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a b s t r a c t

Hymenosomatidae is an eubrachyuran family of small and fragile crabs known until now only by extant
species of two subfamilies. Here we describe and illustrate a new subfamily (Eureotropisinae subfam.
nov.), two new genera (Eureotropis gen. nov., Protohymenosoma gen. nov.) and three new species (Eur-
eotropis elongata gen. et sp. nov., Protohymenosoma gondwanicum gen. et sp. nov., P. hexagonale gen. et sp.
nov.) of Hymenosomatidae from the upper Barremian (Lower Cretaceous) of Sergipe-Alagoas Basin,
northeastern Brazil. The fossil material studied here is the first record of Hymenosomatidae and one of
the oldest eubrachyuran fossils described along with the majoid Cretamaja klompmakeri. The fossil crabs
were found in bivalve-rich carbonates, accumulated in a rift lake system, from the early stages of the
South Atlantic opening, during episodic marine incursions. The new subfamily and species described
provide evidence of a long-time Mesozoic lineage of the Hymenosomatidae, distinct from the Oligocene
origin hypothesis currently adopted. This also supports a Gondwanan origin hypothesis and a later
worldwide pattern of distribution of the extant taxa. In addition, our data indicate the colonization of the
proto-South Atlantic by coastal marine eubrachyurans during the late Barremian.

© 2022 Elsevier Ltd. All rights reserved.
1. Introduction

Hymenosomatidae MacLeay, 1838 is one of the most ecologi-
cally diverse extant groups of brachyuran crabs inhabiting marine,
estuarine, freshwater and cave environments (Guinot and Richer de
Forges, 1997; Ng et al., 2008; Guinot et al., 2019), with several
species exhibiting cryptic behavior (Ng and Jeng,1999; Guinot et al.,
2013; Tavares and Santana, 2015). This family has nowadays 27
described genera in two subfamilies, viz. Hymenosomatinae
MacLeay, 1838 and Odiomarinae Guinot, 2011a (Guinot, 2011a;
WoRMS, 2021). Adult crabs have a small-sized body in comparison
with other brachyurans, e.g., ovigerous females of Neorhyncoplax
minima (Lucas and Davie, 1982) with 1.7 mm of carapace width;
presenting a usually flat carapace and a delicate nature, with a thin
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and weakly calcified cuticle (Lucas, 1981), which makes the fossil-
ization process difficult (see Guinot, 2011b; Klompmaker et al.,
2015a; Klompmaker et al., 2017).

The unique combination of characters displayed by Hymeno-
somatidae, some plesiomorphic and others apparently derived (see
Guinot and Richer de Forges,1997; Guinot et al., 2013), supports the
interpretations considering it ancient and more basal on the Bra-
chyura tree, and with a long evolutionary history (Guinot, 2011b;
Davie et al., 2015a). Furthermore, the incidence of hymenosomatids
in Antarctica, South America, Africa, Madagascar, Australia, Arabian
Peninsula, and India is consistent with a Gondwanan origin for the
family (Chilton, 1915; Guinot, 2011b). On the other hand, Walker
(1968) and Lucas (1970) consider the family to have a more
recent origin, and Teske et al. (2009), using molecular dating, ar-
gues for a post-Gondwanan origin (Oligocene) of the Hymenoso-
matidae. Conflicting hypothesis, as these presented above, are often
reinforced by the lack of fossil record in hymenosomatids.

Herewedescribe a newsubfamily,with twonewgenera and three
new species of hymenosomatid crabs from the upper Barremian
(Lower Cretaceous) of the Sergipe-Alagoas Basin, Northeastern

Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:igpaleo@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cretres.2022.105174&domain=pdf
www.sciencedirect.com/science/journal/01956671
http://www.elsevier.com/locate/CretRes
https://doi.org/10.1016/j.cretres.2022.105174
https://doi.org/10.1016/j.cretres.2022.105174


I.D. Mendes, W. Santana and I.S. Carvalho Cretaceous Research 134 (2022) 105174
region of Brazil. They allow a new comprehension about the evolu-
tionary origin of these crustaceans. Moreover, we briefly discuss the
impact of this find in the interpretation of late Barremian paleo-
environments of the Sergipe-Alagoas Basin.

1.1. Institutional abbreviations

UESC, Universidade Estadual de Santa Cruz. MZUSP, Museu de
Zoologia da Universidade de S~ao Paulo. RMNH, Naturalis Biodiversity
Center, Leiden. WAN, Western Australian Museum, Perth. ZRC,
Zoological Reference Collection, Lee Kong Chian Natural History
Museum, University of Singapore. UFRJ-DG, Coleç~ao demacrof�osseis,
Departamento de Geologia, Universidade Federal do Rio de Janeiro.

2. Geological setting

The Sergipe-Alagoas is one of the several sedimentary basins
from the eastern margin of the South American continent (Fig. 1A).
It belongs to the context of northeastern basins of Brazil and oc-
cupies an area of c. 13,000 km2 onshore and c. 20,000 km2 offshore
(Feij�o, 1994). The basin was developed over Precambrian and
Cambrian terrains, between the Maragogi High to the north, and
Vaza-Barris Fault System to the south (Asmus and Ponte, 1973;
Feij�o, 1994; Campos-Neto et al., 2007). The Upper Jurassic e Lower
Cretaceous sedimentary record includes all the distinct phases
related to the break-up of the Gondwana and the opening of South
Atlantic (Schaller, 1969; Asmus and Baisch, 1983; Cainelli and
Mohriak, 1999).

