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ABSTMCT: Previous theories of the origin and evolution of the fanily
Moniligastridae and its constituent genera are exanined. Evidence is pres-
ented that those based on interpretation of nonil igastrid testis-sacs
as contracted segnents or as intraseptal cavities nust be rejected. It is
argued that each testis-sac, and enclosed testis and funnel, belongs to
the segnent anterior to the septun suspending the sac and that noniligast-
rids are opisthoporous oligochaetes derivable fron octogonadial fonns which
had the condition of the genitalia seen in those haPlotaxids in which the
nale ducts traverse only a single septtn. The Principles of Hennig are
applied to obtain a phylogeny of the five genera of the Monil igastridae
based on synaponorphies. The nethod of Canin and Sokal (1965) for deduc-
ing bTanching sequences in phylogeny gave identical results. The intra-
generic honologies of the genitalia and their seguents are discussed and
represented graphically and zoogeography is briefly treated. Attention is
drawn to the norphological and presurned norphogenetic sinilaaities of the
nale and spermathecal systens. Monil igastet troyi t.sp. is described. It
is diagnosed by the conbination connencenent of glzzards in segnent XIII
and blfid spermathecal gland.

Introduction

The Moniligastridae is a falri ly of earthworns indigenous to southeast
and eastean Asia, fron south India (and Ceylon?) to Manchuria, Korea, Japan,
the Philippines, Borneo and Sunatra, This autochthonous range has been
greatly exceeded by the genus Dla'rtdL, presuEbly as a result of transport-
ation by rnan. The fanily contains five genera, Moniligastet Perrier, 1872,
Destnogaster Rosa, 1890, D?a)ilo Mi,c}.aelsen, 1900, EupolAgaster Michaelsen,
1900, and Hdati?ogdste|. Gates, 1930. of these, D?atida, with sone 113 species'
is by far the largest genus in the fanily and is one of the largest and nost
widely distributed oligochaete genera, both autochthonously and anthropochor-
ous1y .

Moniligastridae are of special interest as, although they are earthworns
(negadriles), sonetines of great size, they retain prinit ive features (the
large-yolked eggs and single layered c1itellun) typical of aquatic oligochaet-
es including the undoubtedly very prinitive Lunbriculidae and Haplotaxidae'
Furthernore, t le nost posterior location of the nale genital pores in the
family, in segnent XIII, is anterior to and presunably more prinit ive than
that in any other earthwonns. The pores nay occur in this or nore anterior
sites in norphs of the lunbricid EiaenieLla tetrqedra but there it aPpears to
be a secondaty condition. They are always located in XIII in the Alluroididae,
an Ethiopian and Neotropical fasily transitional between freshwater and ter-
restrial 0ligochaeta.

T]re observation by Gates (J.972) that the nutrber of unique diagnostic
characters in the Monil igastridae is unParalleled in negadriles draws attention
to the norphological distinctness and presurned phylogenetic discreteness of
the fanily. Its phylogenetic position has been the subject of sone debate
(Beddard ,  1895;  Michae lsen,  1903,  1908,1922,1928;  S tephenson,  1922, I930;
Gates, 1962, 1972; Pickford, 1948; Clark, 1969; Brinkhurst and Janieson'
1971) and it is the purpose of this study to attenpt sone elucidation of these
affinit ies.
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Phylogeny of the Moniligastridae

