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Zusammenfassung

Zwei Teleosteer-Gattungen, Protoclupea ARRATIA et. al. 1975 b und Domeykos n. gen., mit drei Arten (P. chilensis ARRATIA et. al. 1975 b,
P z.ztfzmmensis 1. sp., D. profetaensis n. sp.) werden aus dem Oberen Jura (Oxfordium) der Cordillera de Domeyko in Nordchile beschrieben.
Luisichthys vinalesensis Wwrte 1942 aus dem Oberen Jura (Oxfordium) von Cuba ist neu untersucht.

Schliisselwdrter: Jura - Chile - Cuba - Teleostei — Morphologie.

Summary

Two teleostean genera, Protoclupea ARRATIA et al. 1975 and Domeykos n. gen., and three species (P. chilensis ArrATIA et. al. 1975 b, P.
atacamensis n. sp., D. profetaensis n. sp)) are described from the Oxfordian, Late Jurassic, of the Cordillera de Domeyko. Luisichthys

vinalesensis WHaITE 1942 from the Oxfordian, Late Jurassic, of Cuba is reinvestigated.

Key words: Jurassic — Chile - Cuba - Teleostei - morphology.
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“Introduction

In recent years, many fossil teleostean fishes have been found at different localities in the Atacamfi desert in
the north of Chile. The most diverse and well preserved teleosts have been discovered in Late Jurassic rocks at
Aguada El Profeta, Cordillera de Domeyko, southeast of Antofagast@;_(tegit-ﬁg. I)QV"‘Part" of this material has been
studied, and the following teleost species have been described: “Leptolepis” opercularis ARRATIA et al. (1975a),
Protoclupea chilensis ARrATIA et al. (1975 b), Viz‘rfy“asicbtbys'"’aridkikARi(ATIA (1981), and Chongichthys dentatus ARRATIA
(1982). Two additional teleosts will be described in, this paper (Protoclupea atacamensis n. sp., and Domeykos
profetaensis n. gen. and sp.). Soft tissue (muscles, vessels, swimbladder, melanophores, etc) is preserved three-
dimensionally in these fossils. T :

Protoclupea chilensis was described by ARRATIA et al. (1975b) from unprepared material, and placed within the
family Clupeidae as a preliminary approach. Further study of the holotype revealed additional teleostean features.
At the same locality, there are other specimens with scales like those of P. chilensis; these belong to a new species of
Protoclupea and to a new genus. Leptolepides sprattiformis (BLAINVILLE) from the Kimmeridgian of Bavaria and Cerin
shares this type of scales (Scuurtze 1966: fig. 40b) with the teleosts ‘from*Northern Chile. Luisichthys Wre

(1942), a Cuban Jurassic fish, has this feature, too. Therefore it is also included in this paper. Its revision is limited
here to cranium, vertebrae and caudal skeléton.

Cd

Material and Methods

The material is deposited in the collections of the Departamento de Geologia, Universidad de Chile, Santiago
(R), 9( the Servicio de Geologia y Minas, Santiago, Chile (I.1: G.), Laboratorio de Biologia, Universidad de Chile,
Santiago-Sur (LBUCH); Division of Ichthyology (KU) and Division of Vertebrate Paleontology (KUVP) of the
Museum of Natural History, University of Kansas, and Division of Vertebrate Paleontology, National Museum of
Natural History (U.S.M.N.), Smithsonian'InStitutidh, Washington, D. C.

Th‘e fossil Chilean material was collected along the.one km north-south outcrop of one horizon within the
Oxfordian rocks (Hiterrannt 1970, CHONG 1977) north of Quebrada El Profeta about 1 km east of Aguada

Chica, Sierra de Varas, Cordi]lefa de Domeyko; SE Antofagasta, ‘Northern Chile at 24° 50° South, 69° 12° West
(te)ft-ﬁg. 1). The holot'ypes. described here were collected by ErnEsTo PEREZ, Servicio de Geologia y Minas, Santiago,
Chile, (Protoclupea chilensis), by one of the authors, Hans-PETER ScHuLTZE (Protoclupea atacamensis n. sp.), and by
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GUIPITERMO CHOII\IG, Universidad del Norte, Antofagasta (Domeykos profetaensis n. gen. et sp.). Paratypes and
additional material were collected by the authors, and GuitLermo Crong, ARTURO QuINzIO and Luis SANTANDER
(Universidad del Norte, Antofagasta, Chile) in 1978. The Cuban fossil material described here was collected by D.
H. Dunkte and J. GalLarpo (March 1950) at different localities in the Province of Pinar del Rio (see localities of
Luisichthys), Cuba.

Some fossil Chilean material was prepared by the transfer technique (Toomss & Rixon 1959). Specimens of
Luisichthys were acid prepared by Dr. D. H. Dunkie. Latex peels were made by O. BonNER, Museum of Natural
History, Lawrence, Kansas. Peels of scales of different regions of the body from all specimens were done following
the technique of ScHuLtzE (1966).

The number of Jurassic specimens studied is listed directly after the specific diagnosis of each species.

Some of the cleared and stained extant fishes used for comparisons were prepared using a modified version of
the technique of DINGERKUs & UHLER (1977) to permit examination of both cartilage and bone. Illustrations were
prepared by one of the authors, G. ARrATIA, by use of a WILD stereo-microscope equipped with a camera lucida;
details were checked by using LEITZ and OLYMPUS microscopes with phase contrast of high resolution power.

Abbreviations used in Text-Figures

Ao antorbital bone Gp gular plate PH parhypural
An angular bone H1-7 hypurals 1-7 p.i.b. prootic-intercalar bridge
ar articular bone hs haemal spine and arch poc preopercular sensory canal
arcr articular cavity for rib bone Iol-5 infraorbitals 1-5 numbered Pop preopercular bone
art.1 articular facet for intercalar from front to back PPH processes of heads of upper
asp autosphenotic bone ioc infraorbital sensory canal hypurals
L i tic b
o bemgerson el g v
BR9 branched caudal fin-rays of 1t Intercalar bone P pracie
. . Psp parasphenoid

upper lobe numbered from top 1l main lateral line . rerotic bone

downwards In “leptolepid” notch p P 1
b b hial . PU1 preural centra 1
b Cceratobranchia mlc main lateral line canal uadrate
-t temporal chamber mo membranous outgrowth of 9 q
cfr caudal fin rays the first uroneural rar retroarticular bone
Cl cleithrum mplg middle pit-line groove ri ribs
csc caudal scute msc mandibular sensory canal s symplectic
D dentary bone mso posterior opening of Scl supracleithrum
dref dorsal fin rays mandibular sensory canal Sm 1-2 supramaxillac 1-2
Dsp dermosphenotic Mx maxillary bone s0 supraoccipital bone
Dt dermethmoid Na nasal bone soc supraorbital sensory canal
E1-3 epurals 1-3 NPU 1 neural arch or spine of Sop subopercular bone
epb epineural bone fused to the numbered preural centrum te temporal sensory canal

| spine and arch

. ne.ura.l arch ;ISU 2:321 a}:ch of ural Ul1-2 ural centra 1-2
E epiotic bone ! UN1-5 uroncurals 1-5
s¢ extrascapular bone centrum 1 4 ‘ .
exo exoccipital bone Op opercular bone VIl foramcn' f()r'hy()mandxhulnr
F frontal bone trunk of facial nerve
f.m foramen magnum Pa parietal bone X foramen for glossopharyn-
f.oa foramen for orbital artery parp postarticular process of geal nerve
f.p.j. posterior opening of pars angular bone X foramen for vagus nerve

jugularis Pcl1-6 postclelthra 1-6
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Systematic Paleontology
Subdivision Teleostei incertae sedis
Family indet.

Protoclupea ArraTia et al. 1975b

Diagnosis (emended): Elongate teleosts. Cranial r(?of without crests; parietals meeting in n.ndlm.et.thoinﬁ
and relatively deep infraorbitals; suborbital absent. Cephah? sensory canals enclosed by 1.)one. Lower jaw w1 diblﬂgar
coronoid process and “leptolepid” notch, without retroarticular, w1th el.ongate pgstartlcular process, }inan -
sensory canal opens medially. Ventroposterior angle of preopercle projecting poste.rlorly; preopercl'e wit num}frt ¢
elongate sensory tubules. Posttemporal small, covered by extrascapula. Latera.ll line on supracleithrum w11t . hw.
tubules and emerging in the posteroventral border of the large supracleithrum. Four to ﬁve' postc eltlra,
postcleithrum 4 large, with crenulate posterior border. Elongate pelvic axillary process. Anal fin begl.ns below ast
dorsal rays. Base of dorsal, anal and caudal fins covered by large oval scales, large .leong scales pflrtla.”y coverm(g1
caudal fin rays and last dorsal rays. Autogenous neural and haemal arches. Five uroneurals inclined towar

horizontal; first two uroneurals extending forward to PU 3-PU 4; three epurals. Scales with transversely oriented
lines in the middle field; posterior field of scales smooth.

Type-species: Protoclupea chilensis ArraTia et al. 1975b

Text-fig. 2, 3A-C, 4A,5A, 6A, 7A, B, 8A-C, 21D, pl. 1, fig. A, B

Protoclupea chilensis Avratia et. al. 1975b: 10-11.

Protoclupea - Cuone 1977: 389.

Protoclupea chilensis ARRATIA et al. -~ GasparINI 1979: 19, 29.
Protoclupea chilensis ARRATIA et al. (1975) - Arratia 1981: 108, 124.

Diagnosis: Protoclupea of about 15 cm standard length. Infraorbital
sensory canal with short tubules. Articular excluded from

projecting caudally, forming a triangular posteroventral angle. Elongate triangular extrascapula and postcleithrun} 4.
Dorsal fin deeper than long. 44-46 vertebrae. Rays: more than 16 pectoral; 11 to 14 pelvic; about 14 prinClpal

dorsal rays plus 4 small unbranched rays; 19 principal anal rays plus 3 or 4 small unbranched rays; 37 caudal.
Without scales on maxilla and infraorbital 1. Dorsal fin divided into two set

1 shorter than infraorbital 2; infraorbital
postarticular process. Posteroventral angle of preopercle

s of rays by scale row.

Holotype: Part (R-396) and counterpart (R-396 A), nearly complete specimen, anterior end of head and posterior end of caudal rays
missing; muscles preserved.

Paratypes: Part and counterpart (R-
part of head and trunk, caudal fin missing,
good preservation. Specimen 1.1.G. 220173
to Protoclupea chilensis because the scales

397 A): incomplete pectoral and caudal fins,
poorly preserved. Incomplete specimen 1.1

aand its counterpart 1.1.G. 220173 b cited
do not have the transversely oriented

poorly preserved. Specimen 1.1.G. 2220173: posterior
‘G. 2011, missing anterior part of head and caudal fin,
as paratype in ARRATIA et al. (1975 b) does not belons
lines between the circuli in the middle field.



