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ABSTRACT

Eart hwor ns, Eudrilus eugeni ae (K nberg), were

cultured using Loany, sandy and clayey soils in earthenware
pots for ten weeks under |aboratory conditions. Two
experinents were set up, the experinental containing organic
matter, in formof cowdung, and the control wthout organic
natter. Vdtering was done every three days to keep the
culture noistened, but not saturated.

Results of these treatnents showed that the nunber of
earthworns harvested fromthe experinental soil sanples,
were significantly higher (P 0.05), than those of the control.
The loany soil, had the |ighest nunber of earthworns
harvested, fallowed by sand and lastly the clayey soil.

The differences in the nunber of earthworns harvested from
each soil type were highly significant (P 0.05).

There was positive correl ation between the wei ght of
earthworns and their |engths.

Soil noisture, organic natter, tenperature, pH and
porosity of the soil were found to affect the breedi ng of
the earthworns. Loany soil had the nost favourable soil

factors that enhanced the growh and survival of the earthworns.
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CHAPTER ONE

1.0, INTROT'UCTION

g Py HISTORY OF THE RESFARCH PROFPLEM

Whenever laboratory animals are memtioned, it is
usually the vertebrates that readily come to mind. Therefore
this research would like to draw attention towards
invertebrater, such as earthworm, as & laboratory animsle,
The earthworms have been successfully bred in captivity
under laboratory cecnditions by scientists interestediin
using them as reseerch models (Frank et al.,1937.

Bulleugh, 1958. Luker and Iuker, 1971. Archenhold et al.,
1978). Farthwormes have been used in the laboratory for
phylogenic studies and demonstration of behaviour. Most

of the time, preserved earthworms sre employed in bioclegical
studies, becsuse it is often difficult to procure fresh

live specimens from the wild, when required in large
quantities, Freshly killed oneg are better than the preserved
specimens for the study of certain orgsesn systems.

Therefore there is a need to maintain a culture of earthworms
in the laboratory to meet these demands, especially in the
dry season when they are not easily available . The only
documented work on Nigerian earthworms was that of

Professor Sepgun of Obafemi Awelowo University, Ile-=Ife, who
succeeded in identifying many new species eof earthworme,

These species include, Hyperiodrilue Oshegbonensis and

Hyperiodrilus malakai from Oshogbo and Ughelli respeetively.

Other new species were Iridodrilus tonyii and

Iridodrilus vemiensis and Vemia Prima from Vom and Jos,

a new genus Nsukkadrilus mhae from Nsukka.
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Fourteen different species of Eudrillié earthworms were
identified from Obtafemi Awolowo University, Ile-Ife campus,

which included four new ones Eminoscelex nigeriensis,

Eminoscolex ifensis, Hippopera ajokei an¢ Hippopera

ifensis (begun, 1992).

1.2, JUSTIFICATION

There hes been 2 lot of work on earthworms, but for
the most part, this has been concentrated on their biology,
especially morphology, growth, population reproductive
potential and texonomic stufies. However, in Nireria not
much work has teen done on the possibility of breeding
and maintaining them in the lsaboratory, on a continuous
basis.

Earthworms are of great importance as they serve
as food for other laboratory animels, such as toads and
frogs, as bait for fishing, and for creating and improving
soil fertility. They also serve as a source of revenue to
many people in some parts of Jokoto and Eorno oStates,
where they have been sold to fishermen for fish baiting,
and as food for man too, a delicacy in Japan., Earthworm
have been used as a common exsmple of the Fhylum
Annelida during teaching, their external features, behsviour,
locomotion, burrowing and feeding a2lso make it interesting

to studéy them,

Tespite the importence of earthworms they are not
always available throughout the year, due to unfavouratle

seacsonal chanres in the environment.

