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FOREWORD

Earthworms dominate macrofaunal biomass in the soil and
their beneficial effects on the soil structure, aeration and fertility are
well documented. Long ago, Aristotle and Darwin described them
as ‘the intestine of earth’ and ‘the nature’s ploughman’ Recent
studies show their capability in improving soils polluted with waste
materials, sewage sludge and toxic materials.

The latest comprehensive taxonomic account on the Indian
earthworms is that of Stephenson (1923), which is now outdated
because of nomenclatural changes and discovery of new taxa. The
present work is, therefore, a vital tool for those who are interested in
the systematics of Indian earthworms. Besides taxonomic
descriptions of species, including several new ones, the work also
synthesizes valuable information on their biology and ecology. This
will be of immense use to the soil biologists.

Dr. Julka has been actively working on the taxonomy of
earthworms for the last 22 years. With his expertise in this field it is
expected that he shall bring out more such works on the remaining
earthworm families.

B.S. LAMBA
Calcutta Acting Director
6th January, 1988 Zoological Survey of India



PREFACE

Stephenson (1923) published a taxonomic monograph on the
earthworms of the Indian subcontinent in the Fauna of British
India’ series. But it became obsolete with the recognition of new
taxa and new taxonomic characteristics, mainly through manifold
publications by Gates. It was, therefore, felt to bring out an up-to-
date comprehensive taxonomic account on the earthworms of India
and adjacent countries (excluding Burma) in the Fauna of India’
series. This volume is a first step in this direction and deals with
128 species belonging to 26 genera of the family Octochaetidae
including 6 new genera and 16 new species. The ‘types’ of some
species in the Zoological Survey of India are either immature or
have become softened or macerated because of a prolonged period
of preservation. For these reasons, topotypes of 14 species were
collected and examined. Most of the illustrations in the text are
either based on the fresh material or on the ‘syntypes’ in the
Zoological Survey of India.

I am indebted to Dr. B.S. Lamba, Acting Director, Zoological
Survey of India, Calcutta for his constant encouragement to
complete this work and for providing necessary facilities. I am
grateful to Dr. A.P. Kapur and Dr. B K. Tikader, former Directors,
and Dr. S. Khera, former Joint Director-in-Charge, Zoological
Survey of India for their keen interest in my investigations on
earthworms. I express my gratitude to Dr. Asket Singh and Dr. H.
Khajuria, former Officers-in-Charge, High Altitude Zoology Field
Station, Z.S.I., Solan for critically going through the manuscript.

My sincere thanks are due to Mr. Anil Gupta, Artist, High
Altitude Zoology Field Station, Solan for his help in preparing the
illustrations. My ‘$hanks are also due to all my colleagues, notably



(viii)

Mr. R.N. Mukherjee and Mr. R. Paliwal for assisting in various
ways during the preparation of the manuscript.

I express my indebtedness to Dr. G.E. Gates for his invaluable
help and encouragement (through correspondence) which was
mainly responsible in sustaining my interest in the taxonomy of
these wonderful organisms. My thanks are due to Dr. M.C. Dash
and Dr. B.K. Senapati of Sambalpur University for providing
valuable data on the biology of several species; Mr. E.G. Easton,
British Museum, for examining the ‘types’ of Octochaetona
phillotti; Dr. T, Chacko, New Science College, Hyderabad, for
making available the ‘types’ of Octochaetoides sudarshensis;
Dr. B.R.C. Rao of Moodabidri Mahavira College for his help in
collecting topotypes of some species. I am grateful to Dr. AK.
Ghosh, Deputy Director, Dr. M. Hafeezullah, Superintending
Zoologist and Mr. A.R. Bhoumik, Zoologist of Fauna of India
Division, Z.S.I,, Calcutta for taking pains in processing the
manuscript for publication. Thanks are also due to Mr.
G. Sivagurunathan, Publication Production Officer, Z.S.I., for
his help in printing this publication.

Lastly, I would like to thank my wife Shashi who endured my
late working hours in the laboratory and at home without which it
would have not been possible to complete this book.

High Altitude Zoology Field Station, J.M. JULKA
Zoological Survey of India,
SOLAN - 173 212
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INTRODUCTION

The Oligochaeta are bilaterally symmetrical coelomate inverte-
brates with internal and external metameric segmentation
throughout the body. They lack suckers and parapodia but possess
setae on all segments except the peristomium and pygomere. They
are hermaphrodite and ova are fertilized in cocoons secreted by a
clitellum; development being direct without the intervention of a
free larval stage in the life cycle. On the basis of size and habitat,
the oligochaetes are often divided into two convenient groups:
Microdrili (small, mainly aquatic worms including the terrestrial
family Enchytraeidae) and Megadrili (larger, mostly terrestrial
worms and their aquatic representatives). It is the latter group that
consists of earthworms and corresponds to the orders Moniligastrida
and Haplotaxida excluding suborder Tubificina (Brinkhurst and
Jamieson, 1971).

Systematic studies on the earthworms of the Indian subcontinent
were initiated by Templeton (1844) when he described a new
species, Megascolex caeruleus, from Sri Lanka. Subsequently, our
knowledge was enriched by Schmarda (1861), Vaillant (1867),
Beddard (1883-1902), Bourne (1886-1894), Rosa (1888-1894),
Benham (1893), Ude (1893), Fedarb (1898a, 1898b) and
Michaelsen (1897-1907). This scattered information in various
journals was brought together in a systematic monograph by
Michaelsen (1909a), which gave considerable impetus to serious
taxonomic studies on the earthworms of this subcontinent.
Michaelsen (1909b, 1913), Stephenson (1913-1922) and Rao
(1922) further added several species to the earthworm fauna of the
region. Stephenson (1923) consolidated the information available
till that time and published a comprehensive taxonomic account in
the Fauna of British India series. Between 1924 and 1972, although
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some papers were published by Stephenson (1924-1931), Aiyer
(1929), Cernosvitov (1937), Bhatti (1962a), Sims (1963), Khan
(1966), Soota (1970), Soota and Julka (1970, 1972) and Sharma
and Chacko (1970), the taxonomic studies on the earthworms of
the Indian subcontinent were domina-ted by Gates who in a series
of papers revised and erected several new genera and species on the
basis of hitherto unrecognized but taxonomically important
somatic characters which rendered Stephenson’s Fauna of British
India obsolete. Gates’ studies culminated with the publica-tion of
an excellent monograph on the Burmese earthworms in 1972, but
much remained to be done in consolidating the information on the
earthworms of the other regions of the subcontinent.

During the last decade, the earthworms of the following
underexplored areas in the Indian subregion have been surveyed to
some extent: Eastern Himalayas (Julka, 1975a, 1976a, 1981; Julka
and Halder, 1975b, 1977; Soota and Halder, 1977a, 1977b, 1981),
Khasi and Garo Hills (Julka, 1977), Orissa (Julka, 1975b, 1976b,
1978), South India (Jamieson, 1977; Easton, 1982; Julka and Rao,
1982; Julka, 1983), Western Himalayas (Julka, 1979; Soota and
Halder, 1980a), and Andaman and Nicobar Islands (Julka and
Halder, 1975a; Soota and Halder, 1980b).



CLASSIFICATION

The oligochaetes are considered to have close affinities to the
leeches and to indicate this relationship Michaelsen (1928)
combined the orders Oligochaeta and Hirudinea in a Class, the
Clitellata. This system was accepted by Stephenson (1930) and
Gates (1972) in their monographic works. Recently, the group
comprising oligochaetes has been assigned the status of a subclass
(Brinkhurst and Jamieson, 1971; Reynolds and Cook, 1976) or a
class (Gavrilov, 1981; Brinkhurst, 1982; Gates, 1982); the latter
system is adopted in this work.

