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1. Introduction

In recent decades metallomics is developing actively, it 
is an analytical scientific field which studies the content and 
functions of metals in biological systems [1]. The metallomics 
overcomes interdisciplinary barriers between chemistry, biolo-
gy, physics, medicine and ecology, revealing the features of ac-
cumulation, transport, metabolism and toxicity of metal ions. 
The importance of metals for the life of living organisms is no 
doubt, but their role in the functioning of biological systems is 
still not fully understood. In the sphere of environmental safety 
there are studies about accumulation of heavy metals by plants 
[2], animals [3], fungi [4] and microbiological objects [5], but 
very little is known about the bioaccumulative properties of 
myxomycetes [6]. Whereas myxomycetes combine both fungi 
and protists features, they are common favorable objects for 
different modeling researches. On the vegetative stage of the 
life cycle, myxomycetes plasmodia actively absorbs bacteria, 
single cells and hyphae of fungi, as well as organic and inor-
ganic particles of soil and substrates, accumulating elements 
in different forms and playing the role of a native bioconcen-
trator. Generative stage of myxomycetes is represented by the 
sporocarps, whose analysis can evaluate the environmental 
situation, because all elements accumulated by myxomycetes, 
were collected from their immediate environment. In addition 

to bioindication and bioremediation potential, myxomycetes 
can help in discovering the mechanisms of resistance to unfa-
vourable environmental conditions, especially it concerns niv-
icolous myxomycetes. This environmental group is associated 
with alpine, subalpine and arctic zones, where nivicolous myxo-
mycetes produce sporophores in spring on plant substrates near 
the melting snow. Nivicolous species are able to survive in con-
ditions of extreme temperatures and intense insolation, so such 
study will help to reveal the mechanisms of adaptation of living 
organisms to unstable environmental conditions. The study 
of the elements contents in the fruiting bodies of nivicolous 
myxomycetes will contribute to the research of biogeochemi-
cal cycle of elements and help to find out the ways of chemical 
elements transformation in the ecosystems food chains. For the 
sphere of the environmental safety, it is especially important 
to find out ways of heavy metals transformation in the envi-
ronment, and myxomycetes are very convenient experimental 
organisms for realization of these tasks due to their special 
biological characteristics and widespread distribution.

2. Literature review and problem statement

Despite the relevance of research of transformation of 
heavy metals in ecosystems and the potential of myxomy-
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cetes to bioaccumulation, information on the concentrations 
of elements in samples of myxomycetes is represented only 
in a few publications. The concentration of aluminum, iron, 
zinc, copper, mercury and cadmium in fruit bodies of seven 
myxomycetes: Fuligo septica, Lycogala epidendrum, Tubif-
era ferruginosa, Symphytocarpus flaccidus, Amaurochaete 
atra, Ceratiomyxa fruticulosa, Stemonitis sp., and two un-
certain plasmodium species was determined [7]. There was 
a significant content of metals in general and enormously 
high concentration of zinc (2200–20000 mg/kg) in herbar-
ium and field specimens of F. septica. The average content 
of zinc was 240 times higher than in leaves of blueberry 
(9.7–160 mg/kg) collected near myxomycetes to determine 
the background level of contamination of the investigated 
areas. In addition, all investigated myxomycetes except 
Stemonitis sp., demonstrated the ability to accumulate Cd, 
and the content of the element (11 mg/kg) in some Sym-
phytocarpus flaccidus samples was more than 300 times 
higher than the background (0.034 mg/kg).

