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Abstract 
The Pacific oyster Crassostrea gigas suffers from massive mortality outbreaks (40-100%) during the 

summer months, called the “summer mortality phenomenon”. Mostly juveniles are affected but also 

adults. Several factors are discovered such as environmental factors (i.e. temperatures above 16°C and 

higher salinity) triggering physiological disorders but most research is focused on infectious agents 

such as pathogenic Vibrios and the ostreid herpes-virus OsHV-1 µVar. Genetically-based methods 

have been developed in order to provide a solution. These methods are based on chemical and electric 

interaction with cells. An alternative method has been developed by Enti BVBA based on 

electromagnetic interactions. Previous field experiences showed positive results with 

electromagnetically charged aluminium rings placed into bags filled with oysters.  

As a result, a field experiment has been conducted for this master dissertation on triploid and diploid 

oyster spat in the Arcachon Basin (France). The experiment started on the 28th and 29th of January 

2013 and ended on the 2nd and 3rd of September 2013. The general aim was to investigate whether 

charged aluminium rings have a significant difference compared to non-charged rings. 

Electromagnetic “information” from a substance (developed by Enti BVBA) hereby called N°1 

(because of trade secret) was electromagnetically transferred onto the rings using an apparatus called 

The Bioswing. Three factors were taken into account: Genetics (triploid vs. diploid), Amount (500 vs. 

1000 oysters per bag) and Treatment (charged vs. non-charged rings). Length, weight and survival 

measurements were done approximately every 6 weeks. Measurements of physico-chemical 

parameters of water from the Basin were carried out by IFREMER. The rings were recharged 3.5 

months after use. Results at the end of the experiment show that Treatment and Amount had no 

significant impact on length and weight, in contrast to Genetics: triploid oysters grew much faster in 

length and weight compared to diploids. Survival numbers revealed significant higher rates in treated 

bags and bags with 1000 oysters. Genetics had no impact. Increased mortality rates were accompanied 

with increased water temperatures (>16°C) and salinity. The other parameters showed decreasing 

values.   

Laboratory experiments were also carried out on gnotobiotic axenic and non-axenic Artemia 

franciscana nauplii Instar I. Literature study shows that Artemia is an excellent model organism to 

study the effects of organic and non-organic substances. It can also be easily cultured under 

gnotobiotic axenic conditions. Three experiments with axenic cultured Artemia were conducted in 

order to test 3 electromagnetic informations: N°1, N°5 and N°15. Artemia were challenged with 10^7 

CFU/ml Vibrio campbellii LMG21363 (Vc) and 10^7 CFU/ml Vibrio splendidus LMG16752 (Vs). 

Survival was measured 48h after challenge. Results indicated that N°1 had a positive impact on 

survival when challenged with Vc and Vs.  N°5 had no impact. N°15 had only positive effects when 

challenged with Vc. Two experiments with non-axenic cultured Artemia in order to test N°1 and N°15. 

Survival was also measured 48h after challenge. Similar results were obtained, but here N°15 had also 

a significant effect when challenged with Vs.  

Additionally, 2 laboratory experiments were conducted with oyster spat. Oyster spat in Experiment 1 

were either challenged with 10^6 CFU/ml or 10^7CFU/ml Vs. Survival results were obtained 48h, 60h 

and 72h after challenge.  Only N°1 was tested. Data indicate that only 60h after challenge a significant 

difference was attained with a bacterial concentration of 10^6 CFU/ml. Oyster spat in Experiment 2 

were also either challenged with 10^6 CFU/ml or 10^7CFU/ml but now Vc was used and N°1. Here 

too, significant higher survival rates were observed in the N°1-groups 60h after challenge with a 

bacterial concentration of 10^6 CFU/ml. Moreover, bacterial plating was done to study the effect of 

N°1 on bacterial multiplication. Plating was performed 36h, 48h and 72h after challenge. Significant 

results between Control and N°1 were observed 36h and 48h after challenge: N°1-groups had 

significantly less Vibrios.  
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1 Introduction  

Aquaculture has become more important and intensive the last decades and is the fastest growing food 

production industry worldwide (FAO, 2012). A major constraint of aquaculture production are 

diseases with massive mortalities in early life stages of aquatic organisms (Marques, 2005) 

Regarding to oysters, they filter large quantities, of seawater per day and accumulate hundred folds of 

micro‐organisms and pollutants. These characteristics could make them susceptible for diseases. The 

sum of environmental stimuli, together with genetic characteristics of the oysters, will determine their 

likelihood to get ill.  

Dramatically high mortality rates (40-100%) occurred since 2008 under Pacific oysters during summer 

months, called the “summer mortality phenomenon”. During intensive research (programs), several 

factors were discovered causing pathological changes in oysters in their planktonic, larval stage. One 

factor could be more important than the other, but all agreed it is a complex situation.  
 

Because of the high economic impact, there is an urgent need at the moment for a method that could 

prevent such catastrophic situations. Alternative methods need to be developed due to antibiotics 

resistance and health risks associated with the use of it with animals. Most methods are genetically-

based. These methods are based on chemical and electric cellular interaction. Another method has 

been developed by Enti BVBA (Belgium) and is based on electromagnetic interaction between cells 

and objects. Therefore, a field experiment has been carried out to test this method. The aim was to 

study what the effect is of electromagnetically charged aluminium rings, on the survival and growth of 

diploid and triploid Pacific oysters in the Arcachon basin (France).   
 

Research under laboratory conditions at the Artemia Reference Centre (Ghent University, Belgium) 

was also done on gnotobiotic axenic and non-axenic cultured Artemia franciscana in order to 

determine what the effect is of water electromagnetically charged with substances N°1, N°5 or N°15 

on infectious agents. Therefore, Artemia was challenged with two different pathogenic bacteria: Vibrio 

splendidus LMG16752 and Vibrio campbellii LMG21363. 

Also experiments under laboratory conditions were carried out on oyster spat challenged with Vibrio 

splendidus LMG16752 and Vibrio campbellii LMG21363, together with bacteriological examinations.  
 

First, general information is provided concerning electromagnetic fields (EMFs) and EM interaction 

More information is also given on EM interaction between cells and a hypothesis which explains how 

EMFs interact with living systems. Afterwards, a technical explanation is given about an apparatus 

called The Bioswing which is used for transferring EM information on objects or living systems. 

Then, general information about the Pacific cupped oyster (Crassostrea gigas) and the several factors 

causing summer mortality based on research is provided.  
 

After Literature Review, information on the materials and methods used for the experiments is given 

in a second part followed by the statistical analysed results obtained the different experiments. A 

discussion together with recommendations for future research is given in a last and fifth part.
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2 Literature Review & Background  

2.1 Electromagnetic fields and electromagnetic interaction: basic 

information 

2.1.1 Electromagnetic fields 

Electromagnetic fields (EMFs) are found everywhere, anytime and all objects (living or non-living) 

are constantly generating EMFs due to the thermal agitation of their charged particles. The 

electromagnetic spectrum contains all of the possible frequencies of electromagnetic radiations (or the 

movement of electromagnetic waves from one place to another). This spectrum extends from long 

radio waves to very short gamma waves. A small part and the most common forms of electromagnetic 

radiation are light and sound.  Magnetic fields arise from the motion of electric charges or when 

current flows. The magnetic field gets stronger when the current gets bigger. An EMF is characterised 

by its frequency or its corresponding wavelength. Fields of different frequencies and wavelengths 

interact with the body in different ways, e.g. images made by infrared or X-ray waves. Also, frequency 

and wavelength determine particles called quanta or photons, known as discrete particle-like packets 

of energy. Photons of higher frequency (or shorter wavelength) waves carry more energy or 

information than lower frequency (or longer wavelength) fields. Disturbing a stable EMF, i.e. moving 

charged particles (such as electrons and protons), cause oscillations or vibrations which eventually 

result in electromagnetic waves transferring/carrying energy. Some electromagnetic waves carry so 

much energy or information that they have the ability to break or make bonds between molecules or 

can knock out electrons out of atoms, e.g.  the microwave oven transferring energy for making pop 

corns, radiation therapy and getting sunburned. (WHO; missionscience.nasa.gov; britannica.com) 

2.1.2 Electromagnetic interaction 

Electromagnetic interaction or electromagnetic force is defined as: an interaction (or   the transfer of 

energy) between charged elementary particles or between an elementary particle and an 

electromagnetic field or between electromagnetic fields and are mediated by photons; it is 

intermediate in strength between the strong and weak interactions (thesciencedictionary.org; 

thefreedictionary.com). It is one of the four fundamental forces in nature besides the strong 

interaction, weak interaction and gravity; this kind of interaction holds atoms and molecules together 

(mosaicsciencemagazine.org).  
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2.2 Electromagnetic cellular interaction/communication and the Biofield 

Hypothesis 

In order to accomplish the transmission of important biological information, a variety of signalling 

mechanisms has been established within and between cells. Most studied and conventionally accepted 

forms of cellular interaction in the current literature involve only chemical and electrical signalling. In 

contrast, few studies have been conducted about alternative forms of cellular interactions, i.e. 

electromagnetic interaction.  

2.2.1 Electromagnetic cellular interaction/communication 

Early evidence of cell-to-cell communication by electromagnetic waves was provided by Gurwitsch in 

1923, who discovered ultraweak UV-light emissions from onion roots which he called mitogenetic 

radiation (Hugo, 1992). Moreover, Gurwitsch proved that these emissions trigger cell division or 

mitosis (p.25 in Belousov et al., 2007). Interest for this discovery decreased but in the early 1970s the 

German biophysicist Fritz-Albert Popp and Bernd Ruth observed very weak emissions of photons 

triggering significant changes in cells’ behaviour and called these emissions biophotons or ultraweak 

photon emissions (UPE) (Popp et al., 1997; Jinzhu, 2008). Emission intensity is very low down to the 

order of approx. 10-17 to 10-15 W.cm-2 occurring over a spectral range from UV to near-infrared 

wavelength regions or at least 200 nm to 800 nm (Devaraj et al., 1997; Popp et al. 1997). Biophoton 

emissions have been recorded from microbes, plants, mammalian cells and tissues, and human beings 

(Devaraj et al., 1997; Van Wijk et al., 2006; Popp et al. 1997; Popp et al., 2002; Creath et al. 2004; 

Kobayashi et al. 1999; Dotta et al., 2012). Detection of biophotons is usually done with a 

cryogenically cooled highly sensitive charge-coupled device (CCD) camera using photomultiplier tube 

technology which allows direct measurement of very small quantities of emitted light (Van Wijk et al. 

2006; Tafur et al., 2010; Cifra et al. 2011). Although there is no agreed on modus operandi, photon 

emissions are positively correlated with the production of reactive oxygen species (ROS) and the 

oxidative status of living systems: stressed cells emit more photons compared to healthy cells (Tafur et 

al., 2010; Creath et al., 2004; Hossu et al., 2010; Ives et al., 2014).  

2.2.2 How do cells generate EMFs?   

One possibility is the Frölich's postulate of coherent electrically polar longitudinal vibrations in 

biological systems (Fröhlich, 1968). More specifically, these structures contain electric charges and 

can generate EMFs when they vibrate under specific circumstances. As source of the vibrations, 

Fröhlich thought of cellular membranes because of strong static electrical fields in these membranes. 

In accordance with Fröhlich’s postulate, microtubules are another source of cellular EMFs are 

microtubules because they are composed of electrically highly polar subunits and capable of vibrations 

(Cifra et al., 2007; Wang et al., 2006; Gu et al., 2009). Others considered mitochondria as a likely 

source of EMFs because these contain also static electric fields (Albrecht-Buehler et al., 2000; Thar et 

al., 2004; Creath, 2008; Tafur et al., 2010). Other proposals and findings are related to the 
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electrosoliton, oscillating chemical reactions, and vibrations on the membrane-bound cytoskeleton 

(Cifra et al., 2011). Technically speaking, EMFs are everywhere produced in an organism due to 

movement or rotation of charged particles such as protons, electrons and ions (Movaffaghi et al., 

2009). This is also true for any nonliving object. 

