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Aim: The present study was carried out to record the regeneration ability in the top soil earthworm species
inhabiting 0-15 cm soils with unpredictable environment and exposed to predator pressure and the sub soil
species living below 15 cm soil depth where environment was stable with less exposure to predators.
Methodology: Out of a total of 17 laboratory acclimatized earthworm species, 12 top soil and 5 sub soil species
were subjected to amputation of either anterior (5) or posterior (5) body segments or both by sterilized blade.
Amputed earthworms in separate
experimental groups were kept in
EARTHWORMS
decomposed cow dung (epigeic
species) and habitat soils (for
Top soil (0 - 15 cm)
others) under laboratory
conditions (temperature 26°C ±
Sub soil (Below 15 cm)
0.22, RH 70-90%).
Results: In contrast to the sub
soil earthworm species, the top
soil species in generaly had the
Top soil species
Sub soil species
ability of regeneration of body
segments. Top soil species viz.,
Perionyx excavatus, Eisenia
fetida, Eudrilus eugeniae,
Octochaetona beatrix, Lampito
Metaphire houlleti, Amynthus,
Perionyx excavatus, Eisenia, Eudrilus,
mauritii, Glyphidrilus sp.,
Eutyphoeus gammiei,
Octochaetona, Lampito, Glyphidrilus,
Eutyphoeus comillahnus, Kanchuria Dichogaster, Drawida, Pontoscolex etc.
Dichogaster sp., Drawida
papillifer papillifer, Drawida
assamensis, Pontoscolex
Possess regeneration ability
Generally no regeneration;
corethrurus and Polypheretima
only healing up of wounds
elongata had the regeneration
ability and of them only former
seven species restored both
anterior and posterior amputed
Eudrilus eugeniae before regeneration
segments, while rest of the
species regenerated only the
posterior segments.
Interpretation: In contrast to
After anterior
After posterior
regeneration
regeneration
the sub soil earthworm
species viz., Eutyphoeus
gammiei, E. comillahnus,
Top soil earthworms species remaining in unpredictable environment and
exposed to predator pressure and agricultural practices possess the capacity
Metaphire houlleti, Amynthus
of regeneration; in contrast deep soil dwelling earthworms devoid of any
alexandri and Kanchuria sp.,
predator pressure and remaining in predictable environment generally don't
the top soil species in general
possess the power of regeneration
were subjected to predator
attacks and agricultural practices (ploughing) leading to loss of segments, and thus were equipped
with the power of regeneration.
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The capacity of regeneration in animals is less marked. It
is well known that sponges, hydras and planarians can
regenerate whole organisms from small body segments
(morpholactic regeneration). Earthworms (Annelida:
Oligochaeta) which are morphologically more complex than
hydras and planarians, exhibit variable degree of regeneration
(Edwards and Bohlen, 1996). Although in recent years most of the
research work on earthworms are concentrated on
vermicomposting (Edwards, 2011; Biradar and Biradar, 2015;
Chaudhuri et al., 2016) and biodiversity (Chaudhuri and Nath,
2011; Lalthanzara et al., 2011; Chakraborty and Chaudhuri 2016;
Jamatia and Chaudhuri, 2017) less attention has been paid on
their regeneration biology (Nanda and Chaudhury, 1982).

