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The Electro Sense
Introduction
In the fifth grade we learned that our bodies are made of atoms. And atoms are made mostly of
protons, neutrons and electrons.
All animals are made of electrons that do not touch each other but are held in place by complex
electro-magnetic-static-quantic and other energetic field forces. Animals must seek out nutrition
and be repelled by toxins. We like the aroma of good food but are repulsed by the smell of our
own waste. This attraction to nutrition and repulsion from toxins has an energetic complexity in
the body.
This book proves the following set of statements:
1. Everything living organism is made of energetic and electronic fields. Most of these fields are
beneath human perception so we call them subtle.
2. Thus every living organism is sensitive to energetic electronic fields,
3. Some organisms are more sensitive than others.
4. All senses are electro-senses, all senses use electro-physiology to function and there is an
extra electro-sensitivity sense in all living things.
5. The human has evolved a verbal processing unit for words in the brain. This verbal unit is one
percent of one percent of one percent of one percent of one percent of one percent of one
percent of one percent of one percent of one percent of one percent of one percent of one
percent of one percent of the total brain reception.

7. The word area does not perceive these subtle fields, but the nonverbal areas do receive it.
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6. The brain receives more than ten to the 16th impulses in any second. The RAS (reticular
activating system) at the base of the brain filters perceptions and gives what it thinks is
important to the word area (about ten to the Third impulses).
8. The word area believes if it can’t feel it is not there. The word area develops arrogance over
its superior functions and it assumes that words are all, when it is just the opposite words are
close to nothing.
9. Science has greatly over valued the word are of the brain and has limited its ability to
understand the electro-sense

10. The synthetic chemical companies control most of the funding and they do not want energy
effects and especially subtle energy effects in medicine to develop.

11. Everything has an electrical field that reflects its nature. This is a voltammetric field that can be
measured with electrodes. A glass bottle has an energetic field as well. Muscle testing cannot
sense the field of a substance thru a glass or plastic bottle.

4

5

The Empty Space of the Body is filled with Energy Fields
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There are great spaces between these electrons and protons and other atoms. Here is a Hydrogen
Atom.

In Hydrogen if the protons are like marbles, the electron is over a kilometer away the next atom’s
electron is over 2 kilometers away, the next proton is over 4 kilometers away. So there is more
than 99.9999999999999999% empty space. This space is filled with energetic fields.

Atoms are 99.999999999999% empty space and the empty space between atoms is just as or
emptier 99.999999999999999999999999%. Electrons repel of course so the atoms with outer
electrons repel each other. Why don't things pass right through things?
Things don't fall through other things because they are levitating on an energetic electrostatic
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fields, I am not kidding! When you sit on a chair, you are not really touching it. You see, every atom
is surrounded by a shell of electrons. This electron cloud presents a rather negative face to the
world. Remember that like charges repel each other. When two atoms approach each other, their
electron shells push back at each other, despite the fact that each atom's net charge is 0. This is a
very useful feature of nature. It makes our lives a lot easier.
Now the question you should be asking is, if atoms push away from each other, why doesn't the
entire universe just blow away from itself? The answer is gravity of course and actually most
atoms' quantum electron shells are not full. When two atoms come together and have empty
spaces in their electron quantum shells, they will share electrons to fill in the spaces in both of
their shells. Yes, the electrons really do go back and forth between atoms and they do so pretty
fast. Outer Electrons tend to be kind of mobile, which is also a very nice feature of nature, since
without it your walkman would not work or you would not be alive. It is the free electrons and
protons in the body that allow life. Once both atoms' outer shells are full due to this electron
sharing, they go back to their usual repulsive behavior. This, by the way, is how we get molecules,
hormones, enzymes etc and the secret to understanding Chemistry, Biology, Medicine, Physiology
etc. It's all about the electrons and protons, charged particles and vibration! How about a medical
device to measure and correct electron disorders? We call it SCIO.
The electrons and atoms of our complex Fractal body obey quantum, QED, photonic, electromagnetic-static laws. This is a mouthful so we abbreviate and since these are all energy let’s say
ENERGETIC.
There is undeniably a body electric and there is indeed an Energetic Medicine. Only a presumptive
fool would assume otherwise. There is pressure from the chemical companies and their vast
wealth and pervasive influence to view the body as a set of chemicals. But these chemicals are
all made of energetic fields and they obey energetic laws like quantum, electro-magnetic, static,
quantum electro-dynamic photonic laws.
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It is clear to see that no medical doctor or any scientist is fully aware of the real nature of what our
bodies truly are. Few medical personnel even know what an electron is. Medicine has made the
mistake of ignoring the body electric and frowning on energetic medicine. Traditional medicine
invested its future into synthetic chemistry and we now all know that SINthetic chemicals cause
side effects that the some of the public does not want. Doctors depend on their prescription pad,
and some people are tired of it. Some People want to exercise their freedom of choice and use
natural medicine with minimal risk, and safe forms of energetic medicine.
Most of the electrons in the human body are bond very tightly, but there are enough free electrons
to permit the functions of life to occur. All functions of life involve electrons and photons. There
are specific patterns of energetic interactions that are healthy and normal and disease states occur
when there is an upset in the energetic stability. Energetic medicine in the past has made several
scientific mistakes. First the hand delivered point probe was too sensitive to operator control and
it was too slow to measure the body electric’s changing activity. The muscle testing was also found
to be 100% under operator control in all tests and thus was not measuring the patient’s body but
measuring the therapist’s intent. Many claims were not supported with research or with clinical
evidence. There were many charlatans selling illegal even complete bogus fraudulent devices with
exorbitant claims. Certain Russian devices and others were found to be completely deceptive
shams and doctors have lost their license using them.
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Ease of flow of information is health. Stressors deregulate the flow and produce Dis-Ease, DysEase disease. Disease is problems with the flow of health. See the causes of disease in the IMUNE
Literature.
The Brain receives Photonic, Electrical, and Chemical information from all of the cells of the body,
to regulate all of the body processes.
With the DNA of 100 trillion (100,000,000,000,000) cells sending information to all of the Brain, it
is an overwhelming task of the Body Electric
There are over 100 billion neurons in the Brain.
There are approximately 10,000 cellular Operations Happening every second.
This means there is 10 to the 18th bits of information going to the brain every second,
But the Reticular Activating System (RAS Word Brain) can only handle 1 million bits of Data a
second or it is overloaded.
So the word area is getting one percent of one percent of one percent of one percent of one
percent of one percent of one percent of one percent of one percent of one percent of one
percent of one percent of one percent of the information of life. We need to measure the body
electric to determine health.
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Verbal lack of symptoms is inadequate. You can be really sick and not know it verbally. But your
body electric knows all of the processes right down to the electron.

There are about 100 trillion cells in the human body and another 50 trillion microorganisms in the
gut. All of these cells are in communication with each other and the master regulator the Brain.
The cells communicate via signals of
1. Electro-Magnetic Radiation EMR ( that is Photons and only the photons touch things), this is
mitogenic radiation and infrared body heat which also can transmit information
2. electro-magnetic-static free electrons, or free protons (electricity)
3. intra-cellular ionic charged particles, (sodium and potassium channel Pump of neurons)
4. extra-cellular ionic charged particle, osmosis regulation, water circulation
5. large molecular paramagnetic substance like enzymes and hormones
6. Blood flow of Oxygen and nutrients in and Carbon Dioxide and excrement out.
7. The vibrations or cycles of each of these transfers is the frequency of operation

10

11

The Electro
Sense

12
13

The Electro
Sense

14
15

The Electro
Sense

16
17

The Electro
Sense

The field of muscle testing and the point probe has been proven fraudulent. They claim that a
person will react to a substance inside a glass or plastic bottle. There is no double blind research
to validate this. Instead double blind research proves that these sciences are bogus. The shark,
fish and the platypus live in an electro-conductive environment where their sophisticated electrosense con pick up the voltammetric signature of an item because of contact.

Air is a very good insulator and mammals and humans have evolved a sense of smell as their
main electro-sense. Here there is contact with an item through close electrical contact with the
substance and voltammetric shape receptor in the naso-pharynx. So medication testing needs to
have a conductive contact like that provided by the SCIO Transcutaneous Voltammetric Evoked
Potential (TVEP).
We also do react with our electrical environment to gross magnetic and energetic fields. This is
covered very well in our Electro-smog book. A short review of the TVEP is at the end of this book.
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The Electro-Sense in Humans is the Olfaction Sense
by Prof. D.D. Dubounet
IMUNE 2009

The Electrical Nature of Everything
We are made up of atoms that are mostly electrons and protons. The outer electrons of any atom
or molecule never touch. The outer electrons of any atom or molecule never touch another set of
electrons. The entire interaction is through electro-magnetic-static, quantic, or other interactive
fields. The shape receptors on any and every cell then by definition are voltammetric field receptors
that detect the shape and oscillations of the interactive fields of the outer electrons of an item.
The most intense set of shape receptor cells are in the naso-pharynx to give us a sense of smell
and taste. These shape receptors interact with the fields of an item to give us a sense of smell,
taste, or electro-sensitivity. Nobel prize in medicine 2004, showed the overwhelming complexity,
superiority, and dominance of the Olfaction sense. We now know that the sense of smell is much
more important than we ever gave it credit.

Our Sense of Smell is Electrical in Nature
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The sense of smell is an electrical sense. The sense of smell differs from our other sense in some key
fashions. One it is connected more to our base brain or alligator lizard brain. As shown in the 2004
Nobel Prize in Medicine by Axel and Buck, the largest gene family found thus far is for olfaction.
Over a thousand different genes about 3+% of the entire human genome is dedicated to for smell
or should I say electrical detection. This exceeds all of the other sense put together by many
times. The olfaction sense is the largest gene family known. Larger than all other relative organism
development. The sense of smell is the largest most complex part of the developing genetic body
known. However most of the sense of smell is non-verbal and wired into the unconscious or nonReticular Activating System.

There are over 5 million olfactory neurons each with some ten detection hairs. By far the sense
of smell has the largest amount of genetic material reserved for it and the largest enervation
connections. Discover magazine Feb 2009 in the Quantum Secrets of Life article accounts that
more and more scientists are having to use Quantum Physics to explain biology. Most having
not read my 1982 book which proved that biology can only be explained with Quantum ElectroDynamics, not thermodynamics. In the discover article it is pointed out that the scientist Luca
Turin has found that smell is more than just shape detection and that vibrational rates are among
other more Quantic criteria at work. He found that Quantum Tunneling might explain parts of the
sense of smell.
Most smell is directed to non-verbal areas. The sense of smell is not part of the Reticular Activating
System (RAS) that brings us out of sleep. Touch, light, sounds can awaken us but not smells. If your
partner has flatulence while your sleeping it will go undetected. In the wakened state when the
RAS is active, only strong smells are permitted to be verbally analyzed. The vast vast amount of
other subtle smells are highly important but are non-verbal, autonomic, beneath conscious verbal
awareness.
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The Importance of the Sense of Smell
The sense of smell is the only Ipse-lateral sense. The other senses of vision, hearing, touch are
mostly contra-lateral as the signals are sent mostly to the opposite hemisphere of the brain for
analysis. This is for movement and coordination among other reasons. As that triangulation for
hunting is improved with the cross over of the senses the contra-lateral senses. But smell as an
Ipse-lateral sense is more for electrical detection of the current environment.
The sense of smell is the key sense in sustained relationships. Men are activated mostly be the
sense of sight to start a relationship. They like what they see. So the women is forced to spend
time on improving her looks. Women use the sense of hearing to start a relationship, they like
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what they hear. So the man works on his approach line. Men do not have to work so hard at looks,
but need to be funny and say compliments to draw her closer. The next sense is the sense of
touch for sex and sensuality. But for a relation ship to last the sense of smell is the key. After the
conquest the body tends to put out less and less attraction smells.
Males are turned on by the smell of blood and turned off by the smell of urine. Males are actually
driven to anger and aggression by the smell of urine. Females are turned on by the smell of urine
and turned off by the smell of blood. The man likes to hunt not to change baby. The woman needs
to change baby, not to hunt. The wolf or other male urinates to mark his territory. This repels
competitors, while attracting mates. This research comes from the perfume industry who once
they found out the smell of urine is an exciter to the female, they put urine into their perfumes.
Women buy most of the perfume. Pregnant women’s urine is most powerful. The male at home is
slowly unconsciously driven into anger.
The male brain finds tasting the penis as extremely distasteful. The female brain likes it. And a
cross gender male with a female brain finds it pleasurable as well. The other male brains see this
as very distasteful and are driven to anger and homophobia. Even the joke about doing it can drive
a man to anger, and if he is repressing feelings or latent desires homophobia can be excessive. The
sense of smell is largely non-verbal but very important for humanity, it is the largest of all human
gene families. But because of it’s non-verbal unconscious nature it was not studied much, till after
the 2004 Noble Prize.
As we live we send of subtle smells reflecting our internal mind states. We send of attraction
pheromones to attract, maintenance pheromones to maintain, and repelling pheromones to send
away a bad person. If we go to sleep mad the bodies will send out the repel smells all night and
push away the mate. After seven years we are all new as that most of the actual mass making up
our bodies has been replaced. This means there is a constantly changing set of smells made by
people. The “seven year itch “ means that the couple has not grown together smell wise but have
made to many repel hormones. Society had to make marriage laws for this reason.
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Very few and only very healthy people continue to put out attraction pheromones later in age.
Eating bad food, toxins, stressors, bad hygiene and mostly bad thoughts degrade our smell.
Smoking is the worst offender. Bad perfumes or poorly designed aromas can mask our true
smell and produce a disturbing quandary when the perfume or artificial aroma displaces. The
unconscious complexity of the sense of smell is beneath our verbal mind awareness. Thus it has
resisted statistical study. The unconscious is vastly more complex than we can even try to imagine
with our little verbal mind. It is ever changing, a fractal by every definition, so things won’t repeat,
and small changes will produce big unpredictable results. This makes scientific reductionistic
analysis difficult if not impossible.
The sense of smell being electrical also works to sense the electrical global environment we live
in. The shark and other fish have a superb sophisticate electro sense, but they live in salt water.
Water offers a more refined medium for the electro-sense. Our Air media electro sense is thus
much diminished after evolution in an air environment with much less conductivity. But it is still
active and radically challenged in today’s electro smoke electro-pollution world.
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In the Journal of Evolution and Development 8:1, 74-80 2006 there is a collection of professors
from the University of Florida write “Vertebrates have evolved electro-sensory receptors that
detect electrical stimuli on the surface of the skin and transmit them soma-topically to the brain”.
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This is known in science although the electro-sense is often unpredictable in humans and always
non-verbal. The electro-sense is very powerful and predictable in fish less in humans but still
present and active.

Voltammetry as the Key Sensory Mechanism of Olfaction
There is undeniable evidence that the genetic family of the electro sense of fish is the same as the
olfaction sense in humans. Humans have evolved a different use and utility for the voltammetric
reception known as olfaction. Voltammetry is the science of the detection of this field. Our
literature review displays this. Since the olfaction sense is undeniable electric, a stimulus of a
voltammetric signature amplified over ten thousand times and given globally through the SCIO
harness will provoke a transcutaneous electro-dermal evoked potential reaction (TVEP) of the
electro-olfactory system. This is the Xrroid part of the test classified in the 1989 510k of the USA
registration. Siemens defines the reactance of an item to measure of the change in voltage, plus
the change in amperage, plus the change in resistance. notice how in the articles that follow how
change in trans-dermal resistance is the key factor in measuring the electro sense.

