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ABSTRACT: Earliest Silurian (basal Llandovery) brachiopod faunas are surveyed and listed from
around the globe, and divided between Lower Rhuddanian and Upper Rhuddanian occurrences. 60
genera are known from the Lower Rhuddanian within 20 superfamilies and there are 87 genera in 25
superfamilies in the Upper Rhuddanian. The 29 areas surveyed span the globe, both latitudinally and
longitudinally. Only six superfamilies are Lazarus taxa which are known both from the Ordovician
and Middle Llandovery (Aeronian) and later rocks but have not been recorded from the
Rhuddanian. These are surprising results, since many previous studies have inferred that the
Rhuddanian was a time of very sparse faunas. The global warming that followed the latest
Ordovician (Hirnantian) ice age did not proceed quickly, with an ice-cap probably present through
at least the Llandovery. There is a marked absence of Lower Rhuddanian bioherms even at low
palaeolatitudes; however, the ecological recovery rate was far faster than that following the
end-Permian mass extinction event. The partitioning of the Rhuddanian shelf faunas into well-
defined benthic assemblages progressed slowly over the interval.
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The latest Ordovician Hirnantian Stage saw one of only three
Phanerozoic glacial intervals (the other two being the
Carboniferous-Permian and the Oligocene-Recent), which is
now well-documented globally (Brenchley ez al. 1994). The top
of the Hirnantian is defined by the base of the Silurian.
Because of the large volume of water locked up in the polar
ice-caps, there was widespread regression during the Hirnan-
tian. The ice melted during the early Silurian and there were
consequent global transgressions: as a result, the Ordovician—
Silurian boundary is marked in most regions of the world by
unconformities of various sizes, many of them substantial. The
melting was apparently fairly fast during the Rhuddanian, but
nevertheless it is probable that ice caps were present at both
poles during most of the Llandovery.

The global cooling associated with the glaciation also trig-
gered one of the most substantial Phanerozoic faunal extinc-
tion events in two or more phases, which are also well
documented (see references in Sheehan 2001). However, the
recovery of the various invertebrate groups during the subse-
quent early Silurian has received less attention, and it is the
purpose of this paper to evaluate how one of the most
abundant marine invertebrate groups, the brachiopods, re-
acted to the changing conditions after the peak of the glacial
interval. The topic has been treated for the important South
China region by Rong & Harper (1999), but this present paper
discusses it in a wider context. It is in some ways complemen-
tary to the paper on Lazarus taxa across the Ordovician—
Silurian boundary by Rong et al. (2006), but differs
fundamentally from it in (a) going back to the source papers
for the brachiopod distributions (and thus ignoring the time
distribution data in the Treatise on Invertebrate Paleontology);
(b) in dividing the Rhuddanian occurrences into upper and
lower; and (c) in confining the age range considered to the
Rhuddanian, rather than extending further upwards into the

Aeronian and higher parts of the Llandovery. Preliminary
surveys by Cocks (1988) and Sheehan & Coorough (1990) of
the earliest Silurian brachiopod faunas did not clearly assess
which of the then limited number of faunas known were of
Late or Early Rhuddanian age: many more Rhuddanian
brachiopod faunas have become known since then.

The paper commences with a review, terrane by terrane, of
the recorded occurrences of brachiopods in the lowest Silurian
stage, the Rhuddanian Stage of the Llandovery Series, follow-
ing the terranes depicted in Cocks & Torsvik (2002). The
actual length of time involved is difficult to assess in detail;
however, the outlines are now clearer. The Ordovician—
Silurian boundary was at 443 Ma, and the top of the Silurian
at 418 Ma, but, although there are three further series (the
Wenlock, Ludlow and Pridoli) above the Llandovery within
the Silurian, the Llandovery is now known to have extended
for more than half of Silurian time, about 12 million years. The
Llandovery is divided into three stages, the Rhuddanian,
Aeronian and Telychian; however, their relative ages are not
precisely known. Nevertheless, the Rhuddanian may by inter-
polation be approximately estimated as having lasted for
about four million years. Within the Rhuddanian, correlation
is best made through graptolites, of which there are four zones,
in ascending order the ascensus, acuminatus, vesiculosus and
cyphus Biozones; however, it is unfortunate that many of the
occurrences of shelly fauna outlined below do not have
associated graptolites, and thus can only be dated here as
‘Early’ or ‘Late’ Rhuddanian, but graptolite control has been
indicated where knowledge of the age is more precise. Some
major terranes, notably Sibumasu, Lhasa (part of Tibet) and
Perunica (Bohemia), have no Rhuddanian brachiopod faunas
recorded from them, and it is noteworthy that the vast
superterrane of Gondwana has relatively few when its size is
considered. The faunas are numbered 1 to 31 and their
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440 Ma

Panthalassic Ocean

Figure 1 Rhuddanian brachiopod localities plotted on the 440 Ma global reconstruction of Cocks & Torsvik
(2002, fig. 7). 1-5, Laurentia; 6, Kolyma; 7-13, Avalonia-Baltica; 14-16, Kazakh terranes; 17-19, Siberia and
peri-Siberia; 20-22, Tien-Shan and Tarim; 23-25, South China; 26, North China; 27-31, Gondwana. The Kazakh
terranes are shown as plotted by Fortey & Cocks (2003, fig 15).

locations (Fig. 1) are plotted on the 440 Ma global reconstruc-
tion modified from that published by Cocks & Torsvik (2002).
Some faunas are from a number of localities within the
numbered areas; that is particularly true of Siberia.

