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(Halecomorphi: Amiiformes): biogeographic
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Abstract

Caturoidea is a clade of Mesozoic predatory ray-finned fishes which lived mainly in the Jurassic. The clade has a few
records in the earliest Cretaceous and only two in the Triassic. Among the latter, specimen MPCA 632 Caturus sp.
doubtfully from continental Early Triassic of Argentina, i.e,, outside Europe, was particularly problematic in the light
of the known fossil record of the group, which suggested their origin in the Western Tethys. The micropaleontologi-
cal and geochemical analysis of bulk-rock samples of MPCA 632 allowed us to correct the provenance of the speci-
men which corresponds to Tithonian marine outcrops of the Vaca Muerta Formation, Neuquén, Argentina. Specimen
MPCA 632 is excluded from Caturus and reclassified as Caturoidea sp. MPCA 632 might be a specimen of Catuto-
ichthys olsacheri, the only caturoid known from the Vaca Muerta Formation (Los Catutos Member), but the fossils

are not comparable and, thus, this hypothesis needs further study. Additionally, the first-hand study of the type
material of the only other alleged Triassic caturoid, Furo insignis, in the Norian of Seefeld, Austria, led to the exclusion
of this taxon from the Caturoidea. Consequently, the clade Caturoidea is restricted to the Jurassic—-Lowest Creta-
ceous. After a modest evolution during the Early Jurassic, the group had its initial radiation and westward dispersion
across the Hispanic Corridor during the Middle Jurassic and reached its maximal diversity during the Kimmeridgian
and Tithonian.

Keywords Caturidae, Aquatic vertebrates, Jurassic, Vaca Muerta Formation, Hispanic Corridor, Dispersion,
Paleobiogeography

Introduction

The superfamily Caturoidea (Grande & Bemis, 1998)
includes small to medium size Mesozoic predatory
ray-finned fishes. They constitute the sister-group of
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abundant during the Mesozoic, and the reasons for their
severe decline during the Cenozoic remain unclear.

The known fossil record of the Halecomorphi starts in
the Lower Triassic and the oldest record of Amiiformes
is reported from the Upper Triassic (Norian) (Lépez-
Arbarello & Ebert, 2023; Lépez-Arbarello & Sferco,
2018). A recent taxonomic revision of the Caturoidea
(Lépez-Arbarello & Ebert, 2023) shows that the known
fossil record of the group is almost restricted to the Juras-
sic, and revealed an important diversification of this
group during the Late Jurassic that is not only indicated
by the increase in the number of taxa, but also by the dis-
persal of the group outside Europe, which had already
started in the Middle Jurassic. Despite reaching their
maximal diversity and dispersion in the Tithonian, the
youngest records of the group in the earliest Cretaceous
are limited to western Europe (Berriasian of Swanage,
Dorset, United Kingdom; Berriasian-lower Valangin-
ian of El Montsec, Lérida, Spain), suggesting a very rapid
decline of the group at that time.

Before the Jurassic, the only records of Caturoidea
were Caturus insignis (Kner, 1866), in the Norian of
Seefeld, Austria, and Caturus sp. from the freshwater
Triassic Los Menucos Group in Argentina (Bogan et al.,
2013). Considering the known fossil record of this group,
Lépez-Arbarello and Ebert (2023) threw doubts on the
provenance of the latter fossil because the presence of
a caturoid in freshwater deposits at such an early stage
and outside Europe appeared extremely odd. After care-
ful revision of the information about the finding and the
micropaleontological analysis of the bearing rock, the
provenance of the Argentinean fossil is conclusively cor-
rected in this contribution. Furthermore, the referral of
Caturus insignis (Kner, 1866) to the genus Caturus is also
revised and corrected.

Geological setting

The fossil caturid focus of this study was published with
provenance in the Triassic Vera Formation of the Los
Menucos Group (Bogan et al., 2013). It will be shown
here that the fossil was collected in Jurassic outcrops
of the Mendoza Group at Las Lajas, Neuquén (Fig. 1).
Therefore, brief descriptions of the geological settings
of the Los Menucos and Mendoza groups are necessary
to understand the context in which the fossil sample has
been analyzed.

