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Abstract

Following several studies of anomuran (galatheoid) and brachyuran decapod crustaceans during
recent years, we here present the first account of hermit crab carapaces and/or shields (Paguroidea)
that are contained in the extensive Ernstbrunn Limestone collections at the Naturhistorisches
Museum Wien (Vienna, Austria). These comparatively small-sized specimens are assignable
to the families Annuntidiogenidae, Diogenidae, Gastrodoridae, Paguridae, Parapylochelidae,
Pilgrimchelidae, Pylochelidae and Schobertellidae.With at least 18 species, in eight families,
the Tithonian (Late Jurassic) paguroid fauna from Ernstbrunn is by far the most diverse extinct
assemblage recorded to date. For the first time, Jurassic representatives of the family Paguri-
dae are described on the basis of carapaces. Most of the material available was collected or
obtained and recognised as paguroid in nature by one of us (FB) in the 1940s to 1960s. Unfor-
tunately, the opportunity to describe these formally never presented itself to FB, despite the fact
that typescripts on numerous new species were ready to be published. The majority of specimens,
photographs and typescripts, recently rediscovered, form the basis of the present study. Species
recorded here, in alphabetical order, are: Ammopylocheles mclaughlinae, Annuntidiogenes elon-
gatus nov. spec., An. hoelderi nov. spec., Bachmayerus gasparici nov. spec., B. matushyznyi nov.
spec., Cretatrizocheles doerflesensis nov. spec., Eopaguropsis grandis nov. spec., E. schindewolfi
nov. spec., Gastrodorus spp., Masticacheles minimus, Mesoparapylocheles strouhali nov. spec.,
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M. zapfei nov. spec., Munitheites kuepperi nov. spec., Pilgrimcheles vonmeyeri, Pretrizocheles
cocullo nov. gen., nov. spec., Protopagurus janoscheki nov. gen., nov. spec., Tithopaguristes
porosus nov. gen., nov. spec. and Ululapagurus oroszyi nov. spec. A novel key to marine paguroid
families, based on carapace morphology, is added.

Keywords: Hermit crabs, new taxa, Upper Jurassic, central Europe, reefs.

Introduction

The famous locality of Ernstbrunn, situated about 50 km north of Vienna in northeast
Austria, comprised six quarries around the small village of Dorfles and six outcrops
along the road to Klement (BACHMAYER 1947). Only Steinbruch I and Werk II (quarry I
and quarry “Werk I1”, the latter being the main site of limestone extraction in the Ern-
stbrunn region today; also termed Ernstbrunn 2) north of Dérfles, Klafterbrunn Stein-
bruch I and Steinbruch Klement I were noted by BACHMAYER (1947) to have yielded
remains of decapod crustaceans. Later collections delivered crustaceans from additional
sites, including quarry Dorfles V, on the west side of the Steinberg hill (see SCHNEIDER e?
al. 2013: tab. 1 for locality co-ordinates). Today, only a few outcrops remain accessible,
so possibilities of additional collecting are severely limited.

Over 6,000 decapod crustacean remains are registered and housed at the Naturhistor-
isches Museum Wien (abbreviation: NHMW; see SCHNEIDER et al. 2013, Andreas KROH,
pers. comm., December 2017). Some specimens studied herein were encountered in lots
that had not been formally registered, deriving from material collected, but never studied
in detail, by BACHMAYER. All material was collected over a period of forty years, starting
in 1940, mainly by Friedrich BACHMAYER and his father in law Karl OrR0OSzy. The major-
ity of decapod crustacean collections at NHMW originates from quarries Ernstbrunn II,
Dorfles I and V (BACHMAYER 1947; Andreas KROH, pers. comm., January 2014). Unfor-
tunately, for many specimens the exact sampling locality has not been recorded. Judging
from BACHMAYER’s unpublished manuscripts, however, most of the material originally
collected by Karl Oroszy (that is material numbered in black ink and today registered
under repository numbers starting with 1990/0041/...) derives from “Werk II”’ (Andreas
KROH, pers. comm., July 2018).

The first decapod crustacean species from the Ernstbrunn Limestone was listed by
MOERICKE (1889). Subsequently, GLAESSNER (1931) and BACHMAYER (1947, 1955) pro-
vided more detailed species lists, while BACHMAYER (1948) recorded a single species of
brachyuran and several taxa of isopod-infested anomurans from this unit. BACHMAYER
(1958, 1959) was the first to describe and illustrate the early paguroid Gastrodorus neu-
hausensis VON MEYER, 1864. Almost three decades later, WEHNER (1988) mentioned
several taxa from Ernstbrunn in her dissertation on “prosopid” brachyurans.

BACHMAYER had plans to publish a monograph of all decapod crustacean taxa from
Ernstbrunn (see BACHMAYER 1959; unpublished letters in NHMW archives), but his
death in 1989 put an end to this project. FB’s legacy comprises several typescripts, with
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photographs, in which numerous new galatheoid, paguroid and brachyuran taxa are des-
ignated, named and described in detail, almost ready for publication. Most of the taxon
names given in these typescripts, honouring many of FB’s colleagues in the 1950s and
1960s, are retained in the present contribution.

To illustrate FB’s knowledge of paguroid carapaces, which in his time were unknown
from the fossil record, we here add a citation from one of his typescripts (dated c. 1960):

“Vor einiger Zeit gelang es mir, in dem oberjurassischen Korallenriffkalk von Ernstbrunn,
Cephalothoraxreste zu finden, die man sicher den Paguriden zurechnen darf. Es liegen
bereits mehr als 60 Exemplare vor, die sich auf etwa ein Dutzend Arten verteilen. Es
muss auffallen, dass in allen diesen Fillen der Cephalothorax genau so wie bei den heute
lebenden Paguridenformen, nur ein kurzes Stiick iiber die Cervicalfurche hinaus verkalkt
ist, wihrend der ganze Hinterteil fehlt; offenbar war dieser weichhdutig und nicht erhdl-
tungsfihig. Das geschilderte Belegmaterial gestattet den Schluss, dass die Organisation
der Paguride vom Oberjura bis in die Gegenwart die gleiche geblieben ist. Die Paguri-
den sind also eine recht konservative Tiergruppe. Die ganze Lebensweise war offenbar
die gleiche. Somit geben uns die neuesten Funde einen weiteren kleinen Einblick in die
Bionomie dieser eigenartiger Crustaceengruppe.” (translated: “Some time ago, I man-
aged to find cephalothorax remains in the Upper Jurassic Korallenriffkalk of Ernstbrunn,
undoubtedly attributable to paguroids. Already in excess of 60 specimens are available,
representing about a dozen species. Notable is that in all of these cases, as in extant
paguroids, the cephalothorax is calcified only a short distance below the cervical groove,
while the entire posterior portion is missing, obviously this was soft and did not preserve
well. The material referred to permits the conclusion that paguroid organisation from the
Upper Jurassic to the present day has remained the same. Thus, paguroids are a conserv-
ative animal group. The whole mode of life apparently was the same. As such, the newest
finds present a further insight into the bionomics of this peculiar group of crustaceans.”

Exactly why FB’s studies of extinct paguroids were never completed is unknown, but
the fact that he was the head of the Geologisch-Paldontologische Abteilung and sub-
sequently, in 1972, became the first director of the Naturhistorisches Museums Wien
(KOLLMANN & ZAPFE 1979) likely had something to do with it. More recent additions
(in pencil) to the older typescripts reveal that, at times, he returned to this work as his
knowledge of fossil paguroids increased. In 1990, the BACHMAYER Collection was pur-
chased from his daughter, Christine PRENNER, a librarian at the NHMW at the time.

Brachyurans from Ernstbrunn have recently been described by FELDMANN & SCHWEITZER
(2009) and SCHWEITZER & FELDMANN (2008, 2009a—b, 2010b—d), while SCHWEITZER &
FELDMANN (2010a) and ROBINS et al. (2012, 2013, 2016) recorded porcellanid and gal-
atheoid anomurans, respectively. Of note is that ROBINS et al. (2013) already confirmed
the presence of several paguroid taxa in the Ernstbrunn collections. Unfortunately, at the
time the papers above were written, the original typescripts were unavailable, thus, none
of the type designations by one of us (FB) was adopted, nor were any of the photographs
and remarks in FB’s typescripts used.
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Nearly all paguroid shields and carapaces described in the present study were collected
at Dorfles Werk 11, Steinbruch Dorfles I, Steinbruch Klafterbrunn 1, and Steinbruch Kle-
ment 1, by FB and his father in law, the amateur palacontologist Karl OrR0szy, who was
a stamp dealer in Vienna. BACHMAYER (1947) was the first to mention paguroid remains
from Ernstbrunn, under the names of Palacopagurus squamosus and P. granulosus, but
he failed to supply further details, which is why these have to be considered nomina
nuda. A visit (January 2014) by two of us (RHBF, BWMvB) to the Naturhistorisches
Museum Wien and the subsequent loan of about 150 specimens, together with numerous
black and white photographs and typescripts from FB form the basis of the present mon-
ographic treatment of paguroid carapaces from Ernstbrunn. Associated paguroid tergites
and chelae will be the subject of a forthcoming paper.

