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ABSTRACT. The helcionelloid mollusc Chuiliella elenae gen. et sp. nov. is described from the Lower Ordovician of
Kazakhstan. It represents the geologically youngest record of a group of mainly bilaterally symmetrical ancient
molluscs which originated in the earliest Cambrian, ¯ourished during the early±mid Cambrian and was thought to
have become extinct during the late Cambrian. Chuiliella is a typical helcionelloid in terms of shell shape, although the
comarginal ornamentation characteristic of many helcionelloids is lacking. Interpretation of the raised margin of the
aperture adjacent to the earlier coiled whorl as exhalant channels favours reconstruction of helcionelloids as
endogastrically coiled, i.e., with the apex posterior.
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M O N O P L A C O P H O R A was informally introduced by Wenz (1940) for a group of Palaeozoic fossil
molluscs with a bilaterally symmetrical shell and subsequently formally proposed by Knight (1952) as a
class, which he attributed to Wenz as author (Geyer 1994). Although fossil forms have been well described
in the literature for more than a century (e.g. LindstroÈm 1884) and the concept as untorted molluscs was
well formulated by Knight (1952), it was ®rst with the sensational description of the living Neopilina
galatheae Lemche, 1957 that the evolutionary signi®cance of the group was fully recognised (Lemche
1957; Lemche and Wingstrand 1959; Wingstrand 1985). Monoplacophora has been generally accepted as
a class of Mollusca, but there is controversy concerning its composition, particularly in connection with
the Palaeozoic±Triassic Bellerophontoidea and various, mainly Cambrian, coiled microscopic molluscs
(summaries in Peel 1991a; Geyer 1994; Runnegar 1996). Several authors have urged that the formal name
Monoplacophora be abandoned (Salvini-Plawen 1980; Wingstrand 1985; Peel 1991a, b; Geyer 1994). Peel
(1991a, b) recognised two classes of bilaterally symmetrical untorted molluscs to which he gave the names
Tergomya and Helcionelloida. The former includes classic monoplacophorans, such as the fossils
Tryblidium LindstroÈm, 1880, Pilina Koken, 1925 and the extant Neopilina, which are widespread in the
Ordovician and Silurian, but almost unknown between the Devonian and the present day. The
Helcionelloida contains more strongly coiled forms such as Oelandiella Vostokova, 1962, which appeared
in the earliest Cambrian and may have been common in the early±mid Cambrian (Gubanov and Peel 1998,
1999, 2000). The apex in tergomyans is anterior, but Geyer (1986,1994) and Peel (1991a, b) considered the
apex in helcionelloids to be posterior with the shell expanding anteriorly.

Not all Lower Palaeozoic univalved shells assigned to the untorted Tergomya and Helcionelloida are
perfectly bilaterally symmetrical (Gubanov and Peel 2000) and not all Lower Palaeozoic molluscs with
bilaterally symmetrical shells were untorted (Peel and Horny 1999). Patellogastropods were considered to
be the most primitive of all gastropods by Lindberg and Ponder (1996; see also Hedegaard et al. 1997).
While most authors have suggested that their limpet shells were derived from conispiral ancestors,
Haszprunar (1988) proposed that this shell form may have been archetypal for gastropods. While there are
a number of gastropod limpets in the Palaeozoic, their relationship to the patellogastropods is tenuous
(Peel and Horny 1999). Furthermore, the evolutionary pathway between early gastropods and their
untorted ancestors is not well anchored in the geological record; neither is the relationship between
tergomyans and helcionelloids. It is certain, however, that the oldest known molluscs were helcionelloids,
which appeared with a strongly coiled, not limpet-like, bilaterally symmetrical shell in the latest
Precambrian (Khomentovsky et al. 1990; Gubanov and Peel 1999; Gubanov and Peel 2000). In this
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paper we describe the youngest known descendant of these earliest molluscs from the Lower Ordovician of
Kazakhstan.

