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Abstract Hyperiodrilus africanus(Beddard) is a 12-cm amenable to manipulation began. The widespread African
to 16-cm-long earthworm, which is widely distributed irearthwormHyperiodrilus africanushas been identified by
West and Central Africa. It lives in the upper 10-20 cm dBarois et al. (1993) as one of the broadly distributed spe-
the soil, and feeds on a mixture of soil and above-grouwées that withstand disturbances linked to agricultural prac-
litter. Cocoons obtained in the laboratory hatched on avéices. This worm is found throughout West Africa (lvory
age 17 days after deposition and produced two juvenil€sast, Nigeria) and Central Africa (Congo, Zaire and An-
on average. Paired individuals fed soil amended with 2§6la) in disturbed and undisturbed areas (Omodeo 1954;
coffee residues grew significantlyP€0.05) faster than Madge 1969; Lavelle, unpublished data; Tondoh, unpub-
those in the control soil. Daily individual weight incredished data). Populations concentrate in the upper 10—
ments were respectively 6.1 mg worhday ™ and 1.0 mg 20 cm of soil and feed on a mixture of soil and above-
worm* day™ in supplemented and control soil. The gerground litter. Individuals are frequently observed at the
eration time was short, and cocoon production reached Siface, especially, although not exclusively, during rain-
month™ (i.e. 115 cocoons adaftyear"). WhenH. africa- fall. Their role in the burial and further decomposition of
nus collected from the field were raised in the laboratoryitter, in combination with other species includifdrilus
they grew slowly, laid fewer cocoons and mortality wasugeniaghas been stressed in a few papers (Hauser 1993;
high. Demographic parameters indicated an improvemdnan 1995). Unlike the latter species, which has been thor-
whenH. africanuswere raised in batches rather than indieughly studied due to its importance in vermicomposting
vidually. Mating enhanced cocoon production althougtiReinecke and Viljoen 1988; Viljoen and Reinecke 1989),
parthenogenesis was possible. the basic biology and demographic parameter$i offri-
canus have never been studied, with the exception of a
preliminary study on field and laboratory activities by
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Cocoon production - Coffee residues In order to fill this gap in knowledge of a species with
high potential in agricultural practices (Barois et al. 1993),
field and laboratory studies have been undertaken at Lam-

Introduction to, Ivory Coast, in an area of savanna that has been pro-
tected from fire for 32 years and further turned into a

After the role of earthworms in improving soil fertility in Chromolaena odoratdallow. The potential use off. afri-

tropical soil was established (Lavelle et al. 1989; Spain €nus in management of soil fertility depends, among

al. 1992), the search for the species most suitable #f§er factors, on its growth and reproductive rates and its
ability to produce a large number of individuals under

field or laboratory conditions.

This paper assesses general demographic parameters
(growth rate, generation time and fecundity) téf africa-
nusmeasured in laboratory cultures and the effects of their
density on these demographic parameters. Coffee residues

E.J. Tondoh supplied as a pulp were used as food because they are
Laboratoire d’Ecologie des Sols Tropicaux, available in most humid farming systems of Ivory Coast
SESI%MéU”'VerS'@a”S 6, 32, avenue Henri Varagnat, and are known to be suitable food for the geophagous
- ondy Cedex, France S92
Tel: (33) 0148025960; Fax: (33) 014847 3088; earthwormM. anomala(Rousseaux 1994) and the epigeic

e-mail: student@bondy.orstom.fr earthwormEisenia fetida(Orozco et al. 1996).
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Newly hatched individuals were kept in soil moistened at field ca-
pacity (14%, pF 2.0), which was either supplemented with 2% sieved
coffee residues or left unaltered. Sixty worms hatched from 30 co-
coons were divided into pairs and one of each pair was allocated to
ﬁach treatment in plastic boxes filled up with 100 g substrate. Every
Zh

Materials and methods

Description ofH. africanus

H. africanusis a 12-cm to 16-cm-long epiendogeic earthworm th
lives in the upper 10-20 cm of soil, and feeds on a mixture of s
and above-ground litter. It is slightly pigmented on its anterior body.

