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Abstract

Polychelidan lobsters, as the sister group of Eureptantia
(other lobsters and crabs), have a key-position within decapod
crustaceans. Their evolutionary history is still poorly understood,
although it has been proposed that their Mesozoic representatives
largely inhabited shallow-marine environment and only later
sought refuge in deep water. This view has recently been
challenged, so the evolutionary history of polychelidans is in
a need of re-appraisal. The earliest representatives, such as
Tetrachela from the Late Triassic of Austria and Italy, are of great
importance because of their potential in investigation of life habits
of early polychelidans. Tetrachela lived in a relatively deep water,
however, its well-developed eyes suggest an environment where
light was still present. With its massive dorsoventrally flattened
body plan, Tetrachela was probably benthic; the shape of its
mandible and stocky first pereiopods suggest it was a scavenger
and/or fed on slowly moving or sedentary animals. The carapace
of Tetrachela has a peculiar groove pattern, which leads us to
redefine some elements of the nomenclature of grooves used for
polychelidans. Based on the present revision we propose that the
second incision and its associated groove correspond to the hepatic
groove, not the postcervical or the branchiocardiac grooves
as interpreted previously. This revision allows us to review the
homologies of cephalothoracic groove between polychelidans
and other notable groups of decapod crustaceans.
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Introduction

Polychelidan lobsters can be considered as the
coelacanths of decapod crustaceans: fossil species
were the first to be discovered (Desmarest, 1817),
were morphologically diverse, and lived in various
palacoenvironments (Audo et al., 2014a, c; Bravi et
al.,2014; Jauvion et al., 2016); extant species, on the
contrary, were discovered later (Heller, 1863), are
morphologically less diverse, and restricted to deep-
water environments (Galil, 2000; Ahyong, 2009).
This peculiar distribution was tentatively explained
by Beurlen (1931), who postulated that polychelidans
first inhabited shallow waters and later sought refuge
in deep waters. This view was followed by Glaessner
(1969) and refined by Ahyong (2009). However, this
model was recently criticized by Audo et al. (2014b,
in press). More importantly, polychelidan lobsters
have played a key role in decapod phylogeny, because
Polychelida is considered to be the sister taxon to
eureptantians (Scholtz and Richter, 1995; Ahyong and
O’Meally, 2004; Bracken-Grissom, et al. 2014).

For these reasons, it is important to have a better
understanding of the evolutionary history of polychelidan
lobsters, including the significance of their earliest fossil
occurrences. Indeed, these early species might give us
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insights into the original life habits of polychelidans
and also yield important morphological characters
for the phylogenetic study not only of polychelidans
but also decapod crustaceans. Polychelidan earliest
occurrences date back to the Late Triassic (Carnian).
Two species are known from that time interval; Coleia
uzume Karasawa, Takahashi, Doi and Ishida, 2003, has
been described from Japan (Karasawa et al., 2003), and
Tetrachela raiblana (Bronn, 1858) from the Alps on
both sides of the current boundary between Italy and
Austria. Both species are insufficiently known, partly
because of the preservation of the available material.
Tetrachela raiblana has so far not been adequately
documented, probably because most specimens are
incompletely preserved, often without the carapace,
which presents numerous characters useful in systematic
palacontology. In this respect, detailed documentation
of available carapaces presented herein fills the gap in
the knowledge. As shown further below, the carapace in
T. raiblana is especially interesting because it possesses
a peculiar groove pattern (Beurlen and Glaessner, 1930:
fig. 11) that at a first glance is different from that of
other polychelidans (the groove pattern on C. uzume
is indistinct due to the preservation). The significance
of T. raiblana was recognized by Ahyong (2009), who
used that species as the outgroup (or reference point) of
his phylogenetic analysis of polychelidan lobsters.

The present contribution reviews 7. raiblana and
assesses its significance based upon the available
material, including the only known surviving syntype
and some especially well-preserved specimens.
This revision leads to a better understanding of the
homologies of cephalothoracic grooves between
polychelidans and other decapods. We also propose
an updated nomenclature for grooves based upon
our interpretations. Finally, we briefly discuss the
palaeoenvironment and palacoecology of T. raiblana.

Geological settings

The sediments of the Raibl (Cave del Predil) and
Polzberg lagerstitten were deposited during the
Carnian (Late Triassic). At that time, the Alpine zone
was located at the western extremity of the Neotethys
Ocean, and both localities were located on the margin
of the Hallstatt-Meliata Ocean, a small branch of the
Neotethys (Hornung et al., 2007).

Sediments exposed at both localities are
approximately coeval and were deposited during what
is known as the Carnian Pluvial Event (Hornung et al.,
2007), a biological crisis linked to a sudden climatic

perturbation which led to the demise of rimmed
carbonate platforms (Keim et al., 2001) and a switch
to carbonate or mixed ramps (Bosellini ez al., 2003).

Raibl Beds (Cave del Predil). The Raibl Beds were
discovered due to the nearby mining for lead, iron, and
zinc that probably started in the Roman period (Boué,
1835; Nuova Raibl Soc. coop., 2016). The Lagerstitte
of Raibl is represented by oil shales (bitumindsen
Schiefer: Bronn, 1858; see also Boué, 1835) also
referred to as fish beds (Suess and Mojsisovics, 1867),
which were probably deposited in deep water in a
basinal environment (Rettori et al., 1998; de Zanch et
al., 2000). This Lagerstitte has yielded fragments of
plants and several species of fishes first mentioned by
Boué (1835) and later described by Bronn (1858). It
also has yielded several decapod crustaceans, including
Tetrachela raiblana, Antrimpos crassipes (Bronn,
1858) and Bombur aonis Bronn, 1858. Among fishes,
one species, Thoracopterus niederristi Bronn, 1858
also occurs at the Polzberg locality (Griffith, 1977).

