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Abstract

New decapod crustaceans from ?Selandian to Thanetian strata of the Kambühel Formation, Aus-
tria, include the paguroid Squamipelta insecta new genus and species, and two new galatheoid 
species, Protomunida kambuehelensis and Annieporcellana paleocenica. The range of Anniepor-
cellana is extended across the Cretaceous-Paleogene boundary. Selandian and Thanetian decapod 
occurrences are rare; thus, this report adds to the known decapod diversity in the recovery after 
the end-Cretaceous events.

Key words: Annuntidiogenidae, Munididae, Catillogalatheidae, Paguroidea, Selandian, 
Thanetian.

Introduction

The anomuran decapod fauna described here consists of Paleocene fossils from the 
Kambühel Formation in the Gosau Group, outside of Neunkirchen, Austria. These fossils 
are important because few decapods have been reported from the Selandian and Thane-
tian stages of the Paleocene, about 5 –10 million years after the end-Cretaceous extinc-
tion. The anomuran material examined for this study includes 19 specimens: 14 fossils 
embedded in matrix and 5 casts, documenting one paguroid species, three indeterminate 
paguroids, two galatheoid species, and 1 indeterminate galatheoid. The Kambühel ano-
muran fauna includes taxa originating before and after the end-Cretaceous boundary.
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Fig. 1. 1, location map of the Kambühel Formation locality with respect to the Danian Fakse and 
Vigny localities; 2, Pál Müller in 2003, at the Kambühel Formation locality, showing the densely 
vegetated nature of the site; 3 – 5, thin sections of rock from which decapod specimens were col-
lected.  Scale bars = 2.5 cm.
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Geologic Setting

The Kambühel Formation is a Cretaceous to Paleocene carbonate formation that is 
exposed southwest of Vienna, Austria. The sediment was deposited during the Maas-
trichtian (72.1– 66 Ma) to Thanetian (59.2 – 56.0 Ma), and the crab-bearing part of the 
formation was deposited during the Paleocene (Schlagintweit et al. 2018; Sanders 
et al. 2020). The fossils were collected from the densely vegetated Kambühel Hill 
(N47°44.8ʹ, E16°02ʹ, Fig. 1), visited by two of us in the 2000’s (RMF, CES). The age of 
the Kambühel Formation at this location is estimated as ?Selandian – Thanetian, close to 
section 3 of Sanders et al. (2020; Sanders 2021, personal communication). 

Sanders et al. (2020) provided a very detailed study of the tectonic setting, lithology, age, 
and depositional environment for the Kambühel Formation. The ?Selandian to Thanetian 
part of the formation is composed of packstones, grainstones, and rudstones deposited in 
a shallow open marine system (Sanders et al. 2020). The fossils in the unit include many 
fragmented corals and red algae as well as gastropods, brachiopods, crustaceans, and 
foraminifera (Schlagintweit et al. 2003; Müller 2004; Schlagintweit 2005; Dulai 
et al. 2008; Krische et al. 2012; Schlagintweit et al. 2018; Sanders et al. 2020).

Preliminary investigation of the Kambühel decapod fauna suggested that it was not very 
diverse, although the number of specimens was considered to be rather high (Müller 
2004). It appears that Müller’s original supposition of low diversity holds, especially 
in comparison with the Danian Fakse localities in Denmark. One decapod species was 
previously described from the Kambühel Formation, Titanocarcinus kambuhelensis 
Verhoff, Müller, Feldmann & Schweitzer, 2009. In this work and Miller et al. 
(2023), we complete the work initiated by Pál Müller in the early 2000’s. 

Abbreviations
NHMW – Naturhistorisches Museum Wien, Austria

USNM – United States Museum of Natural History, Smithsonian Institution, Washing-
ton, DC, USA