This review has been conducted at the generic and family
level: although species are often critically important, not
enough extensive systematic work has yet been published on
most of the areas to list them with confidence. Taxa which are
not determined generically are not included, and thus a few
families which have been recorded from the Rhuddanian, but
without identified genera, may have been omitted from this
review. Where the generic identification has been altered from
that originally published, it is marked with an asterisk*, but
basic revision of the systematics, whilst needed in many cases,
is outside the scope of this paper. For example, a specific
change is that the present authors have not yet positively
identified the abundant pentameroid Clorinda (which has
carinae) from rocks older than Aeronian in age, and have thus
changed its identification to *‘Clorinda’: that Rhuddanian
form may in fact be a close relative of Brevilamnulella. A
further unresolved problem is whether or not the meristelloid
genera Hindella and Cryptothyrella are synonyms, and so here
the original authors in their records have largely been fol-
lowed. There are comparable problems in unravelling the
relationships of the orthotetoideans Coolinia and Fardenia.

1. Laurentia

Most of Laurentia has substantial Ordovician—Silurian uncon-
formities, but there are some key areas where the Rhuddanian
occurs. In addition to the localities noted below, there are
others of possible Rhuddanian age but whose dating is uncer-
tain through lack of diagnostic graptolites or conodonts. In
particular, all the widespread assemblages dominated by the
pentamerid Virgiana were previously thought to be of Mid
Llandovery (Aeronian) age, but some are now known to be
Upper Rhuddanian, for example, those documented by Jin
et al. (1993) listed below. Other possible Upper Rhuddanian
candidates include the lower parts of the Manitoulin Forma-
tion of Manitoulin Island, Ontario, the Mayville Dolostone of
Wisconsin, the Fisher Branch Formation of Manitoba, and the
lower part of the Lake Town Dolomite of Nevada; however,
the genera illustrated from those horizons by various authors
are all included in the Laurentian Rhuddanian localities listed
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below. Many Virgiana localities still seem correctly dated as
Aeronian in age, e.g. the Michigan Basin localities of Watkins
& Kuglitsch (1997), but uncertainty remains in many cases; for
example, the Mayville Dolostone in Eastern Wisconsin is
stated to be of Rhuddanian age by Harris er al. (1998) but
there seems to be no evidence for that apart from the presence
of Virgiana mayvillensis.

1.1. Locality 1: Anticosti Island, Quebec, Canada

The Hirnantian-Rhuddanian boundary is very near the top of
the Ellis Bay Formation (Cocks & Copper 1981; Copper 1999),
and the Rhuddanian extends certainly to the top of the
overlying Becscie Formation and probably just into the lower
part of the overlying Merrimack Formation, but because of
doubts about the precise position of the Rhuddanian-Aeronian
boundary within the Merrimack Formation, records from the
latter are not included here. Lower Rhuddanian (Fox Point
Member) brachiopods are Saukrodictya, Platystrophia,
Mendacella, Isorthis, Diceromyonia, Biparetis, Leptaena,
Eopholidostrophia, *Palaeoleptostrophia, Viridita, Becscia,
Cryptothyrella, ‘Atrypina’ and Platytrocalos. Upper Rhudda-
nian (Chabot Member): Diceromyonia, Isorthis, Mendacella,
Brachyprion, Eomegastrophia, Virgiana, Stricklandia, Fenestri-
rostra, Rhynchotrema, Rhynchotreta, Stegerhynchus and
Cerasina (distilled from Cocks & Copper 1981; Copper 1995,
1999; Dewing 1999; Jin 1989; Jin & Copper 2000; Li & Copper
2006).

1.2. Locality 2: Avalanche Lake area, District of
Mackenzie, Canada

The Ordovician-Silurian boundary lies within the Whitaker
Formation (Jin & Chatterton 1997, p. 7). Brachiopods from
near the base of the formation are Skenidioides, Epitomyonia,
Dalmanella, *Jonesea, Katastrophomena, Leptaena, Pent-
landina, Brevilamnulella, Eospirigerina and Cyclospira. Of
these, Brevilamnulella is known from the Hirnantian to the
Aeronian; however, the first previously-recorded occurrences
of the strophomenoid Pentlandina and the plectambonitoid
Jonesea are Aeronian (Cocks & Rong 2000). There may be two
successive faunas involved, the lower one Hirnantian and the
upper one basal Rhuddanian, and thus, in view of the dating
uncertainty, these have not been included in the overall
summary but they are shown on Figure 2. The Pentlandina and
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the Jonesea records appear to be the earliest occurrences of the
two genera globally.

1.3. Locality 3: Hudson Bay Lowlands, Canada

Only late Rhuddanian brachiopods are known, in the Virgiana
decussata Zone in the Severn River Formation (Jin et al. 1993),
including Virgiana, Stegerhynchus and Alispira.

1.4. Locality 4: Oklahoma, Illinois and Missouri, USA
Amsden (1974) has monographed the brachiopods of this
extensive area, where the Ordovician—Silurian boundary oc-
curs above the Nora Limestone with a distinctive Hirnantian
brachiopod fauna, and below the succeeding Bryant Knob and
Bowling Green Formations, all within the Edgewood Group.
The Bryant Knob has yielded Platystrophia?, Dolerorthis,
Dalmanella, Diceromyonia?, Mendacella?, Leptaena, Coolinia,
Brevilamnulella,  Stegerhynchus, Thebesia, Cryptothyrella,
FEospirigerina and ‘Homoeospira’? The Bowling Green includes
Dolerorthis, Dalmanella, Diceromyonia?, Dicoelosia and
Eospirigerina. Firm correlation is difficult: there are no associ-
ated graptolites, but there are some conodonts noted by
Bergstrom & Boucot (1988), and the Bryant Knob Formation
is assessed by the present authors as Hirnantian and the
Bowling Green as Lower Rhuddanian.

