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As the simplest free-living animal, Trichoplax adhaerens (Placozoa) is emerging as a powerful paradigm to decipher molecular and cellular bases of behavior, enabling integrative studies at all levels of biological organization in the context of metazoan evolution and parallel origins of neural organization. However, the progress in this direction also depends on the ability to maintain a long-term culture of placozoans. Here, we report the dynamic of Trichoplax cultures over 11 years of observations from a starting clonal line, including 7 years of culturing under antibiotic (ampicillin) treatment. This study revealed very complex population dynamics, with seasonal oscillation and at least partial correlations with the solar radio emission flux and the magnetic field disturbance parameters. Notable, the analysis of the distribution of Fe2+ in living animals revealed not only its high abundance across most cells but also asymmetric localizations of Fe2+ in unidentified cells, suggesting that these Fe2+ intracellular patterns might be coupled with the animal’s bioenergetics. We hypothesize that placozoans might have magnetoreception, which can be experimentally tested in future studies. In sum, Trichoplax, in particular, and Placozoa, in general, can be viewed as prospective reference species in traditional evolutionary and system biology but have the yet unexplored potential for planetary ecology and space biomedicine.
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1 INTRODUCTION
Placozoans are one of the most ancient branches of metazoans. These animals have a simple bodyplan with a dozen of cell types (Smith et al., 2014). The phenotypic similarity of placozoan haplotypes and species provides the dissonance between nearly identical morphological architectures and substantial genetic distances when comparing their genomes (Srivastava et al., 2008) and transcriptomes. Mechanisms of complex behavior repertoirs with elements of social interactions between individuals (Kuhl and Kuhl, 1963; Kuhl and Kuhl, 1966; Seravin and Karpenko, 1987; Seravin and Gudkov, 2005a; Seravin and Gudkov, 2005b; Eitel and Schierwater, 2010; Eitel et al., 2013; Smith et al., 2015; Senatore et al., 2017; Armon et al., 2018; Zuccolotto-Arellano and Cuervo-González, 2020; Zhong et al., 2023) requires a detailed comparative analysis of cellular and system features, ideally for all proposed placozoan species/haplotypes (Miyazawa et al., 2012; Eitel, 2010; Eitel et al., 2013; Aleshin et al., 2004; Miyazawa et al., 2021; Schierwater and DeSalle, 2018; Tessler et al., 2022). However, whether there are species-specific growth dynamics is still an open question; and this information can be essential for taxonomy and speciation.
Placozoa inhabit temperate to tropical latitudes (Ueda et al., 1999; Signorovitch et al., 2006; Pearse and Voigt, 2007; Eitel and Schierwater, 2010; Nakano, 2014), preferring calm coastal waters over a wide range of salinities (Pearse, 1989), depths (Eitel et al., 2013), pH (Schleicherová et al., 2017; Schierwater, 2005; Schierwater et al., 2010), and temperatures (Pearse, 1989). The animals are bottom dwellers on substrates of a mixture of bacteria and algae (Grell, 1972; Ruthmann, 1977; Signorovitch et al., 2006; Seravin and Gerasimova, 1998; Jackson and Buss, 2009; Smith et al., 2014). At present, the ecological niches and exact food sources for Placozoa are only loosely defined. Pearse and Voigt (2007) suggested that Placozoa in tropical and subtropical areas feed by consuming organic detritus, as well as algae and bacteria that form biofilms on corals and rocky bottoms.
Today, most experimental work on Placozoa is carried out under conditions of culturing, comparable to their natural microenvironments in biotopes: photoperiod or climate control at 6:18 h, temperature of 22–24° Celsius in Petri dishes (Heyland et al., 2014; Romanova et al., 2022; Romanova et al., 2024). Since in situ observations on placozoans are difficult to perform, there are small numbers of identified environmental parameters in their natural habitats.
It has been shown that, depending on the quality and quantity of the substrate, animals can exhibit three patterns of population dynamics under cultured conditions (Romanova et al., 2022): 1) with a sufficient density of microalgae, animals are capable of dividing once a day or two, 2) with a lack of food substrate, a decrease in the animal biomass and body sizes had been observed, and asexual reproduction might be suppressed, 3) a significant increase in the biomass of animals and the appearance of aggregations of animals in Petri dishes occurred on a thick substrate of green algae T. marina, as the primary food source.
Assessing the population size is straightforward since animals reproduce asexualy, gaining biomass in cell culture (Okshtein, 1987). Sexual reproduction in laboratory conditions has been rarely observed, and only early stages of development (up to 128 cells) have been reported (Eitel et al., 2011). Given a high animal density and food scarcity as possibe indictor of embryo formation (Eitel et al., 2011), sexual reproduction may not contribute to population growth in laboratory conditions.
Long-term culturing in laboratory conditions, as well as field observations, have shown that there is a seasonal dependence on the number of individuals in populations over the years (Ueda et al., 1999; Maruyama, 2004; Pearse and Voigt, 2007), related to changes in illumination, temperature, and chemical parameters of the environment such as acidity (Schleicherová et al., 2017). And in natural conditions population dynamics might be associated with complex biofilm dynamics, light and temperature gradients, as well as tides and hydodynamics (Pearse and Voigt, 2007).
Here, we report the seasonal changes in population growth rates of Trichoplax adhaerens (Placozoa) under constant temperature conditions over an 11-year observation period from January 2014 to December 2024.