Table 1. Body relationships of Protoclupea chilensis, Protoclupea atacamensis n. sp. and Domeykos profetaensis n. gen. et sp.
Protoclupea Protoclupea Domreykos
chilensts atacamensis profetacusis

Standard length/head length 2.6-3.8 3.2 3

Standard length/predorsal length 1.7-19 1.8 1.8

Standard length/prepelvic length 1.6-1.9 1.8 1.7

Standard length/preanal length 1.3-14 - 1.2

Predorsal length/head length 1.8 1.8 1.7

Head length/head depth 1.4 15 1.4

Body depth/head depth 1.3 1.2 1.6

Head length/standard length (%) 25-39 31 33

Head length/predorsal length (%) 55 52 57

Head depth/Head length (%) 69 67 74

Peduncle depth/body depth (%) 48-49 - -

Predorsal length/standard length (%) 54-60 57 56

Prepelvic length/standard length (%) 54-62 58 57

Preanal length/standard length (%) 73-80 85 -

Additional material: Part (KUVP 71205a) and counterpart (KUVP 71205 b): nearly complete specimen missing anterior part of
head and posterior part of caudal rays, trunk covered with muscles, good preservation. Part (LBUCH 3592a) and counterpart (LBUCH
3592 B): displaced bones. Part (LBUCH 190179 a) and counterpart (LBUCH 190179 b): trunk including squamation and vertebrae, pelvic,
dorsal, anal and caudal fins incompletely preserved.

Locality and geological time: North of Quebrada El Profeta, about 1 km east of Aguada Chica, Sierra de Varas, Cordillera de
Domeyko, southeast of Antofagasta, northern Chile at 24° 59°S, 69° 12’W; Oxfordign, Late Jurassic (text-fig. 1).

Description: The fishes are elongate (text-fig. 2; pl. 1, fig. B) and reach about 15 cm standard length. The head
is 25% to 39% of standard Jength (other body proportions in table 1); the low values belong to the holotype, a
specimen of about 13 cm total length.

Skull roof (text-fig. 3B): The skull roof is wide and flat. The bones are smooth and ShO\fV no trace of ganoin.
The anterior end of the cranial roof is not preserved. The anterior part of each frontal is partially overlapped by a
broad flat bone that we interpret as the nasal. Most of the skull roof is formed by the FrOI.ltalS.

No dermosphenotic was found in any specimen; possibly Profoclupea had a small dermosphenotic contrary to
the long bone present in leptolepids and Cretaceous clupeomorphs.

Both parietals are incompletely preserved. They are asymmetrical in that the supraorbital canal lies more
laterally on the right one and in that the suture between both is moved to the left. The posterior portion of the

pterotic is widened.

////
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specimens; scales omitted.

Textfig. 2. Protoclupea chilensis. Restoration in lateral view based on many

N
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Text-fig. 3. Protoclupea chilensis. A: Restoration of head in lateral vieyg,qbasgd mainly on holotype. B: Restoration of dorsal view of cranium.
(holotype). C: Restoration of the caudal skeleton (holotype). I A G ~ : )

A c

Text-tig. 4. Extrascapula. A: Protoclupea chilensis (holotype). B: Protbéiupm atacamensis (KUVP 71204 a, b). C: Domeykos profetaensis n. g€n-

et sp. (holotype).

R




The supraorbital sensory canal runs on the frontal in a bony tube and continues onto the parietal. The
supraorbital canal gives off a few short tubules in the posterior part of the frontal and several very short tubules on
the parietal. At the growth center of the frontal, the supraorbital canal gives off a branch towards the
autosphenotic. The middle pit-line groove is deeply incised and extends from the radiation center of the parietal to
the radiation center of the pterotic. The temporal sensory canal is incompletely preserved and the connection to
the canal on the extrascapula is covered by rock. No opinion can be given about a recessus lateralis.

The extrascapula (text-fig. 4 A) is a large triangular bone; the ventroposterior margin shows some circuli. The
supratemporal commissure and the main sensory canal are enclosed by bone. The main lateral sensory canal
continues to the anterior margin of the extrascapula, but the connection to the temporal canal is covered by rock.
A posttemporal bone has not been observed (it could be very small or totally missing).

Circumorbital series (text-fig. 3 A): The circumorbital series is incomplete dorsally; five bones are
preserved. The antorbital is comma-shaped; its ventral border touches the anterodorsal margin of infraorbital 1.
The infraorbital sensory canal ends on the antorbital.

The lacrimal or infraorbital 1 is slightly oval and shorter than infraorbital 2. The infraorbital sensory canal
passes through a tube along its centre and gives off several short tubules ventrally. Infraorbital 2 1s the most
elongate component of this series; the infraorbital sensory canal gives off about seven short tubules. The posterior
margin of infraorbitals 3-4 reaches close to the anterior border of the preopercle. The infraorbital sensory canal
gives off a few short tubules. Infraorbital 4 is the smallest infraorbital bone, and infraorbital 3 the largest, thus
between infraorbital 1 and the largest bone of the series there is only one infraorbital. A fifth infraorbital is not
preserved; if such bone was present, it was very small, judging from the space which is between infraorbital 4 and
the pterotic.

There is no suborbital.

The sclerotic ring is ossified, but only one portion is preserved close to the posterior margin of the orbit. The
limit of the eyeball is clearly visible in the holotype R-396 (pl. 1, fig. A, B).

Upper jaw (text-fig. 3 A): Only a small part of the maxilla is preserved; it bears a single row of small conical
teeth.

Lower jaw (text-fig. 3A, 5A): The lower jaw is deep with a high coronoid process. Tbe dentalty lacks its
anterior part, nevertheless a narrow, deep “leptolepid” notch is preserved. between t‘he. ascegdmg margin and the
dorsal margin. On the posterior margin of the lower jaw, the articul:.ir is clearly c.hstergulshcd from t.he dermal
angular; it is slightly triangular in shape and its suture with the angular is clearly dlstmgulshable.. The articular does
not project posteriorly below the articular facet. It seems that the angular alone forms the articular facet for the

1mm

Text-fig. 5. Posterior end of right lower jaw of Protociupea, in medial view. A: P. chilensis (holotype). B: P. atacamensis n. sp. (holotype).
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icular b ] ' i ' articular. The
quadrate. The postafticﬁ[ar process is formed by the angular. There is' no evidence of a retro
mandibular sensory canal opens medial}y. S P Y ‘
Hyoid arch, branchiostegal rays and branchial skeleton: There are remains ofdthe antetr}xlorlaild
: chiostegal : i i ; 0 ates
osterizr ceratohyals and posterior branchiostegal rays. Part of the gill arch skeleton is p}rle's;trve ; no tto rese;;ved
gre associated either with ceratobranchials or Wﬂith-‘epibr’arichlals; the pharyngobranchials are not p )

Hyopalatine bones: There “ire : rém“\ailin’sv-xjof '.?hyorﬁandibular, metapterygoid, ectopterygoid ax;ld
endopterygoid. The quadrate"(t'ext-ﬁg."j;S A) is a-triangular bone with a slightly rounded upper border. The
symplectic is not pr,eystirrved:. R .

Opercular bones_ (text-fig. 3A) and-gular plate: The opercular series consists of preopercle, opercle,

subopercle and interopercle (the latter :poorly: preserved); all these b‘ones,have a smooth surface.f e bone
The preopercle has a long dorsa_lﬂ‘lj\n}b and a relatively short ventral limb. The posteroYentral angle. of the bon

is strongly projected back, forming a trlangular margin which.is finely crenglated.’ There is no notch in the.upper

- part of the posterior edge of the preopercle. The preopercular sensory canal is broad and enclosed by bone; it runj
- near the anterior margin of the bone. The preopercular sensory canal gives off 11 tubules, most of them prolo.nge

close to the ventroposterior margin ftfhé":;bonéFThe’tubules,on,the dorsal limb are the shortest. There is no

evidence of a supraopercle. , N v AL ,
The opercle has a r’odﬁdédi?do'r’salmmargin."There is an .oblique suture between opercle and subopercle.
~ Subopercular depth is about 45% of opercular depth. I'he:interopercle is incompletely preserved in the holotype

(R-396), but seems té}bie narrow.
There is no evidence of a"gular plate.

Vertebral:’c'b’ltfifh) ﬁ{an‘d‘ribs': Ttis difﬁcult to'study the'abdominal vertebrae because the preserved muscles
- cover them péikrtiall);.}ﬂtilkl'"‘tvé"f47'verteb‘réé;are pierced centrally for the passage of the notochord. The caudal centra
are markedly larger than the abdominal ones (text-fig. 2). All vertebral surfaces are apparently smooth, with
delicate narrow longitudinal grooves. Both neural and haemal arches are autogenous. The needle-like neural and
haemal spines are slightly “inclin'erd caudally.

It is not‘possiblc,to,-detéfminéi‘prec’iselyxth“e;numberjof;abdominal vertebrae and ribs because of cover by
~muscles. That is: the  reason ‘why th

the  reason ‘v e restoration of . Protoclupea chilensis (text-fig. 2) presents an “open” area. The
slightly curved ribs’ reach the ventral margin of “the ‘body.- :
The presence or absence of supraneurals, epineurals and

epipleurals could not be determined because of
“insufficient preservation. )

K

Pectoral girdle (text-fig. 2, 21 D) and fin: The supracleithrum is an elongate broad bone; its dorsal margin
is covered by the extrascapula. The main lateral sensory canal gives off one secondary branch close to the dorsal
margin of the bone. The posterior margin of the supracleithrum is incomplete preserved in most specimens.
Postsupracleithra have not been observed. The cleithrum is large and broad; its dorsal end extends widely below
the supracleithrum. The elongate postcleithra 1 to 3 present in most teleosts have not been observed. Nevertheless
a triangular bone lies ventroposterior to the cleithrum which we Interpret as postcleithrum 4. This bone has a finely

crenul.lt'ed posterior margin which projects far back. Posterior to postcleithrum 4, there is a small slightly triangular
bone with a crenulated posterior margin that

! We interpet as postcleithrum 5. The scapula and radials are not
preserved, but remains of the coracoid are found in specimen KUVP 71205 a.
The pectoral fin has 16 or more broad, flattened pectoral rays, the distal ends of which are not preserved.

Pelvic girdle and fin: The poorly preserved,

o ! elongate triangular pelvic b text-fig. levated
ridge in the middle of the anterior part. No pelvic : i have been o Goxtflg: 6A) has an ele

radials or splint have been seen The 11 to 14 pelvi § are
part ) , pelvic ray
broad, f’l.utlened, SCglmefI}KSd arlld their distal ends are finely branched. Close to the first ray lies the axillary pelvic
process, as long as the first pelvic ray (text-fig. 2); it is preserved as imprint it i i ide if it
ts & scale-like bone or bone-like scale. P ‘ o prn , so that it is not possible to decide 1




Dorsal and anal fins: The dorsal fin begins opposite or slightly behind the origin of the pelvic fin. The
basal length is shorter than the longest ray. The dorsal fin is apparently divided into two portions separated from
each other by a row of large oval scales (text-fig. 2); the first portion of the dorsal fin consists of 4 unbranched and
7 branched rays; the second portion formed by 7 shorter branched rays is partially covered by large scales (text-fig.
7A).

The anal fin starts behind the insertion of the last dorsal ray. The base of the anal is longer than the base of
the dorsal fin. The fin is acuminate (text-fig. 2) and longer than deep. There are probably 4 unbranched rays; the
third and fourth rays lack their ends. There are at least 19 branched rays, their bases covered by large scales similar
to those of the dorsal fin (text-fig. 7 A).

Caudal fin (text-fig. 3C): In all specimens the distal part of the caudal fin is missing. The caudal fin 1s small
in proportion to the size of the fish.