1.5. Locality 5: Girvan, Scotland

There is an Ordovician-Silurian unconformity; however, the
Lady Burn Conglomerate is of acuminatus Biozone age, and
the succeeding Mulloch Hill Formation and its age-equivalent
Woodland Formation are well dated as c¢yphus Biozone (Cocks
& Toghill 1973). The Lower Rhuddanian Lady Burn con-
glomerate has yielded Lingula, Coolinia, Cryptothyrella and
*Rhynchotreta?, and the Upper Rhuddanian Mulloch Hill
and Woodland Point formations Lingula, *Petrocrania,
Dolerorthis, Skenidioides, Schizonema, Dalmanella, Protocort-
ezorthis, Mendacella, Triplesia, Streptis, Katastrophomena,
Leptaena, Palaeoleptostrophia, Leangella, Eoplectodonta,
Fardenia, Saughina, Stricklandia, *Clorinda’, Rostricellula,
Eospirigerina, Cryptothyrella, Meifodia, Zygospiraella and
*Alispira.

2. Kolyma Terrane

2.1. Locality 6: Mirny Creek, NE Siberia

From the Chalmak Horizon, Oradovskaya (in Koren et al.
1983) recorded Leptaena, Protatrypa, Eospirigerina, * Skenidi-
oides?, Zygospiraella from the acuminatus Zone (Lower
Rhuddannian), and from the Upper Rhuddanian cyphus Zone
Eospirigerina, *Skenidioides?, Protozeuga? and Zygospiraella.
She also recorded Draborthis? and Hyattidina, but the present
authors cannot confirm those identifications and have omitted
them from this survey.

2.2. Omulev Region, NE Siberia
Although not included in Figures 1 and 2, Kovalevskii et al.
(1991) recorded Skenidioides and Protatrypa from beds of

probable Rhuddanian age in the Omulev area, and Virgiana
from possible Rhuddanian beds in the Sette-Daban area.

3. Avalonia-Baltica

Avalonia and Baltica collided obliquely with each other at
almost exactly Ordovician—Silurian boundary time, and thus
they are grouped here. Avalonia includes the Llandovery
district, Wales, where the type sections for the Llandovery
Series are located, including the Rhuddanian Stage (Cocks
et al. 1984). Despite the title of the paper, the brachiopods
described by Boucot & Johnson (1964) from the Ede Quartzite
of Sweden are now thought to be of Aeronian rather than
Rhuddanian age.

3.1. Locality 7: Llandovery area, Wales

Cocks et al. (1984) recorded Dolerorthis, Schizonema, Skenidi-
oides, Dicoelosia, Ravozetina, Resserella, Triplesia, Aniso-
pleurella,  Eoplectodonta,  Leangella,  Eopholidostrophia,
Katastrophomena, Leptaena, *Crassitestella, *Palaeolepto-
strophia, Fardenia, *‘Clorinda’, Rhynchotrema, Plectatrypa,
‘Protozyga’, Meifodia and Cryptothyrella from the Bronydd
Formation in the northern Llandovery area, which is of Early
Rhuddanian age. The recorded ‘Protozyga’ is not that Caradoc
genus and is omitted from the present summaries. From the
overlying Crychan Formation in the northern part of the area
and the lateral equivalent lower parts of the Goleugoed
Formation in the southern part of the area, which are Upper
Rhuddanian, were found Dolerorthis, Schizonema, Giraldiella,
Skenidioides, Resserella?, Ravozetina, *Templeella, Visbyella,
Dicoelosia, Saukrodictya, Triplesia, Leangella, Anisopleurella,
FEoplectodonta, Katastrophomena, Leptaena, *Crassitestella,
*Mesoleptostrophia, Eopholidostrophia, FEostrophonella, Far-
denia, Stricklandia, *Clorinda’, Rhynchotrema, Eospirigerina,
Plectatrypa, Meifodia, Hindella and Cryptothyrella. From the
adjacent Garth area, 10 km N of Llandovery, Williams &
Wright (1981) listed faunas which they stated to be of
Rhuddanian age; however, since Eocoelia and Pentamerus are
included, some at least are Aeronian. The other genera are the
same as those recorded above from Llandovery, apart from
Dictyonella and Reuschella (reidentified here as Dysprosorthis),
both of which would be the only Lower Rhuddanian records
of those genera if that were their age, and thus they have been
included in the Upper Rhuddanian lists in this paper. The
former is now termed Eodictyonella.

3.2. Locality 8: Meifod, Wales

Temple (1970) monographed the following Upper Rhuddanian
brachiopods: Paracraniops, Toxorthis, Dolerorthis,
Schizonema, Giraldiella, Skenidioides, * Templeella, Resserella,
Dicoelosia, Epitomyonia, *Visbyella, Saukrodictya, Triplesia,
Streptis, Leangella, Anisopleurella, Eoplectodonta, Katastro-
phomena, Leptaena, Eopholidostrophia, *Mesoleptostrophia,
Fardenia, Stricklandia, **Clorinda’, Rhynchotrema, Plectatrypa
and Meifodia. His Protozyga is not that Caradoc genus, and
remains unidentified here.

3.3. Locality 9: Pembrokeshire, Wales

The Ordovician—Silurian boundary lies within the Haverford-
west Mudstone Formation, from which Cocks & Price (1975)

Figure 2 Rhuddanian brachiopod occurrences. Early Rhuddanian shown by black circles in upper left corner of
boxes, Late Rhuddanian by open circles in lower right corner. Less specifically dated occurrences are shown as
pentagons. Question marks denote unclear occurrences or questionable identifications. Not included are the
records of orthides from Locality 1, Anticosti Island (Li & Copper 2006) and the Saelabonn Fm of Locality 11

(Thomsen et al. 2006).
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(revised herein) identified *Lingula?, Orbiculoidea, Skenidi-
oides, Dolerorthis, Schizonema, Resserella, Leptaena, Eoplecto-
donta, Anisopleurella and Eospirigerina in the Lower
Rhuddanian, and Skenidioides, Dolerorthis, Schizonema,
Giraldiella, Resserella, Katastrophomena, Leptaena, Palaeo-
leptostrophia, Eopholidostrophia, FEostrophonella, Leangella,
Eoplectodonta, Saughina, Stricklandia, *‘Clorinda’, Pentlan-
della and Eospirigerina from the Upper Rhuddanian.

