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Abstract

Loricariid and pimelodid-like siluriforms—along with undetermined percomorph—are described for the first time from Patagonia. Verte-
brate fossils, including fish, mammals and birds, were found in beds attributed to the top of the Puerto Madryn Formation. These levels
supposedly corresponded to the “Rionegrense marino” of former authors. Mammals occurring in the site suggest a Huayquerian age for the
fossiliferous beds. The base of the Huayquerian was dated at about 9 Ma and the top is younger than 6.5 Ma. Radioisotopic dating in the
marine shell beds of the Puerto Madryn Formation ranges from 11 to 9 Ma. Consequently, the section described here appears to be younger
than the typical Puerto Madryn Formation from which it is separated by an unconformity. The section is correlated with the type Rio Negro
Formation from northern Patagonia, which also includes Huayquerian fossils. Freshwater fishes were previously unknown in beds younger
than the middle Miocene in southern South America. This is also the southernmost record of loricariid fishes. The association of aquatic
continental and terrestrial vertebrates indicates for the first time in Peninsula Valdés beds of freshwater origin. The evidence apported by
fossils is also in agreement with global climate trends. The local extinction of loricariids in Patagonia possibly occurred much later than the
time of deposition.
© 2005 Elsevier SAS. All rights reserved.

Résumé

Siluriformes Loricariidae et Pimelodid-like sont décrit pour la premiere fois dans la Patagonie, Argentina. Ces poissons ont été trouvé avec
Percomorpha indéterminés, mammiferes et oiseaux continentales. Les Loricariidae trouvés sont les plus australes connues. Les fossiles on été
enregistrés dans niveaux attribué a la Formation Puerto Madryn. Ces niveaux on été correlationés avec le “Rionegrense marino” des autheurs
anciennes. Les mammiferes trouvés dans le site suggérent une age Huayquérien. La limite inférieur du Huayquérien a été daté ca 9 Ma et le
plafond est plus jeune que 6,5 Ma. Etudes radiometriques indiquent que les niveaux marines de la Formation Puerto Madryn embrassent de
11 au 9 Ma. En consequence, la section décri ressemble étre plus jeune que la Formation Puerto Madryn typique de laquelle est séparée pour
une discordance. La section pourrait étre correlacioné avec la Formation Rio Negro typique du nord de la Patagonie laquelle aussi inclue
mammiferes huayquériens. Jusqu’a ce jour, poissons d’eau douce on été unconnue dans niveaux plus jeunes que le Miocene moyen dans la
partie australe de I’Amérique du Sud. Bien plus, trés peux vertébrés sont connues dans niveaux plus jeunes que le Miocéne moyen dans la
Patagonie. Jusqu’a ce travail, seulement quelques mammiferes on eté raportées dans le Miocene et dans le Pleistocene supérieur dans la
région. La peculiar association de vertébrés aquatiques d’eau douce et terrestres signale un climat au moins temperé pour le Miocene supérieur
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dans la Peninsula Valdés. L’evidence apporté pour les fossiles est aussi d’accord avec la tendance climatique global. En fin, il est vraisem-
blable que la extinction locale de Loricariidae a été lieu plus tard que 1’époque ou le niveau avec le fossiles a été déposé.

© 2005 Elsevier SAS. All rights reserved.
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1. Introduction

An assemblage of freshwater and terrestrial vertebrates was
found in late Miocene beds assigned to the upper part of the
Puerto Madryn Formation, in a coastal site located between
Punta Delgada and Pico Lobo in the Peninsula Valdés, east-
ern Chubut, southern Argentina (Fig. 1). The site was discov-
ered by personnel of the Centro Nacional Patagénico (Puerto
Madryn, Chubut) in 1997 and visited several times thereafter
(see Dozo et al., 2002). No other association of this kind is
known in Neogene beds of Patagonia. In the present paper,
the fishes are described, the stratigraphic provenance is dis-
cussed, and some biogeographic and paleoclimatic features
are noted. All the material is deposited in the Museo de Pale-
ontologia “Egidio Feruglio” of the city of Trelew, Chubut,
Argentina.
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Fig. 1. Locality map (modified from Scasso and del Rio, 1987). The arrow
indicates Punta Delgada at Peninsula Valdés.

2. Stratigraphic setting

Southern South America (Patagonia) was deeply invaded
by the sea during the earliest Neogene but the Pampean area
was emergent at this time. Since the middle-late Miocene,
basculation of southern South America provoked that Patago-
nia had become almost free of marine sedimentation, except-
ing in its northeastern area. During this time, the sea deeply
penetrated into the Pampean area as a large gulf, reaching at
least to Bolivia (Yrigoyen, 1975; Uliana and Biddle, 1988;
Acefiolaza, 2000; Cione et al., 2000; Marengo, 2000). First
workers that described the sediments deposited in this
encroachment were d’Orbigny (1842); Darwin (1846). Later,
Doering (1882); Ameghino and Woodward (1897); Ameghino
(1906); Rovereto (1921); Frenguelli (1926); Feruglio (1949)
established the stratigraphic scheme that included the “Pat-
agoniense,” “Entrerriense,” and “Rionegrense” stages for the
local representation of the Neogene (for a synthesis, see Fer-
uglio, 1949; Cione, 1988; Scasso and del Rio, 1987). The
“Patagoniense” and “Entrerriense” are marine in origin. The
“Rionegrense” in its type locality, the rio Negro area, is almost
exclusively continental. However, in the Peninsula Valdés
area, beds assigned to the “Rionegrense” were mostly marine,
with some strata of a putatively continental origin in the top.
Capping the sequence, conglomerates called “Rodados tehu-
elches” widely crop out in eastern Patagonia (see Feruglio,
1949). All units older than the “Rodados tehuelches” were
informal chronostratigraphic units, which were recognized
on the basis of lithology, stratigraphic relationships and fauna
(see discussion in Cione and Tonni, 1995a,b,1999).