The haemal spines of preural centra 2-3 are wider than the haemal spines of the other caudal vertebrac. The
haemal arches associated with preural centra 2-4 are autogenous and wide. The neural arches of preural centra 1-2
are absent or it could be that they were not fused. A neural arch over the first ural centrum is absent. The

Text-fig. 6. Pelvic bone. A: Protoclupea chilensis
(holotype). B: Protoclupea atacamensis n. sp.
{holotype). C: Domeykos profetaensis n. gen. et
sp- (holotype).

d remains of three additional ones. Hypurals 1 and 2 articulate
oneurals are present; the uroneurals are inclined toward the
d uroneurals followed by one medium-sized and two
centrum 4; the anterior part of the second uroneural is
4. The third uroneural partially overlaps first ural
riorly directed membranous outgrowth is developed from the

parhypural is autogenous. There are six hypurals an
with first ural centrum. Three epurals and five ur
horizontal and form two sets, two long anterior compoun
short fusiform bones. The longest uroneural reaches preural
not preserved but the bone probably reached preural centrum
centrum and completely ural centrum 2. An ante
anterodorsal margin of the first compound uroneural.
Thirty-seven caudal fin-rays can be counted in the hol
lower principal caudal rays. One caudal scute precedes e

otype R-396; it seems that there are 10 upper and 11
ach lobe.
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"+ Text-fig. 7. Dorsal and “caudal-fin rays and. scales of Protoclupea chilensis {(holotype). A: Spales located on the bases and in betwe
~principal dorsal-fin rays. B: Scales  covering the ‘principal caudal-fin rays.

: The dorsal paft of the head is covered by cycloid scales of differen? size and shaq;e;
the posterior field of t}iy‘e's\e small scales shows no circuli. Contrary t‘(\)"thc’:k Small scales in othe.r regions, largc S(f:‘?;d
lie behind the pectoral girdle; they present transversely oriented lines in the middle field, while the posterior o
is smooth. The scales of the ventral part of the body are oval in shape and only rarely have transversely orien ?
lines. Large 'oblohg scales with few circuli lie at the base and between the rdys of ersal and anal fins. Thﬁe base 0

the caudal fin rays and part of the caudal rays (text-fig. 7B) are covered by very oblong large scales with many

L IAYs \ Lo ) . ; the
circuli in the anterior field and few transversely oriented lines in the middle field crossing the posterior part of
circuli, o

Squamation (text-ﬁé."» 8)

A single lateral ling runs along the flank. It is not possible to determine if ’itr',teyach‘es the base of the caudal fin.

Protoclupea atacamensis 1. sp. o
Textfig. 4B, 5B, 6B, 9, 10, 11A-C, 21E, pl. 2, fig. A,B -

- Diagnosis:-Protoclupea of about 26 -cm standard length. Infraorbital 1 longer than infraorbital 2; infraorbital
sensory canal with relatively long tubules. Small articular extends just to the posterior border of the lower jaw an
projects into postarticular process. Broad, square postcleithrum-4. Dorsal fin longer than deep. Maxilla and
infraorbital 1 scaled. No scale row dividing the dorsal fin into two

sets of rays. Scales with transversely oriented
lines in the middle field, smooth posterior: field. R ‘ o




-

C

Text-fig. 8. Cycloid scales of Protoclupea chilensis (holotype

)- A: Posterodorsal part of head; B: Behind cleithrum; C: Ventral region of the
body, in front of pelvic girdle. (Arrow points anteriorly

Text-fi

8 9. Protoclupea atacamensis n. sp., restoration in lateral view based in several specimens; scales omitted.

EtYmOIOgy' The specific name refers to the Atacama desert where the specimens has been found in the C()rdichm de ()omcvyko.
Holotype: Part (LBUCH 1-250277 a) and counterpart (LBUCH 1-250277 b): head tncompletely prescrved, part ‘<)1‘t|1e pectoral girdle
and fin, pelvic girdle and incompletely preserved pelvic fin, dorsal fin and squamation; anal and caudal fin missing.

Paratypes: Part (KUVP 71204a) and counterpart (KUVP 71204 b); trunk, peFtoral, pelvic, dorsal far}:d darun]dﬁmi m.usldes I;:nd
Squamation preserved. Part and counterpart (KUVP 81241): incomplet.e preserved specimen, anterlorlpa;t o | ’cad an, | ;al mI_SSIngi talrf
(LBUCH 116-180173 a) and counterpart (LBUCH 116-180173 b): some isolated head bones, trunk, pel.vnc, orsa jr.1]n snj IY;(S vn;;ompte cﬂ)
Preserved, and squamation. Part (LBUCH 210277-1a) and counterpart (LBUCH 210277.—1 b)f posterior part of hea f, runk a - peclor]
Pelvic, dorsal and anal fins, vessels and scales preserved. Specimen LBUCH 210277-3: imprint of posterior part of trunk, incompletely
preserved dorsal and anal fins, and squamation.

Locality und geological time: Same as Protoclupea chilensis (page 33, text-fig. 1).
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‘ N i 31% of standard
e ched ADoK dard length. The head is about
St on. hes approximately 26 cm stan
Description: The fish reac PI RIS
length (proportions in table 1). .

bital bones (text-fig. 9 ld pl 2, fig. B): Remains of only three infrao;l;ital bc;nc:i?hareiri)frrzsc)err;etji
. [e] =, . 7y /s . Ly i . . .

Infi C:t:ii:l?;)ranldaz are relatively deep. Infraorbital 1 is longe; ‘than fie.ep ar;;ifroutigShzrftibules dos

o pper f the bone, giving off fo s
h a tube near the upper edge of the bo 4 o Comaly and

P i i 1 through a tube along the center of infraorbi
. Ily. The infraorbital sensory canal passes tht ; L tube e s teriorly: the
cfght t??“ﬂ;i:l::lt: v};ntrally and three tubules dorsally. Infraorbital 3 is incomplete; it is exfpandel('ie:)eori:;(iugmes.
ﬁi‘fl':'lsocr)bitsal sensory canal runs close to the bejtal margin of the bone and there are four p ;

probably this number could be.a little higher. ‘

Te:xt-ﬁg. 10. Protoclupea atacamensis n. sp.
inédmpletely preserved infraorbital bones,
* maxilla, lower jaw and quadrate

(holotype).

he strongly curyved;m‘axvilla (textﬁglO, pl. 2, fig. B) is preserved; it bears a row of

Upper jaw: A portion o
small conical teeth.

Lower jaw (text-fig. 5B, 10, pl. 2, fig. A, B):
by dentary, angular and articular, The retroarti
displacement of the bone.

The dentary bears
between the ascending
posteroventrally close nandibular articulation is slightly
anterior to the posterior margin of the orbj k ior
endochondral articular are clearly distinguishable:
seems to form most of the articular facet for the quadrate;

the inner side of the postarticular process; mos
mandibular sensory canal opens medially,

The lower jaw is deep,

with a high coronoid process. It is formed
cular is absent and t

here is no evidence of its presence by

Branchiostegal rays and branc
A). Fragments of the gill arch

associated with tooth plates.

hial skeleton: There are remains of eleven branchiostegal rays (pl. 2, fig-
skeleton are visible but th remarkat

ey show nothing remarkable. The ceratobranchials are not




Hyopalatine bones: The hyomandibular is vertically placed; the head of the bone (text-fig. 9) 1s undivided;
the opercular process lies in the upper third of the bone; there is no preopercular process. Remains of ectopterygoid
and endopterygoid are preserved; both bones are toothless. The symplectic is a splint-like bone. The quadrate is
inclined forward; its anterodorsal angle is prolonged dorsally.

Opercular series (textfig. 9, pl. 2, fig. B) and gular plate: Only the ventral limb of the preopercle is
preserved in LBUCH 116-180173a. It projects far back and it bears a wide preopercular sensory canal with relatively
long sensory tubules.

The opercle and subopercle are partially preserved. The opercle has a rounded upper cdge, and an articular
process for the hyomandibular. Subopercular depth is about 33% of opercular depth. The interopercle, completely
preserved in LBUCH 116-180173a, is a deep and proportionally short bone.

There is no evidence of a gular plate.

Vertebral column: Some abdominal centra similar to those of Domeykos profetaensis n. gen. et sp. are
preserved. The neural arches are covered by muscles. Remains of some ribs appear close to the ventral border of the
body; their inclination is similar to that of P chilensis. Most caudal centra are covered by muscles.

Pectoral girdle (text-fig. 9; 21 E) and fin: The extrascapula (text-fig. 4B) is a large bone, broader distally
than in the anterior margin; the supratemporal commissure gives off three or four tubules. Supracleithrum,
cleithrum and postcleithra are partially preserved. The supracleithrum (text-fig. 9) is a large and broad bone widely
covering the cleithrum; the lateral line canal branches into two tubules; a short dorsal one, and the main canal
running to the posterior margin of the bone. Postsupracleithra have not been observed in any specimen. The
cleithrum is missing its ventral portion in all specimens. Postcleithrum 1 has a crenulated posterior border. Two
other elongate postcleithra lie close to the ventral border of the body, we interpret them as postcleithra 2 and 3.
Postcleithrum 4, a broad triangular bone with a finely crenulated posterior border, lies between the cleithrum and
postcleithrum 2.

Sixteen to seventeen broad flattened pectoral rays are preserved in LBUCH 2102771 a, b; their distal ends are

finely branched.

Pelvic girdle and fin: The pelvic girdle lies anterior to the dorsal fin, The pelvic bone (text-fig. 6B). cons.ists
of an anteromedially inclined membranous bone, and a medial process of endochondral bone. No pelvic radials
or pelvic splint have been seen. The length of the pelvic fin is less thar‘l that of the bgse of the dorsal fin. There are
12 or 13 broad flattened, distally finely branched rays. A scale, the ax1.llary process, ll.CS cl(.)se to tht? shortest upper
ray, it is as long as the first ray (text-fig. 9). The pelvic axillary process 1s preserved as imprint only in all specimens
(text-fig. 9).

Dorsal and anal fins: The margin of the dorsal fin is slightly emarginated; the basce of the dorsal fin is
longer than the longest ray. The dorsal fin has five small ur‘lsegmented and unbranched rays ff;{llO\]ch by t\lyo
segmented rays and at least ten branched rays, the last one partla].ly. covered by ob]ong large scalci li ke t 1f>sc on the
base of the dorsal fin. The dorsal fin starts just in front of the origin of the pelvic fin. The ana.l f'm is mcomplctcly
preserved in all specimens. Three or four small rays and nine long rays are preserved but it is not possible to

decide which is the first segmented ray.

and the maxilla. Large scales (text-fig. 11 B) lie on
osterior field, a few transversely ortented lines in
oriented lines

Squamation: Large oval cycloid scales lie on infra}o.rbitl':ll 1
the posterior part of the cranial roof. These have circuli in the p .
the middle field and no ornamentation on the posterior field. Larger scales with many t'rahnsversell) irculi lie i
are located behind the cleithrum and supracleithrum (text-fig. .11 A). Large oval scales wit comp Zt? circult lcfl?
the anterior part of the trunk below the lateral line; the circuli are crossed by transversely oriented lines (text-fig.

11C).
There is only one lateral line on the middle of the flank.

