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INTRODUCTION

Eisenia fetida (Savigny) and Dendrobaena ven-
eta (Rosa) are earthworms species often called 
‘composting earthworms’ (Reinecke and Viljoen, 
1990; Viljoen et al., 1991). These invertebrates are 
commonly used in the decomposition of organic 
plant-derived matter, specifically in the production 
of vermicompost (Kostecka et al., 2018). This form 
of organic fertilizer is gaining increasing popularity 
in sustainable agriculture, where it has been demon-
strated to enhance crop productivity by promoting 
the breakdown of organic residues, enriching the 
soil with essential nutrients and stimulating micro-
bial activity (e.g. Enebe & Erasmus, 2023). Apart 
from the role of earthworms in processing organic 
waste into vermicompost, these invertebrates have 
also been used in environmental and laboratory 
research as bioindicators for assessing soil quality, 
given their sensitivity to environmental stress as 
pollutants, including heavy metals, organic contam-
inants and microplastics (Wang et al., 2024).

A stressor is any external or internal stim-
ulus that disrupts an organism’s physiological 
balance, requiring an adaptive response (As-
res & Amha, 2014). Stress factors acting on 
the earthworm organism can vary and elicit 
different responses. In their natural environ-
ment, earthworms, upon exposure to a stressor, 
such as a predator attack, a sudden temperature 
change, exposure to intense light, or contact 
with a chemical substance, begin to rapidly 
contract and relax their muscles, which is ob-
served as wriggling (Singh et al., 2019). As a 
result of this response, coelomic fluid contain-
ing coelomocytes is expelled from the pores 
located along the body (Podolak-Machowska 
et al., 2014). This method is commonly used 
by researchers to collect coelomic fluid, which 
has a wide range of applications (Roch 1979). 
The species’ adaptability to different environ-
mental conditions has been an area of active 
research, especially in relation to its reproduc-
tive strategies and survival mechanisms under 
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stress (Hawkins et al., 2020). In this type of 
study, the selection of the right species for 
testing plays an important role. International 
ISO (1993) and OECD standards (1984) de-
scribe the E. fetida species as the test organ-
ism. However, due to the different sensitivities 
to environmental stress, it seems justified to 
use several species of earthworms that show 
varying levels of sensitivity to the stress factor 
(Dittbrenner et al., 2011). Consequently, dif-
ferent species exhibit varied responses to the 
same stressor, a variation that stems from their 
distinct life strategies, genetic traits, and pre-
vious ecological experiences. 

Both species of earthworms, living in a sim-
ilar environment, which is soil rich in organic 
substances, show a number of differences in 
morphological structure, behavior and repre-
sent a different life strategy (Kasprzak 1986; 
Dominguez & Edwards, 2011a). Previous stud-
ies comparing the life cycle this species have 
shown that D. veneta individuals achieve a sig-
nificantly higher individual mass and lay larger 
and heavier cocoons compared to E. fetida (Po-
dolak et al., 2020). Other studies have shown 
the differences in the sensitivity of both ana-
lyzed earthworm species to the chemical stress 
factor in the form of selected anesthetics. It has 
been proven that D. veneta earthworms are more 
sensitive to stress, in contrast to E. fetida, which 
appears to have a wider range of tolerance to dif-
ferent stress factors (Podolak et. al., 2019).

Considering the differences in the life strat-
egies of both „composting” earthworm species, 
the objective of the present study was to analyze 
the population-level response of two species 
of composting earthworms, Eisenia fetida and 
Dendrobaena veneta, to a repeated stress factor - 
low-voltage electric current (4.5 V).

MATERIAL AND METHODS

Animals

The experiment was conducted using Ei-
senia fetida (Savigny, 1826) and Dendrobaena 
veneta (Rosa, 1893) (Annelida, Oligochaeta), 
which were sourced from laboratory colonies 
at the University of Rzeszów (Poland). The 
earthworm cultures were kept under controlled 
conditions in the laboratory (18 ± 2 °C, 24L), 
housed in plastic containers filled with horti-
cultural substrate/soil (Kronen Universalerde). 