Next research of the elements in myxomycetes was car-
ried out after 10 years only [8]. In herbarium specimens of 
Fuligo septica, Reticularia splendens, R. lycoperdon, Tubifera 
ferruginosa and Lycogala epidendrum, received from Aus-
tralia, Canada, USA and Switzerland, the content of 60 ele-
ments was analyzed. However, for 50 of them, including rare 
earth metals, as well as As, Sb and Se, concentrations were so 
low that these data were not included in the publication. The 
extraordinary accumulation ability of F. septica was con-
firmed and it was found that this species also accumulates 
calcium, iron, barium, cadmium, strontium and manganese. 
In comparison with other studied samples, Tubifera ferrugi-
nosa wasn’t distinguished by special accumulative proper-
ties, but contained slightly elevated concentrations of heavy 
metals iron, zinc and magnesium. In Reticularia lycoperdon 
there was a high amount of rare metal bismuth (20 mg/kg) 
compared to other myxomycetes (<0.05 mg/kg). It turned 
out that Lycogala epidendrum has a tendency to accumulate 
Sn, while as in other living organisms this element is present 
only in trace amounts. Also in L. epidendrum the tendency to 
accumulate copper (52–84 mg/kg) was revealed, while other 
four species are not accumulating this metal (3–14 mg/kg). 
Given that the two previous works have been focused on the 
extraordinary properties of F. septica, it is not surprising 
that the next research was about zinc accumulation by this 
species. It was the comparison of zinc content in 19 samples 
of F. septica and in its substrates, collected in Russia, Lith-
uania, Uzbekistan, Kyrgyzstan, Tajikistan and North Korea 
[9]. The average value of zinc concentration in substrates 
proved 555.75 mg/kg, and in myxomycetes – 25 times high-
er (14234.38 mg/kg), and in some cases the ratio reached 72. 
The phenomenal ability of F. septica to hyperaccumulate 
Zn was explained recently. Polish researchers found that 
the F. septica resistance to toxic influence of zinc and other 
heavy metals is connected with yellow pigment fuligorubin 
A with a chemical structure, which allows it to chelate met-
als and convert them to inactive forms [10]. After that, USA 
researchers expanded the range of experimental species and 
used the combined methods [11]. Using electron microscopy 
and X-ray microanalysis, the distribution of metals among 
myxomycetes morphological structures was investigated. 
Besides F. septica, the species from genera Physarum, Hemi-
trichia, Trichia and Stemonitis were involved. Quantitative 
content of elements was determined in three species of 
myxomycetes. For five metals Fe, Mn, Cu, Zn and Al, the 

method of emission spectroscopy with inductively coupled 
plasma was used, and Pb was identified by atomic absorption 
spectrometry. The highest concentration of Pb, Mn and Zn 
was found in F. septica, compared with Trichia favoginea and 
Stemonitis splendens.

The latest work carried out in the Philippines showed 
that the contents of Cr and Mn in sporophores of Arcyria 
cinerea, Physarum album and Ph. pusillum were higher than 
the concentration of these metals in myxomycetes substrates 
[12]. The comparison with laboratory experiments in sterile 
water agar showed that bioabsorbtion by Physarum album, 
Ph. cinereum and Ph. melleum depends on bacteria absorbed 
by myxomycetes plasmodia in nature. Philippine researchers 
believe that “microbial cocktails” of myxomycetes with large 
plasmodia in combination with bacterial isolates can be used 
for bioremediation of contaminated sites. In other mentioned 
publications, the practicability of using myxomycetes to 
study the impact of toxic metals on the ecosystem was also 
emphasized [10]. As myxomycetes are ubiquists and accu-
mulate substances directly from their habitats, they can be 
used for biomonitoring of heavy metals [11]. There is a hope 
that after the identification of genes corresponding to the 
toxic elements sequestration mechanism, their cloning and 
implantation into plants with a larger biomass for bioreme-
diation of contaminated areas will be possible [9].

