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ABSTRACT 

This thesis is primarily concerned with the application of 

numerical methods of taxonomic analysis to some Silesian goniatite 

assemblages. The taxa investigated here have been regarded in the 

past as belonging to the families Homoceratidae, Reticuloceratidae 

and Gastrioceratidae, plus the genus Homoceratoides. These are 

studied throughout their range, which is from the base of the Chok

ierian stage, Namurian, to the base of Westphalian C. British 

faunas are concentrated upon, but it is also of interest to invest

igate relationships with overseas faunas. 

The history of research into Silesian goniatites is discussed, 

and a brief account is given of the geological background to the 

subject, from which the precise difficulties and points of interest 

become apparent. The various taxonomic techniques which have been 

and are used in palaeontology are critically examined, and it is 

concluded that orthodox methodologies are inadequate for the present 

task. The statistical technique of cluster analysiS is, however, 

found to be suitable, and a new system of taxonomic analysis of 

goniatites is developed, based on phenetics. Methods of arriving 

at objective morphospecific divisions, higher taxonomic divisions, 

specimen determinations and phylogenies are devised and described. 

These techniques are then applied to data collected from the 

various goniatite faunas, and a complete and new systematic scheme 

is derived. British morphospecies are redescribed and all relevant 

genera have required redefinition. A new genus is described (Otley

oceras), and new species are described of Homoceras, Vallites, 

Homoceratoides, Otleyoceras, Bilinguites, Cancelloceras, Agastrio

ceras and Gastrioceras. 

The variation within faunas is described graphically and is 

found to have parallels with diverse other ammonoid groups. The 

mode of evolution is discussed, although the evidence is found to 

be ambiguous. and speculative phylogenies are proposed. 

Finally. some examples are given of how numerical analYSis 

can be useful in biostratigraphy. 
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CHAPTER 1 

INTRODUCTION 

1.1. SCOPE OF RESEARCH 

1.1.1. TAXONOMIC SCOPE 

This thesis is concerned principally with the 

taxonomy of a group of goniatites of mid-Carboniferous 

age. 

A problem exists in defining the precise taxonomic 

limits within which a systematic revision is to be 

confined, in that, initially, one must refer these limits 

to the existing systematic structure, and it is precisely 

this structure which possesses the weaknesses that invoke 

the need for such a revision. 

A taxon within an outmoded classification is likely 

to have a relationship with its successors within a new 

scheme which is either polyphyletic or paraphyletic, 

sensu Hennig (1966) and Ashlock (1971). To be sure that 

a taxonomic revision is monophyletic (sensu Hennig, 1966) 

in scope, in that it embraces all known taxa within a group 
. 

and no others, one must commence with a study that in-

corporates all possible candidates for inclusion in the 

final group, and subsequently exclude taxa from the study 

when they are proven to be distinct. This is clearly an 

inefficient approach. It is preferred here to maximise 

the quantity of meaningful results by allowing a breadth 

of scope which is quite possibly not monophyletic with 

respect to the structure thereby established. The 

taxonomic scope of this study is therefore more readily 

described in the terms of the pre-existing systematic 

1 



structure, despite the schematic inelegance. 

The taxa dealt with in this study may be listed as 

follows: 

All genera of the families 

Homoceratidae Spath, 1934 sensu Ruzhentsev and 

Bogoslovskaya, 1978; 

Reticuloceratidae Librovitch, 1957 sensu R & B, 1978; 

Gastrioceratidae Hyatt, 1884 sensu R & B, 1978; 

plus the genus Homoceratoides Bisat, 1924, in the 

sense used by British authors. 

All genera considered were included in the super

family Goniatitaceae Haan, 1825 by Ruzhentsev (1962), and 

hence in the suborder Goniatitina and order Goniatitida. 

Inevitably, the results of this study suggest 

redefinitions of these families, so that species are 

liable to be removed from these families, and no doubt 

other species not studied here should, in fact, be 

included. 

2 

The above list coincides quite closely with the loose 

but often used term "thick-ahelled goniatites" (Ramsbottom 

et aI, 1962), as contrasted with the contemporaneous 

"thin-shelled" genera, ego Anthracoceras and Dimorphoceras. 

This emphasis is appropriate because it is almost entirely 

the "thick-shelled goniatites" which are used in bio

stratigraphic zonation of the part of the Silesian 

considered here. 

1.1.2. STRATIGRAPHIC SCOPE 

The total stratigraphic range involved in this study 

is equivalent to the total range of the taxa considered; 

ie. from the first occurence of Homoceras subglobosum at 



3 

i 

GONIATITES : 
SU B- SERIES STAGES j ~ 

SYSTEM X ZONES (chronozones I !~ w ) Subchronozones marker 
C (Ramsbottom 1969) 

(Ramsbottom1969) goniatite 
Z emend 1974 bands 

±Z c 
a.<t STEPHANIAN B 
w- A 
t- Z 
(/)<t CANTABRIAN 

WESTPHALIAN 
0 

2 WESTPHALIAN ct '-" . A,' cambrien •• 

- C 
....I 

ct 'A' , Anthracoceras' 'A: hlndl 

J: . A: aaglranum -
Q. 

I- WESTPHALIAN 
CJ) B 
w 

2 ~ A.vandarbecka" 

ct WESTPHALIAN 
A -- G2

b G. listeri 
en a G. subcrenatum o. subcrenetum 

W 
b aastrlocara. cumbrlan .. (not divided) 

YEADONIAN G1 I O. cranuletum N11 
....I a Gastrioca,.s cancallatum 1 G. cancalletum 

G. brannaroides - Ratlculoca,.s suparbillngua . G1 sigma 
G. cancallatum 

c N10 
MARSDENIAN R2b 

R. suparbillngue 
fJ) R. bilingua 1 R. metabilingua 

R. bilingua N9 
a R. graclla (not divided) 

c R. ratlculatum : R. coratlculatum R. gracila 
R. ratlculatum N8 

KINDERSCounAN R1b R. nodoaum (not divided' 

2 II R. clrcumpllcatlle I ~: ~~!::::;danen.a N7 

ct 1 R. circumpllcatlla 
Hodmagistrorumo - c Homocaratoldn i Ht. praraticuiatul N6 

a: praratl culatua V. eo.triolatum 

:::J 
ALPORTIAN H2b Homoca,.. undulatum (not divided) 

N5 

~ 
a HudIOnOCa,.. protau. (not divided) 

Hd . protaus 

ct b Homoca,.. bayrlchlenum (not divided' 

2 
CHOKIERIAN H1 N4 

a Homoce,.. lubvlobosum (not divided' 

Nuculocaral nuculum r .o"om 
H..ubglobolum l'Ir.r g . ltallerum 

ARNSBERGIAN E2 CTavenocaratold_ nltidul 
t. nit/toidn N2 t . nit dUI 

Eumorphocera. Ct. adalan.ls 
bllulcatum E. bilulcatum 

C. cowllngansa C. cowllngan.a 
Cravenoca,.1 malhaman .. (not divided' 

PENOLEIAN E1 Eumorphocaral (not divided) N1 
p.eudoblllnvua j ~. hu:t:0nl Cravenoca,.s lalon . stu bl~~i . tornqu It, C. leion 

DINAN~ VISEAN BRIGANTIAN 
IAN (pars (pars) (pars) 

TABLE 1 

Table 1. Silesian stratigraphy, showing stages and goniatite zone s . 

This thesis deals with goniatites from the base of the Chokierian to 

th~ base of Westphalian C. 

(Adapted from Ramsbottom et. al., 1978, Plate 1) 
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the base of the Chokierian stage to the last occurrence of. 

Gastrioceras depressum in the Aegiranum Marine Band at 

the base of Westphalian C (see Table 1). However, 

occurrences of the relevant goniatites throughout most of 

the Westphalian are sparse and detailed consideration is 

not accorded to horizons above the Listeri Marine Band in 

Westphalian A. 

Throughout this range in Britain the goniatites under 

consideration are concentrated, often in large numbers, in 

relatively thin marine horizons (see Section 1.2.2.). One 

or more of these marine horizons occurs in each of the 

established biozones, and each marine horizon has its own 

distinctive goniatite fauna, due apparently to evolution

ary change. 

1.1.3. GEOGRAPHIC SCOPE 

The geographic scope of this study is dictated by the 

quality of accessible information. faunas from England, 

Wales and Ireland are readily accessible in British 

collections, eapecially the collection of the Institute of 

Geological Sciences, which haa formed the basis of much 

of the present study. In addition, new collections have 

been made from a number of localities, especially for this 

study. The examination of large numbers of specimens from 

locations in the British Isles has allowed a detailed 

analysis of variation within faunas which has resulted in 

the redefinition of many species and higher taxa. This 

has been possible to a lesser degree with some faunas from 

Belgium and West Germany, which were examined by the 

author during visits to collections in Brussels, Essen, 

Bochum and Gottingen. It has not been Possible to examine 



5 

more than a few specimens from other more distant 

localities, for example the important faunas from the 

U.S.A. (Arkansas), Canada (Ellesmere Island), the U.S.S.R. 

(southern Urals), Spain, North Africa and China; and 

although much information can be gleaned from published 

accounts of these faunas, the basis of specific distinc

tions cannot be brought into question, and only generic 

and higher groupings can be critically investigated in 

parallel with the more proximal North West European faunas. 

The stratigraphic considerations involved here are 

correspondingly varied in detail; greater precision being 

sought in correlating faunas within N.W. Europe than in 

correlating between continents. 
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1.2. PALAEOGEOGRAPHICAL AND SEDIMENTOLOGICAL SCENARIO 

1.2.1. PALAEOGEOGRAPHY 

Conclusions derived from palaeomagnetic and strati

graphic data regarding the disposition of sea and land 

during the Namurian and early Westphalian have been 

summarised by Ramsbottom (1971), who in addition speculates 

on likely current directions. Seas intermittently covered 

most of the British Isles except for the elongate Wales

Brabant Island, which stretched approximately WNW - ESE 

(relative to present geography) across Ireland, Central 

Wales, the southern Midlands of England and towards what 

is now the coast of the Netherlands. The sea was bounded 

to the north by a large land mass in the vicinity of the 

Scottish Highlands and extending over much of North 

America, and to the south by the somewhat smaller EUropean 

massif, which separated the seas over the present British 

Isles from the extensive Tethys ocean. Ramsbottom 

postulate~ that dominantly east-west currents washed into 

the early Namurian seas of Britain from an inlet of the 

Tethys in the vicinity of the Donetz basin, U.S.S.R., via 

a passage through Poland. This route was blocked, 

however, later in the Namurian, with consequent effects on 

the distribution of faunas. Other currents may have washed 

from the Tethys into south-eastern North America, via the 

Mediterranean region, and into Arctic Canada via Russia. 

These broad generalisations about likely ocean 

currents and geography in the Silesian allow hypotheses to 

be erected as to the time and place of the resulting 

faunal migration routes. The approach used in the present 

study allows these hypotheses to be tested. 



7 

1.2.2. CYCLICITY IN THE SILESIAN 

The dominant aspect of the Silesian scenario in 

Britain was the increasing encroachment of deltas into the 

seas of Northern Britain and, to a somewhat lesser extent, 

South West England, South Wales and Southern Ireland. 

This encroachment, however, was not continuous throughout 

the Silesian. Ramsbottom (1977) has interpreted the 

entire Namurian succession in terms of a series of eleven 

major cycles, or mesothems, representing phases of 

alternating eustatic regression and transgression (see 

Table 1). Transgressive phases are represented, where 

sufficiently well developed, by thin (usually less than 

1 m) mudstones or limestones with a marine fauna including 

thick-shelled goniatites - it is these layers which are 

of particular relevance to this study. Regressive phases 

are represented either by thick deltaic sandstones, in 

environments relatively proximal to a land mass, or by 

turbiditic sandstones or poorly fossiliferous pyritic 

shales, in basinal environments. 

During transgressive phases, marine faunas are able 

to spread over both basinal and 'coastal regions, but these 

two environments are not alike in total fauna. Near-shore 

environments are indicated by the presence of clearly 

benthonic organisms, such as crinoids and brachiopods, with 

or without goniatites. Basinal environments are indicated 

by absence of a definite benthonic fauna, and goniatites 

and pectinoids are strongly dominant. Heptonstall (1964) 

argued from hydrostatic considerations that the typical 

goniatite/pectinoid association is, in fact, a benthonic 

assemblage, but this is not supported by other evidence. 
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It is generally believed that basinal marine shales were 

deposited on a stagnant, deoxygenated sea floor on which 

life, at least for shelly macrofauna, was impossible, and 

that the fauna is entirely nektonic or epipelagic. 

Holdsworth (1966) suggests that these same faunal restric

tions may be the result of a poorly defined sediment/water 

interface, at least in the case of certain bullion bands. 

Unequivocally benthonic organisms are only found, therefore, 

where wave action and currents or some other shallow water 

process affected the sea bed. 

Mesothems in the Silesian are not simple cyclic 

phenomena but are in fact each composed of lesser pulses 

or cyclothems. Each cyclothemic transgressive pulse of a 

mesothem is manifested in an increase in marine fauna, and 

it seems that successive cyclothemic transgressions within 

a mesothem are of successively greater extent (see, for 

example, Ramsbottom, 1979, fig. 2). The incoming of 

marine faunas within a cyclothem can be seen in great 

detail in many cases, for example in the Ashover borehole 

(Ramsbottom et. al., 1962), and it seems that the succes

sion of faunas is a result simply of increase in salinity 

associated with increase in water depth ~nd distance from 

land (see Holdsworth, 1966, fig. 3). 

The eustatic nature of the cyclothems and mesothems 

is suggested by the widespread occurrence of apparently 

identical marine horizons, recognised as such by the 

similarity of the goniatite faunas. Once eustasy is 

inferred, it follows that such cyclic events, if identi

fiable, provide perfect chronostratigraphic markers of 

possibly cosmopolitan application. It is an obvious step, 
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then, to use the thin, distinctive bands with goniatites . 

as time planea in correlation. 

1.2.3. CHRONOLOGY 

Ramsbottom (1969) argues in favour of the marine 

horizons representing good time planes by calculating the 

approximate average rate of mudstone deposition throughout 

the Namurian, about 1 ft. in 4,000 years, which he then 

compares in thickness with a typical marine horizon. 

Another approach (Ramsbottom, 1969 & 1979) involves 

calculating an average time span of a goniatite fauna in 

the Namurian, which is about 200,000 years, and then 

reducing this figure by 95% to arrive at a figure of 

10,000 years for the duration of the actual goniatite 

bearing portion of each biozone. However, these approaches 

assume similar rates of deposition of the goniatite

bearing shales and the intervening barren shales and mud

stones. Holdsworth (1966), in contrast, compares the 

sedimentation of goniatite bands with that of modern 

pelagic oozes and suggests that a sedimentation rate of 

0.59 - 1.2 cm (before compaction) per 1,000 years is 

feasible. This would allow the deposition of marine 

horizons to occupy nearly all the available time (200,000 

years) between faunal changes. This is quite a credible 

alternative, as the deposition of thick deltaic sandstones 

can be extremely rapid, and goniatite-free mudstone might 

well accumulate considerably faster than the much more 

laminated and fossiliferous marine horizons. It is 

notable that in some basinal successions, for example in 

the Alportian at Samlesbury Bottoms, lancashire, the 

thickness of goniatit~-bearing shales rivals that of the 



intervening strata. 

The possibility of such slow deposition of marine 

shales is important as it would imply the following: 

1. marine horizons are not such precise chrono

stratigraphic planes - there may be an error of up to 

nearly 200,000 years; 
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2. incorporation of goniatites into the sediment was 

a relatively rare event and they may therefore have been 

quite uncommon predators - their abundance in compacted 

shale may be illusory (see Holdsworth, 1966); 

3. evolution from one distinctive fauna to the 

subsequent one must have occurred rapidly; only the time 

elapsed during the possibly rapid deposition of interven

ing barren strata would be available. This is feasible 

within the framework of the theory of punctuated equilib

ria proposed by Eldredge and Gould (1972), which allows 

very rapid speciation during periods of environmental 

restriction, ie. during regressive peaks of cyclothems 

(Ramsbottom, 1981). 

These possibilities must clearly be borne in mind 

wnen interpreting the results of the analyses involved in 

this study. 
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1.3. REGIONAL SETTINGS 

1.3.1. THE BRITISH ISLES 

1.3.1.1. The Central Province 

This region, between the Wales-Brabant Island and the 

Craven fault belt, is the classic area in which the strati

graphy of the Namurian was first worked out by Bisat (1924). 

The central province comprises a sedimentary basin centred 

over Lancashire, where the maximum thickness of about 

2,000 m of Namurian strata occurs, and with a series 

gulfs to the east but abrupt boundaries to the north and 

south. The basinal aspect of much of the sedimentation 

sllowed a fairly continuous accumulation of deposits over 

most of the province throughout the Namurian, and the con

sequent wide extent and consistency of the major marker 

horizons inspired the pioneering stratigraphic work. 

During the period of time relevant to this study there 

was a general increase in the scale of deltaic encroach

ment from the north and south and in most areas there 

were no significant sandstones until the Kinderscoutian 

stage. from the Chokierian to the Kinderscoutian, then, 

mesothems and cyclothems are merely manifested in faunal 

fluctuations within mudstone sequences. Conditions became 

increasingly less marine in the higher Namurian until, in 

the early Westphalian, only the maximum transgressive 

cyclothemic pulse of mesothem W2 (Ramsbottom, 1979, fig. 4) 

is represented by a good thick-shelled goniatite fauna 

(the Listeri Marine Band). Other cyclothemic transgressions 

are represented by shales with non-marine or restricted 

marine faunas, intercalated between thick sandstones with 

coals. 
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1.3.1.2. South Wales 

A small sedimentary basin (maximum thickness less 

than 600 m) was centred on the Gower area in the Namurian, 

and Ramsbottom (1978) recognises in this all eleven of the 

mesothems established in the central province. Deltaic 

sandstones once again are derived mostly from the north 

and are more important in near-coastal areas, and do not 

spread over the centre of the basin until late in the 

Namurian. However, there are also SUbstantial differences 

from the central province. Firstly, it is apparent that 

the later mesothems are more strongly transgressive; the 

early cycles being restricted to the Gower area, whilst 

NIO and NIl are almost ubiquitous (Ramsbottom, 1978, fig. 2). 

Secondly, there is substantial local variation in the 

marine horizons. Particularly anomaloua is the great 

thickness, up to 25 m, attained locally by the Subcrenatum 

Marine Band as noted by Woodland eta ala (1957) from bore

hole cores. Also, the ~. cance11atum marine band shows 

great change in thickness, fauna and lithology along the 

north crop of the South Wales Namurian. These unusual 

features are probably due to differential subsidence in a 

relatively structurally unstable region. 

This situation is important in that its uniqueness 

may increase the understanding of aspects of the develop

ment of goniatite faunas which are not encountered in more 

typical regions. 

1.3.1.3. South West England 

The Namurian of Devon and Cornwall is radically 

different from that of the rest of the country in that it 



consists almost entirely of interbedded turbiditic sand

stones and occasionally fossiliferous shales forming the 

Crackington Formation (see Freshney et. al., 1972), 

clearly a deep water basinal facies. It is not until the 

Westphalian that conditions begin to resemble those of 

13 

the rest of England and Wales - the Westphalian Bideford 

and Bude Formations consist of deltaic sandstone cycles 

with intervening marine horizons, as established by 

Prentice (1960). The Crackington, Bideford and Bude 

Formations have all yielded thick-shelled goniatite faunas 

which have been used for stratigraphical correlation with 

the well known central province biozones. 

The Silesian goniatite faunas of Devon and Cornwall 

are of particular interest for the following reasons: 

1. the area was severely folded and faulted during 

the Hercynian orogeny (see Freshney et. al., 1972, fig. 2, 

and Freshney et. al., 1979, fig. 8) and goniatite deter

minations are critical in unravelling complex structures 

and reconstructing dislocated stratigraphic successions; 

2. in such a geographically and sedimentologically 

different scenario, it is important to assess the in

fluence, if any, of the cyclicity apparent elsewhere, and 

to assess the quality of the biostratigraphic correlation; 

3. as in South Wales, the unique aspects of the 

Namurian sedimentology of the region suggest that any 

evidence regarding goniatite evolution which is not avail

able in the central province may be sought here. 

1.3.1.4. Ireland 

The Irish Namurian and early Westphalian successions 

are similar in character to those of the central province. 



The Irish Namurian is particularly important in that 

localities in counties Limerick and Clare described by 

Hodson (1954) and Hodson and Lewarne (1961) have yielded 

particularly good and abundant specimens of goniatites 

from Hand Rl zones. 

1.3.1.5. North England and Scotland 
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Deposits of the relevant age in these regions are 

considerably thinner than the corresponding successions of 

the central province, this being due to relative topo

graphic elevation in Silesian times. This has s further 

consequence in that marine incursion did not have such 

great extent and importance north of the Craven faults, and 

goniatite faunas are therefore not common. Namurian 

goniatite bands have, nevertheless, been identified as far 

north as Scotland but only up to the Arnsbergian stage. 

The only Northern England gonlatite locality of particular 

import to this study is the type occurrence of Gastrioceras 

cumbriense below the Cumberland Coal Measures near 

Hensingham, West Cumbria. 

1.3.2. OVERSEAS 

1.3.2.1. Continental North West Europe 

Successions in Belgium and West Germany are broadly 

comparable to those of the British central province. 

Goniatites are found in thin bands and these have been 

correlated with British counterparts, for example by 

Demanet (1941 & 1943) and Hodson (1957). These correla

tions usually appear sound, but detailed analysis of some 

correlations in this study (Chapter 7) is necessary to 

increase confidence in some areas. 



15 

1.3.2.2. U.S.S.R. 

Ruzhentsev and Bogoslovskaya (1978) described an 

extensive and well preserved Silesian goniatite fauna from 

thin shelf-sea limestones in the Urals. Despite obvious 

similarities with West EUropean faunas, there are few 

undoubted shared species. Given the likely sea connection 

and E - W currents mentioned in Section 1.2.1., it is 

clearly desirable that this study should consider the 

Russian faunas in some detail, with a view to more 

definite biostratigraphic and phylogenetic resolution. 

1.3.2.3. North America 

Silesian goniatites have been well documented from 

Arkansas, U.S.A. by, for example Gordon (1965) and 

McCaleb (1968), and from Ellesmere Island in Arctic Canada 

by Nassichuk (1975). These successions are rather varied, 

incorporating limestones, shales, sandstones and conglom

erates, but all indicate shallow sea environments. Once 

again, these faunas show only a general similarity with 

European and Russian assemblages, and correlation is 

further confounded by the presence of large unconformities 

within the Namurian (see Nassichuk, 1975, text-fig. 3; 

Saunders et. al., 1979; Manger and Saunders, 1980, text

fig. 2). The present study will deal with North American 

faunas with the particular aim of reviewing the more 

tenuous correlations. 

1.3.2.4. Other regions 

Faunas of Silesian goniatites are known from various 

other parts of the world, notably North Africa and China, 

but these are not yet sufficiently well documented to 

justify more than a cursory treatment here. 



2.1. INTRODUCTION 

CHAPTER 2 

HISTORY Of RESEARCH 
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Silesian goniatites have been the subject of a great 

deal of study over the years. This is no doubt due partly 

to aesthetic appearance of some specimens, but moatly to 

the biostratigraphical usefulness of these fossils both 

in the Namurian and the Westphalian. Correlation by means 

of goniatite occurrences in the Coal Measures was first 

achieved by J. Phillips in 1832. 

It is not necessary here to give exhaustive citations 

of each of the hundreds of relevant works; it is desired 

rather to describe trends and milestones in Silesian 

goniatite research, and to concentrate particularly on the 

development of numerical approaches in the field. 

2.2. THE NINETEENTH CENTURY 

The pioneering work on Silesian goniatites was largely 

based in England, although a few important publications 

did arise from Germany, particularly by Haan (1825), who 

established the Goniatitaceae, and by Beyrich (1837). The 

emphasis in these early days was on careful, scholarly 

description of well preserved specimens, often collected 

not by the authors but by enthusiastic amateur naturalists. 

Material was often, therefore, not accurately localised 

and, of course, could not be referred to more than a 

rUdimentary stratigraphic framework. In these respects, 

the work of Phillips (1836 and 1841) is less than satis

factorY, whereas Brown (1841) appears to have been more 

disciplined. Both author.s' descriptions have, neverthe

less, remained useful. There was little innovation 



throughout most of the rest of the century, although 

towards the end there was a tendency towards more 

systematic treatments, with generic divisions becoming 

more refined. Thus the genera Homoceras and Gastrioceras 

were founded by Hyatt (1884) and Foord (1903) produced an 

important monographic work. 
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Haug heralded the twentieth century by introducing 

impressive advances on several fronts. His publication 

(Haug, 1898) includes a discussion of goniatite evolution, 

showing awareness of Darwinian thought, with a speculative 

diagrammatic phylogeny and s stratigraphic range chart of 

various genera. Originality is also shown in his careful 

account of variation within the Homoceras beYrichianum 

fauna, and variation dUring ontogeny of Reticuloceras 

reticulatum, both supported by tabulated data. Haug's 

example was unfortunately much neglected until the work 

of W. S. Bisat. 

2.3. W. S. BISAT AND HIS ERA 

The early part of the twentieth century did not 

produce any change of emphasis, although further details 

of German faunas were described by C. Schmidt (1924) and 

H. Schmidt (1925), and discoveries were being made of 

goniatite assemblages in the U.S.A. It remained for 

Bisat's 1924 pUblication "the Carboniferous Goniatites of 

the North of England and their Zones" to supply the 

stimulus and lay the foundations for profitable fUrther 

studies. This paper is widely regarded as a classic work 

in the field of biostratigraphy, but it was also a 

significant development in goniatite systematics. 



Bisat succeeded in devising a zonal scheme for the 

Visean, Namurian and early Westphalian by careful collec

tion of goniatites from successive horizons at various 

localities and by trying to "distinguish between and 

separate from each other the forma at different horizons, 

whilst allowing as Wide a variation as possible to 

individuals on the same horizon" (Bisat, 1924, p. 41). 

In doing this Bisat was clearly conscious of evolutionary 

change with time, and this is confirmed by his use of the 

unusual taxonomic nomenclature of "mutations" in order to 

describe successive forms of an evolving species. Bisat 

distinguished twelve goniatite zones in the stratigraphic 

interval relevant to this study, and it is a fitting 

tribute to his work that they are still regarded as valid 

today. 

Bisat's later work explored the various consequences 

of his original thesis and three of his papers can be 

cited to exemplify these directions. firstly, Bisat 

sought to extrapolate his zonal scheme laterally, and his 

comparison of English and continental successions (Bisat, 

1928) was the first of many detailed long range bio

stratigraphic correlations (eg. Delepine, 1941; Hodson, 

1957). Secondly, his awareness of evolutionary pro

gression resulted in a speculated phylogeny of goniatites 

(Bisat, 1933). Thirdly, Bisat initiated the refinement 

of his own zonal scheme by more detailed examination of 

the more complex parts of the succession (eg. Bisat, 

1940; Bisat & Hudson, 1943). 

An original and often overlooked item of interest 

from this period is the suggestion by Demanet (1943, 
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p. 139) that many associated pairs of species may in fact 

be sexual dimorphs of one species. Though receiving 

support from Ramsbottom & Calver (1962) this possibility 

has yet to be fully tested. 

Before leaving this era so dominated by the work of 

Bisat himself, it is fitting to give credit to the many 

workers of the Geological Survey, later the Institute of 

Geological Sciences, whose careful documentation of 

Silesian successions in regional surveys was both a fruit 

and a confirmation of Bisat's research and provides an 

excellent example of the application of biostratigraphy 

in the field (see, for example Wright et. al., 1927; 

Wray et. al., 1930; Bromehead et. al., 1933; Stephens 

et. a1., 1953). 

2.4. 

2.4.1. 

MODERN RESEARCH 

SYSTEMATICS 
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The development of numerical taxonomy began in the 

late 1950's and a textbook on the subject appeared in the 

early 1960's (Soka1 & Sneath, 1963). However, despite the 

earliest application to palaeontology in the mid - 1960's 

and encouragement by Kaesler (1967), numerical taxonomy 

has been neglected in the field of goniatite systematics, 

which has remained traditional in its methodology. The 

only important development in this field has been the 

description of many new taxa. Patteisky (1959 & 1965) 

and Bouckaert (1961) have worked exhaustively on North 

EUropean faunas, and Gordon (1965), McCaleb (1968), 

Nassichuk (1975) and Manger and Saunders (1980) are 

amongst those responsible for the comprehensive description 



of interestinq North American taxa. Ruzhent~ev and 

Bogoslovskaya (1978), as well as producing an impressive 

monograph of Russian goniatite faunas, developed phylo

genetic inferences to the point of erecting a systematic 

structure which is deliberately cladistically based (see 

Section 3.2.2.) and as such is quite modern in concept. 

An aspect of systematics of considerable importance 

in taxa with a long historY of research, as have many 

Silesian goniatites, is nomenclatural accuracy. Care was 

not often taken with proper holotypic designation and 

synonymies before about the middle of this century, and 

it is only thanks to scholarly work in more recent years, 

for example by Ramsbottom and Calver (1962), that many 

systematic problems are clarified for the benefit of 

subsequent researchers. 

2.4.2. STRATIGRAPHY 
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One tendency is the continual refinement of bio

stratigraphic detail, often associated with palaeo

ecological and sedimentological studies, as in the theses 

by Heptonstal1 (1964) and Ashton (1974). Of more general 

importance, though, is the synthesis of Silesian strat

igraphy presented by Ramsbottom (1977, 1978, 1979) who 

recognises eustatic cycles throughout the Carboniferous 

(see Section 1.2.2.) and, in addition, is able to relate 

aspects of goniatite faunas to this framework (Ramsbottom, 

1980). 

Meanwhile, biostratigraphic correlations using 

goniatites continued to be made with varying success, but 

it deserves notice that the method of stratigraphic 

comparison, ie. correlation on the basis of shared taxa 



or by general subjective faunal similarity, has remained. 

unchanged over the years and, if not entirely inaccurate, 

is certainly antiquated. 

2.4.3. NUMERICAL METHODS IN GONIATITE RESEARCH 

Following Haug and Bisat, Nassichuk (1975), Manger & 

Saunders (1980) and Ruzhentsev and Bogoslovskaya (1978) 

are among those who have helped to elevate tables of 

measurements almost to the status of standard and in

dispensible additions to systematic descriptions. However, 

these authors only tabulated a very restricted set of 

dimensions, and do not analyse the data. Heptonstall 

(1964) took the additional step of plotting primitive 

scatter diagrams to illustrate differences between species 

and faunas, but his results are not very conclusive. 

Raup (1967) provided a stimulus in a different direc

tion by analysing the geometry of ammonoid shell coiling, 

and deriving parameters of allometric growth. This has 

been the subject of several investigations (see Section 

3.2.3.2.) but these have not been taxonomic studies and 

the use of geometric constants in taxonomy has yet to be 

attempted. 

Saunders (1973) illustrated many ontogenetic. curves 

and "multivariate" scatters using two or three measure

ments at a time. These are intended to illustrate 

morphological differences between species, and it is 

important to note that Saunders does not distinguish taxa 
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on the basis of such plots, but in fact uses other criteria; 

and, indeed, the scatters and curves do not provide con

vincing evidence for specific divisions if used inde

pendantly. 



Detailed arguments in favour of the application of 

numerical methods to the study of Silesian goniatites are 

given in Chapter 3. It should, though, be apparent from 

the foregoing historical resume that the field is 

virtually unexplored. 
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3.0. INTRODUCTION 

CHAPTER 3 

ANALYTICAL TECHNIQUES 

Many problems are encountered in working within the 

systematic framework established by previous authors. 
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Some of these difficulties have been hinted at in the 

foregoing chapters, and there will be more discussion 

below. Wherever possible, new taxonomic work should start 

from first principles, using no assumptions that are 

derived from the conclusions of previous orthodox taxo

nomic work in the field of research. The basic unit from 

which the present study is developed must therefore be the 

individusl specimen, this being unambiguous and empirical. 

Notice, however, that stratigraphic assumptions based on 

previous work have had to be made, but that these assump

tions are of a sufficiently general nature that confidence 

in them is high, and that they are falsifiable, in theory, 

at a later stage of this work. 

The taxonomic work needed in this study, starting 

from first princip les, consists of the following: 

A. The recognition of morphospecies in populations of 

individuals. 

The b i 01 og i c al de fin i t i on 0 f 's p e c i e s ' ( May r, 19 63 ) 

requires knowledge of breeding patterns and is inapplic

able in palaeontology. The term 'morphospecies' is 

ideally suited to the approach and the results of this 

work and is adopted here. The 'populations' considered 

here are, of necessity, composed of those individuals 

occurring within fairly crude stratigraphic divisions. 



B. The classification of morphospecies into genera 

and higher taxonomic ranks. 

Note that genera, families, superfamilies, etc. are 

artificial constructs even in genetic biology, so the 

divisions in palaeontology are certainly arbitrary, 

although in this study they will be aubject to phenetic 

criteria. 

c. The construction of a plausible phylogeny. 

This mayor may not be related to the systematic 

classification. 

D. The formulation of an algorithm for the identifi

cation of new specimens. 
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An attempt is made here to make the process of ident

ification operational. 



3.1. RECOGNITION OF MORPHOSPECIES 

The recognition in samples of fossils of distinct 

groups, usually called species but more correctly morpho

species, is perhaps the most common practice of pal aeon

tologists. The palaeontological literature which results 

from this process suggests by its sheer abundance that 

palaeontologists in general find the definition of distinct 

morphospecies relatively easy. This is certainly not the 

case with the goniatite faunas considered here. 

3.1.1. PROBLEMS 

3.1.1.1. Ontogenetic change 

All sufficiently intact specimens of goniatites show 

a large amount of change in many or all shell characters 

during ontogeny; this is the case whether characters are 

expressed as proportions or as abaolute values. In ortho

dox palaeontology this creates problems because: a/ two 

specimens of the same species may differ radically in 

appearance, and the eye and brain have difficulty in 

assimilating and using this additional information; and 

b/ authors consequently need to describe all growth stages 

to give a complete account of a species, and this is often 

not done adequately. 

Variation in the ontogeny of various morphospecies 

is shown in Figure 1. 

3.1.1.2. Non-ontogenetic variation within populations 

When ontogenetic effects are removed by focussing 

attention on specimens of just one size, there is still a 

large amount of variation in many or all shell characters. 

The degree of this component of variation is illustrated 
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FIGURE 1. Ontogenetic curves of various characters for Homoceratoides 

prereticulatum (left) and Reticuloceras reticulatum (right) illus-

trating the great changes in all characters which accompany growth. 

These curves are typical of Silesian thick-shelled goniatites. For 

the character abbreviations, see Table 4. 
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FIGURE 2. Histograms showing the frequency of character values for 
s.l. 

various characters in specimens of Gastriocerasffrom Gla zone. The 

variation within the fauna is extremely great and fairly continuous. 

This fauna is quite typical in this respect. 

Vertical scales indicate number of specimens. For character 

abbreviations, see Table 4. 



using data from a representative stratigraphic horizon in 

figure 2. This variation may be a genuine expression of 

the genome, in which case it is ideal for taxonomic work, 

or it may be due to ecological effects. Ecological 

effects may be indistinguishable ~ priori from genetic 

effects, except in the obvious case of physical damage. 

(Magraw, 1956). 

It is this component of variation which has caused the 

greatest confusion in the literature, due to intellectual 

difficulties of assimilating data and practical difficul

ties of description and identification. It is consequently 

this variation which is the main subject of population 

analyses in this study. 

Variation in many or all charactera is not a problem 

to orthodox palaeontology where there is high correlation 

between characters; this is noticeably not the case in 

most goniatite populations. 

3.1.1.3. Differing preservations 

The contrastingly different superficial appearance 

between similar specimens preserved as 3-di~ensional casts 

and as 2-dimensional crushed impressions has confused 

some authors (eg. Patteisky 1965, see Section 5.4.) but 

this need not be a real difficulty. 

3.1.2. SOLUTIONS 

Problems of this type have been dealt with in various 

ways in the past, but few of these are entirely satis

factory. The range of possible approaches include the 

following: 



3.1.2.1. Assessment "by eye" 

This, the most common approach in traditional 

palaeontology, is more difficult the larger the vari

ability in populationa, and it has consequently not been 

successful in dealing with Carboniferous goniatites. The 

process consists, loosely, of isolating two or more type 

specimens of conspicuously differing appearance from an 

assemblage and then, by crude comparison, allocating new 

specimens to one or other of the groups. Occasionally new 

specimens may be regarded as sufficiently dissimilar to 

require the erection of a new group. Identification in

volves naming new specimens after one or other groups, 

which are usually but not always called species, if they 

are "close" in appearance; otherwise, and very commonly, 

the prefix cf. is used to denote uncertainty. 

This method is quite clearly subjective; taxa erected 

in this way may be more intellectual fabrications than they 

are real, and different workers inevitably disagree. It 

is impossible to assess by eye whether or not variation is 

continuous between two type specimens, and whether or not 

the chosen types are genuinely central to the range of 

variation of the morphospecies. Both these considerations 

are important from theoretical and practical viewpoints. 

Another criticism is that assessment by eye tends 

naturally to bias in favour of the most conspicuous 

features, whereas there may be no grounds for supposing 

that these are any more important than visually trivial 

details. This is a form of subconcious weighting (see 

below) . 

These criticisms are certainly adequate to preclude 



the adoption of this traditional methodology in the 

present study. However, it should be noted that the 

results achieved in this way in the past are not necessar

ily entirely wrong, this depending on the skill of the 

worker, and that many accurate biostratigraphic and other 

deductions have been built on these insecure foundations. 

3.1.2.2. Character weighting 

One response to the problem of variation in many 

characters is to partially or completely eliminate from 

consideration certain characters which are regarded as 

unimportant, and to base taxonomic division on a re

stricted set of "important" characters, which therefore 

become positively weighted. Groups defined in this way by 

possession of one or a set of unique character states are 

called monothetic groups. 

This method has the advantage of simplifying the 

mental process of taxonomic procedure, simply by reducing 

the amount of data being considered at one time. It also 

allows the formulation of an algorithm for identification, 

for example a dichotomous key. 

Character weighting is, as suggested above, probably 

carried out subconsciously in much taxonomic work, but 
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may also be used deliberately. An example of the former 

is in those species descriptions which include a para

graph on "diagnostic or distinguishing features". Charac

ters not regarded as diagnostic of a species are either 

invariant (unlikely in most goniatite populations) and in 

a state similar to that found in other species, or, more 

likely, ~ variable within the species, in which case 

the character has been subdued from conscious consideration, 



ie. given zero weight. An example of deliberate weight

ing is the use of the criteria "absence of tubercles and 

development of a carinate keel at maturity" which have 

been used by workers in distinguishing the species 

Agastrioceras carinatum. 

Despite the attraction of increased simplicity of 

taxonomic work when character weighting is carried out, 

this methodology must be rejected because the simplicity 

is artificial. Sneath & Sakal (1973) list seven funda

mental arguments against character weighting. The essence 

of these is'that the weighting of a character givea that 

character an ~ priori importance and influence in the 

resulting taxonomic structure, and that the imposition of 

this taxonomic importance must be subjective, as objective 

importance can only be deduced from the results of taxon

omy. In other words, although some characters may be 

genuinely more important in distinguishing forms, we 

cannot be sure of this until the results are obtained of 

an objective taxonomic analysis which makes no assumptions 

about importance, ie. uses equal weighting. 

3.1.2.3. Scatter diagrams 

Scatter diagrams were, historically, among the first 

vaguely statistical techniques used to distinguish forms 

in a variable population. The essential principle in

volved here is the representation of each specimen as a 

point in a 2- or 3- dimensional ordination with mutually 

perpendicular axes corresponding to character measurements 

or ratios. With appropriate combinations of characters, 

the taxonomist hopes that points will plot out in separate 
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fields, which can be identified as taxonomic groups. 

Although only a few characters can be analysed at one time, 

it is not necessarily a subjective method because, in 

principle, all combinations of characters can be tried. 

Those plots which show the best differentiation will 

suggest which, if any, are the best characters to use in 

distinguishing forms; those characters are therefore found 

empirically and are not subjectively assumed. However, a 

survey of scatter diagrams in the literature will show 

that the choice of characters for the axes is nearly 

always subjective; the diagrams are usually arranged to 

illustrate the variation with respect only to what the 

author regards as important characters. 

Scatter diagrams usually have two axes, but it is 

also feasible to illustrate and visualise 3-dimensional 

scatters. Normally only one character contributes to each 

axis, but if other scatters show a good linear correlation 

between two characters, it may be profitable to use the 

ratio of the two on one axis, although this involves the 

loss of information. It is therefore rarely possible to 

plot useful scatters which incorporate data from more than 

four characters - this is an important drawback. 

