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Abstract: A new decapod crustacean assemblage associated with late Eocene coral reef deposits in 
northeast Spain (southern Pyrenees) is recorded; it includes Gemmellarocarcinus riglosensis sp. nov., 
Daira corallina sp. nov., Lobogalenopsis joei sp. nov., Liopsalis cf. anodon (Bittner, 1875) and Gale­
nopsis crassifrons A. Milne- Edwards, 1865. The genera Gemmellarocarcinus, Daira and Lobogale­
nopsis are here recorded for the first time from Eocene strata of the Iberian Peninsula, extending their 
palaeobiogeographical distribution. Detailed sampling from three different coral reef facies within the 
La Peña buildup, here referred to as branching, tabular and massive, suggest that the core of the reef, 
which was dominated by branching corals, hosted the highest diversity and abundance of decapod 
crustaceans. Daira corallina sp. nov. predominated in the branching corals facies, while G. crassi­
forns was the most abundant taxon within the tabular coral facies and carpiliids showed preferences 
for environments with massive corals. Thus, this constitutes a good example of primary ecological 
zonation among decapod crustaceans within a discrete reef.
 
This paper is part of the special volume: Jagt, J.W.M., Fraaije, R.H.B., Van Bakel, B.W.M., Don-
ovan, S.K., Mellish, C. & Schweigert, G. (eds.): A lifetime amongst fossil crustaceans: a tribute to 
Joseph S.H. Collins (1927–2019).
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1. Introduction 

The Eocene Epoch was crucial in the development of 
many present- day features of the Earth. In particular, 
new palaeogeographical configurations and ocean 
circulation patterns forced by tectonic plate rear-
rangement, led to the initial development of Antarc-
tic ice sheets during the late Eocene and a progressive 
switch from greenhouse to icehouse climatic condi-
tions (e.g., Hallock et al. 1991; Hallock & Pomar 
2008; Stickley et al. 2009). These climatic changes 
had an impact on the evolution of reefs and associat-
ed metazoan communities (Pomar et al. 2017). Coral 
reefs were fully established in this period (Pomar et al. 

2017), hosting decapod crustacean communities with 
taxa that are similar to those that inhabit modern reefs 
(Müller & Collins 1991; De Angeli & Garassino 
2002; Busulini et al. 2006; Beschin et al. 2007; Tes-
sier et al. 2011; Beschin et al. 2012, De Angeli & 
Ceccon 2012; De Angeli & Ceccon 2013a, De An-
geli & Ceccon 2013b; De Angeli & Ceccon 2014; 
De Angeli & Garassino 2014; Beschin et al. 2015; 
De Angeli & Ceccon 2015; Beschin et al. 2016; 
De Angeli & Ceccon 2016; Beschin et al. 2017). The 
Eocene is also considered an important period in the 
evolution of brachyurans (e.g., Fraaije 2003; Brösing 
2008; Tsang et al. 2014; Schweitzer & Feldmann 
2015). Despite a good understanding of the taxonomic 
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composition of decapod assemblages associated with 
reef environments during the Eocene, little is known 
about how these faunal assemblages are distributed at 
outcrop level. In contrast, other periods have been fur-
ther investigated in this respect and some palaeoeco-
logical studies have been published for the Cretaceous 
(Klompmaker et al. 2013), Paleocene (Klompmaker 
et al. 2016) and the modern day (Abele 1979). 

Outcrops located in the central part of the southern 
Pyrenees include an extraordinary record of middle–
upper Eocene rocks with coral buildups and associated 
benthic faunas at several time intervals (Puigdefab-
regas 1975; Millán et al. 1994; Pomar et al. 2017). 
Upper Eocene reefs are well represented in the upper 
portion of the Arguis- Pamplona Marls Formation, 
along the southern margin of the Jaca- Pamplona Ba-
sin (Fig. 1). The upper part of the prodeltaic, clay- 
dominated succession represented by the Arguis For-
mation includes levels with early Priabonian (latest 
Eocene) mesophotic coral buildups. These buildups, 
between the localities of Rasal and La Peña (province 
of Huesca, northern Spain), were characterised by 
Morsilli et al. (2012). In order to understand deca-
pod crustacean composition and their distribution in 
these lower Priabonian reefs, detailed sampling in the 
La Peña reef was carried out. Specimens were collect-
ed in association with specific microfacies (see ‘Ma-

terials and methods’ below). The aim of the present 
study is to describe all material collected and discuss 
the presence of certain taxa in different parts of the 
reef.  

2. Geological setting 

The southern Pyrenean basins record one of the most 
complete Eocene marine sedimentary successions in 
Europe, with decapod crustaceans previously described 
from several outcrops (see e.g., Vía 1969; Vía- Boada 
1973; Artal & Vía 1988; Artal & Castillo 2005; Ar-
tal et al. 2013; Ossó et al. 2014; Domínguez & Ossó 
2016; López- Horgue & Bodego 2017; Ossó & Domín-
guez 2017; Artal & Van Bakel 2018a; Artal & Van 
Bakel 2018b; Ferratges et al. 2019). Palaeogeographi-
cally, the southern Pyrenean basin was located at approx-
imately 35ºN palaeolatitude during the Eocene (e.g., Hay 
et al. 1999; Silva- Casal et al. 2017) and corresponded to 
an elongated gulf connected towards the west by the Bay 
of Biscay, located on the southern limit of the axial zone 
of the Pyrenees. The gulf was flanked by shallow- water 
carbonate platforms, with accumulations of hemipelagic 
sediments at the bottom of the basin (Fig. 1). 

 

Fig. 1. Mid- Eocene palaeogeographical map of the Pyrenean area, showing the location of the Jaca- Pamplona Basin (mod-
ified from Silva- Casal et al. 2017). The squared area in the southern part is enlarged in Fig. 2. 
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The Jaca- Pamplona Basin corresponds to an elon-
gated basin from east to west in the south- central 
Pyrenean Zone (Fig. 1). This basin was formed as a 
result of the southward propagation of the tectonic 
structures during the Paleogene (Millán et al. 1994; 
Muñoz et al. 1994; Castelltort et al. 2003; Huyghe 
et al. 2009). The propagation of the southern Pyrenean 
fold and thrust belt resulted in the formation of a co-
eval relief, acting as a sediment source area for delta-
ic complexes (e.g., Dreyer et al. 1999). These deltaic 
complexes prograded westwards in the southern part 
of the Jaca- Pamplona Basin, progressively covering 
the turbiditic systems of the lower and middle Eocene 
of the Hecho Group (Mutti et al. 1985; Remacha et al. 
2003; Remacha et al. 2005). 

