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ABSTRACT

Despite many decades of intensive research on earthworms, some fundamental questions remain unsolved. This study investigates the
effect of the tropical Pontoscolex corethrurus on its cocoon biomass and hatchling growth. A controlled experiment was set up
manipulating the presence of adult P. corethrurus based on three treatments, each with 20 replicates: Removal of P. corethrurus (RPc), No
Removal of P. corethrurus (Control) and Controlled Removal, where P. corethrurus was removed and reintroduced again (RIPc). In all
treatments, P. corethrurus deposited cocoons inside specially built chambers. No significant differences were observed in the number of
cocoons and hatchlings produced between treatments (P > 0.1206 and P > 0.8707, respectively). Mean cocoon biomass was significantly
(P > 0.001) higher in the Control (30.3 + 3.5 mg) and RIPc (29.1 + 3.6 mg) treatments relative to RPc (25.1 £ 2.7 mg) treatment. By
contrast, mean hatchling biomass in RPc (46.7 + 27.6 mg) was significantly higher than in RIPc (29.3 + 9.0 mg) and the Control (31.8 +
9.5 mg) groups (P < 0.0270). Based on these findings, we concluded that the parental presence of P. corethrurus significantly contributed

to maintain cocoon biomass although it was related with a decrease in hatchling growth.
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INTRODUCTION

In many soil types, the earthworms dominate soil fauna and
have inhabited terrestrial environments for over 600 million
years (Stephenson 1930; Lavelle and Spain 2001; Coleman
et al. 2004). Mostly, investigations on earthworms have
focused on species of the family Lumbricidae. For instance,
Lumbricus terrestris L. (1758) has been the subject of re-
search for nearly 250 years (Grigoropoulou et al. 2007). In
recent years, most laboratory experiments in tropical regions
have advanced our knowledge on the biological features of
tropical species, e.g. Pontoscolex corethrurus Miiller, 1856
(Lavelle et al. 1987), Polypheretima elongata Perrier, 1876
(Lavelle et al. 1987; Huerta et al. 2005), which are gene-
rally dominant in natural ecosystems and agroecosystems.

P. corethrurus is a parthenogenic earthworm commonly
found in gardens, cropland and fallowland, being widely
tolerant of edaphic and climatic changes (Lavelle et al.
1987). It is an unpigmented worm, 7-10 cm long and 3-4
mm in diameter. Adults may weigh up to 600-3500 mg fresh
mass, and the cocoons’ mean weight is about 40 mg fresh
weight (Lavelle ef al. 1987).

However, despite many decades of intensive research
on the biological activity of earthworms, especially as “eco-
system engineers” (Jones et al. 1994; Lavelle et al. 2006;
Hastings er al. 2007) and their impact on plant growth
(Scheu 2003; Brown ef al. 2004; Ortiz-Ceballos et al. 2007),
basic questions remain unsolved. One of these is: do earth-
worms display any behaviour patterns which help increase
offspring survival? Cocoons have been documented to be
extraordinarily tolerant to low and high temperatures (Ste-
phenson 1930; Lee 1985; Edwards and Bohlen 1996; Holm-
strup and Zachariassen 1996). In a study by Ortiz-Ceballos
et al. (2005), P. corethrurus cocoons were observed to de-
hydrate rapidly when exposed to air. This fact led us to hypo-
thesize that earthworms might protect cocoons. Whether

earthworms display any behaviour patterns which help in-
crease offspring survival is not yet clear (Ortiz-Ceballos
and Fragoso 2006; Grigoropoulou et al. 2007). This study
investigates the influence of P. corethrurus presence on
cocoons and hatchlings development.

MATERIALS AND METHODS

One hundred and ten adult earthworms, P. corethrurus were col-
lected by manual hand-sorting from an abandoned mango planta-
tion located 70 km southwest (17° 48’ N, 93° 28" W) of Villaher-
mosa, Tabasco, Mexico. Each earthworm was placed in individual
plastic containers (12 x 12 x 8 cm) until cocoon production was
observed. Sixty adult earthworms with a similar biomass (1.21 +
0.23 g; P > 0.577) were selected from this group. Each was indi-
vidually placed in a styrofoam container (273 ml) along with 300
g, equivalent oven-dry weight and sieved at 2 mm, of well-mixed
soil (Fluvisol; 26.9% clay, 31.6% silt, 41.5% sand and 2.7% or-
ganic matter) and velvetbean (3% of Mucuna pruriens; 2.3% N
and 23.3 C/N) and moistened to field capacity (42% H,0). Con-
tainers were incubated at 27 &+ 3°C.

