
1 

 

 1 

The role of space weather and geophysical processes in behavioral  2 

studies 3 

Review 4 

Andras Halasz1* & Zoltan Toth2 5 

1 Hungarian University of Agriculture and Life Sciences, Institute of Animal 6 

Husbandry, 2100 Godollo, Pater K. str.1., Hungary 7 

2 StratoLab Ltd., Hungary 8 

*Corresponding author: halasz.andras@szie.hu 9 

ORCID: 0000-0003-2959-0924 10 

 11 

 12 

 13 

 14 

 15 

 16 

 17 

 18 

 19 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 March 2021                   

©  2021 by the author(s). Distributed under a Creative Commons CC BY license.

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 March 2021                   doi:10.20944/preprints202103.0222.v1

©  2021 by the author(s). Distributed under a Creative Commons CC BY license.

mailto:halasz.andras@szie.hu
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.20944/preprints202103.0222.v1
http://creativecommons.org/licenses/by/4.0/


2 

 

Summary 20 

Since the dawn of spaceflight research, scientists have been interested in the 21 

atmospheric, radiative and magnetic effects on living organisms. Animal behavioral 22 

studies also benefit from the latest findings, such as the neuroendocrine aspects of ion 23 

concentration or the connection between earthquake-generated extreme low 24 

frequencies and fight-or-flight responses. This review attempted to gather all aspects 25 

that might play some role in animal – partly human – behavioral reactions. 26 

Abstract 27 

Living organisms with developed endocrine systems react in a complex way to 28 

environmental changes. Changing atmospheric pressure causes different blood 29 

pressures or hormone levels; carcinogenic radiation modifies the structure of DNA. 30 

Charged particles and ions act as neurotransmitters and block certain types of protein 31 

channels and receptors. A high concentration of carbon dioxide has an indirect effect 32 

on both blood pressure and neuron activity. The bioelectric nature of living tissues 33 

highlights the complexity of the connection between the dynamic physical environment 34 

and biological systems. Recent results from studies on the interactions and connections 35 

mentioned above are reviewed in this paper. 36 
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Introduction 42 

“Everything is the product of one universal creative effort. There is nothing dead in 43 

Nature. Everything is organic and living, and therefore the whole world appears to be 44 

a living organism.” Lucius Annaeus Seneca 45 

Lifeforms on Earth follow the same rules of physics as any nonliving process. Our 46 

intention is to describe recent studies and their results that relate the operation and 47 

behavior of living systems with the physics of the cosmic environment of our planet. 48 

The idea of relating biology and physics has a long history. Efforts have been made to 49 

place biospheric and cosmic interactions into the theory of everything (Cochran, 1971); 50 

even quantum mechanics and biology are on the same stage (Marais et al., 2018). Deep 51 

theoretical physics attempts to find the Rosetta stone of the universe to connect general 52 

relativity with quantum physics and answer questions regarding black holes, black 53 

matter and multidimensions. String theory, based on the latter, anchors to the known 54 

universe with the help of biological structures such as mycelium networks or with 55 

nuclear pasta theory (Berry et al., 2016). Beyond the gloomy and hardly understandable 56 

theories, there are interesting interactions between the biosphere and environment. This 57 

review attempts to gather existing geophysical, biochemical and even genetic research 58 

starting from the cosmic level and going toward biospheric systems. 59 

Matrix of elements 60 

Living systems on Earth are exposed to several effects from interactions between solar 61 

activity (Graviou, 1978) and the geomagnetic field, galactic cosmic rays and 62 

electromagnetic phenomena caused by electric activity in the atmosphere. In addition 63 

to the effects mentioned above, piezoelectric phenomena coming from earthquakes can 64 

also affect living systems. Based on several different recent studies (Thornhill & 65 
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Talbott, 2007; Findlay, 2012), it is reasonable to suppose that the effects in question 66 

have more complex influences on the biosphere than previously thought. 67 

Solar corpuscular radiation (solar wind, by its popular name) consisting of protons and 68 

electrons interacts with the geomagnetic field. The latter, due to this interaction, serves 69 

as a shield for the terrestrial life, protecting life forms from those high energy particles 70 

as well as from the high energy nuclei of the galactic cosmic rays. Cosmic particles and 71 

the ionizing spectral range of solar electromagnetic radiation result in intensive 72 

ionization processes in the upper atmosphere in which the air becomes conductive; 73 

namely, a permanently ionized region is produced and is present in the upper part of 74 

the gaseous sphere around the planet, called the ionosphere. The altitude of the 75 

ionosphere’s lower boundary is variable and is determined by the intensity of solar 76 

activity. Ions are also present in the lower atmosphere due to ionizing solar and galactic 77 

cosmic particles descending to the lower atmosphere and to ionization from the 78 

radioactive materials included in the air and in the soil. Ions can coagulate on aerosol 79 

particles, producing so-called large ions. The complex system of atmospheric 80 

electricity below the ionosphere operates as a capacitor where, in certain cases, 81 

discharges occur that are controlled by atmospheric thunderstorm activity. Discharges 82 

