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Revision of Orionastraea SMITH, 1917 (Rugosa) from the

Lower Carboniferous (uppermost Viséan) of the Moscow

Basin, and comnients on patterns of variability, evolution and

range of the genus in Eastern Europe and in the British Isles

Revisión de los Orionastraca SMITH, 1917 (Rugosa) del

Carbonífero Inferior (Viseense terminal) de la Cuenca de

Moscú, con comentados sobre los patrones de variabilidad,

la evolución y el rango del género en Europa del Este y las

Islas Británicas

Maria HECKER’

4bstract: Studies of variability of Críonastraca from the Moscow Syneclise formerly (DoBRoLvuvonÁ, 1958) altributed to four species
allow to prove the synonymy of íhree specific names. The genus is confined to the upper part of Ihe Aleksin horizon (uppermost Visé-
an) aud includes two species. O. kurokovensis DOOROLYUVOBA, 1958 restricted te Ihe southem part of (he Moscow Syneclise and O. rare-
septata DoBRoLYUvoBA, 1958 restricted to its north-western part.
The range and synonymy of Ihe genus are discusged. Pattems of variability based on examination of Orionastraca specimens from the
Coelenterate Collections ofthe Natural History Museum, London are outlined. Three stages of evolution of the genus are discerned. Both
Russian species appeared during Ihe firsí stage.
Key words: Orionasrraea, variability, evolution, uppermost Viséan, Xloscow Basin, Britain.

Resumen: El estudio de la variabilidad en las especies del género Orionasíraca de la Sineclisa de Moscú, que previamente incluía cua-
tro especies (DoBRoLYUvoOA, 1958). ha mostrado la sinonimia de tres de ellas. La distribución del género está limitada a la parte supe-
rior del horizonte Aleksin (Viseense terminal), e incluye dos especies: O. kurakovensis DoaRoLvuvonA, 1958 restringida a la región sur
de la Sinclisa de Moscú, yO. ra re septeto DOBROLYUVOBA, 1958, restringida a la región noroccidental de la misma.
Se discuten el rango y las sinonimias del género. Se exponen los patrones de variabilidad deducidos a partir de la revisión de los ejem-
plares de Orionastrata de las colecciones del Museo de Historia Natural de Londres. Se reconocen tres estados en la evolución del géne-
ro, reconociéndose el primero de ellos como el estado en el que se desarrollaron las dos especies de Rusia.
Palabras clave: Oriooasrraea, variabilidad, evolución, Viseense terminal, Cuenca de Moscú, Gran Bretafla.

INTRODUCTION centa McCoy, 1849 and Lithostrotion ensifer MILNE-
EDWARDS & HMME, 1851. Therefore, [hegenus Ono-

The rugose coral genus Orionastrata was erected nastraca as established by S~mi included species
by SMITH (1916, ¡917) for the British Lower Carbo- with pseudoastraeoid (cerioid-astraeoid) and tham-
niferous colonial species related to the genus Lidios- nastenoid colonies, well developed septa of both
trorion FLEMINO, 1828. SMrln chose Sarcinula pIÉ- orders, columella present or Iacking. It was mainly
llipsi McCoy, ¡849 as the type species, considered it confined te the interval of the Brigantian which is
as the senior synonym of 5. tuberosa McCoy, 1849, now considered as Ihe equivalent of [herugose coral
and attributed lo [hegenus two more species, 5. pIe- fauna [of MITCHELL (1989) of [heBristol aren, North
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Walcs, North Derbyshirc and Southern Uplarids, Sco-
tland.

Five new species and foar new varieties have heen
refelTed (o 0,-innastraca hy HtúúsoN ~1926.1929),
most of them coming frorn northem Fngland (North
Yorkshire and Cumbria). O. ensifer Vm. matura ts
here removed from Orionastraca. Other reprcsentati-
ves of the genus described by HuDsoN are astracoid,
tharnnasterioid and aphroid, typically have smaller
tabularia and less septa Iban thc species attributed to
(he genus by SMITH and are confined [o the interval
equating with [heupper parr of the fauna 1 through
fauna J of MIrc:lIELL (1989). In Ihe interval of the
Enigantian succession of noríheen England corres-
ponding to Ihe Tyne Bottom through rhe Single Post
limestones: and [heir equivalents, HUDSON (1929)
recognized the Orianastraea zone .subdivided into
[yo subzones (Fig. 1>.

The genus Orionústraca has since been broadly
in(erpreted. reported from various arcas in Europe,
Asia and even in Australia, and considered as ran-
ging frorn the Lower Carboniferous through Ihe
Permian (for major revisions of [hegenus see HILL,
1940; I)OBRoI,yuBovÁ, 958: KÁTo & MITCHELL,

1970). HILL (1981) reslricted [hestratigraphic range
of Orionastraca [o the Visdan. buí [hegeographic
distribution still remained ver’, wide: Great Britain,
Urais, Novaya Zemlya, Russian Platform, Donets
Basin, Asia (Japan, Hansu) and Australia (Queens-
land, New South Wales). As already mentioned by
KATO & MITCHELL (1970), [herecord of [hegenus
from Central Japan by MINATO (1955) is doubtful
and (he form rnost probably belongs lo Pseudopa-

vonia YÁmi, SLJGILrÁMA & EGUCHI, 1943. Orionas-
traca colunzclic¿ris PICKETT, 1966 reported frorn
caMero Australia (PICKLH, 1966; hILL. 1974;
WEBB, 1 99fJ) differs from true Orionastraca in
having a very stout colurnella composed of a medial
amelIa with radiating septal lamcllac, hcavy skclc-
tal dilation and in sorne other characteristies. WEBB
(ibid.) conditionally relerred it te Orionasrraea
together with a few Visdan pseudoccrioid [o aphroid
Australian species formerly assigned [o Lithostro-
fian before a new genus for [bis group is establis-
bed. Few uppermost Visdan aííd Serpukhovian
astracoid (sonletimes with vestigial corallite walls),
thamnas4erioidand--aphíoid species resernbling
Orianastraca are reported frorn Central, South,
Northwest and Norlheast China. They are attributed
cilber [o Orionastraca (LtJo & ZHAO, 1962, Jíá cf
cl., 1977, DLNU út al. - ¡979, Guo. 1980. 1 tAO &

RoDRíGUEZ, 1999) or [o Orionastraca, Paraorio-
naso-oea LIN, 1966 and Vesiorionastraea Yú, LIN,
SHI, HUANO & Yu, 1983 (YO et aL, 1983). Most
probably, they belong [o an undescribed genus cío-
sely related to Heterostrotion POTY & Xu, 1996.
These Chineese Oriunastraea-like corals as well as
[hamnasterjoidO. carinata SHCHUKINA, 1970 repor-
ted from [heSerpukhovian of Tian-Chan (SucnuKí-
NA, 1970) resemble Heterostrotion in highly varia-
He axial struc[ures represented by impersístení
columella and/or aulos, in septa being carinate, and
major septa - pinnately connected.

1 am not aware of any records of Orionastraca

from [he former USSR other than [bosein [he
uppermost Visdan (lower Brigantian) of the Mos-
cow Syneclise and Donets Basin. The presenee of
the genus in [heAleksin horizon of [heMoscow
Syneclise was recognized by DOBROI.YUVOBA
(1958) based on six specimens, tive of which carne
from [henorth-wes[ern pan of [hesyneclise, and
one - from [hesouthern par[. No more specimens
have been obíained since. In [henorth-western parí
of the syneclise, Orionastraca is reponed from [he
Msta River. It is confined [o [he2.9 m thick Limes-
tone a2 representing ene of tbe eigh[ laterally per-
sistent limestone uni[s jo the uppermost Visdan
sequence of [hearea whicb is [o considerable extent
composed of sands and clays (HECKER, R., 1938).
The interval of this sequence comprising [heLimes-
tone a, and (he Limestone a3 developed higher in Ihe
succession approxim.ates lo Ihe Parsukovo subsuite
of Ihe southern pan of [hesyneclise in [hesense of
MAKHLINAet al. (1993), i.e. to the upper parí of [he
Aleksin horizon. In the southern part of Ihe synecli-
se, Orionastraca also most probably also oectírs
high in Ihe Aleksin.

As a short ranging and rapidly evolving genus,
Orionast raca is important for stratigraphy of [beBri-
gantian of Grcat Britain, [hearea of it5 highest abon-

dance. It also serves as a good biostra[igraphic tool
for otber arcas of its occurrence; even scanty material
allows precise correlation based on evaluation of
evolu[ionary advancement of a species. Thus, Orlo-
mis/raca froin [heMoscow Basin resemble [heBri-
[ish Orionastraea confined (o the fauna 1 of Mrí-
CHELI. (1989), whereas the species from the Donets
Ra~inerroneous1y identifiedbyVASWYUK(l964}as
O. placen/it and occuring al a bigber level is evolo-
tionary more advanced and very close [o O. prerete
characíeristie ol the fauna J of northern England. The
presence of this species in the middle pafl of [he
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lower Vg subzone (in the Limestone B3) indicates
thaI the base of te Mezha Formation cornprising te
lower Vg and te upper Vg subzones cannol he very
high in the Erigantian and most probably approxima-
les to Ihe base of Ihe Mikhailov horizon of te Mos-
cow Syneclise as it has been .supposed by HECKER,
M. (2002) (Fig. 1).