2 MATERIAL AND METHODS
2.1 Culturing of placozoans
We used axenic clonal cultures of the major placozoan reference species: Trichoplax adhaerens (Grell’s strain Н1, from the Red Sea). We maintained all populations in culture for 11 years (2014–2024), allowing long-term observations and adjustments of culture conditions (Romanova et al., 2022; Romanova et al., 2024).
A suspension of the green alga Tetraselmis marina (WoRMS Aphia, ID 376158) was added to the culture dishes. When the biofilm of microalgae became thinner or depleted, freshly prepared 1–2 mL suspension of T. marina could be added to the culture dishes weekly (∼6.5 × 106 cells of T. marina per 1 μL). H1 haplotype was maintained at the two environmental chambers. The first option is a room with controlled ventilation, constant temperature (24°), and humidity (∼70%), natural light (comes from windows). The second option is a climate chamber (#B3, Europolitest), with a photoperiod of 6:18, lighting of 400 lux, and temperature of 24°C.
Under long-term culturing, animals usually divided every 1–2 days without signs of sexual reproduction (Malakhov, 1990; Zuccolotto-Arellano and Cuervo-González, 2020).
2.2 Individual treatment with antibiotics
Trichoplax might contain potentially symbiotic bacteria in fiber cells (Driscoll et al., 2013; Kamm et al., 2019). To control levels of potential bacterial endosymbionts and their effect on culturing dynamics, we used treatment with different antibiotics [ampicillin (5 μg/mL), doxycycline (1.25 μg/mL)]. Three groups are: control clonal line (CCL), ampicillin clonal line (ACL), and doxycycline clonal line (DCL).
To control the efficiency of antibiotic treatments, total DNA from individual animals was extracted using a silica-based DiaTom DNAprep 100 kit (Isogene, Moscow, Russia) according to the manufacturer’s protocol. Amplification was performed using EncycloPlus PCR kit (Evrogen, Moscow, Russia) with the following program: 95°C – 3 min, 35 cycles of PCR (95°C – 20 s, 50°C – 20s, 72°C – 1 min), and 72°C – 5 min. We have used universal forward primer 27F (AGA GTT TGA TCM TGG CTC AG) and specific reverse primer 449R (ACC GTC ATT ATC TTC YCC AC). The reverse primer was designed against 16S RNA of Rickettsia belli (NR_074484.2) and sequences from Trichoplax DNA were obtained through NCBI Trace Archive Blast using NR_074484.2 as the query. After 6 months of ampicillin treatment, the markers of Rickettsia were not detected.
2.3 F10.7 and ap indices
The solar activity index is the radio emission flux F10.7 with a wavelength of 10.7 cm (2,800 MHz). It is measured in solar flux units: 1 s.f.u. = 10−22 W/(m2*Hz). The data are presented as observed values measured by a solar radio telescope (https://www.ngdc.noaa.gov/stp/solar/solar-indices.html).
The Kp index characterizes the global disturbance of the Earth’s magnetic field in a three-hour time interval. The Kp index is defined as the average value of the disturbance levels of two horizontal components of the geomagnetic field observed at 13 selected magnetic observatories located in the subauroral zone between 48 and 63° north and south geomagnetic latitudes. The ap index is calculated from the Kp index values and represents the change in the most disturbed element of the magnetic field D or H in a three-hour time interval at mid-latitude stations. The ap index is called the planetary amplitude in a three-hour interval. The ap index varies in the range from 0 to 400 and represents the Kp values converted to a linear scale in nanoteslas (nT), which shows the equivalent amplitude disturbance at the station.
The correlation results presented in this paper rely on geomagnetic indices made available by ISGI Collaborating Institutes from data collected at magnetic observatories. We thank the involved national institutes, the INTERMAGNET network and ISGI (isgi.unistra.fr).
2.4 Statistical analysis
For population growth rate (PGR) experiments, we cultured axenic lines of H1 haplotype at constant temperature (24°С) and natural light in environmental chambers for 11 years. PGR, locomotion, number of individuals, and occurrences of aggregates were monitored every third day at the same time as counts of animals.
We used the Statistica software 7.0 (Afifi et al., 2003). The Kolmogorov-Smirnov criterion was used to test a hypotheses about cut belongings of parameter samples. The Spearman rank correlation test and the Pearson goodness-of-fit test were used to study the correlation between samples. These methods were applied both to cut samples as a whole and their grouping for animals of control, ampicillin, and doxycycline clonal lines. To detect differences between groups, Kruskall-Wallis ANOVA was used to compare all three samples simultaneously, and Mann-Whitney U-test was used to compare pairwise samples.
To make cut lines on the graph smoother and easier to perceive, as well as to show longer trends in cut changes in number of animals, ap and F10.7 indices, a moving average over a fixed number of observations of size 5 for each cup was shown. This number was chosen for the reason that a smaller window size did not significantly change the resulting image, and larger sizes had a noticeable effect on the amount of total displayed data. To find confidence intervals, the variance and standard deviation in numbers of animals, ap and F10.7 indices over a 5-day interval for each cup were calculated, and median values were found. The boundaries of the confidence interval were calculated as the sum and difference of the median and the standard deviations.
For visualizing and plotting, we used Pandas, Matplotlib, and Seaborn in a Python environment by Anaconda-Navigator (JupiterLab).
2.5 Staining
