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Abstract. A new species of Astraelenia is described from ?Sie-
genian to Emsian strata of the Portalegre Syncline (Central Portugal).
Astraelenia saomamedensis n. sp. differs in a smaller number of costae, a
rather inconspicuous fold and sulcus, and larger and elongate shells from
other species of Astraelenia. Astraelenia occurs today in northern Afri-
ca, Central and Western Europe; the new species shows Gondwanan
origin according to faunal elements found in the stratigraphic vicinity.
The migration of Astraelenia is described considering Lower Devonian
regional transgression and regression events. The new species is found in
monospecific clusters and an attempt for understanding its palaeoecol-
ogy is presented.

Riassunto. In questo lavoro viene descritta una nuova specie del
genere Astraelenia proveniente da una successione di et ?Siegeniano-Em-
siano affiorante in corrispondenza della Portalegre Syncline (Portogallo
Centrale). Astraelenia saomamedensis n. sp. differisce dalle altre specie
del genere per il numero di coste, per il solco e la piega poco evidenti e
per la conchiglia pilt allungata e avente dimensioni maggiori. Il genere
Astraelenia & presente nelle successioni dell’Africa settentrionale e del-
I’Europa centrale e occidentale; la nuova specie sembra avere origine
gondwaniana in accordo con altri elementi faunistici trovati in prossimita
stratigrafica. La migrazione delle specie di Astraelenia viene descritta nel
quadro degli eventi trasgressivi e regressivi del Devoniano Inferiore. Vie-
ne inoltre proposto un tentativo di ricostruzione paleoecologica per la
nuova specie, che ¢ stata ritrovata in associazioni monospecifiche.

Introduction

The Museu Geolégico (= Geological Museum) of
Lisbon is part of the Laboratério Nacional de Energia e

Geologia (LNEG) and holds the oldest and most com-
plete geological and paleontological collections of Por-
tugal including the first samples collected by the Geo-
logical Commission of the Kingdom of Portugal during
their foundation period in 1857 to 1859 (MG 2012). The
Museum is still situated on the 2nd floor of the ancient
Convento de Jesus (= College of Jesus), the same place
where it was founded. The paleontological collection
consists of thousands of specimens collected since the
foundation of the Geological Commission. The material
was collected in the frame of the geological work car-
ried out by the Servigos Geoldgicos de Portugal (= Por-
tuguese Geological Survey), the Instituto Geoldgico e
Mineiro (= Geological and Mining Institute) and, cur-
rently, the LNEG. With a few exceptions, all fossil ma-
terial stored in the Geological Museum is identified,
however, many specimens have not yet been assigned
to currently recognized genera and higher taxa. The
unidentified specimens and the bulk of the regional
and stratigraphic collection is stored in the archive of
the LNEG in Alfragide. Today these extensive collec-
tions are important reference collections and are fre-
quently used by Portuguese and foreign scientists for
multiple purposes.

The main part of the material studied in this work
was collected at the beginning of the 20th century by
Nery Delgado, one of the pioneers in the study of the
geology of Portugal (Ramalho 2008). Joachim Felipe
Nery da Encarnacio Delgado (1835-1908) was born in
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Elvas (Portugal) and studied astronomy, mineralogy,
geology, and topography at the Escola Politécnica de
Lisboa (= Polytechnic School of Lisbon) and was a gen-
eral in the Portuguese Army. Soon after the establish-
ment of the Portuguese Geological Commission he was
asked to be adjunct in the Sec¢io da Direc¢do Geral dos
Trabalhos Geoldgicos (= Section of General Direction
of Geological Studies) and followed Carlos Ribeiro
(1813-1882) as the head of the Portuguese Geological
Commission (Carneiro 2008). The main part of Delga-
do’s work was the study of the Paleozoic of Portugal
and he published together with C. Ribeiro the first
Geological map of Portugal, which was one of the first
geological maps worldwide (Ribeiro & Delgado 1867).
Due to the purpose of geological mapping, all samples,
fossils, and rocks, are labeled with accurate collecting
position, often based on geodesic points, and, as far as it
was possible, with then current stratigraphic assign-
ment. As a result, much more information is given that
is usually available from classical collections. The Del-
gado Collection is, therefore, essential for correlation
and paleontological and stratigraphic studies. Further-
more, the extensive collection provides material for out-
crops that are not accessible anymore. Besides its high
scientific importance, the Delgado Collection housed in
the Geological Museum and at the archive of the
LNEG, is one of the Geological and Palaeontological
heritages of Portugal (Schemm-Gregory & Henriques
in press).