None of the above studies involved nivicolous myxomy-
cetes, although the characteristics of their physiology may 
be associated with bioabsorption of elements from the envi-
ronment. It is no coincidence that nivicolous species are vir-
tually impossible to cultivate in the laboratory, because they 
require specific conditions, which are available only in their 
natural environment. Besides such factors as temperature, 
humidity and insolation, it is possible that metals contained 
in the soil and substrates also have a significant impact on 
the development of nivicolous myxomycetes. In this regard, 
the study of the elements transformation patterns by nivico-
lous myxomycetes was started in the Ukrainian Carpathians 
[13]. The data about accumulation of Ca, Mn, Mg, Al, Ni, 
and toxic elements Pb and Cd in fruit bodies of Diderma 
globosum, D. meyerae, D. niveum, Didymium dubium, Lam-
proderma splendens, L. ovoideoechinulatum, L. spinulospo-
rum, Meriderma echinulatum, Physarum albescens and Ph. 
alpestre were obtained, but there was no comparison of the 
content of these elements in the substrates. The new research 
was carried out in the Italian and French Alps, elements 
were analyzed as not only in myxomycetes, but also in their 
substrates.

3. The purpose and objectives of the study

The study aims to identify the patterns of elements ac-
cumulation by alpine nivicolous myxomycetes compared to 
their substrates to determine their bioaccumulation capabil-
ities and ways of heavy metals transformation.

To achieve this goal, the following tasks were formulated:
– to examine the distribution of 11 elements in fruiting 

bodies of 9 myxomycetes species and their substrates, and 
calculate transformation ratios to identify species with the 
highest bioaccumulation properties;

– to determine the ability of the studied nivicolous myx-
omycetes to accumulate heavy and toxic metals;

– to compare samples of the same species from different 
countries for establishing correlations between the concen-



Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 5/10 ( 83 ) 2016

52

trations of elements in myxomycetes and environmental 
conditions;

– to investigate the possibility of a connection between 
the ratio of elements in the substrate and slime molds and the 
features of the life cycle of plasmodia.

4. Materials and methods of study of  
the elements content in the myxomycetes fruiting bodies 

and their substrates

4. 1. Materials for research, sampling and identifica-
tion of specimens

For the study of heavy metals and other elements, 10 sam-
ples of nine myxomycetes species were selected in the spring of 
2014–2015 on the edge of melting snow in the Alps. Samples 
of myxomycetes were found in the following localities:

1) Trichia decipiens (Pers.) T. Macbr. – France, the Alps, 
surroundings of Engins near Grenoble in the fir forest at an 
altitude of 1350 m, on the rotten trunk of Picea abies (L.) 
H. Karst. covered with moss, 03.11.2014;

2) Diderma fallax (Rostaf.) Lado with Lamproderma 
echinosporum Meyl. – the same location, in open alpine 
meadows at an altitude of 1100 m, on living blackthorn twigs 
Prunus spinosa L., 13.03.2015; 

3) Lamproderma pseudomaculatum Mar. Mey. & Poulain – 
the same location on fallen twigs, 17.3.2015;

4) Lamproderma arcyrioides (Sommerf.) Rostaf. – the 
same location, on the edge of a beech forest, on a living branch 
of Fagus sylvatica L., 23.03.2015;

5) Physarum vernum Sommerf. – the same location, on 
the dry leaf of Fagus sylvatica L., 23.03.2015;

6) Diderma alpinum (Meyl.) Meyl. with Physarum alp-
estre Mitchel, S. W. Chapm. & M. L. Farr – Italy, the Alps, 
near Bagni di Vinadio, province of Cuneo, at an altitude of 
1305 m, on living twigs of an alder bush Alnus glutinosa (L.) 
Gaertn., 29.04.2015;

7) Diderma globosum Pers. – the same location, on dry 
grass, 29.04.2015;

8) Lamproderma pseudomaculatum Mar. Mey. & Pou-
lain – the same location, on dry fallen twigs, 29.04.2015.

Samples with fragments of substrates were kept in sep-
arate cardboard boxes. Determinations of specimens were 
made with the use of “Les Myxomycètes” [14]. Identification 
was based on the characteristics of peridium, capillitium, 
spores and the overall structure of the myxomycetes fruit-
ing body. Microscopic characteristics were investigated 
using a light microscope Carl Zeiss Axiostar with lenses 
Zeiss Acroplan 40x, 100x, 400x and 630x.