The “Patagoniense” and “Entrerriense” are clearly sepa-
rated by an unconformity but the “Entrerriense” was consid-
ered to pass transitionally to the “Rionegrense” in the Penin-
sula Valdés region (Feruglio, 1949). In this context, the
“Patagoniense” strata in the area have been included in the
Gaiman Formation (Haller, 1979,1981) and, due to the alleged
transitional relationships between the “Rionegrense” and
“Entrerriense,” the strata of both units were included in only
one lithostratigraphic unit, the Puerto Madryn Formation
(Haller, 1979; see also Scasso and del Rio, 1987). More to
the north, in the type area, the continental beds of the “Rion-
egrense” is more clearly distinguished from the “Entr-
erriense” which is named Formacién Barranca Final there
(Zambrano, 1980). Moreover, Andreis (1965; see also Angulo
and Casamiquela, 1982) proposed the Rio Negro Formation,
and Kaaschieter (1965) the Belén Formation, for including
the “Rionegrense” beds. Recently, Malumian (1999), in a gen-
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eral work, assigned the “Rionegrense” beds in Peninsula
Valdés to the Rio Negro Formation. However, this author did
not establish the boundaries.

The Puerto Madryn Formation consists of chestnut to yel-
low in color heterolithic and cross-bedded sandstones, muddy
sandstones and sandy mudstones interbedded with white tuffs
(Del Rio et al., 2001). The unit includes abundant, well pre-
served invertebrate remains disposed frequently in shell beds.
In the top of the sequence (the “Rionegrense”), gray colors
predominate (Scasso and del Rio, 1987). The Puerto Madryn
Formation is about 150 m thick and is recognized as such in
the Peninsula Valdés area (Del Rio et al., 2001). Correlative
sediments crop out to the north. The unit has been distin-
guished in the lower rio Chubut valley, to the south of Penin-
sula Valdés (Mendia and Bayarsky, 1981). However, other
authors suggested that they are not correlative (Scasso and
del Rio, 1987).

In the Puerto Madryn Formation, an upward-shallowing
from open mid-shelf to more restricted shoreface—foreshore
environments has been recently proposed for the whole
sequence (Del Rio et al., 2001). Transgressive, Maximum
Highstand, and Regressive phases were recognized in the low-
ermost 75 m of the formation based on an integrated approach
of assemblages and lithofacies arrangement (Del Rio et al.,
2001). The Maximum Highstand Phase refers to deposits
accumulated when the sea level was at its maximum, before
the regression took place (ibid.). Consequently, these authors
use this term in a different way in which is used in sequence
stratigraphy. The Regression Phase represents the gradual
regression of the sea (Scasso and del Rio, 1987) and corre-
sponds to the “Rionegrense” of Feruglio (1949) and prob-
ably to the Rio Negro Formation of Malumidn (1999). As a
result of sediment aggradation, the entire system prograded
and depocentres shifted to the east and northeast during depo-
sition. The uppermost part of the sequence include paleosoils
(Del Rio et al., 2001).

2.1. Profile at Rincon Chico

The fossiliferous locality with the continental fishes here
described is located in the marine cliffs between Punta Del-
gada and Punta Lobo (about 3 km to the west from Punta
Delgada; 42°47" S, 63°40' W), Estancia Rincén Chico, south-
eastern Peninsula Valdés, provincia del Chubut, Argentina
(Fig. 1).

The sequence constitutes a coastal front of erosion that
rises approximately 40 m above sea level (Fig. 2). The action
of the eolian, gravitational and hydric gliding processes has
caused that part of the sedimentary sequence be covered with
recent deposits, especially in their basal section. The basal
section of the profile is covered by 13 m of colluvial and allu-
vial material.

In the profile, eight main levels, numbered from the base,
were distinguished (Fig. 2). The base is covered by the beach
sediments.

Level 1 is 1.5 m thick and is mainly formed by medium
grained sandstone of gray to gray clear chestnut color with

CONTACTS

[=] s
Erossive

Transitional

LITHOLOGY AND STRUCTURES

8
Pelites and sands
% Covered

7
z Partially covered
0%°| Conglomerate

6 |- 20 g

5 .o;’(l);l.:ouooooog v Pelitic lenses

4 |~ — - .

3 [00°° P70 o008 \' ~~| Heterohitic bedding

Hummoky

j 4
[ 1]

Horizontal bedding

§

LR Tramawillag

0 5m
e

Fig. 2. Section at 3 km to the west of Punta Delgada (modified from Dozo et
al., 2002). Fossils: V = vertebrates; O = oysters.

occasional intercalations of white (in dry) and yellowish
brown (in humid) mudstones. The level is fairly consolidated
and includes horizontal stratification which, in sectors, is
undulate. Towards to the top there is a thin bed of few disar-
ticulated oysters. The oysters are whole and frequently
arranged with the concavity of the valves down. This is the
only presence of marine invertebrates in the section. We also
did not find bioturbation.