The Sierras Exteriores includes outcrops located 
along the southern margin of the Jaca- Pamplona Basin 
(Fig. 2A). The middle and upper Eocene (Lutetian– 
Priabonian) units form a c. 2-km- thick succession, in-
cluding shallow- marine limestones of the Guara For-
mation, the prodelta/outer ramp marls/clays of the Ar-
guis Formation, the deltaic Belsue- Atares Formation 
and its lateral counterpart (i.e., coastal sili ciclastics of 
the Yeste- Arres Formation) and the fluvial Campodar-
be Formation (Puigdefabregas 1975; Silva- Casal 
et al. 2019). These units are diachronous and record 
the late- stage infilling of the foreland basin (Millán 
et al. 1994; Millán et al. 2000). Coeval to basin in-
fill, a series of thrust ramps and oblique folds with a 
north- south axis started to develop during the Lute-
tian and progressively propagated westwards until the 
Bartonian to early Priabonian with variable shortening 
rates (Millán et al. 1994; Castelltort et al. 2003; 
Huyghe et al. 2009). The uppermost Lutetian–lower 
Priabonian sedimentary units coevally deposited with 
these growth structures are arranged in four Deposi-
tional Sequences I–IV (Fig. 2A). Their boundaries 
correspond to flooding surfaces, which grade basin-
wards into correlative conformities. These boundaries 
are related to tectonic pulses, as indicated by the pres-
ence of both angular unconformities and onlap geom-
etries (Millán et al. 1994). These sequences were cor-
related across a nearly dip- section which displays the 
transition from the inner areas located to the east to the 
outer areas towards the west. Their age is constrained 
by magnetostratigraphical and palaeontological data 
(Canudo et al. 1988; Canudo et al. 1991; Hogan 
1993; Pueyo et al. 2002; Silva- Casal et al. 2019). As 
a whole, each depositional sequence consists of a low-
er, poorly fossiliferous to barren clayey- marly unit and 
an upper shallow- marine siliciclastic or carbonate unit 

that yields abundant benthic fossils. The lateral extent 
of the shallow- marine units overlying the relatively 
deep marly facies is progressively larger in younger 
sequences, with progradation advancing from east to 
west. Siliciclastic components also increase according 
to the same pattern and they become clearly dominant 
in the uppermost depositional sequence (Fig. 2A). 
Specifically, the decapod crustaceans studied for 
the present paper come from lower Priabonian coral 
buildups developed in the middle part of Sequence IV. 
These buildups form discontinuous outcrops between 
the localities of Rasal and La Peña (Fig. 2B). These 
coral buildups provided a good opportunity for other 
invertebrates to colonise such a specific environment 
(e.g., echinoderms, molluscs, decapod crustaceans 
etc). Although several outcrops have been sampled 
for decapod crustaceans, only the one located east of 
La Peña provided fresh rock and enough material to be 
analysed in detail.  

3. The early Priabonian coral reefs of La Peña 

An integrative analysis of rock textures, skeletal com-
ponents, buildup anatomy and facies architecture has 
revealed that the early Priabonian coral buildups ex-
posed between the localities of La Peña and Rasal 
(Fig. 2B) developed in a prodelta setting (Morsilli 
et al. 2012). There, shifting of delta lobes episodically 
resulted in periods of water transparency that allowed 
zooxanthellate coral growth. A bathymetric posi-
tion of the buildups around 15–25 m was constrained 
by Morsilli et al. (2012) from the analysis of light- 
dependent communities and lithofacies distribution 
within the buildups. Most of the zooxanthellate cor-
als grew under mesophotic conditions, around storm 
wave base action (Morsilli et al. 2012). Coral build-
ups occur as low- relief bioherms and are up to 20 to 
30 metres thick and a few hundred metres wide. The 
buildups grade basinwards to skeletal- rich beds of 
bryozoan floatstone with a wackestone to packstone 
matrix. Basal coral biostromes found in many build-
ups consist of platy- coral colonies ‘floating’ in a fine- 
grained matrix rich in branches of red algae. Corals 
with a domal or massive shape, locally mixed with 
branching corals and phaceloid coral colonies, pre-
dominate in the buildup cores (Morsilli et al. 2012). 
The coral boundstone facies present in the core of the 
buildups consists of scleractinian coral colonies (platy, 
massive, thick branched), mostly in growth position. 
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The skeletal matrix commonly consists of floatstone/
rudstone with fine- grained, poorly sorted packstone to 
mud- dominated wackestone. Red algae are conspicu-
ous as both laminar and branching forms, and coral 
and echinoid fragments are abundant. Bryozoans, bi-
valves (oysters, pectinids and Spondylus), serpulids, 

ostracods and, locally, chaetetid sponges are common. 
In addition, regular and irregular echinoids, gastro-
pods and brachiopods have been found. Planktonic 
and smaller to large benthic foraminifera are present 
(genera Nummulites, Heterostegina, Asterocyclina and 
Operculina). Polygenic laminar red algae and encrust-

 

Fig. 2. A – Location of logs 1–12 studied by Millán et al. (1994) in the Sierras Exteriores area (for location, see Figure 1). 
These logs are used as a reference for correlation of Sequences I–IV within the Arguis, Belsué- Atares and Yeste- Arres 
formations that are shown in the central part of the figure. The inset in the upper right- hand side shows the age of these 
sequences [modified from Millán et al. (1994) and Silva- Casal et al. (2017)]. B – Distribution of uppermost Lutetian–Pria-
bonian lithostratigraphical units between the villages of Rasal and La Peña (see A for location). The red lines indicate the 
distribution of coral buildups in outcrops. 
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ing foraminifera (Miniacina, Haddonia, Carpenteria, 
Victoriella, Fabiania, Gyroidinellamagna, Acervulina 
linearis, and Gypsina) are also common (for details, 
see Morsilli et al. 2012). 

Episodic high- hydrodynamic pulses provided the 
energy needed to rework skeletal sediments and to pro-
duce the coral rudstone and skeletal packstone wedges 
around the builups. Clay/marl lithofacies also occur 
around the coral buildups, representing the background 
sedimentation of the overall deltaic setting. Sandstone 
beds occur locally interbedded as very thin beds, with 
parallel lamination, normal grading and, locally, wave 
ripples, suggesting that sedimentation occurred as epi-
sodic events related to storm- induced density flows or 
triggered by floods, via hyperpycnal flows. However, 
these events did not suffocate the coral bioherms when 
they were still active. 

4. Materials and methods 

The specimens studied were collected directly from 
outcrop in the section along the road between the 
villages of Rasal and La Peña (Fig. 3). This locality 
corresponds to the coral buildup developed in the mid-
dle part of the lower Priabonian Sequence IV, which 

is referred here as the La Peña buildup (Fig. 2). The 
La Peña buildup includes a diverse invertebrate fauna 
associated with corals, including a diverse assemblage 
of decapod crustaceans associated with several litho-
facies.  