Systematic Paleontology

Infraorder Anomura MacLeay, 1838

Superfamily Paguroidea Latreille, 1802

Family Annuntidiogenidae Fraaije, 2014

I n c l u d e d  g e n e r a : Annuntidiogenes Fraaije, van Bakel, Jagt & Artal, 2008; 
Squamipelta new genus.
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D i a g n o s i s : Shield of carapace longer than wide, with central gastric furrow; mas-
setic region elongate; postrostral ridge usually present; Y-linea parallel to posterior-most 
groove of shield (adapted from Fraaije 2014).
D i s c u s s i o n : Several extant genera were included in Annuntidiogenidae when it was 
originally proposed (Fraaije 2014). As this placement has not been adopted by the wider 
carcinological community (Worms 2022), for now we recognize only the type genus and 
the new genus as members of the family.
Placement of the new genus within Annuntidiogenidae is based upon its similarity with A. 
ruizdegaonai Fraaije, van Bakel, Jagt & Artal, 2008, the type species, from the Albi-
an-Cenomanian of Spain. Because the new taxon possesses a post-frontal ridge, a sca-
brous area posterior to the post-frontal ridge, and a central gastric groove similar to those 
of A. ruizdegaoni, and a very weak axial expression of the Y-linea, as in other species of 
Annuntidiogenes, we refer it to Annuntidiogenidae. The massetic region of the new taxon 
differs from all of the taxa discussed here in being short, only extending slightly posterior 
to the axial furrow. In the other species it is longer or positioned well posterior to that fur-
row. Further, the massetic region extends quite far anteriorly from the post-frontal ridge, 
not seen in any other species discussed here. Thus, the new specimen is referred to a new 
genus. Of note is that the linea anomurica is very clear on the new taxon, which seems to 
differentiate it from all of the current species of Annuntidiogenes as well.
Comparison of the new species to other species of Annuntidiogenes and thus determina-
tion of its generic placement is problematic, as the sole specimen of the type species of 
Annuntidiogenes is only the anterior half of the shield. It retains a post-frontal ridge, a cen-
tral gastric groove, and a very weakly convex massetic region that is about twice as long as 
wide and not subdivided. The posterior morphology of the type species is unknown. The 
situation is further complicated by the very broad range of morphologies exhibited by the 
various species referred to Annuntidiogenes. Annuntidiogenes sunuciorum Fraaije, van 
Bakel, Jagt & Artal, 2008, has a scabrous frontal area on the shield and a central gas-
tric groove as in the type species, but the massetic regions on that species are much more 
inflated than those of the type species. Annuntidiogenes sagittula Fraaije, van Bakel, 
Jagt & Skupien, 2020, has a massetic region subdivided into two or three regions. Annun-
tidiogenes massetispinosus Fraaije, van Bakel & Jagt, 2017, is much shorter overall 
than other species and has a bilobed massetic region and a lobate anterior branchial area. 
Annuntidiogenes worfi Fraaije, van Bakel, Jagt, Klompmkaer & Artal, 2009, is similar 
to the type species in its scabrous area posterior to the post-frontal ridge, but the massestic 
region is much reduced, only developed posteriorly, posterior to the central gastric groove. 
The Jurassic Annuntidiogenes hoelderi Fraaije, Robins, van Bakel, Jagt & Bachmayer, 
2019, has a very wide massetic region that is bilobed, whereas the shield of A. elongatus 
Fraaije, Robins, van Bakel, Jagt & Bachmayer, 2019, is ovoid and lacks the massetic 
swelling altogether. Thus, it is difficult to develop a diagnosis that fits all of the species of 
Annuntidiogenes; examination of type material will be necessary to address these issues. 
In this circumstance it was considered most prudent to place the new material in a new 
genus as it differs from all of the species currently referred to Annuntidiogenes.
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Genus Squamipelta new genus

Ty p e  a n d  s o l e  s p e c i e s : Squamipelta insecta new species, by original designation.
D i a g n o s i s : Shield elongate, irregularly pitted, divided into regions by grooves. 
Postrostral ridge biconvex, central gastric groove extending posteriorly; pitted ornamen-
tation in anterior gastric region; massetic region moderately inflated laterally, extend-
ing posteriorly to just posterior to the position of the end of the axial furrow; ante-
rior branchial area elongate, much longer than wide, tapering posteriorly; short groove 
extending anteriorly and axially from lateral margin at position about 60 % the distance 
posteriorly, possibly linea-D; posterior margin incised by short, deep groove, possibly 
posterior part of Y-linea; linea anomurica very strong. 
E t y m o l o g y : The genus name is a combination of the Latin words “squama”, mean-
ing scale, and “pelta”, meaning small shield, in reference to the scaly appearance of the 
shield of this animal. The gender is feminine. 

Squamipelta insecta new species
(Fig. 2)

D i a g n o s i s : as for genus.

