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Abstract: North Africa and South Europe are assigned as a rule to the
Mediterranean Zzoogeographic province which in the whole is a cold-water
province of the circumpolar zone; marginal parts of this province may reach
the temperature zone. Extensive shelves and intracratonic basins in North
Africa were a domain of Tigillites and inarticuiate brachicped communities,
as a rule controlled by a very cold climate and lower salinity of the Sea.
The communities of the Moroccan-Bohemian type are confined to the Anti-
Atlas Mts. and South Europe and colonize also the mobile Variscan belt, Signi-
ficant Aegiromena-Drabovia fauna originated as late as in the Middle Ordo-
vician; in the uppermost Ordovician, it was substituted by the Hirnantia
fauna. The upper Beroun and lower Kralodvar are characterized by a marked
increase of temperature resulting in colonization of extensive areas in South
Europe by warmer-water fauna of the Anglo-Baltic type. Two phases of
glaciation have heen recognized: the earlier one is assigned to the Beroun
(central Libya only); the main glacial event is of Kosovian age and affected
the whole Mediterranean province. The Mid-Eupopean Sea, separating the
Gondwanaland from the North European platform, was no significant barrier
prohibiting interchange of the fauna during the whole Ordovician.

1 {fstiedni Gstav geologicky, Malostranské ndm. 19, 11821 Praha 1

Introduction

Spjeldnaes (1961} assigned to the Mediterranean province an
extensive area of the former Gondwanaland ranging from Syria in the
east to Florida and Alabama in the west. The Mediterranean province
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in his concept covered South and Central Europe, the Balkans, and
much of North Africa. From the zoogeographic point of view, it was con-
sidered as a cold-water province affected by the Pole position at about
centre of the Gondwanaland, thus being easily distinguishable from the
American-Arctic, Appalachian, and Anglo-Scandic provinces bearing
warmer-water marine fauna,

The Mediterranean province contains a set of benthic communities
inhabiting various environments and depths of the Ordovician basins
between the Mid-European Sea .in concept of Whittington and
Hughes (1972) (later called the Rheic Ocean, e.g. Cocks - For-
tey 1982) and the emergent Precambrian shields in North Africa. When
using the trilobites for zoogeographic treating, it roughly corresponds
to the Selenopeltis province as suggested by Whittington and
Hughes (1972). Havliidek (1874) pointed to the fact that the
benthic fauna is far from being uniform over the whole Mediterranean
province; this depends on latitudinal-climate control, geographic distri-
bution, and various modes and rates of migrations of individual animal
groups. Whereas the trilobites form richly diversified assemblages
throughout the Ordovician, the brachiopod assemblages are poor in the
lower Ordovician and usually lack elements common to two or more
areas within the Mediterranean province. A distinctive Aegiromena-Dra-
bovia fauna originated as late as in the Middle and Upper Ordovician
and spread out also beyond the Mediterranean province into the Andean
region of the Gondwanaland { Havlifek - Branisa 1980). The
Aegiromena-Drabovia fauna is distinct from the warmer-water shelly
faunas with abundant brachiopods of the Orthida and Clitambonitacea
of the Anglo-Baltic provenience, although some features common to
both types of fauna do exist. Although a cold-water character of the
Mediterranean province was generally accepted, we must bear in mind
that the whole province is not located in the circumpolar sphere, because
the marginal parts of the Gondwanaland, inhabited by the Mediterranean
brachiopod faunas, extend far from the Pole as far as the temperate zone.
For example, the Ordivician sequence of the Prague bhasin {central
Bohemia) occurred in the temperate zone as evidenced by intensive
weathering of detritus and presence of red beds in the lower part of
the sequence (Kukal in Suk et al. 1984). Moreover, the palaeo-
magnetic data indicate the position of the Prague basin at a low latitude
(around 28 °S; Krs - Krsov4d - Pruner - Havlidek 19861.
In spite of its geographic position, the benthic fauna of the mobile
Variscan beit, including the Prague basin, is assigned here to the cold-
water Mediterranean fauna which, when migrating around the Gond-
wanaland, extended from the circumpolar zone to the temperate zone.
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This paper is a contribution to the “International Geological Correlat-
ion Programme (1.G.C.P.), Project 233 - Terranes in the Circum-Atlantic
Paleozoic Orogens”.

Origin of the benthic fauna

Due to regression in the upper Cambrian, a substantial part of the
Mediterranean province became dry land except for small areas in the
iberian Peninsula, southern France, and probably in North Africa. This
regression was fatal for many animal groups; when investigating the
brachiopods, we can state that only a few genera have taken its origin
in the indigenous Upper Cambrian stocks; for example, Protambonites
[Clitambonitaceaj was most probably derived from the Upper Cambrian
genus Billingsella inhabiting the shelves in Spain [ Havli tek - Jo-
sopait 1972).