Materials and Methods
Seventeen earthworm species belonging to three major
ecological categories viz. Epigeic (Perionyx excavatus, Eisenia
fetida, Eudrilus eugeniae), Endogeic (Glyphidrilus
sp.,Octochaetona beatrix, Dichogaster sp., Drawida assamensis,
Pontoscolex corethrurus, Metaphire posthuma, Lampito mauritii,
Polypheretima elongata, Eutyphoeus commillahnus, Eutyphoeus
gammiei, Kenchuria sp.) and Anecic (Metaphire houlleti,
Amynthus alexandri, Drawida papiliffer papillifer) were selected
for regeneration studies during June to October of 2014-2015.
Epigeic species like P. excavatus, E. fetida and E. eugeniae were
collected from laboratory stock cultures, while rest of the species
were collected from Agartala (W. Tripura) and its neighbouring
areas. In the present study earthworm species inhabiting 0-15 cm
soil depth were considered as top- soil species, while those
inhabiting more than 15 cm soil depth were sub- soil species.
Thus, A. alexandri, M. houlleti, E. commillahnus, E. gammiei and
Kanchuria sp. living in deep soil were sub-soil species, while the
rests twelve species were top-soil earthworms. Species collected
from their natural habitats were acclimated for one week under
laboratory conditions (temperature 26 °C±0.22, RH 70-90%)
prior to regeneration studies.
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Bouche (1971) recognized three major ecological groups
of earthworms: epigeic, anecic and endogeic. Epigeic
earthworms (similar to Lee's litter species) are typically deeply
pigmented, living on the litter above the soil surface. Dorsally
pigmented anecic earthworms (Lee's top soil species) form
permanent or semi permanent vertical burrows in soils and feed
on soils with decaying leaves. Endogeic earthworm species
(Lee's subsoil species) are generally nonpigmented or less
pigmented, inhabit the mineral soil horizon and typically
geophagous in nature. In tropical ecosystems, endogeic are
divided into three subcategories, polyhumic, mesohumic and
oligohumic depending upon the amount of organic matter taken
(Edwards and Bohlen, 1996). Moreover, some tropical earthworm
species under anecic category shares some characters of
epigeic, hence are called epianecic species. These three major
ecological groups are evolutionary extremes on three corners of a
triangle with many species occupying intermediary positions with
respect to these extremes (Edwards and Bohlen, 1996).

soils were exposed to variable degree of agricultural practices
(ploughing) or predator attacks leading to loss of body segments,
it can be predicted that the earthworm species exposed mostly to
such factors do possess better regenerative power.
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In fact, regeneration ability is one of the important factors
that affect the survival of earthworms in their ecology. According
to Edwards and Bohlen (1996) capacity of regeneration of injured
or lost part of the bodies of earthworms varies and ranges from a
very poor capacity for regrowth in Lumbricus terrestris to species
that seem to be able to regenerate almost any organ, such as
those belonging to genera Criodrilus and Perionyx (Edwards and
Bohlen, 1996). Deep burrowing earthworm, Eutyphoeus gammiei
(endemic to north- east India) lacks the ability of either anterior or
posterior regeneration (Chaudhuri et al.,1998). Survival rates of
earthworms in response to amputation treatments depend on the
number of segments remaining and are much related to the
position of amputation (Xiao et al., 2011).Anterior regeneration
lengths are correlated with the position of amputation, but not with
the number of remaining segments. The posterior regeneration
lengths, however, are not correlated with number of remaining
segments, nor the position of amputation (Xiao et al., 2011).

Five treatment groups (Group I – Group V) were
considered for regeneration experiment. Each group had 10 adult
individuals of a species which were washed in distilled water
before treatment .In group I, individuals were selected for studies
on anterior regeneration where anterior most five segments were
amputed at inter segmental groove 5/6 by using sterilized scalpel.
In group II, individuals were selected for posterior regeneration
where the last five caudal segments were amputed. The group I
and group II individuals were kept on moisturized filter paper in
sterilized Petri-dishes covered with lids, taking care of proper
aeration. Following healing up of wounds after 24 -72 hrs, the
amputed earthworms (group I and group II) were released
separately into earthen pots with suitable feed substrates (partly
decomposed cow dung for P. excavatus, E. fetida, E. eugeniae,
habitat soils for other species). Although regeneration was
completed within 18 (for anterior regeneration) to 28 days (for
posterior regeneration), the experiment was continued for 60
days for restoration of normal pigmentation and original size of
lost body segments.

In the present study, regeneration ability of 17 earthworm
species belonging to different ecological categories was studied.
As earthworm species inhabiting different vertical distribution in
Journal of Environmental Biology, May 2017

Based on the ability of regeneration other three treatment
groups were used. In group III, earthworm species with anterior
regeneration ability viz. P. excavatus, E. fetida, E. eugeniae, O.
beatrix and L. mauritii, anterior amputation was made following
10th segment (10/11 segment). In group IV (P. excavatus, E.
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Results and Discussion

Epigeic earthworms, P. excavatus, E. fetida, E. eugeniae
under group IV treatment, regenerated all the anterior and
posterior segments with 30-40% mortality following simultaneous
transection of five anterior and five posterior most body segments
(Table 3). Simultaneous regeneration of anterior and posterior
body segments following segment loss indicates that in the
epigeic species regeneration is bidirectional (Cho et al., 2009).

P. excavatus had tremendous potential of regeneration of
lost body parts. Thus, Perionyx under Group V treatment, when
cut into two halves produced two viable individuals with original
anterior part regenerating more than 25-29 posterior segments
and the posterior part restoring 18 anterior segments including
clitellum, digestive, nervous and reproductive systems (Fig. 2).

