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Revision of Orionastraea SMITH, 1917 (Rugosa) from the
Lower Carboniferous (uppermost Viséan) of the Moscow
Basin, and comments on patterns of variability, evolution and
range of the genus in Eastern Europe and in the British Isles

Revision de los Orionastraea SmitH, 1917 (Rugosa) del
Carbonifero Inferior (Viseense terminal) de la Cuenca de
Moscii, con comentarios sobre los patrones de variabilidad,
la evolucion y el rango del género en Europa del Este y las
Islas Britdnicas

Maria HECKER'

Abstract: Studies of variability of Orionastraea from the Moscow Syneclise formerly (DOBROLYUVOBA, 1958) attributed to four species
allow to prove the synonymy of three specific names. The genus is confined to the upper part of the Aleksin horizon (uppermost Visé-
an) and includes two species, 0. kurakovensis DOBROLYUVORA, 1958 restricted to the southern part of the Moscow Syneclise and £ rare-
septata DOBROLYUVOBA, 1958 restricted to its north-western part.

The range and synonymy of the genus are discussed. Patterns of variability based on examination of Orionastraea specimens from the
Coelenterate Collections of the Natura} History Museum, Londoa are outlined. Three stages of evolution of the genus are discerned. Both
Russian species appeared during the first stage.
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Resumen: El estudio de Ia variabilidad en las especies del género Orionastraea de Ia Sineclisa de Mosel, que previamente incluia coa-
tro especies (DoBROLYUVOBA, 1958), ha mostrado la sinonimia de tres de ellas, La distribucion del género estd limitada a la parte supe-
rior del horizonte Aleksin (Viseense terminal), e incluye dos especies: . kurakovensis DOBROLYUVOBA, 1958 restringida a la region sur
de la Sinclisa de Moscd, y O. raresepiata DOBROLYUVOBA, 1958, restringida a la regidn noroccidentai de la misma.

Se discuten el rango y las sinonimias de] género. Se exponen los patrones de variabilidad deducidos a partir de la revisidn de los ejem-
plares de Orionastraea de las colecciones del Museo de Historia Natural de Londres. Se reconocen tres estados en la evolucion del géne-
1o, reconaciéndose el primero de ellos como el estado en el que se desarrollaron las dos especies de Rusia.

Palabras clave: Orionastraea, variahilidad, evolucion, Viseense terminal, Cuenca de Moscy, Gran Bretafia.

INTRODUCTION

The rugose coral genus Orionastraea was erected
by Smith (1916, 1917) for the British Lower Carbo-
niferous colonial species related to the genus Lithos-
trotion FLEMING, 1828. SMitH chose Sarcinula phi-
Iipsi McCoy, 1849 as the type species, considered it
as the senior synonym of §. fuberosa McCoy, 1849,
and attributed to the genus two more species, 8. pla-

centa McCoy, 1849 and Lithostrotion ensifer MILNE-
EpwarDS & HaIME, 1851, Therefore, the genus Orio-
nastraea as established by SMiTH included species
with pseudoastracoid (ceriold-astraeoid) and tham-
nasterioid colonies, well developed septa of both
orders, columella present or lacking. It was mainly
confined to the interval of the Brigantian which is
now considered as the equivalent of the rugose coral
fauna [ of MITCHELL (1989) of the Bristol area, North
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Walcs, North Derbyshire and Southern Uplands, Sco-
tland,

Five new species and four new varieties have been
referred o Qrfonasiraea by Hupson (1926, 1929),
most of them coming from northern England (North
Yorkshire and Cumbria). O. ensifer var. matura 18
here removed from Orivnastraea. Other representati-
ves of the genus described by Hunson are astraeoid,
thamnasterioid and aphroid, typically have smaller
tabularia and less septa than the species attributed to
the genus by SMiTH and are confined to the interval
equating with the upper part of the fauna I through
fauna J of MITCsiELL (1989). In the interval of the
Brigantian succession of northern England corres-
ponding to the Tyne Bottom through the Single Post
limestones and their equivalents, Hubson (1929)
recognized the Orionustraeq zone subdivided into
two subzones (Fig. 1).

The genus Orfonastraea has since been broadly
interpreted, reported from vanous areas in Europe,
Asia and even in Australia, and considered as ran-
ging from the Lower Carboniferous through the
Permian {for major revisions of the genus see HiLL,
1940; DoBrOLYUBOVA, 1958: KaTO & MITCHELL,
1970). HiLL (1981) restricted the stratigraphic range
ol Orionastraee to the Viséan, but the geographic
distribution still remained very wide: Great Britain,
Urals, Novaya Zemlya, Russian Platform, Donets
Basin, Asia {Japan, Hansu) and Australia (Queens-
land, New South Wales). As already mentioned by
Karo & MitcHeLL {1970), the record of the genus
from Central Japan by Minato (1955} is doubtful
and the form most probably belongs to Pseudopa-
vonig YABE, SUGIUAMA & BoucHl, 1943, Orionas-
traea columellaris PICKETT, 1966 reported from
castern Australia (ProxkeTr, 1966; JuLL, 1974;
WEBR, [990) differs from true Orionastraea in
having a very stout columella composed of a medial
lamella with radiating septal lamellae, heavy skele-
tal dilation and tn some other characteristics. WEBB
(ibid.) conditionally referred it to Orionastraea
together with a few Viséan pseudocerioid to aphroid
Australian species formerly assigned to Lithostro-
tion before a new genus for this group is establis-
hed. Few uppermost Viséan and Serpukhovian
astracotd (sometimes with vestigial corallite walls),
thamnasterioid -and--aphroid -species - resembling
Orionustraeq are reported from Central, South,
Northwest and Northeast China. They are attributed
either to Orfonastraca (LU0 & ZHAO, 1962, JiA et
al., 1977, DENG et al.. 1979, GUo. 1980, Liao &
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RoDRrIGUEZ, 1999) or to QOrionastraea, Paraorio-
nastraeq LIN, 1966 and Vesiorionastraea YU, LIN,
SHi, HuanG & Yu, 1983 (YU et al., 1983). Most
probably, they belong to an undescribed genus clo-
sely related to Heterostrotion Pory & Xu, 1996.
These Chineese Orionastraea-like corals as well as
thamnasterioid Q. carinata SHCHUKINA, 1970 repor-
ted from the Serpukhovian of Tian-Chan (SHCHUKI-
Na, 1970) resemble Heterostrotion in highly varia-
ble axial structures represented by impersistent
columella and/or aulos, in septa being carinate, and
major septa - pinnately connected.

I am not aware of any records of Orionastraea
from the former USSR other than those in the
uppermest Viséan (lower Brigantian) of the Mos-
cow Syneclise and Ponets Basin. The presence of
the genus in the Aleksin horizon of the Moscow
Syneclise was recognized by DoBrovLyuvosa
(1958) based on six specimens, five of which came
from the north-western part of the syneclise, and
one - from the southern part. No more specimens
have been obtained since. In the north-western part
of the syneclise, Orionastraea is reported from the
Msta River. It is confined to the 2.9 m thick Limes-
tone a, representing one of the eight laterally per-
sistent limestone units in the uppermost Viséan
sequence of the area which is to considerable extent
composed of sands and clays (HECKER, R.,1938).
The interval of this sequence comprising the Limes-
tone a, and the Limestone a, developed higher in the
succession approximates to the Parsukovo subsuite
of the southern part of the syneclise in the sense of
MAKHLINA ¢t al. (1993), i.e. to the upper part of the
Aleksin horizon. In the southern part of the synechi-
se, Orionastraea also most probably also occurs
high in the Aleksin,

