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Figure 2. Dependence of the stock of litter L subhorizon on the biomass of epigeic, epi-endogeic 
and anecic earthworm species 

The lack of mineral forms of nitrogen is 
one of the crucial limiting factors of plant 
mineral nutrition, since up to 90% of this 
element in soils is in the form inaccessible to 
plants (Mengel, 1996). The activity of 
earthworms is known to result in soil 
enrichment with nitrogen forms available for 
plants. Earthworm coprolites are rich with 
urea and ammonium ions. Digestive enzymes 
of earthworms boost the activity of nitrifying 
and ammonifying bacteria thus reducing the 
loss of free nitrogen, which is fixed in the 
form of compounds, ammonium nitrogen 
going into nitrites and nitrates (Kozlovskaja, 
1976). Experiments with �(���� �Q�R�U�G�H�Q�V�N�L�R�O�G�L, 
which live in dark gray soil under broadleaf 
forests, have shown that the soil is enriched 
with active forms of amino nitrogen available 
for absorption by plant roots, as well as with 
free and bound amino acids (Kozlovskaja et 
al., 1983; Striganova et al., 1989). In 
experiments with epi-endogeic and endogeic 
earthworms it was shown that ammonium 
contained in earthworm coprolites is able to 

modify soil nitrification, causing long-term 
cumulative effects that are vastly superior to 
their direct effect (Bitjuckij et al., 2007). In 
experiments with anecic earthworms, it was 
shown that the available nitrogen content in 
the soil increased by 0.03 mg/kg for every 0.1 
g of earthworm biomass (Andriuzzi et al., 
2016). In natural ecosystems, the flow of soil 
nitrogen through earthworm populations 
amounts to dozens of kilograms per hectare 
per year (Lee, 1985; Parmelee and Crossley, 
1988). Also, the soil is enriched with nitrogen 
through the death of earthworms: their annual 
mortality rate is on average 60% of the total 
population (Lavelle et al., 1998). In the soils 
of Central Europe, the nitrogen yield reaches 
24 g/m2 after the death of earthworms, which 
is comparable to the annual dose of mineral 
nitrogen fertilizers (100–200 kg of N per 1 
ha). Earthworm biomass containing 65–75% 
of protein decomposes quickly in the soil, but 
nitrogen bound by microorganisms is washed 
out more slowly (Lee, 1985; Makeschin, 
1997; et al.). 
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Figure 3. Dependence of the C/N ratio (a), nitrogen content (b) and carbon content (c)  
in the L subhorizon of litter on the biomass of epi-endogeic earthworms in the forests of the Moskva–

Oka plain 

Figure 4. Dependence of the C/N ratio (a), nitrogen content (b) and carbon content (c)  
in A horizon on the biomass of epi-endogeic earthworms in the forests of the Moskva–Oka plain 

Earthworms contribute to a significant 
decrease in the C/N ratio in the soil due to 
their direct and indirect influence on the 
mineralization and humification of organic 
matter. Thanks to earthworms there is a three-
fold decrease in the C/N ratio in the soil as 
compared to the litter fall (Striganova, 1968). 
There is experimental evidence of a 
significant decrease of the C/N ratio under the 
influence of different morpho-ecological 
groups of earthworms not only in forest soils. 
For epi-endogeic earthworms, this has been 
shown in vermicompost (Talashilkar et al., 
1999), and for endogeic earthworms – in 
agricultural fields (Sandor, Schrader 2007; 
McDaniel et al. 2013). 

Earthworms are more often classified as 
nitroliberants, i.e. soil organisms that have a 
strong influence on nitrogen migration 
(Kozlovskaja, 1976; Zhukov et al., 2000), 
primarily due to the humification of organic 

matter in the soil. However, earthworms as 
primary litter decomposers and secondary 
decomposers of dead plant residues also 
affect the migration of carbon in soils, so they 
can also be attributed to the group of 
carboliberants (mineralizing agents). 
According to our and literature data, the 
influence of different morpho-ecological 
groups of earthworms on the nitrogen content 
and the C/N ratio is similar in the horizons of 
their activity: the nitrogen content increases, 
the C/N ratio decreases. However, a 
differential functional approach is required in 
regard to the effect of earthworms on carbon 
content. The latest global meta-analysis 
shows that the presence of not only epigeic 
and anecic groups, but also of endogeic 
earthworms leads to a decrease in organic 
matter in the litter horizon, with the strongest 
effect being exerted by anecic earthworms 
(Huang et al., 2020).  
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Figure 5. Dependence of the C/N ratio in A horizon on the biomass of endogeic earthworms in the 
forests of the Moskva–Oka plain and the Northwest Caucasus 

Our study shows a possible significant 
negative effect of the group of epi-endogeic 
earthworms (L. rubellus) on litter store and 
the content of organic carbon in it. It is known 
that this species is often confined to rich soils 
and a high content of organic matter (Zhukov, 
2004; Zhukovskaja et al., 2005, etc.). We have 
identified the relationship between the 
biomass of the epi-endogeic L. rubellus and 
increased carbon content in the humus 
horizon. This is probably due to the high 
trophic activity of these earthworms and high 
quality of rapidly decomposing litter fall 
(birch, linden, hazel). No significant 
correlations between the biomass of endogeic 
species and the level of carbon accumulation 
were revealed, but there is a general trend 
towards decreased organic carbon content in 
the humus horizon with an increase in the 
biomass of this group of species. Endogeic 
species feed on humus (Perel’, 1979; Zhukov, 
2004); their coprolites show a decrease in the 
total mass of organic matter and an increase 
in ash content by 2–3% as compared to the 
soil (Lavelle, Martin, 1992; Angst et al., 
2017). Endogeic species are not involved in 
active movement of litter and transfer of 
organic carbon to the underlying horizons. To 
obtain convincing results, more field 
experiments in forest soils are needed, and we 
intend to continue our research in this area.   

CONCLUSIONS: 
1. With the change in the succession

status of forests, the species composition and 
the set of morpho-ecological groups of 

earthworms become more complex, but there 
is no consistent replacement of any one group 
by others. 

2. The species richness, diversity of
morpho-ecological groups, and biomass of 
earthworms with similar granulometric 
composition of soils is determined by the 
litter quality: the most favorable type of litter 
fall for maintaining the functional diversity of 
earthworms is the mixed litter of broadleaf 
and coniferous species of the tree canopy, 
undergrowth, and shrubs.  

3. Ambiguous effects of earthworms of
different morpho-ecological groups on carbon 
accumulation in forest soils were revealed. 
Negative correlations were found between the 
total biomass of epigeic, epi-endogeic, and 
anecic earthworm species and the litter carbon 
content. In the humus horizon, the biomass of 
epi-endogeic species was positively correlated 
with the carbon content. This study revealed 
no relationship between the carbon content of 
the soil and the earthworm anecic species.  

4. Indicators associated with carbon
accumulation, i.e. the C/N ratio and the 
nitrogen content, show similar 
(unidirectional) correlations with the biomass 
of earthworms in the horizons of their 
activity: with an increase in the biomass of 
earthworms of different morpho-ecological 
groups, the C/N ratio decreases, whereas the 
nitrogen content increases.  
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