The substrate’s properties, as provided by the 
manufacturer, were as follows: pH (CaCl2) 
5.5–6.5; nitrogen (N) 200–450 mg/l; phospho-
rus pentoxide (P2O5) 200–400 mg/l; potassi-
um oxide (K2O) 300–500 mg/l; and ISO 9001 
(2000) certified. The earthworms were regu-
larly supplied ad libitum with organic house-
hold waste.

Experimental design 

Adult earthworms (clitellate) were placed 
in plastic boxes containing 8 dm3 of soil, in 
groups of 10 individuals per box for each spe-
cies. Every four weeks, the containers with 
earthworms were carefully checked using the 
hand-sorting method of the substrate and the 
cocoons and earthworms found were counted 
and weighed separately after thorough clean-
ing. After that pre-mature and mature earth-
worms in groups of 10 individuals were placed 
in Petri dishes containing 20 ml of 0.9% NaCl 
(B. Braun Melsungen, Na – 154 mmol/l; Cl – 
154 mmol/l) and stimulated with a low-volt-
age electric current supplied from the battery 
(4.5 V VARTA Superlife) for 1 minute accord-
ing to the safe method of obtaining coelomo-
cytes modified for the purpose of the exper-
iment (Roch, 1979 as cited in Płytycz et al., 
2006). After that all cocoons and animals were 
returned to the appropriate containers. Each 
container was fed ad libitum with organic 
household waste. The experimental conditions 
(e.g. temperature, humidity, type of substrate) 
reflected experimental conditions in vermicul-
ture. The experiment was carried out in tripli-
cate and lasted 52 weeks.

Statistical analysis

The results were shown as means ± SD. Two-
way ANOVA and multiple comparisons of means 
(NIR) (independent variables – time, stress or no 
stress) were used to determine differences in the 
mean number, weight, fertility of the observed 
earthworm populations. Before performing the 
appropriate tests, it was checked whether the 
data distributions followed a normal distribution 
(Shapiro-Wilk test) and whether the variances 
across groups were homogeneous (Brown-For-
sythe test). STATISTICA v. 13 (StatSoft) was 
used for statistical analyses.
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RESULTS 

Changes in earthworm population size

The results of the study revealed that after 
52 weeks of the experiment, the population of 
E. fetida consisted of 3265 ± 420 individuals, 
whereas the population of D. veneta comprised 
only 1092±57 individuals. Analysis of the de-
veloping population of E. fetida throughout the 
experimental period showed no significant ef-
fect of the applied stress factor on the total pop-
ulation size (p > 0.05). However, it was demon-
strated that the population of D. veneta, regularly 
exposed to stress, exhibited a significantly lower 
population size compared to the control group 
(p < 0.001) (Table 1).

No significant differences were observed in 
the number of earthworms classified as immature, 
pre-mature, and adult individuals between the 
stress-exposed group and the control group for E. 
fetida (p > 0.05). However, D. veneta earthworms 
were found to be sensitive to the applied stress, 
as evidenced by a significantly lower number of 
individuals in each age class (p < 0.01) (Fig. 1a-
c). The first cocoons were observed as early as 
the 4th week of the experiment in both studied 
species. No significant differences in the number 
of cocoons were found compared to the control 
group for E. fetida (p > 0.05), whereas for D. vene-
ta, significantly less cocoons were recorded in the 
populations exposed to the stress factor compared 
to the control group (Fig. 1d).

