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INTRODUCTION.

The earliest research on Scottish Carboniferous
foraminifers was carried out by Brad& almost a century
ago. He identified two species recorded from two
R ' localities in the Upper Limestone Group in the feunal =
lists of Young & Armstrong (1871) and, later, with the
ald of the Geological Survey collectors, through the
services of Etheridgé, the Survey paleontologist at
that time, procduced a list of nine sﬁecies from four
localities (Brady 1873). In 1876 Brady's monogreph
was published embodying the results of the study of |
‘material obtained largely from the Geological Survey.
"Sixteen species were recognized from nineteen
localities,which covered the raﬁge of the more

important limestones in thekUpper Limestone Group.
Recently Cummings (1955a, 19550, 1956) restudied Brady's
collections and the material in the collections of

'the Geological Survey, and made important revision

of the taxonomy. Otherwise, no particular study

has hitherto been made of the foraminifers from the
Upper Limestone Group, and desﬁite the works cited;

not a great deal is known about tﬂeir_distribution or

stratigraphic significanbe.

Stratigraphy:
The Upper Limestone Group is the uppermost .

divisionAof the Séottish Carboniferous Limestone.
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Series and, together with ‘the lower part of:the over-

lying Passage Group, is of Upper Eumogphoceras (E2)  age

| (Currie, 1954, p.535). Its position in'relation\to

the Carboniferous strata elsewhere is illustrated in

Table 1.

SCOTLAND ENGLAND

Coal Measures

Coal Measures Westphalian

Passage Group

Upper Limestone : .
Group Millstone Grit Namurian
- Series

Limestone Coal
Group

Lower Limestone

Group Carboniferous. Visean
Limestone '
Series
Cale¢iferous
Sandstone
Measures

The sediments of the Upper Limestone Group
display a rhythmic seqﬁence but tend to be predominantly .

arenaceous with thin'limestones and coals, in contrasg

to the thick coals and paucity of limestones of the

Limestone Coal Group, and the thick limestone shale
sequences of the Lower Limestone Group. The limestones,

however, although often poorly developed and

argillaceous, are presistent and enjoy a wide lateral



Se

develorment with the major horizons present throughout
the Midland Valley of Scotland. A number of minor
limestones occur which are of much mors limited extent,

but whose stratigrephic position can often be widely

:iferous shales and sandstones. The succession of
limestones is as fcllows, with the top and bottom of

the group defined by the Castlecary and Index Limestones

respectively:
Major Limestone Minor Limestone
Castlecary
Plean No.3
Plean No.2
Plean No.1
Calmy |
Myrémailing Marine Band
Orchard |
Lyoncross .
Huntershill Marine Band
Index

The foraminifers are, of course,'confined almost
entirely to the marine limestone and calcafeoué shale
phases of the sedimentary cycle. In Table 2 some
indication is given of the distribution and thickness
of the marine horizoné within the Midland Valley.

The stratigraphical interpretztion followed is

broadly that of the Scottish Geological Survey in
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Memoirs dealing with the economic geology of the
various coalfields, but'diffefs in the interpretation
of the stratigraphy of the Calmy and Plean No.l

- Limestones in Ayrshire and South Lanarkshire. o

in boreholes in the Castlecary-Stirling area of the
Central Coalfield (Crampton, 1917, pp.21-22, 37-41)
apd the characteristic succeséion of thié area can
‘reédily be recognized throughout Stirlingshire,
Clackmannan and West Fife (Dinham, 1932, pp.96-124,
Francis, 1956 and Read, 1959, pp.31-38). Outwith
this area the succession is broken by a nﬁmﬁer of
minor unconformities, and the Pléan limestones were
not recognized in the western part of the Central
Coalfield until recently, having been confused with
the Castlecary Limestone or marine bands within the h
Passage Group., Forsyth (1961, pp.219-224) demonstrated
the presence of the Plean Limestones in the east of
Glasgow and the similérity of the succession to that
in the type of area. Further'evidence from boreﬁples
. and outcrops suggests that these correlations can be
_hextended,to Ayrshire and South Lanérkshire, although
- the interpretation is complicated by latéral changes
of faclies and the extensive unconformity of the base
of the Passage Group. |

A characteristic feature of the limestones of

the Upper Limestone Group is their almost complete



BXT - FIGURE 1,

Map showing the distribution df Uppef
Limestone Group streta in the lMidland Valley |
of Scotland, and showing the distribution
of important localities from which abundant
foraminif'ers have been obtained. The

limestones outcropping at these localiﬁies
are indicated by their initial capital

letters, i.e. I, Index - Cc., Castlecary.
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lackaof compound corals. The single exception is a
band rich in lithostrotiontid corals (text fig.1)
occurring always in the same-relative_stratigraphic
position in relation to the baée of the Calmy'Limestbﬁg
(text £ig.2). The assemblage is distinguished

and Aulina rotiformis Smith together with abundant

cerioid and dendroid species'of Lithostrotion.

' The occurrence of the coral bed in discontinuous
and dlsconnected outcrops is attributed to the
unconformity beneath the Passage Group which in south
Lanarkshire, and mnch of south, central and north
Ayrshire descends to a position varying from
immediately above the Orchard Limestone to Jjust abové
the Calmy Limestone. Towa;ds the north and east, in
the Central Coalfield, changing facies appears t0 have
led to cdnditions in'which no corals flourished.
Nevertheless, there appear to be sufficient records
from bores to the east of Glasgow to establish that
the coral bed is the lateral equivalent of the Plé?n

No,1 horizon of the Castlecary-Stirling area.

Lithostrotion is recorded in Cardowan No.3 shaft,

Queenslies No.z Bore, and nodules of an indeterminate

‘coral in Cardowan No,2 Bore, while Aulina senex is

recorded from Cadder No.3 Bore. All of these
occurrences are at the horizon which Forsytn (1961

Pp.219-224) established as the Plean No.1 Limestone.



TEXT - FICURE 2,

The position of the coral bed_in relation

to the base of the Calmy Limsstone, bringing
out the lateral facies change in strata

between Plean No.l Limestone and the Calmy

Limestone from Ayrahire (1,2) and South

Lanarkshire (8-6), to the Central Coalfield
(7, 8 and 9). |
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Unfortunately, the importance of the corals was not
appreciated af tﬁe time that these bores wére sunk,
and thus material was not very thoroughly collected. 
Moreover, much of it was g0 severely recrystallized
as to be considered indeterminate. However, despite

the rather unsatisfactory condition of the recorded

list of corals,'it provides sufficient evidence to
establish the equivalence of the Plean No.l with the
coral development in Ayrshire and south Lénarkshire;

In the vieinity of Dalry the sandstones of the
Passage Group rest unconformably on the .Calmy Limestone,
and transgress that limestone as the Dusk Water Fault

.is approached. At Montgreenan, near Kilwinning where
an almost complete section ;s t0 be seen in Lugton
Water,two thin limestones odburring above the Index
Limestone were tentatively referred to the Ca],my' and
Orchard positions by Richey, Wilson and Anderson (1925
P.35). The foraminiferal assemblages demonstrate
conclusively that the beds.are the Lyoncroés end Orchard
Limestones. Thus the esandstones of the Passage Group
transgress to a position immediately above the Orchard
Limestone to the south of the Dusk Water Fault, and'may
‘step down further in cenfral Ayrshire in the'vicinity 
of the Inchgottrick Fault, A parallel occurs to the

east in the southern part of the Central Coalfield

where the Passage Group sandstones transgress from &

rosition just above the Calmy Limestone down to the
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Orchard Limzstone in the vieinity of Larkhall and
Stonehouse. The pattepn of the unconformity beneath
the Passage Group in north Ayrshire is repeated in
south Ayrshire from tne Inchgottrick fault south across

the Kerse Loch Fault into the Dalmellington basin wﬁére

‘the' Passage Group rests just above the Plean No.l

limestone at Beoch Bore. Further to the east in
Craighouse quarry the sandstones of the Passage.Group .
can be seen with a conglomeratic base resting on the
coral beds of the Plean position, while in New Cumnock
No.6 Bore the base of the sandstones lies at a position
below the FPlean horizon but above the Calmy Limestone.
It should be noted that on this interpretation of the
stratigraphy. of the Dalmellington basin the thickness
of the Upper Limestone Group diminishes from over

1,000 feet to a mere 120 feetiand, consequently, the
change'in'thickness across thé Kerse Loch Fanlt is‘
only 30 feet, which may be explained simply by thinning
of the strata northwards,-and without recourse to

contemperaneous movements on the KerssLoch Fault.

Scope of Collection:

Material has been collected from practically every .

known locality in the Midland Valley, about 155 in all,

and in addition, a small smount of material has been

obtained from deep boreholes by the courtesy of the
National Coal Board. At each locality the thickness

and lithology of all the sediments associated with the
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limestones were recorded and samples were collected from
the iimestones at approximately six inch intervals
yielding a collecticn of 1,250 specimens.

At least 705 of the specimens collected have had
their foraminiferal fauna obliterated through

recrystellisation and replacement. As a result verj/

of the Midland Valley, and although there is a gradual
improvement in preservation towards the west, nevertheless,
limestones in which the faune is preserved are thg

exception (Text fig.l).
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INTRODUCTION,

In the past Upper Palxozoic small foraminifers
have been studied by the 1dentificati§n of species
and the application of their ranges to stratigraphy i
in the conventional manner applied to most Mezozoicr

and Tertiary foraminifers. The earliest workers,

typified by Brady (1876) worked mainly with free
specimens obtained'from shaly. or unindurated horizons,
and this tradition was continued by such workgrs as
Cushman, Waters, Harlton and Warthin in the American
- Pennsylvanian, Little or no attempt was made to
study the internal structure of the foraminifers or
to examine the nature and the effects of diagenesis -
upon it (Cummings 1955 and';gss). Furthermore, in
many instances, there waS'aagomplete failure to -
recognise the effects of defarmation and compaction
in foraminiferal assemblages obtained from shales
or shaly limestones. |

In later work, particularly that of the Russians,
partially'in an extension of the methods emplo&ed‘Pn
the fusulinids,-the practice has been to diagnose and
describe species from the abundant random fragments
as seen in thin section. This process tends to be
extremely arbitrary since the spécies is generally
described on the basis of a single fragment which

may reveal imperfectly the morphological condition
of its biocharacters. Typically fragments in which



diagnéstic specific_characters may be recognized are
scarce and imperfect and, as a result, little or no
appreciation can be had of the variation of the speciles
population. - Indeed,_there is the probability that )
fragments which are not typical of population will'be
described. The practice of describing forms in
"""""" relation to one or two dimgnostic planes of 's'e‘c‘t'mﬁ' -

frequently leads to misinterpretations of the three

dimensional morphology and, clearly, if the structure

of the foraminifer is not fully appreciated, errors.

are likely to arise in the inference of fragments to .

any particular speciles.

There is, therefore, a necessity for a technique

which will enable a more precise analysis of the

. foraminiferal assemblages from indurated limestones.

Thin sections are, of coursé, most useful, if not

necessary, in providing a means of examining wall

structures and the effects of diagenesis on the fauna;

and in assessing the quantitative Qistribution of

families and genera at any particular horizon, but

they are geherally inadequate for the study of -
morphology for systematic and taxonomic purposes.

Techniques are available for the maceration of

indurated limestones, such as those of Kirchner (1958),
Bolli (1950 & 1952) and Hussey & Campbell (1951) etc.,

but they are usually time consuming and the recovery

of specimens 1s poor and blased in favour of foraminifers



of particular structural types.
Where indurated limestones are associated with
more friable argillaceous beds, or calcareoﬁs shales,
it may be possible to obtain free specimens for
morphological study, but the foraminifers are often
distorted from comm ction, and the assemblage from
"""""" the shale may differ markedly from that in the ~ .
limestone both in numbers, and in genera and épecies
represented. Moreover, hand picking of material is
tedious éven where concentration techniques are employed
such as that suggested by Eichert and others (1961).
Even where material 'has been obtained from shale
or limesfone by maceration it is still necessary to
produce orientated sections fully to assess morphology.
Excellent techniques are, Sf course, available for
this procedure. (Arnold, 1968, Yan Morkhoven, 1958
and Pessagno, 1960). However, because of the
inconveniences of the conventional procedures and the
occurrence within the Upper Palssozoic rocks of many.
thick continuous sequences of indurated limestone, the
following technique may £ill the need for a means:
other than thin sections, of studying small foraminifers
in indurated limestones.

PROCEDURE,

Hand specimens, in which the presence of

foraminifers has been confirmed by examining a slice

flooded with oil of cloves, are cut, and the slices,
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3-5 mm., thick, smoothed off with carborundum of the
600 grade. A coat of good quality clear varnish is
then epplied. Thé slices may now be éxamined for
foraminifers and,  conveniently, sections of interest
may be marked with waterproof inks of different colcours
for_the various genera. Observatibn in this manner

""""" is normally satisfactory even where foraminifers prove =

to be very poorly preserved in thin section.l Indeed,
in many cases, examination of the foraminifers in rock
slices has the advantage that it provides the third
dimension which is lacking in thin sections.' The
clarity with whidh specimens can be observed'varies,
however, depending on the lithology and the degree of
recrystallisation of the hoét sediment. Viewing of
individual specimens can be improved by removing the
varnish and covering the surface with a clearing agent
such as nitro-benzene or clove 0il which, if the
infilling of the test 1s suitable, allows the interior
of the test to be viewed in three dimensions. It will
be. obvious that the area observed in a series of slices
of this nature'ié.very much greater than that seen’ in
thin.sections, and, in consequence, many more fragments
in axial or sagittal orientations are found. At this
stage, thin sections, which are necessary to obtain
the fullesf information regarding the wall structure,
the lithology of the.limestone, and the diagehetic

history, cen be selected from slices which w11 give



the maximum amount of information.

Orientated sections of individual foraminifers
are produced by paring down the specimen with a
surgical scalpel to its axial or sagittal plane of _ ;_
section, which, for convenient working, should lie

—\ -
within 45 degrees of the surface of the slice. The

""""" position of each cut can be checked by irrigating
the specimen Wifh clove oil, and it is possible to
adjust the angle of the cut as the specimen becomes
increasingly exposed. The successive series of sections
cbserved in this way provides a clear impression of
the tests internal organization, and provides an
excellent opportunity to relate random two-dimensional
sections to the complete St:ucture.
Scalpels with removable blades are mosﬁ suitable
for this procedure for they allow worn blades to be
changed; and the shape and tjpe of blade to be altered
to suit the operator or the specimen. A single.blade
should last through a considerable number of sections,
and'its.life'may be extended by simply snapping dif
‘the worn or serrated tip with a pair of forceps.
Attempts have been made to produce sections
by using miniature diemond discs coupled to a dental
' drill, but this equipment pfoved to be too cumbersome

and difficult to control for work on small

foraminifers. It is possible that it might be

successfully used in the sectioning of larger
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‘foraminifers in rock slices.

Vhen the orientated section of the specimen.is
complete, its dimensions may be recorded with any other
data that may be required. @ The number of orientatpd;
sections obtained is limited only by the area searched,
and so more rgpresentative fauna can usually be

"""""" found, including rare species, which would mot be
detected by conventiohal methods.

A comparison of rock slices and thin sections

is given below.

No. Orientated Density of Faunsa
Sections :

Genera Examined Area of Area of (37fragments/sq.cm
. Rock Slices Slides average density)
800sg.cm, 900sqg,cm,

Endothyra 43 plus = 7T 3.4/sq. cm.
‘Paramillerells 36 plus 6 2.7/8q. cm.
Palseotextulariids 9 f 1 0.6/sq. cm.
Endothyranopsis  14. - - 0,2/sq.cm.
Bradyina 6 1 0.15/sq.cm.

FY

- It is thus peossible to obtain quantitative assessmeht
_,of.jhe variability of the populatiohs of the assenblage
and,'therefore, more accurate systematic work is
' possible. Tests whose growth is not symmetrical

about a single plane or axis, such as Climaccammina,

Calcivertells, or Calcitornells, can be successfully

examined.



’ matrix. Nevertheless, even in poor conditions it is

It is possible to photograph the svecimen in the
slice by reflected light, but good results dépend on
the contrast between the wall of the specimen and its
possible to obtein an cutline which is useful for

comparison and record purposes.

the selected specimen from its élice, with a minimum

0f excess limestone, by means of a diamond impregnated

hollow glass bit, commonly used for boring plate glass
or mirrors, and availlable in a wide range of dismeters.
A flow of lubricant is normelly regquired through the
shaft of the bit, but it is probable that the bits
could be adapted for use in an ordinary bench drill,
for the demands made on themxin cutting a few millimctreé' 
are not great. |

On removal from the limestone the core is mounted
on a slide in a thermoplastic cement such as Lakeside
cr Canada Balsam, and it is arranged in such a way that
the plane of the orientated section is parallel to the
slide. The excess limestone is then filed off by means
of a 'frosted' glass slide, by the method outlined by
Van Morkhoven (1958), which ensures that the excess
material is removed parallel to the plane of section,
and tﬁat the specimen itself is not damaged.