Level 1 passes to level 2 by means of a transitional con-
tact. It is 7.5 m thick, with medium grained sandstones of
moderate consolidation and gray to gray clear chestnut color.
The grain is finer towards the upper part of the level, with
pelitic lenses of 1-3 cm maximum thickness. The dominant
internal structure is horizontal bedding. Cross-bedding in
trough becomes more conspicuous toward the top. Occasion-
ally, there are flat cross-bedding of small scale, asymmetric
and symmetrical ripple marks, and heterolithic facies with
prevalence of flaser stratification for sectors. Black layers of
opaque minerals with levels with yellowish chestnut ferrugi-
nous stains, inserted as fine sheets intercalated with gray sands
with undulate stratification and levels with ripple marks are
common.

A lenticular bed (level 3) of 1 m maximum thickness over-
lies level 2 with an erosive net contact. It is an oligomictic
conglomerate with interbedded mudstones and fine and
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medium grained sands in sheets less than 1 cm thick. The
coarser clastic fraction, whose grain size varies from thick to
fine gravel, is composed of rounded pelitic intraclasts (in sec-
tors discoidal), of white (in dry) and clear olive gray (in
humid) color. Internally, the body presents cross-bedding in
trough. The top of level 3 includes remains of continental
vertebrates as bioclasts. The stronger consolidation of this
level in comparison to the underlying and overlying levels is
easily identifiable in the sequence because form a bank.

Level 4 is a sandy horizon of greenish gray color 1 m thick.
It is partially covered and finely laminated. Occasionally, it
presents pelitic lenses similar to those of levels 1 and 2. We
found vertebrate remains on the sands but when we screened
them a while, no fossil occurred. We do not discard that ver-
tebrates come only from the levels 3 and 5.

Another lenticular body (level 5) of approximately 1 m
thick, partially covered, overlies level 4 by means of an ero-
sive contact. It is composed of an oligomictic conglomerate,
similar to that of level 3, but with finer granulometry. In this
level we also found vertebrates.

Level 6 is composed of 4 m of fine gray sandstones and
greenish gray mudstones, horizontally interbedded, in some
cases with criss-cross stratification of low angle. This level is
partially covered except in those tracts where the biggest con-
solidation, generally of the sandy strata, causes small topo-
graphical projections.

The overlying colluvial and alluvial material (level 7) is
4 m thick and masks completely the profile.

The uppermost level (level 8) is a consolidated horizon
5 m thick of grayish green to yellowish mudstone with par-
allel lamination. To the top, a thin interstratification of fine
and very fine gray sandstone occurs. The profile culminates

with 8 m of eolic, partially vegetated sands that constitute the
coastal dunes.

3. Systematic paleontology

Order SILURIFORMES sensu Grande, 1987.

Siluriformes indet.

Fig. 3.

Material: The material consists of fragmented pectoral
spines: MPEF-PV 2500, 6 ex.; MPEF-PV 2501, 1 ex.;
MPEF-PV 2502, 2 ex.; MPEF-PV 2503, 7 ex.

Description: Spines medium-sized (maximum shaft width
measured, 5.5 mm), dorsoventrally compressed, without ante-
rior serrations but with a strong anterior longitudinal rib
(Fig. 3.1). Anterior part of dorsal and ventral faces without
striae. Rest of dorsal and ventral faces with large longitudinal
striae. Posterior face with a shallow sulcus, a large proximal
foramen, and medium-sized serrations (Fig. 3(2)). Serrations
placed immmediately distad to foramen, proximally perpen-
dicular to axis of shaft. Dorsal process of spine base rectan-
gular, with radial fine striae (Fig. 3(3,4)).

Discussion: The spines are overall most similar to
“Pimelodus-group” (Lundberg et al., 1991) plus Heptap-
teridae with strong spines, especially Pimelodella, Rhamdia,
Brachyrhamdia, and Rhamdella. Also resemble most genera
of Ageneiosidae.

The spines are distinct from the weakly ossified and flex-
ible spines of Cetopsidae, Trichomycteridae, many Heptap-
teridae, and some Calophysus-group Pimelodidae; from that
of non-Trycomycteridae Loricarioidei because of absence of
odontodes; from Doradidae, Aspredinidae, most Auchenip-

Fig. 3. 1. Pectoral-fin spine of Siluriformes indet., MPEF-PV 2503-1, showing the anterior longitudinal rib. 2. Pimelodid-like pectoral-fin spines, MPEF-PV
2500-1, posterior view with serrae. 3, 4. Anterior and dorsal view of the same specimen showing the articular surface of the head spine. Scale bars = 1 cm.
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Fig. 4. Pectoral spine of Loricarioidei, MPEF-PV 2505-1. 1. Posterior view
showing the large foramen, and the sulcus. 2. Dorsal view showing nume-
rous odontode bases. Scale bar = 1 cm.

teridae and some Pimelodidae for the absence of very strong
serrations along anterior edge; and from Diplomystidae for
the type of serrations and the presence of a posterior sulcus.

Suborder LORICARIOIDEI

Figs. 4 and 5

Material: Most of the material is fragmentary. Pectoral
and dorsal spines: MPEF-PV 2504-2 and 3, 2 ex.; MPEF-PV
2505, 4 ex. Plates: MPEF-PV 2507, 1 ex.; MPEF-PV 2508,
4 ex.; MPEF-PV 2509, 3 ex.; MPEF-PV 2510, 4 ex,;
MPEF-PV 2511, 2 ex.