Table 1. Change in the number of the population of E. fetida and D. veneta earthworms (individual·container-1 ± 
SD) exposed to a regular stress factor (4.5 V) compared to the control group in the annual cycle

Week 0 4 8 12 16 20 24 28 32 38 44 52 Coefficient 
of variation

Eisenia fetida

Control 10±0 10±0 32±9 393±63 575±140 813±148 999±135 1548±178 2449±367 2417±265 3047±662 3265±420 85%

Stress 10±0 10±0 45±4 458±137 590±195 903±225 1188±290 1376±327 1921±342 2458±78 2836±329 3817±719 86%

Dendrobaena veneta

Control 10±0 10±0 25±4 87±9 162±3 258±7 350±19 443±22 542±41 500±16 713±27 1092±57 94.5%

Stress 10±0 10±0 23±4 80±13 155±33 241±58 321±96 385±71 461±119 398±107 497±211 595±139 78.3%

Figure 1. Change in the number of earthworms (individuals·container⁻¹ ± SD): a) immature, b) pre-mature, 
c) mature d) cocoon of E. fetida (left side) and D. veneta (right side) exposed to a regular stress factor (4.5 V) 

compared to the control group over the annual cycle

time (weeks)
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Changes in the biomass of the earthworm 
population

To investigate the response of both „compost-
ing species” to the regularly applied stress factor 
in the form of low-voltage electrical current, data 
on the body mass of individuals from the experi-
mental groups were also analyzed and compared 
to the control groups. Analysis of the total bio-
mass of the populations revealed no detrimental 
effect of stress on E. fetida (p > 0.05) over the 
52-week study period. However, a significant re-
sponse was observed in D. veneta, with a marked 
difference in the total biomass of the population 
exposed to electrical current (p < 0.001) (Fig. 2).

In populations with increasing animal den-
sity, the average body weight of individual in-
dividuals decreased significantly, which was ob-
served at the second population status check, for 
both species of earthworms studied (p < 0.001). 
However, the regular stress factor did not affect 
the average individual weights of individuals ex-
posed to electric current in this case, compared 
to the control for the species E. fetida (p > 0.05). 
A similar pattern was observed for all separately 
analyzed age groups of earthworms of this spe-
cies (p > 0.05), which confirms that the species 
E. fetida was not sensitive to this type of stress 
factor (Fig. 2 a-c left side).

Classifying the D. veneta earthworms into dis-
tinct age groups revealed no effect of stress on the 
total biomass of immature individuals (p > 0.05), 
although a significant effect was observed for the 
average body mass (p < 0.05) (Fig. 2a, right side). 
The average total biomass of pre-mature individ-
uals in the stressed groups was 16.23 ± 2.96 g, 
significantly lower than that of the control group 
individuals, which was 24.50 ± 6.66 g (p < 0.001). 
Analysis of the average body mass of individual 
pre-mature earthworms showed no effect of stress 
on this parameter (p > 0.05) (Fig. 2b, right side). 
In the case of adult D. veneta individuals, electri-
cal current significantly reduced the total biomass 
of the population (p < 0.001), although no signifi-
cant effect was observed on individual body mass 
(p 0.05) (Fig. 2c, right side).

When analyzing the mass of cocoons laid by 
earthworms of both species, no response to stress 
in the form of a decrease in their total biomass 
and individual mass was observed (p > 0.05) (Fig. 
2d left and right side).

DISCUSSION

Earthworms, like other organisms living in 
the soil, are constantly exposed to various abiotic 
and biotic factors, such as radiation, temperature, 

Figure 2. Change in the total biomass (bar chart), mean body mass (line graph) (g·container-1 ± SD): a) immature, 
b) pre-mature, c) mature d) cocoon of E. fetida (left side) and D. veneta (right side) exposed to a regular stress 

factor compared to the control group over the annual cycle
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water, chemical substances, mechanical stressors 
and other organisms. Operating in the variable 
conditions of the external environment, organ-
isms use homeostatic mechanisms to maintain a 
state of relative internal stability. When exposed 
to various stressors that exceed their tolerance 
range, these mechanisms are disrupted, leading to 
a state that, from a biological perspective, can be 
understood as the result of the organism’s inter-
action with the external environment (Rasmussen 
and Holmstrup, 2002; Frindt et al., 2006; Mac-
kenzie et al., 2009; Suthar, 2014). 