Polzberg Lagerstdtte. The Reingraben shales are
exposed at the Polzberg Lagerstitte. This Lagerstitte
has regularly been associated and described with the
nearby Lunz Lagerstitte, although these two differ
in age, environment, and taphonomic pathways
(Forchielli and Pervesler, 2013). The Polzberg
Lagerstitte (sensu Forchielli and Pervesier, 2013) is
characterized by its low energy setting (no bottom
currents), occasional low-oxygen levels indicated
by accumulations of the juvenile bivalves Halobia
(McRoberts, 2001; Hopkin and McRoberts, 2005).
The Polzberg Lagerstitte has yielded a diverse fauna
of fishes (Griffith, 1977), ammonites (Glaessner,
1931), and a rich fauna of arthropods. Decapod
crustaceans include Antrimpos straeleni (Glaessner,
1929), Antrimpos crassipes (also known from Cave
del Predil), Clytiella spinifera Glaessner, 1931,
Platychela trauthi Glaessner, 1931 and T. raiblana. In
addition, two species of thylacocephalans also occur
there (Glaessner, 1931).

Material and methods

This study is based upon 43 specimens. These
specimens appear dark, almost black, sometimes with
patches of white, on a dark grey limestone. Specimens
are generally visible in ventral view, almost complete,
but missing the carapace.

Specimens from the Museo Friulano di Storia
Naturale (MFSNgp, Udine, Italy) and from the
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Museo Paleontologico Cittadino della Rocca di
Monfalcone (MPCM, Monfalcone, Italy) were
documented under cross-polarized light to enhance
the contrast between the matrix and the specimen
by avoiding direct reflections on the surface of the
sample (Bengtson, 2000). Specimens from Harvard
Museum of Comparative Zoology (MCZ, Cambridge,
Massachusetts, United States of America) and
Natural History Museum (NHMUK, London, United
Kingdom) were photographed in natural light, in some
cases, soaked in alcohol, for the NHMUK specimens.
The specimens from the Geologische Bundesanstalt
(GBA, Vienna, Austria) were documented in natural
light and whitened by an ammonium chloride coating.

In order to compare the morphology of 7. raiblana to
other groups of decapod crustaceans, we also examined
four specimens of extant decapod crustaceans from
the zoology collections of Muséum national d’Histoire
naturelle (MNHN-IU, Paris, France). Three of these
specimens were collected during oceanic cruise
expeditions led by the Institut de Recherche pour
le Développement (IRD) and the Muséum national
d’Histoire naturelle (MNHN) (Bouchet et al., 2008).
These specimens were photographed under polarized
white light.

Systematic palaeontology

Malacostraca Latreille, 1802

Decapoda Latreille, 1802

Pleocyemata Burkenroad, 1963

Polychelida Scholtz and Richter, 1995

Eryonoidea Haan, 1841

Coleiidae Van Straelen, 1925

Tetrachelinae Beurlen, 1930

Tetrachelidae Beurlen, 1930: 339.

Tetrachelidae — Forster, 1967: 174.— Pinna, 1968:
102. — Glaessner, 1969: R468. — Garassino and
Teruzzi, 1993: 21 — Garassino et al., 1996: 36-37. —
Ahyong, 2009: 381. — Schweitzer et al., 2010: 45.
— Karasawa et al., 2013: 98. — Audo et al., 2014a:
459.— Audo et al., 2014b: 400.

Type genus: Tetrachela Reuss, 1858
Included genera: Monotypic subfamily
Occurrence: Late Triassic (Italy, Austria).

Original diagnosis by Beurlen (1930: 339). ,, Karapax
gerundet rechteckig, maBig stark verbreitert.
Regionengliederung  stark  differenziert. Augen
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wohl entwickelt, nach vorn gerichtet, in schwachen
Ausschnitten des Vorderrandes, seitlich des breiten
Stirnrandes. Antennengeif3eln kurz. Dritter Maxillarful3
mit verbreitertem Ischium. Telson breit gerundet;
Didresis vorhanden.”

Literal translation in modern terms. Carapace with
a rounded rectangle outline, moderately widened.
[Carapace] with distinct regions. Eyes well-developed,
facing forward, in shallow incisions on the anterior
margin, on the side of the wide frontal margin. Short
antennae. Third maxilliped with a wide ischium.
Telson broad and rounded. Diaeresis present.

Emended diagnosis by Pinna (1968: 102).
“Cefalotorace fortemente allargato, subrettangolare.
Margine anteriore largo e diritto con incisioni oculari
laterali ed occhi ben sviluppati rivolti in avanti. Due
incisioni laterali poco profonde. Carene assenti. Telson
arrotondato e largo. Dieresi presente.”

Literal translation in modern terms. Cephalothorax
very wide, subrectangular. Frontal margin wide
and straight with lateral ocular incisions with well-
developed eyes facing forward. Two shallow lateral
incisions. Carina lacking. Telson rounded and wide.
Diaeresis present.

Emended diagnosis by Glaessner (1969: R468).
“Carapace almost quadrangular, with orbital
emarginations, granulate, cervical and branchiocardiac
grooves strongly marked, V-shaped, postcervical
groove connected with both; telson rounded, uropods
with diaeresis.”

Emended diagnosis by Ahyong (2009: 381).
“Carapace with shallow orbits located on anterior
margin; eyes well-developed, apparently directed
anteriorly; without median carina anterior to cervical
groove; cervical and branchiocardiac grooves distinct
across carapace, not meeting, indicated at lateral
margins by notches. Abdominal pleuron 2 similar
to pleuron 3, not overlapping pleuron 1. Uropodal
exopod with straight diaeresis. Telson rounded
distally. Pereopod 1 dactylus tapering distally, longer
than pollex. (Based on Glaessner 1969.)”

Emended diagnosis by Karasawa et al. (2013:
98). “Carapace almost quadrangular with orbital
emarginations, dorsoventrally flattened, rostrum
indistinct; antennal groove absent; cervical and
branchiocardiac grooves strongly marked and
V-shaped, extending to median; postcervical groove
connected with cervical and branchiocardiac grooves;
branchial and thoracic median carinae present;
epistome and carapace not in broad contact. Pleon with
axial keel and sharp demarcation between terga and
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pleura; telson subrectangular; exopod of uropods with
diaeresis. Antennular stylocerite present; maxilliped
3 dactylus sharp; pereiopods 1-4 chelate; pereiopod 5
unknown.”