As a short ranging and rapidly evolving genus,
Orionastraed 1s important for stratigraphy of the Bri-
gantian of Great Britain, the area of its highest abun-
dance. It also serves as a good biostratigraphic tool
for other areas of its occurrence; even scanty material
allows precise correlation based on evaluation of
evolutionary advancement of a species. Thus, Orio-
nastraea from the Moscow Basin resemble the Bri-
tish Orionastraea confined to the fauna [ of M-
CHELL (1989), whereas the species from the Donets
Basin erroneously -identified by Vasiyuk (1964} -as
0. placenia and occuring at a higher level is evolu-
tionary more advanced and very close to O. prerete
characteristic of the fauna J of northern England. The
presence of this species in the middle part of the
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lower Vg subzone (in the Limestone B,) indicates In spite of its scarcity, the material of Orionastra-
that the base of the Mezha Formation comprising the ~ ea from the Moscow Basin allows study of variabi-
lower Vg and the upper Vg subzones cannot lie very  lity demonstrating that the specimens from the Msta
high in the Brigantian and most probably approxima-  River altributed by DOBROLYUBOVA (1 958) to O. phi-
tes to the base of the Mikhailov horizon of the Mos-  lipsi, O. rareseptata DOBROLYUVOBA, 1958 and O.
cow Syneclise as it has been supposed by HECKER,  heteroseprata DOBROLYUVOBA, 1958 belong to the

M. (2002) (Fig. 1). same species.
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Figure 1.- Correlation of the uppermost Viséan (Brigantian) stratigraphic units of the Moscow and Donets Basins with reference to some
rugose coral zonations adopted in Great Britain at different times, and principal lower Brigantian limestones in northern England. 1:
rugose coral fauna I of MiTcHELL (1989) and its equivalents in the other rugose coral zonations considered. 2: rugose coral fauna I of
MiTCHELL (1989) and its equivalents in the other rugose coral zonations considered. 1 + 2: range of Orionastraea in Great Britain, 3
range of Orionastraea in the Moscow Basin. 4: occurrence of Orionastraea in the Denets Basin.

Figura 1.- Correlacion de las wnidades estratigraficas del Viseense terminal {Brigantiense) de las cuencas de Mosci y Doretz, con refe-
rencia a algunas gonaciones de corales rugosos definidas en Gran Bretafia en diferentes fechas, y principales calizas del Brigantiense
inferior del rorie de Inglaterra. 1. fauna I de corales rugosos de MrTcHELL (1989} y sus equivalentes en lus otras tonaciones de corg-
les rugosos referidas. 2: fauna § de corales rugosos de MITCHELL (1989) y sus equivalentes en las otras zonaciones de corales nigosos
referidas. 1+ 2: rango de Orionastraea en Gran Bretaha. 3: rango de Orionastraea en lg Cuenca de Mosci. 4: distribucion de Orio-

nastraea en la cuenca del Donet:.
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Many species assigned to the genus are obviously
synonyms. There is no doubt that for Orionastraea
from the British Isles a revision of all types tollowed
by careful studies of variability is required. As a first
step, the collection of Grionastraea stored in the
Natural History Museum, London has been exami-
ned in order to outline patterns of variability and evo-
lution of the genus. It contains great number of the
types and topotypes of most of the species and varie-
ties described from Great Britain

Institutional abbreviations: PIN, Palacontological
Institute, Russian Academy of Sciences, Moscow;
BM, National History Museum, London; SM, Sedg-
wick Museum, Cambridge; IRScNB, Belgian Royal
Institute of Natural Sciences, Brussels.

SYSTEMATIC DESCRIPTION

Suborder LITHOSTROTIONINA
SPASSKY & Kacnanov, 1971
Family Lithostrotionidae p’OrgiGNy, 1852
Genus Orionastraea SMITH, 1617

1916 Orionastraea SmitH, p. 3.

1917 Orionastraca SMITH, p. 294,

1926 Orignastraea SMith; Hupson, p, 145.

1929 Orionastraea SMitH; Hunson, p. 441,

1940 Orionastraea SMitH (partim); Hiw, p. 157,

1952 Orionasiraea SMITH (partim); LECOMPTE, p. 473.

1956 Orionasiraea Smerd (partim); HiLL, p. F283.

1958  Orionastraea Smith, DOBROLYUVOBA, p. 199.

1966 Paraorionastraea LIN (partim); reference not traced, uo-
ted from YU ez al., 1983,

1970 Orionastraea SMITH (partim); Kato & MITCHELL, p. 47.

1974 Orionastraea SMITH (partim); JuLl, p. 72.

1981 Orionastraea SMITH (partimy); HILL, p. F381.

1983 Orionastraeq SMITH {partim); YU ef al, p. 139,

1983 Paracriongstraea LN (panim); Y1 et af., p. 140.

1983 Vesioripnastraea YU, LN, SHI, HUANG ef YU (partim),
p. 146,

1999 Plejonastraeq Nunns, p. 223

Type species: Sarcinula phillipsi McCoy, 1849, p.
[25; Upper Grey Limestone, fower Brigantian;
Haford-y-Calch, Corwen, North Wales.

Species assigned: Sarcinula phillipsi McCoy,
1849, 8. placenme McCoy, 1849, S. tuberosa McCuoy,
1849, Lithostrotion ensifer MILNE-EDWARDS & HamE,
1851, Orionastraca indivisa Hupson, 1926, O.
edmondsi Hunsan, 1929, 0. edmondsi var. laciniosa
Hupson, 1929, O. gurwoodi Hupson, 1929, 0. gar-
woodt var. pristing Hupson, 1929, 0. gurwoodi var.
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sera Hupson, 1929, 0. rete Hupson, 1929, O. prerete
Hupson, 1929, Q. philfipsi McCoy in HILL, 1940, O.
magna Kato & MitcHELL, 1970, O. rareseptata
DosroLyuBOVA, 1958, O. kurakovensis DOBROLYUBO-
va, 1938, O. plucenta MCCOy in VASSILYUK (1964).
Many of the species mentioned are synonyms (see
section «Patterns of variability in Orionastraeas).
Diagnosis (emended): pseudocerioid, astraeoid,
thamnasterioid or aphroid Lithostrotionidae; vesti-
gial coraflite walls may be present; major and minor
septa long including confluent or discontinuous
towards periphery, seldom degenerated; columella, if
present, formed by the axial end of the counter sep-
tum; tabulae complete or incomplete, conical to con-
vex; dissepiments variable in shape, secondary disse-
piments often present.
Remarks: itis generally accepted that Orionastra-
ea is related to Lithostrotion and evolved from it by a
gradual degeneration of corallite wall. Taking into
account similar tabularia diameter and number of
septa, NUDDs (1975, 1999) considered Lithostrotion
decipiens (McCoy, 1849) as the ancestral species of
all Orionastraea except for Q. magna and Q. ensifer
var. matura. For these two taxa characterized by lar-
ger tabularia and higher number of septa, he erected
the genus Pleionastraeq NUDDS, 1999 (= Gen. n. A
Nupps, 1980) with Qrionastraea magna as the type
species. According to NUDDS, Pleionastraca evolved
from the larger species of Lithostrotion - L. vorticale
{ParkiNsOx, 1808) - by following an evolutionary
trend of corallite wall breakdown. Pleipnastraea
matura (= Q. ensifer var, malura) possessing a vesti-
gial corallite wall and columella is considered in this
lineage as an intermediate stage between cerioid
columellate  Lihostrotion vorticale and astraeoid-
thamnasterioid Plefonastraea magna (= Orionastra-
eq magna} lacking corallite walls and columella.
Only two specimes of 0. ensifer var. matura (the
holotype and paratype) have been available to Nupps
(1999}, both coming from the derived limestone
boulder in the Namurian Upper Bowland Shales at
Black Gill Beck, Setile, Nupps {ibid.) estimated the
age of these specimens as equating to the Lower
Hawes Limestone (lowermost Brigantian) based on
the common occurrence of a Brigantian fauna and
nodules of Girvanella indicating the level of the Gir-
vanelle Band. In the type area of the Brigantian
(Cumbria), the laterally persistent Girvanella Band
occupies the topmost position in the Peshorn Limes-
tone correlating with he lower part of the Hawes
Limestone of North Yorkshire (GEORGE et af., 1976:
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JoHNSON et al., 1995). Hupsow (1929, p.445) also
recorded Orionastraea ensifer var. matura from the
«lower part of DI zone» at High Iill, settle but the
specimens are reported missing (Nubps, 1999). It
should be mentioned that the lower limit of the DI
zone as recognized by HupsoN in North Yorkshire
has a position higher that the base of the Asbian as
defined in the type area (Cumbria). It approximates
to the base of the DI zone of VAUGHAN (1905) (see
Table 1 in GEORGE et al., 1976) corresponding to the
lower limit of the Cf6 foraminiferal subzone, and to
the lower limit of the fauna G of MITCHELL (RILEY,
1993). One can assume that O. ensifer var. matura
entered in the upper Asbian and ranged through the
lowermost Brigantian correlating with the lower part
of the fauna H of MiTCHELL, and with the lowermost
part of the Cf6d foraminiferal subzone.

