanceQents Tresented enLanceQent factors of ��0�
���0, and in soQe cases, �0�0 tiQes tLe oriKinal siKnal 
strenKtL [ere identified �*iK. �
. )\cludinK tLe 20 nQ AuN4 
TlasQon Fand at ��� nQ, styrene related 6aQan siKnals 
include tLe aroQatic '!' rinK deforQation ��20 cQ��
, '�' 
rinK stretcL ��00� cQ��
, and '�, in�Tlane deforQation ��0�0 
cm��
. ;itL tLis kno[ledKe, [e furtLer e\Tlored tLe liQit of 
detection of tLe filter TaTer S)6S suFstrate [itL 6aQan 
measurements of samples with lower concentrations of 
Tolystyrene ��00, �00, �0, �0, � and �vK Q0��
. *roQ tLis 
we found consistent nanoplastic detection of polystyrene at 
concentrations of �0 vK Q0��, with instances of an all-time 
lo[est detection liQit of � vK Q0�� when compared to recent 
literature outputs.

electric field enLancinK Qaterial, tLis FeinK used to detect 
Tolystyrene nanoTlastics as our analyte of interest �*iK. �
. 

8o lay tLe foundations, a FatcL of ca. 20 nQ AuN4ƅs [ere 
syntLesised via an e\TeriQentally�oTtiQised 6everse 
8urkevicL QetLod ?�A, [LicL involves a Tarticular ordered 
addition of key reagents. This method was named after 
tLe oriKinal TuFlication Fy 8urkevicL et al. in ����, for tLe 
synthesis of nano-sized spherical particles between the size 
ranKe of �0 to �0 nQ ?�A. *rens in ���� revised tLis QetLod 
for ensurinK QonodisTersity �uniforQ Tarticle si^es
 of 
colloidal Kold nanoTarticles ?�0A. 8Le oriKinal 8urkevicL 
method requires a certain order of reagent addition 
�cLloroauric acid �,Au'l4
 to trisodiuQ citrate �Na3'6H5O�

, 
with the reversed method requiring the inverse starting 
material addition — trisodium citrate added to the boiling 
Kold solution. 8Le QonodisTersed AuN4 susTension [as 
syntLesied via reƽu\, KivinK it an overall cLaracteristic ruFy 
red colour �tLink cranFerry Nuice
. 

Using this suspension, we created a system analogous to 
an oTen sand[icL. 8Le first layer or tLe ƄFreadƅ is a cellulose 
filter TaTer. 8Le AuN4 susTension once diluted [as Qi\ed 
toKetLer [itL a � QK Q0�� positively charged polystyrene 
susTension �*iK. 2
, and [as deTosited �droT�casted
 like a 
ƄsTreadƅ onto tLe filter TaTer. 3nce dried, tLe QonocLroQatic 
red laser ���� nQ
 of tLe 6aQan STectroQeter is sLone 

tLrouKL a <�0 QicroscoTe lens at �0 Q; To[er. 3ur 
vibrational spectral data was collected from a wavenumber 
ranKe of 200���00 cQ��, [itL a 20 s scan acUuisition tiQe. 
An example of the experimental set up is seen in Fig. 3, Fig. 
4.
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Figure 2. 8Le systeQ of AuN4s ��
 and Tolystyrene ��
 aKKreKates 
in a ��� Qi\ture due to LavinK oTTosite cLarKes.

Figure 3. -nside a 6aQan STectroQeter lies a saQTle of a AuN4�
Tolystyrene systeQ droT�casted onto cellulose filter TaTer.
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froQ ca. ��00����0, [itL an instance of enLanceQent 
TerforQance of ca. �0�0 across various AuN4 FatcLes. 3ur 
findinKs Tut to Uuestion Lo[ tLe interTarticle distancinK 
Fet[een tLe AuN4 and 4S sTLeres �QecLanisQ
 effect tLe 
enhancement factors, which can be explored using more 
complex methods such as small angle neutron-scattering 
�SANS
, and sQall anKle \�ray scatterinK �SA<S
. 8o do tLis, 
a trip across the ditch to our Australian friends would be 
required. 

Whilst we are far from reaching complex detection 
of nanoplastics from an environmental system with 
various competing matrices, our research questions 
the realm of nanomaterial toxicity in and around our 
coQTle\, QacroscoTic [orld. SucL researcL into tLe 
complex nanoplastic interactions are still to be pioneered. 
Nevertheless, a positive step forward in combatting and 
unveiling the ‘invisible’ plastics in simple systems offer a 
great potential for building on a foundation of nanoplastic 
detection QetLods, and is a sQall contriFution �Fut TerLaTs 
tLe ultiQate key
 in nanoto\icoloKy researcL. 

Although we had successful results in a laboratory setting, 
these are not necessarily representative of its native state in 
tLe environQent. 8Le effect of salt �Na'l
 [as tested usinK 
��0 and �00 Q1 concentrations, tLis FeinK TLysioloKically 
and sea[ater relevant, resTectively. -t [as found tLat our 
aFility to detect nanoTlastics Lad reduced Fy a factor of �0, 
and our systeQƅs liQit of detection [as reduced to �00 vK 
mL��.

Conclusion and Future Work

&ased on our filter TaTer�Fased investiKation to uncover tLe 
seeQinKly ƄinvisiFleƅ Tolystyrene Teaks, tLe develoTed S)6S 
systeQ Tresented a roFust and eƾcient detection QetLod 
for dilute nanoTlastics in a selective Qanner. 'onsistent and 
reproducible styrene peak enhancements at characteristic 
vibrational spectroscopic stretching modes were isolated — 
with ability to enhance dilute concentrations of nanoplastics. 
StronK enLanceQents of Tositively cLarKed Tolystyrene 
[ere identified, [itL a reliaFle liQit of detection of �0 vK 
mL��, and even as lo[ as � vK Q0��. Notably, the average 
enLanceQent factor of Tolystyrene 6aQan Teaks ranKed 
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Figure 4. A scLeQatic illustration for tLe filter TaTer systeQ develoTed in tLis [ork.

Figure 5. A reTresentative surface�enLanced 6aQan sTectra for 4S��
20 ��.0 QK Q0��
 [itL AuN4 
�oranKe
 and non�enLanced 4S��
20 �200 QK Q0��
 �Flack
.
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The Future
of Food
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An adapted interview with Dr Rosie Bosworth from 95bFM’s ‘Tomorrow’s World’ 
about what the future holds for the mass production of meat.
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The idea of lab grown food, which Dr Bosworth refers to as 
‘biotech’, has been rising in popularity. Even large fast food 
cLains sucL as &urKer /inK Lave released &eyond 1eato 
and -QTossiFleƦ *oods FurKers. 