(lightning strikes) operate as antennas and emit electromagnetic radiation in the range 83 

of radio waves. Since these radio waves propagate in the Earth-ionosphere waveguide 84 

that serves as a resonant cavity, standing waves are produced. Additionally, seismic 85 

activity can contribute to the atmospheric electricity processes with earthquake-86 

resultant piezoelectric activity. 87 

Recent studies (Lovelock & Margulis, 1974; Krumbein & Schellnhuber, 1992 88 

Lovelock, 2009; Halasz et al., 2016) propose that organisms interact with their 89 

inorganic environment to create a self-regulating system that is optimal for their own 90 
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requirements. A growing number of scientists believe that the link between the self-91 

regulating biosphere and the atmosphere is a two-way connection. Lovelock (2009) 92 

noted that CO2 and O2 concentrations in the atmosphere have changed because of the 93 

appearance of life, regardless of organic activity. Metabolic gases transform the 94 

atmosphere, but this process is intentional; Dawkins (1982) found that all organisms 95 

change their environment to survive. For example, cyanobacteria release a metabolic 96 

toxic byproduct called oxygen. Over time, oxygen accumulated in the atmosphere and 97 

provided a perfect niche for aerobic species. Lovelock (2009) adds that the 98 

accumulating oxygen made possible the emergence of photosynthetic plants, but the O2 99 

concentration never exceeded a certain level where spontaneous combustion could have 100 

been a serious threat. In other words, metabolic byproducts affect the environment but 101 

their levels do not reach a limit that would threaten their provider. Lovelock and 102 

Margulis (1974) attempted to define this self-regulating system, and they created the 103 

Gaia theory. They declared that there is a complex, bilateral relation between the 104 

biosphere and the physical environment. 105 

Along the Gaia theory, it is obvious that space-weather is one of the main drivers of 106 

atmospheric phenomena, including weather. Solar activity induces different changes in 107 

the upper and lower atmosphere. Studies began, a century ago, to find a closer relation 108 

between solar activity and the biosphere. Alexander Chizhevsky collected data 109 

regarding atmospheric changes since the 1930s (Chizhevsky, 1960). His results were 110 

cornerstones in modern space programs, especially in the field studying the link 111 

between cosmic radiation and living organisms. Later findings have also shown that the 112 

electric charge has an important role in cell division (Cone, 1971; Hart, 1983; 113 

Blackiston, McLaughlin, & Levin, 2009). It has been shown that a healthy body cell’s 114 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 March 2021                   Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 March 2021                   doi:10.20944/preprints202103.0222.v1

https://doi.org/10.20944/preprints202103.0222.v1


6 

 

surface is negatively charged, but on cancer cells, the negative potential decreases. With 115 

an additional negative charge (ions), lung cancer can be cured (Cone, 1971). 116 

Due to the celestial mechanical properties of the Sun-Earth system, seasons and cloud 117 

formation are indirectly defined (Serrano et al, 2006) on our planet. The Moon’s gravity 118 

is responsible for the tides and stabilizes Earth’s orbital tilt angle (Ward & Brownlee, 119 

2000). 120 

Four fundamental interactions, weak nuclear, strong nuclear, gravitational and 121 

electromagnetic, alter the biosphere. As Völgyesi (2010) suggested, the Sun’s gravity 122 

has an influence on every planet’s tidal forces, in addition to influencing normal 123 

planetary orbits in the Solar System. According to Völgyesi, the terrestrial gravitational 124 

field is fluctuating, and because of Earth's irregular shape, called a “geoid”, organisms 125 

live in different gravitational conditions in, for example, South America than in Europe 126 

(Nickerson et al., 2004). 127 

Magnetosphere 128 

Earth's magnetosphere protects organisms (Dartnell, 2011) from powerful cosmic rays 129 

and solar wind. The extent and strength of the magnetosphere depends on the activity 130 

of Earth’s molten core (iron and nickel), referred to as the dynamo effect (Völgyesi, 131 

1982). The gravity of the Sun and Moon continuously alters the molten core and the 132 

entire lithosphere. 133 

Solar wind, magnetosphere and ionosphere 134 

The magnetosphere is an invisible protective field between the Earth and the Sun. 135 