2.2.3 How do cells electromagnetically interact?  

In order to answer this question, a metabolic photo-communication model has been proposed (Cifra et 

al., 2011). This model suggests that cells contain light-absorbing and -emitting components which 

filter a particular part of the spectrum, depending on the state of the cell. From a broader perspective, 

one could consider that certain cell components emit/absorb/manipulate EMF signals in relation to the 

cell’s condition. Another theory is based on transmission and reception of electromagnetic signals 

through membrane receptors or enzymes (Tsong, 1989).  

2.3 The Biofield Hypothesis: an explanation unifying the EM interaction 

of objects or fields with the organism 

Rubik (2002) elaborated a hypothesis, i.e. the Biofield Hypothesis, in order to explain the EM 

interaction of objects or fields with an organism. Before going into detail, some postulates need to be 

clarified for a better understanding.  

Postulate 1: living systems are open and self-organizing 

A first concept considers the existence of “self-organizing systems”. The principles of this concept 

were described in 1980 by Nobel Laureate in chemistry Ilya Prigogine. More specifically, living 

systems are open and self-organizing: they exchange energy, matter and information with the 

environment in order to develop (or renew) and maintain themselves; disease or death are a result of 

perturbations in these systems’ dynamics. Also, they are subject to internal and external fluctuations 

generating new modes of behaviour which may be the basis of disease or healing.  

Postulate 2: living systems act nonlinear  

A second concept is related to “nonlinear systems”. This concept means the opposite of linear causal 

thinking (as used in conventional physics: a plot of cause versus effect is a straight line) and can be 

regarded as a network of organized complexity, or a complex pattern of interactions using feedback. 

These feedback processes serve to regulate dynamic behaviour.    

Postulate 3: the internal environment is homeodynamic 

This third concept implies that internal systems are maintained in dynamic equilibrium in relation to 

continuous environmental and internal fluctuations.  When a living organism is encountered with a 

stressor, it establishes a new dynamic balance and does not return to its previous dynamic state (in 

contrast to homeostasis: the organism maintains a stable internal environment and resists to change). 

In order to respond appropriately, internal and/or external information signals are processed 
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simultaneously at multiple levels of organization. How an organism responds, varies from time to time 

and depends on its individuality and the kind of stressor.  

Postulate 4: living systems consist of a biofield 

An organism consists of EMFs as a result of moving charged particles of the organism displaying a 

comprehensive “biofield”. It could be conceived as a complex dynamic wave composed of many 

different EM frequencies involved in self-organization of a living system.       

 

Now, the Biofield Hypothesis implies that all objects emit EMFs comprised of resonant frequencies. 

Because living systems are open and self-organizing, an object or field carrying biologically relevant 

information modifies, reinforces, destabilizes, and/or interacts in another way with the organism’s 

biofield, when brought near to or within an organism. Moreover, the Hypothesis states that the biofield 

interacts not energetically but “informationally”: the energy content is of extremely low intensity, less 

than the physical thermal noise limit. Information interactions occur via resonance or specific 

frequencies using energy or matter as carriers. Also, field parameters other than frequency are 

important, i.e. waveform, intensity, carrier frequency, polarity and time exposure. In addition, it is 

assumed that the biofield regulates an organism’s homeodynamics and constituents through nonlinear 

systems.  

2.4 Using the Bioswing as a device for EM transmission 

In the 1970s physician Franz Morell and electronics engineer Erich Rasche developed the 

bioresonance method (www.institut-biophysikalische-medizin.de). Nowadays, thousands of physicians 

and dentists, especially in Germany and Russia, use “electrodiagnostic” devices to help diagnose and 

treat a disease. Different names are given to the therapeutic procedure: electroacupuncture according 

to Voll (EAV), electrodermal screening (EDS), bioelectric functions diagnosis (BFD) or bio-energy 

regulatory technique (BER) (Wüthrich, 2005).  

Bioresonance-therapy is based on the theory that living organisms as well as any other substances in 

the environment emit unique electromagnetic waves. These waves can either be suitable or not (in case 

of being unhealthy) and only be measured by special devices made for bioresonance (e.g. Bioswing). 

In addition, the cellular functions of every living being are based on chemical and microelectronic 

processes with very low currents. These electrical currents always result in an equivalent electric and 

magnetic field which are basically interrelated. In conductive substances, including the electrolyte of 

the cell, these fields generate currents. These currents result in fields. This process continues 

throughout the whole organism, producing dynamic interactions. One could say that these dynamic 

current and field systems form an EM info system within the organism. The outcome of these 

interactions can be described as waves that fill the body of the organism. Each cluster of cells has its 

own electrochemical properties that, in turn, produce their own fields and currents. The total structure 
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of the waves that arise is called the physiological field pattern. In a similar way, it can be postulated 

that toxic stress, diseases, infections and cell damage originate pathological field patterns. All the 

physiological and pathological field patterns taken together are called the organism specific field 

pattern (OSFP). Bioresonance-therapy can be used to make frequencies of harmful, toxic or allergen 

substances disappear; improve healthy frequencies or filter unhealthy frequencies emitted from the 

body. (Wolfgang Bialas, 2012; Wüthrich, 2005; www.institut-biophysikalische-medizin.de)  

 

In order to explain how the Bioswing works, Figure 2-1 is given with the functions and controls 

indicated on the device.   

 

 

Figure 2-1 Functions and controls indicated of the front of the apparatus 

Toggle switch for the Phase Position 

The switch for the phase position has two settings: True phase and Inverse. This setting makes a 

major difference to the way in which bioresonance works. When the switch is on True phase, the 

input signal is amplified, filtered, and fed to the output in the same wave  

pattern. This setting is used for example to test a medicine or to “transfer” to the patient the 

information of some medicine that has been found to be effective in this setting. Whereas the Inverse 

setting also amplifies and filters the input signal, it additionally inverts it. This is used for example to 

weaken or remove an unfavourable wave pattern that has been ascertained in the patient.  

Application in Inverse mode 

This form of application is the most classic way of applying bioresonance (and therefore the 

application in True phase
1 will not be described). It is based on the assumption that a chronic, 

                                                      

1 Regarding to the True phase procedure, the same procedure is followed as with the Inverse phase procedure 
but the toggle is switched to True phase. 
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chronically degenerative, acute illness, an allergy, an autoimmune reaction or any physiological 

change is accompanied by a nonphysiological pattern of waves and fields. This spreads throughout the 

entire body. The deletion of information with Inverse bioresonance is based on this still only 

hypothetical principle. When deleting information, the theory follows an analogy in physics that states 

that when a wave is added together with its opposite (read: inverse wave), it will be deleted locally 

through interference. However, as soon as the wave deviates from the original in its strength (its 

amplitude) or its mode, the original will only be weakened, and beyond a certain threshold, it will even 

be amplified.  

 

Assume that substance X has a negative impact on a living being.  As a result, cells in the body are 

weakened or cancelled out by the wave and field patterns of the substance. In order to restore these 

wave and field patterns of the cells again, the inverted wave and field patterns of this substance X must 

be administered. This goes as follows (see Figure 2-2): substance X is placed in test container A, this 

container is connected with a cable to the “input jack”. The Bioswing output is connected to the brass 

hand electrode (B) with another cable. Then the length of treatment is selected and started by pressing 

on the start button (at the rear of the device). Following the bioresonance principle, the wave and field 

patterns of the substance will now be filtered and amplified the other way round in the Bioswing 

before being fed back to the body. Consequently, the wave and field patterns of the disturbed cells in 

the body (C) are weakened or cancelled out by the inverse wave and field patterns of the substance. 

The outcome is a normalization of the previously disturbed wave and field pattern in the body. The 

more precisely the substance has been singled out through testing, the more the resonance will be 

weakened in line with the laws of physics.  

In this case, only one substance has been taken to use as an example. However, it may well be 

that it is not just one substance that produces the best effect but a combination of more 

substances.  

 

 

Figure 2-2 Scheme of how the wave and field patterns of substance X are transferred to a human 

being in Inverse mode  
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Another application is inverting the wave and field patterns of one substance to a “neutral” substance, 

e.g. water or tinfoil. The procedure is similar to the one described earlier but is now applied to a 

substance instead of a living being and there are now two test containers instead of one (see Figure 2-

3). The wave and field patterns of substance X (“Source”) are inverted and then transferred to another 

substance (“Destination”). 

 

 

Figure 2-3 Scheme of how the wave and field patterns of substance X (“Source”) are transferred to 

another substance (“Destination”)  

2.5 The company Enti BVBA  

Enti BVBA
2 has been established in 2010 with the purpose to increase the knowledge of 

electromagnetic treatments (hereby called EM-treatments). Therefore, field tests have been organised 

on animals and plants. The domains for which the applications of the treatments have been developed 

consist of poultry-farming, snail-farming (or escargots in French), oyster farming, viticulture, potato 

and tomato plants, (fruit)trees and apiculture. During the years of testing many substances containing 

each different (combinations of) wave and field patterns have been developed. Information on what 

exactly these different substances contain and how these are obtained cannot be revealed yet due to 

trade secret. In order to name the different substances, these are simply given a number, e.g. N°1 or 

N°15.   

2.5.1 The EM-treatment applied to an oyster farm in the Arcachon basin (France) 

The treatment that was tested, has been applied in the course of the last 4 years at one oyster farm in 

the bassin d’Arcachon or Arcachon basin (Gironde, France) (see Table 2-1).  

The results obtained have been gradually improved by applying increased intensity levels of treatment. 

In other words, when raising the level of the electromagnetic field brought onto a ceramic tile, better 

results were noticed. Also, the carrier of the information was changed from ceramic tiles to tinfoil 

rings because the last one appeared to hold longer the electromagnetic information. These rings were 

charged with N°1 until N°6. 

                                                      

2 Enti BVBA was established by dr. Jan Laurens together with his son Dale Laurens; address: Hoge Duinenlaan 
13, 8670 Koksijde, Belgium. 
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Each year the treatment started in the second week of November, the oysters were counted in April-

May, June, July and August. The peak of mortality occurred in June-July, starting the end of May, 

ending end of August. 

During the first year (2009-2010) the treatment was applied by means of one single ceramic tile per 

bag of oysters. According to the farmer a reduction of approximately 25% of mortality of the juvenile 

oysters was observed. The average mortality remained 55-60%. The tests were done on 25 bags of 

“T6” diploids, each one contained approx. 1200 oysters. Over the second year (2010-2011), after 

doubling the intensity of treatment, (application of 2 tiles of ceramic per bag) there was a reduction of 

65-70% of the mortality in juveniles. Still some 15% of juveniles died between November and August. 

Average mortality was around 80%. 40 bags of “T6” diploids were treated, each one containing 

approximately 1200 individuals. In the third year (2011-2012) by intensifying the treatment again, (3 

tiles per bag and also using tinfoil rings as carriers in other bags), we could reduce mortality to almost 

non-existent. Approximately 5% of the T6 and juveniles died between November and August. We 

carried out the test on 95 bags diploids and 10 bags triploids, each of the bags containing 

approximately 1200 oysters “T6” or juveniles. The average mortality was again plus minus 85% (see 

No significant difference in results was noticed between the di- and triploids. 

 

Table 2-1 Resume of results obtained in the last 3 years on oysters in the Arcachon basin. The 

percentages are estimations by the oyster farmers themselves and represent the survival 

rate of oysters 

Year Control Treated Treatment 

2009-2010 ± 40% ± 65% 1 ceramic tile/bag 

2010-2011 ± 20% ± 85% 2 ceramic tiles/bag 

2011-2012 ± 10-15% ± 90-95% 
3 ceramic tiles/bag or 1 

aluminium ring/bag 

 

For the 18 month-oysters premature dying was almost entirely eradicated (was originally situated 

around 10%). The same was valid for the marketable adults.  

In the area where we performed the tests, there was a gradual worsening in the mortality-figures for 

juveniles according to the local farmers. It was estimated to have increased, during the four years of 

our testing, from 55-60% to some 90% the last year. 