Los Menucos Group

The continental volcanic and sedimentary rocks around
the locality Los Menucos, Rio Negro province, Argentina,
correspond to the Los Menucos Group (Fig. 1; Labudia
& Bjerg, 2001). The Los Menucos Group is characterized
by recurrent volcanic activity, and it is divided in three
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units: Puesto Tscherig, Puesto Vera, and Sierra Colorada
formations (Falco et al., 2020). Contrary to the previously
accepted Middle-Late Triassic age, the stratigraphic and
geochronological limits for the Los Menucos Group have
been recently established between the Changhsingian
(upper Lopingian, Upper Permian; U-Pb zircon age of
253+2 Ma) and the Olenekian (upper Lower Triassic;
U-Pb zircon age of 248 + 2 Ma) (Falco et al., 2020; Luppo
et al., 2018). These units are constituted by volcanic, vol-
caniclastic and pyroclastic and siliciclastic rocks. Based
on their lithofacies, megaflora and microfossil content,
the whole Los Menucos Group has been assigned to con-
tinental environments (Falco et al., 2020).

The Puesto Tscherig and Puesto Vera formations con-
tain a rich megaflora, including the classic coristosperm
taxa of the "Dicroidium Flora" together with phyllicines,
pleuromeiales, pteridosperms, cycadales, bennettitiales,
and ginkgoales (Artabe, 1985, 1986), and tetrapod ich-
nites of the genus Dicynodontipus (Citton et al., 2018;
Diaz-Martinez & De Valais, 2014).

Mendoza Group

The Mendoza Group includes marine lithostratigraphic
units that began with a Tithonian transgression in the
Neuquén Basin which was a retro-arc depocenter con-
nected to the palaeo-Pacific Ocean and located between
the South American subsiding foreland to the east and
a volcanic arc to the west, and evolved uninterruptedly
through the Jurassic-Cretaceous boundary. The group
expands over the province of Neuquén and the south
of the Mendoza province (Fig. 1), and its outcrops are
classified in several formations distributed as follows:
Carrin Curd Formation (marginal marine or fluvial
coastal sediments), Picin Leufd Formation (shallow
marine and coastal sediments), Mulichinco Formation
(shallow marine and coastal sediments), and Agrio For-
mation (mid-shelf sediments) in the southern part of the
Neuquén province; Vaca Muerta Formation (mid-shelf
sediments; Othardn et al., 2020), and Mulichinco and
Agrio formations (shallow marine and coastal sediments
or mid-shelf sediments) in the central and northern part
of the Neuquén province.

The Vaca Muerta Formation encompasses an Upper
Jurassic-Lower Cretaceous sequence of alternating
marine organic shales and limestones (Rodriguez Blanco
et al.,, 2020, and references therein) that developed from
the early Tithonian to the early Valanginian (Leanza et al.,
2011; Legarreta & Uliana, 1996; Legarreta & Villar, 2015;
Scasso et al., 2005). Within the Vaca Muerta Formation,
the carbonate Los Catutos Member, defined by Leanza
and Zeiss (1990) is particularly well-known for its rich
paleontological content, including fishes and tetrapods
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Fig. 1 Geographical setting: a, general location; b, simplified map showing outcrops of the Mendoza and Los Menucos groups in the provinces
of Neuguén and Rio Negro. Outcrops of the Mendoza Group are redrawn from the regional scheme in the geological map HG 3969- Zapala (Leanza
et al, 2001). Outcrops of the Los Menucos Group are redrawn from the regional scheme (esquema regional) in the geological map HG 4169-II Los

Menucos (Cuchi et al,, 2001)

(Cione et al., 1987; Codornitt & Gasparini, 2013; Gas-
parini et al., 2015).

Materials and methods

Repositories and institutional abbreviations

Specimen MPCA 632 is deposited in the Museo Car-
los Ameghino (MPCA), Paraje Pichi Ruca, Rio Negro,
Argentina. Sample material and smear slides are stored
in the Paleontological Collections of the Department of
Geological Sciences, University of Buenos Aires, under
the acronym BACF-NP 4220-4224.

