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ABSTRACT 
 
 A new species of semionotiform fish is described based on specimens collected from the 

Upper Triassic Church Rock Member of the Chinle Formation. This new species of Semionotus 

is characterized by a deep body with a large post-cranial hump, and dense tuberculation on the 

posterodorsal margin of the skull that continues into the dorsal ridge and dorsolateral flank 

scales. Semionotus n. sp. has unique cranial suspensorium morphology compared to other 

Semionotus taxa, with a vertical preoperculum with a short and broad paddle-like ventral 

process. The infraorbital series expands ventrally to the suborbital and contacts the anterior 

ramus of the preoperculum, which has only previously been observed in Semionotus kanabensis. 

This shared characteristic, observed only in Semionotus taxa from the western United States, 

may provide some insights into the evolutionary relationships of taxa within Semionotidae, 

which currently remain unresolved. 

 New specimens of Semionotus kanabensis were also collected from the Chinle Formation 

of Lisbon Valley. Previously, specimens of S. kanabensis were only known from the Lower 

Jurassic Moenave Formation of southwestern Utah. The Moenave formation specimens are 

preserved three-dimensionally, but are missing several anatomical regions and important 

morphological characters due to preservation. Specimens described in this thesis from the Chinle 

Formation lend new insights into the morphology of S. kanabensis. Because of the excellent 

preservation of the Lisbon Valley specimens, many anatomical regions that are missing or poorly 

preserved in previously studied specimens (e.g., fins, circumorbital series, neurocranium) are 

described in detail, allowing for a revised differential diagnosis of this species. In addition, the 

known age and distribution of S. kanabensis is also expanded from the Early Jurassic to the Late 
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Triassic with the addition of the older Chinle Formation specimens, indicating that this species 

persisted through the Late Triassic mass extinction event.  
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NOMENCLATURAL DISCLAIMER 
 

The taxonomic information presented herein, including new taxa, are disclaimed as 

nomenclatural acts and are not available, in accordance with Article 8.3 of the International Code 

of Zoological Nomenclature.
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INTRODUCTION 
	  

Semionotids are a diverse group of extinct early actinoptyergian fishes known worldwide 

in both marine and continental deposits, ranging from the Middle Triassic (e.g., Deecke, 1889; 

Gardiner, 1993) to the Late Cretaceous (e.g., Gardiner, 1993; Gallo and Brito, 2004; López-

Arbarello and Codorniú, 2007; Forey et al., 2011).  Fossil specimens of the family Semionotidae 

have been described from Europe (e.g., Agassiz, 1833–1843; Fraas, 1861; Woodward, 1890; 

Larsonneur, 1964; Wenz, 1968; Wenz et al., 1994, Lambers, 1999), Asia (e.g., Su, 1996; Cavin 

and Suteethorn, 2006), Gondwana (e.g., López-Arbarello, 2004; López-Arbarello et al., 2008), 

and North America (e.g., Newberry, 1888; Schaeffer and Dunkle, 1950; McCune, 2004; López-

Arbarello and Alvarado-Ortega, 2011).  One of the defining characteristics of semionotids is the 

presence of prominent dorsal ridge scales, and like extant Lepisosteiformes (gars), they possess 

lepidosteoid ganoid scales (Goodrich, 1907).  The order Semionotiformes has had a complicated 

taxonomic history, and the order has been the subject of several taxonomic revisions. However, 

many of these revisions have focused their taxonomic sampling on extinct and extant taxa in the 

closely related order Lepisosteiformes (e.g., Grande and Bemis, 1998; Grande, 2010).  

A thorough taxonomic revision of the order Semionotiformes with increased taxonomic 

sampling is needed, and considerable semionotid diversity remains to be described.  The aim of 

this thesis is to: diagnose and describe a new species of Semionotus from Triassic formations in 

Lisbon Valley, Utah and to provide a thorough redescription of the species Semionotus 

kanabensis based on new undescribed material from Lisbon Valley, Utah.  This work lays a 

foundation for future research that will involve a taxonomic revision of the order 

Semionotiformes and phylogenetic studies regarding the evolutionary relationships of 

semionotid fishes. 
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CHAPTER 1 

OVERVIEW OF THE FAMILY SEMIONOTIDAE AND THE GENUS SEMIONOTUS: 

TAXONOMY AND EVOLUTIONARY HISTORY 

The order Semionotiformes has undergone many revisions, with families variously 

moved into and out of the order. Likewise, the number of genera assigned to the family 

Semionotidae varies. The family Semionotidae was first diagnosed by Woodward (1895) and 

included the following genera: Acentrophorus, Semionotus, Aphnelepis, Serrolepis, Pristisomus, 

Sargodon, Colobodus, Lepidotes, Dapedius (=Dapedium), Cleithrolepis, Aetheolepis, and 

Tetragonolepis. Since then, several of these genera have been removed and placed in other 

families (e.g., Colobodus was moved to Colobodontidae by Andersson, 1916, Cleithrolepis to 

Perleidiformes by Brough, 1931, Acentrophorus to Acentrophoridae by Berg, 1940, Aphnelepis 

to Archaeomaenidae by Gardiner, 1960. Dapedium to Dapediidae by Lehman, 1966, Pristisomus 

to Perleidiformes by Carroll, 1988, and Serrolepis to Perleidiformes by Lombardo and Tintori, 

2004). Berg and Obruchev (1967) included Eosemionotus, Sinosemionotus, Woodthorpea, 

Paralepidotus, Ariatolepidotus, Archaeolepidotus, Alleiolepis, Corunegenys, Panteleion, 

Aphelolepis, Heterostrophus, and Enigmaichthys. Carroll (1988) included Hemicalypterus, 

Angolaichthys, Paracentrophorus (in Paracentrophoridae according to Gardiner, 1960), and 

Pericentrophorus. Olsen and McCune (1991), in an effort to reevaluate the family Semionotidae, 

restricted the family to just Semionotus and Lepidotes. The currently recognized genera in the 

family Semionotidae include Lepidotes, Paralepidotus, Araripelepidotes, Pliodetes, Semionotus 

(Wenz, 1999), Sangiorgioichthys (Tintori and Lombardo, 2007), Semiolepis (Lombardo and 

Tintori, 2008) and Tlayuamichin (López-Arbarello and Alvarado-Ortega, 2011).  
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The genus Semionotus was first described by Agassiz (1836 [1833–1843]), with the type 

species being designated Semionotus leptocephalus.  McCune (1986), while reexamining 

European material and Agassiz’s notes, determined that S. leptocephalus was actually a member 

of the genus Lepidotes based on Agassiz’s drawing of the specimen.  Unfortunately, the type 

specimen for S. leptocephalus cannot be located, but Agassiz (1836) did suggest that S. 

leptocephalus resembles a juvenile Lepidotes.  

Fraas (1861) was the first to suggest using Semionotus bergeri Agassiz, 1833 as the type 

species, though this initial usage of S. bergeri was improper by modern nomenclatural standards 

because it was never formally identified as the type species. While Fraas (1861) never changed 

the type species designation to S. bergeri, most authors accepted the informal recommendation 

and adopted S. bergeri as the type species. McCune (1985) moved to make the designation 

official with the ICZN. Currently, there are 7 recognized valid species in Semionotus. 

Olsen and McCune (1991) conducted a reexamination of semionotids in the Newark 

Supergroup of Eastern North America.  They restricted the family Semionotidae to just two 

genera, Lepidotes and Semionotus, and proposed two synapormorphies to unite the family: 1) 

dorsal ridge scales and 2) the presence of a large posteriorly directed process on the epiotic. 

Within Semionotidae, the number of suborbitals is used as the primary diagnostic character to 

distinguish between Semionotus and Lepidotes (McCune 1986). Wenz’s (1999) work reevaluated 

morphological characters from previous studies (e.g., Patterson, 1975; Thies, 1989; Olsen and 

McCune, 1991; Gardiner et al., 1996) and included additional semionotiform taxonomic 

sampling, but did not perform any character-based phylogenetic analysis. Wenz (1999) also did 

not provide a new diagnosis for the family itself, leaving the family unsatisfactorily defined.  

Subsequent parsimony-based studies of Semionotiformes (Cavin and Suteethorn, 2006; Cavin, 

3



	  

	  

2010) recovered a largely unresolved clade that includes semionotiform and lepisosteiform taxa. 

However, the family Semionotidae sensu Olsen and McCune (1991) was recovered as 

monophyletic when taxon sampling was limited to extinct species with the least amount of 

missing character data (Cavin and Suteethorn, 2006).  Overall, the evolutionary relationships 

within and among the Semionotiformes remain currently unresolved.  For this reason, additional 

taxonomic and morphological studies that focus on semionotiform taxa are needed to provide the 

necessary character information for further phylogenetic studies. 

Recently, Grande in his 2010 monograph on lepisosteids and holostean evolutionary 

relationships, considered the order Semionotiformes and recovered the order as the sister group 

to Lepisosteiformes (Figure 1.1). However, his taxonomic sampling of the order 

Semionotiformes was restricted to just Semionotus, and within that Grande (2010) only 

considered a handful of species (including S. bergeri and S. elegans as described by Olsen and 

McCune, 1991) that had substantial material and complete descriptions. Specifically, S. elegans, 

was used as the representative for the family and genus, and Grande (2010) indicated that S. 

elegans is arguably the best preserved and best documented species within the order, and its 

comprehensive morphological description minimizes the amount of missing data for inclusion in 

a phylogenetic analysis.  Grande (2010) wrote that until other species of Semionotus and 

Lepidotes are redescribed thoroughly and reanalyzed within a phylogenetic framework, he would 

only consider species that provide the most informative characters for establishing sound 

relationships. This highlighted the need for thorough morphological redescriptions of known 

semionotid species, descriptions of new species, and a comprehensive taxonomic revision of the 

Semionotiformes. This sentiment has been echoed by many authors (e.g., McCune, 1987; Olsen 

and McCune, 1991; Wenz, 1999; López-Abarello, 2008), and yet the call has not been answered.  