Description: Pectoral spines: Spines medium-sized (maxi-
mum shaft width measured, 7.0 mm), subcircular in section,
without anterior serrations (Fig. 4(2)). Many bases of odon-
todes well defined, and densely packed on anterior surface of
spine shaft. Posterior face with a very shallow sulcus and a
large proximal foramen (Fig. 4(1)). Most spine fragments with
a quadrangular, finely striated dorsal articular process; spine
base with small holes and a central foramen. Another frag-
ment with a small rectangular articular surface present, bear-
ing granulations on surface, and a posterodorsally placed fora-
men.

Plates: The largest fragment (maximum length: 22.5 mm,;
Fig. 5(1)) semicircular in outline. Part of external plate sur-
face unornamented and remaining area strongly ornamented
and covered with bases of odontodes.

Family LORICARIIDAE

Figs. 5and 6

Material: Cleithrum: MPEF-PV 2506, 1 ex. Skull roof
undetermined bone: MPEF-PV 2512, 1 ex. Plate: MPEF-PV

Fig. 5. 1. Plate of Loricarioidei, MPEF-PV 2511-1. 2. Plate of Loricariidae, MPEF-PV 2507-1, x4.
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Fig. 6. Dorsal spine base of Loricariidae, MPEF-PV 2505-2, x4.

2511-1. Dorsal spines: MPEF-PV 2505-2, 1 ex., MPEF-PV
2504-1, 1 ex.

Description: Plate (Fig. 5(2)): Plate with wide anasto-
mosed costae (maximum width: 25.0 mm). Odontode bases
numerous and distributed both on costae and sulci between
costae.

Dorsal spines (Fig. 6): Spines medium-sized (maximum
base width measured, 11.5 mm), subcircular in section, pos-
teriorly flat without sulcus in one fragment and a very shal-
low sulcus in another. Anterior and lateral surfaces with lon-
gitudinal striae and bases of odontodes.

Cleithrum: Lateral piece of cleithrum, bearing a portion of
an articular sulcus for pectoral spine. Lateral surface with
odontode bases between costae.

Skull roof: Many ridges on surface covered by odontode
bases.

Discussion: Some plates were eroded and odontode bases
and costae are less well defined. The morphology of dorsal
spines and the presence of odontode bases both on ridges and
striae of cleithrum, skull roof, and plates strongly resemble
features characteristic of Loricariidae.

ACANTHOPTERYGII

PERCOMORPHA

Figs. 5,7 and 8

Material: All material is fragmentary. Fin rays: MPEF-PV
2513, 1 ex.; MPEF-PV 2514, 7 ex. Dentary: MPEF-PV 2515-
1-3, 3 ex.; MPEF-PV 2518, 1 ex.; MPEF-PV 2516, 5 ex.

Fig. 7. Percomorpha, dentary, MPEF-PV 2518. 1. External view showing
the roofed sensory mandibular canal. 2. Oclusal view showing large tooth
sockets in the inner row. Scale bars = 1 cm.

Fragment of anguloarticular: MPEF-PV 2515-4, 1 ex. Pre-
maxilla: MPEF-PV 2519, 2 ex. Opercle: MPEF-PV 2517,
2 ex.

Description: Fin spine: One fin spine with the articular
portion preserved.

Opercles: Fragments bearing the articular area for hyo-
mandibula. One of them with some striae on its external sur-
face.

Dentaries (maximun symphyseal depth: 7.0 mm; Fig. 7):
Only anterior fragments, including symphysis well pre-
served. External face with first and second foramina of lat-
erosensory canal clearly distinguished; canal roofed between
both foramina (Fig. 7(1)). Fragments dorsally bearing many
rounded tooth sockets of different size. Along dorsal margin,
three rows of tooth sockets present, inner one largest. Wall of
those sockets growing dorsally forming a flamingo nest-like
structure. Walls of those sockets thicker than wall of external
ones, ornamented with numerous striae, radial in oclusal view.
Largest socket placed at level of second laterosensory canal
foramen (Fig. 7(2)).

Anguloarticular (maximun depth: 10.7 mm): Fragment of
anguloarticular bearing articular fossa. External surface com-
pletely covered with striae. Posterior process well devel-
oped, lacking retroarticular.

Premaxilla: Small fragments of premaxillae, dentigerous
branch shallow (Fig. 8(1)) with two rows of teeth distally
(Fig. 8(2)), and an inner row of large tooth sockets. Several
tooth rows of small sockets near symphysis (Fig. 8(3)). Larg-
est sockets of same morphology than those described for den-
tary.

Discussion: The characteristic stiff fin spines are an obvi-
ous character of Acanthopterygii (Lauder and Liem, 1983).
The material differs from Mugilomorpha and Atherinomor-
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Fig. 8. Percomorpha, premaxillae. 1, 2. MPEF-PV 2519-1, lateral and oclu-
sal views. 3. MPEF-PV 2519-2, oclusal view showing several rows on the
symphysis. Scale bars = 1 cm.

pha and most closely resemble percomorphs. In the premax-
illas and dentaries from Punta Delgada, teeth are not pre-
served but large sockets occur. Large sockets on dentary and
premaxilla are usually associated with large (caniniform)
teeth. Large canines are only ocassionally encountered in per-
coids (Sasaki, 1989). One of the taxa where canines are found
is the Family Sciaenidae. However, the morphology of den-
tary canal in the fossil does not resemble that of sciaenids
and the disposition of the intermediate teeth is different to
that of sciaenids with large teeth such as Macrodon and
Cynoscion.

