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ABSTRACT
A revision and systematic study of the British species of the
Carboniferous rugose coral family Lithostrotiontidae is described. No
revision of this group has appeared since the middle of the last century.
Results show that 15 described cerioid species of Lithostrotion can be

lumped into four species. In addition L. decipiens depressum subsp. nov.

is described in this group. The fasciculate species of Lithostrotion have

been extended by the separation of L. variabile sp. nov., L. scaleberense

8D NOVe, L. Jjunceum communicatum subsp. nove, L. martini praenuntium

subsp. nov. and L. martini simplex subsp. nov.
The genus Diphyphyllum is shown to be polyphyletically derived and

its species are referred back to Lithostrotion. The monospecific genus

Nemistium is considered synonymous with Lithostrotion and removed. Its one

species is an evolutionary intermediate between two species of Lithostrotion.
The genus Orionastrasa is reviewed and Q. sera sp. nov. is described. Two

species of Orionastraea are referred to Hudsonia gen. nov. which, though

similar morphologically to Orionastraea, has a different ancestral species.

H. matura sp. nov. is described in this genus.
The genus Aulina is excluded from the Lithostrotiontidae as it is
thought to have different ancestors. It is restricted to include only

forms withmessive coralla and A. botanica sp. nov. and A. rotiformis

ephroidis subsp. nov. ars described. Fasciculate species of Aulina are
referred to Fascicaulina gen. nov. as they are apparently unrelated to
Aulina sensu stricto.

The phylogeny of the Lithostrotiontidee is described and shown to
proceed by following certain evolutionary trends which lead to an increasing
level of colonislity within the group. The evolutionary centre anl there-

fore the palaeomigration directions of the Lithostrotiontidae are shown to

change during the phylogeny and this is related to the global palasogeography
of the Carboniferous period. Discovery of well preserved material has

allowed the skeletal changes during the hystero-ontogeny of L. martini to
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be determined.

This revision has led to a better understanding of the species in

the Lithostrotiontidae so that their value as statigraphical zonal indices

has been increased.
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CHAPTER 1

INTRODUCTT ON

the subject of this thesis is a complete rcvision of the species of

the extinet Carboniforous coral family Lithostrotiontidae. A revision of

the systematics of the group and a determination of the evolutionary history
is the main theme but also such factors as ecological effects on morphology,
methods of asexual reproduction (budding), palasomigration directions,
development of colonialism in the group and the use of such fossils as
geochrolnometers are described and discussed. The research has heen carried
out in the three years from October 1972 %o July 1975 at the University of
Durham,

The project was undertaken for two main reasons, Pirsi, spart from a
short period in the 1920's when Dr. Stanley Smith published a series of
papers on this family, little work has been carried out on these fossils,
since they were Iirst described by the early palasontologists viz Parkinson,
Fdwards end laime, McCoy, Fleming, Phillips and Lonsdale. In thoso days
(1800~1850) many species were described, a lsrge proportion being erected on
cheracters not nowadays regarded as being specifically important. Also the
total variation of a species was not studied so carefully with the result
that many species described were merely varieties ol an earlier named form.
Moreover, with the poorer communications of those times, the same species
was of'ten given more than one name, and, to add to the confusion The Rules
of Zoological Nomenclature were not strictly applied and many of the carly
workers simply ignored an earlier name and published a new one of their own.
The result of these contributing fTactors was that a state of confusion
developed in the group with too many specific names and a large proportion
of them being ill-defined. As a result of this muddle some nemes have

survived with time while others rightly or wrongly have been dropped. This

project has therofore been undertaken with the object of re-defining all
“\“p 1




of the species erccted in the family Lithostrotiontidae and to detemine

their total variation., This has enabled rirsbt, synonymy to be worked out,

secondly, lumping together of those species which s‘r;ow a continuous varia-

tioa of characters between them and thirdly, to erect any new species which
may be useful biologically or stratigraphically.

Another and more important reasong for needing a fuller understaanding
of these corals is that the different speclies, once redelined, may be use-
ful as zonal indicators within the Carboniferous System. They are an
importent group of corals for such work as they are relatively common as
Tfossils, they are widely distributed geographically and they evolved fairly
quickly so that the different species in the group arc restricted to quite
narrow ranges in the Carboniferous sequence, Historically the stratigraphic
use of the group was lost in the muddle that existed prior to this research.

The five pre-existing genera of the family have been revised, namely

Lithostrotion, Tleming 1828, Diphyphyllum, Lonsdale 18,5, Orionastraea,

Smith 1916, Aulina, Smith 1916, and Nemistium, Smith 1928, A majority of
the specimens studied during the revision have been collected by the author
from the following reglons in the North of Englond; the area around Kirkby-
Stephen, Cumbria, the Yorkshire dales of Swaledsle, Yensleydale, Nidderdale,
etc., the Tyne Valley, Northumberland and the Carboniferous Limestone of
West Cumbria. Also some species not represented in these arcas have also
been collected from Derbyshire and Scotland. Mltogether a total of 462
different colonies have been collected fron vhich 13uyb thin sections have
been cut and examined by the author., The proportions of the different
species represented in these figures are set out in table 1 .

The revision of the species has been carried out in the following manner.
External morphological characters have been exemined on hand specimens
which have hecun prepared by a veriety of laboratory techiiques. The
external epithecal surface and the calicular pit, where preserved, have heen

stripped clean of matrix by washing in the ultra-sonic tank and by use of



TABLE 1

Table showing the number of colonies collected and thin
sections prepared for the species studied in this thesis.
L.= Lithostrotion, O.= Orionastraea, A.= Aulina,

H.= Hudsonia gen. nov., F.= Fascicaulina gen, nov,




SPECIES

No. of Colonies

No. of Thin Sections

(ollected Prepared
| L. junceum junceum 62 145
L L. junceum communicatum subsp. nov,. 2 1
| L.pauciradiale ' 30 34
L L.irregulare 33 131
! L.variabile sp. nov. 21 73
5 L.martini praenuntium subsp. nov. 6 14
L.martini martini 43 282
Lomartini simplex subsp. nov, 1 15
L.sociale 11 38
I..scalebere‘nse SPe NOV. 2 12
L.affine 0 0
L L.maccoyanum 10 11
’ L.decipiens decipiens 50 79
) L.decipiens depressum subsp. nov. 17
| L.vorticale 24 56
i L.aranea 11 36 -
| L.lateseptatum 17 59
L. furcatum 25 104
( L. fasciculatum 16 76
| L.gracile 29 110
L.edmondsi 3 b
O.ensifer 0 0
i Q.phillipsi 1 0
i Q. tuberosa 0 0
E O.placenta placenta 9 32
\ O.placenta garwoodi 9 11
! .Os8€ra Spe. NOV. 1 3
1: Q.rete 9 22
0. edmondsi 0 0
O.indivisa 2 6
H.matura sp.‘nov. 0 0
| H.magna 1 1
j{ A.senex 1 0
1’ A.botanica sp. nov. 3 7
A.rotiformis rotiformis 9 11
| A.rotiformis aphroidia subsp. nov. b4 9
; F.horsfieldi 0 0
F.hibernica 0 0
F.furcata 0 0
. TOTAL hé2 1385

Table 1.
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the 'vibrotool'. Some silicified specimens have had their exterior
revealed by dissolving the calcareous matrix in a hydrochloric acid bath.
Tnternal morphological characters have been examined by use of polished
specimens, acetate peels and thin sections. All signiticant morphological
charactors (Chapter 3 ) have then been measured and compared (pe. 94).

In addition to this detailed examination of newly collected material,
the original type material of the primary suthors has been traced and
examined. In this way it has been possible to assess accurately the total
variation of' cach species described and thence to work out synonyny and
erect new species. In this way I have arrived at a new list of valid species

in the femily Lithostrobtiontidae. A full list of the species names, within

the Lithostrotiontidae, both those in current use and those that had

lapsed prior to this revision is given in tadle 2.



TABLE 2

Lists of species considered in this thesis.

Colunn 'a', Species names in current use prior to this
revision, .

Column 'b', Species names that had lapsed prior to this
revision.

Column 'c'., Species names used in this revision,

Column 'd'. Species names lapsed in this revision.

The species in column 'b' were considered junior synonyms

of the corresponding species in colum ta!'.

The species in column 'd' are here considered junior

synonyms of the corresponding species in column 'ct.

L.= Lithostrotion, 0O.= Orionastraea, A.= Aulina,

H.= Hudsonia gen. nov., F.= Fascicaulina gen. nov.




a) Nemes in current use b) Names lapsed

before revision before revision
L. junceum -  L..coarctatum
’ L.sexdecimale

Lepauciradiale L.aggregatum

— L.irregulare

Le.carpathicum

Lemartini L.phillipsi

L.caswellense

Le.scoticum

L.soclale L.longiconicum

Le.affine L.proliferum

L.maccoyanum

L.portlocki L.decipiens
L.clissioides

_ L.derbiense

__Le.minus _

L. basaltiforme T.kendalense
L.vorticale
L.striatum
L.flemiqgi

L.aranea

L.bristoliense

L.clavaticum -

L.arachnoideunm L.hexagona
L.septosum

- ‘El . majror

D.lateseptatum D.concinnum
D.approximatum

D.lateseptatum var. giganteum
D.lateseptatum var. interruptum

o

D.smithi
D. ens
5.%§%batum
D.fasciculatum D.interruptum
D.Blackwoodi var. approximatum
D.Blackwoodi
. - Decylindricum
| D.gracile
: N.edmondsi
’ O.ensifer
QO.engifer var. matura
O.phillipsi O.tuberosa
O.placenta
0.garwoodi

Q.garvoodi var, sera

O.garwoodi var. pristina

Q.prerete

O.rete

0. edmondsi

Q.edmondsi var., laciniosa

Q.indivisa

O.magna

A.senex

A.rotiformis

A horsfieldl

AJhibernica

A.furcata

Table 2 (cont. overleaf).



¢) Names used in revision

d) Nemes lapsed in revision

— ' rFr Ty

Le Junceum junceum Le.coarctatum
—_— L.sexdecimale
L. junceum communicatum subsp, nov.
Le.pauciradiale L.carpathicum
L.aggregatum
L.irregulare
L.variabile sp, nov.
L.martini praenuntium subsp. nov, _
L.martini martini 1.caswellense
! L.scoticum
j L.phillipsi
| _ Desmithi
! L.martini simplex subsp. nov,
i __L.sociale L.longiconicum
! L.scaleberense sp, nov. _ _
L.affine L.proliferum
L.maccoyanum
L.decipiens decipiens L.derbiense
. _ L.clissioides
' L.decipiens depressum subsp. nov,
L.vorticale L.portlocki
L.minus
L.basaltiforme
L.clavaticum
L.kendalense
L.striatum
L.flemingi.
| L.bristoliense
! L.aranea L.hexagona
L.arachnoideun
L.septosum
L.major
! L. lateseptatum DJEB%&innum
| D.approximatum
D.lateseptatum var., giganteum
D.lateseptatum var. interruptum
| . D.ingens
| L. furcatum _
| L.fasciculatum D.interruptum
f D.Blackwoodi
D.Blackwoodi var. approximatum
. _ _ D.cylindricum
5 _L.gracile
| L.edmondsi
| O.ensifer
| O.phillipsi .
O.tuberosa O.edmondsi var., laciniosa

O.placenta placenta

O.prerete
O.garwoodi var, pristina

O.placenta garwoodi

O.5era sp. nov.

Q.rete

0.edmondsi

O.indivisa

H.matura sp. nov,

H,magna

A.senex

A.botanica sp., nov,.

Table 2 (cont.).

A.rotiformis rotiformis

A.rotiformis aphroidia subsp. nov.

F.horsfieldi

F.hibernica

¥.furcata




CHAPTTR 2

STRATTGRAPHY
The division of the Carboniferous rocks in Ingland is a simplified

threefold division based on 1ithology:

. Coal Measures, (Westphalian)
Upper Cerboniferous. El\ﬁllstone Grit, (Nemurd an)

Lower Carboniferous. Carboniferous Limestone Series. (D:‘Lnantian)

The term 'Corboniforous Limestone! is a misnomer because only in the
south is continuous limestone overlain directly by "Millstone Grit" facies H
in most regions a varying amount of the top of the 'Timestone Series' is
replaced by an alternation of rocks between the limestone and the "M1i1lls tone
Grit" facies. This is the Yoredale Series, a rhythnic sequence of repeated
limestone, shale, sandstone end seatearth. The term 'Millstone Grit' has
been used for facies and for geological time and is now ambiguous. In this
thesis 'Millstone Grit' will be used as a facics temn and 'Namurian' for
the cenlral division of the period.

The fossil corals studied ia this projeét were mainly collected from
the Pennines and adjacent areas in the North of England which can be divided
into the following structural regions, rumning from north to south (fige 1),

1. Northumberland Trough (Tyne Valley including the Roman Wall district).
Bounded on the south by the Stublick Faults.

2. Alston Block (Weardale, Teesdsle, Cross Fell). Bounded on the south
by the Staimmore Trough and on the west by the Pennine Faults.

3. Stainmore Trough (Brough, Kirkby-Stephen arca including the
(.}otherstone Syncline around Botany).

L. Askrigg Block (Swaledale, Wensleydale, Nidderdale, Tharfedale,
Ribblesdale). Bounded on the south by the Craven Faults and on the west by
the Dent Faults.

5. Northern margin of the Craven Basin (District around Settle,

Grassington, Greeahow and Malham).



—_—t — A bl mm— ——— ——

FIGURE 1

Map illustrating the structural regions of the Northern
Pennines., Heavy lines represent the faults which are
the boundaries of the regions; dotted lines represent
the County boundaries.
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Th addition some specimens were collected from West Cumberland
(Cleator Moor), Derbyshire (Castleton) and North Wales (Great Ormej.

The palaeogeography of this area can thus be ssen to consist of an
alternating series of blocks or positive areas (often underlain by granite)
and trough#. However, it must not be assumed that these conditions led to
any éreat differences in sea depth during the Carboniferous, but rather that
the troughs were areas that were sinking at a quicker rate than were the
blocks, so that greater thicknesses of sediment were able to mild up in
the troughs. Not only are the sediments thinner on the blocks, they are
also less complete. The blocks were not generally submerged until fairly
late in the lower Carboniferous so that the earliest rocks are absent on
the block regions.,

The lithological succession of the Carboniferous sediments in these
structural regions varies from area to area and this variation in 1ithology
concerns the gradual replacement of Carboniferous Limestone by the Yoredales
and is a result of the palaeogeographical history of the region. This
history was one of large 'deltas' advencing slowly southwards from the north
with the result that on reaching an area the steady deposition of standard
limestone in that area ceased end conditions changed to thin beds of lime-
stone separated by a rhythmic succession of shale, sandstone and seat-earth.
At the top of the Carboniferous Limestone Series deposition of limestone
generally stopped altogether and the sequence is then contimal shale and
sandstone, this being the Namurian,

As these deltas were moving in a southerly direction clearly the more
northern regions were affected earlier by the deltas, and the more southern
regions were not affected until quite late in the Carboniferous. Thus the
continuous limestone of the Limestone Series is very thick in the Craven
area, much thinner on the Alston Block and absent altogether in the
Northumberland Trough. In Northumberland almost all of the true Carboniferous
limestone is replaced by the Yoredale Series whereas south of the Craven
area in Derbyshire no Yoredale Series is present at all because when th;

deltas reached this area the rhythmic sequence of the Yoredales failed.
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Thus in Derbyshire contimious limestone is overlain directly by continuous
Millstone CGrit facies.

The correlation of these varying lithological successions in the
different regions is shown in fig. 2 Vaughan's coral/brachiopod Zones are
shown in the column at the left.

Lithostrotiontid corals are common in all of these five mlaeogeogrophic
regions but perhaps more so in the central region, the Stainmore Trough
(fig.2 , column D), where the very earliest Carboniferous sediments are
present, and in considerable thickness. In the area around Ravenstonedale
the basal Carboniferous beds, the Pinskey Gill Beds (shale, sandy-shale and
limestone) rest unconformably on the Silurian., These are overlain by the
Feldspathic Conglomerate Division which is followed by the Ravenstonedale

Limestone in which the Lithostrotiontidae species first sppear. This

limestone has been described in detail by Johnson and Marshall (1971) who
show that it passes upwards into the Ashfell Sandstone, "with the Brownber
Pebble Hed forming a valuable lithological marker band". T+t is in te grey
limestones just below the Brownber Pebble Bed that the first Lithostrotion
species has been found in beds of C2 age. The term 'Ashfell Bandstone' is
somewhat of a misnomer as these beds, which are roughly equivalent to
Vaughan's Sl Subzonc, consist of an alternating series of red and grey
shales with calcareous sandstone and limestons bands, Above the Ashfell
Sandstoncs is another extensive series of limestone in which Devidsonine
carbonaria Mrst appears, these limestones being equivalent to Vaughan's 2
Subzone., The Bechive Band at the top of these limestones is +the base of
the Dl Bubzone which begins in this region with the thick Potts Beck
Limestones followed continuously by the Melmerby Scar Limestones. Above
this thick limestone an important change occurs vith the rhythmic Yoredale
Series beginning and no more extensive limestones occurring, but only thin
bands of generally darker limestones separated by shale and sendstone. The
first two such limestones, the Robinson and Peghorn limestones complete

the DL Subzone with similar thin limestones continuing above D1 t the top
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FIGURE 2

Comparative sections of the Carboniferous successions
in the various structural regions of Northern England,
The base of the Namurian is taken as a datum line.

The Dinantian strata are divided using Vaughan's
coral/brachiopod zones, as shown on the left band side
of the diagram. All strata names refer to limestone
unless otherwise stated,
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of the Viséan. The Namurian begins with the last of the important limestone
bands, the Great Limestone, and above this horizon the marine phases becoume
nore scarce and the limestone beds thinner. The higrest marine‘ba.nd of the
Carboniferous in BGngland however has been preserved in the Staimgore Trough
in the Cotherstoue Syncline (Reading, 1957) around the village of Botany,
where the Botany Limestone is importaunt in containing the highest species
of the British Lithostrotiontidae.

To the south of the Trough, the Askrigg Block (fig.2 , column i) is
also prolific in Lithostrotion fauna although the beds are generally thinner
and the sequence less complete. The Carboniferous seas did notcover the
block until the beginning of' €2 times but the first limestono outecropping
on the block is the thick D1 Great Scar Limestonse., In the Northern part of
the block, around Swaledale and Wensleydale, this limestone extends right
to the top of the D1 Subzone, and is equivalent to the Poths Beck Limestone,
the Melmerby Scar Limestone, the Robinson md the Peghom Limestones of the
Stainmore Trough. Having moved southwards therefore the continuous limestone
extends to a higher level with the Yoredale sequence not beginning until
D2 times with the Hawes and Gayle Limestones, etc. beginning the rhythmic
sequence that again continues into the Namurian., Moving further south on
the block to Wharfedale (fig.2 , column I) this same trend continues with
the Great Scar Limestone now extending to the top of D2, the Hawes, Gayle
and Hardrew Scer Limestones all having merged into it. Moving off tho
block into the Craven Fault district, the northern border of the Craven
basin,we find thet in the west of the area, around Malham and Settle (fig. 2,
column C), the Great Scar Limestone attains vast thickness by this time
incorporating the Simonstone Limestone so that the first true Yoredale
Limestone here is the Middle Limestone. Having moved off the block the
older beds are again present in this area. Garwood and Goodyear (1923)
state that the age of the lowest beds exposed in the River Ribble at Settle

Bridge is problematic but suggest that they should represeut the Michelinis
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Zone which is part of Vaughan's C Zone. Tho overlying beds consist of
dark limestones end are equivalent to the Ashrfell Sandstone beds (81) of

the Staimmore Trough. Above these are the dark grey Nemgtophyllum minug

beds equivalent to the 82 D. carbonaria limestones of Stainmore and these
extend up into the D1 Great Scar Limestone although the S/D boundery is
difficult to trace.

In the east of the Craven Wault district at Greenhow again younger
beds are present (fig.2 , column H). Tho lowest beds of the Carboniferous
the Timpony ILimestones have been shown by Dunham and Stubblefield (19145)
to contain a similar fauna to the S2 beds at Scalber near Settle and are
thus assigned to this zone. These are overlain by the Stump Cross, Greenhow
and Hargate End Limestones of the D1 Subzone followed by the Coldstones
Limestone of D2. The succeeding Toft Gate Limestones are correlated on the
basis of an Orionastraea species (see p.234), with the D2 Simonstone
Limestone of the Askrigg Block. An unconformity at the top of the Yoft Gate
Limestone marks the top of the Visfan, the uppermost beds being missing.

On the other side of the Craven Basin in Derbyshire (fig.2 , column' I)
continuous limestones extond all the way to the top of the Viséan and thus
in this region is the final expression of the trend of contimual limestone
becoming gradually thicker upwerds and replacing the Yoredale Series.

Moving northwards from the Staimmore Trough the opposite trend occurs
with the Yoredale Series entering gradually earlier and earlier. The
situation on the Alston Block (fig.2 , column C) is similar to that of the
Staimmore Trough except that at the base of the Melmerby Scar Limestone is
a gap with the Potts Beck Limestones missing ond the Melmerby Scar
Limestone hence resting directly on pre-Carboniferous granite. The Yoredale
Serics begin above the Melmbrby Scar Limestone as in Stainmore. However,
in the Northumberland Trouvgh (fig. 2, column B) still further to the north .
there is no true extensive Carboniferous Limestone at the base of the
Carboniferous at all., This area being a low lying trough was submerged at

the beginning of Curboniferous times and hence the sarliest rocks are
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present and in parts of the trough these cun be seen resbting on 01ld Red
Sandstone facies. lHowever in the Brampbon disiricts Ffrom where most of bhe
Lithosirotiontid specimens have been collected, the base of the Carbonifcrous
is not acbually seen. llere the lowest rocks present are the Cementstone
group of Cl age and in this area even this very cacly group consist of a
succession of saadstones, limestonea and shales. They are ove:y]ain by

the esteusive Fell Sandstone Group (C281) which &l though largely arenaceous
does also show rhythmic sedimentation with thin limestones ond shales,
These coatinue upvards almost to the base of the $2 Subzone, the base of
which is marked by the Kingbridge Limestone. This is overlain by a second
extensive sandstone, the Craighill Sandstone group also conbtaining marine
limestones, and the base of' the D1 Subzone is near the lop of ihis sandstonc,
In the DL Subzone the lithology changes [rom one of predominantly arenaceous
character to a more 'normal' Yoredale sequence of marine liaestoaes
separated by thinner sendstones and dhale. Thus imwediabely above the
Craighill Sandstone is the [first of these DIl limestones, the Ianercost
Limesbtone which is approximately equivalent to the level o{ the Beehive
Band in the Stalnmore Yrough., Phis is lfollowed by the lillerhill limestons,
the Appletres Limeslone, the Leahill Limestone and evenbually the Naworth
Limestone which is equivalent to the base of the Melmbrby Scar Limestone

in the Steimmore Trough and on the Alsion Block., Thus the limestone, shale
and sandstone succession between the Lanercost and Naworth Limestones are
equivalent to the continuous Potis Book Iimostoae of Stainmore (and equiva-
lent to the gap in the succession on the Alstoa Block). Above the Naworth
Linestone is the Denton Mill Limestone and then the Bankhouses Limestone
which is equivalent to the Smiddy limestone of tho Alston Block, and the
succession above this is similavr to bthe Yoredale successlou of the Alslon
Blocke. Thus in this northornmost lrough the Yoredale Lypc sequence begins
almost from the base of the Carboniferous. Noreover, the Yorcdale sequence
continues to a very high level in this region, the highesi limestone, the
Harlow Hill bed, being equivalent to bthe Dolany limestone of the Stainmore

Trough.
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CHAPTTR 3

SKELETAL MORPHOLOGY OF THE LITHOSTROITONTIDAE
This chapter described the d&ilferent morphological elements of the

skeleton present in the Lithostrotiontidae and lists in capital letiters the

morphological bterms used in this thesis. Most of the terms refer to all

rugose corals, but only those applicable to the ILithostrotiontidae are

included here., The skeletal elements described are illustrated in figs.3
and 4 .

All of the species in the family are COMPOUND corals, that is they
are all colonial corals growing by asexual reproduction. One species,

Aulina gimplex, described by Hill (1934, p.93) is a SIMPUE (solitary) coral,

but this is now not thought to be a member of the Lithostrotiontidae

family (pe.242). The skeleton of a single individual within the colony is
termed the CORALLITHE, the soft tissue of the individual is termed the POIYP
and the skeleton of the entire colony is the CORALIUM. The skeletal parts
of the corallite are built of a calcareovs tissue termed SCLIRENCHYME and
Hill (1935 p.483) drawing an analogy with living corals, sssumes this to
be laid down as an exoskeleton by the ectoderm cells (soft tissue) of the
Polyp.

The skeletol parts of the corallite can be divided into two groups;
the VERTICAL FLAIENTS (those being secreted parallel to the upward growth
ol the corallum) and HORTZONTAL BLMIENTS (sccreted at right angles to the
vertical elements) The parts of the elements where pgrowth began are the
PROXIWATL, parts while the last formed parlbs are termed DISTAL parts.

The most important vertical elements of the skeleton arc the SEPTA,
radially arranged plates extending from the proximal apex of the corallite

to the top. In the Lithostrotiontidae these are divided into two ordors,

MAJOR and MINOR sepba, altermting with each other. In some species

(L. mertini) a third or TMRTIARY order of septa may be present, while in



FIGURE

Diagram illustrating the main skeletal features of the
Lithostrotiontidae as seen in transverse section.
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others (L. Juncoum) only the major septe mey be present. The spade betwson
two adjacent sepla is an INTERSEPTAL IOCUIUS. The three edges of the
'triangudar' septa ave also given differont terms; the CALICULAR EDGE being
its upper surface, the PRIPHWRAL edge boing the side attached to the
corallite wall, and the AXIAL edge being the inner surface. Septa vary
greatly in length, those in the columellate Iithostro tion and Orionagtraca

being LONG and reaching almost to the axis, while those of the diphyphylloid

Lithostrotion species and Fascicaulina are gonerally SHORT. Septa are

often dilaled to a greater or lesser degree, the zone of dlation also

varying. In the genus Lithostrolion the septa usually have a PARTIPHIRAL

DITATION, while those of Orlonastraea, Aulina and Hudsonia have an AXTAL

DILATION. The sides of the septa of the Lithostrotiontidae are usually

plane but they may be WAVY and rarely ZIG-ZAG in some of the ceroid species,
Those of tho genus Aulina and Faseicaulina are vsuclly carinate bearing
flanges or CARINAT, DISCONTINUOUS septa are common in the family and are
of different kinds., First, those of the diphyphylloid species of

Lithostrolbion and some species of the columellate Lithostrotion arc

AUPLFXOID, being completely developed only on the upper surfaces of the

tabulae. Secondly, some species of the columellate Lithostrotjon and one

species of the diphyphylloid Lithostrotion group may have TONSDALAROID

septa which do not extend all the way lo the epithecae but become dis-
continuous in the dissepimentarium,

The second vertical skeletal element is the AXTAL structure. This may
take several forms and in the Lithostrotiontidac four types are seen.

llost common and occurring in the columellote [ithostrotion species and in

two species of Orionastraea and one species of Hudsonia is a COLUMSLLA,

an axial rod, oval or lath shaped in cross section lormed by the axisl
edges of some of the septa. In the columellate snecies of Lithostrotion,
Orionastraca and Hudsonia it is a continuous structure vuuning from the apex

of the corallite to its growing edge, but in the &iphyphylloid group of



FIGURE 4

Disgram illustrating the main skeletal features of the
Lithostrotiontidae as seen in longitudinel section.
d.=dissepimentarium, t.=tabularium, o.=outer series of
tabulae, i.=inner series of tabulae.
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of Lithostrotion il it is present at all it is a discontimious structure
reduced to spines on the upper sirfaces of miccessive tabulae. More
commonly in the diphyphyllofigroup there is no axial struc bure ot all., In

the remaining species of Orionastraca and Iudsonie again the axial _

structure is absent, although often the counter scpta doos extend into the
axial region and appears at first sight to be a columella but this is never
dilated as a true columella always is. Another common axial struciure
seen in these corals is an AULOS, present in all the species ol the gencra
Aulina ond Pagcicaulina. An aulos is a hollow axial tube running con-
tinuously down the length of the corallite. A true sulos is formed by the
axial edges of all the septa bending through 900 80 as to meet with bthe
adjacent septe and produce a solid wall that divides the tabulae into an
inner and outer series., This is an advanced condition and many of the
more primitive species especially those in the diphyphylloid group do show
a structure which may be mistoken for an eulos, hut in these cases the
'wall' is produced by the downturned edges of the tabulae resting on the
tabulae beneath. This structure, produced by the horizontal elemenks
rather than the vertical elements, is not a irue aulos, and the new temm
PSEUDO-AULOS is intoduced here for this structure. It is probably an
intermediate structure which may develop into a true aulos in some lineages.
It is noteworthy thal the diphyphylloid lineage devolops a pseudo-aulos,
but never a true aulos, whereas in some more primitive examples of Aulina
a pseudo-aulos iy present and may develop towards a true aulos (pe36).
Finally, in the Nemistioid group of Lithostrotion there is a loosely
formed and irregular axial structure which according to Smith (1928 pe116)
"in some instances persists throughout the corallites and in others arises
from successive tabulae and does not reach the tabulae above". This axial
structure consists of a slender, somewhat irregular medial plate, a few
radiating LIAMPLTAR and some steeply inclined TABRLIAZ (small sub-

horizontal plates in the central part of the corallile o ming part of an
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incomplebe tabulae),
The Tinal vertical skeletul element is the EPIVTHECA:, a thin calcareous
coating covering most ol the corallite except for its open lop. A consisb%nt
A

epithecag 1s present around the corallibes of the fasciculate Lithostrobtion

L] - ) - o ‘ L] . .
aud lhe ceroid Iithostrotion and an inconsistgnt epitheca¢ is scen in one
20D L0 L0 Y
species of lludsonia and Orionastreea, while il is absent i the remalining
specles of these labler lwo genera and in Aulina., In the ceroid colonies

of [ithogtirotion and in ludsouia, Orionastraea and Aulina a coumon

calcarcous sheath is present on lhe external surface of the corallum buk
aol surrounding the individual corallites. This 1s a HOLOTIWCAL. The
epithecae and the holothecag may show both verticel and horizontal orna-
ment. Veriical ornament may be a (ine or coarse striation aad is related
to the vertical elemenbs, the septa. sach groove on the exbernal epiticcae
corresponds (o the position ol an internal aept%mand is termed a SaPlAL
GROGVY, while cach ridge oa the epithocae corresponds to an inbersepbel
loculus and ls texmed an INY'SRSKPLAL RIDGH,

lorizontal ornament or anaulation (Smith and Ryder 1926, pelbs) is
present oa the wall in varying degrees, and is a result of Lbe periodic
nature of the growth of a colony (see Reprint ). Calciwa cerbonate is
secrebed in diuraal layers resulling in a horizontal oraament of GROWIH
INCRATINTS, bands of tissue, separated by GROWTH LINKS, a line marking on
abrupt change in the character of the tissue (Clark 1974, p.l). As well
as these diurnul horizonlal ornamenlations, both monlhly and anaual
ornamentations may also racely be present (see Reprint )e

ilorizonlal skeletal slemeats are two-fold. sirst, are the TABUIAER
which are horlzootal platforms usually exbendiug coatinmously across the
corallite and represeniing successive posiitions of {he floor of the calyx.
In tho Lithostirotionlidae they may teke on a variety of forms. 7The most
simple are seea in lhe columellate group of Lithos trotion whea the tabulae

run uninterrupted from the colwsella Lo the epithecae (as in Lo ,';ung_e_ug_) or
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to the dissepimentarium if one is present (as in L. martini, L. pauciradiasle
etc.). In all the columellate species the tabulae rise in the centre upon
meeting the columella and can therefore be described as TINT-SHAPED., Some
species however show a slight complication in that the tabulae are not 50
complete but instead their edges turn sharply downwards to rest on the
tabulae below, while a second serics of smaller tabulae then runs from the
downturned cdge to the dissepimentarium. In these cases the tabulae can be
divided into an TWNER (or AXIAL) end an OUTER (or PERIPHERAL) series. This
situation is seen in some examples of the species mentioned above and also
in the cevrioid species. When this condition is Pirst seen the points of
contact of the downturned tabulae onto the tabulese below is haphazordly
arranged, a condition described by Smith (1928) as & tabulae, bubt as
evolution progresses the points of contact gradually become aligned and the
successive downturned edges of the inner series form & wall-like structure
previously described as a PSIUDO-AULOS, This case, described by Smith
(1928) as ﬁ tabulae, is most of'ten scen in the species of the &iphyphylloid
group when due to the sbsence of any axial siructure the inmer tabulae are
not tent-shaped but entirely flat, with the outer series still steeply

inclined. In the species with a true aulos, i.e. Auline and Fascicaulina

the division between the inner and outer series is made even more clear as
they are separated by the septal tube. In these cases the outer series also
bascomes hovrizontal,

The area of the corallite containing the tabvlae is known as the
TABULARTUM and this occupies the inner or axisl region of the corallite.
On the periphery of the corallite outside the babularium is the
DISSEPIMENTARIUM, the area containing the second horizontal skaletal elemeut,
the DISSEFIMENTS. These are much smaller arched plates built between |
adjacent sopla and lining the interior of the epithecae. They are present
in all the species of the Lithostrotiontidae, except [or L. junceum, but

they vary greatly in number Ffrom a single row, in tho small fasciculate
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species, to eight or nine in some of the larger cerioid species. Almost
invariably in the Lithostrotiontidae the inmermost series of dissepiments
is dilated to a certain degree. In most of the species the major and
minor septa are continuous to the epithecae so that the sides of the dis- —_
sepiments abut on to the sides of the septa. Tho dissepiments are then
arranged in a CONCENTRIC manner. However in some specimens, especially of
the cerioid species, the minor septa degenerate 1o setpal ridges only.

The inner dissepiments then lose the concavity of their upper surface and
meet at an angle on alternate sides of the loculus left between two major
septa. As seen I:‘Ln transverse section this gives a HXRRINGBONE pattern.

A third type of dissepiment is seen when both the major and the minor septa
become degenerate and do not extend all the way to the epithecae. In this

case, seen only rarely in the Lithostrotiontidae a space is left between

the periphcrael edges of the septa and the epithecae which is £illed entirely
by large LONSDALAZOID dissepiments. In slmost all the species of this
Pamily all the dissepiments are concave inwards and in every species the
inner ring is always in this condition., However in some species of
Orionastraea the outer series of dissepiments becomes convex inwards ond
when bthis happens these are often quite sngular. In ono species of

Orionastraea these convex dissepiments break at this angle and turn to lie

parallel to the septa lining the septal sides.

The final morphological character of a corallite is the CALICE. This
is a depression at the disbal end of a corallite bounded laterally by bthe
walls of the corallite and at its base by the last formed tabulag. This
depression is subdivided by the axial edges of the septa. According to
Hill (1935 p.495) "many calicos show a central cavity corresponding to the
tabularium the AXIAL or CALICULAR PIT which may, or may not, contain a
CALICULAR BOSS corresponding to an axial structure., Forms with a calicular
pit have o PERIPHERAL or CALICULAR PLATFORM between the pit and the

periphery". In the fasciculate species the calice is quite deep. This is
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less so in the cerioid species and in Orionastraea, Auvlina and Hudsonia it

is quite flat.

In addition to these terms describing the corallite there are also
some useful terms applicable to the corallum regarding the stage of
colonialism within the colony. The most primitive type of colony scen in
many Lithostrotion species is FASCICULATE where the individual cormllites
are independent and not in contact except at their bases. Fasciculate
coralla may be DENDROID with spreading branches, as in the early L. martini
colonies, or PHACKLOID with almost perallel and more closely packed
branches, as in L. junceum. Some phaceloid coralla may have their
corallites joined by CONNECTING PROCESSES but this is only seen in one

species of Lithostrobtion, again L. junceum, However many phaceloid species

of Lithostrotion do have connections from corallite to corallite when a
phaceloid corallum becomes periodically cerioid. This is an intermediate
stage of colony between the fasciculate colonies and the MASSIV:# colonies.
A masgssive corallum is one in which the neighbouring corallites are in
contact with each other. Massive coralla may be CERIOID when each corallite

is bounded by an epithecae as in L. aranea, L. vorticale, L. decipicns

etc., or PILOCOID when no epithecae is present between corallites as in

Orionastraen, Hudsonia and Aulina. The species of the plocoid Orionastraen
take on different forms; they may be ASTRAEOID when the corallites have
continuous but not confluent septa, THAMNASTRAXOID whon the corallites
have continuous and confluent septa, APHROID, when the septa withdraw from
the periphery and the neighbouring corellites are united by dissepiments
only, or finally when the septa are absent altogother and the corallum is
composed ol tabulae and dissepiments only, the colony can be described by

the new term INDIVISOID proposed here.
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PART 2

PALAEONTOLOGICAL CONCLUSIONS




CHAPTWR 1

PHYL0G ENY
The Yerly Lineage
Little evidence has been given so Ffar as to the ancestors of the

Lithostrotiontidae. The earliest example of Iithostrotion found in

Ravenstonedale, Cumbria occurs in the Thysanophyllum Linestone immediotely

below the Brownber Pobble Bed in the €2 Subzone. This species is L.
nartini, but it appears more simple than later colonies of the seme
species and has thus been described as a separabe sub-species, L. martini
preepuntium (pe173). It shows a mumber of primitive characters:

(a) Conical shape to the corallites.

(b) ™ dely spaced dendroid form of growth to the corallum,

(e) Closely spaced growth lines.

(d) Closely spaced tabulae.

The most important distinction between this Ffoma and later colonies
of the species however is the high number of dissepiments seen in this sub-
species; there may be up to six rows present. This fact, plus the closely
spaced conical tabulae, means that any one section across such a corallite
cuts across both a high number of dissepimonts and tabulae and hence hos

the appearance of a closely spun web.,

This subspecies is restricted to the Thysanopbyl.lum Limestone and

above the Brownber Pebble Bed in the Ravenstonédale Limestonss it

immediately evolves to the more usual Do martini mortini with:

(a) Cylindrical corallites.
(b) Phaceloéid growth habit.
(c¢) Wider spaced growth lines and tabulae.
(d) Pewer dissepimentis (only three to four rows),
This common subspecies persists until the Jew Limestone (D2 Zone),

but in the 82 D. carboneria limestones gt gives rise to a third subspecies,



FIGURE 5

Diagrammatic illustration of the early lineage of the
Iithostrotiontidae with L.martini evolving by a

reduction of dissepiments.



fig 5

\ L.m.simplex.

L.m.martini

L.m.praenuntium.



L el R e e il e

- 20 -

Lemartini simplex (fig. 5 ) which has Just a single row of dissepiments.
Lound,
However this subspecies has a restricted range as it is/only in the 82

Subzone .,
Characters constant in all subspecies of L. martini are septal i
number (26-28 maximum septa in a colony) and tabulerium diameter (mean

5.7 ma.) and these can thus be considered as specific characters.

Primary Radintion

In the Seminula Zone the fasciculate lineage of L. martini begins to
evolve along a number of definite 'trends'. Fivst is a change in the
growth habit of the lineage. The individual corallites of a colony cease
to become laterally free from adjacent ocorallites, tut instead are in con-
tact on all sides with their neighbouring corallites and hence form a
cerioid fype of colony. Secondly there is a change in the method of
budding in the cohonies such that the non-parricidal lateral budding of
Lo mertini is replaced by parricidal calicular budding. This change also
involves the loss of the columella producing a diphyphylloid type of
colony.

Coacurrently the columellate fasciculste lineage of Lo wartini con-
tinues to evolve independently producing subsequent columellate fasciculate
species. Previously it has becn thought thet evolution along these two
trends represents separate lineages, i.e. a cerioid lineage and a
diphyphylloid lineage. By this theory (fig. 6a) the trend would occur
only once in the fasciculate columellate lineage producing, Ffor exampl.e,
an sncestral cerioid species which later gave vise to subsequent cerioid
species. These supposed lineages were classed as gonera or subgenera

(eegs Geaus Diphyphyllum for the non-columellate group of species, and the

subgenus Lithostrotion (Lithogtrotion) for the cerioid species, as

opposed to L. (Siphonodendron) for the fasciculate gpecies). It is now

thought however that the genetic ability to evolve along these two trends



FIGURE 6

Theories of evolution in the Lithostrotiontidae.

a. Diagram showing the 'standard' theory of evolution in
the Lithostrotiontidae. The fasciculate lineage of
Lithostrotion(Siphonodendron) was thought to give rise
to a cerioid lineage of Lithostrotion(Lithostrotion)
and to a non-columellate or diphyphylloid lineage of

Diphyphyllum,

b. Diagram ghowing the polyphyletic evolution of the
Lithostrotiontidae as described in this thesis,
whereby each fasciculate columellate species gives
rise to a cerioid species and a diphyphylloid species.
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is incorporated in the fasciculate lineage early on, and that sach of the
later fasciculate columellate species follows the same two trends., Thus
each fasciculate columellate species has a cerioid and a diphyphylloid
a.ncest%r (fige. 6b).

There are two pieces of evidence for this; first, is the occurrence
of intermediate coralla, i.e. at the correct stratigrsphic position
between each fasciculate species and its cerioid successor, are found
partly fasciculate/partly cerioid coralla, Similerly, early members of
each diphyphylloid species show a degenerate colunella, Secondly is the
similarity of all of the other characters between éach fasciculate
columellate species and its cerioid and diphyphylloid ancestors (see
Table 3 ). Because these sub-genera and genera (e.g. Diphyphyllum) are
polyphyletic they are abandoned in this thesis (p.119).

Thus the cerioid expression of L. martini martini is L. aranea S.S.

(fig. 8 ) which is similar in all characters (septal number, diameter of
tabularium) to L. m. martini except for fits growth form. L. aranea evolves
in the D. carbonaria limestones of the S2 Subzone, but intermediate
colonies with partly cerioid and partly fasciculate corallites occur at
the top of the S1 Subzone and at the base of 82 (see discussion in
Chapter 3 ).

The diphyphylloid expression of L. m. martini is L. lateseptatum
(rig. 8 ) which first appears in the Ashfell Sandstones (S1 Subzone).
This differs from L. m. martini in having calicular budding as opposed to
the lateral budding of L. m. martini end also in having no columella,
Thus, as in all non~columellate species that have followed sich a
diphyphylloid trend the septa also tend to be shorter and the tabulae
f‘lat‘l,',er than in its columellate ancestor. More important, the septal
numb;r also differs from L. m. martini, there being a maximum of anything
up to 3, septa. However, this is not due to any additional genetic
change controlling septal number, nor does it show a lack of relationship

with L. m. martini, instead it is a direct result of the new method of



Table showing the polyphyletic evolution of the cerioid
group and the diphyphylloid group from the columellate/
fasciculate group. Note the similarity of characters
between each columellate/fasciculate species and its
respective cerioid and diphyphylloid ancestors.

Re= range of maximum number of septa in a colony;

M.T.= mean tabularium,

The figures for the diphyphylloid species tend to be
rather higher than their fasciculate ancestors due to
the prevalence of calicular increase (see p.96).



Diphyphylloid Group | Columellate/Fasciculate Cerioid Group
Group
L.maccoyanum
R = 11-14
McTo = 1.6
A
]
L.gracile L.pauciradiale Le.decipiens
R = 18-24 - R = 18-20 R = 14-18
MoTo = 300 M.Ts = 206 MoTo = 2-5
4
]
L.fasciculatum L. irreﬂlare
R = 22-29 - R = 21-26
McTo = l"’oa MuTo = ""0'2
A
]
L. furcatum L.variabile Le.vorticale
R = 26=30 - R = 22-26 R = 19-24
M.T. = 503 MoTo = l"06 MOT. = l"02
L
|
L.lateseptatum L.martini L.aranea
R = 28-34 & R = 26-28 R = 26-31
M.T.- = 609 M.T' = 5.7 MCTI = 6.0

Table 3.
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budding. It has been explained on p. 96 that any calicular budding
species shows a sudden increase in the diameter snd hence in septal
number in its corallites immediately prior 4o splitting. It is only those
corallites that are about to divide, i.e. the super mature corallites,
that support the high number of septa, the majoribty of corallites (i.e.
the mature corallites) having the same number of scpta as the ancestral

species L. m. martini (i.e. 26-28). Wuvrthemmore, L. laleseptatum must

evolve from L. martini as this is the only other fasciculate species

present ab the time that L. latoseptatum evolves. Similarly the tabvlarium

of L. latesoptatum tends bo be rather larger than L. martini.

Also during this primary radiation, two important changes occur in the
independently evolving Fasciculate evelwing Pfaseioulate columellabe
lineage and these changes paradoxically occur in opposite directions.
First, a much larger fasciculate columellate species evolves from Lo martini
again,the evidence for this evolutionary 1iuk being that L. martini is the
only species present from which it could have evolved. This new species,
L. _§_c_aiﬁb,§;g;§g (rig. 7 ) has 3~39 septa and a tabularium with a mean
diameter of 11.0 mm, and has so far only been recorded from 3ts type
locality at Sca.]iber Quarry, near Settle, Yorkshire,

The second change scen in the fasciculate columellate lineage at
this time is the appearance in the (S1) 82 Limestones around Kirkby-
Stephen of o swaller species than L. martini. It has a mean babularium
diemeter of only 4.6 mm, and vsually has only 20-2L septa (although rare
examples with 26 septa have been recorded and retains the two to four rows
of dissepiments of L. martini. This form has probably previowsly been
recorded as L. martini, but even if there is contimuous vari ation between
this Form and L. martini S.5. there is stratigraphic evidence to warrant
the rocognititn of the smaller form ss a new species ng this smaller form
does not appear-before 852 (? or the top of S1). Thus it is described in

this thesis as L. varisbile (rige 7). It is thought that the reason why



Diagrammatic illustration of the primary radiation of the
Lithostrotiontidae lineage. L.martini gives rise to a

larger species@_. scaleberense) and a smaller species
(L.variabile).




Lscaleberense
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L. partind evolves in opposite directions at the same time is that the two
species evolved in difrerent areas. The large L. 5'093:1.@% only occurs
in South Yorkshire close to the reefs in vhat mst be & more favourable area
for coral growth, whereas the amall L. varisbile occurs more sbundantly EE—
further to the north in less favourable conditions (i.e., darker limostones).

During the primery rodiation I, vorisbile also follows the two
evolulionary trends and a second piece of evidence for #he recognition of
L. yariabile as a distinct species from L. martini 1s that a second cerioid
species has Jong been recegnised which bears the same relationship to
L. Yariabile as L. aranea does to L. martini. 'The cerioid expression of
Lo yariebile is L. vorticele (= L. mimvs £ L. basaltiforme = L. {lemingi =
L. strigtum = L. clavatioun = L. portloclki S.8.). L. yorticale (fig. 8 )
has a similer tebulerium diameter (4.2 mm.) as L. variabile and has the
same number of septa (20-2,) and first appears in the $2 Subzone. [Lvidence
for supposing that L. vorticale evolves from L. variabile, and not directly
from the olrcady cerioid species L. aranea by o roduction in size, is
first, the similarity in septal counts and tebularium dismeter between
ke variabile and L. vorticalg, and secondly the fact that partly cerioid
colonies of L. variabile have been found as an interdediate slage, Thus
the cerioid frend occurs for a second time in the Casciculate Jineago and
80 L. aranea and L. yorticale are not meubers of a scparate cerioid lineage
but instead are independently evolved cevrioid species from the Pasciculate
lincage.

8imilarly the Aiphyphylloid treud expresses ilself in L. variabile,
the resulting new species being L. furcatum (rig. 8 ). Agsin this has a
similar tabularium to L. variabile but differs in its lack of columella,
its shorter septa, flatter tabulae and parricidal caliculer method of

budding. Also, as with L. lateseptabim 5t has a highor maximum numbhor of

septa (30) than its ancestors but again the mojority of the corallites

do have only 20-2) scpta. L. furcatum makes ils first sppeavance in the
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FIGURE §

Diagrammatic illustration of the primary radiation of the
Lithostrotiontidae lineage. L.martini evolves to L.variabile
and bhoth of these fasciculate columellate specles give rise
to a cerioid and diphyphylloid successor.
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Great Scar Limestone (Dl Subzone),

Evidence for L. furcatum evolving from L. veriabile and not direct from

the diphyphylloid L. lateseptatum is Pirst, similarity of all other

characters, secondly that while they both show parricidal budding, the
nature of the budding is different, being axial in L. furcatum and
peripheral in L. lateseptatum, end finally some early colonies of L.
furcatum do show a gradual degeneration of %the columella, it being
represented as spines on successive tabulae. If evolution of L. furcatum

was direct from the non-columellate L. lateseptatum one would expect

L. furcatwa to be ontirely free ol a columella.

Second Radiaiion

L. variabile persists into the D2 Subzome, but in Dl & second major
radiation occurs vhen it gives rise to three morec fasciculate columellste
species namely L. irregulare, having 21-2J, (rarely 26) septa and one row
of dissepiments, L. pauciradisle having 18-20 septa and ome row of dis-
sepiments, and L. junceum with 14-18 septa and no dissepiments (fig. 9 ).

These threc species may in fact fom a conbtinuous variation series,
but there is sufficient difference between the end members to warrant some
sort of separation,

Also in this radiation a final fasciculate columellate species evolves
frow L. martini. This is L. sociale (fig. 9) which eppears in the DI
Subzone. It is similar to L. martini tut has a slightly larger tabularium
diameter (mean 7.2 mm.) and more septa (29-32), Again as with L.
variabile there is continvous variation in septal number between L. martini
and L. gociale but the stratigrephic evidence warrants the recognition of
this spccies as these larger forms with over 28 septa do not occur below
the base of D1,

Some of these species are also affected by the cerioid and diphy-

phylloid trends almost as soon as they appear in this evolutionary radiation.



Diagrammatic illustration of the second radiation of the
Lithostrotiontidae lineage. L.variabile gives rise to
_I_.,Ereguﬁ_re, L.pauciradiale and L.junceum, and L.wartini

gives rise to L.sociale.
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It is not krnowvm, however, whether L. irregulare has a ceriold descendent
or not, 'he oaly difference betwoen L. varisbile and T irregulare is in
the number of dissepimenis. When a specics becomes cerioid the number of
disgepiments ceases to be of any use as a distinguishing character as all
cerioid species have a high number of dssepimenis as it is the
dissepimentarium that expands laterally when producing the cerioid growth
habit. Thus therc is no method of di.stinguishing between a cordoid
descendant of i, irregulare and L. varigbile as Lbey would be idontical in
all respects including the mumber of dissepiments, Thus, some part of

Lo gorticale may have evolved from L. irresulare, it is not yet . possible
1o separate this cerioid species.

L. pauciradiale on the other hand definitely does follow a cerioid
trend (fig. 10) and produces the cerioid descendant L. decipiens (= L.
Agein J;o decipions isideatical to L. pauciradiale in every respect cxcept
for its growth habit, having a tebularium mean of 2,5 mm. and posgessing
14-18 scpta. However, it will be seen that the vange of variastion of the
lwo species is dissimilar; while the larger sxamples of L. pauciradiale
caa have 19 or 20 septa end thus grade upwards into L. irregulare,

L. deciplens uever has more than 18 septa and is therefore exclu sively
distinet from L. yorticale there beiung discontinuous variation.

If L. paucirediale and L. veriabile wore a continuovsly variable
population then two distiunet points on this continuous variab’on have
folloved the same cerioid trend, but in difforent geographical areas.
Separation was such that initial interbroeding between the two was not
possible and they did not migrate into the same area until alter the poink
in time whern interlresding capacity had coased. This is quite feasible
because il there is a continuous interbreeding population between

L. pauciradiale and L. variabile then it is likely that the dirforent s ze

orders of this variation were existing in diflcrent enviromments (the
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FIGURE 10

Diagrammatic illustration of L.irregulare and L.pauciradiale
giving rise to cerioid species in the second radiation of
the Lithostrotiontidae lineage and to diphyphylloid species
in the final radiation.
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smaller members being in the more advorse eoviromments) and so they would
have boen geographically separated. At any rate the existence of a third
cerioid specics is cxtra evidence for recognising its ancestor

L. pauciradiale os distivet from L. irregulare (p.161).

Agein parctly cerioid colonies intermediate between L. pauciradiale and

i

- Jecipiens have been found extensively low in the D1 Subzone Jjust
before L. decipiens appears.

Lo Juncoum does not follow a cerioid trend and the reason for this
may be that it has no dissepimentarium that could exteund latorally to
produce such a colony. This argument is strengbhensd by the fact that some
sart of lateral connection between corallites appears to be evantageous to
the coral end L. junceum, unable to & this by becoming cerioid, achieves

the same end in a way seen in no other spocics of Lithostrotiontidae. In

the Scer limestone L. junceum communicabtum is seea to achieve at least a

lemporary comection in the form of transverse comnecting processocs. This
type of structurc may not be formed to achieve any cellular commection,
but instead may just be a skeletal strengthening to the colony (p. 67).

A fourth cerioid spocies, L. maccoysnum, does occur, appearing in the
D1 Subzone. While this has 14 septa the same as L. Junceuws and is of
similar dimensions, it is doubtful if it evolves from L. junceum because
L. Junceum has no dissepiments. Specimens of L. maccoyanum have nob been
found with partly fasciculate coralla and so this species may not evolve
from a fasciculate ancestor, but may descend directly from a larger cerioid

species, ®.g. L. decipiens (see also p.153).

Final Radiabtioa

In the D2 Subzone a [inal radiation occurs and meny new species
oppear. Both L. irregulare and G, pauciradiale follow the diphyphylloid
trend and their diphymorph descendents Ti. fascioulotum end L. gracile

respectively bear the same relationship to each other as do their
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ancestors in that there is contimnuous variation between them (fig. 10).
L. gracile can have mature corallites with 16-20 septa but super mature
corallites with 21-2) septa, while L. fasciculatum has mature corallites
with 21-2) septa and super meture corsllites with 25-28 septa. However
the great difference between the end members does warrant some sort of
separation of the two forms. Mlso the fact that the variation between

L. fasciculatum and L. gracile is identical to the variation between

L. irregulare and L. pauciradiale is good evidence that these diphyphylloid
species do evolve from the respective columellate ancestors and not from
L. furcatum. Again they are identical in all other characters end not only
can the gradual degeneration of the columella be followed in both

L. fasciculatum and L. gracile, but also a gradual change in the tabulae

of L. irregulere and L. psuciradiale can be seen towards the type of
tabulae in L. fasciculstum and L. gracile (p. 58).
There is additional evidence that L. fasciculatum evolves from
L. irregulare provided by a further species which appears in this final radia-

tion. This species, called Nemistium edmondsi by Smith (1928), is restricted

to the Jew Limestone, and is morphologically intermediate between

L. irregulare and L. fasciculatum. Like these two species it has 21 - 2,
septa and one dissepiment, tut it differs in its axial structure. Smith
(1928) describes this axial structure as consisting of lemellas and tabellae,
but these are never well developed and in reality the axial structure is
more of a degemerate columella rather than a true axial stmplexy~ If this is
true then N. edmondsi is an intermediate evolutionary link between L.
irregulare and L. fasciculatum. This is backed up by stratigraphic evidence
as N. gdmondsi eppears in the Jew Limestone and L. fasciculatum appears in
the succeeding Tyne Bottom Limestone. This also rejects Smith's theory that
N. edmondsi developed from L. fasciculatum by reforming the axial complex.
1f N. edmondsi is intermediate between L. irregulare and L. fasciculatum

then the genus Nemigtium must be abandoned.

One further trend effects the Lithostrotiontidae and again the
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resulting species have previously all been grouped into one genus assuming
that the twend affected only one initial species. This trend is the loss
of the dividing wall between corallites producing a plocoid type of colony.
Again evidence is forthcoming that this trend affects two parent species
and therefore that the resulting plocoid species should be divided into two
genera. This trend begins to occur lower down in D1, tut it is during the
final radiation of D2 that the majority of species appear. The first stage
that is seen in this trend is a change in the shape of the colony of
L. decipiens. While the early colonies of this species are tall and bun-
shaped, later colonies are flat and spreading. This type of colony has

been described as L, decipiens depressum and this subspecies may give rise

to Orionastreae ensifer when the epithecae dividing the corallites becomes
thin and inconsist%nt. However there is some doubt regarding this
evolutionary link as L. decipiens depressum has s far not been recorded
from lower than the Tyne Bottom Limestone and yet 0. ensifer appears in the

top of Dl. If O. ensifer does not evolve from L. decipiens depressum, then

it evolves from L. d. decipiens and L. d. depressum marks the evolution of
a flat type of colony for a second time in the same lineage. O. engifer is
identical in all other respects to L. decipiens. 0. ensifler evolves to

Q. phillipsi when the wall diseppsars completely and so 0. phillipsi is the
first truly plocoid species. 0. phillipsi then evolves to 0. tuberosa by
losing its columella. These first three Orionagtraea speciss all retain
many of the morphologicel characteristics of L. decipiens including a
tabularium diemeter of 2.5 mm. and septal counts of 15 - 18 major septa
(30 - 36 total septa.) However, almost as soon as 0. tuberosa appears a
change occurs in the range of the number of septa, some of these non-columellate
individuals having only 20 - 28 septa. Although initially there is a con-
tinuous series of variation between Q. tuberosa and the smaller form, above
the base of the Tyne Bottom Limestone it is only the smaller types that
occur; no forms above this horizon occur with over 30 septa. On this

stratigraphic evidence therefore these two size orders have been described
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FIGURE 11

Diagrammetic illustration of the evolution of the genus
Orionastiraea from L.decipiens.
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as separate species, the smaller fors being 0. placente and having 20-28

septa.

