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The genus Leinzia is a typical member of the renowned Artinskian—Wuchiapingian (Permian) endemic bivalve fauna of
the Passa Dois Group, Parana Basin, Brazil. The extraordinary shells of Leinzia, characterized by a rostrum extending
from the anterior cardinal margin led certain authors to regard them as bivalved arthropods (Spinicaudata). Due to the
unusual morphology and typically poor preservation of the available specimens, the taxonomic position of Leinzia still
remains obscure. Leinzia has been variously referred either to the Pterioida, the Crassatelloidea, the Sanguinolitidae, or
the Megadesmidae, or to the Pholadomyida. Herein, based on a detailed review of the topotype material and description
of newly found specimens of Leinzia from the Serrinha Member, Rio do Rasto Formation, southern Brazil, we shed
light on the taxonomic position of this genus. The hinge of the right valve with its large, blunt, anteriorly inclined sub-
umbonal tooth and corresponding socket in the left valve coupled with the absence of true lateral teeth indicate close
affinities to Pyramus and Cowperesia. Thus, the data here strongly suggest a Pachydomidae (Edmondioidea) rather than a
Crassatelloidea affinity for Leinzia. Conversely, Leinzia differs from all other known Pachydomidae due to its anteriorly
rostrate and posteriorly elongated shell. Finally, detailed stratigraphic data indicate that the vertical distribution of Leinzia

is constrained to the middle part of the Guadalupian Serrinha Member of the Rio do Rasto Formation.
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Introduction

During most of the Permian (c. 278-252 Ma), vast areas of
the South American continent were flooded by an epeiric
sea with restricted connections to the Panthalassic Ocean.
Nearly 1 100 000 km? of the Brazilian territory area is repre-
sented by the intracratonic Parana Basin. From the Cisuralian
(Artinskian) to Lopingian (Wuchiapingian) stages this basin
was filled with a thick (~ 1400 m) succession of mixed car-
bonate-siliciclastic rocks (i.e., Passa Dois Group) (Zalan et
al. 1990, 1991; Milani et al. 2007; Holz et al. 2010). This unit
is divided from the base to the top into the Irati, Serra Alta,
Teresina/Corumbatai and Rio do Rasto formations (Milani
et al. 2007; Rohn 1994; Holz et al. 2010; Fig. 1). Throughout
the deposition of the Passa Dois Group the basin experienced
variable salinity (hypersaline, brackish, and hyposaline) and
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dissolved oxygen (dysoxic, anoxic) regimes, mixed silici-
clastic and carbonate sedimentation, under climatic changes
(humid to arid conditions) (Milani et al. 2007; Rohn 1994;
Holz et al. 2010). Given these environmental conditions, the
shallow benthic environments of the Parana epeiric sea were
probably stressful for most of the fully marine macroinverte-
brates and were mainly colonized by endemic bivalves. These
mollusks radiated in the basin especially after the Artinskian
Irati anoxic event (Mendes 1952; Beurlen 1954; Runnegar
and Newell 1971; Simdes et al. 1997, 1998; Wesselingh 2007
Matos et al. 2017b). Distinct bivalve assemblages are known
in all units of the Passa Dois Group reaching their maxi-
mum abundance and diversity in the Teresina Formation
and in the basal part of the Rio do Rasto Formation (Fig. 1).
A unique feature of this molluscan-bearing long-lived fauna
is the dominance of bivalves in all assemblages (Wesselingh
2007), whereas gastropods are rare or even absent in almost
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Fig. 1. Chart showing the main bivalve assemblages and constituent species recorded in the Permian Passa Dois Group, except the Irati Formation (A),
and location of Parana Basin, Brazil (B). Species composition (not to scale): 1, Kidodia cf. K. stockleyi; 2, Barbosaia angulata; 3, Holdhausiella elon-
gata; 4, Tambaquyra camargoi; 5, Rioclaroa lefevrei; 6, Maackia contorta; 7, Ferrazia simplicicarinata; 8, Anhembia gigantea; 9, Anhembia froesi;
10, Pinzonella illusa; 11, Ferrazia cardinalis; 12, Casterella gratiosa; 13, Angatubia cowperesioides; 14, Othonella araguaiana, 15, Plesiocyprinella
carinata; 16, Terraia aequilateralis; 17, Runnegariella fragilis; 18, Favalia arcuata; 19, Roxoa corumbataiensis; 20, Coxesia mezzalirai; 21, Cowperesia
anceps; 22, Pinzonella neotropica; 23, Naiadopsis lamellosus; 24, Jaquesia brasiliensis; 25, Terraia curvata, 26, Beurlenella elongatella; 27, Cowperesia
emerita; 28, “Leinzia” curta; 29, Terraia bipleura; 30, Astartellopsis prosoclina; 31, Oliveiraia pristina; 32, Terraia altissima; 33, Leinzia similis (sensu
stricto); 34, Terraia decarinata; 35, Palaeomutela platinensis; 36, Relogiincola delicata; 37, Palaecomutela australis. Data from Mendes (1952), Runnegar
and Newell (1971), Simdes et al. (1998), Matos et al. (2017), and Guerrini et al. (2019).
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all fossil assemblages. The unique exception are some ben-
thic fossil assemblages in the Rio do Rasto Formation (see
Rohn 1994) where some hydrobiid gastropods (see Solem
and Yochelson 1979) are recorded.