The Sergipe-Alagoas basin can be divided into four mega-
sequences: (1) pre-rift, Upper Jurassic e Lower Cretaceous; (2) rift,
Lower Cretaceous; (3) gulf-restrict sea, Lower Cretaceous; and (4)
open-sea to ocean conditions, Lower Cretaceous to Recent (Feij�o,
1994; Campos-Neto et al., 2007; Beglinger et al., 2012). The rift
megasequence includes the Feliz Deserto Formation (lacustrine-
deltaic), Penedo Formation (alluvial fan and fluvial), Rio Pitanga
Formation (alluvial fan), Morro do Chaves Formation (lacustrine
coquinas), Coqueiro Seco Formation (fluvial to deltaic), Barra de
Itiúba Formation (deltaic to lacustrine), and Macei�o Formation
(fluvial to deltaic) (Fig. 1B).

The Morro do Chaves Formation includes at least 500 m of
BarremianeAptian (Jiqui�a local stage) coquinas (bivalve-rich car-
bonates), mudstones, sandstones, and conglomerates (Campos-
Neto et al., 2007; Figueiredo, 1981; Tavares et al., 2015;
Thompson et al., 2015; Dal’B�o et al., 2020), a result of a mixed
depositional succession (Garcia et al., 2021). The depositional
environment especially for the bivalve-rich carbonates of Morro do
Chaves Formation is interpreted as a lake with possible marine
influx (Garcia et al., 2018; Porto-Barros et al., 2020; Thompson et al.,
2015), under strong climatic and tectonic influence acting directly
on the dynamics of bioclastic bedding (Favoreto et al., 2021; Rigueti
et al., 2020). This marine influx is supported by occasional occur-
rence of marine and brackish bivalves and gastropods, and fish
remains (Gallo and Coelho, 2008; Porto-Barros et al., 2020;
Thompson et al., 2015).

Nearby to the Eastern margin of the Sergipe-Alagoas basin,
several outcrops of theMorro do Chaves Formation are found in the
vicinities of the Propri�a city, Sergipe State. In the Morro do Chaves
locality, tilted strata of the Morro do Chaves Formation overlies the
MesoeUpper Proterozoic metamorphic rocks of the basement and
are overlain by PaleogeneeNeogene deposits of Barreiras Group
(Figs. 1, 2). Locally, these levels of the Morro do Chaves Formation
are assigned to the upper Barremian, based in the occurrence of
ostracods, viz Cypridea tchibodaensis Kr€ommelbein, 1965 and
Theriosynoecum postangularis (Swain, 1946) (sensu Poropat and
Colin, 2012; Thompson et al., 2015).
2

3. Material and methods

In this study, 14 fragments of hymenosomatids from the Morro
do Chaves Formation were examined. In addition, we examined
extant hymenosomatids specimens for morphological comparisons
(Table 1). The fossil material was collected in the lower succession
ofMorro do Chaves Formation located at the rightmargin of the S~ao
Francisco River, c. 120 m southeast to the bridge between Propri�a
and Porto Real do Col�egio municipalities (Fig. 1A). The sampled
section is located at 10� 120 5300 S, 36� 49’ 16” W (Fig. 2A). In field,
the samples were collected in several levels of mudstones, sand-
stone interbeds, sandstones, grainstones, and rudstones (these last
two are bivalve-rich carbonates levels, some containing the fossil
hymenosomatids). The studied levels were documented in a
sketched log of the outcrops, that were posteriorly digitalized and
are presented in Fig. 2B.

The fossil specimens collected are represented by isolated car-
apaces without appendages attached, with fragile structures
discernible (i.e., spines, rostrum, and ornamentations). The cara-
pace deformation due compaction is negligible. These isolated
carapaces suffered low lateral transport before being buried and
here they are interpreted as parautochthonous elements in bivalve-
rich carbonates. They are associated with autochthonous ostracods,
and parautochthonous gastropod and bivalve shells (Fig. 2B).

In the laboratory, the preparation method adopted for the
samples included:

1. Wash with water and dried in a drying-oven.
2. Immersion during 48 h in a prepared 1:1 solution (by volume) of

bleach and distilled water.
3. With the matrix and bioclasts in the disaggregation process, the

solution was siphoned, samples were carefully washed with
water and then dehydrated in a drying-oven.

4. With volume more than 85% disaggregated, visible macrofossils
were manually isolated.

5. Without visible macrofossils, the sediments were retained in
sieves of distinct mesh size grain, and a mechanical sieving was
made in this step.

6. With the sample divided in isolated fractions by grain size,
finally the microfossil assemblage was obtained, using a ste-
reomicroscope and fine needles (with moistened-alcohol ends).
The recoopered carapaces were found only in samples pro-
cessed in sieves with an opening of 1 to 3.5 mm.

The preparation of samples was conducted in the Laboratory of
Sedimentary Geology (Lagesed) of the UFRJ, and the examination of
the fractions in the Laboratory of Paleontological Studies (UFRJ).
Descriptions and interpretations were made with binocular mi-
croscopes Zeiss SteReo Discovery in the Laboratory of Paleonto-
logical Studies (UFRJ), and laboratories of Systematic Zoology and
Entomology of the University of S~ao Paulo State (UNESP/Botucatu).
The specimens were imaged using scanning electron microscope
(Hitachi TM3030) at the Laboratory of Mineralogic Characterization
of Mineral Technology Center (CETEM/RJ), the specimens were not
metalized. Images were edited using Adobe Photoshop CC v. 19.0.
Schematic drawings of the specimens were prepared with a
Wacom tablet, in the Adobe Illustrator CC v. 22.0.0 software.
Schematic hymenosomatid and Eureotropisinae subfam. nov.,
showing the morphological terminologies used in descriptions of
the studied carapaces, are present in Fig. 3. The morphological
terms and measurements were mostly based on Glaessner (1969),
Lucas (1981), Davie et al. (2015b) and Tavares and Santana (2015).
The used dorsal carapace ridge to describe the narrow-raised
elevation in the carapace, while ventral rostral keel is used to
designate the longitudinal structure along the centerline of the