G E O L O G I C A L S E T T I N G

A continuous succession of sedimentary rocks ranging from the upper Proterozoic to the Middle
Ordovician is exposed along the Lesser Karatau Range (Abdulin et al. 1990; Text-®g. 1) within the
northern edge of the Lesser Karatau Anticlinorium in the Kokchetau-Karatau structural zone of
Kazakhstan (Nikitin 1972). The well-exposed fossiliferous upper Cambrian±Lower Ordovician carbonate
sections in the Lesser Karatau Range comprise one of the most complete Cambrian±Ordovician
successions in Asia. Although the global stratotype section of the Cambrian/Ordovician boundary has
been chosen by the International Working Group on the Cambrian/Ordovician Boundary in the Green
Point section of western Newfoundland (Cooper and Nowlan 1999), the Cambrian±Ordovician succession
in Lesser Karatau was a strong candidate to accommodate the global Cambrian/Ordovician boundary
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TEXT-FIG. 1. Map of southern Kazakhstan, showing collection localities for Chuiliella (stars) in the Lower Ordovician
of the Lesser Karatau and Kendyktas.



(Apollonov et al. 1988). The abundant trilobite and conodont fauna (Lisogor 1977; Ergaliev 1980;
Apollonov et al. 1988) in carbonate sections of the Lesser Karatau, supplemented by graptolites in partly
terrigenous sections in the Karatau and Kendyktas ranges, the watershed between Shyderty and Olenty
rivers of northern Kazakhstan, and the Baikonur Syncline (Lisogor 1961; Nikitin 1972), allow a proper age
determination and correlation with the global chronostratigraphic units (Chugaeva and Apollonov 1982;
Shergold 1988; Cooper and Nowlan 1999).

Well-preserved helcionelloid molluscs occur in the Shabakty section (Ergaliev 1980) of the upper
Shabakty Formation (Text-®g. 2), dated as early Tremadoc in age according to the decision of the
International Working Group on the Cambrian/Ordovician Boundary (Cooper and Nowlan 1999). Very
similar, though poorly preserved helcionelloids have been found in the upper Cambrian part of the
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TEXT-FIG. 2. Stratigraphic sections showing the occurrence of Chuiliella in the Shabakty, Batyrbai and Agalatas
sections (after Apollonov et al. 1988; Ergaliev 1980; and Popov and Holmer 1994).



Batyrbai section within the Harpidoides-Platypeltoides trilobite Zone, which is also dated by conodonts as
the Eoconodontus notchpeakensis Zone (Apollonov et al. 1988).

The upper Tremadoc Agalatas Formation (Nikitin 1972) is exposed along the Kendyktas Range
(Text-®g. 1) in the Agalatas Syncline in the Stepnyak-Betpakdala structural zone adjacent to the
Kokchetau-Karatau structural zone (Nikitin 1972). The section is situated along the right bank of the
Agalatas River (Popov and Holmer 1994). A phosphatized internal mould of a helcionelloid mollusc has
been found in the top of the Agalatas Formation just below the boundary with the overlying early Arenig
Kurdai Formation (Text-®g. 2).

S Y S T E M A T I C P A L A E O N T O L O G Y

The ®gured material is housed in the Type collection PIN 3811 at the Paleontological Institute of the Russian Academy
of Sciences, Profsoyuznaya 123, Moscow, and in the Type collection PMU KZ at the Museum of Evolution
(Palaeontology section), Uppsala University, NorbyvaÈgen 22, Uppsala, Sweden.

Phylum MOLLUSCA Cuvier, 1797
Class HELCIONELLOIDA Peel, 1991a
Order HELCIONELLIDA Geyer, 1994

Family HELCIONELLIDAE Wenz, 1938

Genus CHUILIELLA gen. nov.

Derivation of name. From the Chu and Ili rivers, southern Kazakhstan.

Type species. Chuiliella elenae sp. nov. from the Shabakty Formation (Lower Ordovician, Tremadoc) of the Lesser
Karatau, southern Kazakhstan.

Diagnosis. Small, univalve mollusc with tightly coiled, rapidly expanding shell. The shell surface is
smooth with ®ne striation of growth lines.