Paguroid faunal composition in the Tithonian of Ernstbrunn is quite similar to that of the
Kimmeridgian at Nusplingen, southern Germany (FRAAUE 2014). The main differences
between the two localities are the greater average carapace size and higher diversity in
the Ernstbrunn Limestone.

Stratigraphy

Due to Alpine tectonics, the Ernstbrunn Limestone, together with the Klentnice Beds
and the Klement Formation, now appear as klippen, i. e., thrust sheets, within deformed
autochthonous Molasse sediments (BACHMAYER 1964; SCHNEIDER et al. 2013). On the
basis of extensive ammonite collections made by FB, ZEiss (2001) proposed a middle
middle to early late Tithonian age (Richterella richteri Zone to Micracanthoceras micro-
canthum Zone, Simplisphinctes Subzone) for the Ernstbrunn Limestone. Most ammonites
(14 genera, 37 species) were collected from the Ernstbrunn Werk II quarry, but in view of
the admixture of highly variable facies between and within the different klippen and out-
crops, it is most likely that there are differences in age (SCHNEIDER et al. 2013). A study of
benthic foraminifera and dasycladalean algae by MOSHAMMER & SCHLAGINTWEIT (1999)
revealed a middle/late Tithonian to middle Berriasian age for the Ernstbrunn Limestone.

Fossils are well known from this unit. An overview of the commonest groups, i. e., algae,
foraminifera, hydrozoans, corals, bivalves, gastropods, cephalopods, brachiopods, deca-
pod crustaceans, echinoderms and fishes, was presented by BACHMAYER (1954, 1964)
and GRrILL (1968). The most detailed account of Ernstbrunn Limestone fossils to date
is that by SCHNEIDER et al. (2013), who recorded the major faunal groups, inclusive of
several of the most speciose (e. g., Scleractinia, Bivalvia, Gastropoda, Brachiopoda and
Echinoidea). However, most of these have never been studied in detail.

According to GRILL (1968), the fossiliferous whitish limestones, without terrestrial influx,
known as the Ernstbrunn Limestone proper, reflect deposition on a differentiated carbonate
platform. Limestones excavated at the large Dorfles Kalkwerk II quarry (Kalkgewerk-
schaft Ernstbrunn) consist predominantly of patch reefs, whereas the small quarries on the
western half of the Steinberg, document a more lagoonal development (HOFMANN 1990).
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Carapace morphology and evolution of Mesozoic paguroids

Our insight into the diversity and evolutionary history of Mesozoic paguroids has
increased considerably during the last decade. FRAAUE et al. (2008) and vAN BAKEL et al.
(2008) were the first to describe paguroid carapaces of the families Diogenidae, Gastro-
doridae and Pylochelidae, of late Early Cretaceous and Late Jurassic age, respectively.
Later, FRAAUE et al. (2012a—c, 2013a, b, 2014, 2017a, b) and FRAAUE (2014) added a
large number of Late Mesozoic hermit crabs, all from reef settings. SCHWEIGERT et al.
(2013) erected a new family, Schobertellidae, to accommodate taxa from Lower Jurassic
shallow-shelf strata. Recently, GASPARIC et al. (2016) and FRAAUE et al. (2017b) erected
new paguroid families.

For more detailed data on early paguroid evolution and possible phylogenetic pathways
we refer to FRAADE (2014). New carapace morphological terms were introduced by
FRAALE et al. (2012b, ¢, 2014). A summary of paguroid carapace morphologies is illus-
trated here in Figure 1.

Inclusive of specimens described in the present study, in excess of 50 carapace-based
Mesozoic paguroid taxa are known at present, accommodated in eight families of which
the Gastrodoridae, Pilgrimchelidae and Schobertellidae comprise exclusively Mesozoic
representatives.

In his landmark study on Pagurus bernhardus (LINNAEUS, 1758), PILGRIM (1973: p. 366)
noted that, “In common with most Paguridea, the carapace shows much more variation
in texture than is found in other Decapoda, leading to the differentiation of reasonably
well-defined regions. This is particularly marked in the typical shelter-inhabiting hermit
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crabs...”. With PILGRIM’s remark in mind it is unfortunate, for palaecontologists, that
there is not a single taxonomic study on extant paguroids that pays attention to cara-
pace morphology. Taxonomic keys for paguroids at the family level, such as the ones
published by MCLAUGHLIN (2003), are based primarily on differences in morphology of
appendages such as antennules, pleopods, maxillipeds or pereopods. With only fossil
carapaces and/or shields, without attached appendages, at hand we herewith propose a
key to marine paguroid families based on carapace morphologies.

Key to marine paguroid families based on carapace morphologies

1. Shield SUDCYINALICAL ......ceeiieiieiieiieiicece ettt e re e saeeneeeees 2
Shield non-subCYlINAIICAL ........cocieiiiieiiiiec et 7
2. Cervical, postcervical and branchiocardiac grooves all present ............cccceeeeeeeieerenenennenn 3
Cervical groove not reaching lateral Sides .........ccccoeoeiieiiiniiiiniiiec e Pylochelidae
Cervical groove reaching lateral SIdeS ...........coooeririiriiiiiriiee e 4
3. Gastric region smooth, usually arrowhead-shaped ...........cccocvnvncninene. Parapylochelidae
Gastric region ornamented, not arrowhead-shaped ............ccccceveinininnnnn Gastrodoridae
4. Massetic and keraial regions well delineated .............ccoocveveeviereniienenieienen. Pilgrimchelidae
Massetic and keraial regions not delineated or POOTLY SO .....ccoovveviiriieriiiieiiiieeceeeeeeins 5
5. Shield about as 10Ng 88 WIAE ......ccvveieriieiiiiicieeeeee e Schobertellidae
Shield considerably longer than Wide ..........cccoooioiiiiiiiiiiieeeeeee e 6
6. Right cheliped with “pseudo-fixed finger” ..........ccoevirieniieniieieeeeee Xylopaguridae
Right cheliped operculate .............coooeriiieiineieeee e Pylojacquesidae
7. Intragastric grooves parallel to cervical groove ...........ccoceveerirverveeenen. Annuntidiogenidae
Intragastric grooves forming Y-Iinea ........c..ccceveverieieieieininenieesesesecee e Calcinidae
INtragastric SroOVES ADSEINL .......c.evieriiiieieeiieie et ettt ettt et et saesteeaesaeeseseaesseesaeseenseseens 8
8. Cervical Zroove SUDCITCUIAT ........ccoivieiiriieiieieieeceie e Parapaguridae

Cervical groove centrally usually V-shaped, massetic usually

extending to post-antennal projection, chelipeds subequal in size

or left cheliped distinctly larger, often pronounced frontal ridge,

medially divided by central gastric SroOVe ..........cccoveereeruieierieieriieieeieeee e Diogenidae
Cervical groove usually centrally U-shaped, massetic usually

not extending to post-antennal projection, chelipeds of

distinctly different size, right always 1arger ..........cccccoevvevieiierincienieeeeeeeee Paguridae

Especially within the speciose families Diogenidae and Paguridae, taxonomy is in need
of further refinement.
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Systematic palacontology

We adopt the classification of extinct paguroids on the basis of carapaces as proposed by
FrRAAUE (2014).

Abbreviations: NHMW — Naturhistorisches Museum Wien (Natural History Museum
Vienna), Vienna, Austria.

Order Decapoda LATREILLE, 1802
Infraorder Anomura H. MILNE EDWARDS, 1832
Superfamily Paguroidea LATREILLE, 1802

Family Annuntidiogenidae FRAADE, 2014

Type genus: Annuntidiogenes FRAAUE, VAN BAKEL, JAGT & ARTAL, 2008, by original
designation.

Diagnosis: Shield longer than wide, divided into distinct regions by grooves; cen-
tral gastric groove; convex postrostral ridge usually present; elongated massetic region;
medial part of posterior intragastric grooves (also known as Y-linea) parallel to posteri-
ormost groove.

Genus Annuntidiogenes FRAAUE, VAN BAKEL, JAGT & ARTAL, 2008

Type species: Annuntidiogenes ruizdegaonai FRAAUE, VAN BAKEL, JAGT & ARTAL,
2008, by original designation.

