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ABSTRACT

The discovery of the first Mexican fossil specimen belonging 
to the species Xiphactinus audax is reported here. This specimen 
was recovered in the Coniacian-Campanian marine deposits of the 
Austin Group at the Piedritas site, within the homonymous ejido, 
Municipality of Ocampo, north of Coahuila. Although the specimen 
is strongly fragmentary, partially preserved by impressions or molds 
of the bones, and only shows parts of the head, the opercular series, 
and the pectoral fins, this has enough anatomical features that allow its 
specific taxonomic determination. Among these diagnostic features, 
this fossil has a well-developed ethmopalatine bone, a well-developed 
supraoccipital crest, a maxilla anteriorly higher than the rest of the 
bone, and a very robust palatine articular head. Particularly, this fossil 
exhibits two distinctive features of the genus Xiphactinus, a row of coni-
cal teeth, irregularly sized and distributed in the maxilla and dentary 
bones, as well as a pectoral radius 1 extremely developed and at least 
2.5 times wider than the subsequent ray. At the same time, its teeth are 
smooth and have no sharp edges or carenae, which allows its specific 
identification. The present discovery complements the geographical 
distribution of Xiphactinus confirming its wide longitudinal distribu-
tion throughout America. 

Key words: Xiphactinus; Ichthyodectiformes; Late Cretaceous; 
Piedritas; Coahuila; Mexico.

RESUMEN

Se reporta el hallazgo del primer ejemplar fósil mexicano pertenecien-
te de la especie Xiphactinus audax, recuperado en los depósitos marinos 
del Coniaciano-Campaniano del Grupo Austin del sitio Piedritas, dentro 
del ejido homónimo, Municipio de Ocampo, al norte Coahuila. A pesar 
de que el ejemplar es fragmentario, en partes conservado por impresio-
nes o moldes de los huesos y solo conserva partes de la cabeza, la serie 
opercular y la cintura y aletas pectorales, en este se conservan suficientes 

rasgos anatómicos que permiten su determinación taxonómica especifica. 
Entre estos rasgos diagnósticos de este fósil es posible observar la presencia 
de un hueso etmopalatino bien desarrollado, una cresta supraoccipital 
grande, un maxilar anteriormente más alto que el resto del hueso y una 
cabeza articular del palatino muy robusta. De manera particular, este 
fósil exhibe dos rasgos distintivos del género Xiphactinus, una hilera 
de dientes cónicos, de talla irregular e irregularmente dispersos en la 
maxila y mandíbula, así como un radio pectoral 1 peculiarmente muy 
desarrollado y al menos 2.5 veces más ancho que el siguiente radio de esta 
aleta. Al mismo tiempo, los dientes de este pez son lisos y no presentan 
bordes cortantes o carenas, lo que permite su determinación especifica. 
Este hallazgo complementa la distribución geográfica de Xiphactinus y 
confirma su amplia distribución longitudinal a través de toda América. 

Palabras clave: Xiphactinus; Ichthyodectiformes; Cretácico Tardío; 
Piedritas; Coahuila; México.

INTRODUCTION

Due to its huge size and fierce appearance, Xiphactinus Leidy, 
1870, is the most outstanding fish of the order Ichthyodectiformes. 
This Bathonian-Maastrichtian clade erected by Bardack and Sprinkle 
(1969) includes extinct marine teleosts that today involve about 32 
genera. Two synapomorphies support the monophyly of the clade, the 
presence of the ethmopalatines forming the floor of the nasal capsule 
plus the uroneurals covering the lateral surface of the last preural and 
both ural centra (Patterson and Rosen, 1977). The bauplan of these 
fishes also includes the bulldog aspect of the head; the moderate to 
very elongated trunk; the wide-saber shape of the first rays in the 
paired fins; the large and expanded coracoids having a longitudinal 
symphysis; the paired fins opposed and located far back in the body; 
and a comparatively short dorsal fin. 

During the Jurassic, the ichthyodectiforms emerged as small 
predators with relative short bodies and delicate jaws; however, since 
the Early Cretaceous their bodies became longer at the same time as 
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their food habits diversified thanks to the development of stronger 
jaws and the diversification of the teeth shapes. In the Late Cretaceous, 
some ichthyodectiforms became top predators, such as Xiphactinus, 
which possessed the largest and strongest teeth of the order and its 
length reached about six meters, turning it into the largest teleost of 
that time. The ichthyodectiforms disappeared in the Maastrichtian, 
near the Cretaceous–Paleogene mass extinction event (Bardack, 1965; 
Schaeffer and Patterson, 1984). Fossil remains of these fishes have been 
collected in transitional to open marine deposits of the epicontinental 
seas around the world, in America, Europe, Africa, Asia, Australia, and 
Antarctica (Patterson and Rosen, 1977; Arratia et al., 2004; Berrell et 
al., 2014; Kim et al., 2014; Yabumoto et al., 2018; Bahrami et al., 2021). 