Brachiopods are one of the most important fossil
groups for stratigraphic assignments and palaeobiogeo-
graphic interpretations of Paleozoic, especially for De-
vonian neritic strata where pelagic conodonts or gonia-
tites, usual index fossils for GSSP definitions, are lack-
ing or very rare. Therefore, a revision and modern ca-
taloging of this collection is of special importance for
scientific studies. In the last six decades the classical
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Delgado Brachiopod Collection has been used for more
detailed stratigraphic assignments of Silurian to Devo-
nian strata of Central Portugal by Portuguese and for-
eign scientists (e.g., Pruvost 1914; Perdigio 1967; 1972/
1973, 1973/1974; Gourvennec et al. 2008; Schemm-Gre-
gory 2011).

This is one paper of a series on brachiopods from
Portugal with aimed at revising the Delgado Brachio-
pod Collection and is a second step for improving the
stratigraphy and the paleobiogeographic implication of
the Portalegre Syncline (Gourvennec et al. 2010;
Schemm-Gregory & Henriques 2013).

Geological Setting

The Portalegre Syncline is a major Hercynian
structure in the south-eastern part of Central Portugal
(Fig. 1; Tab. 1). It is characterized mainly by Ordovician
to Carboniferous strata. Previous studies of this area are
from Delgado (1908) and include a definition of the first
Paleozoic lithostratigraphical succession and an impor-
tant list of fossils. “Schistes coblentziens”, limestones
lenses, and associated quartzites are the only sediments
considered to be of Devonian age. Brachiopods are the
most common Devonian fossils determined by Delgado,
but other groups also occur, such as trilobites, bivalves,
crinoids, and corals. Some of these fossils were revised
later by Pruvost (1914). Based on paleontological data,
Costa (1931) defined four Devonian lithological units:
“Quartzites with Homolonatus cf. gigas, Cryphaeus aff.
michelini, Avicula pseudo-laevis, Orthothetes hippo-

»

nyx”; “Carbonates, dolomitic carbonates and gray-
wackes”; “Yellow and Red Shales with Cryphaens laci-
niatus, Phacops potieri, Spirifer paradoxus, Spirifer his-

tericus”; “Shales with Stringocephalus burtini?” (Tab. 1).
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Fig. 1

- Geology of the Portalegre Syncline with the location of the fossiliferous locality (modified from Servigos Geoldgicos de Portugal/

SGP 1992; adapt. Picarra, J.; coord., in prep.). The stratigraphic position of the Astraelenia saomamedensis n. sp. yielding bed is

indicated by the star.
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A second important stage of investigation was
devoted to biostratigraphy and included a significant
collection of Devonian fossils, partly linked with the
1:50 000 geological mapping of this area (Fernandes et
al. 1973; Perdigio & Fernandes 1976; Gongalves et al.
1978). Perdigdo (1967) revised the Delgado Brachiopod
Collection and determined Middle Devonian ("Couvi-
nian") species near Troviscal de Cima farm (Sio Julio).
Study of the type material by M. S.-G. from the opt. cit.
work confirms an Emsian to Givetian, ?Frasnian age of
these brachiopods. Later, Perdigio (1972/1973; 1973/
1974) reviewed old collections of other fossil groups,
collected new material, and published a new geological
map of the Portalegre Syncline. Although the Devonian
faunas have been essential for defining and updating the
stratigraphy, the stratigraphic assignment was not al-
ways easy to apply not only due to the structural com-
plexity, but also the scarcity and lack of fossils in some
areas, such as N of Alegrete-Esperanga village and in the
core of the syncline near the Spanish-Portuguese bor-
der. A more detailed Devonian lithological sequence
was published by Perdigio & Fernandes (1976) and in-
cludes from bottom to top: shales and quartzites (Ge-
dinnian); quartzites and sandstones (Siegenian); shales
(Emsian), and dolomitic limestones and associated
shales (Couvinian) (Tab. 1).