During the nineteenth century various classifications of the
Oligochaeta were presented, notably by D’Udekem (1862), Vaillant
(1868), Perrier (1872), Vejdovsky (1884), Benham (1890),
Beddard (1895) and Michaelsen, 1896, 1899), but none of these
were considered satisfactory. Michaelsen (1900) was the first to
construct a comprehensive classification of the oligochaetes in
which 11 families including about 1200 species and 152 genera
were recognized. Michaelsen (1921) rearranged his earlier classifi-
cation and groliped 21 families in 7 series and 2 suborders,
Archioligochaeta and Neo-oligochaeta, the terms which he himself
abandoned in 1928. Generic and suprageneric taxa were defined
by the genital characteristics, especially the male genital system.
Michaelsen’s system of classification was adopted by Stephenson
(1930) with slight modifications which remained in use for quite a
long time. Gates (1959) rejected Michaelsen’s ‘Classical’ system as
he considered male genital characters variable and taxonomically of
no value for defining suprageneric categories of earthworms.
Instead, he recognized several somatic characters which were
markedly resistant to variation and evolutionary conservative.
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The most recent monograph on the Oligochaeta by Brinkhurst
and Jamieson (1971) recognized its 3 orders based on the repro-
ductive system and supported by ancillary somatic characters:
Lumbriculida, Moniligastrida and Haplotaxida. This scheme
excluded the Aeolosomatidae from the oligochaetes for various
anatomical reasons. The Haplotaxida comprised all oligochaete
families apart from the Lumbriculidae (Lumbriculida) and the
Moniligastridae (Moniligastrida). It was subdivided into 3
suborders: Haplotaxina (stem family Haplotaxidae), Tubificina
(microdriles) and Lumbricina (earthworms and their aquatic stem
forms). The Tubificina comprised 2 superfamilies, Tubificoidea
and Enchytraeoidea, and the Lumbricina consisted of 3 super-
families, Alluroidoidea, Lumbricoidea and Megascolecoidea; the
Alluroidoidea elevated to another suborder Alluroidina by
Jamieson (1978). In a computor based investigation of the
opisthophorous Oligochaeta, Jamieson (1978) proposed to reduce
the Moniligastrida to a suborder in the order Haplotaxida. Sims
(1980, 1982) disagreed with this proposal. The basic classification
of the Oligochaeta into orders and suborders as proposed by
Brinkhurst and Jamieson (1971) was accepted by various oligo-
chaetologists, but much disagreement existed on the suprageneric
constituents of the restricted suborder Lumbricina (excluding the
Alluroidoidea). Sims (1980) considered Jamieson’s (1978)
composition of the superfamilies of the Lumbricina as artificial
which was based on adaptive characters and the distributional
implications were incompatible with zoogeographical knowledge.
Instead, he defined superfamilies of the Lumbricina by using
characteristics of the morphology of the ovaries and the budding of
the oocytes and explained their distribution in accordance with the
zoogeography.

Apart from the Eudrilidae, there are different views about the
constituent families of the superfamily Megascolecoidea and these
have been defined variously during the last 25 years. Omodeo
(1958) recognized the megascolecoid groups by the structure,
number and location of the calciferous glands. Lee (1959) assigned
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all the New Zealand megascolecoids into a single family, the
Megascolecidae, dividing the latter into 2 subfamilies, the
Megascolecinae and Acanthodrilinae, according to the position of
the male and prostatic pores. Gates (1959) disagreed with these
classifications and raised all the main groups to the familial rank,
the Ocnerodrilidae, Acanthodrilidae, Octochaetidae and Megasco-
lecidae on the basis of structure of the prostatic glands, location of
calciferous glands and morphology of the excretory system. Sims
(1966) using computor techniques examined these conflicting
classifications from a selection of megascolecoid genera, and found
that pattern of arrangement of the genera coincided to a large extent
with the classification proposed by Gates, but he (1967) assigned
them to 2 families, the Megascolecidae (sensu stricto) and
Acanthodrilidae, dividing the latter into 3 subfamilies, the
Ocnerodrilinae, Acanthodrilinae and Octochaetinae. Jamieson
(1971a) questioned the taxonomic significance of the structure of
the prostatic glands in the megascolecoids. He proposed another
classification by retaining all megascolecoids in a single family, the
Megascolecidae, dividing it into 3 subfamilies, the Ocnerodrilinae,
Acanthodrilinae and Megascolecinae, according to the position of
the calciferous glands, lateral hearts, male and prostatic pores, and
the structure of the excretory system. The Acanthodrilinae and
Megascolecinae  were subdivided into tribes employing the
characteristics of the excretory system. The morphology of the
excretory system in several megascolecoid species and genera is not
adequately known and these structures require further investigations
before Jamieson’s views could be accepted (Easton, 1979; Sims,
1980). Moreover, Jamieson’s (1971a) grouping of megascolecoid
species with two types of prostatic glands of different origin (tubular
of ectodermal and racemose of mesodermal origin) in the same
genus is not acceptable. In this work Brinkhurst and Jamieson’s
(1971) basic classification of the Oligochaeta as modified by Sims
(1980, 1982), and Gates’ (1959) convenient system of classification
for the megascolecoides are adopted.
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BIOGEOGRAPHY AND ORIGIN

The biogeography and evolution of earthworms are obscured
due to paucity of fossil records. Nevertheless, attempts have been
made to infer their origin by studies on the distribution and
comparative anatomy of present day earthworms. On the basis of
feeding habits of earthworms, Stephenson (1930) believed that
they appeared in the Cretaceous when dicotyledenous plants came
into existence. Michaelsen (1910) was of the opinion that they
evolved in the upper Jurassic, while Arldt (1908) estimated their
origin much earlier, as far back as the upper Triassic period. Sims
(1980) assumed that ancestors of present day earthworms were
widespread in the undivided palaeocontinent of Pangaea which was
formed at the end of the Palaeozoic. The division of Pangaea in the
Triassic resulted in the separation of a norihern continent of
Laurasia and a large southern land mass of Gondwana. These
further broke up into smaller land masses during the subsequent
periods and moved apart carrying with them the precursors of the
present day earthworms. According to Sims (op. cit.) the continental
drift theory adequately explains the patterns of biogeographical
distribution of his superfamilies of the Lumbricina as observable
today: Criodriloidea and Lumbricoidea (Euramerica), Biwadri-
loidea (Pacifica, eastern Gondwana), Glossoscolecoidea (western
Gondwana), Megascolecoidea (Gondwana).

The biogeography of earthworms is sometimes not clear
because of presence of widely distributed peregrine species which
have been transported by man for culture or accidentally in soil
around the roots of exotic plants. These species therefore must be
disregarded for biogeographical considerations.
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TERMINOLOGY AND TAXONOMIC
CHARACTERS

Age groups : Details of sexual maturity of each earthworm
specimen are usually given in the material examined. This may be
in the form of 2C, 4A (2 clitellate, 4 aclitellate) or a set of figures
united with dashes, e.g. 2-0-4-3 means 2 juveniles, O aclitellate, 4
clitellate or adults and 3 postsexual worms. Juveniles lack genital
markings, tumescences, tubercula pubertatis or clitellum. Aclitellate
worms are without clitellum but have genital markings, tumescences
or tubercula pubertatis. Specimens with a clitellum are referred to
the adults. Postsexual worms (a rarely used category) are difficult
to distinguish but are usually characterized by the discolouration or
absence of the clitellum, hardened seminal vesicles with ‘black
bodies’ and small testes or ovaries,

External characters

Colour: The colour of the worms due to iridescence of the
cuticle, blood vessels in the body wall, intestinal ingesta, etc. is of no
importance. But pigmentation of the body wall may be of some
taxonomic value and should be recorded in life since strong fixing
fluids usually destroy the pigment.