In Mexico, the fossil record and diversity of the ichthyodectiforms 
have increased in the last twenty years. Here, six nominal species plus 
other indeterminate specimens belonging to six genera have been 
already identified, and the studies of many specimens are in pro-
gress. Such taxonomical diversity reveals this country as a hotspot to 
understand the natural history of the Ichthyodectiformes (Alvarado-
Ortega, 1998, 2005). Prymnetes longiventer Cope, 1871, is a mysterious 
Cretaceous species known by a single specimen from an undocumented 
site, near Tuxtla Gutierrez, Chiapas. Felix (1891) reported the presence 
of Thrissops Agassiz, 1833, near Tlaxiaco, Oaxaca, based on small and 
fragmented bones that today have no diagnostic value; however, this 
fish seems present in the Kimmeridgian deposits of Mazapil, Zacatecas 
(Villaseñor et al., 2006). Maldonado-Koerdell (1956) reported the 
presence of Xiphactinus and Ichthyodectes Cope, 1870, in the Turonian 
sequence of the Agua Nueva Formation exploited in the Xilitla quarry; 
unfortunately, his fossils are missing, were observed on rocks out of 
geological context, and the anatomical parts described then have no 
diagnostic features. The most important paleontological site of the 
Agua Nueva Formation is the Vallecillo quarry, Nuevo León, where 
complete specimens of Gillicus arcuatus (Cope, 1875), Vallecillichthys 
multivertebratum Blanco and Cavin, 2003, and an indeterminate species 
of Heckelichthys Taverne, 2008, have been recovered (Blanco-Piñón and 
Alvarado-Ortega, 2007; Giersch, 2014; Baños-Rodríguez, et al, 2020). 
Unamichthys espinosai Alvarado-Ortega, 2004, so far is the only spe-
cies described from the Albian deposits of the Tlayúa Quarry, Puebla. 
Specimens of Gillicus arcuatus and Saurodon leanus Hays, 1830, also 
have been collected in the Eagle Ford Formation at the La Mula, Los 
Pilotes Ranch, and other Turonian-Coniacian sites near Múzquiz, 
Coahuila (Alvarado-Ortega et al., 2006a; Alvarado-Ortega and Porras-
Múzquiz, 2009; Giersch et al., 2008; Giersch, 2014). Saurodon Hays, 
1830, also is present in the Campanian deposits of the Tzimol quarry, 
near Ochuxhob, Chiapas (Alvarado-Ortega et al., 2020). Heckelichthys 
opercularis Baños-Rodríguez, González-Rodríguez, Wilson, and 
González-Martínez, 2020, and fragmented specimens that probably 
belong to Unamichthys Alvarado-Ortega, 2004, are present in the 
Albian deposits belonging to the El Doctor Formation exploited in 
the Muhi quarry, Hidalgo (Alvarado-Ortega, 2005; Alvarado-Ortega 
et al., 2006c; Baños Rodríguez, 2018). Numerous remains of still inde-
terminate ichthyodectiforms have been collected in Xilitla and Tlayúa 
quarries, as well as in the Early Cenomanian deposits of the El Chango 
quarry (Cintalapa Fo......rmation, Chiapas) and the Turoninan Arroyo 
las Bocas site (Mexcala Formation, Guerrero) (Alvarado-Ortega, 2005; 
Alvarado-Ortega et al., 2006a, 2006b, 2006c, 2009; Than-Marchese and 
Alvarado-Ortega, 2011). 

Although Alvarado-Ortega (2005) denied the presence of 
Xiphactinus in Mexico based on the insufficient evidence provided by 
Maldonado-Koerdell (1956); recently, Alvarado-Ortega and Porras-
Múzquiz (2015) reported the first indisputable remains of Xiphactinus in 
this country. Such a rediscovery of Xiphactinus in Mexico is based on the 
fragments of the head and pectoral fin belonging to a large, incomplete, 

and single specimen recovered in the Coniacian-Campanian deposits of 
Austin Group exploited in the Piedritas site, Coahuila. This paper aims 
to provide an accurate description of this large specimen and explore 
its taxonomical and biogeographical implications.

