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Abstract Ginglymodi are a subgroup of holostean fishes, including living gars and their closely-
related fossil taxa. The early Middle Triassic (Anisian, ~244 Ma) kyphosichthyiforms from Yunnan
and Guizhou, China represent the earliest records of this clade. Here, we report the discovery of
a new kyphosichthyiform fish, Yudaiichthys eximius gen. et sp. nov., on the basis of four well-
preserved specimens from the second (upper) member of Guanling Formation in Luoping, eastern
Yunnan. The new discovery stimulated a phylogenetic analysis to reassess the interrelationships
of the Kyphosichthyiformes and their relationships with other early ginglymodians. Results
of our analysis indicate that the previously defined family Kyphosichthyidae and the genus
Sangiorgioichthys are paraphyletic. A revised Kyphosichthyiformes is proposed here, and it
is divided into two families, Kyphosichthyidae and Lashanichthyidae fam. nov. The family
Kyphosichthyidae is restricted to include two genera Kyphosichthys and Fuyuanichthys. The
Chinese “Sangiorgioichthys” species are removed into a new genus Lashanichthys, which is
recovered as a taxon sister to Yudaiichthys gen. nov., and both genera are grouped into the new
family, Lashanichthyidae. Sangiorgioichthys is restricted to include two species (S. aldae and
S. valmarensis) from the late Middle Triassic (Ladinian) of the Monte San Giorgio area. The
genus is removed out of the Kyphosichthyiformes and is recovered as the sister taxon of the
Semionotiformes-Lepisosteiformes clade. The revised topology provides new insights into the
anatomical evolution during the earliest ginglymodian history.
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1 Introduction

Ginglymodi are a clade of holostean fishes, including living gars and their closely-
related fossil taxa (Regan, 1923; Patterson, 1973, 1982; Olsen and McCune, 1991; Cavin and
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Suteethorn, 2006; Grande, 2010; Cavin, 2010; Lopez-Arbarello, 2012; Near et al., 2012).
Living gars (seven lepisosteid species) are confined to the freshwater environments of North
and Central America and Cuba, although some taxa (e.g., Atractosteus spatula) occasionally
venture into brackish and marine environments (Grande, 2010). Fossil representatives of
this clade are taxonomically rich, including the Obaichthyidae, Lepidotidae, Semionotidae,
Callipurbeckiidae, Macrosemiidae and Kyphosichthyidae; they are widely known from both
freshwater and marine deposits in almost all continents except Australia and Antarctica, with
the earliest record dating back to the early Middle Triassic (Anisian) of Southwest China
(Schaeffer and Dunkle, 1950; Bartram, 1977; Schultze and Méller, 1986; Olsen and McCune,
1991; Maisey, 1991; Wenz, 1999; Blrgin, 2004; Tintori and Lombardo, 2007; Lombardo and
Tintori, 2008; Grande, 2010; L6pez-Arbarello et al., 2011, 2016; Xu and Wu, 2012; Schréder
et al., 2012; Cavin et al., 2013, 2018; Gibson, 2013a,b; Chen et al., 2014; Deesti et al., 2014,
2016; Brito et al., 2017; Sun and Ni, 2018; Xu et al., 2018a).

The phylogenetic interrelationships of Ginglymodi are controversial and accordingly the
systematic classification of this clade remains unstable. Grande (2010) divided Ginglymodi
into three orders, Macrosemiiformes, Semionotiformes and Lepisosteiformes, with the latter
two together constituting the sister group of the former. Cavin (2010), Cavin et al. (2013)
and Deesri et al. (2014, 2016) largely followed Grande’s (2010) classification of Ginglymodi
but argued that Semionotiformes might be paraphyletic. Lopez-Arbarello (2012) and Lépez-
Arbarello and Wencker (2016), followed by Sun and Ni (2018), Cavin et al. (2018), and
Xu et al. (2018a), recovered Macrosemiidae as members of Semionotiformes, along with
the Semionotidae and Callipurbeckiidae, and gave up the usage of Macrosemiiformes as a
ginglymodian order. Recently, Sun and Ni (2018) named the order Kyphosichthyiformes and
placed it at the base of Ginglymodi. However, Lopez-Arbarello and Sferco (2018) challenged
the monophyly of Kyphosichthyiformes, and recovered Ticinolepis (L6pez-Arbarello et al.,
2016) as the most basal ginglymodian. When described Fuyuanichthys (a sister taxon of
Kyphosichthyis), Xu et al. (2018a) also noticed that Sun and Ni’s (2018) Kyphosichthyiformes
was poorly defined and urgently needed a further revision.

Here, we report the discovery of a new ginglymodian fish based on four specimens from
the second (upper) member of Guanling Formation in Luoping, eastern Yunnan, China. They
are nearly complete and well-preserved in thinly laminated micritic limestone, permitting
a detailed description of the morphology of the taxon. Other macrofossils from the same
fossiliferous horizons include plants, invertebrates, marine reptiles, two coelacanths (Wen et
al., 2013), a stem actinopteran (Xu et al., 2014a), five saurichthyids (Wu et al., 2009, 2011,
2018), and many other neopterygians (Tintori et al., 2007, 2010; Sun et al., 2009, 2012,
2015, 2016; Lopez-Arbarello et al., 2011; Lin et al., 2011; Lombardo et al., 2011; Xu and
Wu, 2012; Wen et al., 2012, 2018; Tan and Jin, 2013; Xu et al., 2014b; Xu and Zhao, 2016;
Xu and Ma, 2016; Ma and Xu, 2017; Sun and Ni, 2018). The whole fossil assemblage was
named the Luoping biota (Zhang et al., 2009; Hu et al., 2011; Benton et al., 2013). The age
of this biota (Pelsonian, Anisian, ~244 Ma) is well constrained by conodont studies (Zhang et
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al., 2009). The new discovery stimulated a phylogenetic analysis to reassess the phylogenetic
relationships of early ginglymodian clades.

2 Material and methods

All specimens are curated at the fossil collections of the Institute of Vertebrate
Paleontology and Paleoanthropology (IVPP), Chinese Academy of Sciences in Beijing, China.
They were mechanically prepared with sharp steel needles. For better contrast, the specimens
were dusted with ammonium chloride (NH,CI) when photographed. Illustrations were drawn
under an Olympus SZX7 microscope with a camera lucida attachment. The relative position of
fins and scale counts were expressed following Westoll (1944). The traditional actinopterygian
nomenclature of Grande and Bemis (1998) and Grande (2010) are generally followed, for ease
of comparison with most existing literature. The segmented and unbranched rays anterior to
the principal ray in the ventral lobe of the caudal fin are termed as rudimentary rays, following
the nomenclature used in other contributions (e.g., Alvarado-Ortega and Espinosa-Arrubarrena,
2008; Lopez-Arbarello et al., 2011; Xu et al., 2018a, b), although they are also termed as
procurrent rays by some authors (e.g., Arratia, 2013).

To investigate the phylogenetic position of Yudaiichthys within Ginglymodi, we have
incorporated it in a data matrix expanded from Xu et al. (2018a), with five additional Triassic
ginglymodian species (Sangiorgioichthys aldae, S. valmarensis, “S”. sui, “S”. yangjuanensis,
and Lophionotus chinleana). The genus Robustichthys from the Anisian Luoping biota was
originally referred to the halecomorph order lonoscopiformes (Xu et al., 2014b) but was
recently recovered by Sun and Ni (2018) as a sister taxon to Ginglymodi. If Sun and Ni’s
(2018) hypothesis is accepted, Robustichthys would be vital for understanding the origin
of Ginglymodi. To test the possible relationships of Robustichthys with Ginglymodi, we
also incorporated the genus in this analysis. Luoxiongichthys was not included because it
is currently being restudied based on new material. The current data matrix includes 205
characters coded across 44 actinopteran taxa with Pteronisculus stensidi selected for out-group
comparison (electronic supplementary material). All characters were unordered and equally
weighted. Tree searches were accomplished by the heuristic search algorithm (gaps treated as
missing data; 10 000 random addition sequence replicates; 10 trees held at each iteration; and
tree bisection-reconnection branch-swapping) in PAUP* 4.0b10 (Swofford, 2003).