4
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Figure 1.1. Cladogram of Neopterygii, showing placement of Semionotiformes as sister to 
Lepisosteiformes within Ginglymodi. Specimens in order: Lepisosteus simplex from the Eocene 
Green River Formation (on display at the Natural History Museum of Utah); Lepidotes maximus 
from the Jurassic Solnhofen Formation (cast on display at the Museum of Ancient Life (MAL), 
Lehi, Utah); Macrosemiocotzus americanus from the Cretaceous Tlayúa Formation (from 
González-Rodríguez et al, 2004); Cyclurus kehreri from the Eocene Messel Formation (cast on 
display at MAL); Eurypholis boissieri from the Cretaceous Hakel Formation (on display at 
MAL); Gyrodus hexagonus from the Late Jurassic of Eichstätt (from Kriwet and Schmitz, 2005). 
Modified from Grande (2010, p. 794).
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Overall, significant work remains regarding the study of semionotid fish anatomy and 

evolutionary relationships.  Many of the difficulties associated with identifying valid semionotid 

taxa are in part due to the generalized, simple morphological descriptions of semionotids. The 

family Semionotidae has been defined by many characters, but most of these characters, such as 

morphological features of the skull, have been suggested to be homoplastic and/or un-diagnostic 

(Wenz, 1999; López-Arbarello, 2008).  The current consensus is that the family Semionotidae is 

not a monophyletic group, but rather a ‘wastebasket’ of morphologically similar semionotiform 

fishes (Grande, 2010).  

 
Semionotids of North America 
 

In North America, semionotid fishes were first recognized by Edward Hitchcock (1819, 

1823) while surveying the geology and trace fossils of the eastern United States. Agassiz (1835) 

was the first to describe one of these semionotids from the eastern United States, designating it 

Eurynotus tenuiceps Agassiz, 1835. Following Hitchcock’s discovery, several other authors 

noted and described the presence of semionotids in the deposits of the Newark Supergroup (e.g., 

Silliman, 1821; J.H. Redfield, 1837; W.C. Redfield, 1839, 1841, 1843; Gratacap, 1886; Loper, 

1893, 1899; McCune, 1987; Olsen and McCune, 1991).  

Charles D. Walcott was the first to record semionotid fossils in the western United States. 

While exploring deposits near Kanab, Utah in 1879, he reported isolated fish scales and teeth. He 

later reinvestigated the sites in 1882 and found articulated fish 860 feet above the Shinarump 

Member of the Chinle Formation (Schaeffer and Dunkle, 1950). Schaeffer and Dunkle (1950), 

having given the fish the name Semionotus kanabensis, attributed all material as coming from 

Upper Triassic Chinle Formation, but further investigation proved that the latter, articulated 

material actually came from younger, Lower Jurassic Moenave Formation deposits (Schaeffer, 
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1967; Milner and Kirkland, 2006). In addition to Walcott’s material, Hesse (1935) described 

Semionotus cf. gigas from the Chinle Formation of Zion National Park; however, this material is 

in need of reexamination. 

Schaeffer (1967) described a number of early (Mesozoic) actinopterygian fishes from the 

western United States, including a suite of redfieldiid palaeonsiciforms, a new perleidiform 

(Tanaocrossus kalliokoskii Schaeffer, 1967), and a new species of semionotiform fish 

(Hemicalypterus weiri Schaeffer, 1967, currently incertae sedis within Semionotiformes). 

Schaeffer’s (1967) work was the first to comprehensively document semionotid diversity and 

morphology from the western United States, including photographs and descriptions of 

differences in size and body shape. Schaeffer (1967) concluded that the Semionotiformes were in 

need of taxonomic revision and further analysis. 

Following Schaeffer (1967), semionotid taxa were not widely studied outside of their 

inclusion in Patterson’s (1973) deconstruction of Holostei (e.g., gars, bowfins). McCune (1982) 

revisited the semionotid taxa from the eastern United States, which have a vast and extensive 

record in the cyclic lacustrine sediments of the Newark Supergroup, and their preservation is 

phenomenal (e.g., McCune, 1987; Olsen and McCune, 1991). Because of their excellent 

preservation, McCune (1987) identified the semionotids from the Newark Supergroup formation 

as an example of “species flocks,” and suggested there was evidence of rapid evolution and 

variation among this group. Similar phenomena have been identified in extinct (Murray, 2001) 

and extant (e.g., Rüber and Adams, 2001; Seehausen, 2002) rift-lake cichlids in East Africa. 

However, McCune’s (1987) interpretation of the Newark Supergroup semionotids as a “species 

flock” remains controversial, with some studies indicating that the “species flocks” all most 

likely belong to a single species, S. elegans (López-Arbarello, 2008).  In her taxonomic revision 
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of the family Semionotidae, McCune (1987) outlined a few characters that diagnose the genera, 

including dorsal ridge scale modifications and general body shape.   

The record of North American semionotids has been restricted to mostly just the Newark 

Supergroup material described by McCune (1987). Olsen and McCune’s (1991) description of 

Semionotus elegans from the Newark Supergroup remains one of the most morphologically 

detailed descriptions of a semionotid to date, and is used in most phylogenetic analyses to 

represent the group (Grande, 2010). The only valid described species of Semionotus from the 

western United States is Semionotus kanabensis (Schaeffer and Dunkle, 1950). Aside from 

Schaeffer and Dunkle’s (1950) description of S. kanabensis Schaeffer and Dunkle, 1950, no 

complete descriptions of western North American semionotids have contributed to studies of 

semionotid relationships.  

 Semionotids, however, are also present in the western United States in the Upper 

Triassic/Lower Jurassic Moenave Formation (Milner and Kirkland, 2006) and Lower Jurassic 

Kayenta Formation, and ganoid scales that have been attributed to either Lepisosteus or 

Lepidotes from the Lower Cretaceous Cedar Mountain Formation (Kirkland and Madsen, 2007). 

Western United States specimens from the Upper Triassic have also been found in Colorado, 

Utah, Arizona, and New Mexico (Schaeffer, 1967; Huber et al. 1993, Johnson et al. 2002, Milner 

et al., 2006), where the Chinle Formation is well represented. The Early Jurassic specimens have 

thus far been discovered in southwestern Utah, in deposits representing a large freshwater lake 

called Lake Dixie (Milner and Kirkland. 2006).  Much of this material remains undescribed, and 

is in need of future taxonomic and morphological study.  For this thesis, I will diagnose and 

describe a new species of Semionotus and provide a thorough morphological redescription of 
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Semionotus kanabensis based on previously undescribed specimens.  All of the material 

described in this thesis was excavated from deposits in Lisbon Valley, Utah. 
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CHAPTER 2 

THE GEOLOGY OF LISBON VALLEY, UTAH 

 
 Lisbon Valley is within San Juan County, in the southeastern corner of Utah (Figure 2.1). 

The majority of fossil-bearing sites are on the southern flank of the Lisbon Valley Anticline, a 

faulted salt anticline. The Lisbon Valley Anticline is one of many anticlines in the Paradox 

Basin, but it is unique in that the salt did not penetrate the surface, as it did in many other 

anticlines in the basin (Huber, 1981). The uplift of the anticline was apparently active during the 

Triassic Period, as indicated by the absence of the Moenkopi Formation and the unconformable 

contact between the Permian Cutler Group and the Triassic Chinle Formation (Budd, 1960; 

Wood, 1968). The Jurassic Wingate Formation, representing eolian deposits, unconformably 

overlies the Chinle Formation. 

 The Chinle Formation in Lisbon Valley is missing many major depositional members that 

are seen in more notable locations, such as Petrified Forest National Park. The well-known, 

charismatic, “rainbow”-colored deposits of the Petrified Forest Member of the Chinle Formation 

of Arizona and southern Utah pinch out to the north and are absent in Lisbon Valley. The Chinle 

Formation in Lisbon Valley can be separated into two major sections (Figure 2.2). The lower 

gray, bentonitic beds have not been given a formal designation, but they are currently being 

recognized as the “Kane Springs beds” of Blakey and Gubitosa (1983) (Irmis, personal 

communication), and are the lateral equivalent to the Moss Back Member of the Chinle 

Formation to the south (Schaeffer, 1967).  The Kane Springs beds are known to contain many 

terrestrial and semi-aquatic vertebrate remains, including phytosaurs, metoposaurs, 

dinosauromorphs, and other archosaurs from the time (e.g., Milner et al., 2006a). The upper beds 

are comprised of alternating layers of mudstone, siltstone, fine-grained sandstone and 

10
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conglomerate. The upper beds are currently recognized as the Church Rock Member of the 

Chinle Formation (Blakey and Gubitosa, 1983; Blakey, 1989; Irmis, personal communication).  

The fish-bearing beds are within the Church Rock Member in red and pale-green, fine-

grained sandstone layers that show cross-lamination (Figure 2.2).  The Church Rock Member in 

Lisbon Valley is interpreted by many authors as a freshwater fluvial-lacustrine system, with 

series of stream channel deposits and conglomerate channel lag deposits (Blakey and Gubitosa, 

1983; Dubiel, 1987; Blakey, 1989). The fish-bearing layers lie approximately 38–50 meters 

below the contact with the Wingate Sandstone (Schaeffer, 1967; Martz, unpublished 

stratigraphy). 

Walt’s Quarry– The area known as Walt’s Quarry was first discovered in 2004 by Walter 

Elkington, a volunteer with the Utah Friends of Paleontology (UFOP). Elkington noted a large 

boulder with many fish partially preserved on the flat upper surface. Andrew R.C. Milner, the 

paleontologist with the St. George Dinosaur Discovery Site (SGDS), and several other 

volunteers, most with the UFOP, spent several field seasons over the next 7 years to quarry the 

site, collecting fish in situ from the quarry, as well as from the surface collecting of other sites in 

the area.  