Wherever possible, specimens were collected di-
rectly from the reef exposures with special indication 
of the lithofacies in which they were preserved. Some 
specimens were collected from blocks derived from 
road construction and lithofacies were interpreted 
from the surrounding matrix. 

In the La Peña buildup fifteen different genera of 
corals have been recognised. Three different reef facies 
have been differentiated based on the predominance of 
the different morphologies of coral taxa. These include 
branching, tabular and massive corals facies (Fig. 3). 
It is important to point out that some coral taxa can 
generate different morphologies (for example Actina­
cis, Astreopora and Goniopora) so they can be includ-
ed into different facies depending on their form. Thus, 
the genera included into the “branching coral facies” 
are the following: Actinacis, Caulastrea, Stylophora, 
Acropora, Pocillopora, Astreopora, Alveopora, As­
trocoenia and Bacarella; in the “tabular coral facies”: 
Cyathoseris, Actinacis, Goniopora and Astreopora; 
and finally, in the “massive coral facies”: Actinacis, 
Goniopora, Astreopora, Siderastrea, Colpophyllia, 

 

Fig. 3. General view of the outcrop studied (La Peña reef) in a west- east (or distal- proximal) panoramic view. The sketch 
shows the distribution of the three facies identified on the basis of predominant coral morphologies. Red stars correspond 
to sample points (for location, see Fig. 2B). Dumped material correspond to an admixture of the different facies from the 
outcrop, accumulated during road works. 
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Leptoria, and Agathiphyllia. In order to differentiate 
the various facies, the relative proportion of each cor-
al type has been measured per square metre. A facies 
is assigned to one or another coral- type when there is 
more than 50 per cent of predominance of a particular 
coral type relative to the others. 

To carry out the sampling, a similar period of time 
was dedicated to sample each type of facies visiting the 
outcrop regularly during the year 2019. A similar vol-
ume of material was processed from the different facies 
either from surface collecting or splitting rock cobbles 
and boulders. Specimens from the La Peña buildup pre-
serve the cuticle in all cases and preservation is different 
from other reef facies (e.g., Klompmaker et al. 2013). 

A total of 161 specimens of decapod crustaceans 
have been collected from different coral reef facies 
(Table 1). The specimens have been prepared me-
chanically using a Micro Jack 2 air scribe (Paleotools; 
Brigham, Utah, USA) and chemically, using potassi-
um hydroxide (KOH). The specimens were then pho-
tographed dry and coated with an ammonium chloride 
sublimate. Detailed photography of the carapace sur-
faces and appendages was done using a Nikon d7100 
camera with a macro 60-mm- lens.  

Only specimens preserving complete carapaces 
have been treated systematically. Other material, in-
cluding partial chelipeds and limbs have been treated 

only in the discussion (see below) and formal descrip-
tion awaits the discovery of more complete material. 

To check if there is a distinctive species distribu-
tion associated with each facies, statistical calculations 
have been performed applying the Fisher’s- exact test. 
This test has been selected because we use contingen-
cy tables constructed with categorical variables. After 
finding significant differences in the Fisher’s- exact 
test, we applied a pairwise comparison of the same test 
to determine exactly the distributions of the species 
that are significantly linked to a specific facies. 

Specimens were legally sampled under permit EXP: 
032/2018 from the Servicio de Prevención, Protección 
e Investigación del Patrimonio Cultural (Gobierno 
de Aragón) and are deposited in the palaeontological 
collections of the Museo de Ciencias Naturales de la 
Universidad de Zaragoza under the acronym MPZ (see 
Canudo 2018). 

5. Decapod crustacean composition 

The decapod assemblage collected from the La Peña 
buildup corresponds to taxa associated with reef en-
vironments. Moreover, these taxa show significant 
variation with respect to their relative abundance 

Table 1. Abundance and distribution of decapod crustacean taxa recognised at the outcrop studied (for location of sample 
points, see Fig. 3). 

Taxon Branching corals Tabular corals Massive corals Total %of total
Specimens % Specimens % Specimens %

Carpiliid indet. 4 5.2 2 3.5 15 55.6 21 13
Daira corallina sp. nov. 26 33.8 5 8.8 1 3.7 32 19.9
Enoploclytia? sp. 1 1.3 1 1.8 2 7.4 4 2.5
Galenopsis crassifrons 15 19.5 47 82.5 4 14.8 66 41
Gemmellarocarcinus 
 riglosensis sp. nov.

1 1.3 – 0 – 0 1 0.6

Liopsalis cf. anodon – 0 – 0 1 3.7 1 0.6
Lobogalenopsis joei sp. nov. 1 1.3 – 0 – 0 1 0.6
Ocalina? sp. – 0 0 1 3.7 1 0.6
Petrochirus? sp. 2 2.6 – 0 – 0 2 1.2
Trapeziidae? 6 7.8 – 0 – 0 6 3.7
Taxon indet. 1 11 14.3 – 0 – 0 11 6.8
Taxon indet. 2 1 1.3 – 0 – 0 1 0.6
Taxon indet. 3 1 1.3 – 0 – 0 1 0.6
Indeterminate fragments 8 10.4 2 3.5 3 11.1 13 8.1
TOTAL 77 57 27 161
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in the different facies identified within the La Peña 
reef (Fig. 4). These taxa include representatives of 
the genera Enoploclytia? McCoy, 1849 (Fig. 5I), 
Petrochirus ? Stimpson, 1858 (Fig. 5J), Gemmel­
larocarcinus Checchia- Rispoli, 1905 (Fig. 5A–C), 
Liopsalis von Meyer, 1862 (Fig. 6C, D), Ocalina ? 
Rathbun, 1929 (Fig. 5E), Galenopsis A. Milne- 
Edwards, 1865 (Figs. 6E–G, 7), Lobogalenopsis 
Müller & Collins, 1991 (Fig. 6H–J), and Daira 
De Haan, 1833 (Figs. 8B–K, 9). In addition, repre-
sentatives of the family Trapeziidae? Miers, 1886 
(Fig. 5H), carpiliids (Figs. 5D, 6A, B) and remains 
of four other indeterminate taxa have been found 
(Table 1; Fig. 5F, G).  

This decapod assemblage has similarities to mate-
rial collected at some localities with Eocene strata in 
Italy where they appear associated with reef facies (see 
e.g., Beschin et al. 2007; Tessier et al. 2011; Beschin 
et al. 2015). However, the exceptional state of preser-

vation of the outcrop described herein and its optimal 
exposure, have allowed a detailed sampling of differ-
ent lithofacies in order to quantify the occurrence of 
each taxon. 

