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A new crustacean clam shrimp (Spinicaudata:
Eosestheriidae) from the Upper Triassic of Argentina
and its importance for ‘conchostracan’ taxonomy
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A new species of a fossil crustacean clam shrimp (Spinicaudata: Eosestheriidae) Menucoestheria wichmanni is
described from the lower Upper Triassic Vera Formation (Los Menucos Complex) in Rio Negro Province, southern
Argentina. This discovery represents the first record of this family in the Triassic of Argentina and the southernmost
record of South American Triassic ‘conchostracans’ (Spinicaudata). The new species shows close affinities with
Middle Jurassic faunas from Antarctica and offers important data on the taxonomy (notably the use of
ornamentation characters), palacobiogeography (as South America hosts the oldest-known fossils of this family) and
evolution of the Gondwanan faunas. Other South American eosestheriid species are tentatively recognized.
Menucoestheria is hypothesized to be the ancestral form of the Triassic-Jurassic Gondwanan eosestheriids.
Relationships between European and Gondwanan eosestheriids remain unresolved.
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Agrimensura—Universidad Nacional del Nordeste) y Area Paleontologia (Centro de Ecologia Aplicada del Litoral—
CONICET), Casilla de Correo 128, 3400 Corrientes, Argentina. Received 18.5.2009; revised 12.10.2009, accepted
15.10.2009.
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TRIASSIC spinicaudatans from Argentina
have been known since the second half of
the 19th century from the descriptions given
by Jones (1862, 1897) and Geinitz (1876)
and the contributions of Phillipi (1887),
Kurtz (1921), Rusconi (1948a, 1948b),
Camacho (1995) and others. Recently, new
studies carried out by the author and co-
workers (Gallego 1992, 1999a, 200la,
2001b, 2005, Gallego & Melchor 2000, Shen
et al. 2001, Gallego et al. 2004) have yielded
new records and provided detailed descrip-
tions of Argentinian Triassic spinicaudatan
faunas, mainly from the Cuyana and
Bermejo basins. In this paper, Menu-
coestheria wichmanni sp. nov. (Eosestherii-
dae) is described from lower Upper Triassic
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strata of the Vera Formation (Los Menucos
Complex) in Rio Negro Province, southern
Argentina.

Geological setting

The sedimentary and volcanic rocks ex-
posed around the Los Menucos locality
(Rio Negro Province) are located in the
‘Macizo Nordpatagonico’ or ‘Macizo de
Somun-Cura’ (sensu Page et al. 1999,
Kokogian et al. 2001) geological province
(Fig. 1). Stipanicic (1967) and Stipanicic
et al. (1968) defined the Los Menucos Basin
based on geological and palacontological
data. The rocks bearing spinicaudatans and
a typical Dicroidium flora are included in a
volcaniclastic unit, known previously as the
Los Menucos Formation (sensu Stipanicic
1967) and recently as the Los Menucos



[ GALLEGO, OSCAR F] At: 14:54 3 April 2010

Downl oaded By:

2 OSCAR FLORENCIO GALLEGO

ALCHERINGA

1 © o 000 0 0 o

EL CUY

VM REFERENCES
N M A ;
ALY ’.:,:,:Q: Younger Cenozoic
N AR basic volcanics
ATATWAY | o5%%
N /\/\ SN /\/\ /\/\/\/ — )
O LOS MENUCOS. M| [*,*.+] Palcogene basic
};’ v\/v\/v\/v\/ e o o| volcanics
AT NN NV
/ N4 \/v\/ V\/V\/ Jurassic volcanic
ALVAEVALVA VAL WY and mesosilicic
7 \/\/\/v\/v \/\/ tobas
Vs s QA 007
\/V\/v\/ v\/v\/ N LosMenucos
N \/v\/v\/v\/ NN Group
&N NN NN
NP YA — N
\/V\/V\/V "+ 4] Paleozoic granitoids,
L S ) ++++ Michihuau and
\/vv + + Paileméan fms
Q‘ Fossiliferous
0 10 20km|
68° 00 I—————] o localities
. Dit: M. Campati

¢EL
<€
?\,8!1
<
+
+ ¢

<
KK

B
<
(<X
<<

<X
4

<

<<

<<
<<<<

o

RO NEGRO
ok

O

e

Fig. 1. Geological map of the Los Menucos area showing fossil localities, Rio Negro Province, Argentina (adapted
from Kokogian ez al. 2001): 1. Bajo de Caltrauna, 2. Puesto Visanelli.

Group (sensu Labudia et al. 1995, Labudia &
Bjerg 2001) or included in the Los
Menucos complex (sensu Cucchi et al. 2001,
Lema et al. 2005). According to Labudia
et al. (1995) and Labudia & Bjerg (2001), the
Los Menucos ‘Group’ is 150 m thick and
divided into two formations: the Vera and
Sierra Colorada formations (Kokogian et al.
2001, Labudia & Bjerg 2001, Labudia et al.
2002a).

