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spermy/spermiogenic  features  seem  to  isolate  the
Crassatelloidea + Carditoidea from other heterodonts,
including the Leptonoidea. These features include the
etongate and narrow shape of the acrosome and nucleus (both
usually shorter and wider in other heterodonts with the
notable exception of the tellinoidean Scrobicularia plana:
Sousa er al., 1989), presence of a centriolar rod instead of a
proximal centriole (proximal centriole present in all other
heterodonts), 8-9 tightly pressed mitochondria (4-5 in other
heterodonts), spermatid nuclear condensation involving
formation of fibres and lamellae (condensation by granules, or
rarely fibres in other heterodonts). Until more comparative
information on bivalve sperm becomes available, it seems
best to retain the Crassatelioidea + Carditoidea within the
Heterodonta.

Subclass Anomalodesmata (Fig. 83D}

To date three families of this subclass, all members of the
Pandoroidea, have been investigated for sperm ultrastructure:
Lyonsiidae (Kubo er @, 1979); Laternulidae (Kubo, 1977),
Myochamidae (Popham, 1979; Healy this paper). In addition,
sperm of one species of Thracioidea (Thraciidae) has been
briefly examined using light microscopy (Franzén, 1955). The
Claedothaeridae, Pandoridae, Periplomatidae and the
superfamilies  Pholadomyocidea,  Clavagelloidea  and
Poromyoidea remain unstudied. Anomalodesmatan sperm are
characterized by three unusual features: (1) a posteriorly
positioned acrosome {the ‘temporary acrosome’ of Kubo,
1977; acrosome claimed to be absent in Thracia by Franzén,
1935), {2) a slightly to markedly elongate distal centriole and
(3} an asymmetrical arrangement of mitochondria at the base
of the nucleus (see Fig. 8.3D). Developmentally, the
‘ternporary acrosome’ is a frue, Golgi-derived acrosomal
vesicle, which is positioned at the nuclear apex during mid-
spermiogenesis, but subsequently moves posteriorly and
positions itself close o the mitochondria, at the base of the
nicleus (Kubo, 1977; Healy this paper). As far as is known,
this phenomenen is unique to the Anomalodesmata, and
therefore a likely autapomorphy. In this regard it would
be interssting to examine sperm ultrastructure in the
unstudied anomalodesmatan families (eg Claedothaeridae,
Clavagellidae) to check for presence of a ‘temporary
acrosome’. Of particular importance would be observations
on the sperm of the primitive but exceptionally rare

anomalodesmatan Pholadomya candida (sole living species,

of Pholadomyidae, Pholadomyoidea).

Inclusion of the Cuspidariidae within the Anomalodesmata
by some authors (eg Newell, 1969; Allen, 1985; Morton,
1985) is not supported by sperm ultrastructure. Sperm of
Cuspidaria sp. (Figure 8.3 this paper) possess an anteriorly
positioned acrosomal vesicle which resembles more closely
the acrosomes of certain heterodonts such as the myoidean
Notocorbula vicaria (Popham, 1979) rather than those of the
Pandoroidea. After a consideration. of patterns of gill

innervation, Salvini-Plawen and Haszprunar (1982}
concluded that the Septibranchia contained two unrelated
groups — the Verticordiiddae and the Cuspidariidae +
Poromyidae. They were unsure as t¢ whether the Cuspidaria
+ Poromyidae (‘Poromyida’) were of heterodont or
anomalodesmatan  affinities, but did suggest a possible
connection with Myidae, which is at least consistent with
available sperm data. Disassociation of the Cuspidariidae
from the Anomalodesmata is not a new concept, as discussed
by Runnegar (1974). In this context, a study of sperm
morphology in the remaining two septibranch families
(Verticordiidae and Poromyidae) may help in determining
whether these groups should be retained ir or excluded from
the Anoralodesmata.

Subclass Palaeoheterodonta {Fig. 8.3}

It has long been believed that the largely extinct marine
Trigonioida were closely related to the Unionoida (freshwater
mussels) (see Cox, 1960 and Morton, 1987 for background
discussion to this topic). This view was based on certain
conchological  similarities  (woth  structure,  shell
microstructure and scars, shell sculpture facies) and certain
anatomical similarities (ctenidial ciliation). Although some of
these simijarities have been shown to be erroneous or tenuous
(Morton, 1987), ultrastructural studies have demonstrated that
the Unionioida and Trigonioida alse share a highly unusual
and, at least within the Motllusca, unique sperm feature,
namely the presence of multiple acrosomal vesicles {unionoid
Velusunio ambiguus, and three species of Neotrigonia, Healy,
1989¢ and this paper; see Fig. 8.3). This similarity ¢cannot be
interpreted as a convergent response to environmental factors
because unionoids fertilize within the mantle cavity, while
trigoniids fertilize externally (Tevesz, 1973). I therefore
consider that similarities between sperm of Neotrigonia and
unionoids reflect a true phylogenetic relationship between the
Trigonioida and Unionoida. Although two recent studies have
claimed that unionoid sperm possess only a single acrosomal
vesicle {Rocha and Azevedo, 1990) or none at all (Peredo et
al., 1990), my own studies of Velusurio ambiguus (Healy,
1989) have clearty shown the presence of a multivesicular
acrosomal complex. Possibly in certain unionoids a late
fusion of proacrosomal vesicles may occer (Rocha and
Azevedo, 1990). A detailed investigation of more unionid
genera and particularly members of the most primitive
unionoid family, Margarisiferidae, may show whether or not
unionoid proacrosomal vesicles can indeed fuse.