All of these Orionastraea species are thamnastraeoid or asbraeoid,

i.e., their septa are continmuous to the adjacent corallite. However soon
after both 0. tuberosa and 0. placenta appear they are both affected by a
trend of peripheral retreat of the septa so that an aphroid type of colony
is produced. 0. tubeross gives rise to 0. eduondsi in the Jew Limestone and
0. placenta gives rise to 0. rete in the Middle Limestone. 0. edmondsi is
identical in all other respects to 0. tuberoge (36 septa) and 0. rete is
identical in all other respectsto 0. placenta (28 septa). The fact that
these two aphroid species appsar at different points in the stratigraphic
column ig again good evidence that hoth they and thelr astraeold ancestors
should be separated.

When 0. placenta first ovolves from 0. tuberosa it has the normal
ancestral 'Lithostrotion' type of dissepimentarium, i.e. coacave towards
the axis of the corallite. Some individuals develop dissepiments that are
sharply convex towards the axis. This condition was described as
0. garwoodi by Fudson in 1930, but as every intermediate conditlion of dis-
sepiments i8 found it is considered in this thesis to be a sub-species of

0. placenta and is therefore described as 0. placenta garwoodi. However

it is an important sub-species as it is the sub-specific slage between
0. placeunta placenta and 0. sera, a further species that evolves in the
¥iddle Limestone, in which the convex dissepiments break at the aungle of
the convexity and tvrn to run parallel to the septa, lining their edges.
The final species of Orionasbraea evolves in the Simonstone Limestone
from 0. edmondsi by a further retreat of the septa until in 0. indivisa the
septa are completely absent. ‘hus in 0. indivisa the corallum is composed
of dissepiments and tobulae only and the corallum is iudivisoid.
This plocoid trend also affects one of the other cerioid species, that

of L. vorticale. Again the wall dividing the corallites gradually thins



FIGURE 12

Diagrammatic illustration of the evolution of the genus
Hudsonia from L.vorticale,
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and becomes :‘anonsist%nt. Because the plocoid species evolving from

L. vorthoalc have a different ancestor to the Orionastraea spocies they
should be split from the geunus Orionastraca. In this thesis Lhey are placed
in the new genus Hudsonia (pe2%5). Thus L. vorticale gives rise bo Hudsonia
matura with an :‘anonsist%nt wall, This diflers from O, @sifer in having
%5 septa (in total) tho same as L. vorticale (20-2.). H. matura then gives
rise to the lirst truly plocoid species of Hudsonia when the wall dis-
appears completely in H. magna. The phylogeny of Orionastraea and

Iudsonia is shown in figs. 11, 12 and 14.

Ihe Aulote Genera

There have been many conflicting theories on the evolution of 1he
genus Aulina (p.242). Smith changed his mind three btimes on the subject,
Pirst suggesting that the plocoid species evolved from P. radiata, secondly
that the plocoid species evolved from bhe lfasciculate species and thirdly
that the plocoid and the fasciculate species wero polyphylletically dorived
from L. mgocoyanum and Diphyphyllum respectively,

AL the beginning of +this research the rresent avthor was in more or
loss agreement with Smith's Final theory it modifying this slightly
supposing Pirst that the plocoid species evolved from the plocoid
Oriouastraea placeata as this scemed uore nearly related in growth form
than L. maccoyanum which is corioid, end secondly that the three
fesciculato species of Aulina evolved frow three similar sized species
of Diphyphyllum, the evidence being that these bthree species of Diphyphyllum
all had developed a kind of pseudrsules by superimposition of domed tsbulae

(pe 13) end thus the only change vequired to change Diphyphyllum into

pseudosulos o produce a true septal aulos (p.13 ).
However, certain facts havo since come to light that castp con-

siderable doubt ov such a theory. Tirst, the pelaeontological vecords
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show that Aulina horsfieldi, the largest of the fasciculate aulatbe species,
occurs at a position in the siratigraphic column that is eavlier, not only
than Diphyphyllum, but also earlier bthan sny other species in the Temily

Lithostrotiontidae; A. horsCicldi occurring in the Upper Tournaisian (C1)

(See Smith and Yu, 1943, Pe50-51) while the Mrst species of Lithosirotion

(L. martini) does nol appoar uvntil Visdan times (€2). It is obvious,
therefore that the ancestors of the advanced species 2. horsfieldi caunot

be any member of the 1 thostrotiontidae, but that A. horsfieldi is a lale

member of a much carlier sbock,
This fact on its own does not pul any doubl oa the relationghip of
the other fasciculate species (A. hibernica and A. furcata) with the

Lithostrobiontidac bub another important picce of infomation that has

hitherto escaped nolice does throw some doubt on all three fasciculate

specics being allied to the Lithostrotiontidac. This is that all bthree

Tascienlate species of Auling have obvious carinate septa. This sbructuro
is gever found in the Lithostrotiontidae and Swith and Yu (1943) stale
that while carinae are by no means unknown in Carboniferous snd Pormian
corals, they erc much less common ia these than they are in corals of
Devonian age. Corimabte septa have long been held to be an important
hereditary choracter and honce importent in classification as they show
phylogenetic relitionships. IFf we accept lhat carinac are such dunpor tant
struclures (end all the evidence seems Lo suggest lhat they arc) thon we

are led bo tho inevitablo conclusion that ncither A. horsfieldi, Ae

hibernica or f. furcata erc members of the Lithostrotiontidae, tut that

Lhey themsclves ropresenl a coabinuovs lisceage with A. hibernica and

A. furcela evolving from the earlier A. horsfieldi, ad thab A. horsfieldl
itself is derived Trom a Jate wember of a Devonion stock of corals lhal
possess carinate septa. Further evidence 1o back this up is thal while

ihe specics of Diphyphyllum do possess a pseudo-avlos similae 4o the true

avlos of fulina, the psevdo-aulos of Diphyphyllum is always wuch larger in
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size than 1s the true aulos of the fasciculale duling species. Also while
the inner row of dissepiments is always dilabed and reguler in every

species of’ Lithostrobion and Diphyphyllum, it is nevor either dilated or

regular in the fasciculate species of Aulina,

This conclusion leads us to re-consider the supposed phylogeny of
the plocoid Aulina species from Orionastraes end it would again appear
that this theory is erroneous for three reasons. Tirst A. rotilorais,

A. seneg and A. botenice (p.249) also show prominent carinate septa which
never ocour ia Orionasbraea. Secondly, while lhe major amd mivor sepba
are eosily distinguishable in the plocoid Aulina species, being of

diflerent lenglhs, in Orionastraea the septa arc less easily divisible

iulo iwo orders as they are aormally of similar lengbhs, Finally while
A. rotiformis is of similar size 1o Orionastraca the aphroid species of
Aulina, A. senex and A. bobanica, are much larger than any Orionastraes
species and evolution would thus have bo be from Oriconastraes to

4. rotiformis to _A. genex which $mith in fact considered to be the case
(1913, poi7-43). Ilowever, oue can trace the gradual lwprovement of the
aulos in this group with A. sonex having a poorly developed aulos aad

Ae robilformis having a well developed tube. HEvolution therclore must go

{ron g sonex to A. rotiformis, end A. senex is boo big to evolve from
Orionasiraea.
Thus the plocoid Aulina species must also be rejected from the

Tamily Ldithostrotiontidae bub we musbt now consider from where they do

72 e T L.

evolve. Is it possible that the plocoid Aulina species do, as Smith at oaqe
time considered, evolve from the lasciculate Aulina specles, as taey all
have carinaie septa. Again this is coasidered unlikely for many reasons.
Mirst, there is a conslderable gup ia btime bebween the highest lfasciculate

#uling species (A. furcata in D2) and the lowest plocoid Aulina species,

Secondly there has never been described any cecrioid aulabe coral which musi
exisl as an intewmediate stage i the plocoid species evolve from the

fagciculate species. (lé.thostr-o tionella tubifers Iayasaka, previously
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included in the genus by Hill (1940, p.190) was rejected by Smith and Yu
(1943, pel3). Although this species has an aulos and is cerioid, it has
no carinae and it possesses a columella). Thirdly the [ascicvlate
specics differ Tran the plocoid species in that the aulos is much smaller
in proportion to the tabulerium diameter, the septa extending further +to
the centre in the fasciculate species before they bend to produce the
aulos. Tourthly while the fasciculate species all show axial budding
this has never been observed in the plocoid species. Fifthly, if the
plocoid Aulina species evolved from the last f'asciculate species

A. furcata then one would expeclt all the plocoid species to have a
perfect aulos as has A. furcata instead of which A. senex and A. botanica
have a poorly developed aulos., In (act one can trace the gradual
improvement of the aulos in both fasciculate and plocoid groups and so
they must represent different lineages. The final piece of evidence is
perhaps the most important. The author has shown (Chapter 5 ) that the
three plocdid species of Aulina that occur in Britain (A. rotiformis,

A. seuex and A. botanica) all occur at the same quite limited horizon in
the Namurian (B2 %one). They are not iutroduced iato this area (Northern
England) From a Huropean centre of evolution to the south, as are all the
Viséan corals, but that the palaeomigration directions have changed in the
Namurian and these three species arrive in this area from the east. In
fact they have passed through the Mid~European Channel (rom their centre
of evolution in Chinn., We can predict that these species have their
origins in China as this is the only other area in the world where they
occur. Thus the three species that are remesented in Britain are just a
small part of a much larger Chinese stock of aulate corals which includes
A. senex and A. rotiformis plus a host of exotic Chinese species such as

A. carinets Yu (not Carruthers), A. carcer, A. puerilis, A. manchuriensis

and A. cystoides. Moreover we can be sure that this groaup had its origins

in China, and not in Britein, as they occur at a lower horizon in China
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being present in the Upper Visdan whereas they do not appear in Britain
until the Namurian. It istherefore pointless looking for an ancestor for
this stock in Britain as they do nol appeer in Britain until late in
their evolubtionary history. In my opinion their ancestors will be found
in China., Now the critical argument is that while A. horsfieldi,

A. hibernica end A. furcata are common in England, these fasciculate
aulate species are entirely absent in China and thus cannot be the
ancestral stock of the Chinese plocoid aulate group.

Thus we are led to the conclusion that first, neither the plocoid
nor the fasciculate aulate species should be included in the family
Lithostrobtiontidae, and secondly that these two groups are not directly
related to cach other. Thus in this thesis (p.244) the genus Aulina has
been split into two genera; Aulina now being restricttd to the plocoid

species, while the new genus Fascicaulina has been proposed to refer to

the lfasciculate aulate species (p.257).

The Fascicaulina Lineage

The genus Fascicaulina comprises three~species all possessing

carinate septa and an aulos in varying degrees of development, The first
ol these to appear im F. horsfieldl which is found in beds of Cl age
(see Smith and  Yu, 1943, p.50 for occurrence). This species has 28-32
septa and its aulos may either be poorly developed with a convex bend to
the axial ends of the septa (fig.21b) or well developed with a concave
bend bto the sepbta and hence a circular aulos (fig.21c). This species
svolves by a reduction of the septa to IF. hibernica in the upper S2 Zone,
P. hibernica being smaller and having ounly 2,~27 septa. The development
of the aulos of F. hibernica shows exactly the same wide variation as
does the aulos of F. horsfieldi. However when F. hibernica evolves to
F. furcata in the upper D1 Zome there is not only a further redvction in

the number of sewta (to 18-22) but also a change in the aulos,
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F. furcata has an enlos which is always very well developed, all the
sepbta contributing to it, and the aulos being almost a perlect circle in
transverse section.

The ancestors of Fascicaulina are unknown bubt there eare several
possibilities. Tracing the evolution of this genus the species gradually
become smaller in size. If this trend is reoversed it follows that the
ancestors were at least as large as F. horsfieldi ani possibly larger.
Secondly the earliest of the species of Fasciceulina, F. horsfieldi, shows
an aulos that is in quite an advanced state of development. This structure
has possibly evolved through a pseudo-aulos of the tabulae (p. 59) and
therefore the ancestor should possess, if not a true septal aulos, some
sort of pseudo-aulos. Finally it must have carinate septa.

A group of corals of similar structure to the Lithostrotionbtidae and

to Fagcicaulinag and of slightly larger dimensions is the Koninckophyllids.
These renge from the Z2 Zone to high in the Viséan. While these corals

do not normally show carinate septa, some species do possess such
structures, one such species being X. echinatum. This has been figured by
Bill (1940, plJITI, figs 19-25) and she remarks on its great similarity
to Aulina (i.e. Fascicaulina). This particular species however cannot
itself be the ancestor of Fascicaulinaas it does not appear until quite
late in the Viséan, Wt the similerity of structure does suggest that

Fasgcicaulina and Koninckophyllum mey be related.

Secondly, the Devonian coral Jridophyllum possesses cgrinate septa
and. an aulos which may not always be perfectly developed and Smith and Yu
(1943, p.4l) state that BE. serisle is an almost perfect homeomorph of
A. horsfieldi. Fascicaulina therefore may be a relict of a Devonian fauna.
It is obvious however that much more rescarch is required to elucidate

this problem.,
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The Aulina lineage

The evolution of the plocoid genus Aulina is even more difficult to
evaluate due to the paucity of material present in this country. Only
three specles have been recorded from Britain end these species are quite
dissimilar. If the evolution of Aulina can be compared in general tomms

to that of Lithostrotion, Oriomastraea amd Fascicaulina then it may be

assumed. that the largest form evolved to the smallest and so A. senex

gave rise to A. rotiformis through A. botanice. This is backed up by

tracing the development of the aulos through these three species. In
A. senex it is very poorly developed being produced only by the tabulae
and heuce is a pseudo-aulos. In A. botanica however the septa begin to
contribute to its development but it is still a primitive structure, the
septa having the convex bend to their axiel ends (fig.21b). In

A. rotiformis however the aulos is very well developed being often
perfectly circular in outline.

However the state of development of the colony of these species
suggests that this might not Le true. A. botsnica and A. senex have
aphroid coralla vhich is a more advanced growth form than the antraecoid
colony of A. rotiformis. A. rotiformis could not therefore evolve
directly from A. senex or A, botanica but would have to had evolved from
an asbraeoid ancestor of one of these species and such corals have not
been found. The growth Porms in fact suggest a reverse order of evolution.
In fact Smith and Yu did suggest that ovolution progressed from
A. rotiformis to A. senex by the features of A. rotiformis breaking down,
but it seems unlikely thabt if the structures were bresking down at the
end of a lineage, that that lineage would at the same time increase in
size.

‘khat may be more likely is that A. rotiformis is a member of a
separate lineage from A senex end A. botanica. If as has been suggested

on p.&Y A. senex evolves from the fasciculate A. vesiculate by this
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lonsdalaeoid fasciculatbe coral becoming massive then A. senex would be
aubomatically aphroid without going through an astraeoid stage. In this
case A. rotiformis could not be directly related to A. genex.

Again this problem can not be satisfactorily answored here as the
mejority of the species of this genus do not occur in this country.
Detailed collecting in China and Japen is needed before a complete
picture can be obtained. The ancestors of the genus Aulina, however, are
not to be found in Britain as the genus occurs at an earlier horizon in

China then it does in this country.

Conclusion

The complete phylogeny of the Lithostrotiontidae is shown in figs 13

and 14. It is seen that evolution proceeds in two main directions from
the initial species L. martini. First a Fasciculate lineage becomes
progressively smaller as it evolves with occasional additional modificatioas
to the form of the budding, and secondly is & continual change in the
growth form of the colony from fasciculate through cerioid to
themnastraeoid, aphroid and indivisoid. Both lineages show &if lerent
methods of a constant reduction in skeletal tissue, tut the reasons are
probably quite dilferent. <Yhe appearance of prosressively smaller

species in the fasciculate lineage suggests that the larger species could
not survive and that this lineage was graduslly failing in an environment
in which conditions were gradually worsening (i.e. the steady oncome of
the sandy and shale facies with the limestones becoming darker up the
succession) and in which competition for Cood and space was also increas-
ing. The lineage involving colony Fform, however, shows a loss of skeletal
plates in a way that is a gradual improvement of the efficiency of the
species and also which leads to progressively higher levels of colonial
integration (p.62). "This lineage is thus improving itself and becoming

more specialisod in the seme worsening enviromment.



FIGURE 1

Illustration of the phylogeny of the genus Lithostrotion
with stratigraphical boundaries marked. The stratigraphic
sequence is taken from the Stainmore Trough. Correlation
with other areas is shown in Fig.2. All strata names
refer to limestone unless otherwise stated.
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Some idea of the ancestors of the Lithostrotiontidae, is obtained if

these two trends are reversed from the initial Lithostrotion gspecies,

ihe result is a species with corallites larger then L. martini and with
either a dendroid or a simple growth form to the colony and a similar
morphology to the _'._L_n:._thoétrotiontid ae occurring in Tournaisian strata.

One group of corals that satisfies all these requirements is the
genus Koninkophyllum, the species of which are usually Jarger than the
Iithostrotion species and can be either simple or dondroid. They possess
fine concentric dissepiments and a stylilorm columella as do the

Lithostrotion species and the gemus ocours both in the Tournaisian and

Viséan of the Dritish Isles mnd Belgium. This genus is thus a possible

ancestor to the Lithostrotiontidae although more work is needed to

verify this,



FIGURE 1k

Illustration of the phylogeny of the genera Hudsonia -
and Orionastraea from Lithostrotion with stratigraphical
boundaries marked. The stratigraphic sequence is taken
from the Stainmore Trough. Correlation with other areas
is shown in Fig.2, All strata names refer to limestone
unless otherwise stated.
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CHAPTER 2

STRAT1GRAPHICAL RANGES OF THE SPRCIES OF THE LITHOSTROTIONTIDAER

The stratigraphical ranges of the species of the Lithostrotiontidae

are set out in figure 15. The Table shows that the renge of the difPerent

species varies considerably. In the genera Lithostrotion and

Orionagtrasa one species or species group persists for quite a congiderable
time forming the main stock of the lineage while the subsequent species,
that evolve from these stocks in different directions, tend to have more
limited ranges and are hence more useful as wonal indicators,.

Thus L. martini and its successors in the fasciculate columellate
group have extended ranges with the larger spccies both appearing and
dying out earlier while the smaller species persist for longer. L. martini
appears in the C2 Subzone and dles out in the Jew Limestone (= Herdraw
Scar), L. variabile appears at the top of the S) Subzone and dies out in
the Tyne Botbtom Limestone (= Simonstone), L. irregulare appears at the top
of the 82 Subgone and dies out also in the Tyne Bottom Limestone, and
L. pauciradialc appears in the D1 Subzone and again dies out in the Tyne
Bottom Limostone. L. junceum junceum, the smallest of the fasciculate
species has the longest range persisting until the shales above the Five

Yard Limestone. The subspecies L. junceum communicatum is more useful

stratigraphically however as it appears to be restricted to the Scar
Limestone.

It should be pointed out here that L. m. martini has not been
recorded from eny horizon higher than the D1 Melmerby Scar limestone in
the Staimnore Trough, Alston Block or Northumberland Trough; it thus
appears to die out earlier in the north than in the south. Secondly,

while L. veriebile, L. irregulare end L. pauciradiale appear in the Sl,

82 and DL Subzones respectively, these three species do not reach thelir

peaks until the S2, D1 and D2 Subzones vespectively. Also L. pauciradisle,
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FIGURE 15

Diagram showing the stratigraphical ranges of the species
of the Lithostrotiontidae. The stratigraphic sequence is
taken from the Stainmore Trough. Correlation with other
areas is given in Fig.2. All strata names refer to
limestone unless otherwise stated.
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although becoming extinct in the Tyne Bobtom Limestone, does reappear
again in the F2 Botany Iimestone (= Harlow Hill) after being completely
absent in the intervening strata.

The subspecies of L. martini have a more limited vertical range;

L. m. praenuntium has only been recorded from the limestone below the
Brownber Pebble Bed, while L. m. simplex has only been found in beds of
52 age.

The larger species in the fasciculate columellate group are also
more restricted in vertical distribution; L. scalberense only having been
collected from its type locality in the 982 Subzone, while L. sociale is
known only from the Great Scar Limestons (= Melmerby Sca.r) to the Smiddy
(= llawes) Limestone.

The four diphyphylloid species are of less use as zomnal indicators
as ‘they all have quite long vertical ranges all extending up to the Great

Limestone (= Main) which vir tually marks the end of the Lithostrotiontidac,

It should be pointed out here that while the range of L. lateseptatum is
recorded as [rom the Sl Subzone (Ash Fell Sandstone) the only specimen
collected from this zome is doubtful; the mext lowest occurrence of this
specics is in the Peghorn Limestone.

The most interesting point here is that L. fasciculatum and
L. gracile have identical ranges from the base of the Tyne Bottom Limestone
to the Creat Limestone indicating 488 has been suggested )l;ha,t they may
form a continuous interbreeding series and be only morpho-species, 'The
same is true for the columellate ancestors of these species, i.e.
L. irregulare and L. pauciradiale. These also have similar ranges to each
other and o L. veriabile and so again as has been miggested (p. 48) theso
three 'species' may form one continmuous series. (&1 though they appear in
order of size they all die out together in the Tyne Bottom Liunestone

(= Simonstons). Also interesting is that L. fasciculatum and L. gracile

appear just as L. irresulare and I. pauciradiale are dying out in the Tyme
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Bottom Limestone. This is further evidence that the former two
diphyphylloid species evolve from the latter two columellate species.
Similarly the four cerioid species have quite long ranges; L. aranea

and L. yorticale extending from fRe S2 Subzone to the base of D2, and

L. decipiens decipiens and L. maccoyannum extending from the base of Dl to
the Single Post (= Middle) and Smiddy (= Hawes) respectively. L. d. depressum
however.is more useful, having only been found so far in the Tyne Bottom
Limestone (= Simonstone) and at the base of the Middle Limestone and its
equivalent, the Single Post Limestone. This subspeciss also reappears

with L. pauciradiale in the Namurian E2 Botany Limestong.

Of greater use as zone fossils are the species of Oriomastraee and

Hudsonia and the nemistioid Lithostrotion species. L. edmondsi is

restricted to the Jew Limestons and its equivalents. H. Matura is only
found in the lower part of D1, while H. magna is restricted to the
'Orionasgtraea' Band in the Hardraw Scar ( = Jew) Limestone.

In the genus Orionastraeca the main stock is represented by 0. ensifer,
Q. phillipsi end 0. tuberosa. 0. engifer and O phillipsi appear at the
D1/D2 boundary (Hudson, 1929) end persist to the Fourth Limestone of
Cumberland (= Jew Limestone). The range of 0, tuberosa is as yet
undetermined, but it is the species that evolve from 0. tuberosa that are
the most interesting. 0. edmondsi, its aphroid successor, is restricted
to the Jew (= Hardraw Scar) Limestone and 0. indiviga, the indivisoid
successor, is only found in the Tyne Bottom Iimestone and its equivalent,
the Simonstone and Toft Gate jimestones. The two subspecies of
Q. placenta have identical ranges from the Jew Limestone to the base of
the Middle (= Single Post) Limestone, while the successors of this species,
Q. rete and 0. gera are only found in the base of the Middle Limestone and

its equivalentsin Cumbria,



CHAPTSR 3

SVOLUTIONARY TRENDS IN THRE LITHOSTROTIONTIDAE

The phylogenetic history of the Ii thostrotiontidae has been shown in

Chapter 1 to be characterised by a number of evolutionary trends which
occur repeatedly throughout the history of the group aftecting different
species in the samne waye. The end result of this parallel evolution is
that a number of species show morphological similarities. In some cases
these similar species have previously heen grouped into separabe genera.,
Becguse these trends affecht different species in the same way the
morphologically similar species are polyphyletic. Thus the generic
grouping shows no resl relationship and therefore has been abandoned

(pe119). This Chapter reviews these evolutionary trends.

1. The 'Martini!Trend

The first evolutionary trend to affect the Lithostrotiontidae is o

gradval loss of dissepiments in Lo martini as it is traced up the
stratigraphical column in that the earliest subspecies L. m. prasnuntium
has up to six rows, L. m. martini has three o four rows when it Tirst
appears and two to thrce rows later, and Lo m, simplex develops only one
row of dissepiments (fig, % )+ Moreover this trend is exactly correlated
to a second change in the same three subspecies leading to a gradual
wider spacing of the tabulae and of the epithecal growth bands. Thus it
appears thab the growth rate of the species was gradually increasing as
it evolved, i.e. the initial subspecies, L. u. preenuntiua was slow grow-
ing. It has conical corallites which took a long time to mature and a
dendroid colony. Now it may be that bthe number of dissepiments is also
related to the growth rate, there being a high number in the slow growing
subspecies as there was a greater time period at any one point in +the

growth of the corallite Ffor the polyp to spread laterally #nd Cor dis-
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sepiments to be added. On bthe other hand it may be that as growth
quickens bthere is less calcium carbonmate available for secrebion as dis-
sepiments as it is all being put into a vertical building of the skeleton,
At any rate as this species evolves its growth rate gradually quickens and
its number of dissepiments decrease, thus the width of the dissepimentarium
decreases and so does the overall diemeter. Two questions therefore
present themselves; first why does this change in the growth rate occur

and secondly how is it possible genetically?

Advantages of the 'Hartini'Trend and Genetic Considerations

Presumebly as this species evolved in the shelf seas of the ILower
Carboniferous there was contimually increasing pressure from, and competi-
tion for, some factors such as space and lood. Therefore those colonies
which could grow gquickly to the higher levels above the sea floor could
both trap the food and utilise the space better than could the slow
growing colonies. The quicker growing colonies were continually selected
by the eaviromment in this way. Assuming that growth rate is controlled
by a aumber of different genes (a gene complex) it will be those gene
complexes that accentuate the alffect of o 'quick growing' mutant gene
that were selected. As selection pressure increascs the gene complexes
selected will be those in which the mutant gene is more and more dominant.
Thus the mutant gene will be made to become dominant in the gene pool of
the species by the enviromment seleciing as parents those individuals
whose gene complexes accentuate the affect of that gene. The species
therefore is gradually improved not necessarily by any additional muta-
tions, but instead by only the more advantageous gene complexes being
selected. It is possible, however, that o series of mutations takes
place all in the same direction, a process described by Darlington (1969,

pP.25 ) as positive feedback.
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2, Neoteny

The 'Martini' trend therefore involves aloss of dissepiments, A
second trend that occurs in the evolution of L. martini to L. variabile
and of L. variabile to L. irregulare, L. pauciraediale end L. junceum con-
tinues this loss of dissepiments, but also shows a loss of septe as well,
Because this new factor is introduced it is thought that L. junceum, with
no dissepiments, is not the final expression of the L. martini trend, but
is the result of a second trend which has partly the same affects, It
is due however to a different cause which has en entirely dif Perent
mechanism. This is the trend of neoteny whereby later species show in
their maturity an identical morphology to the immature stages of their
ancestors. Thus Moore, Lalicker and Fischer (1952, p.28) state that
"omission of novmal adult characters and maturation in vhat are normally
earlier stages is termed neoteny or pacdomorphism", Thus L. variabile
in its malure state represents an early stage of L. martini, and L.

Lrrogulare, L. pauciradiale and L. junceun all represoat successively

earlier stages of L. variable (fig.16).

Advantages of Neoteny and Gene tics

The advantages of such a trend are obvious; first, less Mod and
space are nceded in a smaller species and less effort is requirod in the
colony building. The interesting factor in this trend is the way in
which these earlier stages appear. Tor instance in the Ash Tell
Sandstone (S1 Subzone) is a repetitive sequence of shale and limestone
bands. In the limestone bands novmal colonies of L. martini occur with
the mature corallites showing 28 scpta. However in the shale bands
colonies occur having some of their mature cornllites with the normal 28
septa, bul other coralliles in which these normel adult characters
never develop and possessing only 24 septa throughout their length., It

seems thereforc that these 'abnormal' corallites have been stunted by



FIGURE 16

Diagram illustrating the trend of Neoteny. The transverse
section cut from the immature proximal end of a corallite

of L.martini is identical to the mature stage of L.variabile.
Similarly, successively earlier stages of I..var:.abile are
identical to the mature stages of L.irre g&are and

L.pauciradiale.
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fig 16

Mature L.martini

Immature L.martini-
identical to Lvariabile

Mature Lvariabile

Immature L variabile -
identical to Lirregulare

Immature L variabile-
identical to L pauciradiale.
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the adversc environment of the shale, but the interesting point is that
they are identical in all respects to the corallites of L. variabile
which first appears in the succeoding S2 Iimestone.

Similarly, almost as soon as L. variabile appears, inleresting and
important changes are seen in some colonies. In these colonies there
is a sudden vast variation in the appearance of the masber corallites of
any one colony, the 1ike of vwhich is never seen in any other spocies of
the Lithostrotiontidae. While some of the coralliles are of the 'normal!
dimensions and appearance, others stey the ssme dismeter, Wt have only
& single row of dissepiments, others are much smaller, being only half
the maximum diameter, while atill rotaining the single row of di gsepi -
ments, Others even lose their dissepinents so that the dlameter is only
the width of the tabularium (p. 186). TIn Fact there is a continuous
varistion from the largest down to the snallest, bt they can arbitrarily
be divided into these four 'types'. The important significance of
these different types of corallites is that the three "abnormal! types
of corellite are exactly identical to the three subsequent species of
the fasciculate columellate lineage that eventually evolve in the D1
Subzone soon after this initial variation in L. variabile first appears,
viz, L. irvesulare, De pavciradiale and L. junceum respectively,

The question thet must be answered is, & these & fPorent types of
corallite within the same colony of L. variabile have any significance
in the lator evolution of the three subsequent species ? The firsi point
that must be oemphasised is that there can be no genetic difference
betweon these different types of corallite; reproduction being asexual
and all corallites therefore being genetically identical, ed somatic
mutations being comparatively rare (ifilson, 1963, p.87). Noither is
this variation entirely ontogenetic because while the smaller corallites
do represent the early stages of the larger ocoralld tes; the reverse is

not true in thal the smaller corallites never inerease in size, but stay
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timnature! throughout the length, Thus this variation is phenotypic in

character} due to some environmental cause the smaller corallites have

not been allowed to advance beyond an immature stete. In other words

they have been stunted by some adverse envirommental draracter, the -
variation in size being due to stunting at various stages of the

ontogeny. Can any such phenotypic variation have aay bearing on the

later evolution of the three subsequent species or is the similarity

merely coincidental?

One imporlant observation that has been made is that in the variable
colonies the smaller corallites never give rise by budding to a larger,
more mature type of corallite, bubt always to a corallite of similar size
or even smaller, presumebly because a small corallite could not support
a larger offset. Wow, if the very first corallite of a newly sebtling
coral larva, alter a period of sexual reproduction, was stunted by the
adverse enviromment to a small size il therefore follows that every
succeeding corallite in the colony would be small. However while this
would produce an entirely small colony, identical to a colony of one of
the subsequent species, this would only be effective for one generation.
Vhen next this colony reproduced sexually its larva would still have the
genotic potential to produce & larger corallite type of colony once again;
the new species obviously cannot be formed in +his way. Romer (1960, p.19)
states that "an animal may refuse to grow up and, oxcept that its
reproductive organs matvre, remain a larva all its life - o situation
termed 'paedogenesis!. I this condition long persists in the race,
the potentiality of ever assuming adult form may disappear from ibts germ
plasm -~ the animal has, so to speak, forgotten how to grow up". However
in the case described by Romer the static iumaturi ty was always caused
in the rirst place by a genotic change (mutation) aud not by a pheno-
typic cause. The poinl at which the potentiality of maturation disappears

from the germ plasm is when the mutant becomes reproductively isolated
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from its pareat species. In the immature colonies of L. voriabile ir
the ilumaturiiy was phenotypic then even if they became reproductively
isolated from L. variabile they would still have the genetic potential
of veaching mature dimeasions again.

Thus, what is more likely 1o have hoppeaed is that a straighi
nutation has occurred, unrelated to the stunting in L. variabile end ihe
resulting mubents happea to be identical to the stunted corallites. This
is perhaps not so much of a coincidence as it first appears; the fact
that the corallites of L. Yariebile were stunted at all points first to
the fact that the larger corallites of this species were becoming
unstable in a worsening environment and could not survive, and secondly
that the smaller stunted corellites were nble to be successful. The fact
that a subsequent mutation exactly rveproduced the fonn of the stunted
corallites is not surprising considering the simplicity of the morphology
of tho coral skeletoa; the numher of mutations likely from such a simple
morphology is low anyway.

There are in fact two possible methods that the three subsequent
specics were produced. Wither L. variabile underwent one drastic mutation
that' produced the very smallest form, but that this maallest form
retained its interbreeding capacity with L. veriobile and heace produced
the intermediate forms. I this is the case then Ti. varisbile and the
three other species are in fact a comple tely continuous population and
the division inbo four species is purely arbitrary. Alternetively thore
ay have been o series of mutstions in the same direction (i.e, L.
verishile mutated to L. irropvlare, L. irregulare mutated to L. pauciradiale
ond L. pauciradisle mutated to L. juncown). This is probably unlikcly as
all three species appear more or less contemporancously. What is 1likely
however is that a combination of these *wo possibilities occurred,

AT T e

breeding continuous population, while L. Junceum is a scparate mutation



O B T

- 48 -

end o true biological species. This scems quite likely first, as the
division betlweon 1, irrepulare and L. paucicadiole is purely arbitrary
angway (p.162), sccondly the division hetwecn L. variabile and

L. irregulare is only a matter of muber of dissepimen ts and thirdly, on
the other head, L. Jjuncows does sean %0 bo dislinel from the other species
in that not only ere the dissepiments abseut altogether, Wt also the
method of budding is entirely different (p.91)., Thus Lo Juwaiceum is
probably o true blologlical species, the others may not be binlogical
species, but insiead are morphospecics, arbitrarily divided unibts of an
interbreeding popvlation, bul the enormous difrerence between the btwo end
members does warrant some sort of separation,

Whether or not the stunted coralliies of Lo yardabile play ony port
in the luter evolubion of the three subsequent species, the prosence of
of L. variabile does suggest that L. irvesulare evolves from Ji. variahile
aad not from T, mertind simplex vhich is also intermediate bebween
L. martind and T, irremulare.

A third case of ncoteny is seen in the genus Orviouvastraea in the
evolution of Q. placenta from Q. tuberosa, tut in this case the smaller
corallites do nob appear as stunted individuals in the colouies of

Q. imberosa.

3. The Ceriold Trend

The cerioid itrend expresses itsell in four dLfferent fascicvlate
species producing similar ovd produsts. It involves the change ol the
growth habit of the colony Crom phacelfoid, when the individual corallites
are cylindrical, and Free from thelr neighbours, to ceriold, when the
corelll bes arc polygonal and in coatact with tho s;urvounding corallites.

The aclval procedure of this change in growth habit is very

interesting. It has often been thought to be the result of compaction
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(obviously not external squashing), bub internal. pressure for space,

ilie. as new buds appear there is no room for thoir clrcular outline and
thercfore they are forced into a polygomal shape. However if +his was 8o
one would expect three results to occur; first, the corallites would have
a smaller diemeter as there was not room for {ull developuent, secondly
one would ewpect the di ssepimentarium 4o be distorted in the same marmor
as the epithecae snd #wms be polygonal in outline. Tinelly one would.
expeclt some space, at least temporarily, between corallites as thevre
would be nothing to bind adjacent corallites ko closely together. Towever
none of these oceur; the diameter is even lorger in cerioid species than
in their fasciculate ancestors, the dissepimentarium rebalas jts clreulor
outline and there is never space between adjacenl epithecas. MThus this
process gust ocour by some other procedure and many colonies have thus
been secially sectioned in order to discover this process.

First, e colony was found in the €251 Limesbones in vhich the
corallites show a much exagerated diemeler and no minor septa. It was
noticed that some corallites show this larger diameter only in one dirsc-
tion and morcover that it was in this aroa of incressed diame ter that the
minor septa were absent or at least inconsis t%nt. The area of increased
diameter was always on the side of the corallite that was nearest t a
neighbouring corallite > as if 1t were growing out towords the adjacent
corallite (fig.17a). Tn areos of the colony where densi ty of corallites
is high and neighbouring corallites surround the corallite in question
closely on all sides, then bthe Aiemeter inereased in all directions and
produced a lorger diameter overall., Thus it seems as though the cerioid
habit is not due to lack of space, as space is plentifvl in these colonies.
Instead the corallites‘wanb' to come together and they therefore grow
laterally towards each other, rather than having to come together. Mhis
method of cerioid colony forma bion may be called 'lateral extension', In

the succeeding limestone, the S2 D. carboraria limestone, just before the
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FIGURE 17

Diagram illustrating the first stages in the Cerioid trend.

Qe

b.

Transverse section of corallites from the C251 limestones
in which the diameter of the corallites has increased
towards the adjacent corallite. The corallites are
growing towards one another.

Transverse section of a colony from the S2 limestones
in which adjacent corallites have extended laterally
and come into contact so that the eplthecae of the
adjacent corallites is confluent.
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Tirst true cerioid colony appears, colonies have been collecked in vhich
the corallite epithecaes not only grow towards one another, but the
epithecaes were actually joined at least in parts of the colony (rig «17o)
and this seemed at first sight to be the next stage of the lateral cxten- —
sior process. However by this method a colony s lPected by such a process
will be more cerioid atb its top bthan at the base of the coloay aand yet
some colonies in the S2 limostonesishow the reverse of this being cerioid
at the hese and phacelloid al the top. If the corallites do not then

come togother by this method thon a second alternative hypothotical
orocess is that they never d.vide frou their parents alter budding. This
hypothetical process con be called ‘incomplete fission'. 3hen a bud Civst
appears the adult and deughter arve connected to each other. As the bud
matures this connect:{on is eventually lost as Pasciculate corallites are
separatod alber the budding stage. Coupetition for survival leads to the
coral taking advantage of the one point in its life when it is in contact
with its nelghbour (i.e, budding) by not bresking off from its parent
completely and remaining therefore connected by an extension of the dig-
sepimeutarium, Now, once the process of incomplete fission is introduced
in the lineage, if it appears righl at the base of a coloay then the whole
colony will immcdiately become cerioid. This canmot be the case as many
colonios are only parlly cerioid. However if the point at which incomplete
fission starts in the 1ife of a colony (i.e. onto geny) changes as the
1linecage evolves (:’L.e. phylogony) then partly cerioid colonies can be
produced by this method. Nor example if when incomplete fission Pirst
appoars in the lineage it takes ef'fect right at the base of the colony but
is only elfective Tor a short period, i.ec. sooner or later bthe buds do
separate, but separation is delayed and if, ss the lineage evolves, it is
effective for a longer and longer poriod, then not only can o complebely
cerioid colony eventually be produced by this method, but also early

stages will result in a colony cerioid at the bose and phacelloid at the



FIGURE 18

Diagram illustrating later stages in the Cerioid trend
by serial sections of a colony from the S2 limestones.
The colony exhibits alternate cerioid and phaceloid
stages due to lateral extension and lateral retreat.,
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top as in the colonies from the S2 Limestones. This method of cerioid
colony formation also explains the incroased dlameter of the cerioid
species as when a bud forms in & Pasciculate colony the diameter of the
adult is greater then usvul in the direction of the bud. WNow, vhen the —
partly cerioid corallites of the 82 colonies wero serial ly secctioned
towards their proximal ends some of these connected corallites were Ffound
to werge back into a parent corallite and so incomplete fission is to

some extent responsiblo for the formation of a cerioid colony. However
when the complete colony was serially sectioned towards its distal end

it was found not %o be simply phacelloid at its top and cerioid at its
bage, but instead to be alternately phacelloid and cerioid throughout ibs
height (fig.18). Thus if a colony can become corioid after having been
phacelloid (i.e. after fission has occurred) then while incomplete fission
may play a small part in the formation of a cerioid colony it is lateral

extension which is having the greater eflect.

Advantapes of the Cerioid Trend

If, as has boen postulated, there was at 1his time increasing com-
petition for food and space then the advantages of a cerioid colony are
meny. Growing laterally to join with neighbouring corallites is an
alternative method of improving the species to growing quickly verticul 1y
as the fascicnlate species were doing. Tirst, such & cownncetion between
all corellites utilises all the available space and secondly such a
reduction in the space botween the covallites of a colony ensures that no
Tood particles fall between the corallites, it instead that it is all
trapped by the corallites. Turthemmore theve is reason to believe (p. 63)
that not only are the corallites in contact, bt there is also a cel Iular
connecbion in vhich ease nourishment could be transferced from one corallite
to another across the colony. Finally such a cerioid colony is not only

a more economical type of colony to baild, it also would be stronger and
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more stable in areas of water currents,

Genetics of the Cerioid Trend

Now, considering the genetic changes that take place to produce a
cerioid colony it obviously camot be a simple mendelian gene that con-
trols crowth habit because if this were the case thea once that mutant
gene (to produce a cerioid growth habit) wos present in en individual,
then thal individual would e entirely cerioid and no intermediate
colonics would occur. Instead there must be a gone complex controlling
the growth habit, As interbreeding occurs the mutant gene will assume
varying degrees of importance in the gene complexes of the individuals
and 80 partly cerioid colonies will be produced. Moreover as the corioid
growth habit was advantageous to the coral, the environment would seloct
as pavents of the uext generations those individuels whose gene complexes
accontuated the eflfect of the cerioid gene 50 that those gene complexes
were made to become dominaant in the gene pool of the specics. ZHAvenbual 1y
& genc complex would arise in which the mubant gene had tobal effect and
the colony will {herefore be entirely cerioid. However it will be noted
that in those colonies which are partly cerioid and partly phacelloid, the
individvels do not all show the some degrec of latbkral extension and yet
all the corallites are genetically identical. Thus the actual amouvnt of
lateral extension shown by any one corallite must ho a phenotypic
expression induced by some factor of the enviroment. Obviously there-
Fore the feature that is controlloed genetically is the ability bto extend
Jaterally; the oxtent bo which the corallites do 80 is phenotypically
controlled by the enviromment., However, when the mutant gene becomes
complebely dominant in the gene complex then the colony will be cerioid
whatever the environment,

e ore now faced with the problem of how can the environment induce

& colony to becowe cerioid, and there seem to be two possibilities, It may



- Lt S g e v mm. e

- 5% -

be that in times of strong water currents the corsllites comnect Hem-
selves laterally for added support, or, if in a cerioid colony there is a
cellular, as well as a skektal, conacction, then it may be that in btines of
low Food supply the corallites will connect cellularly so that nourishment
can be transferred across the colony via the adjoining cells. A4lso vhen
normal lood supply was restored the corallites cease to need laberal
connection and so a phase of lateral retreat occurs causing the alternateoly

cerioid and phacelloid colonies.

Lo The Agtraeoid Trend

With the cerioid habit well established a Further trend in the growth
form of the colony affects two such /cerioid species, L. vorticale and
L. decipions. This is the loss of the dividing wall between the
corallites so that the colony bedomes plocoid in nature. Initially it
may be thamnastrasoid when the septa of adjacent corallites become con-
Flueat, or astraeoid if the septa do not bocome confluent. To understand
the significance of this loss of wall it will be well to examine the
series of changes that take place. The epithecae of both L. vorticale and
L. decipiens gradually thing unlil it begins to be inconsist%nt and at

A
this stage Hudsonia matura and Orionasilraes ensiler respectively have

evolved (fig.12). Eventuvally it disappears altogether in Ho magna and

Qo phillipsi. At the some time therc seems to be also a gradual shallow-
ing of the calicular pits of these species. Now most of the vertical
skeletal plates of a corallite are sccreted by the solt tissue vunderneath

a point in which there is a sharp upfold in that tissue (Kato, 1963, p.581).
It may be that as the calices shallow the upfold in the peripheral tissue
of adjacent corallites at the point at which it is cellularly connected,
becomes graduelly flatter so that less calcium carbonate is depogited and

the wall vill therefore become thinner (fig. 19).
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FIGURE 19

Diagrammatic illustration of the gradual shallowing of the
calicular pits in species following the astraeoid trend,
with a corresponding thinning of the dividing wall.

a, shows the situation in L.decipiens and L.vorticale
with a deep calice and a strong wall,

b. shows the situation in.g.ensifer and g.matura which
have a shallow calice and an inconsistent wall.

¢. shows the situation in O,phillipsi and H.magna in -
which there is virtually no calicular pit and no
traces of wall.

Stipple represents areas of concentration of calcium
carbonate secretion by the polyp tissue.
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Advantages of the Astraecoid Trend

The advantagesof g plocoid colony over a cerioid colony are many,
Tirst, any dividing wall between the corallites of a cerioid colony is a
useless feature; il the polyps are cellularly connected there is no point
in having a wall., It has never had any purpose in a cerioid colony hut
is merely a ves tigtal reature derived Tran the Tasciculate ancestors.,
Thus its lose will mean less energy involved in colony building and more
calcium carbonate available for secretion elsewhere, without any loss of
strength to lhe colony. Secondly as the calice becomes shallower and

conaection .

- its wall thins there will be a greater cellular/between adjacent copral-
lites. (Tu a cerioigd colony although the polyps are joined ab their
edges, the caliée is still quite deep and so the proximal sof't parts are
still well separated),

The loss of wall is related to & complote change of emphasis From
the individual corallites to the coloay as a whole, First, the epithecae
delining the boundery of the corallites is replaced by a holothecae
delining the bounderies of the colony, Secoadly, there is a change of
emphasis Crom the edges of the corallites (their boundaries) to the
contres of the corallites as the boundearies become less important, Thus
as the wall disappeers the zone of dilation of the septba moves from the

dissepimentariw jo the cerioid species to the tabularium in the plocoid

species.

Genetics of the Astraeoid Trend

Because such a change is advantageous to the colony again the environ-
ment will selsct as parents those individuals whose gene complexes produce
shallower calices and thianer walls sad 80 this feature gradually becomes
dominant. It is important to realise however thal ouce a gene conpl ex
occurs which produces g conpletely plocoid colony then this gene complex

must become reproductively isoleted from the main &ne pool so that it can
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eventually lose its ivterbreeding capacity with that gene pool, Only in
this way can the btwo spcecies, cerioig and plocoid, exisi together and
remoin distinet. Mnally as with the transilionary stage between
pbacelloid and cerioid, those corallites in colonies with thin and
inconsis t?\?nt walls will show a variation in the actual thickness of tho
walls. Thus while the maximum potential thickness of the wall is reduced

genetically, the actual thickness will be controlled phenotypically,

le8s by how much calcium cerbonate each corallite hes avaiable For secretion,

5. The Aphroid Trend

Once the ostraeoid/themnastrasoid specics are established a fiaal
lrend in the growth form of the colony takes place., This trend, which
can be called the aphroid trend, is seen to develop in the evolution of
Q. tuborosa bto 0. edmondsi and from Q. placonta to 0. rete, when the septa
retreat peripherslly so thot the space between adjacent corallibes is
£illed with dissepiments only. The final expression of this trend, when
the septa disappear complelely, is seen in the evolution of 0. edmondsi
to 0. iadivisa wheu the colony is composcd of tabulas and i ssepiments

only (Fig.t11).

Advantases and Cenebics of the Aphroid Trend

pnar EREER S =

As with the wall in the cerioid colonies the extrathecal septa
ecascd to have any real function and there fore any individuel that ceases
to secrete them may be in an advantageous position as more energy and
moro calciwe carbonate cun be put into coloay building olsevhere, 3.c. in
a vertical direction.

The method by which this change is seen %o bake place is not a sudden
retreal of the scpte, insbtead every intermediate type of colony can bhe
found in which the corallites will have some of their septa retreated

whilo olhers are still contimuous. Iowever al) corallites are genetical 1y
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identical end so0, as with bhe loss of wall in the cerioia colonies,
vhile lhe extrathecal tissue wi]l be overall flattened genetically, the
actval amounl of CaC03 sccretion of extrathecafl se'p’ca will be pheno-
typically controlled by the micro-enviromment of the individual. Again
geae complexes accentualing +this aflect will gradually be made to become
dominant by soleclion,

In the casq of 0. edmondsi evolving bo 0. indivisa seleclion con-
tinues in the same dircction until no septa ab all arc secrcted., It is
possible thal a speciles with no sep ta way have develoved o new feedilne;
wechanism so that mesenteries and tentacles no loagor existed, bub it
secus dangerous to assume that sbseace of bard parts points to o similar
absence of the sort tissue that secrctes those hard parts. Il is vnlikely
that such a biy change ss this in the Peeding methods would tuke place
Jn & specics almost at tho end of iis Lineage; it Ls more Jikely thal the
mesenterial btissve ceased secreting sepba, finding iLhat the colony coull
be successTul without suth platles. A second possivi Lity suggested by
Mitehell (pors. comm, 197,) is that the development of aphroid
tendencics in a nuber of plocoid species at horizons h'Jgh in the Visdaa
or low in the Nemurisun (e.g. Palacogmilia, Auhna) ma.y bc/u“eature of old

age in the lineage as the genes in tho geem plagm are bresking down,

6. 'Carwoodi' Trend

One further minor trend does occur in the thamma straeold species
Q. tuherose and 0. placenta and it involves o change in the character of
the exiralhecal dissepiments. 0. tuboross has its outor dgsepiments

secreted in o siwilar menaer to the inner dissepiments, that is concave

towsrds the axis, Iovevor when 0. pl acenta ovolves [fron 0. tuberos

- nenpemie ..

1,

while a majority of iudividuals retain the conecave disscpiments, other
individvals occur in which the outer disnepinents are conver bowords the

6¢is, a condition deseribed by Hudson in 1929 as Q. garwoodi (rig.11).
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In this thesis, however, lhe two forms arc veferded as only sub-
spocies of 0. placenta (p.223) i.e. 0. p. plecenta md 0. p. garwoodi arc
two end members of a varlable gene pool., However Q. po garwoodi is
nevertheless an important subspecies as it was succossful and the btrend
contiaued in the same direction uniil the dissepiments actually broke ab
the angle of the couvexily and ran paroallel to the septa lining their

sides. Such o situation is scen in the vew species 0. sera (lig.11).

Jdventages end Genetics of the 'Garwoodl! Trend

The advantages of this trend may he lhat the convex di ssepimeats of
Q. n. garwoodi gave oxbra support to the septa. Selsction continued in
the same direction to 0. geca and agoin dissepiments 14 ning the septal
sides would prohably strengthen lhe septa more bthan would brausverso
plates. So again the specios is Improving itself by the gere producing

coavex dissepimenis becoming domicant in the gene complex controlling

curvature of the dissepiments. There may be no additionsl muba tion,

7. the Diphyphylloid Trend

inother trend that expresses itself at least four Hmes in A lerent

species of the Lithostrotiontidae, and which takes its naume from this

group of corals, is tho diphyphylloid trend. This is a commoa trend in
other g¢roups of corals and is wvsually vegarded basically as being merely
a loss of the columella with a resulting flat tening ol the labulac and e

shortening of the septa. Howevor every species in the Lithostrotiontidac

thot follows this treund also shows the development of a furlher importsnt
charactor; that of calicular parricidal budding, Instead of the latera.lf
budding of the columellate pareut species. At first sight it may seam a
coincidence that every species that Tollows this krend slso produces the

same btype of budding (i.e. that two cheracters are always affected in the

same way.) One might be tempted to suppose that the Ffour non-columellate
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species have noti all followed the trend individually, tut insbead that they
have evolved [rom each other along a aon~-columellate lineage, end thus all
possess the same 1wo charactersz IHowever this can be expleined irl,
perhaps, the basis of lhe trend is not the loss of the columella, but
instead is the development o calicular budding end that apy calicular
budding requires the loss of the colunclla, After all axial budding does
involve the extension of one septa across the middle of the corallite and
it might be that this cananot take place if a columella is in the way in
the axis of a corallite. I lhis is 80 then it 1s possible that there is
a gems tic link between these two characthrs and that they aroc both con-
trolled Ly the some gene and therelore thal if this gone does mutate then
both chearaclors are simultancously affected.

The first chenge to occur in the development of this trend happens
long belfore the diseppearance of the columells and involves a change in
the tabulae of the parent columellate species. Smith described two types
of tabulac (1928, p.ll4) as ek and S8 tabulae (p.15), the o tabulae having
the dormiturned edges of the inuer series resting on the tabuvlae below, Wt not
in any regular menner, and the /3 tabulae baviag the downiurned edges aligned
to form a tube, or pseudo-aulos, mnning down the length of the corallite
(ps 15). Now the tabulac of the parent columellate species, when they first
appear, arc o' the o type, bul as these species evolve the points of con-
tact of the downturned edges of the inaer tabulae, on to the tabulae below
gradually become more and more aligned. fEveatually when these points of
contact are all in the same plane, the dovnturned edges produce the tube
running the lengbh of the corallite ( B tebulee), a kind or structure which

has been described in this thesis as a pseudo-aulos ({ig.20),

Advantapes and Genetics of the Diphyphylloid Trend
A corallite with such a structure will clearly be much stronger than

a corallite with & tabulae. The species is thus becoming more advanced



FIGURE 20

Diagram illustrating the Diphyphylloid trend in
longitudinal section.

a. Early stage of the ancestral columellate species with
« tabulae when the points of contact of the inner
tabulae onto the outer tabulae are haphazardly
arranged.

b. Later stage in the ancestral columellate species when
the points of contact gradually become aligned
(/A tabulae),

c. The diphyphylloid(non-columellate) species with
P tabulae when the points of contact are so well
aligned that the downturned sides of the inner
tabulae form a continuous tube or pseudo aulos.
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by using its past skeleton more efficiently so that its structure is moro
useful in the day to day e:dsténce of the polyp. Genetically the species
is iwproving itself again by selecting only those types whose gene
complexes produce this kind of strvcture. Now, if it is true that this
structure produces a strengthening to the coralliie, and assuming also
that the columella is = strengthening structure, then ouce this pseudo~
aulos is developed, any mutations involving the loss of the columella

can now be successful as the corallites will haove an elternative method
of support. Such mutations occurring in a corallite with & tabulae could
possibly not survive. Thus the trend involving a mutation to produce
calicular budding can only be suceessful once the species has developed
an alternative method ol support as this mutation also iavolves the loss
of the species original strengthening structure., Such a mutatbion would be
advantagcous to the coral as a calicular budding polyp can give rise to a
greater musber of individuals at any one btime than can a laterally budding
polyps so that greater proliferation can be achieved, This is only a
hypothetical theory bthat can never be proved, but at least it offers one

possible explanation for the chain of events.

8. The #ulate Trend

The development of a pseudo~sulos seems to be an intermediate stage
in the trend towards a true septal aulos. The diphyphylloid lineages do
not persist for long enough to develop a true septal aulos, but the
species of Auline and Fascicaulina, which show a septal aulos in various
stages o dovelopment, do seom to suggest that they were developed fram
ancestors with a pseudo-aulos.,

the development of this struciure is in three stages shown by the
three plocoid species of Aulina. Ia A. senex the tube is really no more
thon a pseudo-aulos built by the tabulae with virtually no septal con~

tributioa. In 4. botanica the tube is still buili mainly by the tabulae
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but some septa do begin to contiibute towards it by bending at their axigl

ends and merging with the downturned edges of the tabulee, tut this bend

to the septa is always convex lnwards producing an irregular shaped aulos

in cross section (fig.21). However in A. rotiformis all of the septa con-~ —
tribute to the aulos and when this happens the inner tabulae cease to be

downtwrned ab their periphery, but become simply horizontal as successive

platforms within the septal tube. MNoreovor in A. rotiformis the axial

bend to the septa is now concave inwards so thab the aulos is circular in

cross section and therelfore a stronger siructure.

Advantagnes and Genetics of the Aulato Trend

The advantages of such s structure are the same as those for a
pseudo-aulos, i.e. it gives the corallite additional support-and presun-
ably the continuous vertical struc ture of a septul aulos is betler in
this respect than the more discontinvous tube built by successive
horizontel tabvlse., If the septal aulos is developed from a pseudo~aulos
then selection pressure clearly continved in the same direction on thigs
strengthening structure. There mey have been an additional matation.
causing the septa to contribute towards this tube.

The development of thig sbtruvcture is also seen in the gems

Fagcicaulina. In P. horsfieldi and L. hibernica the aulos is produced by

septa, but Lhe bend to the septa while usually convex iuwards is occasion-

ally concave and so lhe structure is quite variable in these gecies, In

£. furcata on the other hand, it ig always concave, Initially those

individvels with the mutated geae were still ianterbrdeding with the main
stock causing the great variation in the development of' the amlos as seen
in £. horsfieldi. Vhen s horsficlui evolved to F. hibornica it passed
oun lane completely vaziable gene pool as regards the development of the

as

aulos as I'. hibernica/an avlos in just as variable a state. 'Thus selection

pressure on the state of development of the aulos had not begun until
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FIGURE 21

Diagram illustrating the Aulate trend in transverse
section.

a. Peseudo aulos built by the tabulae only. Some of the
septa extend through this structure showing that they
do not contribute towards it.

b. Primitive aulos built by the septa, but with a convex
bend at their axial ends,

¢. Well developed aulos with the septa bending in a
concave manner so that the aulos is circular in cross
section.
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after F. hiberaica had evolved otherwise only those geno complexes produc-

ing a well developed comncave aulos would have been passed on Ffrom the

gene pool of #. horsfieldi. By the time }*, furceta evolved from

F. hibernica selection pressure was acting on the type of aulos and only

those gene complexes producing a well developed aulos were passed on to

F. furcata.
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DEV -LOPMENT OF COLONIALITY IN THE JITHOSTROTEONTIDAR

The Lithostrotioniidae lineage evolves in an oversll trend of increas— T
ing coloniality. It evolves from fasciculate through cerioid to astraeoid
and thomastraeoid and rinally to aphroid ond indivisoid. We are aow
concerned not with the actual changes that take place, ™t with the
significance of thoso changes in the Light of soft pavt morphology snd
perfection of the colonial habit., We musi look at the boundaries bebween
the difverent types of colony and estimate the significance of chanzes

thot bake place as the dirflerent types of colony cvolve,

Simple to Fagciculate (Dendroid and Phaceloid) Colonies

There is no solitary coral reprosontative of the Lithostrotiontidae,
but an unknown solitary auncestor will have occurred in the distani past, so it
is important to look at this boundary. The fasciculete type of olony is
not an important ype of coloniality as every individual is ent‘i rely
independent. The polyps are not connceied by any soft tissue, but only
at their proximal ends by previovsly deposited skeleton ([’59,.22{1). This
type of colony is little different from a number of solitary corals atbached
to the same block of substrate in that the individuals do not rely or
dopend on cach other at all.. Coates and 0liver (1971, p.11) state that
if there is any co-oporation between such polyps it is only that which
resvlts {rom extrinsic factors acting upon a cluster of polyps and not
from any biological integration., Howover the fasciculate habit 1is
imporbant as it morks the beginning ol asexual renroduction, a factor
which is vital %o colonisl growlh. Boardman et al. (1971, pevii) state
that solitary corals can reproduce asexvally but a colonial coral has
doveloped the ability to prevont its asexual buds from separating from the

parent skeleton. Thus the iuportant change from simple to fasciculale
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corals 1ls not only the development of the ability to reproduce asexually,
but also the continued adherence or the buds to the parent after

reproduction has taken place. Once the asoxual daughter polyps appear,

although they romain connected to the parent by a lused skeleton, they
separate cellularly and are entirely independent biologically. The main
advontage of this type of colony is that each new individual polyp that
is produced does not have to fing hard ground substrate 1o initiate the
process of skeleton building. It continues the skeleton of earlicr
individuals. As Coates and 0liver stabe (;'ng., cltes po2) all coralls
tend to 1ilt polyps away from the substrale and up into the water column,
A second signiricant point is that as every individual polyp in the colony
wes produced asexually from the same protocorallite then evory individual
will be geretically ideatical. Thus the polyps at this stage develop the
potential to become cellularly fused with their neighbours. This
feature can only occur when the Tusi ng cells contain identical gonetic
mulke up. It is therefore the essential genetic feature of the cerioid
and move complex colonial corals.

