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ABSTRACT 

The phylogenetic and geographic relationships 01 certain Jurassic teleosts are studied using clacistic methodology. 
According to current evidence the LateJu rassic lishes Domeykos, Protoe/upea, and Varasiehthys Irom Chile and Luisiehthys 
Irom Cuba lorm a monophyletic group, the varasichthyid group. The monophyly 01 this group is supported by live 
synapomorpnies. Asea/abos voithii from the Late Jurassic of southern Germany is its sister group This sister group 
relationship is supported by two synapomorphies. The Ichthyodectiformes and the varasichthyid group are the only 
monophyletic assemblages that can be identified among Jurassic teleosts. The phylogenetic re ationships among 
Asea/abos, Domeykos, Protoe/upea, Varasiehthys, and Luisiehthys provide evidence of a biogeographic relationship 
between Eur:>pe (southern Germany), Central America (Cuba), and southern South America (Chile) :hrough the Tethys 
seaway during the Late Jurassic. 

Key words: Te/eostean fishes, Varasichthys, Protoclupea, Domeykos, Luisichlhys, Systematics, Chile, Cuba, Germany, Tethys seaway, 

La'e Jurassic. 

RESUMEN 

Relaciones filogenéticas y paleogeográficas del grupo varasíctido en el Jurásico tardío de América Central y Sudamérica. 
Se estudian las relaciones filogenéticasy geográficas de ciertos peces teleósteos usando la metodotogíacladista. Los peces 
teleósteos del Jurásico Tardío de Chile, Domeykos, Protoclupea y Varasiehthys, y Luisiehthys de Cuba, forman un grupo 
monofilético (grupo varasfctido), el que se basa en cinco sinapomorfías. Asea/abos voithii del Jurásico tardío de Alemania 
es el grupo hermano del grupo varasíctido; ambos comparten dos sinapomorfías. Los Ichthyodectilormes y el grupo 
varasíctido son los únicos grupos monofiléticos de teleósteos que se pueden identificar durante el Jurásico. Las relaciones 
filogenética~ entre Asca/abos, Domeykos, Protoclupea, Varasiehthys y Luisiehthys proporcionan evidencia acerca de una 
relación bio¡;eográficaentre Europa (surde Alemania), América Central (Cuba) y el extremo surde América del Sur, a través 
del Mar de Tethys durante el Jurásico tardío. 

Palabras clav3s: Peces teleósteos, Varasichthys, Protoclupea, Domeykos, Luisichthys, Sistemática, Chile, Cuba, Alemania, Mar de 

Tethys, Jurásico tardlo. 

INTRODUCTION 

Fossíl fishes are known from a few Chilean 
localítíes rangíng from the Paleozoíc to the Tertíary. 

The oldest record refers to palaeoniscoid scales from 
the Chinches Formation, EarlyCarboniferous, north-
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ern Chile (Bell, 1985). An almost complete 
palaeoniscoid fish is currently under description by 
Richter and Breitkreuz (in press). Although no formal 
description of a Triassic fish is published, a possible 
semionotid from Quebrada de San Pedrito was 
mentioned by Chong and Gasparini (1976). The only 
formal descriptio., of Cretaceous fishes is that by 
Schultze (1981) of a pycnodont dentition from the 
Early Cretaceous of El Volcán region, SE of Santia­
go. Other Cretaceous fishes are known from sauri­
chthyid-l ike bonas found in Lomas Negras and an 
undetermined teleost from Tierra Amarilla, Copiapó 
(Covacevich, personal communication; Arratia, per­
sonal observation). A few advanced teleosts, e.g., 
complete perciforms, catfishes, andcharaciformteeth, 
are recorded fron Tertiary localities in Cordillera de 
Lonquimay (Chang et al., 1978; Arratia, 1982a; Rubilar 
and Abad, 1990; Rubilar, 1994). 

The most outstanding Chilean fish localities are 
those from Jurassic strata (Sinemurian, Oxfordian, 
Kimmeridgian) in northern Chile, e.g., Cerritos Ba­
yos, Quebrada Vaquillas Altas, Quebrada del Profe­
ta, and Sandón (Table 1). The fossil fish faunas are 
outstanding for their excellent preservation of bones 
and soft structures such as muscles, blood vessels, 
gut, and melanophores (see Schultze, 1989, for 
details). 

The fishes of Quebrada del Profeta comprise a 
diversified fauna of neopterygians (e.g., semionotids, 
pycnodontids, pachycormids: Arratia, 1987a), the 
halecostome Atacamíchthys (Arratia and Schultze, 
1987), one ?pholidophorid, six genera with seven 
species of teleosts (Arratia, 1981, 1982b, 1986a, 
1987a; Arratia and Schultze, 1985), and two forms 
which were identified as Teleost sp. 1 and Teleost sp. 
2 by Arratia (1991). This assemblage makes Quebra-

TABLE 1. LlSTOF CHILEAN JURAS SIC FISHES, THEIR LOCALlTIES NEAR ANTOFAGAST A, NORTHERN CHILE, ANO GEOLOGICAL 

AGES. 

laxa I Locality I Geological Age 

Pycnodontiformes 
Pycnodontiformes inde!. Quebrada Vaquillas Altas Sinemurian 

Quebrada del Profeta, Cordillera de Domeyko Oxfordian 

Halecostomi 
Atacamichthys greeni Quebrada del Profeta, Cordillera de Domeyko Ox/ordian 
Lepidotes ind&t. Cerritos Bayos Oxfordian ('formation 05' of 

Biese, 1961) 
Pachycormiformes indel. Quebrada del Profeta, Cordillera de Domeyko Oxfordian 
Pachycormus indet. Cerritos Bayos Oxfordian ('formation 05' of 

Biese, 1961) 
? Pholidophort!s domeykanus Quebrada del Profeta, Cordillera de Domeyko Oxfordian 

leleostei 
Antolagastaicnthys mandibularis Quebrada del Profeta, Cordillera de Domeyko Oxfordian 
Bobbichthys ooercularis Quebrada del Profeta, Cordillera de Domeyko Oxfordian 
Chongichthys dentatus Quebrada del Profeta, Cordillera de Domeyko Oxfordian 
Domeykos profetaensis Quebrada del Profeta, Cordillera de Domeyko Oxfordian 
Proleptolepids indel. Quebrada Vaquillas Altas, Cordillera de Domeyko Eariy Sinemurian 
Protoc/upea a!acamensis Quebrada del Profeta, Cordillera de Domeyko Oxfordian 
Protoclupea chilensis Quebrada del Profeta, Cordillera de Domeyko Oxfordian 
Protoc/upea sp. Cerritos Bayos, Cerro Blanco middle-Iate Oxfordian 
Varasichthys ariasi Quebrada del Profeta, Cordillera de Domeyko Oxfordian 
Teleost sp. 1 Quebrada del Profeta, Cordillera de Domeyko Oxfordian 
Teleost sp. 2 Cerritos Bayos Oxfordian 
Indeterminate teleosts 
(= Thrissops of Biese and others) Cerritos Bayos Kimmeridgian 

Indeterminate teleosts Sandón Oxfordian 
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da del Profeta the best known and richest fish locality 

in the Jurassic of South America, and one of the most 
important ones in the world. 

Thefishes fromother Jurassic localities in northern 

Chile are partially known. For instance, Biese (1961) 

mentioned the presence of Lepidotus (=Lepidotes) 
and Pachicornius (=Pachycormus) in the Early Cal­

lovian and in the Oxfordian of Cerritos Bayos. Biese 
(1957, 1961) named 'Trissops - Kal' or 'calizas de 

Trissops' one stratum bearing fishes he identified as 

Trissops (= Thrissops). According to Arratia (1987a) 

these fishes are not Thrissops and should be con­

sidered as undetermined teleosts. One teleost 

collected in the west sector of Cerritos Bayos, in 

Cerro Blarco, was identified as Protoc/upea, a genus 
first descriDed from Quebrada del Profeta (Arratia et 
a/., 1975). Based on the presence of Protoclupea, 
Baeza (1976, 1979) assigned the horizon bearing 
this fish in Cerro Blanco to the middle-Iate Oxfordian 

by correlat ion with the occurrence of Protoclupea in 

Quebrada del Profeta. 

One characteristic of most teleostean genera 
from Quebrada del Profeta is endemism, a condition 

that is conmon to most Jurassic teleostean genera 
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from different continents. Furtherrrore, differences in 

faunal compos ition are found even in neighboring 

regions such as Chile and Argentina. As Arratia 

(1986b, 1987a) and Cione and Pereira (1987) noted, 
no common teleostean genus is known from the Late 

Jurassic of Chile and Argentina. As result of this 

endemism, paleobiogeographical hypotheses based 
on Jurassic teleostean faunas have not been pro­

posed. In contrast, semionotids (e.g., Lepidotes), 
have a world wide distribution. 

Recently, Arratia (1991, and in press a) proposed 

two hypotheses of phylogenetic relationships of certain 
fossil (including several Chilean Jurassic fishes) and 

Recent teleosts. There are differences in the phylo­

genetic relationships between the Chilean fishes in 

both hypotheses: these differenC3S result from the 

use of a different set of characters considered to build 

the matrices used in both analyses. 
The goals of this paper are to present the 

phylogenetic relationships of some of the best known 
teleosts of Quebrada del Profeta (e.g., Varasichthys, 
Protoclupea, and Domeykos), to test previous 
hypotheses proposed by the author, and to discuss 

their probable biogeographic implications. 

MATERIAL ANO METHOOS 

MATERIAL EXAMINED 

Fossil teleostean species belonging to 15 genera 

were eX811ined; the material is deposited in the 

institutions listed in the acknowledgments (a comple­

te list of the studied material can be obtained from the 

author). Anewfish fromthe Late Jurassic (Tithonian: 

Malm Zeta 3) of Germany is identified herein as 

Teleost n. gen. (Arratia, manuscript in progress). 

The examined Chilean and Cuban Jurassic 

species a-e listed alphabetically: 

Domeykos profetaensis Arratia and Schultze from 

the Oxfordian of Quebrada del Profeta, Chile. Text­

Fig. 1 B; FI. 1, Fig. A. 

Luisichthys vina/ensis White from the Late 

Jurassic, probably Kimmeridgian, of Pinar del Río, 

Cuba. PI. 2, Fig. A. 
Protoclupea chi/ensis Arratia, Chang, and Chong 

and Protoclupea atacamensis Arratia and Schultze 

from the Oxfordian of Quebrada del Profeta, and 

Protoelu¡;ea sp. from Cerritos Bayos, Chile. PI. 3. 
Teleost n. sp. 1 sensu Arratia (1991) from the 

Oxfordian of Quebrada del Profeta, Chile. 

Varasiehthys ariasi Arratia from the Oxfordian of 

Quebrada del Profeta, Chile. Text-Fig. 1 D; PI. 4. 

The following species were considered for 

comparative studies to build the data matrix used in 

the phylogenetic analyses: 
Allothrissops salmoneous (Blainville) from the Ti­

thonian of Solnhofen, Bavaria, Germany; Allothrissops 
mesogaster(Agassiz) from the Tithonian of Kelheim, 

Bavaria, Germany; AI/othrissopssp., incomplete speci­

mens not assigned to species. -hese species are 

representatives of the Ichthyodectiformes sensu 
Patterson and Rosen (1977). 

Anaetha/ion angustus (Münster) from the 

Tithonian of Eichstatt and Solnhofen; Anaetha/ion 
angustissimus (Münster) from Kelheim, Nusplingen, 

and Solnhofen; Anaetha/ion knorri (Blainville) from 

Eichstatt, Kelheim, and Solnhofer. ; Anaetha/ion cf. A. 

subovatus (Münster) from Eichstatt, Kelheim, and 

Solnhofen. 

Asea/abos voithii Münster, from Solnhofen, 

Bavaria, Germany. Text-Fig. 1 A. 
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Text-FIG. 1. Restoratlon in lateral view of cerlain Jurassic teleosts. A- Ascalabos volthit from Solnhofen. southern Germany (alter Arratla, In 
press a); S- Domeykos profetaenslsfrom Quebrada del Profeta, northem Chile (alter Arratia, in press a); C- Protoclupea chilensls 
from Quebrada del Profeta, northern Chile (slighlly modified from Arratla and Schultze, 1985); D- Varasichthys arlasifrom 
Quebrada del Profeta, northern Chile (alter Arratia, in press a) . Scales = 1 cm. 
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Leptolepis coryphaenoides (Bronn) fromthe Lias 
of Neudingen and Salzgitter, Lower Saxonia, 
Germany. 

'Leptolepis' albragarensis Woodward, from the 
Middle Jurassic of Talbragar, New South Wales, 
Australia. 

Leptolepides sprattiformis (Blainville) from Soln­
hofen, Bavaria, Germany. 