ACKNOWLEDGEMENTS

This work was financially supported by an Australian
Research Fellowship from the Australian Research Council,
held at the Department of Zoology, University of Queenstand.



110 JOHN M.

REFERENCES

Ar-Han, H.A. 1988, Ulrastuctural analysis of sperm head
development in Nerita polita (Mollusca: Archaecgastropoda) from
the Jordan Gulf of Agaba (Red Seal. fmternational Journal of
Invertebrate Reproduction, 13: 281-295.

ALLEN, J.A. 1985, The Recent Bivalvia: their form and evohstion. In
The Mollusca, 10 Evolurion (E.R. Trueman and M.R. Clarke, ads),
337-403. Academic Press, New York. '

ANDERSON, W. and PERSONNE, P. 1976, The molluscan spermatozoon:
dynamic aspects of its structure and fanction, American Zoologist,
16: 293-313,

ARNOLD, M. and WiLLIaMs-ARNOLD, E.D. 1978. Spermiogencsis of
Nautilus pompilius. I General survey. Jownal of Experimenial
Zoology, 205 13-26.

AzEVEDO, C. 1981. The fine structure of the spermatozoon of Patella
lusitanica {Gastropoda: Prosobranchia), with special reference to
acrosome formation, Jowrnal of Submicroscopic Cyrology, 13: 47-
56,

AZEVEDO, C., LoBO-DA-CUNHA, A., OLIVEIRA, E. 1985, Ultrastructure
of the spermatozoon in Gibbula wmbilicalis (Gastropoda,
Prosobranchia), with special reference to acrosomal formation.
Journal of Submicroscopic Cytology, 17T. 605-614,

Bawper, K. and LewcH, H. 1986, Jurassic Vampyromorpha
(dibranchiate cephalopods). Newes Jahrbuch Geclogie und
Paldontclogie Monarshefre, 3: 124-148.

Barnarb, R.TE, Davies, B.R. and Hobocson, AN. 1988,
Reproduction in a brackish-water mytilid: gametogenesis and
embryonic development. Veliger, 30: 278-290.

Berthorp, T. and Encesgr, T. 1987, Phylogenetic analysis and
systematization of the Cephalopoda (Mollusca), Verhandlungen des
Naturwissenschaftlichen . Vereins in Hamburg, (NF) 29: 187.220.

Boss, K.J. 1982, Molusca. In: Synopsis and_classification of living
organisms. {8.P. Parker, ed.}, 2! 943-1166. McGraw-Hill, New
York.

BourcarT, C. LAvALLARD, R. and LUgET, P. 1965, Ultrastructure du
spermatozoide de la moule (Mynitus parma von thering). Compte
Rendu Hebdomadaires des Séances de F Academie des Sciences,
Faris, D., 268: 5096-3099.

Buckianp-Nicks, J.A. and Chra, F-8. 1986, Formation of the
acrosome and basal body during spermicgenesis in a marine snail,
Nerita picea {Moliusca: Archaeogastropoda), Gamete Research,
15:13.23,

Buckr anp-NICES, J., WiLLiaMs, D, Cuia, F-8. and FONTAINE, A,
1982. Studies on the polymorphic spermatozoa of a marine snail. I
— Genesis of the apyrene sperm. Bislogle Cellilaire, 44: 303-314.

BuckLAND-NICKS, )., CHia, F-§., and Koss, R. 1990. Spermiogenesis
in Polyplacophoera, with special reference to acrosome formation
{Motlusca). Zoomorphology, 109: 179-188,

BurcH, I. B, 1962, Cywotaxenomic studies of freshwater limpets
(Gasropoda: Basommatophora) 1. The European lake limpet,
Acretoxus lacustris. Malacologia, 1: 55-72,

Cox, L.R. 1960, Thoughts on the classification of the Bivalvia.
Proceedings of the Malacological Society of London, 34: 60-88.
Dan, .. and Wapa, §.K. 1955, Studies of the dcrosome, IV, The
acrosome Te4ction in some bivalve spermatozoa. Biological

Bulletin, 109: 40-35.