Other institutions cited in the text are: AMNH,
American Museum of Natural History, New York,
U.S.A; NMNH, National Museum of Natural History
(Smithsonian Institution), Washington, DC, US.A,;
TLM, Sammlungs- und Forschungszentrum der Tiroler
Landesmuseen, Hall in Tirol, Austria.

Micropaleontological analysis

The rock MPCA 632 was examined for calcareous nanno-
fossils and resulted productive. The sample was prepared
on smear slides using standard techniques (Edwards,
1963). Additional slides were prepared through gravity
settling (Bown & Young, 1998) and fixed with UV curing
Norland Optical Adhesive. Special care was taken to pre-
pare the samples as uniformly as possible to have compa-
rable slides.

Nannofossil identification and photography were per-
formed with a standard LEICA DMLP petrographic
microscope under 1000X magnification and polarized
light.

Carbon- and oxygen-isotopic analyses
Oxygen and carbon stable isotopes of bulk-rock sam-
ples of MPCA 632 have been analyzed at the GeoZen-

trum Nordbayern, Friedrich-Alexander Universitit
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Erlangen-Niirnberg. Sampling was restricted to lime
mudstones-wackestones. The samples were prepared and
analyzed following standard preparation techniques. Car-
bonate powders were reacted with 100% phosphoric acid
at 70°C using a Gasbench II connected to a ThermoFisher
Delta V Plus mass spectrometer at Erlangen University.

All values are reported in per mil relative to V-PDB.
Reproducibility and accuracy were monitored by rep-
licate analysis of laboratory standards calibrated by
assigning a 8'C of+1.95%0 internationally accepted
International Atomic Energy Association carbonate
standard NBS-19 (Friedman, 1982). NBS19 and — 47.3%o
to IAEA-CO9 and a 80 of — 2.20%0 to NBS19 and
— 23.2%0 to NBS18. Reproducibility for §°C and §'®0
was+0.02 and+0.04 (1 std. dev.), respectively. Stand-
ard deviations in the MPCA 632 samples are 0.02%o for
carbon and 0.01%o for oxygen. Standard NBS 19 (n=2)
was additionally analyzed as quality control sample with
83C=1.98%0 and 8%0=— 2.19%o. The only carbonate
mineral recognized in the analyzed simple set was calcite.
The 8'3C and 880 data are reported in the conventional
delta notation with respect to V-PDB.

Systematic paleontology

Actinopterygii Cope, 1887

Neopterygii Regan, 1923

Holostei Miiller, 1845, sensu Huxley (1861)
Halecomorphi Cope, 1871, sensu Grande (2010)
Amiiformes Hay, 1929

Caturoidea Grande and Bemis, 1998

Caturidae Owen, 1860, sensu Grande and Bemis (1998)
Caturidae indeterminate genus and species

Material: MPCA 632 (Fig. 2a).

Occurrence: Jurassic outcrops at Las Lajas, Neuquén
(Fig. 1b).
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Remarks: MPCA 632 was described in detail in Bogan
et al. (2013) and there is no need to complete or modify
this description. However, the referral of the fossil to the
genus Caturus is not supported here.

The limits of Caturidae are poorly defined and the fam-
ily is currently under revision (L6pez-Arbarello & Ebert,
2023). Lambers (1992, 1994) revised the caturids from
the Upper Jurassic of Southern Germany, but did not give
a definition or diagnosis of the family. Grande and Bemis
(1998) found only one character supporting the clade
Caturidae, formed by the genera Caturus and Ambly-
semius in their phylogenetic analysis of amiiforms. This
feature, the presence of paired, block-like ural neural arch
ossifications, cannot be evaluated in MPCA 632 because
only skull bones are preserved. However, the extremely
slender maxilla, the marginal teeth with sharply carinate
and labiolingually compressed acrodin caps and the gen-
eral shape of the preopercle most closely resemble Catu-
rus and Amblysemius amongst ray-finned fishes.

