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A long snout enchodontid fish (Aulopiformes: Enchodontidae) 
from the Early Cretaceous deposits at the El Chango quarry, 

Chiapas, southeastern Mexico: A multi-approach study

Jesús Alberto Díaz-Cruz, Jesús Alvarado-Ortega, and Sam Giles

ABSTRACT

Vegrandichthys coitecus gen. et sp., nov., is described in this manuscript based
on a single specimen from the Early Cenomanian marine deposits exposed in the El
Chango quarry, Chiapas, Southern Mexico. Although this fish exhibits osteological fea-
tures to support its insertion as a new member of the family Enchodontidae, it has a
peculiar combination of characters that includes the presence of a relatively long and
stout snout, lateral exposure of the quadrate and mandible articulation, a series of mul-
tiple anteroposterior strengthening bars along the opercle, the lateral line running into a
series of complex scales, and the anal fin placed behind the dorsal fin. The phyloge-
netic position of Vegrandichthys was assessed with multiple approaches, namely Stan-
dard Maximum Parsimony (SMP), Implied Weighted Maximum Parsimony (IWMP),
Phylogenetic Morphometrics (PM), and Bayesian Inference (IB). The single phyloge-
netic tree obtained from SMP shows the same topology as that resulting from IWMP:
Unicachichthys, Veridagon, and Palaeolycus branch successively at the base of
Enchodontidae, with the subfamilies Eurypholinae (comprising Vegrandichthys, Euryp-
holis, and Saurorhamphus) and Enchodontinae resolved as sister groups. The PM per-
formed, including a landmark configuration of the preopercle, suggests that these data
contain true phylogenetic signals. In IB, the phylogenetic hypothesis generated retains
the clade Eurypholinae, but other taxa are located in a very different topology, which is
presumably attributed to the data consistency. Vegrandichthys represents the first for-
mally studied long-snout enchodontid from the Americas. It also was found that the
stratigraphic fit of Enchodontidae decreases when Enchodus zimapanensis is included
in the analysis.
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INTRODUCTION

The family Enchodontidae is a monophyletic
group of extinct Cretaceous teleost fishes (Fielitz,
2004; Coelho, 2004; Silva and Gallo, 2011), which
show a great morphological disparity in the shape
of the trunk and snout, and range from between a
few centimeters to over one and half meters in
length (Díaz-Cruz and Alvarado-Ortega, 2017,
2018). These active and fast predatory fishes
inhabited the mid-trophic level and were important
components in the trophic chain in the Cretaceous
seas, evidenced by their relatively common occur-
rence as well-preserved gut contents in larger
fishes and other marine predators such as cepha-
lopods and plesiosaurs (Stewart and Carpenter,
1990; Maisey, 1996; Cavin, 1999; Cicimurri and
Everhart, 2001; Cavin et al., 2012; Porras-Múzquiz
et al., 2019).

The enchodontids have been known since the
first half of the nineteenth century (Agassiz, 1833);
however, their comprehensive study only began in
the second half of the 20th century. Prior the pres-
ent, seven enchodontid genera have been identi-
fied (Díaz-Cruz et al., 2019b, table 2); these were
inhabitants of marine shallow environments in the
peripheral and epicontinental seas of northern
Africa [Egypt and Morocco (Arambourg, 1954; Bar-
det et al., 2017; Holloway et al., 2017)], America
[Argentina, Brazil, Peru, Mexico, and the United
States (Silva-Santos and Salgado, 1969; Goody,
1976; Bogan and Agnolin, 2010; Schein et al.,
2013; Gouiric-Cavalli et al., 2016)], Asia [Lebanon,
Israel, Jordan and Japan (Uyeno and Minakawa,
1983; Yabumoto and Uyeno, 1994; Chalifa, 1996;
Forey et al., 2003; Kaddumi, 2009)]; and Europe
[Netherlands, Germany, United Kingdom, Greece,
Italy (Goody, 1968, 1969; Cavin et al., 2012; Fried-
man et al., 2016)]. Goody (1969) explored the evo-
lutionary relationships of enchodontids; however,
the first phylogenetic hypothesis of the group was
proposed by Fielitz (2004). 

The fossil record of enchodontids is noticeably
rich and diverse along the Tethys Sea, mainly in its
North American and Middle Eastern realms. Silva
and Gallo (2007) identified two areas of Ceno-
manian enchodontid endemism in this region, one
located in North Africa and the other in the Middle
East. Later, Cavin et al. (2012) claimed that the
biogeography of enchodontids was dictated, in
part, by vicariant events. In both studies, the origin
of enchodontids is attributed to the central-western
region of the Tethys Sea. Recently, Díaz-Cruz et al.
(2019a,b) revealed intriguing data that contrasts
with such an idea, specifically the presence of
early-diverging enchodontid taxa in Mexico. 

Although North American enchodontids have
been long studied by numerous authors (e.g.,
Stewart, 1898; Hay, 1903; Green, 1913; Goody,
1976; Wilson and Chalifa, 1989) and their diversity
from numerous sites in the United States of Amer-
ica and Canada is well known, Mexico has recently
become a very important territory to study these
fishes because they have been extracted in numer-
ous paleontological sites ranging from Albian to
Maastrichtian age. The first report of enchodontids
from Mexico dates back to the 1950s when Maldo-
nado-Koerdell (1956) found remains of these
fishes in Turonian limestones exploited in Xilitla,
San Luis Potosí, and inside a rocky core drilled
near San José de las Rusias, Tamaulipas. In addi-
tion, these fishes have been reported from other
sites including the Vallecillo quarry (Nuevo León),
the Arroyo Las Bocas (Guerrero), the San Jose de
Gracia quarry (Puebla), as well as the Las Boquil-
las, La Mula, Los Pilotes, and Venustiano Carranza
quarries (Coahuila), the El Chango quarry and Tzi-
mol (Chiapas), and the Muhi quarry (Hidalgo)
(Blanco-Piñón, 1998; González-Barba and Espi-
nosa-Chávez, 2005; Alvarado-Ortega et al., 2006a
and b, 2009, 2019, 2020a and b; Giersch et al.,
2008; Fielitz and González-Rodríguez, 2010; Por-
ras-Múzquiz and Alvarado-Ortega, 2011; Carbot-
Chanona and Than-Marchese, 2013; Romero-
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García, 2013; Giersch, 2014; Díaz-Cruz et al.,
2016, 2019ac; Díaz-Cruz and Alvarado-Ortega,
2017, 2018; among others). The nominal species
of the Mexican enchodontids already described are
noticeable, because they represent the most
ancient record of this group in America, usually
include relatively complete and well-preserved fos-
sils, and are among the oldest enchodontids so far
known from the Middle East and North Africa
regions (Díaz-Cruz et al., 2019a-c). These Mexican
enchodontids are Enchodus zimapanensis Fielitz
and González-Rodríguez, 2010, from the Albian-
Cenomanian deposits of the Muhi quarry, Hidalgo;
Unicachichthys multidentata Díaz-Cruz et al.,
2016, as well as Veridagon avendanoi (Díaz-Cruz
et al., 2019b) from the early Cenomanian deposits
of the El Chango quarry, Chiapas (Figure 1).
Today, a great quantity of partially described speci-
mens from Mexico is deposited in the paleontologi-

cal collections of this country, waiting to be
accurately studied. 

The aim of this paper is to describe a new
genus and species of enchodontid based on a sin-
gle well-preserved specimen recovered from the
early Cenomanian strata of the El Chango quarry,
Chiapas, southern Mexico. In addition, the phylo-
genetic relationships of this new taxon are evalu-
ated under different phylogenetic approaches and
the stratigraphic congruence of the family is
assessed. 

The El Chango Quarry

El Chango quarry is a small outcrop of lami-
nated limestones and dolomites with sporadic flint
nodules located at 16º34’14.9” N and 93º16’12.7”
W, within Ocozocoautla de Espinosa Municipality,
and about 25 km to the southwestern of Tuxtla
Gutiérrez, Chiapas, Mexico (Figure 2). According

FIGURE 1. Enchodontid species from the El Chango quarry, Chiapas, Mexico; A, IHNFG-2987, holotype of Uni-
cachichthys multidentata; B, IHNFG-5816, holotype and single specimen of Veridagon avendanoi. Scale bar equals 1
cm.
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to Vega et al. (2007) these strata were accumu-
lated in the bottom of an estuarine or salty lagoon
with ephemeral freshwater influx during the late
Albian; however, subsequently, Alvarado-Ortega et
al. (2009) concluded that such age corresponds to
the Cenomanian, and later Moreno-Bedmar et al.
(2014) stated that this is rather early Cenomanian. 

