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On the Albian occurrence of Armigatus
(Teleostei, Clupeomorpha) in America, a new species
from the Tlayua Lagerstatte, Mexico

Jesus Alvarado-Ortega, Bruno Andrés Than-Marchese,
and Maria del Pilar Melgarejo-Damian

ABSTRACT

A new fossil herring species is named in this work as Armigatus carrenoae, based
on specimens from the marine Albian deposits of the Tlayua Formation, near Tepexi de
Rodriguez, Puebla, Central Mexico. The new species shows the most distinctive fea-
ture of the superorder Clupeomorpha, the abdominal scute series, as well as the order
Ellimmichthyiformes, the posteriormost predorsal scutes laterally expanded, the meso-
parietal condition of the skull, and the presence of the beryciform foramen in the ante-
rior ceratohyal. Also, this species shares the diagnostic features of the genus
Armigatus, the parasphenoid has an osteoglossid-like tooth patch and the predorsal
scutes series is incomplete. Additionally, in this species, the posteriormost predorsal
scutes exhibit a posterior spine, a character not observed before in Armigatus. This
discovery is highly significant because it represents the oldest member of Armigatus,
as well as the first record of the genus in America and reveals its unsuspected wide
distribution during the late Early to Late Cretaceous throughout the Tethys Sea depos-
its, from America to the Middle East.
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INTRODUCTION

The genus Armigatus Grande, 1982, is a Late
Cretaceous clupeomorph fish, well known by many
specimens recovered from the epicontinental shal-
low marine deposits into the western realm of the
Tethys Sea, distributed along the paleocontinents
of Laurentia and Gondwana, and now exposed in
Europe, Middle East, and Northern Africa. This
genus was established to include the species Armi-
gatus brevissimus (Blainville, 1818) from the Ceno-
manian fossiliferous deposits at Heckel and Hajula,
Lebanon (Figure 1), originally named as Clupea
brevissimus and later as Diplomystus brevissimus.
Up to now, four additional species have been
described and included in this genus. Forey et al.
(2003) described a couple of these as A. alticorpus
and A. namourensis, from in the Cenomanian
deposits of Namoura, Lebanon. Recently, Verny-
gora and Murray (2021) described new specimens
of A. alticorpus from Heckel. The African species,
A. oligodentatus Vernygora and Murray, 2016, is
based on specimens from Cenomanian/Turonian
sediments at Agoult, Morocco. And finally, the
youngest species, A. dalmaticus Murray et al.,

2016, is from possible Campanian deposits
exposed in Dalmatia, Croatia, European Balkan
region.

The relationships and monophyly of Armiga-
tus are somewhat problematic. In his comprehen-
sive review of the superorder Clupeomorpha,
Grande (1982, 1985) allocated these fishes into
two Divisions. Today, his Division 1 is invalid
because its single member, Erichalcis arcata
Forey, 1975, from the Albian marine deposits of the
Loon River Formation, Northwest Territories, Can-
ada, is a composite species that involves a sal-
moniform (Hermus and Wilson, 2001; Hermus et
al., 2004) as well as a primitive clupeomorph fish
recently named as Foreyclupea loonensis Verny-
gora et al., 2016. Otherwise, Grande’s Division 2
includes all the remaining clupeomorph species
gathered into the orders Clupeiformes and Ellim-
michthyiformes plus Armigatus, an incertae sedis
genus and a putative close relative of ellimmichthy-
iforms (Grande, 1985). Some recent phylogenetic
studies show Armigatus just as a close relative of
the Ellimmichthyiformes (Taverne, 1997; Chang
and Maisey, 2003; Zaragueta-Bagils, 2004; and

FIGURE 1. Specimen IGM 11532, Armigatus brevissimus from the Cenomanian shallow marine deposits of Hekel,
Lebanon, coated with magnesium smoke.
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FIGURE 2. Map of the Tlayua quarry near Tepexi de Rodriguez, Puebla, central Mexico, and the stratigraphical col-
umn of the upper part of this site, including the magnetostratigraphy correspondence with the middle-late Albian age,
and the distribution of fossils studied in this work (modified from Kashiyama et al., 2004, figure 3; Alvarado-Ortega

2005, figure 2.4; Benammi et al., 2006, figure 5).

Alvarado-Ortega et al., 2008) while other studies
point to the inclusion of Armigatus within this order
(Forey, 2004; Hay et al., 2007; Murray and Wilson,
2013; Vernygora et al., 2016; Figueiredo and
Ribeiro, 2016, 2017; Marrama and Carnevale,
2017; Marrama et al., 2019). Moreover, Vernygora
and Murray (2016) and Murray et al. (2016) claim
that Armigatus is monophyletic; however, Figue-
iredo and Ribeiro (2016) and Boukhalfa et al.
(2019) challenge such idea and concluded that
Armigatus is an unnatural clade.

Numerous clupeomorphs have been recov-
ered from Tlayua quarry. Among these, Applegate
(1996) reported the presence of ellimmichthyiforms
that he vaguely referred as “Diplomystus-like”. The
occurrence of Diplomystus Cope, 1877, in Tlayua
is not confirmed but other clupeomorphs from this
site have been formally studied. Up to now, these
fishes represent the species Ranulfoichthys dor-
sonudum Alvarado-Ortega, 2014, and Paraclupea
seilacheri Alvarado-Ortega and Melgarejo-Damian,
2017. The probable presence of Armigatus in
Tlayua was first pointed out by Melgarejo-Damian
and Alvarado-Ortega (2009, 2010, 2013) and Mel-
garejo-Damian (2011), based on a multivariate
quantitative analysis of the double armored herring

specimens from this quarry. Therefore, the present
work aims to provide an accurate morphological
description of such fossil fishes, to name a new
species of the genus Armigatus, and to discuss its
relationships.

The Tlayda quarry is an emblematic Mexican
Konservat-Lagerstatte site near the Tepexi de
Rodriguez town of Puebla, Central Mexico (Apple-
gate et al.,, 1982, 2006; Martill, 1989; Alvarado-
Ortega, 1999; Alvarado-Ortega et al., 2006, 2007;
among others) (Figure 2). In the beginning, this
site, exposed in the northwestern side of the
Tlayua Ravine, was exploited only with commercial
purposes to get reddish flagstones from a
sequence of laminated parallel limestones (Apple-
gate and Espinosa-Arrubarrena, 1982). Pantoja-
Alor (1992) suggested the name of Tlayua Forma-
tion for the lithostratigraphic sequence exposed
along this ravine, which he divided into three differ-
ent carbonated members. The Middle Member is
the most outstanding of Tlayua Formation because
its reddish and laminated limestones bear an abun-
dant and taxonomically diverse fossil assemblage
that shows extraordinary preservation. There is a
strict stratigraphic control in Tlayua, and the litho-
logic sequence exploited in this quarry is divided
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into 34 stratigraphic levels or “Zones”, numbered
as | to XXXIV from top to bottom (Figure 2).
Besides its catalogue number, each fossil from this
site is marked with its respective zone of occur-
rence.

Kashiyama et al. (2004) suggested that the
fossiliferous strata of Tlayua quarry represent an
Aptian open marine sequence deposited into an
intracratonic graben. In contrast, a middle-late
Albian age for these strata was suggested by other
authors and supported by the regional geology
(Pantoja-Alor, 1992), biostratigraphy of ammonites
and belemnites (Buitron and Malpica-Cruz, 1987;
Cantu-Chapa, 1987; Seibertz and Buitron, 1987;
Seibertz and Spaeth, 2002), and paleomagnetic
signatures (Benammi et al., 2006). Applegate et al.
(1982), Espinosa-Arruebarrena and Applegate
(1996), and Applegate et al. (2006) suggested that
these strata were deposited in a post-reef lagoon
that they named the Tlayua Lagoon. According to
the last authors, this shallow transitional tropical
depocenter was repeatedly connected to the sea,
during high tides or strong storms, and it received
sporadic freshwater flow from the land. In this way,
during these connections, the living organisms and
carcasses from sea and land were carried into the
lagoon. The extraordinary fossil preservation in
Tlayua was possible by the episodic prolonged
lack of water flow toward this lagoon, with high
insolation, strong evaporation rates, and oxygen
depletion that caused the massive mortality of
trapped organisms and the slowdown of the
organic decay (Applegate, 1996; Martill, 1989;
Reynoso, 1998; Alvarado-Ortega et al., 2007).

Until now, the fossil assemblage of Tlayua
comprises invertebrate and vertebrate ichnites,
algae, sponges, corals, foraminifers, ostracods,
crabs, a few insects, ammonites, bivalves, gastro-
pods, echinoderms, possible annelids, scarce ter-
restrial plant remains, and abundant vertebrates
represented by crocodiles, pterosaurs, turtles, liz-
ards, and tuataras, as well as a rich diversity of
bony fishes and one batoid (Applegate et al., 1982,
2006, 2009; Applegate 1988; Feldmann et al.,
1998; Alvarado-Ortega, 2004, 2005; Gonzalez-
Rodriguez et al., 2004, 2013; Martin-Medrano et
al.,, 2009; Machado et al., 2013; Gonzalez-Cruz,
2015; Brito et al., 2019; among others).

MATERIAL AND METHODS

Preparation methods. The specimens described
in this work were prepared under the acid cleaning
technique described by Toombs and Rixon (1959).
Such a chemical treatment included the immersion
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of the fossils into a 5-10% acetic acid aqueous
solution saturated with di-basic phosphate during
periods of no more than three hours, which were
alternated with immersion in running water for 12
hours. In each case, the acid solution and water
immersion were applied until removal of the lime-
stone from the fossil surfaces. Pin vices and nee-
dles were used under a binocular microscope to
mechanically remove the remaining limestone
patches. The specimens were observed and pho-
tographed under different illumination conditions,
under white, natural, and long-wave UV (254 nm)
light. The specimens were coated with magnesium
dust to get high contrast gray-tone photographs.