By far greater part the Tremadocian and Arenigian shelly faunas in-
volve the immigrants from the Anglo-Baltic province, thus indicating
that the Rheic Sea of that time was no significant barrier for fauna to
cruise it from shelves surrounding the North European platform to
those surrounding the Gondwanaland. Among the brachiopods of Tre-
madoc age, the genera Orbithele, Thysanotos, Palaeoglossa, Lacunites,
Eosiphonotreta a.o. are common to both the zoogeographic provinces. The
same immigration route was used by Rowellella, Leptembolon, and Ra-
northis in the Arenig. The immigration of brachiopods into Bohemia was
accompanied by an influx of trilobites from Scandinavia over the sup-
posed Rhelc Sea, thus accentuating that no important barrier separated
the two provinces in the lower Ordovician. According to Mergl (1984),
a close relation of the Mediterranean province to Scandinavia Is
apparent from the fact that over 50 % of the trilobite genera found in
the Tremadoc in Bohemia are common to both the regions.

The same picture may be observed in the Middle and Upper Ordovician,
when the Sea between the Gondwanaland and the North European plat-
form never reached such an extent to prohibit interchange of the fauna.
For this reason, the rise of a distinctive Aegiromena-Drabovia fauna
was much more controlled by latitudinal and climatic conditions than
by a barrier in the form of an extensive Sea.

Tigillites and Cruziana Communities

The benthic assemblages inhabiting the North African stable shelves
and intracontinental basins greatly differ from those of mobile belts
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around the Gondwanaland. The sandstones surrounding or covering the
Precambrian Reguibat, Leo, Touareg, and Nubjan-Arabian shields, are of
shallow-water marine, fluviomarine, or even fluviatile origin, as a rule
lacking shelly fauna and trilobites. They often take .up the whole
sequence of the Ordovician with the exception of the uppermost Ordo-
vician {Kosov) which is formed as sediments of glacial origin. Owing
to lack of fossils, the exact correlation with the British and Bohemian
scales has usually been done approximately; moreover, gaps in sedi-
mentation are not excluded.

In the Murziq basin (Libya}, the sandstones were assigned to the Ash
Shabiyat Formation (probably Tremadoc) and the Hawéz Formation
(probably Arenig to Llandeilo), both bearing exiremely shallow-water
Tigillites Community. Collomb (1962} discerned two members with
abundant Tigillites, the lower one with Tigillites, Cruziana, and Harlania
occupying the lower part of the Ash Shabiyat Formation, the upper one
(= Tigillites supérieurs) restricted to the Haw4z Formation. Pafizek,
Klen and Ro6hlich (1984) suggested a shore-related, probably
subtidal environment for the Ash Shabiyat Formation with a possible
shallowing during the deposition of its upper part. Vo ss [1981] sup-
posed presence of a subaquatic fan delta system with distributary
channels and swash bars in the Hawéz Formation.

Tigillites Community is further widespread over the Central Sahara
where it has been found in the Ajjers Formation of supposed Tremadoc
and Arenig age, and in the In Tahouite Formation of Llandeilo to Caradoc
age. A mixed facies, persisting through almost the whaole Ordovician
sequence, is supposed for both the formations, with fluviatile, usually
obliquely bedded sandstones alternating with marine sandstones rich in
ichnofossils of the Tigillites and Cruziana Communities, but with extre-
mely rare valves of inarticulate brachiopods confined to intercalations
of lowermost Ordovician age ( Beuf et al. 1971).

In the eastern part of the Mediterranean province, the marine sand-
stones with a significant proportion of terrestric rocks are restricted
mainly to the lower Ordovician. Based on trace fossils {Cruziana furci-
fera}, Wolfart [1967) supposed an Arenig age for sandstones in
North Jordan. In South Jordan and the Arabian Peninsula, a marine
environment of the middle and upper Ordovician is documented by
rather frequent graptolites and trilobites indicating a Selenopeltis
(= Mediterranean} province.

Tigillites and Cruziana Communities are widespread in the Iberian-
Armorican region, where the Armorican Quartzite Formation {lower
—middle Arenig) bears characteristic trace fossils Skolithos, Cruziana,
Phycodes, Daedalus, Rusophycus, rarely accompanied by infaunal inarti-
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culate brachiopod Ectenoglossa lesueuri (Rouault) and “Dinobolus”
brimonti { Rouault). In the Armorican Massif, several bivalves, tri-
lobites, chitinozoans, and acritarchs were found in the Armorican Quartz-
ite Formation { Hammann et al. 1982},

The lower Ordovician quartzites, often intercalated by slates, extend
eastwards to Central Europe, where they have yielded the index ichno-
fossil Phycodes circinatum Richter but no shelly fauna of the
Bohemian-Moroccan type (Taunus: henningsmoeni and grandior Quartz-
ites of Arenig age; Struve 1975; Thuringia: Frauenbach and Fhy-
codes Formations, Tremadoc and Arenig age; Pietzs ch 1956).

In Bohemia, the Tigillites Community represents the Skolithos ichno-
facies in the Skalka and Revnice Quartzites (Dobrotiv and lower Beroun},
which are confined to the marginal parts of the Prague and “meta-
morphic islets” basins as deposits of near-shore, shallow-water plains,
sandy barriers, and in some areas of wide deltas ( Kukal 1857). In
Bohemia, the Tigillites Community contains exceptionally fragments
of trilobites and brachiopods.