DanigLs, E.W., LONGWELL, A.C., McNiFr, .M. and WoOLFGANG, RW.
1971. Ultrastructure of spermatozoa from the American oyster
Crassostreq  virginica.  Transactions of the American
Microscopical Society, 90: 275-282.

HEALY

Dorance, G. and LE Penngc, M. 1989, Ultrastructural characteristics
of spermatogenesis in Pecten maxirus (Mollusca, Bivalvia),
Invertebrate Reproduction and Developnrens, 15: 109-117.

EcreLBARGER, K.J. and Evster, L.8. 1981. An ultrastructural study
of spermatogenesis in  the nudibranch mollusk  Spurifla
neapolitana. Journal of Morpholegy, 179: 283-300.

EckeLparGER, K.J, BiEter, R, and MIKKELSEN, PM. 1990,
Ultrastructure  of sperm  development and  mature  sperm
morphology in three species of commensal bivalves (Mollusca:
Galeommatoidea), Journal of Morphology, 208: 63-75.

FieLps, W.G. and THompson, KA. 1976, Ultrastructure and functional
morphology of spermatozoa of Ressia pacifica (Cephalopoda,
Decapoda). Canadian Journal of Zoalogy, 54: 908-932,

Franzen, A. 1935. Comparative morphological investigations info
the spermiogenesis among Mollusca. Zoologiska Bidrag Fran
Uppsala, 30: 399-456.

Franzén, A, 1967. Spermiogenesis and spermatozoa of the
Cephalopoda. Arkivum Zoclogiska, 219: 323-334.

FrRaNzZN, A, 1983, Ulrastructural studies of spermatozoa in three
bivalve species with notes on evolution of elongated sperm
nucleus in primitive spermatozoa. Gamere Research, T: 199-214,

GaLanGau, V. and Tuzet, O. 1968a. L'acrosome d° Qctopus vilgaris
Lmk. Observations au micrescope élecironique. Compre Rendu
Hebdomadiares Séances. de I'Academie des Sciences Serie D.,
267 1462-1467.

GaLanGau, V. and Tuzer, O. 1968b, Les mitochondries pendant la
spermatogenése 4’ Ocrtopus wvulgaris Lmk. Recherches au
microscope électronique. Compre Rendu Hebdomadiares Séances.,
de I'Academie des Sciences Serie D., 267: 1735-1737.,

GARREAU DE LOUBRESSE, N, 1971, Spermiogendse d'un gasteropode
proscbranche:  Nerita  senegalensis; evolution du  canal
intranucleaire, Journal de Microscopie (Paris), 12; 425-440.

GHARAGOZLOU-VAN GINNEKEN, LD, and Pochon-Masson, 1. 1971,
Etude comparative infrastructurale du spermatozoide chez les
palourdes de France. Archives de Zoologie Experimentale et
Génerale, 112: 805-817,

Gusty, FO1971L Loltrastruttura delo spermatozoo nella filogenesi e
nella sistemnatica dei moluschi gasteropodi. Arni della Societa
haliang di Scienze Nuturali ¢ Museo Civice di Sroria Naturale
Milano, 112; 381-402.

Giusty, Foand SeLmi, M.G. 1982a. The morphological peculiarities of
the typical spermatozoa of Theodoxus fluviarilis (L) (Nerioidea)
and their implications for motility. Journal of Ultrastrucrure
Research, 78: 166-177.

Grost, Foand Seimi, M.G. 1982b. The atypical sperm in the
prosobranch molluscs, Malacologia, 22: 171-181.

GiusTy, F, MancaneLnl, G, and Sgimi, G. 1992, Spermatozoon fine
structure in the phylogenetic study of the Hetlicoidea (Gastropoda,
Pulmonata), In Proceedings of the Tenth International
Malacological Congress (Ttbingen, 1989) (C. Meier-Brook, ed.),
611-616. Unitas Malacologica, Tibingen.

Govrikov, AN. and Kussaxin, 0.G. 1972, Sur Ja biclogie de la
reproduction des patelles de Ia familie Tecturidae (Gastropoda:
Docoglessa) et sur la position systématique de ses subdivisions,
Malacologia, 11: 287-294,

GosLiNer, T.M. 1981, Origins and relationships of primitive members
of the Opisthobranchia (Mollusca, Gastropoda). Biological
Journal of the Linnean Society, 16: 197-226.

GusTarson, R.G. and Reip, R.G B, 1988, Associarion of bacteria with
larvae of the gutless protobranch bivalve Solemye reidi
{Cryptodonta: Solemyidae). Marine Biology, 97: 389-401.

Hachrs, S, ar
mussel Cor
Shiga Unin

HASZPRUNAR,
phylogeny
Systemani

HassrRumar,
gastropod |
Journal of !

HASZPRUNAR,
Terttary rel
Streptonenr
London, B.