Before fixation, a dozen of individuals were allowed to settle on the bottom for one hour in 35 mm Petri dish. Then we add 0.5–1 µL of 1 mM HMRhoNox-M dye (#3317-50 μg, LumiProbe, Russia) in one hour. Fixation was achieved by gently adding 30 µL of 0.25% glutaraldehyde in artificial seawater (ASW) at room temperature for 10 min. Next, preparations were washed in phosphate buffer solution (0.1 M, pH = 7.4) three times (20 min) and mounted on a slide using Prolong gold antifade reagent with DAPI, and stored in the dark at 4°C. The samples were examined using a laser confocal Cerna-based microscope (Thorlabs, United States). Image processing was carried out using ImageJ software.
3 RESULTS
3.1 Long-term culturing for eleven years
The analysis of animal population growth rates (PGR) from 2014 to 2024 showed unspecified oscillation in the dynamics of Trichoplax populations for the optimized culture protocol (Figure 1A; Supplementary Table S1). Weekly, freshly prepared 1–2 mL suspension of T. marina was be added to the culture dishes. Throughout the observation period, animals were kept under uniform conditions: constant temperature of 24°C, natural illumination, shaded from direct sunlight, regular change of artificial seawater (twice a week). Population dynamics showed repetitive changes for annual (Figure 2A) and monthly (Figure 2B) intervals.
[image: Figure 1]FIGURE 1 | 11 years of long-term culturing of placozoans. (A) Photo of Trichoplax adhaerens, H1 haplotype (B) Mode 1: stable population growth rate under culture condition. (C) The number of Petri dishes (earch dot represents one dish, colors mark different years) as used in the study. (D) Oscillations of the population growth (meant +/− standard errors) under three exparimental conditions (control/CCL, ampicillin/ACL, and doxycycline/DCL). See details in Supplementary Table S1. (B) modified from Romanova et al. (2022).
[image: Figure 2]FIGURE 2 | Annual and monthly population dynamics during long-term cultivation of Trichoplax adhaerens. (A) Long-term culturing from 2014 to 2024 (up to December). Oscillations of the population growth (meant +/− standard errors); continuous error bands are a graphical representation of error or uncertainty shown as a shaded region around a main trace (upper purple line in the gradient graph (the same in in Figure 1D) in gradient graph). (B) Dynamic of culturing during January-February 2024. On the graph: all colors–sequential Petri dishes, horizontal line for every dish is mean values of animals’ count (mean +/− standard error).
3.2 Antibiotic clonal lines
Antibiotic tests were chosen as additional parameters to detect long-term changes in the PGR dynamics of Trichoplax relative to the external and internal microbiomes, and theirs potential impacts on structures of placozoan’s populations. Long-term observation data for the test groups with ampicillin and doxycycline showed an increase in the growth of the number of animals relative to the control (Figure 2).
There is a statistically significant difference both for the sampling over all years (p < 0.001 in K-W ANOVA, p < 0.001 in M-W U-test between all groups) and for each year separately: from 2018 to 2023 between the control and ampicillin groups (p < 0.001 in M-W U-test), between the control and doxycycline groups in 2017 (p = 0.011) and 2018 (p < 0.001), as well as between the ampicillin and doxycycline groups in 2018 (p = 0.017). In 2017 and 2024, no statistically significant differences were found between the number of animals in the control and ampicillin groups (p = 0.665, p = 0.767, respectively). Statistically significant mounthly differences between the control and ampicillin were found in 53 months out of 85 (Supplementary Table S2): 3 out of 4 months in 2017, 9 out of 12 months in 2018, 5 out of 12 months in 2019 and 2020, 8 out of 12 months in 2021, 7 out of 12 in 2022, 9 out of 12 in 2023, 7 out of 9 in 2024 (p < 0.05, M-W U-test). The descriptive statistics parameters (Median, [LQ, UQ]) for animals in the control group are 52, [23; 112], while for animals of the ampicillin group – 95, [30; 220] with the number of observations being 9203 and 4419, respectively.
Based on the fact that the groups with ampicillin and doxycycline have an increase in the growth compare to the control group, combined with the presence of statistically significant differences between the groups, we can assume that populations treated with ampicillin and doxycycline are more stable, due to the suppression of both external microbiomes and symbionts.
3.3 Potential planetary-scale factors and population dynamics
Here, we noted potential correlations of the observed long-term culture dynamics with the intensity of solar activity factors and disturbance of the magnetic field of Earth (i.e., the ap and F10.7 indices) similar to reports on other organisms (Häder, 2000; Deng et al., 2018; Neale and Thomas, 2016). According to the Kolmogorov-Smirnov criterion, the values of PGR data and the ap and F10.7 indices are not normally distributed at a significance level of <0.01. The Pearson correlation coefficient between the ap and F10.7 indices was equal to 0.27 at a significance level of p < 0.001, which hints a potential tendency for a joint increase or decrease in the values of these parameters (Figure 3).
[image: Figure 3]FIGURE 3 | Decade of oscillation in population growth rate (PGR) (control group). (A) Long-term culturing of control clonal individuals for 11 years (dot represent numbers of animal per a dish). (B) Dynamic of PGR for normal clonal live and antibiotic treatment groups with ap and F10.7 indices (blue and red lines respectively). (C) Pearson scatterplot for the observable solar F10.7 index versus numbers of placozoans. (D) Pearson scatterplot for the ap index versus numbers of placozoans. (E) Numbers of animals in the individual Petri dishes during 2024 overlaped with data of ap index for the current period.