OSCOW BASrt’~
DONETS

BASIN

In spite of its searcity, the material of Orionastra-
ea from the Moseow Basin allows study of variabi-
hity demonstrating thaI Ihe specimens from Ihe Msta
River altributed by DOBROLYUBOVA (1958) lo O. phi-
llip.si, O. rareseptata DOBROLYUVOBA, 1958 and O.
heteroseptata DOBROLYUVOBA, 1958 belong lo Ihe
same species.
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Figure 1.- Correlation of ihe upperrnnst Viséan (Brigantian) stratigraphic unjís of Ihe Mnscow aud Doneis Basins with reference to sorne
rugose coral zonahions adopted u Greal Britain al different times, and principal lower Brigantian limestones ‘u northern England. 1:
rugose coral fauna 1 of M[TCHEL[, (1989) aud jIs equivalenís ¡u <he other rugose coral zonations considered. 2: rugose coral fauna J of
MLTcHELL (1989) aud jIs equivalenís in Ihe other rugose coral zonations considered. 1 + 2: range of Orionastraea in Greal Britain. 3:
range of Orionasíraca in liso Moscow Basin. 4: occurreuce of Orionastraea in liso Donets Basin.
Figura 1.- Correlación de las unidades estratigráficas del Viseense terminal (Brigantiense) de las cuencas deMoscú y Donetz, con refe-
rencia a algunas zonaciones de corales rugosos definidas en Gran Bretaña en diferentes fechas. y principales calizas del Brigantiense
inferior del norte de Inglaterra. 1: fauna ¡de corales rugosos de MacHEn. (1989) y sus equivalentes en las otras zonaciones de cora-
les rugosos referidas. 2: fauna ide corales rugosos de MarcHen. <1989) y sus equiralentes en las otras zonaciones de corales rugosos
referidas. 1±2: rango de Orionastraca en Gran Bretaña. .3: rango de Orianastraea en la Cuenca de Moscú. 4: distribución de Ono-
nastraea en la cuenca del Donetz.

5

MAKI-1-
LINA
et al
1993

POLETAEV
etal?, 1990

4-s
USO\

xoo

K

8,2

z

o

HECKER,
R~ 1938

a8

a7

a6

a5

a4

a’

a2
/7/

oc
e”
0%

4

3

-xx

2/II

Y

A

Y

;2/L

z

o

vn,

vn’

E

al,

al

al,

up-
per ¡
Vg

lo-
wer
Vg

up-
per
VI

mid-
dic
Vf

z
(y

A

j

1>
Y

2

H

Coloquios de Paleontología
2002, 53: 3-20



Maria Heder Revisiójí de los Orionastraea SMITH, 1917 (Rugosa> del Carbonifero inferior (Visecnse tenainail de a Cuenca de Mnscú..

Many species assigned lo Ihe genus are obviously
synonyms. Tisere is no doubt thaI for Oriona.srraea
from te Britisis Lles a revision of alt types followed
by careful studies of variability is required. As a tirsí
slep, tse collection of Orionasíraca siored in tse
Natural History Museum, London has been exami-
ned in order to outline patlems of variability andovo-
lution of tSe genus. It coníains greal number of <he
typesand <opotypes of ¡nosí of tSe species and vario-
lies described from Greal Eritain

a’nstitutional abbreviations: PIN, Palacontological
Institute, Russian Acadomy of Sejences, Moscow;
BM, Nalional History Museurn. London; SM, Sedg-
wick Museum, Carnbridge; IRScNB, Belgian Royal
Institute of Natural Sciences, Brussols

SYSTEMATIC DESCRIPTION

Suborder L¡TRosTRoTIoNINA

SPASSKY & KACIIÁNOV, 1971
Pamily Lithosírotionidae DORBIGNY, 1852

Genus Orionasíraca SMITH, 1917

1916 Orionastraca SMITH, p. 3.
1917 Orionastraca SMITh, p. 294,
1926 Orionasíraea SNíITH; HUDSON, p. 145.
929 Orionast raca SMIT¡I; HUDSON, p. 441

1940 Orionastraca SrVIIIH (partie”); HILL, p. 157.
1952 Orionastraca SMITH (partirn); LLcÚMHts, p. 473.
1956 Orionastraca Ssírríi (partiní); HILL., p. F283.
1958 Orionastraca SMITH; DOBROLYUV0BA, p. 199.
1966 Paraorionast raca Lís (partirn): reference sol traced, quo-

lcd froní YO aol., 1983.
1970 Orionasíraca SMITH (parlini>; ¡<Am & MITCHELL, p. 47.
1974 Orionastraca SNIITH (partirn); Jor.í.., p. 72.
1981 Orio,íastraea SMITH (paríirn); HILL, p. F381.
1983 Orionasu-ac’o SMITH (partiní): Yo el aL, p. 39,
1983 Paraorionascraea LIN (parsirn); YO eta!., p. 140.
1983 Vesiorionasíraca YO, Lix, SHI, Hí.ÁNG cl YIJ (parlirn),

p. 146.
1999 Pleiona.sí raca Ní.rrn., p. 223.

Type species: Sarcinulaphillipsi McCoy, 1849, p.
[25; Upper Grey Limestone, lower Erigantian;
1-Iaford-y-Caícis. Corwen. NorIS Wales.

Species assigned: Sarcinula phillipsi McCoy,
1849, £ placenta McCoy, 1849. Sí tuberosa MCCoy,
1849, Lithoslrution ensifer MILNE-EDWÁRDS & 1-IÁIMF,

1851, Orionasíraca indivisa HUDSON, 1926, 0.
edmondsi HUDSON, 1929, 0. edmondsi van laciniosa
HUDSON, ¡929, 0. ganvoodi HUDSON, 1929, 0. gar-
woodi vot. pristina HUDSON, 1 929, 0. garwoodi vot.

sera HUDSON, 1929,0. rete HuDsoN, 1929,0. pre rete
HUDSON. 1929, 0. phillipsi McCoy in HtLL, 1940, 0.
magna KATO & MITCHELI., 1970. 0. raresepíata
DOBROLVUBOVA, 1958, 0. kurakovensis DOBROLYUBO-

VA, 1958,0. placenta McCoy in VASSItNUK (¡964).
Many of tse speeies mentioned are synonyms (see

section «Patlems of variability in Orionasíraca»).
Diagnosis (emended): pseudocerioid, astracoid.

tamnasíerjoid or apisroid Litisostrotionidae; vesti-
gial corallile walls may be presení; major and minor
septa long including confluení or discontinuous
towards periphery, seldoín dogenerated; columella, if
prosení, formed by tSe axial end of liso couníer sep-
tum; labulae complete or incomplole, conicol to con-
ves; disscpirnents variable in sisape, sccoídary disse-
pimenís often present.

Reníarks: it is generally accepled tisat Orionastra-
ea w related lo Liílaostrotion aud ovolved from it by a
gradual degeneration of corallite walt. Taking lino
account similar tabularia diameter and number of
septo, NLJDDS (1975, 1999) considered Llíhostrotion
decipiens (McCoy, 1849) as te ancestral species of
alt Orionasíraca excepí for O. magna and 0. eíasí¿fer
vos. ¡natura. For tisese lwo lasa eharacterizod by lar-
ger tabuloria and higiser number of septa, he erocted
tise genus Pícionastraca NUDDS, 1999 (= Gen. u. A
NUDDS, 1980) wiíis Orionasí raca níagna as liso Iype
speeies. According lo NUDDS, Pie jonastraca evolved
from (he larger species of Litlaosíroíion - L. vorticale
(PARKJNSOÑ. 1808) - by following an evolutionary
trend. of..Qorallite wall breakdown. Pieíoncsnraea
¡natura (= 0. ensijtr var. ¡natura) possessing a vesíl-
gial corallite walI and columella is ct)nsidered u ISis
linoage as on intermediate síage between cerinid
columellate Lihostrotion vorticale and astraeoid-
tisamnasterjoid Pícionastraca magna (= Orionasíra-
ea magna) tacking corallite walls and columella.

Only two specimes of 0. ensiJer van ¡natura (ÉSe
Solotype and paratypo) hayo been available lo NUDDS
(1999), botis coming frorn Ihe derived limostone
boulder in tSe Namurian Upper Bowland Sisales at
Block Gilí Bock, Setíle. NIJDDS (ibid.) estimated liso
age of Ihese specimens as oquating to liso Lowor
Hawos Limestone (Iowermost Brigantian) hasod on
Ihe cornmon occurrence of a Brigantian fauna aud
nodules of Girvanella indicating liso lovel of tSe Oir-

í’aneíia Band. In Ihe typo area of tSe Brigantian
(Cumbria), tSe loterally persistení Girvanella Baud
occupies tSe topmost posilion in (he Poghorn Limes-
tone correlating with te lower pan of liso Hawes
Limesrone of Norlis Yorksisire (GEORDE et al.. 1976;
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JOHNSON el al., 1995). HUDSON (1929, p.445) also
rocorded Orionastraea ensifer var. ¡natura from Ihe
«Iower pafl of Dl sones> at ¡-ligis Hill, sottle but tiso
specimons are reponed missing (NUDOS, 1999). It
should be mentionod thaI tise Iower limil of tSe Dl
zone as recognized by HUDSON Ifl North Yorksisire
has a position higiser tal liso baso of tSe Asbian as
defaned in Ihe lype asca (Cumbria). It approximates
lo the base of tSe Dl zone of VAUGMAN (1905) (see
Table 1 in GEORGE etal., 1976) corresponding to tise
lower limil of the Cf6 foraminiferal subsono, and lo
te Iower limit of the fauna G of MITCHELL (RILEY,

1993). Ono can assume thaI 0. ensifer var. ¡natura
enterod jo the upper Asbian and ranged througis the
lowermost Briganlian corrolaling wilh liso lower pail
of te fauna H of MITCIIELL, and with Ihe lowennost
pafl of te Cf6d foraminiferal subsono.