24

Electrical Measures for Electro-Sense Reactance
The SCIO measures reactance or electro dermal changes of voltammetric reactivity to various
voltammetric signals. To understand these signals more please see the Volt-Ammetry electrochemistry thesis.
Scientist all over have found the trans-dermal skin resistance to be the best or at least the easiest
way to measure the reactance of the electro-sense. The literature review that follows makes that
apparent. This brief article on the electro sense should outline the science and the process. Since
the measures of reactivity are interesting but fractal, a disclaimer is used when reviewing the
Xrroid scores. The reactions are at best interesting, often very profound, and always need further
evaluation in a clinical setting.
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Electrochemical sensing methodologies are used in a wide range of applications, from understanding
the physics of electron transfer (ET) to process monitoring. From a plethora of electrochemical
techniques, voltammetry, where the electrode voltage is excited in a predetermined manner, has
been heavily applied for various chemical, biological, environmental and industrial measurements.
For instance, the widely used cyclic voltammetry, where the voltage excitation is a ramp, has
provided new insights in phenomena as diverse as neurotransmitter dynamics, protein ET or fuel
cell technology. Recently, more complicated voltage inputs such as ac voltammetry have been
applied in order to probe the electrochemical system under investigation on different timescales,
explore the kinetics and thermodynamics of different processes or selectively target specific process
dynamics, such as parallel reactions, leading to comparisons with NMR or impedance spectroscopy
but with the advantage of including in vivo applications. Despite the obvious advantages of such
voltammetric methodologies their application is demanding. The major challenge lies in the
interpretation of the current response signal. Whilst previous work has revealed how the shape of
the current response is related to different processes such as kinetic- or mass transport- control,
it did not offer direct information about the relationship between the applied voltage and the
resulting patterns in the current response. This is due to the highly nonlinear relation between the
applied voltage and the transient current response which renders a direct association non-intuitive.
How do the parameters of the applied voltage influence the electrochemical current response?
Indeed, how could the applied voltage waveform be manipulated in such a manner to quantify
the underlying dynamics even more efficiently? Using voltammetry the experimentalist can apply
a wide variety of voltage waveforms that can be used to analyse the electrochemical process.
Hitherto, such possibilities have remained unexplored due to the mainly empirical knowledge
regarding such processes. For instance, cyclic voltammetry or square wave voltammetry, the two
most popular voltammetric methods, were developed over 50 years ago and the techniques used
to analyse them, mostly empirical, have remained essentially the same for the past two decades.
The research proposed herein will enhance our understanding of the underlying phenomena and
the governing parameters of such processes. Based on this knowledge we will design more efficient
excitations and propose rules of extracting the information sought. For instance, the findings of this
analysis could be used to enable harmonic time-dependent amplitude and frequency excitations,

so-called chirps, to be used to provide fast and accurate information about various processes
occurring on different timescales. This would be a significant step towards the use and application
of ‚tailored’ voltage waveforms to interrogate electrochemical systems. The QQC effects are using
well-established analytical tools for four model cases: (a) an electrochemical species undergoing
heterogeneous ET and 1-dimensional diffusion as in macroelectrode experiments; (b) apply the
findings of (a) for very slow diffusion (D?0, where D is the diffusivity) in order to include cases for
permanently adsorbed species on the electrode surface; (c) include uncompensated resistance
in (a) and quantify its effect on the overall functionalities; and (d) an electrochemical species
undergoing heterogeneous ET and 2-dimensional axis-symmetric diffusion as in micro-electrode
experiments.

electro-sensory organs of a shark In humans it is like the Olfactory nerves
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SUMMARY
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1. The outer electrons never touch, there is only electro-magnetic, static or quantic field
interaction, thus all things are electro-magnetic-static and quantic. This is an undeniable
scientific fact. The basic study of the shape receptor activity in the human falls under the
scope of Voltammetry.
2. From genetics to utilization we know that the sense of smell is over 15 times greater in
development and utilization from the other senses. The sense of smell is the largest gene
family known.
3. The sense of smell is electrical and is largely non-verbal and is not part of the verbal Reticular
Activating System
4. Olfaction is Electrical and Quantic in operation.
5. The Voltammetric field is the reactive component of interaction of all things, this can be
measured with a voltammetric device.
6. The voltammetric field can be applied trans-dermal as a stimuli to provoke an transcutaneous
voltammetric evoked potential.
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7. There is over two decades of published literature confirming the safety and efficacy of the field
of endeavor.
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The Sixth Sense

•

The sixth sense is another term for extrasensory perception. Extrasensory perception (ESP)
would involve the reception of information not gained through the recognized senses and not
internally originated. The scientific community does not accept the existence of ESP due to the
disputed evidence base, the lack of a theory which would explain the phenomenon, and the lack
of experimental techniques which would provide reliably positive results.[1][2][3][4][5][6] In
fact, the National Science Foundation has listed extrasensory perception as one of ten subjects it
considers to be pseudoscience.[7]

•

Pettigrew, John D. (1999). „Electroreception in Monotremes” (PDF). The Journal of Experimental
Biology (202): 1447–1454. Retrieved on 19 September 2006.
Sonja Kleinlogel, Andrew White (2008). „The secret world of shrimps: polarisation vision at its
best”. PLoS ONE 3: e2190. doi:10.1371/journal.pone.0002190.

The expression „sixth sense” is a misnomer that falsely suggests that there is only one additional
sense besides the traditional five senses of sight, hearing, touch, smell, and taste, a classification
attributed to Aristotle.[8] Humans have at least five additional senses that include: nociception
(pain); equilibrioception (balance); proprioception and kinaesthesia (joint motion and
acceleration); sense of time; thermoception (temperature differences); and possibly an additional
weak magnetoception (direction).[9]
There is no firm agreement among neurologists as to the number of senses because of differing
definitions of what constitutes a sense. The senses and their operation, classification, and
theory are overlapping topics studied by a variety of fields, most notably neuroscience, cognitive
psychology, and philosophy of perception. The nervous system has a specific sensory system, or
organ, that manages each sense.
One categorization for human senses is as follows: chemoreception; photoreception;
mechanoreception; and thermoception. This categorization has been criticized as too restrictive,
however, as it does not include categories for accepted senses such as the sense of time and sense
of pain.
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Even though fish that live in an extreme electro-conductive media (water) show the extreme case
of electro-sense, mammals and humans demonstrate a weak electro-sense. The electro-sense has
demonstrated that it has evolved into the sense of olfaction, but a electro-sense does remain. to
be useful an amplification of the voltammetric signal is necessary for measure reactivity response.
Hence the need for the EPFX. These Articles will establish the science for this art of TVEP.
Notice the reference to TRANSDERMAL reactivity, meaning skin resistance.
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Spatial Acuity and Prey Detection in Weakly Electric Fish

Editor: Karl J. Friston, University College London, United Kingdom

Department of Physics, University of Ottawa, Ottawa, Ontario, Canada, 2 Department of Biology,
University of Ottawa, Ottawa, Ontario, Canada, 3 Center for Neural Dynamics, University of
Ottawa, Ottawa, Ontario, Canada

Abstract
It is well-known that weakly electric fish can exhibit extreme temporal acuity at the behavioral
level, discriminating time intervals in the submicrosecond range. However, relatively little is
known about the spatial acuity of the electrosense. Here we use a recently developed model of
the electric field generated by Apteronotus leptorhynchus to study spatial acuity and small signal
extraction. We show that the quality of sensory information available on the lateral body surface
is highest for objects close to the fish’s midbody, suggesting that spatial acuity should be highest
at this location. Overall, however, this information is relatively blurry and the electrosense exhibits
relatively poor acuity. Despite this apparent limitation, weakly electric fish are able to extract
the minute signals generated by small prey, even in the presence of large background signals. In
fact, we show that the fish’s poor spatial acuity may actually enhance prey detection under some
conditions. This occurs because the electric image produced by a spatially dense background is
relatively “blurred” or spatially uniform. Hence, the small spatially localized prey signal “pops
out” when fish motion is simulated. This shows explicitly how the back-and-forth swimming,
characteristic of these fish, can be used to generate motion cues that, as in other animals, assist in
the extraction of sensory information when signal-to-noise ratios are low. Our study also reveals
the importance of the structure of complex electrosensory backgrounds. Whereas large-object
spacing is favorable for discriminating the individual elements of a scene, small spacing can
increase the fish’s ability to resolve a single target object against this background.

Extracting and characterizing small signals in a noisy background is a universal problem in
sensory processing. In human audition, this is referred to as the cocktail party problem. Weakly
electric knifefish face a similar difficulty. Objects in their environment produce distortions in a
self-generated electric field that are used for navigation and prey capture in the dark. While we
know prey signals are small (microvolt range), and other environmental signals can be many times
larger, we know very little about prey detection in a natural electrosensory landscape. To better
understand this problem, we present an analysis of small object discrimination and detection
using a recently developed model of the fish’s electric field. We show that the electric sense is
extremely blurry: two prey must be about five diameters apart to produce distinct signals. But
this blurriness can be an asset when prey must be detected in a background of large distracters.
We show that the commonly observed “knife-like” scanning behaviour of these fish causes a prey
signal to “pop-out” from the blurry background signal. Our study is the first to our knowledge to
describe specific motion-generated electrosensory cues, and it provides a novel example of how
self-motion can be used to enhance sensory processing.
Citation: Babineau D, Lewis JE, Longtin A (2007) Spatial Acuity and Prey Detection in Weakly
Electric Fish. PLoS Comput Biol 3(3): e38. doi:10.1371/journal.pcbi.0030038
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Introduction
Weakly electric fish are commonly found in the freshwater systems of South America and Africa
[1,2]. These nocturnal fish use a unique sensory modality, called the “electrosense,” to help them
navigate, communicate, and find prey in the absence of strong visual cues [3]. The electrosense
involves a specialized electric organ that emits an electric discharge resulting in a dipole-like
electric field in the surrounding water [4]. The transdermal potential (the so-called “electric
image”) is continuously monitored via electroreceptors found in the skin layer. Changes in the
spatial properties of the electric image can provide cues that help the fish determine the location,
size, and electrical properties of nearby objects [5–10].
Recent studies have shed new light on the weakly electric fish’s perceptual world. In the context
of distance perception, the amplitude and width of an electric image were shown to be analogous
to visual contrast and blur [11]. The electric image produced by an object can also be distorted
by nearby objects; consequently, conductive objects can act as electrosensory “mirrors” [12].
In contrast with the visual sense, however, the electrosense has no focusing mechanism and is
limited to the near-field, so it is generally considered a “rough” sensory modality [13–16]. In fact,
the range of active electrolocation in weakly electric fish is likely only about one body length [7],
and considerably less for small prey-like objects [17]. Within this range, much is known about
the fish’s temporal acuity [18,19], but relatively little is known about the fish’s ability to resolve
multiple nearby objects.
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Here, we consider the notion of “electro-acuity,” analogous to the notion of visual acuity found in
the visuo–sensory lexicon, to investigate the quality of electrosensory information in the spatial
domain. A common measure of acuity in other sensory systems is the just-noticeable difference,
or the minimum difference between two stimuli such that they are perceptually distinct [20]. In
the present context, we consider an analogous measure to describe the quality of electrosensory
input available for a discrimination task. We define this measure as the minimum spatial separation
of two objects (Smin), such that two distinct peaks remain in the electric image on the fish’s skin
(Figure 1). Using a 2-D finite element method model of A. leptorhynchus’ electric field [9], we
show that Smin is smallest in the fish’s midbody and decreases for objects placed farther away
from the fish. This suggests an interesting contrast with the “electrosensory fovea” in the head
region [10,17], where the highest density of electroreceptors is found [21]. Overall, we found that
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Figure 1. Electric Images Produced by Two Prey-Like Objects and Determination of Smin
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electroacuity is poor relative to visual acuity in humans, but is comparable with that of the human
somatosensory system.

The head is at position 0 m along the rostro–caudal axis. The midbody is at 0.11 m, and the tail is
at 0.21 m. All interobject distances are center-to-center, and object-to-fish lateral distances (i.e.,
perpendicular to fish midline) are from object center to skin surface.
(A) Electric field potential in the presence of two identical prey-like objects (modeled as 0.3-cm
diameter discs with a conductivity of 0.0303 S/m; water conductivity: 0.023 S/m). Objects do not
affect the field much due to their small size and conductivity similar to the water. The Smin (14
mm) is also shown for a specific prey position (left prey located 0.11 m caudally from the tip of the
head and 0.012 m laterally to the skin). The potential at different points is measured with respect
to a reference electrode placed laterally to the fish in the far field, near the zero potential line [9].
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(B) Overlays of electric images for three different object locations illustrating the increase in image
amplitude in the caudal direction (x) and the decrease in amplitude for increasing lateral distances
(y). (x,y) = (0.05, 0.03), (0.05, 0.015), (0.1, 0.015) m. As described in Materials and Methods, these
images are computed as the difference between the transdermal potentials measured with and
without the object present.
(C) Overlays of electric images for three distinct interprey distances (see inset). Blue trace shows
Smin, when the two peaks in the electric image are just noticeable. Computation of the images is
as in (B). Location of more-rostral prey as in (A). doi:10.1371/journal.pcbi.0030038.g001
Despite the apparent low quality of electrosensory signals, weakly electric fish are able to detect
small prey [7,17]. Although there is no direct evidence, it is reasonable to assume that they do so
even in the presence of noisy background signals [7]. In a related task (object tracking), background
noise has been shown to degrade performance [22,23]. Single-cell recordings in midbrain neurons
have further revealed that some low-frequency background signals can interfere with directional
selectivity [24]. It is thus believed that some of the natural behaviors exhibited by the fish play a
central role in signal extraction. In particular, simulations have suggested that tail-bending could
improve object detection by increasing the electric image’s amplitude [13,14].

Electroacuity varies for different lateral and rostro–caudal object locations (Figure 2, see insets).
Figure 2A and 2C shows the effects of object size and conductivity, respectively, on electroacuity
for different lateral positions (rostro–caudal position fixed near the fish’s midpoint, 0.11 m). Smin
increases (electroacuity decreases) for objects that are placed farther away from the fish, regardless
of object size or conductivity. When objects are far from the fish, Smin is roughly independent of
object size (Figure 2A). At the closest location possible for the largest object (blue curve), Smin
is smaller than for the other object sizes. This is a consequence of the relative sharpening of the
image for close large objects (see Figure 1B). The sharpness of an image can be quantified by
the reciprocal of its normalized width (width divided by amplitude). Image sharpness decreases
(normalized width increases) with lateral distance and, in general, is independent of object size
[5]. However, object size becomes a factor for locations close to the skin (see largest object in
Figure 2A and 2B), as larger objects produce relatively sharper images in these cases [9]. Note also
that there is a slight inflection at a lateral distance of 0.016 m (Figure 2A and 2C) due to the spatial
heterogeneity of the electric field (higher density of field lines near the zero potential line, which
curves rostrally as seen in Figure 1A).

It has also been suggested that the back-and-forth swimming, or scanning motion, observed in
these fish could be used to generate specific electrolocation cues [25–28], although this has not
yet been demonstrated. Indeed, to elucidate the nature of these motion-related cues, we have
simulated this scanning motion and show that, under some conditions, this behavior could assist
in extracting small prey-like signals from large background ones. We show that the component of
the electric image produced by a sufficiently dense background does not change during scanning,
whereas the one produced by the prey object, albeit miniscule in comparison, does. This process
is similar to motion-related cues and active sensing techniques seen in other contexts [28,29].

Results
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In the following analyses, we use our previously described finite-element model of the electric
field produced by A. leptorhynchus (see Materials and Methods and [9,30]).Figure 1A shows the
simulated dipole-like potential map for this fish in the presence of two prey-like objects. Such
objects do not greatly perturb the fish’s natural field due to their small size and conductivity (which
is similar to that of the water). Figure 1B shows overlays of electric images due to single objects
at different locations (i.e., each image is computed separately). Such images show characteristic
shapes but vary systematically in amplitude and width with rostral–caudal and lateral location
[5,9,10]. Figure 1C shows images produced by object pairs for three different interobject distances
(shown in inset). Prey-like objects that are located too close together (green trace) produce a
single peak in the electric image (similar to the images in Figure 1B), while objects separated by a
larger distance produce two distinct peaks (red trace). The blue trace illustrates the electric image
in which two peaks are just barely distinguishable; we define the associated interobject distance
as Smin. Thus, Smin, measured in these noiseless conditions, delineates a limit to electroacuity.
A smaller Smin suggests better electroacuity (i.e., increased spatial resolution). For this specific
prey-like object and rostro–caudal location, the Smin is 14 mm. This suggests that, at this lateral
distance, these two objects must be separated by at least 14 mm, a distance approximately five
times their diameter, to be distinguished.