1¢3. OBRJZCTIVE

The objective of this research is to determine which
of the three soil samples namely, loamy , clayey and sandy
is most suitable for breedinp and maintaining earthworms,
under laboratory conditions.
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CHATTER TWO

2.0, RFEVIEW OF T.IJTRRATURE

2.1, CLASEIFICATION

The earthworm used in this work according te

Edwards and Lofty(1972) can be classified ag follows:-

Phylum -  Annelida
Class - Chaetopoda
Order - Oligechaetae
Family - Fudrilidae
Genus -  Eudrilus

Species = Euperise(Kinberg)

2.2. CHARACTERISTICE

Farthworms have well defined segmentation with
setae,a)i’ s coelom usually divided into cempactments
by intersegmental septa.
Bulleugh(1958) recognised two living orders of
chaetopada , order palyehaetae which are exclusively
marine including swimming, crawling, burrowing and
tube dwelling worms. Order eligochaetae , are land
or fresh water animals. According to Bulleugh
(1958), the body has a cylinderical pointed anterior
end, a flattened blunt posterior end , the moutwhn and
the anus are terminal. There are about 150 well
marked segments , of which number 32-37 are swellen te
form a clitellum, which secrete a cecoon. The head
lacks sensory asppencag s such as eyes, tentacles and
palps(fig.1) Farthworms vary in size , from a fraction
of a centimeter to exceptional individuals ef "
Megascelides australis, measuring upte 2.75m in length,

and 3em in diameter(¥dward and Lofty, 1972).
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2e5. HABITAT

Farthworms are found to inhabit almost any place
where s0il and green plant exist. They can be found
everyghere in the world except in the desert which is
tee hot and too dry, and in the polar region, which is tee
cold (white, 1975) |
2elka DICTRIBUTION OF EARTHWORMS

Guild(1952) and Murchie(1958) mentioned pessible
factors that are respensible for the variability in the
distribution of earthwerms as follows:

(a) Physicochemical factors , such as soil, @ - =+

temperature, moisture, pH, inorgenic salt,

aeration, and texture of soil.

(b) Availability of fopd such as herbage, leaf
litter, dung and consolidated organic
matter.,

(c) Reproductive potential and dispersive power
ef the species,

Murchie(195€) concluded that no single factor was

solely responsible for the distribution, but rather the

interaction of several factors,
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2.4.1, HYDROGEN ION CONCENTRATION (pH)

Nielsen(1951) reported that the distribution
of earthworm was mainly due to the exchangeable calcium
in the soil , while Satchell(1955) suggested that the
difference in the number of earthworms between plots
could be explained more by pH, than by the
exchengeable calcium. Madge and Sharma (1969) alse
reported that higher acidity was mcre important in
limiting the distribution of eome earthworms, compared
with available calcium, and that some species of
earthworms were acid telerant , and occurred in organic
s0il with a pH of lese than five., According to
€atchell(1955), Reynold(1955) , and Wallwork(1970),
earthworms were also found in slipghtly acidic and
slightly basic soils, and that their tolerance to
pF varied from species to species. There were few
earthworms in soil with a rH below 4.3. except for

one species Distichepus octaedra, which seemed to be

acid tolerant (Bornesbusch, 19%0). Eisenia feetida

had been reported to prefer scils with a pH between
7.0 and 8,0, while certain tropical species ef
Megascolex thrive in acid soils from pH 4.5-4,7
(Bachelier, 1963). Madge(1969) reported that eptinum

pH for Hyperiodrilus africanus lay between 5.6.-9.2

indicating that the species is acid tolerant as well
as basic tolerant. DBuweini and Ghabour(1965) found
that an increase of pH from 7.25 to 8.25 was

associated with a decrease in numbter of earthworm in

fourteen Egyptian soils investipgated , thus showing
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that soil can be too alkaline to favour earthworms.

2.4.2, LAND CULTIVATION AND VEGETATION

The diffevences in the number of earthworms
between a cultivated soil and an uncultivated soil
had been studied by many workers.

Bvens and Guild(1948a), Jackson and Raw(1966),
observed that less number of earthworms occur in
cultivated soil, then uncultivated soil. They based
their conclusion <n the frct tha't the worms were killed.
by cultivetion and that cultivstion replaces many of
the earthworms activities., FEdward (1975), reported
that more earthworms were found in cultivated soil, then
in uncultivated one. He concluded that the effects of
cultivation on the population of earthworms depénd on
the frequency of cultivation i.e the high number ef
cultivation is deleterious , while lower frequency of
cultivation increases the number of earthworms. The
type of soil has a great influence on the distribution
of earthworms. “uild(1948), studied the influence
of soil types on earthworm populations , and reported
that there were differences in total number and relative
number of each species. He concluded that 1ight and
medium loams had higher total populstion of worms than

heavier dlay or more open gravellly sends and alluvial

soils, 3Several workers including Ghilarcg(1956,1965),
showed that the species of earthworms found in a soil
can be an indicator of type of soil an¢ ~its preperties.

