Middle Triassic dipterid ferns from west-central Argentina
and their relationship to palaeoclimatic changes
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Dipterid ferns possess robust fossil record from Mesozoic times on, and they are considered to be a reliable indicator
of warm to subtropical humid or seasonal paleoclimatic conditions. In this contribution, we revised and described new
samples of fossil Dipteridaceae, from the Barreal and Cortaderita formations (Sorocayense Group), Middle Triassic
(Anisian—Ladinian), central-western Argentina. We found out that three species of Dictyophyllum, one of Hausmannia,
and one of Thaumatopteris are present in the Sorocayense Group. We erected a new species Dictyophyllum menendezi
sp. nov., which is characterized by petiolate fan-shaped fronds, rachis dividing into two arms, each one bearing 5 or 6
oblanceolate pinnae, basal lamina of adjacent pinnae fused forming a wide web, pinnae margin entire to undulate, pri-
mary veins catadromous to isodromous, secondary veins subopposite, tertiary veins subopposite to alternate, falcate or
with a zig-zag pattern, dichotomizing four times to form a fine reticulate mesh of polygonal irregular areoles. Temporal
changes in the diversity of Dipteridaceae were identified in Sorocayense Group. The first record and the maximum
species richness occur at the top of the Barreal Formation (late Anisian) with three species. The lower member of the
Cortaderita Formation (early Ladinian) presents two species. Dipteridaceae fossils are not registered in the upper mem-
ber of the Cortaderita Formation (late Ladinian). An important diversification pulse of the family is registered during
the late Norian—Rhaetian in other areas of Argentina (Paso Flores, Malargiie, and Atuel depocenters). The flourishing
of Dipteridaceae during the late Anisian—early Ladinian and the late Norian—Rhaetian could be related to the increasing
humidity episodes of the subtropical seasonal climate that prevailed during the Triassic. Furthermore, Dipteridaceae
appear important in the establishment of plant communities, being part of early stages of floristic succession.

Key words: Monilophyta, Polypodiopsida, Gleicheniales, Thaumatopteris, Dictyophyllum, Hausmannia, Triassic,
Sorocayense Group, Argentina.

Josefina Bodnar [jbodnar@fcnym.unlp.edu.ar], Eduardo Manuel Morel [emorel@fcnym.unlp.edu.ar], and Daniel Gus-
tavo Ganuza [dganuza@fcnym.unlp.edu.ar], Division Paleobotanica, Facultad de Ciencias Naturales y Museo, Univer-
sidad Nacional de La Plata, Paseo del Bosque s/n, B1900FWA La Plata, Buenos Aires, Argentina.

Juan Martin Drovandi [drovandijuan@gmail.com], Instituto y Museo de Ciencias Naturales, Universidad Nacional de
San Juan, Av. Espafia 400 (norte), J5400DNQ San Juan, San Juan, Argentina.

Received 15 January 2018, accepted 25 April 2018, available online 4 June 2018.

Copyright © 2018 J. Bodnar et al. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (for details please see http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.

Introduction

The family Dipteridaceae (order Gleicheniales, class Poly-
podiopsida) comprises 11 living species distributed into 2
genera (Dipteris and Cheiropleuria), which nowadays range
from India, southeast Asia, eastern and southern China,
central and southern Japan, and Malesia, to Melanesia and
western Polynesia (Samoa) (Kato et al. 2001; Pryer et al.
2004). They are characterized by long-creeping rhizomes;
leaf blades cleft into two or often more subequal parts; veins
highly reticulate, with included veinlets; sori exin-dusiate
scattered over the surface; or leaves dimorphic, and the fer-
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tile ones covered with sporangia (Smith et al. 2006, 2008;
Christenhusz et al. 2011). Dipteris includes one species, D.
lobbiana, which grows on streambanks where the canopy is
open, and other species, as D. conjugata, which are colonisers
of disturbed sites and exposed ridges (Cantrill 1995).

In contrast to their restricted modern distribution, the
Dipteridaceae family was well established during the
Mesozoic, forming an important element of many Mesozoic
floras in Gondwana, Eurasia, and North America, ranging
from the Middle Triassic to the Cretaceous (Tidwell and
Ash 1994; Cantrill 1995). About seven fossil genera have
been recognized, including Hausmannia Dunker, 1846,
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Clathropteris Brongniart, 1828, Dictyophyllum Lindley and
Hutton, 1834, Thaumatopteris Goeppert, 1841, Goeppertella
Oishi and Yamasita, 1936 emend. Arrondo and Petriella,
1982, Camptopteris Presl in Sternberg, 1838 emend. Nat-
horst, 1878, and Polyphacelus Yao, Taylor, and Taylor, 1991
emend. Bomfleur and Kerp, 2010 (Oishi and Yamasita 1936;
Bomfleur and Kerp 2010).

The Middle Triassic record of the family is scarce and is
represented by Dictyophyllum davidi from Australia (Webb
1982), Thaumatopteris sp. from Italy (Kustatscher et al.
2014), and several species from Argentina (Stipanicic and
Menéndez 1949), which are the object of the present revision.

We report here newly discovered dipterid fern fossils
from the Middle Triassic of Sorocayense Group, Cuyo Basin,
at western Precordillera, San Juan province, central-western
Argentina. Additionally, we revise taxonomically the pre-
viously described fossils from the same lithostratigraphic
unit. Finally, we analyse the changes in the diversity of
Dipteridaceae during the Triassic of Argentina and examine
their correlation with the palaeoclimatic conditions.

Institutional abbreviations.—BAPb, Museo Argentino
de Ciencias Naturales “Bernardino Rivadavia” (National
Palaeobotanical Collection), Ciudad Auténoma de Buenos
Aires, Argentina; LPPB, Museo de La Plata (Palacobotanical
Collection), La Plata, Argentina; PBSJ, Instituto y Museo de
Ciencias Naturales de San Juan (Palaeobotanical Collection),
San Juan, Argentina.

Other abbreviations.—EF, fossiliferous stratum.

Geological setting

The Cuyo or Cuyana basin (central-western Argentina),
along with the Ischigualasto-Villa Unién and Marayes-El
Carrizal basins, belongs to a series of continental exten-
sional basins that developed during the early Mesozoic at
the western edge of Pangea (e.g., Uliana and Biddle 1988;
Ramos and Kay 1991; Lopez Gamundi 1994).

The sediments from the northern part of the Cuyo Basin,
in San Juan Province, are represented by the Sorocayense
and Rincon Blanco groups. This area is known as Rincon
Blanco half-graben (Barredo and Ramos 2010). According
to these authors, the Sorocayense Group was accumulated
along a passive margin of a half-graben. Conversely, the
sediments from the Rincon Blanco Group were deposited
in the active margin of the half-graben, which was inferred
from the recognition of thicker basal successions and vol-
canic activity (Lopez Gamundi 1994; Barredo and Ramos
2010; Barredo 2012).

The Sorocayense Group (Mésigos 1953) outcrops at the
Barreal-Calingasta Depocenter (Stipanicic 1972; Lopez
Gamundi 1994), and, in the southern part, it comprises
three formations: Barreal (Middle Triassic), Cortaderita
(Middle Triassic), and Cepeda (Late Triassic) (Groeber and
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Stipanicic 1953). Except for the Cepeda Formation, the other
units of the Sorocayense Group bear a continuous series of
plant-bearing strata.

The Barreal Formation is characterized by deposits of
siliciclastic, volcaniclastic, and pyroclastic nature. The lower
part is composed of horizontal and cross-stratified polymic-
tic conglomerate that is interlayered with minor lenticular
bodies of sandstone and edafized fine-grained sandstone
and siltstone. Towards the top, this unit comprises grey clay-
stone, siltstone, and silty sandstone beds—with abundant
plant impression-compressions and permineralized tree-
trunks—interlayered with few lenticular and tabular bodies
of massive sandstone and cross-stratified fine conglomerate.
Throughout the formation, although more commonly pres-
ent at the top, there are pink and greenish tuff and bentonite
layers that bear abundant plant fossil material. The Barreal
Formation was interpreted as deposits of high sinuosity
gravel-sand meandering fluvial systems, with an increase in
ash-fall deposits towards the top, which could have caused
the damming of the depositional system (Bodnar et al. in
press). With respect to the age, this formation was assigned
to Anisian (early Middle Triassic) due to its fossiliferous con-
tent and the correlation with units from the Rincon Blanco
Group (Morel et al. 2003; Bodnar et al. in press).