HUDSON (1929, p.44S) regarded Orionastraea
ensifer var. matura as a «definite carlier varianí of 0.
ensifer» pointing al te «more pronouncod epitisoca»
of the formor as tSe most importaní distinetivo cha-
racter, and considering difíerences in sise of tabula-
ña and soptal number less signifacaní. NUDOS (1999)
altaches more importanee to tse fact that Lithostro-
tion vorticale and Pleionast raea ¡natura are identical
in siso of tabulada arad seplal number correctly infe-
rring tisat P ¡natura diffors from Lithostrotion vorti-
cale only in incompleto corallile walls. L. vorticale ira
Europe ranges froan Ihe uppor part of tSe Cf5 forami-
niforal zone (uppor Livian) íisrough tise lower pali of
te Cf6d foraminiforal subsone (PoTY, 1993). In
general, it is not a higisly variable species, typically
shows stout eolumellae, wc’1 dovoloped and often
beaded corallite walls, and ratisor regular dissopimen-
tana. Nevertiseloss, somelimes L. vorticale can
demonstrate intracolonial variability possibly related
to growtis periodicity. It involvos columollae, coralli-
te walls and dissepimontaria. Variabilily of Ihis kind
can be observod in Ihe spocimen IRScNB 1.G.3440-4
(upper pad of the Cf 6g foraminiforal subzone, «E» -

«H» Quarry, south of Visó, Belgium). Tho lwo trans-
verso Ihin soctions eut from tisis specimen and figu-
red by POTY (1981, Pl. y, Figs. 2a, is) look ralhor dif-
feroní. Coralliles in ono of tisem (Fig. 2a) are largor
due to wider dissepimentaria, show tin columellae
atad very Ihin walls. Like in tSe transverso Ihin seo-
lion of tSe holotype of Orianastraea ensifer var.
¡natura (HUDSON, 1929, PI. IV, Fig. 4; NuDDS,1999,
Pl. 1, Fig 1), tese walls become discontinucus bel-
woen sorne corallitos for short intorvals. Tise coralli-
tos in anoter seelion (Pon, 1981, Pl. V, Fig. 2b) are

much smaller due to narrower dissopimentaria. They
show lhick to tin but always continuous walls, and
columellao varying from tin to very Ihin, almost
disappearing, Ihus resembling columellao in the
transverso lisin section of te holotypo of Orionastra-
ea ensifer var. ¡natura (seo NUDDS,1999, PIl, Fig 1).
0. ensifer var. ¡natura demonstrates striking simila-
nily to Lithostrotion vorticale ¡o longitudinal section
as well, Ihereforo it sbould be considorod as itsjunior
synonym.

AII records of 0. magna are from tho Orionastra-
ea Band of Sottle district, NoriS Yorkshire (KATO &
MITHELL, 1970; NUDDS, 1999) wisicis is developed at
Ihe vory top of liso Hardraw Sear Limeslone (HICKS,

1959), i.e. occupios te isigbesl posilion in te fauna
1 of MITCHELL. NUDOS (1999) gives the rango of tisis
specios as equating <o tSe Hardraw Soar Limestone
and maintalus tat it has evolved from Pleionastraea
¡natura oecuring in Ihe Lower Hawos Limeslone
(lowemaosí Briganlian). However, te lwo limosto-
nos (Upper Hawes and Gayle) developed in North
Yorkshire botweon te Lowor Hawes and te Har-
draw Seos (GEORGE et al., 1976; JOHNSON et al.,
1995) and lacking Pitionastrata are not considered.

Orionastrata magna is obviously Ihe Orionastra-
ea species closoly related to sorne other representati-
vos of te genus from northern England confined lo
Ihe same inlorval. Thus, its corallites rosemblo sorne
coralliles in thin soclions of the hololype of 0.
edmonásí, particularly largo corallites in transverso
seclions BM R26471 and BM R26474 figured by
HUDSON (1929, Pl. III, Figs. 3a, b), ira largo (someti-
mes oval) and poorly dofinod tabularia, in similar
number of major sopla and degenorated minor sopla,
and in irregular dissopimentaria.Thorofore te genus
Pleionastrata based on Ibis speeies is lo be conside-
rod as tho junior synonym of Orionastrata.

Paraorionastraea UN, 1966 is also synonymous
wit Orionastrata. Its lype spocies Sarcinula placen-
ta is extremely close lo 5. phillipsi, Ihe Iype spocios
of Orionastrata, and differs from it mainly in tSe
absoneo of a columelta. Vesiorionastraea YO, LtN,
Sm, HUANO et YU, 1983 basod on Orionastrata hete-
roseptata is anolhorjunior synonym of Orionastrata.
The holotype of 0. heteroseptata represonís tho
examplo of vaniability of 0. rareseptata wilis
strongly pronounced aphroid íendeney.

Distribution: uppermost Visdan, Iower Eriganlian.
Jew Limeslono and ils equivalenís; Bristol asca,
North Wales, Cumbria, Norlh Yorkshiro, Southorn
IJplands, Northem Irolaud, Great Brilain. Simonsto-
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no Lituestono tisrongis tSe lower part of liso Middlo
Limestone and equivalenís; Cumbria, NorIS Yorksisi-
re, Greal Britain; Central South Region, Republic of
lreland. UpperCrook l3um Limestone; wesíern Nort-
Sumberland, (Jícal Britain. Uppormost Visdan; Alek-
sin isorizon: nortis-western and southern parIs of liso
Moscow Syneclisc, Russia. Uppermosí Visdan;
Lublin region, Poland. Lower y subsono, Mezha

5
Fonnalion; Donets Basin. Ukraine.

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

1958 Orionastraca phillipsi (McCov): DOBROIMJBOVA, p. 01;
PI. XXXIV. Fig. 2a, is: PI. XXXV, Hg. 1

1958 Orio,íastraca rareseptata DoauocyonovA, p. 205; Pl.
XXXVII, Fig. la, is.

1958 Oriona.síraea hetero.septata DonRoLíonovA, p. 206; Pl.
XXX VIII, Hg. la, 5.

[977 Orionastroca cf. ensifer (MILNF-EDWARDS & HAIMIZ):
NCIJIIN. p. 348: 1>1. 7, Fig. 4a, 5.

197? Oriona.vtraea aff. kurakorcn.vis DonRoIxuuovA: NCULN,

p. 349: PI. 8, Fig. 2; PI. 9, F¡g. 4a, 5.
1977 Orionast raca aif. ‘no gna ¡<ATO & M ITCHELL; NCUIrN, p.

350: Pl. 8. Hg. la-c,

Holoa-vpe: Orionastraca rareseptala DOBROLYU-
BOvA, 1958. Specimen FIN 705/115 witis Ihree írans-

verse ond throe longitudinal tisin soctions (same
rogistralion nuíubers). Two of tSe tin sections (ono
transverso and ono longitudinal) woro figured by
DOBROLYUBOVA (1958; PI. XXXVII, Figla, b).

Slratun¡ i-vpicum: Limestono a,, upper pan of liso
Aleksin borizon, uppermost Visdan (Brigantian).

Lactas típicus: Msía Rivor near Vittsy Mine, 8 km
SE of Ihe town of Borovichi, norlh-western pan of
[SeMoscow Synecliso.

Material: feur spocimens; localiíy and ago as for
tiso isoloíypo. Spocimen FIN 705/112 witis two trans-
verso and two longitudinal tisin sections (same regis-
tration numbers); specimon PIN 705/114a witis four
transverso Ibm soétions (same registration numbors);
spocimen FIN 705/1145 with four transverso Ihin
sections (same registratiora numbors). ISese tisree
specimens were altributod by DOBROIYUBOvA (1958)
lo O. phillipsi (McCoy), and some of liso <hin sec-
lloras wero figurod by Sor: Pl. XXXIV, Fig. la, b (PIN
705/112); Pl. XXXV, Fig. 1 (PIN 705/1 14b). Speci-
men PIN 705/113 witS ono transverse ond ono longi-
tudinal tisin seclions (samo rogisíration numbers) is
tSe type osad uraique spocimen on wisicis DoBRoí.YU-
BIJVA (1958) based iser 00W specios 0. heterosepíata
(ibid., p. 206; PI. XXXVIII, Fig. la, b).

Diagnosis: apisroid, parlly tisamnasterioid-astrac-
oid Orionasíraca witS lisin vostigial corallito walls,
colunaella tUn (o absení, 14-17 major sopla, minor

PLATE I

Figs. ‘3.- Orionusíraea-raretscpíaeo DonRoLvuBovÁ, 1958. Uppermost ViÑéan, Aleksin isbñzoit Lhfí¿siiSné 7
1;hb di

1wési~fr Md bf
use Moscow Syneclise, Msta River near Vittsy Mine, 8 km SE of tse town of Borovicisi.
Hg. 1.- Hololype, PIN 705/115; la, transverso lisio soction; Ib, c, longitudinal Ibm sections. Apisroidcolony, majorsepta ofíen restric-
lcd lo tabularia, colunsellae lacking o mosí of tSe corallites. Sections represeníed on fígla, b isave beco tigured bv DonnoLvuBovÁ,
1958, pl. XXXVII, fig. la. 5.
Fig. 2. - FIN 705/1 14a; colony wiíis sepIa of botis ordcrs developed and columelíje often presení. Succesgive transverse tisin sectíons
demonstracing intracolnnial variabiflty: 2a, apisroid, p-artly tisamnasteriod; 2b, tisaínnasteeioid with weakly developed apisroid interrup-
tíoíí of sepIa.
Hg. 3. - PIN 705/1145; lransvcrsc lisio section. Astraeoid-íisamnasíeriod colony witis weakly developed aphroid inlen-uption of sepIa,
sepia of botis orders developed, columellae presení ¿o ah corallites, Tisis section has beco figured by DOBROLYUIIovA, 1958, pI. XXXVI,
fig. 1; tSe specimcn has beco atiributed hy iser lo O. póiílipsi.
Figs. 1 —3. Orionasrraea rare.sepíoía DonnouyuBovA, 958. Viseense terminal, Horizonte Aleksin, Caliza a< noroeste de la Sinclisa de
Moscú, Río Msta, próximo a la Mina Vittsy, a 8km al sureste de Borovicisi.