Included species: Annuntidiogenes elongatus nov. spec., An. hoelderi nov. spec.,
An. jurassicus FRAAUE, 2014, An. massetispinosus FRAAUE, VAN BAKEL & JAGT, 2017,
An. sunuciorum FRAAUE, VAN BAKEL, JAGT & ARTAL, 2008, An. ruizdegaonai, and An.
worfi FRAAUE, VAN BAKEL, JAGT, KLOMPMAKER & ARTAL, 2008.

Annuntidiogenes hoelderi nov. spec.
(Figure 2A, B)

Diagnosis: Shield ovate, divided into distinct regions by grooves; scabrous orna-
ment on anterior and posterior gastric regions; long central gastric groove; long ros-
trum extending beyond postocular spines; convex postrostral ridge; elongated massetic
region; posterior intragastric grooves parallel to posteriormost groove.

Etymology: Named after Prof. Dr Helmut HOLDER (18 January 1915-26 August
2014), formerly at Miinster Universitdt, Miinster (Germany).
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Fig. 2. A: Annuntidiogenes hoelderi nov. spec., holotype (NHMW 1990/0041/3958). B: Annuntidio-
genes hoelderi nov. spec., paratype (NHMW 1990/0041/3697). C: Annuntidiogenes elongatus nov.
spec., holotype (NHMW 1990/0041/4911). D: Bachmayerus matushyznyinov. spec., holotype (NHMW
1990/0041/2785). E: Bachmayerus gasparici nov. spec., holotype (NHMW 2017/0093/0001).
F: Composite of Bachmayerus gasparici nov. spec., holotype (NHMW 2017/0093/0001). G: Eop-
aguropsis schindewolfi nov. spec., holotype (NHMW 1990/0041/3369). H: Eopaguropsis grandis
nov. spec., holotype (NHMW 1990/0041/3364). I: Composite of Eopaguropsis grandis nov. spec.,
holotype (NHMW 1990/0041/3364). Scale bars for A-D, and F equal 2 mm, those for G and [ 5 mm.
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Type material: Holotype (NHMW 1990/0041/3958, leg. K. OrROSzY), a near-com-
plete shield (maximum carapace length, as preserved, 4.0 mm; maximum shield width
3.2 mm); paratype (NHMW 1990/0041/3697), a near-complete shield (Iength, without
rostrum, 4.0 mm; maximum shield width 3.2 mm). In addition, about half a dozen other,
less complete specimens, none of which have been designated types.

Type locality: “Dorfles Kalkwerk II”” (Kalkgewerkschaft Ernstbrunn), Steinberg, c.
2 km north of Ernstbrunn, northeast Austria.

Type stratum: Ernstbrunn Limestone, dated by ZEiss (2001) as middle middle to
early late Tithonian (Richterella richteri Zone to Micracanthoceras microcanthum Zone,
Simplisphinctes Subzone).

Description: Shield ovate, divided into distinct regions by grooves. Triangular spinose
rostrum; broad concave orbital margin ending in blunt triangular postocular projections;
long central gastric groove anteriorly proceeding into convex, subcircular postorbital
ridges posteriorly effacing into posteriormost groove. Elongated massetic region, greatest
width anteriorly, posteriorly bounded by thin lateral branchial area. Long posterior intra-
gastric keraial grooves, not connected medially. Posteriormost groove broadly V-shaped.

Remarks: Intragastric grooves (also known as Y-linea in extant paguroids) parallel to
the cervical groove are a unique characteristic of representatives of the family Annunti-
diogenidae. Annuntidiogenes hoelderi nov. spec. is the sixth species in this genus to be
described. It can be distinguished from the late Early Cretaceous (late Albian) A. ruizde-
gaonai and A. worfi, the latest Cretaceous (late Maastrichtian) A. massetispinosus and
A. sunuciorum, as well as the only other Late Jurassic Species, A. jurassicus, in having
a much sharper V-shaped cervical groove and less convex subcircular postorbital ridges.

Annuntidiogenes elongatus nov. spec.
(Figure 2C)

Diagnosis: Elongated annuntidiogenid with stout, ridged rostrum; long, central gas-
tric groove crenulated anteriorly, extending into mid-gastric ridge posteriorly; coarsely
pitted antero- and posterolateral gastric regions.

Etymology: Inreference to the narrow and long shield.

Type material: Holotype (NHMW 1990/0041/4911), a near-complete shield (maxi-
mum shield length, as preserved, 4.0 mm; maximum shield width 2.4 mm).

Type locality: The types were purchased in 1990 from FB’s daughter, Christine
PRENNER, but provenance details, except for the general indication of the Ernstbrunn area,
were not available. Probably, this material originated from “Dorfles Kalkwerk 11 (Kalk-
gewerkschaft Ernstbrunn), Steinberg, ¢. 2 km north of Ernstbrunn, northeast Austria.

Type stratum: Ernstbrunn Limestone, dated by ZEiss (2001) as middle middle to
early late Tithonian (Richterella richteri Zone to Micracanthoceras microcanthum Zone,
Simplisphinctes Subzone).
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Description: Moderately sized, cylindrical annuntidiogenid with crenulated anterior
gastric region, centrally divided by long, irregularly pitted, gastric groove, extending into
mid-gastric ridge posteriorly. Gastric region surrounded by deep cervical groove with
three constrictions forming a threefold convex lateral side. Intragastric groove parallel
to cervical groove deepest at anterolateral side fading posterocentrally towards a faint
posterocentral groove, forming the Y-linea. Posterolateral part of gastric region very
coarsely pitted, anterolateral part of gastric region covered with oblique, convex rows
of coarse pits. Massetic regions not preserved. Parts posterior of shield not preserved.

Remarks: Annuntidiogenes elongatus nov. spec. is the seventh representative of the
genus recorded to date. It can be distinguished from the late Early Cretaceous (late
Albian) A. ruizdegaonai and the latest Cretaceous (late Maastrichtian) A. massetispi-
nosus and A. sunuciorum, as well as the other Late Jurassic Annuntidiogenes hoelderi
nov. spec. (see above) and A. jurassicus, in having a much coarser crenulated anterior
gastric region, a smooth central gastric region and strongly convex subcircular postor-
bital ridges. It is most closely related to 4. worfi, from which it can be differentiated by
a U-shaped cervical groove and a ridged rostrum.

Family Diogenidae ORTMANN, 1892

Genus Bachmayerus FRAAUE, VAN BAKEL, JAGT & SKUPIEN, 2013

Type species: Bachmayerus cavus FRAAUE, VAN BAKEL, JAGT & SKUPIEN, 2013, by
original designation.

Included species: Bachmayerus cavus, B. matushyznyi nov. spec., and B. gasparici
nov. spec.

Bachmayerus matushyznyi nov. spec.
(Figure 2D)

Diagnosis: Diogenid with long, central gastric groove; large, elongated massetic and
kerial regions; long keraial region extending parallel to shield midline; long and narrow
anterior branchial area; U-shaped cervical groove, coarsely pitted shield.

Etymology: Named after Dr Mata§ HyZNy, palaeocarcinologist and friend, currently
at the Comenius University (Bratislava, Slovakia), and of great help in the preparation
of the present study.

Type material: Holotype (NHMW 1990/0041/2785), a near-complete shield (maxi-
mum shield length, as preserved, 6.0 mm; maximum shield width 4.5 mm).

Type locality: The types were purchased in 1990 from FB’s daughter, Christine
PRENNER, but provenance details, except for the general indication of the Ernstbrunn area,
were not available. Probably, this material originated from “Dorfles Kalkwerk 11 (Kalk-
gewerkschaft Ernstbrunn), Steinberg, ¢. 2 km north of Ernstbrunn, northeast Austria.
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Type stratum: Ernstbrunn Limestone, dated by ZEiss (2001) as middle middle to
early late Tithonian (Richterella richteri Zone to Micracanthoceras microcanthum Zone,
Simplisphinctes Subzone).

Description: Diogenid with crenulated and coarsely pitted anterior gastric region
centrally divided by long, irregular pitted, gastric groove; large, elongated and well-de-
lineated massetic and kerial regions; massetic region not extending beyond postorbital
ridge; keraial region indented by angled, shallow groove; long and narrow anterior
branchial area; U-shaped cervical groove, coarsely pitted shield. Parts posterior of cer-
vical groove not preserved.

Remarks: Bachmayerus matushyznyi nov. spec. differs from Bachmayerus cavus and
B. gasparici nov. spec. in having considerably more setal pores, in particular on the
mid-gastric region and an angled groove in the keraial region.