For a successful thin section it is essential

that the surface prepared with the scalpel isflat.
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' This does not usually present any serious difficulty
ﬁith small specimens (less than 1 mm.), but it can be
| troublesome with larger ones. If it 1is kpom1that a
.thin section is required from a particular specimen

it is often convenient to leave the section incomplete,

to be ground down finally by the method suggested

surface ready to be remounted for the completion of
the section.

By this method the foraminiferal assemblages
can be thoroughly examined morphologically, and thin
sections can be prepared from avpropriate material,
perfectly orientated, and displaying the typical

; characters of the populatiohs, The technique has
been used successfully in a siudy in which over one
thousand sections were obtained for a single genus,
and it is emphasised that, with a reasonable abundance
of the material concerned, it is possible to cut

25-30 orientated sections in a day,




EXPLANATION O PLATH 1.

1.2, Climacammina snticua Brady, Lyoncross Limestone,

Creigburn, Uddington, P.476:

1. a rendom section as it apperrs on the
__________________ surfrce of a limestone slice. The threé
vhite ovals at the top of tﬁé ﬁﬁbfégfébﬁ ..........
~are scctions tangential to the uniserial

chambers of the specimen. X50.

Ce the same snecimen scrapsd dovn by meens
| of" a scalpel to its median plane'of
| sectidn'in the plane of biserial overlap,
showing eight pairs of biserially arranged

chambers and eight uniserial chambers. X50.






EXPLANATICHN OF PLAT® 2,

1,2. mndothyrenonsis smhaerics Rauser-Chernouscsova

Beljaev & Reitlinger, Plesn Limestone, Beoch

Bore, P.475/1:

1. specimen on a core of limestone mounted
sectioning. X17.

2. the complet=d section. X50.

3,4, Poromillerella craigrurnensis sp. nov., Plean-

Limestone, Craigburn, Uddington, P.468/23:

.5. axial section in r=flected licht, from
section scraped dovn by means of a |
scalpel. X100, |

4, the same specimen in thin section. X100,

(transmitted light).

5. Paremillerslla cresighburnensis sn. nov., Plear

_ Limestone,'Craigburn, Uddington, P.489/256:
sagittal section in reflected light from
section on limestone plate. X100. During
the scrapingrdown of this specimen it was
observed that dsmagzd chambers in the last
whorl had been repaired by three large
irregular chenmbers. The lzst whorl

originally had 21 charbers.






2T T RO

CHAPTER 3.

Endothyra, Paramillerella

and assocliated endothyrid and primitive
fusulinid foraminifers.

- 000 -
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MORPHOLOGY.

The individual spécimen can bé ponsidered
analytically as the expression of a nﬁmber of sepérate
morphological units each displaying & particular |
condition. Each unit or biocharacter, howefef,

must be considered within the context of the other

.. ... bilocharacters,. and-the-series-of-change-1n1the~condition1¥tii

of a biocharacter analysed with a realisation of thé
limitations imposed on it by the adaptive demands of
the interdependant biocharacters.

“The‘morphoiogy of endothyrid foraminifers can

~conveniently be reviewed in terms of the following

biocharacters; the primary test wall; secondary

deposits; chamber form and arrangement; septa; and
" aperture. (The term endothyrid is used here for the'
- family Endothyridss as defined hereunder,'and it -

includes the primitive fusulinid foraminifers with a

_short ax%s.of coiling;

The Wall.

This biocharacter is of fundamental importance
in the claséification of the super family Endothyracesa,
AGlaessnér_(1945), and its structural development is
uséd as a basis for major taxonomic categories as

well as for generic distinctions.  Wood (1949 p.239),

- has pointed out that compositionally, at least, the
 wall of the endothyrids and the fusulinids is identical,

while a nunber of typically fusulinid wall structures



have been described among endothyrid foraminifers. It
is, therefore, necessary to consider the character of
the wall in both families.

A review of the literature shows that there 1s a

-strong tendency to describe the wall structure of the

Endothyracea according to a cqnventional straltjacket

the wall, and which, descriptively, leaves much to be
desired. The set terminology of upper and lower tectoris,
tectum, and diaphanotheca particularly, appears to be -
inadequate, when these terms are used without any
descriptive amplification, and it is obvious in many

cases, that the same term is being used to describe

layers of quite different charactér and origin. For

example the wall of Milleggl;a was described by Thompson,

(1948, p.13 and 1964 pc.374, in Loeblich & Tappan 1964),

as a tectum with upper and lower tectoria, although

it is now clear (Skinner & Wilde 1954) that the lower
tectoria, supposedly a secondary deposit, was really the
primary wall. Similarly, Anisgard & Campau (1963 b:los)
described the wall of a speciles théy referred to

Paramillerella as having an 'upper tectum'. This

_structure, on examination, pfoves to have a distribution

which conclusively demonstrates that it is a secondary
basal lining of the chambers, an upper tectoria.’ There

is, 1n fact, no tectum in the normal sense of the term,

a fact which these authors were dbviously'reluctant to



admit. In many ways the emphasis on the layering of
"=~ ' the endothyrid wall appears to be exaggerated beyond
its morphological significance. The true nature of
‘ﬁsome of fhe layers is smbiguous and they are, as a

result, of doubtful taxonomig value.
Conventionally the wall of the fusulinids and,

the primary wall (protheca), and the secondary deposits
(epitheca), but they may be conveniently considered
as distinct biocharacters since they are not
interdependant: one may show major changes in condition
independant of the other. |
The protheca is normally taken to consist of two

layers; a thin dark film, the tectum, underlain by a
thicker slightly more transpafent layer in which the
major structural changes of thé endothyracean wall
oceur. The précise nature of the tectum is not clear
and the usage of the term in the iiterafure is not
particularly objective. There is in many cases a

- tacit acceptance of tectum as any dark zone on the
outer margin of the protheca, or bétween protheca aé&
epitheca without any attempt to check its structural
validity. Henbest (1937 p.317-320) has shown that
the téctum is‘a feature'of composite origin such as:
the optical effect of constrictions at the outer end
of keriothecal pores; a darker zone in the basal layers
of eﬁitheca-in overlying volutions; and the optical
illusion caused by two plane dbjecfs in impeffect |
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contact, which may be exaggerated by the discolouration
.of the protheca by impurities before the deposition of
the epitheca. To this may be added the effects of
aiagenesis which by recryétallisation and'replacement i

often introduces an apparent layering (Plates 3-5).
Henbest's findiﬁgs have been ignored in most later
--------- generalizations and many authors,; notably 8kinnér & - - -
Wilde (1954 p.227) and Dunbar (1963 p.29), appear to
accept the fact that the tectﬁm represents a homogeneous
layer of the protheca which résults from the differential
distribution of organic matter according to the theory
of Gubler (1935 p.13). As Wood (1949 p.240) has pointed
~out, Gubler's observations regarding the distribution of
organic matter are suspect'since he interpreted the
inorganic crystalline 1nfilling of the alveoll as
original secretions'consisting of coarse globulites of
calcite cemented by a selvidge of tectine. In fact,

Gubler, whose observations were based mainly on -

Pseudofusulina, found no differentiation of organic

matter in the protheca for he considered.the tectum and
the walls of the alveoli identical in structure; thus
confirming that the tectum is simply'the'zone of alveolar
constiiction in a wall of homogeneous composition.
Careful examinétion of the wall at high
magnifications in general, fails to reveal any evidencé

of organic_material, but shows that it is composed of

homogeneous, very finely granular, caleite with no
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preferred crystaollographic orientation, When well
preser&ed material is examined it usually proves
virtually impossible to distinguish individual granules,
even using oil immersion objectives with magnifications
up to X 1C00. This is because in the average thin
section there are zbout 15-25 granules in the depth-
""""""""" Sometimes the protheca or epitheca may - -
lie in the plane of the section and so be ground down
to a very thin layer in which, with someldifficulty,
the individual crystals can be cbserved. The wall

of Paramillerella then appears &s a closely packed

mass of rather rodlike or sometimes tabular crystals

, from 0.75 - 1.5 microns in length, and appréximately
0.25 - 1,0 microns in width; 2 structure very similar
to that described by Hay & = others (1963) in parts of
the wall of the porcellanea;t Wood (1949 p.239) has
already dravn attention to thc similerity in the
structure and eppearance of the walls of the.fusulinids
and the porcellznea. If this ccmparison is accented,
then the studies of Hay, Towe & Wright clearly indicate
thet the wall itself contains no organic_cement,'and,
therefore, the suggestion that the varying distribution
of téctine is responsible for differences in the opacity
-of the wall must be rejected.

The residue of tectine recoversd by Zeller (1950 p.4)

from Plectogvra probably originated not as an intergranular '

sheath or cement,but az a thin intercameral layer; a



remnant of the organic sheatﬁ which appears to envelope
the wall of a variety of genera as described by Hay &
others (1963 pp.171-195). . In fossils the organic shesth
is preserved only ih positions where it 1s enclosed ... -
between successive layers of the wall, and it is
possible that the layer itself or the products of its
| decay will cause a dark zone in the intercameral suture,
or between the epitheca and protheca.
It has been suggested by Wood (1949 p.239) that
the opaclity of the granular calcareous wall is due to
the loss of light through reflection and internal
refraction at the crystal interfaces, and a study of
' recrystallized material confirms that the wall becomes
increasingly translucent with\progressive grain g:owth.
- It has beeh observed that thexqpacity of the protheca
tends to vary directly with 1t§ thickness, snd this
could logically be attributed to a change in the grain
- 8l1ze with the thickness of thewll. _It is not possible
to confirm this observation microscopically because ohly
a small area of wall can be observed at one time, while
mensuration is not sufficiently accurate to provide
meaningful comparison. |
It is, therefore, conceivable that the tectum might
result from a more finely granﬁkr zone on the outer

margin of the wall, although a tectum, other than that

resulting from optical or diagenétic effects, has not
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been observed in the large number of endothyridé examined.
It is possible that this could be accounted for by a
widespread loss of the tectum due to recrystallisation;
Wood (1949 p.239) thought that the wall of Endothyra, -
despite its uniform grain size, may not be in its
original state because it is ciosely similar to the

recrystallised wall of Alveolina or Alveolinella,

He believed that there was a check on recrystallisation
which prevented grain growth from proceeding beyond a
certain stage, and this was tentatively attributed to
the growth ©of the granuies to fill the interspaces left
by the ofganic matter which 1s presumed to havé decayed
during lithification. . The check on grain size is in
';eality an optical effect wﬁigh depends on the contrast
in size between the grains ofaﬁhe wall and those of the
matrix and test infilling. Aé grain growth proceeds
the crystals in the wall increése in size and decrease
in number,.becoming increasingly transparent, until,
at a certain stage, the grains become undistinguishable
from the matrix. Thus, in mogt cases, the fact tﬁ%t
the wall is distinct suggests that the grains are less
thaﬁ an optimum size of gbout 3 - 4 microns. Beyond
this grain size the wall of the foraminifefs tends to
- become transparent, and unless there is a marked |
cbntrast in grain size or colour between the wall and

the matrix the foraminifers are not visible. (Plate 4
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fig. 2-4 and Plate 7). |
| ‘The protheca, theréfore, can be considered as a
compositioﬁally constant biocharacter which is modified
structurally in response to the loss of the aperture -
and the considerable expansion in test volume. The
......... fundamental . changes in.the,bioéharacter.are.the-.r-- e
consequence of progressive changes in the number,
shape, and arrangement of the mural‘pores. The interplay
of the inorganic infilling of the pores with the granular
material of the wall results-in the varying opacity |
observed in this section.

The tendency has beén to regard the endothyrids
imperforate, however, Skinner & Wilde (1954 Plate 49,

fig.3) have figured a specimén of Millerella showing
distinct pores picked out by an iron ore. Normally

: presérved endothyrids do not usually show any clear |
evidence of pores, but a careful investigation of the
wall may feveal a‘few-very fine transverse dlscontin- |
:uities in the form of thin bright or dark lines across
the apparently homogeneous dark wall (Reitlinger 1950
p.8, Plate 1 fig.2, Igo 1957 pl158 and St. Jean 1957
p.18). Zeller (1950 p.5) argued that such structures
were the result of crystal alignments possibly through

. recrystallisation, and it 1s possible that this '
explanation is the correct one in a number of cases.

Examination of topotype material shows that the



. i

25

-

-fusulinellid structure of Plectcgyra baileyi. described

by Scott, Zeller & Zeller (1947 p.558) is a
recrystallisation fabric which appears to be dependant
upon the development of fibrous.calcite in the oolitic

facies in which these forms are found. In generzl,

result from an interplay of the infilling of the pores
with the gfanular wall. (flate & fig.1-3).
Observation of material with distinct pores
(Henbest 1937 and Skinner & Wilde 1954) shows that
there is a close relationship between the thickness
of the wall and the diameter of the pores. Commonly,
the diameter of the pores is about one tehth of the
thickness of the wall, and this relationship can be
observed in individusl sbeciﬁans as the pores incresase
in diameter with increasing thickness of the protheca,
both from the prolcculum outwards; and from the poles
into the tunnel. As the nﬁmbef and size of the pores
increaszs, and thus the volume of more translucent .
coarsely granular pore infilling, so-the wall becones

progressively less opagque, Therefore, in species

such as Fusulinella fugax Thompson and Profusulinella
primaeva Skinner, which have been regerded as having
wall structure transitional from the profusulinellid

to the fusulinellid condition, the diaphanotheca appears

first in the outermost whorls over the tunnel, in the
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zone of maximum pore development. Thus diaphanotheca
is directly the result of the development of the mural
pores agd it is not due to changes in the'amouht of
organic matter as has been suggested by Skinner & wilde
(1954 p.447) and Dunbar (1963 p.30). This progressive
.......... enlargement .0f the.pores in the wall of the.fusulinids. . ...

is essentially paralleled during the ontogeny of.

certain species of Bradyinsa. In these the wall of the

pfolqculum and the first chambers, is dark and apparently
'homogeneous, but; as the wall becomes thicker, it beéomes
lighter in colour and it passes through a'pseudofibrous
stage,.(diaphanotheca) before the truly dveolar
| character of the wall can be recognised, (keriotheca).

The alveoles in Bradyina constrict at their outermost

extremity, and they connect.ﬁ;th exterior only through
very fine pores. Thus there is an outer, rather dark,
Vthin layer which could be described as a tectum. This
practice has not generally been follawed in the literature,
although from time to.time the similarity has been
commented on, notably by Henbest~(1937 p.218) and *
St. Jean (1957 p.18). -

Usually the fine granular wall of Endothyracea is |

quite resistant to the effects of recrystallisation

through redistribution or replacement, but there aré

" certain genera (Pseudoendothyra, Nankinella, Staffella,

Eoverbeekina, and Sphéerulina.) whose wall seems
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particularly prone to alteration. Indeed, this

sensitivity is so great that these genera are mostly

severely recrystallised or replaced while adjacent '

forms show quite normal preservation. (Plate 7 £ig.2)«

A nunber of authors (Rauser, 1948 p.14, Moeller,

1878 Rozovskaya, 1963 p.70) suggest that the wall is
--------- foﬁf;iejened,-eeneieting.of tectum, diaphanotheca,.

and upper and lower tectoria. = This would appear to

be a conventional fiction arising from early

‘descriptionslof these forms where the role of seeondary

replacement was not'recognised. As Thompson (1948‘p.50)

points out the wall is typlcally so altered that the

fine structure cannot be determined, while there is

also a tendency for the rec;ystellisation of the wall

to induce & more strikingly‘iayered appearance,

Material studied of Pseudoendothyra suggests that the
wall has a thick undifferentiated protheca, with thin
-secondany deposits confined mainly te the septal ends,
and not reaching the roofs of the chambers or coating
the floer of the chambers in the median zone of the
test. There is nothing to suggest that the wall of

Pseudoendothyra is different from that of Endostaeffells

or Paramillerella in its fundamental structure.