Scatter diagrams using various permutations of 

characters have been plotted for some Gastrioceras popula

tions; two of these are illustrated in Figure 3. None of 

these has yielded an undoubted division into clusters. 

This raises another difficulty - many scatters are ambig

uous and the recognition of clusters can itself be 

subjective. 

The lack of clear clusters in any of the scatters of 
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FIGURE 3. Bivariate scatter diagrams of specimens from the Glb zone 

fauna. Clusters are not conspicuous and the scatters cannot be sub-

divided with confidence. These scatters are typical. 

For character abbreviations, see Table 4. 



Gastrioceras plotted does not imply that no clusters 

exist. Obviously, clusters might have been apparent on 

scatters using combinations of characters which were not 

tried - it is not practicable to tryout all permutations 

of about 20 available characters. Also, it is quite 

feasible that real clusters exist which are only apparent 

when the correlations of larger numbers of characters are 

investigated. 
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For these reasons, any scatter restricted graphically 

to two dimensions is unlikely to be of great taxonomic 

value. The real morphological scatter of specimens in a 

population can only be truly expressed in a space of n 

dimen'sions, where n is the total number of characters that 

can be used, and this requires the special techniques of 

multivariate analysis. 

3.1.2.4. Multivariate analysis 

Multivariate techniques allow the simultaneous con

sideration of any number of characters in order to arrive 

at a taxonomic conclusion. Consequently it is possible to 

eliminate subjectivity in the process of distinguishing 

forms in a population. This is done simply by establish

ing the operational procedure of using all possible 

characters. Any resulting groups are termed polythetic 

(defined by Beckner, 1959, p. 22), the important property 

of such groups being that they can not necessarily be 

defined by the possession of any particular character 

states. 

Most multivariate techniques involve the search for 

structure within a scatter of points ordinated in n-dimen-
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sional space. If the present problem, ie. the definition 

of groups within goniatite faunas, is expressed in these 

terms, the points represent specimens and each dimension 

represents a character (n: no. of characters). Shell 

diameter, which relates to the stage of ontogenetic 

development, can be used as a character, in which case a 

suite of specimens of the same morphospecies at various 

growth stages will necessarily form a linear series (see 

Fig. 4a). Indeed, an hypothetical morpho species could be 

defined by an appropriate description of the space occu

pied by the ontogenetic continua of its constituent indi

viduals. It is theoretically quite feasible for distinct 

morphospecies to overlap in parts of their ontogenies. 

Another complication is that, due to sampling difficulties, 

a population may not include representatives of all growth 

stages of a morphospecies (Fig. 4b). A consequence of 

these hypothetical distributions of specimens is that one 

significant cluster in such a space need not represent one 

true morphospecies - it may include parts of two or more. 

Also, different ontogenetic stages of one species may 

form discrete clusters. Note that these same observations 

apply even if shell diameter is not included as a charac

ter; it is used here to ease conceptualisation. The 

removal of that dimension from the diagram in Figure 4a 

would result in no change in the topology of the structure, 

see Figure 5a. 

There is, then, an uncertain correlation between 

clusters and morphospecies under the conditions described. 

However, if specimens of only one shell diameter are con

sidered at one time, then each significant cluster must 
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distribution after diagenetic and sampling effects is shown in B. 

Morphospecies are discrete to varying degrees. For the situation at 

diameter = x, Y & z, see figure 5. 
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still be composed of specimens belonging to one or more 

morphospecies and, more critically, one morphospecies 

cannot be represented by more than one cluster. This situ

ation may be visualised as taking slices through the 

structures shown in Figure 4, thereby reducing the dimen

sionality to the geometry shown in Figure 5b. If suffi

cient number of slices are examined, these should provide 

a complete record of the ontogeny of all significant 

morphospecies in the assemblage. Having defined the 

position of clusters at each ontogenetic "slice", it 

remains to tie up the consecutive clusters to reconstruct 

a complete set of ontogenetic continua. This involves 

practical problems discussed in Section 3.1.4.6., but 

three theoretical points are summarised here: 

1. Every significant cluster on each "slice" is 

important and cannot be ignored; each cluster must indi

cate the presence of at least one morphospecies. 

2. A morphospecies need only be distinct from its 

neighbours at one ontogenetic stage. If this particular 

stage is not "sliced", then the morphospecies will remain 

invisible. 

3. It is quite possible for two morphospecies to be 

inseparable at some ontogenetic stages. Where one cluster 

incorporates two morphospecies, then the definition of 

that cluster must be used for both, although in fact the 

two may differ to a non-significant degree. 

All things considered, this process of isolating 

morphospecies as separate clusters at a series of size 

ranges in the population seems to fulfil the desired 

criteria of objectivity and operationality, and has there-



fore been adopted in this study. 

The mathematical process of multivariate analysis 

whereby significant clusters are distinguished and de

fined is described in the next section. 

3.1.3. CLUSTER ANALYSIS - THEORY 

Cluster analysis classifies numbers of units into 

groups on the basis of similarity. It can be split into 

a series of component processes: 

1. Choice of unit. 

2. Choice and measurement of characters. 

3. Calculation of coefficient of similarity. 

4. Cluster detection and linkage. 

5. Considerations of significance. 

6. Graphical display of spatial relationships. 

3.1.3.1. The Unit 

In the jargon of numerical taxonomy, the basic unit 

under consideration is known as the operational taxonomic 

unit, or DTU. This may be an individual, a species, an 

environment, or any other concept which can be defined 

by component characters. 
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Choice of unit is related to choice of Q- or R-mode 

analysis. Q-mode analysis classifies OTUs on the basis of 

possessed characters; R-mode analysis classifies charac

ters on the basis of possession by OTUs. In Q-mode 

analysis, OTUs are considered to be located in an attri

bute space (A-space); in R-mode analysis, characters are 

located in individual space (I-space). 
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3.1.3.2. The Characters 

Cluster analysis only considers phenetic relation

ships, defined by Sneath & Sokal (1973, p. 29) as 

"similarity (resemblance) based on a set of phenotypiC 

characteristics of the objects or organisms under study". 

It is emphasised as being theoretically independant of 

cladistic relationships. The only information to be used 

is that involved in the characters of the OTUs, and this 

information should give as complete and accurate a picture 

as possible. 

To assess similarity between DTUs, all corresponding 

characters are compared and the comparisons are mathemat

ically compounded in one of various possible ways (see 

Sections 3.1.3.3. & 3.1.3.4.). 

from these initial considerations, the following 

problems arise: 

a. Whilst ensuring that the choice of characters is 

complete, care must be taken to ensure that information is 

not duplicated - this would result in unintended character 

weighting. Duplication of information can readily occur 

if characters are chosen which are logically dependant. 

For example, if a line is divided into two parts, the total 

length is logically dependant on the lengths of the com

ponent parts. In this case any two measurements are logi

cally independant, but the use of all three results in 

duplication of information. Note that if two charactsrs 

are highly correlated empirically, but not logically, they 

must both be used. 

b. There may be a problem of uncertain character 

correspondance. Strictly, a character on one OTU must be 



homologous with a character on another OTU in order to 

validate a comparison. Homology is often difficult to 

establish. For" example, two species of animal may appear 

similar in possessing black and white stripes, but detail

ed anatomical work might show that corresponding parts of 

the skin possess black pigment in one species and white 

pigment in the other; the stripes would therefore not be 

homologous and the species would not be genuinely similar 

in these characters. In fossil material homology is 

impossible to prove where it is not obvious. A common

sense approach has to be used in such instances; it is 

likely that errors in inferring homologues may not be too 

serious in their affect on results. 

c. A related problem is that of missing characters. 

When absence is due to poor preservation of a specimen, 

then clearly that character cannot be used in calculating 

similarity with another speciman. Also, where character 

absence is genuinely phenetic, there is usually no ob

jection to simply coding it zero. However, where that 

character is part of a larger organ which is itself 

missing, problems arise. For example, if "presence of 

spots on legs" was a character used in an analysis of 

reptiles, it would be misleading to code this as zero for 

species of snake, because this would suggest that, in this 

respect, snakes are more similar to reptiles without 

spotted legs than to those with spotted legs. There is 

no wholly satisfactory solution to this problem. 

To facilitate the calculation of similarity between 

OTUs, characters must necessarily be in numerical form. 

This can be done in binary form (presence - absence data) 



or in the form of a continuous or meristic multistate. 

Binary coding is very simple and has the advantage of 

allowing close analogy with the "units of infcirmation" of 

information theory. Its disadvantages, which it shares 

with meristic multistate data, are that it necessitates 

partitioning of a possibly continuous range of variation 

of a character, and the position of the partitions often 

has to be arbitrary. Partitioning may result in severe 

loss of information unless many close partitions are used, 

in which case character coding and data manipulation 

become unwieldy. 

3.1.3.3. The Coefficient of Similarity 

Having expressed all the OTUs under consideration in 

entirely numerical form by appropriate choice and measure

ment of characters, the next step is to apply some mathe

matical technique to this data in order to arrive at a 

measure of similarity. One value of such a coefficient is 

calculated for every pair of OTUs, and so the entire set 

of coefficients for a sample can be expressed in a txt 

matrix, where t = number of OTUs in the sample. 

Many different equations have been formulated to 

arrive at measures of resemblance; the results of all 

equations are very broadly similar, but in most cases 

differ in detail. The main differences, however, are in 

application and concept. Four main types are recognised; 

these are summarised in Table 2. 

3.1.3.4. Cluster Detection and Linkage 

Except for probabilistic similarity coefficients, 

which arrive at a classification direct from the data 



TYPE 

DISTANCE 

COEffICIENTS 

ASSOCIATION 

COEffICIENTS 

CORRElATION 

COEffICIENTS 

PROBABILISTIC 

SIMIlARITY 

CDEff IC.IE~TS 

x, 
X. 
n 
a 
b&.c 

TABLE 2 - COEFFICIENTS OF SIMILARllY 
EXAMPLE 

NAME 

Average 

Euclidean 

Distance 

d,. 

Jaccard 

51 

Pearson 

I EQUATION 

(for symbola aee footnot,) 

d,. = I! [~[X,- X.r] 
1-' 

8 
5 1 = 

8+b+c 

ADVANTAGES 

Conceptual sim
plicity. Appli
cable to binary 
& continuous 
data. 

PrOduct-Moment 

Correlation 
r,. 

r _ It[X,-XI][x.-X .. ] 
,. -1t[X,-xt f[x.-x .. J' u 1_, 

See Goodall, 1966. 

iJses sophisti 
cated modern 
informati on 
theory. 

DISADVANTAGES 

Rest rict ed in 
use to binary 
dat a. 

Undesi rable 
properties in 
certain ci r
cUllstances 
(see S okal &. 
Sneath, 1973, 
pp.139-140). 

IC a.pleX!ry. 
which increases 
cOlilputing time 
and hinders 
conceptuali
sation. Best 
with binary 
data. 

NOTES 

Similarity between OTUe measured as a dis
tance in space; each dimension of that apace 
corresponding to one character. The equa
tion is baaed on the formula for the length 
of the hypoteneuse. Should be used with 
standardised dats*, otherwise (Xij - Xik) 
tends to be Isrger with arbitrarily larger 
characters. 

Heasures agreement between character states 
of two orus. 

Can be visualised approximately as meas
uring angles between vectors connecting 
OTUs to the origin in character space. 
Beat used with ~tandardised data*. 

These involve the trial partitioning of 
sets of OTUe and the testing of the re
sultant classification using information 
statistics as optimality criteria. 
Considers the probability of character 
agreement and weights accordingly. 

value of the th charscter measured in OTUj 
- value of the th character measured on OrUk 
- no. of characters 
- no. of characters coded I (present) in both orus 
- no. of character8 differing between OrU8 

*Standardisation of data involves the adjustment of all 
character values so that all variables have equal means and 
standard deviationa. It has the effect of weighting characters 
equally. 
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matrix, all the procedures described in the previous 

section result in a matrix of numerical values which 

correspond to the similarities between every pair of DlUs. 

It is necessary now to use these similarities to investi

gate the taxonomic structure by searching for groups or 

clusters of DlUs. 

lhe obvious and necesaary basic attribute of a 

cluster is that it should contain a greater density of 

points in spsce than other areas. Note thst this condi

tion can be satisfied regardless of size, shape and 

number of points included. In practice, clusters are 

generated which are nested and hierarchic. Any level of 

the clustering hierarchy may be of use, from 2 clusters to 

t - 1 clusters (t= no. of DlUs), although some levels of 

the hierarchy are inevitably more significant. 

Clusters can be described by citing position, size 

and shape. Position is expressed by the co-ordinates of 

the centroid or mean of the contained points. Size and 

shape are interrelated. Where clusters are hyperspherical, 

only a radius is needed for description. Where clusters 

are hyperelliptical or irregular, it is necessary to give 

measurements in each dimension. This measurement may be 

the distance from the centroid to the most distant point 

of the cluster, but more usually it is the variance or 

standard deviation of all points. 

Methods of clustering are as numerous and varied as 

coefficientsof similarity. Most of these involve an 

iterative algorithm in which, at each step, DlUs are con

sidered for admission to clusters and pairs of clusters 

are considered for agglomeration. It is the criteria used 
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in these processes which vary. The most important methods 

are summarised in Table 3. 

The results of all types of linkage and clustering 

are normally expressed as dendrograms, in which fusion of 

"branches" represents linkage and the similarity coefficient 

between the linked entities is given by position along a 

scale parallel to the branches (see figure 6). Notice 

that these diagrams synthesize information from every step 

in the clustering algorithm - the entire hierarchy is 

represented. The hierarchic nature of dendrograms makes 

them ideal for taxonomic interpretation. However, it 

should be remembered that they are essentially one dimen

sionsl representations of n-dimensional character space, 

and information is inevitably lost. 

3.1.3.5. Significance of Clusters 

The representation of phenetic structure in a group of 

orus as a dendrogram leaves two outstanding problems of 

interpretation. firstly, how statistically significant 

are the clusters; and secondly, at what level of similar

ity should the hierarchy be split into taxa? 

A. Statistical Significance 

'The precise nature of this problem can be realised 

when it is considered that the application of clustering 

algorithms to ~ set of OTUs, random or ordered, will 

produce plausible dendrograms, and that even within 

random data sets there are usually noticeable clusters. 

It is also a problem to decide whether the significance 

of one cluster within the hierarchy is to be tested, or 

whether tests should examine the information content of 



METHOD 

NEAREST NEIGHBOUR OR 

SINGLE LINKAGE CLUSTERING 

fARTHEST NEIGHBOUR OR 

COMPLETE LINKAGE CLUSTERING 

AVERAGE 

LINKAGE 

CLUSTERING 

Weighted or 

unweighted 

arithaetlc 

average 

Weighted or 

unweigbted 

centroid 

WARD'S HETHOD 

INfORMATION STATISTICS 

TABLE 3 - UNKAGE METHODS 

CRITERION 
rOR LINKAGE or CLUSTERS 

Nearness of closest points 
of clusters. 

Nearne~s of farthest points 
of clu~ters. 

Nearness of clusterp ss in
dicsted by s similarity co
efficient averaged for sll 
pairs of OTUs (one in each 
cluster). 

Nearness of cluster centroids 

Least incressein error sum 
of squareR ie. least in
crease in sum of distances 
fro. each point to the cen
troid of its cluster. 

DISTORTION 
or SPACE 

Contraction 

Dilation 

Slight 

Slight 

Slight 

CLUSTER SHAPE 

Results in 
"Rtraggllneas" or 
pronounced non
hypersphericity of 
cluaters. 

Very tight and 

hypersphericsl 

ApprOximately 

hyperspherical 

Approxhlately 

hyperspherical 

Approximately 

hypersphericsl -

variance .inimised. 

see Table 2 (Probabilistic similarity coefficients). 

NOTES 

The results produced by these two Methods 
sre opposite extremes. 

In weighted arithmetic average or centroid 
clustering, new cluster members are weight
ed so as to be equal in importance to the 
rest of the cluster in subsequent cluster
ing steps. 
In unweighted versions all points are 
weighted equally. 
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FIGURE 6. An example of a dendrogram. The termination of each 
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"branch" represents an DTU, and similarity between DTUs and between 

clusters of DTUs is indicated by the position of linkage. The best 

"phenon line" is chosen according to the appropriate criteria and 

the resultant "phenons" represent the optimal higher taxa. 



the whole classification. Attempts at producing a mean

ingful coefficient of significance are therefore complex 

and unsatisfactory (see sneath & Sokal, 1973, p. 284). 

A valuable insight can, however, be gained by 

examination of dendrograms generated from artificially 

doctored data; patterns can then be recognised in real 

data. Examples of dendrograms produced from both random 

and ordered data are shown in Figure 7. 
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It is pertinent to note here that any non-systematic 

errors in data collection will result in a decrease in 

cluster tightness, so that any low-significance clusters 

generated in practice may represent original structures of 

higher significance. 

B. Determination of Rank 

The following criteria for determining levels of 

rank are compatible with the desire for objectivity and 

are recommended in the literature: 

1. The same level of similarity must be used to dis

tinguish a given taxonomic rank throughout the OTUs of one 

analysis. In practical terms, this means that the dendro

gram must be divided by a straight line drawn perpendicu

larly to the coefficient axis. Sneath & Sokal (1973) call 

these "phenon lines" and they are used to distinguish 

"phenons". The similarity coefficient at which the line 

is drawn can be used as a rank category; for example a 

50 phenon is a group isolated by the 50 phenon line drawn 

at similarity coefficient = 50. Note that there are an 

infinite number of possible phenon lines, which allow t 

possible classifications (t = no. of OTUs). 

2. A taxon should have a high degree of similarity 
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A 

B 

fIGURE 7. Dendrograms resulting from A: random and B: ordered data. 

both artificially doctored. The data for B plots in three clusters, 

two close and one distant. 

S shows greater intra-cluster similarity. 
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between its constituents relative to the similarity be

tween it and other taxa. In dendrograms this property 

appears as long gaps between bifurcations. This criterion 

may have to be compromised when considered simultaneously 

with 1 above. 

3. Of all the phenon lines compatible with both 1 & 2, 

the one with the most objective importance is the line at 

the highest similarity coefficient. This is the lowest 

taxonomic rank present in the sample. Ideally, all the 

phenons at this level should be separated by distinct gaps, 

and there should be no significant non-overlapping sub

clusters within a phenon. 

3.1.3.6. Spatial Distribution 

Dendrograms allow objective interpretation and pro

vide a convenient way of illustrating relationships be

tween OTUs. However, as observed earlier, they are essen

tially a simplification of n-dimensional character space 

into one dimension - that of a measure of similarity. 

This entails a vast amount of information loss, and it is 

desirable that dendrograms should be complemented by a 

method of ordination involving more dimensions. - Because 

of the limitations of graphical simpliCity, ordination of 

the OTUs must be in no more than 3 dimensions. The 

problem, then, is to show n-dimensional spatial relation

ships in 2 or 3 dimensions whilst minimising distortion 

and information loss. The following methods have been 

used by various workers: 

A. Principal Component Analysis. This involves the 

calculation of the eigenvalues and eigenvectors of a matrix 
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of n x n correlation coefficients between characters. Any. 

positive correlations between 2 or more characters over 

all OTUs implies that the distribution of OTUs in A-space 

is elongated in a direction with components in the dimen-

sions corresponding to those characters. The eigenvectors 

give the direction of the elongation and the eigenvalues 

give its magnitude. Principal components analysis com

putes n orthogonal eigenvectors and eigenvalues in order 

of magnitude, and also the co-ordinates of each OTU with 

respect to these vectors. 

This technique is of useful application in two re-

spects. Firstly, the OTUs can be easily plotted in a 3-

dimensional space in which the axes are the three eigen

vectors with the largest eigenvalues; these are the first 

three principal components. This ordination, therefore, 

considers the three largest mutually perpendicular direc

tions of variation in A-space, and so illustrates the 

total variation as completely as possible. Secondly, it is 

of interest to examine the magnitude of each component of 

the main eigenvectors, ie. the contribution of each charac

ter to the principal components. Each principal component 

of variation is likely to be related to one external fac-

tor, and the effect of this factor on each of the charac-

ters can be deciphered. 

The information content of principal components plots 

can be enhanced by the superimposition of linkage, as 

derived from a clustering algorithm. This is described 

in Section 3.3. Linkage diagrams are based on distance in 
. 

A-space, so when superimposed on principal components plots, 

the distortion involved in ordination becomes apparent. 



Distortion is generally found to be greatest and some

times severe when relatively close OTUs are ordinated. 

B • M u 1 tip 1 e F act 0 rAn a 1 y sis (H a rm an, 1 9 6 7) . T his 

method is related to principal components analysis but 

differs in that the factor axes need not be orthogonal. 

The process allows the axes to be rotated independently 
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in a search for "simple structure". The criteria for 

simple structure are: one factor should only influence a 

subset of characters; its effect on characters not in that 

group should be minimised; and one character should not be 

affected by all factors. 

Unlike principal components analysis, where the 

correlation between factor~ is zero because of their orth

ogonal disposition, multiple factor analysis discovers 

factors which are mutually correlated. This is an attrac

tive property because the underlying external factors in 

nature are themselves unlikely to be independent. How

ever, the method has been criticised by Temple (1978) be

cause it involves subjective assumptions and decisions, 

and is conceptually complex in comparison with principal 

components analysis. 

C. Principal Co-ordinate Analysis (Gower, 1966). 

This technique is essentially similar to principal com

ponents analysis but works direct from a Euclidean dis

tance matrix. 

D. Non-metric Multidimensional Scaling. It was 

noted that principal components plots involve distortion 

in A-space. In non-metric multidimensional scaling, a 

measure of this stress is calculated, and the ordination 

is arranged so that this is minimised. The result is a 



desirable optimisation, but there is a considerable 

disadvantage in its complexity. 
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3.1.4. CLUSTER ANALYSIS APPLIED TO MORPHOSPECIFIC 
DETERMINATION 

The theory of cluster analysis allows a vast number 

of permutations of coefficients and algorithms. It is 

necessary now to discuss which of these is appropriate in 

the present problem, namely the division of samples of 

goniatites into morphospecies. Consideration has to be 

made to the collection and arrangement of data as well as 

to the choice of equations. 

The data collected as described in this section are included 

in Appendices 2, 3 & 4, 

3.1.4.1. Choice of Unit 

The OTU for the present set of analyses is obviously 

the individual specimen, and we seek to study the dis

tribution of these in A-space using Q-mode analysis. 

3.1.4.2. Definition, Choice and Measurement of Characters 

A. Data Type 

There are no characters of the goniatite shell which 

show a discrete frequency distribution - all show continu

ous variation over the range. This immediately suggests 

that characters are here best represented by continuous 

varisbles. 

B. Atlas of Characters 
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Figures 8 & 9 and Table 4, with the accompanying notes, 

give a complete breakdown of shell characters which appear 

to be logically independent and together constitute a good 

estimate of the information content of a fossil goniatite 

specimen. Note that, because of the spiral symmetry of 

the shell, most character definitions can be applied to 

sny whorl section at any growth stage; and that, due to 

the bilateral symmetry, they can be applied equally well 
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FIGURE 8. Goniatite .hell character. 

AI General .hell dimen.ion.. For further explanation .ee Teble 4. 

81 Apertural character •••• me.sured on a Apre .. nt.tive ,rowth llne. viewed 

perpendicular to the plane of coilinl. Line X-X' inter.ects the tan,ent. to the venter 

and to the umbilical seam at anlles ~ and ~. re.pectively. In the proce •• of measurement. 

line X-X' 1 •• stimated so that ~ • ~'. L1ne Y-Y' 1nter.ect. the tan,ent to the venter at 

900 • The.e line. have be.n found to be the most suitable for the a ••••• ment of .pecimen. 
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FIGURE 9. Goniatite sutural characters 

The line X-V of length l is the shortest line between the ventral saddle and the 

IIIIbllical lobe around the surface of an internal mould. lines X'-V' and X·-V· lie in 

planes parallel to the plane containing X-V. Measurements a-k are linear in 3 dimensions, 

a-f ara disposed parallel or perpendicular to x-V. 
The projection intended in this diagram is one in which meaSUrmEnts along and 

perpendicular to x-V are conserved. Consequently there is some distortion in the apparent 

lencths of e-k. especially e and f. 
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CHARAC TER TYPE 

MUSUREO OR 

ESTIMATED CHARACTER 

TABLE 4 - CHARACTER DEFINITIONS 

~ 
... "" '>~ 

~"V ' 

~ ~ ~c, 

~~ ~~ 
c, .:-

~ 

~~ ~ ~c, 
~f::i. '>~ ~i:' 

~~ ~ " ~~ 

REASONsrOR OMISSION 

fROM ANALYSES NOTES 

G[NERAL 0 Zero ontogenetic ",tege. voluMe of body chaMber, aperturel 1I0difications etc. 
Shell di alleter Used as an indicator of Othe-r features, ego no. of whorls, no. of septa, l 

a are also poaaible indicators of ontogenetic stage, 
SHELL DIMENSIONS but these are only rarely aaseasible and there is , 

no reason to suppoae that theae criteria are any 
better for the purpoae than shell diAmeter. 

--------------- ---

DiaMeter of 0 . Not Measurable in many frog- Indicatea the position of the UMbilical sealll of the 
ulllbllicus 0u)!" High, lIentAry speciMenll. whorl - all ot.her characters describe the proper-

Os ties of the whorl itself. 

----------------------------------------------------
Logically dependant of 0 t\ All rstios except 0 10 are rat! os to H 

u u a w 
Whorl height p to a high degree given the 

"w Zero a 
spiral geometry of goniatites, 
especially in evolute forMS. 

I---------------~---+--+-----------+--------------------------~ ----
Aperture height H Not accurately MeaRurable on 

Ha / Zero a Majority of specimenll -
H errors large in proportion 

w to sMount of veriation. 

1------------1-- - ----

Whorl width" Not Measurable on cruFhed The ratio W/H is preferred to WID a!' it relates 
',I. f i I hi h i w s 

"/Hw a r Y 9 apec MenS. to the dimenFions of the body chamber and hence to 
the shape of the living aniMal. 

-------- ---------+--------------------------------+---------------------------------------------------------------1 
[LEMENTS' or COARSE length of tuber- lt Very hi h Occasionally H = l = 0 in The tanns "tubercla" and "plication" as used here reTer to any 

eleR or plica- Lt /If g II itt relatlvaly raised structure on or near the Lnlbilical shoulder. This 
SCULPTURE tions wad :~ec Mensfi~ha saM~le, _y be and often 15 simply an elevated section of a costa. The length 

an e use 0 ese c srac- of a tubercle or plication is measured fran the umbilical shoulder 
Elevation of tu- H ters is rendered superfluous. ventrally to the point at which it declines to zero or to the elevation 
bercle,. or pI i- Ht 7.: Very high of a costa. 
cat ions. Hw 

--- ----- -------

No. of tuberclen . Hi h Absence of tubercles. Absence of tubercles cannot be coded N=O as this 
per 90' whorl faIrly q would iMply cl?seness to N=I rather than, say, 
~ection N N=IO, whereas In facL tubercle ab~ence is probab

ly a result of reduction in size, not nUMber. N 
~annot therefore be used in analy~es of samples 
Including speciMens without tubercles. 

------------------ -------------- -----~ -- -- ---- ---- --" - ---------

\TI 
'-J 



TABLE 4 CONTINUED 
....... -_ .. --- -

St rength of 
Moderate Ioften not .arkedly variable 

cost Be 
p 

within sa.ples. 

rurcation of Lack of vari ation within 
costae/tuher- ft I High sa.pl e. 
cles 

~-.---------. -

No. of at ri ae T ~ery high per 5 M. ElEMENTS or 

r INE SCULPTURE 

Oegree of devel- lack of variation within 
op.ent of crenu- CI Moderate saMpi e. 
I ali on on st riae 

Strength of lack of variation within 
tot ri Be v s S 

High saMple. 
Rt rength of 
spi ral ornlllllent 

No •. of spi ral 
l • Low 

Only Measurable on specillens 
lines per 5 "II with low values of 5 

rUrcati on of r Zero Requires good preservation 
"t ri Be and p robabl y not independent. 

--- - -- - ~- - - ----------- t- --I-

CUARACTERS or Oepth of hypo-
°h Dh/"w Very high nOlllic sinus 

APERTUR[ ~-

Projection of PI P l/"W IIi cjh Dirficult to accurstely 
1 ingua .easure low valueR. 

---- ----- -- -------------~--~~---

Radius of lingua Rl R l/Hw Moderate Difficult to define if lingua 
is we ~k __ ~ ___ .. _ __ ______________ 

Oepth of ocular 0 o I" Very high 
~inll_~_ 

0 o W 

P/Hw 
Often invariate (P o = 0) lI.bill cal pro- P Moderate jection 0 throuahout a saMole. -

The terM "costa" as used here refers to any At ria 
which is sufficiently pronounced to forll a corruga-
ti on of the ahell which traverses the whorl fro. 
uMhilical shoulder to uMbilical shoulder without 
any great variation in strength. Coded fro .. 0 
(cost ae absent) to I (costae .axillally pronounced 
ego sOllIe spech1ena of HORioceras be~richianullI. 
Intel'lllediates esthlateiJ 0.1,0.2, .J etc. 
_._----- -------_._-- ---------

Coded R=1 for no furcation, R=2 for hifurcation, R=) 
for trifurcation. InterMediate values are possible 
where the degree of furcation varies, and are got 
by averaging several instances. Strictly not appli-
cable where tubercles/costae are absent, hut usu-
ally coded R=l as R can be seen to decline aa 
Lt , "t and P decline. 

--
I 

St ri oe are here defined as fairly regular] y spaced 
prOMinent growth linea which May or lIay not be 
sufficiently pronounced to for. costae. The 5 'mm 
interval is .easured in a spiral direction in the 
vicinity of the lingua. 

--.. _------ - -----
[At illated fro. c=o - no crenulalion to C=I.O -
perfect crenulation. Where crenulation varie~ over 
the whorl section, 
i.ately averaging. 

the value of C is got by approx- 1 

Sp i ral ornaMent is usually forMed by crenulation 
be i 'If I in-phase over successive striae. S is esti-Mated frOll 0 - spi ral ornaMent onl y, to 1.0 -
striae only; 0.5 = st riae and spi rals equall y 
prOllli nent. 

The 5 11M i" Measured perpendicular to the spirals 
in the vicinity of the lingua. 

This character is usually coincident with R 
otherwise requires fine preservation. ' 

and 

---

.--~- --------~------ .. 

-- -" ---------~- -------~------

\J1 
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INT£RNAl CItARA 

A. GROOVE 

CONSTRICTIONS 

B. SliT 

ExternalS 

Internal 

cTERS 

5, 

etc. 

----------

IRE 

uture 

uture 

No. of const ric-
tion" per whorl 

-
Ventral feature Vg 

Vent ro-I ate ral 
feature 19 

length (ventral 
saddle to u.- 1 
hil ical lobe) 

1--:----0--:---- -
Ifeight of ven- a a/I t ral saddle 

Height of outer b b/l 
saddle 

Depth of late ral c/l lobe c 

Relative height 
of I ate ral 

d d/l Raddle (rela-
tive to b) 

Width of ventral 
saddle 

e e/I 

Width of outer f f/I 
~addle 

Ventral con-
eav it y of ven- g gIl' 
t ral lobe 

A cult y of yen-
t ral J obe 

h h/! 

Ventral con-
cavil y of laL- i ill 
eral lobe .----
Ullbil ical con-
cavity of lat- j j/I 
eral lobe 

---
Acuity of lat- k k/l 
e ral lobe 

f------- -------- -

---

TABLE 4 CONTINUED 

Zero 
Only rarely aaaeaaible due to Con8triction8 are so.eti.es vi~ible on external 
preservation. aurfaces at' a bunching of striae. The value of T 

ia not a"aeased in theRe areaR. ---
Moderate Often abaent throughout sa.ple. Coded 0 = st rong groove, 

1 = a.oothly rounded vente r, 
2 = strong keel, 

intermediates estimated. 

Moderate orten absent throughout sUlple. Coded 0 - 2 a8 above. 

------------
Related to shell dillensi ons W HeaRured around ci reu.ferenee of internal mould, as 
and H wand uRed to calculate are all other sutural characters. Zero This line is u"ed as a datu. to which other lIeas-
ratios. urell~nts are dispos~~ perpendicularly or parallel. 

low I nf requency of obse rvat i on. 

" Infrequency of ob se rv at ion. 

" Infrequency of observation. 
I 

" I nf requency of observation. 

" Infrequency of observation. 

i 

" Infrequency of observation. 

" Infrequency of observation. 

.. Infrequency of ob servat i on. 

.. Infrequency of observati on. 

1------- I----

.. Infrequency of observation • 

" Infrequency of observation. . 
---

Zero Extre.e infrequency of 
observation. 

~I 
- --



to left and right sides. However, to avoid data duplica

tion, only characters on one side are measured, and in 

this study, it is normal to record characters at only one 

whorl section per specimen. 

C. Inadmissable Characters 
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Despite the extensive suite of characters listed in 

Table 4 above, there are inevitably items of information 

which remain unaccounted for, for reasons of practicality. 

Particularly, it is apparent that not all of the subtle

ties of shell ornament are listed. for example, the 

precise degree of curvature of various parts of the growth 

lines is ignored, as is the exact structure of crenulation. 

These characters, and others, invoke practical difficul

ties in that: a) it is often difficult to define such 

features in a way conducive to numerical coding; b) there 

are technical difficulties in measuring small and subtle 

features accurately; c) measuring such characters is very 

demanding of time; and d) the percentage error involved is 

sizeable. 

There is also a small set of characters which can be 

regarded as objectively irrelevant for taxonomic purposes, 

as they are dependant on factGrs independent of the living 

organism. These are primarily diagenetic effects, for 

example colour and type of preservation. 

3.1.4.3. Equipment and Errors 

Vernier calipers were used for most of the larger 

measurements, finer details were measured using a XB lens 

with s scale gradusted down to 0.1 mm. A clear plastic 

millimeter rule was slso found to be useful. This simple 



equipment permits a precision down to about 1 - 2%, which 

is clearly adequate given the quality of the material. 
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The errOr involved in the process of digitisation 

must be regarded as the difference between the information 

in the final data set and the information in the original 

object as it was when part of a living organism - it is 

evidence pertaining to that organism that is being sought. 

Errors can accumulate from the following sources: 

A. Diagenesis. Any imperfection in preservation, 

by definition, distorts or reduces the information content 

of a specimen. Loss of information is obvious and unam

biguous; we are more concerned here with alteration of 

character values. Shell ornament is not very susceptible 

to alteration in this manner, but shell dimensions may be 

markedly affected. By far the most common diagenetic 

effect is lateral crushing due to sediment compaction. 

This clearly renders whorl width unmeasurable, but the 

effect on dimensions parallel to the plane of coiling is 

less obvious. In general, these measurements would be 

expected to be increased, because of the flattening of 

curved surfaces, but usually this is partly compensated 

by overlap of shell fragments. The distortion is there

fore uncertain and not easily estimable. Crushed speci

mens must nevertheless be incorporated into many analyses, 

and this can only be done by assuming zero distortion. 

Any systematic error might then be discovered empirically 

by examination of the results. 

Regardless of any systematic distortion, it is in

evitable that accuracy of representation is lost in 

crushing, and the resulting data will have only a fuzzy 
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resemblance to the original phenotype. This "fuzziness" 

is acceptable if it is slight relative to the size of a 

character; for example, no amount of crushing can disguise 

a difference in the value of u between a specimen of Du/De 

= 0.2 and another 0 f Du/Ds • D.4. 

B. Operational Error. This arises from lack of 

precision and lack of accuracy in the operation of 

measurement. Lack of precision is not a great problem -

the instruments used have a sufficiently high resolution. 

Lack of accuracy arises when characters, although pre

cisely defined, can not be precisely measured because of 

physical difficulties. An example of this is the measure

ment of tubercle elevation in crushed specimens - it is 

difficult to get the required lateral view. This type of 

inaccuracy probably causes a random error which further 

increases fuzziness. 

C. Error in Estimation. Many characte rs are 

assessed on an artificial scale by estimation "by eye", 

for example strength of striae'y'!. spiral ornament. The 

precision involved is low, with resolution perhaps only 

0.1 on a range O~l. The lack of accuracy involved in 

estimation is equal to the degree of inconsistency of 

assessment. Any systematic error is irrelevant if'con

sistent. Inconsistency can result from subjectivity and 

random effects; subjectivity can be eliminated by disci

pline but random effects are unavoidable. The error 

caused by this means may be as high as 10 - 20% of the 

range of a character, and this agsin increases fuzziness. 

This error margin is very high, but it should be noted 

that the resulting accuracy of definition is superior to 
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using binary coding or ignoring the character altogether. 

Summary of Effects of Errors 

Apart from systematic errors due to preservation, 

which can be detected empirically from results, the errors 

involved can be restricted with care to random effects 

which blur the precise position of the specimen in A-space. 

The analyses to be carried out attempt to recognise clus

ters of DTUs; consequently, at worst, the slight random

ising effect can only increase the diffuseness and hence 

the variance of any genuine clusters. If there is no 

systematic error the cluster centroids will not be signi

ficantly affected, and any genuinely discrete clusters 

should remain analytically distinct. 

3.1.4.4. Choice of Sample for Analysis 

Data collected from specimens from various strati-

graphic levels·and diverse localities has to be arranged 

into optimal samples for independent analysis. The 

following criteria are deSirable: 

1. Stratigraphic restriction, for increased resolu

tion and sensitivity in evolutionary and strati

graphic considerations. 

2. Geographic restriction, for increased provincial 

sensitivity. 

3. Taxonomic restriction, for phenetic senSitivity. 

4. Restriction to a small ontogenetic range, for 
reasons given in section 3.1.2.4. 

5. Restriction to specimens with fairly complete sets 

of coded character variables. A specimen cannot 

be analysed with respect to miSSing characters. 

6. Each sample should be large enough to ensure a fair
ly complete representation of the phenetic hierarchy. 



7. Economy of effort and computer time. 

Numbers 1 to 5 reduce sample size, numbers 6 and 7 tend 

to increase it. A compromise must be sought, and this 

varies from case to case. The following generalisations 

can be made: 

1. Samples are usually restricted to one established 
biozone. The various horizons within that zone 
are not treated separately. 

2. Within the British Isles, samples are not re
stricted geographically. 
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3. Samples are restricted to one family of the three 
under consideration (ie. Homoceratidae, 

Reticuloceratidae, Gastrioceratidae), assuming that 

these families are valid. 
-

4. ontogenetic restriction is to specimens with 

diameters within a 2 - 3 mm range in specimens 

5 - 15 mm diam., and within about 4 - 5 mm range 

for larger specimens. 

5. Sample size minimum should be about 10 and, in fact, 
averages about 20. 

3.1.4.5. Computation 

The analysis of the data collated in the manner des-

cribed above requires the calculation of equations and the 

execution of complex algorithms as described in Section 

3.1.3. This requires a powerful computing facility and a 

sophisticated computer program. In the present study, 

analysis was carried out on the Leeds University Amdahl 

VM 470 computer using the CLUSTAN lC package developed by 

Wishart and described in a user manual (Wishart, 1978). 

This package is in effect an interlinked series of pro

grams, each dealing with one stage of the many possible 

permutations of analysis. The exact analysis desired is 



selected by specifying the appropriate option in a driver 

program. The user has a choice of options in the follow-

ing program steps: 

1. Data input format. 

2. Calculation of similarity coefficient etc. 

3. Clustering algorithm. 

4. Output of results. 

The options chosen for the present problem are as 

follows: 

1. Data input format. 

The total data collected is stored on disc on three 

master files, one for each of the three major goniatite 

families. These files can be edited down to arrive at the 

samples to be analysed separately. Each line of the data 

files relates to one specimen and includes: 

a. a sequential number pertaining to the position of 
the specimen in the master data file. This gives 
reference to the registered number of the specimen; 

b. the identification of the specimen, as registered; 

c. the size of the specimen in mm; 

d. the character values in Fortran format F3.0, F4.0 

or F5.0, with up to three decimal placea. 

The CLUSTAN package allows the user to specify a 

Fortran format statement to read the data. In most 
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analyses, the data read by the computer was restricted by 

this means to all the character variables plus the se

quential number. The inclusion of the latter allows it to 

be printed for reference in the output. Subsequently, the 

user has the option of masking parts of the read data from 

calculations. At this point the sequential number must be 
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masked, plus any characters that are not coded, due to 

absence, in any of the specimens; either the character is 

masked or the specimen is deleted. In addition characters 

are masked if they show very little or no variation within 

the sample. 

2. Calculation of similarity coefficient, principal 
components etc. 

At an early stage in the running of the ClUSTAN 

package, the user is able to opt for calculation of pro-

duct-moment correlations and principal components with 

eigenvectors. These are calculated before the masking 

operation is executed, so, when used, the entire set of 

unwanted data must be eliminated using an amended format 

specification. In the present problem, the principal 

components option was only occasionally selected, and 

product-moment correlations not at all. 