Body form : Earthworms are elongate and vermiform. They are
usually circular in cross-section and deviation to any other form
(square or trapezoidal) may be of systematic importance. The
anterior and posterior ends are, sometimes enlarged, and ventral
surface flattened.

Size : The length and diameter of earthworms are of little
taxonomic value, since they vary considerably within a species.
Method of preservation, amputation and regeneraition can also
affect body dimensions to a great extent. Measurements are taken
on strongly contracted worms, the diameter is usually taken in front
of the clitellum.
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Segmentation: An earthworm’s body is divided externally into
segments by furrows which coincide with the positions of septa
dividing the body internally (Fig. 1). Some or all segments may be
superficially subdivided into two or three or more annuli by
secondary grooves. The first and the last body segments, usually
asetal, are called the peristomium and pygomere respectively (Figs.
1-2). The number of segments vary intraspecifically. This character
can be of taxonomic importance only when its limits of variations
have been determined in each species. In the taxonomic descri-
ptions, they are numbered in roman numerals, ie. i, ii, iii.....
(capitalized by some authors) beginning with the peris-tomium. The
intersegmental furrows are designated by the numbers of segments
on either side as 2/3, 3/4, 4/5, etc.

FiGs. 1-3. Amynthgs diffringens (Baird). Dorsal views of the anterior (1) and
posterior (2) regions, ventral view of the anterior region (3) A-anus, C-
clitellum, DP-dorsal pore, FP-female pore, Mp-male pore, P-prostomium,
Per-peristomium, Pyg-pygidium, S-setae, Sp. P-spermathecal pores.
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Prostomium : 1t is a small fleshy lobe, overhanging the mouth on
the dorsal surface of the first segment. Its size may vary from
rudimentary to an elongated proboscis-like struc-ture. The different
shapes of the prostomium, zygolobic, prolobic, proepilobic, epilobic,
tanylobic, combined pro/epilobic and combined pro/tanylobic
(Figs. 4-11), are sometimes of taxonomic importance. The tongue
in the epilobic condition may be delimited posteriorly by a
transverse groove (close epilobic) or without any posterior
demarcation (open epilobic).

it
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4-11. Various forms of prostomium (diagrammatic), 4. zygolobic,
5. prolobic, 6. proepilobic, 7. open epilobic, 8. closed epilobic, 9. combined
pro/epilobic, 10. tanylobic, 1. combined pro/ tanylobic.
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Dorsal pores : They are small openings located in inter-
segmental furrows on the mid-dorsal line leading to the coelomic
cavity (Fig. 1). They are present in most earthworms, but are
usually absent in worms with subaquatic or aquatic habitats. The
position of the first functional dorsal pore is of very limited
systematic importance as it is subject to intraspecific variations.
Moreover, it is often difficult to distinguish between the first
functional dorsal pore and a few anterior non-functional pore-like
markings.

Clitellum : 1t is an epidermal swelling restricted to certain
segments in sexually matured worms where gland cells secrete
material to form the cocoon. It is either annular (extending all
round the body, Fig. 12) or saddle-shaped (restricted to dorsal and
lateral parts of the body, Fig. 13). The position and extent of
clitellum may vary in certain families, genera and species, but are of
specific importance in the Lumbricidae.

i
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FiGs. 12-13. Lateral view of clitellum (diagrammatic). 12. annular, 13. saddle-

shaped.
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Setae : They are bristle-like retractile structures borne on
follicles and arranged in a single ring around the periphery of each
segment. The normal setae are usually sigmoid in shape, each with
a nodule at about the middle. The positions of the setae provide
reference points for describing location of genital and nephridial
pores, grooves, genital markings, etc. Their number, modifications
and distance between them are of some taxonomic importance.

The arrangement of setae according to their number are
expressed by the terms, lumbricine (8 setae per segment in 4 pairs,
Figs. 14-16) or perichaetine (more than 8 setae per segment usually
with a gap in the mid-dorsal and mid-ventral regions, Fig. 17). In
taxonomic descriptions, individual setae on each side are designated
by italicized letters, i.e. in the lumbricine arrangement by g, b, ¢, d
beginning with the most ventral one and in the perichaetine
arrangement by a, b, ¢, d e, ...... beginning with the most ventral
seta and z, J, x,.... beginning with the most dorsal one irrespective of
the actual number in the ring.

a a a
14 15
d —99~ 4 I3 Yy
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, N X %
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bk,\ b X
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16 17

FiGs. 14-17. Arrangements of setae (diagrammatic). 14-16. lumbricine,
14. closely paired, 15. widely paired, 16. separate. 17. perichaetine.
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The distance between the setae is expressed in the form of an
equation; in the lumbricine arrangement by aa =3 ab=bc=2 cd=
0.5 dd (meaning distance between setae aa is thrice ab, equal to bc,
twice cd and half of dd) and in the perichaetine arrangement by aa
=2ab = 1.5 bc = 1.5 yz = zz (meaning aa is twice ab, one and a half
times bc and yz, and equal to zz). Some authors express it as a ratio
of distance between setae a and b in the form of aa: ab bc cd- dd
=3 1 2 1:20in the lumbricine species andaa ab bc.yz zz=
2 1:1.1.2 1.5in the perichaetine species. The total number of
setae in the perichaetine species are counted, usually on segments ii,
vii or viii, xii and xx; these are expressed as 16/ii, 32/viii ......
(meaning 16 setae on segment ii, 32 on viii and so on). The number
of setae between the spermathecal and male pore lines are also
given, but the figures are inverted as vii/8, viii/12 and xviii/6.

Genital pores : (Figs. 18-21). The segmental location and size
of the openings of the vasa deferentia (male pores) and the oviducts
(female pores) furnish useful taxonomic characteristics. Variation
in their location within a species is regarded as an abnormality
which may result due to regeneration. In the Ocnerodrilidae,
Acanthodrilidae, Octochaetidae and Megascolecidae, the male
pores are associated with the prostatic pores (openings of the ducts
of prostates, accessory reproductive glands). The prostatic ducts
and vasa deferentia may discharge to the exterior either separately
or at combined male and prostatic pores. The basic conditions of
these openings are sometimes termed as: acanthodriline (male pores
on xviii, prostatic pores on xvii and xix, all pores in seminal
grooves), microscolecine (prostatic pores along side or combined
with male pores on xvii), balantine (prostatic pores along side or
combined with male pores on xix) and megascolecine (prostatic
pores along side or combined with male pores on xviii). Male pores
are sometimes located on papillae of various shapes or at tips of
intromittant organs, the penes. They may open directly on the body
surface or into pouche-like invaginations of the ventra: body wall,
the copulatory pouches (also known as copulatory chambers or
bursae copulatrices), the external openings of which are often
referred to as ‘male pores’
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Fige. 18-19. Ventral view of the anterior region. 18. Pellogaster bengalensis
(Michaelsen), 19. Eutyphoeus waltoni Michaelsen. FP-female pore, GM-
genital marking, MP-male pore, Pen-penis, Pr. P-prostatic pore, Sem. G-
seminal groove, Sp. P-spermathecal pore, Vest-vestibulum.
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The size, number and location of the spermathecal pores
(openings of the spermathecae), as well as single or paired, are of
taxonomic value. These characters, however, are known to vary
intraspecifically as a result of regeneration or parthenogenesis. The
spermathecal ducts may open directly on the body surface or into
small chambers, the external openings of which, although
secondary, are often called ‘spermathecal pores’

Genital markings, tumescences, tubercula pubertatis, etc.
Certain areas of the epidermis on the ventral surface of sexually
mature worms may be modified in the form of genital markings or
papillae, genital and copulatory tumeseences, pits and ridges. Their
shape, number and location, although variable, are sometimes of
systematic value. Tumescences are without distinct boundaries
surrounding the modified setae; those around genital setae are
known as genital tumescences and those around copulatory setae as
copulatory tumescences. Genital markings (Figs. 3, 19) are usually
more distinctly delimited and have slightly depressed central areas.
Tubercula pubertatis (Fig. 20) are more or less swollen longitudinal
ridges on the ventro-lateral margins of clitellum.

