
�������	
���
������
��
	�� ��������� ��
��

��
	��
����
�
�����
������
���
�����

������ ��	
�

The Hirnantia Fauna was observed at a new stratigraphic level in the topmost Králův Dvůr Formation at
Praha-Řeporyje. Up to now this distinctive late Ordovician fauna has been known only from the summit of the
Kosov Formation in the Prague Basin. The newly observed fauna consists of draboviids Hirnantia sagittifera,
Kinnella kielanae kielanae, taxonomically poor ostracods, a machaeridian Lepidocoleus, a new undetermined
carpoid, and the very rare Mucronaspis. The fauna is much poorer than the fauna of the ‘Perník Bed’ below. The
presence of the Hirnantia Fauna at this new level indicates a significant cooling and eustatic fall in the sea level re-
sulting in a shallow subtidal environment (BA 3–4) prior to the deposition of glaciomarine diamictites at the base of
the Kosov Formation. • Key words: Hirnantia Fauna, Hirnantia, Kinnella, Ordovician, Hirnantian, Králův Dvůr
Formation, Prague Basin.
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The Hirnantia Fauna is a distinctive widespread brachio-
pod fauna in the terminal Ordovician Hirnantian Stage.
Since recognition of this distinctive fauna by Temple
(1965) many authors have considered various aspects of
the Hirnantia Fauna. There have been in particular contri-
butions regarding its systematics (Temple 1965,
Bergström 1968, Lespérance & Sheehan 1976, Havlíček
1977, Hiller 1980, Cocks 1982, Mélou 1987, Harper et al.
1994, Rong & Li 1999), palaeogeography (Wright 1968,
Rong et al. 1984, Havlíček 1990, Owen et al. 1991, Cocks
& Fortey 2002, Chen et al. 2003, Rong et al. 2006), palaeo-
bathymetry (Brenchley & Cocks 1982, Brenchley &
Cullen 1984, Owen et al. 1991), extinction (Sheehan
2001; Rong et al. 2002, 2006; Rong & Shen 2002; Cocks
& Rong 2008) and also many other aspects. Syntheses of
the Hirnantia Fauna were published by Rong & Harper
(1988, 1999).

The Hirnantia Fauna, although widespread, is not a
cosmopolitan one because it is absent in the tropical belt.
Two Ordovician provinces with the Hirnantia Fauna
have been recognized: the circumpolar cold Bani prov-
ince with an atypical restricted fauna, and the temperate
to the subtropical Kosov province with the typical, rich
Hirnantia Fauna. The coeval tropical Edgewood prov-
ince shows a different brachiopod fauna (Rong & Harper
1988).

Repository. – All figured specimens are housed in the pala-
eontological collections of the Geological Survey, Prague
(MM).
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The first comprehensive report on the distinctive Hirnantia
Fauna in Bohemia is in Marek & Havlíček’s (1967) publi-
cation. They described nineteen species of rhynchonelli-
form brachiopods from the topmost part of the Kosov For-
mation at Nová Ves and Běchovice near Prague (Fig. 1).
Some of those species were described in more detail or re-
vised by Havlíček (1967, 1977). Subsequent taxonomical
contributions indicate the presence of five lingulate and
craniate brachiopods in the Bohemian Hirnantia Fauna
(Mergl 1986, Havlíček 1994). Marek & Havlíček (1967)
had also already noted the presence of bryozoans, trilobi-
tes, crinoids, gastropods, bivalves and other invertebrate
groups, but, with the exception of gastropods (Marek 1963)
and bivalves (Kříž & Steinová 2009), these groups have
not been taxonomically revised up to now. In the last deca-
des, a few new occurrences of the Hirnantia Fauna were
observed in territory of Prague: Prague-Pankrác (Štěpánek
1984), Prague-Řepy (Štorch 1982), Prague-Nové Butovice
(Štorch 1991), Prague-Velká Ohrada (Štorch 1994),
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Prague-Malá Ohrada, and Prague-Řeporyje (both unpub-
lished). All the occurrences of the Hirnantia Fauna are
confined to the NE part of the Prague Basin in the vicinity
of Prague. The fauna is usually restricted to a less than 1 m
succession at the summit of the Kosov Formation within
the Normalograptus persculptus Biozone (Štorch 1982).