There are various concepts describing the 
mechanism of stress, the biological foundations 
of which are based on Cannon’s 1939 theory of 
homeostasis. The main assumption of this theory 
is that each organism has biochemical and phys-
iological regulatory mechanisms that allow it to 
maintain a state of relative balance. According 
to Selye’s theory (1977), physiological stress is 
a non-specific reaction of any living organism 
caused by the action of strong stimuli. As a result 
of the stressor, both a single cell and the entire 
organism apply the “fight or flight” principle. If 
the proverbial escape is not possible for various 
reasons, the organism tries to adapt to the new 
conditions in which it finds itself. Among the 
changes occurring in the organism in stressful 
conditions, two basic adaptive mechanisms can 
be distinguished. The first is the local adaptation 
syndrome, which includes changes occurring 
only at the site of the stressor, and the second is 
the general adaptation syndrome, which concerns 
the reaction of the entire organism. The reaction 
of the entire organism consists of three phases: 
an alarm reaction that initiates the mobilization of 
the body’s defense forces, immunity, or adapta-
tion to new conditions, which lasts for some time, 
and the exhaustion phase. The latter is a conse-
quence of a long-term or too intense stress factor 
that affects the loss of the body’s defense capabil-
ities (Selye, 1956, 1977; Grygorczuk, 2008; Rice, 
2012; Szabo et al., 2012).

Selye (1977) emphasizes that all animals 
are sensitive to stressors, including those lower 
organized, which do not have a well-developed 
nervous system. Earthworms belonging to the An-
nelida have a simplified nervous system (ladder 
type), consisting of, among others, a nerve trunk 
connected to nerve ganglia. The subesophageal 
ganglion connects with nerve fibers surrounding 
the esophagus, creating a paraesophageal ring. 
On the dorsal side, there is a supraesophageal 

(cephalic) ganglion, which is the equivalent of 
the brain. It controls body movements, but also 
complex forms of behavior such as searching for 
food and avoiding noxious stimuli (Kasprzak, 
1986; Jura, 2007; Sadowski, 2012). Having a 
nervous system, earthworms, like other animals, 
have developed the ability to avoid or minimize 
the effects of stimuli that are dangerous to them 
because they cause, for example, damage to their 
body tissues (Rożen, 1994; Christensen & Ma-
ther, 2004, cited in Rożen, 2004; Elwood, 2011).

The effects of stress can be seen at various 
levels of the organization of life of organisms 
and can affect their cells, single individuals or 
entire populations. A stress factor can disrupt en-
zyme activity, increase mortality, reduce fertility, 
growth and development and influence changes 
in individual behavior (Pelosi et al., 2014).

Earthworms, as a result of their stress re-
sponse, expel coelomic fluid along with the coe-
lomocytes contained in it. They can lose it, for 
example, under the influence of a sudden change 
in temperature, intense light, high concentration 
of chemical substances or as a result of me-
chanical stimuli (Wikiera et al., 1996; Henda-
wi et al., 2004; Engelmann et al., 2005; Jura, 
2007). Scientists involved in research related to 
earthworm coelomocytes have long been using 
this phenomenon, using, among others, mod-
ifications of the method of obtaining coelomic 
fluid described by Roch in 1979 (Roch, 1979; 
Hamed et al., 2005; Plytycz et al., 2006, 2007, 
2009, 2010, 2011; Molnar et al., 2015; Santocki 
et al., 2016). When using this method, coelomic 
fluid is obtained in a non-invasive way, because 
the entire procedure, despite requiring a stress 
response such as violent writhing of animals, 
does not directly cause their death. However, it 
is not entirely clear what the consequences of its 
long-term use are and, therefore, exposing earth-
worms to chronic stress and how this affects the 
development of the earthworm population.