The Cortaderita Formation has served as a topic of in-
terest for many researchers because of its accessibility,
quality of the outcrops, and fossil richness (e.g., Du Toit
1927; Cuerda 1945; Stipanicic 1972; Groeber and Stipanicic
1953; Menéndez 1956; Bonetti 1963, 1968, 1972; Lutz and
Herbst 1992; Spalletti 2001; Zamuner et al. 1999; Bodnar
2008; Bodnar et al. 2015). The Cortaderita Formation has
been divided in two members due to lithological differ-
ences (Bodnar et al. in press). The lower member consists
of yellowish cross-stratified conglomerate and sandstone in
lenticular bodies, interlayered with greyish massive bento-
nitic and edafized siltstone, muddy sandstone, and green-
ish bentonite. These fine facies are highly bioturbated with
root traces and host abundant plant fossil remains (Bodnar
2010; Bodnar et al. in press). It has been concluded that this
section has been deposited in a mid-high sinuosity anasto-
mosed fluvial system, with gravel and sandy amalgamated
channels, with well-developed floodplains (Bodnar et al. in
press). The upper member is composed of horizontal and
cross-laminated and fine- to coarse-grained pink to purplish
sandstone, bearing numerous permineralized tree-trunks,
and grey siltstone and claystone with abundant tuffaceous
clasts and numerous plant impressions. It was proposed
that the upper member corresponds to high-energy sandy
braided fluvial systems (Spalletti 2001; Bodnar et al. in
press). On the basis of the stratigraphic correlation and the
preserved floras, it was inferred that the lower member was
deposited during the early Ladinian and the upper member
during the late Ladinian (Bodnar et al. in press).

The Cepeda Formation is characterized by red conglom-
erate and cross-stratified reddish sandstone in its lower part,
and tabular beds of massive reddish sandstone and massive
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Fig. 1. Geographic location of study area in the San Juan Province, Argentina (A, B). Geologic map showing the sampled localities (asterisks) at

Cortaderita and La Tinta creeks, near Barreal (C).

yellowish and greenish tuffaceous siltstone towards the top
(Spalletti 2001). The lower part of the formation was in-
terpreted as distributary fluvial systems, and the part as
an ephemeral fluvial system (Bodnar et al. in press). The
Cepeda Formation was assigned to the Carnian with doubt
(Bodnar et al. in press).

Material and methods

Plant fossils were collected from the Barreal and Cortaderita
formations (Middle Triassic, Sorocayense Group) at Corta-
derita and La Tinta creeks, 8 km east of Barreal city, situated
in the western Precordillera, San Juan Province, central-west-
ern Argentina, between W 69°26°12,2” S 31°37°45,8” and W
69°23°52,1” S 31°397°00,1” (Fig. 1).

Twelve fossiliferous strata (EF) were identified in the
Sorocayense Group, three in the Barreal Formation (EF1-3),
five in the lower member of the Cortaderita Formation (EF4—
8), and four in the upper member of the Cortaderita Formation
(EF9-12). Although some fossil plants were found in the
Cepeda Formation by Herbst (1995), we were not able to locate
the precise stratigraphic position of these discoveries (Fig. 2).
All the fossiliferous strata bear well preserved plant fossils, in-
cluding permineralized trunks and impressions-compressions
of leaves and reproductive structures (Bodnar et al. in press),
but only three contain dipteridaceous remains (EF3, 4, 7;
Fig. 2). The studied fossil remains consist of impressions-com-

pressions of fern leaves and were preserved in tuffaceous and
bentonitic grey claystone, siltstone and silty sandstone, and
greenish tuff and bentonite layers (Fig. 2).

The leaf impressions-compressions were mechanically
cleaned with the help of chisels, needles, and pneumatic pen-
cil. Specimens were studied through the DM 2500 stereo-
scope microscope. Photographs of the specimens were taken
with a Canon EOS Rebel T3i camera. Fine details of the im-
pressions-compressions specimens were photographed with
Leica DC 150 system and Canon Powershot S40 camera.

Descriptions were made according to the terminology of
Oishi and Yamasita (1936), Tryon (1960), Font Quer (1982),
Webb (1982), and Herbst (1992a). The International Code
of Nomenclature for algae, fungi, and plants (Melbourne
Code; McNeill et al. 2012) was followed in the nomencla-
tural treatment of the fossils.

Systematic palaeontology

Class Polypodiopsida Cronquist, Takhtajan, and
Zimmerman, 1966

Order Gleicheniales Schimper, 1869
Family Dipteridaceae Seward and Dale, 1901
Type genus: Dipteris Reinwardt, 1828.

Remarks.—The leaves of fossil Dipteridaceae are character-
ized by the frond rachis that initially dichotomizes into two
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Fig. 2. Sedimentological section of the Sorocayense Group (Middle—Late
Triassic) in the Barreal area (Cortaderita and La Tinta creeks), showing the
stratigraphic distribution of the dipterid ferns and their correlation with the
inferred climates.

arms, each of which may then exhibit unequal dichotomies in
an anadromic direction (i.e., toward the median plane of the
frond; Cantrill 1995). The manner of division of the fronds,
mode of disposition of pinnae, degree of dissection of laminae,
and soral characters were utilized by Oishi and Yamasita (1936)
to recognize the subfamilies Dipteroideae, Goeppertelloideae,
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and Camptopteroideae. The Goeppertelloideae subfamily
contains one fossil genus, Goeppertella, and is distinctive
in being the only subfamily that has bipinnate pinnae and
rachial pinnulae (Oishi and Yamasita 1936; Arrondo and
Petriella 1982). The Camptopteroideae, comprising the fossil
genus Camptopteris, is similar to Dipteroideae, except the
fact that the pinnae are spirally disposed on the rachial arms
(Nathorst 1906). In the Dipteroideae, the frond lamina under-
goes an initial dichotomy producing two equal halves, which
can be entire or pinnate (Oishi and Yamasita 1936; Cantrill
1995). Boundaries between fossil taxa of this subfamily have
been subject to much discussion (Herbst 1992a, b; Cantrill
1995). Oishi and Yamasita (1936) first included the genera
Dipteris, Hausmannia (with two subgenera Hausmannia and
Protorhipis), Clathropteris, Dictyophyllum, and Thaumato-
pteris in the Dipteroideae. Webb (1982) synonymized Thau-
matopteris with Dictyophyllum, and afterwards Herbst
(1992a, b) included the genera Clathropteris, Dictyophyllum,
and Thaumatopteris as subgenera within Dictyophyllum.
However, these proposals have found little acceptance, and
the genera Thaumatopteris and Clathropteris are still widely
used till date (e.g., Zhou 1995; Popa 1999; van Konijnenburg-
van Cittert 2002; Wang 2002; Popa et al. 2003; Guignard et al.
2009; Schweitzer et al. 2009; Taylor et al. 2009; Bomfleur and
Kerp 2010; Kustatscher et al. 2014; Choo et al. 2016).

Here, we consider Hausmannia, Clathropteris, Dictyo-
phyllum, and Thaumatopteris as independent genera, with-
out any subgeneric divisions. Hausmannia has a leaf lamina
that dichotomizes once into two fan-shaped halves and is not
pinnate, although the lamina is commonly greatly dissected
(Cantrill 1995). Clathropteris is distinguished by the lamina
that is divided for more than two-thirds of the total length
and the conspicuous orthogonal venation pattern formed by
secondary and tertiary veins (e.g., Oishi and Yamasita 1936;
Bomfleur and Kerp 2010; Choo et al. 2016). Dictyophyllum
is characterized by a once-pinnate lamina and polygonal but
not orthogonal areoles (e.g., Oishi and Yamasita 1936). In
Thaumatopteris, the pinnae are disposed in a funnel shape
at the top of the petiole and are deeply dissected, often giv-
ing rise to pinnulae (e.g., Oishi and Yamasita 1936).

Genus Dictyophyllum Lindley and Hutton, 1834

Type species: Dictyophyllum rugosum Lindley and Hutton, 1834; Ju-
rassic of Great Britain.

Dictyophyllum castellanosii Stipanicic and
Menéndez, 1949
Fig. 3.

1949 Dictyophyllum castellanosii sp. nov.; Stipanicic and Menéndez
1949: 911, pl. 3: 1-4, text-fig. 2.

1992 Dictyophyllum (Dictyophyllum) castellanosii Stipanicic and Me-
néndez, 1949; Herbst 1992a: 25-26.

Materia —BAPb 6227, part and BAPb 6228, counter-
part; EF3, Barreal Formation, Sorocayense Group, Anisian
(Middle Triassic), Cortaderita Creek, Barreal-Calingasta
Depocenter, San Juan Province, Argentina.
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Fig. 3. Dipterid fern Dictyophyllum castellanosi Stipanicic and Menéndez, 1949, from Barreal Formation (Anisian, Middle Triassic) of Barreal-Calingasta,
San Juan Province, Argentina. BAPb 6227, part (A) and BAPb 6228 counterpart (B). Scale bars 20 mm.

Description.—The revised material corresponds to the type
specimens of the species. They are part and counterpart of
a fan-shaped once-pinnate frond of 7 cm in diameter. The
rachis dichotomizes into two arms, each one bearing 4 or
5 linear-lanceolate pinnae. The basal web of lamina unites
adjacent pinnae for a length of 1 cm. The free part of pinnae
reaches 6 cm in length and 0.8 cm in width. The margin of the
pinnae is lobate-serrate. The lobes are ovate-acuminate. The
primary veins of the pinnae are slightly sinuous. Secondary
veins are subopposite, departing at angles of 45-52° from
the primary veins. Tertiary veins are subopposite, and depart
from secondary veins at an acute angle. They dichotomize
succesive times to form a reticulate mesh of polygonal are-
oles. First order areoles are elongated, and second order are-
oles are isodiametric. Sori and sporangia are not observed.
See Stipanicic and Menéndez (1949) for full description.