4. Paleoenvironment

In the Punta Delgada area, Rovereto (1921 in Frenguelli,
1926) described and figured a profile that included the com-
plete sequence of “Entrerriense,” “Rionegrense continental,”
and “Rionegrense marino.” Castro (1981) described the sedi-

mentology of a profile and Scasso and del Rio (1987: 303)
described in detail another profile. These sections do not agree
with that which includes the vertebrates described herein.
However, we observed complete sections of “Entrerriense”
closeby to the West, which appear to correspond with pro-
files of Castro (1981); Scasso and del Rio (1987).

In the Punta Delgada section, the contact of the “Rioneg-
rense continental” with the marine “Entrerriense” beds is not
clear, but appears to be an erosive unconformity in a pale-
ochannel.

The lower and middle portions of the sequence were cer-
tainly deposited in an aquatic environment. Dozo et al. (2002),
based on geologic evidence, suggested that sedimentation
occurred in a marine environment near to the coast, linked to
intertidal environments and alternation of underaerial and
underwater exhibition. The identified structures allow us to
infer a dynamic of sedimentary transport characterized partly
by alternation of wave action and channelized coastal cur-
rents, and calmer periods with sedimentation of silts and clays.
The sedimentary characteristic identified in the profile
appeared to present similarities with the facies 4b (interbed-
ded sandstones and pelites) and 5 (crossbedded sandstones)
defined by Scasso and del Rio (1987) for other stratigraphi-
cal sections in the Peninsula Valdés area. These facies corre-
spond respectively to: (4b) sedimentation in tidal plains with
sandy bars disposed perpendicularly to the coast and parallel
to tidal channels with those that are linked genetically and
(5) sedimentation in channels and streams in intertidal and
undertidal area product of a normal sedimentation not related
with catastrophic episodes.

A different interpretation, however, could be derived from
stratigraphic and fossil evidence. The section with verte-
brates appears to have been deposited in a paleochannel exca-
vated into the typical marine, richly fossiliferous, beds of the
“Entrerriense” (the “spectacular marine Miocene shell beds”
of Del Rio et al., 2001). In these marine beds, bivalves of the
families Carditidae, Veneridae, Glycymeridae, Pectinidae, and
Ostreidae, gastropods of the families Muricidae and Archi-
tectonicidae, echinoderms of the family Monophorasteridae
and brachiopods of the family Terebratulidae are abundant
(Scasso and del Rio, 1987). Most occur in post-mortem accu-
mulations. Contrasting with this richness, there are no marine
fossils in all the sequence of Punta Delgada, except for a very
thin oyster (Ostreidae) accumulation one shell thick in the
base (level 1). Oysters are “secondary soft-bottom dwellers”
(Del Rio et al., 2001: 5). Specimens detected in the profile
correspond to the “recliner boulder-shaped” ecophenotype of
Ostrea patagonica, with shells that lie on the left convex valve
(Del Rio et al., 2001: 6). A complete marine section with
remarkable invertebrate content and strongly cemented banks
crops out at 200 m to the West. Scasso and del Rio (1987:
303) had described the section at Punta Delgada including
coquines with shells in life position, coquines with sandy
matrix and bioturbation. Consequently, the section described
by these authors is not ours.

According to Scasso and del Rio (1987), shells occur in
the facies 4b although they are not very abundant; bioturba-
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tion is composed of burrows 2 cm wide and vertical tubes
10 cm long. Facies 5 include abundant small shell fragments
but bioturbation is occasional. We did not find shells nor bio-
turbation in the section excepting by the thin oyster bank.
Quite the contrary, in levels 3-5, several fishes, birds and
mammals mostly indicate a continental environment. Lori-
cariid and pimelodid indicates freshwater environments. The
percomorph are indeterminate but could represent a freshwa-
ter or diadromous group. In the same levels, birds and mam-
mals strongly linked to freshwater habitats (threskiornitids,
dendrocygnids, hydrochoerid capibaras) and terrestrial mam-
mals (pampatheriids, glyptodontids, mylodontids, chin-
chillids, caviids, and macrauchenids) occur. Similar associa-
tions of freshwater and terrestrial vertebrates are found, at
many other sites, such as the Huayquerian basal conglomer-
ate of the Ituzaingé Formation in the Provincia de Entre Rios
(Cione et al., 2000) and the Pleistocene beds in the rio Sauce
Grande valley in southern Provincia de Buenos Aires (Cione
and Lopez Arbarello, 1995), both in Argentina. The basal fos-
siliferous conglomerate of the Ituzaingd Formation overlies
the earliest Tortonian upper beds of the Parand Formation,
which is correlative with the marine sections of the Puerto
Madryn Formation (dated between 11 and 9 Ma). The Ituza-
ingé and Parand formations are separated by an important
unconformity.

We here suggest that fossiliferous levels 3—5 were depos-
ited in a freshwater channel, not far from the sea. This hypoth-
esis is supported not only by vertebrate evidence but for the
absence of any marine invertebrate or vertebrate remains. The
undetermined percomorph would represent an unknown fresh-
water species or an occasional penetration of an active swim-
mer in the lower part of a stream (as many marine fishes do
today). The lower level had some kind of marine influence
indicated by the thin oyster bank. In the site, at least a short
event of normal marine salinity enough to permit the estab-
lishment of the oysters occurred.

Del Rio et al. (2001: 18) commented that “no definitive of
brackish or freshwater (fluvial) have been found in the Penin-
sula Valdés area, although important channel incision is evi-
dent to the southwest.” Consequently, the present section
seems to include the first freshwater sediments discovered in
the area.

