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Abstract

Lobithelphusa Rodriguez, 1982 is endemic to southern Mexico. Assigned to this monotypic genus is the freshwater
pseudothelphusid crab, L. mexicana Rodriguez, 1982. The original description based on an old, dry, male specimen in the
collections of the Natural History Museum, London, is brief and the crab was only partially figured. Lobithelphusa mex-
icana has subsequently never been recorded from Mexico and, consequently, the conservation status of this species is un-
known. The type specimen has a complete, but detached left chela; is devoid of the left ambulatory pereiopods 1-3, with
the fourth missing the carpus, propodus and dactylus; and its left first gonopod detached but retained in a glass tube kept
adjacent to the crab. In spite of this damage the crab is still in remarkably good condition for a specimen registered in
1860. The purpose of this study is to apply computed tomography (CT) scanning techniques on the extant type, including
its first gonopod, in order to provide detailed illustrations of the crab. These, in turn, shall be used to re-describe the species
in order to help establish the current distribution status of L. mexicana in Mexico, and clarify its systematic position within
the Pseudothelphusidae Ortmann, 1893.

Key words: Micro-CT scanning, Hypolobocerini, Mexico, Lobithelphusa mexicana redescription, male gonopod mor-
phology

Introduction

The crabs of the family Pseudothelphusidae Ortmann, 1893, are an important group of the invertebrate freshwater
fauna of Mexico, Central and South America, currently comprising 309 species assigned to 49 genera, which is a
significant increase from the 278 species (41 genera) reported by Villalobos-Hiriart & Alvarez (2008) and Yeo et
al. (2008). In Mexico, pseudothelphusids are a highly diversified group of aquatic crustaceans represented by three
tribes, 16 genera and 66 species (Table 1). The Pseudothelphusini Ortmann, 1897, are dispersed across central,
western and northwestern Mexico, with five genera and 39 species (Villalobos-Hiriart 2005; Villalobos-Hiriart &
Alvarez 2008; Villalobos & Alvarez 2010; Ojeda-Escoto et al. 2017); the Potamocarcinini Ortmann, 1897, are
recorded from southern Mexico (mainly from the Isthmus of Tehuantepec to southern Chiapas), and Central
America to northwestern Colombia, comprising 9 genera and 24 species; and members of Hypolobocerini
Pretzmann, 1971, which include Lobithelphusa and Spirothelphusa Pretzmann, 1965, with 1 species each
(Villalobos-Hiriart & Alvarez 2008). The other 9 genera of Hypolobocerini are distributed throughout Central and
South America (Pretzmann 1972; Rodriguez 1982; Campos 2005; Campos & Magalhdes 2014).

The male holotype of L. mexicana in the dry collection of the Natural History Museum, London (NHMUK),
was collected ca. 160 years ago and represents the northernmost record for Hypolobocerini. This specimen has a
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complete, but detached, left chela, is devoid of the left ambulatory pereopods 1-3, with the fourth ambulatory leg
missing the carpus, propodus, and dactylus; and its left first gonopod (G1), has been removed, but is retained in a
glass tube adjacent to the crab. Although damaged and registered in 1860, this specimen is however, still in a
remarkably good condition.

The purpose of the present study was to apply micro-computed tomography (CT) scanning techniques on the
type specimen, supplement the original morphological description with additional characters and elaborate on the
figures of the carapace, chelae, and G1. Furthermore, on the basis of the G1 morphology presented here, the
systematic position of Lobithelphusa within the Hypolobocerini is assessed and discussed.

Material and methods

The dry specimen of Lobithelphusa mexicana Rodriguez, 1982, was visualised using a Nikon Metrology HMX ST
225 micro-CT scanner. The whole crab and the separated chela were scanned at 150 kV (kilovolt) and 160 pA
(microampers), while the first gonopod was scanned at 140 kV and 160 pA. A total of 3143 X-ray projections were
taken over 360° rotation in order to create the images produced for this study. The whole specimen and the chela
were placed onto a polystyrene foam board, whereas the small gonopod was placed into a cut-down plastic pipette
and the gaps were filled with cotton in order to hold it steady during the micro-CT scanning process.