Certainly the wall is thicker and the basal deposits
thinner than equivalent specimens of subgenera

Chernousovella, and Parsmillerella, but the difference
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in the behaviour of the walls suggests that the
underlying difference is compositional rather than

structural. The ‘'diaphanotheca’ of Pseudoendothyra,

1

results not from the increasing size of the poares as. -

in the case of Profusulinella fugax and Fusulinells,

but through recrystallisation of the original shell

material of the protheca. The protheca of the
staffellids may be more porous than the other
fusulinacean genera but this cannot be the underlying
cause of their typical recrystallisastion and replacement.
The evidence suggests that the contfast in the
behaviour of the two types of test might result from
the presence of a primary aragonité wall in the
staffellid forms. It is {ve\n known that aragonite
is unstable and highly sensifive to solution and
recrystallisation during diagénesis such that it is
very rarely preserved in Carbbniferous foésils. The
inversion from aragonite to calcite is usually |
accompeanied by some loss of detail in the shell structure
and, in Cafboniferous mollusé shgils aragonite.stfpctures
tend to be comple tely replﬁed by coarse clear calcite
mozaics. Simon & Bell (1963 p.ll?g) have indicated

that very finely drystalline aragonite is particularly

- subject to inversion s0 that comple te loss of structure

is to be expected if the original wall was finely

granular.  Wood (1949 p.39) considered the normal .
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recrystallisation of a fusulinid to be in complete
contrast to that of a gastropod or an ammonite shell,
"but in the case of the staffelid wall the cémpérison
is close. Since most gastropods and ammonites have -

a shell of aragonite the analogy may be appropriate.

nurmber of recent genera, concluded that:
a.) gross mineralogical nature of sheli, that
. 18 whether it is calcite or aragonite, is
a genetic characteristic in the foraminifers
and is not determined'by environment.
b.) among recent foraminifers,aragonite tests
seem to be restricted to the families
Robertinidae and Cerétobuliminidae. |
¢.) no combination of aragonite with calcite
occurs in'foraminifers;
These findings suggest thatlthe foraminifers with a
staffellid wall should be considered as a separate
family within the Endothyracea. This view 1s¢suppofted
by the fact that the genera noted, although ranging
from Middle Carboniferous to upper Permian,form a
distinet group conservétive in test morphology.
The use of a recrystallised wall as a systematic
criterion is admittedly'rather.unsatisfactory‘but,
| nevertheless, appears to be justified, for, in the

“more advanced Middle and Upper‘Cafboniferdus and
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Permian forms it is supported by distinctive
morphological characters, and there is little ambiguity.
But in the more primitive Lower Carboniferous forms tﬁe
shell architecture is essentially homologous with that

of Paramillerella, and here, undoubtedly, there is

considerable ambiguity, for it is not certain that

Pseudoendothyra would be recognised in an unaltered

limestone, or conversely, Paramillerella in a strongly,

but patchily, recrystallised limestone. The most
primitive staffellid.- forms can be identified with
certainty only in the presence of unaltered endothyrids
or fusulinids, (Plate 7 fig.2) otherwise one cannot be
certain that the clear wall resulted from greater
"dlagenetic sensitivity.

Unfortunately, of the éQme 75 species of

Pseudoendothyra described none give any satisfactory

background regarding the nature of the host sediment

and the assoclated Tauna. Moreover, they are simply
stated to have a clear wall or diaphanotheca with little
or no qualification as to its origin. (Rauser 1948,
Vissarionova 1948, Schlykova 1951, Durkina 1959,
Grozdilova and Lebedeva 1950, 1954 and‘1960 etc.).
Clearly, 'diaphanotheca' is an unsatisfactory term in
this context, and should be avoided in favour of a
more detailed textural description of the wall. The

term, diaphanotheca, is currently being used in three
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different senses; the“one discussed above; that of
Thompson (1948 p.13)in Fusulinella; and that of

. Skinner & Wilde, (1954 p.447) and Igo (1956 p.158) ‘
in Profusulinella and Paramillerells. : '5- -

Secondary Deposits (epitheca).

Secondary deposits are characteristically present
in the Endothyracea, and their initial elaboration and
changing mbrpholoéical éxpression can be readily
observed among the endothyrids. The function of this ‘
biocharacter would appear to have been twofold, in part
f@ pro?ide a reinforcement of the sutures of fh@ test,
and in part to channel and direct cytoplasmic flow.v

\

Three major conditions of this character can be :
| recogniséd: ' \
a.) Tests in which secondar&édeposits are confined
~to a thickening of'the end of the septum at

its suture with the previous whorl. Thése
deposlts very often do not cross the floor
of the chambers, although they may become  ~
somewhat more extensive towards the poles |
of the test. (Pseudochomata).

b.) Tests in which the secondary deposits occur
in sharp ridges or hooks parallel to'the

‘septa and are at their meximum expression

in the final chamber.
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c.) Tests in which the secondary deposits
occur parallel to the tunnel in fairly
uniform ridges‘butvreaching their
maximum expression at least half a whorl o

before the final chamber. (Chomata).

A | These broad types of. secondary deposit appear to- & - - -
represent characteristi¢ differences in cytoplasmic
organisation and there would certasinly appear to be
Justification for the view of Voloshinova & Reitlingep "
in Rauser-Chernoussova (1959 p.242) that the character
of the basal deposits provides a basis for subfamilial
or generic differentiation. The recognition Qf both
hook like deposits and chomata in the same speéimen“
by Anisgard & Campau (1963 p.ﬂl‘9‘9) is based on.a
misinterpretation of the strudture, fér none of their
sections show chomata in'the 1ntérseptal area. The
deposits they describe do not appéar to differ from
the basal coating or. comnnecting deposifs normally |
associatéd with veétibularrhooks or ridges. “

CT4 is important to recognisé‘and deseribe in 7
detall the distribution of the epitﬁéca which can.
occur within the chambef in the folloWing-forms:

~ Floor epitheca - - a fairly uniform layer
‘J  on the -base of the chamber.
Septallepitheca - a layer @hich may cover

-

the éeptum in a uniform faShion;
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but is pommonly thickest on
the posterior edge of the
gseptum over the tunnel.
Roof epitheca ~ a layer which may be quite
uniform, but is frequently _ l~'

and 1s often absent in. the
peripheral zone of the test
over the tunnel.

The relatively evenly distributed epithéca described
above is conventionally referred to as 'upper and lower
tectoria', but it is emphasised that, as such, the |
tectoria should constitute layers unquestionably
distincet from the primary wall, and not a vague dark
zone on the edge of the.profpeca which might result
from the alteration and decay of the organic lining
.of the wall, diagenetic or opfical effects.

The more speclalised epitﬁeca occurs in the,
‘following conditions:

Chomata -~ 1levee like ridges parallel to the

tunnel between the septa.

Sutural Deposits =~ wedge like deposits of

| epltheca bccurring élong chamber
sutufes and includes Pseudochomata - a
thickening of the septal'suture |

adjacent to the foramen.
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‘ Basal Deposits or Connecting Deposits -
floor epitheca Which thickens
into the sides and poles‘of the
chambers. ‘ Lo

Vestibular Hooks and Ridges - ridges of

parallel to the aperture.
They are often very prominent and
'Btrongly anteriorly directe@ with
convex posterior and concave
anterior surfaces.

Axial Deposits - epitheca fllling the
chamber compltely at the poles.

The thickneés of the epipheca does not appear to
be inflgenced.by the degree of resorption necessary to
maintain the tunnel since theiapérture 1s lost without
producing any major change in tﬁe distributioﬁ or
massiveness 6f the epitheca. How far the massiveness
6f'the epitheca 1s related to ecological factors i%'not
clear, but it rmay be a factor.désérving consideration
fof it has been shown that thé robustness and
ornamentation of foraminiferal testé can be affected
by salinity:(Heron-Allen; 1914 p.227 & 1920 pp.155-177)
and-the nature of the host sediment, (Hendrix, 1958 p.649).

Petrographic'investigationfshows that the epitheca

is composed of homogeneous finely granular calcite j



essentially identical to that of the protheca, There
are however differences in the opacity of the two
layers. It has been observed that the protheca in .
axial sections appears distinctly darker than the _. ?
epitheca, while in saggital sections this differentiation

is much less marked., This suggests some orientation

of the rodlike granules, probably within the prothecas.
There is also a strong impression that the grains of

the epltheca are rather coarser than those of the
prothecs, although this cannot be confirmed satisfactorily
for reasons which have been discussed sbove. (p.6).

In more advanced fusulinids the prothe;a becomes
lighter than the epitheca, and again this has been
attributed to varying organig pontént by Skinner &

Wilde (1954) and . others. Iﬁdeed, Skinner & Wilde

have gone s0 far as to suggesf that there is a

differentiation of organic matérial in the epitheca .

on the floor and the roof of the same chanmber in such
a.way that the protheca appears more translucent oplj
because it is sandwiched between: the tectum and the,
very dark inner tectoria. . They claimed that since

the pores penetrated both protheca'and epitheca they
could not be respdnsible for the Yarying 6paci£y of the
wall, On the contrary, observation of their plates.

(Skinner & Wilde 1954, Plates 48-50) shows that the

pores do not pass.through all layers in a uniform



'TEXT - FIGURE 3.

The development of charmber form and secondary

deposits in endothyrid and primitive fusulinid

foraminifers.

1.

2o

S.

6.

simple constricted tube producing pseudo-
chamﬁering typical of primitive
tournayellids.

inflation of fhe tube with stronger
constrictions forming primitive anteriorly
directed short septa.

strong anterior inflation results in.
chernyshinellid type of chambering without

true septa.

‘elongate sub-tubular chambers with strongly

anteriorly directed chambers: width much

greater than height,

- elongate chamber form typicallof Zellerella

a.) thin basal layer of epitheca culminat-
;ing in prominent curved hook in last
chamber,

b.) epitheca confined to thickening of
‘septal ends in lateral part of chanber.

chamber form developed in primitive species

of Paramillerella, with grecater differenti-

_:ation of septa from the spiral wall and a







TEXT - FIGURE 3, - cont,

9=11, -

more quadrate sagittal shape (the ratio of
width to height decreasing).

a.) sagittal section;

b.) axial section;

c.) parallel sagittal section showing the

development of pseudochomata.

the development of quadrate chambers with
quite strong differentiation of the septa
from the sﬁiral wall., - a.b.c. show the
development of platform-like chomata,
clearly modifying the peripheral contour
in the interseptal part of the chamber,
the development of typical fusulinid chamber
forms with rectangular'chambers ahd septa
strongly differentiated from the spiral wall.

a.b.c. show the development of leme-~like

chomata forming a definite channel on the

'periphery between the septa.

show that the same basic modification of

chanber form occurs in Endothyra, and
illustrates the complimentary thickening of
the epitheca which occurs in species of

Endothyra from Lower to Middle Carboniferous.

8. ) vertical axial section.

b.) horizontal axial section.
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fashion, but reach their greatest concentration in the
protheca. In general, the distribution of the pores

accounts satisfactorlily for the major changes in

-

fusuline wall structure, while the physiological
reason for variations in organic content are obscure,
Furthermore, as has been discussed above, there are

grounds for dismissing the concept of Qrganic matter‘

. as an intimate constituent of the'gfgnular calcareous

wallo

Chambers.

In general, the biocharacters of chamber form and
chamber arrangement are mutually dependant. fThus
basic changes in the plan of growth of the test are
accompanied by major changes 1n chamber form, i.e. in

the assumption of the rectilinear from the planispiral

‘mode of growth., However, in so far as the endothyrids

are consistent in their enrolled mode of growth, the

biocharacter of chamber form is of greatest importance,
as 1t is influenced by the trend-towards increased-

subdivision of the test into phambérs, during which the

- expression of chamber_fofm issubordinated to the overall
" architecture of the test. This trend can be

'recognised in both the planispiral and plectogyral

tests. (Text £ig.3). Nevertheless, it must not be

overlooked'that.in the change from plectogyral to
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planispiral coiling certain modifications df chamber
form 4o occur. FPundamentally this is the acquigition
of a symmetrical arrengement about the peripvhery of the
test with equal prolongations of the axial endc of the
chamberbtowards the unbilicus. .In contrast, in
plectogyral teéts the chambers vary continuously in
form; their shapé being governed by the position df
the last whorl and‘the‘périphery of the penultimate
whorl, (Text fig.3, Nos.4 & 5). The chambers always
have an asymmetrical form with a constaﬁtly varying
involuteQerlute relationship to tﬁé earlier whorls
of the test. | |

The subordinétion of chamber form fo test
architectu:e is expreséed in a ﬁrogressive change in
the shape and 6vara11 dimenéipns of the charbers during
the phylogeny of the group. :The most primitive
endothyrids, in sagittal secticns,-havé charbers wider
than they are high and with thé septa anteriorly
directed, forming a smooth curve with the outer wall.
Such chaﬁbers are primitive and indicete their phylo-
tgenetic link with more primitive tubular septatidny
as is szen in ths Tournayellidae. (Text fig.3,No.56.).
In the more advanced forms chambers tend to decrease
in dépth and become globular while the éepta become
more clearly differentiatied ffom the outer wall of

the chamber, Eventually the chambers become higher
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than they are wide, and the septa meet the outer wall
in a right angle, with reripheral lobulation reaching
a minimun, (Text £ig.3).’ |

Septa. |
. Septal characters cannot be considered independant
" of chamber form in the endothyrids for in most primitive
genera there is no differentiation of the septa from the
. spiral wall, The progressive differentiation of the_
‘septa from the outer spiral wall of the cﬁambers
represents an important trend in endothyrid phylogeny,
but it is fundamentally a function of the subordination
of the chamber form to overall test shape. In their
most primitive condition, aéaobserved in the
Tournayéllidae, septa do not }orm the anterior face of
thevchamber, but simply the position of constriction
of the subtubular chamber at its apertural orifice.
~ With reduction of apertural diameter and inflation of
the posterior portion of the tube,-primitive chambering
and septation arises in which the septa is still ~
effectively a continuation of the spiral wall. As
the subtubular chanbers éhorten'they fend.to become
rather.mbre inflated peripherally with a stronger
anterioricurvature; and it is chambering of this type

which is present in primitive species of Endothyra and
" Zellerella gen,nov., Indeed, the septation in the
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earliest chambers of some of these species shows a
very close comparison to the outer chambers of

Tournavella. The greatest septal complexity is

attained in the subfamily, Bradylninse with the

- development of preseptal and postseptal lamellae, - L
but this is assoclated largely with the development

of subsidiary sutural avertural pores, and the major
trend in endothyrid foraminifers is from septa,
initially short, curved, and anteriorly directed, to
long and straight lying approximately normal to the
spiral wall (Text fig.3).

Aperture.

The greatest complexity of apertural form occurs
in the Bradyininae with thé:development of cribrate
aperture on terminal face together with subsidiary
sutural pores. The charactefistic apertural condition
of the endothyrids is conservétive, and is a basal
lunate to semicircular opening at the base of the
abertural face. Infrequent changes of growth plan
from a spiral to a rectilipear;cqndition necessitate
¢hanges of chanmber form which result in simple terminal

areal aperture (Endothyranella) and cribrate aperture

(Mikhailovella).

It is established that the aperture is absent

in a number of the more advanced and fusiform fusulinid
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'genera, and it has been assumed, largely without
evidence, that a number of primitive forms, such as

Millerells and Paramillerells, similafly do not develop

an éperture. More careful study has shown that most
of the short axised forms do develop an aperture,

' even although there is some evidence of its reduction
to’a‘somewhat vestiglal conditioﬁ_in some species
(Moore, 1964 p.296 and Anisgard & Campau, 1963 p.99).
Although the apertural condition of a number of
fusulinid genera requires further study, the evidence
available at present suggests that the‘aperture finally

| becomes degenerate in association with‘increasing axial

length, and possibly in response to increasing pore size.

'POPULATION ANALYSIS.

The results of population analysis are discussed

here only in so far as they are relevant to the svstematic
study. The main stratigraphical implications of the B
| population studies will be discussed during .the
- stratigraphical Summary, while the actual technique
- whereby sufficient orientated sections were obtained
for statistical study has been discussed in an earlier

‘chapter,

As Burma (1948 p.758) has observed the fusulinids,
| as a group, have been treated in a quantitative manner

 more consistently than any other group of fossils.
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This varies from typicel tabulation of dimensicns of
the major biocharacters in a small nunber of specimens,
to less frequent but more detailed graphical studies
such as those of Lloyd (1964), or Chen (1¢24), and

to comparatively rare and more ccmplex statistical'
treatments (Burma, 1948 & 1950 and Morikawa, 1962).
Despite this traditicn, however, variation in fusulinid
populations has been handled, with a few exceptions,in
a subjective manner, and in most studies little attempt
has been made to compare speciés except in a subjective
‘and largely cqualitative fashion. Primitive fusulinids,
in general, lend themselves to statistical stﬁdy for,
while populations are often highly ﬁariable, their
morphology can be expressed in terms of relativély

few, and easily enumerated biocharacters but, until
now, the major problem in attempting a statistical
treatment was in obtaining the'necessary numpber of
orientated sections. For this reason only the data

on a very smell number of specimens ié supplied in
‘most systematic studies, and all too often the
dimensions refer to sections in poor or unsatisfactory
axial or sagittal orientations. |

The data commonly reported in fusulinid studies

are as follows - half length (axial) or total length,
radius vector or total diameter, form ratio,.tunnel

angle, wall thickness,heigh% of volution, septal or



provides a useful 'time' character (Burma, 1948). —

the climax of the first stage pf growth, and each
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chamber count per volution, and diameter of proloculum.
Each parameter is normally reported in relation to the -
whorl number which reflects the rate of expansion of

the spirsl, and because of its logarithmic nature

On the other hend, Carter (1953 p.243) suggests that a
more accurate comparison is obtained if thé reference
points for measurements and_dounts are takeﬂ at precise
distances round the spiral thereby yielding date for
the same degree of spiral growth in all specimens.
However, nelther means of comparison is strictly accurate
for they both aséume that'growth is continuous. A
major pfoblem in the study of many fossi; groups is

the ldentification of equivalent growth stages, and
this is clearly most acute iﬁxforms which display
continuous growth and at the éame time preserve no -

evidence of their ontogeny. Fbrtunately this problem

does not arise in foraminifers,'the majority of which

show periodic growth and preserve their early stages

within the test., Therefore, the proloculum represents
additional chamber represents a precise growth stage

at which the characters of. the test may be compared.