In the Prague Basin this taxonomically rich association
of the Hirnantia fauna appeared above a much poorer,
mostly bivalve dominated association. The two associa-
tions are separated by an interval of unfossiliferous shales
and storm-generated sandstones.

A new interpretation of the earlier sources (Marek
1951, Štorch 1986a), taxonomic revision, and new obser-
vations led Kříž & Steinová (2009) to recognitise the
Modiolopsis pragensis Community in the upper part of the
Kosov Formation. This community is dominated by the
eponymous bivalve associated with rare gastropods,
brachiopods, rostroconchs and the trilobite Brongniartella.
It is followed by the Hirnantia sagittifera-Sluha
kosoviensis Community, which represents a more offshore
and taxonomically rich benthic association. The succession
from a bivalve-dominated association to a more diverse
brachiopod-dominated association on the basin floor has
been assigned to a eustatic rise of sea level (Štorch 1986b)
caused by progressive melting of the southern polar ice
cap.

The taxonomic diversity of the Hirnantia sagitti-
fera-Sluha kosoviensis Community is remarkably rich and
may be compared with the Eostrophomena-Hirnantia
Community described by Rong (1986) and Chen et al.
(2003) from the Yangtze region of South China. This simi-
larity indicates the position of the Prague Basin and
Perunica in a temperate belt of the Kosov Province in the
late Hirnantian. In summary, the distribution and taxo-
nomic composition of the Hirnantia Fauna in Bohemia in-
dicates shallow oxygenated water, rich in nutrients in an
upper subtidal environment (BA 3).

However, from a stratigraphical point of view, the so far
reported occurrence of the Hirnantia Fauna in the Prague Ba-
sin has been very late (Rong et al. 2002). Most of its occur-
rences outside the Prague Basin, although diachronnous, indi-
cate an earlier appearance of this distinctive fauna, already
present in the early Normalograptus ojsuensis and/or Norma-
lograptus extraordinarius Biozone with Hirnantia sagittifera
and Plectothyrella crassicosta extending from the latest
Paraorthograptus pacificus Biozone (Rong et al. 2002).

Environmental and lithological changes and their im-
pact on benthic associations around the Katian/Hirnantian
boundary have been summarized by Štorch & Mergl
(1989). In the Prague Basin the position of the
Katian/Hirnantian boundary was located by Štorch (1990)
as in the bed with the Mucronaspis Community, just above
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�� Distribution of the Kosov Formation (Hirnantian) in the Prague Basin of the Czech Republic, the location of the localities with the Hirnantia
Fauna and bivalve fauna at the top of the Kosov Formation, and the new locality with the Hirnantia Fauna at the top of the Králův Dvůr Formation (after
Kříž & Steinová 2009, modified).



the ‘Perník Bed’ at the summit of the Králův Dvůr Forma-
tion. This location could be justified by the rapid cooling
and environmental deterioration in the basin as well as the
by presence of Normalograptus ojsuensis in beds bearing
the Mucronaspis Fauna (Štorch 1990). He also suggested
that the Mucronaspis Fauna occupied deeper water (BA
4–5) than the Hirnantia Fauna. It has been presumed that
the climatic changes destroyed the Mucronaspis Fauna due
to the succeeding influx of glacio-marine diamictites
(Štorch 1990). The last Mucronaspis is known from silt-
stones between two diamictite layers (Brenchley & Štorch
1989). Based on these considerations, it could be suggested
that before deposition of the diamictites marking the base

of the Kosov Formation, the now preserved basin floor was
below the depth range of the shelly Hirnantia Fauna.
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Recently, shells of the brachiopods Hirnantia sagittifera
(M’Coy, 1851) and Kinnella kielanae (Temple, 1965) were
found during laboratory investigation of claystones and silt-
stones yielded from a small temporary outcrop opened in
2003 at Prague-Řeporyje. The shells indicate a much ear-
lier appearance of the Hirnantia Fauna in the Prague Basin
than had been previously suggested (Fig. 2).
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"� Lithostratigraphic log with the distribution of the main faunistic elements of particular beds at the new locality at Prague-Řeporyje (*naming
of levels are in sense of Štorch & Mergl 1989).