So Lo[ do tLese cell Fased Qeat Trocesses stack uT 
sustainaFly# A life cycle assessQent �0'A
 considerinK 
the eutrophication, potential land use requirements, and 
greenhouse gas emissions of these alternative proteins 
coQTared to cLicken, laQF, and Feef �*iK �
 sLo[ a Fetter 
TerforQance for cell�Fased Qeats ?�A. ,o[ever, currently tLe 
energy consumption used by cell-based meat production 
exceeds all alternatives. 

Cellular agriculture 

[cellular agriculture is] “Taking cells from animals and 
growing these actual cells outside the animal.  By 

feeding them a carbohydrate feed stock, we don’t need 
all the energy source to produce that we do to grow 

animals over time to slaughter or raise as dairy cows. 
Another really cool process that’s being advanced right 
now to produce dairy proteins and other molecules is 

precision fermentation. Precision fermentation involves 
programming yeast or fungi to produce the very same 

proteins and molecules like milk or cheese, without the 
animal, in large vats. Essentially, the cow is becoming an 

old piece of tech.”
 
As a response to the long-term environmental degradation 
that traditional livestock agriculture creates, biotechnologists 
Lave conceived a ne[ route of caterinK to tLe 2�st century 
human’s desire for meat: cellular agriculture. As Dr Bosworth 
mentions, the process is essentially taking a piece of animal 
tissue, relevant to the section of the animal we want to 
consume. Then, these cells are cultured, and given all of 
the nutrients in vitro that they would receive in vivo. They 
Kro[ to Qaturity in a Fioreactor �[LicL is siQTly any Qan�
Qade vessel tLat carries out FioloKical Trocesses
 in tLe 
saQe Qanner an entire orKanisQ [ould Kro[ in a field, and 
reach the same fate that such an organism would: they’re 
harvested, and processed appropriately. 

There are two distinct processes included in cellular 
agriculture, and they’re not limited to producing ‘meat’. 
Acellular products can create things like milk, for example, 
using a starter culture, inserting the gene that produces 
milk, an animal protein, into a microorganism. This means 
the process of milk production then occurs in a lab, outside 
of an animal, so we skip all of the excess maintenance of the 
animal that would occur, and jump right to the end result; the 
animal protein we desire. This is the process by which most 
medical insulin is made, and the host microorganism in that 
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Our eatinK LaFits reƽect our FioloKical needs, 
cultural practices, and accessibility to 
resources. Aotearoa is facing mounting 
sustainability issues and Fonterra has recently 

been named the highest carbon emitter in the country, 
after reTortinK over �� Qillion tonnes of KreenLouse Kas 
eQissions to tLe )nvironQental 4rotection AutLority. 
(r 6osie &os[ortL is a sTecialist in tLe future of food, 
[itL a 4L( in environQental innovation and sustainaFle 
tecLnoloKy develoTQent. ;e intervie[ed Ler in 202� on 
our radio segment, titled Tomorrow’s World, which airs on 
95bFM. We decided to revive this interview in light of growing 
food sustainability concerns for Aotearoa, and adapt it into 
a print article exploring the future of food. While it is well 
known that changing to a plant-based diet mitigates the 
effects of climate change in a myriad of ways, for some, a 
stark sLift to entirely Tlant�Fased Nust isnƅt feasiFle. So, [Lat 
could diets look like in the future if the entire planet can’t go 
strictly vegan? 

Is a vegan diet more sustainable?

Historically humans have consumed meat to satisfy 
nutritional needs. With hunting related to high danger 
risks and enerKy deQand, a sLift to intensified aKricultural 
practices has increased with patterns of urbanisation 
?�A. ,o[ever as [ealtL and resource e\traction Las 
concentrated into some regions, and populations have 
increased globally, the type and quantity of food produced 
Las cLanKed draQatically. -n tLe last four decades KloFal 
Qeat Troduction tLrouKL aKriculture Las increased Fy 20	, 
[itL �0	 of tLe KloFal land surface area used for aniQal 
Troduction ?2A. 

The normative practices of consuming meat within a daily 
diet has contributed to biodiversity loss and increased 
greenhouse gas emissions. However it is important to 
consider that the consumption of any resource comes at an 
expense. We asked Dr Bosworth how sustainable a vegan 
diet is:

“It is complicated, vegan food has so many types of ‘plant 
based’ options – some of which are being criticised for 
having a large footprint themselves – like almond milk. 
But there are now also more and more advancements in 

science and biotech which mean we can even produce the 
same proteins as those found in animals or dairy proteins 

themselves, without the animals, that don’t require the 
use of plants as substitutes . When you’re  looking at 

plant based milks, almond milk  gets a worse reputation 
than other plant based milks like oat or coconut, but even 

when you compare almond to dairy it is markedly more 
environmentally friendly, especially in terms of water use.”

University of Auckland Scientific, July 2022, Vol. 2, No. 2
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The inverse of these arguments is a tricky conversation: 
Gene-editing may be perceived as tied up with the ethics of 
‘playing God’, and the implicit debate within these questions 
as to [Lat tLe definition of Ƅlifeƅ is. 3f course, tLese cells 
are ‘living’, but are they sentient? And how does that make 
a difference to how they should be treated? Answers to 
these questions are value-laden and boil down to a pretty 
detriQental issue for tLe Trocess if left unresolved. -f TeoTle 
are unsure about how they feel about this new technology, 
tLey A
 [onƅt TarticiTate or &
 [ill actively rally aKainst 
the concept. There’s little point in developing technologies 
such as this, if they won’t be accepted and adopted by the 
ToTulus. Science often oTerates as a kno[ledKe seekinK 
exercise, and as catering to the needs and desires of the 
population; if no one’s using it, it’s a dead end. 

Manipulating soy to mimic meat textures and tastes

“Heme (or leghaemoglobin) is a molecule found in cows 
but can also be bio-fermented and harvested using the 

same DNA found in soy root nodules. It’s what gives meat 
that umami aroma and meaty rich smell and taste. [This is 
important because the] average consumer wants a similar 
experience with meat burgers – not a rubbery or bland soy 

product. There’s a sensory experience that tofu may not 
give, and we need to offer the same sensory experience to 

get mainstream audiences to switch over.”

As an alternative to cellular agriculture, the biofermentation 

case is generally E. coli. These engineered microorganisms 
do all the work for us, and are markedly lower maintenance 
than farming an entire cow. 

'ellular aKriculture, alternatively, takes sTecific tissue froQ 
a biopsy, and is grown similarly to acellular products, with 
a scaffold and nutrients. -ts differentiation is tLe fact tLat 
living cells are being cultured, rather than proteins. The main 
part of the meat we eat is muscle tissue, so this is where the 
biopsy is taken from. 