E t y m o l o g y : The species name, insecta, 
refers to the overall appearance of the 
specimen, which superficially looks like 
a beetle (Coleoptera).
M e a s u r e m e n t s :  Measurements 
(in mm) taken on the dorsal carapace, 
mostly the dorsal oval, of NHMW-Geo 
2019/0042/0018: carapace length (front 
broken), 12.7; carapace width, 8.8.
Ty p e s : The holotype is a dorsal cara-
pace, NHMW-Geo 2019/0042/0018.
A d d i t i o n a l  m a t e r i a l : a cast 
of a dorsal carapace NHMW-Geo 
2019/0042/0019.
Description: Shield elongate, irregularly 
pitted, most densely pitted anteriorly, 
divided into regions by grooves. Postros-
tral ridge biconvex, central gastric groove 
extending posteriorly; pitted ornamentation 
in anterior gastric region;  massetic region 
moderately inflated laterally, extending 
posteriorly to just posterior to the position 

Fig. 2. Squamipelta insecta new genus, new spe-
cies, holotype NHMW-Geo 2019/0042/0018. 
A, anterior branchial area; C, central gastric 
groove; D, linea-D; M, massetic region; P, 
post-frontal ridge. 
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of the end of the axial furrow; anterior branchial area elongate, much longer than wide, 
tapering posteriorly; short groove extending anteriorly and axially from lateral margin at 
position about 60 % the distance posteriorly, possibly linea-D; posterior margin incised by 
short, deep groove, possibly posterior part of Y-linea; linea anomurica very strong. 

D i s c u s s i o n : The holotype of the new species exhibits exfoliation of cuticle layers, 
exposing three layers and a mold of the interior at posterior left. The shield is not asso-
ciated with chelae.

Paguroidea indeterminate A
(Fig. 3A)

M a t e r i a l  e x a m i n e d : One cast of right propodus, NHMW-Geo 2019/0042/0017.

D e s c r i p t i o n : Cast of right propodus with partial fixed finger; dactylus unknown; 
length/height ratio of 3.9 (17.8 mm / 4.5 mm). Manus (hand) slightly longer (11.4 mm) 
than high (10.1 mm); outer surface gently convex with few low, small (<1 mm) nodes 
widely arranged somewhat transversely, perpendicular to upper/lower surfaces; nodes 
with distally-directed pits, possibly evidence of setal pores. Slight concavity present 
near upper surface with very fine, stippled ornamentation. Upper surface with straight 
ridge ornamented with low nodes; remainder of upper surface smooth with slight down-
ward angle toward inner surface. Smooth rim present where dactylus articulates. Inner 
surface not visible on cast. Fixed finger longer (6.8 mm) than wide (3.0 mm), tapers 
distally; distal end indistinct; nodes are more concentrated along outer surface compared 
to the manus. Lower distal surface of finger curves slightly upward. Lower surface with 
small, low nodes more concentrated distally; lower margin straight proximally becom-
ing slightly convex distally along lower surface of fixed finger. Occlusal surface mostly 
smooth with three distinct, raised denticles; remainder of surface indistinct.

D i s c u s s i o n : The cast of an isolated right chela of a paguroid preserves the right outer 
surface of the propodus. Paguroidea indeterminate A has similar ornamentation with 
distinctly dentate occlusal surfaces and nodes along the upper/lower surfaces to many 
paguroids. More material is necessary to place the specimen within a family or genus.

Paguroidea indeterminate B
(Fig. 3B)

M a t e r i a l  e x a m i n e d : One left propodus, NHMW-Geo 2019/0042/0016.

D e s c r i p t i o n : Left propodus with fixed finger imbedded in matrix; dactylus unknown; 
length/height ratio of 2.8 (10.4 mm / 3.7 mm). Manus (hand) slightly longer (5.9 mm) 
than high (5.2 mm). Outer surface convex, covered with small (<1 mm), low nodes 
densely packed and arranged somewhat transversely, parallel to upper/lower surfaces. 
Articulation for carpus attachment present at base of manus; surface slightly pitted. 
Upper surface with four distinct, medium (<1 mm), raised nodes along margin with 
smaller nodes intercalated between them; nodes grade slightly onto inner surface. Inner 
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surface convex, partly obscured, imbedded in matrix; surface relatively smooth with few 
large nodes near upper margin; smooth rim present where dactylus attaches. Fixed finger 
long (4.2 mm), slender (1.4 mm wide), and appears to taper but distal termination is 
indistinct; outer surface ornamented with small, low nodes; missing portions of replaced 
cuticle show similar ornamentation present on different layers. Lower surface imbedded 
in matrix; small low nodes present along margin. Occlusal surface obscured by matrix.