3  Systematic paleontology

Neopterygii Regan, 1923
Holostei Mller, 1844 (sensu Grande, 2010)
Ginglymodi Cope, 1872 (sensu Grande, 2010)
Kyphosichthyiformes Sun & Ni, 2018 (new usage)

Diagnosis A stem group of ginglymodians distinguished from other members of this
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clade by the following combination of features: frontal 1.5-2.0 times as long as parietal;
single pair of extrascapulars separated by posterior portions of parietals (independently
derived in macrosemiids); dermopterotic shorter than parietal (independently derived in
macrosemiids); presence of one or two anterior infraorbitals (vs. single in Sangiorgioichthys,
two in Ticinolepis and Semionotus, and three or more in most other ginglymodians); two to six
suborbitals; maxilla ending below orbit (as in Ticinolepis but more anteriorly located in other
ginglymodians); absence of preopercle/dermopterotic contact (reversal in Lashanichthys gen.
nov.); presence of posttemporal/parietal contact (independently derived in macrosemiids);
presence of median gular (vs. absent in other ginglymodians); presence of single complete row
of elongated scales adjacent to ventral border of body lobe in caudal region (independently
derived in several other neopterygians, e.g., Sangiorgioichthys and Pholidoctenus).

Content Kyphosichthyidae and Lashanichthyidae fam. nov.

Geographical distribution and age Luoping and Fuyuan, Yunnan, and Panxian and
Xingyi, Guizhou; Pelsonian (Anisian)-Ladinian, Middle Triassic.

Remarks Sun and Ni (2018) named the family Kyphosichthyidae (and order
Kyphosichthyiformes) which originally included three genera: Kyphosichthys,
Sangiorgioichthys and Luoxiongichthys. However, the monophyly of this group has been
challenged by subsequent studies (Ldpez-Arbarello and Sferco, 2018; Xu et al., 2018a). Our
current studies confirm that Kyphosichthys is more closely related to Fuyuanichthys than to
other ginglymodians (Xu et al., 2018a); both genera are placed in the Kyphosichthyidae sensu
stricto here. Additionally, our analysis resolved the previously defined Sangiorgioichthys
(Lopez-Arbarello et al., 2011; Chen et al., 2014) as paraphyletic; this genus is restricted to
include two species, S. aldae (Tintori and Lombardo, 2007) and S. valmarensis (Lombardo
et al., 2012) from the Ladinian (late Middle Triassic) of the Monte San Giorgio area and is
removed out of the Kyphosichthyiformes. The “Sangiorgioichthys” species from the Anisian
(early Middle Triassic) of Yunnan and Guizhou, closely related to the new ginglymodian
described herein, are removed into a new genus and family within the Kyphosichthyiformes (see
Discussions below). In addition, our studies indicate that Luoxiongichthys lacks the diagnostic
features of the Kyphosichthyiformes revised here and should be removed out of this order.

Kyphosichthyidae Sun & Ni, 2018 (new usage)

Emended diagnosis Body depth 42%—-68% of standard length; preorbital portion nearly
equal to or slightly longer than orbit in length; presence of two anterior infraorbitals, 1.5-2.0
times deeper than long; single infraorbital between lacrimal and posteroventral infraorbital;
two or three suborbitals; mandibular length 42%-44% of head length; quadrate almost fully
covered by infraorbital; and six to seven pairs of branchiostegal rays.

Content Kyphosichthys and Fuyuanichthys.

Geographical distribution and age Luoping and Fuyuan, Yunnan, and Xingyi,
Guizhou; Pelsonian (Anisian)-Ladinian, Middle Triassic.
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Lashanichthyidae fam. nov.

Diagnosis Preorbital portion less than orbit in length; presence of single anterior
infraorbital, deep and narrow; two to four infraorbitals between lacrimal and posteroventral
infraorbital; three to six suborbitals; quadrate almost fully covered by suborbital; mandibular
length nearly half of head length; interopercle nearly trapezoidal (vs. triangular in other
ginglymodians); and eight or nine pairs of branchiostegal rays.

Content Lashanichthys gen. nov. and Yudaiichthys gen. nov.

Type genus Lashanichthys gen. nov.

Geographical distribution and age Luoping, Yunnan and Panxian, Guizhou; Pelsonian,
Anisian, Middle Triassic.

Lashanichthys gen. nov.

Etymology The generic epithet ‘Lashan’ refers to the Lashan sub-distinct and Baila hills
in Luoping County, Yunnan, and the Greek suffix ‘-ichthys’ means fish.

Type species Lashanichthys sui (Lépez-Arbarello et al., 2011).

Other species L. yangjuanensis (Chen et al., 2014).

Geographical distribution and age Luoping, Yunnan and Panxian, Guizhou; Pelsonian,
Anisian, Middle Triassic.

Diagnosis Nasal narrow and curved; frontal 1.8 times as long as parietal; presence
of two to four supraorbitals; seven or eight infraorbitals, including two or three between
lacrimal and posteroventral infraorbital; three or four suborbitals, separated by posteroventral
infraorbital into two or three dorsal ones and single ventral one; presence of preopercle/
dermopterotic contact; supramaxilla nearly half of length of maxilla (excluding anteromedial
process); opercle 2.2-3.0 times as deep as subopercle (excluding anterodorsal process); median
gular nearly circular, 0.4 times as long as lower jaw; 19-21 principal caudal rays.

Yudaiichthys gen. nov.

Etymology The generic epithet “Yudai’ refers to the Yudai Lake in Luoping County,
Yunnan.

Type species Yudaiichthys eximius gen. et sp. nov.

Diagnosis Same as for the type and only known species.

Yudaiichthys eximius gen. et sp. nov.
(Figs. 1-7)

Etymology The specific epithet ‘eximius’ means graceful.

Holotype IVPPV 20431, a nearly complete, laterally compressed specimen.

Paratype VPPV 20432-20434.

Locality and horizon Luoping, Yunnan, China; second (upper) member of Guanling
Formation, Pelsonian, Anisian, Middle Triassic.

Diagnosis Nasal relatively broad and hourglass-shaped; frontal 1.5 times as long as
parietal; single supraorbital, tapering at both ends; nine (eight, occasionally) infraorbitals,
including four (three, occasionally) between lacrimal and posteroventral infraorbital; six
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suborbitals arranged in two vertical rows (four in anterior row and two in posterior one);
presence of dermohyal; absence of preopercle/dermopterotic contact; opercle twice as deep as
subopercle (excluding anterodorsal process); absence of supramaxilla; median gular pear-like,
half of length of lower jaw; eight pairs of branchiostegal rays; eight dorsal rays; seven anal
rays; 16 principal caudal rays; scales with weakly serrated posterior margin only in anterior
flank region; and scale formula of D18/P8, A16—-17, C25/T28.

4 Description

General morphology and size Yudaiichthys has a blunt snout, a fusiform body and a
slightly forked caudal fin (Figs. 1-3). The dorsal fin inserts slightly posterior to the origins of
pelvic fins. The greatest body depth lies midway between the posterior margin of the opercle
and the origin of the dorsal fin. The holotype (Fig. 1) has a head length of 15 mm, a body
depth of 19 mm, and a standard length (SL, the length from the tip of the snout to the posterior
extremity of the caudal peduncle) of 47 mm. The largest known specimen (Fig. 3A) has a SL
of 56 mm. The anterior portions of the frontals, anterior circumorbital bones and lower jaws
are ornamented with tubercles, whereas the other cranial bones are largely smooth on their
surfaces (Figs. 4-6). The general body form (Fig. 7) is reconstructed mainly based on the
holotype (Fig. 1) and IVPP V 20432 (Fig. 2).