GEOLOGICAL SETTINGS

The Piedritas site is an area of about 3 km2 within the Ejido 
Piedritas, Ocampo Municipality, Coahuila State, northern Mexico, 
about 20 km south of the Mexico-USA border (Porras-Múzquiz et al., 
2014). In this site located between 28°48’15.5” N–103°6’5” W, at 769 
m a.s.l., slabs of limestone are eventually extracted from small quarries 
opened by local people in the low hills along the east side of Boquillas 
Creek (Figures 1, 2). 

In Piedritas, the fossiliferous sequence consists of about 10 m 
thick of thin laminated yellowish-gray limestone, marl, and shale 
rhythmically interbedded belonging to the Austin Group. The marly 
limestone of this sequence alternates with centimeter-thick clay beds 
that bear iron hydroxides forming small lenses, nodules, and fram-
boidal pyrite. Local workers have commercially exploited these strata 
since these are used to cover floors and walls. The fossil assemblage 
of this site includes well-preserved tests of planktonic foraminifers, 
and bivalves (including Inoceramus Sowerby, 1814, and Platyceramus 
Heinz, 1932), gastropods, ammonites, crustaceans, marine reptiles 
(mosasaurs and pterosaurs), and Ichthyornis Marsh, 1872. The fishes 
recovered at this site include unidentified chondrichthyan teeth, re-
mains attributable to Ichthyodectiformes, clupeomorphs, and those 
already identified as Enchodus Agassiz, 1835; Pachyrhizodus Dixon, 
1850; and Laminospondylus transversus Springer, 1957 (Riquelme et al., 
2013; Porras-Múzquiz et al., 2014). The lithologic sequence and fossil 
assemblage of Piedritas are similar to those reported at other nearby 
sites, previously reported as the ‘Múzquiz Lagerstätte’ of Coahuila, 
in which deposits belonging to the Eagle Ford and Austin groups are 
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Figure 1. Map of Coahuila showing the position of the paleontological site of 
Piedrital in Coahuila, northern Mexico (modified from Riquelme et al., 2013, 
fig. 1).
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involved (Alvarado-Ortega and Porras-Múzquiz, 2009,  Blanco-Piñón 
and Alvarado-Ortega, 2005, Giersch et al., 2008, Stinnesbeck et al., 
2005, Riquelme et al., 2013). Although the fauna at Piedritas has yet to 
be studied thoroughly, Porras-Múzquiz et al. (2014) concluded that this 
is part of the Coniacian-Early Campanian deposits of the Austin Group. 

MATERIALS AND METHODS

Preparation methods
The specimen described here was prepared mechanically with air 

scribes of different potency and point diameters. Dust and dirt from 
the fossil and the rocky matrix surfaces were washed by immersion 
into a weak aqueous solution of Potassium Hydroxide for 30 min. 
Finally, this was washed into clean freshwater for 1 hr. and dried up 
in the shade. The weak and broken fragments of the fossil were glued 
with cyanoacrylate and hardened with a weak solution of plexigum 
and methacrylate acetate applied with fine brushes. The fossil was 
observed and photographed under different illumination conditions, 
under daylight, with white light before and after being coated with 
ammonium citrate, and long-wave UV (254 nm) light, as well as under 
dry and wet conditions. 

Anatomical nomenclature
The anatomical nomenclatures and abbreviations used in this 

work follow those used in previous similar studies (e.g. Bardack,1965; 
Patterson and Rosen, 1977; Maisey, 1991). 

Institutional abbreviations
The specimens referred to in the present work are housed in the 

following institutions: AMNH, American Museum of Natural History, 
New York. USA. IGM, Colección Nacional de Paleontología, Instituto 
de Geología, Universidad Nacional Autónoma de México. MUZ, 
Museo de Paleontología de Múzquiz, Coahuila, Mexico. UERJ-PMB, 
Paleontological Collection of the Universidad Estatual do Estado do 
Rio de Janeiro, by Dr. Paulo M. Brito. USNM, United States National 
Museum, Smithsonian Institute, Washington D.C., USA.