Hupson (1929, p.445) regarded Orionastraea
ensifer var. matura as a «definite earlier variant of O.
ensifer» pointing at the «more pronounced epithecar»
of the former as the most important distinctive cha-
racter, and considering differences in size of tabula-
ria and septal number less significant. NUDDS (1999)
attaches more importance to the fact that Lithostro-
tion vorticale and Pleionastraea matura are identical
in size of tabularia and septal number correctly infe-
rring that P. matura differs from Lithostrotion vorti-
cale only in incomplete corallite walls. L. vorticale in
Europe ranges from the upper part of the CI5 forami-
niferal zone (upper Livian) through the lower part of
the Cfod foraminiferal subzone (Pory, 1993). In
general, it is not a highly variable species, typically
shows stout columellae, well developed and often
beaded corallite walls, and rather regular dissepimen-
taria. Nevertheless, sometimes L. vorticale can
demonstrate intracolonial variability possibly related
to growth periodicity. It involves columellae, coralli-
te walls and dissepimentaria. Variability of this kind
can be observed in the specimen [RScNB 1.G.3440-4
(upper part of the Cf 6g foraminiferal subzone, «F» -
«H» Quarry, south of Visé, Belgium). The two trans-
verse thin sections cut from this specimen and figu-
red by Poty (1981, PL. V, Figs. 2a, b} look rather dif-
ferent. Corallites in one of them (Fig. 2a) are larger
due to wider dissepimentaria, show thin columellae
and very thin walls. Like in the transverse thin sec-
tion of the holotype of Orionastraca ensifer var.
matura (HUDSON, 1929, PI. IV, Fig. 4; Nupps,1999,
Pl 1, Fig.1), these walls become discontinuous bet-
ween some corallites for short intervals. The coralli-
tes in another section (Poty, 1981, PL. V, Fig. 2b) are
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much smaller due to narrower dissepimentaria. They
show thick to thin but always continuous walls, and
columellae varying from thin to very thin, almost
disappearing, thus resembling columellae in the
transverse thin section of the holotype of Orionastra-
ea ensifer var. matura (see NupDS,1999, P11, Fig.1).
O. ensifer var. matura demonstrates striking simila-
rity to Lithostrotion vorticale in longitudinal section
as well, therefore it should be considered as its junior
synonym.

All records of 0. magna are from the Orionastra-
ea Band of Settle district, North Yorkshire (Kato &
MITHELL, 1970; NUDDS, 1999) which is developed at
the very top of the Hardraw Scar Limestone (HICKs,
1959), i.e. occupies the highest position in the fauna
T of MITCHELL. NUDDS (1999) gives the range of this
species as equating to the Hardraw Scar Limestone
and maintains that it has evolved from Pleionastraea
matura occuring in the Lower Hawes Limestone
(lowermost Brigantian). However, the two limesto-
nes (Upper Hawes and Gayle) developed in North
Yorkshire between the Lower Hawes and the Har-
draw Scar (GEORGE et al., 1976; JOHNSON et al,
1995) and lacking Pleionastraeq are not considered.

Orionastraea magna is obviously the Orionasira-
ea species closely related to some other representati-
ves of the genus from northern England confined to
the same interval. Thus, its corallites resemble some
corallites in thin sections of the holotype of O.
edmondsi, particularly large corallites in transverse
sections BM R26471 and BM R26474 figured by
Hupsow (1929, P1. 111, Figs. 3a, b), in large {(someti-
mes oval) and poorly defined tabularia, in similar
number of major septa and degenerated minor septa,
and in irregular dissepimentaria. Therefore the genus
Pleionastraea based on this species is to be conside-
red as the junior synonym of Orionastraea.

Paraorionastraea LIN, 1966 is also synonymous
with Orionastraea. Its type species Sarcinula placen-
ta is extremely close to S. phillipsi, the type species
of Orionastraea, and differs from it mainly in the
absence of a columella. Vesiorionastraea YU, LIV,
Sut, HUANG et YU, 1983 based on Orionastraea hete-
roseptata is another junior synonym of Orionastraea.
The holotype of O. heteroseptuta represents the
example of variability of . rareseptata with
strongly pronounced aphroid tendency. '

Distribution: uppermost Viséan, lower Brigantian.
Jew Limestone and its eguivalents; Bristol area,
North Wales, Cumbria, North Yorkshire, Southern
Uplands, Northern Ireland, Great Britain. Simonsto-
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ne Limestone through the lower part of the Middle
Limestone and equivalents; Cumbria, North Yorkshi-
re, Great Britain; Central South Region, Republic of
Ireland. Upper Crook Burn Limestone; western Nort-
humbertand, Great Britain. Uppermost Viséan; Alek-
sin horizon; north-western and southern parts of the
Moscow Syneclise, Russia. Uppermost Viséan;
Lublin region, Poland. Lower V_ subzone, Mezha
Formation: Donets Basin, Ukraine.

Orionastraea rareseptata DOBROLYUBOVA, 1958
(Pl. 1, Figs. 1-3; PL 2, Figs. 1-2)

1958 Orionastraea phillipsi (McCov): DosrotYUBOVA, p. 201;
PL XXXIV, Fig. 2a, b PL. XXXV, Fig. 1

1958 Orionastraea raresepiata DosrRoOLYUBOVA, p. 205; PL
XXXV, Fig. 1a, b.

1958 Orionastraea heteroseptata DoBROLYUBOVA, p. 206; Pl
XXXVII, Fig. la, b.

1977 Orionastraea of. ensifer (MiNE-Epwarps & Haime),
NGUEN, p. 348; P17, Fig. 4a, b.

1977 Orionastraea aff. kurakovensis DoBROLYUBOVA; NGUEN,
p. 349, PL 8, Fig. 2; PL 9, Fig. 4a, b.

1977 Orionastraea aff. magna Kato & MmcHELL; Noues, P
350. P1. 8. Fig. la-c,

Holotipe: Orionastraea rareseptata DOBROLYU-
BOVA, 1958. Specimen PIN 705/115 with three trans-

PLATE 1
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verse and three longitudinal thin sections (same
registration numbers}. Two of the thin sections (one
transverse and one longitudinal) were figured by
Dosrovyupova (1958; Pl. XXXVII, Fig.la, b).

Stratum typicum: Limestone a,, upper part of the
Aleksin horizon, uppermost Viséan {Brigantian).

Locus fypicus: Msta River near Vittsy Mine, § km
SE of the town of Borovichi, north-western part of
the Moscow Syneclise.

Material: four specimens; locality and age as for
the holotype. Specimen PIN 705/112 with two trans-
verse and two longitudinal thin sections (same regis-
tration numbers); specimen PIN 705/114a with four
transverse thin sections (same registration numbers);
specimen PIN 705/114b with four transverse thin
sections (same registration nwmbers). These three
specimens were attributed by DoBrovyuBova (1958)
to 0. phillipsi (McCoy), and some of the thin sec-
tions were figured by her: PL. XXXIV, Fig. Ia, b (PIN
T05/112); PL. XXXV, Fig. 1 (PIN 705/114b). Speci-
men PIN 705/113 with one transverse and one longi-
iudinal thin sections (same registration numbers) is
the type und unique specimen on which DosroLyu-
BOVA (1958) based her new species . heteroseptata
(ibid., p. 206, PL. XXXVIII, Fig, 1a, b).