The growth of the oysters was enhanced significantly, most probably up to twice the rate of the control 

bags, meaning that the oysters were marketable after 2 years instead of 3 (according to the oyster 

farmer). The quality of the treated oysters (taste and macro-aspect) was excellent, they obtained the 

label “perfection” by the oyster farmer. The taste seemed clearly to have improved. 
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2.5.2 Explanation on N°1, N°5 and N°15 

Based on earlier experiences with snails, N°1 has detoxifying effects on organisms intoxicated with 

chemical residues, antifungal preservatives in feed, or polluted/contaminated (drinking) water. N°5 

decreases the susceptibility of an organism to certain infectious bacteria, fungi and viruses. Also, it 

reduces pus and abscess forming and destruction of tissue. N°5 had positive effects on chickens 

exposed to mycotoxins and suffered from bowel necrosis with presence of clostridium. Moreover, it 

had also a precluding effect of bacterial infections caused by the presence of decomposing dead 

organisms and the viral pressure in intensive snail farming. N°15 decreases the susceptibility of an 

organism towards certain bacteria and viruses. Is usually used together with N°5. 

2.6 The Pacific cupped oyster (Crassostrea gigas (Thunberg, 1793)) 

For many years the Pacific cupped oyster has become the oyster of choice for cultivation in many 

regions of the world because of its potential for rapid growth and its wide tolerance range to 

environmental conditions. Its origins are in Japan, where it has been cultivated for centuries. 

Nevertheless, it has been the subject of widespread introductions elsewhere, most significantly to the 

western seaboard of the United States of America from the 1920s and to France beginning in 1966. 

The Pacific oyster has been a solution either to replace stocks of indigenous oysters severely depleted 

by over-fishing or disease, or to create an industry where none existed before. Extensive culture, 

supported by wild seed capture and relaying in productive areas, has evolved over time to include a 

wide range of suspended (hanging culture) and off-bottom methodologies utilizing both wild and 

hatchery cultivated seed. (FAO, 2012a) 

2.6.1 Economic importance of world aquaculture production and the Pacific oyster 

In the last two decades, aquaculture has recorded rapid growth among the food-producing sectors and 

has developed into a globally robust and vital industry. This development has come about largely 

because of the development and application of breeding, feed and farm management techniques by 

national and international research bodies and the private sector. World aquaculture production of fish, 

crustaceans, molluscs, etc., expanded from 34.6 million tonnes in 2001 to 59.8 million tonnes in 2010 

with an estimated value of $48.5 billion in 2001 to $119.4 billion in 2010. The top 5 producers in 2010 

were China, India, Vietnam, Indonesia and Bangladesh with a share of 61.35%, 7.76%, 4.46%, 3.85% 

and 2.19%, respectively. France was situated on the 20th place with a share of 0.37%. 

Worldwide aquaculture production of the Pacific cupped oyster expanded from 616.3 thousand tonnes 

in 2001 to 662.5 thousand tonnes in 2010. Total value estimations were $0.71 billion in 2001 which 

increased to $1.26 billion in 2010. Production is likely to continue to expand, albeit at a slower rate 

due to coastal urbanization and the increasing need to share the common coastal resource with other 

users.  About 40.41% (267 776 tonnes) of global Pacific cupped oyster production was in the Republic 

of Korea. Other major producers were: Japan (200 298 tonnes), France (95 000 tonnes) and Taiwan 

Province of China (36 056 tonnes). The only country that knew a marked decrease in production was 
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the USA, coming from a production of 54 222 tonnes in 2001 to 29 169 tonnes in 2010 (a decrease of 

46.2%). (FAO, 2012)  

2.6.2 The “summer mortality” phenomenon 

THE PHENOMENON KNOWN AS “CRASSOSTREA GIGAS SUMMER MORTALITY” WAS FOR THE FIRST TIME 

OBSERVED AND NOTED ALONG THE JAPANESE PACIFIC COASTLINE IN 1915 (TAKEUCHI ET AL., 1960). 

LATER ON, IN THE LATE 1950S, THE WEST COAST OF THE USA WAS ALSO CONFRONTED WITH THIS 

OCCURRENCE (GLUDE, 1975). OTHER COUNTRIES SUCH AS MEXICO, IRELAND AND FRANCE 

EXPERIENCED THE SAME PROBLEM AND NOW IT HAS BECOME A GLOBAL PROBLEM (PEELER ET AL., 

2012). 

IT IS CHARACTERIZED BY HIGH SPORADIC MORTALITY RATES (40-100%) AFFECTING SPAT, JUVENILE 

AND ADULT PACIFIC OYSTERS DURING THE SUMMER MONTHS (MORTALITIES START IN APRIL/MAY, 

CONTINUE UNTIL EARLY AUGUST, PEAKING IN EARLY JULY) (SEGARRA ET AL., 2010; PEELER ET AL., 

2012). Samples were collected from all affected locations and tested in order to search pathogens. 

Different diagnostic tests indicated that (i) there was no officially notifiable pathogen involved, (ii) 

OsHV-1 was detected in most of samples especially in moribund oysters, (iii) V. splendidus, V. 

aestuarianus and V. harveyi were also detected in affected oysters and (iv) viral particles looking like 

herpes viruses were observed in moribund tested oysters. In particular, 75% among the batches which 

were affected by mortality and analysed for pathogens detection, tested positive for OsHV-1 (Ségarra 

et al. 2010). However, previous research indicated that bacterial infestation of moribund oysters 

appeared to be a result of a general weakness of the animal rather than a direct cause of mortality 

(Lipovsky and Chew, 1972). Moreover, increased mortality outbreaks in Pacific oysters were attributed 

to a combination of adverse environmental factors together with the presence of OsHV-1 and Vibrio 

spp. and the oyster’s physiological status (Burge et al., 2006; EFSA, 2010). Although climatic factors 

alone are not likely to be sufficient to cause increased mortalities, a rapid increase in water 

temperature has been shown to be an important risk factor (OIE, 2011).  

2.6.3 MORTALITY DUE TO GONADAL FORMATION, POLLUTION, OR INFECTIOUS AGENTS? 

Gonadal FORMATION 

ONE EXPLANATION IS THAT, ACCORDING TO KOGANEZAWA (1975), heavy gonad formation and 

massive spawning (or full maturation) under high water temperature and eutrophication cause a 

physiological disorder and metabolic disturbance at about 3 years of age. Environmental cues such as 

an increase in water temperature, together with an increase/decrease in salinity or a change in the 

phytoplankton biomass are used by the oyster to begin the ripening process in the early spring. This 

process can take up to 2 months in the spring. Oysters prefer to spawn at water temperatures between 

20°C to 30°C (74°F to 86°F) and at salinity above 10ppt. It only takes one oyster to release its gonad 
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to encourage other oysters to commence spawning (Horn Point Oyster Hatchery
3
). Other researchers 

came to the same findings:  DURING THE SUMMER MONTHS MORTALITY IS ASSOCIATED WITH 

GONADAL DEVELOPMENT AND OCCURS MOST COMMONLY AFTER SPAWNING (Perdue et al., 1981; 

SHPIGEL ET AL., 1993; Mondol et al., 2012). OYSTERS ARE THEN VERY EXHAUSTED AND MANY DIE 

BECAUSE THEIR GLYCOGEN LEVELS ARE LOWEST OR THEY LOST A GREAT AMOUNT OF THEIR 

CARBOHYDRATE RESERVES.  

POLLUTION 

Another explanation is related to polluted water of shellfish harvesting areas. When wetlands and bays 

are simultaneously used for agriculture and mariculture productions, shellfish species inhabiting or 

cultured in the bays may become increasingly threatened by exposure to pollutants associated to 

agriculture (Feldman et al., 2000). Regarding to the Pacific oyster, it is typically reared in estuarine 

environments that have become increasingly threatened by exposure to pollutants over the past several 

decades (Banerjee et al., 1996). The inputs of pesticides and herbicides are depending on both 

agricultural use and practice and several biotic factors such as pluviometry. When rainfalls occur, 

pesticides are introduced into rivers and may enter marine areas, particularly estuarine and coastal 

zones and could endanger organism growth, reproduction or survival (Banerjee et al., 1996). As a 

consequence, pesticide and herbicide flux is usually detected all along the year, so that the 

concentration in water can sometimes be very high on short period, i.e. from May to June (Ochoa et 

al., 2012). It is known that pesticide and herbicide residue levels are toxic to freshwater clams and 

crustaceans (Barata et al., 2007; Damásio et al., 2010). More specifically, the immune system is 

likely to be one of the more sensitive physiological systems that gets disturbed by pollutants (Fournier 

et al., 2000). Consequently, xenobiotics (or pollutants) can induce immunosuppression or stimulation, 

auto-immunity and decrease of disease resistance (Wong et al., 1992). Regarded to bivalves, several 

studies have demonstrated harmful effects of pollutants, including PAHs (or polycyclic aromatic 

hydrocarbons, known as potent atmospheric pollutants), PCBs (polychlorinated biphenyls, organic 

chemicals known as chlorinated hydrocarbons), pesticides and heavy metals (Wootton et al., 2003; 

Canesi et al.,2003; Alves et al., 2002; Gagnaire et al., 2004; Gagnaire et al., 2006). Specifically 

related to Pacific oysters, research done by Gagnaire et al. (2007) evinced that oysters exposed over a 

7-day period with a mixture of eight pesticides (atrazine, glyphosate, alachlor, metolachlor, fosetyl-

alumimium, terbuthylazine, diuron and carbaryl) in laboratory conditions at environmentally relevant 

concentrations (i) decreased hemocyte phagocytosis in a reproducible manner, (ii) down-regulated 

genes involved in hemocyte functions, particularly phagocytosis, and (iii) increased susceptibility to a 

bacterial challenge with two V. splendidus-related strains (LGP31 and LGP32). This was the first 

study to combine two different techniques (flow cytometry and real-time PCR) to examine the effects 

                                                      

3 http://www.hpl.umces.edu/hatchery/index.php/oysters/oysters-life-cycle/ 
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of pollutants on defense mechanisms in Pacific oysters and to demonstrate, at molecular level, a link 

between pesticide effect and susceptibility to pathogenic bacteria in oysters. In addition, a study 

conducted by Ochoa et al. (2012) showed that some pesticides in water such as bentazone and 

propanil together with high temperatures and salinity levels were related with high levels of tissue 

damage in oysters and their mortality. However, they indicate that abiotic factors alone could not 

explain the high mortalities observed in 2009: oyster mortality was related to a combination of 

environmental stressful conditions such as high temperatures, elevated salinity, high pesticide residue 

levels, the initial oyster physiological state and its response to stress. In other words, environmental 

stressful conditions combined with the inability of oysters to cope with stress make them more 

susceptible to infectious agents and consequently lead to high mortality rates.  

INFECTIOUS AGENTS 

NEVERTHELESS, a herpes-like virus was identified in Eastern oysters Crassostrea virginica in the US 

in the early 1970s (Farley et al., 1972) and from C. gigas mortalities in France by electron microscopy 

in the early 1990s (Renault et al., 1994a). The virus was later named Ostreid herpesvirus 1 (OsHV-1) 

belonging to the family Malacoherpesviridae and to the order Herpesvirales (Davison et al., 2009). 