The ionosphere is the region of the upper atmosphere that is ionized by both the 136 

electromagnetic radiation and corpuscular radiation of the Sun. The ionosphere 137 
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accumulates from electrons, ionized atoms and gas molecules. The solar wind acts like 138 

a cosmic fan and continuously “blows” the Earth’s magnetosphere; consequently, the 139 

lower boundary of the ionosphere moves downward. Because of the solar wind pressure, 140 

the symmetrical magnetosphere is compressed into an asymmetrical form, creating 141 

lobes called the “magneto-tail”. Each month, the Moon passes through this “magneto-142 

cone” three days before and three days after the full moon. During this period, the 143 

surface of the Moon is extremely exposed to solar wind, and high-energy, charged 144 

particles (electrons, protons, alpha particles) reach its surface. The impacting particles 145 

kick up the powder-fine lunar dust (regolith), which became a thin, floating layer 146 

because of the low gravity. Charged dust in other planets’ atmospheres has not yet been 147 

detected, so this phenomenon may be unique in our solar system (Horányi et al., 2015; 148 

Stubbs et al., 2011). 149 

Magnetism 150 

Begall et al. (2008) examined ruminating and resting cattle and deer with the help of 151 

satellite images and aerial photographs. They observed that these animals graze parallel 152 

with the magnetic north-south lines. The research was based on satellite imagery 153 

combined with longitudinal vectors ignoring the antero-posterior axis. The animals 154 

were observed on level ground, far from water troughs and human settlements. In the 155 

Northern Hemisphere, westerly winds dominate due to the Coriolis force, while in the 156 

Southern Hemisphere, southeast winds dominate. Therefore, wind does not have a 157 

major impact on animal orientation in the north-south direction. The glare of the sun 158 

may confuse the animals; in these cases, images were removed from the sample. The 159 

low position of the Sun may force the animals to turn away, but the test images were 160 

recorded when the Sun was at a high position (short shadows). Cattle graze against the 161 
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wind and try to stand perpendicular to the angle of incidence of the sun on cold days 162 

(Olson & Wallander, 2001). 163 

Electromagnetic radiation 164 

Electromagnetic radiation, such as UV radiation, the gamma component of radioactive 165 

radiation and infrared radiation, affects living organisms and their neuroendocrine 166 

systems (Hainsworth & Rivera-Chira, 2007). 167 

UV radiation is antibacterial and interacts with vitamin formation; additionally, it is a 168 

primary energy source of ionization in the ionosphere. 169 

Ozone (O3), nitric oxide (NO), oxide (O2-) and carbon dioxide ions (CO2
+) are basic 170 

products of UV bombardment and modify the neurotransmitter reuptake process 171 

(Pfeifer & Sulman, 1969). Because of the high-energy photons of UV radiation, it 172 

deprives a large quantity of neutral molecules and atoms from their electrons. In this 173 

sense, radiation may indirectly affect behavior. 174 

Visible light affects on/off clock genes at the optic nerve and regulates the circadian 175 

cycle of animals (Nagy, 2010). 176 

Charged particles and behavior 177 

Ionized air is essential for healthy breathing and gene expression (Chizhevsky, 1960; 178 

Soyka, 1977). Ions are charged particles and are thus capable of binding to membrane 179 

proteins. Through a complex process, negatively charged oxygen molecules accelerate 180 

the serotonin reuptake process (Bagdy, 2012; Krueger, R.F., & Smith, 1960), while 181 

positively charged carbon ions inhibit the process. One of the serotonin reuptake 182 

proteins is the serotonin transporter (SERT). This channel protein changes its 183 

conformation when free serotonin, Na+ or Cl- ions bind to it. Normal serotonin transport 184 
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passes through the body from the synapse via this binding mechanism (Kalueff & 185 

LaPorte, 2010). If this protein "pump" is not working properly, serotonin accumulates 186 

in the synapse and causes behavioral changes. Nelson & Rudnick (1982) found that 187 

serotonin cations and Cl- ions enter together into the axon, and the process is 188 

electroneutral. The synaptic serotonin level affects SERT activity and is closely related 189 

to the charge conditions. 190 

In the atmosphere, both negative and positive ions are present, but radioactive minerals 191 

and gases (radium, uranium, radon), cosmic rays, lightning, wildfires and high-voltage 192 

power lines modify their concentrations (Cote, 2003; Komov, 2003; Lee, 1993; Serrano, 193 

Reis, Rosa, & Lucio, 2006; Wahlin, 1989). Evaporating water increases the ratio of 194 

negative ions. The latest research suggests that negative environmental impacts directly 195 

promote or inhibit certain recessive gene expressions. For instance, a serotonin 196 

transporter protein (SLC6A4) is frequently expressed due to a stressful lifestyle (Bagdy, 197 

