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Abstract.—We describe here the early Spathian (Early Triassic) Paris Biota decapod fauna from the western USA basin.
This fauna contains two taxa of Aegeridae (Dendobranchiata), namely Anisaeger longirostrus n. sp. and Aeger sp. that
are the oldest known representatives of their family, thus extending its temporal range by 5 Myr back into the Early Tri-
assic. This fauna also includes two representatives of Glypheida (Pleocyemata) with Litogaster turnbullensis and Pem-
phix krumenackeri n. sp., confirming for the former and extending for the latter the temporal ranges of their respective
superfamilies back to the Early Triassic. Overall, the Paris Biota decapods are some of the oldest known representatives of
Decapoda, filling in an important gap in the evolutionary history of this group, especially during the Triassic that marks
the early diversification of this clade. Additionally, we compile and provide overviews for all known Triassic decapods,
which leads to the revision of four species of Middle and Late Triassic Aegeridae, and to a revised family assignment of a
Middle Triassic Glypheida. Based on this refined dataset, we also investigate decapod diversity throughout the Triassic.
We show that the apparent increase in decapod taxonomic richness is probably driven by the heterogeneity of the fossil
record and/or sampling effort, and that the decapod alpha diversity is actually relatively high as soon as the Early Triassic
and remains rather stable throughout the Triassic.

UUID: http:/zoobank.org/0f435{27-1767-473d-955¢-57fe869faa0f

Introduction

The Paris Biota is an exceptional early Spathian (Early Triassic)
marine assemblage (Brayard et al., 2017) discovered in the
Thaynes Group (sensu Lucas et al., 2007) within the northern
and western parts of the western USA basin (Smith et al.,
2021). It appears to be the oldest-known diversified and complex
Triassic marine assemblage following the Permian/Triassic
boundary (PTB; ca. 252 Ma). Dated from immediately after the
Smithian/Spathian boundary (ca. 249.2 Ma; Widmann et al.,
2020), it challenges the often assumed scenario of a globally
delayed and slow post-PTB marine biotic recovery (e.g., Erwin,
1998; Sahney and Benton, 2008; Song et al., 2011, 2018; Chen
and Benton, 2012; Benton et al., 2013). This assemblage is all
the more remarkable because the Smithian-Spathian transition
corresponds to the most severe environmental perturbations docu-
mented for the Early Triassic (Tozer, 1982; Dagys, 1988; Hallam,
1996; Payne, 2004; Brayard et al., 2006; Romano et al., 2013;
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Jattiot et al., 2016; Goudemand et al., 2019; Leu et al., 2019).
The Paris Biota offers a unique opportunity to study one of the
most important faunal shifts known: the transition between the
Paleozoic and the Modern evolutionary faunas, which is assumed
to have happened around the PTB (Sepkoski, 1981). The Paris
Biota is composed of a mixture of long-term survivors and
newly evolved taxa. It comprises almost all the clades of the Mod-
ern evolutionary fauna. It yielded algae, sponges (Botting et al.,
2019), brachiopods, bivalves, echinoderms (Saucede et al.,
2019; Thuy et al., 2019), cephalopods (Doguzhaeva et al.,
2018; Brayard et al., 2019), vertebrate remains and coprolites
(Romano et al., 2019), and arthropods (Lerner et al., 2017; Char-
bonnier et al., 2019; Laville et al., 2021). Among arthropods,
many well-preserved decapods (an order of crustaceans character-
ized, among others, by the presence of 5 pairs of walking appen-
dages) were uncovered. This is of major importance because they
represent some of the earliest representatives of their order.
Only three decapod taxa have been reported so far from
the Paleozoic: (1) Aciculopoda mapesi Feldmann and Schweitzer,
2010, which was described based on a unique specimen from
southcentral Oklahoma, USA, and is the only known Paleozoic
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Dendobranchiata (Feldmann and Schweitzer, 2010); (2) Palaeo-
palaemon newberryi (Whitfield, 1880), also from the Late Devon-
ian of northeast Ohio, south New York State, central Kentucky,
and southeast Iowa, USA, and corresponds to the oldest Pleocye-
mata documented (Schram et al., 1978); and (3) Eryma antiquum
(Birshtein, 1958), from the late Permian of Ukhta region, Siberia
(Schram, 1980), which is the oldest Erymidae reported, but
whose systematic position above the superfamily rank remains
uncertain (Devillez and Charbonnier, 2017).

The Early Triassic fossil record of decapods is also very
scarce. It is limited to an isolated specimen reported from the
early Spathian at Bear Lake Hot Springs, Idaho, USA, desig-
nated by Schram (1971) as Litogaster turnbullensis, and the
poorly age-constrained Dienerian—Smithian decapod-rich fossil
sites from the Ambilobé region, NW Madagascar (Besairie,
1932; Marrama et al., 2017; Laville et al., 2021), that yield
three species of Penaeoidea: Ifasya madagascariensis (Van
Straelen, 1933), Ifasya straeleni Garassino and Teruzzi, 1995,
and Ambilobeia karojoi Garassino and Pasini, 2002.

The Paris Biota decapod fauna includes two genera of
Aegeridae, which is a family regarded as a potential stem-group
of Penaeoidea (Burkenroad, 1963, 1983; Tavares and Martin,
2010) i.e., the oldest of the two Dendobranchiata superfamilies,
the other one being Sergestoidea whose oldest representative is
Paleomattea deliciosa Maisey and Carvalho, 1995, from the
Early Cretaceous of the Santana Formation, Brazil. It also
includes representatives of two superfamilies of Glypheida
(Pleocyemata), extending for one, and confirming for the
other, their temporal range back to the Early Triassic. These
new findings significantly increase the current knowledge of
Early Triassic decapods by doubling the number of known
taxa (from 3 to 6 species) for this interval. Additionally, we dis-
cuss in this work all known Triassic decapods, with a special
emphasis on Dendobranchiata, as well as their taxonomic
assignments. This leads to the revision of four species of Middle
and Late Triassic Aegeridae, and to a revised family assignment
of a Middle Triassic Glypheida. Based on this revised dataset of
Triassic decapods, we investigate their early diversification after
the PTB mass extinction. We further discuss our observations
with regards to the ongoing debate of the accuracy and reliability
of macroevolutionary signals derived from current online data-
bases, especially concerning the post-PTB biotic recovery.

Geological setting

The Paris Biota has been documented in five different sites
(Brayard et al., 2017; Smith et al., 2021), all from the northern
and western parts of the western USA basin (Fig.1). Two of
these sites (NoName and Immigrant Canyon) are located in
northeastern Nevada; the three others (Paris Canyon, Stewart
Canyon, and Georgetown) are located in southeastern Idaho.
At each site, fossils were collected from exposures of the
Lower Triassic Thaynes Group (sensu Lucas et al., 2007),
which is mainly characterized by alternating limestones and
shales of Smithian—Spathian age, corresponding to relatively
shallow, epicontinental marine depositional environments
(e.g., Caravaca et al., 2018). During the Early Triassic, the west-
ern USA Basin was located at a near-equatorial latitude on the
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western margin of the Pangea (i.e., the eastern coast of the Pan-
thalassa Ocean; Fig.1.2). Biostratigraphy in the region is well
constrained by Smithian and Spathian ammonoid assemblages
that recently have been partly revised within southeastern Idaho
(Guex et al., 2010; Jenks et al., 2013; Brayard et al., 2019).
With the exception of those of the Immigrant Canyon site
(Smith et al., 2021), all decapod specimens were collected from
early Spathian beds, corresponding to the Bajarunia-Tirolites-
Albanites beds (Brayard et al., 2019). Immigrant Canyon fossils
are from slightly younger fossiliferous levels belonging to the
Prohungarites and Neopopanoceras beds of middle-late Spathian
age (Smith et al., 2021).

Material and methods

The Paris Canyon locality remains by far the most sampled site
from which the Paris Biota has been documented (Smith et al.,
2021). Indeed, two thirds of the Paris Biota fossils come from
this site. Therefore, most of the decapod specimens studied
here are from Paris Canyon. Additionally, the Paris Canyon
decapod specimens are slightly better preserved (i.e., more
complete) than those from the other sites, and have the advan-
tage of being preserved as calcium phosphate (Iniesto et al.,
2019), which tends to react well under UV illumination, facilitating
anatomical observations. The specimens from Georgetown are
also preserved in calcium phosphate, whereas those from NoName,
Stewart Canyon, and Immigrant Canyon are carbonaceous.

The systematic work was established based on the best pre-
served specimens that we refer to as the “illustrated material.”
However, other specimens that are referred to as ‘“additional
material” were also examined. Several specimens can occur on
the same slab, and occasionally accumulate in masses of up to
tens of specimens on the same slab. In such cases, the specimen
repository numbers end in an additional letter to specify which
specimen of the slab is indicated.

Specimens were examined under natural light, and under
UV illumination using a Vilber Lourmat VL-115.L lamp with
a wavelength of 365 nm in the dark. Photographs were taken
using a Nikon D750 camera coupled to a AF-S VR Micro-
Nikkor 105mm /2.8 G IF-E lens. The brightness and contrast
of each picture was optimized to highlight some anatomical
parts using imageJ 1.52s and the auto “Brightness/Contrast...”
tool. Unless specified otherwise, the line drawings were pro-
duced by the first author.

Repository and institutional abbreviation.—All the studied
specimens are held in the collections of the Université de
Bourgogne, Géologie Dijon, France (UBGD).

Systematic paleontology

Phylum Arthropoda Latreille, 1829
Subphylum Crustacea Briinnich, 1772
Class Malacostraca Latreille, 1802
Subclass Eumalacostraca Grobben, 1892
Superorder Eucarida Calman, 1904
Order Decapoda Latreille, 1802
Suborder Dendrobranchiata Bate, 1888


https://doi.org/10.1017/jpa.2022.34

Smith et al.—Paris Biota decapods and Triassic decapod diversity 1237

TETHYS

western
USA basin

<
<
=
[
pd

Bear Lake
\
7y County

PC ﬁo Paris

St.Charles ®

N ==
\

-

Neyam S~
Vada NO"th;r;

\

Franklin ~
County

N
1
\

I
|

Location of the sites from which the Paris Biota has been reported. (1) Present-day map; (2) Early Triassic paleogeographic map; (3) simplified map of

Figure 1.
northeastern Nevada; (4) simplified map of southeastern Idaho. Yellow rectangle indicates the location of the western USA basin. Small red rectangles in (1) indicate
the locations of map (3) and (4). Stars indicate the locations of sites from which the Paris Biota has been reported. IC = Immigrant Canyon; NN = NoName; STW =

Stewart Canyon; GT = Georgetown; PC = Paris Canyon, original site of the Paris Biota. Maps after Romano et al. (2012).
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Superfamily Penaeoidea Rafinesque, 1815
Family Aegeridae Burkenroad, 1963

Included genera.—Aeger Miinster, 1839; Acanthochirana
Strand, 1928; Anisaeger Schweitzer et al., 2014.

Emended diagnosis by Schweitzer et al. (2014 ).—Carapace with
long or short rostrum compressed laterally, with one subrostral
spine or with several suprarostral and sometimes postrostral
spines or no rostral spines at all; hepatic spine present;
scaphocerite long; antennular flagellae short or long, basal
articles not extending anteriorly more than one-third the length
of the carapace; antennar flagellae long; third maxilliped long,
usually longer than or as long as pereiopods, with multiple
long, thin spines perpendicular to long axis; pereiopods ranging
from overall long to overall short; pereiopods 1-3 chelate, may
be spinose, 1-3 increasing in length posteriorly; pleonal somite
1 overlapping somite 2, somite 1 shorter than other somites;
pleura rounded, may be spined or serrated; pleopods with two
multiarticulate flagella each; exopodite of uropod usually with
diaeresis; telson with at least one pair of movable spines, may
have marginal setae distally.

Remarks.—The family Aegeridae was erected by Burkenroad
(1963) and initially only included Aeger and Acanthochirana.
Nonetheless, until Schweigert (2001) revised Aeger tipularius
(Schlotheim, 1822), the type species of Aeger, and assigned it
to Aegeridae, most authors continued to assign Acanthochirana
and Aeger to Penaeidae (e.g., Forster, 1967a; Glaessner, 1969;
Forster and Crane, 1984; Garassino and Teruzzi, 1990).
Subsequently, Feldmann et al. (2007) also confirmed the
placement of Acanthochirana within Aegeridae as previously
suggested by Etter (2004). Finally, Schweitzer et al. (2014)
added the genera Anisaeger and Distaeger to Aegeridae.

Careful examination of high-resolution pictures (Supple-
mentary file 1; courtesy of Shixue Hu and Carrie Schweitzer)
of the holotype of Distaeger prodigiosus (Middle Triassic,
China) lead us to modify its placement within Aegeridae.
Indeed, the initially described pediform third maxilliped with
propodus showing scalloped upper and lower margins is most
likely a first pereiopod showing a strong terminal chela with
index and dactylus of equal size. Second and third pereiopods
are also chelate. The reinterpretation of the hypertrophied third
maxilliped as a chelate first pereiopod and the well-developed
pereiopods of Distaeger still suggest a placement within
Penaeoidea, but in a different family than Aegeridae.

The family Aegeridae has undergone multiple diagnosis
modifications during the last two decades, as new species and
genera were erected. Given the unclear, yet potentially basal
phylogenetic positioning of this family, as suggested by several
authors (Burkenroad, 1963, 1983; Tavares and Martin, 2010),
and being an early member of the Modern Evolutionary Fauna
(Sepkoski, 1981) following the PTB biotic crisis, it is crucial
to correctly define the taxonomical limits of this family. The
diagnosis remains too poorly restrictive, considering the import-
ant intra-family morphological variability and, in particular,
within Aeger. Nonetheless, the main characteristics of Aegeri-
dae, which differentiate them from other penaeoids, are the pres-
ence of a very long antennal flagellum, long pereiopods, and a
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hypertrophied spinose or setose third maxilliped at least as
long as the pereiopods.

Genus Acanthochirana Strand, 1928

1862 Acanthochirus Oppel, p. 97-98.
1928 Acanthochirana; Strand, p. 40: nomen novum pro
Acanthochirus.

Type species.—Udora cordata Miinster,
subsequent designation of Glaessner (1929).

1839 (part), by

Other species.—Triassic: Acanthochirana norica (Pinna, 1974)
new combination; Acanthochirana spinifera (Schweitzer
et al., 2014) new combination; Acanthochirana triassica
Garassino et al., 2013. Post-Triassic: Acanthochirana angulata
(Oppel, 1862); Acanthochirana cordata (Miinster, 1839)
(junior synonym: Acanthochirus longipes Oppel, 1862);
Acanthochirana krausei (Forster, 1967b); Acanthochirana
liburiaensis Garassino et al. in Bravi et al., 2014,
Acanthochirana smithwoodwardi (Van Straelen, 1940) (junior
synonym: Acanthochirus cenomanicus Glaessner, 1945).

Emended diagnosis by Charbonnier et al. (2017).—Rostral
carina with spines pointing forward; smooth rostrum, spineless;
one epigastric spine in the third anterior of dorsal margin; weak
cervical groove, not joined to dorsal margin; oblique
branchiocardiac groove joined to hepatic groove at level of
strong hepatic spine; short hepatic groove backward directed;
cephalic region with postorbital spine; hypertrophied Mxp3 with
rows of movable spines; branch-like Mxp3 dactylus; chelate
P1-P3; achelate P4-P5; uropodal exopod without diaeresis.

Remarks.—Acanthochirana is placed within Aegeridae based on
the presence of a hepatic spine, a hypertrophied Mxp3 with rows
of movable spines, and chelate P1-P3. Additionally,
Acanthochirana exhibits a cervical, a branchiocardiac, and a
hepatic groove. It also has a long scaphocerite and very long
antennal flagellum, which are common features in Aegeridae.
Acanthochirana can be distinguished from other Aegeridae
based on its characteristic rostrum, usually moderately long, that
presents multiple basal dorsal teeth. This genus also exhibits a
distinctive spinose Mxp3 that is hypertrophied, but just
moderately longer than the pereiopods, and with a branch-like
dactylus, unlike that of Aeger, which is considerably longer
than the pereiopods, or that of Anisaeger, which has an
acuminate (brush-tip shaped) dactylus and is not (or only very
thinly) setose. When identifiable, Acanthochirana carapace
grooves are also discriminant.

Acanthochirana norica (Pinna, 1974) new combination

1974 Antrimpos noricus Pinna, p. 14, pl. 2-11, figs. 4-8.

1976 Antrimpos noricus; Pinna, p. 34, pl. 1, figs.1, 2; pl. 3,
fig.2.

1990 Antrimpos sp; Dalla Vecchia, p. 131, photo 37.

1991 Antrimpos sp; Dalla Vecchia, p. 26.

1996 Antrimpos noricus; Garassino et al., p. 30.
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Holotype.—Almost complete individual (n° 3380) from the
Zambelli Rocco collection reposited at the Museo civico di
Scienze Naturali di Bergamo, Italy. The specimen was
collected near the village of Cene (Val Seriana, Bergamo,
Italy) in the Norian Zorzino Limestone Formation (Pinna, 1974).

Original diagnosis by Pinna (1974, translated from Italian and
simplified based on description of the holotype).—Rather
elongated rostrum with two suprarostral teeth and no infrarostral
teeth; antennal angle rather acute, bearing an antennal spine;
presence of supraorbital and hepatic spines; a gastro-frontal
groove from which a gastro-orbital groove departs
dorsoventrally towards the hepatic spine; and an hepatic groove
under the hepatic spine and that bends forward and downwards
towards the pterygostomial angle; antennae very robust;
antennal flagella very long; scaphocerite well developed; Mxp3
well developed with propodus, carpus, and merus carrying two
rows of dense and robust spines along their anterior and
posterior margin; P1-P3 chelate; P4-P5 achelate; sl1-s3
increasing in length with rounded pleura; s4—s5 axially keeled;
s6 elongated, longer than high; pll-pl5 of considerable size;
pll often transformed in petasma; pl2-pl5 composed of
subrectangular basipodite that bear two very long flagella;
telson triangular; uropod rounded; uropodal endopod slightly
longer than exopod, both far exceeding length of telson.

Emended diagnosis by Pinna (1976, translated from Italian;
partial modification of original diagnosis following discovery
of additional, better-preserved specimens).—The posterior
margin of the carapace is slightly more sinuous than
previously reconstructed because the lower part projects more
markedly backwards; the rostrum also possesses a series of
suprarostral teeth arranged along the entire central portion of
the rostrum, and a well-developed infrarostral tooth in the
apical position, additionally to the two proximal suprarostral
teeth previously recognized. The uropodal exopod is much
longer than the endopod and presents a diaeresis.