Outcropping rocks at the new locality (Fig. 1) show a
rather monotonous lithology, starting with a richly
fossiliferous bed, 23 cm thick decalcified claystone
(equivalent to the ‘Perník Bed’ of Štorch & Mergl 1989
a.o.) overlaid by two grey-green, coarsing upward
claystone and shale beds with scattered quartz grains
(Fig. 2). These 24 cm thick beds of claystone and shale
are followed by the first diamictite bed. The diamictite
bed is divided by a clay lamina into 2 beds, a lower 2 cm
thick and an upper 14 cm thick, respectively. The overly-
ing 60 cm of grey-green siltstone without fossils is fol-
lowed by major diamictite bed of unknown total thick-
ness (the measured incomplete thickness is more than
one metre). The lithology is comparable with those in
other localities of the same stratigraphic level (Štorch &
Mergl 1989).

The lowest bed correlates with level B of Štorch &
Mergl (1989), having the same rich brachiopod and trilo-
bite fauna (Fig. 2). The following claystone and shale cor-
respond to level C. The first diamictite bed could be corre-
lated with level D. This lithological criteria correlate well
with the fossil content (Fig. 2).

The lowest bed (level B) yielded a very rich brachio-
pods content, mostly plectambonitaceans, and trilobites
known in other localities of the Marekolithus kosoviensis
Horizon. Noteworthy is the commonness of bryozoans,
hyoliths and machaeridians. The upper part of level B
formed by pale claystone is characterised by the abundance
of the trilobite Staurocephalus clavifrons associated with
small dalmanellacean and plectambonitacean brachiopods,
represented by Aegironetes, Anoptambonites, Epitomyonia
and Salopina. This upper part of level B is only 2–5 cm
thick. The overlying grey-green claystone and shale of
level C is rich in ostracods, fragments of the trilobite
Mucronaspis, sclerites of the machaeridian Lepidocoleus,
isolated plates of carpoids, and rare very small
dalmanellaceans. The plectambonitaceans are absent. This
level displays a rapid decrease of taxonomic diversity com-
pared with level B. Mucronaspis, the only trilobite at this
level, is often preserved as small fragments and juvenile
sclerites, including a pygidia smaller than 5 mm. The fossil
association represents the Mucronaspis Community sensu
Štorch & Mergl (1989).

A 5 to 7 cm thick layer of siltstone with scattered quartz
grains, yielding a distinct fauna, is situated immediately
below the first diamictite layer. Poorly diversified
ostracods, sclerites of machaeridians, and isolated are sig-
nificant. Small to medium sized shells of Kinnella kielanae
kielanae are the commonest among the brachiopods. The
draboviid Hirnantia sagittifera and the small dalmanellid
Ravozetina have only rarely been collected. In contrast to
the layers below, the absence of plectambonitaceans is
conspicuous. This bed has no equivalent in previously
measured sections (Štorch & Mergl 1989) and represents

the earliest appearance of the Hirnantia Fauna in the
Prague Basin.
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All the fossils in the layer with the Hirnantia Fauna are
highly fragmented, with the exception of highly convex,
thick-walled ostracod shells, which are often clustered and
almost intact. Sclerites of the machaeridian Lepidocoleus
and plates of carpoids are always isolated, some of them
broken. The trilobite Mucronaspis is known from very rare
small fragments. Brachiopod shells are always disarticula-
ted, mostly crushed into 2–3 mm or even smaller frag-
ments. Complete brachiopod valves represent 20–30% of
the total preserved valves. Shell fragments are not sorted,
worn, abraded or collapsed, indicating rapid transport and
deposition without winnowing, significant compression
and dissolution in the sediment. Shales and siltstones inclu-
ding the bed with the Hirnantia Fauna have been interpre-
ted by Štorch (2006) as possible distal storm deposits. In
summary, the shells represent material transported over
some distance and rapidly deposited.
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Order Orthida Schuchert & Cooper, 1932
Superfamily Enteletoidea Waagen, 1884
Family Draboviidae Havlíček, 1950
Subfamily Draboviinae Havlíček, 1950

Genus Hirnantia Lamont, 1935

Type species. – Orthis sagittifera M’Coy, 1851; Hirnan-
tian; Scotland.

Hirnantia sagittifera (M’Coy, 1851)
Figure 3J–L

Remarks. – Hirnantia sagittifera (M’Coy, 1851) is a large
draboviid having a poorly defined dorsal sulcus, deep dor-
sal valve with simple cardinal process, strong diverging
dental plates, and multicostellate ornamentation with fine
radial capillae in intercostal furrows.