D i s c u s s i o n : Isolated chela can be difficult to assign taxonomically, especially for 
paguroids. This specimen in particular has partially obscured inner and occlusal sur-
faces. Paguroidea indeterminate B has a carpus articulation and surface ornamentation 
that is relatively common among paguroids, especially the minor chelae. More material 
is necessary to place the specimen within a family or genus.

Paguroidea indeterminate C
(Fig. 3C)

M a t e r i a l  e x a m i n e d : One left propodus, NHMW-Geo 2019/0042/0015.

Fig. 3. Paguroidea and Galatheoidea indeterminate. A, Paguroidea indeterminate A, right propo-
dus, NHMW-Geo 2019/0042/0017; B, Paguroidea indeterminate B, left propodus, NHMW-Geo 
2019/0042/0016; C, Paguroidea indeterminate C, right propodus, NHMW-Geo 2019/0042/0015; 
D, Galatheoidea indeterminate, Porcellanidae, outer surface of right propodus, NHMW-Geo 
2019/0042/0003.



156	 Annalen des Naturhistorischen Museums in Wien, Serie A, 124

D e s c r i p t i o n : Left propodus with fixed finger; dactylus unknown; length/height ratio 
of 1.7 (11.3 mm / 6.5 mm). Manus (hand) short, squat, and higher (9.1 mm) than long 
(6.2 mm); outer surface convex, covered with large, low nodes, densely spaced, arranged 
somewhat transversely and perpendicular to upper/lower margins; nodes with gentle 
slope directed proximally and steep slope directed distally; nodes becoming smaller dis-
tally. Outer surface slightly concave before reaching upper surface; small nodes on upper 
surface. Inner surface gently convex, weakly concave where fixed finger attaches to 
palm; surface with small (>1 mm), densely spaced nodes arranged somewhat transversely 
(most noticeable proximally). Fixed finger short, squat, and slightly longer (4.9 mm) 
than high (4.2 mm); finger tapers to blunt point, slightly curved toward the inner surface. 
Lower surface nodose; nodes grade onto both inner and outer surfaces. Occlusal surface 
mostly obscured by matrix, although there are two blunt denticles (slightly >1 mm) 
arranged along margins near distal end; one slightly larger, blunt denticle near base of 
occlusal surface.
D i s c u s s i o n : Paguroid fossils commonly consist of chelae as isolated remains. 
Because handedness is important in taxonomic classification, preservation of only one 
claw makes the organism difficult to identify. The variation in ornamentation and mor-
phology of paguroid claws can also make taxonomic assignment difficult. Schweitzer 
et al. (2005) provided detailed examples of the broad variation in morphology and orna-
mentation of claws, especially when comparing recent and fossil specimens of the same 
genus. They also noted that some chelae in one taxon can resemble chelae in more than 
one genus or even family. Thus, we leave the specimen in open nomenclature.

Superfamily Galatheoidea Samouelle, 1819

Family Munididae Ahyong, Baba, Macpherson & Poore, 2010
Genus Protomunida Beurlen, 1930

Ty p e  s p e c i e s : Galathea munidoides Segerberg, 1900, by original designation.
I n c l u d e d  s p e c i e s : Protomunida bennickei Klompmaker, Robins, Jakobsen & 
Sheldon, 2022; P. eurekantha Klompmaker, Robins, Jakobsen & Sheldon, 2022; P. 
kambuehelensis new species; P. munidoides; P.? pentaspinosa Beschin, Busulini, Tess-
ier & Zorzin, 2016; P. primaeva (Segerberg, 1900); P. spitzbergica (Gripp, 1927). 
D i a g n o s i s : as in Klompmaker, Robins, Jakobsen & Sheldon (2022: p. 11).
D i s c u s s i o n : All previously known species of Protomunida are Paleocene in age, 
except the questionably referred P. pentaspinosa from the Ypresian (early Eocene) of 
Italy (Klompmaker et al. 2022). Thus, the new species does not extend the geographic 
or geologic range but is the only known species specifically reported from ?Selandian 
to Thanetian aged rocks. Protomunida appeared in the Paleocene and radiated rather 
quickly, only to become extinct by the Eocene, based on current records (Segerberg 
1900; Beschin et al. 2016; Hryniewicz et al. 2019; Klompmaker et al. 2022).
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Protomunida kambuehelensis new species
(Fig. 4)