Diagnosis: aphroid, partly thamnasterioid-astrac-
oid Orionastraea with thin vestigial corallite walls,
columetla thin to absent, 14-17 major septa, minor

Figs. 1 - 3. - Orionustrae rareseptata DosroLyusova, 1958, Uppermost Viséan, Aleksin horizen, Limestone a; north-western part of
the Moscow Syneclise, Msta River near Vittsy Mine, 8 km SE of the town of Barovichi,

Fig. 1. - Holotype, PIN 703/115; L4, wansverse thin section; Lb, ¢, longitudina! thin sections. Aphroid colony, major septa often restric-
ted (o tabularia, columellae lacking in most of the corallites. Sections represented on fig.1a, b have been figured by DoBROLYUBOVA,
1938, pl. XXXVIL, fig. la. b.

Fig. 2. - PIN 705/i14a; colony with septa of both orders developed and columellae often present, Successive fransverse thin sections
demonstrating intracolonial variability: 2a, aphroid, partly thamnasteriod; 2b, thamnasteriosd with weakly developed aphroid interrup-
tion of septa.

Fig. 3. - PIN 705/114b; transversc thin section. Astracoid-thamnasteriod colony with weakly developed aphroid interruption of septa,
sepla of both orders developed, columellag present in all coraflites. This section has been figured by DosroLYUBOVa, 1958, pl. XXX VI,
fig. 1: the specimen has been attributed by her to Q. phillipsi.

Figs, | - 3. Orionastraea rareseptata DOBROLYUBOVA, 1938, Viseense terminal, Horizonte Aleksin, Caliza a,; noroeste de la Sinclisa de
Moscu, Rin Msta, proxima a la Mina Vittsy, a 8km al sureste de Borovichi. ’

LAMINA |

Fig. 1. Holotipo, PIN 705/115; ia, seecién transversal; 1b, ¢, secciones longitudinales. Colonia afroide, septos mayores frecuentemente
limitados al tabulario, columnillas avsentes en la mayoria de los coralitos. Las secciones representadas en Jas figuras 1 a,b proceden de
DoBrOLYUBOVA, 1958, [dm, XXXVIL, fig. | 4, b,

Fig. 2.~ PIN 705/1 1 4a; colonia con los dos érdenes de septos desarrollados ¥ con columnitlas frecuentemente presentes. Secciones seria-
das transversales mostranda la variabilidad intracoloniai: 2a, afroide, parcialmente thamnastericide; 2b, thamnasterioide con débil desa-
1molio de interrupciones afroides de los septos.

Fig. 3. -- PIN 705/114b; seccidn transversal, Colonia astreoide-thamnasterioide con débil desarrotlo de interrupciones afroides de los sep-
ts, Jos dos drdencs de septos desarrollados, cotumnilfas presentes en todos los coralites, Esta seccién ha sido figurada por DoBROLYU-
BOVA, 1958, ldm. XXXVI, fig. 1, ejemplar airibuido por esta autora a O, phillipsi.
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septa often less in number or absent, tabulariom dia-
meter 2.5-3.0 mm.

Description: lens-shaped aphroid colonies which
can at certain levels demonstrate thamnasterioid and
less commonly astraeoid tendency. Thin vestigial
walls separating corallites are always present but bet-
ter observed in longitudinal sections.

Tabularia are rounded and typically clearly diffe-
rentiated from dissepimentaria, although a gradual
passage of dissepiments into tabulae can be obser-
ved sometimes in longitudinal sections. Internyl
wall thin, rarely slightly dilated, formed by verti-
cally inctined inner margins of dissepiments. Spa-
cing of tabularia is very variable characteristic and
ranges from 1.5 to 12 mm. Diameter of tabularia
vartes from 2.1 to 3.2 mm and usually measures 2.5-
3.0 mm,

Septa typically thin, rarely slightly dilated. Their
maximum number varies from 14 to 17 of both
orders. Major septa extend half to one-third way to
the centres of the tabularia; when columella deve-
lops, part of them (very seldom all major septa) reach
columella or approaches it very closely. Minor septa
variable in number, often being fewer than major
septa and even absent. When thamnasterioid ten-
dency is pronounced, minor septa can be well deve-
loped in dissepimentaria where they do not differ
from major septa. In tabularia, minor septa never
attain more than one half of the length of the shortest
major septa or just penetrate tabularia. When aphroid
tendency is strongly pronounced, major septa are res-
tricled to the innermost series of dissepiments and to
tabularia, and minor septa commonly reduce in num-
ber or fail to develop.

The columella (when present) is thin or slightly
dilated, connected with the counter septum only or
with few major septa.

Tabulae complete or incomplete, spaced rather irre-
gularly from 0.25 to 1.0 mm (usually 0.25-00.5 mm)
apart. In the absence of a columella, they are subhori-
zontal or sfightly concave, rarely gently convex, When
columella is present, tabulae become tent-shaped, sel-
dom divided in two series with abaxially declined
axial tabellae and flattened periaxial {abellac.

Dissepiments typically thin, except for immer mar-
gins of the innermost dissepiments forming inner
walls. that sometimes become slightly. dilated. Disse-
pimentaria ex(remely variable. In transverse sections
of thamnasterioid and ustrueotd parts of colonies,
inner dissepiments usually in one to three rows, con-
cave towards the axis. Fowards the periphery disse-
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piments increase in size, become irregular and ran-
dom in orientation, In transverse sections of aphroid
parts, inner dissepiments have the same aspect as in
thamnasterioid and astracoid parts; towards the
periphery they pass through irregular transeptal dis-
sepiments of second order into irregular transeptal
dissepiments of first order. When aphroid tendency is
especially strongly pronounced, inner interseptal dis-
sepiments may become reduced ko one row or fail to
develop, and dissepimentaria are dominated by large
and irregular dissepiments among which small disse-
piments may appear. In transverse sections, these
small dissepiments are rounded to oval and arranged
in rows which look like chains entirely or partly
surrounding tabularia next to internal walls or at
some distance from them. Semicircolar secondary
dissepiments on primary dissepiments, elongated
secondary dissepiments lining septa, and buttress dis-
sepiments typically develop in thamnasterioid and
astraeoid parts of colonies. In longitudinal sections,
dissepiments are different in size and irregular, flat to
variously inflated. Sometimes weak «periodicity»
indicated by alternation of rather irregular layers of
more crowded flat and less crowded inflated dissepi-
ments may be discernible. These layers are subhori-
rontal to gently depressed m the absence of corallite
walls, and become upturned to the corallite walls
when they develop.

Intracolonial variability: it can be recognized in
all the specimens studied. Size and shape of tabula-
ria, as well as number of major septa are the only sta-
ble characters. Corallite walls separating part of the
corallites are always present, aithough in longitudinal
sections they are discontinuous. Thamnasterioid.
rarely astraeoid tendency seem to appear irregujarly
n three of the four specimens studied, and continutty
of septa in dissepimentarta is directly connected with
the development of this tendency. In longitudinal sec-
tions, thamaasterioid and astracoid parts can be
recognized due to the presence of small globose dis-
sepiments sometimes intersected by septa. In the
tabularia, major septa can vary in length, whereas
minor septa are always short, but can vary in number
or fail to develop. Columella, il present, is disconti-
nuous, seems to be more common in thamnasterioid
and astraeoid parts of colonies. When it develops,
tabuloe. become tent-shaped, sometimes divided.into
two series. Variabihity of tabulae in the absence of a
columella is rather low, although sometimes they
become divided and gradually pass into dissepi-
ments. Compared to the other structures, dissepi-
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ments on the periphery of corallites demonstrate the
highest intracolonial variability. They vary from rat-
her regular interseptal dissepiments typically associa-
ted with secondary dissepiments (in thamnasterioid
and astraeoid parts of colonies) to large irregular dis-
sepiments of second order lacking secondary dissepi-
ments (in aphroid parts). In longitudinal sections,
layers of dissepiments are always upturned to coralli-
te walls, and in adjacent corallites they usually are
inclined towards tabularia at different angles.