Comparing with these two caturid genera, Bogan et al.
(2013) discussed morphological differences between
MPCA 632 and the species of Amblysemius, and con-
cluded that the Argentinean fish is a species of Caturus.

Although the morphological discussion of Bogan et al.
(2013) is correct, the fish preserved in MPCA 632 clearly
differs from the species of Caturus and most probably
represents a different caturid genus. The main difference
is found in the shape of the maxilla. Although very slen-
der, the maxilla of Caturus forms a distal, laterally com-
pressed posteroventral expansion, completely garnished
with teeth, and the straight posterior border forms a
small but well-defined postmaxillary process (Lam-
bers, 1992, chapter 5: figs. 1, 4). The very slender and
rod-like maxilla in MPCA 632 lack such a distal expan-
sion. Instead, it has an oblong posterior end without a

Provincla de Rio Negro
MINISTERIO DE EDUCACION Y CULTUR
DIRECCION DE ESTUDIOS RIONEGR

Fig. 2 Specimen MPCA 632 from the Jurassic of Neuquén, Argentina: a, fossil of Caturidae sp., including disarticulated skull bones described
in Bogan et al. (2013); b, corresponding inventory card of the Museo Carlos Ameghino (MPCA)
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well-defined posterior border or postmaxillary process
(Fig. 2a; Bogan et al., 2013: figs. 3, 5A).

Results

Microfossils

The micropaleontological analysis of BACF-NP 4220-
4224 (from MPCA 632) through positive results,
although the taxonomic richness of the recovered nan-
noflora is very low. The moderately to poorly preserved
nannoflora is constituted by rare specimens of Polyco-
stella beckmanni and abundant watznauerids, Watznaue-
ria fossacincta, Watznaueria barnesiae, Watznaueria
biporta, and Cyclagelosphaera margerelii, and Crepido-
lithus sp. (Fig. 3). Among them, Watznaueria biporta
is clearly recognized by the two well-defined pores
separated by a conjunct transverse bar, and Polycostella
beckmannii is clearly distinguishable by its globular and
stellate nannolith shape composed by five to eight ele-
ments of calcite (Thierstein, 1971). The aforementioned
species are the only taxa recovered in BACF-NP 4220-
4224 (MPCA 632). No other species has been found and,
therefore, it is not possible to characterize the assemblage
more precisely.

In general, watznauerids with moderately-to well-
preserved specimens may suggest oligotrophic surface
waters (Tremolada et al., 2009). However, other authors
consider that Watznaueria is a robust eutrophic taxon
rather than a true oligotrophic indicator (Lees et al.,
2005). This means that fluctuations in the percentage
of abundances of this taxon probably do not represent
a direct response to environmental changes, but may
reflect a measure of the success of other species (Aguado
et al., 2014; Omarini et al., 2020) or diagenetic processes.
Attending to the high percentage of micritic carbon-
ate and rhombohedral crystals of calcite in the studied
sample, we consider that diagenesis is responsible for the
absence of other microfossil taxa. The placoliths found in
BACE-NP 4220-4224 (MPCA 632) present a high degree
of corrosion of their shields, which is due to dissolu-
tion, however, some of them exhibit high birefringence
indicating strong overgrowth. Therefore, the high abun-
dances of watznauerids, rare specimens of Crepidolithus
sp., and the scarce presence of the massive nannolith
Polycostella beckmannii are understood as the conse-
quence of strong diagenetic alteration and dissolution of
fragile taxa.

Geochemistry

Our data reveal that the §'3C values of the MPCA 632
sample range from 1,97 to 1,99%o with the average being
1,98%o0 (Additional file 1). On the other hand, the values
of 880 in the MPCA 632 sample range from —2.20 to
—2,18%o, with an average of —2,19%o (Additional file 1).
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Discussion