Anatomical nomenclature. The anatomical
nomenclatures and abbreviations used in this work
follow those used in other studies (Grande, 1982,
1985; Forey et al., 2003; Di Dario, 2004; among
others). These abbreviations are: aa, anguloarticu-
lar; ac, anterior ceratohyal; afr, anal fin ray; afs,
anal fin stay; ao, antorbital; appt, anal proximal pte-
rygiophore; bh, basihyal; br, branchiostegal ray; cl,
cleithrum; cor, coracoid; cs, caudal scute; ddml
depression for the dento-maxillar ligament; den,
dentary; dfr, dorsal fin ray; dfs, dorsal fin stay; dh,
dorsal hypohyal; dppt, dorsal proximal pterygio-
phore; dppt, proximal pterygiophores of dorsal fin;
dsph, dermosphenotic; ect, ectopterygoid; ent,
endopterygoid; ep, epural; epl, epipleural; epn, epi-
neural; epn, epineural; epo, epioccipital; ext,
extrascapular; fr, frontal; hapu, hemal arch of preu-
ral centrum; hm, hyomandibular; hy, hypural; io,
infraorbital; iop, interopercle; le, lateral ethmoid;
mes, mesethmoid; mp, metapterygoid; mx, maxilla;
na, nasal; naac, neural arches + spines of abdomi-
nal centrum; napu, neural arch of preural centrum;
nau, neural arch of ural centrum; op, opercle; os,
orbitosphenoid; pa, parietal; pal, palatine; pc, pos-
terior ceratohyal; pcl, postcleithrum; pd, predorsal
bone; pds, predorsal scutes; pfr, pectoral fin ray;
php, parhypural; pop, preopercle; prl, branched
and segmented caudal fin ray of lower lobe; prll,
unbranched caudal principal fin ray of lower lobe;
pru, branched and segmented caudal fin ray of
upper lobe; prul, uncbranched caudal principal fin
ray of upper lobe; prvas, prepelvic abdominal
scute; psp, parasphenoid; pto, pterotic; pts, ptero-
sphenoid; ptt, posttemporal; ptvas, postpelvic
abdominal scute; pu, preural centrum; pvfr, pelvic
fin ray; q, quadrate; rar, retroarticular; r, rib; rad,
radial; rar, retroarticular; sc, sclerotic; sca, scapula;
scl, supracleithrum; smx, supramaxilla; soc, supra-
occipital; sop, subopercle; suo, supraorbital; sy,
symplectic; u, ural centrum; uh, urohyal; un, uro-



neural; upds, unmodified predorsal scales; vh, ven-
tral hypohyal.

Institutional abbreviations. The specimens
referred to in the present work are housed in the
following institutions: DNPM, Departamento Nacio-
nal de Producdo Mineral, Brazil. IGM, Coleccion
Nacional de Paleontologia, Instituto de Geologia,
Universidad Nacional Auténoma de México.
IHNFG, Museo Eliseo Palacios Aguilera, Secre-
taria de Medio Ambiente e Historia Natural de Chi-
apas, Mexico. INAH, Instituto Nacional de
Antropologia e Historia, Chiapas, Mexico. NHM,
Natural History Museum, London (before BMNH,
British Museum of Natural History).

Comparative materials. This work considered the
following specimens for comparative purposes.
Armigatus brevissimus (Blainville, 1818): IGM
11532 (Figure 1), IGM 11533, IGM 11534, and IGM
11535, almost complete specimens from Ceno-
manian deposits of Hakel, Lebanon. Diplomystus
dentatus Cope, 1877: NHM P.52501, NHM
P.24790, NHM P.63596, NHM P.5218, all from
Eocene lacustrine deposits of the Green River
Shales, Wyoming, United States of America. Ellim-
michthys longicostatus (Cope), 1886: DNPM 551-
P; Rio de Pixuma, Candeiras, Bahia, Brazil. Para-
clupea-like (Alvarado-Ortega et al., 2008): IHNFG-
2331 (part and counterpart of the same specimen)
from the El Espinal Quarry, Cintalapa Member of
Sierra Madre Formation, Chiapas, Mexico. Para-
clupea seilacheri Alvarado-Ortega and Melgarejo-
Damian, 2017: IGM 4717 (holotype), IGM 4718 to
IGM 4723, all from the Albian deposits of the
Tlayua quarry, Puebla, Mexico. Ranulfoichthys dor-
sonudum Alvarado-Ortega, 2014: IGM 9034 (holo-
type), IGM 9035 to IGM 9047, and IGM 9467 and
IGM 9468, all from the Albian deposits of the
Tlayua quarry, Puebla, Mexico. Scutatupinosus ita-
pagipensis Santos and Correa, 1985: DNPM 1207-
P, 1208-P, 1209-P; Recbncavo Basin, llhas Group,
Salvador, Bahia, Brazil. Triplomystus applegatei
Alvarado-Ortega and Ovalles-Damian 2008, which
was renamed as Scutatoclupea applegatei by Ban-
nikov (2015): INAH 1941 (holotype); El Espinal
Quarry, Cintalapa Member of Sierra Madre Forma-
tion, Chiapas, Mexico.

SYSTEMATIC PALEONTOLOGY

Superorder CLUPEOMORPHA Greenwood et al.,
1966
Order ELLIMMICHTHYIFORMES Grande, 1982
Family ARMIGATIDAE Murray and Wilson, 2013
Genus ARMIGATUS Grande, 1982

PALAEO-ELECTRONICA.ORG

Armigatus carrenoae sp. nov.
(Figures 3-10; Table 1)

zoobank.org/3FE49A65-4103-407E-AA74-80E201FAE866

Holotype. Specimen IGM 11536, complete skele-
ton from the level Zone XX (Figure 3).

Paratypes. IGM 11537, complete skeleton from
unknown level (Figure 4A). IGM 11538, complete
skeleton from unknown level (Figure 4B). IGM
11539, complete skeleton from known level Zone
X. IGM 11540, complete skeleton from known level
Zone Xl (Figure 7). IGM 11541, complete skele-
ton from unknown level (Figure 4C). IGM 11542,
complete fish from known level Zone XV. IGM
11543, resin-transferred incomplete skeleton from
known level Zone XVII.

Range. 103 to 100.5 Ma, middle to late Albian
(Benammi et al., 2006).

Occurrence. Marine laminar limestones of the
Middle Member of Tlayla Formation, exposed in
Tlayta quarry (Figure 1), near Tepexi de Rodri-
guez town, Puebla, Mexico (Applegate, 1987;
Cantu-Chapa, 1987; Pantoja-Alor,1992; among
others).

Etymology. The species name honors our col-
league, Ana Luisa Carrefio, for her valuable contri-
butions to geology and paleontology of the Baja
California Peninsula. The combination of the genus
and species names mean “Carrefio’'s armored
fish.”

Diagnosis. This is a deep-bodied Armigatus spe-
cies in which the larger specimen known displays a
maximum standard length (SL) of about 64.2 mm;
this species differs from other species of Armigatus
by the following combination of characters: the
maximum body height is around 50.4 (47.1-53.8)
% of SL; the head length represents about 37.9
(35.8-40.2) % of SL; the dorsal fin is relatively
small, consists of 11 (rarely 12) dorsal rays, origi-
nates at 56.7 (54.8-57.8) % of SL, and its length
represents 16.1 (14.8-17.3) % of SL; the anal fin is
longer than the dorsal fin, consists of 17 (rarely 15)
rays, originates at 78.8 (76.7-81.4) % of SL, and is
extended over 17.5 (16.5-18.9) % of SL; the pelvic
fin base is opposed to the posterior half of the dor-
sal fin and is placed at 58.9 (56.8-60.4) % of SL;
the frontal, parietal, and pterotic bones are orna-
mented with ridges wide and conspicuous; the
basal region of the opercular surface is orna-
mented with shallow and straight ridges, projecting
dorsally from the ventral edge; it vertebral column
has about 34 (33-35) vertebrae, including 16 (15-
17) abdominals, 17 (15-17) caudals, and two urals;
the dorsal and abdominal edge of the trunk show
two series of smooth scutes, the predorsal series
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FIGURE 3. IGM 11536, holotype of Armigatus carrenoae sp. nov. from the Albian deposits of Tlayua lagerstatte, near
Tepexi de Rodriguez, Puebla, Mexico. A, photograph of the complete specimen under UV light. B, idealized drawing

of the same specimen.

has eight scutes; the abdominal series consists of
23 (rarely 22) prepelvic scutes and six postpelvic
scutes; the last predorsal scutes are subrectangu-
lar, larger than the anterior ones, and, bear a prom-
inent posterior spine.

Description

General features and proportions. Table 1 sum-
marizes the measurements and body proportions
of the specimens described here as Armigatus car-
renoae sp. nov. The overall body shape of this spe-
cies resembles that of Armigatus brevissimus the
type species of the genus. This high-bodied fish
has a large triangular head, on average 37.9 % of
SL (ranging between 35.8 and 40.2 %), that is
about 1.3 times longer than high. The short mouth

6

opens slightly upward, the lower jaw is articulated
with the skull below the level of the middle of the
orbit. The maximum body height is in the predorsal
region of the trunk and represents 50.4 (47.1-
53.8) % of SL. The unpaired fins are in the poste-
rior half of the body. The predorsal and preanal
lengths are 56.7 (54.8-57.8) and 78.8 (76.7-
81.4) % of SL, respectively. The anal fin is poste-
rior to and slightly longer than the dorsal fin (1.08
times). The pelvic fin is placed in opposition to the
posterior half of the dorsal fin and rises at the
beginning of the posterior half of the body length,
at 58.9 (56.8-60.4) % of SL. The caudal peduncle
is narrow and precedes a wide caudal fin that con-
sists of two symmetrical caudal lobes that are
approximately equal-sized.
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FIGURE 4. Paratypes of Armigatus carrenoae sp. nov. from Albian deposits of Tlayla lagerstatte, near Tepexi de
Rodriguez, Puebla, Mexico, photographed under UV light. A, IGM 11537. B, IGM 11538. C, IGM 11540.
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Skull. The head is laterally preserved in all speci-
mens referred to Armigatus carrenoae sp. nov.
(Figure 4). The skull is triangular, about 1.3 times
longer than deep; its otic-occipital, orbital, and eth-
moid sections are approximate of the same length.
The frontal bones are roughly triangular, anteriorly
sharp, and posteriorly wide; these form most of the
skull roof. The posterior part of each frontal articu-
lates the parietals posteriorly, the pterotic latero-
posteriorly, and the dermosphenotic laterally. There
are no interfrontal fontanelles. The parietals are
large sub-square bones that meet each other along
the midline, separating the supraoccipital from the
frontals. The supraoccipital is a small bone that
forms a delicate crest. The parietals entirely suture
the frontals, epioccipital, and pterotic bones; there-
fore, there is no temporal foramen or the pre-epi-
otic fossa. The pterotic is a roughly rectangular
bone on the lateral skull wall. There is no evidence
of the recessus lateralis on lateral skull bones. The
anterior part of the frontals, as well as the parietals
and pterotics, are strongly ornamented with a retic-
ular pattern of ankylosed sigmoid ridges that
enclose the temporal and supraorbital canals. The
parietals carry the supratemporal commissural
sensory canal.