days during 325 days, worms were individually weighed and
ecked for clitellum development and cocoons were searched for, be-
fore worms were placed in a new medium. When worms reached a
weight of approximately 200 mg, larger boxes containing 300 g sub-
strate were used. Cocoons produced were weighed and kept for incu-
bation.
The study was conducted at the Lamto Tropical Ecology ResearchA second set of experiments was conducted under similar condi-
jons to evaluate the effects &f. africanusdensity on growth, ma-

Station (802W, 6°13N) situated in the southern part of the Guinea ration and cocoon broduction. Juveniles kf africanus collected
savanna that penetrates the destroyed rain forest area of soutir:lér%' production. Juven 1 atricanu

PR the field were reared in boxes filled with 300 g soil amended
I\?O%é:ooﬁﬁ' -m < re?earlc h staPotn |s_surLoundte d- bydabnatural res v@%] 2% coffee residues. Three treatments were set Sp with the boxes
0 a. The natural vegetation is characterized by a mosaic - . N
grass savanna, shrub savanna and gallery forests. of each receiving, respectively, one, two and four earthworms. Ten re

A portion of the shrub savanna protected from fire since 1964 hggcates Wered Seﬁ up for gach derr]15|tyd9f earthworms. Dead worms
turned into a secondary forest with significant undergrowth of theCre removed when renewing each medium.
tropical weedC. odorata In the Lamto areaH. africanusis only
found in the portion of shrub savanna protected from fire and in COCQ; vistical tests
nut plantations close to the Bandama Rivér.africanuswas first re-
corded in 1978, and was probably introduced with ornamental tregs
in a garden near the protected savanna. The soil is a sandy ferré@
(FAO-UNESCO 1989).

Study site

on-parametric Mann-Whitney test was performed to compare the
ifference between growth and cocoon productiorHofafricanusin

soil supplemented with 2% coffee residues and non-supplemented

soil. The effects oH. africanusdensity on growth and cocoon pro-

Chemical characteristics of coffee residues (Fjel:)chtllfogggvse)re analyzed using the Kruskall-Wallis test (Sokal and

Coffee residues have high total organic carbon (30.4%) and soluble
carbon (24 mg @) contents (Table 1). Their polyphenolic concentra-

tion is low (0.44%). The polyphenolic/nitrogen (N) ratio (0.22) is in-

ferior to 0.5, a critical value that determines the quality of plant mate-

rial in terms of decomposition (Palm and Sanchez 1991). Coffee resi-
dues may therefore be considered as a good organic material for Riesults
provision of N as it can decompose to provide a readily available

source of N in the short-term. Life-cycle of H. africanus

Experiments Cocoon size

Cocoons produced by adults &f. africanuswere collected in the cncoons ofH. africanus are oval. Specimens measured
protected savanna close to the research station. They were kepf In

buckets filled with 9 kg moist soil (14% water content, i.e. pF 2.0 of/ere, 9” average, 2.37£0.03 mm (mean + $E 106)
10 kPa) supplemented with 2 mm sieved coffee residues. A rate@hd weighed 15-58 mg (28+0.24 = 1341).

2% coffee residues was used since Tondoh and Lavelle (1997)

showed that it is a suitable concentration for use in demographic stud-

ies. Every 5 days, the culture medium was changed, earthworms w; . -
handsorted and cocoons were collected by wet-sieving. After beiﬁé}EUbatlon period of cocoons

weighed individually, cocoons were incubated on moist filter paper at

28°C in Petri dishes to assess incubation period and hatching rate. Hatching of the first set of cocoons occurred after 10-32

days (17+0.2 days). Cocoons further produced in the cul-
tures hatched after 8-35 days (17+0.03 days). Most co-

Table 1 Chemical components of coffee residues. Polyphenols we 0 ) 0
extracted by Folin-Ciocalteu's method (Marigo 1973) and lignin té?gons (67% for the first set and 81/0 for the second)
AFNOR XC 104.X.9003 method (Van Soest and Wine 1967). Soluphatched between days 14 and 19 (Fig. 1).

carbon was determined by a colorimetric method (Jirka and Carter

1975)

Dry matter (%) 90.60 Hatching success

Carbon (%) 30.40 . .

