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Technology is advancing at an alarming rate. Today’s 
innovations become obsolete within months, replaced 
by inventions that are more capable, efficient, and 

effective. At the University of California, Berkeley, Michel 
Maharbiz and his research team conducted an experiment 
that blurs the line between electrical engineering and biology: 
a cyborg beetle. This creature is a live giant flower beetle 
with implanted electrodes, a microprocessor, and a radio 
receiver. Scientists use electrical currents to impact different 
parts of the beetle’s brain and control its movements and 
behavior. While the science behind this achievement has been 
in development for many years, this particular experiment 
raises questions about the ethical implications of this type of 
technology and what the future of science has in store with 
the ability to more fully control an animal’s behavior.

Robotic insects first took flight at Harvard University 
in 2007. The entire project was funded by the U.S. Defensive 
Advanced Research Projects Agency (DARPA) with the hopes 
that the university could create a fly-size robot that would 
be used for surveillance in battlefields and urban areas. 

Even though the resulting robot was functional, it could 
not replicate a fly’s movements because of the limitations 
of the existing manufacturing processes [1]. Maharbiz’s 
research was made possible two years later by technological 
advancements in the microelectronics industry, which allowed 
smaller microprocessors and batteries to be produced. 

While the cyborg beetle consists of many components, 
it is fairly straightforward in its functionality.  There is a 
microprocessor, a radio receiver, a battery, and a circuit board, 
which has six electrodes attached to the beetle’s optical lobes 
and flight muscles. The electrodes are implanted during the 
pupal stage, and the microbattery and microcontroller are 
attached on the head when the beetle becomes an adult [5]. 
Commands are wirelessly sent to the receiver from a laptop 
with a radio-frequency transmitter. These commands are 
translated into electrical pulses that are delivered to the 
beetle’s muscles via the electrodes. An oscillating electrical 
pulse causes the animal to take off, whereas a single short 
pulse causes the beetle to stop flying.  Functions for turning 
left and right are governed by signals delivered to the base 
of right and left flight muscles, respectively [2]. Maharbiz’s 
team can also control the beetle by lighting up portions of 
an LED screen that is placed in front of the beetle’s eyes. 
Illuminating the left half causes the beetle to turn right, and 
illuminating the right half causes the beetle to go left. The 

flight controller can also store flight commands and thus 
preprogram the beetle’s movement [3].

The cyborg beetle is only the latest milestone in the 
integration of animals and technology. Pigeons, bulls, 
sharks, rats, and moths have all been subjected to this type 
of scientific prodding. The beetle is the best candidate for 
this type of experimentation because of its size and skeletal 
structure, which allows it to carry relatively heavy machinery 
while also remaining disguised [2]. This type of research is 
not limited solely to this study. Due to its versatility, this 
technology is very likely to be applied to other animals and 
other fields.

Despite the fact that this interdisciplinary innovation 
has opened up many avenues for engineering applications, 
it also raises serious ethical considerations. This idea is best 
exemplified by DARPA’s Hybrid Insect Micro-Electro-
Mechanical Systems (HI-MEMS) project, of which Maharbiz’s 
beetle is a part. The basis of HI-MEMS is to insert mechanical 
devices into the insect when it is a pupae, so that when it 
becomes an adult moth, it will incorporate the devices into 
its own natural organs. At the Boyce Institute in Ithaca, New 
York, a team led by David Stern implanted plastic probes 
into the pupae of tobacco hawkmoths seven days before the 
moths emerged. If these probes were inserted any earlier 
then the tissue would be too fluid to seal around the probe; if 
they were inserted any later, they would have damaged the 
moth’s muscles [3]. This primarily serves as a moral issue 
because it can potentially endanger the lives of beetles and 

some people argue that this technology is unethical because 
it is not humane to the insects [4]. 

The driving force behind integrating electrical engineering 
and biology is to maximize the resources that nature has to 
offer. “ ‘There’s a long history of trying to develop micro-
robots that could be sent out as autonomous devices, but 
I think many engineers have realised [sic] that they can’t 
improve on Mother Nature,’ says insect neurobiologist John 
Hildebrand at the University of Arizona in Tucson” [3]. 
Opponents of this kind of technology maintain that nature 
is something to be revered, not something to be tortured 
[6]. This technology can, in many ways, replace or change 
nature’s original intention. Nature is highly interconnected, and 
manipulating one aspect of the web might have devastating 
implications on rest of the ecosystem. In an interview with 
Professor Maharbiz, he mentioned that this innovation is 
beneficial because it would force people to understand the 
environment and the possible consequences of this kind of 
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technology [7]. 
Others argue that if experimentations of this sort are 

allowed, then more egregious forms will be allowed later 
on. Many people claim that it is only a matter of time before 
research will be directed towards controlling humans [4]. 
Maharbiz , however, contends that humans and insects 
are two different systems, so advancements made in insect 
biotechnology share no relation to manipulating human 

beings [7]. Ethics have always had its place in the scientific 
method, but with recent advancements, it seems to be 
playing a less significant role. In an interview with author 
Kevin McMahon, he said, “I would say there is very little 
consideration given to the issue epistemology and ethical 
nature of the scientific endeavor.  As a result, many scientists 

function within a bubble with very little understanding or 
regard for unfamiliar epistemologies or ethics based on these 
epistemologies that are different than their own” [6].

Integrating electrical devices into animals is not a new 
science. It has been done countless times since the 1960s. 
However, as technology advances, so does humanity’s ability 
to control nature. The cyborg flower beetle is only a stepping 
stone towards what science can accomplish in the future. 
It is ethics and the human concept of morals that guides the 
direction of science. McMahon mentions that “scientific 
materialism might make the epistemological claim of 
superiority, but even she must resort to the logical gymnastics 
of ‘autopoietic emergence’…” [6]. If ethical considerations 
are not constantly applied to science, then technology such 
as this may one day give federal organizations, such as 
DARPA, unprecedented power to create an omnipresent 
Big Brother that watches over humanity’s shoulders.  
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