LÁMINA ¡

Hg. 1. Holotipo, PIN 71)5/lIS; la, sección transversal; Ib, e, secciones longitudinales. Colonia afroide, septos mayores frecuentemente
limitados al tabulario. columnillas ausentes en la mayoría de los coralitos. Las secciones representadas en las figuras 1 a,b proceden de
l)onRouyunovs, 1958, Mm. XXXVII, fíg. 1 a, 5.
Fig. 2.— PIN 71)5/1 14a; colonia con los dos órdenes de septos desarrollados y con columnillas frecuentemente presenles. Secciones seria-
das transversales mostrando la variabilidad iníracolonial: 2a, afroide, parcialníeníe tisanínasíerioide; 25, tisamnasterioide con débil desa-
rollo de interrupciones afroides dc los septos.

Fig. 3.-- PIN 705/1 14b; sección transversal. Colonia astreoide-íbamnasterioide con débil desarrollo dc inlerrupciones afroides de los sep-
tos, los dos órdenes do septos desarrollados, columnillas presentes en todos los coralitos, Esta sección ha sido figurada por Donnoíxu-
Rovs, 1958. blm. XXXVI, fíg. 1, ejemplar atribuido por esta autora a O. phillipsi.
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sopla ofteo less ¡o number or absení, tabularium dio-
íaaeter 2.5-3.0 mm.

Description: lens-shapod ophroid colonies wisieS
cao at certain levels demonstrate Ihamnasterloid and
Ioss commonly astroeoid tondoncy. Tisin vostigial
walls .seporaling corallites are always prescol buí bet-
ter observed in loingitudinal seclioras.

Tabularia aro roundcd and typically cloarly diffe-
rentiatod from dissepimenlaria, olíhough a gradual
passago of dissepiments mío labulao can be obsor-
ved sometimos in longitudinal sections. loternal
woll (hin, rarely sligistly dilated, formed by vcrti-
cally inclinod inner margins of dissepimonts. Spa-
cing of tabuíaria is very variable cisaractoristic arad
rangos faom 1.5 to 12 mm. Diarnotor of tabularia
varios from 2.1 lo 3.2 mm and usually measures 25-
3.0 mm.

SepIa typically lisio, raroly sligistly dilatod. Tisoir
maximum numbor varios lrom 14 [o 17 of bolis
ordors. Major sopla oxteod half lo ooo-tisird way to
[he cen[res of tiso tabulada; wison columelía deve-
íops, pan of thom (vory seldom oíl major sopla) reacis
columella or approacisos il very closelv. Minor sonta
variable in number, oftoo boing fowor Iban major
sopla aod oven absení. Wisen thamnasterioid ten-
doncy is pronottnccd, minor septa can be well deve-
loped in dissopirnentaria where lisey do 001 differ
from major septa. lo tobularia, minor sopla never
alíain moro tisan ono isalf of (he lengtis of tise shorlest
major septa orjusí penetrate labulorio. Whoo apisroid
tcndeney i s sí.roogly pronuianced, major soplo tire res—
tricted lo liso líanermosí series of dissopimenís and lo
labolaria, and minor sopla coromonly reduce jo num-
bor or fail lo develop.

TSe columella (wisen prosoní) is lisio or sligisiíy
dilated, connoeted wilis liso couníer soplum only or
wilis few major septa.

Tabulao complete or incompleto, spoced raliser irre-
guíarly from 0.25 lo 1.0 mm (usually 0.25-0.5 mm)
apart. In liso absonco of a columolía, íisoy are subisori-
zonlal or sligisíly concave, rarely gently convox. When
columella is presoní, tabulae become teol-sisoped, sol-
dom divided o two series wilis oboxially doclinod
axial tabollao aoci flatíened poxiaxial tabellae.

Dissepiments typicaíly lisio, excepí for inner mor-
gins of liso inneimosí dissepimcnís forrning innor
w.aus. ibatsometimes becomc dighiíy dilnfrd..fli&se~
pimentada ox[romely variable, lo transverso sectaons
of tisamnasíerioid arad astracoid parIs of colonies,
inner dissepimenls usually in ono lo tisree rows, con-
cave towards tse axis. Toxvards Ihe peripisery disse-

pimenís increase ira size, bocomo irregular and roo-
dom jo orientalion. lo transverso sectioras of apisroid
palis, innor dissopiments Save Ihe same aspecí as jo
lhamnaslerioid aod aslraooid parís; lowards Ihe
poriphery lisey pass lisrougis irregular transoptal dis-
sepimenís of second order into irregular Iranseptal
dissepimeots of firsí order. WSeo aphroid lendoncy is
especially stroogly prooouoced, inner intersoplol dis-
sopi monís may become reduced [oono row or fail lo
develop, ood dissepimentaria are dominated by largo
and irregular dissopiments among which smalí disse-
pirneflís may appear. Ira transverso seclions, lisese
small dissopimoríls aro ronodod lo oval and arranged
in rows which look liko cisains enliroly or palily
surroundiog tabularia nexí lo internal waíls or al
sorne dislance from tisem. Semicircular secondary
dissopimen[s on primary dissopimenís, olongated
secondary dissepimoots Iining sepIa, and bullross dis-
sopimenís lypically dovolop in lisamnaslerioid aud
astraooid palis of colonies. Ira longitudinal seclioras,
dissepimenls aro differenl o sizo osad irregular, fiat lo
variously inflatod. Sometimos weak «periodicity»
indicaled by altornation of raliser irrerular Iavors of
moro crowdod fiat and loss crowdod inflalod dissepi-
monís may be discernible. Tisese Iayers are subisori-
zoníal lo gently depressed in liso absence of corallile
waíls, and bocomo uplurned [o liso corallito walís
wison lisoy develop.

Intracolonial variahiliív: it can be recognizod in
alí te spocimens studied. Sise and shape of labula-
rio, a: welí os níamiser of roajor sepIa are risc only sta-
ble cisaracters. Corallite waíís separating pali of Ihe
corallilos aro always presen[, allisough in longitudinal
sections tisoy are discontiouous. Tisamnasterioid.
rarely astraooid tondoncy soom lo appear irrogularly
lo lisreo of liso fourspocimens síudiod, and coolinuily
of soplo ¡o dissepimentoria is directly connected wilh
liso development of tisis [ondency. lo longitudinal see-
lilaos, thomnasterioid aod astrocoid parIs can be
recognised due lo te presence of smalí globoso dis-
sopimonís sometimos inlorsecled by sopla. In liso
tabulada, major sopla can vary ira longth, wisoroas
mínor sopla oro always short, but cao vary in numbor
or lail lo dovolop. Columella, u presení, is discon[i-
nuous, soerns to be more common in tisamnaslerjoid
and asíracoid parIs of colonios. Wison 1 dovolops,
laSílae-bccome-1enk.~hnp~d<somciirna&v¡dcdtnto
two series. Variabiíity of lobuíao ¡o [he absence of a
columella is roiher low, althougis sometimos tisey
becomo dividod and gradually pass mío dissopi-
monís. Comparod lo liso o[her síruclures, dissepi-
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monís on Ihe periphery of coralliles demonstrate Ihe
highesl intracolonial variabilily. Tisey vary from ral-
her regular interseptal dissopimools typically associa-
ted witis secondary dissopimonls (in íhamnaslorioid
and aslraeoid parís of colonies) lo largo irregular dis-
sepimenís of socond order lacking socondary dissepi-
monís (in aphroid parís). lo longitudinal soclions,
layers of dissopimonls aro alwoys uplumed to corallí-
le walls, and in adjacent corallilos íhey usually aro
iraclined lowards labularia al difforont anglos.

Intercolonial variahilitv within a b iotope: a gra-
dual passage from aphroid, partly thamnaslerioid-
asíraeoid colonies lo colonios with slrongly develo-
pod aphroid lendency can be obsoryed. Tise former
show longor major sopla (botis in dissopimonlaria and
in labularia), boller developod minor sepIa, regular
inner dissepimonls in Ibree or two rows and concave
towards Iho axis, poripiseral dissepimerals slrongly
affected by intracolonial variability. Also, in sorne
corallites disconlinuous columellae with íabulae
uptumed lo lisem are discernible. In Ihe colonies wilis
slrongíy pronounced apisroid tendoncy, major sopla
are ofíen rostricted lo labulariaaod very sbort, minor
sopla aro fower or lacking, labulao aro íypically hori-
zontal lo concave, columella is absení, inner dissepi-
monís aro in ono row or lacking, and peripiseral dis-
sepimonís are less variable.

Re¡narks: 0. rareseptata rosembles 0. kurakoven-
sis in Ihe type of colony buí diffors in smaller tabula-
rin, lower seplal numbor, minorsopla oflen less deve-
loped, columella sometimos presoní, tabulae less
regular atid ofíen incompleto, ond secondary dissepi-
monís belter developed.