Lycoptera davidi (Sauvage) from the ?Late Ju­
rassic of Lingyuan, China; Lycoptera middendorffi 
Müller from the ?Late Jurassic of Mongolia. 

Orthogonikleithrus leichi Arratiafromthe Tithonian 
of Zandt, Germany. 

Teleost n. gen. etsp. from the Tithonian of Mülheim 
and Daiting, Bavaria, Germany. 

Tharsis dubius (Blainville) from Solnhofen, 
Bavaria, Germany. 

GENERALMETHODOLOGY 

Some fossil specimens were mechanically 
prepared; others were acid-prepared (with acetic a­
cid and HCI 1 -5%)following a modification of Toombs 
and Rixon's (1953) technique. Some of the acid­
prepared specimens, e.g., isolated bones, were studied 
under aScanning Electron Microscope (SEM), Phillips 
501 . Serial cross sections of some caudal vertebrae 
were prepared to investigate their microstructure. 
The preparation of the specimens as well as 01 the 
illustrations were done by the author. 

CLADISTIC METHODOLOGY 

The interrelationships of the taxa of the ingroup 
were explored using cladistic phylogenetic principies 
(Hennig, 1966; Wiley, 1981; Ax, 1987). The analyses 
were conducted using PAUP (Phylogenetic Analysis 
Using Parsimony) software (version 3.0) 01 Swofford 
(1992) on a Macintosh computer. 

AII the characters have the same weight and are 
unordered. Characters coded as '9' on the matrix 
denote nonapplicable, missing, or unclearconditions 
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due to preservation.ln the text, e.g., '_ist ofcharacters', 
the number of each character is 101l0wed by the 
character state in parentheses (e.g, 1 [2] is character 
state 2 of character 1). Multistate characters were run 
unordered. Character optimization used DEL TRAN. 

The primitive state [O] of the characters was 
determined by outgroup comparison following 
Maddison et al. (1 984). The outgroups were selected 
followingthe hypotheses of phylogenetic relationships 
by Patterson (1977) and Patterson end Rosen (1 977). 
Therefore, the combined outgroup includes Pho/i­
dophorus spp., Pho/idolepis sp. and Proleptolepis 
spp. The author did notconsider aspidorhynch iformes 
and pachycormiforms to be part of the outgroup 
because of her observations on those fishes and 
information from recent literature ': e.g., Brito, 1992; 
Lambers, 1992; Arratia and Lambers, in press) 
question their position within the Teleostei sensu 
Patterson (1973, 1977). 

Characters were polarized by analysingcharacter 
state distribution within the combinad outgroup; thus 
the author reconstructed an ancestral character state 
for each feature . Ambiguous ancestral character 
states, i.e. not polarized, are coded '9' (Table 2). 

A set of 75 characters was used to build the matrix 
forthe cladistic analyses. These characters are based 
on the author's observations anc on the following 
literature: Arratia (1 981,1984,1 987b, c, 1991, and in 
press a) , Arratia and Schultze (1985), Cavender 
(1970), Gaudant (1968), Greenwood (1970), Ma 
(1987), Nybelin (1 966, 1974), Paterson and Rosen 
(1 977), and Schultze (1 966). Two cladistic analyses 
were performed. Analysis 1 incl Jded 14 Jurassic 
teleostean genera known from a variety of 
morphological structures. Analysis 2 included the 
same 14 genera plus one Chilear. form (Teleost sp. 
1) known only from its caudal reglon. 

The cladistic vicariance method is used for 
biogeographic analysis following I\elson and Platnick 
(1980, 1981), Wiley (1981), Grande (1990), and 
Grande and Micklich (1 993). 

ANAL YSIS OF CHARACTERS 

Most characters used in the phylogenetic analyses 
are osteological characters that are preserved in the 
fossil material. The general morphology, and its 

variation, characteristic of Jurassic ' teleosts is 
presented below to iIIustrate the :urrent knowledge 

and interpretation of certain charaders; the discussion 
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TABLE 2. DATA M~TRIX OF 75 MORPHOLOGICAL CHARACTERS FOR 15 GENERA OF JURAS SIC TELEOSTEAN FISHES. 

Taxa Character states 

111111111122222222223333333333444444444455555555556666666666777777 

123456789012345678901234567890123456789012345678901234567890123456789012345 

Ou!group 

Allothrissops 

AnaethaJion 

AscaJabos 

Domeykos 

Leptolepis coryphaenoides 

'Leptolepis' talbragarensis 

Leptolepides 

Luisichthys 

Lycoptera 

Orthogonik/eithrus 

Protoc/upea 

Teleos! n. gen 

Teleos! sp.1 

Tharsis 
Varasichthys 

000000000000000000000000000000000000000000009000090000000000000000000000000 

109929910101000000111090201000092200010100000000000011000000000120111000009 

109920991101100200101010219999001110000001021102111011000000000211011190001 

199929990001009900191010211009001100000000000100000000000010000120111000019 

119929090099091000191010290011291100010000000100000000000010000920100001011 

000010000000000900000010000000191100000000000100000000000010000110011000000 

999999990101009909190010109009991900090000000100010090000090000919011090000 

101120010101000110190010211000001101000000021112111011000000010221111000001 

191129010109009909191010219999992200000010021100001000000120000921100090019 

909920990111009901191010202099911100011000110102110111100090000321122110100 

199929990901009911191010211099992211110110022102111111100000010221111101090 

199929999009001000191090290011292200000910020100001010000000000920100990011 

101121110901019919991111219009901200000110021102111211111021101211001011009 

999999999999999999999999999999990000099900000090009111000100009001100999099 

101120010101000900101010219000002210000000000101000010000000000110011900000 

111120010000001910191010210111202200091110100100000999999000000199100090011 

Nole: Combined outgroup ncludes: Pholidophorus spp .• Pholidolepis sp .• and Proleptolepis spp .• o- plesiomorphic characler state; 1-3. apomorphic character 
states; 9- unclear owing to preservation 01 the specimens or not applicable. 

is centered mainly on the Chilean forms (Teleost sp. 
1, Domeykos, Protoclupea, and Varasíchthys) and 
the Cuban fish Lu;síchthys, and then compared with 
the condition(s) fO_Jnd in other Jurassic teleosts. 

Some morphological features of the head, verte­
bral column and intermuscular bones, girdles and 
axillary processes, :audal skeleton and fin, and scutes 
and scales are presented and discussed below. 

HEAD 

The available hformation about head structures 
of the species examined is incomplete due to 
preservation of ti-e fossil material. For instance, 
information on the braincase is available for a few 
species only, e.g., Varasíchthys (text-Figs. 2A, 3A-B; 
PI. 5, Fig. A; Arratia, 1981, text-Fig. 11; Arratia, 1984, 
Figs. 1 A-B, 2), Domeykos and Luísichthys (text-Fig. 
3C-F; PI. 2, Figs. A-C; Arratia and Schultze, 1985, 
text-Figs. 13A-C, 18A-C), and Chongíchthys (Arratia, 
1982a, Figs. 3, 4). Outside the Chilean and Cuban 
fishes, the braincase of Jurassic teleosts is known in 

Leptolepís coryphaenoídes (Rayner, 1948; Patterson, 
1975; personal observation), Tharsís and Lepto­
lepídes (Patterson, 1975; personal observation). 

The braincases of Varasíchthys and Luísíchthys 
are better preserved than that of Domeykos (text­
Fig. 3A, C, E). There are some features common to 
the three genera such as the presence of sutures 
between chondral bones throughout life, and the 
absence of the following: an ossified aortic canal, a 
canal for occipital arteries in the basioccipital bone, 
and a spiracular canal. On the other hand, there are 
some interestíng differences in the braincases 01 
Varasíchthys, Luísíchthys, and Domeykos. For 
ínstance: 1- the type of sutures joining the craníal 
bones. Well developed interdígítating sutures (dentata 
and/or serrata) are present between the bones of the 
braincase in Luísíchthys (text-Fíg. 3E, F). Slightly 
interdigítatíng sutures are present ín Domeykos (text­
Fig. 3C, D), whereas the bones are mainly connected 
by smooth (harmonica) sutures or a few slightly 
ínterdígítating sutures in Varasíchthys (text-Fig. 3A, 
B) and Protoclupea. 2- the síze and positíon 01 
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maxilla 

A 

B 

infraorbital 5 

supraorbital autosphenotic 

frontal 

1 cm 

pelvic bone 

pelvic axillary process 

1 cm 

subopercle 
coracoid 

125 

pcstcleithra 

Text-FIG. 2. Restoratlon 01 sorne Jurasslc teleosts from northern Chile. A- Lateral vlew 01 head and pactoral girdla 01 Varaslchthys arias; 
(sllghtly modnled from Arralla, 1987a); B- Pelvic axillary process and pelvic fin 01 Domeykos profetaensís (basad on specirnens 

lBUCH 12-260972a. b and LBUCH 1-210277-13a). 



126 PH'i!..OGENETIC ANO PALEOGEOGRAPHIC RELATIONSHIPS OF THE VARASICHTHYIO GROUP (TELEOSTEI) FROM THE LATE JURASSIC ... 

prootic pterotic 

A parasphenoid 

groove for X nerve 

foramen for VII nerve 

foramen for X nerve 

foramen for IX nerve 

foramen for VI nerve 

B 
prootic 

.~-..,,--- pterotit.: 

foramen for VII nerve 

~'S'---- articular surface for 
Intercalar 

/ __ . \~ ~:=;:" ort>n~ art,,, 

~/. ' . \ ... :¿J¿--- basioccipital 

~~,iW Smm 

e parasphenoid 

frontal autosphenotlc parietal supraoccipital 

prootic 

foramen 
for VII nerve 

E 1 cm 

pterotic 

epi occipital 

Intercalar 

exoccipital 

o 

loramen for 
X nerve 

foramen for 
IX nerve 

F 

supraorbltal 
canal 

autosphenotic pterotic parietal epioccipital 

supraoccipital 

~ ': . .. :-. \ fronlal parietal 

. \ i"'~"-~~' -~",-' ':::--... , 'U' .. ... . " ~;l ' ((:{ ) 
I . ' . ' '.~ . ~: '. ' ,,1 

"\.....--_:..:. .. '- .'. . '. , . ~, . :~ 

Ji~~'~.:~ : :.' '.~ . :' •. ~~ . ". .~': ':)~ ~ 
'. ·· 1 ··~·~~:?7~~··: .. . 
.. ' .)/L.:-:.: . .:.: .. ....... .::.::,: ... .... . 

supraorbital 
canal 

supraoccipital 
frontal 

supraorbital 
canal 

parietal 

autosphenotic pterolic eploccipital 

TeK\-FIG. 3. Restoration 01 the tateral viewol the neurocranlum (Ieft) andol Ihe skull rool (right) 01 some Jurassic teleo$ls. A-, B- Varaslchthys 
artasl (basfOd 00 speclmens LBUCH 16-260977b and LBUCH 012378a); e-, D- Domeykos profetaens/s (base<l on acid-prepared 

specimen LBUCH 1-210277); E-, F- Lulsichlhys vinalensls (base<! 00 acid-prepared specimen USNM 18656). 



G. Arratia 

foramina for nerves and blood vessels differ among 
the three genera (compare text-Figs. 3A, C, and E). 
3- the presence of a foramen framed by the 
epioccipital, exoccipital, and parietal bones in 
Luisichthyswhich has not been observed in the other 
Jurassic teleosts examined. 4- the presence of the 
intercalar :lone in Luisichthys which is absent in 
Varasichtf:ys, whereas the condition is unknown in 
Domeykos. 5- a well developed intercalar-prootic 
bridge in Luisichthys; a poorly developed prootic 
bridge is k10wn in Domeykos. 

The braincase provides data about presence or 
absence ot sutures between certain bones (character 
1), the presence or absence of certain bones 
(character5), position, size, and relationships between 
bones, the exit 01 foramina of some nerves and blood 
vessels (characters 7,8), trajectory ofsensory canals 
and groovEs for pit Ii nes (characters 9, 1 O respective Iy), 
among otrers. These data may be phylogenetically 
important or may be useful as taxonomic tools at 
different hi9rarchic levels in certain teleostean clades. 

The middle pit line groove (character 10) does not 
extend onto the pterotic in Luisichthys (text-Fig. 3F), 
whereas i: does in Domeykos, Varasichthys (text­
Fig. 3B), Protoc/upea, and more primitive taxa such 
as Lepto1epis coryphaenoides (Nybelin, 1974; 
Patterson 1975), Pro/epto/epis furcata (Nybelin, 
1974), and pholidophorids (Nybelin, 1966). It does 
not extenc onto the pterotic in Tharsis (Nybelin, 1 974; 
Patterson 1975) and Allothrissops (Patterson and 
Rosen, 1977). Therefore a middle pit line groove 
extending onto the parietal and pterotic bones is 
interpreted here as the primitive character state. 