Pearson correlation coefficients between the number of animals and the ap and F10.7 indices were equal to −0.05 (p< 0.001) and −0.03 (p = 0.004), which indicates a statistically significant weak negative effect of high values of these parameters on the number of animals. Spearman correlation coefficient between the total number for 11 years and the F10.7 index was equal to −0.06 (p < 0.001), which also indicates a statistically significant weak negative effect of high values of this parameter on the growth of the number of animals, while the correlation coefficient of the ap index is equal to 0.014 (p = 0.193). The values of the correlation coefficients between the number of animals and the ap index in the annual analysis have low levels of reliability. However, when comparing data by months and weeks of observation between groups, statistical reliability has a support at the corridor of values of p < 0.05–0.001. The low levels of reliability of the correlation coefficients between the number of animals and the ap index in the annual analysis and the levels in the study by month and weeks might be observed due to the fact that the values of the ap index differ greatly between years of observation, and slightly differ between weeks and months.
When we grouped the datasets by the ap index, the influence of the F10.7 index on the number of animals changes from negative to positive with an increase in the ap index values: the Pearson correlation coefficient is −0.112 (p = 0.116) for the range of 0–2 nT; −0.12 (p < 0.001) for the range of 2–4 nT; −0.11 (p < 0.001) for the range of 4–6 nT; −0.115 (p < 0.001) for the range of 6–8 nT; −0.043 (p = 0.113) for the range of 8–10 nT; 0.088 (p = 0.024) for the range of 10–12 nT; 0.129 (p = 0.007) for the range 12–14 nT and 0.049 (p = 0.112) for the range >14 nT. This implies a statistically significant negative correlation of solar activity at low values of the ap index, and a possible positive impact at average values.
The effect of the ap index on animal abundance also varies, showing a negative impact at low and high values of the radiation flux and a positive one at medium values: at solar activity values equal to 60–80 s.f.u. (−0.061 at p < 0.001), 80–100 s.f.u. (−0.116 at p < 0.001), 100–120 s.f.u. (−0.075 at p = 0.026) and 200–220 s.f.u. (−0.075 at p = 0.797). For the range of radiation flux values of 120–140 s.f.u. (Pc = 0.002 at p = 0.955), 140–160 s.f.u. (Pc = 0.086 at p = 0.003), 160–180 s.f.u. (Pc = 0.336 at p< 0.001) and 180–200 s.f.u. (Pc = 0.042; p < 0.001), the Pearson correlation coefficients were calculated. This can be infered as statistically significant negative correlation of magnetic field disturbances at low and high values of the solar radio flux, as well as a positive effect at average values.
The Spearman correlation coefficient for groupings between the number of animals and solar activity for grouping geomagnetic activity was −0.048 (p = 0.502) for the 0–2 nT group, −0.137 (p < 0.001) for the 2–4 nT group, −0.141 (p < 0.001) for the 4–6 nT group, −0.079 (p = 0.001) for the 6–8 nT group, −0.031 (p = 0.254) for the 8–10 nT group, 0.086 (p = 0.028) for the 10–12 nT group, 0.193 (p < 0.001) for the 12–14 nT group, and 0.039 (p = 0.209) for the >14 nT group. This implies a statistically significant negative correlation of solar activity at low values of the ap index, and a positive correlation at average values.
The Spearman correlation coefficient for groupings between the number of animals and the ap index with the grouping index F10.7 was −0.033 (p = 0.055) for the 60–80 s.f.u. group, −0.118 (p < 0.001) for the 80–100 s.f.u. group, 0.023 (p = 0.499) for the 100–120 s.f.u. group, 0.042 (p = 0.192) for the 120–140 s.f.u. group, 0.09 (p = 0.002) for the 140–160 s.f.u. group, 0.393 (p < 0.001) for the 160–180 s.f.u. group, 0.136 (p = 0.007) for the 180–200 s.f.u., 0.35 (p < 0.001) for the 200–220 s.f.u. group and 0.055 (p = 0.55) for the >220 s.f.u. group. This suggests negative correlation of magnetic field disturbances at low values of the solar radio flux, as well as a positive correlation at average values. Thus, we can hypothesize that there is a negative correlation of low values of the F10.7 index on population growth in Trichoplax, and a positive correlation at average values, and the correlation of the ap index is positive at average values, and negative at low and high values.
When studying the scatter diagrams, two peaks in the number of animals are observed—at low and medium-high values of the F10.7 index: 60–80 s.f.u. (Sp. R = −0.044 (p = 0.012)) and 140–160 s.f.u. (Sp. R = −0.067 (p = 0.021)); and a sharp decline at very high values of the F10.7 index: 200–220 s.f.u. (Sp. R = −0.108 (p = 0.096)) and >220 s.f.u. (Sp. R = −0.06 (p = 0.479)). For the ap index, the peak in abundance is observed at its average values: 8–10 nT (Sp. R = 0.026 (p = 0.304)), 10–12 nT (Sp. R = -0.043 (p = 0.22)), 12–14 nT (Sp. R = 0.126 (p = 0.001)) and 12–14 nT (Sp. R = 0.215 (p < 0.001); declines in abundance occur at very low and very high values: <2 nT (Sp. R = −0.014 (p = 0.939)), 2–4 nT (Sp. R = −0.002 (p = 0.937)), >20 nT (Sp. R = −0.1 (p = 0.059)).
Based on the results obtained, we can suggest that the influence of the F10.7 index on population growth in Trichoplax would be negative at low values and positive at average values, and the influence of the ap index is negative at low and high values and positive at average values. Therefore, we can hypothesize that an optimal range of values of the F10.7 and ap indices potentially contributing to population growth in Trichoplax, and the values of the indices are approximately as follows: F10.7–140–200 s.f.u., ap – 10–16 nT.
3.4 Fe2+-selective staining of individuals
To initially assess the cellular bases of possible geomagnetic effects, we used a Fe2+-selective fluorescent indicator to visualize the distribution of iron ions in lysosomes (Lv and Shang, 2018; Hirayama et al., 2019). Figure 4 shows widespread labeling with the dye, suggesting the abundant and broad distribution of Fe2+ across most cell types. The most intense labeling was observed in the “digestive” zone, where lipophilic, secretory, and glandular cell types, involved in the nutrition process, are located. The edge of the epithelium zone was stained significantly less than the “digestive” zone. Finally, for large, unidentified cell types, we detected asymmetrical localization of Fe2+ (Figure 4B); labeling occurred outside nuclei as an organelle-like localization, similar to the morphology of crystal cells (although these were not crystal cells).
