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Foreword to First Printing
The publication of this important monograph represents the culmination of an
extended scientific endeavour dedicated to the study of a distinctive and diverse
component of the Australian biota.
Cryptic by nature and anatomically challenging, earthworms are by no means
tractable subjects for scientific investigation. It is therefore a tribute to the enterprise
of the author that such a comprehensive treatment of the native megascolecin
earthworms of Australia has been successfully realised and, indeed, made possible
through the extensive prior researches that he has carried out within the group.
For much of the period since European settlement in Australia, our knowledge of the
earthworm fauna has been scant, even piecemeal. In the nineteenth century, there
were tantalising glimpses of a rich and fascinating biota, but they were largely
serendipitous encounters and the accounts lacked taxonomic sophistication. To these
early explorations of what was then an unknown fauna, the incremental addition of
new taxa proceeded at an uneven pace over the next eighty years. Despite some
notable advances, the lack of more comprehensive and methodical regional surveys,
coupled with taxonomic uncertainty, remained a significant impediment to the
building of a continental perspective for the group.
Now, thanks to a corpus of intensive research spanning some 30 years–much of it
focussed on geographical areas where our knowledge was most limited–Australia has
a clear overview of this unique national asset. This monograph presents, for the first
time, descriptions of all Australian megascolecin earthworm species, old and new,

VII
harmonised and reconciled into a single compilation, together with keys to genera and
species as well as detailed historical, morphological, zoogeographical, ecological and
other valuable information.
As a result of this prodigious effort, we now have a clearer picture of the contribution
of this key group of soil organisms to the biodiversity and ecological complexity of
Australia as a whole and a better understanding of the continent’s zoogeographical
history. The essential groundwork is now laid for the studies that will elucidate the
importance of earthworms in Australian ecosystems, their conservation status, their
potential in agronomic systems and their genetic legacy.
The importance of this opus, in terms of encapsulating and presenting a significant
faunal component of an entire continent, cannot be overstated. It brings unity,
scientific rigour and coherence to the subject and will doubtless serve as a standard
reference for generations of future biologists. The monograph is not the end of the
story: much remains to be discovered; but it represents a high point from which we
can look back at all that has gone before. It is the soundest of foundations on which
to build future knowledge.
Dr Geoffrey R Dyne
Acting Director
Australian Biological Resources Study
Environment Australia
Canberra

Author's Preface to First Printing
The aim in writing this monograph has been to redescribe or review all know species
of the Subfamily Megascolecinae of the Megascolecidae, the only family of
earthworms indigenous in Australia, rather than to describe the large number of new
species in the author's and other collections. Description of these must await further
work by the author and other oligochaetologists. This procedure has the precedent of
Wilhelm Michaelsen who published his still invaluable review of the world
oligochaete fauna in 1900 some 35 years before his final paper on the group. Requests
of my colleagues for this compendium and the demands of other projects, particularly
those in comparative spermatology which have occupied most of my time in recent
decades, prompt publication at this time. It is hoped that a second part which is in
preparation, on the remaining subfamily, the Acanthodrilinae, will be published in the
near future. Keys to the genera of the Acanthodrilinae and a definition of the
subfamily are included here.
In this monograph, 402 [correction] native species of Megascolecinae are described and are
referred to 44 genera of which several are new. A further genus, Pontodrilus, which
has a worldwide distribution but is possibly indigenous, is also included. Although I
have here redescribed and illustrated many know species, I have added only one new
species to the many which I have previously erected but a large number of new
species described by Dr. Geoffrey Dyne have been incorporated in the account with
his gracious agreement and support. The authorship of these is to be referred to as 'sp.
nov. Dyne, in Jamieson (2000)'. A large number of species recently described by Dr.
Robert Blakemore is included, of which a considerable proportion was collected by
Edward Easton. Their discovery reminds us that wherever new, and even previously
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sampled, areas of Australia are explored for oligochaetes, new species, and often
genera, will emerge. Large collections from North Queensland made by Keith
McDonald (Department of the Environment), who has so greatly encouraged my
work, and which await description, further point to the likelihood that a very large
earthworm fauna remains to be discovered. I have previously organized the collection
of earthworms around the entire periphery of Australia, chiefly by my former research
assistants, funded by the Australian Research Council, Warwick Nash (now Deputy
Director of Inland Fisheries, Tasmania) and the late Terry Walker, and extensive
collections have also been made on my behalf by further ARC research assistants,
Robert Raven (now Senior Curator of Arachnology at the University of Queensland)
and Ed Bradbury. Most of the collections in northern Australia have proved to be
species of the Acanthodrilinae and account for the distributional hiatus seen in the
maps of megascolecine distribution in this monograph. Of further ARC assistants,
Michael Shultz, collaborated in the work on coelomocytes which is briefly mentioned
in the introductory section and John Bennett aided in taxonomic work. Thanks are due
to all of these workers for their assiduous collecting and help. Other collectors, to
whom thanks are also due, are listed in the locality data for the described species. A
most rewarding collaboration on megascolecid bioluminescence and coelomocytes
with John Wampler, University of Georgia at Athens, U.S.A, is remembered with
pleasure. Marco Ferraguti, University of Milan, has been a convivial and respected
collaborator, chiefly on oligochaete spermatozoal ultrastructure, over many years.
This work would not have been possible without the kind co-operation and
hospitality of the staff of several museums which house material of Australian
earthworms. These include R.W. Sims and Ed Easton, with whom I shared long
periods of research, Gordon Paterson, and Alexander Muir, of the Natural History
Museum (London); Christer Erséus of the Swedish Museum of Natural History
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(Stockholm); Michael Dzwillo and Hilke Ruhberg, of the Zoological Museum,
Hamburg; the late John Evans and Elizabeth Pope, and, more recently, Patricia
Hutchings and Penny Barents, who have been unfailingly supportive, in the
Australian Museum (Sydney); Brian Smith, Sue Boyd and Chris Rowley, of the
Museum of Victoria (Melbourne); W. D. L. Ryde, of the West Australian Museum
(Perth); Ebbe Nielsen, of the National Insect Collection (Canberra); Lester Cannon,
Robert Raven and Mal Bryant, of the Queensland Museum (Brisbane); Kristian
Fauchald and the staff of the Smithsonian Institution (Washington); and members of
the staff of the Tasmanian Museum (Hobart), the Queen Victoria Museum
(Launceston), and the South Australian Museum (Adelaide). The co-operation of a
former Honours student, Dr. Carden Wallace (now Director of the Museum of
Tropical Queensland, Townsville) is also gratefully acknowledged. Others, too
numerous to mention, have at times helped me in the various museums.
Special thanks are due to David Scheltinga, my last ARC assistant and collaborator
in ultrastructural research, for his highly efficient application to the laborious task of
scanning and relabelling more than 1000 illustrations for this monograph and for
invaluable and willing help in many other respects. He redrew the diagrams of
Spencer and of Michaelsen. All drawings, by camera lucida unless otherwise stated,
designated 'original', and those from my previous papers, were drawn by myself. Lina
Daddow has given her histological expertise.
Fellow oligochaete specialists, some already mentioned, are thanked or
remembered for their friendship and encouragement over the years. These include Ed
Easton; Christer Erséus; Geoff Baker; Marcel Bouché, Ralph Brinkhurst; the late G.E.
Gates and Grace Pickford, who donated her splendid library to me; Sam James, with
whom I am collaborating in DNA analyses; Kenneth Lee, who first put a nail in the
coffin of the Octochaetidae; Pietro Omodeo; the late Gilberto Righi; John Reynolds
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and David Cook (authors of the indispensable Nomenclatura Oligochaetologica);
Emilia Rota; and Reg Sims. Also gratefully acknowledged are my collaborators in
molecular analyses of the relationships of the Megascolecidae and other oligochaete
families, previewed in this monograph: Andrew Hugall, Edmund Ling, Craig Moritz,
in the University of Queensland, and Jean-Lou Justine, and Annie and Simon Tillier,
in the National Museum of Natural History, Paris, and Sam James.
Grants during the course of this work, though often primarily for other aspects of my
research work, have greatly aided compilation of this monograph. Bodies which have
been especially supportive and to whom I am everlastingly grateful are the Australian
Research Council and the Australian Biological Resources Survey. The authorities of
the University of Queensland are also thanked for providing infrastructure and
support.
No one can be more conscious than myself of failings in this monograph. These
may largely be attributed to requests that publication should not be further delayed, to
difficulties in acquiring information from some institutions, and, not least, to that
urgency which derives from intimations of mortality. Thus museum registration
numbers, and geographical coordinates, are provided only where these have been
readily available and there are, doubtless, some variations in the organization and
depth of descriptions. Re-examination of some material from distant museums, even
in Australia, has been restricted by limitations on travel due to financial
considerations and the demands of heavy teaching commitments over some four
decades. It is hoped that the reader will bear with these shortcomings as at least the
goal of presenting the entire megascolecine fauna described to this time has, however
inadequately, been accomplished. Any information from readers which will improve
its content will be most gratefully received. An advantage of presentation as a
compact disc is that periodic updating will be feasible.
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Something should be said of taxonomic procedures adopted here. Although I have
previously used, and still advocate, cladistic procedures (e.g. Jamieson, 1988; 1994a)
and have here employed molecular cladistics, the daunting task of preparing matrices
for representatives of all megascolecine genera and appropriate outgroups has not
been undertaken. Furthermore, it is considered that the high homoplasy evident in
Megascolecidae might be found to swamp the phylogenetic signal. I have,
nevertheless, adopted a primarily phylogenetic approach to taxonomy and have
attempted to recognize groups of species for each of which there is evidence for
phylogenetic relationship. To this end I have paid special attention to nephridial
systems which exhibit a striking diversity in the Megascolecidae and are too often
neglected. I have also avoided synonymy of genera on the simplistic basis of
occasional sharing of some characters clearly subject to homoplasy. Some new
monotypic genera, such as Geofdyneia, have been recognized where, though
relationship to other genera is clear (in this case Paraplutellus), striking evolutionary
innovations (here the polythecal condition) have occurred. The arbitrary nature of
Linnean ranks such as the genus is, however, recognized and it is evident that genera,
like higher ranks, even where they are phylogenetically valid supraspecific groupings
are rarely coordinate in terms of a cladistic hierarchy. One is sympathetic with a node
pointing system, without Linnean ranks, but the claim that this is more stable than the
Linnean system is questionable given the often incongruent phylogenies which are
seen in the literature for one and the same group. Furthermore, the suggestion that
only 'well supported' nodes should be named, to avoid over-proliferation of names,
itself indicates the instability of less well supported nodes.
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In ending this preface, I thank my wife and family for patiently accepting my long
involvement in production of this work and for their unfailing support. I also warmly
thank Science Publishers for their ready participation in this venture.
Barrie Jamieson
University of Queensland
Brisbane November 2000
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Preface to this supplement
In December 2000 I published ‘Native Earthworms of Australia Megascolecidae
Megascolecinae’ (Oligochaeta) through Science Publishers, Inc., Enfield, New
Hampshire, as a CD ROM. Some errors have come to light since publication of that
disc and the aim of the present, second printing is to correct these. As errata cannot be
entered by readers on the original disc, I have here reproduced the entire disc, with
corrections, as a ‘Supplement’, dated August 2001. The Supplement is not an update
and species descriptions are unchanged, with the exception of a few listed below,
though new taxa of the original disc are now represented as <author>, 2000.
Synonymy referring to new taxa in the original disc is not included as the pagination
(in page headers) remains unchanged from that disc. For works which have appeared
since completion of the original disc, the reader should consult Biological Abstracts
or Zoological Record. It is hoped to incorporate all subsequent descriptions into a
later publication.
As a guide to corrections made, only a few species descriptions have small
corrections (Digaster minima, Heteroporodrilus jamiesoni, H. oxleyensis.
Terrisswalkerius mcilwraithi and T. moritizi). The keys to Cryptodrilus,
Heteroporodrilus and Digaster have been revised and some keys have
typographical corrections. The order of taxa in checklists, and bracketing of
author names, has received minor changes in some lists. A very few emendments are
made to Remarks after species descriptions. Other changes are minor, such as
attributions of sources of illustrations from ‘original’ to ‘Jamieson (2000)’. The
Supplement may be used wholly in place of the original disc, with the understanding
that the original disc takes taxonomic precedence. Thus new taxa in the original disc
are to be dated 2000 in publications subsequent to it.
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The supplement, like the original disc, but free of charge, has been produced in
multiple simultaneous copies, and is again available from Science Publishers, Inc., or
from the author in the Department of Zoology and Entomology, University of
Queensland, and in nominated libraries. It has been made available in the following
libraries:
Library of Congress, USA
Cambridge University Library, UK
Hector Library, Te Papa, Wellington, New Zealand
Queensland Museum Library, Australia
Smithsonian Institute Library, USA
Stockholm Museum of Natural History Invertebrate Zoology Library
University of Queensland Library, Australia
Barrie Jamieson
University of Queensland
Brisbane July 2001
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GENERA AND SPECIES INCLUDED IN THIS MONOGRAPH
The following lists summarize the genera of Megascolecinae included in this
monograph and the species included in each genus, with changes of status.
CHECKLIST OF AUSTRALIAN GENERA OF MEGASCOLECINAE
Genus
1. Anisochaeta Beddard, 1890
2. Araucaridrilus Jamieson, 2000
3. Arthuridrilus Jamieson, 2000
4. Austrohoplochaetella Jamieson, 1971e
5. Begemius Easton, 1982
6. Bursadrilus Jamieson, 2000
7. Cryptodrilus Fletcher, 1886a
8. Didymogaster Fletcher, 1886a
9. Digaster Perrier, 1872
10. Diporochaeta Beddard, 1890
Subgenus Diporochaeta Beddard, 1890

Number of Australian
species
9
1
3
22
6
1
12
2
30
34
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Subgenus Vesiculodrilus Jamieson, 1973
11. Eastoniella Jamieson, 1977b
12. Fletcherodrilus Michaelsen, 1891
13. Gemascolex Edmonds and Jamieson, 1973
14. Geofdyneia Jamieson, 2000
15. Graliophilus Jamieson, I971e
16. Haereodrilus Dyne, 2000
17. Healesvillea Jamieson, 2000
18. Heteroporodrilus Jamieson, 1970a
19. Hiatidrilus Jamieson, 1994
20. Hickmaniella Jamieson, 1974a
21. Kangaridrilus Jamieson, 2000
22. Megascolides McCoy, 1878
23. Nexogaster Blakemore and Kingston, 1997
24. Notoscolex Fletcher, 1886a
25. Occicryptodrilus Jamieson, 2000
26. Oreoscolex Jamieson, 1973
27. Paraplutellus Jamieson, 1972a
28. Pericryptodrilus Jamieson, 1977b
29. Perionychella Michaelsen, 1907b
30. Perissogaster Fletcher, 1887a

18
2
4
15
1
22
1
1
20
5
2
1
1
1
13
2
13
1
2
3
1
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31. Pinguidrilus Jamieson, 1974a
32. Plutelloides Jamieson, 2000
33. Plutellus Perrier, 1873
34. Pontodrilus Perrier, 1874
35. Propheretima Jamieson, 1995
36. Pseudocryptodrilus Jamieson, 1972c
37. Pseudonotoscolex Jamieson, 1971e
38. Retrovescus Blakemore, 1998
39. Scolecidrilus Jamieson, 2000
40. Simsia Jamieson, 1972a
41. Spenceriella Michaelsen, 1907b
42. Terrisswalkerius Jamieson, 1994
43. Trichaeta Spencer, 1900
44. Trinephrus Beddard, 1895
45. Woodwardiella Stephenson, 1925
Total number of species (excepting Pontodrilus)

1
1
3
1
12
3
1
4
1
9
82
24
5
1
6
402
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SUBFAMILY MEGASCOLECINAE
1. Anisochaeta Beddard, 1890. Emend Jamieson, 2000
CHECKLIST OF THE SPECIES OF ANISOCHAETA
1. Perichaeta attenuata Fletcher, 1889
2. Perichaeta coxii Fletcher, 1886b
3. Anisochaeta eastoni Jamieson, 2000
4. Perichaeta enormis Fletcher, 1889
5. Notoscolex jenolanensis Michaelsen, 1907a
6. Megascolex mediaeviae Michaelsen, 1907a
7. Cryptodrilus mudgeanus Fletcher, 1889
8. Oreoscolex retrocystis Jamieson, 1995
9. Cryptodrilus saccarius Fletcher, 1886b
2. Araucaridrilus Jamieson, 2000
TYPE-SPECIES: Cryptodrilus bunyaensis Jamieson, 1995.
Monotypic genus.
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3. Arthuridrilus Jamieson, 2000
TYPE-SPECIES: Megascolex montisarthuri Jamieson, 1974a.
CHECKLIST OF THE SPECIES OF ARTHURIDRILUS
1. Megascolex burniensis Jamieson, 1974a
2. Megascolex montisarthuri Jamieson, 1974a
3. ?Anisochaeta simpsonorum Blakemore and Kingston, 1997
4. Austrohoplochaetella Jamieson, 1971e. Emend Jamieson, 2000
TYPE-SPECIES: Austrohoplochaetella kendricki Jamieson, 1971e.
CHECKLIST OF THE SPECIES OF AUSTROHOPLOCHAETELLA
1. ?Megascolex albidus Jackson, 1931. Incertae sedis
2. Megascolex bistichus Michaelsen, 1907b
3. Notoscolex brancasteriensis Michaelsen, 1910b
4. Megascolex colliensis Michaelsen, 1907b
5. Megascolex galei Michaelsen, 1907b
6. Megascolex harveyensis Michaelsen, 1907b
7. Notoscolex hortensis Michaelsen, 1907b
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8. Megascolex imparicystis Michaelsen, 1907b
9. Austrohoplochaetella kendricki Jamieson, 1971e
10. Megascolex longicystis Nicholls and Jackson, 1926
11. Notoscolex maecenatis Michaelsen, 1907b
12. Notoscolex modestus Michaelsen, 1907b
13. Megascolex monostichus Michaelsen, 1907b
14. Megascolides nokanenaensis Michaelsen, 1907b
15. Notoscolex prestonianus Michaelsen, 1907b
16. Megascolex purpurascens Michaelsen, 1907b
17. Notoscolex rubescens Michaelsen, 1907b
18. Notoscolex(Trinephrus) suctorius Michaelsen, 1907b
19. ?Megascolex swarbricki Nicholls and Jackson, 1926. Incertae
sedis
20. Megascolex syndetoporus Jackson, 1931. Incertae sedis
21. Megascolex torbayensis Michaelsen, 1907b
22. Megascolex whistleri Michaelsen, 1907b
5. Begemius Easton, 1982
TYPE-SPECIES: Begemius jamiesoni Easton, 1982.
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CHECK LIST OF AUSTRALIAN SPECIES OF BEGEMIUS

1. Begemius gavini Easton, 1982
2. Begemius jamiesoni Easton, 1982
Begemius jamiesoni jamiesoni Easton, 1982
Begemius jamiesoni hornensis Easton, 1982
3. Begemius lockerbiensis Easton, 1982
4. Perichaeta queenslandica Fletcher, 1886b
5. Begemius raveni Easton, 1982
6. Begemius yorkensis Easton, 1982
6. Bursadrilus Jamieson, 2000
TYPE-SPECIES: Megascolex fletcheri Michaelsen, 1907a.
7. Cryptodrilus Fletcher, 1886a. Emend Jamieson, 2000
TYPE-SPECIES: Cryptodrilus rusticus Fletcher, 1886a.
CHECKLIST OF SPECIES OF CRYPTODRILUS
1. Megascolides albertisii Cognetti, 1910b
2. Cryptodrilus avesiculatus Jamieson, 1974a
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3.
4.
5.
6.
7.
8.
9.

Cryptodrilus brunyensis Jamieson, 1974a
Cryptodrilus dartnalli Jamieson, 1974a
Cryptodrilus enteronephricus Jamieson, 1974a
Megascolides maestus Blakemore and Kingston, 1997
Cryptodrilus mediocris Fletcher, 1889
Notoscolex pilus Blakemore and Kingston, 1997
Cryptodrilus polynephricus Spencer, 1895
Cryptodrilus polynephricus polynephricus Spencer, 1895
Cryptodrilus polynephricus urethrae Jamieson, 1974a
Cryptodrilus polynephricus polynephricus ad urethrae Jamieson, 1974a
10. Cryptodrilus rusticus Fletcher, 1886a
11. ?Megascolides simsoni Spencer, 1895
12. Cryptodrilus tenuis Fletcher, 1889
8. Didymogaster Fletcher, 1886a. Emend Jamieson and Bradbury, 1972
TYPE-SPECIES: Didymogaster sylvaticus Fletcher, 1886a.
CHECKLIST OF SPECIES OF DIDYMOGASTER
1. Didymogaster sylvaticus Fletcher, 1886a
2. Didymogaster prothecatus Jamieson and Bradbury, 1972
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9. Digaster Perrier, 1872. emend Jamieson 1975c
TYPE-SPECIES: Digaster lumbricoides Perrier, 1872.
CHECKLIST OF THE SPECIES OF DIGASTER
1. Digaster anomala Jamieson, 1970b
2. Digaster armifera Fletcher, 1886b
3. Digaster binnaburra Jamieson, 1975c
4. Digaster biracemea Blakemore, 1997
5. Digaster bradburyi Jamieson, 1970b
Digaster bradburyi bradburyi Jamieson, 1970b
Digaster bradburyi bunyaensis Jamieson, 1975c
6. Digaster brunneus Spencer, 1900
7. Digaster conforma Blakemore, 1997
8. Digaster gayndahensis Spencer, 1900
9. Digaster googarnae Dyne, 2000
10. Digaster grandis Dyne, 2000
11. Digaster gwongorellae Jamieson, 1972e
12. Digaster keasti Jamieson, 1977a
13. Digaster lamingtonensis Michaelsen, 1916a
14. Digaster lingi Jamieson, 1995
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15. Digaster longmani Boardman, 1932
16. Digaster lumbricoides Perrier, 1872
Digaster lumbricoides lumbricoides Perrier, 1872
Digaster lumbricoides kondalilla Jamieson, 1975c
17. Digaster minima Jamieson, 1975c
18. Digaster minor Spencer, 1900
19. Digaster moretonensis Jamieson, 1994
20. Perissogaster nemoralis Fletcher, 1889
21. Digaster nothofagi Jamieson, 1975c
22. Digaster perrieri Fletcher, 1889
23. Digaster pseudoperichaeta Jamieson, 1975c
24. Perissogaster queenslandica Fletcher, 1889
25. Digaster rosea Dyne, 2000
26. Digaster segnitatis Dyne, 2000
27. Digaster septentrionalis Dyne, 1994
28. Digaster sexpunctata Jamieson, 1975c
29. Digaster tararanae Dyne, 2000
30. Digaster williamsi Dyne, 2000
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10. Diporochaeta Beddard, 1890
TYPE-SPECIES: Perichaeta intermedia Beddard, 1889
Diporochaeta Beddard, 1890 (Diporochaeta)
TYPE-SPECIES:Perichaeta intermedia Beddard, 1889
CHECKLIST OF AUSTRALIAN SPECIES OF DIPOROCHAETA (DIPOROCHAETA)
bakeri group
1. D. apiocystis Stephenson, 1933
2. Perichaeta bakeri Fletcher, 1887b
3. Perichaeta copelandi Spencer, 1892b
4. D. davallia Spencer, 1900
5. ?Perichaeta dilwynnia Spencer, 1895
6. Perichaeta dubia Spencer, 1892b
7. D. euzona Spencer, 1900
8. Perionychella (Perionychella) hickmani Jamieson, 1974a
9. Perichaeta irregularis Spencer, 1895
10. ?Perionychella (Perionychella) kershawi Jamieson, 1974a
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11. Perichaeta lochensis Spencer, 1892b
12. D. mediocincta Spencer, 1900
13. Perichaeta moroea Spencer, 1895
14. D. nemoralis Spencer, 1900
15. Perionychella (Vesiculodrilus) obliquae Jamieson, 1974a
16. ?Perichaeta obscura Spencer, 1892b
17. D. richardi Spencer, 1900
18. ?Perichaeta richea Spencer, 1895
19. ?D. sedecimalis Michaelsen, 1907a
20. D. spenceri Michaelsen, 1907a
21. D. telopea Spencer, 1900
22. ?Megascolides tisdalli Spencer, 1900
23. Cryptodrilus willsiensis Spencer, 1892a
24. Perichaeta yarraensis Spencer, 1892b
syn. D. faucium Michaelsen, 1907a
syn. Perichaeta tanjilensis Spencer, 1892b
alsophila group
25. Perichaeta alsophila Spencer, 1892b
syn. D. frosti Spencer, 1900
26. D. arnoldi Spencer, 1900
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27. D. lindti Spencer, 1900
28. D. manni Spencer, 1900
dicksonia group
29. Perichaeta dicksonia Spencer, 1892b
30. ?Perichaeta walhallae Spencer, 1892b
lacustris group
31. Perionyx lacustris Stephenson, 1924
32. ?Perionychella (Vesiculodrilus) montisarthuri

Jamieson,

1974a

pedderensis group
33. Perionychella (Vesiculodrilus) pedderensis Jamieson, 1974a
pheretima group
34. D. pheretima Jamieson, 1973
Diporochaeta (Vesiculodrilus) Jamieson 1973
TYPE-SPECIES: Cryptodrilus frenchi Spencer, 1892a.
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CHECKLIST OF SPECIES OF VESICULODRILUS
o
In Vesiculodrilus in 1973 or 1974a accounts, in addition to those designated
'(Vesiculodrilus)'.
frenchi group
1. Plutellus decatheca Michaelsen, 1910b
2. Cryptodrilus ellisii Spencer, 1895
3. Cryptodrilus frenchi Spencer, 1892a O
4. Cryptodrilus gippslandica Spencer, 1892aO
5. Cryptodrilus hobartensis Spencer, 1895O
6. Cryptodrilus mortoni Spencer, 1895 5O
7. Vesiculodrilus purpurea Jamieson, 1973 O
8. Cryptodrilus tanjilensis Spencer, 1892a O
9. Perionychella (Vesiculodrilus) tunnackensis Jamieson, 1974a
10. Plutellus uncinatus Stephenson, 1933O
11. Cryptodrilus victoriae Spencer, 1892aO
12. Megascolides volvens Spencer, 1900O
.
bithecata group
13. Perionychella (Vesiculodrilus) bithecata Jamieson, 1974a
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bassana group
14. ?Megascolides bassanus Spencer, 1895
evansi group
15. Perionychella (Vesiculodrilus) evansi Jamieson, 1974a
glandifera group
16. Perionychella (Vesiculodrilus) glandifera Jamieson, 1974a
hellyeri group
17. Perionychella (Vesiculodrilus) hellyeri Jamieson, 1974a
warragulensis group
18. Megascolides warragulensis Spencer, 1900

11. Eastoniella Jamieson, 1977b
Eastoniella Jamieson, 1977b: 280-281.
TYPE-SPECIES: Eastoniella howeana Jamieson, 1977b.
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CHECKLIST OF SPECIES OF EASTONIELLA
1. E. howeana Jamieson, 1977b
2. E. modesta Jamieson, 1977b
12. Fletcherodrilus Michaelsen, 1891, emend. Jamieson, 1994
TYPE-SPECIES: Cryptodrilus (?) unicus Fletcher, 1889.
CHECKLIST OF SPECIES OF FLETCHERODRILUS
1. Cryptodrilus (?) fasciatus Fletcher, 1890
2. Fletcherodrilus menurus Jamieson, 1994
3. Perionyx (Diporochaeta)sigillatus Michaelsen, 1916a
4. Cryptodrilus (?) unicus Fletcher, 1889
syn. Plutellus affinis Stephenson, 1933
13. Gemascolex Edmonds and Jamieson, 1973. Emend Jamieson, 2000
TYPE-SPECIES: Gemascolex newmani Edmonds and Jamieson, 1973.
CHECKLIST OF SPECIES OF GEMASCOLEX
1. G. bursatus Jamieson, 1974b
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2. Megascolex crateroides Boardman, 1943
3. G. disparatus Dyne, 2000
4. Perichaeta dorsalis Fletcher, 1887b
5. G. flindersi Dyne, 2000
6. G. gelasinus Dyne, 2000
7. Perichaeta gracilis Fletcher, 1886b
8. Perichaeta lateralis Spencer, 1892b. syn. Megascolex zietzi Michaelsen, 1907b
9. G. mirabilis Jamieson, 1974b
10. G. newmani Edmonds and Jamieson, 1973
11. G. octothecatus Jamieson, 1974b
12. G. similis Jamieson, 1974b
13. Perichaeta stirlingi Fletcher, 1887a. syn. Megascolex fletcheri Shannon, 1920
14. Megacolex terangiensis Spencer, 1900
15. G. walkeri Jamieson, 1974b
14. Geofdyneia Jamieson, 2000
TYPE-SPECIES: Cryptodrilus rubens Fletcher, 1887a. (Monotypic genus).
15. Graliophilus Jamieson, I971e
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TYPE-SPECIES: Graliophilus georgei Jamieson, 1971e.
georgei group

1. Graliophilus georgei Jamieson, 1971e
2. Plutellus blackwoodianus Michaelsen,1907b
3. Plutellus carneus Michaelsen,1907b
4. Graliophilus secundus Jamieson, 1971e
5. Plutellus schumanni Michaelsen,1907b
6. Plutellus termitophilus Michaelsen,1907b
7. Plutellus varicystis Jackson,1931
8. Plutellus wellingtonianus Michaelsen,1907b
strelitzi group
9. Plutellus strelitzi Michaelsen,1907b
10. Plutellus candidus Jackson,1931
11. Plutellus murrayensis Michaelsen,1907b
12. Plutellus woodwardi Michaelsen,1907b
mendilai group
13. Plutellus mendilai Michaelsen, 1907b
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levis group
14. Plutellus levis Michaelsen,1907
15. Plutellus dalgarangae Jackson,1931
16. Plutellus whistleri Michaelsen,1935
asymmetricus group
17. Plutellus asymmetricus Michaelsen,1907b
macedonensis group
18. Cryptodrilus macedonensis Spencer, 1892a
19. Graliophilus montiskosciuskoi Jamieson, 1973
20. Graliophilus(?) tripapillatus Jamieson, 1974a
21. Perionychella (Perionychella) weldboroughi Jamieson, 1974a
woodi group
22. Graliophilus woodi Jamieson, 1973
16. Haereodrilus Dyne, 2000
TYPE-SPECIES: Haereodrilus reichelti. (Monotypic genus).
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17. Healesvillea Jamieson, 2000
TYPE-SPECIES: Woodwardia healesi Michaelsen, 1924b. (Monotypic genus).
18. Heteroporodrilus Jamieson, 1970a. Emend. Blakemore (1994b).
TYPE-SPECIES: Cryptodrilus tryoni Fletcher, 1890.
CHECKLIST OF THE SPECIES AND SUBSPECIES OF HETEROPORODRILUS
1. H. bongeen Blakemore, 1994b
2. Cryptodrilus canaliculatus Fletcher, 1889
3. Plutellus clarkei Dyne, 1981
4. Cryptodrilus cooraniensis Spencer, 1900
5. Woodwardiella dioecia Stephenson, 1933
6. H. doubei Blakemore, 1994b
7. Cryptodrilus fletcheri Beddard, 1887a
8. Plutellus incommodus Jamieson and Nash, 1976
9. H. jamiesoni Blakemore, 1994b
10. H. lamingtonensis Jamieson, 1970a
11. Cryptodrilus mediterreus Fletcher, 1887b
12. Plutellus minyoni Dyne, 1981
13. Heteroporodrilus montiserratae Jamieson, 1995
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14. Plutellus notatus Dyne, 1981
15. Cryptodrilus oxleyensis Fletcher, 1889
16. Plutellus raveni Jamieson and Nash, 1976
17. Cryptodrilus shephardi Spencer, 1900
Cryptodrilus shephardi shephardi Spencer, 1900
H. shephardi armatus Jamieson, 1974b
18. Cryptodrilus sloanei Fletcher, 1889
19. H. thompsoni Blakemore, 1994b
20. Cryptodrilus tryoni Fletcher, 1890
19. Hiatidrilus Jamieson 1994
TYPE-SPECIES: Diporochaeta bunya Jamieson, 1976b.
CHECKLIST OF SPECIES OF HIATIDRILUS
1. Sebastianus angus Blakemore, 1997
2. Hiatidrilus bongeeni Blakemore, 1997
3. Diporochaeta bunya Jamieson, 1976b
4. Cryptodrilus semicinctus Fletcher, 1890
5. Zacharius zacharyi Blakemore, 1997
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20. Hickmaniella Jamieson, 1974a
TYPE-SPECIES: Hickmaniella opisthogaster Jamieson, 1974a.
CHECKLIST OF SPECIES OF HICKMANIELLA
1. H. gogi Blakemore and Kingston, 1997
2. H. opisthogaster Jamieson, 1974a
21. Kangaridrilus Jamieson, 2000
TYPE-SPECIES: Perionychella (Perionychella) inconstans
(Monotypic genus).

Jamieson, 1974b

22. Megascolides McCoy, 1878. Emend Jamieson, 2000
TYPE-SPECIES: Megascolides australis McCoy, 1878. (Monotypic
genus).
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23. Nexogaster Blakemore and Kingston, 1997
TYPE-SPECIES: Nexogaster sexies Blakemore and Kingston, 1997. (Monotypic
genus).
24. Notoscolex Fletcher, 1886a. Emend Jamieson, 2000
TYPE-SPECIES: Notoscolex camdenensis Fletcher, 1886a.
CHECKLIST OF THE SPECIES OF NOTOSCOLEX
These are here set out in species-groups which possibly each merit separate generic
status.
Notoscolex camdenensis species-group
1. Notoscolex attenuatus Boardman, 1931
2. Notoscolex camdenensis Fletcher, 1886a
3. Megascolides (Notoscolex) illawarrae Fletcher, 1889
4. Megascolides insignis Spencer, 1892a
5. Notoscolex ulladullae Boardman, 1931
6. Megascolides? (Notoscolex) pygmaeus Fletcher, 1889
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Notoscolex cameroni species-group
7. Megascolides cameroni Spencer, 1892a
Notoscolex hulmei species-group
8. Megascolides hulmei Spencer, 1892a
syn. Megascolides victoriensis Spencer, 1892a
9. Megascolides obscurus Spencer, 1892a
10. Megascolides sinuosus Spencer, 1892a
Notoscolex leios species-group
11. Notoscolex leios Jackson, 1931
Notoscolex montiskosciuskoi species-group
12. Notoscolex montiskosciuskoi Jamieson, 1973
Notoscolex singularis species-group
13. Cryptodrilus singularis Fletcher, 1889
25. Occicryptodrilus Jamieson, 2000
TYPE-SPECIES: Megascolex albanyensis Michaelsen, 1907b.
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CHECKLIST OF THE SPECIES OF OCCICRYPTODRILUS
1.
Megascolex albanyensis Michaelsen, 1907b
2.
Megascolex collinus Michaelsen, 1907b
26. Oreoscolex Jamieson, 1973
TYPE-SPECIES: Oreoscolex imparicystis Jamieson, 1973.
CHECKLIST OF THE SPECIES OF OREOSCOLEX
1. Oreoscolex bidiverticulatus Jamieson, 1974a
2. Cryptodrilus campestris Spencer, 1895
3. Notoscolex grandis Fletcher, 1886a
4. Cryptodrilus illawarrae Fletcher 1889
5. Oreoscolex imparicystis Jamieson, 1973
6. Cryptodrilus irregularis Spencer, 1895
7. Notoscolex leai Michaelsen, 1910b
8. Oreoscolex longus Jamieson, 1974a
9. Cryptodrilus officeri Spencer, 1895. Incertae sedis
10. Oreoscolex peculiaris Jamieson, 1974a
11. Oreoscolex sexthecatus Jamieson, 1974a
12. Cryptodrilus simulans Fletcher, 1890
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13. Cyptodrilus wellingtonensis Spencer 1895
27. Paraplutellus Jamieson, 1972a
TYPE-SPECIES: Paraplutellus insularis Jamieson, 1977b. (Monotypic genus).
28. Pericryptodrilus Jamieson, 1977b. Emend Jamieson, 2000
TYPE-SPECIES: Pericryptodrilus nanus Jamieson, 1977b.
CHECKLIST OF SPECIES OF PERICRYPTODRILUS
1. Pericryptodrilus monteithi Dyne, 2000
2. Pericryptodrilus nanus Jamieson, 1977b
29. Perionychella Michaelsen, 1907b
TYPE-SPECIES: Perichaeta dendyi Spencer, 1892b.
CHECKLIST OF SPECIES OF PERIONYCHELLA
1. Perichaeta dendyi Spencer, 1892b
2. Megascolex pritchardi Spencer, 1900
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3. Pseudoperichaeta smithi Jamieson, 1970a
30. Perissogaster Fletcher, 1887a. Emend Jamieson, 2000
TYPE-SPECIES: Perissogaster excavata Fletcher, 1887a. (Monotypic genus).
31. Pinguidrilus Jamieson, 1974a
TYPE-SPECIES: Notoscolex tasmanianus Fletcher, 1888b. (Monotypic genus).
32. Plutelloides Jamieson, 2000
TYPE-SPECIES: Diporochaeta plutelloides Jamieson, 1977b. (Monotypic genus).
33. Plutellus Perrier, 1873. Emend. Jamieson, 1976; Blakemore, 1994b
TYPE-SPECIES: Plutellus heteroporus Perrier, 1873.
CHECKLIST OF SPECIES OF PLUTELLUS
1. Plutellus heteroporus Perrier, 1873.
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2. Plutellus hutchingsae Jamieson, 1977b.
3. Cryptodrilus manifestus Fletcher, 1889.
34. Pontodrilus Perrier, 1874
TYPE-SPECIES: Pontodrilus marionis Perrier, 1874 = Lumbricus litoralis Grube,
1855. (Southern France).
35. Propheretima Jamieson, 1995
TYPE-SPECIES: Propheretima eungella Jamieson, 1995.
CHECKLIST OF THE SPECIES OF PROPHERETIMA
1. Propheretima agilis Dyne, 2000
2. Anisochaeta aperta Blakemore, 1997
3. Propheretima decipiens Dyne, 2000
4. Propheretima eungella Jamieson, 1995
5. Megascolex. fusca Michaelsen, 1916a
6. Megascolex (?) heterochaeta Michaelsen, 1916a
7. Propheretima hugalli Jamieson, 1995
8. Megascolex illidgei Spencer, 1900
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9. Perichaeta newcombei Beddard, 1887b
10. Propheretima monsmonitionis Blakemore, 2000
11. Megascolex parvus Michaelsen, 1916a
12. Propheretima stephanieae Blakemore, 1997
36. Pseudocryptodrilus Jamieson, 1972c
TYPE-SPECIES: Megascolides diaphanus Spencer, 1900.
CHECKLIST OF SPECIES OF PSEUDOCRYPTODRILUS
1. Pseudocryptodrilus acanthodriloides Jamieson, 1974a
2. Megascolides diaphanus Spencer, 1900
3. Pseudocryptodrilus sublimis Dyne, 2000
37. Pseudonotoscolex Jamieson, 1971e
TYPE-SPECIES: Pseudonotoscolex pallinupensis Jamieson, 1971e. (Monotypic
genus).
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38. Retrovescus Blakemore, 1998. Emend Jamieson, 2000
TYPE-SPECIES: Retrovescus plomleyi Blakemore, 1998.
CHECKLIST OF SPECIES OF RETROVESCUS
1. Perionychella (Perionychella) capensis Jamieson, 1974a
2. R. mesibovi Blakemore, 1998
3. R. plomleyi Blakemore, 1998
4. R. simplex Blakemore, 1998
39. Scolecidrilus Jamieson, 2000
TYPE-SPECIES: Perichaeta scolecoidea Spencer, 1895. (Monotypic genus).
40. Simsia Jamieson, 1972a
TYPE-SPECIES: Notoscolex tuberculatus Fletcher, 1888a. (syn. Megascolides roseus
Spencer, 1892a).
CHECKLIST OF SPECIES OF SIMSIA
1. Megascolides eucalypti Spencer, 1900
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2. Cryptodilus intermedius Spencer, 1892a
Simsia intermedia papillata Jamieson, 1972b
3. Simsia longwarriensis Jamieson, 1972a
4. Cryptodrilus lucasi Spencer, 1892a
5. Megascolides manni Spencer, 1892a
6. Cryptodrilus minor Spencer, 1892a
7. Simsia multituberculata Jamieson, 1972b
8. Cryptodrilus narrensis Spencer, 1892a
9. Notoscolex tuberculatus Fletcher, 1887b
41. Spenceriella Michaelsen, 1907b. Emended Jamieson, 1972a, 1977b; Jamieson
and Wampler, 1979. Emend Jamieson, 2000
TYPE-SPECIES: Diporochaeta notabilis Spencer, 1900, from Dimboola, Victoria.
Spenceriella notabilis group
NOMINATE SPECIES: Diporochaeta notabilis Spencer, 1900.
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CHECKLIST OF THE AUSTRALIAN SPECIES AND SUBSPECIES OF THE SPENCERIELLA
NOTABILIS SPECIES-GROUP
1. Megascolex andersoni Spencer, 1900
2. Perichaeta australis Fletcher, 1886a
3. Perichaeta austrina Fletcher, 1886b
4. Anisochaeta chani Blakemore, 2000
5. ?Anisochaeta erica Blakemore, 2000
6. Perichaeta exigua f. typica Fletcher 1887a
7. Megascolex fardyi Spencer, 1900
8. ?Anisochaeta filix Blakemore, 2000
9. Perichaeta hallii Spencer, 1892b
10. Perichaeta hamiltoni Fletcher, 1887a
11. Perichaeta hoggii Spencer, 1892b
12. Spenceriella imparicystis Jamieson, 1974b
13. Perichaeta indissimilis Fletcher, 1889
14. Megascolex inermis Stephenson, 1933
15. Megascolex jenolanensis Boardman, 1943
16. Megascolex larpentensis Spencer, 1900
17. ?Perichaeta macleayi Fletcher, 1889
18. ?Perichaeta macquariensis Fletcher, 1890
19. Megascolex montanus Spencer, 1900
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20. Perichaeta monticola Fletcher, 1887a
21. Perichaeta exigua var. Murrayana Fletcher, 1887a
22. Diporochaeta notabilis Spencer, 1900
23. Spenceriella penolaensis Jamieson, 1974b
24. ?Perichaeta raymondiana Fletcher, 1887a
25. Ansochaeta rubeospina Blakemore, 2000
26. Perichaeta rubra Spencer, 1892b
Perichaeta rubra rubra Spencer, 1892b
Perichaeta frenchii Spencer, 1892b
Megascolex lobulatus Spencer, 1900
27. Perichaeta steelii Spencer, 1892b
28. Perichaeta sylvatica Spencer, 1892b
29. Perichaeta tasmanica Spencer, 1895
30. Perichaeta tenax Fletcher, 1886b
31. Perichaeta wilsoniana Fletcher, 1887a
Spenceriella howeana group
NOMINATE SPECIES: Spenceriella (Austroscolex) howeana Jamieson, 1977c, from
Lord Howe Island.
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CHECKLIST OF THE SPECIES OF THE SPENCERIELLA HOWEANA-GROUP
32. Spenceriella difficilis Jamieson, 1977b
33. Spenceriella hollowayi Jamieson, 1977b
34. Spenceriella howeana Jamieson, 1977b
35. Spenceriella saundersi Jamieson, 1977b
Spenceriella cormieri group
NOMINATE SPECIES: Spenceriella cormieri Jamieson and Wampler, 1979.
CHECKLIST OF SPECIES OF THE SPENCERIELLA CORMIERI-GROUP
36. Anisochaeta aemula Blakemore, 2000
37. Anisochaeta ancisa Blakemore, 2000
38. ? Anisochaeta angusticlavia Blakemore, 2000
39. Anisochaeta aterpaenulata Blakemore, 2000
40. Spenceriella bennetti Dyne, 2000
41. ?Anisochaeta buckerfieldi Blakemore, 1997
42. Anisochaeta bulla Blakemore, 2000
43. Spenceriellacalamonis Dyne, 2000
44. ?Anisochaeta calpetana Blakemore, 2000
45. Anisochaeta calvasaxea Blakemore, 2000
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46. Spenceriellacampestris Dyne, 2000
47. ?Megascolex celmisiae Jamieson, 1973
48. Spenceriella conondalei Jamieson, 1995
49. Anisochaeta conspecta Blakemore, 2000
50. Spenceriella cormieri Jamieson and Wampler, 1979
51. Spenceriella crateris Dyne, 2000
52. Spenceriella curtisi Jamieson and Wampler, 1979
53. Perichaeta fecunda Fletcher, 1887a
54. Anisochaeta flava Blakemore, 2000
55. Anisochaeta garilarsoni Blakemore, 2000
56. Anisochaeta ima Blakemore, 2000
57. Anisochaeta lata Blakemore, 2000
58. ?Anisochaeta lavatiolacuna Blakemore, 2000
59. Anisochaeta liberalis Blakemore, 2000
60. Anisochaeta longiductis Blakemore, 1997
61. ?Anisochaeta megagaster Blakemore, 1997
62. Megascolex minor Spencer, 1900
63. Megascolex mjobergi (sic) Michaelsen, 1916a
64. Spenceriella noctiluca Jamieson and Wampler, 1979
65. Anisochaeta novaeanglica Blakemore, 2000
66. Anisochaeta novocombei Blakemore, 1997
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67. ? Anisochaeta palustris Blakemore, 2000
68. Anisochaeta paucula Blakemore, 2000
69. Spenceriella pilularis Dyne, 2000
70. Spenceriella pusilla Dyne, 2000
71. Anisochaeta rava Blakemore, 2000
72. ?Megascolex rodwayi Stephenson, 1931
73. ?Anisochaeta sebastiani Blakemore, 1997
74. Spenceriella thannae Dyne, 2000
75. ?Anisochaeta toonumbari Blakemore, 2000
76. Anisochaeta tunicata Blakemore, 2000
77. Spenceriella variabilis Dyne, 2000
78. Anisochaeta virgata Blakemore, 2000
79. Spenceriella virgultis Dyne, 2000
80. ?Megascolex wiburdi Boardman, 1943
81. Spenceriella xylicola Dyne, 2000
82. ?Anisochaeta yabbratigris Blakemore, 2000

42. Terrisswalkerius Jamieson, 1994
TYPE-SPECIES: Perichaeta canaliculata Fletcher, 1887a.
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CHECKLIST OF THE SPECIES OF TERRISSWALKERIUS
1. Perionyx (Diporochaeta) phalacrus var. atavia Michaelsen, 1916a
2. Perionyx (Diporochaeta) athertonensis Michaelsen, 1916a
3. Perichaeta barronensis Fletcher, 1886b
4. Diporochaeta blounti Jamieson, 1976b
5. Perichaeta canaliculata Fletcher, 1887a
6. T. carbinensis Jamieson, 1997
7. T. covacevichae Jamieson, 1994
8. Diporochaeta crateris Jamieson, 1976b
9. Perionyx (Diporochaeta) erici Michaelsen, 1916a
10. Diporochaeta grandis Spencer, 1900
11. Diporochaeta kuranda Jamieson, 1976b
12. T. liber Jamieson, 1994
13. T. mcdonaldi Jamieson, 1994
14. T. mcilwraithi Jamieson, 1997
15. Diporochaeta millaamillaa Jamieson, 1976b
16. T. miseriae Jamieson, 1997
17. Diporochaeta montislewisi Jamieson, 1976b
18. T. moritzi Jamieson, 2000
19. Diporochaeta nashi Jamieson, 1976b
20. Diporochaeta oculata Jamieson, 1976b
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21. Perionyx (Diporochaeta) phalacrus Michaelsen, 1916a
22. Diporochaeta raveni Jamieson, 1976b
23. Perichaeta? Terraereginae (sic) Fletcher, 1890
24. T. windsori Jamieson, 1995
43. Trichaeta Spencer, 1900
TYPE-SPECIES: Trichaeta australis Spencer, 1900.
CHECKLIST OF SPECIES OF TRICHAETA
1. Trichaeta australis Spencer, 1900
2. Perichaeta fielderi Spencer, 1892b
3. ?Perichaeta frosti Spencer, 1892b. Incertae sedis.
4. ?Perichaeta goonmurk Spencer, 1892b. Incertae sedis.
5. ?Diporochaeta maplestoni Spencer, 1900. Incertae sedis.
44. Trinephrus Beddard, 1895. Emend Jamieson, 2000
TYPE-SPECIES: Cryptodrilus fastigatus Fletcher, 1889 (Monotypic genus).
syn. C. dubius Spencer, 1892a
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45. Woodwardiella Stephenson, 1925, sensu stricto, Emend. Jamieson, 1970a
TYPE-SPECIES: Woodwardia callichaeta Michaelsen, 1907b.
CHECKLIST OF AUSTRALIAN SPECIES OF WOODWARDIELLA
1. Woodwardiella acanthodriloides Jamieson, 1971e
2. Woodwardia affinis Michaelsen, 1907b
3. Woodwardia callichaeta Michaelsen, 1907b
4. Woodwardia libferti Michaelsen, 1907b
5. Woodwardia molaeleonis Michaelsen, 1907
6. Cryptodrilus tesselatus Spencer, 1895
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Native Earthworms of Australia (Megascolecidae, Megascolecinae)
B.G.M. Jamieson
1. Definition of the Euclitellata
Euclitellates (oligochaetes, branchiobdellidans and leeches) are hermaphrodite
annelids which possess a clitellum, a modification of the epidermis that secretes the
cocoon in which the eggs are deposited. It is located around and/or behind the female
pores. This location of the clitellum contrasts with location anterior to the female
pores in the only other annelids known to possess a clitellum, questid polychaetes (see
Jamieson, 1983a,b). Parapodia (seen in many polychaetes) are absent from all
euclitellates. Setae, though they may be numerous, are never jointed and they are
absent from leeches, other than Acanthobdella (the sister-taxon of the Euhirudinea),
and from branchiobdellidans. Euclitellate sperm are distinctive in possessing a tubular
structure (the acrosome tube) which supports the acrosome vesicle.
2. Definition and General Description of the Class Oligochaeta
Oligochaetes are earthworms and their aquatic, marine and freshwater relatives. They
are euclitellates with testes anterior to ovaries (the reverse of the arrangement in
leeches). The basic genital arrangement may have been four gonadial segments, with
two pairs of testes followed by two pairs of ovaries (the octogonadial condition). The
acrosome tube is simple, lacking the anterior extension seen in Hirudinea; and the
spermatozoal flagellum lacks the asymmetrical marginal fibre flanking the axoneme
which occurs in branchiobdellids. Jaws, seen in branchiobdellidans and many leeches,
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are absent. The coelom is spacious, although somewhat restricted in some
lumbriculids. Setae are rarely absent (Achaeta in the Enchytraeidae) whereas they are
absent from all higher leeches. The basic number of setae is deduced to be four sets,
possibly pairs, per segment. The prostomium is simple, never with paired sensory
appendages (unlike polychaetes), though rarely (e.g. Pristina and Stylaria in the
Naididae; some Glossoscolecidae) with a single median process. Posterior sucker-like
structures (basic to leeches) are very rare (the enchytraeid Aspidodrilus) in contrast
with their invariable presence, with restriction and fixation of segment numbers, in
branchiobdellidans and leeches. Like all euclitellates, oligochaetes are hermaphrodite
and insemination involves copulation (as in leeches but unlike most polychaetes, in
which exceptions with copulation include the clitellate Questa). Spermatozoa are
usually received in spermathecae. Fertilization is only rarely internal (in Eudrilidae,
possibly some Phreodrilidae) whereas in leeches it is always internal, by means of
ectospermatophores or vaginal insemination). Ectospermatophores are rare in
oligochaetes (a tubificid, and Criodrilus in the Almidae).
3. A brief history of the discovery of Australian megascolecid earthworms
Charles Darwin (Fig. 0.1) , in his monograph on earthworms (1881), referred to the
first record of an indigenous Australian oligochaete when he wrote of the two gizzards
of the genus Digaster, referring to Digaster lumbricoides, described from Port Macquarie by
the French worker Perrier (1872). This specimen, collected by Verreaux in 1846, and
illustrated by the writer (Jamieson, 1971d) (Fig. 9.31), remains in fair condition in the
National Museum of Natural History, Paris, a testimony to the reliability of
preservation in ethanol and to continuity of curation in that institution. A little later,
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Fig. 0.1. Previous page. Charles Darwin in the period
that he discussed the first Australian record of an
earthworm. Drawing by Christopher Tudge.
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the best known Australian oligochaete, the giant Gippsland earthworm Megascolides
australis, was described by McCoy (1878), though not adequately described until the
account ten years later by Sir W. Baldwin Spencer (1888), the first Professor of
Biology in the University of Melbourne. This species received a later, brief treatment
from Barrett (1938) and has been the subject of an unpublished Ph.D. thesis and
papers by Van Praagh and colleagues (Van Praagh,1995; Van Praagh et al. 1989; see
also specific account).
In the years 1886 to 1890, J. J. Fletcher, in the Australian Museum, described the
majority of known earthworm species from New South Wales. Fletcher must be
considered the father of Australian oligochaetology. Stimulated by Darwin's comment
regarding Krefft, Fletcher (1886a) wrote "Having myself collected specimens of five
new, and one undescribed species of earthworms from two localities, both oases of
rich soil in the Hawkesbury sandstone formation, and having heard from gentlemen
who have actually seen specimens, of the existence of large worms in the Hunter and
Manning River districts, it seems safe, considering how many rich tracts of similar
country are yet unsearched, to hazard the conjecture that, when the earthworms of this
colony have been systematically collected and described, it will be found, at any rate
in the coastal districts where the soil is good, that they are by no means scarce, and, as
regards both individuals and species, will compare favourably in point of numbers
with earthworms in other parts of the world." Although Fletcher's prediction has been
amply justified by his own and later collections, it is a sad testimony of the twentieth
century neglect and derogation of the description and systematization of life on earth,
that in many parts of Australia, more species of earthworms may remain to be
described, than have hitherto been recognized. Fletcher continued to make valuable
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contributions to our knowledge of the Australian earthworm fauna in a further five
papers (Fletcher, 1886b, 1887a, b, 1889, 1890).
The earthworms of Victoria received similar scrutiny from Spencer (1892a, b,
1900) (Fig. 0.2) to that given the fauna of New South Wales by Fletcher. Spencer
corresponded with and exchanged specimens with Fletcher, hence the occurrence of
'lost' types of these workers in the museums of the colleague's city, the Australian
Museum and the Museum of Victoria. The Museum of Victoria obtained Spencer's
material from the University of Melbourne in 1916 and the Australian Museum
received the residue of Fletcher's collections in 1924. Spencer also described
Tasmanian earthworms in 1895 and, in 1896, reported Acanthodrilus eremius (now
Diplotrema eremia) from Central Australia, a species collected on the first Horn
Expedition.
The Italian worker Rosa (1891) and the German worker Ude (1893) made brief
reference to Fletcher's species Didymogaster sylvaticus. In 1895, Frank Beddard,
Prosector of the Zoological Society of London, monographed the oligochaetes of the
world though, in 1887, adding only a single Australian species, the enigmatic
Perichaeta newcombei, to the Australian fauna. A single species, Megascolides (now
Cryptodrilus) albertisii was added to the Tasmanian fauna by Cognetti di Martiis
(1910b). Wilhelm Michaelsen (Fig. 0.3), working in the Hamburg Museum, described
Australian earthworm species from 1889 to 1892 (Michaelsen, 1889a, b, 1890, 1891,
1892), before going on, in 1900, to monograph the oligochaetes of the world. In 1907,
Michaelsen (1907b), published the major monograph on South-western Australian
oligochaetes, a work augmented by Nicholls and Jackson (1926) and culminating in a
review by Jackson (1931). Michaelsen added further species to the Australian fauna
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Fig. 0.2. Previous page. Sir William Baldwin Spencer. Author's collection.