VGStudio Max (version 2.2) was initially used to view the samples immediately after the scanning by
converting the data into TIFF stack formats in order to process the data using the open source 3D surface rendering
program Drishti (Limaye 2012). The stack data stored as TIFF images were then imported using Drishti import
(Ball et al. 2017; Kamanli et al. 2017; Koch et al. 2017) and processed using Drishti. The most suitable positions of
the images were taken as snapshots at different angles and saved in JPEG format. Adobe Photoshop (version CS5)
was applied to final images to adjust subject brightness and contrast, to remove imaging artefacts and saved at 600
dpi in TIFF format.

The data was also converted into video format after processing the data using Drishti. In order to make the
videos, after applying all the defined processes, the command of “addrotatioanimation” was commenced by
depressing “spacebar” on keyboard. When the “Command Help” box appeared, “addrotationanimation x 360
command was typed in Command String Box and OK was clicked. This applied a 360° rotation in the x axis.
Conversely, if rotation in the “y” or “z” axis was required then “addrotationanimation y (z) 360! was chosen. After
converting the confocal data following the specific instructions into Drishti format, the video can be created as a
final step (Koch et al. 2017). The videos are available as Supplementary Material here.

Terminology for the morphology of the first gonopod follows Smalley (1964a), Rodriguez (1982), and
Villalobos-Hiriart (2005). G1 is the abbreviation for male first gonopod.

Taxonomy

Family Pseudothelphusidae Ortmann, 1893
Subfamily Pseudothelphusinae Ortmann, 1893
Tribe Hypolobocerini Pretzmann, 1971

Genus Lobithelphusa Rodriguez, 1982

Diagnosis. Carapace with flat dorsal surface, regions distinct, median groove shallow, lateral margin granulated
(Fig. 1a). Third maxilliped with merus of endopod subrectangular, wider than long, anterior border straight, lateral
border slightly rounded; ischium trapezoidal, distal half widening; length of exopod half that of ischium (Fig. 1b—
d). Male G1 of uniform thickness along its length, caudo-cephalically compressed; distal elements well developed.
In mesial view (Fig. 2a), mesial surface ending distally in prominent, spinulous distal lobe (mdl) and a subdistal
acute, triangular spine (mssp), cephalomesially directed. Oval gap (og) forming between distal lobe and subdistal
spine. In lateral view (Fig. 2b), surface of gonopod smooth, middle portion slightly constricted and standing out as
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wide, rounded rib; distal half punctate, ending apically in shoulder (Ish) next to rounded lateral crest (Ic) of apical
cavity. Lateral crest extending on the distal fourth of the cephalic surface to end in two conical, stout, acute spines
(Isp), separated by a wide V-shaped notch, larger cephalically and the smaller laterally oriented; caudal portion of
lateral crest with hook-shaped apical notch (an). Mesial spinulous distal lobe, partially visible. In cephalic view
(Fig. 2c), gonopod strong, principal axis with proximal half slightly widening towards the base, with elongate
vertical groove (vgr), moderately deep and with parallel margins; distal half broadened by the subapical lateral
expansion (lex) widened curved (lateral lobe of Rodriguez, 1982). Mesial distal lobe armed with sharp spines,
terminated in acute form and with somewhat larger spines. Lateral crest (Ic) of the apical cavity smooth, high,
wide, rounded and extending on cephalic surface to end in conical spine, acute and strong, lying between subdistal
spine of mesial surface and conical lateral spine, slightly curved proximally. Vertical oval gap between mesial lobe
and subdistal three spines, slender and coarsely ovoid, evidently separating lateral and mesial apical surfaces of
gonopod, continuing distally to form internal borders of apical cavity. Latero-distal shoulder partially visible. In
caudal view (Fig. 2d), distal third slightly inclined mesially. Marginal plate (mpl) straight proximally, without row
of proximal setae, curved and wider distally; distal mesial angle projected over mesial surface; distal margin
concave, forming caudal edge of the apical cavity. Marginal suture arched; lateral suture evident along proximal
half of marginal plate, fused with lateral surface along distal half. Subapical lateral expansion broadly curved;
disto-lateral shoulder evident. Spinulous distal lobe of mesial surface and subdistal spine triangular, both partially
visible. Caudal portion of disto-lateral crest high, with broad, rounded border. Apical cavity (ac) irregular, roughly
oval-shaped, oriented caudo-cephalically, with spinules on internal surface of lateral crest; mesial crest rounded;
cephalically, inner surface of mesial spinulous lobe above lateral crest; latero-caudal portion continued as apical
notch of lateral crest.