Comparative materials
The following specimens were included in the present research for 

comparison purposes. Chiromystus alagoensis Jordan, 1910: AMNH 
10015 and AMNH 10016, both from Riacho Doce, Alagoas, Brazil. 
Cladocyclus gardneri Agassiz, 1841: AMNH 11877, AMNH 19129, 
AMNH 11992, AMNH 19528, UERJ-PMB 510, and UERJ-PMB 520; 
all from the Santana Formation, Ceará, Brazil. Cladocyclus sp.: AMNH 
2982, AMNH 3875, AMNH, AMNH 12709,19166, and AMNH 19167, 
all from the Santana Formation, Ceará, Brazil. Gillicus arcuatus (Cope, 
1875): AMNH 8571 from Niobrara, Kansas, USA; and  MUZ 47a and 
MUZ 47b, from the El Pilote Ranch, Coahuila, Mexico. Ogunichthys tri-
angularis Alvarado-Ortega and Brito, 2010: Type series including UERJ-
PMB 100 (holotype), UERJ-PMB 93 to UERJ-PMB 99 plus DNPM 
533-P, 534-P, and 544-P; all from the Marizal Formation, Bahía, Brazil. 
Prymnetes longiventer Cope, 1871: USNM 4090 (silicone peel deposited 
in IGM), from an unknown locality, Chiapas, Mexico. Proportheus 
kameruni Jaekel. 1909: AMNH 8394 and AMNH 6302, both from the 
San Benito River, Equatorial Guinea. Saurodon sp: IGM 6762, from 
the La Mula quarry, Mexico. Xiphactinus audax Leidy, 1870: AMNH 
1673, AMNH 7350, AMNH 8547 AMNH 19528, all from Niobrara, 
Kansas, USA. Unamichthys espinosai Alvarado-Ortega, 2004: type series 
including IGM 8373 to IGM 8376, all from the Tlayúa quarry, Mexico. 

RESULTS

Systematic Paleontology

Division Teleostei Müller, 1845.
Order Ichthyodectiformes Bardack and Sprinkle, 1969.

Suborder Ichthyodectoidei Romer, 1966.
Genus Xiphactinus Leidy 1870

Referred material. A single specimen, MUZ-3912, which preserves a 
fragment of the head and pectoral girdle exposing the left side, as well 
as the cross-section of the mandibular bones embedded in the rock 
and exposed in the thickness of the carrier rock (Figure 3). 

Figure 2. A general view of the sedimentological sequence of the Austin Group exposed in the Piedritas site, northern Coahuila, Mexico.
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Locality and age horizon. The Piedritas site, Ejido Piedritas, Coahuila, 
northern Mexico; upper Coniacian to lower Campanian Austin Group, 
(Porras-Múzquiz et al., 2014).

Description
General proportion. Although the head of MUZ-3912 is incomplete 
because the skull is dissociated from the opercular series; the head 
can be estimated at least 502 mm in length, including at least 312 mm 

of the length of the skull and 190 mm corresponding to the length of 
the opercle on its horizontal axis. Bardack (1965: p. 37) stated that in 
Xiphactunus the standard length contains 5.5–6 times its head length; 
this means that the standard length of this Mexican specimen was 
between 2761 and 3012 mm. 
Skull. In MUZ-3912, the roof of the skull is almost fully exposed. In 
its most anterior end, the rostrodermethmoid is a robust structure, the 
anterior half of which is occupied by a rounded anterior process and 

Figure 3. MUZ-3912, a Xiphactinus audax specimen from the Piedritas site, northern Coahuila, Mexico. a) Photography under white light; b) Section of the jaws 
exposed in the lateral surface of the slab, showing osseous remains of the maxilla and dentary bones as well as molds and teeth in cross section; c) idealized line 
drawing based on a); d) idealized line drawing based on b). Abbreviations: den, dentary; dspo, demosphenotic; epi, epioccipital; etpa, ethmopalatine; fr, frontal; 
io, infraorbital; le, lateroethmoid;mpa, mesoparietal; mx, maxilla; op, opercle; pal, palatine; pto, pterotic; ptt, posttemporal; rode, rostrodermethmoid; rad, radials; 
rp, ray of the pectoral fin;sc, sclerotic; soc, supraoccipital; sop, subopercle; spo, sphenotic; suo, supraorbital; t, tooth; v, vomer; rounded black patches on dentaries 
and maxillae show alveoli; black arrows on the left dentary show crown teeth in cross-section. 
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a couple of prominent and rounded lateral processes that are project 
a little forward enclosing the anterior part of the nasal capsule. The 
posterior half of this bone widens a little caudally, does not show any 
longitudinal division, and is overlapped by the pair of frontal bones 
(Figure 3).