Remarks.—Antrimpos noricus was first described by Pinna
(1974) based on 149 specimens from the Norian (Upper
Triassic) of Cene (Lombardy, Italy). Pinna (1974) provided a
thorough study, including a full description of the holotype, a
reconstruction of the species, and a discussion on its
ontogenetic variations and its exuvia. Later, Pinna (1976)
described 34 specimens from the Norian (Upper Triassic) of
Valvestino, a neighboring locality in Lombardy. Despite the
presence of new characters (i.e., posterior margin of the
carapace slightly more sinuous, additional suprarostral teeth
and well-developed infrarostal teeth, uropodal exopod much
longer than endopod, uropodal exopod with diaeresis), Pinna
(1976) ascribed these specimens to Antrimpos noricus,
considering that observed differences between the Cene and
the Valvestino specimens were of taphonomic origin, the
Valvestino specimens being better preserved. Garassino et al.
(1996) later described nine specimens from Rio Seazza
(Preone, Italy), one specimen from Caprizzi (Socchieve,
Italy), and one specimen from Forni di Sopra (Udine, Italy),
all Norian in age. Based on the similarities between these
specimens and the specimens from Valvestino, they ascribed
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them to Antrimpos noricus. However, Garassino et al. (1996)
raised the hypothesis of the existence of two distinct taxa.
Unfortunately, the illustrations provided by Pinna (1974,
1976) and Garassino et al. (1996) are not sufficient to clarify
this matter. However, they are sufficient to identify a
well-developed scaphocerite, a very long antennal flagellum, a
well-developed spinose Mxp3, and chelate P1-P3 increasing in
length posteriorly. These characters are diagnostic of Aegeridae
and therefore we proposed to assign Antrimpos noricus to this
family. Additionally, based on the holotype and its associated
original description, Antrimpos noricus has a moderately long
rostrum with basal infrarostral teeth, a short hepatic groove, a
hepatic spine, a postorbital spine (initially interpreted as
supraorbital spine), a short cervical groove (initially interpreted
as gastro-orbital groove), and a Mxp3 spinose and rather robust
that is about as long as the pereiopods. These features are
typical of Acanthochirana, supporting the new combination
Acanthochirana norica (Pinna, 1974). This taxon is easily
distinguished from other Acanthochirana species because it is
the only known member of its genus to have two basal
suprarostal teeth and an antennal spine.

Acanthochirana spinifera (Schweitzer et al., 2014) new
combination

2014 Anisaeger spiniferus Schweitzer et al., p. 464, figs. 8, 9.

Holotype.—Complete specimen (LPI-40455) from the Anisian
Luoping Biota, Yunnan Province, China; reposited at the
Chengdu Institute of Geology and Mineral Resources,
Chengdu, Sichuan Province, China.

Original diagnosis by Schweitzer et al. (2014).—Carapace with
slender, postorbital spine triangular, hepatic spine needle-like;
rostrum elongate bearing three suprarostral and one subrostral
spine; pleura smooth, with dorsal keel on somite 6; pleura of
somites 4—6 with serrate posterior margins.

Remarks.—This species was initially attributed to Anisaeger,
which was erected by Schweitzer et al. (2014) based on An.
spiniferus and the type species, An. brevirostrus. The main
arguments used to erect Anisaeger and to attribute An.
spiniferus to it were the sizes of the pereiopods, which were
interpreted as distinctively smaller than those found in other
genera of Aegeridae, and the only very moderately longer
Mxp3 in comparison to the pereiopods. In Aeger, the
pereiopods are distinctively long, and the Mxp3 is significantly
more developed and longer than them. However, in
Acanthochirana the size of the pereiopods and the difference in
size between them and the Mxp3 is much lesser, and therefore,
similar to that observed in Anisaeger. Such characteristics are
therefore no longer sufficient to discriminate Anisaeger.

The postorbital spine of An. spiniferus, and its short cer-
vical groove inclined anteroventrally at ~45° with a hepatic
needle-like spine at its base, are shared cephalothoracic features
with many Acanthochirana species. Additionally, An. spiniferus
has a long rostrum with multiple basal and proximal suprarostral
spines and one subrostral spine. The subrostral spine may be
interpreted as corresponding to Aeger. However, neither the
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carapace features, nor the cephalothoracic appendages corrobor-
ate such interpretation. In contrast, if not for the subrostral spine,
the An. spiniferus rostrum is reminiscent of the rostrum in
Acanthochirana.

Based on the shared characters between An. spiniferus and
Acanthochirana species, we propose the new combination
Acanthochirana spinifera (Schweitzer et al., 2014). This taxon
differs from the other Acanthochirana species by its subrostral
spine. It also exhibits a s4—s6 with dorsal margin distinctively
serrated and a dorsally keeled s6.

Genus Aeger Miinster, 1839
1839 Aeger Miinster, p. 64—65.

Type species.—Macrourites tipularius Schlotheim, 1822, by
subsequent designation of Woods (1925).

Other species.—Triassic: Aeger gracilis Forster and Crane, 1984;
Aeger lehmanni (Langenhan, 1910); Aeger luxii Huang et al.,
2013; Aeger straeleni Glaessner, 1930. Post-Triassic: Aeger
brevirostris Van Straelen, 1923; Aeger brodiei Woodward, 1888;
Aeger elegans Miinster, 1839; Aeger elongatus Garassino and
Teruzzi, 1990; Aeger foersteri Garassino and Teruzzi, 1990;
Aeger franconicus Forster, 1980; Aeger hidalguensis Feldmann
et al.,, 2007; Aeger insignis Oppel, 1862; Aeger laevis (Blake,
1876); Aeger libanensis Roger, 1946; Aeger macropus Garassino
and Teruzzi, 1990; Aeger marderi Woodward, 1866; Aeger
muensteri Garassino and Teruzzi, 1990; Aeger robustus
Garassino and Teruzzi, 1990; Aeger rostrospinatus Garassino
and Teruzzi, 1990; Aeger spinipes (Desmarest, 1817).

Emended diagnosis by Charbonnier et al. (2017).—Rostrum
with one infrarostral spine; cervical groove steeply inclined,
not joined to the dorsal margin, joined to antennal groove;
oblique and sinuous branchiocardiac groove, crossing entire
carapace from posterior margin to the hepatic region; convex
hepatic groove joined anteriorly to cervical groove and poster-
iorly to branchiocardiac groove; short inferior groove backward
directed, not joined to ventral margin; hypertrophied Mxp3 with
rows of movable spines; branch-like Mxp3 dactylus; chelate P1-
P3 with chelae bearing movable spines on outer margins; ache-
late P4-P5, smooth; uropodal exopod with diaeresis.

Remarks.—Aeger is by far the most diverse genus in the family
Aegeridae (Schweitzer et al., 2010). It is distinguishable from
the other genera of the family by its characteristic third
maxillipeds that are distinctively longer than the pereiopods
and that bear long movable spines. Additionally, it has a
specific rostrum that is variable in length and with variable
suprarostral spines, depending on the species, but always with
a single infrarostral spine.

Aeger sp.
Figures 2, 3

2017 Caridean shrimp; Brayard et al., p. 4, fig. 4.F; fig. 6.D-F;
fig. S19.C-I; fig. S20.D.
2021 Penaeoid shrimp; Smith et al., p. 2, fig. 3B, C.
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Description.—
Carapace.—Carapace seemingly thin, subtriangular.
Posterior margin thinly rimmed and strongly convex

posterio-ventrally, covering s1. Dorsal margin straight along the
cardiac and gastric regions, and presenting a lump towards the
frontal region above the orbital notch that may host a postrostral
spine. Straight ventral margin. Anterior margin with a
well-pronounced orbital notch, and a distinct antennal notch
terminated ventrally by a sharp pterygostomial spine pointing
outwards in adult specimens. Rostrum very long and granular,
presenting multiple tubercle-like marks, with a single small
infrarostral spine. Steeply inclined cervical groove, forming a
strong angle half way through, as it starts posteriorly parallel to
dorsal margin and ends anteriorly parallel to the orbital notch.
Long and sinuous branchiocardiac groove joining cervical
groove anteriorly in the antennal region of the carapace. Short
hepatic groove steeply inclined in antennal region, not joined to
cervical or branchiocardiac groove. Postorbital spine present.

Pleon.—s1-s6 smooth. s1-s3 roughly the same height,
although gradually longer posteriorly. s1—s2 with sinuous pos-
terior margins and s2 also with a sinuous anterior margin. Ter-
gopleuron of s2 slightly front-turned. s3 is the highest and
longest somite and is subtriangular with a rounded termination.
s4—s5 suboval with a rounded termination, higher than long, and
of the same length although s4 is higher than s5. s4—s5 anterior
margin slightly convex with posterior margin slightly concave
and presenting an axial notch. s6 elongated, longer than high,
subrectangular and axially keeled. s6 ventral margin thinly
rimmed. Telson badly preserved in all studied specimens.

Cephalic appendages.—Antennular peduncle barely
perceptible and only a small piece of thin antennular flagellum
identified. Antenna with rather long peduncle composed of
three segments increasingly thinner and longer distally. Anten-
nal flagellum multi-articulated, incomplete but seemingly very
long. Pointed scaphocerite, straight and potentially slightly
curved upwards.

Thoracic appendages.—Although not well preserved, they
seem rather long and slender.

Pleonal appendages.—Pairs of pleopods moderately long,
ovoid, fan-like. No traces of pleopod flagella. First pair distinct-
ively bigger than the others, possibly petasma. No uropods
preserved.

Internal structures.—Multiple specimens (UBGD30558
and some of the additional material) exhibit remains of the
digestive track throughout the pleon. The intestine extends par-
allel to the median line, slightly dorsally from s1 to s6 and ter-
minates posteriorly just beneath the telson.

Hlustrated material. —UBGD30558, UBGD30555a, UBGD
30553a, and UBGD294002 from Paris Canyon, Idaho, USA
(early Spathian, Early Triassic).

Additional material.—The majority of the specimens on slabs
UBGD30553 and UBGD30635 from Paris Canyon, Idaho,
USA (early Spathian, Early Triassic); UBGD33011BIS (not
“UBGD33011” as mentioned in Smith et al., 2021) and
UBGD294003 from Georgetown locality, Idaho, USA (early
Spathian, Early Triassic).
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Figure 2. Aeger sp. (1-3) Right lateral view of specimen UBGD30555a; (4—6) right lateral view of specimen UBGD30558; (7-9) left lateral view of specimen
UBGD30553a. (1, 4, 7) Line drawings; (2, 5, 8) under UV illumination; (3, 6, 9) under natural illumination. Abbreviations: a = branchiocardiac groove; b, = hepatic
groove; e e = cervical groove; eskt=endophragmal skeleton; hs = hepatic spine; on = optical notch; P = pereiopod; pl = pleopod; prs = postrostral spine; ps = post-
orbital spine; r = rostrum; s = pleonal somite; t =telson. The beige color corresponds to digestive track traces. Scale is 1 cm.

Measurements.—See Table 1. 35 %35 cm slab). They present cephalic structures diagnostic of

Aeger (e.g., cervical groove steeply inclined, not joined to the
Remarks.—The large majority of the sampled specimens are small ~ dorsal margin, joined to antennal groove that in our specimens is
(2-3 cm), rather stocky, and occur in mass (>30 specimens on a most probably mingled with the anterior section of the
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Figure 3. Aeger sp. specimen UBGD294002. (1) Line drawing; (2) under UV
illumination; (3) under natural illumination. Abbreviations: al = antennula; a2 =
antenna; on = optical notch; P = pereiopod; pts = pterygostomial spine; r =ros-
trum; sc = scaphocerite; sp = subrostral spine. Scale is 1 cm.

branchiocardiac groove; oblique and sinuous branchiocardiac
groove; hepatic groove; postorbital spine). Unfortunately, the
lack of complete rostrum and cephalothoracic appendages
prevents identification at the species level.

One specimen (UBGD294002), much larger but poorly
preserved, is also ascribed to Aeger sp. It consists of an isolated
and incomplete carapace. Based on the preservation state of the
posterior part of the carapace, this specimen probably corre-
sponds to an exuvia. Nonetheless, the rostrum is partially pre-
served and appears to be elongated, granular, and with only
one isolated infrarostral spine, which is reminiscent of the ros-
trum of Aeger.

To avoid any overestimation of diversity, and given that we
suspect the two distinct morphs (small stocky versus large with
infrarostral spine) may represent two different ontogenetic

https://doi.org/10.1017/jpa.2022.34 Published online by Cambridge University Press

Journal of Paleontology 96(6):1235-1263

stages of the same taxon, we choose to ascribe both morphs to
Aeger sp. pending discovery of additional material. The genus
Aeger was known from the Middle Triassic (Anisian Luoping
Biota; Huang et al., 2013) to the Late Cretaceous (Cenomanian
and Santonian Lebanon Konservat-Lagerstitten; Charbonnier
et al., 2017). These specimens therefore represent the oldest
known occurrence of Aeger, extending its range by about 5
Ma into the early Spathian (Early Triassic).

Genus Anisaeger Schweitzer et al., 2014
2014 Anisaeger Schweitzer et al., p. 459—461.

Type species.—Anisaeger brevirostrus Schweitzer et al., 2014,
by original designation. The name An. brevispinus [sic] is
used several times in the figure captions corresponding to
illustrations of An. brevirostrus provided by Schweitzer et al.
(2014). This is obviously a misspelling.

Other species.—Triassic: Anisaeger longirostrus n. sp.;
Anisaeger atavus (Bill, 1914) n. comb.; Anisaeger crassipes
(Bronn, 1858) n. comb.

Original diagnosis by Schweitzer et al. (2014).—Carapace small
to moderate size, laterally compressed; rostrum short, upturned,
and lacking spines to long, upturned, and bearing suprarostral
and subrostral spines. Pleon with smooth terga and generally
rounded pleural terminations; somites 5 and 6 axially keeled. Tel-
son sharply pointed, with or without articulated spines. Uropodal
exopod without diaeresis. Third maxilliped relatively short, setose
or spinose. Pereiopods generally short; pereiopods 1-3 with small
chelae. Pleopods with a pair of annulated terminal processes.

Emended diagnosis (present work).—Rostrum of variable
length, from moderately short (equal to the length of the eye)
to very long (length of the carapace); smooth rostrum without
spines; cephalothorax with hepatic and postorbital spines; sl
narrower and shorter than s2, with a strong anteriorly incurved
ventral termination; s6 longer than the others, and dorsally
keeled; hypertrophied third maxilliped just slightly longer than
pereiopods with an acuminate dactylus; all pereiopods
developed and of medium length; pereiopods not setose or
spinose; P1-P3 chelate; P4 and P5 achelate. Pleopods with a
pair of annulated terminal processes.

Remarks.—The placement of Anisaeger within Aegeridae is based
on the presence of a hepatic spine, a long scaphocerite, a long
antennal flagellum, well-developed third maxillipeds and
pereiopods, chelate pereiopods 1 to 3, and pleopods composed of
two multi-articulated flagella each. As mentioned previously,
Anisaeger was erected based on An. brevirostrus (type species)
and An. spiniferus. These two taxa are significantly different (e.g.,
respectively, a short smooth rostrum versus a long rostrum with
multiple basal teeth and one subrostral spine, and smooth posterior
margin of s4—s6 versus a serrated posterior margin of s4-s6).
They thus do not pertain to the same genus. Anisaeger spiniferus
is assigned to Acanthochirana (see section on this genus), and
based on observations made on An. longirostrus n. sp., and on
An. brevirostrus, we provide herein a new diagnosis for Anisaeger.
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Table 1. Measurements (in mm) of specimens of Aeger sp. When both left and right appendages were measurable, both measures are given.
UBGD30555a UBGD30558 UBGD30553a UBGD294002

Carapace and anterior appendages
Carapace length excluding rostrum 7.58 9.14 6.37 >12.31
Carapace length including rostrum 9.61 >11.11 9.30 253
Carapace height 5.42 7.41 545 7.53
Length of scaphocerite — — — >5.54
Width of scaphocerite — — — —
Length of antennal flagellum — — — >7.11 & >9.7
Length of antennular flagellum — — — —
Thoracic and abdominal appendages
Third maxilliped length without dactylus — — — —
Third maxilliped dactylus length — — — —
Length of first pereiopod — — — —
Length of second pereiopod — 3.69 — —
Length of third pereiopod — 2.46 — —
Length of fourth pereiopod — 3.78 — —
Length of fifth pereiopod — — — —
Length of fist pleopod — 2.73 &2.02 1.68 —
Length of second pleopod — 1.01 & 1.01 — —
Length of third pleopod — 1.69 & 1.71 — —
Length of fourth pleopod >2 1.80 & 1.69 — —
Length of fifth pleopod — 1.06 & 0.93 — —
Length of basipodite — — — —
Length of exopod of uropods — — — —
Width of exopod of uropods — — — —
Length of diaeresis — — — —
Length of endopod of uropods — — — —
Width of endopod of uropods — — — —
Pleonal somites
Length of first pleonal somite — — — —
Height of first pleonal somite 5.00 >7.10 6.42 —
Length of second pleonal somite 1.98 2.59 2.28 —
Height of second pleonal somite 5.57 >7.80 6.35 —
Length of third pleonal somite 3.96 5.29 3.60 —
Height of third pleonal somite 5.49 >8.92 6.56 —
Length of fourth pleonal somite 3.90 5.59 2.96 —
Height of fourth pleonal somite 4.71 >6.40 5.37 —
Length of fifth pleonal somite 3.12 2.88 2.49 —
Height of fifth pleonal somite 3.66 5.79 4.12 —
Length of sixth pleonal somite 4.60 7.50 5.22 —
Height of sixth pleonal somite 2.72 3.90 2.53 —
Length of telson — >7.88 — —
Height at base of telson — 0.99 — —

Additionally, Anisaeger was until now only reported from
the Middle Triassic of South China (Luoping Biota, Anisian;
Schweitzer et al., 2014). Our revision shows that this genus
was also present in the Middle and Late Triassic of Europe (Ani-
sian of France and Carnian of Austria; Bronn, 1858; Bill, 1914).
The specimens from the Paris Biota described below not only
extend the temporal range of the genus by 5 Myr into the early
Spathian (Early Triassic), but also considerably extend its spatial
distribution into eastern Panthalassa.

Anisaeger atavus (Bill, 1914) new combination
Supplementary file 2

1914 Penaus atavus Bill, p. 305, pl. 11, fig. 3; pl. 12, fig. 4.
1971 Antrimpos atavus; Gall, p. 50, pl. 12, figs. 1-3.
2010 Antrimpos atavus; Schweitzer et al., p. 9.

Neotype.—Holotype destroyed. Neotype designated by Gall
(1971): almost complete specimen (PEN 1) from the Anisian
Greés a meules Formation, France, and reposited in the
Grauvogel-Gall collection at the Ecole et Observatoire des
Sciences de la Terre, Strasbourg, France.
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Emended diagnosis by Gall (1971; translated from French).—
Crustacean with a narrow and elongated body, laterally
compressed, generally fossilized in the dorso-ventral position.
Thin and smooth cephalothoracic carapace, bearing three pairs
of short grooves (cervical, hepatic, and branchiocardiac) and
two pairs of spines in the anterior region. It is extended in front
by a long and pointed rostrum, adorned with a few dorsal teeth
in the large specimens. Abdomen longer than the
cephalothorax, formed of six segments, the last of which is
about twice as long as it is high. Triangular telson, finished in a
point. Short antennae formed by two unequal rami. Antennae
with a long multi-jointed whip and a broad scale with the outer
edge differentiated into a thorn. Third maxilliped with stiff
bristles. Slender and smooth thoracic legs, the first three ending
in a claw. Abdominal appendages unknown. Strongly chitinized
uropods; the exopodite is articulated.