This quarry was opened in 2004 by members
of the scientific staff of the Museo de Paleontología
“Eliseo Palacios Aguilera” (Díaz-Cruz et al.,
2019b). Since then, this institution has been in
charge of collecting, studying, and preserving the
fossils from this Lagerstätte. Today, the fossil col-
lection from the El Chango housed in this museum
contains more than 400 fossils, including mollusks,
crustaceans, ammonites, insects, plants, and
fishes (Ovalles-Damián et al., 2006; Vega et al.,
2007; Alvarado-Ortega et al., 2009; Alvarado-
Ortega and Than-Marchese, 2012, 2013; Amaral et
al., 2013; Huerta-Vergara et al., 2013; Garassino et
al., 2013; González-Ramírez et al., 2013; Guer-
rero-Márquez et al., 2013; Moreno-Bedmar et al.,
2014; Carbot-Chanona, 2015; and Guinot et al.,
2019; among others). Fishes are the best-pre-
served fossils at the El Chango; these are tightly
laterally compressed, usually complete and articu-
lated, and often show parts of soft tissues (mus-
cles) and phosphatized stomach contents.

Böse (1905) described the “Cretaceous lime-
stones with rudists” of the Central Chiapas depres-
sion, where the El Chango quarry is located, as a
Cretaceous platform carbonate series of flint-bear-
ing dolomites and limestones. Although Wiebe
(1925) suggested this series as the San Cristóbal
Formation; Nutall, in an unedited paper (in Salas,
1949), coined the Sierra Madre Formation name,
and this is currently in use. Salas (1949) recog-
nized a natural division of this formation into two
units, an Albian–Cenomanian unit of limestones
with a sugary aspect and apparently barren of fos-
sils, and a Turonian unit of limestones bearing flints
and abundant rudists. Later, González (1963)
named these subunits as the Cantelhá and the Jol-
pabuchil members respectively. The discovery of
microfossils during petroleum exploration contrib-
uted to re-ordering the units of the Sierra Madre
limestones. Although some authors considered the
Sierra Madre a single unit (Waite, 1986; Steele,
1986); others (e.g. Sánchez-Montes de Oca, 1969,
1973; Álvarez-Mena, 1975; Quezada-Muñetón,
1987) suggested that this geological sequence
comprises three formations: the Cantelhá, Cinta-
lapa, and Jolpabuchil formations. Alvarado-Ortega
and Than-Marchese (2012) and Moreno-Bedmar
et al. (2014) stated that the fossiliferous strata at El
Chango quarry belong to the Cintalapa Formation.

FIGURE 2. Geological map and geographical localization of the El Chango quarry, Chiapas, Mexico. 
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MATERIALS AND METHODS

Preparation methods. The specimen studied here
was transferred to polyester resin following the pro-
cess described by Toombs and Rixon (1950,
1959). The bulk of the rocky matrix was mechani-
cally removed using fine pneumatic air scribe; the
fossil bones were then totally released from the
remaining matrix, with the limestone dissolved
through the application of intermittent baths in an
acetic acid aqueous solution at 5% combined with
baths in clean water. Pin vises and needles were
used to remove the remaining rock residues from
the fossil. The fossil was hardened with a light dis-
solution of plexigum in ethyl acetate applied with a
fine brush.
Anatomical nomenclature. The osteological
nomenclature and abbreviations used in this paper
and its figures follow those used in similar previous
publications on enchodontid fishes (Goody, 1969,
1976; Fielitz, 2004; among others).
Institutional abbreviations. IGM, Colección
Nacional de Paleontología, Museo María del Car-
men Perrilliat, Instituto de Geología, UNAM.
IHNFG, Instituto de Historia Natural –Fósil,
Geográfico–, housed in the Museo de Paleon-
tología “Eliseo Palacios Aguilera”, Chiapas, Méx-
ico. MSNT, Museo Civico di Storia Naturale,
Trieste, Italy. NHMUK, Natural History Museum,
London, United Kingdom. GMWWU, Geomuseum
der WWU Münster. UAHMP, Museo de Paleon-
tología, Centro de Investigaciones Biológicas, Uni-
versidad Autónoma del Estado de Hidalgo.
Comparative materials examined. The following
specimens were studied for comparative purposes.
Cimolichthys lewesiensis Leidy, 1857: NHMUK PV
P1810 from the English Chalk, England. Enchodus
sp.: IHNFG-2989 and IHNFG-2653 from the Ceno-
manian deposits of the El Chango quarry, Chiapas,
Mexico. Enchodus sp.: IGM 11404 from the Cam-
panian deposits of Ochuxhob, Tzimol, Chiapas,
Mexico. Enchodus gracilis (von der Marck, 1858):
GMWWU 8428, GMWWU 8429, GMWWU 8494,
GMWWU 8498, and, GMWWU 8543 and NHMUK
PV P.3848, all from the Upper-Senonian deposits
of Sendenhorst, Warendorf, North Rhine-Westpha-
lia, Germany. Enchodus lewesiensis (Mantell,
1822): GMWWU 950 from the Upper Campanian
deposit of Darup, Coesfeld, North Rhine-Westpha-
lia, Germany and NHMUK PV P.9249 and NHMUK
PV P.73992, NHMUK PV P.9249, NHMUK PV
P.5415, NHMUK PV P.4184 from the Cenomanian-
Turonian deposits of Lewes, East Sussex, United
Kingdom. Enchodus macropterus (von der Marck,
1858): GMWWU 8427 from the Upper Senonian

deposits, Baumberge, Coesfeld, and GMWWU
8426, from the Upper Senonian deposits of Send-
enhorst, Warendorf, both from North Rhine-West-
phalia, Germany. Enchodus major (Davis, 1887)
NHMUK PV P.4763 and NHMUK PV OR.49504
both from the Upper Santonian deposits of Sahel
Alma, Lebanon. Enchodus marchesettii (Kram-
berger, 1895) NHMUK PV P.4748, NHMUK PV
P.9250, NHMUK PV P.47315, NHMUK PV
P.63181, all from the Cenomanian deposits of
Hakel, Lebanon. Enchodus mecoanalis Forey et
al., 2003: NHMUK PV P.62522 (holotype) and
NHMUK PV P.63250 (paratype) both from the Mid-
dle Cenomanian deposits of Namoura, Lebanon.
Enchodus longidens (Pictet, 1850): NHMUK PV
P.4853 from the Upper Santonian deposits of Sahel
Alma, Lebanon. Enchodus petrosus (Cope, 1874):
NHMUK PV P. 9647 from the Upper Cretaceous
deposits of Kansas, United States. Enchodus
zimapanensis Fielitz and González-Rodríguez,
2010: UAHMP 679 (holotype) and UAHMP 678
from the Albian-Cenomanian deposits of Zimapán,
Hidalgo, Mexico. Eurypholis boissieri Pictet, 1850:
NHMUK PV P.63323, NHMUK P.73, and NHMUK
PV P.47313, from the Middle Cenomanian deposits
of Namoura, Lebanon. Eurypholis pulchellus
(Woodward, 1901): NHMUK PV P.1703 (holotype)
from the Cenomanian-Turonian deposits of Lewes,
East Sussex, United Kingdom. Palaeolycus dregin-
ensis von der Marck, 1863 GMWWU 808 and
GMWWU 8438 (holotype) from the Upper-Seno-
nian deposits of Sendenhorst, Warendorf, North
Rhine-Westphalia, Germany. Saurorhamphus frey-
eri Heckel, 1850: MSNT 7804, MSNT 7805, MSNT
7806, MSNT 7807, MSNT 7809, MSNT 7810,
MSNT 7811, and MSNT 7812 from the Middle-
Upper Cenomanian deposits of Komen, Slovenia.
Unicachichthys multidentata Díaz-Cruz et al.,
2016: IHNFG-2987 (holotype), IHNFG-2988, and
IHNFG-4347, all from the early Cenomanian
deposits of the El Chango quarry, Chiapas, Mexico.
Veridagon avendanoi (Díaz-Cruz et al., 2019b):
IHNFG-5816 (holotype) from the early Ceno-
manian deposits of the El Chango quarry, Chiapas,
Mexico.
Morphological data set. The assessment of the
phylogenetic position of the new taxon described
here is based on a morphological data matrix
updated from Díaz-Cruz et al. (2019b). In turn, this
incorporated data from Fielitz (2004), Fielitz and
González-Rodríguez (2010), Cavin et al. (2012),
Díaz-Cruz et al. (2016), and Holloway et al. (2017).
Our resulting data matrix includes 96 characters
and 32 taxa; the modifications implemented in this
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matrix, as well as the detailed description of all the
characters, are discussed in Appendix I and II. Our
data matrix was generated using the software Mes-
quite: A modular system for evolutionary analysis v
3.61 (Maddison and Maddison, 2001). 
Standard Maximum Parsimony (SMP). Our data
matrix (Table 1, Appendix I) was analyzed using
the protocols for the Standard Maximum Parsi-
mony available in the program TNT v1.5 (Goloboff
and Catalano, 2016). Uninformative characters
were deactivated with the command xinact in order
to obtain the shortest trees. Deactivated uninfor-
mative characters are listed in Appendix II. The
outgroup taxon was set as Diplophos Günther,
1873, following Fielitz (2004). All characters were
treated as nonadditive (Fitch, 1971). A traditional
search (heuristic search) was used with the follow-
ing parameters: memory up to the maximum num-
ber of trees (99999), 1,000 Wager trees as random
seeds with 10,000 replications, Tree Bisection
Reconnection (TBR) as swapping algorithm and 10
saved trees per replication.
Landmark data. Among enchodontid taxa, pre-
opercle shape is extremely variable; therefore,
sometimes this has been discretized in many dif-
ferent character states (e.g., Silva and Gallo,
2011), and incorporated in phylogenetic analyses
(see Holloway et al., 2017; Díaz-Cruz et al.,
2019b). Inclusion of the morphological variability
present in the shape of this bone into phylogenetic
analyses is a challenging task; therefore, charac-
ters 45 and 91 from the Díaz-Cruz et al. (2019b)
related to the preopercle, were re-coded in the cur-
rent analysis. In addition, a Phylogenetic Morpho-
metrics analysis was conducted using landmark
data of the preopercle and SMP analysis combin-
ing the landmark data with the morphological char-
acter matrix. These analyses are based on
photographs directly obtained of the specimens
referred above except for the following cases: a)
Enchodus dirus (Leidy, 1857) and E. gladiolus
(Cope, 1872) (photographs available in the Oceans
of Kansas website maintained by Mike Everhart
(http://oceansofkansas.com/Enchodus.html); b)
Parenchodus longipterygius Raab and Chalifa,
1987 [Raab and Chalifa (1987, fig. 3:720)]; c) Alep-
isaurus ferox Lowe, 1833 [Goody (1969, fig.
79:172)].