Cop

Following amputation of either anterior or posterior
segments different species of earthworms displayed interesting
behavioral changes. While M. posthuma had lost its characteristic
knot forming behavior (following disturbance), earthworm
species like P. corethrurus, D. papillifer papillifer and Dichogaster
sp. formed a tight knot (simulating 'diapause' condition) after
amputation. M. houlleti and A. alexandri did not display their
characteristic serpentine movement following amputation.
Coelomic fluid was forcefully ejected out by E. gammiei, E.
comillahnus and Kenchuria sp. after amputation. Species like E.
eugeniae, E. fetida, D. assamensis and Glyphidrilus sp. showed
wave of muscular contraction along their body axis often leading
to autotomy, following amputation of body segments.
Regeneration of different earthworm species is shown in Fig. 1.

group III treatment, restored all the segments following
amputation of anterior 10 segments (Table 2). In this treated
group, epigeic species not only took less time for restoration of
lost anterior segments as compared to the top soil endogeic
species (O. beatrix, L. mauritii) (Table 2), their mortality rate was
also less (20%) than the latter (50%).
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eugeniae, E. fetida), simultaneous transection of five body
segments from both the anterior and posterior most body parts of
the same individual were made. Specimens (P. excavatus)
belonging to Group V were cut medially into two equal halves.
Group III- V were maintained similar to group I and group II.
Regenerated segments were counted under magnifying glass. All
amputation treatments were replicated three times.
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Wound healing took place in most of the species within 15 days. Among the species studied, epigeic species, P. excavatus
formed regeneration blastema at the earliest i.e. 24 hrs after
amputation. Surface dwelling litter species (P. excavatus, E
fetida, E. eugeniae) and top soil endogeic species viz.
Dichogaster sp., Glyphidrilus sp., O. beatrix, L. mauritii had the
ability of both anterior and posterior regeneration (Table1). In P.
excavatus, E. eugeniae and E. fetida, while 12-14 days were
required for restoration of five segments after anterior
amputation, same number of segments regenerated following
posterior amputation of 16-17 days indicating anterior
regeneration a much faster process than posterior regeneration.
Time required for restoration of segments during anterior and
posterior regeneration in different earthworm species is given in
Table 1. Among other top-soil dwellers, D. papillifer papillifer, D.
assamensis, P. corethrurus and P. elongata had the ability of
posterior regeneration only (Table 1). Six earthworm species viz.,
E. gammiei, E. comillahnus, Kenchuria sp., M. posthuma, M
houlleti and A. alexandri did not show any sign of either anterior or
posterior regeneration. The anteriorly amputed species, lacking
regeneration ability (e.g. E. gammiei) died after few days but
survived following posterior transection with healing of wounds.
Among 17 species studied 11 species viz., P. excavatus, E. fetida,
E. eugeniae, O. beatrix, L. mauritii, Glyphidrilus sp., Dichogaster
sp., D. papillifer papillifer, D. assamensis, P. corethrurus and P.
elongata had the ability of posterior regeneration, and the former
seven species, among them were able to regenerate both
anterior and posterior body segments (Table 1).

The present study revealed that Annelids–
phylogenetically the first group of coelomates, with well
developed central nervous system, a closed vascular system and
metameric segmentation exhibit extensive variations in
regeneration ability (Bely, 2010). In fact, earthworms may be
regarded as the best metazoan models to study different aspects
of regeneration because they are relatively easy to culture and
manipulate in the laboratory. Therefore, oligochaetes would be
more suitable than Hydras or planarians as experimental material
to enhance the regeneration ability in vertebrates (Xiao et al.,
2011).

Onl

Epigeic and top-soil endogeic earthworm species in
general, show the capacities of regeneration, in contrast to those
species dwelling in the sub- soils. Epigeic and top- soil endogeic
earthworms are often subjected to predator attacks and their
bodies are cut into pieces by soil cultivators during ploughing. So
nature has gifted them the power of regeneration. In contrast,
deep soil dwelling earthworms devoid of any predator pressure
and remaining in predictable environment generally do not
possess the power of regeneration. Absence of regeneration
ability in M. houlleti and A. alexandri, in spite of, being top soil
inhabitants may be linked to their rapid serpentine movement
(following disturbance) that help them to escape from the
predator attacks (Chaudhuri, 2006). Similarly, M. posthuma
lacking regeneration ability coils around the body following
disturbance of any kind of touch sensation (Chaudhuri, 2006).