In a previous pilot experiment using the same quantity and
quality of soil (300 g of soil mixed with 3% of Mucuna pruriens),
we registered cocoons production at every 10, 15, 23 and 35 days,
we found that after 22 days cocoon production did not increase.
Also we observed that if cocoon was removed or the earthworm
changed to a different container, earthworms deposited more
cocoons (Ortiz-Ceballos et al. 2005). So, we determined the 22
days period adequate for our experiments.

After 22 days, during which earthworms produced cocoons,
experimental manipulation of the earthworms was undertaken.
Each of the following treatments (randomized) included 20 rep-
licates:

1. Removal of P. corethrurus (RPc): the earthworm was re-

moved from the container.

2. No P. corethrurus removal (Control): no manipulation.
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Fig. 1 Chamber constructed by Pontoscolex corethrurus containing
cocoon and associated casting.

3. Controlled removal of P. corethrurus (RIPc): the earth-
worm was removed and immediately reintroduced, in an at-
tempt to assess any potential effect of the removal method.

In the manipulation treatments (RPc and RIPc), the block of
soil was carefully removed from the container, air was then blown
into burrows until the earthworm exited at which point it was re-
moved immediately from the container. After the day of mani-
pulation, soil moisture was monitored at 5-day intervals to keep it
constant. The experiment ended 38 days after the initial manipula-
tion.

When the experiment was completed (sufficient time was
allowed for the hatchlings to emerge from the cocoon), the earth-
worm and hatchlings were collected manually, washed and dried
and then counted and weighed; while that cocoons only were
counted and weighed immediately.

Earthworm, cocoon and hatchling weight data were evaluated
by an analysis of variance (one-way ANOVA). The number of co-
coons and hatchlings were fitted to the Poisson distribution model.
Differences between means were assessed using Tukey’s HSD test
(P <0.05). All analyses were run with Statistica 6.0 (StatSoft Inc.).

RESULTS

All earthworms were active and healthy on the day of mani-
pulation (22 days after the initiation of the test) and after 60
days (test completion). Each earthworms gained weight (5 £
2.4 mg) after 22 days in RPc, but lost weight at the end of
the experiment (60 days) in the Control and RIPc (mean of
weight loose 362 + 194 and 357 + 225 mg, respectively)
treatments. All Control earthworms and in manipulated treat-
ments (85% RPc and 70% RIPc) produced cocoons at the
end of the experiment (60 days). In all cases, cocoons (n =
240; 3.9 £ 1.6 mm long and 3.5 + 0.3 mm wide) were found
inside circular chambers, along with associated casting
chamber (Fig. 1).

No significant differences were found in the number of
cocoons and hatchlings between treatments (F = 2.21, P >
0.1206 and F = 0.14, P > 0.8707, respectively). Control,
RIPc and RPc treatments produced a similar number of
cocoons (5.3 = 3.1; 5.1 £ 2.1 and 3.5 £ 1.3, respectively)
and hatchlings (3.0 + 1.6; 2.9 + 3.1 and 2.6 £ 1.3) per earth-
worm.

Mean cocoon biomass was higher in the Control (30.3 +
3.5 mg) and RIPc (29.1 £ 3.6 mg) treatments relative to the
RPc (25.1 £ 2.7 mg) treatment (Fig. 2). By contrast, mean
hatchling biomass was higher in the RPc (46.7 + 27.6 mg)
treatment compared to the Control (31.8 = 9.5 mg) and
RIPc (29.3 + 9.0 mg) treatments. This increase in cocoon
and hatchling biomass depended on earthworm manipula-
tion (F = 10.45, P <0.0001 and F = 3.98, P < 0.0270, res-
pectively).

At the end of the experiment, the Control and RIPc

_
of
E
]
<
£
2
=
=
=]
=]
9
=]
]
Control RIPc RPe¢
Treatments
—_
on
£
=2
2
<
£
2
=
o0
)
=
2
<
=

RIPc RPc

Control

Treatments

Fig. 2 Effect of Pontoscolex corethrurus parental presence on (A)
mean cocoon biomass and (B) hatchling growth. Control: no manipula-
tion; RIPc: earthworm removed and reintroduced; RPc: earthworm re-
moved. Different letters indicate significant difference (P < 0.05; Tukey’s
HSD).

treatments produced an average of 8.3 + 4.3 of progeny
(cocoons + hatchlings, with a maximum of 15 and 12, res-
pectively). The RPc treatment produced 6.0 £ 2.2 (with a
maximum of 6 cocoons and 5 hatchlings).