Later, in the 1992 Geological Map of Portugal
(Servigos Geoldgicos de Portugal 1992) all these lithol-
ogies have been included in the “Sio Mamede Forma-
tion”. This lithostratigraphic unit that has proved to be
very useful in regional correlations with other areas
(Dornes and Macio) from where new Devonian litho-
logical and biostratigraphical data are available (Gour-
vennec et al. 2008, 2010).
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More recently, palacontogical studies were pub-
lished and field work for the 1. 200 000 geological map
(Pigarra, J.; coordinator, in prep.), still in progress, has
provided new stratigraphic data:

— dolomitic limestones, at the other side of the
border, in Spain, yielded Lower Carboniferous cono-
donts (Rodriguez Gonzilez et al. 2007). This age was
confirmed by the finding of spores in dark shales from
southeast of Sio Julido village (Laboratério Nacional de
Energia e Geologia 2010) (Fig. 1), previously considered
as Devonian in age.

- taxonomic update of Devonian brachiopods
and crinoids from old collections was made and new
genera and species were determined, including speci-
mens of Middle Devonian age (Gourvennec et al. 2010).

— the Ordovician to Carboniferous stratigraphy
has been revised, resulting in a more detailed geological
map with improved geology of the Portalegre Syncline
as shown in Fig. 1.

In the Portalegre Syncline, brachiopod-bearing
strata crop out representing almost the whole Devonian
Period, Gedinnian to Givetian, ?Frasnian. The assign-
ment to Frasnian age is still questionable and Famen-
nian brachiopods have not been found yet. The genus
Astraelenia has only been reported from Emsian age
beds (Sartenaer 2009). In the geographic vicinity (a
few km) of the collecting locality of Astraelenia saoma-
medensis n. sp. the brachiopod taxa Plicostropheodonta
murchisoni (de Verneuil & d’Archiac in d’Archiac & de
Verneuil, 1842), Protodouvillina taeniolata (Sandberger
& Sandberger, 1856), Platyorthis circularis (Sowerby,
1842), Leptostrophia explanata (Sowerby, 1842), Athyris
cf. undata (Defrance, 1828) and uncinulid rhynchonel-
lids have been identified. These strata are either just
stratigraphically below or above the Astraelenia saoma-

Tab. 1 - History of the stratigraphic . ) .
bdivisi £ the Portal Delgado Costa Perdigao & Fernandes | Servigos Geologicos
su IYISIOHO € O'r a eglje (1908) (1931) (1976) de Portugal
Syncline. The stratigraphic (1992)
position of the Astraelenia
saomamedensis n. sp. yield- Famennian wrotfound"
ing bed is indicated by the
brachiopod symbol.
Frasnian “not found"
Givetian “not confirmed”
Lt Shales with Stringocephalus Dolomitic limestones
Eifelian burtini?" and shales
Emsian Yellow and Red Shales with Shales
Limestones and Cryphaeus laciniatus, Phacops
quartzites potieri, Spirifer paradoxus, O
. ; Spirifer histericus Quartzites and :
Siegenian sandstones Sao Mamede Formation
“Schistes
coblentziens” Carbonates,dolomitic carbonates
= and graywackes
Gedinnian Quartzites with Homolonatus cf.gigas| Shales and quartzites
Cryphaeus aff. michelini, Avicula
seudo-lagvis, Orthothetes hipponyx
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medensis yielding beds. This brachiopod fauna clearly
has a Late Siegenian age; however, it has to be stated
that Protodouvillina taeniolata occurs in the Early Em-
sian in Germany and taxa of Uncinuls Bayle, 1878 from
the Lochkovian to the Eifelian (e.g., Savage 2002a;
Franke 2006). It is concluded that Astraelenia saoma-
medensis may appear during the Late Siegenian, but
certainly is of Emsian age.

In this paper the regional stages Gedinnian, Sie-
genian and Emsian are used to subdivide the Lower
Devonian in their classical German sense because the
collecting locality represents neritic facies and correla-
tion is based on brachiopod data (see Jansen et al. 2007
and literature cited therein).