As a preliminary to the calculation of similarity 

coefficients, the ClUSTAN package has a subroutine for 

standardisation of data; this is necessary and was used 

in all analyses. 

The CLUSTAN package has 40 different options of 

similarity coefficients. In order to maintain a degree of 

objectivity it is unacceptable to select one or other of 

these according to the results it produces. The trial of 

more than one option may lead to the choice being influ

enced by the correspondence of results with some subjec

tive opinion. Therefore, squared Euclidean distance was 

chosen for similarity coefficient calculation because: 

a. it is the default option in the CLUSTAN package; 

b. it is recommended on general grounds in the 
literature; 
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c. it is .! priori conceptually simple and attractive •. 

3. Execution of clustering algorithm. 

The CLUSTAN package offers 8 modes of clustering, 

and the considerations stated above with regard to choice 

of option apply here too. Ward's method was selected 

because of general recommendations in the literature. 

Note that there is no default option in the package. 

4. Output of results. 

The CLUSTAN package allows great flexibility in the 

format of the print-out, and options are chosen simply on 

consideration of information required and economy of paper. 

In the present series of analyses, output was chosen with 

th~ following format: 

1. Program title and listing of procedures and op
tions chosen. 

2. Listing of results of each clustering iteration. 

3. Dend rog ram. 

4. Means and standard deviations of all vsriables. 

5. Listing of raw numeric data. 

6. Minima and maxima of all variables. 

7. Listing of standardised data. 

8. Principal components etc. (More detells in 

Section 3.1.3.4.) 

9. First 10 nearest neighbours to each specimen. 

10. Cluster diagnosea of all clusters generated in the 

last 8 clustering steps. The diagnosis for each 
cluster comprises: 

a. list of specimens included, 

b. means of each variable over specimens in that 
cluster, 

c. standard deviations of each variable, 



d. f-ratio of each variable, 

e. T value of each variable. 

The f-ratio is the ratio of the variance of the 

variable within a cluster to the variance of that 

variable over the whole sample. It is a measure of 

the tightness of the cluster. 

The T value is the difference between the within

cluster mean and the overall mean of a variable, divi

ded by its overall standard deviation. It is a measure 

of the displacement of the cluster from the sample 

centroid. 

An example of the typical program input and output is 

included in the Appendix. 
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3.1.4.6. General Interpretation and Compilation of Results. 

As a result of computation carried out as described 

above, we can derive a series of dendrograms for each strat

igraphic division. This information must be interpreted 

and synthesized to determine and define the various morpho

species present in each interval. 

It was noted in Section 3.1.3.5. that, although den

drograms may be partitioned subject to certain criteria by 

phenon lines at various levels, the rank with the highest 

objective significance is the one resulting from a phenon 

line drawn at the highest similarity coefficient. This is 

therefore the lowest rank and, in the present case, this 

is best equated with the morphospecific category; to use 

"morphospecies" as a higher rank would imply the presence 

of "submorphospecies", and this would be unnecessary and 

confusing. The recognition of ranks higher than morpho-



species is best done using data from the entire ontogeny 

of a morphospecies, so all other phenon lines are not used. 

here. 

In practice. the application of the various criteria 

for the recognition of the best position for the phenon 
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line at morphospecific rank is impossible without compromise 

.and uncertainty. Consequently, it is a potential source of 

undesirable subjectivity - the choice of phenon line may be 

influenced by a predisposition towards "splitting" or 

"lumping" individuals in certain faunas. This can be overcome 

by adopting a phenon line at a fixed similarity coefficient 

in every case. 

This in turn invokes a problem. A dendrogram is derived 

from standardised data which are calculated using variances 

within a sample, therefore a phenon line at a certain 

similarity coefficient in one dendrogram is not exactly 

phenetically analogous with the same phenon line drawn on a 

dendrogram derived from a different sample. Conversely. if 

there is a true, consistent phenetic status of morphospecies. 

these would inevitably be distinguished at a different 

similarity coefficient in each case. There is, moreover. no 

~ priori basis for any kind of phenetic cons1stency of 

morphospecific homogeneity between genera. species or even 

different ontogenetic stages in one population, given the 

limited character set available in fossil material. For 

example, given a population of two morphospec1es, there need 

be no relationship between the similarity coefficient at 

which a mature sample is ideally split, and that which splits 

a sample of young individualsJ not only the variances of the 

data would differ, but also the characters which contribute 

most to any differentiation, and the degree to which they 

do so. 



There is no entirely satisfactory means of dealing 

with this complexity. It is considered best here to adopt 

an objective approach whilst recognising that the criteria 

cited in Section 3.1.3.5. are. in principle. sound. This 

is done by using in every case a phenon line at a fixed 

·coefficient decided by a consensus of estimations. based on 

the results of applying these criteria to all analyses. 

Phenon lines were selected using these criteria on all 

56 dendrograms described in Section 4.1: it was found that 

these have a mean value of similarity coefficient of 2.94 

(standard deviation = 0.95). Consequently. a phenon line 

at similarity coefficient = 3.0 was constructed on all 

dendrograms t 0 d iff ere n t i ate m 0 r p has p e cia sat e a c h s i z e 

range. 
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It then remains to identify sets of clusters resulting 

from analyses of different size intervals from the sama 

stratigraphic division which represent the same morphospecies. 

This requires knowledge of the ontogenetic trend of each 

variable in each morphospecies. This was found by careful 

measurement of different ontogenetic stages on more complete 

specimens. data from which can be plotted in the form of 

segments of ontogenetic curves for each variable. 

Ontogenetic series of clusters were then established as 

follows: 

1. Principal components plots were produced for each 

stratigraphic interval using data from specimens of all 

ontogenetic stages. Members of each ontogenetically 

restricted cluster were then isolated on the plot. and 

cluster centroids in this principal component space were 



calculated. Ontogenetic series connecting centroids were 

then tentatively constructed so that: a) each ontogeny 

proceeded in a general direction in P.C. space with eigen

vectors corresponding to the known ontogenetic trends 

established as above, b) the restraints noted in Section 

'3.1.2.4. were observed. 

2. For each postulated morphospecies, cluster means 

of each variable were plotted and interpolated as 

ontogenetic curves. and these were checked for compat

ability with known ontogenetic segments of cluster members. 

Interpolation was done using straight line segments 

between cluster means. 

In practice, ontogenetic series of clusters are often 

obvious, when considering the principal components plots 

or the output cluster diagnoses. Where ambiguous, the 

evidence is discussed in Section 4.1. 

At this point the original aim of developing a method 

of distinguishing and defining morphospecies has been 

achieved, and the results of its application are given in 

Chapter 4. The precise nature of these morphospecies 

requires further interpretation, but evidence pertinent 

to this is derived from interspecific comparisons, dis

cusaed in Section 4.2., and from the detailed results. 
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3.2. RECOGNITION or HIGHER TAXA 

Having established taxa of the lowest rank, usually 

called species, the palaeontologist next seeks to aggre

gate taxa into successively higher ranks, for example gen

era and families. This is done partly out of the necessity 

to conform to international nomenclatural regulationa 

. (Stoll et. al., 1961) but there is also the hope that the 

erection of such higher taxa reflects genuine genetic 

structure. In either case, the process is fraught with 

difficulties, and higher taxa are notoriously unstable in 

palaeontology. 

3.2.1. PROBLEMS 
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The ultimate problem in identifying higher taxa is 

philosophical: even at best such taxa are inevitably arti

ficial constructs. It has been noted above (Section 3.1.1.) 

that, although a strict biological species definition 

exists, it is totally inapplicable in palaeontology; in 

higher taxa the problem is more acute in that there is no 

strict definition even in biology. This, however, has one 

fortunate consequence - palaeontologists need not aspire to 

emulating biological accuracy in inferring the real genetic 

relationship. Nevertheless, rigid and clearly defined 

criteria should be used so that a taxonomic structure does 

have some meaning. 

In addition to theoretical difficulties, palaeontolo

gists working with Carboniferous goniatites have consider

able practical problems. Prominent among these is the need 

to assimilate evidence from all characters of the shell at 

all growth stages. Quantity of information present on 



specimens was cited as a problem in detecting morpho

species; when considering higher taxa the problem is magni

fied. Particularly critical are the relationships between 

sutural and external features, and between early and lste 

growth stages. Several different approaches have been used 

in attempting to solve these problems. 

3.2.2. SOLUTIONS 

There are two main types of attitude to the problem of 

erecting higher taxa: the phenetic and cladistic approach

es. These two overl ap somewhat, in that it is necessary to 

use phenetic evidence in deducing cladistic affinity. In 

addition, it is often difficult to discover which approach 

an author has used - authors rarely specify this. 

3.2.2.1. The Phenetic Approach 

This, in its broadest sense, covers all attempts at 

classification based solely on the character states of the 

organisms under consideration. Evidence and inferences 

about phylogeny are ignored. Pure phenetics is rarely 

done; it is undoubtably normally corrupted as authors 

assume, without proper justification, thst some aspects of 

phenetic similarity are indications of common ancestry. 

Nevertheless, it is clear that all phenetic atudies of 

73 

Uppe r Carboni fe rou s goni ati tes in the past have been con

sistent in using monothetic rather than polythetic criteria. 

A. Monothetic Phenetics. The consistency with which 

monothetic criteria are used in defining higher taxa in 

goniatites is so impressive that one is lead to regard it as 

an unwritten law. for example, Gordon (1964) distinguishes 

the "subgen us"Li ss 09 ast ri oce ras only on the basis of lack 



of sculpture over the venter, and Ruzhentsev and 

Bogoslovskaya (1978) only separate Bashkortoceras from 

Homoceras on the basis of presence of intra-ventral ridges. 

In general, generic and higher taxonomic definitions 

in goniatites lay particular emphasis on characters of the 

suture line and of early growth stages. Other characters 

are frequently allowed almost limitless variation within 

the taxon. 

It seems likely that this approach was originally con

ceived as a purely phenetic mode of classification, but 

that with the historical growth in evolutionary thought, 

the diagnostic characters common to all members of a taxon 

came to be regarded as evidence of common ancestry. Hence 

there may be an historical as well as a conceptual transi

tion from phenetic to cladistic approaches. 

Monothetic phenetics is unsatisfactory in defining 

higher taxa in the same respects as it was in defining 

morphospecies (see Section 3.1.2.). Any ~ priori mono

thetism is subjective. 

B. Polythetic Phenetics. In this approach, all 

possible characters must be given equal weight in taxo

nomic assessment. Clearly, when one deals with comparison 

between morphospecies, many more characters are available 

than when comparing individual specimens. This is because: 

.a) data from the entire ontogeny of a morphospecies can be 

used, whereas this is never entirely possible with one 

apecimen; and b) data from all morphological features can 

be included; this seldom being possible with individual 

specimens because of inadequacies of preservation. Data 

representing a morphospecies can be compounded from any 
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number of specimens belonging to that morphospecies. 

large numbers of characters must be used in this 

technique, and it is quite obvious that scatter diagrams 
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are hopelessly inadequate, and that multivariate analysis 

must be used. We therefore regard morphospecies as points 

ordinated in n-dimensional A-space, where n = no. of 

characters = 50-100, and use clustering and other techniques 

to search for structure. 

An immediate problem arises in the representation of 

all members of a morphospeciea by one point. Thia point may 

be a representative type specimen (the exemplar method), an 

hypothetical average specimen, or an hypothetical mode 

specimen. The choice of a type specimen or exemplar has 

some practical difficulties, and it is seldom truly typical 

or complete, so this possibility is rejected here. Modes 

are more appropriate with binary data, but the graphical 

representation of morphospecies as a series of ontogenetic 

curves is ideal for translation into an hypothetical 

average specimen. The curves resulting from the compila

tion of results described in Section 3.1.4. are already 

averaged, being derived from cluster means, so a numerical 

representation of a morphospecies can be got simply by 

digitising these curves. 

Note that this technique can be applied to species 

described in the literature by careful data collection 

from figured specimens, as well as to phenetically gen

erated morphospecies. 

polythetic phenetic approaches are frequently criti

cised for failing to take account of convergence and 

parallelism in evolution. However, if convergence or 



parallelism affects all characters, then it is impossible 

to recognise it ss such; there must be some suite of char

acters present which indicate separate ancestry of two 

species for parallelism or converqence between them to be 

proven. The component of resemblance due to common ances

try has been called patristic similarity (Cain & Harrison, 

1960); resemblance due to convergence or parallelism is 

referred to as homoplastic similarity (Simpson, 1961). 

Both types of similarity are picked up by polythetic 

phenetic approaches, but if the character set is complete, 

it is postulated (Sneath & Soka~ 1973, pp. 32-33) that 

homoplastic similarity will be insignificant relative to 

the patristic component. Unfortunately, in. the fossil 

record it is impossible to arrive at a complete phenetic 

description of the organism, and it is quite feasible that, 

in the only surviving structure, the shell, homoplastic 

similarity may indeed be dominant. This is further dis

cussed in the section on cladistic methods. 

Multivariate analysis has been applied to taxonomic 

problems in palaeontology in the past (eg. Temple and 

Tripp, 1979) but not to goniatites. It is adopted in this 

study despite the difficulties mentioned above because of 

the need for objectivity. 

3.2.2.2. The Cladistic Approach 

In cladistics, higher taxa are classified according to 

common ancestry inferred from patristic characters, regard

less of overall phenetic similarity. It is desired that 

taxa should be monophyletic. 

In the sense used here, cladistics incorporates phylo-
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genetics, the latter being an application of the former to 

the special case of taxa which are not contemporary in 

time. 
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In studies of Upper Carboniferous goniatites, a 

cladistic approach seems to have developed from and compat

ibly with monothetic phenetic schemes, as noted above. It 

is only when authors specifically mention or illustrate 

phylogenetic inferences that it becomes obvious that the 

taxonomy is cladistically based. An example of the use of 

this approach is by Ruzhentsev & Bogoslovskaya (1971) who 

cite three trends in taxonomy - principleless, typological 

and phylogenetic. The "typological" trend is similar in 

concept to the phenet~c approach: "following the path of 

extrahistorical examination of the facts" (R & B ~. cit., 

p. 119) but Ruzhentsev & Bogoslovskaya make it clear that 

they follow the phylogenetic approach, and state "obviously, 

the future progress of palaeontology is connected with the 

phylogenetic trend in taxonomy". figure 10 shows that their 

concept of all Carboniferous goniatite families and super

families is cladistically based. In addition, Ruzhentsev 

& Bogoslovskaya describe "typological morphology" as an 

obstacle to taxonomy, and are careful, for example, to 

separate species of Ramosites from the similar genus 

Homoceratoides on the basis of descent from a different 

stock. 

An admirable critique of the fundamental problems in

volved in cladistic analysis is given by Sneath and Sokal 

(1973, Section 2.5.). However, cladistic work in the 

present field has not been done with sufficient operational 

precision to deserve such logical scrutiny. Criticism need 
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only be levelled here at the subjectivity underlying re

constructions of Carboniferous goniatite phylogeny. Sub

jectivity is manifested both in the choice of characters 

deemed to be of phylogenetic importance and in the actual 

application of these characters. 

The chosen characters used to distinguish cladistic 

phyla are those which are supposedly primitive and patri

stic (the "symplesiomorphic" of Hennig, 1966). This im

plies that they do not vary markedly within the phenetic 

79 

and phyletic range of a taxon. Meanwhile, other characters 

vary widely within the taxon; these may show derived patri

stic similarity (= synapomorphy, Hennig 1966) or homo

plastic similarity. The underlying subjective assumption 

here is that these variable charactera show sensitive re

sponse to environmental pressures, whereas the primitive 

patristic characters are not affected. Prominent among 

supposedly primitive characters are features of the auture 

line and of the early growth stages. It may be no coinCi

dence that these features are concealed from view in a 

majority of specimens - perhaps authors have been influenced 

by this fact into thinking that such concealment insulated 

the characters from environmental effects. The functional 

significance of the, suture line is not known, so, in fact, 

environmental influence cannot be ruled out. The early 

growth stages are obviously exposed to environmental 

pressures during early ontogeny, and there is no reason to 

suppose that this had any less selective effect than the 

corresponding pressures in later ontogeny. Similarity of 

early growth stages in two species may simply be the result 

of inhabiting a similar environment in early life; the 



dominant use of the term "homeomorphy" with regard to the 

late growth stages may not reflect the true situation. 

Subjectivity is also prominent in the application of 

these supposedly primitive patristic characters to clad

istic analysis. Workers compare, for example, suture lines 

by eye, and no numerical estimation of resemblance is made. 

Without such a measure, the real amount of variation 

present in such features cannot be defined and may be more 

than imagined. The criterion for recognising primitive 

patristic characters is therefore unsoundly baaed. 

Despite these criticisms of method, it is nevertheless 

possible that workers using a cladistic approach might 

produce results passably close to the truth. But the 

nature of the evidence is such that one can never be sure 

of the truth, and any phylogenetic scheme is unstable 

given the addition of new information. This is an un

desirable property of a taxonomic system, and so it is 

proposed here to use stable, high confidence phenetic 

relationships as a basis for taxonomy, and to treat phylo

genetic speculations independantly. 

3.2.3. CLUSTER ANALYSIS APPLIED TO RECOGNITION OF 
HIGHER TAXA 

The theory of cluster analysis as described in 

Section 3.1.3. applies equally here, but the application of 

the method needed here differs from the application dis

cussed in Section 3.1.4. The format of the operation is 

essentially the same, though, and the same type of deci

sions need to be made. 
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3.2.3.1. Choice of Unit 

The OTU in the present search for higher taxa is the 

unit of lowest taxonomic rank: the morphospecies. For 

reasons given in Section 3.2.2.1., morphospecies are re

presented by hypothetical average specimens, derived from 

digitised ontogenetic curves. The OTUs included here are 

either those defined by cluster analysis in this study, or 

are "species" described with adequate data in the litera

ture. We are interested in studying their distribution in 

A-space using Q-mode analysis. 

3.2.3.2. Choice of Characters 

The information used to define a morphospecies must 

be derived from the information content of constituent in

dividuals. Therefore, the same characters can be used as 

were listed in Table 4. As the data needed is compiled 

from many specimens, it is possible and necessary to maxi

mise the information recorded about any morphospecies by 

a) incorporating characters only preserved infrequently, 

and b) using data from all ontogenetic stages. The incor

poration of infrequently preserved characters, for example 

those of the suture line in some morphospecies, involves 

the risk that the few measured values are uhrepresentative, 

but it is thought that the advantages compensate for this 

source of error. The use of data from all ontogenetic 

stages can be done by digitising the ontogenetic curves 

for each character. This is possible in two ways: 

A. Description by parameters. Raup (1967), Kullman 

& Scheuch (1970), Kant & Kullman (1978) and others all 

derive parameters of geometric shell growth from ammonoids. 
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Raup explores the distribution of cephalopod shell forms 

with respect to three underlying geometric parametera: 

whorl expansion rate, distance of whorl from axis, and 

whorl translation. Raup deals only with genera, and 

ammonoids showing clear ontogenetic change in geometry 

were eliminated. Both Kullman & Scheuch and Kant & Kullman 

studied individual species and in greater detail. Working 

from equations for the logarithmic spiral, these authors 

identify characteristic gradients on bivariate plots of 

various shell dimensions using double logarithmic scsle. 

For example, Kullman & Scheuch (~. cit.) are able to dis

tinguish two species of Schartymites on the gradients and 

inter sections of lines resulting from plots of log rd vs 

log Wb, whe!e rd is the umbilical radiua and Wb 1s the 

whorl width. Three linear phases of allometric growth are 

recognised for each species; these are summarised here: 

Ontogenetic stages ~ 

1 2 3 

0< j3 0< J3 0< J3 

L oza[kensis .5 1.0 .62 .426 .88 .264 

L. barnettensis .31 .862 .48 .39 .12 .986 

where rd = exW bJ3 

. The parameter ~ is the all omet ry constant and gives 

the gradient; ~ is the integration constant and gives the 

intersection with the axes. Apart from being able to dis-
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tinguish the values of these parameters in different species, 

the authors also discovered interesting permutations in the 

relationship between ex and 13. In Balvia sphaeroidalis, 

for example, ~ is constant but 0< has five different values 

during separate phases of ontogeny. Also, Kant & Kullman 

(1978) use bivariate plots of values of J3 at two growth 



stages to distinguish geographical variants of Goniatites . 

choctawensis and Perrinites hilli. 

It is feasible, then, for the geometry of the shells 

to be described in terms of such parameters, and the onto

genetic curves of shell dimensions produced by the methods 

,described in Section 3.1.4., should be expressable in this 

form. However, the following objections can be made: 

a. It is not so easy to express the ontogenetic curves 

of other characters in this form. features of the orna

ment, for example, are not subject to any geometrical con

straint. These, therefore, would have to be digitised in 

some other form, and it would consequently be difficult to 

be sure of attaining parity between different characters. 

One possibility might be to use polynomial regression to 

derive parameters, similar to the method uaed by Rogers 

(1982) in defining the shape of bivalves. 

b. Any parameters derived from ontogenetic curves have 
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an uncertain relationship with the phenotype. Two subtly 

different curves might be described by vastly different 

parameters, and conversely two widely separated curves might 

have certain parameters in common, even though the absolute 

values of the character are at all stages totally dissimilar. 

It might be argued that any parametric similarity repre

sents a genuine genetic similarity, but this involves an 

assumption that is not compatible with the phenetic 

approach adopted here. 

c. The derivation of growth parameters is an undue com

plication. The uncertain meaning of the results do not 

justify the necessary time, effort and conceptual complex

ity. Also, the process would be an additional source of 



inaccuracy and error, and any imprecision in deriving para: 

metric values would be more serious than in absolute 

values. 

B. Description by absolute values. Ontogenetic 

curves can be much more obviously described by listing 

character values at a representative set of ontogenetic 

stages. This has the overwhelming advantage of operational 

and con~eptual simplicity, and allows analysis to proceed 
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as a natural progression from the results of Section 3.1.4. 

above. The one problem here is to determine the ideal 

ontogenetic interval at which character values should be 

recorded. This involves a compromise between two desiderata: 

a) curve description should be as complete as possible; and 

b) character values should be logically independent to avoid 

duplication of information. Although two closely adjacent 

growth increments are in principle totally independent, in 

practice it is evident that the closer two points on an 

ontogenetic curve, the greater the interdependence. The 

closeness of the digitised increments should be proportion

al to the general rate of change of the characters. This 

is greater in earlier growth stages, but it is unfortunate

ly in these stages that knowledge and accuracy are least. 

All things considered, the growth stages chosen for this 

study, in mm shell diameter, were: 

2.5, 5, 7.5, 10, 12.5, 15, 20, 25, 30, 35, 40, 50, 60. 

Inadmissable Characters 

Where characters are unknown or uncodable in a morpho

species, either those characters are masked from the cal

culation, or that morphospecies is excluded. It is neces-



aary to determine the taxonomic position of all morpho

apecies, so normally many of the extensive suite of 

possible characters are masked. Particularly prone to 

elimination from analysis for this reason are characters 

of both large and very small growth stages. Also, charac-

.ters of the suture line are masked from some analyses be

cause these show excessive intraspecific variation with 

reapect to total sample variation. This is shown to be sn 

empirical fact by the observation that left and right 

halves of the suture line of one specimen can be pheneti

cally distant (see Figure 11). 

Errors 

The only errors additional to those discussed in 

Section 3.1.4. are those involved in the estimation of an 

ontogenetic curve as described in Section 3.1.4.6. Errors 

in interpolation are slight, but errors in extrapolation 

beyond the limits of the known information may be sizeable. 

Extrapolation is justified as being, in some cases, the 

only way of achieving a reasonably complete data set for a 

lIorphospecies, and it is done objectively t up to lass then Snm. 

In multivariate analysis, the approach to a correct 

phenetic result occurs asymptotically as the number of 

characters used increases towards the state of complete 

phenetiC representation of an OTU. The large number of 

characters used in the present set of analyses means that 

the asymptote is approached and that, as a consequence, 

the result is stable with addition of characters and is 

also little affected by non-systematic errors. Basically, 

the effect is of a high proportion of accurate data domina-
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ting randomising errors. 

3.2.3.3. Choice of Sample for Analysis 

All samples incorporate statistically defined morpho-

species plus foreign "species", as described in the litera-

ture. These have been divided into four samples for 

'analysis: 

1. All morphospecies with particularly complete data 

sets - analysed with respect to as many charactera 

as possible, including sutures~ 

2. All Homoceratidae s.l. plus Homoceratoidea 

3. All Reticuloceratidae s.l. 

4. All Gastrioceratidae s.l. 

2.3&4 - Analysed wi th respect only to characters variable 
within the sample. Sutural data excluded. 

Thi s divisi on allows the considerati on of the maximum 

possible number of morphospecies whilst ensuring the use of 

as many characters as possible. 

3.2.3.4. Computation 

The CLUSTAN lC package was used for the present series 
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of analyses, and computation proceeded as in the morpho

specific determination (Section 3.1.4.) but with the follow-

ing choices of options: 

Oats Input format 

The data are stored on disc on four files, correspond

ing to the four samples listed above. The data for each 

morphospecies are in the following format: 

1. name or code nsme of morphospecies; 

2. matrix of all character values - one row per growth 
stage, one column per character. Each value in 



form at f 2 • 0, F 3 • 0, F 4 • 0, 0 r F 5 • 0 wit h up t 0 3 

decimal places. 

The d at a is read as speci fied by a Fort ran format 

statement, and using this the name and any unwanted charac-

ter values are eliminated from the calculation. 

Calculation of Similarity Coefficient, Principal 

Components etc. 

The option in the CLUSTAN lC package which calculates 

principal components, eigenvectors, eigenvalues and factor 

scores was selected in all the analyses considered here. 

This is because of the importance of spatial distribution 

in interpreting clusters of morphospecies. 

The similarity coefficient chosen was squared 

BB 

Euclidean distance, for the reasons listed in Section 3.1.4., 

and this was applied to standardised data. 

Execution of Clustering Algorithm 

Ward's method was selected for the clustering algo-

rithm, for identical reasons to those which applied to the 

search for morphospecies. 

Output of Results 

The following printout format was chosen: 

1. program title with listing of procedures and 

selected options; 

2. results of each clustering iteration; 

3. list of morphospecies lab ela; 

4. dendrogram with branches labelled; 

5. means and standard deviations of all variables; 

6. list of n eigenvalues, with percentage and 
cumulative variance of each; 



7. list of n eigenvectors, ie. components in all 

n dimensions; 

8. first 5 factor scores of each morphospecies -

the co-ordinates of the ordination in the first 
5 principal components; 
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9. first 8 nearest neighbours to each morphospecies. 

3.2.3.5. General Interpretation of Results 

The results of these analyses are expreesable as den-

drograms and as principal components plots. These two 

graphical techniques show different aspects of the same 

relationships, and it is important to consider the attri-

butes of both. 

firstly, it is necessary to determine the taxonomic 

rank signified by phenon lines drawn on the dendrogram at 

various levels. The criteria for choosing the value of the 

similarity coefficient at which significant phenon lines 

are best drawn are given in Section 3.1.3. The principle 

that the lowest rank of all significant divisions is the 

most objective applies here, and it is clearly desirable 

that this level should correspond to generic rank. In 

addition, this set of analyses also presents the best 

evidence for classification at the rank of family, but this 

involves a degree of subjectivity - it becomes more diffi-

cult to assess the relative merits of different phenon 

lines higher in the hierarchy. 

Note that only four analyses are required here, and 

that this number is insufficient to justify any "consensus" 

as to an objective choice of a phenon line, as was found to 

be appropriate for morpho specific recognition in Section 

3.1.4. Also, principal components plots give an interesting 



perspective to the taxa resulting from phenon lines drawn 

on the dendrogram. Taxa cannot be objectively defined using 

such ordination. but the spatial distribution thus shown can 

supply evidence pertaining to the significance of taxa 

differentiated on the basis of the dendrogram. There is 

justification. then. in carefully considering the merits of 

each individual case in placing generic phenon lines. These 

are discussed in the relevant sections of Chapter 4. 
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3.3. PHYLOGENETIC RECONSTRUCTION 

3.3.1. BACKGROUND 

Since the advent of Darwin's theory of evolution, 

palaeontologists have frequently sought to establish 

lineages of ancestry in the fossil record. The rapid 

changes with time in Silesian goniatite faunas are appar-

ently an ideal source of evidence for evolutionary pro

gression, and many authors (see Chapter 2) have been temp-

ted into devising phylogenies. Earlier attempts simply 

sought to establish the origin of accepted taxa, but 

Ruzhentsev & Bogoslovskaya (1971 & 1978) specifically state 

that their taxa are based on phylogenetic inferences. The 

problems associated with the phylogenetic approach, as 

practised by Ruzhentsev and Bogoslovskaya, have been fully 

discussed in Section 3.2.2.2. The most important con-

elusions of that discussion which are relevant here are: 

1. It is difficult to ascertain which characters are 

genuinely primitive and patristic, and this may fre

quently be done with undesirable subjectivity. 

2. It is impossible to be sure about details of ancestry 

in the fossil record, and therefore phylogenetic 

theories are unstable. Consequently, phylogeny is 

better regarded as theoretically irrelevant to 

systematic studies. This is a particularly perti

nent point in the British Silesian, where a complete 

phylogenetic record may be unobtainable due to 

periods of non-preservation of faunas. 

for these reasons a different approach needs to be de-

veloped here, and the numerical methodology described in 

Sections 3.1.4. and 3.2.3. provides a suitable framework 

for this. 
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3.3.2. POLYTHETIC PHENETICS APPLIED TO PHYLOGENETIC 

RECONSTRUCTION 

The rejection of subjective assumptions about the 

primitiveness of certain characters forces a polythetic 

phenetic approach, in which all characters are initially 

regarded as equally important. This, in effect, means 

that the best evidence for a phylogenetic relationship is 

overall similarity, providing of course that the relation

ship is feasible chronologically. Expressed another way, 

we can postulate that, of all possible candidates for 
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direct descent or ascent from a species, the most likely is 

the one with the greatest overall similarity to that species. 

This concept has quite a clear representation in 

numerical analyses of the type described in Section 3.2.3. -

phylogenetic relationships must be suggested by closeness 

of morphospecies in A-space. An hierarchical analysis is 

not appropriate here; it is only the morphospecies, and not 

higher levels of the taxonomic hierarchy, upon which the 

processes of evolution act. Of the greatest importance 

here are the nearest neighbours in A-space of each morpho

species. The best means of illustrating nearest neighbour 

relationships in a non-hierarchical manner is by linkage of 

points on a principal components plot, using the nearest 

neighbour algorithm (see Table 3). This results in the 

formation of a minimum spanning tree, in which each point 

is linked directly or indirectly with every other point 

using the least possible arc length. This plot is easily 

constructed using output from the CLUSTAN IC package. 

One fortunate consequence of this approach is that, 

although phylogenetic analysis has been kept fundamentally 



separate from systematic considerations, similar phenetic, 

numerical methodologies have been used for both aspects, 

and so it can be expected that the results will be inter-

related. Indeed, the only difference between the two types 

of analysis is that, for purely systematic work, morpho-

species are agglomerated into distinct clusters, whereas in 

these phylogenetic studies the emphasis is rather on inter-

linking morphospecies. 

3.3.3. AN ALGORITHM FOR PHYLOGENETIC RECONSTRUCTION 

It was noted in Section 3.2.2.1. that parallelism and 

convergence are potential problems when using polythetic 

phenetics to distinguish higher taxa, and it is similarly a 

complication here. In the absence of overall parallelism 

or convergence, a minimum spanning tree superimposed on a 

principal components plot, as described above, would be a 

perfect phylogenetic diagram, requiring only an indication 

of time directionality. However, in practice, it is found 

that there are some relationships indicated by links be-

tween morphospecies which are impossible due to age re-

lationships. Examples of plausible and implausible re-

lationships are shown in Figure 12. It is normally nec

essary, then, for phylogenetic diagrams to depart from the 

topology of the minimum spanning tree. The following 

criteria must be observed when inferring phylogenetic links: 

1. Wherever a "nearest neighbour" link is plausible, 

as exemplified in Figure 12, that link represents 

the most probable phylogenetic connection. 

2. Wherever a "nearest neighbour" link is implausible 

as a phylogenetic connection, some degree of con
vergence must have occurred. 

93 



C 

Minimum 
B( spanning 

tree 

\ 

j: Interpretation 

A 

B 
B, 

B, /B 

~A 
A ----

/ 

\ A,/ C 

I \ \ 
B2 

B2 A -2 
A 

B, B2 

t: 
C 

V 
av a'Va, A, A2 

B, B2 
? V ·A 

A A A, A2 

A B 

FIGURE 12. Relationship between minimum spanning trees and phylogeny. 

AI' A2 are different forms from the same stratigraphic level; A, B, C 

are successive levels. 

A: Minimum spanning tree represents a plausible phylogeny. 

B: Suggested phylogeny is implausible. 

A, 
~B 

A2 

B 

t ? . 
A, A2 

co 
.t:> 



3. An implausible link must be replaced by a link to 

the next-nearest neighbour to arrive at the most 

probable phylogenetic connection. 

4. Where "nearest neighbours" are widely separated in 

time, convergence or parallelism must be suspected. 

The larger the time gap, the more one should expect 

evidence of a genuine phylogenetic intermediate, if 

there were one. 

Each link of the minimum spanning tree is tested and, 

if necessary, replaced, using these criteria until a fea-

sible, complete and objective phylogenetic tree arises. 

Results of this process applied to the principal components 

plots shown in Chapter 4 are illustrated and discussed in 

Chapter 6. 
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3.4. IDENTIFICATION OF NEW SPECIMENS 

3.4.1. BACKGROUND 

In traditional palaeontology, the process of identifi

cation is much akin to the process of erecting speCies, and 

suffers from the same problems when applied to Silesian 

goniatites (see Section 3.1.1.). A somewhat more modern 

approach in palaeontology is the use of dichotomous keys, 

which apply a series· of monothetic tests. These msy be 

readily adapted for efficient interactive use on a computer 

terminal. 

The criticisms of monothetic methods cited in Section 

3.1.2. do not apply here, as identification only proceeda 

after species have been discriminated, and so monothetic 

criteria may have been found objectively and without a 

priori assumptions. However, monothetic methods of deter

mination cannot be applied here because: a/ it is found 

that very few characters are reliably different between 

many pairs of goniatite morphospecies; b/ very few charac

ters are passably constant within morphospecies; and c/ 

different monothetic criteria would need to be applied to 

different growth stages, and even different preservations, 

which would require a chronic increase in complexity of any 

dichotomous key. Once again, then, it is necessary to 

employ a polythetic methodology. 

3.4.2. POLYTHETIC PHENETIC IDENTIfICATION 

We seek, then, to establish which existing morpho

species has the greatest overall similarity with a new 

specimen. This is readily done in the format of the pres

ent study by numerical comparison of data from the new 
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specimen with data from the matrices of character values o~ 

all the possible candidate morphospecies. The procedure is 

as follows: 

1. As many characters are assessed on the specimen as 
possible, although normally at just one diameter. 

2. This data from the new specimen is included in a 

data file together with data matrices for all candi

date morphospecies (preferably all morphoapecies 
from the appropriate family). 

3. The data matrices are edited to eliminate all charac

ter values except those corresponding to those 

assessed on the 'new specimen. 

4. The new specimen is analysed in comparison with the 

"standard" data using the CLUSTAN lC package, speci

fying the same options as used in Sections 3.1.4.5. 
and 3.2.3.4. 

5. The probable specific and generic identification of 

the specimen is suggested by its position on the 

dendrogram, and by its listed nearest neighbours. 

Note that any number of specimens can be determined simul-

taneously, as long as each specimen possesses the same data 

set. 

If a specimen is closely linked with a "standard" 

(see Figure l3a), then identification is unambiguous and a 

high probability can be attached. If the dendrogram shows 

a number of species as equal candidates (Figure 13b), then 

several possibilities exist: 

1. The specimen may belong to a new morphospecies, al

though this type of analysis would not constitute 

sufficient evidence. 

2. The data may not be sufficient for specific deter
mination. 

3. The specimen may have a peripheral position in the 
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fIGURE 13. Identification of a new specimen (y) using a dendrogram -

y is compared to morphospecies A, B & C. 

A: Most likely identification is morphospecies A. 

B: Identification less certain. In number 3, the evidence 

Suggests that y is probably a new form. 



range of variation of one of the morphospecies _ 

probably the nearest neighbour. A principal com

ponents plot will reveal this and will indicate if 

specimens are, for example, intermediate between two 
"standard" forms. 

Unfortunately, ambiguous identifications occur quite 

often in practice, but even these have the qualities of 

being objective and informative. Often, only a strati

graphic designation is required, in which case several 

members of the fauna can be analysed, and the probability 

of and confidence in a correct determination is increased. 

3.4.3. PROBLEMS 

A few unsolved problems peculiar to this technique 

need to be mentioned. 

1. Each analysis can only deal with specimens of one 

size range and with the same set of measured charac
ters. It is not economical to run several analyses 

of specimens from the same fauna, so it has been 

found ideal to select for identification only speci

mens of one size range and with a fairly complete in

formation content. A size of about 15 mm has been 

found to be best; specimens of this size are both 

common and sufficiently differentiable into morpho

species. 

2. It is desirable and practicable to analyse any num

ber of specimens simultaneously. However, the equa

tions used in the analYses involve the calculation 

of overall variance, and this will change according 

to the data included; with many similar specimens in 
an analysis the variance will change markedly. This 

has the consequence that a specimen may receive a 

different identification if analysed independently 
than if analysed 
the same fauna. 
cipal components 

with, say, 20 other specimens from 
Also, note that linkage and prin
are affected by the number and type 
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of specimens analysed. An attractive but unattain-. 

able scheme would be a "standard" principal com

ponents plot, showing positions of all the "standard" 

morphospecies, upon which could be ordinated the 

positions of new specimens. 

J. This mode of identification does not take into 

account the variance of each morphospecies - some 

morphospecies may occupy much larger areas of A

space than others, but this method assumes that all 

are hyperspherical and with equal radius, and only 

takes account of distance from morphospecies cen

troids. Nevertheless, this may be justified in that 

inequality in the expanse of morphospecies in A

space may simply be the result of arbitrary sampling 

effects - all morphospecies are potentially equally 

expansive. 

Clearly there is scope for further sophistication in 

this embryonic technique. Examples of its practical appli-

cation, mainly to stratigraphic problems, are given in 

Chapter 7, and from this can be judged some of its merits 

and drawbacks. 



CHAPTER 4 

RESULTS OF ANALYSES 
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Results of analyses described in Sections 3.1.4. and 

3.2.3. are given here; results of phylogenetic analyses and 

the application of the algorithm for identification are 

illustrated and interpreted in Chapters 6 and 7. 

4.1. RECOGNITION OF MORPHOSPECIES 

4.1.0. INTRODUCTION 

The information used and generated in the process of 

morphospecific recognition. as described in Section 3.1.4 .• 

includes the following: 

1. Measured data. used as input. from 1050 specimens 

of Gastrioceratidae s.l .• 620 of Reticulocerat1dae 

s.l. and 380 of Homoceratidae s.l. plus 

Homoceratoides. 

2. Dendrograms for each sample - on average 3-4 

ontogenetic stages per fauna. 

3. Cluster diagnoses for each cluster. 

4. Principal components scores for each specimen in 

each fauna. 

5. Syntheses of analyses in the form of ontogenetic 

curves (one curve per character per morphospecies), 

connecting cluster means. 

6. Matrices of character values derived from digitising 

ontogenetic curves - one matrix per morphospecies. 

Some unanalysed data are measured from specimens 

and are incorporated in matrices. e.g. data from 

the suture line. 

This quantity of information cannot realistically all 
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be presented here. The basic data. measured from individual 

specimens. are presented as Appendices 2-4. Dendrograms form 

the basis of morphospecific distinction so it is important 

to illustrate these. Dendrograms shown in this section 

were traced from computer printout with. superimposed. the 

phenon line at similarity coefficient (d) • 3.0 to resolve 

clusters. It was noted in Section 3.1.4. that a morphospecies 

need only be distinct at one ontogenetic stage to be valid! 

consequently only those dendrograms needed to validate each 

morphospecies individually are presented here - this may 

only require one dendrogram per fauna. 

The mean of each variable in each cluster is given in 

the cluster diagnoses and these are the basis for the 

digitisation of morphospecies. so these are listed for all 

clusters in all analyses. 

Distributions of specimens in A-space for each fauna 

are illustrated using principal components plots. and 

cluster centroids are plotted cn this ordination. with 

superimposed connections indicating ontogenetic series. 

Curves have also been plotted for each character. showing 

the interpolations between cluster means through ontogeny. 

but these are not presented here for economy of space. 