DISCUSSION

The present study demonstrates that the presence of Ponto-
scolex corethrurus has a significant effect on cocoon bio-
mass and hatchling growth. Individual cocoon production in
the Control group and RPc and RIPc treatments was similar
to that reported by several authors (Lavelle et al. 1987;
Bhattacharjee and Chaudhuri 2002; Garcia and Fragoso
2003). However, cocoon production may increase (0.5 ind™
day ) when biotic (earthworm age) and abiotic (moisture,
temperature, food) conditions and the interaction between
them (density dependence) are optimum (Ortiz-Ceballos,
unpublished data). Other demographic studies on P. core-
thrurus suggest a trade-off between biomass and cocoon
number in response to food quality (Garcia and Fragoso
2003) and soil moisture (Fragoso and Lozano 1992). The
results here did not reveal any evidence of the above, as the



Influence of adult earthworm on cocoons and hatchlings. Ortiz-Ceballos and Galindo-Gonzélez

highest cocoon number and biomass were observed in the
Control treatment. Likewise, in recent work by Grigoropou-
lou et al. (2007), the parental presence of L. terrestris had
no significant effect on cocoon viability; however, the
cocoon biomass was not determined.

In this study, P. corethrurus deposited all cocoons inside
chambers, as observed by Ortiz-Ceballos and Fragoso
(2006). By contrast, L. terrestris coats cocoons with excreta
(Ramisch and Graff 1985; Holmstrup and Zachariassen
1996; Grigoropoulou ef al. 2007). Both strategies may serve
as a protection to maintain humidity, and have been deve-
loped based on the ecological category to which these two
earthworm species belong, P. corethrurus being endogeic
(species that inhabit mineral soil horizons, feeding on soil
more or less enriched with organic matter — Lee 1985) and
L. terrestris anecic (those which lives in burrows, in mine-
ral soil layers, but come to the surface to feed on dead
leaves, which they drag into their burrows — Lee 1985). The
chambers found in this study had not been previously ob-
served, perhaps due to the method used for cocoon col-
lection (Huerta et al. 2005; Grigoropoulou et al. 2007), as
these chambers resemble those built when earthworms are
quiescent or dormant (Evans and Guild 1947; Edwards and
Bohlen 1996; Jiménez et al. 1999, 2000).

Ortiz-Ceballos and Fragoso (2006) suggested that, after
depositing cocoons inside chambers, P. corethrurus entered
into the cocoons chambers perhaps to ingest microorga-
nisms (protection against pathogens) or to deposit mucus
and fine soil particles onto the chamber’s inner walls (phy-
sical protection). The latter may explain why cocoons did
not lose weight in the presence of P. corethrurus and to the
detriment of parental biomass (Control and RIPc). Further-
more, these findings suggest that weight loss (desiccation)
would be even higher if cocoons were not deposited inside
chambers, as observed by Ortiz-Ceballos ef al. (2005).

Mean hatchling biomass was higher where P. corethru-
rus was removed (RPc), suggesting a negative effect of
parental presence on hatchling growth, similar to reports by
Grigoropoulou et al. (2007). This leads to the assumption
that, under stressed conditions, parent-offspring competition
may take place. Ortiz-Ceballos and Fragoso (2006) suggest
that P. corethrurus fed on excreta (enriched in microorga-
nisms), in addition to newborn hatchlings. This may lead to
a competition of resources between parents and offspring.

CONCLUSION

Based on the results reported in this study, it is concluded
that P. corethrurus presence during incubation significantly
contributes to maintain cocoon biomass. However, parental
presence negatively affected hatchling growth.

ACKNOWLEDGEMENTS

The authors are grateful to Drs. Carlos Fragoso and Mario Favila
for helpful comments and suggestions. This research work was
partially supported by the SEP-CONACyT (CB-2007-01/83600).

REFERENCES

Bhattacharjee G, Chaudhuri PS (2002) Cocoon production, morphology, hat-
ching pattern and fecundity in seven tropical earthworm species- a labora-
tory-based investigation. Journal of Bioscience 3, 283-294

121

Brown GG, Edwards CA, Brussaard L (2004) How earthworms affect plant
growth: Burrowing into the mechanisms. In: Edwards CA (Ed) Earthworm
Ecology (2nd Edn), CRC Press, Boca Raton, USA, pp 13-49

Coleman DC, Crossley DA Jr., Hendrix PF (2004) Fundamentals of Soil Eco-
logy, Academic Press, USA, 386 pp

Edwards CA, Bohlen PJ (1996) Biology and Ecology of Earthworms, Chap-
man and Hall, London, 448 pp