The Passa Dois Group bivalve fauna is taxonomically
diverse, and in some clades (e.g., Pachydomidae Fischer,
1887; Astartidae d’Orbigny, 1844) the extensive radiations
were accompanied by high degrees of specialization of life
habits (Runnegar and Newell 1971; Simdes and Anelli 1995;
Simdes et al. 1998; Wesselingh 2007; Matos et al. 2017a).
These resulted in relatively high genus and species diversity,
with some forms showing a puzzling array of morpholo-
gies (see also Wesselingh 2007, for other similar Mesozoic
and Cenozoic examples). This is the case, for example, of
the pachydomid genera Anhembia Mezzalira, Mendes, and
Maranhio, 1990, Maackia Mendes, 1954, Ferrazia Reed,
1932, and also Leinzia Mendes, 1949. Despite of the careful
systematic revision of Runnegar and Newell (1971), and
subsequent systematic studies of Simdes et al. (1997, 2000,
2010, 2015, 2017), Mello (1999), David (2014), and Guerrini
et al. (2019), the taxonomic position of some genera remains
unclear, mainly due to the poor knowledge of their internal
morphology. This is the case of Leinzia, a genus erected
by Mendes (1949) based on specimens found in the Rio
do Rasto Formation cropping out eight kilometers north of
Mallet County, State of Parana, southern Brazil. The genus
is monotypic, with Solenomorpha similis Holdhaus, 1918
as the type species. Similar forms may occur in coeval
Permian strata in Uruguay, Yaguari Formation (Morton and
Herbst 1990), and Paraguay, Independencia Formation (see
Morton and Herbst 1990). Due to its unusual morphology
and the poor preservational quality of available specimens,
the taxonomic position of Leinzia still remains obscure.
Therefore, based on a detailed review of the topotype spec-
imens described by Mendes (1949) and description of newly
found specimens of Leinzia from the Serrinha Member, Rio
do Rasto Formation, we shed light on the taxonomic posi-
tion of this genus. Contrary to previous authors, the data
gathered here strongly suggest a Pachydomidae affinity for
Leinzia.

Institutional abbreviations.—DGP, palacontological collec-
tion, Institute of Geosciences, University of Sdo Paulo, Sao
Paulo, Brazil; DZP, palaeontological collection, Department
of Zoology, Institute of Biosciences, Sdo Paulo State Uni-
versity, Botucatu campus, Botucatu, Sao Paulo, Brazil.

Historical background

Abivalve rather than spinicaudatan.—As noted by Runnegar
and Newell (1971: 54), “Leinzia has such an extraordinary
shape that we have toyed with the possibility that it may have
been an unusual bivalved arthropod rather than a mollusc.”
Indeed, the external ornamentation of Leinzia resembles
that of some spinicaudatan crustaceans, leading some au-
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thors (Almeida 1950) to describe tiny specimens of Leinzia
(and other bivalves) as true Spinicaudata (i.e., Acantholeaia
Almeida 1950; see Ferreira-Oliveira 2007 for a detailed dis-
cussion on this issue). Nevertheless, Runnegar and Newell
(1971: 54) rejected that possibility because Leinzia shells
have fine growth striae, small ligamental nymphs, well-de-
veloped teeth, and a non-rectilinear hinge. Consequently,
Runnegar and Newell (1971) synonimized Acantholeaia in
favor of Leinzia. Unfortunately, however, Tasch (1982) and
Chen and Shen (1985) retained Acantholeaia as a valid ge-
nus of Branchiopoda Latreille, 1817, ignoring the data in
Runnegar and Newell (1971).

Ferreira-Oliveira (2007: 72) re-examined the original
material described by Almeida (1950) and Cardoso (1965),
reposited in the National Department of Mineral Production
(DNPM-RJ 4074-4077), Rio de Janeiro, Brazil. Ferreira-
Oliveira (2007) noted that in addition to the observations
made by Runnegar and Newell (1971), the irregularly
spaced growth lines typically observed in bivalve mollusk
shells are also visible between the comarginal striae of the
shells ascribed to Acantholeaia. Yet, the gross morphology
of the shells studied by Almeida (1950) resemble that of
Holdhausiella Mendes, 1952 (DNPM-RJ 4074-4076) and
Leinzia (DNPM-RJ 4648, 4075). In other words, the tiny
bivalve shells in Almeida (1950) and Cardoso (1965) belong
to bivalve mollusks (see Ferreira-Oliveira 2007) rather than
Spinicaudata.