Remarks.—Penaus atavus was described based on eight
specimens from the Upper Buntsandstein (Middle Triassic)
Gres a Voltzia Formation (Bill, 1914). These specimens were
described as having very long antennal flagellum,
hypertrophied third maxillipeds that were spinose or setose
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Figure 4. Anisaeger longirostrus n. sp. (1-3) Right lateral view of holotype specimen UBGD294000; (4-6) left lateral view of paratype specimen UBGD30559;
(7-10) dorsal view of paratype specimen UBGD294001. (1, 4, 7) Line drawings; (2, 5, 10) under UV illumination; (3, 6, 8, 9) under natural illumination. Abbrevia-
tions: a=branchiocardiac groove; a2 = antenna; as = antennal spine; bp = basipodite; di = diaeresis; e;e =cervical groove; en =endopodite; eskt =endophragmal
skeleton; ex = exopodite; hs = hepatic spine; mxp3 = third maxilliped; P = pereiopod; pl = pleopod; ps = postorbital spine; r = rostrum; s = pleonal somite; sc = sca-

phocerite; t =telson. Scale is 1 cm.

(as evinced by pits along the appendages), chelate pereiopods 1—
3, and with a first pleonal somite shorter than the others. Bill
(1914) attributed these specimens to the Penaeidae mainly on
the basis of the chelae observed on the first three pereiopods.
Unfortunately, all specimens originally housed at the University
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of Strasbourg were destroyed by fire in 1967. Gall (1971) later
erected a neotype after examining over a hundred specimens
also sampled from the Gres a Voltzia Formation. Considering
the characters described by Bill (1914), he established a
new diagnosis accompanied by a schematic reconstruction in
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Figure 5. Anisaeger longirostrus n. sp. (1-3) Dorso-right lateral view of paratype specimen UBGD294004; (4-6) left lateral view of specimen UBGD30553b; (7,
8) left lateral view of specimen UBGD294005¢; (9-11) right lateral view of paratype specimen UBGD33022BIS. (1, 4, 8, 9) Line drawings; (2, 5, 7, 10) under UV
b.

illumination; (3, 6, 11) under natural illumination. Abbreviations: a = branchiocardiac groove; al = antennula; a2 = antenna; as = antennal spin
xopodite; hs = hepatic spine; mxp3 = third maxilliped; P = pereiopod; pl = pleopo
scaphocerite; t = telson. Scale is 1 cm.

=basipodite; crp = carpocerite; eskt =endophragmal skeleton; ex
orbital spine; r = rostrum; s = pleonal somite; sc

which the species is described with cervical, hepatic, and
branchiocardiac grooves, two spines in the anterior part of the
carapace, a dorsally keeled s6 longer than high, and a long
rostrum with basal spines on the largest specimens. The
illustrations provided by Bill (1914) and Gall (1971) do not
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=basicerite; bp
ps = post-

allow confirmation of the presence of basal spines on the
rostrum. Without any justification, the species was assigned to
the “wastebasket” genus Antrimpos by Gall (1971).

Given the distinctive hypertrophied setose third maxilliped,
this species should be regarded as an Aegeridae. Additionally,
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Figure 6. Anisaeger longirostrus n. sp. (1-3) Left lateral view of specimen UBGD294005a; (4—6) left lateral view of specimen UBGD294005b; (7-9) left lateral
view of specimen UBGD30555b; (10) mirrored counter-impression of UBGD30555b. (1, 4, 7) Line drawings; (2, 5, 9, 10) under UV illumination; (3, 6, 8) under
natural illumination. Abbreviations: a = branchiocardiac groove; as = antennal spine; bp = basipodite; di = diaeresis; en = endopodite; ex = exopodite; P = pereiopod;
pl = pleopod; r =rostrum; s = pleonal somite; sto = stomach traces; t = telson. The beige color corresponds to digestive-track traces. Scale is 1 cm.

the presence of (1) two anterior spines on the carapace that most
probably correspond to the hepatic and postorbital spines, (2) the
branchiocardiac cervical and hepatic grooves, (3) the s6 dorsally
keeled, and (4) the hypertrophied third maxilliped as long as the
pereiopods, suggest it belongs to Anisaeger. We therefore pro-
pose the new combination Anisaeger atavus. Anisaeger atavus
(Bill, 1914) differs from other Anisaeger species by the presence
of a third maxilliped of the same length as the pereiopods, thinly
setose, and that is terminated by a straight sharp dactylus.
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Anisaeger longirostrus new species
Figures 4-6

2017 Penaeoid shrimp; Brayard et al., p. 4, fig. 6.C; fig. S20.A, E.
Type material—The holotype is UBGD294000 and paratypes

include, UBGD30559, UBGD294001, and UBGD294004
from Paris Canyon, Idaho, USA (early Spathian, Early
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Triassic). UBGD33022BIS [not “UBGD33022” as mentioned
in Smith et al., 2021] is from the NoName locality, Nevada,
USA (early Spathian, Early Triassic).

Diagnosis.—Carapace with a very long spineless rostrum;
postorbital spine present; cervical groove inclined and
terminated by an hepatic spine; long oblique branchiocardiac
groove; well pronounced orbital notch; third maxilliped
smooth and slightly longer than pereiopods; acuminate
dactylus of third maxilliped; pereiopods 1-3 with moderate
sized chelae; s1 narrower and shorter than s2, with a strong
anteriorly incurved ventral termination; s3 higher than others
and triangular; lateral keel on s5 and s6. Uropodal exopod
with diaeresis.

Description.—

Carapace.—Thin subrectangular carapace, narrower
anteriorly than dorsally, with straight ventral margin, and
dorsal margin gently arched. Anterior margin with well
pronounced orbital notch and distinct antennar notch, both
notches being separated by a sharp protuberance and possibly
even an antennar spine. Thinly rimmed posterior margin,
ventrally rounded and slightly concave dorsally. Smooth and
long rostrum, straight or slightly upturned and without spines.
Small postorbital spine pointing anteriorly. Short inclined
cervical groove terminated anteriorly by a hepatic spine. Long
and shallow branchiocardiac groove.

Pleon.—s1-s6 tergopleura smooth with a thin rim on the
external margin. Terga of s1 to s4 smooth, and with a thin dorsal
carina on s5 and s6. sl higher than long, narrower and shorter
than s2, with tergopleuron strongly concave anteriorly, ending
with a sharp to narrowly rounded extremity, and with a convex
to slightly sinuous posterior margin. s2 higher than long, rather
triangular with anterior margin of tergopleuron straight or
slightly concave, posterior margin straight, and a rounded ter-
mination. s3 is higher and longer than the others, triangular,
and overlapping s2. s4 is ovoid with a rounded end, about the
same dimension as s2 with an anterior margin slightly convex
and a posterior margin slightly concave with an axial notch.
s5 is the smallest, slightly higher than long, with a convex anter-
ior margin, a concave posterior margin also presenting an axial
notch, and a rounded termination. s6 is elongated, longer than
high, subrectangular. s5 and s6 show traces of an axial keel.
Straight, triangular and elongated telson, about as long as s6
and sharply terminated.

Cephalic appendages.—No clear remains of antennular
peduncle. Antennulae with two, thin, long multi-articulated fla-
gella (~length of the carapace). Antenna composed of a smooth
elongated peduncle with three elongated segments slightly thin-
ner and gradually longer distally. Antennal flagellum multi-
articulated and very long. Scaphocerite composed of two dis-
tinct parts: a spine that is rigid, and a blade that is thinner. The
spine is straight, long, extending beyond antenna basal elements
and with a sharp distal extremity. The blade is rather smooth,
ovoid with a rounded termination, wide, and extending above
the scaphocerite spine.

Thoracic appendages.—Maxillipeds 1 and 2 not preserved.
Mxp3 smooth, well developed, moderately longer than the
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pereiopods. Mxp3 carpus and propodus slender and very elon-
gated, roughly equally long. Mxp3 dactylus large and acuminate.
Pereiopods moderately long, slender and smooth. P1-P3 gradually
longer posteriorly and with moderate sized chelae. P4 and P5
achelate.

Pleonal appendages.—Protopodite of pleopods moderately
long, ovoid to slightly triangular, preserved in pairs. No remains
of pleopod flagella. First pair of pleopods distinctively bigger
than others in some specimens, potentially petasma. Rounded
to subtriangular uropodal basipodite. Uropodal exopod and
endopod ovoid with smooth lateral margins, and rounded distal
margins. Uropodal exopod slightly shorter or the same length as
the telson, and slightly longer than uropodal endopod, both uro-
podal exopod and endopod present marks of longitudinal
streaks. Uropodal exopod with diaeresis.

Internal structures.—Several specimens exhibit remains of
digestive system. Even part of the stomach, located in the hepatic
region, is occasionally preserved (Fig.6. 4-5). The digestive trac-
tus extends anteriorly in the carapace to the hepatic region, hori-
zontally and axially. It extends parallel to median line, slightly
dorsally throughout the pleon and terminates posteriorly just
beneath the telson.

Etymology.—The specific epithet refers to the elongated
rostrum.

Additional ~ material.—UBGD294005a, UBGD294005b,
UBGD294005¢, UBGD294006, UBGD30553b, UBGD30555b,
UBGD294007 and UBGD294008 from Paris Canyon, Idaho,
USA (early Spathian, Early Triassic).

Measurements.—Available in Table 2.

Remarks.—The specimens exhibit spineless, well-developed
thoracic appendages, long scaphocerites, and third maxillipeds
moderately longer than the pereiopods. These characters are
diagnostic of Aegeridae. With their moderately long thoracic
appendages, these specimens differ from Aeger species that
bear very long thoracic appendages, and very well-developed
third maxillipeds, usually spinose or setose. The long and
spineless rostrum of these specimens also distinguishes them
from Acanthochirana. The only other Aegeridae having a
spineless rostrum is Anisaeger.

Sampled specimens are flattened but abundant, which
allowed us to distinguish recurrent anatomical features from sim-
ple compression artefacts. These features are the inclined cer-
vical groove, the long and oblique branchiocardiac groove,
and the hepatic and postorbital spines. Hepatic and postorbital
spines as well as a shallow cervical groove were also identified
in An. brevirostrus, but no branchiocardiac carina were reported
so far from the latter. However, this difference should be taken
with caution because it may result from a taphonomic bias
(i.e., the compression of the carapace may have erased some
cephalic features). There are, however, other features differenti-
ating the two species. The rostrum of An. longirostrus n. sp. is
very long (Table 2), but it is never much longer than the eye-
stalks in An. brevirostrus. Anisaeger brevirostrus also exhibits
setal pits on the third maxilliped whereas An. longirostrus
n. sp. does not exhibit any setose or spinose thoracic
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Table 2. Measurements (in mm) of specimens of Anisaeger longirostrus n. sp. When both left and right appendages were measurable, both measures are given.

UBGD294000 UBGD294001 UBGD30559 UBGD294004 UBGD30553b UBGD33022BIS UBGD294005¢ UBGD30555b UBGD294005a UBGD294005b

8YCl

ssaud Aussaniun abpuquied Aq auluo paysiignd ve'zzoz edl/zL01°01/B10"10p//:sd1y

Carapace and anterior
appendages

Carapace length excluding rostrum — 15.17 14.98 10.08 8.04 9.54 — — — —
Carapace length including rostrum — >25.37 27.05 >18.74 13.61 >14.64 — Carapace + — —
19.9
Carapace height >6.2 — 11.18 — 5.14 7.03 5.93 — 6.01 5.47
Length of scaphocerite — L:3.30 & R: 8.75 — 7.2 — 5.54 — — — —
Width of scaphocerite — L:>2.09 & R:3.48 — — — — — — — —
Length of antennal flagellum — — — — — — >7.79 — — —
Length of antennular flagellum — — — — — — >8.95 — — —
Thoracic and abdominal
appendages
Third maxilliped length without 13.51 — — — — — — — — —
dactylus
Third maxilliped dactylus length 5.52 — 53 — — — 3.92 & >3.15 — — —
Length of first pereiopod 12.95 — — — >3.64? — — — — —
Length of second pereiopod — — — — >2.58? — — — — —
Length of third pereiopod — >9.39 >15.5? — >3.54? & — — >22.83? >10.01 —
>5.537
Length of fourth pereiopod — — — — >3.87 — — — — —
Length of fifth pereiopod >9.08 >5.54 — — >3.12 — — — — —
Length of fist pleopod 245 & 1.76 — — — 335 &>2.6 — — — — 1.28 & 0.79
Length of second pleopod 240 & 2.14 — — — 2.02 — — — — —
Length of third pleopod 2.89 — — — — — — — — —
Length of fourth pleopod 2.56 & 2.33 — — — 0.99 — — — — —
Length of fifth pleopod 3.35 — — — 1.1 — — — — —
Length of basipodite 2.64 — 2.47 — 1.24 — — — 1.45 —
Length of exopod of uropods 6.31 — >5.94 — — — — 8.07 — —
Width of exopod of uropods 1.43 — 1.23 — 1 — — 33 — —
Length of diaeresis 1.76 — — — — — — 1.73 — —
Length of endopod of uropods 7.28 — — — — — — 7.92 — —
Width of endopod of uropods >1.10 — — — — — — 2.07 — —
Pleonal somites
Length of first pleonal somite — — — — 1.59 1.09 — — 2.45 1.75
Height of first pleonal somite 9.09 9.85 — — 4.64 7.22 6.31 — 7.17 4.80
Length of second pleonal somite 4.16 5.19 3.21 4.94 2.08 2.92 — 7.03 2.74 2.42
Height of second pleonal somite 9.76 10.29 8.36 6.04 5.53 7.38 — 10.70 7.32 5.29
Length of third pleonal somite 7.85 6.47 7.66 4.75 2.71 5.27 — 8.43 4.23 2.05
Height of third pleonal somite 9.92 8.49 8.80 591 5.88 6.75 — 11.50 8.11 5.31
Length of fourth pleonal somite 4.13 3.87 — 3.30 3.02 3.21 — 6.46 3.86 3.37
Height of fourth pleonal somite 8.11 7.09 — 5.27 5.09 5.80 — 9.55 6.75 4.90
Length of fifth pleonal somite 4.14 2.83 5.67 2.40 2.85 3.49 — 5.18 3.45 2.27
Height of fifth pleonal somite 6.13 5.22 5.64 4.16 3.77 4.18 — 7.21 5.36 3.38
Length of sixth pleonal somite 7.24 7.81 7.65 >5.48 4.64 6.37 — 10.23 4.49 3.70
Height of sixth pleonal somite 443 4.20 3.88 3.24 2.62 3.40 — 5.21 3.47 2.31
Length of telson 9.69 — 8.50 — 3.94 — — 13.66 — —
Height at base of telson 2.24 — 1.83 — — — — 2.68 — 0.87

£9Z1-S£T1:(9)96 &30j01u02]pq Jo [PULINOL


https://doi.org/10.1017/jpa.2022.34

Smith et al.—Paris Biota decapods and Triassic decapod diversity

appendages, implying that if setose or spinose thoracic appen-
dages were present, they were very thin. Finally, the third max-
illiped of An. longirostrus n. sp. is much slenderer than that of
An. brevirostrus, and terminated by an acuminate dactylus.

Anisaeger crassipes (Bronn, 1858) new combination
1858 Aeger crassipes Bronn, p. 26, pl. 5, figs. 1, 2 (not pl. 4,
fig. 5).
7Aeger crassipes; Van Straelen, p. 497.

Antrimpos crassipes; Glaessner, p. 139, pl. 6, fig. 1;
pl. 10, fig. 4.

Antrimpos crassipes; Glaessner, p. 112, fig. 1.
Antrimpos crassipes; Schweitzer et al., p. 9.

Antrimpos crassipes; Hyzny and Zorn, p. 137, pl. 14,
fig. l.a—c.

“Genus? crassipes” HyZny and Garassino, p. 69,
figs. 1-4.

1928
1930

1965
2010
2016

2022

Type material —Syntypes figured by Bronn (1858, pl. 5, figs.1,
2 [not pl. 4, fig. 5]) and from the Carnian Raibl Formation, Italy,
possibly lost.

Emended diagnosis by Glaessner (1930; translated in modern
terms).—Carapace and rostrum poorly preserved; s1—s3 with
rounded tergopleura; s4 and s5 with subtriangular tergopleura;
s6 longer than the others; s5 and s6 with median lateral keel;
telson as long as s6; uropods third longer than telson, with
longitudinal carina; very long multi-articulated antennal
flagellum; oval scaphocerite; third maxilliped with
foliole-shaped dactylus; P1-P3 with elongate chelae; P3
longer that P1 and P2; short P4, P5 achelate; pleopods with
exopodite and endopodite of same length; first pleopods
arched and heavily calcified (petasma).

Remarks.—Aeger crassipes was described based on four
specimens from the Carnian Raibl Formation, Italy (De
Zanche et al., 2000). As specified by Bronn (1858), the
specimens are poorly preserved, complicating their
identification. Nonetheless, he identified five pairs of
pereiopods and long antennae. Additionally, he also noticed a
long third maxilliped that he identified as a 6th pair of
pereiopods. Based on the similarities of its overall shape, the
antennae, the thoracic appendages, and the uropods, Bronn
(1858) assigned these specimens to Aeger. Finally, based on
the rather robust P4 and P5 differing from those of other
Aeger species that are usually filiform, he erected Aeger
crassipes. Later, Glaessner (1930) revised this species based
on 23 specimens, also from the Raibl Formation, and among
which six exhibited the carapace and pleon, and three also had
pereiopods. He described a triangular foliole-shaped dactylus
for the third maxillipeds that are long, and three anterior pairs
of pereiopods that are chelate, the third pair of pereiopods
being the longest. The apparent absence of traces of setose or
spinose on the third maxillipeds was mentioned by Glaessner
(1930). He also provided a species reconstruction in which the
rostrum is long and spineless. Considering that this species
has the general characteristics of Penaeoidea but not those of
Aeger, and finding more shared features with Antrimpos than
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with Aeger, Glaessner (1930) proposed the new combination
Antrimpos crassipes (Bronn, 1858). Schweitzer (2010) followed
this opinion. Nowadays however, Antrimpos is considered as a
“wastebasket” taxon (e.g., Garassino and Teruzzi, 1995; Garassino
et al., 2013; Robalino et al., 2016). Finally, HyZny and Garassino
(2022) restudied the original material of Bronn (1858) and
Glaessner (1930). After not being able to identify any important
diagnostic character that would support an attribution to one of the
two genera Aeger or Antrimpos, Hyzny and Garassino (2022)
suggested placing this taxon in open nomenclature as “Genus?
crassipes (Bronn, 1858);” however, they did not consider an
attribution to any other genera.