2012). An insufficient concentration of serotonin transport proteins leads to a 198 

depressive mood (Phelps, 2005). External stressors (lack of food, high temperature) 199 

have immediate effects on serotonin transport and significantly determine an animal's 200 

mood and stress tolerance. Adams et al. (2012) noted that warm-blooded animals 201 

produce serotonin from tryptophan in the brain in the presence of stressors. During live 202 

animal transport, serotonin levels increase while tryptophan and cortisol levels remain 203 

unchanged. Ninety percent of serotonin is synthetized and stored in the intestine, and 204 

stress triggers the release of serotonin into the bloodstream. Moya et al., (2013) showed 205 

that beef cattle can be reliably tested for cortisol (from hair samples), which is strongly 206 

dependent on the serotonin level. 207 
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Bartošová et al., (2012) observed that the eye gland in ruminants opens and closes 208 

depending on the stress level of the ruminant. They concluded that during animal 209 

handling, eye gland activity could be a good indicator of the stress level. 210 

Crespi, (2010) explains that serotonin affects microtubular protein synthesis in the 211 

cytoskeleton. His research opens the discussion regarding the effect of decreasing 212 

serotonin on neural plasticity, highlighting that mood regulation is a complex 213 

neuroendocrine physiological process. 214 

Infrasound waves, piezoelectricity and Schumann resonance 215 

Seismic activity provides extremely low-frequency (ELF) electromagnetic (EM) 216 

radiation (Schumann resonances 0-45 Hz) in the forms of piezoelectricity and 217 

infrasound. 218 

Prof. Ikeya (Ikeya et al., 1997) introduced an electromagnetic (EM) model that might 219 

describe the relation between piezoelectric-induced ELF EM and atmospheric 220 

disturbances (earthquake clouds). Based on the research of Rikitake (1994), Hayakawa 221 

(2013) confirmed that ELF EM prior to earthquakes played a primary role in abnormal 222 

animal behavior, especially in small mammals (rats, mice, hamsters) and lizards. 223 

Cherry (2003) stated that geomagnetic and solar activities are correlated with serotonin 224 

and melatonin levels. The evidence relates to a comparison of the optimum melatonin 225 

level and the mean Schumann resonance signal strength. The human brain has 226 

developed an ELF oscillating ion system, primarily using calcium ions, to control 227 

neurotransmitters (Adey, 1990). It is well established (Blackman, 1990) that external 228 

electromagnetic ELF signals induce altered neuron calcium ion effluxes in brain tissue. 229 
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All the above correlations suggest that piezo-induced EM radiation has biological 230 

effects (Reed et al., 1993). 231 

Epigenetics 232 

The latest epigenetic studies suggest that negative environmental effects directly 233 

promote or inhibit the expression of certain protein variants. The short transcript variant 234 

of the serotonin transporter protein coding gene (SLC6A4) is expressed more often as 235 

a result of a stressful lifestyle (Bagdy, 2012). Insufficient concentrations of the 236 

serotonin transporter protein cause synaptic fatigue or depression, which then lead to 237 

agitated behavior (Phelps, 2005). 238 

CO2 and radon 239 

Beyond the effects of charged particles, the latest research (Pavlik, 1967) has 240 

discovered new pathways to biometeorological interactions (Juutilainen & Lahtinen, 241 

1985). For instance, radioactive radon gas and atmospheric CO2 have vasodilation 242 

effects on veins (MD. Nagy, 2008). This process takes place in smooth muscle cells 243 

within vessel walls, and there is a positive correlation between CO2 concentration and 244 

vascular resistance. Recent research (Fathi et al., 2011) found that CO2 has a similar 245 

mechanism of action to nitric oxide (NO) as a cardiovascular signaling molecule. 246 

Conclusion 247 

Recent studies have allowed for a deeper understanding of molecular interactions, 248 

membrane transport, and even protein synthesis based on fundamental laws of physics. 249 

Studies based on empirical experiments have proven that animals (especially soil 250 

dwellers) are able to detect specific precursors of earthquakes. We do not understand 251 

the whole biophysical process behind this result, but the inclusion of animal behavior 252 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 March 2021                   Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 March 2021                   doi:10.20944/preprints202103.0222.v1

https://doi.org/10.20944/preprints202103.0222.v1


12 

 

is common in earthquake prediction models. Magnetism-influenced behavior is also 253 

observed. Understanding the mechanism of magnetism-influenced behavior at the 254 

biophysical level could be useful in animal housing, ecological observations or human 255 

medical research. Interactions between fields, atoms and complex living tissues suggest 256 

that we need to train our thinking, from time to time, as: 257 

“Science is a way of thinking much more than it is a body of knowledge.” Carl Sagan 258 
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