The orbitosphenoid has a ventral projection
that protrudes into the orbit below the frontals. The
pterosphenoid and basisphenoid bones form the
posterior inner wall of the orbit. The orbital part of
the parasphenoid is edentulous and bears an
anteroventral elongated basipterygoid process.
Behind its basipterygoid process, the postorbital
part of the parasphenoid has the osteoglossid-like
tooth patch with at least seven short and conical
teeth with sharp tips (Figure 7). The anterior tip of
the parasphenoid bone sutures a smooth small
bone here identified as the vomer.

The mesethmoid is a complex and unpaired
bone posteriorly overlapped and articulated with
the frontals (Figure 5). IGM 11540 shows that in
dorsal view the mesethmoid is a star-shaped bone,
which has a rounded anterior process, two lateral
processes projected anteroventrally, and a flat rear
that is somewhat laterally expanded. Between the
middle-anterior and each lateral-posterior process,
there is a deep rounded depression that contains
the articular facet for the maxilla and premaxilla.
The tip of the lateral-posterior process has a
slightly concave facet for the palatine head. The
lateral ethmoid is a roughly rectangular bone that
separates the nasal capsule from the orbit and is
strongly attached to the anterodorsal edge of the
parasphenoid and the inner ventral surface of the

respective frontal. The nasal is a small tubular
bone.

Upper jaw. This consists of four flat and thin
bones: the premaxilla, maxilla, and two supramaxil-
lae (Figure 5). The maxilla is a saber-shaped bone
with two sections; its anterior toothless section is a
rod-like and slightly curved structure that occupies
approximately 40 % of the anterior part of the bone
and dorsally bears two short dorsal articular pro-
cesses, the terminal mesethmoid processes and
the palatine processes located in the middle. The
toothed section of the maxilla is a curved spatula-
like structure that has a middle thick bar extending
for the full length of the bone, forming a noticeable
bulge exposed on the labial surface. A row of small
conical teeth occupies the entire ventral edge of
the toothed section. These teeth are regular-sized,
closely spaced, and have tips that curve slightly
backward.

The premaxilla is sickle-shaped bone with a
thick dorsal edge, in which the alveolar region is
expanded, the ventral edge is slightly curved, and
the anterior ascending process is small (Figure 5).
The premaxilla lies below the anterior half of the
toothless section of the maxilla. A large part of the
premaxillary labial surface is smooth; however, this
surface shows numerous pores and a series of sin-
uous dorsoventral grooves near the alveolar bor-
der. A single row of small conical teeth occupies
the premaxillary alveolar border. These teeth have
acute tips curved backward that become slightly
smaller in posterior positions and are uniformly
spaced, leaving empty inter-dental spaces.

Two laminar, elongated, and drop-shaped

supramaxillae overlap the posterior section of the
maxilla (Figure 5). The anterior supramaxilla is
smaller than the posterior one. The posterior
supramaxilla is noticeably expanded, long, and
almost reaches the anterior tip of the anterior
supramaxilla. Sinuous wrinkles ornament the
expanded sections of the supramaxillae.
Lower jaw. This consists of the dentary, anguloar-
ticular, and retroarticular bones. The lower jaw is a
triangular structure with a short ventral postarticu-
lar process, shallow symphyseal edge, and a
smoothly convex ventral edge (Figures 5, 6). Here
the alveolar edge is short, sinuous, and strongly
tited upward while the coronoid process is
rounded but hardly distinguishable.

In labial view, the dentary is a triangular bone
deeply forked posteriorly, in which the dorsal limb
forms the coronoid process and extends backward
along the dorsal edge of the retroarticular bone
(Figures 5, 6). The ventral dentary limb is extended
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FIGURE 5. Head of Armigatus carrenoae sp. nov. from the Albian deposits of Tlayua lagerstatte, near Tepexi de
Rodriguez, Puebla, Mexico. A, Closeup of IGM 11538, coated with magnesium smoke and photographed under white
light. B, idealized and simplified drawing of A. Abbreviations: aa, anguloarticular; ao, antorbital; br, branchiostegal ray;
cl, cleithrum; ddml depression for the dento-maxillar ligament; den, dentary; dsph, dermosphenotic; ect, ectopterygoid;
ent, endopterygoid; epo, epioccipital; epn, epineurals; ext, extrascapular; fr, frontal; hm, hyomandibular; io, infraorbital;
iop, interopercle; le, lateral ethmoid; mes, mesethmoid; mp, metapterygoid; mx, maxilla; na, nasal; naac, neural
arches + spines of abdominal centrum; op, opercle; os, orbitosphenoid; os, orbitosphenoid; pa, parietal; pal, palatine;
pcl, postcleithrum; pd, predorsal; pfr, pectoral fin ray; pop, preopercle; prvas, prepelvic abdominal scutes; psp, paras-
phenoid; pto, pterotic; pts, pterosphenoid; ptt, posttemporal; q, quadrate; r, rib; rar, retroarticular; sc, sclerotic; scl,
supracleithrum; smx, supramaxilla; soc, supraoccipital; sop, subopercle; suo, supraorbital; dark arrow shows the
basipterygoid process of the parasphenoid bone; () and (r) indicates the left and right side.
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B

FIGURE 6. Part of the pectoral girdle, lower jaw, branchial arch, and branchiostegal rays of Armigatus carrenoae sp.
nov. from the Albian deposits of the Tlayda lagerstétte, near Tepexi de Rodriguez, Puebla, Mexico. A, closeup of the
head of the paratype IGM 11537 under UV light. B, idealized and simplified drawing based on A. Abbreviations: aa,
anguloarticular; ac, anterior ceratohyal; bh, basihyal; br, branchiostegal ray; cl, cleithrum; cor, coracoid; ddml depres-
sion for the dento-maxillar ligament; den, dentary; dh, dorsal hypohyal; iop, interopercle; pc, posterior ceratohyal; pcl,
postcleithrum; pfr, pectoral fin ray; prvas, prepelvic abdominal scutes; q, quadrate; rar, retroarticular; rad, radial; sca,
scapula; sop, subopercle; sy, symplectic; uh, urohyal; vh, ventral hypohyal.
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backward almost up to the base of the postarticular
process. Below the posterior part of the alveolar
border, the labial surface of the dentary shows a
conspicuous, shallow, and oval depression for the
attachment of the infralabial ligament or dento-
maxillar ligament (i.e., Osse, 1969; Datovo and
Vari, 2013). In this bone, a tooth row is present
along the alveolar border. Dentary teeth resemble
those of the premaxilla.

The anguloarticular bone occupies about the
last third of the lower jaw, forms the bulk of the
postarticular process, and forms the entire articular
facet for the quadrate (Figures 5, 6). A small ret-
roarticular occupies the ventral end of the postar-
ticular process and does not participate in the
articular facet for the quadrate. The articulation
between the quadrate and lower jaw is exposed
laterally. The mandibular sensory canal runs near
the ventral border of the dentary and retroarticular
bones and opens through small pores near the
symphysis, four or five large pores in the dentary,
and at least two pores in the anguloarticular.
Circumorbital bones. These flimsy and flat bones
almost enclose the orbit (Figure 5). Unfortunately,
the circumorbitals are poorly preserved in referred
specimens because these were strongly deformed
or broken by the compression against the skull.
These bones include a comparatively small oval
antorbital bone that is higher than long and covers
the lateral surface of the nasal capsule. An elon-
gated supraorbital bone borders the anterodorsal
orbital section. The dermosphenotic is an elon-
gated subtriangular curved bone, expanded poste-
riorly, which borders the posterodorsal orbital
region. At least five infraorbitals are present; the
first two are elongated and border the ventral
orbital section while infraorbitals 3-5 are somewhat
rectangular and form the posterior border of this
cavity. The infraorbital sensory canal runs along-
side the orbital edges of the infraorbital bones and
opens through some inconspicuous and scattered
pores. The orbit is occupied by a couple of large
flat wedge-shaped sclerotic bones.
Suspensorium. Bones of the suspensorium are
only partially exposed (Figures 5, 6). The hyoman-
dibular is a hatchet-like bone with a single stout
head and a narrow long ventral shaft bearing a
posterior opercular process that is poorly devel-
oped. The quadrate is a flat triangular bone placed
beneath the anterior half of the orbit and has a
stout articular head inclined forward and down-
ward. The posterior process of the quadrate is thin
and slightly dorsally expanded. The symplectic is a
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stake-shaped bone that is tilted backward and
higher than the quadrate.