The uncertain taxonomic position of Leinzia.—Although the
benchmark study of Runnegar and Newell (1971) provided
increased understanding of the Permian endemic bivalves of
the Passa Dois Group, the systematic relationships of Leinzia
remained obscure (Table 1). This is due to the poor knowl-
edge of the external and internal morphology of Leinzia
shells, and the fact that the specimens illustrated by these
and other authors differ greatly from the original material
described by Mendes (1949), here referred as Leinzia sensu
stricto. It should be noted here that both Holdhaus (1918) and
Reed (1929) were unaware of the curious rostrum present in
the anterior cardinal margin of Leinzia shells (see Runnegar
and Newell 1971: 55). Holdhaus (1918) placed the shells in
genus Solenomorpha Cockerell, 1903 (Cardiidia Férussac,
1822, Grammysiidae Miller, 1877). These were subsequently
assigned to genus Cuspidaria Dall, 1886 (Poromyida Ride-
wood, 1903; Cuspidariidaec Dall, 1886) by Reed (1929).
Mendes (1949) was the first author to describe the rostrum of
the shells of Leinzia. Based on this character, Mendes (1949)
referred them to Pterioidea Gray, 1847. However, five years
later the same author (Mendes 1954) changed his opinion
because Leinzia clearly lacks numerous pterioid shell char-
acters (see also Runnegar and Newell 1971: 55). Since then
Mendes (1954) considered the familial position of Leinzia as
uncertain.

Based on the pronounced anterior elongation (= ros-
trum) of the Leinzia shells, Newell (1969: N820) tenta-
tively assigned Leinzia to the Grammysiidae Miller, 1877.
Subsequently, Runnegar and Newell (1971) referred Leinzia
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Table 1. Summary of Leinzia similis (Holdhaus, 1918) sensu stricto, classification and shell morphology according several authors. Abbreviations:
AA, anterior adductor muscle scar; AR, anterior retractor muscle scar; AP, anterior protractor muscle scar; LV, left valve; RV, right valve.

. . Morphol )
Classification : OTPRo08Y Comparisons Reference
rostrum hinge muscle scars
Solenomorphidae - RV with a triangular tooth - géneral resemblagce Holdhaus 1918
with solenomorphids
Prerioida RV with a triangular cardinal tooth, eneral resemblance
. present corresponding socket in LV; - gener . Mendes 1949
Pteriacea 10 laterals with pterioids
%E?L?r?&?aycf; resent LV with a single cardinal socket; B B Newell 1969
Grammysiidae p lateral teeth absent
RV with inclined triangular tooth be-
. low beak; well-defined socket in LV; . hinge as in other Perm-
Cr\af::;tre(ﬁ:?ea prgs‘e/relﬁ)\x:jl- small elongate tooth on posterior side (nlgidiicsr;?f:d) ian Passa Dois Group l;}le?:ﬁalr 937nld
P of socket, fitting a narrow groove p crassatellaceans
behind tooth in RV
P
?Orthonotacea Morris et al.
Pholadomyacea - - - -
L 1991
Sanguinolitidae
Pholadomyida - - - - Sepkoski 2002
Hiatellida AA small, reniform; AR hinge/muscle scars as
Edmondioidea present, well- | RV with subumbonal blunt triangular| well defined, separated ingo ther Passa Dois this paper
. developed tooth; lateral teeth absent from AA; AP attached to . pap
Pachydomidae dorsal edge of AA. Group pachydomids

to an incertae familiae of Crassatellacea Férussac, 1822.
Seemingly, Runnegar and Newell (1971) were influenced by
comments in Holdhaus (1918), Leanza (1948), and Beurlen
(1954) that noted the hinge similarities of Leinzia similis and
Terraia altissima (Holdhaus, 1918). Runnegar and Newell
(1971: 51) offered a detailed description of the hinge of
Terraia altissima, which is very complex, as follows: “hinge
with large triangular cardinal tooth in right valve and a sec-
ond obscure tooth between large tooth and ligament nymph;
left valve has, correspondingly, obvious triangular socket
bordered posteriorly by narrow tooth and socket; anterior
and posterior dorsal margins of left valve function as lat-
eral teeth by fitting beneath edges of right valve; obscure
posterior lateral tooth present in right valve but no corre-
sponding tooth below anterior lateral socket.” These authors
also mentioned that as “the affinities of Terraia are not
well understood, Leinzia is even more difficult to classify”
(Runnegar and Newell 1971: 55). The problem with the
above comparisons is that they are mainly based on poorly
preserved specimens, especially from Leinzia.