Rocky bottom communities

Rocky bottom communities have so far been found only in Bohemia,
where they are confined to the Prague basin. The pre-Ordovician chert
cliff and boulders below it are coated with one-layered or bulb-shaped
bryozoan Berenicea and with stromatolitic crusts (Klabava Formation,
Arenig; Mergl 1983).

Communities dominated by inarticulate brachiopods

In North Africa, the areas farther from the former coast were domi-
nated by inarticulate brachiopods. According to Massa, Havli tek,
and Bonnefous [(1977), the Ghadamis basin (Tunisia, Libya) was
a “lingulid domain” keeping its low rate of sedimentation and an
extremely shallow-water environment during almost the whole Ordovi-
cian. The Sanrhar Formation {Tremadoc) has yielded the Tunisiglossa
Community with dominant infaunal “lingulids” Tunisiglossa and Palaeo-
glossa, accompanied by ichnofossils (burrowings perpendicular to
pedding planes]) and extremely rare epifaunal elements {Siphonotreti-
dae).

In the middle and upper Ordovician, the Tunisiglossa Community was
replaced by the “Lingulella” Community in the Bin-Ben-Tartar and
Djeffara Formations (Llanvirn—Beroun) characterized by common in-
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faunal elements “Lingulella” and Palaeoglossa accompanied by sedentary
inarticulate brachiopods Orbiculothyris and Trematis, and minute spe-
cimens of “Torynelasma”. Articulate brachiopods, although very rare, also
occur in the “Lingulella” Community {Aegiromena, Onnizeting}. Accord-
ing to Massa, Havlidek, and Bonnefous (1977), the striking
prevalence of inarticulates over other animal groups was controlied
by very cold climate, lower salinity of the Sea, and a restricted marine
environment; these living conditions were not much suitable for the
development of articulate brachiopods and trilobites.

Another upper Ordovician community with rather diversified in-
articulates was recorded by Havlifek and Massa (1973) in the
Melaz Shuqrén Formation (Beroun Series] in the western flank of the
Murziq basin (Libya), where Fezzanoglossa, Libyaeglossa, Orbiculoidea,
Orbiculothyris, and Drabodiscina occur in phosphatic and ferrugineous
nodules; other fossils enclosed in the nodules are fragments of conu-
lariids and an articulate brachiopod Rafinesquina cof. pseudoloricata
(Barrande ). At localities, where the nodules are absent, the most
common brachiopod is “Aratanea” (= Rhynchotrema ct. clariondi in
Havlicek - Massa) accompanied by Drabovinella, fragments of
trilobites and cystoids {Havlidek - Massa 1973; Pafizek,
Klen, Rohlich 1984).

In the central and western Sahara, the poorly diversified assemblages
of inarticulate brachiopods penetrate deep into the domain of Tigillites
ichnofacies. In the Hoggar Mts,, Legrand, Poueyto,and Rouaix
(1959) recorded “Lingula” hawkei (Rouwault), “Linguia” crumena
(Phillips), and Dinobolus? amguidensis sp. n. together with a bi-
valve Modiolopsis? in greywackes of Tremadoc or Arenig age.

In the western Sahara [Adrar, Mauritania), Legrand (1969) and
Trompette (1973) recorded Westonia chudeaui T e grand and
“Lingulella” pseudocrumena in the uppermost Cambrian or in the lower-
most Ordovician (exact age not yet proved].

A community consisting only of inarticulate brachiopods was recorded
by Poulsen {1960) in a sequence of green clayey and ferrugineous
shales and siltstones {over 100 m thick] interbedded between the sand-
stones with abundant Tigillites (= grés a Skolithos inférieurs and greés
& Skolithos supérieurs). The most common inarticulates are the lingu-
lellids and Orbithele spinulosa (Poulsen ) and Q. sougyi [Poul-
sen); according to Mergl ([1981), the latter two species indicate
a lower QOrdovician (Tremadoc) age.

Inarticulate brachiopods are also common in the upper Ordovician of
South Jordan, where Wolfart (1967) tound Orbiculothyris costellata
Wolfart, Trematis sp., Dalmanella a.0. brachiopods.
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In Europe, the communities dominated by large inarticulate brachio-
pods are mostly confined to the lower part of the Ordovician sequence,
deposited after a break in sedimentation on a pre-Ordovician basement.
in the Tremadoc of Bohemia (TFenice Formation}, the fairly large in-
articulates are confined to sandstones deposited in an environment of
fanglomerates, alluvial fans, or in a fluviomarine environment ( Kukal
1963) to form the poorly diversified Hyperobolus Community. This con-
sists of large specimens of Hyperobolus feistmanteli | Barrande ) and
Expellobolus expulsus (Barrande ), rarely accompanied by Thysa-’
notos primus ( Koliha ). Another shallow-water benthic community in
the Tienice Formation, restricted to a small area in the northern flank
of the Prague basin, is formed by numerous specimens of Westonisca
lamellosa (Barrande } and W. arachne (Barrande ). In the upper
Tremadoc of Bohemia {Milina Formation), the Hyperobolus Community
was replaced by the Thysanobolus Community, consisting of Thysano-
bolus lingulides Havli&ek, Thysanotos siluricus [(Eichwald),
and an clitambonitaceid Protambonites kolihai ( Havlidek ). Beyond
the Prague basin, the benthic fauna dominated by large inarticulates
{Thysanotos a.0.} was discovered by Prantl and Rizidka (1941)
in eastern Bohemia [Lipoltice Beds in the Zelezné hory Mts.].