Remarks.—Stipanicic and Menéndez (1949) erected this
species on the basis of one specimen (BAPb 6227) and its
counterpart (BAPb 6228). This taxon is similar to species
of Dictyophyllum having a lobate, but not pinnatifid, pinna
margin, i.e., D. exquisitum Sun, 1981, D. nathorstii Zeiller,
1903, and D. serratum (Kurr in Schimper, 1869) Frentzen,
1922 (from the Upper Triassic of Asia), and D. ellenbergii
Fabre and Greber, 1960 (from the Upper Triassic of South
Africa). However, D. castellanosii can be clearly distin-
guished from the Asiatic species (see Table 1) due to the
number of pinnae per arm (up to 5 in the Argentinean taxon
and more than 5 in the remaining ones) and the shape of the
pinna lobes (ovate-acuminate in D. castellanosii; triangular
or falcate, but not acuminate, in the other species). On the
other hand, D. castellanosii is different from D. ellenbergii
due to the venation areoles, which have an irregular shape in

the last species. Unfortunately, we did not find more samples
of the species in the fossiliferous strata of the Sorocayense
Group. Until today, D. castellanosii has not been recorded in
other localities of Argentina or elsewhere.

Stratigraphic and geographic range.—Anisian of Barreal
Formation, Sorocayense Group, San Juan Province, Argen-
tina.

Dictyophyllum menendezii sp. nov.
Figs. 4, 5.

Etymology: In honour to Carlos Alberto Menéndez (1921-1976), Ar-
gentinean palaeobotanist, for his important studies on Mesozoic floras
of Argentina.

Type material: Holotype: PBSJ 832, half of a fan-shaped once-pinnate
frond, with entire pinnae and clear venation. Paratypes: PBSJ 833, frag-
ment of a fan-shaped once-pinnate frond, with the widest pinnae and
clear venation; PBSJ 836, two pinnae, with undulate margin towards
their apex; PBSJ 840, specimen with the maximum number of pinnae
per rachial arm; PBSJ 843 sample with apical part of petiole preserved;
all from type locality.

Type locality: Cortaderita Creek, Barreal-Calingasta Depocenter, San
Juan Province, Argentina.

Type horizon: EF4, lower member of Cortaderita Formation, Sorocay-
ense Group, early Ladinian (Middle Triassic).

Material.—Type material and additional seven specimens
(PBSJ 834, 835, 837839, 841, 842) from the type locality.

Diagnosis.—Petiolate fronds bilaterally symmetrical and
fan-shaped. Rachis dividing into two opposite arms, each
arm bearing 5 or 6 oblanceolate pinnae. The lowest part
of the lamina of adjacent pinnae is fused, forming a wide
web. Margin of the pinnae entire to undulate. Primary veins
catadromous to isodromous, striate and straight. Secondary
veins subopposite, smooth and falcate to sinuous. Tertiary
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Fig. 4. Dipterid fern Dictyophyllum menendezi sp. nov. from Cortaderita Formation (Ladinian, Middle Triassic) of Barreal-Calingasta, San Juan Province,
Argentina. A. PBSJ 832, general view of the frond (A,), details of secondary and tertiary veins, and areoles (A,, A3, Ay). B. PBSJ 833. C. PBSJ 840.
D. PBSJ 836. E. PBSJ 843, sample with apical part of petiole preserved (arrow). Scale bars: A, D, 20 mm; B, C, E, 10 mm; A,, A3, A4, 5 mm.
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veins subopposite to alternate, falcate or with a zig-zag
pattern, dichotomizing four times to form a fine reticulate
mesh of polygonal irregular areoles.

Description.—Leaf fragments of triangular or fan shape
of 6 to 8 cm in length or diameter (Fig. 4A,, B). The fronds
are once-pinnate, bilaterally symmetrical, and fan-shaped
(Fig. 5A). The precise maximum size is unknown but is
probably 8—-10 cm in diameter. Only the most apical part
of the petiole is preserved; its length and width cannot be
determined (Fig. 4E).

The rachis dichotomizes into two opposite arms (Fig. 4C,
E), each arm bearing 5 or 6 oblanceolate pinnae (Fig. 4B, C).
A basal web of lamina unites adjacent pinnae for a length
of up to 3 cm (Fig. 4A;, B). The free part of pinnae reaches
8 cm in length and 2 ¢cm in width, in the larger specimens.
The lamina of the pinnae is glabrous, and their margin is
entire in most of its length, but it can be undulate near the
apex (Fig. 4D).

Each rachial arm gives rise to a series of 5 or 6 catadro-
mous to isodromous primary veins, each representing the
main vein of the pinnae. Primary veins are longitudinally
striated and straight (Fig. 4A,—A,), and they extend from
the rachial arm to the pinna apex. Their width reaches up to
I mm near the base and 0.5 mm near the apex. Secondary
veins are subopposite, departing at angles of ~70° from
the primary veins. They are smooth and falcate to sinuous
(Fig. 4A5, A,). In the fused basal portion of the frond lam-
ina, secondary veins acquire a zig-zag pattern and converge
between them (Fig. 4A3). Their width varies 0.1-0.3 mm.
Tertiary veins are subopposite to alternate, and they depart
from secondary veins at 50—90°. They are falcate or have a
zig-zag pattern, and dichotomize four times to form a fine
reticulate mesh of polygonal irregular areoles (Figs. 4A,—
A4, 5B). First order areoles are elongated (rectangular, pen-
tagonal, or hexagonal), up to 1.5 mm wide and 3.2 mm long.
Second order areoles are pentagonal to rhomboidal, up to
0.9 mm wide and 2.3 mm long. In many cases, second order
areoles are not present or free veinlets occur inside the first
order areoles (Fig. 5B). Sori and sporangia are not observed.

Remarks.—The studied material show the distinctive features
of the genus Dictyophyllum, i.e., once-pinnate leaf, pinnae not
disposed in a funnel-shape and not spirally arranged, polyg-
onal but not orthogonal areoles (Oishi and Yamasita 1936).
In comparison with the known species of the genus from
the Sorocayense Group, Dictyophyllum menendezi sp. nov. is
similar in terms of the general size of the frond but differs in
the length of basal lamina that unites adjacent pinna (which
is greater in the new species), the entire to undulate pinna
margin (lobate-serrate in D. castellanosii and dentate-lobate
to pinnatifid in D. tenuifolium), and the irregular venation
areoles (Table 1, Figs. 3, 4A,—A,, 5B, 6A, D—F). Conversely,
Dictyophyllum menendezi sp. nov. shows similitude with D.
ellenbergi in its basal web of the pinnae, which are concres-
cent for comparable lengths, in the number of pinnae per arm,
and in the irregular shape of the areoles (Table 1). However,

Fig. 5. Dipterid fern Dictyophyllum menendezi sp. nov. from Cortaderita
Formation (Ladinian, Middle Triassic) of Barreal-Calingasta, San Juan
Province, Argentina. A. Diagramatic reconstruction of the leaf. B. Sketch
drawing of pinnae venation.

the South African species differs from the new taxon due to
the maximum length and margin of the pinnae. The last char-
acter, which is entire to undulate in Dictyophyllum menendezi
sp. nov., clearly contrasts with all the previously described
species of Dictyophyllum, in which the pinna margin forms
distinct lobes. In the few cases where the pinna lobes are not
so evident (i.e., D. davidi Walkom, 1917 and D. fuenzalidai
Herbst, 2000), the margin is dentate, being different from
the rounded undulations present in the new species. From the
exposed information, we propose a new specific taxon for the
specimens from the Cortaderita Formation.

Stratigraphic and geographic range.—Type locality and
horizon only.

Dictyophyllum tenuifolium Stipanicic and Menéndez,

1949 emend. Bonetti and Herbst, 1964

Fig. 6A, D-F.

1949 Dictyophyllum tenuifolium sp. nov.; Stipanicic and Menéndez
1949: 11-12, pl. 4: 1-3, pl. 5: 1-2, pl. 6: 1, 2, 4.

1964 Dictyophyllum tenuifolium Stipanicic and Menéndez, 1949
emend.; Bonetti and Herbst 1964: 275, pl. 1: 1-5, text-figs. a, b.

1992 Dictyophyllum (Dictyophyllum) tenuifolium (Stipanicic and Me-
néndez, 1949) emend. Bonetti and Herbst, 1964; Herbst 1992a:
27-28.

Neotype: BAPb 8174, here designated, fragments of four pinnae, with

the lamina margin preserved and distinct venation.

Type locality: Paso Flores Depocenter, Neuquén Province, Argentina.

Type horizon: Paso Flores Formation, late Norian—Rhaetian (Upper

Triassic).

Material.—PBSJ 412a, b, ¢, EF4, lower member of Corta-

derita Formation, early Ladinian (Middle Triassic), Corta-

derita Creek, Barreal-Calingasta Depocenter, San Juan

Province, Argentina, and PBSJ 1051, EF7, lower member

of Cortaderita Formation, early Ladinian (Middle Triassic),

La Tinta Creek, Barreal-Calingasta Depocenter, San Juan

Province, Argentina.