Subsequent authors have tentatively listed Leinzia in
Sanguinolitidae Miller, 1877 (Morris et al. 1991), Mega-
desmidae Vokes, 1967 (Mello 1999; David 2010) or Phola-
domyida Newell, 1965 (Sepkoski 2002). Unfortunately,
Morris et al. (1991) and Sepkoski (2002) did not explicitly
explain the reasons for assigning Leinzia to Sanguinolitidae
or Pholadomyida. On the other hand, Mello (1999) and
David (2010) reexamined and illustrated the original ma-
terial described by Mendes (1949), showing in their studies
that the hinge in Leinzia is clearly distinct of that of Terraia
altissima (Table 1). This prompted us to reinterpret the hinge

of Leinzia as well as to describe the preserved muscle scars,
unknown characters until now.

In summary, the uncertainties about the taxonomic af-
finities of Leinzia are mainly related to poor knowledge of
several shell characters, including the (i) rostrum, (ii) hinge
architecture, and (iii) arrangement of the preserved muscle
scars, which are all described in detail, illustrated and dis-
cussed in this contribution.

Material and methods

We examined Mendes’ (1949) topotype specimens from the
middle part of the Serrinha Member of the Rio do Rasto
Formation at a locality eight kilometers north of Mallet
County, State of Parand, southern Brazil (Figs. 2). Holdhaus
(1918) and Reed (1929) obtained their specimens from the
same location. The material of Mendes (1949) consists of
three mudstone slabs (DGP/7-85, 86, 88) containing at least
eight specimens of Leinzia similis. The specimens are not
individually numbered in the slabs. These slabs should have
been part of a shell pavement with densely packed valves.
The slabs are stored in the palacontological collection of
the Institute of Geosciences, University of Sao Paulo, Sao
Paulo, Brazil. In addition to Mendes’ (1949) material, four
specimens of Leinzia similis were also collected in mud-
stone layers from the Serrinha Member, cropping out on BR-
373 road, km 277, near Prudentopolis city, 25°15°17.87”S,
51°3°56.51”W, State of Parana. These additional specimens
are deposited in the palacontological collection of the Sao
Paulo State University, Botucatu campus, Sdo Paulo State,
Brazil. The Mendes’ (1949) and the new additional fossil
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Fig. 2. A. Location of the studied area in the southern part of the Parana State, south Brazil. The outcrop belt of the Passa Dois Group is in grey. B. Map
of the Parana State, Brazil (frame indicates the southern part where studied area is located) (modified from Rohn and Résler 2000; Guerrini et al.
2019). C. Geological map showing the main geographic area of occurrence of Leinzia similis (sensu stricto). Cartographic base: Mineropar 2006 (Mapa
geologico do Estado do Parana, 1:250 000). D. Columnar section of the Rio do Rasto Formation; note the constrained stratigraphic distribution of Leinzia
similis (sensu stricto) in the Serrinha Member. Abbreviations: C, calcareous mudstone; CS, coarse sandstone; G, gravel; FS, fine sandstone; MS, medium

sandstone; S, siltstone.

material are both represented by molds, mainly composite
ones. In some specimens the plastic deformation of the shell
is clearly visible, but signs of shell breakage by compression
are missing. The shells of Leinzia similis (sensu stricto) were
almost certainly aragonitic originally and probably thin.

Higher taxa used in this study are based on Bouchet et al.
(2010), and the morphological terms used to describe internal
and external shell characters of Leinzia followed Runnegar
and Newell (1971), Runnegar (1974), Simdes et al. (1997),
and Carter et al. (2012). A key character in the description of
Leinzia is the unique anterior rostrum of the shell. However,
a varied terminology (i.e., prolongation, prong, anterior pro-
longation, rostrum, and beak) was applied to it in previous
studies. The term rostrum is used here in order to indicate
an elongate extension of the anterior margin of the shell (see
also Carter et al. 2012: 155). Thus, the shells bearing this
feature are here referred to as rostrate. Finally, the material
was photographed in detail using a Nikon digital camera
(D3200), with a macro lens (105 mm). Individual digital
images were merged using the focus stacking technique in
Adobe Photoshop CS6 software, and drawnings were pre-
pared employing Corel Draw X8 software.

Systematic palacontology

Order Pholadomyida Newell, 1965

[= Anomalodesmata Dall, 1889]
Superfamily Edmondioidea King, 1850
Family Pachydomidae Fischer, 1887
Subfamily Pachydominae Fischer, 1887
Genus Leinzia Mendes, 1949

= Acantholeaia Almeida, 1950

Type species: Solenomorpha similis Holdhaus, 1918, by original desi-
gnation; see below.