Material and methods

Specimens of Astraelenia saomamedensis n. sp. described herein
are preserved as disarticulated internal and external moulds. Internal
moulds of articulated shells are rare. Latex casts of internal and external
moulds were made to study the internal features of the new taxon.
Measurements were taken with a digital caliper and rounded to 0.1
mm. Drawings were made with the help of a camera lucida. Specimens
were coated with magnesium oxide prior to being photographed.

Institutional abbreviations
MG: Museu Geoldgico, Lisbon, Portugal. In the Delgado col-
lection, a single MG number may include several specimens.

Systematic Palaeontology

Order Rhynchonellida Kuhn, 1949
? Superfamily Camarotoechioidea Schuchert, 1929
Family Astraeleniidae Sartenaer, 2009

Astraelenia Sartenaer, 2009
Type species: Rhynchonella Losseni Kayser, 1880: 820.

Stratigraphic distribution: ?Siegenian to Emsian in the classi-
cal German sense, ?middle to upper Lower Devonian.

Geographic distribution: western Europe, northern Africa.

Species assigned: Rhynchonella Dannenbergi Kayser, 1883.
Straelenia sp. e. g. losseni Drot, 1964.

Remarks. Astraelenia is questionably assigned to
the Superfamily Camarotoechioidea Schuchert, 1929
because it is in the same family as Straelenia Maillieux,
1935, for which family assignments are doubtful. Savage
(2002b: 1375) regarded Straelenia as nomen dubium due
to the poor preservation of the type material. A revision
of topotype material is recommended to justify the sys-
tematic position of the Astraeleniidae Sartenaer, 2009.

Species of Astraelenia were first described at the
end of the 19th century from the German Harz Moun-
tains (Kayser 1880, 1883). They were placed, with other
large rhynchonellid brachiopods, in the group of
Rhynchonella losseni Kayser, 1880. More than half a

century later, Maillieux (1935) established the genus
Straelenia in which all large rhynchonellids of Siegenian
and Emsian age were included. The short description
led Schmidt (1955) to revise the genus and her diagnosis
was used by Drot (1964) in identifying the rhynchonel-
lid brachiopod fauna from Morocco. Due to insufficient
information and bad preservation of the type material,
Savage (2002b) considered the genus Straelenia as a no-
men dubium. Sartenear (2009: 29) separated the group
of straelenid brachiopods into Straelenia and Astraele-
nia with the type species Astraelenia losseni (Kayser,
1880). In general astraelenid brachiopods are large and
clearly dorsibiconvex, whereas straelenid specimens are
smaller and almost equibiconvex.

Astraelenia saomamedensis n. sp.
Pl 1; Fig. 2; Tab. 2

Derivation of name: After the Sio Mamede Formation in
which the new species occurs.

Holotype: MG 30262, ventral internal mould, width 34.8 mm,
length 57.3 mm.

Paratypes: 14 ventral internal moulds, 25 dorsal internal
moulds, 2 internal moulds of articulated shells and several fragments
of external moulds on rock slabs with various specimens (MG 30240 —
MG 30263).

Additional material from the same locality stored in the Del-
gado Collection of the Museu Geoldgico: 13 ventral internal moulds,
14 dorsal internal moulds and several fragments of external moulds on
rock slabs with various specimens (MG 12083 — 12086, MG 24959 —
24963, MG 24978 — 24979).

Type horizon: Sio Mamede Formation, Emsian, upper Lower
Devonian.

Type locality: Approximately 1 km S 81°E geodesic point Out-
eiro Branco, Serra da Esperanca, Arronches county, Portalegre district,
Central Portugal.

Repository: All specimens are stored in the Museu Geoldgico
in Lisbon, Portugal.

Diagnosis: Elongate and dorsibiconvex Astraelenia with 4 to 5
costae in the sulcus and 6 to 7 costae on the fold. Septalium well-
developed and large, dental plates short and thin and ventral muscle
field elongate, narrow and not imbedded.

Description

Form and size: Large, broadly elongate and dor-
sibiconvex shells with low and inconspicuous fold and
sulcus. All specimens are strongly deformed so that
measurements were omitted. Therefore, measurements
of the holotype represent the size of the fossil specimen
but not the original size of the living animal.