Fig. 0.3. Previous page. Wilhelm Michaelsen. Author's collection.

Fig. 0.4. Previous page. Lt. Colonel John Stephenson. Author's collection.
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(Michaelsen, 1907b, 1910b, 1916a,b, 1924, 1935), the 1916a paper being based on the
collections of Mjöberg's Swedish Scientific Expedition to Australia in 1910 to 1913.
Lt.-Colonel John Stephenson (Fig. 0.4), Medical Officer in the Indian Army,
Professor of Zoology in Government College, Lahore, and in the University of the
Punjab, and Lecturer in Zoology in the University of Edinburgh, described several
Australian species from 1924 to 1933 (Stephenson, 1924, 1931, 1933). His general
monograph, ‘The Oligochaeta’, for which he predicted a useful life of 25 years, is still
unsurpassed 70 years later. William Boardman, like Fletcher working in the
Australian Museum, erected several species in the period 1931 to 1943 (Boardman,
1931, 1932, 1943).
In the early 1900s a number of Spencer's students contributed to our knowledge of
the anatomy of Australian earthworms, describing the prostate glands (Sweet, 1900),
the nephridia (Bage, 1910), the blood vascular system (Buchanan, 1909, 1910a), and
the alimentary canal (Raff, 1910). Brennan (1900) described the reproductive system
of Didymogaster sylvaticus. This species received repeated attention, possibly
because of its large and robust form, its vivid purplish coloration, its habit of squirting
jets of coelomic fluid many centimetres from the body, and its ready availability in
the Royal National Park, south of Sydney. The Baldwin Spencer earthworm types in
the National Museum of Victoria were catalogued by Jensz and Smith (1969) who
compared manuscript lists by Spencer with hand written coded labels in the specimen
jars, though specific identifications were not subjected to confirmation.
Between 1963 and 1998, with an interruption of some ten years while working in
other fields, chiefly on sperm ultrastructural studies which continue to the present, the
writer published some 50 works on the oligochaetes of Australia (Dyne and Jamieson,
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1998; Edmonds and Jamieson, 1973; Erséus and Jamieson, 1981; Jamieson, 1963,
1965, 1968, 1970a, b, 1971a, b, c, d, e; 1972a, b, c, d, e; 1973; 1974a, b, c; 1975a, b,
c, 1976a, b, 1977a, b, c, d, e, 1978a, b, c, 1980b, 1981a, b, c, 1982, 1993, 1994, 1995,
1997; Jamieson and Bradbury, 1972; Jamieson, Daddow and Bennett, 1978; Jamieson
and Dyne, 1976; Jamieson and Nash, 1976; Jamieson and Wampler, 1979; Jamieson,
Wampler and Schultz, 1981; Wampler and Jamieson, 1980, 1986). He added some 20
new genera, and approximately one quarter of the known species, to the Australian
fauna. Among his several regional faunas was a monograph on Tasmanian
earthworms (1974a), and a paper on the earthworms of South Australia (Jamieson,
1974b), greatly augmented the single species described by Shannon (1920). A
cladistic analysis of the Oligochaeta (Jamieson, 1988a) forms the basis for much of
the taxonomy in the present review. Jamieson's student, Geoffrey Dyne, produced an
erudite and valuable Ph.D. thesis (unpublished) on Australian earthworms in 1984 and
published or co-authored thirteen papers pertaining to Australian oligochaetes,
including a considerable number of new species (Dyne, 1979a, b, 1980, 1981,
1984, 1985, 1987, 1991, 1997; Dyne and Wallace, 1994; Jamieson and Dyne, 1976;
Kingston and Dyne, 1995; McKenzie and Dyne, 1991), particularly extending our
knowledge of acanthodrile species. Dr. Dyne has graciously agreed to many of his
unpublished species appearing, under his name, in the present monograph. Carden
Wallace, now Director of the Museum of Tropical Queensland, admirably took up the
theme of nephridial morphology and its bearing on taxonomy in an honours thesis in
the same laboratory (Horan, unpublished) and later published a useful study on
numerical taxonomy of some Australian and other megascolecids (Wallace, 1972).
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Reginald Sims, Curator of Annelida in the British Museum (Natural History),
publishing with Edward Easton, in 1972, analyzed the species of Pheretima sensu
lato, a predominantly south-east Asian group, which includes about one quarter of the
exotic earthworm species in Australia. In 1982 Easton (1982) confirmed, from
material supplied by Jamieson and his erstwhile arachnological student, Robert Raven
(now Curator of Arachnology in the Queensland Museum), that one genus of this
group, named Begemius by Easton, is indigenous in Australia-New Guinea. This
added credence to the assertion (Jamieson, 1977b) that the ancestral stock of the
pheretimoids, considered most nearly approached by Spenceriella, was originally
Australian. Sims and Gerard (1999) have shown that one Australian species,
Spenceriella minor, has become well established in Scotland, the only extant
Australian earthworm known to have colonized overseas. Thus Spencer returned in
name to his native United Kingdom.
Robert Blakemore (1994a), a student in Jamieson's laboratory, produced an
unpublished Ph.D. thesis on earthworms of south-east Queensland and their
agronomic potential in brigalow soils (see Blakemore, 1997b). It contained several
new species and included an evaluation of the agronomic utility, and the taxonomic
make-up, of exotic, in addition to native, earthworms. In the same year Blakemore
(1994b) published a revision of the genus Heteroporodrilus in South-east Queensland
while confirming, from material identified by the writer, the suggestion (Jamieson,
1971d) that the type of Plutellus (P. heteroporus) is Australian, a matter of
controversy since its description by Perrier in 1873. Other papers followed
(Blakemore, 1997a,b, 1998, 1999, 2000; Blakemore and Elton, 1994; Blakemore and
Kingston, 1997).
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Advances in our knowledge of the systematics of Australian megascolecids would
not have been possible without the provision of collections from a wide variety of
sources. Those who have made important collections which they have made available
to the author include G.R. Dyne, J. Hickman, K.R. McDonald, C. Thompson, T.
Wood, T. Walker, W. Nash, and R. Raven, of which the last three were at times ARC
research assistants to the writer. These and others, too numerous to mention, who
have made significant collections are listed in the species descriptions.
4. Megascolecid morphology and anatomy
Characters routinely recorded in taxonomy, and the sequence here usually adopted in
description, are the length; width; number of segments; the colour in life and in
preservative; the shape of the body; the form of the prostomium; the position of the
first dorsal pore; the numbers and arrangement of setae and the ratios of distances
between them in a segment; the position of the nephropores relative to the setae; the
form and extent of the clitellum; the position and appearance of the male pores, and
prostate pores if separate; the general appearance of the male genital field, including
such features as seminal grooves; the appearance and distribution of accessory genital
markings, and of the female and spermathecal pores.
Internal characters which are described are thickening of septa (abbreviated
accounts), the extent and nature of the longitudinal blood vessels, particularly the
dorsal vessel; the types and segmental distribution of hearts; the form and location of
any gizzards; the segmental position and structure of any calciferous glands or other
oesophageal diverticula; the segment of origin of the intestine; presence and location
of typhlosoles and caeca; the types of nephridia, whether holonephridia and/or
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meronephridia and the form and segmental distribution of these; the number and
segmental location of testes and seminal vesicles and the presence or absence of
testis-sacs; and the form and segmental location of ovaries, ovisacs, prostate glands,
penial setae, if present, and spermathecae.
A glossary of terms used in taxonomic descriptions is given at the end of this
monograph, before the bibliography.
A brief outline of morphology in Australian megascolecids follows.
EXTERNAL CHARACTERISTICS
Body form
The reader is referred to Stephenson (1930) for what remains the only comprehensive
account of oligochaete anatomy and biology. This may be augmented by reference to
Gates (1972), Edwards and Lofty (1977), Edwards and Bohlen (1996) and relevant
sections in excellent reviews of ecology by Lee (1985) and Edwards (1998). The
present brief account deals almost exclusively with morphology. For ultrastructural
details the reader is referred to Jamieson (1981c, 1992).
Oligochaetes show the three basic annelidan divisions of the body: a presegmental
prostomium, overlying the mouth; a segmented soma, and a postsegmental pygidium
through which the anus usually opens. The mouth penetrates the peristomium which,
in contrast to some polychaetes, appears to represent a single segment (metamere) but,
unlike the second segment, is asetigerous. Anterior to the pygidium is a growth zone
which, in juveniles or, sometimes older stages, gives rise to new segments in an
anterior direction. The number of segments in Australian megascolecids varies from

Fig. 0.5. Previous page. Digaster longmani, a live specimen from the
type-locality, Mt. Tamborine, Queensland, collected and displayed by the
author in 1974. Megascolides australis is the only Australian oligochaete
known to exceed this species in length.
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less than one hundred to some hundreds but is fixed, within broad limits, within the
species. The length of the body varies about 10 mm in the smaller megascolecids to
more than a metre, with corresponding increase in width in so-called giant
earthworms, such as Megascolides australis, from Gippsland, and Digaster longmani
(Fig. 5), from southern Queensland and northern New South Wales.
The cross section of the body is usually circular, with sometimes some dorsoventral
depression and does not show the quadrangular or trapezoidal form, correlating with
dorsal location of the anus, which is seen in most Aquamegadrili (e.g. Alma) and in
the lumbricid Eiseniella tetraedra, groups unrepresented in native Australian
oligochaetes.
The only epizoic megadrile, which as in the African Aspidodrilus, occurs on
earthworms, is the Queensland holonephric megascolecine Haereodrilus, in which,
the body is strongly flattened ventrally. Ventral flattening of the body also occurs in
an oriental megascolecine, the free-living pheretimoid Planapheretima.
There are no paired locomotory appendages or paired processes of the prostomium
in oligochaetes. Respiratory gas exchange always occurs through the integument, but
gills, known in some oligochaetes, are absent.
Colour
Many megascolecids, presumably those which rarely emerge above the soil surface,
are unpigmented but others have pigment in association with the circular muscle of
the body wall. In these the ventral surface may be unpigmented, as in
Terrisswalkerius canaliculatus, in Queensland Wet Tropics rainforest, indicating that
the bluish purple dorsal pigmentation is an adaptive response to insolation received
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Fig. 0.6. Previous page. Fletcherodrilus fasciatus. A
species with a distinctive transverse striation.
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when crawling on the surface. A reddish or violet purple appears to be the most
common colour in pigmented Australian megascolecids but the eastern Australian
Fletcherodrilus fasciatus (Fig. 0.6) has transverse deep grey stripes with whitish
intersegmental furrows. Even in unpigmented worms the colour may be distinctive.
Thus the "white worm" of rainforests on the Atherton Tableland, Terrisswalkerius
millaamillaa, has a characteristic mottled whitish grey appearance. The colour in life
is undoubtedly of taxonomic value at the species level but is rarely recorded in the
field and is not usually retained in preserved, particularly ethanolic, specimens.
Prostomium
The form of the prostomium (Fig. 0.7) is of value in taxonomy. The prostomium may
merge with the peristomium (the first segment) without a dividing furrow, giving the
zygolobous condition normal in aquatic microdriles but rarely reported in Australian
megascolecids, or it may be divided from the peristomium by a transverse furrow, the
prolobous condition. The dorsal "tongue" may extend posteriorly for varying fractions
of the length of the peristomium, the epilobous condition, when it may be open (Fig. 0. 8) or
closed; or it may reach the intersegmental furrow (designated 1/2) between the
peristomium and the second (usually first setigerous) segment, the tanylobous
condition. Intermediate conditions, proepilobous, epitanylobous, may occur.
Dorsal pores
Dorsal pores are unpaired, rarely paired, intersegmental openings from the coelom of
the segment behind. They function in permitting discharge of coelomic fluid to the
exterior which enables lubrication of the burrow and they may play a secondary role
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Fig. 0.7. Types of prostomium in oligochaetes. After Michaelsen (1928).

From Michaelsen, 1928.

Fig. 0. 8. Previous page. Scanning electron microscopy of
an epilobous prostomium of the exotic species Eisenia
fetida. The arrow indicates a sense organ. From Jamieson
(1981) after Moment and Johnson (1979).
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in releasing coelomocytes to the exterior which in some worms have a bioluminescent
(Jamieson and Wampler, 1979; Jamieson et al., 1981; Wampler and Jamieson, 1980,
1986), excretory or protective role.
Dorsal pores are almost always present in the Australian megascolecids but are
notably absent in the marine littoral Pontodrilus and in the semi-aquatic acanthodrile
Diplotrema proserpinensis, in Diporochaeta pedderensis, and in the terrestrial genera
Cryptodrilus (part.), Eastoniella and Geofdyneia. Other amphibious Diplotrema
species possess dorsal pores (Dyne and Jamieson, 1998). Where present, dorsal pores
do not occur in the first few segments, in earthworms, and the relative constancy of
the location in the species has some taxonomic value. If present, the first pore is
almost always preclitellar and is most often in 4/5-5/6.
Setae
"Megadrile" families, from the Moniligastridae through Megascolecidae, have
basically two, simple sigmoid setae per locus, that is four pairs of setae per segment,
with the exception of the peristomium and one or more prepygidial segments. Setae
may, however, be absent from a varying number of additional anterior segments or
elsewhere, as where displaced by genital pores. Modified genital and penial setae, as
distinct from somatic setae, may be developed, especially in the Megascolecidae, as,
independently, in the Eudrilidae of the Ethiopian Region. Sculpturing of somatic setae
in the form of transversely or spirally arranged scales, scattered cicatrising, ridges,
tooth rows or striations, is usual in at least glossoscolecids and almids but has rarely
been investigated in Australian megascolecids. Scattered cicatrising is seen in the
Queensland Wet Tropics megascolecine Terrisswalkerius mcilwraithi (Fig. 0.9A, B).
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Fig. 0.9. Previous two pages. Scanning electron
microscopy of sculpturing of a somatic seta in
Terrisswalkerius mcilwraithi. A: A seta. B: Sculpturing
of same. From Jamieson (1997).
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Bifid body setae, so common in aquatic microdriles, and seen posteriorly in the
introduced glossoscolecid Pontoscolex corethrurus (Beddard, 1892; Michaelsen,
1918; pers. obs. by scanning electron microscopy) are unreported for the
Megascolecidae.
The eight body setae pleisomorphically have an arrangement in four pairs (termed
the lumbricin arrangement as it seen in all Lumbricidae) (Fig. 0.10A). Not infrequently
one or more of the rows, most frequently the dorsal row, is irregular. The four setae of
a side, in ventral to dorsal order are termed a, b, c and d. They may be closely paired
and/or widely paired or show no pairing. The ratio of setal distances to each other and
to the circumference (termed u, for Korperumfang) is of taxonomic value at specific
and higher levels.
Many megascolecid species, in several genera, (and at least one glossoscolecid,
Periscolex) have multiplied the setae in each segment in single file around the
segment (the perichaetin arrangement) (Fig. 0.10B). The Australian megascolecid
Anisochaeta Beddard (1890) shows an intermediate condition with eight setae per
segment anteriorly, increasing to 12 to 30 posteriorly. Trichaeta Spencer (1900)
typically has no more than six setae (or sporadically 7) on each side of the segment,
arranged in pairs. Setae are numerous in each segment in several indigenous genera,
including Diporochaeta, Gemascoloex, Propheretima, Spenceriella, Terrisswalkerius
and, reaching approximately 80, Begemius. They may exceed 100 per segment in
oriental pheretimoids. The number normally varies between different parts of the
body but is said to be constant at 16 per segment in Diporochaeta sedecimalis.
Perichaetin setae may be indicated by letters or by numbers. If by letters, they are
designated a, b, c etc., commencing ventrally, but also z, y, x etc. commencing
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Fig. 0.10. Diagrammatic cross section of an earthworm showing A: the lumbricin arrangement
and B: the perichaetin arrangement of somatic setae. (Jamieson, 2000).

14

dorsally. Clearly this only allows a consistent designation of all setae if there are 26
on each side but in practice the system is adequate and the alternative use of numerals
allows all to be designated.
Modified setae with a function in reproduction are termed genital setae. Those at
the male and/or prostatic pores are distinguished as penial setae (Fig. 0.11-0.22) as there
is evidence that during copulation they are protruded into the spermathecal orifices of
the partner. Other genital setae may occur in association with glandular modifications
of the epidermis. Those in the vicinity of the spermathecae are termed copulatory
setae by some authors but are here termed, less ambiguously, spermathecal setae.
As genital setae are not exclusive to Megascolecidae but occur in many megadrile
families their occurrence in these families may be briefly noted. They do not appear to
occur in the Moniligastridae and Ocnerodrilidae. They occur in all families of the
Aquamegadrili, excepting the Sparganophilidae. In Terrimegadrili they are seen in the
Kynotidae, Hormogastridae, Microchaetidae, Lumbricidae, Glossoscolecidae,
Eudrilidae and Megascolecidae. In Pontoscolex corethrurus one or both setae of the
ventral couples in some of segments 14-22 are modified as genital setae with
longitudinal rows of gouges (Gates, 1972; pers. obs.). In the Eudrilidae the penial
setae assume a great variety of bizarre forms. In the acanthodriline Megascolecidae,
penial setae are often present associated with the one or, usually, two pairs of prostate
glands. In the Australian acanthodriline Diplotrema and its apomorphic relative
Neodiplotrema, these penial setae may be longer than the thickness of the body and
there are usually characteristically sculptured spermathecal setae but spermathecal
setae are absent from the New Caledonian, Acanthodrilus, which appears to be the
sister-genus of Diplotrema.
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Penial setae are present in a considerable proportion of the genera of the
Megascolecinae, though there may be intrageneric variation. In the holonephric
Australian Megascolecinae they occur in most species of Diporochaeta and
Graliophilus, in Hiatidrilus, some species of Heteroporodrilus (Fig. 0. 11), in Paraplutellus, one
Perionychella, some Simsia, and in Woodwardiella but are absent from Pinguidrilus,
Plutellus sensu stricto, Pontodrilus, some Perionychella and all Terrisswalkerius. In
the Notoscolex-group of genera (former megascolecin Dichogastrini), penial setae
occur in some Austrohoplochaetella, most Cryptodrilus, some Digaster, in
Hickmaniella, most Notoscolex, in Pseudocryptodrilus and Pseudonotoscolex but are
absent from Didymogaster, Eastoniella, Megascolides, Pericryptodrilus and
Perissogaster. In the Megascolex-group of genera (former Megascolecini) they are
present in some Oreoscolex, some Trichaeta and some Spenceriella (the questionably
congeneric macquariensis) but are absent in Anisochaeta sensu stricto, Gemascolex,
Occicryptodrilus, Propheretima, most Spenceriella and typical Oreoscolex.
In oligochaetes as a whole, and particularly in some megadrile families, most
notably the Eudrilidae, the form of the penial setae varies greatly and is of major
taxonomic value at specific and higher levels. It is also of value in the
Megascolecidae (Fig.0.11-0.22) where dimensions, form and sculpturing are of
taxonomic importance. Its value is somewhat limited where the setae merely taper to a point
and bear ectal rings of teeth or spines but even here convincing differences may be
demonstrable. Some megascolecid species, however, possess highly distinctive penial
setae and, for instance, those of Notoscolex camdensis (Fig. 0.12D) have a baton-like,
annulated form which is diagnostic of the species.
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Fig. 0.11. Previous page. Heteroporodrilus shephardi armatus. Penial
setae by scanning electron microscopy. A-D: Holotype. A: Tip of seta. BC: Sculpturing. D: Sculpturing of a second seta. E-F: Paratype 1. From
Jamieson (1974b).
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Fig. 0.12. Penial setae of some Australian Megascolecinae. A-C: Heteroporodrilus mediterreus. AM W1338.
After Jamieson (1970a). D: Notoscolex camdensis. Lectotype NMV G170. After Jamieson (1972d). E-F:
Cryptodrilus polynephricus polynephricus. Paralectotype 1 NMV G1436. After Jamieson (1972c). G-I: Digaster
armifera. AM W1406. After Jamieson (1963).

Fig. 0.13. Previous page. Scanning electron micrographs of
penial setae of Tasmanian megascolecines in various
genera. 1: Graliophilus tripapillatus. Holotype (structure
requiring confirmation). 2 & 3: Cryptodrilus avesiculatus.
Holotype. 4-7: C. brunyensis. Paratype 1. 8-12: C.
dartnalli. 8-10: Paratype 8. 11 and 12: Holotype. From
Jamieson (1974a).
To view a further nine plates of penial setae continue to
next page, or pass over them by clicking SKIP.

Fig. 0.14. Previous page. Scanning electron micrographs
of penial setae of Tasmanian megascolecines in various
genera, continued. 13-19: Cryptodrilus enteronephricus. 13-15:
Paratype 1. 16-19; Paratype 14. 20-24: C. polynephricus
polynephricus. Non-type specimens. From Jamieson
(1974a).

Fig. 0.15. Previous page. Scanning electron micrographs
of penial setae of Tasmanian megascolecines in
various genera, continued. 25-31: Cryptodrilus polynephricus
polynephricus. Non-type specimens. 32-36: Cryptodrilus
polynephricus polynephricus ('ad urethrae'). From
Jamieson (1974a).

Fig. 0.16. Previous page. Scanning electron micrographs
of penial setae Tasmanian megascolecines in various
genera, continued. 37-43: Cryptodrilus polynephricus
polynephricus. Non-type specimens. 44-48: Cryptodrilus
polynephricus urethrae. 44-47: Holotype. 48: Paratype 6.
From Jamieson (1974a).

Fig. 0.17. Previous page. Scanning electron micrographs of
penial setae of Tasmanian megascolecines in various
genera, continued. 49-59: Cryptodrilus polynephricus urethrae.
49 & 50: Second seta of paratype 6. 51 & 52: Paratype
20. 53-59: Three penial setae of paratype 1. 60:
The acanthodriline, Rhododrilus kermadecensis (=litoralis).
From Jamieson (1974a).

Fig. 0.18. Previous page. Scanning electron micrographs of penial
setae of Tasmanian megascolecines in various genera,
continued. 61-63: Pseudocryptodrilus acanthodriloides.
Paratype 3. 64-66: Hickmaniella opisthogaster. 64:
Holotype. 65-66: paratype 1.
67: Oreoscolex
bidiverticulatus.
Holotype.
68-72:
Oreoscolex
campestris. From Jamieson (1974a).

Fig. 0.19. Previous page. Scanning electron micrographs of penial
setae of Tasmanian megascolecines in various genera,
continued. 73-80: Oreoscolex longus. 73-75: Holotype.
76-78: Paratype 1. 79-80: Paratype 7. 81-82: O.
peculiaris. Holotype. 83-84: O. sexthecatus. Holotype.
From Jamieson (1974a).

Fig.
0.20.
Previous
page.
Scanning
electron
micrographs of penial setae of Tasmanian megascolecines
in various genera, continued. 85-86: Orescolex sexthecatus. Seta
shown in previous Fig. 83. Holotype. 87-90: O.
wellingtonensis. Specimen 1. From Jamieson (1974a).

Fig. 0.21. Previous page. Scanning electron micrographs
of penial setae of Tasmanian megascolecines in
various genera, continued. 91- 92: Retrovescus (= Perionychella)
capensis. Paratype 1. 93: Diporochaeta (=
Perionychella) (Vesiculodrilus) bithecata. Paratype 3.
94-96: Diporochaeta (Diporochaeta) dilwynnia. 9495: Butler's Gorge Road specimen. 96: Tarraleah
pipeline specimen. From Jamieson (1974a).

Fig. 0.22. Previous page. Scanning electron micrographs
of penial setae of Tasmanian megascolecines in
various genera, continued. 97-98: Diporochaeta
(Vesiculodrilus) hobartensis. 97: BMNH 1972.8.15. 98: TM: K304. 99102: Diporochaeta (Vesiculodrilus) mortoni. 99 and 100,
left and right setae respectively of East Risdon specimen.
101-102: Shoobridge Bend specimen. From Jamieson
(1974a).
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The clitellum
The structure of the oligochaete clitellum has been investigated by light microscopy
by several workers from 1890 to 1980 (for reviews, particularly of its ultrastructure
and function, see Fernandez and Benito, 1987; Jamieson, 1981c, 1988b, 1992;
Welsch et al., 1984). The structure of the clitellum in several
crassiclitellate families is illustrated by light microscopy in Brinkhurst and Jamieson
(1971).
The clitellum is a specialization of the epidermis for secreting the cocoon in which
the eggs are deposited and into which spermatozoa received into spermathecae from
the partner are exuded to bring about fertilization. Some eudrilids are exceptional in
fertilizing the eggs internally before they are shed into the cocoon. The clitellum is
one cell thick in all microdriles and in the Haplotaxidae, Moniligastridae and
Allurodidae but in all other oligochaetes, comprising the Crassiclitellata, including the
Megascolecidae, the clitellum, as the name suggests, consists of more than one layer
of cells. The crassiclitellate condition is interpreted as a modification allowing
increased secretion of nutrients materials into the cocoon, a change correlated with a
great reduction in yolk content, and size, of the eggs and increasing dependence of the
embryo for its nutrition on the fluid contained in the cocoon (albumenotrophy).
Molecular analysis (rDNA) (Jamieson et al., in prep.) confirms the morphocladistic finding
(Jamieson, 1988a) that acquisition of multilayered clitellum was a monophyletic event.
Whereas the clitellum may reach a length of 69 segments in the almoid genus
Alma, it rarely occupies more than six segments in Australian megascolecids, and in
Propheretima and Begemius, and some species of other genera, is limited to the three
segments XIV-XVI. In Notoscolex, however, it may embrace nine segments.
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The clitellum is anterior to the male pores for most or all of its length in the
Ocnerodrilidae, Eudrilidae and Megascolecidae. The ocnerodrile Nematogenia
lacuum is exceptional for this assemblage in the length of the clitellum, occupying
approximately 13 segments, commencing on segment 14, with the result that the male
pores (on XVII) are well forward of its posterior end.
The histology and histochemistry of the clitellum of the non-indigenous
pheretimoid Amynthas hawayanus (=Pheretima hawayana) has been investigated by
light microscopy (Lufty, 1965). The following components of the clitellum were
observed: cuticle, supporting cells, sensory cells, mucus secreting cells, large granule
cells, fine granule cells and, around the female pore, cells of the "plug."
Male pores and accessory markings
In native Australian Megascolecidae, the position of the male pores and their
relationship to the openings of the prostates (Fig. 0.23) is of great importance
taxonomically from the specific to the subfamilial level. At the specific level, the
position of pores relative to setal rows is much used. At higher levels the numbers of
prostates pores and their locations relative to the male pores are important. The
evidence of the Ocnerodrilidae, which may have from one to three or more pairs of
prostates, suggests that more than one pair of prostates were present in ancestral
megascolecids. In the Megascolecidae, two pairs are still seen in the acanthodrilin
condition, in which two pairs of prostate pores lie on segments XVII and XIX, and the
male pores are on segment XVIII, or the homeotic equivalent of these segments.
Correspondingly, there are usually two pairs of spermathecal pores, at intersegments
7/8 and 8/9. This condition of the male terminalia is typical, though not constant, for
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Arrangement of male and prostatic pores in the Megascolecidae
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Fig. 0.23. Previous page. Chief arrangements of male
pores in the Megascolecidae. (Jamieson, 2000).
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the Acanthodrilinae (Fig. 0.23) and is seen, and probably of common derivation, in the
Ocnerodrilidae). It is well exemplified by the genus Diplotrema, in which, as is usual
for the acanthodrilin condition, the two prostate pores of each side communicate with
the male pores by a seminal groove. Michaelsen (e.g. 1928) may well have been
correct in proposing the acanthodrilin arrangement as basic to the Acanthodrilinae and
that the microscolecin condition (Fig. 0.23) resulted by loss of the posterior prostates
(in XIX) and migration of the male pores into the vicinity of the anterior prostate
pores (on XVII), but a sexprostatic (with prostates in XVIII also, as in Dichogaster
damonis) or multiprostatic precursor cannot be ruled out. The microscolecin condition
is seen in Australia in Rhododrilus and, with complete fusion of male and prostate
pores on XVII, in Kayarmacia and in the probably allochthonous Microscolex dubius.
The less common balantin condition (Fig. 0.23), was putatively derived by migration
of the male pores onto XIX where they approached the single remaining, posterior,
pair of prostate pores. This condition with male pores at intersegment 18/19 (and
correspondingly a single pair of spermathecal pores, in 7/8) is seen in the Yucatan
acanthodrile Balanteodrilus and was so derived by Pickford (1937) and is also seen in
the New Zealand genus Sylvodrilus, in which the male pore remain on segment 18
(Lee, 1959). The most extreme balantin reduction is seen in Torresiella from Horn
Island, Torres Strait, in which the male pores and those of the single pair of prostates
are united on XIX (with spermathecal pores in 7/8) and, as a further profound
apomorphy, the nephridia are wholly meronephric (Dyne, 1997).
The megascolecin condition of the male pores (Fig. 0.23) is characteristic of the
subfamily Megascolecinae. Species with the acanthodrilin arrangement of male pores,
in the former Dichogastrini, have been removed to the Acanthodilinae in the present
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work. In the megascolecin condition, the male pores are united with the pores of a
single pair of prostates on XVIII or, in a presumably more plesiomorphic condition
seen only in the New Caledonian genus Eudiplotrema, are near but not fused with the
prostate pores (Jamieson and Bennett, 1979). Michaelsen (1928) remained equivocal
as to whether the megascolecin condition was acquired by migration of the remaining
anterior or posterior pair of prostates of a former acanthodrilin condition onto XVIII.
However, the possibility exists that the prostates of the megascolecin arrangement are
plesiomorphically and intrinsically of that segment and, though not necessitated by
this proposition, that they are persistent from a longer segmental series of prostates,
possibly from a sexprostatic condition, with a pair of prostates in each of XVII, XVIII
and XIX. The latter condition, though exceedingly rare, is known in the ocnerodrile,
Diaphorodrilus doriae Cognetti (1910a), the acanthodrile Pickfordia magnisetosa
Omodeo (1958) and supposedly in the inadequately described Dichogaster damonis
Beddard (1889b), from Fiji, the type species of Dichogaster, and has been reported in
other Fijian and also in Caribbean Dichogasters (James, pers. com.; Jamieson et al.,
molecular study).
Early limitation of knowledge of oligochaete anatomy to the Lumbricidae resulted
in acceptance of the distinctive mode of copulation in lumbricids as the norm for
earthworms. In lumbricids the male pores are apposed in copulation to the clitellum
and the exuded spermatozoa move in seminal grooves to the anteriorly located
spermathecae of the partner. In the vast majority of oligochaetes, however, the male
pores are apposed directly to the spermathecal pores of the partner and are often
located on permanent or transient protrusions, forming distinct porophores, which are
inserted into the spermathecal pores. This form of copulation is illustrated
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Fig. 0.24. Previous page. Diagram of copulation in a
megascolecine (Spenceriella). The worms lie with their
anterior regions in contact, facing in opposite directions.
The male pores deposit sperm in spermathecal
diverticula of the partner. The partners separate. Eggs
pass out of the female genital pore(s) into a cocoon
which is secreted by the clitellum. The worm wriggles
backward out of the cocoon which effectively moves
forward and receives spermatozoa from the
spermathecae. Eggs are fertilized and the cocoon is shed
off the anterior end of the body. Slightly modified from
Jamieson (1994b) by permission of McGraw-Hill.
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diagrammatically in Fig.0.24, for the Australian genus Spenceriella. Penetration may
be aided by insertion of penial setae into the spermathecal orifices. This mode of
insemination, with or without penial setae, is normal for the Megascolecidae.
In the Megascolecidae, more than any other oligochaete group, so-called accessory
genital markings, are well developed. These usually have the form of paired and/or
single pit-shaped or protuberant, segmental and/or intersegmental glandular
modifications of the epidermis which may be circular, elliptical or ridge-like or have
other forms. They rarely form elongate structures over two or more segments
somewhat resembling the tubercula pubertatis of lumbricids. Their function is
imperfectly understood but it is likely that they have a role in species recognition and
that they may have a "key in the lock" function in copulation, not by mutual insertion,
but by precise apposition to structures on the partner. An example in an Australian
megascolecine is illustrated in Fig. 0.25. Their prevalence in every other Australian
genus makes their absence in the Wet Tropics genus Terrisswalkerius all the more
remarkable. Presumably they were lost in an ancestor of this genus. The configuration
of accessory genital markings has great taxonomic value for species identification.
Genital markings, of a peculiar plicate type, have redeveloped in some species of
Fletcherodrilus.
Female pores
In the Oligochaeta the external openings of the oviducts, the female pores, are always
located in the segment behind the corresponding ovaries. Predominantly, there is only
one pair of female pores as there is only one pair of ovaries in most microdriles (the
Monotesticulata) and in all but three species of the Metagynophora (Alluroididae
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Fig. 0. 25. An example of a megascolecine
genital field. Spenceriella penolaensis.
After Jamieson (1974b).

Spenceriella penolaensis - Holotype
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through Megascolecidae). There are one or two pairs in the Lumbriculata
(Lumbriculidae). Female pores are usually inconspicuous and this is so in the
Megascolecidae. The location of the female pores relative to the setal lines has some
value in taxonomy of Australian megascolecids. Fusion as a single pore is almost
invariable in pheretimoids (Pheretima-group) and is seen in some species of other
genera, including Propheretima. The relatively basal status, in the Pheretima-group,
of the only indigenous Australian genus of this group, Begemius, is endorsed by
pairing of the female pore in B. queenslandicus.
Spermathecal pores
Spermathecal pores in earthworms are generally inconspicuous, with the notable
exception of the Eudrilidae in which they form large orifices.
The segmental location of spermathecal pores and their position relative to setal
lines is much used for specific identification in megascolecids. In Australian
megascolecids they are usually intersegmental though in Didymogaster they are
segmental in location; the usual maximum is five pairs, or, in Fletcherodrilus, five
midventral pores (see also Spermathecae, below) but Geofdyneia rubens has multiple
spermathecae with pores in six intersegments.
Body wall
The body wall of oligochaetes consists of an integument, consisting of cuticle and
epidermis, overlying musculature which typically consists of an outer a circular and
inner longitudinal muscle layer, and a peritoneal epithelium, the whole enclosing the
coelom.
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Fig. 0.26. Diagrammatic vertical section through the
oligochaete cuticle. From Jamieson (1988b).
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The epidermis is a monolayered epithelium (pseudostratified where basal cells are
present) and contains supportive, secretory and sensory cells, though, rarely, nonsensory ciliary cells are present. Cilia are present on the posterior gills of the naids
Dero and Aulophorus and on the ventral prostomium of Aeolosoma; the latter genus
was excluded from the Oligochaeta by Brinkhurst and Jamieson (1971). The
epidermal cells are interconnected by zonulae adhaerentes, maculae adhaerentes and
septate junctions; the epithelium is overlain by a collagenous cuticle and is underlain
by a fibrous, collagenous basal lamina.
The cuticle is permeable to respiratory gases but protects the epidermis from
abrasion. It is also permeable to certain non-gaseous molecules. The cuticle (Fig.
0.26) contains unstriated collagen fibrils arranged in layers, those of adjacent layers
usually being approximately at right angles to each other and at about 45° to the
longitudinal axis of the worm; the fibrils lie in a finely fibrillar matrix which, outside
the fibres, forms an epicuticle; microvilli of the epidermal cells penetrate the cuticle;
epicuticular projections (ECPs) are present in all investigated species (references in
Jamieson, 1981c, 1988b, 1992). For details of the cuticle, particularly of its
ultrastructure, and variations in its organization, see Jamieson (1992).
The body wall musculature of oligochaetes is arranged in two concentric coats, a
thin outer coat consisting of fibres with their long axes concentric to the long axis of
the worm, forming the circular muscle, and a thicker inner coat of longitudinal fibres.
The ultrastructure of epidermal cells and of the underlying musculature in
oligochaetes, though virtually unknown for the Megascolecidae, is reviewed by
Jamieson (1981c, 1992).
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Fig. 0.27. Previous page. Diagrammatic representation of some
variation in the internal anatomy of a megascolecine earthworm,
showing some of the variation of structures which may occur (Jamieson, 2000).
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Fig. 0.14. Anatomy of a meronephric Australian megascolecine,
Digaster bradburyi bradburyi. Most megascolecines have a single
gizzard not the two gizzards seen here. Anterior tufted and, throughout

Fig. 0.28. Previous page. Anatomy of a meronephric Australian
megascolecine, Digaster bradburyi bradburyi. Most megascolecines have a single
gizzard not the two gizzards seen here. Anterior tufted and, throughout
much of the body, astomate exonephric micromeronephridia are shown.
Caudally (not shown) a median preseptal funnel is present on each side
per segment in the notoscolecin (previously termed dichogastrin)
arrangement of nephridia which occurs in this genus. After Jamieson
(1970b).
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INTERNAL ANATOMY AND FUNCTION
To facilitate an understanding of the internal anatomy of the Megascolecinae and the
chief types of variation therein, a generalized dorsal dissection of a megascolecine is
given in Fig. 0.27. Much anatomical detail relevant to the taxonomic accounts is
illustrated for Digaster bradburyi in Fig. 0.28.
COELOM
The coelom in oligochaetes is predominantly large and transversely septate. In most if
not all oligochaetes, septa of a few anterior segments are lost. In many terrestrial
oligochaetes the coelom in each segment, after a varying number of anterior
segments, communicates with the exterior by a single, rarely (the lumbricid
Diporodrilus) paired, dorsal pore.
COELOMOCYTES AND HAEMOCYTES
For a discussion of the confused terminology applied to coelomic cells, and the
ultrastructure of the various cell types, in the Oligochaeta see Jamieson (1981c, 1992;
Jamieson et al., 1981). Description of these is beyond the scope of the present
work and the reader is referred to the following studies in the Megascolecidae, though
two types are illustrated in Fig. 0.29, 0.30. Ultrastructural studies of megascolecid
coelomocytes have been confined to a description of the luminescent cell (putative
eleocyte) of Diplocardia longa (Rudie and Wampler, 1978), a study of haemocytes,
with special reference to those of blood follicles, in Amynthas (Friedman and Weiss,
1979, 1982) and a description of the coelomocytes and their bioluminescence in
Pontodrilus litoralis (=bermudensis) (Jamieson, 1981c; Jamieson et al., 1981;
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Fig. 0.29. An example of a megascolecine coelomocyte.
A macrophagous lymphocytoid, with ingested mucocyte,
of Pontodrilus litoralis (= bermudensis). After Jamieson
et al. (1981).
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Fig. 0.30. A further example of a megascolecine
coelomocyte. A mucocyte of Pontodrilus litoralis (=
bermudensis). These cells are responsible for luminescence
of this species. (Jamieson, 2000).
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Wampler and Jamieson, 1980, 1986); for a bibliography of bioluminescence in
oligochaetes, see Jamieson and Wampler (1979); more recent works
include Ismail et al. (1985); Santhanam and Haram (1992); and Zalesskaya et al.
(1990).
LOCOMOTION
Locomotion in oligochaetes is by peristaltic contraction of body wall muscles against
a fluid-filled deformable hydrostatic skeleton, the coelom. The requirement in
peristaltic burrowing for localized control of turgor has been met by division of the
coelom by transverse septa (see Clark, 1964) which allows segments in one part of
the body to be thickened, with high coelomic pressure owing to contraction of the
longitudinal muscle of the body wall while other segments become slender and
elongated by contraction of the circular muscle. The two sets of muscles, longitudinal
and circular, in any one segment are in the alternative states of contraction and
relaxation. In forward locomotion, the circular muscle at the anterior end is
contracted, and setae retracted, so that the anterior end of the body is effectively
'squirted' or squeezed forward. A wave of contraction of circular muscle passes
posteriorly along the body and is followed by a wave of contraction of longitudinal
muscle. The latter contraction causes the body to widen and shorten and, because the
setae are protracted on contraction of longitudinal muscle, thus anchoring the
segments concerned, the region of the body posterior to the longitudinal muscle
contraction is drawn forward. As the wave of contraction of the longitudinal muscle reaches
the posterior end, now further forward relative to the substrate than previously, the
setae are there protracted, anchoring the posterior end in preparation for further
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Fig. 0.31. Diagram to show peristaltic locomotion in an earthworm (Lumbricus). The wavy lines pass
through equidistant points and show the extent of movement at one second intervals as given by figures.
From Grove and Newell (1950). Animal Biology. after Gray.

Movement

10
5
Coelomic
Pressure
(cm.H20)
20

15

10

Recording
segments

12
38

I

II

III

IV

V VI

Fig. 0.32. Simultaneous records of pressure from
segments 12 (upper record) and 38 (lower record) of
Lumbricus crawling over damp earth. Positions of the
worm are shown below. The worm advanced 2-3 cm
between positions I and VI. This movement probably
occupied about 5s. From Seymour (1969).

Coelomic pressure

25

squeezing forward of the more anterior segments. This mode of progression has been
analyzed and illustrated by Gray (1968) (Fig. 0.31) and Seymour (1969) (Fig. 0.32). Pressures in
the coelom of Lumbricus during locomotion are small, and are greatest in each
segment when it is slender but even in continuous regions of similar thickness,
it varies, for instance, from 0.5 kN m-2 to 2.5 kN m-2 (Seymour, 1969). It is stated
that since the septa are thin they cannot maintain much pressure difference between
successive segments although substantial pressure differences build up along a series
of segments. This statement ignores the sometimes very great thickness of some
anterior septa, in the region most concerned with active entry into the substrate,
especially in the larger Australian earthworms.
Weakly pigmented or unpigmented earthworms which do not normally emerge
above ground may show weak peristaltic or writhing movements when removed from
the soil. However, earthworms whose strong pigmentation indicates that they
normally forage above ground show more vigorous movements and some move by
rapid serpentine lateral undulations and, if overturned or handled, exhibit vigorous
lashing movements which may secure their escape. Fletcherodrilus sigillatus of
eastern Australian Wet Tropics rainforests 'jumps' out of the hand in this way.
FEEDING AND DIGESTIVE SYSTEM
An alimentary canal is primitively present in the Oligochaeta, though absent from
some species of the marine tubificid Phallodrilus and related genera (see, for instance,
Richards et al., 1982; Giere et al., 1991). The alimentary canal of megadrile
oligochaetes is typically differentiated into a buccal cavity, pharynx, oesophagus,
intestine and rectum. Modifications or appurtenances of these regions frequently
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occur and are of use in taxonomy. As examples, the buccal cavity and pharynx may
receive the ducts of "enteronephric" nephridia, often termed peptonephridia. The
oesophagus frequently has one or more muscular thickenings, the gizzards, and often
bears diverticula which may be differentiated as calciferous glands. The oesophageal
(megascolecids) or intestinal gizzard (lumbricids) may be preceded by a less muscular
enlargement, the crop. The intestine may show muscular thickenings, in one or more
of its initial segments, which may be differentiated, as in the Australian
megascolecines, Hickmaniella and Retrovescus, in each segment as a gizzard. It also
may have anteriorly directed diverticula near it anterior limit, though, it
appears, only in the pheretimoids, and it is frequently internally infolded as one or
more typhlosoles.
Buccal cavity and pharynx. The oligochaete buccal cavity is usually eversible and
occupies the first two segments. A conspicuous distinction from polychaetes is the
fact that the dorsal wall of the pharynx in oligochaetes is strongly thickened owing to
glandular and muscular tissue, whereas in polychaetes (see Purschke, 1988) the
pharynx is generally either a symmetrical axial structure or has a ventral buccal organ
or diverticulum.
Oesophagus. The megadrile oesophagus consists of a relatively straight tube
traversing several segments, with or without appended calciferous glands and other
diverticula. As noted above, thickening of the musculature to form one or more
gizzards may be present. Oesophageal diverticula are well developed in many Megascolecidae.
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Calciferous glands
Oesophageal diverticula are usually termed calciferous glands particularly where well
demarcated from the oesophagus irrespective of whether a calciferous function has
been demonstrated. In the present volume calciferous function is deduced almost
solely from morphology. Of the many species, and types of glands, which might be
illustrated, Fig. 0.33 shows the calciferous glands of Heteroporodrilus, Plutellus and
Spenceriella species. The vascularization of the glands is shown and it is seen that in
Heteroporodrilus and Plutellus the glands are supplied by branches from the supraoesophageal vessel and that blood passes from the glands to paired or single
suboesophageal vessels. Calciferous glands are present in at least some members of
most families of the Terrimegadrili. They do not occur, however, in the
Hormogastridae and Kynotidae. The function of calciferous glands is reviewed
by Jamieson (1981c, 1992).
In the Australian Megascolecidae, calciferous glands are present in many genera
and species but may be present or absent in very closely related species, as in the
genus Spenceriella. In this genus the calciferous function is endorsed by
effervescence in acid alcohol (pers. obs.). The acanthodriline genus Kayarmacia lacks
calciferous glands but some Diplotrema species and the recently discovered
Rhododrilus glandifera possess them. In R. glandifera a pair of large, white, nacreous
elongate sacs which curve upwards from the ventrolateral aspect of the oesophagus,
which they invest, in each of segments 10 to 15. Each, seen in a cleared preparation,
has numerous longitudinal striations interpreted as septa (Jamieson, 1995).
In the Australian holonephric Megascolecinae (former Perionychini), well defined
extramural calciferous glands are chiefly limited to the closely knit Plutellus-
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Paraplutellus-Geofdyneia-Heteroporodrilus assemblage of central eastern Australia
and Lord Howe Island. Three to five pairs of sessile ventrolateral calciferous glands,
the last in segment XIII, occur in Heteroporodrilus (Fig. 0.33A). In Paraplutellus
there is one pair of sessile extramural calciferous glands in XIII only while in
Plutellus there are four pairs of long-stalked reniform calciferous glands, in X to XIII
(Fig. 0.33E,F). Outside this assemblage, Hiatidrilus bunya, H. angus and H. bongeeni,
have two pairs of true extramural, pyriform or subspherical calciferous glands in XI
and XII, whereas extramaural glands are absent in H. semicinctus and H. zacharyi.
In the very large genus Diporochaeta, calciferous glands are usually absent but the
New Zealand type-species, D. intermedia, has paired sessile glands in X and XI; in
other species the oesophagus commonly has internal rugae, these often best developed
in XIV and XV. In the Tasmanian D. (Vesiculodrilus) glandifera internal lamellae
line an annular unpaired axial calciferous gland in XV; D. (Vesiculodrilus) ellisi has
sessile paired dorsolateral calciferous glands in XIV and XV; D. (Vesiculodrilus)
gippslandica has scarcely extramural calciferous glands in these segments. The
geographic replacement of Diporochaeta, in Queensland, Fletcherodrilus,
has putative calciferous glands which are lateral, sessile pouches in XIII and XIV or
XIII, XIV and XV, with internal laminae but are not constricted off from the
oesophagus. In the mainly western Australian Diporochaeta-like genus Graliophilus,
calciferous glands are absent or weakly developed sessile or unpaired, annular
structures, in the posterior region of the oesophagus but in Graliophilus strelitzi there
is a pair of very large lateral reniform calciferous glands narrowly connected with the
oesophagus, though not stalked, in this region, in XVII. In G. weldboroughi, of
uncertain generic position, although calciferous glands are absent, the oesophagus is
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greatly dilated in XIII-XV in which vascularization is increased and internal
longitudinal rugae, though low, are conspicuous The monotypic Kangaridrilus, on
Kangaroo Island, and Pinguidrilus, in Tasmania lack calciferous glands. In the south
eastern Australian Simsia unpaired annular, or paired sessile, (calciferous?) dilatations
of the oesophagus occur in XV and XVI or also in XIV and XVII. In the genus
Terrisswalkerius, restricted to the wet tropics of Queensland, extramural calciferous
glands are not developed but the oesophagus is vascularized and often internally
rugose in some of VIII to XVI.
Development of calciferous glands in the heterogeneous eastern Australian and
Tasmanian genus Cryptodrilus is seen only in the questionably placed C. maestus and
C. pilus. In Araucaridrilus bunyanensis, in a monotypic genus, from the Bunya
Mountains of Queensland, the oesophagus has paired lateral dilatations in VIII to
XIV, those in X to XIV forming true extramural calciferous glands with internal
lamellae; but only those of XII and XIII are constricted off from the oesophagus,
being best developed in XIII where they are reniform. Trinephrius fastigatus, in a
monotypic genus from New South Wales, has dilatations considered true calciferous
glands in XV and XVI.
In the Notoscolex-group of genera (former megascolecin Dichogastrini), the large
central eastern Australian genus Digaster has the oesophagus vascularized and
internally folded and often dilated, in a few to most segments occupied, but
extramural calciferous glands are absent; though D. biracemea is said (Blakemore,
1997a) to have oesophageal dilatations, of unspecified form, in IX-XII, appearing
calciferous in XI (at least).
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In the giant Gippsland earthworm, Megascolides australis calciferous glands are absent
but the oesophagus has vascular dilatations in XII-XVIII. In Notoscolex, N.
camdenensis, the generic type, has three pairs of kidney-shaped dorsolateral
calciferous glands, in XIV, XV and XVI. In Notoscolex montiskosciuskoi the
oesophagus in each of IX to XIII bears laterally a pair of semicircular, sessile
calciferous glands; the lumen of each gland traversed by very numerous densely
packed delicate lamellae which occupy all but the central third of the lumen; the
lumen continuous with that of the oesophagus via a circular constricted but fairly
large orifice. Calciferous glands are less developed, as large outpouchings in XII and
XIII, in N. pygmaeus, or an unpaired ovoid putative gland in XV in N. singularis, but
in N. cameroni, hulmei, leios, obscurus, and sinuosus extramural glands are absent. In
other Australian genera of the Notoscolex-group calciferous glands are absent, at least
as extramural structures, as in the western Australian genera Austrohoplochaetella
and Pseudonotoscolex, and in the eastern Australian genera Didymogaster(Fig. 0.34),
Eastoniella (on Lord Howe Island), Hickmaniella (in Tasmania), Pericryptodrilus,
Perissogaster and Pseudocryptodrilus.
Turning to other Australian Megascolecinae, referable to the former Megascolecini
(having complex meronephridia), in the mainly New South Wales genus Anisochaeta,
A. attenuata has six pairs of ovoid calciferous glands with slender stalks to the
dorsolateral aspect of the oesophagus, in VIII to XIII, though vestigial in VIII. The
same number is present in the type-species, A. coxii, and in A. retrocystis (here
transferred from Oreoscolex), in which, however, they are less clearly demarcated
though kidney-shaped and with distinct internal apertures. A. mudgeanus (here
transferred from Notoscolex) has four pairs of stalked kidney-shaped calciferous
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glands in X to XIII. In A. enormis extramural glands are absent but the
oesophagus is intrasegmentally widened in VIII-XIII, in each of which it has a
circumferential blood vessel from the supra-oesophageal vessel.
In the indigenous pheretimoid genus Begemius, paired dorsal pouches are often
present in segment X, and, although smaller, occasionally in XI to XIII.
The south eastern Australian genus Oreoscolex is variable with regard to
calciferous glands. They are absent, although the oesophagus may be segmentally
dilated, in Oreoscolex grandis, O. illawarrae, O. imparicystis, O. irregularis, O. leai,
O. longus, O. peculiaris, O. sexthecatus, and O. wellingtonensis but there is a pair of
reniform glands with very short but narrow stalks in each of XV and XVI in O.
bidiverticulatus, and dorsal outpouchings in X to XIII in O. campestris ; a pair of
reniform calciferous glands in each of segments VIII, IX to XIII, the glands
dorsolateral on the oesophagus with which they communicate by very short but
narrow stalks in O. (now Anisochaeta) saccarius; three pairs of large reniform calciferous glands
sessile dorsolaterally on the oesophagus, but well pinched off, in XIII, XIV and XV, each
with many radial laminae crossing the entire lumen of the gland in O. simulans. In the
Queensland genus Propheretima, P. eungella has three pairs of well defined
subspheroidal calciferous glands in segments X to XII, each sessile but well
constricted off from the oesophagus, the lumen of each gland with many radial
vascularized laminae almost meeting centrally. Glands are absent in P. fuscus and P.
heterochaetus. In the large south eastern genus Spenceriella, calciferous glands (more
or less discrete, extramural, outpouchings of the oesophagus) are two to four pairs, in
the vicinity of segments X to XIII, or are absent. Calciferous glands are absent in the
predominantly South Australian genus Gemascolex and in the Victorian Trichaeta.
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There is usually an oesophageal gizzard, in one of segments V to VIII, in the
Megascolecidae, though this may be absent. The location in VIII is seen only in
Pleionogaster (Philippines and Moluccas) and in pheretimoids, including the
Australian genus Begemius and in Eastoniella. The Tasmanian Hickmaniella and
Retrovescus and the Oriental Pleionogaster are exceptional in the family in having
intestinal gizzards, these occurring in addition to an oesophageal gizzard. Two
oesophageal gizzards are present in some megascolecid genera, notably the large
circumtropical genus Dichogaster which has allochthonous but not indigenous species
in Australia, and in the endemic Australian genera Digaster (in segments V and VI, or
VI and VII) and Didymogaster (in VI and VII). Three oesophageal gizzards are
present, in V to VII, in the monotypic New South Wales genus Perissogaster and
exceptionally in Digaster. Restriction of multiplication of gizzards in Australian
endemics to genera in New South Wales (Didymogaster and Perissogaster) or New
South Wales and southern Queensland (Digaster) is possibly an indication of
relationship rather than of edaphic or other environmental conditions limited to these
regions.
Extremes for origin of the intestine in metagynophorans are segment 9 in
Sparganophilus and segment 38 in Glyphidrilocrius. In Australian megascolecids
origin varies from segment 15 to the vicinity of 20. A dorsal typhlosole is absent from
Sparganophilus, Biwadrilus and Kynotus but is present in the Glossoscolecidae,
Microchaetidae, Hormogastridae, all Almidae, the Lumbricidae and some
Megascolecidae.
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CIRCULATORY SYSTEM