A total of 20 type II and III landmarks [see
Palci and Lee (2019) for further details] were
obtained from the preopercle configuration using
the program tpsDIG 2.16 and tpsUtil (Rohlf, 2005).
The .tps file was then edited in Notepad, and taxa
lacking preopercle information were filled with the

corresponding number of missing entries. Then,
the .tps file was imported into TNT 1.5 (Goloboff
and Catalano, 2016) to create a readable file (see
Table 2, Appendix I). Finally, the matrix was verified
to see if the question marks corresponded with the
taxa where the preopercle is partially preserved. 
Phylogenetic Morphometrics (PM) analysis.
The PM analysis was carried out exclusively with
preopercle landmark data using the software TNT
1.5 (Goloboff and Catalano, 2016) (Table 2, Appen-
dix I). Before running the analysis, the landmark
information was standardized (lmark rescale = *),
and the standardization factor set to one (lmark
fact=1) in order to calculate the score as the sum of
landmark displacement for a single configuration.
Then, landmarks were realigned; the method of
resistant-fit-theta-rho analysis (RFTRA) for the
superimposition of the landmark configuration was
used, selecting Cimolichthys as the reference
taxon (lmreal rftra [1] /0). Posteriorly, the size of the
configurations was modified (lmreal rftra [0]!). The
RFTRA method was chosen because, unlike other
methods, it uses repeated medians, is less sensi-
tive to the outliers, and accepts missing data in the
configurations for the superimposition (Siegel and
Benson, 1982; Catalano and Goloboff, 2012,
2018). In the analysis where only the preopercle
configuration was analyzed, we verified that only
individual landmarks were assessed (lmark
noconfsample) to calculate the Bremer support and
absolute frequencies for resampling. The rest of
the landmark optimization options were left as
default in TNT. The designated outgroup for this
analysis was Alepisaurus, following Fielitz (2004)
and Davis and Fielitz (2010). The strategy of
search used in this analysis was the same as that
designated for the SMP and IWMP analyses. 

A SMP analysis was performed with a com-
bined matrix of landmark and discretized morpho-
logical character data (See Table 3, Appendix I). As
with the SMP analysis only considering discrete
morphological characters, uninformative charac-
ters were deactivated (xinact). The outgroup was
Diplophos as stated above. The deactivated char-
acters were the same as those in the SMP analysis
and can be accessed in the Appendix II. The
parameters for the morphological characters were
the same as in the SMP and IWMP analyses, and
the parameters for landmarks followed those of the
PM exclusively with landmarks, except for calcula-
tion of support values, which were calculated sam-
pling the entire configuration (default option; lmark
confsample). Although the landmark configuration
mirrors the contour-line of the preopercle, no dis-
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crete characters related to the preopercle were
additionally deactivated or deleted. We made this
exercise in order to explore the effect of landmark
data addition to the discrete data set, being aware
that an overemphasis and/or redundancy of char-
acters might affect the tree topology. 
Implied Weighted Maximum Parsimony (IWMP).
This exercise uses the new matrix of only discrete
characters herein proposed (Table 1, Appendix I).
The analyses ran twice, evaluating two different
constants: k=10 and k=100. Each analysis used a
traditional search in TNT (heuristic search) with the
parameters as described for the Standard Maxi-
mum Parsimony analysis.
Bayesian Inference analysis. The BI analysis
was also based on the new matrix of discrete mor-
phological character (Table 1, Appendix I). This
analysis was performed using RevBayes v.1.0.10
(Höhna et al., 2016). The Mk script for tree infer-
ence with discrete morphology available at https://
revbayes.github.io/tutorials/morph/ was selected.
We chose this script as uninformative and invariant
characters were left in the matrix (See Appendix II),
so correction for ascertainment bias was not nec-
essary. Some parameters of the script were modi-
fied to fit the data matrix: 1) the set-up outgroups
were the taxa Diplophos and Myctophum as sug-
gested by Fielitz (2004); 2) the binary morphologi-
cal substitution model was modified to include a
five states character Q-matrix, as this was the max-
imum number in the data set; and 3) the number of
generations in the MCMC increased to 1,000,000.
The posterior distribution of phylogenies was sum-
marized computing the Maximum a Posteriori
(MAP) phylogeny. The MAP tree, according to
Höhna et al. (2017), is interpreted as the most
probable tree to have been generated based on
the observed data. Tracer v 1.7.1 (Rambaut et al.,
2018) was used to analyze convergence as indi-
cated by the Effective Sample Size (ESS). 
Character mapping. The mapping of characters
was carried-out exclusively with the results of the
SMP analysis. In TNT 1.5 (Goloboff and Catalano,
2016) we mapped the common synapomorphies to
the most parsimonious trees obtained (apo >), and
then contrasted with the mapping of synapomor-
phies in Winclada-ASADO 1.61 (Nixon, 2002)
using all characters as nonadditive and showing
unambiguous changes only. 
Stratigraphic congruence analysis. The strati-
graphic congruence of Enchodontidae was
assessed with the R package strap (Bell and Lloyd,
2015a). The ages for the stratigraphic calibrations
were taken from Díaz-Cruz et al. (2019b:282). In

this exercise, only the fossil taxa derived from the
SMP analysis were considered, and Cimolichthys
was designed as the outgroup because of its close
relationship with Enchodontidae (Fielitz, 2004;
Beckett et al., 2017). As noticed by Cavin et al.
(2012), Enchodus zimapanensis has a derived
position in Enchodontidae (see Fielitz and
González-Rodríguez, 2010) but is one of the strati-
graphically oldest species. Due to this, we anal-
ysed stratigraphic congruence twice: first including
E. zimapanensis, and secondly excluding it. The
number of input trees was one and 38, respec-
tively. The stratigraphic congruence analysis con-
sisted of 1000 permutations with random dates for
the tips. Polytomies were treated as soft, tree
shape topology as the input, with the same out-
group for all the random trees (hard=FALSE, ran-
domly.sample.ages=TRUE, samp.perm=1000,
rand.perm=1000, fix.topology=TRUE, fix.out-
group=TRUE). We chose the Stratigraphic Consis-
tency Index (SCI) (Huelsenbeck, 1994) as
stratigraphic fit measure for the input tree (best
SCI) and plotted against the ICS 2019 (user-
defined). Finally we printed the distribution histo-
gram of the input and randomly generated trees
with the SCI measurement (hist(X$rand.permuta-
tions[, "SCI"]). More detailed specifications are
given in Bell and Lloyd (2015b). The second analy-
sis ran with the same specifications.