Remarks. This new genus resembles the early Cambrian Oelandiella and Latouchella Cobbold, 1921 and
the mid Cambrian Oelandia WestergaÊrd, 1936 in its general outline, but lacks any comarginal
ornamentation such as ribs or plications. It differs from Oelandiella and Latouchella by its higher
degree of whorl expansion.

Chuiliella elenae sp. nov.

Plate 1; Plate 2, ®gures 1±8

Derivation of name. In honour of palaeontologist Elena A. Zhegallo, Moscow.
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E X P L A N A T I O N O F P L A T E 1

Figs 1±15. Chuiliella elenae sp. nov. 1, small slab of limestone with abundant molluscs. 2±3, sample PIN 3811/201. 2,
lateral view from the right; 3, lateral view from the left; both ´ 20. 4±9, holotype PIN 3811/200. 4 lateral view from
the right; 5, dorso-lateral view to show concave middle abapertural part of the shell; 6, lateral view from the left; 7,
oblique antero-dorsal view; 8, antero-dorsal view to show U-shaped bend of growth lines on the dorsum; 9, posterior
view to show lifted up apertural margin; all ´ 20. 10±15, sample PIN 3811/202. 10, antero-lateral view from the left
to show apex overlapped by ®nal whorl; 11, dorsal view; 12, lateral view from the right to show distribution of ribs;
13, Lateral view of right side; 14, antero-dorsal view to show ribs and dorsum slightly shifted left; all ´ 20; 15,
enlarged lateral view; arrows indicate two shell injuries; ´ 30.

All illustrations are light photographs.
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Holotype. PIN 3811/200, from the upper part of the Shabakty Formation (Lower Ordovician), Shabakty, Lesser
Karatau Range, southern Kazakhstan.

Material. More than 20 specimens recovered from the very fossiliferous limestone.

Diagnosis. As for the genus. This is the only named species.

Description. The holotype (Pl. 1, ®gs 4±9) is a laterally compressed, bilaterally symmetrical univalve shell tightly
coiled through about one whorl, with a maximum length of 3´1 mm, height of 2´1 mm, and width of 1´1 mm. The
aperture is oval with length of 2´3 mm and width of 1´1 mm; the plane of the aperture at its most apical termination is
lifted up toward the apex. The ®nal whorl partly overlaps the initial part (Pl. 1, ®gs 4, 6). The surface of the shell is
smooth with frequent ®ne growth lines, which are slightly convex toward the aperture on the sides. Growth lines on the
dorsum show a faint U-shaped sinus, concave towards the aperture (Pl. 1, ®g. 8).

Remarks. The smooth unribbed shell of Chuiliella elenae differs from the majority of shells of
helcionelloid molluscs where strong comarginal ribbing or plication is common. The early Cambrian
Anabarella Vostokova, 1962 has a smooth shell surface but a more laterally compressed shell form that
indicates a semi-infaunal mode of life (Gubanov and Peel 1999). The shell of the young Chuiliella,
with a relatively wide aperture, is similar in shape to Oelandiella and Latouchella; it probably re¯ects
a comparable epifaunal mode of life, though adult specimens have rather narrow, laterally compressed
shells (Pl. 2, ®gs 1±4) and probably were able to burrow into sediment. The lack of any coarse
sculpture may be an adaptation either to a semi-infaunal mode of life or to life in the high-energy
shallow-water environment that existed during the Early Ordovician in southern Kazakhstan
(Apollonov et al. 1988).

Chuiliella cf. C. elenae sp. nov.

Plate 2, ®gures 9±12

Material. Nine poorly preserved specimens from the Shabakty Formation (upper Cambrian), Batyrbai, Lesser Karatau
Range, southern Kazakhstan.

Description. The largest specimen (PMU KZ 1001) from the Batyrbai section has a length of 3´7 mm, height of 2´3 mm
and width of 1´4 mm. The surface of the shell is smooth. The aperture expands in the elevated sub-apical part to form
two exhalant channels (Pl. 2, ®gs 9±12) located one on each side; thus the apertural margins are convex in lateral view
but become slightly concave adjacent to the umbilici.