HeaLy, M. It
mature el
Gastropoda

Heay, LM, 1
gastropods
Morpholog:

HEeaLy, IM. |
SpErmaiozo
66,

Healy, I M. I
Fastropods
Meeresunte

Heawy, JM. B
cerithiacear
Mesogastro
218,

HeaLy, J M. 1
in the Gastr

HEaLy, IM. |
of Plewrot,
Molluscan .

Healy, JM.
Dendropom
Vermetidae
308,

Heary, LM
spermiogen
impartance,

HeaLy, LM 1
Calfiorropis
special refe
24: 9-20.

Heaty, J.M.
Vampyroteu
phylogeneti
Saciety of L

Heary, JL.M.
bivalve ger
particularly

HEALY, J.M.
trochoid g
Marine Bio

Heary, IM.
Sinezona sz
of pleurotal
Scripta, 19:

HeaLy, M.
spermatoza



acteristics

Bivalvia).

7.

ural study
Spuritla

v, 1990,
‘€ sperm
Moiiusca:

functional
rhalopoda,

tions inlo
rag Fran

a of the

a in three
ed sperm
169.214.

s vudgaris
2te Rendu
Serie D.,

neadani la
wehes  au
$ Séances.

sitropode
iu canal
440,

L 1 19T
. chez les
nentale et

dogenesi e
la Societa
1 Naturale

liarities of
Neritoidea)
astructure

m in the

ozoon fine
rastropeda,
ternational
rook, ed.),

opie de la
rastrapoda:
bdivisions.

e members
Biological

cteria with
mya reidi
51,

MOLLUSCAN SPERM ULTRASTRUCTURE 111

HacHirs, 5. and Hicass, 8. 1970, Spermiogenesis in the freshwater
mussel Corbicula sandai. Memoirs of the Faculty of Education,
Shiga University, 20: 35-39.

HaszprUNaR, G. 16835, The Heterobranchia — a new concept of ihe
phylogeny of the higher Gastropoda. Zeitschrift fiir zoologische
Systemarik und Evolutionsforschung, 231 15-37.

HaszprUNAR, G. 1988, On the origin and evolution of major
gastropod groups, with special reference to the Streptoneura.
Journal of Molluscan Studies, 54: 367-441,

HaszprUNar, G. 1992, Ulmastructure of the osphradium of the
Tertiary relict snail, Campanile symbolicum Iredale (Mollusca,
Streptoneura). Philosophical Transactions of the Royal Sociery,
London, B 337 457-469,

HeaLy, J.M. 1982a. An ulirastructural examination of developing and
mature  euspermatozoa in Pyrazus  ebenfmus  (Mollusca,
Gastrepoda, Potamididae). Zoomorphology, 100: 157-175,

Heary, 1M, 1983, Ultrastructure of euspermatozoa of cerithiacean
gastropeds  {Prosobranchia:  Mesogastropoda).  Jowrnal of
Morphology, 178: 57-75.

HeaLy, J.M. 1983b. An ulerastructural study of basommatophoran
spermatozea (Mollusca, Gastropoda). Zoologica Scripta, 12: 37-
66.

Heary, J.M. 1986a. Ultrastructure of paraspermatozoa of cerithiacean
gastropods  {Prosobranchia: Mesogastropoda),  Helgoldnder
Meeresuntersuchungen, 40; 177-199.

Heaty, .M. 1986b, Euspermatozoa and paraspermatozoa of the refict
cerithiacean gasiropod, Campanile symbolicum (Prosobranchia,
Mesogasropoda). Helgoldnder Meeresuntersuchungen, 40; 201-
218.

HeaLy, J.M. 19884, Sperm morphology and its systematic importance
in the Gastropada. Malacological Review Supplement, 4123 t-266.

Healy, M. 1988h. Ultrastructural observations on the spermatozoa
of Pleurotomaria africana Towmlin {Gastropeda), Journal of
Molluscan Studies, 54: 309-316.

Healy, T.M. 1988c. Sperm morphology in Serpuiorbis and
Dendropoma and its relevance to the systematic position of the
Vermetidae (Gastropoda). Journal of Molluscan Studies, 54 295-
308.

Heary, LM, 1988d. The ultrastructure of spermatozoa and
spermiogenesis in pyramidellid gastropods, and its systematic
imponance, Helgolinder Meeresuntersuchungen, 42: 303-318.

HeaLy, .M. 1989a. Ultrastructure of spermiogenesis in the gastropod
Calliorropis  glypius Watson {Prosobranchia: Trochidag), with
special reference to the embedded acrosome. Gamete Research,
24: 9-20.

Healy, JM. 1989b. Spermatozoa of the deep-sea cephatopod
Vampyroteuthis infernalis Chun: ulrastructure and  possible
phylogenetic significance. Philosophical Transactions of the Ruyal
Society of London, B313: 589-608.

HEaLy, .M. 1589c. Spermiogenesis and spermatozoa in the relict
bivalve genus Neofrigonia: relevance to tigonioid relationships,
particularly with Unionoidea. Marine Biology, 103 75-85.