RESULTS

Systematic Paleontology

Order Aulopiformes Rosen, 1973
Family ENCHODONTIDAE Woodward, 1901

Subfamily Eurypholinae Fielitz, 2004
Diagnosis (emended). The species included in
this subfamily have slightly to very long bodies as
well as slightly to very large snouts; ventral portion
of the cleithrum widens anteriorly and posteriorly;
cleithrum ornamented with tubercles; ventral bor-
der of the mandible straight up to the mandibular
symphysis; trunk naked except for the predorsal
scute series extended between the dorsal fin base
and the occiput and a single lateral scale series
that encloses the lateral line. 

Genus Vegrandichthys gen. nov.
zoobank.org/E9C1E809-0BAC-4822-AD5F-A1F4A7CAA567

Type species. Vegrandichthys coitecus sp. nov.,
see below.
Etymology. The name is a combination of the
Latin adjective ‘vegrandis’ that means small, and
the Greek suffix ‘ichthys’ or fish.
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Diagnosis. As for the type species, see below. 
Vegrandichthys coitecus sp. nov.

zoobank.org/9CDD4D86-98BE-46BC-B19C-7018293E3350

Holotype. IHNFG 5927, an almost complete fish
transferred to polyester resin, which exposes the
left side of the body (Figures 3-6).
Locality and age. Early Cenomanian laminated
limestones of the Cintalapa Formation exposed in
the El Chango quarry, Ocozocoautla de Espinosa
Municipality, Chiapas, southeastern Mexico.
Etymology. The species epithet is in reference to
the word ‘coiteco’, which is the local given name to
the people from Ocozocoautla de Espinosa Munici-
pality.
Diagnosis. Long-snout fish with a moderately
elongated trunk; head length almost one third of
the body length; small stout ventroposterior spine
on the preopercle; large ventroposterior spine on
the cleithrum; articulation between the quadrate
and mandible laterally exposed; many lateral thick-
ened ridges on the opercle; tiny pelvic fin in subab-
dominal position; predorsal scutes series
consisting of four large and ovoid scutes that are
intensely ornamented with tubercles and bearing a

medial longitudinal keel; and lateral line scales tri-
angular, smooth, and bearing a prominent medial
keel.

Description 

Measurements and general proportions. IHNFG
5927, holotype and only known specimen of
Vegrandichthys coitecus gen. et sp. nov. is a grac-
ile, small, and almost complete specimen, in which
the entire caudal fin and postanal preural vertebrae
are missing (Figure 3A). Table 1 summarizes the
measurements and body proportions of this speci-
men. The standard length in this fish is unknown;
however, this feature can be estimated as the
length of the preserved part in this fish is 50 mm
and the postanal region of the trunk ranges
between a fifth to a seventh of the standard length
in other members of Eurypholinae, Eurypholis, and
Saurorhamphus (see Goody, 1969, figs. 47 and
55). Based on these data, the estimated standard
length of IHNFG 5927 is between 59 and 61 mm.

The head length (HL) is 19.6 mm and proba-
bly represents 32 to 33% of standard length. The
orbital and postorbital regions of the skull show the
same length and together represent 40% of the

FIGURE 3. A) Lateral view of Vegrandichthys coitecus gen. et sp. nov., IHNFG 5927 holotype transferred in plastic
resin from Early Cenomanian deposits of the El Chango quarry, Chiapas, Mexico. B) Artistic reconstruction of Vegran-
dichthys coitecus gen. et sp. nov.
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skull length; the remaining 60% corresponds to the
snout or preorbital region.

The body of IHNFG 5927 is shallow and fusi-
form. The head height (HH) is relatively shallow,
representing a little less than 40% of the head
length (HL) and is slightly less than the maximum
body height that is present in the predorsal region
of the trunk. The dorsal fin is short and placed in
the posterior half of the abdominal cavity; the dor-
sal fin length and the predorsal length represent

25% and 150% of HL, respectively. The posterior
end of the anal fin is unknown; however, it is longer
than the dorsal fin and is located behind it. The
anal fin base is at least 5.5 mm (28% of HL) and
rises at 203% of HL. The pectoral fin is in the lat-
eral surface of the trunk, a little closer to the
abdominal edge than to the vertebral column. The
small pelvic fin is in ventral position and located in
the predorsal region of the trunk, at 136% of the
HL. Behind the dorsal fin, the trunk progressively

FIGURE 4. Vegrandichthys coitecus gen. et sp. nov. A) A close-up of the lateral view of the head; B) Drawing of the
head and pectoral girdle in lateral view. Abbreviations: aa, anguloarticular; cl, cleithrum; den, dentary; df, dilatator
fossa; dpl, dermopalatine, dpl.t, dermopaltine teeth; ect, ectopterygoid; en, endopterygoid; epo, epiotic; fr, frontals; hy,
hyomandibula; io, infraorbital; iosc, infraorbital sensory canal; la, lacrimal; le, lateral ethmoid; mpt, metapterygoid;
msc, mandibular sensory canal; mx, maxilla; op, opercle; pa, parietals; pmf, premaxillar fenestra; pmx, premaxilla;
pop, preopercle; ps, parasphenoid; pte, pterotic; ptt, posttemporal; q, quadrate; rar, retroarticular; sc, sclerotic; scl,
supracleithrum; soc, supraoccipital; sop, subopercle; sp, sphenotic.
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tapers and probably behind the anal fin forms a
shallow caudal peduncle.
Skull. The skull is triangular, anteriorly tapered,
and about three times longer than high (Figure 4).
Although the contact of the mesethmoid with the
anterior tips of the frontals is covered by the ante-
rior dorsal ends of the premaxilla, the frontals are
likely at least three-quarters the length of the skull
roof. The left frontal is dorsally exposed showing its
flat and triangular shape, anteriorly pointed, slightly
wider behind the orbit, and rectangular in the
postorbital region. Behind the orbit, each frontal is
firmly sutured with four bones; laterally with the
sphenotic and pterotic and posteriorly with the
supraoccipital and parietal. The supraorbital sen-
sory canal runs along the frontal, near its lateral
edge, enclosed above the orbit and exposed in its
preorbital region. The frontals are superficially
smooth along the preorbital region; in contrast,
behind the orbit the frontals and other bones are
strongly ornamented with small tubercles. The pari-

etals are short triangular bones at the back of the
skull roof, expanded laterally, and medially sepa-
rated by a small supraoccipital bone. 

The sphenotic is a small and triangular bone
bordering the dorsoposterior orbital region; the
pterotic is an elongated rectangular bone that
reaches the back of the skull (Figure 4). The post-
temporal fossa is a small depression in the region
where the frontal, pterotic, and sphenotic con-
verge. The dilator fossa is a shallow elongated
depression laterally extended along the posterior
two thirds of the pterotic and roofed by the sphe-
notic. The parasphenoid is an elongated laminar
and straight bar extended along the orbital and the
ethmoid region of the skull, with a flat and smooth
lateral surface bearing numerous micro-serrations
along the ventral edge of its posterior half. 

None of the bones of the posterior region of
the skull are exposed except for the epiotic, which
seems to be short and wide. Much of the lateral
otic region of the skull is covered by the hyoman-

FIGURE 5. Close-up of different anatomical structures in the holotype of Vegrandichthys coitecus gen. et sp. nov. A)
Pectoral girdle and fin, B) Pelvic girdle and fin, C) Dorsal fin and D) Anal fin. All anterior structures are laterally
exposed. Abbreviations: cl, cleithrum; co, coracoid; dpt.a, anal fin distal pterygiophores; dra, dorsal fin rays; lw, lateral
wing; pb, pelvic bone; pfr, pectoral fin rays; pp, posterior process; ppt.a, anal fin proximal pterygiophores; ppt, proxi-
mal pterygiophores; pr, pelvic rays; ra.a, anal fin rays; scl, supracleithrum; v, vertebra.
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FIGURE 6. Scutes, scales and associated bones of Vegrandichthys coitecus gen. et sp. nov. A) Dorsal scutes series,
B) close-up of the dorsal scutes region, C) close-up of the lateral line of scales, and D) drawing of the probable posi-
tion and overlapping of the lateral line of scales. Abbreviations. llc, lateral lines canal; l.sc, lateral line scales; v, verte-
brae. Ordinal numbers denote the number of dorsal scute. Black arrows point out each of the dorsal scutes. Red
arrows point out the supraneurals. 