Since then, mortality events of C. gigas associated with OsHV-1 have been regularly recorded. Other 

oyster species such as Ostrea edulis and Triostrea chilensis have also been detected with OsHV-1 

(Comps and Cochennec, 1993; Hine et al., 1998; Friedman et al., 2005). Elevated temperatures are 

thought to increase the susceptibility of animals to this virus, but viral infections were not always 

associated with oyster summer mortalities (Renault et al., 1994b). Molecular tools based on OsHV-1, 

including conventional Polymerase Chain Reaction (cPCR), in situ hybridization, and quantitative 

PCR have been developed to study OsHV-1 infections (Renault and Lipart, 1998; Arzul et al., 2002; 
Lipart and Renault, 2002; Pépin et al., 2008). Non-ostreid marine bivalve molluscs such as Pecten 

maximus, Ruditapes philippinarum, Ruditapes decussatus and Haliotis diversicolor were also detected 

with herpes-like viruses (Arzul et al., 2001a; Arzul et al., 2001b; Chang et al., 2005). These results 

show a wide host range, whereas vertebrate herpesviruses generally infect a single host species and 

indicating that OsHV-1 infects different species within the class of bivalve molluscs. Differences in 

the sequences of OsHV-1 from California and Asia were described by Friedman et al. (2005) and 

Moss et al. (2007), respectively. There are at least two strains in Japan, one in South Korea and two in 

China (Moss et al., 2007). It appeared that one of the strains that was detected in China and South 

Korea was similar in sequence to the OsHV-1 strain from California described by Friedman et al. 

(2005), while the other strain from China was similar to OsHV-1 from France.  

Arzul et al., (2001b) identified a variant of OsHV-1 (OsHV-1var) in France in C. gigas, Ruditapes 

philippinarum and Pecten maximus. More recently, detection of another variant (OsHV-1 µvar) was 

enabled by PCRs using primer sets in association with the high mortality events reported in Europe 

since 2008 (Segarra et al., 2010). OsHV-1 µvar appeared during the summer of 2008 (July and 
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August) in France and replaced the OsHV-1 in 2009 and 2010 (REPAMO, 2010; Segarra et al., 2010). 

Infection by all strains is often lethal for C. gigas spat and juveniles (Schikorsky et al., 2011). Larvae 

infected by herpes-like viruses show a reduction in feeding and swimming activities, and mortality can 

reach 100% in a few days. Death usually occurs 1 week after infection, during or shortly after the 

warmest annual water temperatures (Friedman et al., 2005; Garcia et al., 2011). The µVar 

pathogenicity has not been determined yet in relation to the reference virus (Segarra et al., 2010). For 

the moment, no information about the geographic repartition or the infectious mechanism of this new 

variant is currently available (Martenot et al., 2011). Nevertheless, it has been associated with 

mortality events in other countries, i.e. New Zealand (December 2010), England (2010) and Australia 

(January 2011) (Martenot et al., 2011; Cochennec-Laureau et al., 2011). In France in 2009, OsHV-1 

µVar was detected in 40% of individual samples which are analysed in 2008 and in all samples in 

2009 (REPAMO, 2009). So far no association has been found between mortalities and host-related 

factors such as origin (wild or hatchery) or ploidy (diploid or triploid). However, age was found to be 

a factor where the presence of high viral loads could explain mortalities in spat and in juveniles, but 

not in adults (Oden et al., 2011). Moreover, the presence of the virus in oysters not presenting 

mortalities has also been shown (Dundon et al., 2011). 

Other well-known infectious agents are Vibrios. These are considered to be opportunistic pathogens 

and are associated with mortalities of bivalves, particularly Pacific oysters (Paillard et al., 2004). 

Bacteria of the genus Vibrio (Vibrio splendidus and Vibrio aestuarianus) have been detected in dying 

oysters during summer mortality episodes (Garnier et al., 2007; Gay et al., 2004; Labreuche et al., 

2006b; Lacoste et al., 2001; Le Roux et al., 2002; Saulnier et al., 2009). Garnier et al., (2007) 

demonstrated V. aestuarianus was the most frequently isolated species (56%), followed by the V. 

splendidus group at 25%, Pseudoalteromonas sp. at 12%, and other Vibrio strains (V. natriegens and 

V. parahaemolyticus) at 6% from moribund oysters examined from 2001-2003. The high prevalence 

of V. splendidus and V. aestuarianus bacterial strains associated with sudden mortality breakouts in 

France was confirmed by a 4-year epidemiological survey (2003 - 2007) aiming to identify bacteria 

pathogenic to C. gigas (Saulnier et al., 2010). A study aimed to investigate the relationships between 

ploidy, survival and reproductive allocation in oysters challenged with Vibrio splendidus and Vibrio 

aestuarianus showed that during the period of active sexual maturation, survival performances were 

lower than those recorded after spawning and triploid individuals did not show better performances 

than diploid ones (De Decker et al., 2011). 

A V. aestuarianus strain, named 01/32, was isolated during a mortality outbreak in a hatchery in 2001 

(Garnier et al., 2007); its pathogenicity was assessed by experimental challenge, resulting in high C. 

gigas mortality rates (>60%) (Labreuche et al., 2006a). Although these infectious agents were 

demonstrated to be pathogenic to C. gigas under experimental conditions, none could be 

systematically associated with the onset of these epizootics in the field. Little is known about bacterial 

colonization within the oyster following introduction of Vibrios within the circulatory system: it is 
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difficult to quantify selectively one bacterium among the indigenous microflora of oyster hemolymph, 

which is sometimes composed of numerous bacterial species (Labreuche et al., 2006a).  

Also, few studies have been undertaken concerning the environmental behaviour of either V. 

aestuarianus or any other Vibrio species pathogenic for marine invertebrates (Azandégbé et al., 2010). 

In order to take appropriate measures and to prevent or limit the infection, ecological studies would be 

very useful for identifying the environmental sources of these Vibrio spp. and for understanding how 

they interact with their host.  

2.7 Gnotobiotic challenge tests with axenically hatched Artemia 

franciscana 

A gnotobiotic animal (from Greek roots gnostos 'known' and bios 'life') is an animal in which only 

certain known strains of bacteria and other microorganisms are present. Technically, the term also 

includes germ-free animals, as the status of their microbial communities is also known. However, the 

term gnotobiotic is often incorrectly contrasted with germ-free (Reyniers, 1959). Animals reared in a 

gnotobiotic colony often have poorly developed immune systems, lower cardiac output, thin intestinal 

walls and high susceptibility to infectious pathogens (Foster et al., 2009). The definition of axenic is 

totally free of infection with microorganisms (Saunders Comprehensive Veterinary Dictionary, 3 ed. © 

2007 Elsevier, Inc.). Assuming that a microbe is the cause of a certain disease, using xenic 

experimental set-ups are not recommended for understanding the complex interaction between the 

microbial community and its host, as the absence of earlier exposition to the causal microbe or the 

absence of any antibody derived from preceding exposition is often not the case (Dufty, 1976). Axenic 

conditions together with the use of gnotobiotic organisms therefore, provide an increased control of 

variables, enhanced reproducibility of results, and more accurate experimental designs (Pleasants, 

1973).  

Moreover, Artemia (see Figure 2-5 and 2-6) is a remarkable creature: is among the first crustaceans 

(about 410 million years) still living on earth (Fryer, 1987), one of the most important live feeds for 

commercial production of fish and shellfish larvae due to its high nutritional value (Sorgeloos et al., 

1986) and is found nearly worldwide in natural brine lakes or salt works (Van Stappen, 2002).  

Artemia can easily be cultured under axenic and gnotobiotic conditions with various performance 

levels and with a simple experimental apparatus, therefore it is an excellent model organism to study 

the effects of probiotic and pathogenic bacteria (Marques et al., 2004a,b; Verschuere et al., 1999, 

2000a,b). Additional advantages are: (i) short generation time (2-3 weeks, although under optimal 

conditions it can live for several months), it grows from nauplius to adult in only 8 days and 

reproduces at a rate of 300 nauplii or cysts (dormant embryos covered by a three-layered shell) every 4 

days (Van Stappen, 1996); (ii) availability of large quantities of cysts (Marques, 2005); (iii) can be 

easily cultured in high density and/or in small scale, using very simple culture systems (Sorgeloos et 
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al., 1986); (iv) two modes of reproduction, i.e., ovoviviparous (live nauplii) and oviparous (encysted 

gastrulae, cysts) in both sexual and asexual (parthenogenetic) species (Criel and MacRae, 2002). 

Traditionally, in an aquaculture environment vibrios are identified on the basis of their phenotype. 

Gomez-Gil et al. (2004) did research on 50 stems of Vibrio harveyi, Vibrio campbellii and Vibrio 

rotiferianus which were originative of sick aquatic species. Moreover, Vibrio harveyi and Vibrio 

campbellii appeared not to be distinguishable phenotypically on the basis of more than 100 phenotypic 

characteristics. Since in the past numerous deaths in aquaculture to Vibrio harveyi were attributed, 

these results suggest that Vibrio campbellii could be an important pathogen of aquatic organisms 

(Defoirdt et al., 2005; Marques et al., 2005 & 2006; Verschuere et al., 1999). More specifically, 

several studies indicated that Vibrio campbellii LMG21363 is pathogenic to Artemia (Soto-Rodriguez 

et al., 2003; Defoirdt et al., 2006, 2009; Sung et al., 2007). Other agents that seemed pathogenic to 

Artemia are: V. parahaemolyticus, V. alginolyticus, V. proteolyticus, V. anguillarum and Aeromonas 

hydrophila (Rico-Mora et al., 1995; Immanuel et al., 2011 & 2012; Verschuere et al., 1999 & 2000; 

Marques et al., 2005 & 2006; Sung et al., 2007; Defoirdt et al., 2005).  

 

 

Figure 2-4 Lifecycle diagram of Artemia franciscana (eurovolvox.org) 
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Figure 2-5 Hatched Artemia cyst with empty cyst shell (top), umbrella-stage larva (middle) and 

instar I nauplius-larva (bottom) (Laboratory of Aquaculture & Artemia Reference Centre, 

Ghent University, Belgium) 
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3 Materials & Methods 

3.1 Field Experiment with Pacific oysters 

The experiment with Pacific oysters was situated in the Arcachon basin (in the southwest of France) 

(see Figure 3-1). In this experiment both diploid and triploid oysters were used. Two oyster farmers 

participated: one farmer cultivated mainly diploid oysters, the second farmer mainly triploid. Each of 

the farmers provided 1 location, so in total 2 locations on the same sandbar, i.e.  Le Grand Banc (see 

Figure 3-2). Both locations were situated nearby the buoy Courbey (see Figure 3-2) where IFREMER 

(Institut Français de Recherche pour l'Exploitation de la MER) gathers physico-chemical data for Le 

Grand Banc. The locations were selected by the farmers themselves. According to the farmers no 

remarkable differences in mortality between the locations were observed. 

 

 

Figure 3-1 Localization of the Arcachon Basin (France) (Google Maps, 2014) 
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Figure 3-2 Localization of Le Grand Banc in the Arcachon Basin (IFREMER, Laboratoire 

Ressources d'Arcachon, 2014) 

3.2 Methods 

The oyster farmer which cultivated mainly diploid oysters, provided the amount of diploid oysters 

needed for the experiment and the oyster farmer which cultivated mainly triploid oysters, provided the 

amount of triploid oysters. 

Oysters were counted and divided on the 28th and the 29th of January 2013. As a result, 8 different 

groups (n = 4) were created: 

1 500 diploids plus a treated ring (T.500.di) 

2 500 triploids plus a treated ring (T.500.tri) 

3 1000 diploids plus a treated ring (T.1000.di) 

4 1000 triploids plus a treated ring (T.1000.tri) 

5 500 diploids plus a control ring (C.500.di) 

6 500 triploids plus a control ring (C.500.tri) 

7 1000 diploids plus a control ring (C.1000.di) 

8 1000 triploids plus a control ring (C.1000.tri).  

Every bag was given a number, indicated by plastic plates. Then the bags were equally divided over 

the two oyster farmers. Each farmer had thus the same amount of bags, same amount of diploid and 
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triploid bags, same amount of treated and control bags (see Table 3-1 page 21). Triploid oysters were 

T6 (6mm long in average), diploid oysters were T8 (8mm long in average).   

3.2.1 Data collection 

Collection of data took place at regular intervals of approx. 6 weeks: 

1 1st collection: 28th and 29th of January (M0); 

2 2nd: 4th and 5th of March (M1);   

3 3rd: 16th and 17th of April (M2); 

4 4th:  3rd and 4th of June (M3); 

5 5th: 15th and 16th of July (M4); 

6 6th: 2nd and 3rd of September (M5). 

