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Orthothecid hyoliths Bactrotheca dens (Holm) and B. quadrangularis (Holm) from the
Ordovician of the Baltic province have relatively large, smooth embryonic shells indicating
a lecithotrophic type of larval development, probably inside egg capsules. Their embryonic
opercula are flat, subcircular in outline, Hatching is marked by the retardation of growth of
both operculum and shell, and in the appearance of adult longitudinal sculpture on the shell
surface. Juvenile post-embryonic opercula have fully developed structures on their internal
side. Bactrotheca probably led a sub-sessile mode of life on its postlarval stages, similar to
the Recent gastropod Turritella. Representatives of other hyolith genera, Circotheca stylus
(Holm) and Decoritheca excavata (Holm) from the Baltic Cambrian, bear small initial shells
with mucros, suggesting a planktotrophic mode of life for the larvae. Data presented here
document a high diversity of larval development within particular groups of hyoliths
(Monoplacophora), similar to that of gastropods. Inclusion of Semielliptotheca,
Quadrotheca, Trapezotheca, Panitheca, and possibly Nephrotheca, into Bactrotheca as its
subgenera is postulated. [ Bactrotheca, Circotheca, Decoritheca, Hyolithidae,
Orthothecidae, Circothecidae, Hyolithida, Monoplacophora, taxononty, ontogeny, mode
of life, functional morphology, wall structure, Baltic zoogeographical province, erratics,
Upper Cambrian, Ordovician, Méjcza Limestone, Swiety Krzyz Mountains, Mochiy,
central Poland, Pomerania, N5050 N5424 E1427 E2042.
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In his classic monograph, Holm (1893, pp. 42—
43) presented a ‘Forsék till naturlig gruppering af
de skandinaviska arterna’ of hyoliths which
actually was a true scheme of the phylogeny of
the Baltic hyoliths. Very few new data have been
added since that time. During the past twenty
years, since the ‘rediscovery’ of the importance
of hyoliths, their systematics have, however,
undergone strong complication at the supra-
specific level. Limits of necessity in splitting
of taxa have been transgressed in some papers
(see, for example, Missarzhevsky 1969; Syssoiev
1972). The reason for irrational evolution of
systematic division is the unsatisfactory
knowledge of the functional significance of
particular structures thought to be important tax-
onomically. The aim of this paper is to present
new data on the larval development of the shells
and opercula of a few non-hyolithid hyoliths and
to attempt a functional interpretation of particu-
lar skeletal structures in connection with their
ontogeny.

Ontogeny of Bactrotheca

In the Ordovician of the Baltic palacozoo-
geographical province (Fig. 1), orthothecids

with shells ornamented by longitudinal, basal-
ly undulate cristae (Fig. 2B-C) occur common-
ly. Because of similarity of ornamentation and
morphology of initial parts of their shells, all
have been put here into a single genus. The
generic name Bactrotheca, previously attributed
only to a single Bohemian species, is used (see
below for taxonomical comments). From
Llanvirnian, Llandeilian, and Caradocian erratic
boulders of Baltic origin, juvenile conchs of two
species of this genus have been collected: B.
quadrangularis (Holm) and B. dens (Holm).
Both species display identical ornamentation
and elongation of shells. The only difference lies
in the cross section of conchs: trapezoidal in the
former species and reniform in the latter. Apical
parts of the shells are indistinguishable. There-
fore description of larval development of
Bactrotheca is based on these two species to-
gether.

Though chamosite(?) and glauconite moulds
and casts of Bactrotheca shells are common in
Baltic erratic boulders, no remnant of the
operculum has yet been found in residues. In the
Méjcza Limestone (Holy Cross Mountains, Po-
land) opercula of Bactrotheca preserved as
chamosite natural casts, associated with
fragmented external moulds of shells, are fre-
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quent. These differences in the mode of preser-
vation indicate some difference in the
mineralogical composition of the shells and
opercula of hyoliths. Specific determination of
opercula from Mgjcza is difficult because the
cross section of associated shells cannot be
estimated. Only the single Caradocian sample
A4 (see Dzik 1978a) contains natural casts of
shells possibly belonging to B. rediviva (Marek)
but this sample does not contain any remnants of
opercula.

Shell. — No signs of growth lines on the surface
of the apical parts of Bactrotheca shells are seen.
This can be interpreted as an evidence for early
development inside an egg capsule (Dzik 1978b).
Therefore, if the stage of free swimming larva
were developed here, it was of the lecithotrophic
type. Development of the shell, as can be infer-
red from its shape, began when the embryo (or
trochophore-like larva) was of spherical shape.
During the growth of the shell the shape of the
body became cylindrical — this is indicated by the
appearance of the distal part of the embryonic
shell (Fig 2A). The boundary of the embryonic
stage is abrupt. It is expressed in the thickening
of the aperture of the embryonic shell indicating
retardation of growth. After this apertural thick-
ening distinct longitudinal ornamentation and
growth lines appear. These changes in external
ornamentation of the shell can be interpreted as
evidence for hatching and conversion of the
embryo (covered by the egg capsule) into a
free-living marine animal. The majority of shells
found in residues are of 0.6-1.2 mm in length
(Fig. 3B). The peak of mortality is not so sharp
as in the representatives of hyolithid genera
(Dzik 1978b), and need not to be treated as
evidence of metamorphosis. It may be only the
effect of increased juvenile mortality. Most
probably development of Bactrotheca was di-
rect; from an egg capsule a fully developed
juvenile animal hatched.