Emended diagnosis (present work). Dorsoventrally
flattened carapace subrectangular in outline in dorsal
view; concave frontal margin placed more anteriorly
than outer angle of ocular incision; deep U-shaped
ocular incision, laterally enclosed by lateral margin,
opening anteriorly; marked cervical and hepatic
incisions; cervical incision deeper than hepatic
incision; posterolateral angle extending slightly along
sl; cervical groove cutting median line deeply; large
gap between anterior and posterior part of branchial
carina; posterior part of branchial carina rather short;
hepatic groove distinctly merged with branchiocardiac
groove, not intersected by branchial carina; telson
well-rounded; third maxilliped ischium roughly
kidney-shaped; first pereiopod distinctly larger than
the others and rather stocky; pereiopod 5 ending in
a small chela, at least in some individuals (possibly
variable due to sexual dimorphism); uropodal exopod
with a diaeresis forming an arc of circle.

Remarks. Tetrachelinae are assigned to Polychelida
based upon their dorsoventrally flattened carapace
(shield), their concave frontal margin, their pattern
of cephalothoracic grooves and carina, and of their
chelate pereiopods 1-4. More precisely, Tetrachelinae
are placed within the diverse Coleiidae by their
marked cervical and hepatic incisions, with cervical
incision deeper than hepatic; the cervical groove
curved medially near median line, and the presence of
a diaeresis. The scaphocerite of Tetrachelinae appears
to be rounded with a median carina, a character
typical of Coleiidac. However, the preservation of the
scaphocerite is rare and the few preserved ones are
poorly preserved and therefore difficult to interpret.
We note that in Ahyong (2009), Tetrachela was not
placed “near Coleia” in his cladogram. It is important
to observe that Ahyong (2009) used 7etrachela as the
outgroup of his analysis. This implies that the position
of Tetrachela in this cladogram was fixed at the base
of the cladogram, by definition. Consequently, we
cannot judge if Ahyong (2009) results are compatible
or not with our suggestion that Tetrachelinae belongs
to Coleiidae. In the analysis of Karasawa er al.
(2013), Tetrachela is resolved as sister-group to
Coleia Broderip (1835) and Polycheles Heller (1862).
Karasawa et al. (2013) proposed closer relationships
between Coleiidae and Polychelidae, which differs
from our suggestion to include Tetrachelinae within

Coleiidae. Such a discrepancy is considered to
represent an effect of limited sampling of Coleiidae in
Karasawa et al. (2013). Indeed, Karasawa et al. (2013)
focuses upon the relationships of all fossil lobsters
rather than on those within polychelidans. More
detailed phylogenetic analysis using also an outgroup
outside Polychelida and a more extensive sampling of
Coleiidae (still under development) will be required to
assess the affinities of Tetrachela.

Tetrachela Reuss, 1858

Tetrachela Reuss, 1858: 5-6, pl. 1 figs 2-7.

Bolina — Bronn, 1858: 22-26, pl. 4 figs. 1-3. —
Beurlen, 1928: 187.

Tetrachela — Zittel, 1885: 686. — Van Straelen, 1928:
498-499. — Glaessner, 1929a: 382. — Glaessner,
1929b: 142-143. — Beurlen and Glaessner, 1930: 64,
fig. 11. — Glaessner, 1930: 29. — Glaessner, 1931:
480. — Glaessner, 1965: 112. — Forster, 1967: 174.
— Pinna, 1968: 103. — Glaessner, 1969: 468, figs
227 (18),272. — Garassino and Teruzzi, 1993: 21. —
Garassino et al., 1996: 36-37. — Ahyong, 2009: 370,
fig. 1A. — Schweitzer et al., 2010: 45. — Feldmann,
et al. 2013b: 8, figs 5.3a, 5.3b. — Karasawa et al.,
2013: 98.

Figure 1. Lectotype of Tetrachela raiblana (Bronn, 1858),
specimen without number, “Originaliensammlung” collection,
institute of Geosciences, University of Heidelberg, ventral view,
cross-polarized light. Abbreviations: al, antennula; a2, antenna;
ex, uropodal exopod; md, mandible; mxp3, third maxilliped;
P1-P5, pereiopods 1 to 5. Scale bar: 10 mm. Picture Klaus Will,
Ruprecht-Karls-University Heidelberg, Copyright of picture:
University of Heidelberg.
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Figure 2. Tetrachela raiblana (Bronn, 1858). A, well-preserved specimen GBA 1930/002/002/01, coated with ammonium chloride (A1)
and interpretative line-drawing (A2). B, specimen MFSNgp 19583, laterodorsal compression, cross-polarized light, with superimposed
interpretative line-drawing. C, specimen MFSNgp 15538, dorsal view, cross-polarized light, with superimposed interpretative line-
drawing. Abbreviations: a, branchiocardiac groove; b, hepatic groove, ba, uropodal basipod; be, branchial carina; bi, hepatic incision; c,
postcervical groove; d, gastro-orbital groove; di, diacresis; e e, cervical groove; ei, cervical incision; en, uropodal endopod; ex, uropodal
exopod; ic, intercervical groove; md, mandible; o, ocular incision; P1-P5, pereiopods 1 to 5; pe, postcervical carina; s1-s6, pleonites 1 to
6; t, telson. Scale bars: 10 mm. Photographs: Matus Hyzny (A1), Denis Audo (B, C). Copyright of pictures: GBA (A1), MFSNgp (B, C).
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Stenochelus — Reuss, 1858: 2-4, pl. 1 fig. 1.
Eryon — Oppel, 1862: 10. — Woodward, 1881: 530.
— Knebel, 1907: 207. — Balss, 1924: 175 (pro parte).

Type species: Bolina raiblana Bronn, 1858, by
monotypy.
Included species: monospecific genus.

Distribution. Carnian (Italy, Austria).