Description.—Fragments of up to 6.5 cm long and 3 cm
wide of once-pinnate, bilaterally symmetrical, and fan-
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Table 1. Comparative table of the most representative species of the genus Dictyophyllum. *Some samples of Dictyophyllum atuelense were
transferred to Goeppertella by Rees and Cleal (2004). Abbreviations: L, length; Lbl, length of basal lamina uniting adjacent pinnae; N, number

on each arm.
Pinnae Angle | Sh Shapeof | Shape of
. Location and Lbl Pinna nele ape o apeo Oape N Shape
Species ace (cm) |L N h marein of of lobe/ 1° order 2° order of sori References
g (cm) Shape & 2°vein| pinnula areoles areoles
. pentag-
Dictyophyllum Argentlnzfl and un- un- pinnatipar- | straight to pentagonal to onal to un- | Hebst 1964; Mo-
. Antarctica, 10 unknown . 75-90 heptagonal
atuelense .| known known tite falcate heptagonal | known | rel etal. 1994
Lower Jurassic elongated |. . .
isodiametric
] Herbst 1979;
. Australia and rectangular rounded N
Dictyophyllum South Africa, up to >14 7  |unknown | pinnatifid |55-70°| triangular | to polygonal rectangular or elon- Webb 1982;
bremerense Upper Triassi 3.5 loneated to polygonal ted Anderson and
ppe assie clongate gate Anderson 2008
Dictyophyllum|  Argentina, fin- lobate- .| ovate- polygonal polygonal un- StlpflnlClC and .
- . L 1 45-6 | 4-5 | ear-lan- 45-52 . e . Menéndez 1949;
castellanosii | Middle Triassic serrate acuminate elongated |isodiametric| known
ceolate Herbst 1992a
square,
. . rhomboidal to rounded | Herbst 1979;
chtyop_hy_llum .Austral'1 & 1-3 | 620 | 5-8 lanceo- d.entate': to 45-65°| triangular | heptagonal, indistinct | or elon- Webb 1982;
davidi Middle Triassic late | pinnatifid
elongated to gated Holmes 2001
isodiametric
. . . circular
Dictyophyllum| South Africa, | upto | up to 5 |unknown| lobate 65° triangular to| polygonal polygonal or elon- Fabre and Greber
ellenbergii | Upper Triassic 3.5 20 ovate irregular irregular gated 1960; Webb 1982
Laurasia, Upper linear to Harris 1931;
Dictyophyllum L linear- | lobate to ol L un- Oishi and Yama-
oxile Triassic to ' 0.2-1 | >17.5| >17 oblan- | pinnatifid 60-90°| triangular polygonal polygonal known |sita 1936; Kimura
Lower Jurassic .
ceolate and Kim 1988
. . linear- triangular .
chtyopr)yllum Chme}, Upper 0.5-1 | 55-7 | 6-7 | lanceo- lobate 50° | to falcate, polygonal polygonal un- Sun 1981; Zhou
exquisitum Triassic . known etal. 2016
late apiculate
. . . . . _ | pentagonal- )
chtyoph_yllgm Chlle.’ UP per un 3540 | "™ |unknown| dentate |80-90° triangular heptagonal | polygonal un Herbst 2000
fuenzalidai Triassic known known falcate Lo . known
isodiametric
rectangular,
Dictyophyllum . . pentagonal, | pentagonal
- Argentina, up to oblance- | entire to o ’ .1 un- .
menendezii Middle Triassic | 'P to3 3 5-6 olate undulate 70-75 - hexagonal, rhf)mbmdal, Kknown this work
Sp. nov. irregular, irregular
elongated
linear to triangular circular
Dictyophyllum|  Asia, Upper o | to falcate, .| Fengetal. 1977;
nathorstii Triassic 4-8 |30-40|20-25| lance- lobate 60 apiculate or polygonal polygonal | or vari- Zhou et al. 2016
olate able
obtuse
Greenland,
Alaska, Sweden, lobate to Knowlton 1916;
chtyophy!_lum Grc?at Britain, 25 13 | 69 linear | pinnatipar-|60-90°| falcate polygonal pplygonal un- O.1sh1 1932;
nilssonii China, Upper . irregular irregular | known | Guignard et al.
Lo tite
Triassic—Lower 2009
Jurassic
lobate to . o
. o . . triangular Oishi and Yama-
Dictyophyllum Qreat Brltam_, 12 >50 | 4.5 lanceo- pinnati- | g0o | polygonal polygonal rounded sita 1936:
rugosum Middle Jurassic late partite or irregular irregular .
. . falcate Harris 1961
pinnatifid
. . linear to
Dictyophyllum| China, Upper 5 un- Hsii et al. 1979;
serratum Triassic 1-2 | 12-15| 5-13 12?;2- lobate |60-70 falcate polygonal polygonal known | Zhou et al. 2016
Stipanicic and
. Menéndez 1949,
Argentina, .
. . Bonetti and
Chile, Antarc- rhomboi-
Dictyophyllum| tica, Middle to oblance- dentate-lo- pentagonal to dal and Herbst 1964;
U o 1.5 6-15 | 5-7 bate to |60-90°| triangular | heptagonal circular Morel et al.
tenuifolium | Late Triassic, olate o pentagonal
nd Lower pinnatifid elongated isodiametri 1994; Herbst
a J ra;)siwce sodiametric 2000; Herbst and
v Troncoso 2012;
this work
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shaped fronds. The precise maximum size is unknown, but
is probably 8 cm in diameter. Petiole is not preserved. The
lamina is divided, forming at least 8 linear-lanceolate pin-
nae. A basal web of lamina unites adjacent pinnae for a
length of up to 1.5 cm (Fig. 6A). The free part of pinnae
reaches 5 cm in length and 1.5 cm in width, in the most com-
plete specimens. The lamina of the pinnae is glabrous and
their margin is lobate to serrate with deep irregular lobes, of
triangular shape and acute apex.

The rachis gives rise to a series catadromous to isodro-
mous primary veins; each one represents the main vein
of the pinnae. Primary veins are longitudinally striate and
straight, 0.3—0.5 mm wide. Secondary veins are smooth and
alternate to sub-alternate, departing from the primary veins
at an angle between 45° and 60° and extending up to the lob-
ule apex. In the basal part of the pinna, secondary veins are
sinuous and weakly marked; while they are straight to fal-
cate and conspicuous in the free part of the pinna. Tertiary
veins are alternate to sub-alternate and depart from sec-
ondary veins at 45—-60°. They are straight near the primary
vein and sinuous near the lobule apex. They dichotomize
three times to form a fine reticulate mesh of polygonal are-
oles. First order areoles are elongated, 0.8—2 mm wide and
0.9-4.1 mm long, decreasing their size towards the pinna
margin. Second order areoles are isodiametric, 0.6—0.9 mm
of diameter. Sori and sporangia are not observed.

Remarks.—Dictyophyllum tenuifolium has been erected
by Stipanicic and Menéndez (1949) based on fossils com-
ing from the Barreal Formation, but they did no designate
a holotype, and, unfortunately, the original specimens on
which the diagnosis was established are lost. According to
a recent revision of the fossil levels and localities studied by
Stipanicic and Menéndez (1949), the type horizon is actually
located within the Cortaderita Formation and not the Barreal
Formation (Bodnar 2010; Bodnar et al. in press). Bonetti and
Herbst (1964) emended the specific diagnosis after studying
new fossils from the Paso Flores Formation (also Triassic of
Argentina), but they have not designated a neotype. From
the material published by Bonetti and Herbst (1964), we
only found three specimens in the National Palaecobotanical
Collection of the Museo Argentino de Ciencias Naturales
(BAPb 8169, BAPDb 8175, BAPb 8174). Among them, we
selected the specimen BAPb 8174 as the neotype of the
species, since it is the most complete one and presents all
the characters included in the emended diagnosis of Bonetti
and Herbst (1964). D. tenuifolium is characterized by once
pinnate lamina, with 5—7 oblanceolate pinnae per rachial
arm, pinna margin dentate to pinnatifid, polygonal areoles
and circular sori. Even though the samples studied here do
not show reproductive characters, the remaining traits coin-
cide with the characterization of the species. Stipanicic and
Menéndez (1949) and Bonetti (1963) mentioned the presence
of this species in the Upper Triassic of Sweden, based on
the transfer of the samples determined as Dictyophyllum
sp. cf. D. exile by Johansson (1922). However, these spec-
imens have been recently assigned to D. exile by Pott and

McLoughlin (2011). Thus, D. tenuifolium has, until now,
been only recorded in the Middle and Upper Triassic of
Argentina.

Stratigraphic and geographic range.—Early Ladinian of the
the lower member of Cortaderita Formation, Sorocayense
Group, San Juan Province, Argentina; and late Norian—
Rhaetian of the Paso Flores Formation, Neuquén Province,
Argentina.

Genus Hausmannia Dunker, 1846

Type species: Hausmannia dichotoma Dunker, 1846; Lower Creta-
ceous, Germany.

Hausmannia faltisiana Stipanicic and Menéndez,

1949 emend. herein

Fig. 6B, C.