4. 2. Determination of elements in myxomycetes 
samples 

All myxomycetes specimens and their substrates were 
analyzed for contents of 11 elements: Al, Ca, Cd, Cu, Fe, Mg, 
Mn, Ni, Pb, Si and Zn. The methods of emission spectros-
copy with inductively coupled plasma, atomic absorption 
spectrometry, electron microscopy and X-ray microanalysis 
were used for determination of the elements in the myxomy-
cetes fruiting bodies [8, 11]. The first method is often used to 
determine the exact concentration of most elements. There-
fore, measurement of elements in the myxomycetes fruiting 
bodies and substrates was carried out by atomic emission 
spectrometry with inductively coupled plasma (AES-ICP) 
in the laboratory of analytical chemistry and monitoring of 

toxic substances of the SI “Institute for Occupational Health 
of NAMS of Ukraine”. The samples were prepared according 
to the methods of analytical chemistry, and measurements 
were made by the device Perkin Elmer Optima 210 DV 
(USA). 0.1 g of the sample was taken, 2.0 mL of concentrat-
ed HNO3 (Merck) was added, and after some time it they 
were by closed method in the microwave Berghof MWS-2. 
The resulting transparent miniralizate was dissolved in 
deionized water (18Ω) to a volume of 10 ml for analysis by 
AES-ICP. Optima 2100 DV is an optical spectrometer with 
semiconductor solid-state detector with inductively coupled 
plasma as the excitation source. In the spectrometer, spectral 
background correction is implemented using a multispectral 
filtering algorithm (MSF and IEC). Management and con-
trol of the spectrometer were made by WinLab32 software 
in the operating system Windows XP prof. The data were 
mathematically processed by the device and displayed on a 
monitor in the proper format [15].

4. 3. The calculation of ratios and graphical represen-
tation of results

The ratios of the elements in the fruiting bodies of the 
studied myxomycetes and substrates on which they pro-
duced sporophores, were calculated using the formula:

Kt=Сm/Сs,

where Kt – conversion factor of the elements in the “sub-
strate-myxomycetes” system, Сm – element content in the 
fruit bodies of myxomycetes, Сs – element content in the 
substrate. This ratio is called the coefficient of biological 
absorption [2] or bioconcentration factor (BCF) [12]. Since 
in this study there is no direct evidence that elements ab-
sorption proceeded from substrates, this ratio is called the 
coefficient of transition of the elements in the “substrate- 
myxomycetes” system (Kt).

The results were processed using Excel and presented in 
graphs and tables. The research was held at the laboratory 
of the department of labour and environmental protection 
at the faculty of engineering systems and ecology of the 
Kyiv National University of Construction and Architecture 
(Ukraine).

5. The analysis of elements in nivicolous myxomycetes 
and their substrates

Nine species of myxomycetes were analyzed, they 
belong to 4 genera of Physaraceae, Stemonitaceae and 
Trichiaceae families in Physarales, Stemonitales and 
Trichiales orders of the class Myxomycetes of Amoebozoa 
subkingdom. Eight species belong to the ecological group 
of nivicolous myxomycetes, which form sporocarps on the 
edge of melting snow in spring on open alpine areas. In 
addition, for comparison Trichia decipiens was studied, 
which, although it does not belong to nivicolous species, 
but also was collected in the alpine region of the Alps. 
Four samples (Diderma alpinum, D. globosum, Lampro-
derma pseudomaculatum and Physarum alpestre) were 
selected in the Italian Alps, and six (Diderma fallax, Lam-
proderma arcyrioides, L. echinosporum, L. pseudomacu-
latum, Physarum vernum and Trichia decipiens) – in the 
French Alps, but only Lamproderma pseudomaculatum 
was common for both areas.
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5. 1. The content of elements in the fruiting bodies of 
myxomycetes and their substrates 