HeaLy, 3.M. 1990z Euspermatozoa and paraspermatozoa in the
trochoid gastropod Zalipais laseroni {Trochoidea: Skeneidag),
Marine Biology, 105: 497-307.

Heaty, J.M. 1990b. Spermatozoa of the scissurellid gastropod
Sinezona sp. (Proscebranchia, Pleurotomarioidea) with a discussion
of pleurotomarioid and fissurelloid sperm morphology. Zoologica
Scripta, 19: 189-193,

Heary, IM. 1990c. Ultrastructure of developing and mature
spermatozoa of Cornfrastra, Valvata and Orbitestelle, with 2

discussion of vaivatoidean sperm morphology. Journal of
Molluscan Studies, 56: 557-366.

Heary, 3.M. 1990d. Ulrastructure of spermiogenesis in
Vampyroteuihis infernalis Chun — a relict cephalopod maollusc.
Helgoldnder Meeresuntersuchungen, 44: 95-107.

Healy, EM. 1990e. Ulwastructure of spermatozea and
spermiogenesis in Spirula spirule (£..): systematic importance and
comparison with other cephalopods. Helgoldnder Meeres-
untersuchungen, 44: 109-123.

Hsaty, .M. 199i. Sperm morphology in the marine gastropod
Architectonica perspectiva, (Molluscay: unique features and
systematic relevance, Marine Biology, 109: 59-65.

HeaLy, J.M. 1992, Dimorphic spermatozoa of the hydrothermal vent
prosobranch Alviniconcha hessleri: systematic imporiance and
comparison with other caenogastropods. Bulletin du Muséum
National d Histoire Naturelle, Paris 4° sér, 14, A1 273-291.

Heaty, .M. 1993a. Transfer of the gastropod family Plesiotrochidae
to the Campaniloidea based on sperm ultrastructural evidence.
Journal of Molluscan Siudies, $9: 133-147.

Healy, M. 1993b. Comparative sperm ultrastructure and
spermiogenesis in  basal heterobranch  gastropods (Valva-
toidea, Architectonicoidea, Rissoelloidea, Omalogyroidea, Pyra-
midelloidea) (Mollusca). Zoologica Scripta, 22: 263-276.

Heary, T M. 1993¢ Sperm and spermiogenesis in Opisthoteuthis
persephone (Octopoda: Clrrata): ultrastructure, comparisen with
other cephalopods and evolutionary significance. Journal of
Motluscan Studies, 39: 103-113.

Healy, .M. and HarasewycH, M.G. 1992. Spermatogenesis in
Perotrochus quovanus (Fischer and Bernardi} {Gastropoda:
Pleurotomariidag), The Nautilus, 106: 1-14.

Healy, I.M. and Jasuzson, B.G.M. 1981, An ultrastructural
examination of developing and mature paraspermatozod in
Pyrazus  ebeninus  (Mollusca, Gastropoda, Potamididae).
Zoomorphology, 98: 101-119,

HEary, IM. and Jamisson, B.G.M. 1989, An ultrastructural study of
spermatozoa of Helix aspersa and Helix pomatia {Gastropoda,
Pulmonata, Stylommatophora). Journal of Mellusean Studies, 53
389-404,

Heaty, JM. and Jamisson, B.GM. 1991, Ulrastructure of
spermiogenesis  in  the gastropod  Hellacus variegatus
{Architectonicidaz) with description of a banded periaxonemal
helix. Marine Biclogy, 169 67-77.

HiaLy, J.M. and Lester, RLG. 1991, Sperm ultrastructure in the
Australian oyster Saccostrea commercialis (Iredale and Roughley)
(Bivalvia, Oswweidae). Journal of Molluscan Studies, 57:219-224,

HeaLy, J.M. and WiLLan, R.C. 1984, Ulrastructure and phylogenetic
significance of notaspidean spermatozea (Mollusca, Gastropoda,
Opisthobranchia), Zoologica Scripta, 13 107-120.

Heaty, ;.M. and WitLan, R.C. 1991a. Nudibranch spermatozoa:
comparative uitrastructure and systematic importance, Veliger, 34
134-165.

Heal?, M. and Wnoan, RC. 1991b, Sperm ultrastructire of the
tropical notaspidean Pleurehdera haraldi with evaluation of the
phylogenetic position of the genus. Journal of Molluscan Studies,
57:113-118.

Hoboson, AN. and Berwarp, RT.R 1986, Ultrastructure of the
spermi and spermatogenesis of three species of Mytilidag
(Maollusca, Bivalvia). Gamete Research, 15: 123-135, '

Hooason, AN. and Bernarp, RTF 1988, A comparison of the
structure of the spermatozoa and spermiogenesis of 16 species of
patellid limpet (Mollusca: Gaswopoda: Archaecgastropoda).



i12 JOHN M,

Journal of Morphology, 198: 205.223.