Evans AC, Guild WJ (1947) Studies on the relationships between earthworms
and soil fertility. IV. On the life cycles of some British Lumbricidae. Annals
of Applied Biology 35, 473-493

Fragoso C, Kanyonyo J, Moreno A, Senapati BK, Blanchart E, Rodriguez
C (1999) A survey of tropical earthworms: taxonomy, biogeography and
environmental plasticity. In: Lavelle P, Brussaard L, Hendrix HF (Eds) Earth-
worm Management in Tropical Agroecosystems, CABI International, London,
pp 1-26

Fragoso C, Lozano N (1992) Resource allocation strategies imposed by caudal
amputation and soil moisture in the tropical earthworm Pontoscolex corethru-
rus. Soil Biology and Biochemistry 24, 1237-1240

Garcia JA, Fragoso C (2003) Influence of different food substrates on growth
and reproduction of two tropical earthworms (Pontoscolex corethrurus and
Amynthas corticis). Pedobiologia 47, 754-763

Grigoropoulou N, Butt KR, Lowe CN (2007) Effects of adult Lumbricus ter-
restris on cocoons and hatchlings in Evans’ boxes. Pedobiologia 51, 343-349

Hastings A, Byers JE, Crooks JA, Cuddington K, Jones CG, Lambrinos JG,
Talley TS, Wilson WG (2007) Ecosystem engineering in space and time.
Ecology Letters 10, 153-164

Holmstrup M, Zachariassen KE (1996) Physiology of cold hardiness in earth-
worms. Comparative Biochemistry and Physiology 115A, 91-101

Huerta E, Fragoso C, Barois I, Lavelle P (2005) Enhancement for growth and
reproduction of the tropical earthworm Polypheretima elongata (Megascole-
cidae) by addition of Zea mays and Mucuna pruriens var. utilis litter to the
soil. European Journal of Soil Biology 41, 45-53

Jiménez JJ, Brown GG, Decaéns T, Feijoo A, Lavelle P (2000) Differences in
the timing of diapause and patterns of aestivation in tropical earthworms.
Pedobiologia 44, 667-694

Jiménez JJ, Moreno AG, Lavelle P (1999) Reproductive strategies of three
native earthworm species from the savannas of Carimagua (Colombia).
Pedobiologia 43, 851-858

Jones CG, Lawton JH, Shachak M (1994) Organisms as ecosystem engineers.
Oikos 69, 373-386

Lavelle P, Spain AV (2001) Soil Ecology, Kluwer, Dordrecht, 654 pp

Lavelle P, Barois I, Cruz I, Fragoso C, Hernandez A, Pineda A, Rangel P
(1987) Adaptive strategies of Pontoscolex corethrurus (Glossoscolecidae,
Oligochaeta), a peregrine geophagous earthworm of the humid tropics. Bio-
logy and Fertility of Soils 5, 188-194

Lavelle P, Decaéns T, Aubert M, Barot S, Bloina M, Bureau F, Margerie,
Mora P, Rossi JP (2006) Soil invertebrates and ecosystem services. Euro-
pean Journal of Soil Biology 42, S3-S15

Lee KE (1985) Earthworms: Their Ecology and Relationships with Soils and
Land Use, Academic Press, Sydney, 411 pp

Ortiz-Ceballos Al, Fragoso C, Brown GG (2007) Synergistic effect of a tro-
pical earthworm Balanteodrilus pearsei and velvet bean Mucuna pruriens var.
utilis on maize growth and crop production. Applied Soil Ecology 35, 356-
362

Ortiz-Ceballos Al Fragoso C (2006) Parental care of endogeic earthworm co-
coons: Is cleaning, construction, and cast surrounding of chambers related to
hatching and survival of juvenile worms? In: The 8" International Sympo-
sium on Earthworm Ecology, Uniwersytet Jagiellonski, Krakow, Poland, p
150 (Book Abstracts)

Ortiz-Ceballos Al, Fragoso C, Equihua M, Brown GG (2005) Influence of
food quality, soil moisture and the earthworm Pontoscolex corethrurus on
growth, and reproduction of the tropical earthworm Balanteodrilus pearsei.
Pedobiologia 49, 89-98

Ramisch H, Graff O (1985) The cocoon chambers of some earthworms (Lum-
bricidae: Oligochaeta) from the Brunswick-area (Lower Saxony). Braunsch-
weiger Naturkundliche Schriften 2, 299-308

Scheu S (2003) Effects of earthworms on plant growth: patterns and perspec-
tives. Pedobiologia 47, 846-856

Stephenson J (1930) The Oligochaeta, Clarendon Press, Oxford, 978 pp