First collection consisted of 120 triploid oysters and 120 diploid oysters and was considered as the 

initial sample collection. From then on 30 oysters per bag were taken and brought to the ARC for 

further analyses (length and weight). During transportation, oyster samples were always kept in a 

cooling box at approximately 6-8°C.  

3.2.2 Measuring survival  

From the second collection onwards, mortality was measured by counting living oysters of every bag.  

3.2.3 Measuring length and weight 

Length of every oyster was measured in millimetres (mm) using a digital calliper. From the initial 

collection only the weight was measured in milligrams (mg) at the laboratory. From the second 

collection onwards, length was also measured.  

3.2.4 Measuring physico-chemical parameters 

Several physico-chemical parameters were measured by the  IFREMER. Only data that matched with 

data of collection are used. The parameters are: i) Chlorophyll a: µg/L; ii) Pheopigments: µg/L; iii) 

Ammonium (NH4), nitrates (NO3) and nitrites (NO2), phosphates (PO4) and silicates (SIOH): 

µmole/L; iv) Temperature: °C; v) Salinity: ppt and vi) Oxygen: mg/L . 
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Table 3-1 Location plan 

LOCATION 1 

CONTROL  X TREATMENT 

P
A

S
S

A
G

E
   

F
O

R
 B

O
A

T
 

CONTROL X TREATMENT 

  
 

  
 

    
 

  
 

  

          

  
 

  
 

    
 

  
 

  

N°4: 1000 tri       N°8: 1000 tri  N°12: 1000 tri        N°16: 1000 tri  

N°3: 500 tri        N°7: 500 tri  N°11: 500 tri        N°15: 500 tri  

N°2: 1000 di        N°6: 1000 di  N°10: 1000 di        N°14: 1000 di  

N°1: 500 di       N°5: 500 di  N°9: 500 di        N°13: 500 di  

Legend: X = a supplementary row (between CONTROL and TREATMENT); 500 di = a bag filled with 500 diploids;  
1000 di = a bag filled with 1000 diploids; 500 tri = a bag filled with 500 triploids; 1000 tri = a bag filled with 1000 triploids 

 
LOCATION 2 

CONTROL  X TREATMENT 

P
A

S
S

A
G

E
   

F
O

R
 B

O
A

T
 

CONTROL X TREATMENT 

                

          

                

N°20: 1000 tri       N°24: 1000 tri  N°28: 1000 tri        N°32: 1000 tri  

N°19: 500 tri        N°23: 500 tri  N°27: 500 tri        N°31: 500 tri  

N°18: 1000 di        N°22: 1000 di  N°26: 1000 di        N°30: 1000 di  

N°17: 500 di       N°21: 500 di  N°25: 500 di        N°29: 500 di  

Legend: X = a supplementary row (between CONTROL and TREATMENT); 500 di = a bag filled with 500 diploids;  
1000 di = a bag filled with 1000 diploids; 500 tri = a bag filled with 500 triploids; 1000 tri = a bag filled with 1000 triploids 



22 
 

3.2.5 Charging the aluminium rings with N°1 

Assume that we have found a substance whose inverse wave and field pattern has a positive impact on 

the organism. It may well be the case that it is not just one substance that produces the best effect but a 

combination of more substances. The purpose of preparing the bioresonance product is to support the 

organism by producing an information carrier whose energy is tuned to the needs of the organism. In 

casu: the diseased oyster is given in its close vicinity a carrier that has the information in order to 

rectify the pathological pattern the oyster contains. 

The procedure: on the input side substance N°1 is placed on the test container. This is then connected 

via the inputjack on the Bioswing apparatus. At the outputjack the carrier (in casu, aluminum ring) is 

placed on another test container and the toggle is switched to the Inverse mode. Then an application 

time was selected. When the bioswing switched itself off, the previous neutral substance (aluminium 

ring) will have adopted the inverse wave field pattern of the substances and can be removed from the 

output container. 

3.3 Laboratory experiments with Artemia franciscana and oyster spat 

challenged with Vibrio campbellii LMG21363 and Vibrio splendidus 

LMG16752 using waters EM charged with N°1 or N°15 

The experiments were performed in order to identify what the effect of charged waters N°1 and N°15 

was on the survival of the Artemia and oyster spat challenged with Vibrio campbellii LMG21363 and 

Vibrio splendidus LMG16752. 

3.3.1 Preparation of media 

1 Marine Broth (MB): Difco™ Marine Broth 2216 (37.4g/L; Difco Laboratories, Detroit, 

Mich.) was solved in distilled water and autoclaved at 121°C for 20 min.. Afterwards, filtered 

through 0.22 µm sieves and autoclaved again at 121°C for 20 min..   

2 Na2S2O3 (sodium thiosulfate): 2500 mg Na2S2O3 (10g/L) solved in 250 ml distilled water and 

autoclaved at 121°C for 20 min.  

3 Filtered and Autoclaved Seawater (FASW): Salt water added to distilled water so that the 

salinity was 32 ppt, filtered through 0.22 µm sieves and autoclaved at 121°C for 20 min..  

4 Autoclaved Seawater (ASW): Natural seawater autoclaved at 121°C for 20 min.. 

5 Filtered Seawater (FSW): natural seawater filtered through 1.2 µm sieves. 

6 Marine Agar (MA) plates: Difco™ Marine Agar 2216 (55.7g/L; Difco Laboratories, Detroit, 

Mich.) was solved in distilled water, autoclaved at 121°C for 20 min., and poured into Petri 

dishes (20ml/Petri dish).  

7 TCBS (Thiosulfate Citrate Bile Salts sucrose) Agar: 86348 TCBS Agar (88.04g/L) is 

suspended in distilled water, heated with frequent agitation until boiling point, and 

poured to into Petri dishes (20ml/plate) 
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8 Equipment used for axenic experiments: All equipment used for axenic experiments were 

cleaned and autoclaved at 121°C for 20 min..  

9 Antibiotic mixture: The antibiotic mixture consisted of rifampicin, kanamycin disulfate salt 

and ampicillin sodium salt (200µg/ml each). Kanamycin and ampicillin in filtered demineralised 

water and rifampicin in Dimethylsulfoxide (DMSO). 1ml of each was added to 2L seawater.  

10 Neutral red (NR) stock solution: A neutral red (or toluylene red, Basic Red 5, or C.I. 50040) 

stock solution was made by adding 100mg of neutral red powder to 10ml distilled water. 

3.3.2 Charging the water with N°1, N°5 or N°15 

On the input side N°1, N°5 or N°15 was placed. Connected this via the inputjack on the Bioswing 

apparatus. At the output jack the carrier (in casu, aluminium foil) was placed. The toggle switched to 

the inverse-mode. Then an application time selected (24h). When the Bioswing switched itself off, the 

previous neutral substance (tinfoil) adopted the inverse wave field pattern of the substance and could 

be removed from the output container. Then bottles containing FASW (axenic experiments) or FSW 

(non-axenic experiments) were wrapped with N°1, N°5 or N°15.  

3.3.3 Bacteria culture of Vibrio campbellii LMG21363 and Vibrio splendidus 

LMG16752 

Isolates of the bacterial strains, Vibrio campbellii LMG21363 (Vc) and Vibrio splendidus LMG16752 

(Vs), previously stored in 20% glycerol at -80°C, were inoculated and grown in 30 ml fresh MB, by 

incubation overnight at 28°C with constant agitation; also a control was made (only MB). The 

bacterial densities were determined spectrophotometrically at an optical density of 550nm according to 

the McFarland standard (BioMerieux, Marcy L'Etoile, France), assuming that an optical density of 

1.000 corresponds to 1.2 x lo9 cells ml-1. All actions were performed under a laminar flow hood to 

maintain sterility. 

3.3.4 Axenic Experiments with Artemia 

Experiments were performed with Artemia franciscana cysts, originating from Great Salt Lake, Utah 

(EG type; INVE Aquaculture NV, Belgium). Bacterium-free cysts and nauplii were obtained via 

decapsulation according to the procedure described previously by Sorgeloos et al.(1986). 

• Hatching 

Falcon tubes with decapsulated cysts were put on a rotor (4 cycles/min) with constant light at 28°C 

and incubated for 24-28h 

• Challenge 

24-28h after incubation, 36 test tubes (n= 4) were filled with 30 ml not-charged FASW (Control), 

charged FASW N°1 or FASW N°5 and FASW N°15 before transferring 30 Artemia per tube. Then 

pathogens were added (measurement was done before) to the challenge groups so the bacterial density 

was 10^7 CFU/ml. Test tubes were put on a rotor (4 cycles/min) with constant light at 28°C for 48h. 

No feed was given during the whole experiment. 
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• Survival measurement 

Survival was measured 48 hours after challenge by counting swimming Artemia. 

• Axenity verification 

Before adding the pathogens, 100µl was plated on MA Petri dishes (n = 3) of 2 randomly chosen 

replicates of each treatment group in order to check sterility. All plates were incubated for 2 days at 

28°C. If a plate was found to be contaminated (as manifested by bacterial colony forming) the data 

from the corresponding experiment were not used and the experiment was repeated.  

ALL ACTIONS WERE PERFORMED UNDER A LAMINAR FLOW HOOD TO MAINTAIN 

STERILITY.  

3.3.5 Non-axenic Experiments with Artemia 

The objective of conducting these experiments was to examine whether N°1  and N°15 would have 

significant differences compared to Control regarding to the effect of N°1 and N°15 on the survival 

level of the Artemia challenged with the Vibrios, i.e. will both charged waters remain significant 

differences compared with Control. Also, the purpose of testing under non-axenic conditions was to 

infer to more or less real-life circumstances. 

• Decapsulation & Hatching 

60 mg of Artemia cysts were divided over 3 falcon tubes each filled with 30 ml FSW and put on a 

rotor (4 cycles/min) with constant light at 28°C and incubated for 24-28h.  

• Challenge 

After incubation, 36 test tubes (n = 4) were filled with 30 ml not-charged FSW (control), charged 

FSW N°1 or FSW N°15 before transferring 30 Artemia per tube. Then pathogens were added 

(measurement was done before) to the 4 replicates per treatment so the bacterial density was 10^7 

CFU/ml.  

• Survival measurement 

Survival was measured 48 hours after challenge by counting the swimming Artemia.  

3.3.6 Oyster spat experiments  

Experiments with oyster spat were conducted at the ARC. The spat came from a hatchery situated in 

Yerseke (The Netherlands) and were approximately 2-3mm big. The aim of doing these tests with 

oysters spat was to exclude as much as possible external influences, i.e. varying weather conditions, 

water temperatures, salinity values, etc. The spat were not cultured under axenic conditions in the 

hatchery, nor were the experimental conditions in the laboratory. Only N°1 was used because the same 

substance was used for the field experiment. 

Experiment 1: testing the effect of N°1 on oyster spat challenged with Vs 

After arrival at the ARC oyster spat were put in 10L ASW with a constant temperature of 26°C and 

aeration, together with the antibiotics mixture for 24h in order to eliminate as much as possible 

bacteria before the start of the experiment .  After been exposed 24h to antibiotics, they were put in 
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fresh ASW for 24h to get rid of the remaining antibiotics. A sample of 60 oysters was taken to 

measure the survival rate in order to be sure they have not suffered from the antibiotics or other factors 

before the challenge. These oysters were transferred to well plates (15 oysters/well; 1ml FASW/well). 

Then NR (20µl/ml)4 was added in order to enhance differentiation between dead and living oysters. 

After incubation of 1.5h, living oysters were counted under a microscope. The experiment was carried 

on after significant positive results. ASW N°1 was prepared 24h before challenge using the same 

procedure as in section 2.2 with FASW or FSW.  