The vertebrate bearing beds of Punta Delgada correspond
to the time when Peninsula Valdés was emergent and had
hydrographic connections with western areas. Terrestrial envi-
ronments were nearby, indicating that the regression of the
sea was accomplished in eastern part of the Peninsula Valdés.

5. Biochronology

The relatively poor preservation of mammal material only
allowed identification to generic or higher level. However,
taxa recorded permit some discussion of the chronology.

The pampatherid Scirrotherium occurs in the Honda Group
(late middle Miocene, Colombia) and the “Conglomerado

osifero” of the Ituzaingé Formation (Huayquerian, late
Miocene, Entre Rios, Argentina; Cione et al., 2000).

The glyptodontid belonging to the tribe Neuryurini is
known from the Huayquerian (“Conglomerado osifero” and
in different sites in the provinces of Buenos Aires, Catamarca
y Tucumadn) to the Lujanian (latest Pleistocene-earliest
Holocene).

The mylodontids Ranculcus and Megabradys occur in the
“Conglomerado osifero” (Cione et al., 2000); Ranculcus also
occurs in the Kiyd Formation (Uruguay) and Solimdes For-
mation (Brazil), which are referred to the Huayquerian (Mar-
shall et al., 1983; Perea and Scillato-Yané, 1990; Latrubesse
and Rancy, 1994; Perea et al., 1994).

The rodents Hydrochoeridae range from the Chasicoan to
the Recent, but genus Kiyutherium only is known in the Hua-
yquerian (“Conglomerado osifero”, Cerro Azul Formation of
La Pampa and Rio Negro Formation; Cione et al., 2000). Con-
cerning the other rodents, the chinchillid Lagostomopsis is
known since the Chasicoan to the Chapadmalalan, the Cavi-
idae certainly from the Colloncuran to the Recent and the
Dolichotinae certainly from the Laventan to the Recent (Dozo
et al., 2002).

In summary, all taxa are late middle Miocene or younger.
Two are known from the Laventan, one reaching the Hua-
yquerian and the other, the Recent. Sediments and fauna in
the Honda Group permit identification of the Laventan
Stage/Age, intermediate between the Colloncuran and May-
oan (Madden et al., 1995). However, the stratotype is located
in northern South America and their sediments are not in a
sequence with older or younger mammal bearing beds and
their location in the scale is mainly based on radiometric dat-
ing.

A genus occurs since the Chasicoan and reaches the Cha-
padmalalan and another ranges from the Huayquerian to the
Lujanian. Finally, two taxa are only known from the Hua-
yquerian. Consequently, taxa recorded suggest a Huayque-
rian age in the standard South American scale.

6. Age of the fossiliferous beds

The Huayquerian has been recognized as a South Ameri-
can chronostratigraphic and geochronologic unit younger than
the Chasicoan and older than the Montehermosan. Since the
paper by Pascual et al. (1965), Huayquerian has also been
considered a “Land-mammal age” (Marshall et al., 1983;
Flynn and Swisher, 1995). However, the present Codigo
Argentino de Estratigraffa (1992) treats term as an informal
designation (see, Cione and Tonni, 1995a,1996,2001).

The boundary between the Chasicoan and Huayquerian
was proposed at about 9 Ma (Flynn and Swisher, 1995).
According to these authors, radioisotopic dates, location of
the boundary in the earliest part of Chron C3Ar, and using
the chron terminology and time scale of Cande and Kent
(1995); Berggren et al. (1997), the best estimate for the bound-
ary Huayquerian/Montehermosan is about 6.8 Ma and cer-
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tainly is older than 6.5 Ma. Actually, this estimate does not
correspond to the boundary but to the most recent Huayque-
rian beds of the Andalhuald Formation in the provincia de
Catamarca, northwestern Argentina (Cione et al., 2000).
Besides, beds over the Andalhuald Formation might not be
Montehermosan but Chapadmalalan in age (Cione and Tonni,
1996). Flynn and Swisher (1995) indicate that the interval
Huayquerian/Montehermosan is paleomagnetically rela-
tively well sampled in Bolivia and northwestern Argentina.
However, both in Bolivia and Argentina, the alleged Monter-
mosan strata are Chapadmalalan in age (Cione and Tonni,
1996). These Chapadmalalan beds are as old as 4.0 Ma and
are the oldest dates for faunas of this age (Anaya and Mac-
Fadden, 1995; Cione and Tonni, 1996; Cione and Tonni,
2001). The interval Huayquerian/Montehermosan should
encompass from 9.0 to 4.0 Ma. The upper part of the Andal-
huald Formation, of Huayquerian age, should range to 6.8—
6.5 Ma. Consequently, the Huayquerian/Montehermosan
boundary should be younger than this age.

The youngest stage of the late Miocene, the Tortonian,
ranges from 11.2 to 7.12 Ma (Handerbol et al., 1998). Con-
sequently, the Huayquerian encompasses the middle and late
part of the Tortonian and perhaps the base of the Messinian
(youngest stage of the Miocene).

The age of the Puerto Madryn Formation was largely
debated (for a synthesis see Del Rio, 1988). In the last years,
it was referred to the middle Miocene (Del Rio, 1988,1990)
and recently again to the late Miocene (Del Rio et al., 2001;
Scasso et al., 2001). The type section of the correlative Bar-
ranca Final Formation in Rio Negro (northern Patagonia) was
assigned to the middle to late Miocene (Guler et al., 2002).