[image: Figure 4]FIGURE 4 | Fe2+-selective staining in Trichoplax. (A) Top view Red: HMRhoNox-M, blue–DAPI. (B) Focus on upper epithelia with large inclusions, and damaged rim [high magnification, see (D)]. (C) Middle layer focus with microcavities. (D) Rim area: epithelial cells with fluorescent signal inside. (E) The part of damaged rim epithelium: some cells show assymetric distribution of fluorescent signal location. White arrows point to areas of inclusions presumably enriched in Fe2+. Scale bar: (A)-100 µm, (B)-20 µm, (C)-50 µm, (D, E) – 10 µm.
4 DISCUSSION
Since placozoans are an integral part of marine ecosystems (Schierwater et al., 2010; Schierwater et al., 2021; Nakano, 2014) and involved in benthic food chains, it is important to assess the parameters associated with the growth of animal populations. Any population has internal and external factors that impact its structure and survival, such as seasonal temperature fluctuations, oceanic currents, dynamics of biogenic micro- and macroelements, and even solar activity (Chizhevsky, 1976; Ranta et al., 1997; Kravchenko et al., 2006). It was also reported that temperature and pH could significantly affect the physiology of placozoans (Schleicherová et al., 2017; Schierwater, 2005; Schierwater et al., 2010), and algal substrates can modulate the behavior of both individual animals and the population as a whole (Romanova et al., 2022).
Under favorable conditions, animals divide every 1–2 days (Heyland et al., 2014; Romanova et al., 2024; Okshtein, 1987). Such a steady increase in cell numbers (due to mitosis) and size of Trichoplax following subsequent asexual reproduction by division is an excellent model for assessing the growth of an animal population under long-term influences influence of external factors. Here, the use of standardized, well-controlled parameters allowed us to reveal complex oscillations in population growth, with potentially dynamic regulation of the number of individuals during monthly, seasonal, and annual observation periods over eleven years (2014–2024, Supplementary Figures S1, S2, S4). Notable, the evident correlation between the population growth in placozoans and solar activity can be depicted from long-term observations independently performed by Maruyama (Maruyama, 2004); see Supplementary Figure S3 for details.
Wave-like dynamics of the number of Trichoplax under constant cultivation conditions allowed us to consider additional external factors potentially influencing the animal population growth. We hypothesize that two external factors have effects on the PGR - the solar radio emission flux with a wavelength of 10.7 cm/2,800 MHz (by index F10.7) and the magnetic field disturbance parameter in a three-hour time interval (by ap index) with a degree of reliability when analyzing the studied groups within each year of observation. This should be a subject of careful future investigations. Ideal controls, in the future, can be performed in magnetic chambers or as another long-term project at different geographic locations, ideally with international collaboration.
In the quest for the potential presence and mechanisms of magnetoreception in placozoans, we found that the highly selective indicator for Fe2+ revealed the abundance of iron in nearly every placozoan cell, with the predominant localization in the digestive zone. Some links to the physiology of Placozoa might be associated with endosymbiotic bacteria (Kamm et al., 2019), again to be investigated in the future.
It is known that bacterial cells can have magnetosomes, which are organelles made of magnetite (Fe3O4) or greigite (Fe3S4) with a phospholipid bilayer and associated proteins MamK/MamY, Ccfm (Pfeiffer et al., 2020; Liu et al., 2024). According to this hypothesis about the nature of magnetosomes, they might be associated with vesicles as a storage system for ferrous iron ions (Lv and Shang, 2018) and serve as a potential exaptation to sense magnetic fields. Whether such a system exists in endosymbiotic bacteria or specialized cells of placozoans needs to be determined in future studies.
5 CONCLUSIONS AND FUTURE DIRECTIONS
We report the complex oscillations within Trichoplax populations during over 11 years of culturing. This study also implies a very complex population dynamics and likely partial correlations with the solar radio emission flux and the magnetic field disturbance parameters.
Notable, the analysis of the distribution of Fe2+ in living placozoans illuminated not only its high abundance across most cells but also asymmetric localizations of Fe2+ in large unidentified cell types (Figure 4B), suggesting that these Fe2+ intracellular patterns might be coupled with the animal’s bioenergetics and magnetoreception, potentially affecting mucus associated feeding behaviors which can be experimentally tested in future research. It might not be an overstatement that this research direction on placozoans could be relevant to better understanding systemic adaptations to microgravity and animal health under stress factors.
In sum, Trichoplax, in particular, and Placozoa, in general, can be viewed as prospective reference species in traditional evolutionary and system biology but have the yet unexplored potential for planetary ecology and space biomedicine (Romanova and Moroz, 2024). Additional long-term observations of population dynamics, and ideally at different geographic locations both in laboratory culture conditions and natural habitats are needed.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.
ETHICS STATEMENT
The manuscript presents research on animals that do not require ethical approval for their study.
AUTHOR CONTRIBUTIONS