External ornamentation: Fold and sulcus clearly
developed, but inconspicuous, low, moderately broad
and rounded, starting in the posterior third of the shell.
Costae narrow, simple and rounded to angular begin-
ning in the umbonal region of both valves, 4 to 5 on the
sulcus, 6 to 7 on the fold, and up to 10 on each flank.
Sulcus tongue low and rounded.

Interior of ventral valve: Moderate development
of secondary shell material in the apical region. Fillings



Astraelenia saomamedensis 7. sp. - A new gigantic Rbhynchonellid species 251

A ventral process
lateral apical AN
cavity -~ b Aol Bt
et . O
. - ¥
muscle field —_ _. myophragm
T~ sulcus
_- costa B lateral

apical cavity

. septalium
b P

S 9-\ dorsal mediar

— seplum

&/-i“-.._\_‘__\‘

| _costa
1~
: ﬁ} _ foid

(o] dorsal
_. dorsal median septum

_- tooth
“1__ dental plate
commissure

_ ventral myophragm

T’ ventral muscle field

ventral

Fig. 2 - Morphological terms of Astraelenia saomamedensis n. sp.

A. Upper view of ventral internal mould, holotype (MG
30262). B. Upper view of dorsal internal mould (MG
30242). C. Posterior view of internal mould of articulated
shell (MG 30250). Scale bar = 10 mm. [Note: dental plate,
dorsal median septum, lateral apical cavity, septalium,
tooth, ventral process, (ventral) muscle field, (ventral)
myophragm, are preserved as negative forms.]

of the lateral apical cavities sharp and reaching almost as
far in a posterior direction as the filling of the ventral
muscle field. Ventral process broad and short giving rise
to a faint myophragm that extends to the entire ventral
muscle field. Muscle field narrow, elongate, and long, not
imbedded into shell material; laterally bordered by the
dental plates, anterior margin not recognizable. Diductor
scars preserved as radial striae on the internal mould.
Dental plates moderately long, almost parallel to each
other or gently divergent, hardly thickened in the poster-
ior end, and leading into small and knob-like teeth. Im-
pressions of costae anterior of the ventral muscle field.
Interior of dorsal valve: Moderate development of
secondary shell material in the apical region. Fillings of
lateral apical cavities sharp to rounded, the latter in
gerontic specimens. Septalium clearly developed, elon-
gate, and giving rise to a large, thick, and high dorsal
median septum which is wedge-like in the posterior
part. Septalium preserved as a broad and rounded ridge
on the internal mould. Adductor field and cardinal pro-

cess not recognizable on the internal mould. Impres-
sions of costae anterior of the dorsal median septum.

Comparison. Astraelenia saomamedensis n. sp. is
represented by very large specimens, however, quite de-
formed, but it can be stated that this species shows
larger specimens than the type species, A. losseni (Kay-
ser, 1880), to which is resembles most, and A. e. g. los-
seni (Drot, 1964). Specimens of A. dannenbergi (Kayser,
1883) are very large, too, but also strongly deformed so
that the actual size and internal features such as orienta-
tion of dental plates, size and form of the dorsal median
septum and the septalium cannot be given. A compar-
ison of the morphological features of the species of As-
traelenia is given in Tab. 2.

Astraelenia  saomamedensis is elongate with
straight dental plates and a very long dorsal median sep-
tum, whereas A. losseni is subcircular to gently trans-
verse and has curved dental plates, a shorter dorsal med-
ian septum, and a smaller septalium. The sulcus in A.
losseni is more sharply defined than in A. saomamedensis
but this can be due to the deformation of the new spe-
cies. Astraelenia losseni has 6 to 8 costae on the fold, 6 to
7 in the sulcus, and 12 to 16 on the flanks with more
costae than A. saomamedensis, which has 6 to 7 costae on
the fold, 4 to 5 in the sulcus, and up to 10 on each flank.

Astraelenia e. g. losseni differs from the new spe-
cies in having less elongate forms, curved dental plates, a
thin dorsal median septum and a small septalium. With
9 to 13 costae on the fold, 8 to 10 costae in the sulcus,
and 15 to 20 costae on the flanks, almost double the
number of costae for each subdivision of the shell.