Fig. 1. Location and stratigraphic context. A, Location map of the Sergipe-Alagoas basin, indicating the geographic position of the Morro do Chaves locality; B, stratigraphic chart
(adapted from Campos-Neto et al., 2007). Abbreviations: RIA, Riachuelo Formation; MUR, Muribeca Formation; RPT, Rio Pitanga Formation; MAC, Macei�o Formation; MCH, Morro do
Chaves Formation; CSO, Coqueiro Seco Formation; PDO, Penedo Formation; BIT, Barra de Itiúba Formation; FLD, Feliz Deserto Formation; and SER, Serraria Formation.
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rostrum ventrally (as in Tavares and Santana, 2015). The maximum
carapace width was measured in the widest point of the carapace.

The classification of Brachyura above subfamily level followed
Davie et al. (2015a). All specimens were deposited in the macro-
fossil collection of the UFRJ-DG.

Published work and nomenclatural acts are registered in Zoo-
bank (http://zoobank.org/, last access 07 02 2021), with the
3

following LSID (reference): urn:lsid:zoobank.org:pub:EDEA92DA-
AF8E-4DDD-A408-D74DA72AE761.

4. Systematic paleontology

Order Decapoda Latreille, 1802
Infraorder Brachyura Linnaeus, 1758

http://zoobank.org/


Fig. 2. A, outcrop of theMorrodoChaves Formation at themargin of S~ao FranciscoRiver, Propri�a; dotted red line indicates the exposed andnotexposed limit of the basement andMorro
do Chaves Formation. B, schematic cross section of the outcrop illustrated on A. C, Stratigraphic column showing the occurrence of the fossils and chronostratigraphic distribution of
ostracods (sensu Poropat and Colin, 2012). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article).
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Table 1
List of recent Hymenosomatidae species compared to the fossil material.

Taxon Locality Specimen

Teramnonotus monodi Tavares and Santana, 2015 Bahia, Brazil aUESC 719
Teramnonotus monodi Tavares and Santana, 2015 Bahia, Brazil aUESC 1190
Teramnonotus monodi Tavares and Santana, 2015 Rio de Janeiro, Brazil aMZUSP 10273
Teramnonotus monodi Tavares and Santana, 2015 Rio Grande do Norte, Brazil aMZUSP 29814
Teramnonotus monodi Tavares and Santana, 2015 Cear�a, Brazil aMZUSP 28399
Teramnonotus monodi Tavares and Santana, 2015 Rio de Janeiro, Brazil aMZUSP 10272
Teramnonotus johnlucasi Tavares and Santana, 2015 Queensland, Australia aMZUSP 32909
Elamena longidactylis Yang and Sun Fujian Province, China a,b,cZRC 2004.0736
Hymenosoma mathoei Desmarest, 1823 Gesira, Somalia a,cZRC 1994.4235
Hymenosoma mathoei Desmarest, 1823 Gesira, Somalia b,cZRC 1994.4234
Trigonoplax spathulifera Lucas, 1981 Western Australia aWAM C27116
Trigonoplax spathulifera Lucas, 1981 Western Australia a,cWAM C27685
Trigonoplax spathulifera Lucas, 1981 Western Australia bWAM C33088
Trigonoplax unguiformis (De Haan, 1839) Ambon Bay, Indonesia aRMNH (unnumbered)

a females.
b males.
c juveniles.
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Section Eubrachyura Saint-Laurent, 1980
Subsection Heterotremata Guinot, 1977
Superfamily Hymenosomatoidea MacLeay, 1838
Family Hymenosomatidae MacLeay, 1838

Subfamily Eureotropisinae subfam. nov.
urn:lsid:zoobank.org:act:96D30E81-1648-4BFD-AE07-
0F4A2765010B

Etymology. As for genus.
Type genus. Eureotropis gen. nov.
Included genera. Eureotropis gen. nov. and Protohymenosoma gen.
nov.
Diagnosis. Carapace subcircular, subhexagonal or subtriangular,
thin; regions weakly defined, with mesial longitudinal dorsal ridge
strong, extending from rostrum to at least posterior half of cara-
pace. Entire surface, including rostrum, ornamented with
numerous minute squamous-shaped granules evenly distributed.
Ventral rostral keel absent. Eyestalk sockets distinctly marked,
without orbits.
Remarks. In view of the fragile nature of most of the cuticular
surfaces, the carapace, or fragments of it, are the only parts
available to access taxonomic levels in fossil crabs, e.g., Jurassic
brachyuran taxa (Guinot, 2019). In Brachyura, the carapace pro-
vides a reliable complex of characters taxonomically important,
that can help to diagnose subfamilies and families (Vega et al.,
1995; Larghi, 2004; Breton, 2009; Klompmaker et al., 2015b).
Eureotropisinae subfam. nov. presents all diagnostic characters of
Hymenosomatidae (see Guinot, 1978; Lucas, 1981, Schweitzer et
al., 2020), viz., their small size, thin and poorly calcified cara-
pace; subcircular shape, e.g. Neorhynchoplax aspinifera (Lucas,
1981); subtriangular, e.g. Trigonoplax H. Milne Edwards, 1853
(Lucas, 1981; Tavares and Santana, 2015); or subhexagonal, e.g.
Elamenopsis lineata A. Milne-Edwards, 1873; groove complex sys-
tems absent, e.g. Elamena mathoei (Desmarest, 1823) (Zaouali
et al., 2013) and other species of Elamena H. Milne Edwards,
1837 as in Naruse et al. (2008); orbits absent, e.g. Teramnonotus
johnlucasi Tavares and Santana, 2015; and rostrum and postocular
spines present, e.g. Elamena abrolhoensis Gordon, 1940.
A more detailed comparison between Eureotropisinae subfam. nov.
and other subfamilies (Hymenosomatinae and Odiomarinae) is
difficult due to lack of characters in the fossils that are observed in
the extant taxa, which include ventral parts and appendages (see
5