Provenance of MPCA 632

The presence of calcareous nannofossils in the MPCA
632 sample leaves no doubts about the unfeasibility that
MPCA 632 was collected in the Early Triassic Vera For-
mation of the Los Menucos Group as indicated by Bogan
et al. (2013). Coccolithophores and calcareous nan-
nofossils first appear in the fossil record in Late Triassic
marine sediments (Bown et al., 2004; Demangel et al.,
2023). During the late Carnian (approximately 227 Ma)
they had a consistent presence, increasing their richness
and abundance during the Norian and Rethian times, fol-
lowed by a significant extinction at the end of the Trias-
sic. Rates of speciation were significantly high in the Late
Triassic, Early Jurassic and Tithonian-Berriasian (Bown
et al,, 2004). Therefore, according to the most recent geo-
chronological dating of the Vera Formation in the Lower
Triassic (Falco et al., 2020), the provenance of MPCA 632
from this geological unit is untenable. Furthermore, the
fossiliferous content and tectonic setting of the Vera For-
mation are clearly continental.

The inventory card corresponding to MPCA 632 was
recently found at the Museo Carlos Ameghino. The local-
ity indicated in this card is “Las Lajas, Neuquen” (Fig. 2b).
Geological surveys summarized in Zapala geological
map 3969-1 (Leanza et al., 2005) and a Field Guide of the
Jurassic of the Neuquén Basin (Gulisano & Gutierrez
Pleimling, 1994) show that there are no Triassic outcrops
in the vicinity of that locality (Fig. 1). The only outcrops
in the area are Jurassic and Cretaceous in age.

Polycostella beckmannii Thierstein is considered a reli-
able Late Jurassic nannofossil biomarker for the Neuquén
Basin (Leanza et al., 2020). Its First Occurrence (FO)
defines the base of the NJ20-B calcareous nannofossil
Zone in the early Tithonian (Bralower et al., 1989). This
nannolith has been recognized in the subsurface of Neu-
quén Basin (Vennari et al.,, 2017; Concheyro in Aguirre-
Urreta et al., 2019) and in two sections of the Los Catutos
Member of the Vaca Muerta Formation. In these sec-
tions, Polycostella beckmannii correlates with the Wind-
hauseniceras internispinosum ammonite Zone which has
been restricted to the late Tithonian (Riccardi et al., 2011;
Zeiss & Leanza, 2010). Recently, the first occurrence (FO)
of P. beckmanni has been reported in the lower Tithonian
of the Tethyan areas, in the NJT15 calcareous nannofossil
biozone (Casellato & Erba, 2021), and is confirmed in the
Neuquén Basin (Concheyro & Lescano, 2021). Therefore,
due to its stratigraphic value, the sole presence of 2. beck-
manni in BACF-NP 4220-4224 strongly supports the
referral of MPCA 632 to the Tithonian.

The fossil record of Watznaueria fossacincta, W.
barnesiae, and Cyclagelosphaera margerelii extend from
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P. beckmannii P. beckmannii

W. fosaccincta

Fig. 3 Nannoflora identified in the sediment of MPCA 632: Cyclagelosphaera margerelii (1-4), Crepidolithus sp. (5-6), Watznaueria barnesiae (7-8),
Polycostella beckmannii (9-12), Watznaueria britannica (13), Watznaueria fossacincta (14), Watznaueria biporta (15-16)

W. britannica

the Bajocian to the Maastrichtian (Fig. 4). They are long
ranging taxa, characteristic of marine environments from
the Middle Jurassic until the end of the Cretaceous, and
are almost always present in Cretaceous nannofloras.
They are also cosmopolitan taxa. Watznaueria biporta,
is frequent in marine Cretaceous sediments, but it has
also been recorded in the Late Jurassic (Tithonian; Bown
et al., 1998; Nannotax 3). In addition, the presence of
scarce specimens of Crepidolithus sp. confirms the Juras-
sic age of the sample, since the genus biochron extends
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C. margerelii

W. barnesiae W. barnesiae

W. biporta

W. biporta

from the Hettangian to the top of Tithonian (Bown &
Cooper, 1998; Nannotax 3; Fig. 4).