Intercolonial variability within a biotope: a gra-
dual passage from aphroid, partly thamnastericid-
astraeoid colonies to colonies with strongly develo-
ped aphroid tendency can be obseryed. The former
show longer major septa (both in dissepimentaria and
in tabularia), better developed minor septa, regular
inner dissepiments in three or two rows and concave
towards the axis, peripheral dissepiments strongly
affected by intracolonial variability. Also, in some
corallites discontinuous columellae with tabulac
upturned to ther are discernible. In the colonies with
strongly pronounced aphroid tendency, major septa
are often restricted to tabularia and very short, minor
septa are fewer or lacking, tabulae are typically hori-
zontal to concave, columella is absent, inner dissepi-
ments are in one row or lacking, and peripheral dis-
sepiments are less variable.

Remarks: O. rareseptaia resembles O. kurakoven-
sis in the type of colony but differs in smaller tabula-
ria, lower septal number, minor septa often less deve-
loped, columella sometimes present, tabulae less
regular and often incomplete, and secondary dissepi-
ments better developed.

In size of tabularia, septal number, and in the pat-
terns of variability, 0. rareseptata is close to the
Orionastraea from the Jew Limestone and its equi-
valents in England which are most probably conspe-
cific although described under different names: O.
ensifer, O. phillipsi, O. edmondsi, O. edmondsi var.
laciniosa (see section «Variability in Orionastraea»).
However, O. rareseptata never has such a stout colu-
mella as the types and some lopotypes of O. ensifer
and O. phillipsi. It also does not show herringbone
dissepiments (even when minor septa fail to deve-
lop). Besides, in O rareseptata, vestigial corallite
walls are always present, dissepimentaria are more
variable, and aphroid tendency is often stronger pro-
nounced.

The four specimens from the uppermost Viséan of
Lublin region, Poland identified by NGueN (1977) as
O. cf. ensifer (one specimen), ). aff. kurakovensis (two
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specimens), and Q. aff. magna (one specimen) all
belong to O. rareseprata. They are identical in size of
tabularia, septal number, do not differ in other charac-
ters and demonsirate the same patterns of variability as
the specimens from the Msta River. As regards the age
of the Polish specimens, it may be considered as appro-
ximating to the age of the Russian specimens based on
very similar rugose assemblage, especially on the com-
mon occurrence of Nemistium dobrolyubovae reported
by NGUEN {ibid.) from the same interval. This species
is restricted to the uppermost Viséan, and in the Mos-
cow Syneclise, it has its acme in the Aleksin horizon.
In the north-west of the Moscow Syneclise, both N.
dobrolyubovae and Orionastraea raveseptata are con-
fined to the Limestone a, only.

Distribution: upper part of the Aleksin horizon,
uppermost Viséan (lower Brigantian); Msta River
near Vittsy Mine, 8 km SE of the town of Borovichi,
north-western part of the Moscow Syneclise. Upper-
most Viséan (lower Brigantian); Lublin region,
Poland.

Orionastraea kurakovensis DOBROLYUBOVA, 1958
(PI. 11, Fig. 3)

1958 Orionastraea kurgkovensis DOBROLYUBOVA, p. 203; PL
XXXVIL Fig. la, b,

Holotype: Orionastraea kurakovensis DOBROLYU-
BOVA, 1958. Specimen PIN 703/4968 with one trans-
verse and one longitudinal thin sections (the same
registration number), both figured by DoBROLYUBOVA
(1958; P1. XXXVI, Fig. ig, b).

Stratum  typicim: Aleksin horizon, uppermost
Viséan {Brigantian).

Locus typicus: MOGK Quarry near Kurakovo
railroad station, 25 km SW of the city of Tula, sout-
hern part of the Moscow Syneclise.

Material: the holotype only.

Diagnosis: aphroid, partly weakiy astracoid Orio-
nastraeq with thin vestigial corallite walls, no colu-
mella, 18-22 septa of both orders, tabularium diame-
ter 3.5-4.5 mm.

Descriprion: the only specimen represents part of
a tabular aphroid, partly weakly astracoid colony,
About half of the corallites are separated by thin ves-
tigial walls while dissepimentaria of the others are
continuous,

Tabularia are round to oval and clearly differen-
tiated from dissepimentaria both in transverse and
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longitudinal scctions. Internal wall thin or slightly
dilated, formed by vertically inclined inner margins
of dissepiments. Fabularia are spaced 2.5-7.5 mm
apart, their diameter ts 3.5-4.5 mm.

Septa arc thin, their maximum aumber varies
from 18 to 22 of both orders. Major septa extend one-
third way to the centre of tabularium and sometimes
are slightly dilated near intermal wall. Minor septa
extend 1o inner row of dissepiments, just penetrating
tabularium or fail to reach it. Septa, espectally minor
septa, are usually discontinuous at peripheral ends,
but in some corallites part of major septa demonstra-
te astracoid clongation.

Tabulae are usually complete broad flattened
domes. rarety subhorizontal or incomplete, spaced
0.3-0.75 mm aparl.

Dissepiments typically thin except for inner mar-
gins of innermost dissepiments lorming inner walls
that sometimes are slightly dilated. In transverse
section, inner dissepiments usually in one to three
rows, concave towards the axis. Dissepiments beco-
me [ess regular towards the periphery of corallites
and commaonly pass through transeptal dissepiments
of second order into farge irregular transeptal disse-
piments of first order. Secondary dissepiments on
primary dissepiments as well as buttress dissepi-
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ments are present but extremely rare. In longitudi-
nal section, dissepiments are different in size and
irregular, flat to variously inflated. They dre arran-
sed in more or less regular layers which are subho-
rizontal to gently domed when corallite walls are
missing, or become upturned to the walls if they
develop.

Vaeriahility: not studied on account of scarcity of
the material.

Remarks: O. kurakovensis resembles 0. raresep-
tata in the type of colony, but differs in larger tabula-
ria, higher septal number, minor septa better develo-
ped, columella absent, tabulae generally complete
and more regular, and secondary dissepiments poorly
developed.

In the size of tabularia, septal number, and in
absence of a columella, 0. kurakovensis resembles
(). magna from the top of the Hardraw Scar Limesto-
ne of North Yorkshire. However, it differs in the type
of colony, in tabularia better differentiated and closer
spaced, and in secondary dissepiments poorly deve-
loped.

Distribution: Aleksin horizon, uppermost Viséan
(lower Brigantian); MOGK Quarry near Kurakovo
raiiroad station, 25 km SW of the city of Tula, sout-
hern part of the Moscow Syneclise.

Figs. 1 - 2. - Orionastraea rareseptaia DOBROLYUBOVA, 1958, Uppermaost Viséan, upper part of the Aleksin horizon, Limestone a,; north-
western part of the Moscow Syneclise, Msta River near Vittsy Mine, 8 km SE of the town of Boroviehs. .
Fig. 1. - PIN 705/112; 1a, transverse thin section; [b, longitudinal thin section, aphroid, partly lhamnaslenmd cu]ony, Lolurnellae preeent
These sections have been figured by DoBROLYUBOVA, 1958, pl. XXXIV, fig. 24, b; the specimen has been attributed by her to O, phillipsi,

Fig. 2. - PIN 705/113; Ia, transverse thin section; Th, longitudinal thin section. Colony with strongly pronounced aphroid tendency: almost
all major septa restricted to tabularia, minor septa less in nember than major and oflen lacking, columellae lacking. These sections have been
figured by DosroLyusova, 1958, pl. XXXVIIL fig. Ta, b; the specimen is the holotype of Q. hetervseptata DoBROLYUBGVA, 1958,

Fig. 3. - Orignastraea kurakovensis Dosrovyusova, 1958, Uppermost Viséan, Aleksin herizon; southern part of the Moscow Syneclise,
MOGK Quarry near Kurakovo railroad station, 25 km SW of the city of Tula. Holotype, PEN 7003/4968; 3a, transverse thin section; 3b, lon-
gitudinal thin section. These sections have been tigured by DosroLytrava, 1958, pl. XXXV, fig. 1a, b.