Diagnosis.—As for the type species by monotypy, emended.

Leinzia similis (Holdhaus, 1918)
Figs. 3—-6.

1918 Solenomorpha similis sp. nov.; Holdhaus 1918: 6, pl. 1: 1-5.

1929 Cuspidaria similis Holdhaus, 1918; Reed 1929: 45, pl. 4: 1-5, 11?

1949 Leinzia similis Holdhaus, 1918; Mendes 1949: 14, pl. 1: 1-5.

1971 Leinzia similis Holdhaus, 1918; Runnegar and Newell 1971: 53,
pl. 24: D-G, I.
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Fig. 3. Pachydomid bivalve Leinzia similis (Holdhaus, 1918) (sensu stricto), composite molds, Rio do Rasto Formation, Guadalupian (Permian), Parana
Basin, Brazil. A. DGP/7-88, left valve (A ) with well-defined, forwardly inclined, triangular socket (arrowed); right valve (A,), note the deformed anterior
rostrum margin of the shell (arrowed); splayed open valves (A3). B. DZP-20417, right valve, note the well-developed triangular blunt tooth (arrowed).
C. DZP-20416A, right valve showing well-defined escutcheon (arrowed). D. DGP/7-86, a slightly deformed specimen with articulated valves and broken
anterior margin, note the straight slightly curved posterior margin of the shells. Scale bars 5 mm.

Type material: The specimens illustrated by Holdhaus (1918: pl. 1)
from the Rio do Rasto Formation. Neotype: Since the whereabouts
of Holdhaus (1918) type series are unknown and he provided only
drawings in his original paper we consider it appropriate to designate a
neotype (DGP/7-85) from Mendes (1949) topotypic collection.

Type locality: Outcrops of the Rio do Rasto Formation located about
eight km NW of the town of Mallet (formerly Sdo Pedro de Mallet),
Parana State, southern Brazil.

Type horizon: Basal interval of the Rio do Rasto Formation, Serrinha
Member, Passa Dois Group, Parané Basin, southern Brazil.

Diagnosis.—Posteriorly elongated (length to height ratio 2.22
to 4.16), compressed, and non-gaping shell. Anterior shell
margin straight, with a well-defined rostrum. Hinge of the
right valve with a large, anteriorly inclined, blunt triangular
tooth beneath the umbo, and a corresponding socket in left
valve; true lateral teeth absent. Shell ornamentation with reg-
ularly spaced comarginal rugae, also present in the rostrum,
but absent in the posterior umbonal carina. Anterior adductor

muscle scar small, reniform; anterior pedal retractor scars
well defined and separated from anterior adductor; anterior
pedal protractor scar attached to dorsal edge of anterior ad-
ductor scar. Other muscle scars and palial line unkown.

Measurements.—See Table 2 for Leinzia similis (sensu
stricto) shell measurements.

Table 2. Measurements (in mm) of the valves of Leinzia similis (Hold-
haus, 1918) sensu stricto.

. Length | Height Elongation Index

Specimen Valve (L) (H) (L/H)
DZP-20416 A | right 19 8 2.37
DZP-20416 B | right 20 9 2.22
DZP-20417 right 28 9 3.11
DGP/7-85 left 25 6 4.16
DGP/7-86 left 36 11 3.27
DGP/7-88 left 28 11 2.54
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Fig. 4. Pachydomid bivalve Leinzia similis (Holdhaus, 1918) (sensu stricto), Rio do Rasto Formation, Guadalupian (Permian), Parand Basin, Brazil.
A. DGP/7-88, composite mold, left valve; A;, detail of the well-defined triangular socket (arrowed); A,, latex cast of specimen in A;, showing the hinge
with well-defined triangular socket (arrowed); also note the absence of true lateral teeth; As, details of the anterior adductor, pedal protractor, and pedal
retractor muscle scars (arrows); Ay, anterior muscle scars (outlined). B. DZP-20417, composite mold, right valve; B, well-developed triangular, subcar-
dinal, blunt tooth (arrowed); B,, latex cast showing the triangular socket (arrowed) and the hinge without true lateral teeth. Scale bars 1 mm.