The association of Watznaueria fossacincta, Watznaue-
ria barnesiae, Watznaueria biporta, Cyclagelosphaera
margerelii, Polycostella beckmannii and Crepidolithus
most closely resembles the nannofossil association found
in the Los Catutos Member, Vaca Muerta Formation, at
Cantera Loma Negra (Scasso & Concheyro, 1999). These
same taxa together with the strictly Jurassic Ethmorhab-
dus gallicus, Crepidolithus crassus, and Schizosphaerella
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Fig. 4 Stratigraphic distribution of the nannotaxa identified in MPCA
632. Plots von Nannotax 3

punctulata characterize the nannoflora of the Los Catu-
tos Member, supporting a Tithonian age for this unit
(Scasso & Concheyro, 1999). It should be noticed that
Ethmorhabdus gallicus, Crepidolithus crassus, and
Schizosphaerella punctulate, recognized in Los Catu-
tos (Scasso & Concheyro, 1999) are fragile taxa which
would not resist the strong diagenetic process inferred
for MPCA 632.

Jurassic outcrops in the area of Las Lajas, Neuquén, are
composed by sediments belonging to Cuyo and Mendoza
groups (Leanza et al., 2005). Among them, the micritic
limestone in MPCA 632 is macroscopically very similar
to the 40 samples from three profiles of the Los Catu-
tos Member of the Vaca Muerta Formation analyzed by
Scasso and Concheyro (1999).

Compared with the limestones and marls of the Los
Catutos Member of the Vaca Muerta formation, the
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isotopic composition of the MPCA 632 samples is
slightly different. Scasso et al. (2005) obtained §'%0 val-
ues between —-3.5 and —-5.5%o, with average values of
—4.87%o for limestones and —4.43%o for marls, and §'*C
values between —1 and +1.55%0 with average of 0.93%o
for limestones and 1.025%o for marls.

The MPCA 632 samples gave values of §'®0 ranged
from —2.20%o0 to —2.18%o, and the average was —2.19
showing a variation with respect to those (-3.5 to
—5.5%0) obtained by Scasso et al. (2005). The oxygen
isotopic composition of carbonates is quite sensitive
to temperature. Therefore, the negative 880 values of
carbonates would be the result of isotopic fractionation
as consequence of an increase in temperature during
diagenesis. The isotopic carbon variation observed by
Scasso et al. (2005) seems to be caused by local paleoen-
vironmental conditions during the initial marine trans-
gression in the Neuquén Basin.

The §'3C values of Los Catutos limestones and marls
samples representing the marine facies of Los Catutos
Member (Scasso et al., 2005) are restricted in a very nar-
row range varying from —1 to 1.5%o0. Our data reveal that
the 8'3C values of the samples ranged from 1.97 to 1.99%o
with the average being 1.98%o. This carbon isotopic com-
position was similar to the global seawater of the Titho-
niann (Veizer et al, 1999). These values are reflecting
optimal conditions for the development of an abundant
fauna of marine invertebrates as well as a continuous
burial of organic carbon.

In addition, the study on carbonate isotopes carried
out by Rodriguez Blanco et al. (2018) in samples from the
Tithonian-Early Valanginian succession in the Neuquén
Basin show few variations and coincide with the global
isotope values (0 and+3) reports for these stratigraphic
interval (Katz et al., 2005). In such a way, the data men-
tioned in this contribution, although scarce, can be con-
sidered similar to those published by the last-mentioned
authors.

Considering provenance indicated in the inventory
card (Fig. 2b), the nannofossil association, very especially
the presence of Polycostella beckmannii (Figs. 3—4), the
lithology, the isotopic composition (Additional file 1),
and plotting the §'3C values obtained for the MPCA
632 samples together with the extensive data provided
by Rodriguez Blanco et al. (2022), it is most likely that
MPCA 632 was collected from outcrops of the Los Catu-
tos Member of the Vaca Muerta Formation.

Gouiric-Cavalli (2016) described a new caturid taxon
from the Jurassic of Neuquén (Tithonian Los Catutos
Member, Vaca Muerta Formation) under the name Catu-
toichthys olsacheri. Unfortunately, the holotype and only
known specimen of Catutoichthys olsacheri is an incom-
plete fish, including only a few poorly preserved skull
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bones and a comparison with MPCA 632 is not possible.
However, it is likely that MPCA 632 represents a speci-
men of this taxon.