In sizo of labularia, seplal numbor, and in ihe pat-
íems of variabilily, O. rareseptata is close lo Ihe
Orionastraca from Ihe Jow Limeslone arad ils equi-
valenís lo Fngland wisicis are mosí probably conspo-
cifie altisough described under differonl names: 0.
ensifer 0. phillipsi, O. ed¡nondsi, 0. ed¡nondsi var.
laciniosa (seo secliora «Variobili[y ira Orionastrata»).
However, 0. raresepíata never isas sucis a sioní colu-
molla as Ihe typos and some [opotypesof 0. ensifer
and 0. phillipsi. It also does nol show iserringbono
dissepiments (oven wisen minor sepia fail lo dove-
lop). Besides, in 0. rareseptata, vosligial corallite
walls ase always prosoní, dissepimenlaria aro moro
variable, and apisroid tendency is oflen síronger pro-
nounced.

The four specimens from liso uppermosl Visdan of
Lublira region, Poland idenlifíed by NGUEN (1977) as
0. cf. ensifer (ono specimen), 0. aif. kurakot’ensis (lwo

specimens), and 0. aif. magno (ono specirnen) alí
belong lo O. rareseptata. They are idenlical in size of
tabulada, septal number, do nol differ in oter cisarac-
lers and domonstrate te sarne patlems of variabilily as
Ihe speeimens from te Msla River. As regards te age
of the Polisis specimeras, it may be considered as appro-
ximaíing to te age of te Russiara spocimons based on
vory smiilar rugoso assemblage, especially 011 Ihe com-
mon occurrence of Nemistium dobrolyubovae reported
by NODEN (ibid.) from liso same inlerval. This species
is restrieted lo iho uppermost Visdan, and ira te Mos-
cow Syraeclise, it has lIs acmo in te Aleksin horizon.
In liso north-wesl of te Moscow Synecise, bot N.
dobrolyubovae arad Orionastrata rareseptata are con-
fined lo te Limeslono a2 only.

Distribution: uppor pací of liso Aleksin horizon,
uppermost Visdan (lower Briganlian); Msta River
near Villsy Mine, 8 km SE of te towra of Borovichi,
raorth-weslom pali of liso Moscow Syneclise. Upper-
mosí Visdan (lower Brigaralian); Lublin region,
Poland.

Orionastrata kurakovensis DOBROLYUBOVA, 1958
(Pl. II, Fig. 3)

1958 Orionastraea kurakovensis OoBRoLYUBovÁ, p. 203; Pl.
XXXVI, Fig. la, 5.

llololype: Orionastrata kurakovensis DOBRoLX’u-
BOvA, 1958. Spocimen PIN 703/4968 wit ono trans-
verse and ono longitudinal lisio seclions (te samo
registration number), bolh figured by DOBROLYUBOVA

(1958; Pl. XXXVI, Fig. la, b).
Síratum lypicum: Aleksin horizon, uppormosí

Visdan (Brigantiara).
Locus lypicus: MOGK Quarry ocas Kurakovo

railroad síation, 25 km SW of Ihe city of Tula, sout-
isem pali of liso Moscow Syneclise.

Material: tise isolotype only.
Diagnosis: aphroid, palily woakíy astraeoid Orlo-

nastraca wilh lisio vestigial corallile waíís, no colu-
molla, 18-22 septa of bot ordors, tabularium diamo-
ter 3.5-4.5 mm.

Description: te oraly specimen represenís pali of
a tabular apisroid, partly weakly astraooid colony.
Aboul half of Ihe corallites are separatod by Ihin ves-
tigial walls while dissepimeolaria of liso olhers are
conlinuous.

Tabularia are round lo oval and clearly differen-
tiatod from dissepimenlaria botis in transverso and
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longitudinal seclioos. Iniomol wall lisio or sligislly
dilalod, formed by vertically inclined iniler margios
of dissepimonts. Tabulario ose spaced 2.5-7.5 mm
aparí, [heir diamolor is 3.5-4.5 mm.

Sopla are lisio, tiscir maximuna numbor varios
from 18 lo 22 of Sois ordors. Major soplaexteod ono-
tisird way lo tSe centre of tabulorium and sometimos
aro sligistly dilated near intomal wall. Minor sopla
oxteod <o inoer row of dissopimonts, jusí ponotrating
tabularium. or foil lo roneS it. Sopla, espocially minor
sopla, are usuolly discontinuous al poripiseral ends,
btu ¡o some corallitos pait of major sepIa demonstra-
te osírocoid elongation.

Tabulae aro usually comploto broad flalloned
domes. rarely subisorizonlal or inct)mplctc, spacod
03-1)75 mm aparí.

Dissopimools lypicolly lisio oxcepí for innor mar-
gios of innonnosí dissepimonts formiog inner wolls
<sal sometimos aro slightly dilaled. In transverso
soclion. inner dissepimenls usually in ono lo tisree
rows, concavo towards liso axis. Dissopimonts beco-
mo less regí¡lor iowords liso porípisery of corollitos
nod commonly poss iisrougis Ironseptal dissopimenls
of secorad ordor mío largo irregulor lronsep[al disse-
pimoo[s of firsí order. Socoodary dissopimonts en
primary disscpimenls as woIl as buttross dissopi-

monís oro presen[ but extremoly raro, lo longitudi-
nal seclion, dissepimen[s ore different in size and
irregular, fíat lo variously inflated. Thoy aro arran-
god in moro or less regular ]ayers wisich aro subiso-
razonlol lo goolly domod whcn coralIllo walls are
mtssiog, or boconje uplurnod lo liso walls if <soy
dovelop.

Variahilitw: nol studiod on occonní of scarcity of
liso material.

Rc¡na¡-ks: O. kurakovtnsis resemblos O. raresep-
tata iii liso [ypeof colony. buí differs in largor labula-
ria, isigher septo1 numbor. minor sopla betior develo-
ped. coltímella absení, tabulae geoorally complete
ond moro regular, and socoodary dissepiments poorly
doveloped.

lo liso siso of tabularia, septal numbor, aod in
absenco of o columella, O. kurakovensis resomblos
O. magna from liso top of liso Hardraw Sear Limosto-
ne of Noilis Yorkshire. l-lowever, it differs ¡o liso typo
of colony. o labulario bolter differenlioted aod closer
spaced, nod o secoodary dissepimonls poorly deve-
loped.

Distributioea: Aloksin horizon, uppermosl Visdan
(lower Briganlian): MOGK Quarry noar Kurakovo
railroad síalion. 25 km 5W of liso city of Tula. soul-
isero parl of liso Moseow Syoeclise.

PI.ATE 2

Figs. 1 - 2.- Orionastraca rarese~ílata Donnor YI’BovA 1958, Uppermost Viséno, upper pan of tse Aleksin horizon, Limestone a,; nortis-
westernp3ft liso Mnscow Svnecliso. Mstz Raer oe,ar Vtttxv Mine, 8km SEoflbe E>w.n of Borovicisa —

Pig. 1.- PIN 705/112: la transverso lisio seetron lb lon~rtudinal lisio seclion. apisroid, partly tisaoaoastorioid colony, eolumellae presení.
Tisese seetioos hayo boen figured by Doísnovytnovx 958 pI. XXXIV, ñg. =a,5: liso specinsen has been altribirtod by her fo O. ph/l/ips/.
Eig. 2.- PIN 705/113: la, íransverse tisin secuon lb lonortudinal lisio section, Colony witis strongly pronounced apisroid tendency: almosí
alí major sepIa restricted lo tabularia, ninor sepIa les> o number tisan inajor and olten lacking, columelíne lacking. Tisese sectioos isave been
figurod by Doísno¡xutsovs, 1958, pl. XXX VIII ng It 5 tise specimen is liso bolotype of O. hc’¡erose’pea¡a Donaotxtsnová, 958.
Fig. 3. - Orionost,aea kurakcrcn.si,s ¡taso,..> 1 HOSA 1958 Uppermosl Viséan, Aleksin isorizon; soutisern pan of tse Moscow Syneclise,
MOGK Quary tacar Kurakovo railroad síalion, 25 kni SW of tise city of luía. Holotype, PIN 703/4968; 3a, transverso tisin section; 35, Ion-
gitudinal lhin section, Tisese sections have beco ligured by DonRoívunovss, 1958, pl. XXXVI, ftg. la. b.

lÁMINA 2

Figs. l —2.— th-ióna,straea raí-c.ceptala DoBROIY1100vA, l958. Viseense Iem~inal, tramo superior del horizonte Aleksin, Caliza a
2~ noroeste

de la Sinclisa de Moscó, Río Msa, próximo a la Mina Vittsx’, a 8km al sureste de Borovichi.
Fie. 1. PIN 71)5/1 12; la, sección transversal; lb. sección longitudinal. Colonia afroide, paracialmente tisamnasterioide, columoillas presen-
íes. Estas secciones líatí sido Figuradas por DOBROLYUBOVA. 1958. hin. XXXI\’, fig. 2 a. 5: ejemplar atribuido por esta autora a O. ph/Rip-

Fig. 2. —PIN 71)5/113: la, sección transversal; Ib, sección longitudinal. Colonia con acusada tendencia afroide: la mayoría de los septos
están limitados al tabulario, septos Inonoros menos numerosos cíte los mayores y frecuentemente ausentes, columnillas ausentes. Secciones
figuradas por Donreo¡ .vtítsov.x. 958. lúro. XXXVIII. fig. 1 a, 5: este ejemplar ha sido designado como bololipo de O. hect naseptata DonRot.-
vunovA, 1958.
Fig. 3. -- Orieva,starea kuralcovensis DoíwotxuBovx. 1958. Viseense terminal. isorizonte Aleksin: sureste de la Sinclisa de Moscú, Cantera
MOGK, próxima a la estación dc ferrocarril dc Kurakow.. 25 km al suroeste de Fula. Holotipo, FIN 703/4968; 3a, sección transversal; sec-
ción longitudinal. Secciones figuradas por Dowaotyr~novs, 1958, jo. XXXVI. fig. 1 a- 5.
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VARIABILITY IN ORIONASTIt4EA

GvNISRÁ¡. RIíMARKS

Tisc genus Orionasírata exhibiled its isigisosí varia-
bility o Greal Brillo wisoro i[ was obundaní, diverso
aod Lid liso longosí rango. l-loweven variability in liso
Britisis O¡-ionas¡raca bus nol beon sludiod syslemati-
cally so fa’; oltisongis SMITH <1917) gaye an idea of pro-
bable inír¿íspccitic variability in O. phullipsi by mentio-
ning lwo lrends of variability, liso ono loading lo
convergonce wilis O. placenta (in wisicis he also ioclu-
ded forms from Norlis Walos la[or describod as 0.
cdmno¡adsi van laciniosa HírosoN, 1929), oí>d [Seotisor
leoeíing [o O. cn.sift’r. For O. phillipsi, HUDSON (1929,
p.