Specimens of A. dannenbergi are poorly pre-
served as already stated by Drot (1964) and Sartenaer
(2009). Specimens could not be studied personally, but
according to the literature, A. dannenbergi is of almost
the same size as A. saomamedensis. Even though the
internal features of A. dannenbergi are unknown, the
number of costae is the highest of all species of Astrae-
lenia. Astraelenia dannenbergi has 15 to 20 costae on
the fold, about 15 in the sulcus, and 15 to 18 on the
flanks.

Stratigraphic and geographic distribution. Sio
Mamede Formation, ?Siegenian to Emsian, ?middle to
upper Lower Devonian; Portalegre Syncline, Central
Portugal.

Palaeoecology

Astraelenia saomamedensis n. sp. is found in clus-
ters in quarzitic sandstones. Specimens are mainly pre-
served as moulds of disarticulated shells, whereas inter-
nal moulds of articulated shells are rare. Shell material is
not preserved in the studied material. Even though the
material is strongly deformed due to tectonic deforma-
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Tab. 2 - Morphological comparison
Astraelenia Astraelenia Astraelenia e.g. Astraelenia of species of Astraelenia.
saomamedensis losseni losseni dannenbergi [Remark: Due to tectonic
n. sp. (Kayser, 1880) (Drot, 1964) (Kayser, 1883) deformation, internal fea-
tures and original form of
size very large medium medium to large very large A, dannenbergi is un-
known.]
subcircular to
form elongate gently elongate ?
gently transverse
rather
sulcus . . sharply marked sharply marked ?
inconspicuous
no. of costae
6-7 6-8 9-13 15-20
on fold
. of cost
Tlo ot costae 4-5 6-7 8-10 approx. 15
in sulcus
no. of costae up to 10 12-16 15-20 1510 18
on flank P
dental plates straight curved curved ?
| .
dorsal median thick thick thin ?
septum
septalium large small small ?
hi G ,F , .
gfeog.rap.lc Central Portugal ermany. rance Morocco, Spain Germany
distribution Belgium
tratigraphi ?Si i . . .
s 'ra l'gra;') ¢ 1egeplan, Upper Emsian Emsian Lower Emsian
distribution Emsian
tion, it can be said that the specimens within one cluster
are of the same size. Exceptionally larger or smaller PLATE 1

specimens were not seen and it is concluded that the
studied material represents specimens of ordinary adult
stage; however, due to the strong tectonic deformation
the original size cannot be reconstructed. Furthermore,
in most cases the complete shell is not preserved or the
mould is still imbedded into the sediment. The rela-
tively coarse ornamentation and the preservation in
monospecific clusters argue for an exceptional environ-
ment probably in dirty turbid water of shallow epicon-
tinental seas (Voros 2005), somewhat comparable with
the environment of the Upper Siegenian beds in which
clusters of rhenorensselaerid terebratulids are found
(Schemm-Gregory & Jansen 2007), however, no speci-
men described herein was found in life position. The
disarticulation of shells can be explained by post-mor-
tem transporation which also argues for selection by
size of the water current. We conclude that the coarse
costae suggest a rather dirty and turbid water. Rudwick
(1964) concluded that a zigzag commissure enlarges the
commissural length in comparison to an unfolded shell.
Furthermore, the distance between the valve margins
was reduced with the same opening angle of the shell.

Astraelenia saomamedensis n. sp. All specimens are from the Sio
Mamede Formation, Emsian,upper Lower Devonian and of original
size. Collecting locality is the type locality.

Fig. 1 - MG 30244. Upper (A) and oblique anterolateral (B) views
of latex cast and upper view of ventral internal mould (C).

Fig. 2 - MG 30245. Upper view of ventral internal mould.

Fig. 3 - Upper (A) and oblique anterolateral (B) views of latex cast
and upper view of ventral internal mould (C).

Fig. 4 - MG 30242. Upper (A) and posterior (B) views of dorsal
internal mould.

Fig. 5 - MG 30262, holotype. Upper views of latex cast (A) and
ventral internal mould (B).

Fig. 6 - MG 30253. Upper view of ventral internal mould.