3.4. Locality 10: Lake District, England

Harper & Williams (2002) recorded Dolerorthis?, Dalmanella,
Kinnella, Mirorthis, Hirnantia, Jerzercia?, Paromalomena,
Hindella, Plectothyrella and Cyclospira? from the acuminatus
Zone at Yewdale Beck in the English Lake District. This is one
of the few known Silurian occurrences of the Hirnantia Fauna,
which is usually found in the underlying Ashgill Series.

3.5. Locality 11: Oslo region, Norway

Baarli (1987, 1988, 1995) and Baarli & Harper (1986) identified
Rhuddanian brachiopods from the lower part of the Solvik
Formation (Myren Member): her various lists have been
interpreted as follows. Lower Rhuddanian: Dolerorthis,
Schizonema,  Skenidioides,  Protocortezorthis, Dicoelosia,
Epitomyonia, Leptaena, Leangella, Eoplectodonta, **Clorinda’,
Eospirigerina and Idiospira. In addition, the present authors
have collected Skenidioides, Dolerorthis, Leptaena, Eoplecto-
donta, Triplesia, *Clorinda and Eospirigerina from very near
the base of the Myren Member at Konglungen. Upper Rhud-
danian: Paracraniops, Orthokopis, Dolerorthis, Schizonema,
Hesperorthis?, Plectorthis?, Skenidioides, Ravozetina, Proto-
cortezorthis, Levenea, * Mendacella?, Dicoelosia, Epitomyonia,
Drabovia, Chrustenopora, Jezercia, Katastrophomena, Lep-
taena, Crassitestella, Eopholidostrophia, Leangella, Aegiria,
Eoplectodonta, Stricklandia, *‘Clorinda’, Eospirigerina, Prota-
trypa, Idiospira, Cryptothyrella and Meifodia. In addition, they
have collected Eostropheodonta, Fardenia and Streptis from
the same Upper Rhuddanian beds. From the Hadeland and
Ringerike Districts to the north of Oslo they have also
collected Zygospiraella and Eostropheodonta. At Ringerike, the
Saelabonn Formation has yielded Mendacella, Rostricellula,
Platytrochalos and Zygospiraella to Thomsen et al. (2006) and
is of definite Rhuddanian age, but whether Lower or Upper
Rhuddanian or both is less certain.

3.6. Locality 12: Estonia

Rubel (1970) analysed the brachiopods from the lowermost
parts of the Silurian sequence, and from the Varbola Forma-
tion, which the present authors assess as Upper Rhuddanian,
listed Hesperorthis, * Mendacella, Onniella, Leptaena, Fardenia,
*Clorinda’, Stricklandia, Alispira, * Clintonella, * Eospirigerina,
Zygospiraella and ‘Hindella’ .

3.7. Locality 13, Northern Urals

Beznosova (1994, 1996) described brachiopods which the
present authors assess as Upper Rhuddanian from the Yarenei
Formation at the Kozhym River, to the NW of the northern
Urals: Virgiana, *Hemitoechia?, [=Pseudocamarotoechia?],
Zygospiraella, Protatrypa, Idiospira and Nalivkinia.

4. Kazakh Terranes

A great many Lower Palaeozoic terranes exist in Kazakhstan
and its neighbouring areas, and they lay between Baltica,
Siberia and Gondwana. During the Palaeozoic, these united
progressively to form the Kazakhstania Terrane; however,
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during the Silurian many were independent and thus each
terrane is listed separately here. The palacogeography of these
terranes is far from clearly understood, and is outside the scope
of this paper, although there are preliminary surveys in Cocks
& Torsvik (2002) and Fortey & Cocks (2003). However, Lower
Silurian brachiopods have so far only been documented from
the Chingiz, Chu-Ili and Karaganda terranes (Koren et al.
2003).

4.1. Locality 14: Chingiz Terrane

Borisiak (1964) described the following from the basal Alpeis
Horizon: Holorhynchus, Conchidium, Virgiana and Eospirifer?
However, Sapelnikov & Rukavishnikova (1975) emended these
records to identify the Conchidium as Proconchidium and the
Virgiana as Eoconchidium, with both originating from Ashgill
age rocks. Nevertheless the present authors assess the other
two genera as probably Rhuddanian in age, although there are
no associated graptolites.

4.2. Locality 15: Chu-Ili Terrane

Modzalevskaya & Popov (1995) recorded the following from
the Akkerme Peninsula, whose rocks accreted to the Chu-Ili
Terrane in the Caradoc: Dolerorthis, Giraldiella, Protocortezor-
this, Eopholidostrophia, Eostropheodonta, Leangella, Saughina,
Stricklandia, FEospirigerina, Zygospiraella and Meifodia. In
addition, Popov (in Koren ez al. 2003, p. 337) listed Eospirifer
from the same assemblage. They regarded this fauna as Lower
Rhuddanian, but in the absence of supporting graptolites, and
because of the presence of Stricklandia, it is reassessed here as
Upper Rhuddanian.

4.3. Locality 16: Karaganda Terrane
Koren et al. (2003, p. 332) reported Holorhynchus from the
Algabaz River area in beds of Upper Rhuddanian age.

5. Siberia

Cocks and Torsvik (2007) have reviewed the Palacozoic
geology of the Siberian craton and adjacent terranes and also
analysed which of the latter moved and rotated with the
craton: those which did are termed Peri-Siberia here.