444, 452. 453) reponed «a more advanced vauioly»
wisicis occurrod togelbor wilis liso «typical variely» o
liso íype area {Corwcn, North Wales) and witisoul it iii
Cumbria. Tisis «voriety» is l¿ícking columollo oa>d
sisows socondory dissepirnonts 00 primary dissepi-
monis. HUDSON also distioguisisod (1926, 1929) liso lwo
variotiet of 0. ind¡visa - deprossod and massive, ond in
.spi[o-of ítem bc.iírg confined lo liso sarne inlorvul -itod
area (top of liso Simonstone Limosloíe in Norlis Yorks—
isire) and sometimos occuring logother, considored liso
latíer us liso ancestorof liso formen Tisese «variotios» of
O. philíipsi aod O. indivisa aro more likolv lo be in[e¡-
preted as tse exomplos of’ iníorcoltnial variobilily wit-
Sin o biotope. Anotisor oxamplo of liso vosioisilily of lisis
Idod 000 can find in liso paper by KATO & MIrCtlí?í.r
(1970) ~visoroportod ono príratype wilis markedopisroid
[endoocyond slighlly smaller labularia among lypically
aslraooid-lhamnosterioid typos of O. mag¡¡a.

Wisilo giving liso diagnosis of O. phillipsi, Ht:D-
SON (1929) poinlod out [Sol in many spocies of Oria-
nastraca, transverso lisio soclions cuí. al liso boso of
colooy differ from liso .sections cuí near distal surfoco
in isaving more confluoní sopla and more regular dis-
sopimenís: Differonces-bc-l-woen- lr~msverseíhin-:sec’
Oons cul al difforont loveis woro beoíítifully domons-
trated by HuDsoN on liso isololypo of 0. edmondsi
(ibid., Pl. III, Fias. lo, is, 3w 5). Ono con assumo <Sol
So oxompliliod tSe intracolonial voriability in Oria-
¡tasíraca, oltisougis So did 001 define [isispisenomo-
non in tisal way. Howevor, Se did nol rocognizosimi-
lar pisonomenon o O. garwoodi and establisisod two
vorielies. 0. ganvaodi var, pri..stiría and O. garwooe.li
var.sc’ra. TSe figured parí of liso truosveiso lisio see-
tion of liso isoloíypo of liso formor (ibid., Pl. III, Ei.g.
4a) is idontical xvitis liso lowor parí of liso figutod
tratisvorse lisio sec[ion of [be paratypo of O. gí.¡rwoo-
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di (ibid., Pl. II, Fig. 2). Tho figurod transverso lisio
section of <he isoíolypo of O. garwoodi var. sera
(ibid., Pl. 11. Fig. 3) does nol differ from [he lrons-
verse lisio soction BM R26498 cuí from liso isolotype
of O. garwoodi. This soclion has nol been figured by
HUDSON, and in contrasí ¡o liso figured transverso lisio
soclion BM R26499 (ibid., Pl. 11, Fig. Ib), looks
more complicalod due lo bet[or devolopod secondary
dissopinaools lining septa.

Sludios of liso variabilily of O. rareseptata from liso
Moscow Synocliso allows lo rocognize botis liso loIra-
colonial variabiíily arad liso intercolonial voriability
withio o biolopo. O. rareseplala from Lublio region
sooms lo dcnsonslrate a similar patlern of voriability.
Comparison of speeimons of O. rareseptata in SoIs
aroas does nol provide sufliciení evidonce for discer-
ning liso intraspocifie (rnodifica[ional) variabiliíy. Tisis
is mosí probably related lo ralisor low abundonce
ond/or isigis specializ.alion of tisis specios.

REMARKS ON VkRIABILIIY IN ORIoNÁSTRAtiA

BASEI. ON IÁXAMWArIoN OF TItE SPIECIMENS

FROM IHE NAITIRAL HISTORY MUSEUM

Coelenlorote Collec[ions of tisis musotím incítído
ffio types and lopotypes of oíl spocios aod variolies
doscribed by SMITH (1917), HUDSON (1926, 1929) and
NUDOS (1999). Exoosioalion of lisis material allows
arrangemení mío four groups of liso oigisí spocies aod
tisree variolios roprosentod. EacS gioup is sisorl-ran-
g¡ng, cisaraclerized by quilo síablo ratio of numbor of
mojor sopla lo labularium diamoter, and mosí probably
ropresonís a single species. Nevcrlheless, it soems rea-
sonablo to koep using liso lorm «group» for mosí of
lhem itotil [he corred synonymios basod 00 compro-
honsive rovision of <he representativos of tisis genus
from liso Britisis Islos aro oslablisisod. (Fig. 2)

The firsí «group» is [he most abundoní andincludes

O¡iúnastraeíí 1nmi Nortis Waies, Cumbria arídiho
Brislol osea. Material from Norlis Wales compites ono
transverso Ihin soclion, BM R42396, cuí from [he loe-
lotypo of O. phillipsi, SM 2l3a; two transverso lisio
soclions, BM R45 10, laboíled 0. phil/ipsi; liso paraíypo
of 0. edmondsi var. laciniosa (specimon BM R4412,
ono transverso ond lisreo longitudinal lisio soclions, BM
R44 12b); ono transverso lisio seclion, BM R4359. labe-
llod O. edmondsi van lae-iniosa. From Cumbrio cornos
liso isolotype of O. edmondsi (spoeimen BM R26466-9,
níno transverso, BM R26470-R26474, R26479-
R26482, and four longilodinal <hin seclioos, EM
[Z26475-1Z264/8).Material from liso Brislol area inolu-
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Figure 2.- Cisaracteristie Orionasiraca «groups» represented in <he Coelenterata Collections of liso Natural History Museum, London.
Rango is indicaled in íentm of use rugose coral faunas of MrrcíffLL (1989).
Figura 2.- «Grupos» característicos de Orionastraca representados en las colecciones de celentéreos del Museo de Historia Natural de
Londres, El rango está indicado en los términos de las faunas de corales rugosos de MOTeEn. (1989).

des 000 transverso lisio seclion. BM R4577, labelíed O.
radiata and nine Ihio soctioos labelled O. ensifer: BM
R15288 (transverso); BM Rl7084a (transverso); BM
R17087 (two transverso and ono longitudinal); BM
R17090 (transverso); BM R19735 (transverso) and
BM R19736 (longitudinal), botis cuí from Ihe sorne
spocimeo; BM 56740 (transverso). Six out of liso
twenly-six tisin soelions exaniiood Sayo been figrared
by SMrrH (1917): BM R42396 (Pl. XXIII, Fig. 2); BM
R44l2b (Pl. XXIII, Figs 8,9); BM R4510 (Pl. XXIV,
Fig. 1); BM Rl7084a (Pl. XXIV, Hg. 3); BM R17087
(Pl. XXIV, Fig. 4). Five sections hayo been figured by
HUDSON (1929): BM R26480 and BM R26481 (Pl. III,
Figs. la, b); BM R26475 (Pl. III, Fig. 2); BM R26471
and BM R26474 (Pl. III, Hg. 3a, b).The isolotypo of O.
ed¡nondsi comes from te froní dio upper pali of dic
fauna 1 of MITCHELL (¡989). It is confloed lo dio Ono-
nastrata Band dovolopod al liso top of liso Pol Holos
Limestono equatiog widi liso upper pali of dio Hardraw
Seas Limestone. AII Nolih Wales reeords ore from dic
«coral bed» al dio top of liso Uppor Grey Limestone.
Aeeordiog to GEORGE el al. (1976), diis limostone
correlates widi dio Hardraw Seat, arad aeeording lo
SOMERVILLE (pors. com.), liso «coral bed» sisows affi-
nily widi dio Simonstono Limostone, lisas approxima-

ling Ihe upporpali of liso fauna 1 or liso lower pali of te
fauna J of MITCHELL. Howovor, HuDSON (1929)corasí-
dorod Ihis bed as isaving a position lowor tisan liso Har-
draw Seas based on dio occurrence of O. ed¡nondsi var.
laciniosa adopted by Sim as liso anceslor of 0.
edmondsi. Tiso material from Ihe Bristol area belongs
lo te classical D2 faunaof VAUCHAN (1905) atlribulod
by MITCHELL to isis fauna 1.