The highest concentration of Ca (5494.71 mcg/g) was 
found in dry twigs of the substrate of Lamproderma pseu-
domaculatum from France. And the same substrate of this 
myxomycetes species from Italy demonstrated minimal con-
centrations of Cd – 0.004 mcg/g. In general, according to the 
average concentration, the elements in the substrates formed 
the next sequence: Ca (3693.13)>Mg (471.08)>Al (55.49)> 
>Fe (43.15)>Mn (35.8)>Si (29.08)>Zn (14.91)>Pb (2.93)> 
>Cu (0.42)>Ni (0.28)>Cd (0.05 mcg/g). It is interesting 
that the average concentration of the elements for fruiting 
bodies of the studied myxomycetes has a different sequence: 
Ca (1692.38)>Mg (1338.87)>Fe (996.1)>Al (199.59)> 
>Si (125.29)>Mn (50.47)>Cu (17.32)>Pb (13.22) Ni (2.63)> 
>Cd (1.7)>Zn (0.04 mcg/g). According to the obtained 
average concentrations of the elements, the coefficients of 
transition from substrates to myxomycetes are reduced in 
the following direction: Cu (41.24)>Cd (34)>Fe (23.08)> 
>Ni (9.39)>Pb (4.51)>Si (4.31)>Al (3.59)>Mg (2.84)> 
>Mn (1.41)>Ca (0.46)>Zn (0.003). However, it should be 
considered that the concentration of each element may sig-
nificantly differ from the average, depending on the samples of 
myxomycetes and their substrates. The highest concentration 
compared with other elements was for Ca: 5033.33 mcg/g in 
Diderma alpinum and 4790 mcg/g in D. globosum. In most of 
the studied myxomycetes, calcium content in the substrate was 
higher than its concentration in the fruiting bodies (Fig. 1).

Fig.	1.	The	content	of	calcium	in		
the	fruiting	bodies	and	substrates	of	myxomycetes:		

DA	–	Diderma alpinum,	DF	–	D. fallax,	DG	–	D. globosum,		
LA	–	Lamproderma arcyrioides,	LE	–	L. echinosporum,		
LP	–	L. pseudomaculatum	(LPФ	–	sample	from	France,		

LPI	–	sample	from	Italy),	PA	–	Physarum alpestre,		
PV	–	Ph. vernum,	TD	–	Trichia decipiens,	AV	–	average,		

Кt	–	coefficient	of	transition

While for genus Lamproderma and for Trichia decipiens it 
is an expected effect, but for the genus Physarum the tendency 
of reducing the calcium concentration compared with their 
substrates is unexpected. Because the species from Physarales 
are characterized by the accumulation of lime in their mor-
phological structures. But the species of the genus Diderma, 
which also belong to the order Physarales, confirmed the fact 
of lime concentration, although the coefficients of transition 
for Ca didn’t demonstrate impressive differences. 

The highest magnesium content was in Lamproderma 
echinosporum – 3024.5 mcg/g and slightly lower in L. pseu-
domaculatum: 2452.51 mcg/g of Mg was found in sporangia 
of this species from Italy, while in samples from France – 
2245.2 mcg/g. However, fruiting bodies of Physarum alpestre 
had lower concentration of magnesium (146.07 mcg/g) than in 

their substrate (580.33 mcg/g). Thus, despite the overall high 
Mg content in sporophores of myxomycetes, small Кt values 
(from 0.25 to 9.72) call into question the studied species ability 
to accumulate this element (Fig. 2).

Fig.	2.	The	content	of	magnesium	in	the	fruiting	bodies	and	
substrates	of	myxomycetes	(abbreviations	as	in	Fig.	1)

Among all the samples of myxomycetes, the highest 
iron content was found in Lamproderma echinosporum – 
4337.53 mcg/g (Fig. 3). 