5.1. Locality 17: West-Central Siberia

Tesakov et al. (2003) did not subdivide the Rhuddanian of
what they termed ‘east’ Siberia, but what appears from their
maps to be in fact the west and centre of the old Siberian
Terrane. They show 11 successive time horizons within the
Rhuddanian, labelled 1 to 11; however, on the same charts
they show undoubted Aeronian graptolites from their Horizon
5 upwards, and the characteristic late Rhuddanian Corono-
graptus cyphus in their Horizon 4. Thus the present authors
have taken Horizons 1 and 2 as Lower Rhuddanian and 3 and
4 as Upper Rhuddanian. From the revised Lower Rhuddanian
(1 and 2) they record Eridorthis, Isorthis, Eoplectodonta, Brevi-
lamnulella, Alispira and Zygospiraella; and from the Upper
Rhuddanian (3 and 4) Eridorthis, Isorthis, Strophomena,
Eoplectodonta, Brevilamnulella, *‘Clorinda’, Stegerhynchus,
Alispira, Idiospira and Zygospiraella.

6. Peri-Siberia

6.1. Locality 18: Gorny Altai
Kulkov & Severgina (1987) recorded from the Stugen Forma-
tion the following brachiopods which they correlated with the
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acuminatus Zone: Cliftonia, Epitomyonia, Alispira, Dolerorthis,
Protocortezorthis, Eoplectodonta, Katastrophomena, Leptaena,
Stricklandistrophia?, Stricklandia, *Clorinda’, Stegerhynchus,
Meifodia, Cryptothyrella, and from correlatives of the cyphus
Biozone only Leangella and Protocortezorthis. However, as the
correlations with the graptolite zones are indirect, we reassess
the age of both faunas as more likely to be Upper Rhuddanian.

6.2. Locality 19: Tuva

Kulkov ez al. (1985) described the following brachiopods from
the lower part of the Alash Formation which the present
authors consider to be of Rhuddanian age, probably Late
Rhuddanian, but the age control is weak: Hesperorthis,
Stegerhynchus, Alispira, Protatrypa, Whitfieldella and Eospiri-
gerina. Since the upper part of the same formation contains
Pentamerus, we assess that as being Aeronian.

7. Tien-Shan

7.1. Locality 20L Tien-Shan Mountains

From the Artchalyk and Minkutchar formations of the
Zeravshano-Gissar section, SE Tien-Shan, Nikiforova (1978)
recorded Giraldiella, Isorthis, Parastrophinella, *‘Clorinda’,
Stricklandia, Virgiana, Virgianella, Eospirigerina, Meifodia,
Plectatrypa, Protatrypa, Zygospiraella. The probable age is
assessed here as Late Rhuddanian.

7.2. Locality 21: Tadzhikistan

Menakova (in Babaeva et al. 1991) listed Isorthis, Stricklandia,
Virgianella, Brevilamnulella, Thebesia, Eospirigerina, Meifodia
and Whitfieldella from the upper Archalyk Formation and
Minkuchar Formation. The probable age is also assessed here
as Late Rhuddanian.

8. Tarim

8.1. Locality 22: Western Tarim

An Upper Rhuddanian to lowest Aeronian assemblage occurs
in the lower Kalpingtag Formation in the Kalping area,
western Tarim (Rong et al. 2003). The Upper Rhuddanian
brachiopods include Isorthis, Beitaia and dominant Eospirifer.

9. South China

9.1. Locality 23: Upper Yangtze Region, Northern
Guizhou Province

Rong et al. (2003b) have recorded the following Lower
Rhuddanian brachiopods in the upper Kuanyinqiao Beds and
the Wulipo Beds: Paracraniops, Dalmanella, Eostropheodonta,
Leptaena, Paromalomena, Plectothyrella, Hindella, Eospirifer,
Nalivkinia, Mendacella, Rostricellula and Alispira? From
the Upper Rhuddanian, in the lower part of the Niuchang
Formation, came: Levenea, Strophomena, Eostropheodonta,
Merciella, Nalivkinia, Eospirifer, Athyrisinoides, Whitfieldella
and Zygospiraella.

9.2. Locality 24: North-eastern Guizhou Province

Rong & Yang (1981) recorded the following from the basal
part of the Xiangshuyuan Formation, which is Late Rhud-
danian to earliest Aeronian in age. The Upper Rhuddanian
brachiopods are Borealis, Isorthis, Strophomena, Beitaia,
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Eospirifer, Atrypinopsis, Athyrisinoides, Coolinia and Eostro-
pheodonta.

9.3. Locality 25: Jiangnan Region, south-west Zhejiang
Province

Rong & Zhan (2006) have recorded the following which are
lateral equivalents and securely dated by graptolites as ascen-
sus Biozone and therefore of Early Rhuddanian age from the
basal parts of the Shiyang and Anji formations: Paracraniops,
Deliella, Lingula?, Levenea, Glyptorthis, Epitomyonia, Eoplec-
todonta, Katastrophomena, Leptaena, Coolinia, Triplesia,
Brevilamnulella, Rostricellula, Alispira, Eospirigerina, Hindella?
and FEospirifer.

10. North China

10.1. Locality 26: Central Ningxia

Rong & Chen (2003) and Rong er al. (2004) recorded the
following probable Upper Rhuddanian brachiopods from
the Zhaohuajing Formation, at Tongxin County, Ningxia
Province: Dolerorthis, Holorhynchus, Eospirifer, Striispirifer,
Nalivkinia and Meifodia. This locality lay within the marginal
area of the North China Terrane.

11. Gondwana

Despite its enormous size in the Early Palacozoic, and also
despite it covering every palaeolatitude from the South Pole to
35°N (Cocks 2001, fig. 2), there are surprisingly few records of
Rhuddanian brachiopods on and around it, although deeper-
water graptolite-bearing Rhuddanian facies are known from
many higher-latitude Gondwanan areas, particularly in North
Africa.