Fig. 7 - MG 30260. Lateral view of internal mould of articulated
shell.

Fig. 8 - MG 30258. Upper views of latex cast (A) and dorsal inter-

nal mould (B).

Fig. 9 - MG 30250. Lateral (A) and posterior (B) views of internal
mould of articulated shell.

Fig. 10 - MG 30261. Upper views of dorsal internal mould (A) and
latex cast (B).

Fig. 11 - MG 30261. Rock slab with 2 dorsal internal moulds in
posterior (top) and upper (bottom) views.

Fig. 12 - MG 30263. Rock slab with several ventral and dorsal inter-
nal and external moulds.
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This narrowed commissure gap prevented coarse parti-
cles from entering the mantle cavity which is an advan-
tage for the feeding brachiopod in high energy, nutrient
rich settings.

Palaeobiogeography

The Portalegre Syncline belongs to the Central
Iberian Zone which has been already interpreted to be
a terrane of northern Gondwana (e.g., Gourvennec et al.
2008, 2010; Schemm-Gregory 2011). Astraelenia saoma-
medensis n. sp. is only reported from the collecting lo-
cality but taxa within the same genus occur in Western
and Central Europe and northern Africa. The most si-
milar species, A. e.g. losseni (Drot, 1964) has been found
in Morocco and Spain (Drot 1964; Garcia-Alcalde 1992;
Truyodls-Massoni & Garcia-Alcalde 1994), regions that
belong to Gondwana. The occurrence of Astraelenia in
Central Europe argues for migration between these two
regions during the Devonian (Fig. 3). Schemm-Gregory
(2008) already discussed faunal exchange by the tereb-
ratulid genus Rhenorensselaeria Kegel, 1913 through the
Rheic Ocean from the Rheinisches Schiefergebirge
(Germany) into the Armorican Massif (France) and
the Dra Valley (Morocco) during the earliest Middle
Siegenian or the latest Early Siegenian. Another time
interval for faunal exchange between these two regions
is the Siegenian/Emsian boundary interval (e.g., John-
son et al. 1985; Garcia-Alcalde 1998). It is probable that
Astraelenia invaded the northern part of the Rheic
Ocean at that boundary interval because taxa are found
with certainty in Lower Emsian beds in the Rheinisches
Schiefergebirge, however, there are also questionable
Siegenian forms, such as Rhynchonella letissieri Oehlert,
1877 from the Armorican Massif or Rhynchonella pen-

gelliana Davidson, 1865 in 1864-1871 from Cornwall.
During the Emsian, Astraelenia species developed inde-
pendently and further faunal exchanges cannot be ob-
served which argues for an increase of endemism during
the Emsian.

It has to be stated that the palacogeographic re-
lationships of the northern Gondwanan terranes to
Laurussia and Gondwana during the Devonian are still
a matter of debate (see Franke et al. 2000 and citations
therein). Robardet (2003) analyzed palacomagnetic re-
sults obtained from Spain, France, and Bohemia and
concluded that the geographic position of these regions
cannot be confirmed with certainty due to the ambig-
uous data obtained from Western Europe. This makes a
comparison from data with Bohemia useless.

However, the occurrence of Astraelenia species in
Western and Central Europe and in Africa demonstrates
a close geographic relation among these regions and that
faunal migration through the Rheic Ocean was possible
during the middle Early Devonian. Then, slightly later
endemism increased, probably caused by sea level
changes rather than by drifting of terranes.

Note of the editorial committee

Very sadly Mena Schemm-Gregory passed away
on July, 2013 during the final steps of the revisions of
this manuscript. She was a young, but already very suc-
cessful brachiopodologist, well known for her impor-
tant contributions not only to brachiopod research,
but also to the stratigraphy of the Palaeozoic.

She published many papers in peer-reviewed jour-
nals and Rivista Italiana di Paleontologia e Stratigrafia
was happy to publish her detailed and important pa-
laeontological results.
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Some corrections to the present manuscript have
been performed by the Editorial Committee after her
ultimely death, with the kind help of the reviewers Ro-
bert B. Blodgett (Anchorage, Alaska, USA), and Arthur
J. Boucot (Corvallis, Oregon, USA) and the second
author José Picarra.
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