At the base of the braincase, a short parasphenoid 
(text-Fig. 3C) not extending posterior to the 
basioccipital region, is observed in the examined 
Jurassic tishes with the exception of Varasichthys 
(text-Fig. 3A; PI. 5, Fig. A). This feature was inter­
preted as a derived character of Varasichthys by 
Arratia (1981) by comparison with other Jurassic 
teleosts. -eeth on the parasphenoid (character 2), a 
primitive condition among teleosts, are found in 
Lepto/epi:; coryphaenoides, Tharsis, Anaethalion, 
Lepto/epjjes, and Lycoptera, whereas an edentelous 
parasphoooid is present in Domeykos and Vara­
sichthys. The condition is unknown in Protoc/upea, 
Luisíchth/s, and Asca/abos. 

The pattern of bones of the cranial roof is similar 
among most of the teleostean genera studied. In 
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primitiveteleosts, the parietals are large and separate 
the frontal bones from the supraoccipital bone as 
illustrated by Varasíchthys and Lu:síchthys (text-Fig. 
3B, F). The supraoccipital bone may extend anteriorly 
below the parietals as it does in Varasichthys (PI. 5, 
Fig. B). In contrast, small parietals separated 
completely bythe supraoccipital bone is the condition 
shown by Domeykos (text-Fig. 3D; acid-prepared 
specimen LBUCH 1-210277); thís feature ís an 
autapomorphy of Domeykos arrong the teleosts 
examíned. The supraoccípital crest (text-Figs. 2A, 
3B) is rudímentary in most Jurassí: teleosts such as 
Domeykos, Protoc/upea, Varasíchthys, Lepto/epís 
coryphaenoídes, and Tharsis. The supraoccipítal crest 
ís moderately projected posteríorly ín Luisíchthys 
(text-Fíg. 3E, F; PI. 2, Fig. C). It ís large and projects 
posterodorsally in the íchthyodectíformes Thríssops, 
but not ín other Jurassíc ichthyodectíformes such as 
Occíthrissops (Schaeffer and Paterson, 1984) and 
Allothríssops (Patterson and Rosen, 1977). Despite 
Bíese's (1961) ídentífication of Thrissops in Cerrítos 
Bayos, northern Chile, a large supraoccipítal crest 
has not been observed ín any of the specímens from 
this localíty and thereforethís ídentifícatíon ís probably 
incorrect. 

The teleostean círcumorbítal seríes, as illustrated 
by Varasíchthys (text-Fig. 2A:., compríses the 
antorbítal, ínfraorbital bones, and supraorbital(s) in 
most species studied. The common pattern of the 
infraorbítal bones is the presence of an enlarged 
ínfraorbítal 1 or lacrimal, a narrow infraorbital 2, a 
large infraorbital 3 which is usualll the largest of the 
series, and smaller infraorbitals 4-6. This pattern can 
vary, e.g., ínfraorbital 4 ís the largest in Allothríssops 
(Patterson and Rosen, 1 977, Fi~. 5), and fusion of 
elements (character 11) probably occurred in Ly­
coptera and a few other teleosts. 

The total number of infraorbital bones is nearly 
constant among the studied teleosts (text-Fig. 2A). 
Most of them have five infraorbitals, except for 
Protoc/upea whích lacks the fou1h . This character 
has been ínterpreted as diagnosticfor the genus. The 
informatíon from the outgroup ¡S equívocal, e.g., 
seven infraorbítals are found in Pho/idophoroídes 
limbata (Nybelin, 1966) and five in Pholídophorus 
becheí (Nybelin, 1966) and Pro/epto/epis mega/ops 
(Nybelin, 1974). Because the author is uncertain of 
the phylogenetic meaníng of this character, she did 
not include it in this study. 
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A suborbital bone (character 12) occurs in 
Lepto/epís eoryphaenoídes (e.g., Nybelin, 1974, text­
Fig. 4; Arratia, in press a, Fig. 1 D) and in Varasíehthys 
(text-Fig. 2A; Ar-atia, 1984) among the genera 
examined. In Varasíehthys, the suborbital bone is 
small and placed posterior to infraorbitals 4 and 5, 
extending onto the preopercle and probably reaching 
the opere le. In contrast, the suborbital bone is large, 
covering the lateral region of the head that extends 
ventral to the dermopterotic or pterotic, and between 
infraorbital3 and t,e uppermost infraorbitals and the 
opercle and preo:>ercle in pholidophorids such as 
Pholidophorus becheí and Pho/ídophoroídes Iimbata 
(Nybelin, 1966) a,d proleptolepids and leptolepids 
such as Pro/eptú/epís mega/ops, Lepto/epís nor­
mandíea, and Lepto/epís eoryphaenoídes (Nybelin, 
1974; Arratia 1984, and in press a). The suborbital 
bones in Varasíchthys and pholidophorids, pro­
leptolepids, and leptolepids are not homologous 
structures judging from the phylogeny (see below). 
According to Patterson and Rosen (1977, p. 100), a 
suborbital bone is present in an indeterminate 
specimen of Thríasops from the Late Jurassic of 
Dorset; this condtion has not been described for 
other specimens of Thrissops (e.g., Nybelin, 1964; 
personal observa:ion), therefore presence of this 
suborbital bone could be interpreted as individual 
variation. Among L3te Jurassicteleosts, the suborbital 
bone is known only from Varasíehthys. 

Most studied species have an upper jaw formed 
by a triangular premaxilla bearing a small ascending 
process, an elongate maxilla bearing a row of small 
conical teeth, and two supramaxillae. Most have a 
short lower jaw bearing a high coronoid process. The 
presence of all Ihese elements represents the 
generalized cond~i:>n in primitive teleosts as illustrated 
by Varasíehthys (text-Fig. 2A) . 

Asmalltriangularpremaxilla without an ascending 
process is present in pholidophorids (Nybelin, 1966, 
Figs. 1, 9, 12). A similar premaxilla occurs in Vara­
síehthys (text-Fig. 2A); the bone is unknown in 
Domeykos (text-Fig. 18) and Protoe/upea (text-Fig. 
1 C). The dorsoposterior margin of the premaxilla is 
broken in the aVé.ilable specimens of Luísíehthys 
(e.g., Arratia and Schultze, 1985, text-Fig. 19), but 
still the general shape of the bone is similar to that in 
Varasíehthys. In contrast, the premaxilla is more 
elongate and bears a small ascending process in 
Asea/abos (text-Fig. 1 A) . Considering that the 
available information on the Chilean teleosts is 

incomplete, the author did not include this character 
in the phylogenetic analyses. 

Jaws with a small conical teeth (character 13) re­
present the generalized condition among the studied 
teleosts (text-Fig. 2A). Elongate jaws with numerous 
villiform teeth are characteristic of Anaethalion among 
the genera examined; similar jaws are present in 
other Jurassic genera not included in this study such 
as Daítingíehthys and Eíehstaettíafrom the Tithonian 
of Germany (Arratia, 1987b, text-Fig. 22, Pis. 58, 6). 
Lyeoptera has elongate jaws with numerous large, 
conical teeth (this character was coded as 'o' in table 
2 to note that Lyeoptera does not carry villiform teeth; 
still the dentition of Lyeoptera differs from that of the 
outgroup). Antofagastaíehthys has elongate jaws 
with few, large conical teeth . 

The presence of two supramaxillae (text-Fig. 2A; 
character 14) represents the primitivecondition among 
basal teleosts. The presence of one supramaxilla or 
its complete absence correspondto derived character 
states. One supramaxilla is present in Lyeoptera 
amongthe studied teleosts and in Antofagastaíehthys 
from northern Chile (Arratia, 1986a, text-Figs. 8, 9); 
supramaxillae are absent in Teleost n. gen. from 
Germany.ln the analysis presented below, character 
14 was coded as presence [O) versus absence [1]. 
There is no difference in the topology of the tree when 
the character is coded as presence of two [O], one [1], 
and absence of supramaxillae [2]. 

The lower jawprovides some important characters 
such as the composition of the articular facet for the 
quadrate (character 15), the fused or unfused 
condition of the angular, articular and retroarticular 
bones (character 16), the size of the postarticular 
process (character 17), and the position ofthe poste­
rior opening for the mandibular canal (character 18). 
The last character is an important one in the evolution 
of teleosts (Arratia, in press a). The posterior opening 
placed lateral to the angular bone is a uniquely 
derived condition for osteoglossomorphs, clupeo­
morphs, esocoids, ostariophysans, salmonids, and 
other relatively advanced teleosts. Most primitive 
fishes such as the Jurassic teleosts from Chile have 
the posterior opening placed medial to the angular 
bone (e.g., Domeykos), or posteriorly placed in the 
postarticular process (e.g., Varasíehthys) . 

A leptolepid notch in the ascending margin of the 
dentary is present in Lepto/epís eoryphaenoídes, 
Tharsís, Asea/abos, Domeykos, and Varasíehthys, 

but it is absent in ichthyodectiformes, e.g., Oeeí-
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thrissops, Allothrissops, and Thrissops, and al so in 
fishes with elongate jaws such as Anaethalion and 
Antofagastaiehthys. The condition is unclear in 
Lepto/epiaes and Orthogonik/eithrus. The leptolepid 
notch is absent in some members of the outgroup, but 
it is presert in Pro/epto/epis sp. (Nybelin, 1974, text­
Fig. 16A). The leptolepid notch seems to be a 
synapomOf'phy at the basallevel of the T eleostei. 

The opercular apparatus of Varasiehthys (text­
Fig. 2A) re:xesents the common condition present in 
most of the studied teleosts. However, an additional 
small bore, the suprapreopercle, is present in 
Lepto/epis eoryphaenoides (e.g., Nybelin, 1974); a 
similar bone has not been observed in members of 
the varasichthyid group. Despite the general 
ressemblance of the opercular apparatus in the 
studied species, there are differences that deserve 
attention. 

The preopercular canal gives off numerous 
branches in pholidophorids and in basal teleosts 
such as Lepto/epis eoryphaenoides, Tharsis, 00-
meykos, \/arasiehthys, Protoc/upea, and Luisiehthys 
(text-Fig. 4A-D). However, some of these fishes 
show variability in the number of branches as noted 
for Lepto/epis eoryphaenoides by Wenz (1968) and 
Nybelin (1974, text-Fig. 6A-L) and for Varasiehthys 
by Arratia (1981, text-Fig. 12A-D). In contrast, few 
branches are observed in Asea/abos (text-Fig. 1 A) 
and more advanced teleosts such as Anaetha/ion, 
Lepto/epides, Lyeoptera, and Orthogonik/eithrus. 
There are some differences among fishes with a 
highly ramified preopercular canal. Sensory tubules 
01 the preopercular canal are branching along the 
entire canal in Lepto/epis eoryphaenoides, thus the 
dorsal and ventral limbs of the bone bear sensory 
tubules. These sensory tubules are concentrated 
mainly on the ventral limb; they approach the 
ventroposterior margin of the preopercle (text-Figs. 
18-D, 2A 4A-D) in members of the varasichthyid 
group, but they are short in Asea/abos (text-Fig. 1 Al . 
The preopercular lower limb is broadly expanded in 
fishes with extensive ramification of the preopercular 

Texl-FIG.4. Reslorations 01 preopercles and 01 preopecular ca­
nal (black) 01 members 01 lhe varasichlhyid group. A­
Domeykos profetaensis (specimen LBUCH 12-
260972a, b); B- Varasichthys ariasi (specimens 
LBUCH 16-260977a. b and LBUCH 02278a. b); C­
Protoclupea chilensis (specimen R-369A. B); D­
Luisichthys vinalensis (acid-prepared specimen 

USNM 18656). 
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canal, e.g., in members of the varasichthyid group 
(text-Figs. 18-D, 2A, 4A-D; PI. 1, Figs. A-8); it is 
unknown if the expansion of the bone and the 
ramification of the preopercular canal have evolved 
independently. In addition, the posterior margin of the 
ventral limb of the preopercle is crenulated in 00-
meykos, Varasiehthys, Protoe/upea, and Luisiehthys 
(text-Fig. 4A-D), whereas this margin is smooth in 
other Jurassic teleosts. 8ecause the evolutionary 
transformations of the preopercular bone and 
preopercularcanal are notfully understoodthe author 
have not considered them in the cladistic analyses. 

The bones of the pterygoid series are incompletely 
known in most of the species examined. A tooth bear­
ing entopterygoid is only known from Luísíehthys; this 
character is apparently an auta:Jomorphy of this 
genus among the teleosts studied. 