Lucas, 1981; Chuang and Ng, 1991; Ng and Chuang, 1996). Never-
theless, the combination of characters and the wide temporal dis-
tance between extant and fossil Hymenosomatidae justify the
description of this new subfamily. These characters are: the cara-
pace with numerous minute squamous-shaped granules, evenly
distributed along the dorsal surface, and the mesial longitudinal
dorsal ridge very strong, extending from the rostrum to at least
posterior half of carapace.
Species of Eureotropisinae subfam. nov. are not related with
other Lower Cretaceous crabs described for the Sergipe-Alagoas
basin, such as Maurimia sergipensis (Beurlen, 1965) (Dynomeni-
dae Ortmann, 1892) and Archaeopus rathbunae (Beurlen, 1965)
(Retroplumidae Gill, 1894), both species from very distinct fam-
ilies and from the Albian of the Riachuelo Formation (Beurlen,
1965). In this sense, although genetic (Ahyong et al., 2007;
Tsang et al., 2014) and morphological (Guinot, 2011b; Guinot
et al., 2013) data support close relationships between Hymeno-
somatoidea, Majoidea and Dorippoidea, and even Majoidea and
Dorippoidea being considered earliest crabs within the Eubra-
chyura branch (see Ahyong et al., 2007; Tsang et al., 2014; Chu
et al., 2015), the lack of morphological resemblance with fossil
species of these superfamilies prevented us to compare the
Eureotropisinae subfam. nov. with majoid and dorippoid crabs.
Thus, morphological comparisons were made only with recent
Hymenosomatoidea.

Genus Eureotropis gen. nov.
urn:lsid:zoobank.org:act:4BB6AB2B-AED8-4155-80A6-
23BD1C364571

Etymology. From the Latin eureos, a precious stone, and tropis
referring to the distinct mesial dorsal ridge of the carapace. Gender
feminine.
Type species. Eureotropis elongata gen. et sp. nov.
Diagnosis. Subtriangular elongated carapace with a dorsal, strongly
projected mesial longitudinal dorsal ridge, extending from rostrum
to near posterior margin of carapace. Rostrum short, at same level
of carapace. Postocular spine absent.
Description. As for species.
Remarks. Eureotropis gen. nov. differs from the Protohymenosoma
gen. nov., by: (1) elongated and subtriangular carapace (vs carapace
subcircular or subhexagonal in Protohymenosoma gen. nov.); (2) a
strongly projected mesial longitudinal dorsal ridge almost reaching



Fig. 3. A, schematic representation of dorsal carapace morphology of an hymenosomatid with the general terminology (modified from Glaessner, 1969; Lucas, 1981; Davie et al.,
2015b). B, dorsal view of Eureotropisinae subfam. nov. carapace showing the main morphological terms. DeE, lateroanterior view of carapace: D, generalized hymenosomatid; E,
generalized Eureotropisinae subfam. nov. Abbreviations: at, anterolateral teeth; atm, anterolateral margin; dr, dorsal ridge; e, eye; es, eyestalk socket; et, eyestalk; ft, frontal margin;
plm, posterolateral margin; pos, postorbital spine; ptm, posterior margin; rk, rostral keel.; rt, rostrum. Regions and grooves of the dorsal surface: B, branchial; C, cardiac; F, frontal;
G, gastric; GC, gastro cardiac groove; H, hepatic; and, TG, thoracic groove.
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the posterior margin of the carapace (vs strongly projected mesial
longitudinal dorsal ridge fading after posterior half of the carapace
in Protohymenosoma gen. nov.); (3) and the postorbital spines ab-
sent in Eureotropis gen. nov. (vs postorbital spines present in Pro-
tohymenosoma gen. nov.).

Eureotropis elongata sp. nov.
urn:lsid:zoobank.org:act:6DC33055-B0D2-48F3-8115-
66D075686E8E
(Fig. 4, Table 2)

Type material. Holotype UFRJ-DG 249 Cr; Paratype UFRJ-DG 250 Cr.
Etymology. From the Latin elongata e elongated, referring to the
distinctly elongated shape of the carapace in this species.
Diagnosis. As for genus.
Description. Carapace small, subtriangular, extremely elongated;
much longer thanwide (holotype: max. length 1.31 mm, max. width
0.81 mm, l/w ratio c. 1.6) (Fig. 4A); with a dorsal, strongly projected
longitudinal ridge, extending from rostrum through near posterior
margin, well pronounced in rostral region. Carapace nearly flat in
other regions. Rostrum single, at same level of carapace, triangular
6

pointed, smoothly concave laterally, without ventral keel (Fig. 4B, C).
Without orbits, very short, fused with carapace. Eyestalk sockets
distinctly visible (Fig. 4B). Carapace surface covered by numerous
minute squamous-shaped granules, broken in some specimens,
without distinct grooves. Carapace frontal region narrower than
posterior margin; antero-lateral margins straight, unarmed, with
maximum width posteriorly. Postero-lateral margins broadly
rounded, smoothly curved into posterior margin; posterior margin
almost straight forming a shallow angle medially.
Remarks. The subtriangular, elongated antero-posteriorly carapace
is the most distinctive character of Eureotropis elongata gen. et sp.
nov. The subtriangular overall shape of Eureotropis elongata gen. et
sp. nov. superficially resembles extant hymenosomatid species,
such as Trigonoplax longirostris McCulloch, 1908, T. spathulifera
Lucas, 1981 (both after Lucas, 1981) and T. unguiformis (De Haan,
1833) (after Lucas, 1981; Tavares and Santana, 2015). However,
the more pronounced antero-posterior elongation and the rounded
posterior edges differentiate Eureotropis elongata gen. et sp. nov.
from Trigonoplax species. The carapace ratio l/w in T. longistris is
0.97e1.06, while in Eureotropis elongata gen. et sp. nov. is c.1.6.