After examining the illustrations in Bronn (1858) and
Glaessner (1930), we identified the presence of well-developed
third maxillipeds, at least as long as the pereiopods, P1-P3 chelate
with the third pair longer than the others, very long antennal fla-
gellum, and pleopods with two multi-articulated flagella each.
These characters suggest that Antrimpos crassipes should be reas-
signed to Aegeridae. Additionally, given the presence of a spine-
less rostrum, Mxp3 that is about as long as the pereiopods, which
themselves are moderately long, the absence of traces of setose or
spinose on the Mxp3 that are terminated by an acuminate dacty-
lus, and the s1 narrower and shorter than s2 with a strong anteri-
orly incurved ventral termination, we argue for an assignment to
Anisaeger. Anisaeger crassipes (Bronn, 1858) n. comb. differs
from Anisaeger brevispinus by its long rostrum, and the seem-
ingly smooth Mxp3. Anisaeger crassipes n. comb. also shows
relatively robust thoracic appendages, among which the P1-P3
are terminated by relatively big chelae, contrary to Anisaeger
longirostrus n. sp. in which the thoracic appendages are rather
slender and the P1-P3 only exhibit moderate-sized chelae.

Suborder Pleocyemata Burkenroad, 1963
Infraorder Glypheidea Winkler, 1882
Superfamily Glypheoidea Winkler, 1882
Family Litogastridae Karasawa et al., 2013
Genus Litogaster Meyer, 1847

1847 Litogaster Meyer, p. 137.

Type species.—Litogaster obtusa (Meyer, 1844), by monotypy
(junior synonym: Litogaster ornata Meyer, 1851).

Other species.—Triassic: Litogaster durlachensis (Forster,
1967a); ?Litogaster keuperinus Kuhn, 1939; Litogaster limicola
(Konig, 1920); ?Litogaster luxoviensis Etallon, 1859:; Litogaster
tiefenbachensis  Assmann, 1927; Litogaster tuberculata
Assmann, 1927; Litogaster turnbullensis Schram, 1971.
Emended diagnosis by Charbonnier et al. (2013).—Subcy-
lindrical carapace, laterally compressed; spatulate, spineless ros-
trum; cephalic region with longitudinal inflected carinae; very
deep cervical groove, steeply inclined, ventrally joined to anten-
nal groove, delimiting relatively narrow cephalic region; ventral
margin of antennal-pterygostomial region slightly convex;
antennal groove rounded ventrally; deep, narrow postcervical
groove, dorsally incurved, not joined to dorsal margin but joined
ventrally to branchiocardiac groove, forming elongate and nar-
row lobe; very short cardiac groove, slightly convex posteriorly;
intercervical groove absent; deep, narrow branchiocardiac
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groove, dorsally incurved, joined to dorsal margin of carapace;
deep hepatic groove, semicircular at intersection with branchio-
cardiac groove and straight before joining cervical groove;
inflated adductor muscle insertion area; deep inferior groove,
convex posteriorly, joined to hepatic groove.

Litogaster turnbullensis Schram, 1971
Figures 7, 8

1971 Litogaster turnbullensis Schram, p. 534, figs. 1-3.

2004 Litogaster turnbullensis; Amati et al., p. 150, fig. 2.2.

2010 Litogaster turnbullensis; Schweitzer et al., p. 19.

2013 Litogaster turnbullensis; Karasawa et al., p. 79.

2013 Litogaster turnbullensis; Charbonnier et al., p. 229, figs.
495, 496.

Type material.—Holotype by monotypy (FMNH PE 16215)
from the Early Triassic, Upper Siltstone Member of the
Thaynes Formation of locality NW1/4, NW1/4, sec. 19,
T.15S, R45E, on the top of a ridge about three-quarters of a
mile east of Hot Springs, Bear Lake, Idaho, United States of
America.

Original diagnosis by Schram (1971).—Decapod of moderate
size; rostrum short and spatulate; carapace granulose in
texture; postcervical and branchiocardiae grooves parallel and
gently directed posteriad; doublure on posterior margin of
carapace; abdominal terga smooth; telson subrectangular;
exopod of uropod with diaeresis.

Emended diagnosis (present work).—Subcylindrical carapace
granulose in texture, with a short spatulate rostrum without
spines; distinct orbital notch; well-pronounced antennal and
orbital carina; antennal groove weakly rounded ventrally,
forming flat antennal lobe and joined to rimmed ventral
margin of cephalic region; postcervical and branchiocardiae
grooves parallel and gently directed posteriorly; subchelate
P1-P3; P1 merus with dorsal and ventral spiny margins; P3
merus with spiny ventral margin; abdominal terga smooth;
s2-s6 terga with median raised longitudinal carina;
subrectangular telson rounded distally; uropodal endopod and
exopod as long as telson, with strong median longitudinal
carina; exopod of uropod with diaeresis.

Description.—

Carapace.—Laterally compressed, subcylindrical carapace
(UBGD30557: CL=16.31 mm, CH=6.9 mm); short, spineless
rostrum; distinct orbital notch; cephalic region with two
tuberculated carinae, slightly raised; orbital and gastro-orbital
carinae distinct, approaching each other distally; deep, straight
cervical groove, intercepting dorsal midline at ~80° angle;
cervical groove ventrally joined to antennal groove, delimiting
narrow cephalic region; ventral margin of antennal-
pterygostomial region slightly convex; antennal groove weakly
rounded ventrally, forming flat antennal lobe and joined to
rimmed ventral margin of cephalic region; weak postcervical
groove, incurved dorsally, not joined to dorsal margin but joined
ventrally to branchiocardiac groove, forming elongate, narrow
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lobe; very short cardiac groove, interrupted before joining dorsal
midline; weak branchiocardiac groove, incurved dorsally,
reaching dorsal midline at ~70° angle; hepatic groove,
semicircular at intersection with branchiocardiac groove and
straight before joining cervical groove; inferior groove not
visible; raised adductor muscle insertion area. All regions of
carapace finely tuberculated.

Cephalic appendages.—Poorly preserved, only a fragment
of probable antennal flagellum is visible.

Thoracic appendages.—Subchelate P1, largest and stout-
est; cylindrical P1 merus with spiny dorsal and ventral mar-
gins; tronconical P1 carpus as long as high; subrectangular
P1 propodus, at least two times as long as high; P1 dactylus
large, elongate, and distally curved; subchelate P2-P3; P3
merus with spiny ventral margin; achelate P4—P5 more slen-
der than P1-P3.

Pleon.—s1 shorter than others; subrectangular s2—s5, equal
in size, with smooth terga and mucronate tergopleura; subrectan-
gular s6 shorter than previous ones, with triangular tergopleura;
s2—s6 terga with median raised longitudinal carina; subrectangu-
lar telson with rounded distal extremity, marked with faint
median and lateral longitudinal carinae.

Pleonal appendages.—Uropodal endopod and exopod as
long as telson, with strong median longitudinal carina; uropodal
exopod with straight diaeresis.

Lllustrated material.—Three specimens from the Paris Biota
(from Paris Canyon, Idaho, USA): UBGD30557 is a
subcomplete specimen preserved in left lateral view showing a
disarticulation between the carapace, the pleon, the
endophragmal skeleton and the pereiopods, which suggests a
probable exuvia origin; UBGD30560 is a subcomplete
specimen preserved in dorso-ventral position; UBGD30548 is
an isolated pleon preserved in dorsal view.

Measurements.—See Table 3.

Remarks.—The three new specimens sampled from the Paris
Biota show diagnostic characters of Litogaster (e.g., the
carapace groove pattern with the postcervical and
branchiocardiac grooves joined ventrally, the short cardiac
groove, and the semicircular hepatic groove). The subchelate
P1-P3 are also very typical of Litogaster. The finely
tuberculated ornamentation, the presence of a clear orbital
notch, and the well-pronounced antennal and orbital carinae
suggest placement in Litogaster turnbullensis.

Superfamily Pemphicoidea Van Straelen, 1928
Family Pemphicidae Van Straelen, 1928

Included genera.—Pemphix Meyer, 1835; Pseudopemphix
Wiist, 1903; Oosterinkia Klompmaker and Fraaije, 2011.

Emended diagnosis by Charbonnier et al. (2015).—Carapace
with strongly inflated cephalothoracic regions; spatulate,
dorsoventrally flattened rostrum; orbital, gastro-orbital and
antennal ridges absent in cephalic region; gastro-orbital groove
with two wide branches; very deep cardiac groove;
postcervical and branchiocardiac directed toward the dorsal
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Figure 7. Litogaster turnbullensis Schram, 1971. Left lateral view of an exuvia, specimen UBGD30557. (1) Line drawing; (2) under natural illumination; (3) under
UV illumination. Abbreviations: a = branchiocardiac groove; a2 = antenna; b = antennal groove; b; = hepatic groove; ¢ = postcervical groove; cd = cardiac groove; d =

gastro-orbital carina; e;e = cervical groove; i = inferior groove; mxp3 = third maxilliped; oc = orbital carina; P = pereiopod; s = pleonal somite; t = telson. Scale is 1

cm.
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SRR

Figure 8. Litogaster turnbullensis Schram, 1971. (1, 2) Dorsal view of
UBGD30560; (3) dorsal view of specimen UBGD30548. (1, 3) Under natural
illumination. (2) under UV illumination. Scale is 1 cm.

margin with angle ~30° and converging dorsally, but without
dorsal connection; biconvex hepatic groove; subchelate
pereiopods 1-3; uropodal exopodite with straight diaeresis;
subrectangular telson with rounded extremity.

Genus Pemphix Meyer, 1835
1835 Pemphix Meyer, p. 328.

Type species.—Palinurus sueurii Desmarest,
subsequent designation of Glaessner (1929).

1817, by

Other species.—Triassic: Pemphix malladai Via, 1971; Pemphix
silesiacus Assmann, 1927; Pemphix sueurii (Desmarest, 1817).

Emended diagnosis by Feldmann et al. (2015).—Subcylindrical
carapace slightly compressed dorsoventrally, strongly sculptured
by deep grooves; gastric, hepatic, meso- gastric, metagastric,
and epibranchial regions well defined; cervical, postcervical,
and branchiocardiac grooves well developed; long and spatulate
rostrum lacking supra- and subrostral teeth but broadly rimmed;
short antennules; long antennae with leaf-shaped scaphocerite;
pereiopod 1 strongly developed and subchelate; pereiopods 2—-3

https://doi.org/10.1017/jpa.2022.34 Published online by Cambridge University Press

Journal of Paleontology 96(6):1235-1263

slender and subchelate; pereiopods 4-5 with terminal dactylus;
subrectangular pleonal somites with wide articulating rings;
tergopleura blunt-triangular, directed posteriorly; subrectangular
telson; exopodite with diaeresis.

Emended diagnosis ( present work).—Carapace tuberculate with
strongly inflated cephalothoracic regions; gastric, hepatic, meso-
gastric, metagastric, and epibranchial regions well defined;
spatulate rostrum, broadly rimmed; long antennae with
leaf-shaped  scaphocerite;  short  antennules;  orbital,
gastro-orbital and antennal ridges absent in cephalic region;
gastro-orbital groove with two wide branches; very deep
cardiac groove; postcervical and branchiocardiac directed
toward the dorsal margin with angle ~30° and converging
dorsally but without dorsal connection; biconvex hepatic
groove; subchelate pereiopods 1-3; pereiopod 1 strongly
developed; pereiopods 4-5 achelate; subrectangular pleonal
somites; tergopleura blunt-triangular, directed posteriorly;
uropodal exopodite with straight diaeresis; subrectangular
telson with rounded extremity.

Pemphix krumenackeri new species
Figure 9

Type material.—Holotype by monotypy UBGD294009,
subcomplete specimen from Paris Canyon, southeastern Idaho,
USA (early Spathian, Early Triassic), preserved in
dorso-ventral ~position, showing fragmentary carapace,
complete pleon and tail fan; early Spathian, Early Triassic.

Diagnosis.—Carapace tuberculate with strongly inflated
cephalothoracic regions; rostrum large and dorsoventrally
flattened; very deep cervical groove; branchiocardiac grooves
directed dorsally and converging close to postero-dorsal
extremity; moderately biconvex hepatic groove; deep cardiac
groove joined ventrally and slightly anteriorly to postcervical
groove; cardiac groove cutting dorsal midline perpendicularly;
strongly sculptured pleonal somites with one transversal
groove interrupted by a short median carina on s2—s5 terga,
and strong nodulose process rimmed by one triangular groove
at the fold separating tergopleuron from tergum on s2-s5
tergopleura; telson with one pair of broad proximal tubercles;
uropods as long as telson, with one longitudinal carina;
uropodal exopod with straight diaeresis.

Description.—

Carapace.—Carapace with originally strongly inflated
cephalothoracic regions; rostrum not preserved, except the
basis, broadly rimmed, suggesting a large, dorsoventrally
flattened shape; very deep cervical groove; gastro-orbital
groove poorly preserved, with two wide branches but only the
dorsal one is well visible; postcervical and branchiocardiac
grooves directed toward the dorsal margin with an angle of
~30° and converging posteriorly, but without dorsal
connection; moderately biconvex hepatic groove; deep cardiac
groove joined ventrally and slightly anteriorly to postcervical
groove; cardiac groove cutting dorsal midline perpendicularly;
ornamentation of carapace poorly preserved, but remains of
small tubercles are present on cephalic and branchial regions.
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Table 3. Measurements (in mm) of specimens of Litogaster turnbullensis. When both left and right appendages were measurable, both measures are given.

UBGD30557 UBGD30548 UBGD30560
Carapace
Carapace length >12.21 — 16.31
Carapace height 6.06 — 6.9
Thoracic and abdominal appendages
Length of first pereiopod with chelae >18.37 & >17.65 — >14.58 & >12.83
Length of first pereiopod propodus 422 &5.16 — 429 & 5.04
Length of first pereiopod movable finger 4.23 & 2.36 — 3.80 & 3.56
Length of second pereiopod with chelae >12.29 — —
Length of second pereiopod propodus 291 — —
Length of second pereiopod movable finger 1.52 — —
Length of third pereiopod with chelae 9.59 — —
Length of third pereiopod propodus 2.61 — —
Length of third pereiopod movable finger 0.84 — —
Length of fourth pereiopod 10.05 — —
Length of fifth pereiopod 8.49 &7.33 — —
Length of exopod of uropods — 3.17 3.65 & 3.30
Width of exopod of uropods — 297 2.98 & 2.56
Length of diaeresis — 1.2 133 & 1.14
Length of endopod of uropods — — 4.01 & 3.53
Width of endopod of uropods — — 3.05
Pleonal somites
Length of first pleonal somite — — 1.80
Height of first pleonal somite — — 5.11
Length of second pleonal somite — — 2.17
Height of second pleonal somite — — 4.59
Length of third pleonal somite 2.97 2.19 2.45
Height of third pleonal somite — 2.38 4.07
Length of fourth pleonal somite 2.82 221 1.95
Height of fourth pleonal somite — >1.83 3.69
Length of fifth pleonal somite 1.81 2.06 2.63
Height of fifth pleonal somite — 1.94 4.44
Length of sixth pleonal somite 2.48 2.6 1.80
Height of sixth pleonal somite — 1.82 3.89
Length of telson 4.38 4.37 6.37
Height at base of telson — 2.72 4.39

Pleon.—Pleon as wide as carapace; subrectangular s1, smaller
than others; s1 tergum with short transversal groove; s2—s5 of simi-
lar size and shape; s2—s5 terga with one transversal groove inter-
rupted by a short median carina, s2-s5 tergopleura with one
strong nodulose process rimmed by one triangular groove at the
fold separating tergopleuron from tergum; s2—s5 tergopleura acu-
minate; s6 tergum with median carina; s6 tergopleuron with one
strong nodulose process rimmed by incurved groove, at the fold sep-
arating tergopleuron from tergum; subrectangular telson with
rounded extremity; telson with one pair of broad proximal tubercles.

Pleonal appendages.—Pleopods not preserved; uropods as
long as telson, with one longitudinal carina; uropodal exopod
with straight diaeresis.

Etymology.—The specific epithet honors L. J. Krumenacker,
discoverer of the Paris Canyon fossiliferous site.

Measurements.—See Table 4.

Remarks.—Pemphix krumenackeri n. sp. shows diagnostic
characters of Pemphix Meyer, 1835, such as the carapace groove
pattern (very deep cervical groove, parallel postcervical and
branchiocardiac grooves, very deep cardiac groove cutting dorsal
midline perpendicularly) and the originally strongly inflated
regions of carapace (flattened on the fossil). Schweitzer et al.
(2010) listed three species in Pemphix: Pemphix sueurii
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(Desmarest, 1817) from the Middle Triassic of France and
Germany; P. silesiacus Assmann, 1927, from the Middle Triassic
of Poland; and P. malladai Via, 1971, from the Middle Triassic
of Spain. Pemphix krumenackeri n. sp. differs from the type
species by its strongly sculptured pleonal somites (almost smooth,
with wide articulating rings in P. sueurii). Pemphix silesiacus is
very close to P. sueurii, but much smaller and with a gastric
region without strong sculpture (after Forster, 1967). A potential
synonymy between these two species was raised, but not solved
because only one of the 21 original type specimens listed by
Assmann (1927) was recovered and studied by Forster (1967a).
The poor preservation of Pemphix malladai Via, 1971, precludes
any comparison with other Pemphicidae species and even raises
the question of its placement within Pemphix. Pemphix
krumenackeri n. sp. represents the oldest known Pemphix species,
expanding the temporal extent of the genus back to the Early
Triassic, and extending its spatial range to the American continent.

Genus QOosterinkia Klompmaker and Fraaije, 2011
2011 Oosterinkia Klompmaker and Fraaije, p. 6.

Type species.—Qosterinkia neerlandica Klompmaker and
Fraaije, 2011, by monotypy.

Emended diagnosis.—As for type species, by monotypy.
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Figure9. Pemphix krumenackerin. sp. Dorsal view of holotype specimen UBGD2940009. (1) Line drawing (by Julien Devillez and Sylvain Charbonnier); (2) under
natural illumination; (3) under UV illumination. Abbreviations: a = branchiocardiac groove; b; = hepatic groove; ¢ = postcervical groove; cd = cardiac groove; d =
gastro-orbital carina; di = diaeresis; e,e = cervical groove; en = endopodite; ex = exopodite; r = rostrum; s = pleonal somite; t = telson. Scale is 1 cm.

https://doi.org/10.1017/jpa.2022.34 Published online by Cambridge University Press


https://doi.org/10.1017/jpa.2022.34

Smith et al.—Paris Biota decapods and Triassic decapod diversity

Table 4. Measurements (in mm) of specimens of Pemphix krumenackeri n. sp.
When both left and right appendages were measurable, both measures are given.