Bachmayerus gasparici nov. spec.
(Figure 2E, F)

Diagnosis: Diogenid with ridged, triangular rostrum; long, central gastric groove; large,
elongated massetic region; long keraial region under an angle of c. 30 degrees to shield
midline; coarsely pitted shield mainly at anterior and posterior gastric and lateral regions.

Etymology: Named after Rok GASPARIC, Slovenian palaeocarcinologist and friend.

Type material: Holotype (NHMW 2017/0093/0001), a near-complete shield (max-
imum shield length, as preserved, 4.5 mm; maximum shield width 3.0 mm). Paratype
NHMW 1990/0041/0193, a partial shield, maximum shield width 4.5 mm.

Type locality: “Dorfles Kalkwerk II”” (Kalkgewerkschaft Ernstbrunn), Steinberg, c.
2 km north of Ernstbrunn, northeast Austria.

Type stratum: Emnstbrunn Limestone, dated by ZEiss (2001) as middle middle to
early late Tithonian (Richterella richteri Zone to Micracanthoceras microcanthum Zone,
Simplisphinctes Subzone).

Description: A diogenid with ridged, triangular rostrum; crenulated anterior gastric
region centrally divided by long, irregularly pitted, central gastric groove; large, elon-
gated massetic region; long keraial region extending under an angle of ¢. 30 degrees to
shield midline; coarsely pitted shield mainly at anterior and posterior gastric and lateral
regions. Posterior parts of shield not preserved.

Remarks: Bachmayerus gasparici nov. spec. differs from congeners in having a
keraial region in an angular position directed towards the massetic region.
Genus Eopaguropsis VAN BAKEL, FRAAIE, JAGT & ARTAL, 2008

Type species: Eopaguropsis loercheri VAN BAKEL, FRAAUE, JAGT & ARTAL, 2008,
by original designation.
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Included species: FEopaguropsis blausteinensis FRAAUE, SCHWEIGERT & VAN
BAKEL, 2017, E. grandis nov. spec., E. loercheri, E. nidiaquilae FRAAUE, KRZEMINSKI,
VAN BAKEL, KRZEMINSKA & JAGT, 2012, and E. schindewolfi nov. spec.

Eopaguropsis schindewolfi nov. spec.
(Figure 2G)

Diagnosis: Carapace rectangular; shield slightly longer than wide, broadest at ante-
rior part of posterior carapace; distinct triangular rostrum; broad, rimmed orbital cavi-
ties; deep, V-shaped, sinuous cervical groove; central gastric process.

Etymology: In honour of Prof. Dr Otto H. SCHINDEWOLF (7 June 1896—10 June
1971), formerly at Tiibingen Universitit, Tiibingen (Germany).

Type material: Holotype (NHMW 1990/0041/3369, leg. K. Or0OsZY), a near-com-
plete carapace (shield length, without rostrum, 8.2 mm; maximum carapace length, as pre-
served, 10.9 mm, maximum shield width 8.2 mm); paratype (NHMW 1990/0041/5073),
a partial carapace (maximum length 5.0 mm); paratype (NHMW 2017/0093/0002),
a partial carapace (maximum length 6 mm); paratype (NHMW 2017/0093/0003), a
near-complete external mould of a very small carapace (maximum length and width 3.0
and 2.0 mm, respectively).

Type locality: “Dorfles Kalkwerk 11" (Kalkgewerkschaft Ernstbrunn), Steinberg,
¢. 2 km north of Ernstbrunn, northeast Austria.

Type stratum: Ernstbrunn Limestone, dated by ZEtiss (2001) as middle middle to
early late Tithonian (Richterella richteri Zone to Micracanthoceras microcanthum Zone,
Simplisphinctes Subzone).

Description: Carapace rectangular, markedly longer than wide, strongly convex in
transverse section, convex in longitudinal section. Shield as long as wide. Broad tri-
angular rostrum. Slightly concave, rimmed orbital cavity ending in blunt outer orbital
spine, followed by slightly concave antennal cavity, without a rim, ending with a trian-
gular post-antennal spine. Prominent central gastric process ending in incision at base
of rostrum. Large mesogastric process. Elongated massetic and gastric regions. Promi-
nent V-shaped, very deep, sinuous cervical groove, widest and deepest anterolaterally;
recurved kink halfway to lateral border. Anterior part of dorsal carapace less calcified.
Except for narrow mid-gastric field, complete carapace more or less homogeneously
covered with setal pores.

Remarks: Eopaguropsis schindewolfi nov. spec. differs from both E. loercheri and
E. nidiaquilae in having a shield which is narrower than the posterior part of the cara-
pace, in a less clearly delineated and ornamented massetic region and a denser and more
homogeneous setal pore ornament on the shield. Eopaguropsis grandis nov. spec. (see
below) and E. blausteinensis can be differentiated on the basis of a significantly smaller
mesogastric process.



FRAAUE et al.: Ernstbrunn Paguroids 269

Eopaguropsis grandis nov. spec.
(Figure 2H, I)

Diagnosis: Shield as long as wide, broadest at anterior part; distinct triangular ros-
trum; broad, rimmed orbital cavities; deep, V-shaped, sinuous cervical groove; diminu-
tive central gastric process.

Etymology: Alluding to its relative size.

Type material: Holotype (NHMW 1990/0041/3364, leg. K. OrROSZY), right half
of shield (length, without rostrum, 17 mm; maximum shield width, as reconstructed,
18 mm)

Type locality: “Dorfles Kalkwerk II” (Kalkgewerkschaft Ernstbrunn), Steinberg,
¢. 2 km north of Ernstbrunn, northeast Austria.

Type stratum: Ernstbrunn Limestone, dated by ZEiss (2001) as middle middle to
early late Tithonian (Richterella richteri Zone to Micracanthoceras microcanthum Zone,
Simplisphinctes Subzone).

Description: Carapace rectangular, markedly longer than wide, strongly convex
in transverse section, convex in longitudinal section. Shield as long as wide. Broad
triangular rostrum. Slightly concave, rimmed orbital cavity ending in blunt outer orbital
spine, followed by slightly concave antennal cavity, without a rim, ending with a tri-
angular post-antennal spine. Prominent central gastric process ending in an incision
at base of rostrum. Elongated massetic and gastric regions. Prominent V-shaped, very
deep, sinuous cervical groove, widest and deepest anterolaterally; recurved kink half-
way to lateral border. Anterior part of dorsal carapace less calcified. Except for narrow
mid-gastric strip, complete carapace more or less homogeneously covered with setal
pores.

Remarks: Fopaguropsis grandis nov. spec. differs from all congeners in having the
smallest gastric process and the lowest number of pores on the posterior part of the
shield.

Genus Tithopaguristes nov. gen.

Type species: Tithopaguristes porosus nov. spec.
Gender: Masculine.
Etymology: Inreference to the stratigraphic age (Tithonian) of this form.

Diagnosis: Diogenid shield, longer than wide; rimmed and ridged rostrum, all
regions of shield covered with pores; prominent central gastric ridge and gastric process;
deep cervical groove fading towards massetic groove incising lateral sides; massetic
region longer than wide and extending to same level as postrostral ridge; well-delineated
keraial regions.
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Fig. 3. A: Tithopaguristes porosus nov. gen., nov. spec., holotype (NHMW 1990/0041/3178). B:
Tithopaguristes porosus nov. gen., nov. spec., paratype (NHMW 1990/0041/1421). C: Composite
of Tithopaguristes porosus nov. gen., nov. spec., paratype (NHMW 1990/0041/1421). D: Ulula-
pagurus oroszyi nov. spec., holotype (NHMW 1990/0041/3480). E: Ululapagurus oroszyi nov.
spec., paratype (NHMW 1990/0041/5162). F-1: Gastrodorus spp. (from left to right: NHMW
1990/0041/4282, NHMW 1990/0041/0132, NHMW 1990/0041/1493, NHMW 1990/0041/4660).
Scale bars for A and C equal 5 mm, those for D and E 2 mm, and those for F—I 1 mm.
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Tithopaguristes porosus nov. gen., nov. spec.
(Figure 3A-C)

Diagnosis: Large shield, wider than long, well areolated, covered with large pores,
except on medial gastric region; broad-based, probably triangular, rostrum with ridge
extending to central gastric groove; large globose massetic, three times as long as broad,
extending to same level as postrostral ridge; elongated anterior branchial area; postros-
tral ridge indented by central gastric groove with gastric process; well-delineated keraial
regions tapering anteriorly, cervical groove incising anterolateral side through posterior
massetic groove. Smallest pores on gastric region.

Etymology: Inreference to the numerous setal pits on the shield.