The metapterygoid is roughly triangular, and

its lingual surface seems to be toothless. The
ectopterygoid is gracile and boomerang-shaped, in
which the vertical and horizontal limbs form an
obtuse angle of about 100°. The ectopterygoid
meets the ventral border of endopterygoid and the
anterior edge of the quadrate. In the holotype, the
ectopterygoid bears a patch of small teeth (Figure
5). The endopterygoid is an oblong and flat bone
that bears numerous short conical teeth of regular
size. The palatine is a robust bone medially
expanded and posteriorly pointed. The palatine
head is small, stout, and joins with the lateral-pos-
terior process of the mesethmoid and the posterior
maxillary palatine facet (Figures 5, 6).
Opercular bones. The opercle is a flat kidney-
shaped bone, higher than long, in which the ante-
rior edge is straight and thickened. The hyoman-
dibular facet is located near the anterior edge and
at the beginning of the upper quarter of the opercu-
lar height. This bone is superficially smooth except
for its basal quarter that is covered with shallow,
straight, and parallel grooves of uneven height and
uniformly spaced, which extend from the ventral
edge. The subopercle is a flat, semicircular,
smooth, and dorsally straight bone with a sharp
anterior ascending process that is extended along
the ventral edge of the opercle.

The preopercle is a flat and inverted L-shaped
bone with smooth edges, in which the vertical limb
height is twice the horizontal limb length (Figure 5).

el pretiat =y i ™
FIGURE 7. Closeup of the postorbital region of IGM
11539 showing the osteoglossid-like tooth patch on the
parasphenoid bone (black arrows). Abbreviations: hm,
hyomandibular; mtp, metapterygoid; pop, preopercle;
psp, parasphenoid.

1
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The dorsal tip of this bone reaches the opercular
dorsal edge. The preopercular sensory canal runs
close to the anterior edge of its vertical limb and
dorsal edge of its horizontal limbs; around the com-
missure of these limbs, this sensory canal shows
four to seven wide and sinuous branches. The
interopercle is a flat, smooth, and spatula-shaped
bone.

Branchiostegal rays and branchial arch. In the
available specimens, the branchial arch elements
known are partially covered (Figures 5, 6). The
hypohyals are thick, flat, and smooth rectangular
bones; the dorsal hypohyal is slightly higher than
long while the ventral hypohyal is about twice
higher than long.

The anterior ceratohyal is rectangular, about
twice longer than high, centrally pierced by a large
beryciform foramen, and has a horizontal groove
for the afferent hyoidean artery. The posterior cera-
tohyal is flat, semicircular with the anterior edge
straight and centrally pierced by an elongated
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small foramen. The urohyal is a complex elongated
bone with an anterior small and massive head, a
basal flat wing that is laterally expanded, and a
central flange upward expanded. There are 10 or
11 flat blade-like branchiostegal rays.

Bones of the branchial series are largely cov-
ered by more superficial bones. Despite this situa-
tion, in IGM 11537, the anterior part of the basihyal
bone is exposed showing a noticeable dorsal patch
of numerous, small, and conical teeth (Figure 6).
Axial skeleton. The vertebral column consists of
33 to 35 total centra, including 15-17 abdominals,
15-17 preurals, and two urals (Figure 8, Table 1).
All centra are constricted in the middle and superfi-
cially sculpted with longitudinal cavities. The
abdominal and anterior caudal centra are slightly
higher than long; beyond, the middle caudal centra
become longer than high, being in the most
extreme cases about 1.25 times longer than high.
The posterior preural centra and both urals tend to
be smaller. The intervertebral surfaces of centra
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FIGURE 8. Idealized and simplified drawing of the trunk and pelvic, anal, and dorsal fins of IGM 11536, holotype Armi-
gatus carrenoae sp, nov. from the Albian deposits of Tlayua lagerstatte, near Tepexi de Rodriguez, Puebla, Mexico
(based on Figure 3). Abbreviations: afr, anal fin ray; afs, anal fin stay; appt, anal proximal pterygiophore; dfr, dorsal fin
ray; dfs, dorsal fin stay; dppt, proximal pterygiophores of dorsal fin; epl, epipleural; epn, epineural; hapu, hemal arch
and spine of preural centrum; naac, neural arch of abdominal centrum; napu, neural arch and spine of preural cen-
trum; napu4, preural centrum 4 with double neural spine; pd, predorsal bone; php, parhypural; prvas, prepelvic
abdominal scute; ptvas, postpelvic abdominal scute; pvfr, pelvic fin ray; r, rib; u, ural centrum; numbers under centra

indicate their position along the vertebral column.
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are concave and pierced by a small notochordal
foramen.

The anterior abdominal centra have hypertro-
phied neural arches consisting of unfused hemi-
arches that are rounded and slightly expanded that
fit into the dorsolateral cavity of the respective cen-
trum; therefore, there are bifid neural spines on
each of these abdominal centra. Posteriorly, the
neural arches are tightly attached or perhaps fused
with the centra, are progressively less high, and
have a single neural spine. All caudal centra are
fused with the respective neural and hemal arches
that carry a single neural and hemal spine. In IGM
11536, the arch of preural centrum 4 has two
spines, one in front of another (Figure 8).

The abdominal cavity is almost entirely
enclosed by 14 or 15 pairs of long curved ribs (Fig-
ure 8). Two-thirds of these ribs have expanded
heads to articulate with the ventrolateral cavities of
the respective abdominal centra. The other ribs
have expanded heads to articulate with the para-
pophyses developed in the anterior part of the
most posterior eight abdominal centra. The sizes of
the parapophyses increase in anterior to posterior
order. There are six stick-like and slightly curved
predorsals located between the occiput and the
dorsal pterygiophores. In these bones, there is an
anterior laminar extension that tends to be reduced
in larger specimens.

Long and flat epineural bones are associated
with all the neural arches and spines except for
those of the preurals 1 to 3. In the abdominal
region, the epineurals have anterior tips forked, are
very thin, curved upward, and as long as five to six
centra. In the anterior caudal centra, the epineurals
are comparatively stouter, shorter, and exhibit a
peculiar Y-shape, in which the three radiating limbs
are equally long and those projected forward form
an acute anterior angle. In the posterior caudal
centra, the epineurals are parallel with the verte-
bral column and comparatively broader and
shorter. Parapophyses of the abdominal centra and
the neural arches and spines of the caudal centra,
except for the last three preurals, are associated
with long flat epipleurals. The shapes and sizes of
the epipleurals are mirrored symmetrically to those
of the epineurals above. There are no epicentral
bones.

Pectoral girdle and fins. The posttemporal is a
flat, oval, and long bone that has an elongated and
thin rectangular dorsal process and an expanded
ventral process (Figure 5). The posterior ventral
edge of this bone is crenulated. In comparison with
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the posttemporal, the ovoidal extrascapular bone is
small.

The supracleithrum is flat, subrectangular,
slightly curved, and rests on the dorsal limb of the
cleithrum (Figures 5, 6). In lateral view, the
cleithrum is an S-shaped structure, in which the
extremely short horizontal middle region separates
the high posterior vertical limb from the relatively
low anterior vertical limb. Posterior to the anterior
vertical limb of the cleithrum, parts of the coracoid
and the scapula are exposed. Two long, ovoidal,
and flat postcleithra are present; the ventral one
has a narrow ventral end.

At least five radials are inserted between the
scapular and the pectoral fin rays; these are short
and rod-like bones with both extremes rounded
and expanded. The pectoral fin consists of a series
of 15 distally branched and segmented rays (Fig-
ure 6), in which the first ray is as long as seven
abdominal centra and almost covers the distance
between the pectoral and the pelvic fins. Other
pectoral rays become shorter.

Pelvic girdle and fins. This small fin is opposed to
the anterior half of the dorsal fin and consists of
five to seven distally branched and segmented
rays that are extended backward beneath the sixth
and seventh abdominal centra. The pelvic girdle
consists of two unfused elongated triangular pelvic
bones that lie beneath three abdominal centra,
have sharp anterior tips, and are about twice lon-
ger than wide (Figure 8).

Dorsal fin. This short triangular fin originates just
behind the middle of the body and extends above
eight abdominal centra. This fin consists of two
procurrent rays plus 11 to 13 rays. The fourth dor-
sal ray is the longest (Figure 8).

A series of 11 to 12 rod-like proximal pterygio-
phores support the dorsal fin. These have
expanded articular heads. Among these bones, the
anterior six have anterior and posterior laminar
wings. Some elongated dorsal middle pterygio-
phores and rounded dorsal distal pterygiophores
are exposed in the dorsal fin of the referred speci-
mens. A short hook-like dorsal fin stay is present at
the end of the dorsal fin support.

Anal fin. This long triangular fin lies beyond the
dorsal fin and its base equals the length of 9-10
caudal centra (Figure 8). This fin consists of two
small procurrent rays plus 15-17 elongated rays.
The fourth anal fin ray is the longest. A series of 16
to 18 proximal pterygiophores supports this fin.
These rod-like pterygiophores occupy the interhe-
mal spaces and show articular heads anterior and
posteriorly expanded. Inconspicuous anterior and
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FIGURE 9. The caudal skeleton of Armigatus carrenoae sp. nov. from the Tlayua Lagerstatte, near Tepexi de Rodri-
guez, Puebla, Mexico. A, closeup of the caudal skeleton of IGM 11538 coated with magnesium smoke. B, idealized
and simplified drawing of A. Abbreviations: afr, anal fin ray; cs, caudal scute; ep, epural; epl, epipleural; epn, epineural;
hapu, hemal arch of preural centrum; hy, hypural; napu, neural arch of preural centrum; nau, neural arch of ural cen-
trum; php, parhypural; prl, branched and segmented caudal fin ray of the lower lobe; prll, unbranched caudal principal
fin ray of the lower lobe; pru, branched and segmented caudal fin ray of the upper lobe; prul, unbranched caudal prin-
cipal fin ray of the upper lobe; pu, preural centrum; u, ural centrum; un, uroneural.

posterior laminar wings are present in the anterior
two or three proximal pterygiophores. Some
rounded middle or distal pterygiophores are pre-
served. A short and stout anal fin stay is present at
the end of the fin support.