In general, the most abundant species is Galenop­
sis crassifrons, which accounts for 41 per cent of the 
total assemblage, followed by Daira corallina sp. nov. 
(19.9 per cent) and carpiliids (13.6 per cent). Minor 
components include Enoploclytia ? sp. (2.5 per cent), 
Petrochirus ? sp. (1.2 per cent), Gemmellarocarcinus 
riglosensis sp. nov. (0.6 per cent), Ocalina ? (0.6 per 
cent), Lobogalenopsis joei sp. nov. (0.6 per cent), Tra-
peziidae? (3.7 per cent) and 26 remains of indetermi-
nate taxa that correspond to 16.1 per cent of the total 
sample (see Table 1). The branching corals facies hosts 
the greatest diversity and abundance of decapod crus-
taceans. The most abundant taxon is Daira corallina 
sp. nov., representing 34 per cent of the sample, fol-
lowed by Galenopsis crassifrons (19.5 per cent) and 

 

Fig. 4. Relative abundance of the main decapod crustacean taxa in the three different facies within the La Peña reef. 
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Trapeziidae indet. (7.8 per cent). The last- named is 
represented only by fragments of chelipeds. There are 
also abundant remains of several indeterminate taxa, 
which represent 27.3 per cent of the total assemblage 
(Fig. 4A). 

The tabular corals facies shows the lowest diversi-
ty and intermediate abundance. In this lithofacies, the 
most abundant taxon is Galenopsis crassifrons (82.5 
per cent), followed by Daira corallina sp. nov. (9 per 
cent), carpiliids (3.5 per cent) and indeterminate taxa 
(4 per cent) (Fig. 4B). 

The massive coral facies has an intermediate diver-
sity and the lowest abundance. In this lithofacies, the 
dominant group are carpiliids (59.3 per cent), followed 
by Galenopsis crassifrons (15 per cent) and very rare 
Daira corallina sp. nov. (3.7 per cent) (Fig. 4C). 

Faunal distribution within the La Peña buildup is 
not random and shows important differences in both 
abundance and diversity. In order to test if there was 
a relationship between species distribution and facies, 
we performed a non- parametric Fisher’s- exact test 
(because the number for some species is lower than 
five), using only the three groups with highest repre-
sentation in our record: carpiliids, Galenopsis cras­
sifrons and Daira corallina (Table 2). The statistical 
analysis was computed with R, with a package called 
“RVAideMemoire” and the function “fisher.test”. 

Our null hypothesis (H0) was that there was no 
relationship between species distribution and facies 
(Table 3). The alternative hypothesis (H1) was that 
there was a relationship between facies and species 
distribution. The p­ value or the Fisher’s- exact test was 
p=2.64e–14, which means that there is a significant 
link between species and the different facies (accep-
tance of H1).  

In order to analyse which distribution of the spe-
cies are significantly linked to a specific facies we ap-
plied the command “fisher.multcom” from the same 
R-package (see above) to apply a pairwise compari-
son of the Fisher’s- exact test. We detected significant 
differences in the distribution of carpiliids and Galen­
opsis crassifrons in branching corals facies and mas-
sive corals facies (p=2.04e–03), and carpiliids and Dai­
ra corallina sp. nov. in the same facies (p=3.20e–07). 
There were significant differences in the distribution 
of Galenopsis crassifrons and Daira corallina sp. nov. 
in the branching corals facies and massive corals fa-
cies (p=1.87e–07). Finally, we also found significant 
differences in the distribution of carpiliids and Galen­
opsis crassifrons in the massive corals facies and tabu-
lar corals facies (p=9.22e–09) and carpiliids and Daira 

corallina sp. nov. in the same facies (p=6.12e–03). The 
rest of species distribution are not significantly linked 
to any specific facies. 

The branching corals facies shows the highest 
diversity and abundance, and this may have been 
controlled by both biological and taphonomic fac-
tors. The branching corals of the genus Acropora, 
Pocillopora and Stylophora identified in the La Peña 
reef (Morsilli et al. 2012) are also common in the 
modern Indo- Pacific and host a diverse community 
of decapod crustaceans (Patton 1994). Branches be-
tween corals provide a large number of places for 
refuge to decapod crustaceans, especially to small 
forms like Daira and this can be the reason why the 
branching corals facies shows the highest diversity. 
This is also the area with the lowest energy within 
the reef, favouring preservation of the smallest taxa 
within the sediment accumulating in the spaces be-
tween the coral branches. Small- sized specimens of 
Goniodromites laevis were also found particularly 
in between coral branches in the Albian of northern 
Spain (Klompmaker et al. 2013) supporting the idea 
that branching corals are favourable places for small 
decapods. Coral species with tabular growth forms 
are particularly important ecosystem engineers on 
wave- exposed Indo- Pacific reefs (Madin et al. 2012). 
The La Peña reef tabular facies was dominated by 
G. crassifrons, which is the largest form collected; it 
probably lived in the spaces under and between tab-
ular corals. The massive coral facies shows the low-
est abundance and this was probably a consequence 
of both taphonomic and biological reasons. Massive 
corals provide little space for sediment accumulation 
between the colonies and also fewer opportunities 

Table 2. P-values obtained from pairwise comparison of 
the Fisher’s- exact test. P-values above 0.05 are considered 
not significant; bold numbers indicate significant values 
(P-values < 0.05). 

Branching 
corals facies/
Massive 
coral facies

Branching 
corals facies/
Tabular cor-
als facies

Massive 
coral facies/
Tabular cor-
als facies

Carpiliid/ 
Galenopsis 

2.04E-03 7.07E-02 9.22E-09 

Carpiliid/ 
Daira 

3.20E-07 3.55E-01 6.12E-03 

Galenopsis/
Daira 

1.85E-01 1.87E-07 4.39E-01
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for refuge than other type of colonies. Despite the 
fact that there are still many uncertainties in our un-
derstanding of zonation patterns of different species 
within the reef, carefully collected material associat-
ed with sedimentological information could provide 
important data for future palaeoecological studies. 
The La Peña reef decapod community is a small, yet 
interesting example. 

6. Systematic palaeontology 

The classification used here follows Guinot et al. (2013) 
and Jagt et al. (2015). 

Infraorder Brachyura Linnaeus, 1758 
Section Podotremata Guinot, 1977 

Superfamily Dromioidea De Haan, 1833 
Family incertae sedis 

Genus Gemmellarocarcinus Checchia- Rispoli, 1905 

Type species: Gemmellarocarcinus loerentheyi Checchia- 
Rispoli, 1905, by monotypy. 

Other species included: Gemmellarocarcinus disalvoi Bes-
chin, Busulini & Tessier, in Beschin, Busulini, Forna-
ciari, Papazzoni & Tessier, 2018 and G. riglosensis sp. nov. 

Gemmellarocarcinus riglosensis sp. nov. 
Fig. 5A–C  

Etymology: The specific name comes from “Los Mallos de 
Riglos”, a natural monument consisting of rock faces rising 
to heights of 300 metres and located a few kilometres south 
of where the material was collected. 