In tests coiled in logarithmic spiral the most accurate
characterisation of the form would result from the

comparison of the parameters of spiral length, axial
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length, and radius vector at points predetermined by
the number of chanmbers. Unfortunately, it would te
impossible to recognise reference points defined in
this way in axial sections, nor could their position
be conveniently estimated. Furthermore, there is no
convenlent means,ef measuring the spira1 length of

a specimen under the microscope. . In any single
population the whorl number closely appfoximates to

" a growth stage for, in most species, the number of
chambers 1n any given whorl is similar. In comparison
with a different species the ﬁhork;mey contain a
greater or smaller ﬁumber of chambers,'and thus, is
not in the strict sense an equivalent growth stage bvut,
in sofar as each whorl is the direct function of
spirsl length, it is a convenient unit against which'
comparison can be, and traditionally has been, made.

In this Study the accuracj with which.measurements
could-be made was limited through studying the specimens
in reflected 1ight; which does not allow observation
at magnifications much greater than 200 diameters.
Consequently it was. not possible to measure the thickness
of the protheca with sﬁfficient’accuracy to provide
meaningful results. This is not, howz=ver, a serious
disadvantage for the thickness of the prothece is not
a blocharacter of'great significance'in Endothyridae.-

Moreover, in the majority of studies the dimensions
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of the protheca are combined with the basal layer of
epitheca in the spirothecal thickness thereby obscuring

the significance of both biocha:acters. The external
diameter of the proloculum is most typically'reéorded,_
but here the internal diameter is utilised for it has. -
the advantage that it eliminates the ambiguities of
differentiating the prolocular wall from the epithecal
coating and the wall of t@e embracing chamnbers.,

The tunnel angle is disregarded in this study
for, as has been pointed out by Burma (1948 p.759),
it is a compound measure, being a function of the width
of the tunnel and the radius vector. Furthermore, the

majority of species of Paramillerells lack chomata, and

it is possible to measure fhe tunnel angle'only where
the plane of section meets a ‘septum. The value of this
measure is further reduced by&phe fact that the tunnel
- is commonly asymmetrically arrénged in relation to the
sagittal plane of the specimen.

Althougﬁvin many studies they have been ignored
or approximted, the septal or chamber counts are here
'regarded-as of-fundaﬁental importanée, and are recorded
at successive half whorls with the diameter.of the test.
The adventage of recording diameter at each half whorl
is that radius vectér, or the height of the whorl
(volutioh) can be derived for comparison with other

studles where these characters have been utilised and,
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furthermore, it provides a more detalled and complete
characterisation of the test.

On axial sections the dlameter was again measufed
-at each half whorl along with the axial length,
" (maximum width of whorl) and from these dimensd.bns'
the ratio of length to diameter, or form ratio, can be
calculated. The diametsr measured on axial sections
is not comparable with Sagittal sections because, as
has been demonstrated by Burma, the.position of the
whorl can only be estimated within half a whorl.
In most of the pdpulations observed the diameter
measured in axial sections gives a value less than
that in sagittal sections (Table 3), while V, the
coefficient of vériability, is generally a little
higher. Although comparisonng the dimensions of
axial sections is ﬁsed almost éxclusiveiy in systematic
studies of Russian authors, in fact, this provides
therlaast accurate comparison and'should be used only ‘

in determining form ratio.
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TABLE 3,

1st Whorl 2nd Vhorl

Sagittal Axial
Limestone . Locality Diameter Diameter
- (microns) (microns)

'.._l
L]

Lyoncross Whitecraigs 76 75
2. Lyoncross Clarkston o 73 B
9. Lyonecross Craigburn 94 89
4, Lyoncross Muirkirk 94 88
5. Orchard Strutherhiil 72 | 74
8. Orchard Ponlel Water 73 70

.(1,2.Paramillerella indicis, sp.nov.: 3&,4.P.ayrensis

sp.nov.: 5,6,P.radiata (Brady).

In Table 3, the sagittal diameter measurea on
populations from differenﬁ 1ocalities of the same
horizon are more accurate than the axial dlameter at
the same loéality. Moreovef, at different locélities
the diffefence in axial diamefer approaches statistical
significance in some inétances;

The majority of the measurements, as has been
discussed, were made on sections dbserved'on polished
slices of limestorne. The advantage of this method
of study is that, providing the popﬁlation has not
previously been selectively modified.by sedimentological’
or diagenetic factors, sampling is effectively random;
the sample of the population being selected by the cut

of the saw, unlike material obtained from shales
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where sieve size and the bias of hand picking the
sample can introduce sampling errors. Préferred
orientation of the specimens in the linestonemay
introduce sometias in the number of axial or sagittalwr
sections observed in a slice, but this can generallyw -
be overcome by slicing the rock parallel to and at
right angles to bedding. From the point of view of
~obtaining a sample of maximum contemporaneity it is
best to utilise sections parallel to a single bedding
_plane but this is commonly impracticable and, for the
most part, material from a single hand specimen

' 20-40 cubic inches, gives satisfactory results,
yielding samples of up to 50 specimens in both axial
and sagittal planes of sect;on.

For each of the measuréq biocharacters the
"following basic statistics hé}e been calculated and
are'stated for each half whori, |

"N = the number'qf specimens in the sample

containing the appropriate number of

whorls.
X = the mean for‘fhg character at each ,
whorl.
B..= _the standard'deviation..~‘
ex = the standard error of the mean.
V = coefficient of variation.
OR = the observed range of the character .

'at‘each half whofl..
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In addition, from the mean diametef of each whorl,
a épiral ratio is computed which compares the diameter
at successive whorlé and provides an indication of the
rate of expansion of the whorl This measure was
suggested by Davies (1934) for the study of the spiral
of nummulitids and allied gene?a, ‘and as he pointed |
out, provides a more precise measure of.the'type of
coil thén terms such as tightly or loosely coiled.
It is a somewhat cruder measure than the spiral angle
but is more readily obtained. Finally the whorl
frequency'ié recorded as an indication of the
predominant growth stage in the populétion.

Over 1 040 specimens of Paramillerella have been

gxamined 1nv lvlng twelve populations rapgipg in gamp
size from 42 to 140 specimehg. Ip every group studied
'so far, differences in samplés drawn from the same
horizon, but differing localifﬁeé, are insignificant,
and are less than differences observed between
populations from differing stratigraphic positions.
The relationship is, of course, cohvéniently emphaéised :
by the rhythmic character of sedimentation which pfgduces,
for the most part, thin and distiﬁct 1imestoﬁe units.
The dimensions of -the populations are highly
varisble and the range of the cosfficient of varisbility

lies weil outwith typ;cal values for a homogeneous

'Sample as discussed by Simpson (1941) and Simpson &
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Roe (1963). The range suggested by Simpson, from

" 4-10 is based mainly on experience in mammals, and.may
not be directly applicable in study of protozoans.
_Very litfle accurate data are available on this
.‘parameter in invertebrate studies and it is not - e
dbsolutely clear how the values obtained should be
interpreted. The figureé are, however, reasonably
consistent for each character, which suggests that
whatever feature contributes to the high valﬁe of

the coefficient of variability, it is inherent in

‘all of the populations.  The mosf obvious sources

of error; inclusion of a range of growth stages cr
more than oné speclies in the sample, do not appear

to be applicable. Most stpiking is the high value

of V obtained for the diametey of the proloculum.

The maximum range observed in\thé populations was

from 14=27, with typﬁ:a1~va1ue$ from 17=-22. Inaccuracies
of measurement discussed above; together with lack of
control in obtalning the maximum proloculum diasmeter
in‘sections, undoubtedlj éontribute to this high figufe,
but eréors of comparable magnitude are likely in the
measurement of the first whorl, and therefore, this
cannot be tﬁe major source of the high variability.

The most obvious éxplanatioﬁ for the large V is that,
while the proloculum in itself undoubtedly represents

a growth stage, it will, nevertheless, provide an
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inhomogeneous sample unless the individual‘reproductive
stage can be identified. Thus the high value of the
coefficient of variability for proloculum diameter

may be regarded as evidence of'dimorphism in

Paramillerella. The high values of V for prolocular -

diameter are not maintained in the diameter of the
whorls, although V is still high, ranging from 10-18,
with mean values of 12-15. In contrast the chamber
counts, though variable, do not show particularly high
values of V, and these normally fall within the range.
5-11, with mean values of 7-9. The implication is,
therefore, that the dimorphism, or high variability

of the proloculum, has a greater influence on the
diameter than on the number of chambers in a given
whorl. It has been suggested both by Le Calvez (1938)
and Carter (1955) that the voiume of a chamnber is
proportional to the volume of brotoplasm occupying
pre-existing chambers and, thefefore, while dizmeter
fluctuates markedly, the nunrber of chambers remains
relatively constant. Thus in a population from the
Lyoncross Limestone at Overlee, Clarkston, an individual
with a proloculum diameter of 40 microns may have 6
chambers in the first whorl with a diameter of 90
microns, and © in the second whorl with a diameter

of 178 microns, while another individual in the same .

ropulation, with the same chamber counts, and a
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proloculum diameter of 20 microns, may have a dizmeter
of 68 microns in the first whorl, and liO microns in
the second. This relationship cen be confirmed
statistically by splitting the population into two
groups according to the diameter of the proloculum
‘which ranged from 17;45 microns, with a mean of 24 .
microns, A diameter of 25 microns was taken as the
dividing line and comparative figurzs for the three

groups can be seen in Table 4.

TARLE 4,
2nd VWhorl 3rd Whorl
Chambers Diamster Chambers Diameter
(microns) | (microng
Whole Sample .
17-43 9.1 | 145 11,73 262
Prolocula 25 9.0 138 11.94 246
Prolocula 25 9,2 160 11.84 281

The means of Table 4 may be compared by the formﬁla,

t = 64
d

where 64 = 8.2 + 822 and d = ¥4 - X
NZ ﬁ|

S = standard deviation, N = nuﬁber of spécimens,
x = the mean.

Considering first the chambers in ihe second
whorl, | |

6d = 0,162 4+ 0.35

= %
ot 22 0.12 4

0.2
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therefore, t = %L%§ = 0.1, and hence, P #; 0.955
similarly in the third whorl,
- 0.796 . 0.939 _ q.o3 = 0.46
a =2 e 0.2 d
therefore, t = Q9248 = 2 and hence, P = 0.955

0.23 i
In neither case is their a significant difference between
the means of the two groups, while, in contrast, the

differences in diamecter yield a étatistically significant

result.

At the second whorl, 4 = 354 + 42 = 5,2, 4 = 22
31 37

therefore, t = %25 = 4.2, and hence, P 0.997

At the third whorl, d = 114 4 178 _ g o7 4 = 35
29 35

therefore, t = %ég = 3.96, and hence, P 0,997

Thus the correlation of the size of the proloculum
with the diameter of successive whorls is demonstrated,
while, because of their consistent volumetric ratios,

»

the number of chambers remains relatively constant;

The .conclusion is, therefore, that for any given

diameter, or spiral length, a test with a small
prdloculum will contain more chambers than one with

a large proloculum: a relationship which has already
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been established by Carter (1¢53) in Cperculina.

Furthermore, it demonstrates, as Burma (1948) points
out, that an unthinking attempt to split a group of
individuals will probably be successful, and mofe
probabiy wrong. Thus Cooper (1947) has based three

species, lMillerella zelleri, M. chesterensis, and

M. kinkaidensis, on a single group of specimens from

a one foot shéle horizon, differentiating them on
proloculum size and character of the Jjuvenarium:
characters which, as has been discussed, control the
absolute dimensions of the whorls, and allow the
recognition of artificizl size groups.

How far absolute‘size may be taken as a specific
cheraéter, thus becomes a factor of crucial systematic
importance, particularly in view of the fact that
ecological factors are reporﬁed to have a direct
influence on size. The evidence is, unfortunately,
somewhat contradictory, and végue regarding what is
meant by such terms as 'dwarf', or larger size. It
is particularly important £o recognise whether change
in size results from larger or small chambers or s%mply
from a decrease or increase in the number of chambers
pfesent in the test. Unfavourable conditions of
" oxygenation and salinity (lfiller, 1953, Le Calvez &

Le Calvez, 1951 and Lalicker, 1948), and nutrition

f
A
1

Zoltovskoy, 1956) have been suggested as the cause
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of dwarf and depauperate faunas, In contrast, in
unfavourable conditions of temperature, or temperature
and salinity, where frequency of reproduction‘and rate

_ of growth decline, it has been suggested by Bradshaw
(1957) that larzer specimens may be expected. VIn -
the latter case, increase ih size is attained by the
addition of chambers over a longer éeriod of time,
assuming normal nutritional conditions. The resulting
specimens would differ from those occuring in optiﬁum
conditions only in having additional chambers and
whorls, and not in having larger chambers and larger
whorls, as has been implied by Loeblich & Tappan (1954)

in regarding Endothvra of the Salem and St. Louis

limestones as giant forms resulting from unfavourable
environmental conditions.

Although it is believed‘that protoplasmic volume
is the ultimate mechanism confrolling chamber addition,
it should be noted that Lister (1895) and Jepps (1942)
reported regular additions of chambers; one every Other
day over a period of three months, in young individuals

of Elphidium crispum. If chamber addition was simply

a periocdic or rythmic functiom of growth then chamber
size, within the limits of the architecture of the test,
would reflect the relative nutritional success or failure
of the individual, and1individuals in a consistently

voor nutritional environment may add a emaller cheamber
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than those enjoying optimum conditions. In so far as
marine environments are compératively uniform in any
one geographic locstion, the conditions enjoyed by &
single individual in relation to its fellows are not
lixely to remain uniformly good or bad. For the
majority of the population an sverage condition will_
be experienced, leading to consistent dimensions for
the population. In a different environment the species
may enjoy quite different hutritional conditions and,
therefore, the average dimensions of each chamber,
‘and thus of the whole test, may differ. If this
relationship was wholly accepted, then facieé would
rlay an overwhelmingrole in the systemétic study of
fossil foraminifers, and absolute size would have very
limited significance.

An interesting comparison is available in

populations of B. (P2rsmillerella) obtained from the

Lyoncross limestone (Text fig.19). From two localities
in the Central Coalfield area of the Midland Valley of
Scotland a small form was obtained of which the
dimensions are given in Tables 1%,14 and 15,135, From
two localities in the. Ayrshire and south Lanarkshire
Coalfields another form was obtained, having an
ideniical chamber count (Text fig.24 and Tables 25,26
and 27,28) but'differing in sbsolute size.  Although

all four lccalities are considered to bte at the same
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| Stratdgrﬁphic level, located by borehole control, |
and are velieved to be contemporaneous, so far as can
be determined, it is probable that they were originated
in separate basins martially or wholly isolated from
each other by land or submarine,ridges. Thus the
populations from the two basins could be regarded as
belonging to the same species displaying large size in
marginal conditions of temperature andrsalinity, or
through experiencing very ruch richer nutritional
conditions in one basin than the other. Such an
explanatioﬂ does not appeaf to be écceptable, however,
if the volume of protoplasm is a controlling factor in
growth., It has beeﬁ reported by Jepps (1942) that

in Elphidium an unfavourable nutritional environment

leads to degeneration involving the slowing of the
activity of the pseudopodia with the gradual loss of
their granules which(is_associated with a def'inite
thinning and decrease in volume of the cytoplasm;

Elphidium was observed to be able to withstand long

periods of starvation, artificially ih the laboratory
and during the winter months in the sea, and was seen
to return to normal growtﬁ after a week to ten days of
good living. Thesec observations certainly suggest
that protoplasmic volume controls thz growth of the
~test but is not clear how far nutrition and ofher

environmental factors may be able to modify this
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fundamental physiological control. Le Calvez (1938)
has suggested that seasonal changzs in temperature,

salinity, and density have relatively little effect

. on chamber form, although he considered the surface

tension of the cytoplasm and its surroﬁnding medium -
to be of importance.