Nephridiopores : The external openings of nephridia are the
nephridiopores (also called as nephropores or nephridial pores).
They are very small and generally unrecognizable in the merone-
phric species, but may be obvious in the holonephric species (Fig.
22), in that case their axial position provides important distingui-
shing characters.

Internal characters

Pigmentation : The pigments are usually associated with the
circular muscle layer of the body wall. In the preserved specimens,
pigmentation can be observed to some extent at the dorsal incision
of the body wall.

Septa : Absence of some septa in the gizzard region is of
taxonomic value. Thickening (muscularization) of anterior septa is
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Fi1GS. 20-21. Ventral view of anterior region. 20. Octolasion tyrtaeum (Savigny),
21. Glyphidrilus tuberosus Stephenson. C-citellum, GM-genital marking,
MP-male pore, Sp. P-spermathecal pore, TP-tubercula pubertatis.
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FIGS. 22. Perionyx sansibaricus Michaelsen, lateral view of the anterior region.
C-clitellum, NP-nephridial pores, P-prostomium.
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also considered important, but
thickening is highly subjective.

17

assessment of the degree of

Digestive system : The main characters of taxonomic importance
in the alimentary canal (Fig. 23) are the gizzard (s), calciferous
glands or lamellae, beginning of the intestine, intestinal caeca,

supra-intestinal glands and typhlosole.
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FiG. 2;’5. Dorsal view of Amynthas diffringens (Baird) showing digestive,
C{rculatory and reproductive systems. Br-brain, DV-dorsal vessel, Giz-
gizzard, GMG-genital marking gland, H-hearts, Int-intestine, L. Int. C-
lateral intestinal caeca, M-mouth, O-ovary, OD-oviduct, Oes-oesophagus,
Ph-pharynx, Pr. G-prostatic gland, Sem. V-seminal vesicle, Sp-spermatheca,

TS-testis sac, VD-vas deferens.
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The number and position of the gizzard(s) have been used in
distinguishing the earthworm genera, but their position should be
determined carefully as some of the septa in this region are either
absent or very delicate which may break as the worm is opened.

Calciferous glands are associated with oesophagus. They are
whitish and highly vascular organs provided internally with
lamellae. Their shape, number, segmental position as well as
whether they are stalked or sessile, paired or unpaired, external
(extramural; Figs. 25-27) or within the oesophageal wall (intra-
mural; Fig. 24) provide useful distinguishing characters. In the
absence of discrete calciferous glands, oesophagus may sometimes
be markedly widened and provided internally with calciferous
ridges or lamellae.

0.5mm

24

FIGs. 24-25. Dorsal views of oesophageal calciferous glands. 24.intramural,
Bahlia albida Gates. 25. extramural, Rillogaster matheranensis
(Stephenson).
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FiGs. 26-27. Dorsal views of calciferous glands. 26. Eudichogaster prashadi
Stephenson, 27. Priodoscolex montanus Gates. DV-dorsal vessel, ECG-
extramural calciferous glands, H-heart, ICG-intramural calciferous glands,
Int-intestine, Lp. V-lateroparietal vessel, Oes-oesophagus, So. V-supra-
oesophageal vessel.

The beginning of the intestine seems to be usually constant
within a species. However, it is sometimes difficult to recognize the
posterior limit of oesophagus and anterior limit of intestine
especially in the badly preserved specimens. These limits can be
recognized by the presence of a valve at the posterior end of
oesophagus. Intestinal caeca (Figs. 29-30) are small tubular
outgrowths of the intestinal wall; their shape, position, number and
whether single or paired are of systematic value. The internal
surface of the intestine may be increased by a large dorsal fold, the
typhlosole. Its absence or presence, shape, and anterior and
posterior limits are of taxonomic importance. Its shape varies from
a low ridge to a well-developed lamella which may be simple or
ventrally bifid or trifid (Figs. 31-33). Several pairs of glands, the
supra-intestinal glands (Fig. 28), are sometimes present on the
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FI1Gs. 28-30. Eutyphoeus festivus Gates, dorsal view showing supraintestinal
glands (28), lateral view showing ventral intestinal caeca (30). 29. Metaphire
birmanica (Rosa), lateral view showing manicate intestinal caecum.
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33

FiGs. 31-33. Diagrammatic cross sections of earthworms. 31. intestine without
typhlosole, 32. intestine with simple lamelliform typhlosole, 33. intestine
with ventrally bifid typhlosole. DV-dorsal vessel, Int-intestine, NC-nerve
cord, Sn. V- subneural vessel, Typh-typhlosole, VV-ventral vessel.
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dorsal wall of the intestine in successive segments at the posterior
end of the typhlosole. Their absence or presence is probably of
generic importance, but their number vary intraspecifically.

Vascular system (Fig. 34): Gates (1972) emphasizes the
importance of the dorsal, ventral, subneural, supra-oesophageal,
extra-oesophageal (or latero-oesophageal) and latero-parietal vessels
in earthworm taxonomy. But these characteristics should be used
with caution as some of the vessels are drained of blood and
unrecognizable in the preserved specimens.

The dorsal vessel is closely associated along the mid-dorsal line
of the alimentary canal. The systematically useful characters of the
dorsal vessel are: whether it is single or double, or aborted
anteriorly. The ventral vessel lies immediately below the gut and is
suspended from it by a mesentary. The subneural vessel is located
beneath the nerve cord; its presence or absence is considered to be
of generic importance. The supra-oesophageal vessel runs along the
dorsal wall of the gut in the anterior segments; its presence or
absence and whether single or double may be of taxonomic value.

Gz DV LH Sov.  LoH Oes Int
[ ’ A ! )

1

(]

' / PR
R ’
i

]

)

]

EoV SnV NC vV LpV
34

FIG. 34. Diagrammatic lateral view of circulatory system of an earth-worm.
DV-dorsal vessel, Eo.V- extra-oesophageal vessel, Giz-gizzard, Int-intestine,
LH-lateral heart, Lo.H-latero-oesophageal hearts, Lp. V-latero-parietal
vessel, NC-nerve cord, Oes-oesophagus, Sn. V-subneural vessel, So. V-
supra-oesophageal vessel, VV- ventral vessel.
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Extra-oesophageal and latero-parietal vessels are paired; the former
are situated anteriorly on the latero-ventral aspects of the gut and
the latter lie laterally on the body wall. Their presence or absence
and connections to other longitudinal vessels may provide
distinguishing characters at the generic level.

Paired commissural vessels connect the ventral vessel with the
dorsal or supra-oesophageal or both these vessels. Some of these in
the anterior region of the body are enlarged, contractile and
provided with valves internally, and they are known as the ‘hearts’
The hearts opening into the dorsal vessel are the lateral hearts, those
opening into the supra-oesophageal vessel are the oesophageal
hearts and those opening into both dorsal and supra-oesophageal
vessels are the latero-oesophageal hearts. The number and position
of the hearts are considered to be of taxonomic importance.

Reproductive system : The reproductive system comprising of
testes, ovaries, seminal vesicles, spermathecae and prostates provide
useful taxonomic characters. The basic arrangement of the gonads
in the megascolecoid earthworms is paired testes in segments x and
xi (holandry) and paired ovaries in segments xii and xiii (hologyny).

The number of testes may be reduced to a single pair (meroandry);

the term proandry is used for one pair of testes in segment x or a
homotic equivalent and'metandry for one pair of testes in segment
xi or a homotic equivalent. The number of ovaries may also
undergo reduction, i.e. 0::¢ pair of ovaries in segment xii (progyny)
or in xiii (metagyny). The morphology of the ovaries and process
of shedding oocytes have been used for defining suprageneric
categories of earthworms.