Thore is 1ittle difforence between dendroid and phaceloid coralla
in the level of colonial integration, but the close packing of the

corallites in the phaceloid colony does indicabe o move towards a higher

level of integration.

Fageciculate to Corioid Colonigs '

The skeletal change occurring at this stage is the fusion of the
hard parts at their distal cnds instead of Just proximally, i.e, (used
epithecasf (Cig.22c). In the discussion of the cerioid trend (p.51) it
was postulated that such rusion of hard parts may point to a similar
Lfusion of the soft tissue that was scereting these hard parts and that,
at this stage, the polyps may have realised the pobential lor Tusion

that was present in the fasciculate colony. 0l3ver and Coates (Joc. cibes
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FIGURE 22

Levels of coloniality in Phaceloid and Cerioid colonies.

e
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Phaceloid colony with the corallites only connected
at their proximal ends by previously deposited
skeleton.

Colony intermediate between phaceloid and cerioid
with intermittent fusion of corallites at their distal
ends by temporary lateral connections.

Cerioid colony with corallites connected at their
distal ends by fusion of the epithecae.

Hypothetical illustration of the fusion of soft tissue
in a cerioid colony. The gastrovascular cavities may
not be continuous between corallites due to the high
epithecal wall. Possibly only the outer cells of the
endoderm are in contact. The colonies intermediate
between phaceloid and cerioid will show such fusion
of tissue intermittently.

gvc.= gastrovascular cavities, ec.= ectoderm,
en.= endoderm, sk.= skeleton of corallite.
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pe1l), however, believe that because each adjacent polyp is still
secreting ibs owm wall, then although these walls are fused, this Cusion
of sof't parts does nol ocour until the change from cerioid to astraeoid.
To throw some light on this problem the cerioid colony may be compered 1o
fasciculate corallites at the stage when an of fshoot appears From its
parent. At the first stage of appearance of the Taseiculate bud, the bud
must be cellularly connected to its parent as it was asexually derived
from the cells of the pavent. Using this enalogy ab what point does the
bud lose cellular connection with its parent; when the daughter and
adult are separated by a wall (fig.23) or when they are tdelly separated
by space (J"J’.g.ZB)? If the first case is true then a corioid colony has
no cellular comnection of corallites and the cerioid condiiion is only a
continuatlion of the close packing of the phaceloid stage end is quite
distinet from the astracoid and later types of colony. 'This ccse hos been
put forward by Coabes and Oliver (139. cit., p.11) who say that as the
polyps of a cerioid colony are separated by a wall, they are not in
cellular comnection and that cerioid coralla are 1itilec tore than a com-
pact phaceloid colony, i.c. the reason why the corallites grow so close
together is thal there is no space Cfor them o grow separated.

Bofore examining this argvmeat we must review some of the terms
employed in the description of the polyp's solb bissue. Vaughen and
Wells (1943, p.16~17) state, "the coenosarc is ibat part of a polyp in
a colony that lies outside the thecae or skeletal wall. The edge zone
is that pert thot lies over the free portions of the covallite ees The
edge zone is bhen simply a horizonta) fold of the column wall over the
column wall itself. Within the Ffold is a contimuation of the gastro~
vascular cavi ty."

Now, Coalos and Oliver (loc. cite., p.1l) point out lhat the
epithecag is depositsd by the outer margin of the edge zone, s0 coralliles

that are separated [rom sach other by epithecao were not occupied by



FIGURE 2

Longitudinal and transverse sections of a fasciculate
corallite in the budding stage. Section '1' shows the
adult and daughter corallites separated by the daughter's
wall, but still in contact by an extended branch of the
adult dissepimentarium. Section '3' shows the adult and
daughter growing completely separated, but with the
extended branch of the dissepimentarium now being
deposited by the daughter corallite.
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polyps connected to each other by edge zone or coenosarc. They slate
thal most likely the polyps were separate individuals, although iv
physical contact with other polyps on all sides. However, it secoms %o
me thab if the polyps were in physical contact and still depositing a
woll, then there is no reason whey those cells that are in contack should
not be cellularly couwnected,

Returning to the analogy of the fasciculate olfset, ir cellular
conncction ceases when a wall s formed between parent end offset, by
&oes the daughber contime to grow in skeletal coancction with the parent
Tor a period after the wall is produced? In a fasciculste colony it s
not lack of space that is keeping the parent and the offset side by side
as spreading space is available in such a corallum; theve must be some
othor factor holding the two corallites together. ‘ixamination of a
transverse section of a budding corallile of Lo mextind from the Ash Rell
Sendstones, oj* Cimbria (No. 3c) throws light on this problém. After the
formation of the daughter's wall (f’ig.23.1) the adult conbinues to extend
a branch of its dissepimentarium towards the davghter. The tissue
secreting this branch is showm hy Fig.Bdto belong to the adult as no
wall divides this branch from 1he main body of the adult. However vhen
the adult and daughter break, this +i ssuc is scen to adhere 4o the
daughter corallite, and the daughter contimues to secrete this dis-
sepimentarivm for a period after it has broken from its parent corallite
(rigsZB). Now if Coates and Oliver are correct and cellvlar connection
between adult aad daughter ceaseg?glle daughter's wall is formed, this
situation would be impossible as the extended Cissue would first be
cellularly disconnecled from the daughter in Cig.22.1and therclovre could
not be later secroted by the daughter in rig, 23,3,

This oxample shows that the advlb and daughter corallites, although

separated by a wall, arc still in cellvlar connection. Thorelore, Lhe

outer margin of the edge zones (of the davghter and pareni) tlat are
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socre ting the wall arc cellularly conrected., There is no reason why this
should not also be the case in the cerioid coralla.

The alternative hypothesis is thabt cellular counection does not take
placc until the transition to astraeoid colonies when there is no wall
dividing lhe corallites. However, although the corallites of a cerioid
colony arc separatled by a wall, and although each adjacent corallite was
secreting its own part of that wall (cerioia epithecacg can be separated
into two halves with a dark line rumning down the middle) the two parts
are so strongly fused together that it seans thas the cells that were
secreting the wall werc also fused in the same maaner, If there was no
such connection between adjacent polyps one would cxpect at least soue
smoll tewporavy space %o occur veriodically between the two halves of the
epithecae and such spaces are never seen, Moreovor, if there was no
cellvlar connoction it would bLe difricult to oxplain why bwo corallites
should grow towards each other in partly cerioid colonies. It seems
ualikely that they were mercly touching btogether with no additional con-
nection. It socems likely therefore that cellular connection does occur
at this sbtage and presunably the polyps could pass nourishmont across
the colony.

licCoy (1851) in his classification of the cerioid species suggestbed
that a far more important chunge occurred in the colony at this stage.

He divided the ceriold species into 4wo groups, viz, Nemabophyllum, Cor

those species whose individual corallites could not be split aloag the
epithecal walls, and Stylaxis, for those spocies whose coral li tes covld
be separated from eech other. Tf this was a valid classifigation the
reason behind it would seem to be that Stylaxis had a double wall with
adjacont corallitbes soereting their own wall, whereas the species of
Nematophyllum did not split as the adjacent corallites shared a common
wall. If bthis was correct then the NematophylJum species will have
reached an advenced sbtage ol coloniality as two individuels would be

seoreting a common structure., However examinstion al high maguification
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of all the species of Stylaxis and Namatophyllun shows that this is not
true. Instead all the species do have a double wall and thus the abild by
to spliti is probably controlled by a factor of preservation, dependent
on diagepesis and weathering.

Vhile it is suggested Lhat there is some sort of colluler cormec tion
betwoon {the polyps of o cerioid colony it is not possible 1o evaluate
wnether this was a simple fusion of 1he ouber cells of Lhe odge zone or
whether therc was a higher level of junbtogration aad that wibhin the
fused zone therc was & continuation of the mstrovasculac cavi Lty ower
the dividing epithccae. This is perhaps valikely as the epithecag io
quite & high ridge and there would have been little depbh o the fusion
ol the cells (f’ig.22d). The proximol soft gerts would not becone fused
until the calice shallowed and the epithecac became reduced in +he
plocoid coralla (p.68 ).

Some phacecloid corallc show btemporary laleral conrections lhat are
exbensions of the dissopimentarium. These coralls appear to be inler-
medicbe between phaceloid and cerioid coralla und therelore temporarily
possess the higher integration ol a ceriold corallum (rig.221).

One phaceloid species of the Lithostrotiontidae (L. junceum) posscsses
lasporary luteval conuneclion of a dilferent kind., Hollow trausverse
connecting tubes arc developed bebwsen corallites (rig. 24b). The lack ol
dividing valls in these strucivres indicates a higher level of intesra~
tion than in a cecloid corallum, Certainly there was temporary ccllular
connections as the construction of the tbes involves the co~-operation of
two polyps, and probobly these tubes cormected the pastrovascular cavitbics.
However, such a conncction was only btemporary as the lubes must have boen
vacabed by the polyps when the polyp contiaved to bvild its skeoleton
vertically (ris.24a),

Ify as is usually assumed, such connection processes in phaccloid

coralla are equivalent to mural pores in a cerioid corsllum, ithen it



FIGURE 24

Level of coloniality iA Phaceloid colonies with connecting
processes.

a. Connecting processes between adjacent corallites as in
L.J ceum,
. Hypothetical illustration of the soft tissue in L.junceum

with the connecting processes allowing connection of the
gastrovascular cavities of adjacent corallites.



fig 24



—ed e

- 68 -

seems thal mural pores in a cerioid corallum also enabled connection of
the gaslrovascular covities. IP this is correct then again it scems
Tikely that o cerioid corallum withoul muye] pores (e.g. the cerioid

Lithostrotion species) had no such connecthion of gastrovascular cavitics.

Cerioid bo Astraecold end Thamnastracoid Colonies

Vith the change [vom cerioid bo bthamnastraeoid and astraeold the
calices bocome shallower and so the proximal soft parts become more aund
more fused. Thus as there is a greater depth Lo the fusion of cells it
is likely that in this stage ilhe gastrovascvlar cevity o” adjacent
corallites becomes continuous ; @ uove towards a higher Jever of integra-
tion (fig.25 ). Indecd in *hoso coralla that are thamnastracoid the
septa of adjacent corallites are confluent and therefors so are the
mesenturics ol the gastrovascular caviby, Coates and 0liver (2..(3_(_:_. cite,
po18) state that as in sstraeoid colonics the septa are not confluont
this suggests that the mesentaries vere not continuous and that the
gaslrovascular cavitics were nobt communicate, llowever, while it is true
that the mesentaries of an astracold coralla are not continuous this
does not mean that the gastrovascular cavibies are not continuous. Con~
tinuation of the gasirovascular cavi by can casily occur at a level above
tho mesentery folds in the basal body wall. If this is corvect then the
500t part morphology would agree with the hard part mnorphology (p.217)
that there is 1ittle significant dilference between astraecoid and
thamnastracoid coralle at least in the Lithostrotiontidae. Howevor, the
thamnastraeoid coralla are 8lightly more integraled as thoey would have
had a greater continuity of the gastrovascular cavity than wovld the

astraeoid coralls.

As VeCoy's ¢pithecal wall theory is uot substontiated by detailed

study this stoge in colony developmeat is importaut for anothor reason.

First dhe epithecal boundaries disappear and this is releted 4o g chanpe



FIGURE 2

Hypothetical illustration of the soft tissue of a plocoid
colony with shallow calices and gastrovascular cavities
continuing from one corallite to another.

gve.= gastrovascular cavities, ec.= ectodernm,

en.= endoderm, sk.= skeleton of corallite.



fig 25




- 69 -

of emphasis fpom the individual to the colony as a whole. MNove important,
it means that it is at Lhis stage that two adjacent corallites begin o
share common hard parts, The septa of adjacent coralliles are confluent
(in thamnasireeoid coralla) and while at the centros of these coralliies
the septa can be attributed to a certain individval, somewhere betweon
the cenbres of the two corallites the septa will be shared hy both
corallites. If the hard parts oxpress exactly the nature of the soflt
tissue then one can assume also thal somc tissue between the two
individuals will be common tissue, 3.c. not ettributable to aay one
individual., Coates anl Olivor (loc. cite p.l8) suggest corvectly thai
the development o/ this extrazooidal tissue marks the developuent of
coloniality in a further direction. Hovever they suggest that such
oxtrazooidal tissue does not begin to occur until the aphroid coralla
develop., Dctailed study of dne particular colony of the thomnastrasold
Oriovastraea placents (No. 172¢) from the Middle Limestore of Coverdale
throws light on this problem, This colony does not exhibit continuous
growth, but in longitudinal section (Fig. 26 ) is scen bo be composed of
discontinuous masses of colony growth with a mud matrix in the resulting
spaces. An influx of mud has invaded the colony and comple tely covered
the soflt btissue (I‘ig.26a). However, certain parts of the colony, the
centres ol the individuals, have protruded through the mud and carried
on growing (i‘i{;.26b). twentually thesc centres have extended laterally
and joined up once more to produce a contimious lager of soft tissue,
trapping the mud as lenses in the skeleton beloy (cige26c).

Considering the iuplications on the soft part morphology of the
polyps it is most probably the %enlacular ring and the stomach repioa
that has protruded throvgh the mud, and as it is only ithe tabularia that
are probruding the tonlacles must be situated above the inoner ring of
dissepiments defining the tabularium. The tissue that does not probtrude

throush the mud, but is reformed above it, is thus extratentacular tissue.
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FIGURE 26

Diagrammatic illustration of the peculiar growth of a
colony of Q.placenta (No. JN 172¢) from the Middle
Limestone of Wharfedale.

a. Influx of mud invades the growing polyps on the
surface of the corallum.

b. Individual polyps continue to grow and protrude
through the mud while the tissue between the polyps
does not survive the mud influx.

¢. The polyps extend laterally and connect once more
trapping the mud as lenses in the skeleton below.

L.S.= Longitudinal section, T.S.= Transverse section,
Stipple indicates mmd matrix.
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It is usually assumed (Coates and Oliver, loce cibs p.18) that 1s is in
the aphroid corals that extrazooidal tissue firsi develops (i.e. that
tissue above the periphery of the corallite where the septa have
retreated), However, the extratentacular tissve of a thauwnastracoid
colony only differs from the extrazooidal tissue of an aphroid colony in
that it sccretes septa. There is no more rcason to believe that the
peripheral tissue of an aphroid colony is extrazooidsl than there is to
believe that the peripheral tissue of g thamasiraeoid colony is extra~
zooidal. After all, the central parts of the individual conflucnt
septa canmnot be abtributed to amy given corallite any more than can the
peripheral dissepiments of an aphroid colony (rig. 27). Moreover, the
Coverdale colony shovs that the individual corslli tes can survive with-
out this extratentacular tissue as this is periodically destroyed by the
mud. Thus the extratentacular tissuc of +the thamnastbraeoid (and astraeoid)

colony seems to be extrazooidal also,

Zhemnastracold to Aphroid bo Indivisoid Colonies

Lo the development of an ephroid colony Costes aud Oliver (Joc. cit.,
p.18) point out that as the septa are lacking in the peripheral parts,
direct evidence of polyp integration is lacking, However in the

Iithogtroiioatidne the aphroid species clearly evolved from thamnastraesold

ancestors and s we can assuic that they also had gastrovascular cavitbies
intercommunicated. Coates and Oliver also consider that the sphroid
colony marks the boginuing of exbrazooidal sclerenchyne and cocnosarc,
but this probably occurs in thamnastreeoid and ostraeoid coralle as has
been shown above, Thus the development of oo ephroid coralla (and
eventual 1y the indivisoid coralla) merely merks a change in the naturc of
this btissuc ia that the busal body tissue flattens ovt peripherally and
ceases to be upfolded into mesentarics. This is interesting however in

bthat it means that the endodermal, tissue must show a redvetbion in total



FIGURE 2

Illustration of the increase in extrazooidal tissue from
thamnastraeoid to astraeoid to aphroid coralla.
ez.= extrazooidal tissue.
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surfece arca and therefore 4n capacity of dipestioan. However it has the
adventoge that e interior of the polyp is more open and in indivisoid
coralla is completely open, and that the colony in effect has one large
gastrovascular cavity,

The aphroid and indivisoid coralla also show an increase in the
amount of extrozooidal tissue (fig. 21) as less of the skeletal plates
can be abtributed to any one individusl., A high stato of coloniality
is reached vhen a daughter corallite, thatb appears within this cxtira-
zooidal tissue, can not be atiribubed to auy ove parent, but only to the

colony as a whole.

Summazy

The [ollowing table shows the opinion of Coates aal Oliver and the
opinions of the present author regarding the level of coloniality of
the difPerent bynes of coralla. Generally tho author regards each

successive stage of colony development to bo rather more integrated than

do Coabes and Oliver.

Coutes and Oliver (1971) | Lithostrotiontidac Thesis

Polyps separated Pasciculate Fasciculate
in space

Polyp walls in

apposition Cecioid
Cerioid
E_‘g.sion of Astraeoid
tissue
Conlluent body . . Astraegold
cavities thamaas traeold Thamnas taeold
Aphroid
Iixtrazooidal Indivisoid

. Aphroid
tilissue P




ek

FIGURE 28

Diagram showing the increasing level of coloniality in
the different types of corallum seen in the Lithostrotiontidae.
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CHAPTER 5

PALAEOMIGRATION DIRECTIONS OF THE LITHOSTROTLI ONTIDAE FAUNA

IN THE NORTH OF INGLAND

Introduction

In collecting &hd examining coral faunas from the limestone bands of
a repetitive sequence sich as the Yoredale Series in the North of England
the fact that the same coral feunas do not occur in the intervening sand-
stone and shale beds between the limestones is taken for granted. The
obvious explanation is that at the end of every limestone phase the coral
fauna becomes temporarily exterminated from the particular area in
question. Moreover as the same coral fauna usually reappears in the
succeeding limestone band it is clear that this fauna has re-entered the
area in question and that it has come fram an adjacent area in which lime-
stone deposition and coral growth continued, uninterrupted by detrital
phases, throughout the time period. The estsblishment of the whereabouts
of such areas of contimious favourable conditions for coral growth is
important as it gives first, an indication of the direction that the corals
have migrated, and secondly it may point to the centre of evolution of the

lineage. These areas might be innnedia.tely adjacent or quite distant.

The V:Lge’an Lithostrotion fauna

When considering the palaeomigration directions of the Lithostrotiontidae
species from the Viséan Yoredales end the earliest Namurian, i.e. all the
Yoredale limestones up to andincluding the Great Limestone, the area from
which the species are migrating into the successive limestone bands is
possibly the Derbyshire dome area to the south. In this region (see
Chapter 2) there is contimuous deposition of limestone and therefors the
possibility of continuous coral growth almost to the op of the P2 Subzone,
that is almost to the horizon of the base of the Great Lime stone. Moreover

when the limestone deposition of the Derbyshire area does eventually cease
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at the top of P2, and is replaced by the non-coral bearing Edale Shales
(E Zone) the coral fauna is permanently el:‘i.mina.ted from Derbyshire end at
the same time no more Lithostrotiontid corals are found in the North of
England above this horizon even though limestone bands are present in the
north in the E Zone (i.e. no Lithostrotiontid corals in the Little S
Limestone or the Crow Limestone, immediately sbove the Great Limestone).
Thus the corals found in all these Yoredale Limestones could have
migrated from the south, northwards to the North of England, most probably
from a furopean centre of evolution. This centre of evolution may pos-
sibly have been around the margins of the St. George's Land/Brabant Massif
lend mass that exised in Carbarferous times to the south of the
Derbyshire dome (fig.29). The shelf seas peripheral to this massif were
present throughout the Dinantian and every type of ecologicsal niche must
have been represented in such conditions, producing the varied
Lithostrotiontid fauna found in Britain. This Europearlx fauna (including
L. martini, L. junceum etc.) did find its way to America end Asis diring
the Viséan and was therefore cosmopolitan, tut at the seme time independent
evolution was occurring in these areas producing differentiated American

and Asian feunas which were geographically restricted (p.d3).

The Namurien Iithostrotiontid fauna
At a much higher horizon, near +o the top of the E2 Subzone of Northern
England, a limestone band occurs which once more contains a reef coral

fauna, a significant portion of which is made up of the Lithostrotiontidae.

This limestone outcropsin the Cotherstone Syncline, Stainmore Trough,
between the Alston end Askrigg blocks on Hunderthwaite Moor, where it was
described by Garwood (1912, p.542) as the Botany Limestone, and also in
Northumberland, near Harlow Hill and Newton, where it was originally
described by Smith (1911, p.629) as the Fell Top Limestons, tut is now
better known as the Harlow Hill Limestone or the Newton Limestone. These

three limestones were later correlated by Smith (1916, P+293=4) on the



FIGURE 29

Outline map showing palaeogeographical conditions in Europe
during the Viséan, Northern and southern forelands are
separated by the Mid-European Channel which is flanked
by shelf seas.

10! marks the Askrigg/Alston Block region of Northern
England, the area of the Viséan Yoredale sequence and
intermittant coral growth.

'x! marks the Derbyshire Dome area of continual Viséan
limestone deposition and continuous coral growth.

'SGL! is the St. George's Land/Brabant Massif land mass
which persisted throughout the Viséan so that the shelf
seas that surrounded it provided a stable environment
for a long period of time. This would have constituted
an ideal centre for evolution.

Arrows indicate direction of migration of coral faunas.
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evidence of similar stratigraphical position, sequenece and faunal content.
All of these limestones contein a similar Lithostrotion fauna with L.

gucirediale, L. decipiens and Aulina rotiformig. The latter species was
attributed by Smith to the Lithostrotiontidae, but in this thesis it is
rejected from the family (p.100). The Newton Limestone also contains

A. senex which has not as yet been found in the Botany Limestons end the
Botany Limestone contains A. botanica (p.249).

Certain anomalies in the elements of this fauna suggest that these
corals, ocourring at this high horizon, may have completely different
origins from the Lithostrotiontid fauna.of the Visdan Yoredales. PFirst,

L. decipiens and _I_,.'pauoiradiale become extinct in the North of England

in the Middle and Simonstone Limestones respectively some 450 metres below,
and yet now suddenly reappear after being absent in the coral-bearing Five
Yard, Three Yard, Four Pathom and Great Limestones. Secondly, the species
of Aulina are all highly evolved forms which must represent the end of &
long lineage and yet neither they nor their ancestors have been found
elsewhere in the British Viséan or Nemurian, suggesting that they did not
evolve in this region. Thus the Botany-Harlow Hill feuna is quite distinct
from the underlying Viséan fauna. Finally there is the long time gap
between the E2 fauna of Lithostrotion and the preceding Viséan Lithostrotion
fauna, and furthermore we know that this fauna could not have migrated from
the southern evolution centre as coral growth was eliminated in that region
at the end of Viséan times. We must look therefore for a second source

area for this high Namurian exotic Lithostrotion fauna; an area of con-

timual limestone deposition into the E Zone is required where all four
elements of the fauma occur,

The Aulina-Lithostrotion fauna has been recorded by Hi1l (1940, Pe192~3)

from the Linn Spout Limestone (Upper Limestone Series) of Dalry in

Scotland, again in the E2 Subzone, but this camnot be regarded as a source
area as again there is not continual limestone deposition beneath the Linn
Spout Limestone., The Linn Spout Limestone therefore represents an exten-

sion of the same sea that was depositing the Harlow Hill end Botany
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Limestones. We must look elsewhere for the true source area.

Garwood realised this problem and in 1912 (p.5l;.3) stated, "the fauna
cannot be considered as a remnant of the local Yoredsle fauna that
collected here before being completely exterminated; for not only is the
fauna as a whole not characteristic of the underlying beds, but the
arenaceous character of the deposit immediately below makes this hypothesis
untenable"., Garwood considered these deposits must have resulted from a
local depression which carried the seas floor temporarily beyond the area of
mechenical deposition and which was conmected by a communicating chamnel
with the deeper sea. He suggested that this deeper sea fromwhich the
corals migrated was to the west as in that direction erosion has removed
all the upper beds of the D Zone and the Millstone Grit. So he considered
that the Botany and Harlow Hill Limestones could previously have extended
in that direction. However this appears to the author to be rather
negative evidence and moreover neit‘her the Aulina fauna of Botany nor its
ancestors have ever been recorded from eny area to the west of Northern
England.

In an easterly direction, however, albeit after & considersable
distance, we find two distinct areas, ome in Russia and the other in China

and Japan, where not only the identical fauns of A. rotiformis, A. senex,

L decipiens end L. pauciradisle occurs, but also a number of other species
of Auling, some of which sppear more primitive, and from which the British
species may probably have evolved.

It has been supposed that the Aulina species in China wers a part of
the Buropean faunea that migrated eastwards with the other European species
that are common to both regions. Smith (1943 ». 61) considered, that the
Aulina species evolved independently in these two widely separated areas
from the same ancestor by following the same trend of development of the
aulos. These possibilities seem unlikely as first, the Buropean fauna of
Chine is Viséan and not Namurian in age, and secondly it seems too great

a coincidence for parallel evolution to produce such identical end species.

It is however possible that Aulina could have had its origins in China and
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migrated to England, either direct or via the Russian Platform, or that
it had its origins on the Russian Platform and migrated eastwards %o China
and westwards to Britain. In other words that it is a part of Asian fauna
that has migrated to Burope thus reversing the trend of the Viséan coral
migration.

To test this hypothesis and discover which of the two areas supplied
the fauna to Britein it is useful to discuss the stmatigraphy of the

occurrence of this genus in these two areas.

The Lithostrotion-Auline fauna in China and Russia

In Chine the Lower Carboniferous or Fenginien Series is divided into
two stages, the Lower Aikuanian Stage (approxima’oely equivalent to the
Tournaisian) and the Upper Tantangian Stage ( corpesponding, according to
Yeng and Wa, 1964, p.853,t0 the Viséan). The Tantangien is subdivided into
a Lower Ihysanophyllum Zone and an Upper Yusnophyllum Zone (fig.30). In
China Auling hes been recorded from several localities. In North China
A. rotiformis occurs in the Kensu Province in the Choniukou Formation in
the Yusnophyllum Zone and in Chilienshan in the Hoaitoutela Group also of
the Yuanophyllum Zone. In Central Chins the same species is found in the
Anhuei Province in the Hochow Limestone again in the Choniukou Formation,
It is in South China however that the genus is most abundant. Here
A. rotiformis occurs in the Kiangsu Province again in the Hochow Limestone,
but most important in Hunan Province whers it occurs with A. carcer in the
Tzemanchiao Limestone of the Yuanophyllum Zone end with A. puerilis in the
Shihtengtze Formation at the very base of the Yuanophyllum Zone. Also in
Kwangsi Province of South China A. senex occurs in the Yengtze Series also
of the Yuanophyllum Zone. All of these species are present throughout the
whole of the Yuenophyllum Zone sppearing at the base and persisking to the
very top.

The detailed stratigraphy of the Tentangian Stage im these areas does
vary, tut it is predominantly a continuous limestone succession right to

the top of the Fenginien end so it cansafely be considered as a possible
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FIGURE 30

Lower Carboniferous stratigraphical divisions in China
and comparative sections of the Lower Carboniferous
strata in some of the Chinese Provinces. Hunan,
Kweichow and Singkiang from Yu (1964).

Ge.= Gastrioceras, H.= Homoceras, E.= Eumorphoceras.
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source area.

According to the correlations of Yu (1933, p.27) and Yang end Wa
(1964, p.853) the Ysnophyllum Zone is equivalent to the Upper Viséan beds
of England. If this is to be accepted completely then it will be seen
that the Auling fauna first occurs at a lower horizon in China than in
Britain again suggesting its probability as a source area for these corals,
i.e. they evolved in China long before migrating to Britain. Moreover it
will be seen that they not only appear earlier in China, btut they also die
out earlier as they d not persist into the Middle Carboniferous.

(= Namurian). Does this mean that they could not have migrated direct
from China to Britain in the Namurian, but that they came to Britain from
the Russian Namurian? One of the pieces of evidence on which Yu based his
correlation was the fact that Garwood and Goodyear (192}, p.252) recorded
A. rotiformis from Viséan strata in Wharfedale and so Yu considered that
the Chinese Aulina fauna was of the same age and therefore that the
Fenginian was Visan in age. However Hill (1940, p.192) considered that
thés specimen needed further confimation and that it was probably
Orionastraea. If Hill is correct them Yu's correlation was based on a ‘
misconception and the top of the Yuemophyllum Zone may be younger than
previously supposed and equivalent to the Namurien K2 Zone. Yu (pers.
comm, 1975) rejects this hypothesis with the evidence that Yuanophyl lum
itself is restricted to Visdan rocks, secondly that no Nemurian goniatites
have ever been found in the Yuanophyllum Zone, and thirdly that the top

of the Shangssu Member (at the top of the Yuanophyllum _Zone) is overlain
disconformably by the Middle Carboniferous strata.

It appears to me that these erguments are inconclusive. First, the
range of Yuenophyllum has only been tested in China. Secondly while it is
true that the top of the Yuanophyllum Zone is overlain disconformably by
Middle Carboniferous strata, as far as I am aware the actwl horizon of
these Middle Carboniferous beds is only known accurately by goniatite

evidence in two localities. In the first of these, the Singkiang
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Province, the top of the Yuanophyllum Zone is overlain disconformably by
the Middle Carboniferous Yumensu beds containing only Gastrioceras and no

Eumorphoceres, Homoceras or Reticulocergs. Therefore it is possible that

the disconformity represents the R and H Zomes only and that the top of the
Yuenophyllum Zone is still E Zone in sge (fig. 30). The second of these
areas is Kansu Province end here the Middle Carboniferous Yanghoukou beds
above the disconformity contein Eumorphoceras and Homoceras. At first
sglght it may seem that if the Yuanophyllum Zone is overlain di sconformably
by B Zone then the Yuanomxllg Zone must be younger than the E Zone;
However according to the correlation diagram of-Yang and Wu (1964, Tab.2)
_the disconformity i at a level well below the top of the Yuanophyllum Zone,
i.e. within the Yuanophyllum Zone. According to this diagram the lower
portion of the Yanghoukou Member containing the Bumorphoceras and
Homoceras are of Yuanophyllum Zone age and if this is correct then the
top of the Yuanophyllum Zone could well be E or H Zone in age (fig.30).
Finelly Dr. Yu has communigated to me a further piece of evidence that has
recently come to light. Some geologists have reported that examples of
Homoceras have been found in the Chao-chia-shan Member of W. Kueichou
Province with L. portlocki (= L. decipiens) and L. irregulare var. asiatica
(= L. pauciradiale). As regards the geological age they insisted that the
Chao-chia~shan Member was equivalent to the upper part of the Shangssu
Member (£ig.30) i.e. the upper part of the Yuenophyllum Zore.

Whether or not this is correct, L. decipiens and L. pauciradisle
definitely persist into the Namurian in Chine and if the Shangssu Member
is Nemurian in age then the Aulina species could have migrated direct from
China to Britain in the Nemurien. This does not mean that Aulins does not
occur in Visdan rocks at &ll in China, as the occurrence of A. rotiformis
in the Shihtengtze Formation in Hunan is in the very lowest Yuanophyllum
Zone which is definitely Viséan in age.

In Russia A. rotiformis occurs with A. parasenex at the very top of

the Visan of the Donetz Basin (Vassiljuk, 1960) end in the Serpukhovskii



- 79 -
Substage of the Russian Platform (Dobrolyubova, 1958) which is either
Upper Visdan or Namurian B Zome. It iskown to persist into the Namurian
of the Donetz Basin occurring in the Clna Zone in the River Berestovja
(Vassiljuk, 1964). Also a fasciculate species A. vesiculata occurs in the
Tournaisian Clttd-Cltntz Zone of the Kutznetz Basin (Dobrolyubova et al.
1966).

In summary therefore the plocoid species of Aulina appear in the
early Upper Viséan (Lower Yuanophyllum Zone, Shihtentze Series) of China
and persist definitely to the top of the Viséan (i.e. top of Yuanophyllum
Zone) and may persist into the Namurisn. In Russia however they do not
appear until the top of the Upper Viséan but definitely persist into the
Namurien.

1t seems probable therefore that the Aulina lineage initially evolved
in China. First, it appears earlier in China then in Russia, and secondly
it is much more prolific. Also it seems that China was supplying the
fauna to Britain for three reasons. First, A. senex that occurs in
Scotland and at Newton has not yet been found in Russia. Secondly, A.
botanica sp. nov. from Botany is very closely related to a further Chinese
species A. manchuriensis (Yabe and Minato 1944, p.148) from the Upper
Vise’an, which also does not seem to occur in Russia. Finally conclusive

evidence can be drawn from the two species of Iithostrotion, L. deciplens

and L. pauciradiale that migrated to Northern England with the Aulins
spedies. As has been already stated these two species both dle out in
Northern England in the Middle and Simonstone Limestones, well below the
base of the Viséan and yet reappear again in B2, In Russia these two
species have not actually been described but the cerioid L. columellata,
L. leminacolmellata and L. acolumellata and the fasciculate L. rossicum
(Dobrolyubova 1958, p.300-326) which seem to be varieties of L. decipiens
and &. pauciradiale respectively, d not persist higher than the
Steshevskii Zone which is approximately equivalent to D2, Thus the

Lithostrotion species could not have migrated to Britain in the Namurian

from Russia. However in China L. portlocki (= L. decipiens) ami L.
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irregulare var. gsiatica (= L. pauciradiale) not only occur right to the
top of the Yuanophyllum Zone (Yu, 1964, p.870) and are foumd in common
association with Aulina as at Harlow Hill, Wt also as we have stated,
these two species have been found in rocks containing Homoceras and there-
fore definitely persist into the Namurian. L. decipiens end L. pauciradiale
must have migrated to Britain in the Namurian from China and not from
Russia and so it is likely that Aulina also migrated from China in the

Namurian, if the Shangssu Member is Namurian in a ge.

Palasogeography
Further evidence can be obtained by,studying the palasogeography of

these areas in Carboniferous times. Smith, Briden and Drury (1973, fig.l1)
show a reconstruction of the continents in the Mid-Carboniferous and this
was modified by Johnson (1973, fig.3b) who included a Mid-European plate
sgture. Figs 31 and 32 show this reconstruction for the Viséan and
Namurian respectively, with land masses and major ocean currents added
from Remsbottom (1971 and 1973). The first point that appears from this
is that the dominant westerly movement of the ocean currents, as
postulated by Ramsbottom assuming that the earth rotated in the same
direction as today, suggests that migration from Russia to China would be
difficult as the currents would be carrying coral larvae in a westerly
direction. Thus again it seems that China is more likely to be the area
where the lineage first évolved.

From the figures it can be seen that at this time the majority of
Asia including China and Japan was separated from Europe by the Burasian
or Uralide sea along a line now represented by the Ural Mountains. The
Donetz and Kutznetz Basins are on the west of this sea on the European
plate, while the Chinese localities are on the east, on the Asian plate.
Thus to migrate from China to Russia and Britain the coral larvae would
have to cross the Burasian sea, but this sea was closing during the Upper

Viséan and Namurian times (figs 31 end 32) and had closdd completely by



FIGURE 31

Outline map showing & reconstruction of the continents
and palaeogeographical conditions during the Viséan.
Froms Smith, Briden and Drury (1973) and Johnson (1973)
with Viséan land masses added from Ramsbottom (1973).
Heavy lines show plate sutures, finer lines show outl:.ne
of present day land masses, stipple represents Viséan
land masses. The Eurasian Sea and the Mid-European
Channel are both wide at this time,
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FIGURE 32

Outline map showing a reconstruction of the continents
and palaeogeographical conditions during the Namurian.
From: Smith, Briden and Drury (1973) and Johnson (1973)
with Namurian land masses and ocean current directions
added from Ramsbottom (1971). Solid lines represent
the outline of the present day land masses, stipple
represents Namurian land masses, crosses show the areas
of the Aulina- Lithostrotion fauna, arrows indicate the
dominant direction of the Namurian ocean currents. The
Furasian Sea and the Mid~European Channel are both
becoming narrower.
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the Permian and so its extent would not be too great. BEurope at this

time was divided into two plates separated by & channel, the Mid-Europsan
See. or Rheic Sea (Johnson, 1973; Whittington and Hughes, 1972). This sea,
connecting the Burasian Sea with the seas covering Britain thus provided the
channel to the east of Britain necessary to supply the exotic Asian coral fauna
to Northern England. Ramsbottom (1971) shows this seaway, but at that

time it wes not known that a plate suture existed in this region. He shows
that Viséan goniatites had passed through this channel so that goniatite
faunas in the Viséan were sosmopolitan, btut that the seaway was closed in
Namurian times so that Nemurien goniatite faunas were more differentiated.
Ramsbottom supposed that the sea clomd as a result of being choked with
sediment but it is now clear that the sea was closed by the Mid~European
plate moving northwards. The need for such a seaway in E2 times to allow
the Chinese coral faunas to reach Britain shows that the closure of the

Mid-European Oceen did not ocour until after B2 times,

Aulina fauna in America

Two focoid species of Aulina also occur in North America (Sando,
1963). While these species (A. semimuralis and A. occidentelis) appear
closely related to the Msian species (of. A. senex) they are s far
exdusive to America suggesting that they had the same ancestars as the
Asian forms but have evolved independently. This is quite likely as
migration from Asia to North fmerica involves a considerable distence
either through the Mid-European Ocean and into America from the south, or
through the Eurasian Sea into America from the north. An eastward migra-
tion from China to America is possible, tut unlikely as it is against the
postulated water currents. It is clear that some coral larvae must have
reached North America #firom Asia, but the migration was so restricted that
the North Americen stock evolved independently and produced two new
species. It is impossible to tell whether this particular migration

occurred in the Viséan or was part of the same migration thet reached
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Britein in the Namurian as the deposit in which the Aulina species ocars
is a residual chert and its age is therefore doubtful. (Had the limestore
conditions in NorthernEngland persisted longer then the British species
might also have evolved differently from the Chinese stock instead of
which they were exterminated soon after they arrived by the oncame of

arenaceous conditions at the end of the deposition of the Botany Limestons).

Conclusion
Thus in conclusion there has been a change in the evolution centre of

the Lithostrotiontidae during their phylogeny. In Visan times when the

shelf seas of Burope were widespread this was the main supply area of the
Lithostrotion species., This Buropean fauna, however, did find its way to
America and Asia and considering that the dominant ocean currents were
westerly then this fauna must have migrated westwards from Burope to
America and westwards from America to Asia. At the same time in the Lower
Viséan en MAsian fauna including Aulina was evolving independently, but this
fauna did not eppear in Europe in the Lower Viséan. The reason for this
may have been that migration would again have to be in a westerly direction
and such a mighation from China to Burope in Lower Visdan times would have
involved crossing & Rurasian Sea which in these times was very wide and
probably too wide for the faunas to cross. At the end of Visdan times when
the shelf seas of Europe were replaced by aremaceous conditions it was the
independently evolving feuna of Asia that became the main centre of
evolution in the Namurian. In Upper Viséan times the Asian plate moving
westwards was closing the Burasian Sea and so the Asian fauna was able to
oross it and began to appear in Russia in the Upper Viséan., In the
Nemurian the Burasian Sea was mow closed sufficiently for the Asian fauna
to migrate from China to Burope (Northern England). In other words as
the sea closed the Asian fauna gradually was sble to migrate further west.
Thus Viséen European faunas are cosmopolitan as they travelled west

and therefore did not have to cross the Burassian Sea. Lower Viséan Asian
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feunas are restricted as they ocould not cross the sea as it is too wide

at this time. Upper Viséan and Namurian Asian faunas are cosmopoli tan

again as the sea is now closed sufficiently for a westerly migration from

Asia to Europe to occur.
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CHAPTER 6

ASEXUAL REPRODUCTION IN THE LITHOSTROTIONTIDAE

Introduotion

An acocount of the ontogeny of a protocorallite, the first skeleton
formed by the settling larva after a period of sexual reproduction,
cannot be given in the Lithostrotiontidae since the preservation of a
colony with its protocorallite intact is unknown. The weight of the
colony as it grows may be sufficient to crush the protocorallite during
the lifé of the colony. Ontogenetic studies are therefore confined to
the development of asexual hysterocorallites which nevertheless are
interesting, end variation in this feature may in some cases be of
specific importance.

Iwo main types of increase occur in the rugose corals and these
are both seen in the Lithostrotiontidee. First, calicular increase,
which is always parricidal, involves the splitting of the parent corallite
into two, three or four daughter corallites. This may be either axial,
when the splitting occurs through the axis of the parent, or peripheral,
when the splitting occurs at the periphery of the parent corallite.

The second, and most common, method of increase in the Lithostrotiontidae,
ocouting exclusively in almost all of the columellate fascioculate and
cerioid species, is lateral increase, which is non-parricidal, involving
the formation of one or more daughter corallites in the peripheral parts
of the calice.,

References to increase in Lithostrotion have been made by many
workers, but exact details were not discussed until Dobrolyubova (1958)
desceribed the hystero-ontogeny of some species from the Russian Platform
using thin sections, Following this lead, Jull (1965) used a more
acourafe serial sectioning technique taking acetate peels at closely

spaced intefvals and described the increase of ten species of the gemus
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Lithostrotion.

Methods

In general the conclusions of Jull (1965) have been torne out by
the present studies and thus it is not proposed to describe in detail
every type of increase in the Lithostrotiontidae. However, it is con-
sidered that his methods were suspect and thus that while his general
conclusions on the differenttypes of budding may be sound, his precise
details of the skeletal changes taking place are not completely accurate.

Hysterocorallite ontogeny is studied by chosing specigmens which
show a well developed, and intact, lateral offshoot. This must be
attached by resin to a 'Croft' grinder which grinds the corallite down
in parallel stages of 1/100 mm., Acgetate peels are then taken at various
intervals to show the changes in the adult and deughter corallites. It
is imperative to keep each section and each peel parallel to the position
of the floor of the calice at the stage in the growth being studied.
This ensures that the section represents a static point in time of the
growth history. The peels must thersfore be taken at right angles to
the direction of growth. This direction can be inferred to be parallel
to the internal tabulae and the external growth lines., At later stages
in the growth of the daughter corallite the direction of growth will be
parallel to the growth of the parent, as both daughter and perent
eventually grow parallel. However, in the early stages of a daughter
corallite's life, the daughter offshoots from the well of the parent at
an angle of about 450 to the direction of growth of the parent (fig.33a).
This has two consequences; first, the direction of growth of the
daughter is iditially not parallel to the direction of growth of the
parent, and secondly, in the later stages when the two corallites do
become parallel, the dsughter corallite must change its direction of
growth turning back through an angle of l,.5° to become parallel to its
parent.

Hence when studying the hysterocorallite ontogeny by continually



FIGURE 33

Diagram illustrating the technique of serial sectioning
lateral offshoots.

a. Diagrammatic illustration of the differing directione
of growth of the parent and daughter corallites. Arrows
represent the direction of growth.

b. Position of the serial sections of the parent and
daughter corallites keeping the sections parallel to the
direction of growth of both corallites. In stages 'G'
and 'F' both corallites are sectioned in one plane.

In stages 'E', 'D' and 'C' the sections of the daughter
are turned through 45°,

¢. Serial sections of the parent and daughter corallites
with the daughter corallite always sectioned in the
plane of the parent section. The section across the
daughter corallite in stage 4t will represent a time
interval - i.e. the period of time between stages 'D!
and 'B' in fig.2b. In this section the daughter
corallite is more developed on its far side(E) than
on the side in contact with the parent(D).
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rubbing down the distal end of a daughter corallite, when the very
earliest stages are reached, the sections must gradually bte turned through
z,_5° (fige33b) If this rule is not followed and sections of the daughter
are always taken parallel to the calice of the parent, then in the early
stages of the offshoot a line drawn across the offshoob in the plane of
the section will represent a passage of time - a time interval (fig.33c).
The offshoot will inevitably be more developed on the far side than it is
at the point of contact to the parent. It appears that this is the method
that Jull was using.

Using the latter method (fig.33c) Jull found that a rather irrggular
series of changes took place in the formetion of a daughter corallite,
all stages being characterised by the septa, at the side of the daughter
corallite that was in contact with the parent, being mech shorter and
less developed than those on the free side of the daughter corallite.
This seems to be due to the fact that Jull's section was not parallel to
the direction of growth of the daughter corallite and the free side of the
daughter corallite, at any point in Jull's growth series, represents a
much later stage in the growth history than des the side in contact with
the parent.

Hence to get an accurate picture of the successive stages in the
ontogeny of the offshoots two separate surfaces must be sectioned. It is
impossible to take thin seetions and difficult to take acetate peels, as
two facets must be studied at the same time. The only method is to grind
the two facets down and draw the structure at each stage. This has the
disadvantage that the actual record is destroyed; only a pictoral record,
the drawers interpretation, remains. Using the standerd mounting block
supplied with the 'Croft' Grinder it is impossible to serial section in
this way for two reasons. First, having cemented the corallite to the
mounting block only one surface can be ground; i.e. that surface parallel
to the surface of the block. Secondly, the sirface of the daughter can

never be turned through the necessary l|.5° angle as the grinder elways

grinds absolutely parallel.
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To overcome this difficulty a new graduated tilting mounting block
attachment has been designed end mamufectured for the 'Croft' Grinder.

It consists of the basic mounting attachment on which is a reised plat-
form that can be turmed through 90° a8 marked on a graduated scale (Pl.2).
Mounting the corallite on this platform enables the parent corallite to
be ground down a given distance and then by altering the setting of the
platform the daughter can be ground the ssme distance. Moreover, when
the dsughter begins to turnm its growth direction through 450 this can be
followed accurately in the grifding again by alteration of the angle of
the platform (P1.2).

The hystero-ontogeny of the daughter corsllite should be studied in
reverse order by contimually grinding down the distal end of tis corallite.
The section of the adult should be ground down at parallel intervals,
while the section of the daughter must gradually be turned through 1;.50
and then kept at that angle. The final stage seen by this method is
when the daughter disappears completely and only the circular ocutline of
the parent remains. Thus a re-study of the types of budding in the

various species of the Lithostrotiontidae is needed to obtain a more

accurate picture of the chain of events.

Lateral budding in Lithostrotion martini

Ontogeny in L. martini was studied using separated corallites from
Ash Fell Edge, Cumbria, mounted on the tilting stage. The first change
seen in the adult in the preparation for a daughter corallite is the
modification of some of the adult major septa. Usually three major
septa are involved, although sometimes a fourth may be modified also.
However, modification of a fourth septa is usually suppressed again at a
later stage and is not involved in the daughter. The three major septa
are modified by two new short septa appearing on either side of the
major septa. It appears that this modification can affect any of the

adult septa, but there is definitely a strong preference for modification
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to affect the septa including or adjacent to the cardinal septam. Initially
these new septa only reach to the dissepimentarium (fig.34b) and do not
extend to the epithecae. However, almost as soon as they appear the
dissepiments in this region fail completely and when this happens the new
septe extend completely to the epithecae (fig.34c). The next stage is
the gradual suppression of the original three major septa and of their
minor septa. In fig.34h the minor septa disappear and in fig.344 the
major septe disappear. At stage 34j the six new septa, and also one of
the major and minor septa ddjacent to these six new septa become very
dilated (fig. 343 & k ). Eventually the six new septa take on the role
of three new major and three new minor septe so that the number of adult
septa is maintained. The corallite has an oval outline at this stage,
due to a bulge in the epithecas in the area of septal modification. Thus
the godified septa are longer than normal in this region. The next stage
is ‘the gradusl coalescence of the ends of the di:z?zted septa to fom a new
continuous deughter wall (fig. 34k & 1).

At this point (fig.341) the new corallite is formed and at this
first stage the appearance of the daughter is one of an oval outline
with these four major septa and four minor septa inherited from the
parent reaching the daughter and extending right the way across the
daughter corallite to the far wall in a series of sub-parallel ‘'septal
bars' (fige34m). The story of the comfinued development of the daughter
is one of gradual splitting of these bars in the centre to fom two new
mejor septa (one on each side of the corallite) and the rotation of
these parallel septa into a radial pattern (fig.34n). Thus the daughier
inherits six or seven septal bars which will eventually form twelve to
fourteen major daughter septa from the major amd minor septa of its
parent. At this stage there are no minor septa or dissepiments in the
daughter and slso in the adult dissepiments are missing from the region
in contact with the daughter.

0f the three parent major septa that are included in the daughter

the centre septa takes on the role of the axial septa. This will



FIGURE 24

a~x., Successive serial sections of a corallite of
Lithostrotion martini from the Ash Fell Sandstone, Ash
Fell, Cumbria, showing the development of a lateral
offshoot.

Ce= Cardinal septum in the adult corallite, c.= cardinal
septum in the daughter corallite. Intervals between
figures are in mm's.
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eventually split in the middle to form the cardimal amd counter-cardinal
septa. From Jull's interpretation of the process he recognises the
introduction of the new septa and to some extent his diagrams show the
suppression of the original major and minor septa, tut from this point
onwards his interpf-etation becomes exceedingly complex end lacks any
uniform procedure. This appears to be due to the faot that his serisl
sectioning technique was tangential to the daughter corallite as has been
explained.

At the initial stage there are thus fourteen or so potential major
septa and no minor septa. Insertion of metasepte takes place quite
quickly and appears to be by two methods. Fig.34n shows a new septum
inserted and it appears one one side of the daughter corallite only,
i.es it is not a new septal bar. This will lead to there being more
septa in the cardinal quadrant.as opposed to the counter quadrant, i.e. a
form of increased septal insertion. This type of metasepta insertion is
seen also in a second specimen studied (fig.35 , septum x) and also in
this specimen insertion takes place by a second method. Here a second
metasepta is inserted which eppears at ons end of the oval shaped
corallite and extends right the way across the corallite as a new
'metaseptal bar' (fig. 35, septum y). It is not known if this metasepta
appears by simple insertion or if it appears by a hypothetical process
termed 'inclusion', whereby the wall of the daughter growing upwards
includes in it a fuwrther major septa of the adult. The fact that it is
a septal bar and not a separate septum, and the fact that the correspond-
ing septum in the adult of this specimen was dilated suggests that
inclusion could ocour. After a short distance a fwther modification to
the septal plan of this specimen occurs. Here one of the original septal
bars (one of those inherited from the parent) retreats across the
daughter corallite so that it eventually only eppears on the far sids of
the dsughiter, i.e. the same side as the newly inserted septum x (fig. 35,

septum z). This also has the effect of producing accelerated insertion



FIGURE 35

Different methods of metaseptal insertion in a lateral
offshoot of a second corallite of L.martini from Ash
Fell, Cumbria. In stage 'b' a metaseptum (x) is inserted
on the cardinal side only, and a metaseptal bar (y) is
included, extending right across the corallite. In
stage 'c' one of the original septal bars (z) retreats

to the cardinal side. The insertion of 'x' and the
retreat of *'z' maintain bilateral symmetry, but lead

to increased insertion on the cardinal side.
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in cardinal quadrants and may in fact be in response to the insertion of
the metasepta on this side to maintain bilateral symmetry,

In fig340 splitting of the septal bars in the centre is underway
and at the same time the septa begin to rotate to fom & radial pattern.
Also at this stage although the daughter is still united to the parent by
the\cammon wall the daughter is able 1 rotate independently of the adult
so that the septal bars of the daughter may no longer be contimous with
the septe of the adult, In fig.S4p minor septa begin to gppear in the
deughter. They are inserted first on the side of the damghter that is
adjoining the parent, but in fig.34q they appear all round the daughter.
As the daughter develops splitting continues, but new metasepta can still
be inserted in the daughter once it has begun, In fig.34r a marked
'notch' is formed in the centre of the axial septa and this is the
rudimentary beginnings of the columella. At this time there are about
20 major septa developed and this mumber persists for a considerable time,
even into the adult stages. In fig.34s dissepiments appear in the adult
in the region of contact and almost as soon as these adult dissepiments
appear the first signs of dissepiments in the daughter also appear, first
on the side joined to the adult (fig.34u) and finally all the way round
(fig.34v). At this stage the daughter takes on a more round outline and
the radial plan of the septa becomes more evident. By fig.34w the
daughter begins to separate itself from the adult by beginning to form a
branch, but the adult extends her epithecal wall towards the daughter to
aid support to the branch. As the daughter moves further away from the
parent so the parental wall is extended further eway froam the parent o
embrace the young. In this region of extended adult wall dissepiments are
numerous and gay be up to four rows. Eventually when the daughter is
about 4.5 mme in diameter the break is made and the daughter contimues in
her independent way. At this stage the adult is 6 mm. in diameter and has

2l major septa.
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Variation in budding in Lithostrotiontid _Species

Jull's studies of increase in Lithostrotion led him to the conclusion
that four main types of lateral increase ocourred; first, inorease in
L. Jjunceum is characterised by the daughter corallite forming almost
entirely external to the parent calice and having an aseptate early stage,
secondly in species having a narrow dissepimentarium (L. pauciradiale,
L. irregulare) the new corallite arises almost at the periphery of the
calice and typically des not inherit septa from the parent, thirdly in

species having a wide dissepimentarium (L. veriabile, L. martini, L.

gociale) the daughder corallite inherits its initial septa from the ends
of the parent septa, and finally in cerioid coralla (L. maceoyanum,

L. decipiens, L. vorticale, L. aranea) increase im similar to those
fageiculate species with a wide dissepimentarium except that the daughter
does not grow laterally free of the parent.

Calicular increase is rare in the columellate fasciculate and cerioid
species of Lithostrotion; axial increase having only been recorded by
Dobrdyubova (1958) in three species from the Russian Platform, and
peripheral increase has only been recorded in Lithostrotion sp. by Jull
(1965) and in L. affine (= L. proliferum) by Hill (1940).

In the diphyphylloid end nemistioid species of Iithostrotion

calicular increase exclusively occurs. In these species increase is axial
in L. gracile, L. fascioulatum and L. furcatum and peripheral in
L. lateseptatum and L. edmondsi. In the genus Orionastraea increase is
most often lateral when the daughter appears in the periphe ral parts of
the skeletal tissue of the corallum., However, T have observed axial
increase in a specimen of Q. phillipsi (I.G.S. Leeds Collection, No.2710)
and so both types of increase may occur in this genus,

Lateral increase in the dissepimentarium appears to be the most
primitive method of increase as it occurs only in the early members of the
lineage and gives rise to calicular increase in later species. It would

appear that peripheral increase is more piimitivé than axial increase. The

reason for this is that peripheral increase is more similar to lateral increase
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as it also takes place in the digsepimentarium. Thus there is a progression
from lateral increase in the dissepimentarium, to calicular increase in the
dissepimentarium (peripheral), to calicular increase at the axis. This
progression is seen in the evolution of L. irregulere (laterral) to
L. edmondsi (peripheral) to L. fasciculatum (axial). Also, as the various
diphyphylloid species appear successively from the columellate species of
Lithostrotion, it is interesting to note the progressive evolutionary
advancement of these successive end members. For example when
L. lateseptatum evolves from L. martini it develops the more primitive
peripheral increase. When L. fasciculatum evolves from L. irregulare it
develops axial increase, but through the intermediate stage of L. edmondsi
which has peripheral increase. Finally, when L. furcetum end L. gracile
evolve from L. variabile and L. pauciradiale respectively they desvelop
immediately the more advanced axial increase.

Time has not been available during the present study to describe in
detail these different methods of increase in all the different species,

but ik is hoped that this may be completed in the future.
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METHOD OF STUDY

The characters of the coral skeleton can be divided into two types;
those that are measurable (diameter, width of dissepimentarium, width of
tabularium, number of septa) and those that are not measirable (type of
axial structure, growth habit of colony, type of septa, method of bfudding
eto.). In most cases it is the non-measurable type of character that has
been useful in distinguishing the species and thus, while the data
collected from the recording of the measurable characters has been
plotted as a means of describing the total variation of the species,
these results have not been subjected to any intense statistical tests
as generally it has been possible to distinguish the species on other
characters without needing statistical procedures.

Now, in measuring the characters of a colonial organism it is easy
to distinguish between genetic variation and phemotypic variation as all
the corallites in one colony are genetically identical and so variation
within colonies is phenotypic whereas variation between colonles &z can be
genetic. Thus it is more useful to measure a fow individuals in a lot of
colonies rather than to measure a lot of individuals in a few colonies.