Fig. 1 Holotype of Yudaiichthys eximius gen. et sp. nov., IVPP V 20431
Abbreviations: bf. basal fulcrum; ff. fringing fulcrum; pr. principal fin ray; rr. rudimentary ray
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Fig. 2 Yudaiichthys eximius gen. et sp. nov., IVPP V 20432
For abbreviations see Fig. 1

Snout The canal-bearing bones of the snout consist of a median rostral and paired
nasals and antorbitals. The rostral is a small curved bone that encloses the ethmoid sensory
commissure and has a tube-like middle portion with a pair of short lateral extensions (Figs. 4,
5). The nasals are hourglass-shaped, more expanded posterodorsally than anteroventrally (Fig.
4). Each nasal has a nearly straight ventral margin, concave lateral and median margins and a
convex dorsal margin. A short anterior portion of the supraorbital sensory canal extends into
the nasal from the frontal, indicated by two pores on the posterior half portion of this bone. The
antorbitals are L-shaped bones (Figs. 4-6). The horizontal branch of each antorbital extends
forwards, contacting the rostral anteriorly, the nasal dorsally, the premaxilla medially, and the
anterior infraorbital posteriorly. The dorsal branch of the antorbital extends posterodorsally
and does not contact the lateral margin of the frontal (Fig. 5). A small gap exists between the
antorbital and the supraorbital, and accordingly the circumorbital ring is not closed (Fig. 4).
The antorbital is slightly displaced in V 20432 (Fig. 5), causing a false contact of this bone
with the supraorbital. The conjunction of the ethmoid commissural canal and the infraorbital
canal is located at the middle portion of the antorbital.

Skull roof The skull roofing bones include pairs of frontals, parietals, dermopterotic,
and extrascapulars (Figs. 4-6). The frontals are roughly rectangular with a constriction above
the orbit. The medial suture between frontals is slightly sigmoid (Figs. 4, 5). Each frontal is
nearly one and half the length of the parietal, being the largest element on the skull roof. The
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posterior margin is nearly straight and the anterior margin is concave for the contact of the
nasal. The lateral margin sutures the supraorbital anteriorly and the dermosphenotic posteriorly
with a posterior-middle portion contributing to the orbital margin (Fig. 5). The course of the
supraorbital canal is indicated by a longitudinal line of eight pores on each frontal (Fig. 4).

Fig. 3 Yudaiichthys eximius gen. et sp. nov.
A. VPPV 20434; B. IVPP V 20433

The parietals are nearly trapezoidal, contacting the frontal anteriorly, the dermopterotic
anterolaterally, the extrascapular posterolaterally, and the posttemporal posteriorly (Figs.
4-6). The length is nearly twice its width. Three pit-lines are present (Figs. 4, 5). The anterior
pit-line originates at the middle portion of the parietal, extends anteriorly, and ends near the
posterior end of the supraorbital sensory canal. The middle pit-line originates slightly posterior
to the posterior end of the anterior pit-line in the parietal, and ends near the temporal sensory
canal in the dermopterotic. The posterior pit-line extends posterolaterally and ends near the
posterior margin of the parietal.

The paired dermopterotic is trapezoidal, two-thirds as long as the parietal, to which it is
sutured medially with a nearly straight margin. The temporal sensory canal runs longitudinally
through the dermopterotic, indicated by a line of four or five pores parallel to the lateral margin
of this bone (Fig. 4).

A single pair of extrascapulars is present. They are roughly triangular, tapering medially.
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Fig. 4 Skull and pectoral girdle of Yudaiichthys eximius gen. et sp. nov., IVPP V 20431
Abbreviations: ang. angular; ao. antorbital; br. branchiostegal rays; cl. cleithrum; den. dentary;
dhy. dermohyal; dpt. dermopterotic; dsp. dermosphenotic; es. extrascapular; fr. frontal; gu. gular;
io. infraorbital; iop. interopercle; la. lacrimal; mx. maxilla; n. nasal; npp. nasal process of premaxilla;
op. opercle; pa. parietal; pas. parasphenoid; pcl. postcleithrum; pl-a. anterior pit-line; pl-m. middle pit-line;
pl—p. posterior pit-line; pm. premaxilla; pop. preopercle; pt. posttemporal; gj. quadratojugal; r. rostral;
scl. supracleithrum; so. suborbital; sop. subopercle; su. supraorbital; vo. vomer



190 Vertebrata PalAsiatica, Vol. 57, No. 3

Fig. 5 Skull and pectoral girdle of Yudaiichthys eximius gen. et sp. nov., IVPP V 20432
For abbreviations see Fig. 4

The left is separated from the right by the posterior portions of the parietals with the
supratemporal commissural canal running transversely through both the extrascapulars and
parietals (Figs. 4, 5).

Circumorbital bones As shown in V 20432 (Fig. 5) and V 20433 (Fig. 3B), there is
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a single supraorbital flanking the anterior portion of the frontal. It is elongated and slightly
curved, tapering at both ends.

Nine infraorbitals are commonly present (Figs. 4, 5); among them, the first (anteriormost)
(= anterior infraorbital of Wenz, 1999) is narrow and deep, tapering dorsally. The second (=
lacrimal) is relatively large and trapezoidal, forming the ventral half of the anterior orbital
margin. The third and fourth are nearly square, and the fifth is trapezoidal, slightly deeper
than long. The sixth is pentagonal, having a depth one and half its length. The seventh is also
pentagonal, being the largest element of the infraorbital series. The last two (eighth and ninth)
infraorbitals are relatively small and quadrangular. The infraorbital sensory canal passes
longitudinally through the anterior three infraorbitals near their ventral margin, the fourth to
sixth at their middle portions, and then extends upwards and runs dorsoventrally through the
last three ones near their anterior margins. An intraspecific variation is discernable in V 20434,
in which eight infraorbitals are present (Fig. 6). The fifth infraobital is relatively broad and
pentagonal in this specimen, probably representing a fusion of fifth and sixth infraorbitals in
other specimens (Figs. 4, 5).

The dermosphenotic is trapezoidal, contacting the dermopterotic and suborbital
posteriorly, the frontal dorsally, and the last infraorbital ventrally. The dermosphenotic tapers
anteriorly with a pointed anterior tip, lacking a contact with the supraorbital. Two or three
pores are visible near the orbital margin of this bone (Fig. 5).

Sclerotic bones are partly discernible near the orbital rim of the holotype and V 20434 (Fig.
6). They are thin and curved and their number cannot be determined because of poor state of
preservation.

Suborbitals and dermohyal There are six suborbitals, and their size and shape slightly
vary in different specimens (Figs. 4-6). The anterior four suborbitals are relatively large, the
upper three are rectangular or trapezoidal and the bottom is pentagonal. Two pit-lines are
occasionally present, with a horizontal one parallel to the dorsal margin of the third suborbital
and a vertical one in the upper portion of the bottom one (Fig. 4). Additionally, there are two
suborbitals between the preopercle and dermopterotic (Figs. 4-6). They are small and either
rectangular or trapezoidal. Posteriorly, there is an elongate, trapezoidal bone, which extends
posterodorsally and contacts the dermopterotic and extrascapular anterodorsally and the opercle
posteroventrally (Figs. 4, 5). This bone is unknown in other Triassic ginglymodians. It is labeled
here as the dermohyal according to its position similar to that in living gars (Grande, 2010).