Hoposon, ANN. and Chia, F-S. 1993, Spermatozoon structuse of
some North American prosobranchs from the families Lotiidae
{Pateltogastrapoda)  and  Fissurellidae {Archacogastropoda),
Marine Biclogy, 116: 97-101.

Hobeson, AN, and FosTer, G.G. 1992, Structure of the sperm of
some South African archagogastropods  {Mollusca) from the
superfamilies Haliotoidea, Fissurelloidea and Trochoidea. Marine
Biology, 113: 89-97.

Hoposon, AN, BAXTER, LM., STURROCK, M.G. and BERNARD,
RTF 1988 Comparative spermatology of 11 species of
Polyplacophora (Mollusca) from the suborders Lepidopleurina,
Chitenina and Acapthochitonina. Praceedings of the Royal Society
of London, B, 235: 163-177.

Hoposow, AN., BernarD, RT.F and Van Der Horst, G. 1990,
Comparative spermatology of three species of Donax (Bivalvia)
from South Africa. Jowrnal of Molluscan Studies, 56; 257-265.

Hobason, AN, Bernarp, RTE and Linpiey, DS, 1991,
Comparative  spermatology of fowr sympatric  species of
Siphonaria (Pulmonata: Basommatophora)., Journal of Molluscan
Stuedies, 87 309-322.

Hou, 5.T. and MaxwgLL, W.L. 1992, Evidence for an intermediate
type of spermatozoon: ulirastructural studies of SpErmiogenesis in
the cuttlefish Rossia macrosoma (Cephalopoda, Decabrachia),
Zoomorphology, 112 207-215.

Housrick, R.S. 1989. Campanile revisited: implications for
cerithicidean phylogeny. American Malacological Bulletin, 7- 1-6,

HyLANDER, B L. and SumMeRs, R.G. 1977, An ultrastructural analysis
of the gametes and early fertifization in two bivalve moliuses,
Chama maceropintla and Spisula  solidissima with special
reference to gamete binding. Cell and Fissue Research, 182; 469-
489,

INpELICATO, J. and SrRewE, W. 1969. Fnde statisique et
cylomorphometrique de la dimegalie des spermatozoides chez
Patella coerulea L. (Mollusgues, Gastéropodes, Prosobranches).
Comptes Rendus des Seances de I'Academie des Sciences, D268:
2051-2094.

TAMIESON, B.G.M. 1987, The ultrastructure and phylogeny af insect
spermatoroa. Cambridge University Press.

Jamigson, B.GM. 1981, Fish evolution and Systematics: evidence
Jrom spermatozoa. Cambridge University Press.

Jamieson, B.G.M,, Hobcson, AN, and BerNarRD, R.TF 1991.
Phylogenetic rends and variation in the ultrastructure of the
spermatozoa of sympatric species of South African patelhid limpets
(Archaeogastropoda, Mollusca). Inverrebrate Reproduction and
Development, 20: 137-146.

KouNerT, R. and STorRCH, V. 1983, Ulrasirukiurelle Untersuchungen
zur Morphologie und Genese der Spermien der Archaco-
gasiropoda. Helgoldnder Meeresuntersuchungen, 36: 77-84.

Kounert, R. and SToRCH, V. 1984a Vergleichend-uitrastrukturelle
Untersuchungen zur Morphologie eupyrener Soermien der
Monotocardia (Prosobranchia}. Zoologischer Jahrbucher, 111; 51+
93

Konnertr, R, and Storcs, V. 1984b. Elektronenmikroskopische
Ustersuchungen zur Spermiogenese der eupyrenen Spermien der
Monotocardia (Prosobranchia}. Zoologischer Jabrbucher 112: 1-
32

Kowe, K. 1985. Comparative ultrastructural studies on the
spermatozoa of the Prosobranchia (Mollusca: Gastropoda).
Science Report of the Faculty of Education, Gunma University, 34:
33-153.

HEALY

Kupo, M. 1977. The formation of a temporary-acrosome in the
spermatozoon of Laternila limicola (Bivalvia, Mollusca). Journal
of Ultrastructure Research, 61: 140-148,

KuBo, M., Ismmawa, M. and Numaxunal, T. 1979, Ultrastructural
studies on early events in fertilization of the bivalve Laternulg
iimicola. Protoplasma, 100: 73-83,

Lews, C. A, LEGHTON, D.L. and VACGUIER, V., 1980, Morphology
of abalone spermatozoa before and after the acrosome reaction,
Journal of Ultrastructure Research, 72: 36-46.,

i.onco, F1 and ANpERrson, . 1970. Struciural and cytochemical
features of the sperm of the cephalepod Octopus bimaculatus,
Jowrnal of Ultrastructure Research, 32 94-106.