• Challenge  

After being put for 24h in fresh ASW, they were transferred to 0.22µm-filtered aerated cups (30 

oysters/cup) filled with 70ml ASW and challenged with Vs.  Two different bacterial densities were 

applied: 10^6 CFU/ml and 10^7 CFU/ml in order to study the impact of N°1 on different amounts of 

pathogens. There were 6 kinds of treatment (n = 3/survival measurement): i) control; ii) control 

challenged with 10^6 CFU/ml; iii) control challenged with 10^7 CFU/ml; iv) N°1; v) N°1 challenged 

with 10^6 CFU/ml and vi) N°1 challenged with 10^7 CFU/ml.  

• Survival measurement  

Survival of all groups was measured 36h, 48h, 60h and 72h after challenge. At every point of 

measurement oysters were transferred from the cups to well plates (15 oysters/well; 1ml FASW/well). 

Then NR (20µl/ml) was added and incubated for 1.5h. After incubation of 1.5h, living oysters were 

counted under a microscope. Due to technical problems survival could not be measured 36h after 

challenge.  

Experiment 2: testing the effect of N°1 on oyster spat challenged with Vc 

Preparatory work, challenge and survival measurement were the same as with Experiment 1 except 

the oyster spat were now challenged with Vc. In addition, bacterial plating was carried out in order to 

know whether N°1 had also a significant effect on bacterial multiplication. Plating was done at 3 

different times: 36h, 48h and 72h after challenge. Water was used from the groups challenged with 

10^7 CFU/ml. Plating was done on MA and TCBS Agar plates with 6 replicates/group/time 

measurement.  

3.3.7 Statistical data analysis 

All data were statistical analysed with analysis of variances (ANOVA) and multiple comparisons of 

Duncan’s range.  All statistical analysis was tested at a 0.05 level of probability using the software 

IBM SPSS Statistics v.20.   

  

                                                      

4 Pretests showed that 80-90% of all living oysters were stained red. Additional looking at the heartbeat under 
the microscope was required in order to be sure all living oysters were counted.   
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4 Results 

4.1 Experiments with Artemia franciscana 

Two different kinds of experiments were conducted: on the one hand experiments were carried out 

with axenically hatched Artemia, and on the other hand 2 experiments with non-axenically (or 

xenically) hatched Artemia. Charged waters N°1, N°5 and N°15 were used in the axenically hatched 

experiments, while only waters N°1 and N°15 were used in the non-axenic experiments.  Two 

bacterial strains were examined in all the experiments: Vc and Vs. The general objective was to know 

what the effect is of the charged waters on the survival of Artemia challenged with Vc and Vs. It was 

also assumed that the different substances have different effects. Survival was measured 48h after 

challenge by counting the swimming Artemia.   

4.1.1 Axenic experiments  

Experiment 1: N°5 & N°15 

For the first experiment substances N°5 and N°15. A significant difference between Control (not 

charged) and the charged waters was hypothesized in those groups challenged with the Vibrios, also a 

significant difference between N°5 and N°15 on Vc and Vs. See Table 4-1 for the data.  

Table 4-1 Data of Experiment 1 of survival of Artemia. There are 9 Treatments:  not challenged (C, 

N°5 and N°15), challenged with 10^7 CFU/ml Vibrio campbellii (C+Vc, N°5+Vc and 

N°15+Vc) or 10^7 CFU/ml
 
Vibrio splendidus (C+Vs, N°5+Vs and N°15+Vs). Displayed 

values are the means (%) ± standard deviation (%), n = 4. Values followed by a different 

letter are significantly different (p<0.05). 

Treatment   Mean ± std. deviation 

Control 89.17 ± 3.19b 

N°5 95.83 ± 3.19a 

N°15 87.50 ± 4.19b 

Control + Vibrio campbelli (C+Vc)    18.33 ± 1.92d   

N°5 + Vibrio campbellii (N°5+Vc)    19.17 ± 3.19d 

N°15 + Vibrio campbellii (N°15+Vc)    62.50 ± 9.57c 

Control + Vibrio splendidus (C+Vs)      5.83 ± 3.19e   

N°5 + Vibrio splendidus (N°5+Vs)      8.33 ± 1.92e 

N°15 + Vibrio splendidus (N°15+Vs)    10.00 ± 2.72e 

 

After statistical analysis, results show a significant difference between the groups which were not 

challenged and those challenged with Vc and Vs. There is also a significant difference of 44.17% 

between N°15 and Control but no significance was found between N°5 and Control. No significance 
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was found between the groups challenged with Vs. Further on, N°5+Vc differs significantly from 

N°15+Vc but this is not the case for N°5+Vs and N°15+Vs. The non-challenged groups had more or 

less equal survival rates, with an exception of N°5 which had a significant higher rate of 6.66% 

compared to Control.  

Because of the fact that N°5 had no effect on Vc and Vs, decision was made not to use this kind of 

“information” any longer, but instead using N°15.  

Experiment 2 and 3: N°1 & N°15 

Looking at data of Experiment 2 in Table 4-2, they show a significant difference between the non-

challenged and the challenged treatments, implying that the Vibrios were the cause of the low survival 

rates in the challenged groups. The same can be said of Experiment 3. 

Table 4-2 Data of Experiment 2 & 3 of survival of Artemia  48h after challenge. There are 9 

Treatments:  not challenged (C, N°1 and N°15), challenged with 10^7 CFU/ml Vibrio 

campbellii (C+Vc, N°1+Vc and N°15+Vc) or 10^7 CFU/ml Vibrio splendidus (C+Vs, 

N°1+Vs and N°15+Vs). Displayed values are the means (%) ± standard deviation (%), n = 

4. Values followed by a different letter are significantly different (p<0.05).  

    Experiment 2     Experiment 3 

Treatment   Mean ± std. deviation Mean ± std. deviation 

Control 89.17 ± 4.19a 90.00 ± 2.72a 

N°1 90.83 ± 3.19a 90.83 ± 4.19a 

N°15 92.50 ± 3.19a   91.67 ± 4.30a   

Control + Vibrio campbelli (C+Vc) 20.00 ± 2.72e   23.33 ± 2.72d 

N°1 + Vibrio campbellii (N°1+Vc) 54.17 ± 3.19b 45.83 ± 3.19b 

N°15 + Vibrio campbellii (N°15+Vc) 47.50 ± 6.87b   47.50 ± 3.19b   

Control + Vibrio splendidus (C+Vs) 15.00 ± 4.30e   19.17 ± 3.18d 

N°1 + Vibrio splendidus (N°1+Vs) 40.83 ± 5.69d 37.50 ± 4.19c 

N°15 + Vibrio splendidus (N°15+Vs) 19.17 ± 3.19e 23.33 ± 2.72d 

For the groups challenged with Vc, C+Vc is significantly different from N°1+Vc and N°15+Vc. There 

is no significance between C+Vs and N°15+Vs, however, N°1+Vs has a significant higher rate 

compared to C+Vs. Regarding to the groups challenged with Vc and Vs, especially N°1 produces 

significant positive results both with Vc and Vs while N°15 this only does with Vc. Significant similar 

values are produced between the non-challenged groups.  

Similar results were obtained with Experiment 3. Here too, C+Vc is significantly different from 

N°1+Vc and N°15+Vc but is rejected for the groups challenged with Vs: no significance between 

C+Vs and N°15+Vs, again however, N°1+Vs has a significant higher rate compared to C+Vs. 

Looking at the Vc-groups, N°1+Vc is not different from N°15+Vc but is accepted in the Vs-groups: 

                                                      

5 N°1 was also used for the field experiment with oysters in France and for the laboratory experiments with 
oyster spat.  
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N°1+Vs has better survival results compared with N°15+Vs. Significant higher values of C, N°1 and 

N°15 compared with the challenged treatments.  

The results of both experiments indicate that for treatments against Vc, both N°1 and N°15 could be 

used but only N°1 can be used for treatments against Vs. 

4.1.2 Results of the non-axenic experiments: Experiment 4 and 5 

Hypotheses are similar to those of the axenic experiments: within the challenged groups, 

Control+Vc/Vs will have lower means compared to N°1+Vc/Vs and N°15+Vc/Vs. Also, different 

values between N°1+Vc and N°15+Vc on the one hand and between N°1+Vs and N°15+Vs on the 

other hand meaning that N°1 has a different effect on Vc and Vs compared to N°15. C, N°1 and N°15 

have the same mean values and highest rates of all. See Figure 4-1 and Figure 4-2 for the results. 

As noticed, results show the same significant differences for both experiments. N°1+Vc and N°15+Vc 

have significant higher numbers than C+Vc in the 2 experiments. This also applies to the treatments 

challenged with Vs. Also for both experiments: no difference between N1+Vc and N°15+Vc, but a 

significant higher survival for N1+Vs compared to N°15+Vs. Similar numbers when looking at C, N°1 

and N°15. When comparing the non-challenged treatments with the challenged ones, the highest 

values are located in the non-challenged for the 2 experiments implying that the Vibrios still have a 

significant negative impact using FSW. Also, both Vibrios have no different effect on Control.  

 
Figure 4-1 Mean survival rate (%) of Experiment 4. Not-challenged groups are Control, N°1 and 

N°15. C+Vc, N°1+Vc and N°15+Vc are the groups challenged with 10^7 CFU/ml Vibrio 

campbellii; C+Vs, N°1+Vs and N°15+Vs are the groups challenged with 10^7 CFU/ml 

Vibrio splendidus. Displayed values are the means (%), n = 4. Values followed by a 

different letter are significantly different (p<0.05). 
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Figure 4-2 Mean survival rate (%) of Experiment 5. Not-challenged groups are Control, N°1 and 

N°15. C+Vc, N°1+Vc and N°15+Vc are the groups challenged with 10^7 CFU/ml Vibrio 

campbellii; C+Vs, N°1+Vs and N°15+Vs are the groups challenged with 10^7 CFU/ml 

Vibrio splendidus. Displayed values are the means (%), n = 4. Values followed by a 

different letter are significantly different (p<0.05). 

4.2 Experiments with oyster spat 

Two experiments were conducted: oyster spat of Experiment 1 were challenged with Vibrio splendidus 

and oyster spat of Experiment 2 were challenged with Vibrio campbellii. Only “information” N°1 was 

used because of the good results with the Artemia tests. In order to see how strong the effect was of 

N°1, two different quantities of CFU/ml were applied in each experiment: 10^6 CFU/ml and 10^7 

CFU/ml.  

4.2.1 Experiment 1: effect of N°1 on oyster spat challenged with Vibrio splendidus 

Survival data were measured 48h, 60h and 72h after challenge6. For the challenge groups 2 variable 

quantities of Vibrio splendidus were administered: Control groups challenged with 10^6 CFU/ml 

(C+10^6) and 10^7 CFU/ml (C+10^7); N°1-groups challenged with 10^6 CFU/ml (N°1+10^6) and 

10^7 CFU/ml (N°1+10^7). It is hypothesized that there are no differences between the non-challenged 

groups. In addition, C and N°1 will have higher numbers compared to C+10^6 & N°1+10^6 and 

C+10^7 & N°1+10^7. Furthermore, N°1+10^6 will have significantly higher survival rates compared 

to C+10^6 and N°1+10^7.  N°1+10^7 on its turn will have significantly higher survival rates 

compared to C+10^7. See Table 4-3 and Figure 4-3 for the results. 

  

                                                      

6 Normally, data were supposed to be gathered also 36h after challenge but due to technical problems no data 
could be collected.  
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Table 4-3 Data of Experiment 1 of survival of oyster spat48h (“48h”), 60h (“60h”) and 72h (“72h”) 

after challenge. There are 6 Treatments: not challenged (C and N°1), challenged with 

10^6 CFU/ml Vibrio splendidus (C+10^6 and N°1+10^6) or 10^7 CFU/ml
 
Vibrio 

splendidus (C+10^7 and N°1+10^7). Displayed values are the means (%) ± standard 

deviations (%), n = 3. Values followed by a different letter are significantly different 

(p<0.05).  

    
"48h"   "60h"   "72h" 

Treatments 
  

Mean ± Std. 
Deviation   Mean ± Std. 