Jaws The upper jaw is composed of a premaxilla and a maxilla. A supramaxilla is absent.
The paired premaxilla contacts its counterpart medially, having a long oral region that is half
the total length of the maxilla. Each premaxilla has a deep, posterodorsally directed nasal
process that is sutured to the frontal dorsally (Fig. 4). It is unknown if there is a foramen for the
olfactory nerve in the nasal process of the premaxilla because of the overlapping of the nasal
and antorbital. About ten large, conical teeth are present along the oral margin of the premaxilla.

The maxilla is elongate, having a peg-like, medially-directed anterior process (Figs. 4, 5).
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Fig. 6 Skull and pectoral girdle of Yudaiichthys eximius gen. et sp. nov., IVPP V 20434
Abbreviations: ach. anterior ceratohyal; co. coronoid; hh. hypohyal; qu. quadrate; sa. supra-angular;
scr. scleratic ring. For other abbreviations see Fig. 4
Excluding this process, the length of the maxilla is about three times its maximum depth. The
posterior end of the maxilla is located below the middle portion of the orbit. The dorsal and
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posterior margins of the maxilla are nearly straight or slightly convex, and the oral margin is
slightly concave. A row of 18 conical teeth are present along the full length of the oral margin
of the maxilla. The anterior several teeth are nearly equal in length, and the posterior ones
gradually reduce in length posteriorly.

The lower jaw is wedge-shaped and relatively long, being about half of the head length
(Figs. 4-6). It bears a prominent coronoid process with the maximal height 32%-34% of
its length. The dentary is proportionally long, accounting 3/4 the length of the lower jaw. It
deepens posteriorly with a triangular posteroventral process flanking the anteroventral edge
of the angular. 16 or 17 conical teeth are present along the oral margin of the anterior half of
the dentary. They are nearly as large as those on the premaxilla. The angular is trapezoidal,
forming most of the posterior portion of the lower jaw. The supra-angular is relatively small
and sub-circular in lateral view, contacting the angular ventrally and the dentary anteriorly (Fig.
6). No independent retroarticular is discernable. The angular and dentary carry the mandibular
canal forward from the preopercle, with a dorsoventrally directed pit-line (= Wenz’s (1967)
posterior mandibular pit-line) in the posterior portion of the angular (Fig. 4, 6). Medially, only
two coronoid bones are discernible (Fig. 6). Both are small and elongate, bearing small conical
teeth at their oral margins.

Palatal elements and hyoid arch A possible left vomer is exposed in the holotype
(Fig. 4). It is a small elongate bone that contacting the parasphenoid posteriorly. Two conical
teeth are preserved on the oral margin of the vomer. They are about half the size of those in the
premaxilla. Only the anterior part of the parasphenoid is discernable through the orbit (Figs. 4,
5). Teeth are absent on the ventral margin of this bone. The pterygoid elements are sutured to
each other and it is difficult to identify the boundaries between them.

The quadratojugal is a small splint-like bone which tapers posterodorsally. It contacts
the quadrate medially and rests on the anterior edge of the ventral portion of preopercle (Fig.
6). A small part of quadrate is discernable through the gap between the quadratojugal and the
suborbital in V 20434, and its complete shape is still unknown.

The outlines of the hypohyal and anterior ceratohyal can be traced in V 20434 (Fig. 6),
although both are overlapped by the gular and branchiostegal rays. The former is nearly square,
and the latter is elongate and widens posteriorly, being nearly half the length of the lower jaw.

Opercular series The preopercle is roughly crescent-shaped, contacting two suborbitals
and the quadratojugal anteriorly, a suborbital dorsally, and the rest of opercular bones
posteriorly. Indicated by a vertical line of at least 13 pores near the posterior margin of the
preopercle, the preopercular sensory canal extends dorsoventrally through this bone (Fig. 5).
The opercle is nearly trapezoidal, 1.1-1.3 times as deep as its maximum length. The anterior
margin is nearly straight, and the dorsal, ventral and posterior margins are convex. The
subopercle is sickle-shaped, bearing a short triangular anterodorsal process that inserts between
the preopercle and opercle. This process is one-fifth the depth of the opercle. Excluding this
process, the subopercle is about half the depth of the opercle. The interopercle is relatively
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small and nearly trapezoidal, having slightly convex anterior and ventral margins, and nearly
straight dorsal and posterior margins.

Branchiostegal rays and gular There are eight pairs of branchiostegal rays (Figs. 4-6).
They are elongate and plate-like, gradually increasing in length and width posteriorly.

The median gular is broad and nearly half the length of the lower jaw. It is pear-shaped,
tapering towards the anterior tip (Fig. 6).

Paired girdles and fins A posttemporal, a supracleithrum, a cleithrum and two
postcleithra are present at each side of the pectoral girdle (Figs. 4, 5). The posttemporal is
sub-triangular with its median tip nearly reaching the midline. The lateral line pierces the
anterolateral portion of the posttemporal and extends posteroventrally into the supracleithrum
which is an anteriorly inclined bone, slightly deeper than the first lateral line scale. The
cleithrum is large and curved, with its anterior portion overlapped by the opercle, subopercle
and branchiostegal rays. There are two postcleithra associated with the cleithrum. Both are
roughly trapezoidal; the ventral is nearly half the depth of the dorsal.

The pectoral fins insert low on the body, and each is composed of eight distally
segmented rays. The first is unbranched, preceded by two basal fulcra and a series of fringing
fulcra. The remaining rays are branched distally.

The pelvic girdles are not exposed. The pelvic fins insert at the 8" vertical scale row, and
each is composed of five or six distally segmented and branched rays, preceded by two basal
fulcra and a series of fringing fulcra.

Median fins The dorsal fin originates above the 18" vertical scale row. It is short-based,
composed of nine distally segmented rays (Figs. 1-3). The first ray is unbranched, preceded by
four basal fulcra and six fringing fulcra; the remaining rays are branched distally.

The anal fin, slightly smaller than the dorsal fin, originates below the 16" or 17" vertical
scale row (Figs. 1, 2). It has seven distally segmented rays. The first ray is unbranched,
preceded by two or three basal fulcra and six fringing fulcra, and the remaining rays are
branched distally.

The caudal fin is abbreviated heterocercal with a slightly forked profile (Figs. 1, 2). There
are 16 principal rays; among them, seven or eight are located below the level of the lateral
line. The marginal principal rays are unbranched, and the middle ones are branched up to three
times. In addition, there are seven basal fulcra in the dorsal lobe, and three basal fulcra and two
rudimentary rays in the ventral one. Fringing fulcra are present in both lobes.

Scales The body is fully covered with rhombic scales (Figs. 1-3). The scales are
smooth, arranged in 28 vertical rows along the lateral line. In addition, there are five inverted
vertical rows of scales posterior to the hinge line in the caudal region; among them, eight
scales are present in the last inverted vertical row. The scales in the anterior flank region
are twice as deep as they are long with a serrated posterior margin. The number and size of
serrations vary in different specimens; they are weak in V 20431 (Fig. 1) and V 20432 (Fig.
2), but relatively strong in V 20433 and V 20434 (Fig. 3). The scales gradually become shorter
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dorsally, ventrally and posteriorly. The terminal scales adjacent to the caudal fin are notably
longer than deep with a posterodorsal process. The ridge scales anterior to the dorsal fin have a
posterodorsally directed spine. A dorsal peg and an anterodorsal extension are present on some
scales exposed in the anterior flank region (V 20433).

Fig. 7 Reconstruction of Yudaiichthys eximius gen. et sp. nov.

5 Phylogenetic results

The phylogenetic analysis resulted in five most parsimonious trees (tree length =
521 steps, consistency index = 0.4760, retention index = 0.7509), the strict consensus of
which is presented in Fig. 8. Ticinolepis occupies a basal position among the Ginglymodi
(consistent with Lépez-Arbarello and Sferco, 2018; Xu et al., 2018a), followed successively
by the Kyphosichthyiformes, Sangiorgioichthys, Semionotiformes and Lepisosteiformes.
Yudaiichthys is recovered as the sister taxon to Lashanichthys; both genera consist of a clade
sister to the Kyphosichthyidae (including Kyphosichthys and Fuyuanichthys) within the
Kyphosichthyiformes.