6
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sal region of head. C: Middle

Domeykos n. g‘en.'ﬂ: o

Diagnosis: Fusiform teleosts with flat cranial roof; parietals sep“zi;réted‘by"sgpraoccipital. Cephalic seélso;z’
canals enclosed in bone or running partially within a bony groove. Deep neurocranium. Subtemporal fo'ssa abse 5:
Few elongate vomerine teeth; parasphenoid toothless. Two supramaxillae. Lower jaw with hig'h coronoid pryoceséli
without retroarticular; elongate postarticular process; mandibular sensory canal opens medially. Posteroventr
angle of preopercle moderately projecting posteriorly; preopercular sensory canal with numerous elongate sens(.)r}}z
tubules. Undivided lateral line on supracleithrum. Narrow, clongate postcleithrum 4. Abdominal vertebrae Wlt1
smooth surface and autogenous neural arches; caudal vertebrae with longitudinal lateral ridges and fused neur
and haemal arches. Scales with transversely oriented lines in the middle_ field, posterior field smooth; rounded or
oval small scales without circuli and without transversely oriented lines at dorsal margin of body.

Etymology: Domeykos refers to Cordillera de Domeyko where the fossil fishes were collected.

Type species: Domeykos profetaenszs n. sp

Text-fig. 4C, 6C, 12, 13 A-C, 14, 15A-E, 16A, B, 17 A-G, 21 C,22,23A,pL 3, fig. A, B, pl. 4, fig. A
Diagnosis: Same as generic diagnosis.

Etymology: The specific name refers to the locality Quebrada El Profeta in the Cordillera de Domeyko.
Holotype: Part (LBUCH 12-260972 a)

and counterpart (LBUCH " 12260972 b): nearly. complete  specimen; caudal fin - missing.
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Paratypes: Specimen LBUCH 1-210277-13: an acid prepared neurocranium, vertebral column, ribs and poorly preserved pectoral
and pelvic girdles and fins. The imprint of the neurocranium, part of the opercular apparatus, vertebrae, ribs, pectoral and pelvic girdles and
fins, remains of dorsal and anal fins, and squamation are preserved on the counterpart LBUCH 1-210277-13 a. Specimen LBUCH 022578-1:
vertebral column, dorsal fin, and squamation; poorly preserved. Specimen LBUCH 022578-2: incomplete preserved cleithrum and
postcleithrum, and squamation. Specimen LBUCH 11-260972a: incomplete preserved pectoral girdle and squamation. Specimen LBUCH
022578-3: posterior part of the opercular apparatus, pectoral girdle and scales. Specimen KUVP 71202: squamation of trunk, and pelvic,
dorsal and anal fins. Specimen KUVP 71203: portion of trunk, pelvic fin, incomplete dorsal and anal fins, and squamation; good preserved.

Locality and geological time: Same as Protoclupea chilensis (page 33; text-fig. 1).

Description: The fishes are elongate (text-fig. 12) and reach approximately 17 cm standard length. The head 1s
about 33% of standard length (proportions in table 1).

ateral view based in several specimens; scales omitted.

Text-fig. 12. Domeykos profetaensis n. gen. et sp., restoration in |

Skull roof (text-fig. 13B, C) and braincase (text-fig. 13 A, pl. 3, fig. B, pl. 4, fig. A): The skull roof is wi.de,
smooth, without ornament, and without any trace of ganoin. The frontal is very el.onga'te and the supr‘aorbxml
sensory canal runs in a groove in its anterior part, and was enclosed by a bony tube in its middle an.d posterior part.
The autosphenotic is not completely preserved but in the acid prepared LBUCH 1-210277 t]I.IS bone projects
ventrolaterally; it presents a small foramen for the otic branch'of the facial nerve. Both pa.ncta]s are widely
separated by the supraoccipital; the latter is anteriorly sutured w‘1th. tbe frontals. The supraorbltal sensory canal
ends on the parietal where there are two small pores. The pterotic 1s'mcorr?pletely preserved; it forms the ]nter.al
margin of the skull roof and carries the temporal sensory canal which is pamally enclosed by boné on the pterotic.
Posteriorly the sensory canal passes onto the extrascapula where 1t 1s completely enclosed in a bony tube.

The dermethmoid is partially exposed in the acid prepared LBUCH 1—21Q277. Only a lateral half of the bof‘c
is preserved, the bone has a median process and ventrolateral wi.ngS, undeslain by processes of the me'scthmmd.

The prootic is the largest component of the neurocranium, it is deeper Fhan long. It mee}ts the pterotic dorsoLa—
terally and the exoccipital posterolaterally; the anterior transversely oriented face. of tlle plrootli fmectsft] e
autosphenotic dorsally and the parasphenoid ventrally. The.re are two separate foram;na in the datc;ra ahce 0 t;e
prootic: One is a relatively large foramen for the hyomandlbular' bra.nch of the facia ner\\;, ;m the otf er :15 the
opening for the orbital artery which is preserved as a tube running in a shallow groov;:. e have nott.oun fx’ltf}:y
evidence of the posterior opening of the jugular canal on the. prootic, a.nd because lo poor %reserva I'OI-]t(]) The
exoccipital, it cannot be shown where or if the posterior'openmg of the ;ugu!ar canal was mdt ebe'xolca;zx al. : e
prootic inclines abruptly medially in front of the foramina of the hyomandibular nerve and orbital artery. The



5 mm

Textfig. 13. Domeykos profetaensis n. gen. et sp. A: Restoration of neurocranium in lateral view, (holotype). B, C: Skull roof of acid
prepared paratype LBUCH 1-210277. C: Restoration of skull roof after preserved part shown in B.

i
&

foramen for the trigeminal nerve is preserved on the orbital face of the prootlc in the acid prepared LBUCH 1-
210277. A deep groove lies on the orbital face of the proot1c ' S

The exoccipital is not completely preserved. It is slightly inflated ventrally and forms the outer wall of the

saccular recess together with the prootic and basioccipital. The lateral side of the neurocranium does not show any

distinguishable fossa.

The basioccipital is incompletely preserved in the holotype, LBUCH 12-260972; it is relatively short dorsola—
terally, and barely meets the prootic. The basioccipital projects anterlorly between the wings of the parasphenOId
on the ventral side of the neurocranium.

The intercalar is displaced in the holotype LBUCH 12—260972 It is a slightly, thomboidal bone with elongate

dorsal, lateral and ventral outgrowths or struts. We suppose that the 1ntercalar contnbutes to a prootlc—mtercalar
bridge because of the length of its lateral outgrowth or strut

The ventral anteromedial region of the neurocranium is: open, we ‘were not able to ﬁnd a baSISphenOld

Text-fig. 14. Supramaxillae and' maxilla. of Dameykas profetaensis n. gen. et Sp-
(holotype). , . ;




Circumorbital bones: Circumorbital bones are not preserved, only a portion of an ossified sclerotic.

Palate: The vomer is closely attached to the ventral side of the mesethmoid. Anteriorly the vomer ends in a
lateral rounded projection (where the maxilla articulates). The vomer sends a long posterior shaft back below the
parasphenoid. Two large conical teeth are preserved on the palatal surface of the vomer in the holotype.

The parasphenoid narrows from the vomer backwards beneath the orbit, and expands again at the level of the
ascending process. The parasphenoid is relatively short and it is without teeth. There is no evidence of a
basipterygoid process.

The hyopalatine bones are incompletely preserved. The convex oral surface of the endopterygoid does not
bear teeth. The posterior margin of the quadrate is thickened and slightly prolonged posteriorly. The symplectic is
small (text-fig. 15C), and triangular.

Upper jaw (text-fig. 14, pl. 3, fig. A): The upper jaw has preserved the maxilla and two supramaxillac. The
maxilla 1s strongly curved in the anteromedially directed part; the ventral margin is smoothly convex with a row of
small conical teeth. The two supramaxillae have the same general shape as in Leptolepis, Leptolepides, and Tharsis.
The anterodorsal process of supramaxilla 2 is elongate; this bone shows a slightly ornamented surface.

Lower jaw (text-fig. 15 A, B, pl. 3, fig. A, B): The mandible is deep with a high coronoid process; the anterior
part of the dentary is not preserved. The mandible is composed of dentary, angular and articular; a retroarticular is
absent.

The ventral part of the dentary reaches far posteriorly below the postarticular process. A suture between the
articular and angular bones is clearly defined in the holotype LBUCH 12-260972b. The postarticular process is
elongate and slightly ornamented; the sensory canal opens medially.

E 2mm

A: External view of the posterior end of the lower jaw, and articular condyle

Text- : . L. .
ext-fig. 15. Domeykos profetaensis n. gen. et sp. (holotype) aw. C: Ventral limb of preopercle, symplectic and quadrate. D: Section of

of quadrate. B: Medial view of the posterior end of the lower j
ceratobranchial. E: Hypobranchial.
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B hiostegal rays a';;d branchlalskeleton Remains of élev'en‘branc}.liostegal rays are preferved (pl. 3,
fi AraB;lcFragmengts of the g:i"1<lwérch skeleton and some complete ceratobranchials and hypobranchials (text-fig,
15D-E) are visible. The pharyngobranchials are not visible. "

Opercular series (text-fig. 12) and gular plate: The opercular series is cc?mposed b};przotpercllei,mobif:r:;‘ee,
subopercle and interopercle; these bones are not ornamented.. The preoperclells C.OYT}ILOSC o woidence,ofa
posteroventral angle of the bone is not as widely expanded as in Pfqtgclupga chilensis. ere1 is no le.v e of 4
notch in the upper part of the posterior edge of theypyreop‘er‘kcle. T?epreopercular sensory cana 1:) elnc osle ! )f,' 0B
and runs along the anterior margin of the bone. The prggperculaf sensory canal gives off 14 tubules (pl. , fig. )%
the shortest in the dorsal limb; most of the tubules are prolonged close to the ventral and posteroventral margin o
e "?i:e.opercle has a rounded ' dorsal méjr;gin;“thé‘qust»erior margin runs ventroposteriorly, the ventral border
anteroventrally. The subopercle -is* about 24. of operrcgllaf dept}),._:

There is no evidence of a gular plate

Vertebral column, ribs (textfig. 12;"1_(6A, B, ply.V 4; fig. "\A)'anjdv ‘ix‘}te‘r‘mﬁsc’ular bon‘es: The Yé{tebral
column is composed of more than 50 vertebrae which show two strongly different morphological pattern in the

abdominal and caudal regionsﬂ.;' : e ‘ ‘

Each centrum is pierced by the notochord and is deeper than long. The caudal centra are larger than the
abdominal ones. The vertebrae}ayq partially covered by muscles just in front of the dorsal fin, therefore we cannot
determine the precise number of ‘abdominal vertebrae, Approximately the first 30 vertebrae (text-fig. 16 A) han—
autogenous neural arches; the neural spines remain separated halves; the surface of most abdominal vertebrae is
smooth. The caudal vertebrae (text-fig. 16B) show an advanced teleostean pattern with the neural and haemal
arches fused to the centrum; the centrum has a"well developed longitudinal crest. The lateral halves of the neural
and haemal spines of the caudal veftebrae‘fﬁsewto form a median neural or haemal spine. From the third abdominal
vertebra on, each abdominal centrum has f&ld"relativelj} wide,’fdéépy,” ventrolateral cavities. The long ribs are

smoothly curved and are wider close to the” articular condyle. The last ribs are not preserved.

Epineural bones fused with the neural arches are present at least until the thirtieth vertebra. The epineurals lie
parallel to the vertebral column and ‘the |

ast ‘ones are proportionally longer. A few small thin epipleural bones can

be seen close to the haemal spines in front of:the anal pterygiophores in the acid prepared LBUCH 1-210277.
There is no evidence of supraneural bones’: . - R .