Fig.	3.	The	content	of	iron	in	the	fruiting	bodies	and	
substrates	of	myxomycetes	(abbreviations	as	in	Fig.	1)

It is interesting that the sample of L. pseudomacula-
tum from Italy is characterized by the lowest content of 
Fe (0.6 mcg/g), even compared with a sample from France 
(384 mcg/g) of the same species on a similar substrate. 
Also the lower content of Fe (60 mcg/g) than in the 
substrate (96 mcg/g) was found for Trichia decipiens. It 
should be noted that for a number myxomycetes, relatively 
high rates of iron Кt from substrates in myxomycetes were 
observed: Diderma alpinum – 28.2, D. globosum – 23.15, 
Lamproderma pseudomaculatum from France – 20.92, 
D. fallax – 20.79, L. arcyrioides – 16.78.

The highest content of aluminum was found in the samples 
of Lamproderma pseudomaculatum from France 368.68 mcg/g, 
and the lowest – in the fruiting bodies of Physarum alpes-
tre – 30.49 mcg/g (Fig. 4). 

The smallest values of Кt for Al are characteristic of the 
species Physarum vernum (1.81) and Trichia decipiens (1.03), 
and the largest – Lamproderma pseudomaculatum from Ita-
ly (9.96) and France (8.78). Currently, a special capacity for 
accumulation of aluminum by the studied myxomycetes was 
not observed, as indicated by small values of the coefficient 
of transition for this element. 

The highest silicon content was found in the fruiting 
bodies of Diderma globosum (496.92 mcg/g), and the low-
est – in Trichia decipiens (5.45 mcg/g). In the samples of 
Physarum vernum (13.64 mcg/g) and Lamproderma echino-
sporum (63.63 mcg/g), the concentration of Si was smaller 
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than in their substrates – 44.42 and 78.78 mcg/g, respec-
tively. However, some species are characterized by relatively 
high Kt, specifically Lamproderma pseudomaculatum from 
France (19.78) and Diderma globosum (12.62) (Fig. 5). 

Fig.	4.	The	content	of	aluminum	in	the	fruiting	bodies	and	
substrates	of	myxomycetes	(abbreviations	as	in	Fig.	1)

Fig.	5.	The	content	of	silicon	in	the	fruiting	bodies	and	
substrates	of	myxomycetes	(abbreviations	as	in	Fig.	1)

The concentration of manganese has considerable varia-
tions in values in both myxomycetes, and their fruiting bod-
ies. In four cases, the manganese content in the substrates 
was higher than the concentration of this element in myxo-
mycetes sporocarps: Lamproderma arcyrioides, both samples 
of L. pseudomaculatum and Physarum vernum. In the latter 
case, the difference of concentrations is significant (Fig. 6). 

Fig.	6.	The	content	of	manganese	in	the	fruiting	bodies	and	
substrates	of	myxomycetes	(abbreviations	as	in	Fig.	1)

The maximum concentration of Mn was in Diderma fal-
lax – 150 mcg/g, and the minimum – in Lamproderma pseu-
domaculatum from Italy (5.88 mcg/g). The low Mn content 
in the substrate (1.91 mcg/g) with a high concentration of 
this element in Physarum alpestre caused a high value of the 
coefficient of transition (Kt=63.9).

Some species of slime molds show a pattern of copper 
accumulation, because in absolutely all investigated samples 
the concentration of Cu exceeded the content of this element 

in the substrates. This is especially true for Diderma glo-
bosum (Kt=960), Physarum alpestre (Kt=412.4), D. fallax 
(Kt=280) and Lamproderma arcyrioides (Kt=103.4). All 
substrates were characterized by a very low content of Cu, 
which was in the range of 0.025 to 1.21 mcg/g. Most copper 
appeared in Physarum alpestre (90.72 mcg/g), and the least 
was in Trichia decipiens (0.33 mcg/g) (Fig. 7). 