TABLE 1. Measurements and body proportions of IHNFG-5927, holotype and single specimen of Vegrandichthys coite-
cus gen. et sp. nov. (all measurements are expressed in millimeters; + shows incomplete measurements and counts).

Measurements and counts % of HL

Standard length (SL) 52+ ?

Head length (HL) 19.6 100

Snout length (SL) 9.8 50

Head height (HH) 7.5 38.2

Maximum body height (MBH) 7.8 39.7

Predorsal length (PDL) 29.7 151.1

Preanal length (PAL) 39.7 202.5

Prepelvic length (PPL) 26.7 136.2

Dorsal fin length (DFL) 4.9 25

Anal fin length (AFL) 5.5+ ?

Pectoral fin rays 6

Dorsal fin rays/pterygiophores 12/11

Anal fin rays/pterygiophores 13+/13+

Pelvic fin rays 5

Vertebrae (total/abdominal/caudal) 30+/21/9+
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dibula. In the preorbital region, the lateral ethmoid
is a thick triangular and somewhat curved bone
that separates the nasal capsule from the orbit, it
sutures with the ventral inner surface of the frontal,
and ventrally projects below the parasphenoid. The
anterior edge of the nasal capsule is covered by
the lateral process of the mesethmoid bone, which
is an expanded triangular and flat structure that
meets the lateral anterior end of the frontal and is
covered by the dorsal edge of the premaxilla (Fig-
ure 4). 
Circumorbital series. The circumorbital bones are
poorly preserved (Figure 4). This is an open series,
with no dorsal bones. Remains of flat, rectangular,
and flimsy infraorbital bones from the left and right
sides of the head are preserved below the nasal
capsule and the middle orbit. All these bones show
the infraorbital sensory canal running near to their
respective orbital edges, as well as few ventral
branches of this canal. A large semicircular and flat
basal sclerotic bone occupies the orbit.
Suspensorium. Bones of the suspensorium or
hyomandibular series are only partially exposed
(Figure 4). The hyomandibula is a large T-shaped
bone in which the descending process is curved
forward and the head is broad with a sinuous artic-
ular surface. The central region of this bone is rein-
forced with apicobasal ridges. 

The quadrate is a laminar triangular bone with
a small stout ventral head that is inclined forward.
The symplectic and the joint between the ventral tip
of the hyomandibular and the quadrate are
obscured. The ectopterygoid is a laminar and
toothless bone that is only partially exposed; its
anterior region lies below the lower jaw while its
spatula-like posterior part is tilted backward to
meet with the quadrate anterior edge. The
metapterygoid is laminar and poorly preserved,
contacting the concave anterior margin of the hyo-
mandibula and the dorsal edge of the quadrate.
Only fragmentary, laminar, and toothless remains
of the endopterygoid are preserved. 

Although the dermopalatine is entirely cov-
ered by the premaxilla, a large, robust dermopala-
tine tooth is visible. This tooth seems to be placed
at the anterior end of the bone, has a stout base,
and a conical crown slightly curved backward and
projected downward. The dermopalatine appears
to bear multiple teeth, but the smaller posterior
teeth are difficult to distinguish with precision. 
Upper jaw. The upper jaw consists of two bones,
the premaxilla and maxilla (Figure 4). There is no
indication of a supramaxilla. The premaxilla is a flat
triangular bone, pointed posteriorly, and extends

for three quarters of the jaw. This bone has a single
row of small, conical, sharp teeth, which are of sim-
ilar size and evenly separated, except for a series
of progressively smaller teeth along the posterior
quarter of the bone. The anteriormost maxillary
tooth is peculiar because it is slightly larger and
rather sigmoidal. The dorsal ends of both maxillae
are bent inwards to form the roof of the anterior half
of the snout. A small midline fenestra, near the tip
of the snout, presumably accommodated two teeth
from the lower jaws. The outer surface of the pre-
maxilla is intensely ornamented with small tuber-
cles. Fragments of the maxilla reveal that this
toothless, smooth, and rod-like bone is extended
below the orbit. 
Lower jaw. Three bones of the lower jaw are
exposed in IHNFG 5927: dentary, anguloarticular,
and retroarticular (Figure 4). In lateral view, the
lower jaw is elongate, extending below the orbit
and the anterior half of the otic region of skull. The
first two fifths of its length are shallow, and it
becomes progressively deeper more posteriorly: its
deepest point is four times the depth of its shallow-
est point. Both the alveolar and ventral border are
somewhat sinuous, the symphysis is very shallow,
and the coronoid process is hardly recognizable. At
the base of its posterior edge, the jaw has a small
posteriorly-directed postarticular process. The
mandibular sensory canal runs close to the ventral
edge of the lower jaw. It is enclosed by bone, and
opens through six pores scattered along the den-
tary and the anguloarticular bones. The entire
labial surface of this jaw is ornamented with numer-
ous tubercles. 

The dentary is a triangular bone, occupies a
large part of the lower jaw, and has a posterior
deep and acute concavity to suture tightly with the
anguloarticular bone (Figure 4). The alveolar bor-
der of the dentary occupies about two thirds of the
jaw and bears two rows of teeth. The labial tooth
row includes conical teeth in two sets: groups of
one to three small and gracile conical teeth interca-
lated with larger isolated teeth with thicker bases.
The lingual dentary tooth row consists of at least
four sharp laterally compressed teeth exposed in
the middle of the alveolar border, which resemble
the longer teeth on the labial teeth row but they are
thinner. Of the labial dentary teeth, the second iso-
lated tooth is so developed that, in life, its tip must
have penetrated the premaxilla through its dental
fenestra. Since the specimen has single premaxil-
lary dental fenestra, it is possible that the anterior
ends of both dentaries were either very close or
met in a long symphysial contact. 
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Although the ventral anterior end of the den-
tary does not have osseous beards or dentary
prongs (cf those of other enchodontids: Enchodus,
Goody, 1969, figs. 36, 39; Unicachichthys, Díaz-
Cruz et al., 2016, figs. 5, 6; Veridagon, Díaz-Cruz
et al., 2019b, fig. 3), it does display a series of con-
spicuous bony lumps. At this point, it is not possi-
ble to decide whether these osseous lumps are a
preservation artifact, an analogy, or a homology of
the dentary prongs of other specimens. In the
absence of additional fossils, the authors consider
that Vegrandichthys coitecus gen. et sp. nov. lacks
dentary prongs. 

The anguloarticular occupies the posterior
40% of the lower jaw (Figure 4). This triangular
bone bears the postarticular process in which the
small and shallow articular facet for the quadrate is
exposed in lateral or labio-lingual view. A tiny
wedge-shaped retroarticular covers the postero-
ventral corner of the postarticular process. 
Opercular series. This series consists of three
laminar bones, opercle, subopercle, and preoper-
cle; the infraopercle is absent (Figure 4). The oper-
cle is semicircular, about twice higher than long,
and anteriorly straight and thick. An articular facet
for the hyomandibular is borne near its anterior
edge about a third of the way down. Seven thick-
ened bars are present on the opercle, laterally
exposed as longitudinal straight ridges; the central
ridge is the most conspicuous. As the posterior
edge of the opercle is very thin, it is not clear
whether the bars form true spines or not. The lower
third of the opercle is superficially ornamented with
tubercles. 

The preopercle is a triangular bone, about 2.5
times higher than long, dorsally pointed, ventrally
convex, and expanded anteriorly and posteriorly (=
“widens anterior and posteriorly” in Fielitz, 2004)
(Figure 4). The anterior edge is thickened, slightly
convex, and its base is expanded anteriorly; in con-
trast, the posterior edge of the preopercle is rather
laminar, convex, bears small serrations, and its
base forms a posterior thick and conspicuous
spine. The preopercle is smooth except for small
tubercles borne on its ventroposterior limb. The
preopercular sensory canal is enclosed by bone
and opens externally through two or three pores
present in the ventroanterior preopercle limb.