Nitrogen (%) 2.01 Hatching success under laboratory conditions was, respec-

C/N ratio - 15.10 tively, 71% in the first set of cocoons and 62% in the sec-

gﬁgsb'ﬁ(frirsb?;)(mg 9 24-8(16 ond set. Cocoons contained 2.1+0.07 and 2.0+0.04 indi-

Calciﬁm (%) ’ 069 Viduals in the first and second generations. Fifty-four per-

Potassium (%) 1.93 cent and 41% of cocoons of the first and the second gen-

Magnesium (%) 0.20 erations, respectively, contained two embryos. A few co-

G'SQA”E;T (%) 222(2) coons contained up to five hatchlings (Table 2). Hatching
(] . . . .

Polyphenols (%) 0aa May last several days since all individuals do not leave the

cocoon at the same time.
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Table 2 Number of hatchlings

per cocoon oHyperiodrilus afri- Number of hatchlings First set Second set
canus per cocoon
Number of cocoons % Number of cocoons %
1 25 21.4 185 33.6
2 63 53.8 226 41.1
3 25 21.4 102 18.5
4 4 3.4 35 6.4
5 - - 2 0.4
Total 117 100 500 100
18 : 2250 — 12
: first set
2000 - RESIDUES il ﬂ 11
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1750 - [ o
~ ' <
) % 1500 8 §
=1 %0 g
8 g 7=
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Fig. 2 Growth curves and cocoon production of paitddafricanus
raised in soil enriched with 2% coffee residues and in the control

Fig. 1 Incubation time of cocoons dflyperiodrilus africanus

growth and clitellum

The weight of newly hatched worms ranged from 1 mg to peiod ADULT  puraion
42 mg with a mean of 12.3+0.2 mg. When fed soil mixed ' **; g etion
with 2% coffee residuesH. africanusgrew at a rate of 83 days

6.1 mg worm™ day™, and the first adult appeared on day°co~N = »-COCOON

45 (Fig. 2). The growth of individuals was continuous&ig. 3 Diagram of the life-cycle of the earthword. africanusin
throughout, although it declined between days 125 afell amended with 2% coffee residues

175. The mortality rate was 3.3% at the end of the experi-

ment. All H. africanusindividuals had become adults after

75 days. In soil without coffee residues, the worms grewas very low (0.3-0.9 cocoon additmonth™®) in non-
very slowly (1.0 mg worm® day?; Fig. 2) and the growth amended soil. The fecundity ®i. africanusin both treat-
time until formation of the clitellum was long (283+3ments differed significantlyR<0.05).

days). After 275 days, one individual weighing 670 mg The complete life-cycle oH. africanuswas achieved
was clittelate. Mortality was 56.7% at the end of the expetinder laboratory conditions within a period of 83 days.
ment. A Mann-Whitney test showed significant differencéBhe average growth and generation times were 59+2 and
in growth of H. africanusin both treatmentsR<0.05). 66+3 days in soil enriched with 2% coffee residues

(Fig. 3).

Cocoon production
Density-dependent effects
Cocoon production began after 55 days, but was still irreg-
ular with respect to time (0.9 to 9.6 cocoons adult Growth
month®) for H. africanusraised in soil amended with 2%
coffee residues (Fig. 2). Althoughl. africanus laid co- The growth ofH. africanusraised either individually, in
coons continuously, three successive peaks were obserypedts or in batches of four individuals was significantly
The generation time was about 300+7 days and fecundilijferent at every stage when compared by the Kruskall-
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800 wornm* day™ and 0.9 mg worm' day™ in boxes contain-
ing one, two and fouH. africanus,and it took, respec-
700 adult tively, 56+0 days, 70x2 days and 49+1 days for the
600 - cocoon worms to exhibit a clitellum.
L0
\E/ 500 ]
=
B 400- HH N \\ Cocoon production
E 300 Cocoon production began a week after the appearance of
é v a clitellate individuals. WhenH. africanus was raised in
200 [ batches, cocoon production was high. Groups of falur
100 - IT africanusproduced, in total, 172 cocoons in 154 days, and
% paired individuals produced 83 cocoons in 147 days. Four-

one H. africanus . oo
0 — teen cocoons were produced by earthworms raised indivi-

0 4 8 1'2 1I6 2'0 2‘4 2I8 32 week  dually in a shorter time period, i.e. 77 days. When ex-
pressed in terms of cocoons laid per adult per month, the