Figure 2. Effect of Object Location and Conductivity on Spatial Electroacuity
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In all panels, see fish insets for approximate lateral and rostro–caudal locations where Smin was
calculated. Error bars represent the sampling that was used to calculate the Smin (either 0.5 or 1
mm). Lateral distance is measured as object center to fish skin (as in Figure 1).
(A) Effect of lateral distance on Smin for three distinct object diameters (rostro–caudal location,
x = 0.11 m). Red, 0.3 cm (prey size); green, 1 cm; blue, 2 cm. Object conductivity fixed at 0.0303
S/m (prey conductivity).
(B) Effect of rostro–caudal position on Smin for same object sizes and conductivity as (A), with a
lateral distance of 0.012 m.

peaks, i.e., object separation is less than Smin. The small bumps at approximately 0.03 m and 0.2
m are due to abrupt changes in fish geometry near the head and tail, respectively, and are not due
to individual objects within the background array. Similar results were also observed for object
arrays positioned closer to the fish, where different peaks were observed in the electric image,
as well as for solid bars of increasing widths (unpublished data). Figure 3B shows the effect of
changing the object spacing in similar arrays. At the largest spacing (red), the image is dominated
by the contribution from the central object. For arrays that are more spatially dense (green, blue),
the contributions of individual objects are blurred, resulting in an image with a broad peak.

(C) Effect of lateral distance on Smin for three distinct object conductivities (rostro–caudal location,
x = 0.11m). Red, 0.0005 S/m (plant conductivity); green, 0.0303 S/m (prey conductivity); blue, 0.5
S/m. Object diameters fixed at 0.3 cm (prey size).
(D) Effect of rostro–caudal position on Smin for same object diameter and conductivities as in (C),
with a lateral distance of 0.012 m.
doi:10.1371/journal.pcbi.0030038.g002

The effect of water conductivity on electroacuity was also studied for a specific location (x =
0.11 m, y = 0.015 m). For the range of water conductivity values found in the rivers in which A.
leptorhynchus live (between 0.00085 and 0.01135 S/m [2]), Smin changes only slightly. As an
overall trend, Smin decreased as water conductivity diminished (from 15.5 to 12.5 mm as water
conductivity decreased from 0.05 to 0.0005 S/m).

As a first step toward understanding electroacuity in a more natural context, the electric images
produced by differently sized arrays of background objects (with “plant-like” conductivity) were
studied systematically. In Figure 3A, the red trace shows the electric image produced by a single
such object located 0.11 m caudally from the tip of the fish’s head (red object in inset located close
to the fish’s midpoint). The orange trace shows the electric image produced by three objects: the
central one (red) plus one (orange) added 0.03 m on each side. In a similar progression, electric
images are shown for up to 11 objects. With larger numbers of aligned objects, the electric images
converge. Thus, for an array of seven objects (approximately a fish body length), the image is
almost the same as with 11 objects. The electric images are each marked by a singular peak
because the interobject distance is too small (at this lateral distance of 0.05 m) to resolve different
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Figure 3. Electric Image of a Plant-Like Background
All images in both panels are computed as the difference in transdermal potentials, with and
without objects (as described in Materials and Methods).
(A) Electric images produced by six distinct background widths, which differ in number of objects
(see inset). Red, 1; orange, 3; yellow, 5; green, 7, blue, 9; purple, 11. The 2 cm–diameter discs have
a conductivity of 0.0005 S/m to mimic the plant Hygrophilia. Discs are located 0.05 m away laterally
from the fish’s midline and are separated, one from another, by 0.03 m. All series of objects are
centered near the fish’s midpoint (red object in inset) and color in inset denotes external objects
of a given series.
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Figure 2B and 2D shows the effects of object size and conductivity, respectively, on electroacuity
for different rostro–caudal positions (lateral object center-to-skin distance fixed at 0.012 m). In
general, Smin is smaller for larger objects, all along the length of the fish. The largest objects (2
cm) can actually be distinguished in the artificial condition of overlapping (i.e., the two objects
are fused into a single composite peanut-shaped object), suggesting a mechanism for shape
discrimination under some conditions. The position x = 0.11 m suggests a point of optimal acuity
along the side of the fish. The two peaks in the image can be distinguished more easily for objects
in this region because this is the rostro–caudal location where electric images are sharpest [9,10],
so that there is minimal interaction between the individual images produced by each object.
Object conductivity has comparatively little effect on the Smin in both lateral and rostro–caudal
directions (Figure 2C and 2D). Overall, Smin varies much more in the lateral direction than in the
rostro–caudal direction (compare Figure 2A–2C and 2B–2D) due to the relatively large changes in
image sharpness as lateral object distance increases [5,8].

(B) Electric images due to backgrounds with three different interobject spacings: blue, 0.03 m
(same as panel A); green, 0.06 m; red, 0.09 m. Otherwise, objects are identical to those in panel
(A).
doi:10.1371/journal.pcbi.0030038.g003
These object arrays provide a simplified model of the background signals comprising a natural
electrosensory landscape. To better understand how weakly electric fish are able to detect
miniscule prey in the presence of large-background signals, we calculated the electric image
produced by a small Daphnia-like prey object against a large-background array of objects (Figure
4). Even though the prey is located just 0.008 m from the fish’s skin (compared with the 0.05
m lateral position of the background), the electric image with the prey and background is not
much different than the one obtained with the background alone (largest deviation between the
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two images is about 4%; compare Figure 4A and 4B). The interesting feature, however, is that
the overall image shape is similar regardless of the fish’s position during a simulated scanning
movement (even though the background was simulated as a discrete set of objects). This can
be understood in terms of electroacuity: the background objects are too close together to be
distinguished and thus form a blurred image. It is critical to note that during the scan, however, the
small blip created by the prey does change location within the electric image (Figure 4B; note that
the images do not overlap perfectly). Next, we demonstrate this point explicitly by considering the
time-varying image during a simulated scanning movement.

Figure 4. Electric Image of a Plant-Like Background in the Presence and Absence of a Prey Object

The Electro
Sense

All images in both panels are computed as the difference in transdermal potentials, with and
without objects (as described in Materials and Methods).

(A) Six fish positions (see inset, top) for which the electric images (bottom) produced by a 15-disc
Hygrophilia plant-like background (0.05 m lateral to fish, as in Figure 3) were calculated. Electric
images are barely distinguishable from one another. Fish positions differ from one another by 0.02
m, 0.02 m, 0.03 m, 0.005 m, and 0.015 m (see inset).

(B) Same as in panel (A) except a Daphnia-like prey object (0.3-cm diameter as in Figure 1) was
added at a lateral distance of 0.008 m from the skin.
doi:10.1371/journal.pcbi.0030038.g004

The consequence of the relative differences between background and prey during a scanning
movement is that the small prey signals can be extracted by looking at the time-varying transdermal
potential at specific locations along the fish’s body. Figure 5 illustrates the temporal profile of
the transdermal potential at two distinct body locations under different conditions. The signal
measured at Location A (see inset) reveals a clear prey-dependent component (Figure 5A, compare
green and blue traces). Note also that this prey signal (in the presence of the background) is very
similar to that for the prey-alone condition (Figure 5A, compare blue and red traces). When the
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(D–F) Same as the upper panels (A–C, respectively) except that the transdermal potential is shown
for a skin position 0.085 m caudal from the tip of the fish’s head (point B in inset).
doi:10.1371/journal.pcbi.0030038.g005
Figure 5A and 5B suggests that as the objects within the background are increasingly separated,
the prey will be less distinguishable. We confirm these observations in terms of a signal-to-noise
ratio (SNR) of prey signal versus background (see Materials and Methods). The SNR decreases with
increasing interobject separation in the background (Figure 6; left axis, blue trace). For reference,
we can compare this situation with the expected discriminability of two individual objects (see
Materials and Methods), where the electric image components due to each object become
increasingly distinct as the objects are moved apart (Figure 1B; Figure 5C: right axis, green trace).
This applies to the case of two prey-like objects in the absence of background, as in Figure 1A and
1C and Figure 2, as well as to the case of two background-like objects. In a more natural context,
the blurriness of the electrosense interestingly has the effect of enhancing sensory performance.
And indeed, this should apply to a wide range of electrosensory landscapes, as blurriness will be
unaffected by small changes in object conductivity (Figure 2C and 2D).
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interobject distance in the background becomes too large, as in Figure 5B, the background image
is no longer blurred and individual object characteristics appear, thereby masking the prey-specific
signal. This effect can be even more pronounced when the objects are randomly spaced over the
same area (Figure 5C). Figure 5D–5F shows a similar result for a different body location (note that
the prey-specific signal occurs slightly later in time at this location, due to the scanning direction).

Figure 5. Transdermal Potential at Two Distinct Points on the Fish’s Body During Simulated Motion
To calculate each image, 21 different fish positions were used. In all cases, images are the raw
transdermal potential with the mean removed to more easily compare the different curves. Black
arrow shows direction of the simulated scanning motion used to generate the time series shown,
with a scanning speed of 0.1 m/s. The legend in (A) applies to all panels.

(A) Transdermal potential at a skin location 0.11 m caudal from the tip of the fish’s head (point
A in inset) for three different conditions: background alone (green), the background and prey
(blue), and prey alone (red). Background objects are as in Figures 3 and 4. The spacing between
the individual objects in the background is 0.03 m; the lateral distance of the background is 0.05
m from the midline. The lateral distance of the prey object (as in Figure 4) is 0.008 m.
(B) Same as in panel (A) except for a larger interobject spacing (0.06 m) in the background.

(C) Same as in panel (A) except that the background objects are randomly spaced, as shown by the
inset, with same mean spacing as (B).
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Figure 6. Prey Detectibility and Background Sparseness

(Left axis, blue trace) SNR ratio between the prey and background transdermal potential time
series and the background-only time series (i.e., between blue and green traces in Figure 5A; see
Materials and Methods for more details). Each point represents the mean SNR of ten locations
(over an ~0.01 m–wide patch of skin) centered 0.05 m caudal from the tip of the fish’s head. SNR
is shown as a function of interobject spacing of the background.
(Right axis, green trace) Theoretical discriminability (see Materials and Methods) between two
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background-type objects as a function of their spacing, using the same object size (2-cm diameter)
and lateral distance (0.05 m) as in Figure 5.
doi:10.1371/journal.pcbi.0030038.g006

Discussion
The extraction of small environmental signals is a problem faced by all sensory systems. The
mechanisms by which this problem is solved have been studied extensively, not only in the human
senses, but also in sensory modalities unique to other species [28,31]. Indeed, the electrosensory
system exhibits many parallels with other senses, including human vision and audition [11,32], but
we know relatively little about small-signal extraction and the spatial resolution of this modality.
Here, we have considered these aspects of electrosensory processing in terms of the primary
sensory input as a first step toward understanding acuity and object detection at the behavioral
level.

Electroacuity Measurement
Many recent studies have contributed to our understanding of electrosensory scene analysis
[9,26,27,33,34]. In particular, Rother et al. [12] have shown that the electric image due to two
objects is the result of complex interactions between the effects of each object. To extend these
studies in the context of object discrimination, we have introduced the notion of electroacuity.
This measure, comparable to the notion of visual acuity, has helped us quantify the “sharpness”
of the electrosense in the spatial domain. Studies have suggested that this was a rather “rough”
sensory modality [7,14], and our findings, in terms of the sensory input, confirm this quantitatively.

The magnitude of Smin will increase with the disparity in both the image amplitudes and widths
for the two objects. It will also be influenced by nonlinear effects between image amplitude and
image width for close pairs of objects (which our simulations implicitly capture), but we have not
systematically investigated them here (but see [12]). That said, to a reasonable approximation,
Smin is proportional to the normalized width of the image due to each of the objects (see Materials
and Methods).
Figure 2B shows that for locations in the rostral half of the fish, Smin changes relatively little. This
interesting feature is primarily due to the uniformity of the field in this range: the current lines are
nearly perpendicular to the fish body axis. The field uniformity is a result of the spatial filtering
effects (smoothing) due to the tapered body shape [9,10,38]. This means that the spatial extent
of an object’s influence on this field (image sharpness) will be relatively constant. For locations
closer to the midbody, the field lines are more concentrated (i.e., the field is not as uniform as
for more rostral locations), so the influence of the object is more focused. The image amplitude
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In terms of the quality of sensory input, our results reveal a point of optimal electroacuity located
in the fish’s midbody. This is in contrast to the notion that optimal discrimination should occur near
the fish’s head region, the electrosensory fovea, which has the highest density of electroreceptors
[21].
However, determining acuity in the head region is a complex task due to a number of factors. For
example, some enclosed environments can interact with this geometry and produce an electric
“funneling” effect that increases the local field amplitude and enhances object discrimination
[39,40]. Although these studies were performed on a different species of electric fish (pulse-type
discharge) with a different electric organ morphology, a detailed investigation of the head region
in A. leptorhynchus (the species we consider here) is still warranted.
This will, however, require a more complicated 3-D model, so determining how the electric field,
body geometry, and receptor density combine to determine electroacuity in the electrosensory
fovea is not possible at this time. Nevertheless, on the lateral body surface, the combination of
body geometry and current density are such that electric images are sharpest in the midbody [9],
thus allowing the objects to be closer in that region before their electric images blur and form a
single peak. This apparent tradeoff between more receptors rostrally and higher-quality images
caudally may explain why prey detection occurs at approximately equal rates over all rostro–
caudal locations [17].
An additional consideration, which again points to interesting future research, is that our current
model does not account for the electric field dynamics that could in principle cause midbody
acuity to vary over the electric organ discharge cycle. It is possible, for example, that the lowest
Smin seen here in the midbody region may shift to other locations for other phases of the cycle,
due to the spatial variation of the field in time [38].
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For example, we found that two prey-like objects located within the range of natural prey
detection (which is typically less than 20 mm, [17]), must be separated by 9 mm for the electric
image to show features of both objects (Figure 2). We characterize this limit by the quantity
Smin, analogous to the psychophysical notion of the just noticeable difference and the Rayleigh
criterion in optics (see Materials and Methods). Electroacuity is much lower than human visual
acuity [35]. In contrast, the electrosense fares much better when compared with tactile two-point
discrimination in humans, where thresholds are as high as 50 mm in some body locations [36,37].

also increases in this range of body locations (Figure 1B; Figure 5 of [9]), further contributing to
a sharper image. However, as outlined in detail in Materials and Methods, although the image
amplitude increases, then decreases, in the rostro-to-caudal direction [9], Smin is determined
by image sharpness (normalized image width) and is much less sensitive to absolute amplitude
(Figure 2B, compare red and green traces).

In a strict sense, the values we obtain for Smin can be considered as an upper-bound limit on spatial
acuity, since various noise sources would undoubtedly result in lower acuity at the behavioural
level. However, there are additional cues available from the electric image, and potentially from
other sensory modalities, which could help distinguish adjacent objects, and hence increase acuity.
Specifically, the electric image produced by two objects is still wider than the image of one of the
objects alone, even when their individual peaks are not discernable (see Figure 1C). Moreover,
we have only considered two adjacent objects located in parallel with the fish’s contour. Indeed,
different criteria are required to measure the discrimination of objects that are situated onebehind-the-other (i.e., perpendicular to the fish’s contour). Rother et al. [12] have studied such
object locations, but not in the context of spatial acuity.
We have shown that electroacuity did not vary with object conductivity. This implies that the fish’s
ability to resolve two equally sized, equally conductive objects is the same, regardless of whether
these objects are animate or inanimate. However, it is possible that the addition of environmental
noise to the electric images would make one of these types of objects more “resolvable,” as the
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SNR would be greater for high-conductivity objects. Water conductivity, on the other hand, does
(slightly) affect Smin. Our results are in accord with other findings, which state that object detection
is best-achieved in low-conductivity water [17,41,42], confirming the notion that increased water
conductivity acts as a type of electrosensory “fog.”
To resolve all of these issues, further behavioral experiments are required. Our current studies
using a 2-D electric field model [9] have generated many hypotheses to test in such experiments.
Despite the fact that the 2-D model very accurately reproduces many spatial aspects of the
electric field [9], ultimately a more detailed 3-D model of the time-varying electric field will be
necessary. Measuring electroacuity (behaviorally) in these fish could be accomplished by using a
forced-choice experimental paradigm. In this task, the fish could be trained to choose between a
single object and a pair of objects, with a reward given for the choice of the latter. An estimate of
electroacuity could be obtained by tracking the accuracy of the choices as the interobject distance
was decreased (see [33,43,44] for similar protocols).