Distribution of Caturoidei

Confirming the suspicions of Lopez-Arbarello and Ebert
(2023), the micropaleontological, chemical and lithologi-
cal analyses of MPCA 632 demonstrate that the caturoid
specimen described by Bogan et al. (2013) does not come
from the Lower Triassic of Los Menucos Group. Instead,
the specimen must have been collected from outcrops of
the Upper Jurassic—Lower Cretaceous Vaca Muerta For-
mation, most probably from its Tithonian Los Catutos
Member.

Eugnathus insignis Kner, 1866, from the Norian of See-
feld, Austria, is the only other record of a caturoid in the
Triassic (Lopez-Arbarello & Ebert, 2023). The species was
referred to the genus Caturs by Woodward (1895). After
close examination of the holotype TLM FE.117, the senior
author has been able to confidently exclude “Caturus”
insignis (Kner, 1866) from the genus Caturus, the family
Catuidae or the superfamily Caturoidei (Lopez-Arbarello,
pers. obs.). The superfamily Caturoidea is diagnosed by
the presence of sharply carinate acrodin tooth caps on
the larger jaw teeth; an extremely slender rod-like max-
illa; a relatively high number of branchiostegal rays (22
or more on each side); haemal spines broadly spatulate
in the transverse plane; preural haemal and neural spines
near the caudal peduncle region strongly inclined to a
nearly horizontal orientation (Grande & Bemis, 1998).
None of these features is present in the holotype of
Eugnathus insignis Kner, 1866, which nevertheless share
an overall resemblance with caturoids and might be
an early member on the lineage leading to this super-
family (Lopez-Arbarello, pers. obs.). The generic name
Eugnathus was preoccupied and replaced with Furo
Gistel, 1848. Therefore, excluded from Caturus and
pending its systematic revision, the name of the species is
Furo insignis (Kner, 1866).

With the exclusion of Furo insignis from the group,
the fossil record of Caturoidea is restricted to the Juras-
sic—Lowest Cretaceous (Lopez-Arbarello & Ebert, 2023:
table 1). Except for the youngest records in the Lower
Cretaceous of Spain (El Montsec and Las Hoyas, Martin-
Abad & Poyato-Ariza, 2013), all other caturoid records
are from marine environments. Caturoid Bauplan,
streamlined body and narrow caudal peduncle, indicate
a pelagic habitat (Friedman et al., 2020). The first confi-
dent record of a caturoid outside todays Europe is “Catu-
rus” dartoni Eastman, 1899, from the Bathonian (lower
Sundance Formation) of Hot Springs, South Dakota, in
North America. The holotype of “C.” dartoni (NMNH
4792) is a very incomplete specimen and none of the
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diagnostic features of the Caturoidea is preserved. How-
ever, other specimens from the Sundance and Wanakah
formations were studied by Schaeffer and Patterson
(1984), who discussed the resemblance of this species
with European species of Caturus, including several fea-
tures: the morphology of the jaws, dentition, paired fins
and scales, the presence of at least 24 branchiostegal rays
and hemichordacentra. In particular they highlighted the
fusion of hypurals 1-3, a feature shared with the Early
Jurassic Caturus heterurus from Lyme Regis, UK, and C.
smithwoodwardi, from Holzmaden, Germany.

The next younger record of a Caturoid west of the
Tethys is Caturus deani Gregory, 1923, from the Upper
Jurassic Jagua Formation (Oxfordian) of Cuba (Iturralde-
Vinent & Ceballos Izquierdo, 2015). The holotype of this
species, an imperfectly preserved skull AMNH FF 6371
(7930), shows a very slender maxilla distinct of caturoid
fishes. Later on, in the Tithonian, caturoids are recorded
in the Vaca Muerta Formation of Argentina (Gouiric-
Cavalli, 2016 and this study). Therefore, according to their
known fossil record, the dispersal of caturoids towards
the west most probably occurred through the Hispanic
Corridor (Fig. 5) and started in the Middle Jurassic as
suggested by Lépez-Arbarello and Ebert (2023).