Diagnosis by Zittel (1885: 686). ,,Cephalothorax nie
erhalten, urspriinglich sehr diinn, méssig breit, ebenso
lang als das Abdomen. Hinterstes Kiemenfusspaar
kréftig entwickelt, aber kurz. Die 4 vorderen
Fusspaare des Thorax mit Scheeren; die Scheere des
ersten mit einer grossen Hand und einem beweglichen
Index. Telson hinten gerundet; die beiden Blétter des
hintersten Schwimmfusses breit.*

Literal translation in modern terms. Cephalothorax
never preserved, initially very thin, moderately
wide, as long as the pleon. The last pair of pleopods
well-developed, but short. The anterior four pairs of
pereiopods chelate. First chela with a large palm and a
movable index. Telson rounded, uropodal exopod and
endopod broad.

Remarks. Tetrachela being the type and only genus
of Tetrachelinae, its diagnosis is identical to that of the
subfamily. See the present emended diagnosis.

Tetrachela raiblana Bronn, 1858

Figures 1-3,4R

Bolina Raiblana Bronn, 1858: 22-26, pl. 4 figs. 1-3.
Stenochelus triasicus, Reuss, 1858: 2-4, pl. 1 fig. 1.
Bolina Raiblana — Beurlen, 1928: 187.

Tetrachela raiblana — Reuss, 1858: 5-6, pl. 1 figs 2-7.

Figure 3. Tetrachela raiblana, appendages. A, specimen NHMUK 41870, ventral aspect, soaked in alcohol to enhance the contrast; B,
specimen MPCM 2508, dorsal aspect, carapace missing, cross-polarized light. Abbreviations: al, antennula; a2, antenna; ex, uropodal
exopod; md, mandible; mxp3, third maxilliped; P1-P5, pereiopods 1 to 5; pe?, possibly the petasma; s1-s6, pleonites 1 to 6; t, telson.
Scale bars: 10 mm. Pictures: Denis Audo. Copyright of picture: NHMUK (A), MPCM (B).
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— Glaessner, 1929a: 382. — Glaessner, 1929b: 143-
144, pl. 9, fig. 1. — Beurlen and Glaessner, 1930: 64,
fig. 11. — Glaessner, 1930: 29. — Glaessner, 1931:
480. — Glaessner, 1965: 112. — Forster, 1967: 174. —
Glaessner, 1969: 468, figs 227 (18),272. — Garassino
and Teruzzi, 1993: 21. — Garassino et al., 1996: 36-
37. — Ahyong, 2009: 370, fig. 1A. — Schweitzer et
al.,2010: 45. — Feldmann er al., 2013b: 8, figs 5.3a,
5.3b. — Karasawa et al., 2013: 98— Hyzny and Zorn,
2016 : 131, 138, pl.3 figs 1-2, pl. 15 fig. 2

Tetrachela raibliana — Pinna, 1968: 103 (incorrect
spelling).

Eryon raiblanus — Woodward, 1881: 530. — Balss,
1924: 175.

Eryon Raiblianus — Oppel, 1862: 10. — Knebel, 1907:
207.

Type material. Lectotype herein designated: without
collection number “Originaliensammlung” collection,
Institute of Geosciences, University of Heidelberg
(Figure 1 - examined).

Type locality. Cave del Predil (also known as
“Raibl”), Friuli-Venezia Guilia, Italy (Bronn, 1858,
Roghi, 2004).

Type age. Carnian.

Occurrence. Tetrachela raiblana has so far been
reported only from thin shales of Cave del Predil
(Italy) and the Polzberg Lagerstitte (Austria).

Additional — material. 43  specimens: GBA
1858/004/0002/01, 1858/004/0002/02, 1930/002/0002/01
(Figure 2A). — NHMUK 41870 (Figure 3A), 41876,
44953, 1.3256 (6 samples), one additional specimen
withoutcollectionnumber.—MCZ6252/1, MCZ6252/2,
MCZ6252/3. — MFSNgp 01191, 15538 (Figure 2C),
15539-15540, 15594, 15598, 16884, 19249, 19583
(Figure 2B), 19587, 19591, 21032, 22860, 33976. —
MPCM 2508-2509 (part and counterpart; Figure 3B),
2512, 2514, 2517, 3541, 3543-3544, 4839, 4866,
7701. - SNSB-BSPG 1969 XII 2, 1969 XII 3.

Description. Outlines of carapace (cephalothoracic
shield) (Figure 4R). — Dorsoventrally flattened
carapace, subrectangular in outline in dorsal view;
concave frontal margin (poorly preserved), placed
slightly more anteriorly than the outer angle of ocular
incision; anterolateral angle probably produced
into a short spine (poorly preserved); lateral margin
smooth, cut by ocular, cervical and hepatic incisions;
deep U-shaped ocular incision, laterally enclosed by
the lateral margin, opening anteriorly; anterolateral
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margin slightly convex, very slightly oblique; cervical
and hepatic incisions opening in the anterior half of the
lateral margin; deep subtriangular cervical incision;
straight mediolateral margin, shorter than anterolateral
margin; hepatic incision shallower than cervical
incision; rounded posterolateral angle, extending
slightly along pleonite 1, contiguous to pleonite 1
lateral margin; concave posterior margin, wider than
frontal margin.

Grooves and carinae of carapace (Figure 4R).
Postrostral and postcervical carinae separated by
cervical groove; postrostral carina short, limited to
the posterior half or third between frontal margin
and cervical groove; postcervical carina extending
from cervical groove to posterior margin, cutting
postcervical groove; short and raised anterior part of
branchial carina (= postorbital carina?) curving inward
anteriorly; posterior part of branchial carina rather
short, separated from the anterior part by a large gap,
marked from the branchiocardiac groove to the posterior
margin; deep cervical groove marked across carapace,
curving slightly near median line, cutting deeply
median line; deep postcervical groove, almost joining
hepatic-branchiocardiac grooves at their junction
point, forming a transverse arc, joining median line
without cutting it; deep intercervical groove extending
from cervical groove toward postcervical groove,
not merging with postcervical groove; deep hepatic
groove extending from the hepatic incision (ventral
side not preserved), and joining with branchiocardiac
groove; branchiocardiac groove forming a right angle
with hepatic groove, extending posteriorly toward
the branchial carina, then oblique from the branchial
carina toward median line, not reaching median line.