Caudal fin. The hemal and neural spines of preu-
rals 1-3 are thick and tilted backward supporting
the caudal fin (Figure 9). This fin is deeply forked
and has two elongated triangular lobes preceded
by a single large drop-shaped caudal scute. The
ventral caudal lobe is slightly longer than the dorsal
one. The caudal formula is x+|+9—8+I+ix. The
proximal ends of the principal rays are acute
except for the inner rays of both lobes that rest on
the hypurals 2-4, whose proximal ends are slightly
branched and expanded.

The parhypural is thick, wide, and fused with
the preural 1. The neural arch of preural 1 is trian-
gular and shorter than the anterior neural spines.
The ural centrum 1 has a small neural arch. There
are three stout, rod-like, and equally long epurals.
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Ural centrum 1 is slightly larger than ural centrum
2; the first is in contact with the anterior tip of hypu-
ral 1 and fused with hypural 2 whereas the ural
centrum 2 bears the hypurals 3 to 6. There are six
hypurals, the first is triangular and the wider in the
series; others are rectangular and progressively
smaller except for the hypurals 3 and 4 that are
fused forming a triangular hypural plate. There is
no caudal diastema or space between the hypural
2 and hypural 3. There are no urodermals. Three
uroneurals cover the dorsal surface of preural 1
and both ural centra. Uroneural 1 is the longest in
the series, somewhat curved, and anteriorly
expanded. The distal tip of uroneural 2 reaches the
distal tip of uroneural 1. Uroneural 3 is the smallest
in the series and rests near the distal ends of uro-
neurals 1 and 2.

Scales and scutes. The entire trunk is covered
with oval cycloid scales, higher than long, orna-
mented with numerous concentric circulli. Unfortu-
nately, it is not possible to know the number of
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FIGURE 10. Predorsal scutes series of A. carrenoae sp. nov. from Tlayua. A, closeup of the predorsal region of IGM
11536 (inverted for comparative purposes). B, closeup of predorsal region of IGM 11537. C, idealized drawing of B.
Abbreviations: afr, anal fin ray; pd, predorsal bone; pds, predorsal scutes; dppt, dorsal proximal pterygiophore; upds,
unmodified predorsal scales.

scale rows and the existence of the lateral line. The
predorsal and abdominal borders of the trunk are
armored with scutes (Figure 10).

The predorsal scute series consists of eight
scutes that lay over the posteriormost three predor-
sal bones and covers the posterior half of the pre-
dorsal edge of the body, near the dorsal fin base.
Each predorsal scute rests on the anterior part of
the successive one. The size and shape of these
scutes change along the series; the anterior ones
are small and oval while the posteriors become
larger and subtriangular because they are laterally
expanded. All predorsal scutes have a thick longi-
tudinal middle keel; however, in the posteriormost
ones, the keel is hypertrophied and forms a stout
posterior spine. These scutes are superficially
ornamented with a few inconspicuous sinuous
ridges.

The abdominal scute series borders the ven-
tral edge of the trunk, between the isthmus and the
anus (Figures 3, 8). The series consists of 22 to 23
scutes, including 16 to 17 prepelvics and six post-
pelvics. Overall, these smooth scutes have a trian-
gular wing extended over each abdominal side, an
anterior rounded tip, and an acute posterior projec-
tion; the posterior tip of one scute covers the ante-
rior tip of the subsequent posterior one. These
scutes also have a thick anteroposterior middle
keel, which becomes a spine in the postpelvic
scutes. The lateral wings of these scutes change
along the series; in the middle, the ventral quarter
of the abdominal cavity is covered by the largest
lateral wings, anterior and posteriorly the wings of
remaining scutes are progressively smaller.

Soft tissues and gut contents. As it occurs in
other fossil fishes of Tlayua reported by Alvarado-
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TABLE 1. Measurements and proportions of specimens of Armigatus carrenoae sp. nov. from the Tlayua quarry
referred here. All the measurements are given in millimeters, and all percentages are calculated on the base of the

standard length (SL).

Measurements
(in mm) and

IGM IGM IGM proportions IGM IGM IGM IGM

11536 11537 11538 IGM 11539 11540 11541 1542 11543 Avg. (Range)
Total length 57.2 68.3 57 81.97 35.3 57.5 56.6? 68.3?  55.6 (35.3-68.3)
Standard length 42.7 50.1 42.4 64.27 49.7 46.0 46.9? 51.8 47.1 (18.4-51.8)
Body height 23.0 23.7 22.7 27.3 30.6? 21.7 25.3? 2537 24.4 (23-28.2)
%SL 53.8 47.3 53.5 42.5? 61.5? 471 53.4? 53.4? 51.2(47.1-54.4)
Head length 17.2 18.2 16.7 225 18.4 16.5 17.8? 1847 18.25(18.4-22.5)
% SL 40.2 375 39.3 35? 37.0 35.8 37.9? 35.5? 37.9(35.8-40.2)
Predorsal length 24.2 28.5 24.4 34.97 28.2 25.8 27.67 28.4 26.5 (24.2-28.5)
% SL 56.6 56.8 57.5 54.3? 56.7 57.8 58.87 54.8 56.7 (54.8-57.8)
Dorsal fin length 7.0 8.2 6.5 9.5? 7.4 8.0 7.6 8.3 7.4 (6.7-8.3)
% SL 16.3 16.3 15.3 16.2? 14.8 17.3 16.27 17 16.1 (14.8-17.3)
Prepelvic length 252 30.3 252 357 29.6 26.6 267 29.4 27.7 (25.2-30.3)
% SL 59 60.4 59.4 54.57 60.2 57.8 55.4? 56.8 58.9 (56.8-60.4)
Preanal length 33.7 38.5 334 52.67 40.0 35.3 37.5? 422 37.1(33.4-42.2)
% SL 78.9 76.8 78.7 81.9? 80.4 76.7 79.9? 81.4 78.8 (76.7-81.4)
Anal fin length 8.1 8.3 7.3 10.9 8.5 8.4 7.8 ? 8.5(7.3-10.9
% SL 18.9 16.5 17.2 16.9? 171 18.2 15.3? ? 17.5 (16.5-18.9)

Meristics Mode (Range)

Total vertebrae 35 33 34 34 35 35 33+ 29+ 34 (33-35)
Abdominal centra 17 16 15 16 16 16 14+ 10+ 16 (15-17)
Caudal centra 16 15 17 16 17 17 17 17 17 (15-17)
Pair of ribs 14 15 15 15 14 14 15 ? 14-15
Predorsal scutes 8 5+ 7? 3+ 3+ 4+ 5+ 3+ 8
Abdominal scutes 227 23 22 18+ 227 21+ 23 5+ 23 (22-23)
Prepelvic scutes 167 17 16 12+ 167 15+ 17 5+ 17 (16-17)
Postpelvic scutes 6 6 6 6 6 6 6 ? 6
Dorsal fin rays i, 11 i, 11 i, 11 i,? i, 97 ii,13 i, 11 i, 11 i,11 (i-ii,11-13)
Dorsal pts. 11 11 11 11 10+ 12 9+ ? 11 (11-12)
Anal fin rays i, 17 i, 15 i, 17 i, 17 I, 147 i, 17 ?,5+ i, 17? i, 17 (ii,15-17)
Anal pts. 17 15 16 15 14+ 17 14+ 12+ 17 (16-18)
Pectoral fin rays 15 15 14+ 13+ 14 5+ 14 15 15 (14-15)
Pelvic fin rays 6 5 5 5 5? 5 7 6+ 5(5-7)
Predorsal bones 6 6 6 6 6 6 6 5? 6

Ortega et al. (2007); the specimens studied here
have phosphatized masses forming whitish and
soapy patches preserved in different parts of the
body. These patches have a null reaction in acid
solutions and under UV light are faint pink in color.
In the trunk, these patches, mainly at the back and
base of the unpaired fins, are muscle tissues.
Beneath the opercular bones, there are phos-
phatized gill rakers and filaments. And into the
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abdominal cavity, these phosphatized materials
form bumps along the digestive tract, from the back
of the pelvic girdle to the anus. The abdominal cav-
ity of IGM 11541 preserves isolated bones and the
pelvic fins of a small fish. Although it is impossible
to identify the species of such a swallowed fish;
this observation demonstrates that Armigatus car-
renoae sp. nov. fed on smaller fishes.



DISCUSSION
Comparative Remarks

The morphological features of Armigatus car-
renoae sp. nov. described here unambiguously
show that this is a member of the superorder Clu-
peomorpha, order Ellimmichthyiformes, and family
Armigatidae. The Clupeomorpha clade is well sup-
ported by the occurrence of three synapomorphies,
the abdominal scute series covering the belly, from
the isthmus to the anus, the otophysic connection
on the skull, and the supratemporal commissural
sensory canal passing through the parietals, or
through the parietals and supraoccipital (i.e.
Greenwood et al.,, 1966; Patterson and Rosen,
1977; Grande, 1985; Arratia, 1997; among others).
Armigatus carrenoae is a true clupeomorph
because it has the abdominal scute series and the
supratemporal commissure on the parietals (Fig-
ures 3-5, 8).

Grande (1982) erected the family Ellimmich-
thyidae and subsequently, he reranked its taxo-
nomical hierarchy to order Ellimmichthyiformes
(Grande, 1985). According to him, this order is sup-
ported by a single character, the presence of pre-
dorsal scutes that are subrectangular and laterally
expanded. The importance of this feature has been
declining in recent studies, after the inclusion of
basal clupeomorph into this order, as Foreyclupea
loonensis, Ranulfoichthys dorsonudum, and
Codoichthys carnavalii (Figure 11), which either
have no predorsal scutes or these are rather oval
rather than rectangular (Murray and Wilson, 2013;
Figueiredo and Ribeiro, 2016; Vernygora and Mur-
ray, 2016; Vernygora et al., 2016). Recent phyloge-
netic analyses recognize that the order
Ellimmichthyiformes is supported by an exclusive
mixture of characters, which includes: the mesopa-
rietal condition of the skull, the basipterygoid pro-
cess in the parasphenoid, the beryciform foramen
piercing the anterior ceratohyal, the occurrence of
three epineurals, and the presence of a predorsal
scute series (see, Murray and Wilson, 2013; Mur-
ray et al, 2016; Vernygora and Murray, 2016;
among others). Since Armigatus carrenoae sp.
nov. has a series of predorsal triangular scutes, as
well as, all the characters of the mixture described
above, this species is a member of the order Ellim-
michthyiformes.