Epigeic species like P. excavatus, E. fetida, E. eugeniae
and top soil endogeic species like O. beatrix, L. mauritii under

Regeneration in earthworms is epimorphic i.e. by addition
of parts to the remaining piece of the body, in contrast to the
morpholloactic type (remodeling the available mass of cells into a
new individual) as in hydras (Balinsky, 1981). In earthworms,
Journal of Environmental Biology, May 2017
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Fig. 1 : Regeneration in earthworms: anterior regeneration in (a) Perionyx excavatus; (b) Eudrilus eugeniae; (c) Eisenia fetida; (d) Lampito mauritii; (e)
Octochaetona beatrix and posterior regeneration in (f) Octochaetona beatrix; (g) Lampito mauritii; (h) Pontoscolex corethrurus; (i) Drawida assamensis;
(j) Drawida papillifer papillifer
Journal of Environmental Biology, May 2017
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essential factors for regenerative growth in earthworms.
Literature is available on the role of neurohormone released by
neurosecretory cells of central nervous system in the process of
regeneration in earthworms (Nanda and Chaudhury, 1982; Banik
and Chaudhuri, 2016; Okrzesik et al., 2013).

Cop

y

The study revealed that earthworm species with the power
of anterior regeneration also has the ability to regenerate lost
posterior segments (e.g. Perionyx, Eisenia, Eudrilus, Lampito and
Dichogaster etc.). But those with the capacity of posterior
regeneration may not have the ability to restore the lost anterior
segments following amputation (e.g. P. elongata, P. corethrurus, D.
assamensis, D. papillifer papillifer). Tremendous potential of
Indian vermicomposting earthworm, P. excavatus to regenerate
complete sets of different organ systems including central nervous
system and reproductive organs were quite interesting. Recently,
Cho et al. (2009) reported reformation of various tissues and
organs of blood vascular system, central nervous system,
excretory system, following amputation in P. excavatus. In the
recent study a regenerated 'extra head' posterior to the clitellum of
adult Perionyx excavatus (Fig. 3) in its culture bed under laboratory
conditions was recorded. Regeneration of this 'extra head' was
probably due to post- clitellar injury during specimen handling in
culture bed. Thus, the present study indicates that the earthworm
is the highest evolutionary form capable of regenerating an
anterior portion with all the vital systems of the body.

The study showed that regeneration occurred more
readily when the 'tail' was cut off rather than the 'head'. The full
number of segments was not always regenerated. The number of
regrown segments depends on the length of the remaining
fragments of the body (Xiao et al., 2011). There is a gradual
decrease in regeneration capacity along the body from front to
back (Edwards and Bohlen, 1996). According to Tweeten and
Anderson (2008) head regeneration in fresh water oligochaetes L.
variegates involves dedifferentiation, proliferation and
redifferentiation of cells at the wound site while regeneration of
tails is dependent on migration of cells to the cut site. The
chloragogen cells are important in earthworm regeneration,
because there is a mass migration of these cells to the wound after
part of the worm is cut off (Edwards and Bohlen, 1996). However, a
'critical inhibitor voltage theory' suggested that the formation of
new segments continues at the tip of the earthworms until a critical
inhibitory voltage is built up (Edwards and Bohlen, 1996).

Onl
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Fig. 2 : Regeneration of nerve ring and reproductive organs in P.
excavatus bisected medially. Br-brain, SV-seminal vesicle, SPspermatheca

Fig. 3 : Regenerated 'extra head ' (EH) in P. excavatus

regeneration begins with blastema formation at the amputation
end, followed by cellular proliferation and differentiation into head
or tail bud (Xiao et al., 2011). Although incident of posterior
regeneration in earthworms is much more than anterior
regeneration (Edward and Bohlen, 1996), the latter process in
much quicker than the former. Appearance of nerve ring with
regeneration of the neurosecretory system in Metaphire peguana
following 10 days of anterior amputation was reported earlier by
Nanda and Chaudhuri (1983). The reason behind anterior
regeneration being a quicker process than the posterior
regeneration is probably due to the fact that formation of mouth for
feeding and circumoesophageal nerve ring with its
neurosecretory elements for its role in segment proliferation, are