Although the evidence is not entirely conclusive,
it suggests that in logarithmically coiled forms, such

as Paramillerella, the absolute size at any given whorl

or spiral length will be determined, first by the
reproductive cycle and the fangevof sizes of
proloculum which results, and secondly byythe size of
chambers formed, which appears to be controlled by the
genetic factors of the individual species (Le Calvez,
1938). Therefore, to estabiish true size differences
it is necessary to compare thg volumetric relationship
of the chambers, and estabiish_the normal range of
proloculum diam=ter. This is best accomplished by
population studies in which the variability can be
assessed and the ranges and means of the biocharacters
established. Returning to the éxample of the porulations
observed in the Lyoncross limestone, comparison of the
dimensions shows that although the populations differed

in size, the ratios of the characters are, in fact, very

similar: form ratio, spiral ratio, and ratio of

proloculum diemeter to later whorls. In general
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proportions of the tests of the two populations are
similar, however, the range and nmean diameter of the
proloculum differs, and the ratio of charbers to
diameter, the Ayrshire populations having 27 chambers
at a diameter of 520 microns, while the populations
from the Central Coalfield have 33 chambefs. Thus,
although they undoubtedly show a great similarity of
form, éarticularly invaxial sections, these populations
are regaerded as representing two distinct species.
It is worth noting, however, that these populations show
a distinct overlap in the range of their biochéracters, 
and their differentiation could be a difficult matter
if reliance is placed on & small number of axisl
sections, as is customary in many systematic studies.
In populations from the Upper. Limestone Group, the
comperison of mean nurber of cherbers against the mean
diameter at successive whorls (Tekt»figs.ZS & 24) shows
that this is a ratio of great stratigraphical and
systematic importance. | |

The results of this study suggest\that samplesg of
25 specimens adequately characterisé a population,
although with a ssmple of this size, it is often found

that the number of specimens developing a full complement

" of whorls drops t0 a point where they no longer provide

vadequate data forAthe final whorls. The final whorl

cormmonly shows the greatést variability for it is not
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uncommon to find that:the last few chambers of a
complete adult specimen become very much more inflated
than those of the preceding whorls and, thus, the last
whorl has not many more chanbers than the penultimate
whorl. Since measurement is made from the proloculum -
outwards, in some cases the inflated chanbers of the
final half whorl azre not considered, and, in many
specimens, the last half whorl with its more strongly
inflaeted chambers is broken, crushed and distorted.
Thus measurements of the final whorl are most variable,
and provide the least relisble comparison of
paramillerellid tests, Samples of less than 20
specimens, while undoubtedly of vélue, do not yield
entirely reliable and consistent results because of

the high variability of the popu1éFions.

As quantitative methods.have been progressively
applied in palxz=cntology, the inadequacies of traditional
typolcgical methods havé become increasingly apparent.
Realisation has become more widespread that what the o
systematist should describe are populations and not e
individuals or types. Unfortunately,-the step from
realisation to apvlication is not a simple one, =znd
contradicton'views are'ézpressed reéarding the solution'
of this problem. 'The extremzs of viewpoint may be
summarised, on the one hand, by Arkell (1956, pp.97;99)

who consilders the species in palzontology as an
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artificial unit deterﬁined subjectively against the
experience and character weighting selected by the
'competent' systematist., Attempts to rationalise
the conception of a species in palzontology he
dismissed as semantical. On the other hand, while
arzuing for quite different reasons that the species
is artificial, ‘2 mental construct without objective
existence', Burma (1949 p.369) seces the solution to
the problem in svecies defined on an arbitrarily
selected unit of their parameters.  Between such
extremes lie compromises suggested by such workers
as Davies & Trueman (1927 pp.218-219), Trueman & Weir
(1946 pp.XX-XX1), Eagar (1952 pp.l-4, 1956 pp.111-116),
or the slightly mors statistical approach to morphotypes
adopted by Sylvester-Bradlefﬂ(1958).

In systematics of Upper Eakﬁozoic.smaller
Foraminifera conventional paleontological descriptive
methods have been applied, and, indeed, it could fairly
be said that in work of Russian‘authors the type concept
has been carried almost to its ultimate extreme. This
afises through the study of foraminifers in random-
sections, and without thorough morphologiéal analysis
of species or genus, morphospecies are commonly identified
on the basis of a single random fragment whose characters
ere determined more by the attitude of the secton to

the_priginal specimen, than any intrinsic morphological




62,
attribute of that speéimen. The crudity of this
method, despite expectation, does not overwhelm the
fundamental reality of evoluticnary change, although
the details become seriously blurred. As a
stratigraphic tool, it is a blunt instrument, yet by
its qualitative assessment of variants, through
comparison in the conventionai manner of morphotypic
species in cherts of range and sbundance, provides &
workable zonation. Cummings (1958, 1961) has argued
that, in dealing with random fragments in thin section,
'identification of the conditions of the biocharacters
should largely replace that of the individual(specimen',
which may indicate the presence of a particular family
or genus but rarely that of a morphospecies. Thus
fossll assemblages may be regarded as a summation'of.
the conditions of wvarious bidcharacters of differing
families and genera rather thép a community of species.
Such a technique simply hedges the nomenclatorial
problém in order to facilitate its stratigraphic
application, and apart from its éimplicity of
applicétion, its end product is a zonal scheme no more
»detailed than that obtained in the éqnventional manner
discussed above,

In an attempt to obtain more detailed stratigraphic
subdivision of the Upper Limestone Group (Fr.2.10,

Cummings, 1961) greater emphasis has been placed on
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.the_examination and estimation of the characters of
the populations. Thus, while Cooper (1947), St. Jean
(1958), and Kanmera (1952), have identified a number of
morphospecies_from a single'community at a single
horizon and locality, here, by definition, (Mayr, 1949, -
Burma, 1948), such populations are regarded aé a single
species. TLimitations on this hypothesis must of course
be redognised (George, 1956 p.1l27), but, as Burma has
suggested, it should be the starting point of systematic
study. In other words the population should be
considered innocent untii proved guilty. In the pfesent
study, examinétion of population characters, rather
than those of individuals, provides a far more revealing
and detailed stratigraphic gubdivision than could have
been attempted by conventional.methods. With this

justification all species of Paramillerella are despribed

with reference to.populations father than to types, -
although the name of the species_is applied to an .
individual displaying, so far as possible, the modél
characters of the population.- Thus, the systematist

of conflicting viewpoiﬂt may choose to éccord more _
peripheral variants of the populatior separate status,
but this woﬁld simply blur the fact that population
structure is a very exact measure of evolutionary stage,
hence geological age., Only populations, not individuals

evolve (Newell, 1956 p.79).
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For the most part; the difficulties of sutdivision -
of the lineage or chronocline recognisable within the
paramillerellids of the Upper Limestone Group are
solved by the arbitrary subdivision of cyclical
sedimentation, and differences in characters lie well‘.'
outwith the arbitrary statistical units suggested by
Burma (1948 p.740) or Sylvester-Bradley (1951), but
would lie well within thdse of Mayr, Linsley & Usinger,
(1953 p.l142) or Haldane, (1949 'p.42). Application of
the subdivisions advocated by the latter authors would

lead to groups far broader than those typically

| recognised in present systematic treatment of
paramillerellids. Whiie this may be in part a
reflection of the inadequacies of the methdd, if one
is, in fact, dealing with a chronocline then the sub-
:divisions of Burma and Sylvester-Bradley are valid -
and useful in a stratigraphicalxcéntext. Accordingly,
in.a single instance, subspecific rank has béen extended
to populations whose means lie just beyond the 95%

limits of confidence.
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SYSTEMATICS.

In recent years the phylogeny and systematics of
endothyrid and primitive fusulinid foraminifers have
been the subject of a number of major studies, notably -
Reitlinger (1950, 1958), Rauser-Chernoussova & Fursenko
(1959), Rozovskaya (1961, 1963), and Loeblich & Tappan
(1964). The full historical development of research
on this important group of foraminifers has been fully
reviewed in the above studies, énd'the present
discussion is concerned mainly with present condition‘
of classification,

Although Endothyra was recognised at an early

date (Dunbar, 1933, 1940, Dunbar & Henbest, 1942) as
an ancestor of the fusulinids, a comple te classificatory
dichotomy has, for the most ﬁart, been maintained
between the two groups. The olassification of
Glaessner (1945) provided the sole exception and
recognised the close phylggenetic and struéturai
parallels of these families by including them in the

éuperfamily Endothyridea, Wood (1949) also emphasised

_the fundamental similarity in wall structure between .

Endothyra and the fusulinids but, nevertheless, later
classifications (Cushman, 1948, Pokorny, 1958,
Rauser-Chernoussova & Fursenko, 1959 and RozovSkaya,

1963) continue to mainteain a classificatory isolatioh
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of the families although the studies of Thompson (1942),
Scott, Zeller & Zeller (1947), Zeller (1950), Anisgard
& Campau (1963), and Moore (1964) show that the
families are much more closely related than current
classificatory systems lesd one to expect.

A review of thevbiocharacters of endothyrids
end fusulinid foraminifers shows that, at least as
present classifications stand, there is no unique and
characteristic group of blocharacters which would
distinguish one group to the exclusion of the othef.
The specialisations of wall structure observed in the
fusulinids are foreshadowed in the developrment of

alveolar structure in Bradyina, and the development

~of pors in Endothvra, and, as has been emphasised by

Wood (1949 p.239), the fundamental basis of the wall

‘in both families is fine grained homogeneously granular

calcite.

Both families secrete secondary skeleton of finely
granular calcareous calcite and are capable of modifying
the interior of the test fhrough resorptidn. The axial

fillings of liediocris foreshadow this characteristic

type of epithecal modification in advanced fusulinid

-genera. There is however, an obvious contraet in

the devebpment of epitheca in Endothyra as vestibular

hooks and ridges across the floor of the chamber, and

reaching a meximum in the final chanmber, and the
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development of chomata parallel to the tunnel with =
maximum in the earlier part of the test. Nevertheless, -
some authors, notable Anisgard & Campau (1963) and
Rozovskaya (19563), would overlook this basic characteristic

and consider speclies such as Endothyra spiroides, or. .-

Endothyvra symmetrica Zeller as primitive fusulinids.

At one time it was believed that the so called

primitive fusulinids Paramillerellaiéhd Millerella 4id
not possess an apertﬁre tut this hac broved to be aﬁ
unwarranted assumption, énd it is now clear that the
majority of thcse forms have an aperture. The fact
that the tunncl is enlarged by rcsorptioh of the
original apertursl orifice cannot be considered a
significant feature as has been argued by Moore (1964),

for it has been established7by Zeller (1950) that this

same process occurs in Endothyra. Clearly in the_ﬁast
ineufficient attention has becn~given to the aperture
in fusulinid foraminifers, and its classificatory role
is uncertain. There are a number of genera,

Eoschubertella, Pseudostaffella, Ozawainella, etc., in

which the apertural characters remain to be establishéd.
The mode of.enrolment' has also been considered as

a classificatory key but, although the fusulinids are

predominantly planispirally colled it is not exclusivcly

so, and such characteristic forms as Pseudostaffella and

Boschubertells show marked axial rotation throughout a
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major portion of the test, while such typical endothyrids

as Mediocris Loeblichia and Zellerella gen. nov. are

planispiral, Furthermore, axial rotstion of the
initial portion of the test is so characteristic a
feature of fusulinids that it lead to the predictiom

that Endothyra was the ancestral form of the fusulinids

before any of the intermediate primitive forms had been
recognised.

At first sight axial length would appear to be
a bilocharacter useful in separating fusulinid from
endothyrid forms, particularly since receﬁt evidence.
suggests that the loss of the aperture in fusulinids
occurs in association with increase in axial length.
However, for reasons which are as much historic as
phylogenetic, a number of shprt axised forms have
been considered as fusulinids.. This would appear -
to stem from Moeller's (1878) identification of

primitive forms as Fusulinella, followed later by

Ozawa's (1925) grouping of all forms coiling on a

short axis in genus Staffella, The stratigraphié
contemporaneity of many of these forms with more ;
complex and more typiéal fusulinids would appear to
have contributed, as much as their structural develob-
:ment, to their acceptance within that family. Brady
(1876) regarded the planispiral short axised forms as

species of the genus Endothyra, and in a sense,
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following this lead, Cummings (1961) placed the priﬁitive
fusulinids with a short axis of coiling in the family
Endothyridae.

Finally chamber form may be considered as a
determining biocharacter for, while most typical
fusulinids develop rectangulaﬁ chambers with radial
septa strongly differentiated from the spirsl wall,
the chambers of endothyrids are typically inflated
with curved, anteriorly directed septa, poorly different-
:iated from the sPira1~wa11.\ This character alone,
however, does not serve to distinguish the two groups,
for the development of one type of chamber form from |

' the other canbe observed during the phylogeny of

Paramille rella, Moreover, the aistinction becomes

further eroded in more advanced species of Endothvra -

in whiéh chambers begin to assume a more rectangulaﬁ
form, | |

The purpose of this review may appear negative in
its suggestion that none of the biocharacters can be
used satisfactorily in classification, but the main
purpbse is to emphasise the closs'morphological -;
parallels and clear phylogenetic relationship betﬁeen
endothyrid and fusulinid'foraﬁinifers which is not
reflected in current classifications. The only
concession to this relationship in recent classification

has been made by Loeblich & Tappan (1964) in grouping
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superfamilies Endothyracea, and‘Fusulinacea'in the
suborder Fusulinina, btut this was based on the
possession of a granulsar calcareous wall structure,
and led to the inclusion of groups within the super-
:family Endothyracea and the suborder Fusulinina vhose
relationships to the family Endothyridae are very much
more obscure than the relationship of that family to
the Fusulinacea, Moreover, although Loeblich & Tappen
have stressed the importance of wall structure they
have.overlooked its significanée in families such as
Haplophragmellinae, grouping together genera such as

Cribrospira, Mikhailovella, and lMgtinia, which most

authors (Reitlinger, 1958, Ganelina, 1956 and Rozovskaya
1963) waild consider of proven and differing phyletic .
origin, = Similarly the subfemily Loeblichiinee is
artificiai'and grours together an oddment of genera

none of whose characters or phylogenies is very well

understood. With the exception of Loeblichia itself
the rémaining genera would appear to be more logically
vrlaced outside the Endothyridae.

While the classifications of Reitlinger (1958);
Rauser-Chernoussova & Fursenko (1959) and szovskaya
(1963), are poor in that thé dbséure the relationship
of fusulinid foraminifers and their endothyrid ancestors
.in separate order Endothyrida snd Fusulinida, in detsdil,

their treatment at generic 1evel'follows a more logical"'
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course than that suggested by Loeblich & Tappan (1964).
However, a major weakness in these classificatlions is
the subfamily Endothyrinae of Reitlinger, or

Quasiendothyridee of Rozovskaya (1961), with the genera

Quasiendothvra, Paraendothyra, Dainells, Loeblichia, ;

Planoendotnvra, and ZTostaffella; Rozovskaya having

excluded the generes Janischewskina and Cribrospiré from

Reitlinger's family on the grounds of their obvious
structural and phyletic relatibnship to Bradyina.

Study of this family chows that there afe serious
discrepancies in the projected phylogenies of its
genera. Regarded as having been derived from

Quasiendothyra by Reitlinger (1958), Planoendothyra

is here regarded as a Jjunior synonym of Endothvrs, and,
even were this synonymy rejected, it is clear that

Plancendothyra, as represented by its type species'

Endothyra aljutovica Reitlinger, is the culmination

of a well defined bioserieS‘ocburring‘in Endothyra

in Nemurian and Middle Carboniferous strata. Thus

should tgis form be accorded generic status it must

z

The genera Loeblichia and Novella show a marked

morphological similarity despite their 'assignation
to separate families and orders, and they would appear
to represent'no mcre than thé opposite ends of the

same phyletic line. Great stress has been laid on
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the altered nature of the wall in Loeblichia (Cummings,

1955, and Fomina, 1958) but this is believed to be

exaggerated and, therefore, Loeblichia is regarded

as a junior synonym of Novellsa. Neither of these

forms, nor the closely related genus, Endostaffella, --

is considered-to have evolved from quasiendothyrids,
which form a highly specialiséd and advanced group

of forms in Upper Devonian and Tournaisian strata.
Quasiendothyrids are specialised in having a double
wall, very heavy and uﬁusually developed secondary
deposits, highly irregular pattern of coiling, tendency
to uncoil, and very commonly a cribrate aﬁerture.

Nore of these characters is passed on to the Visean
'forms.which show gquite simple structures, are strikihgly

knking'in secondary deposits} and resemble Quasiendothyra

- only superficially in the patfern of coiling. Suchl

an abrupt simplification of structure ih phylogeny 1is
contrary to the normally observed pattern of development
in most Upper Palsozoic .foraminifers in which tests of
simple structuresundergo progressive elaboration.
Reitlinér(1961 P.27) argued that the great variability
and instability of most of the morphological characters

of Quasiendothyra, together with the appearance of a

large number of characters fixed only very slowly,

during evolution, suggested a period of evolutinar2~

plasticity, or morphological experiment in the order
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Endothyrida, but, while the group is brimitive in its
highly irregular ‘glomospiral' type of coiling, tﬁe
protheca, epithecé, chanber fbrm, and apertural
character provide a unique combination of specialised,
phylogenetically advanced biocharacters. Thus the - 7
quasiendothyrids are not regafded as having had a
directly ancestral role in the phylogeny of the
Endothyridae aﬁd, indeed, like a number of other
Devonian foraminifers their relationships to later
groups are not entirely clear.

An unusual feature of the genus lMediocris, type.

species Eostaffella mediocris Vissarionova, is the

.fact that it has not yet been figured in ssgittal

section, and its relationship to Plectogyrina, type

species Plectogyrina fomichéensis (Lebedeva) in Rauser-
 Chernoussova & Fursenko (1959, pl.V. fig,lB), not yet
figured in axial sections, would appear to require.
further study. The broadly rounded periphery and
evidence of a.degfee of axial rotation in the early
whorls of this formvsuggest that it is more appropriately
assigned to the subfamily Endothyrinae. -
Fpllowing'is an qutline of the classification
adopted herein with the supérfamily Endothyracea as
proposed by Glaessner (1945) withih the suborder .