Description.—Small (maximum observed length 36 mm),
thin-shelled, compressed bivalve, equivalve, posteriorly
elongate (Figs. 3, 5B,), and with a well-defined rostrum
(Fig. 5B). Dorsal and ventral margins are subparallel; pos-
terior margin sligthly concave (Figs. 3A;, D, 5B,); cardi-
nal margin straight in front of beak. Posterior carina well
marked, running diagonally from beak to posterior-ventral

shell margin (Fig. 3). Umbones low, prosogyrous; lunule
absent, escutcheon long, well-defined. Ligament probably
opisthodetic, parivincular, external. Hinge of right valve
with large, anteriorly inclined triangular blunt tooth beneath
the umbo and a corresponding socket in left valve; true lat-
eral teeth absent (Fig. 4A,, A,, B). External valve ornamen-
tation with regularly spaced comarginal rugae extending to
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Fig. 5. Pachydomid bivalve Leinzia similis (Holdhaus, 1918) (sensu stricto), Rio do Rasto Formation, Guadalupian (Permian), Parana Basin, Brazil.
A. DGP/7-88, right valve, detail of the cardinal margin showing a strongly deformed rostrum (arrowed). B. DGP/7-85, external mold, left valve; By, the
comarginal rugae on the anterior rostrum (arrow); B, general view of the shell with well-preserved anterior rostrum. Scale bars A, By, 1 mm; B,, 5 mm.

the anterior prolongation but absent behind umbonal carina
(Figs. 3, 5B). Fine growth lines visible between the regu-
larly spaced comarginal rugae (Figs. 3A3, 5B,). The rugae
are also evident on inner shell surfaces. Small lamellose
or spinose projections along posterior dorsal shell margin
are apparently absent. Anterior adductor muscle scar small,
reniform; anterior pedal retractor scars well defined, sepa-
rated from anterior adductor; anterior pedal protractor scar
attached to dorsal edge of anterior adductor scar (Fig. 4A;,
A,). Other muscle scars and pallial line unkown.

Remarks.—The right valve hinge of Leinzia similis (sensu
stricto) with its large, forwardly inclined triangular blunt
tooth beneath the beak and corresponding socket in the left
valve is similar to that of various Permian Pachydomidae
bivalves. However, the gross morphology of the rostrate shell
of Leinzia similis differs from all other known Pachydomidae.
The general shape, hinge, and muscle scars of Anhembia
Mezzalira, Mendes, and Maranhdo, 1990 (Fig. 7B), the other
rostrum-bearing Pachydomidae shell of the Passa Dois Group
are distinct of Leinzia similis (see discussion in Mezzalira et
al. 1990). The anterior muscle scars of Leinzia similis (sensu
stricto) are also similar to those found in Pachydomidae (i.e.,
Cowperesia Mendes, 1952, Pyramus Dana, 1847, Astartilla
Dana, 1847, Plesiocyprinella Holdhaus, 1918), as described in
Runnegar (1965) and Runnegar and Newell (1971), for exam-

ple. The hinge and external ornamentation of Leinzia similis
resemble those of Cowperesia anceps (Reed, 1935) and, in
addition, both shells are also laterally compressed. However,
the general shell shape of Leinzia similis (sensu stricto) is
completely distinct from that of Cowperesia anceps. Yet, the
shells of Cowperesia anceps have a small, well-defined palial
sinus and siphonal gape, which are absent in Leinzia simi-
lis. The posteriorly elongated shells of Leinzia similis (sensu
stricto) with a well-marked posterior carina resemble that of

left valve

right valve

Fig. 6. Drawing of the pachydomid bivalve Leinzia similis (Holdhaus,
1918) (sensu stricto) showing the general morphology. The hinge area and
anterior muscles scars are highlighted. Abbreviations: aa, anterior adductor
muscle scar; app, anterior pedal protractor muscle scar; apr, anterior pedal
retractor muscle scar; sck, socket; th, tooth.
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Fig. 7. Pachydomid bivalves from the Guadalupian (Permian), Teresina and Serra Alta formations, respectively, Parana Basin, Brazil. A. Holdhausiella
elongata (Holdhaus, 1918), DZP-20441, silicified shell, left valve, note the pointed anterior margin of the shell. B. Anhembia gigantea (Mendes, 1949),
DGP/7-91, composite mold, left valve; B, detail of a well-developed rostrum, B,, general view. Scale bars 5 mm.

Holdhausiella elongata (Holdhaus, 1918). Notably, the car-
dinal margin of some shells of this species have an anterior
prolongation, but not a well-defined rostrum (Fig. 7A; see
also Runnegar and Newell 1971: 41, fig. 16j-h). Yet, the exter-
nal ornamentation of Holdhausiella elongata has irregularly
spaced growth lines (Fig. 7A), which are clearly different
from the regularly spaced comarginal rugae in Leinzia simi-
lis. Yet, the hinge of Holdhausiella elongata is edentelous and
therefore different from that of Leinzia similis.