The family Armigatidae was erected by Mur-
ray and Wilson (2013) to include Armigatus and
Diplomystus (also see Murray et at., 2016; Verny-
gora and Murray, 2021); however, this group has
not been recovered in some of the latest phyloge-
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netic hypotheses (Vernygora and Murray, 2016;
Marrama and Carnevale, 2016; Figueiredo and
Ribeiro, 2016, 2017; Boukhalfa et al., 2019; Mar-
rama et al., 2019) (Figure 11). According to Murray
and Wilson (2013), this family is unified by two
putative synapomorphies, the distal end of uroneu-
ral 2 reaches the distal end of the uroneural 1, and
the third hypural is posteriorly expanded and
leaves no gap between the hypurals 2 and 3. Both
features are present in Armigatus carrenoae sp.
nov. supporting its inclusion in this family (Figure
9).

To date, the Ellimmichthyiformes comprises at
least 45 nominal species gathered in 22 genera,
which were described as part of or at least once
included in the phylogenetic assays of this order
(Figure 11, Table 2). A brief morphological compar-
ison of the specimens described here reveals that
Armigatus carrenoae sp. nov. belongs to Armiga-
tus. These ellimmichthyiforms include fusiform and
deep-bodied species that have none, one, two, or
three scute series bordering the trunk (the abdomi-
nal, predorsal, and postdorsal series). Ornategu-
lum sardinoides differs from all ellimmichthyiforms,
including A. carrenoae sp. nov., mainly because it
has no scutes bordering the trunk. Although Verny-
gora et al. (2016) and Marrama et al. (2019) con-
cluded that Ornategulum is a  basal
ellimmichthyiform based on the presence of the
mesoparietal condition of the skull and the lack of
the recessus lateralis (Figure 11), other authors
have considered this fusiform fish is an incertae
sedis species of the order Clupeiformes (Forey,
1973) or even a non-clupeomorph (Zaragieta-
Bagils 2002, 2004; Alvarado-Ortega et al., 2008;
Boukhalfa et al., 2019).

Armigatus carrenoae sp. nov. exhibits the
emblematic deep body observed in most double
and triple armored ellimmichthyiforms, which is
easily distinguishable from those gracile fusiform-
like species that only have the abdominal scute
series, such as Ranulfoichthys dorsonudum and
Foreyclupea loonensis, or from those that have the
abdominal and predorsal series, such as Scutatus-
pinosus itapagipensis and Codoichthys carnavalii.
This new Mexican species is also easily differentia-
ble from the triple armored ellimmichthyiforms, as
Triplomystus and Scutatoclupea, which include
four species that own three scute series, the
abdominal, predorsal, and postdorsal (see Forey et
al., 2003; Alvarado-Ortega and Ovalles-Damian,
2008; Bannikov, 2015).

Armigatus carrenoae sp. nov. only has the
abdominal and predorsal scute series, like all other
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TABLE 2. Nominal species currently included in the order Ellimmichthyiformes (continued on next page).

Species

Age and Distribution

Armigatus alticorpus Forey, Yi, Patterson, and Davies, 2003.
Armigatus brevissimus (Blainville, 1818).

Armigatus carrenoae sp. nov. (present manuscript).

Cenomanian. Namoura, Lebanon.
Cenomanian. Heckel and Hajula, Lebanon.

Albian. Tlayua quarry, Mexico.

Armigatus dalmaticus Murray, Vernygora, Japundzi¢, Radov¢i¢, Wilson, Campanian? Dalmatia, Croatia.

Bardack, and Grande, 2016.

Armigatus namourensis Forey, Yi, Patterson, and Davies, 2003.

Armigatus oligodentatus Vernygora and Murray, 2016.
Codoichthys carnavalii Silva Santos, 1994.

Diplomystus altisomus Yabumoto, 1994.

Diplomystus birdi Woodward, 1895.

Diplomystus dentatus Cope, 1877.

Diplomystus dubertreti Signeux, 1951.

Diplomystus kokuraensis Uyeno, 1979.

Diplomystus primotinus Uyeno, 1979.

Diplomystus solignaci Gaudant and Gaudant, 1971.
Diplomystys shengliensis Zhang, Zhou, and Qing, 1985.
“Diplomystus” trebicianensis Bannikov and Sorbini, 2000.
Ellimma branneri (Jordan, 1910).

Ellimma cruzi Silva Santos 1990.

Cenomanian. Namoura, Lebanon.
Cenomanian/Turonian. Agoult, Morocco.
Aptian. Sao Luis-Grajau Basin, Brazil.
Early Cretaceous. Kyushu, Japan.
Cenomanian. Heckel and Hajula, Lebanon.
Eocene. Green River Fm., USA.
Santonian. Sahel Alma, Lebanon.
Neocomian. Kyushu, Japan.

Neocomian. Kyushu, Japan.

Senonian. Gabés, Tunisia.

Eocene. Shandong, China.

Paleocene, Trebiano, Italy.
Hauterivian-Aptian. Muribeca Fm., Brazil.

Aptian. Cabo Fm., Brazil.

Ellimma longipectoralis Polck, Gallo, Figueiredo, Viana, Santos, Quiroz- Aptian. Velha Fm., Santos Basin, Brazil.

Neto, and Jahnert, 2020.
Ellimmichthys longicostatus (Cope, 1886).
Ellimmichthys goodi Eastman, 1912.

Ellimmichthys maceioensis Malabarba, Do Carmo, Gémez-Pérez, and

Queiroz-Neto, 2004.

Eoellimmichthys superstes Marrama, Bannikov, Kriwet, and Carnevale,

2019.

Ezkutuberezi carmenae (Poyato-Ariza, Lépez-Horgue, and Garcia-

Garmilla, 2000).

Foreyclupea loonensis Vernygora, Murray and Wilson, 2016.

members of the unnatural ellimmichthyiform group
composed of double-armored herrings. In these
fishes, the predorsal scutes show distinctive fea-
tures, often with diagnostic value (Grande, 1982,
1985; Chang and Grande, 1997, Chang and
Maisey, 2003; among others). The predorsal
scutes of A. carrenoae and A. brevissimus are sub-
triangular or heart-shaped, have smooth borders,
and exhibit inconspicuous superficial ornamenta-
tion. In Ellimma, Ellimmichthys, Triplomystus, and
Tycheroichthys these scutes are more laterally
expanded, becoming subrectangular, preserve the
smooth borders, and are strongly ornamented with
ridges and tubercles. In Diplomystus the predorsal
scutes are highly distinctive; these are subrectan-
gular, antero-posteriorly shorth and extremely lat-

Hauterivian-Barremian. Recéncavo Fm., Brazil.

Aptian-Albian. Cocobeach Series, Equatorial
Guinea.

Aptian-Albian. Maceio Fm., Brazil.
Early Eocene. Pesciara, Italy.
Valanginian-Barremian. Villaro Fm., Spain.

Albian. Loon River Fm., Canada.

erally expanded, smooth, and have a strongly
serrated posterior border. Other genera show pre-
dorsal scutes with different combinations of these
features, as in Sorbinichthys, Kwangoclupea, and
Tunisiaclupea (e.g., Taverne, 1997; Bannikov and
Bacchia, 2000; Murray and Wilson, 2011;
Boukhalfa et al., 2019). As Grande (1982, 1985)
stated, Armigatus differs from other ellimmichthy-
iforms in the presence of an incomplete predorsal
scute series. Armigatus carrenoae sp. nov. shares
this feature (Figure 10).

Armigatus was erected by Grande (1982, p.
4), based on a single species, A. brevissimus (Fig-
ures 1, 12) and its original diagnosis included the
following features: 1) the osteoglossid-like tooth
patch on the parasphenoid; 2) the parietals are in
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TABLE 2 (continued).

Species

Age and Distribution

Gateroclupea branisai Signeux, 1964 (see Marrama and Carnevale,

2017)

Horseshoeichthys armaserratus Newbrey, Murray, Brinkman, Wilson,

and Neuman, 2010.
Kwangoclupea dartevellei (Casier, 1965).
Ornategulum sardinoides (Pictet, 1850).

Paraclupea chetungensis Sun, 1956.

Paraclupea seilacheri Alvarado-Ortega and Melgarejo-Damian, 2017.

Ranulfoichthys dorsonudum Alvarado-Ortega, 2014.

Rhombichthys intoccabilis Khalloufi, Zaraglieta-Bagils, and Leliévre,

2010.

Scutatoclupea bacchiai Bannikov, 2015.
Scutatuspinosus itapagipensis Santos and Corréa, 1985.
Sorbinichthys elusive Bannikov and Bacchia, 2000.
Sorbinichthys africanus Murray and Wilson, 2011.
Thorectichthys rhadinus Murray and Wilson, 2013.

Thorectichthys marocensis Murray and Wilson, 2013.

Triplomystus applegatei Alvarado-Ortega and Ovalles-Damian, 2008.

Triplomystus noorae Forey, Yi, Patterson, and Davies, 2003.

Triplomystus oligocostatus Forey, Yi, Patterson, and Davies, 2003.

Tycheroichthys dunveganensis Hay, Cumbaa, Murray, and Plint, 2007.

Tunisiaclupea speratus Boukhalfa, Wu, Ben Ali, and Fang, 2019.

Late Cretaceous-Paleocene. Cayara, Bolivia.