Wallwork{1G70) reported that maximmum density of
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earthworms generally occcurs in grassland and mullwoed
land, and minimum eccurs in moerland and raw humus.
2.4.,3. MOISTURE

Satche11(1971):reported a 38% so0il moisture fer
the maximum activitins of earthworms, and decreases in
activities at 44% .i Water constitutes « 75-90% ofithe
body weight of earthworms (Grant,1955). Therefore,
prevention of mater lose is major problem of earthworm
survival, Tarthworms have considerable ability te
survive adverse moisture conditions, either by moving
to a more suitable area or by aestivating. If they
can met avoid dry soil, they can survive the loss of a
large part of the total water of their bodies,

Lumbricus terrestris can lose 70% and Allolobophora

Chleratica 75% of their total body water and still

survive(Rootsg, 1956). Gerard (1960), showed that acome
species can withstand dry conditions tetter than others,

for instesnce Lumbricus, terrestris can survive in non

irrigated plots as well as in irrigated ones, whereas

Allolabophora chlorotica, Allelobophora c¢aliginosa

and Allslobophora rosea d&id not survive in the non

irrigated plots. In the tropics the most important factor
influencing seasonal variation in the number of earthfoTms
is rai?. Madge (1969?‘ reported that the principal

activity of Hyperiedrilus africsnus in Nigeria was during

May and June, at the beginning of the wet season, and
thereafter the number decreases-gradually until in

November when few were found. According to
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Gerrard(4960), Lack of moisture can csuse earthworms

to become quiescent or ge into diapasuse, for instance
when individuals of Allolobophora celiginesa were

kept in soil that was dried slowly in the Laboratory,
they went into diapgetae but when kept in moist soil,they

O
remained active for eighteen months. Madge (1969) placed

earthworms Hyperiodrilus afrjcanus in moisture gradientg‘

and reported that they prefered soils with 12.5% and

17.2% moisture, while soil with a moisture content of ~bout
2%.3% was the sptimum for them to produce cast. Thus
earthworme are much more active in moist soil than dry ones.

The distinct climatic seasors, such as winter ani summer

has been found to have influence on the number of earthworms.
There is a high number in the summer than in the winter.

This has been found by Fvans and guild (1947) , Edward and
Loftyl1972) and VerRhee(1973), The general consensus is
that , this fluetuation in number is brought about by
changes in moisture and seasonal variation in the

atmeepheric temperature,

2.8.4. TEMPERA TURE

Kellmannsperger (1956€) found that the number of
earthworms on the soil surface at night was positively
correlated with tempersture, and estimated 10.5% as the
optimum temperature for the activities of the earthworm.
Satchell (1967) also concluded thet the most suitable
condition for activities of earthworms on the surface

were lights , when the soil tempersture did not exceed

%
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10.5°C. Duweini snd GEabtour (1965) determined the
prefer and lethal temperatures for Pheretima californica
and Alma sp, and found the prefer temperature for
these species to be 26°C-35°C and 24°C-26°C respectively,
and the upper lethal temperatures 3700 and 5800 LS

respectively. Madge (1969), tested Hyperiodrilus

africanus 1in a tempersture gradient, and found that

they aggregated between 23,9%C and 54.5.C,while HEPR v L
temperature above 34°C were avoided. According te
Hopp(1947), the most important factor affecting season,l
variation in the number of earthworms in the arable

soil of United States was the winter frost, which

killed the worms in the unprotected surface.

2.4.5 ORGANIC MATTERS

The distribution of orgapic matter in the soil
greatly influenced the distribution of earthworms,
S0ils that are poor in organi¢ metter do nct usually
support large number of earthwprms(Tdward sndLlofty,1972)
Fdward and Lofty, 1972 also stated that large amount of
ocrganic matter in pasture usually coincide with large
number of earthworms, and it is probably the gradual
decrease in soil organic matter, If there are few
number of earthworms, the decaying orgsnic matter
usually lie in a thick mat on the soil surface. Such
mats of undisturbed organic matter occur in both

- 1
woodlands(Richardson, 1938). and grassland(Raw,1962).
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2.5, THR ROLE OF EARTHWORMS TN SCIL FERTILITY

There are certsin activities of earthworms that
have influence on the soil structure, and these
eventually improve the fertility of the soil. These
activitics includes the ingestion of seil, partial
breakdown of orgsnic malter, intimate mizing of these
fractions, ejection of these materials zs surface
cast, and burrowing through the soil and bringing
subsoil to the surface (Fdwards and Lofty,1972).
During these processes, they thoroughly mix the soil,
and improve its water holding capacity. Thus
improving fertility of the soil.