Ethics

8Le etLics of cellular aKriculture ?�A could fill t[o entire 
volumes of this publication alone, so we’ll simply outline 
them. There’s a pro-stance, which argues that since we’re 
avoiding the raising of livestock purely for the use of their 
resources and inevitable slaughter, the process aids animal 
welfare. And it’s easy to see the arguments for this; we 
do indeed clearly bypass the possibilities of inhumane 
treatQent, Fecause [e donƅt Lave a [Lole orKanisQ �in tLe 
traditional sense
 to deal [itL. -t also ties in neatly [itL tLe 
argument of sustainability; by avoiding the raising of a whole 
cow, we avoid the emissions that said cow creates, simply 
by its existence. That’s avoiding a lot of emissions even 
before we get to the supply chain points of maintenance, 
space, land use, water consumption, then the myriad of 
processing that needs to happen after the animal’s demise. 
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Figure 1. 'oQTarison of tLe environQental iQTact of Qeat and Qeat analoKs. (ata are norQali^ed to tLe iQTact 
of beef production. Eutrophication does not include data for mycoprotein. Land, emissions and energy data for 
QycoTrotein [ere adaTted froQ a 20�� 0'A. (ata for Feef, Tork, cLicken and '&1 [ere adaTted froQ a 20�� life 
cycle assessQent. (ata for 4&1 [ere adaTted froQ an iQTossiFleTM &eef 0'A �land, eutroTLication, eQissions
 and a 
Beyond Meato life cycle assessQent �enerKy use
. *iKure adaTted froQ 6uFio et al., 2020.
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Environmental psychology and the value-action gap 

When we consider what we will be serving for our University 
reunion dinner in twenty years time, we may be leaning 
towards in vitro meats. Although a vegan diet offers many 
Fenefits, tLe sensory e\Terience and cultural ties to eatinK 
food associated with emotions of satisfaction will remain 
?�A. ;Len you kno[ soQetLinK tastes Kood, your taste 
sense works through chemosensory where a chemical 
stiQulus on a nerve endinK �taste Fud
 is Qediated tLrouKL 
taste and smell, and naturally our bodies like things that give 
us enerKy, sucL as suKars and carFoLydrates ?�A. ;e asked 
(r 6osie &os[ortL Lo[ future food develoTers considered 
this:

“When we think about food, future foods don't want to 
consider themselves as food tech or science start ups, 

especially when positioning themselves for the end 
consumer. By and large they still consider themselves as 
a producer of tasty food, that is the most important bit.”

The cultural and sensory process of eating meat can be 
related to environmental psychology, modelled by the 
value�action KaT ?�A . AltLouKL [e Qay Fe a[are of tLe 
environQental and LealtL Fenefits of eatinK less Qeat, 
there are stronger values such as convenience, habits, and 
satisfaction that result in continued meat eating behaviour. 
A 202� Ne[ >ealand Uuestionnaire found tLat an oQnivore 
diet [as tLe Qost Trevalent dietary cateKory ���.�	
. 
+ender �Qen
 and Tolitical ideoloKies �conservatisQ
 
predicted lower probabilities of transition from a meat to 
no�Qeat diet ?�A.

As climate concerns, food production demands and ethical 
tensions continue to grow it will be interesting to see which 
food technologies gain mainstream traction. This is where 
future foods such as cell-grown meats may come out as 
the top dish. 

of heme may provide another solution to people’s rejection 
of plant-based alternatives. As important as taste is, it’s 
not the only component in the sensory experience of food. 
As Dr Bosworth explains, heme can be found in cows, and 
is utilised by meat substitution products to recreate the 
‘mameme aroma’ experience, which can be so imperative to 
enjoying meat products. 

Haemoglobin is the source of heme in cows, but can be 
replaced with sensational likeness by leghemoglobin in a 
food context. Leghemoglobin is found in the root nodules 
of soy and otLer leKuQes, and fi\es nitroKen as soy Tlants 
grow. The two are oddly similar, which is why leghemoglobin 
has been appropriated for the purpose of mimicking ‘blood’ 
in plant-based foods. 

There are many methods of accessing heme in 
leghemoglobin. The most intuitive one is digging up the 
roots of soy plants, and extracting the goodness inside for 
our purposes. However, this does seem counterintuitive if 
part of the aim is to be more sustainable – ripping up acres 
of croTs for tLeir roots doesnƅt Uuite fit. So, researcLers 
found another way to produce leghemoglobin: fermentation. 
Again, our tiny microorganism friends help us battle climate 
change.

Fermentation for heme production involves using genetically 
engineered yeast, which has been inserted with the gene for 
leKLeQoKloFin Troduction �in soy, tLis Kene is 0&'2
 ?�A. 8Le 
ancient process of fermentation then ensues, and a whole 
batch of yeast, working hard to produce leghemoglobin, 
is created. -t is siQilar to tLe acellular aKriculture Trocess. 
After this, it’s simply a matter of isolating the leghemoglobin 
produced, and adding it to whatever meat substitute a 
company desires.
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represented as multicellular organisation, of which stems 
eusocial behaviour. 

-n tLe case of our Feloved Loney Fees, tLe QultiTle 
replicating entities can be seen as the bees themselves, 
the colony is the matter which they remain together in, and 
hence the hive becomes the entire replicating system.

The division of two castes inside the honey bee hive is 
fundaQental to tLe siKnificant success of tLe sTecies. 8Le 
morphologically distinct queen is responsible for colony 
founding, dispersal, and egg-laying while the workers perform 
tasks such as colony defence, nursing, and foraging in order 
to maintain the colony, yet do not reproduce themselves 
?2A. -n order to keeT tLis systeQ successful in its oTeration 
and avoid the establishment of any individuals developing 
‘cheating’ methods that enable them to reproduce, workers 
are morphologically constrained by a lack of functioning 
orKans for se\ual reTroduction ?�A.

Today, eusociality takes the form of adult offspring 
remaining in the colony to help their mother reproduce; 
instead of doinK so tLeQselves ?�A.

Cooperative brood care:

Workers in the Apis genus who exhibit distinct morphological 
differences from their queen are restricted to only gaining 
indirect fitness Fy LelTinK to rear related offsTrinK. 8Le 
colonyƅs inclusive fitness is tLerefore a function of tLeir 
reproductive output, with total offspring production 
depending on the quality of the queen and her mate, and of 
the cooperation of the workers. Much of the colony’s social 
life tLerefore revolves around Frood care ?�A.

8Le fitness Fenefits tLat Loney Fees inside tLe colony 
receive from cooperative brood care means that they 
continue to work in this system, despite seemingly going 
against the typical drive for reproduction as most species, 
including ourselves, experience. The division of labour 
employed by this species means that their own individual 
fitness is enLanced as it allo[s Qore eƾcient conversion of 
resources into reTroductive caTacity ?�, TT. ��� � ���A.