Matrices of character values for each morphospecies have 

been directly derived from the digitisatlon of these 

curves and therefore convey essentially the same information 

- these are used as numerical morphospecific descriptions in 

Chapter 5. 
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NOTES ON FORMAT OF PRESENTATION OF RESULTS IN SECTION 4.1 

Stratigraphic division codes: 

Each stratigraphic interval from which samples have been 

isolated for analysis is coded simply according to the 

accepted zonal abbreviation, printed in capitals, e.g. H1A 

for H
1a 

zone, R2CG for R
2c 

to G zones. 

from R zone are prefixed with an H, e.g. 

from R
1b 

zone. 

Analysis codes: 

Homoceratid analyses 

HR1B for Homoceratids 

These are formed by the last letters of the alphabet 

appended to the stratigraphic division code, with Z appended 

to the largest size interval analysed, e.g. H1AZ, G2AU etc. 

Cluster codes: 

Formed by numbers appended to analyses codes, e.g. H1AZ1, 

HR1AY3. Where only one stratigraphic division is being 

considered, these can be abbreviated to Z1, Y3, on dendrograms 

just the number suffices. 

Morphospecies codes: 

Formed by the first letters of the alphabet appended to 

the stratigraphic division code, e.g. H1AA, G2AE. 

Specimen codes (on dendrograms and plots): 

Up to three figure numbers. These Can be cross-referenced 

to registered specimen numbers in the Appendix. These codes 

are only unique within each of the three major familial 

groupings. Gastriocerat1d specimens prefixed X are housed 

in collections abroad and are listed 1n a separate part of the 

Appendix. 

Dendrogram: 

Numbers on left are specimen codes. The dashed line 1s 

the phenon line, the adjacent numbers are cluster codes. 
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Character value matrices: 

Means and standard deviations of each analysed character 

for each cluster are shown, n = number of specimens in 

cluster. Blank spaces indicate unanalysed characters. 

Principal components plots: 

Ticks on axes represent unit P.C. score intervals. 

P.C.3 scores indicated by size of dots (open dots • negative 

. score). Characters making largest positive or negative 

contribution to each principal component indicated in inset 

box. Unanalysed characters indicated by a vertical line. 

For plots without cluster centroids: 

All specimens with sufficiently complete data sets from 

one stratigraphic division are analysed. Numbers are 

specimen codes. 

For plots with cluster centroids: 

P.C. space same as above. Specimens in analysed clusters 

omittedJ replaced with positions of cluster centroids in P.C. 

space. Horizontal and vertical bars through cluster centroids 

show 1 standard deviation of P.C. scores of cluster members 

either side of centroid. P.C.3 symbols enlarged to 

emphasise differences between centroids. Centroids labelled 

with cluster codes. Larger and smaller specimens, not 

included in cluster analyses, shown as points labelled with 

their diameter in mm. Overlays indicate chosen postulated 

ontogenetic series of clusters, with extrapolation towards 

larger and smaller specimens (see Section 3.1.4.6 for 

criteria). Each ontogenetic path is a morphospecies, and 

are labelled with morpho species codes. 
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B: Shaw:1nl cluster centroids with ontogenetic series on overlay. P.C.3 

.cora s 2 diam. of dots in mm. 
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\ 

~ 
1S-

o Y3 

106 

85 . 

N 

0 
a: 

2 
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0
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Analy'sis of tl1b ~ goniatites. 

12-15 .. size ranqe - analysis code BIBZ : 

DendrograM 

d 1 2 3 
I I I 

107 

.. 5 
I I 

IO----------~------------------~,-----~-------------------r------------~ 
I 

I 11 112------' 
11'----~~--------------------~ 121----.....,j 
.-----J~------~r-,-----------~ .----' 

1 
1 

I I 1 
~--------------~ 
N--------------~ 
113------------------------------------r~----------------~ 
1~-----J~-----------------------------nr-------------------------------~ 108-----' 

12 

13 

Cluat., 
coel. 

Z 1 

Z2 

Zs 

H.ana of character values for each cluster: 

I , T N R , Du W RI " Do '0 Dh L;. Ht n ., - .... 
Hw 

.... HW .... -Da Hw Hw Hw Hw Hw Hw 
",.an s.ee 9.93 1.03 .662 .234 .765 .151 .023 .009 .1378 .045 .002 
a.eI. 3.S9 .1015 .192 .9S1 .119 .11S .017 .01a .093 .elS .002 

_an 1.90 13.1) 1.S0 .see .257 .757 .014 .014 .003 .114 .286 .017 
a.4. e 0 111 a a a 0 0 .;; .., e 
_an 2.09 7.50 1.00 .950 .468 • 975 • 7'37 • 046 .002 e .067 .011 
a.d. 2.12 ..., .071 .039 .0134 .058 .026 .003 0 .003 a 

Convnents: 

More extensive collections from Hlb zone have become available since 

this analysis was completed) these are examined in Chapter 7. This sample 

is sufficient to clearly distinguish three morphospecies. which show 

unusually little morphological overlap through ontogeny. 
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FIGURE 15. Principel campon.nt. plot. of Hlb zone .pec1men.. For 
axp~natlan .ee not •• on pele. 103-4 end comment. on previous pegv. 

Veriance explained: P.C.l - 35.0\ 
P.C.2 - 15.7\ 
P.C.3 - 13.4\ 

A: Shcwinl all enely.ed .pecimen.. P.C.3 .core ~ diem. of dots in ~_ 
B: Shaw1nl clu.ter centroid. with antolenetic •• ries on overlay. P.C.3 

accra ••. for A • 
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8
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FIGURE lS. Principal component. plot. o~ Hlb zone .pecimen.. For 
explanation ... not •• on page. 103-4 and comment. on praviou. page. 

• Veriance explained: P.C.l - 35.0\ 
18 ".C.2 - 15.7\ . 
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47 
II 
17 
11 
18 
70 
80 
71 
74 
10 
72 
71 
71 
sa 
77 
78 
78 

--.-.J 

Cluetor 
coelo 

X 1 

X2 

X3 

X4 

XI 

Cluater 
oode 

V 1 

V2 

V3 

Clu,to, 
coda 

Z 1 

Z2 

8-10 _ aU. ranq. - analyaia cod. 82AX 

Dendrogra-

d • 

J 

I 

I 

J 

1 
I' 

J 

J 

I 
I 

2 
I 

1 

3 
I 
I 
11 
1 
1 
12 
1 
I 

i3 

I 
14 
1 
II 

4 
I 

M.ena of character values for each cluster: 

C T N " P 
Du W 

" S j)1 
., 
Hw 

moan 4.99 11.0 .4~e .438 2.133 
o.eI. 2.45 .057 .01S .255 

_on 5.00 1~.4 .189 .427 2.10 
o.eI. 2.SS .es4 .039 .261 

_on 4.00 19.2 .2'0 .416 2.1S 
a.eI. 2.63 .2013 .035 .10S 

moon 3.00 l~.S .133 .4S7 2.04 
o.eI. 2.0S .153 .015 .036 

moan 1.00 15.0 .200 .311 1.3' 
o.d. e 0 e Ii) 

10-12 l1li aiz. ranqe - analysia cod. !l2AY I 

Means 0' charecter IIalues for each cluster: 

Du W 

" I C T N " P j)1 
... 
Hw 

moo" S.90 14.6 • 350 • 379 1. 96 
a.d. 2.16 .152 .059 .230 

_on 5.00 11.6 .4213 .371 1.74 
a.d. 2.51 .179 .eS3 .291 

"'.0" 1.00 29.13 . lee .le2 1.27 
a.d. e 0 " 0 

12-15 .. .1zo ranqe - anall!1. cod. B2AZ I 

Meona 0' character voluea 'or each cluater: 

S C T N R Du W 
n P j)1 Hw 

"",an S.00 12.3 .68e .260 l.S2 
I.d. 3.27 .192 .1328 .1348 

mo,n 3.00 S.66 .51jO .314 1.61 
o.d. .577 .1(10 .1327 .124 

,U ., . 
Hw 

R' ... 
Hw 

"t ... 
Hw 

I 
I 

P' ., 
Hw 

Do 
HW 

.2tlS .1339 

.075 .010 

.222 .037 

.073 .009 

.172 .042 

.076 .1305 

.147 .034 

.042 .098 

.100 .00' 
0 e 

P' 00 
Hw -Hw 

.183 .037 

.0S2 .011 

.166 .926 

.1362 .ralS 

0 .018 
e e 

PI 00 
HW 

... 
Hw 

.145 .1315 

.079 .013 

.175 .020 

.El69 .0113 

Po ... 
Hw 

Po 
Hw 

Po ... 
Hw 

8 
I 

Dh ... 
Hw 

U ... 
Hw 

Ht -

7 
I 

Hw 
.093 .094 .0013 
.0133 .019 .092 

.028 .074 .095 

.016 .012 .005 

.039 iii a 

.1:124 0 a 

.010 0 a 

.0137 e 0 

.038 ° 0 
e I:'l I) 

Dh U Ht 
Hw HW HW 

.022 a 9 

.014 a e 

.017 .076 .003 

.015 .1353 .002 

.164 0 0 
0 0 0 

Dh L,!. Ht 
Hw HW Hw 

.079 .024 

.05~ .053 

.012 .074 

.013 .1365 
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comments: 
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Z2 
V2 

Z1 .,. 
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1 V1 
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. 
7 

FlGlR 1&. Principal carnpane"ta plata o~ H zone sp.cimen.. For full 
.xplanation ••• nat •• an 12.". lD3-~ and c~nt. b.low. 

v~c. explain.d: P.t.l - 32.8\ 
P.t.2 - 18.7\ 
P.t.3 - 12.11\ 

~~ ShaMlnl all analyled .pectm.ne. P.C.3 .cors - 11 d1am. of dots 1n ~. 
B: Shaw1nl clust.r centroids with ontolen.tic aeri •• on overley. P.C.3 

scan • diam. of data in IIIL 

This fauna appears to show greater variation in younger specime~s. 

The ontogenetic interpretation here 1s fairly straightforward. espec!~lly 
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FIGURE 16. Principal component. plots of H zone specimens. For full 
explanatlon .ee notes on pale. 103-4 and c~ents below. 

Variance explained: P.C.l - 32.8\ 
P.C.2 - 18.7\ 
P.C.3 - 12.8\ 

~l Sno.1nl all analysed .pectm.ns. P.C.3 scor. ~ 1i Q1am. of dots in mm. 
B: Shawinl cluster cBIltro1da with onto,enetlc sarl .. on overlay. P.C.3 

sc.orll '" diam. of dots in ItIIIo 

This fauna appears to show greater variation in younger specimer.3. 

HI 
Hw 

+ 
+ 

The ontogenetic interpretation here is fairly straightforward. espec~=lly 

when the P.C.3 scores of the clusters are noted. 
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An..!!ly.sis of !i2b ~ 

goniatiteso 

12-15 mm size ranqe - analysis code H2BY : 

Oandrogra. 

d • 
0 1 2 3 " 5 8 
I I I I I I l 

1 1M I I 11 182 
148 I I 1 
117 1 1. I I 1. 
188 J 12 180 1 178 
183 ~ 
172 J I ,3 
1M 
1. 
171 
17" 

I" 
I I 

Meana of charactar valuas for each clueter: 

.. Du W 
'" 

.. , Do "0 Dh U H,,!. Cluate' S C T N " 51 HW 
,. ,. 

HW Hw 
,. ,. 

n Hw Hw Hw Hw Hw oolla 
_an s.ea 14.1 1.03 .817 .272 1.58 .065 .006 .003 .1384 .1365 .1302 

Y1 •• 11. 1.72 .1352 .941 .0Je .134 .024 .010 .004 .038 .952 .002 

_an 3.00 13.13 1.130 .900 .211 1.38 .039 .01:5 .1304 • 1'.17 .01:5 \) 

Y2 1.11. .092 I) e .1341 .1379 .0~6 .014 .9134 .044 .026 .001 

_an 4.00 13.5 1.35 .925 .2S3 1.49 .054 .022 .020 .079 .136 .004 
Y3 I.d. 1.29 .9:58 .i1!39 • Elll .082 .013 .011 .006 .1344 .122 .001 

m.an 2.00 t6.e 1.13:5 .600 .224 1.28 .053 .Q2S .007 .12:5 .058 .084 
Y4 I.d. 2.82 .071 0 .021 .075 • £117 .00:5 .006 .017 .014 .1301 

15-18 aD a1&. ranqs - analysis co4e B2BZ 

Heana or character values ror each cluster: 

Clulta, 
cod. 

Z 1 

Z2 

Z3 

.. Du W '" 
.. , Do "0 Dh I.! HI 

n • C T N " 5. - ,. - ,. ... ,. 
HW Hw Hw Hw Hw Hw Hw Hw 

m.an S.00 12.2 1.03 .762 .232 .0SS .00S .901 .155 .1306 e 
•• d. 3.32 .074 .0S1 .041 .963 .0ElS .002 ."'38 .017 • eEl 1 

_an 3.013 13.3 1.40.767 .241 .034 .1391 .e01 .263 .111 .e04 
•• d. 1.52 .361 .9:58 .1341 .006 .002 .002 .1365 .1331 .001 

m.an 3.00 13.0 1.53 .SSi' .231 . en .919 .014 .171 .121 .004 
•• d. 1. 13(1 .503 .058 .944 .1349 .0li'lS .e10 .026 .059 .001 

Comments: 

There is not a clear one-to-one ontogenetic relationship between 

clusters in these analyses. There appears to be a substantial increase in 

variation with age. The size range of analysis H28Y is the stage at which 

variation begins to increase. and this has resulted in difficulty in 

allocating cluster Y4 to the morphospecies represented by Z1. Z2 or Z3. The 

connection of Y4 to Z1 is made here on the basis of ontogeny observed in 

individual specimens. Particularly. the observed trends in degree of rib 

bifurcation link these two clusters. 
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.tllt!! 17. Principal canponants plots of H2b zona specimens. For full 
JcCan.tion ••• nota. on pega. 103-4 end comment. on previous pege. 

V.rianca explained: P.C.l - 36.2\ 
P.C.2 - 18.4\ 
P.C.3 - 12.8\ 

Showinl ell analysed specimens. P.C.3 score ~ diam. of dots in mm. 
S~ cluster centroids with ontogenetic saria. on overley. P.C.3 

scare a 2 diam. of dota in mm. 
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ttuRE 17. Principal components plots of H2b zone specimens. For full 
'~Dlanation sea notes on pages 103-4 and comments on previous page. 

Variance explained: P.C.l - 36.2% 
P.C.2 - 18.4% 
P.C.3 - 12.8% 

Show1n& all analysed specimens. P.C.3 score - diam. of dots in mm. 
Shaw!nl cluster centroids with ontogenetic saries on overlay. P.C.3 

acora a 2 diem. of dots in mm. 
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308 
320 
330 
314 
321 
333 
31' 
318 
323 
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313 
318 
328 
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318 
338 

o 
I 

Analxsis of tl2c ~ goniatites. 

8-10 mm .1z8 ranq. - analY31s code HlCY , 

Dendrogram 

~ 

j 

1 
I 

IJ 

J 
.J 

J 

J 

2 
I 

J 

3 
I 
I 
11 
I 
I 
I 
I 
I 
I 
12 
I 
I 
13 
I 

" I 

Means of character values for each clu~terr 

Cluata, T N .. , Du 
n S C 61 .ada 

_a. 19.0 .125 13.5 S.le 2.1~ .r88 .411 
Y 1 •• d. .ase 3.27 2.51 .314 .1133 .£135 

d • 

W 
Hw 

1.45 
.1)91 

''I 

8 
I 

-- . Hw 
'1 
Hw 

Do 
HW 

8 
I 

Po 
HW 

.848 .397 .039 .~e4 

.049 .aes .1322 .eel 

011 ':!. ... 
Hw Hw 

7 
I 

Ht -Hw 
.100 .3:50 .048 
.021 .051 .011 

_an 6.00 .183 21.8 S.S0 2.23 .~5e .348 1.31 .812 .378 .1345 .1308 .159 .249 .027 
.1175 5.81 1.51 .459 .138 Y2 •• d. .935 .L04 .El46 .044 .1317 .1311 .029 .eS7 .015 

_an 1.013 a 16.13 16.0 l.ae .3130 .239 1.37 .848 0 0 0 .065 .13:54 .094 
Y3 •• d. 13 a 13 Q r3 e a I) 0 Q 0 13 I) 0 

10-]2 mm siZe rane - &D&1ya1. code B2CZ : 

Means of characler values for each cluster: 

Clulta, T N .. , Du W .. I '1 Do '0 Dn Lt Hj. • S C -- - - ... ... ... ... -DI COda 

Z 1 

Z2 

Z3 

Hw Hw Hw Hw Hw Hw Hw Hw 
maan 2.09 11.13 7.eo 1.20 .500 .292 1.30 .779 .029 e 0 .0:30 .145 .003 
•• d. e 1.41 .283 .283 .053 .11Z .0ZS .015 0 13 .056 .049 .001 

maan 2.00 11.5 S.5e 2.00 .850 .4e9 1. ~i! .7St; .296 .032 .004.1113 .337 .052 
I.d. .7131 .707 a .071 .042 .1345 .004 .032 .13138 .001 .020 .008 .019 

_an 6.09 14.3 S.16 1.98 .767 .342 1.24 .813 .32:5 .054 .1394 .1913 .289 .028 
a'd' S.57 1.S3 .Z9~ .163 .026 .093 .027 .056 .023 .eos .042 .1ee .ell~ 

Conments: 

The selected linkages of Y1 to Z2 and Y2 to Z3 are justified by 

the observation that the characters which are consistant within each 

pair, namely the general shell shape and coarseness of ornament, 

are characters which are relatively conservative through the ontogeny 

of specimens. 
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FIGURE 18. Principal components plots of H2c zone specimens. For full 
explanation see notes on pages 103-4 and comments on previous page. 

Variance explained: P.C.l - 27.8\ 
P.C.2 - 21.2\ . 
P.C.3 - 14.0\ 

A: Showina all analysed specimens. P.C.3 = 11 diam. of dots in mm. 
B: Showing cluster centroids with ontogenetic series on overlay. P.C.3 

score • diam. of dots in mm. 
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FIGURE 18. Principal components plots of H
2c 

zone spacimans. For full 
explanation see notas on paces 103-4 and comments on previous page. 

DJ! ~ R.,!. P1- D.! ,.! D.!! l.!. Hj. Variance explained: P.C.I - 27.8\ 
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P.C.3 - 14.0\ 
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PC2 + + A: Showina all analysed specimens. P.C.3:11: 11 diam. of dota in 1IIn. 

PC3 + + 8: Showinll cluster centroids with ontogenetic series on overlay. P.C.3 
score. diam. of dots in 111ft. 
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Analy'sis of RIa ~ goniatites. 

M.ona o( charocter values for eoch cluster: 

Cluat., S C T N " 
,. Du 

n 6a ooel. 
_an J.130 .S00 .100 29.6 7.33 1.16 .200 

X 1 a.eI. e t) 1.52 1.52 .057 e 
_on 6.00 .900 .050 12.3 13.13 1.01 .150 

X2 o.eI. .00J .1355 3.76 4.24 .041 1')') . --
_an 2.00 .950 .2Sa 22.5 27.5 1.90 0 

XS o.eI. .071 .071 3.53 3.S3 0 13 

_on 5.00 .950 .120 29.0 9.80 1.92 .380 
X", a.eI. .050 .1384 6.32 2.38 • HIS .349 

M.ona of character values for .ach cluster: 

Cluat.' Du 

" • C T N " 
,. ... 

O. 

111 
, 114 
184 
18, 
118 
211 
218 ," ~25 
~35 
~07 
~12 
~08 
'J50 
111 
~10 
Jla 
!lt32 
~20 
!lt21 
~38 
~54 

ooel. 
",.a" 9.~3 .911 22.0 !l.6 

Y1 a.d. .1374 a.534.72 

",.on 2.liJ0 1.130 30.0 12.0 
Y2 o.eI. e 7.07 5.613 

_an 2.130 1.(113 15.0 18.0 
YS o.eI. a .7137 a 

_an ~.OO .960 19.6 8.09 
V"' o.eI. .042 3.51 1.41 

12-16 _ oiZe ~anr - analysh code BRlAZ : 

Dandrogru 

o 
I 

...:.....J 

....J 

::..J 

J 

I 

J ~ 

1 
I 

I 

J I 
J 

J 

I 

"2 
I 

~ 

I 

.133 .223 

.071 .~40 

.150 .216 

.1371 .0'57 

.41!)0 .196 

.42,* .eat 

.040 .2S6 

.055 .046 

3 
I 
11 
I 

12 
J 

13 

I 
1 
I 
I ,4 
15 
I 
I 

I' 

I 

W Rl ,., Do "0 Oh U Ht ... ... 
Hw 

... ... ... ... 
Hw Hw Hw Hw Hw Hw Hw 

.314 .S75 .eS0 .01~ .ea7 .067 .999 .022 

.1334 .043 .045 .002 .e05 .018 .038 .026 

.255 .S03 .119 .016 .013 .039 .095 .008 

.039 .970 .076 .131.5 .009 .023 .021 .0.01 

.154 .819 0 .1301 .001 • ee5 .146 .01S 

.045 .027 \1 .1302 .002 .098 .015 .azz 

.336 .831 .134 .028 .004 .063 .418 .018 

.02S .109 .050 .017 .005 .033 .049 .009 

W RI PI Do Po Oh U HI 
Hw 

.. 
Hw HW Hw HW Hw Hw Hw 

.732 .1370 .018 .e09.110 .128 .004 

.053 .025 .00S .oee .0132 .054 .003 

.784 .142 .011 .e19.131 .364 .ea7 

.1322 .011 .011 .001 .1)86 .0'56 .091 

.737 .216 .047 .1313 .282 .ase .Oe3 

.077 .014 .001 .u16 .0n .048 .001 

.862 .072 • Q32 .e23 .976 .176 .022 

.0~5 .045 .aIS .012 .039 .963 .914 

d • 
4 
I 

5 
I 

8 
I 

115 
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Meane of cheracter values for eacn cluBter: 

CluB'.' 
God. 

Z 1 

Z2 

Z3 

Z4 

Z5 

Z8 

S C T N R P 
Du W RI PI Do Po Dh L.!. HI 

" o. ., 
" Hw " Hw " HW Hw Hw Hw Hw Hw 

",.an 1.13& 10.1) S.1j0 .336 .3~3 .033 .016 .13133 .115 .131 .1349 
B.d. I) 0 13 13 I) 13 I:) 13 e IFf 

_an 3.130 18.13 6.33 .239 .771 .023 .018 .021 .1393 .085 .1311 
B.d. 1.00 .~77 .eSI .065 .021 .0(!6 .€Ies .e44 .1337 .007 

_an :::.ee IS.2 9.75 .157 .717 .0613 .(120 .e07 .244 .(lSg .003 
•• d. 3.77 4.16 .042 .leS .039 .006 .003 .074 .056 Z.OO 

•• an 2.0'.1 27.S S.S0 .196 .730 .1i'6 .020 .1304 .138 .Z06 .0137 
B.d. 113.6 .707 .eZl .037 .MS .13136 .til02 .e73 .179 .007 

",aan 4.90 lS.0 6.37 .166 .763 .119 .et38 .12125 .381 .GGl .002 
B.d. 3.36 2.81 .e46 .13:54 .114 .1307 .1308 .1)55 .'346 .1il01 

",.an 4.0'.1 16.13 lS.7 .179 .797 .146 .045 • ell 0 .235 .1136 .003 
B.d. 2.94 2.06 .1313 .068 .1133 .e0S .00'; .149 .034 .e91 

Comments: 

The ontogenetic transitions are confused here by P.C.1 being a 

direction of variation between as well as within morphospeciesJ 

morphological diversity is high. The most tenuous ontogenetic 

series of clusters is X1-Y4-Z2 - this however produces smoother 

ontogenetic curves for each character than the alternatives, and is 

therefore the most parsimonious solution. 

Cluster Z1 comprises one anomalous specimen which is difficult 

to relate to any other. 
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FIGURE 19. Principal components plot. of RIA zone specimens. For full 
explanation see nate. on page. 103-4 and comments an previous pale. 

Variance explained: P.C.l - 27.0\ 
P.C.2 - 14.7\ 
P.C.3 - 12.1\ 

A: Showing all analysed specimens. P.C.3 score ~ 11 diem. of dots in mm. 
6: Showinl cluster centroid. with ontolenetic seria. on overlay. P.C.3 

score = 2 diem. of dot. in nIn. 
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FIGURE 19. Principal component. plot. of RIA zone .pec1man.. For full 
explanation .ee note. on pase. 103-4 and comment. on prev1ou. pele. 

Variance explained: P.e.l - 27.0\ 
P.C.2 - 14.7\ 
P.C.3 - 12.1\ 

A: Show in, 1111 .nely •• d specimen.. P.C.3 .core C& 11 d11111. of datapi~ ;-n' 
B:.Showin, clu.ter centroid. with onto,enetic .erie. on overlay. • • 

• core := ! dian. of dot. in nm. 
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Analy'sis of ~lb ~ goniatites. 

7-9 mm size range - analYSis code BRlax z 

Heans of character values for each cluster: 

Clulta, S C T N R P 
Ou W RI PI Do Po Dh U Ht 

" 
., ., ... - ., ., ... ., ., 

HW coda 01 Hw Hw Hw Hw Hw Hw Hw 

lII.a" 5.ee .13030.Z 1.00 .1813 .217 .1326 .006 .00'5 .054 .954 .13132 
X 1 a.d. .120 2.86 0 .1313 .1344 .027 .005 .0El1 .1332 .e54 .0e2 

lIIaa" 1.00 13 30.0 1.00 13 .0S6 .1393 .027 .1323 .2~0 'it e 
X 2 a:d. e e a a (I 0 0 ~j \1 0 13 

..,.a" 4.013 .175 23.7' 1.47 .375 .264 .0~6 .1317 .001 .1377 .:mi .0113 
X3 a.d. .096 3.413 .126 .236 .013 .052 .1:125 .1303 .1)33 .040 .005 

9-12 mm size range - analysis code HR1BY z 

Heans of charact e r values for esch cluster: 

Clnt., R P 
Ou W RI PI Do Po Oh L! HI S C T N ., 

HW 
... -

" 01 HW HW 
., ., ., 

ood. Hw Hw Hw Hw Hw 
lIIaa" 7.130 .864 19.3 9.71 1.32 .235 .233 • ass .OLS .0132 .143 .16S .006 V 1 a.d. .114 4.11 2.87 .386 .121 .029 .050 .elS .e()4 .a87 .138 .0133 

lIIaa" 1 • .ao . see 12.0 7.00 2.~50 1.00 .213 .050 .ooa .1323 .117 .2513 .019 
V2 a.d. 0 .., 9 13 9 0 1:1 a \) 13 0 1:1 

_a" s.ea .S49 25.a 24.S 1.00 .1213 .176 .e27 .(108 .Oe3 .089 .064 .1)01 
V3 a.d. .055 3.72 16.7 (I .130 .e43 .027 .0138 .O~3 .1357 .1340 .001 

12-16 mm Siz8 ranqe - analysis code HRlBZ 

Dendrograll 

d • 
0 1 2 3 4 5 
I I I I I I 

87 
I 
11 242 I I 251 I , 

288 
1 285 I I 270 1 271 
'2 274 

277 
288 I 13 287 I 288 '4 353 I 

Means of character valup .. for each cluster: 

Cluat., S C T N R P 
Ou W RI 1" Do Po Oh L! H1 

" ... 
HW 

... 
HW 

., ., 
Hw 

., 
coda 01 Hw Hw Hw Hw Hw 

m.an a.130 .2913 22.13 1.00 .112 .163 .747 .047 .027 .019 .1'51 .042 .';:'031 
Z 1 a.d. .21S 2.93 e .125 .€t47 .1366 .039 .1:1L3 .1)11 .949 .IilS9 .001 

m.a" 1.130 .11313 30.0 1.01) .100 .124 .576 .1:35 .033 .022 .413 .065 .003 
Z2 a.d. 0 e I) e -f, a €t 0 I) e 0 0 

m •• n 3.00 .1(10 17.3 1.26 .167 .193 .759 .855 .~17 .Q04 .186 .2132 .004 
Z3 a.d. e 4.61 .263 .1358 .1344 .1)47 .052 .011 .004 .037 .049 .001 

III •• " 1.130 13 '7.913 l.Se .sea .133 .934 .1366 .ge3 I;' .esa 0 ~J 

Z4 a.d. e e a e a '3 I) I) a iii 0 I) 
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FIGURE 20. Principal components plots of RIb zone specimens. For full 
explanation see notes on pages 103-4 and comments below. 

Variance explained: P.C.l - 35.2% 
P.C.2 - 17.9% 
P.C.3 - 14.4% 

A: ShOWing all analysed specimans. P.C.3 scora = 1i diem. of dots in mm. 
B: Showinl cluster centroids with ontolenetic saries on ovarlay. P.C.3 

scora 2 diem. of dots 1n mm. 27. 
~ ~ ~ • 248. 2". 27.5 

a. 
0 

87 o 
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285 .• 270 • .211 
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Comments: 

3 

Ontogenetic continua are quite clear from the principal components 

plot. It is apparent that morphospecies HR18A and HR188 become similar 



FIGURE 20. Principal components plots of RIb zone specimens. For full 
explanation see notes on pages 103-4 and comments below. 

Variance explained: P.C.l - 35.2% 
P.C.2 - 17.9% 
P.C.3 - 14.4\ 

A: Showinl all analysed specimens. P.C.3 score = 1i 
B: Showinl cluster centroids with ontolenatic series 

Score 2 diem. of dots in mm. 
~ 

diem. of dots in mm. 
on overlay. P.C.3 
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. ,. 
2eO 

m 

T N R 

+ 

25~ 

• .. 

Ou 
I' 6. 

Y1 Z3 

2 ... • 

ell . 
(J 

cL 

W R' 
Hw Hw 

ya 

...... '--

274 

1... 

° 2 •• 
1" 
Hw 

?51 

.271 

• • .270 
215 '282. 

• 258 
278 .28. 

.211 
'271 

o 

P.C.1 

• 9244 
287 211 273 

284 021 • 

21t 

® 
• 21:1 

Do Po Dh 
Hw HW Hw 

Lt HI 
Hw ~w 

+ + + 

o 
278 

,. 
o a' 

X_ .... 1' 
~1I -- .Z2 
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Ontogenetic continua are quite clear from the principal components 

plot. It is apparent that morphospecies HR18A and HR188 become similar 
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Analy'sis of ~lc to WestQhalian goniatites. 

ll-14 mm siz. ranq. - analysts cod. HR1CGZ I 

Dendrogram 

1 , 2 , 3 
I 

d .. 

"' 6 
I I 

120 

e 7 
I I 

3S8 __________ ~--------~--------~----------------------~----------------~ 
380 ---.....---.... I I 

11 373 ___ ... 1 

387 ------w---------' 388 ; 374 ---r-.-....... 
1 
I 
12 i384 ---__________________________________________ ~L-------------------------------------~ 

1~:I----~,~-----r-I-------------+.r-------------------------------------~ 
,,384 
1388 --___ r----...J 

j3 

Cluatar 
COda 

Z 1 

Z2 

Za 

Mean!'! of character valuas for each cluster: 

I C T N R P 
Du W RI PI Do Po Oh L.!. HI 

n CI HW ... HW ... ... ... -Hw Hw Hw Hw Hw Hw 

meen 6.013 .983 10.0 1.62 .917 .236 .677 .101 .021 .13133 .163 .1BS .004-
I.d. .tt2S 1.55 .354 .075 .362 .037 .OS7 .018 .1303 .1364 .129 .0135 

mean 1.00 .700 13.0 1.00 .400 .442 .37~ .3(IIiJ .963 a .863 .275 .008 
a.d. e 0 \) 0 a a e e a 0 e I) 

_an 4.00 .975 12.2 1.05 .17'5 .155 .?La .201 .071 .\327 .347 .1328 0 
a.d. .1)513 3.213 .058 .050 .1)30 .tl53 .073 .019 .910 .0S8 .028 .001 

Comments: 

Many late Namurian and Westphalian specimens identified as 

,Homoceratids are of various relatively large sizes. but without enough 

specimens at any particular size interval to allow analysis. Nevertheless. 

the ontogenetic trend around cluster Z1 is clear. For further notes 

regarding Z2 and Z3, SBe page 222. 
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FIGURE 21. Principal canpanants plats of RIc to G zane spac1mens. 
axp1anatian see nates an pages 103-4 and comments on previous paga. 

Fer full 

Variance explained: P.C.1 - 35.8\ 
P.C.2 - 23.4\ 
P .C.3 - 10.3\ 

A: Showing all anal~S8d spec1mans. P.C.3. H dian. of dats 1n ""'. 
B: Showing cluster centroids with ontolenetic series on overlay. P.C.3 

scare - 2 d1-. of dats 1n 111ft • 
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HI 
H'w 
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FIGURE 21. Principal canponenta plota of R1c to G zona specimens. 
explanation sse notas on pagsa 103-4 and comMenta on prav10ua pace. 

Fcr full 

Variance explained: P.C.l - 35.8\ 
P.C.2 - 23.4\ 
P.C.3 - 10.3\ 

A: ShowinC all analySed spac1men.. P.C.3. 11 diam. of dDt. 1n II1II. 

S: Show1nc cluster centroids with ontolenetic •• riea on ovlII'lay. P.C.3 
.cora - 2 d1am. of dots 1n nn • 

.i. 
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31 
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4.1.2. ANALYSES or SAMPLES or RETICULOCERATIDAE s.l. 

Samples were isolated from each of the following 

stratigraphic divisions: 

Analy'sis of ~lal ~ goniatites. 

7-10 mm a1z. r~. - ana1ls1s code RlAlX : 

Means of character values for each cluster: 

Cluat., II I C T R 
cod. 

X 1 
m •• n 1.00 .9~) Se.13 1.30 
s.d. 0 G lJ 

m.an 2.0til .sae 15.0 2.00 
X2 a.d. 0 '5.';5 • (t01 

_an 6.013 .883 30.5 1".38 
X3 •• d. .683 4.93 .563 

10-13 mm s1z. ranr - analysis code lUAlY 

Oendrogram 

J 

, 
I 

I 

I 

I 

2 
I 

Ou 
6. 

.325 
0 

.422 

.031 

.463 

.933 

W -Hw 

Heana of character value. for each cluster: 

RI 
Hw 

.844 
e 

.819 

.819 

.:343 

.1398 

PI ..-
Hw 

.219 
(1 

.339 

.0713 

.607 

.203 

a 
I 
t 

I' 
1 
I 
1 
12 

I 
IS 

i 
I 
14 

Do Po 
Hw HW 

.1384 (I 
I) I) 

.134 '" .e13 Ij 

.~~7 13 

.024 G 

d • 

Oh ..-
Hw 

.€t94 
Ij 

.241 

.1313 

.217 

.074 

Lt 
HW 

.156 
0 

.321 

.152 

.391 

.084 

4 
I 

Ht 
HW 

.019 
0 

.1)45 

.Oll 

.u50 

.028 

Cluat.r Ou W RI PI 00 Po Oh Lt Ht 
I C T R 6. ..- - -II HW - - Hw Hw ccd. Hw Hw Hw Hw Hw 

V 1 
_an s.oa .3'513 24.6 1.13 .448 2.26 .8N .7'41 .044 e .262 .42~ .055 
•• cI. .096 3.68 .168 .039 .408 .03, .192 .U34 ~ .138 .145 .028 

m •• n 3.0~) .;300 18.6 1.53 .4'38 1.Se .771 .'50! .v·n 0 .347 .442 .04\ 
V2 •• cI. I) 2.51 .251 .026 .234 • (1'51 .229 .£13& I) • lij~) .072 .023 

_.n S.00 .870 29.0 1.12 .406 1 ;::~ .784 .414 .17133 Ct .211 .300 .1331 ..... ..J 

V3 a.d. .045 3.74 .0$4 .047 .242 .~32 .143 .UZ4 ~ .037 .~3 .~~7 

_.n 1. i)ij .:'50 29. €I 1.10 • J14 1.26 .943 .377 .015 l1 .415 .283 .113 
V4 •• cI. 0 " e () ~ 0 0 

'"' 
(1 a " I) 

122 

5 
I 



13-17 mm size ranqe - analysis code R1A1Z I 

I~e an 8 of character values for each cluste r: 

Clua'er C 
Du W ftl PI Do P.! Dh II HI 

n S T R 61 Hw HW '* Hw HW Hw HW code Hw Hw 
meen 4.1"30 .787 IS.€! 1.65 .399 1.87 .S(l8 .451 .066 I) .275 .464 .049 

Z 1 •. d. .Cl8::: 4.88 .311 .839 .242 .015 .1713 0':'" I) .U3S .057 .013 . ... 
me.n 3.eO .917 25.0 1.10 .439 1.95 .812 .6-51 .072 I) .559 .444 .045 

Z2 •. d. .078 8. E;8 .1(n) .(124 .214 .03::: .150 .013 (I .183 .102 .016 

mean 9.(10 .816 22.6 1.24 .344 1. 41 .768 .3$9 .038 j) .3es .285 .027 
Z3 •• d. .0';'0 5.10 .124 .037 .121 .1350 .1)99 .\:111 ij .116 .060 .013 

Comments: 

The ontogenetic trends of these morphospecies show various 

directions in P.C. space, but these directions are quite unambiguous. 

Clusters Xl and Y4 are not linkable with any others, both being 

composed of anomalous single specimens. Xl is not present on the 

principal components plot: this analysis involved the character W/H , 
w 

but the Xl specimen (no. 19) is laterally crushed. 
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FIGLRE 22A. Description overleaf, 
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. 
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® 
;II. 
'l1li 

X2 

FIGURE 22. Principal components plots of RIal zone specimens. For full 
explanation see notes on pages 103-4 and comments on previous page. 

Variance explained: P.C.l - 26.6% 
P.C.2 - 16.5% 
P.C.3 - 10.0% 

A: (Previous pagel Showing all analysed specimens. P.C.3 score ~ 1~ diam. 
of dotes in mm. 

B: Showing cluster centroids with ontogenetic series on overlay. P.C.3 
score K i diam. of dots in mm. 

Analxsis of R -la2 ~ g on i at it e s • 

5-7 = size ranqe - analysis code JUA2u : 

Hear,,, of ch 8 r FtC t e r lIalues fnr each cl ust er: 

Cluster Du W RI PI 00 Po Oh It Ht 
1\ S C T R 6'a HW 

.,. .,. 
Hw HW - - .,. 

code Hw Hw Hw Hw Hw 

mean 5.0~ .850 23.S 1. 50 .374 1.70 .808 .364- .061 .192 .328 .03'5 
U1 •• d. .05~j 4.€.O .223 .038 .191 .1')43 .072 .023 .046 .l141 • ellS 

mean 4.00 .882 30.2 1.57 .344 1.48 .85'5 .210 .104 .146 .314 .034 
U2 •• d. .048 4.57 .464 .1307 .1397 .'322 .1'142 .1308 u"-:' • 0 .. .(150 .at7 

me.n 5.00 .880 24.E: 2.20 .369 1.82 .S82 .226 .062 .121 .245 .0'5S 
U3 a.d. .067 5.81 • 24'S .036 .066 .1)44 .032 .022 .010 .045 .018 

mean 4.(1) 
... ~.., 

.. ('j, 17.1) 1.50 .432 1.S9 .850 .557 .061 .281 .41S .esl) 
U4 a.d. .. t~25 4. 'jt3 .082 • (ilG 1'"'' • ':'0 .024 .079 .046 .1)61 .036 .e1~ 

5.0\) • 720 12.8 • c·,,) .443 1. 81 .S21 .673 .1311 .267 .31)4 .08S mean .. '-'-
U 5 a.d, .CS;:' 4.39 .11)9 .627 .1(n) • (t~,5 • 12~f .013 .121 .(192 .013 
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FIGURE 22. Principal components plots of RIal zone specimens. For full 
explanation see notes on pages 103-4 and comments on previous page. 

Variance explained: P.C.l - 26.6% 
P.C.2 - 16.5% 
P.C.3 - 10.0% 

1 A: (Previous page) Showing all analysed specimens. P.C.3 score = 1"3 diam. 
of dotes in nm. 

B: Showing cluster centrOids with ontogenetic series on overlay. P.C.3 
score s ; diam. of dots 1n nm. 