Although the subopercle is poorly preserved
and largely covered by the opercle, some remains
of this laminar bone are preserved behind the pre-
opercle and below the opercle. Apparently, the
subopercle is ornamented with small tubercles
(Figure 4). 

Branchiostegal rays and gill arches. No element
of the branchiostegal rays or the gill arches are
exposed.
Vertebral column. Unfortunately, the specimen
does not preserve the posterior part of the body;
however, a large part of the vertebral column is
exposed and consists of at least 30 total vertebrae,
including 21 abdominal and at least nine caudal
(Figures 3A, 5, 6A). All centra are hourglass-
shaped bones and slightly constrained in the cen-
ter. The centra in the middle of the body are about
two times longer than high, while those placed in
front and back are slightly and progressively
shorter, and become about 1.5 times longer than
high. Laterally, a couple of thick longitudinal ridges
reinforce the centra. Along the vertebral column,
the centra have no parapophyses or zygapophy-
ses, and each centrum is fused with its respective
dorsal and haemal arches and spines. The haemal
and neural spines are uniformly thick, straight and
inclined backward. In the abdominal centra, ribs
are present as bars with a small articular head and
a sharp distal tip. 

At least two supraneurals are present below
the predorsal scutes and between the occiput and
the dorsal fin rays (Figure 6B). These spatula-like
bones have a differentiated dorsal head that is
anteriorly and posteriorly expanded, as well as an
anteriorly directed elongated and straight ventral
limb. Along the abdominal centra there are thread-
like epineurals inclined backward that probably
extended along three or four centra from the lateral
surfaces of the neural arches. Remains of posteri-
orly directed thread-like epipleurals are present
along the abdominal region. 
Pectoral girdle and fin. Pectoral girdle bones are
relatively poorly preserved or obscured (Figures 4,
5A). Only fragments of the left posttemporal bone
are present behind the skull of the specimen. Most
of the supracleithrum is covered by the opercle;
only its dorsal end is exposed. The cleithrum is an
inverted T-shaped bone in which the dorsal and
anterior limbs are not completely observed. The
posterior limb of the cleithrum forms a large spiny
ventral process that projects posteriorly, and its
longitudinal axis is reinforced by a conspicuous
ridge. The cleithrum seems to be a smooth bone
except for the posterior spine that is ornamented
with small tubercles. No postcleitra are preserved. 

The left pectoral fin is located above the ven-
tral posterior spine of the cleithrum (Figure 5A).
This fin consists of six distally branched and seg-
mented rays. Only fragments of the coracoid are
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preserved. The length of the pectoral fin equals
four and a half abdominal vertebrae (Figure 3).
Pelvic girdle and fin. The pelvic fin is set on the
anterior half of the abdomen on its ventral border
and rises below the abdominal centrum 10. The
length of the pelvic fin hardly equals that of two
abdominal centra. This fin consists of five distally
segmented and branched rays, which are sup-
ported on the posterior edge of the pelvic bone.
This triangular bone has a laminated triangular lat-
eral wing and a stout and short posterior process
(Figure 5B).
Dorsal fin. The dorsal fin is contained within the
posterior half of the abdominal cavity (Figure 3). It
consists of 12 distally branched and segmented
rays supported by 11 stick-like proximal pterygio-
phores (Figure 5C). This fin is rounded because
the length of those rays in the middle of the fin
equals the length of the base while those placed on
the front and back are progressively shorter. The
base of this fin is extended above the last six
abdominal centrae (15-21). The dorsal fin rays are
located close to the body because of the lack of
distal pterygiophores. 
Anal fin. The anal fin originates posteriorly to the
dorsal fin (Figure 3). The posterior edge is not pre-
served, but there are 13 longitudinally grooved and
distally segmented rays supported by 13 rod-like
and straight proximal pterygiophores (Figure 5D).
In the posterior two thirds of the anal fin, there are
noticeably elongated distal pterygiophores caus-
ing the separation of the associated anal rays.
Although the anterior anal fin rays are fragmented;
it seems that the fin was roughly triangular in
shape. The anal fin extends below the vertebrae
25 to 31; however, its first three proximal pterygio-
phores are projected into the space between the
haemal spines of the first caudal centra (22 and
23). 
Caudal skeleton and fin. The caudal fin is not
preserved.
Squamation. The body is almost entirely naked
(Figures 3A, 6A-D). However, the predorsal trunk
edge bears a row of four predorsal scutes. The lat-
eral line is enclosed by a single row of modified
scales exposed along each body flank.

The predorsal scutes are ovoid structures,
about two times longer than wide, forming a contin-
uous row where the posterior end of one scute is in
contact with the anterior tip of the subsequent
scute (Figures 4, 6A-B). These scutes consist of a
median longitudinal keel with a pointed posterior
margin. Either side of the keel, a semi-ovoid lateral
wing expands laterally to cover the predorsal

edges of both body flanks. The entire outer sur-
faces of these scutes are intensely ornamented
with numerous tubercles. 

The modified flank scales of the lateral line
are thin sinuous structures with rounded edges. A
prominent keel is present on the midline, and either
side of this is a posteriorly projecting subrectangu-
lar lobe (Figures 3, 6C-D). In the abdominal region
these scales are rectangular, slightly higher than
long, around two thirds the length of each vertebral
centrum, and are placed slightly above the verte-
bral column. In contrast, the scales close to the
caudal region are progressively smaller, shallower,
and located at the level of the centra. The longitudi-
nal axis of these scales encloses a tube that
housed the lateral sensory canal. Additionally,
above the canal, each scale has a conspicuous,
laminar, and triangular keel that projects posteri-
orly. 

Taxonomical Remarks

The family Enchodontidae has been studied
by many authors (Fielitz, 2004; Silva, 2007; Fielitz
and González-Rodríguez, 2010; Silva and Gallo,
2011; Cavin et al., 2012; Díaz-Cruz et al. 2016,
2019a), who agree on its monophyly but disagree
over the inclusion of Rharbichthys and the compo-
sition of its subfamilies. Vegrandichthys coitecus
gen. et sp. nov. exhibits some of the characters
already included in the diagnosis of this family,
such as the lack of interopercle and supraorbital,
the presence of the horizontal strengthening bar on
the opercle, tubercles ornamenting the opercle and
subopercle, and a series of predorsal scutes
between the occiput and the dorsal fin (Figures 3-
6). Therefore, the inclusion of Vegrandichthys into
the family Enchodontidae is strongly supported.

Additionally, Vegrandichthys coitecus gen. et
sp. nov. possesses a peculiar combination of char-
acters that is unique among enchodontid genera.
Most enchodontids have preopercles with no pos-
terior spines; however, Vegrandichthys and Uni-
cachichthys share the presence of a posterior
spine at the base of the preopercle. Such spine is
short in Vegrandichthys (Figure 5) compared to
that of Unicachichthys (Díaz-Cruz et al., 2016,
fig.5).

Among enchodontids, as previously known,
there are five different body patterns defined based
on the different shapes of the snout and trunk: 1) a
short snout and rather pisciform trunk as in Encho-
dus, Unicachichthys, and Veridagon [see Figure 1]
; 2) a short snout and rather rounded, short and
high trunk, as in Parenchodus; 3) a short snout and
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very long trunk as in Palaeolycus; 4) a moderately
long snout and perciform trunk as in Eurypholis; 5)
a long snout and very long trunk as in Saurorham-
phus. The body pattern displayed by Vegrandich-
thys gen. nov. resembles that of Eurypholis;
however, the length of the snout is intermediate
between those seen in Eurypholis and Saurorham-
phus.

Additionally, among enchodontids the articula-
tion between the lower jaw and the quadrate shows
two conditions. This articulation is laterally covered
by a posterior extension of the anguloarticular
bone in Eurypholis and Saurorhamphus, but later-
ally exposed in other enchodontids. Vegrandich-
thys gen. nov. shares the second condition with
Enchodus, Parenchodus, Unicachichthys, Verida-
gon, and Palaeolycus. 

 Finally, among enchodontids, the opercle
also shows two conditions. The posterior border of
this bone is rounded and continuous in Enchodus,
Parenchodus, Unicachichthys, Veridagon, and
Palaeolycus. In contrast, in Eurypholis and Sauror-
hamphus the longitudinal crest in the middle of this
bone is extended, forming a posterior spine. Again,
in this case Vegrandichthys gen. nov. shows the
first of the conditions; however, this new fish is
unique because it has additional strengthening lon-
gitudinal crests in the preopercle.