Pleon and telson. Pleon about as long as carapace,
and slightly narrower than carapace; pleonite 1 shorter
than others (poorly preserved); dorsal portion of terga
(excluding tergopleura) of pleonites 2-5 with a pair of
transverse groove converging medially and a slightly
raised axial carina cutting posterior transverse groove;
tergopleura of pleonites 2-5 apparently lanceolate
(poorly preserved); dorsal portion of terga (excluding
tergopleura) of pleonite 6 subtrapezoidal; tergopleura
of pleonite 6 subtriangular and narrow; telson well-
rounded distally.

Eye and cephalic appendages. Eye entirely
contained in the ocular incision; antennula with two
flagella carried by a short peduncle (poorly preserved);
antenna with a short flagellum (poorly preserved);
mandible composed of a large subtriangular
protopodite carrying an incisive process with large
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Figure 4. Comparison of the general outline of carapaces, revised (right sides omitted, adapted from Audo et al. in press and Audo
et al. 2017) of the type species of each genus of fossil Polychelida: A, Adamanteryon fourneti Audo, Schweigert, Saint Martin and
Charbonnier, 2014; B, Antarcticheles antarcticus Aguirre-Urreta, Buatois, Chernoglasov and Medina, 1990; C, Coleia antiqua
Broderip, 1835; D, Cycleryon propinquus (Schlotheim, 1822); E, Eryvon cuvieri Desmarest, 1817; ¥, Gabaleryon coquelae Audo,
Williams, Charbonnier and Schweigert, 2017.; G, Hellerocaris falloti (Van Straelen, 1923); H, Knebelia bilobata (Minster, 1839); I,
Palaeopentacheles roettenbacheri (Miinster, 1839); J, Palaeopolycheles longipes (Fraas, 1855); K, Proeryon hartmanni (Meyer, 1836);
L, Pseudocoleia mazzolenii Garassino and Teruzzi, 1993; M, Rogeryon oppeli (Woodward, 1866); N, Rosenfeldia triasica Garassino,
Teruzzi and Dalla Vecchia, 1996; O, Soleryon amicalis Audo, Charbonnier, Schweigert and Saint Martin, 2014; P, Tauricheles crymensis
(Levitski, 1974); Q, Tethyseryon campanicus Bravi, Garassino, Bartiromo, Audo, Charbonnier, Schweigert, Thévenard and Longobardi,
2014; R, Tetrachela raiblana (Bronn, 1858); S, Tonneleryon schweigerti Audo, 2016; T, Tropifer laevis Gould, 1857; U, Voulteryon
parvulus Audo, Schweigert, Saint Martin and Charbonnier, 2014; V, Willemoesiocaris ovalis (Van Straelen, 1923); W, Woodwardicheles
neocomiensis (Woodward, 1881); X, Wrangelleryon perates Feldmann, Schweitzer and Haggart, 2013. Illustrations not to scale.
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median teeth framed by smaller anterior and posterior
teeth.

Thoracic appendages (outline in ventral view).
Third maxilliped (thoracopod 3) with an ischium
roughly kidney-shaped and stocky distal podomeres;
large chelate pereiopod 1 (P1: thoracopod 4);
subtriangular P1 basis; stocky ischium with slightly
rounded anterior and posterior margins; subrectangular
P1 merus, longer than ischium; subtriangular, slightly
rounded P1 carpus; stocky P1 propodus palm; straight
P1 pollex with a slightly curved distal part; straight
dactyl with a curved distal part; pereiopods 2 to 4 (P2-
P4: thoracopods 5-7) chelate, of decreasing size from
P2 to P4; pereiopod 5 (thoracopod 8) ending in a small
chela (only visible in two specimens, not preserved or
unclear for others).

Pleonal appendages. Pleopods poorly preserved,;
uropod with short basipod carrying a rounded endopod
strengthened by a median carina and a rounded exopod
which posterolateral border is cut by the diaeresis
forming an arc of circle.

Ornamentation. Dorsal surface densely covered
by tubercles; smooth pereiopods, except for the outer
margin of P1 propodus, which is covered by small
tubercles.

Remarks. The description of Bolina raiblana
Bronn, 1858 is based upon seven syntypes. Only one
of these syntypes (Bronn, 1858 pl. 4, fig. 3) has been
rediscovered in the “Originaliensammlung” collection
housed in the Institute of Geosciences, University of
Heidelberg. Other syntypes appear to have been lost
or misplaced for a long time because they were not
mentioned in the literature. Part of Bronn’s collection
is now in Harvard Museum of Comparative Zoology
(MCZ) collections and does include specimens
of Tetrachela, but they do not match individuals
presented in Bronn (1858). Our search or inquiries
at Geologischen Bundesanstalt (Vienna, Austria) or
in the various collections, which might have housed
the rest of this historic material, were not successful.
Since Bronn (1858) illustrated only three of the seven
syntypes, and because other crustacean species occur
in the same outcrop, we designate the specimen herein
illustrated in Figure 1 as the lectotype of Tetrachela
raiblana (Bronn, 1858). This lectotype designation
should limit future instability of nomenclature.

Reuss (1858) described Stenochelus triasicus
based upon a single specimen from the same locality
as Tetrachela raiblana. This specimen, which was
not located and might also be lost, is known from a
good illustration (Reuss, 1858: pl. 1, fig. 1). Oppel
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(1862) considered S. triasicus as synonymous with
T. raiblana. This opinion was followed by Glaessner
(1929a, 1930). Detailed observation of the illustration
in Reuss (1858) lead us to agree with this synonymy.
Indeed, the general outline of carapace and the shape
and position of carinae and grooves are identical to
that documented for 7. raiblana.