Prey Detection in Weakly Electric Fish
Weakly electric fish are subject to a wide range of stimuli in natural electrosensory landscapes. Large
conducting boundaries, such as rocks or the river bottom, constitute extensive background clutter
[27]. The fish therefore has the challenging task of extracting small prey signals from enormous
background ones. To investigate this scenario, we have modeled a plant-like background. We have
shown that, as this background increases in width, the electric images produced on the fish’s skin
converge (i.e., the images are blurred). In fact, the image is not much different for background
arrays ranging from 0.18 m to 0.3 m wide. In the presence of such a large-background image,
the Smin for prey objects would be much larger than for the conditions we have considered thus
far, and may in fact be defined only for much larger objects. In other words, as discussed in the
following, the electric image component due to the background obscured that due to the two
small prey-like objects.

The separation of small signals from background is a universal problem in sensory processing. In
vision, the so-called figure-from-ground separation has been extensively studied; luminance and
contrast differences between figure and ground provide information-rich cues for this task. In the
absence of such cues, however, relative motion (due to figure, background, or observer motion)
can provide information that is critical for effective figure-ground separation [29,46]. Motion of
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Electrosensory Processing
It is important to note that we have only considered the information available to the electrosensory
system and have not considered the potential for extracting this information. Information encoded
by individual electroreceptor afferents will be pooled in the hindbrain electrosensory lateral line
lobe (ELL). Here, the principle neurons, ELL pyramidal neurons, have receptive fields that vary
systematically in size across three somatotopic maps. The largest of these receptive fields (lateral
segment map) are about 2 cm in width along the body axis of the fish; the smallest receptive fields
(centromedial segment map) are about 0.5 cm in width [26,49]. As previous studies have shown,
the different maps may take on different roles depending on the type of information available
[26,50]. In the context of this paper, the most focused images due to nearby prey objects may be
preferentially encoded using pyramidal neurons of the centromedial segment (smaller receptive
fields), and the more blurred images due to background objects may be encoded by neurons of
the lateral segment (larger receptive fields).
In addition, there are mechanisms in the ELL (via feedback pathways) that can cancel out
predictable or redundant stimuli [51,52]. In principle, when the background is spatially uniform
(blurred), such feedback mechanisms could cancel out the large-image component due to the
background and further enhance small signal extraction during scanning. Recent studies on the
signal processing features of ELL neurons have shown that coherence to spatially global timevarying input is high-pass [53], suggesting again that responses to spatially dense backgrounds
can be filtered out. Information encoded by ELL neurons is transmitted to higher-order neurons
of the midbrain. Recent studies have described plasticity and motion sensitivity in these neurons
[24,54], but further studies will be required to determine how these neurons contribute to the
computations involved with prey detection and discrimination in complex landscapes.
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Figure 4 clearly indicates that the effect of a prey is miniscule in the presence of a relatively largebackground array. Even at different times during a simulated scanning behavior, the prey only
affected the image due to the background by a few percent at most. This suggests that for any
static “snapshot” the fish would not be able to extract the prey signal from the large-background
signal. On the other hand, weakly electric fish are known to detect minuscule signals under some
laboratory conditions [17,45], and presumably can do so in the wild while hunting. We suggest
that movement is required in these situations. In fact, due to the blurring effect, the background
component of the electric image does not change with fish scanning, whereas the prey component
does (see Figure 4B). As a consequence, the small-prey signal is revealed during the scanning
motion by looking at the transdermal potential at individual locations on the fish’s body (Figure
5A and 5D). In contrast, when background objects are more separated, the prey signal remains
confounded by the background (Figure 5B, 5C, 5E, and 5F).

an auditory stimulus can also provide cues for sound-source localization in a noisy background
[47,48]. Though the particular mechanisms involved in each sense may differ [47], both rely
on coherent changes in stimulus parameters (spatial correlation in vision, systematic sweep of
interaural time delays in audition). Similarly, we have shown that motion can also lead to smallsignal detection in an electrosensory landscape under certain conditions. When the constituent
objects of a complex scene are close enough to each other to result in a blurred (spatially uniform)
image, a small spatially localized prey signal will pop out due to motion cues (and without motion
the prey signal is masked by the large background). On the other hand, to evaluate the specific
features of a scene, a greater spacing among constituent objects is required (see Figure 6).

Conclusion
It has been widely hypothesized that the stereotypical back-and-forth scanning behavior exhibited
by weakly electric fish could be used to generate electrolocation cues [25,55,56]. In fact, cues
obtained by self-motion are used by many different animals to extract relevant sensory features
[28]. For example, primates move their fingers laterally to detect fine features in textured surfaces,
which would otherwise go unnoticed [57]; rodents perform whisking behaviors [58]; and insects,
such as mantids, can obtain information about an object’s depth using a side-to-side “peering”
movement (by means of motion parallax cues; [59]). Such examples have led to the reasonable
notion that the exploratory behaviors exhibited by weakly electric fish, such as the aforementioned
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scanning, act similarly to provide relevant information from complex electrosensory scenes. Our
study describes the nature of these motion-generated cues for the first time, and indeed shows
that their effectiveness depends on context.
In particular, our results predict that weakly electric fish should exhibit the specific search behavior
that is most suitable for signal extraction in a given context. The scanning behavior would be best
suited for spatially dense or uniform backgrounds, whereas the fish might preferentially use tailbending in cases where the background is sparse (as in Figure 5B, 5C, 5D, and 5F where the prey
component is confounded with the background signal). In future studies, we aim to determine
which behaviors are used most frequently by the fish to explore electrosensory landscapes with
varying spatial characteristics.

Materials and Methods
The 2-D electric field of a 21-cm A. leptorhynchus was simulated using a finite-element–method
model described previously in [9]. Briefly, the model reproduces the field measured at one phase
of the quasisinusoidal electric organ discharge. It consists of three components: an electric organ
(EO), a body compartment, and a thin skin layer. The EO current density and the conductivities
of the three components were optimized using raw data provided by Christopher Assad [38].
The optimized EO current density is spatially structured; as compared with a simple dipole, it is
skewed toward the tail. Such a profile in the EO current density, as well as the spatial filtering
due to the tapered body shape, reproduces the asymmetric “multipole” electric field [9,10,27].
To distinguish this situation from that of a simple dipole, we sometimes refer to the fish’s electric
field as “dipole-like.” This model is a 2-D simplification that is static in time, and so, in principle, any
results derived from it are qualitative. It is important to note, however, that the model provides a
quantitatively accurate representation of the data measured in the horizontal plane [9], and thus
should be very reliable. Of course, as we note in the Results and Discussion sections, there are
some questions that will require a detailed time-varying 3-D model.

To estimate the fish’s ability to resolve two distinct objects (electroacuity), the minimal distance
Smin was calculated. This measure is the interobject distance, which delimits an electric image
with one peak from one with two peaks (for example, see Figure 1C). This quantity depends
on a number of parameters such as the object’s size, its rostro–caudal and lateral location, and
the water conductivity. We can develop more intuition for how Smin behaves assuming that
images of objects are idealized Gaussians. Consider two Gaussians along the x-axis, of similar
standard deviation δ and amplitudes, but centered on μ1 and (-μ1 ), respectively. Assuming linear
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For a given pair of objects, the rostral object’s center coordinates were chosen as the spatial
location for which the Smin was determined. Therefore, this object was held stationary during
a given Smin measurement. The caudal object was moved systematically in the caudal direction
until two distinct peaks appeared in the electric image (object center-to-skin distance was kept
constant). Using this technique, Smin measurements were accurate to within 0.5 or 1 mm,
representing the chosen sampling (see error bars in Figure 2).
In the last part of the paper, where fish motion is simulated, a scanning speed of 0.1 m/s was
chosen, which is in the range of measured weakly electric fish scanning velocities [45,56]. For
quantifying the SNR between the two different transdermal potential time series (Figure 5, green
and blue curves), i.e., the ones produced by the background alone (Φ back) and by the background
and prey (Φ back+prey), a root-mean-squared difference measure was used (Equation 1):

where n represents the number of different fish locations that were simulated, i.e., samples of the
transdermal potential at a given body location during a 1-s scan (we chose n = 21). A large SNR
value means that the two time series are very distinct. We have also quantified the discriminability
of two objects as they are separated (Equation 2). Here, we assumed that the separate (simulated)
electric images generated by each object is a spatial Gaussian function (along one dimension;
each of mean μi and width δi) and have computed the discriminability d’ [60,61]:

The Electro
Sense

Electric images were calculated in one of two ways using custom MATLAB subroutines. In Figures
1–4, images are defined as the differences in transdermal potential, with and without objects
present (this has become the standard definition of an electric image, [5]). In Figure 5, images
are displayed as the raw transdermal potential, the natural electrosensory input. All images are
shown only for the side of the fish body closest to the objects. Water conductivity was set to
0.023 S/m, as in [38]. The prey chosen, Daphnia magna, was modeled as a 3 mm–diameter disc
with a conductivity of 0.0303 S/m, as in [15,17]. The background objects (2-cm discs) simulated
throughout this paper were based on the conductivity of the aquatic plant Hygrophilia [22] (0.0005
S/m). The goal was not to mimic the plant’s geometry accurately, but rather to get a general idea
of the effects caused by varying backgrounds with plant-like conductivity and size.

superposition, their sum along the x-axis will have one or two maxima, depending on the relation
between the standard deviation and the mean, i.e., on the relative width. It can be shown that
Smin in this case corresponds to (2δ). If the amplitudes of the Gaussians change in the same way,
as they do when the object is closer to the fish, Smin remains the same; it will increase, however, if
there is disparity in the amplitudes. Smin will also increase with increasing image width. Although
this provides some insight on the behavior of Smin, it is important to note that linear superposition
is not valid in general (for example, see Rother et al. [12]). Also, all of the images we show are
computed using our model, which can accommodate arbitrary object combinations. In no cases
do we assume linear superposition of images due to individual objects.

Author Contributions
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The Magnetic Sense of Animals

thinks about how magnetic fields can be perceived in principle, three mechanisms immediately
come to mind:
Mechanical Reception - This is the principle behind a compass needle. A magnetic field exerts a
torque on a ferromagnetic material or on a material with diamagnetic anisotropy. Only ferromagnets
will be able to produce a response to a field as weak as 0.5 Gauss that is detectable against thermal
motion. In animals, the use of small magnetic particles (e.g., magnetite) as magnetoreceptors has
been suggested. The use of magnetite has been shown in magnetotactic bacteria that are rotated
by a magnetic field because of the torque exerted on their magnetite particles.

The introductory figure summarizes our model for a photoreceptor-based magnetic compass in
birds. The geomagnetic field can affect radical-pair reaction yields as governed by the stochastic
Liouville equation depicted in the thinking bubble of the bird. These effects result in a modulation
of visual information as shown in the right figure. The changes of visual modulation patterns
with different orientations of the bird can explain the magnetic compass orientation observed in
behavioral experiments.

Introduction
A large variety of animals possess a magnetic sense. Migratory birds use magnetic clues (in
addition to light polarization, star signs, position of the sun) to find their way south in fall and
north in spring. Salamanders, frogs, use the magnetic field for orientation when they have to find
the direction of the nearest shore quickly, e.g., when they sense danger.

Although the use of the geomagnetic field for directional information is well established
experimentally, it is not known by which biophysical mechanism magnetoreception is achieved.
The magnetic sense is maybe the last perception mechanism for which the nature of the receptors
and of the biophysical mechanism remain unknown.

How can the geomagnetic field be perceived?

Chemical Reception - Chemical reactions that involve transitions between different spin states
can be influenced by magnetic fields, so that one of the possible products is favored due to the
influence of the magnetic field. Usually, magnetic fields much stronger than the geomagnetic field
are necessary to see a significant change in products. For a particular type of chemical reaction,
radical-pair reactions, it has recently been shown experimentally that 0.5 Gauss magnetic fields
produce a small, but measurable change in product ratios.
There are several reasons that support a chemical compass mechanism working in birds (and
other higher animals, such as salamanders) rather than the other two suggestions.
The magnetic compass in birds measures the axis but not the polarity of the magnetic field lines.
In other words: the compass in birds only detects the north-south axis, but not where north and
south are. Such behavior is puzzling if the receptor is indeed consisting of small magnetic particles
which should provide information about the directions of north and south. There is one plausible
model by Dan Edmonds in Oxford, that attempts to explain the observed response on the basis of
magnetic particles as receptors.
The magnetic compass is light-dependent. The magnetic compass in birds requires the presence
of short wavelength (blue/green) light in order to work properly. If only red light is present, birds
are no longer able to orient. Such behavior points to the involvement of photoreceptors rather
than magnets in magnetoreception.
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Behavioral experimentalists have used these natural movement patterns to design experiments
that allow them to investigate in which way geomagnetic information is used for orientation.
For example, during migratory unrest (Zugunruhe), birds are so eager to migrate that they will
assemble even in cages in the direction they want to migrate to, e.g., south in fall. If the magnetic
field is changed, so that magnetic south appears in a different direction, birds will assemble in this
new direction. This behavioral assay was used in 1966 by Wolfgang Wiltschko of the University of
Frankfurt, Germany to demonstrate for the first time that migratory birds indeed use magnetic
clues.

Electric Induction - Movement in a magnetic field will result in an induced electric field.
Elasmobranch fish have a special sensory organ to perceive electric fields with high accuracy and
can use this organ also to detect magnetic fields. However, such an organ can not be found in all
animals capable of magnetoreception.

A Model for a Vision-Based Chemical Compass

In understanding the mechanism of magnetoreception, one is immediately faced with the puzzle
that the geomagnetic field is very weak (ca. 0.5 Gauss). Any suggestion for a magnetoreceptor
mechanism needs to address the question whether a field as weak as the geomagnetic field can
be detected by the proposed mechanism under conditions as they can be found in animals. If one
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We propose a magnetosensory organ that consists of a system of radical pairs that are orientationally
ordered in the eye. We propose that a photoreceptor is part of the radical-pair system and that
its sensitivity is modulated through the magnetic field effects on the radical-pair system. If one
assumes an anisotropic hyperfine coupling, one can calculate in a simple radical-pair model how
the response of the photoreceptor is changed depending on the angle of the magnetic field lines
with the radical-pair system. Assuming that the radical-pair/photoreceptor system is distributed
equally over the whole eye, one can evaluate how vision of a bird is modulated. The cartoons
on top of the page illustrates how a bird converts an unprocessed image to an image which
provides directional information through a radical-pair system obeying the stochastic Liouville
equation. To the left, the visual modulation patterns are shown for a bird flying parallel to the
horizon (geomagnetic field lines at an angle of 68 degrees with the horizon) and looking towards
N,NE,E,SE,S,SW,W, and NW. The patterns are projected into the plane.
Electron transfer processes which generate radical pairs in coherent electron spin states (singlet
or triplet) are affected by weak magnetic fields [Schulten et al., Z physik. Chem. Neue Folge 101
(1976) 371]. Based on this finding we suggest a reaction mechanism for a chemical compass which
exhibits a sensitivity on the orientation of the geomagnetic field originating from an anisotropy of
the hyperfine interaction experienced by unpaired electron spins in a redox process. It is argued
that such mechanism may explain the ability of many biological species to orient themselves in
the geomagnetic field.
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A large variety of animals has the ability to sense the geomagnetic field and utilize it as a source
of directional (compass) information. It is not known by which biophysical mechanism this
magnetoreception is achieved. We investigate the possibility that magnetoreception involves
radical pair processes which are governed by anisotropic hyperfine coupling between (unpaired)
electron and nuclear spins. We will show theoretically that fields of geomagnetic field strength and
weaker can produce significantly different reaction yields for different alignments of the radical
pairs with the magnetic field. As a model for a magnetic sensory organ we propose a system of
radical pairs being (1) orientationally ordered in a molecular substrate and (2) exhibiting changes
in the reaction yields that affect the visual transduction pathway. We evaluate three-dimensional
visual modulation patterns that can arise from the influence of the geomagnetic field on radical
pair systems. The variations of these patterns with orientation and field strength can furnish
the magnetic compass ability of birds with the same characteristics as observed in behavioral
experiments. We propose that the recently discovered photoreceptor cryptochrome is part of the
magnetoreception system and suggest further studies to prove or disprove this hypothesis.