The testes and male funnels may lie free in their segments or are
enclosed in special coelomic chambers, the testis sacs. Their shape
and whether paired or unpaired are of taxonomic value. Septa of
the testis and ovarian segments may be evaginated, those of the
testis segments forming the seminal vesicles and those of the ovarian
segment form ovisacs. The shape, size, number and segmental
position of seminal vesicles are of systematic importance. The male
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funnels open into straight or coiled male ducts, the vasa deferentia.
In holandric species, the anterior and posterior male ducts on each
side run backwards; they may unite with each other before opening
to the exterior or they may discharge independently on the body
surface. The posterior end of the vas deferens is sometimes enlarged
into an ejaculatory bulb (bulbus ejaculatrice).

Accessory reproductive organs, the prostates, are associated
with the posterior ends of vasa deferentia in most megadrile
families, and are of various types. They are tubular (Fig. 40) with a
central canal and of ectodermal origin in the Ocnerodrilidae,
Acanthodrilidae and Octochaetidae, and racemose (Figs. 41-42)
without a central canal and of mesodermal origin in the Megasco-
lecidae. In the Eudrilidae, they are in the form of outgrowths from
the male ducts and are called as ‘euprostates’ In the Moni-
ligastridae, the prostates (also termed as male atria) have an outer
and inner glandular and a middle muscular layer, the latter forming
a prostatic capsule and its various forms are useful in distinguishing
species.

The spermathecae (Figs. 35-39), which receive sperms from
another individual during copulation, are present in most earth-
worms. A spermatheca, typically, consists of an ental sac-like
structure, the ampulla, and a duct by which it opens to the exterior.
One or more diverticula may arise from the duct. Shape and size of
the spermatheca and its various parts vary in different species.

Setae associated with genital tumescences, spermathecal and
prostatic pores are sometimes modified to subserve a copulatory
function; those associated with genital tumescences are cailed as
genital, those with spermathecal pores as copulatory and those with
prostatic pores as penial setae. The modified setae may be curved in
different ways and usually variously ornamented or sculptured
ectally. Their size, shape and ornamentation are of limited
taxonomic importance, since they vary intraspecifically or may be
similar in different species. But their presence or absence and
distributicn provide important specific characters.
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FIGS. 35-42. 35-39. Various forms of spermathecae. 35. Malabaria biprostata
Aiyer, adiverticulate, 36. Hoplochaetella stuarti (Bourne), polydiverticulate,
37. Drawida calebi Gates, adiverticulate with an atrium, 38. Lampito
mauritii Kinberg, bidiverticulate, 39. Amynthas diffringens (Baird),
unidiverticulate, 40-42. Prostatic glands. 40. Eutyphoeus festivus Gates,
tubular, 41. Tonoscolex striatus (Stephenson), racemose, 42. Lampito
mauritii, racemose. Atr-atrium, Cop. S-copulatory setae, Cop. S.G.-
copulatory setal gland, Pen. F-penisetal follicle, Pr. D-prostatic duct, Pr.G-
prostatic gland, Sp. A-spermathecal ampulla, Sp. D-spermathecal duct, Sp.
Div-spermathecal diverticulum, VD-vas deferens.
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Excretory system : The nephridia are the main organs of
nitrogenous excretion in earthworms. They are of various kinds
and have recently become increasingly important for megadrile
taxonomy. For the study of nephridia, the whole worm is to be
checked as different types of nephridia may occur within a species
or they may be absent in a few anterior segments. The nephridia
may be one pair (holonephridia, Fig. 43) or more than one pair
(meronephridia, Fig. 44) in each segment. Either type of nephridia
may be ‘open’ (stomate, Fig. 45), if nephrostomes persist or ‘closed’
(astomate), if nephrostomes are absent. Their ducts may open to

FIG. 43. Perionyx sansibaricus Michaelsen, holonephric, excretory system. Hn-.
holo nephridia, Ph-pharynx, Sp-spermatheca.
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FIG. 44. Eutphoeus nicholsoni (Beddard), meronephric excretory system
(redrawn, after Menon e al 1969). Giz-gizzard, Mn-meronephridia, Pn-
pharyngeal nephridia.

the exterior (exonephric) or into the alimentary canal (enterone-
phric), but astomate enteronephric holonephridia are not yet
known in the earthworms. Meronephridia may be either very small
(micromeronephridia, Figs. 46a, 46b) or relatively conspicuously
enlarged into megameronephridia (Fig. 46). The ectal ends of the
ducts of holonephridia are sometimes dilated into nephridial
bladders or vesicles, which may be of various shapes. The terms
vesiculate and avesiculate are used to describe the presence and
absence of nephridial vesicles respectively.
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FIGs. 45-46b. Various forms of nephridia. 45. Perionyx sansibaricus Michaelsen,
holonephridium. 46, 46b. Eutyphoeus nicholsoni (Beddard), meronephridia
(redrawn, after Menon et al. 1969), 46 stomate megameronephridium, 46b.
astomate micromeronephridium. 46a. Octochaetona beatrix (Beddard),
stomate micromero-nephridium. ND-nephridial duct, Ns- nephrostome,
NV-nephridial vesicle.
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Some species have tufted nephridia in some of the anterior
segments. These may be of two or three distinct types: holone-
phridia which are incompletely branched into a number of
meronephridium-like lobes with or without a single nephrostome
and retain a single duct; meronephridia with ducts in a sheaf
(composite ducts) or secondarily (?) united to form a single duct.

Accessory glands : Genital markings, tubercula pubertatis,
copulatory and genital setae are sometimes associated with glands
internally. The variations in the shape and size of these glands are
of systematic interest.

BIOLOGY AND ECOLOGY

Reproduction :

Earthworms are hermaphrodite and mating is required in most
species to exchange sperm from one individual to another.
Fertilization is external in the cocoon, although internal fertilization
has been recorded in the Eudrilidae (Stephenson, 1930). Sims
(1964) presumed self-fertilization in the Eudrilidae on the basis of
anatomical evidence. Parthenogenesis is common in some species
and is indicated by the reduction or absence of testes, seminal
vesicles, vas deferens, copulatory chambers, penes, prostates,
spermathecae, etc. Absence of iridescence on male funnels, vasa
deferentia and spermathecae may indicate occasional or obligatory
parthenogenesis. In introduced species, parthenogenesis is
considered to be of advantage as a worm has not to find a mate to
reproduce.

Copulation :

In earthworms, copulation results possibly due to pheromonal
attraction between two worms (Olive and Clark, 1978). It may
occur above or below the surface of the soil, and may last as long as
an hour. Some species copulate periodically throughout the year
except during unfavourable conditions, while in others mating 1s
restricted to a particular period of the year. During copulation, two
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worms lie side by side with their anterior ventral surfaces firmly
attached and their heads in opposite directions. In lumbricids like
Lumbricus terrestris and Eisenia foetida, the spermathecal region of
one worm is closely applied to the ventral clitellar region of the
other and the two are enclosed in a mucous tube, and sperm are
carried to spermathecae in seminal grooves. In megascolecids and
octochaetids, the male pores are opposite to the spermathecal pores
and sperm are directly deposited in the spermathecae. Bahl (1927)
observed sperm transference through the insertion of “penes” into
spermathecal pores in Eutyphoeus waltoni. After copulation, the
two worms separate and around the clitellar region of each worm a
mucous tube is secreted which hardens on exposure to the air. The
worm moves backwards to wriggle out of this tube and discharges
into it ova through the female pore (s) and the partner’s sperma-
tozoa through the spermathecal pores as the tube moves forwards.
The ends of the released tube close to form a lemon-shaped or
ovoid cocoon, in which the embryonic development takes place.
The colour and size of cocoons vary between species. The mode of
copulation in a few Indian species is known from the works of Bahl
(1927), Tembe and Dubash (1961), Menon et al (1968), and Rao
and Bhat (1978).