D i a g n o s i s : Rostrum with pair of short spines at about 80 % the length distance 
distally; accessory spines at base of rostrum very short, blunt; epigastric region with 
between three and four spines; transverse ridges on carapace of varying lengths, sca-
brous, discontinuous.
E t y m o l o g y : The species name is derived from the formation from which the speci-
mens were collected.
Ty p e s : Holotype, NHMW-Geo 2019/0042/0008. Paratypes, NHMW-Geo 
2019/0042/0006, 2019/0042/0007, 2019/0042/0022, 2019/0042/0023, 2019/0042/0025 
to 2019/0042/0029, 2023/0078/0002 to 2023/0078/0003.
A d d i t i o n a l  m a t e r i a l : two casts NHMW-Geo 2019/0042/0002, 2019/0042/0010, 
and 2019/0042/0024.
M e a s u r e m e n t s : Measurements (in mm) taken on specimens of Protomunida kam-
buehelensis new species are presented in Table 1.
D e s c r i p t i o n : Carapace longer than wide excluding rostrum, width about 86 % length 
excluding rostrum; regions well-defined; moderately vaulted transversely; ornamented 
with strong transverse, terraced ridges. Lateral margins nearly parallel, rounded at pos-
terior edge, with lateral spines extending entire length to posterior margin. Rostrum nar-
row, long triangular, wider at base, base about 30 % carapace width, with very short, 
blunt, accessory spines, axially sulcate, with axial keel basally, extending about 30 % the 
distance distally; lateral margins of rostrum entire except for one lateral spine on each 
side about 80 % the distance distally. At least two small orbital spines. 
Epigastric regions moderately inflated, transversely ovoid, with three or four short 
spines arranged transversely and decreasing in size toward margin. Triangular projection 
of mesogastric region separates epigastric regions, extending anteriorly toward fron-
tal region and slightly onto rostrum. Triangular projection has three distinct transverse 
ridges. Hepatic regions have numerous small nodes and spines. Remainder of gastric 
regions weakly distinguishable. Protogastric and mesogastric regions confluent with dis-
continuous, imbricate transverse ridges.

Table 1. Measurements (in mm) taken on the specimens of Protomunida kambuehelensis new species.

Specimen
Length 
Excluding 
Rostrum

Length 
Including 
Rostrum

Maximum 
Carapace 
Width

Width at 
Base of 
Rostrum

Length to  
Position of 
Maximum Width

Holotype NHMW-Geo 2019/0042/0008 7.1 10.5 6.3 1.9 2.8
Paratype NHMW-Geo 2023/0078/0003 4.6   6.2 4.0 1.4 2.4
Paratype NHMW-Geo 2019/0042/0007 5.5   7.6 4.5 1.3 –
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Cervical groove and anterior and posterior branches of cervical groove deeply incised 
and well-defined. Anterior branch of cervical groove parabolic in shape, posterior branch 
transverse; row of tubercles parallel and posterior to posterior branch. Epibranchial 
regions have nodes and two prominent epibranchial dorsal spines. Urogastric transverse 
ridges mostly continuous and slightly imbricate; cardiac region weakly defined with 
continuous transverse ridges that grade into discontinuous transverse ridges to nodes in 
branchial regions. Branchial transverse ridges become more continuous near posterior 
margin. Cardiac region poorly defined, slightly raised, with transverse ridges. Cardiac 
region narrows posteriorly toward intestinal region, forming triangular shape. Narrow-
ing portion of cardiac with discontinuous ridges. Discontinuous ridges of cardiac and 

Fig. 4. A–D, Protomunida kambuehelensis new species. A, paratype NHMW-Geo 2019/0042/0007; 
B, holotype NHMW-Geo 2019/0042/0008; C, paratype NHMW-Geo 2023/0078/0003; D, para-
type NHMW-Geo 2019/0042/0022; E, Galatheoidea indeterminate, distal portion of rostrum, 
NHMW-Geo 2019/0042/0001.
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intestinal regions stippled with small granules. Small portion of posterior margin pre-
served. Remainder of carapace and appendages unknown.

D i s c u s s i o n : Protomunida kambuehelensis new species differs from P. munidoides, 
P. primaeva, P. eurekantha, P.? pentaspinosa, and P. bennickei in having short, scabrous, 
discontinuous carapace ridges, whereas the latter four species have long, continuous 
ridges. The new species is more similar to P. spitzbergica in this regard, which has short, 
discontinuous ridges. However, the rostrum of P. spitzbergica is wider and shorter than 
that of P. kambuehelensis and lacks the tiny spines near the tip as seen in the new species.