Maastrichtian. Horseshoe Canyon Fm., Canada.

Cenomanian. Kwango, Zaire.
Cenomanian. Heckel and Hajula, Lebanon.
Early Cretaceous. Chawan Fm., China.
Albian. Tlayua, Mexico.

Albian. Tlayua, Mexico.

Cenomanian. Ein Yabrud, Palestine.

Cenomanian. Namoura, Lebanon.
Hauterivian?. Marfim Fm., Brazil.
Cenomanian. Namoura, Lebanon.
Cenomanian/Turonian. Agoult, Morocco.
Cenomanian/Turonian. Agoult, Morocco.
Cenomanian/Turonian. Agoult, Morocco.
Cenomanian. El Espinal, Mexico.
Cenomanian. Namoura, Lebanon.
Cenomanian. Namoura, Lebanon.
Cenomanian. Dunvegan Fm., Canada.

Late Barremian. Chotts Basin, Tunisia.

contact with each other, between the supraoccipital
and frontals; 3) a large beryciform foramen in the
anterior ceratohyal; 4) subtriangular predorsal
scutes; 5) the predorsal scutes form a series that
extends only over two-thirds of the distance
between the occiput and dorsal fin base (this con-

dition is hereby referred to “the incomplete predor-
sal scute series”). After the inclusion of A.
naumourensis and A. alticorpus in this genus,
Forey et al. (2003, p. 275) emended this diagnosis
to include the presence of the following additional
features: 6) medial surface of entopterygoid with

FIGURE 12. Dorsal region of Armigatus brevissimus. A, closeup of the specimen IGM 11532 from the Cenomanian
shallow marine deposits of Hekel, Lebanon, under white light. B, idealized and simplified drawing of predorsal scutes
and near bones based on A. Abbreviations: afr, anal fin ray; pd, predorsal bone; pds, predorsal scutes; dppt, dorsal
proximal pterygiophore; upds, unmodified predorsal scales.
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enlarged teeth; 7) dorsal and ventral hypohyals
much deeper than long; 8) parietals carrying the
supratemporal commissure within a bone-enclosed
tube; 9) the base of the posterior border of the
posttemporal bone is crenulated; 10) proximal radi-
als of posterior eight or so pterygiophores in dorsal
fin with expanded heads. Unfortunately, characters
1-3 and 6-8 are not exclusive to Armigatus and
have been documented in other ellimmichthyiform
taxa; hence, individually these have poor diagnos-
tic value. The crenulated posterior edge of the
posttemporal bone described by Forey et al. (2003)
(feature 9) is not exclusive of Armigatus because it
is also present in Paraclupea seilacheri (Alvarado-
Ortega and Melgarejo-Damian, 2017, figure 6); in
any case, A. carrenoae also has a posttemporal
bone with a crenulated posterior edge (Figure 5).
The diagnostic usefulness of features 7 and 10 is
at least questionable because Forey et al. (2003)
did not provide a broader and accurate discussion;
however, A. carrenoae can be definitively said to
possess these (Figures 5, 8). In the present con-
text, the most compelling diagnostic feature of
Armigatus is the presence of subtriangular predor-
sal scutes forming an incomplete series (features 4
and 5). A.carrenoae sp. nov. is a member of Armig-
atus because it possesses the features 4 and 5, as
well as 1-6 and 8-9 (Figures 3-10).

Table 3 summarizes a comparison of the mor-
phological features present in the nominal species
already included within Armigatus. The body pro-
portions of these species are similar except for the
body height; A. oligodentatus is a comparatively
gracile and elongated fish, in which the maximum
body height is close to 32.1 % of SL, whereas
Armigatus carrenoae sp. nov. and other species
have higher bodies (the maximum body heights
range between 37.2 and 51.2 % of SL). In addition,
A. carrenoae shares a relatively low number of
anal and dorsal fin rays (15-17 and 11-13, respec-
tively) with A. dalmaticus (16 and 13-14) and prob-
ably with A. oligodentatus (12?-147? and 10?-137).
In contrast, these fins have more rays in A. brevis-
simus (28 and 19), A. namourensis (24-27 and 18-
19), and A. alticorpus (at least 25? and 15-17). In
A. namourensis and A. alticorpus, there are five to
six predorsals while in A. carrenoae and A. brevis-
simus there are always 6 of these bones. Contrast-
ingly, A. oligodentatus and A. dalmaticus have
seven to eight predorsal bones. Moreover, the
number of total vertebrae is variable among Armig-
atus species: A. brevissimus only has 31; A. dal-
maticus and A. carrenoae share an intermediate
condition in which this number ranges between 33-

PALAEO-ELECTRONICA.ORG

35 and 32-37, respectively, and A. namourensis, A.
alticorpus, and A. oligodentatus have more verte-
brae, between 37 and 38. Finally, A. carrenoae has
only six postpelvic scutes while A. brevissimus has
seven and other species have eight to 11.

Other osteological features that highlight the
uniqueness of A. carrenoae sp. nov. seem to be
somewhat problematic (Table 3). On the one hand,
this Mexican species, A. brevissimus, and A.
namourensis show the osteoglossid-like tooth
patch in the parasphenoid bone. Remarkably, this
structure has not been observed in A. oligodenta-
tus, A. dalmaticus, and A. alticorpus (Forey et al.,
2003; Murray et al., 2016, Vernygora and Murray,
2016; Vernygora and Murray, 2021). On the other
hand, in A. brevissimus, A. namourensis, and A.
carrenoae sp. nov. the frontal, parietal, and pterotic
bones are strongly ornamented with conspicuous
grooves and sinuous ridges that enclose the paths
of the preorbital, temporal, and supratemporal
canals, which open through some pores scattered
on the surface of these bones (Figure 5). Similar
ornamentation of such bones is present in other
ellimmichthyiforms, as Ellimmichthys, Ellimma, and
Paraclupea (Chang and Grande, 1997, figure 4). In
contrast, bones of the skull roof are smooth in A.
alticorpus, A. oligodentatus, and A. dalmaticus
(Vernygora and Murray, 2016, 2021; Murray et al.,
2016, figure 2). Additionally, at least A. carrenoae
sp. nov. and A. brevissimus share the presence of
short apicobasal grooves on the basal quarter of
the opercular surface (Figures 1, 4, 6). A similar
opercular ornamentation is also present other
deep-bodied ellimmichthyiformes, such as Ellim-
michthys branneri and Paraclupea seilacheri
(Chang and Maisey, 2003, figure 4; Alvarado-
Ortega and Melgarejo-Damian, 2017, figure 5).
Otherwise, the opercle seems to be superficially
smooth in A. oligodentatus, A. dalmaticus, and A.
alticorpus (Murray et al., 2016; Vernygora and Mur-
ray, 2016, 2021). These opercular grooves are
unclear in A. namourensis (Forey et al., 2003).

Besides Armigatus carrenoae sp. nov., both
A. brevissimus and A. alticorpus also have epineu-
rals and epipleurals associated with all centra
except for the posteriormost four preurals. Hence,
the most posteriors of these elongated bones
almost reach the caudal peduncle (Figures 3, 4, 9,
Table 3). A similar distribution of these bones
seems to be present in all the species of Diplomys-
tus and Gasteroclupea branisai (Grande, 1982;
Chang and Maisey, 1997, figure 12.A; Marrama
and Carnevale, 2017, figure 5.D). In A. naumoren-
sis, A. oligodentatus, and A. dalmaticus the epi-
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TABLE 3. Comparison of the nominal species of the genus Armigatus. Maximum standard length (SL) expressed in mil-
limeters, (based on data from table 3; Forey et al., 2003; Murray et al., 2016, tables 2, 3; Vernygora and Murray, 2016,
table 1; Vernygora and Murray, 2021).

Armigatus
Species— carrenoae sp. Armigatus Armigatus Armigatus Armigatus Armigatus
Number of individuals nov. brevissimus namouraensis  alticorpus oligodentatus dalmaticus
considered— (8) (10) (11) (6) (8) (6)
Maximum TL ~81.9 105 139 47 37 48.6
% Body height 51.2 37.3 37.7 48.9 321 40.8
@ ag)v (47.1-54.4) (33-42) (31-50) (46.1-52.7) (28-36) (34.6-44-8)
©
%j’ Head length 37.9 33.6 31.9 34.2 325 313
g (35.8-40.2) (30-38) (28-35) (33.3-36.1) (31-35) (28-33)
50
“E5LO\° Predorsal length 56.7 46.5 47.3 49.2 48.6 46.3
§§ (54.8-57.8) (44-49) (43-52) (47.9-51) (46-52) (43.3-50.2)
g § Preanal length 78.8 67.1 69.1 69.9 77.8 75.4
< % (76.7-81.4) (64-72) (66-77) (66.6-73.7) (75-82) (66.5-81.9)
®  Prepelvic length 58.9 50 51.5 53.6 55.2 56.4
(56.8-60.4) (47-56) (49-56) (55.5-50) (50-58) (55.4-57.8)
Anal fin rays i, 17 28 25 25+ ? 16
(ii,15-17) - (24-27) (?-25+) (12?-147?) -
Dorsal fin rays i, 11 19 19 16 1 13, 14
(i-ii,11-13) - (18-19) (15-17) (10?-137?) (13-14)
Pectoral fin rays 15 20 12 12 or 13? 8 ?
(14-15) (18-20) (12-15) (12-13) (8-13) (12-13)
Pelvic fin rays 5 7 8 ? 7 7?
(6-7) - (8-9) - (6-9) -
2 Predorsal bones 6 6 6 6 8 7,8
8 (6) (6) (5-6) (5-6) (77-8) (7-8)
1]
é °g’> Total vertebrae 34 31 38 36 or 37 38 34
@ £ (33-35) (31-32) (36-38) (35-37) (37-39) (32-37)
3 Abdominal 16 17 18 16 247 ¢
= (15-17) (16-18) (17-19) (16-18) (23-25) (14-19)
Caudal (including 19 15 20 20 14,15 18
urals) (17-19) (13-15) (17-21) (19-21) (14-15) (13?-18)
Predorsal scutes 8 9 17 117? ? 11
(8) 9) (17-19) (7+-117?) (57-9?) (10-11)
Prepelvic scutes 17 16 20 17 13 13
(16-17) - (19-21) - (10-13) (13)
Postpelvic scutes 6 7 8 7 10, 11 9-10
(6) (67-7) (8-9) (7) (8-11) (9-10)
Skull roof bones Stout ridges ornament the frontal, parietal, and Smooth
pterotic.
Parasphenoid with the osteoglossid-like tooth patch ? toothless
Opercle Basal short and straight grooves ? Smooth
_ @ ornaments
O =
g 2 Epineurals and close to caudal peduncle far from the  close to caudal far from the caudal peduncle
£ epipleurals caudal peduncle peduncle
Predorsal bones Posterior 4-3 (= predorsal series  All (= predorsal  Posterior 4 ? All (= predorsal
below predorsal inccomplete series complete) series
scutes complete)
Posterior Posterior ones  Posterior ones  All are heart- All are wide  All are heart- All
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anterior Predorsal
e i formula
Campanian ——A - dalmaticus C,10-11, A. dalmaticus
83.6 .
Santonian C,17-19,  A. namourensis
86.3
" Coniacian C,9+, A. oligodentatus
" Turonian A. oligodentatus
939f—r"I — .
s A. alti
Cenomanian o ‘A. alticorpus P —— L11, aiticorpus
1005 A. brevissimus
Albi ®e
- A. carrenoge L9, A. brevissimus
Sp. nov.
1 13 T T T 1' T T T T T T 2'0 T
0 Predorsal scutes 1,8, A. carrenoae