Life cycle :

Earthworms after copulation embark on a prolonged period of
cocoon production which may be interrupted by adverse conditions
or obligatory. diapause. Cocoons, containing ova and nutrient
albuminous fluid, are deposited usually near the surface of the moist
soil, but are laid deeper if the soil is too dry. The cocoon
production is markedly affected by environmental conditions, such
as soil temperature, moisture and nutrition of the adult worms. It
varies with species and is known only in a few Indian species.
Pheretima sp. produces most cocoons from March to June and few
during the rainy months of July and August (Bahl, 1950). On the
other hand, cocoons laid by Octochaetona surensis, Lampito
mauritii and Drawida willsi increase in number from August and
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reach a peak density in October (Dash and Senapati, 1980). The
incubation period varies interspecifically. Among the Indian
species,it is 28-30 days for Octochaetona surensis and Lampito
mauritii, and 14-18 days for Drawida willsi during October to
December (Dash and Senapati, 1980) as compared to longer
incubation period of 8.5 to 30 weeks in the European lumbricids as
estimated by Evans and Guild (1948), Wilcke (1952), Nordstrom
(1976) and Rundgren (1977). The short incubation period in the
Indian species may be due to higher soil temperature (Dash and
Senapati, 1980). Gerard (1967) also reported that temperature
affected the incubation of cocoons in Allolobophora chlorotica,
which was 36 days at 20°C, 50 days at 15°C and 112 days at 10°C.
Soil moisture is another factor that seems to have a considerable
influence on the hatching of cocoons; they do not hatch in complete
hydric and very dry conditions (Dash and Senapati, 1980). Each
cocoon contains one to twenty fertilized ova but only a few, usually
one or two, survive and hatch (Edwards and Lofty, 1977).
However, there are reports of one to six young worms hatching

from cocoons of Eisenia foetida and Bimastos tumidus
(Vail, 1974).

The period from hatching to sexual maturity is affected by
temperature and the type of available food, and varies with species.
It has been estimated as 18 to 74 weeks in the lumbricids (Evans
and Guild, 1948; Wilcke, 1952), about 16 weeks in Hoplochaetella
suctoria (Rao and Bhat, 1978) and 10-14 months in Millsonia
anomala (Lavelle, 1971). The breeding season in earthworms
occur at different times and is known only in few Indian species. In
the Gangetic plain with a tropical climate, the peregrine species
Ocnerodrilus occidentalis, Ramiella bishambari, Perionyx sansi-
baricus, Dichogaster bolaui and Lampito mauritii that are active
throughout the year become sexually mature as early as July and
have a long breeding season while the endemic species Eutyphoeus
incommodus, E. nicholsoni, E. waltoni, Pellogaster isabellae,
Bahlia albida and Ramiella nainiana with a restricted activity
during the monsoons possess a short breeding season of 2-3 months
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(September to November) after the rains (Gates, 1945C). Octo-
lasion tyrtaeum, a peregrine lumbricid, seems to breed in the Simla
Hills (with a temperate-like climate) throughout the year, but the
reproduction peak occurs in Autumn and winter (Julka and
Mukherjee, 1984).

Diapause and Quiescence

Activity of many species of earthworms is interrupted when the
soil becomes too dry or soil temperature is either very low or very
high. To tide over these adverse periods, they move deeper into soil
where the temperature and moisture conditions are adequate or
they may become comparatively inactive and enter diapause or
become quiescent. Edwards and Lofty (1977) use the general term
aestivation’ for this phenomenon of inactivity. Diapause is
restricted to condition, when the worm stops feeding, empties the
alimentary canal and constructs in the soil a spherical chamber
lined with mucus, within which it rolls into a tight ball or a loose
knot. In this condition, the worm loses weight but without any
tissue dehydration (Olive and Clark, 1978). There are two states of
diapause: facultative and obligatory. Facultative diapause occurs in
response to adverse environmental conditions, but is terminated
only after a certain critical period even when the conditions become
favourable. Obligatory diapause takes place at a certain time of the
year and is usually initiated by an internal rhythm or a certain
sequence of environmental changes irrespective of current
environmental conditions. In quiescence, the worms respond
directly to deteriorating environmental conditions and become
active as soon as the conditions are favourable. Unlike diapause,
quiescence is accompanied by severe tissue dehydration (Olive and
Clark, 1978).

Habitat and habits :

Earthworms can be found in all types of soils provided there is
sufficient maisture and food. They occur in forests, grasslands,
cultivated lands, orchards, gardens, plant nurseries and green
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houses. They have been found living in caves. Organic materials
like compost, manure, forest litter and humus, municipal dumps,
soils wetted with effluents and kitchen drainage are highly attractive
to some species. They are also found under stones and logs, and at
the axils of tree leaves. Some earthworms are very hydrophilous
and occur near bodies of fresh and salt water. A few species can
live under snow on high mountains. The process of soil formation
leads to horizontal layers and earthworms inhabiting different layers
are usually divided into three groups: (i) soil surface or litter
dwellers (epigés) which are deeply pigmented and very active, (ii)
topsoil dwellers (endogés) which are less pigmented and also less
.active, and (iii) subsoil dwellers (aneciqués) which are unpigmented
or only light pigmented and slow-moving.

Earthworms construct burrows in the soil, ingest large amount
of soil and deposit their faecal matter in the form of surface or
subsurface castings. Surface or litter dwelling species do not have
burrows and it is usually topsoil and subsoil species that make
permanent burrows. The burrowing activity is generally restricted
to top 30-45 cm layer of soil, but may be extended to deeper layers
due to the scarcity of food or soil moisture. Drawida grandis, an
Indian moniligastrid, is known to burrow to a depth of 2.7-3.0 m
(Bahl, 1950). Burrows in some species are extensive, while in
others they are simple, vertical or U- or Y-shaped, etc. The castings
are of different forms often varying between species and are known
in only a few Indian species. They are little heaps of individual
spherical or oval pellets in Metaphire posthuma, Hoplochaetella
suctoria, H. anomala and H. powelli. Eutyphoeus incommodus,
E. nicholsoni and E. waltoni excrete faeces in the form of small
towers of coiled tubes. Curgiona narayani and Thatonia sp.
produce casts that are thin and thread-like and are arranged in small
mounds. The faeces of Pithemera bicincta look like beaded-strings.
Large tower - like castings of Tonoscolex birmanicus may attain
heights of 20-25 ¢m (Gates, 1961b). The annual wormcast
production in India has been estimated at a few sites; it is 1.4-5.0
tonnes/ha in arable sandy loam soil (Roy, 1957) and 3.9-77.8
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tonnes/ha in grasslands (Roy, 1957; Dash and Patra, 1979) .as
compared to larger amounts of 2100-2600 tonnes/ha in Africa
(Edwards and Lofty, 1977).

Earthworms are omnivorous and use a wide variety of dead
organic matter in their nutrition. Since the proportion of organic
matter in soil is generally small they swallow large quantities of
earth in order to obtain sufficient nourishment. They also consume
nematodes, protozoans, rotifers, bacteria, fungi and other micro-
organisms. According to their feeding habits earthworms are
generally divided into three groups: (1) litter feeding, (ii) geophagous
and (iii) limiphagous. Most litter feeding species can distinguish
between different kinds of leaves, but prefer senescent leaves to
freshly fallen ones, and also show preference for particular shape
and species of leaves. It has been shown that food preference in
earthworms is dependent on chemoreception. Most subsoil
dwelling species are geophagous that pass much soil through the
intestine for obtaining sufficient nourishment since the subsoil
horizon is usually poor in organic matter. The limiphagous species
ingest large quantities of mud alongwith humified plant debris
accumulated on the margin or bottom of water bodies. The amount
of food taken by earthworms has been estimated to vary from 100
to 300 mg/g body weight/day (Edwards and Lofty, 1977).