59

Cows and Deer Really Do Have a Magnetic Sixth Sense

When herds stand next to power lines, which emit a mild electromagnetic field, they point in
different directions. In the absence of power lines, they point along a north-south axis.
The findings, published Monday in the Proceedings of the National Academy of Sciences, come
from the same biologists who used Google Earth images to identify a bovine north-south tendency.
Some commentators dismissed those results, or said they didn’t necessarily indicate a magnetic
sixth sense.
“These ﬁndings constitute evidence for magnetic sensation in large mammals as well as evidence
of an overt behavioral reaction to weak [extreme low-frequency magnetic fields] in vertebrates,”
write the researchers.
The next question: what are the cellular and molecular mechanisms used by the cows? Maybe
salmon hold the answer.
Citation: “Extremely low-frequency electromagnetic fields disrupt magnetic alignment of
ruminants.” By Hynek Burda, Sabine Begall, Jaroslav Cerveny, Julia Neef, and Pavel Nemec.
Proceedings of the National Academy of Sciences, Vol. 106, No. 11, March 16, 2009.

Tip Cows over and they still point north | Images show cows tend to
orient themselves like a compass needle.
August 26, 2008|Thomas H. Maugh II | Times Staff Writer
Birds do it, bees do it, and so, apparently, do . . . cows?
No, it’s not that. We’re talking about sensing the Earth’s magnetic field.
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German scientists using satellite images posted online by the Google Earth software program have
observed something that has escaped the notice of farmers, herders and hunters for thousands
of years: Cattle grazing or at rest tend to orient their bodies in a north-south direction just like a
compass needle.

For those of you disappointed to learn that cow tipping is just an urban legend, take heart: you can
tell tall tales about how you once demagnetized a cow.

Satellite images of cattle and deer herds suggest that low-frequency magnetic fields disrupt the
tendency of four-legged animals to align their bodies with geomagnetic fields.
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Investigators
•
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exposure to magnetic field is memorized by the previously exposed distilled water, which makes
itself evident in responses much more intensive than the responses of the same cultures exposed
immediately in the culture medium.

Thorsten Ritz
Klaus Schulten

Comparison of the low-frequency magnetic field effects on bacteria Escherichia coli, Leclercia
adecarboxylata andStaphylococcus aureus
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More Interesting People and Pages
Wolfgang and Roswitha Wiltschko [in German] - Their lab pioneered and still leads behavioral
studies with migratory birds.
John Phillips - In his lab many excellent behavioral assays for different animals have been developed
Joseph Kirschvink - Pursues the hypothesis of magnetite particles as magnetoreceptors in different
animals
Ken Lohmann - Behavioral and neurophysiological studies of sea turtles and other marine animals

Peter Hore - Theoretical chemist, studying in particular effects of weak magnetic fields on chemical
reactions
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Abstract
This work studies biological effects of low-frequency electromagnetic fields. We have exposed
three different bacterial strains—Escherichia coli, Leclercia adecarboxylata and Staphylococcus
aureus to the magnetic field (t<30 min, Bm=10 mT, f=50 Hz) in order to compare their viability
(number of colony-forming units (CFU)). We have measured the dependence of CFU on time of
exposure and on the value of the magnetic field induction Bm. Viability decreases with longer
exposure time and/or higher induction Bm for all strains, but the quantity of the effect is straindependent. The highest decrease of the viability and the biggest magnetic field effect was observed
with E. coli. The smallest magnetic field effect appears for S. aureus. From the measurement of
the growth dynamics we have concluded that the decrease of the CFU starts immediately after
the magnetic field was switched on.
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Christiane Timmel - Studies the effects of weak static and oscillatory magnetic fields in biological
contexts

Luká Fojta, b, Lud k Stra áka, Vladimír Vetterl , a, b,

Author Keywords: Low-frequency electromagnetic field; ELF magnetic fields; Bacteria; CFU
number;Escherichia coli; Leclercia adecarboxylata; Staphylococcus aureus

The growth of cultures of bacteria with different lipid content of cell membranes in response to
a 40 min exposure to alternating magnetic field of 50 Hz, 18 mT was studied. Three important
phenomena were revealed. A species specificity of responses of bacteria to the magnetic field,
including both inhibition and activation, was observed. The changes in the kinetics of growth
of bacterial culture correlate with the type of membrane lipid complex. The information on the
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Antibacterial effect of a magnetic field on Serratia marcescens and
related virulence to Hordeum vulgare and Rubus fruticosus callus cells.

decreased by 79-83 percent.
KEY WORDS: phytopathogenic fungi, sporulation, static magnetic ﬁ eld

Piatti E, Albertini MC, Baffone W, Fraternale D, Citterio B, Piacentini MP, Dacha M, Vetrano F,
Accorsi A.

ÖSSZEFOGLALÁS

Universita degli Studi di Urbino, Istituto di Chimica Biologica Giorgio Fornaini, Via Saffi 2, 61029
Urbino PU, Italy. e.piatti@uniurb.it

Vizsgálataink célja néhány növénypatogén mikroszkópikus gomba növekedésének és
sporulációjának tanulmányozása

The exposure to a static magnetic field of 80+/-20 Gauss (8+/-2 mT) resulted in the inhibition of
Serratia marcescens growth. Callus cell suspensions from Hordeum vulgare and Rubus fruticosus
were also examined and only the former was found to be affected by the magnetic field, which
induced a decreased viability. S. marcescens was shown to be virulent only toward H. vulgare and
this virulence was reduced by the presence of the magnetic field. The modification of glutathione
peroxidase activity under the different experimental conditions allowed us to speculate on the
possibility of an oxidative-stress response of H. vulgare both to S. marcescens infection and
magnetic field exposure. Since the control of microbial growth by physical agents is of interest
for agriculture, medicine and food sciences, the investigation presented herein could serve as a
starting point for future studies on the efficacy of static magnetic field as low-cost/easy-handling
preservative agent.

mágneses tér hatására. Az alkalmazott térerősségek 0,1, 0,5 és 1 mT voltak. Kísérleteink
eredményeképpen

Comp Biochem Physiol B Biochem Mol Biol. 2002 Jun;132(2):359-65.

megállapítottuk, hogy ebben a térerősség tartományban a mágneses tér átlagosan mintegy 10%al csökkentette a
tenyészetek növekedését. Ugyanakkor az Alternaria alternata és a Curvularia inaequalis fajok
esetében 68-133 %-kal
növekedett, Fusarium oxysporum esetében pedig 79-83 %-kal csökkent a képződött konídiumok
száma.
KULCSSZAVAK: növénypatogén gombák, sporuláció, statikus mágneses té
Exposure of simian virus-40-transformed human cells to magnetic fields results in increased levels
of T-antigen mRNA and protein.
Gold S, Goodman R, Shirley-Henderson A.

THE EFFECT OF LOW INDUCTIVITY STATIC MAGNETIC FIELD ON SOME
PLANT

Institute for Biomolecular Structure and Function, Biological Sciences, Hunter College-CUNY, NY
10021.

PATHOGEN FUNGI

Abstract

Department of Agricultural Mechanisation, University of Veszprém, Georgikon Faculty of
Agriculture, H-8360 Keszthely, Deák F.

In its integrated form. SV-40 DNA offers an opportunity to observe the behavior of what is in effect
a viral genome within a cellular genome, with transcriptional and translational products that
can be clearly distinguished from those of the host cell. Exposure of SV40-transformed human
fibroblasts to a 60 Hz continuous-wave sinusoidal electromagnetic (EM) field resulted in increased
levels of virally derived mRNA and protein of large T-antigen. These findings provide evidence that
a foreign DNA integrated into cells can be affected by EM fields under conditions known to cause
increased transcripts from endogenous cellular genes.

u.16. Hungary,
Tel. 36/83/311 290, Fax. 36/83/311 233, e-mail: nagyp@georgikon.hu
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27, 2005
ABSTRACT

Growth and sporulation of phytopathogen microscopic fungi were studied under a static magnetic
ﬁ eld. The applied

ﬂ ux densities were 0,1, 0,5 and 1 mT. As a result of our experiments, the magnetic ﬁ eld decreased
the growth of

colonies by 10 % using this ﬂ ux density region. At the same time, the number of the developed
conidia of Alternaria
alternata and Curvularia inaequalis increased by 68-133 percent, but the number of Fusarium
oxysporum conidia
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These pores open to tiny bottle-shaped cells that are filled with an electrically conductive jelly.
These cells are termed ampullae of Lorenzini, after the Italian anatomist who first described them
in 1678. The ampullae are an extension of the lateral line system, and — like it — are based on hair
cells as the key functional unit.
Modified hair cells line the deepest part of the central lumen (cavity) of each ampulla. Instead
of being responsive to bending, the klinocilium/lesser cilia mechanism of ampullary hair cells
respond to a local reversal of electrical polarity. A net negative charge inside the ampullary lumen
causes an electrical change in each hair cell, triggering the release of neurotransmitters to adjacent
clusters of sensory nerves which, in turn, signal the brain, where the stimulus is interpreted. That
the same functional unit — the hair cell — has been adapted to sensing sound, vibration, and
electrical stimuli testifies eloquently on behalf of the conservatism and creativity of evolutionary
processes.

Electroreception

These electrical cues would be meaningless to sharks, were it not for the astonishing sensitivity
of their ampullae. Studies by Adrianus Kalmijn, a pioneer in elasmobranch electroreception, have
demonstrated that some sharks — such as Smooth Dogfish (Mustelus canis) — are able to detect
low frequency (from about 0.5 up to 8 Hertz) electric fields as tiny as 5 nanovolts (billionths of a
volt) per square centimetre. In 1998, graduate student Steve Kaijura demonstrated that newborn
Bonnethead Sharks (Sphyrna tiburo) can detect electric fields less than 1 nanovolt per square
centimetre. This is equivalent to the electric field of a flashlight battery connected to electrodes
some 10,000 miles (16,000 kilometres) apart in the ocean. Such incredible electrical sensitivity is
over five million times greater than anything you or I could feel and is by far the most acute in the
Animal Kingdom.
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While underwater sight and sound — however muted and distorted they may be — are within
our realm of experience, sharks possess a sense that is so alien to us that we can neither relate
to it nor fathom what it might feel like. That sense is electroreception: an acute sensitivity to
electrical fields. Sharks receive tiny electrical signals from their environment via a series of pores
peppered over the head, looking like a bad case of 5-O’clock shadow. These pores are distributed
in discrete patterns, varying somewhat among elasmobranch species. In the White Shark, there
is a pair of elongate clusters on top of the head above the eyes, another pair of V-shaped clusters
surrounding the nostrils underneath the snout, a sausage-shaped cluster under each eye, and an
oval cluster extending along each side of the chin.

Seawater is an ion-rich medium that conducts electrical fields moderately well. Seawater moving
over the magnetic field lines of our planet provide a weak but richly textured electrical ‚map’
of the immediate environment. A shark’s body is contains a rich broth of electrically charged
biomolecules called electrolytes, which allow cells to communicate with each other. As it swims
across geomagnetic field lines, electrical currents are induced in its body that provide navigational
cues. Field studies by A. Peter Klimley have revealed that Scalloped Hammerheads (Sphyrna
lewini) in the Sea of Cortez use this built-in compass sense to follow ‚magnetic highways’ along
the seafloor between separate nocturnal feeding and diurnal socializing sites. On a much smaller
scale, cellular activity generates tiny electric fields that can betray the presence of potential prey
that would otherwise be hidden from sharks. A particularly vivid example is provided by the Great
Hammerhead (Sphyrna mokarran), which detects buried stingrays by sweeping its wide, ampullaestudded head over the bottom like the sensor plate of a metal detector.

Testing the upper and lower limits of electrosensitivity in the White Shark requires precise
measurements under controlled conditions that are presently only available in laboratory
aquaria. Unfortunately, all attempts to maintain a Great White in captivity have thus far proved
unsuccessful. The current record for survival in captivity, held by the Sea World Aquarium in San
Diego for a 5.5-foot (1.7-metre) specimen, stands at a mere 16 days. But most captive White
Sharks fare far worse. To date, most White Sharks have died within a few hours of being placed
in an aquarium tank. Despite this logistical hurdle, some intriguing quantitative and qualitative
observations suggest that the White Shark is highly sensitive to electric fields and that this ability
is important to its survival in the wild.
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The 72-hour captivity of a 7.5-foot (2.3-metre), 300-pound (136-kilogram) female White Shark
at San Francisco’s Steinhart Aquarium during August 1980 provided an unexpected opportunity
to measure the electrosensitivity of this species. Dubbed ‚Sandy’, the juvenile Great White was
displayed in Steinhart’s torus-shaped ‚fish roundabout’, becoming an instant media celebrity and
drawing some 40,000 visitors to the Aquarium over a three-and-a-half-day period. By the fourth
day of her captivity, Aquarium director John McCosker noticed that Sandy continually collided
with a particular five-degree arc of the tank.
No visual, sonic, or vibratory cues were discernible at that particular segment of the roundabout.
So McCosker and his co-workers suspected that a weak electrical field at that location might be
causing her to bang her head against the tank wall. A silver-chloride half cell was used to detect a
small electric potential difference between two of the tank’s windows measuring 0.000125 volts
— an amount so tiny that none of the other sharks in the roundabout seemed to notice.
Correcting the problem would have required removing all the fish and draining the tank, so it
was reluctantly decided to release Sandy at the Farallon Islands, a location that provided suitable
habitat yet was far enough away so as to not endanger San Franciscan swimmers and surfers. In
addition to providing hope that another of her species may one day be maintained in captivity,
Sandy provided an important clue about her electrosensitivity. Thanks to Sandy and the husbandry
team at Steinhart Aquarium, we now know that White Sharks can detect electric fields at least as
minuscule as 125 microvolts (millionths of a volt).

Mission Statement

Founded in 2001, the ReefQuest Centre for Shark Research is dedicated to shark and ray
conservation through its scientific research and public education programs. The Centre maintains
research equipment and facilities, reference collections of fossil and extant elasmobranch
specimens, a scientific library, elasmobranch data bases, and public education materials.
The Centre oversees the thesis research of selected graduate students as well as publishes results
of its own original research and those resulting from collaboration with students or colleagues in
the peer-reviewed scientific literature, co-organizes international scientific conferences, and will
begin producing its own series of scientific reports in late 2003.

Although the White Shark’s electrosensitivity may create problems for it in captivity, this ability
probably helps it to survive in the wild. For example, pinnipeds (seals and sea lions) often haul out
in large numbers on craggy rock islands that are geologically young. Such islands are often created
by tectonic activity which leaves an enhanced magnetic signature with meandering lines of force
radiating from them for many miles. White Sharks may, in part, locate pinniped rookeries (mass
breeding sites) by following these ‚magnetic highways’, much as Scalloped Hammerheads locate
nocturnal feeding sites in the Sea of Cortez.
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The White Shark’s electrosensory talents may also help it capture prey. When a Great White bites
into prey, its eyes roll tailward in their sockets to protect them from physical damage. Thus, at the
moment of strike, the White Shark is temporarily blind. It may therefore rely on electrical cues to
keep track of where its prey is at all times. Not only can the shark detect the electrical signature of
its prey’s metabolizing cells, but — once it is wounded — the prey leaks charged electrolytes into
the environment, creating an electric field as much as three times stronger than that of uninjured
prey.
In the bloody, thrashing confusion of a predatory attack, the White Shark’s acute sensitivity to
electric fields may provide what JAWS author Peter Benchley called, „a beacon as clear and true
as a lighthouse on a moonless night”.
Singular: ampulla. An ampoule is a small flask, hence these structures are sometimes referred to
as ‚flask cells’, but this term is less commonly used than ampullae of Lorenzini and is avoided here.
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Electroreception
Electroreception, sometimes written as electroception, is the biological ability to perceive
electrical impulses. It is particularly common among aquatic creatures since conductors such as
salt are more easily suspended in water than in air. It is used for electrolocation (detecting objects)
and for electrocommunication. There are no known cases of mimicry involving electroreception,
though it is theoretically possible.[1]

Overview

Active electrolocation. Conductive objects concentrate the field and resistant objects spread the
field.
Many primitive fish such as sharks, rays, lampreys, bichirs, lungfish, coelacanths, and sturgeons
have electroreceptive senses which are believed to be derived from the lateral line sense. This
sense operates in two main modalities; active and passive.
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Active
In active electroreception, the animal senses its surrounding environment by generating electric
fields and detecting distortions in these fields using electroreceptor organs. Active electrolocation
is especially important in murky water, where visibility is low.
Animals that use active electroreception include the weakly electric fish, which generate small
(typically less than one volt) electrical pulses using an organ in the tail consisting of two to five
rows of modified muscle cells (electrocytes).