The Kyphosichthyiformes are unambiguous ginglymodians, possessing several
synapomorphies of this clade (those uniquely derived are identified with an asterisk), e.g.,
presence of anterior infraorbitals (*); six or more infraorbitals between the antorbital and the
dermosphenotic (*); orbital length no longer than the pre-orbital length (independently derived
in some ionoscopiforms, and reversal in Lashanichthyidae); and presence of no more than nine
pairs of branchiostegal rays (independently derived in some stem-neopterygians). The order is
positioned above Ticinolepis (the most basal ginglymodian) as it shares six derived features with
all remaining ginglymodians: 1) presence of a relatively long parietal (independently derived in
some other neopterygians); 2) a subrectangular dermopterotic (independently derived in some
ionoscopiforms); 3) a lacrimal deeper than long (independently derived in some ionoscopiforms);
4) presence of an olfactory foramen in the nasal process of the premaxilla (independently
derived in amiiforms, and secondarily lost in macrosemiids); 5) absence of a presupracleithrum
(independently derived in some other neopterygians); and 6) presence of a posterodorsally
directed spine on the predorsal ridge scale (secondarily lost in most lepisosteiforms).



196 Vertebrata PalAsiatica, Vol. 57, No. 3

Fig. 8 Strict consensus of five most parsimonious trees
(TL=521, CI=0.4760, RI= 0.7509), illustrating the
phylogenetic position of Yudaiichthys within the Neopterygii
Digits above nodes indicate Bremer decay indices

6 Phylogenetic discussion

6.1 Taxonomic revision of the
Kyphosichthyiformes

Sun and Ni (2018) listed three
features to support the monophyly
of their named Kyphosichthyiformes
(= Kyphosichthyidae, including
Kyphosichthys, Sangiorgioichthys and
Luoxiongichthys), i.e., 1) a triangular
suborbital laterally covering the
quadrate; 2) infraorbitals at the ventral
orbital rim subtriangular, broader
ventrally, and about twice deeper than
long; and 3) absence of a foramen for
the olfactory nerve in the nasal process
of the premaxilla. However, the first
feature is absent in Kyphosichthys and
Luoxiongichthys; the second is only
present in Kyphosichthys; and the last
is plesiomorphic for Holostei (Grande,
2010; Xu and Ma, 2018; Lopez-
Arbarello and Sferco, 2018). Thus,
the above three features should not
be considered as kyphosichthyiform
synapomorphies (Xu et al., 2018a).

The Kyphosichthyiformes
revised here include four genera
(Kyphosichthys, Fuyuanichthys,
Yudaiichthys and Lashanichthys) in
two families, and their monophyly is
supported by four synapomorphies: 1)
presence of a dermopterotic slightly
shorter than the parietal (independently
derived in macrosemiids); 2) a pair

of extrascapulars separated by posterior extensions of parietals (independently derived in
macrosemiids); 3) absence of a preopercle/dermopterotic contact (reversal in Lashanichthys,
and independently derived in Sangiorgioichthys aldae and several semionotiforms); and
4) presence of a posttemporal/parietal contact (independently derived in macrosemiids).
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Luoxiongichthys should be removed out of the Kyphosichthyiformes because it lacks the above
synapomorphies of this order.

Within the Kyphosichthyiformes, the sister taxon relationship between Yudaiichthys and
Lashanichthys are strongly supported by five derived features: 1) pre-orbital length no longer
than orbital length (reversal); 2) the depth/length ratio of the anterior infraorbital larger than
2.5 (independently derived in a few semionotiforms); 3) presence of two to four infraorbital
bones between the lacrimal and the infraorbital at the posteroventral corner of the orbit
(independently derived in crownward ginglymodians); 4) presence of a mandible nearly half
of the head in length (reversal); and 5) presence of a trapezoidal interopercle (*). Yudaiichthys
and Lashanichthys are easily distinguished from other kyphosichthyiforms by these features. As
such, they are grouped into a new family (Lashanichthyidae fam. nov.) of Kyphosichthyiformes
rather than into the previous, broadly inclusive Kyphosichthyidae (Sun and Ni, 2018).

The Kyphosichthyidae is restricted here to include the type genus Kyphosichthys and the
recently reported Fuyuanichthys, which was originally classified in the Ginglymodi without
reference to a particular family or order (Xu et al., 2018a). The current analysis confirm the
sister-taxon relationships between both genera (Xu et al., 2018a), supported by three derived
features: 1) infraorbital bones at the middle portion of the orbit deeper than the orbital radius
(independently derived in Sangiorgioichthys, a few semionotiforms and most lepisosteiforms);
2) presence of a quadrate laterally covered by infraorbitals (independently derived in
some lepisosteiforms); and 3) absence of suborbitals extending anteriorly below the orbit
(independently derived in some semionotiforms).

6.2 Phylogenetic reassessment of Sangiorgioichthys

The genus Sangiorgioichthys was named on the basis of the type species S. aldae from
the Ladinian of the Monte San Giorgio area (Tintori and Lombardo, 2007). L6pez-Arbarello
and her colleagues named the second species S. sui from the Anisian of Yunnan, China and
placed the genus as a semionotiform incertae sedis (Lopez-Arbarello et al., 2011; Lopez-
Arbarello, 2012; Lopez-Arbarello and Wencker, 2016) or a ginglymodian incertae sedis
(Lopez-Arbarello and Sferco, 2018). Lombardo et al. (2012) and Chen et al. (2014) named
the other two species, the Ladinian S. valmarensis from the Monte San Giorgio area and the
Anisian S. yangjuanensis from Guizhou, respectively, and considered them as semionotiforms
incertae sedis. Recently, Sun and Ni (2018) recovered S. aldae as a sister taxon to a clade
composed of S. sui and Kyphosichthys and placed them into their named Kyphosichthyidae
(Kyphosichthyiformes). For the first time, we incorporated all four Sangiorgioichthys species
in a phylogenetic analysis, the results of which support that the Chinese “Sangiorgioichthys”
species (S. sui and S. yangjuanensis; removed into the new genus Lashanichthys, see above)
are members of Kyphosichthyiformes, but the European Sangiorgioichthys species (S. aldae
and S. valmarensis) should be removed out of Kyphosichthyiformes because they lack all of
the synapomorphies of this order and share four derived features with the Semionotiformes-
Lepisosteiformes clade: 1) presence of a lacrimal closely related to the supraorbital (*); 2)
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presence of a quadrate-mandibular articulation under the orbit (independently derived in
Fuyuanichthys); 3) presence of a maxilla ending anterior to the orbit (*); and 4) absence of a
well-developed supramaxillary process on the maxilla (independently derived in some other
neopterygians). Consequently, the genus Sangiorgioichthys is here restricted to include S.
aldae and S. valmarensis; the sister taxon relationships between both species are supported
by four derived features: 1) presence of an anteriorly tapered dermopterotic (reversal); 2)
middle infraorbital bones below the orbit deeper the orbital radius; 3) suborbitals separated
by the posteroventral infraorbital into dorsal and ventral portions (independently derived in
Lashanichthys); and 4) presence of teeth on only the anterior one third or less of the dentary.