Lobithelphusa mexicana Rodriguez, 1982
(Figs. 1,2)

Lobithelphusa mexicana Rodriguez, 1982: 97, figs. 62, 63.—Villalobos-Figueroa, 1982: 220.—Villalobos-Hiriart et al. 1993:
283.—Alvarez et al. 1999: 23.—Ng et al., 2008: 175 (in list).—Villalobos-Hiriart & Alvarez, 2008: 248, 296 (in list).—
Alvarez & Villalobos, 2016: 253.

Material examined. Holotype, male, cl 42.8 mm, cw 71.2 mm; Playa Vicente (17°37°16.4” N, 92°28°21.6” W;
133 m asl), municipality of Playa Vicente, Veracruz, Mexico, purchase of R. Cuming, NHMUK 1860.23.

Description. In dorsal view (Fig. 1a), carapace transversally oval, widest anteriorly dorsal surface flat, smooth
regions faintly indicated, gastric and branchial regions inflated, separated by wide, slightly curved, moderately
deep cervical groove, narrowing near anterolateral margin of carapace, reaching it as thin fissure. Frontal region
punctate, depressed with respect to carapace surface. Postfrontal lobes distinct, anteriorly marked by depressions,
separated by narrow median groove, anteriorly forming V-shaped notch dividing straight superior frontal margin,
fading posteriorly. Pair of gastric pits distinct, transversal, angled, close to each other on metagastric region. Lateral
margins of carapace serrated, anterior half with sharp granules, posterior half smooth and entire; portion between
external orbital tooth and cervical groove straight with low, rounded granules, and in a lower level as rest of the
margin. Posterior margin of carapace straight. In frontal view (Fig. 1b), front vertically deflexed and smooth;
inferior frontal border granulated, more advanced than the superior border, with narrow medial notch; superior
frontal border bilobed, lobes defined by a row of granules, separated by median notch, slightly inclined towards
median groove. Superior margin of orbit formed by granules, continuous with inferior frontal border; lower orbital
margin marked by row of granules; exorbital angle projected, narrow, acute; internal border of orbit moderately
high; orbital hiatus occupied by basal article of antenna. Median septum that divides antennular fossae thin, visible.
Epistomal margin with median triangular tooth, tip acutely rounded, separated from lateral teeth on either side by
wide notch with granulate borders. Orifice of efferent branchial channels open, with gap between jugal and lateral
angles. Pterygostomial area glabrous, faintly granulated (Fig. 1b—d).

First pereiopods distinctly heterochelous, robust, left cheliped larger than right. Left cheliped with merus
subtriangular in cross section; inner and outer borders rounded, granulated; lower surface smooth; upper border
armed with alternate small and large triangular spines; upper internal angle as a rounded plate whose edge has low
teeth. Carpus surface smooth, superior border armed with row of five conical tubercles, two proximal smaller;
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internal angle with prominent conical spine. Palm moderately swollen, smooth. Fingers punctate, slightly curved
inward, gaping, tips crossing, bearing triangular sharp teeth on cutting edges; dactyl slender, tip abruptly curved
downwards, with longitudinal rows of low, rounded granules on dorsal surface; cutting edge with two large
proximal teeth, rest decreasing in size distally. Propodus slightly more robust, punctate, cutting edge with three
proximal teeth small, rounded, the following two very strong, markedly swollen externally, rest triangular
decreasing in size distally, tip stout, moderately upwards, and rounded (Fig. le, f). Right cheliped moderately
slender; merus internal surface smooth, superior border tuberculate, inferior one granulated; palm smooth, inferior
surface delicately granulated; chela with the fingers curved inwards, closing completely, cutting edges armed with
triangular teeth, tips crossing; dactyl with dorsal surface granulated; cutting edge of propodus with alternate large
and small sized teeth (Fig. 1a—d).