5

Pectoral girdle (text-fig 12; 21C, pl. 3,fig. A, B) and fiﬁfl/The'extrascapula (text-fig. 4 C) is large, thin and
its posterior border undulates, The supratemporal commissure and main lateral sensory canal are enclosed by bone.
pratemporal commissure in the extrascapula. The main late
sharp lateral curve. The main part of the posttemporal and the elongate dorsal process are preserved. The main
lateral sensory canal runs in the middle of the bone ‘and gives off three short tubules, 7

The partially preserved elongate supracleithrum (text-fig. 12) is not very wide; it is shorter than the opercle.
The n.min lateral sensory canakl is enclosed by bone and emerges distally at the ventroposterior margin to continue
as A smglc‘ lateral line, Postsupracleithra 1-2 have not been observed. The supracleithrum overlaps the cleithrum;
the latter is t| girdle. Three postcleithra are preserved, postcleithra 1, 2 and 4. The

margin; postcleithrum 2 has 2 finely crenulated posterior margin;
seems to be a narrow elongate bone.

1¢ largest element of the pectoral
clongate postcleithrum 1 lacks=its posterior
postcleithrum 4 lacks its posterior pért but

The scapula is preserved in the acidl"pre
entirely within the scapula, and there is the
clongate coracoid presents a foramen close to th
present. ‘

The pectoral fin is g

ot well preserved:
show segmentation, ‘

s 1t contains 12 flattened and distally finely branched rays;

3

they do not

Pelvic girdle (textfig 4 : AT S |
L g 6C) and fin: The elongate . sirdle ; . f
Varasichthys ariasi (ARRATIA 1981: text-fig. 17). Therg: ?s prfiwz B propbionally narrower than that ©

vidence of pelvic radials or pelvic splint.
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Text-fig. 16. Domeykos profetaensis n.
gen. et sp., vertebrae and ribs, in acid
prepared specimen LBUCH 1-210277.
A: Abdominal centra, autogenous

neural arches and ribs; epineural bones
fused to neural arch, both halves of
the neural arch not fused in midline.
B: Caudal vertebrae with neural and
haemal arches fused to the centra.

The pelvic fin contains 10 to 12 rays; one pelvic fin has one ray more than the other one in the holotype
LBUCH 12-260972a, b. All pelvic rays are flattened, segmented, and finely branched distally, The pelvic axillary
process, as long as the first ray, is preserved close to the uppermost ray; this is a flat, scale-like bone (LBUCH 1-
210277), similar in structure to the postcleithra.

Dorsal fin (text-fig. 12): The dorsal fin starts just in front of the origin of the pelvic fin. The dorsal fin is
slightly emarginated and a little longer than deep. It consists of 3-5 small unsegmented and unbranched rays and
12 principal rays. The dorsal pterygiophores are not preserved in the holotype (LBUCH 12-260972a, b); some of
them are displaced and isolated in the acid prepared LBUCH 1-210277. Large scales cover the base of the dorsal
fin and partially cover the last dorsal rays.

Anal fin (textfig. 12): The origin of the anal fin is behind the insertion of the last dorsal fin ray. The fin is
not completely preserved in any specimen. 3 or 4 small unsegmented and unbranched rays and 9 branched rays are
preserved. Six thin pterygiophores are preserved; the first one is not markedly strong, and is not prolonged close to
the vertebral column.

The caudal fin is not preserved.

Squamation: Cranial roof, cheek and opercular apparatus are scaleless. '

There are large scales (text-fig. 17 A, B) just behind the pectoral girdle; these scales show transxfcrscly oriented
lines crossing the circuli in the middle field; the posterior field does not have any ornamentation. The scale§
placed dorsally just behind the neurocranium have a similar structu.re.but are Proport:ona”y smaller. Large s‘cal}cs
(text-fig. 23 A) with transversely oriented lines between the circuli lie in the middle of the flank of the trun.k, the
Posterior field of these scales is undulated. The scales become smaller and roundefi caudally alpng the mxdlnje.
Elongate, slightly oval scales with circuli in the anterior part and withput ornament in the post]en(})r field (]teyzxt-flg.
17D-F) lie on the ventral part of the body, and in front of the pelvic fin. Most of these scales have only some
weak transv i i ween the circuli. .

The scaleerssealzl tﬁzledn(::sil 1rlr?:frsgiwz,etin front of the dorsal fin, are oval and.wn}.rout or?amc;r;té:th(e; scales at the
dorsal margin posterior to the dorsal fin show some incomplete deep circuli (text-fig. , G).
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Subdivision: Teléostei
Cohort: Clupéo’c”ephalé
Subcohort: ?Clupéqmg)rpha

Luisichthys WHITE 1942 o

Diagnosis (emended): Large, deep-bodied,fusiform teleost ‘with. flat cranial roof; parietals joined in the
midline. Deep neurocranium. Deep subtemporal k:qus’a.. Large foramen limited by pterotic, epiotic and exoccipital.
Intercalar incorporated into the neurocranium. Well:developed prootic-intercalar bridge. Foramina of trigeminal,
abducens and oculomotor nerves in the anterior face of prootic; foramen for glossopharyngeal nerve in exoccipital.
Toothed pterygoid bones. Two supramaxillae. Lower jaw with. high coronoid process. Abdominal and caudal
vertebrae with smooth surface; abdominal centra.with autogenous neural arches; caudal centra with fused neural
and haemal arches. Cycloid scales with transversely oriented lines ii}‘»the middle field.
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Text-fig. 17. Domeykos profe
(f: At the dorsal margin of the bod
E: At ventral region of bod




Type-species: Luisichthys vinalesensis Wurte 1942
Text-fig. 18 A-C, 19, 20, pl. 5, fig. A-C

Luisichthys vinalesensis Waite 1942: 99; pl. 19, fig. A-F.
Luisichthys vidalis (error) — ARRaTIA 1981: 109.
Luisichthys WHITE 1942 - Arratia 1981: 127, 130, 132-138.

Studied material: Cast of syntype MCZ 8344: bones, precaudal vertebrae and pectoral girdle; cast of syntype MCZ 8345: cranial
bones and precaudal vertebrae; cast of syntype MCZ 8349: vertebral column and tail; specimen U.S.N. M. 18429: complete fish in part and
counterpart; acid prepared specimen U.S.N. M. 18618: lateral view of head; acid prepared specimen U.S.N. M. 18656: skull and anterior part
of the body.

Locality and geological time: Pinar del Rio, Hoya de San Antonio and Hoya de la Sierra; Pinar del Rio at Jagua Vieja, 10 km NE
of Vinales, Cuba; Formacion Jagua, Oxfordian, Late Jurassic.

Description: The acid prepared skull bones are without ornamentation, the sensory canals are enclosed in
bone (except the supratemporal commissure) so that it is very difficult to follow them. The braincase is short and
deep. A description of the ventral part of the skull is not possible because of preservation.

Skull roof (text-fig. 18 A; pl. 5, fig. C): A small section of the dermethmoid is present at the midline. The
lateral ethmoid is slightly prolonged ventrolaterally, and it is sutured posterolaterally with the frontals which form
most of the cranial roof. No fontanel is left between the frontals which join anteriorly by a smooth suture, while
posteriorly, close to the autosphenotic, the suture is deeply interdigitated. The suture between both frontals and
parietals is asymmetric. The supraorbital sensory canal makes a sigmoid curve close to the dermosphenotic, as in
leptolepids or other Jurassic teleosts. Posteriotly, each frontal is sutured with the autosphenotic, pterotic and
parietal. The autosphenotic is arched so strongly that it forms part of the lateral side of the braincase. The
autosphenotic produces a ventral spine. A deep cavity lies posteriorly to the spine, partially roofed by the bone-
enclosed temporal canal running though the pterotic. There is no evidence of any foramen (like the clupemorph
temporal foramen) and no evidence of a recessus lateralis.

The pterotic forms the posterolateral part of the skull roof, and is abruptly arched ve{ltrolaterally and postero-
ventrally. It is V-shaped, with the inner limb broader than the external one. The parietals are sutured in the
midline, not separated by the supraoccipital. '

The supraoccipital is a small bone, producing a narrow crest which does not rise a.bo've the level of the sk‘ull
roof. The supraoccipital is sutured anterodorsally with the parietals and laterally with epiotics. An oval foramen lies
at the junction of the epiotic, supraoccipital and partetal, as in Clupea finta (Ripewoob 1904: text-fig. 122).

Lateral view of braincase (textfig. 18C, pl. 5, fig. B): The autosphenf)tic and the lateral part of the
pterotic form a steep roof above the dorsal part of the lateral side of the braincase. They cover the elongate
articular facet for the hyomandibular. The most characteristic featur.es of th'e lateral side of the braincase are the
deep subtemporal fossa and the well developed prootic-intercalar bridge which forms the dorsal border ofr.x deep
jugular fossa. The bridge is formed mainly by the floor of the subtemporal fossa. A large part.of ptgrotxc,f t;]c
prootic, and the exoccipital together with the intercalar form t}}e subtemporal fossa. At t]lebmftetlng };omt 0 tllc
four bones, there is a small space. It is not possible to desTnbc;D t.};e ventral part of the braincase because the
hyomandibular is di lvine below the prootic-intercalar bridge. . .

The prooticlsisd;SIl)::ri;Zdbo}rile.gIt meets the IZlutosphenotic dorsal.ly on the lateral .surfa.ce land on 1;5 Egtenor
transversely oriented face. The latter bears three large rounded fo‘ram'ma (foramen of trigemina llliervel, ;) a ucefns
nerve, and of oculomotor nerve). The lateral face of the prootic 1s plefced by the rela.twely sma ol\)/a olrainen ](])r
the hyomandibular trunk of the facial nerve. The prootic bears a ho'r1z.ontal arm vx.rhlch projects abruptly latera );
articulating with the intercalar and forming a well developfid proogc-lptercalz;l:rr;d%ier; The prootic projection o
the bridge is directed posteriorly, external to the intercalar, producing 2 : ‘

The lateral face of tI}))e exocci};)ital forms a small part of the subtemporal fossfa. ju;t belol\:: ;h:rfeoit:;lc;r S}:;:”:f
the intercalar, the exoccipital is pierced by two foramina, a large oval foramen for the vag

foramen for the glossopharyngeal nerve.
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Texthig. 8. Luisichthys. vimalesensis (U.S.N.M. 18656).< A: Skull roof.® B:"Posterior view . of cranium. C: Lateral view of brainca

¥

foramen

o . - nd
into the braincase. Its borders are formed by the pterotic (lateral 2 y
: AP C . e
dorsal borders), epiotic (medial border), and the exoccipital, just reaching the ventral border. A narrow-Y shap
space lies between supraoccipital, ‘epiotics ‘and- exoccipitals. It does:not’ open into the foramen magnuf.