The Vera Formation is characterized by
interstratified yellowish-brown conglomera-
tic lenses, greenish-white cross-bedded sand-
stones, wackes, reddish-brown to red
pelites, laminated tuffites (with plants, fish,
spinicaudatans and ichnofossils) and amal-
gamated pyroclastic flow deposits (ignim-
brites and dacitic breccia). The overlying
Sierra Colorada Formation (previously
known as the Nahuel Hual Formation;
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Stipanicic 1967) is composed of pyroclastic
flow deposits (rhyolitic ignimbrites) that are
40 m thick (Kokogian et al. 2001; Fig. 2).
Labudia et al. (1995) suggested that the
region was subjected to the influence of
explosive volcanic activity during deposition
of these units (Los Menucos ‘Group’). The

TSCHERING PROFILE VERA PROFILE

Thick 5to 15 m
Thick 5t0o 15 m

L_Sierra Colorada Fm

3

|

i

BRE

K

Vera Fm.

LOS MENUCOS GROUP
RERBERRE

References

Sandstones

B shales
Tuffs
@ Pyroclastic flows

Ignimbrites
& Conchostracans
Y Plant remains

Fig. 2. Stratigraphic section at two localities exposing
the Los Menucos Group (Rio Negro Province,
Argentina), showing the fossiliferous levels (adapted
from Labudia et al. 1995).

TRIASSIC EOSESTHERIIDAE FROM ARGENTINA 3

landscape incorporated braided and low-
gradient fluvial systems associated with
marshes and shallow ephemeral lakes, influ-
enced by a seasonal climate with alternating
wet and dry conditions. Correspondingly,
the palacoflora through much of the Middle
and Late Triassic of Argentina was domi-
nated by mixed forests with meso-xerophytic
adaptations, i.e. seasonally dry subtropical
forests (Kokogian et al. 2001, Brea et al.
2008).

Claudio Iglesias (pers. comm. 1994)
indicated that sedimentary facies and facies
associations suggest a lacustrine environ-
ment, with smooth relief generally domi-
nated by gently settled sediments (as shown
by the plant remains preserved parallel to
stratification). Pyroclastics (tuffs) deposited
in this environment during the dry season
would be periodically covered by sandy
sediments during humid-season flooding.
Dry-season desiccation is reflected by the
presence of abundant mud cracks.

The age of this complex, 215-222 + 2
Ma (Norian), was established by radio-
metric dating of lava flows in the Sierra
Colorada Formation (Kokogian et al. 2001,
Labudia ez al. 2002b). The Dicroidium flora
recorded in the Vera Formation also sup-
ports a Late Triassic age (Labudia et al.
2002c).

Historical background

According to Mancefiido & Damborenea
(1984), Wichmann (1927) was the first to
record spinicaudatans in the Mesozoic of
Rio Negro province, in the ‘Cerro Colo-
Niyeu’ among other localities, which al-
lowed him to propose a Late Triassic age
for those deposits. Previously, Feruglio
(1949) and Casamiquela (1964) concluded
the strata were of Middle Jurassic to Early
Cretaceous age based on sedimentological,
stratigraphical and ichnological evidence.
Casamiquela (1975) reinterpreted the ichno-
logical assemblage as Late Triassic.
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Mancefiido & Damborenea (1984) as-
signed the Triassic spinicaudatans from Rio
Negro province to the extant genus Cyzicus
Audouin, 1837. These authors indicated
that the specimens needed detailed studies
to confirm whether they represent more
than one species and to eclucidate their
stratigraphic value.

Fossils of the Vera Formation include
plants, ichnofossils, scarce actinopterygian
fish (first reported here) and ‘conchostra-
cans’. Among the abundant megafossil
plants are species of Phyllotheca, Cladophle-
bis, Dicroidium, Zuberia, Pteruchus, Lepidop-
teris, Scytophyllum, Dejerseya, Pseudoctenis,
Yabeiella, Pterophyllum, Taeniopteris, Sphe-
nobaiera and Heidiphyllum (Stipanicic &
Archangelsky 2002). Artabe er al. (2001)
defined two palacocommunities based on this
flora from the lower and upper sections of the
Vera Formation. Both are included in the
BNP Biozone (Yabeiella brackebuschiana,
Scytophyllum neuburgianum and Rhexoxylon
piatnitzkyi Biozone of Artabe et al. 2001),
which corresponds to the Cortaderitian stage
(ranging from the upper Middle Triassic to
the middle Upper Triassic) as defined by
Spalletti et al. (1999). Artabe et al. (2001)
characterized the palacoflora from the Vera
Formation as a seasonal subtropical forest.