The Hispanic Corridor started developing during the
Sinemurian, probably intermittently at those early stages,
and it was well-established as a shallow marine connec-
tion by the Pliensbachian—Toarcian (Damborenea et al.,
2012). Studies on bivalves show that, during the Early
Jurassic, the Hispanic Corridor functioned as a filter,
allowing the dispersion of benthonic littoral species and
simultaneously representing a barrier for neritic species
(Aberham, 2001; Damborenea et al., 2012). The His-
panic Corridor became an effective dispersal route for
neritic taxa only during the Middle Jurassic, during the
rift-drift transition and the opening of the Caribbean
Seaway (Damborenea et al., 2012; Gasparini et al., 2000;
Pindell et al., 2021). Therefore, the first West appearance
of a caturoid, “Caturus” dartoni in the Sundance Sea
coincides with the establishment of this very successful
spreading path which had driven the evolution of other
vertebrate groups, in particular the marine reptiles (Bar-
det et al., 2014).

Conclusions

The micropaleontological and geochemical analy-
ses resulted in the identification of the bearing rock in
MPCA 632 as sediments of the Vaca Muerta Forma-
tion (Upper Jurassic), probably its Los Catutos Member
(Tithonian) of Argentina. The closest resemblance of
the nannoflora found in the slides BACF-NP 4220-4224
with the association reported for the Los Catutos Mem-
ber and, very specially, the presence of the Late Jurassic
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Fig. 5 Simplified global paleogeograhic reconstruction during the Late Jurassic, based on Scotese (2014: Map 35, Oxfordian) showing potential
dispersal routes of caturoids through the Hispanic Corridor. Stars represent the only known records of caturoids outside Europe: 1,“Caturus” dartoni
Eastman, 1899, from the lower Sundance Formation in South Dakota (Bathonian); 2, Caturus deani Gregory, 1923, from the Jagua Formation of Cuba
(Oxfordian); 3, Catutoichthys olsacheri and Caturoidea sp. from the Vaca Muerta Formation of Argentina (Tithonian)

biomarker Polycostella beckmannii definitely indicate
both the marine origin and the Tithonian age of specimen
MPCA 632. Furthermore, the oxygen and carbon stable
isotopic composition of bulk-rock samples of MPCA
632 agree with the values known for the Late Jurassic in
general, and those of the Vaca Muerta Formation in par-
ticular. These results, combined with the locality “Las
Lajas, Neuquén” indicated in the inventory card, and the
macroscopic comparison of the lithology unquestionably
exclude the possibility that MPCA 632 was found in con-
tinental Lower Triassic outcrops of the Vera Formation
(Los Menucos Group), and warrant its provenance from
outcrops of the Upper Jurassic Vaca Muerta Formation
(probably Los Catutos Member; Mendoza Group).

The anatomical comparison of the fossil fish specimen
MPCA 632 led to its exclusion from the genus Caturus,
although its referral to the superfamily Caturoidea is well
supported. The presence of Catutoichthys olsacheri in
the Los Catutos Member of the Vaca Muerta Formation
(Gouiric-Cavalli, 2016) strongly suggest that MPCA 632
might be a specimen of this species. However, since the
anatomical structures preserved in the holotype and only
known specimen of Catutoichthys olsacheri and MPCA
632 are not comparable, this hypothesis will have to be
tested when additional material becomes available.

After excluding the Triassic Furo insignis from
the group, and correcting the record of MPCA
632, the superfamily Caturoidea is restricted to the

Jurassic—lowest Cretaceous (Lépez-Arbarello & Ebert,
2023: table 1). As far as currently known, caturoids
inhabited the Western Tethys during the Early Jurassic
and dispersed westward into the Paleo-Pacific across the
Hispanic Corridor during the Middle and Late Jurassic.
This pattern of dispersion and the known fossil record of
caturoids strongly indicates that after a modest evolution
during the Early Jurassic, the group had its initial radia-
tion during the Middle Jurassic and reached its maximal
diversity during the Kimmeridgian and Tithonian.
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