The new material is rare and fragmental, but shows
some of the distinct features of H. sagittifera. The cardinal
process is a simple ridge (Fig. 3L) and the multicostellate
ornamentation with fine radial capillae in the bottom of in-
tercostal furrows is striking even in small shell fragments
(Fig. 3K). A few of the available shells are smaller, being
only 8 mm in width. Some very small ventral valves with
low interarea observed among the new shells could also be-
long to H. sagittifera.
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Hirnantia sagittifera is the eponymous and distinct
species of this latest Ordovician shelly fauna. It is known in
many localities of Bani and Kosov provinces, with reports
from Morocco, Bohemia, Hubei, Sichuan, Guizhou,
Yunnan, Tibet, Percé, Maine, Scotland, Kazakhstan,

Wales, England, Ireland, Norway, Sweden, Poland, Sar-
dinia, Spain and France (see Rong & Harper 1988 for a re-
view).

Occurrence in Bohemia. – Rare in Prague-Řeporyje;

� 

���
��
%� A–I – Kinnella kielanae kielanae (Temple, 1965). • A – small ventral valve, latex cast of exterior, MM 517. • B, E – ventral valve, latex cast of
exterior and internal mould, MM 518. • C – ventral valve, latex cast of exterior, MM 519. • D – small ventral valve internal mould, MM 520a. • F, G – dor-
sal valve, latex cast of exterior and internal mould, MM 521. • H – dorsal valve internal mould, MM 520b. • I – dorsal valve internal mould, MM 522.
• J–L – Hirnantia sagittifera (M’Coy, 1851), dorsal valve internal mould, latex cast of exterior, and detail of the cardinalia, MM 523. Stratigraphic and
geographic location: The top of the Králův Dvůr Formation at Prague-Řeporyje immediately below the first diamictite bed (topmost bed of level C in
Fig. 2). Bars equal 1 mm. All photos by the author.
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abundant in the topmost Kosov Formation in Prague-Bě-
chovice and Prague-Nová Ves (Havlíček 1977).

Genus Kinnella Bergström, 1968

Type species. – Hirnantia? kielanae Temple, 1965; Hir-
nantian; Poland.

Kinnella kielanae kielanae (Temple, 1965)
Figure 3A–I

Remarks. – Kinnella kielanae kielanae (Temple, 1965) is a
small draboviid having a high catacline ventral interarea,
moderately convex sulcate dorsal valve, multicostellate
ornamentation with hollow ribs, and coarse internal costel-
lation along the shell periphery (Bergström 1968). The car-
dinal process is apically bilobed and extending into the
conspicuous median ridge. According to Havlíček (1977),
the differences between K. kielanae kielanae (Temple,
1965) and K. kielanae proclinis (Havlíček, 1977) are at
subspecies level. The differences are procline to catacline
ventral interarea, divergent brachiophore supporting pla-
tes, and a straight, converging anterior border of the dorsal
muscle field in K. kielanae proclinis. This subspecies is
confined to the latest Hirnantian (N. persculptus Biozone)
in the Prague Basin. With only two exceptions (Cocks &
Fortey 2002, Stott & Jin 2007), all other foreign occurren-
ces of Kinnella are referred to as K. kielanae kielanae. In a
synthesis of the Hirnantia Fauna, the two subspecies were
not discussed separately (Rong & Li 1999).

The newly collected specimens (Fig. 3A–I) show all the
features discussed by Havlíček (1977). The cardinal pro-
cess is clearly bilobed. Dorsal valves manifest the rounded
anterior margin of the dorsal muscle field, a feature distinct
to K. kielanae kielanae (Temple 1965). In addition, be-
cause the ventral valves of the new specimens are not par-
ticularly tall and show only catacline ventral interarea
(Fig. 3A), the new specimens are referred to the subspecies
K. kielanae kielanae. Kinnella kielanae kielanae has been
reported in many areas. A size-frequency distribution in a
sample from Poland (Temple 1965) indicates the preva-
lence of 4–8 mm wide shells, with 11 mm sized specimens
as the maximum. A similar distribution with 7 to 8 mm
wide shells being the maximum was noted by Havlíček
(1977) in K. kielanae proclinis. Widths of the newly col-
lected entire valves ranged between 3 to 6 mm, but frag-
ments indicate even larger shells. In summary, there is no
striking difference in size between the newly collected
shells and specimens from the foreign localities.