The ichnofauna includes tetrapod foot-
prints and trackways summarized by
Melchor et al. (2001) and Domnanovich
et al. (2008). The ichnological association
was named by Casamiquela (1984) as
‘Ichnofauna local de Los Menucos’ and is
dominated by a high diversity of small
therapsids, and secondarily includes cruro-
tarsi archosaurs, ‘lepidosaurs,” and probable
temnospondyls. This ichnological assem-
blage characterized a fauna endemic to
northern Patagonia.

Material and methods

The material described in this paper was
collected by Claudio Iglesias during field
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trips in 1987, 1993, 1994 and 1995. It derives
from two localities: Puesto Visanelli, 10 km
to the west of Los Menucos town
(40°50'31.92"S; 68°4'35.73"W); and Bajo
de Caltrauna, 30 km to the south of the
latter. Specimens are stored in the Paleo-
zoological Collection, Facultad de Ciencias
Exactas y Naturales y Agrimensura, Uni-
versidad Nacional del Nordeste, Corrientes,
Argentina (CTES-PZ). Scanning electron
micrographs were taken using a JEOL
JSM-5800LV Scanning Microscope (of the
SECyT-UNNE, Corrientes, Argentina).

Systematic palaecontology
The taxonomy adopted here follows mainly
that of Chen & Shen (1985) and Martin &
Davis (2001). Measurement abbreviations
follow the scheme of Tasch (1987).

Order DIPLOSTRACA Gerstaecker, 1866

Remarks. The name ‘Conchostraca’ has been
widely employed in the literature on the
Diplostraca. Recently, however, molecular
and morphological analyses have indicated
that the ‘Conchostraca’ is not a monophy-
letic group and has no taxonomic meaning.
It is, therefore, abandoned as a strict
taxonomic unit (Fryer 1987, Olesen 1998,
Stenderup et al. 2006, Li et al. 2009a, b,c).
Martin & Davis (2001) divided the order
Diplostraca into four suborders: Laevicau-
data, Spinicaudata, Cyclestherida and
Cladocera. Two extinct suborders should
be added to this order: Leaiina Kobayashi,
1972 and Esthericllina Kobayashi, 1954
(Shen 2003, Shen et al. 2006, Shen & Huang
2008). In this paper, the term ‘clam shrimp’
provides a useful collective common name
for fossil and extant laevicaudatans, spini-
caudatans, leaiids and estherielliids (Shen,
pers. comm. 2008). However, the term
‘conchostracan’ is also used due to its
extensive and frequent usage in both the
technical and non-specialist literature.
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Suborder SPINICAUDATA Linder, 1945
Superfamily EOSESTHERIOIDEA Zhang &
Chen in Zhang et al., 1976

Family EOSESTHERIIDAE Zhang & Chen
in Zhang et al., 1976

Menucoestheria Gallego in Gallego &
Covacevich, 1998

Type species. Menucoestheria terneraensis
Gallego in Gallego & Covacevich, 1998.
Cerro La Ternera-Atacama region (Chile),
La Ternera Formation, Upper Triassic.

Other species. Menucoestheria puquenensis
Gallego in Gallego & Covacevich, 1998, El
Puquén-Coquimbo region (Chile), Pichi-
dangui Formation?, Upper Triassic. Menu-
coestheria  bocki ~ Olempska  (2004),
Krasiejow (Poland), Upper Triassic (late
Carnian). Menucoestheria? sp. of Olempska
(2004), Krasiejow (Poland), Upper Triassic
(late Carnian).

Occurrence. La Ternera Formation, Upper
Triassic, Quebrada del Carbon (Cerro La
Ternera), and La Coipa beds (here consid-
ered probably Upper Triassic), La Coipa
mine (La Coipa area), both from Atacama
region, Chile. Upper Triassic strata of the
Biobio River, Santa Juana, Biobio region,
Chile. ?Pichidangui Formation, Upper
Triassic, El Puquén and Salto del Diablo,
Coquimbo region, Chile. ?Profeta Forma-
tion, Upper Triassic, Sierra de Varas,
Antofagasta region, Chile. Vera Formation,
lower Upper Triassic, Bajo de Caltrauna
and Puesto Visanelli, Rio Negro Province,
Argentina. Krasiejow (Poland), Upper
Triassic (late Carnian).