6.3 Phylogenetic position of Robustichthys

Results of our analysis support that Robustichthys is an ionoscopiform halecomorph (Xu
et al., 2014b; Xu and Shen, 2015; Xu and Ma, 2018; contra Sun and Ni, 2018). Two other
recent analyses (LOpez-Arbarello and Sferco, 2018; Ebert, 2018) also recovered Robustichthys
as a halecomorph although their proposed positions of this genus within Halecomorphi are
somewhat different from the one we suggested. Our current studies confirm that Robustichthys
is phylogenetically distant from Ginglymodi, because it lacks the important synapomorphies
of Ginglymodi listed above. The three characters listed by Sun and Ni (2018) supporting
the sister group relationships of Robustichthys with Ginglymodi are either the one miscoded
in Robustichthys (nasals very narrow, separated medially) or those widely distributed in
neopterygians (presence of a well-developed posteroventral process of the dentary, and series
of denticles along the ridge between the branchial and lateral surfaces of the cleithrum). A
detailed description and revision of Robustichthys are out of scope for this contribution and
will be presented in the future.

7  Ecological implications

The Kyphosichthyiformes are so far composed of five species in two families with a
geological range of about 4 Ma (~244-240 Ma) from the Middle Triassic marine deposits
of Yunnan and Guizhou, China. All kyphosichthyiforms have a relatively small-sized body
with a maximum standard length no more than 125 mm. Among them, Lashanichthys is
the most common actinopterygian in the Anisian Luoping ichthyofauna, which probably
swam in a schooling behavior, with over 30 specimens preserved in a square meter of slab.
Yudaiichthys and other kyphosichthyiforms have a significantly lower numerical abundance
than Lashanichthys, lacking schooling evidences in the past years of field collections. The
Kyphosichthyiformes appear an endemic group of ginglymodian fishes with a distribution
confined to the eastern Paleotethys. No kyphosichthyiforms have been known from the Middle
Triassic of Europe in the western Paleotethys. Further studies are needed to clarify if this is
caused by sampling and/or taphonomic biases.

The Kyphosichthyiformes show noteworthy differences on body shape and teeth
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distribution between lashanichthyids and kyphosichthyids. The body is elongated fusiform
in the Lashanichthyidae and relatively deep and short in Fuyuanichthys (Xu et al., 2018a). In
Kyphosichthys, the body is notably deep and short with a strikingly arched hump anterior to
the dorsal fin; a similar morphotype is present in several other ginglymodians (e.g., Gibson,
2013a). As implicated by functional and ecological studies on extant fishes (Drucker and
Lauder G V, 2002; Ruehl et al., 2011), kyphosichthyids are likely not fast swimmers but have
better performance in precise maneuvering among structurally complex habitats than the
Lashanichthyidae, which could be adapted to simple habitats. Additionally, lashanichthyids have
a larger mouth gap than kyphosichthyids. The teeth are present along almost the full length of
the maxilla (excluding the anteromedial process) in lashanichthyids and Kyphosichthys, but are
absent in that of Fuyuanichthys. These differences indicate that the Kyphosichthyiformes have
a broad ecomorphological diversity.

8  Conclusion

The new kyphosichthyiform Yudaiichthys eximius from the early Middle Triassic (Anisian)
of China represents one of the oldest records of Ginglymodi and provides an important
addition to our understanding of the earliest morphological and ecological diversifications
of this clade. Yudaiichthys possesses diagnostic features of the Kyphosichthyiformes revised
in this contribution, but it is easily distinguished from other kyphosichthyiforms with a
unique combination of features (e.g., presence of a dermohyal, presence of a relatively large
number of suborbitals, and absence of a supraorbital/dermosphenotic contact). Results of
a phylogenetic analysis recover Yudaiichthys as a sister taxon of the coeval Lashanichthys
(previously referred to the genus Sangiorgioichthys); both genera are grouped into the new
family, the Lashanichthyidae, within the Kyphosichthyiformes. Sangiorgioichthys, restricted
to include two species (S. aldae and S. valmarensis) from the late Middle Triassic (Ladinian)
of the Monte San Giorgio area, is removed out of the Kyphosichthyiformes and is recovered
as the sister taxon of the Semionotiformes-Lepisosteiformes clade. The previous placement of
Robustichthys near the ginglymodian base is rejected. The revised topology in and around the
Kyphosichthyiformes provides new insights into the anatomical evolution during the earliest
ginglymodian history.

Acknowledgements We thank Chang M. M., Wen W. and Hu S. X. for constructive
suggestions and discussions, Cavin L. for valuable comments on a previous version of this
manuscript, Grande L. and Maisey J. for granting access to comparative fossil materials in the
Field Museum of Natural History (Chicago) and American Museum of Natural History (New
York) respectively, and Liu T. L. and He B. T. for their help with field trips in Yunnan Province.

Supplementary material can be found on the website of Vertebrata PalAsiatica (http://english.ivpp.cas.cn/sp/
PalAsiatica/vp_list/) in Vol. 57.



200 Vertebrata PalAsiatica, Vol. 57, No. 3

AT =EtHa H—HEM
REHREBRRGE LB XABITHE

HhoeE?  Dgpxt?d Rxa g w2
(L PR R A A S ABTRITRT, P ERLEBCA S AL S A SR IEE A E L5t 100044)
(2 "PERF B A S PR s ATET L LT 100044)
(B tEREBE R Jbat 100049)

WE. g edaihn—L, URMAmEst L HERED AR, =Ha 5
Ho X =22 Je 9] (~244 Ma)ith 2 it £ H (Kyphosichthyiformes) f 2R3 T &t i 25 e i
HIb ISR RO 2 F % RIS B R L AL Bt b, ands THEEH
—ASErE Y, HLE A i (Yudaiichthys eximius gen. et sp. nov.). i & B BRI e 1
AR B R R G LT RRIBUET 3L, 4y SO e R, o 2ew Ut R}
(Kyphosichthyidae) f1 2% 7715 1 J& (Sangiorgioichthys)# 2 I R 2T, S0 F e 5 it B 40
Htfa BRI 1L B (Lashanichthyidae fam. nov.); Hirp, #ttaRlfudEta )8 (Kyphosichthys) #l 5
5 f4 J&@ (Fuyuanichthys); 7 [C %7714 4 (Sangiorgioichthys sui) I & 35 7734 14.(S. yangjuanensis)
A7 1 S 1) #4 @ (Lashanichthys gen. nov.), 1 E 4l fa @ —de 2l s L fa il . SR Tv9h o Ja
Bt H, BRE T AT b X g = E IR T 2 A9 ~F (Sangiorgioichthys aldae
S, valmarensis); 1)@ FTH A (S IA 25 (EME (0 B M8 BRI RIHIREEC R . BITIREY
Gy SRR T AR B F R RAE (RO L g s 4 T BT LA

X, mP Y, =8, i, &k, 9, REAT

FEESES: Q915.862 XHERFRIRES: A XERRS: 1000-3118(2019)03-0181-24

References

Alvarado-Ortega J, Espinosa-Arrubarrena L, 2008. A new genus of ionoscopiform fish (Halecomorphi) from the Lower
Cretaceous (Albian) lithographic limestones of the TlayUa quarry, Puebla, Mexico. J Paleont, 82: 163-175

Arratia G, 2013. Morphology, taxonomy, and phylogeny of Triassic pholidophorid fishes (Actinopterygii, Teleostei). Soc
Vert Paleont Mem (Suppl J Vert Paleont), 13: 1-138

Bartram A W H, 1977. The Macrosemiidae, a Mesozoic family of holostean fishes. Bull Br Mus Geol, 29: 137-234

Benton M J, Zhang Q Y, Hu S X et al., 2013. Exceptional vertebrate biotas from the Triassic of China, and the expansion of
marine ecosystems after the Permo-Triassic mass extinction. Earth Sci Rev, 125: 199-243

Brito P M, Alvarado-Ortega J, Meunier F J, 2017. Earliest known lepisosteoid extends the range of anatomically modern
gars to the Late Jurassic. Sci Rep, 7: 17830