Weakly electric fish can discriminate between objects with different resistance and capacitance
values, which may help in identifying the object. They can also communicate by modulating the
electrical waveform they generate; an ability known as electrocommunication.[2]
Active electroreception typically has a range of about one body length, though objects with an
electrical resistance similar to that of the surrounding water are nearly undetectable.

Passive

In passive electroreception the animal senses the weak bioelectric fields generated by other
animals. Animals that use passive electroreception include sharks and rays.
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Sensory Mechanism
Active electroreception relies upon tuberous electrororeceptors which are sensitive to high
frequency (20-20,000 Hz) stimuli. These receptors have a loose plug of epithelial cells which
capacitively couples the sensory receptor cells to the external environment. Passive electroreception
however, relies upon ampullary receptors which are sensitive to low frequency stimuli (below
50 Hz). These receptors have a jelly filled canal leading from the sensory receptors to the skin
surface. Mormyrid electric fish from Africa use tuberous receptors known as Knollenorgans to
sense electric communication signals.

Occurrence
Elasmobranchii

The Platypus has a powerful electro-sense
The platypus also uses electroreception.
The electric eel, besides its ability to generate high voltage electric shocks, uses lower voltage
pulses for navigation and prey detection in its turbid habitat. This ability is shared with other
Gymnotiformes.
Electroreceptors (Ampullae of Lorenzini) and lateral line canals in the head of a shark.
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Sharks and rays (members of the subclass Elasmobranchii) rely heavily on electrolocation in the
final stages of their attacks, as can be demonstrated by the robust feeding response elicited by
electric fields similar to those of their prey. Sharks are the most electrically sensitive animals
known; responding to DC fields as low as 5 nV/cm.

Monotremes are the most prevalent mammals that use electroception. Among these, the platypus
has the most acute sense.[4][5] The platypus appears to use electroreception along with pressure
sensors to determine the distance to prey from the delay between the arrival of electrical signals
and pressure changes in the water.[5]

The electric field sensors of sharks are called the ampullae of Lorenzini. They consist of
electroreceptor cells connected to the seawater by pores on their snouts and other zones of the
head. A problem with the early submarine telegraph cables was the damage caused by sharks
who sensed the electric fields produced by these cables. It is possible that sharks may use Earth’s
magnetic field to navigate the oceans using this sense.

•
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•

A recent study has suggested that the same genes that contribute to a shark’s sense of
electroreception may also be responsible at least in part to the development of facial structures
in humans.[3]
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The electric sense of elasmobranch fishes (sharks and rays) is an important sensory modality
known to mediate the detection of bioelectric stimuli. Although the best known function
for the use of the elasmobranch electric sense is prey detection, relatively few studies have
investigated other possible biological functions. Here, we review recent studies that demonstrate
the elasmobranch electrosensory system functions in a wide number of behavioral contexts
including social, reproductive and anti-predator behaviors. Recent work on non-electrogenic
stingrays demonstrates that the electric sense is used during reproduction and courtship for
conspecific detection and localization. Electrogenic skates may use their electrosensory encoding
capabilities and electric organ discharges for communication during social and reproductive
interactions. The electric sense may also be used to detect and avoid predators during early
life history stages in many elasmobranch species. Embryonic clearnose skates demonstrate a
ventilatory freeze response when a weak low-frequency electric field is imposed upon the egg
capsule. Peak frequency sensitivity of the peripheral electrosensory system in embryonic skates
matches the low frequencies of phasic electric stimuli produced by natural fish egg-predators.
Neurophysiology experiments reveal that electrosensory tuning changes across the life history of
a species and also seasonally due to steroid hormone changes during the reproductive season. We
argue that the ontogenetic and seasonal variation in electrosensory tuning represent an adaptive
electrosensory plasticity that may be common to many elasmobranchs to enhance an individual’s
fitness throughout its life history.
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ELECTRORECEPTION IN MONOTREMES
JOHN D. PETTIGREW*
Vision, Touch and Hearing Research Centre, Ritchie Laboratories, Research Road, The University of Queensland,
Brisbane 4072, Australia
*e-mail: j.pettigrew@vthrc.uq.edu.au

Summary
I will brieﬂy review the history of the bill sense of the
and an account of the central processing of
platypus, a sophisticated combination of electroreception
mechanoreceptive and electroreceptive input in the
and mechanoreception that coordinates information about
somatosensory neocortex of the platypus, where
aquatic prey provided from the bill skin mechanoreceptors
sophisticated calculations seem to enable a complete threeand electroreceptors, and provide an evolutionary account
dimensional ﬁx on prey, is given.
of electroreception in the three extant species of monotreme
(and what can be inferred of their ancestors).
Electroreception in monotremes is compared and
Key
words:
electroreception,
monotreme,
platypus,
mechanoreception, evolution.
contrasted with the extensive body of work on electric ﬁsh,

A brief history of monotreme electroreception
Rumours about the possibility of electroreception in
monotremes circulated around the International Physiological
Congress in Sydney in 1983. The source of these rumours
may have been the morphological observations of platypus
bill skin showing innervated pores that were reminiscent of
ampullary electroreceptors in ﬁsh (Andres and von During,
1984). The ﬁrst clear demonstration of electroreception in the
platypus was carried out in Canberra by a joint
German–Australian team, who showed that platypus would
seek out and attack batteries that were immersed and
otherwise invisible (Scheich et al., 1986). This team
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established threshold ﬁeld strengths for detection of
approximately 300 µV cm−1, by using both behaviour and
ﬁeld potential recordings from the somatosensory cortex.
Platypus brains from the same study labelled with 2deoxyglucose showed a speciﬁc, stripe-like pattern of
activation of the somatosensory cortex in response to
electrical stimulation (Langner and Scheich, 1986). Ainslie
Iggo, Archie McIntyre, Uwe Proske and John Gregory
(Edinburgh and Monash Universities) ﬁrst accomplished
direct recording of electroreceptive afferents of the trigeminal
nerve (cranial nerve V) from the bill skin of the platypus
(note the contrast with electric ﬁsh, where the relevant cranial
nerve is the octavo-lateralis; cranial nerve VIII) (Gregory et
al., 1988). The afferents showed high spontaneous activity
and were activated by cathodal current (Fig. 1), like those in
electric ﬁsh. The threshold ﬁeld strengths were, however,
surprisingly high, at approximately 2 mV cm−1 compared
with microvolt sensitivity in freshwater electric teleosts and
nanovolt sensitivity in elasmobranchs. Such high electrical
thresholds in monotremes were perhaps attributable to the
fact that there is no sensory epithelial cell interposed between
the electroreceptive nerve terminal and the aqueous
environment, as there is in electric ﬁsh. In later experiments,
the same team showed that electroreceptive afferents were
present in the bill/beak of echidnas, and that echidnas could
be trained to detect small direct current electrical ﬁelds in
water (Gregory et al., 1989).
Morphology of electroreceptors
Detailed anatomical studies have established the number and
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Fig. 1. Response of a platypus electroreceptor (bill skin) to bipolar
stimulation of the moist skin surface (taken from Proske et al., 1998,
with permission).

distribution of electroreceptors and mechanoreceptors in the
bill of both the platypus and the short-billed echidna. The
platypus is known better from such morphological studies than
from physiology, both because of its small size and fragility in
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Introduction
The monotremes, or egg-laying mammals, have been a
subject of special fascination ever since their ﬁrst description
was greeted by Western scientists with great scepticism
(Home, 1802). Many thought that the platypus was a clever
hoax perpetrated by careful attachment of a duck-bill and
webbed feet to the skin of a mammal (Griffiths, 1998). Perhaps
a greater mystery concerned the ability of a platypus to catch
half its body mass of benthic invertebrates under water on the
darkest night with all of its obvious sensory channels (eyes,
ears and nostrils) tightly closed. The ‘sixth sense’ suggested to
explain this puzzling ability (Burrell, 1927) has ﬁnally proved
to be the bill sense, a sophisticated combination of
electroreception and mechanoreception that coordinates the
information about aquatic prey provided from the bill skin by
100 000 separately innervated mechanoreceptors and
electroreceptors.

0
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physiological recording experiments, and because its status as
a national icon has restricted access to it.
Three different kinds of receptor have been identiﬁed in the
bill skin of monotremes, all of which have an easily
distinguishable surface morphology that makes it possible to
determine their density distribution using only a dissecting
microscope (Fig. 2A,B). One type is a mechanoreceptor called
a push-rod because it is composed of a rod-like pillar of
epithelium that crosses the whole epithelial thickness (see
Fig. 7). It has an array of sensory neurons at its base that would
function to signal displacements of the rod produced by
impulses delivered to the free end. Two types of
electroreceptor appear as pits formed from secretory ducts of
serous and mucous glands, respectively, each surrounded by a
petal-like arrangement of epithelium that opens when the bill
is immersed in water (Manger et al., 1998). Serous
electroreceptors have a smaller pit and are found more densely
at the anterolateral edges of the bill; mucous electroreceptors,
which are larger, are found in stripe-like parasagittal arrays
over the bill surface (Manger and Pettigrew, 1996). The
innervation of the electroreceptors is complex, with as many
as 16 different afferent nerve ﬁbres forming specialised
endings. These are loaded with mitochondria and linked
circumferentially by ﬁne, branching processes into a ring or
‘daisy-chain’ around the pore (Fig. 3).

Bi

Aii

Bii

Biii

Aiii

3 cm

3 cm

Aiv

Biv

Fig. 2. Distribution of push-rod mechanoreceptors (A) (visible as a touch dome in the dissecting microscope) and (B) mucous electroreceptors
(visible as a large pit) in platypus. Note the parasagittal arrays of electroreceptors. The total number of electroreceptors, counting both the
outside (i,iii) and the inside (ii,iv) surfaces of both the upper (i,ii) and lower (iii,iv) bills, is approximately 40 000. There are approximately
60 000 mechanoreceptors. (Taken from Manger and Pettigrew, 1996, with permission.)
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Table 1. Comparison of electroreception in electric ﬁsh and in monotremes

B

Similarities
1. Multiple evolution of similar strategies with different hardware. Monotreme electroreception clearly evolved independently of the same
system in ﬁsh, just as mormyrids (in the Palaeotropics) have evolved electroreception independently of gymnotiforms (in the neotropics).
This is apparent in the different sensory placodes involved, the different sensory transduction mechanisms and the different supporting
roles played by mechanoreception (see below).
2. The threshold in the whole animal is much lower than in individual receptors as a result of signal processing of many electroreceptive
afferents.
3. The electroreceptor is excited by cathodal current and responds to very low stimulus frequencies.
4. The receptor is protected at the base of the epithelial pore (gland duct in monotremes; ampulla in ﬁsh).
Differences

40 cm

C

D

Fig. 3. Diagrammatic representation of a mucous gland
electroreceptor showing the tangential arrangement of afferent nerve
endings around the pore. The bulbous expansions of each nerve ﬁbre
are packed with mitochondria. The terminal naked ﬁlaments pierce a
high-resistance layer in the epidermis and extend towards the
mucous-ﬁlled duct. The lateral branches of each ﬁbre extend towards
each other. It is not known whether they are electrically coupled.

Neural pathways subserving electroreception
Perhaps the most surprising discovery about platypus
electroreception was the elaborate neocortical structure
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Fig. 4. Scanning head movements of a hunting platypus and the path
taken by the axis of greatest sensitivity of the electrosensory system.
The preferred axis was deﬁned from thresholds for eliciting head
saccades in response to a square-wave electrical stimulus.
(A,B) Quiet swimming. (A) The area, extrapolated to benthos, that
would be swept out by the axis of greatest sensitivity (light stipple,
10 °; dark stipple, 20 °). (B) The axis of each bill (narrow cone shape)
at 100 ms intervals. (C,D) As in A,B, but after contact with the prey.
Note the threefold increase in area covered in the same time in the
active phase triggered by contact with the prey (0.114 m2 s−1
compared with 0.042 m2 s−1). (Taken from Manger and Pettigrew,
1995, with permission.)

involved. This had tangential stripes of mechanoreceptive
neurons interdigitated with stripes of electroreceptive neurons
(Manger et al., 1996; Elston et al., 1999). This complex
arrangement is reminiscent, in both pattern and size of the
repeating units, of the ocular dominance columns of primate
striate cortex. Its complexity belies the common misconception
that monotremes are in some way primitive. The close
apposition of mechanoreception and electroreception systems
in platypus cortex raises new questions about their relationship.
This apposition appears to be a special feature of the platypus
and forms another contrast with electroreceptive systems in
ﬁsh (Table 1).

Electric ﬁsh

Neural placode

Trigeminal (cranial nerve V)

Octavo-lateralis (cranial nerve VIII)

Major processing site in neuraxis

Forebrain dominates

Hindbrain prominent in processing

Directionality

Dipole source direction is direct

Indirect inference about dipole source ‘approach
algorithm’

Primary nerve ending

Naked; no epithelial receptor cell;
‘daisy chain’ of 16 afferents

Epithelial cell transduction

Mechanoreception

Intimate association

Association not prominent

Common-mode rejection

Electroreceptors on bill; muscles
disjunctional; high skin impedance

Electroreceptors disjunctional from electric organ;
mirror-like plasticity (anti-Hebbian)

Phylogeny
Three living monotremes
All three extant monotreme species have electroreception,
judged by the presence of mucous gland electroreceptors in the
bill skin. The platypus Ornithorhynchus anatinus, from East
Coast Australian waterways, has 40 000 electroreceptors; the
long-billed echidna Zaglossus bruijnii, from wet tropical
montane forest, has 2000, while the short-billed echidna
Tachyglossus aculeatus, widely distributed from alpine areas
to desert, has only 400 (Fig. 5). The evidence indicates that
there has been a reduction in electroreceptive abilities in the
echidnas, with the short-billed echidna having no more than a
remnant of this sensory system. In the dry habitat of the shortbilled echidna, opportunities for the use of electroreception in
prey capture would be unusual (e.g. during rain). It had been
shown behaviourally that echidnas can identify small electric
ﬁelds (see Proske et al., 1998), but it seems reasonable to
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Behaviour
A striking reﬂex, in the form of a head saccade elicited by
a square-wave electrical stimulus, can be used to investigate
both directionality and threshold. Platypus can detect stimuli
that generate ﬁeld strengths as low as 20 µV cm−1 (Manger
and Pettigrew, 1996). These behavioural studies therefore
demonstrated a much lower threshold for electroreception in
the whole platypus than had been found in studies of afferents
from the receptors themselves (Manger and Pettigrew, 1996).
The signal-processing issues involved in this discrepancy
between electroreceptor responses and whole-animal
behaviour have been discussed elsewhere (Pettigrew et al.,
1998). The same techniques revealed a pronounced
directionality of the electroreceptive system of the platypus,
with an axis of greatest sensitivity pointing outwards and
downwards. This corresponds to a scan of the substratum as
the platypus swings its head backwards and forwards in a
roughly sinusoidal fashion while swimming (Fig. 4). The
new values for platypus thresholds derived from these
behavioural studies are now being used to guide the
construction of electrical shielding and grounding in public
displays of captive platypus, with increased well-being and
longevity compared with the previous poor record
(Whittington, 1991).