Discussion. This genus was informally de-
fined by Gallego (1999a) based on the
specimens described here. The previous
publication of the material from the Triassic
of Chile (Menucoestheria terneraensis and
Menucoestheria puquenensis: see Gallego &
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Covacevich 1998, Gallego et al. 2005) forced
the author to designate M. terneraensis as
the type species of the genus. Kozur &
Weems (2007) synonymized Menucoestheria
with Anyuanestheria from the Upper Trias-
sic of China. I disagree with that proposal
since Anyuanestheria (sensu Zhang & Chen
in Zhang et al., 1976, original diagnosis)
differs in some diagnostic characteristics
such as the subquadrate outline and wider
growth bands ornamented with moderate
reticulations (areolac about 0.03 mm in
diameter) that change to linear arrangement
in the post-ventral region of the valve, and
cross-bars filling in lirae. These features
differ clearly with the statement by Kozur &
Weems (2007) that °....The reticulation
may be totally replaced by radial lirae, very
indistinct, or not present at all’. Menu-
coestheria differs markedly from all other
genera of the family Eosestheriidae (see
Gallego & Covacevich, 1998, table 2).
Carapacestheria Shen, 1994 (Early to Mid-
dle Jurassic, Antarctica) is the most similar
genus. It resembles Menucoestheria in the
presence of the transitional ornamentation
changing laterally from reticulation to
radial lirae in the same middle growth band
(see Figs 3, 4F this paper; fig. 4b of Shen
1994). It differs slightly in the smaller
dimensions of the carapace, polygonal
reticulation (areolae 0.02—0.036 mm in
diameter) and about 40 radial liraec per
millimetre, and with minute punctae filling
areolae and occurring between radial lirae,
which are lacking in Menucoestheria (Fig.
SA). Abrestheria Wang, 1981 (Upper Jur-
assic to Lower Cretaceous, China) resem-
bles Menucoestheria in the reticulate-radial
lirae ornamentation pattern, and the clavi-
form and triangular tubercle end of the
radial lirae when they meet the growth lines.
They differ by the presence of the transi-
tional ornamentation changing laterally
from reticulation to radial lirae in the same
middle growth band and the weakly evident
claviform radial lirae in Menucoestheria,
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Fig. 3. Menucoestheria wichmanni sp. nov., Bajo de Caltrauma-Puesto Visanelli localities, (Rio Negro Province,
Argentina). A, CTES-PZ 5714, schematic drawing of a right valve with ovate outline. B, CTES-PZ 5717 (holotype),
schematic drawing of the left valve with subcircular outline. C-D, Antero-ventral details of the radial lirae and
reticulate ornamentation between growth lines (C, CTES-PZ 5713 and D, CTES-PZ 5716). Scale bars: A-B=1 mm,
C-D=0.2 mm.

and fine punctate lumina and growth lines
with weak serration in the lower margin of
Abrestheria (absent in Menucoestheria).

Menucoestheria wichmanni sp. nov. (Figs 3;
4A-F; 5A)

Holotype. CTES-PZ N° 5717. Measure-
ments: L (length) 3.8 mm, H (height) 3.0 mm.

Paratypes. CTES-PZ N° 5713 to 5721; 7289
and 7294 (SEM microslides) (50 specimens

and hundreds of complete and incomplete
carapaces).

Type stratum, age and locality. Vera For-
mation (lower Upper Triassic); Bajo de
Caltrauna and Puesto Visanelli, Rio Negro
Province, Argentina.

Etymology. In honour of the geologist Dr
Ricardo Wichmann (1880—1930) for his
great contribution to the geology of Pata-
gonia, Argentina.
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Fig. 4. Menucoestheria wichmanni sp. nov., Puesto Visanelli-Bajo de Caltrauma (Provincia de Rio Negro, Argentina).
A, CTES-PZ 5717, holotype, left valve, subcircular outline (external mould). Scale bar =1 mm. B, CTES-PZ 5714,
right valve, ovate outline (external mould). Scale bar=1 mm. C, CTES-PZ 7289, detail of middle region with
reticulate ornamentation and the transition to radial lirae. Scale bar =0.12 mm. D, CTES-PZ 7289, anteroventral
detail with relatively few radial lirae. Scale bar =0.25 mm. E, CTES-PZ 7289, middle-ventral detail with reticulate
ornamentation and the transition to radial lirae. Scale bar =0.12 mm. F, CTES-PZ 7289, detail of middle region with
reticulate ornamentation and the transition to radial lirae. Scale bar =0.06 mm.
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Diagnosis. Polymorphic carapace with ovate,
elliptical to subcircular outline. Dorsal margin
straight to slightly convex. Subterminal um-
bonal region slightly raised above dorsal
margin. Anterior margin shorter and less
convex than the posterior, the latter elongated
postero-ventrally. Maximum height in middle
region of carapace. Ornamentation between
growth lines composed of irregular to iso-
diametrical reticulum (distributed in anterior
to mid-dorsal region, areolac with diameters
of 0.012—0.050 mm) and radial lirae (reach-
ing ventral and postero-ventral area; lirae
0.012—-0.050 mm apart, or 20—80 lirae per
mm). Middle region of carapace shows
transition between these ornament types.

Occurrence. Vera Formation, lower Upper
Triassic, Bajo de Caltrauna and Puesto
Visanelli, Rio Negro Province, Argentina
(Fig. 1, loc. 1).