Fig. 4. Eureotropis elongata gen. et sp. nov. A, dorsal view of the carapace, holotype UFRJ-DG 249 Cr; B, frontal region of carapace showing the eyestalk sockets, paratype UFRJ-DG
250 Cr; C, left anterolateral view holotype UFRJ-DG 249 Cr; D, left lateral view, holotype UFRJ-DG 249 Cr; E, dorsal view of the carapace, holotype UFRJ-DG 250 Cr. Scale bars: A,
0.25 mm; B, 0.15 mm; C, 0.1 mm; D, 0.5 mm; E, 0.3 mm. Abbreviations: dr, dorsal ridge; es, eyestalk sockets; rt, rostrum.

Table 2
Length (CL) and width (CW) of fossil Hymenosomatidae carapaces of all specimens studied herein.

Taxon Specimen CL (mm) CW (mm)

Eureotropis elongata sp. nov. UFRJ-DG-249-CRa 1.31 0.81
Eureotropis elongata sp. nov. UFRJ-DG-250-CRb 1.33 0.70
Protohymenosoma gondwanicum sp. nov. UFRJ-DG-251-CRa 1.87 1.9
Protohymenosoma gondwanicum sp. nov. UFRJ-DG-252-CRb 0.95 1.05
Protohymenosoma gondwanicum sp. nov. UFRJ-DG-253-CRb 1.09 1.12
Protohymenosoma gondwanicum sp. nov. UFRJ-DG-254-CRb 1.08 1.10
Protohymenosoma gondwanicum sp. nov. UFRJ-DG-255-CRb 1.02 1.07
Protohymenosoma gondwanicum sp. nov. UFRJ-DG-256-CRb 1.19 1.21
Protohymenosoma gondwanicum sp. nov. UFRJ-DG-257-CRb e 0.94
Protohymenosoma gondwanicum sp. nov. UFRJ-DG-258-CRb 1.08 1.05
Protohymenosoma hexagonale sp. nov. UFRJ-DG-259-CRa 0.80 0.98
Protohymenosoma hexagonale sp. nov. UFRJ-DG-260-CRb e 0.95
Protohymenosoma hexagonale sp. nov. UFRJ-DG-261-CRb 0.83 1.04
Protohymenosoma hexagonale sp. nov. UFRJ-DG-262-CRb 0.86 e

a holotype.
b paratype.

I.D. Mendes, W. Santana and I.S. Carvalho Cretaceous Research 134 (2022) 105174
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Furthermore, the rostrum is continuous with the dorsal surface,
fused to carapace, without any distinct ridge, groove or ventral keel
in Eureotropis elongata gen. et sp. nov., while in T. longirostris the
rostrum is elongated triangular and separated from carapace by a
slight ridge; and in T. spathulifera, that although it does not show a
clear separation between rostrum and carapace, has a ventral
rostrum keel extremely pronounced (Lucas, 1981).
Type locality. Outcrop in the east slope of the S~ao Francisco River
(10� 12’ 53” S, 36� 49’ 16”W), c. 120 m southeast of bridge between
Propri�a and Porto Real do Col�egio municipalities, Propri�a munici-
pality, Sergipe state, Brazil.
Horizon. Grainstones with ostracod, bivalve and gastropod fossils
associated, lower part of the Morro do Chaves Formation, upper
Barremian, Lower Cretaceous of the Sergipe-Alagoas Basin.

Genus Protohymenosoma gen. nov.
urn:lsid:zoobank.org:act:E90972C8-9D06-4DC3-8DBF-
7FDE43916A25

Etymology. The genus name is a combination from the Greek protos
meaning first, and the type genus of family Hymenosoma
Desmarest, 1823. Gender neuter.
Type species. Protohymenosoma gondwanicum gen. et sp. nov.
Included species. Protohymenosoma gondwanicum n. gen. n. sp. and
Protohymenosoma hexagonale n. gen. n. sp.
Diagnosis. Carapace subcircular or subhexagonal, with a distinct
mesial longitudinal dorsal ridge, extending from rostrum and
fading after posterior half of the carapace. Rostrum at same level of
carapace. Distinct postocular spine present.
Remarks. Although Protohymenosoma gen. nov. presents similar
characters with extant hymenosomatids, such as the outline cara-
pace, the distinct postocular spines and the carapace without
grooves or raised areas delineating the regions, as in Elamena
abrolhoensis Gordon 1940 and E. mendonsa (Chuang and Ng, 1991);
the squamous-shape granules evenly distributed along the cara-
pace surface of Protohymenosoma gen. nov (see Fig. 5D). are not
visible in the same quantity and shape in Elamena species or other
extant hymenosomatid genera so far.