Material: The sample studied includes only the holotype, 
a partial carapace (MPZ 2019/1722) with a maximum pre-
served length and width of 25.7 and 23.8 mm, respectively. 
Cuticle is well preserved. 

Diagnosis: Carapace slightly wider than long (L/W ratio 
about 1.41), slightly swollen, descending rapidly in the an-
terior part; orbits small, suboval and deep, with a blunt sub-
orbital tooth. Anterolateral margins depressed, strongly con-
vex. Dorsal regions well defined. Cervical groove wide and 
deep, especially in the median portion. Cardiac region with 
transverse swelling continuing onto metabranchial lobes; in-
testinal region wide and smooth. Lateral regions with four 
transverse swellings. Surface smooth. 

Description:Carapace longitudinally subovate; maximum 
width at level of mesobranchial region, about midlength of 

carapace. Carapace strongly convex longitudinally in ante-
rior third, less in posterior two- thirds (Fig. 5B); transverse-
ly slightly convex. Front narrow, not well preserved; small 
and deep orbits, directed frontally, margins markedly raised; 
infraorbital tooth robust, with blunt tip, directed forwards, 
clearly visible dorsally. Fronto- orbital width about 33 per 
cent of maximum carapace width. Anterolateral margin 
broadly arched, with prominent hepatic lobe; portion behind 
orbit short and depressed. Posterolateral margins shorter and 
less arched than anterolateral margin. Lateral carapace mar-
gins with three notable depressions, corresponding to cervi-
cal, postcervical and branchial grooves. Posterior margin not 
well preserved. 

Dorsal surface with wavy appearance due to shallow 
grooves crossing carapace transversely. Cervical groove 
shallow, broadly U shaped, weakly marked from side to side 
of carapace, deeper medially, confluent with branchiocardi-
ac and gastric grooves. Postcervical groove shallow, wide, 
broadly U shaped, weakly marked, interrupted by bran-
chiocardiac groove. Branchial groove well defined, arched, 
shallow, bounded by smooth ridge, interrupted by cardiac 
area. Branchiocardiac grooves arched, deep. Epigastric re-
gion with semi- circular elevated area surrounded by groove. 
Mesogastric and metagastric regions undifferentiated, large, 
smooth. Urogastric region trapezoidal in shape, inflated. Car-
diac region surrounded by arched branchiocardiac grooves. 
Hepatic region with elongated swelling. Subhepatic region 
large, without ornamentation. Epi-, meso- and metabranchi-
al regions not well differentiated. Lateral regions with four 
transverse swellings, separated by cervical, postcervical and 
branchial grooves. 

Discussion:The new taxon is similar to G. loerentheyi from 
the Lutetian of Hungary and Italy, as illustrated by vari-
ous authors (e.g., Checchia- Rispoli 1905: pl. 1, figs. 1, 
2; Müller & Collins 1991: pl. 2, fig. 15; Beschin et al. 
2018: figs. 66–68) and to G. disalvoi from the Priabonian 
of Italy. However, the new species differs in several respects 
that include: branchiocardiac grooves are deeper in the new 
species in comparison with G. loerentheyi and G. disalvoi; 
the gastric regions are bordered by deeper grooves in G. ri­
glosensis sp. nov. than in G. loerentheyi and G. disalvoi; the 
carapace in G. riglosensis sp. nov. is narrower than in G. loe­
rentheyi and slightly narrower than in G. disalvoi, yielding 
a more rounded appearance (subcircular) in outline of the 
new species (Fig. 5A-1); a larger infraorbital spine in G. ri­
glosensis sp. nov. than in the other two species; transversely 
oblique dorsal grooves are more or less distinct in shape and 
depth and are wider in the hepatic and branchial regions than 
in the other two species; the angle of the cervical groove 
is more oblique in the new species. With the description of 
G. riglosensis sp. nov., the range of the genus Gemmella­
rocarcinus is extended to the upper Eocene of the Iberian 
Peninsula. 

The placement of Gemmellarocarcinus at family level is 
problematic (Karasawa et al. 2011) because of the absence 
of sternal and pleonal elements. We consider Gemmellaro­
carcinus riglosensis sp. nov. to be incertae sedis within the 
superfamily Dromioidea. 
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Section Eubrachyura deSaintLaurent, 1980 
Subsection Heterotremata Guinot, 1977 

Superfamily Carpilioidea Ortmann, 1893 
Family Carpiliidae Ortmann, 1893 
Genus Liopsalis von Meyer, 1862 

Type species: Cancer klipsteini von Meyer, 1842, by 
monotypy. 

Other species included: L. anodon (Bittner, 1875) and 
L. simplex (Stoliczka, 1871). 

Liopsalis cf. anodon (Bittner, 1875) 
Fig. 6C, D  

Material: A single, partial carapace (MPZ 2019/1803), 
with a maximum preserved length and width of 23.1 and 
34.3 mm, respectively. Cuticle is partially preserved. 

Discussion: Liopsalis anodon was originally described by 
Bittner (1875); a detailed description has subsequently 
been provided by Feldmann et al. (2011) and Schweitzer 
et al. (2018). The present specimen is referred to as Li­
opsalis cf. anodon on the basis of the following features: 

 –  carapace ovate, wider than long, strongly vaulted 
longitudinally, convex transversely; 

 – carapace smooth; regions and grooves not defined; 
 –  rostrum triangular, extending well beyond orbits, 

45 per cent of maximum width, strongly downturned, 
weakly sinuous; 

 –  orbits small, subcircular, directed weakly antero-
laterally, fronto- orbital width about 61 per cent of 
maximum carapace width; 

 –  anterolateral margin convex, rounded, smooth foran-
terior half, then arching more strongly over posterior 
third; 

 –  a single blunt projection marks the anterolateral angle; 
it extends into a rim along the posterolateral margin 
and onto the dorsal carapace; 

 – posterolateral margin initially concave (see Bittner 
1875: pl. 2, fig. 3a–c; Beschin et al. 2007: pl. 3, 
fig. 4a, b; Beschin et al. 2012: fig. 57, pl. 10, fig. 1a, b). 
The type material of Liopsalis anodon comes from the 

middle Eocene of Italy. Two other species have been as-
signed to this genus, namely L. klipsteini from the mid-
dle Eocene of Germany and L. simplex from the middle 
Eocene (Lutetian) of India. Our present find extends the 
distribution of the genus to the upper Eocene of the Iberian 
Peninsula. 

Superfamily Pilumnoidea Samouelle, 1819 
Family Pilumnidae Samouelle, 1819 

Genus Galenopsis A. Milne- Edwards, 1865 

Type species: Galenopsis typica A. Milne- Edwards, 1865, 
by subsequent designation of Glaessner (1929). 