With the measureble sharacters it has heen observed that of greatest
use in distinguishing between species is the mumber of septa. Now,
differences in the number of septa within one colony reflects only
ontogenetic and phenotypic variation. Bach colony will have a maximum
number of septa that it can potentially support which is controlled
genetically, While ontogeny and phenotypic effects may reduce this
number in some corallites, presumably this number aan never be exceeded
and so it is the maximum number of septa in a colony that is the genetic
character that is useful as a specific character. Measurement of means
of septa in & colony only shows the amount of immature or phenotypically
affected individuals and so these are not plotted on a frequency dis-
tribution. Thus for each colony the maximum mmber of septa counted is

the important character and for each species a range of the maximum
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number of septa counted in the member colonies of that species is quoted
as the important specific character (R). This figure is additionally
useful as it is a discontinuous type of character and so arbitrary
divisions can be drawn between morphospecies and chronospecies waing
this character.

With the other measurable characters (tabularium, dissepimentarium
and diameter) the meximum genetic potential of maturity in a given
colony can not be evaluated in this way as these characters are con-
tinuously variable and so for these a mean value is taken for each
colony, and then for the species as& whole, but counting only mature
individuals. Maturity is evaluated on the besis of the corallite
possessing either the maximum number of septa or almost the maximum
number of septa.

It has been observed that in the species with a simple dissepiment-
erium (either no dissepiments or just one row of dissepiments) that this
character is quite constant, but that in species with a momplex dis~
sepimentarium (over one row) that the actual mmber of dissepiments is
immensely variable within each species and even within one colony. This
means that diemeter is also a very variable character as it is directly
dependent on the dissepimentarium. In fact diameter is so variable that
when trying to distinguish species on a size basis the diameters of
larger and smaller species overlap, so that a small species with a large
di ssepimentarium is larger than a large species with a small dis-
sepimentarium. In fact on the basis of diameter a continuous series is
formed between the species of some (ceriokd) lineages. However it has
beem pbserved that the tabularium of any one species 3B quite a constant
character even when the diameter varies considerably. The tabularium
is & farimore useful character to distinguish species on the basis of
size as there is less overlap than with diameter.

Thus for each species a mean diamster (MD) and mean tebularium (MT)

$% quoted, with the standard deviations of the mean, and the maximum and
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minimum adult propertions (max D, max T, etc.) plus the range of maxipjum
septa (B). Such figures are only given when sufficient material has been
collected to render such statistical results significant, It should also
be stressed at this point that diameter curves are not given for the
cerioid species as this featurs is continuously variable between these
species and so is of little use in distinguishing them,

However there is a problem in measuring these characters in the
four diphyphylloid species due to the fact that this group possesses a
parricidal caliculer method of increase., The result of this method of
inorease is that in all the species the different corallites of any one
colony will show a great variation in diameter (and hence in all other
characters) due to the fact that any corallite, once mature, does not
stay in that mature state, but instead no sooner is it mature than it
divides agein into 2, 3 or 4 new immature corallites. Thus any one
transverse section of such a colony will show only a few individuals
in & mature state, the majority being in various stages of immaturity.
The actual amount of variation in size itself varies at different
peuitions in any one colony and also from species to species., The varia-
tion within one colony depends on what point of ontogeny of the colony
the section is taken. At an early stage in the growth of the colony
increase will be numerous, asexual reproduction occurring quickly so
that the colony quickly expends. There comes a point however in the
life of the colony when its optium size is reached, then increase slaws
down, and a section thken at the top of a colony widl show little varia-
tion in diameter as most of the corallites are static in their mature
state. The amount of variation in diameter also varies from species to
species as the corallites of different species reach maturity at
different rates.

The number of septa is similarly variable. Moreover it is difficult
to give a precise figure for the maximum number of septa in a colony,
as can be done with the laterally budding species, for the following

reasons, Immediately before axially dividing a corallite shows a
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sudden increase in diemeter to accommodate the new individuals. This
means there is a corresponding increase in the number of septa, but this
increase is not constant in any one species as it depends on whether the
corallite is splitting into 2, 3 or 4 buds. A colony that only exhibits bi-
partite incfease has a lower meximum number of septa than does a colony
that shows tripartite or quadripartite increase. Thus there is a
greater variation in the maximum number of sppta in any one exially
increasing species. This means there are problems in distinguishing these
diphyphylloid species. With the columellate laterally increasing species
it is easy to distinguish the species on the maximum number of septa as
the ranges of these figures do not overlap for the different species, It
is difficult to do this with the diphyphylloid species as the ranges
of maximum number of septa are now greater for each species and this
has the effect that the ranges of maximum septa now overlap in the
axially increasing species. (For example see discussion of L. lategpz_atmn).
Thus one has to use a different character, the mean number of septa, to
separate the species.

The number of septa immediately prior to the sudden increase in
diameter is the same as the ancestral number of septa of the lineage
(e the mumber of septa in the laterally budding ancestor of the
axially budding species in question). We can thus assume this to be the
‘mature' number of septa, while the higher number of septa seen after
the sudden increase is thus a 'supermature' number of septa., The mean
number of septa will include both of these figures and ensbles dis-
tinction (see p.191).

Because of these problems it is also difficult to measure only
adult corallites, when measuring the tabularium end the diamker, as the
majority of corallit-es are in various stages of immaturity or super~
maturity., Thus for the diphyphylloid species the figure given (mean
tabularium and dismeter) represent an average of all corallites in a

colony (including immature and supermature). Due to the considerable
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increase in size in the supermature state these figures tend to be
rather higher than in the corresponding laterally budding species and
80 this should be taken into account when comparing the figures for the

laterally budding species and their axially budding successors.
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SYSTIMATICS OF THE LITHOSTROTIONTIDAE
M

Family LITHOSTROTIONTIDAE D'Orbigny

1828 [Tubiporadae Fleming, partim, p.529.

1828 Lemelliferae Fleming, partim P«508.

1850 Tubiporidae Woodward, E‘ﬁrpa M, DPe5e

1830 Lamelliferae Woodward, partim, p.5.

1851b Cyathophyllidae McCoy, partim, P«85.

1851b Nematophyllinae McCoy, partim, p.97.

1851b Astraeidas MoCoy, partim, P.109.

1851 @yathophyllinae Milne-Edwards and Haime, artim, p.167.
1851 Axophyllinae Milne-Bdwards and Haime, partim, p.175.
1852 Lithostrotionidae D'Orbigny, partim, p.18k4.

1852 Iithodendroninae Milne-Edwards and Haime, partim, p.IXXI,
1861 Stylaxiniens De Fromentel, partim, p.313,.

1861 Eridophylliens De Fromentel, pertim, p.30l.

1873 Axophylloidae Dybowski, Pe331.

1873 Diphyphyllinae Dybowski, p.456.

1926 Lithostrotiontidae Smith, Pe29%..

1921 Stylaxinidae Gerth, p.

1929 Lithostrotiontidse Hudson, p.i)l,

1930 Lithostrotiontidae Hudson, Pe96.

1931 :i.thostrotiontida_g Chi, p.25,

1933 Lithostrotiontidae Yu, p.89.

1933 Diphyphyllidse Yu, p.82.

1940 Lithostrot: ontidae Hill, partim, p.16k.

1955 LILithostrotiontidae Minato, partim, p.7l.

1958 Lithostrotiontidae Dobrolyubova, partim, p.257.

1961 Lithostrotiontidae Fontaine, partim, p.106.

1963 Idthostrotiontidae Sando, partim, p.1075.
1964 Lithostrotiontidae Vassiljuk, partim, p.88.

1970 Lithostrotiontidae Kato and Mitchell, P ek7e

B

Type Gemus: Lithostrotion Fleming, 1828,

Diagnosis: Compound rugose corals, either fagciculate, cerioid or
plocoid, with or without a columella or with a weak axial structure,

with major and minor septa usually continuous in the dissepimentarium,

Distribution: Viséan (C2) to Namurian (E2) of Europe, Asia and North
Amerioca.

Discussion: The family Lithostrotiontidae was Pirst proposed by Alcide
D'Orbigny (1852, p.18.) in his "Cours Elementaire de Paleontologie et de



- 100 -
Geologie Stratigraphiques, Vol.2, fasc.1"., (Although most copies of
this work bear the date '1851' the book was not published until 1852).

, In the family he included the genus Lithostrotion Fleming, 1828,
and many other unrelated genera. However, at this time he included
only the cerioid species of Lithostrotion; the fascioculate species he
placed in the gerus Diphyphyllum Lonsdale, which he referred to the
family Cyathophyllidae (loc. cit., p.183) although Lonsdale had strictly

intended Diphyphyllum to include only the non-columellate fasciculate

species.

In the same year Edwards and Haime pdaced both the cerioid and
fasciculate species in the genus Lithostrotion including both the
colugellate fasciculate species and also the non-columellate species,

considering Diphyphyllum S.S. to be synonymous with Lithostrotion. Thus

the genus Diphyphyllum was first admitted to the family in synonymy
with Lithostrotion, but later authors have continued to use Diphyphyllum
for the non-columellate fasciculate species.

Smith published the following genera and included them also in the

Lithostrotiontidae; Orionastraea (1916), Nemistium (1928) and Aulina

(published in 1916, inoluded in the family in 1925).

In this thesis the gemnus Aulina has been rejected from the family
as it is thought to have entirely different ancestore to the
Lithostrotiontidae. Secondly, Nemistium and Diphyphyllum have been
merged back into the parent genus Lithostrotion for the following reasons.
The genus Diphyphyllum was found to be polyphylletic to such an extent
that practically every species in the gemus represents a separate
lineage. Nemistium edmondsi, the only species in this gems, was found
to be an evoliionary link between two species of Lithostrotion and so
Nemistium is not a true biological genus.

. Thirdly, the new gemus Hudsonia has been proposed, similar to
Orionastraea, but evolving from a different ancestral species of

Lithostrotion.
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Thus the family now contains three genera; Iithostrotion,

Orionastraee and Hudsonia. It will be seen that the genus Lithostrotion
now includes a wide variety of species which can be divided into four
morphological groups, corresponding to the old genera, as follows; the
cerioid group, the fascloulate group, the diphyphylloid group and the
nemistioid group. It should be stressed here that these groups have no
systematic value whatsoevery but are merely groups of species that have
evolved a similar structure along different lineages. The division of
these groups thus cut across the phylogenetic lineages within the

genus.,

The taxonomic history of the Lithostrotiontidae is summarised in

the following pages under these groupings.
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TAXONOMIC HISTORY OT THE LITHOSTROTIONTIDAE

Genus Lithoslrotion

1

Cerioid Group

The first deseription of Lithostrotion was in 1699 in the pre--

Yinncan days prior to the system of hinomial nomenclaturc. In that year
Wdward Lhwyd (Lhuyd, Imidd, Twid, Imidius, Tudwig) described in his
'T4 thophylacii Britannici Tchnographia' a cerioid coral which he namod

Idthostrotion sive Bagaltes minimus gtriatus et stollatus after the

basaltic columns of the Giant's Causeway in Ireland (1699, p.122, plexxlii),
This description is repeated in the '2aitio albtera' of Thwyd's original
text (1760, p.125, plexxiii). His specimen is now lost ond frow his

Pigure it is impossible to be sure which species he was reforring to,

but fortunately in the years immediately succeeding Lhwyd several other
authors made reference to his description and in their works the specles

is better defined. Volkmann (1720, p.120) for exaleple called this

species Corpllium arachnion, astroites arechnoides, s. belis quasi.

argneis obtoxtus, pentagonus, astroites vorlicalis after the appearence

of the calicular surlace to the web of a spider and after the Tigures
used to illustrate the vortices of Descartes. Then Da Costa, (1757,
pe246) gives a long description of this species under +he name of

Mororoides columnaris stellatus, lithostrotion dictus and gives a

diameter of 4+~ % iunch for this species. Most important perhaps of these
subsequont suthors was Farkinsoun who in his 'Orsaacic Remaias of a Tormor
Vorld', vol.II, Zoophytes, gave the first binowial name +o Thwyd's coral

as Madrepora vorticalis (1808, p.u5, pl.v, Cigs 3 & 6). Ihwyd's coral

come [rom Vales, bubt from his text it is impossible to say where in Vales,
however, Parlrinson, guoting “oodward, states that i1 is, "found on tho
rocky cliffs about two miles from Tenby, bowsrds Milford in Pembrokeshiro",
The next relerence to Ihwyd's coral was by Conybeare end Phillips (1822,
p+359) vwho romoved it from tho brocd genus Madrepora ond called it

Astraca basalbiromme.



An important step occurred in 1828 when Tlewing in his 'Histbory of

British Animals' proposed the genus Lithostrolion with four genosyutypes,

one of which vas Lhwyd's coral, but called by M.ening Tithosbrotion

striatum (1828, p.508). Fleming's original spceilen was uniil recently
preserved in the Royal Scottish Museum at Edinburgh, but it has since
been lost. TFortunately however this specimen was figured by Thomson
(1387, 1.387, pl.xii, fig.l) and his description and figure are good
enough Cor us to recognise that this is a cerioid species with 20-2J,
major septa.

One of Teming's other genosyntypes in his gemis Lithostrolion was

L. floriformis, o coral we now koow as [onsdaleia [loriformis. Lonsdale

(1815, p.602) recognised that this species differed rrom T.. siriatum
sufficiently to warrant the crection of a scparate gemus, but uvafortunabely
slected L. Sorilormis as the genotype of Jithostrotion and proposed the new
neme of Stylastraca to refer bo Lhwyd's coral calling it Stylastraes
vorticalis. TFortunately most later authors did aot follow Lonsdale's
sclection and continved bto iunlerpret Lithostrotion on Thwyd's coral (sce

P117).

Howevor, lieCoy (1849, p.9) 4id follow lonsdale's sclection and

described Stylastraes irreguloris (= Astroea irregularis MeCoy 184/, p.187,
aon Defrance), a smaller cerioid coral than Ihwyd's with only 18 scptla.
Now, Tounsdale in his original delinition of Stylastraea defined it on
a misapprehonsion that Lhwyd's coval had no columella. HeCoy, in describ~
ing Stylastraco irresularis had thought that the gewvs had a columella,
but on discovering Tonsdale's definition he proposed a further nev genus,
Stylaxis, McCoy (18,9, p.119) for thosc cerioid species with a columella
that would include Ihwyd's coral. In this genus he described 8¢ flemingi
(loc. gities p.121) which he stated was & striatun of TMening (L.e. Ihwyd's
coral), 8. major (loc. cibe, p.120), a larger species bhau Thwyd's coral

with 28~30 septa, and he also ro-named Stylastrace irremuleris as Stylexis

irvegulards (1851, p.101).
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McCoy continued bto use Slylastraea as dstinet rFrom Stylaxis for

those cerioid species that had no columolla. He placed Astroea basalti forme

Conybeare and Phillips in Stylastraea and described Stylasiraes basalbilfommis

(MoCoy, 1851, p.107), not roalising thet Asiracs basaltiforme vas also
based on Lhwyd's coral and must therefore have a columella. In fact he
deposited a 'holotype' of this species in the Sedgwick Museum, Cambridge,
which had 0o columella, but this cennot be accepied as a holotype as
leCoy was not the author of the species and his 'holotype' d4id not agrec
with Conybeare ecad Mhillips' description.

lfeCoy also recognised that while some of the cerioid corals weve
composed o corallites that were easily scporable from the main mass into
individual colwans, other colonies showed no such tondencics, being coum-
posed of united tubes. Regarding this factor to be of generic impor tance
he erected the new genus Nemaphyl lum (181,95 p.15) for the colonies with

inseparable covollites. (He Jater amended this to Nemotophyllum (1851,

9:97)e) Thus he descrihed N. minus with 20-2l. septo (1849, ».17),

N. aranca (= Asbtragsa aranca lMcCoy 181/, pe137) with 28-30 sopta,

N. septosun with 23-30 septa, but sn open immer zone (18,9, p.19),
N. grachnoidoum also with 28-30 septa (loc. cib., p.16) aad N. decipiens
loc. cite, pe18) and No glissioides (loc. cibe, p.18) both with 18 septa,
but of dillerent diameters.

Zdverds ond Laime placed all these species in the senus Ti thos trotion
in 1851 Includilag 8. jiveguluris and in doing so were faced with the
problem o having tro species, one fasciculute (8iphonodendron irrepularc)

and one cerioid (gtylaris irresularis) in the same genus and bearing the

same trivial nawe. Thus they re-named the leter Stylexis irregularis as
Idthostrotion dorbiense (1851, puihd).

ihey also included in the gemus L. portlocki (= Astraea portlocki
Srovpn 1343, 1,128, = Ae irregularis Portlock 1843, 0.333, non Defrance,
non McCoy) and published one new corioid species, L. maccoyanum (1851,

peolJil)s smgller than all the other cerioid gpecics wi bth only 1 sepla.
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Ldvards and Haime also added two Jucther spocies Lo the emus

[

Stylazig, viz, S. portlocki (1851, p.i53) ond 8. m'coyana (loc. ait.,

peli33) s They used ibis genus as they wrongly considered Stylaxis to pos-
sess a complex axial sbtructure. On realising their mistake and

discovering that Stylexis was synonygous with Lithostrotion they referred

these two new species to thelr new gemus Petalaxis (1852, p.20n).

Thomson described a ceriold species [rom Scotland with 20-24 septa
as L. clavetica (1833, p.;01) which he re-figured in 1887 (p.385, pl.xi,
£ig.6) as L. clavatioum.

Vaughan described L. bagaltiforme var. bristoliense elso with 20-2l

septa (1903, p.106) which has since been quoted by several later authors
as a separabe species.

Schindewolf (1927) proposed the genus Cystistrotion franthe Uppor
Viséan cerioid species asserting that they differed from the Lower Viséan
Lithostrotion in having incomplete babulae,

Finally Swith and Tang (1930, p.84) realising that Lonsdale had
erred in defining Stylastraea to have no columella (as it was based on
Lhwyd's coral which is columellate) proposed Diphystrotion for such non-
columellate cerioid corals. They redescribed McCoy's 'holotype'! of
Stylastraca hasaltifornis as D. kendalense giving the new species name as
licCoy had erved in thinking A. basaltiformis Conybeare and Phillips to

be non-columellate.

Fasciculate Croup

he first reference to a specimen of fasciculate Lithostrotioa appoars

to have been by Robert Plot in his 'Natural Mlistory of Stalfordshire!
vhere he figured a corallite vnder the name of 'Screw Stone! (1686, D195,
plexii, {ige j). Hovever, it was over a century later belore a true
biological name was applied to a species in this group, when Ure in his

'History of Rutherglen' described Juncei lapidei, a much smaller species

than Plot's 'Scroew Stone! (1793; p.327, pl.xix, fig.12). This was soon
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followed by Martin who described two larger species - by the names of
Erismolithus (Madreporae cespitosae) (1793; 1809, pl.xvii, amended in

the (Addends et Corrigenda' to 'Erismatolithus') end the still larger

Erismatolithus Madreporites (affinis) (1793; 1809, pl.xxxi, fig.3).

Fleming (1828) realising the affinities of these four species placed
them all in the genus Caryophyllias, calling Ure's species C. juncea (loc.

cite, pe508), Martin's E. Madreporites (affinis) by the name of Ce

affinis (loc. cit., p.509) and Martin's E. (Madreporse cespitosas) by
the neme of C. fasciculata (loc. cits.s p.509). Themme C. fasciculata
was interpreted very widely at this time; Fleming's type specimen in
fact is a diphyphylloid species, but as this original description was
prior to Lonsdale's publication of the gemms Diphyphyllum no significance
was att;.ched to the presence or sbsence of a columella, Thus this name

was used for any fasciculate Lithostrotion with or without a..columells

thet was intermediate in size between C. juncea amd C. affinis, and thus
it also initially included Plot's 'Screw Stome', For example
De Blainville in 1830 desoribed a specimen which is similar to Plot's
'Screw 8tone' by this neme.

The next important step was in thefears of 183,-6 when the species

were placed in the genus Lithodendron (published by Schweigger in 1819)

and thus removed from the broad genus Caryophyllia. Thus Kerferstein

described Lithodendron junceum (1834, p.785) and Lithodendron affinis

(1834, p.785) end Phillips described Lithodendron fasciculatum (1836,

Pe202, pl.ii, figs 16 and 17) tut,meaning it to refer only to Martin's

E. (Madreporae cespitosee). In this same publication Phillips, realls-

ing that Plot's 'Screw Stone' should be distinguished on its smaller

size from E. (M. cespitosae) called this species Lithodendron irregulare
(1836, p.202, pl.ii, figs 14 and 15). He also described the new species

L. sexdedimale (p.203, pl.ii, figs 11, 12 and 13), L. sociale (p.203, pl.ii,

fig.19) and L. longiconicum (p.203, pl.ii, fig.18).
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Portlock added further to the genus when he described Lithodendron .

coarclabum (1843, 9e336, pluxxii, fig.5). In the following year licCoy

described Lithodendron pauciradiale (184, p.189) which is similar bo

Phillips L. irregulare, but smaller and with fewer septa.

In 1849 McCoy founded the genus Siphonodendron to refer exclusively
to the species dealt with here and described in the years immediately
following, 8. pauciradiale (1849, p.135), §. fasciculabum (1851, p.108)
and S. sexdecimale (loc. cit.s p.109). He later chsnged the specific
name of 8. pouciradiale to S. aggregatum (loc. cite, p.108) as he had
been misled in considering the species to have a paucity of septa, but
gocording to the Rules of Nomenclature, the first neme of S. pauciradiale,
however inappropriate, uust take precedence., However this generic

division has not been followed as at about the same +time Edwards and

Haiwe finally placed all these species in Floning's genus Lithostrotion

which bad hitherto only been applied to the cerioid species. Thus they

described Lithostrotion junceum (1851, p.4.35; 1852, p.197), Lithostrobion

affine (1851, p.437; 1852, p.200), Lithostrotion irregulare (1851, p.l36; 1852,

p.199); Lithostrotion pauciradiale (1851, p.h39) and L. martini (1851,
Pe436; 1852, p.197), a new name Cor Martin's E. (M. cespitosae) distinguish-
ing it from C. fasciculate as by this time Lonsdale's genus Diphyphyllum
had beea published, and the non-columellate and columellate forms were
thus separated.

Edwards and Haime also described L. phillipsi (1851, pe439; 1852,
p«201); L. harmodites (1851, p.440) and L. stokesi (1851, p.440) which
Hill (1940, p.168) considered may be Aulina. However Easton (1957) showed
that Bdwards and Heime hed erred in considering L. harmodites to be a
Carboniferous coral and that it was in fact a Silurian coral probably

Synaptophylluwe multicaule (Billings). The same situation seems %o apply

to L. stokesi.

More recently Hill has described the Scottish L. scoticum (1940, p.173).
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¥inally Schindewolf proposed the gems Cystidendron (1927, p.149)
for Upper Viséan Tasciculate Lithostrotion species asserting that they
differed from the Lower Visdan species by having incomplete tebulae.

8imilerly Chi proposed Stylostrotion (1935, p.20) which diflfers From

Lithostrotion by the greater tendency to diphymorphism of the Fformer,

Diphyphylloid Group
The first record of a species in this group may have been by Martin
in his, 'Wigures and Descriptions of Petrifactions collected in

Derbyshire'. Here he described Erismatolithus (Madreporq._e_ cespitosae)

(1793, pl.xvii) which has since been re-collected by Hill (1940, P.185)
from Martin's locality. She considers it to be a diphyphylloid species,
but Martin's figure shows it to have a columella and thus it is not
diphyphylloid, but probably, as Bdwards and Haime stated (1852, p.197) a
specimen of L. martini. Hill also noted the columella in the figure and
thus did concede that E. (M. cesgitosae) was only in partim a diphyphylloid
species, i.e. thal which she collected from the type locality. However,
merely collecting from Martin's locality is not sufficient evidence on
which to base the species especially as the collection was not made in
situ, and so . (M. cespitosae) should be considered as L. martini.

Martin figures this species again in his later publication,
'Petrilicata Derbiensia' (1809, pl.xvii) where he also described and
figured Brismatolithus Medreporites (affinis) (Loc. cite, plexxxi). Hill
(1940, p.185) considered this to be identical to £. (M. cespitosae) and
thus that was also a diphyphylloid species, but Martin's figure again
shows it to have a columella and thus it is probably L. affine (Fleming).

In 1828 Fleming described Caryophyllea fasciculata (loc. cit., p.509)
and this is definitely non-columellate and can therefore be regarded as
the first description of a species of this group.

In 1845 Lonsdale published the gemus Diphyphyllum (loc. cite, p.622) to

include such non-columellate species of the Lithostrotiontidae, but
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included in it only one species, D. concinnum (loc. cit,, p.624) a larger

species than Fleming's Caryophyllea fasciculata. Lonsdale dd not ab
this stage include Fleming's species in his new genus, and thus D.
concinnum must be considered the genotype. Unfortunately few suthors
following Lonsdale recognised his genus, mwost of them agreeing with
tdwards and Haime who considered the abscuce of a columella to be an
accident of preservation. What they did not consider was that this wms
not the only character upon which Lonsdale based the genus., He also
recognised that these non-columellate species reproduced asexually by
pairicidal gemmation whereas budding in Lithostrotion was non-parricidal.
One of the few authors who did recognise Lonsdale's genus was NeCoy
who described two new species in the genus. McCoy described
D. lateseptatum (1849, p.8) which he distinguished from D. concinnum on the
greater proportional width of the transverse medial plates. He also
described a species smaller even than G. fasciculatum by the name of
D. gracile (1851, p.168),
In 1887 Thompson olfered evidence in favour of the recognitioan of
the genus and published Purther new species and varielies al though his
conception of specific characters was rather narrow. He described
D. blackwoodi (1887, p.36), D. blackwoodi van approximatum (loc. cib., p.36)s»

D. eylindricum (loc. cite, p.36), D. lateseptatum var. giganteun (Loc. cit.,

pe37)s D. lateseptatum var interruptum (loc. cit,, De37) and finally

D. concinnum var. furcatum (loc., cit., P.36), intermediate in size betwsen

D. concinmum and G. fasciculatum. This variety was considered by Hill

to be a distinet species from D, concinnum (= D. lateseptatum) and was

described by her as Do furcatum (1940, p.185), raising Thompson's variety
to specific level. It is this species that she considered to be
synonymous with Martin's E, (M. cespitosee). PFortunately she used
Thompson's name in preforence to Martin's as there were no type specimens
for Martin's coral. It was fortuitous that she did this as the

International Commission of Zoological Nomenclature of'ficially rejected
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Martin's works [rom nomenclatorial purpose (Opinion 231, 1948) as Martin

did not employ binomial nomenclature and thus his species becauwe unavailable.,

The next contribution to the genus was by Smith and Laeng., They
finally placed Fleming's C. fasciculatum in the genus Diphyphyllum (1930,
p.183). They also suggested that as the type of D. concinnum was lost,
the genus should now be based on D. lateseptatum which is probably con-
specific with D. concinnum. Smith and Lang also introduced a new concept
to Linnaen nomenclature in the ssme paper, the genomorph concept, to use
in connection with the genus Diphyphylluwa. Tais has however not beea
generally followed and is re-evalued by Wilson (1963).

Finally IIl]. elso described two new 8peéies of Diphyphyllum, first

De smithi (1940, p.181) and secondly D. ingens (1940, p.186).

Nemistioid Group

The genus Nemistivm was published by Smith in 1928 %o include those
corals similer to Diphyphyllum in most internal structures, "but differing
Trom these in having a loosely Cormed and irreguler axial structure which
in some instances persists through the corallites and in other instances
arises (rom successive tabulae and does not reach the tabulae above",
Smith described only one species, N. edmondsi (1928, p.116) and the genus

has remained monospecific to the present day.

Genus Orionastrace

The earliest record of a species in the present day gemus Orionastrace
vas by Williem Martin in 1809 ('Petrificate Derbiensia', plexviii, [ligs. 2
and 3). Martin described the specimen under the name Lrismatolithus
tubiporites (radiatvs) and said that the coral consisted of "straight
tubes connected by transverse dissepiments or partitions". Joha fleming

ia his 'Iistory of British Animals' (1828, p.529) recorded Martins

specles as 'Tubipora radiata'. Smith (1316) points out that, "this

citation anpears to have been oworlooked hitherto, and those palaeontologists
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who refuse to acknowledge llartin's claims to the authorship of the species
which he nemed, on the grounds that his terminology did not conform to the
laws of Linnaen nomenclature, credit the trivial name 'radiata' to Samuel
Woodward" (1830, p.5).
John Phillips in his, 'FPigures and Descriptions of the Palaeozoic

Fosgils of Coruwall ete.' gave a description of the Devonian coral,

originally described by Lonsdale as Astraes hennahi, which he illustrated

with drowings (1841, p.12, pl.vi, Figs 16«a, 168D, 168c, and pl.viis
fig.15D). Plate vi, Fig.16, is indeed that Devonian coral, however
plevii, [ig.10D was of & coral which Phillips found in bthe Carboniferous
limestone of Wlintshire and which although Phillips believed it to be
allied to A. hennahi, actually belonged to the same genus as Martin's

I. redigta. Unfortunately this Cigure has been the cause of much sub-
sequent confusion because Alcide D'Orbigny in his 'Note sur des Polypicrs
Fossiles' (1849, p.12) introduced the generic neme Phillipsastraga for
this Devonian group and in his later publication, 'Prodrome de Paleontologie!
he based this rew genus on A. hennshi (1850, p.106-107) as figured by
Phillips including Phillips' figure 15D, #dwards and Halue (1851, DPelih7;

1852, p.203) realising that the genus Fhillipsastraea was based on a

figure that contained unrelated Devonion snd Carboniferous Corms, decided
correctly to erect a new genus so that the Devonian and Carbonilerous
corals could be split. However, bhey unfortunately based Phillipsagtrace
upon Fhillips' Carboniferous specimen, fig.l5D, and erected a new gonu s,
Smithia (1851, p.,21) for the Devoniaa corals based on Lonsdale's

A. hennohi.

Smith (1916) challenged Wdwards and Haime's use of the neme
Phillipsasbraea stating that, "although the figure of the Carboniferous
species was quoted by D' Orbipgny he clearly intended the name
Phillipsastraes to be applied to the Devonian species"., Thus Smith

published the new naue of Orionastraea (1916, p.294) to include the

Carbonilerous rorms iancluding Marbtin's species and Phillips' figure 15D.



~ 112 -
In 1849 McCoy desoribed three species of ' Orionastraea' under the
generic name of Sarcinula (a genus proposed by liamarck for recent coral
species). The rirst of these §. phillipsi (1849, p.125) had a distinct

dilated columella of the 'Lithostrotion' type and McCoy correctly

identified this with Phillips' Carbonifevous specimen of Pig.15D. The

v e sean Ty

aud the third, 8. tuberosa (loc. cite, p.l2i) was distinguished by McCoy

Trom the others, by its upper (calicula.r) surface being "covered with
irregular tuberose projections",
Edwords and Haime (1851, p.ih8~9; 1852, p.203) considered these

species, but under the generic name of Phillipsastraca for the reasons

already given, They considered Se phillipsi to be synonymous with

S. placents as they paid no attention to the pbresence or absence of a
columella, thinking its abseunce was only due to imperfect preservation.
They called this species P. radiata using Fartin's original neme, but
this is unwise as it is diflicult to be svre to which species Martin's
figured specimon sctually belongs. Bdwards and Haime also retsined
NeCoy's S. tuberosa as distinct, by its peculiar surface, calling this
. tuberosa. In his paper publishing the new name of Orionastraea for
these species Smith (1916) on the other hand cut sections of the three
specimens and decided, that the peculiar surface of C. tuberosa was not
of specilic importance but merely an extreme growth form of the colony.
He thought that 0. tuberosa had a columelle and therelore merged Q. uberosa
with Q. phillipsi, keeping Q. placenta a distinct species as it had no
columella.

In tho same paper Suith added a fourth species to the genus
Orionagtraea, that of 0. ensifer (loc. cit., p.301). This species was
originelly described by ldwards and Haime (1851, p.j42; 1852, P.193) as
Lithostrotion cusifer as it does show a very thin epithecal wall, In fact

as Smith pointed out it forms the ideal passage from Iithostrotion o

Orionastraes and could in reality be included in eitlier genus,
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The next substantial contribution to bthe research on Orionastraca
wes by Hudson in two papers published in 1926 and 1929, In the firsi of
these he published a new gpecies, bthat of 0. indivisa (1926, p.lu4) which
could be distinguished lrom all the others on the basis that it had no
septa, but ounly tabulae separated by a mass of dissepimental tissue (20c.
cibes poU7, figs 1 and 2),

In his 1929 publication Hudson studied Orionastraea from the Yoredale
Series of Northern ¥ngland and showed thet they differed from the Porms
described by McCoy from the older Carboniferous rocks. Thus he proposed
Pour new species and four new varjeties. Hudson considered the evolu-
tion of Orionastraea to be polyphyletic and therefore divided the mine
species and four varieties into several species groups which he considered
represented separate lineages. The first of these groups contained

0. phillipsi (loc. cites poldd)s 0. ensifor (loc. cit., p.4L5) and a new

veriety O. ensifor ver. mabure (loc. cites p.uh5) similar in all respects
to Q. ensiler except in its larger tabulavium and greater nuuber of sopta.

udson's second species group included Q. indivisa (loc. cite, p.is6)
and a new species 0. edmondsi (loc. cit., pehh6) and its variety

0. edmondsi ver. laciniosa (Loc. cibes pohik7). 0. gdmondsi is

distinguished on its being aphroid, the septa retreating from the
periphery and the intervening space between corallites being filled with

dissepiments. It has a high number of septa (30-34). 0. edmondsi ver.

laciniosa is similar but is not in an apbroid condition.

[ ey gy

His third species group contained his new species 0. garwoodi (loc.

e

$os D4hI) and its varieties 0. garwoodi ver. pristina (Loc. cite, pok5l)
and Q. gaxwoodi ver. sers (loc. cit., p«450). 0. garwoodi has under thirty
continuous septa and is thus similar to 0. placenta, which Hudson did not
describe, but he distinguishes it on account of it having its outer sories
of dissepiments coaver inwards. 0. garwoodi var. pristina is similer, but
the convexity of the dissepimentis is aot so marked, and 0. Lexrvwoodi ver.

sgra has ils dissepiments even more convex so that some of then run parallel
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to the septa, lining their sides.

Hudson's final species group contains 0. tuberosa (loc. cit., pelihi7)

defined correctly by Hudson as having 30-3L septa, ond Hudson like Smith
considered it bo possess a columella. Hudson thus distinguished it From

Q. phillipsi on the fact that the septa of 0. tuberosa were not confluent.
This species group also contained a new species 0. prerete (Z!._g_g. cites
poi8) which Iludson agein defined as having non-conlluent septa, but septa
only numbering 24, Hudson considered this to have evolved from 0. tuberosa,
by a reduction of septa, on the basis of the two species having non-
confluent septa.

Hudson's lost new species in this group is 0. rete (loc, cit., p.4h8)
again vith 2L septa, but d¥fering in being in the sphroid state. Hudson
regarded it cs developing from Q. prerete. 0. rete diffecs from
0. eduondsi which is also aphroid in having only 2l septa, as opposed bo
0. cdmondsi's 30 septa.

The most recent addition to the revision of the genus Orionestraca
was by Kato and Mitchell when they revised a form originally described by
Garwood and Goodyear (1924, p.219, 227 and 232) as "an exceptionally

large variety of Orionastraea phillipsi". Kato and Mitchell regerded this

to be a separate species oun account of its size and published it as

0. magna (1970, p.49).



— i scaen. ANl AmEEEtis e S

B i)

- 115 ~

Genus Lithostrotion Fleming

Madrepora, Parkinson, partim, p.5. (Not Madrepora L.).

Astraca, Conybeare and Phillips, partim, p.359. (Not Astreea Lamarck).
Lithostrotion, Fleming, artim, p.508,

Caryophyllia, Fleming, partim, p.509. (Not Caryophyllia Lemarck).
Caryophyllia, De Blainville, partim, p.31l. (Not Caryophyllia Lam.)
Columnaria, De Blainville, partim, p.316. (Not Columnaris Gold. )
Lithostrotion, Woodward, p.6.

Lithodendron, Kerferstein, partim, p.785. (Not Lithodendron
Schweigger).

Lithodendron, FPhillips,' partim, p.202. (Not Li thodendron
Schweigger).

Cyathophyllum, Phillips, partim, p.202, (Not Cyathophyllum Gold.) .
Columnaria, Milne-Edwards, partim, p.3h3. (Not Golumnaria Go]i.;
Caryophyllia, De Koninck, partim, p.17. (Not Caryophyllia Lam,
Astraea, Portlocks p.332. ENot Astraea Lam.)

Lithodendron, Portlock, p.336. (Not Iithodendron Schweigger).
Cladocora, Morris, partim, p.33. (Not Cladocora Etheridge).
Lithostrotion, McCoy, p.188.

Lithodendron, McCoy, p.188. (Not Lithodendron Schweigger).
Astraea, McCoy, p.187. (Not Astraes Lem.) .

Stylastraea, Lonsdale, p.619.

Lithodendron, Lonsdale, p.600. (Not Lithodendron Schweigger).
Diphyphyllum, Lonsdale, p.622.

Cladocora, Geinitz, partim, p.570. (Not Cladocora Etheridgs).
Lithostrotion, Keyserling, p.156.

Astraea, Bronn, partim, p.128. (Not Astraea Lem.)

Nemaphyllum, McCoy, pel5.

Stylastraea, McCoy, pe9.

St;!laxis, Mccoy, p0119o

Siphonodendron, McCoy, p.127.

Dig}xgh!llum’ Mccoy, P.So

Lasmocyathus, D'Orbigny, p.12.

Lithostrotion, D'Orbigny, p.159.

Lasmocyathus, D'Orbigny, p.160.

Diphyphyllum, D'Orbigny, p.159.

Diphyphyllum, McCoy, p.168.

Stylaxis, McCoy, p.100.

Siphonodendron, McCoy, p.107.

Nematophyllum, McCoy, p.97.

Stylastraea, McCoy, p.107.

Diphyphyllum, McCoy, p.87.

Lithostrotion, Milne-Edwards and Haime, partim, p..32.
Stylaxis, Milne-Edwards and Haime, P52,
Lithostrotion, D'Orbigny, p.18..
Lasmocyathus, D'Orbigny, p.185.
Lithostrotion, Milne-FEdwards and Haime, P«190,
Petalaxis, Milne-Edwards and Haime, p.20l.
Koninekophyllum, Thomson and Nicholson, partim, P« 297,
Lithostrotion, Thomson and Nicholson Pe o
Diphyphyllum, Thomson and Nicholson, P70,
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1883 Lithostrotion, Thomspn, p.397.
1883 Di;ghxphillum, Thomson, p.381.
1887a Dl;ghxphxllum, Thomson, p.33.
1887b Lithostrotion, Thomson, p.377.
1903 Lithostrotion, Vaughan, p.l106.
1920 Lithostrotion, Smith, p.56.

1927 Cystidendron, Schindewolf, p.l49.
1927 Cystistrotion, Schindewolf, p.l49.
1928 Nemistium, Smith, p.ll,.

1928 Diphyphyllum, Smith, p.l13.

1929 Lithostrotion, Hudson, p.454.e
1930 Lithostrotion, Hudson, p.97.
1930 ZLithostrotion{Diphyphyllum}, Smith and Leng, p.178.
19351 Siphonodendron, Chi, p.26.

1933 Lithostrotion, Yu, p.89.

1933 p]_xxpgxllum, Yu, p.B82.

1933 Depasophyllum, Yu, p.85.

193, ILithostrotion, Hill, p.8l.

1935 Stylostrotion, Chi, p.20.

1935 Lithostrotion, Heritsch, p.ly2.
1937 Lithostrotion, Yu, p.37.

1940 Lithostrotion, Hill, p.165.

19,40 D:L;ghxphxllum, Hill, p.l80.

1955 Lithostrotion, Minato, p.77.
1955 §iphonodendron, Minato, p.JX.
1955 Diphyphyllum, Minato, p.80.

1855 Depasophyllum, Minato, p.8i.
1971 Siphonodendron, Kato, p.85.

1972 Lithostrotion, Mitchell, p.105.

But Not:
1845 Lithostrotion, Lonsdale, p.602,

Diagnosis: Phaceloid and cerioid rugose corals, with or without a
columella, or with a weak axial structure. Large inner tabulae, usually
supplemented by smaller outer tabulae. Concentric dis sepiments usually

developed with major aepta continuous in the dissepimentarium,

Genotype: Lithostrotion striatum Fleming 1828 (although this should be

known as L. yorticale Parkinson 1808). See explanation below.

Discussion: Fleming proposed Lithostrotion in 1828 with four genosyntypes
as follows:~ (1) Lithostrotion striatus = Lithostrotion sive Basaltes
minimus striatus et stellatus Lhwyd, 1699, (2) Lithostrotion floriformis =

Erismatolithus floriformis Martin, 1809, (3) Lithostrotion oblongum =

Coralloidia oblonge pentaedrs Woodward, (4) Lithostrotion merginatum sp, nov.
Lonsdele (1845, p.602) selected Lithostrotion floriformis as the
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genotype of Lithostrotion and selected Lhwyd's coral (= L. striatum) as
the genotype of his new genus Stylastraca. However most later authors
have continued to base Lithostrotion on Lhwyd's coral. However as Hill
(1940, p.166) states, "to insist on applying the Rules of Nomenclature

here would mean calling the corals we now know as Lonsdaleia by the neme

Lithostrotion, losing the name Lonsdaleia sltogether, and calling the

corals we now ocall Lithostrotion by the name Stylastreea". At the

instance of Smith and Lang (1930, p.178) the International Commission of

Zoological Nomenclature had standardised Lithostrotion under suspension

of the Rules with L. striatum as genotype and Lonsdaleia end

Lithostrotion are used with their tranditional meanings. However,

L. striatum had already been called Madrepors vorticslis by Parkinson in

1808 (see p.102) and Eo the genotype should.be known as L. vorticale.
Smith and Leng (1930, p.178) have shown that Stylastraea is an

objective synonym of Lithostrotion as Lonsdale based it on Lhwyd's coral.

The genus Siphonodendron with genosyntypes Lithodendron pauciradialis
MoCoy 1844, (p.189), Lithodendron fasciculatum Phillips 1836 (pi202) and

Lithodendron sexdecimele Phillips 1836 (p.202) was mroposed by MeCoy for

the fasciculate species of Lithostrotion, tut Edwards and Haime did not
recognise this division, regarding Siphonodendron as a subjective synonym
of Lithostrotion. This ruling is followed in this thesis because such a

separation of the fasciculate species from Lithostrotion would have

rendered Lithostrotion a polyphylletic genus as the different cerioid

species evolved from the various fasciculate species (p.21 ).

McCoy's genus Nemaphyllum (later emended to Nématophyllum) erefted
for those cerioid colonies with non-separable corallites was considered
by Edwards end Haime (1852, p.192) to be a subjective synonym of
Lithostrotion as the separability of corallites is chiefly a matter of
fossilisation. Edwards and Haime chose N. grachnoideum as the geno-

lectotype of the genus.

MoCoy's genus Stylaxis (with genosyntypes S. flemingi McCoy 18,9



- 118 =

and 8. major McCoy 1849) erected for those cerioid colonies with
separable corallites was also considered by Edwards and Haime (1851) and
Hill (1940) to be a subjective synonym for the same reason. It should
be stressed here that Stylaxis is in fact an objective synonym of
Lithostrotion as it is based on S. flemingi which McCoy states is
L. gtrigtum (= L. vorticale) of Fleming, the genotype of Lithostrotion.

Petalaxis was proposed by Edwards and Haime (1852, p.20L) for
cerioid Lithostrotionids with a complex axial structure. However,
examination of the type specimens of the genosyntypes P. portlocki and
P. m'coyana shows that they have no such axial structure. Petalaxis
became a synonym of Lithostrotion by Hill's choosing (1940, p.167) of
B. portlocki as the genolectotype. P. portlocki has no such complex
axial structure and is probebly L. decipiens.

Schindewolf proposed Cystistrotion (genotype C. pasckelmanni) and

Cystidendron (genotype C. kleffense) for Upper Viséan cerioid and
fasciculate Lithostrotion respectively as he thought that they differed
from the Lower Viséan Lithostrotion by heving incomplete, instead of
complete, tabulase. However, Hill (1940, p.167) suggested that these

genera were subjective synonyms of Lithostrotion as this seemed

insufficient feason for generic separation. This argument is followed
in this thesis.

Similarly Stylostrotion proposed by Chi (1935, p.20) is similar to
Lithostrotion only differing in the greater tendency to diphymorphism of
the latter. Hill (1940, p.1l67) again considers this genis a subjective
synonym of Lithostrotion as the distinguishing character is only a matter
of degres.

Diphyphyllum was proposed by Lonadale (1845, p.624) with genotype
D. concinnum for those famociculate Lithostrotion species with no axial
structure. When the type of D. concinnum was lost Smith and Lang (1930,
p.180) based Diphyphyllum on D. lateseptatum which is probably con-

specific with D. concinmum. However as it is shown on p.21 the various
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species of Diphyphyllum are derived polyphyletically from the species
of Lithostrotion and so Diphyphyllum is not a true biological genus.
If we accept that the absence of a columella and the presence of
parricidal gemmation are characters worthy of genmeric separation we are
led to the inevitable conclusion that each species of Diphyphyllum must
be placed into a new monospecific genus. However, this would lead t
an unwieldy system of nomenclature, with a host of monospecific genera,
that would be unacceptable to other workers. We are thus forced to the
reverse préeedure of placing Pifhyphyllum back into the perent genus
Lithostrotion. Diphyphyllum is here considered a sibjective synonym
of Lithostrotion.

Grabau (1922, p. ) proposed the genus Depasophyllum for those
species of Diphyphyllum having, asccording to Smith (1928, p.114),
tebulae (p.15). Hill (1940, p.167) has shomn that Lonsdale's figure
of the genotype of Diphyphyllum belongs to this group and so Depesophyllum
is an objective symonym of Lithostrotion.

Smith and Lang (1930, p.184) proposed Diphystrotion for cerioid
Lithostrotion species that were affected by the diphyphylloid trend, mt
the present author considers this only to be an ecological affect and
so Diphystrotion is considered a subjeotive synonym of Lithostrotion.

Smith (1928, p.114) proposed Nemistium for those fasciculate species
of Lithogtrotion possessing a weak axial structure (genotype N. edmondsi).
However the present anthor has shown that this camnot be a true biological

genus (p. 27) so Nemistium is also considered a subjective synonym of

Lithostrotion.

It is interesting to note, regerding Nemistium and Diphyphyllum,
that Smith (1928, p.119) stated, "When this group is revised it may be
found practicable to merge Nemistium and Diphyphyllum in Lithostrotion".

The genus Lithostrotion has been divided into four morphological

groups (p.101) and the species are discussed under these groupings.



Stratigraphical Range:

just into the Namurian,
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The genus appears in the C2 Subzone and persists
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Lithostrotion maccoyannum Edwards and Haime
(Plates 3 ond 4.)

1851 lLithostrotion maccoyanum Milne-Edwards and Haime; Pol, Foss, der
Terr. Pal.; pefl.

1852 ILithostrotion mgocoyanum Milne-Riwards and Heime; Mon. of the Brit.

Fosse. Corals', Pal, Soc., P«195, pl.XLII, figs 2, 2a, 2b.,
But Not:

1887b Lithostrotion maccoyanum Milne-Edwards and Haime, Thomson, Trans,
Edinb. Geol. Soc.,; vol.5, p.385, pl.XI, fig.5, which is L. decipiens.

Diagnosis: Small diameter cerioid Lithostrotion with 12-1) septa tending

to extend to a dilated columella, Dissepiments varisble Ffrom 1-3 rows;

tabularium under 2 mm, in diameter.

Iype Material: Specimen GSM 36900 (Leeds Geologlcal Survey Collection)
was Tigured by Yu (1937, p.108, pl.ll, figs La and b) as the syntype of
L. maccoyanum, Also in this series of synbtypes are specimen nos 36901
and 36902, Slides PF687-8 have becn ocut from specimen 36900a:, and
slides PF689-90 have been cut from specimen 36900. (From 'D Zone,
Oswestry, Shropshire!),

Mibehell (pers. comm.) informs me that these specimens were in the
Survey Collection when Edwards and Haime would have exemined them snd
80 were probably seen by Edwards and Heime. Thus they can indeed be con-
sidered syntypes.

However, Semenof{-Tfian~Chansky (pers. comm,) informs me that he has
recently turned up a specimen of L. ma.ceoyanum (No. %87 Dbis a) in the
Milne-Edwards and Haime Collection in the Museum Notional D'His+tdiro
Naturelle in Paris which compares with Edwards and Haime's figure of this
species (1852, pl.XLIT, fig.2A). This specimen is also worthy of
recognition as a syntype of L. maccoyanum and is here chosen as lecto-

type of the species so that the Leeds specimens become paralectotypes.
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Material: Melmerby Scar Limestone, Hartley Quarry, Kirkby-Stephen,

Cumbria; Bankhouses Limestone, Tipalt Burn, Greenhead, Nortlmberland;

Bankhouses Limestone, Si of Halleypike Lough, Northumberland,

Description: Mxternal Characters; The corallum is massive and cerioid,
generally 'bun-shaped' and quite flat, although growth is predominantly
in a vertical direction as opposed to the horizontally spreading
tabular btype of colony. The proximal surface is covered by an exterasl
holothecae which shows concentric growth bands and the distal surface
shows relatively deep calices with a promineat columells.
Internal Charafers; The septa are of two orders, major and minor and
these are easily distinguishable in most colonies. Generally the major
septa. either extend to the columella or abut onto the neighbouring septa.
linor septa are vaiisble in length, they always just extend into the
tabularium and therefore their leugth is directly proportional to the
width of the dissepimentarium which itself is very variable. Both
orders of septa are dilated in the dissepimentarium snd thinner in the
tabularium at their axial ends. In a few corallites of one of the
syntypes (Slide PR689) the septa are discontinuous peripherally and the
dissepimentarium is therefore lonsdalaeoid b vsually septa extend to
the epithecae. ‘fhe maximum number of septa in a colony varies from 12-1J.
There is usually a prominent columella although 'diphymorphs' may occur.
The tabularium of this species is very small and is a good
diagnostic feature. It waries in adult corallites From 1.2 - 2,2 mm,
and the mean tebularium diameter is 1.6 mm. The dissepimentarium on
the other hand varies greatly in width. In the colonies From Greenhead,
Northumberlend, there is only one row of dissepiments and the dissepimen-
tarium is only 0.2 mm, wide; thus the diameter is small and the minor
septa are short. In the synbtype however there are three rows of
dissepiments and the dissepimentarium is 0.6 mm. wide; thus the diameter

is much larper and the minor septa longer.
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Tho inner row of dissepiments is dilated and regular whexeas the
outer dissepiments, if present, are finer and more irregular., All dis-
sepiments are concave towards the axis.

The diameter of this species is variable dus %o changes in the
width ol the dissepimentorium., It renges in odult corallites from 2,) mm,
(in the Greenhoad specimen) to 4.0 mm, in the synbype.

The corallites are bounded by a distinct epithecae which isusually
thin, but is nevertheless a double-walled structure. The tabulae are
usually entire and slope gently towards the disscpimentarium. Occasionally

a second incomplete series is developed in the periphery of the

tabulariun,

Discussion: This species can be distinguished from L. aranea and

L. yorticale by only having up to 14 septa. It can be distinguished
from L. decipiens, which may also have 1L septa; by the small size of
the tabularium. However, L. maccoyanum end L. decipiens camot be dis-
tinguished on the basis of corallite diameter. The reason for this is
the great variebility in the dissepimentarium ol both species, so that
L. decipiens with a swall dissepimentarium may be smaller in diameter
than L. maccoyonum with a large dissepimentarium (fig.40 ). Many carly
workers tried 1o use diemeter as a distinguishing featwre with the

result that meny records of L. maccoyanum in the literature refer to

L. decipiens.

Statistical Results:

Re = 12 = 1
¥D. = 3.24 mm,
SODI - 0.512 mm .

mnax.D. = 4.0 mm,

min.D, = 2,4 mm,
M'.Eo — 1066 mnun,
SGDQ - 00316 nm,

ma.:X:oT- - 2-2 mm,
minoTo - 102 mm..

Stratigraphical dange: Base of D1 wo base of D2 (Smiddy Linestonc ).
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FIGURE 36

Plot of tabularium diameter against percentage frequency
in L.maccoyanum. Intervals in mm's.
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Lithostrotion decipiens decipiens (McCoy)
(Plates 5 - 9.)

1813 Astraea irregularis var. minor Portlock, !'Geol. Rep. Lond, and
Tyrone', p.333, pl.{XITI, Fig.i (Not A. irregularis S.S. Portlock).

184 Astraes irregularis NcCoy, Syn. Carb. Foss. ol Ireland, p.187 (Not
Ao irregularis Defrance).

1849 Stylastraca irregularig licCoy, Ann. Mag. Nat. Ilist., sers2, vol.ITL,
PeFe

1849 Nemaphyllum decipiens McCoy, Ibid., ser.2, vol.III, p.18.

1849 Nemaphyllum clissioides MeCoy, Ibid., ser.2, vol,III, p.18.

1851 Stylexis irregularis McCoy, 'Brit. Pal, Fossils', pel0l, pl.IIIA,
fig.s.

1851 Newotophyllum decipiens WcCoy, Ibides pe99.

1851 Nema bophyllum clissgioides McCoy, Ibide, p.98, pl.ITIB, fig.2.

1851 ILithostrotion derbienge Milne-Mdwards and Haime, 'Pol. Foss. der
TGI‘I‘. P&lt’ P.lljl-.').

1851 Lithostrotion decipiens (McCoy), Milne-Edwards and Haime, Ibid.,
Pelilila

1851 Lithostrotion portlocki (Bronn), partim, Milne-Rdwards and. Naime,
Ibid.s peih3, (Not L. portlocki (Bronn).

1851 Stylaxis portlocki Milne-Edwards and Baime, Ibide, pelib3.

1852 Iithogbtrotion derbiense Milne-Edwards and Haime, 'Mon. of Brit.
Foss, Corals', Pal. Soc., p.201,

1852 _]_Ié._t}éos trotion decipiens (McCoy), Milne-Edwards and Haime, Ibid.,
D196,

1852 Lithostrotion portlocki (Bromn), partim, Milne-Bdvards and Haime,

M Thiy

Ibid., p.19%, pl.XLIT, figs la-lg. (Not L. portlocki (Broan)).

1852 Petalaxis portlocki Milne-Edwards end lbime, Ibide, pe204, pl.
XXXVIII, figs L and Lo,

1883 Lithostrotion portlocki (Bronn) > Thomson, Proc. R. Phil, Soc. Glasg.,
vol.XIV, p.402, (Nobt L. portlocki (Bronn)),

1883 Idithostrotion maccoyanum Rawerds and Haime, Thomson, Ibid., vol . XIV,
pe402, (Not L. maccoyanum Adwards and Haime).

1887b Lithostrotion portlocki (Bronn), Thouson, Trans. Bdinb. Geol. Soc.,
vol.5s pte3, pu38h, pl.XI, figs 3 and 3a. (Not L. portlocki (Bromn)).

1887b Lithostrotion clissioides (McCoy), Thomson, Ibid., vol.5, pte3,
Pe38hs pl.XI, Figelre

1887b Lithostrotion maccoyanum Milne-Zdwards and Haime, Thonson, Ibid.,
vol.5, pte3, p.385, pl.XI, fige5. (Nob L. maccoyanum &iwards and Heime).

1929 ZLithosbrotion portlocki var. vesiculifer Iudson; Proc. Leeds Phil.
SOC-, vol.I, pt.IX, P'ZI-BLI-'

1940  Lithostrotion decipiens (McCoy), Hill, 'Mon. Carb, Rug. Corals of
Scot.', Pal. Soce; o178, pl.X, figs 2-4.,

Diagnosis: Cerioid lithostrotion with 1,-18 septa, mostly extending to a

columella. Tabularium 2.0 - 3.5 um, in diameter; dissepimentarium variable

in width. Corallum tall vather than depressed.
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Type Material: Lectotype of L. decipiens is specimean no.SMA2077a, b (and
slides A2077c aad d) in Sedgwick Museum, Cambridge. From 'Carh. limestone,
Derbyshire'.
Syntypes of N. clissioides include specimen no,SMA2072, A2070a-c and
A2071a-d(+ e~h slides) in Sedgwick Musewn.
Holotype ol L. derbiense is specimen no.SMA2398 in Sedgwick luseum

(includes slide A2398a~b cut from it). From *Carb. limestone, Derbyshire!,

Material: Pobtts Beck Limestone, Ashfell Bdge, Cumbria; Potts Beck
Liuwestone, Potts Beck, Orton, Cumbria; Melmerby Scar Limestone, Hartley
Quarry, Kirkby-Stephen, Cumbria; Great Scar Limestone, Askrigg,
Wensleydale; Base of Widdle Limestone, Arn Cill, Askrigg, Wensleydale;
liddle Iimestone, West Burlon, \ensleydale; Niddle Limestone, The Mount,
Wensley, Wensleydale; Simonstone Limestone, How Bank, Woodhall,
Wensleydale; Base of Middle Limestone, Sargill Gate, Askrigg, Wensleydale;
Gayle Limestone, Mill Gill, Askrigg, Wensleydale; Simonstone Limestone,
Middlesmoor Pasture, Kettlewell, Wharlfedale; Simonstone Limestone,
Whernside Pasbuore, Kebtlewell, Vharfedale; Great Scar Limestone, Cow Cill,
Malham, Yorkshire; lloulds Meaburn Limestone, Moulds Meaburn, Cumbria;
Upper lonsal Dele Beds, Litton Mills, liillers Dale, Derbyshire; Upper
Monsal Dale Beds, Intake Dale, Derbyshire; Upper Monsal Dele Beds, valley

off Intake Dale, Derbyshire.

