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The embryonic shell of Mimospira is smooth, conical in shape with a slight sinistral twist,
approximately 0.4 mm in diameter. A significant increase in mortality at the end of the
embryonic stage of shell development and a lack of any other juvenile mortality peaks
indicate the occurrence of metamorphosis at the beginning of mantle development. The
columella and internal whorls developed closely to the end of the embryonic stage or earlier.
Features of coiling show high population variability. Larval development of Mimospira is
quite unlike that of euomphalid gastropods, which are currently classified in the same
suborder, Macluritina. Euomphalids have coiled, slightly orthostrophic or isostrophic em-
bryonic shells. The origin of hyperstrophy in Maclurites in the orthostrophy of Ceralopea—
Orospira-like forms is suggested. Evolutionarily original hyperstrophy (here termed anti-
strophy) is thus restricted to the families Clisospiridae and Onychochilidac. A new suborder,
Mimospirina, is proposed for them, O Monoplacophora, Gastropoda, new suborder, Mimo-
spirina, Clisospiridae, Onychochilidae, Mimospira, larval development, evolution, torsion,
Ordovician, Sweden, Poland, N5049 N5824 E1351 E2038.
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An Early Ordovician genus, Mimospira, and re-
lated high-spired sinistral gastropods grouped in
the families Onychochilidae and Clisospiridae,
has been treated as a member of an early branch
of originally hyperstrophic gastropods, the Ma-
cluritina. According to Knight et al. (1960) the
Macluritina arose from the Bellerophontina
(treated by them as isostrophic Gastropoda
showing torsion) as an independent group dis-
tinct from other early gastropods. The Macluri-
tina are suggested to possess paired ctenidia and
other organs but the occurrence of hyperstrophy
is inferred from the position of the channel, pre-
sumed to be exhalant, occupying a ridge close to
the umbilicus (Knight 1952). The most important
argument supporting hyperstrophy of Maclurites
is the direction of coiling of its calcified opercu-
lum (Knight 1952). No operculum of any other
representative of the Macluritina is yet known.
Study of the larval development of the shell thus
appears to be an important tool for recognizing
both the direction of shell coiling and the rela-
tionships of this group.

Methods of inference

The morphology of the gastropod shell, like that
of shells of other animals produced by marginal

accretion, contains much information on the on-
togenetic development of the animal. Methods of
reading of this ‘inscription’ have been developed
by many students of Recent gastropods (for a
review see Jablonski & Lutz 1980). The key
points of the majority of studies are the possibili-
ties of distinguishing shells of planktotrophic
from lecithotrophic larvae and/or embryonic
stages developing within the egg capsule from
free-living larval stages and from creeping post-
larval stages. Numerous Recent gastropods show
(1) a smooth initial shell corresponding to em-
bryonic stage of development within the egg cap-
sule; (2) an ornament of growth lines in the shell
of the free-living veliger stage; and (3) an abrupt
change in shell morphology indicating metamor-
phosis, i.e. the beginning of an adult, crawling
mode of life (see i.a. Robertson 1971; Jung 1975;
Bouchet 1976). In the first detailed study of Ear-
ly Palaeozoic molluscan larvae (Dzik 1978, 1980)
this correlation between changes in shell orna-
mentation and developmental events has been
assumed, primarily because Recent pteropods,
the closest analogues of Palaeozoic hyoliths and
tentaculites, develop in such a way (Lalli & Con-
over 1976). However, application of this method
of inference to early gastropods and monoplaco-
phorans appears disputable (Dzik 1981). In the
development of many Recent gastropods the em-
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Fig. 1. Internal mold of a juvenile shell of Mimospira
sp., Arenigian (Kundan) from the Gullhégen quarry,
sample G-8, Skovde, Sweden; X 100.

bryonic shell is not confined to the stage of devel-
opment within the egg capsule (Robertson et al.
1970; Iwata 1980), the ornamented larval shell is
not restricted to the free-living veliger stage
(Hadfield et al. 1972; Soliman 1977), and the
stable indication of arrested growth does not nec-
essarily correspond to any metamorphosis (Ro-
bertson et al. 1970; Robertson 1970). It appears
then that the only fully substantiated inference
on developmental stages of extinct molluscs may
concern the time of development of the mantle
(boundary between embryonic and larval shells)
and metamorphosis (strong change of larval or-
namentation or loss of larval apertural modifica-
tions). It has also been suggested (Dzik 1978,
1981) that a very sharp peak in distribution of
mortality may indicate metamorphosis.

In this paper, to avoid misunderstanding, I use
the terms embryonic shell or stage to identify the
stage of active function of the shell gland (it
should rather be named shell-gland conch or
stage), and larval shell or stage for the stage in
which the mantle functions prior to metamorpho-
sis, whether the gastropod is free-living, whether
it develops within an egg capsule or has a lecitho-
trophic or planktotrophic veliger.

Larval development of Mimospira

Sinistrally coiled juvenile shells of Mimospira are
very common in acid-insoluble residues of Early
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Ordovician limestones from the Baltic area and
the Holy Cross Mts., Poland, in some samples
dominating assemblages of larval molluscan
shells. Some beds contain hundreds of Mimo-
spira shells per kilogram. Adult shells are much
less common, except at some unusually fossilifer-
ous localities (see Wingberg-Eriksson 1979).
The usual mode of preservation is as an internal
mold impregnated with chamosite or hematite
(Fig. 1). Preserved impressions of the apertural
margin with basal lip (Fig. 2) indicate that these
are not infillings of apices of adult shells but real
juveniles. Common negative molds allow study
also of external shell morphology, but natural
casts, with the shell impregnated with chamosite
(?) (Fig. 3), are the best type of preservation.
Details of growth-line distribution can be studied
under the SEM in the latter cases.

Fossil assemblages of internal molds of Mimo-
spira shells show a peak in size-frequency distri-
bution at a shell diameter of slightly more than
0.4 mm (Fig. 2). This size of internal mold (Fig.
3B) corresponds to a remarkable change in ex-
ternal morphology, which is well shown on natu-
ral casts of shells (Fig. 3A, C, E). This change,
not notable on internal molds, concerns both the
shape of the shell and its surface ornamentation.
Shells less than 0.4 mm in diameter are almost
conical, with an oval apex; growth lines, if they
occur, are very indistinct and probably appeared
close to the end of this stage. It therefore seems
to be an embryonic shell, produced by the entire
surface of the shell gland. Change in ornamenta-
tion can hardly be interpreted as effected only by
gradual development of the mantle. The peak in
mortality rather suggests the presence of more
profound developmental events at that moment.
such as hatching or metamorphosis. Because
mortality gradually decreases after development
of the mantle (Fig. 2), with no other significant
peak, it seems quite possible that metamorphosis
really occurred at that time, but it does not rule
out hatching at the same moment. Development
of Mimospira seems to be similar to that of the
associated pleurotomariid, Clathrospira  (see
Dzik 1978: Fig. 5A), although shapes of their
embryonic shells are not similar.

Juvenile shells of Mimospira show consider-
able variability in all samples studied, especially
with respect to the number of whorls. Some
specimens have twice as many whorls as others of
the same size (Fig. 2). Similar variability shown
by internal molds of Cambrian gastropods was a
reason for denying their gastropod affinities (Yo-
chelson 1975). It must be noted that other Ordo-
vician gastropod species are usually not so vari-
