Discussion
Nomenclature of grooves

The first reconstruction of Tetrachela raiblana was
provided by Glaessner (1929b: pl. 9, fig. 1). This
reconstruction was refigured several times (Beurlen
and Glaessner, 1930; Glaessner, 1969; Ahyong, 2009;
Karasawa et al., 2013) without further examination,
and was used as a basis for the phylogenetic analysis
of Ahyong (2009) and possibly Karasawa et al. (2013).
Based upon this reconstruction, T raiblana appears to
have a cephalothoracic groove pattern very different
from that of other fossil and extant polychelidans,
with several additional grooves. However, our
reinvestigation reveals that this reconstruction was
partially incorrect. Indeed, it seems these authors
drew the branchiocardiac groove completely straight,
instead of sinuous, and misinterpreted some fractures
of the carapace for additional grooves.

From our observations, the grooves of 7. raiblana are
rather similar to that of other polychelidans (Figure 4).
However, due to a larger gap between the anterior
and posterior part of branchial carina, grooves are
more marked, and their relations lead us to reconsider
their nomenclature. Indeed, the transverse groove
connected to the posterior incision is clearly linked to
the branchiocardiac groove. Therefore, it suggests that
the part of the groove extending from that posterior
incision could be referred to as ‘“branchiocardiac
groove”, and the corresponding incision as
“branchiocardiac incision” (as proposed by Van
Straelen, 1925; Glaessner 1969; Karasawa ef al.,2013;
and Feldmann et al., 2013b). It should not be referred
as “postcervical groove” (contrary what is proposed
by Galil, 2000; Ahyong and Brown, 2002; Ahyong and
Galil, 2006; Ahyong and Chan 2004, 2008; Ahyong,
2009; Chang et al., 2013; Artuz et al., 2014; Audo et
al., 2014a; 2014b; 2014c; Bravi et al., 2014; Jauvion
etal.,2016; Audo, 2016; Audo et al.,2017). However,
it could also be the “hepatic groove”, since it is the
prolongation of this particular groove, which extend
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from the junction of the antennal and cervical grooves
and merges with branchiocardiac grooves in numerous
crustaceans, such as glypheidans (Charbonnier et al.,
2013: fig. 9; Figure 5C) and several groups of clawed
lobsters (Tshudy and Babcock, 1997: their fig. 2; see
also Figure 5D). Although this solution has not been
proposed yet, it has a practical application, indeed, in
Polychelidae, the groove emerging from the posterior
incision on lateral margin is clearly disconnected from

the branchiocardiac groove. We therefore propose to
consider this groove as the dorsal portion of the hepatic
groove, and the associated incision should be referred
to as “hepatic incision”. We note that this proposition
contradicts the nomenclature sensu Glaessner (1960:
39), who considered the hepatic groove to be a part of
the branchiocardiac groove. From our perspective, it
is useful to distinguish both grooves, as they are not
always linked.

Figure 5. Homologies of carapace (shield) grooves in polychelidan lobsters and other reptantian crustaceans. A, Hellerocaris falloti
(Van Straelen, 1923), MNHN.F.A47495, from the Callovian of La Voulte-sur-Rhone (France), lateral left view. B, Stereomastis surda
(Galil, 2000), MNHN.IU2016.10672, female, from Big Bay (Vanuatu), trawled at about 700 metres (BOA 1 oceanographic expedition),
lateral left view. C, Sketch of a glypheid lobster; D, Nephrops norvegicus (Linnaeus, 1758), MNHN.IU — unknown number, lateral
left view. E-G, Ibacus alticrenatus Bate, 1888, MNHN.IU.2017.10263, male, from Bligh Water (Fiji Islands), trawled at about 380 m
(MUSORSTOM 10 oceanographic expedition), dorsal view (E-F) and ventro-lateral view (G); H, Scyllarides squamosus (H. Milne
Edwards, 1837), MNHN.IU.10262, male, origin unknown, lateral right view. Abbreviations: a, branchiocardiac groove; b, antennal
groove; b, hepatic groove; ¢, postcervical groove; ed, cardiac groove; ed?, possibly homologous with cardiac groove; d, gastro-orbital
groove; e e, cervical groove; i, inferior groove; ic, intercervical groove; ic?, possibly homologous with intercervical groove. Scales:
10 mm (A-B), 20 mm (D-F). Images: Philippe Loubry (A), Denis Audo (B, D-H) and Charléne Letenneur (C).
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Comparison with other Carnian polychelidans

Coleia uzume is known from only five rather poorly
preserved specimens from the early Carnian of Japan
(Karasawa et al., 2003). Thus it is one of the oldest
polychelidan species. Moreover it has been reported
outside of Europe, where most fossil polychelidans have
been discovered so far. For these reasons, it would be
interesting to compare it to 7. raiblana. Unfortunately,
due to the preservation of the specimens, little can be
used from the figures presented by Karasawa et al.
(2003). The main difference between C. uzume and
other polychelidans (including 7. raiblana) appears to
be the “inner branchial carina” which, however, most
likely represents the posterior part of the ventral margin
of the carapace superimposed to the dorsal carapace
surface (the holotype and paratype of C. uzume are
preserved in ventral aspect: Karasawa et al., 2003,
figs 2.1,2.2).

Homologies of grooves between polychelidans and
some other decapods

The grooves on the surface of the carapace of many
crustaceans are linked with internal structures, such
as muscles and epimerite (Glaessner, 1960; Secrétan,
1964). The pattern formed by these grooves presents
important similarities between groups (Figure 5), for
instance, the longitudinal antennal and hepatic grooves,
transverse cervical and postcervical grooves are
extremely common in decapods. However, identifying
the homologies between grooves is not easy.

In the case of polychelidans, the carapace grooves
are present on the ventral and dorsal surfaces of the
carapace. The homologies of these grooves with other
decapod crustaceans may be hypothesized from their
connections.