Biirgin T, 2004. tEosemionotus ceresiensis sp. nov., a new semionotiform fish (Actinopetygii, Halecostomi) from the Middle
Triassic of Monte San Giorgio (southern Switzerland). In: Arratia G, Tintori A eds. Mesozoic Fishes 3 — Systematics,
Pleoenvironments and Biodiversity. Munich: Verlag Dr. Friedrich Pfeil. 239-251

Cavin L, 2010. Diversity of Mesozoic semionotiform fishes and the origin of gars (Lepisosteidae). Naturwissenschaften, 97:

1035-1040



Xu et al. — A Middle Triassic kyphosichthyiform from Yunnan, China 201

Cavin L, Suteethorn V, 2006. A new Semionotiform (Actinopterygii, Neopterygii) from Upper Jurassic—Lower Cretaceous
deposits of North-East Thailand, with comments on the relationships of Semionotiforms. Palaeontology, 49: 339-
353

Cavin L, Deesri U, Suteethorn V, 2013. Osteology and relationships of Thaiichthys nov. gen.: a Ginglymodi from the Late
Jurassic—Early Cretaceous of Thailand. Palaeontology, 56: 183-208

Cavin L, Deesri U, Veran M et al., 2018. A new Lepisosteiformes (Actinopterygii: Ginglymodi) from the Early Cretaceous
of Laos and Thailand, SE Asia. J Syst Palaeont, doi: 10.1080/14772019.2018.1426060

Chen W Q, Sun Z Y, Tintori A et al., 2014. A new species of Sangiorgioichthys Tintori & Lombardo, 2007 (Actinopterygii;
Semionotiformes) from the Pelsonian (Anisian, Middle Triassic) of Guizhou Province, South China. Neues Jahrb
Geol Paldont, Abh, 273: 65-74

Cope E D, 1872. Observations on the systematic relations of the fishes. Proc Am Assoc Adv Sci, 20: 317-343

Deesri U, Lauprasert K, Suteethorn V et al., 2014. A new species of the ginglymodian fish Isanichthys from the Late Jurassic
Phu Kradung Formation, northeastern Thailand. Acta Palaeont Pol, 59: 313-331

Deesri U, Jintasakul P, Cavin L, 2016. A new Ginglymodi (Actinopterygii, Holostei) from the Late Jurassic-Early
Cretaceous of Thailand, with comments on the early diversification of Lepisosteiformes in Southeast Asia. J Vert
Paleont, 36: e1225747

Drucker E G, Lauder G V, 2002. Wake dynamics and locomotor function in fishes: interpreting evolutionary patterns in
pectoral fin design. Integr Comp Biol, 42: 997-1008

Ebert M, 2018. Cerinichthys koelblae, gen. et sp. nov., from the Upper Jurassic of Cerin, France, and its phylogenetic
setting, leading to a reassessment of the phylogenetic relationships of Halecomorphi (Actinopterygii). J Vert Paleont,
38:e1420071

Gibson S Z, 2013a. A new hump-backed ginglymodian fish (Neopterygii, Semionotiformes) from the Upper Triassic Chinle
Formation of southeastern Utah. J Vert Paleont, 33: 1037-1050

Gibson S Z, 2013b. Biodiversity and evolutionary history of tLophionotus (Neopterygii: tSemionotiformes) from the
western United States. Copeia, 2013: 582-603

Grande L, 2010. An empirical synthetic pattern study of gars (Lepisosteiformes) and closely related species, based mostly on
skeletal anatomy. The resurrection of Holostei. Copeia, 10(Suppl): 1-871

Grande L, Bemis W E, 1998. A comprehensive phylogenetic study of amiid fishes (Amiidae) based on comparative skeletal
anatomy: an empirical search for interconnected patterns of natural history. Soc Vert Paleont Mem (Suppl J Vert
Paleont), 4: 1-690

Hu S X, Zhang Q Y, Chen Z Q et al., 2011. The Luoping biota: exceptional preservation, and new evidence on the Triassic
recovery from end-Permian mass extinction. Proc R Soc B, 278: 2274-2282

Lin H Q, Sun Z Y, Tintori A et al., 2011. A new species of Habroichthys Brough, 1939 (Actinopterygii; Peltopleuriformes)
from the Pelsonian (Anisian, Middle Triassic) of Yunnan Province, South China. Neues Jahrb Geol Paldont, Abh,
262: 79-89

Lombardo C, Tintori A, 2008. A new semionotid fish (Actinopterygii) from the Upper Triassic of northern Italy. In: Arratia G,
Schultze H P, Wilson M V H eds. Mesozoic Fishes — Homology and Phylogeny. Munich: Verlag Dr. Friedrich Pfeil.
129-142

Lombardo C, Sun Z 'Y, Tintori Aet al., 2011. A new species of the genus Perleidus (Actinopterygii: Perleidiformes) from the
Middle Triassic of southern China. Boll Soc Paleont Ital, 50: 75-83



202 Vertebrata PalAsiatica, Vol. 57, No. 3

Lombardo C, Tintori A, Tona D, 2012. A new species of Sangiorgioichthys (Actinopterygii, Semionotiformes) from the
Kalkschieferzone of Monte San Giorgio (Middle Triassic; Meride, Canton Ticino, Switzerland). Boll Soc Paleont Ital,
51: 203-212

Lopez-Arbarello A, 2012. Phylogenetic interrelationships of ginglymodian fishes (Actinopterygii: Neopterygii). PLoS ONE,
7:e39370

Lépez-Arbarello A, Alvarado-Ortega J, 2011. New semionotiform (Neopterygii) from the TlayGa Quarry (Early Cretaceous,
Albian), Mexico. Zootaxa, 2749: 1-24

Lépez-Arbarello A, Sferco E, 2018. Neopterygian phylogeny: the merger assay. R Soc Open Sci, 5: 172337

Lopez-Arbarello A, Wencker L C M, 2016. New callipurbeckiid genus (Ginglymodi: Semionotiformes) from the Tithonian
(Late Jurassic) of Canjuers, France. Palédont Z, 90: 543-560

Loépez-Arbarello A, Sun Z Y, Sferco E et al., 2011. New species of Sangiorgioichthys Tintori and Lombardo, 2007
(Neopterygii, Semionotiformes) from the Anisian of Luoping (Yunnan Province, South China). Zootaxa, 2749: 25—
39

Lopez-Arbarello A, Burgin T, Furrer H et al., 2016. New holostean fishes (Actinopterygii: Neopterygii) from the Middle
Triassic of the Monte San Giorgio (Canton Ticino, Switzerland). PeerJ, 4: e2234

Ma X Y, Xu G H, 2017. A new ionoscopiform fish (Holostei: Halecomorphi) from the Middle Triassic (Anisian) of Yunnan,
China. Vert PalAsiat, 55: 92-106

Maisey J G, 1991. Araripelepidotes Silva Santos, 1985. In: Maisey J G ed. Santana Fossils: an lllustrated Atlas. Neptune,
NJ: TFH Publications Inc. 118-123

Miiller J, 1844. Uber den Bau und die Grenzen der Ganoiden, und iiber das natirliche System der Fische. Ber Akad Wiss
Berlin, 1844: 416-422

Near T J, Eytan R I, Dornburg A et al., 2012. Resolution of ray-finned fish phylogeny and timing of diversification. Proc Nat
Acad Sci, 109: 13698-13703

Olsen P E, McCune A R, 1991. Morphology of the Semionotus elegans species group from the Early Jurassic part of the
Newark Supergroup of eastern North America with comments on the family Semionotidae (Neopterygii). J Vert
Paleont, 11: 269-292

Patterson C, 1973. Interrelationships of holosteans. In: Greenwood P H, Miles R S, Patterson C eds. Interrelationships of
Fishes. Zool J Linn Soc, 53(Suppl): 233-305