Type material: Holotype (NHMW 1990/0041/3178, leg. K. OROSZY), a near-com-
plete shield (maximum estimated length, exclusive of rostrum, 9.0 mm; maximum width
10 mm). Paratype (NHMW 1990/0041/1421, leg. K. OrOszY), a near-half complete
shield (maximum estimated length, exclusive of rostrum, 7.0 mm; maximum recon-
structed width 8.0 mm),

Type locality: “Dorfles Kalkwerk II”” (Kalkgewerkschaft Ernstbrunn), Steinberg, c.
2 km north of Ernstbrunn, northeast Austria.

Type stratum: Ernstbrunn Limestone, dated by ZEiss (2001) as middle middle to
early late Tithonian (Richterella richteri Zone to Micracanthoceras microcanthum Zone,
Simplisphinctes Subzone).

Description: Large shield, wider than long, well areolated, covered with large pores;
broad-based, rimmed, probably triangular, rostrum with ridge extending to central gas-
tric groove; large globose massetic, three times as long as broad, extending to same
level as postrostral ridge; elongated anterior branchial area; short, pronounced postros-
tral ridge indented by central gastric groove with gastric process; well-delineated keraial
regions, cervical groove incising anterolateral side through posterior massetic groove.
Massetic and keraial grooves covered with large pores.

Remarks: Tithopaguristes nov. gen. is assigned to the Diogenidae on the basis of the
non-cylindrical shape of the shield and the massetic region that extends to the postfrontal
ridge. Similar to other Jurassic diogenid genera such as Bachmayerus, Eopaguropsis and
Ululapagurus (see below), the shield in Tithopaguristes nov. gen. is also covered with
large setal pores.

Genus Ululapagurus FRAAUE, 2014

Type species: Ululapagurus vanbakeli FRAAUE, 2014, by original designation.

Included species: Ululapagurus oroszyi nov. spec. and U. vanbakeli.
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Ululapagurus oroszyi nov. spec.
(Figure 3D, E)

Diagnosis: Shield well areolated; relatively short massetic; small rounded anterior
branchial area; undulose subrostral ridge; short mesogastric process; sharp triangular,
ridged rostrum; gastric ornament anteriorly crenulated; well-delineated keraial regions,
cervical groove incising anterolateral side.

Etymology: Named after the late Viennese amateur palacontologist and tireless col-
lector, Karl Oroszy (1923-27 August 1987), who recovered numerous decapod crusta-
ceans from Ernstbrunn, inclusive of most of the type material presented here.

Type material: Holotype (NHMW 1990/0041/3480), an incomplete carapace (max-
imum shield length, exclusive of rostrum, 4.0 mm; maximum shield width 5.2 mm);
paratypes are an incomplete shield (NHMW 1990/0041/0194; maximum width 8.3 mm)
and a near-complete shield (NHMW 1990/0041/5162) (maximum length, exclusive of
rostrum, 3.5 mm; maximum width 4.1 mm).

Type locality: “Dorfles Kalkwerk 11 (Kalkgewerkschaft Ernstbrunn), Steinberg, c.
2 km north of Ernstbrunn, northeast Austria.

Type stratum: Ernstbrunn Limestone, dated by ZEiss (2001) as middle middle to
early late Tithonian (Richterella richteri Zone to Micracanthoceras microcanthum Zone,
Simplisphinctes Subzone).

Description: Shield wider than long (exclusive of rostrum), convex in transverse
section, slightly convex in longitudinal section; sharp and extremely long, triangular,
ridged and finely tuberculate rostrum; pronounced frontal ridge, medially divided by
central gastric groove, posteriorly extending into distinct triangular gastric process. Owl-
shaped gastric region bordered posteriorly by deep cervical groove and less deep lateral
keraial and massetic grooves anteriorly; globose, divided massetic region covered with
coarse tubercles; small, rounded and coarsely tuberculate anterior branchial area. Ante-
riormost part of posterior branchial area also coarsely tuberculate. Elongated, inflated
submassetic region with longitudinal axis directed inwards, almost parallel to lateral side
of rostrum. Elongated, inflated keraial with longitudinal axis almost perpendicular to
submassetic region. Submassetic, keraial and posteriormost central part of gastric almost
smooth. Anterior part of gastric region ornamented by few rows of tubercles parallel to
frontal ridge.

Remarks: The characteristic owl-shaped gastric region distinguishes this genus from
other diogenids. Ululapagurus oroszyi nov. spec. is easily distinguished from the only
other representative of the genus, the type species U. vanbakeli, by its wider-than-long
shield, more inflated keraial, submassetic and anterior branchial regions and ornamenta-
tion of anterior gastric region.
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Family Gastrodoridae VAN BAKEL, FRAAUE, JAGT & ARTAL, 2008

Genus Gastrodorus VON MEYER, 1864

Type species: Gastrodorus neuhausensis VON MEYER, 1864, by monotypy.

Gastrodorus spp.
(Figure 3F-I)

Included species: Gastrodorus bzowiensis KRZEMINSKA, KRZEMINSKI, FRAAIE,
VAN BAKEL& JAGT, 2015, G. cretahispanicus KLOMPMAKER, ARTAL, FRAAUE & JAGT,
2011, G. kotoucensis FRAAUE, VAN BAKEL, JAGT & SKUPIEN, 2013, and G. neuhausensis
VON MEYER, 1864.

Type locality: Provenance details are not available for these specimens, but they
most probably originated from the “Dorfles Kalkwerk II” (Kalkgewerkschaft Ern-
stbrunn), Steinberg, c¢. 2 km north of Ernstbrunn, northeast Austria.

Type stratum: Ernstbrunn Limestone, dated by ZEiss (2001) as middle middle to
early late Tithonian (Richterella richteri Zone to Micracanthoceras microcanthum Zone,
Simplisphinctes Subzone).

Material: Near-complete carapaces: NHMW 1990/0041/0132 (maximum length 3.0
mm; maximum width 1.5 mm), NHMW 1990/0041/1493, NHMW 1990/0041/4282
(maximum length 3.0 mm; maximum width 1.5 mm), NHMW 1990/0041/4660 (maxi-
mum length 2.5 mm; maximum width 1.5 mm).

Discussion: The presence of distinctly delineated massetic and anterior branchial
areas, a pronounced keraial region, cervical and branchiocardiac grooves and (remnants
of) a postcervical groove in Gastrodorus shows gastrodorids to be basal members of the
Paguroidea (FRAAIE 2014). The carapace morphology of Gastrodorus is characterised
by wide intraspecific variation, which makes taxonomic subdivisions difficult. To date,
four forms have been formally named, i. e., Gastrodorus neuhausensis, G. kotoucensis,
G. bzowiensis (all of Late Jurassic age) and G. cretahispanicus from the upper Albian.
The main points of variation in carapace morphology of species of Gastrodorus involve
the shape and ornament of the cardiac region, the shape and size of the keraial, massetic,
mesobranchial and urogastric regions, overall tubercle size and the length of the median
gastric ridge and postrostral ridges (FRAAIE 2014). Differences are very gradual within
“assemblages” and also ontogenetic changes have been observed (KRZEMINSKA et al.
2013). BACHMAYER (1958) already interpreted morphological differences in Gastrodorus
as an expression of sexual dimorphism, on the basis of material from the Tithonian of
Ernstbrunn. The variation noted in specimens of Gastrodorus in the present assemblage
concerns an admixture of morphological traits seen in all three Late Jurassic species that
are known to date. More material and statistical studies (see KRZEMINSKA et al. 2013,
2015) are needed in order to assess the Ernstbrunn gastrodorids in more detail; for the
time being, they are left in open nomenclature.
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Fig. 4. A: Protopagurus janoscheki nov. gen., nov. spec., holotype (NHMW 1990/0041/3481). B:
Juvenile Protopagurus janoschekinov. gen., nov. spec., paratype (NHMW 1990/0041/4322). C: Com-
posite of juvenile Protopagurus janoschekinov. gen., nov. spec., paratype (NHMW 1990/0041/4322).
D: Mesoparapylocheles strouhali nov. spec., holotype (NHMW 1990/0041/3320). E: Mesoparapy-
locheles zapfei nov. spec., holotype (NHMW 1990/0041/5069). F: Mesoparapylocheles zapfei nov.
spec., paratype (NHMW 1990/0041/0517). G: Masticacheles minimus FRAAIJE, 2014 (NHMW
1990/0041/1447). H: Masticacheles minimus FRAAIJE, 2014 (NHMW 1990/0041/5057). I: Pil-
grimcheles vonmeyeri FRAAIE, 2014 (NHMW 1990/0041/3882). Scale bar for A equals 5 mm, those
for B, C, E, and F 1 mm, those for D and I 2 mm, and those for G and H 0.5 mm.
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Family Paguridae LATREILLE, 1802

Genus Protopagurus nov. gen.