UBGD294009
Carapace
Carapace length >12.35
Carapace height > 6.78
Thoracic and abdominal appendages
Length of exopod of uropods 549 & 5.77
Width of exopod of uropods -
Length of diaeresis 1.47 & 1.27
Length of endopod of uropods 4.89 & 4.74
Width of endopod of uropods 401 & 3.84
Pleonal somites
Length of first pleonal somite 3.17
Height of first pleonal somite
Length of second pleonal somite 2.63
Height of second pleonal somite 5.85
Length of third pleonal somite 2.92
Height of third pleonal somite 5.88
Length of fourth pleonal somite 2.75
Height of fourth pleonal somite 5.38
Length of fifth pleonal somite 2.23
Height of fifth pleonal somite 5.57
Length of sixth pleonal somite 3.33
Height of sixth pleonal somite 5.18
Length of telson 5.59
Height at base of telson 5.11

Oosterinkia neerlandica Klompmaker and Fraaije, 2011

Type material.—Holotype by monotypy (MAB k2854) from the
Anisian Quarry I of the Winterswijk quarry complex, eastern
Netherlands. Stored at OertijJdmuseum De Groene Poort,
Boxtel, Netherlands.

Original diagnosis by Klompmaker and Fraaije (2011).—
Cephalothorax cylindrical; triangular rostrum; median line
present; intercalated plate on gastric part; strong cervical
groove; small, faint postcervical groove parallels stronger
branchiocardiac groove; cephalothorax partly smooth or
pitted. Terga and epimeres pitted; epimeres with pointed,
slightly posteriorly directed tip. Spade-shaped telson with
longitudinal groove but without bristle structure; exopod with
diaeresis.

Emended  diagnosis.—Subcylindrical  carapace  slightly
compressed dorsoventrally, sculptured by deep grooves; deep
cervical groove; postcervical and branchiocardiac grooves
directed toward the dorsal margin and converging dorsally but
without dorsal connection; gastro-orbital groove with two
wide branches; deep hepatic groove; gastric, hepatic, meso-
gastric, metagastric, and epibranchial regions well defined;
spatulate rostrum, dorsoventrally flattened, broadly rimmed;
strong antenna with leaf-shaped scaphocerite; subrectangular
pleonal somites with wide articulating rings; tergopleura
blunt-triangular, directed posteriorly; subrectangular telson;
exopodite with diaeresis.

Remarks.—OQOosterinkia was placed among the Erymidae Van
Straelen, 1925. However, after careful examination of the
original figures, the carapace with inflated cephalothoracic
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regions, the spatulate rostrum (even if broken), the
gastro-orbital groove with two wide branches, the postcervical
and branchiocardiac directed toward the dorsal margin and
converging dorsally but without dorsal connection, and the
uropodal exopod with straight diaeresis are actually diagnostic
characters of Pemphicidaec (see diagnosis proposed by
Charbonnier et al., 2015). Oosterinkia differs from Pemphix
and Pseudopemphix by the absence of a very deep cardiac
groove, its less strongly inflated cephalothoracic regions (e.g.,
cardiac region: short and raised in Pemphix, large and very
raised in Pseudopemphix, large and flat in Qosterinkia), and
its partially smooth or pitted carapace (strongly tuberculated in
Pemphix and Pseudopemphix).

Diversification trends data

Following the taxonomical work, we listed all the Triassic dec-
apods known to date (Table 5; Supplementary file 3).
Seventy-five species are listed, along with their age and location,
going from the Olenekian (Smithian + Spathian substages of the
Early Triassic) to the Rhaetian, and from all continents except
Oceania and Antarctica. When taxa were reported from two
closely located sites and from the same age, they were grouped
under the same locality name. For each listed taxon, the taxo-
nomic and systematic validity was verified. Several taxonomic
and systematic issues were raised, especially regarding Aegeri-
dae. Therefore, when illustrations were sufficient to have solid
arguments to reattribute the species, we did so, despite not hav-
ing seen the type material, either because it is missing (e.g., type
specimens of Penaeus atavus, Bill, 1914, destroyed by fire) or it
was not easily accessible. A first graphic representation of the
decapod taxonomic richness is presented by epoch in Figure 10.1
and by stage in Figure 10.2. However, there is a strong correl-
ation between the raw taxonomical richness and the number of
sites from which the taxa were reported (Fig. 10.3, 10.4). In
order to minimize a possible co-variance between the two latter,
we also studied the mean of the observed alpha diversity of each
site [o,] per studied interval (Fig. 10.5, 10.6). This mean [o,]

N
was calculated for each time interval following «;, = #,
where N is the number of sites, S, of the interval (Whittaker,
1960). This approach has the advantage of being easily applic-
able to any dataset in which the sampling sites are reported. It
is favored to other model-based approaches (e.g., subsampling
models, coverage-based models, rarefaction models) due to
the limited size of the dataset. Such an approach is all the
more important when the fossil record is highly heterogeneous
(Fig. 10.3, 10.4), as is the case for the Triassic (Muscente
et al., 2017).

Discussion

The Paris Biota decapods.—The first field collections of the
Paris Biota yielded ~4550 fossil specimens, among which
~350 were decapods (articulated + disarticulated; Smith et al.,
2021). We can now assess that this material comprises at least
four species representing three superfamilies of Decapoda. In
comparison, the renowned and well-studied Anisian Luoping
Biota (>18,500 arthropods; Hu et al., 2011), which is often
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Table 5. List of all valid Triassic decapod taxa known to date and their respective
stratigraphic range per series and stage. Classification is based on Schweitzer
et al. (2010), Karasawa et al. (2013), Devillez et al. (2019), and Audo et al.
(2021).

Suborder DENDROBRANCHIATA
Superfamily PENAEOIDEA
Family Aegeridae Burkenroad, 1963
Genus Acanthochirana Strand, 1928
A. norica (Pinna, 1974) n. comb.
Late Triassic—Norian
A. spinifera (Schweitzer et al., 2014) n. comb.
Middle Triassic—Anisian
A. triassica Garassino, Schweigert, and Muscio, 2013
Late Triassic—Norian
Genus Aeger Miinster, 1839
A. gracilis Forster and Crane, 1984
Late Triassic—Rhaetian
A. lehmanni (Langenhan, 1910)
Middle Triassic—Anisian
A. luxii Huang, Feldmann and Schweitzer in Huang et al., 2013
Middle Triassic—Anisian
Aeger sp. (this work)
Early Triassic—Olenekian (Spathian)
A. straeleni Glaessner, 1930
Late Triassic—Carnian
Genus Anisaeger Schweitzer et al., 2014
A. atavus (Bill, 1914) n. comb.
Middle Triassic—Anisian
A. brevirostrus Schweitzer et al., 2014
Middle Triassic—Anisian
A. crassipes (Bronn, 1858) n. comb.
Late Triassic—Carnian
A. longirostrus n. sp. (this work)
Early Triassic—Olenekian (Spathian)
Family Penaeidae Rafinesque, 1815
Genus Ambilobeia Garassino and Pasini, 2002

Genus Audogaster Charbonnier et al., 2013
A. assmanni Charbonnier et al., 2013
Middle Triassic—Anisian
A. spinosa (Assmann, 1927)
Middle Triassic—Anisian
Genus Litogaster Meyer, 1847
L. keuperinus Kuhn, 1939
Late Triassic-Rhaetian
?L. luxoviensis Etallon, 1859
Middle Triassic—Anisian
L. durlachensis (Forster, 1967a)
Middle Triassic—Anisian
L. limicola Konig, 1920
Middle Triassic—Anisian
L. obtusa (Meyer, 1844)
Middle Triassic—Anisian
L. tiefenbachensis Assmann, 1927
Middle Triassic—Anisian
L. tuberculata Assmann, 1927
Middle Triassic—Anisian
L. turnbullensis Schram, 1971
Early Triassic—Olenekian (Spathian)
Genus Pseudoglyphea Oppel, 1861
?P. friulana Garassino and Rigo, 2008
Late Triassic—Carnian
?P. rigoi (Garassino, 2000)
Late Triassic—Norian
P. alpina Forster, 1971
Late Triassic—Rhaetian
P. gigantea Garassino and Teruzzi, 1993
Late Triassic—Norian
P. mulleri (Van Straelen, 1936)
Late Triassic—Carnian
Genus Sinopemphix Fenglin, 1975
S. guizhouensis Fenglin, 1975
Middle Triassic—Anisian

A. karojoi Garassino and Pasini, 2002
Early Triassic—Olenekian
Genus Antrimpos Miinster, 1839
A. colettoi Garassino, Schweigert, and Muscio, 2013
Late Triassic—Norian
A. mirigiolensis Etter, 1994
Middle Triassic—Anisian
Genus Bombur Miinster, 1839
?B. aonis Bronn, 1858
Late Triassic—Carnian
Genus Distaeger Schweitzer et al., 2014
D. prodigiosus Schweitzer et al., 2014
Middle Triassic—Anisian
Genus Dusa Miinster, 1839
D. longipes (Pinna, 1974)
Late Triassic—Norian
Genus [fasya Garassino and Teruzzi, 1995
1. madagascariensis (Van Straelen, 1933)
Early Triassic—Olenekian
I. straeleni Garassino and Teruzzi, 1995
Early Triassic—Olenekian
Genus Longichela Garassino and Teruzzi, 1993
L. orobica Garassino and Teruzzi, 1993
Late Triassic—Norian
Genus Satyrus Garassino and Teruzzi, 1993
S. cristatus Garassino and Teruzzi, 1993
Late Triassic—Norian

Suborder PLEOCYEMATA

Infraorder CARIDEA
Family uncertain
Genus Acanthinopus Pinna, 1974
A. gibbosus Pinna, 1974
Late Triassic—Norian
Genus Leiothorax Pinna, 1974
L. triasicus Pinna, 1974
Late Triassic—Norian
Genus Pinnacaris Garassino and Teruzzi, 1993
P. dentata Garassino and Teruzzi, 1993
Late Triassic—Norian

Infraorder GLYPHEIDEA

Superfamily GLYPHEOIDEA
Family Litogastridae Karasawa, Schweitzer, and Feldmann, 2013
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Genus Tridactylastacus Feldmann, Schweitzer, and Zhang in Feldmann
et al., 2012
T. sinensis Feldmann, Schweitzer, and Zhang in Feldmann et al., 2012
Middle Triassic—Anisian
Superfamily PEMPHICOIDEA
Family Pemphicidae Van Straelen, 1928
Genus Oosterinkia Klompmaker and Fraaije, 2011
O. neerlandica Klompmaker and Fraaije, 2011
Middle Triassic—Anisian
Genus Pemphix Meyer, 1835
?P. malladai Via, 1971
Middle Triassic-Ladinian
P. krumenackeri n. sp. (this work)
Early Triassic—Olenekian (Spathian)
P. silesiacus (Assman, 1927)
Middle Triassic—Anisian
P. sueurii (Desmarest, 1817)
Middle Triassic—Anisian
Genus Pseudopemphix Wiist, 1903
P. albertii (Meyer, 1840)
Middle Triassic—Anisian
Superfamily GLAESSNERICARIOIDEA
Family Glaessnericarididae Karasawa, Schweitzer, and Feldmann, 2013
Genus Glaessnericaris Garassino and Teruzzi, 1993
G. dubia (Pinna, 1974)
Late Triassic—Norian
G. macrochela Garassino and Teruzzi, 1993
Late Triassic—Norian
Infraorder ASTACIDEA (or GLYPHEIDEA following different phylogenies)
Superfamily INCERTAE SEDIS
Family Chimaerastacidae Amati, Feldmann, and Zonneveld, 2004
Genus Chimaerastacus Amati, Feldmann, and Zonneveld, 2004
C. pacifluvialis Amati, Feldmann, and Zonneveld, 2004
Middle Triassic-Ladinian
Family Clytiopsidae Beurlen, 1928
Genus Clytiella Glaessner, 1931
C. spinifera Glaessner, 1931
Late Triassic—Carnian
Genus Clytiopsis Bill, 1914
C. argentoratensis Bill, 1914
Middle Triassic—Anisian
C. audax (Meyer, 1834)
Middle Triassic—Anisian
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C. thuringica Forster, 1967a
Middle Triassic—Ladinian
Genus Koryncheiros Feldmann, Schweitzer, and Zhang in Feldmann
etal., 2012
K. luopingensis Feldmann, Schweitzer, and Zhang in Feldmann et al.,
2012

Middle Triassic—Anisian
Genus Meridecaris Stockar and Garassino, 2013
M. ladinica Stockar and Garassino, 2013
Middle Triassic—Ladinian
Genus Paraclytiopsis Oravecz, 1962
P. hungaricus Oravecz, 1962
Late Triassic—Carnian
Family Platychelidae Glaessner, 1969
Genus Platychela Glaessner, 1931
P. trauthi Glaessner, 1931
Late Triassic—Carnian
Genus Platypleon Van Straelen, 1936
P. nevadensis Van Straelen, 1936
Late Triassic—Carnian
Family INCERTAE SEDIS
Genus Lissocardia Meyer, 1851
L. silesica Meyer, 1851
Middle Triassic—Anisian
Pacifascatus Bott, 1950
?P. porteri (Miller and Ash, 1988)
Late Triassic—Carnian
Infraorder ACHELATA
Superfamily PALINUROIDEA
Family Palinuridae Latreille, 1802
Genus Archaeopalinurus Pinna, 1974
A. levis Pinna, 1974
Late Triassic—Norian
Genus Yunnanopalinura Feldmann, Schweitzer, and Zhang in Feldmann
etal., 2012
Y. schrami Feldmann, Schweitzer, and Zhang in Feldmann et al., 2012
Middle Triassic—Anisian
Palinuridae sp. Feldmann, Schweitzer, and Zhang in Feldmann et al., 2012
Middle Triassic—Anisian
Infraorder POLYCHELIDA
Superfamily ERYONOIDEA
Family Coleiidae Van Straelen, 1925
Genus Coleia Broderip, 1835
C. barrovensis (M’Coy, 1849)
Late Triassic/Early Jurassic—-Rhaetian-Hettangian
C. uzume Karasawa et al., 2003
Late Triassic—Carnian
C. boboi Garassino and Gironi, 2006
Late Triassic—Rhaetian
Genus Rosenfeldia Garassino, Teruzzi and Dalla Vecchia, 1996
R. triasica Garassino, Teruzzi and Dalla Vecchia, 1996
Late Triassic—Norian
Genus Tetrachela Reuss, 1858
T. raiblana Bronn, 1858
Late Triassic—Carnian
Family Polychelidae Wood-Mason, 1874
Genus Eopolycheles Gasparic et al., 2020
E. cornuaureus Gaspari¢ et al., 2020
Late Triassic—Carnian
Genus Pseudocoleia Garassino and Teruzzi, 1993
P. mazzolenii Garassino and Teruzzi, 1993
Late Triassic—Norian-Rhaetian
Genus Tropifer Gould, 1857
T. laevis Gould, 1857
Late Triassic—Rhaetian
Infraorder ANOMURA
Superfamily EOCARCINOIDEA
Family Platykottidae Chablais, Feldmann, and Schweitzer, 2010
Genus Platykotta Chablais, Feldmann, and Schweitzer, 2010
P. akaina Chablais, Feldmann and Schweitzer, 2010
Late Triassic—Norian-Rhaetian
Infraorder BRACHYURA
Family INCERTAE SEDIS
Genus Rioarribia Rinehart, Lucas, and Heckert, 2003
R. schrami Rinehart, Lucas, and Heckert, 2003
Late Triassic—Norian
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regarded as the first fully recovered marine fauna following the
PTB crisis (Hu et al., 2011; Chen and Benton, 2012; Benton
et al, 2013), preserves seven species of four different
superfamilies of Decapoda (Feldmann et al., 2012; Huang
et al., 2013; Schweitzer et al., 2014; Table 5; Supplementary
file 3). Another well-known decapod-rich Triassic formation,
this time from Europe, is the Anisian Gres a Voltzia
Formation, which hosts five species of four different
superfamilies.

The decapod assemblage of the Paris Biota is only the
second Early Triassic decapod assemblage known to date. The
other known Early Triassic decapod assemblage is from the Die-
nerian—Smithian of Ambilobé, ~150 km SW of Diego Suarez
(Antsiranana), NW Madagascar (Besairie, 1932). Three species
of Penaeidae (Ambilobeia karojoi Garrasino and Pasini, 2002;
Ifasia dagascariensis (Van Straelen, 1933); Ifasia straeleni Ga-
rrasino and Teruzzi, 1995) have been reported from this area. In
addition to the specimens from Madagascar, only one other
Early Triassic decapod, Litogaster turnbullensis, which was
identified by Schram (1971) based on a single isolated specimen
from the Thaynes Group of southeastern Idaho, USA, has been
documented until now. However, this specimen was found in a
neighboring locality of Paris Canyon and is early Spathian in
age. Therefore, this specimen is likely another component of
the Paris Biota that is known to extend throughout the northern
part of the western USA basin (Smith et al., 2021). By doubling
the number of known Early Triassic decapod taxa, the Paris
Biota specimens significantly increase our knowledge on the
diversity of this clade during this geological interval.

The two new Aegeridae taxa (Aeger sp. and Anisaeger
longirostrus n. sp.) described in this work are both the earliest
representatives of their respective genera and the earliest repre-
sentatives of Aegeridae. They thus extend the temporal range
of these genera and this family back into the Early Triassic
(Fig. 11). These occurrences of aegerids, which are 5 Ma
older than previously reported, are all the more important
because this family has been suggested as a basal group within
Penaeoidea (Burkenroad, 1963, 1983; Tavares and Martin,
2010). With the isolated Famennian (Devonian) specimen of
Aciculopoda mapesi Feldmann and Schweitzer, 2010, and the
previously mentioned Malagasy Penaeidae, for which the dating
is rather poorly constrained (Marrama et al., 2017; Laville et al.,
2021), the Paris Biota specimens represent some of the oldest
occurrences of Dendobranchiata (Schram, 1977, 1980; Schram
et al.,, 1978; Feldmann and Schweitzer, 2010). They therefore
fill-in an important gap in the history of this group, from
which present-day representatives are well studied for their eco-
nomic interest (Farfante, 1988; Cervantes-Hernandez et al.,
2010; Robalino et al., 2016; Fernandez de Alaiza Garcia Madri-
gal et al., 2018), but whose origin remains elusive.

Pemphix krumenackeri n. sp. extends the temporal range of
Pemphicoidea by over 2 Myr back into the Early Triassic
(Fig. 11), and expands its spatial distribution to the American con-
tinent, as up till now this family was only known from the Mid-
dle-Late Triassic of Europe (Amati et al., 2004; Karasawa
et al.,, 2013; Schweitzer and Feldmann, 2014). The temporal
extent of Glypheidea was thought to extend from the Early Trias-
sic to nowadays. However, only one specimen (L. turnbullensis,
described by Schram in 1971) was reported from the Early
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Figure 10. Triassic decapod diversity trends based on the newly compiled dataset. (1, 2) Taxonomic richness; (3, 4) number of sites from which Triassic decapods
have been reported; (5, 6) mean of observed alpha diversity. (1, 3, 5) Per epoch; (2, 4, 6) per stage.