Most earthworms respond to various kinds of stimuli in
different ways. Eutyphoeus waltoni and Lumbricus terrestris when
feeding on the soil surface keep their caudal ends in burrows, if
touched or at the slightest vibration of ground, they retreat quickly
inte their burrows. Metaphire posthuma, if disturbed, slowly coils
inta a series of circles. The surface or litter feeding species usually
resppnd  vigorously to tactile stimuli; Amynthas diffringens,
Hoplochaetella khandalaensis, H. inornata and H. powelli move
quickly in a serpentine manner; Perionyx excavatus, Ramiella
pallida and Hoplochaetella kinneari produce a series of rapid
lashing movements of anterior and posterior ends; other thigmo-
tactic responses include autotomy of posterior segments as in
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Hoplochaetella inornata, H. stuarti and H. suctoria, and death-
feigning as in Pheretima sp. and Hoplochaetella suctoria. Most
worms emerge onto the soil surface in response to vibrations,
chemical and electrical stimuli. They also respond to light stimuli,
some species, e.g. Lumbricus terrestris, are photopositive to very
weak source of light and photonegative to strong ones, while other
species such as Pheretima spp. are completely photonegative
(Edwards and Lofty, 1977). Ultra-violet light is injurious to
earthworms unless the intensity is very low. Some earthworms are
known to produce luminescence when irritated by some chemical
or electricity, or in response to vibration. Among Indian earth-
worms luminescence has been reported in a few species of
Eutyphoeus and Ramiella nainiana by Gates (1944), and in
Lampito mauritii by Ismail and Kaleemurrahaman (1981). The
luminescent system in earthworms may be due to the luciferin-
lucifer reaction (Ismail and Kaleemurrahman, 1981).

Population distribution, density and seasonal abundance :

Several factors, often intercorrelated, are known to affect the
distribution, density and seasonal abundance of earthworms. Most
important of these are physico-chemical properties of soil, available
food, reproductive potential and dispersive powers of the species.

Distribution of earthworms in the soil may be normal, random
or aggregated and is sometimes influenced by the type of soil. For
example, the endemic species of Eutyphoeus are mainly found in
alluvial soil of the Indo-Gangetic plains and those of Hoplochaetella
occur in laterite and red soils of the Western Ghats and the
Peninsular plateaus, while most of the circummundane or peregrine
species are able to live in different kinds of soils. Earthworms thrive
best in moist soils and for this reason there are few worms in arid
and semi-arid soils. Some worms (e.g. Glyphidrilus, Ocnerodrilus,
Malabaria, Thatonia and Perionyx) are very hydrophilous and are
usually associated with more or less submerged habitats. The soil
pH has distinct influence on the distribution of worms. Most of
them prefer neutral soils, but some can tolerate acid or alkaline soil
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and some are ubiquitous that can withstand both acid and alkaline
soils. The availability of food supply (organic matter) greatly
influences the distribution of these organisms. There are usually
few worms in soils with little organic matter whereas some species
(e.g. Perionyx excavatus, Eisenia foetida, Dichogaster bolaui,
D. saliens), that consume high amount of organic matter, aggregate
in compost or under dungpats and forest litter. The proportion of
carbon to nitrogen (C/N ratio) in soil may also regulate their
distribution.  Different soil horizons have different species of
earthworms, but the vertical distribution of each species changes
seasonally depending upon food, moisture and temperature.

Earthworm populations are commonly expressed in terms of
numbers or biomass (wet weight) per unit area of soil. Their
population density varies in different habitats depending upon a
variety of physico-chemical factors. Most species attain higher
densities in light and medium loams than in heavier clays or more
gravelly sands or alluvial soils. They are abundant in mull soils than
in mor and fallow soils and moorlands. Although an extensive
literature is available on earthworm densities in temperate soils, the
size of population of these organisms has been estimated in a few
Indian ecosystems (Table 1). These estimates show that pasture
soils contain more worms than woodland, orchard, arable and
barren soils. The density is higher in barren land than in arable
land, and mixed woodland has more worms as compared to pine
woodland.

The seasonal abundance of earthworms is affected by many
ecological factors and the two most important are soil temperature
and moisture. In Indian subtropical climate, especially in the plains,
earthworms_are mainly active and abundant during the summer
rains with maximum density occurring in September-October and
minimum density in May-June (Gates, 1961b; Dash and Patra,
1977; Chauhan 1980). On the contrary, an introduced species of
the Lumbricidae, Octolasion tyrtaeum, in temperate western
Himalaya was active throughout the year in a mixed woodland and
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the phases of high density coincided with early summer and winter
rains in July and December respectively (Julka and Mukherjee,
1984). In a pine forest in Meghalaya, the maximum and minimum
densities occurred in July and April respectively (Reddy and
Alfred, 1978).

Dispersal :

Earthworms possess both active and passive means of dispersal,
although mountains, deserts and oceans are effective physical
barriers that impede their active dispersal. Some species emerge
from the soil, often on a mass scale, during or after the periods of
heavy rainfall, and move actively for a considerable distance on the
soil surface. This may be in response to oxygen deficiency or
increased concentration of hydrogen sulphide in soil. In some parts
of the western Himalaya, Perionyx excavatus and Amynthas
diffringens are usually seen migrating in large numbers at the end of
the monsoons. This phenomenon may be triggered off due to rapid
depletion of soil moisture, low temperature and structure of the
subsoil stratum as suggested by Julka et al (1984). Although mass
emergence or migration of the worms involves heavy mortality of
individuals because of desiccation or exposure to ultra-violet rays of
the sun or trampling by animals and man, it may be a strategy for
resource exploitation, rapid expansion of range distribution, genetic
exchange among scattered populations of species and decreasing
population pressure during peak reproduction (Schwert, 1980).

TABLE 1. Density (no/m?) and biomass (g/m?) of Indian earthworms in

different habitats.
Habitat no/m? g/m? Site Reference
Pasture 64-800 5.98- 60.95 Berhampur, Dash & Patra,
Orissa 1977
Pasture 25-936.1 Bangalore, Kale & Krishna-
Karnataka moorthy, 1978
Pasture 5.35-107.00 Sambalpur, Senapati et al,
Orissa 1979
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Habitat no/m? g/m? Site Reference
Orchard 38.2-420.5 - Bangalore, Kale & Krishna-
(grass) Karnataka moorthy, 1978
Barren 138.6-398.1 - Bangalore, Kale & Krishna-
land Karnataka moorthy, 1978
Arable 51.9-2744 - Bangalore, Kale & Krishna-
land Karnataka moorthy, 1978
Mixed 304-118.4 - Solan, HP. Julka &
woodland Mukherjee, 1984
Pine 8.8-52 44 - 94  Shillong, Reddy & Alfred,
woodland Meghalaya 1978

The passive means of dispersal are by stream drift and through
mud on the feet of animals and birds. Man has also played an
important role, though unintentional, in the passive dispersal of
several widely distributed species by carrying them in mud around
the roots of plants. A number of species are suspected to have been
brought to India in this manner (Table 2).