 Walt’s Quarry is located halfway up a prominent ridge called Schaeffer Ridge on the 

eastern side of Little Valley, within Lisbon Valley.  At the quarry, several horizons are 

recognized as fish-bearing layers, with mass assemblages of a variety of fish. The preservation of 

these fishes is mixed; those closest to the exposed surface or in loose surface material show both 

physical and chemical wear. After removing rock and overburden to expose the fresh, 

unweathered surface, several fish were mapped and collected in situ by the staff of the SGDS 

and show better preservation. Many are found in cross-section and require extensive preparation 

12



Figure 2.2. Generalized stratigraphic column for the Chinle Formation in Lisbon Valley, Utah, 
with fish-bearing layers indicated with generalized semionotid fish on right (modified from Milner 
et al., 2006b). 
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to remove the rock overburden to expose the fish, and until they are exposed it is sometimes 

undeterminable as to whether they are of semionotid or palaeoniscoid affinity. Until the material 

can be fully prepared and examined, it remains unclear as to the true extent of semionotid 

diversity in the Chinle Fm. of Lisbon Valley, Utah. However, hundreds of fish have been 

collected from Walt’s Quarry and the surrounding area, as well as an abundance of plant, 

invertebrate, trace and other vertebrate fossils (Milner et al., 2006). 

 Besides Walt’s Quarry, Lisbon Valley contains other localities that yield fossil fish 

remains. The area was first surveyed by geologists for uranium deposits in the 1940s and 1950s; 

these surveys yielded the first reports of complete fish fossil specimens (Weir, field notes; 

Schaeffer 1967). Schaeffer (1967) reports several fossil-bearing localities in Big Indian Wash; I 

am currently in the process of rediscovering these sites.  

 The majority of specimens from the American Museum of Natural History are from the 

Big Indian Wash area. Specimens from the Natural History Museum of Utah are from Walt’s 

Quarry. 
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CHAPTER 3 

DESCRIPTION OF SEMIONOTID FISHES (NEOPTERYGII: SEMIONOTIFORMES) FROM 

EARLY TRIASSIC FORMATIONS IN LISBON VALLEY, UTAH, INCLUDING ONE NEW 

SPECIES 

 

Materials and Methods 

 Specimens described in this study are from the following institutions: American Museum 

of Natural History (AMNH), Natural History Museum of Utah (UMNH), and th Smithsonian 

Institution (NHNM). Other material examined includes specimens from the following 

institutions: AMNH, UMNH, New Mexico Museum of Natural History and Science 

(NMMNHS), St. George Dinosaur Discovery Site at Johnson Farm (SGDS). Comparisons have 

also been made to semionotid specimens from the literature, from several institutions around the 

world (e.g., McCune, 1986; McCune, 1987; Olsen and McCune, 1991; Tintori and Lombardo, 

2007; López-Arbarello, 2008). 

 Fossil fish specimens from Lisbon Valley were mechanically prepared with the use of 

pneumatic tools and microjacks to remove excess matrix from within a few millimeters above 

the specimen. To avoid destruction of the specimen, the remainder of preparation was done with 

sharpened carbide needles.  

 In many instances where the specimen is exposed at the surface of the rock in the field, 

the bone has been partially or completely eroded away. This usually exposes an imprint of the 

fossil upon the rock surface, which is a negative impression of the fish specimen. Preparators at 

the AMNH, under Bobb Schaeffer, often took advantage of this by using a diluted acetic acid 

solution to dissolve comminuted bone in species, revealing the whole negative impression 
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(Schaeffer, 1967). Latex peels from these specimens provide a positive “cast” of the specimen, 

which are particularly informative. 

 Different stereomicroscopes with different resolution power (Wild M4 and MZ8, USA 

Scopes SZ65) were used in this study. Photographs of the specimens were taken with a Canon 

EOS Rebel T1i digital SLR camera with a Canon EF 100mm f/2.8L IS USM 1-to-1 Macro Lens 

and a Canon 18-55mm IS II Lens. Drawings of the specimens were done with a camera lucida 

arm attachment and a Wacom Intuos Duo tablet over high-resolution photographs. 

Terminology 

 The terminology used in this thesis follows the osteological terminology outlined by 

Schultze (2008) and Wiley (2008). Postcranial morphology follows the terminology outlined in 

Arratia (2008). In instances where terminology has varied in the literature over the years, the 

traditional terminology will be presented in parentheses the first time that the bone is cited. This 

will aid in preventing problems with homology when using this descriptive work in later studies 

and phylogenetic analyses. 

Anatomical abbreviations: a.io, anterior infraorbital (lacrimal); ang, angular; ar, articular; 

bchst, branchiostegal; bf, basal fulcra; b.pr, branched principal ray; ch, ceratohyal; cl, 

cleithrum; d.scu, dorsal scute; d, dentary; dpt, dermopterotic; dsph, dermosphenotic; ecp, 

ectopterygoid; enp, endopterygoid; ex, extrascapular; ff, fringing fulcra; io, infraorbital; iop, 

interoperculum; n, nasal; mx, maxilla; op, operculum; p.bf, paired basal fulcra; p.ff, paired 

fringing fulcra; p, parietal (frontal); part, prearticular; pcl, postcleithrum; pmx, premaxilla; pop, 

preoperculum; pp, postparietal (parietal); pr, principal ray; psph, parasphenoid; ptt, 

posttemporal; qu, quadrate; rar, retroarticular; scl, supracleithrum; so, supraorbital; sop, 

suboperculum; suo, suborbital.  
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Systematic Paleontology 

Osteichthyes HUXLEY, 1880 

Neopterygii REGAN, 1923 

Semionotiformes ARAMBOURG et BERTIN, 1958 

Semionotidae WOODWARD, 1890 [sensu OLSEN et MCCUNE, 1991; WENZ, 1999] 

Semionotus AGASSIZ, 1832 

Type species: Semionotus bergeri AGASSIZ, 1833 

 

Semionotus sanjuanensis, n. sp. 

Holotype. AMNH 5680A, B: nearly complete specimen of 84 mm SL (Figures 3.1, 3.2). 

Specimen in two parts and is best preserved in negative impression on AMNH 5680A (AMNH 

5690B not figured). 

Referred specimens. AMNH 5679A, B (SL 104 mm) is partially preserved in part and 

counterpart in right ventrolateral view with a complete skull, majority of body, pectoral and 

pelvic fins preserved. The anal and dorsal fins are partially preserved on the specimen (posterior 

part broken off and missing), and the caudal peduncle and tail are missing (Figures 3.3–3.5). 

UMNH VP 19419 (field number LV05-78; SL 80 mm) is an partially preserved, articulated fish 

in part and counterpart on a slab with a Hemicalypterus weiri specimen It is preserved in left 

lateral view, missing the caudal fin, pectoral fins, pelvic fins, and anal fin (Figure 3.6). UMNH 

VP 19420 (field number LV04-15; SL 84 mm) is complete fish in right lateral view preserved in 

part and counterpart. The skull is partially disarticulated, the fins poorly preserved, and the 

specimen is highly weathered (Figure 3.7). UMNH VP 19421 (field number LV05-131; SL 94 
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mm) is an articulated fish partially preserved in right lateral view, the dorsal portion of flank and 

posterior of skull and dorsal fin are preserved (Figure 3.8). AMNH 5690 (SL 80 mm) is an 

almost complete specimen preserved in right dorsolateral view. Its skull is partially disarticulated 

and the flank is slightly distorted on the posterior end. The ventral portion of body may be 

preserved under matrix, but the caudal fin is likely not preserved (Figure 3.9). AMNH 5684 (SL 

75 mm) is a smaller, nearly complete specimen preserved in impression in left lateral view 

(Figure 3.10). 

Type locality. Little Valley within Lisbon Valley, San Juan County, Utah, United States (Figure 

2.1). 

Type horizon. Church Rock Member, Chinle Formation, upper Norian, Upper Triassic (Figure 

2.2). 

Etymology. The specific name sanjuanensis refers to San Juan County, Utah, where the 

specimens of this new species have been recovered. 

Diagnosis. Based on the following unique combination of the following characters: deep body 

with large post-cranial hump; dense tuberculation on dorsal ridge scales in adult form; single, 

narrow anamestic suborbital; preoperculum with vertical, narrow dorsal process and short, broad, 

paddle-like ventral process; one to two rows of tubercles on the supraorbitals; tubercles on the 

extrascapulars; tubercles on the posttemporals; deep infraorbitals that contact the anterior ramus 

of preoperculum. 

 

Description 

 Semionotus sanjuanensis, n. sp., is a deep-bodied fusiform fish that is distinguishable by 

its deeply curved dorsal border and gently curved ventral border. The SL of AMNH 5680 (Figure 
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Figure 3.1. Semionotus sanjuanensis, n. sp., holotype specimen AMNH 5680A seen in A) left 
lateral view and B) drawing of A. Scale bar equals 1 cm.
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3.1) is 84 mm, though AMNH 5679 (Figures 3.3, 3.4), being the largest of the specimens (SL 

104 mm), indicates that the species could reach a larger size than that of the holotype. The 

maximum depth of the body (MBD), measured from the crest of the dorsal margin to the ventral 

margin midway between the pectoral and pelvic fins, is 43 mm in the holotype. The skull is 

triangular, and deeper than long (Figures 3.1–3.6). The average HL of the new species is 27 mm, 

about 32% of the SL.  

 Skull roof—The skull roof is preserved in many specimens. A pair of parietals (frontals) 

and a pair of postparietals (parietals) are present (Figures 3.1–3.5, 3.9). The parietals comprise 

the bulk of the skull roof and are at least two times longer than wide. They are widest at the 

posterior margin and constrict over the orbits. Anterior to the constriction the parietals broaden 

triangularly (the antorbital process), which then tapers anteriad. The front of the parietals 

digitates with the ascending processes of the premaxillae (Figures 3.3, 3.5A). The suture between 

the parietals is smooth digitate (Figures 3.1, 3.2). The lateral border of the parietals contact the 

supraorbital series, the posterior border digitates with the postparietals, and the posterolateral 

corner of the parietal contacts the anteromedial margin of the dermopterotic. 

 The postparietals are rectangular and are slightly longer than wide. The suture between 

the postparietals and the parietals is gently digitate, and the suture between the postparietals is 

gently sinuous (Figures 3.1–3.5). The postparietals articulate laterally with the medial border of 

the dermopterotic (Figures 3.2, 3.5). On the holotype AMNH 5680A (Figures 3.1, 3.2), a small 

triangular process at the anterolateral corner extends between the posterolateral corner of the 

parietal and the medial side of the dermopterotic. The posterior border sutures with a single pair 

of extrascapulars (Figures 3.2, 3.5). 
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Figure 3.2. Semionotus sanjuanensis, n. sp. Skull of holotype AMNH 5680A in left lateral view. 
Scale bar equals 1 cm.
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 The dermopterotic is an hourglass-shaped bone, longer than deep, and carries the junction 

of the supraorbitals, infraorbitals, and the temporal canals (Figures 3.1–3.5, 3.9).  