Concentrates coming from an ash bed located in the upper
levels of the “Rionegrense” at Bahia Cracker, eastern Chubut,
were dated by means of “°K/*°Ar (three dates: average
9.41 Ma; Zinsmeister et al., 1981). Scasso et al. (2001) cor-
related this ash level with the upper strata at Puerto Pirdmide
and the Loberia of Puerto Pirdmide. Recently, numerous dates
were obtained by means of ®’Sr/*°Sr analyses on shells of
pectinids and oysters (Scasso et al., 2001). Dates encom-
passes from 18.4 to 8.7 Ma; these authors discard the oldest
dates and retain those that range from 10.8 to 8.7 Ma as more
reliable (average: 10.1 Ma). These dates are approximately
in agreement with a date “°K/*°Ar of 10 Ma on escorias from
the type Chasicoan in the Provincia de Buenos Aires (Schultz
etal., 1998).

Radioisotopic dating in the marine shell beds of the Puerto
Madryn Formation ranges from 11 to 9 Ma. The Huayque-
rian is younger than 9 Ma. So, according to radioisotopic and
biostratigraphic evidence, the section described is younger
than the typical Puerto Madryn Formation from which is actu-
ally separated by an unconformity. The section would be cor-
related with the type Rio Negro Formation from northern Pat-
agonia, which also include Huayquerian fossils.

7. Biogeography

The Neotropical Region was divided into two major sub-
units: the Austral and Brazilian ichthyogeographic Subre-
gions (Ringuelet, 1975; Arratia, 1997; Almirén et al., 1997,
Casciotta et al., 1999; Fig. 9). Most of the diversity is con-
centrated in the Brazilian Subregion, the area to which lori-
cariid catfishes are now limited (Ringuelet, 1975; Arratia et
al., 1983; Arratia, 1997; Fig. 9). Loricariidae is one of the
two most diversified families in the Americas (more than
80 genera and 640 species; Arratia, 1997; Ambruster and
Provenzano, 2000) and is largely responsible along with
characids and cichlids for the remarkable diversity of the sub-
region.

The Austral ichthyofauna is more closely related to West
Gondwanan faunas (e.g. Australia and New Zealand; Ringue-
let, 1975) and the Brazilian ichthyofauna to African faunas
(Gosline, 1975; Patterson, 1975). Both subregions were
greatly affected by the Andean tectonism that may have influ-
enced the origin of many endemic taxa (e.g. Orestias spp.).

Loricariid catfishes are mostly confined to tropical and sub-
tropical climates were they are extremely diverse (Vari and
Malabarba, 1998; Fig. 9). Their diversity dramatically dimin-
ishes southward. In the southernmost area of the present dis-
tribution, southwestern Pampean region, loricariids are only
represented by two species: Hypostomus commersoni and
Loricarichthys anus. In a recent book dealing with freshwa-
ter fish distribution, loricariid distribution is depicted as rang-
ing to the latitude of the Rio de la Plata (Berra, 2001). How-
ever, the southernmost loricariids occur in the laguna Cochicé
of the lagunas Encadenadas del sudoeste, more than 400 km
to the southwest (36°30'-37°30" S, 061°-063°30" W,
Miquelarena and Lopez, 1995). Until recently, the southern-
most distribution of loricariids was considered to be the Salado
Basin including the lagunas Encadenadas del noreste (Ringue-
let, 1975; Fig. 9). The lagunas Encadenadas del sudoeste were
connected to the Salado Basin by the arroyo Vallimanca but
were highly saline. However, the recent higher annual pre-
cipitation (more than 200 mm in excess; Tonni et al., 1999)
has diluted salinity in the lagunas Encadenadas del sudoeste,
thus permitting dispersion of many fishes.

Consequently, the new Miocene locality of Punta Delgada
is more than 500 km southward of the extant southernmost
range of the family Loricariidae. Although identification of
the other catfish material in the site is uncertain, it does not
correspond to one of the living Austral taxa (i.e. Nematog-
enyidae, Trychomycteridae, or Diplomystidae).

Since the early 19th century, it is well known that the
Earth’s climate has cooled over the last 100 million years.
Since the Cretaceous, the “hot-house’ world of the late Meso-
zoic (a time interval without significant polar ice-sheets) has
turned to the “ice-house” world in which we now live (Mark-
wick, 1998). The presence of loricariids in the Peninsula
Valdés area suggests that the climate was much warmer than
today, perhaps at least as warm as that of the middle part of
Buenos Aires province. Present loricariids are distributed
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Fig. 9. Broad line indicates the boundary between Brazilian and Austral subregions. Dashed line indicates the present distribution of Loricariidae. The arrow
indicates Peninsula Valdés. The isotherm of 8 °C in winter is depicted according to Garcia (1992).
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north and east from about the June mean isotherm of 8 °C
(Garcia, 1992; Fig. 9). Globally higher temperatures than
present have been proposed for the late Miocene (Crowley
and North, 1991; Naish et al., 2001). In fact, climate was much
warmer (and wetter) than present during the Miocene in south-
ern South America and tropical terrestrial mammals occurred
even in southernmost South America (e.g. Primates, Mar-
shall et al., 1983). Sharks, teleosts, mammals, and mollusks
present in the Puerto Madryn Formation also indicate warmer
marine temperatures in the area (Cione, 1978,1988; Cione
and Tonni, 1981; Del Rio, 1990; Cione et al., 1996; Del Rio
etal., 2001; Dozo et al., 2002). Temperature conditions were
adequate as well for the presence of loricariid fishes. Accord-
ing to global evidence, suitable temperatures probably pre-
vailed in central Patagonia until early Pliocene (see, Cronin
etal., 1992). Additionally, in late Miocene times the Andean
rain shadow probably was not as important as today (Mar-
shall et al., 1983).