Posterior face of»br::;incase (text-fig.-18 B, pl 5, fig. A): The most remarkable feature s a large
(?post-temporal fossa) which opens widely

Circumorbital series (textfig. 19): Write (1942: pl. 19, fig. A, B) figured five broad infraorbital§ and 11110
suborbital in the circumorbital series. Infraorbitals 2'and 3 are slightly crenulated as also the ventral margin of the

opercle and probably the posterior margin of the preopercle (text-fig. 19). The acid prepared U.SN.M. 18656

shows a broad, incompletely preserved dermosphenotic occupying the position of a supraorbital. WHITE (1942: pl.
19, fig. A) figured a small dermosphenotic. : e




Vertebral column and intermuscular bones: Luisichthys, like Domeykos, has two different kinds of
vertebrae. The vertebra are as long as deep, and there is no obvious size difference between abdominal and caudal
vertebrae as in Protoclupea and Domeykos. According to Wrire (1942:99), the caudal centra have a latera] ridge, but

Sop
Textfig. 19, Luisichthys vinalesensis, restoration of
some head bones in [ateral view, based on specimens
U.S.N.M. 18429, 18618, 18656,
H7

Text-fig, 20, Luisichihys vinalesensis, caudal skeleton |
(U.S.N.M. 18429). ™

Caudal fin (text-fig. 20): The haemal spines of the preural centra 2-3 are wider than the haemal spines of

ral centrum 1 have
the other caudal vertebrae, and their haemal arches are autogenous. Preyral centn;r:slﬁ?ieuare oo by
Smal] autogenous neural arches, but lack neural spines. The parhypural is autogenous.

. M y l
Ural centra 1 apd 2 are preserved completely in specimen U.S.N.M. 18429. Ur{a] Centrzlglurlallss :;]aii:eiie%re;}?e
Centrum 1, it is articulated with hypural 1 and fused with 2. Three epurals and four uro p .



first compound uroneural (UN 142) is slightly bifid anteriorly and projects to preural centrum 3, a membranous
outgrowth is developed on its anterodorsal margin: The second uroneural is shorter than the first. Uroneurals 3 and
4 are the shortest. Uroneural 3 lies in an unusual position on the dorsoposterior part of the first uroneural. All of

them are slightly horizontal. S
Thirty-six caudal fin-rays are counted; there ar

ilO‘l%iO:deCipzll caudal rays. One large caudal scute s

incompletely preserved in the ventral lobe.

s

Scales: Few scales are preserved because‘:;hey Wére removed by acid treatment. In U.S.N.M. 18429, some
large scales are preserved on the ventral part of the body in front of the distal ends of the pectoral rays. All scales
have transversely oriented lines in the middle field, like those already described for Protoclupea and Domeykos.

Comparison

Protoclupea

Revision of holotype, paratypes and additional specimens of Protoclupea permits us to emend the diagnosis of
the genus and type species P. chilensis. ST : k

The generic diagnosis is based on a combination of laavanced and primitive characters (table 2). The following
five characters are present also in Laisichthys and Leptolépides.- ‘comma-shaped antorbital; loss of a suborbital bone;
a membranous outgrowth developed on the anterodorsal margin of the first uroneural; neural arch over ural
centrum 1 reduced or absent; scales with transversely oriented lines in the middle field (text-fig. 8C, 11 A,:17B).
Protoclupea shares with Luisichthys, Leptolepides and other primitive teleosts the presence of two sets of uroneurals
which are differentiated into anterior and posterior uroneurals. In Protoclupea, the posterior uroneurals lie in an
angle to the anterior one (text-fig. 3C). All uroneurals seem to be aligned in the same angle (text-fig. 20) in
szzsicbtbys. Two long first uroneurals and a small portion of a third uroneural extend forward Beyond ural centrum
21n Protoclupea as in other primitive teleosts, e g. in ‘L"e;b‘tolepis cé}_ypbdenoides and Tharsis dubius. In Luisiﬁbtbys
and Le:ptolepides, only two uroneurals extend forward ‘qbe'yohnd ural centrum 2. The presence of additional
postcleithra (4-5) is an uncommon character for teleosts and separéfes both Protoclupea and D k en. from
Leptolepides. N Do ’ omeyRos . BE
s sy i eptlepids and o ol e o g (585 38, 184, 3 primive condin
cipital in Domeykos n. gen. (text-fig. 13B, C)"  “¢=o o ,po;mys m,. arietals are separated by’,’,‘theAiSAu.p e

» The new species, Protoclupea atacamensis, shows-'some significant differences to Protoclupea chilensis. The
articular participates in a small area of the articular facet

for the quadrate in P chilensi ;
. . . . ) . chilensis (text-fig. 5 A), while the
articular participates extensively in the articular facet in P. atacamensis (text-fig. 5 B), and gt extefds )rtiéll onto
the dorsal part of the postarticular process. el ) pa y

Domeykos n. gen.

itudina i paired neural spines, an with a
Loel:fel{::f; ncqcil:i;ers; rll)(i%;;- f:osfcionium! apd haemal arches, and fused neural ahlzl haemald's;l;(:: l(t‘;irtt-;lbgr.aiZ). The
The vertebral columns of]Dome /c:osS Sligiar.tp that O-f Lusichthys and Allothr iss0ps, a Jurassic ichthyodectiform.
are fused with the centra in mo);t ofa:;le c:::c;:}lﬂfggsi::lfi;rfmm o oéAZIOIbfiSSOPS where the haemal arches only
haemal arches fuse with the caudal centra. Auto TTERSON & RosEN 1977). In Domeykos, both, neural and
Luisichthys, Le 5 . : genous neural arches are present j ; . g
be fo““‘i)i" E}["’;)x[?’l::;ti}x]t(limz ltsl(:irlél Cthant forms as Elops (Forey 1973 a, TAVERIEE 1974)%;&33;232155: cir?essh ::,n lei
as Clupea (Strangomera) bent k'y ourth v.ertebra, according to TAVERNE 1974) and in some modern I; > morphs
bones : mers and Sardinops sagax (at least on the anterior abdominal vertebrae) EFEE epineural

are fused to the . .
neural arches in Domeykos, . as ‘iny-Luisichthys;. pachyrhizodontoids (Forey 1973 b),




Table 2. Some features of the four Jurassic fishes, Profoclupea, Domeykos, Luisichthys and Leptolepides. +: present or yes; -
absent or not; ?: unknown condition.

Protociupea Domeykos Luisichthys Leptolepides

1. Large, broad nasal + ? - -
2. Parietals joined in mid-line + - + +
3. Middle pit-line crossing pterotic + , - -
4. Prootic-intercalar bridge ? poorly deve- well deve- -
loped loped
5. Number of infraorbital bones 4 ? 5 5
6. Infraorbital sensory canal ends on .. antorbital ? ? infraorbital 1
7. Small premaxilla lacking ascending process ? ? + -
8. Bones of the posterior part of the lower jaw angular & angular & angular, arti- angular, arti-
articular articular cular & retro- cular & retro-
articular articular

9. Separated angular and articular + + ? -
10. Retroarticular included in the articular facet of lower jaw - - ? +
11. Elongate postarticular process + + - -+
12. Parasphenoid teeth - - ? +
13. Pterygoid teeth - - + -
14. Gular plate - - + -
15. Additional postcleithra 4 & 5 + + 4 -
16. Lateral line emerging in posteroventral margin of supraopercle + + ?
17. Pelvic axillary process + + - .
18. Autogenous neural and haemal arches of caudal vertebrae + - - +
19. Longitudinal lateral ridge on caudal vertebrae - + - -
20. Epineural fused to the neural arch ? + + B
21. Epipleurals ? + +@) +
22. Number of hypurals o ! ’ ;
23. Number of uroneurals > ! ) ;
24. First two uroneurals extend forward beyond U2 - ? + +
25. Membranous outgrowth on anterodorsal margin of first

uroneural + ? + +
26. Hypural 2 fused with U1 - ! + R
27. Principal caudals rays of lower lobe 11 ? 10 ’
28. Scales with transversely oriented lines in middle field + + + +

Chongichthys (Arratia 1982) and some recent clupeomorphs as Clupea (Strangomera) bentincki. The caudal
fig. A) like various Recent teleosts.

vertebrae of Domeykos show a modern configuration (pl 4, _ ,
hthys the same kind of scales with transversely

Domeykos shares with Protoclupea, Leptolepides and Luisic , :
oriented lines in the middle field (textfig. 8, 11, 23A, B, C). Domeykos differs from Protoclupea, Leptolepides and

Luixicbtbys in several features (table 2).

Luisz'cbtbys

Revision of material of Luisichthys permits us to emend the 'diagnosis (?f t,h_e genus and type;pe}cles Lt’”“d”b)”
vinalesensis. The emended diagnosis is based on a combination of prxr'mtlve and'adsl/lance f_c mrat? ers. e

Luisichthys appears to be more similar to Domeykos th:?n other Jurassic teleosts in td.t;fcor} 1gt111rea c;x;aro the
centra, in fused epineural bones and in the presence of epipleural bones. Both genera 1/( erin t}:e gositiopn of
(present in Luisichthys after Wurte 1942 and after this paper (text-fig- 19), ak?sen; " Dome){i g;); 1dne€ sfbtem oral
Parietals (joined in Luisichthys, separated by supraoccipital in Domeykos) andint eI pr;se;\cl oo }:nd Le}lr}:/f i
fossa in Luisichthys which is absent in Domeykos (for other dxfferences see table i) nh 70 e;[; oargtedp-b ) tra‘:xsvefse
coryphacnoides, the post-temporal fossa and the fossa bridgel are confluent rather t .anA”Plbn_sw s}(]PATTERSON .
bony wall (PaTTERSON 1975: 384), the fossa is roofed by parietal and dermopterotic as in t'le roé)fed by contact
Rosen 1977:96). In the Cretaceous ichthyodectiforms, the post-temporal fossa 1s partially Y
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between epiotic and pterotic. A big hole in Luisichthys (text-fig. 18 B; pl. 5, ﬁg. A) the fossil stat; does not [;e{rrr}lllt
to decide if the hole (? post-temporal fossa) was closed off from the cranial cavity by .admftf{n ra;le o}rl rio  The
posterior part of the braincase of other Jurassic teleosts is too poorly known to decide if such a hole as in

5i in other. e o o
Lmu’f']llllfygloos(:(:)l;)rliaryngeal foramen lies in the exoccipital (t‘gxt:—ﬁg._, 18C) ,_of, Luisichtbys' like 12 Upper ‘]purassllc
leptolepids, Allothrissops, Varasichthys and more advanced tkeleosts, and it does not pierce the Proot;c as in
pholidophorids. No information is available from Protoclupfa, Domeykos and from oth?r Jurassic teleosts.

Luisichthys differ from all other Jurassic teleosts by presence of a hypural 2 fus.ed with ure.il centrum 1, a
character found in clupeomorphs; hypural 1 articulates with: ural.centrum 1 (as in the fossil clupeomorph
Diplomystus) while in most adult Recent clupeomorphs it is separated by a space from ural centrum 1. The
presence of a membranous outgrowth on the anterodorsal margin of the first uroneural (a. Flupeocephalan
character) is also found in Jurassic teleosts as e. g. Profoclupea and Leptolepides. Although Luisichthys presents
hypural 2 fused with ural centrum 1, it lacks other clupeomorph features as for instance a recessus lateralis, and
scutes. .