Platypus

Fig. 5. Electroreception as revealed by bill sensory organs of the
three extant monotremes: the platypus Ornithorhyncus anatinus,
from East Coast Australian waterways, has 40 000 electroreceptors;
the long-billed echidna Zaglossus brujnii, from wet tropical montane
forest, has 2000; the short-billed echidna Tachyglossus aculeatus,
widely distributed from alpine areas to desert, has only 400.
Interpretation of this polarity is problematical from the living forms
(which some have used to argue that the echidna is plesiomorphic
and the platypus highly derived). Fossil and molecular data show that
echidnas diverged only recently and that, therefore, they must
have lost the high degree of electroreception found in platypus.
(Platypus bill taken from Fig. 2, Manger and Pettigrew, 1996, with
permission.)

conclude that, phylogenetically speaking, this ability is ‘on the
way out’ in the echidna.
A simplistic phylogenetic interpretation of these data might
be that electroreception is primitively retained in all three
taxa and that the echidna represents the plesiomorphic
monotreme. Some support for this view could perhaps be
Platypus

40 000

Long-billed
echidna

2000

Short-billed
echidna
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400

Electroreception in monotremes 1451
Family Tachyglossidae
Tachyglossus

Zaglossus

Family Ornithorhyncidae
Ornithorhynchus

Present

sleep in echidnas were misinterpretations of their highly
derived form of REM sleep (Siegel et al., 1998).

Obduron dicksoni

Monotrematum sudamericum
Tertiary

65 MYA

Cretaceous

?

Steropodon galmani: Family Steropodontidae
Kollikodon ritchiei: Family Kollikodontidae

Two early Cretaceous
monotreme families

?

140 MYA

Fig. 6. Phylogeny of monotremes. Echidna/platypus divergence was
very recent (approximately 20 million years ago, MYA, according to
DNA evidence). There are no echidna fossils that are older than the
Pleistocene. In contrast, platypus fossils have been found all the way
back to the Cretaceous. The platypus lineage was clearly diverse
(three different families recognised) and successful as well as
ancient.

obtained from the highly derived brain and behaviour of the
platypus. Fossil and molecular evidence, however, suggests
the opposite conclusion, indicating that echidnas are highly
modifed, recent offshoots from the main monotreme line,
which seems to have been a variant of the platypus plan
(Fig. 6). A beautiful, linking series of fossils enables this
inference to be drawn, even when the fossil evidence consists
only of teeth, which are absent in living platypus. Perfect
preservation of the toothed Miocene platypus Obduron
dicksoni, for example, links Cretaceous platypus teeth
unequivocally to the living platypus (Musser and Archer,
1998). Similarly, molecular phylogeny shows that echidnas
branched off the monotreme line very recently, with
estimates of the divergence varying from 20 to 30 million
years ago (see Westerman and Edwards, 1992).
The view that echidnas are highly derived offshoots of the
platypus line, rather than the other way around, is important
for the interpretation of a number of neurological features,
other than electroreception, in which these two monotremes
differ. For example, it is now clear that rapid eye movement
(REM) sleep is present in both platypus and echidna (Siegel
et al., 1996) and that the initial reports of an absence of REM
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Common-mode rejection
Platypus swim vigorously as they forage, swinging the head
widely from side to side (see Fig. 4) (Manger and Pettigrew,
1995). We can therefore assume that the electroreceptive
system will have interference problems stemming from the
ﬂuctuating ﬁelds generated by the platypus’ own muscles and
changes in its body orientation. It is worthwhile speculating
how this might be compensated, particularly in comparison
with the beautiful systems of reafference used by elasmobrachs
(Montgomery and Bodznick, 1999) and the anti-Hebbian
plasticity used by mormyrids (Bell et al., 1999). There are a
number of factors that might be involved in such compensation.
First, the electroreceptive nerve endings are naked at their
exposed tips where they project into the pore and are arranged
in a ‘daisy chain’ that may couple the 16 afferents together
(Fig. 3). This is in contrast to ﬁsh, where the nerve ending is
capped by a sensory cell. This may not help speciﬁcally with
the problem of self-generated noise, but it seems likely that it
could be helpful in the general problem of achieving sensitivity
while reducing noise.
Second, the body surface has a very high impedance, with
platypus fur rivalling sea-otter fur for the density of hairs
(Pettigrew et al., 1998), except on the bill, thereby reducing the
contribution of the platypus’ own activity to the ambient ﬁeld
in the electroreceptive region of its bill. In ﬁsh, by contrast, the
electroreceptors are distributed over the body surface in a way
that partially separates them from the electric organ, but would
still make them susceptible to self-generated electrical noise
from active muscles under the more conductive skin.
Third, coupling the mechanoreceptive and electroreceptive
systems together should enable the brain to identify those
patterns of electrical activity that are caused by mechanical
disturbances produced by prey. The brain should also be able
to separate those signals caused by electrical disturbances in
the environment from electrical disturbances generated by the
animal’s own movements. It might therefore be appropriate to
compare the stripe-like mechanoreceptive/electroreceptive
array in platypus S1 cortex, where Hebbian plasticity is
thought to be a characteristic feature, with the anti-Hebbian
array in the electrosensory pathway of mormyrids. Both
systems might then use neural plasticity to separate the prey
signals from the background noise. Unfortunately, there is not
much physiological evidence available on this point from
platypus compared with the beautiful work available from
electric ﬁsh (Bell et al., 1999).

abilities involve moving along isopotential lines to ﬁnd the
dipole: the ‘approach algorithm’ (Kalmijn, 1997; Hopkins,
1999). The platypus seems to be able to detect the ﬁeld nonuniformity directly. This difference may owe something to the
complex curved shape of the platypus bill and the enormous
representation in the neocortex of the 100 000 electroreceptors
and mechanoreceptors distributed over the bill. Time-of-arrival
differences in electroreception, from one side of the bill to the
other, would be three orders of magnitude too small to be
detectable, even if the platypus had the incredible 100 ns time
resolution of Gymnarchus sp. (Kawasaki, 1997). As for passive
electroreception in elasmobranchs (Kalmijn, 1997), the
determination of directionality would, therefore, require a
complete spatial reconstruction of the shape of the electric ﬁeld
at the array of electroreceptors, so that the system could ‘place
an arrow’ orthogonal to the ﬁeld lines, pointing to the source
‘up’ the ﬁeld gradient.
Such a reconstruction could be achieved by the S1 cortical
representation, where there is a detailed topographic
representation of the bill surface combined with a
representation of different ﬁeld strengths at each location on the
bill. This point-by-point map of the electroreceptors on the bill,
combined with different neurons at each point with differing
preferred ﬁeld sensitivity, would enable a reconstruction of the
shape of the ﬁeld lines over the bill. This would provide an
output that moved the head in a direction orthogonal to the ﬁeld
lines and, therefore, towards the electrical source. The
parasagittal arrays of electroreceptors (Fig. 2B) might explain
why the platypus is most sensitive to electrical ﬁelds that
produce ﬁeld lines parallel to the long axis of the bill and that
decay across the bill. This pattern of sensitivity would also be
less subject to the ﬁeld induced by the platypus’ own
neuromuscular activity (Fjällbrant et al., 1998).
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20 MYA

1452 J. D. PETTIGREW

Directionality of platypus electroreception
Platypus make short-latency head saccades that are highly
directional to electrical sources (Manger and Pettigrew, 1995).
This behaviour seems to contrast starkly with the best abilities
of electric ﬁsh, whose passive electroreceptive directional

Hyperacuity
The whole platypus does much better at detecting small
electrical signals than individual receptors. For a criterion of a
one-to-one relationship between stimulus phase and a single
spike discharge, platypus electroreceptors have thresholds of
approximately 1–2 mV cm−1 (Gregory et al., 1988). The whole
platypus can, however, detect stimuli with ﬁelds as low as
20 µV cm−1, given the appropriate conditions (Fjällbrant et al.,
1998). The highly directional response of the platypus head
saccades suggests that it must be performing very sophisticated
signal processing of the electrical image over large numbers of
electroreceptors, some of which must be responding to even
lower ﬁelds than the 20 µV cm−1 threshold (Pettigrew et al.,
1998).
This large improvement by the whole animal over the
performance of its individual electroreceptors is also seen in
elasmobranchs (in which the whole-animal threshold reaches
a record low of less than 5 nV cm−1; Montgomery and
Bodznick, 1999), in mormyrids, in gymnotids (in which the
whole-animal threshold varies widely around the microvolt
range) and in paddleﬁsh (Wilkens et al., 1997).

Distance judgement
Electric ﬁsh can judge distance by comparing the amplitude
and gradient of the voltage distribution (von der Emde, 1999).
Platypus also appear to be able to judge prey distance, although
no behavioural data are available, but only by comparing
mechanoreception and electroreception.
The unique specialisation of the S1 cortical representation
of the bill has focused attention on the role of
mechanoreception. If the mechanoreceptors are used for the
direct tactile encounter of the bill with prey, why is there such
intimate cross-talk with the electrosensory system whose role
might be expected to be over once contact had been made with
the prey?
A clue was provided by recent observations of the active
opening of receptor pores when the bill of the platypus is
immersed. It is eminently reasonable that the pore of the

Trigeminal
nucleus

Push-rod mechanoreceptor

Mucous gland electroreceptor

Trigeminal Thalamus
Mechanoreceptive

Electroreceptive

‘Far’ bimodal neuron
detects long interval
between mechanoand electro-latencies

S1 cortex
CO organisation in layer III

‘Near’ bimodal
neuron detects
short interval
between
mechano- and
electro-latencies

Fig. 7. Integrative processing of mechanoreceptive and
electroreceptive information in the stripe-like array that represents the
bill skin in platypus S1 neocortex. Bimodal neurons respond both to
electrical stimuli and to mechanical stimuli in the water, with some
tuning for the delay between inputs. Along with the directionality
already demonstrated for platypus electroreception, this array could
provide direct information about prey distance (taken from Pettigrew
et al., 1998, with permission). CO, cytochrome oxidase.
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avoid deleterious drying and reduced sensitivity of the
electroreceptors when the platypus leaves the water. But what
can be made of the fact that the push-rod mechanoreceptors also
open upon immersion (Manger et al., 1998)? This observation
made us wonder whether the mechanoreceptors are primarily
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than direct contact with prey. This idea is further supported by
the fact that push-rods in platypus are free to rotate about their
base, in contrast to the same structures in the terrestrial echidnas
and star-nosed mole, where they are tethered distally to the
walls of the pore in a way that would reduce their sensitivity
and increase their impedance for lateral displacements. These
hints that mechanoreceptors are specialised for the detection of
water disturbances led us to test whether both
mechanoreception and electroreception cooperate in the longdistance detection of prey (Pettigrew et al., 1998).
Although the ﬁnal demonstration may not be forthcoming
soon, the evidence collected so far supports an arrangement in
the S1 cortex in which distant prey produce a mechanical
disturbance that arrives some time after the electrical signal
from the same prey’s movement (Fig. 6) (Pettigrew et al.,
1998). Bimodal neurons in the S1 cortex are sensitive to the
time-of-arrival differences, so the stripe-like array would
provide a direct read-out of prey distance. An alciopid
polychaete worm has two retinas with different spectral
sensitivities that it uses in a similar bimodal trick to judge depth
below the surface (Wald and Rayport, 1977), and scorpions use
the difference between near-ﬁeld and far-ﬁeld ground-borne
vibration to judge distance (Babu and Jacobdoss, 1994). These
examples from invertebrates illustrate the principle of using
two sensory systems with different characteristics to obtain a
‘ﬁx’ in depth. The unusual combined array of electroreceptive
and mechanorecepive neurons in platypus S1 neocortex may
provide the most direct read-out of distance using two different
sensory inputs so far seen in a vertebrate.

1454 J. D. PETTIGREW
Westerman, M. and Edwards, D. (1992). DNA hybridisation and
the phylogeny of the monotremes. In Platypus and Echidnas (ed.
M. L. Augee), pp. 28–34. Sydney: Royal Zoological Society of
New South Wales.
Whittington, R. J. (1991). The survival of platypuses in captivity.
Aust. Vet. J. 68, 32–35.
Wilkens, L. A., Russell, D. F., Pei, X. and Gurgens, C. (1997). The
paddleﬁsh rostrum functions as an electrosensory antenna in
plankton feeding. Proc. R. Soc. Lond. B 264, 1724–1729.

115

TVEP Literature Review and 2011 New Research
STUDY INFORMATION
SUPERVISING RESEARCHER: Dr. Danis György, MD, Licensed Hungarian Medical Doctor
written and edited by Desire’ Dubounet Professor of Medicine IMUNE
DATES: March 2011
SPONSOR
Maitreya Kft.
H-1089 Budapest,
Kalvaria ter 2.
Hungary
Phone: 36-1-303-6043
Fax: 36-1-210-9340
MONITOR
IMUNE (International Medical University of Natural Education)
Abstract:
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The SCIO device is EC registered to detect the Transcutaneous Voltammetric Evoked Potential
(TVEP) of a patient. Using electrodes placed over the skin (Transcutaneous) measuring volt, amp,
resistance and oscillation changes (Voltammetric) and measuring reactions to stimuli (Evoked
Potential) the SCIO device is registered to do TVEP. In this article a brief review of medical doctor
studies published in peer reviewed medical journals done over a twenty year period in England,
Canada, America, Hungary, Germany, Switzerland, South Africa, Mozambique, France, Japan,
Ghana, China, and Romania will more than validate the TVEP. Studies have shown time tested
validity and medical acceptance of the art of TVEP.
In this study we assay the amount of repeated items in a pre and post Xrroid test of treatment
versus placebo testing. In the placebo group the test is set on subspace only. During our research
on patients we test the pre and post Xrroid test of over 10,000 voltammetric signatures of various
items after a treatment or a placebo treatment. The top reactant items are calculated. In the post
test significantly more repeated items show that the TVEP reactivity is functioning compared to
the placebo group.
There have been tens of thousands of therapists confirming the TVEP everyday in the field and
thousands of testimonials. But this paper is just to present the peer reviewed medical papers and
the new 2011 research as proof of the validity of safety and efficacy of the TVEP.
CLINICAL LITTERATURE REVIEW:
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In 1974 the first TVEP study at Youngstown State University showed a transcutaneous reaction
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of people to a photo Evoked Potential. The voltammetric fields were measured with and old
fashioned polygraph device. see Nelson 1974

1985 studies showed an ability to increase TVEP data accuracy with a computer handled data
stream.
In 1986 patients in Germany and Finland were measured for TVEP reactions to compounds after
the Chernobyl disaster. This has a strong correlate to the TVEP results in Japan after the recent
2011 crisis.
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The electro-physiological reactions to different Voltammetric patterns of nosodes, allerodes,
isodes, sarcodes and other compounds can give us family or trends of reactivity patterns. This was
first registered with the FDA in 1989, had the CE mark in 1996 and a new TVEP CE mark in 2010.
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the letter of the law and past peer review and were published in medical journals.
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The first study of these TVEP family patterns were done here in Denver, Colorado in 1983.

The following medical supervised studies on TVEP electro-physiological reactivity were done to
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An English study was done in 1990 at the city of a toxic aluminum spill in 1988, Camelford,
England. Here a TVEP reactivity profile was developed testing hundreds of people exposed to
excess Aluminum toxicity. See IJMSH 1997 volume1/ 4 ISSN 1417 0876

In 1992 a peer reviewed study on immune-compromised HIV positive and Aids patients was done
in Semmilvise hospital and presented at the International conference of Sexually Transmitted
Diseases in Singapore in 1995. see Electro-Reactivity as a pre screen of HIV infection patients,
IJMSH 1997 volume1/ 4 ISSN 1417 0876
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At the Szent Janos hospital in 1995 Budapest a TVEP study was done on cataract patients. Both of
these studies proved TVEP reactions patterns to be helpful and significant in detection of disease
patterns. see XRROID reactivity patterns in Cataract patients, IJMSH 1997 volume1/ 4 ISSN 1417
0876

The yearlong study of almost 2,000 patients showed the TVEP as a valuable tool for study.
Title: Electro-Physiological Reactivity Profiles
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Another study of the Electrical Reactivity of Patients to Nosodes, Allersode, Isodes, and Sarcodes
IJMSH 1997 volume1/ 4 ISSN 1417 0876 showed a high correlation of reactivity to clinical diagnosis.