Due to its short life cycle, high reproductive 
rate and ease of breeding, E. fetida is the recom-
mended species and therefore commonly used in 
standardized toxicity tests (ISO, 1993; OECD, 
1984; Lowe & Butt, 2007). However, studies 
based on only one earthworm species may lead 
to the omission of certain environmental hazards, 
which indicates the need to use several earth-
worm species in such studies (Velki & Hacken-
berger, 2013; Jovana et al., 2014).
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The response of earthworms to stress related 
to, for example, pesticides depends on their tox-
icity and duration of exposure, but is largely bio-
logically determined. Therefore, different species 
of earthworms may have a different threshold of 
sensitivity to a specific substance (Frund et al., 
2011; Pelosi et al., 2014), which results from, for 
example, morphological and physiological differ-
ences between them (Edwards & Bohlen, 1996). 
Homa et al. (2007) showed, for example, that 
Allolobophora chlorotica is much more sensitive 
to copper contamination than E. fetida, which 
was confirmed by analyzing animal mortality. In 
addition, Lukkari et al. (2005) proved, for exam-
ple, that earthworms of the species E. fetida are 
more resistant to heavy metals than other species 
such as Aporrectodea tuberculata. In turn, the 
studies of Robidoux et al. (2004) showed that the 
species E. andrei tolerated chemicals at higher 
concentrations than A. rosea earthworms. When 
comparing mortality, growth and reproduction in 
earthworms exposed to different pesticides, E. 
fetida was more resistant to the exposed chem-
icals than the tropical earthworm Perionyx ex-
cavatus (De Silva et al. 2010). Additionally, 
Velki & Hackenberger (2013) compared the re-
sponse of earthworms to insecticide application 
and showed that E. fetida was more resistant to 
chemical stress than L. rubellus.

The results of our own research on the effect 
of the stressor in the form of electrostimulation 
may indicate that E. fetida earthworms are resist-
ant to a moderate stress factor, because it did not 
affect significant changes in the population size. 
As reported by Anderson et al. (2013), imma-
ture individuals show greater sensitivity to stress, 
which in the case of his research was a high con-
centration of heavy metals, than mature individ-
uals. Despite such indications, a comparison of 
the number of E. fetida individuals in individual 
age classes did not confirm the differences in this 
parameter in relation to the control group.

In contrast to E. fetida, the populations of 
D. veneta studied were sensitive to the applied 
stress, which was expressed by a decrease in the 
average population size in the groups exposed to 
electric current compared to the control groups. A 
clearly negative effect of the stress factor for this 
species in the form of a decrease in the population 
size was observed in all age classes. Body mass 
is also an important indicator allowing for exam-
ining the response to stress (Jovana et al., 2014). 
When undertaking this study, individuals were 

weighed at regular time intervals. This resulted in 
obtaining average body masses and average total 
biomasses of entire populations. In the case of E. 
fetida, the stress factor induced by the current did 
not affect the characteristics of individual mass 
and biomass of the entire population. Compared 
to the control groups, no differences were found 
in the average mass of individuals (both imma-
ture, premature and mature individuals) and the 
total mass of all individuals combined.

D. veneta earthworms responded differently 
to the applied stress factor. In the groups exposed 
to electric current, the total biomass of the popula-
tion was lower than in the control groups, but the 
average masses of individual individuals did not 
decrease. When analyzing immature, premature 
and mature individuals separately, the negative 
effect of stress in most cases was visible in the 
form of a decrease in the average biomass sums 
due to the smaller size of this group, which was 
not synonymous with the effect on the individual 
mass of individuals.

Immature individuals react to the stress factor 
to a greater extent than mature individuals (An-
derson et al., 2013), but our own studies did not 
confirm this regularity.