A. carrenoae
sp. nov., Albian.
Tlaytia, Mexico.

/Nogth
/ America

Sp.nov.

A. dalmaticus
Campanian?.
Dalmatia, Croatia.

A. oligodentatus \\South |
Cenomanian/Turonian.

Agoult, Morocco.

“Americd

A. brevissimus,
A. alticorpus, and
A. namourensis.
Cenomanian.
Namoura, Hajula,
and Hekel, Lebanon.

FIGURE 13. Paleobiographical distribution and diversity of predorsal scutes of Armigatus. Abbreviations in the predor-
sal scute formula: C, complete predorsal scute series; |, incomplete predorsal scute series; the number of predorsal
scutes in each species is shown in front of the draws; draws show the change in the shape of the scutes along the
predorsal observed in species; light arrows point to posterior scutes; dark arrows show the hypothetic intraspecific

change of the predorsal scutes.

neurals and epipleurals are present only in the
most anterior caudal centra, far from the caudal
peduncle, and in extreme cases only are extended
as far as the anal fin (Forey et al., 2003, figure 54;
Vernygora and Murray, 2016, figure 1; Murray et
al., 2016, figure 1).

Finally, Armigatus carrenoae sp. nov. differs
from other species of Armigatus because its pre-
dorsal scute series has anterior oval scutes, which
progressively are more expanded and change to a
subtriangular-shape; here, the posterior predrosal
scute is the biggest and has a conspicuous poste-
rior spine (Figure 10, 13, Table 3). In Armigatus
brevissimus, the anterior predorsal scutes are sub-
triangular while the posteriormost predorsal scutes
are heart-shaped and have no posterior spine (Fig-
ure 12; Grande, 1982, 1985). In A. namourensis
and A. oligodentatus, the predorsal scutes seem to
be uniformly heart-shaped (Forey et al., 2003; Mur-
ray et al., 2016). Armigatus alticorpus and A. dal-

maticus own the most distinctive and intriguing
predorsal scutes; in the former species, these
scutes are evenly subrectangular, antero-posteri-
orly short, extremely laterally expanded, and have
no posterior spine (Vernygora and Murray, 2021,
figures 7.A and 7.B) while in the latter species,
such scutes are rather subrectangular, a little later-
ally expanded, and most of them have a posterior
spine (Murray et al., 2016, figure 2).

Furthermore, in Armigatus carrenoae sp. nov.,
A. brevissimus, and A. alticorpus the space occu-
pied by the predorsal scute series shows and addi-
tional distinctive condition (Table 3); the
comparatively low number of predorsal cutes (8 to
9) forms a true incomplete predorsal series, which
is preceded by unmodified scales and lies close to
the dorsal tips of the posterior three or four predor-
sal bones (Figures, 10, 12, 13; Vernygora and Mur-
ray, 2021, figure 7). In other species of this genus,
the number and distribution of predorsal scutes

23



ALVARADO-ORTEGA, THAN-MARCHESE, & DEL PILAR MELGAREJO-DAMIAN: ALBIAN ARMIGATUS IN AMERICA

resemble those of the complete predorsal scute
series observed in other ellimmichthyiforms, such
as Ellimma, Ellimmichthys, and Paraclupea
(Chang and Grande, 1997; Chang and Maisey,
2003; Alvarado-Ortega and Melgarejo-Damian,
2017; among others). Armigatus namouraensis, A.
dalmaticus, and probably A. oligodentatus have
more predorsal scutes (10 to 19) that cover a
larger portion of the predorsal edge of the trunk, lie
over all the predorsal bones, and reach a position
closer to the occiput (see Forey et al., 2003, figures
51.A, 54; Murray et al., 2016, figure 2; Vernygora
and Murray, 2016, figure 1).

Biogeographical Remarks

Paleontological researches in Mexico of the
last 20 years have allowed the recovery of numer-
ous fossils of clupeomorph fishes, mainly repre-
sentatives of the order Ellimmichthyiformes (Than-
Marchese et al., 2017). Recently, we launched a
project to know the taxonomic identity of these
Mexican fossils and explore their phylogenetic and
biogeographical implications. We have identified
the presence of three possible new species
belonging to or related to the genus Armigatus; two
of these are from the Albian deposits of Tlayua
quarry, Puebla, central Mexico, while the another
one is from the Early Cenomanian strata exploited
in the ElI Chango quarry, Chiapas, southeastern
Mexico. The first of these species is described
here, as A. carrenoae sp. nov., while the descrip-
tive studies of the other two are in progress.

The discovery of A. carrenoae sp. nov. in the
Albian deposits of the Tlayla quarry represents the
first record of Armigatus beyond the western realm
of the Tethys Sea, in Europe, North Africa, and the
Middle East, and the first record of this genus on
the American continent. Moreover, A. carrenoae
increases the temporal range of this genus up to
the middle-late Albian (Figure 13). Although the
interrelationships of the species of Armigatus are
under discussion by different authors, the presence
of Armigatus in the eastern and western extremes
of the Tethys opens the question how this genus
achieved such a wide distribution. One possibility
is that Armigatus originated in the Middle East and
migrated toward America through the epicontinen-
tal marine environments. Another possibility is pre-
cisely the opposite, in which these fishes appeared
in America and subsequently invaded the littoral
environments to reach the Middle East. Since A.
carrenoae is the oldest record of the genus, the
second of these possibilities seems more plausi-
ble; however, the identification of the other Mexi-
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can species of Armigatus and the development of
comprehensive phylogenetic and biogeographic
studies may still significantly alter our understand-
ing of the origin and dispersal of Armigatus.

CONCLUSIONS

The present osteological description of Armig-
atus carrenoae sp. nov. provides conclusive evi-
dence to recognize this Mexican species a
representative of the superorder Clupeomorpha,
order Ellimichthyiformes, family Armigatidae, and
genus Armigatus. Thus, the discovery of A. carre-
noae represents the first record of Armigatus in
America and expands the geographical and tempo-
ral ranges of the genus up to America and the mid-
dle-late Albian, about 103 to 100.5 Ma ago (Figure
13). The other species of this genus have been col-
lected in Cenomanian-Campanian deposits of
Europe, Northern Africa, and Lebanon.

Based on data of the nominal species of Armi-
gatus already published (Forey et al., 2003; Verny-
gora and Murray, 2016, 2021, and Murray et al.,
2016) and our observations of the predorsal scutes
of fossil clupeomorphs, we here redefine the con-
cept of “incomplete predorsal scute series.”
According to our proposed definition, this state is
present in A. carrenoae, A. brevissimus, and A.
alticorpus while a complete predorsal scute series
is present in A. oligodentatus, A. namourensis, and
A. dalmaticus. In the incomplete predorsal series,
the scutes are few (probably no more than 10) and
located in the posterior part of the predorsal edge
of the trunk, far from the occiput, lie over the poste-
rior three or four predorsal bones, and are pre-
ceded by numerous scales (Figures, 10, 12, 13).
On the contrary, in the complete predorsal scute
series, these scutes are more numerous and
occupy a larger part of the predorsal edge of the
trunk, are very close to the occiput anteriorly, lay
above all predorsal bones, and are preceded by
few or no scales.

Careful anatomical comparison with the other
species of Armigatus led us to conclude that Armi-
gatus carrenoae sp. nov. is the closest species to
A. brevissimus morphologically. These two species
share numerous features (Table 3), including the
presence of predorsal scutes of subtriangular or
heart shape that form a true incomplete predorsal
series (Figures 10, 12). Although Armigatus alticor-
pus also has an incomplete predorsal scute series,
its scutes are rather subrectangular due to their
extreme lateral expansion (Vernygora and Murray,
2021).



The inclusion of Armigatus carrenoae sp. nov.
into a phylogenetic study is desirable to assess the
implications of its distinctive anatomy for the evolu-
tion of the Ellimmichthyiformes; however, for the
moment the authors cannot complete this task
because we are involved in the study of other Mex-
ican fossils that potentially represent two new spe-
cies of Armigatus (Alvarado-Ortega, 2014;
Alvarado-Ortega and Melgarejo-Damian, 2017;
Than-Marchese et al., 2017). Before performing a
phylogenetic study, we want to have a complete
picture of the morphological diversity of Armigatus
in Mexico.
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