Remarks. The aperture in specimens from Batyrbai has similar proportions to that in shells of young C.
elenae from Shabakty, which is wider than the aperture of adult specimens of C. elenae. Documented high
variability within and between populations of helcionelloid and other molluscs (cf. Gubanov and Peel
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E X P L A N A T I O N O F P L A T E 2

Figs 1±8. Chuiliella elenae sp. nov. 1±4, sample PMU KZ 1002. 1, lateral view to show curved growth lines and lifted
up anterior part of the aperture; 2, dorso-lateral view; 3, antero-dorsal view to show U-shaped bend of growth lines
on the dorsum; 4, dorsal view to show very elongated shape of the aperture; all ´ 40. 5±6, sample PMU KZ 1003; 5,
lateral view from the left; 6, dorsal view; both ´ 30; 7±8, PMU KZ 1004; 7, lateral view from the right; 8, apertural
view; both ´ 50.

Figs 9±12. Chuiliella cf. C. elenae. Sample PMU KZ 1001. 9, lateral view; 10, dorsal view; 11, ventro-lateral view to
show the form of the aperture; 12, posterior view to show expanded and lifted posterior part of the aperture; all ´ 25.

All illustrations are scanning electron micrographs.
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2000) suggests that the morphological differences between specimens from the Shabakty and Batyrbai
sections re¯ect differences in environment rather than taxonomy, but poor preservation and small sample
size preclude positive assignment of the Batyrbai specimens to C. elenae. The mollusc-bearing strata of
Batyrbai were interpreted as middle±outer shelf in origin by Apollonov et al. (1988), in contrast to the
inner shelf with thick algal limestone development of Shabakty.

Chuiliella? sp.

Text-®gure 3

Material. One phosphatized internal mould (PMU KZ 1005) from the Agalatas Formation (Lower Ordovician),
Agalatas, Kendyktas Range, southern Kazakhstan.

Description. The phosphatized, bilaterally symmetrical internal mould of the single specimen is about 0´8 mm long,
0´4 mm high and 0´35 mm wide. It represents about half a whorl and has a smooth surface. Typical for coiled
helcionelloids, the initial part of the specimen has a beak-like shape (Text-®g. 3B, D). The aperture is oval with length:
width ratio of about 1´5.

Remarks. Though the sculpture of the inner and outer surfaces of some helcionelloid shells does not always
correspond (Runnegar 1985), the transverse plications of the familiar Oelandiella are re¯ected on the
internal mould surface as coarse ribs or rugae (Gubanov and Peel 1999, text-®gs 4±5). Apparently, the
smooth internal mould of the late Tremadoc helcionelloid mollusc described here re¯ects the smooth
unsculptured surface of the original shell that is characteristic of Chuiliella. The scarcely visible waving
striations on the surface of the latter half of the mould (Text-®g. 3) re¯ect growth lines rather than a real
ornamentation.

G E O L O G I C A L R E C O R D O F H E L C I O N E L L O I D A

The oldest known helcionelloid molluscs, determined as Oelandiella sp. and Archaeospira sp., have been
reported from the Ust'yudoma Formation (Nemakit-Daldynian), 60 m below the boundary with the
Pestrotsvet Formation (early Tommotian) in south-eastern Siberia (Khomentovsky et al. 1990; Khomen-
tovsky and Karlova 1993). Anabarella and Bemella Missarzhevsky, 1969 appear a little higher in the
Tommotian in Siberia (Khomentovsky and Karlova 1993) and Mongolia (Esakova and Zhegallo 1996;
Brasier et al. 1996). The beginning of the Tommotian is marked by an explosive radiation of helcionelloid
molluscs as a result of diversi®cation into new ecological niches (Gubanov and Peel, 1999; Gubanov
2000). One evolutionary-adaptive lineage from Oelandiella through Anabarella led to the appearance of
infaunal genera such as Watsonella Grabau, 1900 (Gubanov et al. 1999) and, possibly, to the bivalve
Fordilla Barrande, 1881 (Runnegar and Pojeta 1974). Another, through Bemella, led to the epifaunal
Helcionella Grabau and Shimer, 1909, a typical helcionelloid adapted to a harder substrate (Gubanov in
press). There is strong evidence that the highly anisometric, dextrally conispiral Aldanella Vostokova,
1962, and possibly also Pelagiella Matthew, 1895, is descended from Oelandiella where slight asymmetry
in both right (dextral) and left (sinistral) directions has been documented (Gubanov and Peel 2000).
Obtusoconus Yu, 1979 and Yochelcionella Runnegar and Pojeta, 1974, which are characterised by a tall
conical shape, also appeared in the Tommotian. The late early and mid Cambrian were dominated by
Helcionella-like molluscs (Runnegar and Jell 1976; MacKinnon 1985; Peel 1991b), many of which have
been described as Latouchella but lack the main traits of the latter (Gubanov and Peel 1999).