8ranchial arches are importart structures in the 
evolution of Recent teleosts, providing numerous 
diagnostic characters at different hierarchic levels 
(see Nelson, 1968, 1969; Rosen, 1973; Lauder and 
Liem, 1983). Regrettably they are unknown for most 
Jurassic teleosts, with a few exceptions such as 
Tharsis dubius (Nybelin, 1974, text-Fig. 26; personal 
observation) and Allothrissops (Patterson and Rosen, 

A e 

B D 
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1977). They are partially known in Domeykos (PI. 1, 
Figs. A, B) and Varasíehthys (PI. 5, Fig. A). 

A guiar plate is present in Varasíehthys (Arratia, 
1981) and Luísíenthys (White, 1942; Arratia and 
Schultze, 1985), but its presence or absence has not 
been observed in Domeykos and Protoe/upea 
because of preservational conditions. A guiar plate is 
present in most ... urassic teleosts examined. The 
presence of this element is interpreted here as the 
plesiomorphic character state by comparison with 
the outgroup. A guiar plate seems to be absent in 
teleosts such as Lepto/epídes and Orthogoník/eíthrus. 

VERTEBRAL COLUMN ANO 

INTERMUSCULAR BONES 

It has been widely accepted that Jurassic teleosts 
aboye the level of pholidophorids have autogenous 
neural and haemalarches alongthevertebral column. 
However, this concition varies depending on whether 
abdominal or caudal vertebrae are considered 
(characters 22 and 23). Previously the vertebral 
column was restored showing unfused neural and 
haemal arches in t1e caudal region, e.g., Lepto/epís 
eoryphaenoídes and Allothríssops (Taverne, 1975a, 
Fig. 1), Anaethalíon (Gaudant, 1968, Fig. 1), 
Asea/abos (Taverne, 1975b, Fig. 1), and Lepto/epídes 
(Taverne, 1981, Fig. 1). In contrast, the author's 
observations of complete specimens (Pis. 3, 4; PI. 6, 
Figs. A-D), studies of isolated vertebrae by Scanning 
Electron microscopy (PI. 7, Figs. B, e), and 
investigation of senal cross sections of vertebrae (PI. 
7, Fig. D) confirm that neural and haemal arches of 
the caudal vertebrae are not always autogenous in 
Jurassic teleosts. Neural and haemal arches of most 
caudal vertebrae are fused in Anaethalíon (Arratia, 
1987b, text-Fig. 3A, B; in press a, Fig. 1 A), Asea/abos 
(text-Fig. 1 A; A-ratia, in press a, Fig. 1 B), 
Daítíngíehthys (Arratia 1987b, text-Fig. 23), Domeykos 
(text-Fig. 1 B; Pis. 6, Fig. A; 7, Fig. A; Arratia and 
Schultze, 1985, text-Figs. 12, 16B), Eíehstaettía 
(Arratia 1987b, text-Fig. 20). Lepto/epís eory­
phaenoídes (Arratia... 1991, PI. 5A-D; in press a, Fig. 
1 D), 'Lepto/epís' ta/bragarensís (Arratia 1991, PI. 
6A), Lepto/epídes (Arratia, in press a, Fig. 2A), 
Protoclupea (text-Flg. 1 e; Arratia and Schultze, 1985, 
text-Fig.2), Varasíehthys (text-Fig. 1 D; PI. 6, Fig. B), 
and Luísíehthys (PI. 6, Figs. e, D). The autogenous 
condition of the neural arches in the abdominal 
region seems to be common in Jurassic teleosts, but 

not in the caudal region. In contrast, the presence of 
arches fused to the autocentrum in the caudal 
vertebrae is a synapomorphy at the level of Lepto/epís 
eoryphaenoídes plus more advanced teleosts (Arratia, 
1991 and below). 

The surface of the vertebral centrum (character 
21 ), smooth or sculptured, is an important character 
in phylogenetic analyses of teleosts (e.g., Patterson 
and Rosen, 1977; Arratia, 1991 and in press a). Most 
Jurassicteleosts (including Domeykos, Varasíehthys, 
Protoe/upea, and Luísíehthys) resemble Recent 
teleosts in having the surface ofthe caudal autocentra 
sculptured; the sculptur of the autocentrum may be 
represented by a longitudinal crest (e.g., Domeykos, 
PI. 6, Fig. A), or a few longitudinal crests, or by 
numerous bony ridges (e.g., Anaethalíon).ln contrast, 
the surface of the autocentrum is smooth in Lepto/epís 
eoryphaenoídes and in Lepto/epídes; the smooth 
condition in these two genera is interpreted as being 
derived independently, according to the distribution 
of this character state among teleosts (see below). 

A thick, well ossified autocentrum is present along 
the entire vertebral column in Domeykos, Vara­
síehthys, Protoe/upea, and Luísíehthys. The auto­
centrum is thin and without cavities for adipose tissue 
in Lepto/epís eoryphaenoídes (Arratia, 1991, PI. 4A); 
in contrast, the presence of a thick autocentrum with 
numerous cavities filled with adipose tissue (PI. 7, 
Fig. D) is a synapomorphy shared by basal Jurassic 
teleosts aboye Lepto/epís eoryphaenoídes. Arratia 
(1991) interpreted this character as a synapomorphy 
shared by teleosts aboye the level of Lepto/epís 
eoryphaenoídes + 'Lepto/epís' ta/bragarensís. 

In the abdominal centra of most Jurassicteleosts, 
including Domeykos, Varasíehthys, and Luísíehthys 
(text-Fig. 1 B, D; Arratia 1981; Arratia and Schultze 
1985, text-Fig. 16A; Arratia, 1987b, text-Fig. 3B) the 
halves of the neural arches are unfused (character 
24). In contrast, more advancedteleosts (e.g., Teleost 
n. gen.) have both halves fused in a median neural 
spine along most of the abdominal region. 

The notochord not constricted by the midcaudal 
autocentra (character 25) is considered the primitive 
condition present in Lepto/epís eoryphaenoídes. In 
more advanced teleosts such as Domeykos (PI. 6, 
Fig. B; PI. 7, Fig. D), Varasíehthys, and Protoclupea 
the notochord is strongly constricted bythe midcaudal 
autocentra. 

Intermuscular bones such as the epineurals are 
commonly found in Jurassic teleosts. They are thin, 
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elongate pr:>jections of the lateroposterior wall of the 
neural arch on the abdominal andfirst caudalvertebrae 
(character 26). Domeykos and Varasichthys have a 
well developed epineural series (text-Fig. 1 B, D). The 
presence or absence of epineurals is unknown in 
Protoclupea (text-Fig. 1 e). Another series of small 
thin bones, the epipleurals, may be present in the 
anterior caudal regio n in some teleosts. Epipleural 
bones (text-Fig. 1 B, D) are known from Domeykos, 
Varasichthys, and Luisichthys, whereas the condition 
is unknown in Protoclupea (text-Fig. 1 e) because of 
insufficient preservation. 

GIRCLES ANO AXILLARV PROCESSES 

eharact3rs of the girdles and axillary processes 
were first used by Arratia (in press a) in phylogenetic 
interpretations of primitive teleosts. Usually, in­
formation o, these structures is incomplete due to 
insufficient preservation and therefore comparison is 
difficult, if not impossible. For instance, the supra­
cleithrum is commonly hidden by the opercle so that 
its general size and shape and the trajectory of the 
lateral line canal are not available for all teleostean 
genera examined, nor for the members of the 
outgroup. The exit ofthe lateralline canal with respect 
to the supracleithrum (character 27) seems to be 
phylogenet lcally important within teleosts. The 
posteroventral exit of the canal is dorsally displaced 
in Varasichrhys (text-Fig. 2A), the canal may exit at 
about the rriddle or at the upper third of the supra­
cleithrum in other teleosts examined (e.g., 
Leptolepides). 

Structu'es such as the postcleithra (character 
29) are not easily observed in the fossil material 
because of their position, commonly hidden by bones 
ofthe pectoral girdle, scales, and/or anterior ribs, and 
also becallSe of their small size . Yet available 
information suggests that the common condition 
among teleosts is the presence of one to three 
postcleithra More than three postcleithra (text-Figs. 
1 B-D, 2A) arefound intheJurassic genera Domeykos, 
Protoclupee, Varasichthys, and supposedly Luisich­
thys (Arrati3, 1984, and in press a; Arratia and 
Schultze, 1985, text-Fig. 21 A, e-E; Gottfried, 1989). 
In addition, v'arasichthys is unique among teleosts in 
having two postsupracleithra (text-Fig. 2A; character 
28) Iying medial to the posterior margin of the 
supracleithrum. 

Pectoral and pelvic axillary processes (characters 
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30 and 31) are notwell known in Recentteleosts, and 
they are less known in fossil forms. The lower series 
of postcleithra in Domeykos, Varasichthys, and Proto­
clupea resembles in shape and position the elements 
present in Recent Elops. The series d ventral modified 
postcleithra in Elops is interpreted as a pectoral 
axillary process by Arratia (in press a). The pectoral 
axillary process of the ehilean JJrassic forms is 
formed by modified bony elements. Remains of a 
fourth postcleitrum were reported in Luisichthys by 
Arratia and Schultze (1985); because it is unclear 
whether the element forms an axillary process, it is 
coded '9' in table 2. The presence of the pectoral 
axillary process formed by a series of modified bony 
elements is a unique character of the varasichthyid 
group among teleosts. 

A pelvic axillary process has no! been observed 
in most Jurassic teleosts; it is also poorly known 
among Recent teleosts. The pelvic axillary process 
has been observed in Leptolepis coryphaenoides 
(acid-prepared specimen, BGHan. 1957-5) and the 
ehilean Jurassic teleosts Domeybs, Protoclupea, 
and Varasichthys (text-Figs. 1 B-D, 2B; Arratia and 
Schultze, 1985; Arratia, 1 987a, and in press a) among 
Jurassic teleosts. Due to the differences in their 
structures, Arratia (in press a) interpreted the oc­
currence of the pelvic processes in Leptolepis cory­
phaenoides and in the ehilean teleosts Domeykos, 
Protoclupea, and Varasichthys as being independ­
ently acquired. An elongate bony axillary process 
(text-Figs. 1 B-D, 2B) is present in members of the 
varasichthyid group; its absence ín Luisichthys is 
interpreted as a reversal of the primitive condition. 

CAUDAL SKELETON AND FIN 

The caudal skeleton and fin are significant 
structures in the evolution of teleosts as shown by 
Gosline (1960), Nybelin (1963), Patterson (1968), 
Patterson and Rosen (1977), Lauder(1989), Schultze 
and Arratia (1989), Arratia (1991), and Arratia and 
Schultze (1992), among others. Despite numerous 
publications on the subject, many question5 of the 
homology of certain elements of the caudal skeleton 
and fin still remain unanswered. 

Structures such as the preural and ural centra 
and their arches, hypurals, epurals and uroneurals 
have undergone significant evolutionary trans­
formations among f05Sil and Recent teleost5. The 

shape and length of the neural spines of preural and 
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ural centra differ among basal teleosts (characters 
36-41). Commonly, the neuralspine of preuralcentrum 
1 (text-Figs. 5A-C, 6) is short, shorter than that 01 
preural centrum 2 in primitive teleosts (e.g., in 
Lepto/epis eoryphaenoides, Tharsis, Asea/abos, 
Teleost sp. 1, Domeykos, Protoc/upea, and Lui­
siehthys). However, a long neural spine on preural 
centrum 1 is present in Varasiehthys and Lyeoptera, 
and it is interpreted as independently acquired in both 
genera. 

Presence or absence of a neural spine and neural 
arch on the first ural centrum (characters 40 and 41) 
is importantto be determined in basalteleosts. Teleost 
sp. 1, Domeykos, Luisiehthys (text-Figs. 5A, C, 6; 
Arratia, 1991, Fi!;s. 3, 5, 11) bear two neural are hes 
on the 1irst ural centrum, which is evidence 01 the 
eompound origin :>f this centrum (fusion of ural centra 
1 and 2). Some Iycopterids (Greenwood 1970; 
Patterson and Resen, 1977, Fig. 24; Arratia, in press 
b. Fig. 6} have tv.o separate elements, ural centra 1 
and 2, each bearing its neural arch. Other basal 
teleosts present an elongate first ural centrum but 
only one ural neural arch has been observed (e.g., 
Varasiehthys, Asea/abos, Lepto/epides; Arratia, 1991 , 
Figs. 9, 10). 

Teleosts usu311y have three epurals (charaeter 
43), howeverfour epurals are present in basalteleosts 
such as Domeykos (text-Fig. 5A) and Teleost sp. 1 
(text-Fig. 6). Four or more epurals are known from 
some pholidophcrids (e.g., Pholidophorus beehei in 
Patterson, 1968) and P/europholis serrata (Patterson, 
1973). The presence of four or more epurals is 
interpreted here asthe primitivecondition . lncontrast, 
Varasiehthys and Lyeoptera present only one epural 
which the author interpretes as a condition in­
dependently acqJired in both genera, based on the 
phylogeny (see below). 