Overlap of generations as a causal factor for this 
behaviour

The high degree of social complexity observed in these 
colonies can be explained by the degree of close genetic 
relatedness from several overlapping generations. The 
social behaviour observed in honey bees is facilitated by a 
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Inside the Hive: the Science Behind 
our Beloved Honey Bees’ Evolutionary 
Behaviours
Ella Speers

Eusociality is a social behaviour observed across 
tLe ArtLroToda and 'Lordata TLyluQs tLat 
are characterised by reproductive division of 
labour, cooperative brood care and the overlap of 

generations. This complex and highly networked system 
has evolved over temporal and spatial scales to yield 
eacL individual [itLin a colony a sTecific role to TerforQ. 
-n soQe sTecies sucL as tLe Feloved LoneyFees �Apis 
Kenus
, LelTers [orkinK underneatL tLe reTroductive Uueen 
never get to reproduce themselves, yet they care for new 
generations of young in the hive instead. 

-t [ould seeQ as if tLis orKanisation Koes aKainst tLe 
drive for life that the majority of organisms on the planet 
experience — to pass on their own successful genes to 
offspring; however, strong selection pressures have ensured 
that this phenomenon has become deeply rooted into some 
species’ systems. 

Honey bees have long been the focus of immense research 
efforts, so we now understand the intricate web of life inside 
the hive. 

The research done on this species begs to answer the 
question as to why cooperation should exist in a world 
dominated by intense competition for the survival of the 
fittest ?�A.

Reproductive division of labour

A reproductive division of labour is one of the key elements 
in defininK eusocial FeLaviour. -f [e start [itL a sQall�scale 
example, division of labour can be seen at the cell level 
where it is basal. Asymmetric cleavage during meiosis 
yields ‘germ and soma’ cell distinction — somatic cells serve 
only somatic function in the animal’s body via mitosis, while 
germline cells produce the reproductive gametes. Despite 
both of these types of cells performing independent roles 
across time and space, their performance leads to the 
successful functioning of an entire individual as a whole. 
This divisive mechanism where somatic and germline cells 
stayed together in the body after dividing was evidently 
successful enough to become established at the cellular 
level, and evolution has since propelled it further up the 
biological hierarchy — into species level. 

As seen by the cells, multiple replicating entities remaining 
together after division forms a greater replicating system. 
At this higher species level, the division of labour is 
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and instead favoured one reproductive queen. This rule is a 
theorem that acts as a foundation to predict whether social 
behaviour evolves under combinations of relatedness, cost, 
and Fenefit ?�A.

,aQilton�s rule Kives an eUuation to sLo[ [Len an 
orKanisQ sLould sacrifice tLeir o[n reTroduction in order 
to LelT relatives� Kiven as r& " ', [Lere r is tLe deKree of 
relatedness Fet[een t[o individuals, & is tLe Fenefit to tLe 
reciTient of tLe FeLaviour, and ' is tLe cost of tLe FeLaviour 
to tLe individual KivinK tLe aid. ' and & can Fe vie[ed as 
lifetiQe cLanKes in tLe direct fitness ?�A. 

;LetLer an orKanisQ sLould Qake tLis sacrifice or not 
depends on the value that is denoted by r. A gene for social 
behaviour is favoured by selective pressures if the sum of rB 
and ' e\ceeds ^ero ?�A. 

Honey bees have become one of the most successful 
insects on Earth due to their immense range span and 
establishment; and evidently their unique genetic system 
greatly contributes to this success. The honey bee colony 
arose through major evolutionary transitions that were 
deTendent on cooTeratinK entities findinK a situation of 
inclusive fitness tLat keTt tLeQ toKetLer for tLeir o[n 
fitness Fenefit ?�A.

Today, these insects provide us with valuable resources and 
ecosystem services such as being key pollinators of our 
ƽora all over tLe Tlanet. 4erLaTs ne\t tiQe you see a Loney 
bee, think about the details of its hidden genes and how 
remarkable these are, as they allow for their widespread 
success and hence, ours too.

unique system of genetics known as haplodiploidy; a system 
in which females develop from fertilised diploid eggs, and 
males from unfertilised haploid eggs. The consequence 
of this is that the male passes on his entire genome to his 
offsTrinK, [Lile tLe Uueen Tasses on �0	 of Lers, QeaninK 
tLat offsTrinK are ��	 related to one anotLer. 8Lis Kenetic 
system creates an irregular genetic asymmetry in which full 
sisters are more closely related to each other than a mother 
is to Ler o[n dauKLters ?�A.

As a result, the dynamicity of the whole colony changes due 
to increased levels of relatedness. )ssentially, tLe fitness 
of an individual bee is based on the combined effects that 
its actions have on other individuals, weighted by their 
relatedness to that individual. 

8Lus selection acts to Qa\iQise inclusive fitness of tLe 
entire colony, albeit through a trade off between expending 
energy into a bee’s own reproduction or investing in helping 
its relatives. The overall purpose of this behaviour is to 
increase tLe aFundance of Feneficial alleles Tresent in tLe 
colony, [LicL is directly Feneficial for all individuals due to 
their high degree of genetic relatedness. This cooperative 
behaviour is known as altruism, and can evolve between 
related individuals over tiQe and sTace. -n altruisQ, a Kene 
directs aid at other individuals who are likely to bear the same 
gene to itself despite the reduced offspring of its bearer 
?�A. *roQ an evolutionary standToint, [e can understand 
that honey bee workers who rear their siblings are able 
to acLieve Qa\iQal inclusive fitness [Len coQTared to 
individuals [Lo reTroduce tLeQselves ?�A.

Using Hamilton’s rule, we can understand how evolution 
selected for the loss of reproductive organs in worker bees, 
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Figure 1. -nsect sociality aQonK a ranKe of sTecies, ranKinK froQ solitary insects �left
 to coQTletely eusocial �riKLt
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Chimpanzees and Bonobos Have a 
Human-Like Understanding of Death
Katherine McLean

Our understanding of what death and dying 
entail has long been viewed as one of the 
cLaracteristics tLat Qakes LuQans uniUue ?��
2A. 8Lis understandinK is terQed a ƈ'onceTt of 

(eatLƉ �'o(
. -t is unkno[n Lo[ early in LuQan evolution 
tLe 'o( arose Ƃ [LetLer it is restricted to our sTecies or 
Qore [idely Tresent in TriQates ?���A. - [as interested in 
whether a comparative evolutionary perspective could shed 
liKLt on tLis Uuestion. -n a FioloKical antLroToloKical conte\t, 
a comparative approach means utilising observation and 
analysis of living non-human primates to help differentiate 
between biological and cultural drivers of human behaviour. 
Since [e are tLe only reQaininK QeQFer of our Kenus, 
Homo, comparative primatology helps determine what traits 
stem from our shared primate heritage and what is uniquely 
LuQan. SuTTose tLe 'o( evolved early in our lineaKe. 8Lis 
could help contextualise ancient hominin behaviours, offer 
alternate e\Tlanations for findinKs in tLe fossil record, or 
even spur a rethink of the possibility of pre-Homo sapiens 
burials.