Supervizing researcher: Dr Istvan Bandics MD Licensed Hungarian Medical doctor. This study was
done at the Hippocampus clinic in Budapest on 1834 patients attending the clinic in 1994. Studies
done with the supervision of a local ethics committee and all subjects gave informed consent to
participate as part of their intake form.
Abstract:

During the course of a one year period the 1834 patients in our clinic were all asked in their intake
form to participate in a study. All patients were treated with the EPFX device. The types of disease
trends these patients presented were evaluated by one of the medical doctors on staff. The EPR
reactivity profile was checked by the EPFX device. A comparison of the EPR reactivity patterns
yielded a Risk probability profile. The results of this profile are reported here.
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A 2002 several Canadian medical studies showed the Value of the TVEP. This is but one.
QED TVEP Biofeedback, Gut Dysbiosis & Hypomonocytosis Clinical SOAP Correlation Study
IRB supervision: Under the supervision of Ethics International of Romania acting as the IRB for
this study under rights of International law. This study was commissioned by Ethics International
in 2001.
Gut Dysbiosis multidimensional analysis is compared to bioelectric Quantum Electro Dynamic
Biofeedback (QEDBF). QEDBF’s key VARHOPE & Cellular Vitality Index (CVI) indicators are clinically
correlated with subjective clinical context of stress to determine if they reliably mirror conventional
of systemic Hyper or Hypo-Monocytosis, Hyperlipidemia, and Hyperuricemia, or other Immune
indexes that indicate confirmation of the activation of the immune cascade (called the TH2
Induction Stress Response which leads to lymphoma and autoimmune disease). We intend to
determine how and where QEDBF can be used as a prediagnostic integrated medicine tool to
help navigate personalized health record by providing a safe, reliable and objective non-invasive
bioenergetic information gathering tool.
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In particular, the body electric and its bioterrain balance were measured and show ill health may
ensue as a result of low mineral resistance causing abnormally high conductivity. Vitality can be
measured now with QEDBF to indicate states of Low Resistivity, along with reliable detection
of low adrenal Voltage and lymphatic Amperage for drive and willpower, along with indicators
of pH balance, Phase Angle of cellular permeability, Resonance Frequency Pattern to objectify
anxiety states or exhaustion, Reaction Speed to indicate enzymatic response, and other electrical
measurements to indicate Cellular Vitality Index (CVI). The data gathered efficiently and safely
by the addition of the integrated medicine tool QEDBF provided a bird’s eye view at a fraction
of the time and conventional laboratory costs, while successfully mapping many suspected but
heretofore hidden stressors and especially pathogens leading to gut dysbiosis. These repeatable,
predictable disease patterns are reliably detected electrically with QEDBF and hint in advance at the
unfolding of chronic illness, which predictably cause increased morbidity and mortality in middle
aged, ambulatory community based patients seeking stress, pain and relaxation management.

Resistivity scores, the higher the prevalence of subsequent bioterrain shift, and thus colonization
of a change in flora, ultimately culminating in reduced infection resistance, Candidiasis, Fungal
and pathogenic overgrowth, and the resultant induction of the immune cascade which should
be measureable. The worse the homeostasis, we predict the worse the oxygenation, hydration
and nutritional status, digestion and weight. The lower the cellular vitality index (CVI), we predict
the worse the healing speed or increased chance of infection or relapses, leading to higher than
normal rates of Signal Transduction Pathway Immune cascading, leading to chronic illness, and
the 4 top North American Disease Killers – Cardiovascular, Cancerous , Autoimmune diseases
and Iatrogenic death. (This preventable escalating predictable cascade follows the Autoimmune/
TNFalpha/Celiac tri-genes on chromosome 6, triggering the TH2 Signal Transduction Pathway
of body defense and stress response, leading to platelet aggregation, Betaoncogene induced
Lymphoma, and Interleukin IL6 & IL8 Inflammatory cytokines and White Blood Cell Neutrophilic
degranulation.)

Principal Investigator: Dr. Deborah Anne Drake, BSc, MD, CCFP(EM), FCFP, CQI

In 2006 a large scale study of over 97,000 patients on almost 300,000 patent visits has further
confirmed the safety and effectiveness of the TVEP study.

Nutritionist Jennifer Hough, Research Nurse Practitioner Joanne Hunter, Research Assistant Darria
Pressey, Statistical Assistant Electrical Engineer Vivian Jones

970,000+ Study of the

Location: Health Cirquet Integrated Family Medicine Center, #311- 6633 Hwy 7 East, Markham,
Ontario, Canada, L9L 3P6 905-294-3322. Copyright 2002, 2009 All Rights Reserved.

Safety and Efficacy

Abstract: This Gut Dysbiosis study to quantify immune induction, comparing old to new tools like
biocommunication scanners like the QEDBF, is the first study of its kind in Canada to confirm the
safety and efficacy of the Quantum Electro Dynamic Bio- Feedback (QEDBF) using the Electrophysiologic Feedback Xrroid or EPFX scanner as well as to confirm the recognition of bioterrain
disruption. We map with subjective surveys, compared to conventional and complementary
testing methods to map the lay out of the immune systems, nutrition, toxic load, mood, social
stress and other factors like Candidiasis, parasite overload or celiac disease. We compare the
QEDBF findings with the high clinical suspicion that stressed individuals, as determined by low
peripheral white blood cell absolute Monocyte count, may harbor occult pathogenic infections.

Abstract:A global and momentous research project was developed for the last two years. The SCIO
device is a Universal Electro-Physiological device used for stress reduction and patient treatment.
Over 2,200 qualified biofeedback therapists joined our Ethics Committee study to evaluate how
stress reduction using the SCIO device could help a wide variety of diseases.
The device and thus the study has insignificant risk. There was a staff of medical doctors who
designed and supervised the study.
Over 97,000 patients gave informed consent and participated in the study. The study would
conclusively prove safety and efficacy of the SCIO Device. With over 60% of these patients having
multiple visits. There were over 275,000 patient visits. With a total record of the SCIO patient
information, therapy parameters and reactivity data.

The Electro
Sense

We studied 50 voluntary, ambulatory, community based male and female middle aged patients
in great detail, using 7 health surveys, dozens of conventional and research screening tests in
hematology, biochemistry, autoimmune, specialized brain cerebro-ganglioside markers. We
tested a further 50 subjects with QEDBF for comparison and trends, and further compared 10
randomly selected subjects to be evaluated with QEDBF testing. The goal is to determine what
historical, risk, or symptoms, signs or lab tests provide the forewarning. It appears through
observation that illness and immune induction are forecast when the bioterrain conditions permit
loss of homeostasis. This study focuses on the correlation of hyper or hypomonocytosis with low
Resistivity, (low grounding minerals from a variety of causes). We correlate stress and exhaustion
from biochemical and bioelectric perspective and attempt to map under close research control,
the comparison of conventional and bioelectric impairments, using bioelectric vectors, called
VARHOPE score, Cellular Vitality Index (CVI and Phase Angle (PA).
Furthermore, we predict the worse the electrical grounding and mineralization, as detected with low
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of the TVEP families in the SCIO Device

Two of the 2,200 plus therapists were given blank devices that were completely visually the same
but were none functional. These two blind therapists were then given 35 patients each. This was
to evaluate the double blind component of the placebo effect as compared to the device. Thus the
studied groups were a placebo group, a subspace group, and an attached harness group.
This is just the first study in a long task of analysis in truly break down the data totally. This
study verifies the safety and efficacy of the SCIO device as well as the validity of the TVEP family
reactivity. There were small effects seen in the placebo group, larger effects in the subspace, and
astounding effects in the real harness group.
Qualified studies are being organized in China after the success the SCIO had in treating and
helping the China Olympic team in 2008.
Project Nahinga in South Africa, Ghana and Mozambique has shown the validity of the TVEP in
AIDS patients.
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So now we have reviewed how over 2,300 medical personnel have done clinical tests on over
100,000 patients on well over 300,000 patient visits in over 50 different peer reviewed published
medical studies. And now we will review the current 2011 data.
Introduction:
Now in this study using the clinical protocol we would like to develop and test TVEP patterns
for allergy, organic disease, and infection. By finding patient with medical diagnosis or qualified
opinion of a disease we will test the patient and compare his TVEP results to others with the same
disease versus the control groups we have from other studies.
The hypothesis is that TVEP patterns can be used to help in pre-diagnostic ways to help us to
understand patients better.

TOTAL TREATMENT SUBJECTS: 72 - Total repeating items: 5154
Average: 71.16 repeating items per patient
Total Placebo subjects 32: Total repeating items: 1076
Average: 33.62 repeating items per patient
USA:
TOTAL TREATMENT SUBJECTS: 64 - TOTAL REPEATING ITEMS: 4748
AVERAGE: 74.18
Total Placebo subjects 24. Total repeating items: 810
AVERAGE: 33.75
HUNGARY:
TOTAL TREATMENT Subjects: 28 Total repeating items: 2176
Average: 77.7 repeating items per patient
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Treatment subjects= 164

Average repeated items= 73.2

Placebo subjects= 80Average repeated Items= 30.2
Conclusions of Repeatable Validity:
The odds of a single item being at the top of the reactivity score is about one in ten thousand. The
odds of it repeating at the top are thus one in ten million. The odds of an item being in the top
three standard deviations from the mean are about one in 2000. Repeating in the top 3 standard
deviations the odds are about one in 4000. Chance would dictate the odds of repeating items to
reoccur at about 10 items in two tests.
In our subspace Placebo test the system uses a prayer wheel variation of the I-Ching and we see
over 33 items reoccurring during Placebo tests. In the placebo test the QQC TVEP treatment is off.
In our treatment group there was over 70 items consistently repeating which shows a dramatic
scientific significance of the TVEP validity. Thus our TVEP function has validity. But what of the
choices? Are the choices relevant to the disease risk state? Let’s compare the old research with
our new data.
Family TVEP Data 2011 study:
Stress- Of the 244 2011 subjects so far tested Nine five showed stress. 15 of these were in the
Placebo group. The placebo group showed no similarities of reactivity but the TVEP treatment
group showed consistency of these items on SPSS review.
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Romania:

Average: 24.45 repeating items per patient

Subjects total= 244

Method:

Repeatability DATA:

Total Placebo Subjects: 24 Total repeating items: 5874

1.630 ANTI-STRESS (NV) I Combo remedy for excess stress improves the effects of stress about
15% to 20%. ,
2.799 STRESS FORMULA I Supplies nutrients depleted by stress.
3.955 EU-STRESS (DR) I Combo remedy to help deal with stress.
4.1024 KIDNEY, OVARIAN, ADRENAL (DR) I Sarcode remedy for tissue rebuilding and detox. ], 1025
KIDNEY, PROSTATE, ADRENAL (DR) I Sarcode remedy for tissue rebuilding and detox.
5.710 FATTY ACID LIQUESCENCE (NV) I Combo remedy supplying the most chronic nutritional
deficiency.],
Brain Fatigue- 12 of the treatment group reported having Brain fatigue. They had 80% reaction to
these items on SPSS analysis.
1.940 PULMO LIQUITROPHIC (DR) | Combo remedy to assist in lung repair.
2.937 OXY LIQUITROPHIC (DR) | Combo remedy for oxygenation and energizing aid.
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3.701 ADRENAL LIQUESCENCE (NV) I Combo remedy for hypo-adrenia or to provide adrenal
stimulation.

2.aspartame

4. 670 MEMORY (NV) | Combo remedy for any memory (brain) disorder, stimulate oxygen, increase
attention.

4.cataract nosode

Pain- Ten patients reported pain in the 2011 tests. They had 80% reaction to these items on SPSS
analysis.
1.2810 POLYNEURITIS | Multiple neurological inflammations or nerve compressions.,
2.920 B LIQUITROPHIC (DR) | Combo remedy supplying vitamin Bs, mental depression, pellagra.
3.(431 L-PHENYLALANINE | Amino acid used for pain control.
4.743 MAJOR NERVES (NV) | Combo remedy for all nervous diseases, ids neurological involvement.
Digestive- Twelve patients reported digestion disturbance. They had 80% reaction to these items
on SPSS analysis.
1.641 DIGESTIVE ENZYME (NV) | Combo remedy for stabilizing digestive organs, ids indigestion.
2.709 DIGESTIVE ENZYME LIQUESCENCE (NV) | Combo remedy for stabilizing the digestive system.
3.785 DIGESTIVE GLANDULAR, GENERAL | For anti inflammation enzyme and cancer therapy, use
at bed, on empty stomach.
4.939 PROPEPSIA LIQUITROPHIC (DR) | Combo remedy to stimulate and balance digestive enzyme
release.
Connective Tissue injury - There was 5 cases of connective tissue injury reported in the treatment
group. They had 80% reaction to these items on SPSS analysis.

3.glucose
Infections- There were 5 reported cases of infections reported They had 80% reaction to these
items on SPSS analysis.
1.606 BAC (NV) | Combo remedy for bacterial immune stimulation.
2.726 THYMUS LIQUESCENCE (NV) | Combo remedy for stimulating thymus and immune function.
3.903 BACTERIA FUGE (DR) | Combo remedy for bacterial immune stimulation.
4.1760 ACIDOPHILUS | Bowel (colon, intestine) flora bacteria, can id flora imbalance, good food.
Worms There were 3 patients with confirmed intestinal parasites. They had 80% reaction to
these items on SPSS analysis.
1.2872 BACH FLOWER CHICORY | Possessiveness, self Love, self pity. (FE),
2.660 IMMUNE STIM (NV) | Combo remedy for immune weakness or over action, stabilize
reticuloendothelial system.
3.Vermex
Radiation From Japan one of our Japanese doctors challenged 12 subjects within the exposure
of the recent 2011 nuclear accident. They had 80% reaction to these items on SPSS analysis.
1.Algin
2.Radiation detox
3.sodium Alginate

2.594 Cervical nosode and sarcode of all tissues and diseases of the neck or cervical vertebrae.
nerve disorder

Toxic Aluminum Exposure: Three people from the Hungarian aluminum spill were checked in the
treatment group. They had 80% reaction to these items on SPSS analysis.

3.595 CONNECTIVE TISSUE | Sarcode of connective tissue, ids fault

1.metex

4.648 FLEX (NV) | Combo remedy for promoting flexibility of joints and muscles.

The Electro
Sense

1.376 FLEX-ABILITY (SHUJIN, CHIH) | Herb to increase flexiblility.

5.707 CONNECTIVE TISSUE LIQUESCENCE (NV) | Combo remedy for connective tissue disease,
helps repair tissue.,
AIDS- There were 3 AIDS patients tested in 2011. They had 80% reaction to these items on SPSS
analysis.

2.Aluminum
3.Radon
Allergy Twelve allergy patients had treatment from TVEP. They had 80% reaction to these items
on SPSS analysis.
1.615 OPSIN I (NV) | Assists in desensitizing allergic reactions from miscellaneous foods.

1.928 HEMO-A LIQUITROPHIC (DR) | Combo remedy to assist in blood (hemoglobin) auto-immune
disorders.

2.616 OPSIN II (NV) | Assists in desensitizing allergic reactions from miscellaneous inhalant
allergens.

2.(937 OXY LIQUITROPHIC (DR) | Combo remedy for oxygenation and energizing aid.

3.1354 AFLATOXINS | Highly toxic compound that can id allergies or treat allergic conditions,
phenol.

3.714 HERBAL LIQUID BEE POLLEN LIQUESCENCE (NV) | Combo remedy for increasing oxidation.

Cataracts- There were 3 patients with cataracts treated with the TVEP and pre and post measures.
They had 80% reaction to these items on SPSS analysis.
1.sucrose
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4.1710 ALLERGY MERIDIAN | this acupuncture meridian has shown reactivity, possible blockage.
5.1752 ALLERGY MALUS - Bad Allergy | Ids strong allergy known or unknown.
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Conclusions of Family TVEP Validity:
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We can compare the twenty year history of family reactivity of the TVEP. Our scientific conclusions
show that individual item reactions can have interesting results. But they are not valid enough
to form complete medical conclusions. The Family reactions that form the “Risk Profiles” of
disease states are much more valid but they are also still not valid enough to form firm diagnostic
conclusions from. There is a science of TVEP and medication reaction. This is more valid with
natural compounds than synthetic, making this hard for medical people who live by using synthetic
drugs to replicate or even understand. This science is still in its infancy after almost twenty years.
A full disclaimer of the questionable Xrroid results and probable risk profile results must be used
and made aware to all users. These constitute probabilities and can turn the doctor to deeper
more refined medical techniques. The TVEP is of pre-diagnostic interest only.
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