Primitive teleosts such as Lepto/epis eory­
phaenoides, Asea/abos, Domeykos, Teleost sp. 1, 
and others are characterized by a high number 01 
uroneurals and hypurals (text-Figs. 5A-C, 6); however, 
a trend to reduce the number of these elements 
during the evolution of teleosts is observed. Eight 
uroneurals are p-esent in primitive teleosts such as 
Lepto/epis eoryphaenoides (Arratia, 1991, Figs. 7, 
24b), seven uroneurals in Teleost sp. 1, Tharsis, and 
Asea/abos, five uroneurals in Domeykos, Protoclupea, 
and Lepto/epides, and10ur uroneurals in Luisiehthys, 
among others. The trend to reduce the number of 
uroneurals (charaeter 44) is achieved by fusion or 

loss of elements. The first uroneural in Lepto/epis 
coryphaenoides, Protoclupea, and Luisíchthys is the 
result of an incomplete fusion of uroneurals 1 and 2; 
the first uroneural in Ortho-goník/eithrus is supposed 
to be the result of the phylogenetic fusion of uroneurals 
1-3. The second uroneural in Domeykos is interpreted 
as the result of the phylogenetic fusion of uroneurals 
2 and 3 (Arratia, 1991). Loss of the most posterior 
uroneural(s) is observed in teleosts such as 
Domeykos, Protoc/upea, Luísichthys, Lepto/epídes, 

Orlhogoník/eithrus, and others. 80th processes, fusion 
and loss, can be found simultaneously in the same 
species (e.g., in Lepto/epídes sprattíformís). 

Shape and position of dorsal (e.g., uroneurals, 
epurals) and of ventral (e.g., hypurals) caudal 
elements vary among teleosts. The size of the first 
uroneurals andtheir relationships (characters 49-51) 
with preural centrum 4, 3, 2, and/or 1 are important in 
the evolution of the caudal skeleton of basal teleosts. 
In basal teleosts such as Lepto/epís eoryphaenoídes, 
Tharsis, Asea/abos, Domeykos (text-Fig. 5A), 
Varasíchthys, Protoe/upea (text-Fig. 58), and 
Luisíehthys (text-Fig. 5C), the first uroneural reaches 
preural centrum 4 or 3; whereas in Anaethalion, 
Lepto/epides, and Orthogonik/eithrus it reaches pre­
ural centrum 2. 

The length and number 01 uroneurals, their relation 
to each other, and their angle of inclination with 
respect to the horizontal (characters 45-51) seem to 
be phylogenetically significant in Jurassic teleosts. 
Members of the varasichthyid group and Teleost sp. 
1 commonly present the primitive state of these 
characters. 

Loss or fusion of elements is also observed within 
the hypurals (characters 52-57). Eight or more 
hypurals are present in Asea/abos (11), Domeykos 
(11), and Teleost sp. 1 (+8). The total number is 
unknown in Varasíehthys. Seven hypurals are 10und 
in Lepto/epides and six or less in Teleost n. gen. and 
in numerous extant teleosts. The number of hypurals 
is reduced among Jurassic teleosts by loss 01 the 
most posterior ones. Fusion of hypurals is rarely 
observed in Jurassic teleosts (one exception is 
Daitingiehthys), whereas it is characteristic of more 
advanced teleosts such as some ostariophysans, 
perciforms, atherinomorphs, and others. The hypurals 
1 and/or 2 may be laterally1usedtotheir uraJ autocentra 
or un1used (characters 58-61); further fusion may 
also involve preural centrum 1. 
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Texl-FIG. 5. Resloratlon 01 calldal skelelon in laleral vK!w. J,.. Oameylmspralelaensis (based on specimens LBUCH 35.39. ol2naa. b); S­
pf()/Odupea clliJens/s (basad on spooJl"l0n [lG·R 396A. B): C· Lu/gJcJ¡lhys v/na/ens/s (basud on spedmen NMNH 18429). 
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TeXl-AG. 6. TeIeostsp. llromOUebfadadol ProIela, I'IO<thern Chile. Caudal sQIe10nln laIeral vÍ8w (basedon spedmen LBUCH 1987a, b). 
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Numercus urodermals or scale-like bones are 
found in members of the outgroup (e.g., pholi­
dophorids). Elements in the same position in Recent 
teleosts are tendon-bones and they were identified 
as 'urodermals' by Arratia and Schultze (1992) to 
note that they are not homologous with the urodermals. 
In contrast. one or two small elongate bones or 
'urodermals' (character 64) occur lateral to the base 
of the first :>rincipal rays in fossil teleosts such as 
Lepto/epis coryphaenoides, Tharsis, Asea/abos, and 
Varasiehthys. The condition is unknown in Oomeykos, 
Protoe/upea, and Luisiehthys. 

Presence or absence of epaxial and hypaxial 
fulera and offringingfulcra (character65) are important 
charaeters n the evolution of teleosts. However, a 
problem lies in how to distinguish between simple, 
unsegmented procurrent rays present in advanced 
teleosts and fulera (Arratia, 1991). Losses of fulera 
and fringing "ulcra are interpreted as derived conditions 
among teleosts. Fringing fulera in both lo bes of the 
caudal fin (text-Fig. 6; PI. 8, Fig. A) are only known in 
Teleost sp. 1 among the teleosts studied. An epaxial 
fringing fulera is present in certain teleosts such as 
Lepto/epis coryphaenoides, whereas the absence of 
the epaxial fringing fulera is the common eondition of 
primitive teleosts above the level of Lepto/epis 
eoryphaenaides. 

A reduced epaxial procurrent ray dorsolateral to 
the first principal ray (text-Figs. 5A, 6) is found in 
certain Jurassic teleosts such as Teleost sp. 1, 
Asea/abos, Oomeykos, and Varasiehthys (Arratia, 
1991). A reduced epaxial ray is present in some 
members of the outgroup (e.g., Pho/idophorus beehei 
and Pho/idofepis dorsetensis), whereas it is absent in 
Pho/ido/epis ?dorsetensis. The redueed epaxial ray 
is shorter in :>holidophorids and pholidolepids than in 
the teleosts mentioned above; in addition, the ray is 
unsegmented in members of the outgroup. Because 
the structure of this element and its homology is still 
unclear, this character was not used in the analyses; 
however, a segmented epaxial procurrent ray may be 
another synapomorphy shared by Asea/abos and the 
varasichthyid group, and its loss in Protoe/upea and 
Luisiehthys 3nother synapomorphy shared by these 
two genera within the varasichthyid group. This 
character may be phylogenetically important for 
interpretatioos of the relationships of Teleost sp. 1. 
This will depend on whether a segmented epaxial 
procurrent ray is homologous with the condition in 

pholidophor"ds. A reduced hypaxial ray (text-Fig. 6; 
PI. 8, Figs. B, C) has only been observed in Teleost 
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sp. 1 among the teleosts examined. 
The total number of principal caudal rays, or the 

number of principal rays of the dorsal or ventrallobe 
of the caudal fin (characters 68, 1:9), seems to be 
important in analyses of phylogenetic relationhips of 
basal teleosts. Twenty or more principal caudal rays 
represent the primitive condition present in the 
outgroup and in teleosts (e.g., in Teleost sp. 1, 00-
meykos, Varasiehthys, Protoclupea, and Luisichthys). 
The presence of 19 principal rays is t,e most common 
condition found in teleosts (see SehJltze and Arratia, 
1989, table 1). Less than 19 principal rays is another 
derived eondition found in certain advancedteleostean 
groups (e.g., Lyeoptera). 

The structure of the caudal s~'eleton including 
composition of precaudal and ural centra, number of 
uroneurals, epurals, hypurals, number of principal 
caudal rays, scutes, fulera, among others, shows a 
great diversity amongteleosts. The important point is 
to understand the changes of the caudal skeleton 
and fin in different teleostean lineages, so homolog­
ous characters can be identified. 

SCUTES ANO SCALES 

Information on scutes is availab e for most of the 
Jurassic teleostean species examiled; in contrast, 
information on sea les is incomplete due to condition 
of preservation. Fortunately, informa:ion on the seales 
of some teleosts is available from Schultze (1966), 
andforotherteleoststhe authorpre¡::ared peels ofthe 
scales to study their characteristics and to prepare 
the illustrations. AII teleosts examired have cycloid 
seales; still there are differences in the disposition of 
the cireuli, radii, the presence of linas in the middle 
field of the scales, and other features that may be 
useful in identifying some groups. For instance, the 
scales of the ventral part of the body just posterior to 
the pectoral girdle in Varasiehthys are unique among 
teleosts with the presenee of a small peg (Arratia, 
1981 , text-Fig. 19C). Scales with eirculi erossed by 
transverse lines in the middle field, ere characteristic 
of Asea/abos and the varasichthyid group. Asea/abos 
(specimen JM SOS 2996a, b) has a well preserved 
squamation, with sea les similarto those of Oomeykos 
(see text-Fig. 7 A). The transverse lines in the middle 
field in the scales of Lepto/epides (text-Fig. lB), or in 
some clupeomorphs, do not cross the circuli in the 
same manner as they do in Aseaf9bos and in the 
varasichthyid group, therefore they are interpreted 
here as different charaeter states. 
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A 1 mrn 

Texl-FIG.7. 

Cyclold scales showing Ihe 
middlelield 01 Ihe scale crossed 
by transverse lines. A- Domey­
kas profetaensis (afler Arratia 
and Schultze, 1985); B- Lepto­
lepides sprattiformis (afler 
Schultze, 1966). Arrow polnts 
anteriorly. 

CHARACTER TRANSFORMATION SERIES 

The phylogenetic analyses are based on the 
following 75 mor¡::hological characters; the coding of 
thecharacter states of each taxon is shown in table 2. 
Twenty morphological characters are from the head, 
six from the vertebral column and intermuscular 
bones, six from tie pectoral girdle and axillary pro­
cesses, 40 chara::ters from the caudal skeleton and 
fin, and three are characters based on scutes and 
seales. Manyeharacters were takenfromthe literature: 
characters 1, 3, 4, 5, 7, 8, 11, 26, and 41 are from 
Patterson and Rosen (1977). Characters 9, 12, 13, 
15, 16, 17, 18,22, 27, 29, 32, 74, and 75 are from 
Arratia (in press a). Characters 33, 34, 36, 37, 38, 39, 
40, 43, 44, 45, 5e, 52, 65, 66, 67, 68, 71, and 73 are 
from Arratia (1991). 
1. Sutures between cartilage bones in braincase retained 

throughout lile, rather than being lost ontogenetically: 

[O) absent; [1) presan!. 

2 . Parasphenoid bearing teeth : [O) presant; [1) absen!. 

3. Ossified aortic canal: [O) present; [1) absan!. 

4. Canal for occ pital arteries in basioccipital bone: [O) 

present; [1) al:sen!. 

5. Spiracularcanal : [O)developed; [l)greatiy reduced; [2) 

absen!. 

6. Basisphenoid: [O) present; [1) absan!. 

7. Separate openings in Ihe prootic for the jugular vein, 

orbital artery, and the hyomandibular branch 01 the 

lacial nerve: [O) presant; [1) absanl. 

8. Foramen lorthe glossopharyngeal nerve in exoccipital, 

rather than in prootic: (O) absant; [1) presan!. 

9. Ethmoidal commissure penetrating a broad 

mesethmoid and passing through the whole width of 

the bone: [O) absant; [1) presen!. 

10. Middle pitline groovecrossingthe parietal and extending 

onto the pterotic: [O) present; [1) absen!. 

11. A large inlraorbital bone represanting the third and 

lourth 01 olher teleosts: [O) absant; [1) presan!. 

12. Suborbital bone(s): [O) present; [1) absanl. 

13. Elongate jaws bearing numerous villilonn teeth: [O) 

absent; [1) presan!. 

14. Supramaxillae: [O) present; [1) absanl. 

15. Retroarticular bone: [O) included in the joint lacet for 

quadrate; [1) excluded Irom Ihe joint lacetforquadrate. 

16. Articular bone: [O) lused with angular and retroarticular 

bones; [1) lused with angular; [2) partially fused with 

anguloarticular late in ontogeny. 

17. Postarticular process 01 the lower jaw: [O) well 

developed; [1) poorly developed. 

18. Posterioropening 01 the mandibular sensory canal: [O) 

placed medial; [1) placed lateral to the angular portion 

olthe jaw. 

19. Suprapreopercle: [O) presant; [1) absanl. 

20. Tooth plates lusad with endoskeletal gillarch elements: 

[O) present; (1) absan!. (Modilied Irom Lauder and 

Liem, 1983). 

21. Caudal vertebrae with sculptured autocentra: [O) absent; 

[1) presan!. 