Other species included: Galenopsis crassifrons A. Milne- 
Edwards, 1865, G. depressa (A. Milne- Edwards, 1872), 
G. murchisoni A. Milne- Edwards, 1865, G. pustulosa 
(A. Milne- Edwards, 1865), G. ristorii Checchia- Rispoli, 
1905, G. schopeni Checchia- Rispoli, 1905, and G. similis 
Bittner, 1875. 

Galenopsis crassifrons A. Milne- Edwards, 1865 
Figs. 6E–G, 7 

1865 Galenopsis crassifrons A. Milne- Edwards, p. 319, 
pl. 7, fig. 2a–d. 

1901 Galenopsis crassifrons. – Oppenheim, p. 284. 
1908 Galenopsis crassifrons. – Fabiani, p. 211. 
1929 Galenopsis crassifrons – Glaessner, pp. 177, 178. 
1991 Galenopsis crassifrons. – Vía- Boada, p. 184, pl. 1, 

fig. 7a, b. 

Material: Four partially articulated specimens (MPZ 
2019/1737, MPZ 2019/1738, MPZ 2019/1743 and MPZ 
2019/1788), 8 carapaces (MPZ 2019/1736, MPZ 2019/1739, 
MPZ 2019/1740, MPZ 2019/1745, MPZ 2019/1749, MPZ 
2019/1787, MPZ 2019/1789 and MPZ 2019/1791) and 
54 fragments of chelae and pereiopods. Average carapace 
size: W – 47.8 mm; L – 30 mm. Cuticle preserved in all spec-
imens studied. 

Discussion: The newly collected material shows important 
dorsal features that allow placement in G. crassifrons in-
cluding: 
 – carapace expanded laterally, wider than long; 
 – orbits small; 
 –  anterior part bowed as in other species of Galenopsis, 

but the front edge rises so as to form a rather thick 
bead which continues to the anterolateral margins; 
antero- lateral margins slightly trilobate and shorter than 
posterolateral ones; 

 – latero- posterior margins almost straight; 
 – surface of carapace covered by small pits; 
 – dorsal regions poorly marked; 
 – elongated chelipeds; 
 –  ambulatory legs long and slender (see Fig. 7; A. Milne- 

Edwards 1875: pl. 7, fig. 2).  

Fig. 5. A–C – Gemmellarocarcinus riglosensis sp. nov., holotype (MPZ 2019/1722), in dorsal, right lateral and frontal 
views, respectively (A-1: mirrored reconstruction). D – Cheliped of a carpiliid (MPZ 2019/1805). E – Propodus of Ocali­
na ? sp. (MPZ 2019/1723). F, G – Indeterminate chelipeds (MPZ 2019/1852 and MPZ 2019/1837, respectively). H – Che-
liped of a trapeziid? (MPZ 2019/1724). I – Enoploclytia ? sp. (MPZ 2019/1730). J – Petrochirus ? sp. (MPZ 2019/1734). 
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The type material of G. crassifrons was recovered from 
the upper Eocene of Vicenza (Italy) (A. Milne- Edwards 
1865); subsequently, it has also been recorded from the mid-
dle Eocene of Alicante (Spain; see Vía- Boada1991: pl. 1, 
fig. 7). Its discovery in the La Peña buildup (Huesca) ex-
tends the range of the species to the upper Eocene of north-
ern Spain. 

Genus Lobogalenopsis Müller & Collins, 1991 

Type species: Galenopsis quadrilobatus Lőrenthey, 1898, 
by the subsequent designation of Müller & Collins (1991). 

Other species included: Lobogalenopsis joei sp. nov. 

Lobogalenopsis joei sp. nov. 
Fig. 6H–J 

Etymology: Named after the late Joe S.H. Collins, in 
recognition of a lifetime dedicated to the study of fossil 
brachyurans. 

Material: A single, incomplete carapace (holotype, MPZ 
2019/1721), with a maximum preserved length and width 
of 18.3 and 21.6 mm, respectively. Cuticle is well preserved. 

Diagnosis: Carapace wider than long, slightly convex lon-
gitudinally. Straight front, depressed below gastric regions. 
Orbits small; orbital edge undifferentiated. Three lobes on 
anterolateral margins; posterior margin slightly concave, 
with flange ornamented by row of small granules. Dorsal 
surface covered with very fine granulation. 

Description: Carapace wider than long, slightly convex 
longitudinally, less convex transversely. Front straight, de-
pressed below gastric regions. Orbits small and subcircular; 
continuous supraorbital margins; fronto- orbital width about 
43 per cent of maximum carapace width. Anterolateral mar-
gin convex, with three lobes or blunt teeth, first of which 
immediately behind orbit; long and convergent posterolat-
eral margins. Dorsal regions not well differentiated. Dorsal 
surface covered with small granules and pits; posterior mar-
gin slightly concave, shorter than frontal margin, two lateral 
corners inflated, ornated with row of small granules. 

Discussion: The present specimen shows a combination of 
characteristics proposed by Müller & Collins (1991) that 
allow it to be assigned to the genus Lobogalenopsis. These 
include: 
 – carapace convex, elliptical with a sharp keel along the 

anterolateral margin; 

 – straight front in top view, depressed below gastric 
regions; 

 – orbits small; 
 – anterolateral margin lobate. 

Although only a single carapace is available to date, we 
consider it to be a new species on the basis of the following 
features: 
 – the carapace is less wide (estimated L/W ratio: 1.24) 

than that of the type species, L. quadrilobata (L/W ratio: 
1.31); 

 – the groove behind the front is deep and extends parallel 
to the anterior margin down to the end of the first antero-
lateral lobe, unlike L. quadrilobata, which only reaches 
half the orbit; 

 – the anterolateral margin has three lobes, the two first 
rounded (the third is broken on both sides, but the gap 
occupied by it is seen), the first one expanding almost to 
the height of the front, unlike in L. quadrilobata where it 
is much more retracted; 

 – L. joei sp. nov. shows a slightly concave posterior 
margin, with a flange ornamented by a row of small 
granules; in contrast, L. quadrilobata has a straight and 
smooth margin; 

 – the dorsal surface of L. joei sp. nov. is covered by fine 
granulation, unlike L. quadrilobata where it is smooth; 

 – branchiocardiac grooves are more marked in L. joei 
sp. nov. 
Until now, only the type species, L. quadrilobata, was 

assigned to this genus, with records from the lower Eocene 
of northern Italy (Tessier et al. 2011; Beschin et al. 2015, 
Beschin et al. 2016; Beschin et al. 2018) and the upper Eo-
cene of Hungary (Müller & Collins 1991) and Sicily (It-
aly) (Di Salvo 1933). With L. joei sp. nov. from Huesca, the 
range of the genus is extended to the upper Eocene of the 
Iberian Peninsula. 