In eastern Serbia (Yugoslavia), the Hyperobolus Community occupies
the lowermost part of the Ordovician sequence just above the pre-
Ordovician metamorphosed basement, thus recalling position of this
community in Bohemia. For this reason, we may assume the same living
conditions in both the areas. Krstié {1984} recorded in the metamor-
phosed sandstones of the KuZaj Belt {Serbia) the index genera Hyper-
obolus, Thysanotos, Orbithele, and Leptembolon, originally published
under the names Lingulobolus feistmanteli, Obolus barrandei, Thysano-
tos siluricus, Obolus complexus, Orbiculoidea, and Lingulella cf. insons.
A closely similar age and living conditions may be postulated for the
assemblage consisting of fairly large inarticulates found at Bosiljgrad
(south-eastern Serbia) in the sericite slates and sericite quartzites by
Pavliovié¢ (1962), who figured “Lingulobolus” hawkei (Rouault)
and Pseudobolus salteri (Davidson ). As in Bohemia, the assembiage
of large inarticulates in Serbia is overlain by slates with abundant [but
deformed) lingulellids and conical inarticulate brachiopods (Acrotre-
tacea? ).

Another type of shore-related, shallow-water communities is that
dominated by inarticulate brachiopods of small to medium size; in Bo-
hemia, the Leptembolon insons Community consists of small obolids of
lingulellid outline {Leptemboion, Rowellella], minute conical acrotreta-
ceans, and circular shells of Orbithele, all often accompanied by spicules

85



of sponges and fragments of other animal groups (but never occur
together with trilobites!).

In the Montagne Noire, the small inarticulate brachiopods, although
fairly common in the lower Ordovician, never participate as dominant
elements in the benthic communities. The fauna of Tremadoc and Arepig
age is richly diversified with numerous trilobites, gastropods, and bi-
valves together with articulate and inarticulate brachiopods {Spondy-
glossella, Conotreta, Lingulepis, Rafanoglossa; Babin et al. 1982).

Deeper water communities dominated by inarticulate brachiopods

The black shale lithofacies, occupying the deeper, nonaerated central
parts of the basins, is usually poor in benthic organisms. In the Prague
basin, the fairly common small inarticulate brachiopods Anx, Paterula,
and less common acrotretaceans, are often accompanied by minute arti-
culate brachiopods Brandysia benigna Havlid ek, Benignites primulus
(Barrande ] (Dobrotiv), Aegiromena descendens (Havlidéek],
Karlicium patens Havlifek (upper Beroun), Chonetoidea tenerrima
Havlifek (Kralodvor), which are not typical bottom dwelling
organisms as they may have lived attached to seaweed not uncommonly
floating. The taxic diversity of the Ordovician black shale lithofacies is
usually low; some parts of the Ordovician sequence are unfossiliferous
(e.g. often in the Libeii Formation, Prague basin], some have yielded
scarcely disseminated exoskeletons of trilobites and shells of bivalves,
gastropods, hyoliths a.0., exceptionally accumulated to cover the bedding
planes. This deeper-water Paterula Community was dealt with in a
Breater detail by Havliidek (1982).

The Didymograptus-Lingulella assemblage recorded by Iordan
(1981) in the Llanvirn [Moesian platform, Romania) may also reflect
the deeper-water, anoxic basin-floor regime.

Communities of the Moroccan-Bohemian type

The Ordovician sequences in Morocco, South and Centra! Europe bear
characteristic, usually richly diversified assemblages of trilobites
assigned to the Selenopeitis zoogeographic province by Whittington
and Hughes (1972). As follows from the material summarized by
Whittington and Hughes and completed by recent papers, the
most common families of trilobites are the Trinucleidae, Cyclopygidae,
Calymenidae, and Dalmanitidae which, in association with members of
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other families, represent a distinctive trilobite fauna in all series of the
Ordovician in the Mediterranean province (Dean 1966, 1971; Ham -
mann 1974,1976,1977; Hammann - Henry 1978; Henrty 1980;
Henry - Nion - Paris - Thadeu 1974; Courtessole -
Piliet - Vizcaino 1981, 1983; Mergl 1984, Rabano 1984;
§najdr 1984 and many others). On the other hand, the brachiopods are
rare and not uniform in the lower Ordovician to characterize a separate
zoogeographic province. This is due to various origins of the brachiopods
inhabiting the shelves and intracontinental basins of the Gondwana-
land at that time. A distinctive Mediierranean brachiopod fauna was
gradually formed during the middle and upper Ordovician to give rise
to a significant Aegiromena-Drabovia fauna, clearly differring from the
brachiopods of the Anglo-Baltic and Scottish assemblages. In the upper
Ordovician, the Aegiromena-Drabovia fauna consists of numerous brachio-
pods of the families Draboviidae and Heterorthidae, and the subfamilies
Aegiromeninae and Orthostrophiinae, together with much less frequent
membres of other families. A “pure” Aegiromena-Drabovia fauna is best
developed in Marocco and Central Europe {Bohemia), whereas in South
Europe it often acguires many Anglo-Baltic warmer-water elements due
to immigration in the upper Beroun and lower Kralodvor ages.