Protohymenosoma gondwanicum sp. nov.
urn:lsid:zoobank.org:act:481CD010-9229-4D3B-94DE-
C1DD335812C6
(Fig. 5, Table 2)

Type material. Holotype UFRJ-DG 251 Cr; Paratypes UFRJ-DG 252 Cr,
UFRJ-DG 253 Cr, UFRJ-DG 254 Cr, UFRJ-DG 255 Cr, UFRJ-DG 256 Cr,
UFRJ-DG 257 Cr, UFRJ-DG 258 Cr.
Etymology. The species name gondwanicum is a reference to the
Gondwana continent, the paleogeographic context of Morro do
Chaves Formation deposition.
Diagnosis. Carapace subcircular, slightly wider than long, with a
distinct mesial longitudinal dorsal ridge, extending from rostrum
and fading after posterior half of carapace. Rostrum at same level of
carapace. Postocular spine present.
Description. Carapace small, subcircular, slightly wider than long
(holotype:max. length1.87mm,max.width c.1.9mm, l/w ratio c.0.9)
(Fig. 5A). Rostrum single, triangular pointed, laterally concave,
distinctly long, projected ahead; ventral rostral keel absent (Fig. 5C,
E). Dorsal surface flat, without grooves, and finely ornamented with
numerous minute squamous-shaped granules evenly distributed,
broken in some specimens. Carapace well developed anteriorly,
anterior margin wider than posterior margin, without orbits; post-
ocular spine present, well-preserved in most specimens. Maximum
carapace width in antero-lateral margin, smoothly rounded in junc-
tion of antero- and postero-lateral margins. Postero-lateral margins
narrowing moderately toward posterior margin. Posterior margin
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slightly rounded. Eyestalk sockets distinct, well-preserved in holo-
type and most paratypes (Fig. 5B, C).
Remarks. Protohymenosoma gondwanicum gen. et sp. nov. has the
most subcircular carapace among species of Eureotropisinae sub-
fam. nov. This feature easily allows the distinction of it from Pro-
tohymenosoma hexagonale gen. et sp. nov, which is subhexagonally
outlined. Furthermore, P. gondwanicum gen. et sp. nov. differs from
Protohymenosoma hexagonale gen. et sp. nov. by the larger carapace
and the more elongated rostrum.
Type locality. Outcrop in the east slope of the S~ao Francisco River
(10� 12’ 53” S, 36� 49’ 16”W), c.120 m southeast of bridge between
Propri�a and Porto Real do Col�egio municipalities, Propri�a munici-
pality, Sergipe state, Brazil.
Horizon. Grainstones with ostracod, bivalve and gastropod fossils
associated, lower part of the Morro do Chaves Formation, upper
Barremian, Lower Cretaceous of the Sergipe-Alagoas Basin.

Protohymenosoma hexagonale sp. nov.
urn:lsid:zoobank.org:act:FD6DE1B2-A721-4B76-
A1B7e2F73B64602BE
(Fig. 6, Table 2)

Type material. Holotype UFRJ-DG 259 Cr, Paratypes UFRJ-DG 260 Cr,
UFRJ-DG 261 Cr, UFRJ-DG 262 Cr.
Etymology. From the Latin hexagonum e hexagon, referring to the
distinctly hexagonal shape of the carapace in this species.
Diagnosis. Carapace sub-hexagonal, slightly wider than long, with a
mesial longitudinal dorsal ridge, extending from rostrum and
fading after the posterior half of carapace. Rostrum elevated from
carapace outline, very short. Postocular spine present.
Description. Carapace small, sub-hexagonal, slightly wider than long
(holotype:max. length0.8mm,max.width0.98mm, l/w ratio c.0.81)
(Fig. 6A). Rostrum single, upturned, pointed, slightly concave later-
ally, very short, slightly exceeding frontal margin (Fig. 6B, C), without
ventral keel. Carapace dorsal surface finely sculptured with minute
squamous-shaped granules evenly distributed; without grooves,
almost flat, except for mesial longitudinal dorsal ridge, extending
from rostrum and fading after posterior half of carapace. Carapace
expanded anteriorly, anterolateral margin distinctly wider than
posterior margin; without orbits, with eyestalk sockets distinct
(Fig. 6A, B); unarmed, post-ocular spine present, forward directed,
well-preserved in holotype (Fig. 6B). Maximum width halfway
carapace. Anterolateral margins arched; posterolateral margins
moderately concave; carapace narrowing toward posterior margin.
Posterior margin short, almost straight.
Remarks. The distinct sub-hexagonal shape of carapace of the Pro-
tohymenosoma hexagonale gen. et sp. nov. is rare in hymenosoma-
tids. Although, the extant Elamenopsis lineata A. Milne-Edwards,
1873 (Lucas, 1981, Fig. 3J; A. Milne-Edwards, 1873, pl. 18, fig. 4)
present a sub-hexagonal carapace, P. hexagonale gen. et sp. nov.
have the width proportionately shorter, the rostrum is protruded
and pointed, and the dorsal surface has no regions defined.
Type locality. Outcrop in the east slope of the S~ao Francisco River
(10� 12’ 53” S, 36� 49’ 16”W), c.120 m southeast of bridge between
Propri�a and Porto Real do Col�egio municipalities, Propri�a munici-
pality, Sergipe state, Brazil.
Horizon. Grainstones with ostracod, bivalve and gastropod fossils
associated, lower part of the Morro do Chaves Formation, upper
Barremian, Lower Cretaceous of the Sergipe-Alagoas Basin.
5. Discussion

Eureotropisinae subfam. nov. represents the most ancient hyme-
nosomatid branch. Indeed, our study describes not only thefirst fossil
species of Hymenosomatidae, but also one of the oldest reports for