Fusulinina as proposed by Loeblich & Tappan (1984).
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Suborder  FUSULININA  Vledekind, 1937.

Superfamily ENDOTHYRACEA Brady, 1884.
Faﬁily ENDOTHYRIDAR Brady, 1884%.

Subfamily Endothyrinae Srady, 1884, with the genera;

Endothyra Brown, 1843, sensu Bready, 18786.

Endostaffella Rozovskaya, 1961.

Endothyranella Gallowsy & Harlton, 1930.

Globoendothyra Reitlinger, 1959.

Mediocris Rozovskaya, 19561.

IMikhailovella Ganelina, 1956.

Novella Grozdilova & Lebedeve, 1950.

Zellerella gen. nov.

Subfamily Bradyininae Réitlinger, 1950, with genera;
Bradyina Moeller, 1878.
Glyphostomella Cushman & Waters, 1928

(= Pseudobradyina Reitlinger, 1950)

Cribrosnira Moeller, 1878.

Endothyranopsis Cummings, 1955.

Jansischewskina Mikhailov, 1935

(= Samarina Rauser-Chernoussova and
Reitlinger, 1940).

Khalerina Kochansky-Devide & Ramovs, 1955.

Subfamily Ozawainellinae Thompson & Foster, 1937

Ozawainella Thompson, 1935.

Millerella Thompson, 1942.
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Paramillerella Thompson, 1951

Reichelina Erk, 1941,

Pseudostaffella Thompson, 1942.

The genera, Leella Dunbar & Skinner, 1937,

Rauserella Dunbar, 1944, and Toriyamaisa aré

transferred to the subfamily Schubertellinae.

Family STAFFELLINDAE Miklukho-Malilay, 1949,

Pseudoendothyra Mikhailov, 1939,

Nankinella Lee, 1933,

Staffella Ozawa, 1925,

Sphaeruling Lees, 1933

Pisolina Lee, 1933.

Family QUASIENDOTHYRIDAE Rozovskaya, 1961.

Quassiendothyra Rauser—Chernoussova, 1948.

Klubovella:Lebedeva, 1956,

Dainella Brazhnikova, 196%.

Paraendothyra Chernyshevé, 1940,

Family FUSULINIDAE von Moeller, 1878.
Subfamily Schubertellinse Skinner, 1931.
Subfamily Fusulininae von Moeller, 1878.

Subfamily Schwagerininae Dunbar & Henbest, 1930.

Family  VERBREKINIDAE Staff & Wedekind, 1910.
Subfamily Verbeckininae Staff & Wedekind, 1910.

Subfamily Neoschwagerininae Dunbar & Condra, 1928.
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Suborder  FUSULININA  Wedekind, 1937.

Superfamily ENDOTHYRACEA Brady, 1884.

Test fully septate, multichambered, enrolled
planispiral, or plectogyral, discoidsal, spherical,
fusiform or sub-cylindrical in shape, sometimes with
‘a rectilinear stage; chambe ps not labyrinthine but
in advanced forms subdivided into regular chamberlets;
protheca calcarecus, constructed of finely granular
homogeneous finely granular calcite, exceptionally
with certaiﬁ amount of incorporated calcareous
fragments, commoniy with pores ('fibrousf); or simple
to complex alveolar structure; interioerf teast |
modified by resorption, and.- by deposition of epithecsa
as thin basal coatings, sutural deposits, vestibular |
hooks and ridges, axial deposits, pseudochomata,
chomata, and parachomata; aperture in simple forms,
terminal, basal, lunate, occasionally cribrate, areal,
or complex, absent in advanced forms; tunnel, tunnels,
or foramina typically produced through resorption of
septa in advanced forms, thrdughienlargement of the’

apertural orifice in primitive forms,

Discussion:

This is essentially the conception of the superfamily

proposaiby'Glaessner (1945 p.107) and, althougn several
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authors, including Glaessner, (1963 p.11l) Cummings
(19554, B), and Loeblich & Tappan (1953), argue that
the similarities of wall structure in Nodosinellidae,
Tetratakxidae, Biseriamminidae, Archaediscidae,
Lasiﬁdiscidae, Palaeotextulariidae,IPtydhocladiidae,
etc., warrant their inclusion within the superfemily
Endothyracea, it is considered that»in none of these
families, with the possible exception of the
Palaeotextulariidae which Cummings (1955B) regarded .
as having evolved from a colled endothyrid ancestor,
is there a clearly established phylogenetic link with
the endothyrids. Furthermore, in many instances,
comparison of wall textures are superficial. The
fibrous‘ekment in the wall of the Tetrataxidae and
Lasiodicidase, Palaeotextulariidse, and Archaed}scidae
is probably not an andogous structure in origin or
function, In the classification adopted by Rauser-
Chernoussova & Fursenko (1959) the Archaediscidas and
Lasiodiscidae were considered t0 be Familiae Incertoc
Sedls, while the Tetrataxidae and Palaeotextulariidae
were acsigned to the orders Ataxophragmida and
Textualriida respectivelj. In contrast, as Glaessner
(1945 p;87 and 1963 p.10) has emphasised there is little
" doubt that the Fusulinidae are derived directly from
the Endothyridae; a phylogenefic interpretation few

authors would seriously contest. Thus the idea
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expressed by Glaessner (1963 p.l10) and inherent in the
classifications of Loeblich & Tappan (1964) and
Rauser-Chérnoussova & Fursenko (1959), that it is more
convenient to consider the Fusulinidae as a separate
superfamily, seems a wholly subjective and artificial
systematic artifice. |
| The Tournaye]lldae are considered to be very

closely rolated to the Dndothyrldae, and 1f they are
not the direct ancestors, they represent a parallel
offshoot from the:ancestral stock from which the
majority of Carboniferous endothyrids were derived.
The tournayellids are not, however, included‘within
the Endothyracca because of the pfimitive subtubulér,
non-septate to pseudoseptate condition of their tests,.
which démonstrate unambiguoﬂ$1y tﬁeir primitive
character and their affiﬁitieé}to an 'ammodist:idi

ancestor. | | 1
Family  ENDOTHYRIDAE Brady, 1884.

,Tést chanbered, enrolled, éompianate, discoidal,
or globose, planispiral, or plectoéyral, sc.Jme‘t:irﬁ:as'w
uncbiled;} septa plane; aperture simple, terminal,
basal, lunate,‘or less fréquently, cribrate aresl,

or complex.
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Subfamily  ENDOTHYRINAE Brady, 1884.

Test complanate, discoidal to mautiloid,
plectogyral, approaching or beqoming planispiral'
in adult whorls, involute br evolute to0 uncoiling;
number of whorls typically less than 5; chambers

inflated, elongate to quadrate in sagittal sections,

“usuzally few in a whorl; peripheral margin broadly

rounded; septa plane, convex, anteriorly directed,

poorly differentiated or undifferentiated from spiral

- wall; protheca finely granular, homogenous, or with

pores ('fibrous'); epitheca forming tasal connecting

deposits, and typically forming vestibular hooks and
ridges, more farely pseudochomata, or axlal deposits;.

aperture simple termina1 1unate, areal or cribrate.

Genus ENDOTHYRA Browﬁ, sensu Brady, 1876.

Endothyra. Phillips in Brown, 1843 (nom, conszrv.
I.C.2.N. (S.) 768 alYernative proposal pending).
- Phillips, 1848, (nom. conserv. I.C.Z.N. (8)

768 pending).'

BErady, 1876 (pars) (E. bowmani = Involutina.
lobata Brady, 187=). |

Waters, 1928.. |

Cushman & Waters, 1928.

Rauser-Cherncussova, 1937 (pars).
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Rauser-Chernoussova & Reitlinger, 1953 (pars)
likhailov, 1239 (E. bowmeni of Brady, 1876, non

Phillips, 1846 = E. bradyi Mikhéilov).

Che rnysheva, 1940,

Plummer, 1944 - Cooper, 1947 - Scott, Zeller
& 7Zeller, 1947, )
Rauser-Chernoussova, 1948 (pars).

Reitlinger, 1950 - Schlykova, 1951 -

. Henbest, 19568 -~ Morozova, 1949 - Grozdilova
& Lebedeva, 1954 (pars) - Lipina, 1955 (pars)
Bragzhnikova, 1956 - Malakhova, 1958, 1¢97,
and 1959 - Ganelina 1955 (pars)

St. Jean, 1957 (pars) - Potievskaya, 1958.
Orlova, 1958 - Durkina 1959 (pars) -
Rozovskaya & Henbest, 1952 I.C.Z.N. (S) 768.
Boghush & Juferev, 1962,
Rozovskaya, 19863,
Loeblich & Tappan, 1984,

Rotalia Hall, 1856 (non Lamarck, 1804)

Involutina Brady, 1870 (pars) (non Terquen, 1862)

Plectogyra Zeller, 1950 and 1957 (pars)

Wray, 1952 - Lehman, 1953 - D.N, Zeller,
1963 -~ Vdovenko, 1954 -’ Woodland, 1958.
Okimura, 1958 -~ Voloshinova & Reitlinger,
in Rauser-Chernoussova & Fursenko, 1959 -

Boghush & Juferev, 1960 - Lipina, 1960
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Miklukho-Maclay, 1960 - Voizekhovskaya, 1961
Schlykova, 1961.

Granuliferells Zeller, 1957 (pars)

Paravlectogyvra Okimura, 1958.

Planoendothyra Reitlinger, in Rauser-Chernoussova ’

& FTursenko, 1959,
Boghush & Juferev, 1960 and 19562.

Rozovskaya, 1S63.

Plectogyrina Reitlinger, 1959, in Rauser-Cherncussova

& Fursenko - Rozovskaya, 1963.

Tvpe Species - Involutina lobata Brady,- 1870 = Endothyra

bowmani by designation I.C.Z.N. (S.) 768

rending.

Description:

Test free, charbered thfbughout, plane of coiling
changing throughout growth, possibly umbilicate on one
side.only, partially involute; periphery typically
broadly rounded; chambers inflated with asymmetrical
apeftural face in_most stages of growth, with 4 or 5 in
first whorl, 5-=7 in Seéond whorl, and 6-1C in the third
and fourth whorls; aperture basal lunate to semi-
:circular slit reflecting asymmétry of épertural face;
sutures distinct dépfessed; septa curved, anteriorly
directed; secondary deposits usually well developed,

formed in two stages, first the development of the
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vestibular ridge, in cross section mound or hook

shaped, slightly curved pdsteriorly'across floor of
chamber, flattening out in axial ends of chambers,
maximum expression in final chamber; second, the
development of mofe extensive basal and sutural deposits,
often thickest in earlier chambers; protheca calcareous,
dark, finely granular, homogenous, fine pores probably

present; proloculum spherical to ovoid.

;Ontdgeny:

The ontogentic development of Endothyra is usually
simple; a spherical proloculum is followed by well

developed inflated clearly septate chambers in a

‘plectogyroid coil. In certain species, such as

Endothyra baileyi (Hall), however, the proloculum is
followed 5y a number of elonéaée subtubular chambers
with‘short, anteriorly directed septa (Scott, Zeller
& Zeller, 1947, Plate 84, fig.l-11). The form and

'septation of these chambers is closely similar tp that

seen in tournayellid genera such as Septabrunsiina or

‘Tournayella and, therefore, éuggests a definite phyletic

-4

link between Endothyraz and this primitive family.

The rotatﬁon of the axis of coiling in many caseé
appears fo decrease in the outer'whoris, and in some
individuéis there isrevidencelthat the coiling behaves
aberrantly, possibly réacting.to stimuli such as cau#e

the remarkable reversal in the direction of coiling in
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some individuals of Paramillerella (Plate 8, fig.l).

The appearance of 1:-2 whorls apparently.planispirally
coiled in horizontal axial sections (Grozdilova &
Lebedeva 1954 & 1960) does not necessarily indicate
that axial rotation has ceased. The width of the
tunnel expands rapidly in outer whorls, and it may be
wider than the displacemént of the angular rotation‘
of the whorl, in such a mesnner that the mid-point of
the tunnel will be displaced only slightiy from the
plane of the hofrizontal axial section. The
criterion which determines a truly planispiral coill
is the condition in which the chambers lose their
asymmetrical, evolute-involute form, and embrace -the
test with uniform prolongation of their axial ends.

The aperture is a simple crescentic slit at the
base of the last chamber throughout growth, and in
most species the apertural arég is modified by g
vestibular ridge which:dées not maintain a constant
elevation across the floor of the chamber, but tends
to reach a position which is determined.by'the height
of the apertural arch (cf. Text fig.4A, B, & C). .As
"the aperture is asymmetrical, and the contour of the
floor of the chanber may vary depending on the attitude
of the coil af any particular growth stage, it is pqssﬂﬂe
‘to produce considerable variation in cross sectiona1;~i_

appearance of the vestibular ridge within a single:
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specimen or species. The basal deposits.of juvenile
individuals are usually thinner than the Juvenile |
stages of an adult specimen, and in some species the
vestibﬁlar ridges are poorly developed in the juvenile'
individuals as compared with the adults. -

The morphologicai expression of dimorphism in
this genus is not fully understood at present. It
has been suggested by Henbest (1953 p.64) that the -
dimorphism is expressed in the variatiop Qf the degree
of axial rotétion, and that there is a range from
planispiral to plketogyroid forms. Although thié
relationship has not been substantiated it could have
limited applicability in some populations of Meramecian
age. At other horizons,\howeverl dimorphie variation
in axial rotation, if present, is of more moderate
pfoportions. | :

It has been stated by Rozovskaya (1963 p.33) that

species of Endothyra determined on external form,

. dblique, or horizontal axial sections only are invalid.

Clearly species described'only on external form'requife
revision, and it is true that species described only on
a single section, or on sections of one particular type,

are rather unsatisfactory., It is, however, a little

surprising to find gpecies based on a number.of well

centred horizontal axial sections invalidated while a

vast number of species based on a variety of imprecise
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sections are accorded validity. Vertical axial
sections or near vertical axial sections are no more

satisfactory in determining the characters of Endothyrs

than the complementary section, and the addition of
another poorly orientated section will not necessarily -
help to define the biocharacters of the species. From
Zeller's excelient expoéition of the structure of

of Endothyra, and from the results of the preéent

study, it is clear that centred horizontal axial
sections are.most'valuable for'taxonomic purposes,
(ef. Text, figs.4A~C),Since they reveal the'nature and
development of the basal'deposits while giving some
indication of the degree of axisl rotétion together
with detalls of the chambers and septa. Ideally a
transverse section should.also be given, (Text, fig.4G)
however, since there is no uﬁ?ﬁbiguous morphoiogicai
guide to the location of this p1ane of’séction, its
selection is largely a matter 6fAchance, and vertical
axial sections rmust be relied on in most cases.

At leasttwo thirds of Russian descriptions of

Endothira;give no detailed account of the character,
of the secondary dencsits, and it is appareht that
little importance is attached to this.particular
biocharacter. The characters which Russian authOpsA
(Rauser—Cherhoussova; 1948, ﬁeitlinger, 1950,

Grozdilova & Lebedeva, 1954, Rozovskaya, 1963, etc.)"



TEXT - FIGURE 4.

Endothyra phrissa (D.N. Zeller), reconstruction

based on serial sections, X100 approx. (Stippled

protheca: black epitheca).

1-3.

A-C.

G.

apertural and lateral views. -

norizontal axial section and parallel
horizontal sections showing variation in
apertural height and in the development of
the vestibular hook. | |

vertical axial section.

~horizontal axial section in penultimate

whorl.
horizontal axial section in first whorl.

transverse section showing the positionsA
of each half whorl and thereby the axial

rotation of 180 degrees.,
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consider significant are those displayed mqsﬁ clearly
in axiai sections, such as, ratio of axisl iength to
diameter, character of the umbilicus, degree of
involution of whorls, and character of the peripheral
margin. Although some of these’characters are’
obviously of importance, most of them, in‘detail,
subject to gross variation resulting from the changing
" external morphology of the test during growth. This
.is illustrated in Text fig.5; in which the changing

aspect of the test is reconstructed as successive

chanmbers are removed.

Comparison and Affinities:

Recently the name of this genus has become the
centre of considerable contfqyefsy, and is at present
the subject of a petition to ihe International Commission
on Zoological Nomenclatureg thé-result of which is
rending. |

The history of this particuiar taxonomic rmuddle is

that Brown (1843, p.l17, P1.6, fig.2), gave the first

description and figure of Endothyfa bowmani,lbut,
although he attributed the suthorship’ to Phillips, it

is clear that he alone was responsible for its indication,
definition, or description. Thus contrary to St. Jean
(1957 & 1962, p.402) Brown, (1843) has priority over all

other references to Endotﬁyrat'

Phillips later (1846, p.17, fig.l) published his



TEXT - FIGURE 5,

Endothyra phrissa (D.N. Zeller), reconstruction

of the external form of the test with the subtraction
of successive chaﬁbers and illustrating the manner in
which chamber form and apertural shape are controlled

by plectogyral modé of coiling, X125 approx.
1-1b, lateral view. -

2-2b., apertural view showing clearly varying
form of the aperture, and alternatingv
involution and evolution of chambers

on opposite sides of the test.