Triassic, leaving some uncertainty as to the actual origin of this
group. The co-occurrence of Pemphix krumenackeri n. sp. and
Litogaster turnbullensis in the Paris Biota confirms the appear-
ance and diversification of Glypheidea as soon as the Early
Triassic.

Diversification trends during the Triassic.—The decapods of
the Paris Biota significantly increase the known diversity of
Early Triassic decapods, and therefore provide new insights
into the Triassic diversification of this clade. We discuss the
latter using a compiled and revised list of Triassic decapods
(Table 5; Supplementary file 3).

A first comparison can be made between our dataset and
other available Triassic decapod datasets, such as the Paleo-
biology Database (PBDB; search “Decapoda, Triassic”,
downloaded on June 18th, 2021; Table Supplementary file
4). At first, it appears that the two datasets are rather similar
in terms of decapod taxonomic richness (PBDB: 63 species
and 20 higher rank taxa; Supplementary file 5; our dataset:
74 species, including the 3 new ones from the Paris Biota).
However, 29 taxa reported in our dataset (>40% of the
total, the newly described taxa excluded) do not occur in
the PBDB dataset (Supplementary file 6), implying the latter
is still incomplete. Additionally, a third of the species listed in
the PBDB dataset are incorrectly recorded (Supplementary
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file 5). Most of these records concern the temporal range of
taxa (e.g., Jurassic, Cretaceous, and even Paleocene occur-
rences are registered as being Triassic; Supplementary file
5). Some other issues, such as synonymy mistakes, invalid
taxa, and even some microcoprolites registered as valid deca-
pod species, also have been noticed (Supplementary file 5). It
thus appears that the PBDB Triassic decapod dataset is inad-
equate to analyze Decapoda diversity trends throughout the
Triassic.

Based on our dataset at the epoch scale, decapods appar-
ently underwent an important diversification throughout the Tri-
assic (Fig. 10.1). However, at the stage scale (Fig. 10.2), this
trend is more contrasted, with the Anisian and Norian being
the most diverse stages. This differential pattern likely results
from heterogeneity of the decapod fossil record and sampling
effort. Indeed, very few sites have been intensively sampled
comparatively to the majority of them (e.g., in southwest of Ger-
many and Guizhou Province of China for the Anisian, and in the
Italian Lombardy region for the Norian). Additionally, certain
time intervals are much better represented than others, with
more known fossiliferous localities.

Based on o, the Triassic decapod diversification trend sig-
nificantly differs from that observed on the raw richness at all
taxonomic ranks (Fig. 10). At the epoch scale, whereas the taxo-
nomical richness gradually increases (Fig. 10.1), oy, at each
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Figure 11. Updated stratigraphic ranges of the decapods studied here.

taxonomical level remains rather constant throughout the Trias-
sic (Fig. 10.6). At the stage scale, whereas the Olenekian appears
to be the poorest Triassic stage and the Anisian appears to be the
richest (Fig. 10.2), the Olenekian exhibits a,, comparable to that
of the Anisian and lower than that of the Norian (Fig. 10.6).
These differences illustrate how the heterogeneity of the fossil
record can strongly bias observed diversity trends. Evolution
of the apparent decapod mean alpha diversity (o) throughout
the Triassic (Fig. 10.5, 10.6) can be interpreted in two ways:

(1) If considered that the taxonomy and systematics of Triassic
decapods remain too amiss - then any apparent diversity
trend should be considered hardly interpretable. The
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Triassic decapod taxonomy and systematic inaccuracy
likely originate from the scarce occurrences of Triassic dec-
apods that led to important knowledge gaps. Such poor fos-
sil record is not specific to decapods (Twitchett, 2001;
Muscente et al., 2017), implying that similar hiatus likely
exist for other organisms

(2) If considered that the taxonomy and systematics of Triassic
decapods are reliable and the data is accurate (such assump-
tion can only be asserted after having carefully studied the
corresponding literature) - then no increase in alpha diver-
sity is documented for the Triassic decapods (Fig.9. 5-6).
Additionally, it appears that decapods were already well
diversified as soon as the Early Triassic (at least relatively
to what is actually known from the rest of the Triassic).
This contrasts with the generally assumed model of a
delayed post-PTB biotic recovery of Early Triassic marine
organisms (e.g., Chen and Benton, 2012).

Ultimately, neither of these interpretations supports a delayed
post-PTB biotic recovery scenario for decapods.

Conclusions

The Paris Biota offers an exceptional window into Early Triassic
marine ecosystems. This is all the more important as the Early
Triassic is assumed to be the time interval during which the
Modern evolutionary fauna arose, and thus, to be the time of
diversification of many modern clades, including decapods
(Sepkoski, 1981).

Among the Paris Biota Dendrobranchiata, Aeger sp. and
Anisaeger longirostrus n. sp. extend the temporal range of
their respective genera by 5 Myr back into the Early Triassic.
Additionally, they represent the oldest known specimens of
Aegeridae, also extending the temporal range of this family by
5 Myr back into the Early Triassic. In fact, if not for Aciculopoda
mapesi Feldmann and Schweitzer, 2010, that was described
based on a single poorly preserved specimen, and the poorly
age-constrained Malagasy specimens, the Paris Biota Aegeridae
represent the oldest Dendrobranchiata currently known, thus
providing a new anchor point for future studies on this group.

Regarding the Paris Biota Pleocyemata, the newly sampled
specimens of L. turnbullensis, previously known from a single iso-
lated and disarticulated specimen, confirm the existence of this
taxon as soon as the Early Triassic, and, more specifically, as
soon as the early Spathian. Pemphix krumenackeri n. sp. represents
the oldest known species of its genus and of the superfamily Pem-
phicoidea, extending their temporal ranges by about 2 Ma into the
Early Triassic. In addition, Pemphix krumenackerin. sp. is now the
co-oldest Glypheidea known, with L. turnbullensis.

The co-occurrence of these decapods in the Paris Biota pro-
vides evidence for an early diversification of this group, as soon
as the early Spathian. This is congruent with available decapod
phylogenies and diversification models that argue for a Triassic
diversification of these groups (Gherardi et al., 2010; Lavalli and
Spanier, 2010; Schweitzer and Feldmann, 2014; Robalino et al.,
2016; Wolfe et al., 2019). In addition, all the Paris Biota taxa
extend the Triassic spatial range of their respective genera
and/or family (that were up to now only known from Europe
and Asia) to the North American continent. This suggests
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transoceanic dispersals for these taxa, which is a feature
observed in other clades at least transiently during the Early Tri-
assic (e.g., ammonoids—Brayard et al., 2006; Jattiot et al., 2016;
thylacocephalans—Laville et al., 2021; marine vertebrates—
Tintori et al., 2014). Another interpretation could lie in the
incomplete knowledge of an otherwise cosmopolitan decapod
distribution during the Triassic.

The description of the Paris Biota specimens also led to a
taxonomic and systematic revision of Triassic decapods, high-
lighting the significance of this biota in the debates on the Early
Triassic recovery and on the rise of the modern ecosystems.
Using a refined dataset of known Triassic decapod taxa that
strongly differs from that of the PBDB, we showed that: (1) the
apparent increase in decapod taxonomic richness throughout the
Triassic mainly results from the heterogeneity of the fossil record
and/or the sampling intensity; (2) Decapoda alpha diversity was
relatively high as soon as the Early Triassic; and (3) Decapoda
alpha diversity seems to have remained rather constant throughout
the Triassic. A considerable amount of sampling, taxonomic and
systematic work on Triassic decapods remains to be done if we are
to understand the early diversification of decapods and the under-
lying processes. However, we hope the present contribution will
constitute one step further in that direction.

Acknowledgments

We thank N. Goudemand, E. Vennin, P. Guenser, D. Stephen,
and L.J. Krumenacker for their help during fieldwork. We also
acknowledge D. Audo and M. HyZny for their constructive com-
ments on an earlier version of the manuscript. This work was
supported by the ANR project AFTER (ANR-13-JS06-
0001-01) and the French “Investissements d’ Avenir” program,
project ISITE-BFC (ANR-15-IDEX-03). We acknowledge the
Bear Lake County road department and D.M. Clow (Ogden)
for allowing access to the studied exposures at Paris Canyon.
We thank the BLM (Permit N-094706) and US Forest Service
(Caribou National Forest, Special Use Permit CT5.01) for allow-
ing access and collection at the NoName and Stewart Canyon
sites. The Winecup Gamble Ranch is thanked for allowing
access to the Immigrant Canyon site. Sample management and
valorization benefited from ANR-11-INBS-0004-RECOLNAT.

Data availability statement

Data available from the Dryad Digital Repository: https:/doi.
org/10.5061/dryad.hmgqnk9jp.

References

Amati, L., Feldmann, R.M., and Zonneveld, J.-P., 2004, A new family of Trias-
sic lobsters (Decapoda: Astacidea) from British Columbia and its phylogen-
etic context: Journal of Paleontology, v. 78, p. 150-168.

Assmann, P., 1927, Die Decapodenkrebse des deutschen Muschelkalks: Jahr-
buch der Koniglich Preussischen Geologische Landesanstalt, v. 48,
p. 332-356.

Audo, D., Barriel, V., and Charbonnier, S., 2021, Phylogeny and evolutionary
history of polychelidan lobsters: Journal of Systematic Palaeontology, v. 19,
p. 417-439.

Bate, C.S., 1888, Report on the Crustacea Macrura collected by HMS Challen-
ger during the years 1873-76: Report on the Scientific Results of the Voyage
of HMS Challenger During the Years 1873-76 Under the Command of

https://doi.org/10.1017/jpa.2022.34 Published online by Cambridge University Press

Journal of Paleontology 96(6):1235-1263

Captain George S. Nares and the Late Captain Franklin Tourle Thomson,
v. 24,942 p.

Benton, M.J., Zhang, Q., Hu, S., Chen, Z.-Q., Wen, W., Liu, J., Huang, J., Zhou,
C., Xie, T., Tong, J., and Choo, B., 2013, Exceptional vertebrate biotas from
the Triassic of China, and the expansion of marine ecosystems after the
Permo-Triassic mass extinction: Earth-Science Reviews, v. 125, p. 199-243.

Besairie, H., 1932, Sur le Permo-Trias marin du nord de Madagascar et I’dge du
Karroo: Comptes Rendus Sommaires des Séances de la Société Géologique
de France, v. 10, p. 30-34.

Beurlen, K., 1928, Die Decapoden des Schwébischen Jura, mit Ausnahme der
aus den oberjurassischen Plattenkalken stammenden. Beitridge zur System-
atik und Stammesgeschichte der Decapoden: Palacontographica, v. 70,
p. 115-278.

Bill, Ph.C., 1914, Ueber crustaceen aus dem Voltziensandstein des Elsasses:
Mitteilungen der Geologischen Landesanstalt von Esla-Lothringen, v. 8,
p- 289-338.

Birshtein, Y.A., 1958, Ein vertreter der #ltesten ordo der Crustacea Decapoda
Protoclitiopsis antiqua gen. nov. sp. nov. aus dem Permo West-Sibiriens:
Doklady Akademii Nauk, SSSR, v. 122, p. 477-480.

Blake, J.F., 1876, Palaeontology in Tate, R., and Blake, J.F., eds., The Yorkshire
Lias: London, Van Voorst, p. 243-475.

Bott, R., 1950, Die flusskrebse Europas (Decapoda, Astacidae): Abhandlungen
der Senckenbergischen Naturforschenden Gesellschaft, v. 483, p. 1-36.

Botting, J.P., Brayard, A., and the Paris Biota team, 2019, A late-surviving Tri-
assic protomonaxonid sponge from the Paris Biota (Bear Lake County,
Idaho, USA): Geobios, v. 54, p. 5-11.

Bravi, S., Garassino, A., Bartiromo, A., Audo, D., Charbonnier, S., Schweigert,
G., Thévenard, F., and Longobardi, C., 2014, Middle Jurassic Monte Fal-
lano Plattenkalk (Campania, southern Italy): first report on terrestrial plants,
decapod crustaceans and fishes: Neues Jahrbuch fiir Geologie und Paldon-
tologie, Abhandlungen, v. 272, p. 79-107.

Brayard, A., Bucher, H., Escarguel, G., Fluteau, F., Bourquin, S., and Galfetti,
T., 2006, The Early Triassic ammonoid recovery: paleoclimatic signifi-
cance of diversity gradients: Palacogeography, Palaeoclimatology, Palaeo-
ecology, v. 239, p. 374-395.

Brayard, A., Krumenacker, L.J., Botting, J.P., Jenks, J.F., Bylund, K.G.,
Fara, E., Vennin, E., Olivier, N., Goudemand, N., Saucede, T., Charbon-
nier, S., Romano, C., Doguzhaeva, L., Thuy, B., Hautmann, M., Ste-
phen, D.A., Thomazo, C., and Escarguel, G., 2017, Unexpected Early
Triassic marine ecosystem and the rise of the Modern evolutionary
fauna: Science Advances, v. 3, €1602159. https:/doi.org/10.1126/
sciadv.1602159.

Brayard, A., Jenks, J.F., Bylund, K.G., and the Paris Biota team, 2019, Ammo-
noids and nautiloids from the earliest Spathian Paris Biota and other early
Spathian localities in southeastern Idaho, USA: Geobios, v. 54, p. 13-36.

Broderip, W.J., 1835, Description of some fossil Crustacea and Radiata: Pro-
ceedings of the Geological Society of London, v. 2, p. 201-202.

Bronn, H.G., 1858, Beitriige zur triasischen Fauna und Flora der bitumindsen
Schiefer von Raibl: nebst Anhang iiber die Kurr’sche Sippe Chiropteris
aus dem Lettenkohlen-Sandsteine: Stuttgart, E. Schweizerbart, 38 p.

Briinnich, M.T., 1772, Zoologiae Fundamenta Praelectionibus Academicis
Accommodata: Grunde i Dyrelaeren: Copenhagen and Leipzig, Fridericus
Christianus Pelt, 254 p.

Burkenroad, M.D., 1963, The evolution of the Eucarida, (Crustacea, Eumala-
costraca) in relation to the fossil record: Tulane Studies in Geology and Pale-
ontology, v. 2, p. 3-16.

Burkenroad, M.D., 1983, A natural classification of the Dendrobranchiata, with
a key to recent genera, in Schram, F.R., ed., Crustacean Phylogeny: Crust-
acean Issues, v. 1, p. 279-290.

Calman, W.T., 1904, On the classification of the Crustacea Malacostraca: Jour-
nal of Natural History, v. 7, p. 144-158.

Caravaca, G., Brayard, A., Vennin, E., Guiraud, M., Le Pourhiet, L., Grosjean,
A.-S., Thomazo, C., Olivier, N., Fara, E., Escarguel, G., Bylund, K.G.,
Jenks, J.F., and Stephen, D.A., 2018, Controlling factors for differential
subsidence in the Sonoma Foreland Basin (Early Triassic, western USA):
Geological Magazine, v. 155, p. 1305-1329.

Cervantes-Hernandez, P., G6mez, A.F., Serrano, S.J., Cruz, S.R., and Berumen,
M.I.G., 2010, Historical exploitation and evaluation of the brown shrimp
fishery Farfantepenaeus californiensis (Decapoda, Dendrobranchiata) in
the Gulf of Tehuantepec, Oaxaca, Mexico: Pan-American Journal of
Aquatic Sciences, v. 5, p. 486—494.

Chablais, J., Feldmann, R.M., and Schweitzer, C.E., 2010, A new Triassic deca-
pod, Platykotta akaina, from the Arabian shelf of the northern United Arab
Emirates: earliest occurrence of the Anomura: Paldontologische Zeitschrift,
v. 85, p. 93-102.

Charbonnier, S., Garassino, A., Schweigert, G., and Simpson, M., 2013, A
worldwide review of fossil and extant glypheid and litogastrid lobsters
(Crustacea, Decapoda, Glypheoidea): Memoirs, French National Museum
of Natural History, v. 205, p. 1-304.


https://doi.org/10.5061/dryad.hmgqnk9jp
https://doi.org/10.5061/dryad.hmgqnk9jp
https://doi.org/10.5061/dryad.hmgqnk9jp
https://doi.org/10.1126/sciadv.1602159
https://doi.org/10.1126/sciadv.1602159
https://doi.org/10.1126/sciadv.1602159
https://doi.org/10.1017/jpa.2022.34

Smith et al.—Paris Biota decapods and Triassic decapod diversity

Charbonnier, S., Audo, D., Garassino, A., and Schweigert, G., 2015, Phylogeny
of fossil and extant glypheid and litogastrid lobsters (Crustacea, Decapoda)
as revealed by morphological characters: Cladistics, v. 31, p. 231-249.

Charbonnier, S., Audo, D., Garassino, A., and HyZny, M., 2017, Fossil Crust-
acea of Lebanon: Paris, Muséum National d’Histoire Naturelle, 252 p.

Charbonnier, S., Brayard, A., and the Paris Biota team, 2019, New thylacoce-
phalans from the Early Triassic Paris Biota (Bear Lake County, Idaho,
USA): Geobios, v. 54, p. 37-43.

Chen, Z.-Q., and Benton, M.J., 2012, The timing and pattern of biotic recovery fol-
lowing the end-Permian mass extinction: Nature Geoscience, v. 5, p. 375-383.

Dagys, A.S., 1988, Major features of the geographic differentiation of Triassic
ammonoids, in Wiedmann, J., and Kullmann, J., eds., Cephalopods—Present
and Past: Stuttgart, Schweizerbart’sche Verlagsbuchhandlung, p. 341-349.

Dalla Vecchia, F.M., 1990, Sedimentologia e Paleontologia della Dolomia di
Forni (Triassico superiore) nella Valle del Rio Seazza (Preone, Carnia):
ricostruzione paleoecologica e paleoambientale [Ph.D. dissertation]: Bol-
ogna, Universita degli Studi di Bologna.

Dalla Vecchia, F.M., 1991, Note sulla stratigrafia, sedimentologia e paleontolo-
gia della dolomia di Forni (Triassico superiore) della valle del Rio Seazza
(Preone, Carnia, Friuli-Venezia Giulia): Gortania, v. 12, p. 7-30.

De Zanche, V., Gianolla, P., and Roghi, G., 2000, Carnian stratigraphy in the
Raibl/Cave del Predil area (Julian Alps, Italy): Eclogae Geologicae Helve-
tiae, v. 93, p. 331-347.

Desmarest, A.-G., 1817, Crustacés fossiles, in Nouveau dictionnaire d’histoire
naturelle, appliquée aux arts, a ’agriculture, a I’économie rurale et domes-
tique, a la médecine, etc: Paris, Detreville, Société de Naturalistes et d’ Agri-
culteurs, v. 7, p. 495-519.