Fig. 5. Protohymenosoma gondwanicum gen. et sp. nov. A, dorsal surface of carapace, holotype UFRJ-DG 251 Cr. B, frontal region showing left post-orbicular spine, holotype UFRJ-DG
251 Cr. C, frontal region showing left and right post-orbicular spines, paratype UFRJ-DG 252 Cr. D, carapace surface showing minute granules preserved (left arrows) and damaged
(right arrows), holotype UFRJ-DG 251 Cr. E, left lateral view, holotype UFRJ-DG 251 Cr. F, left anterolateral view, holotype UFRJ-DG 251 Cr. G, H, I dorsal surface of carapace, paratypes
UFRJ-DG-252-CR, UFRJ-DG-253-CR and UFRJ-DG-256-CR. Scale bars: A,E,H,I 0.5 mm; B, 0.1 mm; C, 0.1 mm; D, 100 mm; F, 0.2 mm; G, 0.3 mm. Abbreviations: dr, carapace dorsal
ridge; es, eyestalk socket; pos, post-orbicular spine; rt, rostrum.

I.D. Mendes, W. Santana and I.S. Carvalho Cretaceous Research 134 (2022) 105174
Eubrachyura (upper Barremian), together with Cretamaja klompma-
keriGonz�alez-Le�on andMoreno-Bedmar in Vega, Gonz�alez-Le�on and
Moreno-Bedmar, 2019 recently described from the upper Barremian
of Puebla, M�exico (Vega et al., 2019). Other confirmed Lower Creta-
ceous eubrachyurans are: Componocancridae Feldmann et al., 2008
(Albian) (Feldmann et al., 2008), Tepexicarcinidae? Luque, 2014
(Albian) (see Feldmann et al., 1998; Luque, 2014), and Telamono-
carcinidae Larghi, 2004 (AptianeCampanian) (see Guinot et al., 2019;
Guinot, 2019; Van Bakel et al., 2021).
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More recently, Withersella was revised by Van Bakel et al. (2021)
and included within Telamonocarcinidae, resulting in the oldest
dorippoid taxa reported so far (Aptian), but not the oldest Eubra-
chyura as claimed by the authors; being C. klompmakeri (upper Bar-
remian) older thanWhitersella (Aptian) (vide Vega et al., 2019). Thus,
Eureotropisinae subfam. nov., Cretamaja (Priscinachidae Breton,
2009) and Withersella (Telamonocarcinidae Larghi, 2004) are,
respectively, the most ancient lineages of Hymenosomatoidea,
Majoidea and Dorippoidea in the fossil record known to date (Fig. 7).



Fig. 6. Protohymenosoma hexagonale gen. et sp. nov. A, dorsal surface of carapace, holotype UFRJ-DG 259 Cr. B, frontal region of carapace showing left and right post-orbicular
spines, holotype UFRJ-DG 251 Cr. C, left anterolateral view, holotype UFRJ-DG 259 Cr. D, frontal view, holotype UFRJ-DG 259 Cr. E, dorsal surface of carapace, paratype UFRJ-DG
262 Cr. Scale bars: A, 0.25 mm; B, 0.1 mm; C, 75 mm; D, 0.2 mm; E, 0.25 mm. Abbreviations: dr, carapace dorsal ridge; es, eyestalk socket; pos, post-orbicular spine; rt, rostrum.
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Eureotropisinae subfam. nov. from the upper Barremian, rep-
resents a long extension of the stratigraphic range by c. 126 ma
(Fig. 7). In this new context, Hymenosomatidae, thus, consists of a
lineagewith a long evolutionary history, as hypothesized by Chilton
(1915) and (Guinot, 2011b), which expected this family to be found
in the Early Cretaceous. Despite the sternal location, thus thor-
acotreme, of themale gonopores, most phylogenetic hypotheses for
Eubrachyura suggests a close relationship of Hymenosomatidae
with Majoidea and Dorippoidea (Ahyong et al., 2007; Guinot,
2011b; Guinot et al., 2013; Tsang et al., 2014; Davie et al., 2015c),
being, so far, Hymenosomatoidea and Majoidea lineages with fossil
records oldest than Dorippoidea (Fig. 7). This reinforces the
premise of Guinot (2019), which hypothesized that the oldest “true
crabs” could be Jurassic in its origin.

Previous hypotheses of a Gondwanan origin for the Hymeno-
somatidae were based on the worldwide distribution pattern of the
species of this family in several marine, estuarine, and freshwater
environments of the Southern Hemisphere, mostly located in
landmasses from the Gondwana break up (Lucas, 1981; Lucas and
Davie, 1982; Chuang and Ng, 1994; Guinot, 2011b; Guinot et al.,
2019). This is corroborated by the paleogeographical context of
10
Eureotropisinae subfam. nov. species, which is related to the
Western Gondwana break up, and consequent South Atlantic
opening. The stages of this opening are well represented in the
geological record of the Sergipe-Alagoas basin (Schaller, 1969;
Campos-Neto et al., 2007). The Morro do Chaves Formation was
deposited in a rift lake system (Asmus and Baisch, 1983), in the
context of Afro-Brazilian depression (Kuchle et al., 2011) during the
proto-South Atlantic stage (Campos-Neto et al., 2007; Ceraldi and
Green, 2017). This suggests that probably the occurrence of Eur-
eotropisinae subfam. nov. taxa in the proto-South Atlantic was
facilitated by a Tethyan marine incursion, with crabs colonizing the
new shallow benthic environments during the late Barremian.