Patterson C, 1982. Morphology and interrelationships of primitive actinopterygian fishes. Am Zool, 22: 241-259

Regan C T, 1923. The skeleton of Lepidosteus, with remarks on the origin and evolution of the lower neopterygian fishes.
Proc Zool Soc London, 1923: 445-461

Ruehl C B, Shervette V, Dewitt T J, 2011. Replicated shape variation between simple and complex habitats in two estuarine
fishes. Biol J Linn Soc, 103: 147-158

Schaeffer B, Dunkle D, 1950. A semionotid fish from the Chinle Formation, with considerations of its relationships. Am
Mus Novit, 1457: 1-29

Schroder K M, Lopez-Arbarello A, Ebert M, 2012. Macrosemimimus gen. nov. (Actinopterygii, Semionotiformes) from the
Late Jurassic of Germany, England and France. J Vert Paleont, 32: 512-529

Schultze H P, Moller H, 1986. Wirbeltierreste aus dem Mittleren Muschelkalk (Trias) von Gottingen, West-Deutschland.
Paldont Z, 60: 109-129



Xu et al. — A Middle Triassic kyphosichthyiform from Yunnan, China 203

Sun ZY, Ni P G, 2018. Revision of Kyphosichthys grandei Xu & Wu, 2012 from the Middle Triassic of Yunnan Province,
South China: implications for phylogenetic interrelationships of ginglymodian fishes. J Syst Palaeont, 16: 67—
85

Sun ZY, Tintori A, Jiang D Y et al., 2009. A new perleidiform (Actinopterygii, Osteichthyes) from the middle Anisian (Middle
Triassic) of Yunnan, South China. Acta Geol Sin, 83: 460-470

Sun Z 'Y, Lombardo C, Tintori A et al., 2012. Fuyuanperleidus dengi Geng et al. 2012 (Osteichthyes, Actinopterygii) from
the Middle Triassic of Yunnan Province, South China. Riv Ital Paleont Stratigr, 118: 359-373

Sun Z Y, Lombardo C, Tintori A et al., 2015. A new species of Altisolepis (Peltopleuriformes, Actinopterygii) from the
Middle Triassic of southern China. J Vert Paleont, 35: €909819

Sun Z 'Y, Tintori A, Lombardo C et al., 2016. New miniature neopterygians from the Middle Triassic of Yunnan Province,
South China. Neues Jahrb Geol Paldont, Abh, 282: 135-156

Swofford D L, 2003. PAUP*. Phylogenetic analysis using parsimony (*and other methods). \Version 4.0b10. Sunderland,
Massachusetts: Sinauer Associates

Tan K, Jin F, 2013. Re-study on Gymnoichthys inopinatus from Middle Triassic of Luoping, Yunnan, China. Vert PalAsiat,
51: 1-16

Tintori A, Lombardo C, 2007. A new early Semionotidae (Semionotiformes, Actinopterygii) from the upper Ladinian of
Monte San Giorgio area (southern Switzerland and northern Italy). Riv Ital Paleont Stratigr, 113: 369-381

Tintori A, Sun Z Y, Lombardo C et al., 2007. New specialized basal neopterygians (Actinopterygii) from Triassic of the
Tethys Realm. Geol Insubr, 10: 13-20

Tintori A, Sun Z'Y, Lombardo C et al., 2010. A new basal neopterygian from the Middle Triassic of Luoping County (South
China). Riv Ital Paleont Stratigr, 116: 161-172

Wen W, Zhang Q Y, Hu S X et al., 2012. A new genus of basal actinopterygian fish from the Anisian (Middle Triassic) of
Luoping, Yunnan Province, Southwest China. Acta Palaeont Pol, 57: 149-160

Wen W, Zhang Q Y, Hu S X et al., 2013. Coelacanths from the Middle Triassic Luoping Biota, Yunnan, South China, with
the earliest evidence of ovoviviparity. Acta Palaeont Pol, 58: 175-193

Wen W, Hu S X, Zhang Q Y et al., 2018. A new species of Platysiagum from the Luoping Biota (Anisian, Middle Triassic,
Yunnan, South China) reveals the relationship between Platysiagidae and Neopterygii. Geol Mag, doi: 10.1017/
S0016756818000079

Wenz S, 1967. Compléments a I’étude des poisons Actinoptérygiens du Jurassique francais. Paris: Centre National de la
Recherché Scientifique. 1-276

Wenz S, 1999. tPliodetes nigeriensis, gen. nov. et. sp. nov., a new semionotid fish from the Lower Cretaceous of
Gadoufaoua (Niger Republic): phylogenetic comments. In: Arratia G, Schultze H P eds. Mesozoic Fishes 2 —
Systematics and Fossil Record. Miinchen: Verlag Dr. Friederich Pfeil. 107-120

Westoll T S, 1944. The Haplolepidae, a new family of Late Carboniferous bony fishes — a study in taxonomy and evolution.
Bull Am Mus Nat Hist, 83: 1-121

Wu F X, Sun Y L, Hao W C et al., 2009. New species of Saurichthys (Actinopterygii: Saurichthydae) from Middle Triassic
(Anisian) of Yunnan Province, China. Acta Geol Sin, 83: 440-450

Wu F X, SunY L, Xu G H et al., 2011. New saurichthyid actinopterygian fishes from the Anisian (Middle Triassic) of
southwestern China. Acta Palaeont Pol, 56: 581-614



204 Vertebrata PalAsiatica, Vol. 57, No. 3

Wu F X, Sun Y L, Fang G Y, 2018. A new species of Saurichthys from the Middle Triassic (Anisian) of southwestern China.
Vert Palasiat, 56: 273-294

Xu G H, Ma XY, 2016. A Middle Triassic stem-neopterygian fish from China sheds new light on the peltopleuriform
phylogeny and internal fertilization. Sci Bull, 61: 1766-1774

Xu G H, Ma X Y, 2018. Redescription and phylogenetic reassessment of Asialepidotus shingyiensis (Holostei:
Halecomorphi) from the Middle Triassic (Ladinian) of China. Zool J Lin Soc, 184: 95-114

Xu G H, Shen C C, 2015. Panxianichthys imparilis gen. et sp. nov., a new ionoscopiform (Halecomorphi) from the Middle
Triassic of Guizhou, China. Vert PalAsiat, 53: 1-15

Xu G H, WuF X, 2012. A deep-bodied ginglymodian fish from the Middle Triassic of eastern Yunnan Province, China, and
the phylogeny of lower neopterygians. Chin Sci Bull, 57: 111-118

Xu G H, Zhao L J, 2016. A Middle Triassic stem-neopterygian fish from China shows remarkable secondary sexual
characteristics. Sci Bull, 61: 338-344

Xu G H, Shen C C, Zhao L J, 2014a. Pteronisculus nielseni sp. nov., a new stem-actinopteran fish from the Middle Triassic
of Luoping, Yunnan Province, China. Vert Palasiat, 52: 364-380

Xu G H, Zhao L J, Coates M I, 2014b. The oldest ionoscopiform from China sheds new light on the early evolution of
halecomorph fishes. Biol Lett, 10: 20140204

Xu G H, Ma XY, Ren Y, 2018a. Fuyuanichthys wangi gen. et sp. nov. from the Middle Triassic (Ladinian) of China
highlights the early diversification of ginglymodian fishes. Peer], 6: e6054

Xu G H, Ma X Y, Zhao L J, 2018b. A large peltopleurid fish from the Middle Triassic (Ladinian) of Yunnan and Guizhou,
China. Vert PalAsiat, 56: 106-120

Zhang QY, Zhou CY, LU T et al., 2009. A conodont-based Middle Triassic age assignment for the Luoping Biota of Yunnan,
China. Sci China Ser D-Earth Sci, 52: 1673-1678