Preview

Theories of the origin of the Moniligastridae fron a non-noniligastrid
stock have to take into account and exDlain the existence in all nenbers of
the fanily of testis-sacs, containing iestes and spern frmnels, which are
tmique in being each suspended by a septun. These sacs are considered by
Gates [1962, 7972) to be intraseptal. Atterq]ts to derive the Moniligastridae
have also to explain the varied enuneration of the segnents bounding these
testis-sacs and containing other structures such as the ovaries and hearts.
Thus the location of the testis-sacs varies fron septun 9/10 to 11/12, that of
the single pair of ovaries fron XI to XIII and that of the last pair of
hearts fTon IX to XI. It has beeD custonary, and reasonable, to consider the
Haplotaxidae, with paired testes in X and XI and pailed ovaries in XII and XIII,
as representing the ancestral stock fron which the earthworns arose (Michael-
sen, 1903, l9l7, 1922, 1928; Beddard, 1895; Brinkhurst and Jauieson, 1971).
However, Stephenson (f922, f930) and Gates (1962), exponents of the two najor
but conflicting theories of the origin of the Moniligastridae, both found it
necessary to postulate the existence at some tine in evolution of testes
not only in X and XI but aLso in XII while agreeing with the other workers
as to the presence of ovaries in XIIL Stephenson (1922) also envisaged
an additional pair of ovaries in XMn an ancestol which he saw as the pre-
cursot of all terrestrial oligochaetes. The requirenent fo! testes in XII was
occasioned by this location (actually at sepfilln 71/L2) Ln the noniligastrid
getus Deanogastey. Elsewhere in the otigochaeta, except in intraspecific
variants (chiefly Lunbriculids), XII contains no testes but it contains ov-
aries (in addition to ovaries in XIII) in haplotaxids and in three of the
nany species of earthworns.

Stephenson (L922) in his ingenious lrcontraction theory" regarded nonil.-
igastrid testis-sacs as the coelomic cavities of otherwise supressed neta-
neres and explained segnental. variation in the location of the testes and
other structures in teflns of fusion of adjacent pairs of testis-sacs. Gates,
on the other hand, in what nay be terned his 'rsex-reversal theory',, argued
strongly for regarding the testis-sacs as intraseptal chanbers formod when
testes proliferated into the septu& to which they wete attached and not into the
succeeding segnent. Variation in location of testes fron X to XII and of ovaries
fron XI to XIII was explained in terDs of conversion of ovaries to testes
or the opposite.

A third theory is advaaced below which derives the noniligastrid arrange-
nent fTon the octogonadial haplotaxid battery without the necessity for in-
voking sex-reversal, derivation of testis-sacs by contraction of netaneres,
fusion of segnents, or intraseptal proliferation of testes.To anticipate,
the crux of the theory is that the nonil igastrid testis-sac belongs to the
segnent anterior to the septun in which it is suspended. Thus one of the
nost problenatical aspects of noniligastrid anatony, supposed location of
testes in Xll lt Desnogaste", is considered illusory.

A further discussion of the theories of SteDhenson and Gates will first
be given.

The contraction theory (Stephenson, 1922, 1930)

In advancing the contraction theory Stephenson nade considerable use
of the anatoDry of Syngenndzilue, then referred to a.nonotypic subfanily of
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Fig.1. The contraction theory of Stephenson. observed segnentation in ro[an
nurerals; supposed basic segnentation in arabic nurerals. A, Prinitive con-
dition as j:rL Desnogaste!. R, EupolVgaster derived by loss of the Posterior
testis-sacs and of segnent 12. C,D!@'rida a\d MoniLigagter derived by fusion
of the coelonic cavities of 10, 11 and 12, to give a single Pair of testis-
sacs at IX/X. D, De&Dgaste? with its testis-sacs expanded as full segnents.
E, hypothetical ancestral oligochaete derived fron the exPanded Desnog,agte"
condiaion by addition of spernathecae in segnent 9, testes in 11, and ovaries
in 13. (Based on diagrans of Stephenson' 1922).
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the Monil igastridae, the Syngenodril idae. Gates (1945a) and Pickford (1945)
have shown that Stephenson nisinterpreted the anatony of Syngenodz"ilus ar.d
Janieson (1968), using taxononetric nethods, confirmed Gatest view that
Syn4enod.t ilus has no close reLationship with the Moniligastridae . Syngetndrilus
will therefore be onitted fron this discussion of the contraction theory.