Neurohormone released from the neurosecretory cells at
the central nervous system plays an important role in
regeneration, particularly in initiating regeneration in Eisenia
fetida, Metaphire peguana, Eudrilus eugeniae (Moment, 1979;
Nanda and Chaudhuri, 1982; Banik and Chaudhuri, 2016). In
epigeic earthworms (homodynamic species), which are more
prone to predatory attacks and do not enter diapauses, may
readily regenerate lost segments by altering the levels of
neurohormone released by ventral nerve cord and cerebral
Journal of Environmental Biology, May 2017
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Table 1 : Regeneration ability in seventeen species of earthworms (n=20), (d= 45), (RT = 27ºC ±0.2ºC)
Species

Anterior regeneration
No. of
anterior
segments
amputed

RegenerNo. of
No. of days for
ation ability segments
regeneration
regenerated

No. of
posterior
segments
amputed

Regeneration
ability

No. of
segments
regenerated

No. of days for
regeneration

5
5
5
5
5
5
5
5
5
5
5
5

+
+
+
+
+
+
+
_
_
_
_
_

5
5
5
5
5
5
5
0
0
0
0
0

5
5
5
5
5
5
5
5
5
5
5
5

+
+
+
+
+
+
+
+
+
+
_
+

5
5
5
5
5
ID
4.45 ± 0.21
4.30 ± 0.19
5 ± 0.21
3.5 ± 0.2
0
3 ± 0.15

16.15 ± 0.19
17.75 ± 0.25
17.45 ± 0.13
26.95 ± 0.33
17.80 ± 0.36
ID
12.75 ± 0.03
23.6 ± 0.21
27.75 ± 0.3
20.25 ± 0.49
_
17.7 ± 0.22

5
5
5
5
5

_
_
_
_
_

0
0
0
0
0

5
5
5
5
5

_
_
_
_
_

0
0
0
0
0

_
_
_
_
_

y

12.1 ± 0.2
14.1 ± 0.31
12.6 ± 0.27
14.85 ± 0.26
18.9 ± 0.32
13.4 ± 0.31
9.6 ± 0.28
_
_
_
_
_

Cop

Top soil species
P. excavatus
E. fetida
E. eugeniae
O. beatrix
L. mauritii
Glyphidrilus sp.
Dichogaster sp.
D. papillifer papillifer
D. assamensis
P. corethrurus
M. posthuma
P. elongata
Sub soil species
M. houlleti
Amynthus alexandri
E. commilahnus
E. gammiei
Kenchuria sp.

Posterior regeneration

_
_
_
_
_

n= number of individuals, d= total day of observation, RT= room temperature, ID- ill defined; Values are ±SE
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Table 2 : Comparison in power of anterior regeneration among top- soil earthworm species
Species

Anterior segments amputed

Segments regenerated

Days to restore lost segments (Mean ± SE)

Perionyx excavatus
Eudrilus eugeniae
Eisenia fetida
Octochaetona beatrix
Lampito mauritii

10
10
10
10
10

10
10
10
10
10

13.75 ± 0.21
16.35 ± 0.34
21.9 ± 0.46
20.9 ± 0.22
23.5 ±0.35

Onl

Values are ±SE

Table 3 : Segment restoration in epigeic earthworms following simultaneous anterior and posterior transaction (Group IV)
Species

Anterior and posterior
simultaneous amputation

Total anterior and
posterior segments
emerged

Days required to regenerate
anterior segments

Days required to regenerate
posterior segments

P. excavatus
E. eugeniae
E. fetida

5 segments
Do
Do

anterior 5 posterior 5
Do
Do

9.75 ± 0.15
13.5 ± 0.47
20 ± 0.32

11.55 ± 0.31
18.2 ± 0.25
25.6 ± 0.21

Values are ±SE

ganglia. Top soil endogeic worms(amphidynamic species) may
have to make major changes in their physiology to enter into
diapause to regain lost segments (Kale, 1993).The sub-soil
earthworm species do not regenerate because their cerebral
neurohormone inhibit regeneration(Chaudhuri, 1998).
Journal of Environmental Biology, May 2017

New theories about the role and extents of regeneration
of different parts in different species of earthworms may have to
be explained at the molecular level. For example, a Homebox
gene has been found to be expressed during the process of
regeneration of parts of vertebrates and invertebrates (Carlson et
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have “comparative reproductive success” than those without this
property. Further research is needed to clarify the actual
mechanism of regeneration. Although the phenomenon of
regeneration has attracted the attention of earthworm biologists,
adequate knowledge of its mechanism is lacking.
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