In addition to the rostrodermethmoid, the nasal skull region 
of MUZ-3912 shows the ethmopalatine and the lateroethmoid 
forming the floor and posterior part of the nasal capsule.  Here, the 
lateroethmoid is a robust rectangular bone, widened at its dorsal and 
ventral ends and slightly bifurcated at the base. The ethmopalatine is 
slightly displaced from its life position; this elongated and robust bone 
exhibits part of its sinuous ventral surface, in which there are two wide 
and shallow articular facets, the anterior one articulates the anterior 
facet of the maxilla while the wider and posterior one corresponds the 
articular head of the palatine.  Part of the vomer is observed below the 
left maxilla, ethmopalatine, and the articular head of the palatine, in 
the ventral position to the nasal capsule (Figure 3). 

Of both frontals, only the left one is fully exposed. These bones 
occupy about one-third of the length of the skull. Anteriorly, these cover 
the posterior margin of the rostrodermethmoid. Laterally, these are 
somewhat widened and cover the orbit. And caudally, these extend to 
suture with the mesoparietal, pterotic, and sphenotic. Both frontals are 
entirely sutured medially through a weakly sinuous suture. The frontal 
surface is smooth except for a series of straight and shallow grooves 
that radiate everywhere from the bone center (Figure 3).

Although only the left part of the middle region of the skull roof 
is exposed, it is possible to recognize that this is occupied by two 
unpaired bones, the mesoparietal and supraoccipital, plus the pair of 
epioccipitals while its lateral region is occupied by the dorsal portion 
of the of pterotics. Here, the mesoparietal is a compound bone, 
resulting from the fusion of two parietal bones. The mesoparietal 
is narrow medially and deeply bifurcated posteriorly; it has a sharp 
anterior projection separating the posterior ends of both fronts a 
little; its posterior margin is concave and joins the anterior medial 
end of the supraoccipital; and each of its lateral extensions joins the 
respective epioccipital, suturing with about a quarter of the base of 
the supraoccipital and part of the dorsal edge of the pterotic. Medially, 
the mesoparietal elevates posteriorly forming the anterior part of the 
supraoccipital crest (Figure 3).

The supraoccipital bone is long and narrow. Dorsally, this forms 
the largest part of a well-developed supraoccipital crest; this triangu-
lar, broad, and laminar structure shows a  convex anterior edge (and 
probably, its posterior was concave). Although this crest is incomplete 
in MUZ-3912; it is as high as the rest of the postorbital region of the 
skull and occupies at least the posterior half of the skull roof, from the 
posterior level of the orbit, and extends further back than the base of 
the skull (Figure 3).

The epioccipital is an elongated bone that anteriorly is sutured to 
the mesoparietal and posteriorly placed between the lateral edge of the 
supraoccipital and the mediodorsal edge of the pterotic. The fragment 
of a large laminar bone, here interpreted as the left posttemporal, covers 
the left side of the posterior end of the skull, including the posterior 
region of the supraoccipital crest and the posterior part of the left 
epioccipital (Figure 3).

In the temporal region of the skull, this specimen only exhibits 
the sphenotic, pterotic, and part of the intercalar. The sphenotic is a 
stout massive bone that borders the dorsoposterior part of the orbit 
and bears a stout lateral process projected outward at the level of the 
middle orbit. The pterotic is the largest bone in this part of the skull, 
this shows a long groove forming the dilator fossa, which encloses its 
suture with the sphenotic. A small part of the intercalary sutures the 
posterior end of the pterotic (Figure 3). 

Circumorbital bones. In MUZ-3912 preserves a few remains of those 
bones of the circumorbital ring. Part of the large left infraorbital (proba-
bly, the infraorbital 3) is preserved covering a large part of the cheek; 
the edges of this laminar bone are missing but its surface is peculiarly 
irregular and covered by small and round dome-like folds like those of 
the preopercle. Also, part of a right infraorbital (probably, the infraor-
bital 2) is present but separated from the head. The dermosphenotic 
bone is a rectangular flat bone that borders the dorsoposterior corner 
of the orbit. The supraorbital bone is a flat and rectangular structure 
that borders the anterior dorsal half of the orbit. At the center of the 
orbit, there is a uniformly wide and curved bone, which by its position 
corresponds to the anterior one of the sclerotic bones. No remains of 
the basal sclerotic bone are observed (Figure 3).
Jaw. The bones preserved in the jaw of MUZ-3912 include fragments 
and molds of teeth of maxillae and mandibular bones. The dorsal edge 
and large part of the anterior part of the left maxilla are preserved, 
revealing that this was a wide and stout flat structure with two anterior 
dorsal processes and a posterior straight dorsal edge. The anterior 
region of the maxilla carries both articular processes and is higher 
than the posterior part of this bone and shows a shallow depression 
in which the corresponding premaxilla was allocated; among these 
processes, the anterior is slightly shorter and in life could have been 
articulated the tip of the lateral process of the rostrodermethmoid and 
the anterior facet of the ethmopalatine; on the contrary, the posterior 
process is articulated with the ventral facet of the articular head of the 
palatine. This specimen exhibits the anterior of the right maxilla, where 
its anterior articular process rises. The alveolar edge of the left maxilla 
is poorly preserved and almost totally missing; however, it exhibits four 
alveoli of irregular size, and irregularly spaced, forming a single row. 
Two of these alveoli preserved the tooth root while the other two were 
unoccupied. The anterior tip of the right maxilla shows a small tooth 
conical, smooth, and slightly curved backward. The most anterior of 
these alveoli are placed below the region of the articular processes of 
this bone, which shows that the entire ventral region of the maxilla was 
toothed. No remains of any supramaxillae are preserved (Figure 3).