Description: Ixternal Characters; The corallum is massive and cerioid.
Unlike L. decipiens depressus the corallum is tall, its vertical extent
being greator than its horizontal exbtent, the direction of growth being
predoninantly in a vertical direction. The specimen [rom Thernside
Pasture, Kettlewell shows its distal surface to consist of polygonal
calices with a central circular depression surrounded by o [Iat peripheral
platform. A columelle is present in the calicular depression. The sides

ol the corallum consist of polygonal columns showing both hori zontal
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transverse growth bands and vertical inter-septal ridges and septal grooves.
The proximal base of the corallum has not been seen,
Internal Characters; The major and minor septa are easily distinguishable,
most of the major septa extending to the centre where they meet the
columella or abut'onto the neighbouring major septa. Minor septa on the
other hand only justreach the inner row of dissepimeunts just penetrating
the tebularium. The length of the minor septa is therefore variable
depending on the width of the dissepimentarium. Both orders of septa are
dilated in the dissepimentarium and thinner in the tabularium. Rarely
there is some proximal retreat c?f both major and winor septa with the
outer dissepiments becoming lonsdalaeoid. This occurs in the specimen
from the Gayle Limestone of Askrigg and when this occurs some of the
minor septa may [ail to develop.

The meximum number of gepta in a colony varies from 14 - 18, A
columelle is usually present and diphymorphs are rare but do occur,
The columella may be a stout dilated rod or may only be a thin plate.

The tabularium of this species varies from 2.0 mm, - 3,5 mm, in
adult corsllites vith a mean of 2,52 mn., and is quite a consbtant
character. The dissepiventarium on the other hand is immensely variable
and thus the Jdiameters of dilferent examples of this species can be very
dilfforent. Wor cxaemple a specimen [rom the Melmerby Scor Limestone of
Hartley Quarry, Kirkby-Stephen, has a dissepimentarium only 0,2 mm, wide
with just one row of dissepiments. A specimen Fran the Grea’t Scor
Limestone of Askrigg however has & dissepimenterium 1.9 mm, wide with up
to eight rovs of dissepiments. The diemeters of the tabulatia of timese
specimens is identical bubt their diameters vary from 3.0 mm, ~ 6.). 1w,
Diameters can be as much as 8.8 wa, when the dissepimentarium is
excepbionally wide.

Disscpinents are concave inwards end quite regular and concentric,
bat as already mentioned vary in number from & single row to up to ten

rows., 'The innermost row is usually slightly dilated aud more vertically
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inclined than the outer rows.

The corallites are polygonal, from four to eight sided and are
bounded by an epithecae which is thin but nevertheless double-walled.

The tabulae are bent-shaped; rising to meet the axis, more horizonbal
peripheral to the axis and then sloping down to the dissepimentarium,
They arc usually incomplebe and rest oa the tabulae beneath in vhich case
a second series is developed. The points of contact of the downturned

edges onto the babulae beneath are not aligned vertically and so the

tabulae are of the o type (p. 15).

Discussion: A specimen that belongs to this species was first described

by McCoy (184, pl.187) using Defrance's name of Astraea irregularis.

later (18,9, p.9) realising that his specimen differed from Defrance's
specics McCoy placed it in the genus Stylagtraea (as he was following

Lonsdale's selection of L. floriformis as the genotype of Lithostrotion),

but retainedfhe same trivial name for his aew species amd placed a
holotype in the Sedgwick Museum, Cambridge. Subsequently (1851, p.101)
vhen he wrongly considered Stylastraca bto be a non-columellate genus he
removed the species to his new genus Stylexis which he proposed Por those
cerioid species allied bo Lhwyd's coral that had separable corallites.
In 1849 he also proposed the new genus Nemaphyllum (later emended to
Nematophyllum in 1851) to refer to related cerioid species, but with non-
separable corallites. In this genus he described N. decipiens and

N. clissioides.

Bdwards end Haime placed all these species into the gemus Lithostrotion

in 1851 and in doing so were faced with the problem of having two species

one fasciculate (Siphonodendron irregulare) and one cerioid (Stylaxis
irregularis) in the same genus and bearing the same trivial name. Thus

ot o

thoy venamed the later Stylaxis irresgularis of McCoy as Lithostrotion

derbiense with L. irregulare now referring to the fasciculate species.




o odbemdbeebe =l B

- 123 -

Fdwards and Heime considered L. derbiense (= S. irregularis),

L. decipiens and L. clissioides to be separate species because of the
different diameters of these three species.

For example the lectotype of L. decipiens (slide SMA2077c) shows
rather large corallites often 5 - 6 mm, in diameter. The greater part
of this diameter is made up of a dissepimentarium containing up to seven
rows of disscpiments. The tabularium is only 2.5 =~ 3,00 ma, in
diameter and there are up to 18 septa of both orders.

The lectotype of N. clissioides (slide MA2071h) has much aller
corallites, often only 3 - 4 mm, in diamseter. However Lhe tabularium is
of identical proportions to L. decipiens again being 2.5 - 3,0 um. wide,
and again there are 17 septa.

The holotype of L. derbiense (slide SHA2598b) has even sualler
corallites only 3 mm. at the maximum and yet the tabularium is still
2.5 mn. wide in these corallites and again the mature corallites support
17 septa.

Thus all these species have the same septal counts (1 - 18) and
similar tabularium diemeters and only differ in the width of the di g
sepimentarium, Moreover, every intermediate diameter between these three
species has been round and so they are here all considered to be
synonymous.

The first published name for this species is S. irregularis McCoy,
but this must be rejected as this name now applies to the fasciculate
species. Portlock (184.3) described A. irreguleris var. minor which is
also probably this species. His veriety name could be raised to specific
level, ‘tllu'b according to Mayr et al. (1953, p.256) all variety names
proposcd prior %o 1951 are invalid under the Rules. The names
N. clissioides and N. decipiens were published in the same paper and so
neither of thew assumes priority, tut Mill (1940, p.179) chose to usc

L. decipiens as the corallites are more fully grown in the type specimen.
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In 18).3 Portlock also described s similar species again using

Defrance's name of A, irreguleris. Bronn (1848, p.128), reelising that
Portlock's species also differed from Defrance's and from McCoy's,
renamed this species A. portlocki.

Unfortunately Edwards and Haime considered A. portlocki Bronn to

be synonymous with N. clissioides (= L. decipiens) and so they called this

species Lithostrotion portlocki. However, Lo portlocki is a larger
species than L. decipiens as Portlock states it to have 40 septa (in
total) snd L. decipiens never has more thaon 18 (36 total). Close exam-
ination of the type of L. portlocki (slide PP685) does show it to have
corallites up to 7 mm. in dismeter, a tabularium up to 4 mm, diameter and
possessing 20 septa of both orders. Thus it is a larger species thaa
L. decipiens and is probably L. vorticale.

Meny later authors have followed Edwerds end Hoime in applying the
name of L. portlocki to this species and so many records of L. porblocki
in the literature, in fact refer to L. decipiens.

See p. 118 for note on the gynonymy of Petalaxis portlocki.

This species can be distinguished from L. vorticale and L. aranea
by it never having more than 18 septa. Specimens of L. decipiens with
15 -~ 18 septa can be distinguished easily from I maccoyarum which never
has more then 1), but some specimens of L. decipiens also have 1 septa
in which case it can be distinguished by its larger tabularium,

It is important to realise the great variation in diameter of this
species. Some examples (e.g. the holotype of L. derbiense) may be as
small as L. maccoyanum while others mey be as large as L. yorticale, tut

the septal counts and tebularium diameter are always constant (sce rig. 40),

Statistical Results:

R. = l,(- - 18

Dy = 5,84 mm,
Sth bt ].02 11119y
maXoDa - 8.8 i,
mineD, = 3,0 mm,



]fIT. - 2.52 mn,

SeDe = 0,33 mm,
maXOTo - 305 mm,
nine.Te = 2,0 mm,

Stratigraphical Renge: Base of

130 -

D1 to Singlc Post Limestonec.
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FIGURE 37

Plot of tabularium diameter against percentage frequency
in L.decipiens. Intervals in mm's.
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Lithostrotion decipiens depressum subsp. nov.

Diagnosis: Cerioid Lithostrotion with 1,-18 septs umostly extending to

the columella. Tebularium 2.0 - 3.5 mm. in diameter; dissepimentarium

variable in width. OCorallum depressed and tabular.

Type Material: Holotype is specimen 17d, in the author's collection,
University of Durham. From Harlow Hill Iimestone, Harlow Hill,

Northumberland.,

Material: Harlow IHill Limestone, Ilarlow Hill, Northumberland; Coral

band at base of Single-Post Limestone, Tipalt Burn, Northumberland;
Single-Post Limestone, Longeleugh No.2 borehole, Allendale, Northumberland 3
Tyna Bottow Limestone, Carraw, Haydon Bridge, Nortmaberlsnd; Middle
Limestone, IHill Gill, Askrigg, Wensleydale; Middle ILiwestone, N. of Roman

Road; N../e side of Semerwater, Wensleydale.

Description: As for L. decipiens decipiens except for the growth form

of the corallum which is predominently in a horiwntal direction instesd
of vertical. The coralla are therefore very flat as in Orionasbtraea and
have a considevable horizontal extent comparcd to their height. The
proximal surface is covered by an extermsl holothecae showing the con-

centric pattern of growth bands on the underside of +the corallum.

Discussion: This is a late stage growth habit of L. decipiens and
Orionastraca may evolve from this type of coralium.

Stratigraphical Range: ''yne Bottom Limestone and Single Post Liuestone.
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Lithostrotion vorticale (Parkinson)
(Plates 10 = 13.) S

1699 Lithostrotion sive Basaltes minimus striatus et stellatus Lhwyd,
'Tithophylacii Britanioci Ichnographia', p.122, pl.XXIII.

1720 Corallium arachnion, astroites arachnoides, s. telis quasi araneis
obtextus, pentagonus, agtroites vorticalis Volkmann, Silesiae
Subterraneae, Cap«IV, § 47, p.120, tab.XVIII, fig.5.

1757 Marmoroides columnaris stellatus, lithostrotion dictus Da Costa,

'A Natural History of Fossils', vol.l, pe2l6.

1760 Lithostrotion sive Basaltes minimus striatus et stellatus Lhwyd,
"Editio altera' (of above text), p.125, pl.XXIIL.

1808 Madrepora vorticaelis Parkinson, 'Organic Remains of a Former #orld',
Vol.II, 'The Zoophytes'; p.45, pl.V, figs 3 end 6.

1822 Astraea basaltiformis Conybeare and Phillips, 'Outlines of the Geol.
of England and Wales', p.359.

1828 Lithostrotion striatum Fleming, 'A History of British Animals', p.508.

1830 Columnaria striate (Fleming), De Blainville, Dict. Sci. Nate, vol.IX,
Pe.3516,.

1830 Lithostrotion striatum Fleming, Woodward, 'A Synoptic Table of Brit.
Org. Remains', p.5.

1836 Cyathophyllum basaltiforme (Conybeare and Phillips), Fhillips,
'Geology of Yorkshire', Vol.II, p+203, pl.II, figs 21 and 22,

1836 Columnaria striata (Fleming), Milne-Edwards, Ann. de la 2de edit.
de Lamarck, vol.IL, pe343.

1843 Astraea irregularis Defrance, Portlock, 'Geol. Report on Londonderry',
Pe333, pl.XXIII, fige.3a. (Not A. irregularis Defrance). Not A.
irregularis var. minor Portlock 1843, p.333.

1843 Astraea hexagona var. minor, Portlock, Ibid., p.332, pl.XXITI, fig.2.
(Not A. hexagoma Portlock, 1843, p.332).

184 Lithostrotion striatum Fleming, McCoy, !Syn. Carb., Foss, of Ireland!,
P0188o

1846 Lithostrotion microphyllum Keyserling, Reise in Petschora, p.156,
plol’ fig.2.

1848 Astraea portlocki Bronn, Index. Palasont., p.128, (= A. irregularis
Portlockig.

1849 Nemaphyllum minus McCoy, Mnn. Mag. Nat. Hist., ser.2, vol.III, Pel7.

1849 Stylaxis flemingi McCoy, Ibid., ser2, vol.III, p.121.

1850 Lithostrotion basaltiforme ZConybeare end Phillips), D'Orbigny,
Prodr. de Pa-lo’ VOIQI’ P.l59.

1850 Lithostrotion miocrophylium Keyserling, D'Orbigny, Ibid., vol.I, P159.

1850 Lithostrotion striatum Fleming, Mantell, 'Pictoral Atlas of Fossil
Remains', p.93, pl.XXXVII, figs 3 and 6.

1851 Stylaxis flemingi McCoy, Milne-Edwards and Haime, 'Pol. Foss. der
Terr. P&l-', p01-|-9l|-0

1851 Lithostrotion basaltiforme (Conybeere and Phillips), Milne-Edwards
and Ha.ime, Ibid.’ Pohll-lo

1851 Lithostrotion aranea (McCoy), Milne-Edwards and Haime, Ibid., Pelils3s
(Not N. eranea McCoy).

1851 Stylexis flemingi McCoy, 'Brit. Pal. Fossils', p.160, pl.IITA, fige3.

1851 Nematophyllum minus McCoy, Ibide, p.99. (Not pl.IIIB, fig.3).

1851 gtylastraes basaltiformis (Conybeare and Pnillips)s McCoy, Ibid.,
p.107.
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1852 Lithostrotion flemingi (McCoy), Milne-Edwards and Haime, 'Mon. of
Brit. Foss. Corals'!, 1,203,

1852 Lithostrotion basaltiforme (Conybeare and Phidlips), Milne-BEdwards
and Haime, Ibide., p.190, pl.XXXVIII, figs 3, 3a, 3b,

1852 Lithostrotion aranea EMcCoy), Milne-tdvards and Haime, Ibid., p.193,
pl.XXXIX, figs 1, la. (Not N. aranea McCoy).

1876 Lithostrotion basaltifomme (Conybeare and Phillips), Thomson and
Nicholson, Mn, Mag. Nat, Hist., serdd, Vol XVII, pl XIV, fig.l.

1883 Lithostrotion basaltiforme (Conybeare and Phillips), Thomson, Proc. —
Ro Thil. Boc. Glasge, VOL.XIV, D399, pll.VIII, Tig.6.

1883 Lithostrotion clavatica Thomson, Ibid., vol.XIV, p.,O0l1,

1883 Lithostrotion cyathophyllia Thomson, Ibide, vol.XIV, P399,

1883 ILithostrotion _:g'_]_.emingi": (MdCoy), Thomson, Ibid., vol.XIV, p.iOle

1887b Lithostrotion basaltiforme (Conybeare angd Phillips), Thoamson, Traus.
Rdinb, Geol. Soc., vol.V, ptlIII, Pe382, pl.XI, fig.l.

1887v .I_a_i:_tlgostro_y_:_i_g_r_l_ glavetioum Thomson, Ibid., vol.V, pt.ITI, p.385, pl.XI,
fig.6,

1887b Lithos trotion gbriatum Fleming, Thomson, Ibid., vol.V, pt.III,
p.387’ Pl.XII, figalu

1887b Lithos trotion flemingi (McCoy), Thowsos, Ibid., vol.V, pt.IIL,
P|389’ PloXII’ fig.?.

1887v Lithostrotion cyathophyllodia Thomson, Ibid., vol.V, pb.III, p.389,
Ple}(II’ figoso

1887b Lithostrotion dicki Thomson,; Ibid., vol.V, pt.IIT, p.383, pl.XI,
Tige2,

1887071 thogtrotion aranca (McCoy), Thomson, Ibide, vol.V, pt.III, p.386,
pLlXI, fig.7. (Not N. avenea McCoy).

1887b?Lithostrotion elegans Thomson, Ibid., vol.V, pt.IIT, P.388, pl.XII,

£igols
1887b Lithostrotion obovotum Thomson, Ibides vol.V, pt.III, p.390, pl.XII,
[ig.8.

1887b Lithostrotion ensifer Edwards and Haime, Thomson, Ibid., vol,V,
Pt.IIT, p.387, pl.XI, fig.8.(Not L. ensifer Ndwards and laime),

1905 ILithostrotion basaltiforme var. bristoliense Vaughan, Proc. Bristol
Nat. Soc.s; vol.X, p.m

1940 ZIithostrotion glavatioum Thomson, Hill, 'Mon. Carb. Rug. Corals of
Scotland" Pal, SOCo’ Pol?é, PloIX’ f'igs .1.5"21’ pl.X, fig.lo

Diagnosis: Cerioid Lithostbrotion with 20-24 septa, a columella often

dilated and a tabularium with a mean diameber of 4..25 mm,

Type Material: Ihwyd's specimen is laést. Parkinson's ard Conybeare md
Phillips species which were based on Lhwyd's coral probably never had any
type material. Hill (1940, p.l60) thus interpreted the species on
Fleming's specimen of L. gtriatum in the Royal Scottish Museum (Specimen
1no, RSI.I.1870.11,.,370) which was also based on Lhwyd's coral, This speci~
men was chosen by Kato (1971, p.2) as the lectotype of L. striatum aod
thus it could be considered as the type of L. vorticsle. However, even

though he chose it as lectotype, this specimea had been lost between 1940
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and 1971 and so the lectotype had to be interpreted on Thomson's figure
of this specimen (Thomson 1887, pl.XII, Figdl). It seems in the author's
opinion that this is an unsatisfactory situation, especially as L.
striatum is the genotype of Lithostrotion (although it should be known
as L. vorticale) as it meens that this importont genus must be interpreted
on a rather poor [figvre drawn nearly a ceubtury ago.

Iwo alternatives are open to rectily this situation. Mirst, many
other subsequent cerioid species have been described which are now con-
sidercd synonymous with L. vorticale. Of these junior synonyms type
material is available for L. portlocki, L. minus and L. {lemingi and thus
one could choose the type specimen of one of these synonyms as a new type
for L. vorticale. L. flemingi would perhaps be the most suitable as
MeCoy baged it on L. striatum of Fleming and so we can be sure thet it
is synonymous with [, vorticale of Thwyd.

Secondly we could choose & neobype for Lhwyd's coral (and
Parkinson's, flemiog's and Conybeare and Phillips). ILhwyd's coral was
from Wales bubt from his text it is impossible to say where in Wales.,

llowever, Parkinson quotes Voodward as saying that, "the Lithostrotion is

found on the rocky cliffs about two miles from 'fenby towards Milford in
Pembrokeshire". Hill (1940, p.).66) suggests that this is probably
(iltar Point, Tenby in the 52 Zone and adds, "should one need to chose a
neotyne for Lhwyd's coral we could be justified in taking one from
Giltar Point",

I have visited Giltar Point and also the 82 exposure of Lydford
Point, two miles W.S.". along the coast, but Found no cerioid Lithostrotion
species at these localities; only rare colonies of [, martini.

Unless any fubure collector can [ind a cerioid specimen in this area
it seems best to inberpret the species 5. varticale (end hence the genus
Lithostrotion) on the holotype of L. flemingi.

The holotype of L. fleminei is Sedgwick Mvseum, Cambridge specimen

Ho.A205la~e (+ slides f-k). Syntype of L. flemingi is SMA2050a, b
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(+ slides c and d).
Holotype of L. minug is SMA2,0la, b, e-h (+ slides ¢, d, i).
Holotype of L. portlocki is I.CG.S. Leeds Specimen No.36898 (+ slides
PP685-6) .
Hill chose a neotype for L. clavaticum as specimen No.KM.T1017/D1.K.5

in the Thomson Collection, Kelvingrove Muscum, Glasgow.

Material: $2 Limestone, Ore Hill Quarry, Nateby, Cuubria 3 52 Limesgtone,
Ashfell Edge, Kirkby-Stephen, Cumbria; Beehive Limestone, Potts Beck, Orton,
Cumbria; Great Scar Limestone, Hartley Quarry, Kirkby-Stephen, Cumbria;

Greot Scor Limestone, Aysgarth lower folls, Aysgarth, Wensleydsle;

o a

Beds, Brampton, Northumberland; Clattering Band, Bewcastle, Cumbria;
Great Scor Limestone (82), Horton-in~RiBblesdale; Great Scar Limestone

(82), Crummuckdale, Austwick, Yorkshire.

Description: BExternal Characters; The corellum is massive and cerioid
and cen be very tall. Never depressed as in the Orionastraea state.

The specimen from Brampton shows its distal surface to consist of deep
polygonal calices with a prowinent columells and a sharp dividing wall.
Specimens {rom Ribblesdale show the sides of the polygonal columns to be
ornamented with both longitudinal interseptal 1idges amd transverse
growth bands.

Interral Characters; Major and minor septa are easily distinguishable,
the major septa all extending well into the tabulerium mostly about half
way to the columella, Some septa, usually the cardinal amd counter—
cardinal septa, ond maybe some other primary septa, extend all the way o
the columells, but no where neer so many septa reach the columella as ia
L. decipions end L. maccoyarum. On the other hand, minor sepba oaly
Just reach the inner row of dissepimonts oxbeading only a vory short

distance into the tabularium. Septa are usuelly quite thin but if any-
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thing are more dilated in the dissepimentarium being thinner at their
axial ocnds. The maximu nusber of septa in a colony is normally between
20 and 2). but one specimen from Aysgarth has only 19 septa.

A columella is usually present but rare diphymorphs do occur. The
columella may be thick and dilated as in the specimen from Brampton or
quite a thin plate as in the Austwick colony., The axial end of the counter
septun from which the columella was derived can usually be detected as a
dark line running through the middle of the columella, with the dilated
gone foruming a lighter area on either side. The columella often has
radlating bars runring at right anglss bo its length which are presumably
the vestigial ends of the other major septe vhich weve joined to the
colunella at an carlier stage of its ontogeny.

The tabularium of this species is quite constant, narmally between
3.5 ma, and 5.5 mm., with a mean of 4.25 ma., although it may be higher
in occasional corelliles. The dissepimentarium and hence the diawme ter
however are much move veriable. For example the specimen fras Ribblesdole
has a dissepimentarium only 0.8 )um. wide with just 2 - 3 rows of dis-
sepinments and its diameter is just 5.5 mm., while a spe cimen from Tipalt
Burn has a dissepimentarium 2.5 mm, wide uith up to eight wrouws of
dissepiments and a diameter of 9.0 mm,

Dissepimerts are thus variable in number depending on the width of
the dissenimentarium, but are always concave towards the centre. The
inner row may be slightly dilated and are generally morc vertically dis-
placed than the outer series.

)

Corallites are polygonal being generally from 4 - 8 sided bounded
by a double wallcd epithecae. This epithecae may be quite straight or as
in a specimen from Brampton in a zig~zag fashion with pronounced inter-
septal ridges, the septa of ome corallite being in direct opposition o
an intor-septal loculus of the adjacent corallite.

The tabulae are incomplete ond of the d-type (p.15 ). They are

horizontal in the axial region and slope peripherally to rest on the
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tabulae bencath, A second series is then developed running to the

dissepimentarium.

Discussion: UOwing to the fact that Volkman, Da Costa, fleming, Conybearo
and Phillips and Parkinson all stated in their descriptions that their
species was based on Lhwyd's coral it is obvious bthat sll these species
are synonymous, MNoreover, this specics should now be known as

L. vorticale (Parkinson) ss this was the first published name, Similarly
McCoy based S flemingl on L. striatum of Flaning and so this is also

synonymovs with L. vorticale.

Nema bophyllum minus only differs from L. Yorticale on the supposed

inseparability of the corallitos of Nematovhyllumn, This has been shown

(pe 6'/) to be not a worthy generic character and so Nematophyllum is

shown to be synonymous with Lithosbtrotion (p.117). Thus N. minus is

synonyous with L. vorticale.

L. portlocki (= Astraea irregularis Portlock, not Defrance) only

differs from Astraga hexagona var, minor Portlock by the greater

irregularity of the number of sides to the corallites. This is not a
wor thy specific character and so these bwo species are synonymous.,
Portlock staotes the species to have 40 septa and so they are most prob-
ably L. vorticele.

Vaughan considered L. bristolense distinet from L. basal tilforme
(= L. vorticale) on its Jower septal counts, l it scems that the coral
that Vaughan was calling L. bagaltiforme was in fact L. araunea, end so
L. bristolense wibth 20-23 septa is again synonymous with L. worticale.

Similarly Thomsons L. clavaticum has 20~2) septa and does not scem
to differ sigaificantly from L. vorticale.

This spocies can be distinguished from L. decipiens end L. maccoyanum

by having 20-2) septa and from L. aranca which has 26 or more sepba.
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(19)20-2,

8,27 mm,
1.21 mm,
13.2 mmn,
5¢6 mm,



FIGURE 38

Plot of tabularium diameter against percentage frequency
in L.vorticale. Intervals in mm's.
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Li thostrotion aranea (HeCoy)
(Plates 14 - 18.)

1843 Astraea hexagona Portlock, 'Rep. on the CGeol. of Londonderry!,
Pe332, PLEXITT, fig.l. (Not C. hexagona Goldfuss).

A843 Astraca basaltiformis Portlock, Ibide, pe333. (Nob C. basaltiformis
Conyboare and Phillips).

1844 Astraca aranea McCoy, Syn, Carb. Foss of Ireland, Pe187, plL.XXVII,

Tig.6,
1819 Nemaphyllum aranca McCoy, Ann. Mag, Nat. Hist., ser.2, vol.IlT,
p.13ro

1849 Nemaphyllum grachnoideum McCoy, Ibide, sers2, vol IIT, p.16.

16,9 Nemaphyllum septosum leCoy, Ibid., ser.2; #ol.ITI, P.19.

1849 Stylexis major 1cCoy, Ibid., sers2, vol.ITI, P120,

1850 Yasmocyathus aranea (McCoy), D'Orbi gny, Prod. de Pale, vol.I, p.160,

1851 Stylaxis arachuoidea (McCoy), Milne-fdvards and Haime, 'Pol, Moss.
des Torr, Pole', polhl.

1651 Lithostrotion septosum (McCoy), Milne-¥dvards and Haime, Ibide, polididie

1851 Stylaxis major McCoy, Milne-dwerds ond Hedime, Ibides pelibl.

1851 Nemaétophyllum arachnoidewn McCoy, 'Brit. Pal, Foss.'; p.97, pl.IITA,
fig.b.

1851 Stylaxis major McCoy, Ibide, p.101, pl.IIIA, Tigere

1852 Idthostrotion erachnoideum (McCoy), Milne-Hiwards and Haime, 'Mon.
Brit. Moss, Corals', p.202,

1852 L‘_:j._‘gl%og_t‘r_g_@_:'g on saptosum (McCoy), Milne-sidwards and Haime, Ibid.,
P.19 °

1852 Lithostrotion major (McCoy), Hilne-liwards and Haime, Ibid., p.20l.

1883 Lithostrotion septosum (McCoy), Thomson, Proc. Phil. Soo. Glasg.
vol.XIV, p.400,

1930 Lithostrotion arachnoi deum (l\IcCoy) > Hudson, Proc. Leeds Phil. Soc.,
vOoloII, pteIT, .97, ple.l, figs 5a, 5b.

1930 ILithostrotion arachnoideoum var. ischnon Hudson, Ibid., vol,I1, ¢$.TI,
P97, plels Tigels

But nob:

1851 Jdthostrotion aranca (McCoy), Milove-Rdvards and Haime, *Tol. Foss.
des Terrs Pal.', pelh3, which is L. vorticale.

1852 Lithostrotion aranea (McCoy), Milne—idwords aud Haime, 'Mon. Brit,
Foss. Corals', p.193, pl.XXXTY, figs 1, la, vhich is L. vorticale,

Diagnosis: Large dimmeter cerioid Lithostrotion with 26-32 sepbta and

o columelle which may be dilated, thin or sbsent. Tabularium with a mean
diame ter of 6.0 mm.; dissepimentarium variable in width, but oFften very

wide, so that corallite diameter may be up to 15 mm.

Type Matorial: %Holotype of L. aranea is specimen nos 50-1926 and

51-1926, National luseum of Ireland, Dublin.
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Holobype of L. grachnoideum is specimen no. A24,00a, b, e (+ slides c,
d, £s g h, 1) in Sedgwick Museum, Cembridge.
holotype of L. mejor is specimen no. A2397a,; c-h (+ slides b, j-k, 1)
in Sedgwick liuseum, Cambridge.
Syntype of L. septosum is spceimen no. A2907-10 in Sedgwick Museum,
Cambridge.

Holotypes of L. arachnoideum var. ischnon ere the specimens figured

by Garwood and Goodyear; QeJe.GeSes; vOoL.IXXX, pl.XVIII, figs La, Lb.

liaterial: Peghorn or Swiddy Limestone, Birkett Hill, Nateby, Cubria
Creat Scar Limestone (82), Scalber Quarry, Scalber, Settle, Yorkshire;
Porcellenous Limestone, Ingleton, Yorkshire; Great Scar Limestone (82),

Donks Gill, Horton-in-Ribblesdale; Timpony Tdmestone, Dry Gill House,

8tump Cross, Pately Bridge, Yorkshire,

Description: External Characters; The corallum is massive and cerioid
with corallites fomming polygonal coluans showing longitudinal strise
and transverse growth bends. Neither the proximal or distal surfaces
have been seen,
Internal Characters; Some of the major septa, usually the cardiml and
counter cardinal septa, may extend to the columella, bt most of them
reach oaly ebout half way into the tabularium, Minor septa on the othor
hand only reach to the inner-most row of dissepiments oaly just penetrat-
ing the tobularium. All septa are usually quite thin but they may be
dilated at the irmer ring ol dissepimeuts. They are thus thinner in the
tabulariwn and in the peripheral regions of the corallites. The maxiwum
number of gepta in a colony variss from 25 4o 31 bubt is more often [rom
26 - 28,

A columclla is vsually present. This may be thick and dilated as
in the holotype of L. aranea or a thin plate-like sbtructure as in the

colony from Scalber Quarry. Diphymorphs 4o occur and are more common in
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those colonies with a weaker columella.

The tabulorium of this species is gquite consteat, var ing in adult
corallites from 5,0 - 7.2 mm,, with a mean of 6.0 mn,, but the width of
the dissepimentarium is much more variable so that the diameter of this
species is also widely diflferent in different colonies of the same
species. The btwo end members of this wide variation in diameter are
represented by the type specimens of L. major on the one hand and L.
arenea on the other, which is presumably why McCoy distinguvished
different species. For example a corallite in tho thin section cut from
the type of L. major (A2397j-k) has a tabularivm of 5.8 mm. and a dis-
sepimentarium of only 1.75 mm, and hence a diameter of 9.3 mm., whereas
a corallite from lhe type of L. aranea (50~1926) has o tabularium of

5o mn. but a dissepimentarium of 4.2 mm, and hence a dismeter of 13.8 mm.
Fvery intermediate diameter can be found and lhe tabulariu'm ad septal
counts are alweys constant. Thus while there is a great variation in
diame ter, this variation is considered to be compl etely continuous and
only one species is represented.

Dissepiments vary in number from 3 - L rows up to ten o more. They
are always concave and the inmmer rows are usually dlated. In those
specimens with a very large dissepimentarium (i.e. L. eranea S.8. and
L. arachnoideum) the outer rows are oftcn more obliquely inclined than
the inner rows,

Corallites are polygonal and from 4 - 8 sided, bounded by a double
walled epithecae,

The tobulae are incomplete and of the Liype. The inner series is
horizontel in the axial region and slopes peripherally to rest on te

tabulae beneath. An outer series slopes dowawards to the dissepimentarium,

Discussion: Four different XNcCoy species have been included in the
synonyny of L. srenea and it is thus pertineat to explain here why this

has beea done. First, the types of N. aranea and N. arachnoideun are



- 142 -
almost identical and it is dirficult 1o d.scover why McCoy separated theu
in the first place. The type of L. aranea (s1ide 50-1926) contains very
large corallites up to 12 or 15 mm, in diameter. However by lar the
majority of the corallite is composed of s wide dissepimentarium with up
to bten rows of dissepiments. The tabularium is only 5.5 - 6.0 mm. wide
supporting 26 septa.

The holotype of L. arachnoideum (slide SMA2400c) has a very

different preservation but again its corallites are large (almost 15 mm.).
Again the dissepimenterium is very wide having 8 - 10 rows of dissepi-
ments end the tabularium is only 8 mm. wide. (In fact the tabularium of
the holotype is the largest ever seen; in topotype material the
tabularium is usually only 6.0 mm. wide, tut complete gradution from

6 - 8 mm. ocours). This specimen also has 26 - 27 scpta. These species
only Gifter in the method ol preservation and arc quite cleerly
SYnoOnymous .

The synonymy ol S. major and N. soptosum is less obvious. Stylaxis
has been shown to be synonmymous with Lithostrotion (p.118). The holotype
of S. major (slide SMA2397j, k) contains one corallite, only 9.5 um. in
diameter and with only four rows of dissepiments, but agein 1ts babularium
is 6 mm, vide and there sre 32 septa. Uvery number of septa between 26
and 32 has been found both low and high counts occurring in both large amd
small corallites. 8. major differs therelore from N. aranea by being
much smaller in diemeter and the two species do at first sight appear
to be quite different. However both the small Se. major and the largor
N. aranes have similar septal counts and tabulerium diemeters; the only
differeace is thus the width of the disscpimenterium and moreover evory
intermediate dissepimentarium between S. major end N. aranea has been
found, end thus the voriation between these tro forms is continuous and
they represent end members of the same veriable species.

The synbype of L. septosum (slide SMA2908b) shows one corallite of

10 ma, diameter, with a tabulerium of 6 mu. and 26 septa. Its only
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di(ference to L. major is that the septa do not reach quite so far to
the centre of the corallite, but this is not regarded as boing a
sulfiently important character to warrant its sparation fram L. mojor
and so it is also synonymous to L. aranea.

Portlock in 1843 described. Astreeo hexagona vhich has 60 septa ( in

total) and so this is also probably L. aranea.

The lirst published of these names was N. arenea as Astraeca aranea in

18, by McCoy and this name therefore has priority and so the species must
be known by this name. This may cause some confusion as unf artunsately
Edwards end Heime (1851, 1852) in describing what they considered to be

L. granea were in facl describing the smaller species L. vorticale., Most

authors have followed Edwards and Heime Ghus applying the name L. araneo
to the smaller species and = most references in the literature %o

Lie 2ramea in fact refer to L. yorticale. However, we must interpret

L. aranea on its type specimen in the Nationsl Museum of Ireland and not
on the description by Bdwards ond Haime. We have no alternative but to
apply the law of priority and use L. aranea as the [Mrst published name
for the larger species in place of the more widely used and better

understood name of L. arachnoideum vhich was used by Mdwards and Haime,

but was not published until 1849,

The use of L. aranea is doubly unlortunate ss the very large type of
corallites that occur in the type specimen of L. eranea are considered by
the avthor to be an 'abnormal' state ol development as these very large
corallites are only found in favourable areas for coral growth, close to
the reefs. The smaller L. major' type of corallite is more common and
represents a more 'normal'! coudition of the species. This means that the
holotype is not a 'normal' example of Lhe species as is insisted by the
nomenclatorial rules. However, nothing can be done to rectify this
situation other than notification of the problem,

It should be emphasised that this species camnot be distinguished

from other coriold species by its diamcter (fig. 40). Smnaller exemples
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of L. granes (i.e. those described by McCoy as L. major and distinguished
from his L. aranca by this mmaller size)may be smaller than large examples
of L. vorticale, only septal counts are gxclusively diff'erent. This

species can be distinguished from all other cerioid species by its high

number of septa.

Statistical Results:

R. = (25) 26 - 32

iDe = 13-96 nmm,

S.D. - 2.38 mn,
rﬂaXoDc 4 20.)1- mme.
min. De= 908 i o

IVIT. = 6.01 mnm.,

SDe = 0.69 nim,
maxo‘l‘n - 7.2 mm,

min.To - 4.9 mn.

Stratigraphical Range: Basc of S2 to base of D2 (smiddy Limestone).
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FIGURE 39

Plot of tabularium diameter against percentage frequency
in L.aranea, Intervals in mm's.
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FIGURE 40

Diagrammatic illustration of the continuous variation in
diameter between the four cerioid species.

12
1be.

28.

2b.

2Ce.

by,

Small example of L.maccoyanum with narrow dissepimentarium.
Large example of L.maccoyanum with wide dissepimentarium.

Small example of L.decipiens (same size as 11b),
This type was distinguished as Stylexis irregularis
by McCoy and L.derbiense by Edwards and Haime.

Normal example of L.decipiens.
large example of L.decipiens. (same size as 3a).
Small example of _I_.'.vorticale.
Large example of L.vorticale. (same size as ka),

Small example of L.aranea. This type was distinguished
as L.major by McCoy.

large example of L.aranea.
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Note on the Cerioid species of Lithostrotion

Many names have been proposed in the past for the cerioid Lithostrotion
species, most species being erected on characters not now regarded eas
specifically important. Some of thgse names have lapsed while others,
rightly or wrongly, have become common places Much of the muddle has
resulted from species being published on the basis of dlemeter of the
corallite. It has been observed that this is a poor character to use as
it is dependent on the width of the dissepimentarium, a character which
can vary greatly in one species. Moreover, a more favourable amnd less
variable character is the diameter of the tebularium, end using this
character only four well defined and separate types of cerioid species
can be recognised. Allied to these four sizes of tabularium are septal
counts which again fall into four groups and correspond exactly to those
groups determined by the tebularium. The four valid cerioid species are
L. maccoyanum, L. ddcipiens, L. vorticele and L. srauea.

Thus we are led to the unfortunate conclusion that several of the
better known names for the cerioid species of Lithostrotion must be allowed
to lapse, while other less well known names must be revived. The invalid,
but well known names seem to have stuck as later authors have applied
these different names to specimens from certain regions of the country,
usually the regions from which the species was first described. Thus any

ceriold Iithostrotion with 20 - 2 septa found in Scotland has been

called L. clavaticum after Thomson, while the same form from Bristol has
been repeatedly called L. bristoliense after Veughans ete.

On the other hand the valid, but 1ittle known nemes of L. voticale,
L. decipiens and L. aranea were allowed to lapse die to errors of
identification by Edwerds and Haime whose work most later authors have
followed. TFor example Edwards and Haime, in their revision of L. striatum,
were aware that Parkinson had described the species, but in their work
(1851, puisil; 1852, p.190) referred only to Parkinson's figure where he

not
merely labelled it as 'Lithostrotion'. They did/refer to his text where
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he gave it the name of M. vorticalis and were thus unaware of this reme.
Thus, thinking they were exercising the Rules, they called the species by
the next published name of L. basaltiforme by Conybeare end Phillips, and
it is thus this name, not L. vorticale, that has been used by later authors.

In the case of L. granea Edwards and Haime were under the mis- )
apprehension that this species was a small form with only 24 sppta and
they therefore considered it to be synonymous with L. vorticale., Thus
they called the larger species with 27 septa by the next published name

of L. grachmoideum which has been used by later authors. However examina-

tion of the type of L. aranea shows it to be synonymous with L.
arachnoideum and L. aranea being the first published name has precedence.

Finally with L. decipiens Edwards and Haime were again under a
misapprehension that this species was synonymous with L. portlocki, and
they therefore used the name of L. portlocki for this species as it was
the first published name. However e;camination of the type of L. portlocki
shows it to be a larger form than L. decipiens and the name should there-
fore not be used for this species.

It is hoped that by applying the Rules of Nemenclature strictly now,
the species of Lithostrotion will be better defimed and thus will lead

to less misunderstanding in the future.
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Lithostrotion Jjunceum junceum (t'leming)
(PLate 19.) - =

1795 Junci lapidei Ure, 'Carb. Rutherglen Lanarkshire', p.327, pl.xix,
fig.l2,

1828 Caryophyllia junces Fleming, 'Hist. Brit. Anim.!, n«508.

1830 Caryophyllia juncea Fleming, Woodward, Syn. Table of Brit. Org.
Retoes pobe

183, Lithodendron junceum (Fleming), KeCerstein, Nat, der Erdkorp.,
'V'Olo'i.j.’ p.785a

1836 Lithodendron sexdecimale Phillips, 'Ceol. of Yorks.', p.202, pl.ii,
figs 11-13, S

1842 Caryophyllia sexdecimalis (Phillips), De Koninck, Foss, des Torr.
Carb, de Belg., P017’ P] oD, figoll-o

1843 Lithodendron (Calamophyllia) coarctatum Portlock, 'Geol. Rep.
Lond. Tyrone', p.335, plexxii, Fig.5e

1843 Cladocora sexdecimelis (Phillips), Morris, Cabe of Brit. Fos s,
Pe33.

1844 Lithodendron sexdecimale Thil lips, McCoy, Syn. Corb. Foss. of
Ireland, p.188.

184). Lithodendron coarchatum Portlock, McCoy, Ibid., p.189.

1845 Cladocora sexdecimalis (Phillips), Geiaitz, Grund, der Vertes pe570.

1850  Diphyphyllus sexdecimale (Phillips), D'0rbigny, Prod. de Palacon b,
vol.l, p.l59.

1851 Siphonodendron sexdecimale (Phillips), McCoy, 'Brit. Pal. Foss.',
P«109,

1851 Lithostrotion Junceun (¥leming), Milne-udwards and Haoime, Pol. Hoss,
des Terr. Polaeoge., p.i35.

1852 Iithostrobion junceum (Meming), Mihe-Kdwards snd Haime, Mon. of
Brit. Foss. Corals, p.196, pl.xl, [ig.l.

1876 ILithostrotion junceum (Fleming), Thomsoa and Nicholson, Ann. lag.
Nat. Histe, serel, volexvii, No.l, Pe 5 plexv, Tigs L4=4b.

1883 Lithostrotion junceum (Fleming), Thomson, Proc. R. Phil. Soc. Glasg.,
volexiv, pol403, pl.viii, figs L, La.

1887b Lithostrotion junceum (Fleming), Thomson, Trens. Edinb. Geol. Soc.,
VOl-V, P0393, Pl.Xiii, figs 1) Ib,

1887b Lithostrotion junceum var. intermedium Thomson, Ibid., vol.vs .39,
plexili, [ig.2.

1887b Lithostrotion simplex Thomson, Ibide., vOl.v, Pe395s plexiii, rigs 3,
3a.,

1920 Lithostrotion junceum (Flemingg, Smith, J. Proc. R. Soc. N.8.W., pl159.

1940 Lithostrotion junceum (Fleming), Hill, 'Mon. Carb. Rug. Scotland'
Pal. Soce., pel71, pl.ix, Tigs 3-8,

1971 Rwangsiphyllum Junceum (Fleming), Kato, rens. Proc, Palaeont, Soc.
Japan, N.S., No.81, p.7.

Diagnosis: Columellste lasciculate Lithostrotion with no dissepiments,

slender corallites with a mean diameter of 2.3 mo,, only 14 - 20 najor septa
and minor

/sep ta rudimantary or asbsent.
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Type Meterial: Hill (1940) stated that both Wleming's snd Ure's specimens

were lost. However Kato (1971) found Ure's specimen of Junei lapidei in

the Ilunterian luseum, Glasgow and chose it as lectotype of the species.,
This specimen consisted of three boxes containing fragmenled corallites

of L. junceum and other species of Lithostrotion. I have now sorted the

corallites, removing all pieces that are not L. Jjunceum and have had the
boxes registered with the Hunterian Museum. The box bearing the
registration nubor HEC 7630a is here chosen as lectotype of the species.
Two sections, one transverse and one longitudinal have been cut from a
corallite from this box and are numbered HMC ‘(630b and HMNC '6350c,

The type of L. sexdecimale Phillips is loskt.

The type of L. coarctatum Portlock is I.G.S. Leeds specimen No,38539

and 38539a (and slides PF. 1915-6)., Portlock Collection.

Matorial: Melmerby Scar Limestone, Delfkirk Crag, Murton, Appleby,
Cumbria; Melmerby Scar Limestone, Middletongue Crag, Murtoa, Appleby;
Great Scar Limestone, Hartley Quarry, Kirkby Stephon, Cumbria; Grest
Scaer Limestone, Iigh Out Wood, Xirkby Stephen; CGreat Scar Limestone, Lead
Mine Tips, Ladthwaite Bottom, Birkett, Kirkby Stephen; Robinson
Limestore, Birkett Hill, Nateby, Kirkby Stephen; Peghorn Limestone, Low
Whiterigg, Clouds, Kirkby Stephen; Smiddy ILimestone, Fell @nd, Clouds,
Kirkby Stephen; Lower Little Limestone, Cloud Gill, Kirkby Stephen;

Jow Limestone, Cloud Gill, Kirkby Stephen; Great Scar Limestone, Brough,
Cumbria; Great Scar Jimestone, Aysgarth lower f{alls, Aysgarth,
Wensleydale; Hawes Timestone, Hawes/HMardrew road, Vensleydale; Ilardcaw
Scar Limestones Hawbank, .oodhall, Wensleydale; Simonstone Limestone,
Hawbank, Woodhall; Hardraw Scar Limestone, Mill ¢i11, Askrigg, Wensleydale;
Simonstone Limestone, i1l Gill, Askrigg; Middle Limestone, Mill Gill,
Askrigs; Middle Limestone, Sar Gill Grange, Wensleydale; Peghorn

Lime stone, Knock Swindale Beck, Moor House Reserve, Upper Tecsdale;

Lowor Iibttle Limestone, Knock Swindale Bock, loor House Reserve 3 Lowor Little
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Limestone, Rowantree Sike, Moor Ilouse Reserve; Jew Limestone, Swindale
Beck; lioor llousc Reserve; Jew Limestone, Rowantree Sike, Moor House
Reserve; Bankhouses Limestone, Tipalt Burn, Northueberland; Tyne Bottom
Limestone, Tipalt Burn, Greenhead, Northumberland; Tyne Bottom Limestone,
N.W. Carrow Parm, Newbrough, Northumberland ; Cockle Shell Limestons, —_
High 01d Shield, Roman 'oll District, Northumberland; Five Yard Limestone,
Moss Kennels Quarry, Housestesds, Northumberland; Shale above Five Yord
Limestone, Rookhope Borehole, LVeardale; Coldstones Limestone, Coldstone

Quarry, Pebaly Bridge, Yorkshire.

Description: Ixternal Characters; The corallum is rasciculsabe and
usuvally phaceloid, corallites growing parallel end close togelher., 'The
epithecae may be smooth or show traasverse growth markings or be long-
itudinelly striated.

Internal Characters; The mean adult diemeter of this species is 2,3 mm,
and this is the smallest columellate fasciculate specics known in the
genus Iithostrotion. 'The mean diameter For & [ferent coralla varies
from 1,8 mm. t0 3.3 mm,, but it is usually between 2.0 and 3,0 mm,
Dissepiments are completely sbsent and so the diameter also corrvesponds
to the tabularium.

In some coralla the septa are divided into two orders, major and
minor, and the minor septa can be quite strong. In other coralla migor
septa are completely ebsent. However a ma jority of the coloniocs contain
some corallites with minor septa and other corallites without such
strucbures. ‘he major septa are of variable length even in one corallum.
They may all extend to the axis or they may exbtend only -32 or 2/3 the
radius of the corallite. In these cases the axial ends of the major septa
usually abut onto the downturned edge of a tebulae. Minor septo when
developed sre very short, only 1/5 the vadius of the corellite. WMajor
septa vary in number from 1) - 20,

A columella is usually present, elongated in the cardinal plane, but
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diphymorphs may occur. The columella is often quite strong, being
dilated, and somebimes bears transverse bars vhich may join with the ends
of the major septa.

The tabulae are usually entire and tent-shaped, They rise sgeply
to meet the columella, are sub-horizontal in the axial region of the
corallite ~nd fall sharply at the periphery where they &but on to the
epithecaes Occasionally they are not entire, Wt rest on the tabulae

benesath,
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Lithostrotion junceum communicatum subsp. nov.,.
(Plate 19, fig. 7.)

Diagnosis: ILithostroiion junceum with btransverse cylindrical coanecting

processes helween adjacent corallites of the coral lum.

Type Material: tolotype is specimen No. P.6529 in the Pylacontologicul
Collection, Dept. of Geological Seiences, University of Durham. From the

Scar Linestone, lMiddletongue Beck, Great Dun Fell, Cumbria,

Material: Scar Limestone, Middletongue Beck, Greab Dun Yell, Cubriaj

Scor Limestone, Mattergill Sike, Moor Illouse Reserve, Upper Tcesdale,

Description: As for li. junceum junceum except that the corallites are
temporsrily connected to one another by hollow transverse comne cting

processes,

Discussion of L. j. junceum end L. j. commnicutum: Although Ure's name
prodates lemings the term 'Junci' in Ure's name is ia eflfect the trivial
name of his binomial combination end so ¥leming's name is acceptable,

All the characters of L. juncewu are very variable. Hill (1940, p.173)
states that the variables are, "the form ol the corallum (irregularity ond
regulerity of growth), size of corallite (2.5 - 3.8 mm. in diemeter),
ornament of epithecae (presence or absence of longitudinal striation),
presence or absence of rudimentary miaor septa, and the degree of develop-
ment of the diphyphylloid trend ...". Many previovs workers have split
L. Junceus into vorious sub-species based on these variables. Thus

Thomson split the species on the hasis of degree of developuent of the
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diphyphylloid trend and Birkhill (1963, unpublished thesis) split the
species on the presence or absence of minor septa and other characters.
These sub-divisions do not seem to have been generally followed &nd there
are two reasons for this. First the variation between all these
chargcters is continuous and no satisfastory dividing line can be drawn,
and secondly as Hill points cut, "none of these variables has any
recognisable stratighaphical significance". Thus they are mot recognised
in this thesis.

It seems that the only variable with which a firm dividing line can
be drawn is the presence or absence of the transverse onnecting processes.
This also seems to be a very important character as its presence indicates
a much higher level of colonial integration (pe67). Thirdly the coralla
possessing such structures may be stratigraphically useful as they appear
to be restricted to the Scar Limestone, although more collecting is
needed to verify this. Thus those coralla possessing transverse con-
necting processes are here recognised as a separate sub-species from the

main L. Jjunceum population.
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Note on *Lithostrotion junceum bigenerum' Birkhill M.S.

In addition to the fasciculate species described here one further T
species has been described by Birkhill (1963, unpublished thesis) as
bithostrotion junceum bigenerum. This sub-species is intermediate in
diameter between L. pauciradiale and L. junceum end it has 1 septa (as
in L. junceum) and a single fow of dissepiments (as in L. pauciradiale)
although these are inconsistant. The species is unpublished and therefore
unavailable. More material is needed before it can be published, but it
probably represents an intermediate species between L. pauciradiale and
L. Jjuncoum (so that L. pauoiradiale evolves to 'L. bigenerum' and
'L. bigenerum' evolves to L. junosum, rather than L. pauciradiale evolving
directly to L. junceum). Moreover it is of similar dimensions to
L. maccoyanum and may be the fascioulate ansestor of that cerioid species
(see p.26 ), both species possessing 1 septa.

If L. variabile, L. irregulare and L. pauciradiale do represent a
continuous interbreeding series, and thus are only morpho~species, then
'L. bigenerum' probsbly is a smaller end member of this series rather

than a subspecies of L. junceum which should have no dissepiments.
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Lithostrotion pauciradiale (McCoy)
(Plate 20.)

18, Lithodendron pauciradialis McCoy, Syn. Carb. Foss. Ireland, p.189,
PlomII; fig.?:;

1849 Siphonodendron pauciradiale (McCoy), Ann. Mag. Nat. Hist., SEre2,
vol JIII, p.l35.

1850 Diphyphyllum pauciradiale (McCoy), D!'0Orbigny, Prod. de Palacont.,
volel, polh9.

1851 Siphonodendron ageregatum McCoy, 'Brit. Pal. Foss.', p.108, (nom.
nov. for S. pauciradiale).

1851 Lithostrotion paucirediale (McCoy), Milne-Bdwards and Haime, 'Pal.
Yoss, des Terr. Paloeoz.', p.l36.

1883 Lithostrotion Sp. Thompson, Proc. Phil, Soc. Glasgow, vol.XIV s Peh03,

1920 ILithostrotion irregulare (Phillips), Smith, J. Proc. Roy. Soc. MNew
South Wales, vol.Iiv, p.59 (Non L. irregulare Phillips).

1935 Lithosltrotion carpsthicum Heritsch, Vestn. geol. Ust. csl., vol.X,
Pll2,

1957 Lithostrotion irregulare var. asiatica Ysbe and Hayasaka, Yu, Acad.
Sinica, lom, Nat. Res. Inste. Geol., volXVI, pl.IX, {igs La~b.

1940 Iithosirotion pauciradisle (McCoy), Mill, partim, 'Mon. Carb. Rug.
Corals Scotlend', p.169, pl.IX, figs 1, 2 (Non L. irregulare Phillips).

Diagnosis: Columellate fasciculate Lithostrotion with one row of dis-

sepiments, corallites 3.0 = 3.5 mm, ()0 mm.) in diameter with 17 - 20

- septa and a taebularium 2,5 mm, wide.

Type Material: Lectotype is specimen N0 .53-1926 in the Griffith Collection
in the National Museum of Ireland, Dublin. From lower limestone of

Magheramore, Tobercurry, Co. Sligo.

Material: Hardraw Scar Limestone, Vest House, IHawes, w.onsl eydale ; Hardror
Scar [imestone, Semer Water, wensleydale; Hardraw Scar Limestone, Mill
Gill, Askrigy, Wensleydale; Tyne Bottom Limestons, Dogen Hill, Moor House
Reserve, Upper Teesdale; Jew Limestone, Tepper Moor Burn, Newbrough,

Nor thumberland; Fell Top Idimestone, (= Harlow Hill Limestone), Harlow

Hill, Northumberland.



- 155 -
Deseription: Inlernal Cheracters; The mean adult diameter of this species
is only 3¢3 mm., but the range of adult Jiameter may be up t0 4.0 mm,
although it is only the occasional corallite that reaches this lorger
size. The maximum number of septa counted in a colony veries from 18 - 20
of both orders, there never being over 20 septa. Some of the major septa
are long extending to the columella, this is usually true of the cardinal
and counter septa and often some of the other primary septa. Other major
septa are shorber either exbending only + way to the axis or abutting onto
the adjacent major septa. Minor septa are short only just penetrating
the tabularium. Both orders of septa may be slightly dilated in the
dissepimentarium although this is not marked.

A columella is usually present although diphymorphs do occur., This
columella may be very thickened as in the colony from Dogen Hill vwhen it
also has radiating bars corresponding to the ends of major septa, or it
may just consist of a thin plate as in the lectotype. Usually the
columella seems to be more dilated when a lot of the major septa are con-~
nected to it.

There is nevev more than one complete row of dissepiments although
two or three rows may be developed in parts of a corallite or in the
occasional interseptal loculus., Those colonies that are partly cerioid
in habit show this addition of dissepiments in the parts of the corsllite
that are comnected to their adjacent corallite. The single row of dis-
sepiments is usually dilated to some extent and fomms quite a regular
inner circle, being concave imwards. The dissepimentarium 1is usually
only 0.5 mu., wide and so the tabularium is only slightly smaller than the
total diameter. The mean babularium of this species is thus 2,6 mm,
although it may occasionally rise to 3.2 mm,

This species having a constant number of dissepiments and hence a
constant dissepimeatarium has also quite a constant diameter unlike those
larger species vith a more variable dissepimentarium,

The corallites are bounded by a variable epitheca¢ which may be
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smooth or longitudinally striated with septal grooves and ridges which
in brensverse section has a wavy appearance.
The tabulae are quile simple and they are often entire. They are
nornally horizontal in the axlal region and slope peripherally to the

dissepiments or rest on the tabulae bereath.
Discussion: See p.161.

Statistical Results:
R wil8 - 20

MD- = 3.3’|~ mnm,

ScDe - 00506 nm,
max.D, - Ll-nz e
mineDe= 2,1 mm,

HTe = 2,652 mm,

SoDo - 0.367 i,
maxels = 3.2 mm,
minoTo - 1.9 M.

Stratigrapnical Range: Base of D1 to Tyne Bottom Limestone. Reappears

in the Botany Limestone after being absent in the intervening struta.



FIGURE 41

Plot of tabularium diameter against percentage frequency
in Le.pauciradiale. Intervals in mm's.
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FIGURE 42

Plot of corallite diameter against percentage frequency
in L.peuciradiale. Intervals in mm's.
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Lithostrotion irregulere (Phillips)
(Plate 21 and 22.)

1686 'Screw Stone' Plot, 'Nat. Hist. of Stalfordshire', p.195, pl.XII,
fiGobo

1830 Caryophyllia fesciculata Fleming, De Blainville, Diot. Sc. Nate,
vol.lx, pe3ll (Non C. fasciculata Fleming).

1830 Caryophyllia fasciculata Fleming, Woodwvard, Syn. Tab. Brit, Org,
Rem., p.6 (Non C. fasciculata Fleming).

1836 Lithodendron irregulare Paillips, 'Geol. of Yorkshire', vol.II,
Pe202, pil.iI, figs 1k, 15.

1843 Lithodendron irvegulare (Phillips), Castelnau, Essei Syst. Sil. de
1'an, sept., p.i9, ple23, fig.l.

1843 Cladocoras irreguleris (Phillips), Morris, Cat. of Drit. Foss., Pe33e

1843 Lithodeadron irresmilare Phillips, Portlock, 'Rep. on Londonderry!,
Pe336.

1850 Dipbyphyllwa irrvegulare (Phillips) » D'Orbigny, Prod. de Palacont.,
Vol.l, P.159.

1851 Siphonodendron fageiculatum (¥leming), licCoy, 'Brit. Pal. Toss!,
p.108 (Non C. fasciculaia Tleming),

1851 Iithostrotion irrepulare (Phillips), Biwards end Haime, 'Pol. Fos 8o
des Terr. Pal.', p.436.

1852 Lithostrotion irregulare (Phillips), Edwards and Haime, partim,
'Mon, Brit. Foss. Corals', p.198, pl.XI, figs la-e (Non L,
pauciradiale McCoy),

1876 Idthostrotion irregulare (Phillips), Thompson, Ann, Mag. Nat, Iist.,
Serely, VOL.XVIL, Do30k, DLoXV, Fige3.

1883 Lithostrotion irregulare (Phillips), Thompson, Proc, Phil, Soc.
Glasgovr, vol  XIV, PeltOlL,

1887b Lithosirotion irregulare (Phillips), Thompson, Trans. Bdin. Geol.
Soc., vol.V, p.393, pl.XIII, figelo

1920 ILithos trotion irregulare large variety Smith, J. Proc. Roy. Soc,
NeSelie, vol.liv, p.61 (Non L. irregulare Swith, p.59).

