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   The squamation (Figs 10-13) 
 

The squamation is badly preserved. Traces of large cycloid scales are visible but not the lateral line. 
There are 25 dorsal scutes. They are of different shape and size but most of them are subrhomboidal 

with small spines on their posterior margin. Long ventral processes are fused to the last scutes. These processes 
differ from the supraneurals. The last process is forked and its branches are entangled with the first dorsal 
pterygiophores. BANNIKOV & BACCHIA (2000) do not mention this character but MURRAY & WILSON 
(2011: 7) describe the same structure in S. africanus. 

The ventral keel contains 14 scutes, 11 pre- and 3 postpelvic. They have long and narrow ascending 
wings and a strongly marked median posterior point at their basis. 
 
 

 
 

Figure 10: Sorbinichthys elusivo BANNIKOV & BACCHIA, 2000. Last dorsal scutes and first dorsal 
pterygiophores of holotype CLC S-431a. 

 
 

 
 

Figure 11: Sorbinichthys elusivo BANNIKOV & BACCHIA, 2000. Last dorsal scutes and first dorsal 
pterygiophores of holotype CLC S-431b. 
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Figure 12: Sorbinichthys elusivo BANNIKOV & BACCHIA, 2000. Reconstruction of the last dorsal scutes and 
the first dorsal pterygiophores based on the two sides (a, b) of holotype CLC S-431. 
 

 

Figure 13: Sorbinichthys elusivo BANNIKOV & BACCHIA, 2000. Last ventral scutes and pelvic girdle of 
holotype CLC S-431a. 
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DISCUSSION 

 

Sorbinichthys within Ckupeomorpha  
 

The family Ellimmichthyidae and the order Ellimmichthyiformes were erected by GRANDE (1982) to 
contain two genera of primitive Clupeomorpha, Diplomystus COPE, 1877 and Ellimmichthys JORDAN & 
GILBERT, 1919, and were based on only one apomorphy, the dorsal scutes bearing lateral expanded wings. 
Later, many other genera were added to this order and the genus Sorbinichthys was one of them. 

The skull of Sorbinichthys has preserved a series of primitive characters present in Ellimmichthyiformes 
but already lost in Clupeiformes. The skull is medioparietal. The temporal fossa is located on the rear of the 
braincase. The recessus lateralis is not yet present. A small beryciform foramen is present on the anterior 
ceratohyal. The caudal skeleton of Sorbinichthys is also rather primitive. UR1 is autogenous. U1 is well 
developed. HY1 contacts U1. Within Clupeomorpha, such a caudal morphology is only known in 
Ellimmichthyiformes and in Denticipitoidei (GREENWOOD, 1968: fig. 20) but differs from the more evolved 
caudal skeleton of Clupeoidei. Sorbinichthys also exhibits dorsal scutes that have expanded lateral wings, 
another feature characterizing Ellimmichthyformes. Undoubtedly, Sorbinichthys belongs to this last order and 

not to the Clupeiformes. 

 

Sorbinichthys within Ellimmichthyiformes 
 
 The phylogeny within Ellimmichthyiformes was studied by numerous authors during the last four 
decades (GRANDE, 1982; TAVERNE, 1997; CHANG & MAISEY, 2003; ZARAGÜETA BAGILS, 2004; 
ALVARADO-ORTEGA et al., 2008; MURRAY & WILSON, 2013; VERNYGORA et al., 2016; 
VERNYGORA & MURRAY, 2016, 2021; MURRAY et al., 2016; MARRAMA, & CARNEVALE, 2017; 
BOUKHALFA et al., 2018; MARRAMA et al., 2019). 
 It is clear that Sorbinichthys occupies a very peculiar place within Ellimmichthyiformes. Indeed the 
genus exhibits a series of apomorphic characters not present in any other member of the order, for instance its 
hypertrophied and boomerang-shaped posttemporal, the extreme atrophy or the disappearance of the three 
epurals, the wide  “U”-shaped diastema between HY2 and HY3, HY2 not fused to U1, the size and the 
disposition of the procurrent caudal rays and its last dorsal scutes bearing long acuminate processes that overlap 
the first dorsal pterygiophores.  

However, the systematic position proposed for Sorbinichthys in these phylogenetic hypotheses greatly 
varies from the one to the other. Some authors consider Sorbinichthys as the most primitive lineage within the 
order, while others place the genus in more advanced and variable positions. The problem deserves thus some 
new comments. 