Phylogenetic Results

The Standard Maximum Parsimony (SMP)
analysis retained one most parsimonious tree of
total length 316 steps (CI = 0.456 and RI = 0.693)
(Figure 7). The SMP analysis resolves Enchodonti-
dae as a monophyletic family comprising the gen-
era Enchodus, Eurypholis, Palaeolycus,
Parenchodus, Saurorhamphus, Unicachichthys,
Veridagon, and the monospecific genus herein
described, Vegrandichthys. 

In this phylogenetic exercise, Vegrandichthys
coitecus gen. et sp. nov. is supported as an encho-
dontid by the presence of four synapomorphies
(Figure 5; node a): i) anteroventral prongs present;
ii) supraorbital bone absent; iii) pelvic fin at or pos-
terior to the dorsal fin; iv) opercular and subopercu-
lar dermal pattern as ridges with tubercles along
each ridge. Vegrandichthys is placed in Eurypho-
linae as the sister taxon of the clade composed by
Eurypholis + Saurorhamphus, on the basis of a sin-
gle character: ventral portion of the cleithrum ante-
rior and posteriorly widened (Figure 7; node d).
Overall, in our phylogenetic analysis, the Bremer
and bootstrap values across the retained tree are
low.

The placement of Vegrandichthys coitecus
gen. et sp. nov. as a member of Eurypholinae was
also consistent in all the additional phylogenetic
analyses carried out. The analysis based on Phylo-
genetic Morphometrics (PM) of the preopercle
landmark configuration retained only one tree with
best score = 0.04079. This phylogenetic hypothe-
sis suggests, in addition, a close relationship
between Unicachichthys and Eurypholinae (Figure
8A-B). 

The phylogenetic analysis with Implied
Weighted Maximum Parsimony (IWMP) recovered
the same topology regardless of parameters (k=10
and k=100; Figure 8C). However, the best score
was different for each analysis (k=100:1.6622;
k=10; 12.9163). These results show the same phy-
logenetic relationships displayed in the analysis of
SMP for all the taxa.

The phylogenetic hypothesis obtained with
Bayesian Inference (BI) shows a very different
topology with respect to those obtained with other
methods (Figure 8D). Nevertheless, Eurypholinae
keeps the same composition, and Vegrandichthys
retains its phylogenetic placement in the subfamily. 

The analysis combining morphological dis-
crete data with the landmark configuration of the
preopercle retained only one tree with tree
length=316.04924, of which 0.04924 is the pre-
opercle configuration contribution (Figure 8E). The
phylogenetic position of the new taxon and the
composition of Eurypholinae agree with the topol-
ogy recovered with SMP, IWMP and BI. 

In all the performed analyses the support val-
ues of the clades in the subfamily Eurypholinae, as
well as their posterior probabilities, are among the
highest values across the tree. 

On the other hand, the stratigraphic fit analy-
sis showed that the inclusion of Enchodus zimapa-
nensis decreased the level of stratigraphic fit of
Enchodontidae: stratigraphic fit is far more consis-
tent in the analyses that excludes E. zimapanensis
(Figure 9). Randomly generated ages in the first
analysis improved slightly the stratigraphic fit, but
in the second analysis they decreased it.

DISCUSSION

The monophyly of Enchodontidae has been
repeatedly corroborated, as shown by Fielitz
(2004), Silva and Gallo (2011), Díaz-Cruz et al.
(2016, 2019b), and Vernygora et al. (2017); this
finding is also supported in the present work. How-
ever, characters supporting the monophyly of the
family differ from those reported in previous works.
Originally, Fielitz (2004) found that the presence of
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a single dermopalatine tooth, the dermopalatine
bone same length or shorter than the tooth and the
absence of interopercle were the diagnostic char-
acters for Enchodontidae. This was modified by
Silva and Gallo (2011), who proposed that the only
synapomorphy for Enchodontidae is the presence
of middorsal scutes. Díaz-Cruz et al. (2016:146)
and Vernygora et al. (2017:12) recovered the same
character as the single unique synapomorphy for
Enchodontidae. However, the phylogenetic analy-

sis of Enchodontidae performed by Díaz-Cruz et al.
(2019b:280) challenged this hypothesis. These
authors found that, after adding Veridagon aven-
danoi to the phylogeny, characters supporting the
monophyly of Enchodontidae were: presence of
anteroventral prongs, absence of supraorbital
bone, dermal pattern on opercular and subopercu-
lar as ridges with tubercles along each ridge, and
the presence of a horizontal bar on the opercular.
The phylogenetic exercise presented here, partially

FIGURE 7. Phylogenetic relationships of Enchodontidae including Vegrandichthys coitecus gen. et sp. nov. obtained
following the protocol described of the Standard of Maximum Parsimony (TL= 316, CI = 0.456, RI= 0.693). The sub-
family Eurypholinae in green background and Enchodontinae in red background. Numbers by nodes indicate the sup-
ports values of Bremer/Bootstrap. Black squares indicate the presence of synapomorphic characters in
Enchodontidae. Node a, Enchodontidae: presence of anteroventral prongs (36:1); absence of supraorbital bone
(43:1); pelvic fin at or posterior to the dorsal fin in position (52:1); opercular and subopercular dermal pattern as tuber-
cles (55:2). Node b: Laminar posterior limb in the ventral portion of the preopercle (50:0). Node c: Ectopterygoid teeth
between six to eight teeth with the second tooth longest (12:2). Node d, Subfamily Eurypholinae: Ventral portion of
cleithrum widens anteriorly and posteriorly (60:2). Node e: Laterally exposed articulation mandible-quadrate (34:1);
Opercular horizontal strengthening ridge continues past posterior edge to form a spine (52:2). Node f: Mandibular der-
mal pattern as ridges with tubercles along each ridge (41:2); Preopercular dermal pattern as ridges with tubercles
(54:2). Node q: Sigmoidal lateral view of dermopalatine teeth (16:2). Numbers by nodes show the Bremer/Bootstrap
values. The subfamily Enchodontinae is only supported by homoplastic characters, therefore, we omitted them in the
node description. Full description and character mapping are in Appendix II. 
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FIGURE 8. Results of the inclusion of Vegrandichthys coitecus gen. et sp. nov. in the phylogeny of Enchodontidae
using multiple phylogenetic approaches. A) The one retained tree of Enchodontidae with the Phylogenetic Morpho-
metrics (PM) method using only landmark data, the Best Score reached = 0.04079. B) Dots in red correspond to the
landmark configuration of the preopercle used to run the PMA. C) Implied Weighted Maximum Parsimony (IWMP) tree
(the same tree topology with K=10 and K=100) based exclusively on discrete morphological data. D) Maximum a Pos-
teriori (MAP) phylogeny obtained with Bayesian Inference. E) Tree obtained with the combined matrix of morphologi-
cal discrete data and the landmark configuration of the preopercle, using Standard Maximum Parsimony; Best score =
316.04924. In green background is the subfamily Eurypholinae, except in A that includes Unicachichthys. Background
in red is the clade formed by Parenchodus + Enchodus species. In all the phylogenetic analyses Vegrandichthys coite-
cus gen. et sp. nov. new is recovered as a member of the subfamily Eurypholinae along with Eurypholis and Sauror-
hamphus. Numbers by nodes indicate Bremmer / bootstrap (when present) values except in D, where numbers
indicate the posterior probability. Full phylogenetic hypotheses and their description can be accessed in Appendix II. 



DÍAZ-CRUZ, ALVARADO-ORTEGA, & GILES: A LONG SNOUT ENCHODONTID FISH

18

agrees with the results described by Díaz-Cruz et
al. (2019b), also recovering the first three charac-
ters, but additionally finding the pelvic fin at or pos-
terior to the dorsal fin in position (52:1) as a
synapomorphy. Moreover, in the work of Díaz-Cruz
et al. (2019b) as well as the present work, Rhar-
bichthys is excluded from Enchodontidae. 