1957 ILithostrotion irregulare (Phillips), Yu, Acad. Sinica, Mem. Nat,
Res. Inst. Geol., vol.XVI, p.38, pl.VIll, figs 5, 6, pl.IX, figs 1~3.

1940 Lithostrotion pauciradiale (McCoy), Hill, partim, 'Mon. Carb. Rug.
Corals Scotland', Pal. Soc., p.169 (Mot pl.IX, Migs 1, 2. See
discussion),

Diagnosis: Columellate fasciculate Lithostrotion with one row of dis-

sepiments, corallites normally /.5 = 6.0 mm. in diemeter, 21 - 26 septa,

and & babularium normally 4 - 5 mm. wide.

Type Meberial: Phillips specimens are lost. Ile gives his type localities

as 'Ash ¥ell' (in Cumbria) and the rather vague locality of !'Northumberland!,
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Ash TFell must be ignored as a type locality as this ouberop is in the

S Yone and the species does not evolve unkil the D Zone (Phillips

speciuen from this locality was a stunted corsllite of L. martini (sec p.187).

If a neotype is required it can therelore be taken from any locality

in Northumberland.,

Naterial: Potts Beck Limestone, Potts Beck, Orton, Cumbria s Moulds
Meaburn limestone, Orton, Cumbria; Great Scar ILimestone, Brough, Cumbria;
Great Scer Limestone, Birkett Hill, Nateby, XKirkby Stephen; Peghorn
Limestone, Birketlt Hill, Nateby, Kirkby Stephen; Robinson Lime stone,
Clouds Gill, Kirkby Stephen; Peghorn Limestone, Low Whibterigg, Clouds,
Kirkby Stephen; Great Scar Limestone, Aysgerth lower [alls, Aysgerth,
Wenslcydele; Herdraw Scar Limesbono, Friar's Inteke, Swaledalo ;
Simonstone Limestone, Cow Pasture Wood, Whernside, Kettlewell, Wharlfedale;
Bankhouses Limestone, Low 'ipalt, (resahead, Northumberlund; Bankhouses
Limestone, Dowey Scar, (reenhead, Norbthumberlend; Bankhouses Limestone,
Bonnyrige Quarry, Housesteads, Northumberland; Peghorn Iimestone, Knock
Ore Gill, Moor Housc Reserve, Upper Teesdale; lower Litbtle Iimestone,
Swindale Beck, Moor Ilouse Roserve; Jew Limestone, Rowaatree Sike, Moor

House Reserve.

Description: Internal Characters; The mean adult di ame ter of this specles
is L9 mm., but the mean diemeter of diflerent coralla can range from

4O ma, up 0 6,0 um, The very snallest members o bhis species ore quite
rare, but it will be seen that they do grade into L. pauciradiole.
Hovever, if the two species camnot be distinguished on diameter they cen
be separated on septal number whether this is en arbitrary or a natural
division. The maximum number of septa in any colony of L. irregulare is
always cbove 20 and ranges from 21 - 24 and occasionally to 26, The
attitude ol the septa in this species is similar to L. pauciradiale,

vsually the cavdinal and counber septa extend to the columella while the
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others vusually only oxtend halp wey to the axis or abut on to the
neighbouring major septa. Minor sapta just penetrate the tabularium,
Both orders of septa are sli gatly dilated in the dissepimentarium.

The columello shows the seme variation as does L. pauciradiale and
diphymorphs may occur, but are rere.

Only one series of dissepiments is developed nround the entire
margin of the corcllites but two or more series may be developed in parts
of covellites especially when the colony is pcrtly cerioid. 'These dis-
sepiments ave somebimes dilated and whoen $iis dilation is marked it fuses
with the dilation of the septa in the dissepimenterium., The dissepiments
are quite verticelly displaced and Form a regulor inner ring being con-
cave inwards. "he disscpimentorium is narroy and the tabularium there fore
comprises the greater portion of the covallite. The meon tabularium of
the entire species is thus /.2 M., altibough in dirfferent coralla this
Figure ranges from 3,5 mm. 4o 565 mm,

Tho labulee change as the species evolves. Ini tially the tabulae
are similar to the ancestral species, L. martini end L. variabile, i.e.
they are teat-sheped, rising at the axis, then horizontal outside of
this end sloping peripherally to vest on the tabulae bensath, As the
tabulae are incomplete a sccond outer series is developed, which ave
more horizontol, The tabulae are of the o type (p. 15), when the points
of contact of the tabulae onto the tabulae benesth are not vertically
alizned. As the species evolves these points of contact gradually
become more eligned until a pseudo~aulos (p.13 ) is fomned, when the
tabulee becane of the/@ type. The inner tabulae are then very erched

distally and the outer series more horizontal,
Discussion: See p.161.

Statisticel Resulis:

Re = 21 = 26



MnD. - 11.0918 mn.
SDe = 0,786 mm,
maxeDe = 8.0 mm,
minoD. = 3.1 mm,
Lels = 4,21) mm,
S.Do - 00512 mm,.
max,T. = 6,1 mm,
IninaT. - 2.2.}. N e

Stratigrophical gange:

Limestone.
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Top of 52 or base of DI

to the Tyne Bottom



FIGURE 43

Plot of tabularium diameter against percentage frequency
in L.irregulare, Intervals in mm's.
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FIGURE 44

Plot of corallite diameter against percentage frequency
in L.irregulare. Intervals in mm's.
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Discussion on L. pauciradiale and L. irregulare

In the years prior to 1845 beforc Lonsdale's publication of the

genus Diphyphy)lum, for the non-columellate species of Lithostrotion, no

attention was paid bo the presence or shsecnce of the columella., Thus
any faseiculate Lithosbtrotion species with a dissepimentaiium was called
L. fasciculate whether it was clumellate or, as is the type of that
species, a non-columellate form., Thus L. fasgciculata prior to 1845
inclvded L. fasciculata 8.8. (a diphyphylloid species with axial budding,
p.19) plus the columellate species under discussion here.

Now, Phillips split from the columellate members of L. Tasciculata
a species he deseribed as L. irregulare (1836, p.202, pl.II, Tigs 14 and 15).
Certain problems have ariscn over this species in the years since Phillips
original description mainly because he gave the dieameter of the species
as 1/5 inch (= 8 mm,) with 18 - 20 septa but corellites with this large
diameter are never found with this low number of septa., This fact led
Hill (1940, p.170-171) to the conclusion that it would be unlikely thatl
any topotype would ever be 7Found which would adequately agree with
Phillips dlagnosis and thus she suggested the species should be allowed
to lapse. This conclusion she backed up with the evidence that her
visit to the {type locality, Ash PFell Edge in Cumbria produced only one
species, of @ma, diameber, that of L. martini, and none with the Llow
septal counts of Phillips.

Phillips illustrated two figures of L. irregulare, first sn external
view of a corellite (loc. cit., fig.lh) which we can assume is nsbural
sizc (as all the other external views on the plate are netural size) and

this corallite is 5 mm. in diometer. 'Thus it seems that Phillips erred
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in stating 8 mm, Car the diemeter of the corallite. Secondly he (igured
an enlarged trensverse section of a second corallite, the amount of
magniiication is unknown, Wt it has 19 septa (loc. cite, £ig.15).

I have carried out extensive rescarch in the new road, cultiags at
Ash Yell Hdge vhich provide excellent exposure and Hill is quite correct
in sbating that the only species of Ffasciculate Lithostrotion that
occurs at this locality is L. mertinil, but ia the shale bands of the 51
fish Fell Sendstone many of the colonies of L. mertini have the majority
of thelr corallitesstunted (by the adverse enviromment of e shale)
such that they never reach adult dimensions. NMost of these stunted
corallibes are 5 mn, in dismeter, the samo as Fhillips fig.lh, and have
20 ~ 2l septa, and a few have only 18 - 19 septa, the same as Phillips
ligel5 and these are 3 mm. in dlameter. Thus Thillips was probably

illustrating two diffevent types of corallites by his figures and these

Tak oL

merely stunted corallites of L. marbini.

However iu the higher D1 (%82) Subzoue a +truc species, separate
from L. mortini, does appear with 20 - 2l septa which is 5 mm. in dis-
me ter and is identicsl to Phillips Fig.l4 and to the larger stunted
corallites of L. martini., Also in 184 McCoy described a similar

colunellaebe species of Lithostrotion to this bub the type ol this species,

L. pauciradiale, is only 3.5 mm. in diemeter and has only 18 - 20 septa

ie.e. identical to Phillips fig.l5 and to the suoller stunted corallites
of L, martini at Ash Pell. Now, while there may well be a contimuous
series belween these large and small forws, it does appear that the two
end members are more widespread than lhe intermediate foms and also
that the two end membors sre so diflferount as to warrant their recognibion
either as species or sub-species.

L. pavciradiale is available for the smallor species ( 3 mm.,
18 - 20 septa) which is identical %o Phillips fig.15, and L. irregulare

can be revived to refer to the larger species (5 mm., 20 - 24 septa).
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"ow, if Ash Tell were Lhe on'Ly type locality [lor L. irrepulare, of il type
matericl cxisted from this 'lom'llty for L. g.*r_'___&ﬂare, we would have no
alternative bub to concede regretrully that L. irregulare was synonymous
with L. martini and choosc a new nawe for the identical D1 true species
(5 moe, 20 - 24 septa). It is fortunale blerefore that Phillips types
are lost and also thet he stated ‘Northumberland' as en olternabive type
Jocality end while this is rather vague, and Tar From ideal ior a type
locality, at lecast we are left with aa outlet to retain the species
Lo irxresulire as » aeobype for rig.ly (but nds Por fig.15) can be chosen
Crow the D1 beds of Northumberland. Such & neotype would be idsntical
to the udsh Fell fomms, but would be a true species amd not a stunted
corallite of [ martini. The act that the stunted corallites of
'Le irregvlare' {rom Ash Fell are [ound in colonies together with true
L. martini corallites of 8 mm, diamder could explain where Ph:.lllps
measvrement of 1/3 inch came from., Hill was of the impression that he
took his measurement from an Ash Well form aand his structure rrom
'Northumberland' but she was not aware ol the presence of the stunted
corallites at Ash Fell, (Yu (1937) also visited Ash Fell end claimed to
have {ound corallibes agreeing with Phillips' description and thus he
also recognised Phillips’ species os valid, but while his corallites wore
indeed 8 mm. in Jiameter and had the low number of 20 - 2 septa, these
corallites had three rows of dissepiments am are the species described
here as L. verialile, identical to L. irregulsre in every respect oxcept
for the wider dissepimentarium and dismeter.)

Choosing of such a neotype would be quite justified as in the yeers

imnediately succecding Phillips many other authors used this name of

5i. irrepulare and these authors, for example Edards and Haime (1851),

applied Phillips name bto corallites b mm, in diometer and having 2l
septa. Ve can therefore interpret the species to some extent on their
definitions. It is interesting to uote in this respect tlat Edwards

and Hoime olso stated that the young corallites of L. irregvlare only
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had 18 septa (i.e. the some ss Fhillips fig.l5).

Now, in 185) Edwords and Haime recognised the two species
L. panciradiale and L. irregulare as distinct, but in 1852 changed their
mind and considered them synouymous, presvmebly as they thought that
all intormediates could be found or because they had nol seen the small — =
gize ol McCoy’s type. 'Their listing of these tvo species as synonymous
has led to problems. Laber authors have rollowed Hdwards and Haime in
congidering the names synonymous and these authors haove sometimes used
one name and sometimes snother to describe these two Forms and many
records in the literature of one species may vrefer in fact to the other,
lioreover at the same btime as considering these species symonymous and,
therelore, using only one of the two svailable nemes, these same suthors
have olten realiscd that two types could be recognised and have thus
uscd new names to describe these two types. Mirst Thomson in 1887
described I, irregulare correctly as the larger fomm with 22 septa and
described separately as Lithosbrotion sp. a smaller coral 1% times as big
as L. junceum but with one row of dissepiments. This is L. pauciradiale
but Thomson was not using McCoy’s name. Secondly Smith (1920, Pe59) defined
L. irregulare as having a tebularium 2.5 mu. wide (this is really
L. pauciradisle) bul he admitted the exislence of 'L, irregulare larger
variety' which is L. irrogularc 8.5. Thirdly Heritsch said that the
small, onc dissepiment specios of 3.5 mm. diametor differed from
L. irregulore on sizo faclors and he called these small types L. corpsthicum,
This is synonymous with L. paugis redials bul he save 1t o new name as he
was folloving MeCoys ori ginal deseription ol L. pauciradiasle when he
wrongly considered il to bave only 10 septa. TFourthly Yabe and
Heyasoka (1915) and Yu (1937) correclly identified L. irregulare as 5 mnm,
and 20 - 2) septa and soparated L. irregulare var, asiatica as belng
3.5 mae with 18 - 20 septa. Again tals is L. paucirvadisle. Mnally Hill
(1940) as alrecady mentioned allowed L. irrogularc to lapse aud used

L. pauciradiale for all the forms with one row of dissepiments Larpge and
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small. However she seemed to be unaware of the wide variation thal such
types exhibil, thus stating that in diameter they renged from 4,0 - 5,5 mu,
while in veslity they rasge from 3.5 mm, - 6.5 mm., a range which gives
more justilication for splitting the two end members than she realised.

It should perhaps bo pointed out thab HeCoys name of L. pavcirsdisle
(paucity of septa) was given at a tiwe when he wrongly considered these
corals to have only 10 septa. On realising his wistake he changed tais
aow misloading name to L. sggregatum, but Ly the Rules of Nomenclature
we are bound to use his first name howover inapplicable.

Ia suumory therefore, L. irregulare is a truc and velid species, but
does not apoear until D1; those identical forms in §1 being L. marbing
homeomoxrphs, but his second type locality of 'Northumberland! means thet
we can retain this species,

Phillips was unfortunate in choosing a homeomorph for his type, but

in this complex siluation we are fortunate that his type has been lost,
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Lithostrotion variabile. sp. nov.
(Plates 23 - 25.)

1937 Iithostrotion irrvesulare (Phillips), Yu, Acad. Sind.ca, Mom. National
Research Inst. Geology, No.16, p.38, pl.viii, figs 5=6, pl.ix,
figs 1~3 (non L. irvepulare Phillips).

Diagnosis: Columellate fasciculate Lithostrotion with 2 - 3 rows of
dissepiments, corallites 5,0 - 7,0 mm. in dimeber, 20 - 2. (26) septa,

and a tabulariuw ) - 5 mm, wide,

Type Material: Holotype is specimen No,188b (including this sections)
in the author's collection, Depbt. of Geological Sciences, Universily of

Durham. From Herdrew Scar Timestone, 'est side of Semerwater, Wensleoydale.

faterial: Ash Fell Sandslone, Ash Fell Edge, Ravenstbonedale, Cwgbria;
82 Limestone, Ash Fell Hdge, Ravenstonedale; Creat Scar Tdmestone (D1),
Hortley Quarry, Kirkby Stephen; Potls Beck Iimestone (D1), Potts Beck,
Orton, Cumbria; Fardraw Scar Timestone, Mi1l Gi11, Askrigg, Wensleydale;
Hardraw Scar Limestone, Semerwater, Wensleydele; Hardraw Scar Limestone,
Priav's Intake, Swoledale; Simonstone Limestone, Cow Pasture ‘ood,
Thernside Pasture, Keltlewell, Vhorfedale; Bankhouses Timestone, Low
Tipalt, Croenhead, Northumberland; (reat Scar Iimestone (252), Scalber,

Settle, Yorkshire.

Description: lixbternal Characters; The corallum is fasciculate, dibhor.
dendroid or phaceloid. As with Ji. martini many corslla are partly cerioid.
Neither the colices aor @ well preserved epithecag have been seen,

Internal Characters; The meaa advlt diameter of this species is 5.6 mm.
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and the maximum number of septa in a colony varies from 20 - 2), and may
rarely be 25 or even 26,
The septa, the columella, the disscpiments end the tabulae are
exactly the same as in J;o mortini (see that species) end the epithecap
shows the same features, I

The tabularium ig of constant dimonsions and the mean adult dameter

of the tabularium is ) .6 wn,

Discussion: This species is exactly intermediate between L. marbini and
L. irregulore and has been confused with both species. L. martini has
28 septo and 2 - 3 rows of dissepimeuts, L. varliabile has 20 - 2, (26)
sepbe and 2 - 3 vows of dissepiments and L. irregulare has 20 - 2, (26)
septa and only one row of dissepiments. Thus L. varisbile has the septa
of L. irregulare end the dissepimentarium of L. martini. It will be seen
that in some rare cases the septal counts of this species do overlap with
those of L, martini. However the two species can still be dis+tinguished
by the smaller tabularivm of L. veriabile.
Although there may be continuous varistion from L. martini to
L. veriabile they arc rccognised as distinct species on a stratigraphic

basis, L. voeriabile not appearing until the very top of the Sl sub-zone.

See also discussion on the fasciculate columellabe species on p.

Statistical Results:

Re = 22 - 26
N[QDQ = 5069}]. f111 10
SaDo — 0o728 it

m&XoDn - 700 am .
minoDa - l}-oo mae
I\T.To - l.]..62 Inm.
S.Do - 00616 mm,
maxe. Ta . 690 mm,

min.T: ; 300 mm,

Strantigraphical langes Top of S1 or basc of $2 to ryne Sottom Limestone.



FIGURE &

Plot of tabularium diameter against percentage frequency
in L.variabile. Intervals in mm's.
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FIGURE 46

Plot of corallite diameter against percentage frequency
in L.variabile. Intervals in mm's.
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Iithostrotion martiid martini Milne-Rdwards and Haime
(Plates 2( and 28.)

1809 lirismatolithus (Madreporae cespitosae) Martin, 'Petrif. Derb.’,
pLXVIL,

1836 Lithodendron fasciculotum (Fleming), Phillips, 'Geol. of Yorkshire!,
VOloIT, p.20?, p-l oIT’ f‘.'Lgs 16’ 17.

1842 Caryophyllis fasciculata (V¥leming), Do Koninck, 'Anim. Foss. des
Terr, Carbe de Belg.'s p.l7, pleD, g5 pl.G, Fige9. (Non Lamarck).

18y, Lithodendron caespitosum MeCoy, Syn. Carb. Foss. of Ireland, p.188.
(Non Goldluss).

1845 Lithodendron fasciculatum (Fleming), Toasdale, in: MNurche, Vern.,
et Keys., 'Russ. and Urals', Vol.I, 1.600,

1846 Cladogcora fasciculata (Tleming), Geinitz, Grundr. dev Verstes po570.

1850 Diphyphyllum fasciculatum (F'l.eming) » D'Orbigny, Prod. de Palaeon,,
volo.I, p.lh9.

1851 Ldthostrotion martini Milne-idwards end Haime, 'Pol. Yoss. des Terre
Palaeoz.!, p.l,.36’:-

1851 Lithostrotion phillipsi Milnc-Rdwards and Heime, Ibid., pol39.

1852 Lithostrotion martini Milne-idwards and Haime, 'Mon, Brit. Foss.
Corals', p.197, pl.Xl, Pigs 2a~3.

1852 Tdthostrotion phillipsi Milne-ldards and Iaime, Ibides p.201,
pl.X};XIX, figan

1876 Lithostrobion phillipsi MNilne-Edwards and Haime, Thompson and
Nicholson, Ann. Mag. Nab. Hisbe, serd, vol XVII, No.l, P30k,
PL.XEV, figs 1, la.

1883 Lithostrotion phillipsi Milne-ldwords nd Taime, Thompson, Iroc.
Fhil, Soc. Glasges VOL.XIV, pohOk, pl.VITI, fig.5.

1887b Lithostrotion fasciculatum (Fleming), Thompson, Trans. Bdin. Geol.
SOCe, 907 oVs De592s pleXTLiTs> £igeGe

1887b Iithostrotion phillipsi Edwards and Haime, Thompson, Ibid., vol,V,
Pe391, pl.XII, Figs 5, b5a.

1903 Lithostrotion mertini Milne-Kdwards and Haine, Veughan, Proc. Bristol.
Nab. Soces vol.X, p.106.

1920 TLithostrotion martini Milne-Jdwards and Faime, Smith, J. Proc. Roy.
Soce WoloWey vOLIIV, pe59.

1940 TLithostrotion scoticum Hill, 'Mon. Carb. Rug. Corals Scotland', ®al.
80Ces pelf3s ploiXs figs 9, 10,

1940 Dipbyphyllum seithi Fill, Ibid., p.181.

But not:

1876 TLithogtrotion martini Thowpson, Ann. Mag. Net, Fisbe, sereh, vol XVII,
Pe30h, pl.7V, £1g.2 which is L. sociale.

1883 Lithostrotion martini Thompson, Proc. Phil. Soc. Glasge., vl XTIV,
P40, which is L. sociale,

1887 Lithostrotion martini Thompson, Trans. Bdin. Ceol. Soc., vol.V,
pe391, pl.XIII, fig.5, which is L. sociale.

Tote: AJ1 references lo L. fasciculabtwi are non L. fascialabom Moning.,
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Diagnosis: Columellate fasciculate Lithostrotion with 2 - 4 rows of
dissepiments, corallites 7.0 - 8.0 mm. in diameter, 26 - 28 septa, and

a tabularium 6.0 mm. wide., Columella elongate and normally dilated, tut

ay be narrow or absent.

Type Material: No type material exists in the Edwerds and Haime collec- T T
tions in the Museum National D'Histoire Naturelle and the L'Ecole de
Mines, Paris, except for one unfigured specimen labelled 'L. martini'
from the type locality at Corwen, North Wales. However this has recently
been sectioned by Dr. P, Semenoff—'l‘ian—Chansky and Nudds who agree that
the specimen has degenerate minor septa and a complex axial structure
and is probably Corwenia. As this specimen is only a topotype it has no
nomenclatorial significance and so a neotype cen be chosen.

Edwards and Heime state their type localities as Corwen, Oswestry
and Rugley. The outcrop at Corwen is an outlier of D2 limestones and my
visit to the only quarry in this outlier produced no specimens of

L. martini, only cerioid Lithostrotion. It may be that the only specimen

of 'L. martini' found by Edwards and Heime from Corwen was the specimen
of Corwenia in the Museum at Paris imentioned sbove. If a neotype is to
be chosen then Oswestry seems to be the most likely area.

The holotype of L. phillipsi is specimen No.Z 95a in the Museum
National D'Histoire Naturedle, Paris which is Edwards and Haimes figured
specimen (1852, pl.XXXIX, fig.3).

The holotype of L. gcoticum is specimen No.KM.T2008 in the

Kelvingrove Museum, Glasgow.

Material: C2 Limestone, Bleaflatt Lane, Ravenstonedale, Cumbria; C2
Limestone, Bowber Head Farm, Ravenstonedale; C2 Limestone, Ashfield Farm,
Ravenstonsdale; Ash Fell Sandstone, Ash Fell Edge, Ravenstonedale; S2
Limestone, Ash Fell Edge, Ravenstomedale; S2 Limestone, Mire Close Bridge,
Ravenstonedale; S2 Limestone, Lanehead Quarry, Ravenstonedale; Great

Scar Limestone (Dl), Wisebar Plantation, Ravenstonedale; Potts Beck
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Limestone (PL), Potts Beck, Ovton, Cumbria; Beehive Band (vase of D1),
Beshive Quarry, Ravenstonedole; $2 Limestowe, Ore Will tuarcys Noteby,
Kirkby Stephen, Cumbria; Great Scar Iimestonse (01), Ladthwaite Boltow,
Nateby, Cumbria; Gayle Limesbtone, 119171 G111, Askrigg, Wengleydale; Hardraw
Scar Limestone, Skell Gill, Crenge, Askri 864 Great Scar Limestone (?82), T

Sca¥her, Setlle, Yorkshire.

Descriplion: External Characters; Tho covallum is Pasciculate, usually
dendroid or dendroid/phaceloid. Vany corella vwhich arc partly cerioid
show adjacent corallibes growing in periodid coalescence in which casc a
contimous epithecad wsurrovnds the two corallites clthough they are still
separated by a dividing wall., The epithocad often showswell developed
growth banding of diurnal and montbly duration. The calice is coniecal
and decp vith a prominent columella,
lnternal Charectors; The mean adult dfameber of this species is 7.8 mm.
end tho maximum number of septa in a colony varies Crom 26 - 28 of hoth
orders (usually 27). The major septa ave of variable Jength, Usually
one or both of the axial septa cxtend to the columells mnd in some
coralla o mejovity of the olher wajor septa also are contimuous to %he
axis. IHowecver, in most coralla the major septa extond only 2/3 the radius
of the corallite. In these cases the minor septa are about 2 the Jength
of the major scpla just penetrating the babularium., Both major and minor
sepla are wore dilated in the dissepimentariws then in the tabularium,
Tn rorer examples a third (tertiary) order of septa is also developed,
but these are 1ittle morc than projections From the cpithecae. In ome
coralla the minor septa are degonerate or absent and the major septo may
become lonsdalcoid,

The species is characterised by a columella elongatod in the cardinal
planc and this may be quite a variable structure. It may be strondly
dilated in vhich case it often has transverse projections at right angles

to the cardinal plone, or it may just be a thin plate. Diphymorphic
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colonics are common (see Discussion) in which case the septa may bo
shorter; oaly half the radiuvs of the corallite.

Dissepiments vary from 2 - ). rows and ere gonerally regular ond
concentric. The inver row is usually diloted (although not always) and
tho dilation [fuses with the dilation of the sepba in the dissepimentorium,
All dissepimonbs are quite vertically displaced. The width of the dis-
sepimentariun is variable depending on the nwaber of dissepiments present.

The tabularium is a wore constant feaburc in this species end the
mean advlt diemeter of the tabuloriun is 5.7 ma,

The epithecag is often dilated and on its external smurlace may show
sepbal grooves and interscptal ridges. In many coralla that are becoming
cerjoid the opithecae of adjaceat corallites may temporarily cosnlesce.
Howevor, such a fused epithecae is always a double walled structure; tlo
adjacent corallites never share a common epithecas.

The tabulae are tent-shaped, rising ot the axis to meet the
columelle. They are horizontal in the tabularium end then bend siecply
dovnwards in the dissepimentarium where they mect ihe dissepiments,

Some tabvlac are entire. but more vsually when the tabuloe bend dowa in
the dissepimonterium they come bo rest on the btabulae bemcatb in which
case a sccond series of tabulae is developed peripheral to the tabulariwn.
Tabulac are of the oA btype.

Tn the diphymorphic corallites the tabulae are identical except
that they ave horizontal across the whole of the tabularium, failing to

rise at tho axis.

Discussion: This species can be distinguished from L. Juncoum,
L. panciradiale and L. irregulare by having wore then one series of dis-
sepiments and by its larger size. It can usually be distinguished from

L. yeriahile by the greater mumber of septa (27 or 28) but both species

can have 26 sopta in vhich case L. martini has s larger tabulerium, It

"o > I e
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more than 28 septa. L. mertini pragauntius has more dissepimonts end
closer spaced tebulae, and L. m. simplex has only one row of di ssepiments,

Hill (1940) described L. geoid. Q. as having 26 - 28 scpta and one row
of dissepiments and so it would appear wore similar to L. m. simplex, bhut
most of the corallites of the holotype of Ji. scoticun seem to have bwo
rows of dissepiments and so in reality it is more similar to Jie Mo martini
although close to L. m. simplor,

Snith (1928) rigured Diphyphyllum o« which he said was probably
D. Jolesepbatum. However Hill (1940) said this was not D. lateseptatum as
1t had oL Justead of the B tabulae of D, latoeseptatum. Thus she gave it the
new name of D. smithi. There does not scem to be any bype materiel for
this species and the only material I have collected with tabulae in the
condition shown by Smiths figure have lateral budding and nol the calicular

budding characteristic of the true diphyphylloid species of Iithostrolion.

considered synonymous with this species.
Edwards end BDaime (1851, p.4393 1852, p.201) described L. phillipsi

as haviag 30 septa, but the holotype in the Museum Nabional, Paris bas

Lo e Lase

in its parbly corioid habit and this is not regorded as being of spceific

importance.

Statistical Resulbs:

4 Ro 4 26 b 28
VeDo = 7.8 mm.
Sele = 0.71}.5 una,
1moxeDo = 10,0 mu,
nine.De = 5,0 nmm,
IITOTI = 50796 mm,
SaDo hod 0.632 10M o
max.Te - 703 nm,
min.T. = 4.0 mm,

Stratigraphical Range: C2 (Litaostroiion Limosione) to Jew Limestouc.




FIGURE 47

Plot of tabularium diameter against percentage frequency
in L.martini., Intervals in mm's.
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FIGURE 48

Plot of corallite diameter against percentage frequency
in Lemartini, Intervals in mm's,



SO

00l
g

8y3y
JazsureI]
08 S¢ oL 9

] ) ] 1

0§

-0t

1
o
™~

-0¢

Aousnbay g,



- 1% -

Lithostrotion martiuni prasmuntium subsp. nov.
(Plate 26.)

Diagnosis: ILithostrotion martinil bub wvith up to six rows of dissepiments

and. very closely spaced tabulae,

Type Vaterial: Holotype is specimen No, 10s (including thin sections)
in the author's collection, Dept. of Geological Sciences, University of

Durham. From Thysenophyllum Limestons, Pothole 200 yards W. of Back Nub,

Ravenstonedole Moory Cumbris.

Material: Thysanophyllum Limestone, 01ld Quarry, 4 mile 7.N.W. of Pinfold

Bridge, Kirkby Stephen, Cumbria; Thysanophyllum Limestonc, 200 yds. Wo of

Back Duvb, Ravenstonedale Woor, Kirkby Stephen.

Description: #xternal Characlers; As for L. m. mirtini oxcept that the
colony is more dendroid and the corallites ave more conical in shape
taking longer to reach weturiby. Crowth liaces on the epithecae are very
closely spnced,

individuals there cun be up to six rows of dissepiments, Tabulae very
closely spocod (20 per an.) anl are teot-shaped rising sharply at ihe
axis to mect 1he columella. "These two [acts have the result thab any
trangverse section across a corallite cuts hoth a high mmber of & s-

sepiments and tabvlue and has the appeccance of a closely spun web.

Stratigraphical Rouge: €2 (Taysanophyllumn Limestone).
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Lithostrotion mertini simplesx subsp. nov.

Diagnosis: Lithostrotion marbini but with oaly one row of dissepiments.

Type Material: Holotype is specimen No, 18b (including thin sections) in
the author's collection, Dept. of Geologicel Scicnces, University of
Durbem, Trom 52 Limestone, Smardale Quarry, Kirkby Stephon, Cumbria,

Material: Only the type Jocality is known,

Descripbion: As for L. m. martini except for the single row of aige

sepimencs,

Stretigraphicsl Renge: S2.
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Lithostrotion sociale (Phillips)
(Plates 29 and 30.)

1836 Lithodendron sociale Phillips, 'Geol. of Yorkshire!, vol,II, ps203,

P]..II; fj.;“;"a]9-
1836 ILithodondron dongiconicum Thillips, Ibid., vol.II, p.203, pl.IT,

Pige18,
18,3 Iithodendron sociale Phillips, Porllock, 'Geol. Rep. oa Loadonderry!,
P0335¢

1843 Lithodendron longiconicus Phillips, Doctlock, Ibide, pe336.
184  Lithodendron Sociale Phillips, McCoy, Syn. Cearb. Foss of Ireland,

P0188n
1850 Diphyphyllum sociale (Phillips), D'Orbigny, Prod. de Palaeont., vol.I,
Pel59.

1850  Diphyphyllum longiconiown (Phillips), D'Orbigny, Ibides vol.I, p.159.
1851 ILithostrotion alfipe Fleming), Milne-idwards ond llaime, Pol. Foss.
des Terce. Pale, pok37. (Not C, af’lfinis Fleming).
1852 Tithostrotion affine (Fleming), Milne-Rdwerds end Hoime s 'Mon. DBrit,
Foss. Corels', p.200, pl.¥XXIX, Pigs 2, 2a, 2b., (Not C. affinis Moming).
1876 Lithostrolion martini Milne-Bdwards ond Haime, Thompson snd
Nicholson, Anv. Mag, Nat. Hist., ser., VOLXVIT, po30h, 1l.¥V, fMig.2,
(No% T.. martini Edwards ond Haime).
1887b Tithostrotion mariini Milne~Edwards end Haime, Thompson, Y'rans. Bdin,

G-oo'l..)Soc., voleVs pe39l, ploXITI, fig.5. (Not L. merbini Béwards am
Hai’ﬂle °

But not:
1930 Jithosirotion socinle (Phillips), Hudsony Proc. Leeds Thil, Soc.,
vol.IT, pta2, pe98, pleI, Fig.l, which is L. scakberense.

Diagnosis: Columellate Tasciculate and partly cerioid Lithostrotion with
2 = L rous of disscpiments, corallites 9 - 10 mm, i dianeler, 29 - 33

septa and a mean tahularium diameter of 7.2 mm. Increase is leateral.

Type Material: A1l of Phillips malerial of both L. sociale and

Py kgt

neotype is different to Phillips description of L. socinle (see discussion)
and is here rejectoed.

Phillips gave his type localily for L. sociale as Settle (Vorkshire)
and s0, if" necessary, a ncotype cen be chosen from the Crest Scar

Timestone of this area.
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Material: Great Scar Limestons (p1), High Out Wood, Kirkby Stephen,
Cumbria; Great Scaer Limestone (1), Hartley Quarry, Kirkby Stephen; Great
Scar Limestone (D1), Top:of Hartley Querry, Kirkby Stephen; Great Scar
Limestons (D1), Foggy @ill Farm, Kirkby Stephen; Potts Beck Limestones
Potts Beck, Orton, Cumbria; Bankhouses Limestone, Low Tipalt Quarry,

Greenhead, Northumberland.

Description: External Characters ; Corallites eylindrical and tall and
often partly cerioid. Epithecae often transversely wrinkled. Speocimen
from Potts Beck shows calices 5 - 6 mm. deep with a prominant columella,
Internal Characters; Major septa variable in length. Usually tle cardinal
and counter-cardinal septa extend to the columella and other major septa
mey also do so, but more often the major septa end just before the centre.
Minor septa much shorter, usually only just reaching into the tabularium.
Both orders of septa are usually dilated in the dissepimentarium, but are
thinner at their axial ends. The maximum number of septa in a colony varies
from 29 - 33,

A columella is usually present elthoyigh diphymorphs may occur. The
columells may be quite thick with radiating bars or very thin, It is
always elongated in the cardinal plene and often continuous to the
cardinal septum.

There are usually 2 - 3 rows of dissepiments and the immermost row
may be dilated. The dissepiments are concave imwards end concentrically
arranged, usually quite vertical. The width of the d&s sepimentarium is
variable depending on the number of dis sepimen ts.

'The innermost row of dissepiments defines a tabularium with a mean
diameter of 7.28 mm. and an adult range of 5.6 mm, - 9,4 mm, Diameter is
more variable due to the variable dissepimentarium and is thus a poorer
specific character. It ranges from 7.6 - 12,5 mm. inajult corallites,
with a mean of 9.6 mm. Corallites are bounded by an epitheca¢ which is
usually quite thick,

The tabulae are of the ol type, but are more varisble. They rise at
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the azis bto weet the columella, are hor’ zontal periphersl. to this, and
slope peripherolly to the dissepimentarium., Sometimes they are entive,
more usually they are incomplete and a sccond series is developed cxtend-
ing to the dissepiments. Sometimes, however, bthe second series are snell
and blistor-iike, and do nol reach the edge. In this case a third o

even lourth series may develop.

Discussion: Bdvards and Haime considered L. sociale and 30 longiconicum

to be synonyous with L. alfine Tleming. They are certainly very similar,
but Rato (1971) has recontly rediscovered Memings type of L. afline end
shows 1t to have axial budding, whereas [, sociale and {1 loagiconicun
have loteral buéding and so L. alffine is a sepavate species.

Phillips doscribed both L. sociale and L, longiconicum as heving 32
major septa. The present avthor has showm +thet tvo faseclculate specis s
of Lithostrotion wvith lateral budding can be distinguished bobh having
32 septa, one being about 9 wm, in diametor (similar to Lo alfire) while
the other ig about 15 mm, in diameter. However il is doubtful whether
Phillips vas using his two names to veTer to those two species as he glves
his diaueter for hoth I. sociale and L. longiconicum es & inch., Thus i1
appears lbat his two specics were similor in sine ond supposedly dig-
tinguishable on some other cheracter ( probobly the partly cerioid habit
of L. soglale shown in his originel flgwre and to which tho aane relers)
which 1s oot now regarded ¢s being specificelly inpovrtani. Llorcover we
cannot be svre whethor he was describing bthe large or sucll foms as his
measurenent of ;) iach covld equally well apply to the larpgest corallites
of' the smaller species and to the smellesi corzllibtes of Lhe 1a rLer
species. It ia d10Picult to te11l from his figuves which type he was
referring to and 211 bhis type specimevs are Josb, Wt it is probable that
he was 'usin, both namos to refer to the smeller specics as he was more
likely to give e maximum measvremcab vether than a minluum wessuremenl and

also his Migurc, which it seems is natural size, is more similar to the
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smaller species. Thus initially the two species were probably synonymous.,
However, Hudson has chosen a neotype for L. sociale (1930, p.98, pl.i, fig.l)
and this neotype is of the larger species. It seems best therefore to
reject Hudsons neotype of L. sociale and tockiooss a new one so that
L. longiconicum again becomes synonymous with L. sociale. This action
also necessitates finding a new name for Hudsons larger species represented
by his 'neotype' (see p.180).

Kiwards and Haime described L. phillipsi as having 30 septa and being
partly cerioid. As Phillips did in fact distinguish L. sociale on this
partly cerioid character it seems that Edwards and Haime magy have been
referring to Phillipé species, but decided to rename it after the original
author. The fact that the type of L. phidlipsi is about % inch in
diameter backs up the rejection of Hudsons neotype for L. sociale. (In
fact the holotype of L. phillipsi has only 28 septe and is therefore
aprtly cerioid L. martini., Biwards end Haime erred in considering this
species to have 30 septe as they took their counts from the poorly
preserved calicular surface).

By rejecting Hudsons neotype, and reverting to the more standard
definition of thils specles, means that most references to L. sociale in
the literature do in fact refer to this species as most authors have
followed Phillips and not Hudson.

This species can be distinguished fram L. martini, L. variabile,

L. irregulare and L. pauciradiasle by its larger diemeter and by having
over 29 septa.. It'.tan be distinguished from L. scalbberense which also
has over 29 septa as this latter species has a much larger tebularium end

overall diameter,

Statistical Results:

Re = 29 - 33
M.D. - 9.66 mnm,
ScDo - 1.26 mm,

mex.De = 12.5 mn.
min.,D. = 7.6 mm,
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VeTo = 7,20 mm,
SuDe = 1,01 nun,
MmaxeTe = 94 mm,
nwin.T. = 5,6 1mn,

Stratigrophical dange: Base of D1 to base of D2 (Smiddy Limestone ).



FIGURE 49

Plot of tabularium diameter against percentage frequency
in L.sociale. Intervals in mm's,
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FIGURE 50

Plot of corallite diameter against percentage frequency
in L.sociale. Intervals in mm's.
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Iithosbtrobion scaleberensc 5Po 00V,
(Plate %1.)

1950 TLithostcotion socialo (Phillips), Hudson, Proc, Leeds Phil. Soc.,

EIIIA ot Fas WIS [ieamaaen

vol.ITl, pt.2, 98, pl.I, rig.dl. (Not L. sociale Phillips).
Diagnosis: Columellate fasciculale Triithostrotion with 2 - I vows of

dissepiments, corallites 15 mm, in diameter, 52 = 39 septe and a mean

tabulariva of 11.8 mm, Inerease is 1oters o

Tyve Waterial: Tolotype is the rejected neotype of Ii. sociale chosen hy
Midson. Specimen in R.f.8. Tudsong Collection, Figured Hudson, 1930,
plol, Ligel. Mrom Ecelober fuarry, near Settle, Yorkshire.

Moterial: Only the type locelity is known,

Descriptlon: Cxtermal Characters; Corallum Fesciculete, corullites

cylindricol but often partly cerioid in habit. HFudson (2930, p.98) deacribes

the epithecae as being longitudivally striated and transversely undulated.
Calices have not been scen.

Toternal Characters; The maximua nuvwber of septa in a colony veries [from
32 =~ 39 with a mean of 3L4.5 avd this is rabther more than the megller

Ii. sociale. The major septe rarcly meeb the axis except Cor the cardinal
and counter-cardinul scpta which mey do. Nosl nejor gcpba however oaly
oxtend ebont 4 way into bthe tabulorium. Minor sepla are much shorter
ouly just penetrating the tabulsviwms. A third order of very anall sepla
may he present as smell projections frown the epithecae into the dis-
sepimon barium, "here is somc dilation of both orders of septo this being

greater in the djssepimentarimm., 1 columelle is sometimes present jsolabed
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in the centre of the corsllite but this is never partlcularly st:t-ong and,
diphymorphs are common,
Dissepimevts are variable in nuuber fron 2 - 5 rows and the inoer
row is olten somewhat dilated, A1l dissepiments are conceve and concentric,
The tubulaecivm is exceedivgly lesrge varylog from 10, ~ 13,4 ma, in _

adult corallibes. This is by Ffar the lergost btabularium of any species

of the Iithoslrobtiontidae,

Diometer is more variable due to the variable dissepimentarium and
ranges Trom 13,2 - 17.2 mm,

The tabulae are tent-shaped, rising at the axis., Pevipheral to the
axis they are more horizontal and then they bend down lowerds the dis-
sepiments. They may be cntire or divided inkto two scries whon they are

of the K type,

Discussion: This species can be distiaguished from all other Fasciculate

Lithostrotion species by its immensc tabularivm diemeber. See discussion

of L. socigle for reasons behind the proposal of this new species.

Statistical Resulis:

Ro = 3’]— - 39°
I'-"LQ.DQ hend ].5.22{- mnm,
SeDo = 3 L66 1m,

maxeDe = 17,2 mm,
min,De = 13,2 1w,
I‘-I.Te - 11083 M,
SoDo ] 0.866 mn,
maxeTe = 13, mm,
Iﬂinoq.o brd 1.0 ol-l- mae

stratigrephical mange: 82.



FIGURE 51

Plot of tabularium diameter against percentage frequency
in L.scaleberense., Intervals in mm's,
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Lithostrotion affine (Fleming)
(Plate 32,) T

1809 Erismatolithus madreporites (affinis) Martin, 'Petrif. Derb.',
pPlexxxi,

1828 Caryophyllie affinis Fleming, 'History of Brit. Animals', p.509.
1830 Caryophyllia affinis Fleming, De Blainville, Dict. Sci. Nat., vol.lx,

pe3ll,

1830 Carxgp_h%llia affinis Fleming, Woodward, Syn. Table of Brit. Org.
Rem.,, Pedoe

183, Lithodendron affine (Fleming), Kerferstein, Nat. der Erdk., vol.II,
po785o

184 Iithodendron affine (Fleming), McCoy, Syn. Carb, Foss of Ireland,
P0189o

1876 Koninckophyllum proliferum Qhomson and Nicholson, Ann. Mag. Nat,
Histe, serd., vol.XVII, No.l, pl.XII, fig.l.

1940 Lithostrotion proliferum (Thomson and Nicholson), Hill, 'Mon. Carb.
Rug. Corals of Scotland', Pal. Soc., pel74 pl.IX, figs 11-14.

1971 Siphonodendron affine (Fleming), Kato, Trans. Proc. Palaeont. Soc.
Japan, N.So, NO.Sl, P.5’ Pl.l) ﬁgs 1"4.

1972 ILithostrotion affine (Fleming), Mitchell, partim, Bull. Geol.
Survey of Great Britain, No.42, p.105~6, (Not L. sooisle (Phillips)).

But not:

1851 Lithostrotion affine (Fleming), Milne-Edwards and Haime, 'Pol. Foss.
des Terr. Pal.', p.437, which is L. gociale.

1852 Lithostrotion affine (Fleming), Milne-Edwards and Haime, 'Mon. Brit.

Foss. Corals', Pal. Soces p.200, pl.XXXIX, figs 2, 2a, 2b, which is
L. socials.

Diagnosis: Columellate fasciculate Lithostrotion developing both lateral

and peripheral increase, 32-39 septa, 2=l rows of dissepiments and 10 mm,

in diameter.

Type Material: Lectotype chosen by Kato (1971) as RSM.1870.14.381. From
West Lothian, Scotland. In Royal Scottish Museum, Edinburgh.

Description: External Characters; The corallum is compound, fasciculate
and phaceloid. Kato (1971) describes the lectotype as having cylindrical
corallites which are subparallel and often in contact.

Internal Characters; The septa are of two orders; major septa extend

half way to the axis of the corallite, while the minor septa are very
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short often ending in the dissepimentarium without reaching the tabularium.
Both orders of septa are usually quite thin. The septa usually number
from 30-34 of both orders although there can be as many as 4O,

A columella is usually present at the axis of the corallites and this
is usually thin end lath shaped. However diphymorph corsllites are very
common in this species.

Dissepiments are numerous; there are usmally 3-4 rows. “The outer
dissepiments near the periphery are regular and concentric, but axial
to this, in the inner dissepimentarium, where the minor septa are absent,
the diseepiments are more irregular and often pseudoherringbone in
patterns The inner series is rarely dilated as in the other species of
Lithostrotion, and so the boundary between the dissepimentarium and the
tebularium is not well defined. This tabularium has a diameter of about
7 - 8 mm, in @dult corallites, .while the diameter of the corallite is from
10 ~ 12 mm, The corallites are bounded by a thin epithecag.

Tabulae are often complete, but a second series may develop. When
a columella is present the tabulae rise at the axis to meet the columella.

The oharacteristic feature of the species is that increase may be

either lateral or calicular in which cese it is peripheral.

Discussion: Martin was the original author of the species, tut his
species were officially rejected from nomenclatorial pupposes by the
International Commission of Zoological Nomenclature in 1948 as he did not
employ binomial nomenclature. Thus the species is ettributed to Fleming
who was the first to legally describe it in 1828, Many euthors

including Edwards and Haime ignored the peripheral increase that this
species shows and hence considered this species synonymous with L. sociale
(Phillips) with which it is similar except for the method of increase.
Thus meny records in the literature of L. affine refer to L. sociale. In
fact the peripheral nature of the increase in L. affine was unknown until

1971 when Kato re-examined Fleming's types. Thus L. proliferum of Hill
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(1940), which she distinguished by its peripheral increase, is synonymous
with L. affine.
This species can be & stinguished from &ll other speciss of
columellate Lithostrotion by its peripheral increase, and from the

diphyphylloid species of Lithostrotion by its clumella. It is therefore

the only species in the genus which has both a columella snd calicular
increase. This seems at first sight to conflict with the argument on
p.58 which suggests that celicular increase camot develop in corallites
possessing a columella. However, the species does also show lateral
increase and if fresh material could be collected it would be interesting
to discover if it is the columellate corallites that are budding laterally
and if it is the diphymorph corallites that are budding calioularly.
Diphymorphs are, after all, more common in this species than in any other
species of Lithostrotion.

This species is similar to L. lateseptetum end morphologically it
seems exactly intermediate between L. martini end L. lateseptatum with
the columella breaking down and calicular increase developing. The
calicular increase is peripheral in both L. lateseptatum end L. affine.
(The higher septal counts in L. affine and L. lateseptatum as compared to
L. martini are a result of the peripheral increase, see P.98). However
L. affine does not occur at the correct stratigraphical horizon for this
evolutionary link to be possible; it first appears after L. lateseptatum,
so unless examples of the species can be found lower in the Visean, it
must be regarded as the development of peripheral inecrease in the
L. mertini lineage for the second time.

However, it should be pointed out that certain features of the
species do throw some doubt on its affinities with the Lithostrotiontidae.
First, is the oocurrence of both lateral and peripheral increase in a
columellate fasciculate species. Secondly, the lack of dilation of the
inner dissepiments, and the inebility of the minor septa to reach the

tabularium are uncharacteristic of the Lithostrotiontidee. Finally, its



high statigraphic ocourrence makes it aifficult to fit into the phylogeny

of the group.

L. proliferum, a junior synonym of L. affine, was first described by

Thomson and Nicholson (1876) as a species of Koninckophyllum. It mey be

that L. effine is, after all, related to that gemuis; more work is needed
to solve this problem, —_—

Stratigraphical Range: Undetermined.



- 186 -

Note on the columellate fasciculate species

The descriptions of the columellate fsciculate Lithostrotion species

refer to the mature adult corallites in the coralla of these species.
Certain of these species (L. martini, L. variabile, L. irregulare and
L. pauciradiale), however, .show peculiarities in that soms coralla of these
species may possess a few corellites with a morphology d&ifferent to that
described for the species. This is a result of the phenomena of
stunting that appears to be very common in these four species. Certain
corallites in the coralla of these species fail to reach the adult
dimensions of the species and remain throughout their length in a
suspended immature state. This stunting takes place at various stages in
the ontogeny of the corallites so that a number of different 'types' of
corallite gay exist in one corallum.

Now as the species L. martini, L. variabile, L. irregulare,
L. peuciradiale and L. junceum evolve from esbh other respectively by the
process of neoteny, the morphology of the mature corallites of L. variabile,
L. irregulare, L. pauciradiale and L. Junceun represents succemsively
earlier stages in the ontogeny of L. martini. Likewise, the morphology
of L. irregulare, L. pauciradisle and L. Junceum represents successively

earlier stages in the ontogeny of L. variahile, etc.

Thus the immature stunted corallites of L. martini will appear
identical to the mature corallites of L. variabile, L. irregulare,
L. pauciradiale and L. junceum respectively.

In addition some corallites occur being the same size as L. junceum,
but retaining the dissepiments. I have only been seen such corallites
as stunted individuals in the larger species, and hever as & true species
on theirom, but these may be identical to L. junceum bigenerum (p.153)
the smallest fasciculate species as yet described.

The stunted corallites occurring in these fasciculate species can
thus be divided into a number of different 'types':

(a) yeriabile type corellites (20 - 24 septa, 2 - 3 dissepiments)
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(b) irregulare type corallites (20 - 2} septa, 1 dissepiment)

(c) pauciradisle type corallites (17 - 20 septa, 1 dissepiment)

(a) bigenerum type corallites (14 - 17 septe, 1 dissepiment)

(e) Jjunceum type corallites (14 - 18 septa, no dissepiments)

Coralla of L. martini have been collected high in the S1 Subzone con-
taining types 'a', 'b' and 'c' (plus normal mature L. martini corallites).
Coralla of L. variabile have been collected in D1 and D2 containing types
'b's 'o'; 'd' and 'e'. (The name of this species is derived from this
phenomena). Coralla of L. irregulare have been collected containing types
o', 'a' and 'e', and coralla of L. pauciradiale have been collected in
D2 conteining types 'd' and 'e'. This seems to be a common occurrence
in the fasciculate columellate lineage and the stunting in the larger
species always ocours just before the smaller species gpears (i.e.
stunting in L. martini producing corallites of variabile type ocours at
the top of Sl and L. yariabile evolves as a true species also at the top
of 81 or at the base of S2)., This type of phenomena where the enviromment
produces phenotypes identical to later genotypes ocours in other lineages
in the Lithostrotiontidae, i.e. non~columellate, diphymorphic corallites
appear in columellate Lithogtrotion species, and the discussion on P45
considers whether these phenotypes cen have any bearing on the evolution
of the later species.

Such a phenomena can be very confusing and it is thus not advisable
to identify a species on the evidence of a single corallite. For example
L. paucirgdisle does not evolve until D1 and yet pauciradiale type
corallites can occur as low as S1 (in the Ash Fell Sandstone). A mumber
of corallites are needed for an accurate identification and the species
must be identified according to the most mature corallite present in the
corallum,

It was this phenomena that confused Phillips in 1836 when he chose
as a type specimen of L. irregulare an irregulare type corallite of
L. martini from the Ash Fell Sandstone (p.162).
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Lithogtrotion lateseptatum (McGoy)
(Plates 43 - 45,)

1845 Diphyphyllum concimnum Lonsdale, in Murch., Vern., Keys, 'Russ and
the Ural Mounteins', vol.l, p.62,, pl.A, figels

1849 Diphyphyllum lateseptatum McCoy, Amn. Mag. Net. Hist., ser.2, vol,III,
Poeo

1850 Diphyphyllum concimpum Longdale, D'Orbigny, Prod. de Palaeont., p.159.

1851 Diphyphyllum lateseptatum McCoy, 'Brit, Palaeoz. Foss.', p.88, pl.Illo,
fig.lo.

1851 Lithostrotion (?) comcimmum (Lonsdale), Milne-Eiwards sund Haime,
'Pol, Foss. des Terr..Pal,’', Pelih6,

1852 Lithostrotiom (?) comcimmum (Lonsdale), Milme-Eiwards emd Haime,
‘Mor, Brit. Foss. Corals', Pal. Soc., P.l95.

1883 Diphyphyllum concinnum Lonsdale, Thomson, Proc., Fhil. Soc. Glasg.s
VOJ..XI'V, po38'+, pl.VIII’ ﬁg.2.

1883 Diphyphyllum approximatum Thomson, Ibid., vol.XIV, P«385, pl.VIII,
ﬁ-g-lo

1887a Diphyphyllum concinmum Lonsdale, Thomsen, QedeGeSss voOlol3, pe35,
pl.IV, fig.l,

1887a Diph 1lum lateseptatum McCoy, Thamsen, Ibid., vol.i3, pe37, pl.V,
figo .

1887a Diphyphyllum lateseptatum var. giganteum Thomson, Ibid., voldy3, p.37,
pl.V, figs 7, 8,

1887a Diphyphyllum lateseptatum var. interruptum Thomson, Ibid., vol., 3,
P.B?, pl.V, fig.9.

1928 Diphyphyllum lateseptatum MoCoy, Smith, Ann, Mag. Nat, Hist., ser.l0,
vol.l, plllh, partim; i.e, non Di llum

1930 Lithostrotion sp. {Riphyphyllum concinmm}(Lonsdale) , Smith and
Lang, Ibido, ser.lO, V°1oV, p.180.

1930 Lithogtrotien sp. { Diphyphyllum lateseptatum}(McCoy) , Smith end
Ila-ng’ Ibid., ser.lO, vol.V, p.181, pl.VII, figs 1"'l|..

1940 Diphyphyllum lateseptatum MoCoy, Hill, 'Mon. Carb. Rug. Corals
Scotland'a p.181+, pl.X, ﬁ.ga 14, 150

3911.0 Diggzgllgllum ingen.s Hill, Ibido’ p.186, P].QXI, fiss 2, 30

Diagnosis: Non-columellate fasciculate Lithostrotion; mature corallites
with 26 - 28 septa, super-mature corallites with 29 ~ 3, septa, dis-
sepiments in 2 ~ 3 rews., Strong dilation ef the inner dissepiments and

of the septa in the tabularium, Tabulee in twe series of the A type with

a pseudo-aulos,

Type Material: Holetype is Sedgwick Museum specimen no. SM.A2409,
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Material: Bshfeld Sandstene, Smardale, Kirkby Stephen, Cumbria; Peghorn
Limestone, Fell End, Clouds, Kirkby Stephen; Peghorn Limestone, Low
Whiterigg, Clouds, Kirkby Stephen; Peghorn/Smiddy Limestene, Birkett Hill,
Nateby, Cumbria; Geyle Limestene, Mill Gill, Askrigg, Wensleydale;
Hardraw Scar Limestone, West House, Wensleydale; Simenstone Limestons,
Whernside Pasture, Kettlewell, Wharfedale; Middle Limestone, Dry Park
Gill, Whernside, Kettlewell; Great Limestons, Weardale.

Description: Internal Characters; The different cerallites of any one
colony of this species are vefy variable in diameter (and hence in &ll
ether characters) due to the prevalence of axisl increase. This me ans
that the majority of cerallites seen in any one transverse sectien may be
immeture as no seoner dees a corallite reach maturity thean it divides
agein into two, three or feur new corallites.

The dismeter of a mature corallite varies in different coralla from
8 mm. to 12 mm., but just before budding there is a sudden increase to a
super mature diameter of 9 - 14 mm. The small buds are appreximetely
5 - 6 mm, in diemeter. (The totel mean diameter ef this species is
8.7 mm., Bhis figure including both meture end immature cerallites).

In this species the mature number of septa varies frem 26 te 28 and
the super mature number of septa varies from 29 te 3,. The maximum
number of septa in any celony of this species thus varies frem 28 to 3.
Immature buds just after splitting frem the parent may have enly 20 septa.
The major septe are usually gquite shert in this species as the species
has evolved aleng the diphyphylleid trend by lesing its celumella and by
the septa beceming amplexeid. They usually enly extend frem the epithecae
less than half the radius ef the corallite ceming te an abrupt end in the
euter regions of the tabularium when they abut en to the dewnturned
edges of the inmer series of tebulae. The axial ends ef the major septa
are thus conmected in transverse section by these tabulae and a pseudo-

aules is formed. As the major septa are short the pseude-asules is quite
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wide in prepertion to the diemeter of the corallite. In & cerallite 9 mm,
in diameter the pseudo-aulos is 4.5 mm, wide., However in seme colonies
the tabulae fail to dsvelep the superimposed downturned edges and so the
septe do not abut against them it extend almost to the centre of the
dorallite. The minor septa are enly half the length of the major septa
extending just inte the tabularium. Both orders of septa are somewhat
dilated and unlike ether fasciculate Lithostrotion species this dilation
of the septa is in the tebularium as opposed to the dissepimentarium,
Septa are often quite thin in the dissepimentarium. Alse the inner series
of dissepiments are dilated, this zone of dilation merging with the
thickening of the septa. The dilation of the septa in the tebularium is
a characteristic feature of this species.