The specimens referred to Protomunida kambuehelensis new species exhibit a range 
of morphological variation, some of which may be attributable to preservation. Most 
notable is the width of the rostrum. In the holotype (Fig. 4B) and paratype NHMW-Geo 
2019/0042/0007 (Fig. 4A), the rostrum is narrow, with a pair of tiny spines near the tip. 
The rostrum of paratype NHMW-Geo 2023/0078/0003 is distinctly wider. However, the 
spines, transverse ridges, and development of regions and grooves is nearly identical in 
all of the specimens referred to the new species. Because each specimen is missing part 
of the carapace and cuticle, it seems plausible that the differences are due to preserva-
tion. Thus, for now we refer all of the specimens to the same species until more complete 
material can be used to verify whether paratype NHMW-Geo 2023/0078/0003 should be 
referred to a different taxon (Fig. 4C).

Galatheoidea family, genus and species indeterminate
(Fig. 4E)

M a t e r i a l  e x a m i n e d : NHMW-Geo 2019/0042/0001.

D i s c u s s i o n : The specimen is composed of the distal portion of a rostrum. It has at 
least three spines on each side. This is reminiscent of the distal end of the rostrum of 
Faxegalathea platyspinosa Jakobsen & Collins, 1997, or the rostrum of Galathea stri-
gifera Fischer-Benzon, 1866, both of which are known from the Danian of Denmark. 
Not enough of the specimen at hand is preserved to identify it, but it is different from the 
rostra of specimens of Protomunida kambuehelensis.

Family Catillogalatheidae Robins, Feldmann, Schweitzer & Bonde, 2016

Genus Annieporcellana Fraaije, van Bakel, Jagt & Artal, 2008

Ty p e  s p e c i e s : Annieporcellana dhondtae Fraaije, van Bakel, Jagt & Artal, 2008, 
by original designation.

O t h e r  s p e c i e s : Annieporcellana paleocenica new species.

D i a g n o s i s : Carapace ovate; rostrum long, axially sulcate; epigastric regions inflated; 
lateral margins serrate; cervical and branchiocardiac grooves moderately deep; mesogas-
tric region well-defined; branchial regions with short transverse ridges laterally.
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D i s c u s s i o n : The new species bears striking similarities with the type species of both 
Annieporcellana and Hispanigalathea. The new species has similarities and differences 
with each. The key difference between the new species and the type species of Anniepor-
cellana is that the latter appears to be widest at about the midlength, whereas in the new 
species, the widest part is in the branchial regions on some specimens and is uniformly 
wide throughout the lateral margins in others. Both Annieporcellana and the type species 
of Hispanigalathea have similar ornamentation and similar groove development, but the 
anterior and lateral branches of the cervical groove and the definition of the mesogastric 
region are stronger in Annieporcellana.
The new species from the Paleocene of Austria bears many similarities with the type 
species of Annieporcellana; thus, we place it in that genus. In the new species, these 
grooves are weaker than in either Annieporcellana or Hispanigalathea. Annieporcellana 
dhondtae has a flared, rimmed orbital margin similar to that seen in the new species. The 
weak, transverse to scabrous ornamentation, the deep cervical groove with weaker ante-
rior and lateral branches, and the sulcate and apparently wide rostrum are all reminiscent 
of the sole species of the genus. This extends the geologic range of Annieporcellana 
from the Albian-Cenomanian into the ?Selandian-Thanetian, across the end-Cretaceous 
boundary, and the geographic range from Spain to Austria.
It should be noted that the morphological range of variation in Hispanigalathea has been 
greatly expanded since it was first recognized, making diagnosis of the genus and there-
fore referral of species to it difficult. In addition, the type species and some other species 
are superficially similar to some species in genera within Porcellanidae in terms of the 
reduced ornamentation and groove patterns and the spatulate rostra. Hispanigalathea titho-
nia Robins, Feldmann, Schweitzer & Bonde, 2016 is quite different in ornamentation 
and carapace ratios from those of the type species, most notably bearing a much deeper 
branchiocardiac groove and a much shorter urogastric, cardiac, and intestinal regions than 
those of the new species. Hispanigalathea raymondcaseyi van Bakel, Fraaije, Jagt & 
Simpson, 2020 has much more well-developed and diverse carapace regions and grooves 
than galatheoids in general and is reminiscent of Withersella Wright & Collins, 1972 a 
brachyuran from the same formation as H. raymondcaseyi, in the United Kingdom.