As Tart of a suTervised researcL TroNect, - utilised tLis 
coQTarative aTTroacL to investiKate tLe 'o( in our closest 
living relatives: the two members of the genus Pan. A 'o( 
in tLe cLiQTan^ee �P. troglodytes
 and tLe FonoFo �P. 
paniscus
 [ould increase tLe TroFaFility tLat a 'o( [as also 
possessed by their last common ancestor with humans. 
This would then imply an early origin in our evolutionary 
story — perhaps associated with adaptations to increasing 
group size. Due to several factors, the most challenging 

being that death does not 
happen on command when 
you have a good project idea, 
- could not collect Qy o[n 
TriQary data. -nstead, - [as 
restricted to other researchers’ 
opportunistic observations of 
Pan behaviours surrounding 
deatL. - tLus collated and 
systematically reviewed 
decades of these videographic, 
[ritten, and oral records. - 
analysed behaviours through 
a methodological framework 
- adaTted froQ studies of 
tLe 'o( in LuQan infants 
and cLildren. - found tLat 
chimpanzees and bonobos 
appear to have a simple but 
Qultifaceted 'o(, includinK 

clear comprehension of death’s biological characteristics 
and some understanding of its more metaphysical aspects.

Chimpanzee and Bonobo Social Behaviour

Sociality and relationsLiTs are intiQately connected to 
asTects of social coKnition sucL as tLe 'o(. -t is tLus 
essential to have some basic knowledge of relevant 
chimpanzee and bonobo social structure and behavioural 
ƽe\iFility. 8Le cLiQTan^ee and FonoFo FotL forQ larKe 
Qulti�Qale and Qulti�feQale KrouTs tLat occuTy sTecific 
territories ?���A. 8Leir everyday relationsLiTs can reacL 
a deTtL of ƈFondednessƉ only found in reTroductive Tair 
Fonds in otLer sTecies ?�A. 'LiQTan^ees and FonoFos 
regularly show intense interest in the genitals of their group 
members, with interactions often involving mutual genital 
insTection, sQellinK, and KrooQinK ?�,�A. 8Leir interest in 
genitals is second only to their interest in each other’s faces 
?�A. &otL sTecies Lave e\treQely LierarcLical societies, 
although chimpanzees are more likely to reinforce their 
LierarcLies [itL aKKression and doQinance disTlays ?�,�A. 
Bonobos maintain more tolerant societies and utilise sex 
as a social tool for conƽict resolution ?�0A. 1otLers of FotL 
species are known to continue to carry their infants after 
deatL ?�A.

Subcomponents of the Concept of Death 

8Le 'o( in non�LuQan aniQals Las often Feen contested 
due to a lack of consistent definitions ?2A. ,o[ever, researcL 
on tLe 'o( in cLildren Las a lonK and consistent Listory ?��A. 
;Len assessinK tLe develoTQent of tLe 'o( in cLildren, 

'LiQTan^ee QotLers [itL infants. -QaKe Fy SuNu�foto froQ 4i\aFay.



University of Auckland Scientific, July 2022, Vol. 2, No. 2

they never would when alive. These included incidences 
of post-mortem cannibalism and cases where mothers 
carried deceased infants in atypical positions that would 
cause injury if the infant was still alive, such as gripping 
in tLe QoutL or draKKinK Fy a liQF ?���20A. - also recorded 
individuals as understanding non-functionality when they 
performed deliberate checks for functionality, such as hitting 
tLe Fody ?2�A, liftinK and droTTinK liQFs ?�,��,��A, sniƾnK 
Kenitals ?22�2�A, or TryinK oTen tLe QoutL to cLeck for siKns 
of FreatLinK ?�,2�A. -t Qust Fe noted Lere tLat an orKanisQƅs 
understanding of non-functionality can only be as complex 
as their understanding of functionality, e.g., a chimpanzee 
cannot be expected to check for cessation of brain activity, 
as they do not understand this to be a necessary part of life.

That chimpanzees and bonobos ceased their efforts 
to wake or revive dead group members after receiving 
no response indicated that they understood death, 
unlike sleeT, is irreversiFle. - also recorded individuals as 
understanding irreversibility when they exhibited strong 
eQotional resTonses after receivinK no indications of life. - 
observed a variety of such responses, including whimpering 
?2�A, screaQinK ?2�A, rockinK Fack and fortL ?�A, tearinK 
out Lair ?2�A, disturFed sleeT ?2�A, and refusal of food ?�A. 
SoQe older feQale cLiQTan^ees Lad Kentler, altLouKL 
still emotional, reactions, such as grooming and cleaning 
tLe Fody or keeTinK overniKLt Trotective viKils ?�, 2��2�A. 
One unique indication of universality was seen after a 
group of chimpanzees who had earlier killed a rogue group 
QeQFer returned to tLe scene to find tLe Fody reQoved Fy 
LuQan researcLers ?��A. ;Len tLe KrouT discovered tLe 
disappearance, they showed fear and made alarm calls, 
indicating they understood both that the dead cannot move 
and that this non-functionality is irreversible—the dead 

researcLers Freak tLe 'o( into seven suFcoQTonents� 
�
 non�functionality �deatL Qeans tLe cessation of Fodily 
and Qental functions
� 2
 irreversiFility �once an orKanisQ 
is dead, it cannot Fe returned to life
� �
 universality �deatL 
LaTTens to, and only to, livinK tLinKs
� �
 inevitaFility �deatL 
LaTTens to all livinK tLinKs
� �
 Tersonal Qortality �deatL 
[ill LaTTen to Qe
� �
 causality �[Lat causes deatL
� and 
�
 unTredictaFility �tLe tiQinK of deatL cannot Fe kno[n in 
advance
 ?�2A.

- consider inevitaFility and Qortality to Fe suF�asTects of 
universality, as understanding death’s universality implicitly 
comprises understanding that this includes yourself, a 
livinK tLinK, and e\cludes inaniQate oFNects. - also consider 
causality and unpredictability a cognitive step beyond the 
fundaQental 'o(. 8Lerefore, to investiKate tLe 'o( in 
genus Pan, - collaTsed tLese seven suFcoQTonents into 
only tLree� �
 non�functionality, FeinK tLe understandinK 
that death results in the complete cessation of bodily and 
Qental functions� 2
 irreversiFility, FeinK tLe understandinK 
that once an organism is dead, it cannot be returned to life; 
and �
 universality, FeinK tLe understandinK tLat deatL also 
happens to others — this includes only living things and all 
living things, including oneself.