Devillez, J., and Charbonnier, S., 2017, The genus Eryma Meyer, 1840 (Crust-
acea: Decapoda: Erymidae): new synonyms, systematic and stratigraphic
implications: Bulletin de la Société Géologique de France, v. 188, 15.
https:/doi.org/10.1051/bsgf/2017178.

Devillez, J., Charbonnier, S., and Barreil, V., 2019, An attempt to clarify phylo-
genetic affinities of erymid lobsters (Decapoda) using morphological char-
acters: Arthropod Systematics and Phylogeny, v. 77, p. 365-395.

Doguzhaeva, L., Brayard, A., Goudemand, N., Krumenacker, L., Jenk, J.,
Bylund, K., Fara, E., Olivier, N., Escarguel, G., and Vennin, E., 2018,
An Early Triassic gladius associated with soft tissue remains from Idaho,
USA—a squid-like coleoid cephalopod at the onset of Mesozoic Era:
Acta Palaeontologica Polonica, v. 63, p. 341-355.

Erwin, D.H., 1998, The end and the beginning: recoveries from mass extinc-

. tions: Trends in Ecology & Evolution, v. 13, p. 344-349.

Etallon, A., 1859, Description des crustacés fossiles de la Haute-Sadne et du
Haut-Jura: Bulletin de la Société¢ Géologique de France, v. 16, p. 169-205.

Etter, W., 1994, A new penaeid shrimp (Antrimpos mirigiolensis n. sp., Crust-
acea, Decapoda) from the Middle Triassic of the Monte San Giorgio (Ticino,
Switzerland): Neues Jahrbuch fiir Geologie und Paldontologie-Monatshefte,
p. 223-230.

Etter, W., 2004, Decapod crustaceans from the Middle Jurassic Opalinus Clay of
northern Switzerland, with comments on crustacean taphonomy: Eclogae
Geologicae Helvetiae, v. 97, p. 381-392.

Farfante, I.P., 1988, Illustrated key to penaeoid shrimps of commerce in the Amer-
icas: NOAA Technical Report, National Marine Fisheries Service, v. 64, 38 p.

Feldmann, R.M., and Schweitzer, C.E., 2010, The oldest shrimp (Devonian:
Famennian) and remarkable preservation of soft tissue: Journal of Crust-
acean Biology, v. 30, p. 629-635.

Feldmann, R.M., Vega, F.J., Martinez-Lopez, L., Gonzdlez-Rodriguez, K.A., Gon-
zalez-Ledn, O., and Ferndndez-Barajas, M.D.R., 2007, Crustacean from the
Muhi quarry (Albian—-Cenomanian), and a review of Aptian Mecochiridae
(Astracidea) from Mexico: Annals of Carnegie Museum, v. 76, p. 145-156.

Feldmann, R.M., Schweitzer, C.E., Hu, S., Zhang, Q., Zhou, C., Xie, T., Huang,
J., and Wen, W., 2012, Macrurous Decapoda from the Luoping Biota (Mid-
dle Triassic) of China: Journal of Paleontology, v. 86, p. 425-441.

Feldmann, R.M., Schweitzer, C.E., and Karasawa, H., 2015, Part R, Revised,
Volume 1, Chapter 8I: Systematic descriptions: Infraorder Glypheidea:
Treatise Online, v. 68. https:/doi.org/10.17161/t0.v0i0.5028.

Fenglin, L., 1975, On Triassic Crayfish—Sinopemphix gen. nov: Acta Geolo-
gica Sinica, v. 2, p. 136-141.

Ferndndez de Alaiza Garcia Madrigal, R., Silva, U. de A.T., Tavares, C.P. dos S.,
and Ballester, E.L.C., 2018, Use of native and non-native shrimp (Penaei-
dae, Dendrobranchiata) in world shrimp farming: Reviews in Aquaculture,
v. 10, p. 899-912.

Forster, R., 1967a, Die reptanten Dekapoden der Trias: Neues Jahrbuch fiir
Geologie und Paldontologie, Abhandlungen, v. 128, p. 136-194.

Forster, R., 1967b, Zur Kenntnis natanter Jura-Dekapoden: Mitteilungen der
Bayerischen Staatssammlung fiir Palédontologie und Historische Geologie,
v. 7, p. 157-174.

Forster, R., 1971, Die Mecochiridae, eine spezialisierte Familie der meso-
zoischen Glypheoidea (Crustacea, Decapoda): Neues Jahrbuch fiir Geologie
Und Palédontologie, Abhandlungen, v. 137, p. 396-421.

https://doi.org/10.1017/jpa.2022.34 Published online by Cambridge University Press

1261

Forster, R., 1980, Krebs-Funde aus dem obersten Lias und dem untersten Dog-
ger von Mistelgau bei Bayreuth, Oberfranken: Geologische Blitter fiir
Nordost-Bayern und angrenzende Gebiete, v. 30, p. 73-90.

Forster, R., and Crane, M.D., 1984, A new species of the penaeid shrimp Aeger
Miinster (Crustacea, Decapoda) from the Upper Triassic of Somerset, Eng-
land: Neues Jahrbuch fiir Geologie und Paldontologie, Monatshefte, Abhan-
dlungen v. 8, p. 455-462.

Gall, J.-C., 1971, Faunes et paysages du Gres a Voltzia du Nord des Vosges.
Essai paléoécologique sur le Buntsandstein Supérieur: Mémoire, Service
de la carte Géologique d’Alsace et de Lorraine, v. 34, 318 p.

Garassino, A., 2000, Glyphea rigoi n. sp.(Crustacea, Decapoda) della Dolomia
di Forni (Norico, Triassico superiore) della Carnia (Udine, NE Italia):
Gortania-Atti Del Museo Friulano Di Storia Naturale, v. 22, p. 59-64.

Garassino, A., and Gironi, B., 2006, Coleia boboi n. sp. (Crustacea, Decapoda,
Eryonoidea) from the Late Triassic (Rhaetian) of Monte Verzegnis (Udine,
NE Italy): Atti Della Societa Italiana Di Scienze Naturali e Del Museo
Civico Di Storia Naturale Di Milano, v. 147, p. 93-102.

Garassino, A., and Pasini, G., 2002, Studies on Permo-Trias of
Madagascar. 5. Ambilobeia karojoi n. gen., n. sp.(Crustacea, Decapoda)
from the Lower Triassic (Olenekian) of Ambilobe region (NW Madagas-
car): Atti della Societa Italiana di Scienze Naturali e del Museo Civico di
Storia Naturale in Milano, v. 143, p. 95-104.

Garassino, A., and Rigo, R., 2008, Pseudoglyphea friulana n. sp. (Decapoda,
Astacidea, Mecochiridae) from the Upper Triassic (Camian) of Dogna
(Udine, Friuli-Venezia Giulia, NE Italy): Atti Della Societa Italiana Di Scienze
Naturali e Del Museo Civico Di Storia Naturale Di Milano, v. 149, p. 69-76.

Garassino, A., and Teruzzi, G., 1990, The genus Aeger Miinster, 1839 in the
Sinemurian of Osteno in Lombardy (Crustacea, Decapoda): Atti della Soci-
eta Italiana di Scienze Naturali e del Museo Civico di Storia Naturale in
Milano, v. 131, p. 105-136.

Garassino, A., and Teruzzi, G., 1993, A new decapod crustacean assemblage
from the Upper Triassic of Lombardy (N. Italy): Paleontologia Lombarda,
v. 1,27 p.

Garassino, A., and Teruzzi, G., 1995, Studies on Permo-Trias of
Madagascar. 3. The decapod crustaceans of the Ambilobe region (NW
Madagascar): Atti della Societa Italiana di Scienze Naturali e del Museo
Civico di Storia Naturale in Milano, v. 134, p. 85-113.

Garassino, A., Teruzzi, G., and Dalla Vecchia, FM., 1996, The macruran deca-
pod crustaceans of the Dolomia di Forni (Norian, Upper Triassic) of Carnia
(Udine, NE Italy): Atti della Societa Italiana di Scienze Naturali e del Museo
Civico di Storia Naturale in Milano, v. 136, p. 15-60.

Garassino, A., Schweigert, G., and Muscio, G., 2013, Acanthochirana triassica
n. sp. and Antrimpos colettoi n. sp. (Decapoda: Aegeridae, Penaeidae) from
the Upper Triassic (Norian) of Norther Carnic pre-Alps (Udine, North-
eastern Italy): Gortania, v. 35, p. 11-18.

Gagpari¢, R., Audo, D., Hitij, T., Jurkovsek, B., and Kolar-Jurkovsek, T., 2020,
One of the oldest polychelidan lobsters from Upper Triassic (Carnian) beds
at Kozja dnina in the Julian Alps, Slovenia: Neues Jahrbuch fiir Geologie
Und Palédontologie, Abhandlungen, v. 2020, p. 107-117.

Gherardi, F., Souty-Grosset, C., Vogt, G., Diéguez-Uribeondo, J., and Crandall,
K.A., 2010, Infraorder Astacidea Latreille, 1802, in Schram, F.R., and von
Vaupel Klein, J.C., eds., Treatise on Zoology—Anatomy, Taxonomy, Biol-
ogy, Part A, The Crustacea, Volume 9: Leiden, Brill, p. 269-423.

Glaessner, M.F., 1929, Crustacea Decapoda, in Pompeckj, F.J., ed., Fossilium
Catalogus, I: Animalia: Berlin, W. Junk, v. 41, 464 p.

Glaessner, M.F., 1930, Dekapodenstudien: Neues Jahrbuch fiir Mineralogie,
Geologie und Paldontologie, Abhandlungen v. 63, p. 137-176.

Glaessner, M.F., 1931, Eine Crustaceenfauna aus den Lunzer Schichten Nieder-
osterreichs: Jahrbuch Der Geologischen Bundesanstalt, v. 81, p. 467-486.

Glaessner, ML.F., 1945, Cretaceous Crustacea from Mount Lebanon, Syria:
Annals and Magazine of Natural History, v. 12, p. 694-707.

Glaessner, M.F., 1965, Vorkommen fossiler Dekapoden (Crustacea) in Fisch
Schiefern: Senckenbergiana Lethaea, v. 46a, p. 111-122.

Glaessner, M.F., 1969, Decapoda, in Moore, R.C., ed., Treatise on Invertebrate
Paleontology, part R, Arthropoda: Boulder, Colorado and Lawrence, Kan-
sas, the Geological Society of America and The University of Kansas
Press, v. 4, p. 399-533.

Goudemand, N., Romano, C., Leu, M., Bucher, H., Trotter, J.A., and Williams,
LS., 2019, Dynamic interplay between climate and marine biodiversity
upheavals during the Early Triassic Smithian-Spathian biotic crisis: Earth-
Science Reviews, v. 195, p. 169-178.

Gould, C., 1857, Description of a new fossil crustacean (Tropifer levis,
C. Gould) from the Lias Bone-Bed: Quarterly Journal of the Geological
Society, v. 13, p. 360-363.

Grobben, K., 1892, Zur Kenntnis des Stammbaumes und des Systems der Crus-
taceen: Sitzungsberichte der Kaiserlichen Akademie der Wissenschaften in
Wien, v. 101, p. 237-276.

Guex, J., Hungerbiihler, A., O’Dogherty, L., Atudorei, V., Taylor, D.G., Bucher,
H., and Bartolini, A., 2010, Spathian (Lower Triassic) ammonoids from


https://doi.org/10.1051/bsgf/2017178
https://doi.org/10.1051/bsgf/2017178
https://doi.org/10.17161/to.v0i0.5028
https://doi.org/10.17161/to.v0i0.5028
https://doi.org/10.1017/jpa.2022.34

1262

western USA (Idaho, California, Utah and Nevada): Mémoires de Géologie
(Lausanne), v. 49, 82 p.

Hallam, A., 1996, Major bio-events in the Triassic and Jurassic, in Walliser,
0.H., ed., Global Events and Event Stratigraphy in the Phanerozoic: Berlin,
Springer, p. 265-283.

Hu, S., Zhang, Q., Chen, Z.-Q., Zhou, C., Lii, T., Xie, T., Wen, W., Huang, J., and
Benton, M.J., 2011, The Luoping biota: exceptional preservation, and new
evidence on the Triassic recovery from end-Permian mass extinction: Pro-
ceedings of the Royal Society B: Biological Sciences, v. 278, p. 2274-2282.

Huang, J., Feldmann, R.M., Schweitzer, C.E., Hu, S., Zhou, C., Benton, M.J.,
Zhang, Q., Wen, W., and Xie, T., 2013, A new shrimp (Decapoda, Dendo-
branchiata, Penaeoidea) from the middle Triassic of Yunnan, Southwest
China: Journal of Paleontology, v. 87, p. 603-611.

HyzZny, M., and Garassino, A., 2022, Aeger crassipes Bronn, 1858 (Crustacea,
Decapoda, Penaeidae) from the Carnian of Austria and Italy revisited: impli-
cations for taxonomy of fossil penaeoid shrimps: Annalen des Naturhistor-
ischen Museums in Wien, Serie A, v. 122, p. 69-85.

HyZny, M., and Zorm, 1., 2016, A Catalogue of the Type and Figured Fossil
Decapod Crustaceans in the Collections of the Geological Survey of Austria
in Vienna: Jahrbuch der Geologischen Bundesanstalt, v. 156, p. 127-177.

Iniesto, M., Thomazo, C., Fara, E. and the Paris Biota team., 2019, Deciphering
the exceptional preservation of the Early Triassic Paris Biota (Bear Lake
County, Idaho, USA): Geobios, v. 54, p. 81-93.

Jattiot, R., Bucher, H., Brayard, A., Monnet, C., Jenks, J.F., and Hautmann, M.,
2016, Revision of the genus Anasibirites Mojsisovics (Ammonoidea): an
iconic and cosmopolitan taxon of the late Smithian (Early Triassic) extinc-
tion: Papers in Palaeontology, v. 2, p. 155-188.

Jenks, J., Guex, J., Hungerbiihler, A., Taylor, D.G., Bucher, H., Tanner, L.H.,
Spielmann, J.A., and Lucas, S.G., 2013, Ammonoid biostratigraphy of
the early Spathian Columbites parisianus zone (Early Triassic) at Bear
Lake Hot Springs, Idaho: New Mexico Museum of Natural History and Sci-
ence, v. 61, p. 268-283.

Karasawa, H., Takahashi, F., Doi, E., and Ishida, H., 2003, First notice of the
family Coleiidae Van Straelen (Crustacea: Decapoda: Eryonoidea) from
the Upper Triassic of Japan: Paleontological Research, v. 7, p. 357-362.

Karasawa, H., Schweitzer, C.E., and Feldmann, R.M., 2013, Phylogeny and
systematics of extant and extinct lobsters: Journal of Crustacean Biology,
v. 33, p. 78-123.

Klompmaker, A.A., and Fraaije, R.H., 2011, The oldest (Middle Triassic, Ani-
sian) lobsters from the Netherlands: taxonomy, taphonomy, paleoenviron-
ment, and paleoecology: Palaeontologia Electronica, v. 14, 1.1A. http:/
palaeo-electronica.org/2011_1/220/index.html.

Konig, H., 1920, Zur kenntnis des Untern Trochitenkalkes im nordlichen
Kraichgau: Sitzungsberichte der Heidelberger Akademie der Wissenschaf-
ten, Heidelberg, v. 13, p. 9-48.

Kuhn, O., 1939, Beitridge zur Keuperfauna von Halberstadt: Paldontologische
Zeitschrift, v. 21, p. 258-286.

Langenhan, A., 1910, Die Versteinerungen Der Deutschen Trias: (des Bunt-
sandsteins, Muschelkalks und Keupers): aufgrund viersigjdhriger Sammel-
titigkeit zusammengestellt und nach den Naturobjekten augraphiert:
Liegnitz, Scholz, 1903, and Friedrichsroda, Selbstverlag, 1910.

Latreille, P.A., 1802, Histoire Naturelle, Générale et Particuliere Des Crustacés
et Des Insectes, v. 3: Paris, Dufart, F., 467 p.

Latreille, P.A., 1829, Les crustacés, les arachnides et les insectes, distribués en
familles naturelles, in Cuvier, G., ed., Le régne animal distribué d’aprés son
organisation pour servir de base a I’histoire naturelle des animaux et d’intro-
duction a I’anatomie comparée, v. 4: Paris, Déterville, 584 p.

Lavalli, K.L., and Spanier, E., 2010, Infraorder Palinura Latreille, 1802, in Schram,
F.R., and von Vaupel Klein, J.C., eds., Treatise on Zoology—Anatomy, Tax-
onomy, Biology, Part A, The Crustacea, Volume 9: Leiden, Brill, p. 425-532.

Laville, T., Smith, C.P.A., Forel, M.-B., Brayard, A., and Charbonnier, S.,
2021, Review of Early Triassic Thylacocephala: Rivista Italiana di Paleon-
tologia e Stratigrafia, v. 127, p. 73-101.

Lerner, A.J., Lucas, S.G., and Lockley, M., 2017, First fossil horseshoe crab
(Xiphosurida) from the Triassic of North America: Neues Jahrbuch fiir Geo-
logie und Paldontologie, Abhandlungen, v. 286, p. 289-302.

Leu, M., Bucher, H., and Goudemand, N., 2019, Clade-dependent size response
of conodonts to environmental changes during the late Smithian extinction:
Earth-Science Reviews, v. 195, p. 52-67.

Lucas, S.G., Krainer, K., and Milner, A.R.C., 2007, The type section and age of
the Timpoweap Member and stratigraphic nomenclature of the Triassic
Moenkopi Group in Southwestern Utah in Lucas, S.G., and Spielmann,
J.A., eds., Triassic of the American West: New Mexico Museum of Natural
History and Science Bulletin, v. 40, p. 109-117.

M’Coy, F., 1849, XLI.—On the classification of some British fossil Crustacea,
with notices of new forms in the University Collection at Cambridge:
Annals and Magazine of Natural History, v. 4, p. 392-414.

Maisey, J.G., and de Carvalho, M. da G.P., 1995, First records of fossil sergestid
decapods and fossil brachyuran crab larvae (Arthropoda, Crustacea),

https://doi.org/10.1017/jpa.2022.34 Published online by Cambridge University Press

Journal of Paleontology 96(6):1235-1263

with remarks on some supposed palaemonid fossils, from the Santana
Formation (Aptian—Albian, NE Brazil): American Museum Novitates,
no. 3132, 20 p.

Marrama, G., Lombardo, C., Tintori, A., and Carnevale, G., 2017, Redescrip-
tion of “Perleidus” Osteichthyes, Actinopterygii) from the Early Triassic
of Northwestern Madagascar: Rivista Italiana di Paleontologia e Stratigrafia,
v. 123, p. 219-242.

Meyer, H. von, 1834, Krebse im bunten Sandstein: Museum Senckenbergia-
num, v. 1, p. 293-295.

Meyer, H. von, 1835, Briefliche Mitteilungen: Neues Jahrbuch fiir Mineralogie,
Geologie, Geognosie, und Petrefaktenkunde, Abhandlungen v. 1834, 329 p.