Analy'sis of R -1a2 zone 9 on i at it e 5 • 

5-7 m::I size ranie - analysis code 1UA2U : 

Mcar,!ll of charActer values fnr each c) ust er: 

Cluster Du W RI PI Do Po Oh Lt 
1\ S C T R 61 Hw " 

, Hw HW Hw Hw code Hw Hw 
m8an 5.0~ .850 23.S 1.513 .374 1.70 .809 .364 .061 .132 .326 

U1 •• d. .051;' 4.SCt '?~"7 .1338 .191 .(143 .072 .023 .1)46 .041 
___ ...J 

m8an 4.00 .882 30.2 1.57 .344 1.48 .855 .210 .104 .146 .314 
U2 •. d. .048 4.57 .464 .13')7 .1397 • (t22 .042 .1308 .u82 .050 

mean 5.00 .880 24.€ 2.2l' .389 1.82 .$82 .226 .1362 .121 .245 
U3 a.d. .067 5.81 .245 .036 .066 .,)44 .(132 .\)22 .010 .045 

m8an 4.(1) .787 17.0 1.50 .432 1.8:3 .850 .557 .061 .281 .416 
U4 I.d. • ~~25 4. 'j';: .082 .lj16 .128 .C24 .079 .046 .1)0:;1 .1336 

5.01) .72t.l 12.6 1 ::-? .441 1.81 .821 .1;73 .011 .287 .304 mean .. '-'-
U 5 a.d. .OS? 4.39 .1~9 • ';27 .1(11) .(t~,5 .12:, .013 .121 • (t92 

Ht 
" Hw 

.1335 

.015 

.1334 

.IH7 

.u'36 

.018 

.050 

.1319 

.0136 

.013 
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7~ DIll s1%. ranqe - analysis code R1A2v 

Dendrogra/ll 

d • 
0 2 4 • • 10 12 14 1. 1. 10 22 
I I I I I I I I I I I I 

11 
1 318 

147 
340 
283 
337 
220 
240 
224 
238 
327 
148 
282 
178 
318 
201 
214 
333 
289 
338 

82 
132 
134 
185 
138 
183 
200 
202 
184 
138 
188 
188 
188 
181 
212 
171 
1715 
172 
174 

Mean" of ch.racter valuea for each cluster: 

Cluat.r Du W RI ,. "., Po DII Lt H. 
ood. n I C T It D"I ... - ... 

MW 
... 

MW MW Hw Hw Hw Hw Hw 

V1 
rna an 13.0 .842 22.6 1.S1 .307 .849 .266 .064 .001 .138 .267 .928 
a.d. .081 6.03 .395 .(:45 .1346 .085 .019 .002 .13313 .85:5 .012 

rnaan 5.00 .720 21.4 1.30 .342 .792 .42l .1375 0 .252 .259 .1332 
V2 a.d. .1327 2.41 .223 .111 • (I3S .165 .iUS 0 .1343 .082 .015 

V3 
m •• n 2.e0 .S5e 17.9 1. SS .345 .912 .279 .082 .012 .176 .269 .1339 
•• d. .071 4.24 .Z12 .1323 .009 .107 .OUS .00S .071 .01S .811 

m •• n 1.ea 1. £10 36.0 0 .253 .571 .429 .107 .0137 .393 8 \) 
V4 •. d. e a 121 I) e 0 (1 (; e 8 13 

m.an 12.0 .787 13.0 1.83 .437 .824 .644 .078 121 .304 .412 .069 va •• d. .eS3 2.81 .274 .057 .042 .064 .020 a .1371 • tiN .017 

m •• n 8.M .758 IS.1 1.35 .451 .856 .5133 .022 
'" 

.316 .373 .057 va •• d. .080 7.22 .234 .OS7 .031 .131 .014 a .082 .060 .1319 -

9-11 DIll size ranq. - &n&lyais code RlA2W : 

Means of charact er \lalut's for Poach cluster: 

Cluat.r C T R 
Du W RI PI Co Po Dh Lt Ht 

coda n S D"I Hw Hw 
... 

Mw Mw Hw 
... 

Mw Hw Hw 
m •• n 3.1210 .967 38.3 .~C'~ .814 .309 .1)96 .021 .;N1 .(134 .OtJ3 W1 ._ ..... '.:. 
•• d. .\353 20.2 .058 .12153 .19u .033 .01(1 .0413 .059 • tIeS 

maan 9.00 ~7") 24.4 .266 • t:19 .234 .C151 .(103 .215 .184 .018 W2 
... ~ 

•• d. • (171 7.65 .il50 .1359 .065 .Ol~ .005 .072 .137 .013 

W3 
maan 10.0 .730 12.5 .432 .814 .667 .Et7S 6 .362 .416 .OS6 
•• d. .aS3 4.67 .072 .034 .ll9 .057 \) .069 .10a .iUS 



11-13 m= size rani_ - analysis code RlA2X : 

Means of characler val ue s for each clusler: 

Cluatar Du W RI PI Do P. Dh Lt Ht 
coda n S C T R 01 

., ., ., 
HW Hw 

., 
HW 

., 
Hw Hw Hw Hw Hw 

X 1 
maan 5.00 .710 10.S 1.50 .458 .327 .705 .049 0 .354- .405 .054 
a.d. .065 2.77 .339 .1356 .1318 .079 .>.134 e .1134 .OS2 .011 

maan 6.00 .792 19.8 1.11 .203 .78S .249 .e68 .004 .274 .143 .17195 X 2 I.d. .e137 1.94 .098 .045 .el3 .€t78 .1)44 .61713 .0S3 .12Z .005 

X3 
mean 4.00 • ('50 15.2 1.SS .302 .834 .239 • e135 .1303 .214 .242 .1321 
a.d. .071 2.21 .3S7 .094 .1348 .e~:9 .Bl'3 .095 .039 .031 .007 

mean 1.00 • see 30.0 1.30 .171 .S83 .385 .079 13"" .397 .143 .013 • 'oJ. 
X4 a.d. e a I;) a e tI 0 £I e a e 

13-16 mm size ranie - analysis cod. RlA2Y I 

Means of characler values for each cluster: 

Cluatar Du W RI PI D.! Po Dh Lt Ht 
n S C T R - ... ... ... ... ... HW ... 

oeda Da Hw Hw Hw Hw Hw Hw Hw 

Y 1 
m.an 6.00 • ('56 1l.~ 1.73 .426 1.85 .357 .781 .114 I) .482 .38'5 .eS2 
I.d. .049 2.136 .388 .e75 .347 

m •• " 6.00 .733 213.5 1.03 .222 1.31 
Y2 a.d. • 117' 5.39 .082 .3513 .182 

16-20 mm w. ranq. - analysis cod. RlA2Z 

Meana of charaeter values for each cluster: 

eluate, 
COde 

Z 1 

Z2 

Z3 

Z4 

III •• " 
I.d. 

_a" 
I.d. 

mean 
•• d. 

m •• n 
a.d. 

n • C. T R 

4.00 .950 .159 40.7 1.130 
.1358 .058 17.1 e 

7.00 .83~ .628 22.2 .1357 
.ese .1'37 11.S .378 

2.00 .S2S .77.5 2S.S 1.35 
.318 .035 13.4 .495 

6.130 .775 .625 15.3 1.56 
.1376 .189 3.82 .250 

Du 
Da 

w 
Hw 

.038 

.794 

.059 

1'1 ... 
Hw 

.724 

.£161 

.126 .048 e 

.291 .084 .017 

.196 .035 .O~9 

"!. D.g ... 
Hw Hw HW 

.406 .129 .016 

.07S .071 .009 

.093 

.312 

.082 

Dh 
Hw 

.323 

.024 

.101 .922 

.1317 .002 

.1342 .1304 

La 
Hw 
e 
() 

Ht 
Hw 
\) 

e 

.737 .393 .060 .f1il4 .465 0 () 

.073 .e82 .1337 .007 .153 0 ~ 

.732 .l7S .065 .029 .135 .097 .004 

.092 .117 .035 .013 .1La .128 .8eS 

.793 .813 .110 .£1132 .480 .283 .027 

.011 .129 .042 .805 .154 .139 .016 
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Y1 

Z4 V4 r 

X1 
d3 

• 
22. X4~ Z1 

W3 Y2 Z2 ~~ ~a 21 2 

V5 
0

21 
US V2 ~ !f.21 

VIS U4 1'1 • 

X2 11 

u1rT 
] W1 

V3 l X3 ]W2 
r 0,. 

@ 
V1 

U2 
:r 

U3 x. 
4. 

Du W RI PI Do Po Dh Lt 
5 C T R 6. - - - -. HW - Hw Hw Hw Hw Hw Hw 

PC1 + - - -
PC2 - + + + 
PC3 + + 

FIGURE 23. Principal component. plot. of R zone .p.~.. Far full 
.xplanation •• e not •• on pase. 103-4 and c~nt. b.low. 

Variance explained: P.C.1 - 43.0\ 
P.C.2 - 17.7\ 
P.C.3 - 9.9\ 

Ai (Over1.-~) Sh i 11 1 d 2 ~T ow ns a ana y.. .pecimen.. P .C.3 scan': or di .... f7f 
dots in nm. ~ 

B: Showins cluster centroids with entolenetic •• ri •• on QV.r~y. P.~3 
Icora • 2 diem. ef dots in nm. 

3' 

Comments: 

HI 
MW 

-

37 

There is little evidence to decide which of the linkage 

a1ternativesUS-V6 and U4-V5 or US-V5 and U4-V6 is to be preferred. 

The former is chosen here on the basis of parity of tubercle lengths. 

a character which appears to be relatively consistent through 

127 

ontogeny of these morphospecies. Similarly the allocation of Z2 and 23 to 

morpho species RlA20 and RlA2C is somewhat tenuous. and is based on 

relative positions in P.C. space. P.C.3 is useful in identifying 

cluster Zl as part of RlA2G. Cluster X4 is a single anomalous 

specimen. 

Although the direction of ontogenetic change in morphospace 

appears to be less parallel to P.C.l than is normal. this is 

deceptive as P.C.l in this analysis accounts for a higher percentage 

of the total variation - 43% - than any other analysis here. 



W1 

~ 

U2 

U3 
~ 

Du W ~ ~ 00 Po Oh U HI 
C T R ~ ~ Hw ~ ~ ~ - ~ ~ S "w 

PCl + 
PC2 + + + 
PC3 + + 

FIGURE 23. Principal components plots of R zona lpa~S. Far full 
explanation .ee notas on pege. 103-4 and ~nts below. 

Variance explained: P.C.l - 43.0\ 
P.C.2 - 17.7\ 
P.C.3 - 9.9\ 

2 A: (Overleaf) Showing all enalysed specimens. P.C.3 score~T alaM. at 
dots in mm. 

Bt Showing cluster centrOids with ontolenetic sa~. on ovarlay. P.C-3 
Icore _ 2 diem. of dots in mm. 

3 

Comments: 

• 37 

! 

There is little evidence to decide which of the linkage 

a1ternativesUS-V6 and U4-V5 or U5-VS and U4-V6 is to be preferred. 

The former is chosen here on the basis of parity of tubercle lengths, 

a character which appears to be relatively consistent through 

127 

ontogeny of these morphospecies. Similarly the allocation of Z2 and :3 to 

morpho species RlA20 and RlA2C is somewhat tenuous. and is based on 

relative positions in P.C. space. P.C.3 is useful in identifying 

cluster Zl as part of RIA2G. Cluster X4 is a single anomalous 

specimen. 

Although the direction of ontogenetic change in morphospace 

appears to be less parallel to P.C.I than is normal. this is 

deceptive as P.C.l in this analysis accounts for a higher percentage 

of the total variation - 43% - than any other analysis here. 
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Analy-sis of ~lb ~ goniatites. 

8-11 mm siz. ranq. - analysis code R1BX I 

Hean. of characler values for each cluster: 

Cluata, Du W RI PI Do Po 
Goda .. a c T " 01 - - - HW HW Hw Hw Hw 

maan 3.00 18.13 1.13 .279 .8213 .233 .094 .0131 X 1 a.d. 3.46 .115 .a2S .050 .073 .022 .QOl 

maan 4.00 17.0 1.75 .347 .869 .242 .113 .Q10 
X 2 a.d. 2.00 .397 .023 .931 .1358 .l132 .005 

maan 5.ge 17.S 1.44 .415 .869 .471 .084 e 
'X 3 a.d. S.65 .329 .e17 .044 .684 .1329 9 

Dendrogra .. 

d • 
0 , 2 3 .- 5 
I I I I I I 

lOa _ 
~ 163 _ 

I I Ji' 2Sa _ 
128 _ 
2S8 I 
148 _ 12 
aOS I I I 22S _ 

~r- I 
le,O - I 2_ t 13 

Heane of ehlraeter valuea for e.eh eluate r: 

Cluata, 
C T 

Du W '" PI 00 Po 
ooda .. a " o • HW HW 

... 
Hw Hw Hw 

V 1 
m.an ~.ee 19.5 1.26 .712 .234 .erO .011 
I.d. 4.49 .0S9 .032 .063 .1327 .013 

maan 4.l!til 16.8 1.37 .269 .2S3 • HI2 .1303 
V2 a.d. 2.94 .150 .£tIS .esa .041 .tlOS 

maan 2.90 15.0 1.79 .877 .462 .062 0 
V3 a.d. a .141 • £122 .340 .011 a 

Oend rog re .. 

o , 

Dh Lt Ht - HW HW Hw 
.140 .207 .017 
.943 .927 .1'309 

.292 .347 .031 

.0Se .038 .e07 

.167 .357 .054 

.0S6 

Dh 
HW 

.lS9 

.939 

.24e 

.947 

.246 

.027 .024 

Ll 
Hw 

.211 

8 
I 

Ht 
Hw 

.912 
.029 .006 

.2S9 .029 

.047 .1311 

.384 .048 
.€l34 .047 .011 

129 

7 
I 

I I 

1~------------------------~-----------------i~------------------------1 al:~--------------~---------T--~ 

2 
I 

ae,? __ ----..J1 I 
~ __ :----------..J 

a" _---.....,..---------'J-----t-io-.----,---.-------I 
a2?-a:' --~------------------------------------------------------~------r'------~ 
ae,'---...-----------------------~-----~--------~ ~J--~--~I-------------~I-------~I 
~a: ::: --... 



0 
I '. ~" ::: ~et __ 

a'4 ___ 
a" """'-a"--ae, ___ 
~"---~lO 

" ~" ........ 

Mean~ of character valuea for each cluster: 

Clulte, Du W RI '1 Do Po Dh U Ht 
coae n • C T R 01 HW HW Hw HW Hw Hw HW Hw 

mean 4.00 .S25 .62S Z2.~ .714 .344 .11(1 • €It·S .420 e Il 
Z 1 I.a. .e50 .le98.50 .£165 .074 .1336 .006 .064 I) e 

mean 3.0e .667 .S17 17.0 .S17 .Z~4 .121 .010 .267 0 U 
Z2 I.a. .13:::9' .lS9 3. S0 .('47 .1337 .031 .017 .1:17:5 " a 

_an 1. ,,£, .750 .8130 11.13 .833 .393 .143 .024 .321 .202 .912 
Z3 I.a. 13 e 0 iI 13 I) e e 0 9 

mean 5.130 .770 .509 14.0 .712 .231 .a74 .01)9 .173 .054 .004 
Z4 I.a. .1376 .212 1.58 .053 .043 .1312 .004 .eS6 .a75 .005 

Corrments: 

Cluster Zl is the only problem, being largely composed of 

crushed specimens in which the character Ou/O s ' which is used in the 

principal components analysis, is not measurable. Also, it is distant 

in P.C. space from the Y clusters, indicating rapid morphological 

change at this stage in ontogeny, or else the unlikely occurrence of 

4 specimens in the Z analysis of a morphospecies which is absent in 

other analyses. There is not enough observable ontogenetic change on 

the Zl specimens to justify linkage with any of the Y clusters. 

Analy'sis of [Ie ~ goniatites. 

12-15 _ siZe ranqe - an&l.ya1a code lUCZ : 

Oandrogr_ 

d 

1 2 3 4 
I I I I 

I 
I 11 

J 

I I 
I - I 
I 

J 1 
12 

I I 

Haans o( character values for aach eluater: 

Clulter Du W RI '" 00 
n S C T R DI HW Hw ... HW coae Hw 

Z 1 
_an 9.00 .6'34 21.1 1.03 .232 .734 .2S~ .on 
I.d. .0·30 1.ge .073 .034 .1370 .056 .£'27 

_an 2.09 .67'3 1S.S 1.91j .307 .76'; .22e .1379 
Z2 I.d. .1335 .797 .141 .1313 .806 .937 .1339 

Comments: 

• 
5 
I 

Po Dh 
HW -Hw 

.1314 .2S8 

.012 .11S 

.€tiJ5 .197 

.003 .OS9 

U -Hw 
.1)47 
.a78 

.257 

.tHS 

8 
I 

HI -Hw 
.004 
.096 

.0Z4 

.002 

The ontogenetic trends are acceptably clear. given that it 

was only possible to analyse one size range. Unusually. P.C.2 is 

the dominant direction of ontogenetic change. 
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FIGURE 24. Principal componants plats of R zona spacimans. For full 
'~Planation .aa notas an pagas 103-4 and c~ants near tap of previous 
l:Iega. 

Variance explainad: P.C.l - 36.7\ 
P.C.2 - 15.3\ 
P.C.3 - 11.6\ 

~: Showing all analysad spacimens. P.C.3 score • ~ diem. of dot. in mm. 
5: Showing clustar centroids w1th ontogenatic .ariis on overlay. P.C.3 

BCore -= 1 dlam. of dots 1n mm. 
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Variance explained: P.C.l - 36.7\ 
P.C.2 - 15.3\ 
P.C.3 - 11.6\ 

A: ShOWing all analysad specimens. P.C.3 scora « ~ diem. of dots in ~ 
B: Showing cluster centroid. with ontogen.tic s.ri •• on overlay. P.C.3 

scor. « 1 diem. of dot. in mm. 
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V«r1Ance explained: P.C.l - 35.3\ 
P.C.2 - 16.9\ 
P.C.3 - 10.4\ 
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P.C.2 - 16.9\ 
P.C.3 - 10.4\ 
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~~1na cluster centroid. with ontolenetic •• rte. on overlay. P.c.3 
nlc:on • i cU. •• of dot. 1n mm. 
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A n a 1 y. si s g.f R 2 a ~ 9 on i at i t e s 

12-15 _ un ranqe - analysis code R2AZ 

Dendrogram 

1 
I 

133 

~----------------------~I------------~----~------------~--------~~--------------------------------------------------40i -----------r------...J 
418 -----r----------I 427 ___ --...J 

421 _________ ~-------~ 428 ______ --'" 

~---r------------------------------------------------------U~--------~ 
381 __________ ,-____________ ~----~~---------------------------------~ 417 _______ ~I 
~--________________________________________ _...J 

Means of character valuea for each cluater: 

Clul'.r 
S C T R 

Du W RI Pt Do Po Dh Lt HI 
code " 51 - - ., - ., - - ., 

Hw Hw Hw Hw Hw Hw Hw Hw 

Z 1 -." 7.ee .636 .628 46.4 1.14 .267 .729 .438 .176 .527 .144 .EH1 
I.d. .12S .197 12.6 .113 .':'41 .076 .1013 .035 .084 .1374 .\312 

_.n 2.aO .S25 .300 35.S 1.00 .197 .e(l3 .647 .274 .533 0 0 
Z2 I.d. .035 .141 .7£17 I) .015 .047 .035 .007 .057 0 0 _ ... 3.0C1 .767 .sea 43.3 1.26 .412 .7f?7 • 725 • 131 .417 .415 .040 
Z3 •• d. .IS3 .100 10.4- .305 .053 .12132 .163 .063 .097 .067 .017 

Comments: 

Only one size range was analysable. but clusters Zl and Z2 lie 

quite clearly in ontogenetic series of smaller to larger specimens 

on the prinCipal components plot. Larger specimens cannot be so easily 

allocated to R2AC. In addition, there is a group of pOints in the 

top right quadrant of the prinCipal components plot which are of 

various sizes except the analysed size range 12-1Smm. This may 

represent an additional morphospecies which by chance has escaped 

analysis. 
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FIGURE 26. Principal components plots of R zona specimens. For full 
explanation see notel on pagel 103-4 and co~.nts on previous page. 

Variance explained: P.C.l - 32.0\ 
P.C.2 - 16.4\ 
P.C.3 - 13.9\ 

A: Showina all analysed spec1mans. P.C.3 score ~ diem. of dots in mm. 
B: Shewing cluster centroids with ontogenetic serie. on overlay. P.C.3 

.Cortl IX 2 diem. of dots in mm. 
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FIGURE 26. Principal components plots of R2 zone specimens. For full 
axplanation se. notes on pal •• 103-4 and c~nt. on previou. pale. 

Variance explained: P.C.l - 32.0\ 
P.C.2 - 16.4\ 
P.C.3 - 13.9\ 

AI Showinl all analysed specimens. P.C.3 scora ¥ diem. of dots in II'1II. 

S: Showinl cluster centroids with ontolenetic sarie. on overlay. P.C.3 
score l¥ 2 d1am. of dots in II1II. 
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Analy'sis of ~2b ~ goniatites 

9-12 mm a1z. ranqe - analysis cod. R2BW 1 

Meana of character values for each cluaters 

Clull., 
cod. 

W1 

.W 2 

W3 

W4 

W5 

", •• n 
I.d. 

" SeT R 
5.00 .91e .320 21.6 1.30 

.055 .1384 4.39 .2S5 

Du 
6. 

.263 

.025 

",.In '5.00 .830 .320 22. S 1. 513 .249 
•• d. .1345 • 1139 4.7Z .255 .1342 

",.an 
•. a. 

",.an 
•• d. 

",.an 
I.d. 

~.e0 .340 .240 22.3 1.32 .272 
.042 .05' 3.11 .192 .039 

2.00 .82' .400 18.0 1.S0 .346 
.a35 e 2.S2 .141 .01'5 

2.00 1.ee .1130 20.0 1.130 .329 
(I a 1.41 0.042 

l2-15 II1II a1z. ranqa - analyaia code R2BX : 

Means of character values for each cluster: 

Clu.ta, 
cod. 

X 1 

X2 

X3 

X4 

X5 

X 8 

X 7 

",.an 
•• d. 

• SeT R 

7.00 .879 .371 27.3 1.21 
.057 .076 3.56 .122 

Du 
D. 

.2313 

.036 

",.an ... aa • 825 • 3130 29. 5 1. 30 • 283 
I.d. .029 13 4.20.141 .019 

",.an 3.e0 .883 .167 17.6 1.36 .215 
•• d. .029 .1358 3.21 .379 .032 

", •• n 
I.d. 

",.an 
•• d. 

",.a. 
•• d. 

6.ac .9013 .3513 19.3 t.00 .245 
.~32 .1135 4.54 0 .012 

2.00 .9513 .400 23.0 1.0~ .248 
.071 .141 2.32 0 .026 

1.00 .se0 .400 31.0 1.00 .214 
o 0 00.., 

",.an '5.00 .S00 .430 15.6 1.513 .281 
•• d. .079.1482.70 .223 .e'51 

l5-l8 mm s1z8 ranq. - analysis cod. R2BY : 

14eans of character values for each cluster: 

w ... 
Hw 

w ... 
Hw 

RI 
Hw 

.821 

.05'5 

P' 
HW 

Do P,,! Dh L,!. Ht 
Hw Hw H., Hw HW 

.243 • 1d1)4 .548 : 1.33 .1')92 

.042 .004 .1139 .097 .ee2 
.537 
.052 

.7ee .522 .171d .00'5 .588 .171 .010 

.048 .023 .031 .eal .086 .040 .1303 

.7'33 .732 .246 

.077 .103 .1354 
.775 .1 .. 3 .010 
.102 .057 .006 

• S!54 .373 .2S1 
.039 .012 .937 

.St)4 .224 .01i' 

.10a .e19 .016· 

.823 .51S .341 .0138 .531 

.032 .080 .083 .e07 .02S 

RI ... 
Hw 

.783 

.037 

PI ... 
Hw 

.!H3 

.127 

Do 
Hw 

.130 

.035 

P,,! Dh 
Hw Hw 

.002 .SSS 

.002 .131 

o 
11 

Lt 
Hw 

.095 

.1305 

Ht 
Hw 

.0133 

.002 

.734 .712 .239 .002 .684 .105 .004 
.024 .162 .050 .002 .073 .039 .902 

.738 .741 .190 0 .791 .123 .005 
.1349 .027 .13137 0 .054 .053 .GOI 

.742 .732 .229 .0131 .697 

.024 .136 .047 .001 .093 

.sse .532 .269 .022 .524 

.13le .011 • 044 .003 .023 

.843 .609 .lS6 .001 .071 
a e 000 

.765 .719 .2SS 0 .671 .118 .008 

.041 .127 .04e e .147 .044 .0es 

Clult.r 
oeda 

Du 
• SeT R ~ 

w ".!.. '.!.. D,,! ,,,! Dh 
Hw 

.S;:"€! 
.132 

Lt 
HW 
o 
e 

Ht 
HW 
I) 

o V 1 

V2 

V3 

V4 

V5 

V 8 

V7 -

_an 
•• d. 

10.0.8£:0.34024.71.00.194 
.e~8 .107 2.62 U .029 

",.an :5. 00 .820 • S20 24 ... 1. ~e .221 
•• d. .027 • fl4~ 5.59 et • fJ2'3 

_an 3. eta • SOli) • ·367 213. (I 1. 36 .2'30 
•• d. .0$7 • 11 e: 7. 0(1 .378 . 1328 

",.an 2. eel • ec:5 .5(1) 34.lj 1. 3S .303 
I.d. .~35 13 S.48 .212 .303 

",ean 3.00.9130.3130 15.3 t.flE! .269 
•• d. e . HIO 2.31 e .0135 

",.an 1.00 .850 .7e~ 18.9 1.4~ .363 
•• d. ~I f· €I e e 

"'.An 1.0a .799 .Sge 28.0 l.Se .lS8 
•• CI. e 8 E.l e £I 

... 
Hw Hw Hw Hw Hw 

.725 .674 .232 .ael 
.OS8 .134 .075 .001 

.836 .~39 .248 .005 .646 0 

.041 .081 .052 .~06 .094 ~ 
o 
o 

.682 .531 .200 .~e1 .736 .095 .eel 
.~34 .11e .~13 .002 .v46 .045 .001 

.789 .54$ .186 0 .472 .094 .005 

.e23 .1$7 .107 0 .039 .004 .e01 

.756 .8G4 .412 0 .$84 .014 13 

.~43 .1~4 .084 0 .lS9 .eZ4 .001 

.:::51 .821 .4133 .0Z2 .970 .119 .£112 
o e Q e 0 0 0 

.1S8 .829 .25& e .610 .~ss .a~z 
e e 0 0 9 9 $ 

135 



136 

18-22 _ siz. rani. - analyai8 cod. R2BZ I 

Dendrogram 

d 

0 1 2 3 4 5 8 7 8 8 10 11 12 13 14 
I I I I I I I I I I I I I I I 

431 
551 
552 
Q4 
538 

\ 4&3 
554 
578 
S01 
587 
458 
581 
488 
571 
488 
442 
444 
514 
4&1 
500 
Ga7 
558 
582 
480 
475 
535 
522 
403 
S08 
529 
511 
504 
553 
585 

Means of character values for each cluster: 

Cluat., 
C T ft 

Du W ftl " Do p,! Dh Lt . Ht coli. III S o. - - - HW Hw liw -Hw Hw Hw Hw Hw ",.an 10.13 .920 .330 29.2 .166 .744 .495 .178 • a~1 .~94 a a Z 1 •• d. .048 .142 6.73 .028 .1)65 .ese .022 .6132 .css 13 0 
_an 5.ee .950 .340 28.4 .176 .773 .730 .264 .13(15 .689 a 0 Z2 a.d. .035 .134 5.08 .019 .1)31 .128 .036 .001 .1359 I) 0 

_.n 1.0a 1.00 .11)0 25.1) .149 .745 .409 .2\39 .014 .545 e a Z3 a.d. a 0 I) a 0 (I 0 \) ~ 0 il 
_an 11.0 .877 .463 19.6 .221 .69£ .579 .217 11 .623 .fl19 .£101 Z4 a.d. .068 .136 4.74 .037 .0SI3 .OS2 .041 .0131 .1376 .e27 .Oe2 
_an t.e0 • see .30e 15.13 ,225 .813 .625 .263 e .9!50 .125 .13113 Z5 •• d. 13 a lj I) e I) I) 0 e I) 0 

.... an 3.00 .800 .633 17.3 .247 .669 .558 .231 0 .740 .112 .0134 Z e •• d. .050 .1522.08' .eS5 .019 .090 .044 I) .153 .052 .0131 

.... an 3.00 .8£:7 .367 19.0 .222 .lel .986 .366 e .865 .020 a Z7 a.d. .058 .116 2.04 .043 .Me .149 .1318 ~ .0.20 .034 .13131 
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FIGURE 27. Princlpa~ components plots of R2b zone specimens. For full 
explanatiDn see notes on pages 103-4 and comments below. 

Var1ence explained: P.C.l - 25.9\ 
P.C.2 - 18.1% 
P.C.3 - 14.6\ 

A: (Overleaf) Showing all analysed specimens. 
dots in n1tI. 

2 P.C.3 score ~ 3 diam. of 

B: Showi", cluster centroios with ontogenetic series on overlay. P.C.3 
scare. dian. of dots in mm. 

The initial confusion here is eased when it is realised that the 

ontogenetic trend for most of the fauna is from the lower right 

quadrant of the P.C. plot to the lower left, via the centre, The 

links between clusters selected here are compatible with this trend 

and minimise crossing of ontogenetic lines. Curves for each 

morphospecies for each character are tolerably smooth, so the 

solution adopted here, though possibly not uniquely feasible, 

appears to be parsimonious. The most tenuous of the morphospecies 

in this respect are R2BO and R2BG. which cut across the dominant 

trend as constructed here. This anomalous trend in P.C. space is 

largely produced by the retention of strong plications in the 

postulated ontogeny, and this is compatible with the little information 

visible on individual specimens. 

X6 and Y7 are anomalous specimens. 
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FIGURE 27. Principa~ components plots of R2b zone specimens. For full 
explanation see notes on pages 103-4 and comments below. 

Variance explained: P.C.l - 25.9\ 
P.C.2 - 18.1'0 
P.C.3 - 14.6\ 

2 
A: (Overleaf) Showing all analysed specimens. P.C.3 score: 3 diam. of 

dots in ITITI. 

B: Showing cluster centroiDs with ontogenetic series on overlay. P.C.3 
scare. diem. of dots in mm. 

The initial confusion here is eased when it is realised that the 

ontogenetic trend for most of the fauna is from the lower right 

quadrant of the P.C. plot to the lower left, via the centre. The 

links between clusters selected here are compatible with this trend 

and minimise crossing of ontogenetic lines. Curves for each 

morphospecies for each character are tolerably smooth, so the 

solution adopted here. though possibly not uniquely feasible, 

appears to be parsimonious. The most tenuous of the morphospecies 

in this respect are R2BD and R2BG. which cut across the dominant 

trend as constructed here. This anomalous trend in P.C. space is 

largely produced by the retention of strong plications in the 

postulated ontogeny, and this is compatible with the little information 

visible on individual specimens. 

X6 and Y7 are anomalous specimens. 
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12-14 .. aiZ. ranq, - analysis code R20CZ 

Dendrogrllll 

0 1 2 
I I I 

583 

3 .. 
I I 
I 

d • 
5 
I 

8 
I 

I 11 584 ----1 'I j 821 1 813 
804 
585 
828 
807 
818 
808 
818 
822 
5,", 

'2 
J I 

I 13 
I 

:4 
I 

Means of character values for each clu!'lter: 

Cluat.' 
S C T R 

Du W RI PI Do Po Dh Lt HI Goel. .. D. HW HW 
... 

Hw Hw 
... 

Hw -Hw Hw Hw _.n 
5.00 .lS026.6 1 ~ eo .182 • 763 .603 • 327 .$22 .013 .eOl Z 1 •• 11. .aS5 4.33 \3 .039 .1331 .134 .ezs .115 .1329 .0132 

"' .... 4.ai1 • WO 25.(1 1.00 .144 .716 .584 .183 .6~2 '.) 13 Z2 •• 11. .0132 3.3'; 0 .038 .101139 • ll1il .041 .092 0 " _ ... 
3.00 .167 17.3 1.40 .175 .729 .726 .262 .713 .080 .0132 Z3 •• d. .1152.31 .173 .1323 .133 .163 .076 .029 .930 .001 _ ... I.Oti) .300 13.0 1.90 .225 .sea .1365 .346 .962 .173 .010 

Z 4 •• d. 0 0 I) 0 I) I) e i) i1 .;) 

Comnents: 

P.C.l is the strongest direction of variation both within and 

between morphospecies. The interpretation here is that young 

representatives of one mo~phospecies are similar to old forms of 

another morphospecies. 
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FIGURE 2B. Princ1pal componant. plots o~ R to G zona spaci~.~s. For 
~ull explanatian saa nate. on pale. 103-4 a~8 ccmmants an prev~=~s pase. 

VariancB explained: P.C.l - 32.3\ 
P.C.2 - 23.5\ 
P.C.3 - 13.9\ 

A: Showinl ell analysad spacimanl. P.C.3 scara s diem. of d:::s in trm. 
B: Showinl clustar centroid. with ontosenetic saries on ovarlay. P.C.3 

Icara .: 2 diem. o~ dots in II1II. 
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FIGURE 28. Princ1pal components plots of R to G zone spaci~~~s. For 
full axplana~on sa. notes on pages 103-4 a~8 comments on prav~=~s page • 

... f Veri.nca explained: P.C.I - 32.3\ 
P.C.2 - 23.5\ 
P.C.3 - 13.9\ 

A: Showing all enalysed specimens. P.C.3 score :II. dilll!l. of d:::& 1n l11li. 

S: Showing cluster centroids with ontogenetic sari as on overlay. P.C.3 
score c 2 d1am. of dots in l11li. 
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4.1.3. ANALYSES or SAMPLES OF GASTRIOCERATIDAE s.l. 

Samples were isolated from each of the following 

stratigraphic divisions: 

Analy'sis of §..la ~ goniatites. 

Oandragr .. 

0 1 2 
I I I 

12 
431 
387 
501 
388 
414 
431 
432 
423 
448 
602 

X187 
38 

428 
433 
X11 
381 
445 
500 
XI1 

Meena of cheracter valuea 

Cluoto, .. ooda 

"'0." 8.00 W1 •• cI. 

_I" 4.0t1 
W2 a.d. 

W3 _0" 1.09 
•• cI. _ ... 4.00 

W4 •• d. 

mo ... 4.00 
W5 l.tI. 

I 

I 
1 

I 
I 
I 
I 
I· 

I 
13 

I 
I 

I 

4 
I 

I 
I 

for aach cluater: 

.. S C T Du ... 
D. 

.825 .337 21.8 .337 

.103 .239 9.96 .e3~ 

.837 .362 24.0 .438 

.075 .12'5 8.48 .016 

.10'.1 0 35.13 .318 
0 a 9 0 

.S00 .soe 55.0 .297 

.100 .100 8.66 .031 

.662 .9S0 48.5 .322 

.214 .058 9.23 .027 

11-14 _ we rADlle - analysi. co4e GlAX I 

He.n. of char.ct~r value. for each cluator: 

Cluo'o, " .. • C T Du ... 
ootlo DI 

mOl .. s.es .750 .567 24.S .362 X 1 0.11. .138 .265 10.7 .052 

mOl .. 1.00 .100 a 35.0 .318 
X2 o.tI. 0 (I .;) .., 

mo ... 5. ';)13 .7(10 .SS0 36.S .272 
X3 I.d. .1~8 .0:34 14.1 0';1" . -, 

mOl .. 3.aa .583 .9130 46.6 .312 
X 4 I.d. .12S .1fil) s.n .058 

d--+ 

e 
I 

V! 
Hw 

'! 
Hw 

Ll ... 
Hw 

.397 

.ll2 

.557 

.1se 

0 
e 

.124 

.107 

.440 

.155 

Ll 
trw 

.376 

.116 

e 
13 

.2IS 

.135 

.384 

.0139 

., 
I 

Do ... 
Hw 

Do ... 
Hw 

• I 

Dh ... 
Hw 

HI ... 
Hw 

.122 .e~6 

.842 .022 

.088 .068 

.029 .022 

.096 0 
a a 

.0J~ .011 

.011 .a10 

.953 .1384 

.ti13 .936 

Dh HI ... '" Hw Hw 
.107 .1349 
.039 .021 

.096 e 
F) Ij 

.1:;'2S .014 

.IHI .011 

.051 .087 

.r.J14 .00S 

• I 
10 
I 

141 

11 
I 



14-18 mm .1z. ~~. - ana1X.i. cod. GLAY I 

142 
Means of character values for each cl usle r: 

eluat., .. II S C T Du ~ lot Do Dh Ht ... 
Mw MW MW 

... cod. Da Hw Hw _ ... 
2.130 .450 .g~0 5B.(1 .41)6 .452 .Lea .':;62 V 1 •• d. • (t7L 13 L4.1 .OIdS • ~)14 .1309 .B2Z 

",.a .. 13.00 .531 .es;:) 31.S .375 .414 .1363 .032 
V2 a.d. .12S .119 9.20 .a68 .092 .1310 .ell 

",.a .. 3.13 .. ) .483 .130£1 46.0 .250 .196 .13313 .;:)19 Y3 a.d. .02g .lee 3.54 .1332 .ta43 .013 .e12 

...... 7.&3&3 .579 .785 23.8 .3L5 .238 .1337 .e26 
V4 •• d. .~Sl .1963.Sl .~)4S .O:U .918 .ee7 

...... 1.1:10 .300 .3130 ae.e .28S .e79 • ellS .008 
V5 •• d. 13 0 0 0 e G a 

18-24 .. .1&. rang. - &nallai. code GlAZ I 

Dendrogram d • 
0 I 4 • • 10 ,. 14 1. 1. 
I I I I , I I I I I 

14 1 
31S 

453 
X118 

454 
38 
40 

418 
419 
61 

X10 
420 
448 

X124 
513 

X1 
19 

X1eS 
21 

441 
.... 0 

X18S 
X18S 

29 
soe 
441 
442 
383 
491 
492 
493 

25 
"tiS 

28 
480 
428 
452 
434 
458 
.. 01 
608 

Means of character values for each cluster: 
Cluat., 

II I C T Du ~ 1.1 Do Dh HI coli. .. ... 
itw 

... ... ... Da Hw Hw Hw Hw -." 2.00 .SS0 .3ea 27.5 .26El .340 .124 • i312 Z 1 a.d. .212 .283 1 7. S • 1349 .127 .e06 .e03 

"' .... 3.aa .767 .333 45.0 .2130 .el? .e~6 0 Z2 a.d. .059 .153 a.66 .~0 .1323 .022 .001 _ ... 11.0 .5013 .745 40.Z .ZJ6 .158 .037 .014 Z3 •• d. .087 .175 11.6 .031 .084 .017 .008 
_a .. 7.09 .471 .929 27.3 .375 .374 • ..,63 .031 Z4 a.d. .076 .e7S 3.S9 .057 .133S .tl2S .011 
"'aan 4.130 .1537 .8Sc.) 35.0 .363 .511 .031 .062 Z5 a.d. .048 • le~J a.1S .,)47 .119 .12114 .031 

Z 8 "' •• n 4.00 .400 • 9013 55.1) .344 .283 .04c.l .1147 
I.d. a .1382 (1).0 .032 .1.';53 .tl13 .019 

"' .... 113.0 • 72(1 .1311) 26.5 .336 .247 .~34 .032 Z 7 •• d. .079 :I)sa 6.32 .asl .054 .IUI .fl17 
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j 
81 
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j 
4S5 

0 

41. • 408 • 463
0 448. 420 • 

417. 
458 • 4540 428. 

41S2° • 40" 441_ 474 

41.· 4113- • 4711 

422
0 411 

383e.440 443-
• 433 • 282 

421
0 508 °0 424· 

404 • • 4112 

42110 498 

0 • 
3118 450 434- • 

509
0 413 

0 0 401 418 

0 
403 

s C T 
Ou ~ II 0.2 O~ HI 

R - Hw .. "". Os Hw Hw Hw 

I PC1 + + + + 
PC2 + + 

I PC3 + + 

.8 0
414 

50 12 
• 0 

0 398 

4Se 
0 0431 

.504 
4 .32 

4" • • .1t 

.33 

.20 P.C.1 
.M r'l4011 

·415. ·,7 
·437 

• 0,," 
447 ·1S11 

423 

• • 0502 
442 • 412 

400 • -500 • 445 0 501 

215 
506 

0 • 28 380 • 441 FIGURE 29A. Description overleaf_ 
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W3 
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n • 

10 25 
O· 

~W2 

FIGURE 29. Principal cClllllon.nta platl of G zone ~a. For full 
explanatian ... note. on pale. 103-4 and c~nt. below. 

Variance explained: P.C.l - 30.3\ 
P.C.2 - 20.2\ 
P.C.3 - lB.8\ 

AI (Previoul pale) ShowinC all ..-.lysed apec1mena. P.C.3 Icora _ d1em. 
of dotl 1n rrm. 