Superfamily Dairoidea Serène, 1965 
Family Dairidae Serène, 1965 
Genus Daira De Haan, 1833 

Type species: Cancer perlatus Herbst, 1790, by monotypy. 

Other species included: Daira americana Stimpson, 
1860, D. depressa (A. Milne- Edwards, 1865), D. coccoi 
Beschin, De Angeli, Checchi & Zarantonello, 2012, 
D. Coronata Beschin, De Angeli, Checchi & Zaran-
tonello, 2005, D. eocaenica (Lőrenthey, 1898), D. iuga­
ta Beschin, Busulini & Tessier, in Beschin, Busulini, 
Fornaciari, Papazzoni & Tessier, 2018, D. pseudovul­
garis Beschin, Busulini & Tessier, in Beschin, Busuli-
ni, Fornaciari, Papazzoni & Tessier, 2018, D. Salebrosa 

Fig. 6. A–B – Indeterminate carpiliid, in frontal and dorsal views, respectively (MPZ 2019/1804). C, D – Liopsalis cf. 
anodon (Bittner, 1875) (MPZ 2019/1803) in dorsal and frontal views, respectively. E – Galenopsis crassifrons A. Milne- 
Edwards, 1865 (MPZ 2019/1736), in dorsal view. F, G – Galenopsis crassifrons (MPZ 2019/1738), in dorsal and frontal 
view, respectively. H–J – Lobogalenopsis joei sp. nov., holotype (MPZ 2019/1721), in dorsal, left lateral and frontal views, 
respectively. 
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Beschin, Busulini, De Angeli & Tessier, 2002, D. sicula 
(Di Salvo, 1933), D. speciosa (Reuss, 1871), D. vestenano­
vensis Beschin, Busulini & Tessier, 2015, and D. vulgaris 
Portell & Collins, 2004. 

Daira corallina sp. nov. 
Figs. 8B–K, 9   

Etymology: Latin corallium, meaning coral, in reference to 
the preference of this taxon for coral reef environments. 

Material: The holotype (MPZ 2019/1691) is half a cara-
pace with a maximum preserved length and width of 34 and 
52 mm, respectively. In addition, we have 19 fragmentary 
carapaces (paratypes MPZ 2019/1692, MPZ 2019/1693, 
MPZ 2019/1694, MPZ 2019/1695 and MPZ 2019/1696), 
eight chelipeds (paratypes MPZ 2019/1701 and MPZ 
2019/1702) and two isolated ambulatory legs (paratypes 
MPZ 2019/1703 and MPZ 2019/1704). Cuticle is well pre-
served in all specimens. 

Diagnosis: Carapace suboval, wider than long, very convex 
longitudinally, transverse convexity less pronounced. Front 
sinuous. Orbits circular, with supraorbital margins covered 

with coalescent tubercles with micropores. Anterolateral 
margins convex, with conical tubercles; posterolateral mar-
gins concave, ornamented with slightly smaller tubercles. 
Regions well differentiated by grooves. Dorsal surface cov-
ered with mushroom- shaped tubercles with micropores. 

Description: Carapace transversely ovate, wider than long, 
L/W ratio about 1,5; convex longitudinally and transverse-
ly, domed. Orbits small and circular; upper orbital margins 
thickened and lined with tubercles; fronto- orbital width 
about 50 per cent of maximum carapace width; frontal mar-
gin tuberculate; frontal and anterolateral margins forming 
wide arch; antero- and posterolateral margins broadly round-
ed, not clearly distinct from one another; posterolateral mar-
gins shorter than anterolateral ones and concave. Gastric re-
gions moderately well defined; narrow anterior mesogastric 
process; mesogastric region rhomboidal, relatively narrow. 
Dorsal surface covered with mushroom- shaped tubercles, 
more or less uniformly distributed and conical, with slightly 
hexagonal outline and perforated with pores (Fig. 8). Tops 
of these „mushrooms“ petaloid; edges of „petals“ forming 
pore, rendering image of conical elevation, surrounded by 
pores. Upper part of tubercles in contact with neighbouring 
tubercles and creating network of channels communicating 
with exterior through small pores. Grooves separating dif-
ferent regions well defined, but covered by hats of tubercles. 
Cuticle well preserved, thick. 

Fig. 8. A, A-1 – Daira salebrosa Beschin, Busulini, De Angeli & Tessier, 2002, Eocene of Arzignano (Main quarry, 
Vicenza, Italy; MPZ 2019/1690) in dorsal and frontal view, respectively. B–K – Daira corallina sp. nov. B. Paratype (MPZ 
2019/1692). C–E. Holotype (MPZ 2019/1691) in dorsal, left lateral and frontal views, respectively. F, G. Mirrored recon-
struction of holotype in dorsal and frontal views, respectively. H, I. Right chelipeds (paratypes MPZ 2019/1701 and MPZ 
2019/1702). J, K. Ambulatory legs (paratypes MPZ 2019/1703 and MPZ 2019/1704). 

 

Fig. 7. Reconstruction of Galenopsis crassifrons A. Milne- Edwards, 1865, on the basis of material recovered from the 
outcrop studied (see also Fig. 6E–G). 
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Chelipeds include a carpus that is slightly longer than tall. 
The propodus is 1.5 times the length and height of carpus; 
upper margin curved with four conical tubercles (Fig. 8H, I). 
Fixed finger less than half length of manus, smooth. Upper 
margin of dactylus provided with pointed, forwardly facing 
tubercles, reducing in height distally. Tip rounded; occlusal 
margin concave, dentate. 

Discussion: Daira corallina sp. nov. is characterised by a 
carapace that is convex longitudinally, with anterolateral 
margins not clearly distinct from posterolateral ones, with a 
relatively narrow mesogastric region, distinct dorsal regions 
that are ornamented with irregular mushroom- shaped tuber-
cles, provided with micropores and protuberances. These 
features allow this species to be attributed to Daira. 

The genus Daira comprises only two extant species, 
D. perlata from coralline settings in the Indo- Pacific (e.g., 
Peyrot- Clausade 1989; Morgan & Berry 1993), and 
D. americana, which typically occurs in rocky or coral hab-
itats along the Pacific coasts of central America, from south-
ern California to Ecuador (Rathbun 1930). As far as extinct 
species are concerned, the genus Daira appears to have pre-
ferred coral or reef environments. Frequently, its presence 
is indicative of a diverse reefal decapod crustacean assem-
blage (see Beschin et al. 2002; Portell & Collins 2004; 
Be schin et al. 2005; Beschin et al. 2017; De Angeli et al. 
2010; Gatt & De Angeli 2010; Beschin et al. 2012; Be-

schin et al. 2015, Beschin et al. 2016, Beschin et al. 2018; 
Tessier et al. 2011).  