Most specialists consider the genus Ornategulum FOREY, 1973, a fossil fish from the marine 
Cenomanian of Lebanon, as the primitive sister-taxon of all the Clupeomorpha or, at least, the one of all the 
Ellimmichthyiformes. The body is elongated. The skull is rather primitive (FOREY, 1973, figs 1-5) but not 
especially representative of the clupeomorph cranial architecture. The posterior part of the frontal, the parietal 
and the pterotic are slightly ornamented. The two parietals meet on the mid-line. The supratemporal covers a pit 
located on the rear of the braincase and bordered by the pterotic laterally, the epiotic internally and the 
intercalary ventrally (ibid., 1973: fig. 2). FOREY considers this pit as a rudimentary pre-epiotic fossa (ibid., 
1973: 1306). Nevertheless, this pit seems better correspond to a classical temporal (= posttemporal) fossa of a 
primitive teleost than to the tiny pre-epiotic fossa of a clupeomorph fish. The supraneurals are ranged in a 
parallel direction (pers. obs., not described by FOREY).  There are neither dorsal nor ventral scutes (ibid., 1973, 
fig. 8). The caudal skeleton has the typical ellimmichthyiform morphology (Fig. 14; ibid. 1973, fig. 7) but is not 
really primitive for this order. Indeed, U1 is already strongly reduced and HY1 has a small articular head slightly 
disjoined from U1. However, the short NP PU1 frequently is divided in two parts, a possible indication that a 
neural arch on U1 is preserved and fused to NP PU1 (Fig. 14; ibid., 1973: fig. 7C). Some specimens have still 
seven hypurals (ibid., 1973: fig. 7A), while others have only six ones (Fig. 14). HY3 is moderately enlarged. 
UR1 bears a wing-like anterior expansion.  

The family Scutatuspinosidae sensu VERNYGORA et al. (2016) contains three genera of primitive 
clupeomorph fishes with a torpedo-like body and supraneurals arranged in a parallel way, Scutatuspinosus DA 
SILVA SANTOS and SILVA CORRÉA, 1985 from the Hauterivian-Barremoian of Brazil, Ranulfoichthys 

ALVARADO-ORTEGA, 2014 from the Albian of Mexico and Foreyclupea VERNYGORA et al., 2016 from 
the Albian of Canada. Scutatuspinosus exhibits well developed dorsal and ventral scutes; the ventral elements 
have weakly marked ascending wings (DE FIGUEIREDO & RIBEIRO, 2017: figs 1b, 11b, c). Ranulfoichthys 

has thickened scales in place of true scutes on the dorsal border between the head and the dorsal fin and a 
complete series of ventral scutes that also have very short ascending wings (ALVARADO-ORTEGA (2014: figs 
2A, B, C, 6A, B, 11). Foreyclupea is known by only one incomplete specimen. The presence of dorsal scutes is 
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uncertain, the dorsal margin between the skull and the dorsal fin being missing, but there is a complete series of 
ventral scutes that bear well developed ascending wings as in the more evolved Ellimmichthyiformes 
(VERNYGORA et al., 2016: fig1A, B, 2). VERNYGORA et al. (2016: fig 4) and VERNYGORA & MURRAY 
(2021: fig. 8) consider the three fishes as the direct apomorphic group after Ornategulum within 
Ellimmichthyiformes. We completely agree with this phylogenetic interpretation.  

 

 
 

Figure 14: Ornategulum sardinoides (PICTET, 1850). Caudal skeleton of specimen IRSNB P 10296 
(Cenomanian, Haqel, Lebanon). The specimen exhibits the unusual condition of having two haemal spines on 
PU4. The short NP PU1 has a double structure, a feature already observed by FOREY (1973: 1313, fig. 7C) in 
some specimens. 
 

In Sorbinichthys and the other Ellimmichthyiformes, the body becomes deeper and is no more torpedo-
like. When the skull is well preserved in fishes of this large group, a true preepiotic fossa is visible, generally 
located between the epiotic, the supraoccipital and the parietal, and the temporal (= posttemporal) fossa is still 
positioned on the rear of the braincase, between the pterotic, the epiotic and the exoccipital (Fig. 6; 
PATTERSON, 1967: fig. 7; FOREY et al., 2003: figs 40, 41; FOREY, 2004: figs 3-6; among others).    
 