 Posterior to the postparietals are a pair of extrascapulars. The extrascapulars are 

trapezoidal in shape, deeper than long, with the anterior edge articulating with the posterior 

borders of the postparietals and dermopterotic (Figures 3.1–3.3, 3.5). Posterior to the 

extrascapulars are the posttemporals (Figures 3.1–3.4). The extrascapulars and posttemporals are 

covered in varying levels by tubercles that continue into the dorsal ridge scales. 

 Of the nasal area, a single antorbital has been preserved on the holotype AMNH 5680A 

(Figure 3.2). It is a small, narrow bone, with an almost 90 degree curve in the length of the bone. 

It sits posterior and dorsal to the premaxilla; the medial process of the antorbital lies 

perpendicular to the axis of the fish. The lateral process curves aboral and dorsad.  

 Circumorbital series—Semionotus sanjuanensis, n. sp., has a complete circumorbital 

ring. There are two anamestic supraorbitals above the orbit and adjacent to the lateral edge of the 

parietal (Figures 3.1–3.5, 3.9). They bear one to two linear rows of tubercles on the ventral side 

of the bones, closest to the orbital cavity (Figures 3.2, 3.5B). The anteriormost of the two 

supraorbitals is narrower than the posterior one and articulates anterodorsally with the 

posteroventral margin of the antorbital process of the parietal. The dermosphenotic forms the 

posterodorsal corner of the orbital ring and carries the infraorbital canal from the infraorbitals to 

the dermopterotic. There are five to seven infraorbitals comprising the posterior and ventral 

portions of the orbital ring (Figures 3.1–3.5). Infraorbitals dorsal to infraorbital 3 (infraorbitals 4 

and 5 in AMNH 5680A, Figure 3.2) are narrow and lie anterior to the suborbital. The ventral 

infraorbitals, beginning posteriorly with infraorbital 3, expand posteroventrally; they are deeper 

than the posterior infraorbitals (at least one and a half times deeper), and carry the infraorbital 
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canal on the dorsal portion of the bone. The depth of the ventral infraorbitals fills the space 

below the suborbital between the circumorbital ring and the preoperculum (Figure 3.2). Because 

of this, S. sanjuanensis, n. sp., has a closed cheek region, as opposed to other species of 

Semionotus, which have an open cheek and expose the endochondral elements of the 

palatoquadrate (such as the metapterygoid and endopterygoid). 

 The anterior infraorbitals (lacrimals or lachrymals) are poorly preserved in all specimens. 

In AMNH 5679 (Figure 3.5A), there appear to be a series of small, narrow and deep bones 

anterior to the orbit that could be interpreted as anterior infraorbitals. However, poor 

preservation makes this identification uncertain. 

 Suborbital bone—Like all species of Semionotus, S. sanjuanensis, n. sp., has a single, 

anamestic suborbital. It lies anterior to the preoperculum and posterodorsal to the posterior 

infraorbitals. It is deep and narrow (approximately two times deeper than wide). The suborbital is 

not preserved in the holotype, but is seen in AMNH 5679 (Figures 3.3–3.5), UMNH VP 19419 

(Figure 3.6), UMNH VP 19420 (Figure 3.7), UMNH VP 19421 (Figure 3.8), AMNH 5690 

(Figure 3.9), and AMNH 5684 (Figure 3.10). 

 Opercular bones—Semionotus sanjuanensis, n. sp., has the typical neopterygian 

arrangement and number of opercular bones. The preoperculum has a deep, vertical dorsal arm 

and a short, wide ventral process. The dorsal arm is more robust and rod-like than the ventral 

arm, which is thicker on the anterior edge and thins posteriad (Figures 3.1–3.5, 3.8–3.10). The 

preoperculum articulates with the deep infraorbital series anteriorly, and is overlain by the 

suborbital anteriorly. It articulates with the operculum, suboperculum, and interoperculum 

posteriorly. The dorsal edge of the preoperculum contacts the dermopterotic. 
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Figure 3.3. Semionotus sanjuanensis, n. sp., specimen AMNH 5679A, A) right lateral view, and 
B) drawing with fins labeled. Scale bar equals 1 cm.
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Figure 3.4. Semionotus sanjuanensis, n. sp., specimen AMNH 5679B, shown in A) right lateral 
view of peel (left lateral view of specimen), B) drawing with fins and tuberculation labeled. 
Scale bar equals 1 cm.
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Figure 3.5. Semionotus sanjuanensis, n. sp., line drawings of the skull of AMNH 5679 in right 
lateral view. A) AMNH 5679A and B) AMNH 5679B (mirrored). Scale bar equals 1 cm.
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 The operculum is the largest element of the skull (Figures 3.1–3.10). It is large and 

rhomboidal in shape. The dorsal margin contacts the lateral edges of the extrascapular and 

posttemporal. It overlaps posteriorly the supracleithrum and dorsal postcleithrum. It also covers 

the dorsal part of the cleithrum (Figures 3.4, 3.5B). 

 The suboperculum lies ventral to the operculum; its dorsal border underlies the ventral 

edge of the operculum. It has a slightly curved posteroventral margin. A narrow, vertical process 

expands dorsally between the anterior margin of the operculum and the posterior margin of the 

preoperculum. This narrow process reaches less than halfway up the depth of the operculum and 

tapers to a point (Figures 3.1–3.10). 

 The interoperculum lies anteroventral to the suboperculum and posterior to the 

preoperculum. It is a small, triangular bone (Figures 3.1–3.5, 3.6A, 3.9, 3.10).  

 Jaws and snout—The jaws of Semionotus sanjuanensis, n. sp., are small, as in other 

semionotid fish. The lower jaw is best seen in AMNH 5679B (Figures 3.4, 3.5B), where both 

sides of the jaw are preserved as an impression. The dentary is broad and triangular in shape, and 

tapers anteriad, where a series of small, styliform teeth are preserved (at least ten to thirteen teeth 

are preserved in a single row in AMNH 5679B). The dentary articulates on the posterior edge 

with the angular.  

The angular comprises the posterior portion of the lower jaw. It is rectangular in shape, 

with a straight posterior border inclined anterodorsally. The anterior suture with the dentary is 

deeply sinuous (Figures 3.2, 3.5B, 3.6B). The retroarticular is either not preserved or very poorly 

preserved in all of the specimens, and is a small bone that articulates dorsally with the angular, 

and comprises the posteroventral corner of the lower jaw (Figure 3.7B). 
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The surangular is best preserved in the holotype AMNH 5680A (Figure 3.2) and UMNH 

VP 19420. It is a small dorsal process of the lower jaw, articulating on the ventral border with 

dentary and angular. 

The upper jaw consists of a maxilla and premaxilla. The premaxilla of Semionotus 

sanjuanensis, n. sp., is best preserved in AMNH 5679A (Figures 3.3, 3.5A), UMNH VP 19419B 

(Figure 3.6B), and disarticulated in AMNH 5690 (Figure 3.9). The premaxilla has a long 

ascending process that is cupped inwards to allow for the nasal cavity covered by the overlying 

antorbital bone (Figure 3.2) and nasal bone; however, the nasal bone is not preserved in any of 

the specimens. The posterior margin of the ascending process of the premaxilla is sutured to the 

anterior of the parietals on the skull roof (Figures 3.3, 3.5A). The ascending process of each 

premaxilla bears a large opening (Figures 3.3, 3.5A, 3.9). The medial suture between the two 

ascending processes of the premaxilla is gently curved, with the dorsal right process extending 

slightly over the margin between the two bones. There are four to six stout, pointed teeth on each 

premaxilla. 

 The maxilla is similar to those seen in other species of Semionotus. It is relatively short 

and ends posteriorly below the anterior infraorbitals (Figures 3.1, 3.2, 3.4, 3.5B). Each maxilla 

narrows anteriorly in a process that curves mediad to articulate hinge-like between the 

premaxilla, the dermopalatine and vomer, as seen in Amia. The maxilla ends posteriorly with a 

vertical edge. The maxilla bears a single row of peg-like styliform teeth along the ventral margin. 

The supramaxilla may be present, as in other semionotids, but it is not visible due to 

preservation. 

 Neurocranial and palatal elements—The neurocranium is not visible in any of the 

specimens. The ectopterygoid is poorly preserved in AMNH 5690, and is a narrow and slightly 
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Figure 3.8. Semionotus sanjuanensis, n. sp., specimen UMNH VP 19421 in left lateral view. 
Scale bar equals 1 cm.
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curved bone. It is flat on the lateral surface and tapers anteriad (Figure 3.9). The parasphenoid 

can be seen in AMNH 5679 in the orbit medially as a long, slender, horizontal bone passing from 

the anterior of the skull posteriad (Figures 3.3–3.5). 

 Hyoid arch and branchiostegal rays—Most elements of the hyoid arch are not seen in 

any of the specimens. The ceratohyal is observed in AMNH 5679B (Figures 3.4, 3.5B). It lies at 

the ventral margin of the skull and is a long, narrow bone that constricts in the center of its length 

and widens on the anterior and posterior ends. The posterior end expands more than the anterior 

expansion, and then tapers slightly posteriad. It has a flat posterior border. The complete series of 

branchiostegals are not preserved in any of the specimens, though two branchiostegals can be 

seen in AMNH 5679B (Figures 3.4, 3.5B). 

 Sensory canals of the head—The cephalic sensory canals are best preserved in AMNH 

5680A (Figures 3.1, 3.2), AMNH 5679A (Figures 3.3, 3.5A), and AMNH 5690 (Figure 3.9). The 

supraorbital canal is seen as a distinct row of pores that extends on the lateral edge of the 

parietals, above the supraorbital bones (Figures 3.2, 3.5A, 3.9). It branches in the parietals; one 

branch continues posteriad into the postparietals, and the other branch connects in the 

dermosphenotic to the temporal canal. The supraorbital bones themselves do not possess a canal.  