Ambulatory pereiopods normal, decreasing in length posteriorly; ischia and meri smooth; carpi and propodi
with rugose surface; dactyli bearing 4 or 5 longitudinal rows of small, sharp, corneous spinules; length variable
from equal to longer than propodus (Fig. 1a, d).

FIGURE 1. Lobithelphusa mexicana, male holotype, NHMUK 1860.23. Carapace: dorsal surface, a; frontal portion, b; latero-
ventral surface, c; ventral surface, d. Larger chela: internal surface, e; external surface, f.
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FIGURE 2. Lobithelphusa mexicana, male holotype, NHMUK 1860.23. First gonopod, a—d: mesial view, a; lateral view, b;
cephalic view, c; caudal view, d. Abbreviations: ac, apical cavity; an, apical notch; Ic, lateral crest; lex, lateral expansion; Isp,
lateral spines; Ish, lateral shoulder; mdl, mesial distal lobe; mpl, marginal plate; mssp, mesial subdistal spine; og, oval gap; vgr,
vertical groove.
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Ventral surface smooth, sternal sutures discernible; first and second sternites triangular, third to fourth partially
fused, fifth to eight well marked (Fig. 1d). Abdomen triangular, all somites free, third somite broadest, sixth longer.
Telson triangular, proximal margin slightly sinuous, lateral margins straight, apex rounded (Fig. 1d).

Male first gonopod description as in diagnosis of genus.
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FIGURE 3. Distribution of monotypic and oligotypic genera in southern Mexico. 1. Disparithelphusa pecki Smalley &
Adkison, 1984, stream 10 km south of Valle Nacional, Oaxaca, Mexico (17°42° N, 96°19° W). 2. Ehecatusa chiapensis
(Rodriguez & Smalley, 1972), Finca La Victoria (15°11°33.02” N, 92°27°17.66” W), Municipality of Motozintla, Chiapas. 3.
Ehecatusa mixtepensis (Rodriguez & Smalley in Smalley, 1970), San Gabriel Mixtepec (16°05°46.15” N, 97°04°53.30” W),
Municipality of San Gabriel Mixtepec, Oaxaca. 4. Lobithelphusa mexicana Rodriguez, 1982, Playa Vicente (17°37°16.4” N,
92°28°21.6” W), Municipality of Playa Vicente, Veracruz. 5. Smalleyus tricristatus Alvarez, 1989, Camino Izquierdo, Sierra of
Santa Marta (18°22' 56.47” N, 94°55' 30.40” W), Municipality of Catemaco, Veracruz. 6. Spirothelphusa verticalis (Rathbun,
1893), type locality: Tehuantepec, Oaxaca, Mexico (Rathbun, 1893); new locality El Aguacero Cascade (16°45°40.106” N,
93°31°30.24” W), La Venta River, Municipality of Ocozocuautla, Chiapas. 7. Tzotzilthelphusa villarosalensis Villalobos &
Alvarez, 2013, deviation road to Sn. Antonio Sujuld (16°21°00.50” N, 92°23°59.70” W), Municipality of Villa de las Rosas,
Chiapas. 8. Villalobosius leptomelus (Rodriguez & Hobbs, 1989), El Tunel Cave, Mahoilca (= Macuilca, 18°38°49” N,
96°56°58” W), Municipality of Porvenir Zongolica, Veracruz. 9. Villalobosius lopezformenti (Alvarez & Villalobos, 1991), El
Brujo Cave, Rancho El Guayabo (17° 50° 27.10” N, 96° 11° 38.98” W), 4 km. S of Jacatepec, Municipality of Valle Nacional,
Oaxaca.