LAMINA 2

Figs. | - 2. — Ortonastraca raveseptata DORRONYUROVA, 1938, Viseense terniinal, tramo superior del horizonte Aleksin, Caliza a,; noroeste
de Ta Sinclisa de Moscd, Rio Mista, proximo a la Mina Virsy, a 8km al sureste de Borovichi,

Fig. 1. PIN 705/112; I, seccion transversal: Th, scecidn longitudinal. Coloniz afroide, paracialmente thamnasterioide, coluranillas presen-
tes. Estas secciones han sido (guradas por DoBRGLYUBOVA, 1958, Fim. XXXIV, fig. 2 a, b; cjemplar atribuido per esta autora a O. phiflip-
RN

Fig. 2. — PIN 705/113; la, seccion transversal; 1h, scccion longitudinal. Colonia con acusada tendencia afeoide: la mayoria de los septos
estan fimitados ai tabularic. septos menores menos numeroses que los mayores v frecuentemente auscntes, columnillas ausentes. Secciones
figuradas por DosroLyUROVA, 1938 1dm. XXXVIIL fig. 1 a, b; este ejemplar ha sido destgnado como holotipe de O, heteroseptata DOBROL-
YUBOVA, 1958,

Fig. 3. - Orionastarea kurakovensis DoBReLYUBOVA, 1958, Viseense terminal, horizonte Aleksin: sureste de la Sinclisa de Moscid, Cantera
MOGK, proxima a la estacion de ferrocarril de Kurakovo, 25 km al surceste de Tula, Hofotipo, PIN 703/4968; 3a, seccidn transversal; sec-
cion longitudinal, Secciones liguradas por DOBROLYEUBOVA, 1938, Tdm, XXX VI fig. { a. b,
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VARIABILITY IN ORIONASTRAEA
GUNERAL REMARKS

The genus Orionasiraea exhibited its highest varia-
bility in Great Britain where it was abundant, diverse
and had the longest range. However, variability in the
British Orionastraea has not been studied systermati-
cally so far, although SMmrTH (1917} gave an idea of pro-
bable intraspecitic variability in O. phiflipsi by mentio-
ning twe trends of variability, the one leading to
convergence with O. placenta {in which he also inclu-
ded forms from North Wales later described as O.
edmondsi var. laciniosg Hupson, 1929), and the other
leading to O. ensifer. For O. phillipsi, Hupsos (1929,
444, 452, 453) reported «a more advanced variety»
which oceurred together with the «typical variety» in
the type area (Corwen, North Wales) and without it in
Cumbria. This «variety» is lacking columella and
shows - sccondary  dissepiments on primary dissepi-
ments. HUBSON also disunguished (1926, 1929) the two
varteties of O, indivisa - depressed and massive, and in
spite-of them being confined to the same-interval and
area {top of the Simonstone Limestone in North Yorks-
hire) and sometimes occuring together, considered the
latter as the ancestor of the former. These «varieties» of
O. phillipsi and Q. indivisa are more likely to be inter-
preted as the examples of intercolonial variability wit-
hin a biotope. Another example of the variability of this
kind one can find in the paper by Kare & Mitchrit.
(1970) who reported one puratype with marked aphroid
tendency and slightly smailer tabularia among typicalty
astracoid-thamnasterioid types of O. magna.

While giving the diagnosis of G. phillipsi, Hup-
SON (1929) pointed out that in many species of Orio-
nastraed, transverse thin sections cut at the base of
colony differ from the sections cut near distal surface
in having more confluent septa and more regular dis-
sepiments: - Differences betweer transverse thin sec-
tions cut at different levels were beautifully demons-
trated by Hupson on the holotype of Q. edmondsi
(ihid., P11, Figs. 1a, b, 3a, b). One can assume that
he exemplilied the intracolonial variability in Orio-
nastraea, although he did not defing this phenome-
non in that way. However, he did not recognize simi-
far phenomenon in (). garwoodi and established two
varieties. O. garwoodi var. pristing and 0. garwoodi
var. sera. The figured part of the iransverse thin sec-
tion of the holotype of the former {(ibid., Pt 1T, Fig,
da) is identical with the lower part of the figured
lransverse thin section of the paratype of (. garwon-
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di (ibid., PL. 11, Fig. 2). The figured transverse thin
section of the holotype of O. garwoodi var. sera
(ibid., PL. IL, Fig. 3) does not differ from the trans-
verse thin section BM R26498 cut from the holotype
of 0. garwoodi. This section has not been figured by
Hubpson, and in contrast to the figured transverse thin
section BM R26499 (ibid., Pl i, Fig. 1b), looks
more complicated due to better developed secondary
dissepiments lining septa.

Studies of the vanability of O. rareseptata from the
Moscow Syneclise allows to recognize both the intra-
colonial variability and the intercolonial variability
within a biotope. . rareseptata from Lublin region
seems to demonstrate a similar pattern of variability.
Comparison of specimens of O. rareseptate in both
areas does not provide sufficient evidence for discer-
ning the intraspecific (modificational) variability. This
1s most probably related to rather low abundance
and/or high specialization of this species.

REMARKS ON VARIABILITY IN ORIONASTRAEA
BASED ON EXAMINATION OF THE SPECIMENS
FROM "HE NATURAL HISTORY MUSEUM

Coelenterate Collections of this museum include
the types and topotypes of all species and varietics
described by SmrtH (1917), Hupson (1926, 1929) and
Nupps (1999). Examination of this material allows
arrangement into four groups of the eight species and
three varieties represented. Each group is short-ran-
ging, characterized by quite stable ratio of number of
major septa to fabularium diameter, and most probably
represents a single species. Nevertheless, it seems rea-
sonable (0 keep using the term «group» for most of
themn wuntil the correct synonymies based on compre-
hensive revision of the representatives of this genus
trom the British Isles are established. (Fig. 2)

The first «group» is the most abundant and includes
Orionastraea from North “Wales, Cambriaand the
Bristol area. Material from North Wales comprises one
transverse thin section, BM R42396, cut from the lec-
tolype of . phillipsi, SM 213a; two transverse thin
sections, BM R4510, labelled €. phillipsi; the paratype
of O. edmondsi var. laciniosa (specimen BM R4412,
one transverse and three longitudinal thin sections, BM
R4412h); one transverse thin section, BM R4359, labe-
lled O. edmondsi var. lacinivsa. From Cumbria comes
the holotype of Q. edmondsi (specimen BM R26466-9,
nine transversc, BM R26470-R26474, R26479-
R26482, and four longitudinal thin sections, BM
R26475-R26478). Material from the Bristol area inclu-
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diameter | mimber . . .
taxaincluded | typs of colony of. | of major aial tabulae b ogdary coralit range ge'og;aph_lcal
tabnlagium | sepla structure dissepiments walls distribution
psendocerioid
0. ensifer astracoid, columella, 10l RUMErUS;
0. phillipsi astraeoid- : a few major complete on primary vesligial Bristol area.
0. edmondsi thameasterioid, | 2.5-3.5 | 1518 | septa joined o dissepitnents, or H* | North Walcs,
0. edmondsi | thamnasterioid, in (he centre, incomplete lining septa, lacking Cumbria
var. faciniosa | (hamnasterioid- lacking buttress
aphroid
thamnasternid-
astraeoid,
Q. prereie astracoid, rare; lacking
0. rete aphroid- 1520 | 12 lacking incompiete on primary or topIJ | North Yorkshire
0. indivisa thamnasteriorid, dissepiments vestigial Cumbria
aphioid with
degenerated septa
0. garwoodi a few major common;
0. garwoodi | ustraeoid- septa jeined on primary Noith Yorkshire
var. pristing thamnasteriorid | 2025 | 12-14 | inthe cenlre, incomplels dissepiments lacking ] Cumbria
0. garwoodi lacking lining septa
va, sefa

Figure 2.- Characteristic Orionastraeu «groups» represented in the Coefenterata Collections of the Natural History Muserm, London.
Range is indicated in terms of the rugose coral faunas of MrrcHeLL (1989).

