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A new palaeozygopleurid gastropod, Palaeozygopleura vaneki sp. nov., is described from the Emsian Chýnice Lime-
stone (Novakia elegans Zone, upper part of the Zlíchov Formation; late Early Devonian) of the Prague Basin (Bohemia).
The phylogeny of the superfamily Loxonematoidea and the origin of planktotrophy are briefly discussed. It is suggested
that the large protoconchs of the Palaeozygopleuridae and Loxonematidae might represent a grade before the inception
of planktotrophy. • Key words: Mollusca, Loxonematoidea, Palaeozygopleuridae, Gastropoda, planktotrophy, Emsian,
Bohemia.
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Palaeozygopleurid gastropods represent a distinctive
group of Middle Paleozoic gastropods (Fig. 1) occurring
in Devonian strata of Europe, North America, Australia,
and central Asia (Horný 1955; Linsley 1968; Rollins
et al. 1971; Kesling & Chilman 1975; Tassell 1982;
Blodgett 1992; Blodgett & Johnson 1992; Frýda
1993, 1999b, 2000; Frýda & Blodgett 2004; Cook 1995,
1997; Cook & Camilleri 1997; Cook et al. 2003; Cook &
Nützel 2005; Gubanov et al. 1995; Blodgett et al. 1999;
Heidelberger & Bandel 1999; Heidelberger 2001, 2007;
Amler & Heidelberger 2003; Heidelberger & Koch
2005; Krawczyński 2002, 2006). Early Devonian palae-
ozygopleurids are considered to be a typical element of
the Old World Realm (Blodgett et al. 1988, 1990). Later,
in the Middle and Late Devonian, palaeozygopleurid
gastropods also occurred in another biogeographic
realm (the Eastern American Realm). Generally palaeo-
zygopleurid gastropods were restricted to warm to tropi-
cal environments. Despite the fact that palaeozygopleu-
rid gastropods are easily recognized by their shell
characters, their phylogeny is still poorly known. In this
short paper we describe a new Early Devonian palaeozy-
gopleurid gastropod from Bohemia and briefly discuss
the phylogeny of the Loxonematoidea and the origin of
planktotrophy.
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Palaeozygopleurid gastropods were initially recognized as a
separate group of the Paleozoic gastropods by Horný (1955)
in Devonian strata of Bohemia. Gastropod faunas of the
Prague Basin (Bohemia) hitherto contained 19 species and
subspecies, which belong to Palaeozygopleura (Palaeo-
zygopleura) Horný, 1955, Palaeozygopleura (Palaeozyga)
Horný, 1955, Palaeozygopleura (Bojozyga) Horný, 1955,
Palaeozygopleura (Bohemozyga) Frýda & Bandel, 1997,
Devonozyga Horný, 1955, and Pragozyga Frýda, 1999b
(Fig. 1). The vast majority of Bohemian species were descri-
bed by Horný in 1955 and they were derived mainly from
several older fossil collections. During the last 50 years inten-
sive field studies better specified the stratigraphic position of
many of these localities. The oldest hitherto known Bohemian
palaeozygopleurid gastropod, Palaeozygopleura chlupaci
Frýda, 1993, comes from the early Lochkovian Monograptus
uniformis Biozone (Early Devonian; Frýda & Manda 1997;
Carls et al. 2007). This species was considered to be the oldest
member of the family, but recently the first Silurian palaeozy-
gopleurid gastropod belonging to the genus Medfrazyga
Frýda & Blodgett, 2004 (Fig. 1I) was discovered from Lud-
low strata of the Silurian Heceta Formation of Prince of Wa-
les Island, Alaska (Rohr et al. 2008).
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Palaeozygopleura chlupaci is the only palaeozygopleurid
gastropod in the Lochkov Formation of the Prague Basin. Di-
versity of palaeozygopleurid gastropods increased during the
Pragian and early Emsian (Praha Formation). Six species and
subspecies belonging to Palaeozygopleura (Palaeozygo-
pleura), Palaeozygopleura (Palaeozyga), Palaeozygopleura
(Bojozyga), and Pragozyga are known from the Praha Forma-
tion (Horný 1955, Frýda 1999b; Fig. 1A, B, L, M). The diver-
sity of palaeozygopleurid gastropods was also high during the
Emsian and the earliest Eifelian (Daleje-Třebotov Formation;
see also Turek 2007). The highest diversity was recorded in
the uppermost part of Daleje-Třebotov Formation, where 10
species and subspecies belonging to Palaeozygopleura (Pa-
laeozygopleura), Palaeozygopleura (Palaeozyga), Palaeozy-
gopleura (Bojozyga), Palaeozygopleura (Bohemozyga), and
Devonozyga are known (Horný 1955, Frýda & Bandel 1997;
Fig. 1C, E, J, K). On-going study of the Basal Choteč event
(SB, unpublished data; see also Zusková 1991) reveals that
the majority of these taxa are from the Polygnatus costatus
partitus Biozone, and thus they are of earliest Eifelian age.
Chlupáč (1959, p. 478) mentioned an occurrence of a new
species of Palaeozygopleura from the Eifelian Acanthopyge
Limestone on southern slope of the Zadní Kobyla Hill (Koně-
prusy area). However, this species was never described or fig-
ured and the material no longer exists. In contrast to a high di-
versity of palaeozygopleurids in the earliest Eifelian strata
below the Basal Choteč event, there is no reliable record for
any occurrence of palaeozygopleurid gastropod above this
event in the overlying Eifelian Choteč Formation. The latter
event thus crucially influenced the evolution of Bohemian pa-
laeozygopleurid gastropods, which were considered to be typi-
cal elements of the Early Devonian Plectonotus (Boucotono-
tus)-Palaeozygopleura Community Group for almost 20 my.
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Class Gastropoda Cuvier, 1797
Superfamily Loxonematoidea Koken, 1889
Family Palaeozygopleuridae Horný, 1955