All blood vessels of oligochaetes conform with the (RC) model proposed by Ruppert
and Carle (1983) of blood vessels as specializations of the extracellular matrix, with
overlying cell layers, which have replaced the blastocoel and constitute a circulatory
system developed in response to segmentation (septation of the coelom).
Dorsal, ventral, dorso-ventral commissural vessels and an intestinal plexus or sinus
are constant features of megadriles and can be ascribed to the ground plan for the
Oligochaeta. The blood in the ventral vessel flows anteriorly and posteriorly from the
specialized and restricted commissurals, termed hearts.
In crassiclitellate megadriles, pulsatile hearts are always present in some preintestinal segments. The hearts are often, unnecessarily, termed "pseudo-hearts" in
elementary text books. They share with the vertebrate heart presence of the recently
discovered atrial natriuretic peptide hormonal system (Vesely and Giordano, 1992).
The Megascolecidae, both Acanthodrilinae and Megascolecinae, always show the
derived condition of location of the last hearts in one or two segments behind the last
testis-segment (segment XI or its homeotic equivalent).There may be one or two posttesticular pairs. In the Australian acanthodriline genus Diplotrema, the dorsal vessel is
single or, less commonly, bifurcated intrasegmentally in anterior segments and is
continuous onto the pharynx; the last hearts are in XIII or, exceptionally segment XII,
those in X posteriorly are laterooesophageal, each with connectives from the dorsal
and supraoesophageal vessel; dorsoventral commissural vessels commence in VI to
VIII; the supraoesophageal vessel is limited to the oesophagus; and a subneural vessel
is absent (Dyne, 1984; Jamieson and Dyne, 1976).
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The vascular system of the Megascolecinae closely resembles that described above
for acanthodriles but a subneural vessel may be present. The system is well
exemplified by the genus Heteroporodrilus, plesiomorphic in being holonephric, in
which a subneural is absent. In H. oxleyensis (syn., H. ashworthi) (Fig. 18.34) the
dorsal blood vessel bifurcates under the brain to join the terminal branches of the
ventral vessel. Large laterooesophageal hearts are present in segments X to XIII, those
in X arising from the dorsal vessel and from a circumoesophageal vessel on each side;
each of those in XI to XIII arise from the dorsal vessel and from a circumoesophageal
vessel from the corresponding calciferous gland (Fig. 0.33D). Commissurals in VI to
IX are slender but, like the hearts, valvular, each differing from the hearts in
branching before joining the ventral vessel; each gives off a ventral and a lateral
branch to the body wall (the lateral vessel running transversely on the parietes to the
dorsum), and also a branch to a fat-body-like appendage; valves are situated
immediately dorsal to the branches and, at least in IX, large valves occur shortly
below the dorsal fourth of each commissural. The commissurals of IX, but not those
of anterior segments, apparently possess connectives to an almost inappreciable
supraoesophageal vessel which is better developed in X to XIII; in XI to XIII this
arises from the transverse vessels (one on each side of each segment) from the
calciferous glands. In XIII the connective from the dorsal vessel to the heart is very
slender and distinct from the heart which has a larger, direct, connection to the
calciferous vessel. In X, the supraoesophageal connective is more slender than that to
the dorsal vessel. An anterior supraoesophageal passes anteriorly over the brain in
front of which is connects with the ends of a pair of suboesophageal vessels.
Posteriorly this suprapharyngeal bifurcates as a pair of large vessels which encircle
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the posterior end of the pharynx and join the suboesophageal vessels. The
suboesophageal vessel runs midventrally in front of the calciferous glands,
commencing anteriorly in XIII, and bifurcates in IX. In H. tryoni, (Fig. 0.33A) the
suboesophageal vessel is paired and though persisting anteriad these vessels are
continuous in IX with a laterooesophageal vessel which has been observed on one
side only. Each suboesophageal supplies two or more vessels in each segment to the
calciferous gland of its side, the posterior vessel on each side in each segment being
continuous beyond the calciferous gland onto the adjacent septum. The dorsal vessel
in XIV receives a pair of vessels from the oesophagus and, in XV posteriorly, two
pairs of vessels in each segment (Jamieson, 1970a).
In the Notoscolex-group of genera, a taxonomic description of the giant earthworm
Digaster longmani gives some details of the vascular system (Jamieson, 1963). The
dorsal vessel is continuous onto the pharynx. It gives off a dorsoventral commissural
vessel on each side in each of segments IV to XII but not in XIII and more posterior
segments. In VI a slender vessel runs forward from the lateral wall of the oesophagus
to join the base of the commissural vessel on each side near the junction of the latter
vessel with the ventral vessel. In VII a median vessel arising from a plexus on the
floor of the oesophagus is present in addition to the lateral vessels and joins the
commissural vessel at the same point. Three longitudinal supraoesophageal vessels
are present on the dorsal surface of the gut in VIII to XIII; the median of these is a
continuous vessel, running through the entire length of its segment, while the vessel
on each side arises from the median vessel posteriorly in the segment and runs the
length of the segment but appears to end at the anterior septum. From each of the
paired supraoesophageal vessels there arises an intramural perioesophageal vessel
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and, nearer the base of the former, a vessel which connects with a ventrolaterooesophageal vessel which runs on each side of the gut through segments IV (where it
disappears on the posterior face of the pharynx) to X. In X the branch from each of
the paired supraoesophageals to the ventrolatero-oesophageal vessel appears to
constitute the origin of the latter vessel which is not represented further posteriorly. In
XII and XIII, in the absence of these vessels, the branches from the paired
supraoesophageals which supply them in the more anterior segments send
conspicuous branches to the posterior septa. The supraoesophageals have connections
with the dorsoventral commissurals (laterooesophageal hearts) in XI and XII. Here
each commissural has two roots, one from the dorsal vessel and the other from the
paired supraoesophageal vessel. In V and VI, at least, the ventrolatero-oesophageals
receive vessels from the gut wall. In XIV posteriorly, in each segment, the dorsal
vessel receives ventrally two pairs of vessels from the gut.
In the same group of genera, Didymogaster sylvaticus (Fig. 0.34) exemplifies
origin of the hearts of X to XIII, from the dorsal and supraoesophageal vessels, while
connection of the hearts of X with the supraoesophageal vessel is tenuous. A paired
suboesophgeal vessel is present in this species (Fig. 0.35).
Within the genera previously placed in the Megascolecini, the vascular system of
few species has received adequate attention. In Spenceriella imparicystis, last hearts
are in segment XII; those in X to XII are laterooesophageal, each originating from a
transverse vessel (calciferous vessel) which bounds, and ramifies over the
corresponding calciferous gland, and receiving at its junction with this vessel a
slender connective from the dorsal blood vessel; a continuous supraoesophageal
vessel was not demonstrable; the two calciferous vessels on each side in a segment
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join in the midline below the dorsal vessel, at the dorsal extremities of the glands,
high above the oesophagus. Commissurals in VII to IX are well developed but are
dorsoventral only and, unlike the latero-oesophageal hearts, give ventral branches to
the body wall. A laterooesophageal vessel present on each side median to the hearts,
is thickest in front of the calciferous glands to each of which is contributes a branch; it
becomes suboesophageal and subpharyngeal in front of the gizzard (Jamieson,
1974b).
The Pheretima-group, again well represented in Australia by allochthonous species,
but also by the indigenous Begemius, have unpaired dorsal, ventral and
supraoesophageal vessels, a complete subneural vessel adherent to the body wall, and
paired laterooesophageal vessels (median to the hearts) that are on the gut through
segments X to XIII but then separate to continue as the subneural; laterooesophageal
hearts are present in some of X to XIII and dorsoventral commissurals as far forward
as VI (Gates, 1972). A major difference from Heteroporodrilus is the presence of the
subneural vessel; this is, however, present in some holonephric Megascolecinae. In
Pheretima hupeiensis, a pair of commissurals in IX supposedly runs only from the
supraoesophageal ("supraintestinal") vessel to the laterooesophageal (Grant, 1955).
RESPIRATION
In oligochaetes, exchange of respiratory gases occurs through the body wall. Gill are
rarely present, being seen in the naids Branchiodrilus hortensis, and Dero, the
tubificid Branchiura and, in the Almidae, in two Alma species.
With few exceptions (for instance, some enchytraeids) oligochaetes have a
respiratory pigment. This is a haemoglobin which post-haemopoietically is always
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extracellular and vascular. Oligochaete haemoglobin (often, unnecessarily termed
erythrocruorine), closely resembles that of many polychaetes. Its molecular structure
and properties in oligochaetes are described by Ellerton et al. (1987); Fushitani and
Riggs, 1988, 1991; Ownby et al., 1993; Suzuki et al., 1993; Vinogradov, 1985;
Vinogradov and Kolodziej, 1988; Vinogradov et al., 1991; see also reviews by
Jamieson (1981c, 1988b, 1992). The large size of the oligochaete haemoglobin
molecule is correlated with its presence in the blood plasma, from which a smaller
molecule might be excreted via nephrostomes, and not in red cells.
As might be hypothesized for a very large earthworm, with a lower body surface:
body weight ratio than smaller worms, the blood of the Gippsland giant, Megascolides
australis, has distinctive characteristics. These characteristics appear to be related to
the large body size and inefficiencies in the surface gas exchange and the internal
distribution of O2. CO2 exerted a specific, facilitating effect on O2 binding by M.
australis erythrocruorine at high pH, in contrast to vertebrate Hb where CO2 binding
decreases O2 affinity. Erythrocruorine-O2 affinity was increased and decreased the O2
association affinity constants of the oxygenated form of the erythrocruorine without
significantly affecting those of the deoxygenated molecules (Weber and Baldwin,
1985).
EXCRETION
Protonephridia are absent in adult Oligochaeta. The nephridia open from the
coelom by funnel-like nephrostomes and are termed metanephridia. Metanephridia
occurring as a single pair in each segment, the plesiomorphic condition, are termed
holonephridia. Alternatively ontogenetic subdivision of the nephridial rudiments may
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produce more than one pair of nephridia, then known as meronephridia, in each
segment. Either type of nephridium may be "open" (stomate), if nephrostomes persist,
or "closed" (astomate) if the nephrostomes are secondarily closed. Holo- or meronephridia may open to the exterior, the exonephric condition, or into the alimentary
canal, the enteronephric condition. Meronephridia may be conspicuously enlarged
relative to others as megameronephridia or not enlarged, constituting
micromeronephridia. Of the conceivable permutations of nephridial types, only
closed, enteronephric holonephridia are unknown (Bahl, 1947). Earthworms with
meronephridia almost always have more than one type. Lastly, there are tufted
nephridia. Bahl recognized two (in fact three) distinct types of tufted nephridia:
(1) those which are holonephridia but are incompletely branched into a number of
meronephridium-like lobes and retain a single duct with or without a single funnel;
(2) those in which the terminal canals of completely separate meronephridia run
together in a sheaf (termed composite ducts in the present work) and
(3) as (2) but with the terminal duct secondarily (?) uniting to form a single duct.
The two basic designs of nephridia, protonephridia and metanephridia, are
functionally adaptive to specific body plans that occur in the Metazoa (Ruppert and
Smith, 1988; Smith and Ruppert, 1988) and both types occur during development in
oligochaetes. For references to his unsurpassed series of papers on oligochaete
nephridia see Bahl (1947). In the Ruppert and Smith (1988) (RS) model a
protonephridium is an excretory organ in which cilia-mediated filtration occurs on the
nephridial wall; a metanephridium is an excretory organ where muscle-mediated
filtration occurs on blood vessels or their analogues. This model predicts that animals,
such as adult oligochaetes, possessing a blood vascular system (BVS) or its analogues

B.G.M. Jamieson 1/10/00

40

should possess metanephridia, whereas animals lacking a BVS, or its analogues,
should possess protonephridia. Animals may lack a BVS if they are very small or very
flat, as in larvae, meiofauna or platyhelminthes, because simple diffusion should be
sufficient to allow for internal transport (for discussion see Ruppert and Carle, 1983;
Ruppert and Smith, 1988). Even annelids as small as the aphanoneuran Aeolosoma
may possess podocytes (there around blood spaces of the alimentary canal) and
metanephridia (Bunke, 1994).
Most oligochaete embryos develop a pair of "provisional" protonephridia on either
side of the anterior end during gastrulation, each consisting of a solenocyte and
supposedly intracellular ciliated duct to the exterior (Anderson, 1973). In terms of the
RS model, these protonephridia must be considered adaptive to small body size and
incipient vascular systems, to be replaced postembryonically by metanephridia during
growth and on development of the BVS.
The metanephridia of oligochaetes have undergone their own distinctive evolution
in comparison with those of other annelids (Jamieson, 1992). Most oligochaete
species retain a single pair of stomate metanephridia (holonephridia) in each typical
segment that are separate from the coelomoducts (gonoducts). A distinctive
oligochaete trend, though known only for a large section of the Megascolecidae and
the South African microchaetid Tritogenia, is the subdivision of the metanephridial
rudiments to give, for each rudiment, from two to many meronephridia. For
accounts of the great complexity of megascolecid meronephridia see (Bahl, 1947) and
Jamieson (1971a and above). Multiple nephrostomes (but not meronephry) were more recently
reported for tufted nephridia of the Brazilian glossoscolecid Pontoscolex pydanieli
(Righi, 1988).
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Of particular interest to the RS model of metanephridia linked to the presence of a
BVS with podocytes, is the presence in some higher megascolecids, notably the
"pheretimoids" (Pheretima sensu lato), which includes Metaphire allochthonous in
Australia and the native Begemius, of closed (astomate) meronephridia discharging to the exterior
through the body wall (integumentary meronephridia) and of both stomate and astomate
meronephridia opening into the gut (enteronephric meronephridia). Some of the types
of nephridia seen in the Megascolecidae are illustrated diagrammatically in Fig. 0.36.
These first are holonephridia, plesiomorphic in oligochaetes and in the
Megascolecidae. In a derived condition, seen in some Acanthodrilinae and in the
Notoscolex-group of Megascolecinae a meronephric condition has supervened in
which the median nephridial funnel (nephrostome) is retain on each side so that a
stomate nephridium lies median to astomate micromeronephridia. A Digaster-group
was formally named by Dyne (1984, unpublished) but formal subdivision of the
Megascolecinae sensu mihi is deferred in the present work, pending further, molecular
and morphological cladistic analyses. Although Digaster is the oldest genus in the
group, it would be preferable to name any group distinguished by this nephridial
condition after Notoscolex, to avoid suggestions that the digastric condition is
diagnostic of the group, to avoid confusion with the obsolete or restricted term
Dichogastrini and because the digastric condition appears to be a synapomorphy of
only part of the group. This nephridial condition may persist but with the development
of a connection between the median nephridium and the intestine (the enteronephric
condition), with or without longitudinal ureters (as in Megascolides australis and
Austrohoplochaetella), or multiple stomate meronephridia may be enteronephric, the
funnels being preseptal, as in Gemascolex, or intrasegmental (postseptal) as in
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Spenceriella. In Gemascolex, enteronephry been tentatively been related to aridity
(Edmonds and Jamieson, 1973; Jamieson, 1974b).
In pheretimoids, the stomate enteronephric meronephridia open into the intestine.
The astomate enteronephric meronephridia occur as paired tufts lying at the sides of
the oesophagus in segments four, five and six and open into the pharynx and buccal
cavity in the second and fourth segments (Bahl, 1919; Jamieson, 1988b, 1992).
Each nephridial tuft consists of hundreds of meronephridia units that unite to form
a long muscular duct opening into the buccal cavity. These originate embryologically
by splitting of the nephroblast rudiments to give separate meronephridia, which in
Metaphire (=Pheretima) posthuma, later reunite to form the tufted nephridium (details
in Bahl, 1919, 1922, 1947). A free portion, a thin straight tube considered to be
equivalent to the narrow tube that bears the nephridiostome in stomate septal
nephridia, is recognized. Nevertheless, all manifestations of a nephridiostome are
absent. The meronephridial ductules take a complex course within the stroma of the
tuft before progressively uniting with the ducts of other meronephridia to form the
main duct.
The distribution of various types of nephridia in an Australian species with the
notoscolecin arrangement, Digaster bradburyi, is illustrated semidiagrammatically in
Fig. 0.28, though the distinctive caudal arrangement is not shown.
The ectal nephridial ducts may be simple (avesiculate) or may discharge through
bladders (the vesiculate condition). Some variation in the form of nephridial bladders
in Australian megascolecines is illustrated in Fig. 0.37.
Nitrogenous excretion involves the excretion of ammonia, urea and possibly uric
acid, allantoin and doubtfully creatinine (Bahl, 1947; Ramsay, 1949a,b; see review by
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Laverack, 1963). The occurrence of ultrafiltration has been questioned because of the
low blood pressure but the RS model suggests ultrafiltration from the podocyte-lined
blood vessels into the coelom to give the primary urine before its filtration and
modification by the metanephridium.
THE COELOM
The coelom is a large fluid-filled space in the mesoderm and lined by peritoneum.
Over the intestine and some blood vessels the peritoneum is usually modified as the
chloragogen tissue. The coelom of each metamere develops by fusion of two
mesodermal cavities which differentiate anterior to the prepygidial growth zone
(Anderson, 1973). The mesoderm between adjacent metameres persists as the septa
which therefore from its inception subdivide the coelom as a whole. The unthickened
septa, at least, are perforated by sphinctered pores.
SENSE ORGANS AND NERVOUS SYSTEM

In oligochaetes (Jamieson, 1981c, 1992), as in polychaetes, the brain is united with
the segmentally ganglionated ventral nerve cord by a pair of commissures. The
annelidan brain is reasonably supposed to be the equivalent of the combined
protocerebrum and deutocerebrum of arthropods (Bullock and Horridge, 1965). In
earthworms, ganglia of the first two segments have become incorporated into the
circumpharyngeal commissures, and the ganglia of the subsequent two segments form
the subpharyngeal ganglion. Each segmental ganglion, posterior to these, has two to
four pairs of nerves. Whereas in leeches beadlike, sharply demarcated ganglia are
linked by long cell-free longitudinal connectives, in oligochaetes, as in some
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polychaetes, the segmental ganglia are ill-defined and virtually run into each other
and cells are scattered along the whole length of the nerve cord (Bullock and
Horridge, 1965). In leeches and branchiobdellidans the caudal ganglia are compound,
in correlation with the presence of a posterior sucker, but they remain simple in
oligochaetes.
SENSORY STRUCTURES

Photoreceptors
The phaosomal receptor is the only photoreceptor known for euclitellates, in contrast
with the remarkable diversity of photoreceptors seen in polychaetes (Eakin and
Hermans, 1988). This simple state is seen as plesiomorphic for annelids, and the
phaosomal receptor is considered a very plesiomorphic receptor in view of its
restriction to a single cell (Jamieson, 1988b, 1992).
The oligochaete phaosome is a seemingly intracellular vacuole into which the
photoreceptors project but which is, in fact, extracellular in that it is an invagination
of the cell membrane. Those described ultrastructurally do not have pigment shading
the receptive surface and, therefore, conform to the "naked" type termed extraocular
photoreceptors by Eakin and Hermans (1988). Pigment is, however, present in the
eyes of some naids. Their ultrastructure in lumbricids is reviewed by Jamieson
(1981c, 1992). They have not been described for megascolecids.
Other sensory cells
Various sensory structures have been described for oligochaetes but have yet to be
investigated in megascolecids. These include uniciliate sensory cells, penetrative
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multiciliate sensory cells, non-penetrative multiciliate sensory cells, statocysts,
sensory buds, the basal ciliated sensory cell (see (Jamieson, 1981c, 1992).
REPRODUCTION
Notable distinctions of the Euclitellata from most polychaetes are the restriction of the
gonads to a few segments and their hermaphroditism. The plesiomorphic arrangement
for oligochaetes is very tentatively considered to be two testicular followed by two
ovarian segments (Brinkhurst and Jamieson, 1971). Two pairs of testes (the holandric
condition), in segments X and XI, is the predominant condition in the megadriles
(Metagynophora), but reduction to a single pair in segment X (the proandric
condition) occurs inter alia in all known Alluroididae, some glossoscolecids, some
Microchaetus species and, allowing for segmental deletions, in the moniligastrids
Hastirogaster and Eupolygaster. The alternative, metandric condition, testes in XI
only, is widespread in the Metagynophora, including the moniligastrids Moniligaster
and Drawida, allowing for segmental deletions, and characterizes all known species
of two indigenous Australian megascolecid genera, Begemius and Trichaeta.
Development of spermatocytes through spermatids to spermatozoa usually occurs in
pouches of the septa delimiting the testis segments. These pouches, termed seminal
vesicles, are maximally, in earthworms, four pairs, on the anterior and posterior septa
of the testis segments. Sometimes there is a pair of "pseudovesicles" of unknown
function at septum 13/14, as in Megascolides australis. The number and form of the
seminal vesicles has some taxonomic value, chiefly at the specific level. An example
of the distribution of seminal vesicles and other genital organs is illustrated in Fig.
0.38 for Didymogaster sylvaticus; seminal vesicles are present in IX and XII and arise
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from testis-sacs in X and XI, respectively. The vermiform processes from the seminal
vesicles in Didymogaster have not been described for other genera.
Leaving aside aberrant members of the Lumbriculidae, the maximum number of
functional ovarian segments in oligochaetes is two, seen only in some haplotaxids and
three exceptional species of crassiclitellates among some 28 oligochaete families, the
remainder having a single ovarian segment (Jamieson, 1971a, 1992).
Primordial germ cells (protogonia) proliferate as spermatogonia or oogonia to form
testes and ovaries, respectively, which project into the segmental coelom and are
covered by a thin layer of peritoneal epithelium (Anderson, 1971).
The location and appearance of the male pores, the distribution of spermathecal
pores, and the mechanism of copulation, have been briefly discussed above. Here
something may be said of the morphology of prostate glands and other male
appurtenances and of spermathecae. For details of these structures, see Stephenson
(1930).
Prostate and other glands and bursae associated with the male ducts
True prostates, that is glands with an external duct and associated with the male
terminalia are typical of the Ocnerodrilidae and Megascolecidae. They have been
termed metaprostates (Jamieson, 1978c) to distinguish them from the euprostate,
which is a dilated ectal loop of the male duct, seen in the Eudrilidae.
The author recognizes three chief types of prostates in the Megascolecidae (Fig.
0.39, 0.40). These are tubular, tubuloracemose and racemose. Tubular prostates are slender
and elongate and have a single central lumen without side branches. They have their
most typical development in the Ocnerodrilidae, and in the Megascolecidae are
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Fig. 0.23. Prostate glands. Some variation in Australian Megascolecinae. A: Tubular
(Cryptodrilus tenuis). B: Tubular (Diporochaeta frenchi). C: Tubular (Plutellus manifestus).
D: Tubuloracemose (Graliophilus macedonensis). E: Racemose, bipartite with external
branching of the duct (Trinephrus tenuis). F: Racemose, unipartite, extending through
several segments (Anisochaeta mudgeanus). G. Racemose, deeply incised
(Heteroporodrilus shephardi); note that this racemose form, diagnostic of the
Megascolecidae sensu Gates, occurs in a genus closely related to Plutellus (in C) with
tubular prostates, diagnostic of the Acanthodrilidae sensu Gates. H: Racemose, unipartite,
in a single segment (Notoscolex camdenensis). I: Racemose bipartite, with internal
branching of duct (Digaster armifera). For details see species descriptions.

Fig. 0.39. Prostate glands. Some variation in Australian
Megascolecinae. A: Tubular (Cryptodrilus tenuis). B: Tubular
(Diporochaeta (Vesiculodrilus) frenchi). C: Tubular (Plutellus manifestus). D:
Tubuloracemose (Graliophilus macedonensis). E: Racemose, bipartite
with external branching of the duct (Trinephrus fastigatus). F: Racemose,
unipartite, extending through several segments (Anisochaeta
mudgeanus). G. Racemose, deeply incised (Heteroporodrilus
shephardi); note that this racemose form, diagnostic of the
Megascolecidae sensu Gates, occurs in a genus closely related to
Plutellus (in C) with tubular prostates, diagnostic of the
Acanthodrilidae sensu Gates. H: Racemose, unipartite, in a single
segment (Notoscolex camdenensis). I: Racemose bipartite, with
internal branching of duct (Digaster armifera). For details see species
descriptions.

Fig. 0.40. Racemose prostates of: A: Heteroporodrilus shephardi armatus.
Paratype 3. B-E: Gemascolex bursatus. Holotype. B: Dorsal. C: Ventral.
D-E: Prostates in situ, showing bursae, muscular ducts, and prostate
glands adherent to the intestine. F: Gemascolex lateralis. Specimen 3. G:
Gemascolex stirlingi. Specimen 1. H: Gemascolex walkeri. Holotype.
Scale 1 mm. From Jamieson (1974b).
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characteristic of the Acanthodrilinae, but, though well exemplified by many nonAustralian Megascolecinae are poorly represented in Australian megascolecines,
perhaps the clearest example being seen in Megascolides australis. They are also
seen, inter alia, in Cryptodrilus tenuis, Diporochaeta frenchi and Plutellus manifestus
(Fig. 0.39, A-C) but the latter two species exemplify a tendency in Australian species
for some thickening of the gland. In tubuloracemose prostate glands, there is again a
central lumen, but thickening of the gland, and often mammilation of the surface, is
such as to suggest that groups of cells discharge their secretions by ductules into the
central lumen. Many examples of tubuloracemose glands are seen in the taxonomic
section, and an example, albeit of relatively simple form, is shown for Graliophilus
macedonensis in Fig. 0.39D). The various species of Terrisswalkerius exemplify
transitions from tubular to tubuloracemose prostates. In the racemose prostate, the
external form is such as to suggest that duct branches immediately within the gland.
This is clearly the case where the gland is bipartite, as in Digaster armifera (Fig.
0.39I). An extreme case of the racemose form, unparalleled elsewhere, is seen in
Trinephrus fastigatus (Fig. 0.39E), in which the duct forms several branches external
to the gland (an independent approach to this condition, probably post-reproductively,
is seen in Spenceriella chani). A unipartite racemose gland is exemplified by
Notoscolex camdenensis (Fig. 0.39H), a deeply incised form by Heteroporodrilus
shephardi (Fig.39G, 0.40A), and a unipartite racemose gland, which may be an
extreme development of the tubuloracemose type, in Anisochaeta mudgeanus (Fig.
0.35F). Michaelsen (1916a) investigated the internal structure of prostate glands in
Queensland megascolecids and his findings are included in the taxonomic accounts.
Gates (1972) has classified families Megascolecidae and Acanthodrilidae according
to the types of prostate glands and nephridia, a classification which, though still
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widely followed in the Americas, cannot be substantiated and is refuted by molecular
studies (see that section). The belief that the racemose prostate is of mesodermal
origin and is unrelated to the tubular type is often asserted as an article of faith with
no embryological or developmental evidence. Irrespective of whether there are
mesodermal accretions in the racemose type, the existence of intermediates,
constituting the tubuloracemose type is incontrovertible. Furthermore,
Heteroporodrilus shephardi with the racemose condition diagnostic of the
Megascolecidae sensu Gates, is closely related to Plutellus with tubular prostates,
diagnostic of the Acanthodrilidae sensu Gates. The molecular evidence indicates
polyphyletic origin of the racemose form and does not support recognition of a family
Acanthodrilidae, defined by holonephridia and tubular prostates (see Molecular
Biology). Long ago, Beddard (1895) recognized the close taxonomic relationship of
the meronephric Octochaetus (Octochaetidae sensu Gates) and the holonephric
Acanthodrilus, uniting them in his Acanthodrilidae. Much support for this relationship
of holonephric and meronephric forms, though within a subfamily Acanthodrilinae, is
provided by Lee (1959, 1970) and the author (see below).
Spermathecae
Spermathecae are sacs which receive sperm from the partner during copulation and
store them for later expulsion into the cocoon and fertilization of the eggs. Each
spermatheca has a saclike ampulla and a duct. The duct may be so short that the
ampulla may be virtually sessile on the body wall, but is usually some significant
fraction of the length of the ampulla or longer.
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In most Megascolecidae and a few species of some other families there are one or
more diverticula connected with the duct or sometimes with the lower part of the
ampulla. In diverticulate megascolecid spermathecae the spermatozoa are stored in the
diverticulum with the sole reported exception of Megascolides australis (see Spencer,
1888; Van Praagh, 1995) in which both the ampulla and questionably the diverticula
are utilized. Megascolecid spermathecae are pretesticular. There is usually one pair,
occasionally a single midventral spermatheca, per thecal segment but some
pheretimoids have several spermathecae per segment. The latter, polythecal condition
is known in only one Australian species, Geofdyneia rubens.
The number, shape, and length relative to the ampulla of the spermathecal
diverticula are important characters in specific identification in the Megascolecidae or
even at the generic level as the genus Simsia in south eastern Australia typically has
rosette-like multiloculate diverticula. Although the form of the spermatheca may
allow specific distinction within a genus, the same or a similar form may,
nevertheless, occur in other genera. Some major variations in the form of
spermathecae in Australian megascolecids are illustrated in Fig. 0.41.
Spermatozoa
The Euclitellata possess only introsperm (terminology of Rouse and Jamieson, 1987),
i.e., sperm that are not introduced into the ambient water if the species is aquatic and
are usually (obligatorily in leeches) internally fertilizing. In oligochaetes the sperm
are introduced into spermathecae or, rarely, are deposited in spermatophores on the
integument. Fertilization occurs external to the integument in a cocoon secreted by the
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Fig. 0.41. Contrasted types of spermathecae in the Megascolecinae. A:
Unidiverticulate and uniloculate (Arthuridrilus burniensis). B: The
same, elongate (Terrisswalkerius nashi). C: Unidiverticulate with
terminal loculi (Gemascolex similis). D: Bidiverticulate, simple
(Anisochaeta enormis). E: Multiloculate (Digaster armifera). F: The
same (Anisochaeta (=Oreoscolex) saccarius). G: Bidiverticulate and multifurcate
(Heteroporodrilus tryoni). H: With two lumina and apically
multiloculate (Terrisswalkerius oculatus). For details see species
descriptions.
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clitellum (q.v.), or rarely (many Eudrilidae and possibly some Phreodrilidae)
fertilization is truly internal.
Oligochaete (and euclitellate) sperm have two striking autapomorphies (reviewed
by Jamieson, 1992, and in a comprehensive chapter by Ferraguti, 1999): 1) the
acrosome tube (reduced or possibly absent in Bathydrilus formosus, a phallodriline
tubificid, Ferraguti et al., 1989; occurring convergently in nematomorphs and
possibly as a homologue in vestimentiferan); and 2) interpolation of the midpiece
mitochondria between the nucleus and the head of the axoneme, a condition also seen,
with possible implications of relationship (Jamieson, 1986a, 1987), in the
Onychophora. Branchiobdellidans and leeches share these autapomorphies with
oligochaetes, together with a third apomorphy, two glycogen granules per doublet
cross-section (Jamieson, 1981c), but similarly distributed glycogen is seen,
convergently, in the polychaete Micromaldane (Rouse and Jamieson, 1987). A
prominent central sheath to the axoneme is a further oligochaete autapomorphy, but
this is lost in megadrile oligochaetes (Ferraguti, 1984a, 1999).
Oligochaete sperm are plesiomorphic relative to those of the other euclitellate
groups, each of which has its own spermatozoal autapomorphies. In leeches these
include an acrosomal extension anterior to the acrosome tube (Jamieson, 1981c;
Ferraguti, 1983, 1995, 1999), and in branchiobdellidans the presence of an
asymmetrical marginal fibre flanking the axoneme (Ferraguti, 1983) (see further
references in Ferraguti, 1984a, 1999).
The base or posterior rim of the acrosome vesicle is progressively withdrawn into
the acrosome tube with increasing modification or apomorphy of the various
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oligochaete and leech lineages (Jamieson, 1983c; Jamieson et al., 1987). It is little if
at all withdrawn in enchytraeids but extends almost as far as the distal (posterior) end
of the tube in higher earthworms such as hormogastrids, lumbricids and
megascolecids. The acrosome tube contains a well-developed acrosome rod, the
perforatorial role of which has been demonstrated at least in terms of protrusion in the
acrosome reaction (see Jamieson et al., 1983). In its plesiomorph condition, as in
enchytraeids and, with only slight apomorphy, Haplotaxis and Sparganophilus, the
axial rod is strongly protuberant from the anterior end of the acrosome tube, and its
posterior end extends well posterior to the acrosome vesicle. Eudrilid sperm, known
only from Eudrilus eugeniae, are unique in the investigated Euclitellata in having an
endonuclear canal which houses the acrosome rod.
A secondary tube (periaxial sheath) is present and presumably plesiomorphic in all
investigated oligochaetes. This is deduced in its plesiomorph state to have been long,
though possibly not as long as in extant enchytraeids and, particularly, tubificids. As
in these families, it fell well short of the posterior end of the axial rod. It has become
(apomorphically?) diminutive in the megadriles (Sparganophilus, Hormogaster,
lumbricids and megascolecids). Plesiomorphically, it appears, there is no connection
between the secondary tube and the axial rod, but "connectives" (a ring-like contact
with the rod) have been developed in the non-microdriles (Haplotaxis,
Sparganophilus, Hormogaster, and lumbricids) where they join the anterior end of the
secondary tube, whereas only in the megascolecids (Fig. 0.42, 0.43) do "connectives" join its
posterior end (apomorphy). Rudimentary connectives occur in lumbriculids. A
cylindrical secondary tube is deduced to be plesiomorphic as in all oligochaetes
studied, except Haplotaxis, in which it is posteriorly divergent, and in megascolecids

B.G.M. Jamieson 1/10/00

tip of acrosome

A

B
acrosome

capitulum
axial rod
(perforatorium)
acrosome vesicle
plasma membrane
acrosome tube

limen

nucleus

nucleus

mitochondrion

centriole
central tubule
dense collar

midpiece
glycogen

axonemal filaments
extremity of flagellum

flagellum

Fig. 0.42. A: Diagram of the fine structure of a generalized
megascolecid spermatozoon in longitudinal section. Transverse sections
of various regions are also shown. B: A spermatozoon of Fletcherodrilus
unicus, slightly diagrammatic. Only a short proximal region of the
flagellum is shown. After Jamieson (1978b).

coagulum (contents
of acrosome vesicle)
capitulum
acrosome vesicle
axial rod
(perforatorium)

inner membrane of
acrosome vesicle
coaxial cylinder
(contents of
acrosome vesicle)

outer membrane of
acrosome vesicle
plasma
membrane
sheath of node

basal
compartment
acrosome tube
secondary tube
limen

limen
nucleus

A

B

Fig. 0.43. Comparison and tentative homology of the
basal region including the axial rod (perforatorium) of
the acrosome of A: Lumbricus and B: a generalized
megascolecid. Components in both are approximately to
scale. After Jamieson (1978b).

52

(Fig. 0.42, 0.43), in which it is a node-like structure for which homology with the
secondary tube of other families is not entirely certain.
Immediately behind the acrosome tube the nuclear membrane is thickened as the
nuclear pad or plate. The highly condensed, very elongate form of the nucleus seen in
all oligochaetes is plesiomorphic for the euclitellates but is, again, an apomorphic
state for annelid sperm. A simple, cylindrical form of the nucleus, seen in most
oligochaete sperm, is deduced to be plesiomorphic, and a spiral condition (some
tubificids) or spiral flange (enchytraeids) are considered to be apomorphies. Only in
the internally fertilizing Eudrilus eugeniae is there known to be an endonuclear canal,
containing the perforatorium (Jamieson and Daddow, 1992).
Posterior to the nucleus, and approximately as wide as its base, are the
mitochondria of the midpiece. The mitochondria are cristate but are radially
adpressed; where several occur, they form a cartwheel configuration in cross-section.
The fact that in ontogeny of the spermatozoon the midpiece originates as two to eight
separate, rounded mitochondria and that little elongation occurs in tubificids suggests
that a short untorted midpiece is plesiomorphic (Jamieson, 1982), as supported
cladistically (Jamieson et al., 1987). There are seven mitochondria in the
spermatozoon of Branchiobdella and there is one in that of leeches. As four is the
most common number in "primitive" sperm this is somewhat arbitrarily assumed to be
the basic number for oligochaete sperm, with divergence to two in Tubifex (or
supposedly one in Limnodrilus hoffmeisteri) and a maximum of eight in
Sparganophilus (References in Jamieson, 1992).
Location of the basal body of the long flagellum behind the midpiece mitochondria,
referred to above, is a constant autapomorphy for the Euclitellata relative to other
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annelids but must be considered to have been present in the plesiomorph
euclitellate sperm. A 9 + 2 axoneme is plesiomorphic, but the oligochaete axoneme
differs from the classical condition in the addition of two supernumerary fibrils in a
plane at right angles to that of the two singlets to produce a tetragon configuration.
Further details on oligochaete sperm may be sought in the extensive literature
(Erséus and Ferraguti, 1995; Ferraguti and Jamieson, 1984, 1987; Ferraguti, 1984a,
1984b, 1999; Ferraguti et al., 1989; Jamieson, 1978b, 1980b, 1981b,c, 1982, 1983,
1984, 1986a,b, 1987, 1995; Jamieson et al., 1978, 1982, 1987, 1992; Jamieson and
Daddow, 1979, 1992; Erséus and Ferraguti, 1995; Bondi et al., 1993; Westheide et
al., 1991).
Ferraguti (1999) gives a review of megascolecid sperm which is paraphrased here.
There is a single paper devoted to the ultrastructure of megascolecid spermatozoa,
comparing six species (Jamieson, 1978b; data discussed also in Jamieson, 1981c,
1992): Fletcherodrilus unicus (Fig. 0.42, 0.43), Cryptodrilus sp., Digaster longmani,
Spenceriella sp., Amynthas (=Pheretima) sp., Amynthas corticis (=diffringens). There
are variations of the sizes of the different organelles in the various species examined,
but the general scheme is similar. The acrosome is 1.7 (Amynthas) to 2.6 µm
(Digaster) long, thus being much shorter than that of lumbricids. The acrosome
vesicle is completely withdrawn and deeply invaginated into the acrosome tube. The
acrosome rod lies within a long basal invagination of the vesicle. Only the basal
portion of the rod extends behind the invagination and is surrounded by a distinctive
node-like secondary tube very close to it and obliquely connected to the posterior rim
of the acrosome vesicle. There is a short basal chamber. The acrosome tube terminates
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with an obvious limen (shelf) surmounting a thin nuclear pad and the domed
extremity of the nucleus. The nucleus is straight and about 10 µm long. A midpiece
follows, with six parallel mitochondria, of variable length (0.5-1.4 µm). The tail has
tetragon fibres and glycogen granules.
EMBRYOLOGY AND DEVELOPMENT

The embryology of oligochaetes has been reviewed and reinterpreted by Anderson
(1971, 1973; reviewed by Jamieson, 1981c, 1992) (q.v). Little is known of megascolecid
embryology. Development of meronephridia is described by Bahl (1946).
5. Natural History.
The biology and ecology of earthworms have been extensively reviewed by Edwards
and Lofty (1977), Edwards and Bohlen (1996), Edwards (1998, and authors therein),
Lee (1985) and Stephenson (1930) and can be treated only briefly here. The reader is
referred to those works and their large bibliographies and selected and additional
citations will be given.
Life History
In laboratory conditions, the lumbricids Eisenia fetida, Lumbricus terrestris and
Aporrectodea longa have lived for 4.5, 6.0 and 10.25 years respectively but an
average longevity of less than two years has been estimated for ten common
lumbricid species in field conditions, though with a maximum of eight to nine years
for L. terrestris (Satchell, 19671). However, Baker et al. (1992) indicate that
in agricultural soils in southern Australia adults of the introduced lumbricid
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earthworms Aporrectodea trapezoides and Aporrectodea caliginosa, as opposed to
younger stages, do not survive the summer. The seasonal abundance of these species
was monitored in five pastures in the Mount Lofty Ranges, South Australia. Highest
numbers occurred from winter to early spring: densities of up to 407 and 446 m -2 were
recorded for A. trapezoides and A. caliginosa, respectively. Adults were restricted to
winter and spring, when breeding occurred. Subadults and juveniles survived summer.
Both species were abundant in the surface layers of the soil (0-10 cm depth) for
between three and seven months (autumn to spring), when soils were more moist.
During summer, most individuals were found at 20 cm below the surface where they
were inactive, coiled tightly within spherical chambers. The abundance of A.
trapezoides and A. caliginosa varied within and between pastures. Numbers were
lowest where the clay content of the soil was low. A dipteran parasite attacked a small
proportion of A. trapezoides at one site in spring (Baker et al., 1992)
In savannah habitats in the Ivory Coast (West Africa), it was estimated that the
maximum longevity ranged from 1.5 to 5 years for six species of megascolecids, in
the genera Dichogaster, Millsonia and Agastrodrilus, and 1.5 to 2 years for the
eudrilid Chuniodrilus zielae (Lavelle, 1978).
Juvenile mortality rates in earthworm populations are estimated to be high as
evidenced by a predominance of juveniles in mixed populations of lumbricids in
Holland over a period of six years and variation in the ratios in different months from
2 to 19 for Allolobophora rosea in South African pastures, though in A. caliginosa
monthly ratios, maximally 24, were sometimes as low as 0.6. Where reproduction is
seasonal fluctuations in the ratio are to be expected and may reverse. The most
comprehensive studies of the age structure of populations in non-lumbricid
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earthworms are those of Lavelle in which it was estimated that the mortality rate for
the acanthodrilin megascolecid Millsonia anomala in the Ivory Coast was 75 to 85 %
(references in Lee 1985).
In his study of life cycles of a mixed population of megascolecid and eudrilid
earthworms at the Ivory Coast (approximately 5° North) by Lavelle (1978), a clear
relationship was shown between rate of cocoon production, life expectancy at
hatching, duration of the growth period, rate of survival to adulthood, and maximum
longevity, and these factors could also be related to the depth in the soil at which a
given species lived and to individual size. All of the species sampled displayed a
cyclic pattern, with the rate of increase of individual weight highest during the two
wet seasons, and lowest, sometimes becoming negative, in the two dry seasons. This
parallels the cyclic pattern in Lumbricus terrestris which grows for about three years,
with short seasonal pauses in summer and winter. The smallest Ivory Coast species
live closest to the soil surface, have the lowest life expectancy and survival rate to
adulthood and the least duration of growth, whereas the largest species live deepest in the
soil and are at the opposite end of the scale in the other attributes (see discussion by
Lee, 1985).
Lee (1985) draws attention to life cycles in Oriental megascolecids, including
Amynthas and Perionyx, both genera represented by anthropochorous species in
Australia. In the cosmopolitan Amynthas hupueiensis, in Japanese pastures, hatching
begins in April and reaches its peak in May (spring) worms are active in the surface
soil through summer and into autumn, to October, and hibernate through winter
(Watanabe, 1975). Amynthas sieboldi, which is restricted to upland forested areas in
southern Japan, appears to have a generation time of two years (Sugi and Tanaka,
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1978). Hatching occurs in early summer and the immature worms live in the litter
layer on forested slopes through the summer into autumn until later November. They
then migrate and concentrate in valley soils where they hibernate. In rainy weather in
late April they return to the slopes, where they mature in late spring and early
summer, deposit their cocoon in the litter, and die by late summer (August). The
cocoons remain in the litter and hatch in the following spring (April). Observations
for Perionyx excavatus, which is widespread in Australia (Blakemore, 1999), are
limited to studies on worms in compost heaps in India and show the effects of
different nutritional regimes on the period required from hatching for production of
cocoons, 90 to 150 days on sheep dung, 150 to 210 days on cow dung, and 162 to 195
days on horse dung (Kale et al., 1982). Soil temperature and moisture directly
affected rates of cocoon production, incubation times and hatching rates in the Indian
megascolecids Lampito mauritii (a circummundane species found in Australia; Gates,
1972) and Octochaetona surensis, as was true for two moniligastrids (Dash and
Senapti, 1980, 1982; references in Lee, 1985).
There is a pressing need for life cycle studies on Australian Megascolecidae.
ECOLOGY
The ecology of earthworms has been comprehensively covered in the excellent
review by Lee (1985), with general biology by Edwards and Bohlen (1996) and by
several authors in a recent and valuable survey edited by Edwards (1998). Much
information on the ecology of earthworms in Australia (including exotics),
particularly in relation to agriculture and their effects on soil fertility, can be found in
the works of Baker and colleagues (Baker, 1995, 1996a, b, c, 1998, Baker, Barret et

B.G.M. Jamieson 1/10/00

58

al., 1993, 1995, 1996, Baker, Carter and Obst, 1997; Baker, Carter and Woods, 1995;
Baker, Williams et al., 1997; Buckerfield and Webster, 1996; Buckerfield
and Wiseman, 1996, 1997; Buckerfield et al., 1997). Only a few
observations can be made here.
Rainfall and distribution
There is strong evidence that rainfall is the major factor limiting distribution of
earthworms in Australia, as in other continents. In a careful compilation of nearly
2000 available records, Abbott (1994) mapped the geographical distribution of the
native earthworm fauna of Australia. All but 30 locality records occurred
where the annual rainfall averaged or exceeded 400 mm and at least 16 of these
exceptions were moisture-gaining sites (moist caves, waterholes, farm dams, banks of
large rivers, edge of granite domes). In contrast, the introduced lumbricids such as
Aporrectodea caliginosa are rarely found below approximately 600 mm annual
rainfall (Baker, Thumlert et al., 1997). Earthworm distribution in Australia was not
found to correlate with any single climatic variable or geological unit, namely
altitude, soil type, soil nutrient status, vegetation type, mean daily temperature,
climatic seasonality of the water regime, or even summer or winter seasonal rainfall
[as opposed to annual rainfall] (Abbott, 1994). The distribution of Diplotrema is
largely congruent with the Moist Northern Zone of Australia (see Zoogeography,
below). In another continent with arid regions, Pickford (1937) set the limit for
earthworm distribution in South Africa nearer 500 mm in the south west and above
600 mm in the eastern part which has a more seasonal rainfall. Baker (1996a) mapped
the occurrence of Gemascolex octothecatus at 163 sites near Mortlake in Victoria. It
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occurred between isohyets 500 and 700 but was not found at coastal sites varying
from 500 to 900 mm per annum. In South Australia, Gemascolex lateralis is reported
from open forest in the vicinity of Bridgewater in the Mount Lofty Ranges, where the
average annual rainfall is 1050 mm per annum. Whereas Abbott (1985) found that
earthworms were active in the south-western Australian jarrah forests in winter and
spring, when soil moisture was highest, activity of G. lateralis peaked in summer at
the Engelbrook Reserve, South Australia, in December (Summer) when weather was
at its hottest and driest. Average rainfall was 1050 mm per annum but less than 10
mm in December (Baker, 1996b).
Feeding activity of earthworms is known to depend on moist soil conditions. For
instance, in the mediterranean climate of south-west Western Australia, the upper
levels of the soil, where most nutrients occur, are too dry from December to April for
earthworm activity (Abbott, 1994). In regions within the 400 mm isohyet which are
subject to seasonal or fluctuating aridity, adaptations which combat the effect of
aridity are to be expected. Thus earthworms may go into diapause, either at depths
where desiccation is minimal or in surface layers of the soil if they are capable of
sustaining some desiccation of the body, or they may have morphological and
physiological adaptations, notably the development of enteronephry whereby the
nephridia discharge into the intestine where, presumably, water resorption occurs
(Jamieson, 1974b). In Great Britain, the lumbricids Lumbricus terrestris and
Allolobophora chlorotica can lose 70% and 75% respectively of their body weight
and survive (Roots, 1956); a comparable study is not available for Australian
earthworms. Intestinal enteronephry is exemplified in the largely South Australian
genus Gemascolex and in the sympatric Spenceriella penolaensis (see Jamieson,
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1974b). Dyne (1984) has noted the absence of the holonephric genus Diporochaeta
(and, therefore, of Terrisswalkerius recently separated taxonomically from that
genus), from the monsoonal gallery forests in the tip-of-peninsula systems of Cape
York, whereas meronephric genera [with or without enteronephry], including
Begemius, have apparently developed the necessary physiological adaptations to cope
with the extreme wet/dry seasonality experienced by the region. Notwithstanding its
presumed adaptive value in xeric habitats, intestinal enteronephry is not confined to
species in areas of low rainfall or high temperatures, being seen also in members of
the genus Cryptodrilus in Tasmania (Jamieson, 1974a). Buccopharyngeal, as distinct
from intestinal, enteronephry is widespread in Australian earthworms and its function
may be salivary rather than osmoregulatory, in view of the large numbers of enzymes
produced by these nephridia (references in Jamieson, 1992).
Population size
Very little information exists as to the numbers of individuals and biomass of native
species per unit area in Australian soils, though there have been numerous surveys for
earthworms in other countries (see Lee, 1985; Edwards and Bohlen, 1999; Edwards,
1998). A biomass of 14.6 g m-2 has been estimated for a complex notophyll vine
forest in south-eastern Queensland (Dyne, 1991) and 14.3 to 28.0 g m-2 for rainforests
in the Kimberley region of north-western Australia (McKenzie and Dyne, 1991).
These values are comparable with values recorded for tropical forests in Mexico (10.7
g m-2) and Nigeria (10. 2 g m-2) but greater than the value in a Sarawak study (0.3-1.0
g m-2) but all of these estimates are considerably less than those routinely recorded
from temperate forests in the northern hemisphere (up to 84.0 g m-2) (references in
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Dyne, 1991). However, numbers in pastures, as distinct from natural areas, may be
high in Australia. Thus Blakemore (1997) recorded numbers and biomass,
respectively, of 1029 m -2 and 31.1 g [m]-2 in irrigated pasture at CSIRO Narayen. The
largest species of earthworm known in Western Australia, Austrohoplochaetella (=
Megascolex) imparicystis, had a density in pastures of 5.0-5.5 m-2 and a biomass of
41-67 g m-2 or 400-700 kg ha-1 (Abbott et al., 1985). Baker (1998) has summed up the
position for agricultural soils in southern Australia: the earthworm fauna of
agricultural soils in southern Australia is similar to that of several countries with
temperate or Mediterranean climates. The fauna is dominated by introduced
Lumbricidae from Europe, in particular Aporrectodea caliginosa, A trapezoides and
A. rosea. Population numbers and species richness are usually low (mean density for
permanent pastures = 141 worms m-2, mean species richness per pasture = 2.9). The
geographic distributions of the most common species are patchy (Baker, 1996a,
1998). Earthworm abundance is correlated with a number of climatic and edaphic
variables, most notably rainfall and soil nitrogen and carbon. The common species are
active in the top 10 cm of soil for four to seven months of the year (winter-spring)
when the soil water suction potential is less than approximately 150 kPa. Deep
burrowing (anecic) species are rare (Baker, 1998)
Lavelle (1983) reported a linear relationship between mean annual rainfall and
earthworm biomass in West Africa; biomass decreased from 600 kg/ha (60 g m-2)
with a mean annual rainfall of 2 000 mm to 100 kg/ha in areas receiving 900 mm per
year. Kimberley rainforest soils showed a similar relationship between rainfall and
biomass; those that receive between 1 000 and 800 mm of rainfall per year had an
average earthworm biomass of 136 kg/ha. The mean density of worms, where present,
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varied from 15.0 to 175 m-2 for native worms (ten Diplotrema species) or 245 m-2
(for a mixed population of a further Diplotrema species and the introduced
Pontoscolex corethrurus, with a mean for all sites of 46.7 m-2 (McKenzie and Dyne,
1991). These figures are low compared with pastures in Australia (chiefly introduced
lumbricids) which have yielded estimates of 260 to 640 individuals m-2 or 15 to 152 g
m-2 (Barley, 1959), estimates which are near the top of the range for northern
hemisphere pastures and woodlands (see Table 5 in Edwards and Lofty, 1977). They
are, however, comparable with pasture populations of the native Australian
Austrohoplochaetella imparicystis (above).
The abundance of the introduced earthworms, Aporrectodea rosea, A. trapezoides,
Microscolex dubius and M. phosphoreus was monitored monthly in the top 30 cm of
soil at three farms used for cereal and lucerne production in farms in South Australia
with approximately 500 mm annual rainfall. Total earthworm densities of up to 303
m-2 were recorded, with the Aporrectodea spp. far more abundant than the
Microscolex spp. Highest numbers were found in winter and early spring, when the
soils were wettest and the majority of worms were present in the top 10 cm of soil.
During the drier months of the year, most worms were found below 10 cm depth.
Adults with mature clitella were restricted to winter and spring. Juveniles and adults
(with regressed clitella) of Aporrectodea spp. survived summer (Baker et al., 1993).
In southern Australia pastures, native species such as Gemascolex walkeri can
occasionally constitute a substantial or even major proportion of the total earthworm
population. Its density reached 108 m-2 as compared with 32 and 96 m-2 for the
introduced lumbricids Aporrectodea rosea and Octolasion cyaneum, respectively
(Baker et al., 1993). In Western Australia of 615 individual earthworm specimens
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collected from an old pasture, 99.7% were the introduced lumbricid Aporrectodea
trapezoides. The abundance of A. trapezoides increased from 58 m-2 at the time of the
opening rains to 170 m -2 (88.6 g live weight m -2) after 10.5 weeks. Near the end of the
wet season (in October) the density was 37 m-2 (Mccredie et al., 1992).
It should be borne in mind that distribution of earthworms in a given area is not
uniform but is generally patchy. For instance, lumbricid earthworms in a pasture at
Balhannah, South Australia showed higher density where the soil was artificially
enriched by manure (Hughes et al., 1994), as has been seen for the Narayan example
above. Westernacher and Graff (1987) have related the distribution of lumbricids to
cover provided by plants and secondarily to avoidance of noxious plant exudates.
Perhaps the highest density recorded for earthworms in the field is 2,500 m-2 in
Himachal Pradesh, India, mostly of Allolobophora caliginosa (=A. turgida) (reference
in Gates, 1972). This exceeds the >1000 individuals (with a biomass of 200 g m-2)
suggested as the upper limit for earthworm populations by Curry (1998) for
earthworms in general.
Diet
Earthworms may be divided into detrivores which feed at or near the soil surface,
mainly on plant litter or dead roots, and geophages, which feed deeper below the
surface and obtain their nourishment from organic matter in ingested soil. The
alternative epithets, phytophagous and geophagous roughly accord with these two
classes. Intermediates between the two methods of feeding clearly exist.
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An alternative nomenclature was proposed by Bouché (1972, 1977) who classified
earthworms as epigeic (in the litter), endogeic (in the soil) and anecic (both habitats).
Additional categories (endo-anecic, epi-endogeic, etc) have since been proposed.
Rarely oligochaetes are carnivorous. The European Haplotaxis intermedia is
parasitic in ammocoete larvae of Petromyzon planeri and the North American H.
ichthyophagus eats salmon eggs. Agastrodrilus dominicae, a megascolecid
earthworm in West Africa is predatory on other earthworms (for instance the eudrilid
Stuhlmannia porifera), as probably are two congeneric species. In the Enchytraeidae,
Fredericia parasitica ingests mucus and, apparently, coelomocytes from the surface
of Allolobophora robusta, and the highly modified, sucker-bearing Aspidodrilus
kelsalli on another earthworm probably takes similar food although the gut also
contains 'mud' and vegetable matter. The naidid Chaetogaster, found throughout the
world in the mantle cavity of snails, has a truly parasitic species in the liver.
It has long been known that Chaetogaster limnaei limnaei in the mantle
cavity reduces numbers of trematode cercariae (see Fernandez et al., 1991). An Indian
naidid, Haemonais, inhabits the mantle cavity of Vivipara bengalensis.
Parasites
Earthworms are involved as transport hosts or essential hosts in the transmission of a
large number of parasites of animals and plants. They have been indicted in the
transmission of the virus causing foot and mouth disease; the fungus dwarf bunt,
Tilletia controversa; the plant parasitic nematode Heterodera rostochienis; and three
species of Syngamus (gape worms) and a further tracheal nematode Cyathostoma
bronchialis of chickens and other birds. Earthworms also disseminate pathological
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fungi of plants (Toyota and Kimura, 1994); and Exophiala jeanselmei, an
opportunistic human pathogen phaeohyphomycosis, has been isolated (Vakili, 1993)
from a naturally infected late embryonic stage of the lumbricid Octolasian tyrtaeum,
and from the cocoon albumen of Eisenia fetida. Earthworms are essential intermediate
hosts for the tapeworms Dilepus undula of birds and rodents, Amoebotaenia cuneatus,
A. lumbrici, and Paricterotaenia paradoxa in chickens and/or other birds; and three
species of Metastrongylus, swine lung worms. Other nematodes which earthworms
transmit are Hystrichis tricolor of the swine stomach; Capillaria annulata, C.
causinflata, in chickens; C. plica, C. putorii, C. mucronata, and Thominx aerophilus
in small predators; Porrocaecum crassum and P. ensicaudatum in birds; Dioctophyma
sp. in mammalian kidneys; Spiroptera turdi, in the bird stomach; and Stephanurus sp.
in swine kidney (references in Edwards and Lofty, 1977, Edwards and Bohlen, 1996).
In Australia they are among the many paratenic hosts of the ascaridoid nematode.
Toxocara, the visceral larva migrans of which may seriously affect the central nervous
system and eyes of humans (Sprent, 1956, 1958). The earthworms involved
included species of the Lumbricidae, Megascolecidae, Ocnerodrilidae and, for
Hystrichis, Criodrilus lacuum. Other examples are given by Lee (1985) and Poinar
and Hess (1977) list some 150 associations in a total of ten nematode families with
eight families of earthworms. The spermathecal ampullae of the Australian endemics
Digaster bradburyi and D. anomala are packed with nematodes (Jamieson, 1970).
Yeates et al. (1998) have reported the drilonematoid Plesioungella kathleenae from
the Australian endemic Fletcherodrilus unicus.
Caryophyllaeid cestodes use tubificid microdriles as the intermediate or final host
(Courtney and Christensen, 1987, 1988, 1991; Scholz, 1991, 1993). Comprehensive
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bibliographies of parasites are given for individual earthworm species, including
allochthonous Australian species, in Gates (1972). Some works on parasitic
nematodes associated with oligochaetes published in the last decade are Spiridonova
et al. (1989); Ivanova and Fam (1989); Mcneill and Anderson (1990); Meyer (1990);
Gachava (1990); Spiridonov (1992); Spalding (1993); Saitoh et al. (1993); Russom et
al. (1993); Turcekova et al. (1993); Shapiro et al. (1995); Syamyunava and
Anisimava (1993); Morand et al. (1996); Mizgajska (1997); Fagbemi et al. (1996);
Spiridonov and Ivanova (1998); Yeates et al. (1998); Kraglund et al. (1998).
Mutualism
Symbiotic relationships of the microdriles Chaetogaster, in freshwater snails and
Aspidodrilus on earthworms have been mentioned above. It is possible that
Chaetogaster confers benefit on the snail host by engulfing trematode larvae and
thereby reducing infestation of the snail. Some phreodrilids live in the branchial
cavity or on the rostrum of crayfish, for instance Astacopsidrilus jamiesoni in the
Lamington National Park in S.E. Queensland (Pinder and Brinkhurst, 1994), but it is
not known whether they benefit the crustacean. Haereodrilus reichelti is a
Diporochaeta-like species which lives on the surface of the giant megascolecin
Digaster grandis in South East Queensland (see taxonomic section).
Behaviour
Little of behaviour in earthworms can be touched on here and the reader is referred to
Edwards and Lofty (1977), Edwards and Bohlen (1996), Gates (1972) and
Stephenson (1930) and their extensive bibliographies.
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One of the best known behavioural attributes of earthworms is their reputed ability to
learn which fork of a T-maze will yield an adverse stimulus (Yerkes, 1912). However,
it has been suggested that the worms react to alarm pheromones of the worm
previously exposed to that stimulus rather than having learned to discriminate
between the two pathways (Rosenkoetter and Boice, 1973).
The alarm pheromone of Lumbricus terrestris has been isolated and partly
characterized. Electric stimulation of the earthworms causes secretion of a yellow
mucus. Although it elicited alarm response from conspecifics (unfortunately response
of other earthworm species was not tested) it did not elicit these responses from
polychaetes. It is thermostable and has a mass greater than 139 Da but less than 1
kDa. It fluoresces under ultra-violet light, with an optimal excitation wavelength of
420 nm and emission wavelength of 465 nm (Jiang et al., 1989). It is interesting that
these wavelengths are close to those of body luminescence in other oligochaetes (see, for
instance, Wampler and Jamieson, 1986).
There is indirect evidence of use of pheromones in mating. Thus it is speculated
that the specific patterns of granules in large granular orthochromatic mucous cells of
the lumbricid epidermis may represent different mating pheromones as indicated by
the fact that three facultatively or obligatorily parthenogenetic species (Dendrobaena
subrubicunda, D. veneta hibernica, D. veneta zebra and Bimastos muldali) show
reduced or no patterns (Richards, 1974).
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6. Phylogeny and Classification of the Oligochaeta
Monophyly versus paraphyly of the Oligochaeta
It was considered not inconceivable (Jamieson et al., 1987; Jamieson, 1988a;
Brinkhurst and Gelder, 1989), that leeches and/or branchiobdellidans form one or
more clades within the Oligochaeta. Specifically, leeches and branchiobdellidans
might belong to the lumbriculid clade as long ago proposed by Michaelsen (1928) and
more recently by Brinkhurst and Nemec (1986) and Brinkhurst and Gelder (1989).
Thus the Oligochaeta may be a paraphyletic clade, monophyletic only if it contains
the leeches and, probably, branchiobdellidans. Possible paraphyly of the Oligochaeta,
in the absence of a recognized synapomorphy for the taxon, so that they are merely
the non-leech, non-branchiobdellidan clitellates has also been recognized more
recently by Purschke, et al. (1993). They consider Acanthobdella to be the sistertaxon of the Euhirudinea. The alternative hypothesis that leeches (with or without
branchiobdellidans) are the sister-taxon of a monophyletic Oligochaeta remains to be
conclusively refuted, however.
Evidence from molecular studies is now resolving some of these issues but is
equivocal in major aspects. Thus, from 18S rRNA sequence analysis, the monophyly
of Clitellata, Hirudinida and Oligochaeta has been said to be confirmed but doubt is
cast on the monophyly of the Polychaeta (Winnepenninckx et al., 1998). However,
Siddall and Burreson (1998) in investigating the phylogeny of leeches and
branchiobdellids from mitochondrial cytochrome c oxidase subunit 1 sequences show
that these two groups, with the leech-like fish parasite Acanthobdella, form a
monophylum within the Oligochaeta close to the Lumbriculidae, as foreshadowed on
morphological grounds by Michaelsen (1928, 1932) and Brinkhurst and Nemec
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(1986). They illustrate this monophylum as the sister-taxon of the oligochaete families
Lumbriculidae + Tubificidae.
At the familial level, analyses based upon the D3 domain of the nuclear 23S rRNA
gene and part of the mitochondrial COI gene indicate that the family Naididae is a
subordinate group within the family Tubificidae and most closely related to the
subfamily Rhyacodrilinae (Christensen and Theisen, 1998).
Morphological phylogeny and classification of the Oligochaeta sensu stricto.
Much of the higher classification of the Oligochaeta adopted here is based on a
cladistic study by Jamieson (1988a), under the principle of parsimony, using the
PAUP program of Swofford (1984). The analysis did not include branchiobdellidans
and leeches. Sixty eight quantitative and qualitative characters derived from all
somatic and genital systems of 50 oligochaete species were employed. A single most
parsimonious tree was obtained and gave the classification shown in Fig. 0.44. The
phylogram, and the groupings recognized were be regarded only as an hypothesis of
the evolution of the taxa included. Suggestions for some modifications of the
classification will be given in subsequent pages. Many details of the classification are
beyond the scope of the present work but it is presented in order to give perspective to
the position of the Megascolecidae within the Oligochaeta and to groups within the
family. No great significance is here attached to rank names above the familial level
but they at least serve to show the relative levels in the phylogenetic hierarchy.
Detailed definitions of oligochaete families are given by Jamieson (1978c, 1980).
Although the 1988 classification is more complex than that advanced, without
recourse to parsimony cladistics by Brinkhurst and Jamieson (1971), it confirms the