LonGo, FA. and DornFELD, E.J. 1967, The fine structure of spermatid
differentiation in the mussel, Mytilus  edulis.  Journal of
Ultrastructure Research, 20: 462-480.

MaxweLL, W, 1., 1974, Spermiogenesis of Eledone cirrhose Lamarck
(Cephalopoda, Octopoda). Proceedings of the Royal Sociery of
London, B 186: 181-190.

MaxweLL, W.L. 1975, Spermiogenesis of Eusepia afficinalis (L),
Loligo  forbesi {Steenstrup} and Allotewthis subwlata (1.}
{Cephalopoda, Decapoda), Proceedings of the Rayal Society of
London, B 191: 527-535,

MEDINA, A., MOREN®, J. and Lorgz-Campos, J.L. 1985, Acrosome
evolution in Hypselodoris rricolor {Gastronoda: Nudibranchia).
Journal of Submicroscopic Cyiology, V7: 403-411.

MEepINA, A., MORENO, I. and Lopez-Campos, JL. 1986, Nuclear
morphogenesis during spermiogenesis in the nudibranch mollusc
Hypselodoris tricolor (Gastropoda: Opisthobranchia). Gamere
Rescarch, 13: 159-171.

MeLong, G., Lora Lavia Doxiy, D, Coreenr, Fo (1980). The
paraspermatic cell (atypical spermatozoon) of the Prosobranchia: a
comnparative ultrastructural study. Acia Zoologica (Stockholm), 61
191-201.

Mokrron, B, 1985, Adaptive radiation in the Anomalodesmata. In, The
Moliusca, W Evolution (E.R. Trueman and M.R. Clarke, eds),
405-459. Academic Press, New York.

MORTON, B. 1987, The functional morphology of Neotrigonia marg-
aritacea (Bivalvia: Trigoniacea), with a discession of phylogenetic
affinities. Records of the Australian Museum, 39: 339-354.

Morton, I, E. and Yoncg, M. 1964, Classification and siructure of
the Mollusca. In. Physiology of Mollusca. (K.M. Wilbur and C.M.
Yonge, eds), 1: 1-58. Academic, Press, New York,

Newsir, N.D. 1969, Anomalodesmata, In. Mollusca 6 Part N Volume
2. Treatise on Inveriebrare Paleontology, (R.C. Moore, ed.), 818-
858. Geological Society of America and the University of Kansas
Press, Boulder.

NEweLL, N.D. and Boyp, D.W. 1990, Nacre in a Carboniferous
pectinoid motlusc and a new subfamily Limipectinidae. American
Museum Novitates, No, 2970 Tpp.

Nissiwakl, S. 1964, Phylogenetical study on the type of the
dimorphic spermatozoa in Prosobranchia. Science Reports of the
Tokyo Kyoiku Dalgaku (B), 11: 237-275.

O’ FoiGHIL, D. 1985. Fine structure of Lasaca subviridis and Mysella
tumida sperm (Bivalvia, Galeommatacea). Zoomorphology, 105:
125-132.

O’ FoigaiL, D. 1989. Role of spermatozengmata in the spawning
ecology of the brooding oyster Qstrea edulis. Gamete Research,
24: 219-228,

Orson, GE. and Lmek, R.W. 1980. Membrane differentiations in
spermatozoa of the squid, Loligo pealeii. Gamete Research, 3
329-342.

PErEDO, S, (
sperm uhr
chilensis 1
Developmt

PONDER, W
matophora
water gast
53-83.

PonpER, W.E
for early |
57:21.32.

PopHAM, J.D.
the sperm:
the shipw(
Research,

PoPHAM, J.D
bivalve ph

Porram, 11
Ultrastruct
Bankia (v
22:1-12

PorHaM, J.D
spermatoz
Pfeiffer. Vi

PURCHON, R

with spec
Malacolog
PURCHON. R,
analytical
London, 1
Rew, DG L
Indo-Paci
{Natural F
ROBERTSON,
systematic
Special ec
RocHa, E
spermatog
Inveriebrc



‘me in the
a). Journal

astructural
Laternula

torphology
¢ reaction.

tochemical
magetlatus.

f spermatid
ournal  of

‘a Lamarck
Society of

inalis (L),
wlatg (L)
Society of

Acrosome
ibranchia),

6. Nuclear
ch molluse
Y. Gamete

880). The
branchia: a
thalm), 61:

ata, In. The
arke, eds),

onig marg-
hylogenetic
4

structure of

rand C.M.

I N Volume
,ed.}, B18-
' of Kansas

boniferous
L American

pe of the
wris of the

ad Mysella
slogy, 105:

> spawning
: Research,

atiations in
esearch, 3:

MOLLUSCAN SPERM ULTRASTRUCTURE 113

PereDO, S., GARRIDO, O. and Paraba, E. 1990, Spermiogenesis and
sperm ultrastructure in the freshwater mussel Diplodon chilensis
chilensis {Mollusca: Bivalvia) Inverrebrate Reproduction and
Development, 17: 1T1-179,

PonpEr, W.E 1986, Glacidorbidae (Clacidorbacea: Rasom-
matophora), & new family and superfamity of operculate fresh-
water gastropods. Zoological Journal of the Linnean Sociefy, L¥R
53-83.