Figura 2. «Grupos» caracteristicos de Orionastraca representados en las colecciones de celentéreos del Museo de Historia Natural de
Londres. El rango estd indicado en los términos de las faunas de corales rugesos de MITCHELL (1 989).

des one transverse thin section, BM R4577, labelled O.
radiata and nine thin sections labelled O. ensifer: BM
R15288 (transverse); BM R17084a (transverse); BM
R17087 (two transverse and one longitudinal); BM
R17090 (transverse); BM RI9735 (transverse) and
BM R19736 (lengitudinal), both cut frem the same
specimen; BM 56740 (transverse). Six out of the
twenty-six thin sections examined have been figured
by Smrra (1917): BM R42396 (P1. XXIII, Fig. 2); BM
R4412b (P1. XXIII, Figs 8,9); BM R4510 (Pl. XXIV,
Fig. 1); BM R17084a (PL. XXIV, Fig. 3); BM R17087
(P1. XXIV, Fig. 4). Five sections have been figured by
Hupson (1929): BM R26480 and BM R26481 (P1. 111,
Figs. 1a, b), BM R26475 (PL 111, Fig. 2); BM R26471
and BM R26474 (P1. 111, Fig. 3a, b).The holotype of 0.
edmondsi comes from the from the upper part of the
fauna I of MircHELL (1989). It is confined to the Orio-
nastraea Band developed at the top of the Pot Holes
Limestone equating with the upper part of the Hardraw
Scar Limestone. All North Wales records are from the
«coral bed» at the top of the Upper Grey Limestone.
According to GEORGE et al. (1976), this limestone
correlates with the Hardraw Scar, and according to
SOMERVILLE (pers. com.), the «coral bed» shows affi-
nity with the Simonstone Limestone, thus approxima-

ting the upper part of the fauna I or the lower part of the
fauna J of MrrcHELL. However, HupsoN (1929) consi-
dered this bed as having a position lower than the Har-
draw Scar based on the occurrence of O, edmondsi var.
laciniosa adopted by him as the ancestor of O.
edmondsi. The material from the Bristol area belongs
to the classical D2 fauna of VAUGHAN (1905} attributed
by MITCHELL to his fauna I,

This «group» is characterized by 15-18 septa of
both orders, tabularia of medium size (typically 2.5-
3.5 mm), axial structures varying from stout colume-
lla to few major septa joined in the center, or absent,
tabulae complete or divided into two series, inner dis-
sepiments typically concave towards the axis, secon-
dary dissepiments {on primary dissepiments, lining
septa and buttress) not numerous but always present.
It includes pseudocerioid to astraeoid colonies with
corallites separated by vestigial walls and typically
possessing columellae {ensifer type), astracoid-tham-
nasterioid colonies with corallites showing rare tra-
ces of walls and commonly developing collumellae
(phillipsi type), predominantly astracoid or predomi-
nantly thamnasterioid colonies with the counter sep-
ta extending far in tabularia and slightly dilated (laci-
niosa type), and generally aphroid colonies with
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thamnasterioid parts, few major septa sometimes joi-
ning in the center and extremely rare traces of cora-
llite walls (edmondsi type). Colonies from North
Wales and Cumbria demonstrate the three latter types
with intermediate forms. Among colonies from the
Bristol area, the ensifer type dominates, but thamnas-
terioid and aphroid colonies with corallites lacking
columellae are also present. They resemble 0.
edmondsi var. laciniosa and Q. edmondyi but have
better developed corallite walls. It seems possible to
recognize within this widely distributed «group»
intraspecitic variability with two modifications: one
resiricied to the Bristo] area. another - to North Wales
and Cumbria. The former differs from the lauer
chiefty in better developed corallite walls,

Members of the first «group» are also characteri-
zed by high intracolomial variability which involves
various structures depending on the type of colony. Tn
all types of colonies, however, septa, especially
minor septa, vary in length, and peripheral dissepi-
ments - in oricntation. In astraeoid and thamnaste-
rivid colonies, axial structures may vary [rom stout
columellac to a few major septa foined at the centre
or are lacking. Commonly. the elongated and slightly
dilated counter septum is present in some coraliites,
whereas in the others only few major septa extend
info tabularia. In aphroid colonies. axial structures
are typically lacking, tabulac are random in orienta-
tion and seldom divided. When axial structures deve-
lop, tabulae are often abaxially declined. commonly
divided-into tlattened periaxiat-and tent-shaped axial
series. Aphroid tendency seems to oceur sporadically
in this «group», being especially characteristc for O,
edmondsi. Both in the holotype of this species and in
some thin sections labelled O. ensifer, this tendency
is affected by intracelonial variability and becomes
better pronounced in upper parts of colonies. Nevert-
heless, transeptal dissepiments in colonies attributed
to this «group» are never large, rather regular and
commonly develop on the periphery of corallites. In
the patterns of variability this «group» resembles .
rareseptata although it does not have an aphroid ten-
dency so strongly pronounced.

The second «groups includes the holotype of .
prerete (specimen BM R26483-5, two transverse, BM
R26484 and BM R26486, and one longitudinal thin
section, BM-R26487); the-holotypoof O, rere (speci-
men BM R26492, one transverse, BM R26494, and
one longitudinal thin section, BM R206493), the
holotype of O. indivisa (specimen BM R26483-3, two
transverse, BM R25236 and BM R25237. and one
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longitudinal thin section, BM R25238), the paratype
of 0. indivisa (specimen BM R25239, one transverse,
BM R25240, and one longitudinal thin section, BM
R25241), specimen BM R25242 identified by Hup-
soN (1929) as O. aff. indivisa and one longitudinal
thin section, BM R25243, cut from it, specimen BM
R26541 labelled Orionastraea sp. and one transverse
thin section, BM R26596, cut from it. Six out of the
twelve thin sections examined have been figured by
Hupson (1926): BM R25236-R25238 (P1. VIII, Fig.
la, b, ¢); BM R25240 and BM R25241 (PL VIIL Fig,
2a, b); BM R25243 (P1. VIII, Fig. 3). Four thin sec-
tions have been figured by Hubson (1929): BM
R26486 and BM R26487 (Pl I, Fig. la, b); BM
R26494 and BM R26495 (P1. 1, Fig. 2a, b). All mate-
rial comes from North Yorkshire. The types of O, pre-
rete and O, indivisa are from the Simonstone Limes-
tone equating with the lower part of the fauna J of
MITCHELL (1989), whereas the holotype of O. rete is
from the lower part of the Middle Limestone, that is
from the upper part of this fauna.

All members of this «group» are lacking axial
structures. They have small tabularia (1.5-2.0 mm in
diameter), septa low in number (maximum 24 in
total) and never extending well into tabularium, tabu-
lae incomplete and typically concave, inner dissepi-
ments concave towards the axis and partly or com-
pletely replaced by small vesicles preventing septal
penetration into tabularium. Variability in type of
colony is especially characteristic, and the «group»
includes thammasterioid-ustragoid colonies with Tare
traces of corallite walls (prerete type), thamnaste-
rioid-astracoid partly aphroid colonies (rete type),
and very special kind of aphroid colonies with irre-
gular «issepimentarium and septa so strongly dege-
nerated that in certain thin sections they give an
impression of being missing (indivisa type). For the
latter Nupps (1979a) introduced the name indivisoid
and suggested that corallites in such colonies did not
develop septa. Intracolonial variability in the second
«group» is less important and mostly involves septa
which vary i number and length. Dissepimentarium
is generalty more variable in colonies of the rere type.
It shows irregularly oriented interseptal peripheral
dissepiments associated with secondary dissepiments
which become partly replaced by large irregular tran-
septal dissepiments. o o

It should be mentioned, that a similar pattern of
variability can be observed in another «group» of the
British Orionastraea comprising O. placenta, 0. tube-
rose and O, att. indivisa as interpreted by MITCHELL in
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STEVENSON & GAUNT, 1971, This «group» is not dis-
cussed here, since it is not represented in the collection
of the Natural History Museum. It resembles the
second «group» in the type of colonies (thamnaste-
rioid-astraeoid with traces of corallite walls and colo-
nies of the indivisa type) but is distinguished by cora-
liites with bigger tabularia and higher septal number,