A detailed comparison of osteological characters of Profoclupea, Domeykos, Luisichthys and Leptolepides fo}lows
the arrangement in table 2:

I. Nasal: An exceptional large nasal bone (text-fig. 3B) is present in Protoclupea chilensis, in some
pholidophorids as e. g. Pholidophorus bechei, Pholidophoroides ‘ckfréhuz'tlcgﬁzi:and Pholidophoropsis maculata (NYBELI.N
1966) and in the Recent Denticeps (Greenwoop 1968, personal observation). The nasal bone is elongate in Jurassic

and most Recent teleosts. The large nasal bone of Protoclupea’ may represent a primitive feature because of the
occurrence in pholidophorids. ' I ‘

2. Parietal: Left and right parietal meet each other throughout their length in the midline. This pattern Is
found in Pholidophorus (NYBELIN 1966, PATTERSON 1975), Pholidophoroides' (NYBELIN 1966), Pholidophoropsis
(NYBELIN 1975), Proleptolepis (NYBELIN 1974), Leptolepis (NYBELIN 1\9'66,/,P‘Aﬁ1'=;ri‘s\'oi\{ 1975), Tharsis (NYBELIN 1966),
Leptolepides (TavernE 1981), Allothrissops (PATTERSON & Rosen. 1977), ,Varaskl'cbt/?_ysi(ARRATIA 1984), Protoclupea
(text-fig. 3B) and Luisichthys (text-fig, 18 A). This pattern is primitivé bécaus'e‘ of its distribution in pholidophorids
and early teleosts. Contrary in Domeykos (text-fig. 13B, C), the parietals 'arég'sep’arated by intrusion of the supraoc-
cipital so that the frontal sutures posteriorly with the supraotcipital. The condition of Domeykos occurs in other
Recent teleosts (e. g. clupeomorphs), it is advanced over the pétfern”iﬁ Piototluﬁéh of,,Luisicbtbys. The advanced
condition developed parallel in Domeykos and clupeomorphs. . ST Ly S

3. Middle pitline: The groove of the middle
pholidophorids (NypeLIN 1966), Proleptolepis (NYBELIN 1974)
the middle pitline does not cross the pterotic in Tharsis,

pattern is interpreted as the advanced one. This character
unknown in Domeykos.

pitline  crosses *the ..pterotic in Protoclupea like in
and Varasichthys (ArRraTiA 1981, 1984). The groove of
Leptolepides, Luisichthys and extant teleosts. The latter
separates Protoclupea from Luisichthys; the condition is

4. Prootic-intercalar brid
intercalar bridge. The condition is
and leptolepids. It is not articul
bones is missing on the lateral
fig. 18C, pl. 5, fig. B). It be
prominent process of the proo
(ARRATIA 1982), in t]
Taverne 1974). This p
as spectalization app

ge: Domqkos has an intercalar which does not form a well developed prbotiC-
unk.nown n Protoclupea. A relative small intercalar is present in pholidophorids
ated with a prominent lateral process of the prootic; thus, a bridge formed bY both
face of the neurocranium. A well exp intercalar is pr

ars a lc.mg prominent anteriorly directed process which articulates with a short
tic forming a prootic-intercalar bridge also found in the Jurassic teleosts Chongichthys
1e Cretaceous Notelops (Forey 1977) and'in fossil*and Récent elopiforms (Forey 1973 b,

ro ‘ . . . ey g S
minent honzoptal bridge found in some fossil and extant teleosts only has to be considered
earing parallel in these forms. o :

5. Numbcr of infraorbitals: Four infraorbitals are
]cptgleplds, Leptolepides, Tharsis and
spectalization of the genus,

present in Protoclupea chilensis and five in Luisichthys
most extant teleosts. The VlOSStOfJ one infraorbital in Protoclupea is 3




6. Antorbital: The infraorbital sensory canal of Protoclupea ends on the antorbital (a primitive condition)
and on infraorbital 1 in Leptolepides (advanced condition). Comparison with Domeykos and Luisichthys is not
possible.

7. Premaxilla: Luisichthys has a small, slightly triangular premaxilla without ascending process. The same is
the case in Pholidophorus bechei (NYBELIN 1966), Proleptolepis (NYBELIN 1974), and Varasichthys (Arratia 1981).
Thus, Luisichthys is considered primitive in this feature.

8, 9. Articular-angular and retroarticular: The posterior part of the lower jaw is formed by angular and
articular only, there is no evidence of a retroarticular or of a surangular in Protoclupea and Domeykos (text-fig. 5;
15A, B). We have no evidence to support the hypothesis that the retroarticular could be fused with articular or
angular, therefore we suppose that Protoclupea and Domeykos lack a retroarticular as the Chilean Jurassic teleost
Chongichthys and some extant New World engraulids. A separate retroarticular is found in Lussichthys (U.S.N. M.
uncat.); thus, the feature separates Profoclupea and Domeykos from Luisichthys and other Jurassic teleosts
(Leptolepides, Tharsis).

In Proleptolepis, the endoskeletal bone (articuloretroarticular) is topographically equivalent to both, articular
and retroarticular of higher teleosts; and the bone is fused with the angular. A similar situation is found in adult
Leprolepis coryphaenoides (PATTERSON & Rosen 1977: fig. 32 A, B). In a young specimen of Tharsis, the three bones are
separated; while angular and articular are fused in larger specimens of Tharsis (PATTERSON & RosSEN 1977: fig. 32 D,
E). According to PATTERSON & RoseN (1977: 118), “more apomorphous groups of Mesozoic teleosts such as ichthyo-
dectids and Tharsis show lesser degree of fusion so that visible sutures between some of the bones remain even in
large adults”. The occurrence of three separate bones in juvenile specimens indicates that separate ossification of
angular, articular and retroarticular is primitive. Fusions of two (anguloarticular in Leptolepides and adult Tharsis) or
three bones (Proleptolepis) or loss of the retroarticular (Protoclupea, Domeykos, Chongichthys, engraulids) are
independently occurring specializations over the primitive situation.

10. Articular facet: In ]uréééic teleosts (Proleptolepis, Leptolepis, Tharsis and Leptolepides) and in the R.ecent
Elops and Orestias, the retroarticular is included into the articular facet. It is the main component of the articular
facet in Orestias. The retroarticular is not included into the articular facet in most Recent teleosts and in 'th.e
Jurassic teleost Varasichthys. The condition is unknown in Luisichthys; the lack of a retroarticular means that it is
not included in the articular facet in Protoclupea and Domeykos.

11. Postarticular procesé: The postarticular process of the posterior part of the lower jaw is elopgate in
Protoclupea and Domeykos, and short in Luisichthys. The feature separates the two Chilean genera from Luzszcblb%zs.
A rudimentary postarticular pfocess is present in Proleptolepis (PATTERS?N & ROSEN 1977)., Varaszcb{bys (AR‘RA’]}IA
1981), and in different lineages of extant teleosts as in the characid C/ye:zroa’on, in the percxform Percichthys, m. ‘t e
atherinid Basilichthys. The feature is difficult to evaluate since variation in length of the postartlcul.ar process (?clgulrs
within one teleost group, e. g. an elongate postarticular process in the' c!upeomorph Engraulis, b}ft a ;}lngut.)f
developed elongate process in the clupeomorph Sardinops and even within ontogeny of onc species (Tharsis:

Patterson & Rosen 1977, fig. 32D, E).
Presence of a surangular bone, fused angul
Posterior position of the opening of the mandibular se
by PATTERSON & Rosen (1977). Protoclupea and Domeyko
Separate angular and articular, elongate postarticular process an

in all these features than Proleptolepis. They share with Leptolep . s -
Leptolepides loss of surangular, an elongate postarticular process, and a medial opening of the mandibular sensory

€anal, but not a separate retroarticular. Varasichthys, another primitive Jurassic teleostl from Cl;xlg is xen;:)es ptr;l:u]t:)vsz
I fused anguloarticular, and short postarticular process, but shares vs'nth Protoc lltpea and Domey

of surangular and the medial position of the opening of the mandibular canal.

Protoclupea and Domeykos lack dentition on
enera from Luisichthys with a finely dentated

oarticular retroarticular, rudimentary postart?cu‘lgr process and
nsory canal, have been interpreted as primitive for tc.lcosts
s are more advanced (loss of surangular and retroarticular,
d medial opening of the mandibular sensory canal)
is coryphaenoides, Tharsis dubius, Allothrissops and

12, 13. Teeth on parasphenoid and endopterygoid:
Parasphenoid and endopterygoid. This feature separates these two g




endopterygoid (pl. 5, fig. B, C); the ventral surface of the parasphenoid-has not been seen. Lack of dentition in
both bones is also found in few other Jurassic (Tharsis and Varasichthys). and in most extant teleosts. Teeth on
parasphenoid are known in Pholidophorus, and the primitive teleosts Leptolepis, Leptolepides and Allothrissops.
Dentated endopterygoid is not a common condition within fossil and extant tgleosts.

14. Gular plate: A gular plate is present in Luisichthys, but is absent iVI‘kl"qu’ro\tybl‘clupea and Domeykos, th”us, the
two Chilean genera are more advanced in this feature thanLuisichthys, pholidophorids, and Leprolepis.

o 5 mm
Ic:‘t-hg. 2L Part of pectoral gl
(after Awwratia 1984). C:

me fossil and Recent teleosts, A . ; ir ;
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15. Postcleithra: Protoclupea, Domeykos and Luisichthys, like most known fossil and Recent teleosts, lack
postsupracleithra 1 and 2. These two bones are present in Varasichthys, while postsupracleithrum 2 is found only
in some Recent teleosts (ARRATIA 1984). Protoclupea (text-fig. 21D, E) and Domeykos (text-fig. 21 C) possess the
additional postcleithra 4 and 5 which are also present in Varasichthys (text-fig. 21 A; at least six postcleithra
according to ARRATIA 1984) and in the Recent teleosts Elops (text-fig. 21 B; TAVERNE 1974, ARRATIA 1984). Remains
of a probable postcleithrum 4 have been discovered in one specimen (U.S.N.M. 18656) of Luisichthys, but we are
not sure about this feature in this fish because of poor preservation. No additional postcleithra have been described
in other fossil or Recent teleosts; three, fewer, or no postcleithra is the common situation. The presence of
additional postcleithra has been interpreted as a primitive feature by Arratia (1984), therefore Protoclupea and
Domeykos are more primitive than Leptolepis, Leptolepides and other known European Jurassic teleosts in this
character.

16. Lateral line: Information about the point of emergence of the lateral line canal on the supracleithrum
in Jurassic teleosts is rare. The lateral line canal emerges from the posteroventral margin of the supracleithrum
(text-fig. 21 A, C, D, E) in Varasichthys, Protoclupea and Domeykos, while it emerges in the middle region, or close
to the upper third of the supracleithrum in Leptolepides (text-fig. 21 F), Allothrissops (PaTTERSON & ROSEN 1977:
fig. 10), Elops (text-fig. 21B). We interpret the presence of a broad, large supracleithrum carrying a lateral line
canal emerging on the lower third of the bone, as the primitive condition.

17. Pelvic axillary process: In teleosts such as elopiforms, clupeomorphs (with exception of Denticeps),
and atherinids, the pelvic fin is associated with an elongate element which lies in a skin fold at the base of the
uppermost ray. This element is the pelvic axillary process (text-fig. 22), its structure and length varies in teleosts.
The pelvic axillary process is formed by bone in Domeykos (text-fig. 22), probably although in Protoclupea, and in
Elops, while it is formed by scales (or only by one scale) in clupeomorphs and atherinids. A pelvic axillary process
was not found in Luisichthys. We do not know of any other Jurassic teleost with this structure.

Textfig. 22. Pelvic axillary process«-:+ ;.
of Domeykos profetaensis n. gen. et
sp- (LBUCH 1-210277-13 a).