Although the external ornamentation of shells of Hua-
biella compressa David, Simdes, Anelli, Rohn, and Holz-
forster, 2011, from the Permian Gai-As Formation, Huab
Basin, Namibia, are similar to that of Leinzia similis (sensu
stricto), small lamellose or spinose projections along the
posterior dorsal margin are only recorded in the Namibian
shells. Unfortunately, the anterior margin, hinge and muscle
scars are still unknown in Huabiella compressa. Therefore,
a more precise comparison between Leinzia and Huabiella
is currently not feasible. Finally, the hinge and gross mor-

phology of Terraia altissima and other Terraiinae Scarlato
and Starobogatov, 1979 bivalves (Terraia aequilateralis
Mendes, 1952, Terraia curvata [Reed, 1929], Terraia biple-
ura [Reed, 1929]) are completely distinct of Leinzia similis
(sensu stricto) and, therefore, the comparison among them
is groundless.

Stratigraphic and geographic range.—Middle part of the
Guadalupian Serrinha Member of the Rio do Rasto For-
mation, Parana State, southern Brazil (see Rohn 1994; Rohn
and Rosler 2000).

Discussion

Possible taphonomically-produced morphological shell
character variants.—The shells of Leinzia similis (sensu
stricto) were originally thin and the specimens are preserved
as compressed composite molds. Consequently, the original
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5 mm

Fig. 8. Ontogenetic series of the pachydomid bivalve Leinzia sp. (sensu lato)
from the Serrinha Member, Rio do Rasto Formation after Runnegar and
Newell (1971: fig. 24). Sketches based on external comarginal ornamenta-
tion (rugae and growth lines) of individual shells. A, B, based on Runnegar
and Newell 1971: fig. 24;, f, respectively. Note the differences in the shell
shape of both specimens and those illustrated in Fig. 9; also, note the ubiqui-
tous rostrum in the specimen in Fig. 9B.
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Fig. 9. Ontogenetic series of pachydomid bivalves Leinzia similis (sensu
lato) (A) from the Yaguari Formation (after Morton and Herbst 1990) and
Leinzia similis (sensu stricto) DGP/7-85 (B) from the Serrinha Member,
Rio do Rasto Formation. Sketches based on external comarginal ornamen-
tation (rugae and growth lines) of individual shells. Note the differences in
the shell shape of both specimens: double posterior carina (A), the anterior
rostrum developed since the early ontogenetic stages (B).
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gross morphology of the shells was subject to distortion and
plastic deformation during diagenesis. Based on the exam-
ined collection and specimens in the literature three main
characters are susceptible to distortion due to taphonomic
processes, as follows: (i) the anterior rostrum, (ii) the dorsal
margin, and (iii) the umbonal carina. Indeed, in the spec-
imen DGP/7-88 the anterior rostrum is deeply slanted due
to compressional plastic deformation of the umbonal area
of the shell (Figs. 3A,, 5A). Therefore, a much pronounced
taphonomically produced anterior rostrum was generated.
In the specimen DZP-20417, the cardinal margin of the shell
is also deformed and broken (Fig. 3B), causing substantial
modification of the original shell outline. Thus, the anterior
margin of the shell of these specimens is obviously distinct
of that of non-distorted ones (see Fig. 5B; DGP/7-85). Yet,
the rostrum is lacking (broken?) in most of the specimens
available in the examined collections as well as in the in-
dividuals assigned to Leinzia similis by previous authors.
The rostrum is also missing in the specimens of Holdhaus
(1918) and Reed (1929), suggesting that this was thin and
very fragile.

The dorsal margin of the shell is the other character that
is apparently distorted in compressed specimens. Indeed, in
non-deformed individuals or less compacted ones the dorsal
margin is slightly encurved, whereas in compressed exam-
plars it is straight (Fig. 3A,, B, C). The same also occurs
with the shape and width of the umbonal carina that is also
slightly encurved in those specimens that were subject to
lateral compression (Fig. 3A,).

Leinzia similis in the literature.—Aside the specimens of
Leinzia similis described by Holdhaus (1918), Reed (1929),
and Mendes (1949), other important mentions to this species
appear in Beurlen (1954) and Morton and Herbst (1990), in-
cluding specimens from Brazil and Uruguay, respectively.
However, it was Runnegar and Newell (1971) that detailed
described, illustrated and compared Leinzia similis with
other Permian, endemic Passa Dois Group bivalves. These
authors well figured five bivalve specimens of Leinzia similis
from the Serrinha Member, Rio do Rasto Formation, from
a road cut at km 109.7 between the towns of Prudentdpolis
to Guarapuava (USGS locality 22836), Parana State, south-
ern Brazil (Runnegar and Newell 1971: 54, fig. 24d—g, j).
Three of these Leinzia specimens (Runnegar and Newell
1971: fig. 24e—g) are poorly preserved, broken shells, and
the remaining are more complete valves, one splayed spec-
imen and a single right valve (Runnegar and Newell 1971:
fig. 24d, j, respectively). Notably, the anterior shell margin is
missing in three specimens (Runnegar and Newell 1971: 54,
fig. 24d, e, g), and is also poorly preserved in the articulated
one (Runnegar and Newell 1971: 54, fig. 24j). The only spec-
imen where this character is clearly evident is the one in their
fig. 24f. Despite the rostrum, and the rugose external orna-
mentation, there are significant morphological differences in
the anterior margin and hinge of the specimens in Runnegar
and Newell (1971) and those in the topotype material of
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Leinzia by Mendes (1949) (Figs. 8, 9B; see also Runnegar and
Newell 1971: fig. 24, j). For example, the cardinal margins of
the shells in Runnegar and Newell (1971) is not straight and,
therefore, the shells are not as strongly beaked as those in the
topotype material of Leinzia similis (sensu stricto) (Fig. 8).
Indeed, the cardinal margin of the specimen in Runnegar and
Newell (1971: fig. 24f) is concave and so distinctly different
from the specimens of Leinzia similis in Mendes (1949) that
its taphonomic origin cannot be ruled out.