Operculum. — The operculum of Bactrotheca
was established at an early embryonic stage of
development as a very small (diameter approxi-
mately 0.085 mm: stage | on Fig. 3A) hemi-
spherical cup. Although growth lines on its

Fig. 1. Locality map, also showing facies distribution
during early Middle Ordovician (not palinspastic; after
several authors, see Dzik 1978a) and directions of
transport of glacial erratics (after Overweel 1977).
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surface have not been observed, during growth
of the embryonic shell the operculum was prob-
ably enlarged by marginal increment, up to a size
identical with the diameter of the aperture of the
shell (approximately 0.35 mm: stage 2 on Fig.
3A). Such an embryonic operculum is flat,
almost circular in outline. Its internal structures
are not known but probably seme muscular
processes are developed. It may have been
weakly calcified at that stage of development.
Hatching is marked by a strong threshold on
the external surface of the operculum, indicating
retardation of growth (Fig. 3A). The next distinct
growth lines appeared when the diameter of the
operculum attained approximately 0.6 mm (stage
3 on Fig. 3A); i.e. at the time when the shell was
about 4 mm long. It does not seem that this is
evidence for metamorphosis, though such an
interpretation cannot be excluded. The subse-
quent growth lines do not show any regularity in
their appearance (stage 4 on Fig. 3A) — there is
supposedly natural, stochastically appearing re-
tardation of growth caused by external factors.
The sharp peak of mortality at the diameter of
0.6-0.8 mm is difficult to interpret. Slight differ-
ences in shell (and opercular) diameter cor-
respond with large differences in the length of
the shell. A sharp peak in size frequency dis-
tribution of the opercula may be an equivalent of
long-term juvenile mortality. This may be con-
nected with recruitment and invasion of biotope.
Both external and internal characteristics of
the juvenile opercula of Bactrotheca are slightly
variable. Each operculum bears two long pro-
cesses on its internal side. Basally the processes
continue onto the marginal rim, which runs
around the whole operculum. A medial crest
connects this rim with the anterior (lower) base
of the processes. Two concave fields in the
center of the operculum are separated by this
crest (Figs. 4B-C, 5A). Some specimens with an
exfoliated central part to the external layers
illustrate the mode of growth of the operculum
(Fig. 4B). It is seen that marginal parts of the
operculum grow concentrically, retaining the
oblique orientation of extra-rim surfaces. Prob-
ably the central fields of the operculum were
secreted separately from the marginal parts. This
is suggested by the appearance of the rim which
separates margins from the center of the
operculum and the obscure suture on the pro-
longation of its negative (see Fig. 4B). These
features can be interpreted by analogy with
opercula of Recent neritid gastropods as a sep-
aration of two fields of increment by marginal
muscle attachment (Fig. 6A). Migration of the
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Fig. 2. Bactrotheca dens (Holm, 1893). OA. Juvenile shell (early postlarval stage of development); erratic
boulder E-113, Uhakuan (Llanvirnian), Eoplacognathus robustus Zone, Rozewie, Pomerania; ZPAL Ga I/1-005,
X200. OB. Ornamentation of juvenile shell; erratic boulder E-149, Lasnamigian (Llanvirnian), E. reclinatus
Zone, Migdzyzdroje, Pomerania, ZPAL Ga 1/21, x200. OC. Ventral (anterior) side of juvenile shell; erratic
boulder E-294, Uhakuan, E. robustus Zone, ZPAL Ga I/22, Mochty, central Poland (Masovia), X 50.
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Fig. 3. A-B. Bactrotheca sp. OA. Length of
operculum plotted against width; material of
chamositized(?) opercula from several samples of
Moéjcza Limestone, Holy Cross Mountains; Llanvir-
nian to Llandeilian. Circles indicate that only one
dimension has been accurately measured, the other
estimated roughly. OOB. Size—frequency distribution of
juvenile shells from erratic boulder E-113, Uhakuan
(Llanvirnian), E. robustus Zone, Rozewie, Pomerania.
OC. Circotheca sp., same erratic boulder.

muscle scar during growth may produce a dis-
tinct boundary between calcareous layers sec-
reted on both sides of muscle attachment. Simi-
larly migration of muscle scars in bivalve mol-
luscs causes separation of two pearly layers by a
layer of myostracum. However, study of
mineralogically unchanged opercula is needed
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Fig. 4. Opercula of Bactrotheca sp. from the Mdjcza
Limestone, Holy Cross Mountains. CJA. External side;
sample A-29, Lasnamigian (Llanvirnian), E. reclinatus
Zone, ZPAL Ga 1/23. OB. Partially exfoliated external
side; sample A-18, Llandeilian, Pygodus anserinus
Zone, ZPAL Ga 1/24. OC. Internal side; sample A-30,
Lasnamagian? (Llanvirnian), ZPAL Ga I/25. All X 66.

for verification of this hypothesis. Probably the
band of muscle scars also enters on processes
(Fig. SA) similarly to in neritid opercula (see Fig.
6).





