S=-3b. opposite lateral view,
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own description of Endothyra bowmani with a figure which

differed radically from that of Brown. In his monograph,
Brady (1876 p.29,93) with a broader understanding of

Endothyra fhan wbuld be accepted at present, and

unaware of the description by Brown (1843), took . .
E. bowmani Phillips as the type of genus. Brady
realised the inadequacies of Phiilipé? figure and
description, but suggested that it must be taken for
wﬁat it was worth. It is apparent that, as first
reviser, Brady had no knowledge of Phillips's type
specimens; a fact which is apparent from his comments
on p.1l4 of the monograph. Indeed, it is probable that
Phillip's material had already been lost at this time
for a large vpart of his coliection was destroyed

during his lifetime (see Shérborn 1940 p.107).  Thus
Brady's judgement, based solely on the figure, is of

no greater significance than that of any later worker,
‘and it -is entirely speculativeto suggest, as Loeblich

& Tappan (1953 p.283), that the highly stylised drawing of
Phillips is cbnspecific with the specimens of Brady. |
Furthermore, Brady's uncritical approach to this

gquestion is emphasised by the fact that he included

Rotalia baileyi Hall as a synonym of E. bowmani, and
examination of Brady's collection in the British Museum
Natural History reveals that many of his specimens

referred to E. bowmani are not conspecific with his
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figured specimens. As much may be inferred from the
faotthatﬁiBrady's distribution charts E. bowvmani ranges

throughout the Carboniferous. Clearly his concept of

this species was sufficiently broad to encompass the

1

—-

modern genus.

Although Mikhailov (1939) is considered correct
in his view that Brady's specimens are not conspeoifio
with E. bowmani Phillips, it is equally apparent from
comparison of Brady's material with the figures of
E. braoxi Mikhailov thet these specimens cannot be
regarded as conspecific. Thereois, therefore, no

basis for the recognition of E. bradyi Mikhailov, 1939,

as the type of Endothyra as has been proposed by
Rosovskaya (1962). | |

The type of Fhillips without adequate description
or figure, and most serlously Without type specimens
or locality, is clearly a nomen dubium. Furjhermore,
as a Jjunior homonym of E.bowmani Brown it ceases to have
availability and, therefore, its designation by Brady
(1876) was invalid. Consequently Brady's speoimens
(Pl.V. figs.l, 2a, 2b, and 4) should be referred to-

the nominal special Involutina lobata Brady, (1870),

a taxon which was validated by the following published

desorlptlon of thls date:

Involutina lobata sp.nov. test 1ent1cular,

rotalian, lower surface sometimes concave,
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periphery rounded; chambers ventricose;

septa constricted.

Normal application of the rules of nomenclature

leads to the recognition of E. bowmani Brown, 1843

‘as the type of the monotypic genus Endothyra, and
therefore, the erux of the debate concerning this

genus centres on the clarity with which Brown's
description and figure can be interpreted.. The
description is not sufficiently definitive for modern
taxonomic work, ahd the figure is an artistic impression.
However, if the figure is interpreted, as strictly as
its limitations allow, it is clear that is is plani;
;spiral, andlthat it can be varipusly interpreted.as
having from 7 to 10 chambers in the first whorl, with
15 or 16 in the second, 16 iﬁ;£he third, and 18 in the
fourth whorl, The radially éirected septa are normal
to the épiral wall, which is without lobulation. The
character of the wall and secondary deposits are, of
course, unknown. = The opinion of Zeller & Zeller (1962)
and St. Jean (1962), that the neotype of D.E.N;.Zeller
(1962) is identical with Brown's figure is disputed.

The specimen is.incorrectly described'by D.E;N. Zeller
(1962) such that in the count of the chambers the
asymmetry of the first whorl»has been ignorgd. The

count is not from the first chamber, which is isolated

with the proloculum from the planispiral part of the
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test, but probably.from the fourth chanber, Thus the
first whorl in al1l probability has‘4 or 5 chambers,

and the second whorl 9, which is entirely characteristic
of planispiral specimens of the Lower to Middle Visean,
Brown's figure has the characters of a sagiftal section

of a relatively advanced fusulinid, and it is believed

- that these cannot be duplicated in a specimen of Middle

or Upper Visean age (i.e. Mountain Limestone). This

conviction is based on research on populations of

Paramillerella and'Pseudoendothyra in which over 1,000
specimens were examined in sagittal section. This |
reveaied not a single specimen eveh remotely approaching
Brown's figure in terms of chamber count.

It is, therefore, concluded that since Endothyra

-Brown, 1843, cannot be litefally interpreted but must-

be treated arbitrarily, it is.more convenienf to
conserve the traditional usage of the name in the sense

of Brady (1878). Consequently the gensric name

Endothyra Borwn, 1843 is here interpreted with reference

to the type species Involutina lobata Brady, 1870.

The plectogyral nature of the coiling'was regarded
as the most fundamental characteristic of this genus by.

Zeller (1950 and 1957),’nevertheless, it is apparent

that many of the specimens assigned to Plectogyra by
Zeller show primitive characters of septation andl'

chambering, and should be'referred to genera of the

family Tournayellldae.
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Paravlectogvra cannot be differentiated from

Endothyra on the basis of its three layered,

fusulinellid, wall structure which has already been

described in the latter genus by Scott, Zeller & Zeller
(1947 p{558). In any case, it is not clear at present -
how far the 'fusulinellid structure' reflects the |
primary structure of the wall, or is the. result of

diagenetic changes in the host sediment.

Endothyranella can be disfinguished from Endothyra
by its highiy arched sub-circular aperture, which
appears at the more evolute stage of growth prior to
the appearance of the characteristic rectilinear phase
(cf. St, Jean 1957, Pl.,1, fig.10-12, Pl.2, fig.l-2).

The characters of the genus Plectogyrina are not

clear, Reitlinger (1959‘in Réuser-Chernoussova &
Fursenko), and Rozovskaya (1955) suggest. that the earlj
whorls are coiled in a plane at above 90 degrees to the
last whorl, This,‘howevef, is not obvious in the type
~species, and in the figured type (1959, PL.V. fig.12)
it is quite cleéf that the last whorl is not at an anglé
of 90 degrees to the penultim te whorl, nor, indeed; the
éarliér whorls, one of which lies in a plané similar to
fhe outer whorl. 'The chéracters_attributed to this
form appear to result from misunderstaﬁding of the
character and morphology of the plectogyroid coil, and.

this is accentuated by attempts to study specimens in
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-dbliqué unorientated éections. It is significant
‘that not a single specimen of this supposed genus has

- yct been figured in a centred horizontal axial section,

and in this respect its relationship to Mediocris

requires study (cf. p 73). | S -

“-

Reitlingsr (1959 P.149 in Rauser—Chernoussova &

Fursenko) separated Planoendothyra from Endothyra on

the basis of its secbndary deposits, which are heavy
and well developed in the lateral portion of the

chanmbers. The type species Endothyra alijutovica

Reitlinger, 1950 is a plectogyroid form with a low axial
rotation, and it cannot be regarded as plaﬁispiral as

~ is suggested by Rozovskaya (1963 p.60), for the

. asymmetry of the chambefs and éoiling is striking even
in the final‘whorl. A distihctive‘trend in Endothyra

'
\
1

of the Middle Carboniferous is:the tendency to produce'.

very heavy basal deposits (ef. Zeller,1950 p.20). This
eventually results in forms whose»vestibular ridges are
swamped by the thick basal layer. Typicgl'specimensi
have been figured by Zeller (1950 p.2l1, Pl.5, rig.1-3

&5) and,Aalthough Endothyra aljutovica has not been ~

figured in a true horizontal sxial section, it appears
to be a form typical of this lineage. Certainly its

characters 4o not warrant the congeneric or familial

relatiénship with\Quasiehdothyra suggested by Loeblich &

Tappan (1964 p.346) and Rozovskaya (1963 p.60).
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Preservation and Matrix:

Material extracted from-shales tends to have lost
'. part of all of the wall in the outer whorls, and partial
steinkerns often give the_impreséion of having-limbate'
sutures. Compaction in shales‘causes widespread L
disﬁortion, crushing,‘and gollapse of the chambers of
Endothyra, especially in the final whorl. (P1l.10, fig.7,8).
In limestones the'effects of compaction are geherally
much less proﬁounced. D.N. Zeller (1953) considered
the occurrence of anguiar distorted chambers to be of
specific significance and appérently took this condition
to be a primary growth feature, "It is possible that a
- specles with a fragile test may appear more frequently
iﬁ a distorted condition, but collapse of the chambers
is far more commonly a feature of the lithology than

- of the species.

The diaphanotheca of Endofhyra baileyi was said-
to have a fine  a1veo1ar.struc£ure by Scott, Zeller &
Zeller (1947 p.558). 1In a later assessment Zeller
(1950 p.4) regarded the transverse alveoli, or pore
- canals, as thé result of the alignment of crystal .,
granules, possibly as a result-of recrystallisation;
This is essentially a return to the iﬁterpretation of
Henbest (1931) which may well be correct in this

instance (see p.25). However, the‘descfiption by

Skinner & Wilde (1954 P1.49, fig.3) of Millerella
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with pores infilled by iron ore, has shown that the
thin homogeneous'finely granular type of wall, hitherto
regarded as imperforate, probably has fine pores which
are not readily visible under normal conditions of

preservation, It is possible, therefore, that in a --

well ﬁreserved Wall it may by possible to accept regular,

"light or dark, fine transverse discontinuities as

evidence of pores, (ef. St. Jeen, 1957 and Reitlinger,
1950)., |
The extent to which the layering of the wall of

EndothyraAhas'been influehced by the diagenesis and

lithification of the host sediment is not entirely clear.
All the material examined from the Upper Li;estone

Group has a simple homogeneous primary wall without

a tectum and, in many cases, fho preservation is such
that the homogeneity and extremo fineness of grain size
in the wall precludes any suggesfion that the layering

may have been destroyed by redistribution. Indeed,

it'has been noted in some instances that recrystallisation

and replacement of theowall, together with iron enrichment,

may give it a specious layering (Plate 3, fig.4, & v

Phte 5).
In general the wall of Endothyvrs appears quite

resistant to the effects of recrystallisation and
dolomitisation, and it survives in limestones where

most other elements of the foraminiferal fauna have

been obliterated.
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ENDOTHYRA PHRISSA D.N.Zeller.
Plate 9, fig.1-6 & 9.

Plectogyra phrissa D.N. Zeller, 1953, p.198,

P1.28, fig.1,4,6. . | -
Endothyra tortilis St. Jean, 1957, p.28

Pl.1, fig.4-6.

Endothyra kennethi St. Jean, 1957, p.28,
Pl. 1, fig.7-8.

Description:

Test free, discoida; with very broadly rounded
periphery, coiled in a plectogyroid spiral with a high -
axial rotation, strongly umbilicate on one side only,
with five chambers in the first whorl, 6 or 7 in the
second whorl, and 6—8, usuall& seven, in later whorls;
chembers globular, highly inflet ed, having}an asymmetpi—
:ca1 but sub-circular cross section; sutures distinct
end depressed throughout; peripheral margin,strongly

lobulgte; seﬁta long, strongly arcuate, forming

- continuous smooth curve with the outer wall, with thin

sécondapy deposits on the posterior surface above the
tunnel; protheca slender (10-15 microns), dark,
homogeneous, finely granular,‘possibly with fine pores;

secondary deposits well developed; vestibular ridges

‘reaching a maximum in last chanber, prominent also in

earlier chambers, in cross section distinectly

Py
.&

]
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as&mmetrical, anteriorly directed, sharp, wedgelike,
decreasing in size and becoming more rounded in earlier
chambers; sutural and basal deposits often thin or
absent in last chambers; usually well developed in )
earlier whorls; aperture low asymmetrigal.lunate slit ~
at base of 1a$t chamber; pfoloculum spherical, about

30-40 microns.

Dimensions:
Specimen P1.9, fig.l - Maximum diameter, 0.62 mm.

Thickness of wall in last whorl - 0,012 mm.
Thickness of wall in penultimate whorl - 0,010 mm.
Specimen Pl.9, fig.2 - Maximum diameter, 0.50 mm.
Thickness éf wall in last whorl - 0.010 mm.,
Specimeﬁ P1;9, fig.S - Mak%mum diameter, O.51 mm.
Maximum width, 0.28 m.m, fbickneés of wall in

- Depository:

Hunterian Museum of the University of Glasgow on
'slideé Nos: P.432/1-4, from shales three inches above
the Orchard Limestone, Upper Limestone Group,. Namurian,

in River Avon at Strutherhill, Larkhall, Lanarkshire.

Comparison and Affinities:

| This species is distinctive in its large, slender
walled; inflated chambers, with strongly arcuate septs,

and in its prominent anteriorly directed vestibular
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ridges. It is apparently closely related to Endothyra

bradyi Mdfihailov, and, indeed may be regarded as synonymous
with E. bradyi of Voloshinova & Reitlinger (1959 Pl.V.
fig.1ll, in Rauser~Chernoussova & Fursenko) but the

characters of E. bradvi sensu-stricto are difficult .. -

to determine. The original figures of Mikhailov
(1934 P1.4, fig.1,2) do not disclose the character

of the basal'deposits, and»descriptions 6f subsequent
authors, such as Rauser-Chernoussova (1948-p;176)

and Grozdilova & Lebedeva (1954 p.108, & 1960 p.65),
pléce an emphasis on characters which in themselves
are not regarded as having fundamentallsignificance.
Moreover, with the numerous subspecies which have been
proposed the characters of E. bradyl are so broad that
they would embrace nearly all Upper Visean and Namurian
species, |

Endothvra phrissa resembles Endothyra lobata

(Brady) in basic shell architecture but differs
strikingly in the development of prominent wedge-like
vestibulaf ridges and in its more slender wall. The

species Endothyra kennethi and g.,tortilis, which were

described from'a siﬁgle shale horizmn by St. Jean
(1957, p.27-28), .are regarded as synonyms for they were
differentiated on ekternal morphology. St. Jean
completely failed to appreciate the nature of the

plectogyroid spiral and its resultant, the changing
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aspect of the final whorl during growth {(cf. Text fig.5).
Soth- forms appear to be identical to E. phrissa in all
their major characters, in particular, slender wall,

inflated chambers and characteristic basal deposits.

Preservation snd Matrix:

The figured specimens extracted from qalcareous
shales now show aﬁ_irregular loss of the external wall,
The tendency of these tests to leave intefnal moulds
may be related to the fact that the: chambers are
- commonly infilled, not by drusy calcite, but by finely
granular calcium phosphate (ef. P1.8, fig.5) which
would tend to facilitate differential weathéring.
Although a detailed petrographic study has not been\

attempted, the ﬁhosphate appears to form a primary
infilling, and it has been noted so fer only in
material obtained from shale horizons. Material from

limestones show the typical drusy calcite infilling.

Horizon and Facies:

Originally recorded by D.N., Zeller (1953) from the
ﬁinkaid Limestone, Chesterian, Mississippian, and
- ranging into fhe Pennsylvanian'of'the United States
(st. Jean, 1957), this would appear to be a character-
:istic Namurian species. It occurs throughout the

Upper Limestone Group, being rare in the lowermost,

Index Limestons, but reaching a widespread and
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exclusive distribution in the limestones and shales

of the Orchard and Calmy positions.
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ENDOTHYRA BARBATA sp. nov,

Plate 9, fig.7-8 & 10-13,

Endothyra bradyi Mikhailov, var. bradyl

Mikhailov: - Grozdilova & Lebedeva,
1954 (pars) p.108, P1.XII, fig.6.

4

Description:

Test free, discoidal with broadly rounded periphery,
coiled in a plectogyroid spiral with axial ratio decreas-
*ing rapidly and very low in outer whorls, asymmetrically
biumbllicate, partially involute Dbut becoming more
evolute in outer whorls, with 5 chambers in the first
whorl, é or'7lin the second, and 7 or 8, usually 8,'
in the later whorls; chambefg strongly inflated héviné
an asymmetrical but sub-circufg?crbss secfion; sutureé
distinct énd depressed throughéut; veripheral margin
lobulate; septa slénder, slightly differentiated from
the spiral wall, anteriorly directed, straight to
slightly cufved, often with secondary thickening on
posterior surface above the tunnel; protheca slender
(8~20 microns), dark, homOgeneous,'finely granular,
poSsibly with fine pores; . secondary‘deposits well
developed, with thick prominent basal layer extending

into axial ends of chambers, suturél deposits in small

triangular wedges at the intercameral suture;
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vestibular ridges culminat ing in sharp wedge like
anteriofly directed ridge.in final chamber, reduced
to low mould like ridges in most earlier chambers,
aperture asymmetrical lunaté slit at base of last

chamber; proloculum spherical, diameter about 30 micras,

Dimensions: -

Holotype P1.9, flg.7.