1949 Hausmannia (Protorhipis) faltisiana sp. nov.; Stipanicic and
Menéndez 1949: 8-9, pl. 1: 4, pl. 2: 1-5; text-fig. 1.

1949 Hausmannia (Protorhipis) dentata Oishi 1932; Stipanicic and
Menéndez 1949: 6-7, pl. 1: 1-3.

1992 Hausmannia faltisiana Stipanicic and Menéndez, 1949; Herbst
1992a: 47-48.

Type material: Lectotype: BAPb 6249, part and BAPb 6254, counter-
part (designated by Herbst 1992a). Paralectotypes: BAPb 6248, part and
BAPDb 6256, counterpart (designated by Herbst 1992a); all from type
locality.

Type locality: Cortaderita Creek, Barreal-Calingasta Depocenter, San
Juan Province, Argentina.

Type horizon: EF3, Barreal Formation, Sorocayense Group, Anisian
(Middle Triassic).

Material—Type material only.

Emended diagnosis.—Petiolate fronds, orbicular, with a
strongly lobate margin. Large regular lobes with triangular
shape, rounded apex and entire to irregularly and slightly
undulate margins. Number of lobes ranging 14-22. Base of
the frond lamina composed of two equal, opposite rachial
arms. Each arm gives rise to 7 to 11 catadromous to isodro-
mous primary veins. Primary veins striate and straight to
slightly sinuous. Secondary veins subopposite, departing
at angles of 45-80° from primary veins. Secondary veins
smooth and sinuous, dichotomizing three times to form a
fine reticulate mesh of polygonal areoles. First order are-
oles regular and polygonal elongated, second order areoles
slightly irregular polygonal.

Description.—The studied material are the original speci-
mens described by Stipanicic and Menéndez (1949). They
are two specimens with their counterparts, and correspond
to orbicular petiolate fronds, of 4—6 cm in diameter. Only
the apical part of the petiole is preserved. The frond lam-
ina has a strongly lobate margin, forming 14-22 regular
lobes. These lobes have a triangular shape, rounded apex
and entire to irregularly and slightly undulate margin. They
reach 1.7 cm of heigth and 0.8 cm of width. The base of the
lamina is composed of two equal, opposite rachial arms;
each one gives rise to 7 to 11 catadromous to isodromous
primary veins. The primary veins are straight to slightly
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Fig. 6. Dipterid ferns from Barreal-Calingasta, San Juan Province, Argentina. A, D—F. Dictyophyllum tenuifolium Stipanicic and Menéndez, 1949
emend. Bonetti and Herbst, 1964; Cortaderita Formation (Ladinian, Middle Triassic). A. PBSJ 412a. D. PBSJ 1051. E. PBSJ 412b. F. PBSJ 412c.
B, C. Hausmannia faltisiana Stipanicic and Menéndez, 1949 emend. herein; Barreal Formation (Anisian, Middle Triassic). B. BAPb 6248. C. BAPb 6254.
Scale bars: A, C, D, 10 mm; B, 20 mm; E, F, 5 mm.

sinuous. 0.5 cm wide. The secondary veins are subopposite, regular and polygonal elongated up to 4x7 mm in size, sec-
and depart at angles of 45-80° from primary veins. They are  ond order areoles slightly irregular polygonal, up to 1 mm
smooth and sinuous, dichotomizing three times to form a  in size. Sori and sporangia are not observed. See Stipanicic
fine reticulate mesh of polygonal areoles. First order areoles  and Menéndez (1949) for full description.
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Table 2. Comparative table of the most representative species of the genus Hausmannia.

407

Species Location and age Lamina division | Leaf margin Shape of 1% order | Shape of 2° order Shapg of References
areoles areoles sori
Hausmannia Europe, India, . quadrangular to quadrangular to Andraf? 1855; Rlchte?r
buchii Jurassic—Cretaceous entire dentate polygonal polygonal (?) unknown 1906; Seward 1911;
’ ’ Surange 1966
Hausmannia . . d1'chotom0.u sly shallowly crenu- | polygonal or rhom- Ye et al. 1986;
China, Lower Jurassic | dissected into . quadrangular unknown
crenata lated to crenate boidal Zhou et al. 2016
two halves
Hausmannia | India, Upper Jurassic entire entire to undu- quadrangular or indistinct unknown Shah and Singh 1964
late polygonal
Hausmannia Argentina, Middle entire crenate olygonal irregular rectangular unknown Feruglio 1937;
deferraresi Triassic polye & & Herbst 1992a
Hausmannia sinuate to den-
Japan, Upper Triassic entire tate, large and polygonal indistinct circular Oishi 1932
dentata
undulate teeth
Great Britain, dichotomous-
Hausmannia Germany, France, Iv and deenl dichotomously subquadrasular indistinet unknown Dunker 1846; Seward
dichotoma | India, Upper Jurassic— v Py lobate 1 & 1910; Surange 1966
dissected
Lower Cretaceous
Hausmannia . - . Wu 1999;
emeiensis China, Upper Triassic entire crenate polygonal polygonal unknown Zhou et al. 2016
Ha?sgr}ignla India, Upper Jurassic entire (?) ent1re1;?eundu— rectangular polygonal unknown Gupta 1955
Hausmannia Middle Triassic, entire lobate,with large olveonal cloneated | polveonal irreeular | unknown Stipanicic and Menéndez
faltisiana Argentina lobes polye g polye g 1949; this work
Hausmannia . . . entire or slightly Sze et al. 1963;
leciana China, Jurassic entire undulate rectangular rectangular unknown Zhou et al. 2016
Hausm'arln 1a Canada, Lower dichotomous crenate square to rectangular square to polygonal | indistinct Stockey et al. 2006
morinii Cretaceous to polygonal
Hausmannia . . entire or undu- . AL
nariwaensis Japan, Upper Triassic entire late square to polygonal |square to polygonal | circular Oishi 1930, 1932
. Argentina, Antarctica, . . . Feruglio 1937; Herbst
Hausmannia . dichotomous, entire to crenu- subcircular-
. Lower Jurassic, Lower | . rectangular subquadrangular . 1992a; Morel et al. 1994;
papilio with two halves | late-undulate circular .
Cretaceous Cantrill 1995
Hausmannia Argentina, Lower . . . . Feruglio 1937; Herbst
patagonica Cretaceous highly dissected | palmatipartite rectangular rectangular unknown 1992a
Hausmannia . . . dichotomous, Zheng and Zhang 1983;
shebudaiensis China, Middle Jurassic with two halves undulate polygonal polygonal unknown Zhou et al. 2016
Hal.Jsmar_lnla China, Middle Jurassic @chotomous, entire or slightly | square to rectangular| square to rectangu- circular Wang and Zhang 2010;
sinensis with two halves undulate or polygonal lar or polygonal Zhou et al. 2016
Hausmannia China, Russia, Late dichotomous, undulate olveonal olveonal unknown Kryshtofovich 1923;
ussuriensis Triassic—Jurassic with two halves Polye polye Zhou et al. 2016
Hausmannia China, Early dichotomous, undulate olveonal olveonal circular Zheng and Zhang 1983;
wanlongensis Cretaceous with two halves polye polye Zhou et al. 2016

Remarks.—Stipanicic and Menéndez (1949) described the
fronds of two species of Hausmannia: H. (Protorhipis) den-
tata and the new species H. (Protorhipis) faltissiana. As
noted afterwards by Herbst (1992a), the materials assigned
to both taxa are very similar and belong to the same species:
Hausmannia faltisiana, considering the fact that they share
the characters defined by Stipanicic and Menendez (1949)
(i.e., lamina orbicular, of 4-5.5 c¢cm in diameter, strongly
lobate margin, high and regular lobes with triangular shape,
rounded apex and entire margin, primary veins straight,
secondary veins departing at angles of 45—80°, first order
areoles polygonal regular and elongated 2x4 mm in size,
second order areoles polygonal less regular, 0.6x0.8 mm
in size). Hausmannia faltisiana differs from H. dentata
Oishi, 1932 (described for the Upper Triassic of Japan; see
Table 2) in shape and size of the lamina (semi-orbicular

to reniform and with a maximum diameter of 12 cm in
the second one), the margin of the lobes (undulate in H.
dentata), the course of the primary veins (slightly sinuous
in the last one), and the second order areolas (which are
inconspicuous in H. dentata). Even though Stipanicic and
Menéndez (1949) mentioned most of the characters of H.
dentata in some specimens from Barreal Formation (BAPb
6248, 6256), when we revised the materials, they show more
similarities with H. faltisiana (e.g., the diameter of the lam-
ina between 5—7 cm and conspicuous second order are-
oles). The shape of the lamina (defined as semi-orbicular by
Stipanicic and Menéndez 1949) is actually unknown due to
fact that the samples are fragmentary and could possibly be
orbicular as in H. faltisiana. Finally, although the margin
of the lobes seems to be undulate as in H. dentata, the un-
dulations are much scarcer, more irregular and shallow that
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Fig. 7. Dipterid fern Thaumatopteris barrealensis Stipanicic and Menéndez, 1949 from Barreal Formation (Anisian, Middle Triassic) of Barreal-Calingasta,
San Juan Province, Argentina. A. BAPb 6263. B. PBSJ 844; general view of the leaf (B,), detail of the pinnulae (B,), detail of the pinnula venation (B5).