Remarks. – Knight et al. (1960) included four families, Lo-
xonematidae Koken, 1889, Palaeozygopleuridae Horný,

1955, Pseudozygopleuridae Knight, 1930, and Zygopleuri-
dae Wenz, 1938, in the superfamily Loxonematoidea. Tele-
oconch and protoconch data suggest that the Loxonematidae
are a sister taxon of the Palaeozygopleuridae. Phylogenetic
relationships of the latter families to the Pseudozygopleuri-
dae and Zygopleuridae are uncertain (see discussion below
and classification of Bouchet et al. 2005).

Genus Palaeozygopleura Horný, 1955

Type species. – Zygopleura alinae Perner, 1907; Pragian,
Early Devonian; Dvorce-Prokop Limestone, Praha
Formation; Dvorce, Prague, Prague Basin, Bohemia.

Palaeozygopleura vaneki sp. nov.
Figure 1F–H

Holotype. – Specimen figured here on Fig. 1F–H, ČGU JF
851, Jiří Frýda collection, Czech Geological Survey (Pra-
gue).

Name. – The species is named in honor of the late Jiří Va-
něk (Prague), who made great contributions to our present
understanding of Early and Middle Paleozoic trilobite fau-
nas. Jiří Vaněk also discovered the type material of and re-
cognized this new species and passed it together with much
important data on paleontology in the Prague Basin to the
senior author of this contribution.

Type locality. – Čeřinka hillside, south of Bubovice, Pra-
gue Basin; locality description with a list of hitherto known
fossils can be found in Chlupáč (1984) and Havlíček & Va-
něk (1996).

Type horizon. – The Chýnice Limestone (Novakia elegans
Zone, upper part of the Zlíchov Formation; middle Emsian,
late Early Devonian).