11.1. Locality 27: Morocco

Havlicek (1971) recorded Salopina (probably Protocortezor-
this) and Ornothyrella from the Flysch de Goulibet, south of
Jbel Kraro in the Anti-Atlas Mountains of probable basal
Rhuddanian age: they occur above typical Hirnantian faunas
in the area. Ornothyrella requires reinvestigation and it has not
been included in Appendix 1 and Figure 2.

11.2. Locality 28: Argentina

Isaacson et al. (1976) described brachiopods from Cerro
Rincon, Salta Province: *Mendacella, *FEostropheodonta,
Fardenia and *Hindella. The age is certainly Early Llandovery,
but whether Lower or Upper Rhuddanian is uncertain. The
locality is within Gondwana, rather than peri-Gondwanan as
in Locality 29.

11.3. Locality 29: Argentina (Precordillera)

Benedetto (1995) listed brachiopods from the La Chilca For-
mation of the Precordillera of Argentina. During the Cam-
brian and early to mid Ordovician, the Precordillera formed a
separate terrane close to Laurentia, but by the end of the
Silurian it had accreted to Gondwana. By interpolation, Cocks
& Torsvik (2002) showed the Precordillera as still separate
from Gondwana in the earliest Silurian (Fig. 1), but analysis of
the various Silurian faunas can attribute the terrane as peri-
Gondwanan, although the precise date of the docking remains
uncertain. The brachiopods are Dalmanella, Dedzetina?, Cor-
datomyonia, Heterorthella, Leptaena, *Eostropheodonta, Ros-
tricellula and * Plectothyrella.

11.4. Locality 30: Venezuela
Boucot et al. (1972) described the brachiopods from the
Merida Andes, and their lowest two faunas are the Meifodia
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Fauna: Hesperorthis?, Dolerorthis, Skenidioides, Resserella?,
Leptaena, Eoplectodonta?, Meifodia and Cryptothyrella?: the
Eostropheodonta Fauna: Resserella?, Mendacella, Leptaena,
Fardenia, FEostropheodonta, Eoplectodonta, Ancillotoechia?,
Eospirigerina and Cryptothyrella. They assessed the lower
fauna as ‘Early Llandovery’, and the second ‘Lower to Middle
Llandovery’: there are no recorded graptolites. Above both
there is a probable Aeronian fauna with FEocoelia. All the
genera from the lower two faunas are known from the Rhud-
danian elsewhere, and the present authors assess the lower one
as probable Rhuddanian, and the second one as possible
Rhuddanian.

11.5. Locality 31: Tasmania, Australia

Laurie (1991) listed Isorthis, Onniella?, Hirnantia and Eos-
pirifer? from the upper part of the Westfield Sandstone, and
they co-occur with graptolites assessed as being persculptus or
ascensus Biozone. His Hirnantia is not that genus, but may
represent a new one. The present authors are not sure whether
this fauna is late Hirnantian or early Rhuddanian: the locality
is shown on Figure 1, but the generic records are not included
in the analysis (Fig. 2 and Appendix).

12. Discussion

At the time when the Ordovician-Silurian boundary was
internationally agreed in 1985, it was thought that the well-
known Hirnantia brachiopod fauna was entirely confined to
the Ordovician. However, some characteristic elements of that
fauna are now known from the basal Silurian, well dated by
co-occurring graptolites of the lower acuminatus Biozone, from
the English Lake District (Harper & Williams 2002), and also
from the ascensus Biozone of northern Guizhou Province,
South China (Rong et al. 2003a).

Following the present survey, it is striking that the numbers
of the genera at the different localities vary greatly. The most
diverse Lower Rhuddanian fauna recorded above is 22 genera
(from the type Llandovery area) and the most diverse Upper
Rhuddanian fauna is 30 genera (from the Oslo Region), but,
in contrast, several of the assemblages have as few as only
two genera. Those figures are substantially below maximum
generic numbers recorded from carbonates in the Ashgill (for
example, there are more than 40 genera known from the Boda
Limestone of Sweden and the Middle Ashgill of eastern China)
or Telychian (over 40 brachiopod genera documented from
Anticosti Island), but are very comparable to the 24 genera
found in the lower Telychian in the clastic rocks of the type
Llandovery area (Cocks et al. 1984). Therefore it is concluded,
somewhat surprisingly, that, although the number of Rhud-
danian brachiopod global occurrences is somewhat few and far
between by comparison with those in older and younger rocks,
and reef flank deposits are not known, brachiopods obviously
flourished on the early Silurian shelves. It is also very notice-
able that the faunas are distributed very widely, not only
around the globe but at a large variety of palaeolatitudes (Fig.
1), which helps to explain why so many of the Ordovician
superfamiles survived and flourished in the Silurian.

The sizes of the earliest Silurian brachiopods are variable.
Unlike the basal Triassic brachiopod survivors from the end-
Permian extinctions, which were almost invariably small, the
basal Rhuddanian species varied from ‘small’ to ‘normal’.
However, what is very noticeable is that the Lower Rhud-
danian abundances are in general lower, both within individual
rock assemblages and in the number of fossiliferous bands
within the many sections, than both the underlying Hirnantian
faunas and the overlying Upper Rhuddanian faunas. The
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speed of the post-Hirnantian recovery is also noteworthy, and
appears to have been much more rapid than at the end of the
Permo-Triassic extinction event. It is also very important to
note that the sediments enclosing the brachiopods are almost
entirely clastic with a few carbonate interbeds: substantial
bioherms and other carbonate build-ups are characteristic by
their absence. This is in great contrast to both the preceding
Ashgill, which has widespread carbonate bioherms, particu-
larly in the Mid Ashgill, but a few also in the Hirnantian, for
example in Anticosti Island, Canada; and also the parts of the
Silurian later than the Rhuddanian, in which bioherms are also
widespread from the mid-Aeronian upwards. Thus the very
diverse brachiopod faunas found in reef flank deposits, such as
in the middle Ashgill Boda Limestone of Sweden (Cocks 2005)
simply do not occur in the Rhuddanian; however, many of
their relatives in the same family or superfamily appear to have
adapted well to the changes.