Kinnella kielanae is known from Wales (Temple
1965), Poland (Temple 1965), Norway (Brenchley &
Cocks 1982), Sweden (Bergström 1968), Carnic Alps (Jae-
ger et al. 1975), Sardinia (Villas in Leone et al. 1991),

Hubei (Rong 1979), Sichuan (Rong 1979), Guizhou (Rong
1979), Tibet (Rong & Xu 1987), and Percé, Québec
(Lespérance & Sheehan 1976). The species is abundant in
muddy substrates but not in the micritic muds (Rong & Li
1999). Cocks & Fortey (2002) separated the species
Kinnella medlicotti (Reed, 1915) from the Hirnantian of
Burma, and noted its probable presence in Hubei, China,
although Temple (1965) postulated the possible identity of
Reed’s species as K. kielanae. Pre-Hirnantian (upper
Katian) Kinnella laurentiana (Stott & Jin 2007) from east-
ern North America differs by a more convex dorsal valve
and less strongly apsacline ventral interarea.

Occurrence in Bohemia. – Abundant in Prague-Řeporyje;
absent from the topmost Kosov Formation where is substi-
tuted by Kinnella kielanae proclinis.
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New finds together with re-evalution of many published
sources provide more precise dating of the first appea-
rance of the Hirnantia Fauna in the Prague Basin. The
Hirnantia Fauna of the typical Kosov province is charac-
terized by the genera Dalmanella, Hirnantia, Kinnella,
Paromalomena, Eostropheodonta, Cliftonia, Plectothy-
rella and Hindella. There are also other genera (in total
some 45 rhynchonelliform genera; Rong & Harper 1999),
but their geographical distributions are more restricted.
The Hirnantia Fauna diversified, after the first pulse of
extinction during the early Hirnantian, before the N. per-
sculptus Biochrone. The second pulse of extinction occur-
red during the early N. persculptus Biochrone and was not
followed by any originations during the remaining part of
this time period (Rong & Harper 1999, Rong & Shen
2002, Rong et al. 2002).

The draboviid Kinnella kielanae, the commonest
brachiopod in the newly discovered fauna and Hirnantia
sagittifera, the ‘core’ taxa of the Hirnantia fauna, indicate
that the topmost beds of the Králův Dvůr Formation were
deposited after the first extinction phase which hampered
pre-Hirnantian shelly faunas. There are no records of
Kinnella kielanae before this extinction (Rong et al.
2002). The first phase of the extinction, discussed in de-
tail by Rong at al. (2002) started in the later P. pacificus
Biochrone and continued during the N. extraordina-
rius-N. ojsuensis Biochrone.
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The occurrence of the Hirnantia Fauna implies a progres-
sive eustatic fall in the Prague Basin during the deposition
of the highest beds of the Králův Dvůr Formation. During
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the fall, the depth of the basinal floor decreased allowing
the associations of the Hirnantia Fauna (BA 3–4) to oc-
cupy the sea floor and substitute (at least locally) the poorly
diversified and relatively deeper trilobite-dominated
Mucronaspis Fauna (BA 4–5). It seems probable that this
substitution was diachronnous. In the shallower marginal
parts of the basin (Prague-Řeporyje), the Hirnantia Fauna
substituted the relatively deeper Mucronaspis Fauna. In the
deepest part of the basin the Mucronaspis Fauna persisted
until the first deposition of diamictites (level D). The same
diamictite bed marks the end of the earliest Hirnantia
Fauna in shallower parts of the basin. The start of the eusta-
tic fall could be suggested to have occured during the depo-
sition of the extremely fossiliferous ‘Perník Bed’ (level B)
at the top of the Králův Dvůr Formation. However, these
hypotheses need further confirmation and it is outside the
scope of the present paper.

The presence of the Hirnantia Fauna in the topmost
Králův Dvůr Formation and its recurrence at the summit of
the Kosov Formation imply that the depth of the basin be-
tween these occurrences never substantially surpassed
shallow subtidal, the suggested depth range of the
Hirnantia Fauna.
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