Type species: Protopagurus janoscheki nov. spec.
Gender: Masculine.
Etymology: Inreference to the stratigraphic age of this form.

Diagnosis: Well-areolated shield, longer than wide, covered with pores; cervical
groove centrally U-shaped, incising anterolateral side through posterior massetic groove;
large massetic region not extending to post-antennal projection, shallow central gastric
groove; well-delineated, reniform keraial regions.

Remarks: Protopagurus nov. gen. is the oldest known representative of the Paguridae.

Protopagurus janoscheki nov. gen., nov. spec.
(Figure 4A—-C)

Diagnosis: Large shield, longer than wide, well areolated, covered with large pores;
large globose massetic, twice as long as broad; small elongated anterior branchial area;
short, shallow central gastric groove; well-delineated, reniform keraial regions, cervical
groove incising anterolateral side through posterior massetic groove.

Etymology: Inhonour of Dr Robert JANOSCHEK (deceased 1986), respected colleague
of one of us (FB).

Type material: Holotype (NHMW 1990/0041/3481, leg. K. OrROsZY), a near-com-
plete shield (maximum length, exclusive of rostrum, 17.0 mm; maximum width
15.0 mm). Paratypes: NHMW 1990/0041/4322 (leg. K. OrROsZY), an incomplete shield
of a juvenile individual (maximum length, exclusive of rostrum, 4.0 mm; maximum
width 3.0 mm) and NHMW 1990/0041/1812a (leg. K. OrROSZY), an incomplete shield
(no measurements possible).

Type locality: “Dorfles Kalkwerk II” (Kalkgewerkschaft Ernstbrunn), Steinberg, c.
2 km north of Ernstbrunn, northeast Austria.

Type stratum: Ernstbrunn Limestone, dated by ZEiss (2001) as middle middle to
early late Tithonian (Richterella richteri Zone to Micracanthoceras microcanthum Zone,
Simplisphinctes Subzone).

Description: Large shield, longer than wide, well areolated, covered with large
pores; large globose massetic, twice as long as broad; small elongated anterior branchial
area; short, shallow central gastric groove extending in a faint ridge to posterior mar-
gin; well-delineated, reniform keraial regions, cervical groove incising anterolateral side
through posterior massetic groove. Rostrum and posterior part of carapace not preserved.

Remarks: Morphologically, the shield of Protopagurus nov. gen. is close to that
of genera such as Diacanthurus MCLAUGHLIN & FOREST, 1997 and Lophopagurus
MCLAUGHLIN, 1981. Characteristic of this group of paguroids is that the large and elon-
gated massetic does not extend to the frontal margin.
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Family Parapylochelidae FRAAUE, KLOMPMAKER & ARTAL, 2012

Genus Mesoparapylocheles FRAAUE, KLOMPMAKER & ARTAL, 2012

Type species: Mesoparapylocheles michaeljacksoni FRAAUE, KLOMPMAKER &
ARTAL, 2012, by original diagnosis.

Included species: Mesoparapylocheles jaegeri FRAAUE, 2014, M. michaeljack-
soni, M. schweigerti FRAAUE, 2014, M. strouhali nov. spec., and M. zapfei nov. spec.

Mesoparapylocheles strouhali nov. spec.
(Figure 4D)

Diagnosis: Relatively large shield, well calcified, almost as broad as long; short
and deep central gastric groove extending posteriorly into a distinct gastric process;
large, smooth and globose massetic regions and considerably smaller, globose anterior
branchial area. Gastric region arrowhead-shaped, pointing posteriorly. Renifrom keraial
region with large pit centrally. Posterior part of carapace less well calcified and poorly
preserved.

Etymology: In honour of Prof. Dr Hans STROUHAL (2 October 189725 January
1969), former director of the Naturhistorisches Museum Wien. Apparently Dr STROUHAL
was in function when FB prepared his typescripts on the Ernstbrunn paguroids, which
dates these as pre-1962, i. e., the year in which Dr STROUHAL retired (BEIER 1969).

Type material: Holotype (NHMW 1990/0041/3320, leg. K. OrROSZY), a near-com-
plete shield (maximum shield length, as preserved, 4.0 mm; maximum shield width
3.8 mm).

Type locality: “Dorfles Kalkwerk II”” (Kalkgewerkschaft Ernstbrunn), Steinberg, c.
2 km north of Ernstbrunn, northeast Austria.

Type stratum: Ernstbrunn Limestone, dated by ZEeiss (2001) as middle middle to
early late Tithonian (Richterella richteri Zone to Micracanthoceras microcanthum Zone,
Simplisphinctes Subzone).

Description: Well-calcified, relatively large shield, width equalling length, rostrum
not preserved; cervical groove most prominent centrally, initially convex posteriorly,
proceeding slightly concave and oblique anteriorly; dorsal surface of shield smooth.
Short and deep anterior central gastric groove, extending posteriorly into small trian-
gular gastric process. Large, undivided and globose massetic region and considerably
smaller, globose anterior branchial area. Renifrom keraial region with large pit centrally.
Posterior margin of shield straight in centre and following concave lateral curvature.
Posterior carapace less well calcified, smooth with some pits, where preserved.

Remarks: The presence of a triangular gastric process differentiates Mesoparapy-
locheles strouhali nov. spec. from all congeners.
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Mesoparapylocheles zapfei nov. spec.
(Figure 4E, F)

Diagnosis: Shield well-calcified, well-areolated, with distinct regions, including
large, smooth and globose massetic region and considerably smaller, globose anterior
branchial area. Prominent broad-based, triangular rostrum. Distinct triangular postocular
spines. Distinct subrounded postrostral ridge without central indention. Gastric region
arrowhead-shaped, pointing posteriorly. Renifrom keraial region. Deep and long post-
cervical groove extending parallel to cervical groove. Distinct cardiac region. Posterior
part of carapace less well calcified and never completely preserved.

Type material: Holotype (NHMW 1990/0041/5069, leg. K. OrR0OszY), a near-com-
plete carapace (maximum shield length, rostrum excluded, 2.8 mm; maximum width
2.5 mm). Paratypes are NHMW 1990/0041/0517, .../0602, .../0604, .../0935, .../1930,
.../12079, .../2344, .../3317, .../4045, with maximum lengths (rostrum excluded) and
widths of 2.3, 1.6, 2.0, 2.9, 2.5, 2.2, 1.1, 2.6 and 1.9 mm and 2.3, 2.0, 2.4, 3.0, 2.5, 2.5,
1.2, 2.9 and 2.3 mm, respectively.

Etymology: Named after Prof. Dr Dr Helmuth ZAPFE (16 September 1913-5 July
1996), former director of the Geologisch-Paldontologische Abteilung des Naturhistor-
ischen MuseumWien.

Type locality: “Dorfles Kalkwerk II” (Kalkgewerkschaft Ernstbrunn), Steinberg, c.
2 km north of Ernstbrunn, northeast Austria.

Type stratum: Ernstbrunn Limestone, dated by ZEiss (2001) as middle middle to
early late Tithonian (Richterella richteri Zone to Micracanthoceras microcanthum Zone,
Simplisphinctes Subzone).

Description: Diminutive, well-calcified, smooth and well-areolated shield, convex
transversely, slightly convex longitudinally. Broad-based triangular rostrum. Orbital
cavity ellipsoidal, bounded by triangular, slightly upturned, post-ocular spine. Ocu-
lar-frontal area exceeding half of maximum width. Pronounced subcylindrical post-ros-
tral ridge fading towards keraial region. Posteriorly pointed, arrowhead-shaped gastric
region, bounded posteriorly by deep V-shaped cervical groove. Very prominent and glo-
bose anterior massetic region. Anterior branchial area globose, size about one-quarter of
massetic region. Typically reniform keraial regions anteriorly at widest part of cervical
groove. Elongated mesobranchial region exhibiting deep and long postcervical groove
parallel to and medially between cervical and branchio-cardiac grooves. Subrounded
pentagonal cardiac posteriorly bounded by branchiocardiac groove. Posterior part of
carapace less well calcified, therefore no completely preserved carapaces found.

Remarks: Accounting for over 28 per cent of the assemblage, Mesoparapylocheles is
the commonest element amongst the Ernstbrunn paguroid fauna. Mesoparapylocheles
zapfei nov. spec. differs from congeners in lacking an indented postrostral ridge and
in having relatively long and pronounced postcervical grooves parallel to the cervical
groove. One of us (FB) was the first to recognise this diminutive form as a taxonomically
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very interesting one and provisionally assigned it to the paguroids, preliminarily refer-
ring to it as “Semipagurus”. In describing a late Albian species from reefal limestones
in Navarra, northern Spain, FRAADE et al. (2012a) noted that Mesoparapylocheles was
closely related to the extant genus Parapylocheles. This genus is now known from
across Europe, occurring in shallow-water reefal limestones of Oxfordian, Kimmeridg-
ian, Tithonian and Albian age.