DR: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Supervision, Validation, Visualization, Writing–original draft, Writing–review and editing. AP: Formal Analysis, Investigation, Data curation, Methodology, Writing–review and editing. MN: Formal Analysis, Investigation, Supervision, Writing–review and editing, Data curation, Methodology. SB: Writing–review and editing, Investigation, Methodology. YF: Writing–review and editing, Methodology, Visualization. LM: Writing–review and editing.
FUNDING
The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This work was supported in part by the Russian Science Foundation grant (23-14-00050) to DR.
ACKNOWLEDGMENTS
The authors thank students Kololeeva V. S. and Allyamova M. T. for help in short-term maintaining cultural dishes, Aseev N. A. for helping with microscopy. We thank the involved national institutes, the INTERMAGNET network and ISGI (isgi.unistra.fr).
GENERATIVE AI STATEMENT
The author(s) declare that no Generative AI was used in the creation of this manuscript.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcell.2024.1514553/full#supplementary-material
SUPPLEMENTARY MATERIAL S1 | Statistical analysis.
SUPPLEMENTARY TABLE S1 | Original datasets for statistical analyses.
SUPPLEMENTARY TABLE S2 | Mann-Whitney U-test by months for all investigated groups (CCL, ACL, DCL).
SUPPLEMENTARY FIGURE S1 | Analysis of population growth data of Trichoplax with the ap index during 2024 (original file).
SUPPLEMENTARY FIGURE S2 | Analysis of population growth data on placozoans.
SUPPLEMENTARY FIGURE S3 | Comparisons of the present datasets with previously published data from (Maruyama, 2004).
SUPPLEMENTARY FIGURE S4 | Comparison of standard plots (left) and sliding windows for 5 observations (right). The upper plot includes all groups of animals, CCL, control; ACL, ampicillin-treated animals; DCL, doxycyclin-treated animals.
REFERENCES
 Afifi, A., May, S., and Clark, V. A. (2003). Computer-aided multivariate analysis. Boca Raton: CRC Press. 
 Aleshin, V. V., Konstantinova, A. V., Nikitin, M. A., and Okstein, I. L. (2004). On the genetic uniformity of the genus Trichoplax (Placozoa). Genetika 40 (12), 1714–1716. (in Russ).
 Armon, S., Bull, M. S., Aranda-Diaz, A., and Prakash, M. (2018). Ultrafast epithelial contractions provide insights into contraction speed limits and tissue integrity. Proc. Natl. Acad. Sci. U. S. A. 115 (44), E10333–E10341. doi:10.1073/pnas.1802934115
 Chizhevsky, A. L. (1976). Earthly echo of solar storms. Moscow: Ripol Classic. (in Russ). 
 Deng, J., Zhang, W., Qin, B., Zhang, Y., Paerl, H. W., and Salmaso, N. (2018). Effects of climatically-modulated changes in solar radiation and wind speed on spring phytoplankton community dynamics in Lake Taihu, China. PloS One 13 (10), e0205260. doi:10.1371/journal.pone.0205260
 Driscoll, T., Gillespie, J. J., Nordberg, E. K., Azad, A. F., and Sobral, B. W. (2013). Bacterial DNA sifted from the Trichoplax adhaerens (Animalia: Placozoa) genome project reveals a putative rickettsial endosymbiont. Genome Biol. Evol. 5 (4), 621–645. doi:10.1093/gbe/evt036
 Eitel, M., Guidi, L., Hadrys, H., Balsamo, M., and Schierwater, B. (2011). New insights into placozoan sexual reproduction and development. PloS ONE 6 (5), e19639c. doi:10.1371/journal.pone.0019639
 Eitel, M., Osigus, H. J., DeSalle, R., and Schierwater, B. (2013). Global diversity of the Placozoa. PloS ONE 8 (4), e57131c. doi:10.1371/journal.pone.0057131
 Eitel, M. S. (2010). Phylogenetic position, biodiversity, phylogeography and biology of the Placozoa . 
 Eitel, M., and Schierwater, B. (2010). The phylogeography of the Placozoa suggests a taxon-rich phylum in tropical and subtropical waters. Mol. Ecol. 19 (11), 2315–2327. doi:10.1111/j.1365-294X.2010.04617.x
 Grell, K. G. (1972). Eibildung und furchung von Trichoplax adhaerens FE Schulze (Placozoa). Zoomorphology 73 (4), 297–314. doi:10.1007/bf00391925
 Häder, D. P. (2000). Effects of solar UV-B radiation on aquatic ecosystems. Adv. Space Res. 26 (12), 2029–2040. doi:10.1016/s0273-1177(00)00170-8
 Heyland, A., Croll, R., Goodall, S., Kranyak, J., and Wyeth, R. A. (2014). Trichoplax adhaerens, an enigmatic basal metazoan with potential. Methods Mol. Biol. 1128, 45–61. doi:10.1007/978-1-62703-974-1_4
 Hirayama, T., Inden, M., Tsuboi, H., Niwa, M., Uchida, Y., Naka, Y., et al. (2019). A Golgi-targeting fluorescent probe for labile Fe (ii) to reveal an abnormal cellular iron distribution induced by dysfunction of VPS35. Chem. Sci. 10 (5), 1514–1521. doi:10.1039/c8sc04386h
 Jackson, A. M., and Buss, L. W. (2009). Shiny spheres of placozoans (Trichoplax) function in anti-predator defense. Invertebr. Biol. 128 (3), 205–212. doi:10.1111/j.1744-7410.2009.00177.x
 Kamm, K., Osigus, H. J., Stadler, P. F., DeSalle, R., and Schierwater, B. (2019). Genome analyses of a placozoan rickettsial endosymbiont show a combination of mutualistic and parasitic traits. Sci. Rep. 9 (1), 17561. doi:10.1038/s41598-019-54037-w
 Kravchenko, K. L., Grechany, G. V., and Gadjiev, G. D. (2006). Correlation between Drosophila population sizes and solar activity parameters. Biophysics 51, 466–470. doi:10.1134/s0006350906030201
 Kuhl, W., and Kuhl, G. (1963). Bewegungsphysiologische untersuchungen an Trichoplax adhaerens F.E.schulze. Zool. Anz. Suppl. 26, 460–469. 
 Kuhl, W., and Kuhl, G. (1966). Untersuchungen uber das Bewegungsverhalten von Trichoplax adhaerens F.E.Schulze (Zeittransformation: Zeitranffung). Z. Morph. Okol. Tiere. 5, 417–435. 
 Liu, L., Huang, B., Lu, Y., Zhao, Y., Tang, X., and Shi, Y. (2024). Interactions between electromagnetic radiation and biological systems. Iscience 27, 109201. doi:10.1016/j.isci.2024.109201
 Lv, H., and Shang, P. (2018). The significance, trafficking and determination of labile iron in cytosol, mitochondria and lysosomes. Metallomics 10 (7), 899–916. doi:10.1039/c8mt00048d
 Malakhov, V. V. (1990). Enigmatic groups of marine invertebrates: Trichoplax, Orthonectida, Dicyemida, Porifera. 
 Maruyama, Y. K. (2004). Occurrence in the field of a long-term, year-round, stable population of placozoan. Biol. Bull. 206 (1), 55–60.