Tremadoc

As mentioned above, the communities dominated by Tigillites and large
inarticulates were widespread over the Mediterranean province, whereas
the articulate brachiopods formed a subordinate part of the benthic com-
munities in the lowermost Ordovician. The Orthida were found at a few
1ocalities in South and Centrai Europe, usually together with small to
medium-sized inarticulates {e.g. Leimitz Slates; Sdzuy 1955). Of
genera, confined exclusively to the Mediterranean province, the most
important are Protambonites and Poramborthis. Protambonites was found
in the lower Tremadoc of the Iberian Chains (Spain; Hav lidek - Jo-
sopait 1972) and Bohemia; Poramborthis occurs in Bohemia, the
Iberian Chains, and Bavaria [ Sdzuy 1953). Occurrence of Jivinella
beyond Bohemia is not sure (Bavaria?, the Iberian Chains?).

A unigue assemblage of benthic fauna is confined to a small lens of
haematite at Holoubkov (lower Tremadoc, Bohemia), where the fairly
richly diversified brachicpods lived in a rough-water, near-shore envi-
ronment. At Holoubkov, the genera Ferrobolus, Conotretd, Orbithele, Ro-
sobolus, Siphonobolus, Eosiphonotrela, Lacunites, Kolihium, [ivinella,
Apheoorthina, Robertorthis, Poramborthis, and Protambonites were
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1. Distribution of {ndex brachiopod genera in the Tremadoc
1 — Poramborthis; 2 — Orbithele; 3 — Thysanotos; 4 — Palgecglossa

accompanied by cystoids Palaeosphaeronites and G1 yptosphaeri-
tes, both attached with their wide bases to the Substrate ( HaviI-
Cek 1977,1982; Proko P 1964). It is difficult to consider this benthic
fauna as representing the Mediterranean province, because most of the
genera listed above are not known beyond Bohemia.

In the Tremadoc of the Anti-Atlas Mts. (Morocco), the only articulate
brachiopod is Piectorthis stimplex Havli&ek not yet found in Europe
(HaviiZek 1977). Moreover, the upper Tremadoc of the Anti-Atlas
Mts. has yielded Ranorthis which became fairly common in the Arenig
of the Mediterranean province.
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Arenig

In the Arenig, the brachiopods are more abundant than in the previous
Tremadoc Series, but the composition of the benthic communities is not
uniform over the whole province. The [airly common Orthida Ranorthis
and Paurcrthis cannot indicate a well-defined zoogeographic province as
they both are cosmopolitan genera described from North Africa [Mo-
rocco), South and Central Europe, and also from the Baltic regions [i.e.
beyond the Mediterranean province in the strict sense).

The most diversified Orthida of Arenigian age are confined to the
Montagne Noire, where M élou (1982} recognized the genera Hespero-
nomia, Ranorthis, Ocorthis, Orthambonites, Pleurorthis, Sinorthis, Prantli-
na, Paurorthis, Gonambonites, Progonambonites, and Aportophylla, often
accompanied by small inarticulates Spondyglossella, Conotreta, Rafano-
glossa, Westonia, and Lingulepis. In the Montagne Noire, the brachiopods,
bivalves, gastropods, and trilobites are much more diversified than in
Bohemia.

In Central Europe, the most fossiliferous sequence of the Arenig is
that of Bohemia. Whereas the inarticulate brachiopods occur throughout
the whole sequence (although in some parts very rare}, the Orthida are
confined only to the top of the Klabava Formation. Nocturnellia Com-
munity is widespread along the north-western limb of the Prague basin
where it occupied an extensive, shallow-waler plain, and partly extendad
even beyond this area. The valves of Nocturnellig were sorted by waves
and sometimes accumulated in bodies analogous with tidal bars. Noctur-
nellia is rarely accompanied by Prantlina, Ranorthis, Nereidella and
minute inarticulate brachiopods,.

Another type of a shallow-water community is that inhabiting the
top of a submarine pyroclastic accumulation near Komarov [Prague
basin, Bohemia) dominated by Nereidella pribyli (Havlicek]) in
association with Prantlina desiderata [ Barrande ]} and Ferrax ooli-
thicus ( Havli¢ek ]; trilobites and gastropods {Mimospira/ are rare at
that locality.

The genus Prantlina was also found in Bavaria ( Sdzuy 1971). -

Interesting is an interchange of the fauna between the Mediterranean
province and southwestern China; the genera Tarfaya and Paurorthis
occur in the lower Arenig both in the Anti-Atlas Mts. (Morocco) and
southwestern China ( Xu Han-kui - Liu Di-yong 1884). Some
genera, frequent in the lower Arenig in southwestern China, appear in
Bohemia for the first time in the upper Arenig {Nocturnelliaj or even
in the lower Llanvirn {Euorthisinaj.
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The south American affinity is indicated by Incorthis, an Index genus
in the Arenig of Bolivia ( Havlidek - Branisa 1980), which was
recently discovered in the Anti-Atlas (Morocco] (P. Huvellin).