The youngest helcionelloid mollusc noted in print appears to be from the upper Cambrian of the Minaret
Formation in the West Antarctica, where two poorly preserved specimens were identi®ed as Latouchella?
sp. by Webers et al. (1992). The main constituent of this Antarctic molluscan fauna is rather diverse, large
Tergomya, and it seems that tergomyans and other molluscs largely replaced helcionelloids during the late
Cambrian (Stinchcomb 1986; Gubanov 2000). The present records indicate that they survived at least until
the Early Ordovician.
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S H E L L D A M A G E I N C H U I L I E L L A

The smallest available specimen of Chuiliella elenae has a smooth initial shell, which possesses three pairs
of transverse ribs that are restricted to the lateral surfaces. The ®rst pair of ribs has the highest amplitude.
Following ribs gradually decrease in height and after the third pair of ribs the shell surface becomes smooth
again (Pl. 1, ®gs 10±13). The ribs on opposite sides of the shell are not completely symmetrical about the
median plane, with the smooth dorsum being slightly displaced to the left (Pl. 1, ®g. 14). The fact that this
®rst pair of ribs appears immediately after an episode of shell breakage (Pl. 1, ®g. 15) indicates that the
sculpture is not characteristic of the species but is a result of an injury that probably affected the mantle
margin and weakened the animal. The shell damage may have a mechanical origin rather than being the
result of failed predation because it is spread along the apertural margin (Savazzi 1991). Such mechanical
breakage may be expected in the high-energy shallow water which led to the deposits that characterise
these geological sections (Apollonov et al. 1988). However, failed predatory attacks may also damage the
entire margin of fossil gastropods even though they characteristically involve more penetrative injuries
cutting back across several or many growth lines (Ebbestad and Peel 1997; LindstroÈm and Peel 1997).
Furthermore, Vermeij (1979, 1982) stressed the minor role of mechanical shell damage when compared
with injuries produced by predatory attacks in modern marine gastropods, although the specimens he
studied were an order of magnitude larger than the helcionelloids described here. A less pronounced injury
occurs a little later in ontogeny, visible as a strongly emphasised growth line (Pl. 1, ®g. 15).
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TEXT-FIG. 3. A±E, PMU KZ 1005, Chuiliella sp., phosphatised internal mould. A, lateral view. B, ventro-lateral view.
C, apertural view; all ´ 100. D±E, enlarged part of the internal mould to show beak-like initial part; both ´ 250. All

scanning electron micrographs.



One possible explanation for the unique symmetrical development of the ribs in this specimen of
Chuiliella is that the injury induced an atavistic pattern of shell growth. While strong comarginal
ornamentation is widespread within helcionelloids, only the early Cambrian Latouchella costata Cobbold,
1921 displays a pattern with symmetrically placed lateral ribs which do not cross the dorsum (Gubanov
and Peel 1998). Marshall et al. (1994) estimated that the evolutionary reversal of silenced genes, which are
in charge of the appearance of atavistic features, does not exceed 10 myr. This implies that possible
intermediates with lateral ribs and a smooth dorsum may have existed during the interval of about 30 myr
that separates the early Cambrian Latouchella from the Early Ordovician Chuiliella. Alternatively, if the
estimates of Marshall et al. (1994) can be applied at all in an Early Palaeozoic context, it is possible that
silenced genes within certain conservative phylogenetic lineages such as the Helcionelloida may be
preserved for much longer periods. Equally, however, the reappearance may represent morphological
convergence resulting from some unrecognised functional adaptation.