Meyer, H. von, 1840, Neue Gattungen fossiler Krebse aus Gebilden vom bunten
Sandsteine bis in die Kreide: Stuttgart, Schweizerbart, p. 1-23.

Meyer, H. von, 1844, Briefiche Mittheilungen: Neues Jahrbuch fiir Mineralogie,
Geognosie, Geologie und Petrefaktenkunde, Abhandlungen, v. 1844,
p. 564-567.

Meyer, H. von, 1847, Halicyne und Litogaster, zwei Crustaceengattungen aus
dem Muschelkalke Wiirttembergs: Palacontographica: Palacontographica,
v. 1, p. 134-140.

Meyer, H. von, 1851, Fische, Crustaceen, Echinodermen und anderen Verstei-
nerungen aus dem Muschelkalk Oberschlesiens: Palacontographica, v. 1,
p. 216-279.

Miller, G.L., and Ash, S.R., 1988, The oldest freshwater decapod crustacean,
from the Triassic of Arizona: Palaeontology, v. 31, p. 273-279.

Miinster, G.G. zu, 1839, Decapoda Macroura. Abbildung und Beschreibung der
fossilen langschwinzigen Krebse in den Kalkschiefern von Bayern: Beit-
rdge zur Petrefaktenkunde, v. 2, p. 1-88.

Muscente, A.D., Schiffbauer, J.D., Broce, J., Laflamme, M., O’Donnell, K.,
Boag, T.H., Meyer, M., Hawkins, A.D., Huntley, J.W., McNamara, M.,
MacKenzie, L.A., Stanley, G.D., Hinman, N.W., Hofmann, M.H., and
Xiao, S., 2017, Exceptionally preserved fossil assemblages through geo-
logic time and space: Gondwana Research, v. 48, p. 164-188.

Oppel, A., 1861, Die arten der gattungen Eryma, Pseudastacus, Magila und
Etallonia: Jahreshefte Des Vereins Fur Vaterlandische Naturkunde in Wurt-
temberg, v. 17, p. 355-364.

Oppel, A., 1862, Uber jurassische Crustaceen: Palantologische Mittheilungen
aus dem Museum des Koeniglichen Bayerischen Staates, v. 1, p. 1-120.

Oravecz, J., 1962, Der erste Macrurenfund Paraclytiopsis hungaricus nov. gen.
nov. sp. aus dem ungarischen Karn: Foldtani Kozlony, v. 92, p. 324-329.

Payne, J.L., Lehrmann, D.J., Wei, J., Orchard, M.J., Schrag, D.P., and Knoll,
A.H., 2004, Large perturbations of the carbon cycle during recovery from
the end-Permian extinction: Science, v. 305, p. 506-509.

Pinna, G., 1974, I crostacei della fauna triassica di Cene in Val Seriana (Ber-
gamo): Memoria della Societa Italiana di Scienze Naturale e Museo Milano,
v. 21, p. 5-34.

Pinna, G., 1976, I crostacei Triassici dell’alta Valvestino (Brescia): Natura
Bresciana, v. 13, p. 33-42.

Rafinesque, C.S., 1815, Analyse de la nature, ou tableau de 1’univers et des
corps organisés: Palermo, Rafinesque, C.S., 223 p.

Reuss, A.E., 1858, Ueber fossile Krebse aus den Raibler Schichten in
Kaernthen: Beitrage Zur Palaontographie Oesterreichs, v. 1, p. 1-6.

Rinehart, L.F., Lucas, S.G., and Heckert, A.B., 2003, An early eubrachyuran
(Malacostraca: Decapoda) from the Upper Triassic Snyder Quarry, Petrified
Forest Formation, north-central New Mexico: Paleontology and Geology of
the Upper Triassic (Revueltian) Snyder Quarry, New Mexico: New Mexico
Museum of Natural History & Science Bulletin, v. 24, p. 67-70.

Robalino, J., Wilkins, B., Bracken-Grissom, H.D., Chan, T.-Y., and O’Leary,
M.A., 2016, The origin of large-bodied shrimp that dominate modern glo-
bal aquaculture: PLoS One, v. 11, e0158840. https:/doi.org/10.1371/jour-
nal.pone.0158840.

Roger, J., 1946, Les invertébrés des couches a poissons du Crétacé supérieur
du Liban: étude paléobiologique des gisements: Mémoires de la Société
Géologique de France, v. 51, 91 p.

Romano, C., Kogan, I., Jenks, J., Jerjen, 1., and Brinkmann, W., 2012,
Saurichthys and other fossil fishes from the late Smithian (Early Triassic)
of Bear Lake County (Idaho, USA), with a discussion of saurichthyid
palaeogeography and evolution: Bulletin of Geosciences, v. 87, p. 543-570.

Romano, C., Goudemand, N., Vennemann, T.W., Ware, D., Schneebeli-
Hermann, E., Hochuli, P.A., Briihwiler, T., Brinkmann, W., and Bucher,
H., 2013, Climatic and biotic upheavals following the end-Permian mass
extinction: Nature Geoscience, v. 6, p. 57-60.

Romano, C., Argyriou, T., Krumenacker, L.J., and the Paris Biota team, 2019,
Chondrichthyan teeth from the Early Triassic Paris Biota (Bear Lake
County, Idaho, USA): Geobios, v. 54, p. 63-70.

Sahney, S., and Benton, M.J., 2008, Recovery from the most profound mass
extinction of all time: Proceedings of the Royal Society B: Biological
Sciences, v. 275, p. 759-765.

Saucede, T., Vennin, E., Fara, E., Olivier, N., and the Paris Biota team 2019, A
new holocrinid (Articulata) from the Paris Biota (Bear Lake County, Idaho,


http://palaeo-electronica.org/2011_1/220/index.html
http://palaeo-electronica.org/2011_1/220/index.html
http://palaeo-electronica.org/2011_1/220/index.html
https://doi.org/10.1371/journal.pone.0158840
https://doi.org/10.1371/journal.pone.0158840
https://doi.org/10.1371/journal.pone.0158840
https://doi.org/10.1017/jpa.2022.34

Smith et al.—Paris Biota decapods and Triassic decapod diversity

USA) highlights the high diversity of Early Triassic crinoids: Geobios,
v. 54, p. 45-53.

Schlotheim, E. von, 1822, Beytrige zur nidheren Bestimmung der versteinerten
und fossilen Krebsarten: Nachtrige zur Petrefaktenkunde, v. 2, p. 17-37.

Schram, F.R., 1971, Litogaster turnbullensis (sp. nov.): A Lower Triassic
glypheid decapod crustacean from Idaho: Journal of Paleontology, v. 45,
p- 534-537.

Schram, F.R., 1977, Paleozoogeography of late Paleozoic and Triassic Malacos-
traca: Systematic Biology, v. 26, p. 367-379.

Schram, F.R., 1980, Miscellaneous late Paleozoic Malacostraca of the Soviet
Union: Journal of Paleontology, v. 54, p. 542-547.

Schram, F.R., Feldmann, R.M., and Copeland, M.J., 1978, The Late Devonian
Palacopalaemonidae and the earliest decapod crustaceans: Journal of Pale-
ontology, v. 52, p. 1375-1387.

Schweigert, G., 2001, The Late Jurassic decapod species Aeger tipularius
(Schlotheim, 1822): (Crustacea: Decapoda: Aegeridae): Stuttgarter Beitrige
Zur Naturkunde, v. 323, p. 1-11.

Schweitzer, C.E., and Feldmann, R.M., 2014, Lobster (Decapoda) diversity and
evolutionary patterns through time: Journal of Crustacean Biology, v. 34,
p. 820-847.

Schweitzer, C.E., Feldmann, R.M., Garassino, A., Karasawa, H., and Schwei-
gert, G., 2010, Systematic List of Fossil Decapod Crustacean Species: Lei-
den, Brill, 222 p.

Schweitzer, C.E., Feldmann, R.M., Hu, S., Huang, J., Zhou, C., Zhang, Q., Wen,
W., and Xie, T., 2014, Penaeoid Decapoda (Dendrobranchiata) from the
Luoping Biota (Middle Triassic) of China: systematics and taphonomic
framework: Journal of Paleontology, v. 88, p. 457-474.

Sepkoski, J.J., 1981, A factor analytic description of the Phanerozoic marine
fossil record: Paleobiology, v. 7, p. 36-53.

Smith, C.P.A., Laville, T., Fara, E., Escarguel, G., Olivier, N., Vennin, E., Gou-
demand, N., Bylund, K.G., Jenks, J.F., Stephen, D.A., Hautmann, M., Char-
bonnier, S., Krumenacker. L. J., and Brayard. A., 2021, Exceptional fossil
assemblages confirm the existence of complex Early Triassic ecosystems
during the early Spathian: Scientific Reports, v. 11, 19657. https:/doi.org/
10.1038/s41598-021-99056-8.

Song, H., Wignall, P.B., Chen, Z.-Q., Tong, J., Bond, D.P.G., Lai, X., Zhao, X.,
Jiang, H., Yan, C., Niu, Z., Chen, J., Yang, H., and Wang, Y., 2011, Recov-
ery tempo and pattern of marine ecosystems after the end-Permian mass
extinction: Geology, v. 39, p. 739-742.

Song, H., Wignall, P.B., and Dunhill, A.M., 2018, Decoupled taxonomic and
ecological recoveries from the Permo-Triassic extinction: Science
Advances, v. 4, eaat5091. https:/doi.org/10.1126/sciadv.aat5091.

Stockar, R., and Garassino, A., 2013, Meridecaris ladinica n. gen. n. sp. (Crust-
acea, Decapoda, Clytiopsidae) from the Middle Triassic (Ladinian) of
Monte San Giorgio (Canton Ticino, Switzerland): Neues Jahrbuch fiir Geo-
logie Und Palidontologie, Abhandlungen, v. 270, p. 347-356.

Strand, E., 1928, Miscellanea nomenclatorica zoologica et palacontologica: I-11,
in Wiegmann, A.F.A., Archiv fiir Naturgeschichte: Berlin, Nicolai’schen
Buchhandlung, v. 1, p. 30-75.

Tavares, C., and Martin, J.W., 2010, Suborder Dendrobranchiata Bate, 1888,
in Schram, F.R., and von Vaupel Klein, J.C., eds., Treatise on Zoology—
Anatomy, Taxonomy, Biology, Part A, The Crustacea: Brill, Leiden, v. 9,
p. 99-164.

Thuy, B., Escarguel, G., and the Paris Biota team, 2019, A new brittle star
(Ophiuroidea: Ophiodermatina) from the Early Triassic Paris Biota (Bear
Lake County, Idaho, USA): Geobios, v. 54, p. 55-61.

https://doi.org/10.1017/jpa.2022.34 Published online by Cambridge University Press

1263

Tintori, A., Hitij, T., Jiang, D., Lombardo, C., and Sun, Z., 2014, Triassic acti-
nopterygian fishes: the recovery after the end-Permian crisis: Integrative
Zoology, v. 9, p. 394-411.

Tozer, E.T., 1982, Marine Triassic faunas of North America: their significance
for assessing plate and terrane movements: Geologische Rundschau, v. 71,
p. 1077-1104.

Twitchett, R.J., 2001, Incompleteness of the Permian—Triassic fossil record:
aconsequence of productivity decline?: Geological Journal, v. 36, p. 341-353.

Van Straelen, V., 1923, Description de crustacés décapodes Macroures nou-
veaux des terrains secondaires: Annales de la Société Royale Zoologique
de Belgique, v. 53, p. 84-93.

Van Straelen, V., 1925, Contribution a 1’étude des crustacés décapodes de la
période Jurassique: Mémoires de la Classe des Sciences de I’ Académie Roy-
ale de Belgique, v. 7, 462 p.

Van Straelen, V., 1928, Sur les crustacés décapodes triasiques et sur 1’origine
d’un phylum de Brachyoures: Bulletin du Musée Royal d’Histoire Naturelle
de Belgique, Bruxelles, v. 14, p. 496-516.

Van Straelen, V., 1933, Antrimpos madagascariensis, crustacé décapode du
Permotrias de Madagascar: Bulletin du Musée Royal d’Histoire Naturelle
de Belgique, Bruxelles, v. 9, p. 1-3.

Van Straelen, V., 1936, Sur des crustacés décapodes Triasiques du Nevada:
Bulletin Du Musée Royal d’Histoire Naturelle de Belgique, v. 12, p. 1-7.

Van Straelen, V., 1940, Pénéides nouveaux Méso- et Cénozoiques: Bulletin du
Musée Royal d’Histoire Naturelle de Belgique, v. 16, p. 1-5.

Via, L., 1971, Crusticeos decdpodos del Jurdsico superior del Montsec (Lér-
ida): Cuadernos Geologia Ibérica, v. 2, p. 607-612.

Whitfield, R.P., 1880, Notice of new forms of fossil crustaceans from the Upper
Devonian rocks of Ohio, with descriptions of new genera and species:
American Journal of Science, v. 19, p. 33-42.

Whittaker, R.H., 1960, Vegetation of the Siskiyou Mountains, Oregon and Cali-
fornia: Ecological Monographs, v. 30, p. 279-338.

Widmann, P., Bucher, H., Leu, M., Vennemann, T., Bagherpour, B., Schneebeli-
Hermann, E., Goudemand, N., and Schaltegger, U., 2020, Dynamics of the
largest carbon isotope excursion during the Early Triassic biotic recovery:
Frontiers in Earth Science, v. 8, 196. https:/doi.org/10.3389/feart.2020.00196.

Winkler, T.C., 1882, Etude carcinologique sur les genres Pemphix, Glyphea et
Araeosternus: Archives du Musée Teyler, v. 1, p. 73-124.

Wolfe, J.M., Breinholt, J.W., Crandall, K.A., Lemmon, A.R., Lemmon, E.M., Timm,
L.E., Siddall, M.E., and Bracken-Grissom, H.D., 2019, A phylogenomic frame-
work, evolutionary timeline and genomic resources for comparative studies of
decapod crustaceans: Proceedings of the Royal Society B: Biological Sciences,
v. 286, 20190079. https:/doi.org/10.1098/rspb.2019.0079.

Woods, H., 1925, A monograph of the fossil macrurous Crustacea of England. Part
II: Monographs of the Palacontographical Society, London, v. 77, p. 17-40.

Wood-Mason, J., 1874, On blind crustaceans: Proceedings of the Asiatic Soci-
ety of Bengal, v. 1874, p. 180-181.

Woodward, H., 1866, On a new Crustacean (Aeger marderi) from the Lias of
Lyme Regis, Dorsetshire: Geological Magazine, v. 3, p. 10-13.

Woodward, H., 1888, On a new species of Aeger from the Lower Lias, of Wilm-
cote, Warwickshire: Geological Magazine, v. 5, p. 385-387.

Wiist, E., 1903, Untersuchungen Uber Die Decapodenkrebse Der Germa-
nischen Trias: Jena, Fischer.

Accepted: 29 March 2022


https://doi.org/10.1038/s41598-021-99056-8
https://doi.org/10.1038/s41598-021-99056-8
https://doi.org/10.1038/s41598-021-99056-8
https://doi.org/10.1126/sciadv.aat5091
https://doi.org/10.1126/sciadv.aat5091
https://doi.org/10.3389/feart.2020.00196
https://doi.org/10.3389/feart.2020.00196
https://doi.org/10.1098/rspb.2019.0079
https://doi.org/10.1098/rspb.2019.0079
https://doi.org/10.1017/jpa.2022.34

	The Paris Biota decapod (Arthropoda) fauna and the diversity of Triassic decapods
	Introduction
	Geological setting
	Material and methods
	Repository and institutional abbreviation

	Systematic paleontology
	Phylum Arthropoda Latreille, 1829Subphylum Crustacea Br&uuml;nnich, 1772Class Malacostraca Latreille, 1802Subclass Eumalacostraca Grobben, 1892Superorder Eucarida Calman, 1904Order Decapoda Latreille, 1802Suborder Dendrobranchiata Bate, 1888Superfamily Penaeoidea Rafinesque, 1815Family Aegeridae Burkenroad, 1963
	Included genera
	Emended diagnosis by Schweitzer et al. (2014)
	Remarks

	Genus Acanthochirana Strand, 1928
	Type species
	Other species
	Emended diagnosis by Charbonnier et al. (2017)
	Remarks

	Acanthochirana norica (Pinna, 1974) new combination
	Holotype
	Original diagnosis by Pinna (1974; translated from Italian and simplified based on description of the holotype)
	Emended diagnosis by Pinna (1976; translated from Italian; partial modification of original diagnosis following discovery of additional, better-preserved specimens)
	Remarks

	Acanthochirana spinifera (Schweitzer et al., 2014) new combination
	Holotype
	Original diagnosis by Schweitzer et al. (2014)
	Remarks

	Genus Aeger M&uuml;nster, 1839
	Type species
	Other species
	Remarks

	Aeger sp. Figures 2, 3
	Description
	Illustrated material
	Additional material
	Measurements
	Remarks
	Type species
	Other species
	Emended diagnosis (present work)
	Remarks

	Anisaeger atavus (Bill, 1914) new combinationSupplementary file 2
	Neotype
	Emended diagnosis by Gall (1971; translated from French)
	Remarks

	Anisaeger longirostrus new species Figures 4--6
	Type material
	Diagnosis
	Description
	Etymology
	Additional material
	Measurements
	Remarks

	Anisaeger crassipes (Bronn, 1858) new combination
	Type material
	Emended diagnosis by Glaessner (1930; translated in modern terms)
	Remarks

	Suborder Pleocyemata Burkenroad, 1963 
	Infraorder Glypheidea Winkler, 1882 
	Superfamily Glypheoidea Winkler, 1882 
	Family Litogastridae Karasawa et al., 2013 
	Genus Litogaster Meyer, 1847
	Type species
	Other species

	Litogaster turnbullensis Schram, 1971 Figures 7, 8
	Type material
	Original diagnosis by Schram (1971)
	Emended diagnosis (present work)
	Description
	Illustrated material
	Measurements
	Remarks

	Superfamily Pemphicoidea Van Straelen, 1928Family Pemphicidae Van Straelen, 1928
	Included genera
	Emended diagnosis by Charbonnier et al. (2015)

	Genus Pemphix Meyer, 1835
	Type species
	Other species
	Emended diagnosis by Feldmann et al. (2015)
	Emended diagnosis (present work)

	Pemphix krumenackeri new species
	Figure 9
	Type material
	Diagnosis
	Description
	Etymology
	Measurements
	Remarks

	Genus Oosterinkia Klompmaker and Fraaije, 2011
	Type species
	Emended diagnosis

	Oosterinkia neerlandica Klompmaker and Fraaije, 2011
	Type material
	Original diagnosis by Klompmaker and Fraaije (2011)
	Emended diagnosis
	Remarks

	Diversification trends data
	Discussion
	The Paris Biota decapods
	Diversification trends during the Triassic

	Conclusions
	Acknowledgments
	References