Lianvirn

The Llanvirn of the Mediterranean province is marked by prevalence
of black shales and siltstones of anoxic facies over sandy deposits;

M o W N e
DOvpm

1. Distribution of index brachiopod genera in the Llanvirn
1 — Euorthisina; 2 — Clitambonltacea; 3 — Porambonites; £ — Orthis, Orthambo-
nites, 5 — Aegiromena
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this environment was not suitable for sedentary animals, whereas other
benthic groups underwent an explosive development [trilobites, bivalves,
gastropods, hyoliths). In several areas, the Llanvirn is documented by
trilobites and graptolites without any data concerning sessile benthos
(Bulgaria: Haberfelner - Bontev 1934; South Jordan, Syria,
Arabian Peninsula: Wolfart 1967). In North Africa and Arabia, the
inshore, epicratonic deposits often bear poorly diversified trilobite
assemblage with the index genus Neseurethus indicating environment of
high latitudes { Fortey - Morris 1982: El1-Khaydal - Ro-
mano 1985). Index brachiopod is Euorthising which is abundant in
Bohemia (Sdrka Formation) and in the Anti-Atlas, Morocco (Havli-
%ek 1971). Euorthisina, however, is not an indigenous stock in the
Mediterranean province as it immigrated from England where it was
recovered by Williams (1974) in the upper Arenigian Mytton Flags
(Shropshire). Also in the Andean region of the Gondwanaland [Bolivia},
Euorthising was of Arenigian age being derived from the Tremadoclan
genus Notorthisina (Havlilek - Branisa 1980). Another signi-
ficant Llanvirnian genus is Eodalmanella which is a probable descendant
of the Arenigian Ranorthis. Beyond Bohemia, Eodalmanella has so far
been recorded in the Shin Brook Formation of the Magog belt [New
Brunswick, Newfoundland; Neuman 1968). In North Africa (Anti-
Atlas, Ougarta region), the Llanvirn Series has yielded Euorthisinag and
the cosmopolitan gens Orthambonites.

By contrast to Central Europe and North Africa, the significant Orthida
in the Iberian Peninsula are Cacemia ribeiroi [Sharpe] and the species
of Tissintia, Apollonorthis, and Palaeoglossa [lower unit of the Cacemes
Formation, Central Portugal; Mitchell 1974). Beyond the Iberian
Peninsula, Cacemia also occurs in the lower member of the Postolonnec
Formation in the Armorican Massif { Hammann et al. 1882].

Dobrotiv

The Dobrotiv, approximately corresponding to the lower and middle
parts of the Llandeilo, is the earliest series of the Ordovician Period
when the sedentary organisms tended to form a more or less homo-
geneous bhenthic assemblage in the Mediterranean province. The Heter-
orthidae became a stock widespread over Europe and North Africa. In
the Anti-Atlas Mts., Tissintia and Tafilaltia are the index genera in sand-
stones of the First Bani Formation; both the genera have been recorded
also in Central Europe {Skalka Quartzite, Bohemia). Moreover, Tissintia
was discovered beyond the Mediterranean province in England (lower
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3. Distribution of index brachiopod genera In the Dobrotiv [Llandeilo)
!
1 — Clitambonitacea; 2 — Sowerbyella; 3 — Aegtromena; 4 — Tissintla; 5 — Svo-
bodaina; 6 — Heterorthina; 7 — Cacemia, Apollonorthts; 8 — Orthidag

Llanvirn—Llandeilo, Shropshire; Willlams 1974} and in Bolivia
[Llanvirn and Llandeilo; Havli&ek - Branisa 1980). In the
Iberian Peninsula, Tissintia cf. convergens Havli&ek is a common
brachiopod in the upper unit of the Cacemes Formation (Central Portu-
gal), where it is accompanied by Cacemia, Apollonorthis, Dalmanella,
Fascifera, Tazzarinia, Palaeoglossa, and rare Eorphipidomella (= Cro-
zonorthis] {Mitchell 1974; Mélou 1976). A similar assemblage,
consisting of the genera Apoilonorthis, Cacemia, Eorhipidomella, and
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Heterorthina, was studied by Mé&lou (1975, 1978) in the upper membe:
of the Postolennec Formation in the Armorican Massif,

Further, the genera Eorhipidomella and Heterorthina occur in the
Dobrotiv of Spain [Castillejo Formation; Villas 1983). Aegiromena,
which became an index genus in the Beroun, appeared in the Mediterra-
nean province for the first time in the Dobrotiv of the Iberian Peninsula
and Armorican Massif ( Mélou 1973, Villas 1985}, but did not reach
at that time Central Europe and North Africa. Origin of Aegiromena is
to be sought beyond the Mediterranean province as the earliest species
of Aegiromena were recorded in the Llanvirn of Bolivia (Havlicek -
Branisa 1980) and Ireland { Harper - Rast 1965}. Another index
brachiopod in the Beroun Series is Drabovia, which appeared in Central
Spain in the same way as Aegiromena, L.e. in the pre-Berounian strata
[Dobrotiv) before immigrating into Central Europe [(Gutiérrez-
Marco et al. 1984).