 Miyazawa, H., Osigus, H. J., Rolfes, S., Kamm, K., Schierwater, B., and Nakano, H. (2021). Mitochondrial genome evolution of placozoans: gene rearrangements and repeat expansions. Genome Biol. Evol. 13 (1), evaa213. doi:10.1093/gbe/evaa213
 Miyazawa, H., Yoshida, M. A., Tsuneki, K., and Furuya, H. (2012). Mitochondrial genome of a Japanese placozoan. Zool. Sci. 29 (4), 223–228. doi:10.2108/zsj.29.223
 Nakano, H. (2014). Survey of the Japanese coast reveals abundant placozoan populations in the Northern Pacific Ocean. Sci. Rep. 4, 5356. doi:10.1038/srep05356
 Neale, P. J., and Thomas, B. C. (2016). Solar irradiance changes and phytoplankton productivity in Earth's ocean following astrophysical ionizing radiation events. Astrobiology 16 (4), 245–258. doi:10.1089/ast.2015.1360
 Okshtein, I. L. (1987). On the biology of Trichoplax sp. (Placozoa). Zool. Zh. 66 (3), 339. 
 Pearse, V. B. (1989). Growth and behavior of Trichoplax adhaerens: first record of the phylum Placozoa in Hawaii. 
 Pearse, V. B., and Voigt, O. (2007). Field biology of placozoans (Trichoplax): distribution, diversity, biotic interactions. Integr. Comp. Biol. 47 (5), 677–692. doi:10.1093/icb/icm015
 Pfeiffer, D., Toro-Nahuelpan, M., Awal, R. P., Müller, F. D., Bramkamp, M., Plitzko, J. M., et al. (2020). A bacterial cytolinker couples positioning of magnetic organelles to cell shape control. Proc. Natl. Acad. Sci. 117 (50), 32086–32097. doi:10.1073/pnas.2014659117
 Ranta, E., Lindstrom, J., Kaitala, V., Kokko, H., Linden, H., and Helle, E. (1997). Solar activity and hare dynamics: a cross-continental comparison. Am. Nat. 149 (4), 765–775. doi:10.1086/286019
 Romanova, D. Y., and Moroz, L. L. (2024). Parallel evolution of gravity sensing. Front. Cell Dev. Biol. 12, 1346032. doi:10.3389/fcell.2024.1346032
 Romanova, D. Y., Nikitin, M. A., Shchenkov, S. V., and Moroz, L. L. (2022). Expanding of life strategies in Placozoa: insights from long-term culturing of Trichoplax and Hoilungia. Front. Cell Dev. Biol. 10, 823283. doi:10.3389/fcell.2022.823283
 Romanova, D. Y., Varoqueaux, F., Eitel, M., Yoshida, M. A., Nikitin, M. A., and Moroz, L. L. (2024). “Long-term culturing of placozoans (Trichoplax and Hoilungia),” in Ctenophores: methods and protocols (New York, NY: Springer US), 509–529.
 Ruthmann, A. (1977). Cell differentiation, DNA content and chromosomes of Trichoplax adhaerens FE Schulze. 
 Schierwater, B. (2005). My favorite animal, Trichoplax adhaerens. BioEssays 27 (12), 1294–1302. doi:10.1002/bies.20320
 Schierwater, B., and DeSalle, R. (2018). Placozoa. Cur. Biol. 28 (3), R97–R98. doi:10.1016/j.cub.2017.11.042
 Schierwater, B., Eitel, M., Osigus, H. J., von der Chevallerie, K., Bergmann, T., Hadrys, H., et al. (2010). Trichoplax and Placozoa: one of the crucial keys to understanding metazoan evolution. Key transitions animal Evol. 289, 326. doi:10.1201/b10425-16
 Schierwater, B., Osigus, H. J., Bergmann, T., Blackstone, N. W., Hadrys, H., Hauslage, J., et al. (2021). The enigmatic Placozoa part 1: exploring evolutionary controversies and poor ecological knowledge. BioEssays 43 (10), 2100080.
 Schleicherová, D., Dulias, K., Osigus, H. J., Paknia, O., Hadrys, H., and Schierwater, B. (2017). The most primitive metazoan animals, the placozoans, show high sensitivity to increasing ocean temperatures and acidities. Ecol. Evol. 7 (3), 895–904. doi:10.1002/ece3.2678
 Senatore, A., Reese, T. S., and Smith, C. L. (2017). Neuropeptidergic integration of behavior in Trichoplax adhaerens, an animal without synapses. J. Exp. Biol. 220 (18), 3381–3390.
 Seravin, L. N., and Gerasimova, Z. P. (1998). Features of the fine structure of Trichoplax adhaerens trichoplax, feeding on dense plant substrates. Cytologiya 30, 1188–1193. (in Russ). 
 Seravin, L. N., and Gudkov, A. V. (2005a). Ameboid properties of cells in the process of early morphogenesis and the nature of a possible protozoal ancestor of Metazoa. Zh. Obsh. Biol. 66 (3), 212–223. (in Russ).
 Seravin, L. N., and Gudkov, A. V. (2005b). Trichoplax adhaerens (type Placozoa) - one of the most primitive multicellular animals. St. Peterburg: SPb.: TESSA. (in Russ). 
 Seravin, L. N., and Karpenko, A. A. (1987). Features of orientation of invertebrates in three-dimensional space. Zool. Zh. 66 (9), 1285–1292. (in Russ). 
 Signorovitch, A. Y., Dellaporta, S. L., and Buss, L. W. (2006). Caribbean placozoan phylogeography. Biol. Bull. 211 (2), 149–156. doi:10.2307/4134589
 Smith, C. L., Pivovarova, N., and Reese, T. S. (2015). Coordinated feeding behavior in Trichoplax, an animal without synapses. PLoS One 10, e0136098. doi:10.1371/journal.pone.0136098
 Smith, C. L., Varoqueaux, F., Kittelmann, M., Azzam, R. N., Cooper, B., Winters, C. A., et al. (2014). Novel cell types, neurosecretory cells, and body plan of the early-diverging metazoan Trichoplax adhaerens. Cur. Biol. 24 (14), 1565–1572. doi:10.1016/j.cub.2014.05.046
 Srivastava, M., Begovic, E., Chapman, J., Putnam, N. H., Hellsten, U., Kawashima, T., et al. (2008). The Trichoplax genome and the nature of placozoans. Nature 454 (7207), 955–960. doi:10.1038/nature07191
 Tessler, M., Neumann, J. S., Kamm, K., Osigus, H. J., Eshel, G., Narechania, A., et al. (2022). Phylogenomics and the first higher taxonomy of Placozoa, an ancient and enigmatic animal phylum. Front. Ecol. Evol. 10, 1016357. doi:10.3389/fevo.2022.1016357
 Ueda, T., Koya, S., and Maruyama, Y. K. (1999). Dynamic patterns in the locomotion and feeding behaviors by the placozoan Trichoplax adhaerence. Biosystems 54 (1-2), 65–70. doi:10.1016/s0303-2647(99)00066-0
 Zhong, G., Kroo, L., and Prakash, M. (2023). Thermotaxis in an apolar, non-neuronal animal. J. R. Soc. Interface 20 (206), 20230279. doi:10.1098/rsif.2023.0279
 Zuccolotto-Arellano, J., and Cuervo-González, R. (2020). Binary fission in Trichoplax is orthogonal to the subsequent division plane. Mech. Dev. 162, 103608. doi:10.1016/j.mod.2020.103608
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2025 Romanova, Povernov, Nikitin, Borman, Frank and Moroz. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fcell-12-1514553-g003.gif