22. Abdominal centra or abdominal autocentra: [O) with 

unfused neural arehes; [1) with fused neural arches, 

except for the li rst live or six. 

23. Middle caudal centra: [O) with unfusad neural and 

haemal arches; [l)with lused neural and haemal arches. 
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24. Halves cf neural arches: [O] separate along the abdo- 42. A compound neural arch formed as a mass of cartilage 
minal vertebrae; [1] fused halves forming a median overpreural centrum 1 and ural centr3 eariy in ontogeny: 
neural spine along most abdominal vertebrae, except [O] absent; [1] present. (For the explanation of the 
the first Iour or five. compound neural arch present in elopomorphs see 

25. Midcaudal centra: [O] not constricting the notochord; Schultze and Arratia, 1988). 
[1] slighlly constricting the notochord; [2] strongly 43. Number of epurals: [O] three or more; [1] one. 
constrictng the notochord. 44. Number ot ural neural arches modified as uroneurals: 

26. Epipleural intermuscular bones: [O] absent; [1] present [O] seven or more; [1] six; [2] five or four. 
(a few bones in the anterior caudal region). (Modified 45. Anterior uroneurals present as: [O] four or three long 
from Patterson and Rosen, 1977). separate uroneurals (Ioss orfusion ofone); [1) two long 

27. The mair lateralline emerging from the supracleithrum: separate uroneurals (Ioss orlusion oftwo); [2]one long 

[O] at its ::Josteroventral region; [1] at about its middle uroneural (Ioss or lusion of three). 

region; [2] at its upper third . 46. Uroneurals: [O] progressively decreasing ín length; [1] 

28. Postsupr.acleithra: [O] absent; [1) present. ín two sets, a long anterior setand a short posteriorset. 

29. Postcleítlra: [O] three or less; [1] more than three. 47. AII u roneu ralsínclínedtowards the he rizontal, orín a sim-

30. Pectoral axillary process: [O] absent; [1] present; lormed iJar angle, one besíde the other: [O] ¡:resent; [1] absent. 

by bony ;¡Iements. 48 . Uppermost three uroneurals lorming a series that 

31 . Pelvíc axillary process: [O] absent; [1] present; formed overiaps, and líes at an angle to, lorger anterior ones: 

by a small bony element; [2] present; formed by an [O) absent; [1] present; [2] other condítíon (Iess than 

elongate bone (Fígs. 1 B-D, 2B). three uppermost uroneurals present). (Modífíed from 

32. First dorsal pterygiophore is: [O] bipartite or tripartite Patterson and Rosen, 1977). 

structure; [1] single structure. 49. The longest anterior uroneural(s) e>ctending lorward to 

33. Preural vertebrae (excluding preural centrum 1) 01 preural centrum 2 or 3: [O] present; [1] absent. 

adult indNiduals with haemal arches: [O] autogenous; 50. First uroneural reaches: [O] preural ::entrum 3 or 4; [1] 

[l]lateraDy fused to their respective centra; [2] unlused preural centrum 2. 

late rally k> their centra. 51 . Two uroneurals, rather than three Jr lour, extending 

34. Parhypural in adults with haemal arch : [O] autogenous; forward beyond the second ural ceotrum: [O] absent; 

[1) latera Iy fused to its centrum; [2] late rally unfused to [1) present. (Modified from Patterson and Rosen, 1977). 

its centrt.m . 52. Number of hypurals in adult individuals: [O) ten, nine or 

35. Hypurapophysis (lateral process of the arch 01 the eight; [1) seven; [2) six or less. 

parhypural): [O) absent; [1) present. 53 . Hypural10: [O) present; [1) absent. 

36. Neural spines 01 preural vertebrae 5-3 distally expanded 54. Hypural 9: [O] present; [1) absent. 

by fine anterior and posterior membranous outgrowths: 55 . Hypural 8: [O) present; [1] absent. 

[O] absert; [1) present. 56 . Hypural 7: [O] present; [1] absent. 

37. Neural spine 01 preural vertebra 3: [O] inclined toward 57. Hypural 6: [O] present; [1) absent. 

the horiz:mtal at an angle of less than 45 degrees in 58. Only second hypural lused with lirlit ural centrum: [O] 

relation to the dorsal margin 01 the centrum; [1) inclined absent; [1] present. 

toward the horizontal at an angle greater than 45 59. In adults, both hypurals 1 and 2: [O)laterally urofused to 

degrees. ural centrum 1 and 2 or'first' ural ce,trum; [1] late rally 

38. Neural sJine of preural centrum 2: [O) shorter than lused to 'first' ural centrum; [2) another condition. 

neural spine olpreural centrum 3; [l)atleast as long as 60. Both hypurals 1 and 2 associated by fusion orarticulation 

neural s¡::ine 01 preural centrum 3. with a 'compound' centrum apparently formed by pre-

39) Neural spine of preural centrum 1: [O] rudimentary or ural centrum 1 and ural centrum(tra): [O] absent; [1] 

short; [1) long, clase to, or reaching the dorsal margin present. 

01 the bojy; [2] absent (Arratia, 1991). 61. First uroneural lused with a 'compound' centrum 

40. Neural SjJines 01 ural centra 1 and 2 or 'first' ural apparently lormed by preural centrum 1 and ural 

centrum: [O] present; [1) absent. (Following Schultze centrum(tra) : [O) absent; [1) presento 

and Arratia, 1989, and Arratia and Schultze, 1992, the 62. Stegural: [O) absent; [1) present. (For explanation 01 

usage 01 'Iirst'ural centrum here does not imply stegural see Arratia and Schultze, -992). 

homology.) 63 . Pleurostyle: [O) absent; [1] present. (Forexplanation of 

41 . Neural érch over lirst ural centrum: [O) complete; [1) pleurostyle see Monod, 1968, and Schultze and Arratia, 

reduced Jr absenl. 1989). 
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64. Urodermals and 'urodermals' : [O) more than two principal rays. 

urodermals; [11 two 'urodermals'; [2) one 'urodermal'; 70. Bases ofthe dorsalmost principal rays ofthe caudal lin: 

[3) none. (Modilied Irom Arratia 1991, lollowing [O) crossing obliquely over the entire upper hypural 

terminology by Arratia and Schultze, 1992). series (save the last); [1) aligned with hypurals so that 

65. Fringring lulcrE.: [O) present in both lobes 01 caudal lin; no lin-ray base over1ies more than one hypural. 

[1) present in dorsallobe 01 caudal lin; [2) absent in both 71. Dorsal processes 01 the bases 01 the innermost princi-

lo bes. pal caudal rays 01 upper lobe: [O) present; [1) absent. 

66. Proximity 01 th:! lulcra or dorsal procurrent rays to: [O) 72. Abrupt dorsal Ilexion 01 the tail begins at preural 

epurals and posterior uroneurals; [1) neural spines, centrum 1 or'first' ural centrum: [O) absent; [1) presento 

epurals, and posterior uroneurals. 73. Dorsal scutes preceding caudal fin: [O) present; [1) 

67. Long dorsal segmented procurrent ray(s) : [O) absent; absent. 

[1) present. 74. eycloid scales posterior to the pectoral girdle with 

68. Numberol prircipal caudal rays: [O) twentyormore; [1) circuli crossed by transverse lines in the middle lield 

nineteen; [2) less than nineteen. (text-Fig. 7A): [O) absent; [1) present. 

69. Lower lobe 01 the caudal fin with : [O) more than nine 75. eycloid scales with crenulate posterior margin: [OJ 

principal rays; [1) nine principal rays; [2J less than nine absent; [1J present. 

RESULTS 

PHYLOGENETIC ANAL YSIS 1 

The cladistic analysis presents the phylogenetic 
relationships am::>ng 14 genera 01 Jurassic teleosts, 
based on the 75 characters listed aboye and the 
character states in table 2. When these data are run 
with PAUP program, only one tree (text-Fig. 8) is ob­
tained at 143 evolutionary steps. Its consistency in­
dex (el) is 0.64::·. For characters supporting nodes 
see text-Fig. 8. 

Node A represents the branching between 
Leptolepis eOf'Y()haenoides and more advanced 

teleosts. This node is supported by two uniquely de­
rived leatures (midcaudal centra with lused neural 
and haemal arches and two 'urodermals') and six 
homoplastic characters. 

The branching 01 'Leptolepis' talbragarensis and 

all other teleosts above node B is supported by one 
uniquely derivec character (absence 01 suprapreo­
percle) and two homoplasies. 

Node C corresponds to the branching between 

Tharsis and more advanced teleosts; six uniquely 
derived characters (sutures between cartilage bones, 
ossilied aortic canal absent. canal lor occipital arteries 
in basioccipital bone absent, spiracular canal absent, 
loramen lor glossopharyngeal nerve in exoccipital, 

and a few epi¡:leural intermuscular bones in the 
anterior caudal -egion 01 the body) and two homo­
p!asies support :his node. 

Node D corresponds to the branching 01 two 

clades among Jurassicteleosts.One olthem includes 

Ascalabos and the Chilean genera Domeykos. 
Varasiehthys. and Protoelupeaplus the Cuban genus 
Luisiehthys; the other clade includes mainly genera 
from Europe and Lyeoptera from Siberia, Mongolia. 
and China. Three homoplastic eharaeters support 
this node. 

The sister group relationships (node E) between 
Asea/abos and the varasichthyid group is supported 

by one uniquely derived eharaeter (eyeloid sea les 

with eireuli erossed by transverse lines in the middle 
lield) and one reversal (eharaeter 10[0]). Node E1 

eorresponds to the branehing between Domeykos 
and [Varasiehthys + [Protoelupea + Luisiehthys]]. 
This sister group relationship is supported by live 
uniquely derived eharaeters. Node E2. the branehing 
between Va rasiehthys and [Protoelupea+ Luisiehthys] 
is supported by live homoplasies. Node E3 [Proto­
elupea+ Luisiehthys] is supported bytwo homoplastie 
characters. 

Node F, the branching between Allothrissops and 

more advanced teleosts, is supported by one unique 
derived character (Ioss 01 hypural 9) and two homo­
plasies. Node G represents the branching 01 Lepto­
/epides and more advanced teleosts. This node is 
supported by three unique derived characters 
(uppermost series ofthree uroneurals lost, the longest 

anterior uroneural[ s] reaching preural centrum 2, one 
'urodermal') and live homoplastic characters. Node 

H, the branching of Anaethalion and [Lyeoptera + 
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[Orthogonik/eithrus + Teleost n. gen.]], is supported 
by one homcplasy. For other nodes see text-Fig. 8. 

When the author added another character 
(Ieptolepid notch absent [O] versus present [1D, the 
presence of the notch was interpreted as a 
synapomorphy 01 primitive teleosts such as 
Pro/epto/epis. Lepto/epis eoryphaneoides and more 
advanced teleosts, and the absence as a 
synapomorphy (reversal) 01 node F. 

Characte"s which are interpreted as autapo­
morphies 01 Asea/abos and 01 members 01 the 
varasichthyic group are listed in table 3. 
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Text-FIG. 8. H}'pDthesis DI phylDgenetic relatlDnshlps DI cerlain 
Jurasslc teleDstS. FDr explanatlDn DI characters and 
ctraracter states see text and table 2. Unique derived 
characters are indicated wHh an asterisk ("). The 
combined DUtgroUp includes Pholidophorus spp., 
PholidoJepis sp., and ProJeploJepis spp. 

TABLE 3. HOMOPLASTIC ANO UNIQUELY OERIVEO CHARACTERS (") THAT ARE INTERPRETEO AS AUTAPOMORPHIES 

OF MEMBERS OF THE VARASICHTHYID GROUP IN ANALYSIS 1. 

laxa 

Domeykos 

Luisichthys 

Protoclupea 

Varasichthys 

eharacters 

38(1) 
59(1) 
72(1) 

2(0) 
10(1) 
45(1) 
58[1 )* 
66(1) 

53(1) 

12(0) 
17(1) 
28(1)' 
39(1) 
40[1) 
43[21 

preural vertebrae with haemal arches laterally lused to their respective centra (Fig. 5A) 
both hypurals 1 and 2 late rally fusad to 'Iirst' ural centrum (Fig. 5A) 
abrupt dorsal Ilexion 01 the tail begins at preural centrum 1 or 'first' ural certrum (Fig. 5A) 

parasphenoid bearing teeth (PI. 2, Fig. e) 
middle pitline groove crossing the parietal only 
two long anterior uroneurals (result of loss or fusion 01 two) (Fig. Se) 
only second hypural fused with first ural centrum (Fig. se) 
proximity of epaxial basal fulera or dorsal procurrent rays to neural spines. epurals, and 

posterior uroneurals 

hypural10 absent (Fig. 58) 

suborbital bone present (Fig. 2A) 
postarticular process 01 the lower jaw poorty developed (Fig. 2A) 
two postsupracleithra present (Fig. 2A) 
neural spine of preural centrum 1 long 
neural spine of ural centrum 1 +2 absent 
one epural 
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PHYLOGENETIC ANAL YSIS 2 

Analysis 2 is the study of the phylogenetic 
relationships of the same genera included in analysis 
1 plus one Chilean fish, Teleosts sp. 1, which is only 
known from the caudal skeleton and fin. Text-Fig. 9 
represents the :>nly topology at 150 evolutionary 
steps; the consistency index is 0.620. 