 The preopercular sensory canal is best observed in AMNH 5680A (Figures 3.1, 3.2) and 

AMNH 5690 (Figure 3.9), where it is seen as a deep groove penetrating the length of the anterior 

margin of the preoperculum (Figures 3.2, 3.9B). The preoperculum bone bears a series of 

ventrally directed pores, which are the exits of branches of the preopercular sensory canal. The 

openings of the branches are seen in the form of three to five openings along the ventral paddle-

like process of the preoperculum (Figures 3.2, 3.5B, 3.9, 3.10). These openings are deep at the 

entrance and become shallow ventrally. The disarticulated preoperculum of AMNH 5690 
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Figure 3.9. Semionotus sanjuanensis, n. sp., specimen AMNH 5690 in A) Right lateral view, B) 
close-up of skull region, showing disarticulated elements, bones labeled. Specimen not fully 
prepared at time of manuscript submission. Scale bars equal 1 cm.
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presents the actual connection of the branches to the canal (Figure 3.9). The preopercular canal 

exits anteriorly through the ventral process and continues as the mandibular canal in the angular 

and dentary. The mandibular canal is not well preserved in any of the specimens and can be only 

followed by a couple of pores in the mandibles of UMNH VP 19419B (Figure 3.6B).  

 The infraorbital canal is located on the anterior and dorsal side of the infraorbital bones, 

respectively. On AMNH 5680A (Figures 3.1, 3.2), the canal is seen clearly as a groove running 

through the infraorbitals series and continues into the dermosphenotic, where it connects to the 

supraorbital canal and the temporal canal. This canal is also preserved in AMNH 5679A as a 

series of pores (Figs, 3.3, 3.5A).  

 The temporal canal begins in the dermopterotic and continues posteriad to the lateral 

extrascapular, where it connects with the lateral line system of the body and the occipital 

commissure (Figures 3.5A, 3.9, 3.10). 

 Pectoral girdle—Only the postcleithra, supracleithrum and cleithrum are observed in 

any of the specimens. The postcleithra sit posterior to the operculum. The dorsal postcleithrum is 

narrow, tapering dorsad (Figures 3.1–3.8, 3.10). The ventral postcleithrum is a rectangular 

element (Figures 3.1, 3.3–3.8, 3.10). The supracleithrum is dorsal to the postcleithrum and also 

lies posterodorsal to the operculum. It is deep and short, and tapers ventrad (Figures 3.1–3.3, 

3.5A, 3.6–3.10). 

 The cleithrum is preserved in lateral aspect. It is a large, long, crescent-shaped bone, and 

maintains a near consistent width throughout its length, with the exception of the tapering ends 

(Figures 3.3–3.6, 3.8, 3.10). 

 Fins—All fins of Semionotus sanjuanensis, n. sp., are preceded by well-developed basal 

fulcra. Fringing fulcra originate on the first lepidotrichium. Due to incomplete preservation 
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and/or missing portions of some specimens, the exact number of lepidotrichia is not known in 

any form. The number provided here is an estimate of the number of lepidotrichia for each fin. 

Pectoral fins. The pectoral fins are best preserved in AMNH 5679 (Figures 3.3–3.5). On 

AMNH 5679B (Figure 3.4) both left and right pectoral fins are preserved. On this specimen only 

the distal fin rays are incompletely preserved. Each pectoral fin of this specimen is comprised of 

approximately nine lepidotrichia with three fringing fulcra on the first lepidotrichium. The basal 

fulcra are partially preserved on AMNH 5679B (Figure 3.3) and AMNH 5680A (Figures 3.1, 

3.2), and indicate three basal fulcra in each specimen. 

Pelvic fins. The pelvic fin is a small fin that originates approximately mid-flank at the 

ventral border of the fish. The pelvic fins of AMNH 5680B (not figured) are poorly preserved, 

but display three basal fulcra, and eight lepidotrichia. The lepidotrichia remain unsegmented 

proximally for about one third of the total length of the ray. AMNH 5679 (Figures 3.3, 3.4) 

preserves both left and right pelvic fins, though not completely preserved. 

Dorsal fin. The dorsal fin on AMNH 5680A (Figure 3.1) originates about midway 

between the positions of the pelvic and anal fins. The origin of the fin below the highest point 

(the ‘crest’) of the predorsal hump (Figures 3.1, 3.3, 3.6–3.10). The dorsal ridge scales lead into 

the dorsal fin, but the fulcra are differentiated from the dorsal ridge scales in their attenuated 

shape, which taper distally. The dorsal fin has four to seven paired basal fulcra and consists of 

about fourteen to sixteen lepidotrichia and five to seven fringing fulcra (Figure 3.1). 

Anal fin. The anal fin is comparable in size to the dorsal fin and originates slightly 

behind the posterior edge of the dorsal fin (Figures 3.1, 3.3, 3.4, 3.10). The anal fin consists of 

about two to three basal fulcra and seven lepidotrichia. The first lepidotrichium supports about 

three to four fringing fulcra. 
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Caudal fin. The caudal fin is abbreviated heterocercal (hemiheterocercal). The holotype 

(AMNH 5680A) preserves the complete caudal fin minus a few lepidotrichia (Figure 3.1), which 

are not completely preserved. Almost all other specimens are lacking the caudal fin, either by 

incomplete preservation or broken or missing pieces. It is completely preserved in AMNH 5684 

(Figure 3.10), which is an ontogenetic variant. 

 The dorsal lobe of the caudal fin has seven basal fulcra and at least four fringing fulcra 

(the entire extent of the fin is not preserved). The fulcra of the basal lobe of the tail are 

incompletely preserved but exhibit at least three basal fulcra (Figure 3.1).  

 The fin rays are finely segmented posteriorly with the exception of the first segment of 

the ray, which is about six times as long as the following segments. Not all fin rays are 

preserved, and some are just preserved as fine impressions. The dorsal lobe preserves at least 

seven rays, which branch posteriad. The ventral lobe of the tail preserves at least eight rays 

(Figures 3.1, 3.10). 

 Squamation—The body is covered by thick rhombic scales. The pattern of squamation is 

best preserved in the holotype AMNH 5680A (Figure 3.1), in which there are approximately 30 

scales along the lateral line. The surface of the scales is smooth and unornamented, though the 

posterior border of some scales has serrations, especially in the anterodorsal area of the flank in 

the hump area. This is well observed in AMNH5680A (Figure 3.1), AMNH5679 (Figures 3.3, 

3.4), and UMNH VP 19419 (Figure 3.6).  

 Scales are quadrangular on the flank and show the typical peg-and-socket articulation of 

ganoid fish scales. Flank scales are deeper anteriorly and become less deep posteriorly (Figures 

3.1, 3.3, 3.4, 3.6–3.10). Scales of the caudal peduncle and caudal fin have more of a rhomboidal 

shape and lack a peg-and-socket articulation (Schultze, 1966). 
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Figure 3.10. Semionotus sanjuanensis, n. sp., juvenile specimen AMNH 5684. A) right lateral 
view, B) closeup of skull region with visible bones labeled. Scale bar equals 1 cm.
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 Scales of the lateral line preserve small pits in the centers of the scales (best observed in 

holotype AMNH 5680A, Figure 3.1). These pits are external openings of the lateral line canal. 

The lateral line scales are notched posteriorly, which allows for the opening of the lateral line 

organ to the outside (Figures 3.1, 3.4, 3.6, 3.8, 3.9). 

 Scales at the ventral margin are modified belly scales. They are larger and almost 

pentagonal in shape or star shaped. Some, especially those near the pectoral fin area, have slight 

crenulations, as seen in AMNH 5679B (Figure 3.4). 

 The dorsal scales/scutes between the posterior end of the dorsal fin and the anterior 

caudal fin are larger than the flank scales and straddle the dorsal margin in a single row, instead 

of paired. This is best observed in the holotype AMNH 5680A (Figure 3.1) and UMNH VP 

19421 (Figure 3.8). 

 The dorsal ridge scales are conspicuous, as in other species of Semionotus. The scales are 

in a single row along the dorsal margin beginning at the back of the skull and continuing along 

until the origin of the dorsal fin. Each dorsal ridge scale has a posteriorly directed process. 

(Figures 3.1, 3.3, 3.4, 3.6–3.11). These processes are short and erect near the skull and lengthen 

and lie flat to the body posteriad. The dorsal ridge scales of Semionotus sanjuanensis, n. sp., are 

covered with tubercles that begin posterior of the skull and continue along the dorsal ridge 

(Figure 3.11). These tubercles also are present in some flank scales juxtaposed to the dorsal ridge 

scales and posterior to the skull (Figures 3.1, 3.3, 3.4, 3.6, 3.8, 3.9, 3.11). 

 

Semionotus kanabensis Schaeffer et Dunkle, 1950 

Holotype: AMNH 8870: complete fish with uncrushed skull (Figure 3.12). 

Paratypes: AMNH 8871 (Figure 3.13): dorsoventrally crushed and partly dissociated skull and 
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anterior portion of body; USNM 18399: laterally compressed skull with well-preserved cheek 

area and mandible, also section of body including dorsal and anal fins; USNM 18400: patches of 

scales and broken skull elements. 

Additional specimens in this study: UMNH VP 19417 (field number LV05-51) (Figures 3.14, 

3.15): specimen in left lateral view; AMNH 5682: specimen in left lateral view, missing anterior 

portion of skull (Figure 3.17); UMNH VP 19418 (field number LV05-100): nearly complete 

specimen in left lateral view, missing fins and caudal peduncle (Figure 3.16). 

Type Locality: Near Kanab, Kane County, Utah (approximately Sec.27,T.43S.,R.6W). The 

original site was estimated by Camp (1930) as being one mile east and 400 feet above the old 

Kanab schoolhouse. Though this remains as the type locality, the addition of new specimens 

extends the range of S. kanabensis to include Lisbon Valley in San Juan County, Utah. 

Type horizon. The Lower Jurassic Moenave Formation. The type horizon was originally 

identified as the Chinle Formation by Schaeffer and Dunkle (1950). Schaeffer (1967) later 

recognized the strata as belonging to the Moenave Formation. The addition of new specimens 

expands the age range of S. kanabensis to the Late Triassic, and reconstitutes their presence in 

the Chinle Formation. 