The measurements of the body mass of both 
analyzed species showed that D. veneta earth-
worms responded to regular electric stress by re-
ducing their body mass (in contrast to E. fetida 
earthworms). This may mean that despite their 
larger size and higher individual mass (Kasprzak 
1986), D. veneta earthworms are more sensitive 
than E. fetida earthworms.

The electric current used in the study did not 
limit the cocoon-laying of E. fetida earthworms, 
which was confirmed by analyzing the average 
numbers of cocoons in their populations and the 
average numbers of cocoons per adult individu-
al. The situation was different in D. veneta earth-
worms, in which electrical stress caused a de-
crease in the number of cocoons. A lower number 
of cocoons per reproductive individual was also 
observed in comparison to the control. Analyzing 
the sensitivity of both earthworm species to the 
applied stress factor, it turned out that also in this 
case D. veneta earthworms were more sensitive. 
In the studies by Simonsen & Scott-Fordsmand 
(2004), it was shown that earthworms of the spe-
cies L. rubellus living in an environment contam-
inated with heavy metals invest more energy in 
cocoon production. These earthworms laid more 
cocoons than the animals in the control group. 
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However, reproductive success in this case does 
not reflect the number of cocoons laid, because 
significantly more young individuals hatched 
from the cocoons of earthworms living in an un-
contaminated environment. The intensity of the 
stress factor or, as in the case of heavy metals, 
the concentration of the xenobiotic may affect, for 
example, the reproduction of earthworms. Ander-
son et al. (2013) report that under the influence of 
high concentrations of heavy metals, L. rubellus 
individuals laid fewer cocoons as a response to 
chemical stress.

The conducted studies show that the applied 
electric stress had no effect on the mass of laid 
cocoons and therefore on their total biomass in 
E. fetida populations. The opposite observations 
apply to D. veneta cocoons, the total biomass of 
which was lower in the stressed groups, but no 
differences were found in the data on the average 
masses of cocoons. Therefore, this part of the life 
history cycle of D. veneta also seems to be more 
sensitive to stress than in the earthworms of the 
species E. fetida.

CONCLUSIONS

Regular electric stimulation did not affect the 
features of E. fetida at the population level. So 
the applied stress factor did not affect the aver-
age number, total biomass, average body weight 
of individuals constituting complete populations 
and cocoons. Furthermore, low voltage electric 
current did not affect the life expectancy of the 
stressed population of E. fetida. In the case of 
earthworms of the species D. veneta, stress with 
electric current caused significant changes in the 
population. As a result of coelomocyte ejection, 
a decrease in the number of all analyzed age 
groups and cocoons was observed. Individuals 
also responded by reducing the average individ-
ual mass and average total biomass. This applied 
to all age classes of D. veneta in all populations. 
Low voltage electric current did not affect the 
life expectancy of the stressed population of E. 
fetida, in contrast to the population of earth-
worms of the species D. veneta, where it signifi-
cantly reduced the probability of survival of the 
stressed population. The commonly used method 
of obtaining coelomocytes for various analyses, 
which consists in exposing earthworms to the 
action of low voltage electric current, is an effec-
tive method because it allows obtaining samples 

of coelomic fluid and thus safe for earthworms 
due to the lack of influence on the population 
parameters of the studied species of earthworms. 
Moreover, popular opinion circulating among 
the growers of earthworms was that electric cur-
rent could stimulate earthworms to grow faster. 
This was not confirmed – we should still look for 
possible stimulators of the development of the 
vermicomposting organic waste earthworm pop-
ulation. It is not known whether the results of 
the experiment can be generalized, for example, 
to other earthworm species. Different earthworm 
species are characterized by different sensitivity 
to environmental stress, therefore their sensitiv-
ity may be different, as seen in the case of E. 
fetida and D. veneta. The results may influence 
earthworm breeding practices in vermicompost 
production, because it is confirmed that regu-
larly supplied stress can affect the decrease in 
earthworm vital parameters and thus affect the 
efficiency of vermicompost production.
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