Annieporcellana paleocenica new species
(Fig. 5)

D i a g n o s i s : Carapace not much longer than wide excluding rostrum; widest along 
posterior branchial region; ornamented with low, transverse, discontinuous ridges; cer-
vical groove well-developed, anterior branch well developed, and posterior branch of 
cervical groove weakly developed.
E t y m o l o g y : The species name reflects the age of the specimen of the species.
Ty p e s : The holotype is NHMW-Geo 2019/0042/0014. Paratypes include NHMW-
Geo 2019/0042/0005, 2019/0042/0009, 2019/0042/0011 to 2019/0042/0013, and 
2019/0042/0030.
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M e a s u r e m e n t s : Measurements (in mm) taken on the carapace of Annieporcellana 
paleocenica new species: Holotype NHMW-Geo 2019/0042/0014: carapace length 
excluding rostrum, 3.6; carapace width, 3.5; width at base of rostrum, 1.3; length to posi-
tion of maximum width, 2.2. Paratype NHMW-Geo 2019/0042/0005: carapace length 
excluding rostrum, 3.6; carapace width, 3.3; width at base of rostrum, 1.6; length to 
position of maximum width, 2.4.

D e s c r i p t i o n : Carapace subrectangular with rounded posterior, slightly longer than 
wide, width about 95 % length excluding rostrum, widest along posterior branchial 
region though difference is slight; weakly vaulted longitudinally; moderately vaulted 
transversely; surface marked by subtle, low, discontinuous, transverse ridges most 
apparent in anterior regions and posterior branchial margins. Flanks poorly exposed, 
appear to be short, slightly higher along posterior branchial margins.

Frontal margin incomplete and wide; base of rostrum sulcate, rather wide, about 42 % 
carapace width, remainder of rostrum unknown. Orbits circular, rimmed, slightly antero-
laterally directed and raised, with small, forward-directed, outer-orbital spine; fronto-or-
bital width about 70 % maximum carapace width. Lateral margins parallel to weakly 
convex posteriorly. Slight notch in lateral margin at weak posterior cervical groove 
intersection, followed by blunt lateral branchial spine. Margin rimmed posterior to epi-
branchial region, posterior margin rounded at lateral edges, concave axially, rimmed. 
Posterior rim widest axially.

Cervical groove well defined, most deeply incised axially; anterior cervical groove well 
defined, posterior cervical groove very weakly defined, most prominent where it inter-
sects cervical groove. Regions weakly to poorly defined. Frontal margin and hepatic 
region ornamented with small granules. Epigastric regions ovate, weakly inflated, 

Fig. 5. Annieporcellana paleocenica new species. A, paratype NHMW-Geo 2019/0042/0005; B, 
holotype NHMW-Geo 2019/0042/0014; C, paratype NHMW-Geo 2019/0042/0009
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separated from frontal margin by shallow grooves; mesogastric region raised with 
long anterior process forming triangular shape where it meets epigastric regions; shal-
low groove separates epigastric regions; protogastric regions with scabrous transverse 
ridges. Epibranchial region with small nodes, epibranchial spine just posterior to anterior 
cervical groove near lateral margin, extending axially into ridge parallel to anterior cer-
vical groove; cardiac region weakly defined, circular, slightly raised; branchial regions 
with transverse ridges. Venter and appendages unknown.

D i s c u s s i o n : Specimens assigned to Annieporcellana paleocenica new species exhibit 
some range in morphological variation, some of which may be attributable to preserva-
tion. The holotype (Fig. 5B) appears to exhibit slightly more convex lateral margins 
than those of paratype NHMW-Geo 2019/0042/0005 (Fig. 5A) and may have a slightly 
deeper cervical groove. However, in all other regards the specimens are similar, and as 
all are missing part of the carapace and cuticle, it is most prudent at this time to refer 
them to the same taxon.

Galatheoidea incertae sedis

Galatheoidea indeterminate
(Fig. 3D)

Mate r i a l  examined : Isolated propodi, NHMW-Geo 2019/0042/0003, 2019/0042/0004, 
2019/0042/0020, and 2019/0042/0021.