Tisis «group» ¡5 charaeterized by 15-18 sepIa of
bolis orders, tabularia of medium size (typieally 2.5-
3.5 mm), axial síructures varying from stout columo-
lía to few major sepia joinod in liso cenler, or absont,
tabulae complete or divided mío lwo series, innor dis-
sepimonts íypically coracave towards liso axis, socon-
dary dissepiments (on primaty dissepiments, lining
sopla and bullress) nol numerous buí always prosení.
It includes pseudocerioid to aslraeoid colonies wilis
corallites soparated by vestigial walls aod typically
possessing columellao (ensifer type), astraeoid-tisam-
nastorioid colonies wilh corallilos sisowing raro Ira-
ces of walls arad commonly doveloping collumellao
(phillipsi type), prodomioaolly astraeoid or predomi-
nantly íisamnaslerioidcolonies with liso counler sop-
la oxtending fario tabularia arad slightly dilated (laci-
raíosa lype), and generally apisroid colonies with
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tXM tabulac secondary corallite rasge geographical
«tractore dissepimenls wails distsibutina
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lisamnasíerioid palis, fow om¡or sep[a sometimos joi-
ning jo liso conter arad extromely raro traces of cora-
hito walls (edrnondsi lypo). Colonies from Nortis
Walos and Cumbria demonsírate liso lisree latíer lypes
wi[is inlormodiato forms. Among colonios froin liso
Brislol orea, [he ensijér lypo dominates, buí lisamnas-
lerioid and opisi-oid colonies wilS corollilos Iacking
columellae oro olso presení. They rosotrablo O.
edmonási var. /ae.iniesa and O. edmondsi buí Sayo
belter dovelopod corallito wolls. It seoms possible lo
rocognizo wilisin lisis widely distributed «group»

introspecifie variability witis lwo modificoíions: ono
restricled lo <he Brislol aiea. anolber - lo Nortis Walos
arad Cumbrio. TSe formor difíors fíom riso bItor
cisiefly in boltor dovoloped corallile wolls.

Mombors of liso firsl «group» aro olso characíori-
zod by Sigis introcolonial variabilily wisicis involvos
varíous síruclíres deponding on liso lype of colooy. lo
oíl types of colonios. isowever, soplo, espocially
minor soplo, vory ¡o longlis. ond poripisorol dissopi-
monís - o orieníalion. lo astraeoid aod uisomnaste-
rioid colonies. axial síruclures may vory from slout
columelloe lo a few mcíjor septo joined al liso cenIt-o
orare Iackiog. Conimonly. <Se olongoled arad sligistly
dilotod counlor soptum is proseol o son>e corallilos.
wisoroas in tSe otisors ooly few major septo ex[ond
¡010 labubario. Ira apisroid colonios, axial síruetures
oro íypically lacking, labulae are r¿n>doni jo oriento-
<ion and seldoní divided. Wisen axial síructuros dovo-
lop, lobulao aro oflen abaxiolly deelinod. commonly
dividedintoilatienod poriaxia1andtonl-~hapod axial
serios. Apisroicí londeoey seems lo occursporadically
in [isis«groupa>, boing ospeciolly cisaraclorisíic br 0.
edenondsi. Botis in Ihe isololypc of tisis spocies ond ¡o
sonso lisio sooiioos labollod O. ensifér. tisis tondeocy
is aifoeted by intracolonial voriability and bocomes
boller pronouneod in típpor paris ol colonios. Noven-
iseless, transeptal dissepiments in colonios atíriburod
lo ibis «group» are novor largo, rotiser regular oíd
commooly dovelop 00 tSe peripisery of coralliles. Ira
¡he polleros of variabilily tisis «group» resemblos O.
rare.septata oltisougis it does nol Sayo así apisroid len—
deooy so strongly pronounced.

Tho second «groupa includos liso hoboíype of O.
pr-erct¿ (spooimon BM R26483-5. two lronsvcrse, BM
R26484 and BM R26486, ond 000 lorseilíídinal lisio

soction, i3-M-R2t,4S7y~ lisotoloiypcof 0. re/e’ (speoi-
meo BM R26492. ono [ransvo¡-so.BM R26494, and
ono longitudinal lisio secrion, BM R26495), riso
Soio[ype of O. indivisa (spccimon BM R26483-5, íwo
transverso, BM R25230 ¿md BM R25237, ood ono

(oloqt¿ia.s de I’a/,,~ IiP’lar4ía

longitudinal lisin soction, BM R25238), [he paratypo

of O. indivisa (specimon BM R25239, ono transverso,
BM R25240, and 000 longitudinal lisin soction, BM
R25241), specimen BM R25242 ideotifiod by HUD-
SON (1929) as O. aff indivisa and ono longitudinal
lisio soetion, BM R25243, cuí from it, specimon BM
R26541 lobellod Orienastraea sp. orad ono transverso
lisio section, BM R26596, oul from it. Six ou[ of liso
twelve tisio seclions exominod hayo been figurod isy
HUDSON (1926): BM R25236-R25238 (Pl. VIII, Fig.
la, b. e); BM R25240 aod BM R25241 (Pl. VIII, flg.
2o, 5); BM R25243 (Pl. VIII, Fig. 3). Four lisio see-
tioos hayo been figurod by HUDSON (1929): BM
R26486 and BM R26487 (Pl. 1, Fig la, b), BM
R26494 aod BM R26495 (Pl. 1, Fig. 2a, b). Al! mate-
rial comes from Norlis Yorksisiro. Tiso typesof 0.pre-
rete and O. indivisa aro frona liso Simonstone Limes-
<otto oqua[ing wi[is liso lowor parí of liso fauna 1 of
MnCHELL (1989), wiseroas liso isololype of O. rete is
from liso lowor post of liso Middlo Limoslono, tisal is
from riso upper parl of tisis fauna.

Al! membors of tisis «group» ore lacking axial
síruclures. TSey Sayo small tobularia (15-2.0 mm ¡o

diamelor), sopla low in number (moximum 24 in
[olal) aod nover oxteodiog weII mío [abulariuna,tabu-
loe incompleto and íypically coracavo, innor dissepi-
monís concove towards liso axis orad parlly or com-
pbeíely roplacod by small vesiclos prevontiog soplal
ponotratiora ¡oto [abularium. Voriability in lypo of
colony is ospeoiolly cisaraclorislie, and liso «group»

ioeludestisamtrasterioid”asíraeridcoiooies wilhtare
traces of corollile walls (prc’rete type), tisainnaslo-
rioid-aslraooid partly apisroid colonios (rete type),
orad very special kind of apisroid colonios wiíis irre-
guIar dissepimentarium aod sopla so strongly dogo-
nerotod <Sal ¡o cer<ain tisin sections lisoy givo an
impozssion of boiísg missiog (indivisa typo). For liso
bItor NUDDS (1979a) intioducod liso name indivisoid
asid suggesíod tisal corollites ¡o sucis colonios did nol
develop sopla. Intracolonial variability ¡o liso sooond
«group» is less ¡traportaní and mostly iravolvos sopla
wisieis vary ¡o nuniber and longuis. Dissepimoraíarium
is gooorally more variable ¡o coloniesof liso rete lype.
It sisows irrogulosly oriontod iniersoplal peripisoral
dissopirraeoís associatod witS secondary dissepimeots
wisicis boconie parlly replaced by largo irregular Iran-
soplo! dissepiínenis.

It sisould be meotioned, tisal a similar patlom of
vanabilily con be obsorvod ¡o anolisor «group» of liso
Britisis Orionasíraca eomprisiog O-placenta, O. tube-
rosa ond O. uff. indivisa as interpreted by MITCHELL in

2002, 53: 3-2<)
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STEVENSON & OAUNT, 1971. Tisis «group» is nol dis-
cussed hero, since ¡lis nol roprosenled in te colleclion
of liso Natural Hislory Museuna. It resombles te
second «group» ¡11 liso lype of colonies (thaanraasle-
rioid-astraeoid wilis traces of corallito walls and eolo-
nies of te indivisa lype) buí is dislinguishod by cora-
lliles widi bigger tabularia and higisor seplal raumbor.

The lisird «group» wisicS may be discemed among
Orionastrata specimes from tSe Natural History
Musoum comprises liso holotype of O. garwoodi
(specimen BM R26497, lwo transverso, BM R26498
and BM R26499, and ono longitudinal lisio seclion,
BM R26402), liso paralype of O. garwoodi (specimera
BM R26503 ami ono transverso Ihin seelion, BM
R26504), liso holotype of O. garwoodi var. pristina
(specimon BM R26461-3, ono transverso, BM
R26464, and ono longitudinal lisio soction, BM
R26465), and liso hololype of O. garwoodi var. sera
(specimen BM R26407 and tisreo transverso lisio see-
tions, BM R26508-R265 10). Siz out of te nine <sin
seclions oxamiraed Sayo been figured by HUDSON

(1929): BM R26502 and BM R26499 (Pl. II, Fig.
la,b); BM R26504 (Pl. II, Fig. 2); BM R 26510 (Pl.
II, Fig. 3); BM R26464 and BM R26465 (Pl. III, Fig.
4a, b). TSe typos of 0. garwoodi and O. garwoodi
var. pristina come from liso Iowor pali of liso Middle
Limostone in Nortis Yorksisiro, ¡.0. frona liso interval
equaling wilis liso uppor part of Ihe fauna J of MIT-
CHELL (1989). 0. garwoodi var. sera is based 011 lwo
specimens frona liso Fouliis Limestone jo Cumbria
collocted «immediately aboyo liso sandstono which
follows liso Pol Holos Limestono» (HUDSON, 1929, p.
454), tus boing confined lo a raliser low level ¡o liso
fauna J. Nevertheloss, HtIDSoN considered O. garito-
odi var. sera as slruclurally moro advanced compared
lo 0. garwoodi, aod in Ihe description of liso variely
(ibid., p. 450) indicaled, allisougis witis a question-
mark, a isigiser lovol of ¡Is occurronce (junceum Bod)
equating wilis liso upper parí of liso fauna J.