Description. Small spinicaudatan with poly-
morphic carapace, with ovate (?females),
elliptical (?males) or subcircular (?females)
outlines, telliniform and posteriorly elon-
gated. Dorsal margin straight to slightly
convex, merging gradually with the anterior
and posterior margins (some specimens with
a postero-dorsal angle of 125°—130°). Sub-
terminal umbonal region (commonly not
preserved) slightly raised above dorsal mar-
gin. Anterior margin shorter and less convex
than the posterior, the latter elongated
postero-ventrally. Ventral margin slightly
convex. Maximum height at the middle
region of the carapace. Growth lines 16—
45, pronounced to indistinct, clearly pre-
served at the external border of the valve.
Growth bands in two incremental cate-
gories: those in the medium-dorsal region
(0.07-0.19 mm) and those in the ventral
area (0.05—0.17 mm; Fig. 4A—F). Ornamen-
tation between growth lines is composed of
radial lirae and a reticulum with irregular to
isodiametrical areolae. Reticulate ornamen-
tation is distributed in the anterior to mid-
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dorsal region (mainly in younger moulting
stages) with areolaec of 0.012—0.050 mm
diameter (Fig. 4C). The middle region of
the carapace shows the transition between
ornamentation types. Two  successive
growth bands with the irregular reticulum
and the radial lirae are evident (Fig. 4F).
Radial lirae are present in the ventral and
postero-ventral area, perpendicular to the
growth lines and separated from each other
by 0.025 mm (40 radial lirae per mm).
Ultimate growth bands are broader with
radial lirae 0.037—0.050 mm apart (or 30—
20 radial lirae per mm). The posterior region
has radial lirae 0.012 mm apart (80 per mm).

Measurements (in mm). L: 2.94-5.24, H:
1.93-3.58, H/L: 0.58—-0.80, Ch: 1.84—3.22,
Cr: 0.73-2.11, Av: 0.27-1.10, Arr: 0.55-
1.65, a: 0.73—1.56, b: 0.82—1.65, c: 1.38—
2.57.

Remarks. Menucoestheria wichmanni sp. nov.
is similar to M. terneraensis and M. puquen-
esis both from the Upper Triassic of Chile.
The new species shares the dimorphism or
polymorphism of the carapace with M.
terneraensis, but differs in being smaller and
more ovate with a less elongate postero-
ventral margin. Although the ornamentation
is similar, the Chilean species differs in its
great variation in areolac diameter (0.01-
0.05 mm) and fewer radial lirac per milli-
metre (30—75). Menucoestheria terneraensis
differs further in its rounded reticulate
ornamentation, occupying nearly the whole
valve surface, and the transition between
reticulate-radial lirae ornament being in the
ultimate growth bands.

Menucoestheria puquenensis differs from
the new species by its elliptical outline and
the large range of the ‘Arr’ morphometric
parameter (distance from the posterior end
of the dorsal margin to the posterior end of
the valve). It also differs by its smaller
areolae diameter (0.012 mm) and fewer
striae per millimetre (40— 80).
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Of the two species of this genus de-
scribed by Olempska (2004) from the Upper
Triassic (late Carnian) of Poland, Menu-
coestheria bocki differs from the Argentine
species by its strongly convex oval outline
and convex umbonal region clearly raised
above the dorsal margin. The radial lirae are
very similar (see Olempska 2004, fig. 9C,),
but the areolae are polygonal not rounded
(see Olempska 2004, fig. 9B;).

Cyzicus (Lioestheria) maugerensis Tasch,
1987 from the Lower Jurassic of Antarctica,
differs from the new species in the location
of the umbo and its smaller carapace size;
both forms have a similar outline, shape of
the anterior and posterior margin and
‘hachure type marking’ (sensu Tasch 1969,
1987) combined with a ‘pseudocancellate’
ornamentation. Cyzicus (Euestheria) taschi
Vallati, 1986 from the Canadon Asfalto
Formation (Middle to Upper Jurassic) of
Chubut, Argentina (Vallati 1986), is prob-
ably referable to the FEosestheriidae. It
differs from M. wichmanni by its subovate
outline, more convex dorsal margin, larger
carapace, more numerous growth lines and
reticulation that decreases in areolae dia-
meter towards the hinge.

Development, ontogeny and taphonomy

The spinicaudatan assemblages from both
localities are monospecific. The number of
specimens per square centimetre ranges
from an average of 2.3 (complete specimens)
and 5 (fragmentary ones) in Puesto Visanelli
locality (levels V,, V, and V,,) and 2.8 and
6.3 respectively from Bajo de Caltrauna
(Ievels C,, C, and C;). The juvenile/adult
ratio is 1:1.5. The low diversity/high density
assemblage is typical of ephemeral waters
with stressed conditions (wet/dry seasonal
climate and pyroclastic deposits). The po-
pulation structure includes male forms
(elliptical outline), female forms (ovate and
subcircular outlines) and juvenile (ovate
outline with an average length of 3 mm)
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and early immature stages (with
lengths <2.5 mm). The sex ratio is approxi-
mately 1:5 (male/female).