6A,pl 4, fig. A)
th surface, autogenous neural arches and paired
spines are found in Leptolepis, Leptolepides,
d haemal arches in the caudal region occur in
sed haemal arches characterize most of the
from all other Jurassic teleosts in that neural and
in the caudal region. Protoclupea presents a more

18. Neural and haemal arches: Abdominal vertebrae of Protoclupea, Domeykos (text-fig. 1

and Luisichthys (pl. 5, fig. C) have a similar configuration: a smoo
neural spines. Autogenous neural arches and paired neural
All"th’ifsops, Chongichthys, and in Elops. Autogenous neural an
Leptolepis, Ascalabos and Leptolepides. Autogenous neural a.rchCS and fu
caudal region of Allothrissops. Domeykos and Luisichthys differ
haemal arches are fused with the centra (except the last ones)
Primitive vertebral column with autogenous neural and haemal arches.

brae of Domeykos have a longitudinal lateral

: ' . The caudal verte .
19. Lateral ridge on caudal vertebrae: The ca meykos and Luisichthys constrict strongly the

tidge which is missing in Luisichthys. The caudal vertebrae of Do :
notochord while a weak constriction is produced by abdominal vertebrae.
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20. Epineurals: Long epineural bones fused to the neural ‘arches are present in Domeykos and Luisichthys
like in pachyrhizodontoids (Forey 1977), Chongichthys (ARRATIA 51/9“82) and exta-nt clupeorporphs as Clzfpea
(Strangomera) bentincki, Epineural bones attached to the neural arches can‘be found in Leptolepis agd Leptolengles.
Epineural bones fused to the neural arches - or as an outgrowth of the( neural~a;ches - are a derived cor{dltlon

which has evolved parallel in different teleost groups. o3

21. Epipleurals: Few small epipleural bones occur in t_l}fy:"‘rhiddle region of the-body in Domeykos and
probably in Luisichthys, a situation like in Tharsis and higher teleosts after PATTERsON & RosEN (1977), nevertheless
many euteleostean groups lack the character even in their most primitive .members (e. g. Siluriformes). The
condition is unknown in Protoclupea. B A :

22. Hypurals: The number of hypurals (nine) in Protoclupea is identical with that in Leptolepis
coryphaenoides and higher than that in Luisichthys (seven). Pholidophorids have more than ten hypurals. Reduction
of the number of hypurals either by fusion or loss is the trend within teleosts! Protoclupea shows the primitive
condition for teleosts, while Luisichthys is closer to extant teleosts (six or five hypurals), where few groups possess
still seven hypurals (e. g. Hiodon alsoides). L m L s ‘

23. Uroneurals: The number of uroneurals varies strongly within teleosts. Eight uroneurals are found in
Pholidophorus bechei, seven in Tharsis dubins, six in Leptolepis macrophthalmus and L. talbragarensis, five in
Protoclupea and Leptolepides, four in Luisichthys and some Anaethalion-species (three in others). Three or fewer

uroneurals occur in different extant teleost groups. The listing shyéyws_thét reduction of the number of uroneurals is
the trend within teleosts. T . -

24. Extension of first two uroneurals: Protoclupea looks 'ri{i‘oryle primitive than Luisichthys in having two
long: uroneurals and a small portion of a third one extending forward beyond ural centrum 2. Only the first two

uroneurals extend forward beyond ural centrum 2 in Luisicbﬂyy:; a‘condition defining the supercohort
Elopocephala. v SR T .

o

25. Membranous outgrowth: A well develo
margin of the first uroneural in Luisichthys; a ver
outgrowth characterizes members of the cohort
should be checked in other Jurassic teleosts consid

ped membianoﬁs’@ oqtgrowth is present on the anterodorsal
y small membranous outgrowth in Protoclupea. A membranous
Clupeocephaléf'af;ér'PATTERSQN & Rosen (1977). This feature
: ke ered as incertae Sed‘is’by&PAT‘leR‘SON & RoseN (1977) before using
it as characteristic feature of one group. The variation may be greater than supported at present. For example

“Leptolepis” talbragarensis do not present a membranous outgrowth in the specimen figured by Cavenper (1970:

fig. 1B) while a well developed outgrowth is shown in fig. 46 A’ by PaTTERSON" & ROSEN (1977).

26. Hypural 2 and ural centrum 1: H
found in clupeomorphs. The relationship of
more that in the fossil clupeomorphs Ellimmic
(TaverNE 1976, GRANDE 1982).

ypural 2 is fused with ural centrum 1 in Luisichthys; this is a feature
hypurals 1 and 2 to ural centrum 1 in Luisichthys resembles even
hthys longicostatus (?ATTERSQN & RoseN 1977: fig. 37) and Diplomystus

S s

27. Principal caudal rays: The nu
P’:OI()([I/[’('(I (eleven) and in Luisichthys (
ot pholidophorids.

.mb‘er of principal caudal rays. of thé’ l-ower lobe of the caudal fin in
ten) is higher than that ofLEPIOIfPiS(COr_ypbaenoides (nine), and closer to that

&

28. Sc: . . mwy ol o
cales: The scales of the teleosts described here from the Late Jurassic of Chile have, in common with

Leptolepides f , :

ori/cntc[d liljxeir::)rnc:sstilxllev t[l‘;letz J?msfsm O burope (Scuirze 1966: fig. 40B, and text-fig. 23C), fine transversely

are especially conspicious OC: ;Zn?:rcl jiorsal to ventral border between the anterior and posterio’r field. These lines

the dorsal or ventral regic P ales (text-fig. 11 A, 17 B) while they are restricted. to the center of scales from
gion (text-fig. 17D, E); they can be lacking on scales from some:regions. These lines are not




Textfig. 23. Scales of some fossil and
Recent teleosts (lateral line scales or just
posterior pectoral girdle). A: Domeykos
profetaensis n. gen. et sp. (acid prepared
specimen LBUCH 1-210277-13). B:
Luisichthys vinalesensis (U.S.N .M.). C:
Leptolepides sprattiformis (after Scuurtze
1966), D: Dorosoma cepedianum (KU 0017).
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continuous, like the circuli, but interrupted;:bifurcating and undulated. The scales of Luisichthys show the same
feature (teXt-ﬁg: 23 B). G g TRt L

The lines on the anterior field of clupeomorph scales take the same dorso-ventral direction (text-fig. 23D) and
are commonly compared with the circuli of other teleosts. Nevertheless the scales of some clupeomorphs (text-fig,
23D, pl. 4, tig. B, C) show both circuli and transversely oriented lines. Here the transversely oriented lines have the
*3Me properties as the transverse lines in the middle field of Leptolepides.

The comparison shows that Protoclupea, Domeykos and Luisichthys are more advanced in characters 2, 4, 5, 9,
10, 11, 12, 17, 18, 20 and 26 than Leptolepides, while Leptolepides is more advanced in characters 1, 6, 8, 13, 14, 15,
16,23 and 27; and the four genera have the same level of developement in 3, 13, 14 (Protoclupea and Domeykos),
21, 23 (Luisichthys), 24, 25, and 28. The polarity of many of these characters is unknown. They are onl)f partly
identical with those used by PATTERSON & Rosen (1977) in their phylogenetic arrangement of teleosts. Using the
characterization of higher categories of teleosts by PATTERsON & Rosen (1977:126), the three genera I’m/ar/ug:m,
Domeykos and Luisichthys are set apart from each other (table 3). Luisichthys is more advanced than Lr/rm/r/frr/r's,
and has to be placed within the cohort Clupeocephala, or even in the subcohort Clupeom.orpha. The prol?lc.xp is
only that not 4| important characters are known in Luisichthys, and that Ludsichthys has still some very primitive
characters, The number of principal rays of the lower caudal lobe (character 23 in PaTTERSON & ROSEN 1977: 129) is
higher even than in Leptolepis corypbaehoiz]és, and the number of hypurals equals that of osteoglossomorphs

(character 37 in PaTTERsON & Rosen 1977:130). o /
These two characters only interfer with a position of Luisichthys within Clupeomorpha, contrary Protoclupea

and Domeykos show a mixture of advanced and primitive characters. We will leave Domeykos out of further
consideration because the most important, structure for teleost phylogeny, th-e caudal skelf.ton is unknown.
Protoc[upea has a free proximal hypural 1 like clupeomorphs, but the hypural 2 is not fused with ural centrum 1
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Table 3 Concordance (4), discordance (-) of f'eatu:fe’s:_ of ‘I/’Aral"o’cluped, Domeykos n. gen. 31'.1(.1 Luisichthys with those of higher
teleosts (according to ParTersoN & Rosen 1977:126). ?: unkn’p»Wn; §: other condition.

Protoclz)pm * Domeykos Luisichthys
Supercohort Elopocephala: S N
1. Only two uroneurals extend forward beyond UZf'«ffv - ? .
2. Epipleural bones well developed ? - + (pootly de- + (uncertain)
: ) veloped

Cohort Clupeocephala:

[. Angular and articular fused R - ?
2. Retroarticular excluded from the articular facet for-the quadra{tgi § ?
3. Tooth-plates fused with first three - ' :
pharyngobranchials and fifth ceratobranchial , ? ? ?
4. Neural arch over U1 reduced or absent ‘ RN TS ? ‘ +
5. Anteriorly directed membranous outgrowth S s
developed from the anterodorsal margin of first uroneural B S ‘ +
6. Six hypurals -9 L ~«7)
Subcohort Clupeomorpha:
1. Second hypural fused with U1/ . o
first hypural free proximally S - ‘ RN e > +/+ i
2. Supratemporal commissure passing through parie al o 77 g T ‘g ~ (over and
g, behind)
3. Otophysic connection involving a diverticulum of .. L
the swimbladder that penetrates the braincase i ? ? ?

. SEN (1977) cannot be évaluated. Protoclupea with three uroneurals
extending forward beyound ural centrum 2 -does not fulfill even the basic character of the supercohort

Elopocephala so that the clupeocephalan characters have to be explained as parallel, and the lack of retroarticular
as an éuta‘pomorphy of Protoclupea and Dom:zjzkos.“vPrOtbclupea pdssess one o§teoglossomorph character, but is more
primitive in another. Where known, Protoclupea has the characters of T harsis with exception of character.33 and 31
(PattERsoN & RosEN 1977:129) while Domeykos agrees with Tharsis here, tos, In conclusion, Protoclupea and
Domeykos occupy a position like Tharsis dubius in the schein'é of PATTERsON & Rosen (1977:fig. 54).
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Legends of Plates
Plate 1

Protoclupea chilensis (holotype). A: Head. B. Complete specimen. (Scales equal 1 cm).

Plate 2

Protoclupea atacamensis n. sp. (holotype). A: Head. B: Counterpart. (Scales equal 1 cm).

Plate 3

Domeykos profetaensis n. gen. et sp. (holotype). A: Latex cast of complete specimen, dusted with NH4Cl. B: Head of counterpart under

aleohol. (Scales equal 1 cm).

Plate 4

Domeykos Profetaensis n. gen. et sp. A. Cranium and vertebrae (acid prepared specimen LBUCH 260972 a). B-C: Diplomysius dentatus

(KUVP 17365), scales of lateral side in the middle part of the body (dusted with NH4CI).

Plate 5

Luisirbtbys vinalesensis (U.S.N.M. 18656). A: Neurocranium in posterior view. B: Neurocranium in lateral view. C: Head with pectoral

girdle. (Dusted with NH4Cl; scales equal 1 cm).