(1) The most anterior groove, only visible ventrally,
connects the anterior margin to the cervical incision
(Audo et al., 2014a, 2014c; Figures 4, 5A, 5B); from
its position, it can only correspond to the antennal
groove “b” occurring in many decapod crustaceans
(Figure 5C, 5D, G-H; Boas, 1880; Van Straelen, 1925;
Tsudy and Babcock, 1997; Tshudy and Sorhannus,
2003; Charbonnier et al., 2013), with a notable
exception of brachyurans.

(2) The transverse groove arising from the antennal
groove and passing through the first incision (not
counting ocular incision) is considered to correspond
to the cervical groove; its homology with the cervical
groove “e e” of other decapods can be established from
its connection with antennal groove and gastro-orbital
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groove (Figure 5); it should not be confused with the
transverse groove cutting median line and resembling
a cervical groove in astacids and nephropids (the
postcervical groove, although it is mistakenly referred
to as “e,e” by Van Straelen, 1925: figs 25-27 and Chan
and Yu, 1991: 21, who remarked that the terminology
is particularly confusing for the two transverse grooves
on the carapace), this latter groove corresponds to the
second transverse groove, that is part of the hepatic,
branchiocardiac, and even postcervical grooves in
polychelidans.

(3) A groove is often visible between the branchial
carina and median line, where the cervical groove is
inflexed, extending anteriorly and slightly toward
median line; from the connection of this groove, it
seems most likely to represent a gastro-orbital groove
“d”, homologous to that found in many other decapods
(Van Straelen, 1925; Tshudy and Sorhannus, 2003;
Charbonnier et al., 2013; see Figure 5 — note that Van
Straelen, 1925 in fig. 20 misinterpreted the anterior
portion of the branchial carina as a gastro-orbital
groove).

(4) On the ventral surface, the hepatic groove “b,”
is aligned with the antennal groove, curving to pass
through the hepatic incision, and stretch transversally
to join the branchiocardiac groove in Tetrachela
raiblana; this groove was discussed in detail in the
previous section, its homology with the hepatic groove
is supported by the connection with other grooves
(Figure 4R) and its position; however, its boundaries
and connections with the branchiocardiac and
postcervical grooves are more difficult to assess and
vary depending on authors and the group they discuss
(more on this matter below). We note that this groove
is not visible ventrally in the scyllarids illustrated
herein (Figures 5G-H).

(5) On the dorsal surface, just posterior to the
cervical groove, a groove lies between branchial
carinae. This groove seems almost connected to
hepatic and branchiocardiac groove in most species
of polychelidans; from its position and connection
(Figure 4), it seems homologous to the postcervical
groove “c” of other decapods such as nephropids
(Figure 5D) and astacids (Tshudy and Babcock,
1997; Tshudy and Sorhannus, 2000) or glypheideans
(Charbonnier et al.; 2013; Figure 5C); we note that the
postcervical groove of polychelidans in most species
is curved anteriorly near median line, in eryonids, rare
species of polychelids and Willemoesiocaris ovalis
(Van Straelen, 1923), the groove is more straight and
parallel to the branchiocardiac groove; it is possible
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that the curvature of this groove is in fact homologous
to the cardiac groove “cd” of glypheidans (Charbonnier
et al.,2013; see Figure 5C).

(6) In Tetrachela raiblana, a short groove connected
to the cervical groove extends toward postcervical
groove, it could be considered as the intercervical
groove “ic” (Figure 4R). A similar groove may also
occurs in Gabaleryon Audo, Williams, Charbonnier
and Schweigert, 2017 (Figure 4F).

(7) The most posterior groove that arises from
the hepatic groove, running almost parallel to the
branchial carina before curving toward the median
line is the branchiocardiac groove “a”, since it is the
last groove which delimits the branchial chamber,
and consequently, no further groove can occur
more posteriorly and laterally (Glaessner, 1960; see
Figure 5).

(8) A small groove arising from the hepatic groove
and extending ventrally is the inferior groove; it
occurs in Soleryon amicalis (see Audo et al., 2014a)
and Hellerocaris falloti (see Figure 5A), but not
Stereomastis surda (Galil, 2000) (see Figure 5B).

In polychelidans and glypheidans, the distinction
between hepatic, postcervical and branchiocardiac
grooves are rather obvious. On the contrary, for some
astacids, and nephropids (Figure 5D), the hepatic
groove is merged with a deep groove that cuts the
median line deeply, posterior to this groove (see Tshudy
and Sorhannus, 2003: fig. 2). In these species, it is
more difficult to judge where the postcervical joins the
hepatic groove and where the branchiocardiac groove
begins. From what is visible in allied species (see
Tshudy and Babcock, 1997; Tshudy and Sorhannus,
2000), it seems that the hepatic groove extends
rather high on the carapace before merging with
the branchiocardiac and postcervical grooves. This
situation is, in summary, similar to that described in
polychelidans. For scyllarids, the general disposition
of grooves between branchial carina is similar to
that of glypheidans, polychelidans and nephropids
(Fig. 5SE-H). However, from the branchial carina to
the lateral margin and on the ventral side of carapace,
the groove pattern is rather different. For this reason,
the homologies of grooves are far from clear. Figure 5
E-F proposes two alternative views on the homology
of grooves between scyllarids and other decapods.
A detailed study of scyllarids and other achelates is
required to test our proposals, however, such a study is
outside the scope of the present research. Despite this
uncertainty of homologies, it is clear that scyllarids
differ substantially from polychelidans by the groove

pattern and/or carapace. This difference might be
partially linked to the convergent flattening of the
carapace in scyllarids and polychelidans, a process
similar to “carcinization” (Scholtz, 2014).