Dissepiments are in twe or three series and are cencave inwards end
concentrioally arranged. The inner series defines & tabularium with a
mean diameter of 6.9 mm. altheugh this is also variable depending on the
state of maturity. In a super mature corallite it can be up to 10 mm,
while in an immature corallite just after splitting it is only 5 mm,

The dize of the tabularium in mature cerallites is approximately the same
as the mean.

The tabulae are of the ﬂ type (p.15) and a pseudo-aules is there-
fere formed. The inner tabulae are horizental in the axial region, but
slepe almost vertically peripheral to the axis where they rest on the
tabulae below. The vertical sides of the downturned tabulae form tl';e
tube of the pseudo-aulos. The outer series are sub-herizontal.

In early members ef this species the peints of contact of the
downturned edges onte the tabulae below are not particulerly well aligned

vertically and se the pseudo-aules is peorly develeped.

Discussion: D. lateseptatum was first described by McCey in 1851. He
differentiated it from the earlier described secies D. concinnum

Londdele (1845) enly on the greater propertional width ef its tabularium.
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This is now not considered an impertant specific character and so the two
are probably synonymous, and the species should really be known as
L. goncinnum. However the type specimen of D. concinnum is lest and so
it is impessible te be sbsolutely sure of the synonymy and se it is best
to allow D. concinnum te lapse as a nem dubjum, D. lateseptatum is, after .
all, by far the mest widely used and better knewn name

Moreover, altheugh D. concinnum was eriginally the genotype of
Diphyphyllum, when the type was lest Smith and Leng (1930, p.180) re-
baged Diphyphyllum on D. lateseptatum.

Thomson (1887) described D. lateseptatum ver. giganteum and D.
lategeptatum var. interruptum. However his cenceptien of spedific
characters was rather narrew and these varieties are net here recegnised
ag being significantly different frem the type.

Similerly D. ingens Hill (1940) may just be a large variety of
L. lateseptatum.

This species is the largest ef all the diphyphylleid species. It
is most similer to L. furcatum and there are certain preblems in
distinguishing these spedies (p. 96 ). While the mature number of septa
in L. furcatum end L. lateseptatum are sufficiently separated, they are
8till clese enough fer a supermature quadripartite corallite of L.
furcatum te have more septa than a bipartite corallite of L. lateseptatum,
However, using the means ef the septa it is easier te distinguish the
species. In L. lateseptatum the majority ef cerallites will have a high
number of septa (26 - 3.) as beth mature and supermature corallites have
this number ef septa, whereas in L. furcatum enly a minerity ef cerallites
will have the high mumber ef septa as it will enly be the few super-
mature corallites that suppert this mmmber ef septa, the mature corallites

having enly the lew ancestral number of septa (22 - 24).

Statistical Results:

R.-28-ﬂ|--
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M.Do - 8.76 mm,
SOD. - 2.65 mm.
mexeDe = 1306 mm,
min.D. = 6,0 mm,
M.To = 6.92 mm,
S.D. - 1-36 mm,
maxe.Te = 10;3 mm.,
min.Tes = 4.0 mm,

Stratigraphical Range: Top of S1 to base of Namurian (Great Limestone).



FIGURE 52

Plot of tabularium diameter against percentage frequency
in L.lateseptatum. Intervals in mm's.
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Lithestretien furcatum (Hill)
(Plates 39 ~ 42,)

1887a Diz_l;nmllum concinmum var. furSatum Thomson, Q.J oGeSes VOlel3,
P03 9 pl.IV, fig.2.

1940 Diphyphyllum furcatum Thomson (sic), Hill, 'Mon. Carb. Rug. Corals
Scotland', p.185, pl.X, fig.16, pl.XI, fig.l.

Diagnosis: Non-columellate fasciculate Lithos trotion; mature corallites
with 22 - 25 septa, super mature corallites with 26 - 30 septa, disg-
sepiments irregular in 2 -~ 3 rows. Dilation of septa and dissepiments
is poorly developed. Tabulae in two series of the /? type, but they are

often irregular and a pseudo-aulos is rarely formed,

Type Material: Lectotype is specimen KMT2002 in Kelvingrove Museunm,

Glasgow. Includes transverse and longitudinal thin sections.

Material: Great Scar Iimestone, Aysgarth lower falls, Wensleydale; Gayle
Limestone, Mill Gill, Askrigg, Wensleydale; Hardraw Scar Limestone,
Semerwater, Wensleydale; Middle Iimestone, N. of Roman Road, Semerwater;
Middle Limestone, Arn @¢ill, Askrigg; Middle Limestons, West Burton,
Wensleydale; Middle Limestone, Sfar Gill, Grange, Wensleydale; Middle
Limestone, Quarry E. of Sargill gate, Askrigg; Middle Limestone, Mill
Gill, Askrigg; Undersett Limestone, Blue Scar, Woodhall, Wensleydale;
Middle Limestone, Birks Gill, Swaledale ; Simonstone Limestone, Whernside

Pasture, Kettlewell, Wharfedale; Middle Lime stone, Middlesmoor Pasture,
Kettlewell,

Desoription: Intemal Characters 3 Although this species, like L.

lateseptatum, shows axial increase there is not such s great variation in
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diameter in any one colony as the young buds tend to reach maturity fairly
quickly. The corallites are somewhat smeller im diemeter than L.
lateseptatum, the diameter of a mature corallite varying from 6.5 to 7.5 mm,
but immediately prior to budding corallites may increase to a super
mature diameter of 8 - 8,5 mm. The mean diameter of the species is 6.5 mnm,,
this figure including both mature and immature corallites,

The number of septa is also somewhat lower than in L. lateseptatum,
The mature number of septa for this species is only 22 to 25, However,
a minority of super mature corallites in any colony will have from 26 to
30 septas The major septa are quite short only extending a half to a
third the radius of the corallite. Unlike the other three mwn-columellate
species however they do not come to an abrupt end abutting on to the
dowmnturned edges of the tabulae. The inner series of super-imposed domed
tabulae is not so well developed and does not form a cantimuous pseudo-
aulos with any degree of consistency. Only a weak structure is formed
and the septa usually pass through it. Minor septa are about half the
length of the major septa, just penetrating the tabularium. As with
L. lateseptatum the major septa are somewhat dilated in the tabularium and
the imner row of dissepiments may also dilate and fuse with the dilation
of the septa, but this feature is rarely well developed and so strong as
in L. lateseptatum. Moreower, dissepiments are never so regularly
orgenised in this species as in the latter, the imner row not foming so
perfect a circle as in L. lateseptatum, and the outer rows often being
unequally developed in different parts of the corallite.

Dissepiments are in 2 ~ 3 series but the younger individuels may
have only a single row and hence appear identical to L. fasciculatum.
The inner row of dissepiments defines a tabularium with a mean diameter
of 5.3 mm.

The tabulae are the same as in L. latesept'atum, t the pseudo-aulos

is rarely formed.
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Discussion: This species was first described by Thomson in 1887 as a
variety of D. concinnum (= L. lateseptatum) but was not raised to specific
level until 1940 by Hill., Hill cites Thomson as the author of the
species, but according to the Rules of Nomenclature (Secretary's report,
Paris Meeting, 1948) enyyinfra-subspecific name (e.g. a variety) that is
elevated to subspecific or specific rank by a subsequent reviser shall
be attributed to the amthor by whom it was so elevated. Thus, Hill
should be recognised as the author of this species.

This species can be distinguished from L. fasciculatum by having
over one row of dissepiments. It is more similar to L. lateseptatum.
See discussion of that specles for distinguishing characteristics. In
addition to the differences discussed in that section, the poorly
developed pseudo-aulos eand the irregular dissepiments give this speciss

e much less organised and symmetrical appearance then L. lateseptatum.

Statistical Results:
R. = 26 - 30,

M.Do = 6.53 mm,
SaDo - 0077 mme.
max.De = 8,0 mm.
min.D.D = 4.5 nm,

M,Te = 5036 mnm,
S.D. - 0.6_2 mm,
max,Te = 6,0 mm,
min.To [ 4.0 nme,

Stratigraphical Renge: Base of D1 to top of Visean.
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FIGURE 5

Plot of tabularium diameter against percentage frequency
in L.furcatum., Intervals in mm's.
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FIGURE 54

Plot of corallite diameter against percentage frequency
in L.furcatum, Intervals in mm's.
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Lithostrotion fasciculatum (Fleming)
(Plates 36 - 38,)

1828 Ceryophyllea fasciculats Fleming, 'Hist. of Brit. Animals', P«509.
(Non Lamerck homonym).

8,3 Lithodendron fasociculatum (Fleming), Portlock, 'Geol. Rep. on
Londonderry',; p.335.

1836 Lithostrotion irregulare (Phillips), Thomson and Nicholson, Ann.
Mag. Nat, Hist., ser.s, vol.XVII, pl.XV, fig.3. (Non L. irregulare
Phillips).

1885 Diphyphyllum interruptum Thomson, Proc. Phil. Soc. Glasgow, vol.XIVs
D+384s pl.VIII, fig.3. (Non D. lateseptatum var. interruptum
Thomson 1887).

1883 Diphyphyllum fagciculatum (Fleming), Thomson, Ibides vOl.XIV, pe38i.

1887a Dighml_qzllum Blackwoodi var. approximatum Thomson, Q.J.GeS., vol.3,
P.36, pl.IV, fig.i. (Non D, approximatum Thomson 1883).

1887a Diphyphyllum Blackwoodi Thomson, Ibid., vol.3, De36, pl.IV, fig.3.

1887a Diphyphyllum cylindricum Thomson, Ibid., volei3s Pe36; pL.IV, Figs 5,5a.

1887a Diph 1lum gracile McCoy, Thomson, Ibid., vol.i3, p.37, Pl.V,
fig.10. (Non D. gracile McCoy).

1950 Lithostrotion sp.{Diphyphyllum fascioulatum}(Fleming), Smith and
Lang, Ann, Mag. Nat. Histo, ser.lo, vol.V, p.183, pl.VII, f‘igs 7’ 8.

1940 Diphyphyllum fasciculatum (Fleming), Hill, 'Mon. Carb., Rug. Corals
of Scotland' Pal. Soce., p.182, pl.X, figs 9~11, and 2?12, 13.

But not:

1816 Caryophyllia fasciculata Lamarck, p.226, which is a recent coral.

1830 (Caryophyllia fasciculata, De Blainville, p.3ll, which is L.
irregulare.

1830 Caryophyllie fasciculatas; Woodward, p.6 which is L. irregulare.

1836 Lithodendron fasciculatum, Phillips, p.202, pl.II, figs l%, 17,
which is L. martini er L. variabile.

18,2 Caryophyllia fasciculata, De Koninck, p.17, pl.D, figs 5a-c, pl.Gs
figs 9a~b, which is L. martini.

1845 Lithodendron fascioulatum, Lonsdale, which is L. martini.

1846 Lithodendron fasciculatum, Keyserling, Pel70, pl.III, figs 2, Za,
2b, which is L. sociale?

1846 Cladocora fagciculata, Geinitz, p.570, which is L. martini.

1850 Diphyphyllum fagciculatum, D'Orbigny, p.159, which is L. martini.

1851 Siphonodendron fasciculatum, McCoy, p.l08, which is L. irregulere.

1887 Lithostrotion faseciculatum, Thomson, which is L. martini,

Diagnosis: Non-columellate Lithostrotion; mature corallites with 21 - 2L
septa, super mature corallites with 25 - 28 septa and a single row of

dissepiments.
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Type Material: Lectotype chosen by Smith and Iang 1930 (p.18L) as
R.S.M. 1870. 14 374« In Royal Scottish Museum, Edinburgh, From Skate -
Craig, Dunbar. Syntype is R.S.M. 1870. 1l.. 377.

Materiel: Simonstone Limestons, Whernside Pasture, Kettlewell,
Wharfedale; Middle Limestone, Long Acres Quarry, Middleton Tyas, Yorkshire;
Undersett Limestone, Blue Scar, Woodhall, Wensleydale; Undersett Limestone,
Thackthwaite beck, Woodhall; Great Limestone, Harehope Quarry, Frosterley,
Weardale; Great Limestone, Bollihope Burn, Frosterley; Great Limestone,

Langdon Beck, Teesdale; Great Limestone, Sandales, Cockermouth.

Description: Internal Characters; As with L. lateseptatum the corallites
in any colony show considersble variation in diemeter due' to the
existence of axial increase in this species. The corallites are similar
to those of L. furcatum but differ in having only one row of dis-
sepiments. Hence they are slightly smaller in total diameter as the
dissepimentarium is narrower. The mean diameter of this species is

4.8 ﬁm. although this figure includes all corallites both mature and
immature. The diameter of a mature corallite varies from 5 mm. to 6 ym,
while the super mature diameter may rise to 6.5 mm. The diameter of new
buds is only 3 mm,

The number of septa is similarly variable. The mature number of
septa for this species is similar to L. furcatum varying from 21 - 25,
and the super mature number just before splitting can be anything up to
29. The meximum number of septa in a colony, therefore varies from 21 -
29. Immature buds just efter splitting from their parent have only sbout
15 septa. The major septa are usually quite short only extending half
way to the centre of the corallite coming to an abrupt end in the

tebularium as in L. lateseptatum when they abut on to the downturned

edges of the inner series of tabulae. Thus as with L. lateseptatum a

pseudo-aulos is formed in some corallites, the diameter of this being
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more than half the diameter of the corallite. Thus in a corallite 5 mm,
in diameter, the pseudo-aulos will be approximetely 3 mm. in diemeter.
The greater proportional width of the pseudo~aulos to the diameter in this
species compared to L. lateseptatum (when it is only half the diameter)
can be explained by the narrower dissepimentarium in this species. The
ratio of the pseudo-aulos to the tabularium is approximately constant in
all the diphyphylloid species. However the state of development of this
structure is very variable from corallite to corallite.

The minor septa only just penetrate the tabularium and haence as
the dissepimentarium is so narrow they are very short indeed, and in same
of the smaller corallites, in their early stages of dsvelopment, they are
entirely absent.

The mature corallites of this species are identical in every respect
to the small btuds of the larger L. lateseptatum and thus L. fasciculatum
also shows the dilation of the septa in the tabularium which is so
characteristic of that species. Again the single row of dissepiments
is also dilated and fuses with the thickening of the septa. Althouzh
there is only one complete row of disgepiments two rows may be sporadically
developed in parts of some corallites.

The tebulerium of the mature corallites is from 4 - 5mm., In the
majority of corallites there is no columells of any kind, Wt in a few
individuals a weak axial structure can be obssrved in transverse section,
However, this is never a persistent structure and in longitudinal section
can be seen to consist merely of a series of spines on successive tabulae.

The tabulae are ﬂ tabulae as in L. lateseptatum, and the pseudo-aulos
is usually well developed.

Discussion: When the name was first proposed by Fleming no attention
was paid to the presence or absence of a columella and thus many

references prior to 1845 (when Lonsdale first published Diphyphyllum)

may refer to a columellate species of similar dimensions, either
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L. paucirediale, L. irregulare or L. martini.

This species is similar in mumber of septa to L. furcetum but can
be distinguished by its single row of dissepiments. L. gracile also
has one row of dissepiments but this species is smaller with correspond-
ingly fewer septa, L. fascioculatum having from 21 - 29. However, septal
number does not differ exclusively from L. gracile as this species can
also have up to 2 septa (although only rarely). The difference between
the two is however that in L. fascioulatum a majority of the corallites
will have over 20 septa as both mature and super mature corallites support
such numbers, whereas in L. gracile only the few super mature corallites
will have over 20 septa, the majority (i.e. the mature corallites) having
under 20 septa. This species therefore bears the same relationship to

L. gracile as does L. lateseptatum to L. furcatum,

Statistical Results:

Rc = 22 bt 29
M.D. = 4.80 mm.
SODI - 006 mme.

maxeDe = 6.0 mm.
min.D. - 3.5 mm.
M.Te = 4.25 mm,
SOD. - 006 mme.
maxeTe = 5.5 mm,
nin,Te = 3.0 mm.

Stratigraphical Range: Tyne Bottom Limestone to base of Namurian (Great

Limestone).



FIGURE 55

Plot of tabularium diameter against percentage frequency
in L.fasciculatum, Intervals in mm's.
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FIGURE 56

Plot of corallite diameter against percentage frequency
in L.fasciculatum., Intervals in mm's,
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Lithostrotion gracile (McCoy) —
(Plates 33 - 35.)

1851la Diph llum gracile McCoy, Ann, Mag. Nat. Hist., ser.2, vol,VII,

Pol 8.

1851b Diphyphyllum gracile McCoy, 'Brit. Palaeoz. Foss.', p.88, text-
figs 4, e, f.

1930 lithostrotion sp. {Diphyphyllum gracile}(McCoy) , Snith and Lang,
Ann, Mag. Nat. Hist., ser.10, vol.V, p.182, pl.VII, figs 5, 6.

But Nots

1887a Diphyphyllum gracile McCoy, Thomson, QeJeGeSes volut3, D37, pl.V,
figel0, which is L. fascioculatum.

Diagnosis: Non-columellate Lithostrotion; mature corallites with 16 - 20
septa, super mature corallites with 21 - 22 septa (and occasionally 24.).
One row of dissepiments only.

Type Material: Holotype is Sedgwick Museum specimen No. A.2418 (includes
A.2418b, b) thin sections). McCoys specimen is from the 'Impure limestone
Lowick, Northumberland'. (= ?Dryburn = Great Limestons),

Material: Simonstone Limestone, Haw Bank, Woodhall, Askrigg, Wensleydals;
Middle Limestons, West Burton, Wensleydale; Middle Limestone, Sargill,
Grange, Wensleydale; Middle Limestone, Sar Gill, Grange; Undersett
Limestone, Low Clint, Hardraw, Wensleydale; Main Limestonse, High Clint,
Hardrew; Main Limestons, Swinehaw bottom, Woodhall, Askrigg; Middle
Limestone, Birks Gill, Swaledale; Middle Limestons, Dry Park Gill,
Coverdale; Great Limestone, Harehope Quarry, Frosterley, Weardale; Great
Limestone, Rookhope, Weardale; Middle Limestons, Long Acres Quarry,
Middleton Tyas, Yorkshire; Lower Limestone group, Fife; 'Carboniferous!,

Cambois, Northumberland.
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Description: Internal Characters; Again the corallites of any ocolony show
considerable variation in diameter due to the existence of axial increase
in this species. The corallites are smeller than those of L. fascioulatum
but the mature corallites of this species are almost identical to the
smell buds of L. fasciculatum., The total mean diameter of this species is
3.2 mm., this figure including all corallites mature or immature. Moreover
this species shows considerable variation from colony %o colony, the total
mean for different colonies ranging from 2.5 to 3.9 mm. The diameter of
a mature corallite is usually from 3.5 to 4.5 mm., Wt they may be as low
as 3.2 mm. or as high as 5.0 mm, in the super mature corallites. The
young buds just after splitting from their parents range fram 1 mm. to 2 mm.

The number of septa is similarly variable. The mature number of
septa ranges from 16 to 20, while the super mature number of septa is 21
or 22 (and occasionally 24). Thus the majority of corallites in a colony
will have under 20 septa with only a few super mature corallites sipport-
ing over 20 septa.

The major septa are short, only extending one-third or one-half the
distance to the centre of the corallite, again coming to an abrupt end
in the tabularium where they abut on to the pseudo-aulos. This pseudo-
aulos is over half the diameter of the corallite. However, this
structure is only formed perfectly in a few corallites, more usually some
of the septa penetrate the tabularium to a certain degree. In some
colonies the inner tabulae do not have well fommed downturned edges end
the septa can then extend close to the centre. The minor septa only Jjust
penetrate the tabularium and hence are very short. In tle smaller
corallites of this species some or maybe all of the minor septa may fail
to develop, but some minor septa are usually present somewhere in every
colony.

This species has one complete row of dissepiments but two rows can
be developed in parts of the corallites. As with the minor septa, these

dissepiments may be completely absent in smme of the smaller corallites.
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This species can show the same dilation of the dissepiments and the
septa, as do the other diphyphylloid species, tut it is rerely well
developed. Also in those corallites in which the dissepiments have failed
to develop the septa are dilated along their whole length.

The tabularium is approximately 3 mm. to 3.5 mm. in &iameter although
in the larger colonies it can be 4 mm,

There is never a contimuous columella present but in a few corallites
a discontinuous axial structure can be obsmerved as small spines rising
from the tabulae.

The tabulae are ﬁ tabulae as in L. lateseptatum, but the pseudo-

aulos is not usually well developed.

Statistical Resulis:

Re » 18 ~ 2,

MOD. - 3.67 mm,

S.D. = 0.54 mm,
max.D. - 5.0 mm, \
min.,D. = 2.5 mm,

M.To - 3.01 mm,

S.De = 0.46 mm.
max.Te = 4.0 mm,
minoTo - 200 mm,

Stratigraphical Range: Tyne Bottom Limestone to base of Namurian (Great

Limestone).



FIGURE 57

Plot of tabularium diameter against percentage frequency
in L.gracile. Intervals in mm's,
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FIGURE 58

Plot of corallite diameter against percentage frequency
in L.gracile. Intervals in mm's.
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Lithostrotion edmondsi (Smith)
(Plates 46 ~ 47,)

1928 Nemistium edmondsi Smith, Ann. Mag. Nat. Hist., ser.1l0, vol.I,
Poll .

Diagnosis: Corallum compound and fasciculate. Corallites 5 - 6 mm, in
diameter with 20 - 2, (25) septas no columella, but an irregular axial

structure consisting of an impersistent medimn plate with lamellae and
taballae.

Type Material: Holotype is British Museum specimen no. R25,88 (and
section R25489 cut from it). From 'D2 Zone', Eskett Quarry, mear
Frizington, West Cumbria.

Makorial: Jew Limestone, Force Burn, Moor House Reserve, Alston; Jew

Limestone, Upper Tees Section, Moor House Reserve; Jew Limestone,

Moulds Meaburn, Cumbria.

Description: External Characters; In growth habit and gemmation

L. edmondsi is almost identical to L. fasciculatum. Calices have not been
seen.

Internal Characters; Major septa variable in length; some extend into the
centre and become a part of the axial structure, others reach only about
half way towards the centre. Minor septa only just penetrate the
tebularium end as there is only a small dissepimentarium they are thus
very short indeed. Both orders of septa are usually dilated animay be
quite considerably so., The specimen from Moor House Reserve, Alston, has

very thick septe. Dilation is usually in the dissepimenterium.
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There is never a true columells formed but instead a loose and
irregular axial structure which is a diggnostic character of the species.
This consists of a thin, irregular and inpersistent medial plate which may
be continuous but usually arises from successive tabulae and does not
reach the tabulae above. Radiating from this plate are a few lamellae
and these may be cmnected by steeply inclined concentrically arranged
tabellae. None of these elements are particularly perdstent and while the
axial structure is sometimes contimous it is just as often absent
altogether in some corallites. More usually the vertical elements arise
from the distal surfaces of the tabulae without reaching the tabulae above,
The structure is thus very variable even within one corallite.

The tabularium of this species is similar to L. irregulare and
L. fasciculatum, that is from 3.5 = 5 mm. and septal mumbers are also
similar, the maximum number of septa in a colony varying from 20 - 2, (25),

The tabulae are divided into two series as in the diphyphylloid
species of Lithogtrotion, an imner and an outer series. The immer series
are strongly arched and are superimposed on one another so that their
sides form a vertiocal tube running down the length of the corallite. The
outer tabulae connect this tube to the dissepimentarium and are usuadly
inclined downwards. The tube formed by the inner tabulae is a pseudo-sulos
and the major septa abut against it rarely penetrating it. Thus in those
corailites with a strong pseudo-aulos few septa actually reach the axial
structure.

The dissepimentarium is very narrow. Usually there is only one row
of dissepiments although there may be two or three rows formed in parts
of a corallite. All dissepiments are concave and the inner row is usually
very thickly dilated as are the major septa passing through this di ssepiment.,
In some colonies (i.e. the holotype) the dissepiments may fail to develop
at all in some corallites or in parts of corallites,

Corallites are from 5 - 6 mm, in & emeter and are defined by en
epitheca¢ which is usually slightly dilated.
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As in all the non-columellate species budding is parricidal and
usually peripheral.

Discussion: The reasons behing the rejection of the gems Nemistium are
given on p. 27.

In his desoription of the species Smith (1928, p.116) states that
in the larger examples of this species the corallites may be 9 mm. in
diameter and have up to 30 septa. In this respect he quoted two coralla,
first a specimen from Ward Hall East Quarry, Aspatria, Cumbria, which he
figured (loc. cit., p.118, pl.V, fig.l) and secondly a specimen from
Brynhyfryd Querry, Kidwelly, Wales (loc. cit., p.118). However, the
figured colony never has more than 25 septa and is hot as large in diameter
as it appears from Smiths drawing. The largest corallite is only 7 mm, in
dismeter as opposed to the 10 mm., suggested by Smiths stated magnification
of X2 for the drawing. Secondly the specimen from Weles, which does have
30 septa, is not this aspecies, Wt is a large non-columellate species,
possibly L. furcatum,

L. edmondsi is identical in all respects except for the axial structure

to L. fasciculatum and L. irregulere.

Stratigraphical Range: Jew Limestone.
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Note on the Genus Orionastrasa

It has generally been considered by later workers that Hudson, in
his revision of the genus Orionastraeca (1929), may have rather oversplit
the Orionastraea population describing too many species and varieties.
The problem has been that every intermediate form between Hudson's -
‘species' has been observed and thus led to confusion over ocorrect
identification. It is therefore pertinent to explain at this point a
few facts concerning sich intermediate forms. If the fo ssil record were
perfectly preserved ome would expect, as one traced the evolution of a
species with time, that every intermediate between that species and a
later chronospecies would be found. Divisions between such artificial ly
designated chronospecies are always arbitrary and so some sort of con-
venient division would have to be drawn between the two chronogpecies
so that they could be separated and therefore identified. It is quite
acceptable to do this as the two delineated chronospecies occupy two
distinet horizons, the later evolving species occurring at a higher
horizon than its ancestor and thus can be separated exclusively by time
if not by morphology. Howevef, one may also find such intermediate
forms between two other 'species!' occurring at ons geological horizon.
In this case the intermediates do not represent an evolving lineage from
one species to another. They merely represent a continuous variation at
one point in time, i.e. a continuous gene pool, and thus the two 'species!
are in fact only end members of a continuous population. Thus in this
case the two species can only be regarded as subspecies as they do not
occupy exclusively distinet horizons but occur together in one bed.

In the revision of Hudson's species it may be advantageous to view

his 'species® in the light of these facts.
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Genusg Orionsatraea Smith, 1916

1828 Tubipora, Fleming, partim, p.529 (Not Tubipora L.)

1830 Tubipora, Woodward, partim, p.5 (Not Tubipora L.) - —
18,1 Astrasa, Phillips, partim, p.12 (Not Astrasa Lam, )

18,9 Sarcimula, NMoCoys p.12y (Not Sarcinula Lam.,

1850 Phillipsastraea, D'Orbigny, partim, p.107 (Not Phillipsastraea S.8.
Dt Orb.

1851 Sarcinula, McCoy, p.110 (Not Sarcinula Lam.)
1851 Lithostrotion, Milne-Rdwards and Haime, partim, pel32 (Not
Lithostrotion Fleming)

1851 Phillipsastraea, Milne-Edwards and Haime, Pelilk7 (Not Phillipsastraea
8.8, D'Orbigny)

1852 Lithostrotion, Milne-Eiwards and Haime, partim, p.190 (Not
Lithostrotion Fleming)

1852 Phillipsastraea, Milne-Edwards and Haime, p.203 (Not FPhillipsastraea
ﬁo_S: D'Orbigny ;

1889 Phillipsastraea, Schafer, partim, p.;0l (Not Phillipsastraea Se8.

D'Orbi

gny
1903 Lithostrotion, Vaughan, partim, p.106 gNot Dithostrotion Fleming;
1905 Lithostrotion, Vaughen, partim, P«199 (Not Lithostrotion Fleming
1916 Orionastraca, Smith, P29

1925 Orionastraea, Hudson, p.185

1926 Orionastraea, Hudson, Pell5

1929 Orionastraea, Hudson, partim, pehl
183, Orionastraea, Hill, P.90

1940 Orionagtraea, Hill, p.187

1950 Orionastraea, Wang, partim, p.222
1952 Orionastraea, Lecompte, p..73

1956 Or’lonas‘braea., Hill, P.283

196, Orionastraea, Yoh and Wa, p.102
1967 Orionastraea, Ivanovsky, Pe33

But Not:

192, Orionastraea, Garwood and Goodyear, p.219
2958 Orionastraea, Dobrolyubova, P.201

1970 Orionastraea, Kato and Mitchell, p.49

Diagnosis: Rugose corals resembling cerioid Lithostrotion, but having
little or no epithecae in an astraeoid, themnastraeoid, aphroid or
indivisoid colony. Septa of adjacent corallites may be confluent, non-
confluent, may retreat peripherally, or may be absent altogether.
Tabularium diameter is from 2 - 3 mm. and there are between 20 end 36

septa.

Genotype: Orionastraea phillipsi (Mfoy, 1849, p.125).
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Discussion: Smith pmoposed Orionastraecae in 1916 to include three species

as follows: (1) Orionastraea phillipsi = Sercimila phillipsi McCoy, 1849 =
? Erismatolithus tubiporites (radiatus) Martin, 1809

(2) Orionastrasa placenta = Sarcinula placenta McCoy, 1849

(3) Orionastraea ensifer = Lithostrotion ensifer Eiwards md

Haime, 1851, Smith chose 0. phillipsi as genotype.

The genus here excludes 0. ensifer var. matura Hudson, (1929, p.445)

and Q. magna Kato end Mitchell (1970, p.49), which are assigned to the new
genus Hudsonia (see p.235).

Stratigraphical Range: The genus appears at the top of D1 and persists
to the middle of D2, (The highest specimen of Orionastraea so far

recorded is from the Single Post Limestone, This marks the top of the

Orionastraes Zone as designated by Hudson (1929, p.440)).
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Orionastraea ensifer (Edwards and Haime) E—
(Plate 48, fig. 1.)

1851 Lithostrotion emnsifer Milne-Edwards and Haime, 'Polypiers Fossiles
des Terrains Paleozoiques', p. 2.

1852 Idthostrotion ensifer Milne-Edwerds end Haime, ‘Monograph of the
British Fossil Corals' Pal. Soc., p.1l93, PLXXXVIII, figs 2 and 2a.

1889 FPhillipsestraca radiata (Martin), partim Schafer, Geol. Mag.,
dec. 3, v01¢Vi, p.l|.01"'l}.07, pl.XII, ﬁgs 2, 5 and ?6.

1903 Lithostrotion ensifer Milne-Eiwards and Haime, Vaughan, Proc.,
Bristol Nat. Soc., n.s. vol.X, p.109, .

1905 Lithostrotion ensifer Milne-Edwards and Haime, Vaughan, Q.J.G.S.,
vol.lxi, p.199.

1916 Orionastraca ensifer (Milne-Edwards ani Haime), Smith, Ibid.,
vol.lxxii, pe301, plexxiv, figs 3, 4, 5.

1929 Orionastraea ensifer (Milne-Edwards ani Haime), Hudson, Proc.
Leeds Phil, Soc., vol.l, pt.IX, peih5.

But Not:

1887b Lithostrotion ensifer Milne-Edwards end Haime, Thomson, Trans.
Edinb, Geol. SOOo, 'V'OloV’ pt.III’ p.587, pl.XI, ﬁ.g.B.

192, Orionastraes ensifer (Milne-Edwards and Haime), Garwood and
Goodyear, Q.J«G.S., vol.lxxx, Pe«231, which is H. matura.

1929 Orionastraea ensifer var. matura Hudsom, Proc, Leeds Phil. Soc.,
volel, pteIX, p.is5, plel. which is H. matura.

Diagnosié: Cerioid/astrasoid Orionastraes with very thin epithecae or
discontinuous beaded epithecae, a stout 'lithostrotion' type of columella

and 36 continuous septa often non~confluent.

Type Material: Edwards and Haime specimens from Bristol were preserved
in the British Museum, but they are now lost. Thus a neotype was chosen

by Smith (1917) as British Museum specimen R.1708) (in the §.G.Perceval
Collection).

Description: External Characters, the corallum is depressed in the
typical Orionastraea state and is cerioid/astracoid. The distel surface

shows shallow calices bounded by a beaded discontinuous epithecal wall.

A columelle is often present in these calices.
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Internal Characters, The internal features of this species are for the
most part identical to those of its ancestor, L. decipiens (see
description of that species). The only significant point of difference
is the fact that the epithecal wall dividing the corallites is thin and
in places is incomplete. However, where this wall is prresent it has
been observed that it is always a double walled structure, divisible
into two halves, with a dark line running down the centre.

One significent point of difference between this species and later
species of Orionastmes is that the minor septa are very short, rarely
extaiding into the tebularium. This gives the impression that there is
a pauoity of sppta in this species, but in fact there are from 14 - 18
septa of both orders (i.e. from 28 - 36 in total). The tabularium is

roughly 3 mm, in diameter, as in L. decipiens.

Stratigraphical Range: Top of D1 to Jew Limestone,
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Orionastraea phillipsi (McCoy)
(Plate 48, fig. 2, and Plate 49, fig, 1.) S

809 Erismatolithus tubiporites (radiatus) Martin, 'Petrificata
Derbiensia¥, pl.XVILI, figs 2 and 3« (This is 0. phillipsi,
Q. tuberosa or 0. placenta)

2828 Tubipora radiata Fleming, 'A History of British Animals', D529,
(Q. phillipsi, 0. tuberosa or 0. placenta)

1830 Bubipora rediata Fleming, Woodward, '4A Synoptical Table of British
Organic Remains', p.5. (0, phillipsi, 0. tuberosa or 0. placents)

1841 'Specimen from the Mountain Limestone much allied to Astraea
hennahi Lonsdale', Fhillips, 'Palaeozoic Fossils ete.', p.Jd2, pl.vii,

fig.15Dc
1849 Sarcinula phillipsi McCoy, Ann. and Mag. Nat. Hist., ser.2, vol.III,
P0125o

1850 Phillipsastraea hennshi Lonsdale, partim D'Orbigny, 'Prodrome de
Palasontologie', vol.l, p.107.

1851 FPhillipsastraea radiata (Fleming), partim Milne-Edwards and Haime,
'Pol. Foss. des Terr. Pal.', PihiB.

1851 Sarcinula phillipsi McCoy, 'British Palaeozoic Fossils', p.110.
1852 FPhillipsastracs redista (Fleming), partim Milne-Edwards end Haime,
'Mon. of the Brit. Foss. Corals', Pal, 8oces o203, pl. XXXVII,

figs 2 and 2a.

1883 Phillipsastraca radiate (Fleming), Thomson, Proc. Phil. Soo.
Glasgow, vol.XIV, p.39, pleiv, figs 1, la, 1b and 2.

1916 Orionastraes phillipsi (McCoy), partim Smith, QeJeGeSes VOl.72,
P+298, ph XXIIT, figs 1, 2 and 3. (Not figs 4 end 5 which are
0. tuberosa). PL.XXIV, figs 1 and 2.

1929 Orionastraea phillipsi (McCoy), Hudson, Proc. Leeds Phil. Soc.,
'V'Ol.l, pt.IX, P-MIJH Ploiv’ ﬁg.l.

1940 Orionastrasa phillipsi (McCoy), Hill, 'Monograph of the Carboniferous
Rugose Corais of Scotland', p.189, pl.XI, figs 4 and 5,

Note: Phillipsastraea radiata (Fleming) includes in all cases quoted

Sarcimmla phillipsi and Sarcinula placenta.

Diagnosis: Plocoid Orionastraea with no epithecae, a swollen 'Lithostrotion’
type columella and 36 continuous septa either confluent in thamnastraeoid

colonies or non-confluent in astrasoid colonies,

Iype Material: Lectotype chosen by Smith (1917) from McCoy's two
syntypes as specimen .A2188 in the Sedgwick Museum Cambridge (fig'd Smith
1917, QeJ.GeSes Ixii, pe299, ple23, fig.l). Specimen from Corwen,
Merionethshire, N. Waeles. Lectotype includes tremsverse section (cut

from the specimen) with the same registration number, fig'd Smith 1917,
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Q.J.G’.S., l’:ii, p.299’ pl.23’ figo 2 and 5.

McCoy's second syntype is specimen A2189 in the Sedgwick Museun Cambridge.
Material: Clints Quarry, Cleator, Cumbria. Pot Holes Limestone (D2).

Description: External Characters, The corallum is plocoid, either
astrasoid or thamnastraeoid and is depressed in the typical Orionastraesa
state with a flat distal surface, The calices are often tounded by a
sharply elevated border and are at variable distances apart, A columella
is present and is often prominent in these calices. A holothecapg covers
the lower surface of the corallum with distinet growth banding,

Internal Characters, The septa are divisible into +wo orders, major and
minor, the major septa extending just into the tabularium whereas the
minor septa end in the dissepimentarium. All of the septa are con-
tinuous to the septa of adfacent corallites and some of the septa are
confluent, but this 1s not always the case. No distinetion should be
drawn between coralla with confluent and non-confluent septa, as both
cases can be found in the same corallum, The septa are often dilated
where they meet the innermost series of dissepiments. The maximum mmber
of septa in a colony is always more than 30 and mey be as high as 36.

Dissepiments are numerous filling the intervening space between the
corallite centres. The innermost two or three series are always dilated
and are concave towards the centre. The outer series are fine and may be
concave or slightly convex towards the centre.

The characteristic feature of this species is its columella. This
is dilated, usually continuous with the counter septum and often con-
nected to many of the other major septa by radiating bars.

The tabularium varies from 2 - 3 mm. in diameter but is usually
2.5 mm. The distance between calices varies from 3¢6 mm, to 7.8 mm.,

but is usually from 4.5 mm. to 6 mm,
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Discussion: McCoy's neme is used in preference to Fleminds as it is
impossible to tell whether or not Martin's original figured specimen, upon
which Fleming's species is based, has a columella or howmany septa it
supports. Edwards and Haime considered that is was columellate and hence
called this species Phillipsastraea radiata tut P. radiata might equally
well be synonymous with 0. tuberosas or Q. placenta.

0. phillipsi can be distinguished from 0. ensifer by its complete

lack of epithecal wall, and from all other species of Orionastraes by

the presence of a columella.,

Stratigraphical Range: Base of D2 to Jew Limestone.
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Orionastraea tuberosa (McCoy)
(Plate 49, fig, 2 and Plate 50, figs. 1 and 3.)

2809 Erismatolithus tubiporites (radiatus) Martin, 'Petrificata
Derbiensia', pl.XVIII, figs 2 and 3. (0. phillipsi, 0. tuberosa or
0. placenta)

2828 Tubipora radiata Fleming, "A History of British Animals', p.529.
(0. phillipsi, O. tuberosa or 0. placenta)

2830 Tubipors radiata Fleming, Woodward, 'A Synoptical Table of Brit.
Org. Rems.', p.5. (0. phillipsi, 0. tuberosa or 0. placents)

18,9 Sarcinula tuberosa McCoy, Ann. Mag. Nat. Histe., ser.2, vol.III,
pel12i

1849 Sarcimule placenta McCoy, partim, Ibid., ser.2, vol.III, Pel2.
(i.e. those with '30 curved radii').

1851 Phillipsastraea tuberose (M&Coy), Milne-Edwards and Haime, 'Pol.
Foss. des Terr. Pal.', p.449.

1851 Sarcinulas tuberosa McCoy, 'British Palaeczoic Fossils', p.l10,
pl.IIIB, figs 8 and 8a.

1852 Phillipsastraea tuberosa (McCoy), Milne-Edwards and Heime, 'Mon.
of the Brit. Foss. Corals' Pal. Soce, p.20,.

1916 Orionastraca phillipsi (McCoy), partim Snith, Q.J.G.S., vol.72,
P+298, pl.XKIII, figs 4 end 5. (Not figs 1, 2 and 3 which are
0. phillipsi)

1916 Orionastraca placenta (McCoy), partim Smith, Ibid., vol.72, pl.XXITI,
figs 8 and 9. (Not figs 6 and 7 which are 0. placenta)

1929 Orionastraea tuberosa (McCoy), Hudson, Proc. Leeds Phil. Soc., vol.l,
Pton, Polph.?, pl.iV, ﬁ.g.}.

1929 DOrionastraca edmondsi var. lacinioss Hudson, Proc. Leeds Phil. Soc.,
vol.l, ptoIX, p.lqlﬂ, pl.iv, ﬁ.g.2.

Diagnosis: Plocoid Oriomastraea with no epithecae, no columella, but
only a prolongation of the thin counter septum whish crosses the axial
region. 30 - 3, continuous septa, either confluent in thamnastraeoid

colonies or non-confluent in astraeoid colonies.

Type Material: Holotype specimen A2187 in the Sedgwick Museum, Cambridge
(fig'd Smith 1917, Q.J.G.S., lxxii, pl.23, fig.i). Holotype includes
transverse section with the same registration number (fig'd Hudson 1929,
Proc. Leeds Phil. Soces pe4s7s Plehs £ige3). Specimen from 'Carb.
Limestone,; Derbyshire'.

Holotype of Q. edmondsiver. laciniosa is specimen 27865 ( end slides
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PF2703-6) in I.G.S. Museum, Leeds.

Description: External Characters, The corallum is plocbid, either astraeoid
or thamnastraeoid and is typically depressed with a holothecap covering
its lower surface. The distal surface is usually flat elthough the
holotype displays an exaggerated memmillate surfece. The calices show no
prominent columella.

Internal Characters, It is often difficult to distinguish between the
major and minor septa as both are of similer lengths, both reaching just
into the tabularium. They are often slightly dilated on their inner
(axial) edges. The septa are contlnuous to the septa of adfacent
corallites end may or may not be confluent. Maximum number of septa in a
colony is always at least 30 and may be as high as 36,

As with Q. phillipsi the innermost series of dissepiments are
dilated and concave inwards whereas the outer series of dissepiments may
be convex. |

In fact this species is identical in all respects to 0. phillipsi
except that it lacks the diagnostic swollen columella. While most of
the centres of corallites of Q. tuberosa are empty, some do show a
continuation of the counter septum into the axial region. This has been
mistaken for a columella, tut it is never dilated as is the columella of
0. phillipsi.

Tabularium diameter is from 2,5 - 3 mm. and distances between

corallites (counted in the holotype only) is from 8 - 10 mm.

Discussion: This species can be distinguished from 0. ensifer by its
lack of epithecal wall, from 0. phillipsi from the lack of columella,
from 0. edmondsi by its continuous septa, and from all other species Of
Orionastraea by the septal counts of over 30.

Smith considered that the character on which this species was

distinguished (i.e. its mammilated calicular surface) was not of
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specific importance and he considered this species synonymous with
Q. phillipsi as he thought that 0. tuberosa had a columella, The present
author agrees with Smith that 0. tuberosa cammot be distinguished on the
basis of its calicular surface, but close examination of the type of
this species shows that it has no true columella, only an extension of
one of the septa into the axial region. This projection is never
dilated as is the true columella of Q. phillipsi, but is of the type
of structure seen in many other species of non-columellate Orionastraea
species. Thus the present author thinks it better to merge Q0. tuberosa
with Q. placenta, at least on the basis of the columella.

However, there is an unfortunate problem concerning 0. placenta.
I am convinced that on publishing this name McCoy intended it to include
all of the non-columellate species of Orionastraea with continuous septa.
However, I Lave observed that this group of corals can be divided into
two types, as all those occurring above the base of the Tyne Bottom
Limestone have under 30 septa while the majority of those below this
boundary have over 30 septa, only a minority having under 30 septa. McCoy
was collecting his specimens in rocks older than this boundary and there-
fore the majority of those that he collected and called 8. (=0) placenta
would have over 30 septa. Many later authors have followed this and also
applied this name to those corals with over 30 septa, and indeed McCoy
in his original description of the species (1849, p.124-5) said that
there were Mabout 30 curved radii". However, in choosing his type
specimen he was unfortunate in choosing one which was not the 'norm!
in these older rocks, i.e. one of the small minority having only 25
septa. He clearly realised this and in his work of 1851 when he revised
the species he gave an almost identical description of it but amended
the figure '30' to '25' and figured this type specimen (pl.3B, fig.9).
According to the Rules of Nomenclature we must interpret the species on
the holotype, now in the Sedgwick Museum, Cambridge, and not on his

original description. Therefore we must use the name Q. placenta to
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include those forms with under 30 septa, even though McCoy probably
originally intended the name to refer mostly to those with over 30 septa.
We must also look for a new neme for the larger formms. We have already
stated that 0. tuberosa is identical to 0. placenta on the basis of its
lack of its columella but the type of this species does have over 30 -
septa and therefore we can revive the name 0. tuberosa to apply to the
non-columellate species with over 30 continuous septa. It is interesting
to note in this respect that Smith in a note upon the holotype of
0. placenta (1916, p.301) did observe, "that the thecae are somewhat
smaller than in the average examples, and the number of septa correspondingly
less - about 25",

Hudson (1929) also thought that this species had a columella, hut
he still distinguished it from 0. phillipsi as the type of 0. taberose
has non-confluent septa, whereas 0. phillipsi has confluent septa.
However, this is not thought to be an important specific character in
this case as all intermediate conditions between confluent and non-
confluent septa can be found in both the columellate 0. phillipsi and the
non-columellate 0. tuberosa. While the astraecid colony is probebly
more primitive, the thamnastaeoid colony must have developed very
quickly in this group as loth types of colony are found even at the
first appearance offthe species, and both persist throughout the range
of the species. (In other species the confluence of the septa may be a
useful specific character if the different colony types occur at
exclusively different horizons.)

Hudson (loc. git.) also described 0. edmondsi ver. laciniose which
hes 30 septa, the same as 0. edmondsi, but different inhaving contimous
septa, whereas 0. edmondsi is aphroid. Hudson was of the opinion that
this variety differed from 0. tubeross as he thought that 0. tuberosa
hed a columella, whereas 0. e. laciniosa had not. However, as 0.
tuberosa also is non-columellate, the only difference between these two
taxa is the supposed non-confluence of the septa in 0. tuberosa. This

we have already stated is not important in this species and so
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9. e. laciniosa is synonymous with 0. tuberosa.

Although 0. tuberosa is distinguished from O. placenta on the mmber
of septa, when the species first appear there is contimuous variation
between them from 20 - 36 septa. There is no discontinuity in this
variation and therefore the two species were still capable of inter- @~
breeding. Thus they are not true biological species. However, as stated
previously, above the base of the Tyne Bottom Limestone no foms sare
found with over 30 septa, only the smaller types occur here. Thus there

is a vertical discontinuity between the two groups and they can thus be

regarded as chrono-species.

Stratigraphical Range: Undetermined,
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Orionastraea placenta placenta (McCoy)
(Plates 51 - 54,)

U809 ZErismatolithus tubiporites (radiatus) Martin, 'Petrificata

Derbiensia', pl.XVIII, figs 2 and 3. (0. phillipsi, 0. tuberosa or
0. placenta)

2828 Tubipora radiata Fleming, 'A History of British Animals', pe529.
(0. phillipsi, 0. tuberosa or 0. plecenta)

2830 Tubipora radiata Fleming, Woodward, 'A Synoptical Table of Brit.
Org. Rems.', p.5. (Q. phillipsi, 0. tuberosa or 0. placents)

1849 Sarcinula placenta McCoy, pertim, Ann, Mag. Nat, Hist., ser.2,
vol.III, p.124, (i.0. Not those with, "30 curved radii")

1851 Sarcimula placenta McCoy, 'Brit. Pal. Fossils', P«110, pl.IIIB,
figs 9, 9a and 9b.

1851 Phillipsestraes radiata (Fleming), partim, Edwards end Haime,
'Pol, Foss. des Terr. Pal.', p..L8.

1852 Phillipsastraee radiata (Fleming), partim, Edwards and Haime,
'Mon, Brit. Foss. Corals', Pal, S0C., P«203, PLXXXVII, figs 2 and 2a.
1916 Oriomastraea placenta (McCoy), partim, Smith, Qu.J.G.S., vol.72,
Pe300, pl.XXIII, figs 6 and 7. (Not figs 8 and 9 which are
0. tuberosa)

1929 ~Orionastraea prerete Hudson, Proc. Leeds Phil. Soc., vol.l, pt.l1X,
pall-Ll-B, plol, figs 1, la and 1b.

Note: Phillipsastraea radiata (Fleming) includes in all cases quoted
Q. phillipsi and 0. placenta.

Disgnosis: Plocoid Orionastraea with no epithecae, no columella, 20 - 29

continuous septa either completely confluent or never confluent. Concave

outer dissepiments.

Type Material: Holotype is specimen A2370 in the Sedgwick Miseum,
Cembridge (fig'd Smith 1916, Q.J.G.S., 72, pl.XXIII, figs 6 and 7).
Holotype includes thin sections cut from this specimen A2370 a-c.
Specimen from 'Carb, Limestone, Derbyshire'. Holotype of 0. prerete is
British Museum specimen R.26483-5 (includes sections R26486~90).

Material: Base of Middle Limestons, Sargill Gate, Askrigg, Wensleydale;
Base of Middle Limestone, neer 'The Mount', Wensley, Wensleydale;
Middle Limestone, Dry Park Gill, Whernside, Kettlewell, Wharfedale;

Tyne Bottom Limestone, Green Holes, Moor House Reserve, Upper Teesdals;
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Single Post Limestone, Burnhope, Weardale; Upper Monsal Dale beds, Inteke

Dale, Derbyshire.

Description: External Characters, Smith (1917) described the holotype
of O. placentaas being, 'part of a depressed corallum measuring some 6 cms.,
by 4 cms. and is about 2 om, thick. Both the upper anl lower surfaces
are remarkebly flat'. The calices are preserved and are quite deep but
show no columella. They are from /4 - 5 mm, apart. The corallum is plocoid,
either astraeoid or thamnastraeoid.
Internal Characters; Major ami minor septa often distinguishable, the
minor septa just penetrating the tabularium whereas the major septa
often extend right to the centre to join with a prolongation of the
counter septum. Septa are usually dilated at their axial edge and thin
in the periphery. Septe are always continuous and may be completely
confluent or completely non-confluent. The maximum mumber of septa in
& colony varies from 20 - 29, there are never 30.

The inner few rows of dissepiments are concave imwards and sligitly
dilated. Outer dissepiments are concave in 0. p. placenta S.8. but
every intermediate between this state and the convex outer dissepiments
of 0. p. garwoodi can occur.

There is never a columella although the counter septum may extend

into the tebularium which is about 2 mm. in diameter.

Discussion: Fleming's Tubipora radiata based on Martin's specimen may
have been this species, but McCoy's neame is used in preference es it is
impossible to decide from Martin's figure whether or not it possessed a
columella,

Q. p. placenta is distinguished from 0. ensifer by its lack of
epithecae, from O, phillipsi by its lack of columella, from 0. tuberosa
on the lower number of septa and corresponding smaller tebularium, and
from all other species of Orionastrasa by its continuous septa.

See p.216 for notes on the restricted use of this species.
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Hudson (1929) distinguished 0. prerete from 0. placenta on the basis
of it having non-confluent septa, but as all intermediate types cen be
found, and as the two end members of such a continuous variation series
do: not occur at two distinet horizons, it is thought best that 0. prerete
be merged with 0. placenta (see argument on P+217) .

Stratigraphical Range: Jew Limestone to Single Post Limestone.
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Orionastraea placents garwoodi Hudson
(Plates 55 and 56.)

1929 (Orionastrasa garwoodi Hudson, Proc. Leeds Phil. Soc., vol.l, pt.IX,
po‘{l}s’ PloII, figs 1, 1&, 1b and 2.

But Not:

1929 Orionastraea garwoodi var. gera Hudson, Proc. Leeds Phil. Soc.s vol.l,
ptolx’ Pol|-50, PloII’ ﬁg.}.

Diagnosis: Plocoid Orionastraea with no epithecae; no columella, 20 = 29

continuous septa either confluent or non-confluent with convex outer

dissepiments.

Type Material: Holotype is British Museum specimen R.264,97 and sections
R.26498-502 ocut from it (R.26502 fig'd Hudson 1929, Proc. Leeds Phil.
Soce, vol.l, pt.IX, pl.II, fig.la, R.264,98 fig'd Hudson, Ibid, pl.II,
£ig.1b). From Sargill, Low Abbotside, Wensleydale. BRase of Middle
Limestone. Paratypes are BMR.26503 and sections cut from it, R.26504-6,
and also A.2196 in Sedgwick Museum, Cembridge, and specimen number 48575
and slides PF.2714-18 cut from it in the I.G.S. Museum, Leeds.

Material: Simonstone Limestone, Arn Gill, Askrigg, Wensleydale; Base of
Middle Limestone, Sargill Gate, Askrigg; Middle Limestons, Mill Gill,

Askrigg; Tyne Bottom Limestons, Moor House Reserve, Upper Teesdale.

Description: As for Q. p. placenta only differing in that the outer

series of dissepiments are strongly convex.

Discussion: Hudson (1929) described this as a separate species as

0. woodi, distinguished by the fact that the outer series of dissepiments

were strongly convex., The present author has found that it is true that a
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number of specimens from the Yoredale beds of Northern England are in
this condition, ut here a problem exists in that absolutely every inter-
mediate condition is found between the conwave inwards dis sepiments of
Q. placenta and the convex dissepiments of (. garwoodi. As hasbeen
explained (p.206) this might be expected as evolution occurred gradually
and the species could be accepted if it were the case that those forms
with convex dissepiments were found at a distinet horizon above those
with concave dissepiments, i.e. if the two forms occupied two distinot
horizons. Unfortunately, however, this does not seem to be the ocasge,
instead every type of dissepiment condition appears to occur throug&out
the stratigraphic renge of the species. Moreover, if the species were
to be accepted, an arbitrary dividing line would have to be drawn
between the two species and this would be difficult to exercise con~
sidering the character in question, that of curvature of di ssepiment
plates. Indeed one of Hudson's varieties 0. garwoodi ver pristina is
nothing more than one of thomintermediate stages between O. placenta
and 0. garwoodi and Hudson ectually states (p.451) that this variety is
"a less advanced form of 0. garwoodi". Thus the species and this variety
is best allowed to lapse, but the name is retsined as subspecies of
Q. placenta, i.e. O. placenta garwoodi, which should be referred to only
those forms representing the most advanced end member of the contimous

series.

Stratigraphical Range: Jew Limestone to Single Post Limestone.
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Oriomastraes sera sp. nov.
(Plates 57 and 58.)

1929 QOrionastraca garwoodi var. sera Hudson, Proc. Leeds Ril. Soc.,
vol.l, pt.lX, P50, pl.II, ﬁ.solpo

Diagnosis: Plocoid Orionastrasa with no epithecas and no columella,
2l - 28 contimious end sometimes confluent septa with an outer series of

dissepiments that are extremely convex, some of them running parallel to

and lining the septa.

Type Material: Holotype is British Museum specimen R.26507 and sections
R.26508-11 cut from it. From Broughton Craggs Quarries, N.W. of
Papcastle Railway Station, Great Broughton, Cumberland. ? "junceum" bed
Fourth Limestone, (81ide R.26510 fig'd Hudson 1929, Proc. Leeds. Phil.
Soce, volel, pbeIX, pl.II, fige3). Peratypes include specimen number

48576 and Z173%62 in the I.G.S. Museum Leeds. Locality end horizon as
for holotype.

Material: Base of Middle Limestone, Crag Sike, Swaledale,

Description: External Characters; The corallum is plocoid, either
astraeoid or thamnastraeoid and is typically depressed. The specimen
from Crag Sike is only 2 cm. tall. Calicular surface and holothscae not
seen.

Internal Characters; Major and minor septa of similar length both just
penetrating the tabularium. All septa are quite thick, dilated more at
the axial ends and thinner at the peripheral ends. Septa are always
continuous and mey be confduent. Number of septa varies from 24 in the

holotype, to 28 in the specimen from Crag Sike. The inner two or three
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rows of dissepiments ere concave and very slightly dilated. The dis-
tinguishing feature of this species is the outer series of dissepiments
which are always very convex, some of them breaking at the angle of the
convexity and turning to run parallel t the septa, lining the calicular
edges of the septa.

Thelir is never a columella although a thin prolongation of the
counter septum mey extend into the tabularium.

The tabularium is approximately 2 mm, in diameter ani individual

corallites are usually roughly 8 mm. apart.

Discussion: The continuous series from concave to convex dissepiments,
as seen in 0. p. placents and 0. p. garwoodi, is contimed to a further
stage in 0. sera, more developed than 0. p. garwoodi, when the dissepiments
break at the convex angle and turn to run perdlel to the septa, lining
their sides. This form was described by Hudson (1929) as 0. garwoodi ver.
geras. However, when Hudson first described this taxa as a variety only
the holotype and paratypes were known. It has since been recorded from
a second locality in Swaledale. Both of these ocourrences are at
similar stratigraphic levels, the holotype coming from the "junceum" beds
(Fourth Limestons) of Cumbria and the Swaledale specimen from the
Middle Limestons. Therefore the present esuthor considers that as it
occupies a horizon distinctly higher than the early members of the
0. placents population it can be regarded at least as a chrono-species
distinct from Q. placenta. This situation is satisfactory for two reasons.
First, as it occurs at one limited horizon it will be a useful zonal
species, end secondly, the distinguishing character is such that a least
en arbitrary line can be drawn between 0. p. garwoodi and 0. sera.

Q. p. garwoodi is thus the subspecific stage intermediate between
Q. p. placenta and 0. sera. The obvious discontinuity between
0. p. garwoodi and O. sera marks the speciation, at least morphologically,

of 0. sera from the subspecific stage of 0. p. garwoodi.
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This species can be distinguished firom all other Orionastraes species
by the dissppiments lining the septal walls.

This species canhot unfortunately be attributed to Hudson, who first
described the form as a variety, because the Rules of Nomenclature
(Secretary's report, Paris Meeting, 1948) state that, "a name originally
published as the name of an infra-subspecific form, if elevated o ...
specific rank by a subsequent reviser ... shall be attributed to the
author by whom it was so elevated".