Behavioural Indicators of the Concept of Death 

6esearcL into tLe Tace and Tattern of tLe develoTQent of 
tLe 'o( in LuQan cLildren relies on lanKuaKe and intervie[s 
?�2���A, so - Lad to create non�linKuistic FeLavioural 
equivalents for each criterion.

- recorded individuals as understandinK non�functionality 
when they treated deceased group members’ bodies in ways 
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Irreversibility

Universality

Verbal indicators in children

Answering “No” to a variation on
“Can a dead thing do x?”. X could be
physical, like breathing or walking,
or mental, like thinking or feeling

[14]-[15].

Behavioural indicators in
chimpanzees and bonobos

Answering “No” to questions such as 
“Can a dead person come back to 
life?” and answering “How can you 

make dead things come back to life?” 
with some variation of “You cannot” [13].

Answering “Yes” to questions 
regarding the death of other living 
things, such as “Will x also die one 
day?”. X can be the child, another 

person, an animal, or a plant [13]-[15].

Treating deceased bodies in 
ways they never would if alive; 

post-mortem cannibalism; 
deliberately checking for functionality 

and signs of life.

no response; strong emotional  reactions to death; 
deliberate disposal of bodies.

Reacting to death in other species; 
showing increased caution and care

 for themselves or their loved ones.
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environment, indicating an understanding that the same 
death could happen to them. However, the opposite was 
observed: after seeing a group member fall and break his 
neck, a second chimpanzee almost fell himself when vines 
Kave [ay FeneatL LiQ ?2�A. ,e sLo[ed no e\tra caution 
despite his group member’s death just hours earlier.

Chimpanzees and Bonobos Understand Death

;Len - FrouKLt tLese disTarate incidents and FeLaviours 
together, it became clear that chimpanzees and bonobos 
Lave a coQTle\ 'o(, includinK a coKent understandinK 
of the biological subcomponents of non-functionality and 
irreversibility and at least some degree of comprehension of 
the more metaphysical subcomponent of universality. There 
is abundant evidence for non-functionality and irreversibility: 
chimpanzees and bonobos deliberately examine bodies for 
signs of life and have strong emotional reactions, analogous 
to Krief in LuQans, uTon receivinK no resTonse. -n no 
case did - note a cLiQTan^ee or FonoFo continuinK tLeir 
efforts to [ake or revive a Fody for any siKnificant Teriod 
after receiving no response. Adolescents and juveniles 
were seen to investigate bodies the longest, whereas 
older group members, who have likely encountered death 
before, interacted with the dead for a far shorter time. This 
difference suKKests tLat tLe 4an 'o( is learnt, ratLer tLan 

should not suddenly return to life, get up, and walk away.

- found FeLavioural indicators of universality QucL 
harder to identify, as this subcomponent is less about an 
organism’s immediate reaction to a death, which can be 
observed, and more about a mental transference of that 
death’s implications to future situations. One incident that 
may indicate a rudimentary understanding of universality 
occurred after a mother chimpanzee lost an infant to illness 
?2�A. SLe FecaQe overly attacLed to Ler reQaininK cLild, a 
six-year-old, and began treating him like a baby — carrying 
him on her back, hand-feeding him, and sharing her night 
nest with him — as if she were afraid he too might die. 
6eactinK to tLe deatLs of otLer sTecies can also indicate 
some degree of universality, as the individual is showing 
they can apply their understanding of death more broadly. 
A group of chimpanzees who encountered a dying baboon 
FecaQe very aKitated Ƃ QakinK alarQ calls and sniƾnK, 
strokinK, and KrooQinK tLe Fody ?�, 2�A. &otL cLiQTan^ees 
and bonobos were also observed acting differently towards 
snakes after their death. They let infants and juveniles use 
the bodies as toys, rather than exhibiting their usual fear and 
avoidance ?���A. - [as LoTinK to find evidence of individuals 
who witnessed an accidental death becoming increasingly 
cautious when later navigating the same dangerous 
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antLroToQorTLisQ, Fut - Felieve tLat antLroTodenial, 
or the rejection of similarities between humans and our 
close relatives to keeT us on an evolutionary Tedestal ?�A, 
is [orse. -f t[o closely related sTecies act siQilarly under 
similar circumstances, it is reasonable to theorise that they 
are siQilarly driven. 8Lerefore, - descriFe tLis eQotional 
response to death as grief, and the behaviours that stem 
from it, such as grooming and keeping vigil, as mourning. 
-n LuQans, Krief is an eQotion, a feelinK of sorro[ caused 
by distress over a loss, with mourning then being the social 
FeLaviours e\LiFited in resTonse to tLat Krief ?2�A. As tLe Pan 
'o( aTTears rooted in Krief and QourninK, it is reasonaFle 
to term it a socially driven phenomenon. This may help 
to contextualise behaviours throughout the hominin 
faQily tree. 8Le socially driven 'o( seen in cLiQTan^ees, 
bonobos, and humans likely evolved as an adaptation to 
protect against destabilisation caused by death. The more 
communal a species, the more effort is needed to protect 
aKainst social destaFilisation. 'LiQTan^ees and FonoFos, 
like LuQans, are LiKLly social aniQals to [LoQ a defined 
hierarchy is vital for stability. Death impacts social groups by 
severing bonds, thus creating a rupture in the social fabric: 
the most gregarious animals have the most mourners as 
tLey Lad nuQerous stronK Fonds in life. 8Le 'o( evolved 
Fecause it is needed to function as a social staFiliser. -f 
a species develops the ability to understand death, then 
tLey can feel Krief. -f a sTecies can feel Krief, tLen tLey can 
FeKin to Qourn. -f a sTecies can Qourn, tLen tLey can Qore 
quickly re-categorise the living to dead, reform the social 
structure, and shape a new dominance network after death 
has left a hole in the hierarchy. 

innate, and tLus close in nature to tLe LuQan 'o(, [LicL is 
develoTed via e\Terience and teacLinK. ,o[ever, - did not 
find satisfactory evidence of universality in cLiQTan^ee or 
bonobo behaviours. This was unexpected, as universality 
is tLe first of tLe tLree core suFcoQTonents to develoT in 
LuQan cLildren ?�2A. -t is TossiFle tLat universality Qay Lave 
been absent from my data due to behaviours imperfectly 
reƽectinK underlyinK tLouKLt Trocesses and not due to an 
absence in cognitive capacities.