Etymology. Named for the city of Kanab, Utah, United States, near where the original 

specimens were found. 

Diagnosis. Revised from Schaeffer and Dunkle (1950) to include only differential diagnostic 

features. The diagnosis for this species is based upon the unique combination of the following 

characters: deep infraorbitals that contact the anterior edge of the preoperculum; narrow 

preoperculum with a narrow ventral branch that is of about equal length to and slightly wider 

than dorsal branch; gently curved dorsal border (lacking postcranial hump); small body size 
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(average SL is 68 mm); lacking dense tuberculation. 

Description.  

 Semionotus kanabensis is a small fusiform fish with gently curved dorsal and ventral 

borders. The average standard length (SL) of S. kanabensis is 68 mm, with an average maximum 

body depth (MBD) about 26 mm.  The skull is triangular in shape and longer than deep in most 

specimens. The average head length (HL) of S. kanabensis is about 18 mm, about 26 % of the 

SL. The ratio of MBD to SL in S. kanabensis is about 38%. 

 Skull roof. The bones comprising the skull roof are consistent with those of other species 

of Semionotus. The skull roof contains a pair of parietals (frontals) and postparietals (parietals). 

The parietals are long and narrow (approximately two and a half times longer than wide) and 

comprise the majority of the skull roof (Figures 3.12, 3.13, 3.15). The anterior margin is strongly 

digitate, and articulates with the ascending process of the premaxilla (Figure 3.12, disarticulated 

in Figure 3.13). In width, the parietals are widest at the posterior margin and constrict over the 

orbits. They widen into the antorbital process anterior to the orbital constriction, and taper 

slightly anterior to the antorbital process (Figures 3.12, 3.13). The suture between the parietals is 

smooth digitate (Figure 3.12A). They articulate with the supraorbitals laterally, the postparietals 

posteriorly, and the dermopterotic dorsolaterally (Figure 3.15). 

 The postparietals are rectangular and slightly longer than deep. They articulate with the 

parietals, dermopterotics, and extrascapulars (Figures 3.12ABC, 3.13, 3.15). 

 The dermopterotic is rectangular, longer than deep. It has a horizontal dorsal border that 

articulates with the lateral edge of the postparietals. At the anterodorsal corner, the dorsal border 

curves anteroventrad, and this articulates with the dorsoventral corner of the parietal (Figures 

3.12BC, 3.13, 3.15, 3.17). 
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Figure 3.12. Semionotus kanabensis. Type specimen AMNH 8870 in A) dorsal view of skull; B) 
right lateral view of skull; C) drawing of skull right lateral view, stippled areas indicate visible 
sensory canals, grayed areas indicate sensory pores; D) left lateral view of skull and portion of 
body; E) right oblique view of complete specimen; F) ventral view of caudal fin. All scale bars 
equal approximately 1 cm.
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 Posterior to the postparietals are a set of extrascapulars. The anterior margin articulates 

with the postparietals in a smooth suture, slightly curved anterodistally (Figure 3.15). The 

extrascapulars are trapezoidal in shape, wider at the lateral margin and tapering mediad. Dorsal 

to the extrascapulars are the posttemporals (suprascapulars of Schaeffer and Dunkle, 1950). The 

posttemporals are triangular in shape. In all specimens of S. kanabensis, the extrascapulars and 

posttemporals are smooth, lacking ornamentation or tuberculation, and articulate laterally with 

the operculum (Figure 3.15). 

 Of the snout, the original description of S. kanabensis (Schaeffer and Dunkle, 1950) 

noted that the nasal and rostral bones are not preserved in the specimens available for that study. 

Of the specimens from Lisbon Valley, UMNH VP 19417 and UMNH VP 19418 contain a poorly 

preserved snout (Figure 3.15, 3.16); however, both of these specimens preserve the paired nasals. 

The medial rostral bone cannot be interpreted in any of the available specimens. The nasal is a 

small bone without a distinctive shape. It sits above the ascending process of the premaxilla, 

covering the large foramen on the ascending process of the premaxilla (Figure 3.15).  

Anterior to the nasal but not articulating with it is the antorbital bone, a thin and long 

bone that sits above the premaxilla. It articulates posteriorly with the anterior infraorbitals 

(lacrimals) and curves at approximately a 90-degree angle to a thin process that wraps around the 

anterior of the snout and articulates medially with the rostral (Figure 3.15). 

 Circumorbital series. Semionotus kanabensis has a complete circumorbital ring 

encircling the orbit. There are at least two anamestic supraorbitals dorsal to the orbit and adjacent 

to the lateral edge of the parietal (Figure 3.15). These supraorbitals are narrow and smooth. The 

dermosphenotic forms the posterodorsal corner of the orbital ring. It bears the infraorbital canal 

to the dermopterotic. The dermosphenotic articulates dorsally with the lateral edge of the 
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A

Figure 3.13. Semionotus kanabensis specimen AMNH 8871, A) Skull in dorsal view, B) Drawing 
of skull with bones labeled. Scale bar equals 1 cm.
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parietal, posteriorly with the dermopterotic, and its smaller ventral process articulates with 

infraorbital 4 (Figures 3.15, 3.17). Five infraorbitals comprise the posterior and ventral portions 

of the circumorbital ring. Infraorbitals 3 and 4 lie posterior to the orbit; infraorbital 3 is expanded 

ventrally to contact the anterior ramus of the preopercular, filling the “open cheek” space below 

the single suborbital bone (Figures 3.12C, 3.15, 3.17).  

 Suborbital bone. Semionotus kanabensis has a single anamestic suborbital. The 

suborbital is quadrangular in shape, slightly longer than wide (approximately one and a half to 

two times longer than wide). The suborbital is smooth and overlies the anterior portion of the 

dorsal process of the preoperculum. On the dorsal edge the suborbital articulates with the 

anteroventral edge of the dermopterotic. Anteriorly, the suborbital articulates with the 

dermosphenotic and the posterior infraorbitals. The suborbital articulates ventrally with the 

posteroventral corner infraorbital. This arrangement closes the “gap” between the anterior ramus 

of the preoperculum and the circumorbital series (Figures 3.12BC, 3.15, 3.16, 3.17). 

 Opercular bones. The preoperculum is a crescent-shaped bone that extends dorsally in a 

rod-like process and expands ventrally to a width slightly larger than that of the dorsal arm. The 

ventral and dorsal processes are of about equal length and the bone is anteroventrally inclined. 

On the dorsal process it articulates with the operculum posteriorly and is overlain by the 

suborbital anteriorly. It contacts the posteroventral edge of the dermopterotic on the dorsal 

margin. As it curves anteroventrally, its posterior margin contacts the ascending process of the 

suboperculum and then articulates with the interopercular. Anteriorly it articulates with the deep 

infraorbitals (Figures 3.12BC, 3.15, 3.16, 3.17).  

 The operculum is the largest element of the series and is ovoid in shape, with a slightly 

wider ventral base than at the dorsal margin. Its anterior and ventral margins are essentially 
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Figure 3.15. Semionotus kanabensis specimen UMNH VP 19417 skull in left lateral view. 
Stippled areas indicate sensory canals preserved on the specimen. Scale bar equals 1 cm.
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straight, with a curving posterior border. The operculum is relative smooth and lacking 

ornamentation or ridging. The dorsal border articulates with the extrascapular and posttemporal 

(Figures 3.12B–D, 3.13, 3.14, 3.15, 3.16, 3.17).  

 The suboperculum articulates dorsally with the ventral margin of the operculum. It is 

triangular with a curving ventral border that tapers posterodorsad towards the posterior of the 

operculum. The anterior margin contacts the interoperculum in a straight suture. A narrow 

ascending process extends from the anterodorsal corner of the suboperculum. The exposed depth 

of the suboperculum is about one-third or less than the depth of the operculum (Figures 3.12B–

D, 3.13, 3.15, 3.17). 

 The interoperculum is a small triangular bone, articulating posteriorly with the 

suboperculum and dorsally overlain by the preoperculum. It has a relatively straight ventral 

margin (Figures 3.12BC, 3.15, 3.17). 

 Jaws. The premaxilla is well preserved in the three skulls described by Schaeffer and 

Dunkle (1950). With the additional specimens included in this study, the premaxilla is best 

preserved in UMNH VP 19417 and UMNH VP 19418. The premaxilla has a large ascending 

process that contains a large foramen (seen in disarticulated AMNH 8871, Figure 3.13). The 

ascending process curves inward from the anterior process of the premaxilla; this inward curve 

allows for the nasal cavity covered by the nasal and antorbital bones. Posteriorly, this ascending 

process articulates with the strongly digitate anterior margin of the parietals. The anterior portion 

of the premaxilla expands horizontally and bears a series of large, conical, blunt teeth (Figures 

3.15, 3.16). Schaeffer and Dunkle (1950) listed seven teeth on each premaxilla; however, this 

number can vary between five and seven teeth. 

 The maxilla is short. It narrows anteriad to a small process that articulates with the 
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premaxilla beneath the antorbitals. The bone widens posteriorly and ends with a gently curved 

margin. Schaeffer and Dunkle (1950) described the maxilla as “probably edentulous,” but 

UMNH VP 19417 clearly preserves a single row with at least seven teeth along the ventral 

margin of the maxilla (Figure 3.15). The supramaxilla articulates with the posterodorsal margin 

of the maxilla. 

 The lower jaw is best preserved in USNM 18399, UMNH VP 19417 (Figure 3.15), and 

UMNH VP 19418 (Figure 3.16). The dentary is narrow and bears at least seven to ten styliform 

teeth. Schaeffer and Dunkle (1950) noted “somewhat procumbent marginal teeth on either side 

of the symphysis…An inner row of stouter teeth is also present, but their form cannot be 

determined.” In labial view, the trapezoidal angular (anguloarticular of Schaeffer and Dunkle, 

1950) articulates anteriorly with the posterior of the dentary with a strongly digitate suture. This 

suture ends dorsally with the articulation of the surangular, a small triangular bone forming the 

high coronoid process of the lower jaw (Figure 3.16B). A small retroarticular comprises the 

posteroventral process of the mandible (Figure 3.15, 3.16). 