Other material. – About two hundred shells. Forty shells
selected as paratypes: ČGU JF 852–891, Jiří Frýda collec-
tion, Czech Geological Survey (Prague).
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"���	��#$ Devonian palaeozygopleurid gastropods. • A – Pragozyga costata Frýda, 1999, × 21. • B – Palaeozygopleura (Palaeozygopleura) alinae
(Perner, 1907), × 19. • C – Palaeozygopleura (Palaeozyga) bohemica Horný, 1955, × 18. • D – Palaeozygopleura (Rhenozyga) reifenstuhli Frýda &
Blodgett, 2004, × 26. • E – Palaeozygopleura (Bohemozyga) kettneri (Horný, 1955), × 20. • F – Palaeozygopleura vaneki sp. nov., × 13. • G – detailed
view of suture in Palaeozygopleura vaneki sp. nov., × 115. • H – detailed view showing shell ornamentation in Palaeozygopleura vaneki sp. nov., × 50.
• I – Medfrazyga clauticae Frýda & Blodgett, 2004, × 21. • J, K – detailed view showing large protoconch of Palaeozygopleura (Bohemozyga) kettneri,
× 29 and × 40. • L – detailed view of shell base in Palaeozygopleura (Palaeozygopleura) alinae, × 21. • M – detailed view showing large protoconch of
Pragozyga costata, × 48. • A, B, L, M – Malá Chuchle near Prague (A, M), Prague-Barrandov (B, L), Dvorce-Prokop Limestone (Pragian to early Emsian,
Praha Formation, Bohemia). • C, E, J, K – Holyně near Prague, Třebotov Limestone (late Emsian to earliest Eifelian, Daleje-Třebotov Formation, Bohe-
mia). • D, I – unnamed Emsian strata on the south flank of Limestone Mountain (Medfra B-4 quadrangle, west-central Alaska Limestone).
• F–H – Čeřinka Hill near Bubovice, Chýnice Limestone (middle Emsian, Zlíchov Formation, Bohemia).
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Diagnosis. – Species with markedly convex whorl profile;
whorls ornamented by rounded fine costae with triangular
profile; about 50 to 60 asymmetrical curved costae per vo-
lution on adult whorls; costae contain an angle about 60 de-
grees with the lower suture and meet the upper suture in an
opisthocline direction.

Description. – Palaeozygopleura vaneki has a small
high-spired, dextrally coiled shell with slightly convex si-
des; the pleural angle is about 18 degrees. The whorls are
slightly adpressed on preceding whorls (Fig. 1F); the whorl
profile is markedly convex and the sutures relatively deep.
The shell base is smooth and anomphalous; the whorls are
ornamented by fine rounded costae with a triangular profile
(Fig. 1G, H); the width of the costae is smaller than their
distance of separation; there are about 50 to 60 asymmetri-
cal curved costae per volution on adult whorls; the costae
run almost straight in a prosocline direction to the middle
of whorl and contain an angle of about 60 degrees with the
lower suture; costae above the middle of the whorl curve in
an opisthocline direction and meet the upper suture at an
angle of about 80 degrees (Fig. 1G); the costae disappear
slightly below the lower suture.

Discussion. – The teleoconch morphology of Palaeozy-
gopleura vaneki sp. nov. is close to that in Palaeozygople-
ura (Palaeozygopleura) vesna Horný, 1955. The latter spe-
cies is known only from three shells coming from
uppermost layers of Třebotov Limestone (Emsian/Eifelian
boundary beds), Holyně near Prague. Palaeozygopleura
vaneki has a higher number of costae, which are also more
asymmetrically curved, than Palaeozygopleura (P.) vesna.
Costae in Palaeozygopleura vaneki have a triangular pro-
file in contrast to the two-edged costae in Palaeozygople-
ura (P.) vesna (Horný 1955, tab. 3.3, p. 38). In the latter
species the distance of costae separation is equal to their
width, but this distance is about double in Palaeozygople-
ura vaneki (Fig. 1H).