Although Hudson was probably using his varieties in the sense that
we now use sub-species (i.e. for a population) we must treat all
varieties by their present day definition (Linsley, 194),) which is as
an infre~subspecific taxa referable only to individual Mendelian

variations. (This argument also applies to Hudsonia meturs (p.237).)

Stratigraphical Range: Single Post Limestone,
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Orionastrasa rete Hudson
(Plates 59 - 61.)

1924 Orionastrasa phillipsi éMcCoy), Garwood ani Goodyear, partim,
QeJoGeSer vol,lxxx, P«206.

1929 Orionastraes rete Hudson, Proc. Leeds Phil, Soc., vol.1l, pt.IX,
Pelili8, pl.l, Pigs 2, 2a and 2b.

Diagnosis: Aphroid Oriongstraea with no epithecae or columella, having

22 - 28 discontinuous septa.

Type Material: Holotype is British Museum specimen R.26492 and sections
R.264,93~6 cut from it. (Section R.26,94 fig'd. Hudson, 1929, pl.l, fig.2a,
R.26495 fig'd Hudson, 1929, pl.l, fig.2b). From the base of +the Middle
Limestone, Whernside,Pasture, Great Whernsidse, Kettlewell, Wharfedeale.
Paratypes include specimen number A2201 Sedgwick Museum, Cambridge and
specimen number 48573 (and slide PF2702 cut fram it) in the T.G.S. Museum,

Leeds.

Material: Middle Limestone, West Burton, Wensleydale; Middle Limestone,
'The Mount', Wensleydale; Middle Limestons, Morpeth Scar, Penhill,
Wensleydele; Middle Limestone, Whernside Pasture, Kettlewell, Wharfedale;
Middle Limestone, Nidd Valley, near Lofthouse, Yorkshire; Middle Lime stone,

Masham, Yorkshire.

Description: Exterml Characters; Corallum tabular; the specimen from
West Burton is only 6 om. tall while the horizontal spread of the colony
is 46 om. The upper surface has only been seen in the West Burton
specimen and is peculiar, the areas immediately surrounding the calices
standing up as bosses with the calice itself forming a depression in the

boss. The corallum is plocoid and aphroid, the septa not contimiing to
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the septa of the adjacent corallite, instead there is an area of dig-
sepimentary tissue separating the corallites. It is the areas without
any septa that form the hollows between calicular bosses seen on the
upper' surface,
Internal Characters; 0. rete is identical in all respects to 0. placenta
except for the aphroid nature of the corallum. It is of'ten difficult to
distinguish between major and minor septa although the minor septa usually
end in the dissepimentarium, while the major septa just pemetrate the
tabularium. Major septa never extend far into the centres which are
usually empty. All septa are very slightly dilated at their axial
edges. At their peripheral ends the septa die out in the dissepimentarium,
the colony being aphroid. ' The actual length of the septa is very varia-
ble, they may be very short, almost vestigial, while on the other hand
they may extend almost to adjacent corallites. The maximum number of
septa in a colony varies from 22 -~ 28, Dissepiments are also very
varieble, the inner two or three rows being amall and concave while the
outer series cam be divided into +two types. First, a:re the outer dis-
sepiments secreted between the septa which may also be concave or strongly
convex; the latter are found in those members of 0. rete that have
evolved from the 0. placenta garwoodi end of the gene pool. Secondly are
the outer dissepiments peripheral to the septa which fill the intervening
spaces between adjacent corallites and these are much larger, more
globose and very irregular. The diameter of the tabularium is approx-
imately 1.5 mm, - 2,0 mm. and corallites are spaced from 5,00 mm, -

6.00 mm. apart. There is never a columella.

Discussion: It should perhaps be explained at this point that every
intermediate condition between astraeoid end aphroid coralls ococurs
between 0. tubeross and 0. edmondsi and between Q. placenta and Q. rete.
Using the seme argument as for Q. placenta and 0. garwoodi one might

congider that these aphroid colonies wers only sub~-species of 0. tuberosa
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and 0. placenta. However the situation with these two aphroid species
is rather &ifferent. Here the aphroid colonies ocour at a distinctdy
higher horizon than do their astraeoid ancestors and the intermediate
colonies occur in the intervening beds. Thus in these cases the inter-
mediate colonies represent the evolutionary lineage between two
chronospecies one aghrasoid and the other aphroid, and so the chrono-
species can be accepted. As intermediate colonies do ocour, however,
some arbitrary line must be drawn to divide the two chronospecies and
this must be here defined.

Several alternatives present themselves, first we could say that
only those specimens showing a completely agraeoid/thamnastraeoid
corallum should be known as 0. placenta, while specimens showing any
signs of an aphroid condition, however slight, should be known as 0. rete.
By this definition it will be seen that s ome members of 0. rete may now
be almost completely astrasoid/themnastraeoid. Secondly, we could say
that only those specimens with a complete aphroid colony, with no
continuous septa, be known as 0. rete, while specimens with any continuous
septa, however few, be known as Q. placenta. By this definition it would
be possible for Q. placenta to occur in an advanced aphroid state.

Neither of these situations seem completely satisfactory as it is
difficult to draw such a rigld dividing line when the distinguishing
chargcter is continuously variable. It may be more realistic and more
practicable in such a case if the distinction between the two species was
more subjective. That is to say that a corallum which is dominantly
aphroid shall be referred to 0. edmondsi or 0. rete, whereas a corallum
dominantly astraeoid/thamnastraeoid shall be referred to 0. tuberosa or
0. placenta.

Hudson (1929) considered 0. rete to have evolved from Q. prerete,
but 0. prerete is here considered synonymous with 0. placenta and so
the present author considers 0. rete to have evolved fram 0. placenta

(including Q. p. garwoodi). This situation would seem to be sipported
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by the fact some specimens of 0. rete do show convex dissepiments which
would be difficult to recomcile if, as Hudson suggested 0. garwoodi end
Q. prevete represent separate gemne pools. In the revision suggested here
Hudson's 0. garwoodi and 0. prerete are end members of the contimious
gene pool of 0. placenta and we would expect characters of both types to
appear in their successor 0. rete.

0. rete can be distinguished from 0. edmondsi by the latter having

over 30 septa, and from £ll other species of Oricnastrees by its aphroid

corallum,

Stratigraphical Range: Single Post Limestone.



Orionastraee edmondsi Hudson
(Plate 50, fig. 2.)

1929 Orionastraeca edmondsi Hudson, Proc. Leeds Phil. Soc., vol.l, pt.IX,
P.Mg, ploIII’ ﬂgs 1&, 1b, 2, 3&, 5bo

But Not:

1929 Orionastraca edmondsi var. laciniosa Hudson, Proc. Leeds Phil, Soc,,
vol.l, pt.IX, p.4ki7s pleiv, fig.2, which is 0. tuberosa.

Diagnosis: Aphroid Orionastraea with no epithecae or columella, having

30~34. discontinuous spta.

Type Material: Holotype is British Museum specimen R.26466-9 and sections
R.26470-82 cut from it. From the top of the Potholes Limestone, Clints
WQuarry, 8.E. of Bigrigg, Cumbria. Paratype is specimen 48803 I.G.S.

Museum, Leeds. (Locality and horizon same as for holotype).

Description: External Characters; The corallum is tabular with a
holothecae covering the proximel surface. The distal surface has shallow
calices and dissepimental tissue between adjacent corallites, the corallum
being aphroid.

Internal Charactgrs; O. ednondsi is identical to 0. tuberosa except for
the aphroid nature of the corallum. Major septa and minor septa are of
similar length, both only just penetrating the tabularium, although the
major septa are very slightly longer. The centre is therefore usually
empty although one major septa (usually the cardinal septum) may oross
the axial region. All the septa are dilated at their axial ends and
thinner at their peripheral ends. In the dissepimentarium the septe dis
out before reaching adjacent corallites so that the space between
adjacent corallites is filled with dissepiments only anl the cordllum is

aphroid.
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The meximum number of septe in a colony may be as high as 3, and is
never less than 30, Dissepiments are variable, the imner two or three
rows being small, concave towards the centre, verticelly displaced and
often dilated. The outer dissepiments are in two series as in 0. rete;
those between the peripheral ends of the septa also being small and
goncave (or slightly convex), while those peripheral to the septa, and
lying inbetween adjacent corallites, are much larger, rendomly orientated
and less vertical in disposition.

The tebularium dismeter is Just under 3 mm, and corallites are

usually about 9 mm. apart.

Discussion: As with 0. rete and 9. plagenta every intermediate condition
can be found between the aphroid 0. edmondsi and the thamnastraeoid/
astraeoid 0. tuberosa. See discussion of Q. rete for remarks on this

feature,

O. edmondsi can be distinguished from 0. rete by having over 30

septa, and from all other species of Orionastrasa by being aphroid.

Stratigraphical Range: Jew Limestone.
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Orionastrase indivise Hudson
(Plate 62,)

1925 Orionastraes sp. n., Hudson, Geol. Mag., vol.lxii, P.185.

1926 (Orionastraea indivisa Hudson, Ann. Mag., Nat. Hist., ser.9, vol.XVIII,
ped)5 and 114.3, text-fig.l, pl.VIII, figs 1, la, 1b, le, 2, 2a, 2b, 3.

1929 Orionastrasa indivisa Hudson, Proc. Leeds Phil. Soc.s; wol.l, pt.IX,
PoL}l{-g.

Diagnosis: Indivisoid Orionastraea with no epithecaek no columells and

L e

no septa.

Type Material: Holotype is British Museum specimen R.25235 and sections
R.25236~8 cut from it., (R.25236 fig'd. Hudson 1926, pl.VIII, fig.la,
R.25237 fig'd Hudson, 1926, pl.VIII, fig.lb, R.25238 fig'd Hudson 1926,
pl.VIII, fig.lc). From Simonstone Limestons, Birks Gill, High Whitaside,
Swaledale, Yorkshire.

Material: Toft Gate Limestone, Toft Gate Quarry, Pately Bridge,
Yorkshire; Simonstone Limestone, Malham, Yorkshire; Tyne Bottom Limestons,

Knock Ore Gill, Great Dunn Fell, Moor House Reserve, Upper Teeadale.

Deseription: External Characters; The corallum is depressed and may be
only a few mm.'s thick as in the Toft Yate specimen or more upright
atteining up to 5 cm. in height. None of the specimens collscted by

the author had the calicular surface preserved but Hudson (1926)
described this distal surface being, "smooth and flat with the calices
showing as small depressions". A holothecae covers the proximal surfmce.
The corallum is plocoid and has no septa; this condition has beem termed
'indivisoid' in this thesis (p. 17).

Internal Characters; The individual corallites are composed of an inner
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series of two to three rows of small dissepiments only, which may be
concave or convex towards the axial region., These dissepiments surround
& tabularium which is empty except for the tabulae. The tabularium is
very small, usually only 1.5 mm, in diamster. Adjacent corallites are
separated by an outer series of dissepiments which are larger and more

globose and irregular. There is no columella and no septa.

Discussion: This species is developed from an aphroid species of
Orionastraes by a further reduction in the septa. The small size of the
tebularium would suggest that it is more akin to 0. rete than 0. edmondsi
but the statigraphic evidence does not back this. 0. indivise occurs in
the Simonstone Limestone whereas Q. rete des not appear until the Middle
Limestone, above the Simonstone Limestone. 0. edmondsi on the other
hand occurs in the Hardraw Scar Limestone which is immediately below the
Simonstone Limestone, and therefore it would appear that O. indivisa
has evolved from 0. edmondsi with a reduction in the tabularium as well
as the septa.

It would seem that Q. indivisa is a useful zonal indicator having
so far only been recorded in the Simonstone Limestone and its equivalents.
(i.e. the Toft Gate Limestone and the Tyne Bottom Limestone), 0. indivisa

can be distinguished from all other species of Orionastraea by its lack

of septa.

Stratigraphical Range: Tyne Bottom Limestone,
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Genus Hudsonia nov.

1924 Orionastraea, Garwood end Goodyear, pertim, p.231.
1929 Orionastraea, Hudson, partim, p.i45.

2958 Orionastraea, Dobrolyubova, p.20l.

1970 Orionastraea, Kato and Mitchell, p.47.

Diagnosis: Rugose corals resembling Orionastraea in having little or
no epithecae and & plocoid colony, but corallites ere large having a

tabulerium diemeter from 4 ~ 5 mm. and from 3. - 46 septa.

Genotype: Orionastraes magna (Kato and Mitchell, 1970, p.49) here

chosen.

Discussion: The gemus is proposed to contain two species as follows:
(1) Orionastrsea ensifer var. maturas Hudson, 1929.

(2) Orionastraea magna Kato and Mitchell, 1970.

Hudson considered that his variety 'matura' was an exceptionally
large form of Orionastraes ensifer. However, I consider that the large

size and the high number of septa in 0. e. matura are indicative of its

having evolved from a larger diameter cerioid species of Lithostrotion
than did the Orionastraea species (p.30). The Orionastraea species
seem to have evolved from the cerioid L. decipiens, whereas 0. e matura
is more akin to the larger cerioid L. vorticale. 0. e. matura is there-
fore an intermediate condition between a second species of Lithostrotion
and the plocoid state. Thus Q0. g. matura is here removed from the genus
Orionastrees as it is a member of a different line of descent from

Lithogtrotion than is Orionastraca.

Kato and Mitchell described Orionastraea magna as a separate species

on account of its size. I agree that it should indeed be recoghised as a



distinet species, but also consider that the close resemblance in size

between 0. g. matura and 0. magna suggests that Q. magna has also evolved

from L. vorticale through 0. e. matura amd thus that it should &lso be

referred to Hudsonia.

Stratigraphical Range: The genus occurs low in the D1 Zone and in the
'Orionastraea’ band of D2 at Settle (which is equivalent to the Hardraw

Scar Limestone). It has not, as yet, been recorded from the intervening

strata.
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Hudsonia matura sp. nov.
(Plate 63, fig. 1.)

1929 Orionastraes ensifer var. matura Hudson, Proc. Leeds Phil. Soc.,
VOl.l, pt.IX, POI-I'LI-B’ Plolp’ fig.h..

But Not:

1851 Lithostrotion ensifer Milne~Edwards and Haeime, 'Pol. Foss. des Terr.
Pa.l.', POWQ

Diagnosis: Cerioid/astraeoid Hudsonia with very thin epithecae or dis-
continuous beaded epithecse; a stout 'Lithostrotion! type of columella,
46 continuous septa often non-confluent and a tabularium diame ter of

b - 5 mm,

Type Mathrial: Holotype is stated by Hudson (1929, p.k45) to be specimen
n0.622 in the Garwood Collection, University College, London. From a
boulder in the Bowland Shale, Black Gill Beck, Scaleber, Settle,
Yorkshire. I have been uneble to trace this specimen in the University
College collection and it seems that it may have been destroyed during
the war when the College Museum was bombed. After the war the residue

of &he Gaiwood Collection in University College was removed to the
British Museum and to the Institute of Geological Sciences, but I have
not found the specimen in these collections ei ther.

Hudson collected specimens himself from the flanks of High Hill,
Settle, Yorkshire (Hudson, loc. cit., Pelili5), tut he gives no registration
number for these specimens and they are not in the Hudson GCollection at
the University of Leeds.

Thus until further specimens can be collected, the species must
be interpreted on Hudson's figure of the holotype (Hudson, loc, cit.,
Pluks figu).
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Description: External Characters; Owing to the fact that no specimens are
traceable at present the external characters cammot be described and the
internal features can only be described fram Hudson's figure of the
holotype.
Internal Characters; The inernal features of this species are generally
identical to those of its ancestors, L. vorticale (see description of that
species). The only significant point of difference is that in this species
the epithecae is very thin and often discontimuous and so the corallum is
intermediate between cerioid and plocoid. Where the epithecae is dis~
continuous the septa of adjacent corallites may be confluent, but usually
they are not and so the corallum is ususlly cerioid/astraeoid.

The number of septa ranges from 4O - 46 (total) and the tabularia

are from 4 - 5 mm, in diameter.

Discussion: This species can be distinguished from L. yvorticale by its
discontinuous epithecal wall, and from H. magna which has no epithecae
or columella, It differs from 0. ensifler by its larger tebularium and
greater number of septa (46 as compared to 36). See also dscussion of?
the genus Hudsonia (p.235) and discussion of H. magna (p.240).

This species cammot unfortunately be attributed to Hudson who first
described it as a variety of O. ensifer. A summery of the nomenclatorial
rules relating to such variety names is given in the discussion of 0. sera

on p.226 of this thesis.

Stratigraphical Range: Low D1.
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Hudsonia magna (Kato and Mitchell)

192, Orionastraea phillipsi (McCoy), 'exceptionally large veriety',
Garwo;od and Goodyears QeJe.G.S., vol.80, p.219, 227 and 232 (in text
only).

71958 Orionastrasa phillipsi (McCoy), Dobrolyvbova, Trudy vses, nauchno-
issled. JInst. miner. Syr'ya, vol.103, p.201, plid, fig.2 and pl.35.

1970 Orionastrace magna Kato and Mitchell, Palaeontology, wl.1l3, pt.l,
P49 plel3, figs 1-5.

Diagnosis: Hudsonia with no epithecae ar columella, 30 - 38 contimuous
septa, either confluent (astraeoid) or thamnastraeoid and a tabularium
l'. - 5 mm,. Wid-e.

Type Material: Holotype is GeS.M, 65802 in the I.G.S. Museum, Leeds.
From D2 Zone, low escarpment 1/3 mile N.E. of Brunton House, 1/3 mile S.
of Feizor, near Settle, Yorkshire., Includes slides PL309, PL310, PL312,
PL313 fig'd Kato and Mitohell, 1970, pl.13, figs 2-5.

Paratypes include G.SazM. 65800-1 and 65803 in I.G.S. Museum, Leeds
(includes slide PF3387 cut from 65803, fig'd Kato and Mitchell, 1970,
pl.l3, fig.l). Horizon end locality as for holotype. Also G.S.M. 66699,
66700, 66703~6, from Low South Bank, S. side of Stockdale Beck, opposite
Stockdale Farm, 2 miles E, of Settle, anl finally SME 13857 in the
Sedgwick Museum, Cembridge, from right bank of Cow €ill, 1/ mile N, of

New Houses, 2/3 mile S.W. of Bordley, near Settle, Yorkshire.
Material: S.E. of Ranes Lane, Feizor, Settle, Yorkshire.

Desoription: External Characters; The corallum is plocoid, there being

no epithecae, and is usually astraeoid/thamnastraeoid and sometimes
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slightly aphroid. The coralla are tabular, but often quite large. Kato
and Mitchell (1970, pe49) describe the largest fragments seen by them as
129 mm. x 91 mo. in area, and i) mm, thick. The proximel surface is
covered by a holothecae showing fine growth banding.
Internal Cheracters; The septa are divisible into two orders; the minor
septa only just reaching the tabularium, whereas the major septa extend
into it and may reach the centre which is otherwise empty; there is never
& columella. All septa are thin and never dilated. Usually the septa
are continuous to the adjacent corallite, but occasionally this may not
be 80 in which case the intervening space between adjacent corallites
is filled by large dissepiments and the corsllum is partly aphroid. When
the septa are contimuous they are usuelly also confluent, but again they
may not be and the corallum can be astraeoid or partly astrasoid. In
some coralle the minor septa are weak and may die out in the dig-
sepimentarium. The maximum number of septa in a colony ranges from 3, =-
38 (total). The tabularia are from 4 - 5 mm, in diemeter and often
poorly defined.

Dissepiments are variable; the inner 2- 3 rows, defining the
tabularium, are small, vertical and concave imwards, but irregular and
never dilated. Outer dissepiments are larger, more obliquely inclined
and often quite random in orientation. Because the septa are always
thin, and sometimes even break down the periphery of the corallite is
dominated by these large dissepiments. This is made even more apparent
by the wide spacing of the corallites, which are often as much as 20 mm.
apart, sach that the greater portion of the coralla is composed of dis-

sepiments.

Discussion: The large size of the tabularia distinguishes this species
from any species of Orionagtraea. It is distinguished from H. matura by
its complete lack of epithecal wall., The similar tabularium dismeter of

H. mature and H, magna suggests that they are related, Wt H. magna has
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fewer septa (only 38 as compared to 43 in H. mature) and so there has
been a reduction in septal number in the evolution of this lineage. This
is not surprising considering the fact that all the septa of H. matura
are thin and often impersistant.

The specimens of H. magna all come from the Oriomastraea band of the
Settle district, which Hicks (1959, p.33-7) regards as equivalent to the
Hardraw Scar Limestone of Wensleydale. It will be seen that there is
quite a stratigraphical gap between the occurrence of this species and
He matura at the top of Dl. If H. magna does belong to the same lineage
as H. matura then evolution of H. magna from H. matura is clearly not
direct. This stratigraphic evidence is backed up by the fact that these
two species are not directly related to each other morphologically as
one would expect to find a columellate form with no eplthecae occurring
between these two species and also one would expect the direct plocoid
descendent of H. matura to be less aphroid than is Hi magna. Such forms
mey be found in the intervening strata.

Stratigraphical Range: Jew Limestone.
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SYSTEMATICS OF THE AULATE GENERA EXCLUDED FROM 'HE LITHOSTROTIONTIDAE

Taxonomic History
The genus Aulinag was first published by Smith (1916, p.290) when it

included only one species, the genotype, Auline rotiformis. Prior to

this the species had been confused with Orionastraea, a genus also first

published in the same paper. Thus Aulina had previously been called
Phillipgagtraea radiata by Swith (1910, p.629) and Garwood (1912, p.542).
The species is plocoid and possesses a well ddveloped aulos, the
characteristic feature of the genus. In the original description of this
genus Smith considered it to haveevolved from Phillipsastraea.

The next review of this genus was again by Smith when he emended the
original diagnosis of Aulina to include fasciculate forms and desdribed

one such species, Aulina furcata (1925, p.490), a species having small

corallites and only 18 septa. With this new knowledge Smith also
changed his views on the phylogeny of the genus, now considering A.
rotiformis to have evolved through A. furcata from the Lithostrotiontidae.
Hill, however, contested this view when she described A. simplex (1934,
p«92), a simple corel from Australia, thus considering that the English
compound species had developed from this simple aulate form rather than
from Lithostrotion. Hill added further to the genus when she published
another new species, A. senex (1940, p.193), again plocoid, t much
larger than A. rotiformis. Hill (loc. cites p.190) also placed
Campophyllum carinatum, originally described by Carruthers (1909, p.150),
in the genus Aulina, this being a further simple coral species, but much
larger than A. simplex.

Smith end Yu (1943) made a complete revision of the genus describing
several new species from Britain and China. First they rejected Hills
A. simplex from the gemus, considering it to be a caninoid species which
had followed an aulate trend. Secondly they rejected the other simple
species, A. carinatum. This they supposed was related to some other

simple coral, probakdy Koninckophyllum. Having done this they reverted
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to Smith's original theory of the descent of Aulina, that it had evolved

from Lithostrotion end not from a simple ancestor. However, they modified

this theory, no longer believing the massive forms tq have evolved from
the fasciculate forms, tut instead that Aulina had evolved fram
Lithostrotion polyphyletically. Thus they stated (loc. cite.s p.38), "it
is clear that all the species of the former have not erisen from the
same species of the latter". Finally they described in this paper a
second fasciculate aulate species to which they gave the name
A. horsfieldi (loc. cit., p.49), this differing from A. furcata by its
much larger size.
The final British species was added to the genus by Clarke (1966,
Pe222) who described a third fasciculate species from Ireland,
A. hibernica, intermediate in size between A. horsfieldi and A. furcata.
As already stated Smith and Yu (1943, p.38) did suggest that the
Aulina species had developed p8lyphyletically from different species of
the Lithostrotiontidee, but to what extent they were aware that this

polyphyleticism has occurred is not clear. It seems that they con-
sidered that the massive forms had allarisen from L. maccoyanum, while
the fasciculate forms arose from Diphyphyllum., However, although they
were aware that the genus was polyphyletic, they made no attempt to
correct this anomally.

Minato and Rowett (1967) arrived at a similar conclusion and took
steps to correct this situation by restricting the genus Aulina to
include only the massive species. Their reasons for this amtion were
that the development of an aulos in different species does not neces-
sarily imply that those species are related, the same structure being
developed in unrelated stocks. They also divided the remaining massive

species of Aulina into two subgenera, Aulina (Aulina), for the astra.eoid/

thamnastraeois species, and Aulina (Pseudoaulina) for the aphroid species.
Minato and Rowett suggested, as had Sando. (1963, p.1076) that the
fasciculate forms might be assigned to a new genus. However, they

neglected to erect such a new genus.
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Pamily Uncertain

Genus Auline Smith

1910 Phillipsastraea, Smith, p.629. (Not Phillipsastraes S.8. D'Orbigny)

1912 Phillipsastraea, Garwood, p.542. (Not Phillipsastraca S.S.
D! 0rbigny5

1916a Aulina, Smith, p.2.

1916b Aulina, Smith, P«290.

1925 Aulina, Smith, partim, p.,86.

1933 Aulina, Yu, p.80,

1937 Aulina, Yu, p.5h.

191;.0 Aulina, Hill’ Eartim, P0193¢

19&.5 Aulina, Smith and Yu, artim’ Pol{.}o

194, Aulina, Yabe and Minato, p.li8.

1958 Aulina, Dobrolywbova, p.208.

1960 Aulina, Vassiljuk, partim, p.98.

1962 Aulina, Im and Zhao, p.177.

1962 Aulina, Yu, Lin and Fan, p.19.

1963 Aulina, Sando, p.1077.

1964 Aulina, Vassiljuk, p.92.

1964 Aulina, Wu, p.32.

A966 Aulina, Dobrolyubova, p.l163.

1967 Aulina, Minato and Rowett, p.383.

But Not:

193’4. Aulina, Hill’ p0930

1961 Aulina, Fontaine, p.119.

1966 Aulina, Clarke, p.221.

Diagnosis: Massive, thamnastraeoid or aphroid rugose corals with major
septa that normally coalesce at their axial ends to form a tube, or

aulos, running the length of the corallite. Major septa usually carinate.
Genotype: Aulina rotiformis by designation (Smith, 1916, p.290).
Discussion: Smith proposed Aulina in 1916 to include Phillipsastraca

radiata Smith, 1910, p.629, non P. radiata (Martin), ani he named this

Aulina rotiformis.

The genus here includes only those species previously assigned to
Aulina that have a massive corallum. The fasciculate species previously

included in this genus are assigned to the new genus Fascicmulina (see
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P«257). This division was originally suggested by Minato amd Rowett
(1967) the reason being that the development of an aulos does not neces-
sarily indicate phylogeneric relationships (see p. 33 ) and that several
diverse stocks mey possess a similar structure. Minsto anmi Rowett (loc.
¢it.) also divided the remaining massive species of Aulina into two sub- B—

genera, Aulina (Aulina), for the astraeoid/themnastrasoid gpecies, and

Aulina (Pseudoaulina), for the aphroid species. This appears to me to
conflict with their original argument, as the development of an apl\qroid
habit is no more indicative of phylogeniec relationships than is the
development of an aulos; the aphroid habit also ocours in many widely
diverse stocks. Moreover, some species (e.g. Auline rotiformis) may be
either aphroid or thamnastraeoid and it would be misleading if the two
types of corallum in one speciss were placed in different subgenera.
These subgenera should therefore be allowed to lapse as they are

polyphylletically derived.

Stratigrephical Range: In Britain the genus is restricted to the Namurian
(E2) Harlow Hill-Limestone and its equivalents, the Botany Limestone, the

Newton Limestone and the Upper Limestone Series of Scotland.



Aulina genex Hill
(Plate 65.)

1957 Aulina sp. Yu, Acord. sinica, Mem. Nat. Research Inst. Geol.,
VOl.xGI, p.51+, 55-

1940 Aulina senex Hill, 'Men. Carb. Rug. Corals Scotland', p.193, pl.XI,
figs 9, 10,

1943 Aulina senex Hill, Smith and Y8, Q.J.G.S., v0l.99, Peli?s Pl.IX,
figs 6-10.

Diagnosis: Aphroid Aulina with large corallites, 20 carinate septa of

both orders and a pseudo aulos developed.

Type Material: Holotype is Royal Scottish Museum specimen R.S.M.1911.62.2120
(including thin sections). In Neilson Colleotion. From Superior beds
Upper Limestone Series, 0ld Quarry, Glencart, mear Dalry, Scotland. (Fig'a

Hill, 1940, pl.XI, figs 9, 10).

Material: Quarry E. of road, 440 yds. N.W. of Church, Newton,
Northumberland. (From Newton Limestone = Harlow Hill Limestone = Botany

Limestone),

Description: Internal Characters; Major ani minor septa easily dis-
tinguishable, the major septa extending about half the distance from the
inner row of dissepiments to the centre, while the minor septa only just
reach the inner row of dissepiments. The septa are dilated in the
tabularium and thin in the periphery as they die out. In the tabulearium
the septa end sbruptly, without reaching the centre, when they sbut onto
the downturned edges of the tabulae. These dwnturned tabulae produce

& pseudo-aulos of the type seen in the diphyphylloid Lithostrotion species,

but the septa themselves never turn through 90° to join with the
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adjacent septa and so never comtribute to the pseudo-~aulos. A true aulos
is no1‘:, therefore, produced in this particular species and this is
supported by the fact that some of the major septe do penetrate the
pseudo-aulos of the tabulae. Thus this species represents an early
stage in the development of tha aulos when thaet structure is tracéd
through the phylogeny of the group.

The septa are strongly cerinate especially in the dissepimentarium
and number 20 of both orders.

The tabularium varies from 4 mm, - 6 mm., in diameter and the pseudo-
aulos from 2mm. - 3 mm, in diemeter, this structure thus being wi‘de in
proportion to the tabularium (p.33). The centre is always empty there
never being a columella., The distance between corallites ig usually at
least 10 mm., but the septa are only 3 - 4 mm. long. The corallum is
therefore aphroid with areas between corallites filled with an outer
series of large globose dissepiments. The aphroid condition is not so

well developed as in A. botanica as the septa of A. senex are generally

longer. The inner series of dissepiments between the septa of a corallite

are more regular, concave and slightly dilated. They number 2 - 3 rows.
The tabulae of the pseudo-aulos are flat axially but downturned at
their edges, resting on the tabulae below. The outer tabulae are amall

inclined plates horizontal or sub-horizontal.

Discussion: This species ocan be distinguished from A. rotiformis end
A botanica by its larger dismeter of the tabularium and by the high
number of septa.

In some colonies a few corallites in this otherwise aphroid colony
may become laterally free and cylindrical with their distal parts then
being bordered by an epitheca¢ (Smith and Yu, 1943, pl.IX, fig.7). When
this happens these corallites look very similar to A. vesiculata
(Dobrolyubova 1966, p.163, pl.XXXIII, fig.1) a fasciculate aulate coral

with lonsdaleeoid didsepiments, It may be therefore that A. senex is
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developed from A. vesiculata by the latter species becoming massive., It
may not pass through a cerioid stage, instead the wall could. disappear
as soon as the corallites come into contact. If this is true it will be
noted that an aphroid colony can be produced in two entirely different
ways. First, as in 0. tuberosa to 0. edmondsi the aphroid condition is o
produced by the septa of an astrasoid corallum (_Q. tberosa) retreating
peripherally. But in the case of A. vesiculata to A. senex the retreat
of the septa has taken place at an earlier stage in the group's
phylogeny, in the fascioulate A. vesciculata, and this retreat produced
the lonsdalaeoid dissepiments. Thus the aphroid condition is hére
produced by a lonsdalaeoid fascioculate corallum becoming massive and
losing its wall and thus as soon as the epithecae disappears the corallum
is immediately aphroid, there being no astraeoid stage. An aphroid
colony is after all nothing more than a plocoid colony with lonsdalaeoid
septa, the method of producing en aphroid colony therefore depends on at
what atage in the phylogeny of the group the septa become lonsdalasoid.
This also determines whether or not an astraeoid stage is present. If

A. senex is developed from A. vesiculata one should not expect to find an

intermediate astraeoid stage.

Stratigraphicel Range: Botany Limestone.
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Aulina botanica sp, noy.
(Plates 66 and 67.)

1916 ?Aulina rotiformis, large mammifercus form, Smith, QeJ.G.S., v0l.72,
P0290o

Diagnosis: S8trongly aphroid Auline with corallites intermediate in size
between £. gsenex and A. rotiformis, having 16 carimate septa of both

orders and an incomplete aulos.,

Type Material: Holotype is specimen JN 61b (and sections 61bi, 81 and
iii cut from it). In the authors collection, University of Durham, From
Botany Limestone, How Gill, Botany, Hunderthwaite Moor, near Boteny farm,

24 miles W.S.W. of Romaldkirk, Teesdale.
Maberial: Only the type locality is known.

Description: External Characters: Corallum typically depressed and
flat, horizontel extent being far greater then the vertical extent. The
holotype is only 1.7 em. in height and before sectioning the corallum had
a horizontal area of 9 x 18 cm. Neither the calices mor the proximal
surfaces have been seen but the weathered distal surface of the holotype
shows the corellum to be completely aphroid with the corallites some 8 -
12 mm, apart. The wide areas between adjecent corallites are filled with
very large globose dissepiments. There is no epithecae present, but we
must assume that a holothecae exists.

Internal Characters; The major and minor septa are easily distinguishable
the major septa extending sbout half the distance from the inner row of

dissepiments to the centre, whereas the minor septa only just reach the
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inner row of dissepiments. All septa are dilated, perhaps more so in the
tabularium becoming gradually thinner in the dissepimentarium as the
septa die out peripherally. In the tabularium some of the major septa turn
through 90° to join up to the adjacent major septa. When this feature is
seen persistently in a corallite a true aulos is produced, but in this
species the joining of adjacent septa is not a regular feature and
therefore in most corallites the aulos is only pertly produced end may
be ebsent altogether. Never is there as perfect an aulos as in
A. rotiformis, tut it is usually better then the same structure in
A. senex. This species represents an early stage in the phylogeny of the
lineage as regards the development of an aulos. Even when a corallite of
this species shows development of a complete aulos the aulos produced
can be seen to differ from the aulos of later species in the lineage in
that it is a more primitive kind of structure. The difference is that in
this species the 'bend' of the septa at their axial ends is convex
inwards so that the aulos is irregular in plan (fig.21b). In later
species of the lineage (A. rotiformis) the aulos has evolved to a more
advanced shape giving a stronger kind of tube, the 'bend' of the septa
being now concave so that the aulos is circular in cross section (fig.21¢c).

Axially to the aulos the centre is empty; there is never a columella,

MgJjor septa in the holotype number 16 with an equal number of minor
septa. BSome of the major and minor septa are feebly carinate althongh
carinae are nobt so well developed as in A. senex or A. rotiformis.

The tabularium varies from 2.5 mm. -~ 3.5 mm. and the aulos from
1l mm, -~ 2 mm. The distance between centres is usually approximately 10 mm.
and yet the major septa afre only 1 - 2 mm, long. The corallum is there-
fore strikingly aphroid with large areas betwsen the corellites. These
are filled with extremely large, obliquely set, irregular dissepiments
which are peripheral to the septa. The inner series of dissepiments that
occur between the septa of a corallite are much smeller, more vertical,
regularly concave in attitude and may be slightly dilated, numbering

1l -~ 2 rows only.
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The tabulae are divisible into two series an inmer and an outer

series. The inner series are strongly arched and are superimposed on one

another so that their sides form a verticsl column running down the length

of the corallite. This column corresponds to the position of the septal

aulos, but it is the tabulae that are playing the greater part in —_——
building this aulos with the septe only occasionally adding to it., The

outer series of tabulae are more horizontal and commect the aulos to the

dissepimentarium, In transverse section the outer dissepiments can be

seen to‘be almost horizontal whereas the inner 1 or 2 series are vertical.

Discussion: This species can be distinguished from A. semex and A.
rotiformis by septal counts and diameter; A. senex being larger with 20
major septa, A. rotiformis being smaller with only 11 ma jor septa and

A. botanica being intermediate with 16 major septa.

A. botanica appears to be most similar to the Chimnese species

A. menchuriensis which is slightly larger with 18 -~ 20 septa.

Stratigraphical Range: Botany Limestone,
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Aulina rotiformis rotiformis Smith
(Plates 68 and 69,)

1910 Phillipsastraea radiata (Fleming), Smith, Trans. Nat. Hist. Soc.
Northumberland, vol.IITI, pte3s p.629, 630.

1912 Phillipsastraea radiata (Fleming), Garwoods QeJ.G.S., vol.lxviii,
PeS42, 543,

1916 Aulina rotiformis Smith, Abs. Proc. Geol. Soc., N0.995; pe2s 3.

1916 Aulina rotiformis Smith, Q.JeG.S., vol.72; p.290, text-figs 3, 4 on
P«291l, 292, pl.XXII, figs 6~11.

192, Aulina rotiformis Smith, Garwood and Goodyear, Ibid., vol.80, p.252.

1925 Auling rotiformis Smith, Ann. Mag. Nat. Hist., ser.9, vol.XVI,
P02|-87, pl.XXIV, f‘igs 1l, 2.

1933 Aulina rotiformis Smith, Yu, Palaeont. Sinica, ser.B, vol.XIT,
p«80, pl.XITI, figs la-d.

1935 Aulina ocarinate Yu, Ibid., ser.B, vol.XII, p.81, pl.XIV, figs La~-c.

1933 Aulipa carinate var. chui Yu, Ibid., ser.B, vol.XII, P«82, pL.XIII,
figs 2a, 2b.

1940 Aulina rotiformis Smith, Hill, 'Mon. Carb. Rug. Corals Scotland!,
p.191, ploXI, figs 6’ 70

1943 Aulina rotiformis Smith, Smith end Yu, Q.J.G.S., v0l.99, Peli3,
PloVIII, figs 9"'11’ pl-IX, figs 1"‘1;..

1958 Aulina rotiformis Smith, Dobrolyubova, Acad. Sci. SSSR, Rep. of
Palasont. Insti, vol.70, p.208, pl.3L, figs 3a~b.

1958 Aulina rotiformis Smith, Dobrolyubova, Translation of above text by
E. Lees, National Lending Library far Sci. end Technology, p.422,
Pl.XXXIV, figs 3a-b.

1960 Auline rotiformis Smith, Vassiljuk, Acad. Sci. Ukraine, SSR.,
Ukrainien SSR., Inst. Geol. series on Stratigrephy and Palaeontology,
Bﬂll.l}, p.98’ Pl.25, figs l=lc.

1962 Aulina rotiformis Smith, Lo end Zhao, Geol. of the Chilien-shan
Mountain Range, wol.ls pte3s Del77, ple2he

1962 Aulina rotiformis Smith, Yu, Lin and Fan, Sci. articles for the
Commemoration of the 10th Anniversary of the Changchun Geol. College,
Pel9s pluh, figs 2a~b, figs Sa-b, pl.25, figs 2a-~b.

1964 ?Aulina rotifommis Smith, Vassiljuk, Acad. Sei. Ukraine, SSR, .
Ukrainian SSR, series on Stratigraphy and Palaeontology, p.92, pl.7s
fig.8.

1967 Aulina rotiformis Smith, Minato and Rowett, J. Face Sci. Hokkaido
Unive, ser.lV, Geology and Mineralogy, vol.XIII, No.l, P«389, plei7s
figs 1-9, pl.48, figs 1-2.

Diagnosis: Thamnastraeoid or sstraeoid Aulina with small carallites having

11 carinate septa of both orders and a complete aulos.

Type Material: Holotype cut in two helves; British Museum specimen

R17497 end Sedgwick Museum specimen A1801 and A1802 (including thin
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sections)., From Harlow Hill Limestone, Harlow Hill, Northumberland.

Material: Harlow Hill Limestone, Harlow Hill, Northumberland; Botany
Limestone, Botany, Hunderthwaite Moor, Romaldkirk, Teesdale.

Description: External Characters; The corallum is characteristically
depressed, horizontal extent being far greater than vertical height. The
colony from Harlow Hill is only 2.2 om. tall but 12 eom. x 8 cm. in surface
area. The distal surface is either horigontal or sightly convex and is
usually hummocky, the calicular depressions being raised above the
general level of the corallum smuirface. The septa of adjacent corallites
can be seen to be contimuous and so the corallum is themnastraeoid or
straeoid. The proximal surface is either flat or obtusely conicael and is
covered by a wrinkled holothecae.

Internal Characters; The major and minor septa are easily distinguiishable,
the major septa extending well into the tebulerium whereas the minor
septa only just penetrate the tabularium, All sgpta are dilated at the
point where they aross the inner row of dissepiments. They thin slightly
towards the axls and even more so in the outer dis sepimentarium when they
become confluent with the septa of the neighbouring corallite. In the
tabularium the major septa bend through 90° to join up with the neighbour-
ing septa and so produce a septal tube or aulos running down the length
of the corallum. This aulos is always very well developed in this species
with all the septa of almost every corallite contiibuting to the tube.
Only rarely does a corallite fall to produce %his structure. This species
therefore repressnts a late stage in the phylogeny of the lineage as
regards the development of the aulos. The 'bend' of the septa at their
axial ends is concave imwards so that the aulos is circular in cross
section (compare with A. botanica on p.249). The centre is empty except
for the aulos, never is therk a columella.

Septa usually number 11 of both orders but 12 have occaesionally been
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seen. These septa are usually carinate but the development of the
varinae is variable,

The tabularium varies in diameter from 1.5 mm. to 2 mm. and the aulos
from 0.5 mm. to 0.8 mm., the aulos therefore occupying 1/3 of the
tebularium. Corallites are closely spaced being dnly about 2 - i mm, apart
and the septa of adjacent corallites are continuous and may be confluent.

The inner series of dissepiments which is usually restricted to a
single row is regularly arranged in a concave fashion. They may be
slightly dilated and ere quite vertical. The outer series between the
peripheral ends of the long septa however are more irregular in arrange-
ment and ere obliquely set, sometimes sbmumst horiszental.

The tabulae of this species differs from those of A, senex and
A. botanica due to the fact that the aulos is much better developed.
Whereas in the previous two species it is the downturned edges of the inner
tabulae that were mostly producing the 'tube', in A. rotiformis the tube
is produced entirely be the bending septa. Hence in A, rotiformis the
inner tabulae no longer need t be downturned at their edges. Thus the

inner tabulae are simply horigontal, with the septal aulos dividing the

two series.

Stratigraphical Range: Botany Limestone.
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Aulina rotiformis aphroidia subsp. nov.
" (Plate 70.)

1943 Aulina rotiformis Smith, Smith and Yu, partim, Q.JeG.8., v0l.99,
pes3. (Aphroid corallum only, not the more typical astraeoid coralium),

Diagnosis: A.rotiformis with an aphroid corallum.

\

Type Material: Holotype is specimen No., JN.6la (and sections 6lai, ii and
1ii cut from it). In the authors collection, University of Durham. From
Botany Limestone, How Gill, Botany, Hunderthwaite Moor, near Botany Farm,
Romaldkirk, Teesdale.,

Description: The morphology is identical to A. rotiformis rotiformis
except that the corallum is aphroid; adjacent corallites being separated

by large globose dissepiments.

Discussion: It has long been rocognised that A. rotiformgis cen ocour with
either an astraeoid/themnastraeoid corallum or with an aphroid corallum,
but these two different forms have nefer been separated. In other
lineages it is usually the case that such different coralls are assigned
to separate species, one being more specialised than the other (for

example Orionastrasa tubeross and 0., edmondsi). In the case of

A. rotiformis the aphroid corglla have not been described here as a
separate species as both aphroid and thamnastraeoid coralle occur at the
same stratigraphical horizon, and, as intermediate conditions do also
ocour, the two different types of colony probably represent only end
members of a continuously variable population., Thus they have been
described as subspecies. IPf it were the case that the two typos of colony
ocecurred at distinctly separate horizons then the intermediate colonies
could be considered as the evolutionary stages between two chronospecies
(as with 0% tuberosa and 0. edmondsi), but this does mot seem to be the

case, at least in Britain. When the complete stratigraphical ranges of
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these two forms are known from Asia, where the species is much more
common, it may then be seen that the aphroid corallum does occur at a

higher horizon than the thammastraeoid corallum, in which case

A. r. aphroidia could be raised to specific level.

Stratigraphical ﬁange: Botany Limestone.
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Family Uncertain

Genus Faseicuulina nov.

2869 Diphyphyllum, Kunth, p.200. (Not Diphyphyllum Lonsdale).
1925 Aulina, Smith, partim, p.,86. (Not Aulina 8.8, Smith).

1930 Diphyphyllum, Delepine, partim, Pe35. (Not Di: hyllum Lonsdsle).
1940 Aulina, Hill, partim,” p.193. (Not Aulina S.S. Smith),

1043 Aulina, Smith and Yu, partim, p.,3. (Not Aulina S.8. Smith). ‘
1961 Aulina, Fonteine, p.119. (Not Aulina S¢S, Smith),

1966 Aulina, Clarke, p.221, (Not Aulina S.8. Smith).

Diagnosis: Fasciculate rugose corals with major septa thattemd to
coalesce at their axial ends to form a tube or aulos running the length

of the corallite. Major septa nomally carinate.
Genotype: Aulina furcate (Smith, 1925, p.,90) here chosen.

Discussion: This genus is proposed to include the fasciculate species
previously assigned to the genus Aulina, The British species are as
follows: (1) Fagcicaulina furcata = Aulina furcate Smith, 1925, p.,90;
(2) P. horsfieldi = A. horsfieldi Smith and Yu, 1943, ps9; (3) F.
hibernica = A. hibernica Clarke, 1966, p.222.

Fascicaulina is separated from the gemus Auling as it is thought

that these species are derived from encestors unrelated to suline (see p.32),
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Fascicauline horsfieldi (Smith end Yul
(Plates 71 ~ 73.)

1930 Diphyphyllum concinnum Lonsdale, Delepine, Mem, Soc. Linn.
Normandie, NoSotZ’, p.35 _._JE gartim, PloIII’ figs lla~c,

1935 Diphyphylloid lithostrotionids, Geopge, QedeGeSes vOlelxxxix, pe2hl,
in partim,.

1943 Aulins horsfieldi Smith and Yu, Ibid., vole99; D49, pleX, figs 3=6.

1963 Aulina horsfieldi Smith and Yu, Clarke, Sci. Procs. Roy. Dublin Soc.,
ser.A, vol.2, No.lh, p.222.

1967 Aulina horsfieldi Smith and Yu, Minato and Rowett, J. Face. Sci.
Hokkaido Univ., ser.iv, Geology and Mineralogy, vol.XIIT, No.l, P.385.

Diagnosis: Corallum fasciculate; vorallites large with an adult dismeter
of 9 - 14 mm,, 28 - 32 carinate septa of each order, three or mare series

of dissepiments and a variable aulos,

Type Material: Holotype is British Museum specimen R 3,238 fram C1 Zone,
Bell Busk, West Yorkshire. (Sedgwick Museum specimen no.E.10,304 is part

of the same corallum).

Description: External Characters; Complete colonies have not been collected
by the aubhor but Smith describes them as being large and squat with sub-
parallel, well separated tall, cylindrical corallites. Calices have not
been seen.

Internal Characters; The relative proportions of lateral and calicular
inecrease within a colony varies from corallum to corellum. In some, for
example the paratype BMR34240 from Bell Busk, lateral increase is pre-
dominant and in such colonies there is little variation in corallite size

as a corallite, once mature, stays in that state end remains of adult
dimensions. However in others, for example BMR 30975 from Glamorgan,

calicular (peripheral) increase is more common end in these types of
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colony there is a great variation in corallite size as a corallite no
sooner reaches its mature dimensions than it divides again into two or
three smeller immature buds. Thus in the latter case there is a greater
number of immature corallites in the colony and the mean size is somewhat
smaller then in the former case.

The meximum edult diameter varies in different colonies fram 75 mm,
in the Linney Head specimen, which is unusually smell, to 12 mm, in the
Bell Busk specimen, and may occasionally rise to 14 mm. The diameter of
the young calicular buds is about 3. 5 mm,

The septa are of two orders, the major septa extending 4/5 the
distance between the epithecae and the cenire where they then bend
through 90° to join up with the adjacent major septa producing a septal
tube or aulos. This feature is not particularly consist%nt in this
species and while some corallites may show a perfectly developed aulos,
others may have only a partly developed aulos or no aulos at gll. The
development of the aulos also varies from colony to colony. In the
specimen from Glamorgan it is well developed in most corallites, while in
the Linney Head colony it is hardly developed at all.

Thus the development & the aulos can be seen to gradually improve
within this species. In the colonies from Linney Head and Bell Busk when
the septa bend at their axial ends the bend is convex inwards producing
an irregular shaped aulos (as in Aulina botanica). The Glamorgan C;)lony,
however, shows a more developed aulos, the 'bend! of the septa being
concave inwaerds producing a stronger circular aulos (as in A, rotiformis).

In an adult corallite the aulos is about 2 mm. in diemeter. The
centre of the anlos is always empty there never being any columella. This
species also shows a peculiar feature in that many of the minor septa also
bend through 90° and join on to the adjacent major septa. This obvimsly
however does not produce a continuous structure.

There are usually at least three rows of dissepiments and these

define a tabularium from 4 - 6 mm. in diameter, in adult corallites and
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the minor septa only just penetrate this tabularium. Major and minor

septa may be dilated in the dissepimentarium but unlike Lithostrotion the

inner row of dissepiments is rarely dilateds Also tle dissepiments are

much less regularly arranged than in Lithostrotion and the tabularium is

much less well defined,

The maximum number of septa in a colony varies from 28 - 32. The
septa are always carinate but the degree of carination is variable from
strong to hardly detectable.

The tabulae are divisible into two seriss, an outer and an inmer

series, bhth of which are horizontsl and are sepax:ated by tke septal aulos.
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Fescicaulina hibernica (Clarke)
(Plate 7k4,)

1963 Aulina furcata Smith, Shephard-Thorn, Proc. ReI.Ass B, p.286~3. (non
A. furcata Smith).

1966 Auline hibernica Clarke, Sci. Proc. of the Royal Dublin Society,
sSer.A, v0102’ NO.lL'., p.222, pl.20, :f'igs 1&, lb’ 2ay 2b.

Diagnosis: Corallum fasciculate; corallites intermediste in diemeter
between A. horsfieldi and A. furcata with en adult diameter of 5.5 mm. -
7 mme, 24 =~ 27 carinate septa of both orders, 2 -~ 3 rows of dissepiments,

and a variable aulos.

Type Material: Holotype is Trinity College, Dublin, specimen no. T.C.H.2645
from beds of basal Dl age, Brownstowns House, Co. Meath, Ireland (includes
thin sections T.C.D.2645h and T.C.D.26,51).

Geological Survey Museum, London, thin sections PF2687 and PF2688 were

cut from the same corallum.

Description: External Characters; The corallum foms low bush-like
colonies and Clarke reports them to be about 1' in diameter. The corallites
are tall and flexuous. Calices have not been seen.
Internal Characters; There is a great variation in corallite diameter due
to the prevalence of calicular increase, the corallites just reaching
maximum mature diemeter when they :immediately divide into 2, 3 or 4 snaller}
buds. The diameter of mature corallites Just befare splitting is
approximately 7 mm. and the diameter of young buds imme diately after
splitting is approximately 3 mm,

The septa are of two orders with the major septe extending 5/7 of

the distance between the epithecae and the centre, where they then tend
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through 90° and join up with the adjacent major wpta. This feature is
not particularly consist%nt in this species and while in some corallites a
well developed aulos may be formed, in others only half of the aulos may
be developed ar it may be absent altogether. Agein, as will A. horsfieldi
the state of development of the aulos is variable within this species, it
may be primitive with a convex bend to the axial ends of the septa, or
advanced with a concave bend.

In a mature corallite 7 mm. in diemeter the aulos is thus only 2 mm,
in diemeter, in a corallite 5 mm, in dismeter it is 1.5 mm., and in a young
bud 3.5 mm, in diemeter it is only 0.75 mm. in diameter. The centre of
the aulos is empty, there is never a columella.,

There are usually two or three series of dissepiments which define
e tabularium 4 - 4.5 mm, in diemeter in adult corallites and the minor
septa only just penstrate this tabularium. Major end minor septa may be

slightly dilated in the dissepimentarium but unlike ILithostrotion the inner

ring of dissepiments is not dilated., Also the inner row of dissepiments
is not so regularly arranged nor so concentric as in the species of the

Lithostrotiontidae.

The maximum number of septa in a colony varies from 2, ~ 27, In a
colony with 27 septa in an adult corallite there are only 16 septa in a
young bud when it first becomes free from its parent corallite. The septa
are carinate but carinae are by no means seen in every corallite. They
may be rare but are always present in some corallites and can be quite

strongly developed.
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Fascicaulina furcata (Smith)
(Plate 750)

4869 Diphyphyllum irregulare Kunth, Zeitschr. Deutsch. Geol. Gesellsch :
voll.XXL, p.200, pl.II, figs 5a, 5b,

1925 Aulina furcata Smwith, Ann. Mag. Nat. Hist., ser.9, vol.XVI, P+490,
pl.XXIV', ﬁgs 3"'7.

1940 Aulina furcata Smith, Hill, 'Mon. Carb. Rug. Corals of Scotland',
Pa:lo SOCQ’ p0192, pl.XI’ fig.8.

1943 Aulina furcata Smith, Smith and Yu, QeuJeGeSes v01.99, P48, pl.X,
figs 1, 2.

1961 aulina furcata Smith, Fontaine, Archives geologiques du Viet Nam,
Numezo 5, p.120, pl.lO, figs 10’ pl.llq., f'ig.2, pl.le, ﬁg.l, P1019,
fige6.

1963 Aulina furcata Smith, Clarke, Sci. Proce. Roy. Dublin Soc., ser.A,
vol.2, Noll, p.222.

1967 Aulina furcate Smith, Minato and Rowett, J. Fac. Sci. Hokkaido Unive,
ser.lV, Geology and Mineralogy, vol.XIII, p.385,

Diagnosis: Corallum fasciculate; comallites small with an adult
diaemeter of 4 mm., 18 - 22 carinate septa of both orders, a single series

of dissepiments and a complete aulos.

Type Material: Holotype is British Museum specimen R 2,967. From
Siggate, near Castleton, Derbyshire. Paratype is Sedgwick Museum

specimen 1n0.A1800.

Description: External Characters; The colony forms large bush-like
growths and Smith (1943) reports that these may be of considerable size,
the colony from which the type material was collected measured over 1 m. in
diemeter and % m. in height. The corallites are cylindrical, tall and
flexuous and the epithecae is transversely wrinkled. Calices have not
been seen but Smith (1925) says, "as far as me can Jjudge .. they consist
of a narrow steep-sided depression with a flat bottom and surrounding

this is a raised platform. The depression is not formed by the thecae but

by the tube which undoubtedly stood out prominently ebove the platform",
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Internal Cheracters; There is a great variation in corallite diameter due
to the prevalence of peripheral increase, the corallites Just reaching
maximum diemeter when they divide again into two, three or four buds.,
Diameter of mature corallites just before splitting is approximately 4 mm,
and diameter of young buds immediately after splitting is approximately
2 mm,

The septa are of two orders with the major septa extending 3/4 of
the distance between the epithecae and the centre where they then bend
through 90° and join up with the adjscent major septa. This feature is
seen consistantly in all corallites and so a well developed aulos is formed,
but occasionally some major septa do not reach the aulos and so do not
contribute to it. This species represents a late stage in the phylogeny
of the group as regards development of the aulos. The 'bend! of the septa
at their axial ends is always concave inwards so that the aulos is circular
in cross section (as in A, rotiformis). In a mature corallite 4 mm, in
diameter the aulos is only 1 mm. in @i ameter and in gloung bud 2 mm, in
diameter the aulos is only 0,5 mm. wide, Septa rarely penetrate the aulos
and its centre is empty, there never being a columella,

There is usually only one row of dissepiments but in parts of a
corallite there may be two rows developed. The dissepiments define a
tabularium 2.5 - 3 mm, in adult corallites amd the minor septa only just
pensetrate this tebularium. Major and minor septa may be slightly dilated
in the dissepimentarium, tut unlike Lithostrotion the inner mow of dis-
sepiments is not dilated. Also while the dissepiments are concave they
are never so perfectly and regularly arranged as in the fascivulate species
of Lithostrotion.

The maximum number of septa in a colony varies from 18 - 22. In a
colony with 18 septa in an adult corellite there are only 10 septe in a
young bud when it first separates from its parent.

The septa are carinate but carinae are by no means seen in every

corallite; they may be very rare, tut are always present in some corallites,
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though they are often only feebly developed.,

The tabulae are as in F. horsfieldi.
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APPENDIX
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CERIOID COLONIES

f T T —
Septa(Max) Septa(Max) Septa(Max) Septa(Max)
14 14-18 20-2k 26~30
Tab. Tab, Tab, Tab,.
1.5mm 2¢5mm 4-4.5mm 6.0mm
L.maccoyanum L.vorticale L.aranea
Tall Flat
colony colony
Le.decipiens
decipiens
Wall Wall
complete inconsistent
L.decipiens O.ensifer
depressum
N.B.
L.vorticale L.decipiens L.aranea
=L.minus =L.clissioides =L.major
=§.basa1tiforme =L.derbiense =L.geptosun
=Loflemingi =L.arachnoideum
=L.clavaticum
=L.portlocki s.s
=L.striatun

=L.bristoliense
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PLOCOID COLONIES

¥ ! L
Thamnastraeoid \ Aphroid Indivisoid
or Astraeoid (No septa)

0.indiviea
V L
Septa Septa
20=29 30-36
QO.rete 0.edmondsi

I 1
Columella No columella
present
O.phillipsi

! A

Septa Septa

30-36 20-29

0.tuberosa
§ ] L
Diss. Diss. Diss.
concave convex parallel
QO.placenta O.placenta to septa

placenta garwoodi QO.sera

N.B.

O.placenta=0.prerete
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