In MUZ-3912, both lower jaw branches are almost entirely missing; 
however, the ventral view of this specimen, shows that these preserve a 
few osseous remains and molds of parts of both dental bones and some 
of their respective teeth. In this view, the dentary bones are straight and 
thin structures, in which the anterior tips are slightly curved medially 
to form the dentary symphysis. As in the left maxilla, the alveolar edges 
of both dentary bones exhibit alveoli and tooth molds forming a single 
row. Such tooth cavities are circular to ovoid in shape, irregular sized, 
and unevenly spaced. In the left dentary, the transversal sections of 
two teeth are preserved showing a rounded, smooth outer surface and 
have no evidence of any carenae or ornamentation. The difference in 
the shape of these cavities is interpreted here as an artifact of the dif-
ferential compression experienced by the specimen during its burial, 
which could not affect the alveoli size revealing that this fish had teeth 
of very different sizes (Figure 3). 
Suspensorium. Most bones of this bone series are lots in MUZ-3912. 
Anteriorly, the palatine bone is recognized by its robust articular head 
that is rectangular, high, and shows the facet for the ethmopalatine 
dorsally and posterior articular process of the maxilla ventrally. Possible 
fragments of the ectopterygoid and mesetmoid bones are present 
between the orbit and left maxilla (Figure 3). 
Opercular series and Brachostegal Rays. In MUZ-3912, the preopercle 
and infraopercle are not preserved; however, the left opercle and 
subopercle are well-preserved. The opercle is a flat and kidney-shaped 
bone, in which the hyomandibular facet is into the upper third of the 
anterior edge, the ventral edge covers part of the subopercle bone, 
and the lateral surface is smooth except for numerous dome-like folds 
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Thrissops as the only Jurassic representative plus all the more derived 
species that developed during the Cretaceous. Different authors have 
suggest that the members of the suborder Ichthyodectoidei differ from 
the Allothrissopoidei by presenting more derived features on the head 
(Maisey, 1991; Alvarado-Ortega, 2005; Cavin et al., 2013; among oth-
ers); continuing with the numbering of the previous paragraph, these 
features include: 3) supraoccipital and epioccipital bones elongated 
anteriorly to the level of the posterior edge of the orbit; 4) presence of a 
well-developed, high, and triangular supraoccipital crest; 5) the articu-
lar head of the palatine well-developed, massive, and malleolus-shaped. 
The inclusion of MUZ-3912 within Ichthyodectoidei is supported 
because it also presents all these features (Figure 3). It is noticeable that 
Dugaldia emmilta Cavin and Berrell, 2019, from the Albian deposits 
of Australia, lacks characters 3 and 4. Other features of this suborder 
not observed in MUZ-3912 probably due to its bad preservation, 
include the presence of posterior ridges in the epioccipital bones, and 
the membranous sutures of the ethmopalatine, and the presence of a 
basal sclerotic with serrated edges. 