B: Showin, C!Ultllr centroids with antolenetic Mrin an overlay. P.C.3 
.core s 2 diem. of dotl in rrm. 

'!' 

Conments: 

Rather difficult to interpret. The distribution of clusters 

in P.C. space does not appear to be very systematic. and P.C.l is only 

vaguely correlated with ontogenetic change. The problem may be 

largely due to the effects of poor preservation in Gla zone generally. 

The solution shown here gives weight to P.C.3 scores. this principal 

component being largely contributed to by ornamental characters. which 

are the least affected by the type of preservation in this zone. and 

are relatively consistent through ontogeny. 

Note that in an attempt to aid cluster linkage, the size ranges 

of some analyses overlap by one millimetre. This is why clusters W3 

and X2 are comprised of the same single specimen. 
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FIGURE 29. Principal cCIIq:)anlinta plat. of G zan.~.. For full 
explanation .ee nate. on pale. 103-4 and c~nt. belew. 

Variance exploined: P.C.l - 30.3\ 
P.C.2 - 20.2\ 
P.C.3 - 1&.9\ 

AI (Prevlou. palel Shawlnl all analysed ..,ec1Nnl. P.C.3 ICOri • diem. 
of dati in II1II. 

S: Shawinl cl ... ster centroids with antolen.tlc ~ an overlay. P.C.3 
Icare s 2 diem. of dots In II'1II. 

'!' 

Conments: 

Rather difficult to interpret. The distribution of clusters 

in P.C. space does not appear to be very systematic. and P.C.l is only 

vaguely correlated with ontogenetic change. The problem may be 

largely due to the effects of poor preservation in G
la 

zone generally. 

The solution shown here gives weight to P.C.3 scores. this principal 

component being largely contributed to by ornamental characters. which 

are the least affected by the type of preservation in this zone. and 

are relatively consistent through ontogeny. 

Note that in an attempt to aid cluster linkage. the size ranges 

of some analyses overlap by one millimetre. This is why clusters W3 

and X2 are comprised of the same single specimen. 
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Analysis of Qlb ~ g on i at it e s • 

9-12 aD size rani- - analxaia code G1BW 
Dendrogram 

0 1 2 3 
I I I I 

I 
H I P 281 

370 12 
21515 I I I 3150 
272 

Is 4U9 
279 J I I 371 
287 I I 1 298 

I. 297 
380 I 

Mean8 or char.cter v.lue. ror each clueter: 

Clue,., .. II S C T Du 
cod. ... 

Da 

W1 
_ ... 

3.08 .867 .267 15.0 .307 
•• d. .0513 .059 3.1313 .9413 

",.8" 4.0e 1.00 .lS7 15.5 .325 
W2 •• d. 0 .193 2.08 .032 

"' .... 5.130 .S00 .490 20.2 .3ea 
W3 •• d. e .219 4.08 .037 

"' .. " 1.00 .800 .see 18.0 .442 
W4 •• d. e 9 0 Ii) 

11-14 aD aiZe ranq. - analyaLa code GlBX : 

Meana or character yaluea ror .ach cluater: 

Clu.t.r 
cod. 

X 1 
_en 
I.d. 

"' .... 
X2 •• d. 

X 3 
....... 
•• d. 

"' .... 
X4 •• d. 

.... " 
X5 •• d. 

" " 
2.00 

1.09 

4.00 

7.00 

5.8e 

• C T Du 
6'. 

.SS0 .200 7.59 .363 

.212 .283 3.53 .1316 

.800 .700 16.9 .416 
\) 0 0 I) 

.900 .125 13.2 .31S 

.eS2 .150 1.26 .044 

.871 .350 IS.1 .3:;2 

.07S .281 5.131 .028 

.890 .6~) 19.8 .263 

.141 .187 l.56 .925 

14-18 mm aize range - ana1ywia code GlBY I 

Oendrogr_ 
o 2 
I I " I • I • I 

d, 

.-
I 

I 

\Y. Lt Do ... -Hw Hw Hw 
.230 
.149 

.366 

.130 

.234 

.952 

..286 
a 

\y. Lj. Do 
Hw Hw HW 

.sas 

.157 

.469 
o 

.383 

.212 

.244 

.a31 

.222 

.941 

.. 
5 
I 

Dh Ht - .., 
Hw Hw 

.135 .031 

.011 .015 

.095 .049 

.013 .099 

.049 .027 

.015 .010 

.057 .957 
iJ 13 

Dh Ht 
.Hw Hw 
.e2E1 .092 
.1)04 • .,35 

.125 .125 
iii e 

.124 .032 

.1321 .014 

.1345 .1348 

.ra15 .90S 

.054 .029 

.eu .e0S 

d---" 
10 
I 

12 
I 

14 
I 

145 

e 
I 

'1 
I 

42----~----~~~------~--------------------------------------------~ 283--....... 
269 
384 -------' 
50---~-------~~ 

382 _.....-..J 
638 _______ ~----~--------------~ 44 
480----.... 
83 --__ ~--~~~~--r_----r_--------------------------------------------------~ 

288 , 
~62 I 
379 
2150 -.--...,...,.---' I 
273 1 
38e I 
294 ---.... 1 
:leT , 
211 --....,... .... 
280 , 
292 I 
2815 I 
C69 ...,..--......,.------' I 
382 
477 -_....... Ie 

.31S9 -_::::::::::;:t;:-:::-----J 
~78 " 283 



M.ana of character value a for each cluater: 

Clu.t., n " S C T Du W Lt Do Dh Ht 
cod. 01 HW HW Hw HW HW 

_an 4.ae .700 .ns 16.S .377 .393 .e3S .1354 Y 1 •• d. ~ .126 3.11 .1:165 .142 .1305 .01S 

", •• n 3.00 .S1d0 .300 11.6 .320 .316 .1d24 .~~3 
Y2 a.d. Id .200 3.:iL .925 .079 .009 .017 

_an 2.00 .750 .250 13.5 .349 .416 .129 .fHZ 
Y3 •• d. .071 .071 4.:35 .1334 .236 .006 .1312 

_an 16.0 .1356 .628 18.S .2131 .234 .048 .1328 
Y4 •. d. . e:n .164 3.42 .936 .ass .026 .0&39 

", •• n 1.1i10 1.00 .1013 2~.0 .341 .ass .01313 .007 
Y 5 •• d. 0 I) 0 0 13 (I I) 

", •• n 3.130 .833 .900 39.3 .227 .lel .028 .1319 
Y 6 •• d. .058 .1ee 2.52 .128 .!J25 .005 .1309 

18-24 aD 81z11 ranqa - analyais code GlBZ I 

Maans of character valuea for each cluater: 

Clu.ta, n " S C T Du ~ Lt Do Dh Ht ., ., ., ., ., coda DI Hw Hw Hw Hw Hw 
_an 3.09 .7013 .967 13.6 .299 .2613 .1357 .a50 

Z 1 •• d. .lOa .13S6 2.31 .034 .1355 .040 .1)01 

ma.n 5.00 .see .sea 22.2 .lSe .260 .023 .031 
Z2 •• d. .071 .~71 2.36 .025 .064 .011 .1313 

_an L.0t) .80e .800 50.13 .271 13 .016 0 
Z3 •• d. a iii 13 0 0 e \) 

_an 3.00 .soe .S67 23.3 .223 .201 .022 .025 
Z4 •• d. .100 .058 7.23 .019 .058 .017 .003 

maan 5.90 .1360 .52g 16.2 .317 .310 .0S0 .029 
Z 5 •• d. .055 .084 8.26 .959 .091 .1338 .914 

Comments: 

The ontogenies here are easier to reconstruct than in G
la 

zone 

largely because there is greater variation rather than within 

morphospecies. There is less of a general ontogenetic trend in 

P.C. space and morphospecies occupy fairly discrete morphologies, 

with little overlap. 
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s C T Ou ~ l, Do Dh H, R 6. ii ... H .. Hw H ... Hw 
t\I 

PC1 + + 0 
PC2 + ~ 
PC3 + + 300 · 

I~' 

211! 
870 

0 
:NO • .. 211. 

2.' 0 
2770 174. • 

• .. , 
172 2111 178 • . .-

410 .... ITt .. ~ ... 
"0 • 

410 .... .a 
.. 0 /jQ. • • •• IT~ " 

• 55 .... 
44° 

• :laO 

0 
42 

. 
2804 

• '4 

• :M4 

FIGURE 30A_ Description overleaT. 

212 • 

~ 

aM 
o 

211 ~2I7 
HI • .a.,. 

2N- .210 

sea • 

pel 

.aa 

"'1 • .278 
171 • 

o 
43 

"7~ - -"7 

-:171 -aoo 

• 213 

o 
2 .. 

2". 
o 
476 

·4t 

.:P ie:s 

• 2117 

• 17t 
a •• an - . 

-- .IM --
°Ha 

:72 0_ 

.1 •• 

au 

062 

.a71 

.183 

.37. 

-a., 
P.C.1 

® 
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• X1 

• 
• on 

'e 
W~ X3§' 

• 
X4 W3 t V4 .28 

Z5 

vs9 I ' 921 O,S 

.W4 
Z2 

Z1 -as 

V1 

qo • X2 28 
0 

24 0 
31 -12 

FIGURE 30. Principal camponents plots of G1b zone specimens. 
explanation see notee on PAles 103-4 and comments on pele 145. 

Verience expla1ned: P.C.l - 32.5\ 
P.C.2 - 17.5\ 
P.C.3 - 13.5\ 

Far full 

A: (PreviOUS pelel Showlnl ell enalysed specimens. P.C.3 score Z l! d1-. 
of' dots 1n II'1II. 

B: Showln& cluster centroids with ontosenetlc series on overley. P.C.3 
sccre • 2 d1am. of dots In 111ft. 

J 
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• G"~ 
X1 

• 
.... 

eal 

X2 0 .. 
24 o 

•• ell 

FIGURE 30. Principal components plats af G1b zane specimens. 
Ixplanation .Ie note. on PI,IS 103-4 end c~nt. on pe,1 145. 

Veri.nci Ixplainld: P.C.I - 32.5\ 
P.C.2 - 17.5\ 
P.C.3 - 13.5\ 

Far full 

fu (Pr8Viou. paal) Showin, ell en.IYlld splcimenl. P.C.3 lcore ~ 11 d:1-. 
af dotl in nm. 

B: Showln, clultlr centroid. with ontollnltic 'Irill an oVlrley. P.C.3 
.COri • 2 d1am. 0" dats in II1II. 

! 

148 

01.1. 
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Analxsis of ~2a ~ goniatites (Subcrenatum Marine Band). 

9-12 as .iz. ranq. - analy.i. coda G2AU I 

H.ana or ch8raeter values ror each cluster: 

elu.ter n .. a code 
rne.n l~.O 1.£10 U1 •• d. ~) 

rn.sn 3.00 1.013 
U2 •• d. e 

rnean 4. eo 1. 2S 
U3 s.d. .2S3 

rn •• n 13.0 1.(10 
U4 •• d. 0 

rne.n 5.00 1.14 
U 5 •• d. .219 

rne.n 1.010 1.00 
U8 •• d. e 

rn.sn 1.013 1.013 
U 7 s.d. e 

rn .. n 2.01) 2.ea 
U a •• d. e 

11-14 lID aiz. rani! - analyai. code G2AV I 

Dendrogr. 

o 
I 

2 
I 

4 
I • I 

c T Du ~ 1.1 Do D~ HI ... 
HW Hw Hw o. Hw Hw 

.13213 21.S .364 1.6S .260 .133 .053 .013 

.G41 2.S7 .028 .281 .0:53 .1021 .016 .~J0S 

.267 17.6 .33~ 1.67 .241 .12S .056 .012 

.0~a .S77 .034 .147 .elS .019 .00S .001 

.1)2~ 19.7 

.eso 3.86 

.1)31 21.0 

.048 5.45 

.040 22.13 

.05~ 13.~ 

(I 30.0 
13 .) 

.100 75.13 
(I I] 

.200 IS.0 

.141 2.33 

• I 

.392 1.71 .249 .1398 .10S .016 

.034 .lS2 .e~7 .e27 .01S .010 

.JS3 1.66 .19S .083 .0SS .006 

.024 .153 .112 .018 .907 .007 

.370 2.2S .374 .1089 .OSS .047 

.024 .427 .1369 .014 .elS .021 

.495 2.86 .333 .067 \3 .067 
0 Ii) Ii) e e 0 

.384 2.25 .375 .063 .038 .050 
0 

.359 

.0:38 

I) I) e 0 0 

1.84 .322 .e91 .0S2 .026 
.367 .102 .036 .002 .0101 

10 
I 

d • 
12 
I 

,. 
I 

18 
I 

149 

185~~~~----~-r-------r------------------------------------------------~ 

833 
854 
838 835 ___ ...l 

871---...1 
111 --~~-------r~ 
850 
151 
881 _~ __ ~ ____ -,~ __ ~~ __ ~ 
820 
88a 
875 
842 
825 ---,r---... 
152 
853 -r---'" 
709 
853 
822 ---------" 
808 ....,..._...l 

807 
e80 ~~~----~~--..I 
1<'7 
808 
870 
811 
137----.--r---~--,-----~----_r----------------------------------------------~ 839 - ........ 
81" 
843 -----..I 
032 -------r--...,...:::-.....I 
933 ------..I a.w------.... 831 _______________ -+.:.. _________ -.1 

817-----~---------~18.-------------------~ 
818 



Meene or character values for each cluater: 150 

Clua'a, 
" R S C T Du W U Do Dh HI 

cod. ... ... ... ... ... ... 
DI Hw Hw Hw Hw Hw 

V1 III •• " 6.00 l.ea .017 22.S .334 1.S5 .2~2 .179 .050 .015 
a.d. .2134 .~41 9.8S .013 .115 .1371 .1326 .1311 .1307 

III •• " 4.130 1.00 .012 21.0 .290 1.48 .021 .176 .1344 .002 
V2 a.d. 0 .132:5 5.8S .00S .103 .041 .1339 .011 .004 .... " 12.13 1.130 .083 2Z.~ .344 1.58 .135 .120 .064 .006 V3 a.d. I) .072 3.9S .012 .110 .109 .033 .013 .1395 

III •• " 5.09 1.aO .260 22.6 .340 1.69 .239 .154 .052 .013 
V4 a.d. 0 .a~~ 6.69 .028 .117 .~39 .1333 .010 .0013 

III .. " 4.1313 1.013 .050 21.0 .385 2.130 .271 .098 .052 .014 
va a.d. e .a5S 4.24 .1309 .179 .059 .032 .1323 .003 

va III •• " 3.00 1.50 .133 22.3 .399 2.14 .368 .075 .OS2 .053 
a.d. .see .152 15.9 .019 .031 .046 .13'.17 .1315 .023 

III •• " 1.00 1.00 .100 ~.a .364 2.25 .375 .063 .1338 .1350 
V 7 a.d. 13 a .., 'l 0 e 113 0 10) 

III .. " 2.89 2.25 .050 15.5 .302 1.79 .241 .0137 .054 .030 
V8 •• d. .353 .071 2.12 .0138 .293 .012 .042 .006 .007 

14-1B mm siz. ranq. - &naly.Ls coda G2AW : 

Dendrogram 

d--.. 

0 2 4 8 
I I I I 

188 
132 
138 
817 
873 
833 
830 
729 
838 
882 
883 
881 
878 
863 
821 
824 
887 
730 
871 
864 
869 
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Heana or character valuea ror each cluater: 

Cluata, n " • C T Du W Lt Do Dh Ht 
coda ., 

Hw Hw HW HW 
., 

Da Hw 
ma.n 14.0 1.00 .1)8S ZO.7 .312 1.~9 .193 .176 .1340 .0a9 W1 a.d. e • H)3 4.33 .en .129 .t08.039 .e10 .005 

m.an 6.130 1. Oil .317 26.8 .321 1.38 .121 .121 .'.142 .005 
W2 a.d. 13 .1175.71 .1340 .288 .085 .032 .010 .tl04 

_an 1.130 1.00 .e00 16.9 .346 1.64 .221 .294 .02S .015 
W3 a.d. 0 e a 13 9 Ii) I;' 0 (1 

_an 4.00 1.130 .125 34.2 .299 1.47 .07S .221 .097 .1il04 W4 a.d. e .096 12.8 .028 .156 .109 .£166 .908 .005 

m.an 9.00 1.9a .lS9 20.0 .333 1.60 .045 .1132 .068 .002 
W5 a.d. e .078 4.47 .012 .081 .072 .031 .014 .003 

ma.n 3.0e 1.00 .1013 39.3 .3130 1.78 0 .1013 .032 0 we a.d. a 13 6.03 .021 .10e 
'" 

.014 .1308 0 

m.an 4.00 1.IJa .150 41.:! .381 1.99 .291 .977' .028 .1333 
W 7 a.d. 0 .058 10.4 .917 .130 .024 .el4 .007 .01S 

maan 3.M 1.66 .100 17.S .291 1.59 .197 .249 .047 .ess 
we a.d. .28S 0 1. S3 • 1i120 .167 .074 .042 .015 .1)53 

lIIaan 1.00 1.50 .100 10.a .443 2.39 .347 .020 .010 .143 
We a.d. e 0 0 Q 0 I) 13 e 0 

18-24 mm siza ranqa - analyaia coda G2AX • 

H.an. 0' character value. 'or each cluater: 

Clul.a, n " • C T Du ~ L.!. D,! D,!1 Ht 
51 

., 
God. Hw Hw Hw Hw Hw 

_an 5.00 1.00 .28e 46.0 .335 1.85 .292 .178 .943 .019 
X 1 a.d. e .179 ~.47 .e2S .OS0 .960 .069 .024 .808 

1II •• n 1.90 1.20 .1013 25.0 .385 1.80 .242 .161 .032 .1340 
X 2 I.d. 0 0 e e 0 9 e 13 e 

_In 6.130 1.00 .183 38.5 .338 1.54 .020 .29S .030 .001 
X3 •• d. e .194 7.47 .019 .163 .049 .978 .011 .002 

m.ln 13.0 1.00 .231 24.4 .301 1.4;2 .087 .194 .032 .004 
X4 a.d. 0 .149 6.43 .017 .120 .rasa .o~e .016 .004 

m.an 5.130 1.00 .5613 21.0 .309 1.26 .042 .211 .054 .002 
X5 I.d. a .239 5.43 .022 .074 .ass .060 .016 .003 

23-28 .. .ia. rani. - aaalXSis coda G2AY I 

Heana 0' character values 'or each cluster: 

Clult., 
" a c "T Du ~ Lt Do Dh Ht 

God. n ... HW ., , ., 
DI Hw Hw Hw Hw 

_a .. 4.00 1.ee .175 37.0 .l14 1.53 .225 .192 .031 .01~ Y 1 I.d. 13 .996 12.4 .027 .085 .061 .063 .019 .013 

_an 3.00 1.00 .200 ~5.ra .294 1.36 .055 .173 .027 .093 
Y2 a.d. e .100 5.00 .007 .109 .095 .062 .003 .005 

_an 2.00 1.00 .4~0 17.5 .32S 1.49 .119 .387 .030 .005 
Y3 a.d. a .071 3.53 .005 .211 .eel .816 .008 .001 

m.an 7.00 1.00 .457 27.7 .301 1.29 .010 .e32 .025 .001 
Y4 I.d. Ii) .113 4.27 .026 .068 .037 .032 .025 .e02 
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FIGURE 31. Principal component I plotl of G'A zone Ipecimena. 
explenation .ee nate. on pale. 103-4 end comment. below. 

Variance .xplained: P.C.l - 37.5\ 
P.C.2 - 15.7\ 
P.C.3 - 13.2\ 

153 

For full 

A: (Previou. pace) Showinl all analy.ed Ipac1menl. P.C.3 Iccra :d1am. 
of dotl in nm. 

Corrments: 

B: Show1nl cluater centroid. with ontolanatic lari.1 on ovarley. P.C.3 
.eore 1& 1 diem. of dOt. in nm. 

Despite the congested appearance of the principal components 

plot, ontogenetic series of clusters can be resolved readily. given 

the strong ontogenetic trend in the approximate direction of P.C.l 

which is observable on many specimens as well as being apparent on 

the plot. 

U7 and V7 are represented by the same single specimen. for the 

reasons noted in G1a zone. This spec,imen (831) and specimen 869 (W3) 

are anomalous. 
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FIGURE 31. Principal component. plat. of G2A zona .pec~en •• 
explanation •• e not •• an pag.. 103-4 and comment. below. 

Variance explained: P.C.1 - 37.S\ 
P.C.2 - 15.7\ 
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For Tull 

A: (Previoul pap) Shcwini all analy •• d .pecimllns. P.C.3 .C::MI :. dillm. 
of dotl in 1mI. 

COrTments: 

B: Show1ni cluster centroid. with ontogenetic .eri •• on overlay. P.C.3 
score _ ~ d1em. of dots in II'1II. 

Despite the congested appearance of the principal components 

plot, ontogenetic series of clusters can be resolved readily, given 

the strong ontogenetic trend in the approximate direction of P.C.I 

which is observable on many specimens as well as being apparent on 

the plot. 

U7 and V7 are represented by the same single specimen, for the 

reasons noted in Gla zone. This spec,imen (831) and specimen 869 (W3) 

are anomalous. 
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Analy'sis of ~2b zone goniatites (Listeri Marine Band). 

9-12 mm size range - analysis coda G2BU : 

Means of character val ue s for each clusterl 

Clu.t., 
" R S C T Du ~ Lt Do Dh HI 

coca. 6. Hw Hw Hw HW Hw 
m.an 2.130 2.25 a 113.13 .484 Z.32 .44:3 .1398 .\314 .121 

U1 •• d. .3~3 0 4.24 .0~2 .464 .132e .1311 .1321 .1349 

m.an 2.813 1.35 .350 21.0 .312 2.97 .574 .1337 .1327 .:235 
U2 •• d. .495 .353' 12.7 .e54 .345 .1135 .~147 .1314 .045 

m.an 9.1313 1.02 .117 42.0 .445 2.S1 .388 .1354 .a23 .1372 
U3 •• d. .1367 .122 18.5 .023 .234 .983 .029 .1314 .a33 

m.a" s.ee 1.130 .1344 48.1 .356 1.99 .321.3 .13313 .1329 .045 
U4 •• d. 13 .e49 113.3 .1332 .168 .054 .1314 .e18 .015 

m.a" 6.013 1.eO .1383 34.S .372 2.138 .3~S • H35 .0'58 .1346 
US •• d. e .1341 14.2 .1324 .443 .1349 .032 .011 .019 

U a m •• n 4.90 1.50 .1550 18.7 .402 2.134 .4~)2 .1372 .1347 .1356 
•• d. .21S .129 6.84 .1339 .125 .107 .041 .1311 .024 

m •• n 2.90 1.15 .S59 19.0 .286 1.65 .178 .096 .052 .1339 
U 7 •• d. .1371 .071 4.24 .038 .055 .064 .022 .13138 .029 

11-14 mm aize range - analysis code G28V : 

Heana of character values fOf each cluster: 

Clu.'e, n " S C T Du ~ Lt Do Dh Ht 
colle 6. Hw HW HW Hw -Hw 

_an 2.131.3 2.75 '.) 6.50 .475 3.413 .549 .1:)513 .0137 .233 V1 I.d. .353 a •. 7137 .035 .565 .049 .1371 .1)10 .047 

maan 21.e 1.013 .Q95 45.S .387 2.19 .362 .1372 .034 .044 
V2 I.d. I) .0815 14.9 .031 .207 .1344 .034 .018 .1317 

_an 1.1)8 1.00 • lOa 47.0 .379 2.1S .417 .292 .(763 .8'52 
V3 I.d. e I) I) Q iii '11 0 a Ii) 

_an ~.00 1.50 .140 13.2 .379 2.11 .377 .634 .022 .Be4 V4 •. d. .412 .114 9.SS .018 .2~1 .992 .912 .1317 .1318 

m.an 5.1110 1.00 .1)67 3S.S .320 1.91 .275 .0"'9 .e37 .03:5 va I.d. e .041 13. 1 .027 .149 .054 .027 .911 .014 

va m.a .. 6.99 1.513 .483 16.2 .384 2.05 .288 .078 .1366 .049 
•• d. .228 .214 7.01 .838 .144 .193 • .a33 .025 .923 

14-18 mm size ranqe - analysis code G28W : 

Means of cheracter values for esch cluster: 

Clul'.' II " S C T Du ~ Lt Do Dh Ht - ... ... ... ... colla D, Hw Hw Hw iiw Hw 

W1 
_In 4.ee 1.25 .159 23.2 .441 2.72 .427 .068 .1353 .064 
I.d. .5013 .10e 13.8 .020 .238 .054 .024 .917 .0Z6 

m.a" 13.0 1.0El .148 39.13 .401 2.09 .407 .090 .028 .1352 
W2 •• 11. 

.., .066 10.7 .039 .261 .074 .049 .016 .013 

m.an 3.00 2.S3 .233 9.33 .416 2.24 .438 .1142 .1313 .127 W3 I.d. .763 .208 1.15 .058 .2:35 .032 .016 .011 .04~ 

m.a" 10.e 1.52 .4613 12.7 • 371 1.78 .334 .e79 .1336 .044 . 
W4 •• d. .415 .151 4.G~ .032 .197 .aS7 .042 .1317 .011 

maan :3.0£1 1.00 .128 49.4 .340 2.0'4 .374 .242 13?"" .1323 • _I 
W6 •• 11. '" .090 9.50 .037 .179 .1)95 .069 .010 .008 

m.a" 12.0 Lee .108 43.7 .331 1.73 .226 .104 .1il30 .021 W a •• 11. 0 .~Sl 12.9 . J~34 .154 .1356 .1042 .Iilla .Oca9 

m.an 4.130 1.00 .050 4S.2 .352 2.12 .327 .1~a .1169· .024 
W 7 •• d. 0 .1)57 17.2 .019 .238 .054 .e44 .012 .e07 
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18-24 mm 81z. ranq. - analysis co4G G2IX I 

Meanl of chRracter valuel for each clulter: 

Clu.t., 

" • C T DII ~ U Do 
" D. " 

, cod. Hw Hw Hw _.n 2S.8 1.133 .1S:) ~2.2 .324 1.70 .267 .212 X 1 •• d. .196 .1397 19.1 .026 .111 .119 • ass 
..... n s.ee 1.130 .178 30.3 .347 1.7~ .297 .111 

X2 •• d. 13 .1213 S.87 .01S .190 .ase .074 

X3 
..... n 6.00 1.16 .e83 4~.J .397 2.13 .371 .1~~ 
•• d. .408 .098 14.5 .036 .eS8 .1381 .081 

..... n 2.013 1.113 .725 14.13 .342 1.73 .304 .262 
X4 •• d. .141 .03~ 4.24 .913 .1~2 .213 .096 

m •• n 1.013 1.00 .41313 113.0 .4~9 2.97 .595 .238 
X5 •• d. 0 13 I) 13 0 13 13 

X , ..... n 2.00 3.2S .1QO 12.0 .484 2.33 .3513 .023 
•• d. 1.0S .141 2.82 .058 .018 .1~a .011 

m •• n 2.013 1.013 .3130 2S.e .4~8 2.72 .476 .073 X 7 •• d. e .141 2.82 .029 .101 a .044 

m •• n 1.ee 1.00 .SOO 113.0 .~4~ 2.35 .714 .143 
X 8 •• d. e .;, e '.) 0 e l) 

Dh HI , 
" Hw Hw 

.023 .019 

.013 .a13s 

.037 .033 

.1321 .1319 

.1323 .029 

.13113 .011 

.1318 .1327 

.024 .IiH8 

.167 .139 
13 0 

.1315 .117 

.001 .009 

.1304 .071 

.13136 .011 

0 .143 
e 0 
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23-28 .. size rang! -'analysis code G2BY I 

H.ana of character value. for each clu.ter: 

Clulte, 

" " • C 'T Ou ~ L.!. 00 Oh HI 
cod. 61 ... ... 

Hw Hw Hw Hw Hw 

Y 1 
_a" 15.0 1.00 .246 41.3 .342 1.72 .283 .237 .022 .027 
I.d. .026 .151 17.9 .028 .199 .095 .058 .01S .013 

"'.In 5.0£1 1.26 .768 17.S .339 1.52 .397 .294 .011 .O4~ Y2 I.d. .279 .270 2.Sa .02S .152 .093 .969 .ee7 .816 

_an t.ea 1.0£1 .200 6.£19 .519 1.41 .205 .066 .027 .164 
Y3 I.d. 0 ~ El 0 0 0 0 ~ £I 

_a" 3.00 1.56 .567 8.83 .4602.16 .369 .es, .04!i .093 
Y4 I.d. .115 • .aS7 S.21 .0!9.197 .0S5 .8S9 .9~0 .039 

28-33 .. size rang_ - analysis code G2az : 

Meana of charecter value. for each clu.ter: 

Clul •• r n It S C T Ou W Lt Do Oh Ht 
cod. ... 

Hw 
... ... ... ... 

Da Hw Hw Hw Hw 
m •• n 4.00 1.130 .200 28.2 .347 1. 79 .193 .287 .l121 .e22 

Z 1 •• d. 13 .115 15.1 .038 .213 .(186 .076 .019 .013 

m •• n 8.00 1.11 • SI!:O 13.5 .383 1.7S .408 .2135 .0134 .954 
Z2 I.d. .1399 .219 6.16 .039 .139 .087 .U8 .008 .011 

m.sn 2.00 2.00 .2013 l3.~0 .:574 2.97 .41S .eS9 a .112 
z 3 I.d. 1.41 .141 2.12 .037 .086 .235 .044 0 .017 
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FIGURE 32A. Description overleaf. 
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FIGURE 32. Princip~l components plots of G2b zone specimens. For full 
explanation sea notes on pages 103-4 and comments below. 

Variance explained: P.C.l - 34.S\ 
P.C.2 - 19.1\ 
P.C.3 - 10.7\ 

A: (Previous page) Showing all analysed specimens. P.C.3 score. diam. 
of dots in mm. 

8: Showing cluster centroids with ontogenetic ser1es on overlay. P.C.3 
score ~ 1 diam. of dots in mm. 

Comments: 

U6 

o~ 

W7 

Ontogenetic series are fairly obvious except for the set of 

four morphospecies which "bottleneck" into clusters VI and Zl. 

158 

The chosen cluster connections are compatible with observed ontogenet~c 

trends but other alternatives do exist. The ambiguity here may reflect 

a degree of artificiality in the choice of phenon line in some 

analyses. 
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FIGURE 32. Principal components plots of G2b zona spacimans. For full 
explanation see notes on pages 103-4 and comments below. 

Variance explained: P.C.l - 34.5\ 
P.C.2 - 19.1\ 
P.C.3 - 10.7\ 

A: (Previous page) Showing all analysed specimens. P.C.3 score c diem. 
of dots in mm. 

B: Showing cluster centroids with ontogenetiC series on overlay. P.C.3 
score ~ i diam. of dots in mm. 

Comments: 

Ontogenetic series are fairly obvious except for the set of 

four morphospecies which "bottleneck" into clusters VI and Zl. 

lSB 

The chosen cluster connections are compatible with observed ontogenet~c 

trends but other alternatives do exist. The ambiguity here may reflect 

a degree of artificiality in the choice of phenon line in some 

analyses. 



4 . 1 .4. GENERAL INTERPRETATION OF RESULTS 

Dendrograms: 

It is difficult to assess the success with which the 

phenon line at d = 3.0 has split off "natural" clusters. 

159 

In many cases the data do not appear to be particularly 

ordered, in the manner illustrated in Figure 7b, but this 

may be due to the diffusing effects of poor preservation and 

error. Principal components plots generally show a large 

degree of compatibility between clusters recognised from 

different size ranges, and this is evidence in favour of the 

"naturalness" of clusters - the situation may well be 

similar to the theoretical distribution of morphospecies in 

morphospace shown in Figures 4 and 5. The relative difficulty 

with which ontogenetic series of clusters can be recognised 

in faunas typified by poor preservation indicates that the 

patterns recognised in the data for well preserved samples, 

at least, reflect the original composition of the population, 

and are not fabrications of the method. In the worst 

preserved samples, it may be that some of the results and 

interpretations of analyses are rather arbitrary; never

theless it is contended here that these morphospecies 

definitions are the most accurate and objective that can be 

derived from the present data. 

It is notable that the number of clusters differentiated 

at d = 3.0 is generally greater with larger sample sizes. 

Figure 33 shows that this is not likely to be due to simple 
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FIGURE 33. Graph comparing results of analyses with hypothetical rarefaction curves. Each dot represents 

a dendrogram resulting from the analyses presented in Section 4.1 .• with the number of specimens in the 
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abundances as for morphospecies jn Hlb zone. The scatter of points is not closely related to the trend of 

either curve; it see~s that the number of clusters recognised by analyses is probably not entirely depen-
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rarefaction (i.e. rarer morpho species only being encountered 

in larger samples). Although this is uncertain whilst the 

"real" number and relative abundances of morpho species in 

the samples are unknown, it seems probable that the use of 

this phenon line, though valid as a best compromise. resulted 

in oversplitting of large samples and possible lumping in 

small samples. More theoretical work is needed to resolve 

this. 

Principal Components Plots: 

There are striking parallels between the composition 

of the principal components in different analyses. With 

only two exceptions (H1A and G1B) the diameter of the 

umbilicus is a major contributor to P.C.1. and this is 

very frequently correlated positively with the size of 

tubercles or plications and the whorl width. and negatively 

with the depth of the hyponomic sinus. This consistent 

intercorrelation of a suite of shell characters suggests 

that there are functional restraints in goniatite morphology. 

and different morphotypes, occurring independently of 

taxonomy, may represent adaptations to different modes of 

life (see also Section 4.2.5.5). 

As well as being of fairly consistent composition, 

P.C.1 is also very often the dominant direction of ontogenetic 

morphological change. This indicates that ontogeny is 

accompanied by anisometric growth of characters due possibly 

to changing functional constraints and changing mode of life. 

P.C.2 and P.C.3 do not show the same degree of 

consistency between analyses. P.C.2. though. is often 

related to characters of the shell ornament. 
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Phenetic Continuity 

The main source of difficulty in studying Silesian gon

iatites is the great range of phenetic variation within 

faunas. In response to this, Bisat (1924) deliberately 

allowed generous variation within species in order to accom

modate all associated contemporary forms, whereas Ruzhentsev 

& Bogoslovskaya (1978) described many closely related forms 

from each fauna; and an intermediate approach is that of 

Haug (1896) who describes one species but many "varieties" 

from a fauna. In the present study, faunas have been split 

in an optimal manner using numerical criteria, but this does 

not imply that these faunas are in reality composed of forms 

which are phenetically isolated. If morphospecies were en

tirely distinct and discrete, then conventional palaeonto

logical methods would no doubt have succeeded in recognising 

them, and the dendrograms in Sections 4.1.1,2&3 would show 

much clearer resolution between clusters. Instead, the evi

dence is that faunas are divisible into significant morpho

species, but that these are often part of a fairly continu

ous phenetic range, with a series of actual or potential 

intermediates - morphospecies are just peaks on a phenotype 

frequency distribution. The relationships between the 

morphospecies generated and the distribution of specimens in 

A-space is illustrated by two principal components plots of 

apparently typical samples in Figure 34 • 

Continuity in the phenetic range of a fauna suggests 

that the morphospecies involved have a close phyletic re

lationship, and it is also likely that they share a common 

ancestor within that fauna - it is less feasible for two 
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fIGURE 34. Pr incipal components plots of Homoceratid specimens 

in A. Ria zone (7-9 .m diam., and B. H2c zone (B-I0 mm diam.', 

showing typical phenp.tic d1atribution within sOITIplee. Clusters 

afe recognisable but ara not alwaya very isolated. 
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separate phyletic branches to merge into a phenetic con

tinuum. Another inference is that the environment in which 

the fauna lived must have allowed a variety of modes of 

life comparable with the variety of form of the animals. 

Variation within faunas can incorporate vastly different 

shell shapes with different hydrodynamic and hydrostatic 

properties; these could not have occupied the same niche in 

the ecosystem. It seems possible, then, that much of the 

faunal variation is the result of radiation into the full 

range of ecological possibilities presented by the environ

ment. 



165 

4.2. INTER-SPECIFIC ANALYSES 

These use morphospecies and other authors' "species" 

as DTUs, and the data used is from the matrices of charac

ter values presented in Chapter 5, and from measurements 

made of published illustrations of overseas faunas. In 

addition, data for rarer British forms, for example 

Gastrioceras depressum, was measured from individual un

analysed specimens - these forms are only assumed to be 

valid morphospecies. 

Results are here presented as dendrograms and principal 

components plots with superimposed minimum spanning trees, 

with histograms illustrating the contribution of each 

character to the principal components. 

4.2.1. HOMOCERATIDAE s.l. AND HOMOCERATOIDES 

Results are shown on Figures 35 - 40. 

4.2.2. RETICULOCERATIDAE 5.1. 

Results are shown on Figures 41 - 47. 

4.2.3. GASTRIOCERATIDAE s.l. 

Results are shown on Figures 47 - 52. 

4.2.4. ALL FAMILIES 

Results are shown on Figures 53 - 57. 
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Code 

ALVEAT 
ARAIIAN 
ARTl.JI1 
ASPER 
ASSEL 
ASTRIC 
BIFURC 
FERGAN 
HAUGI 
INOST 
KALI1I 
KARSAK 
KUGAR 
KURUIL 
LIBROV 
MODEST 
PAHIR 
PORTEN 
PRAEMA 
SALAV 
SCHART 
SCHMID 
SUB ALII 
USKAL 
IHAA 
HIAB 
H1AC 
H1BA 
H1BB 
H1Be 
H2AA 
H2AB 
H2AC 
H2AD 
H2AE 
H2BA 
H2BB 
H2BC 
H2BD 
H2BE 
H2CA 
H2CB 
H2CC 
HR1AA 
HR1AB 
HR1AC 
HRtAD 
HR1AE 
HR1AF 
HR1AG 
HR1BA 
HR1BB 
HRIBC 
HRIBD 
HR1CGA 

KEY TO SPECIES/MORPHOSPECIES CODES 

Species/Morphospecies 

79a. alveatum (R&B,197B) 
Ba. aravanense (R&B,1978) 
H. artum (R&B,1971) 
Ba. asperum (R&B,1971) 
H. asselicum R&B,1978 
Bo. haugi astrictum (R&B,197B) 
Bo. bifurcum R&B,1971 
H. ferganensis (R&B,1978) 
Bo. haugi haugi (R&B,1978) 
H. inostranzewi (Karpinsky ,18B9) 
II. kalmiusi (Popov,1979) 
Ba. karsaklense (R&B,1978) 
H. kugarchense (R&B,1971) 
Ba. kuruilicum (R&B,1978) 
II. li brovi tchi (R&B ,1978) 
H. modestum (R&B,1978) 
H. pamiricum R&B,1978 
H. portentosus (R&B,1971) 
V. praematurum (Haug,1898) 
Ba. salavati (R&B,1971) 
Ba. schartymense (R&B,1978) 
V. schmidti R&B,1978 

7Ba. subalveatum (R&B,1978) 
Ba. uskalykense (R&B,1978) 
II. lancastria Bp. nov. 
V. gillense sp. nov. 
H. subglobosum Bisat,1924 
H. diadema (Beyrich,1837) 
H. sp. aff. diadema 
Bo. beyrichianum (De Koninck,1843) 
H. browni sp.nov. 
H. browni sp.nov. 
H. smi thi i (Brown ,1841) 
H. smithii (Brown,1841) 

"H. gibsoni sp. nov. 
H. parundulatum sp. nov. 
H. sp. aff. parundulatum 
H. undulatum (Brown,1841) 
H. undulatum (Brown,1841) 
H •• p. aff. undulatum 
Htd. doolinense sp. nov. 
Htd. prereticulatum Bisat,1924 
V. eostriolatum (Bisat,1924) 
V. mutabile (Bisat & Hudson,1943) 
V. varicatum (Schmidt,1933) 
V. R.aglstrorurn (Hodson,19571 
V. submagistroru.n .p. nov. 
V. henkei (Schmidt, 1925) 
V. sp. aff. magistrorurn 
V. sp. aff. henkei 
V. striolatum (Phillips,183b) 
V. varicaturn (Schmidt,1933) 
V. sp. aff. striolatutn 
H. divaricaturn (Hind,1905) 
H. fortelirifer (Ramsbottom,1958) 

Abbreviations : 

Ba. - Bashkortocer" as 
Bog.- Bogdanoceras 
H. - Homoceras 
Htd.- Homoceratoides 
V. - Vall i tes 
R&B - Ruzhentsev & Bogoslovskay. 

Source of 
Info. 