It should be borne in mind that, although the Hirnantian
glaciation appeared relatively quickly (the mid-Ashgill was in
fact a period of global warming — Boucot et al. 2003; Fortey &
Cocks 2005), the global ice-cap was much slower to clear, and
certainly persisted well into Llandovery and perhaps even into
the early Wenlock in high palaeolatitudes, for example in
South America (Caputo 1998).

As noted by Cocks (1988), and still true, is that the
superfamilies Trimerelloidea, Acrotretoidea, Siphonotretoidea
and Chonetoidea have good records from both the upper
Ordovician and from Silurian rocks later than the Rhud-
danian, and thus they must have survived in as yet unrecorded
(or destroyed by subsequent tectonics) localities during the
Rhuddanian: that topic is further developed in Rong et al.
(2006). In addition, with analysis of the relatively new volumes
of the Treatise (Kaesler 2000-2002), the present survey has
revealed representatives of 27 superfamilies within the Rhud-
danian, with only the Acrotretoidea (Cambrian to Devonian),
Trimerelloidea (Llandeilo to Upper Silurian), Chonetoidea
(Ashgill to Permian), Porambonitoidea (Cambrian to
Wenlock), Ancistrorhynchoidea (Llanvirn to Devonian) and
Athyridoidea (Caradoc to Jurassic?) not represented, although
representatives of all those superfamilies must have existed in
the Rhuddanian. Some superfamilies are represented by only a
single genus, for example only Archeochonetes is known from
the Ordovician within the Chonetoidea, and only Hyattidina is
known from the Ordovician within the Athyridoidea. It is from
the latter genus that the whole post-Rhuddanian athyridoid
clade evolved (Alvarez & Rong in Kaesler 2002). The total
number of Lower Rhuddanian brachiopod genera recorded
here is 60 and Upper Rhuddanian 87, a significant increase on
the 54 noted by Cocks (1988) from the whole Rhuddanian.

It is also interesting to survey the benthic assemblages
present in the Lower Rhuddanian. No representatives of the
shallowest-water benthic assemblage (BA 1) have been found,
but, by comparison with the well-defined later Llandovery
assemblages, which range from BA 1 to BAS, it is only
possible to subjectively assess the various Lower Rhuddanian
assemblages as probably ‘shallow-shelf” or ‘deeper-shelf .
However, in eastern China, Rong & Zhan (2006) have ident-
ified BA 2 and BA 3-4 assemblages, although many of the taxa
in those assemblages are the same but occur in differing
proportions and palaeogeographical locations. In contrast,
more pentameroids appeared in the Upper Rhuddanian, and
depth-related assemblages more easily separable. For example,
it seems unlikely that the Stricklandia-dominated assemblages
of the Upper Rhuddanian were shallower than BA 3 and were
more probably BA 4. The assemblages became even more
distinctive in the succeeding Aeronian. In other words, as
the Llandovery epoch progressed, the ecological partition of
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the benthic assemblage niches developed so that the various
assemblages became more truly distinctive.

13. Conclusions

During the earliest part of the Silurian, the Rhuddanian,
brachiopods were much less abundant on a global scale than in
the preceding latest Ordovician, the Hirnantian. This reduc-
tion can be directly attributed to the Hirnantian glaciation.
However, where Rhuddanian brachiopods do occur, the
generic numbers vary from a sparse two to as many as 30: the
latter a figure which does not depart greatly from the Middle
Palaeozoic average.

In the Lower Rhuddanian, although ‘shallower-water’ and
‘deeper-water’ benthic assemblages can be assessed subjectively
and loosely differentiated, the BA1 to BA S sequence of
depth-related brachiopod assemblages well-known from the
later Llandovery cannot be clearly recognised. However, in the
Late Rhuddanian, especially with the advent of pentameroids
such as Virgiana and Stricklandia, which occur in abundance
at many localities, BA 3 and BA 4 communities can be recog-
nised clearly for the first time in the Silurian, as the assem-
blages became progressively more differentiated as time went
by.

Despite the Hirnantian extinction events (documented else-
where), few brachiopod superfamilies actually became extinct
at the end of the Ordovician, and through the global analysis
of Rhuddanian brachiopods presented here, it is found that a
surprising 60 genera in 20 superfamilies occur in the Lower
Rhuddanian and 87 genera in 25 superfamilies in the Upper
Rhuddanian. Despite the relative paucity of localities (chiefly
due to the widespread unconformities present over the
Ordovician-Silurian transition), only six superfamilies which
undoubtedly existed during those times are not represented in
the present survey. Thus the global scenario presented here for
the Rhuddanian includes far more brachiopod genera in more
localities scattered round the globe than was previously appre-
ciated, certainly by the present authors. This is in contrast to
the trilobites, which in the Llandovery appear to have been
less abundant and widespread than in the latest Ordovician;
for example, those well-described from the Rhuddanian of
Anticosti Island (Chatterton & Ludvigsen 2004).
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15. Appendix 1. Summary of genera, allocated to
superfamilies and families