B.G.M. Jamieson 1/10/00

Fig. 0.44. Morphocladistic phylogeny of the Oligochaeta. Slightly
modified from Jamieson (1988a) to include the Naididae. The position of
the Eudrilidae notably differs from that shown in a preliminary molecular
analysis.
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orders Lumbriculida and Moniligastrida, but restricts the Haplotaxida and recognizes
the order Opisthopora for the remainder of the Haplotaxida (including all the
"earthworms") of the earlier work.
All oligochaetes with multilayered clitella form a monophyletic clade, the
Crassiclitellata (confirmed in the molecular analysis). This is the sister-group of the
Alluroidoidea, the whole forming a clade, the order Opisthopora which with the order
Moniligastrida comprised the superorder Metagynophora. The crassiclitellates
contained, in the cladistic analysis, two sister-clades which has independent
ecological support. One of these, named the Aquamegadrili, contained the aquatic
megadrile families Sparganophilidae, Biwadrilidae, Almidae (with Criodrilus), and
Lutodrilidae, with, questionably, the Kynotidae. The other, named the Terrimegadrili,
contained the predominantly terrestrial families Ocnerodrilidae, Eudrilidae,
Microchaetidae, Hormogastridae, Glossoscolecidae, Lumbricidae and Megascolecidae
(Jamieson, 1988a).
Highly heuristic in the cladistic analysis was the basal position of the Eudrilidae
and especially the Ocnerodrilidae relative to the other terrimegadrile families, whereas
these two families are usually considered close to the Megascolecidae. We will see
that molecular data do not support this distant position for ocnerodrilids but reunite
them with the Megascolecidae. The single eudrilid included in the molecular analysis
associates with the Glossoscolecidae and is not confirmed as a sister taxon of the
Ocnerodrilidae + Megascolecidae but this finding requires confirmation from larger
samples.
In the 1988 analysis, the Haplotaxidae and Tiguassu, confirming suspected
paraphyly of the Haplotaxidae, were successively basal to the Metagynophora, the
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combined clade being the Diplotesticulata which questionably contained the
Lumbriculidae, the latter forming the subclass Lumbriculata. The microdrile families
Tubificidae (and Naididae) and the Phreodrilidae, and the Enchytraeidae formed a
convincing monophyletic clade, termed the Tubificata, the sister-taxon of the
Lumbriculid-Diplotesticulata clade, Whether the little known Randiellidae deserve a
position, as the subclass Randiellata, basal to all other oligochaetes still requires
investigation.
Further discussion of this hypothetical phylogeny of the Oligochaeta and definition
of its taxa, will be incorporated in the taxonomic treatment of the group below (See
Classification).
i

Indigenous Australian families

$

Classification modified relative to 1988 tree
Group confirmed from the rDNA analysis
Ex
Introduced (exotic) families found in Australia
Name only = extralimital (exotic) families not known from Australia
DNA

Subphylum Euclitellata
Class Oligochaeta (Octogonadia)
Subclass Randiellata?
Randiellidae (Possibly to be grouped with Enchytraeidaei
and
Capilloventridaei in the Enchytraeina)
Subclass Tubificata
Order Tubificida
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Superfamily Tubificina
Tubificidaei (including Naididaei) DNA
Phreodrilidaei
Superfamily Enchytraeina
Enchytraeidaei
Capilloventridaei
Subclass Lumbriculata
Order Lumbriculida
Lumbriculidaei?
Dorydrilidae
Opistocystidae
Subclass Diplotesticulata
Superorder Haplotaxidea (paraphyletic?)
Order Haplotaxida s. strict.
Haplotaxidaei
Tiguassuidae
Superorder Metagynophora
Order Moniligastrida
Moniligastridae Ex
Order Opisthopora
Suborder Alluroidina
Superfamily Alluroidoidea
Alluroididae
Suborder Crassiclitellata DNA
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Cohort Aquamegadrili
Superfamily Sparganophiloidea
Sparganophilidae
Superfamily Biwadriloidea
Biwadrilidae
Superfamily Almoidea
Almidae (including Criodrilus in morphological analysis)
Lutodrilidae
Criodrilidae (in DNA analysis)
Cohort Terrimegadrili
Superfamily Eudriloidea
Eudrilidae Ex
Superfamily Lumbricoidea
Kynotidae?
Komarekionidae
Ailoscolecidae
Microchaetidae
Hormogastridae
Glossoscolecidae Ex
Lumbricidae Ex
Superfamily Megascolecoidea DNA
Ocnerodrilidae $ Ex
Megascolecidaei and Ex: Acanthodrilinae and
Megascolecinae DNA
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Molecular Phylogeny
Jamieson and colleagues (unpublished) have made a molecular analysis of
relationships of some megascolecids and have included representatives of other
families in the study. Analysis of 28s rDNA, complemented by 12s and 16s
mitochondrial rDNA, of megascolecoid oligochaete sequences, has been performed
using maximum parsimony, maximum likelihood, bootstrap (Figs. 0. 45-0.47) and
neighbour joining procedures, with one (Lumbricidae) to nine non-megascolecoid
families as the outgroup. It allows the following conclusions. The widely used
classification by Gates (1959) of the non-ocnerodriline Megascolecidae into three
groups (Acanthodrilidae, with tubular prostates and holonephridia; Octochaetidae,
with tubular prostates and meronephridia; and Megascolecidae, with racemose
prostates and holo- or mero-nephry) is not supported by molecular data. Thus the
Octochaetidae and Acanthodrilidae, so defined, are not endorsed as Neodiplotrema
(Octochaetidae sensu Gates) pairs unequivocally with Diplotrema (a true
acanthodriline), and Dichogaster (Octochaetidae sensu Gates) groups with these.
Diagnosis of Megascolecidae by racemose prostates is invalid, as Amynthas,
Begemius, Didymogaster, Digaster, Heteroporodrilus, Propheretima, Spenceriella,
and Perionyx (all with racemose prostates and Megascolecidae sensu Gates) do not
collectively form an exclusive monophylum (Fig. 0.45). The Ocnerodrilidae,
represented by Eukerria, are the nearest neighbour, or sister-group, of the
Acanthodrilinae + Megascolecinae, and joint monophyly of the three taxa is supported
(Figs. 0.45, 0.47). If the Ocnerodrilidae are regarded as a family, the Acanthodrilinae and
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F. sigillatus 3
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T. carbinensis 3
T. canaliculatus 3
T. nashi 3
T. liber 2
T. athertonensis 3
T. athertonensis 2
Didymogaster sylvaticus 3
Didymogaster sylvatucus 1
Spenceriella sp. 3
Propheretima hugalli 2
Spenceriella cormieri 3
Begemius queenslandicus 3
Amynthas rodericensis 1
Perionyx excavatus 3
Diporochaeta sp. 3
Pontodrilus litoralis 3
Digaster anomala 3
Digaster lingi 2
Diporochaeta kershawi 3
Heteroporodrilus sp 3
Argilophilini sp. 1
Diplotrema sp. 3
Diplotrema acropetra 3
Neodiplotrema altanmoui 3
Dichogaster sp. 3
Dichogaster sp. (Sexprostatic) 3
Eukerria saltensis 3
Criodrilus lacuum 2
Sparganophilus tamensis 1
Komarekiona eatoni 1
Lutodrilus multivesiculatus 1
Hormogaster redii 1
Lumbricid sp. 3*
Eisenia fetida 1
Microchaetid sp. 1
Eudrilus eugeniae 2
Glossoscolecid sp. 1
Pontoscolex corethrurus 1

Fig 0.45A. For legend, see next page.
Octochaetidae sensu Gates, defined by tubular prostates and meronephridia, here represented by Dichogaster and
Neodiplotrema, is not supported as these lie in the Acanthodrilinae clade. The Acanthodrilidae sensu Gates,
defined by tubular prostates and holonephridia, here represented by Fletcherodrilus, Terrisswalkerius,
Diporochaeta, an argilophilin, Pontodrilus and Diplotrema is highly polyphyletic. Thus none of the Gatesian
higher groups is supported. As previously suspected, the higher taxa of Jamieson (1971a) are shown to be grades,
not clades. Thus the Perionychini, defined by holonephridia and male and prostate pores in XVIII, here
represented by Fletcherodrilus, Terrisswalkerius, Heteroporodrilus, Diporochaeta, an argilophilin and

Fig 0.45A. Bootstrap (100 replicates) 50% majority rule maximum
parsimony consensus tree for a mixed set of characters: mostly 28S +
mt12S +16S (3) but some for 28S + mt12S (2) or 28S only (1). Note that
the Megascolecidae sensu Gates, defined by racemose prostates, here
represented
by
Didymogaster,
Spenceriella,
Propheretima,
Heteroporodrilus, Digaster, Begemius, Perionyx and Amynthas, is not a
monophylum. The Octochaetidae sensu Gates, defined by tubular
prostates and meronephridia, here represented by Dichogaster and
Neodiplotrema, is not supported as these lie in the Acanthodrilinae clade.
The Acanthodrilidae sensu Gates, defined by tubular prostates and
holonephridia, here represented by Fletcherodrilus, Terrisswalkerius,
Diporochaeta, an argilophilin, Pontodrilus and Diplotrema is highly
polyphyletic. Thus none of the Gatesian higher groups is supported.
previously suspected, the higher taxa of Jamieson (1971a) are shown to
be grades, not clades. Thus the Perionychini, defined by holonephridia
and male and prostate pores in XVIII, here represented by
Fletcherodrilus, Terrisswalkerius, Heteroporodrilus, Diporochaeta, an
argilophilin and Pontodrilus and Perionyx is polyphyletic. The
Dichogastrini, defined by an meronephridia with a single median funnel,
is at least diphyletic; genera with acanthodrilin male pores
(Neodiplotrema and Dichogaster) lie in the Acanthodrilinae sensu strictu,
those with megascolecin male pores (Didymogaster, Digaster) in the
Megascolecinae. The Megascolecini sensu Jamieson (1971a), here
represented by Spenceriella, Propheretima, Begemius, and Amynthas) do
not form a monophylum, though lying in the Megascolecinae. The
ocnerodriles, represented by Eukerria, constitute the family
Ocnerodrilidae as the sister group of the Megascolecidae
(Acanthodrilinae + Megascolecinae). The Eudrilidae (Eudrilus) do not
form the sister group of the Ocnerodrilidae + Megascolecidae. For
affinities of other outgroup genera, see text.
Unrooted tree, rooted using outgroup method. 1454 bases: unordered,
equal weight. 821 characters constant. 169 variable characters parsimonyuninformative. Number of (included) parsimony-informative characters =
464. Gaps are treated as "missing". Character-state optimization:
Accelerated transformation (ACCTRAN). Tree length = 2622.
Consistency index (CI) = 0.4054. Homoplasy index (HI) = 0.5946. CI
excluding uninformative characters = 0.3553. HI excluding uninformative
characters = 0.6447. Retention index (RI) = 0.4264. Rescaled consistency
index (RC) = 0.1729. (After Jamieson et al., in preparation).
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T. carbinensis 3
T. canaliculatus 3
T. nashi 3
T. liber 2
T. athertonensis 3
T. athertonensis 2
Didymogaster sylvaticus 3
Didymogaster sylvatucus 1
Spenceriella sp. 3
Propheretima hugalli 2
Spenceriella cormieri 3
Begemius queenslandicus 3
Amynthas rodericensis 1
Perionyx excavatus 3
Diporochaeta sp. 3
Pontodrilus litoralis 3
Digaster anomala 3
Digaster lingi 2
Diporochaeta kershawi 3
Heteroporodrilus sp 3
Argilophilini sp. 1
Diplotrema sp. 3
Diplotrema acropetra 3
Neodiplotrema altanmoui 3
Dichogaster sp. 3
Dichogaster sp. (Sexprostatic) 3
Eukerria saltensis 3
Criodrilus lacuum 2
Sparganophilus tamensis 1
Komarekiona eatoni 1
Lutodrilus multivesiculatus 1
Hormogaster redii 1
Lumbricid sp. 3*
Eisenia fetida 1
Microchaetid sp. 1
Eudrilus eugeniae 2
Glossoscolecid sp. 1
Pontoscolex corethrurus 1

Fig 0.45B. For legend, see next page.
Octochaetidae sensu Gates, defined by tubular prostates and meronephridia, here represented by Dichogaster and
Neodiplotrema, is not supported as these lie in the Acanthodrilinae clade. The Acanthodrilidae sensu Gates,
defined by tubular prostates and holonephridia, here represented by Fletcherodrilus, Terrisswalkerius,
Diporochaeta, an argilophilin, Pontodrilus and Diplotrema is highly polyphyletic. Thus none of the Gatesian
higher groups is supported. As previously suspected, the higher taxa of Jamieson (1971a) are shown to be grades,
not clades. Thus the Perionychini, defined by holonephridia and male and prostate pores in XVIII, here
represented by Fletcherodrilus, Terrisswalkerius, Heteroporodrilus, Diporochaeta, an argilophilin and

Fig 0.1 . Bootstrap (100 replicates) 50% majority rule maximum
parsimony consensus tree for a mixed set of characters: mostly 28S +
mt12S +16S (3) but some for 28S + mt12S (2) or 28S only (1). Note that
the Megascolecidae sensu Gates, defined by racemose prostates, here
represented
by
Didymogaster,
Spenceriella,
Propheretima,
Heteroporodrilus, Digaster, Begemius, Perionyx and Amynthas, is not a
monophylum. The Octochaetidae sensu Gates, defined by tubular
prostates and meronephridia, here represented by Dichogaster and
Neodiplotrema, is not supported as these lie in the Acanthodrilinae clade.
The Acanthodrilidae sensu Gates, defined by tubular prostates and
holonephridia, here represented by Fletcherodrilus, Terrisswalkerius,
Diporochaeta, an argilophilin, Pontodrilus and Diplotrema is highly
Fig. 45B
As previously suspected, the higher taxa of Jamieson (1971a) are shown to
be grades, not clades. Thus the Perionychini, defined by holonephridia
and male and prostate pores in XVIII, here represented by
Fletcherodrilus, Terrisswalkerius, Heteroporodrilus, Diporochaeta, an
argilophilin and Pontodrilus and Perionyx is polyphyletic. The
Dichogastrini, defined by meronephridia with a single median funnel,
is at least diphyletic; genera with acanthodrilin male pores
(Neodiplotrema and Dichogaster) lie in the Acanthodrilinae sensu strictu,
those with megascolecin male pores (Didymogaster, Digaster) in the
Megascolecinae. The Megascolecini sensu Jamieson (1971a), here
represented by Spenceriella, Propheretima, Begemius, and Amynthas,
questionably form a monophylum, though lying in the Megascolecinae. The
ocnerodriles, represented by Eukerria, constitute the family
Ocnerodrilidae as the sister group of the Megascolecidae
(Acanthodrilinae + Megascolecinae). The Eudrilidae (Eudrilus) do not
form the sister group of the Ocnerodrilidae + Megascolecidae. For
affinities of other outgroup genera, see text.
Unrooted tree, rooted using outgroup method. 1454 bases: unordered,
equal weight. 821 characters constant. 169 variable characters parsimonyuninformative. Number of (included) parsimony-informative characters =
464. Gaps are treated as "missing". Character-state optimization:
Accelerated transformation (ACCTRAN). Tree length = 2622.
Consistency index (CI) = 0.4054. Homoplasy index (HI) = 0.5946. CI
excluding uninformative characters = 0.3553. HI excluding uninformative
characters = 0.6447. Retention index (RI) = 0.4264. Rescaled consistency
index (RC) = 0.1729. (After Jamieson et al., in preparation).

Fig 0.1 . Bootstrap (100 replicates) 50% majority rule maximum
parsimony consensus tree for a mixed set of characters: mostly 28S +
mt12S +16S (3) but some for 28S + mt12S (2) or 28S only (1). Note that
the Megascolecidae sensu Gates, defined by racemose prostates, here
represented
by
Didymogaster,
Spenceriella,
Propheretima,
Heteroporodrilus, Digaster, Begemius, Perionyx and Amynthas, is not a
monophylum. The Octochaetidae sensu Gates, defined by tubular
prostates and meronephridia, here represented by Dichogaster and
Neodiplotrema, is not supported as these lie in the Acanthodrilinae clade.
The Acanthodrilidae sensu Gates, defined by tubular prostates and
holonephridia, here represented by Fletcherodrilus, Terrisswalkerius,
Diporochaeta, an argilophilin, Pontodrilus and Diplotrema is highly
Fig. 45B
As previously suspected, the higher taxa of Jamieson (1971a) are shown to
be grades, not clades. Thus the Perionychini, defined by holonephridia
and male and prostate pores in XVIII, here represented by
Fletcherodrilus, Terrisswalkerius, Heteroporodrilus, Diporochaeta, an
argilophilin and Pontodrilus and Perionyx is polyphyletic. The
Dichogastrini, defined by an meronephridia with a single median funnel,
is at least diphyletic; genera with acanthodrilin male pores
(Neodiplotrema and Dichogaster) lie in the Acanthodrilinae sensu strictu,
those with megascolecin male pores (Didymogaster, Digaster) in the
Megascolecinae. The Megascolecini sensu Jamieson (1971a), here
represented by Spenceriella, Propheretima, Begemius, and Amynthas) do
not form a monophylum, though lying in the Megascolecinae. The
ocnerodriles, represented by Eukerria, constitute the family
Ocnerodrilidae as the sister group of the Megascolecidae
(Acanthodrilinae + Megascolecinae). The Eudrilidae (Eudrilus) do not
form the sister group of the Ocnerodrilidae + Megascolecidae. For
affinities of other outgroup genera, see text.
Unrooted tree, rooted using outgroup method. 1454 bases: unordered,
equal weight. 821 characters constant. 169 variable characters parsimonyuninformative. Number of (included) parsimony-informative characters =
464. Gaps are treated as "missing". Character-state optimization:
Accelerated transformation (ACCTRAN). Tree length = 2622.
Consistency index (CI) = 0.4054. Homoplasy index (HI) = 0.5946. CI
excluding uninformative characters = 0.3553. HI excluding uninformative
characters = 0.6447. Retention index (RI) = 0.4264. Rescaled consistency
index (RC) = 0.1729. (After Jamieson et al., in preparation).
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Megascolecinae are subfamilial. The Eudrilidae, represented only by Eudrilus
eugeniae, form a clade with glossoscolecids (possibly by long-branch attraction), or
(transversions only) also with the microchaetid. It has thus not been shown that the
Eudrilidae are the exclusive sister-group of Ocnerodrilidae + Acanthodrilinae +
Megascolecinae.
Although Gates’ (1959) classification is not supported, the alternative classification
of Jamieson (1971a-c) also requires modification in the light of the molecular study.
Thus subdivision of the Megascolecinae into the tribes Perionychini, Dichogastrini,
and Megascolecini (long suspected of being grades rather than clades) does not have
molecular support. The Perionychini is a para- and polyphyletic assemblage. The
Dichogastrini must be disbanded as Dichogaster associates with the Acanthodrilinae.
Maximum likelihood testing confirmed non-monophyly of the Dichogastrini. This
confirms the observation from an earlier cladistic study (Jamieson,1978c) that 'the
diphyletic origin of the Dichogastrini emerges clearly'. It is uncertain that the residue
of the Dichogastrini, represented by Digaster and Didymogaster, with male pores on
segment XVIII, is monophyletic. In the present work they are referred to as
Megascolecinae with the notoscolecin arrangement of nephridia (the Notoscolexgroup). The Megascolecini (defined by meronephridia differing from those of
notoscolecins) is not monophyletic. Recognition of further higher groupings and
confirmation of genera awaits a more detailed survey.
Some taxa in the molecular analysis had unstable positions, particularly,
Didymogaster and Perionyx. They are certainly on the Megascolecinae side of the tree
and, in that clade, do not lie within Terrisswalkerius; their position is otherwise
undetermined. Terrisswalkerius athertonensis is also unstable relative to other
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Fletcherodrilus sigillatus
F. unicus
Terrisswalkerius millamilla
T. carbinensis
T. canaliculatus
T. nashi
T. erici
T. athertonensis
Didymogaster sylvaticus
Spenceriella sp.
Spenceriella cormieri
Heteroporodrilus sp
Diporochaeta sp.
Digaster anomala
Diporochaeta kershawi
Begemius queenslandicus
Perionyx excavatus
Pontodrilus litoralis
Diplotrema sp.
Diplotrema acropetra
Neodiplotrema altanmoui
Dichogaster sp.
Dichogaster sp. (Sexprostatic)
Eukerria saltensis
Lumbricid sp.
50 changes

Fig. 0. 46. For legend, see next page.

Fig. 0.46. Single most parsimonious tree obtained for the three genes 28S
+ 12S + 16S. Conclusions are as for Fig. 0.45 but the relationship of
Eukerria is unresolved relative to the outgroup, reduced to the lumbricid
sp.
Unrooted maximum parsimony tree rooted using outgroup method. 1454
included characters, all unordered, equal weight. 911 characters constant.
167 variable characters parsimony-uninformative. Number of (included)
parsimony-informative characters = 376. Gaps are treated as "missing".
Character-state optimization Accelerated transformation (ACCTRAN).
Starting tree(s) obtained via stepwise addition. Number of trees held at
each step during stepwise addition = 1. Branch-swapping algorithm: treebisection-reconnection (TBR). Steepest descent option not in effect.
Branches collapsed (creating polytomies) if maximum branch length is
zero. 'MulTrees' option in effect. Topological constraints not enforced.
Tree length = 1985. Consistency index (CI) = 0.4403. Homoplasy index
(HI) = 0.5597. CI excluding uninformative characters = 0.3800. HI
excluding uninformative characters = 0.6200. Retention index (RI) =
0.3600. Rescaled consistency index (RC) = 0.1585. (From Jamieson et
al., in preparation).
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Figure 0.3 . Maximum Likelihood tree from the sum of the 28SrDNA and mtDNA (12S
and 16S) partitions optimized for GTR- Γ model separately. The number of taxa has been
reduced because of the computational burden and to include only taxa for which 28S,
12S and 16S have been sequenced for each species. The Maximum Parsimony bootstrap

Figure 0.47. Maximum Likelihood tree from the sum of
the 28SrDNA and mtDNA (12S and 16S) partitions
optimized for GTR- Γ model separately. The number of
taxa has been reduced because of the computational
burden and to include only taxa for which 28S, 12S and
16S have been sequenced for each species. The
Maximum Parsimony bootstrap tree has the same
topology. The approximate relative likelihood required to
collapse each node is indicated underneath the ML
combined data model bootstrap scores (italics). Dashed
lines indicate the two topology differences found in the
combined data model ML tree. Approximate lnL support
is from evaluation of 14586 near parsimonious reverse
constraints trees. Although there are some differences in
topology from Fig. 0.45, the conclusions are the same.
Note that although the bootstrap value for the
Acanthodrilinae is not high, at 70%, this should be
regarded as a conservative estimate as congeneric species
(in Spenceriella) score only 75%. (From Jamieson et al.,
in preparation).
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members of the Terrisswalkerius-Fletcherodrilus complex but appears to have a basal
position. The unquestionable association of Komariekiona with Sparganophilus, and
the apparently strong affinity of Eudrilus eugeniae for the Glossoscolecidae are
unexpected and heuristic results. Omodeo (2000) considers that the Eudrilidae
'probably took origin from an alluroidid ancestor, but not the same one from which
the Megascolecoidea [Megascolecidae + Ocnerodrilidae] originated', thus endorsing
the molecular result that the Eudrilidae are not closely related to the Ocnerodrilidae.
As most of the non-megascolecoid genera investigated were sequenced only for 28S,
it is premature to draw conclusions as to their relationships. Nevertheless, the
relatively high bootstrap value obtained (Fig. 0.45) for a grouping of representatives of
the Criodrilidae, Sparganophilidae, Komarekionidae, Lutodrilidae, Hormogastridae,
Lumbricidae, and, at a lower level, the Microchaetidae does not endorse division of
the Crassiclitellata into the Aquamegadrili and Terrimegadrili. Further analysis of this
relationship must be made before these groups can be disbanded, however. In a
related molecular study (in preparation) monophyly of the Crassiclitellata received
very strong support.
7. Zoogeography
The zoogeography of Australian oligochaetes has been reviewed by Jamieson (1974c,
1981a). Endemic oligochaete fauna of Australia appears to be derived from
successive Gondwanan invasions followed by prolific speciation, largely in the family
Megascolecidae, the only family of indigenous earthworms. A numerically almost
negligible component of the endemic earthworm fauna (Begemius) appears to be the
result of a post-Miocene invasion from the Oriental Region, with limited speciation in
Australia. A continuing inflow of non-indigenous Oriental and Papuan pheretimoids,
which may not be entirely anthropochorous, is in progress and cosmopolitan aquatic
genera in the Naididae and Tubificidae are widely distributed.

77

Some 63 exotic earthworm species and subspecies, in six families (present
classification) have been recorded (see Table 1) (Baker, Thumlert et al., 1997,
Blakemore, 1999). This total equals roughly 15% of the known indigenous earthworm
(megascolecid) species, an extraordinarily high proportion of exotics for any animal
group in Australia. The use of exotic earthworms, with deliberate introductions, for
composting and in agriculture is exacerbating this problem which would not be
tolerated for other animal taxa. In addition to its confounding effect on the
biogeography of the native earthworm fauna, its effect on animal species
predatory on native earthworms is unknown. It is not always beneficial to agriculture.
In this respect, James (1991) has sounded a note of warning, reporting that the
introduction of A. caliginosa and Octolasion cyaneum to tallgrass prairie in the U.S.A.
had a negative influence on soil properties through a reduction in the number of more
useful native species (Diplocardia spp.).
The list of species of Australian exotics is slightly modified from the 66 listed by
Baker, Thumlert et al. (1997), and Blakemore (1999) as two putative undescribed and
unnamed new species are here omitted and Begemius queenslandicus is excluded as
there is no reason to believe that it is not native to Australia. The Gatesian higher
classification within the Megascolecoidea used by Blakemore is emended to conform
with molecular evidence given in this monograph. For geographical distribution of the
records listed, see Blakemore (1999).
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Table 1
Non-indigenous earthworms recorded in Australia. Modified from Baker, Thumlert et
al. (1997) and Blakemore (1999).
Species added to the list of Baker, Thumlert et al. (1997) by Blakemore (1999; see
authors there listed) are indicated by BL.
1. Moniligastridae
1. Drawida barwelli (Beddard, 1886)BL
2. Glossoscolecidae
2. Pontoscolex corethrurus (Müller, 1856)
3. Lumbricidae
3. Allolobophora chlorotica (Savigny, 1826)
4. Aporrectodea caliginosa (Savigny, 1826)
5. Aporrectodea limicola (Michaelsen, 1890)BL
6. Aporrectodea longa (Ude, 1885)
7. Aporrectodea trapezoides (Dugès, 1828)
8. Aporrectodea tuberculata (Eisen, 1874)
9. Bimastos constrictus (Rosa, 1884)BL
10. Bimastos parvus (Eisen, 1874)
11. Dendrodrilus rubidus rubidus (Savigny, 1826)
12. D. rubidus subrubicundus (Eisen, 1874)BL
13. D. rubidus tenuis (Eisen, 1874)BL
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14. Eisenia andrei Bouché, 1972
15. Eisenia fetida (Savigny, 1826)
16. Eisenia hortensis (Michaelsen, 1890)BL
17. Eisenia (=Aporrectodea) rosea (Savigny, 1826)
18. Eisenia (=Dendrobaena) veneta (Rosa, 1886)BL
19. Eiseniella tetraedra (Savigny, 1826)
20. Lumbricus castaneus (Savigny, 1826)
21. Lumbricus eiseni Levinsen, 1884
22. Lumbricus rubellus Hoffmeister, 1843
23. Lumbricus terrestris Linnaeus, 1758BL
24. Octolasion cyaneum (Savigny, 1826)
25. Octolasion tyrtaeum tyrtaeum (Savigny, 1826)
26. O. tyrtaeum lacteum (Örley, 1881)BL
27. Dendobaena attemsi (Michaelsen, 1867)BL
4. Eudrilidae
28. Eudrilus eugeniae (Kinberg, 1867)BL
5. Ocnerodrilidae
29. Ocnerodrilus occidentalis Eisen, 1878BL
30. Gordiodrilus elegans Beddard, 1892BL
31. Eukerria kukenthali (Michaelsen, 1908)BL
32. Eukerria saltensis (Beddard, 1895)
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6. Megascolecidae, Acanthodrilinae
33. Microscolex dubius (Fletcher, 1887)
34. Microscolex kerguelarum (Grube, 1877)BL
35. Microscolex macquariensis (Beddard, 1896). Macquarie Island only. Probably
indigenousBL.
36. Microscolex phosphoreus (Dugès, 1837)
37. Rhododrilus kermadecensis Benham, 1905BL
38. Dichogaster affinis (Michaelsen, 1890)BL
39. Dichogaster bolaui (Michaelsen, 1891)BL
40. Dichogaster curgensis Michaelsen, 1921BL
41. Dichogaster saliens (Beddard, 1892)BL
42. Octochaetona beatrix (Beddard, 1902)BL
43. Ramiella bishambari (Stephenson, 1914)BL
7. Megascolecidae, Megascolecinae
44. Pontodrilus litoralis (Grube, 1855). Possibly
circummundane.BL1
45. Perionyx excavatus Perrier, 1872
46. Amynthas corticis (Kinberg, 1867)
47. Amynthas gracilis (Kinberg, 1867)
48. Amynthas minimus (Horst, 1893)
49. Amynthas morrisi (Beddard, 1892)BL
50. Amynthas morrisi group; Sims and Easton, 1972BL
51. Amynthas rodericensis (Grube, 1979)BL

indigenous

though
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52. Lampito mauritii Kinberg, 1866BL
53. Metaphire bahli (Gates, 1945)
54. Metaphire californica (Kinberg, 1867)BL
55. Metaphire houlleti (Perrier, 1972)BL
56. Metaphire posthuma (Vaillant, 1868)
57. Metaphire javanica (Kinberg, 1867)BL 2.
58. Pheretima darnleiensis (Fletcher, 1887)BL
59. Pheretima bicincta (Perrier, 1875)BL
60. Polypheretima brevis (Rosa, 1898)
61. Polypheretima elongata (Perrier, 1872)BL
62. Polypheretima taprobanae (Beddard, 1892)BL
63. Argilophilus marmoratus Eisen, 1893BL
1
Pontodrilus litoralis (see records herein under that name).
2
Queried by Blakemore, (here confirmed for Queensland, AM
W2682).
There are 28 families in the Oligochaeta (listed on p. 71; classification of
Jamieson (1988a) but only six, the Tubificidae, Phreodrilidae, Capilloventridae,
Enchytraeidae, Haplotaxidae and Megascolecidae are known to have endemic species
in Australia. The aquatic families Naididae and Lumbriculidae are possibly
autochthonous but are represented only by species with wide global ranges. Four
further exotic families, definable as earthworms, the Moniligastridae,
Glossoscolecidae, Eudrilidae and Ocnerodrilidae, are represented by a few,
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probablyanthropochorous species. Lastly, some 25 species and subspecies of the
introduced Holarctic earthworm family Lumbricidae are present.
Aquamegadrili
The families of the putative clade Aquamegadrili (Sparganophilidae, Biwadrilidae,
Almidae, Criodrilidae and Lutodrilidae) are unknown, even as introductions, in
Australia.
Terrimegadrili
Of the terrimegadrile families (Eudrilidae, Kynotidae?, Komarekionidae,
Ailoscolecidae, Microchaetidae, Hormogastridae, Glossoscolecidae, Lumbricidae,
Ocnerodrilidae, Megascolecidae), only the Megascolecidae are indigenous in
Australia.
Lumbricoidea
The Superfamily Lumbricoidea has failed to include Australia in its natural range.
The Lumbricoidea sensu Jamieson (1988a) are now represented by the
Komarekionidae (Nearctic), Glossoscolecidae (Neotropical), Microchaetidae
(Ethiopian, south of the Kalahari), Hormogastridae (Western Palaearctic, Tyrrhenian),
the Lumbricidae (Holarctic) and, tentatively included, the Kynotidae (Malagasian). Of
these only the Lumbricidae and one species of the Glossoscolecidae (Pontoscolex
corethrurus) have entered Australia.
A Triassic or earlier date for the existence of a proto-lumbricoid appears reasonable
and presence of the primitive relict lumbricoid Komarekiona Gates, 1974, in the
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eastern United States adds credibility to the Nearctic origin suggested or at least to a
Laurasian origin (Jamieson 1981a). From molecular sequences this appears,
unexpectedly, to be closely related to Sparganophilus (Fig. 0.45). The general distribution
of the lumbricoid families is also consistent with a Laurasian origin, though in an
intact Pangea. Certainly, as no indigenous lumbricoids are known from New
Caledonia, Australia and New Zealand (although anthropochorous species are able to
flourish there) the Lumbricoidea cannot be considered to be primarily Gondwanan.
Ignoring the possibility of transoceanic dispersal, the presence of indigenous
Lumbricidae in Japan (and, Omodeo, 1963, Greenland?), dates their occurrence in
Eurasia before the Miocene. Their great diversity throughout their very large range
suggests a significantly earlier origin. Intolerance of warm conditions perhaps was the
chief factor in preventing their traversing the equator to the Southern Hemisphere
unaided.
Vicariation into lumbricoids and megascolecoids may have been prompted
(Jamieson, 1981a) by the relative isolation of Laurasia from Gondwanaland by the
Tethys Sea even in the intact Pangea. In addition to possible abiotic factors, the
diversity of megascolecids in Gondwanaland possibly accounts for failure of
glossoscolecids from S. America to enter the Australasian portion of Gondwanaland
via the connection which persisted into the Tertiary but climatic factors, notably
higher temperature preferenda of Glossoscolecidae may have been important in
excluding that family. The molecular finding, though requiring confirmation, that
Eudrilidae are related to glossoscolecids raises the possibility that the two families are
vicariant sister-taxa, in the Ethiopian and Neotropical Regions, respectively. The
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Acanthodrilinae still occupy S. America south of the Juramento-Salado River to the
exclusion of Glossoscolecidae.
Megascolecoidea, Megascolecidae
In the morphocladistic analysis, the Ocnerodrilidae formed a separate superfamily the
Ocnerodriloidea, though usually considered the sister-group of the Megascolecidae.
The sister-group status is confirmed in the molecular analyses. The present
distribution of indigenous ocnerodriles, in Tropical America; Tropical and Southern
Africa and the Nile Valley, India, south of the Himalayas; and (autochthonous?)
Burma, suggests that they have always been thermophilic and that they originated in
Pangea, probably in S. America-Africa. Why the indigenous distribution of the family
does not include Australia is not clear. It seems possible that Australia was not
sufficiently warm in the Mesozoic (Dorman, 1966; Dorman and Gill, 1959; Rich,
1975) to receive (or retain) Ocnerodrilidae even if access through an archipelagic
Antarctica or, questionably, from India, were available. The same appears true of
alluroidids and thermophilic lumbricoids and almoids.
The Megascolecidae, of which the Australian representatives of the subfamily
Megascolecinae are the subject of this monograph, are virtually worldwide in endemic
distribution but in the Palaearctic are restricted to its eastern part (China, Korea,
Japan). Both subfamilies (Acanthodrilinae and Megascolecinae) occur in Australia.
Indigenous acanthodriles form the dominant earthworm fauna of southern S. America,
S. Africa, New Zealand, New Caledonia, and parts of Australia excepting the south
and southeast and, except in moist refugia, its arid centre. In contrast the holonephric
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Acanthodrilinae of S. America and Africa chiefly occupy the southern tips of their
continents.
The vast majority of Australian acanthodrile species is in the genus Diplotrema.
This genus ranges through north-western, northern and north eastern Australia to as
far south as northern New South Wales with scattered outposts in southwestern Australia (a single lacustrine species) and, as evidence (Spencer, 1896) of
wider distribution before the Pleistocene aridity, Diplotrema eremia in an isolated
area of relictual mesophytic vegetation in Central Australia (Dyne, 1979a, b, 1984,
1987; Jamieson and Dyne, 1976; McKenzie and Dyne, 1991; Blakemore, 1997; Dyne
and Jamieson, 1998). That two Mexican species, Diplotrema murchiei and D.
papillata, provisionally placed in Diplotrema, are truly congeneric with Australian
species has yet to be established (James, 1990).
It remains uncertain however, with the return of more pluvial conditions, what
determines the virtual partition of Australia into a northern acanthodrile zone and a
southern megascolecine zone. Although ecological factors and existing barriers must
be important in maintaining the present balance, Jamieson (1981a) considered it
possible that the more evolved subfamily, the Megascolecinae, was in the process of
replacing the acanthodrile fauna which it had already penetrated in a Tertiary invasion
of Asia. However, the large number of species of Diplotrema since discovered in
Queensland, particularly Cape York, in a wide variety of habitats, is not suggestive of
an acanthodrile fauna in decline and supports the view that the zoogeographic
partition may be climatically determined. It seems probable that rainfall is the most
important determining factor and it is noteworthy that the highest specific diversity in
Diplotrema correlates with the highest Australian rainfall, in North-East Australia
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where the mean is approximately 600 mm per annum (Australian Bureau of
Meteorology data). The extension of Diplotrema down the East coast also
corresponds with areas of high rainfall. The main Diplotrema domain is thus
congruent with the Moist Northern Zone shown in Fig. 0.49. The distribution of
megascolecines was considered (Jamieson, 1981a) to be consistent with their entry,
later than acanthodriles, from Antarctica, although origin of the meronephric
‘dichogastrin’ (notoscolecin) megascolecines within Australia was not ruled out and
much megascolecin radiation in Australia was recognized. However, the occurrence of the
most plesiomorphic megascolecines, the holonephric genera, in N. America, Asia, India
and Australia suggests a possible Pangean distribution. Nevertheless, As already
mentioned some Australian megascolecines (Begemius), possibly represent a re-invasion
from Asia, or New Guinea, in or after the Miocene (see below). Like Australia,
New Zealand has an old acanthodrile fauna overlain by a (later?) wave of
megascolecines (Lee, 1959).
Although some acanthodriles are euryhaline and might have been distributed
transoceanically, for instance by rafting in the west wind drift (Pickford, 1937;
Jamieson, 1974c), the distinct nature of the acanthodrile fauna in each of its several
global regions is compatible with a Gondwanan origin. This is borne out by restriction
of the genus Acanthodrilus (excepting a single species in the Kermadecs) to New
Caledonia (Jamieson and Bennett, 1979) which is believed to have separated from
eastern proto-Australia at about 80 million years before the present; some 30 million
years before separation of Australia from Antarctica (Griffiths, 1974; Griffiths and
Varne, 1972). Separation of New Caledonia was possibly the vicariating event which
preceded origin of Acanthodrilus from the ancestral stock The dominant Australian
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acanthodrile genus Diplotrema differs from Acanthodrilus in lacking nephridial
bladders and is clearly the (plesiomorphic?) sister-group of Acanthodrilus. The
apparently relictual occurrence of acanthodriles in western Tropical Africa, in India
and in Madagascar also supports a Gondwanan distribution. The occurrence of
acanthodriles in Mexico and (Diplocardia) in eastern N. America may represent a late
(Cenozoic?) extension in range but more likely reflects a limited Laurasian range of a
Gondwanan fauna prior to the Triassic separation of Laurasia from Gondwanaland at
about 180 m.y.a. (Jamieson, 1981a; Dietz and Holden, 1970), It is likely that
Africa and S. America shared an acanthodrile fauna until their separation between
110 and 90 m.y.a. or until the onset of rifting (Neill, 1973) at 145 m.y.a.; their
southern acanthodriles still show close affinities.
Despite demonstration of the continental nature of some sub-antarctic islands it is
questionable that their acanthodriles could have survived Pleistocene glaciation (Lee,
1968).
With regard to the Indian megascolecid fauna, its origins are problematical. It
consists of a few genera of Acanthodrilinae and, in the Megascolecinae, few
holonephric forms, numerous genera with notoscolecin nephridia (Dichogastrini sensu
Jamieson, 1971a-c; the so-called Octochaetidae well documented by Julka, 1988) and
several with more complex meronephridia (Megascolecini sensu Jamieson, 1971a-c)
(for a discussion, see Jamieson, 1981a). Indian earthworms are presumably
Gondwanan in origin (possible received indirectly through adjacent areas). There is
no reason to believe that entry of acanthodriles into India was deferred to its Cenozoic
juncture with Asia and there is no evidence of a Palaearctic acanthodrile fauna from
which it could have come. Indian acanthodriles are highly evolved, meronephric
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forms in the genera Howascolex, Octochaetoides and Octochaetona. The Indian
megascolecine fauna shows its closest affinities with that of Australia and it seems
probable (Michaelsen, 1909; Jamieson, 1981a), that is was received from the
Australian region (or less probably, adjacent Antarctica) when part of Gondwanaland.
Its acanthodrile fauna, which shows no special affinity with that of Australia, may
have been received earlier.
The Australian Megascolecinae include, as described here, 403 species, all
indigenous, in 45 genera (counting Pontodrilus but not Perionyx). Many additional
species from Tasmania are understood to be in the process of description by
Blakemore and Kingston. All genera here described except Diporochaeta,
Spenceriella, Begemius and the questionably indigenous Pontodrilus are restricted,
autochthononously, to Australia and it is questionable that the Australian members of
Diporochaeta are truly congeneric with the New Zealand type-species and its
congeners. The sole unique characteristic of the Perionychini sensu Jamieson (1971a)
relative to other Megascolecinae is the plesiomorph holonephric condition and it is
here recognized that the Perionychini is a paraphyletic assemblage, as is supported by
the molecular analyses.
In considering the zoogeography of the native genera and species of
Megascolecinae, the zoogeographic divisions proposed by Kikkawa and Pearse
(1969) will be recognized (Fig. 0.48). These were based on the avifauna, a more vagile
fauna than the Oligochaeta. The high vagility of birds is here considered to ensure that
the zoogeographic subdivisions are representative of current or Recent geographical
and ecological conditions. They might therefore not coincide with ancient
distributions of the Oligochaeta, but they form a useful framework for discussion.
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Zones derived from an amalgum of climatic areas and drainage basins (Fig. 0.49)
will also be considered. For maps of records of all genera of the Megascolecinae, see Fig. 0.51-0.96.
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Distribution of the genera of the Australian Megascolecidae
(Zoogeographic divisions of Kikkawa and Pearse, 1969)
+
genera occurring in more than one division