Characiformes were recorded in the Eocene of Golfo de
San Jorge area (Cione, 1986) and in the Miocene of south
central Chile (Rubilar, 1994). These findings, along with the
present record of a loricariid and a possible pimelodid, dem-
onstrate that tropical fauna was distributed in Patagonia and
Chile at least off and on since the Eocene. The rivers where
fishes lived at Punta Delgada must have been hydrographi-
cally connected with more northern basins at some point.
However, tropical taxa present in the Patagonian Miocene
inhabited the region along with Austral taxa such us the south-
ern perchs Percichthyidae and the endemic catfish Nematog-
enys, thus forming associations with living analogies (sensu
Barnosky, 1993; Wood and Barnosky, 1994). In other conti-
nents, many late Pleistocene vertebrate communities contain
associations of extant species that do not occur together today.
These fossils clearly show that many community relation-
ships are ephemeral (Graham et al., 1996; Wilson and Will-
iams, 1993). We have found several vertebrate associations
without modern analogies in the Pleistocene of the Pampean
area (Pardifias et al., 1996, 2001). Loricariid catfishes surely
could have inhabited not only the Peninsula Valdés area but a
wide area of Patagonia because the hydrography, topography
and climate were suitable for this group.

The Peninsula Valdés is located in the present Austral Sub-
region although there are no permanent streams in the area
and the climate is semidesert (Garcia, 1992). The closest river
is the rio Chubut, some 100 km to the south (Fig. 9). The rio
Chubut has an allochthonous course, as all the other rivers
that outwash in the Patagonian Atlantic coast. These rivers
originate in the Patagonian Andes located in the west of South
America, where Westerlies cause high precipitation to occur.
The rio Chubut is isolated from the north Patagonian water-
sheds such as the rios Colorado and Negro, and from the Pam-
pean lakes and rivers where loricariids have their present
southernmost distribution. However, the area where these
fishes occur is not separated from the Peninsula Valdés by
mountain ranges.

The type “Rionegrense” was considered to be related with
the establishment of the Colorado and Negro river basins (Pas-

cual and Bondesio, 1985), which are the closest permanent
streams to the north of Peninsula Valdés. Yet, the supposedly
fluvial sands of the type “Rionegrense” seems to have been
deposited under an eolian regime and the fluvial income would
have been minor (Zavala and Freije, 2001). Consequently,
we know nothing about the hydrographic connections of the
Peninsula Valdés with more northern basins.

8. Loricariid fossil record

The most ancient loricarioidei come from the Maiz Gordo
Formation of Salta, Argentina (the callichthyid Corydoras
revelatus was found in the locality Arroyo Abra del Trigo
according to Giudici and Oliver Gascén, 1982, and “Sun-
chal” according to Cockerell, 1925; see also Arratia and
Cione, 1996). Remarkably, the Maiz Gordo Formation is con-
sidered Paleocene in age that seems rather old for an advanced
group such callichthyids. The most ancient remains of lori-
cariid fishes were found in late Oligocene sediments of Bra-
zil (Malabarba, 1988; Bergqvist and Ribeiro, 1998). Other
loricariid remains occur in the Honda Group of Colombia
(Serravallian, late middle Miocene; Lundberg, 1997), Ituza-
ingé Formation of central Argentina (Tortonian, early late
Miocene; Cione and Casciotta, 1997; Cione et al., 2000).
Paleogene and early Neogene climatic conditions (precipita-
tions, temperature) were certainly adequate for the presence
of loricariid fishes in Patagonia. Consequently, loricariids
could be there at least since Oligocene times.

The local extinction of Loricariidae in southern South
America might be related to the climatic changes that were
generated by the elevation of the Patagonian Andes (Que-
chua Phase, according to Marshall et al., 1983, since the
middle Miocene). However, global climate was still warm
until early and possibly late Pliocene and probably tempera-
tures were fit for loricariids during this time (see above). We
have almost no vertebrate record in Patagonia after the “Rion-
egrense” (i.e. Huayquerian, Tortonian) times. It is possible
that several Brazilic fishes (including loricariids) could cope
with environmental changes until glacial times. Certainly,
when temperatures dropped abruptly since late Pliocene and
especially since middle Pleistocene, only some Brazilic fishes
succeeded in surviving in northern Patagonia (e.g. the characid
Gymnocharacinus bergi, in a special habitat of thermal waters
or the characid Cheirodon interrupts Ringuelet, 1961; Menni
and Gomez, 1995; Almirén et al., 1997; Escalante and Menni,
1999), Oligosarcus jenynsii, and Astyanax eigenmanniorum
in the rio Colorado (Almirén et al., 1997).
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Appendix

Vertebrates found in levels 3—5 at Punta Delgada: Osteich-
thyes, Siluriformes: Loricariidae indet.; Percomorpha indet.;
Aves, Ciconiiformes: Threskiornitidae indet.; Anseriformes:
Dendrocygnidae indet.; Mammalia, Xenarthra, Cingulata,
Pampatheriidae: Scirrotherium sp.; Glyptodontidae: Neu-
ryurini indet.; Tardigrada, Mylodontidae, Mylodontinae: Ran-
culcus or Megabradys; Rodentia, Caviomorpha, Hydrocho-
eridae, Cardiatheriinae: cf. Kiyutherium; Chinchillidae: cf.
Lagostomopsis; Caviidae: Dolichotinae indet.; Litopterna:
Macrauchenidae indet.
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