Deviation   Mean ± Std. 
Deviation 

Control(C)       92.22 ± 6.93a   78.89 ± 5.09a   72.22 ± 5.09a 

N°1 
   

94.44 ± 3.85a 
 

84.44 ± 6.94a 
 

78.89 ± 5.09a 

Control + 10^6 CFU/ml (C+10^6)   83.33 ± 6.67a,b   63.33 ± 6.67b   48.89 ± 8.39b 

N°1 + 10^6 CFU/ml (N°1+10^6)   85.56 ± 5.09a,b 
 

75.56 ± 5.09a 
 

57.78 ± 8.39b 

Control + 10^7 CFU/ml (C+10^7)   67.78 ± 6.94c   42.22 ± 6.94c   26.67 ± 8.82c 

N°1 + 10^7 CFU/ml (N°1+10^7) 
 

77.78 ± 5.09b,c 
 

52.22 ± 6.94b,c 
 

30.00 ± 6.67c 

 
48h after challenge 

C = N°1 but do not differ significantly from the challenged groups C+10^6 and N°1+10^6. However, 

they do differ from C+10^7 and N°1+10^7. Now looking particularly at the effect of N°1 on Vs, 

C+10^6 does not differ from N°1+10^6, and C+10^7 does not differ from N°1+10^7.  

60h after challenge 

60h after challenge C is still significantly equal to N°1. C and N°1 are different from C+10^6, but not 

from N1+10^6: N°1 sustains survival. But when challenged with a higher bacterial density, N°1 has 

no effect: C+10^7 and N°1+10^7 are not significantly different.   
 

 
Figure 4-3 Time line of the mean values (%) of Experiment 1: effect of N°1 on oyster spat challenged 

with Vibrio splendidus.  
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So far, only after 60h N°1 has a sustaining effect on survival of oyster spat challenged with a 

concentration of 10^6 CFU/ml Vs. 

72h after challenge 

72h after challenge C is still similar to N°1. C & N°1 have significantly higher rates than C+10^6, 

N°1+10^6, C+10^7 and N°1+10^7, respectively. This means that Vs is still effective. However, N°1 

has no significant increasing effect on the challenged groups.  

4.2.2 Experiment 2: effect of N°1 on oyster spat challenged with Vibrio campbellii 

For Experiment 2 oyster spat were challenged with 2 different concentrations of Vibrio campbellii: 

10^6 CFU/ml and 10^7 CFU/ml. Survival was measured 36h, 48h, 60h and 72h after challenge. The 

same hypotheses have been retained as for Experiment 1. See Table 4-4 and Figure 4-4 for the results. 

36h after challenge 

C is equal to N°1. No significance is found between C & N°1 and C+10^6 & N°1+10^6 nor between 

C & N°1 and C+10^7 & N°1+10^7. Also, N°1+10^6 and N°1+10^7 have no significantly higher rates 

compared to C+10^6 and C+10^7, respectively.  

Table 4-4 Data of Experiment 2 of survival of oyster spat 36h (“36h”),  48h (“48h”), 60h (“60h”) and 

72h (“72h”) after challenge. There are 6 Treatments: not challenged (C and N°1), 

challenged with 10^6 CFU/ml Vibrio campbellii (C+10^6 and N°1+10^6) or 10^7 CFU/ml
 

Vibrio campbellii (C+10^7 and N°1+10^7). Displayed values are the means (%) ± 

standard deviations (%), n = 3. Values followed by a different letter are significantly 

different (p<0.05). 

"36h"   "48h"   "60h"   "72h" 

Treatments 
Mean ± Std. 

Deviation   

Mean ± Std. 

Deviation   

Mean ± Std. 

Deviation   

Mean ± Std. 

Deviation 

Control   77.78 ± 10.18a   73.33 ± 6.67a,b   72.22 ± 6.94a   67.78 ± 5.09a 

N°1 
 

81.11 ± 5.09a 
 

75.56 ± 5.09a 
 

74.44 ± 8.39a 
 

68.89 ± 8.39a 

C+10^6   75.56 ± 8.39a   62.22 ± 5.09b,c   47.78 ± 10.18c   38.89 ± 8.39b,c 

N°1+10^6   78.89 ± 8.39a 
 

70.00 ± 6.67a,b,c 
 

65.56 ± 8.39a,b 
 

51.11 ± 8.39b 

C+10^7   71.11 ± 5.09a   60.00 ± 6.67c   37.78 ± 13.47c   25.56 ± 8.39c 

N°1+10^7 
 

74.44 ± 8.39a 
 

67.78 ± 8.39a,b,c 
 

52.22 ± 5.09b,c 
 

34.44 ± 5.09c 

48h after challenge 

C and N°1 are still significantly equal. However, C does not differ with C+10^6 and N°1+10^6. C 

differs significantly from C+10^7.  However, N°1 does not differ from N°1+10^6 and N°1+10^7. 

Further on, there is no significant difference between C+10^6 and N°1+10^6 and between C+10^7 and 

N°1+10^7.   

60h after challenge 

C and N°1 variate significantly from C+10^6, C+10^7 and N°1+10^7meaning that Vc negatively 

impacts survival. N°1+10^6 has higher values in comparison with C+10^6. No higher rates of survival 

of N°1+10^7 when compared to C+10^7. 
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72h after challenge 

C and N°1 differ from C+10^6, N°1+10^6, C+10^7 and N°1+10^7. Also, no significant higher rates of 

N°1+10^6 N°1+10^7 when compared to C+10^6 and C+10^7 respectively. 

 

 

Figure 4-4 Time line of the mean values (%) of Experiment 2: effect of N°1 on oyster spat challenged 

with Vibrio campbellii. 

4.2.3 Effect of N°1 on multiplication of  Vibrio campbellii  from Experiment 2 

Also worth to know was whether N°1 had a negative impact on bacterial growth. Therefore bacterial 

plating was carried out on MA plates and TCBS plates.  Results from Figure 4-5 indicate that N°1 has 

a significant negative effect on Vc (and other bacteria in the case of MA) multiplication 36h after 

challenge (MA  and TCBS), and 48h after challenge (TCBS).  After 48h, bacterial population declined 

in both Control and N°1. Regarding to MA, no results were obtained after 36h because of non- 

countability. Figures 4-6, 4-7 and 4-8 are also presented in order to give a visual impression; bacterial 

colonies are grown on TCBS Agar.  
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Figure 4-5 Results of the effect of N°1 on multiplication of Vc used in oyster spat Experiment 2 
Bacterial plating was carried out on TCBS and MA Petri dishes at 3 time periods: 36h (“36h”), 

48h (“48h”) and 72h (“72h”) after challenge.   Only water containing Vc was used, taken from 

samples of the challenged groups C+Vc and N°1+Vc. Values are transferred to LOG values. 

Treatments with a different letter are significantly different (p<0.05). 

 

 

 

Figure 4-6 Visual comparison between control and N°1, 36h after challenge 

 

Control – “36h” N°1 – “36h” 

TCBS MA 



34 
 

 

Figure 4-7 Visual comparison between control and N°1, 48h after challenge 

 

 
Figure 4-8 Visual comparison between control and N°1, 72h after challenge 

4.3 Field experiment with oyster spat in the Arcachon Basin (France) 

4.3.1 Length 

Research was done in order to know if the amount of oysters (500 vs. 1000 in 1 bag), the kind of 

treatment (Control vs. N°1) and the kind of genetics (triploid vs. diploid) had a significant effect on 

the growth rate of the oyster. Generally speaking, it was assumed that oysters which received 

treatment N°1 grew faster compared to Control. Also, from previous research (Gagnaire et al., 2006) 

it was known that triploids grew much faster than diploids but here it was hypothesized that diploids 

which received N°1 grow at the same rate as non-treated triploids. In general, triploids with N°1 are 

considered to grow faster than diploids with N°1 and the Control groups. Looking at the factor 

“amount”, the less oysters in a bag, the faster they grow because of more space, or: the less space they 

have, the more stress they experience. More specifically, bags with half the amount of triploids with 

N°1 (T.500.tri) are considered to grow fastest compared to the other groups. In hierarchical order from 

fast to slow: T.500.tri > T.1000.tri = T.500.di > T.1000.tri > C.500.tri > C.1000.tri = C.500.di > 

C.1000.di..  

Control – “48h” N°1 – “48h” 

Control – “72h” N°1 – “72h” 
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Table 4-5 Length results from the Field Experiment. Values are the percentages representing how 

much oyster spat have grown in length. Length was measured at 5 different times 

(M1...M5) and compared with length  at the very beginning of the experiment (M0). 

Displayed values are the means (%) ± standard deviations (%), n = 4 (n = 3 at M3, M4 

and M5 for T.1000.di). Values followed by a different letter are significantly different 

(p<0.05). 

 
M1 M2 M3 M4 M5 

Treatment Mean ± std.dev. Mean ± std.dev. Mean ± std.dev. Mean ± std.dev. Mean ± std.dev. 

C.500.di 71,29 ± 14,07a 131,88 ± 7,88a 282,61 ± 60,83a,b 348,13 ± 27,49a 426,77 ±  30,32a 

C.1000.di 70,90 ± 26,04a 133,33 ± 11,52a 275,63 ± 42,84a,b 331,46 ± 12,79a 484,38 ± 60,57a 

C.500.tri 48,44 ± 21,32a 119,59 ± 17,78a 324,31 ± 68,26b 456,81 ± 26,90b 631,11 ± 38,67b 

C.1000.tri 48,96 ± 19,89a 126,67 ± 16,94a 344,17 ± 38,51b 492,64 ± 48,14b 704,86 ± 84,84b 

T.500.di 73,44 ± 23,29a 123,54 ± 2,56a 242,08 ± 22,33a 316,36 ± 27,17a 410,21 ± 44,74a 

T.1000.di 53,32 ± 34,07a 119,79 ± 19,90a 266,95 ± 10,34a,b 343,89 ± 27,19a 428,20 ± 4,17a 

T.500.tri 53,65 ± 23,97a 113,75 ± 7,98a 296,81 ± 53,95a,b 448,06 ± 33,62b 650,14 ± 40,94b 

T.1000.tri 60,42 ± 24,25a 125,69 ± 10,30a 307,92 ± 42,96a,b 471,11 ± 64,63b 696,53 ± 43,37b 

As Table 4-5 indicates, no significant differences were found at M1 and M2. At M3, there was a 

significant difference between the triploids in the control groups and T.500.di.  At M4 and M5, 

significant results were found between the diploid groups and triploids. See Figure 4-9 for a graphical 

representation of increased Length over time.  

 

Figure 4-9 Graphical representation of growth of length (%) of oyster spat from the Field 

experiment.  

 

4.3.2 Weight 

The same research objectives were kept as with Length, but now the weight of the oysters was taken 

into account. See Table 4-6 for the data and Figure 4-10 for a graphical representation. 
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Table 4-6 Weight results from the Field Experiment.Values are the percentages representing how 

much oyster spat have grown in weight. Weight was measured at 5 different times 

(M1...M5) and compared with length measured at the very beginning of the experiment 

(M0). Displayed values are the means (%) ± standard deviations (%), n = 4 (n = 3 at M3, 

M4 and M5 for T.1000.di). Values followed by a different letter are significantly different 

(p<0.05). 

 

At M1 all diploids differed significantly from triploid groups. At M2, C.500.di has grown the most 

differing significantly from all the other groups except C.1000.di.  At M3 only C.1000.di is different 

from all the rest. When looking at M4, C.1000.tri, it variates significantly from C.1000.di.  M5 shows 

that all diploids differ significantly from triploids.  

 

 
Figure 4-10 Graphical representation of gain of weight (%) of oyster spat from the Field experiment. 

 

M1 M2 M3 M4 M5 

Treatment Mean ± std.dev. Mean ± std.dev. Mean ± std.dev. Mean ± std.dev. Mean ± std.dev. 