Among Cretaceous ichthyodectoidei fishes, Xiphactinus shoes a 
distinctive mixture of features of the supraoccipital crest, the dorsal 
view of the rostrodermethmoid bone, the shape of the maxilla, the 
distribution and size of the mandibular teeth, as well as in the propor-
tions of the first pectoral rays. Continuing with the numbering of the 
previous paragraphs, these features include: 6) the supraoccipital crest 
involves a small participation of the mesoparietal bone, which posteri-
orly rises  and forms the anterior part of this crest [Although this feature 
is restricted to those species belonging to Xiphactinus, Ichthyodectes and 
Gillicus (Bardack, 1965) as well as those of Saurodon, Saurocephalus, 
and Prosaurodon Stewart, 1999; in other Cretaceous ichthodectiforms 
this crest is formed only by the supraoccipital bone, as in Cladocylus 
Agassiz, 1841; Chiromystus Cope, 1885; and Unamichthys]; 7) in dorsal 
view, the rostrodermethmoid shows a well-developed lateral processes 
projected anterosposteriorly, beyond the bone becomes wider and  its 
posterior edge a is straight [Among ichthodectiforms, the dorsal view 
of this bone shows different shapes (Alvarado-Ortega, 2005, fig. 6.9; 
Blanco-Piñón and Alvarado-Ortega, 2007, fig. 9); its posterior edge may 
have a deep medial notch or be entirely straight as in Cladocyclus; its 
lateral processes may be well developed and clearly extended anterolat-
erally or poorly developed and hardly expanded laterally as in Gillicus; 
and the back half of the bone may be tapered as in Cladocyclus, have 
concave edges as in Ichthyodectes, or become more expanded behind the 
lateral processes as in Prosaurodon]; 8) teeth are irregularly sized and 
spaced in the jaw bones [Among the ichthyodectiforms the devolve-
ment of teeth of irregular size is notorious in the lower jaw of numerous 
Cretaceous species; however, this condition is extremely expressed and 
expanded to maxillar and premaxillar teeth only in Xiphactinus. In 
other Cretaceous ichthyodectiforms the dentary teeth may be absent 
together with those of the maxilla and premaxilla as in Heckelichthys; 
the teeth are well-developed and rather regular in size and more evenly 
distributed as in Vallecillicthys multivertebratum and Ichthyodectes; or 
these are notoriously smaller as in Gillicus and Saurodon,]; and 9) the 
first ray of the pectoral fin is notoriously breadth, at least two times 
wider than the second ray [Cavin et al. (2013, char. 10, state 0) revealed 
this feature as a synapomorphy shared by Ghrisichthys Cavin. Forey, 
and Giersch, 2013, and Xiphactinus. Although the pectoral fin ray 1 is 
breadth in other ichthyodectiforms, its width is not so extreme]. Here, 
MUZ-3912  is identified as a Xiphactinus specimen because it shows 
these four distinctive generic characters (6-9).

In his review of Xiphactnus, Bardack (1965) recognized three 
nominal species in addition to the type species, X. audax from North 
America, these are X. australis (Woodward, 1894) from marine deposits 
of the Early Cretacoeus in Queensland, Australia; X. mantelli Newton, 

present in the middle. The subopercle is a flat, long, and crescent 
shape-like structure, with a prominent anterior ascending process, 
a convex ventral edge, and probably a straight dorsal edge. Possibly, 
two disarticulated and scattered branchiostegal rays are preserved 
(Figure 3). 
Pectoral girdle and fin. In MUZ-3912 preserves only fragments of 
cleithrum and possible posttemporal bones. A stout fragment of the 
ascending limb of the cleithrum is recognizable below the opercle. The 
posttemporal bone seems to be represented by a large and flat bone 
that covers part of the occiput of this fish (Figure 3).

Although incomplete and scattered, numerous elements of the 
left and right pelvic fins are present. At least seven proximal pectoral 
radials from both fins are preserved between the cleithrum and the 
pectoral rays; the largest is rectangular and massive in appearance, and 
the remaining tend to be ovoid and thinner. The proximal remains of 
at least 14 rays, also of both fins, are present; among these, the most 
anterior ones are in life position. The pectoral ray one is especially 
robust and thick; at least, it is twice as wide as ray two. These rays are 
unsegmented nor branched near the base (Figure 3). 

DISCUSSION

Although MUZ-3912 is an incomplete specimen and represents 
only the anterior part of a fish; it has sufficient morphological fea-
tures to support its inclusion within the order Ichthyodectiformes, 
the suborder Ichthyodectoidei, the family Ichthyodectidae, and the 
genus Xiphactinus. This specimen is well established as a member of 
the order Ichthyodectiformes because it shows two of those diagnos-
tic characteristics already identified by Bardack and Sprinkle (1969) 
and Patterson and Rosen (1977:115), these include the presence of 
(Figure 3): 1) the ethmopalatine bones forming the floor of the nasal 
capsule; and 2) a single row of teeth in the jaws. Today the first of these 
characters represents an unquestionable synapomorphy of the order 
Ichthyodectiformes. Other diagnostic characteristics of the order not 
observed in MUZ-3912 are the first three or four uroneurals extending 
anteroventrally covering the entire lateral surface of the first, second, 
or third preural centra; coracoids enlarged ventrally, meeting each 
other in a midventral coracoid symphysis; and the anal and dorsal fin 
opposite and remote in the posterior part of the body. 