C. PBSJ 849. Scale bars: A, By, 10 mm; C, 5 mm; B,, 3 mm; B3, 1 mm.

in the Japanese species. In line with the proposal of Herbst
(1992a), we transferred the samples determined as H. den-
tata to H. faltisiana, and emended the specific diagnosis of
the last one in order to include the morphological variability
in the margin of the lamina lobes.

Stratigraphic and geographic range.—Type locality and
horizon only.

Genus Thaumatopteris Goeppert, 1841

Type species: Thaumatopteris muensteri Goeppert, 1841; Upper Tri-
assic, Germany.

Thaumatopteris barrealensis Stipanicic and
Menéndez, 1949

Fig. 7.

1949 Thaumatopteris barrealensis sp. nov.; Stipanicic and Menéndez
1949: 1617, pl. 8: 2, pl. 9: 14, text-fig. 4.

1949 Thaumatopteris pusilla (Nathorst) Oishi and Yamasita, 1936; Sti-
panicic and Menéndez 1949: 12—14, pl. 7: 2; pl. 7: 1, 3, text-fig. 3.

1949 Thaumatopteris cf. pusilla (Nathorst) Oishi and Yamasita, 1936;
Stipanicic and Menéndez 1949: 14-15, pl. 8: 4.

1992 Dictyophyllum (Thaumatopteris) barrealensis (Stipanicic and
Menéndez, 1949); Herbst 1992a: 31-32.
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Material —BAPb 6263, PBSJ 844850, PBSJ 1043-1050;
EF3, Barreal Formation, Anisian (Middle Triassic), Corta-
derita Creek, Barreal-Calingasta Depocenter, San Juan
Province, Argentina.

Description.—Fragments of up to 3.5 ¢m long and up to
3 cm wide of once pinnate, bilaterally symmetrical, and
fan-shaped fronds. In the base of the frond where the petiole
is inserted, the lamina acquires a funnel shape. The precise
maximum size is unknown, but it probably reaches up to
5 cm in diameter. The lamina is divided, forming at least
8-10 lanceolate pinnae, 0.5-0.9 cm wide and 1.3-3 cm long.
The lamina of the pinnae is glabrous, and their margin is
pinnatisect, forming linear lanceolate to falcate pinnulae.
Pinnulae are alternate to sub-opposite, and slightly decur-
rent, generating a winged rachis. They have entire margin
and rounded to acute apex. Pinnulae measure 0.22—0.68 cm
in length, 0.11-0.19 cm in width, being longer in the middle
part of the pinnae than in the base and the apex. The apical
pinnula is unique and deltoid to ovate.

The rachis divides into two equal opposite arms. Each
arm gives rise to a series 4-5 catadromous to isodromous
primary veins. They are longitudinally striated and straight
to sinuous, with the width decreasing near the apex and the
base, 0.2—0.3 mm wide. Secondary veins represent the mid-
rib of the pinnulae and depart from primary veins at an an-
gle between 40° and 50°, extending up to the pinnulae apex.
They are smooth and straight to sinuous. Tertiary veins are
sinuous, and alternate to sub-alternate, departing from the
secondary veins at 45-50°. They dichotomize three times to
form a fine reticulate mesh of polygonal (hexagonal?) are-
oles that are hardly discernible in most of the samples. Sori
and sporangia are not observed.

Remarks.—Stipanicic and Menéndez (1949) described fronds
of three species of the genus Thaumatopteris in the Barreal
strata: T. pusilla (Nathorst, 1878) Oishi and Yamasita, 1936,
T. dunkeri (Nathorst, 1878) Oishi and Yamasita, 1936, and
the new species T. barrealensis; and other specimens as-
signed with doubt to T. pusilla. The species T. barrealensis,
as defined by Stipanicic and Menéndez (1949), is charac-
terized by petiolate fronds, with a lamina divided into at
least 5 lanceolate pinnae, 6—8 c¢cm long and 1.9-2 cm wide,
primary veins striate, pinnae dissected in alternate to sub-
alternate pinnulae inserted to the rachis at an angle of 50°,
pinnulae linear-lanceolate with rounded apex and coalescent
base, 1.1x3 cm in size, pinnula midrib from base to top,
polygonal (hexagonal) elongated areoles, 0.7 mm in size,
second order areoles pentagonal or rhomboidal. The new
samples described in this work coincide with this diagnosis.
The materials referred to T. pusilla and T. sp. cf. T. pusilla are
very similar to T. barrealensis and only display minor differ-
ences in size. On the other hand, they differ from T. pusilla
(Table 3) from the Upper Triassic of Sweden and Japan, as
the Laurasian species has pinnulae that are more spaced on
the rachis, their angle of insertion is wider than 70°, and their
apex is obtusely rounded apex. For all this, we transfer the

materials originally determined as T. pusilla and T. sp. cf. T.
pusilla to T. barrealensis. We agree with Herbst (1992a) that
the specimen determined as T. dunkeri is very fragmentary,
and that preserved characters are insufficient to make a spe-
cific determination. However, the original specimen is lost,
and we cannot revise it in more conclusive way.

Stratigraphic and geographic range.—Anisian of the Bar-
real Formation, Sorocayense Group, San Juan Province,
Argentina.

Spatio-temporal distribution and
diversity of the Dipteridaceae
in Argentina

In Argentina, during the Triassic, the Dipteridaceae had
a restricted distribution, appearing only in some areas of
the central-western region and northern Patagonia, i.e., the
Barreal-Calingasta Depocenter in the San Juan Province,
Malargiie Depocenter in Mendoza Province, and Paso
Flores Depocenter in Neuquén and Rio Negro provinces.

In the Sorocayense Group, at the Barreal-Calingasta
Depocenter, twelve fossiliferous strata (EF1-12) were iden-
tified. We evaluated the diversity of the fern family along the
Sorocayense Group by analysing the number of individuals
(abundance) and species (species richness) present in each
stratum (Fig. 2; Table 4). The EF3 of the Barreal Formation
shows the maximum diversity of Dipteridaceae, with the
highest number of species and individuals (Table 4). We in-
ferred the following changes in the Dipteridaceae diversity
along the Sorocayense Group: (i) In the lower part of the
Barreal Formation (EF1 and EF2, early Anisian), dipteri-
daceous ferns are not present; (ii) at the top of the Barreal
Formation (EF3, late Anisian), the first record of the group
in the depocenter and the maximum species richness occur
with three species (Dictyophyllum castellanosi, Haumannia
faltisiana, and Thaumatopteris barrealensis); (iii) the base
of the lower member of the Cortaderita Formation contains
two species (EF4, early Ladinian), Dictyophyllum menen-
dezi sp. nov. and D. tenuifolium, being the first one sig-
nificantly more abundant; (iv) in the upper part of the lower
member of the Cortaderita Formation (EF7, early Ladinian),
only one species occurs (D. tenuifolium) with low abundance
(one individual); (v) towards the top of the lower member
of the Cortaderita Formation (from EFS, early Ladinian),
Dipteridaceae fossils disappear from the depocenter. EF8
(lower member) and EF9-12 (upper member, late Ladinian)
are characterized by corystosperms, peltasperms, cy-
cadales, ginkgoales, and gnetales. However, dipteridaceous
fossils were not recorded in any of them (Bodnar et al. in
press); (vi) in the uppermost unit of the Sorocayense Group
(Cepeda Formation) only an osmundaceous fern and an iso-
lated trunk of corystosperm were recorded, from a fossilif-
erous stratum which could not be located.
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Table 3. Comparative table of the most representative species of the genus Thaumatopteris.