R&B,197B 

Popov,1979 
R&B,1978 

Zone 

Nm2a1 
Nm2c2 
Nm2b3 
Nm2al 
Nm2a2 
Nm2a2 
Nm2b1 
Nm2c2 
Nm2a2 
Nm2a2 
Nm2c2 
Nm2b3 
N.n2b3 
Nm2b3 
Nm2r::1 
Nm2bl 
Nm2a2 
Nm2b2 
Nm2a1 
Nm2b2 
Nrn2a2 
Nm2b1 
Nm2a1 
Nm2b3 

IHa 
H1a 
H1a 
H1b 
H1b 
Hlb 
H2a 
H2a 
H2. 
H2a 
H2. 
H2b 
H2b 
H2b 
H2b 
H2b 
H2c 
H2c 
H2c 
RIa 
RIa 
Rla 
R1a 
RIa 
R1a 
R1a 
RIb 

?Rlb 
R1b 
R1b 
R2c 
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TABLE 5. Key to species/morphospecies codes for the Homocerstidsa. The y,eneric names given 

are those resulting from the present taxonomic treatment, discussed in detail in Section 5.2. 
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51 taxa are ordinated using 56 characters. For breakdown of 

character~ used and their contribution to the principal components. 
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FIGURE 37. The relative contribution of each of the characters to the first 

3 principal components of the plot shown on Figure 36. Positive contributions 
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P.C.2 - 16.88% 

P.C.3 - 12.77%. 
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FIGURE 41. Dendrogram showing the phenetic relationships within the Reticuloceratidae s.l. 

based on 46 characters of each of 57 taxa. The characters include all those tabulated on 

Figure ~3, plus four onto~enetir. stages of the character W/Hw' This is the maximum feasible 

number of characters - use of more would seriously reduce the number of taxa having comp

lete data sets. The phenon line has been chosen according to the criteria cited in Section 

3.1.3.5.B., and exploits a clear gap between branches at low d. The clusters are interpreted 

as general the names given are explained in Section 4.2.5.3.B. 

The key to the morphospecies codes i5 given in Table 6. 



Code 

ALPHA 
ALPHB 
ASIAS 
SEREST 
BETA 
CANAD 
CONFIN 
COST AT 
DEGEN 
DEVIUI1 
ELIASI 
EXCULT 
EXIMI 
EXTREM 
FENIN 
GAI1MA 
GRADIL 
HElBER 
HENBES 
HODSON 
INSTAT 
JUVEN 
LAXUS 
LINGUA 
MALUS 
MICRO 
OBSCUR 
ORIENT 
ORTIV 
PAVLOV 
POLIT 
POSTER 
REDIV 
RELICT 
REMISS 
SEMIR 
SEPAR 
SUREN 
SUBCAR 
TERSUH 
TEXTUI1 
TIRO 
WAIN 
RlAlA 
RlAlB 
RlAlC 
RlAlD 
RlAlE 

KEY TO SPECIES/MORPHOSPECIES CODES 

Species/Morphospecies 

Re. alpharhipaeum (R~B.1975) 
Re. alpharhipaeum (R~B,1975) 
P. asianus (R~B,197B) 

P. berestovense (Popov,1979) 
P. betarhipaeum R~B,197B 

o. canadensis (Nassichuk,1975) 
Ra. confinis (R~B,1978) 
Re. costatUB (R~B,1975) 

B. degeneratus R~B,1978 
P. davium (R~B,1978) 
B. eliasi M~S,19BO 
R. axcultum R~B,1978 

B. eximius R~B,1978 

Re. extremus R&B,1978 
R. fenin.e Popov,1979 
Ph. gammarhipaeum R~B,197B 

Ph. gradile R&B,1978 
Ph. heibergensis (Nassichuk,1975) 
Re. henbesti (Gordon,19b5) 
Re. hodsoni (R&B,1975) 
R. instatum R&B,1978 
Re. juvenilatus (R~B.1978) 
Re. laxus (R~B,1978) 
Ph. linguatum (R~B.1978) 
Ph. malus (R~B,1978) 

Source of 
Info. 

R~B,1978 

Popov,1979 
R&B,1978 

Nass.,1975 
R&B,1978 

MileS, 1980 
RIleB,1978 

Popov,1979 
RIleB,1978 

Nass. ,1975 
11&5,1980 
RIleB,1978 

Ph. microreticulatum (Y F-Q,1978) Y F-Q,1978 
Ph. obscurus R&B,1978 R&B,1978 
R. orientale R~B,1978 

Re. ortivus R&B,1978 
B. pavlovensis Popov,1979 
B. politu. R&B,1978 
Re. postarus (R&B,1975) 
A. relictus redivivus 1'1&5,1980 
A. relictuB relictus (Q,M&W,19b2) 
Ph. remissum R&B,1978 
Re. semiretia McCaleb,19b4 
Ph. separatum (R&B,1978) 
Ph. surenense (R&B,1978) 
R. 5ubcarinatus R~B,1978 
R. tar sum Popov,1979 
Re. textum (Gordon, 1965) 
Ph. tiro (Gordon,1969) 
R. wainwrighti Quinn.196b 
o. compressum (B~H,1943) 
O. coronatum (B&H,1943) 
Ph. circumplicatile (Foord,1903) 

* 
* 

Popov, 1979 
R~B,1978 

""5,1980 

R&B,197B 
""S,1980 
RIleB,1978 

Popov, 1 '97'9 
I1&S,1980 

Analyses 

lone/ 
Form. 

Nm2b2 
Nm2b2 
Nm2b2 
Nm2c 
Nm2b3 
Hale 
Nm2b2 
Nm2b2 
Nm2c2 
Nm2b3 
I'Iorrow 
Nm2b3 
Nm2c2 
Nm2b3 
Nm2c 
Nm2b3 
Nm2b3 
Hale 
Morro .. 
Nm2b2 
Nm2b2 
Nm2b2 
Nm2b3 
Nm2b3 
Nm2b3 
Nm2b3 
Nm2b3 
Nm2b3 
Nm2b2 
Nm2c 
Nm2c2 
Nm2b3 
I'Iorrow 
Morrow 
Nm2b3 
Morrow 
Nm2b2 
Nm2b2 
Nm2b3 
N1112c 
I'Iorrow 
Morrow 
Morrow 
Rial 
Rial 
Rial 
Rial 
RIal 

RtA2A 
RlA2B 
RlA2C 
RlA2D 
RlA2E 
RlA2F 
RlA2G 
RtBA 
RlBB 
RlBC 
RIBD 
RtBE 
RICA 
RICB 
R2AA 
R2AB 
R2AC 
R2BA 
R2BB 
R2BC 
R2BD 
R2BE 
R2BF 
R2BG 
R2BH 
R2BI 
R2BJ 
R2CA 
R2CB 
R2CC 
R2CD 

O. bouckaerti sp. nov. 
O. paucicrenulatum (B&H,1943) 
R. subreticulatum B&H,1943 
R. pulchellum (Foord,1903) 
R. samlesburyense B&H,1943 

* R. dubium B&H,1943 
R. eoreticulatum Bisat,1928 
Ph. stubblefieldi (BS!H,1943) 
Ph. nodosum (BIleH,1943) 

* R. regularum B~H,1943 

R. reticulatum (Phillips,183b) 
Ph. coreticulatum (B~H,1943) 
B. gracile (Bi.at,1924) 
B. involutum sp. nov. 
Ph. gracilingua sp. nov. 
B. bilingue (Salter,lBb4) 
B. filobilingue sp. nov. 
B. beta sp. nov. 
B. pulobilingue sp. nov. 
B. metabilingue (Wright,1927) 
B. sp. aff. bilingue 
B •• p. aff. pulobilingue 
B. sp. aff. metabilingue 

* 
* B. superbilingue (Bisat,1924) 

B. sp. aff. superbilingue 
B. ruzhentsevi sp. nov. 
B. golcaren.is sp. nov. 

Abbreviations 

A. 
B. 
O. 
Ph. 
R. 
Re. 
B"H 
MileS 

Nass.
Q,t1~W

R&B -
Y F-Q-

* 

Arkanites 
Bilinguites 
Otleyoceras 
Phil 1 ip!locer-as 
Reticuloceras 
Retites 
Bisat " Hudson 
Manger " Saunders 
Nassichuk 
Quinn, McCaleb" Webb 
Ruzhentsev L Bagoslovskaya 
Yang Feng-Qing 
Not formally described - represented by only 

one cluster of few anomalous speci.ans. 

TABLE 6. Key to species/morphospecies codes for the Reticuloceratidae ~.l. The generic 

names given are those resulting from the present work. discussed in detail in Section 5.2. 

Rla2 
Rla2 
Rla2 
Rla2 
Rla2 
Rla2 
Rla2 
RIb 
Rlb 
RIb 
Rib 
Rib 
R1c 
RIc 
R2a 
R2a 
R2a 
R2b 
R2b 
R2b 
R2b 
R2b 
R2b 
R2b 
R2b 
R2b 
R2b 
R2c 
R2c 
R2c 
R2c 
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FIGURE 42. Principal components plot of the Reticuloceratidae 

~'l .. with superimposed minimum spanning tree. P.C.l : X axis. 

P.C.2 a Y axis. P.C.3 1.3 x size of dots in mm. negative 

for open circles. 

72 taxa are ordinated using 44 characters. For breakdown 

of characters used and their contribution to the principal 

components. see Figure 43. For morphospecies codes. see Table 5. 
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FIGURE 43. The relative contribution of each of the characters to the 
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superimposed on the P.C. plot of Figure 42 to show a large 

degree of phenetic overlap. 
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Envelopes are shown for all faunas with more than three 

morphospecies. 

CANAD 

t\! 

~ 

R1Ali 
o 

o 
RIca 

DEGEN 
o 

EUASIe 

IERiST. 

o 

R2.C 
o 
OA2A1 

P.C.1 

-I 

ca 

I-' 
',J 
CD 



0 1 
I I 

A .. AU 

GlAJ 

AlIA I" 
GlAA 
GlAC 
GlAD 

GlAE 

GlAG 

GIA' 

G'IA 
GIIC 

G'I' 
G2BH 

G'IO 
GIBE 

GlAH 

OlAl 

G28A 
OlPlI 

LUPIN 

lUlU 

G280 
G28F 

G28E 

G28G 

A"AII 
CONT 

UNf 
GlA, 

OILAT 

MELV 
GZII 

HUNTS 
INFANI 

Gill 

G211 
G21e 

ATTEN 
FlTTSI 

GLEN 

ASIAM 

DElle 
TENfll 

rAliAI 

lOUD 

GIAA 

GIA. 

GIAG 

GIAC 

GIAE 

G'AO 
liSA 

ILEGA 

EX TEN 

'~AIIT 

AURA 

IRAN 

2 
I 

3 
I 

4 
I 

6 
I 

8 
I 

7 
I 

8 
I 

9 
I 

Agaatrloceraa 

Gaatrloceraa 

Similarity coefficient (d) 

10 11 12 13 14 16 18 
I I I I I I I 

I Llasogastrloceras 

, Cancelloceras 

180 

17 18 19 
I I I 

FIGURE 47. Dendrogram showing the phenetic relationships within the Gastrioc&ratidae 

s.l. based on 50 characters of each of 43 taxa. The characters include all those tabu

lated o~ Figure 49. plus five ontogenetic stages of the character W/Hw. This is the 

maximum feasible number of characters - use of more would seriously reduce the number 

of taxa having complete data sets. The phenon line has been chossn according to the 

criteria cited in Section 3.1.3.5.6.; there is no clear gap between branches at lower 

values of d. The clusters are interpreted as genera; the names given are explained in 

Section 4.2.5.4.6. 

The key to the morphospecies codes is given in Table 7. 



Code 

AMAl 
ARAIA 
ARAIB 
ASIAM 
ATTEN 
BISA 
BRAN 
CONT 
DElle 
DEPR 
DIlAT 
ELEGA 
EXTEN 
FITTS! 
GLEN 
HUNTS 
INFANS 
KUTEJ 
LINE 
lUPIN 
MART 
MELV 
PARAS 
RURA 
SOLID 
TENER 
GIAA 
GIAB 
GIAC 
GlAD 
GIAE 
61AF 
GIAG 
61BA 
G18B 
GIBC 
G18D 
Gl8E 
GIBF 
G18G 
Gl8H 
G181 
G2AA 
G2A8 
G2AC 
G2AD 
G2AE 
G2AF 
G2AG 
G2AH 
G2AI 
G2AJ 
G2AK 
G2BA 
G2BB 
G2BC 
G2BD 
G2BE 
G2BF 
G2BG 
62BH 
G2BI 
62BJ 
62BK 

KEY TO SPECIES/MORPHOSPECIES CODES 

Species/Morphospecie. 

A. am~liae (Sc:lllnidt,1939) 
G. araium McCaleb,1968 
G. araium McCaleb,l968 
C. asianum R~B,1978 

L. attenuatum (McCaleb,1968) 
C. bisati R~B,197B 
C. branneroid •• (Bisat,1940) 
G. contractum (R&B,1979) 
C. delicatum Popov,l979 
A. depressum (Delepine,1937) 
G. dilatatum (R~B,197B) 

C. elegans R&B,1978 
C. extenuatum R&B,1978 
L. fittsi (Miller ~ Owen,1944) 
l. glenisteri (Nassichuk,1975) 
G. huntsvillense (M&S,19BO) 
G. infans (Popov, 1979) 
A. kuteJnikovense (Popov,1979) 
G. lineatum Wright,1926 
A. lupinum (Popov,19791 
C. martini (Schmidt,1925) 
G. melvillensis Nassiehuk,1975 
C. para.ianum R~B,197B 

C. rurae (Schmidt, 19251 
C. solidum Popov,l979 
C. tenerum Popov,1979 
C. creneellatum (Bisat,19241 
C. evansi sp. nov. 
A. sp. aff. carinatum 
C. cancellatolde •• p. nov. 
C. sp. aff. cancellatoide. 
A. carinatum (Schmidt,1925) 
C. sp. aff. evansi 
A. sp. aff. crenulatum 
G. pseudocrenc:ellatum .p. nov. 
A. crenulatum (Bisat,1924) 
A. cumbriense (Bisat,1924) 
A. sp. B aff. cumbriense 
A. sp. A aff. cumbriense 

* 
* 
* A. sp. B aff. spiralis 

A. noncrenatum sp. nov. 
A. sp. aff. subcrenatum 
A. subcrenatum (Frech,lB99) 
A. spiralis sp. nov. 
G. sp. aff. listeri 
A. sp. A aff. spiralis 
A. sp. aff. magrawi 
A. magrawi sp. nov. 
A. cal veri sp. nov. 

• 
A. belgiensis sp. nov. 
6. listeri (Sowerby, 19121 
G. sp. aff. weristerense 
A. circumnodosum (Foord,1903) 
A. retrorsum (Chalmers, 1936) 
A. subcoronatum .p. nov. 
A. sp. aff. circumnodosum 
A. adleri Patteisky,1965 
G. weristerense Demanet,1943 

• 
• 

Abbreviations: 

A. - Aga.trioceres 
C. - Cancelloceras 
G. - Gastriceeras 
L. - Lissoga.trioceras 
W. - Westphalian 
M&S - Manger " Saunders 
McC - McCaleb 

Nas •• - Nassichuk 
R&B - Ruzhentsev ~ Sogo.lov.kaya 

Source of 
Info. 

Specinlens 
McC.,1968 
McC.,1968 
R~B,1978 

McC.,1968 
R~B,1978 

Specimens 

Popov,l979 
Specimens 

Ra.B,1978 

McC.,1968 
Nass.,1975 

M&S,1980 
Popov,1979 

Specimens 
Popov,1979 
Specimens 
Nass.,1975 

RltB,l978 

Popov,1979 

Analyses 

* - Not for_ally described - represented by only 
one cluster of few anomalous specimens. 

lone/ 
Form. 

W. A 
Morrow 
Morrow 

Nm2c2 
Nm2c2 
Nm2c2 

Gle 
Nm2c2 
Nm2c:2 
W. C 
Nm2c:2 
Nm2c2 
Nm2c:2 

Morrow 
Moseov 
Morrow 

Nm2c:2 
W. 
R2c 
W. 
Gla 

Bloyd 
Nm2c:2 
Nm2e2 
Nm2c2 
Nm2c2 

Gla 
Gla 
Gla 
Gla 
Gla 
Gla 
Gla 
Glb 
Glb 
Glb 
Glb 
Glb 
Glb 
Glb 
Glb 
Glb 
G2a 
G2a 
G2a 
G2a 
G2a 
G2a 
G2a 
G2a 
G2a 
G2a 
G2a 
G2b 
G2b 
132b 
62b 
G2b 
G2b 
62b 
G2b 
G2b 
G2b 
G2b 

181 

TABLE 7. Key to spec1es/morphospRcies codes for the Gastrioceratidae 5.1. The generic 

names given are those resulting from the present work, discussed in detail in Section 5.2. 
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FIGURE 48. Principal components plot of the Gastrioceratidae 

~.! .. with superimposed minimum spanning tree. P.C.l ~ X axis. 

P.C.2 = Y axis. P.C.3 • 1.3 x diam. of dots in mm. negative 

for open circles. 

57 taxa are ordinated using 45 characters. For breakdown 

of characters used and their contribution to the principal 

components. see Figure 49. For morphospecies codes. see Table 5. 
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FIGURE 49. The relative contribution of each of the characters to the 

first 3 principal components of the plot shown on Figure 48. Positive 

contributions in black. negative in white. 

Percentage of total variation: P.C.l - 25.48% 

P.C.2 - 22.43% 

P.C.3 - 11.39%. 



FIG~E 50. The generic groupings of the Gastrioceratidae 

~.! .. as summarised by Nassichuk (1975), superimposed on the 

P.C. plot of Figure 48 to show a large degree of phenetic 

overlap. 
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FIGURE 51. The generic groupings oT the Gastrioceratidae 

~.l" as suggested by Figure 47, superimposed on the P.C. 

plot oT Figure 48, with no phenetic overlap in 3 dimensions. 
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FIGURE 52. Intra-Taunal variation within the Gastrio

ceratidae ~.! .. superimposed on the P.C. plot of Figure 47, 

Envelopes are shown for all faunas with more than three 

morphospecies. 
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FIGURE 53. Dendrogram shOWing the phenetic relationships between taxa from the whole 

taxonomic scope of this study. based on 79 characters of each of III taxa. The characters 

used are tabulated on Figure 55. This is the maximum number of characters permitted by 

the CLUSTAN package. The phenon line has been chosen according to the criteria cited in 

Section 3.1.3.5.8 •• and is placed in the clearest gap between branches at relatively low 

d. The significance of the clusters is discussed in Sections 4.2.5.2.A. and 4.2.5.3.A. 

Keys to the morphospecies codes are given in Tables 5, 6 & 7. 
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4.2.5. DISCUSSION Of RESULTS Of INTER-SPECIfIC ANALYSES 

This section will deal only with the evidence for 

taxonomic division - formal systematic treatment is to be 

found in Chapter 5. 

4.2.5.1. General Observations 

The following points apply generally to all analyses: 

A. Established genera show a large and unacceptable 

degree of phenetic overlap (see figures 38. 44 & 

50)' The monothetic criteria by which authors have 

distinguished genera seem not to be natural; they 

are not reinforced by the rest of the phenotype. 

B. The relationships suggested w~en sutural details are 

included in analyses (Figure 53) are not always com

patible with the relationships suggested when they 

are ex c 1 u de d (f i g u res 35. 41 & 47 ). A 1 thou g h the 

polythetic approach favours the inclusion of as many 

characters as possible, we have seen (Section 

3.2.3.2., Figure 11) that sutural data may be empir

ically unreliable; and in this study sutural data 

has only been gleaned from a small, possibly unrep

resentative, set of specimens, due to the relative 

infrequency of observation of sutures. 

c. The amount of variation within faunas varies. For example. on 

Figure 40 the H2b zone fauna can be seen to cover considerably 

less A-space than RIb zone, even though the same number of 

morphospecies are recognised; Rla2 zone is more diverse than 

RIb on Figure 46; and in all cases Russian faunas are appar

ently more varied than British. These differences in diversity 

in time and between regions may eventually ba interpretable in 

terms of environmental parameters. Meanwhile. it is pertinent 

to note here that the area of morpho space spanned by a fauna 

is not closely correlated with the numher of morphospecies 

recognised. This may reflect over-splitting of less diverse 

faunas (see Section 4.1.4.) and indicates that the finest tax

onomic divisions in some faunas may be of little practical 

significance. 
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O. The directions in A-space of faunal diversities (Figs. 40, 

46 & 52) show stro~g tendencies which are consistent with the 

character correlations noted on principal components plots of 

individual zones in Section 4.1.4. They also show a general 

parallelism with the diversity within previously recognised 

genera (Figs. 38, 44 & SOl, certainly more so than with the 

new phenetic genera. (Figs. 39, 45 & 511. Previous authors 

appear to have stretched generic definitions to incorporate 

intra-faunal variation. The significance of this direction of 

diversity is discussed in Section 4.2.5.5., but the contention 

here is that, given the outstanding uncertainty as to its 

meaning, this phenomenon should not interfere with the phen

etic taxonomic results. 
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A. The Constitution of the Family 
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Ruzhentsev and Bogoslovskaya (1978) split those species referred to 

Homoceratoides in Britain between the Ramositidae (genus Ramosites), and 

the Bisatoceratidae (genus Homoceratoides), with none in the Homoceratidae. 

These species are, however, not sufficiently distinct in the present analy

ses to be separated from the HomoceratidaeJ for example, Figure 35 shows 

that type Homoceratoides (H2CB) is closer to Bogdanoceras than the latter 

is to Homoceras, and other Homoceratoides ~.~. species are easily incorp

orated into Homoceras. In view of this, a numerical reappraisal of Russian 

Ramosites would be of interest. 

When analysed with other families. the Homoceratidae cannot be split 

off as one exclusive cluster. Figure 53 shows that all Homoceratids are 

allocatable to two clusters (0 & E). which they occupy almost exclusively, 

but that these are prevented from forming an integrated cluster at a higher 

level of the hierarchy by cluster F. formed entirely of species referable 

to Agastrioceras. As mentioned in Section 4.2.5.1.8. inferences based on 

this analysis may not be reliable if not compatible with other evidence. 

In view of the fact that these Agastrioceras species appear to be well 

integrated with typical Gastrioceratid ~.!. forms in Figure 48. and that 

the division of Homoceratids into clusters 0 and E is not clearly related 

to clusters in Figure 35. it is preferred here to retain Ap,astrioceras in 

the Gastrioceratidae and to amalgamate clusters 0 and E as the Homoceratidae. 

Note also that the specimens in cluster F are distinguishable on Figure 54 

as having large P.C.3 scores. but with respect to the first two principal 

components they are intermediate between the bulk of the Gastrioceratids 

and the Homoceratids - evidently cluster F is only marginally closer to 

DIE than it is to AlBIC. 

Figure 57 shows the Homoceratidae. as defined here, as a well inte

grated group uniquely occupying a region of morpho space centred in the 
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positive P.C.I. negative P.C.2 quadrant. 

B. Generic Divisions 

The phenon line shown on Figure 35 is here used to separate genera 

within the Homoceratidae. The genera distinguished are: 

Bashkortoceras: This cluster includes the type species of three of 

Ruzhentsev and Bogoslovskaya's (1971.1978) genera, (Bashkorto-

ceras. Parahomoceras and Umbetoceras) of which Bashkortoceras 

has precedence. The tightness of the cluster indicates the lack 

of significant differences between these genera. 

Bogdanoceras: Includes three species previously regarded as belonging 

to Homoceras. but which are not typical of the latter genus in 

many respects. 

Homoceras: Includes the type species H. smithii (H2AC/O) which has 

precedence over the type species of Isohomoceras and Fallacites, 

also present here. This cluster incorporates similar species 

previously referred to seven different genera, and consequently 

extends the range of Homoceras towards the top of the Namurian. 

Homoceratoides: This analysis restricts the genus to the forms in 

H zone. Figure 36, however, shows that other species (HRIBD, 
2c 

HRlCGA) previously allocated to this genus are in fact quite 

close. though necessarily separated. 

Vallites: Includes the type species y. henkei, plus the type species 

of the consequently synonymous Hodsonites, and involute, disc-

oidal forms previously included in Isohomoceras and Homocerat-

oides. 

?Gen. ~.: This cluster is formed by two species previously included 

in Homoceras but which in this analysis appear to have been dis-

tinguished on the basis of characters which may be pathological. 

More formal and detailed accounts of these taxonomic divisions is to 

be found in Section 5.2. 



196 

4.2.5.3. Interpretation of the Reticuloceratidae s.l. 

A. The Constitution of the Family 

The distribution of the Reticuloceratidae s.l. amongst the six clusters 

distinguished by the phenon line on Figure 53 is as follows: cluster A -

27 Reticuloceratids ~.l. mixed with 6 Gastrioceratids s.l.1 cluster B - 5 

Reticuloceratids with 7 Gastrioceratidsl cluster C - 21 Reticuloceratids 

with 2 Gastrioceratids; clusters D and F - none; cluster E - 1 Reticulo

ceratid amongst Homoceratids. The lone species in cluster E, Phillipsoceras 

separatum, is rather anomalously placed by the cluster analysis, as its 

nearest neighbours are all Reticuloceratids ~.l. and it is well within 

typical Reticuloceratid morphospace in Figures 41 and 42. With this excep

tion, the Reticuloceratidae ~.l. are isolated by the first bifurcation of 

the dendrogram in Figure 53, and they plot in intimate association with 

Gastrioceratidae ~.l. both in this figure and in Figure 54 .. Members of 

clusters A, Band C do show a definate affinity with each other regardless 

of previous familial designations - compare, for example, Cancelloceras 

extenuatum and Alurites costatus, both illustrated by Ruzhentsev and 

Bogoslovskaya (1978). Despite the generally higher stratigraphic occur

rence of the Gastrioceratidae ~.l. relative to the Reticuloceratidae s.l., 

the two previously recognised families show a remarkable degree of phenetic 

overlap (see Figure 56) and it is contended here that they are inseparable. 

All genera previously included in the Reticuloceratidae are therefore 

regarded here as belonging to the Gastrioceratidae, which has precedence. 

B. Generic Divisions 

Genera previously assigned to different families (ie. Reticuloceratidae 

and Gastrioceratidae) are here provisionally assumed to be distinct. Char

acters previously used to separate families are probably adequate to separ

ate genera here. The distinctions should be apparent in the generic descrip

tions in Chapter 5, Nevertheless, further research may well show that cert

ain genera, for example Alurites and Cancelloceras, are irresolvable. 

The genera within the Reticuloceratidae ~.l. are here separated by the 
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phenon line shown on Figure 41, which resolves six genera: 

Arkanites: Concept of genus unaltered. 

Bilinguites: The type species, ~. superbilinguis. is not included 

in the cluster analysis, due to missing character values. but its 

position on the principal components plot (Figure 42) leaves no 

doubt that it belongs with this cluster. All cluster members 

have previously been referred to this genus. 

Phillipsoceras: Includes the type species Ph. circumplicatile (RlAlC) 

with many species previously recognised as Phillipsoceras. plus 

a few similar forms allocated in the past to Bilinguites. Retites. 

Tectiretites and Reticuloceras. 

Reticuloceras: Composed of species mostly referred to this genus by 

previous authors, and so the definition of the genus is not 

greatly altered here. 

Retites: Includes the type species Re. semiretia. which has preced

ence over the type species of Tectiretites, Alurites and Ouinn

ites which are also in this cluster. 

Otleyoceras~. nov.: Composed of species previously allocated to 

Phillipsoceras and Bilinguit9s. 

More formal and detailed accounts of these taxonomic divisions are to 

be found in Section 5.3. 

4.2.5.4. Interpretation of the Gastrioceratidae s.l. 

A. The Constitution of the Family 

It was argued in the previous section that the Gastrioceratidae 

should incorporate all species hitherto placed in the Reticuloceratidae. 

The positions of members of the Gastrioceratidae ~.!. in the dendrogram 

shown in Figure 53 have been described and interpreted in Sections 4.2.5. 

2 & 3. 

B. Generic Divisions 

These are established for the Gastrioceratidae s.l. by the phenon line 

on Figure 47. The genera distinguished are: 
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Agastrioceras: This cluster consists largely of species previously 

referred to Gastrioceras. plus a few each from Cancelloceras and 

Agastrioceras. The latter genus is, however, the only one repre

sented by its type species. ~. carinatum. 

Cancelloceras: Although the type species, f. cancellatum. is unanal

ysed. its morphology is apparently quite central with respect to 

this cluster. Similar morphospecies in the same stratigraphic 

level (GIAA. GIAB. GIAC) are included here. The concept of the 

genus is relatively unaltered. 

Gastrioceras: Includes the type species G. listeri (G2BB) and various 

other coronate species previously referred to Gastrioceras, 

Cancelloceras and Lissogastrioceras. 

Lissogastrioceras: Restricted here to three species. L. fittsi is 

the type species. 

More formal and detailed taxonomic accounts are to be found in Section 
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A. Style of Variation 
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The exact style of intra-faunal variation is shown by Figures 40. 

46 and 52. It is immediately obvious that this variation is. in most 

cases. strongly linear or planar. Also. it is apparent that the main 

direction of elongation of the faunas in A-space is in the direction 

of the first principal component. 

In all three analyses umbilical diameter is a 

major contributor to this component, and whorl width is also 

important. In the Reticuloceratidae s.l. and the Gastrio

ceratidae s.l. the size of the tubercles/plications is 

another important contributor to this direction of variation. 

We have, therefore, a series of faunas, each incorporating 

both relatively evolute, broad forms, usually with coarse 

ornament, and relatively involute, narrow forms. Othe'r 

characters, although not constant within faunas, are cer

tainly less variable, and vary in a less systematic manner. 

This type of variation has two possible parallels in 

other ammonoid faunas: sexual dimorphism and intra-specific 

variation. 

B. Sexual Dimorphism 

Sexual dimorphism was suggested as an explanation for 

some of the variation encountered in Silesian goniatites 

by Demanet (1943) and by Ramsbottom &: Calver (1962). The 

suggestion is that the more evolute, broad forms are female, 

the others male. Thi9 idea is not supported here for the 

following reasons: 

1. Ammonoid sexual dimorphs have identical early whorls 

(see, for example, Kennedy &: Cobban, 1976), whereas the 

morphospecies in Silesian faunas are often distinct down to 
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at least 5 mm diameter; they are only identical in the very 

earliest ontogeny, at which stage whole genera may be simi

lar. An inter-specific analysis using only characters of 

morphospecies from growth stages up to 10 mm diameter failed 

to resolve faunas into significant pairs of morphospecies. 

2. Sexual dimorphism should only be apparent when indi

viduals approach maturity. Though rare and usually frag

mentary, goniatite specimens do occur in the Silesian of 

considerably greater size (perhapa 50 - 100 mm diam.) than 

those dealt with in this study, so it is possible that the 

specimens analysed here are mostly immature. Fragmentation 

of the final whorl of most specimens prevents proper assess

ment of maturity according to the criteria of Kennedy & 

Cobban (1976). However, the forms cited as possible dimorphs 

in Silesian faunas by previous authors are all quite dis

tinct down to at least 10 mm diameter, they are therefore 

distinct whilst probably immature and cannot be sexual di

morphs. Regrettably, too few good specimens exist of suffi

ciently large size to make objective jUdgements about the 

possibilities of sexual differentiation at later growth 

stages. 

3. Variation between a sexually dimorphic pair should 

be discrete, not continuous. 

4. Silesian goniatite faunas are essentially poly

morphic, not dimorphic. 

5. The features developed by classiC dimorphic pairs, 

ie. apertural modifications in males, large size and loss of 

ornament in females, are not the features which particularly 

contribute to the main component of variation in Silesian 

goniatite faunas. 
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No evidence in favour of sexual dimorphism is forth

coming from this study. If present, it must only be mani

fested in larger sized specimens than are dealt with here, 

in which case its relationship with the variation in im

mature specimens would be an interesting complexity. 

c. I nt ra-Speci fic V ari ati on 

Sexual dimorphism is obviously a type of intra-specific 

variation; this section discusses variation which does not 

fulfil the criteria for dimorphism as discussed above. 

Intra-specific variation in ammonoids was reviewed by 

Kennedy &: Cobban (.22. cit., pp. 38-41) who cite many 

examples of faunas in which various forms have been des

cribed separately by earlier authors but amalgamated into 

one variable species by subsequent revisers. The basis for 

considering such forms conspecific is continuity of varia

tion within populations. This is normally assessed sub

jectively. Kennedy &: Cobban (~. cit., fig. 9 &: plate 9) 

illustrate end members of apparently phenetically con

tinuous populations of Triassic and Cretaceous ammonoids. 

These populations show variation particularly in the 

following characters: diameter of umbilicus, whorl width, 

strength of tuberculation. These are exactly the same 

characters as were cited above as contributing to the main 

component of Silesian intra-faunal goniatite variation. 

We conclude, then, that the type of intra-faunal variation 

discovered in the present study is also found in other 

ammonoid faunas, and may be widespread, and that many 

authors regard it as intra-specific in nature. 

The exact genetic status of this variation cannot be 

known; the term "intra-specific variation" is used by 

authors regardless of the inapplicability of the biologi-
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cal species concept in palaeontology. Phenetic continuity 

of variation in a fauna does not prove that the members of 

that fauna were "actually or potentially interbreeding". 

The term "morphospecies" applied to significant peaks in 

the phenotypic frequency distribution, as used in this 

study, is a suitable term for this situation. It has the 

advantages of enabling concise and complete description of 

a phenetic continuum, whilst not assuming any genetic 

status. 

The recurrence of the type of variation described 

above in several, possibly many, different ammonoid popula

tions suggests the following: 

1. The range of modes of life available to these 

ammonoid faunas must have been similar, or at least analo-

gous. Thi~ only assumes that grossly different morphotypes 

could not have had identical ecological roles. 

2. These ammonoids must have possessed great morpho

logical flexibility. Whether attained by genuine intra-

specific variability, or by evolutionary radiation, the 

amount of variation shown is no less remarkable. 

It would be of great interest to compare the palaeo

ecology of these ammonoid faunas; perhaps the similarity in 

the ranges of phenetic variation would be found to be re

flected in some common, parallel factor in the palaeo

environment. This, though, is beyond the scope of the 

present study. 

O. Inter-f aunal Vari ation Compared with Intra-f aunal 

Vari ation 

It has been noted that intra-faunal variation is 

largely elongated in the direction of the first principal 

component of figures 40, 46 and S2. Thi~ principal compo-
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nent also tends to differentiate British from Russian 

faunas; Russian forms are generally more evolute and coarse

ly ornamented. Within each province, however, inter-faunal 

differences are mainly in the direction of the second 

principal component. This component is particularly con

tributed to by the following characters: strength of crenu

lation and spiral ornament (especially Gastrioceratidae 

s.l.), strength of lingua and depth of hyponomic sinus 

(espe~ially Reticuloceratidae ~.). Overall shell shape 

is not so significant here. 

The third principal component also separates faunas, 

but is especially notable for differentiating provinces -

overseas faunas are frequently separated from British 

faunas by having strong positive values in this direction. 

The contribution of various characters to this component is, 

however, not so consistent over all families. 

Comparison of successive faunas involves evolutionary 

considerations, and comparison of faunas in different 

provinces provides, in addition, stratigraphic information; 

these aspects are dealt with further in Chapters 6 and 7. 



5.1. INTRODUCTION 

CHAPTER 5 

SYSTEMATICS 
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The use of a numerical methodology in this study has 

consequences not only with regard to the details of the 

taxonomic results produced, but also to the mode of 

presentation of these results. The attitude adopted here 

to the various aspects of systematic description are de

tailed below. 

5.1.1. TAXA DESCRIBED 

The only taxa described in detail here are those which 

are apparent in the results of the analyses given in Chap

ter 4. There are a few British taxa which escaped analysis 

by virtue of their rarity - only a brief account of these 

is given as they cannot be accorded the same objective 

status as analysed taxa. 

Exclusively overseas taxa are not described here except 

for redefined genera and those morphospecies which yielded 

extensive data as a result of the author's visit to collec

tions in Belgium and West Germany. Unles~ large collections 

of goniatite faunas have been studied by the author, then 

no statements as to the validity of morphospecies within 

those faunas can be made here. 

5.1.2. SYNONYMY LISTS 

Ideally, specimens would only be definitely included 

in the synonymy of 8 morphospecies if they could be shown 

to be a part of the appropriate cluster by analyses of the 

type described in Section 3.1.4. However, this is not 
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often po~sible because of the uncertain accuracy of dota 

derived from illustrations, and because it is too compli-

cated a process to repeat for all the necessary specimens. 

Most synonymies have been established here either by the 

algorithm for identification described in Section 3.4., 

especially useful for difficult specimens, or by more sub-

jective comparison of data, wherever the designation is 

fairly obvious. 

Specimens which have been examined by the author are 

marked v. 

Generic synonymies are established by the inclusion of 

type species in the clusters resulting from inter-specific 

analyses; these are explained in Section 4.2.5. 

5.1.3. CHOICE or HOLOTYPE 

Where morphospecies have been recognised by this study 

which do not include any type specimens, then these require 

new names and a holotype must be designated. Previous 

authors have invariably regarded good preservation as an 

important criterion in choosing holotypes, but there is no 

necessary correlation between quality of preservation and 

typicality of form. The numerical approach of this study 

permits a genuine, definable concept of centrality or 

typicality of a specimen in a morphospecies, and this pro

vides a criterion for choice of holotype which is indepen-

dent of quality of preservation. The criteria used here in 

approximate order of importance are: 

1. The specimen should be a member of the appropriate 

cluster in the results of the faunal analyses given 

in Section 4.1. Note that a fairly complete set of 

assessible characters is a prerequirement for 



inclusion in these analyses. 

2. The specimen should occupy a modal position within 

its cluster. Modality is essentially equivalent to 

typicality, and is here preferred to centrality 

(from the centroid or mean of a cluster) which need 

not be represented by specimens. Modal specimens 

occupy the densest part of a cluster. 
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3. The specimen should be well preserved, ie. it should 

show its features clearly. 

Regrettably, existing holotypes must be retained where

ever they fall within the range of a morphospecies, even 

though that morphospecies may be entirely redefined and the 

holotype may be atypical. 

Numerical data of Holotypes of nearly all species/morphospecies 

mentioned here are to be found in Appendices 2, 3 & 4. 

5.1.4. CHOICE OF SPECIMENS FOR ILLUSTRATION 

Specimens illustrated in the plates have been chosen 

using the same criteria as dictated the choice of holotypes, 

only these have been applied less strictly. It is, there-

fore, not always the best preserved specimens that are il-

lustrated, but all the relevant characters should be re-

solvable. 

In addition, some specimens which do not fulfil the 

above criteria are illustrated in order to show features 

which are not apparent on other illustrations - particu

larly features of the later growth stages, which are often 

unanalysed. 

All illustrated specimens are enlarged equally, for 

the sake of simplicity. 

5.1.5. DESCRIPTIONS 

A complete description of a goniatite morphospecies 

should include all characters at all ontogenetic stages. 



ThiR clearly involves a large amount of infor~ation; this 

can only be conveyed in words at excessive length, and 
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this is quite impractical. In the past, authors have 

attempted description in prose, but these have always 

suffered from incompleteness and imprecision. At best, all 

descriptive terms used must be clearly defined, in which 

case the terms are merely imprecise substitutes for numer

ical values. 

There has been a steady increase over the years in the 

amount of numerical data accompanying written descriptions, 

but these are usually restricted to general shell dimen

sions. Here the trend is continued to the extent that all 

character states at all growth stages are expressed numeri

cally. It is contended here that, given such a complete 

numerical representation, written descriptions are super

fluous. The notes accompanying the character value matrices 

in this chapter are intended only to summarise the general 

form of the morphospecies, particularly with regard to its 

position within the range of variation of its fauna, and to 

clarify occasional taxonomic difficulties. 

All numerical values of external characters are means. \~here 

these are derived from ontogenetic curves constructed from data out

put from analyses as described in Section 3.1.4. values of the matrix 

are enclosed in a box. Other values have been arrived at by ontogen

etic extrapolation « 5 mm diam.), are unanalysed characters, or are 

the result of averaging of measurements of a restricted number of 

well preserved specimens. (in i.nc:l:i.cr..~t.icH··1 CI+ t.hi':':0 \/<::I.I·:i,·,:\·i::.1Dl"i kI"lDlt,lj") 

for each analysed morphospecies can be found by ref~rtinq to 

1.:.1' 'II::~: d t'\ t. i::\ + D [' t.I"'1 C, '" r::'l E: \' i;;\ n t. c: 1 u ;;;; t. f,,~ I'" ;::; :i. rl H f:·:.' c: L. :i. C) I i /1-.. J.. '1/"1 c:: \;:; e 

data include standard deviations of each analysed character 

for e~Lh cluster. 
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Numerical values of characters of the suture line are 

derived from ontogenetic curves constructed from unanalysed 

data, and sre only given where several specimens of a 

morphospecies yielded data. Sutural features do not vary 

a great deal within the genera treated in this study, and 

as they have been shown to be variable within morphospecies 

. (Figure 11) they are probably best not used for specific 

identification. For this reason they are not illustrated 

here. 