Shared Origins of the Human and Pan Concept of 
Death

One common thread in my research was that the individuals 
most affected by each death were those emotionally closest 
to the deceased. One chimpanzee, who died of illness, 
was a highly social individual who spent time with many 
different subgroups — accordingly, most of the group was 
interested in and interacted [itL Lis Fody ?2�A. )ven tLen, tLe 
two individuals most affected were his closest friend, who 
visited his body more than any other male, and his adoptive 
aunt, who groomed his body, cleaned his teeth, and kept 
viKil after everyone else Lad lonK since left. 'onversely, after 
the death of a low-ranked and socially peripheral female, the 
only group member to spend any time near the body was her 
dauKLter ?2�A. -nfants are also socially TeriTLeral, LavinK not 
yet formed any social networks. Unsurprisingly, in cases of 
infant death, only the mothers had any noticeable emotional 
resTonse ?�,��,22A. Pan behaviours around death appear to 
be simply a translation of the bonds created in life.

The Pan 'o( also aTTears to Fe Qore of an eQotional reaction 
than categorisable behaviour. Many scholars criticise  
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that a ‘Great Filter’ stands between ordinary dead matter 
and advanced life tLat ƽourisLes. *or LuQans to tLrive as 
a species like we are now, the appropriate conditions had to 
Fe Tresent at tLe riKLt tiQe. -t Las Feen an arduous Nourney 
froQ tLe forQation of our star systeQ to tLe first riFonucleic 
acid �6NA
. 8Lis suFseUuently led to tLe estaFlisLQent of 
single and multicellular life and to the birth of complex 
organisms that utilise tools. Between each ‘checkpoint’, 
there are multiple ways in which the suitable conditions 
could have been absent, leading to our inexistence. 
Evolution is a complex biological process that — until the 
TuFlication of 'Larles (ar[inƅs On the Origin of Species — 
[e did not coQTreLensively understand ?�A. 4erLaTs tLere 
are microorganisms somewhere out in the universe, but 
the probability of such organisms evolving into intelligent 
sentient FeinKs is infinitesiQal. 

Another suggestion that has been made concerning the 
+reat *ilter is tLat suƾciently develoTed civilisations 
eventually eliminate themselves, rendering the species 
e\tinct [itL no traces of tLeQ left FeLind. /ardasLev, 
N. S. ?�A introduced a scale to classify tecLnoloKically 
advanced civilisations according to the amount of energy 
they consume. Decades since, extended versions of the 
/ardasLev Lave Feen suKKested �8aFle 2
 ?�0A. A 8yTe - 
civilization is able to fully harness the energy that reaches 
its LoQe Tlanet froQ its Tarent star ?�A. &asalla +. ?��A 
claiQs tLat [e are not a 8yTe - civili^ation yet as [e are 
unable to capture all the radiant energy streaming down on 
)artL. 3ur Tresent civili^ation is closer to a 8yTe 0.�, and 
scientists Lave Tredicted tLat [e [ill attain 8yTe - status 
Fy 2��� ?�2,��A. As a 8yTe 0.� civilisation, [e already 
possess weapons of mass destruction that can destroy 
tLe )artL QultiTle tiQes over. A QoQent of selfisLness 

and carelessness could send us down a rabbit hole. As a 
species, we are also battling climate change. A new report 
Kenerated Fy tLe United Nations �UN
 Qentioned tLat [e 
must act now and reduce carbon emissions before we tread 
on an irreversiFle TatL to[ard cliQate disaster ?��A. 'liQate 
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Are We Alone in the Universe?

ArtLur '. 'larke, a science [riter and futurist, once 
said, ƈThe idea that we are the only intelligent 
creatures in a cosmos of a hundred million 
galaxies is so preposterous that there are very few 

astronomers today who would take it seriously. It is safest 
to assume, therefore, that they are out there and to consider 
the manner in which this fact may impinge upon human 
society.” The universe is approximately 93 billion light-years 
in diaQeter and is e\TandinK at rouKLly �.�� Qillion kQ�s 
?�A. -n otLer [ords, [Len travellinK at tLe sTeed of liKLt 
�aTTro\iQately � \ �0� Q�s
, it [ould take an individual 
93 billion years to travel across the universe. Many people 
are curious as to why we still have not encountered extra-
terrestrial �)8
 life, desTite tLe Foundless TossiFilities tLat 
exist within the vast expense of the universe. This is also 
kno[n as tLe *erQi Tarado\, [LicL descriFes tLe conƽict 
between expecting a high probability of the existence of 
intelligent life elsewhere in the universe compared to the 
ƄeQTtyƅ universe [e oFserve ?2A. AnotLer terQ used to 
describe this silence and loneliness we are experiencing is 
tLe Ƅ+reat Silenceƅ ?�A.

Scientists Lave Tondered tLe e\istence of )8 life for 
centuries. -n ����, astroTLysicist *rank (rake develoTed an 
equation — the Drake equation — that seeks to determine 
the potential number of intelligent civilisations in our 
Kala\y �8aFle �
 ?�A. ,o[ever, Qany sceTtics claiQ tLat tLe 
equation relies on too many assumptions and that the actual 
number of intelligent civilisations will more likely than not 
vastly differ from our predictions. Furthermore, scientists 
Lave TroTosed Qodifications and novel aTTroacLes to tLe 
oriKinal eUuation in recent years ?���A. 8Lis article e\Tlores 
a few of the many proposed theories as to why we have yet 
to encounter ET life. 

The Great Filter

Despite the universe being incredibly ancient, we do not 
have any solid evidence of ET intelligence colonising our 
solar systeQ or nearFy systeQs. 6. ,anson ?�A suKKests 

Lucas Tan

N = R* • fp • ne • f1 • fi • fc • L

N = Number of civilisations in our galaxy in which communication is possible
R* = Average rate of start production

fp = Fraction of stars with planetary systems
Ne = Number of planets per solar system that can potentially support life
f1 = Fraction of suitable planets on which life actually appears

fc = Fraction of civilisation that develop a technology that produces detectable signs of their existence
L = Average length of time such civilisations produce such signs (years)

Table 1
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We Are Not Worth Contacting

When considering the age of the universe, we are an 
extremely young civilisation. To put this into perspective, 
scientists use tLe 'osQic 'alendar, [LicL coQTresses 
the timeline of the universe’s birth to our current time of 
technological development and globalisation. Based on this 
fraQe[ork, [itL tLe &iK &anK occurrinK on tLe e\act first 
second of Ne[ =earƅs (ay, tLe first LuQans only aTTeared 
on (eceQFer ��, at aTTro\iQately 22��0. AKriculture [as 
only invented Fy LuQans on (eceQFer ��, at 2�����20 ?20A. 
8Le cosQic calendar deQonstrates Lo[ insiKnificant our 
species is on a grand scale. Over the billion years in which 
the universe has come into existence, there could have 
been civilizations that are more than a thousand-fold more 
advanced than us. Like how we would not teach bacteria 
calculus, )8 life Qay not find contactinK us [ortL[Lile. 
-t is undeniaFle tLat [e Lave Qade Kreat strides in Qany 
aspects ranging from technological developments like 
sQartTLones and aeroTlanes to scientific FreaktLrouKLs 
like the ability to edit our genes, amongst others. However, 
one Qust ackno[ledKe tLat Qany social and scientific 
TroFleQs still e\ist. 8Lere are Qore tLan 20 onKoinK Qilitary 
conƽicts [orld[ide due to civil [ars, territorial disTutes and 
transnational terrorisQ ?2�A. *urtLerQore, tLere Lave Feen 
increasing inequalities in areas such as health and wealth, 
and many debilitating diseases still plague the population 
worldwide with no cure. As a species, we have much to 
learn and discover. Our lack of knowledge and wisdom, 
compared to potential ancient ET civilisations, may be why 
we have yet to encounter ET life.