Western Subregion
TIMORIAN DIVISION
Acanthodrilinae
Diplotrema+
Torresiella
Darling basin province
Megascolecinae
Cryptodrilus+ (near Dividing Range watershed only)
Diporochaeta (Diporochaeta)+ (near Dividing Range watershed only)
Diporochaeta (Vesiculodrilus)+ (near Dividing Range watershed only)
Gemascolex+
Heteroporodrilus+
Kangaridrilus(Kangaroo Island)
Notoscolex sensu lato+ (near Dividing Range watershed only)
Spenceriella(notabilis-group)+
Central northwestern province
Austrohoplochaetella+
Central province
Graliophilus+ (One borderline species)
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South western province
(Acanthodrilinae)
Diplotrema+
(Megascolecinae)
Austrohoplochaetella+
Graliophilus
Occicryptodrilus
Pseudonotoscolex
Woodwardiella+?
Tasmania
Arthuridrilus
Cryptodrilus+
Diporochaeta (Diporochaeta)+
Diporochaeta (Vesiculodrilus)+
Hickmaniella
Nexogaster
Oreosolex+
Pseudocryptodrilus
Retrovescus
Scolecidrilus
Spenceriella(notabilis-group)+
?Spenceriella (cormieri group) +?
? Woodwardiella+?
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Eastern Subregion
TORRESIAN DIVISION
(Acanthodrilinae)
Diplotrema+
Kayarmacia
Neodiplotrema
Rhododrilus
(Megascolecinae)
Begemius
Fletcherodrilus+
Terrisswalkerius
KOSCIUSKAN DIVISION
Central Province and/or Southern Province
(Acanthodrilinae)
Diplotrema+
(Megascolecinae)
Anisochaeta
Araucaridrilus(Monotypic)
Bursadrilus(Monotypic)
Cryptodrilus+
Didymogaster
Digaster
Diporochaeta (Vesiculodrilus)+
Eastoniella (Lord Howe Island)
Fletcherodrilus+
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Gemascolex+
Geofdyneia(Monotypic)
Haereodrilus(Monotypic)
Healesvillea (Monotypic)
Heteroporodrilus+
Hiatidrilus
Megascolides(Monotypic)
Notoscolex sensu lato
Oreoscolex+
Paraplutellus(Lord Howe Island)
Pericryptodrilus(Lord Howe Island and Cooloola)
Perionychella
Perissogaster
Pinguidrilus
Plutelloides (Lord Howe Island)
Plutellus
Propheretima
Pseudocryptodrilus
Scolecidrilus
Simsia
Spenceriella(notabilis group)+
Spenceriella (cormieri group) +?
Spenceriella(howeana group). (Lord Howe Island. NSW?)
Trichaeta
Trinephrus
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Spenceriella (cormieri group) +?
Spenceriella(howeana group). (Lord Howe Island. NSW?)
Trichaeta
Trinephrus
Holonephric Megascolecinae
The Megascolecinae are defined on the synapomorphy of one pair of combined male
and prostatic pores approximately equatorial on XVIII (rarely a single midventral
pore). Within them the Perionychini (Jamieson, 1971a) is here considered a grade and
a paraphyletic group consisting of those Megascolecinae which have the
plesiomorphic holonephric condition, a paraphyly confirmed from the molecular
analysis (Jamieson et al., in preparation). It is, nevertheless, instructive to consider the
zoogeography of these plesiomorphic forms separately from the meronephric forms.
The plesiomorphic suite of characters in the Megascolecinae would include
holonephry, the lumbricin condition (8 setae per segment) and tubular prostates, To
this it is reasonable to add, notwithstanding reservations as to the obsolete "common
is primitive" criterion, the presence of nephridial bladders, as these are also seen in
apparently basal Acanthodrilinae. Arrangement of nephropores in longitudinal rows
which are straight, or at least lack regular alternation may also be added. This
plesiomorphic suite of five character states, constituting symplesiomorphies between
its possessors, does not indicate relationship though excluding them from more
apomorphic groups. Australian species possessing all five plesiomorphies are limited
to Diporochaeta (Vesiculodrilus), Pinguidrilus (nephropore rows irregular), the
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lumbricin species of Fletcherodrilus, and possibly those species of Hiatidrilus with
expanded nephridial ducts.
Separation of Australian species of Diporochaeta (Diporochaeta), on the basis of
their perichaetin condition, from the lumbricin taxon Vesiculodrilus is here considered
artificial, pending probable union of Australian species in Vesiculodrilus.
Diporochaeta as here defined is the largest genus of the holonephric Megascolecinae
in Australia. With separation (Jamieson, 1994) from this entity of Terrisswalkerius,
concentrated in the wet tropics of northern Queensland, and of Hiatidrilus, in the
Bunya Mountains and adjacent New South Wales, the genus Diporochaeta is
restricted, despite intensive collecting, to south-eastern Australia (including
Tasmania) as far north as the Australian Alps (Jamieson, 1976b). It is noteworthy that
the hiatus between Terrisswalkerius and Diporochaeta is occupied, apart from
Hiatidrilus, by Fletcherodrilus which is derivable from a stock shared with
Terrisswalkerius by median fusion of the spermathecal and male pores (Jamieson,
1994; a relationship borne out from molecular analysis) and by the monotypic
perichaetin epizoic genus Haereodrilus. The latter genus, surviving as an epizoic
species, appears to be a sister-taxon of, or a derived, Vesiculodrilus and suggests
presence of the Diporochaeta + Vesiculodrilus complex in the geographic hiatus in
former times.
Lumbricin genera differing from the first (vesiculate) group in lacking nephridial
bladders, it appears as an apomorphy, are Graliophilus (Western Australia, Tasmania),
Kangaridrilus(Kangaroo Island, S. Australia), Perionychella (part. P. smithi only,
Victoria; other species perichaetin), Simsia (Victoria), and perhaps Woodwardiella
sensu stricto (see Jamieson, 1971e) (Western Australia, Tasmania?).
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for the Megascolecidae. After Kikkawa and Pearse
(1969). Note that Tasmania lies in the Western
Subregion, as is suggested by the disjunct distributions
of some megascolecine genera.
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Fig. 0.49. Biogeographic zones of Australia based on
combination of major drainage divisions (modified from
the scheme of Australian Water Resources Council,
1976. Review of Australia's water resources 1975,
Australian Government Publishing Service, Canberra)
and broad climatic zones (temperature and runoff data
from Johnson, K. 1992. The Ausmap Atlas of Australia,
Cambridge University Press: Oakleigh, Victoria).
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It is thus seen that the most plesiomorphic Australian Megascolecinae (vesiculate
and more derived avesiculate genera) occupy the southern half of the continent,
excluding arid zones of which the southern, Nullabor disjunction is particularly
striking. Climatically, their distribution coincides with the Moist Warm Eastern,
Moist Cool Eastern, Moist Cool Murray-Darling (eastern portion), and Moist
Southwest zones (Map, Fig. 0.49).
Holonephric species with more than eight setae, at least in posterior segments, and
with nephropores in straight rows, or not alternating, include those with tubular or
tubuloracemose prostates and those with presumably more apomorphic racemose
prostates. Genera with tubular or tubuloracemose prostates are Diporochaeta
(Diporochaeta) (avesiculate or vesiculate; New Zealand and islands in the vicinity;
New South Wales, Mt. Kosciusko; some intrusion into the Darling Basin Province)
and Haereodrilus (avesiculate; epizoic, Conondale Ranges, southeast Queensland),
Retrovescus (avesiculate, basically holonephric, but with duplication or triplication in
some segments, N.W. Tasmania) and Terrisswalkerius (avesiculate or vesiculate, Wet
Tropics, Queensland). Racemose prostates are rarer in holonephric megascolecines
with straight nephropore rows, occurring in the single species of Scolecidrilus and the
three species Perionychella sensu stricto, all of which appear to be avesiculate. Their
distribution is similar to the lumbricin holonephric, vesiculate genera with the
exception of Terrisswalkerius, in the eastern extension of the Most Northern Zone and
Fletcherodrilus, with two endemic perichaetin Wet Tropics species.
The distribution of all of the above holonephric genera suggests that a
plesiomorphic holonephric stock, resembling Vesiculodrilus but with indeterminate
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genital markings, was widespread in Australia before the Eremian aridity impinged on
the south coast and caused the major east-west faunal disjunction.
With regard to wider, extra-Australian relationships, Simsia has been considered to
have affinities with the North American Argilophilus and the Oriental plutelloids from
which Argilophilus was possibly derived. However, the careful numerical analysis of
Wallace (1972) revealed Argilophilus (there named Plutellus) as a distinct and
homogeneous group forming the phenetic ‘sister-group’ of a large assemblage which
included not only Simsia but what is at present regarded as Diporochaeta (including
both subgenera) and Woodwardiella. As Jamieson has claimed, the Australian
Plutellus was found by Wallace to be distant from American ‘plutelli’ and formed a
branch which included Paraplutellus and Heteroporodrilus.
The presence in India of species assignable to, or at least closely related to,
Diporochaeta (Jamieson, 1977c) suggests that a proto-Diporochaeta has occupied
India since it was part of Gondwanaland. Whether Lord Howe Island plutelloids
reflect the Cretaceous connection with Australia or a later invasion is debatable
(Jamieson, 1977b) but those of New Caledonia appear to be of Gondwanan origin
(Jamieson and Bennett, 1979).
The remaining Australian holonephric Megascolecinae fall into two groups. One
consists solely of Pontodrilus, circummundane and euryhaline, with uncertain
relationships, but conceivably indigenous. Its prostates are not
tubuloracemose, as is basal to the Vesiculodrilus complex, but are of a distinctive
tubular type. The second group is represented by four closely related genera, all from
the eastern Subregion, Kosciuskan Division, Plutellus sensu stricto (Central coastal
New South Wales and Lord Howe Island), Heteroporodrilus (Queensland and New
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South Wales), Paraplutellus (Lord Howe Island), and the only polythecal Australian
genus, Geofdyneia (Blue Mountains, New South Wales). All have the heteropore
condition, a regular but complex alternation of the nephropores, and have large
nephridial bladders. These genera demonstrate incontrovertibly the invalidity of
Gates' (1972) division of megascolecids into Megascolecidae, if prostates are
racemose, and Acanthodrilidae if prostates are tubular, with holonephry.
Heteroporodrilus, with racemose prostates, is sufficiently close morphologically to
Plutellus, with tubular prostates, for inclusion in the latter genus to be worthy of
consideration, though separation is here considered justified. Paraplutellus has
tubular prostates; those of Geofdyneia are tubuloracemose. It is likely that these four
heteropore genera are derived monophyletically from Vesiculodrilus-like ancestors
with, like them, eight setae per segment. Added to this group is the little known genus
Healesvillea, differing from them in having calciferous glands in each of XIV-XVI.
Its prostates are truly racemose, being bipartite. These heteropore genera are restricted
to the Moist Warm Eastern, Moist Cool Eastern, and Moist Cool Murray-Darling
zones.
Holonephric Megascolecinae occur chiefly in Australia, including Lord Howe
Island, but also occur in New Caledonia, New Zealand, India and adjacent Asia and in
western N. America. They are conspicuously absent from Africa and S.
America. Absence of holonephric Megascolecinae from Africa suggests origin of
holonephric Megascolecinae after isolation of Africa which is dated at 90 m.y.a. or
somewhat earlier but is generally accepted as having predated separation of New
Zealand (with Lord Howe Island and New Caledonia) from Gondwanaland. Generally
the evidence seems to support origin of a holonephric megascolecine fauna, possibly
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from a sexprostatic proto-acanthodrile, in Gondwanaland and its dispersal throughout
the eastern part of the supercontinent, before 90 m.y.a. Presence of a few species of
the holonephric, Plutellus-like Argilophilus in western N. America is most simply
explained by entry via Beringia from Asia. Nearctic megascolecines with
notoscolecin meronephridia sympatric with them may have accompanied them or may
have evolved from them, in N. America, by multiplication of nephridia. Origin of N.
American holonephric Megascolecinae from Asia makes it unnecessary to postulate
occurrence of holonephric Megascolecinae in the Laurasian part of Pangea; the
occurrence of indigenous holonephric and notoscolecin Megascolecinae in Asia has
been attributed to seeding from India or less probably from Australia, in the Cenozoic
(Jamieson, 1981a).
Meronephric genera
Turning to those genera with more than one pair of nephridia per segment, the
meronephric condition, a Cryptodrilus-group of genera appears to have acquired
meronephry independently of that in genera with the notoscolecin arrangement
(former megascolecin Dichogastrini) or with more complex arrangements (former
Megascolecini). This group is composed of lumbricin and perichaetin genera. The
lumbricin genera are Cryptodrilus (New South Wales, Victoria. Tasmania),
Pseudocryptodrilus (Victoria, South Australia, Tasmania) and the monotypic
Trinephrus (New South Wales and Victoria). The perichaetin genera are
Occicryptodrilus (South western Province, the Moist Southwest Zone) and
Pericryptodrilus (Lord Howe Island; Cooloola). Their affinities with holonephric
forms (Perionychini sensu Jamieson, 1971a) are shown by the persistence of
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holonephridia in posterior segments in Pseudocryptodrilus and the frequently small
number of meronephridia which in some species are associated with the setal rows. In
Tasmania, evolution of Cryptodrilus is occurring towards a diversity of excretory
systems which could be considered distinctive of suprageneric (tribal) ranks. Thus the
typical Cryptodrilus condition of multiple bladders has given rise to the notoscolecin
condition, or to an enteronephric megascolecin condition or to a condition
intermediate between notoscolecin and complex, megascolecin conditions. It has been
hypothesized that the basic conditions of multiple bladders evolved from the
heteropore condition (Jamieson, 1972c) but monophyly of the Cryptodrilus-group is
questioned below.
Pericryptodrilus (Lord Howe Island), appears on initial examination to be no more
than a perichaetin (multisetose) form of the eastern Australian and Tasmanian
Cryptodrilus. However, restriction of nephrostomes to the intermediate rather than the
ventral row of nephridia, in addition to the perichaetin condition, at present warrants
generic status. Its phylogenetic affinities, nevertheless, would seem to lie with a
proto-Cryptodrilus. It is to be doubted that Pseudocryptodrilus and Occicryptodrilus
are monophyletic with each other or with Cryptodrilus and Pericryptodrilus.
Furthermore it is questionable that Pseudocryptodrilus acanthodriloides is
monophyletic with the other species of Pseudocryptodrilus. Polyphyletic origin of
genera of the Cryptodrilus-group from progenitors with vesiculate holonephridia is
not unlikely.
The Cryptodrilus-group of genera occupies the Moist Warm Eastern and Moist
Southwest (Tasmanian) zones (Cryptodrilus and Pericryptodrilus), the Moist Warm
Eastern (Trinephrus), and the Moist Southwest zone (Occicryptodrilus) but
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Pseudocryptodrilus has species in the Moist Cool Eastern, Tasmania and
the south-western enclave of the Moist Warm Murray-Darling zone.
A dichogastrin condition of the excretory system has formerly been recognized
(Jamieson, 1971c) in which the meronephridia are exonephric and a stomate
nephridium lies median to astomate micromeronephridia in posterior segments.
It is now established that this condition is at least diphyletic as it is seen in
Dichogaster and Neodiplotrema here shown to be members of the Acanthodrilinae
(see molecular analysis), and in former dichogastrins with the megascolecin
arrangement of male and prostates pores, notably Digaster and Notoscolex. A
notoscolecin group is therefore here recognized (see above) on the basis of this
nephridial arrangement, though the group is not formally named as it is uncertain that
it is monophyletic. In the molecular analysis (Fig. 0.45, 0.47), two genera with this condition,
Digaster and Didymogaster did not form a monophylum.
Notoscolecins are known only from the southern part of the continent, in western
and eastern Australia, though in the Eastern Subregion Digaster is known as far north
as 21°S (Fig. 0.60). Climatic zones occupied are the south-eastern part of the Moist
Northern, the Moist Warm Eastern, the Moist Cool Eastern, the Moist Cool MurrayDarling, the Dry Murray-Darling, the Moist Cool Eastern (Tasmania), and the Moist
Southwest. They display some suprageneric heterogeneity which may be indicative of
polyphyly. Thus, Hickmaniella (Tasmania) and Pseudonotoscolex (Western Australia)
show affinities with Cryptodrilus (Tasmania to New South Wales). The Australian
notoscolecins are Didymogaster (Eastern Subregion, Kosciuskan Division, Central
area, montane coastal subprovince of Australia, restricted to New South Wales),
Digaster (Port Macquarie and Kyogle areas and the Sydney Basin, New South Wales;
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Queensland. From 21°S. to 34°S., coastal to as far west as 150°E.), Eastoniella (Lord
Howe island) and Notoscolex (New South Wales, in the vicinity of Sydney to
Ulladulla; Victoria; one species, doubtfully included, from South-Western Australia)
and the perichaetin Arthuridrilus (Tasmania), all with typical notoscolecin nephridia.
Location of the oesophageal gizzard in the two species of Eastoniella as far back as
segments 8 and 9 is a highly evolved condition, the gizzard having reached 8
elsewhere in the Megascolecidae in the genera Pleionogaster and Pheretima sensu
lato which show only distant affinities with Eastoniella. Despite the very large,
multilipped nephrostomes, its nephridia are those of a notoscolecin and its descent
from an Australian proto-Notoscolex (probably with a single gizzard rather than the
two of Digaster) is easily envisaged.
Less certainly related to the notoscolecins are the vesiculate genus Hickmaniella
(Tasmania) and the avesiculate genera Pseudonotoscolex (S.W. Australia) and
Araucaridrilus (Bunya Mts., S.E. Queensland) (see below).
Hickmaniella is unusual in the notoscolecins in the small number of meronephridia
(only three on each side per segment in the intestinal region with the median
nephridium stomate) and in having intestinal gizzards. These are seen also in
Retrovescus (also from Tasmania) which has holonephridia transitional to a
meronephric condition, and the uncertainly placed Nexogaster, possibly with
notoscolecin nephridia. The only other megascolecid known to have intestinal
gizzards is Pleionogaster (Philippines and Moluccas). It seems possible, as it is
vesiculate, that Hickmaniella is derived from forms which would be assignable to
Cryptodrilus. It has very tentatively been suggested that these opisthogastric
megascolecids represent a link, if tenuous, between the Megascolecidae and the
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ancestry they share with the lumbricoids (see Jamieson, 1974a) but that their genes for
opisthogastry are homologous with each other and with those of lumbricids would
require molecular evidence.
Pseudonotoscolex (Southwestern Province) also has meronephridia associated with
setal rows but they are avesiculate. Although the median nephridium has a preseptal
funnel in some posterior segments, further caudally it is an intermediate nephridium
which is stomate. Its relationships are obscure but are possibly near Cryptodrilus,
which has some avesiculate species.
Araucaridrilus, from Araucaria forest in the isolated Bunya Mountains in
Queensland (Montane and Coastal Province, Moist Warm Eastern zone), should possibly be
referred to the Cryptodrilus-group on the basis of its small numbers of nephridia, and was
formerly placed in the latter genus. In the anterior intestinal region three megameronephridia
on each side with slender exonephric ducts entering the body wall in setal lines b, bc
(nearer c) and in d; caudally; the largest nephridium, discharging in b line, forms a
stomate megameronephridium; no enteronephry was demonstrable.
We have seen that notoscolecin genera with megascolecin male pores are not
monophyletic with those genera which have the notoscolecin arrangement but
have acanthodrilin male pores. The meronephric acanthodriline forms appear to
have originated from holonephric Acanthodrilinae by supervention of meronephry
independent of the megascolecin genera. This was argued in the careful studies of Lee
(1959, 1970) and is confirmed in the molecular study. Origin of notoscolecins (the
informal term here restricted to Megascolecinae) from holonephric megascolecines is
perhaps borne out by restriction of such notoscolecins to areas where holonephric
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Megascolecinae occur: India, Australia, New Zealand and N. America (Jamieson,
1981a).
The occurrence of holonephric Megascolecinae and of notoscolecin
Megascolecinae and of acanthodriles with the notoscolecin arrangement of
meronephridia in Burma and adjacent Asia, whereas all are absent from the western
Palaearctic, has been interpreted as being the result of colonisation of the Asian
mainland from India after the Cenozoic collision of the latter with Asia. The
Moniligastridae underwent the converse migration (Jamieson, 1977d).
The Pheretima-group of genera, with advanced meronephry, appear to exemplify both
dispersal and vicariation.
As notoscolecin Megascolecinae (and acanthodriles) occur in the Oriental Region
and Australia, apparent absence of endemic species from Malaysia and New Guinea is
enigmatic. It is possibly ascribable to elimination by Pheretima sensu lato which is
ubiquitous there but additional collecting is needed in these areas.
Presumably derived from ancestor with the notoscolecin arrangement are the
monotypic Megascolides (Eastern Subregion, Kosciuskan Division: Victoria; Moist
Cool Eastern zone) and the closely related Austrohoplochaetella (Western Subregion
of Australia, Eyrian division: Southwestern Province; Moist Southwest zone). These
diverge from normal notoscolecin organization in having longitudinal ureters. The
ureters appear to open into the rectum, a variation known within Cryptodrilus, in the
African meronephric acanthodrile Millsonia and in the lumbricids Allolobophora and
Diporodrilus The close relationship but great geographical disjunction of
Austrohoplochaetella and Megascolides, in Western Australia and in Gippsland
respectively, suggest major extinctions in Megascolides and probably, in view of the
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wide original range they represent, a long sojourn in Australia. Evidence for origin
and evolution of the digastric notoscolecin genera Digaster and Didymogaster in situ
in the Montane Coastal Province of the Eastern Subregion of Australia (Jamieson,
1975c) also points to presence well back into the Tertiary or earlier.
The presence of multiple preseptal nephrostomes demonstrated for Perissogaster
excavata for the first time by Jamieson (1993), set a monotypic Perissogaster, with
three gizzards, apart from Digaster, no other described characters necessitating
separation of the two genera. Perissogaster nemoralis and P. queenslandica, with
three and two gizzards, respectively, were transferred to Digaster. Meronephric forms
with a single gizzard which might have given rise to Digaster, Didymogaster and
perhaps Perissogaster sensu stricto. are still represented in the genus Notoscolex.
Classically Notoscolex consisted of species with single gizzard, meronephridia,
racemose prostates and eight setae per segment and was clearly an artificial congeries
(Jamieson, 1971c). The numerous Australian species of the genus are now assignable
to Notoscolex sensu stricto (see Jamieson, 1972d); Oreoscolex (Jamieson, 1975a);
Cryptodrilus (Jamieson, 1972c); Pseudocryptodrilus and Notoscolex sensu lato
Advanced meronephry
The remaining Australian Megascolecinae (constituting the tribe Megascolecini of
Jamieson, 1971a-c) are characterized by megascolecin male pores and multiple
nephridia (Fig. 0.36) which differ from and are more complex than the notoscolecin
arrangement and usually if not always differ from it in opening into the intestine
caudally (Jamieson, 197la). Caudal enteronephry is normal in Austrohoplochaetella
and Megascolides which have been considered, above, as notoscolecins as they do not
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hve multiple nephrostomes. Such complex nephridial arrangements, with or without
caudal enteronephry, contain two chief types: (1) those with more than one preseptal
nephrostome on each side in caudal segments; (2) those with intrasegmental funnels,
that is funnels which project from the anterior septum back into the same segment.
Other conditions exist and will be briefly mentioned. These complex types were the
basis for recognition of the tribe Megascolecini (Jamieson, 1971a-c) but in the present
work suprageneric classification within the Megascolecinae is not formally attempted
as it is considered that the high homoplasy in the subfamily requires that further
morphological analysis be augmented by molecular studies.
1. Multiple preseptal nephrostomes
The only known Australian genera with lumbricin setae and multiple preseptal
nephrostomes are Oreoscolex, Perissogaster and and Anisochaeta (part.). Oreoscolex
(Eastern subregion, Kosciuskan Division: New South Wales, southern Moist
Warm Eastern; Mt. Kosciusko, Moist Cool Eastern. Tasmania) has eight setae per
segment and multiple preseptal nephrostomes, a combination which may have been
derived polyphyletically. Multiplication of the nephrostomes probably indicates
relationship with Spenceriella and Gemascolex relative to which it is plesiomorphic in
the lumbricin arrangement of setae and, mostly, the absence of intestinal
enteronephry. The possibility of relationship with a monogastric, notoscolecin
precursor of Digaster has been considered (Jamieson, 1981a).
The monotypic Perissogaster (see Jamieson, 1993), occurs in the Eastern
Subregion, Kosciuskan Division: Hawkesbury to Hunter River districts, New South
Wales and in the eastern border of the Darling Basin Division. Its multiple preseptal
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funnels distinguish it from the notoscolecin Digaster which, like it, has replicated the
oesophageal gizzard.
Perichaetin genera with multiple preseptal nephrostomes are Gemascolex,
Anisochaeta sensu stricto and Trichaeta. At least one species provisionally ascribed to
Spenceriella shows these setal and nephridial conditions also.
Multiple preseptal funnels also occur in the Indian genera Celeriella, Priodoscolex
and Troyia (Jamieson, 1977c) and, if an indication of monophyly of these forms with
the Australian genera so characterized, would indicate the origin of such
megascolecines before separation of India from Gondwanaland. This and other Indian
affinities of the Australian fauna would support reconstructions abutting India and
proto-Australia. However, independent and repeated origin of preseptal nephrostomes
cannot be dismissed.
In Anisochaeta (Eastern Subregion, Kosciuskan Division, Moist Warm Eastern
zone) setae in the forebody are 8 to 12 per segment, in the hindbody 8, or 12 to 30;
caudally, multiple preseptal nephrostomes are typically present (Fig. 0.50).
Prostates are racemose.
Gemascolex (Eastern Subregion, Kosciuskan Division. Chiefly South Australia but
also Victoria, New South Wales) appears closely related to
Spenceriella and some of its species also approach the pheretimoid facies (including
clitellum on segments 14 to 16, perichaetin setae and unpaired female pore). It differs
from Anisochaeta and Trichaeta in having tubuloracemose, not racemose, prostates.
The paucity of the earthworm faunas of South Australia has been attributed to the low
rainfall and it is noteworthy that most of South Australia's species, in the genera
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Fig. 0.50. Previous page. Anisochaeta mudgeanus. One of the multiple
preseptal nephrostomes, here part of a dorsal series of funnels in a segment.
Syntype AM W1316. By Nomarski contrast. (Jamieson, 2000).
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Gemascolex and Spenceriella, have excretory adaptations, in the form of intestinal
enteronephry, which favour water conservation (Jamieson, 1974b, 1981a).
Trichaeta (Eastern Subregion, Kosciuskan Division: Victoria in the vicinity of 38°S.;
Moist Cool Eastern zone) typically has not more than six setae on each side of the
segment, arranged in pairs; or exceptionally 7 setae, is metandric and has large
numbers of preseptal funnels per segment caudally. The prostates are racemose. See
also species incertae sedis in the generic account.
The sole described native Australian species of the great Oriental and Papuan
Pheretima-group of genera are species of the highly evolved genus Begemius (North
Eastern New Guinea and Eastern Subregion: N. Queensland; Moist Northern zone). It
has been suggested (Jamieson, 1977b) that Pheretima shared a common precursor
with the Australian Spenceriella or a form resembling it. Since that suggestion was
made a new, acaecate, enteronephric Spenceriella-like species-group from the vicinity
of Cooloola, here placed in Propheretima, has been discovered in Queensland (Dyne,
1984) which has totally pheretimoid external facies but internally differs from
Pheretima sensu lato in having the gizzard in segment 5 (segment 8 in Pheretima). It
has reasonably been hypothesized that these forms are little-modified descendants of a
proto-pheretima (Jamieson, 1981a). However, the molecular analysis (Fig. 0.45) while
not unexpectedly placing Propheretima (albeit non-Cooloola species) in the
Spenceriella clade, shows no close relation between this clade and the Pheretimagroup, represented by Begemius and Amynthas.
It remains plausible that the ancestry of the Pheretima-group lay in Australia. The
vicariating event which led to evolution of early pheretimas from the protopheretimas may have been the establishment of a tropical leading edge to the
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Australian continental plate in the Miocene and attendant development of rainforest. The fact that the greatest diversity of primitive pheretimoid genera occurs in
New Guinea and islands to the north (e.g. the Moluccas) seems to support origin in
this New Guinean extension of northern Australia (Jamieson, 1981a). Easton (1982)
independently suggested origin of Begemius and Metapheretima in New Guinea.
In an attempt to explain the almost complete absence of autochthonous pheretimas,
especially the more primitive, acaecate genera from continental Australia despite the
long-standing land connection between New Guinea and Australia (Doutch, 1972;
Dickinson, 1973; contrast Raven and Axelrod, 1972), it was suggested (Jamieson,
1981a) that the Pleistocene Torres Strait marine transgression (see Walker, 1972)
occurred too late to be the primary cause of this absence and that any such pheretimas
existing south of the New Guinean portion of Australia, might have been eliminated
by low post-Miocene temperatures (Dorman and Gill, 1959; Dorman, 1966), if not by
Pleistocene aridity and accompanying ecological change. By the time warmer and
more pluvial conditions returned to Australia, Torres Strait might have become a
barrier to invasion from New Guinea and Asia. The importance of edaphic factors in
determining distribution of pheretimoids recognized by Sims and Easton (1972) also
requires further investigation.
Begemius species endemic in Queensland occur in cooler highland rain-forest of
Atherton Tableland, and on Horn Island, in Torres Strait, and are considered by
Easton (1982) to represent an invasion of Australia from New Guinea, perhaps as
recently as extension of rain-forest from the latter about 8,000 years ago (Nix and
Kalma, 1972) shortly before the last Torres Strait transgression. Nevertheless,
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possibility that Begemius, which from recent surveys is proving widely distributed on
Cape York, had an Australian origin, established an Australo-New Guinean domain,
and was better adapted to its local conditions than Asian pheretimoids of later origin,
cannot be totally discounted. All of these other pheretimoids are peregrine species
believed to owe their Australian distribution to human agency.
The predominantly southerly distribution in Australia of non-pheretimoid
megascolecines with complex nephridia, perhaps supports entry from Gondwanaland
prior to 50 mybp. If this be accepted, and if at least some are monophyletic with
advanced megascolecines of India, the origin of the assemblage, or at least elements
of it, may predate separation of India from Gondwanaland at some period between
180 and 65 mybp. Their total absence from Africa and South America suggests that
they have never occupied the Afro-American portion of Gondwanaland. Whether
meronephric New Zealand megascolecines are part of this advanced assemblage
(Megascolecini sensu Jamieson, 1971c) is uncertain as their excretory systems are
imperfectly known but meronephric forms appear to be late entries to New Zealand
with the exception of some meronephric acanthodriles which Lee (1959, 1970)
showed to have independently evolved meronephry (Jamieson, 1981a).
2. Intrasegmental nephrostomes
There are no lumbricin species with intrasegmental nephrostomes. Perichaetin genera
so characterized are Spenceriella and the closely related Bursadrilus.
The genus Spenceriella occurs chiefly in the Eastern Subregion, Kosciuskan
Division in both the Moist Warm Eastern and Moist Cool Eastern areas; Lord Howe
Island, Norfolk Island and in the Western Subregion: Darling Basin province.
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Questionably congeneric species occur in New Zealand. The typical portion of the
Spenceriella cormieri-group is allopatric and northerly relative to the notabilis-group.
Observations on the biogeography of the Spenceriella cormieri-group in the Cooloola
region are given by Dyne (see the generic account). The S. howeanagroup occurs on Lord Howe Island, with a questionably related species in New South
Wales.
Spenceriella is perichaetin with calciferous glands 3 or 4 pairs in X-XII, XIII (in
the notabilis-group), or absent (howeana and cormieri-groups). Prostates in
Spenceriella are racemose or tubuloracemose. The absence of anterior tufted
nephridia and of a gizzard distinguishes the S. howeana-group from the S. cormierigroup, though one or the other condition may occurs in some cormieri-group species.
Oesophageal nephridia are astomate or stomate; caudal nephridia are stomate (and
astomate?); nephridia in regions in which they are stomate have a median preseptal
funnel and multiple intrasegmental funnels. Intrasegmental nephrostomes remain to
be demonstrated, because of poor preservation, for the type-species, S. notabilis
but are known for the closely related S. murrayana. Caudal enteronephry is present or,
more commonly, absent. Multiple preseptal nephrostomes have been reported for
Spenceriella celmisiae and its apparent caudal enteronephry is also a rare condition
for the genus. Both conditions would suggest that it may be closer to Gemascolex but
the intrasegmental genital markings are not typical of that genus. S. imparicystis also
appears to have preseptal nephrostomes (requiring confirmation) and, as it occurs in
the Gemascolex domain, may be phylogenetically nearer the latter genus. Spenceriella
crateris has intrasegmental nephrostomes but is unusual in that the median
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nephridium has multiple preseptal nephrostomes instead of the usual single
preseptal nephrostome.
Bursadrilus is a monotypic genus from the Eastern Subregion, Kosciuskan
Division, in the region of Jenolan Caves, New South Wales. It appears from its
general morphology to be related to species of the Anisochaeta-SpenceriellaTrichaeta complex of which the first two genera occur in its vicinity. The copulatory
bursa is a major evolutionary innovation and, in combination with the fairly regular
and at least partly paired linear arrangement of 10 setae per side throughout the body,
is distinctive. In its incipient metandry and relatively small number of setae on each
side it approaches Trichaeta, of which it may be the sister genus.
That the megascolecines with advanced meronephry, whether with preseptal or
intrasegmental nephrostomes, as a whole are monophyletic is uncertain but of the
Australian genera at least five form a closely related group; these are Oreoscolex,
Anisochaeta, Spenceriella, Bursadrilus, Gemascolex, Trichaeta and possibly
Begemius. The remaining genus, Perissogaster restricted to P. excavata, probably
originated independently of the others, from proto-Digasters in the notoscolecins
(Jamieson, 1978c, 1993).
Some Oriental species of Megascolex (a campestris-group of species excluding the
type-species) have intestinal enteronephry involving intersegmental longitudinal
excretory ducts, a characteristic seen in Oriental genera and also in the Australian
genera Gemascolex, Begemius and some Spenceriella, further strengthening an IndoAustralian link. The total absence of autochthonous Megascolecinae with advanced
meronephry from the Neotropical and Ethiopian Regions is in notable contrast.
Maps showing the distribution of native Australian megascolecine genera follow.
Press SKIP to pass over these and move to the next section.

Fig. 0.51. Records of all Australian genera of Megascolecinae.

Fig. 0.52. Records of Anisochaeta

Fig. 0.53. Records of Araucaridrilus.

Fig. 0.54. Records of Arthuridrilus.

Fig. 0.55. Records of Austrohoplochaetella.

Fig. 0.56. Records of Begemius.

Fig. 0.57. Records of Bursadrilus.

Fig. 0.58. Records of Cryptodrilus.

Fig. 0.59. Records of Didymogaster.

Fig. 0. 60. Records of Digaster.

Fig. 0.61. Records of Diporochaeta (Diporochaeta).

Fig. 0.62. Records of Diporochaeta (Vesiculodrilus).

Fig. 0.63. Records of Eastoniella.

Fig. 0.64. Records of Fletcherodrilus.

Fig. 0.65. Records of Gemascolex.

Fig. 0.66. Records of Geofdyneia.

Fig. 0.67. Records of Graliophilus.

Fig. 0.68. Records of Haereodrilus.

Fig. 0.69. Records of Healesvillea.

Fig. 0.70. Records of Heteroporodrilus.

Fig. 0.71. Records of Hiatidrilus.

Fig. 0.72. Records of Hickmaniella.

Fig. 0.73. Records of Kangaridrilus.

Fig. 0.74. Records of Megascolides.

Fig. 0.75. Records of Nexogaster.

Fig. 0.76. Records of Notoscolex.

Fig. 0.77. Records of Occicryptodrilus.

Fig. 0.78. Records of Oreoscolex.

Fig. 0.79. Records of Paraplutellus.

Fig. 0.80. Records of Pericryptodrilus.

Fig. 0.81. Records of Perionychella.

Fig. 0.82. Records of Perissogaster.

Fig. 0.83. Records of Pinguidrilus.

Fig. 0.84. Records of Plutelloides.

Fig. 0.85. Records of Plutellus.

Fig. 0.86. Records of Propheretima.

Fig. 0.87. Records of Pseudocryptodrilus.

Fig. 0.88. Records of Pseudonotoscolex.

Fig. 0.89. Records of Retrovescus.

Fig. 0.90. Records of Scolecidrilus.

Fig. 0.91. Records of Simsia.

Fig. 0.92. Records of Spenceriella.

Fig. 0.93. Records of Terrisswalkerius.

Fig. 0.94. Records of Trichaeta.

Fig. 0.95. Records of Trinephrus.

Fig. 0.96. Records of Woodwardiella.
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REGIONAL COMPARISON WITH AUSTRALIA (A SUMMARY)
The following summary omits reference to microdriles and to the Haplotaxidae. It is based on
Jamieson (1981a), with minor modification to accommodate the parsimony analysis
(Jamieson, 1988a).
1. Australia has strong oligochaete affinities with New Zealand and the depauperate New
Caledonia, sharing Acanthodrilinae, Megascolecine (holonephric genera, notoscolecin genera
(excepting New Caledonia) and genera with complex nephridial systems) and lacking
indigenous representatives of all other families (Alluroididae, Syngenodrilidae,
Moniligastridae, Biwadrilidae, Sparganophilidae, Almidae, Criodrilidae, Lutodrilidae,
Komarekionidae,
Kynotidae,
Microchaetidae,
Glossoscolecidae,
Hormogastridae,
Lumbricidae, Ocnerodrilidae and Eudrilidae).
Few indigenous species are shared between the different components of the Australian
Region (Australia, Tasmania, Lord Howe Island, New Caledonia and New Zealand). New
Zealand has a diversified and generically largely endemic acanthodriline fauna, presumably
sharing a Gondwanan origin with that of Australia and New Caledonia, but its megascolecine
fauna consists exclusively of Australian genera which may be late entrants from Australia,
though their congeneric status requires re-evaluation. Absence of acanthodriles from Lord
Howe Island but presence of Australian endemic megascolecine genera may indicate that it
was colonized from Australia after Cretaceous isolation and destruction of its original fauna
by Tertiary vulcanism. However, as Lord Howe Island is south of the domain of endemic east
coast Australian acanthodriles it may never have possessed them. It remains possible that an
indigenous earthworm fauna vicariated from the mainland survived vulcanism (e.g. common
origin of Paraplutellus and the mainland Geofdyneia).
2. The Australian Region shows close affinities with the Oriental Region, notably India
(Acanthodrilinae, though these are reduced and of a different tribe in the Oriental Region;
Megascolecinae including holonephric, notoscolecin and advanced meronephric genera) but
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India has acquired Moniligastridae from Asia, to which it has donated megascolecids (a
Cenozoic exchange). India has similarities with the Ethiopian Region (Ocnerodrilidae, but a
different subfamily; Almidae; Acanthodrilinae; meronephric Acanthodrilinae) which may
record a Pangean connection.
3. The Australian Region has no earthworm affinities with the Palaearctic, with the exception
that the notoscolecin Megascolecinae and advanced meronephric forms, though not at the
generic level (Cenozoic derivatives in Asia from India and Australia) are shared with the
Oriental to Palaearctic transition (chiefly China and Japan). Begemius is morphologically
close to the Oriental Metaphire. This transitional region also shares the Moniligastridae with
the Oriental Region. The Palaearctic has unique elements (Biwadriloidea; Criodrilidae, in the
Almoidea; Hormogastridae, in the Lumbricoidea) but shares with the Nearctic the
Sparganophilidae (probably anthropochorous), the Lumbricidae and (China) notoscolecin
Megascolecinae.
4. The Nearctic megadrile fauna is composed of Komarekionidae and Lumbricidae
(Lumbricoidea); of Ocnerodrilidae (Megascolecoidea); Acanthodrilinae; holonephric and
notoscolecin Megascolecinae; (Megascolecidae, Megascolecoidea); Sparganophilidae
(Sparganophiloidea) and Lutodrilidae (Almoidea). The Lumbricidae reflect long-standing
continuity, within Laurasia, with the Palaearctic disrupted in the Tertiary as, it is surmised, do
the Sparganophilidae; acanthodriles indicate Pangean affinities with Africa broken in the
Triassic. However, the Australian acanthodrile Diplotrema has greater genetic similarity to
the south eastern Nearctic Diplocardia than would be expected from so long a separation.
Holonephric Megascolecinae (and notoscolecins?) are considered a secondary (Beringian?)
invasion from Asian forms stemming originally from the Cenozoic approach of India or
Australia to Asia or transoceanically from Australia. Ocnerodriles represent a Pangean link
with the Neotropical and, more tenuous, with India and the Oriental Region. The
Acanthodrilinae reflect Pangean continuity between the Nearctic and Australia-Antarctica, a
possibility which cannot be entirely ruled out for holonephric Megascolecinae and

115

notoscolecins. Lutodrilus probably reflects former occurrence in the Holarctic of a western
Pangean almoid fauna now most developed in Africa.
5. The greatest faunistic similarity between two distinct zoogeographic regions is between the
Ethiopian and Neotropical Regions which share Alluroididae, Almidae, Ocnerodrilini,
holonephric and meronephric Acanthodrilinae, and lumbricoids of different but related
families (the Microchaetidae and Glossoscolecidae). These similarities reflect conjunction
into the Jurassic. Notable mutual absences are the Megascolecinae, presumably indicating
absence of these from west Gondwanaland, on late Mesozoic separation of Africa, and
subsequent failure to enter S. America. The Ethiopian Region has unique elements
(syngenodrilid Alluroidina; Eudrilidae, as post-isolation descendants of a possibly
ocnerodrile- derived stock). Glossoscolecid lumbricoids alone are unique to the Neotropical.
Affinities of both regions with Australia are restricted to the ancient, Pangean acanthodrile
fauna.
6. Malagasian affinities are with the Ethiopian-Neotropical (Acanthodrilinae; Ocnerodrilinae;
Kynotidae as possible relatives of the almoid stock). Howascolecin acanthodriles are a
doubtful link with India as diphyly may be involved. Apparent absence of Megascolecinae
from Madagascar contrasts strongly with India and Australia and supports Gondwanaland
approximation of India with Australia rather than with Madagascar; alternatively Madagascar
may be secondarily depauperate.
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8. Taxonomic section
CHECKLIST OF AUSTRALIAN GENERA OF MEGASCOLECINAE
Genus
1. Anisochaeta Beddard, 1890
2. Araucaridrilus Jamieson, 2000
3. Arthuridrilus Jamieson, 200
4. Austrohoplochaetella Jamieson, 1971e
5. Begemius Easton, 1982
6. Bursadrilus Jamieson, 2000
7. Cryptodrilus Fletcher, 1886a
8. Didymogaster Fletcher, 1886a
9. Digaster Perrier, 1872
10. Diporochaeta Beddard, 1890
Subgenus Diporochaeta Beddard, 1890
Subgenus Vesiculodrilus Jamieson, 1973
11. Eastoniella Jamieson, 1977b
12. Fletcherodrilus Michaelsen, 1891
13. Gemascolex Edmonds and Jamieson, 1973
14. Geofdyneia Jamieson, 2000
15. Graliophilus Jamieson, I971e
16. Haereodrilus Dyne, 2000
17. Healesvillea Jamieson, 2000
18. Heteroporodrilus Jamieson, 1970a
19. Hiatidrilus Jamieson, 1994
20. Hickmaniella Jamieson, 1974a
21. Kangaridrilus Jamieson, 2000
22. Megascolides McCoy, 1878

Holonephric/
Meronephric
M
M
M
M
M
M
M
M
M

Number of
Australian species
9
1
3
22
6
1
12
2
30

H
H
M
H
M
H
H
H
H
H
H
M
H
M

34
18
2
4
15
1
22
1
1
20
5
2
1
1
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23. Nexogaster Blakemore and Kingston, 1997
24. Notoscolex Fletcher, 1886a
25. Occicryptodrilus Jamieson, 2000
26. Oreoscolex Jamieson, 1973
27. Paraplutellus Jamieson, 1972a
28. Pericryptodrilus Jamieson, 1977b
29. Perionychella Michaelsen, 1907b
30. Perissogaster Fletcher, 1887a
31. Pinguidrilus Jamieson, 1974a
32. Plutelloides Jamieson, 2000
33. Plutellus Perrier, 1873
34. Pontodrilus Perrier, 1874
35. Propheretima Jamieson, 1995
36. Pseudocryptodrilus Jamieson, 1972c
37. Pseudonotoscolex Jamieson, 1971e
38. Retrovescus Blakemore, 1998
39. Scolecidrilus Jamieson, 2000
40. Simsia Jamieson, 1972a
41. Spenceriella Michaelsen, 1907b
42. Terrisswalkerius Jamieson, 1994
43. Trichaeta Spencer, 1900
44. Trinephrus Beddard, 1895
45. Woodwardiella Stephenson, 1925
Total megascolecine species (excluding Pontodrilus)

M
M
M
M
H
M
H
M
H
H
H
H
M
M
M
H (transitional)
H
H
M
H
M
M
H

1
13
2
13
1
2
3
1
1
1
3
1
12
3
1
4
1
9
82
24
5
1
6
402
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SUBFAMILY MEGASCOLECINAE
Calciferous glands, if present, not arranged as in Ocnerodrilidae (not in IX or IX and
X). Last hearts in XII or XIII, rarely if ever in XI. Male terminalia with only one pair
of prostates, the pores of which are near to or combined with the pores of a single pair
of prostates on XVIII or its homeotic equivalent. Prostates tubular, tubuloracemose or
racemose. Purely holonephric or meronephric, or with meronephridia in a varying
number of segments anterior to holonephridia.
DISTRIBUTION
PALAEARCTIC: China, Korea, Japan. NEARCTIC: N. America. NEOTROPICAL (Rare).
ORIENTAL: India, Pakistan and northwards beyond Nepal; Sri Lanka; Assam; Burma;
Java; Sumatra; Philippines; Moluccas. AUSTRALIAN: Australia including Tasmania;
Norfolk Island; New Guinea. NEW CALEDONIA. NEW ZEALAND and neighbouring
Islands including Chatham Island. Some species peregrine, sometimes widely.
REMARKS
The Megascolecinae is the sister-group of the Acanthodrilinae, and the two are jointly
the apomorph sister-group of the Ocnerodrilidae, as confirmed from molecular studies
(see introduction). If, as is widely agreed, the Ocnerodrilidae are given familial status,
a subfamilial status for the Acanthodrilinae and Megascolecinae is supported. With
suppression of the subdivisions of the Megascolecinae (namely Perionychini,
Dichogastrini and Megascolecini) as a result of the molecular studies, which
confirmed earlier reservations as to the validity of these taxa, no suprageneric
subdivision of the Megascolecinae is here recognized. Some apparently monophyletic
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suprageneric groupings are, however, discernible within the Megascolecinae which
may later merit formal taxonomic representation.
The Australian genera of the Megascolecidae are listed in the Introduction. A key to
all Australian genera follows. This employs detailed nephridial characters. It is
followed by an alternative, simplified key requiring less knowledge of nephridial
morphology.
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KEY TO THE GENERA OF INDIGENOUS AUSTRALIAN EARTHWORMS
1

2(1a)

3(2a)

4(3a)

5(4b)

a. One pair of combined male and prostatic pores
approximately equatorial on XVIII, rarely a single midventral
pore - Megascolecinae
b. Prostates 2 pairs, in XVII and XIX with a pair of male pores
in XVIII, or a single pair of prostate pores in XVII or XIX or
rarely XVI, near or fused with the male pores - Acanthodrilinae
a. Nephridia holonephridia (with or without anterior tufts); a
single pair with preseptal funnels in each typical nephridial
segment. Sometimes (Retrovescus) with some duplication
b. Nephridia meronephridia: more than 1 pair of nephridia in
most or all nephridial segments

2

51

3
24

Holonephric
a. Holonephric with setae 8 per segment
b. Holonephric with setae more than 8 per segment or
(Perionychella smithi only) four pairs with the upper pairs far
dorsal

19

Setae 8 per segment
a. No nephridia anterior to the clitellum) marine littoral, often
at high tide level)
b. Nephridia present anterior to the clitellum and elsewhere

Pontodrilus
5

4

Nephridia present anterior to the clitellum
a. Nephropores in straight or sinuous lines but never with
regular alternation. Prostates tubular to tubuloracemose

6
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b. Nephropores with regular alternation between different setal
lines or varying irregularly from b to d lines or at least
(Healesvillea) occurring in b, c and d lines. Prostates
tubuloracemose to racemose

6(5a)

7(6a)

8(7a)

9(8a)

Nephropores never with regular alternation
a. Nephridia with bladders or wide ducts resembling bladders
b. Nephridia lacking bladders
Bladders present
a. Nephridia with well-developed bladders clearly
distinguished from their ducts. Testes in X and XI
b. Nephridia with wide ducts resembling bladders. Testes in XI
only
a. Spermathecal pores (in some of 4/5-8/9) and male pores
paired
b. Spermathecal pores (in 3 or 5 intersegments, ending in 8/9)
and male pores unpaired, midventral

a. Spermathecae diverticula not visible in the coelom.
Nephropores an irregular series in c lines to near middorsum.
Genital markings a transversely extensive intersegmental pad
in each or most of 14/15-20/21. Prostates tubular, slightly
lobulated
b. Spermathecae each with 1 or more intracoelomic diverticula.
Prostates tubular or tubuloracemose. Genital markings and
nephropores not as in 'a'

15

7
10

8
Hiatidrilus (part.,
semicinctus)

9
Fletcherodrilus (typical
part)

Pinguidrilus
Diporochaeta
(Vesiculodrilus)
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10(6b)

Bladders absent
a. Spermathecal diverticula compact multiloculate
b. Spermathecal diverticula not multiloculate; single sometimes
paired, clavate; rarely some bifid

11(10b)

a. Nephropores in b lines
b. Nephropores in or above c lines

12(11b)

a. Prostates racemose
b. Prostates tubular or tubuloracemose

13(12b)

a. Male porophores almost contiguous ventrally. Spermathecal
pores anterior to the intersegmental furrows. Gizzard absent.
Extensive tufting of nephridia, giving a transitional
meronephry, anteriorly and into intestinal region
b. Male porophores almost contiguous ventrally or more widely
separated. Spermathecal pores in or just behind the
intersegments. Gizzard well developed to weak. Nephridial
tufting, if present, anterior only

14(13b)

15(5b)

a. Intestine commencing in XIV, XV or XVI. Typically with
extramural calciferous glands, two pairs, in XI and XII
b. Intestinal origin varying from XVII-XIX. Paired extramural
calciferous glands, rarely present, in XIV, or XVI, or XVII, or
rudimentary in XV and XVI
Alternating nephropores
a. One pair of sessile extramural calciferous glands in XIII only

Simsia
11
Kangaridrilus
12
Woodwardiella
13

Plutelloides

14

Hiatidrilus (typical part)

Graliophilus

16
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b. Three to five pairs of sessile or stalked calciferous glands
16(15a)

a. Spermathecae a pair opening anteriorly in each of segments
V-IX, diverticula present
b. Spermathecae very small, lacking diverticula, in groups of 4
or 5 on each side (the polythecal condition), opening anteriorly
in each of segments III-IX

17(15b)

a. Three pairs of lateral calciferous glands, in XIV-XVI
b. Three to five pairs of calciferous glands, the last in XIII

18(17b)

a. Three to five pairs of sessile or shortly stalked ventrolateral
calciferous glands, the last in XIII. Prostates tubuloracemose or
racemose
b. Four pairs of long-stalked reniform calciferous glands, in XXIII. Prostates tubular to tubuloracemose

19(3b)

20(19a)

21(20a)

17

Paraplutellus

Geofdyneia
Healesvillea
18

Heteroporodrilus
Plutellus

Holonephric. Setae more than 8 in some or all segments
a. Prostates tubular or tubuloracemose
b. Prostates racemose

20
23

a. Genital markings, other than tumescence around the male
porophores or a common surrounding furrow, absent or
forming longitudinal wavy plications ventrally in one or more
segments
b. Genital markings present

21
22

a. Body flattened. Setae all ventral. No genital plications.
Epizoic on earthworms

Haereodrilus
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b. Body not flattened. Setae not all ventral. No genital
plications. Male pores paired. Spermathecal pores paired or
unpaired midventral. Free living
c. Body not flattened. Setae not all ventral. Genital plications
present. Male and spermathecal pores unpaired midventral.
Free living
22(20b)

a. An oesophageal and several intestinal gizzards present
b. An oesophageal but no intestinal gizzards present

23(19b)

a. Body truncated (pupa-like). Spermathecae each with two
diverticula
b. Body elongate (vermiform). Sperrmathecae each with one
diverticulum

24(2b)

25(24a)

26(24b)

Meronephric
a. Perichaetin. Setae present between the male pores on XVIII
b. Setae 8 per segment to perichaetin. No setae present between
the male pores
a. Gizzard in VIII and intestinal caeca originating in XXV.
Testes in XI only
b. Gizzard in V. Intestinal caeca absent. Testes in X and XI
a. An oesophageal gizzard and intestinal gizzards present
b. Gizzard(s) oesophageal only. Usually 1, sometimes 2 to 3 in
adjacent segments, sometimes absent

Terrisswalkerius

Fletcherodrilus (part.)
Retrovescus
Diporochaeta (typical part.)

Scolecidrilus
Perionychella

25
26

Begemius
Propheretima
27
28
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27(26a)

a. Perichaetin. Prostates tubuloracemose. Intestinal gizzard in
XIX-XX, XXI?. Typhlosole absent
b. Setae 8 per segment. Prostates racemose. Intestinal gizzards
in the region of XXII-XXVII. Typhlosole present

28(26b)

a. Gizzards 2 or 3 in adjacent oesophageal segments
b. One oesophageal gizzard only, sometimes vestigial

29(28a)

a. Prostates tubuloracemose. Numerous preseptal funnels on
each side in each intestinal segment. 3 gizzards
b. Prostates racemose, often bifid. A single preseptal funnel on
each side in each intestinal segment. 2 or 3 gizzards

30(29b)

31(28b)

32(31a)

Spermathecal pores near the equators of their segments. 2
gizzards
Spermathecal pores in the intersegmental furrows or very
shortly behind these. 2 or 3 gizzards
a. Setae 8 per segment throughout the body. Rarely some
caudal segments with an extra seta
b. Setae more than 8 per segment throughout or caudally
Setae 8 per segment throughout the body
a. Gizzard in VIII or IX. Prostates tubular
b. Gizzard in V and/or VI. Prostates tubular, tubuloracemose or
racemose

Hickmaniella
Nexogaster
29
31

Perissogaster
30

Didymogaster
Digaster

32
41

Eastoniella
33
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33(32b)

34(33b)

35(34a)

a. Spermathecal diverticula small, multiloculate, scarcely
extramural, with several elongate lumina each with numerous
chambers. (Sperm stored in diverticula and ampulla). Prostates
truly tubular, much coiled
b. Spermathecal diverticula extramural, uni- or multi-loculate,
structure not as in 'a'. (Sperm stored in diverticula only).
Prostates tubular, tubuloracemose to racemose
a. Caudal nephridia with multiple preseptal funnels. Prostates
tubuloracemose or racemose
b. Median (sometimes intermediate) or only nephridium on
each side in the hind-body with a preseptal funnel (rarely,
funnels unknown). Prostates tubuloracemose to racemose
c. Buccal tufts present anteriorly; avesiculate exonephric
(astomate?) megameronephridia present throughout most of the
body, few in number, first the medianmost nephridium but
further caudally an intermediate nephridium, enlarged and with
preseptal funnel; a few most posterior caudal segments with a
small number of astomate micromeronephridia only.
Spermathecae with extramural diverticula. Prostates racemose
a. Extramural calciferous glands 4 to 6 pairs, ending in XIII.
Prostates racemose
b. Extramural calciferous glands absent or in XV and XVI or
XIII-XV. Prostates tubuloracemose or racemose

Megascolides (s. strict, M.
australis only)

34

35

36

Pseudonotoscolex

Anisochaeta (part.,
saccarius group)
Oreoscolex
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36(34b)

37(36b)

38(37b)

39(38a)

a. Prostates racemose with the duct branching before entering
the gland. Nephridia discharging through subspherical or, in
places, elongate bladders, in setal lines a, c and d, commencing
in II
b. Prostates tubular, tubuloracemose to racemose; duct not
branching external to the gland. Nephridia with or without
bladders
a. True extramural calciferous glands with internal lamellae in
X-XIV; but only those of XII and XIII constricted off from the
oesophagus, best developed in XIII where they are reniform.
Prostates elongated, racemose
b. Calciferous glands if present not as in 'a'. Prostates
tubuloracemose to racemose
a. Caudally, meronephridia succeeded by segments with a
single nephridium with preseptal funnel, on each side,
unaccompanied by other nephridia. Bladders absent
b. Caudally, median nephridium, with preseptal funnel
accompanied by lateral nephridia lacking funnels, or with few
megameronephridia throughout most of the body. Bladders
present or absent
a. Nephridia avesiculate, 2 to 3 on each side (with or without
anterior tufts) excepting caudally where there is a single pair of
stomate holonephridia in each segment. Bladders absent. a low
dorsal typhlosole present or absent. Prostates tubuloracemose.
Spermathecal pores 2 pairs, in 7/8 and 8/9 or anteriorly in VIII
and IX

Trinephrus

37

Araucaridrilus
38

39

40

Pseudocryptodrilus
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b. Pharyngeal tufts present anteriorly; avesiculate exonephric
(astomate?) meronephridia present throughout, decreasing in
number posteriorly, excepting some terminal caudal segments
in which there is a pair of single stomate megameronephridia
only in each segment; these (always?) discharging (with some
of the preceding meronephridia) into longitudinal excretory
ducts which pass through several segments to the proctodaeal
region. Dorsal typhlosole present. Prostates tubular to racemose
40(38b)

a. Gizzard rudimentary to well developed, in V. Extramural
calciferous glands absent; typhlosole present or absent. Three
to ca 15 exonephric nephridia on each side, typically with
bladders but frequently avesiculate; the medianmost
nephridium in the intestinal or at least caudal region stomate in
most if not all species and frequently enlarged as a
megameronephridium; posterior nephridia sometimes sending
ducts posteriorly through several segments or sometimes with
the stomate nephridia contributing to a longitudinal excretory
duct (ureter); rarely with duct of each stomate
megameronephridium entering the intestine. Prostates
tubuloracemose (lobulated but with single central lumen with
side branches) or racemose but with one main lumen; external
duct unbranched

Austrohoplochaetella (part.)