2.6. DBREAKDOWN OF 50IL PARTICLES

The presence of small amount of sand and other
large soil fractions in worm casts than in the
surrounding soil, hes been talken as evidence that
worms can break down mineral pevticles to smaller
units(Te, tia et al., 1950). Evans (1948) reported
that the amounts of coarse sand relative to silt and
clay 1in two pasture landg with large number of
earthworms increased with depth, and he suggested
that earthworms might be breaking down the coarse
sand in the surface scil.

2.7. FORMATION OI" AGGRFCATES

Aggregates are mineral grsnules Jjoined tegether
in such a manner that they can resist wetting,erosion
and remain looge when the so0il is either dry or wei

Edward and Lofty, 1972). A soil that ig rich in
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aggrepates remain well drained and acrated, thus the
formation of apgregates is of great importance to

801l fertility. Guild (1955%) reported that esrthworm
casts contain more water-stable aggregates than the
surrounding soil. Hopp and Hopkins(1946) found out that
the percentage of aggregates in soil to which earthworms,
were added was greater than those in soil without
earthworms.

2.5, AFRATTON,POROSTTY ANDI* DRATNAGE

Earthworme improve soil aeration by their burrewing
activity and also influence the pmrosity of soils by
their effeet on soil structure. According to Edward
and Lefty{(1972), earthworm burrows increase the soil-
air volume from 8% to 20% of the total soil volume.
Teotia et al (1950), reported that earthworm activity
inereased the porosity of two soils from 27.5% te
31.6% , and 58.8% to 61.8% respectively. Soils wich
earthworms have breen found to drain foub to -ten times,
faster than soils without esrthworms(Guild,1952).

In order to prove that earthworms play a significant
role in soil fertility, many attewpts have been made
to add earthworms bto poor scil, or to encourage the
tuild up of earthworm population by addition of organic
matter. According o Rhee Van (1969}, such addition
of earthworms to =0il is of great importance in
reclaiming flocoded arezs, that are subsequently dresined,

and put inte cultivation, as in the Dutch polders.
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The addition of earthworm cests to =0il can slso improve
its structure and fertility. Casts usuvally have a
higher pH, nitrate "nitrogen orgenic matter, exchangeable
magnesium, Phosphorus and moisture equivalent (Iunt and
Jacobson, 1944).

2.9 FOOL AN" FERETINC HARIT

Whatever earthworm eats depends on the preence or
absence of food. White{(1975) stated thaet in the absence
of lesves and tiny animals, the earthworm bulk-feed by
taking in earth through the mouth land then take out of
it, tiny bits of animals and yegetable materisls. After
the useful materials have been eaten up, the sand grains
and gritly clay sre passed on through the digestive
system, and out through the anus into the soil, as worm
casts., Guild (1955) reported that all species of
earthworms prefer dungs and succulent herbage to the ‘tree

leaves, Barley (1959) fed individuals of Allolobephora

caliginoca on differ-nt diets and reported that they

grew at very Aifferent rotes on these diets, growing
fastest when fed on dung. Lindquist (1941) slso reported

that worms of species Allolobophora posea and

Allolobophora caliginosa were not attrascted to litter

but readily est dung. +“orms consume large amounts of
food, for instence, Guild (1?55} calculated that worms of
O.ﬂg'body weight ate aa much as 80mg of food per day per
gram of body weight of worm.
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2.10. REERCDUCTIVE BEHAVIOUR

Earttworms are hermaphrodites , the male system
consists of swo pairs of tenr*im enclosed in wesicular
seminalis. ™e female systen consists of a pair of
evaries, two sviducts and the spermotheca in which sperms
received dorirg corpulation are stored , until when
needed to fer%ilized the eges (Yoloye, 1988). Edward and
Lofty (1972) a.so reported that earthworms, although
hermaphraditei, 2re not gelf fertilising , end that
individuals vsfually mate (fig.?) =nd fertilize each other
before fertile cocoons are produced, Coceons contain
eggs which h=tch into immature worms, similar to the
adults. A mature worm can be recognised by the presence
of the clite.lum, The clitellum is the glandular portion
of the epide™mis associated with cocoon production
(Edward and L¢fty, 1976). It usually sppears swellen,
and sometimes can only be differenti.ted externally by
colour. The clitellum are recognisshle throughout the
year, or only at breedine seacon (Dale, 1963)