Additionally, Runnegar and Newell (1971) described the
hinge of Leinzia similis in detail, since this character is well
visible in the specimens in their fig. 24e—g. According to
them, the hinge has an inclined triangular tooth below beak
of the right valve, a well-defined socket in left valve, and a
small elongate tooth on posterior side of the socket, fitting
a narrow groove behind tooth in right valve. Therefore, the
hinge of the Leinzia similis in Runnegar and Newell (1971)
is slightly more complex of that in Leinzia similis (sensu
stricto) of Mendes (1949), where a true lateral tooth is absent
(Fig. 4A,, A,, B). Yet, the shape and size of the triangular
tooth of Leinzia similis is distinct of that in the specimens
of Runnegar and Newell (1971). Unfortunately, the muscu-
lature is not preserved in the material described by these au-
thors and, thus, a more precise comparison between them is
not permitted. In summary, based on the original material of
Mendes (1949) and the additional specimens here described,
the rostrate and rugose specimens in Runnegar and Newell
(1971) are distinct of Leinzia similis (sensu stricto) and a
revision of these is strongly advised.

Leinzia similis in Morton and Herbst (1990) from the
Permian Yaguary Formation, Uruguay, is also distinct of
those in Mendes (1949) topotype specimens. Unfortunatly,
the hinge and musculature of the Uruguayan specimen is not
preserved (Morton and Herbst 1990: 96, fig. 1). The unique
resemblance with Mendes (1949) material is the posteriorly
elongated nature of the shell and its rugose external ornamen-
tation. As for other specimens in the literature, the rostrum is
not fully preserved in the specimen figured by Morton and
Herbst (1990), and the shape and size of this character is only
inferred. Notably, the main difference is that the Uruguayan
specimen has a double carina (Fig. 7A), which are missing in
the specimens of Leinzia similis (sensu stricto).

Conclusions

During the late Permian distinct groups of endemic bivalves
from the Passa Dois Group in Brazil and coeval strata in
Uruguay as well as in the Huab Basin, Namibia, devel-
oped small, posteriorly elongated, rostrate shells with ru-
gose ornamentation (see also David et al. 2011: 504, fig. 5).
Traditionally, these shells (except those from Namibia) were
all assigned to Leinzia. However, detailed examination of the
original collection of Mendes (1949) indicates that the shells
of Leinzia are distinct from those specimens described in
Runnegar and Newell (1971), and Morton and Herbst (1990).
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Since we can rule out the hypothesis that taphonomic pro-
cesses distorted the original gross morphology of the shells
in Runnegar and Newell (1971), and Morton and Herbst
(1990), we suggest a taxonomic revision before splitting
them from Leinzia. However, it should be remembered here
that the hinge of some specimens illustrated by Runnegar
and Newell (1971: 54, fig. 24e, f) seems distinct from those
in the type specimens of Leinzia similis.

The confusion with the tooth of Leinzia seems to have
begun with Beurlen (1954: 128), when he commented (but
not illustrated) that the hinge of this genus is the same as
in Terraiopsis Beurlen, 1954 (= Terraia in Runnegar and
Newell 1971: 50). According to our observations, the hinge
of Leinzia similis (sensu stricto) has close resemblance with
that described both in Mendes (1949) and Newell (1969).
The hinge of the right valve of Leinzia similis (sensu stricto)
with a subcardinal, triangular blunt tooth and corresponding
socket in left valve, and no lateral teeth is extremely similar
to that present in some Permian endemic Pachydomidae
bivalves (i.e., Cowperesia) of the Passa Dois Group, Brazil.
In this context, Leinzia similis (sensu stricto) with its unique
set of curious shell characters may correspond to a highly
derived Pachydomidae bivalve.
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