Cryptodrilus
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b. Gizzard well developed, in V, or V and VI?, or (typically) VI
with 3 pairs of dorsolateral (typically reniform) extramural
calciferous glands, in X-XII, XIV-XVI (typically), or XVXVII, in the latter case preceded by 3 rudimentary pairs; or 2
pairs of large lateral outpouchings, in XII and XIII; or a single
unpaired gland in XV; or extramural glands absent. Intestine
commencing in XV, XVII, XVIII (typically), or XIX;
typhlosole and caeca absent or large typhlosole beginning in
XX or 2 parallel typhlosoles. Typically (always?) with a
stomate megameronephridium median to numerous astomate
micromeronephridia in caudal segments, all exonephric.
Prostates racemose or intermediate between racemose and
tubular

41(31b)

42(41a)

43(41b)

Notoscolex

Setae more than 8 throughout or in caudal segments
a. Nephridia in the hindbody each with a bladder
42
b. Nephridia in the hindbody lacking bladders (rarely seen in Spenceriella) 43
a. Nephridial bladders in 10-15 longitudinal rows on each side;
some or all of the nephridia with preseptal funnels. Prostates
racemose
b. Nephridia, each with a bladder, in 2 or 3 longitudinal rows
on each side; those of the intermediate series in the latter
instance each with preseptal funnel. Prostates thickly or
flattened tubular
a. Caudally with several to many nephrostomes (preseptal
and/or intrasegmental) on each side

Occicryptodrilus

Pericryptodrilus

44
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b. Caudally with at most one preseptal funnel on each side.
Other funnels absent
44(43a)

45(44a)

46(44b)

a. Caudally with multiple intrasegmental nephrostomes with or
without a single median preseptal funnel on each side.
b. Caudally with multiple preseptal nephrostomes.
Exceptionally (Trichaeta (?) goonmurk) with intrasegmental
nephrostomes? If so, preclitellar setae only 6 per side per
segment; or funnels undescribed (T. (?) maplestoni) but
preclitellar setae 4 on each side; postclitellar usually 6, not
appearing to exceed 7
Intrasegmental nephrostomes
a. A large midventral copulatory bursa present internally in
XVIII. Extramural calciferous glands absent. Spermathecae
two pairs. Prostates racemose
b. Midventral copulatory bursa absent. Extramural calciferous
glands present or absent. Spermathecae 1 to 5 pairs. Caudal
nephridia with multiple discrete intrasegmental funnels per
segment (rarely with preseptal rudiments?) excepting the
medianmost ventral nephridium which (always?) has a
preseptal funnel. If multiple preseptal funnels present
(celmisiae, imparicystis) genital markings not intersegmental.
Prostates tubuloracemose to racemose
Multiple preseptal nephrostomes
a. Setae numerous per segment throughout, sometimes
indistinct. Genital markings intersegmental or segmental.
Prostates tubuloracemose or racemose

50

45

46

Bursadrilus

Spenceriella

47
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b. Setae in the forebody not more than 12 (with an occasional
supernumerary) per segment. Genital markings rarely
intersegmental and then spermathecal pores behind the
intersegments. Prostates coiled tubular or racemose
47(46a)

48(47b)

49(46b)

a. Genital markings intersegmental. Caudally with two to
numerous enteronephric meronephridia, each with a preseptal
funnel, (always?) discharging into the intestine in each segment
and with or without a longitudinal collecting duct on each side.
Holandric. Prostates tubuloracemose
b. Genital markings, if present, segmental. With or without
caudal enteronephry. Holandric or metandric. Prostates
racemose, bipartite
a. Holandric. With caudal enteronephry (imparicystis, probably
celmisiae)
b. Metandric. Lacking caudal enteronephry. (Genital markings
a transverse ventral pad posteriorly in X and XI and anteriorly
in XVII)
a. Setae in the forebody 8 to 12 per segment, in the hindbody 8,
or 12 to 30. Oesophagus typically, with paired calciferous
glands which end in XIII but swellings only in enormis and
mediaeviae. Intestine commencing in XVI
b. Setae not more than 6 on each side of the segment
throughout, arranged in pairs; or exceptionally 7 setae.
Metandric. Prostates racemose. Two pairs of spermathecae.
(Note also three species incertae sedis)

49

Gemascolex

48
Spenceriella (part., S.
celmisiae, S. imparicystis)

Trichaeta (part., T. frosti)

Anisochaeta (typical part.)

Trichaeta (typical part.)
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50(43b)

51(1b)

52(51a)

Caudally with at most one preseptal funnel
a. Calciferous glands absent; dorsal typhlosole present.
Spermathecae with extramural diverticula. Pharyngeal tufts
present anteriorly; avesiculate exonephric (astomate?)
meronephridia present throughout, decreasing in number
posteriorly, excepting some terminal caudal segments in which
there is a pair of single stomate megameronephridia only in
each segment; these (always?) discharging (with some of the
preceding meronephridia) into longitudinal excretory ducts
which pass through several segments to the proctodaeal region.
Prostates tubular (type-species) to racemose. Penial setae
present or absent
Austrohoplochaetella (part.)
b. Calciferous glands, if present, not forming well developed
extramural pairs; typhlosole present or absent. Nephridia
several exonephric, astomate, avesiculate parietal
meronephridia on each side in each segment; exonephric tufts
in the anterior fore-body; caudally the medianmost nephridium
enlarged as a megameronephridium with single preseptal
funnel (exonephric). Prostates compact, racemose, with
ramifying internal ducts and no dominant central duct. Penial
setae absent
Arthuridrilus
Acanthodrilinae
a. Two pairs of prostatic pores, on XVII and XIX, male pores
separate, on XVIII, or at 17/18
b. One pair of prostatic pores, on XVII (rarely XVI) or XIX.
a. One pair of nephridia (holonephridia) per segment

52
53
Diplotrema
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b. More than one pair of nephridia (meronephridia) per
segment
53(51b)

a. Prostates pores combined with the male pores on XVII
b. Prostatic pores combined with male pores, 1 pair, on XIX

54(53a)

a. Distal ends of the vasa deferentia thickened, opening in
common with unusually long prostate ducts.
b. Not as in 'a'

Neodiplotrema
54
Torresiella

Kayarmacia
Rhododrilus (glandifera and
kermadecensis, only)

SIMPLIFIED KEY TO THE GENERA OF INDIGENOUS AUSTRALIAN EARTHWORMS
(This key omits reference to the condition of the nephridial funnels and to presence or absence of
enteronephry)
1

2(1a)

a. One pair of combined male and prostatic pores
approximately equatorial on XVIII, rarely a single midventral
pore - Megascolecinae
b. Prostates 2 pairs, in XVII and XIX with a pair of male pores
in XVIII, or a single pair of prostate pores in XVII or XIX or
rarely XVI, near or fused with the male pores - Acanthodrilinae

2

36

a. Nephridia holonephridia (with or without anterior tufts).
Sometimes (Retrovescus) with some duplication
b. Nephridia meronephridia: more than 1 pair of nephridia in
most or all nephridial segments

3
24

Holonephric
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SIMPLIFIED KEY TO THE GENERA OF INDIGENOUS AUSTRALIAN EARTHWORMS
(This key omits reference to the condition of the nephridial funnels and to presence or absence of
enteronephry)
1

2(1a)

3(2a)

4(3a)

a. One pair of combined male and prostatic pores
approximately equatorial on XVIII, rarely a single midventral
pore - Megascolecinae
b. Prostates 2 pairs, in XVII and XIX with a pair of male pores
in XVIII, or a single pair of prostate pores in XVII or XIX or
rarely XVI, near or fused with the male pores - Acanthodrilinae
a. Nephridia holonephridia (with or without anterior tufts).
Sometimes (Retrovescus) with some duplication
b. Nephridia meronephridia: more than 1 pair of nephridia in
most or all nephridial segments

2

36

3
24

Holonephric
a. Holonephric with setae 8 per segment
b. Holonephric with setae more than 8 per segment or
(Perionychella smithi only) four pairs with the upper pairs far
dorsal

19

Setae 8 per segment
a. No nephridia anterior to the clitellum) marine littoral, often
at high tide level)
b. Nephridia present anterior to the clitellum and elsewhere

Pontodrilus
5

Nephridia present anterior to the clitellum

4
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5(4b)

6(5a)

7(6a)

8(7a)

9(8a)

a. Nephropores in straight or sinuous lines but never with
regular alternation. Prostates tubular to tubuloracemose
b. Nephropores with regular alternation between different setal
lines or varying irregularly from b to d lines or at least
(Healesvillea) occurring in b, c and d lines. Prostates
tubuloracemose to racemose
Nephropores never with regular alternation
a. Nephridia with bladders or wide ducts resembling bladders
b. Nephridia lacking bladders
Bladders present
a. Nephridia with well-developed bladders clearly
distinguished from their ducts. Testes in X and XI
b. Nephridia with wide ducts resembling bladders. Testes in XI
only

6

15

7
10

8
Hiatidrilus (part., semicinctus)

a. Spermathecal pores (in some of 4/5-8/9) and male pores
paired
b. Spermathecal pores (in 3 or 5 intersegments, ending in 8/9)
and male pores unpaired, midventral

Fletcherodrilus (typical part.)

a. Spermathecae diverticula not visible in the coelom.
Nephropores an irregular series in c lines to near middorsum.
Genital markings a transversely extensive intersegmental pad
in each or most of 14/15-20/21. Prostates tubular, slightly
lobulated

Pinguidrilus

9
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b. Spermathecae each with 1 or more intracoelomic diverticula.
Prostates tubular or tubuloracemose. Genital markings and
nephropores not as in 'a'

10(6b)

Bladders absent
a. Spermathecal diverticula compact multiloculate
b. Spermathecal diverticula not multiloculate; single sometimes
paired, clavate; rarely some bifid

11(10b)

a. Nephropores in b lines
b. Nephropores in or above c lines

12(11b)

a. Prostates racemose
b. Prostates tubular or tubuloracemose

13(12b)

a. Male porophores almost contiguous ventrally. Spermathecal
pores anterior to the intersegmental furrows. Gizzard absent.
Extensive tufting of nephridia, giving a transitional
meronephry, anteriorly and into intestinal region
b. Male porophores almost contiguous ventrally or more widely
separated. Spermathecal pores in or just behind the
intersegments. Gizzard well developed to weak. Nephridial
tufting, if present, anterior only

14(13b)

a. Intestine commencing in XIV, XV or XVI. Typically with
extramural calciferous glands, two pairs, in XI and XII
b. Intestinal origin varying from XVII-XIX. Paired extramural
calciferous glands, rarely present, in XIV, or XVI, or XVII, or
rudimentary in XV and XVI

Diporochaeta (Vesiculodrilus)

Simsia
11
Kangaridrilus
12
Woodwardiella
13

Plutelloides

14

Hiatidrilus (typical part.)

Graliophilus
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15(5b)

16(15a)

Alternating nephropores
a. One pair of sessile extramural calciferous glands in XIII only
b. Three to five pairs of sessile or stalked calciferous glands
a. Spermathecae a pair opening anteriorly in each of segments
V-IX, diverticula present
b. Spermathecae very small, lacking diverticula, in groups of 4
or 5 on each side (the polythecal condition), opening anteriorly
in each of segments III-IX

17(15b)

a. Three pairs of lateral calciferous glands, in XIV-XVI
b. Three to five pairs of calciferous glands, the last in XIII

18(17b)

a. Three to five pairs of sessile or shortly stalked ventrolateral
calciferous glands, the last in XIII. Prostates tubuloracemose or
racemose
b. Four pairs of long-stalked reniform calciferous glands, in XXIII. Prostates tubular to tubuloracemose

16
17

Paraplutellus

Geofdyneia
Healesvillea
18

Heteroporodrilus
Plutellus

Holonephric. Setae more than 8 in some or all segments
19(3b)

a. Prostates tubular or tubuloracemose
b. Prostates racemose

20(19a)

a. Genital markings, other than tumescence around the male
porophores or a common surrounding furrow, absent or
forming longitudinal wavy plications ventrally in one or more
segments

20
23

21
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b. Genital markings present
21(20a)

a. Body flattened. Setae all ventral. No genital plications.
Epizoic on earthworms
b. Body not flattened. Setae not all ventral. No genital
plications. Male pores paired. Spermathecal pores paired or
unpaired midventral. Free living
c. Body not flattened. Setae not all ventral. Genital plications
present. Male and spermathecal pores unpaired midventral.
Free living

22(20b)

a. An oesophageal and several intestinal gizzards present
b. An oesophageal but no intestinal gizzards present

23(19b)

a. Body truncated (pupa-like). Spermathecae each with two
diverticula
b. Body elongate (vermiform). Sperrmathecae each with one
diverticulum

24(2b)

25(24a)

26(24b)

Meronephric
a. Perichaetin. Setae present between the male pores on XVIII
b. Setae 8 per segment to perichaetin. No setae present between
the male pores
a. Gizzard in VIII and intestinal caeca originating in XXV.
Testes in XI only
b. Gizzard in V. Intestinal caeca absent. Testes in X and XI
a. An oesophageal gizzard and intestinal gizzards present

22

Haereodrilus

Terrisswalkerius

Fletcherodrilus (part.)
Retrovescus
Diporochaeta (typical part.)

Scolecidrilus
Perionychella

25
26

Begemius
Propheretima
27
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b. Gizzard(s) oesophageal only. Usually 1, sometimes 2 to 3 in
adjacent segments, sometimes absent
27(26a)

a. Perichaetin. Prostates tubuloracemose. Intestinal gizzard in
XIX-XX, XXI?. Typhlosole absent
b. Setae 8 per segment. Prostates racemose. Intestinal gizzards
in the region of XXII-XXVII. Typhlosole present

28(26b)

a. Gizzards 2 or 3 in adjacent oesophageal segments
b. One oesophageal gizzard only, sometimes vestigial

29(28a)

a. Prostates tubuloracemose. 3 gizzards
b. Prostates racemose, often bifid. 2 or 3 gizzards

30(29b)

Spermathecal pores near the equators of their segments. 2
gizzards
Spermathecal pores in the intersegmental furrows or very
shortly behind these. 2 or 3 gizzards

31(28b)

32(31a)

a. Setae 8 per segment throughout the body. Rarely some
caudal segments with an extra seta
b. Setae more than 8 per segment throughout or caudally
Setae 8 per segment throughout the body
a. Gizzard in VIII or IX. Prostates tubular
b. Gizzard in V and/or VI. Prostates tubular, tubuloracemose or
racemose

28

Hickmaniella
Nexogaster
29
31
Perissogaster
30

Didymogaster
Digaster

32
34

Eastoniella
33
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33(32b)

34(31b)

a. Spermathecal diverticula small, multiloculate, scarcely
extramural, with several elongate lumina each with numerous
chambers. (Sperm stored in diverticula and ampulla). Prostates
truly tubular, much coiled
b. Spermathecal diverticula extramural, uni- or multi-loculate,
structure not as in 'a'. (Sperm stored in diverticula only).
Prostates tubular, tubuloracemose to racemose

Setae more than 8 throughout or in caudal segments
a. Nephridia in the hindbody each with a bladder
b. Nephridia in the hindbody lacking bladders (rarely seen in
Spenceriella)

Megascolides (s. strict, M.
australis only)
See generic definitions and
keys for:
Anisochaeta (part., saccariusgroup)
Araucaridrilus
Austrohoplochaetella (part.)
Cryptodrilus
Notoscolex
Oreoscolex
Trinephrus
Pseudocryptodrilus
Pseudonotoscolex

35
See generic definitions and
keys for:
Anisochaeta (typical part)
Arthuridrilus
Austrohoplochaetella (part.)
Bursadrilus
Gemascolex
Spenceriella
Trichaeta
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35(34a)

36(1b)

37(36a)

a. Nephridial bladders in 10-15 longitudinal rows on each side.
Prostates racemose
b. Nephridia, each with a bladder, in 2 or 3 longitudinal rows
on each side. Prostates thickly or flattened tubular
Acanthodrilinae
a. Two pairs of prostatic pores, on XVII and XIX, male pores
separate, on XVIII, or at 17/18
b. One pair of prostatic pores, on XVII (rarely XVI) or XIX.
a. One pair of nephridia (holonephridia) per segment
b. More than one pair of nephridia (meronephridia) per
segment

38(36b)

a. Prostates pores combined with the male pores on XVII
b. Prostatic pores combined with male pores, 1 pair, on XIX

39(38a)

a. Distal ends of the vasa deferentia thickened, opening in
common with unusually long prostate ducts.
b. Not as in 'a'

Occicryptodrilus
Pericryptodrilus

37
38
Diplotrema
Neodiplotrema
39
Torresiella

Kayarmacia
Rhododrilus (glandifera and
kermadecensis, only)
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1. Anisochaeta Beddard, 1890. Emend Jamieson, 2000
Anisochaeta Beddard, 1890: 56.
Anisochaeta (part.); Blakemore and Kingston, 1997: 1685-1686; Blakemore, 1997: 18221824.
Megascolex (part.); Beddard, 1895: 370; Michaelsen, 1900: 212; Jamieson, 1971c: 94-95.

DIAGNOSIS
Colour typically pallid. Setae in the forebody 8 to 12 per segment, in the hindbody 8,
or 12 to 50. A pair of combined male and prostatic pores on XVIII. Spermathecal
pores 2 pairs, in or shortly behind 7/8 and 8/9. Last hearts in XII or XIII. Oesophagus
in VIII, IX, X-XIII segmentally dilated or, typically, with paired calciferous glands
which end in XIII. Intestine commencing in XVI. Meronephric with (always?),
caudally, multiple preseptal nephrostomes. Holandric (or metandric?). Prostates
racemose. Spermathecae with one, or two, uniloculate diverticula.
DESCRIPTION
Length 45-190 mm. Width 2-9 mm. Segments 128-220. Colour typically pallid.
Prostomium prolobous or epilobous. First dorsal pore 9/10 to 13/14, rarely (A.
mediaeviae) more anterior. Setae in the forebody 8 to 12 per segment; in the hindbody
increasing to approximately 15-50; or remaining at 8 or 12 caudally. Clitellum
annular, in all or part of XIII-XVII but posteriorly midventrally interrupted by the
male field. Male pores on XVIII, rarely displaced into XIX. Paired or unpaired,
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midventral, segmental and/or intersegmental genital markings present. Female pores
paired. Spermathecal pores 2 pairs, in or shortly behind 7/8 and 8/9.
Last hearts in XII or XIII. Gizzard in V. Calciferous glands 4 to 6 pairs, in VIII, IX,
X-XIII ovoid, with slender stalks or sessile on the dorsolateral aspect of the
oesophagus, or (enormis, mediaeviae) oesophagus merely intersegmentally swollen in
this region. Intestine commencing in XVI (exceptionally XV?). Caeca (and
typhlosole?) always absent. Tufted buccopharyngeal nephridia present; caudally
(observed in coxii, eastoni, enormis mediaeviae, mudgeanus, saccarius and
retrocystis) micromeronephridia with multiple preseptal nephrostomes. Holandric;
gymnorchous; seminal vesicles in IX and XII, or (mudgeanus ) XI and XII or
(mediaeviae, retrocystis) XII only. Prostates racemose, much incised, occupying more
than one segment. Spermathecae 2 pairs; each with ovoid ampulla; diverticulum
shorter or rudimentary, uniloculate, sometimes duplicated, exceptionally
multiloculate.
DISTRIBUTION
Eastern Subregion, Kosciuskan Division: New South Wales.
TYPE-SPECIES: Anisochaeta coxii (Fletcher, 1886b)
REMARKS
Perichaeta attenuata was rightly said by Fletcher (1889) to belong to the same section
of its genus as P. coxii and P. enormis, a section characterized by a marked difference
in the number of setae on the anterior and posterior segments, supposedly (but here
considered doubtfully) owing to a reduction in the numbers anteriorly, by the pallid
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body colour, and the large number of pairs of calciferous glands. Beddard (1890)
erected Anisochaeta for these three species. The genus was defined solely on having
setae 8 in number per segment anteriorly, afterwards increasing up to 30; "diffuse"
nephridia; and lobate atria (racemose prostates). Beddard placed it in the synonymy of
Megascolex in his monograph (1895) and it was not subsequently recognized. A new
species, with 12 setae per segment throughout, is added here, viz. A. eastoni and three
species (A. jenolanensis, A. sacccarius and A. mudgeanus) with 8 setae throughout
(jenolanensis is known only from a posterior amputee), with or without one or two
supernumerary setae, are transferred to it from other genera. A. enormis and A.
mediaeviae, though lacking the diagnostic extramural calciferous glands to XIII, are
linked with the remainder of the genus, and are distinct from Oreoscolex, in having
the anisochaetin arrangement of setae.
The original three species were provisionally placed by Jamieson (1971c) in
Megascolex with many species later referred to Spenceriella but the present study
confirms that Anisochaeta is different from Spenceriella in the restricted numbers of
setae anteriorly and the large number of calciferous glands. Anisochaeta also differs
from most species of Spenceriella in having multiple preseptal nephrostomes instead
of intrasegmental funnels (though these have yet to be demonstrated in the typespecies of Spenceriella, S. notabilis). Blakemore and Kingston (1997) and Blakemore
(1997) have resurrected Anisochaeta despite its disuse since 1890 (an action that
would not have been possible under the 2000 ICZN code) but have made it so broad
as to incorporate what are here considered good genera. Having done so Blakemore
and Kingston (1997) then stated that ‘Anisochaeta as defined [by them] probably
forms a polyphyletic group … and many included species may therefore eventually be
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transferred to other genera, including possibly several new ones’. Some of these
would undoubtedly have to bear the names of genera of Spencer, of Michaelsen and
of Jamieson subsumed by Blakemore and Kingston in Anisochaeta. Although the first
species mentioned for this genus was attenuata, and an attenuata group was
recognized by Michaelsen (1907a), Blakemore and Kingston (1997) selected coxii as
the type-species on the grounds of prior designation. It is necessary, therefore, to
abide by the latter decision.
Anisochaeta (=Diporochaeta) maplestoni of Spencer (1900) has the "anisochaetin"
setal arrangement but is here tentatively placed in Trichaeta, chiefly on the grounds of
its metandric condition, a potentially homoplastic state. It is a poorly known species.
The withdrawn condition of the prostomium, on preservation, is a synapomorphy of five
species: A. attenuata, A. coxii, A. eastoni, A. enormis and A. retrocystis. Location of the two
pairs of spermathecal pores behind rather than in the intersegmental furrows is an unusual and
apomorphic condition shared by the last four species and by A. mediaeviae and A.
mudgeanus. The presence of four to six pairs of extramural calciferous glands, ending
in XIII, is a shared apomorphy of A. attenuata, A. coxii, A. eastoni, A. jenolanensis, A.
mudgeanus, A. retrocystis and A. saccarius. The partial inconsistency of the last two
apomorphies would be removed if it were assumed that the intersegmental position of
spermathecal pores in A. attenuata, A. jenolanensis and A. saccarius was a reversal
(with A. enormis or A. mediaeviae as the most basal of species) or that the
oesophageal swellings in A. enormis and A. mediaeviae represented a reversal from
extramural calciferous glands (with A. attenuata as the most basal species). Other
scenarios are possible and one placing A. attenuata and A. mediaeviae basally on the
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grounds of their lumbricin setal condition in the fore -and mid-body and the failure to
develop true calciferous glands deserves consideration.
Multiple preseptal nephrostomes, a major distinction from Spenceriella, have been
demonstrated for seven of the nine Anisochaeta species (coxii, eastoni, enormis,
mediaeviae, mudgeanus, retrocystis and saccarius) and are presumed for the others,
subject to confirmation. (A. coxii also has intrasegmental caudal nephrostomes).
CHECKLIST OF THE SPECIES OF ANISOCHAETA

1.
2.
3.
4.
5.
6.
7.
8.
9.

Perichaeta attenuata Fletcher, 1889
Perichaeta coxii Fletcher, 1886b
Anisochaeta eastoni Jamieson, 2000
Perichaeta enormis Fletcher, 1889 (swellings only)
Notoscolex jenolanensis Michaelsen, 1907a
Megascolex mediaeviae Michaelsen, 1907a
Cryptodrilus mudgeanus Fletcher, 1889
Oreoscolex retrocystis Jamieson, 1995
Cryptodrilus saccarius Fletcher, 1886b

Extramural calciferous glands Setae,
forebody
8
9
10 11 12 13 8
8
9
10 11 12 13 8-16
8
9
10 11 12 13 12
8
9
10 11 12 13 8
10 11 12 13 8
8
10 11 12 13 8
8
9
10 11 12 13 8
(8) 9
10 11 12 13 8

KEY TO THE SPECIES OF ANISOCHAETA
1

a. Setae 8 per segment, with or without an occasional supernumerary,
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throughout the body
b. Setae more than 8 per segment caudally
2(1a)

3(2b)

2
4

a. Male pores on the lateral parts of a genital field bounded by a
common transverse tumid rim; sometimes with a small papilla, or
small pit, anterodorsal, presetally and shortly lateral of b lines. Genital
markings a closely paired pits or papillae in or near intersegments
11/12, 12/13, 18/19, 3 pairs in 20/21-23/24, and one on the ventral
surface of XVIII; some or all of the genital markings may be absent.
Spermathecal diverticulum compact, multiloculate
b. Genital field not as in 'a'. Spermathecal diverticulum clavate,
digitiform, or pear-shaped, uniloculate; exceptionally (jenolanensis)
two chambered
a. Genital markings very large eye-like markings intersegmental paired
or unilateral in 16/17, and (sometimes absent) 19/20 in ab. Male
papillae at the lateral extremity of a deep depression bounded by a
common lip, occupying XVII and XIX, which in the midline
circumscribes a large median papilla and in front of this a small
median papilla
b. Genital markings not as in 'a'

A. saccarius

3

A. retrocystis
8

4(1b)

a. Setae 8 per segment throughout the forebody
b. Setae 12 per segment in most or all of the forebody

5
6

5(4a)

a. Setae 8 anteriorly and approximately 20-30 per segment caudally.
b. Setae 12-16 per segment caudally. Genital markings (eye-like
markings), centred in ab or a, in some or all of 15/16, 16/17, 17/18,
18/19, 19/20 and 20/21, 21/22

7

A. enormis
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6(4b)

7(5a)

8(3b)

a. Setae 12 per segment caudally. Genital markings, a pair of pore-like
markings in XVII and XIX; and smaller in 17/18 and posterior XVIII.
The markings in anterior XVII sometimes missing or augmented.
b. Setae approximately 26-50 caudally. Paired (sometimes unilateral)
genital markings in XVI to XXI (maximally 8 pairs); occasionally
those of XVI and XXI absent and a pair present on XIV.
a. Calciferous glands 6 pairs, in VIII-XIII though vestigial in VIII,
ovoid, with slender stalks to the dorsolateral aspect of the oesophagus
b. Oesophagus with segmental swellings, especially strong in XIII, but
lacking distinctly defined calciferous glands
a. Paired genital markings at 16/17 (with internal swellings) and an
elliptical elevation, at 21/22 (frequently), and additionally 20/21 or
22/23 (less commonly). Spermathecal diverticulum small, pear-shaped
b. Genital markings a midventral, transverse pad somewhat anterior in
XVII, obscuring intersegment 16/17 and bearing a pair of circular
glandular markings (papillae?); 4 midventral transverse pads in 21/2224/25. Spermathecal diverticulum with two sperm chambers and
externally bipartite

A. eastoni

A. coxii

A. attenuata
A. mediaeviae

A. mudgeanus

A. jenolanensis

Anisochaeta attenuata (Fletcher, 1889)
(Fig. 1.1, 1.2)
Perichaeta attenuata Fletcher, 1889: 1552-1555.
Megascolex attenuatus; Beddard, 1895: 381; Michaelsen, 1900: 216; Jamieson, 1971c: 95.
Anisochaeta attenuata; Beddard, 1890: 56.
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TYPE LOCALITY: 33°30'S.150°23'E., Mt. Wilson, NSW.
SYNTYPES: AM W1343 (Re-examined)
FURTHER RECORDS: Penshurst, Aug 1890, AM W1387; 33°35’.32”S.150°21'00”E., Mt.
Victoria, 16 Apr 1892, AM W1462; same, 31 Dec 1892, AM W1485; Wentworth Falls, AM
W1512. All J.J. Fletcher collection - NSW.

Length 60-100 mm. Width 2-3 mm. Segments 180-220. Colour pallid. Prostomium
epilobous 1/2 or less, open. First dorsal pore about 12/13. Setae 8 per segment in the
fore- and mid-body, then increasing to 10-12, reaching 20-28 in the hindbody; aa: ab:
bc: cd: dd = 3.5: 1.0: 2.5: 1.5: 9.0, in VII; = 2.7: 1.0: 2.0: 1.7: 10.7, in XXV; dd: u =
0.5 and 0.6 respectively; aa straight and conspicuous throughout as a broad gap; all
other setal rows in the perichaetin portion very irregular and the dorsal asetal zone
obliterated in places where dorsal setae approach the middorsum. Clitellum annular,
XIII-XVII dorsally; midventrally from 1/2XIII and interrupted in XVII by the male
field. Male pores inconspicuous in papillae in ab of XVIII a pair of similar papillae on
XVII. At maturity the papillae (usually both pairs) swollen and often taking up the
anterior annulus of the succeeding segments so as to appear intersegmental; the two
papillae of each side then often contiguous or confluent but more or less separated
from those of the other side by a depression. The four papillae circumscribed by a
common raised border, or rim, its anterior and posterior margins just behind the setal
annuli of XVII and XIX, its lateral margins more or less fusing with the papillae
which extend a little lateral of b lines. Spermathecal pores 2 pairs, in 7/8 and 8/9, in a
lines.
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Fig. 1.1. Anisochaeta attenuata. Genital field. Syntype AM W1343.
(Jamieson, 2000).
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Fig. 1.2. Anisochaeta attenuata A: Right prostate. B: Left
spermatheca of VIII. Syntype AM W1343. (Jamieson, 2000).
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Strongest septa 7/8-9/10; fairly strongly thickened. Last hearts in XII. Gizzard
large, in V. Calciferous glands 6 pairs, in VIII-XIII though vestigial in VIII, ovoid,
with slender stalks to the dorsolateral aspect of the oesophagus (in re-examination of
AM 1343, only 4 pairs, in X-XIII, appeared extramural). Intestine commencing in
XVI. Tufted nephridia present in front of the gizzard, the anterior pair pharyngeal;
behind them, several micromeronephridia on each side (AM W1343). Holandric;
gymnorchous; seminal vesicles in IX and XII. Prostates anteriorly narrowed,
flattened, intersegmentally incised lobes in XVIII-XX, with, internally, numerous
tortuous muscular ducts. Vas deferens joining junction of gland and duct.
Spermathecae 2 pairs; each with ovoid ampulla and small club-shaped median
diverticulum, less than half the length of the ampulla, entering midlength of long duct
which ectal to it is slender and sinuous and is observed in situ.
Anisochaeta coxii (Fletcher, 1886b)
(Fig. 1.3)
Perichaeta coxii Fletcher, 1886a: 565-569; Fletcher, 1889, 1554.
Anisochaeta coxii; Beddard, 1890: 56; Blakemore, 2000: 3.
Megascolex coxii; Beddard, 1895: 381; Buchanan, 1909: 74, 75, Pl. 15, Fig. 14.
Megascolex coxi; Michaelsen, 1900: 216; Jamieson, 1971c: 95.
TYPE LOCALITY: 33°30'S.150°23'E., Mt. Wilson - NSW.
SYNTYPES: Lost
NEW RECORDS (2000): for brevity, collecting details are omitted.
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Mt. Wilson, April 1887, Fletcher collection, AM W1332 examined; AM W1448 and BMNH
983:60:42-46. The following additional material has been identified by E.G. Easton: Mt.
Wilson, AM W1391, 1441, 1448, 1490 (examined); Wentworth Falls, AM W1398; Mount
Tomah, AM W1446; Hazelbrook, AM W3001; bank of Grose River, near Mount Caley, AM
W3093; Kanimbla Valley, AM W 20771, ex W1437; valley off Bells Line of Rd, nr Little
Hartley, AM W20787, ex W1478 - NSW.

Length 190 mm. Width 9 mm. Segments 220. Colour in alcohol dark buff; clitellum
dark brown. Prostomium epilobous 1/2 or prolobous. First dorsal pore 13/14. Setae 8
per segment in II and III (sometimes more in III) increasing to 12, more or less, in
anterior forebody, 14-16 in XIII; 20 in XXV, caudally 26-30 (with many gaps) and,
where omissions are few, 50. Only a and b lines straight throughout; aa: ab = 2.4 in
V, 2.1 in XXV and ab conspicuously larger than other intersetal distances throughout.
Dorsal asetal zone irregular; obliterated in places. Clitellum partly annular, 1/2 XIII,
XIV-XVI, XVII (3 1/2-4 1/2 segments), ventrally absent from XVII or even from
XVI and XVII in some specimens. Male pores in ab nearer b, preceded and succeeded
by a variable number of genital markings (each a slight elevation with pore-like
depression) which lie in setal lines ab, b or just lateral of b; these markings sometimes
absent from clitellate specimens. Normally a pair on XVI, 2 pairs on XVII, a pair in
XVIII just anterolateral to the male pores, and a pair in each of XIX, XX and XXI,
with maximally 8 pairs; sometimes the numbers on opposite sides unequal.
Occasionally those of XVI and XXI absent and a pair present on XIV. A suggestion
of an additional, unilateral, right, marking in XXI in AM W1490 (illustrated). Female
pores paired in XIV, well anteromedian of setae a. Spermathecal pores 2 pairs, near
anterior borders of VIII and IX in or just dorsal of a lines.
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Fig. 1.3. Anisochaeta coxii. Genital field.
AM W1490. (Jamieson, 2000).
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Strongest septa 7/8-11/12; very strongly thickened. Dorsal blood vessel single;
continuous onto the pharynx. Last hearts in XIII; those in VIII-XIII arising from
vessels encircling the calciferous glands shortly after these leave the dorsal vessel and
with connectives to the dorsal vessel. Supra-oesophageal in XII-XIII. Gizzard in V.
Calciferous glands 6 pairs, 'of which the last three pairs are sometimes the largest' in
VIII-XIII, kidney-shaped, sessile on oesophagus but with distinct internal aperture;
only 4 extramural pairs seen in examination of AM W1332, in X-XIII. Intestine
commencing in XVI. Nephridia: numerous micromeronephridia anterior in most
segments. Tufts in IV and V with composite ducts to buccal cavity anterior to nerve
ring; in VI to junction of buccal cavity and pharynx just behind nerve ring. Several
preseptal (and some intrasegmental) nephrostomes seen in a segment caudally
(AM W1332). Holandric, gymnorchous, racemose seminal vesicles in XI and XII. Ovisacs
present. Prostates racemose, much-lobed, occupying several, up to 9 segments; duct
long and coiled. Spermathecae 2 pairs; each with pear-shaped ampulla and very long
duct, the coiled ectal part of which is bound to the anterior septum; a rudimentary
diverticulum at junction of duct and ampulla, sometimes 2 opposing diverticula.
Anisochaeta eastoni Jamieson, 2000
(Fig. 1.4, 1.5)
TYPE LOCALITY: 33°35’.32”S.150°21'00”E., Mt Victoria, 13 April 1892, presented J.J.
Fletcher (Nov 1924) 13 04 1892 - NSW.
HOLOTYPE: AM W25481, ex W1453.
PARATYPES: 5 specimens, AM W25482, ex W1453.
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Fig. 1.4. Anisochaeta eastoni. Genital field. Holotype
AM W25481. (Jamieson, 2000).
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Anisochaeta eastoni sp. nov.
Holotype, AMW1453
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Length 90 mm. Width (midclitellar) 3.1 mm. Segments 210. Pigmentless in ethanol.
Segments 210 (Holotype). Prostomium epilobous, closed, only slightly indenting the
prostomium so as to be almost prolobous. First dorsal pore 9/10; almost occluded on
the clitellum at 13/14-16/17. Setae per segment: in XII and XX 6 on each side with a
and b paired and well separated from the other 4 setae; caudally also 6 per side but
only a and b in regular rows. In XII, aa :ab: bc: cd: de: ef: ff = 4.3: 1: 3.8: 1.3: 1.6:
1.5: 10. Clitellum annular; dorsally XIII-XVII (=5 segments); ventrally interrupted in
bb in XIII, and from setal arc of XV posteriorly by the male genital field. Male pores
minute, at the site of the absent setae a of XVIII, each on a small papillae. Genital
markings, a pair of pore-like markings in XVII and XIX, presetally; each pair on a
common well defined oval pad; that in XVII reaching to 16/17 and, in the holotype
only bisected posteriorly; that in XIX filling its segment longitudinally; both
extending laterally into ab. A pair of smaller pads, with pore-like centres in ab,
present at 17/18 and XVIII. This distribution of markings seen in four paratypes with
the exception that that the markings in anterior XVII are missing in one specimen and
are accompanied unilaterally by an additional pore in one specimen. Female pores
minute, at opposite ends of a transverse groove, about 1/3 aa apart, shortly anterior to
the setal arc of XIV. Spermathecal pores 2 pairs, minute, from internal examination
appearing to be well behind the anterior borders of VIII and IX but not visible
externally.
Strongest septa 8/9-12/13, moderately thickened. Dorsal blood vessel single,
continuous onto the pharynx. Last hearts in XIII; those in XI (?) to XIII laterooesophageal; particularly in XI and XII arising from the circum-calciferous gland
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Fig. 1.5. Anisochaeta eastoni. A: Right prostate. B: Left spermatheca of VIII. C: Right
spermatheca of VIII. Paratype AM W25482. (Jamieson, 2000).
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vessel considerably below the dorsal vessel. Gizzard very strongly muscular, stoutly
barrel-shaped, in V. Calciferous glands very well developed reniform structures with
restricted junction with the oesophagus, 6 pairs, in VIII-XIII; the first two pairs very
large and pinkish. Intestinal origin XVI. Nephridia: caudally with numerous
micromeronephridia; some preseptal nephrostomes seen. Testes (?) and seminal
funnels in X and XI. Seminal vesicles racemose, in IX and XII. Ovaries laminae with
numerous large oocytes, in XIV. Ovisacs not demonstrated. Prostates tubuloracemose,
each with a long, slender, medianly directed muscular duct; vas deferens joining the
junction of gland and duct. Spermathecae 2 pairs, in VIII and IX; pyriform with
single, clavate, uniloculate diverticulum almost half as long and with spermatozoal
iridescence.
REMARKS
Anisochaeta eastoni is named after E.G. Easton, an authority on perichaetin worms,
who identified it as Megascolex enormis. It differs from A. enormis in having 12, not
8 setae per segment, extramural calciferous glands; only one, not two, spermathecal
diverticula; seminal vesicles in IX and XII, not XII only; last hearts in XIII, and in the
configuration of the genital field, the genital markings at anterior XVII and posterior
XIX being well median of setal lines a, but in ab in A. enormis. The number of
calciferous glands and multiple preseptal nephrostomes, supports placement in
Anisochaeta sensu stricto. The setae in the forebody are more numerous than is
usual in this genus, though exceeded in the type-species.
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Anisochaeta enormis (Fletcher, 1889)
(Fig. 1.6, 1.7)
Perichaeta enormis Fletcher, 1889: 1555-1556.
Anisochaeta enormis; Beddard, 1890: 56; Blakemore, 2000: 3.
Megascolex enormis; Beddard, 1895: 381; Jamieson, 1971c: 95.
TYPE LOCALITY: 33°26'S.151°20'E., Near Gosford, in brush land - NSW.
TYPES?: Lost
NEW RECORDS (2000): 33°21’S.151°25’E., Ourimbah, AM W 1477; 33°23’S.151°20’, Narara,
AM W 1491 (Re-examined) - NSW.

Length 50-87 mm. Width 3-4 mm. Segments 200-220. Pigmentless in alcohol.
Prostomium withdrawn but apparently epilobous 1/2. First dorsal pore 10/11. The first
dozen or so (Fletcher) to 20 (Narara specimen) setigerous segments have 8 setae per
segment, in four pairs; thereafter the number increases to 12, rarely 9 or 10, in XII aa
fairly closely paired; aa = ca. 2-3ab; cd widely paired and wider than bc; caudally
remaining at 12 (Narara specimen) or reaching 16 (Fletcher); the dorsal interruption
(dd ), which is wide anteriorly is obliterated caudally by dorsal shifting of setae, some
of which are almost dorsomedian, and all rows except a become sinuous; the intervals
between the setae of the half circles are irregular. Clitellum weakly developed, XIVXVIII; interrupted ventrally behind 1/2 XVI in bb by the male field. Male pores
equatorial in XVIII, in ab, on minute papillae (not, as stated by Fletcher, on the pair of
genital papillae at 17/18). Genital markings flat-topped papillae with distinct pores
(eye-like markings), centred in ab or a lines, in 15/16, 16/17, 17/18, 18/19, 19/20 and
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Fig. 1.6. Anisochaeta enormis. Genital field. AM W1491. (Jamieson, 2000).
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20/21, 21/22, but some of them, especially those in 15/16, 18/19 and 21/22 may be
absent, weakly developed or unilateral only. They may be connected across the
midventral line to give a dumb-bell shaped appearance. Female pores a pair
anterolateral of setae a of XIV. Spermathecal pores 2 pairs of whitish points in a
lines; immediately behind intersegmental furrows 7/8 and 8/9; each on a slight oval
swelling.
Dorsal blood vessel single. Last hearts in XII. Gizzard extremely large and strongly
muscular, in V. Extramural calciferous glands absent but oesophagus intrasegmentally
widened in VIII-XIII, in each of which it has a circumferential blood vessel from the
supra-oesophageal vessel; especially wide in XIII. Intestinal origin XVI. Typhlosole
and caeca absent. Nephridia: large tufts anterior to the gizzard, of which at least one
pair is buccopharyngeal; caudally with many meronephridia on each side of which the
medianmost has a preseptal funnel; other preseptal nephrostomes sporadically visible;
enteronephry not certainly demonstrable but nephridia closely associated with the
intestine. Holandric; iridescent seminal funnels in X and XI; seminal vesicles
racemose, in XII only. Ovaries small laminae in XIII; small ovisacs in XIV. Prostates
racemose, deeply incised by the septa, in XVIII-XX; each with a long looped
muscular duct but no bursa; the vasa deferentia joining the junction of gland and duct.
Spermathecae 2 pairs, in VIII and IX; each with an elongate sac-shaped ampulla and
two small inseminated diverticula sessile on its base, with no distinct spermathecal
duct.
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Fig. 1.7. Anisochaeta enormis. A: Left prostate. B: Right spermatheca.
AM W1491. (Jamieson, 2000).
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REMARKS
The types cannot be traced but undoubtedly conspecific material from Narara has
been re-examined and allows the above confirmation and extension of the account by
Fletcher (1889) for the type material from near Gosford. Beyond describing the
bidiverticulate spermathecae and recognizing a large number of pairs of calciferous
glands, Fletcher did not describe the internal anatomy. He does not specifically state
that the calciferous glands were pinched off from the oesophagus. Although the
oesophagus is segmentally dilated in VIII-XIII in the Narara material, there are no
extramural glands. Specimens from Ourimbah (AM W1477) are less certainly
conspecific; they agree with the types in have two pairs of bidiverticulate
spermathecae but the male genital fields differ considerably.
In having intersegmental genital markings, and lacking calciferous glands,
Anisochaeta enormis resembles Gemascolex. However, the segmental rather than
intersegmental position of the spermathecal pores and the more posterior location of
the first dorsal pore are Anisochaeta features. It seems likely that Anisochaeta and
Gemascolex are sister taxa and that enormis is descended from a basal Anisochaeta,
which had already acquired the segmental location of spermathecal pores and
posterior dorsal pores but had not developed calciferous glands (presence of each of
the three conditions being apomorphic).
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Anisochaeta (?) jenolanensis (Michaelsen, 1907a)
(Fig. 1.8, 1.9)
Notoscolex jenolanensis Michaelsen, 1907a: 13-14, Fig. D, Pl.fig.10.

Notoscolex jenolanensis; Jamieson, 1971c: 79.
TYPE LOCALITY: ca 33°49'S.150°02'E., near Jenolan Caves - NSW.
HOLOTYPE: HM V6888 (As Megascolex (Notoscolex) jenolanensis).

Length? Width 6 mm. Pigmentless grey. Epilobous 1/2, closed. Segments I-V simple,
VI-VIII biannulate, IX and X triannulate. First dorsal pore 10/11. Setae 8 per
segment, in regular rows (at least to 55th segment). The lateral pair very wide, the
ventral pair widely paired. bc > cd = aa > ab: ab = ca. 0.4 aa, bc = aa + ab, dd = 0.4
u; aa: ab: bc: cd: dd = 5: 2: 9: 5: 27; dd: u = 0.42. Clitellum undeveloped. Male pores
on small papillae in XVIII in or immediately median to setal lines b; the papillae
projecting further medianly of b than laterally. Genital markings a midventral,
transverse pad somewhat anterior in XVII, obscuring intersegment 16/17 and
projecting laterally over setal lines b and bearing median of setal lines a a pair of
circular glandular markings (papillae?); 4 midventral transverse pads in 21/22-24/25,
the first the larger, extending laterally over setal lines a, the succeeding progressively
smaller. Spermathecal pores 2 pairs, in 7/8 and 8/9, in or lateral of setal lines a.
Septa 6/7 thin; 7/8-13/14 thickened; 10/11-12/13 very thick. Last hearts in XIII. A
large gizzard in 6 (or 5?). Oesophagus with 4 pairs of calciferous glands, in X-XIII;
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those in X small, the remainder large, narrow, kidney-shaped. Meronephric in the
forebody (hindbody not known). Holandric; free sperm funnels in X and XI; seminal
vesicles in XI and XII. Prostates, in XVIII, extending laterally and dorsally from the
ducts; long and narrowly tongue shaped, racemose; duct about one-fourth the length
of the gland, thinner, almost straight. Penial setae apparently absent. Spermathecae
with almost spherical ampulla and an approximately as long, narrow, sharply
demarcated duct; a very thick, short sessile two chambered diverticulum opening into
the duct somewhat proximal of its middle; the two sperm chambers so swollen as to
render the diverticulum externally bipartite; the diverticulum about as long as wide as
wide as the spermathecal duct.
REMARKS
Michaelsen rightly considered N. jenolanensis to be near N. mudgeanus, both here
placed in Anisochaeta. At present, because the caudal end of the type was missing, it
is now known whether A. jenolanensis has the Notoscolex or Anisochaeta condition of
caudal nephridia (multiple preseptal nephrostomes, seen in A. mudgeanus), and the
arrangement of caudal setae is unknown. Therefore attribution to either genus is
uncertain.
Anisochaeta mediaeviae (Michaelsen, 1907a)
(Fig. 1.10. 1.11)
Megascolex mediaeviae Michaelsen, 1907a: 19-21, Fig. F, Pl.fig.13.
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Megascolex mediaeviae; Jamieson, 1971c: 95.
Anisochaeta mediaeviae; Blakemore, 2000: 4.
TYPE LOCALITY: 33°38’S.150°03’E., Halfway guesthouse, between Mt. Victoria and Jenolan
Caves, Blue Mountains - NSW.
SYNTYPES: HM V6900 (Re-examined for nephridia only).

Length 55-70 mm. Width 3.3-3.5 mm. Segments ca 145. Colour golden- and
brownish- to greenish-grey. Prostomium epilobous 1/?, closed. Preclitellar segments
bi- and tri-annulate; the midbody indistinctly quadriannulate. First dorsal pore 4/5.
Preclitellar and some postclitellar setae in 4 fairly regular pairs on each side; ab
narrower than the other intervals; the tendency to a paired arrangement of the setae
also recognizable to the posterior end though the lateral pair becomes irregular shortly
behind the clitellum. Setal lines a, b, y and z are nevertheless regular throughout; ab >
bc, yz > xy, aa = ca 1.5 ab, zz = ca 1.3 yz. Towards the hind end the number of setae is
a fairly regular 20. Clitellum annular, in XIV-XVII, not developed anterior to the
female pores. Male pores on minute transversely oval papillae in XVIII between the
here especially close setae a and b. Genital markings maximally two large
transversely oval, midventral somewhat depressed fields, seeming to belong to
segments XVII and XIX, and bearing a low, domed median papillae or two smaller
papillae, but usually only one or the other field present. At full development these
fields intrude more or less strongly into XVIII and may obscure the intersegments;
where there is a single field, occupying XVIII, the male pores may be displaced into
XIX. Female pores anterior in XIV, slightly anteromedian to setae a, in a midventral
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transverse furrow. Spermathecal pores 2 pairs, anteriorly in VIII and IX, in setal lines
a, on smooth, whitish indistinct papillae; the ventral region of these segments strongly
glandular and whitish.
Septa 5/6-13/14 thickened, the first very slightly, the others more strongly,
especially 7/8-11/12. Gizzard large, in V. Oesophagus with segmental swellings,
especially strong in XIII, but lacking distinctly defined calciferous glands. Last hearts
in XII. Caudally with about 8 micromeronephridia on each side, each (or at least
several) with a preseptal funnel; medianmost nephridium not appreciably enlarged;
ducts not traceable but no indication of enteronephry (re-examination). Holandric;
two pairs of free seminal funnels, in X and XI; seminal vesicles racemose, in XII
only. Prostate glands a pair in XVIII-XXI, irregularly flattened with fissured surface
and deeply incised lobed outline; duct rather long and thin, almost uniform in
thickness throughout its length, thickening only slightly widened distalwards,
describing one or two irregular loops. Penial setae absent. Spermathecal ampulla pearshaped, strongly curved, with short, wide sharply demarcated duct. Into the distal end
of the stalk of the ampulla opens a single, small bulbous, uniloculate inseminated
diverticulum about half as long as the ampulla stalk and about as long and thick as the
duct.
REMARKS
This species appears to have been collected from the same location as Anisochaeta
mudgeanus. It was considered close to the Megascolex attenuatus (now Anisochaeta
attenuata) group in the paired arrangement of setae but was distinguished from the
members of that group in having 8 setae in anterior segments only (Michaelsen,
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1907a). However, Michaelsen’s account for mediaeviae mentions 8 setae in some
postclitellar segments in addition to those present in the preclitellar region, the
condition seen in attenuata. He also noted that the genital markings were similar in
attenuatus which, as in the present species, showed a displacement of the male pores.
The two species are therefore closely similar in these respects. The first dorsal pore, at
4/5, is unusually anterior for Anisochaeta sensu stricto.
Anisochaeta mudgeanus (Fletcher, 1889)
(Fig. 0.50, 1.12, 1.13)
Cryptodrilus mudgeanus Fletcher, 1889: 1532-1534.
Notoscolex mudgeanus; Michaelsen, 1900: 190.
TYPE LOCALITY: 32°30’S.149°30’E., Cullenbone, near Mudgee, flats. bordering the
Cudgegong River - NSW.
SYNTYPES: 5 specimens, AM W1316 (Re-examined).
FURTHER MATERIAL : 33°38’S.150°03’E., 15 specimens from Halfway House, Hampton bear
the manuscript name Notoscolex mudgeanus var. unipapillata, ident. W. Boardman, AM
W31413, not re-examined; Kiama, Notoscolex mudgeanus, ident. E. Easton, AM W 1330, not
re-examined. 33°35’S.150°15'E., Mt. Victoria, presented J.J. Fletcher (Nov 1924) labelled
‘types’, AM W1341.

Length 43-58 mm (contracted). Width 5-5.5 mm. Segments ca. 128-145. Colour in
life probably pallid or flesh-coloured. Prostomium epilobous. First dorsal pore ca.
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11/12. Setae 8 per segment; cd = ca. 2ab, but <bc; cd in about the anterior half of the
body, with an occasional seta out of place, straight; in the rest of the body in all the
specimens d irregularly sinuous, some of the setae being more than twice as far from c
as others, but not alternating regularly; quite posteriorly the c lines also may become
irregular. Nephropores not visible. Clitellum annular, XIII, XIV-XVII, anterior XVIII
(= 4-51/n). Genital markings a dumb-bell-shaped genital papilla on the hinder portion
of the clitellum between XVI and XVII but mostly on the latter, consisting of two
small elliptical depressions with tumid margins in ab but extending each way a little
beyond them, connected by a ridge, the intervening ventral portion between the
depressions, except the posterior annulus of XVII, becoming tumid. Ventral surface of
XVIII forming a shallow depression with raised or tumid margins, or more or less
dumb-bell-shaped like that which precedes it, extending outwards on each side nearly
to the b lines; the male pores situated on it shortly dorsal of setal lines a. A midventral
subcircular elevation with well defined darker centre present between the male pores
in the specimen here illustrated. An elliptical elevation, its central portion depressed
but not extending outwards on each side as far as seta a present at 21/22 (frequently,
as here illustrated), and additionally 20/21 or 22/23 (less commonly), occupying the
posterior annulus of the anterior segment and the anterior and middle ones of the
posterior segment. Female pores on XIV, just ventral of the a lines, usually situated
towards the ends of a shallow transverse slit-like depression. Spermathecal pores 2
pairs, on or slightly behind the anterior margins of VIII and IX, approximately in a
lines.
Last hearts in XIII. Nephridia: numerous minute tufts, more conspicuous in the
anterior region as far back as about segment XVII; no large specialised nephridia
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posteriorly (Fletcher); caudally with numerous micromeronephridia in a transverse
row; several preseptal nephrostomes demonstrated in a segment (Re-examination).
Gizzard in segment V. Calciferous glands 4 extramural pairs, kidney-shaped and
short-stalked, in X-XIII, dorsolateral on the oesophagus and those of each pair
contiguous dorsally. Intestine commencing in XVI. Testes and funnels in X and XI; 2
pairs of seminal vesicles, in XI and XII. Prostates racemose, in XVII-XXII or XXIII,
XXIV, each gland very large, subrectangular to elliptical, with much mammillated
surface; the prostate ducts long and forming a large loop, and a small ectal loop as it
enters the body wall (vasa deferentia not seen). Penial setae absent. Corresponding
with the genital papillae are distinct internal white subcircular elevations, a pair in
front of the genital ducts, the others median, underlying the nerve cord. Spermathecae
2 pairs, in VIII and IX, the duct fairly long, with a single rudimentary pear-shaped
diverticulum close to the exit.
REMARKS
This species is here transferred from Notoscolex to Anisochaeta because it has
multiple preseptal nephrostomes caudally and the Anisochaeta condition of
extramural calciferous glands, here four pairs, ending in XIII.
Fletcher rightly considered this species to be allied to Cryptodrilus (now
Anisochaeta) saccarius, from which he found it easily distinguishable by (1) the
presence of genital papillae ventrally interrupting the posterior part of the clitellum,
(2) the presence of four instead of five pairs of calciferous glands, (3) the
spermathecal diverticula being distinctly pear-shaped not rosette-like knobs, and (4)
intersegmental tumid markings absent (usually present on the ventral surface between
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some of the pre-clitellar segments in C. saccarius). Fletcher stresses that the
calciferous glands overlie the ‘intestine’ (oesophagus) as in C. saccarius.
Anisochaeta retrocystis (Jamieson, 1995)
(Fig. 1.14, 1.15)
Oreoscolex retrocystis Jamieson, 1995: 587-589, Fig. 14, 15A,B.
TYPE LOCALITY: ca. 33°38’S.151°02’E., Galston Gorge, near Sydney. - NSW.
HOLOTYPE: QM G211415.
PARATYPES: QM G211416-211421.