Stephenson saw nonil igastrid testis-sacs as segrnents of which the
anteriox and posterior wa1ls had fused together peripherally. He considered
that the sacs could not be each a nere split in the septun as they were lined
with epitheliun, the cavity was therefore coelonic and the epitheliu!tr peri-
toneal. The tendency Ln ltroniLrgastezt and Dra,yida to shut off the ovaries
and their funnels in special chanbers was considered to support this view.

Fig. 1 A-C (relabelled after f igures of Stephenson, 1922) shows the genital
segments of three noniligastrid genera with observable segrnentation in ronan
muerals and uncontracted segoentation, as sumised by Stephenson, in arabic
nunerals. The segnental enrneration which Stephenson proposed fot Desnoga.ete!
is one less than that which has since been shown to be correct, The result of
expansion of the testis-sacs to full segnents it Desnogastet (Fig,lD) gave
testes in X and XII (an irqlrobable arrangenent as gonads are nissing fron the
intervening segnent XI).and ovaries in XIV. This arrangernent led to postul-
ation of an ancestral oligochaete (Fig.lE) with testes in X, XI and XII and ovaries
in XIII and XIV. The contracted Deenoga7te" condition gave that of Et4olg-
gaete? by disappearance of the posterior set of nale organs and the anterior
spermathecae, Derivation of D?a,rida attd. Montligaetez' was nore difficult: in these
the ovaries are on the septu[ next posterior to that beaxing the single pair
of testis-sacs (Fig. fC) and it was found necessary to regard the testis-sacs
(at 9/10) as the products of fusion of two pairs of testis-sacs and the
intervening seglent (i.e. three segnents), a highty speculative suggestion.
Trabeculae within the testis-sacs of Dra,:ida were thought to represent the
septa of fused segnents $.rpgrression of the intervening segnert supposedly
resulted in loss of the posterior pair of hearts. It was considered that the
'ractually existing testis, funnel and duct of these genera nay not inprobably
be the testis of the original anterior sac and the funnel and duct of the poster-
io r r r .

Gates (1962) found the contraction theory unacceptable for the follow-
ing reasons, having excluded SgngenodriLue fron consideration. Desmogaste?
gonads are one segnent behind the location recognized by Stephenson. Evol-
ution of the nonilgastrid ovarian chamber has involved no reduction in size
of the ovariau netanere. Supposed contractions of testis-segnents j.n nega-
scolecids involve subdivisions of coelonic cavities and do not involve reduct-
ion in coelonic space or in size of netameres. In his view monil igastrid
testis-sacs have no real cavity and no internal epitheliun aside fron the
nale funnel. Trabeculae, he considers, are only nuscle strands without
peritoneal covering,

In the authorrs view, only the penultinate of these crit iclsms would,
if true, seriously challenge Stephensonrs view that testis-sacs ate reduced
segnents, Nevertheless, the contraction theory as applied to the genera of
the Monil igastridae is here considered to be unduly speculative and to depart
fron reasonable parsinony to the extent of lacking credibil i ty.

The sex-reversal theory (Gates, 1962)

Gates considered the evolution of the noniligastrid genital apparatus
in a fuller context, that of the evolution of sonatic systens, confining
his discussion chiefly to the developnent of features peculiar to noniligast-
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Fig.2. The sex-reversal theory of Gates. A, octogonadial, prosoporous proto-
negadril id. B, protononil igastrid derived fron A by proliferation of the
testes into their septa and incorporation of the spern funnels in the testis-
sacs thus produced. C, Deanoga.ster derived by loss of anterior testes and
conversion of ovaries of XII to testes. D, Hastirogaete! derived by loss of
anterior testes and of ovaries of XII. E, Et4tolygastez, derived by loss of
posterior testes and posterior ovaries. F, Dncvida-Moniligaster derived, by
conversion of the posterior testes to ovaries and loss of the ovaries of
XII and XIII. (Constructed fron the textual. account of Gates, 1962).
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