Fig.	7.	The	content	of	copper	in	the	fruiting	bodies	and	
substrates	of	myxomycetes	(abbreviations	as	in	Fig.	1)

Lead ranks fifth among the average values of the co-
efficient of transition (Kt=4.51). The lead content in the 
substrates was consistently lower than in the fruiting bodies 
of myxomycetes, ranging from 0.12 to 3.96 mcg/g, except 
Trichia decipiens, where the concentration of Pb in the wood 
of Picea abies (14.63 mcg/g) was twice as much as in the 
sporangia of myxomycetes (6.6 mcg/g). The ability to accu-
mulate Pb was shown by Diderma fallax, judging by the high 
value of Kt=190.7. The maximum amount of lead was found 
in three species of myxomycetes: Diderma globosum – 27.9, 
Lamproderma arcyrioides – 27 and D. fallax – 26.7 mcg/g. 
The least Pb was found in Lamproderma pseudomaculatum 
from Italy – 2.53 and Physarum alpestre – 3.3 mcg/g (Fig. 8).

Fig.	8.	The	content	of	lead	in	the	fruiting	bodies	and	
substrates	of	myxomycetes	(abbreviations	as	in	Fig.	1)

The content of nickel is stable low in the substrates and it 
is within 0.02–0.72 mcg/g. However, the coefficient of tran-
sition for this element from a substrate to the fruiting body 
of Diderma globosum reaches 153.8. Also this species showed 
relatively high concentrations of nickel – 6 mcg/g, the same 
as in Lamproderma arcyrioides, but the highest content of Ni 
was noted in Diderma fallax – 7.8 mcg/g (Fig. 9).

The substrates demonstrated consistently high levels of 
Cd, ranging from 0.004 to 0.19 mcg/g. Myxomycetes showed 
the ability to accumulate this element, based on the coeffi-
cient of transition: 170 for Diderma alpinum, 103 for Lam-
proderma echinosporum, 86.54 for L. arcyrioides and 50.65 
for D. globosum. The maximum content of Cd was found in 
three species of myxomycetes: Lamproderma arcyrioides – 4.5,  
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Diderma fallax – 4.2 and D. globosum – 3.9 mcg/g. The min-
imum content of Cd from all samples was in Lamproderma 
pseudomaculatum from Italy – 0.047 mcg/g. For Cd, the 
second largest average value of the coefficient of transition 
from the substrate to myxomycetes, equal to 34 was ob-
tained (Fig. 10).

	Fig.	9.	The	content	of	nickel	in	the	fruiting	bodies	and	
substrates	of	myxomycetes	(abbreviations	as	in	Fig.	1)

Fig.	10.	The	content	of	cadmium	in	the	fruiting	bodies	and	
substrates	of	myxomycetes	(abbreviations	as	in	Fig.	1)

Among the other studied samples, much higher zinc 
content was in Diderma alpinum – 231.06 mcg/g, and the 
minimum amount was recorded in the samples of Lampro-
derma pseudomaculatum from Italy – 0.36 mcg/g. In the 
latter species, Zn content in the sporangia was lower than 
in the substrates that affected the value of the coefficient of 
transition: Kt=0.04 for the samples from Italy and 0.71 – for 
the samples from France. The same trend is typical for two 
species: Kt=0.85 for Lamproderma echinosporum, and 0.69 
for Physarum alpestre. On the other hand, the highest coef-
ficients of transition for Zn from substrates to myxomycetes 
were recorded for all three studied species of the genus 
Diderma: D. alpinum Kt=57.05, D. fallax – 40.09, D. glo-
bosum – 33.69 (Fig. 11). This could indicate the zinc bio-
accumulation ability of some species of Diderma. It should 
be noted that zinc is the last in the gradation of the average 
values of the coefficient of transition – Kt=0.003.