This «group» is cisaractorizod by astraeoid-lSam-
naslerioid colonies, coníinuous 12-14 sopla of buíS
ordors, labular¡um 2.0-2.5 mm in diameter, liso coura-
ter soptum oflon extonding lo liso centre and somoli-
mes joiniog liso cardinal septum and a few elongated
major sopla, tabulae incompleto aod random in orien-
lation, inoer dissepimonls regular and concavo
towosds liso axis, peripiseral dissepimeols typically
convex íowards liso axis. Soeoodary dissopimenls 011

primary dissepiments aod olong sopla ose very cha-
raclerislie.Tisey are besí devoloped ¡o central pali of
colonies near Iheir dislal surfaces, lisus demonsíra-

ting intracolonial íopomorphic variabilily and/or
intracolonial variability related lo astogeny.

Tise spocimon EM R49922 ¡sto oníy spocimen ira
te colloclionsof liso Natural Hislory Museum belon-
ging to 0. magna. Transverso lisin soction cuí from it,
BM R49922a, has beon figurod by NUDDS (1999, Pl.
1, Fig 5). This spocios as described by KATO & Mar-
CHELL (1970) and NUDDS (1999) is predominantly
astraeoid-tisamnaslerioid, lypically has 15- í7conti-
nuous major sepIa and incompleto subhorizoníaí
tabulae. As it has been already monlionod, O. magna
demonstrales intercolonial variabilily witin a biolo-
pe. Iratracolonial variabilily ¡o lisis species is also
marked aod mostly involves minor sopla varyirag in
number aod in lenglis, and dissepimenlaria. At lisoir
peripisory, largo irregular inlorseptal dissepimerats of
seeond order may replace iratorseptal dissepimenls
whicis aro random in oriontalion and oflen associaled
widi secondary dissepiments lining sopla.

EVOLUTION IN ORJONASTR4EA

Since HUDSON (1926, 1929) published on liso Bri-
lish Orionastrata, liso distribulion of te geraus in tse
Britisis Isles has beon roiraterpíelod based on liso
rocords from wostem Norlhumberland (JOHNSON,
1959), south-easl Derbysisire (GEORGE et al., 1976)
and lreland (NUDOS, 1979b). A form transitional bol-
woen 0. ensifer and O. phillipsi has boen repolied
from ¡o westem Nortumberlarad (JoHNSON, 1959)
wisero it occurred in liso UpperCrook Bum Limeslo-
00 corrolaling wit liso top of liso Hawes Limoslone
(JOHNSON el al., 1995). Tiserefore, liso possibility thaI
liso lowermosl occurrenco of liso geraus couíd be con-
fined lo tSe fauna H of MITCHELL in ooliisern
Fngíand cannol be exeluded. Botis rocords bolong lo
liso firsí «group» as adopíed in liso presoní papen It
persisted througis liso interval of te Brigantian cono-
lated wit liso fauna 1 of MITCHELL(1989) and is
roported from Bristol area, Norlis Walos, norliserra
Engl-and arad Southem Uplands (SMITH, 1917; HUD-
SON, 1929; HILL, 1940). Tisis «group» probabíy gaye
riso lo O. rareseptata reported frona te riorlis-wesl of
liso Moscow Syneclise and from liso Lublin region,
aod lo O. kurakoí’ensis resíriclod lo te soulhorn post
of tSe Moscow Synecliso during liso firsí síage of
ovolulion ¡o Orionastrata.

Tise nexí stage of evolulion ¡n liso genus was con-
finod lo te intorval correlating wit Ihe lopmosl pali
of tSe Hosdraw Sear Cyclothem. Two Ihamnasle-
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r¡oid-astraoo¡d specios. botis lacking axial síructur-es
buí slroogly diffor¡ng ¡o siú,e of labuloria ore reportod
from tisis ¡ratorval ir) nortisein Englood — largo O. ring-
no (KÁ1o & Mííeírt¿r.t., 1970: Nr’UDS, 1999) aod
small O. p¡erctc (l-IICKS, 959). liso former ‘vas
extroíraely sisort-rangiog ¿tod occurrod al liso vory ¡op
of liso Hadraw Seat Limostone ¡o a restricled aiea of
Norlis Yorksisire. liso oller belonged ro riso socood

«group» discerned o O,-ionasíraea. it persislod is ig—
Ser ¡o liso Briganliara aod represonlod ono of liso
aportan 1 cíomonís of tSe fatíno J of Nl írtiíj vn.
1989> ¡o nor-tisoro England. lí was especial lv cisarac—

len su e íbero ter Iio lowor parí of tisis fauna, usar ¡
for liso O. inelivísa sub,one of Hí;osos (1929). Tisis
«group» olso occuíred in coníral seulisoro region of
lrolaod (NUDOS, i979bl. A closoly rololod specícs is
roporled IYom liso Doncís Bosin (Vsssrí yí ix 1964).

It is S¡gisly probable tSaí d un ng 1 Su «amo «1000 of
evolution O. placenta appoonod. lí ¡5 oS ¡r~tctoi í sí o of
liso u PP

0r p¿trt ol tiro auna 1 ol Nl ií< tuis 1 1 989 ¡o
Derbvsis ¡re. occuns lisoro noar liso top ol uso Uppor
Monsal Dolo Bods and Is oquivolonís <SMI iii 1917;
Hvosop, 1929: SíovvNsox & (Lxi [NI? 1971: (iperwv

ct al.. 1976: MlTelrrzl.L. 989), ond is adopled olso os
O, tuberosa ond O, alt, iodiíí.sa, Rocoi ds of lisis spo—
cios froní norlisoro lrclaod iNvuos, l979b) aro pos-
si is 1 y confincd lo liso lisun¿t 1 of Nl ¡reo ní 1..

Fxclusivoly ¿tstraeoid—tisonrraaslreioid Orienast,o—
ea spocios, lypicollv pOssossioo numorous seeondary
di ssopi monis and adoplod Li ere os liso rS id «oroup ‘> -

oppoarod al tSe así síage el ovolution ol liso ooous
ond romoinod rostricíed lo noslisoro Loglosid. Accor—
ding lo Huosox (1929), tisey were ospoctalí; cli ir ¡o-
lorislie of liso lower porí of riso M cId le 1 mc slont (O.
garwoodí subgone>, ISatis, lo liso olor; al oqu ¡tino lo
liso uppor pan el liso fauna J of Mííeíír II

A II liso «nr ot¡ps» md speeios usar appoorcd dur¡ng
liso í ito fi rst s l~íoe s el evoltílioo of tSe gennís ofion pt rs—
cssed vestiorol coralIno wolls md o-sSib¡icd apisroid

tondoocy as a rosulí ol botis intrutcoloo¡ol var¡ab¡l¡ty ood
¡níercoloní¿ti ti’ íb ‘Irlx w ¡tI¡ ¡o a Si obpo. lii 1 So youn—
gosl «group» tisoso cli ir ¡duns arO 001 tibsorved, Thore—
ore. liso apisí oíd lypo ol u>lonv (loes 001 ¿íppoar tu be
[Scove1111 ¡05101v 00051 ;rdv¿tncod rs Gris ,aosí ¡o leo -

CONCLUSIONS

1. Orioerasí¡aca is a sisort—raog¡ng genlis cisarae—
Ion slic of liso rraiddlo paní of liso uppermosl
Visdan 1 Bnio¿íoíiarí). It was abuodarur ¿tod

diverso ¡o Greal Britoin, ¿índ also ocerírrod in
lrelaod, Russ¡a (Moseow Syneclise), Poland
(Lublio rogion) ond L1kra¡oo (Donels Basin).
Po¡-aor/onasíraea Vesio rionastrata and Pitio -

nas¡raea aro Soro considorod it> be lunor
synonyms of Orionastraca.

2. Siudies of liso var¡abil¡ty of tire Russ¡arí Oria-
nostíaca demonsírate lisal tSey be long lo liso
lwo speeios: O. raresepíala oecurr¡ng ro liso
norlis-woslorn porí of riso Moscow Syoeelisc.
ond O. Li ¡-akotcnsis ecourr¡ng sí ¡Is so uliso rrj
pan, boris restricled lo tSe upper parí of liso
Aloksin isorizon. liso formen species is also
reported frooj Polaod.

3. Exasrainatien of Oriona.síraea spec¡ mons frena
riso Bristol area. Nontis Walcs. Cutrabnio ¿md
Nenris Yorksisi re ¡ o liso Natural H ¡story
Musou a. al lows lo rccogoi 70 buí sisont—roo—
g¡og spocies. líneo of wisicS includo syoooy-
Inotis spccies amI ano adopied Soro as «groups»
until lic oonus is liserougislv revisod ood
cornocí svnooviaies aro osiabí ¡sisod, ()no more
ú~r.ouos> was rostriotodio Derbvslíjre.

4. Tisreo síages of evolulion cao be diseornod ¡o
riso goraus. Botis spooios roptírlod fnom Russia
seom lo boye appoared dunirs g liso firsí síage of
exolírtiosí Ocor (So lower 1 ini it of liso rugoso
coral fauno 1 of M rrerueí í. (1989).
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