The presence of growth bands with
variable widths in spinicaudatans and their
biological (linked to sex, growth rate, life
span and senility) and ecological (associated
with food resources, environmental stabi-
lity, permanent or ephemeral pools) causes
have been discussed by various authors
(Tasch 1969, Webb 1979, Frank 1988).
Weeks et al. (1997) and Stigall & Hartman
(2008) suggested that these variable incre-
ments are linked to the onset of the sexual
maturity and the transition between rapid
juvenile growth to reproductive phase. The
new species shows two categories of growth
band, one in the younger growth stage and
the other in the older stage, both with a set
of wide to narrow growth bands. These
variable growth increments could be inter-
preted to reflect changes in environmental
conditions (food resources, mineral concen-
trations and other physical factors). How-
ever, they may reflect an accelerated life
cycle to achieve reproductive maturity in the
face of the unfavorable environmental con-
ditions. The examples studied here were
probably generated by both factors: the
younger narrow bands related to the juve-
nile-adult transition and the older ones, a
dry season response to low food resources.

Ontogenetically, the ornamentation of
Menucoestheria wichmanni sp. nov. devel-
oped from reticulate meshes with a diameter
of 0.012 mm in the mid-anterior younger
growth bands to reticulation with 0.05 mm
areolac in the anterior area; retaining the
reticulation  with  0.012 mm  diameter
areolae in the middle carapace region of
middle moulting-stage growth bands. In
the middle and posterior regions of the same
middle moulting-stage growth bands, radial
lirae (separated by 0.025 mm) develop by
opening the reticulation and developing
perpendicular lines. In the antero-ventral
region (late moulting stage), the radial lirae
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are 0.025 mm apart; in the same growth
bands the middle region of the carapace
shows both the reticulate ornamentation
with areolae of 0.012 mm diameter and
radial lirae 0.012—-0.025 mm apart. More
ventrally, the latest moulting stage has more
widely spaced radial lirae (0.05 mm apart).
The space between the radial lirae in the
middle region of the carapace is 0.025 mm.

Spinicaudatan taxonomy and

ornamentation characters

Species of Menucoestheria are the first
spinicaudatans in South America that com-
bine both reticulate and radial lirae orna-
mentation. Traditionally, non-ribbed
spinicaudatans (or species without other
conspicuous morphological features) are
included in the extant genus Cyzicus, which
has been defined on the basis of soft part
characters. The generalized application of
the name Cyzicus resembles the excessive
usage of the name Estheria (invalid by
homonymy because it is preoccupied by
the name of an extant insect) in the 19th
century. I agree with Shen (1994) that the
classification of living spinicaudatans is
based mainly on soft part characters, hence
it is very difficult to assign fossil specimens
confidently to any modern taxa. Taxono-
mists have a limited range of simple
carapace features to define fossil spinicau-
datan taxa. For that reason, it is necessary
to consider all carapace features to ade-
quately resolve the identity of fossil spini-
caudatans. The Middle Jurassic
‘conchostracan’, Euestheria [luanpingensis
Shen & Niu in Zhang et al., 1990, was
described with preserved soft parts. If the
authors had simply considered the mor-
phology of the carapace, it would have been
assigned to Cyzicus. However, the soft parts
were found to clearly differ from Cyzicus
and other extant spinicaudatan families.
Their contribution gave credence to the
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idea that it is impossible to identify fossil
spinicaudatan taxa (using extant spinicau-
datan taxonomy) below the subordinal
taxonomic rank.

According to Tasch (1969), Cyzicus-type
spinicaudatans with reticulate ornamenta-
tion (euestheriid type) are referable to the
subgenus FEuestheria and those with radial
lirae ornamentation (lioestheriid type) to
the subgenus Lioestheria. Tasch (1969,
1987) never considered the co-occurrence
of these ornamentation types as a diagnostic
character to define fossil species. Since the
contributions of Zhang et al. (1976) and
Chen & Shen (1985), ornamentation has
been considered one of the main diagnostic
features. However, opinions diverge about
whether or not ornamentation is a mean-
ingful taxonomic character. For example,
Baird (1849), Novozhilov (1954, 1958a.b)
and Rohn (1986) favoured its use, whereas
Mattox (1957), Defretin (1958), Tasch
(1969), Webb (1980) and Stigall Rode
et al. (2005) claimed otherwise.

Spinicaudatans that combine both types
of ornamentation were assigned by Zhang
et al. (1976) to the superfamily Eosesther-
ioidea and family Eosestheriidae. This
family includes Eosestheria, Yanjiestheria,
Yumenestheria, Allestheria, Abrestheria,
Guiestheria, Shouchangestheria, Turfano-
grapta, Pseudograpta, Carapacestheria and
Menucoestheria. It ranges from the Upper
Triassic to Lower Cretaceous of China,
Mongolia, Russia, Korea, Japan, Poland,
Germany, Antarctica and South America.