Family Pilgrimchelidae FRAAUE, 2014

Genus Masticacheles FRAAUE, KRZEMINSKI, VAN BAKEL, KRZEMINSKA & JAGT, 2014

Type species: Masticacheles longirostris FRAAINE, KRZEMINSKI, VAN BAKEL,
KRZEMINSKA & JAGT, 2014, by original diagnosis.

Masticacheles minimus FRAALE, 2014
(Figure 4G, H)

Diagnosis: Reference is made to FRAAUE (2014) for a detailed description of this
taxon.

Material: A near-complete shield (NHMW 1990/0041/1447, leg. K. OrROSZY), max-
imum shield length, rostrum excluded, 1.5 mm; maximum width 1.0 mm; a near com-
plete shield (NHMW 1990/0041/5057, leg. K. OrOSzY), maximum shield length, ros-
trum excluded, 1.5 mm; maximum width 1.0 mm.

Locality: “Dorfles Kalkwerk 11"’ (Kalkgewerkschaft Ernstbrunn), Steinberg, ¢. 2 km
north of Ernstbrunn, northeast Austria.

Stratigraphy: Emstbrunn Limestone, dated by Ztiss (2001) as middle middle to
early late Tithonian (Richterella richteri Zone to Micracanthoceras microcanthum Zone,
Simplisphinctes Subzone).

Remarks: At first sight, small-sized annuntidiogenid shields appear similar to shields
of pilgrimchelids, but they can be easily differentiated in that only in the former is the
Y-linea present. Masticacheles minimus was the second representative of the genus to be
described, differing from the type species, M. longirostris, in the possession of a more
rounded, less delineated keraial region and a more pronounced postorbital rim (FRAAUE
2014).

Genus Pilgrimcheles FRAAUE, KRZEMINSKI, VAN BAKEL, KRZEMINSKA & JAGT, 2014

Type species: Pilgrimcheles karolinae FRAADE, KRZEMINSKI, VAN BAKEL,
KRZEMINSKA & JAGT, 2014, by original designation.
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Pilgrimcheles vonmeyeri FRAAUE, 2014
(Figure 41)

Diagnosis: Reference is made to FRAAUE (2014) for a detailed description of this
taxon.

Material: A near-complete shield (NHMW 1990/0041/3882, leg. K. OrROSZY), (maxi-
mum shield length, rostrum excluded, 3.5 mm; maximum width 3.0 mm).

Locality: The types were purchased in 1990 from FB’s daughter, Christine PRENNER,
but provenance details, except for the general indication of the Ernstbrunn area, were not
available. The material probably originated from “Doérfles Kalkwerk I1” (Kalkgewerk-
schaft Ernstbrunn), Steinberg, c¢. 2 km north of Ernstbrunn, northeast Austria.

Stratigraphy: Emnstbrunn Limestone, dated by Ztiss (2001) as middle middle to
early late Tithonian (Richterella richteri Zone to Micracanthoceras microcanthum Zone,
Simplisphinctes Subzone).

Family Pylochelidae BATE, 1888
Subfamily Trizochelinae FOREST, 1987

Genus Ammopylocheles VAN BAKEL, FRAAUE, JAGT & ARTAL, 2008

Type species: Ammopylocheles mclaughlinae VAN BAKEL, FRAALE, JAGT & ARTAL,
2008, by original designation.

Ammopylocheles mclaughlinae VAN BAKEL, FRAAJE, JAGT & ARTAL, 2008
(Figure 5A, B)

Diagnosis: Reference is made to VAN BAKEL et al. (2008) for a detailed description
of this taxon.

Material: Six fragmentary carapaces (NHMW 1990/0041/0957, .../3315, .../3811,
.../4638, .../4897 a, and .../5058, leg. K. OrOszyY), with shield lengths of 3.8, 7.1, 2.8,
4.4, 7.0 and 4.0, and maximum shield widths of 3.0, 6.0, 2.8, 4.0, 6.0 and 3.6 mm,
respectively.

Locality: “Dorfles Kalkwerk II” (Kalkgewerkschaft Ernstbrunn), Steinberg, c. 2 km
north of Ernstbrunn, northeast Austria.

Stratigraphy: Ernstbrunn Limestone, dated by Ztiss (2001) as middle middle to
early late Tithonian (Richterella richteri Zone to Micracanthoceras microcanthum Zone,
Simplisphinctes Subzone).

Remarks: Ammopylocheles mclaughlinae is by far the commonest element at
Nusplingen (FRAADE 2014) and Geisingen (VAN BAKEL et al. 2008) in southern
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Fig. 5. A: Ammopylocheles mclaughlinae VAN BAKEL, FRAAUE, JAGT & ARTAL, 2008 (NHMW
1990/0041/3315). B: Ammopylocheles mclaughlinae VAN BAKEL, FRAAUE, JAGT & ARTAL,
2008 (NHMW 1990/0041/3811). C: Munitheites kuepperi nov. spec., holotype (NHMW
1990/0041/3306 a). D: Munitheites kuepperi nov. spec., paratype (NHMW 1990/0041/1959). E:
Cretatrizocheles doerflesensis nov. spec., paratype (NHMW 2017/0093/0004). F: Composite of
Cretatrizocheles doerflesensis nov. spec., paratype (NHMW 2017/0093/0004). G: Pretrizocheles
cocullo nov. gen., nov. spec., holotype (NHMW 2017/0093/0005). H: Composite of Pretrizoche-
les cocullo nov. gen., nov. spec., holotype (NHMW 2017/0093/0005). Scale bars equal 2 mm.



FRAALE et al.: Ernstbrunn Paguroids 281

Germany, but it is rather uncommon to rare at Ernstbrunn. The same holds true for
Gastrodorus. Slight morphological differences in the post-frontal ridge, from near-
straight to convex and occasionally undulose, in specimens of A. mclaughlinae are
interpreted as intraspecific variation and possibly reflect sexual dimorphism (FRAAUE
2014). Interestingly, smaller (i. e., more juvenile) individuals of this species have no
pores, or only a few pores, on the posterior carapace portion, while larger (. e., older)
specimens have numerous large setal pores. This might reflect a change in habitat or
mode of life during ontogeny.

Genus Cretatrizocheles FRAAUUE, KLOMPMAKER & ARTAL, 2012

Type species: Cretatrizocheles olazagutiensis FRAANE, KLOMPMAKER & ARTAL,
2012, by original designation.

Included species: Cretatrizocheles doerflesensis nov. spec. and C. olazagutiensis.

Cretatrizocheles doerflesensis nov. spec.
(Figure 5E, F)

Diagnosis: Shield smooth, longer than wide; prominent triangular rostrum, con-
siderably longer than postocular and post-antennal projections. Short central gastric
groove at posteriormost part of deep, concave and undulose post-rostral ridge. Dis-
tinct lateral gastric grooves. Cervical groove medially straight, then curving anteriorly
towards massetic region. Posterior carapace, appendages, abdomen and cuticle not
preserved.

Etymology: Named after the small village of Dorfles, where the types were collected.

Type material: Holotype (NHMW 1990/0041/0174), an incomplete carapace (max-
imum shield length, as preserved, 4.0 mm; maximum shield width 3.3 mm). Paratype
(NHMW 2017/0093/0004), an incomplete carapace (shield length, without rostrum, 4.0
mm; maximum shield width 3.2 mm).

Type locality: The types were purchased in 1990 from FB’s daughter, Christine
PRENNER, but provenance details, except for the general indication of the Ernstbrunn area,
were not available. The material probably originated from “Déorfles Kalkwerk 11 (Kalk-
gewerkschaft Ernstbrunn), Steinberg, ¢. 2 km north of Ernstbrunn, northeast Austria.

Type stratum: Ernstbrunn Limestone, dated by ZEiss (2001) as middle middle to
early late Tithonian (Richterella richteri Zone to Micracanthoceras microcanthum Zone,
Simplisphinctes Subzone).

Description: Shield smooth, strongly calcified, about as long as wide; prominent
triangular rostrum, considerably longer than postocular and post-antennal projec-
tions. Short central gastric groove at posteriormost part of deep, concave and undu-
lose post-rostral ridge. Distinct lateral gastric grooves originating posterior to massetic



282 Annalen des Naturhistorischen Museums in Wien, Serie A, 121

region and effacing into undulose post-rostral ridge. Cervical groove medially straight,
then curving anteriorly towards massetic region. Posterior carapace, appendages, abdo-
men and cuticle not preserved.