Taphonomy

The absence of the carapace in most specimens of
Tetrachela raiblana could imply they correspond
to exuviae. Indeed, as discussed in detail by Audo
(2016), polychelidan lobsters emerge from their
old exoskeleton by rupturing the carapace along the
median line and flipping it forward, which separates
the carapace from the pleon. Despite the fact that most
or all specimens of 7. raiblana might correspond to
exuviae, they still have their appendages and pleon
associated (pleon is not visible in two specimens, for
which the corresponding area is not prepared: MPCM
3544, NHMUK.3256). This association is interesting,
because it was shown that the articulation between the
anterior part of the exoskeleton and pleon is among
the first to rupture in corpses (Allison, 1986, 1988;
Plotnick, 1986). For exuvia and potential corpses
(specimens which appear to be complete could
correspond to corpses), we can postulate that finding
the appendages and pleon closely associated implies
that there was a limited transport and probably a
rapid burial of these remains. These observations
suggest that the studied individuals fossilised in the
palaeoenvironment they inhabited (autochthonous) or
were transported over only a short distance before final
burial (parautochthonous).

Palaeoenvironment

The sediments forming the Carnian Predil Limestone
lithologic unit of the Cave del Predil was deposited
in a basinal environment (Rettori er al., 1998). The
occurrence of Tetrachela raiblana in a deep-water
palaeoenvironment is important in the broader
context of polychelidan evolutionary history. Indeed,
T. raiblana is one of the earliest polychelidans and
several younger fossil species, for instance Tethyseryon
campanicus Bravi, Garassino, Bartiromo, Audo,
Charbonnier, Schweigert, Thévenard and Longobardi,
2014 and all species from Solnhofen-type outcrops
were recorded from shallow water palaeoenvironments
(Ahyong, 2009; Audo et al., 2014a, 2014b, 2016).
However, T. raiblana shows well-developed ocular
incisions which suggest the presence of developed
and functional eyes. This character is surprising
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if we consider that T. raiblana lived in a deep
palaeoenvironment. Indeed: (1) in modern genera,
which live very deep (Galil, 2000), eyes are atrophied
and non-functional (or at least almost not able to form
detailed images since some species seems to react
to light: Santucci, 1933); (2) Tauricheles crymensis
(Levitski, 1974) and Woodwardicheles neocomiensis
(Woodward, 1866), both from deep-water turbidites
both have reduced ocular incisions (Audo et al., in
press).

Consequently, either the basinal palacoenvironment
of Cave del Predil was still shallow enough for light
to be perceptible, or T. raiblana had developed eyes
despite being in a dark palacoenvironment. Regarding
this later explanation, it is good to note that decapod
crustaceans such as some species of Glyphocrangon
Smith, 1884 were reported from depths exceeding
800 meters, and yet retain developed eyes with marked
pigmentation (Komai, 2011). Similarly, species of
Metanephrops Jenkins, 1972 are known to live in
deep water, yet retain eyes and cornea pigmentation
(Chan and Hu, 1991; Holthuis, 1991). For instance,
the specimen MNHN-IU-2008-10509 (KARUBAR
oceanographic expedition) of Metanephrops neptunus
(Bruce, 1965) trawled at approximatively 800 m
also possesses developed eyes with strong cornea
pigmentation (DA pers. obs. 2018).

If T.raiblana migrated temporarily in Cave del Predil
basinal environment, it could be behaviour related to
reproduction. Indeed, extant species are known to
have sex-dependant distributions, probably linked
to migration of females (Santucci, 1933; Firth and
Pequegnat, 1971), who have to disperse their offspring
(Bernard, 1953). Unfortunately, the preservation of
most specimens does not allow determining the sex
of animals. In fact, one specimen preserves what
resembles a petasma (poorly preserved: Fig. 2B) and
could therefore be a male.

Palaeoecology

Tetrachela raiblana, as with most other fossil
polychelidans, differs distinctly from extant species
by its morphology, and by the environment it lived in,
which was probably deep, but not as deep as that of
many extant species. However, from its overall aspect,
we can already deduce it was mainly benthic. Indeed,
it does not seem to have any part of its anatomy
streamlined enough to be a good swimmer: its
carapace is stout, probably rather thick, and is covered
by distinct tubercles, its pereiopods are stout, and
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the pleon is quite wide. Such a morphology is quite
distinct from that of polychelidans which might have
been nektobenthic, or at least able to swim effectively
such as Knebelia bilobata (Miinster, 1839) (which
seems to possess adaptations for swimming: Audo et
al., 2014b) or Willemoesiocaris ovalis (Van Straelen,
1923) (which possesses a slender body and slender
pereiopods: Audo et al., 2014c).

The diet of fossil polychelidans is perhaps even
more complicated to study, for several reasons: (1), no
direct evidence of predation has been reported so far;
(2) only one specimen sufficiently well-preserved to
preserve traces of its gut content is known, however,
the fragments preserved in the gut are not identifiable
(Jauvion et al., 2016); (3) comparison with extant
species is complicated because they live in very deep
water, which was probably not the case for many fossil
species, and because their ecology is not well-known.
Nevertheless, we observe that Tetrachela raiblana
and most other fossil species present mandible incisor
process similar in shape to that of extant species.
Extant species are often considered to be scavengers or
predators of small invertebrates (Firth and Pequegnat,
1971; Lagardere, 1973; Gore, 1984; Cartes and Abelld,
1992). Therefore, many fossil species, as Tetrachela
raiblana, probably had a diet similar to that of extant
Polychelidae. We remark, however, that 7. raiblana,
contrary to most extant species and many fossil species,
has relatively short and stocky first pereiopods, similar
to those of Rosenfeldia triasica Garassino, Teruzzi and
Dalla Vecchia, 1996 (Audo et al., 2017). Tetrachela
raiblana, as R. triasica, was therefore unlikely to be
able to catch fast moving preys by ambushing them
and rapidly deploying its first pereiopods, as some
extant polychelidans probably do (Ahyong, 2009).
Tetrachela raiblana was therefore more likely preying
on sessile or slow-moving prey or was a scavenger.

Conclusion

Tetrachela raiblana is an important species for several
reasons. First of all, to date, it is one of the oldest
species of polychelidans reported. It also displays more
distinctly the connections between cephalothoracic
grooves, so that we were able, for the first time, to
discuss the homologies between polychelidans and
some other decapod carapace grooves. This new
understanding of the homology of polychelidans
with other decapods may prove useful for future
phylogenetic work focusing on decapods.
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