West Gondwanan eosestheriids

West Gondwanan eosestheriids comprise
five recorded species: Menucoestheria puque-
nensis (northern and central Chile) and M.
terneraensis (southern and central Chile),
both of Late Triassic age (Gallego &
Covacevich 1998, Gallego et al. 2005); M.
wichmanni sp. nov. (from the Late Triassic of
southern Argentina, this paper); and



14:54 3 April 2010

Downl oaded By: [ GALLEGO, OSCAR F] At:

ALCHERINGA

Carapacestheria disgregaris Tasch, 1987
(Shen 1994) and C. balli Shen, 1994 from
the Middle Jurassic of Antarctica. Other
probable members of the FEosestheriidae
have also been mentioned (Shen 1994,
Gallego & Covacevich 1998, Gallego &
Rinaldi 2001, Gallego et al. 2005). These
Middle to Upper Jurassic taxa from Argen-
tina include Cyzicus (Lioestheria) patago-
niensis Tasch in Tasch & Volkheimer, 1970
and Cyzicus (Euestheria) taschi Vallati, 1986
from the Canadon Asfalto Formation and
Cyzicus (Euestheria) sp. 1 from the Manan-
tial Pelado Formation (Vallati 1986), all
from the extra-Andean region of Chubut
Province, Argentina.

Furthermore, Shen (1994) suggested that
Cyzicus (Lioestheria) malacaraensis Tasch,
1987 from the La Matilde Formation (Mid-
dle-Upper Jurassic) of Santa Cruz Province,
Argentina, could be an eosestheriid. Current
studies, however, suggest that at the type
locality of this species (El Malacara farm)
‘Cyzicus’ malacaraensis (possibly a fushuno-
graptid or ‘lioestheriid’ sensu Tasch 1969)
coexists with a true eosestheriid (probably
belonging to Carapacestheria balli).

Vallati (1986) mentioned some charac-
ters of Cyzicus (Euestheria) sp. 1 that
resemble Yanjiestheria xiaoxiaensis Wang,
1983 from the Upper Jurassic to Lower
Cretaceous of China. Preliminary observa-
tions of new material from the Cafiadon
Asfalto assemblage confirm this proposal,
and also suggest the presence of three
species of eosestheriids: Cyzicus (Euestheria)
taschi and two new forms.

Other probable members of the family
are Cyzicus (Lioestheria) maugerensis and
Cyzicus (Euestheria) crustapatulus Tasch,
1987 both from the Middle Jurassic of
Antarctica (Shen 1994). According to Shen
(1994), the latter species needs re-analysis
with scanning electron microscopy for con-
fident identification.

With the exception of Nigerestheria
lamberti Defretin in Defretin er al., 1956
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from the Lower Cretaceous of Africa (Shen
2003), there are no other Gondwanan
records of Eosestheriidae. Their presence
in other Gondwanan localities should be
checked in future research. These diverse
Jurassic-Lower Cretaceous records in the
Southern Hemisphere suggest the presence
of this family since Late Triassic times.

Evolutionary implications

The oldest record of spinicaudatans belong-
ing to the Eosestheriidae in West Gondwa-
na offers new possibilities for understanding
the evolution and distribution of this group.
The early eosestheriids probably evolved
from the ‘euestheriid—loxomegaglyptid’
group, as proposed by Chen & Hudson
(1991), based on studies of Middle Jurassic
spinicaudatans from Scotland. This hypoth-
esis for euestheriid ancestry is supported by
several characters shared by these forms,
such as the reticulate ornamentation with
small areolae (around 0.02 mm diameter).
In the earliest forms such as Menucoestheria,
however, the reticulate ornamentation oc-
cupies more than 50% of the carapace
surface and radial lirae are restricted to
the marginal zone of the valve (last five
growth bands in M. terneraensis). In Car-
apacestheria the reticulate ornamentation
occupies more than 85% of the carapace
surface and radial lirae are restricted to the
last three growth bands, mainly in the
middle region of the carapace. It is not
clear why, but on the anterior and posterior
zones of the carapace in these eosestheriids,
the radial liraec occupy more space than that
mentioned above. These features are prob-
ably related to the growth habit of the
carapace, the shape of the valve and the
available space between growth lines in
the different carapace regions. Menu-
coestheria bocki (Upper Triassic, Poland)
resembles Carapacestheria in the polygonal
reticulum more than other species of Me-
nucoestheria, but this does not mean that
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the latter genus is not a natural taxon. In
these features, M. bocki also resembles the
ornamentation of the Laxitextella from the
same levels. This supports the hypothesized
cuestheriid origin of the eosestheriids. Ko-
zur (1982) suggested that the typical Argen-
tine Triassic euestherid FEuestheria forbesi
(Jones, 1862) is a species of Laxitextella.
This, however, needs to be verified through
detailed SEM studies. Research carried out
by the author to date does not agree with
such a proposal, given that the ornamenta-
tion in E. forbesi is composed of small
rounded areolae (Gallego 1992, 1999a; see
Fig. 5C), though more studies are needed to
clarify this species’ affinities. Kozur &
Weems (2007) synonymized Menucoestheria
with Anyuanestheria from the Upper Trias-
sic of China and suggested its evolution
from a lineage within Euestheria.