The tree is identical to that in text-Fig. 8 at nodes 
Ato J. Teleosts sp. 1 appears as the plesiomorphic 
sister group of Leptolepis coryphaenoides plus more 
advanced teleosts. 

Texl-FIG.9. Hypolhesls 01 phylogenetic relatlonshlps 01 certaln 
Jurassic leleosls and their geographlc distribution 
and ages. Forexplanalion 01 characlers and character 
statessee texl and lable 2. Unique derived characlers 
are Indicaled wilh an asterisk «). The combined 
outgroup includes Pholidophoros spp., Pholidolepis 

sp., a."d Proleptolepis spp. 
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PHYLOGENETIC RELATIONSHIPS OF TELEOST SP. 1 ANO OF THE 
VARASICHTHYIO GROUP 

TELEOST SP. 1 

The caudal skeleton (text-Fig. 6; PI. 8, Figs. A, C) 
of Teleost sp. 1 shows a unique combination of prim­
itive features among teleosts with the presence of 
epaxial and hypaxial basal fulera, fringing fulera in 
both the dorsal and ventrallobes of the caudal fin, a 
reduced epaxial procurrent ray, a reduced hypaxial 
ray, four epura s, seven uroneurals, at least eight 
hypurals, and 20 principal caudal rays. However, 
T eleost sp. 1 also presents derived characters such 
as heavily ossif ed caudal autocentra which are fus­
ed to their neural and haemal are hes and autocentra 
constricting the notochord. 

In ,he phylogenetic hypothesis of teleostean 
relationships by Arratia (1991 , Fig. 26), Teleost sp. 1 
appeared as the sister group of Domeykos, imme-

diately above the clade [Leptolepis coryphaenoides 
+ 'Leptolepis' talbragarensis]. That hypothesis was 
based on characters of the caudal vertebrae and 
caudal skeleton and fin. In the present analysis, the 
phylogenetic position of Teleost sp. 1 changed (text­
Fig. 9: node A); jt appeared as the plesiomorphic sis­
ter group of Leptolepis coryphaenoides plus more 
advanced teleosts. This is not surprising considering 
the unique combination of primitive features of the 
caudal skeleton characterizing Teleost sp. 1 (text­
Fig. 6; PI. 8, Figs. A, B; Arratia, 1991); however this 
phylogenetic arrangement is in conflict with the age 
of the fishes because Teleost sp. 1 is known from the 
Oxfordian, whereas Leptolepis coryphaenoides is 
known fromthe Liassic and 'Leptolepis'talbragarensis 
from the Middle Jurassic (text-Fig. 9). 
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VARASICHTHYID GROUP 

The narre varasichthyid group is used here to 
include the -ollowing Late Jurassic fossil genera: 

Domeykos, l/arasichthys, and Protoclupea from Chi­

le and Luisicnthys from Cuba. The monophyly of this 
group is supported by seven synapomorphies. These 
are: parasphenoid without teeth; retroart icular bone 
excluded from the joint facet for the quadrate; more 
than three postcleithra present; pectoral axillary 
process formed by bony elements; pelvic axillary 
process formed by an elongate bone; 20 principal 
caudal fin-rays; and lower lobe of the caudal fin with 

10 principal fin-rays (a reversal). At present the 
author is stucying newfossil fishes which may belong 
to the varas ,chthyid group; she will give a formal 

taxonomic st3tus to the varasichthyid group after the 
new material from Chile and Cuba has been studied. 

The taxJnomic position and phylogenetic 
interpretations of Domeykos, Varasichthys, Proto­
clupea, and Luisichthys have changed in recent 
years. Ashort presentation ofthese taxonomic assign­
ments and phylogenetic hypotheses is given below 

and contrasted with the present results. 

Domeykos 
Domeykos Arratia and Schultze (text-Fig. 1 B; PI. 

1, Fig. A) is a monotypic genus only known from the 
Oxfordian of Quebrada del Profeta, off northern Chi­
le. The origiral generic diagnosis is based mainly on 

a combination of primitive characters; the present 
cladistic stu~ interprets several homoplasticfeatures 

and probably one autapomorphy, e.g., the complete 
separation cf parietals by the supraoccipital bone 

(text-Fig. 3D) as characteristics of Domeykos (see 
table 3). ThoJgh Domeykos is a relatively well known 
form, it can be best identified by a combination of 
primitivefeatures which separate itfrom other Juras­

sic forms . 

Because of its combination of characters, Do­
meykoswas considered as a T eleostei incertae sedis 
by Arratia ard Schultze (1985). As explained aboye, 
Domeykos appeared in a position aboye the clade 
[Leptolepis coryphaenoides + 'Leptolepis' talbra­
garensis] in a hypothesis of phylogenetic relationships 
among foss I teleosts by Arratia (1991) wh ich was 
based on characters of the caudal region. Domeykos 
appeared as the plesiomorphic sister group of Vara­
sichthys + [Protoclupea + Luisichthys] in the phylo­

genetic hypothesis by Arratia (in press a) and in the 
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presentpaper, a hypothesis generated using eharac­
ters from the head and whole body. 

Varasichthys 
Varasichthys Arratia (text-Fig. 10; PI. 4) is another 

monotypic genus only known from the Oxfordian of 
Quebrada del Profeta, off northerr Chile; it is at 
present, one of the best known Late Jurassie teleosts. 
Its original generic diagnosis is based mainly on a 
combination of primitive characters and a few unique 
characters such as a long, slende- parasphenoid 
extending posterior to the basioccip ital, a small 
suborbital bone, and small, round cycloid scales on 
the ventral part of the body bearing a small pego The 
presence of the suborbital bone and of the small 
scales bearing a peg were previously interpreted as 

primitive features by comparison with more primitive 
forms (Arratia, 1981, 1984). The present analysis 
interprets the suborbital of Varasichthys as being 

derived independently from the suborbital present in 
Leptolepis coryphaenoides. The condition of the 
scales is reinterpreted as uniquely derived among 
teleosts. In addition, the present cladistic analysis 

reveals a few autapomorph ies of Varasichthys wh ieh 
are listed in table 3 . 

Arratia (1 981 ) interpreted Varasichthys as a taxon 
that evolved in parallel to the European forms 
Leptolepis coryphaenoides, A 11o thnssops, Tharsis, 
and others. In Arratia's (1991) phylogenetic 
hypothesis, Varasichthys is placed aboye Ascalabos, 
in an unresolved position together wlth Allothrissops 
+ [Pachythrissops + Tharsis]. Arrat la's (in press a, 
and present paper) phylogenetic hypotheses suggest 
that Varasíchthys is a member of a monophyletic 

clade, the varasichthyid group, and Varasíchthys is 
the sister group of [Protoclupea + LJísíchthys]. This 
clade, along with Ascalabos, is the sister group of 
another clade mainly composed of European forms 

(see text-Fig. 9) . 

Protoclupea 
ProtoclupeaArratia et al. (text-Fig. 1 C; PI. 3) isthe 

only gen us known from more than one species among 

the Late Jurassic teleosts of northern Chile. The 
original generic diagnosis and the amended diagno­
sis by Arratia and Schultze (1 985) are based mainly 
on a combination of primitive characters; the present 
analysis interprets one homoplastic character (53[1]) 
as a feature of Protoclupea (Table 3). Arratia and 

Schultze (1985) interpreted the large nasal bone 
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found in Protoe/Jpea as a primitive feature by com­
parison with the large nasal bone in pholidophorids 
(Nybelin, 1966). This feature of Protoe/upea may be 
considered as c. reversal of the primitive condition 
present in the outgroup, it is an autapomorphy of 
Protoe/upea within the varasichthyid group. 

The taxonomic history of Protoe/upea is complex. 
First it was considered to be a primitive clupeomorph 
by Arratia et al. (1975) based on certain similarities 
shared with C/upea (Strangomera) bentineki, a Recent 
clupeid from the southern Pacific Oeean. Further 
studies on new material showed that the eombination 
of characters of Protoclupea does not correspond to 
those of the aupeomorpha and the genus was 
considered to be another T eleostei ineertae sedis by 
Arratia and Schultze (1985). In Arratia's (1991) 
phylogenetic hypothesis, based on the caudal 
vertebrae and c3udal skeleton and fin, Protoclupea 
appeared above the clade [Allothrissops + 
[Paehythrissops+ Tharsis]]. Protoclupea is interpreted 
as a member of the varasichthyid group by Arratia (in 
press a) and in the present study, and the sister group 
of the Cuban teleost Luisiehthys. 

Luisichthys 
Luisiehthys White (PI. 2, Fig. A) is a monotypic 

genus only known from the Late Jurassic of Pinar del 
Río, in Cuba. Its original generic diagnosis is based 
on a combination of primitive characters; the amended 
diagnosis proviced by Arratia and Schultze (1985) is 
based on a combination of primitive and advanced 
features such as the presence of a deep subtemporal 
fossa, a large foramen framed by the parietal, 
epioccipital, and exoccipital, a well developed prootie­
interealarbridge, and denticulated entopterygoid (text­
Fig. 3E. F; PI. 2, Figs. A-C). The present cladis-tie 
study interprets several homoplastic characters and 
one autapomorphy (the second hypural fused with 
'first' ural centrum) as synapomorphies of Lui-siehthys 
(se e table 3). 

Luisiehthys was considered first a leptolepiform 
by White (1942) and tentatively assigned to the 
Clupeomorpha by Arratia and Schultze (1985). This 
assignment to the Clupeomorpha was based on the 
fusion of the second hypural to the first ural centrum 
(text-Fig. 5C). Further studies have shown that this 
fusion evolved in parallel in Luisiehthys and in the 
Division 2 of the Clupeomorpha (Arratia, in press a, 
b). In addition, Luisiehthys lacks other elupeomorph 
synapomorphies proposed by Grande (1985, p. 252) 

such as presence of one or more scutes, each of a 
single element which crosses the ventral midline of 
the fish. Also lacking is the otophysic connection 
involving a diverticulum of the swimbladder that 
penetrates the exoccipital and extends intothe prootic 
withinthe lateral wall ofthe braincase, forming ossified 
bullae in the prootic, and usually also in the pterotic; 
and the supratemporal commissure passing through 
parietals, or parietals and supraoccipital bones. 

COMMENTS 

Schaeffer and Patterson (1984, Table 3) listed 
Varasiehthys and Luisiehthys as belonging to the 
Leptolepidae ineertaesedis, Pro toclup ea as ?Clupeo­
cephala incertae sedis, and a Paehythrissops from 
the Oxfordian-Kimmeridgian of Chile somewhere 
between the Ichthyodectiformes and the Osteo­
glossomorpha. The placement of Varasiehthys within 
the Leptolepidae is very curious because Patterson 
and Rosen (1977) and Sehaeffer and Patterson 
(1984) acknowledged that there are no uniquely 
derived characters for the Leptolepidae s./., nor for 
the Leptolepidae s.str. (Nybelin, 1974); these families 
are based only on primitive characters. Members of 
the Leptolepidae sensu Nybelin (1974), e.g., Lepto­
/epis, Tharsis , Asea/abos, and Lepto/epides, have 
different positions in the phylogenetic scheme of 
Patterson and Rosen (1977, Fig. 54) and Patterson 
(1977, Fig. 19), which demonstrates that the Lepto­
lepidae sensu Nybelin (1974) is not a monophyletic 
group. Fishes such as 'Lepto/epis' ta/bragarensis, 
and Asea/aboswere considered as Teleostei ineertae 
sedis (more advanced than ichthyodectiformes) by 
Patterson and Rosen (1977), and Lepto/epides was 
assigned to the Clupeocephala. According to Arratia 
(1991, in press a, present paper), Lepto/epis eory­
phaenoides, Tharsis, Asea/abos, Varasiehthys, 
Luisiehthys, and Lepto/epides have different 
phylogenetic positions among basal teleosts (text­
Figs. 8, 9). Using the name Leptolepidae for taxa that 
are not related to Lepto/epis eoryphaenoides (which 
is the type-species of the genus and of the family) 
only creates confusion. Domeykos, Varasiehthys, 
Protoclupea, and Luisiehthys form a monophyletic 
group. Paehythrissops from the ?Oxfordian-Kim­
meridgian from Chile is unknown to the author; 
therefore she considers it as an incorrect information 
by Schaeffer and Patterson (1984). 