The benthic fauna of the High Atlas and Anti-Atlas Mts., [Morocco)
includes plectorthid genera either not seen in Europe {Atlantida} or
discovered in the Carnic Alps in rocks of Dobrotiv to lower Beroun age
{Paterorthis: Havlidéek - KFiZ - Serpagli 1987).

Beroun

In the Beroun, the benthic assemblages of the Moroccan-Bohemian type
are characterized by the widely distributed Aegiromena-Drabovia fauna
preferring the sandy or silty bottom in a shallow-water, subtidal en-
vironment to moderately deep environment passing laterally into the
deeper-water Paterula Community confined to the black shale lithofacies,
not uncommonly with graptolites.

The most significant families and subfamilies in the Mediterranean
province are the Heterorthidae, Draboviidae, and Aegiromeninae, less
abundant are the genera of the Dalmanellidae, Orthostrophiinae, Triple-
siidae, and inarticulate brachiopods. Rare are the strophomenaceans and
rhynchonellaceans. By contrast to the Anglo-Baltic province, no clitamhbo-
nitaceids participate in the Aegiromena-Drabovia fauna. The complete
sequences of richly diversified brachiopod assemblages have been studied
in the Prague basin (Bohemia; Havli¢ek - Vanék 1966, Havli-
ek 1977, 1982) and in the Anti-Atlas Mts, (Morocco; Havlidek
1971); in other areas of Furope, the Moroccan-Bohemian Aegiromena-
Drabovia fauna either acquired several warmer-water elements due to
immigration from the Anglo-Baltic province (e.g. in the Iberian Chains,
Montagne Noire, Sardinia, Carnic Alps), or it was poorly diversified and
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not developed through the whole sequence of the Beroun. Sporadic data
on the Aegiromena-Drabovia fauna have been obtained in the Balkans
[ Aegiromena cf. aquila (Barrande ); Ku¢aj belt in Serbia; Krstic
1984] and Turkey (Svobodaina cf. ellipscides { Barrande): Amanos
Mts.; E1 Ishmawi 1972], where the lower Palaeozoic sequences are
metamorphosed and strongly faulted and folded. A few elements of the
Aegiromeng-Drabovia fauna penetrated deep into the domain of inarti-
culates in the Ghadamis basin in Libya [Aegiromena cf. descendens
Havli¢ek and Onnizetina sp.) (Massa - Havlidek - Bonne-
fous 1977).

The Aegiromena-Drabovia fauna was also recovered in the Andean
part of the Gondwanaland (Bolivia] where Havlidek and Branisa
(1980} determined the genera Heterorthis, Destombesium, Drabovinelia,
Rostricellula, and Eorhipidomella, mostly collected from the clasts in
a diamictite rock of the Zapla tillite.

In Bohemia, the significant genera of the Beroun are Tazzarinia, Geli-
dorthis, Jezercia, Cilinella, Heterorthina, Marionites, Heterorthis, Svobo-
daina, Onniella, Howellites, Onnizetina, Saukrodictya, Mirorthis, Drabo-
via, Drabovinella, Hirnantia, Chrustenopora, Bicuspina, Aegiromena,
Biyskavomena, accompanied by cosmopolitan genera Triplesia, Rafines-
quina, and Rostricellula. The Bohemian type fauna extends westward to
Taunus (Hessen, FRG)], where the Andreasteich Quartzite has yielded
Rostricellula ambigena ( Barrande ), Rafinesquina afl. pseudoloricaia
(Barrande ], and species of Hirnantia, Drabovia, Howellites, and
Onniella associated with rare trilobites and other fauna (Struve
1975]).

The Moroccan benthic fauna comprises Tazzarinia, Gelidorthis, Dal-
manella, Onniella, Howellites, Mirorthis, Tafilaltia, Heterorthis, Drabovia,
Drabovinella, Protomendacella, Triplesia, Bicuspina, Cliftonia, Aegirome-
na, Kiaeromena, Rafinesquina, and Rostricellula. The genera Irhirea and
Destombesium were never found in Europe; the latter genus, however,
was recorded in sandstone of Berounian age in Bolivia.

In Central Portugal, the Beroun Series is not complete, because the
Louredo and Porto do Santa Anna Ash Formations correspond to the
Libeit and Letné Formations of the Bohemian scale { Mitchell 1974];
among brachiopods, the following Moroccan-Bohemian elements prevail:
Drabovia cf. redux { Barrande), Aegiromena cf. aquila praecursor
fHavlicek ), Gelidorthis cf. partita (Barrande ]}, Howellites sp.,
Onniella sp., Tazzarinia cf. drotae Havlictek, Triplesia cf. simplex
Havlicek, Chrustenopora sp., Dalmanella cf. agadirensis Havlfi-
ek, Saukrodictya porosa ( Havli&ek ), further species of Svebo-
daina, Petrocrania, Rafinesquina, a.0. A weak influx of warmer-water
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elements may be documented by the presence of Glyptorthis and Poram-
bonites.

Although poorly diversified, the sessile benthos in the Armorican
Massif has vielded the index genera of the Aegiromena-Drabovia fauna,
namely Drabovia (Sangsuriére Shale: Pillet - Robardet 19683,
Svobodaina (Raguenez Shale: Babin - Mélou 1972}, and Aegirome-
na [group of A. descendens; Caradoc at Coévrons: Mélou 1973).