Atavistic growth patterns induced by shell damage have apparently not been reported in molluscs but
the explanation is attractive since the characteristic helcionelloid comarginal ribbing appears as a short-
time irregularity of shell growth in a mollusc recovering from injury while the overall growth pattern is
unchanged. Clearly, with only a single available specimen, no reasonable conclusion can be drawn, but it
is important to recognise the role of coincidence and the in¯uence of the viewpoint of the observer on
interpretation. Thus, shells of the modern freshwater caenogastropod Ampullaria sp. raised in an aquarium
with a de®cit of calcium carbonate develop a band-like strip of dissolved shell along the median part of the
whorl (APG, pers. obs.). With a background in the study of Lower Palaeozoic gastropods, we ®nd it
interesting that this strip occurs at the place where remote ancestral pleurotomarioid vetigastropods
develop a slit and selenizone in the shell, long hidden and apparently forgotten in the phylogenetic history
of gastropods.

M O D E O F L I F E A N D H Y D R O D Y N A M I C C O N T R O L S O N M O L L U S C A N S H E L L F O R M

A N D O R I E N T A T I O N

The explosive evolution of molluscs in the early Cambrian gradually slowed during the later Cambrian
such that only minor morphological changes appeared among the latest helcionelloids, although some of
these changes may have had important implications for the understanding of molluscan evolution. During
its early stages, the evolution of molluscs was manifested by diversi®cation into new habitats and the
mastering of new ecological niches (Gubanov and Peel 1999), driven by increasing competition between
molluscs as a pioneering group of the Small Shelly Fauna that appeared after the Vendian biotic crisis. The
small size of the earliest molluscs apparently re¯ects the prevalent environment with a lack of benthic
vagile fauna and with microscopic, mostly unicellular, planktonic and benthic organisms as the main
source of food. The adaptive diversi®cation of the earliest helcionelloids from collecting food on a
substrate surface to infaunal deposit feeding seen in the Oelandiella±Watsonella lineage, and to a grazing
on a hard sediment surface in Helcionella, has been recently described by Gubanov and Peel (1999). Finds
of large helcionelloids in archaeocyathan reefs of late Tommotian age (Dzik 1991; Kruse et al. 1995) may
suggest carnivorous `grazing' on archaeocyaths and sponges, a life habit capable of supporting molluscs of
considerably larger body size.

The Early Ordovician Chuiliella has morphological features similar to the early Cambrian epifaunal
deposit feeders Oelandiella and Latouchella, suggesting a similar mode of life. The loss of comarginal rib
ornamentation is a possible adaptation to high-energy hydrodynamic conditions. The hydrodynamics of
shallow-water environments impose strict constraints on the form and orientation of the mollusc shell
(Gubanov 1984, 1985) and promote a hydrodynamically streamlined form, preferably with well-developed
bilateral symmetry (Gubanov 1991). Indeed, high-energy hydrodynamic habitats provide a means of
evaluating shell/soft body orientation, which is relevant to discussions concerning reconstructions of
helcionelloids as exogastric or endogastric (see Peel 1991a, b for discussion). All vagile benthic organisms
have an oriented movement reaction towards a water stream that is known as a dynamotropism (Gubanov
1991). It gives an advantage to the animal in searching for food and in the remote sensing of potential
predators. Water resistance to movement of the animal imposes a strong limitation on the orientation of the
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helcionelloid shell, with the result that the apex and earlier whorls are oriented behind the animal in an
endogastric coil (Gubanov 1985). Forward direction of the apex and earlier whorls (exogastric coiling) is
hydrodynamically unstable and requires a permanent effort to maintain balance of the shell. In the case of
Chuiliella, the apertural channels would open anteriorly in the exogastric orientation, creating additional
water resistance (Pl. 1, ®g. 9). The orientation of the modern tergomyan Neopilina with the apex shifted
forward has been a point in a favour of an exogastric interpretation for the earliest molluscs including the
coiled helcionelloids (Runnegar and Pojeta 1974). Indeed, for molluscs with a limpet or cone-shaped shell
the shell orientation does not provide substantial hydrodynamic advantages, especially in deep-water
environment. The principal hydrodynamic requirement for such shells is to keep the aperture parallel to the
substrate (Linsley 1977), and the reconstruction of fossil, limpet-like, supposed tergomyan molluscs as
exogastric molluscs is convincing. Shells in which the aperture is not planar, and therefore not parallel to
the sediment-water interface, are more dif®cult to interpret since they do not follow Linsley's `laws'
(Linsley 1977).