 The lower jaw is visible in lingual view in UMNH VP 19417 and UMNH VP 19418 

(Figures 3.15, 3.16). It has a thick ventral “lip”, comprising the ventral margins of the dentary 

and articular. The dentary cups medially and the prearticular articulates with the dorsal margin of 

the ventral lip of the dentary (Figures 3.15, 3.16). The prearticular is semi-triangular in shape and 

tapers anteriad with the shape of the labial portion of the dentary. The retroarticular is poorly 

preserved on the posteroventral margin of the mandible (Figure 3.15).  

 The quadrate is seen in AMNH 8871, and is a small, thick triangular element (Figure 

3.13). Schaeffer and Dunkle (1950) noted that it is rounded at the mandibular articulation. 

 Neurocranial and palatal elements. A few palatal elements are visible in AMNH 8870 
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and AMNH 8871 (Figures 3.12, 3.13). The ectopterygoid is narrow and slightly curved. The 

anterior end is flat with a short dorsal process. The posterior end tapers slightly and articulates 

with the quadrate.  

 Seen in AMNH 8871 (Figure 3.13) and USNM 18399, the endopterygoid is a broad bone, 

slightly triangular. 

 The parasphenoid can be observed in USNM 18399, UMNH VP 19417 (Figure 3.15), 

and UMNH VP 19418 (Figure 3.16). It is a long slender bone, and appears to have a distinct 

groove on the lateral face. 

 Hyoid arch and branchiostegal rays. The complete hyoid arch is not visible in any of 

the specimens. Some elements of the hyoid arch are visible in a few of the specimens. USNM 

18399 preserves an impression of the hyomandibular that was described in Schaeffer and Dunkle 

(1950) as having an “essentially vertical position and about three times longer than the width at 

the neurocranial articulation.” The symplectic, visible in AMNH 8871 (Figure 3.13), is long and 

rodlike, with a wider process where it articulates with the hyomandibula (Schaeffer and Dunkle, 

1950).  

 The ceratohyal is visible on the ventral margin, and is a robust bone with expansions at 

the anterior and posterior ends of the bone (Figure 3.15). Schaeffer and Dunkle (1950) 

recognized two poorly preserved ossifications anterior to the ceratohyal and identified them as 

the hypohyal and “glossohyal” on AMNH 8871, but due to poor preservation they really cannot 

be identified with such confidence. 

 The branchiostegals are preserved as a series of long horizontal bones with tapered ends 

below the interoperculum and suboperculum. Five to seven branchiostegals are preserved in 

UMNH VP 19417 (Figure 3.15). 
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 Sensory canals of the head. The supraorbital canal is observed as a row of pores that 

runs on the lateral edge of the parietals, above the articulation with the supraorbital bones. The 

canal branches, with one branch continuing posteriad into the postparietals, and the other canal 

continuing into the dermosphenotic, where it merges with the infraorbital canal and temporal 

canal. The supraorbitals themselves are anamestic (Figure 3.12C, 3.15). 

 The preopercular sensory canal is prominent as a deep groove that runs the length on the 

anterior side of the preoperculum (Figure 3.15). The ventral arm of the preopercular is perforated 

with a series of ventrally directed pores, which house the exits for branches of the preopercular 

sensory canal (Figure 3.15, 3.17). The preopercular sensory canal exits anteriorly and continues 

as the mandibular sensory canal. 

 The mandibular canal runs along the ventral ramus of the mandible, and is visible in 

USNM 18399, UMNH VP 19417, and UMNH VP 19418 with a series of elongated pores 

(Figures 3.15, 3.16).  

 The infraorbital canal begins in the dermosphenotic and travels ventrally through the 

infraorbital series, continuing into the anterior infraorbitals and antorbitals. These canals connect 

anteriorly through the antorbitals and rostral bones. Posterodorsally, the infraorbital canal 

connects with the supraorbital canal in the dermosphenotic to form the temporal canal (Figures 

3.15–3.17).  

 The temporal (postorbital or otic) canal begins in the dermosphenotic, where it is 

connected to the supraorbital and infraorbital canals, and continues through the lateral portion of 

the dermopterotic and the extrascapular and connects with the lateral line system of the body and 

the occipital commissure (Figures 3.12C, 3.13, 3.15, 3.17). 
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 Pectoral girdle. The cleithrum, postcleithra and supracleithrum are preserved in lateral 

aspect in some of the specimens. There are two postcleithra posterior to the operculum and 

cleithrum. The ventral postcleithrum is trapezoidal to triangular in shape (Figures 3.13, 3.15, 

3.17). The dorsal edge articulates with a straight suture with the dorsal postcleithrum. The 

posterior edge is slightly curved with a small process extending dorsad along the margin of the 

dorsal postcleithrum. The dorsal postcleithrum is larger than the ventral postcleithrum and 

triangular in shape. It tapers to a thin process dorsad and articulates on the anterior margin with 

the operculum dorsally and the cleithrum anteriorly (Figures 3.13, 3.15–3.17). The 

supracleithrum lies dorsal to the postcleithrum and posterodorsal to the operculum. It is elongate 

and its ventral process articulates with the operculum anteriorly and slightly overlies the dorsal 

postcleithrum. It is also deep and narrow, and tapers dorsally (Figures 3.13, 3.15, 3.17). In 

AMNH 8871 (Figure 3.13), the supracleithrum contains a couple of pores that may be part of the 

lateral line. 

 The cleithrum is a long gently curving, anteriorly inclined bone. It lies ventral to the 

suboperculum and interoperculum and extends dorsad between the suboperculum posteriorly and 

the postcleithra anteriorly. The dorsal tip may lie below the operculum. The cleithrum appears 

very robust in these specimens (Figures 3.15, 3.16, 3.17).  

 Fins. All fins of Semionotus kanabensis are preceded by well-developed basal fulcra. 

Fringing fulcra originate on the first lepidotrichium. Due to incomplete preservation and/or 

missing portions of some specimens, the exact number of lepidotrichia is not known. The 

number provided here is an estimate of the number of lepidotrichia for each fin. 

 Pectoral fins. The pectoral fin is comprised of at least three basal fulcra and 

approximately seven fringing fulcra on the first lepidotrichium. The number of rays is 
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indeterminable in the available specimens but is estimated at five lepidotrichia (Figure 3.15). 

 Pelvic fins. The pelvic fins are preserved in AMNH 5682 (though poorly preserved, 

Figure 3.17), UMNH VP 19417 (Figure 3.14B), and UMNH VP 19418 (Figure 3.16A). They 

indicate a ventral origin approximately midway between the pectoral fins and the anal fin.  The 

pelvic fin has approximately two to three basal fulcra and approximately four to five rays, the 

first ray bearing anywhere from three to six fringing fulcra.  

 Dorsal fin. The triangular dorsal fin originates just posterior to the origination of the 

pelvic fins. It is comprised of one uniserial fulcral scale and three basal fulcra, each longer than 

the preceding one. The fringing fulcra in the dorsal fin of UMNH VP 19417 are well preserved 

and number approximately ten (Figure 3.14B). The dorsal fin has eight to eleven branched, 

segmented rays (Figures 3.14, 3.17). 

 Anal fin. The anal fin is triangular and is comparable, if not slightly smaller, than the 

dorsal fin. It originates slightly behind the posterior edge of the dorsal fin. It has three to four 

basal fulcra, at least three of which are biserial (Schaeffer and Dunkle, 1950). The anal fin has 

two to five fringing fulcra, and seven to nine lepidotrichia, becoming segmented distally (Figures 

3.14, 3.16A, 3.17). 

 Caudal fin. The caudal fin is not well preserved in any of the original specimens. In the 

holotype AMNH 8870, the fin is completely preserved but twisted as to obscure important 

details (Figure 3.12F; Schaeffer and Dunkle, 1950). AMNH 5682 preserves the caudal peduncle 

and dorsal lobe in impression, but the rays of the fin are faintly preserved or not preserved at all 

(Figure 3.17). The caudal fin is abbreviated heterocercal (hemiheterocercal).  

 The dorsal lobe of the caudal fin has at least four basal fulcra, long and attenuated. The 

ventral lobe is poorly preserved but show at least three to four basal fulcra. The rays of the 
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Figure 3.17. Semionotus kanabensis specimen AMNH 5682, latex peel of complete specimen in 
left lateral view. Scale bar equals 1 cm.
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caudal fin are not fully preserved or observable in any of the available specimens, but at least 

shows the typical caudal fin seen in Semionotus. There are approximately seven rays in the 

dorsal lobe, and nine to eleven rays in the ventral lobe. 

 Endoskeleton. The endoskeleton is not observed in any of the specimens.  

 Squamation. The body is covered with smooth, rhombic scales. The scales on the flank 

are quandrangular and show typical peg-and-socket articulation, as is observed in occasional 

disarticulated scales. Scales vary little in size across the flank, only becoming slightly smaller 

and more rhomboidal in the area of the caudal peduncle (Figures 3.14, 3.16A, 3.17). Schaeffer 

and Dunkle (1950) recognized a number of flank scales that show about four fine serrations on 

the posterior edge, though the specimens from Lisbon Valley show relatively little serration on 

the posterior edge of any flank scales, though this could be due to weathering and preservation of 

the specimens. 

 There are approximately 30 scales in the lateral line. The lateral line scales are notched 

posteriorly, which allows for an opening of the lateral line organ to the outside (Figures 3.14, 

3.17). 

 The dorsal ridge scales are similar to those seen in other species of Semionotus, with a 

prominent, acuminate process that points posteriorly (Figures 3.12E, 3.14, 3.16A, 3.17). It is 

apparent that anterior dorsal ridge scales are shorter with a small process, and become more 

elongated posteriorly. Ventral ridge scales are ovate and large (Figures 3.14, 3.16). 

 Dorsal scutes on the caudal peduncle between the dorsal and caudal fins are ovate and 

have a small acuminate process on the posterior end (Figures 3.14, 3.16A, 3.17).  

 Schaeffer and Dunkle (1950) did an additional histological study of scales of specimens 

of S. kanabensis. They showed that the scales are composed of a relatively thick, bony layer 
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containing sparse, simple canals (Williamson’s canals) covered by thin enamel (ganoin). This is 

a quintessential example of leoposisteoid ganoid scales (Goodrich, 1907). 