Remarks: Up to now, the genus Cretatrizocheles was known exclusively from upper
Albian reefal limestones of Navarra, northern Spain. Cretatrizocheles doerflesensis nov.
spec. differs from the type species, C. olazagutiensis, in having a more pronounced and
concave postrostral ridge that becomes more angular laterally.

Genus Pretrizocheles nov. gen.

Type species: Pretrizocheles cocullo nov. spec.
Gender: Masculine.

Etymology: In reference to the close morphological similarity to the extant genus
Trizocheles FOREST, 1987.

Diagnosis: A pylochelid shield with broadly triangular, centrally ridged rostrum,
extending beyond postocular spines; subcircular orbital cavities; absence of post-an-
tennal projections; long, nearly straight postrostral ridge perpendicular to long central
gastric groove.

Remarks: Extant trizochelines display all shield characters of Pretrizocheles nov.
gen., with the exception of a cervical groove that extends into the massetic groove and
of a continuous ridge from tip of rostrum to postrostral ridge. Some species of the extant
pylochelid genus Cheiroplatea BATE, 1888 also have pronounced subcircular “orbits”,
but lack the rim and a strongly protruding rostrum and have short, curved postrostral
ridges.

Pretrizocheles cocullo nov. gen., nov. spec.
(Figure 5G, H)

Diagnosis: A pylochelid shield, slightly wider than long; with broadly triangular,
centrally ridged rostrum, extending beyond postocular spines; rimmed, subcircular
orbital cavities; absence of post-antennal projections; long, postrostral ridges perpendic-
ular to long central gastric groove. Hemicircular cervical groove extending into massetic
groove. Long submassetic groove parallel to longitudinal axis and covered with few
large pores.

Etymology: Inreference to the cap-like (Latin cocullo) appearance of the shield.

Type material: Holotype (NHMW 2017/0093/0005), a near-complete shield (max-
imum length, exclusive of rostrum, 4.0 mm; maximum width 3.5 mm).

Type locality: The type was purchased in 1990 from FB’s daughter, Christine
PRENNER, but provenance details, except for the general indication of the Ernstbrunn area,
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were not available. The material probably originated from “Dorfles Kalkwerk 11 (Kalk-
gewerkschaft Ernstbrunn), Steinberg, ¢. 2 km north of Ernstbrunn, northeast Austria.

Type stratum: Emstbrunn Limestone, dated by ZEiss (2001) as middle middle to
early late Tithonian (Richterella richteri Zone to Micracanthoceras microcanthum Zone,
Simplisphinctes Subzone).

Description: A pylochelid shield, slightly wider than long; with broadly triangu-
lar, centrally ridged rostrum, extending beyond postocular spines; rimmed, subcircu-
lar orbital cavities; absence of post-antennal projections; long, nearly straight postros-
tral ridges perpendicular to long central gastric groove. Hemicircular cervical groove
extending into massetic groove. Long submassetic groove parallel to longitudinal axis
and covered with few large pores.

Family Schobertellidae SCHWEIGERT, FRAADE, HAVLIK & NUTZEL, 2013

Genus Munitheites LORENTHEY, in LORENTHEY & BEURLEN, 1929

Type species: Munitheites palfyi LORENTHEY, in LORENTHEY & BEURLEN, 1929, by
original designation.

Included species: Munitheites kuepperi nov. spec. and M. palfyi.

Munitheites kuepperi nov. spec.
(Figure 5C, D)

Diagnosis: Carapace cylindrical, narrowing slightly posteriorly and anteriorly,
strongly convex transversely. Pronounced, broad-based, triangular rostrum. Postocu-
lar spines present. Extent of regional definition varying widely; massetic and anterior
branchial area of equal size; short post-cervical groove at lateral part of prominent uro-
gastric area which is about half of total width; ornament usually not well preserved, but
when present consisting of a cover of coarse pores forming reticulate pattern, in particu-
lar on posterior part. Faint central ridge on anterior part of carapace.

Etymology: Named after Dr Klaus KUPPER, a young and promising palacontologist
and co-author of one of us (FB) (BACHMAYER & KUPPER 1952), who died in 1957 at the
age of 27.

Type material: Holotype (NHMW 1990/0041/3306 a, leg. K. OrROSZY), complete
carapace (maximum length, exclusive of rostrum, 2.2 mm; maximum width 1.8 mm).
Paratypes are NHMW 2007z0149/0109, 1990/0041/0496, .../1498, .../1766, .../1959,
and .../3235 (leg. K. OrOSzY), with maximum lengths and widths of 2.5, 3.0, 1.3, 1.9,
2.5 and 3.0 mm, and 2.1, 2.5, 0.8, 1.4, 2.0 and 2.2 mm, respectively.

Type locality: “Dorfles Kalkwerk II”” (Kalkgewerkschaft Ernstbrunn), Steinberg, c.
2 km north of Ernstbrunn, northeast Austria.



284 Annalen des Naturhistorischen Museums in Wien, Serie A, 121

Type stratum: Ernstbrunn Limestone, dated by ZEeiss (2001) as middle middle to
early late Tithonian (Richterella richteri Zone to Micracanthoceras microcanthum Zone,
Simplisphinctes Subzone).

Description: Cylindrical carapace narrowing slightly posteriorly, strongly convex
transversely, slightly to moderately convex longitudinally, especially posteriorly. Stout,
broad-based, triangular rostrum. Indefinite triangular postantennal spine present on lat-
eral edge of frontal margin, more pronounced triangular postocular spine equidistant
between postantennal spine and rostrum. Broad, flat postfrontal band, interrupted by
rostral projection. Cervical groove moderately defined posteriorly, more weakly defined
anteriorly. Large massetic and anterior branchial areas of about equal size. Gastric region
large; slightly vaulted anteriorly. Cardiac region slightly raised from remainder of pos-
terior portion, extending to posterior margin. Short post-cervical groove at lateral end
of prominent urogastric area. Ornament not well preserved on most specimens. Where
present, it consists of equal-sized and evenly spaced setal pits, forming a reticulate pat-
tern, especially on posterior part; few tubercles present on anterior of carapace, espe-
cially within gastric region. Posterior margin very weakly rimmed. Ventral surface and
appendages not preserved.

Discussion: To date, Munitheites palfyi has been recorded solely from Tithonian
limestones near the town of Alsérakos in the “Komitat Nagykiilkiill§”(Nagy-Kiilkiillo),
a small area within what is now Transylvania, Romania. PATRULIUS (1959) referred to a
new Tithonian species of Munitheites from Sinaia (Romania), but, although he rephrased
the diagnoses of both Munitheites and Munitheites palfyi, he failed to name or present a
detailed description of that new form.

The genus Munitheites has long been considered a galatheoid (ROBINS ef al. 2013).
However, general carapace shape, the small rostrum, the groove structure and posterior
preservational style favour alliance with members of the superfamily Paguroidea. It was
reassigned to the Pylochelidae by ROBINS et al. (2013). However, Munitheites has a
cervical groove that reaches and incises the lateral sides of the carapace and we there-
fore transfer it here to the closely related Schobertellidae (see FRAAUE 2014: p. 143, fig.
15). The presence of post-cervical grooves and a (partially) delineated cardiac is seen
exclusively in the most primitive paguroids (FRAAIDE 2014); it groups the Gastrodoridae,
Parapylochelidae and Schobertellidae as most closely related basal paguroid families.

The extent of regional definition in Munitheites kuepperi nov. spec. varies amongst spec-
imens, most of which lack portions of the posterior margins. LORENTHEY (in LORENTHEY
& BEURLEN 1929) mentioned the relatively poor condition of the specimen available
to him as justification for considering Munitheites as a subgenus. In comparison to the
preservation of co-occurring galatheoids and prosopids, it is likely that the carapace of
Munitheites, as with most paguroids, was either weaker or thinner, not preserving as well
as other decapod crustacean groups.

Munitheites kuepperi nov. spec. differs from M. palfyi in the relative lack of definition of
the epigastric region, the position of the anterior spines, the place of incision at the lateral
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sides of the cervical groove and the posterior narrowing of the carapace. Differences
mentioned are based on the illustration in LORENTHEY & BEURLEN (1929) as well as on
the original description. A re-examination of the type specimen will undoubtedly yield
more concrete details, but despite various attempts to trace it in the collections of the
Geological Institute in Budapest, we have so far been unsuccessful in doing so. Although
faint post-antennal spines are present, Munitheites is best referred to the Schobertellidae,
following the key presented by FRAAUE (2014: p. 143, fig. 15) and herein (see above).
Munitheites is second in rank to Mesoparapylocheles in constituting the commoner ele-
ments at Ernstbrunn, accounting for about 25 per cent of the total fauna.
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