OPS/images/fcell-12-1514553-g004.gif
B upper layer §C middie layer






OPS/xhtml/nav.xhtml
Contents

		Cover

		Long-term dynamics of placozoan culture: emerging models for population and space biology		1 Introduction

		2 Material and methods		2.1 Culturing of placozoans

		2.2 Individual treatment with antibiotics

		2.3 F10.7 and ap indices

		2.4 Statistical analysis

		2.5 Staining





		3 Results		3.1 Long-term culturing for eleven years

		3.2 Antibiotic clonal lines

		3.3 Potential planetary-scale factors and population dynamics

		3.4 Fe2+-selective staining of individuals





		4 Discussion

		5 Conclusions and future directions

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Acknowledgments

		Generative AI statement

		Publisher’s note

		Supplementary material

		References









OPS/images/cover.jpg
’ frontiers | Frontiers in Cell and Developmental Biology

Long-term dynamics of
placozoan culture: emerging
models for population and
space biology





OPS/images/fcell-12-1514553-g001.gif
>

B wove 1 sath poputation rown rtn

Goup

[
i
g

o
 donyycine |

R - o i
2 E H

T sears:






OPS/images/fcell-12-1514553-g002.gif
A Longterm culturing for 11 years










OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
, frontiers ‘ Frontiers in Cell and Developmental Biology