This genus is represented by eleven extinct species and 
two recent ones. The latter have carapaces that are complete-
ly covered by mushroom- shaped tubercles, the “petaloid 
hats” of which are in contact with each other and form a mo-
saic of polygons. Daira corallina sp. nov. shows similarities 
to its modern congeners D. perlata and D. americana where 
dorsal tubercles are concerned. However, in the new species, 
the tubercles are much smaller and more closely set. 

A comparison of Daira corallina sp. nov. with other ex-
tinct congeners shows similarities particularly to D. salebro­
sa (Fig. 8A) from the Eocene of northern Italy, in carapace 
shape, ornamentation (i.e., abundant mushroom- shaped tu-
bercles) and in the lateral margins that are provided with 

 

Fig. 9. Reconstruction of Daira corallina sp. nov., on the basis of material recovered from the outcrop studied. Parts without 
shading correspond to those that have been not found and have been reconstructed on the basis of a comparison from modern 
species. 

Table 3. Contingency table used for the Fisher’s- exact test. 

Branching 
corals facies

Massive cor-
als facies

Tabular cor-
als facies

Carpiliids 4 15 2
Galenopsis 15 4 47
Daira 26 1 5
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pointed tubercles (see Fig. 8). However, D. salebrosa differs 
from D. corallina sp. nov. in the following features: 
 – in D. corallina, the frontal margin is projected 

downwards more than in D. salebrosa (see Fig. 8A-1 
and E); 

 – in D. salebrosa, the frontal region is clearly divided by 
a longitudinal groove (see Fig. 8A and A-1) which is 
absent in the new species (Fig. 8E); 

 – in D. salebrosa, the orbits are slightly larger than those 
of D. corallina (see Fig. 8A-1 and E); 

 – in the new species, the tubercles of the anterolateral 
margins are less rounded than in D. salebrosa; 

 – in D. salebrosa, dorsal regions present themselves as 
bulges that are formed by groups of tubercles (Fig. 8A). 
In the new species, the dorsal surface lacks such eleva-
tions and has a more uniform appearance (Fig. 8B–F); 

 – in D. salebrosa, the dorsal tubercles are more rounded 
and have smaller pores than in D. corallina sp. nov. (see 
Beschin et al. 2002: pl. 2, figs. 5, 6). 
The other known Eocene congeners have a different dor-

sal ornamentation. Daira coronata, D. coccoi and D. pseudo­
vulgaris are ornamented with more rounded and larger, 
pearl- like tubercles than in D. corallina sp. nov. Daira sicula 
and D. vestenanovensis both have distinct dorsal carapace 
regions that are covered with irregular tubercles. In addi-
tion, these two species differ from D. corallina sp. nov. in 
that they have a medially furrowed frontal margin, better- 
defined dorsal regions and broad and convex anterolateral 
margins, subdivided into four large teeth constituted by fu-
sion of small groups of tubercles. In addition, D. sicula has a 
more prominent frontal region that projects forwards giving 
the carapace a more rhomboidal shape (see Di Salvo 1933: 
pl. 1, fig. 5a–d; Beschin et al. 2005: pl. 4, fig. 13; 2012: pl. 8, 
fig. 48; Beschin et al. 2015: pl. 3, fig. 6; Beschin et al. 2018: 
figs. 95–97). Daira iugata and D. eocaenica from the upper 
Eocene of Italy are both based on internal moulds and spec-
imens with rather poorly preserved cuticle. It is important to 
mention that the presence of cuticle is a key for the appear-
ance of Daira spp. (Klompmaker et al. 2015). In any case, 
these species show much denser and smaller tubercles and 
dorsal regions are better demarcated than in the new species 
(see Lőrenthey 1898: figs. 91, 92a, b; Beschin et al. 2018: 
figs. 93, 94). 

Daira speciosa from the Miocene of Europe and D. de­
pressa from he Oligocene of Italy differ from D. corallina 
sp. nov. in having well- defined regions bordered by grooves 
and an ornament of large, aligned tubercles, larger epi- and 
mesobranchial tubercles and a sharper delineation of these 
from the smaller metabranchial tubercles (see Reuss 1871: 
figs. 1–4; Milne- Edwards 1865: pl. 33, fig. 2). Daira vul­
garis, from the Miocene of Jamaica, shows a close similarity 
to D. speciosa. It differs from the new species because of 
the presence in D. vulgaris of deep grooves without tuber-
cles that separate the different dorsal regions; in addition, 
tubercles are more flattened and the anterolateral margins 
have elongated spiny or tooth- like tubercles (see Portell & 
Collins 2004: pl. 1, figs. 7, 8). 

Chelipeds and isolated legs have been assigned to the new 
species because they have the same characteristic ornamen-
tation. 

Some authors have suggested that the genus originated in 
the western part of the Tethys (Beschin et al. 2002), in view 
of the presence of several species in this region. Subsequent-
ly, representatives migrated and radiated both towards the 
Atlantic and Indo- Pacific areas (Beschin et al. 2016). 

7. Conclusions 

Modern reefs represent biodiversity hotspots. The data 
reported in the present work support the widely ac-
cepted assumption that past reefs had similar charac-
teristics (e.g., Müller et al. 2000; Krobicki & Zatoń 
2008; Klompmaker 2013; Klompmaker et al. 2013). 
Although past reefs show low fossilisation potential 
for decapod crustaceans because of low sedimentary 
rates and high- energy settings (Schweitzer & Feld-
mann 2015), the sediment trapped within the frame-
work of the La Peña reef has yielded a rich and di-
verse assemblage of decapod crustaceans that includes 
Gemmellarocarcinus riglosensis sp. nov., Liopsalis cf. 
anodon, Galenopsis crassifrons, Lobogalenopsis joei 
sp. nov., Daira corallina sp. nov., and eight additional, 
indeterminate taxa. 

The La Peña buildup provides good opportunities for 
quantifying decapod crustacean assemblages in three 
different coral facies that developed at intermediate 
depths of c.15–25 metres (Morsilli et al. 2012) and 
are dominated either by branching, tabular or massive 
corals. There is a strong statistical correlation between 
decapod taxa and specific coral facies. The branching 
corals facies documents the highest diversity and abun-
dance of decapod crustaceans with a predominance 
of small taxa such as Daira corallina sp. nov. This is 
probably related to its location within the reef, under the 
lowest- energy conditions and also to abundant crevices 
that this environment provided for refuge, feeding and 
other interactions. The tabular corals facies has main-
ly G. crassifrons, and domal corals show the lowest 
abundance with carpiliids as the most abundant group. 
The latter is probably controlled by both taphonomic 
(amount of sediment between colonies) and biologi-
cal (limited space for refuge) conditions. Although our 
present work discusses only a single reef of early Pria-
bonian (late Eocene) age, similar studies in other areas 
could potentially provide important ecological data on 
the distribution of decapod crustaceans in ancient ma-
rine settings. 
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