Maximum Diameter, Og67 mm,

Thickness of protheca in last whorl - 0.021 mm;
Thickness of protheca in penultimate whorl - 0.012 mm.
Paratype P1l.9, fig._8.

Maximum Diameter, O.éé mm,

Maximum Width, 0,030 mm.

Depository:

Hunterian Museum of the University of Glasgow on
slides Nos. P.433/1-2, from the Plean Limestone position,
Upper Limestone Group, Namurian, of Craigburﬁ, Uddington,

nr. Douglas, Lanarkshire.

Comparison and Affinities:

This is a form which Grozdilova & Lebedeva (1954)

regarded as very closely'related to E. bradyi, wvar.

bradyi Mikhailov, although Rozovskaya (1963 p.42) did

not accept this relationship, and it is, in any case,
clear that E. barbata can be distinguished“from the

majority of its contempar ary species by its very low
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axial rotation. It may be closely related to the
specimen figured by Zeller (1950 P1.5, fig.5) from

the Middle Pennsylvanian but appears to have a thinner
basal layer with more distiﬁctive vestibular ridges. |
E. barbata issiﬁilar to E. aljutovica Reitlinger in .-
its low axial rotation and rather evolute coiling,

but it cen be differentiated from the latter form by
its fewer and'more inflated chambers in the final
whorl, and by rather thinner secondary deposits with

distinct vestibular ridges.

Horizon and Facies:

This species first appears abundantly in the Plean
No.1l Limestoné,\and is a common and characteristic
form in the Castlecary Limestone, Upver Limestone
- Group, Namurian of Scotland. It ¢zzurs 1In a2 wide
variety of facies from bioclastic micrites to

calcareous bioclastic shales,

—-
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ENDOTHYRA PANDORAE D,N, Zeller, 1953.
Plate 10, fig.1l-8,

Plectogyra pandorae D.N, Zeller, 1953, p.196,

P1l.28, fig.7.10.13, & 14,

Description:

Test free, discoidal with broadly rounded periphery,
partially involute, coiled in a plectogyroid spiral with
medium axial rotation, with 5 chambers iﬁ the first
“whorl, é or 7 in the second, and 8-10 inlater whorls, .
| final whorl of mature individuals typically with 8 or 9
closely set moderately inflated chambers; umbilicus
broad and shaile on one side, narrower and deeper on
opposite side; sutures slightly Ssmrzssed; peripheral
margin faintly lobulaste in eérly £ . ., becoming more
prominent in later stages of large =>zcimens; septa
long, stréight or slightly curved, dirferentiated from
spiral wall by sharp downward curve, the aper':.ral face
being almost flat; sécondary deposits forr :uderately
thick basal>dep091t, extendizg into axisl ends of
chanmbers where vestibular ridge degenerates, and
secondary material ex?ends up posterior and anterior
faces of septa forming thickened margins on the septal
ends over the tunnel, small sutural wedges oflsecondary

materiai occur at the intercameral sutures; vestibular
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ridges feeble in juvenile individuals (diaﬁ. less
than 0.35 mm.) and poorly developed in most adult
specimens, may become fairly prominent in specimens
greater than 0.5 mﬁ., in horizontal axial section
forming low mounds, sometimes asymmetrical with steeggr;
anterior surface; protheca relatively thick (15-25
microns), homogeneous, finely granular, with fine
transverse structure in some specimens, aperturs low
slit at base of final chamber reflecting the asymmetry
of the apertural face; proloculum spherical, about

35 microns in diameter.

Dimensions:

Specimen No;P,466.

Koxirmum Diameter, 0.51 .

Thickness\of,Wall in finalawhorl - 0.014 mm.

Thickness of wall in penultimate whorl - 0,011 mm.

Specimen No.P,437/1,

Maximum Diameter, 0.61 mm.

Thickness of wall in final whorl - 0,015 mm,.

Thickness of wall in penultimafe whorl - 0.012 mm.

Specimen No,P.437/2. ‘ 3 “
- Maximum Diametgr, 0.38 mm. |

Maximum Width, O.22 fm.m.

Thickness of wall in final whorl - 0.018 mﬁ.

Maximum Diameter, lst whorl, 0.11

Thickness of wall in 1lst whorl - 0.0006
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Specimen No.P.438/1.

.Maximum Diameter, 0,54,

Thickness of wall in final whorl - 0,019,
Thicknesé of wall in penultimate whorl - 0,012.
Specimen No.P.438/2. L
Maximum Diameter, 0.67.

Thickness of wall in final whorl - 0.023.
Thickness of wall in penultimate whorl - 0.014
Specimen No.P.439

Maximum Diameter, 0.74.

Thickness of wall in final whorl - 0,022.

Thickness of wegll in penultimate whorl - 0.017.

Depository:

Hunterian Musewn of the-pniversity of Glasgow,
type No.P.436 from Lyonecross tiﬁestqne, Overlee,
Clarkston, Renfrewshire; types No.P.437/1-2 from Index
Limestone, Poniel Water, Coalburn, Lanarksﬁire;
types Nos.P.438/1-2 from Lyoncross Limestone, Craigburn,
Uddihgton, nr. Douglas, Lanarkshire; and type No.P.439
from Index Limestone, Kgnnox Watef,,nr. Dougias,
Lanarkshire; all from Upper Limestone Group, Namurian

of Scotland.

Comparison and Affinities:

This species is closely similar to Endothyra

lobata (Brady), but can be differentiated by its lower
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axial rotation, greater number of less inflated

chanmbers with the septs differentiated from the spiral

wall. It is also very similar to K. paucincdosa sp.
nov, but can be distinguished by.the less inflated and;
more numerous chambers and the much more extensive .. -~
secondary deposits, and can be diétinguished from
E. barbata sp.nov. by its less conspicuous moundlike
ridges; less inflated chambers, and’stouter wall,

This form shcws some resemblance to species of

the groups E. mosauensis and E. aljutovica of

Reitlinger (1950 p.30). Howevsr, E. pandorze, although

sometimes approaching E. aljutovica in chamber form,

has a much more involute test and a greater axial

rotation. Of the species of the group E. mosquensis,

E. rzhevica appears to be very closely similar to
E. vandorae but can not be dirsctly compared because
the basal deposits have not been described, while

E. bradyi var. comnressa Reitlinger has more inflated

chambers and more prominent vestibular ridges. E.

mosguensis itself appears to differ in having fewer

and more inflated chambers, and, possibly, in having

more prominent vestibular ridges similar to E. bradyi.

Preservation and Natrix:

Crushing and collapse of the chambers are a
relatively common feature of this species. Some of -

the specimens with collapsed and distorted chambers
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such as those in Plats 10, figs.7, 8, are closely

similar to E. versabilis D.N. Zeller, although they

do have somewhat thinner basal deposits. This éuggests

that the diagnosis of E. versabilis primarily on the

irregularity of chamb=ar form is ill-founded, and it -
is considered that the holotype (Plate 28, fig.18)

should be referred to the species E. kentuckyensis

while the paratype (Plate 28, fig.2) may be compared-
with E. pandorae.

The wall structure is typically well preserved'
despite the Tact that, in some cases, the host sedimeﬁt
has undergone a considerable degree of alteration
through redistributiqn and replacement.v Although
relétively thick, the protheca is so finely granular
and uniform that it shows noaevidence of ever having
been differentiated. In a ngmber of specimens the
profheca both externally and internally has a v:ry
thin dark selvage, but, in most cases, thié appéars
to be simply the contact betweeniﬁhe protheca and'.
the adjéining medium - the matrix, drusy infilling,
or epitheca. In most éases the dark zone of the ~
wall 1s no more prominent than the boundaries
between large crystalsﬁof the drusy infilling.
Moreover{ just as is the case in the drusy infilling,
the interfaces of the crystals provide a route for

permeating solutions and, as a result, commonly
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become stained by oxides and-sulphides of iron.

Since the.foraminiferal wall is commonly the site of
active iron enrichment, presumably due to its fesidue
of organic material coating the walls and infiltrating
the pores, it is considered that é.major cause of the |
ovacity of the boundaries is staining by'suiphides

‘and oxides of iron. (cf. Plate 5, fig.l.).

Horizon =2nd PFacies:

Occurring abundently in the Lyoncross and Index

Limestonss, the lowermost marine horizons of the
" Upver Limestone Groun, where it has been found in

both limestone and calecareous shale facies. In the

Index Limestone T. pandorsze occurs in ascoclaticn

with rare specimens of E. paucinodose sp.nov. and

more conmon, but not abundent; E. phriscsa.

E. paondorze most characteristiéally'develops 9 or 10
charbers in the last whorl of mature individuals in
the Index Limestone, but in the ﬁ&oncross Limestone,
where it occurs in association with raref speciméns-
of E. vhrigsas, it develops only 8 or 9 chamﬁers in
the last whorl. Study of the ponulations ffom a
.number of localities suggests that the two ﬂdrizons i
may actually be differentiated on the basis of the
' charbers occurring in the last whorl of mature |

- specimens. (see P.351 and Text figs.27-29).

o
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ENDOTHYRA PAUCINODOSA sp. nov.

Plate 10. Fig.9%.

Description:

Test free, discoidzal with broadly rounded peripher&,
coiled in a plectogyroid spiral and with low axial
rotation, asyrmetrically biumbilicate, the last whorl
in mature individuals containing 7,or‘more rarely 8,

large strongly inflated chanbers with distinctly

- asymmetricel axiazl section; sutures distinct, depressed

throughout; peripheral margin strongly lobulate; septa

straight to slightly curved, sometimes showing gight

differentiation from the spiral wall, with sporadic

thin secondary thickening on posterior surface a2bove
tunnel; protheca thin (13 ﬁiprons), dark, homogsneous,
finely granula®, possibly Withxfine rOres; sécondary
deposits very poorly developed; basal layer absent
throughout most of the test, éﬁtural devosits thin
indefinite; vestibular ridges irregularly developed,
low, symmetr;cal, rmoundlike in horizontal axial section;
aperture lunate slit at base of final chamber reflecting
asymnetry bf apertural face; proloculum spherical,

about 30 microns in diameter,

Dimensions:

Holotype Plate 10, fig.o9.

Maximum Diameter, 0.059 mm..
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hickness of wall in last whorl - 0,01. rmm.

H]

hickness of wall in penultimate whorl - 0,010 rum.

=

Devository:

Hunterian Museum of the University of Glasgow

on slide No.P.434/1 holotype, from Index Limestone,

Upper Limestone Group, Namurian, of Kennox Wéter,
nr. Douglas, Lanarkshire, and paratype No.P.435 from

Index Limestone, a2t Auldhouse Burn, Muirkirk, Ayrshire.

Comme rison and Affinities:

This species may represent an extreme stage in

the variation of populations of Endothyra‘pandorae

D.N. Zeller, but it is sepzrated on the grounds that

it has fewer and more highly inflated chambers with
extremely sparse secondary depoéits. It can be
differentiated from E. lobata (Braay) by its lower
axial rotation and very muph fhinner secondary deposits
with sporadic vestibular ridgés, and from Q; tantéla
D.N. Zeller, by the sbsence of prominent hook like
ridge in the final chamber together with the overall

paucity of secondary material.

Horizon and Facies:

A rare form found so far only in the Index
Limestone at the base of the Upper Limestone Group,
where it occurs in both limestones and calcareous

shzles,
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ZELLERELLA gen. nov,

Endothyra Zeller 1950 and 1957 (non Endothyra
Brown, 1843) |
Wray, 1953.
Lebedeva, 1954 (pars)
Lipina, 1955 (pars).

 Woodland, 1958 - Armstrong, 1S88.

Voizekhovskaya, 1951 (pars).
Loeblich & Tappan, 1964 (pars).

Parastaffella Grozdilova in Lebedeva, 1954.

Lebedeva, 1954,

Paramillerella Anisgard & Campau, 1964,

Eostaffella Rozovskaya, 1963 (pars).

Type Species:

-Paramilleprella thompsonil 3Anisgard & Campau,

1963, p.102, Plate 9, fig.7.

Description:

Test free, chambered throughout, discoidal or
nautiloid to évoid, involute, biumbilicate, planis-
:pirally coiled, but with.some axial rotation of_thé
initial whorl, typically wifhlé‘to 5 chambers ih the first
whorl, 7 or 8 in the second, 9 or 10 in the third, 9 to
+iZ in the fourth, and 10 to 14 in the fifth; periphery

well rounded; wumbilicus typically shallow;
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chambers inflated, width greater than height in all
whorls, ratioc grester than 1 throughout growth;
sutures depressed; septa rather short, strongly
anteriorly directed, curved running smoothly into
spiral wall; secondary deposits present, prominent
slender, antzsriorly directed hook ih final chember,
thin basal and sutural denosits; prctheca thick
calcareous, dark, finely granular, homogeneous, ﬁith
fine transverse pores; aperturs low slit =t base of
finzl cﬁamber, greatlyvreduced or Elosed by secondary

material in some cages.

Ontogeny:

Irmediately folloviing the proloculunm df & nurber
of species of this genus are g number of very long
chambers (width/heizht ratio‘&)'and these show the
type of septation cnaracterisfic of the tournaycllids.
(ef. Zeller, 1950, Plate 2, fig.2, Plate 3, fig.S; and
Plate 4, fig.3). That is to s&y the septa. are short
and strongly anteriorly directed, forming a smcoth
sweeping .curve with the spiral wall. In later whorls
these primitive characters become'progressively ’
eiiminated; the chambers becore narrower and higher
while the septa increase in]ength;,are noﬁ~éo strongly
eanteriorly directed, and begin to show an incipient

differentiation frbm the spiral-wall.‘ Conventional
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interpretation of these ontogenetic charactecrs intimates
that Zelleprells may have evolved from a tournayellid
ancestor, but the phylogeny_of these forms may be more

complex. Morphologically Zellerella is closely similar

to Endothyra, particularly species of the type of

Endothyra ba&leyi (Hall), and it has been suggested

by Henbest (1953 p.64) that the relétionship is one

of dimorphism; planispiral forms supposedly forming

a percentage of all plectogyroid populations. Thié
relationship, howevef, has not beecn sﬁbstantiated with"
regard to the dimensions of the proloculum, and
poprulations consisting entirely of planispiral'forms

are known. (Anisgard & Campau, 1963). The marked
mérphological similarity of tﬁe two forms does, indeed,
suggest a close phyletic link which may have been |
expressed initially in a dimofphic relationship ;n

some populations but, on the ofher hand, there is, &s
yet, no evidence to refute the possibility thatvthey
developed independantly from ﬁlanispiral,and plectogyroid

tournayellid ancestors.

Comparison.ahd Affinities:

Species which are here refefred to Zellerella

gen. nov., were initially assigned to Endothvra by

Zeller (1950) mainly on the grounds that they were

planispiral and, therefore, bore a vague resemblance-
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to Brown's original figure of Endothvra bowmani. Such

a course Was expedient for 1t provided a type which

could be regarded as distinct froww both Plectogyra
and the recognised primitive fusuline genera

Paramillerella and Eostaffella, - This interpretation.

is invalidated, however, by the pending I.C.Z.N.
petition (Z.N. (S.) 768), which requests the recognition

of Endothyra as interpreted by Brady (1878). 1In

arguing the case for plectogyroid Endothyra, Henbest
(1953 and 1962) emphasised the dimorphic nature of
planispiral forms as has beén discussed gbove, but
the established occurrence of wholly planispiral

populations effectively invalidates this view, Thus

Zellerells is considered to be distinet from Endothyra
Browvn (as interpreted by Brady) by virtue of its
planispiral coiling. |

The type species of this genus was refered to

Paramillerella on its criginalidescription by Anisgard
& Campau, (1983), on the grounds that it had a three
layered wall, a tunnel bordered by chomata, and an
infrequently developed, or yesfigial, aperture. This
interpfetation, however, is disputed on a number.Of
grounds. The wall structure is not é diagnesitce
criterion, and the structures described ére common to

Endothvra and Paramillerella. The recognition of

chomata in Zellerella thompsoni is based on a
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misinterpretation of morphology in random sections.

In the sense strictly apprlied in this study, and as

they are typically developed in fusulinids, chomata

are levee like bodies running parallel to the tunrel
distinctly modifying the periphery of the previous whpri
to form a platform or channel iike form in the inter-
:septel area, The mere thickening of the septal ends
adjacent to the tunnel does not constitute chomata, and
it is held that it would be morphologically and
functionally dontradictory to £find vestibular hooks and
chomata in the same specimen. In the discussion of
secondary deposits (p.82) the differences in the
character of the deposits are regarded s the expression
of differing conditions of cytoplasmic organisation and
function, gnd so it is considgred that the presence of

a hook in two thirds of the sﬁecimens examined by
Anisgard & Campau (1963 p.99) unquestionably indicates

a close relationshin with the ehdothyrids.' The aperture
ddes not provide a criterion by which Endothyrinae and
Ozawaine