The order Ichthyodectiformes seems to be the 



G. Arrafia 

other mono:Jhyletic group known from the Jurassic. 
As defined by Patterson and Rosen (1977, p. 115), 
the monophyly of the Ichthyodectiformes is supported 
by five synapomorphies. These are: ethmopalatine 
ossification in the floor ofthe nasal capsule articulating 
with the palatine; six or seven uroneurals, the first 
three or fOll" extending anteroventrally to cover the 
entire lateral surface of the first, second, or third 
centra; teeth in a single series in the jaws; coracoid 
enlarged ventrally, meeting its fellow in a midventral 
coracoid s~mphysis; and anal fin long, falcate, 
opposed by a short remote dorsal fin. The presence 
of a single series of teeth on the jaws is also present 
in other Mesozoic teleosts. Yet this homoplastic 
character, ir combination with the others, is diagnostic 
of ichthyodectiforms. 

In Patterson and Rosen's (1977) phylogenetic 
hypothesis the ichthyodectiforms were placed 
between Leptolepis eoryphaenoides (plesiomorphic 
sister group) and Tharsis. The present results do not 
corroborate such relationships (see text-Fig. 8). Ich­
thyodectiforms are interpreted here as teleosts more 
advancedtran Tharsis, Asea/abos, andthevarasich­
thyid group. 

Members ofthe varasichthyid group share several 
synapomorphies listed above. Domeykos, the most 
generalized member, is difficult to diagnose on the 
basis of advanced characters alone; yet the pattern 
ofthe braincase of Domeykos (text-Fig. 3C, O) differs 
from that of Varasiehthys (text-Fig. 3A, 8), and 
Luisiehthys (text-Fig. 3E-F) in the position of the 
parietals, th3 position ofthe prootic and its shape, the 
position of the foramina for nerves in the prootic, and 
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the poorly developed prootic-intercalar bridge. The 
comparison of the braincase of I/arasiehthys and 
Luisiehthys shows also strong differences between 
these two genera. 8ecause of the extensive mor­
phological differentiation of the braincase of each of 
these Jurassic genera, it is difficult to find syna­
pomorphies, but it is easy to find autapomorphies of 
each genus. The comparison of these forms with 
other Jurassic teleosts is little help because the 
braincase of other teleosts (e.g., Tharsis, Lepto/epi­
des, and Chongiehthys) also differ markledly from 
those in the varasichthyid group. Such comparisons 
also reveal that our understanding of the variability of 
the braincase and its evolutionary transformations 
among teleosts is inadequate. The differences found 
in the braincase, pectoral girdle, and other structures 
in the varasichthyid group and in other teleosts such 
as Chongiehthys and Antofagastaichthys are of such 
magnitude that these Oxfordian forms must have 
diversified at least as far back as the Middle Jurassic. 
Unfortunately, a Chilean fossil fish record for the pe­
riod between the Early Sinemurian and the Oxfordian 
is presently lacking. 

One interesting aspect is the presence of several 
homoplastic and a few unique derived features which 
are autapomorphies of members of the varasichthyid 
group. Thecombination of primitivecharacters clearly 
separates T eleost sp. 1 and Domeyk-:Js from other Ju­
rassic forms. This illustrates the difficulties in defining 
basal forms on uniquely derived characters only, and 
confirms Ax's (1987) statement that some primitive 
features can be diagnostic characters as well. 

PALEOGEOGRAPHIC RELATIONSHIPS OF THE VARASICHTHYID GROUP 

About 2J fossil fish localities are known from the 
Jurassic (Schaeffer and Patterson, 1984, tables 3,4; 
Arratia, in press b); most are marine deposits. 
However, numerous important non-marine deposits 
are known from China (Chang and Jin, in press), 
Argentina, and one from Australia. Presently, it is 
uncertain \Wiether the age of the lacustrine deposits 
from China (and Siberia) is Late Jurassic or Early 
Cretaceous (Chang and Jin, in press). 

About 15 important fossiliferous fish localities 
(text-Fig. 10) are recorded from the Late Jurassic; 
among them, the best known localities and the best 
known assemblages are those from Great 8ritain, 

Germany, and France. Outside Europe, only a few 
localities compare in fish diversity with those in Europe. 
Examples are Quebrada del Profeta in Cordillera de 
Domeyko, northern Chile, and Pinar del Río, in Cuba. 

Information onthe different Late Jurassic localities 
and their fish fauna is so diverse that comparisons 
between them have to be done with great precaution. 
The present study employs the cladistic vicariance 
method of biogeographic analysis, ¡hat 'is a rigorous 
two-phase method of finding relaticnships based on 
the relative relationships of taxa endemic to the areas 
being analyzed' (Grande and Micklich, 1993. p. 245). 
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Text-FIG.10. Impor.ant Middle and Late Jurassic localities wHh teleostean lishes. 1- Great Britain (e.g., Dorset); 2- Germany (e.g., 
Solnh,)len, EichstaU, Kelheim); 3- Italy; 4- Cuba (e.g., Pinar del Rlo, Vinales); 5- Northem Chile (e.g., Quebrada del Proleta 
in Codillera de Domeyko); 6- Argentina (e.g., Cerro Cóndor; non-marine deposits); 7- Mexico (e.g., Nueva León); 8- United 
State~ 01 America (e.g., Colorado, New Mexico, Wyoming); 9- Canada; 10- Siberia; 11- France (e.g., Cerin); 12- North Alrica 
(e.g., Algeria, Morocco, and Tunisia); 13- Trans-Erythrean Trough (parts 01 Arabia, India, East Alrica, and Madagascar); 14-
China (e.g., northern China; non-marine deposits). The age, Late Jurassic to/or Early Cretaceous is uncertain (Chang and 

Jin, in press);15- Australia (e.g., Talbragar, New South Wales; non-marine deposH). 

The first step of such an analysis is to generate a 
hypothesis of phy ogenetic relationships of organisms, 
e.g., fishes, based on synapomorphies. Such a hy­
pothesis is provided aboye (text-Fig. 8). The second 
step is to translorm the phylogenetic hypothesis 
(text-Fig. 11 B) into an area relationship. For this 
purpose the author overlaps the geographic area 
(text-Fig. 11 A) of the taxa onto the cladogram (text­
Fig.11C). 

In the phylogenetic hypothesis (text-Fig. 11 B) 
Domeykos is th3 sister group of Varasichthys + 
[Protoclupea+ Luisichthys]. Domeykos, Varasichthys, 
and Protoclupea are known from Quebrada del Pro­
feta, northern Chile (text-Fig. 11 A, C: locality 5), 
whereas Luisich'hys is known from Pinar del Río, 
Cuba (text-Fig. 11, A, C: locality 4). Following the 
phylogenetic relationships of the genera, both areas 
are interpreted as sister areas. Since Ascalabosfrom 
southern Germany (text-Fig. 11 A. C: locality 2) is the 
sister group of the varasichthyid group, southern 
Bavaria may be interpreted as the sister area of 
southern South America (Chile) plus Central America 
(Cuba). Connection ofthese areas through the Tethys 
seaway seems :Jrobable. This is evidence for a 
connection bythe Tethys seaway betweenfishfaunas 
of Europe, Central America, and South America 
during the Late Jurassic. A marine corridor (Hispanic 

or Caribbean corridor) has been postulated between 
the Western Tethys (European Tethys) and the East 
Pacific (west of South America) during the Late 
Jurassic (e.g., Hallam, 1977, 1983); however new 
marine corridors arose as a consequence of the 
fragmentation of Laurasia and Gondwana (Hallam, 
1983; Scotese, 1987; Riccardi, 1991). Late Jurassic 
marine vertebrates which could have used the 
Hispanic corridor include fishes (se e aboye) and 
crocodiles such as a new crocodile found recently in 
the Oxfordian of Cuba (Iturrialde and Norell, 1992) 
and Me triorhynchus and Geosaurus which have been 
reported from the Tithonian of South America and 
Europe (se e Gasparini, 1992). 

The phylogenetic hypothesis (text-Fig. 9) shows 
that at least two clades evolved in both hemispheres 
during the Late Jurassic. The clade including [Anae­
thalion + [Leptolepides + [Lycoptera + [Orthogoni­
kleithrus+ Teleost n. gen.]lll has evolved inthe north, 
in Europe and Asia, whereas the varasichthyid group 
evolved in Central America and the Pacific side of 
South America. Whether these two clades are natu­
ral assemblages mainly restricted to northern and 
southern continents should be tested when additional 
Late Jurassic fossil taxa, now under study, are known 
and their phylogenetic relationships examined. 
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A 

SOlNHOFEN El. PROFETA PINAR on RIO Text-FIG. 11 . A- dislrlbulion 01 land (dar!< grey) and sea 
(Iighl grey; Irom Schaeffer and Palterson. 
1984) wilh localion 01 Lale Jurasslc lísh 10-
calilles (indicaled by black clrcles). 1- Greal 
Brllaln; 2- Germany; 3- Ilal)l; 4- Cuba. 5- Chi­
le . B- scheme 01 phylogenetlc relalionships 01 
Asea/abos and Ihe varaslchlhyid group. C­
si~Hlied area cladogram 01 Solnholen. Que­
brada del Prolela. and Pinar del Rlo. 

Garm.ny Chn. Cuba 
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PLATE 1 
Figures 

80"11e Jurassic teleostean fishes in lateral view. Arrow points anterior1y. 

A Domeykos profetaensis, Late Jurassic, Oxlordian, Quebrada del Proleta, Chile (specimen LBUCH 12-
260972a). 

B Domeykos profetaensis, latex cast 01 head and pectoral girdle and lin (specimen LBUCH 12-260972b) to 
show fue vomerine dAntition, details 01 fue preopercular sensory canal, and parts 01 the branchial arches. 
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PLATE2 
Figures 

Luisichthys vinalensis, Late Jurassic, Pinar del Río, Cuba (acid-prepared specimen USNM 18656; dusted 
with NH.CI). 

A HeEd, pectoral girdle, and anterior abdominal vertebrae and associated elements. Arrow points to the 
?posttemporal fossa. 

B NeLrocranium in posterior view. Arrow points to the ?post temporal fossa. B, e, same scale. 

e NeLrocranium in lateral view. Arrows point to the entopterygoid. 
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PLATE3 

Protoclupea chilensis, Late Jurassic, Oxfordian, Quebrada del Profeta, Chile (specimen DG-R 396). 
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PLATE 4 

Varasichthysariasi, Late Jurassic, Oxfordian, Quebrada del Profeta, Chile (specimen LBUCH 16-260977a). 
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PLATES 
Figures 

Varasichthys ariasi (specimen lBUCH 16-260977b). large arrows point anteriorly. 

A Neurocranium in lateral view. Small arrow points to the posterior end of the parasphenoid; 
boc, basioccipital bone. 

B Cranial roof (specimen lBUCH 012378a, dusted with NH.CI). Note the extension of the basioccipital bone 
below the parietals. 
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PLATE 6 
Figures 

Ver:ebral column in some members of the varasichthyid group. 

A DOfTIeykos profetaensis (acid-prepared specimen LBUCH 260972a). 

B Var:lsichthys ariasi(specimen LBUCH 1-270a). The arrow points to the hourglass-like chordacentrum which 
is o:lserved in the region with the autocentrum removed. 

e Luisichthys vina/ensis. Caudal vertebrae in lateral view (specimen NMNH 18429 under alcol-ol). 

o Luisichthys vina/ensis. Enlargement of a caudal vertebrae in lateral view (specimen NMNH 18429, dusted 
withNHP)· 



G.Arratia 161 

PLATE6 



162 PHY_OGENETIC ANO PALEOGEOGRAPHIC RELATlONSHIPS OF THE VARASICHTHYIO GROUP (TELEOSTEI) FROM THE LATE JURASSIC ••• 

PLATE7 
Figures 

Vert3bral centra in certain Jurassic teleosts. 

A Caujal region of Domeykos profetaensis (specimen LBUCH 012778a). Arrow points anteriorly. 

B, C SEt-A of vertebral caudal centra of Leptolepis coryphaenoides (specimens KUVP 91 012) showhg fusion of 
the arches and the autocentrum (40x and S8x, respectively). 

o Cross section of a midcaudal vertebrae of Domeykos profetaensis showing the fusion of the archas and 
tha autocentrum (KUVP 97044). Small arrows point to cavitias for adipose tissua. 
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PLATE 8 
Figures 

Teleost sp. 1 sen su Arratia (1991). Caudal skeleton in lateral view (specimen LBUCH 1987b). 

A Caudal skeleton and fin. Arrow points anterioriy. 

B Enlargement of a section of the rays in the ventrallobe of the caudal fin of the specimen in figure A. Arrows 
point to the reduced hypaxial rayo 
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