800 average fecundity of worms raised individually (0.4-0.9
700 - cocoon adultt month™) was significantly different
(P<0.05) compared to that of individuals raised in pairs
600 adult or kept in batches (0.1-3 cocoons adtitontt™).
ED 500 4 cocoon
= H
g 00+ ——
2 Discussion
= -
g 300 _ .
& 200 - H. africanus grew and reproduced faster when fed a soil
b supplemented with coffee residues. Tondoh and Lavelle
100 4 two H. africanus (1997) indicated similar results for singté africanusthat

grew slowly (2.9 mg worm* day™) in comparable condi-
T T | m— T K tions. The high amount of soluble carbon and organic
0 4 8 12 16 20 24 28 32 Wee phosphorus in coffee residues certainly stimulates growth.

800 The generation time (2.2 months) was short and fecundity
was high (up to 115 cocoons adtltyear?). In contrast,
700 - adult Lamto native earthworm speciesMi(lsonia anomala
Dichogaster agilis Millsonia ghanensis Agastrodrilus
600 cocoon opisthogynus Millsonia lamtoiana and Chuniodrilus
500 Zielag have longer generation times (15-45 months) and
m cocoon incubation (23-36 days) and low fecundity (1-18

cocoons aduft year?®) (Lavelle 1978). The incubation
period of cocoons of the vermicomposting earthworm
E. eugeniae(17 days) is similar to that oH. africanus
(Reinecke and Viljoen 1988).

The demography oH. africanus indicates that it is
100 four H. africanus more useful for large-scale earthworm production than the
0 —— Iperegrine earthwomPon(tzscolexh ioretgruTgt]h?t Ihas a]c

onger generation time (4 months) and slightly lower fe-
0 4 8 12 16 20 24 28 32Week cundity (99 cocoons adaft year?) (Lavelle et al. 1987).
Fig. 4 Growth of H. africanusraised individually and in groups of The three peaks delimited during cocoon productiornHof
two and four individuals in soil amended with 2% coffee residues africanusprobably show the presence of reproduction per-
iods in the life-cycle.
Wallis test P<0.05). The largest weight was achieved by The hatching success of 95% for the endogeic worm
earthworms raised individually. The maximum weightsl. anomala and 90.5% for the epigeiD. agilis (Lavelle
were, respectively, 482.9+289.8 mg, 382.1+117.4 mg at878) were greater than that &f. africanus i.e. 71%.
409.8+92 mg and were reached within a period of 19—-Reinecke and Viljoen (1988) using the same medium
weeks (Fig. 4). Mortality was high amonl. africanus (moist filter paper) found thaE. eugeniaechad a low
raised individually (up to 80% at the end of the experhatching success of 48%. Compared to vermicomposting
ment), whereas only 55% of earthworms had died by tkpecies, the 59 days of clitellum developmentinafrica-
end of the experiment in the two other treatments. Growthus is long. Reinecke and Hallat (1987) observed a clitel-
rates were, respectively, 1.4 mg wormday>, 0.9 mg lum in Perionyx excavatusfter only 14 days, while Vil-

fresh weight (mg)
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joen and Reinecke (1989) found the first clitelliieeuge- p tarences
niae after 25 days.
H. africanuscollected from the field and raised undeBarois |, Kanyonyo J, Brown G (1993) Ecology of selected species.

laboratory conditions did not adapt very well. When kept In: Lavelle P (ed) Conservation of soil fertility in low input agri-
cultural systems of the humid tropics by manipulating earthworm

. . — _1
In pa'rs' the_y grew very slowly (0.9 mg worth day™), communities. ORSTOM Bondy Report no. 1, pp 23-28

their fecundity was very low (up to 31 cocoons adtlt Begon M, Mortimer M (1981) Population ecology. A unified study of
year?) and mortality was high. The daily increment in animals and plants. Blackwell, Oxford o

weight of H. ffcanuscolletad fram the flld and resed A0 UNESCO01589) Cans nonae tes egae e 5,

. . _l _1 . . -
individually (_114 m_gl worm ‘?'ay ) was mfe_nor to the bution to nutrient recycling in alley cropping. Biol Fertil Soils 15:
3.2 mg worm™ day ~ of H. africanushatched in the labo-  15-20

ratory and raised individually (Tondoh and Lavelle 1997Jirka AM, Carter MJ (1975) Micro Semi-Automated Analysis of Sur-
In addition, the former laid 11 cocoons y@lam contrast face and Wastewaters for Chemical Oxygen Demand. Anal Chem