Length 75-86 mm. Width (segment XIV) 2.4-3.1 mm. Segments 162-172.
Pigmentless in ethanol. Prostomium very small, closed epilobous 1/4 to <1/2, but may
be retracted into the mouth so as to appear prolobous. First dorsal pore 10/11
(typically) or 11/12. Setae 8 per segment, in regular longitudinal rows; small but
distinct on well demarcated setal annuli; in XII aa :ab: bc: cd: dd = 3.5:1:3.1:2.3:9.4;
or 13.5:3.9:12.2:8.9:36.6%. Clitellum dorsally in XIII, and annular in XIV-XVII (not
developed in holotype but thus indicated in figure). Male pores minute on a pair of
very small papillae on XVIII, at the site of the absent setae a. Genital markings very
large eye-like markings intersegmental paired or unilateral in 16/17, and (sometimes
absent) 19/20 in ab and extending between the setal annuli of the two adjacent
segments. The male papillae lie at the lateral extremity of a deep depression the well
defined lateral margins of which form a parenthesis like lip lateral to the papillae, this
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lip being continuous across the midline with that of the other side as an anterior and a
posterior lip which in the midline circumscribes a large median papilla and in front of
this a small median papilla; the tumid lip extending in the midline to the setal annuli
of segments XVII and XIX. Female pores minute, less than one third aa apart, in an
inconspicuous transverse slit which coincides with the furrow anteriorly limiting the
setal annulus of XIV. Spermathecal pores 2 pairs, on well marked small,
hemispheroidal papillae, anteriorly in VIII and IX, nearer 7/8 and 8/9 than they are to
the setal annulus, in a lines.
Dorsal blood vessel single, continuous onto the pharynx. Last hearts in XIII; hearts
in X-XIII each arising in common with a latero-oesophageal vessel from a short
common lateral vessel from the dorsal vessel. No hearts recognized in VIII and IX in
which the latero-oesophageal vessel encircling the calciferous glands is also much
less developed than in X-XIII. Gizzard very large, firmly muscular, in V, cylindrical
but slightly tapering posteriad, deflecting septa 5/6 and 6/7 posteriorly. Calciferous
glands very large, paired in VIII-XIII (6 pairs), each reniform and well demarcated
from the oesophagus which it joins only at its hilus. Intestinal commencing with
abrupt expansion in XVI. Typhlosole dorsal, low in XVI, well developed in XVII and
by XVIII becoming a very large inverted T-shaped structure. Nephridia
meronephridia; large tufts anterior to the gizzard discharge by wide ducts into the
pharynx; in the oesophageal region and anterior intestinal region many avesiculate
stomate micromeronephridia; caudally with several preseptal nephrostomes and a
very conspicuous longitudinal ureter which is situated dorsally to the dorsal blood
vessel and continues posteriorly to open into the anal aperture. Iridescent sperm
funnels in X and XI; seminal vesicles compact and racemose, in XII only. Ovaries
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small, palmate, in XIV. Prostates elongate racemose, the gland in XVIII and XIX,
with distally widening muscular curved duct; vas deferens running up the duct to join
the junction of gland and duct. A large subspheroidal firm mass corresponding with
each genital marking. Spermathecae 2 pairs, in VIII and IX; each with a narrow
pyriform ampulla, a short, digitiform, uninseminated, diverticulum, and a moderately
slender fairly muscular duct.
REMARKS
A. retrocystis was originally placed in the heterogeneous genus Oreoscolex as it
conformed with the definition of that genus in having 8 setae per segment, multiple
preseptal nephridial funnels, and racemose prostates. However, with the resurrection
of Anisochaeta in the sense of Beddard, 1890, as emended here, and not as broadly
defined by Blakemore and Kingston (1997) and Blakemore (1997), it is seen to
conform well to the definition of that genus, most notably in having six well
developed calciferous glands dorsolateral on the oesophagus, two pairs of
spermathecal pores located behind, not in, intersegments 7/8 and 8/9, and the far
posterior commencement of the dorsal pores; the resemblance is underlined by the
withdrawn condition of the prostomium and the relatively posterior commencement of
the dorsal pores. It does not show the multiplication of setae posteriorly, from 8
anteriorly, which is typical of Anisochaeta, but the presence of only 8 setae would be
an expected plesiomorphic precursor of that condition. Furthermore, A. saccarius,
also transferred here from Oreoscolex, is transitional in having occasional setae
supernumerary to the basic 8 per segment. A. retrocystis appears to be the sisterspecies of the geographically adjacent A. saccarius, in addition to basically having 8
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setae per segment, in having the first dorsal pore in 10/11, and the two pairs of
spermathecal pores on small protuberances, together with the typical generic
characters of intersegmental genital markings; 6 pairs of reniform calciferous glands,
in VIII-XIII; and last hearts in XIII.
A. retrocystis differs from all other Anisochaeta species in the configuration of the
genital markings.
Anisochaeta saccarius (Fletcher, 1886b)
(Fig. 1.16, 1.17)
Cryptodrilus saccarius Fletcher, 1886b: 951-953; Fletcher, 1890: 1008-1013; Buchanan,
1910b: 221-223, Pl. XLIII; Raff, 1910: 251, Pl. 51, fig.13, 17, 18.
Notoscolex saccarius; Michaelsen, 1900: 189; Jamieson, 1971c: 79.
Oreoscolex saccarius; Jamieson, 1974a: 303; Jamieson, 1975a: 253-256, Fig.1B, 3C, Table
B.

TYPE LOCALITY: 33°42'S.151°06'E., Hornsby - NSW.
SYNTYPES: AM W1372 ("cotypes"). AM W1378 ("types", Manly).
OTHER RECORDS: (Fletcher, 1886b) 33°38'S.151°09'E., Berowra. 33°48'S.151°17'E.,
Manly. King Island (localities included with "cotypes"). (Fletcher, 1890) Eastern
portion of County of Cumberland north of Port Jackson (typical form);
33°42'S.150°34'E., Springwood, Blue Mts. ("var. montanus", AM W1314. ca
33°26'S.151°20'E., near Gosford ("var. robustus", AM W1489 - NSW.). Further
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specimens: Merryvale, Manly, AM W1403. 33°35’S.150°49’E., Grose Vale, near
Richmond, AM W1444 - NSW.
Length 50-195 mm. Width 3-12 mm. Segments 140-290. Prostomium epilobous
(closed). First dorsal pore 10/11, 11/12 or 12/13. Setae 8 per segment, commencing
on II, in some specimens with a supernumerary seta; rows anteriorly regular but
always becoming irregular at distances from the posterior end which vary from
shortly preclitellar to one fifth of the body length precaudally; irregularity developing
first in d then in c and further posteriorly in a and b. Setae a and b absent in XVIII.
Nephropores not externally visible. Clitellum annular, 3/4XIII-XVII. Male pores in ab
or shortly lateral of b lines, on the lateral parts of the genital field. This field
consisting usually of a rather broad but shallow transverse depression bounded by a
tumid rim, most thickened just round and a little beyond the ends of the depression
which reaches on each side to a little beyond b lines, the depression longitudinally
narrowed near the midline so as to appear dumb-bell shaped, the small male papillae
at the sites of the absent setae ab confluent with the posterior slope of the depression
so that the depressed area passes in front of and beyond them; sometimes with a small
papilla, or small pit, anterodorsal, presetally and shortly lateral of b lines. The male
field sometimes convex rather than depressed; 1 to 3 dots or pits sometimes present in
the midline anterior to the male pores. Genital markings: at maturity a pair of pits or
papillae near the midventral line and in or near intersegments 11/12, 12/13, 18/19, 3
pairs between any two segments from XX-XXIV, and 1 on the ventral surface of
XVIII, these markings surrounded by an elliptical transverse barrier which is concave
with an enclosing raised rim or is convex; some or all of the genital markings may be
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absent. Female pores paired, anteromedian of a on XIV. Spermathecal pores 2 pairs in
7/8 and 8/9 on small protuberances, immediately lateral of a lines.
Last hearts in XIII; hearts latero-oesophageal in X-XIII. Supra-oesophageal vessel
in X (and further anteriorly?)-XIII, well developed. Gizzard large and firm, in V.
Oesophagus with a pair of reniform calciferous glands in each of VIII, IX-XIII; the
glands dorsolateral on the oesophagus with which they communicate by very short but
narrow stalks; each gland encircled by a vessel and internally with numerous closely
packed radial lamellae. Intestinal origin (XV?, as also observed by Raff, 1910) XVI;
typhlosole, muscular thickening and caeca absent. Nephridia: very large tufts in V and
VI, with innumerable spiral loops in V and VI, those in V at least with composite
ducts running forwards to open into the pharynx; smaller, similar tufts in IV; small
aggregations of nephridial tubules in II and III, the ducts of which were not traced. In
VII posteriorly nephridia forming transverse parietal bands of numerous simple,
astomate
micromeronephridia.
Caudally
with
numerous
exonephric
micromeronephridia, with preseptal funnels, on each side. Holandric (testes and
iridescent funnels in X and XI); gymnorchous; seminal vesicles racemose, in XI and
XII. Metagynous; ovisacs in XIV. Prostates racemose and deeply incised, in XVIII to
as far as XXIV, the duct unusually long and coiled; vas deferens joining the junction
of duct and gland. Penial setae absent. Spermathecae 2 pairs, in VIII and IX, each
with cylindrical to elongate-ovoid ampulla and a longer, narrower, bent or coiled duct
with ectal multiloculate (inseminated) diverticulum.
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REMARKS
Cryptodrilus saccarius Fletcher (1886b) was clearly not congeneric with the typespecies of Cryptodrilus, C. rusticus Fletcher (1886a) and was removed to Notoscolex
by Michaelsen (1900), as endorsed by Jamieson (1971c). Demonstration of an
arrangement of nephridial funnels different from that of Notoscolex led to its transfer
(Jamieson, 1974a) to Oreoscolex, a genus with multiple preseptal nephrostomes and
not the single median preseptal nephrostome seen in Notoscolex. However, as in the
case of Oreoscolex retrocystis, transfer to the newly resurrected Anisochaeta is now
prompted by similarities to the type-species, A. attenuata, particularly the long series
of dorsolateral calciferous glands, ending in XIII, and the far posterior
commencement of the dorsal pores. Its closest affinities appear to lie with A.
retrocystis, as discussed under that species. As there mentioned, its setal condition, 8
setae per segment with some supernumeraries, is transitional from the purely
lumbricin condition of A. retrocystis to the typical anisochaetin condition. The
disposition of the male pores and a pair of genital markings within a common raised
border, an uncommon arrangement in megascolecids, is a striking similarity of A.
attenuata and A. saccarius, as is the admittedly plesiomorphic intersegmental location
of the two spermathecal pores. However, the multiloculate spermathecal diverticula
are not seen in the other species here placed in Anisochaeta.
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2. Araucaridrilus Jamieson, 2000
DIAGNOSIS
Pigmented. Prostomium tanylobous. Peristomium not demarcated from first
setigerous segment (II) ventrally. First dorsal pore 9/10; pores indistinct. Setae 8 per
segment, cd widely spaced, c being lateral and d far dorsal. Clitellum saddle-shaped,
in XIII-XVIII. Male pores in XVIII. Genital markings paired "eye-like". Female pores
minute, anteromedian of setae a of XIV. Spermathecal pores 2 pairs, at the anterior
margins of VIII and IX.
Dorsal blood vessel single. Last hearts in XII. Gizzard large, in V. Oesophagus in
X-XIV forming true extramural calciferous glands with internal lamellae; but only
those of XII and XIII constricted off from the oesophagus, best developed in XIII
where they are reniform. Intestinal origin in XVI. Typhlosole absent. In anteriormost
segments several contorted and sometimes almost tufted large meronephridia present
on each side. In the anterior intestinal region three megameronephridia on each side
with slender exonephric ducts entering the body wall in setal lines b, bc (nearer c) and
in d; caudally, the largest nephridium, discharging in b line, forming a stomate
megameronephridium; no enteronephry demonstrable. Holandric; seminal vesicles,
racemose, in IX, XI and XII. Ovaries in XIII. Prostates elongated, broad and
racemose; with slender convoluted duct. Spermathecae 2 pairs, in VIII and IX; with
short, digitiform diverticulum.
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DESCRIPTION
As for the single species, Araucaridrilus bunyaensis.
DISTRIBUTION
Eastern Subregion. Central Eastern Subprovince. Bunya Mountains.
TYPE-SPECIES: Cryptodrilus bunyaensis Jamieson, 1995. Monotypic genus.
REMARKS
A. bunyaensis was originally placed in Cryptodrilus chiefly because of the small
number of nephridia and fusion of the peristomium and segment II, a feature seen in
C. mediocris but also, for instance, in Digaster anomala. However, A. bunyaensis
occurs far north of the Cryptodrilus domain. Nephridial bladders, absent from this
species, are typically present in Cryptodrilus, reaching 8 per segment in the typespecies. It differs from Cryptodrilus in possessing calciferous glands. It is equally
distant from the compact domain of Notoscolex, in which it might alternatively been
placed. It differs from the type-species of Notoscolex in the location of the calciferous
glands. The absence of penial setae is also atypical of Notoscolex. It is nevertheless
possible that it is the product of vicariation from a stock shared with Notoscolex. Its
relationships can probably be resolved only by molecular studies.
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Araucaridrilus bunyaensis (Jamieson, 1995)
(Fig. 2.1, 2.2)
Cryptodrilus bunyaensis Jamieson, 1995: 583-584, Fig. 9, 10.
TYPE LOCALITY: 26°57'S.151°35'E., Araucaria bidwilli forest, Bunya Mts. National Park Qld.
HOLOTYPE: QM G211508.
PARATYPES: 10 examined for distribution of genital markings, QM G211509. 63 additional
paratypes, QM G211510. All types clitellate.

Length 76 mm. Width (midclitellar) 3.5 mm. Segments 185. Colour pigmented light
brown with dark reddish brown clitellum, in ethanol. Prostomium very small,
tanylobous, though crosses by a transverse furrow behind its midlength; peristomium
very short and prostomium not or only partly visible dorsally; peristomium not
demarcated from first setigerous segment (II) ventrally and only by an indistinct
transverse groove dorsally to which the dorsal tongue of the prostomium extends.
First dorsal pore 9/10 but dorsal pores indistinct. Setae 8 per segment, black and
distinctly visible, in regular longitudinal rows; ab moderately closely paired but cd
widely spaced, c being lateral and d far dorsal; aa :ab: bc: cd: dd = 2.7: 1.0: 3.4: 2.3:
5.1; dd: u = 0.24. Clitellum saddle-shaped, in XIII-XVIII; intersegmental furrows
12/13 and 18/19 well developed but the intervening septa indicated weakly and
ventrally only. Male pores in XVIII; minute pores with thin lips, in ab, these setae
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Fig. 2.1. Araucaridrilus bunyanesis. Genital field.
Holotype QM G211508. After Jamieson (1995).
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being absent, each pore in a glandular depression the slightly raised oval margins of
which extend median of a lines and lateral of b lines. Genital markings paired "eyelike" medianly conjoined oval markings with presetal porelike depression in ab, the
markings situated in XI, XII, XV-XVII, XX and XXI; the posterior limit of each
marking in XI, XII, XX and XXI shortly behind setae ab; but in XV, XVI and XVII,
like the field in XVIII, reaching the posterior border of the segment; the markings in
XI and XII; XII; and XXI may be absent. Female pores minute, each with a weak oval
field, far apart, shortly anteromedian of setae a of XIV. Spermathecal pores 2 pairs,
minute and indistinct, in or slightly median of a lines, on small oval papillae at the
anterior margins of VIII and IX which deflect intersegmental furrows 7/8 and 8/9
anteriorly in their vicinity.
Dorsal blood vessel continuous onto the pharynx. Last hearts in XII. Gizzard large,
broad, cylindroid in V, with conspicuous anterior rim which is continuous with a
thinner walled proventriculus lying in IV. Oesophagus with paired lateral dilatations
in VIII-XIV; those in X-XIV forming true extramural calciferous glands with internal
lamellae; but only those of XII and XIII constricted off from the oesophagus, best
developed in XIII where they are reniform. Intestinal origin abrupt, in XVI.
Typhlosole absent. Nephridia in the anteriormost segments several contorted and
sometimes almost tufted large meronephridia present on each side but none found to
be enteronephric. In the anterior intestinal region, shortly behind the prostates, three
large megameronephridia on each side with slender exonephric ducts entering the
body wall in setal lines b, bc (nearer c) and in d; caudally, the largest nephridium,
discharging in b line, has a large preseptal funnel and is thus a stomate
megameronephridium; no enteronephry demonstrable. Holandric; testes and funnels
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not certainly demonstrated but free coagulum (putative sperm masses in X and XI;
and seminal vesicles, racemose with many berry like loculi, in IX, XI and XII.
Ovaries large masses of many oocytes, in XIII. Prostates elongated through several
segments, broad and racemose; each with a slender convoluted duct about one fifth
the length of the gland. Spermathecae 2 pairs, in VIII and IX; each with a large ovoid
ampulla, a slender duct a little more than half the length of the ampulla, and a short,
digitiform diverticulum, with spermatozoal iridescence, sessile at the junction of the
two.
REMARKS
See generic remarks.
3. Arthuridrilus Jamieson, 2000
DIAGNOSIS
Perichaetin. A pair of combined male and prostatic pores on XVIII. Paired or median
genital markings present. Spermathecal pores 2 pairs, in or shortly behind 7/8 and 8/9.
Last hearts in XII or XIII. Gizzard large, in V. Calciferous glands, if present, not
forming well developed extramural pairs. Intestinal origin XVII or XVIII; typhlosole
present or absent; caeca absent. Nephridia several exonephric, astomate, avesiculate
parietal meronephridia on each side in each segment; exonephric tufts in the anterior
fore-body; caudally the medianmost nephridium enlarged as a megameronephridium
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with single preseptal funnel (exonephric). Holandric; gymnorchous; seminal vesicles
racemose, in XI and XII, or IX and XII. Prostates compact, racemose, with ramifying
internal ducts and no dominant central duct. Penial setae absent. Spermathecae with
single clavate, uniloculate diverticulum.
DESCRIPTION
Prostomium tanylobous or epilobous. First dorsal pore 3/4, 4/5. Setae 12-18 on XII;
caudally 12 to 24 or more; rows irregular posteriorly. Nephropores not externally
visible. Clitellum annular 1/2XIII, XIII-XVII, XVIII. Male pores on XVIII.
intersegmental and segmental genital markings present. Female pores paired, on XIV.
Spermathecal pores 2 pairs, in 7/8 and 8/9.
Dorsal blood vessel single. Last hearts in XII or XIII. Gizzard large, in V.
Calciferous glands annular in XV and XVI or absent. Intestinal origin XVII or XVIII;
typhlosole present or absent; intestinal gizzards absent. Nephridia avesiculate,
exonephric meronephridia on each side in each segment; exonephric tufts anteriorly;
caudally exonephric with a preseptal funnel on each side, the median nephridium
somewhat enlarged. Holandric, gymnorchous; seminal vesicles racemose in XI and
XII or (simpsonorum) IX and XII. Metagynous; ovisacs present. Prostates truly
racemose, the muscular duct dividing within the gland; vas deferens joining the duct
near its ental end. Penial setae absent. Spermathecae 2 pairs, in VIII and IX,
diverticulum single, clavate, uniloculate.
DISTRIBUTION
Tasmania.
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TYPE-SPECIES: Megascolex montisarthuri Jamieson, 1974a.
CHECKLIST OF THE SPECIES OF ARTHURIDRILUS
1. Megascolex burniensis Jamieson, 1974a
2. Megascolex montisarthuri Jamieson, 1974a
3. ?Anisochaeta simpsonorum Blakemore and Kingston, 1997
REMARKS
Arthuridrilus is here erected for those Australian species, formerly referred to the Sri
Lankan genus Megascolex Templeton, which have not already been referred to other
genera. Megascolex is distinguished in lacking extramural spermathecal diverticula
and (Bahl, 1946) lacking nephridial funnels. That the Sri Lankan and Australian taxa
were congeneric has long been doubted.
A. burniensis has the same nephridial arrangement, a median preseptally stomate
nephridium with lateral astomate micromeronephridia, as the type-species.
Anisochaeta simpsonorum Blakemore and Kingston, 1997, is included only
tentatively as its nephridial anatomy is insufficiently known.
It is possible that three species here placed in Austrohoplochaetella should be
referred to Arthuridrilus. They are Austrohoplochaetella albidus, A. swarbricki and A.
syndetoporus, in which the Austrohoplochaetella condition of paired
megameronephridia unaccompanied by meronephridia and with longitudinal ureters
has yet to be demonstrated. They are clearly not closely related to the Tasmanian
Arthuridrilus species and if included in Arthuridrilus would extend its range to
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Western Australia. It is more
Austrohoplochaetella species.
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KEY TO THE SPECIES OF ARTHURIDRILUS
1

2(1b)

a. Seminal vesicles in IX and XII. Genital markings paired in 11/12 and
19/20, sometimes asymmetrical
b. Seminal vesicles in XI and XII. Genital markings not as in 'a'
a. Genital markings one pair presetal in XVII, and two pairs in 17/18 and
18/19; two similar presetal unilateral markings in XIX and 19/20; two
larger median presetal markings present in XVIII and XIX
b. Genital markings a midventral transverse glandular depression with
tumid margins in each of intersegments 9/10, 16/17 and 19/20

A. simpsonorum
2

A. burniensis
A. montisarthuri

Arthuridrilus burniensis (Jamieson, 1974a)
(Fig. 3.1, 3.2)
Megascolex burniensis Jamieson, 1974a: 319-321, Fig. 4, 30B, 32F
TYPE LOCALITY: 41°05'S.145°55'E., Fern Glade, Emu River, Burnie.
HOLOTYPE: TM : K380.
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Length 65mm. Width 4·0 mm. Segments 92. Prostomium tanylobous. First dorsal
pore 4/5. Setae 12 on XII; 24 caudally (30 counted in some segments); setae become
irregular in the posterior 25 segments; zz ca. = zy anteriorly but zz ca. = 2-4zy
posteriorly; aa ca. = 2-2·5ab preclitellar, aa ca.=3- 4ab postclitellar; aa not discernible
as a ventral break caudally. Nephropores not externally visible. Clitellum annular
1/2XIII-XVII. Male pores on small papillae in ab, nearer a, on XVIII. Genital
markings 3 pairs of small eye-like markings with centres approximately in a, one pair
presetal in XVII, the other two pairs in 17/18 and 18/19; two similar presetal unpaired
markings with centres in a in XIX (right) and 19/20 (left); two larger median presetal
markings present in XVIII and XIX. Female pores paired, anterior and slightly
median to a of XIV. Spermathecal pores a pairs, in 7/8 and 8/9, on small papillae
slightly lateral of a.
Last hearts in XIII (hearts in X-XIII latero-oesophageal with connective to dorsal
and supra-oesophageal vessel); supra-oesophageal in VII-XIII, well developed.
Gizzard large, firm, globular with anterior rim, in V. Extramural calciferous glands
absent; oesophagus with circumferential vascular striae in VIII-XV; rugae increasing
posteriorly, especially well developed in XIV and XV. Intestinal origin XVII;
typhlosole absent. Nephridia poorly preserved; few avesiculate, exonephric
meronephridia on each side in each segment; exonephric tufts in II-VII; caudally
exonephric with a preseptal funnel on each side, the median nephridium somewhat
enlarged. Holandric, funnels iridescent in X and XI, gymnorchous; seminal vesicles
racemose in XI and XII. Metagynous; ovisacs present?. Prostates flattened and almost
square, in XVII and XVIII; truly racemose, the muscular duct dividing into three
immediately within the gland; vas deferens joining the duct near its ental end. Penial
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Fig. 3.1. Arthuridrilus burniensis.
Genital field. Holotype TM K380.
After Jamieson (1974a).
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setae absent. Spermathecae 2 pairs, in VIII and IX, diverticulum (inseminated) single,
clavate, uniloculate.
REMARKS
This species, though imperfectly known because of poor preservation, fulfils the four
chief criteria for inclusion in Arthuridrilus: the perichaetin condition with numerous
setae, racemose prostates, meronephry with only one nephrostome on each side in
caudal segments, and no well developed paired calciferous glands.
Arthuridrilus montisarthuri (Jamieson, 1974a)
(Fig. 3.3, 3.4)
Megascolex montisarthuri Jamieson, 1974a: 321-323, Fig.4, 30A, 32G.
TYPE LOCALITY: 41°10'S.147°55'E., Mt. Arthur, Weldborough Pass, 1.6 miles from eastern
end; 147˚20'E. 41˚15'S., East side of mountain - Tas.
HOLOTYPE: TM K381.
PARATYPES: BMNH 1973.2.48-52. TM K382-394. AM W5332-5338.
NEW RECORDS (2000): 41°11’S.147°15’E., Denison Gorge, presented J.J. Fletcher (July 1927),
ident. E. Easton 1983, AM W20763, ex W2390. 41°10’S.147°31’E., Scottsdale, 30 Jan 1891,
presented J.J. Fletcher (Nov 1924), ident. E.G. Easton 1983, AM W20766, and W20781,
both ex W1466 (not examined) - Tas.
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Fig. 3.3. Arthuridrilus montisarthuri.
Genital field. Holotype TM K381. After
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Length 95-105 mm. Width 3.6-5.2 mm. Segments 123-125. Prostomium canaliculate
or not, tanylobous closed. First dorsal pore 3/4, 4/5. Setae 12-18 in XII, caudally with
24 or more in a segment; rows regular in the fore- and midbody, with the ventral gap
approximately 3ab and much wider dorsal gap; caudally with aa unchanged but other
rows irregular and no appreciable dorsal interruption of the setal circlet. Nephropores
not externally visible. Clitellum annular, XIII-XVII, or also with weak development
in XVIII. Male pores almost contiguous midventrally in XVIII on a pair of united
papillae which lie in a depression with tumid borders which extends almost from the
setal arc of XVII to that of XIX and laterally reaches b lines; a midventral transverse
glandular depression with tumid margins present in each of intersegments 9/10, 16/17
and 19/20, spanning cc and carrying a transverse series of whitish pore-like stigmata.
Female pores anteromedian to setae a at about 1/3aa. Spermathecal pores 2 pairs, on
medianly closely apposed papillae near the anterior margins of VIII and IX.
Dorsal vessel single; continuous onto the pharynx; last hearts in XII (hearts in XXII latero-oesophageal, with connective to dorsal and supra-oesophageal vessel);
supra-oesophageal weakly developed; gizzard very well developed, in V but
extending posteriorly into IX by displacement of attenuated septa; oesophagus
widened to form an annular calciferous gland with numerous high radial internal
lamellae in XV; similarly developed in XVI and not demarcated from that in XV, or
in XIV and less so in XIII; and usually swollen and vascular, almost reniform on each
side in XVII. Intestinal origin XVIII reaching full width in XIX; typhlosole strongly
developed; first appreciable (rudimentary) in XX-XI. Nephridia several exonephric,
astomate, avesiculate parietal meronephridia on each side in each segment; a large
pair of tufts in III, extending into II and IV and each sending a sheaf of ducts
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(composite duct) to enter the parietes anterior to seta b of II; caudally the medianmost
nephridium enlarged as a megameronephridium with single preseptal funnel
(exonephric). Holandric (funnels iridescent); gymnorchous; seminal vesicles
racemose, in XI (small) and XII; metagynous; small ovisacs in XIV; prostates
compact, racemose, restricted to XVIII, with ramifying internal ducts and no
dominant central duct; vas deferens joining ectal end of duct. Penial setae absent.
Spermathecae 2 pairs, in VIII and IX (the ampullae may lie in the segment anterior to
their pores); diverticulum (inseminated) small, clavate, uniloculate.
REMARKS
The closely apposed spermathecal and male pores and the very distinctive genital
markings permit ready identification of M. montisarthuri and jointly distinguish it
from the other species of Arthuridrilus. Of 29 paratypes from Mt Arthur, all agreed
with the holotype in possessing the characteristic median transverse genital markings
at 16/17 and 19/20, the median field around the two male pores being variably
developed; 25 of these had an additional transversely punctate genital marking
extending laterally into ab in 9/10. Notoscolex singularis which differs among other
respects in having lumbricin setae, has remarkably similar, and unusual, genital
markings in the vicinity of the male pores.
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Arthuridrilus (?) simpsonorum (Blakemore and Kingston 1997)
Anisochaeta simpsonorum Blakemore and Kingston, 1997: 1695-1698, Figs 3, 4.
TYPE LOCALITY: North-western Tasmania, in rainforest or wet sclerophyll forest soils.
40°59’S.144°51’E., Dismal Swamp Nature Reserve; 40°57’S.144°49’E., Walking Track off
Bass Highway, near Dismal Swamp; 41°23’S.145°32’E., Belmont Rd., Waratah;
41°01’S.144°44’E., ‘Killara’ property, Marrawah; 41°29’S.145°27’E., Wombat Hill near
Waratah; 41°01’S.144°44’E., 1.5 Km along forest track in Crown land east of ‘Killara’
property, Marrawah. 41°36’S.145°08’E., Corinna Rd. 41°39’S.145°05’E., Pieman River,
Corinna.
HOLOTYPE: QVM 14:3275.
PARATYPES: P1 ANIC:RB.96.11.6. P2-4 TM:K1526-1528. P5-P8; ANIC:RB.96.11.7. P9-11
QVM:14:1075. P12 QVM:14:3529. P13 QVM:14:3530. P14-16 ANIC:RB.96.12.3-5. P17-19
TM:K1535-1537. P20 QVM:14:3572. P21 QVM:14:3052. P22 QVM:14:1048.

Length 60-115mm. Width? Segments 114-140. Colour pale, unpigmented or with a
yellow tinge, clitellum orange/buff. Prostomium open epilobous. Clitellum: 1/2XIIIXVII. First dorsal pore 4/5. Setae 12 throughout in mostly regular rows except for
some irregularities in cd lines posteriorly. Nephropores not seen. Female pores paired
anteriomedial of setae a. Male pores paired near setal lines a on small raised papillae
within rimmed, midventral tumid area. Genital markings paired pads centred in b lines
and extending slightly beyond ab lines in 11/12; (12/13 infolded ventrally in several
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specimens); smaller pads paired (or analogue) in ab lines in 16/17, sometimes absent;
elongate trough in bb or aa in 19/20 surrounded by tumid area extending to setal arcs
of XIX-XX; paired or single darkened patches in aa in 20/21. Markings consistently
in 11/12 and 19/20, however, sometimes asymmetrical (in some of 11/12/13, 16/17
and 18/19/20/21), or elongate troughs in bb in 11/12 (or also in aa in 16/17) and in aa
in 19/20. Spermathecal pores 2 pairs, in 7/8 and 8/9, near setal lines a.
Septa thin in anterior, 9/10-12/13,13/14 only slightly thickened. Gizzard: in V,
muscular and barrel-shaped with anterior flange, displaced posteriorly. Oesophagus
dilated and internally lamellate in X-XVI, especially XV-XVI, but not calciferous.
Intestinal origin XVIII; darker and more dilated from XIX; deep typhlosole
developing from XX; intestinal gizzards absent; gut contains soil, some organic
matter and quartz grits. Nephridia: avesiculate meronephridia, ca two or three small
clusters of tubules per side becoming laterally connected bands in midbody; not tufted
anteriorly; funnels not found. Dorsal blood vessel single; hearts in X-XII; supraoesophageal vessel in IX-XIII. Iridescent testes and funnels in X and XI; seminal
vesicles paired (sometimes rudimentary), saccular in IX and racemose in XII. Ovaries
large in XIII; small ovisacs paired in XIV. Prostates in XVIII, racemose, bilobed but
appear as rosettes; ducts sinuous, wide at base; penial setae not found. Spermathecae
two pairs in VIII and XIX; ampulla saccular on longer duct with clavate diverticulurn
from middle of duct (iridescent bulb sometimes has irregular outline).
REMARKS
Generic placement of this species is difficult. Blakemore and Kingston (1997)
assigned it to their very broadly defined Anisochaeta. The arrangement of setae in 12
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rows conforms with some members of that genus, as here defined, all species of
which share with it presence of only two pairs of spermathecae. Correspondence is
otherwise poor and the key, though not completely constant, Anisochaeta character of
5 or 6 pairs of extramural calciferous glands is absent. Failure to describe the
disposition of nephridial funnels further obscures relationships. There is at present no
strong reason to associate this Tasmanian species with the morphologically and
zoogeographically homogeneous group of species constituting Anisochaeta sensu
stricto.
Blakemore and Kingston (1997) note that this species is morphologically similar to
‘Anisochaeta’ montisarthuri (Jamieson, 1974a), now the type-species of
Arthuridrilus. Differences include the numbers of setae, the positions of the genital
markings, spermathecal and male pores, and the presence of seminal vesicles in IX.
They note that ‘samples from the Bass Highway, Belmont Rd and Dismal Swamp
sites also contained specimens of Hickmaniella opisthogaster, a species having
similar genital markings in 11/12’, presumably considered to indicate phylogenetic
affinity. The local derivation of A. simpsonorum and other Arthuridrilus species from
Tasmanian precursors, independently of Spenceriella and Anisochaeta sensu stricto,
and independently of Western Australian, therefore seems worthy of consideration.
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4. Austrohoplochaetella Jamieson, 1971e. Emend Jamieson, 2000
Austrohoplochaetella Jamieson, 1971e: 490-491.
Megascolex (part.); Jackson, 1931: 109; Nicholls and Jackson, 1926; Jamieson, 1971c: 94-95.
Notoscolex (part.); Jackson, 1931: 105; Jamieson, 1971c: 78.
Megascolides (part.); Blakemore and Kingston, 1997: 1689.

DIAGNOSIS
Combined male and prostatic pores a pair on XVIII. Setae lumbricin or perichaetin.
When lumbricin, ventral setal couples closely paired, dorsal setal couples more
widely paired but much closer together than the separation between the ventral and
dorsal couples (cd approx. 0.5 bc); dorsal median intersetal distance greater than half
of the circumference. Meronephric; pharyngeal tufts present anteriorly; avesiculate
exonephric (astomate?) meronephridia present throughout, decreasing in number
posteriorly, excepting some terminal caudal segments in which there is a pair of single
stomate megameronephridia only in each segment; these (always?) discharging (with
some of the preceding meronephridia) into longitudinal excretory ducts which pass
through several segments to the proctodaeal region. Gizzard present; calciferous
glands absent; dorsal typhlosole present. Prostates tubular (type-species) to racemose.
Spermathecae with extramural diverticula.
DESCRIPTION
Length 32-450 mm. Segments 55-176. Some species, at least, with violet, purplish or
reddish pigmentation Prostomium proepilobous, epilobous, epitanylobous, or
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tanylobous; with or without a middorsal groove. First dorsal pore (always?) 3/4-6/7.
Setae 8 per segment or perichaetin; if lumbricin, typically with cd approximately 2-3
ab, or (brancasterianus) only slightly greater than ab in segment XII, or
(prestonianus) equal to ab. Clitellum saddle-shaped or annular, in XIII, XIV-XVII,
XVIII. Male pores on XVIII. Genital markings on or behind the clitellum, segmental
or intersegmental, paired, or single midventral; sometimes (whistleri, modestus) with
markings in or anterior to X. Female pores on XIV. Spermathecal pores 2 pairs, or
unpaired midventral, in 7/8 and 8/9 or at the anterior margins of VIII and IX or 3
pairs, in 6/7-8/9, or unpaired midventral in 6/7-8/9; or 4 pairs, in 5/6-8/9; or 5 pairs, or
unpaired midventral, in 4/5-8/9.
Dorsal vessel single; last hearts in XIII, less commonly maecenatis, modestus,
suctoriusXII; those in X and posteriorly typically latero-oesophageal. Gizzard, in V or
VI. Extramural calciferous glands absent. Intestine (always?) commencing in XVI,
XVII or XVIII; dorsal typhlosole typically present, or absent. Meronephric, with (or
without anterior tufts?), but far caudally with one large stomate
megameronephridium, without accompanying micromeronephridia, on each side in
each segment; the megameronephridia (always?) connecting to a longitudinal,
typically composite, (sometimes enteronephric?) ureter on each side which runs
posteriorly, but typically appears to open to the exterior in each segment;
exceptionally (whistleri) with a small astomate meronephridium present medianly to
each megameronephridium in these far caudal segments. Nephridial bladders absent.
In the type-species, the last one or two rudimentary segments appear to have several
micromeronephridia and no stomate nephridia. Holandric; testis-sacs absent; seminal
vesicles 2 pairs, in XI and XII; or in XI, XII and (pseudovesicle?) XIII, or in XII only;
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exceptionally (maecenatis ) metandric, with seminal vesicles in XII. Prostates thickly
tubular (type-species), tongue-like or leaf-like, or compactly or loosely racemose.
Penial setae absent or present. Ovaries and funnels in XIII; ovisacs at least sometimes
present, in XIV. Spermathecae 2-5 pairs, or unpaired midventral; with single,
uniloculate, digitiform or clavate diverticulum.
DISTRIBUTION
Western Subregion of Australia, Eyrian division: Southwestern Province.
TYPE-SPECIES: Austrohoplochaetella kendricki Jamieson, 1971e
REMARKS
Austrohoplochaetella is here widened to include species with racemose prostates
and/or perichaetin setae. This step is taken with some hesitation but appears justified
in view of the highly unusual condition of the excretory system in the constituent
species. In these, posterior megameronephridia, with preseptal funnels are (always?)
connected to longitudinal proctodaeal ureters in the absence of accompanying
micromeronephridia. Presence of setal arrangements intermediate between the
lumbricin and perichaetin arrangements further justifies inclusion of species with
either setal condition in the genus. Furthermore, the genital field of A.
brancasteriensis, a species with lumbricin setae, closely resembles that of A.
whistleri, with perichaetin setae, a fact suggestive of relationship, which further
supports union of lumbricin and perichaetin species in the same genus.
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Austrohoplochaetella and Megascolides australis are, nevertheless, clearly closely
related and could be considered congeneric. Features which M. australis shares with
Austrohoplochaetella include the setal spacing described above, absence of
calciferous glands, and presence of single stomate meronephridia median to astomate
meronephridia on each side in caudal segments, but also joining a longitudinal duct on
each side. The ureters open to the exterior several times in each segment in M.
australis (Spencer, 1888) but this does not appear to constitute a difference from
Austrohoplochaetella as white dots on the body surface caudally in
Austrohoplochaetella (as in former Western Australian Notoscolex and Megascolex
species) probably indicate nephropores opening from the ureters. However,
Austrohoplochaetella, typically, and as here augmented, differs in having only
stomate 'holonephridia' in the caudalmost segments together with ureters. This
condition has been shown in A. bistichus (p), A. brancasteriensis (l), A. colliensis (p),
A. galei (p), A. harveyensis (p), A. hortensis (l), A. imparicystis? (p), A. kendricki (l),
A. maecenatis? (l), A. modestus? (l), A. monostichus (p), A. nokanenaensis (l), A.
prestonianus? (l), A. purpurascens (p), A. rubescens (l), A. suctorius? (l), A.
torbayensis? (p), A. whistleri (p), thus in lumbricin (l) and perichaetin (p) species (a
question mark indicates species in which, although a single stomate ‘holonephridium’
is present posteriorly, a longitudinal ureter has yet to be demonstrated). In M.
australis these megameronephridia are accompanied by micromeronephridia
(Spencer, 1888) as they are in both genera more anteriorly. A typhlosole, present in
Austrohoplochaetella, is absent from M. australis, a difference of dubious
significance. Extramural spermathecal diverticula, usual for megascolecids, and
probably their basal synapomorphy, are constant for Austrohoplochaetella whereas M.
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australis has a unique and clearly apomorphic intramural condition. The
tubuloracemose to racemose prostate glands of Austrohoplochaetella are a notable
difference from the tubular and greatly convoluted glands of M. australis.
In view of the geographical separation of the two entities, the apparent presence of
nephridia in addition to the megameronephridia caudally in M. australis and its
difference from the western Australian species in having several intramural seminal
loculi in its spermathecae in place of the extramural clavate diverticula of the others,
together with storage of most sperm in the spermathecal ampulla (Van Praagh, 1995),
and the difference in prostatic structure, it is proposed here to set M. australis apart as
the type of a monotypic genus Megascolides. A sister-group relationship with
Austrohoplochaetella is envisaged.
Austrohoplochaetella, as here greatly expanded, differs from Cryptodrilus in
having, on each side, only a single nephridium, forming a stomate megameronephridium
in caudalmost segments whereas in Cryptodrilus if such a nephridium is present it is
accompanied laterally by other, smaller, astomate nephridia. Megascolides australis,
which is here regarded as the only species of its genus, has the Cryptodrilus condition
of the nephridia caudally but differs in the intramural condition of its spermathecal
diverticula. All three genera have caudal enteronephry.
The combination of tubular prostates with longitudinal interconnection of posterior
stomate nephridia in Austrohoplochaetella is reminiscent not only of M. australis but
also of two oriental genera Hoplochaetella and Travoscolides and the African species
Millsonia anomala Omodeo, 1955. Travoscolides has advanced enteronephry, with
the longitudinal excretory ducts deeply embedded in the intestine and communicating
with it in each segment and cannot be considered close to Austrohoplochaetella.
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Hoplochaetella, and Millsonia anomala on the other hand, show remarkable
similarities to Austrohoplochaetella in the excretory systems, having extra-alimentary
longitudinal excretory ducts. The stomate megameronephridia opening into these
ducts are accompanied by (exonephric) micromeronephridia which were not
demonstrated in Austrohoplochaetella, though seen in Megascolides, but this does not
appear to be an important difference in view of the presence in Austrohoplochaetella
of meronephridia in preceding segments (though never in the large numbers seen in
Hoplochaetella and M. anomala). Hoplochaetella is unique in the Megascolecidae in
having two pairs of openings to the vasa deferentia while Millsonia is acanthodrilin
with calciferous glands in XV and XVI and there is no doubt of their generic
distinction from Austrohoplochaetella. Whether the longitudinal posterior excretory
ducts in Austrohoplochaetella and Hoplochaetella have been acquired convergently
or are evidence of a closer mutual relationship remains undecided. As Millsonia is
deduced to be an advanced member of the basically holonephric Acanthodrilinae, the
similarity between it and Austrohoplochaetella must be regarded as convergence
(homoplasy). The longitudinal excretory ducts in Millsonia anomala differ from those
of Hoplochaetella but possibly resemble those of Austrohoplochaetella in opening to
the exterior in each segment.
CHECKLIST OF THE SPECIES OF AUSTROHOPLOCHAETELLA
1. ?Megascolex albidus Jackson, 1931. Incertae sedis
2. Megascolex bistichus Michaelsen, 1907b
3. Notoscolex brancasteriensis Michaelsen, 1910b
4. Megascolex colliensis Michaelsen, 1907b
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5. Megascolex galei Michaelsen, 1907b
6. Megascolex harveyensis Michaelsen, 1907b
7. Notoscolex hortensis Michaelsen, 1907b
8. Megascolex imparicystis Michaelsen, 1907b
9. Austrohoplochaetella kendricki Jamieson, 1971e
10. Megascolex longicystis Nicholls and Jackson, 1926
11. Notoscolex maecenatis Michaelsen, 1907b
12. Notoscolex modestus Michaelsen, 1907b
13. Megascolex monostichus Michaelsen, 1907b
14. Megascolides nokanenaensis Michaelsen, 1907b
15. Notoscolex prestonianus Michaelsen, 1907b
16. Megascolex purpurascens Michaelsen, 1907b
17. Notoscolex rubescens Michaelsen, 1907b
18. Notoscolex(Trinephrus) suctorius Michaelsen, 1907b
19. ?Megascolex swarbricki Nicholls and Jackson, 1926. Incertae
sedis
20. Megascolex syndetoporus Jackson, 1931. Incerta sedis
21. Megascolex torbayensis Michaelsen, 1907b
22. Megascolex whistleri Michaelsen, 1907b
KEY TO THE SPECIES OF AUSTROHOPLOCHAETELLA
1

a. Setae 8 per segment
b. Setae more than 8 per segment, at least in caudal segments

2
9
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2(1a)

a. Prostates tubular
b. Prostates racemose

3(2b)

a. Nephridia 3 on each side in the hindbody, excepting last few
segments. Penial setae absent
b. Nephridia a few to numerous on each side in the hindbody,
excepting last few segments. Penial setae present

4(3a)

5(3b)

6(5b)

20
3

a. A large transversely oval midventral field, with sunken centre
bearing a small papilla and surrounded by a glandular wall so as to
appear almost suckerlike, normally in 16/17 (rarely 15/16 and 16/17)
and pair in 19/20 (rarely absent or in 19/20 and 20/21)
b. 2 pairs of large oval sucker-like papillae in 15/16 and 16/17, their
centres just above b lines; the whole of the ventral surface of XVXVII forming a glandular field reaching to the clitellum laterally

4
5

A. brancasteriensis

A. suctorius

a. Glandular thickenings occur on the ventral part of VIII and IX,
sometimes with small eye-like midventral papillae in furrows 7/8
and 8/9; usually 1 pair of large flat papillae 19/20 in a lines
b. Genital markings not as in 'a'

A. hortensis
6

a. Ventral surface of X-XIX insunken, the depression extending to a
lines on each side and being bounded anteriorly by glandular
thickenings in VIII and IX, and posteriorly by a transverse glandular
ridge in furrow 19/20
b. Genital markings not as in 'a'

A. maecenatis
7
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7(6b)

8(7b)

a. Unpaired midventral glandular pads maximally in 16/17, 18/19,
19/20 and 20/21, also, but less distinctly in 7/8, 8/9, 9/10, and 17/18;
in each case the intersegmental furrow is clearly visible; these
markings may be entirely lacking, or only the posterior 3 may occur
b. Genital markings not as in 'a'
a. 4 pairs of small oval papillae in furrows 15/16, 16/17, 19/20 and
20/21, slightly medial to the position of male pores, in setal line b or
between a and b
b. Transverse glandular streaks or ridges close before and behind
each of furrows 15/16-19/20

9(1b)

a. Spermathecal pores unpaired
b. Spermathecal pores paired, in 2-3 intersegments

10(9a)

a. Spermathecal pores unpaired, in 2 intersegments, 7/8 and 8/9
b. Spermathecal pores unpaired, in 3 intersegments, 6/7-8/9
c. Spermathecal pores unpaired, in 5 intersegments, 4/5-8/9

11(9b)

a. Male pores well median of setal lines a. Paired circular genital
markings in 19/20 posteriorly
b. Male pores in setal lines a to d. Genital markings not as in 'a'

12(11a)

a. Spermathecal pores median
b. Spermathecal pores in d lines

to

a

A. modestus
8

A. prestonianus
A. rubescens
10
11

lines

A. syndetoporus
A. harveyensis
A. imparicystis

12
13
A.

swarbricki
A. bistichus
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13(11b)

14(13b)

15(14b)

16(15a)

17(16b)

18(17a)

a. A very strongly protuberant, transversely oval accessory genital
marking filling XV and XVI longitudinally and extends laterally into
bc, with a depression corresponding with intersegment 15/16.
Spermathecal pores 2 pairs, between setal lines b and c
b. Genital markings not as in 'a'. Spermathecal pores not in bc

A. galei
14

a. Genital markings unpaired midventral in XIX only, or also in one
or more of XI, XVII, XVIII, XX, a pair of smaller papillae in the b
lines in 19/20, 2 pairs of tiny papillae usually indistinct and fused
with the male porophores in a lines of XVIII. Alternatively, a papilla
on XI and XX only
b. Genital markings not as in 'a'

A. colliensis
15

a. Spermathecal diverticulum about as long as or shorter than the
ampulla
b. Spermathecal diverticulum about 6 times as long as the ampulla.

16
A. longicystis

a. Genital markings absent but male pores surrounded by a common
wall
b. Genital markings present

A. albidus
17

a. Genital markings several to many median papillae. Paired
markings absent
b. Genital markings not including several to many median papillae.
If a few median markings present, these accompanied by paired
markings
a. Genital markings intersegmental: 10 or 11 small, unpaired,
midventral papillae in 14/15-16/17 and 19/20-25/26 or 26/27.

18

19

A. monostichus
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b. Genital markings segmental: oval pads filling the entire length of
the segment and extending laterally to the b line of setae on each
side in XV, XVI XVII and sometimes also XIX, XX
19(17b)

20(2a)

a. Genital markings a pair of small papillae in 16/17 in ab and a
similar pair in b lines in 19/20
b. Genital markings 2 small paired or midventral papillae in 17/18
and 18/19, and 2 pairs of slightly larger papillae on the anterior
margin of XIX and XX, those in XIX slightly farther apart; usually 1
or more of the papillae lacking.
a. A very strongly protuberant, transversely oval accessory genital
marking filling XVI and XVII longitudinally and extends laterally
into bc, with a depression corresponding with intersegment 16/17.
Spermathecal pores 2 pairs slightly median of a lines
b. Genital markings 1 pair of indistinctly defined oval papillae in
XVII in ab Spermathecal pores 4 pairs. In a lines

A. purpurascens

A. torbayensis

A. whistleri

A. kendricki
A. nokanenaensis

Austrohoplochaetella (?) albidus (Jackson, 1931)
(Fig. 4.1, 4.2)
Megascolex albidus Jackson, 1931: 118-110, Fig. 12, Pl. 15, fig.2.
Megascolex albidus; Jamieson, 1971c: 95.
(Non) Megascolex albidus (=Perichaeta albida); Michaelsen, 1892: 237-238, Fig. 23.
TYPE LOCALITY: 33°46'S.116°30'E., Condinup - WA.
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TYPES: ?.

Length 75 mm. Width 3 mm. Segments 130. In alcohol, unpigmented creamy white
with light brown clitellum. Pro-epilobous 1/2; peristomium bisected by middorsal and
midventral longitudinal groove. First dorsal pore 4/5. Setae perichaetin; setal rings
with a regular break both dorsally and ventrally. aa ca = 2 bc; a and b slightly closer
together than the others of the ring. Setae sigmoid, some slight ornamentation
described. Clitellum very sharply defined; dorsally XIII-XVIII and ventrally XIV1/2XVII; questionably described as saddle-shaped. Male pores on a pair of rounded
papillae on XVIII; in ab, and the papillae so close as to merge into each other by a
narrow neck. Around and between these papillae the surface is depressed, and
surrounding the whole is a well defined wall. Genital markings absent. Female pores
in XIV, slightly presetal. Spermathecal pores 2 pairs, in 7/8 and 8/9, in a lines.
Septa from 9/10 to 14/15 slightly thickened. Last hearts in XIII. Gizzard well
developed, in VI. The oesophagus with vascular swellings in XI-XVII, those in
segments XIII and XVII the largest. Intestine commencing in XIX; typhlosole absent.
Meronephridia in lines which encircle the body in each segment. Sperm funnels, each
divided into 3 lobes with extremely long fringing cilia, free in X and XI; seminal
vesicles 3 pairs, in X, XI and XII, those in XII the smallest. Prostates, in XVIII, thick,
flat and almost pear-shaped, with a very short duct. Penial setae absent, though the
setae surrounding the male genital field seem to be slightly shorter and stouter than
the rest and there are two in each sac. Ovaries in XIII, exceptionally large and are
divided into a number of moniliform branches. Spermathecae large and ampulla-
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Fig. 4.1. Austrohoplochaetella albidus.
Genital field. Redrawn from Jackson
(1931).

Redrawn from:
Megascolex albidus n. sp.
Jackson, 1931
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Fig. 4.2. Austrohoplochaetella albidus.
Spermatheca. Redrawn from Jackson
(1931).

Redrawn from:
Megascolex albidus n. sp.
Jackson, 1931
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shaped, with the sac bent slightly to one side; diverticulum slender, straight and about
half as long as the ampulla.
REMARKS
This species is here placed for the first time in Austrohoplochaetella on the grounds of
being perichaetin, with racemose prostates and no well developed paired calciferous
glands; the fourth condition, meronephry with longitudinal ureters, has yet to be
demonstrated. Until the nephridial anatomy in caudal segments is known this generic
attribution can only be tentative. This placement is more acceptable than former
attribution to the Sri Lankan genus Megascolex but it might alternatively be placed in
Arthuridrilus.
Austrohoplochaetella bistichus (Michaelsen, 1907b)
(Fig. 4.3)
Megascolex bistichus Michaelsen, 1907b: 216-217, Fig. 28.
TYPE LOCALITY: 33°35'S.115°59'E., Donnybrook - WA.
SYNTYPES: WAM V4436. MNHU4241. HM V7077 (Re-examined).

Length 45 mm. Width 2.5 mm. Segments 129. Colour dorsally brownish-violet,
ventrally yellowish-grey. Tanylobous (?). First dorsal pore 5/6. Perichaetin, setal rings
with a regular mid-dorsal and mid-ventral break: aa = 2ab, zz = 2aa; ab < yz; setal
numbers 23/VII, 25/IX, 25/XIII, 22/XIX, 23/XXV. Clitellum saddle-shaped (XIII)
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Fig. 4.3. Austrohoplochaetella bistichus.
Genital field. Redrawn from Michaelsen
(1907b).

Redrawn from:
Megascolex bistichus n. sp.
Michaelsen, 1907b
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XIV-XVIII. Male pores in XVIII close to the midventral line on a large round papilla.
Genital markings 4-6 pairs of small but conspicuous sucker-like hollows in furrows
l9/20-24/25 in b lines, causing small papilla-like projections into the body cavity.
Spermathecal pores, 2 pairs ventrolateral in furrows 7/8 and 8/9, in d lines.
Septa 7/8-12/13 thickened. Gizzard in VI. Calciferous glands absent. Seminal
funnels in X and XI; curved elongated seminal vesicles in XI and XII. Caudally with a
solitary megameronephridium on each side and a lateral duct which runs posteriorly
to the caudal extremity. Further anteriorly several nephridia on each side with no
detectable funnels. Prostates tongue-like with a short narrow duct. Penial setae absent.
Spermathecae with a pear-shaped ampulla merging into the duct; a slender clubshaped diverticulum, about two thirds the length of the ampulla, opening into the
distal end of the duct.
Austrohoplochaetella brancasteriensis (Michaelsen, 1910b)
(Fig. 4.4)
Notoscolex brancasteriensis Michaelsen, 1910b: 95-97, Fig. 17; Pl, fig.9.
TYPE LOCALITY: ca 33°55'S.116°24'E., Brancaster in Upper Blackwood District - WA.
HOLOTYPE: HM V7072 (Re-examined).
PARATYPES: NHRS 128.
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Fig. 4.4. Austrohoplochaetella brancasteriensis.
Genital field. Holotype HM V7072. (Jamieson, 2000).
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Length 22-60 mm. Width 1.7-2.7 mm. Segments 120-130. Dark yellowish to
brownish grey. Epitanylobous, dorsal tongue an equilateral triangle, its apex
continued as a narrow groove to intersegment 1/2. First dorsal pore 6/7. Setae 8 per
segment; widely paired, the dorsal pair wider than the ventral; dd = 5/9u; aa ca = 0.25
dd; aa: ab: bc: cd: dd = 12.9: 5.4: 6.5: 5.9: 51.6. Clitellum ventrally interrupted in
XIII, in XIV-1/nXVIII annular. Male pores close to midventral, median to setal lines
a, on a common, midventral, transversely oval pad-like papilla, which occupies the
entire length of XVIII and laterally almost reaches setal lines b. Genital markings very
constant: a large transversely oval midventral field, with sunken centre bearing a
small papilla and surrounded by a glandular wall so as to appear almost suckerlike,
normally in 16/17 (rarely 15/16 and 16/17), reaching laterally almost to setal lines a,
and pair in intersegment 19/20 (rarely absent or in 19/20 and 20/21, when the last pair
are closer together), almost reaching c lines; somewhat overreaching the setal lines b
medianwards; the pairs not medianly sharply defined and joined by a more or less
distinct narrow bridge. Spermathecal pores 2 pairs, or 2 unpaired, in 7/8 and 8/9, near
to each other or completely fused, near or in the ventral midline.
Septa 9/10-10/11 the thickest, somewhat thickened. Large gizzard in VI; no
calciferous glands or typhlosole. Caudally with 3 nephridia on each side, a small one
with slender duct discharging in a line and with preseptal funnel; a small one with
slender duct discharging apparently in d; and a large nephridium above d the slender
duct of which runs posteriorly on the body wall above the gut through posterior
segments. Further posteriorly at least 2 outer nephridia send ducts posteriorly and in
the last few segments there is only one, very large megameronephridium, with
preseptal funnel, on each side in each segment, the duct of which can be traced

B.G.M. Jamieson 1/10/00

202

posteriorly to open into the rectum; bladders absent. Sperm funnels free in X and XI;
seminal vesicles the full length of their segments, in XI and XII. Prostates limited to
XVIII; gland ovoid, slightly flattened laterally, surface uneven, warty; duct short and
straight. Penial setae absent. Female organs in usual location, funnels large.
Spermathecae with elongated saclike ampulla and a well demarcated duct half as thick
and about one third as wide into the distal end of which opens a long slender clavate
diverticulum, about as long as the ampulla, with a single pear-shaped seminal
chamber.
REMARKS
This species is close to N. suctorius, in having the triple development of the
nephridia. They differ in the arrangement of the genital markings and the form of the
spermathecae. The genital field of A. brancasteriensis, a species with lumbricin setae,
resembles that of A. whistleri, with perichaetin setae, a fact suggestive of relationship,
which further supports union of lumbricin and perichaetin species in the same genus.
Austrohoplochaetella colliensis (Michaelsen, 1907b)
(Fig. 4.5, 4.6)
Megascolex colliensis Michaelsen, 1907b: 219-221, Fig.31, Pl.2, Fig.53; Jackson, 1931: 114115.
TYPE LOCALITY: 33°22'S.116°09'E., Collie. Lunenberg - WA.
SYNTYPES: WAM V4435. MNHU4244. HM V7072, 7075 (Re-examined) -7076.
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Fig. 4.5. Austrohoplochaetella colliensis. Genital
field. Redrawn from Michaelsen (1907b).