PoNDER, W.E. 1991, Marine valvatoidean gastropods — implications
for early heterobranch phylegeny. Journal of Molluscan Studies,
57:21-32.

PopraM, J.D. 1974, Comparative morphomerrics of the acrosomes of
the sperms of “externatly” and “internally” fertilizing sperms of
the shipworms (Teredinidae, Bivalvia, Mollusca). Cell and Tissue
Research, 150: 261-297.

PoptiaM, 1D, 1979. Comparative spermatozoon morphology and
bivaive phylogeny. Malacological Review, 12:1-20.

PopamM, JD. DicksoN, M.R. and Gopearp, CK. i974.
Ultrastructural study of the mature gametes of two species of
Bankia (Mollusca: Teredinidae), Australian Journal of Zoology
22: 112

PostiaM, I, and MARSHALL, B. 1977, The fine structure of the
spermatozoos of the protobranch bivalve, Nucula hartvigiana
Pleiffer. Veliger 19: 431-433.

PurcHon, R, 1963, Phylogenetic classification of the Bivalvia,
with special reference to the Septibranchia. Proceedings of the
Malacological Society of London, 35: 71-80.

PurcHoN, R.D. 1987. Classification and evolution of the Bivalvia: an
analytica! study. Philosophical Transactions of the Royal Society of
London, B 316: 277-302.

Rep, D.G. 1986. The linorinid molluscs of mangrove Jorests in the
Indo-Pacific region. The genus Littoraria. British Mussum
(Natural History), London.

RoserTson, R. 1983. Four characters and the higher category
systematics of gastropods. American Malacological Bulletin,
Special edition, 1: 1.22. ]

RocHa, E. and AzEVEDO, C. 1990, Ulrastructural study of the
spermatogenesis of Anodomia cygnea L. {Bivalvia, Unionidag).
Invertebrate Reproduction und Development, 18: 163- 176.

RoUsSE, G.W, and Javieson, B.G.M. 1987. An ultrastructural study of
the spermarozoaz of the polychaetes Eurythoe complanata
(Amphinomidae), Clymenella laseroni and Micromaldane laseroni
(Maldanidae) with definition of sperm types in refation to
reproductive biclogy. Jowrnal af Submicroscopic Cyiology, 19:
373-584.

RuUNNEGAR, B. 1974, Evolutionary history of the bivalve subclass
Anomalodesmata. Journal of Paleontology, 48; 904-939.

RunnEGAR, B. and Posera, L. JR. 1985. Origin and diversification of
the Maollusca. In The Mollusca, 10 Evolution (E.R. Trugman and
M.R. Clarke, eds), 1-57. Academic Press, New York.

SarviNi-PLawen, L. v. and Haszerunar, G. 1982, On the affinities of
Septibranchia (Bivalvia). Veliger, 25: 83-85.

Sousa, M., Corral, L. anp Azevina, C. 1989, Ulrastructural and
cytochemical study of spermatogenesis in Serobicularia plana
{Mollusca, Bivalvia). Gamete Research, 24: 393-401.

Tevesz, M.J.S. 1975 Siructure and habits of the ‘living fossil’
pelecypod Neotrigonia. Lethaia, 8; 321-327.

Tromrson, T.E. 1973, Buthyneuran and other molluscan spermatozoa
Malacologia, 14: 167-206, plus addendum 443-444,

Tsukamara, T. 1985, Histological and histochemical studies of
gonads of Neutilus pompilius from Fiji. Occasional Papers of the
Kagoshima University Research Center of the South Pacific, 4: 50-
60, 23 pl.

Waiier, T.R. 1978, Morphology, morphoclines and a new
classification of the Periomorphia  (Mollusca: Bivalvial.
Philosophical Transactions of the Royal Society of Lendon, B 284:
345-363.

Wirth, U. 1984, Dic Strukiur der Metazoen-Spermien und ihre
Bedeutung  fiir  die  Phylogenetik.  Verhandlungen des
Naturwissenschaftlichen Vereins in Hamburg, 27: 295-362.

Yasuzumy, G, and Tanaxa, H. 1958, Spermatogenesis in animals as
revealed by eleciron microscopy. VI Researches of the
spermatozoon dimorphism in a pond snail Cipangopaluding
malleara. Journal of Biophysical and Biochemical Cytelogy, &:
621-632.

YonGE, C.M. 1969. Functional merphology and evolution within the
Carditacea (Bivalvia). Proceedings of the Malacological Sociery of
London, 38: 493-527