 

          

C.500.di 123,45 ± 32,80
a 

325,99 ± 54,39
d 

1058,14 ± 290,06
a 

2225,10 ± 275,28
a,b,c 

3698,91 ± 507,73
a 

C.1000.di 134,17 ± 25,46
a 

286,46 ± 42,29
c,d 

1347,48 ± 151,60
b 

1772,96 ± 194,50
a 

3825,37 ± 751,74
a 

C.500.tri 39 ± 5,40
b 

178,08 ± 23,34
a 

954,83 ± 194,18
a 

2693,38 ± 429,49
c 

5784,12 ± 810,34
b 

C.1000.tri 50,23 ± 8,09
b 

187,28 ± 34,90
a,b 

1069,74 ± 182,92
a 

2681,97 ± 426,11
c 

5909,02 ± 1280,62
b 

T.500.di 136,79 ± 26,75
a 

264,85 ± 17,86
c 

949,59 ± 109,09
a 

1956,85 ± 320,40
a,b 

3804,06 ± 1172,53
a 

T.1000.di 123,93 ± 103,91
a 

244,56 ± 66,94
b,c 

1026,08 ± 36,32
a 

2098,05 ± 199,76
a,b,c 

3848,56 ± 547,26
a 

T.500.tri 47,78 ± 6,62
b 

181,59 ± 24,97
a,b 

944,83 ± 158,95
a 

2657,25 ± 523,26
c 

6295,07 ± 941,40
b 

T.1000.tri 41,73 ± 11,35
b 

182,80 ± 28,07
a,b 

914,26 ± 156,21
a 

2486,81 ± 689,16
b,c 

6263,50 ± 1521,00
b 
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4.3.3 Survival 

It is hypothesized that treated groups with N°1 will have higher survival rates compared to Control. 

See Table 4-7 for data and Figure 4-11 for a graphical representation. Also, triploids will have higher 

rates than diploids. And bags filled with 1000 oysters will display higher rates compared to bags filled 

with 500 oysters because it assumed that the slower they grow, the less energy is consumed. 

 

Table 4-7 Survival rate results from the Field Experiment. Values are the percentages representing 

survival rates. Survival was measured at 5 different times (M1...M5). Displayed values 

are the means (%) ± standard deviations (%), n = 4 (n = 3 at M3, M4 and M5 for 

T.1000.di). Values followed by a different letter are significantly different (p<0.05). 

 

 

M1 shows significant results between bags filled with 1000 oysters and those filled with 500 oysters. 

Also between C.500.di and T.500.di. Same observations are done at M2. Significant differences are 

again found at M3 between bags filled with 1000 oysters and bags with 500 oysters, with an exception 

of T.500.tri.  But no differences between treated and control, except for C.500.tri and  

 

Figure 4-11 Graphical representation of survival rates (%) from the Field experiment.  

 

M0 M1 M2 M3 M4 M5

Treatment Mean ± std.dev. Mean ± std.dev. Mean ± std.dev. Mean ± std.dev. Mean ± std.dev. Mean ± std.dev.

C.500.di 100.00 ± 0.00 89.10 ± 2.52c 76.40 ± 2.80c 53.90 ± 5.87c 24.45 ± 3.39c 9.95 ± 3.34e

T.500.di 100.00 ± 0.00 92.25 ± 1.89b 80.15 ± 2.59b 57.95 ± 7.13c 35.55 ± 5.74b 18.25 ± 5.44c,d

C.500.tri 100.00 ± 0.00 91.70 ± 3.03b 78.50 ± 3.47b,c 50.65 ± 6.15c 25.35 ± 8.00c 10.70 ± 4.08d,e

T.500.tri 100.00 ± 0.00 91.25 ± 0.98b,c 79.65 ± 1.48b 68.40 ± 12.05b 40.00 ± 6.69a,b 20.95 ± 3.57c

C.1000.di 100.00 ± 0.00 95.60 ± 0.79a 89.45 ± 1.00a 76.08 ± 2.22a,b 37.30 ± 5.85a,b 19.58 ± 2.00c

T.1000.di 100.00 ± 0.00 95.88 ± 0.56a 95.88 ± 1.32a 80.63 ± 2.53a 44.03 ± 8.11a,b 29.53 ± 8.78a,b

C.1000.tri 100.00 ± 0.00 96.00 ± 0.71a 89.63 ± 0.50a 74.35 ± 7.65a,b 35.98 ± 5.59b 22.60 ± 3.28b,c

T.1000.tri 100.00 ± 0.00 96.05 ± 1.07a 90.00 ± 1.62a 81.53 ± 5.37a 46.65 ± 7.40a 32.50 ± 8.50a
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T.500.tri. Significant higher rates are seen in T.500.di, T.500.tri and T.1000.tri at M4. At the last 

measurement, M5, significant differences between treated and control groups are observed.  

4.3.4 Values from physico-chemical parameters 

Physic-chemical data were obtained by IFREMER. Parameters were measured 1m above sea bottom, 

approx. the same height of cultured oysters, nearby Le Grand Banc. As noticed in Table 4-8, low 

survival rates are related to higher temperatures and salinity, as earlier mentioned in Literature 

Review. Dates of collection by IFREMER may slightly variate with dates of collection of this thesis. 

Other parameters show decreasing numbers. 

 

Table 4-8 Data of physico-chemical parameters obtained by IFREMER (2014).     

 

 

 Date Hour

Chloroph

yl a (µg/l)

Pheopigm

ents (µg/l)

NH4 

µmole/l

NO3+NO2 

µmole/l

PO4 

µmole/l

SIOH 

µmole/l

Temperature 

°C Salinity (ppt) O2 mg/l

29/01/2013 12:36:00 1,05 0,87 3,5 32 0,16 34 9,83 30,55 9,45

5/03/2013 10:43:00 1,34 0,29 2,1 18 0,18 18 9,2 31,71 9,29

18/04/2013 11:09:00 1,27 0,6 2 10 <0.1 14 14,47 31,81 8,28

4/06/2013 15:14:00 1,87 0,73 1,6 8,4 <0.1 10 16,05 32,67 8,23

16/07/2013 11:36:00 1,98 0,57 2,4 6,9 <0.1 10 20,36 33,07 7,64

30/08/2013 13:31:00 1,08 0,42 2,7 1,7 <0.1 8,9 21,13 34,21 6,8

6/09/2013 12:37:00 1,3 0,83 1,6 0,95 <0.1 8,1 21,64 34,42 6,48
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5 Discussion & Future Research 
 

Artemia experiments 

Results from axenic hatched Artemia experiments show significant differences between those groups 

challenged with Vibrios and non-challenged, meaning that there was a significant effect of the Vibrios. 

Also, substance N°5 had no significant effect on the impact of Vc and Vs while N°15 had a positive 

effect on survival when Artemia was challenged with Vc, but not with Vs. N°5 had thus no effect on 

Vc (in contrast with N°15) and Vs. Two additional experiments followed but then substance N°1 was 

used instead of N°5. N°15 was kept. Both experiments indicated that N°1 had positive survival effects 

on Artemia challenged with Vc and Artemia challenged with Vs.  N°15 had still no effect on Artemia 

challenged with Vs. The axenic experiments show that the three different substances had three 

different effects: N°1 had positive effects on Artemia challenged with Vc and Vs, N°15 Regarding to 

the non-axenic Artemia experiments, both N°1 and N°15 produced again significant results. A 

difference with the axenic experiments is that N°15 had a significant effect on Artemia challenged 

with Vs, although it was significantly less compared to N°1. A possible explanation for the different 

effects of the same substances in different circumstances is proposed by the Biofield Hypothesis which 

states that bioelectromagnetic information interacts with living systems in varies ways, depending on 

internal and external fluctuations. The effect of N°1 and N°15 depends here on the kind of water used 

or how the Artemia were cultured. Also, these results show that water can be electromagnetically 

charged with some kind of “information” meaning that water could be used as a carrier of 

“information” and that electromagnetic interaction occurs between living systems and objects, i.e. 

aluminium foil transferring information towards water.  

 

Oyster spat experiments 

Oyster spat Experiment 1 revealed that N°1 only had a significant effect 60h after challenge on spat 

challenged with 10^6 CFU/ml Vs. Why it did not have an effect 48h and 72h after challenge suggests: 

a) the spat has to adopt for a certain moment to the information; b) N°1 interacts slower or differently 

with spat compared to other animals such as Artemia; c) N°1 is not the ideal substance for spat 

challenged with Vs; d) after 60h the information is “consumed”. Again, the Biofield Hypothesis could 

provide an answer: N°1 interacts differently on the biofield of spat compared to Artemia.  

Experiment 2 indicates that after 36h, Vc has no remarkable effect. 48h after challenge, C differs 

significantly from C+10^7,implying that Vc starts to have a negative impact. However, N°1 does not 

differ from N°1+10^6 and N°1+10^7, meaning that N°1 has a positive impact. Further on, there is no 

significant difference between C+10^6 and N°1+10^6 and between C+10^7 and N°1+10^7 implying 

that Vc not yet produces a significant effect. Here too, a significant difference is remarked between N° 
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1+10^6 and C+10^6 60h after challenge. The same interpretations related to Experiment 1 about the 

working mechanisms of the substances could also be applied here. Additional bacterial plating showed 

that N°1 compared to Control significantly decreased multiplication of Vs at least until 48h after 

challenge. These results indicate that N°1 affects bacterial growth. Because of no significant 

differences between C+10^7 and N°1+10^7 at 60h after challenge, one could guess that N°1 is 

overwhelmed by the amount of bacteria: the impact of 10^7 CFU/ml is too much to neutralize. Despite 

a bacterial growth decline 72h after challenge, oyster spat population challenged with Vs has 

significantly decreased with at least 50% compared to the non-challenged groups. One could think that 

once oyster spat is affected and kept surrounded by an unhealthy environment, no possibility is created 

to recover, also when treated with N°1.   

 

Field experiment 

Regarding to growth, an increase in length was observed of at least approx. 400% up to approx. 700% 

from M0 (28 & 29 January 2013) until M5 (02 & 03 September 2013). It was also very clear that 

triploids have grown much faster compared to diploids at the end of the experiment. From M0 until 

M2 (16 & 17 April 2013) no remarkable differences were observed between Treated and Control, 

triploids and diploids, and  bags filled with 500 oysters and 1000 oysters. From M2 onwards a striking 

growth increase is displayed. At M3 (03 & 04 June 2013) no noteworthy differences are noticed. M4 

(15 & 16 July 2013) and M5 (02 & 03 September 2013) indicate obvious and significant differences 

between triploids and diploids, i.e. triploids had a higher increase compared to diploids. No differences 

are found between the Treated groups and Control, nor between bags with 500 oysters and 1000 

oysters. Treatment and amount of oysters had no effect on length.  

When looking at data from Weight, diploids differed already significantly from triploids at the 

beginning (M1). This was also the same at the end of the experiment (M5).  At M3 only C.1000.di is 

different from all the rest. When looking at M4, C.1000.tri, it differs significantly from C.1000.di. 

Again, neither treatment nor amount of oysters had an impact on weight gain.  

Considering Survival, numbers revealed significant higher rates in treated bags and bags with 1000 

oysters. Genetics had no impact. Increased mortality rates were accompanied with increased water 

temperatures (>16°C) and salinity. The other parameters showed decreasing values. 

 

As a conclusion, all these experiments show that EM information transferred from a certain substance 

to an object, has significant positive results. One substance is better than another, depending on the 

organism and circumstances. 

Regarding to experiments on experiments on Artemia, future research projects could variate from 

using feed and other pathogenic bacteria together with information derived from other substances. The 

same applies to experiments conducted with oyster spat. Tests with other aquatic organisms could also 

be done. In the field, results are subject to varying circumstances or stressors. Therefore, one needs to 
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have a good understanding of the environment in which the experiment will take place, which is not 

always possible due to sudden changing circumstances.   

It would also be interesting to study the interation between substances and biophoton emissions. 

 

Although the development of EM information from certain substances is still in the research phase, 

and will always be because of dynamic environments and changing characteristics of living and non-

living systems, it could be applied on a wide range of living organisms.  
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