In general, the highest content was found for the three 
elements in the fruiting bodies of five species of myxomy-
cetes: Ca – 5033.33 mcg/g in Diderma alpinum, in D. glo-
bosum – 4790, in D. fallax – 2496 and in Lamproderma 
pseudomaculatum from Italy – 2470; Fe – 4337.53 in 
L. echinosporum, 2000.16 – in D. alpinum and 1277.88 – in 
D. globosum; Mg – 3024.5 in L. echinosporum, 2452.51 – in 
L. pseudomaculatum from Italy, 2245.2 – in L. pseudomacu-
latum from France, 1507.88 – in D. alpinum and 1157.2 – in 
D. fallax. Herewith, the transition coefficient of the elements 
from substrates to myxomycetes exceeded 100 units only in 

8 % of samples: for Cu – 960 in D. globosum, 412.4 – in Phys-
arum alpestre, 280 – in D. fallax and 103.4 – in Lampreder-
ma arcyrioides; for Pb – 190.7 in D. fallax; for Cd – 170 in 
D. alpinum and 103.8 in L. echinosporum; for Ni – 153.8 in 
D. globosum and for Fe 139 – in L. echinosporum. In 25 % of 
the samples, Kt had a value from 10 to 100, in 45 % – from 1 
to 10 and in 22 % Kt was less than one.

Fig.	11.	The	content	of	zinc	in	the	fruiting	bodies	and	
substrates	of	myxomycetes	(abbreviations	as	in	Fig.	1)

5. 2. The dependence of concentrations of elements on 
the types of substrates and location of samples

The comparison of two specimens of Lamproderma 
pseudomaculatum from different countries from the same 
substrate could provide the insight about the influence of 
terrain on the elemental composition in species. The con-
tent of elements in the substrates is almost the same, only 
the concentration of Cu in fallen branches from France is 
14 times higher than it in same substrates from Italy, and 
the Fe content in the fruiting bodies of L. pseudomaculatum 
from France is 640 higher than that from Italy. This is the 
reason why the coefficient of transition has 700 times of the 
difference for iron: Kt(Fe)І=0.03 and Kt(Fe)F=20.92. Among 
the coefficients for other elements, the following should be 
mentioned: Kt(Si)F=19.78, Kt(Cd)I=18.5, Kt(Cd)F=15.17 
and Kt(Cu)I=10.5. In general, for Si, Fe, Cu and Pb there are 
significant differences in the concentrations in L. pseudo-
maculatum from France and Italy, which shows the influence 
of environmental factors on the content of elements.

The coefficients of elements transition from substrates 
to the fruiting bodies not only show the bioaccumulation 
ability of myxomycetes, but also demonstrate the “myxomy-
cetes-substrates” relationship. Typically, dry grass is one of 
the most common substrates for nivicolous myxomycetes, 
but in these studies, only one specimen was found on a grass 
litter – Diderma globosum. And this species showed high 
values of the coefficients of transition for many elements: 
Cu – 960, Ni – 154, Cd – 51, Zn – 34, Mn – 25, Fe – 23, 
Si – 13. This study showed the strongest relations between 
Trichia decipiens and Picea abies wood, as evidenced by 
the lowest levels of Кt. That is, the content of Al, Cd, Cu, 
Mg, Ni and Zn are nearly the same or the concentration 
of elements in the substrate is smaller than in the sporan-
gia of myxomycetes, as in the case of Ca, Fe, Pb and Si. 
Herewith, T. decipiens is the only species belonging to the 
environmental group of xylophilous myxomycetes in this 
study. This may explain the phenomenon of the elements 
concentration similarity in the substrates and sporophores. 
These studies prove the assumption that T. decipiens at the 
plasmodium stage lives inside the fallen tree trunk, where 
actively feeds by microorganisms and organic particles, 
therefore its elemental composition is close to that of the 
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maculatum from different countries on the same substrates 
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