The third «group» which may be discerned among
Orionastraea specimes from the Natural History
Muscum comprises the holotype of O. garwoodi
(specimen BM R26497, two transverse, BM R26498
and BM R26499, and one longitudinal thin section,
BM R26402), the paratype of O. garwoodi (specimen
BM R26503 and one transverse thin section, BM
R26504), the holotype of O. garwoodi var. pristinag
(specimen BM R26461-3, one transverse, BM
R26464, and one longitudinal thin section, BM
R26465), and the holotype of O. garwoodi var. sera
(specimen BM R26407 and three transverse thin sec-
tions, BM R26508-R26510). Six out of the nine thin
sections examined have been figured by Hupson
{1929): BM R26502 and BM R26499 (Pl I, Fig.
1a,b); BM R26504 (PI. 11, Fig. 2); BM R 26510 (PL
1§, Fig. 3); BM R26464 and BM R26465 (P1 III, Fig.
4a, b). The types of 0. garwoodi and 0. gurwoodi
var. pristina come from the lower part of the Middle
Limestone in North Yorkshire, i.e. from the interval
equating with the upper part of the fauna J of Mrr-
CcHELL {1989). 0. garwoodi var. sera is based on two
specimens from the Fourth Limestone in Cumbria
collected «immediately above the sandstone which
follows the Pot Holes Limestone» (HUDsON, 1929, p.
454), thus being confined to a rather low level in the
fauna J. Nevertheless, Hupson considered O. garwo-
odi var. sera as structurally more advanced compared
to 0. garwoodi, and in the description of the variety
(ibid., p. 450) indicated, although with a question-
mark, a higher level of its occurrence (junceum Bed)
equating with the upper part of the fauna I.

This «group» is characterized by astracoid-tham-
nasterioid colonies, continuous 12-14 septa of both
orders, tabularium 2.0-2.5 mm in diameter, the coun-
ter septum often extending to the centre and someti-
mes joining the cardinal septum and a few elongated
major septa, tabulae incomplete and random in orien-
tation, inner dissepiments regular and concave
towards the axis, peripheral dissepiments typically
convex towards the axis. Secondary dissepiments on
primary dissepiments and along septa are very cha-
racteristic. They are best developed in central part of
colonies near their distal surfaces, thus demonstra-
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ting intracolonial topomorphic variability and/or
intracolonial variability related to astogeny.

The specimen BM R49922 is the only specimen in
the coltections of the Natural History Museumn belon-
ging to 0. magna. Transverse thin section cut from it,
BM R49922a, has been figured by Nupps (1999, PL
1, Fig 3). This species as described by Karo & M-
cHELL (1970) and Nupps (1999} is predominantly
astracoid-thamnasterioid, typically has 15-17conti-
nuous major septa and incomplete subhorizontal
tabulae. As it has been already mentioned, O. magna
demonstrates intercolonial variability within a bioto-
pe. Intracolonial variability in this species is also
marked and mostly involves minor septa varying in
number and in length, and dissepimentaria. At their
periphery, large irregular interseptal dissepiments of
second order may replace interseptal dissepiments
which are random in orlentation and often associated
with secondary dissepiments lining septa.

EVOLUTION IN QRIONASTRAEA

Since Hupson (1926, 1929) published on the Bri-
tish Orionastraeq, the distribution of the genus in the
British Isles has been reinterpreted based on the
records from western Northumberland (JOHNSON,
1959), south-east Derbyshire (GEORGE et al., 1976)
and Treland (NuDDs, 1979b). A form transitional bet-
ween (. ensifer and O. phillipsi has been reported
from in western Northumberland (JoHnsoN, 1959}
where it occurred in the Upper Crook Burn Limesto-
ne correlating with the top of the Hawes Limestone
(JoHNSON et al., 1995), Therefore, the possibility that
the lowermost occurrence of the genus could be con-
fined to the fauna H of MITCHELL in northern
England cannot be excluded. Both records belong to
the first «group» as adopted in the present paper. It
persisted through the interval of the Brigantian corre-
lated with the fauna I of MITCHELL(1989) and is
reported from Bristol area, North Wales, northern
England and Southern Uplands (Smite, 1917, Hup-
SON, 1929; HILL, 1940). This «group» probably gave
rise to (. rareseptata reported from the north-west of
the Moscow Syneclise and from the Lublin region,
and to Q. kurakovensis restricted to the southern part
of the Moscow Syneclise during the first stage of
evolution in Orionastraea.

The next stage of evolution in the genus was con-
fined to the interval correlating with the topmost part
of the Hardraw Scar Cyclothem. Two thamnaste-
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rivid-astraeoid species, both lacking axial structures
but strongly differing in size of tabularia arc reported
from this interval in northern England - large €. mag-
ad (Karo & Mireneir, 1970 Nupps, [999) and
small . prerete (HICKS, 1Y59). The former was
catremely short-ranging and occurred at the very top
of the Hadraw Scar Limestone in a restricted area of
North Yorkshire, the latter belonged o the second
«groups discemed in Orionastraca. It persisted hig-
her in the Brigantian and represented one of the
important ¢tements of the fauna 1 ol Mrt¢HELL
{1989} in northern Eogland. It was especially ¢harac-
terisfic there for the lower part of this fauna, that is
for the O. indivisa subzone of Hi:pson (1926). This
agroup» adso occurred in centraf southern region of
Ireland (NubDs, 1979b). A closely related species is
reported {rom the Donets Basin (Vassibyuvk, 1964).

1t is highily probable that during the same stage of
evolution O, placenta appeared. 1 is characteristic of
the upper part of the fauna 1 of Mrrcnknn, (1989) in
Derbyshire. ovccurs there near the top of the Upper
Monsal Dale Beds and its equivalents (SMmith, 1917;
Hunsos, 1929 StrEvENSON & Gaunr, 19717 GEORGE
et al., 1976; MitcieLL, 1989). and is adopted also as
0. tuberosa and (. aff. indivise. Records of (his spe-
cies from northern Treland (Nubns, 1979h) are pos-
sibly confined to the fauna T of MrtcHe L.

Exclusively astragoid-thanmastreiotd Oriosastra-
ea species, typically possessing numerous secondary
dissepiments and adopted here as the third «groups,
appeared at the lusl stuge of evolution of the genus
and remained restoicted to northern England, Accor-
ding to Huoson (1929), they were especially charac-
teristic of the Jower part of the Middle Limestone (.
garwoodi subzone), Lhat is, to the interval equating to
the upper part of the Fauna J of Mercnei.,

All the «groups» and specics that appeared during
the 1wo [irst stages of evolution of the genus often pos-
sessed vestigial corallte walls and exhibited aphroid
tendency as a result of both miracolonial varisbility and
intercoloniul vasiability within a biotope. In the youn-
gest sgroup», these characters are not observed. There-
fore, the aphroid type of colony docs not appear to be
the evolutionary most advanced in Orionastraeo.

CONCLUSIONS

L. Orionastraca is a short-ranging genus charac-
teristic of the middle part of the uppermost
Yiséun (Brigantian), It was abundant and
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diverse it Great Britain, and also occurred in
Ireland. Russia (Moscow Syneclise), Poland
(Lublin region) and Ukraine (Donets Basin).
Paraorionastroea, Vesiorionastraea snd Plejo-
nastraea are here considered 0 be junior
synonyms of Qrionastraed.

. Studies ol the variability of the Russian Orio-
nastsed demonsirate that they belong to the
two species: 0. rareseplala occurring in Lhe
north-western part of the Moscow Syneclise,
and O kurakovensis occurcting in its southern
part, hoth restricted Lo the upper part ol the
Aleksin horizon. The former species is also
reported from Poland.

3. Examination of Qrionastraea specimens from
the Bristol areq. North Wales. Cumbria and
North Yorkshire in the Natural History
Museum, allows (o recognize four short-ran-
ging species, three of which include synony-
mous species and are adopted here as «groups»
uniil the genus is thoroughly revised and
correct synonymies are established. One more
«group» was restricted to Derbyshire, .

4. Three stages of evolution can he discerned in
the genus. Both species reported fromt Russia
scem to have appeared during the first stage of
evolution ncar the lower limit of the rugose
coral fauna I of MitchzLL (1989),

[
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