From the Lower Rhuddanian, records of the following genera
have been located or revised. These are allocated to the
following families and superfamilies in accordance with the
Treatise on Invertebrate Paleontology (Kaesler 2000-2002):
Linguloidea; Lingulidae, Lingula: Discinoidea; Discinididae,
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Orbiculoidea: Craniopsoidea; Craniopsidae, Paracraniops:
Cranioidea; Craniidae, Deliella: Strophomenoidea: Stropho-
menidae.  Katastrophomena, Rafinesquinidae,  Biparetis,
Crassitestella, Leptaena; Glyptomenidae, Paromalomena;
Leptostrophiidae,  Eostropheodonta,  Palaeoleptostrophia;
Eopholidostrophiidae, FEopholidostrophia: Plectambonitoidea:
Leptestiidae, Leangella; Sowerbyellidae,  Anisopleurella,
Eoplectodonta;  Chilidiopsoidea; Chilidiopsidae, Coolinia,
Fardenia; Triplesioidea; Triplesiidae, Cliftonia, Triplesia;
Skenidioidea; Skenidiidae, Skenidioides: Orthoidea; Glyptorth-
idae, Eridorthis, Glyptorthis; Hesperorthidae, Dolerorthis,
Schizonema; Dalmanelloidea; Dalmanellidae, Dalmanella,
Isorthis, Levenea, Mirorthis, Protocortezorthis, Ravozetina,
Resserella; Platyorthidae, Diceromyonia; Dicoelosiidae, Dicoe-
losia, Epitomyonia: Rhipidomellidae, Mendacella; Enteletoidea;
Draboviidae, Hirnantia, Kinnella, Chrustenoporidae, Jezercia:
Pentameroidea; Virgianidae, Brevilamnulella, Viridita; Clorin-
doidea; Clorindidae, ‘Clorinda’; Rhynchotrematoidea; Rhyn-
chotrematidae, Rhynchotrema, Stegerhynchus; Leptocoeliidae,
Platytrochalos; Trigonirhynchiidae, Plectothyrella, Rhyn-
chotreta, Rostricellula: Atrypoidea; Atrypidae, Protatrypa,
Zygospiraella; Atrypinidae, Alispira, Atrypina, Eospirigerina,
Nalivkinia, Plectatrypa; Septatrypidae, Becscia: Lissatrypoidea;
Lissatrypidae, Meifodia; Septatrypidae; Idiospira: Protozy-
goidea; Cyclospiridae, Cyclospira: Meristelloidea; Meristellidae,
Cryptothyrella, Hindella. Cyrtioidea; Eospiriferidae, Eospirifer.

From the Upper Rhuddanian, the present authors have
recorded:- Linguloidea; Lingulidae, Lingula: Cranioidea;
Craniidae, Petrocrania; Craniopsoidea; Craniopsidae, Para-
craniops:  Fichwaldioidea: Eichwaldiidae, Eodictyonella:
Strophomenoidea; Strophomenidae, Katastrophomena, Stro-
phomena; Rafinesquinidae, Crassitestella, Leptaena; Eopho-
lidostrophiidae, Eopholidostrophia; Leptostrophiidae,
Brachyprion, FEomegastrophia, Eostropheodonta, Mesolepto-
strophia, Palaeoleptostrophia; Strophonellidae, Eostrophonella:
Plectambonitoidea; Leptellinidae, Merciella; Leptestiidae,
Leangella; Sowerbyellidae, Anisopleurella, Eoplectodonta
Xenambonitidae, Aegiria: Chilidiopsoidea; Chilidiopsidae,
Coolinia, Fardenia, Saughina: Triplesioidea; Triplesiidae,
Streptis, Triplesia: Skenidioidea; Skenidiidae, Skenidioides:
Orthoidea; Orthidae, Orthokopis; Glyptorthidae, Eridorthis;
Hesperorthidae,  Hesperorthis,  Dolerorthis,  Schizonema:
Plectorthoidea; Plectorthidae, Plectorthis; Giraldiellidae,
Giraldiella; Wangyuiidae, Toxorthis: Dalmanelloidea; Dal-
manellidae, Dalmanella, Dedzetina, Isorthis, Levenea, Onniella,
Protocortezorthis, Ravozetina, Resserella, Templeella, Vis-
byella; Chrustenoporidae, Chrustenopora, Dysprosorthis, Jez-
ercia; Dicoelosiidae, Dicoelosia, Epitomyonia; Heterorthidae,
Heterorthella; Proschizophoriidae, Cordatomyonia; Rhipid-
omellidae, Mendacella; Enteletoidea; Saukrodictyidae, Saukro-
dictya; Draboviidae, Drabovia: Pentameroidea, Virgianidae,
Borealis, Brevilamnulella, Holorhynchus, Virgiana, Virgianella:
Camerelloidea; Parastrophinidae, Parastrophinella; Stricklan-
dioidea; Stricklandiidae, Stricklandia, Stricklandistophia?;
Clorindoidea; Clorindidae, ‘Clorinda’; Rhynchotrematoidea;
Rhynchotrematidae, Rhynchotrema, Stegerhynchus; Trigo-
nirhynchiidae, Ancillotoechia, Hemitoechia, Plectothyrella,
Rhynchotreta, Rostricellula, Thebesia: Camarotoechioidea;
Camarotoechiidae, Fenestrirostra; Anazygoidea: Anazygidae,
Pentlandella: ~ Atrypoidea; Atrypidae, Protatrypa, Zygo-
spiraella, Atrypinidae, Alispira, Athyrisinoides, Atrypinopsis,
Beitaia, Clintonella, Eospirigerina, Nalivkinia, Plectatrypa: Lis-
satrypoidea; Lissatrypidae, Cerasina, Meifodia; Septatrypi-
dae, Idiospira: Meristelloidea; Meristellidae, Cryptothyrella,
Hindella, Whitfieldella: Dayioidea; Dayiidae, Protozeuga?;
Cyrtioidea; Eospiriferidae, Eospirifer, Striispirifer.
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