Presence of the Aegiromena-Drabovia fauna has also been proved in
the Iberian Chains, Montagne Noire, Sardinia, and Carnic Alps, i.e, in
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4. Distribution of index brachiopod genera in the Beroun {Caradoc]

1 — Nicolella; 2 — Dolerorthis: 3 — Onnizetina; 4 — Protomendacella; 5 — Fezza-
noglossa; 6 — Orbiculothyris
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areas where the warmer-water brachiopods are frequent. In Spain [Ca-
denas Ibericas Orientales}, Villas (1985) assigned to the middle
and upper Beroun the Fombuena Formation which has yvielded the fol-
lowing “Mediterranean” genera: Gelidorthis, Aegiromena, Svobodaina,
Drabovia, Drabovinella, Hirnantia, in association with the cosmopolitan
genera I'riplesia, Rafinesquina, and Rostricellula [the latter two indicate
a close Bohemian affinity as they contain the Bohemian species R, pseu-
doloricata (Barrande) and R. ambigena (Barrande)].

The Mediterranean genera in the Beroun of the Montagne Noire are
Aegiromena, Drabovia, Tafilaltia, Tissintia, Heterorthis, Svobodaina, and
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5. Distribution of index brachiopod genera in the Beroun (Caradoc)
1 ~ Leangella; 2 — Sericoidea; 3 — Aegiromena; 4 —~ Sowerbyella
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V. Havlitek: Climatic changes and development of benthic communities throughthe Mediter
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DISTRIBUTION OF BENTHIC COMMUNITIES AND
OCCURRENCES OF INDEX BRACHIOPOD GENERA IN
THE ARENIG

1 — pre-Palaeozoic shields; 2 — post-Tremadocian re-
gression of the Sea; 3 — fluvial and fluviomarine de-
posits (mixed facies), Tigiilites and Cruziana Communi-
ties; 4 — mainly marine sandy deposits with trace
fossils and inarticulates, Tigillites and “Lingula” Com-
munities; 5 — basinal deposits dominated by trilobites
and orthids of Mediterranean type; 6 — Anglo-Welsh
associations dominated by inerticulates and orthids;
7 — Baltic type communities; 8 — mostly graptolitic
shale pelagic community; 9 — Scottish type communi-
ties; 10 -~ boundaries of zoogeographic provinces; 11 —
fluviatile transport, direction of currents [after Beuf
et al. 1971); 12 — Clitambonitacea; 13 - Orthis, Or-
thambonites; 14 — Ranorthis, Paurorthis; 15 — Orbithe-
le
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DISTRIBUTION OF BENTHIC COMMUNITIES AND
COCCURRENCE OF INDEX BRACHIOPOD GENERA IN
THE BEROUN [CARADOC)

1 — pre-Palaeozoic shields; 2 — regression of the Sea
in the Beroun; 3 — marine and fluviomarine sand-
stones, mostly Tigillites Community; 4 -—- communities
dominated by inarticulate brachiopods; § — Moroccan-
-Bohemian communities [Aegtromena-Drabopia faunal;
6 — communities of Anglo-Welsh type; 7 — mixed Mo-
roccan-Bohemian and Anglo-Welsh faunas; 8 — grap-
tolitic shale pelagic community with small inarticulates;
9 — communities of Baltic type; 10 -— Scoitish com-
munities; 11 — probable way of invasion of warm-water
elements into the Mediterranean province; 12 — pro-
bable way of invasion of Mediterranean type benthic
fauna into the Iullimeden basin; 13 — Drabovla, Drabo-
vinella; 14 — Heterorthis; 15 — Svobodaina, Cilinella;
16 — Porambonites {Porambonites}; 17 — Clitamboniia-
cea; 18 — reef hodles; 18 — evidence of glaciation;
20 — boundaries of zoogeographic provinces



Protomendacella, associated with Paucicrura, Triplesia, Leptestiina, Le-
angella, and Rafinesquina, all accompanied by a suite of warmer-water
brachiopods (mostly Orthida and Porambonites: Hav l1i¢ek 1981).

Aegiromena-Drabovia fauna is represented in the upper Beroun of Sar-
dinia by Svobodaina, Onniella, Onnizetina, Saukrodictya, Aegiromena,
and Aegironetes in association with Paucicrura, Leptestiina, Leangella,
Iberomena, Leptaena, Nicolella, Eridorthis, Glyptorthis, Dolerorthis, Pty-
chopleurella, Reuschella, Eoanastrophia, Porgmbonites, and Bicuspina,
some of them indicating an influx of Anglo-Baltic elements [ H avli-
ek - KF¥iZ - Serpagli 1986].

In the Carnic Alps (mainly Hoher Trieb and Uqua Mts.), the siltstones
and greywackes of middle—upper Beroun contain many genera wide-
spread over the Mediterranean province, including the index brachiopods
Aegiromena, Gelidorthis, Saukrodictya, Svobodaina, Drabovia, and Drabo-
vinella, accompanied by Nicolella, Multicostella, Dolerorthis, Triplesia,
Leangella, Longvillia, Porambonites, Ecanastrophia, Ibero