Pinnae
. Angle . Lobe/ Shape of | Shape of
. . Pinna of lobes/ | Lobe/pinnula . o o Shape of
Species Location and age | number . . pinnula 1° order 2° order . References
margin | pinnulae shape . sori
on each | shape . margin areoles areoles
to rachis
arm
Thaumatopteris Argentina, un- un- | pinnatipar- 30-90° triangular slightly lvoonal B un- Frenguelli 1941;
apertum Lower Jurassic | known | known tite elongated |crenulated polygo known Herbst 1992a
. . linear-lanceo- pentagonal Stipanicic and
Thaumatoptgrls A rgentlpa, . 4-5 linear | pinnatisect 50° late, rounded | entire hexagonal | or rhom- - Menéndez 1949;
barrealensis | Middle Triassic . known .
apex boidal this work
. Laurasia, Late . . Harris 1931;
Thaumatopteris I un- |lanceo-| . . . | sub-triangular | entire or | hexagonal . .
. Triassic-Lower pinnatisect | 70-90 . - rounded | Schweitzer 1978;
brauniana . known | late to linear undulate | elongated
Jurassic Popa et al. 2003
Thaumatopteris China, Late un- un- innatisect | 80-90° linear Zrllflfﬂo r entaconal B non- Lietal. 1976;
contracta Triassic known | known | ? £ty ) pentag soral | Zhou etal. 2016
undulate
. . linear | pinnati- . entire R
Thaumatopteris | Argentina, Late | un- . o linear to ’ | polygonal un- Menéndez 1951;
chihuiensis Triassic known lanceo- partite to 3573 falcate crenate to elongated polygonal known Herbst 1992a
late | pinnatisect pinnatifid
. Swed§n, Poland, pinnati- . Nathorst 1878;
Thaumatopteris China, Late un- . . o | linear-lance- . T un- P .
- - linear | partiteto | 65-80 entire | pentagonal | indistinct Oishi and Yamasi-
dunkeri Triassic-Lower | known ; . olate known
. pinnatisect ta 1936
Jurassic
Thaumatopteris Argentina, un- un- | pinnatipar- 50-60° linear to entire to | polygonal | polygonal un- Frenguelli 1941;
eximia Lower Jurassic | known | known tite lanceolate lobate irregular | irregular | known Herbst 1992a
Thaumatopteris | China, Upper un- un- . . 5 linear, acum- . un-
fuchsi Trinssic Kknown | known pinnatisect 60 inate entire | pentagonal - Known Zhou et al. 2016
. . . . rhomboidal
Thaumatopteris Chlqa, L'ate un- un- plnne'ltlpar- 30-90° elpngated entire o pentag- B un- Zhou et al. 2016
nodosa Triassic known | known tite triangular onal known
Thaumatopteris | Sweden. Japan linear- | lobate to linear with ob- un Oishi and
usillg Late T;iasl:s)ic ’ 5 lanceo- | pinnatipar- | 50-70° |tusely rounded| entire polygonal - Known Huzioka 1938;
P late tite apex Webb 1982
. . . . elongated .
Thaumatopt_erls Chmg, Upper un- un- pmngtlpar- 70-90° | triangular or entire or pentagonal B non- Zhou et al. 2016
remauryi Triassic known | known tite lincar undulate soral (?)
Thaumatopteris Argentina, un- un- pll’ll"latl- 5 linear to . . pentagonal | quadran- Herbst 1965,
. . partiteto | 75-90 pinnatifid | to hexag- | gularto |rounded
rocablanquensis | Lower Jurassic | known | known | = . falcate 1992a
pinnatisect onal polygonal
. | Argentina, Chile, .
Thaumatopteris Upper Triassic— | . \0" un- innatisect | 60-85° linear-lance- undulate olveonal B un- Herbst 1964,
rothi pp “ | known | known | P olate poye known | 1992a,2000
Lower Jurassic
Australia and Herbst 1979;
Thaumatopteris South Africa un- un- | pinnatipar- 60° lanceolate | STENAtetO | onal | polyeonal | . U™ Webb 1982;
shirleyi .7 | known | known tite serrate | POYE polye known | Anderson and
Late Triassic
Anderson 2008
olveonal polygonal
Thaumatopteris | Argentina, Late | un- un- . . 5 . porygonal |-y dia- Menéndez 1951;
. . pinnatisect 60 linear serrate |isodiametric . rounded
tenuiserrata Triassic known | known metric to Herbst 1992a
to elongated
elongated
It should be noted that the fossils from the Barreal Paso Flores formations were inferred to be Late Triassic

Formation constitute the earliest occurrence of the Dipteri-
daceae from Argentina and South America.

We analysed the records of the family from Barreal-
Calingasta alongside those from other areas of Argentina,
i.e., the Llantenes and Chihuido formations at the Malargiie
Depocenter (Menéndez 1951; Herbst 1993), the Paso Flores
Formation at the homonymous depocenter (Bonetti and
Herbst 1964; Morel et al. 1992; Herbst 1993), and the Arroyo
Malo Formation at the Atuel Depocenter (Riccardi et al.
1997), with the objective to establish temporal changes in
their diversity during the Triassic. Llantenes, Chihuido, and

(late Norian—Rhaetian) (Morel et al. 2003), whereas the
Arroyo Malo Formation was interpreted as latest Triassic
(Rhaetian) (Riccardi et al. 1997). Although the early Late
Triassic (Carnian—early Norian) floras of Argentina are
well known, dipterid ferns are not registered in any forma-
tion of this age (e.g., Potrerillos, Cacheuta, Carrizal, and
Ischigualasto formations; see Zamuner et al. 2001; Morel et
al. 2010, 2011, 2015). After analysing the species richness
of this fern family in accordance with the lithostratigraphic
unit age (Table 5, Fig. 8), we can establish two peaks of
Dipteridaceae diversity during the Triassic in Argentina:
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Table 4. Number of specimens of each dipterid species recorded in the
fossiliferous strata of Sorocayense Group; EF, fossiliferous stratum.
EF3 is located in Barreal Formation, EF4 and EF7 are placed in Cor-
taderita Formation.

Taxa EF3 EF4 EF7
Dictyophyllum castellanosii 1 0 0
Dictyophyllum menendezi sp. nov. 0 10 0
Dictyophyllum tenuifolium 0 1 1
Hausmania faltisiana 2 0 0
Thaumatopteris barrealensis 12 0 0
Total number of species 3 2 1
Total number of specimens 15 11 1

Table 5. Chronological distribution of Triassic species of Dipteridaceae
from Argentina. The number of recorded specimens of each species is
indicated in rows. Abbreviations: ET, Early Triassic; A, Anisian; L,
Ladinian; C, Carnian; LN-R, Late Norian—Rhaetian.

Taxa ET A L C |LN-R
Clathropteris sp. 0 0 0 0 1
Dictyophyllum castellanosii 0 2 0 0 0
Dictyophyllum menendezi sp nov. 0 0 10| 0 0
Dictyophyllum tenuifolium 0 0 3 0 12
Goeppertella stipanicicii 0 0 0 0 3
Hausmania faltisiana 0 2 0 0 0
Thaumatopteris barrealensis 0 12 0 0 0
Thaumatopteris chihuiensis 0 0 0 0 10
Thaumatopteris rothi 0 0 0 0 3
Thaumatopteris tenuiserratum 0 0 0 0 11
Total number of species 0 3 2 0 6
Total number of specimens 0 16 | 13 0 40

one in the Middle Triassic (late Anisian—early Ladinian) and
the other in the Late Triassic (late Norian—Rhaetian), with
three species of Thaumatopteris, one of Dictyophyllum, one
of Clathropteris and one species of the genus Goeppertella.

There are some differences between the Middle Triassic
and the Late Triassic dipteridaceous assemblages. In gen-
eral, the Middle Triassic dipterid leaves are smaller (4—
10 cm in diameter) than those from the Late Triassic (9—-50
cm in diameter). Only one species from the Middle Triassic
(D. tenuifolium) persists during the Late Triassic. The genus
Hausmannia is not present in the Late Triassic floras of
Argentina, while Clathropteris and Goeppertella are not
present in the Middle Triassic.

Palaeoclimatic and palaecological
implications

During the Mesozoic, the Dipteridaceae mainly occupied hu-
mid localities in the temperate warm and subtropical zones
(van Konijnenburg-van Cittert 2002). Moreover, as noted by
Cantrill (1995), the distribution of fossil Dipteridaceae is
broadly congruent with the inferred patterns of high storm-
iness and large seasonal rainfall (monsoonal climates); both
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Fig. 8. Distribution of the dipterid ferns along the Triassic of Argentina,
and their correlation with the inferred climates.

are characteristic conditions in which modern Dipteris occur
today. Otherwise, fossil representatives of the Dipteridaceae
are generally interpreted as opportunistic plants that col-
onize disturbed habitats, such as stream sides, riverbanks,
and exposed ridges and clearings, by analogy with the many
extant Dipteris species (Cantrill 1995; van Konijnenburg-van
Cittert 2002; Stockey et al. 2006; Bomfleur and Kerp 2010).
During the Triassic, in Argentina, the Dipteridaceae oc-
curs in basins of central-western and northern Patagonia (i.e.,
Barreal-Calingasta, Paso Flores, Malargue, and Atuel de-
pocenters), which were located at palaeolatitudes between
40-55°S (Spalletti et al. 1999; Artabe et al. 2003). Conversely,
they are not recorded in basins situated at palaeolatitudes be-
yond 60°S (i.e., El Tranquilo Basin), which led Artabe et al.
(2003) to interpret that the seasonal climates were developed
at a region between 30—60°S palaeolatitudes. In those basins,
the Dipteridaceae grew in herb-shrub and tree communities
developed in point and mid-channels bars, and floodplains of
braided and meandering fluvial systems (Artabe et al. 2001).
From this study, we can conclude that the distribution of
Dipteridaceae in Argentina was limited not only geograph-
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ically but also temporally. Dipterid fossils were not found
in the Early Triassic floras, although it should be noted
that the taphofloras of that age are still controversial (e.g.,
Quebrada de los Fosiles Formation, Coturel et al. 2016; and
Vera Formation, Artabe 1985a, b; Luppo et al. 2018). This
family was well represented in the Middle Triassic, declin-
ing towards the end of that epoch and the beginning of the
Late Triassic, to being inconspicuous during the Carnian
age. The Dipteridaceae ferns reach their maximum diver-
sity in the late Norian—Rhaetian interval. Since they are
considered reliable palacoclimatic indicators, it would be
expected that their temporal distribution pattern was related
to climate changes during the Triassic.

After the end-Permian mass extinction, most of the com-
munities failed to radiate during the Early Triassic suggest-
ing that the harsh conditions that caused the extinction, and
particularly the intense hot-house climate, probably per-
sisted at this time (Hallam 1991; Dickins 1993). According
to Spalletti et al. (2003: 127, fig. 8), southwestern Gondwana
was characterized by a “strongly arid phase” before the es-
tablishment of subtropical seasonal regime in the beginning
of Middle Triassic epoch.