It is important to highlight that the phyloge-
netic analysis of Silva and Gallo (2011) is aimed at
understanding phylogenetic relationships within the
suborder Enchodontoidei, and included Dercetidae
and other incertae sedis taxa [see Silva and Gallo
(2011) and Vernygora et al. (2017)] in addition to
Enchodontidae. Because of this different focus, the
morphological characters and formulations of pri-
mary homology vary from those used in this manu-
script. In contrast, the data matrix employed by
Fielitz (2004) focuses on the relationships between
enchodontids and extant forms, and therefore
serves as a backbone for our study. The character
pertaining to dorsal bony scutes (c.78 in Fielitz

2004; c.83 in the present work) also captures infor-
mation relating to dermal ornament, which may not
be independent (Simões et al., 2017). Further-
more, compound characters such as this are rec-
ognized to be problematic (Brazeau, 2011; Simões
et al., 2017), and this may account for the pres-
ence of dorsal scutes not being recovered as a
synapomorphy for the family. 

Time calibrated phylogenies of Enchodonti-
dae show that most taxa are restricted to the earli-
est period of the Late Cretaceous, suggesting a
Cenomanian ‘explosion’ for the group. However,
inclusion of Enchodus zimapanensis decreases
the stratigraphic fit of the family, suggesting that
the evolutionary history of Enchodontidae is far
from complete. Recent work by Díaz-Cruz et al.
(2019a) reporting additional Enchodus species
from the Middle East supports this, but the full
implications of these findings on enchodontid phy-
logeny are not yet known. Isolated teeth with
enchodontid affinity have also been reported from
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lower Barremian strata of Alcaine, Spain (Kriwet,
2003), and specimens referred to Enchodus sp.
are known from the early Aptian-late Barremian of
Morro de Chaves formation, Alagoas, Brazil
(Coelho, 2004; García et al., 2018). Unfortunately,
due the incompleteness of these records, and their
uncertain taxonomical affinity, it is not possible for
us to include them in our analysis. In the mean-
time, the finding and formal description of Vegran-
dichthys, the first Eurypholinae from the Americas,
strengthens the importance of this territory for bet-
ter understanding Enchodontidae evolution.

Multi-approach Study in Enchodontidae

Although the main objective of this manuscript
is not the assessment of the “best” phylogenetic
method, the use of multiple criteria to reconstruct
phylogenetic relationships with an empirical data
set revealed some interesting results.

First, the topology of the single shortest tree
recovered using Standard Maximum Parsimony
criterium did not differ from those topologies
obtained with Implied Weighted Maximum Parsi-
mony. Goloboff et al. (2018) stated that implied
weights, in general, outperforms equal weights par-
simony even in the presence of missing entries.
However, our results are consistent and there is no
discrepancy among the groups found by each vari-
ant of parsimony. 

Our Phylogenetic Morphometrics (PM) analy-
sis of the landmark configuration of the opercle
also appears to carry a reliable phylogenetic sig-
nal, despite not including information for all taxa in
the analysis. Catalano et al. (2014) found that Phy-
logenetic Morphometrics only retrieve some clades
found by other source of data, and that it is neces-
sary to consider multiple landmark configurations
in order to improve correspondence of results (Cat-
alano and Torres, 2016). In this manuscript, we
only assessed the landmark configuration of the
preopercle, a bone that exhibits a high morphologi-
cal variation. However, employing the searching
algorithm in TNT that minimize the displacement of
the landmark sum (Catalano et al., 2010) was
effective to find true phylogenetic signal. Future
work will include landmark configurations on other
bones, including those with a variable shape (e.g.
the preopercle) on which homologous points are
difficult to identify. 

Moreover, it is known that the combination of
landmark with discrete data might produce data
redundancy if the landmark configuration is also
considered by discrete characters (Palci and Lee,
2018). The results of our combined analysis show

that the inclusion of the landmark configuration in
the discrete data set does not modify the topology
retrieved by the SMP analysis (see Figure 5) even
though, discrete characters of the preopercle
shape remained in the data matrix. We ascribe
these results to the very low contribution of the
landmark data as well as to the increase in the
length of discrete characters that avoided the
examination of landmarks (Goloboff and Catalano,
2016:226) producing, in the combined data analy-
sis, lower computing time and a topology markedly
different from that analyzing exclusively landmark
data. 

Additionally, as a result of analyzing and dis-
cretizing the data related to the preopercle in our
data set, we observed that special attention should
be paid when dealing with landmark combined with
discrete data for two main reasons. First, when
analyzed as a whole, a landmark configuration
tries to equal the weight of a discrete character (e.g
shape of a given bone). However, there are some
conditions that cannot be covered by a 2D land-
mark configuration, such as the thickness of the
bone. Second, the shape of a bone can be distilled
into several discrete characters, thus, the contribu-
tion sum of multiple discrete characters may be
higher than that of the landmark configuration,
unless extra weight is put to the landmark charac-
ter. In our combined exercise, landmark informa-
tion can be seen as a complementary source of
information rather than a substitute of discrete
characters as previously described by other
authors (Perrard et al., 2015; Palci and Lee, 2018),
but further analyses in this regard are required. 

Finally, according to our results, Bayesian
Inference analysis (BI) seems to be more sensitive
to the quality of the data than parsimony analyses.
The comparison of the tree topology obtained with
Bayesian Inference with that of the Standard Maxi-
mum Parsimony (SMP) shows a great difference in
the branch arrangement. However, many of the
internal nodes in the parsimony analyses are
poorly supported (Figure 5), with low support val-
ues and few synapomorphic characters. In general,
this phylogeny shows that the CI of the data set is
0.456. Puttick et al. (2018) found that if the dataset
contains consistent characters and its CI is about
0.5 or higher, then the method used to infer rela-
tionships is irrelevant, with similar results recov-
ered across different analyses. SMP resolves a
high level of homoplasy in our dataset, which may
account for topological differences between parsi-
mony and Bayesian analyses. However, the phylo-
genetic position of Vegrandichthys gen. nov. and
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composition of Eurypholinae are consistent across
our analyses, likely due to the relatively high sup-
port for this clade, and indicating a high level of
support for the accuracy of this result (Goloboff et
al., 2018). To more completely assess these first
impressions in BI with Enchodontidae, it will be
necessary to conduct a thoughtful revision of char-
acter reformulations.

CONCLUSIONS

Vegrandichthys coitecus is recognized as a
new member of the family Enchodontidae, as indi-
cated by multiple phylogenetic approaches. Its
phylogenetic position as an early-diverging mem-
ber of the subfamily Eurypholinae is also well-sup-
ported. While our analyses recover enchodontid
monophyly, the synapomorphies upholding this
vary from some previous works.

Although the stratigraphic fit of Enchodontidae
decreases when Enchodus zimapanensis is
included in the analysis, there is no doubt about
the importance of the inclusion of enchodontids
with temporal record earlier to the Cenomanian, in
terms of both the origin of the family and its palaeo-
biogeographical distribution. Future work focusing
on stratigraphically older members of the group is
vital to understand its origins.

Congruence of results across multiple phylo-
genetic analyses indicates the robustness of our
results. Phylogenetic Morphometrics is an excel-
lent tool for exploratory analyses of shape varia-
tion; it can be used as a first approach to study
anatomical change of an entire bone under parsi-
mony criteria. Fossil preservation bias and speci-
men incompleteness limits the use of this kind of
tool, but even partially preserved elements can be
incorporated to some extent. The contribution of a
single landmark configuration may be too little to
influence topology, and future work should con-
sider multiple landmark configurations in combined
analyses, while also taking into account potential
data redundancy. In this sense, we recommend
performing analyses separately as well as in a
combined approach in order to examine the influ-
ence of different kinds of data. 

Bayesian Inference appears to be more sensi-
tive to data consistency, and future work should
test the influence of states of character frequency.

A reformulation of anatomical characters, in partic-
ular to consider primary homologies and avoid
compound characters, may also be necessary to
fully understand the evolutionary history of Encho-
dontidae. 
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APPENDIX I

This appendix contains all the data matrices used in the phylogenetic study of Vegrandichthys
coitecus gen. et sp. nov. Here, we present the matrices in the order they appear in the main man-
uscript. (PDF file available for zipped download at https://palaeo-electronica.org/content/2020/
3063-a-long-snout-enchodontid-fish.)

APPENDIX II

This appendix presents the modifications made to some characters reported in previous works, it
also shows the complete list of the characters used in the phylogenetic analyses, highlighting
those that were not considered or included due to be phylogenetically uninformative (autoapo-
morphic or invariant). Also, it is possible to find the matrices employed in the phylogenetic exer-
cises and the complete phylogenies obtained. (PDF file available for zipped download at https://
palaeo-electronica.org/content/2020/3063-a-long-snout-enchodontid-fish.)
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