Occurrence. – Palaeozygopleura vaneki is a common spe-
cies at the type locality and has also been found NE of Hos-
tim (about 20 km SW of Prague) in the Chýnice Limestone
(coll. L. Ferrová).
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Many opinions have been given on the phylogeny of the
superfamily Loxonematoidea (including Palaeozygopleu-
ridae) and this superfamily has been placed in the Archaeo-
gastropoda, Caenogastropoda, or Heterobranchia (Wenz
1938, Horný 1955, Knight et al. 1960, Golikov & Starobo-
gatov 1975, Ponder & Warén 1988). Bandel (1991) sug-

gested that the Loxonematoidea represents a polyphyletic
group and placed the families Pseudozygopleuridae and
Zygopleuridae together with his new family Protorculidae
into the newly established superfamily Zygopleuroidea of
the Ctenoglossa. On the other hand, the Loxonematidae to-
gether with his new family Polygyrinidae were placed into
the Mesogastropoda. Frýda & Bandel (1997) pointed out
that Early Devonian members of the Loxonematidae and
Palaeozygopleuridae have large protoconchs formed by
less than one whorl. They interpreted these large proto-
conchs as being formed only by the embryonic shells and
mentioned the similarity of early shell ontogeny (absence
of the larval shell) in loxonematoidean gastropods to that
found in members of the Archaeogastropoda and Patello-
gastropoda. Nützel (1998) analyzed in detail the classifica-
tion and evolutionary history of the Ptenoglossa and inter-
preted the superfamily Zygopleuroidea as a parataxon. He
also suggested that large non-planktotrophic protoconchs
of the Devonian Palaeozygopleuridae could reflect their li-
ving in a deeper-water environment. However, Frýda
(1999b) later noted that these gastropods lived in other ha-
bitats including relatively shallow-water environments.

Discussion on the phylogenetic relationships of
loxonematoidean gastropods has focused on the nature
of the protoconch. There are two different interpretations
of this feature – (1) the protoconch represents the embry-
onic and larval shell (Horný 1955), simplified by
lecitotrophic development (Nützel 1998); and, (2) the
palaeozygopleurid protoconch is formed only by the em-
bryonic shell (Frýda & Bandel 1997). The first interpreta-
tion means that they might belong to the Caenogastropoda
whereas the second interpretation suggests their affinity
with groups like the Archaeogastropoda, Euompha-
lomorpha, and Patellogastropoda. The very close similar-
ity of the teleoconch characters of Devonian pa-
laeozygopleurid and Late Paleozoic pseudozygopleurid
gastropods seems to strongly support the placement of
both groups in the Caenogastropoda because the
pseudozygopleurid protoconch is without doubt of
caenogastropod type (Knight 1930; Bandel 1991, 2002a;
Nützel 1998). Taken together, the basic question is
whether or not palaeozygopleurid gastropods developed a
larval shell (protoconch II) like many groups of “ad-
vanced” gastropods. The development of larval shells is
considered to be linked with the origin of planktotrophy.

The origin of planktotrophy within the Class
Gastropoda has been a frequently discussed problem and
one of most important and still unsolved questions is
whether planktotrophy originated once or several times
(see Haszprunar 1995, Frýda et al. 2008). Some pa-
leontological data suggest that planktotrophy was present
even in the Ordovician (see discussion in Chaffee &
Lindberg 1986; Frýda & Rohr 2004; Nützel et al. 2006,
2007; Freeman & Lundelius 2007; Runnegar 2007). There
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exist several groups among Ordovician and Silurian gas-
tropods that developed larval shells (i.e. protoconch II),
such as the Cyrtoneritimorpha, Perunelomorpha, and
Mimospirina; see detailed discussion in Frýda 1999a,
Frýda & Rohr 2004, and Frýda et al. 2008. Among extant
gastropods development of protoconch II (larval shell) is
present only in the Neritimorpha, Caenogastropoda and
Heterobranchia, which can have a planktotrophic or a
lecitotrophic strategy. Planktotrophic taxa that use external
food sources during their larval stage typically have small
embryonic shells. Lecitotrophic taxa have large embryonic
shells and their larval shells are typically reduced in the
number of whorls. These facts strongly suggest that the de-
velopment of the larval shell is closely connected with a
strategy to extend early ontogeny and to use the external
food source before metamorphosis. Thus, small embryonic
shells and the development of larval shells in some Early
Paleozoic gastropods does not mean that those gastropods
had a planktotrophic strategy but may only suggest that
they used an external food source before metamorphosis.
The oldest gastropods having a larval shell of the same
morphology as living marine gastropods are known from
the Devonian but become more frequent since the Carbon-
iferous (Frýda 2001; Nützel 1998; Nützel & Bandel 2000;
Nützel & Mapes 2001; Nützel & Pan Hua-Zhang 2005;
Bandel 2002a, b, 2007; Frýda et al. 2008 and references
herein). Frýda (1998, 1999a) found open-coiled
protoconchs in several unrelated gastropod lineages and
pointed out that this morphological state might represent a
plesiomorphic feature. He also noted that open-coiled
protoconchs were apparently lost in multiple, unrelated
gastropod lineages. Later Nützel & Frýda (2003) quantita-
tively documented this macroevolutionary trend showing
decreasing proportions of open-coiled protoconchs
throughout the Paleozoic. They also hypothesized that this
distinct change in protoconch morphology (i.e. from
open-coiled to closely coiled) was probably the result of in-
creasing predatory activity. Predation on Devonian plank-
ton was recently documented by Berkyová et al. (2007).
An accompanying trend toward smaller embryonic shells
was observed in Silurian and Devonian gastropods (Frýda
2004). This morphological change coincided with the in-
ception of larval planktotrophy and was followed by the
Late Paleozoic radiation of Neritimorpha, Caenogastro-
poda, and Heterobranchia. Frýda (2004) suggested that
fundamental changes in biogeochemical evolution of the
Paleozoic oceans, linked to a pronounced increase in nutri-
ent input to surface sea waters during eutrophication epi-
sodes, triggered both the inception of larval planktotrophy
and the diversification of groups with such larva.