Communication Di!erences

8Lere are aTTro\iQately �,��� LuQan lanKuaKes sToken 
today ?22A. ;Len considerinK QetLods of coQQunication 
the millions of species of animals worldwide use, we end up 
with a manifold of communication methods. The dolphin, 
for example, communicates through three known types of 
acoustic signals: burst-pulsed sounds, echolocation, and 
freUuency Qodulated [Listles ?2�A. 0ife on )artL alone 
communicates through a multitude of modalities. While 

change can lead to detrimental health outcomes; worse 
still, due to the unprecedented rate at which glacial ice is 
melting, thousands of microbes are now being released and 
reactivated into terrestrial and aquatic environments, which 
can lead to eTideQics or even TandeQics ?��,��A. 8Le +reat 
Filter is a fantastic hypothesis for why we may not have 
encountered )8 life. 6ecklessness and iKnorance could 
have led to the fall of once glorious civilisations, preventing 
us from ever discovering their existence. 

The Zoo Hypothesis

-n ����, JoLn A. &all TroTosed tLe >oo LyTotLesis ?��A. 
The hypothesis posits that intelligent life avoids interacting 
with us on purpose and that — like how we keep animals 
in enclosures and view them from a distance — they view 
the areas we reside in like a zoo. As a result, we will never 
discover ET life as they want to remain hidden from us, 
and they possess the technological capabilities to ensure 
it reQains so ?��A. 8Le >oo LyTotLesis is soQe[Lat siQilar 
to tLe Ƅ4riQe (irectiveƅ Ƃ tLe Felief tLat every society Las 
the right to unimpeded and natural development — in the 
faQous series Star 8rek ?��A. 1ucL of tLe >oo LyTotLesis 
is about respecting the autonomy of other civilisations, 
allowing infant civilisations to pursue their own destiny 
without interference. There is a possibility that advanced 
civilisations millions or billions of years older than us are 
watching us from the sidelines, waiting for us to achieve what 
they would consider intellectual, social and technological 
maturity. However, the concept that incredibly advanced 
beings are interested in the natural evolution of life on Earth 
sounds a little self�centred ?��A. *roQ an antLroTocentric 
standpoint, we have never been great at non-interference 
with populations of other lands and differing cultures. Why 
should we assume that, unlike us, other civilisations are 
Teaceful and altruistic# 8Le >oo LyTotLesis assuQes tLat 
other civilisations care about our natural development. The 
contrasting proposal to this is that we are simply not worth 
contacting.  
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then be no incentive in exhausting resources to travel to 
Earth and interact with life here.  

To conclude, there are many suggestions made as to why 
we have not encountered ET life, most of which are plausible. 
'ould [e indeed Fe alone, or are tLe tecLnoloKical Farriers to 
cross for interstellar interaction simply too high for us now? 
Even if we discover ET life over the next few centuries, there 
are multiple implications to consider. Fundamentally, our 
worldview will evolve. ET life will probably be vastly different 
froQ [Lat Qost TeoTle e\Tect tLeQ to Fe Ƃ Kreen fiKures 
with large round eyes, or other cinematic representations of 
ETs. Whether the vast universe we reside in has other life 
forms remains to be seen.
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we have sent and received 
many signals to and from 
space, we still have never 
directly interacted with 
)8 intelliKence. 'urrent 
scientists involved in the 
SearcL for )\traterrestrial 
-ntelliKence �S)8-
 atteQTt 
to communicate with ET life 
by relying on the assumption 
that the basic principles of 
chemistry, mathematics 
and physics hold true 
tLrouKLout tLe universe ?2�A. 
This assumption may be 
[ronK, and otLer scientific 
principles could govern the 
environment in which ET life 
thrives. Another challenge to 
communicating with ET life is 
the time it takes for civilisations 
to receive signals from other life forms. For example, a radio 
siKnal [e Lave received froQ �2 Qillion liKLt�years a[ay 
would mean that an ET civilization sent the signal toward 
us �2 Qillion years aKo. &y no[, tLe civilisation tLat sent 
said signal could have destroyed themselves or would have 
become so advanced that they have decided not to contact 
us. SiQilarly, [e could send a siKnal into sTace no[, and if 
a civilization one million light-years away receives it far into 
the future, we may have been long gone. Another interesting 
thought experiment is that ET life who look through a 
telescope — that must be technologically capable beyond 
human comprehension — would not see the technological 
TroKress [e Lave Qade. -f an )8 sTecies froQ �� Qillion 
light-years away looked at Earth through their telescope, 
they would see dinosaurs roaming around. There would 
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faculty and may reflect personal opinion that is not that of the university.
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Closing Comments

That concludes yet another issue of Scientific. It’s always a bittersweet page for us. We’d like to say an 
enormous thank you yet again to our talented group of guest writers, we appreciate the sharing of your 
passion and knowledge more than you know. Another thank you to our dedicated executive team who 

contributed an article this edition, and to the rest of the team who consistently prioritise the mission of the 
publication. 

In the time between our last issue and the one that you’re holding, we held a science communication 
workshop with Auckland University Women in Science, where two fantastic speakers gave up their time to 
share their experiences in science communication as a field. We’d like to publicly express our gratitude to 

Scott Pilkington and Paul Panckhurst for their invaluable insights. 

We’ve been working behind the scenes with a number of wonderful organisations to bring you updated 
perspectives on scientific issues, and the possibility of events in the future. Stay tuned into our social media 
for more information on that in the future. Also, keep having a go at our Instagram quizzes — they certainly 

keep the exec team entertained. 

Ngā mihi nui,
Stella Huggins, President for UoA Scientific 2022

In the previous Issue 1, Volume 2, in the article The Ecology of Undesirable Organisms, it is stated that 
adult wasps do not eat insects. However adult social wasps (Vespidae) do eat insects and arachnids. 

Solitary wasps do not eat insects. 

I’m a magazine, but I have feelings too. Don’t throw me away!