Redrawn from:
Megascolex colliensis n. sp.
Michaelsen, 1907b
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Length 32-52 mm. Width 2-2.5 mm. Segments 55-115. Colour, chestnut brown with a
violet tint in the head region; ventrally yellowish; the pigmentation paler or lacking in
the region of the setae. Epilobous ca. 2/3; peristomium with a middorsal longitudinal
furrow. First dorsal pore 3/4. Setae perichaetin; setal rings with a regular middorsal
and midventral break: aa = 1.5-2ab. Setal numbers 16/XIII, 14/XXV. Clitellum
annular, XIV?, XV-1/2XVII, XVII. Male pores in XVIII on whitish papillae in b
lines. Genital markings variable; maximally (Lunenberg) 5 unpaired mid-ventral
papillae anteriorly placed in XI (rarely), XVII, XVIII (both sometimes absent), XIX
(apparently constant), XX (sometimes absent); a pair of smaller papillae in the b line
of setae in 19/20 (sometimes it and the median marking on XVIII absent); and 2 pairs
of tiny papillae usually indistinct and fused with the male porophores in a lines of
XVIII. In the Collie material there is a papilla on XI and XX only. Spermathecal
pores 2 (or sometimes 3?) pairs in the b line of setae in furrows 7/8-8/9 (6/7-8/9), if 3
pairs those in 6/7 on the left side only.
Septa 10/11-12/13 rather strong. Last hearts in XIII. Gizzard in VI; oesophagus
lacking calciferous glands; intestine beginning in XVII; typhlosole absent. Numerous
micromeronephridia anteriorly; posteriorly approximately 4, becoming a large solitary
megameronephridium with large preseptal funnel on each side in the last few caudal
segments; the lateral duct turning posteriorly on the body wall above the gut and
running to the posterior extremity; actual egress not seen; bladders absent. Free
seminal funnels in X and XI; seminal vesicles in XI and XII. Prostates disc-like, with
a short narrow duct about 1/4 as long. Penial setae absent. Spermathecae with a sac-
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like ampulla merging into the duct; a club-shaped diverticulum, two thirds the length
of the ampulla, opening into the distal region of the duct.
Austrohoplochaetella galei (Michaelsen, 1907b)
(Fig. 4.7, 4.8)
Megascolex galei Michaelsen, 1907b: 223-225, Fig.33, Pl.2, fig.55.
TYPE LOCALITY: 33°22'S.116°09'E., Collie - WA.
SYNTYPES: WAM V4391. HM V7071. MNHU4246.

Length 70-75 mm. Width 4-5.5 mm. Segments 143-157. Colour, violet-brown
dorsally, the setae marked by pale spots, and yellowish or brownish-grey ventrally.
Tanylobous, the dorsal tongue divided by a transverse furrow. First dorsal pore 4/5.
Perichaetin; setal rings with a regular middorsal and midventral break; aa = 2.25ab =
zz. Setal numbers 20/V, 27/XI, 30/XXVI. Male pores in XVIII in b lines, on small
papillae connected by a transverse glandular ridge. A large transversely-oval
glandular pad occupies the ventral surface in furrow 15/16, extending in mature
specimens over the length of XV and XVI, in which case it is divided into two by the
intersegmental furrow. Spermathecal pores 2 pairs, in 7/8-8/9 in bc.
Septa 9/10-12/13 slightly thickened. Gizzard in VI; calciferous glands lacking.
Anteriorly with numerous micromeronephridia on each side. Caudally, on each side,
with 4 small nephridia, discharging in the same segment, but in the last few segments
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Fig. 4.7. Austrohoplochaetella galei.
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a large solitary megameronephridium with large preseptal funnel and lateral duct
discharging dorsolaterally in the same segment near middorsum but some ducts,
egress unknown, running posteriorly into posterior segments; bladders absent. 2 pairs
of testes and seminal funnels in X and XI, free or embedded in sperm masses; 2 pairs
of slender curved seminal vesicles in XI and XII. Prostates racemose, thickly leaflike, with numerous indentations and uneven surface and with a short, slightly bent
muscular duct which repeatedly branches within the gland. Penial setae absent. Vasa
deferentia unfused but close together, opening into the ental end of the prostate duct
and fusing with the system of tubes in the gland. Spermathecae with an ovoid or pearshaped ampulla merging into a duct the wall of which is very similar in structure to
the ampulla; a simple diverticulum, two thirds the length of the ampulla, opening into
the distal end of the duct; proximal two thirds of the ampulla full of sperm masses but
lumen simple.
Austrohoplochaetella harveyensis (Michaelsen, 1907b)
(Fig. 4.9)
Megascolex harveyensis Michaelsen, 1907b: 211-212, Fig. 25; Jackson, 1931: !.
TYPE LOCALITY: Harvey - WA.
SYNTYPES: HM V7080 (Re-examined).
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Length 78-84 mm. Width 5-5.5 mm. Segments 153-162. Colour dorsally dark violetbrown, ventrally grey. Pro-epilobous? First dorsal pore 5/6. Setae perichaetin; aa =
2ab; ab = bc; bc < = > cd; the middorsal break in the setal ring is irregular; setal
numbers 21/V, 20/IX, 22/XIII, 22/XIX. Clitellum not known. Male pores in XVIII,
very close together, in a mid-ventral trapezoidal depression with raised margins. One
pair of small papillae in b lines, in 20/21. Spermathecal pores, 3, unpaired and
midventral in furrows 6/7, 7/8, and 8/9.
Septa of the testis- and neighbouring segments slightly thickened. Gizzard in VI
(?). Calciferous glands and typhlosole absent. Caudally with a solitary stomate
megameronephridium on each side, with very large preseptal funnel; duct lateral and
curving posteriorly; a suggestion of a longitudinal duct on the body wall near
middorsum. Anteriorly to this, numerous (exonephric?) micromeronephridia, of
which the median only is stomate. Seminal funnels in X and XI; slender seminal
vesicles in XI and XII. Prostates leaf-like with uneven surface and deep indentations;
and very short narrow, almost rudimentary muscular duct. Penial setae absent.
Spermathecae with a pear-shaped ampulla and sharply demarcated short duct; a clubshaped diverticulum, half to two thirds as long as the ampulla, opens into the proximal
end of the duct; ental two thirds of the diverticulum full of sperm masses but lumen
simple.
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Austrohoplochaetella hortensis (Michaelsen, 1907b)
(Fig. 4.10, 4.11)
Notoscolex hortensis Michaelsen, 1907b: 199-201, Fig.19, Pl.2, fig.41, 42.
TYPE LOCALITY: 29°15'S.114°56'E., Dongarra. Lion Mill.
32°20'S.116°07'E., Jarrahdale. 31°57'S.116°03'E., Gooseberry Hill - WA.
SYNTYPES: WAM V4401. HM V7117-7120 (Re-examined). MNHU, lost.

Length 35-45 mm. Width 2-2.5 mm. Segments 106-120. Epilobous 1/3; peristomium
with a broad longitudinal mid-dorsal furrow which is separated from the true
prostomium by a transverse furrow. Setae 8 per segment, widely separated: aa = cd >
bc > ab; aa: ab: bc: cd = 9: 5: 8: 9; at the hinder end ab > aa; dd = 1/3-1/8u. First
dorsal pore 4/5. Clitellum annular weaker ventrally, 1/3XIII, XIV-XVII. Male pores
on small oval papillae in XVIII in ab. Glandular thickenings occur on the ventral part
of VIII and IX, sometimes with small eye-like midventral papillae in furrows 7/8 and
8/9; usually 1 pair of large flat papillae 19/20 in a lines. Spermathecal pores, 2 pairs in
7/8 and 8/9 immediately lateral of the a lines.
Septa 9/10-11/12 slightly thickened. Gizzard in VI; oesophagus with internal
structure resembling that of a calciferous gland but no definite glands; intestinal origin
XV; an irregular broad typhlosole present. Last hearts in XII. Caudally few nephridia,
becoming a solitary megameronephridium with very large preseptal funnel with
lateral duct possibly enteronephric at the side of the dorsal vessel. Testes and seminal
funnels embedded in ripening sperm masses in X and XI; simple seminal vesicles in
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Fig. 4.10. Austrohoplochaetella hortensis.
Genital field. Redrawn from Michaelsen
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Fig. 4.11. Previous page. Austrohoplochaetella hortensis.
A: Distal end of penial seta. B: Spermatheca.
From Michaelsen (1907b).
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IX and XII. Prostate glands nearly as long as wide, consisting of closely adpressed
lobes, and with a much narrower, somewhat shorter slightly curved duct. Penial setae
delicate and tapering, the distal tip slightly flattened and forked, the two prongs of the
fork sometimes bound together by a web; with the exception of this tip the distal
region is marked by broad scattered teeth closely pressed against the seta giving it a
nodular appearance. Female organs in the usual location. Spermathecae narrow and
irregular ampullae, tapering distally to a short bent duct; a club-shaped diverticulum,
about a third as long as the ampulla, containing a single sperm chamber opens into the
distal end of the ampulla.
Austrohoplochaetella imparicystis (Michaelsen, 1907b)
(Fig. 4.12, 4.13)
Megascolex imparicystis Michaelsen, 1907b: 209-211, Fig. XXIV, Pl. II, Fig. 54.
Megascolex imparicystis; Jackson, 1931: 109-112; Michaelsen, 1935: 39; Abbott, 1982: 2126.
Megascolex affinis Nicholls and Jackson, 1926: 145.
(Non) Megascolex affinis Beddard, 1883: 214.
TYPE LOCALITY: Southwest Australia - WA.
TYPES: HM V7082 (Re-examined).
OTHER RECORDS: (Jackson, 1931; Nicholls and Jackson, 1926) 31°56'S.115°54'E., Mt.
Lawley. (Abbott, 1982) Perth metropolitan area and coastal plane to the north; also pasture
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near Lancelin and near Upper Swan. Not known south of the Swan River or in the Darling
Range - WA.

Length, 140 mm ("affinis")-175 mm (-450 mm?, see remarks). Width 10 mm. Range
150-410 mm; mean 215 mm (Abbott, 1982). Segments 168. Colour, dorsally dark
violet, the head end grey, and ventrally a yellow or brownish grey (variants described
by Abbott, 1892, presumably fixation artefacts). Epilobous 1/2, peristomium with a
mid-dorsal longitudinal furrow; or tanylobous, the dorsal tongue bearing a transverse
furrow. Dorsal pores present. Setae perichaetin; aa = 1 2/3ab; setal ring with an
irregular mid-dorsal break; only setal lines a straight; setal numbers fairly uniform
throughout, 49/VI, 51/IX, 41/XIII, 44/XIX, 49/XXVI (Michaelsen, 1907b), 30-50 per
segment (Abbott, 1982). Clitellum (Abbott, 1982) XIV-XIX, saddle shaped. Male
pore close together if nor united (Michaelsen, 1907b), unpaired midventral (Abbott,
1982), in XVIII in an eye-like genital area. Genital markings seven elongate unpaired
midventral pads in furrows 14/15-16/17 and 19/20-22/23 ; each pad divided into an
anterior and posterior band by the intersegmental furrow (Michaelsen, 1907b); in
addition, Abbott (1982) reports them in 4/5-8/9, 17/18, 18/19, 23/24, 24/25, 25/26,
those anterior to X lie between setal lines and are not always present; those between
XV and XXIV are large, but vary in size, lying between setal lines c and g. The width
of the pads increasing towards the male porophore, reaching setal lines e in 16/17 and
19/20. Spermathecal pores 5, unpaired and midventral in 4/5-8/9.
Septa 9/10-15/16 very strongly thickened. Last hearts in XIII. Gizzard in VI;
calciferous glands lacking but oesophagus swollen in X-XIV; intestine beginning in
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Fig. 4.12. Austrohoplochaetella imparicystis.
Genital field. Redrawn from Michaelsen (1907b).
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Fig. 4.13. Previous page. Austrohoplochaetella
imparicystis. Spermatheca. From Michaelsen (1907b).
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XVIII. Numerous micromeronephridia in anterior segments; bladders absent. Caudal
extremity with a large solitary megameronephridium, with very large preseptal funnel
on each side; duct passes laterally almost to the middorsum but egress not
demonstrated; some possibility that each 'megameronephridium' is formed by
aggregation of numerous micromeronephridia but there is only one lateral duct to
which all tubules are connected; bladders absent. Seminal funnels in X and XI; 2 pairs
of closely adpressed racemose seminal vesicles in XI and XII. Prostates thickly leaflike with uneven surface and deep indentations; the muscular duct strongly
demarcated, about two thirds as long as the gland, slightly bent entally, thinner
ectally. Penial setae absent. Spermathecae with a sac-like ampulla and a short narrow
duct; a small club-shaped diverticulum opens about half-way down the duct.
REMARKS
Jackson (1931) synonymized affinis in imparicystis and described a third specimen,
from a garden in Mt. Lawley, which except for its exceptional size (450 mm) had no
features which justified its exclusion from imparicystis. The specimen described as
Megascolex affinis differed from Michaelsen's type-specimen of Megascolex
imparicystis chiefly in the slightly greater length of the diverticulum of the
spermatheca, in the presence of a rudimentary third pair of supposed sperm sacs in
XIII, and in the absence of genital markings except for a very slight, probably
glandular midventral thickening in each of 17/18 and 18/19, seen also in the specimen
from Mt. Lawley in which the markings of the type specimen also occur with the
exception of the swelling in 14/15, the only difference in the Mt. Lawley specimen
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from imparicystis being that the swollen areas were uniform and not wider towards
XVIII.
Both M. affinis and the giant specimen agreed in that the seminal vesicles contained
dark-brown, hardened spherical patches containing sigmoid setae embedded in a dark
granulated matrix, similar to the brown bodies of the lumbricid body cavity. The
specimens described by Abbott (1982), ranging from 150-410 mm in length, bridge
the gap between typical imparicystis and Jackson's giant specimens.
A brief description of the giant form given by Jackson (1931) is summarized here.
Length, 450 mm, width 10 mm, segments, 176. Colour purplish-brown, dorsally, with
a fine dark mid-dorsal line running from end to end; laterally colour fading to the
creamy flesh tint of the ventral surface; in the pre-clitellar region purplish tint fainter;
clitellum slightly browner, noticeable only as a very slight constriction of XII or XIIIXIX. Tanylobous; anterior margin of peristomium wrinkled; the smooth firm rather
triangular dorsal region of the prostomium giving a pro-epilobous appearance to the
head. First dorsal pore 5/6. Setae small and inconspicuous. The external indication of
the male pore is very slight, but apparently the orifice is paired, the two pores being
very closely approximated on an indistinct papilla on XVIII. Female pores barely
visible, but appear to lie in a midventral deepening of the annulus of XIV.
Spermathecal pores 5, midventral, unpaired, in 4/5-8/9.
Septa 10/11-14/15 extremely strong. Last hearts in XIII. Gizzard large in VI; crop
preceding the gizzard; calciferous glands absent; intestinal origin XVII.
Meronephridia in the same plane in each segment; Anteriorly ventral in position and
somewhat tufted in appearance, but posterior to the clitellum larger and encircling the
body. Testes and funnels in X and XI; 2 pairs of racemose seminal vesicles in XI and
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XII. Prostate glands large, flattened, and leaf-like, with a slightly curved muscular
duct, the length of which is roughly one-third that of the glandular region. Ovaries in
XIII, tufted and fairly conspicuous. Spermathecae median and unpaired, each with a
small diverticulum opening into the distal end of the duct; the first ampullae elongate
and finger-like, the others irregular and sac-like; the last probably abnormal in lacking
a diverticulum.
For observations on the ecology of this species see Abbott et al. (1985).
Austrohoplochaetella kendricki Jamieson, 1971e
(Fig. 4.14, 4.15)
Austrohoplochaetella kendricki Jamieson, 1971e: 492-496, Figs 5(a), 6(f) and 7(i).
TYPE LOCALITY: 22°15'S.113°55'E., cave at Cape Range - WA.
HOLOTYPE and PARATYPE: WAM V37-70.

Length 52-75 mm. Width (XV) = 1 or 2 mm. Segments 139-164. Form slender;
circular in cross section in the forebody; in the hindbody with a midventral keel and
dorsal canalicula; the caudal end concave dorsally; anus wide, almost bisecting the
pygidium into lateral halves; lacking noteworthy secondary annulation. Pigmentless,
almost white in alcohol; clitellum slightly pigmented pale brown. Prostomium
proepilobous but connected to 1/2 by a median groove. First dorsal pore 6/7. Setae 8
per segment, minute, difficult to discern, in regular longitudinal rows throughout,
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commencing on II; setae ab absent in XVIII and may be obscured in XVI and XVII;
in segment XII, aa: ab: bc: cd: dd = 11.4: 2.1: 7.8: 3.9: 61.7. Nephropores not visible.
Clitellum annular, forming a conspicuous constriction of the body, XIV-XVIII;
intersegmental furrows and setae retained; dorsal pores obscured. Male pores in ab of
XVIII each on a minute papilla, both lying in a common tumid field the arced lateral
borders of which extend into bc. A very strongly protuberant, transversely oval
accessory genital marking fills XVI and XVII longitudinally and extends laterally into
bc, being transversely bisected by a deep wide depression corresponding with
intersegment 16/17. Female pores minute, presetal in a lines of XIV. Spermathecal
pores on small elliptical papillae in 7/8 and 8/9 slightly median of a lines.
Septa 5/6 thin; 6/7-12/13 moderately thickened; 13/14-17/18 slightly thickened; the
remainder thin. Last septal (pharyngeal) glands anterior in IV. Dorsal vessel single,
not observed in front of segment VI, anteriorly very slender. Dorsoventral
commissural vessels in VII (and further anteriorly?) to XIII; those in IX, anteriorly,
very slender and dorsoventral only; those in X-XIII forming 4 pairs of moderately
large latero-oesophageal hearts, each receiving a connective from the dorsal vessel
and from the inconspicuous supra-oesophageal vessel. Gizzard, in V, large, firmly
muscular, almost cylindrical but widening to a rim anteriorly which is continuous
with a wide, collapsible proventriculus. Oesophagus narrow and unspecialized to
XIII. Wider and apparently more vascularized in XIV-XVII; intestine commencing
gradually at the anterior septum of XVIII, with a definite oesophageal valve, not
widening greatly until XIX; a high laminar dorsal typhlosole present, first perceptible
(weakly developed) in XVIII. A few astomate exonephric avesiculate meronephridia
on each side in II, III and IV, the median nephridium in II and III enlarged and
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penetrating the parietes presetally in b of the same segment. A single pair of very
large tufts with many long nephridial loops in VI (and extending into V?) appears to
open into the pharynx. Behind this there are four or five integumentary avesiculate
exonephric meronephridia on each side, their locations apparently varying from
segment to segment; in one intestinal segment three nephridia penetrate the parietes
above d line (one of these very near the dorsal midline), one does so in d and another
in b while in an adjacent segment one of the nephridia enters the body wall in c line.
Caudally the number of nephridia progressively decreases in a posterior direction
from four on each side, in b, c, d and above d, to three on each side for a few
segments and then, at approximately 17 segments from the posterior end, two on each
side; for the last 15 or so segments (excepting one or two rudimentary terminal
segments) there is one large stomate megameronephridium, without accompanying
micromeronephridia, on each side in each segment. These megameronephridia send
each a duct laterally and posteriorly, the ducts running posteriorly to the junction of
rectum and body wall and coalescing en route so that there are only about three
longitudinal ducts on each side; whether these longitudinal excretory ducts open to the
exterior at the hind end or into the rectum is uncertain but it seems probable, from the
large size of the proctodaeal chamber that they enter the junction of rectum and body
wall which this chamber represents. Sporadic but usually paired white spots above d
lines in posterior segments may indicate that the longitudinal ducts also open to the
exterior in each segment but no segmental integumentary ducts were detected. The
lateral nephridia in the preceding segments with two nephridia on each side also send
longitudinal ducts posteriorly to the anal region. The last one or two rudimentary
segments appeared to have several micromeronephridia and no stomate nephridia.
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Testes, sperm masses and large iridescent sperm funnels in X and XI; seminal vesicles
very large racemose, linear sacs wrapped around the gut, in XI and XII. Prostates
thickly tubular, coiled a few times, restricted to XVIII, each with a short, narrow
muscular duct which is joined near its ental end by the vasa deferentia. Penial setae
absent. Ovaries and funnels in XIII; ovisacs in XIV. Spermathecae 2 pairs, in VIII and
IX, each with an ovoid ampulla which is wider than long and a longer well
demarcated duct which is joined at midlength by a short digitiform diverticulum; size
uniform; length of left spermatheca of IX (uninseminated) = 0.09 mm; ratio of total
length of spermatheca: length duct = 1.34; ratio of total length: length diverticulum =
2.12.
Austrohoplochaetella longicystis (Nicholls and Jackson, 1926)
(Fig. 4.16, 4.17)
Megascolex longicystis, Nicholls and Jackson, 1926: 142.
Megascolex longicystis; Jackson, 1931: 116; Abbott, 1982: 26-27.
TYPE LOCALITY: 32°09’S.116°00’E., Armadale; and Wongong

TYPES: Lost.
OTHER RECORDS: (Abbott, 1982) Perth metropolitan area.

Length 55-80 mm. Width 3 mm. Segments about 100. Colour purplish-brown dorsally
with a dark middorsal stripe, and yellowish-white (fawn) ventrally; the snout and

B.G.M. Jamieson 1/10/00

III

VIII

spermathecal
pore 1
spermathecal
pore 2

XIII

XVIII

male pore

Fig. 4.16. Austrohoplochaetella longicystis.
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posterior end are white tipped. Epilobous; peristomium with a midventral longitudinal
groove. First dorsal pore 4/5. Perichaetin; 20-25 per segment; setal rings unbroken; aa
ca = 1.5 ab. Clitellum represented by a slightly paler band covering XIV-1/2XVII
(immature?), XVIII. Male pores in XVIII, on small papillae in b lines. Spermathecal
pores, 2 pairs on the anterior margins of VIII and IX in c lines.
Gizzard in VI. Calciferous glands lacking. Last heart in XIII. Seminal vesicles 3
pairs in X, XI and XII. Prostates leaf-like with an S-shaped duct. Penial setae absent.
Spermathecae pear-shaped with a diverticulum 6 times as long as the ampulla.
REMARKS
As the excretory system of this species has not been described, attribution to
Austrohoplochaetella is uncertain. The great length and tortuous nature of the
spermathecal diverticulum, here 6 times the length of the ampulla, is a rare feature in
the Megascolecidae.
Austrohoplochaetella maecenatis (Michaelsen, 1907b)
(Fig. 4.18, 4.19)
Notoscolex maecenatis Michaelsen, 1907b: 197-199, Fig.18, Pl.2, fig.39, 40.
TYPE LOCALITY: 31°53'S.116°46'E., York - WA.
SYNTYPES: MNHU4234. HM V7112 (Re-examined for nephridia).
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Fig. 4.18. Austrohoplochaetella maecenatis.
Genital field. Redrawn from Michaelsen
(1907b).
Austrohoplochaetella maecenatis
Redrawn from:
Notoscolex maecenatis n. sp.
Michaelsen, 1907b
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Length 50-52 mm. Width 3 mm. Segments 120. Flesh coloured or brownish-red
anteriorly; the hinder part of the body white or grey owing to the colour of the gutcontents. Epilobous; peristomium with a longitudinal dorsal-median furrow. First
dorsal pore 3/4. Setae 8 per segment: aa = 2ab, ab = 0.53bc, bc = 0.73cd, dd = 1.8cd
> 0.25u; in XII, aa: ab: bc: cd: dd = 11.2: 5.6: 10.7: 14.6: 27.0; setal lines c and d
irregular in the last 20 segments. Clitellum saddle-shaped, XIV-XVII. Male pores on
small oval papillae in the b lines in XVIII. The ventral surface of X-XIX insunken,
the depression extending to a lines on each side and being bounded anteriorly by
glandular thickenings in VIII and IX, and posteriorly by a glandular ridge in furrow
19/20 filling the whole ventral surface. Spermathecal pores, 2 pairs in 7/8 and 8/9 in b
lines.
Septa 9/10 and 10/11 rather thick. Gizzard in VI; oesophagus swollen in IX-XIII,
the wall being vascular and thrown into folds internally; no calciferous glands;
intestine beginning in XVI. Last hearts in XII. At the caudal extremity, through
several segments, a large solitary megameronephridium on each side with preseptal
funnel; course of duct not determinable. Further anteriorly, several
micromeronephridia on each side; no funnels seen. Testes, seminal funnels and free
sperm masses in XI; racemose seminal vesicles in XII. Prostates flattened,
rectangular, and loosely racemose, with a slightly bent, distally widening duct which
branches within the gland. Penial setae ca. 0.7 mm long, proximally 20 µm, at
midlength ca. 15 µm wide; simple with a sharp terminal bend; distally the axis bends
at right angles and widens to a delicate, slightly hollowed disc; the distal end with the
exception of the bent tip is marked by toothed annulations. Female organs in usual
location. Spermathecae with a flat sac-like ampulla the wall of which is apparently
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Fig. 4.19. Austrohoplochaetella maecenatis. A: Distal
end of penial seta. B: Spermatheca. From Michaelsen
(1907b).
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thrown into annular folds internally, these rings becoming irregular at the base; the
club-shaped diverticulum opens either into the base of the ampulla or the proximal
end of the conical (or cylindrical) duct.
Austrohoplochaetella modestus (Michaelsen, 1907b)
(Fig.4.20, 4.21)
Notoscolex modestus Michaelsen, 1907b: 203-205, Fig.21, Pl.2, fig.46-47.
TYPE LOCALITY: 32°57'S.115°54'E., Yarloop. 31°53'S.116°46'E., York - WA.
SYNTYPES: WAM V4400. HM V7115-7116 (the latter specimen re-examined). MNHU4237,
lost.

Length 30-40 mm. Width 1.5-2.5 mm. Segments 100-110. Colour pigmentless grey.
Epilobous ca. 1/2; peristomium with a middorsal furrow. Setae 8 per segment;
anteriorly aa = 2ab = 1.5bc = cd, dd < 1/3u; posteriorly aa = 1.2ab = bc = cd = dd.
Clitellum annular, XIV-XVII. Male pores in XVIII on papillae in ab, the papillae
being connected by a midventral glandular field. Unpaired midventral glandular pads
extending to a lines on each side maximally in 16/17, 18/19, 19/20 and 20/21, also,
but less distinctly in 7/8, 8/9, 9/10, and 17/18; in each case the intersegmental furrow
is clearly visible; these markings may be entirely lacking, or only the posterior 3 may
occur. Spermathecal pores 2 pairs in furrows 7/8 and 8/9 immediately lateral of a
lines, distinctly nearer to these than to b lines.
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Fig. 4.20. Austrohoplochaetella modestus.
Genital field. Redrawn from Michaelsen
(1907b).
Austrohoplochaetella modestus
Redrawn from:
Megascolex modestus n. sp.
Michaelsen, 1907b

Fig. 4.21. Previous page. Austrohoplochaetella modestus.
A: Spermatheca. B: Distal end of penial seta. From
Michaelsen (1907b).
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Septa 9/10 and 10/11 slightly thickened. Gizzard in VI (V?); oesophagus without
calciferous glands. Last hearts in XII. Caudally with a solitary megameronephridium
on each side; further anteriorly a few disc-like nephridia on each side with no
detectable funnels. Seminal funnels in X and XI; 2 pairs of large sac-like seminal
vesicles in IX and XII. Prostates closely adpressed to the body wall of XVII-XIX,
loosely racemose, and composed of numerous small components, with a short straight
duct. Penial setae 0.7 mm long, proximally ca. 5 µm thick, towards the distal end 2
µm; curved and tapering, the curve being sharper at the distal end; typical
ornamentation not definitely known but the distal end is apparently marked by long
flat scars, and one seta had a small tooth just below the distal tip. Spermathecae with
elongated and sac-like ampulla ending proximally in a wart-like point, and merging
distally into a short narrow duct; a pear-shaped diverticulum, with single seminal
chamber, opens into the distal end of the ampulla and is about half as long.
Austrohoplochaetella monostichus (Michaelsen, 1907b)
(Fig.4.22)
Megascolex monostichus Michaelsen, 1907b: 217-218, Fig.29.
TYPE LOCALITY: Harvey - WA.
SYNTYPES: WAM V4221. HM V7081 (Re-examined for nephridia). MNHU4242.
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Fig. 4.22. Austrohoplochaetella monostichus. Genital
field. Redrawn from Michaelsen (1907b).

Redrawn from:
Megascolex monostichus n. sp.
Michaelsen, 1907b

Austrohoplochaetella monostichus
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Length 65-80 mm. Width 4.5-5 mm. Segments 140-155. Colour brownish-violet
dorsally, yellowish-grey ventrally. Epilobous?, peristomium with a broad mid-dorsal
furrow, or tanylobous?. First dorsal 4/5. Perichaetin; setal rings with a regular
middorsal and midventral break; aa = 2ab = zz = 2yz; setal lines a, b, c, y and z
straight; the other rows more or less irregular or incomplete; setal number 11/II, 17/V,
19/VIII, 19/XIII, 20/XIX. Male pores in XVIII, in ab, on transversely oval papillae
which are connected by a ventral glandular ridge. Genital markings 10 or 11 small,
unpaired, midventral papillae in 14/15-16/17 and 19/20-25/26 or 26/27. Spermathecal
pores 2 pairs, in 7/8 and 8/9 immediately lateral to the a lines.
Gizzard in VI?; calciferous glands absent. In posterior caudal segments a large
solitary megameronephridium on each side, with a large preseptal funnel. Two pairs
of slender seminal vesicles in XI and XII. Prostates thickly leaf-like, deeply incised
and with uneven surfaces, with a very short almost straight, narrow duct. Penial setae
absent. Female pores anterior to setae a. Spermathecae with a duct which is almost as
long as the short sac-like ampulla; a club-shaped diverticulum, two thirds as long as
the ampulla, opens into the distal end of the duct.
REMARKS
Despite re-examination, it is not known whether the nephridia have the morphology
typical of Austrohoplochaetella.
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Austrohoplochaetella nokanenaensis (Michaelsen, 1907b)
(Fig.4.23, 4.24)
Megascolides nokanenaensis Michaelsen, 1907b: 188-189, Fig.13, Pl.2, fig.27, 28.

Megascolides nokanenaensis; Michaelsen, 1916a: 48.
TYPE LOCALITY: 28°21'S.114°38'E., Northampton (under a stone on swampy bank of
Nokanena stream) - WA.
HOLOTYPE: HM V7095.

Length 32 mm. Width 2 mm. Segments 84. Prostomium? First dorsal pore 6/7.
Colour, a dirty yellow-grey with a trace of red-brown pigmentation encircling the
head end. Setae 8 per segment; in XII, aa: ab: bc: cd: dd = 9.5: 4.8: 9.5: 14.3: 33.3;
posteriorly ab becomes approximately equal to aa and setal lines c and d become
irregular. Clitellum 1/4XIII-1/2XVIII, annular in XIV-XVI but not so well developed
ventrally. Male pores in XVIII, on minute whitish papillae in a lines. Genital
markings 1 pair of indistinctly defined oval papillae in XVII in ab. Spermathecal
pores 4 pairs also in a lines, in 5/6-8/9.
Septa slightly thickened in the anterior male genital region. Gizzard in VI?;
oesophagus with a folded vascular wall but calciferous glands absent. Intestine
lacking a typhlosole. Caudally with at first several meronephridia on each side; in
places as many as 3 preseptal funnels on a side on the same septum. In the last few
segments with a solitary, large, stomate megameronephridium; its duct lateral and one
examined duct appearing to enter the next segment (proctodaeal enteronephry?); no
bladders. Two pairs of testes and funnels in X and XI. Prostates tubular and
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Fig. 4.23. Austrohoplochaetella nokanenaensis.
Genital field. Redrawn from Michaelsen (1907b).

Redrawn from:
Megascolex nokanenaensis n.
sp.
Michaelsen, 1907b

Austrohoplochaetella nokanenaensis

Fig. 4.24. Previous page. Austrohoplochaetella nokanenaensis.
A: Spermatheca. B: Distal end of penial seta. From
Michaelsen (1907b).
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thick-walled, with a narrow lumen about 1/6-1/5 the width of the gland, with no sidebranches (Michaelsen, 1916a); the glandular region coiled, the loops being so closely
pressed as to make the structure appear to be of the compact racemose type. Penial
setae delicate and curved, the distal region irregularly bent; the extreme distal end
flattened and divergent into 2 slender, slightly curved teeth; distally, with the
exception of this flattened region, each seta is beset with scattered scars which
resemble small teeth lying flat against the seta. Spermathecae consist of a sac-like
ampulla and a sharply defined duct which is almost as long as the ampulla; a simple
pear-shaped diverticulum opens into the duct just above its distal end.
Austrohoplochaetella prestonianus (Michaelsen, 1907b)
(Fig. 4.25, 4.26)
Notoscolex prestonianus Michaelsen, 1907b: 201-203, Fig.20, Pl.2, fig.43-45; Jackson, 1931:
106.
TYPE LOCALITY: 33°35'S.115°49'E., Donnybrook - WA.
SYNTYPES: MNHU4236. HM V7114 (Re-examined for nephridia).

Length 30 mm. Width, 2.0-2.5 mm. Segments about 95. Colour, dirty grey. Head
epilobous; prostomium with a longitudinal mid-dorsal furrow, and only faintly
marked off from segment II. Setae 8 per segment: aa = 2ab, ab = 2/3 bc = cd, dd =
0.25 u; at the hinder end: aa = 1.5 ab = 0.8 bc, cd = 0.67 bc, dd = 0.5 cd, and here seta
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Fig. 4.25. Austrohoplochaetella prestonianus.
Genital field. Redrawn from Michaelsen (1907b).

Austrohoplochaetella prestonianus
Redrawn from:
Megascolex prestonianus n. sp.
Michaelsen, 1907b

Fig. 4.26. Previous page. Austrohoplochaetella
prestonianus. A: Spermatheca. B and C: Distal end of
penial setae B: Lateral. C: Frontal. From Michaelsen
(1907b).
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d is twice as long and broad as seta a; at the extreme distal end the dorsal setae are
irregular in position. First dorsal pore in furrow 4/5 (3/4?). Clitellum complete but
faintly developed ventrally and entirely lacking in the ventral part of the anterior and
posterior segments; XIII-XVII. Male pores on small oval papillae in the b line of setae
in XVIII. Genital markings 4 pairs of small oval papillae in furrows 15/16, 16/17,
19/20 and 20/21, slightly medial to the position of male pores, in setal line b or
between a and b. Spermathecal pores, 2 pairs in furrows 7/8 and 8/9 slightly lateral to
line b.
Septa thickened in the region of the testes. Gizzard in VI(?); oesophagus lacking
calciferous glands. Caudally a solitary megameronephridium on each side; anterior to
this, few nephridia on each side. 2 pairs of testes and seminal funnels in X and XI; 2
pairs of sperm sacs, those in IX small and simple, those in XII large and racemose.
Prostates broken into lobes; duct short and distinct. Penial setae of two types: a
slender form with a simple distal tip, the distal end beset with tiny scars each bearing
a delicate tooth in its proximally directed cavity; and a stouter form, simply curved,
the distal tip (in one case) flattened and spatulate, and the distal region beset with
large scattered teeth closely adpressed to the shaft of the seta. Spermatheca with a
pear-shaped ampulla swollen basally and merging into a short narrow duct; a short
simple diverticulum opens into the distal end of the ampulla.
Austrohoplochaetella purpurascens (Michaelsen, 1907b)
(Fig. 4.27, 4.28)
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Megascolex purpurascens Michaelsen, 1907b: 214-216, Fig.27, Pl.2, fig.52; Jackson, 1931:
113.
TYPE LOCALITY: 33°35'S.115°49'E., Donnybrook - WA.
SYNTYPES: HM V7078 (Re-examined). MNHU4240, lost (Reynolds and Cook, 1976).

Length 43-48 mm. Width 3.5 mm. Segments 120-123. Colour brownish, slightly
purple anteriorly, and yellowish-grey ventrally. Tanylobous. First dorsal pore 5/6.
Perichaetin; setal rings with a regular middorsal and midventral break: aa ≈ 3ab, zz ≈
2.33 aa.; setal lines a, b and z straight and regular, the others irregular or incomplete;
setal numbers 21/V, 19/IX, 18/XIII, 20/XIX, 18/XXVI. Clitellum saddle-shaped XIIIXVIII. Male pores in XVIII, slightly medial to a lines, on an oval mid-ventral papilla.
Genital markings oval pads filling the entire length of the segment and extending
laterally to b lines, in XV, XVI, XVII and sometimes also XIX, XX. Spermathecal
pores 2 pairs in 7/8 and 8/9, in a lines.
Septa slightly thickened in the anterior genital region. Gizzard in VI. Last hearts in
XIII. Nephridia 4 on each side caudally but in the last few segments a single pair of
megameronephridia, each with a very large preseptal funnel; course of ducts of the
latter not determinable with certainty but one duct seen to turn posteriorly and
apparently enter the next posterior segment. Testes and seminal funnels in X and XI;
2 pairs of elongate seminal vesicles in XI and XII. Prostates leaf-like, strongly incised
or divided into a larger and a rudimentary portion; with a very small duct hidden in
the body-wall. Penial setae absent. Spermathecae with a sac-like ampulla, a thinner,
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Fig. 4.27. Austrohoplochaetella purpurascens.
Genital field. Redrawn from Michaelsen (1907b).

Austrohoplochaetella purpurascens
Redrawn from:
Megascolex purascens n. sp.
Michaelsen, 1907b

Fig. 4.28. Previous page. Austrohoplochaetella
purpurascens. Spermatheca. From Michaelsen (1907b).
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somewhat shorter duct, and a club-shaped diverticulum, about as long as the ampulla
but half as wide, opening into the distal end of the duct.
Austrohoplochaetella rubescens (Michaelsen, 1907b)
(Fig. 4.29, 4.30)
Notoscolex rubescens Michaelsen, 1907b: 205-207, Fig.21, Pl.2, fig.48, 49; Jamieson, 1971c:
79.
TYPE LOCALITY: 32°02'S.116°06'E., Pickering Brook - WA.
TYPE: HM V7113.

Length 35 mm. Width 2-2.3 mm. Segments 102. Colour, dirty grey, owing to the
colour of the gut contents; the head end faintly pink. Forebody intensely red in life.
Epilobous 1/2; peristomium with a mid-dorsal longitudinal groove. Setae 8 per
segment: aa = 1.5ab = bc < cd; dd = 0.25u; setae c and d irregularly placed in about
the last 40 segments. First dorsal pore 5/6 (if not in 4/5 or 3/4). Clitellum
saddle-shaped, XIV-XVII. Male pores in XVIII slightly lateral to setal lines a on
strongly protuberant rounded papillae with bases filling ab. Genital markings
transverse glandular streaks or ridges close before and behind each of furrows
15/16-19/20; the anterior reaching laterally to the ventral borders of the clitellum,
approximately in a lines; those behind the male pores extending to setal lines b.
Spermathecal pores 2 pairs of transverse slits in b lines, in 7/8 and 8/9.
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Fig. 4.29. Austrohoplochaetella rubescens.
Genital field. Redrawn from Michaelsen
(1907b).

Austrohoplochaetella rubescens
Redrawn from:
Megascolex rubescens n. sp.
Michaelsen, 1907b

Fig. 4.30. Previous page. Austrohoplochaetella
rubescens. A: Spermatheca. B: Distal end of penial seta.
From Michaelsen (1907b).
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Septa 10/11 and 11/12 rather strong. Gizzard in segment VI (V?); oesophagus
without calciferous glands; mid-gut lacking a typhlosole at least as far as XXX.
Posteriorly with a large solitary megameronephridium on each side with preseptal
funnel; lateral duct running posteriorly on the body wall, near middorsum, to enter the
next posterior segment. Holandric: 2 pairs of seminal funnels in X and XI; 1 pair of
compressed racemose seminal vesicles in XII (a second pair in IX?). Prostates also
racemose lying against the lateral and dorsal body wall in the region of XVII-XX;
duct short, narrow and s-shaped, hidden beneath the glandular region. Penial setae
about 1.3 mm long, proximally about 20 µm thick, behind the distal tip about 16 µm
thick; gently curved, the curve being sharp distally, the extreme tip slightly bent in the
opposite direction, the convex side of the distal end, with the exception of the
recurved tip, beset with more or less regular transverse rows of small spines.
Spermathecae with a thick pear-shaped or spherical ampulla about twice as long as
the stout duct; a small egg-shaped unstalked diverticulum opens at the junction of
ampulla and duct.
Austrohoplochaetella suctorius (Michaelsen, 1907b)
(Fig.4.31, 4.32)
Notoscolex (Trinephrus) suctorius Michaelsen, 1907b: 207-209, Fig.23, Pl.2, fig.56.
Notoscolex suctorius; Jamieson, 1971c: 79.
TYPE LOCALITY: 33°58'S.116°08'E., Bridgetown - WA.
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Fig. 4.31. Austrohoplochaetella suctorius.
Genital field. Syntype HM V7121. (Jamieson, 2000).

Austrohoplochaetella suctorius

VERY Approximate scale!
=Notoscolex (Trinephrus) suctorius

227

SYNTYPES: WAM V4399. MNHU4238. HM V7121, 7145.

Length 35-55 mm. Width 2-3 mm. Segments ca. 114-124. Colour yellow; Epilobous
1/2; peristomium with a longitudinal mid-dorsal furrow. First dorsal pore in 4/5. Setae
8 per segment: aa = 1 2/3ab, ab = 2/3bc, bc = 9/8cd, dd = 4/9u.; in XII, aa: ab: bc: cd
:dd = 9.7: 5.1: 8.1: 7.6: 48.8. Clitellum saddle-shaped, XIII-XVIII. Male pores in
XVIII median to the a lines, in an eye-like glandular oval area with raised margins but
depressed centre. Genital markings 2 pairs of large oval sucker-like papillae in 15/16
and 16/17, their centres just above b lines; the whole of the ventral surface of XVXVII forming a glandular field reaching to the clitellum laterally. Spermathecal pores,
2 pairs in 7/8 and 8/9, median to a lines.
Septa 9/10-11/12 slightly thickened. Last hearts in XII. Gizzard in VI; oesophagus
without calciferous glands, the internal wall thrown into slight folds; intestinal origin
posterior XIV or in XV. Nephridia (enteronephric?) tufts anteriorly. Caudally with 3
nephridia on each side with slender ducts in a, c and between d and middorsum; the
outer nephridia by far the larger but with no detectable funnel; the median nephridium
with a preseptal funnel. Further caudally the number of nephridia reduced to a solitary
megameronephridium flanked by a single astomate micromeronephridium. In the last
few segments there is only a solitary megameronephridium on each side, retaining the
preseptal funnel; bladders absent throughout. Testes, seminal funnels, and free sperm
masses in X and XI; 1 pair of lobed seminal vesicles in XII. Prostates tongue-like with
a notched margin and a broken surface consisting of many small components; the
lumen of the gland with a distinct lining epithelium and sending other canals into the
gland; duct strongly demarcated, shorter than the glandular region, passing almost
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Fig. 4.32. Previous page. Austrohoplochaetella suctorius.
Spermatheca. From Michaelsen (1907b).
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directly medianly. Penial setae absent. Spermathecae with a club-shaped ampulla
merging into a short narrow duct; a slender diverticulum, not quite half as long and
about one third as thick as the ampulla, with single seminal chamber, opening at the
junction of ampulla and duct.
REMARKS
This species has formerly been placed in Trinephrus (as a subgenus of Notoscolex) by
Michaelsen (1907b). However, the setal ratios are not close to those of Trinephrus
sensu stricto.
Austrohoplochaetella (?) swarbricki (Nicholls and Jackson, 1926)
(Fig. 4.33, 4.34)
Megascolex swarbricki Nicholls and Jackson, 1926: 143-145, Pl.18, fig.6-10.
Megascolex swarbricki; Jackson, 1931: 116-117; Jamieson, 1971c: 95.
TYPE LOCALITY: 35°00'S.116°49'E., Nornalup - WA.
TYPES: ?

Length 160 mm. Width 5 mm. Segments ca. 188. Colour, dorsally greyish-brown,
ventrally yellowish-white. Prostomium tanylobous. Setae perichaetin. Clitellum
saddle-shaped, XIII-XIX. First dorsal pore 4/5. Male pores XVIII median to a lines,
each on an oval papilla which is grooved before and behind the pores. Accessory
glands variable, usually 2 to 3 pairs of papillae in furrows 19/20-20/21 or 21/22, those

B.G.M. Jamieson 1/10/00

III

VIII

spermathecal
pore 1
spermathecal
pore 2

XIII

female pore
clitellum
XVIII

male pore

Fig. 4.33. Austrohoplochaetella swarbricki. Genital
field. Redrawn from Nicholls and Jackson (1926).

Redrawn from:
Megascolex swarbricki n. sp.
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Redrawn from:
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forming the last pair, when present closer together than those of the other pairs.
Spermathecal pores 2 pairs, extremely close together in small depressed areas in
furrow 7/8 and 8/9.
Gizzard in VI; oesophagus with glandular dilatations in X-XIV. Last heart in XIII.
Two pairs of testes and funnels in X and XI; 3 pairs of racemose seminal vesicles in
segments X, XI, and XII. Prostates broad and leaf-like divided into two lobes by a
deep groove on the medial side; the duct opens into the posterior lobe of the glandular
mass. Spermathecae elongated with a spherical ampulla; a club-shaped diverticulum
opens into the short duct.
REMARKS
Owing to the brevity of the description, generic placement of this species is uncertain.
It fulfils four major criteria of Austrohoplochaetella: the newly allowed perichaetin
condition, meronephry (both indicated by original placement in Megascolex), no
paired extramural calciferous glands and racemose prostates but the nephridial
anatomy has yet to be sufficiently elucidated. It might alternatively be placed in
Arthuridrilus.
Austrohoplochaetella (?) syndetoporus (Jackson, 1931)
(Fig. 4.35, 4.36)
Megascolex syndetoporus Jackson, 1931: 117-118, Fig.10, 11; Pl. XV, Fig. 1.
Megascolex syndetoporus; Jamieson, 1971c: 96.
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TYPE LOCALITY: 34°27'S.116°02'E., Pemberton - WA.
TYPES: ?.

Length 105 mm. Width 6 mm. Segments 173. Dorsally purplish-brown, ventrally
creamy-white. Tanylobous, with a transverse furrow across the tapering base of the
prostomium; a suggestion of a longitudinal median furrow bisecting the prostomium.
First dorsal pore 4/5 or, in one specimen, small in 3/4. Perichaetin; setal rings with a
regular mid-dorsal interruption; a ventral break posterior to, but not anterior to, the
clitellum. Clitellum thick and saddle-shaped, XIII, XIV-XIX, extending ventrally as
far as the c lines. Male pore unpaired in XVIII on a transversely elongated median
papilla, the anterior and posterior margins of which tend to overhang the pore.
Transverse sections show that the papilla is muscular in structure with a cluster of
glandular patches embedded deeply in it. Genital markings unpaired, midventral,
fairly large rounded papillae each with a glandular core which is rather clearer in
appearance than the surrounding tissue. Number of markings extremely variable,
usually 7; 3 before the male pores, at intersegments 14/15-16/17, and 4 after, at 19/2022/23, or they may be reduced to 1 or 2 before and 1, 2, or 3 after the segment of the
male pores; never at 17/18 or 18/19. Spermathecal pores unpaired, in tiny oval
depressions in the midventral line, in 7/8 and 8/9.
A large gizzard in VI. The oesophagus lacking calciferous glands, but in each of XXIV (in one case X-XV) thicker walled, swollen and vascularized. Intestine thin
walled and wide, beginning in XVII. Meronephridia throughout the body; in III they
are very numerous and are clustered together so as to form a tuft on each side of the
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Fig. 4.35. Austrohoplochaetella syndetoporus.
Genital field. Redrawn from Jackson (1931).

Austromegascolex syndetoporus
Redrawn from:
Megascolex syndetoporus n. sp.
Jackson, 1931
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Fig. 4.36. Austrohoplochaetella syndetoporus.
Spermatheca. Redrawn from Jackson (1931).

Austromegascolex syndetoporus
Redrawn from:
Megascolex syndetoporus n. sp.
Jackson, 1931
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gut, apparently with pharyngeal enteronephry (‘peptonephridia’) as transverse section
showed traces of ducts on each side leading towards the ventral surface of the gut.
Two pairs of sperm-funnels in X and XI; each segment filled with a mass of sperm
morulae which obscures funnels and seminal vesicles; seminal vesicles 3 pairs, each
sac being rather elongated and finger-like with a somewhat broken surface, in X, XI
and XII, smallest in X. Prostates large, thick, and flattened, with very short straight
muscular ducts which are barely longer than the thickness of the body-wall and which
lead to the common median pore. Ovaries and funnels in XIII. Spermathecae 2 pairs;
ampulla large and sac-like, with a wide neck into the base of which opens a clubshaped diverticulum slightly less than to two thirds the length of the ampulla; a
narrow duct opening with that of the other side to the exterior in 7/8 and 8/9.
REMARKS
As for A. swarbricki, placement in Austrohoplochaetella is tentative, chiefly because
the nephridial morphology is insufficiently known. It might alternatively be placed in
Arthuridrilus.
Austrohoplochaetella torbayensis (Michaelsen, 1907b)
(Fig. 4.37)
Megascolex torbayensis Michaelsen, 1907b: 218-219, Fig.30.
TYPE LOCALITY: 32°02'S.117°38'E., Torbay - WA.
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SYNTYPES: MNHU4243. HM V7074 (Re-examined).

Length 55 mm. Width 3.5 mm. Segments about 105. Colour, reddish-brown or fleshcoloured dorsally, yellowish-grey ventrally. Head epilobous; 1/2; peristomium with a
middorsal longitudinal furrow. First dorsal pore 4/5. Perichaetin; setal rings with a
regular mid-dorsal and mid-ventral break: zz ca = 2aa, aa ca = 2.5-4 ab; setal lines a,
b and z straight, the others more or less irregular or incomplete; setal numbers 23/V,
22/X, 24/XIII, 17/XIX, 16/XXIII. Clitellum only dorsal, in XIV-XVII. Male pores in
XVIII, on small papillae in ab. Genital markings a pair of small papillae in 16/17 in
ab and a similar pair in b lines in 19/20. Spermathecal pores, 2 pairs in 7/8 and 8/9,
slightly lateral of a lines.
Septa in the region of the seminal vesicles slightly thickened. Gizzard in VI (?);
calciferous glands absent; intestine lacking a typhlosole. Caudally several nephridia
on each side, only the median one with a demonstrable, preseptal funnel; behind these
a solitary large megameronephridium on each side with lateral duct of indeterminable
course. Two pairs of seminal funnels in X and XI; seminal vesicles in XI (and XII?).
Prostates thickly leaf-like, with strongly incised borders, and a very short, very thin
duct. Penial setae absent. Spermathecae slender and sac-like tapering distally, without
a distinct duct; a slender club-shaped diverticulum, half as long as but much thinner
than the ampulla, with simple lumen, opening into the distal end of the ampulla.
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Fig. 4.37. Austrohoplochaetella torbayensis.
Genital field. Redrawn from Michaelsen
(1907b).
Austrohoplochaetella torbayensis
Redrawn from:
Megascolex torbayensis n. sp.
Michaelsen, 1907b
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Austrohoplochaetella whistleri (Michaelsen, 1907b)
(Fig. 4.38, 4.39)
Megascolex whistleri Michaelsen, 1907b: 212-214, Fig. 26, Pl.2, Fig. 50.
TYPE LOCALITY: 33°29'S.115°44'E., Boyanup - WA.
SYNTYPES: WAM V4437. MNHU4239. HM V7079 (Re-examined).

Length 38-45 mm. Width 2.5-3 mm. Segments 120-124. Colour grey, the head end
slightly reddish; the gut-contents, nephridia, and prostate glands can be seen through
the skin. Epilobous 1/2; with a middorsal longitudinal groove on the peristomium (or
tanylobous with a transverse furrow on the dorsal tongue of the prostomium?). First
dorsal pore 4/5. Perichaetin; setal rings with a regular middorsal and midventral
break; aa ca = 3ab, zz ca = 2yz; setal lines a, b, c and z regular throughout; d partly
regular; setal numbers 22-26 anterior to the clitellum; postclitellar 24-25, at the hind
end 16-18. Clitellum saddle-shaped XIII-XVIII. Male pores in XVIII, very close
together and opening through a midventral transverse slit in an oval glandular area.
Genital markings more or less pronounced papillae, sometimes unpaired, in 17/18 and
18/19; sometimes paired, ventral and anterior in XIX and XX, or in 18/19 and 19/20,
the anterior pair a little further apart than hinder pair, rarely a marking on one side in
XVII; never more than 5 of these papillae present in one specimen, sometimes none.
Two, or 2 pairs of, tiny gland pores immediately lateral of, and slightly anterior to, the
spermathecal pores. Spermathecal pores, 2 pairs, very near the midventral line just
behind furrows 7/8 and 8/9.
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