The history of the suborder Ichthyodectoidei is somewhat 
complex; it was vaguely erected by Romer (1966) as part of the 
Osteoglossomorpha to include all the allies of the genus Ichthyodectes, 
previously named as family Ichthyodectidae by Crook (1892), plus 
the members of the family Saurodontidae, named by Cope (1870) 
to Saurodon and Saurocephalus Harlan, 1824. Bardack and Sprinkle 
(1969) erected the Order Ichthyodectiformes including the Romer’s 
Ichthyodectoidei, considered all the non-saurodontid Jurassic and 
Cretaceous Ichthyodectoidei taxa as part of the family Ichthyodectidae. 
Regarding the Bardack and Sprinkle’s ichthyodectoidei taxa, Patterson 
and Rosen (1977: 115) erected the suborder Allothrossopoidei to in-
clude Allothrissops Nybelin, 1964; later, Occithrissops Arratia, Scasso, 
and Kiessling, 2004, was allocated more recently into this clade. 

Although currently, the phylogenetic hypotheses of the 
Ichthyodectiformes are somewhat different, in particular in the natu-
ralness and interrelationships of the suborder Ichthyodectoidei (see 
Taverne, 1986; Maisey, 1991; Stewart, 1999; Alvarado-Ortega, 2005; 
Taverne and Chanet, 2000; Cavin et al., 2013; Cavin and Berrell, 2019, 
Baños-Rodríguez et al., 2020); it is possible to point out that these 
fishes seem to be well naturally delimited into two groups, the first 
represented by the Allothrossopoidei known only by Jurassic species 
and the other (widely recognized as ichthyodectoidei) that includes 
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1877, from Cenomanian-Santonian deposits of England, Poland, 
France, Belgium, and Czech Republic; and X. galtinus Newton, 1877, 
from the Albian-Cenomanian deposits at Kent, England. More recently, 
Lees and Bartholomai, 1987, reviewed the specimens of X. australis, 
removed them from Xiphactinus, and renamed them as the type series 
of their Cooyoo australis. Remarkably, Bardack (1965) was unable to 
identify morphological features to distinguish the European species 
indicated from X. audax; he maintained these as distinct species only 
because of their distant geographical distribution. So far, the validity 
of such European species is questionable. 

The valid nominal species of Xiphactinus considered here mainly 
dental differences. In X. audax, the teeth are uniformly conical and 
so, their transversal sections are rounded and have no sharp edges 
or carinae. On the contrary, in X. vetus, the teeth are lateromedially 
compressed and exhibit anterior and posterior sharp edges, thus in 
the transversal section, these are remarkably oval. Here, MUZ-3912 
is referred to as X. audax because its teeth are conical and rounded in 
the transversal section. 

Vavrek et al. (2014) provided a comprehensive review of the age 
and geographic distribution of Xiphactinus throughout USA and 
Canada. Here, such a review is extended to all of America including 
the present finding of X. audax in Coniacian-Campanian deposits of 
Coahuila plus two previous reports of indeterminate specimens of this 
genus, one recovered from the Cenomanian limestones of the La Luna 
Formation, Trujillo, Venezuela (Carrillo-Briseño et al., 2012) and that 
from the Latest Maastrichtian deposits of the Salamanca Formation, 
in Chubut Province, Argentina (De Pasqua et al., 2020) (Figure 4). 

CONCLUSIONS

The discovery of MUZ-3912 in the Coniacian-Campanian de-
posits of the Austin Group, at the site of Piedritas, Ocampo, Mexico, 
and its specific determination as Xiphactinus audax are significant for 
distinct reasons. On the one hand, this fossil confirms the presence of 
this species in Mexico, which had already announced by Maldonado-
Koerdell (1956) but later denied by Alvarado-Ortega (2005). This fish 
and those seven ichthyodectiform genera previously found in different 
Mexican localities equal the generic diversity of this order in the rest of 
North America, making Mexico an important territory to understand 
the diversity and evolution of this clade. This specimen expands the 
geographical distribution of the species to the south, a little beyond the 
US-Mexico border, filling a geographical gap between North and South 
America where it was already expected to find this genus revealing the 
wide longitudinal distribution of Xiphactinus throughout America, up 
to near both poles. 
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