The climate of the Middle Triassic has been relatively
little studied (Preto et al. 2010). Although an arid equatorial
climatic belt is indicated by macrofloras and palynomorphs
(Visscher and van der Zwan 1981; Ziegler et al. 1993), local
humid episodes occur in different areas (Preto et al. 2010)
as western Antarctic (Parrish et al. 1982) and Europe (e.g.,
Kustatscher et al. 2010; Kustatscher and van Konijnenburg-
van Cittert 2005). In southwestern extratropical Gondwana,
the appearance of the Dicrioidium flora took place during the
Anisian (Morel et al. 2003). In central-western Argentina, a
dry subtropical strongly seasonal climate was inferred for
the Middle Triassic (Spalletti et al. 2003). Particularly, in the
Barreal-Calingasta Depocenter, the development of verti-
sols in the Sorocayense Group indicates rainfall seasonality
(Bodnar et al. in press). The presence of xeromorphic fea-
tures in the dominant gymnosperms (i.e., corystosperms,
peltasperms, cycads) suggests dry conditions, but with hu-
mid episodes, as indicated by the occurrence of lycophytes
in the upper part of Barreal Formation, and mosses and
hornworts in the lower member of the Cortaderita Formation
(Bodnar 2010; Bodnar et al. in press). The dipterid ferns
found in the Barreal and Cortaderita formations have rel-
atively small leaves, which may suggest that the humidity
was not optimal for the development of the typical large
leaves of the extant Dipteris. The presence of Hausmannia
in the Barreal Formation, a taxon considered to have adapted
to more stress-related environments and more arid circum-
stances (van Konijnenburg-van Cittert 2002; Stockey et al.
2006), supports the conclusion of sub-humid palaeoclimates.
In the upper member of the Cortaderita Formation, the oc-
currence of aridisols and a declining diversity of the palaco-
floras suggest an intensification of dry conditions, such as
the Dipteridaceae (and other ferns) could not succeed over-
come (Bodnar 2010; Bodnar et al. in press).

ACTA PALAEONTOLOGICA POLONICA 63 (2), 2018

The Late Triassic should be, according to numerous au-
thors (e.g., Robinson 1973; Wang 2009), marked by a max-
imum expression of monsoonal climate. In southwestern
Gondwana, the maximum diversification of Dicroidium
flora took place in the late Ladinian—Carnian interval (Morel
et al. 2003; Spalletti et al. 2003). Sedimentological and flo-
ristic evidences from Argentina indicate the development of
semi-arid climates during this lapse of time (Spalletti et al.
2003; Colombi and Parrish 2008). In the Barreal-Calingasta
Depocenter, the palacoenvironments of the lower part of
Cepeda Formation (Carnian?), would have evolved under
dry palaeoclimates (Bodnar et al. in press). It is noteworthy
that the Dipteridaceae were not present in the Argentinean
Carnian megafloras (i.e., Paramillo, Potrerillos, Cacheuta,
Ischigualasto, and Carrizal formations), while other fern
families (e.g., Osmundaceae) were widespread and abundant
(Zamuner et al. 2001; Morel et al. 2010, 2011, 2015). These
ferns inhabited environments very similar to those where the
Dipteridaceae developed, i.e., bars and flood-plains of mean-
dering and braided rivers (Artabe et al. 2001).

However, the Late Triassic is interrupted by a significant
episode of more humid conditions at the boundary between
the early and late Carnian. This event, called the “Carnian
Pluvial Event” (Visscher et al. 1994) or the “Carnian
Humid Episode” (Ruffel et al. 2016), may be the peak of the
Pangaean mega-monsoon (Preto et al. 2010). The extensive
occurrence of humid climate indicators in Carnian sedi-
ments may represent this peak (Parrish 1993; Colombi and
Parrish 2008). The beginning and cessation of this episode
seemed to be broadly synchronous with significant biotic
changes, including both extinctions and diversifications
(Simms and Ruffell 1989, 1990). Although the general cli-
mate in Argentina would have been semi-arid, the Carnian
humid event is documented as a short-duration episode in
the Ischigualato Formation, Ischigualasto-Villa Unién Basin
(Colombi and Parrish 2008; Césari and Colombi 2016).
The palynofloras exhibit an increase of hygrophytic plants
in that formation (Césari and Colombi 2016). In another
depocenter of Argentina (upper section of the Potrerillos
Formation, Cacheuta Depocenter, Cuyo Basin), the presence
of mosses and abundant ferns with large fronds, including
Marattiales and Osmundales, is indicative of more humid
conditions (Morel 1994; Artabe et al. 2001). Nevertheless,
as mentioned above, megafossil remains of Dipteridaceae
were not registered in both depocenters. After analyzing the
palynofloras of Ischigualasto and Potrerillos formations, it
appears that spores definitely related to dipteridaceous ferns
do not occur (Rojo and Zavattieri 2005; Césari and Colombi
2016). In other areas of southwestern Gondwana, this family
is recorded in Carnian deposits from South Africa (Fabre
and Greber 1960; Anderson and Anderson 2008).

The available evidence indicates a return or intensification
of dry conditions at the Carnian—Norian boundary (Simms
and Ruffell 1989, 1990). This climatic change appears to be
significant for the Ischigualasto-Villa Union and Cuyo basins
(Spalletti et al. 2003; Colombi and Parrish 2008). Then again,



BODNAR ET AL.—MIDDLE TRIASSIC DIPTERID FERNS FROM ARGENTINA 413

Dipteridaceae fossil remains were not found in early Norian
strata of central-western Argentina (e.g., the lower section
of Rincon Blanco Formation, Cacheuta Depocenter, Cuyo
Basin; Spalletti et al. 1995). During the late Norian—Rhaetian
interval, the Gondwanan floras show a significant turnover:
the Dicroidium flora decline (Morel et al. 2003), and the ev-
ergreen subtropical forests dominated by corystosperms are
replaced by the deciduous subtropical forests dominated by
conifers and ginkgoleans (Spalletti et al. 2003).

Hallam (1985) and Ahlberg et al. (2002) suggested a
shift to more humid conditions at the base of the Rhaetian.
In southwestern Gonwana, the subtropical seasonal regi-
men persists, but in some localities with marine influence,
a subtropical humid climate has developed (Spalletti et al.
2003). In Argentina, the Dipteridaceae family increases its
importance in the interval late Norian—Rhaetian, with the
development of individuals with large leaves, which could
indicate that the humidity regimen was more benign than
that in the Middle Triassic.

In summary, the climate in Argentina was subtropi-
cal seasonal during the Triassic, with changes in humid-
ity, varying from arid, semi-arid, sub-humid to humid.
Dry conditions were developed: in the Early Triassic, be-
tween the late Ladinian and the early Carnian, and from
the Carnian—Norian boundary to middle Norian (Fig. 8).
We can define three intervals that presented an increase in
the humidity: late Anisian—early Ladinian, middle Carnian,
and late Norian—Rhaetian. The Dipteridaceae flourished
in the Argentinan palaecocommunities during two of these
intervals, but not in middle Carnian (Fig. 8). This suggests
that the climatic conditions were not the only factor which
determined the spreading of Dipteridacaeae in Argentina.

As mentioned above, some representatives of the fam-
ily are opportunistic plants colonizing disturbed habitats.
Considering the evolution of Gondwanan floras, it ap-
pears that the increase of the diversity of this fern fam-
ily occurred when the plant communities were recovering
or going through an important change. The first case is
represented by the late Anisian—early Ladinian, when the
subtropical seasonal forests of corystosperms were being
stabilized after the strong arid phase of the Early Triassic—
early Anisian. The second situation took place in the late
Norian—Rhaetian when the evergreen corystosperm forests
were replaced by deciduous conifer and ginkgoalean forests.
The Dipteridaceae family declined during periods of com-
munity stability, represented in the Triassic of Argentina by
the peak of the Dicroidium flora.

Conclusions

The Dipteridaceae from Sorocayense Group are one of the ear-
liest occurrences of the family. In particular, Dictyophyllum
castellanosii, Hausmannia faltisiana, and Thaumatopteris
barrealensis from the Barreal Formation are, together with
D. davidi from Australia, the oldest representatives of the

Dipteridaceae, since they date from the Anisian (D. davidi
from the Anisian—Ladinian).

When Stipanicic and Menéndez (1949) first described this
fossil assemblage, they cited seven species in the Barreal
Formation and none in the Cortaderita Formation. After the
present taxonomic revision and description of new samples, it
is concluded that five species of Dipteridaceae are present in
the Sorocayense Group (three in the Barreal Formation and
two in the Cortaderita Formation), including the new spe-
cies Dictyophyllum menendezi sp. nov. In comparison with
other Middle Triassic occurrences in which only one species
was found in each taphoflora, the dipteridaceous fern assem-
blages from the Sorocayense Group are the most diverse.

In Argentina, the Dipteridaceae have two intervals
of higher diversity: late Anisian—carly Ladinian and late
Norian—Rhaetian. Their diversification seems related to in-
creasing humidity episodes and the establishment of plant
communities after ecological disturbance.
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