Discussion

Neotropical freshwater crabs exhibit a remarkable diversity, with a distribution range from northwestern Mexico to
approximately the parallel of 12° latitude S in South America including some of the Caribbean islands (Rodriguez
& Lopez 2003; Rodriguez & Suéarez 2004). Although they have been studied for almost 200 years, more than 50%
of them are considered, using the IUCN classification, as Data Deficient and consequently classified by the Red
List assessment as priority species for their conservation (Cumberlidge et al. 2014; Alvarez & Villalobos 2016).
Five monotypic genera are distributed in Mexico (Lobithelphusa Rodriguez, 1982; Smalleyus Alvarez, 1989;
Spirothelphusa Pretzmann, 1965; Disparithelphusa Smalley & Adkison, 1984; and Tzotzilthelphusa Villalobos &
Alvarez, 2013). In addition, Villalobosius Ng & Low, 2010, and Ehecatusa Ng & Low, 2010, are represented by
two species each (Villalobos-Hiriart & Alvarez 2008; Villalobos & Alvarez 2013). All these genera are
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characterized by unique G1 morphologies and restricted distributions (Fig. 3), making it difficult to establish their
affinities with certainty. With the exception of Spirothelphusa verticalis (Rathbun, 1893) and Disparithelphusa
pecki Smalley & Adkison, 1984, the remaining genera are known from one sample and one male, and have never
been collected again. With respect to L. mexicana, recent efforts to collect the species at the type locality conducted
in March 2018 were unsuccessful. While no specimens of L. mexicana could be found, other species of freshwater
crabs (Tehuana sp. Rodriguez & Smalley, 1972, and Avotrichodactylus constrictus (Pearse, 1911)), were common
in the area.

Regarding the relationships of Lobithelphusa, it was included by Rodriguez (1982) in the Hypolobocerini due
to the presence of a lateral “expansion” on the principal axis of the G1. This character was considered homologous
to the lateral lobe present in Hypolobocera Ortmann, 1897, and other related Colombian and Venezuelan genera
(Rodriguez 1982). In L. mexicana however, the lateral “expansion” is not as developed as in the South American
species and the apical elements are different in shape and position. The Hypolobocerini is the most widely
distributed taxon of pseudothelphusid crabs, occurring from southern Mexico to northern South America, in Peru,
Ecuador, Panama, Colombia and Venezuela. They show the widest arrange of G1 morphologies, from the typical
Hypolobocera pattern to the complex forms of Spirothelpusa and Elsalvadoria Bott, 1967.

A recent study by Poettinger et al. (2016) has challenged the monophyly of the Hypolobocerini based on a
molecular phylogeny. They suggested that the genera Achlidon Smalley, 1964b, Allacanthos Smalley, 1964b, and
Ptychophallus Smalley, 1964b, should form an independent taxon, at the tribe or subfamily level. The division of
the Hypolobocerini into several independent taxa seems to be appropriate if the Pseudothelphusidae are to be
revised. For the moment, however, the Hypolobocerini, based on the G1 morphology, should include
Hypolobocera and its allies, Neostrengeria Pretzmann, 1965, Moristchus Pretzmann, 1965, Lindacatalina
Pretzmann, 1977, and Martiana Rodriguez, 1980.

The redescription of L. mexicana, presented here, suggests that this species should not be assigned to the
Hypolobocerini or to any other established tribe. If the species is collected again and tissue samples become
available, a molecular analysis would serve to elucidate the relationships of this enigmatic taxon.

Finally, the advantage of micro-CT scanning this fragile dry specimen was the clarity of the images that
allowed for an accurate redescription of L. mexicana without the material having to be sent on loan to Mexico.
Consequently, avoiding any more risk of damage to this valuable specimen. Furthermore, the scanned data is now
stored and readily available for any future investigations; go to https:/doi.org/10.11646/zootaxa.4586.1.8.
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