D e s c r i p t i o n  o f  m a t e r i a l :  Right propodus with fixed finger, dactylus unknown. 
Manus elongate, flattened, ovoid in cross-section; longer (6.4 mm) than high (2.9 mm), 
tapers toward carpus articulation. Manus outer surface finely textured, convex with sca-
brous transverse ridges; ridges prominent in slight concavity where fixed finger meets 
manus, less developed on outer surface of fixed finger. Manus lower surface with strong 
ridge that thins along length of fixed finger; upper surface with ridge but not as strongly 
developed as lower surface.

Inner surface convex with weakly developed granular texture, most prominent near 
ridge along lower surface and proximal to fixed finger. Slight concavity where fixed fin-
ger meets manus, most prominent on inner surface. Fixed finger long, slender, tapering 
to sharp point, inclined away from long axis of propodus. Occlusal surface smooth with 
sharp, granulated ridge along upper, inner surface of fixed finger.

M e a s u r e m e n t s : NHMW-Geo 2019/0042/0003: length of manus, 3.0 mm, height of 
manus, 1.1 mm. NHMW-Geo 2019/0042/0004: length of fixed finger, 0.7 mm, height of 
fixed finger, 0.4 mm.

D i s c u s s i o n : Disarticulated appendages are difficult to identify. The morphology of 
these chelae is most similar to those of members of Porcellanidae, which generally have 
a convex lower margin of the manus, which is notably higher distally, and slender fingers 
(Chan 2010).



Yost et al.: Anomura from the Kambühel Formation	 163

Discussion

Anomuran decapods from the Kambühel Formation include two galatheoid species, one 
paguroid species, and four indeterminate taxa. This fauna is notable for its ?Selandian to 
Thanetian age and coral-associated environment, making direct comparisons with other 
Paleocene faunas difficult. For example, the well-known Danian (Paleocene) decapod 
fauna studied from Fakse, Denmark (Collins & Jakobsen 1994; Jakobsen & Collins 
1997; Klompmaker et al. 2022) differs from the Kambühel fauna not only in being 
older but also in having been deposited in a deeper and colder environment with a bry-
ozoan-coral mound complex (200 – 300 m) (Bernecker & Weidlich 1990), compared 
to the shallow-water, coralgal reef complex of the Kambühel Formation (Krische et 
al. 2012). Among anomurans, the faunas of Fakse and Kambühel only share the genus 
Protomunida. The Danian reefal deposits at Vigny, France, have yielded four anomuran 
taxa, one genus of which is shared with Kambühel, Protomunida (Robin et al. 2017). 
The paleoenvironment of the Vigny area has been interpreted as shallow marine, up to 90 
m, with colonial hermatypic corals (Robin et al. 2017), similar to that of the Kambühel 
Formation. An older fauna, the Cretaceous (Albian-Cenomanian) decapod assemblage 
from Northern Spain has yielded a diverse decapod fauna including nine anomuran taxa 
(see Klompmaker 2013, for a summary), deposited in a reefal environment. Only one 
genus, Annieporcellana, is shared with the Kambühel Formation.

Fossil localities from the Eocene of Europe can also be compared to the coral-associated 
decapod fauna of the Kambühel. One such comparable fauna comes from the late Eocene of 
Hungary, but it does not share any anomuran genera with the Kambühel fauna (Müller &  
Collins 1991). De Angeli & Garassino (2002) reported a rich collection of anomurans 
from Northern Italy (Vicenza) spanning the early Eocene, late Eocene, and early Oli
gocene. Despite the diverse sample and familial associations, these faunas share no genera 
with the Paleocene Kambühel fauna. An additional decapod fauna was reported from the 
northeast of Italy (Bolca area, Verona and Vicenza) and is early Eocene in age (Beschin et 
al. 2016). This diverse assemblage was collected from small outcrops of coralgal domes 
and shares only the genus Protomunida (Munididae) with the Paleocene Kambühel fauna.

Thus, the Kambühel anomuran fauna contains genera that originated in the Late Cre-
taceous as well as some that originated in the Paleocene, contributing to the rather 
scarce fossil record of Selandian and Thanetian decapods. With the additional new taxa 
described, one anomuran genus is reported to cross the Cretaceous boundary into the 
Paleocene, Annieporcellana. The new genus, Squamipelta, is known only from the Pale-
ocene, and Protomunida ranges from the Paleocene into the Eocene.
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