In this context, we can re-evaluate observed data on
palaeozygopleurid gastropods. The most important facts
are as follows: (1) there is a transition in “typical“ teleo-
conch features between members of the Loxonematidae

and Palaeozygopleuridae (Frýda 1993); (2) all known
protoconchs in the Loxonematidae and Palaeozygopleu-
ridae have the same morphology and are formed by a large
shell having less than one whorl (Horný 1955, Frýda &
Bandel 1997, Frýda 1999a); (3) there is a strong similarity
in teleoconch features (including characteristic ornamenta-
tion) among the palaeozygopleurid and pseudozygopleurid
gastropods; and, (4) pseudozygopleurid gastropods belong
without doubt to the Caenogastropoda, probably to the
Ptenoglossa lineage (Bandel 1991, Nützel 1998).

As mentioned above, two different interpretations of
these facts have been published – (1) the palaeozygo-
pleurid protoconch is formed by embryonic and larval
shells being reduced because of lecitotrophy strategy, and
(2) the palaeozygopleurid protoconch consists of only a
large embryonic shell. The first interpretation suggests that
the Palaeozygopleuridae may represent an ancestral or sis-
ter group of the Pseudozygopleuridae (Horný 1955),
whereas the second interpretation results in an opinion that
both groups are not closely related. However, there is also
another possible interpretation. Palaeozygopleurid gastro-
pods developing only a large embryonic shell might repre-
sent a grade before adaptation to a new planktonic food
source. During the Devonian some palaeozygopleurids
might have adapted to this food source, extending their lar-
val stage and starting to build a larval shell (protoconch II).
If so, then the palaeozygopleurid protoconch is not a sec-
ondarily reduced larval shell, but rather a large embry-
onic shell. Nevertheless, palaeozygopleurid and
pseudozygopleurid gastropods may be closely related
groups as suggested by Horný (1955) on the basis of
their teleoconch similarities. Even though a multiple ori-
gin of planktotrophy in different gastropod lineages
seems to be less probable and parsimonious than a single
origin, it is not in conflict with the fossil record (see
Frýda 1999a, Frýda & Rohr 2004, Frýda et al. 2008).
This process might have been linked to the Paleozoic
plankton revolution (Nützel & Frýda 2003). The evolu-
tionary advantage of a planktotrophic strategy over sim-
ple lecitotrophy (as seen for example in vetigastropods)
may be illustrated by the increasing portion of gastropod
groups developing larval shells during the last 400 My.
Such gastropods form the vast majority of living species
in modern marine faunas.
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