The diversity of extantHymenosomatoidea is not exclusively from
marine habitats. Some hymenosomatid taxa are found in low salinity
environments, such as, brackish or freshwater as shown by Guinot
and De Mazincourt (2020). However, these habitats require adapta-
tions to complete their life cycle independently from the marine
conditions. Furthermore, freshwater hymenosomatids also include
euryhaline taxa or secondary freshwater species from primarily
marine brachyuran stock (Yeo et al., 2008; Guinot andDeMazincourt,
2020). In this sense, the proposal of the marine influence in the



Fig. 7. Simplified stratigraphical distribution of the Hymenosomatoidea (Hym.), Majoidea (Maj.) and Dorippoidea (Dpp.) genera in the Cretaceous, and the hypothetic phylogenetic
grouping of the three lineages with heterotreme crab lineage (Het.), with Eubrachyura origins based on Guinot (2019). Tepexicarcinus Feldmann et al., 1998 (after Luque, 2014),
Withersella Wright and Collins, 1972 (after Collins, 2002), Personadorippe Van Bakel et al., 2021 (after Van Bakel et al., 2021), Telamonocarcinus Larghi, 2004 (after Luque, 2014),
Navarrara Klompmaker, 2013, Eodorippe Glaessner, 1980 (after Collins et al., 1993; Van Bakel et al., 2021), Cretamaja Klompmaker, 2013 (after Vega et al., 2019), Koskobilius
Klompmaker, 2013, Priscinachus Breton, 2009, Stenocionops Desmarest, 1823 (after Rathbun, 1935; Blow, 2003), Chondromaia Feldmann et al., 2013. Black points in A, and horizontal
traces in B represent fossil occurrences confirmed so far.
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deposits of Morro do Chaves Formation is based on that hymenoso-
matids are primarily marine, and many hymenosomatid extant
genera are found in marine shallow coastal waters and tend to be
most abundant in protected localities, as bays, sounds and inlets
(Lucas, 1981). Thus, the fossil record of Hymenosomatidae in the
Sergipe-Alagoas basin appears as new paleoenvironmental
biomarker pointing to marine influence conditions in that deposi-
tional environment.Marine conditions have previously been inferred
by other paleontological data in the Morro do Chaves Formation
basedonpalynology (Garcia et al., 2018), and thepresenceof bivalves,
gastropods (Thompson et al., 2015) and fishes (Gallo and Coelho,
2008; Gallo et al., 2010). Although non-marine ostracods can be
found in the same formation, this is an indicative of the freshwater
influx in this hypersaline lake (see Thompson et al., 2015), and the
inclusion of hymenosomatid taxa corroborates themarine incursions
and their potential for paleoenvironmental interpretation.

The details present in the hymenosomatid fossilized remains
suggest some characteristics of the environment in which they
were buried. The acute projections, as delicate rostrum and post-
ocular spines, are indicative of a short duration in the uppermost of
the zone of mixing (Nittrouer and Sternberg, 1981) (“bio-
stratinomically active subzone”), i.e., carapaces could have been
damaged only during the pre-burial stage of the taphonomically
active zone (TAZ) (zone well exemplified in Petr�o et al., 2018). On
the other hand, the minute granules covering up the dorsal cara-
pace surface are mostly shattered (Fig. 5D). The observed destruc-
tion of the granules may have been an effect of physical or chemical
environmental factors or even by the sampling activities.
Notwithstanding, the preserved morphology of the fossil crabs of
Morro do Chaves Formation point to a depositional environment
containing microhabitats protected of high-energy currents, where
muddy sediments (and crab carapaces) are deposited between the
shells of bivalve-rich concentrations. These circumstances allowed
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the preservation of the crab carapaces. Furthermore, post-burial
alterations due to sediment compaction are observed to some de-
gree in all specimens, e.g., displacement of the anterior and pos-
terior edges in UFRJ-DG 249 Cr (Fig. 4A) and UFRJ-DG 250 Cr
(Fig. 4B); flattening of the right portion in UFRJ-DG 251 Cr (Fig. 5A);
flattening right socket in UFRJ-DG 259 Cr (Fig. 6A) and UFRJ-DG 252
(Fig. 5C).

The absence of fossil hymenosomatids is often attributed by the
small, thin, and weakly calcified carapace (Guinot, 2011b). Even
nowadays species of this family are considered rare, with scarce
records, especially in the western Atlantic coast (Tavares and
Santana, 2015). Certainly, the very reduced size of the species
found here could be one of the main problems affecting the
fossilization process, thus, in finding such crabs in the fossil record.
This also emphasizes the preservation conditions of these crabs,
with most of its carapace characteristics (i.e., rostrum, spines,
eyestalk sockets and minute tubercles) preserved along the ages.
The finding of such tiny crabs is an incommensurable step towards
the understanding the evolution of the eubrachyurans in particular,
and brachyurans in general.

6. Conclusions

A new subfamily, two new genera and three new species of
Lower Cretaceous hymenosomatid crabs from the Northeastern of
Brazil were described, based on carapaces from the upper Barre-
mian of Sergipe-Alagoas Basin, NE Brazil. Eureotropisinae subfam.
nov. is established to include Eureotropis elongata gen. et sp. nov.,
Protohymenosoma gondwanicum gen. et sp. nov. and Proto-
hymenosoma hexagonale gen. et sp. nov. Our records constitute the
first known fossil material of Hymenosomatoidea. The new taxa
display a unique combination of morphological characters (i.e.,
carapace size, outline, rostrum, presence of postocular spines and
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orbits absent) shared with Hymenosomatidae (Hymenosomatoi-
dea), allowing to include them in this family. This find supports the
interpretation of a long-term lineage of crabs successfully estab-
lished since Mesozoic times. In addition, it reinforces previous
hypotheses of marine influences in paleoenvironments developed
in the proto-South Atlantic during the late Barremian, recorded by
the rocks of the Sergipe-Alagoas basin.
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