Predators and parasites :

Earthworms are preyed upon by a variety of animals such as:
leeches; flatworms (Bipalium spp.); slugs (Zestacella spp.); carabid
and staphylinid beetles, and ants; salamanders, toads; blackbirds,
starlings, thrushes, gulls, crows, robins, common Myna and Shrike
Babbler; snakes; hedgehogs, badgers and moles. They harbour
several kinds of protozoan, helminth, rotatorian and dipterous
larval parasites. The common protozoan parasites are Monocystis,
Distichopus, Nematocystis, Rhyncocystis, Echinocystis, Aikineto-
cystis, Grayallia, Nellocystis, Craterocystis and Pleurocystis amongst
the gregarines, Anoplophrya, Maupasella, Parabursaria, Hopli-
tophrya, Plagiotoma and Metaradiophrya amongst the ciliates, and
a few sporozoans. The helminth parasites include Taenia cuneata,
Polycerus, Rhabditis, Heterakis, Syngamus, Dicelis, Dionyx,
Stephanurus, Metastrongylus, Spiroptera and Synoecnema.
Amongst Diptera, the larvae of Pollenia rudis, the cluster fly, and
some species of Onesia and Sarcophaga are parasitic on the
worms. Cocoons of some worms are attacked by mites. Dash et al



BIOLOGY AND ECOLOGY 39

(1979) reported that a parasitic fungi, Thielovia terricole, caused the
loss of weight, degeneration of clitellum and ultimate death of the
senescent worms of Octochaetona surensis.

TABLE 2. List of peregrine (circum-mundane) earthworm species which are
suspected to have been introduced to the Indian sub-continent, possibly by
unintentional transportation by man.

Family/species Original home

ACANTHODRILIDAE
Microscolex dubius South America
M. phosphoreus ?
Pontodrilus bermudensis ?

CRIODRILIDAE
Criodrilus lacuum Europe

EUDRILIDAE
Eudrilus eugeniae Central Africa

GLOSSOSCOLECIDAE
Pontoscolex corethrurus Tropical America

LUMBRICIDAE
Aporrectodea trapezoides Europe
A. tuberculata »
A. turgida »
Bimastos parvus North America
Dendrobaena octaedra Europe
D. rubida ?
Eisenia foetida ?
E. hortensis ?
E. rosea
Eiseniella tetraedra
Lumbricus castaneus
L. rubellus ”?
L. terrestris ?
L.’ eiseni
Octolasion cyaneum Europe
O. tyrtaeum

MEGASCOLECIDAE
Amynthas alexandri Southeast Asia
A. diffringens China

”»

»

”
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Family/species Original home

”»

A. hawayanus

A. morrisi ?

A. robustus »?

Metaphire anomala Southeast Asia

M. californica China

M. houlleti Southeast Asia

M. peguana ?

M. planata ()

M. posthuma ?

Pithemera bicincta Malay Archipelago or

Philippines

Polypheretima elongata Borneo
OCNERODRILIDAE

Eukerria kukenthali South America

E. saltensis ?

Gordiodrilus elegans Tropical Africa

Nematogenia panamaensis Africa

Ocnerodrilus occidentalis Central America
OCTOCHAETIDAE

Dichogaster affinis (7) West Africa

D. bolaui »?

D. modiglianii »?

D. saliens ”

ECONOMIC IMPORTANCE

Usefulness of earthworms :

Effect on soil structure and fertility : Earthworms play a
multisided role in enhancing the soil fertility by changing its
physico-chemical properties. They form extensive burrows by
literally eating their way through the soil and deposit the ingested
material as surface or subsurface casts. Im this way, they transport
large quantities of soil from deeper layers to the surface and take
down decaying organic matter into the soil. Soils rich .in earth-
worms remain loose and have a greater capacity to retain air and
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water. Formation of water-stable aggregates in soil is of great
importance as such soils remain well aerated and drained. Most of

the soil biologists agree that earthworm castings contain higher
amount of stable aggregates than the surrounding soil. Earthwormss

also help to maintain the soil almost in the neutral pH range.

A large amount of organic matter accumulates on the soil
surface with the decay of plant material, which must be degraded
first into humus and then into simple products before it can be used
by plants. Earthworms play a major role in breaking up organic
matter, combining it with soil particles, and thus enhance microbial
activity when humification is well advanced. Organic matter
alongwith soil ingested by earthworms is pulverized and subjected
to digestive enzymes in their alimentary canal, and excreted as a
colloidal humus which is rich in plant nutrients. Although the bulk
of humification process is due to the microbial activity, the process
seems to be accelerated during the passage of organic matter
through the digestive tracts of earthworms. Compared to parent
soil, the wormcasts contain more available nitrate nitrogen,
calcium, magnesium, phosphorus and potassium. Plants cannot
assimilate mineral nitrogen unless the ratio of carbon to nitrogen (C

N ratio) is around 20: 1, which is much higher in freshly fallen
litter. It has been shown that earthworms feeding on litter gradually
lower its C N ratio. A large number of earthworms die during
unfavourable period when the chemical demand in the soil is
maximum due to growing plants. The microbial decomposition of
the dead worms releases considerable amount of nitrogen and other
‘nutrients. It has been estimated that the decomposed worm tissue
releases nitrogen as 25% in the form of nitrate, 45% as ammonia,
about 3% as soluble organic compounds, and the rest 27% is
unaccounted (Satchell, 1967). Thus, introduction of earthworms in
agricultural land improves the yield of most of the crops.

Earthworms and waste treatment : Pollution due to increase in
the waste materials, especially with the growth of human population
and industrialisation, is one of the major hazards for the mainte-
nance of a clean environment. It is, therefore, very essential that
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these waste materials are recycled into utilisable organic materials.
Because of their food and feeding habits, earthworms are nature’s
most useful converters of wastes especially those of agricultural
origin. Hartenstein ez al (1979) indicated that earthworms are able
to process household garbage, city refuge, sewage sludge and wastes
from wood, paper and food industries. These days sewage sludge
and animal slurries are used as soil conditioners and fertilizers due
to their organic constituents and high levels of inorganic nutrients.
Addition of earthworms in sewage sludge and sludge amended soils
hastens in sludge decomposition and stimulates metabolic activity
of the bacterial populations (Mitchell and Horner, 1980). Earth-
worms can also be important in the redistribution of certain toxic
heavy metals in sludge by their burrowing, feeding and excretory
activities.

Earthworms as bioindicators : Soil is being polluted by an
indiscriminate spray of pesticides, and release of toxic heavy metals
and lethal radioactive materials, which adversely affect life in the
soil. Since earthworms form a major component of the soil fauna
as well as their sensitiveness to these toxic and lethal materials, they
can serve as convenient bioindicators of polluted soils.

Earthworms as food : They are commonly used as bait for fish
throughout the world. The tissues of earthworms contain high
amount of protein. With suitable processing they could benefit the
livestock and aquaculture industry by augmenting or even replacing
traditional feeds. There are also reports of earthworms being used
for human consumption. Maoris in New Zealand and natives of
New Guinea consider worms a delicacy (Edwards and Lofty,
1977).

Ecrthworms in medicine : They are known to be associated with
medicine since ancient times to cure various human diseases. In
Indian Unani system of medicine, preparations from dried worms,
when applied externally, have been used in treating wounds,
chronic boils, piles, sore throat, hernia and impotency, and when
taken internally, they are useful in curing chronic cough, diphtheria,
jaundice, rheumatic pains, T.B., bronchitis, facial paralysis and



ECONOMIC IMPORTANCE 43

impotency. They have been used in folk-medicine to treat
pyorrhoea and small pox and to enable mothers to nurse their
children in Burma, and for hair growth and expulsion of stones
from the bladder in Iran (Stephenson, 1930). The Cherokee
Indians of the Great Smoky Mountains use earthworm poultices to
draw out thorns (Reynolds and Reynolds, 1972).

Other benefits of earthworms : They are important in the
dispersal of fungi or bacteria, which play a significant role in the
decomposition of organic matter. The ascospores from the peri-
thecia of a fungus Ventura inaequalis on overwinter-ing dead leaves
of apple cause apple scab. Certain species of earthworms are
known to carry these infected leaves from soil surface to subsoil
horizon, thus preventing to some extent the spread of this serious
disease in apple orchards. Earthworms are also known to prey
upon soil nematodes and can be utilized to control both parasitic
and non-parasitic nematodes in agrosystems (Dash er al, 1980).

Earthworms carry pesticides absorved in their tissues f