2415 GRQWTH

Growth in earthworms varies from species to species.
According to Hyman(1940) , earthworms continue to
grow through out their lives by adding segments
proliferating from a growing zcne, Jjust infront of the
anus, Angbashim (1991) reported that earthworm emerged
from the cocoon possessing the full adult number of

segments, and grew only by enlargement of segment,
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Another study by moment (1963), on Eisenia foetida

culture showed that newly emerged worms  pesseed
aversge the same number of segments as adult, and the
only worms that grew by adding segments were those
digsected from cocoons, Veil (1974) reported that

young of Fisenia foetida possessed between 28 and 122

distinct segments, and those of Rimastos tumidus,

69-128 distinct segments. Tdwsrds and Lofty (1976)
observed that Tlumbricus sp. had fewer segments as they
get vlder even though they continue to increase in size.

2.12, COLLECTICN Of WARTHWORM

Farthworms can be collected for culture purpose
by digging up soil samples and sorting this by hand.
Workers who had used the atove method included Hopp
(1947), Barley(195S) and Rhee Ven snd Nathans(1961).
Tarthworms can also be collected by using the formalimnm
extraction method (Raw, 1959). »eversl workers have
compared the relative efficiency of extracting
eerthworms from soil by two or more of these methods.
Svendsen(195%) reported that handsorting was much more
efficient then using potassium permangsrate. Raw(1959),
compared formalin with potassium permenganate, and
cbtained more earthworm with formalin, then with =~

potassium permanganate.

2415 BARTHWORM CUTLTURE

Several types of containers used with success

for culturing earthworms included jam Jjars, specimen
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tubes, luncheon boxes, oil drums, biscuit tin and wooden
boxes (Ashby, 1976). He slso recommended the size of
boxes to be used in earthworm culture to be base -6x38cn
height 20cm. Although not much attention has been given
to the use of locally available products , such as
earthenware pot, which are easily accessible ané also at
a lesser cost, Edward and Lofty(1972) recommended that
stocks of earthworms can be kept in large esrthenware
pots, about 12cm in diameter and 30cm deep, with the top
cover with muslin (Pig.3). He also stated that earthworm
culture should be kept in a cool building or cellar at
a temperature between 10°C and 15°C, or buried in the
s0il, and that the ideal culture medium for most of the
common pasture and garden species is friasble loamy

soil with 25=-30% mositure content. According to
Ashby(1976) when considering the type oi container to

be used in culture, it is important to bear in mind the
necessity of providing sufficient aeration, soggy and
waterlogged aress must not be allowed to develop in the
medjum, end if glass jar or tubes without adequate
drainage are to be used , the medium must be carefully
turned over at intervals . Guild(1957) reported that
incubation of eggs took from 7 to 14 days in summer, and
upte a month in winter , while in nature it took upte
several weeks in summer ani several months in winter.

He also reported that smaller gpecies of esrthworms which

take up to & year to mature in nature will mature in
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6-8 weeks in Laboratory. The brandling, Eicenia

foetida, g fast growing worm takes 4-6 weeks only to
mature , while the larger species will mature in the
Laboragtory in 4~5 months. The cocoons are roughly
spherical in shape and vary in sigze acccrding to species.

In smaller species such as Allolobophora to caliginosa,

Allolobophora chlorotica, Tumbricus rubellus and

Eigsenia foetida , the cocoons vary in length from

2.5mm-3mm, where as those of Lumbricus terrestris are

6=7um Long (Guild, 1957).

2.14, XILLING AND PRESERVATTON OF EARTHWORMO

Farthworms can be killed by exposure to the g ess
of chloreform , carbontetrachloride, and ethylacetate,
then they can be preserved in formalin. For immediate
dissection 60% ethyl alcohol as preservative allows the
worm to remain pliasble for several months. If they
are wanted for dissection after a lcnger pericd of
time, they should be preserved in 70% alcohol(Guild,
1957) . According tc Edwards and Lofty(1972), earthworms
for taxonomic study can bte killed by placing them
either in s 5% formalin solution, or in & fairly hot
(50°C) water, but formalin is more convenient and is

also the most useful permanent preservative.