A ‘loxomegaglyptid’ origin is supported
by the relatively large number of species
(around five) of this group recorded in
Triassic sequences of Argentina and Brazil
(Gallego 1999a). These records are not yet
described but were assigned to Triasoglypta
by Gallego (1999b). One of these species
(Triasoglypta sp. 3 from the Potrerillos and
Cacheuta formations, Mendoza, Argentina)
has large rounded reticulate ornamentation,
which at the antero-ventral margin has one
areola occupying nearly the complete
growth band width giving the appearance
of radial lirae (see Fig. 5B).

The eosestheriid spinicaudatans from
South America and Antarctica share many
characters indicating close taxonomic and
evolutionary relationships. From the ‘eu-
estheriid—loxomegaglyptid’ ancestral forms,
menucoestheriid type spinicaudatans prob-
ably evolved, and this latter group probably
gave rise to the Carapacestheria and C. (E.)
taschi types (that share reticulate ornamen-
tation occupying nearly the whole surface of
the carapace) as hypothesized by Gallego
et al. (2005). An unpublished, new Upper
Jurassic species from Cadadon Asfalto
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Fig. 5. A, Menucoestheria wichmanni sp. nov., CTES-
PZ 7289, Puesto Visanelli-Bajo de Caltrauma (Rio
Negro Province, Argentina), ventral detail with the
smooth space between radial lirate ornamentation.
Scale bar=0.05 mm. B, Triasoglypta sp. 3, CTES-PZ
7294, Agua de la Zorra locality (Uspallata, Mendoza
Province), Cacheuta Fm (lower Upper Triassic), middle
detail with large rounded areolae, locally occupying
around half of the growth band. Scale bar =0.5 mm. C,
Euestheria ?forbesi Jones, 1862, CTES-PZ 7195, Qda.
Ischichuca Chica (La Rioja Province), Ischichuca Fm
(upper Middle Triassic to lower Upper Triassic), detail
of middle region with small areolae. Scale
bar=0.25 mm.
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Formation (Chubut province) supports the
‘euestheriid’ origin based on its ornamenta-
tion pattern with fine reticulation (0.01 mm
areolae) occupying only the upper third of
the carapace, mainly in the upper part of the
transitional growth bands.

According to Martins-Neto et al. (2003)
if such a proposal is accepted, the Jurassic
eosestheriid forms subsequently migrated
across southern South America through the
Antarctic continent to Asia and ?Europe.
However, the limited sampling for Mesozoic
South American spinicaudatans means that
their geographic and temporal ranges re-
main poorly constrained; hence determining
palacomigration or range-expansion pat-
terns can only be provisional.

More recently, Gallego & Shen (2006)
proposed a model of parallel evolution
(following origination from a common
ancestor) for the similarities between con-
chostracan faunas from the Northern and
Southern hemispheres. The evolutionary
relationships between the South American
and European Triassic menucoestheriids
and eosestheriids remain unresolved.

Conclusions

(1) Menucoestheria wichmanni sp. nov. re-
presents the first record of the Eosesther-
iidae from the Triassic of Argentina and
the southernmost occurrence of South
American Triassic spinicaudatans. It
supports previous findings that the old-
est-known members of the Eosestherii-
dae occur in the Triassic of southern
South America. It shows close affinities
with Middle Jurassic forms from Ant-
arctica (Tasch 1987, Shen 1994) and
possibly constitutes the ancestral stock
of Gondwanan eosestheriids.

(2) These specimens further elucidate spini-
caudatan architecture, clarify the im-
portance of certain characters (e.g.
ornamentation) in spinicaudatan taxon-
omy and help assess the use of the
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recent taxon, Cyzicus for forms other-
wise referable to the subgenera Eu-
estheria and Lioestheria.

(3) These findings enhance the importance
of the Menucoestheria species as local
stratigraphic indices for Upper Triassic
non-marine successions of southern
South America (Gallego & Martins-
Neto 2005, Gallego et al. 2005). Menu-
coestheria spp. and Polygrapta troncosoi
Gallego characterize Upper Triassic
(Carnian) units: the La Ternera and
Santa Juana formations (Chile) and
Potrerillos, Cacheuta and Vera forma-
tions (Argentina).

(4) This record is compatible with the
proposal of Martins-Neto et al. (2003)
that suggests Triassic—Jurassic eosesther-
iids migrated across southern South
America through Antarctica to Asia. It
is also consistent with the model of
parallel evolution based on the simila-
rities between Chinese and South Amer-
ican spinicaudatan faunas (Gallego &
Shen 2006). The evolutionary relation-
ships between the South American and
European Triassic menucoestheriids and
eosestheriids remain uncertain.
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