 

Figure 15: Ellimma branneri (JORDAN, 1910). Caudal skeleton of specimen AMNH 10048 (Aptian, Muribeca 
Formation, Sergipe Basin, Brazil). 
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Sorbinichthys and a few other genera, such as Ellimma JORDAN, 1913, have preserved the primitive 
condition of having HY3 moderately broadened as in Ornategulum (Fig. 15; CHANG & MAISEY, 2003: fig. 
8A, B; CHANG & GRANDE, 1997: fig. 8A, B; FOREY et al., 2003: fig. 44; ALVARADO-ORTEGA & 
OVALLES-DAMIAN (2008: fig. 5A, B; DE FIGUEIREDO, 2009: fig. 10). Most Ellimmichthyiformes, 
including Armigatus GRANDE, 1982 and Diplomystus COPE, 1877 (Figs 16, 17), shared the apomorphic 
character of having HY3 markedly enlarged. 
 

 
 

Figure 16: Armigatus brevissimus (DE BLAINVILLE, 1818). Caudal skeleton of specimen IRSNB P 10297 
(Cenomanian, Haqel, Lebanon). 

 
 

 
 

Figure 17: Diplomystus dentatus COPE, 1877. Caudal skeleton of specimen MZULB N° 4 (Eocene, Green 
River Shales, Wyoming, U.S.A.). 
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Sorbinichthys has a “L”-shaped cleithrum, the primitive condition found in Ornategulum (FOREY, 
1973: fig. 6), Ranulfoichthys (ALVARADO-ORTEGA2014: fig. 4) and Foreyclupea (VERNYGORA et al., 
2016: figs 1B, 3B). The other Ellimmichthyiformes exhibit a “S”-shaped cleithrum, a more evolved morphology. 

Ornategulum and the Scutatuspinosidae have the supraneural oriented in a parallel direction. On the 
contrary, most Ellimmichthyiformes exhibit a peculiar and specialized condition of their supraneurals. They are 
slightly curved, with a broadened upper region, and their ventral extremities point more or less in the same 
direction, giving a fan-like morphology to the supraneural series. (Fig. 18). In Sorbinichthys, The spraneural are 
elongated, narrow, more or less parallel, with their ventral region anteriorly curved and inserted between the 
neural spines, an intermediary condition.  
 

 
 

Figure 18: Armigatus brevissimus (DE BLAINVILLE, 1818). The fan-like morphology of the supraneurals of 
specimen IRSNB P 10298 (Cenomanian, Haqel, Lebanon). 

 
Sorbinichthys has a weakly ornamented frontal and practically no ornamentation on the parietal. 

Generally, Ellimmichthyiformes exhibit a strongly ornamented frontal and parietal, a more advanced character. 
These few features indicate that Sorbinichthys occupies in the phylogeny of Ellimmichthyiformes and 

intermediate position between the plesiomorphic lineages of Ornategulum and the Scutatuspinosidae, on the one 
hand, and the other members of the order, on the other hand. VERNYGORA & MURRAY (2021: fig. 8) have 
more or less the same opinion. 

Sorbinichthys also seems to have a close relationship with Diplomystus. The two genera share a very 
peculiar character not present in other Ellimmichthyiformes. The posterior margin of the dorsal scutes bear well 
marked spines (Fig. 12; GRANDE, 1982: figs 9, 13).  
 MARRAMA & CARNEVALE (2017) re-study the skeleton of Gasteroclupea branisai SIGNEUX, 
1964, a fossil clupeomorph fish from the Late Cretaceous and Paleocene of South America.  This fish was 
ranged in the family Clupeidae and in a new subfamily, the Gasteroclupeinae, by SIGNEUX (1964). Later, it 
was considered by GRANDE (1985) as a member of the order Clupeiformes, the suborder Clupeoidei and the 
superfamily Pristigasteroidea. MARRAMA & CARNEVALE (2017)  have a different opinion. They consider 
that G. branisai belongs to the order Ellimmichthyiformes and is the sister-genus of Sorbinichthys. They create 
the new suborder Sorbinichthyoidei for these two genera. We will give some comments on that supposed close 
relationships between the two fishes in a forthcoming paper. 
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