- . 47:1397-1402
to the 72 cocoons laid by laboratory hatchlings. It see Salvelle P (1978) Les vers de terre de la savane de Lamfde(Co

therefore, that in order to obtain a high fecundity of gyoire): peuplements, populations et fonction darisdsystene.
H. africanus, production should start from individuals PhD thesis, University of Paris VI
hatched in the laboratory. Lavelle P, Meyer JA (1983) Allez-les-vers, a simulation model of dy-

The growth ofH. africanusvaries with their density. namics and effect on soil of population ®fillsonia anomala
The bett th .H fri ised individuallv (1 5' (Oligochaeta-Megascolecidae). New trends in soil biology. Pro-
. e betler growih o " a r'canusra'se 'n_ ividually (1. ceedings of the Vlith International Colloquium of Soil Zoology,
times greater) clearly indicated the density dependence ofpp 503-517
this parameter. Space is probably the density-dependentelle P, Barois |, Cruz |, Fragoso C, Hernandez A, Pineda A, Ran-
factor, since food was not a limiting factor in our experi- (gg: P (19?7)_ dAdaFg'l‘_’e S[fratte%'es drontoscolex C%rethr“rus "

. s _(Glossoscolecidae, Oligochaeta), a peregrine geophagous earth-

ment. Reinecke Qnd Viljoen (1993) recordeq the same fea worm of the humid tropics. Biol Fertil Soils 5:188-194
ture for E. eugeniaavhen the density was high. As a regt avelle P, Barois I, Martin A, Zaidi Z, Schaefer R (1989) Manage-
ulating factor of population size (Begon and Mortimer ment of earthworm populations in agro-ecosystems: a possible
1981), density dependence should be one of the factorsway to maintain soil quality? In: Clarholm M, BergstnoL (eds)

regulating natural populations &f. africanus Density de- Egg'_ol%(’f arable land. Kluwer Academic Publishers, London, pp

pendence was also used as a regulating factor of a popwlagge Ps (1969) Field and laboratory studies on the activities of two
tion of M. anomalain the model “Allez les Vers” (Lavelle  species of tropical earthworms. Pedobiologia 9:188—-214
and Meyer 1983). Although mating is not a prerequisifdarigo G (1973) Sur une ftieode de fractionnement et d’estimation

; ; indi. des composepheoliques chez les g&taux. Analysis 2:106-110
for cocoon production, fecundity was enhanced when m% odeo P (1954) Eudrilinae e octochaetinae delle Costa d'Ovorio

viduals were in batches. Generally speaking, groups 0?1(0|igochaeta). Mem Mus Civ St Nat Verona IV: 213-229
two or four earthworms displayed better demographic pérozco FH, Cegarra J, Truijillo LM, Roig A (1996) Vermicomposting
rameters (high survival rate, short generation time and of coffee pulp using the earthworfisenia fetida effect on C

hlgh fecundny)’ Wh|ch exp|a|ns the tendency Of natural and N contents and the aVallablllty of nutrients. Biol Fertil Soils

. . . 22:162-166
populations ofH. africanusto aggregate as observed Maim CA, Sanchez PA (1991) Nitrogen release from the leaves of

the field (Tor_‘dOh' unpublished _data)- _ some tropical legumes as affected by their lignin and polyphenolic
The possibly parthenogenetic reproduction, fast matura- contents. Soil Biol Biochem 23:83-88

tion’ h|gh fecundity, h|gh number of embryos (up to five?EineCke AJ, Hallat LS (1987) The growth and cocoon production of

: : o Perionyx excavatu@Oligochaeta). Biol Fertil Soils 8:303-306
per cocoons and short generation time indicate tHat Reinecke AJ, Hallat LS (1993) Effect of worm density on growth and

africanus populations have a high capacity for coloniza- " cocoon production of the African nightcrawl&udrilus euginae
tion. These demographic features may explain their large (Oligochaeta). Eur J Soil Biol 29:29-34

distribution in Africa. This species has potential for mageinecke AJ, Viljoen SA (1988) Reproduction of the African earth-
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