DISCUSSION 
 

The necessity for a redescription of Semionotus kanabensis.  

 The specimens of S. kanabensis from Lisbon Valley described herein provide new insight 

into the morphology of this species, including information on the presence of peg-like styliform 

teeth on the maxilla (Figures 3.14–3.16), which are not preserved in the specimens described by 

Schaeffer and Dunkle (1950), as seen in Figures 3.12 and 3.13. Likewise, the lingual side of the 

mandible is observable in the Lisbon Valley specimens, exposing the prearticular. The snout is 

poorly preserved in the holotype and paratypes, but are readily observed in UMNH VP 19417 

(Figures 3.14, 3.15) and UMNH VP 19418 (Figure 3.15), including the nasal and antorbital 

bones. 

 The circumorbital series is poorly preserved in specimens from the Moenave Formation 

(Schaeffer and Dunkle, 1950).  The specimens described herein from Lisbon Valley preserve the 

supraorbitals, infraorbitals, and anterior infraorbitals in near completion with excellent detail 

(Figures 3.14–3.17). The shape, position and morphology of the infraorbitals, preoperculum, and 

suboperculum are well preserved in the Lisbon Valley specimens, such as UMNH VP 19417 

(Figures 3.14, 3.15), UMNH VP 19418 (Figures 3.16), and AMNH 5682 (Figure 3.17). 

Specimens from the Moenave Formation, such as AMNH 8870 (Figures 3.12), AMNH 8871 

(Figures 3.13), and USNM 18399, are smooth and worn, most likely as a result of preservation 

and weathering of the specimens. 

 The presence and morphology of dorsal ridge scales, an important character for the 

family Semionotidae, are well preserved with excellent detail in specimens UMNH VP 19417 
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(Figure 3.14) and AMNH 5682 (Figure 3.17), whereas the holotype AMNH 8870 (Figure 3.12) 

did not allow for a detailed description of the dorsal ridge scales in this species. Elements of the 

fins, particularly the caudal fin in AMNH 5682 (Figure 3.17), are well preserved, allowing for a 

more complete description of fin morphology than was previously possible from Moenave 

Formation specimens alone (Schaeffer and Dunkle, 1950). The pelvic fin is not preserved in any 

of the Moenave Formation specimens (Schaeffer and Dunkle, 1950), but is well preserved in 

UMNH VP 19417 (Figure 3.14), UMNH VP 19418 (Figure 3.16) and AMNH 5682 (Figure 

3.17). The specimens from Lisbon Valley preserve the pectoral girdle in greater detail than those 

described from the Moenave Formation (Schaeffer and Dunkle, 1950), including pectoral 

elements, such as the postcleithra (Figures 3.14–3.17), that were unobservable in the Moenave 

Formation specimens. 

 Overall, this thesis provides the most robust, thorough, and detailed description of 

Semionotus kanabensis morphology and includes a revised differential diagnosis for the species. 

The new specimens described herein contribute to our knowledge regarding the comprehensive 

anatomy of this species, as a number of anatomical regions and osteological features are 

preserved and described for the first time (e.g., pelvic fins, circumorbital series, pectoral girdle) 

because of the excellent preservation in the Lisbon Valley Chinle Formation. By revisiting fossil 

species as new material is uncovered, as well as reevaluating the original identifications and 

descriptions and adding additional information, this species can be incorporated in future 

phylogenetic studies focusing on the relationships of semionotiform fishes. 

Age and distribution of Semionotus kanabensis.  

 The original specimens from Schaeffer and Dunkle (1950) were collected in the Lower 

Jurassic Whitmore Point Member of the Moenave Formation. With the addition of these new 
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specimens from Lisbon Valley, the age of Semionotus kanabensis is extended into the Late 

Triassic, indicating that this species persisted through the Triassic-Jurassic extinction event 

(Milner et al., 2006b). 

 These new specimens expand the known range of Semionotus kanabensis in Southern 

Utah to include both eastern and western localities. This may have implications for a potential 

range of S. kanabensis in the Chinle Formation deposits of Arizona, Colorado, and New Mexico, 

from which S. kanabensis have not yet been recovered. Further study is needed to fully recognize 

the potential geographic and age range of S. kanabensis. 

Morphology of Semionotus sanjuanensis, n. sp. 

 Deep-bodied forms are common across extinct holostean lineages; however, Semionotus 

sanjuanensis, n. sp., is the first species of Semionotus described with such a pronounced post-

cranial hump and deep body. A newly described deep-bodied ginglymodan fish Kyphosichthys 

grandei from the Middle Triassic in the Yunnan Province, China (Xu and Wu, 2012), is 

distinctly different morphologically from S. sanjuanensis, n. sp.,. One similarity between the two 

species is that K. grandei displays a series of deep infraorbitals (identified as subinfraorbitals in 

Xu and Wu, 2012), which are similar to the condition seen in S. sanjuanensis, n. sp.,. However 

K. grandei differs from S. sanjuanensis, n. sp., in that K. grandei has two suborbital bones, an 

almost straight preoperculum, and lacks supraorbital bones. In general, the snout of K. grandei is 

more blunt than in S. sanjuanensis, n. sp.,, and the overall body shape is distinct with K. grandei 

possessing a body shape that is almost as deep as it is long because of its more pronounced 

dorsal hump. Another deep-bodied semionotid fish, Semiolepis brembranus (Lombardo and 

Tintori, 2008), from the Upper Triassic of Italy, varies from S. sanjuanensis, n. sp., in the 

number and organization of circumorbital bones, length of snout, shape of preoperculum, and in 
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patterns of squamation in the caudal fin. Semiolepis brembranus also has a similar deep 

infraorbital series.   

 Semionotus kanabensis and S. sanjuanensis, n. sp., share the same character of the deep 

infraorbital contacting the anterior margin of the preoperculum. These two species are distinct 

from each other in regards to many morphological features. S. sanjuanensis, n. sp., is larger and 

deeper bodied with a post-cranial hump that S. kanabensis lacks, with S. kanabensis being an 

overall slender fish. S. kanabensis also lacks the dense tuberculation that is seen in almost all 

specimens of S. sanjuanensis, n. sp., (Figure 3.11) on the supraorbitals, extrascapulars, 

posttemporals, and dorsal ridge scales. Overall, the skull morphology of S. sanjuanensis, n. sp., 

is much deeper and shorter than that of S. kanabensis, due to the deeper body of the former. The 

preoperculum is more vertically inclined in the dorsal process, and the ventral process is much 

shorter and broader than the respective portions of the preoperculum in S. kanabensis. The 

preoperculum of S. kanabensis has a longer, narrower ventral process, almost equal in length and 

width to the dorsal process. 

 Semionotus sanjuanensis, n. sp., is distinct from S. kanabensis in several aspects. The 

most obvious characteristic is that of size; S. sanjuanensis, n. sp., is larger and deeper bodied that 

S. kanabensis. S. kanabensis is more slender and lacks the large dorsal hump that S. 

sanjuanensis, n. sp., possesses. S. sanjuanensis, n. sp., possesses dense tuberculation beginning 

in the extrascapulars and posttemporals and continuing posteriad into the dorsal ridge scales and 

dorsolateral flank scales. This condition is not observed in S. kanabensis. In terms of general 

body morphology, S. kanabensis is more similar to other species of Semionotus, but with distinct 

differences in the morphology of the skull. 

 Overall, the skull morphology of Semionotus sanjuanensis, n. sp., is much deeper than 
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that of S. kanabensis, due to the deeper body of the former. The preoperculum is more vertically 

inclined in the dorsal process, and the ventral process is much shorter and broader than the 

respective portions of the preoperculum in S. kanabensis. The preoperculum of S. kanabensis has 

a longer, narrower ventral process, almost equal in length and width to the dorsal process. 

Remarks on juvenile characters and tuberculation in Semionotus sanjuanensis, n. sp. 

 AMNH 5684 (Figure 3.10) is the smallest of the studied specimens (SL 74 mm, MBD 24 

mm) of Semionotus sanjuanensis, n. sp., and is similar in size to S. kanabensis (Schaeffer and 

Dunkle, 1950) but is distinct morphologically and shares diagnostic characters with S. 

sanjuanensis, n. sp. Its body is not as deep as the other specimens of S. sanjuanensis, n. sp., but 

clearly exhibits a post-cranial hump. Though the post-cranial hump is not as pronounced as in the 

adult form, it is distinctly different from the gently sloped dorsal margin of S. kanabensis of 

similar size. Its skull is deep and the preoperculum is vertical with a short, broad expansion on 

the ventral arm (Figure 3.10B), which is also not observed in S. kanabensis. The infraorbitals are 

expanded and contact the anterior ramus of the preoperculum. AMNH 5684 lacks the dense 

tuberculation seen in the other specimens, which are interpreted here as adult forms.  This 

specimen is interpreted as a juvenile, and the absence of tuberculation is potentially a 

consequence of ontogeny. 
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CONCLUSION 
	  

The family Semionotidae (and to a greater extent, the order Semionotiformes) remains in 

need of serious taxonomic revision, as well as an exhaustive study that examines their 

evolutionary relationships. The work presented in this thesis begins to address these issues 

through reexaminations of semionotid morphology, and diagnoses and descriptions of 

semionotid biodiversity through the examination and inclusion of the western North American 

Semionotus material. This material will subsequently be included in future phylogenetic 

analyses, with the goal of producing a robust hypothesis of semionotid evolutionary 

relationships.  

At present, phylogenetic hypotheses of the Semionotidae have included few taxa and few 

morphological characters, leading to a lack of resolution in the relationships among semionotid 

genera (Cavin, 2010). For instance, Cavin (2010) produced a phylogenetic tree of evolutionary 

relationships within Semionotiformes, with 43 morphological characters and 30 sampled taxa. 

His results were largely unresolved with low support throughout the tree, and he included no 

outgroup taxa, only a hypothetical ancestor with character codings consisting entirely of zeros. 

With the description of the Semionotus fishes in this thesis, as well as a reanalysis of other valid 

semionotid and semionotiform taxa, I hope to build a more robust data matrix that will be 

utilized in future phylogenetic studies of the Family Semionotidae.  
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