There is also no large difference in hydrodynamic properties between exogastric or endogastric
reconstructions for those bellerophontoidean and cyrtonellid tergomyan molluscs which have wide,
swollen, convolute or involute, rapidly expanding shells. Here, the relatively large distances between
muscle attachment points allow easy balancing of the shell whatever reconstruction is favoured. In the case
of the strongly coiled and bilaterally compressed helcionelloids, however, exogastric orientation of the
shell would be disadvantageous from the point of view of hydrodynamics, and is therefore unlikely to have
persisted in a group with a geological history spanning at least 30 myr. The same argument could be
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TEXT-FIG. 4. Reconstruction of helcionelloid molluscs. A, Oelandiella, juvenile mollusc. B, Oelandiella, adult mollusc.
C, Chuiliella. Turbulent water circulation shown by thin arrows; directed water circulation shown by thick arrows;
black and white arrows in C show inhalant and exhalant water streams, respectively. In the middle row all molluscs are

shown in lateral and posterior views and in the lower row all are in dorsal view, with the anterior to the left.



applied to reconstructions of more laterally compressed cyrtonellid tergomyans as exogastric, with the
early whorls anterior, advanced largely on the basis of muscle scar patterns (Horny 1965; Horny and
VizcaõÈno 1995). The hydrodynamics of this group in relation to its favoured environments requires further
investigation, not least since the ranges of cyrtonellid tergomyans and helcionelloids now overlap, owing
to the present description of Chuiliella from the Early Ordovician.

R E C O N S T R U C T I O N O F W A T E R C U R R E N T S I N T H E M A N T L E C A V I T Y

The small size of most helcionelloids suggests the presence of an uncomplicated respiratory system
composed of primitive gills within the mantle cavity or just mantle folds. Exchange of oxygenated water
within the mantle cavity was possibly provided by slight turbulence in the raised posterior part of the
aperture (Text-®g. 4A). Increase in size of the mollusc requires development of a considerably larger
mantle cavity or increased respiratory ef®ciency, since the volume of the body increases faster than the
surface area. In the case of the early Cambrian Oelandiella (Gubanov and Peel 1999, text-®g. 7), increase
in the size of the mantle cavity results in asymmetrical widening of the aperture that creates a directed
water stream within the mantle cavity (Text-®g. 4B). In high-energy hydrodynamic conditions the
departure from bilateral symmetry produced by this asymmetric aperture causes considerable energy
drain owing to lost streamlining. The Early Ordovician Chuiliella apparently shows new morphological
adaptations to this environment. The mantle cavity extends anteriorly (abapically) along both sides of
the shell (Text-®g. 4C), and water ¯ow would have been directed from under the lateral part of the
apertural margin through the mantle cavity and expelled through two exhalant channels formed by the
upwards-de¯ected posterior apertural margin.

Increase of body size is one of the factors that drove evolution of the respiratory organs in molluscs; a
second one is provided by growing competition and predation. More ef®cient respiration is linked to
increasing activity to compete with the many new and rapidly diversifying organisms that appeared during
the middle and late Cambrian, and to efforts to escape increasingly abundant predators.
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