Line drawings of cross sections of specimens are a 

frequent accompaniment to goniatite descriptions - these 

are also not shown here. It is not practicable to prepare 

large numbers of sectioned specimens from each aasemblage, 

and it is likely that individual preparations will not 

yield accurate data and may not be representative. Cross 

sections are, nevertheless, often the only means of obtain

ing information from the very early ontogenetic stages in 

association with the identifiable later stage. It is 

thoughf, though, that the information obtained by the 

methods adopted here for ontogenetic stages down to 5 mm 

diameter provides adequate account of early ontogeny. 

5.1.6. THE PRACTICAL APPLICATION OF NUMERICAL DESCRIPTIONS -
NOTES FOR USERS 

The methodology used in this study is quite different 

from that used in orthodox palaeontology, and it is hoped 

that the approach will be adopted by subsequent workers in 

the field. Users of the systematic information in this 

thesis are particularly encouraged to regard goniatite 

morphology from a polythetic viewpoint; indeed, this is 

the only approach that can be used compatibly with the type 

of information given here. In addition, it will enable 
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users to arrive at meaningful identifications without any , 

previous knowledge or experience in the subject. 

If possible, new specimens should be identified en

tirely objectively, as described in Section 3.4. Charac

ters should be carefully and individually assessed (see 

Figure 8) and then compared with the appropriate data from 

the matrices of character vslues given here, using a suit

able similarity coefficient and linkage algorithm. The 

increasing popularity of micro-computers renders this a 

feasible proposition, and the availability of excellent 

program packages means that this need not require any 

specialised statistical expertise. 

If access to computing facilities is not possible, 

then a lesser degree of objectivity can be attained by 

mental comparison of data, considering similarity in each 

character equally. This is certainly preferable to visual 

comparison of specimens with illustrations, in which a few 

visually strong characters tend to dominate, regardless of 

their importance. Nevertheless, rough visual comparisons 

can succeed if new specimens are nearly identical to those 

illustrated, and may often be adequate in order to narrow 

down the field of possible designations of a new specimen. 

To conclude, it is worth reiterating that it would be 

totally inappropriate to use the results of an objective 

methodology in a subjective manner. 



5.2. ORDER 
SUBORDER 
SUPERFAMILY 
FAMILY 

Characteristics 

GONIATITIDA Hyatt, 1884 
GONIATITINA Hyatt, 1884 
GASTRIOCERATACEAE Hyatt, 1884 
HOMOCERATIOAE Spath, 1934 

The principal components plot shown in Figure 57 gives an 

impression of the region of A-space occupied by the Homoceratidae, 

and from the histogram in Figure 55 can be derived the characters 
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which particularly contribute to this position. These character states 

tend to be developed in the family but individually are not diagnostic. 

They are: 

Shell shape - usually involute and narrow,especially later 

growth stages. 

Coarse ornament - tubercles absent or weak, but strong ribbing 

often developed. 

Fine ornament - crenulation and spiral ornament weak, trensverse 

ornament often quite widely spaced. 

Apertural form - hyponomic sinus and lingual projection both 

fairly weak, but umbilical projection sometimes 

developed. 

Suture 

Composition 

- median saddle tall and wide at the expense of the 

lateral saddle. Both lateral and ventral lobes 

tend to develop a prominent prong. 

The following genera can be included in this family: 

Homoceras 'Hyatt, 1884 (incorporating Isohomoceras Ruzhentsev & 

Bogoslovskaya, 1971, and Fallacites R & B, 1971). 

Vallites Ruzhentsev & Bogoslovskaya, 1971 (incorporating 

Hodsonites Ramsbottom, 1977). 

Bashkortoceras Ruzhentsev & Bogoslovskaya, 1971 (incorporating 

Parahomoceras R & B, 1971, Umbetoceras R & B, 1971). 

Homoceratoides Bisat, 1924. 

Bogdanoceras Ruzhentsev & Bogoslovskaya, 1971. 



stratigraphic Distribution 

Chokierian to Westphalian A 

Genus Homocares Hyatt. 1884 

Ammonites: Beyrich. 1837 (pars.) 

Goniatites: Brown. 1841 (pars.) 

Glyphioceras: Karpinsky, 1889, Haug, 1898 (pars.), H. Schmidt, 

1925 (pars.J 

Isohomoceras: Ruzhentsev & Bogoslovskaya, 1978. 

Homoceras: Hyatt, 1884, Bisat,1924 (pars.), H. Schmidt, 1925 

(pars.), Delepine, 1941, Bisat & Hudson, 1943 (pars.), 

Patteisky, 1959 [pars.), Bouckaert, 1961 (pars.), 

Ruzhentsev & Bogoslovskaya, 1978 (pars.). 

Type species: Goniatites smithii Brown, 1841, from H2a zone at 

Millwood, near Todmorden, Yorkshire (see Opinion 1061, 

International Commission on Zoological Nomenclature). 

Characteristics 

The position in A-space of this genus is shown on Figure 39. 

The histograms on Figure 37 indicate that this position corresponds 

with posseSSion of the following character states: 

Shell shape - variable, but mostly moderate for the family. 

Coarse ornament - some forms have bifurcating ribs, but more 

usually simple and featureless. 

Fine ornament - fairly widely spaced, crenulation and spiral 

ornament absent. 

Apertural form - most species lack apertural sinuosity. 

Suture (Fig.54) - normal Homoceratid. 

Composition 
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H. smithii (Brown, 1841) (Goniatites), ~. subglobosum Bisat, 1924, 

H. diadema (Beyrich, 1837) (Ammonites), ~.undulatum (Brown, 1841) 

(Goniatites), ~. eostriolatum Bisat,1928, ~. divaricatum (Hind, 1905) 

(Glyphioceras). H. forte1irifer (Ramsbottom. 1958) (Homoceratoides). 
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~. asselicum Ruzhentsev & Bogoslovskaya, 1978, ~. pamiricum R & B, 1976, 

~. inostranzewi (Karpinsky, 1889) (Glyphioceras), ~. modestum (R & ~, 

1971) (Isohomoceras).~. portentosus (R & B, 1971) (Fa11acites), H. 

artum (R & B, 1971) (Bashkortoceras), H. kugarchense (R & B,1971) 

(Bashkortoceras), H. ferganensis (R & B, 1978) (Homoceratoides), H. 

gibsoni !E. nov., H. browni!E. ~., ~, parundulatum!E. nov •• 

Discussion 

This genus is quite close in concept to Isohomoceras, of 

Ruzhentsev & Bogoslovskaya (1978), except that these authors use the 

monothetic criteria "absence of calyx stage" and "rounded umbilical 

margin" to distinguish Isohomoceras from type Homoceras. The taxonomic 

importance of a rounded umbilical margin is not confirmed by this 

study, and the validity of using the presence or absence of a calyx 

stage to differentiate the genera does not seem to be supported by 

Ruzhentsev & Bogoslovskaya's own illustrations - cross sections of 

species of "Isohomoceras" are shown which appear similar in early 

ontogeny to cross sections of species which they refer to Homoceras. 

When these characters are accorded the appropriate degree of taxonomic 

importance. the type species of Homoceras, ~. smithii (Brown), is 

inseparable from the species referred in the past to Isohomoceras. so 

Isohomoceras must be included in the synonymy of Homoceras. 

The inclusion here of higher Nmmurian species previously referred 

to Homoceratoides is the most tenuous element of this genus, as Figure 

39 shows that these are indeed quite close to type Homoceratoides. 

However, the possession of coarse, bifurcating ribs, previously regarded 

as diagnostic of the latter genus, is here recognised to occur quite 

commonly in Homoceras. eg. H. diadems, and other characters confirm the 

affinity. 

Stratigraphic Distribution 

Chokierian to Westphalian A. 



Homoceraa subglobosum Siaat 

Plate 1, 3 & 4 

Homoceras striolatum var. subglobosa Bisat, 1924, p.IIO (pars.). 

Glyphioceras leodicense H. Schmidt, 1925, pl. xxiv, fig. e. 

v. Homoceras leodicense (Schmidt) Ramsbottom in Earp ~.~. 1961, 

pI. xi, fig. 10. 

v. Homoceras subglobosum Sisat. Ramsbottom in Earp!!. al. 1961, pl. 

xi, fig. 13. 
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Lectotype: GSM 87319, chosen by Ramsbottom in Earp at. al., 1961, p.207, - -
from the~. subglobosum band at Gill Beck,Cowling, Yorkshire. For 

measurements, see Appendix 2, no. 5. 

Stratigraphic Range: Hla zone. 

Code in Analyses: HIAC (Clusters Vl~ 13) 

Matrix of Character values: 

I c T N 

1 
" .. Du 

6'. w ". " D! P! OIl 
HW Hw liw I4w itw -. 

7~ .900 .lee 13.08.00 1.09 .lS0 .3702.00 \.0e .100 .029 tit .028 e e 

J to 
12.1 

11 

e 

.900 .940 1S.0 11.0 1.20 .~e .28e 1.~ .sse .120 .e32 .920 .m.128 .883 

.968 .12EI 13.0 12.0 1.60 .700 .260 1.~ .880 .109 .eJJ .824 .070 • .28i .4Il83 

~ ~ ~ ~ ~ ffl ~ M m ~ ~ 

10 .140 .330 .zae .005 .lS0 .420 .020 .002 .030 .020 .002 

11 .170 .350 .30e .010 .230 .380 .030 .801 .040 .020 .003 

.190 .3se .330 .015 .260 .3~ ~e40 ~ .O~O .928 .ees 

Discussion: 

This morphosecies includes the more globose members of the HIe zone 

fauna, and incorporates the uncommon subspherical young forms. such as 

specimen no. GSM 95364 (Plate I, 4), which have been referred to H. 

leodicense in the past. Specimens belonging to this morpho species tend 

to have the strongest ornament amongst Hla forms. and are more likely to 

show bifurcation of ribs. 

The lectotype of H. subglobosum shows a markedly globose early 
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ontogeny. which unfortunately does not agree with most of Sisat's original 

descriptionJ this forces H. 1eodicense (H. Schmidt) into junior synonymy. 

Demanet (1941. pl. v. figs. 7-10) and Souckaert (1961) both illustrate 

specimens named as H. subg1obosum - these are ambiguous but may belong 

here. 

Homoceras diadema (Beyrich) 

Plate II. 1 & 2 

Ammonites diadema Beyrich. 1837. pl. ii. figs.8. 9. 

G1yphioceras beyrichianum var. praematura Haug. 1898. pl. i. figs. 

12. 14, 23. 

Homoceras beyrichianum CDe Koninck) Patteisky. 1959~ pl. ii. figs. 

2, 9, 10, 12. 16, 17. 

Holotype: The specimen figured by Beyrich (1837, pl. ii, figs. 8, 9) 

from the !. beyrichianum band at Chokier, Belgium. Measurements 

unobtainable due to poor illustration of ho1otype. 

Stratigraphic Range: H1b zone. 

Code in Analyses: HIBA (C1 Llst~-::F Z 1. ) 

Matrix of Character Values: 

J 

s c T 

1 

N ,. Du 
6'. 

w 
HW 

, .. ... 
Hw 

'" Do Hw Hw 
1'0 

HW 
Dh 
Hw 

Lt Ht 
Hw Hw 

7.1 L.00 I) 14 • .a t1.9 1.20 .~00 .260 .9~0 .120 .002 .002 0 .080 .00~ 

.820 .140 .913 .005 .030 .0S~ .00~ 10 

12.1 

tl 

1.ee 0 21.0 14.0 1.15 .600 .250 

'.eo ,."'\'.'01'.'. 1.' ........ . 
1.99 .109 12.9 18.9 1.90 .409 .220 

.789 .130 .0Z0 .008 .0i0 .0~0 .003 

.700 .120 .~25 .012 .110 .060 .002 

1/1 ~'I III 11'1 1/1 ,/I ,'I hll III JII 11/1 

10 .19~ .280 .3ae .~S9 .190 .439 .039 .0~3 .0Z9 .020 .002 

11 .2La .310 .330 .06~ .260 .399 .035 .003 .030 .015 .004 

a .220 .340 .3,e .839 .330 .340 .940 .001 .oze .015 .001 

Discussion: 

This morphospecies is fairly globose in shape, but is nevertheless 

the most discoidal, involute form in the Hlb zone assemblage. Bifurcation 

of ribs is often seen, but is only developed errati~ally. 
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Beyrich's (1837) illustration is not sufficiently clear to be 

certain, but it seems most likely that the type specimen of H. diadema is 

correctly assigned to this morphospecies. 

Homoceras ~. aff. diadema 

Plate II, 3. 

Stratigraphic Range: Hlb zone. 

Code in Analyses: HISS ([1 ustelr Z2) 

Matrix of Character Values: 

(See data for cluster HIBZ2, Section 4.1.1.) 

Discussion: 

This form is only represented by two poorly preserved specimens, and 

so 8 full systematic treatment is unjustified. Its most obvious feature 

is strong, bifurcating ornament on the flanks, otherwise it is similar to 

H. diadema. 

The following are possibly equivalent: 

GlyPhioceras ~eyrich1anum var. irregularis Haug, 1898, pl.i,fig. 8. 

• •• tenu1striata w " "fig. 9. 

" " "biplex """ figs.13,19,20. 

Homoceras diadema (Seyr1ch) Oelepine, 1941, pl. i, figs. 10,11. 

Homoceras beyrichianum (De Koninck) Patteisky, 1959, pl. ii, figs.8.16. 
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Homoceras smithii (Brown) 

Plate II. 5. 6. 

Goniatites smithii Brown. 1841. p. 218. pl. vii. figs. 34,35. 

Homoceras diadema var. smithi (Brown) Bisat. 1924. pl. iv. figs. 3. 4. 

Holotype: MM Ll0244, from the tl. smithii band at Millwood. near Todmorden, 

Yorkshire. For measurements. see Appendix 2b. 

Stratigraphic Range: H2a zone. 

Code in Analyses, H2AC & H2AO (Cluster"s x::;;;~ X.q·~ '{'1., 11) 

Matrices of Character Values: 

H2AC • C T N II It oJJ W III It! Do Po Oh LI HW ... D, Hw Hw HW HW HW HW 
• , .. 1.ee 0 9.e0 1.00 .2tt .4~0 2.40 .9'50 .170 .040 0 .030 0 

J • 12.1 

1.80 9 12.9' 1.0e .489 .370 2.00 .910 .200 .040 0 .0!S0 0 

1.00 0 13.0 1.00 .sse .290 1.60 .830 .170 .930 .1)1)2 .e91) .930 

• 1.88 0 13.0 1.00 .189 .240 1.4:5 .S00 .130 .010 .00S .120 .0'0 

a 

H2AD • C T N II It 
Du W '" Itt Do Po Dh La ... Hw MW HW HW MW MW HW 01 

• , .. 1.ee 0 17.0 1.00. 0 .~2e 2.29 .98e .120 .03.2 " " \) 

J • III 

1.88 e IS.0 1.90 .289 .438 1.90 .950 .150 .932 I) .020 (I 

1.ee 0 14.0 1.00 .see .300 1.150 .S7e .1~0 .\')23 .001 .030 .~JO 

• 1.89 9 13.9 1.ge .189 .240 1.45 .800 .130 .010 .009 .100 .e!·o 

» 

Discussiont 

Ht ... 
Hw 

e 
0 

0 

e 

Ht 
HW 

iii 

0 

0 

~ 

Morphospecies H2AC and H2AO are here united under ona name because: 

a) they are only distinct in one CH2AX) of three analyses. b) they are 

phenetically close and therefore difficult to distinguish in practice, c) 

the holotype of!!. smithii cannot with certainty be attributed to one 

rather than the other. 

H. smithii is mere evolute than most other Homoceras species. ans 

shows simple, distinctive ornament. 
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Homoceras browni ~. nov. 

Plate II, 8. 

Holotype: GSM Zi 4606, from the H. smithi1 band at the R. Ai11e, Phosphate 

Mine, Doolin, Co. Clare. Rep. of Ireland. For measurements, see 

Appendix 2, no. 47. 

Stratigraphic Range: H28 zone. 

Code in Analyses: H2AA & H2AB. 

Matrices of Character Values: 
T , Du W AI '1 Do Po Dh Lt HI 

H2AA S c II II ... ... .... Hw HW HW liw ... HW DI Hw Hw Hw 
I 

7.1 1.00 13 12.0 16.8 1.08 .~ee .470 Z.Z0 .~80 .2'30 .0!50 9 0 .110 .0~)9 

.I 10 1.813 0 lLe .18.e 1.18 ...... 390 1.90 .940 .lS0 .1330 0 .02e .090 .004-
Q 

12.1 1.00 a 9.80 21.0 1.00 .~e .330 1.6~ .920 .160 .920 0 .0:21) • esa 0 

11 1.80 e 8.18 23.8 1.ee .~ .280 1.~ .900 .2130 .e1~ 0 .01(1 .oe0 0 

211 

S C T II • , Du W III PI 00 Po Dh It Ht ... ... liw HW HW liw HW Hw Hw H2AB De Hw 

• 
7.1 1.0e 0 17.0 21.0 1.00 .190 .460 2.30 .ala .260 .0~0 Ii) .040 .030 .eos 

E 10 1.80 III 0 .0:20 .075 .004 
oS 
q 

12.1 1.00 e 10.0 26.0 1_1i1Q .~ .330 1.6~ .928 .160 .020 e .01~ .e130 \1 

11 1.80 e e .el~ .oso 0 

211. 

Discussion: 

The two morphospecies H2AA end H2AB are both incorporated here for 

the same reasons as H2AC and H2AD in~. smithii. ~. browni differs most 

from H. smithii in its tendency to possess a strong umbilical rim. -

Homaceras gibsoni~. nov. 

Plate II. 7. 

Homaceras cf. smithi H. Schmidt, 1925, pl. xxv. fig. 14. 

Halotype: GSM Zi 4607x. from the~. smithii band at the River Ai11e. 

Phosphate mine. Doolin. Co. Clare. Rep. of Ireland. For measurements. 

see Appendix 2. no. 7B. 

Stratigraphic Range: H2a zone. 

Code 1n Analyses: H2AE (Clusters X5. ~3) 
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Matrix of Character Values: 

s c T N " 
, 0" w ... ,. 00 Po Oh LI HI , ~ ... HW HW HW HW HW Hw 01 Hw Hw 

I 

7.' • :)51) • '~$I) 12.0 1. I)l) • 200 • ~0 1.4!5 .S!50.170 I) I.) 0 I) ~J 

J 
1O . sse 13 

I'···! 
1.oe .150 .241) 1.30 • sea .050 .(110 0 .121) 0 e 

12.1 1.1130 I) 22.0 1.00 .9"1 .1:10 1.20 .~ e .Q22 0 .210 0 e 

" 
1.ee 0 26.0 1.0e e .120 1.10 .7M e .030 e .270 0 e 

at 

Discussion: 

A distinctly discoidal form - quite readily distinguishable from the 

much more common H. smithii & H. brownie 

Homoceras undulatum (Brown) 

Plate IV. 2, 3. 

Goniatites undulatus Brown, 1841, p.213, pl. vii, figs. 1-4. 

Homoceras diadema var. undulatum (BrownI Bisat. 1924. p. 105. 

Homoceras undulatum (Brown) Bisat & Hudson, 1943, pl.xxvi, figs. 1, 2. 

Holotype: MM LID241. from the~. undulatum band at Crosshil1s, Skipton, 

Yorkshire. For measurements, see Appendix 2b. 

stratigraphic Range: H2b zone. 

Code in Analyses: H2BC & H2BD (Clusters Y3, Z2, Z3) 

Matrices of Character Values: 
w ... 'l:- .,. 
Ii. Ii. _ -

u 
Hw 

HI 
MW H2BC 

• 
7.1 

E 10 
~ 
Q 

t2.I 

1. 
at 

• 
1.00 

1.ee 
1.ee 
1.ee 

c T N " 
, 

I) 17.0 14.13 1.10 .:lee .290 1.89 .9:10 .1~e .02g .918 0 .f40.010 

8 15.8 14.9 1.28 .78e .288 1.65 .see .1M .825 .021 .020 .1~ .ooa 

• I"··! I' •• 1.38 ..... 278 I."" .8!18 .m . .., .819 .060 .148 .... 
9 13.8 14.0 1.48 .see .268 1.40 .see .~ .e10 .00& .190 .120 .804 

all ~ ~ ~ ~ ffl ~ M M ~ U 

10 .230 .390 .350 .1310 ::299 .360 .930 .1iI1)'] .eJ0 .020 .902 

1 '1 .2113 .429 .370 .040 .240 .380 .010 .eal .010 .030 .ee2 
a 

H2BD 

J 
Q 

» .250 .4!5G .390 .030 .220 .4ee 0 o o .a19 , 

• 
7.1 

10 

12.1 

" 
at 

• c D.! 
Da 

Dh 
Ii. T N " 

, 

1.00 0 17.0 14.0 1.40 .500 .299 1.89 .9~0 .150 .920 .elS 9 .140 .91e 

1.ee 
1.lde 

1.99 

o 15.0 14.8 1.50.700 .280 1.65 .300 .190 .025 .021 .020 .140 .i0S 

° I 1 •. O!14 .• I.'" ..... 27. I." .!OO .070 .0,. .021 .0' •. 148 .... 
e 13.8 14.9 1.6e .890 .2'0 1.30 .80e .ese .020 .019 .140 .120 .004 
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Discussion: 

The two morphospecies H2BC and H2BD are here united in~. undulatum 

Tor the same reasons as were cited in the discussion OT H. smithii. H 
- 2b 

zone has less variation than any other Homoceratid Tauna (see Fig. 40). 

H. undulatum 1s a rather typical member oT the genus and, indeed, is 

morphologically central in the whole Tamily. 

Homoceras !£. aTT. undulatum 

StratigraphiC Range: H2b zone. 

Code in Analyses: H2BE (Clustf?r Y2) 

Character Values: see data Tor cluster H2BV2 (Section 4.1.1.). 

Discussion: 

Incompletely known - only three specimens at one size range. Difficult 

to distinguish from other H2b zone forms. 

Homoceras parundulatum!£. nov. 

Plate II, 1, S. 

Holotype: GSM Zi 4548 2076, from the H. undulatum band, River AllIe, 

Doolin, Co. Clare, Rep. aT Ireland. For measurements, see Appendix 2, 

no. 157. 

Stratigraphic Range: H2b zone. 

Code in Analyses: H2BA (Clusters Yl. Z1) 

Matrix of Character Values: 

• c .T N " 
, 

i 

7A .sse 0 14.0 14.0 1.00 .750 .400 2.Z~ .900 .20~ .02~ 0 .01~ .090 .019 

10 

1. 

10 

1. 

3D 

1.et .930 14.1 1'.0 1.et .eee .340 1.90 .~ .1'0 .013 e .040 .ese .010 

1.00 0 ~ 16.0 1.00 .see .290 1.70 .820 .100 .010 .e0~ .970 .13'0 .ees 
1.90 e ~19.e 1.0S .sse .260 1.~e .780 .100 .007 .001.120 .030 0 

~ ~ ~ ~ ~ ffl ~ M m ~ ~ 

.lS0 .369 .310 .010 .270 .lS0 .839 .002 .030 .020 .093 

.210 .310 .330 .020 .ll0 .3J0 .030 .003 .010 .~le .~ 

.230 .270 .340 e .370 .290 .030 .~02 0 0 0 
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Discussion: 

Generally more evolute and less discoidal than~. undulatum, ~nd with 

simpler ornament - less likely to show bifurcating ribs. 

Homoceras !£. aff. p~rundulatum 

Plate II, 4. 

Stratigraphic Range: H2b zone. 

Code in Analyses: H2SS (Clusi:(7.?rs Y4~1 Z1) 

Matrix of Character Values: 

• c T N 

, " 
, Du 

01 
Dh 
HW L,!. HI 

Hw Hw 

7~ .380 e 16.024.0 t.00 .100 .3111.7'0 .see .120 .~5' .002 .050 .eso .010 

J 
10 1.ee .~e 16.0 24.0 1.00 .300 .280 1.~O .sse .030 .040 .004 .090 .089 .019 

12.1 

" 
,... 01 , •.• , .... ,. '0 ......... , ........ 07 ••• w ..... L20 . .,. .... 
1.ee 0 IS.8 26.9 1.10 .888 .229 1.30 .788 .080 .025 .90' .160 .030 e 

1D .199 .350 .l60 .019 .2S0 .390 .910 .002 .025 .020 .e07 

1. .230 .340 .390 .040 .280 .~ .030 .eel .020 .020 .90S 

.250 .J20 .400 .030 .:rze .329 .030 .002 .010 .028 .9at 

Discussion: 

Only analytically separable from~. parundulatum at one size range, 

at which it is represented by-two specimens (cluster H28Y4). Difficult to 

distinguish in practice. 

Homoceras eostriolatum S1sat 

Plate IV, 6. 

Homoceras striolatum (Phillips) S1sat, 1924, pl. vii, figs. 6-9(pars.). 

Homoceras eostr1olatum S1aet, 1926, p. 131. 

Homoceras eostriolatum Siaat. S1aat & Hudson, 1943, pl. xxv, fig. 3. 

V~llites eostr101atum (Siaat) R~sbottom, 1977, p. 288. 

Lectotype: 8M C25746, from the~. eostrio1atum band at Pendle Water, east 

of Rough LeB~ Forest of Pend1e, Lancashire. For me~surements, see 

Appendix 2b. 

stratigraphic Range: H2c zone. 

Code in Analyses: H2CC (Clusters Y3. 11) 
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Matrix of Character Values: 

I c T N " 
,. Ou W ". fit Do Po Oh LI HI 

0. Hw ... - HW HW Hw Hw Hw Hw Hw 
I 

7.1 1.ea 0 17.9 1~.9 1.10 .~00 .2~0 1.40 .:370 0 0 " .0:50 .0'70 .003 

E 10 1.00 £/ 13.0 12.0 1.10 .400 .260 1.30 .S29 0 \} 0 .080 .eS0 E.t 

a 1Z.J 1.00 13 a.eo s.~ 1.0e .~00 .300 1.2~ .?50 .e,e tit tit .110 .170 ~ 

11 1.e0 e 6.00 4.00 1.00 .400 .310 1.20 .7ee .050 0 0 .1'0 .200 0 

:II 

Discussion: 

Previously placed in Val11tes on the basis of its slightly raised 

umbilical rim. but this character is here shown to be also common in 

Homoceras. In all respects it is quite typical of Homoceras. and is the 

only member of the ganus 1n H2C zone. 

Homoceras divaricatum (Hind) 

Plate VI, 6. 

Glyphioceras divaricatum Hind, 1905. pl. vi, Tig. 6. 

Glyphioceras divaricatum Hind, 1916. pl. xvi, figs. 2-6. 

Homoceratoides divaricatum (Hind) 81sat, 1924, p. 113. 

Homoceratoides complanetum DelSpine. 1941. pl. vii. fig. 9. 

Homoceratoides divaricatum Oemanet, 1943. pl. v. figs. 22. 23. 

Holotype: The specimen figured by Hind (1905. pl. vi. fig. 6) from the 

Upper Namurian. Rep. of Ireland. For measurements see Appendix 2b. 

Stratigraphic Range: Rlb to Westphalian A. 

Code in Analyses: HR18D (Clusters Y2. Z~) 

Matrix of Character Values: 

I 

i 1Z.I 
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I • 
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at 

• c T N " 
,. Ou 

6i 

.B00 .050 15.13 6.60 2.80 1.00 .290 

l.seal.lOO 13.0 S.se 2.60 1.00 .220 

.870 0 9.00 8.00 2.20 .950 .170 

.~O 0 7.90 9.03 1.S0 .S90 .120 

.11 lin all dn .n fll In 

.190 .380 .330 .030 .220 • 400 • 020 

w 
HW 

hn 

e 

". ,.. Do ... Hw HW Hw 
Po 

HW 
011 
HW 

Lt HI 
HW HW 

.750 .050 .810 .016 .140 .330 .020 

.700 .0'0 .010 .025 .120 .270 .010 

.S~0 .0'0 .007 .017 .110 .120 .00' 

In In lin 

.040 .020 .ee1 

.130 .430 .400 .~0 .210 .420 .0113 .002 .aso .039 tit 

.lsa .490 .480 .OSO .200 .430 .010 .002 .070 .040 " 
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Discussion: 

This form becomes extremely involute and discoidal and has very 

characteristic sinuous ribbing on the flanks, forming pronounced ocular 

and hypo nomic sinuses. in later ontogeny. 

H. divaricatum is not analysed on Figure 35, due to an incomplete 

character setJ it is here included in Homoceras rather than Homoceratoides 

because its nearBst neighbour in the A-space of the Figure 36 analysis is 

a member of the Homcceras cluster (code HRlCGA). Its inclusion here is, 

nevertheles. mar,i1nal. 

Specimens allocatable to this morphospecies occur occasionally in 

most marine horizons from RIb to G2 zones. Unfortunately. it is particularly 

rare in the size ranges analysed and does not contribute to any clusters 

in the R
lc 

to G zone analysis. The many larger specimens known from this 

interval can only tentatively be included in this morphospecies. The 

morpho species HRICGC is dominated by specimens referred to Homoceratoides 

kitchini (Biaat. 1929) which is now referred to Politoceras on the basis 

of sutural charactersJ this morpho species is therefore not further considered 

here. 

Homoceras fortelirifer (Ramsbottoml 

Plate VI, 7. B. 

v.· Homocerato1des fortel1rifer Ramsbottom, 1958, pl. 11, figs. 1-8. 

Holotype: GSM Zh 553, from the~. superbilingue horizon at Pears House 

Clough, south end of Strines Reservoir, Sugworth, Yorkshire. For 

measurements, Bee Appendix 2, no. 370. 

Stratigraphic Range1 R2c zona. 

Code in Analyses1 HRICGA (Clust.er- Z 1 ) 

MatriX of ~racter Values: 
I c T • • , Du W "' " Do ~o Dh Lt Ht 

D. HW 
., -H. Hw Iiw Hw Hw 

..... 
Hw Hw 

1 

7~ 1.00 e 10.0 ~.e9 1.40 l.ee .290 1.20 .700 .9S0 .049 .913 .120 .290 .812 

10 

B 12.15 

l.ao 0 10.0 7.00 l.Se 1.00 .270 1.10 .70e .oae .030 .~lS .140 .lsa .010 

1.9801 0 110.0\11:).011.60 .S00 .24011.051.~:>so .1"''> .,'>2'" I . .....'" "'.., .~)e3 .1St) .110 .0e~ 

11 .980 .059 9.00 Le.a l.SO .S00 .220 1.00 .sao .eso .920 .004 .1iO .140 .009 
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all bit ell dll ./1 fll ,II hIl 111 111 1111 

10 .1,0 .300 .3E>e .020 .2~0 .400 .020 .0e2 .010 .~11i1 .001 

E 11 .18il .349 .3S~ .030 .J00 .J7~ .030 .003 .010 .e10 .~2 • is 
31 .22<1 .369 .400 .e50 .360 .320 .030 .005 .020 .015 .002 

Discussion: 

This morphospecies clusters on Fiiure 35 with Homoceras, but Figure 

39 shows it to be intermediate between this genus and Homoceratoides. Its 

coarse bifurcatini ornament placed it in ~omoceratoides in the original 

description, this combination of characters is allowed in Homoceres in the 

present analysis and overall resemblance 1s to unambiiuouS Homoceres forms. 



Genus Va11ites Ruzhentsev and Bogos1ovskaya. 1971 

Goniatites: Phillips. 1836 (pars.) 

G1yphioceras: Haug. 1898 (pars.) 

Eumorphoceras: H. Schmidt. 1925 (pars.) 
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Homoceres: Bisat, 1924 (pars.), H. Schmidt, 1934, Demanet. 1941 (pars.), 

Bisat & Hudson, 1943 (pars.), Stubblefield in Stephens ~ ~., 

1953 (pars.), Hodson. 1957, Patteisky, 1959 (pars.), Bouckaert. 

19S1 (pars.). 

Homoceratoides: Schmidt, 1933, Bisat & Hudson, 1943 (pars.), Bouckaert. 

1961 (pars,}, Ruzhentsev & Bogos1ovskaya. 1978 (pars.), Popov, 

1979 (pars.). 

Hodsonites: Ramsbottom, 1977. 

Isohomoceras: Ruzhentsev & Bogos1ovskaya, 1976 (pars,~). 

Va11ites: Ruzhentsev & Bogoslovskaya, 1971, R &B, 1978. 

Type species: Homoceras henkei H. Schmidt, 1934, from RIa zone, Gerlingsen. 

West Germany. 

Characteristics 

The position in A-space of this genus is shown on Figure 39. The 

histogram on Figure 37 indicate that this position corresponds with 

possession of the following character states: 

Shell shape - mostly involute and discoidal. 

Coarse ornament - ribbing not usually present, but there are a variety 

of structures on the umbilical margin. 

Fine ornament - striae spaced closer than in other Homoceratids, 

some species develop crenulation and associated spirals. 

Apertural form - a strong hyponomic sinus, and some species develop 

pronounced sinuosity on the flanks. 

suture - this genus has lower lobes and saddles than other 

Homoceratids, and the lateral saddle is wide, at the 

expense of the median saddle. The lobes tend not to 

have strong prongs. (Information from Fig. 54). 
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Composition 

V. henkei (H.Schmidt, 1934) (Homoceras), ~. magistrorum (Hodson, 1957) 

CHomoceras), ~. striolatum (Phil11ps,1836) (Goniat1tes), ~. varicatum 

(Schmidt, 1933) (Homocerato1desl. ~. mutabi1e (Bisat & Hudson, 1943) (~

ceratoides), ~. praematurum (Haug, 1898) (Glyphioceras), ~. demaneti (Bouck

aert. 1961) (Homoceratoides), ~. schmidti Ruzhentsev & Bogoslovskaya, 1971. 

V~ 1ibrovitchi (R & B,1978) (Homoceratoides), V. kalmiusi (Popov, 1979) 

(Homoceratoides), y. submagistrorum!p" ~., V. gillense !p.' ~., y. 

lancastria!E.' nov •• 

Discussion 

Best recognised. not by a crenu1ate umbilical rim as cited 1n the type 

description, but by being the most involute, discoidal and flnely ornamented 

of the Homoceratidae. 

Stratigraphic Distribution 

Chokierian, topmost Alportian and K1nderscout1an CH1, H2c ' RIa' Rlb). 

Vallltes lancastria!p'. nov. 

Plate I, 1,2,5,6. 

Homoceras striolatum var. subglobosa Bisat, 1924, p. 110 (pars.) 

Homoceras subglobosum Blsat, Pattelsky, 1959, pl. ii, fig. 1. 

Holotype: GSM 82854, from the~. subg1obosum band at Sam1esbury Bottoms. 

Lancashire. For measurements, see Appendix 2, no. 16. 

Stratigraphic Range: Hla zone. 

Code in Analyses: HIAA (Clusters \ .... ~. 
I· ... ' .. 

Matrix of Character Values: 

• c T N " 
, 

1 

7J .930 0 34.0 6.00 2.09 0 .150 1.(0 .see .030 .010 e ~ .1~0 .IUI 

.130 .e10 

.sse .080 l~.O 6.ee 1.30 .4ee .160 1.30 .eaa .0'0 .012 .009 .140 .110 .ill 

10 

J 12.1 

11 1.ee a 12.0 6.ee 1.18 .380 .160 1.20 .780 .ase .025 .016 .210 .090 .010 

all 11/1 011 all ell fll 8/1 hll III jll 11/1 

10 .20e .370 .340 .030 .190 .400 .0L~ a .e20 .010 .001 

11 

» 

.2v0 .400 .390 .030 .2S0 .:60 .oza .001 .030 .013 .004 

·.200 .420 .430 e .330 .320 .0~ 0 .0~ .020 .aes 
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Discussion: 

This is the commonest form in Hla zone and is fairly central with 

respect to the range of variation in the fauna. It possesses, when young, 

a slight umbilical ridge, which may be divides into perceptible tubercles • 
. 

The slight umbilical structures visible on specimen no. GSM 82852 (Plate 

I, l) are not normal at this size.· 

Much of Bisat's (1924) description of H. striolatum var. subglobosa 

seems to apply to this morphospecies •. Although quite close to typical 

Homoceras, the shell shape and fine ornament place it in Vallites. 

Vallites gillense !E. nov. 

Plate I, 7. 

Holotype: GSM 59999, from the~. subglobosum band at Fairborough Wood, 

Cliffe Park Station, Staffordshire. For measurements, see Appendix 

2, no. 25. 

stratigraphie Range: Hla zone. 

Code in Analyses: HIA8 (Clusters Y2~ Z1) 

Matrix of Character Values: 

• c T 

.. 
7.1 .970 0 29.0 

I 
10 

12.1 .900 .100 29.9 

11 .~ .109 19.0 

2D 

Discussion: 

N " 
, 

1.00 e 

Du 
01 

W R.· PI Do '.1 Dh 
Hw Hw it.. Hw Hw Hw 

.209 1.40 .800 .e2~ .90S e .0Z0 

1 .• 80 .138 .178 1.40 .790 .860 .023 .007 .0~0 

1.ge .400 .lS8 1.20 .7~0 .t0~ .030 .ge, .t00 

1.89 .258 .169 1.1~ .170 .12a .030 .010 .l~e 

e 0 

0 e 
e 0 

e 0 

This is the most extremely discoidal member of the fauna. It is 

more likely than other Hla zone forms to show crenulation and spiral 

ornament, albeit slight. but it is particularly notable for its lack of 

structure on the umbilical margin. This is quite a rare form, but it 

shows a clear similarity with type Vall1tes. 



Val lites magistrorum (Hodson) 
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Plate V, 2, 3. 

v. Homoceras SPa nov. A. Stubblefield in Stephens et el.1953, pl. vii,fig.7. -- --
v. Homoceras magistrorum Hodson,. 1957, pl.C, fig.1, pl.D, figs.2,3,6 (pars.) 

Homoceras magi~trorum Hodson, Patteisky, 1959, pl. 5, fig. 1. 

Hodsonites magistrorum (Hodson) Ramsbottom, 1977, p. 288. 

Holotype: GSM 86909, from the y. magistrorum band at River Aille, near 

Lisdoonvarna, Co. Clare, Rep. of Ireland. For measurements, see 

Appendix 2, no. 195. 

Stratigraphic Range: R 1 zone. 
la 

Code in Analyses: HRIAC (CILlster"s Xl~ Y4~ Z2) 

Matrix of Character Values: 

I c T N It 
Du 
D. 

I 

w III 
trw ... 

Hw 
PI 
HW 

Do 
HW 

Po 
HW 

DII 
Hw 

L.!. HI 
Hw HW 

• 

.300 .100 30.0 7.~e 1.10 .2~0 .320 1.~ .300 .oa0 .020 .007 .060 .100 .020 

.950 .9S0 ll.0 a.~o 1.1S .200 .291 1.lS .a50 .0S0 .030 .Q21 .0Se .170 .020 

1.0e .050 18.0 7.00 1.10 .100 .~0 1.20 .a~e .050 .~ .024 .090 .110 .01' 

1.00 .020 17.5 6.e0 1.10 .0~0 .220 1.15 .790 .0Z0 .015 .i21 .095 .070 .010 

Discussion: 

Ramsbottom (1977) placed this species in a new genus on the basis 

of presence of bifurcation and intercalation of striae. These are mono

thetic criteria which are not confirmed as important here. y. magistrorum 

differs from the type Vallites in being stouter and in possessing quite 

widely spaced plications at the umbilical edge when young, with little 

sign of associated crenulation. In y. henkei, these p11cations are so 

closely spaced as to form an umbilical ridge, which is crenulate. 8if-

ureation and intercalation of striae in y. maliltrorum may Simply be 

1Jneconsequence of wide spacing of pl1cations. 



Vallites .!E.. aff. magistrorum 

Plate V.I. 

v. Homoceras magistrorum Hodson, 1957, pI. 0 , fig. 6 • 

Stratigraphic Range: RIal zone 

Code in Analyses: HRIAF (el us'b:;)y' Z 1) 

Character Values: see data for cluster HRIAZI (Section 4.1.1.). 

Discussion: 

Only represented by one specimen. Generally like V. magistrorum 

but more evolute, broad and coarsely ornamented. 

Va11ites submagistrorum~. nov. 

Plate V, 4. 

v. Homoceras magistrorum Hodson, 1957, pl. 0, 5. 

Holotype: GSM 71452, from the V. magistrorum band at BacKstone BecK, 

Ilkley, Yorkshire. For measurements, see Appendix 2, no. lB9. 

Stratigraphic Range: RIal zone 

Code in Analysis: HRIAO (Clusters V3, 15) 

Matrix of Character Values: 

s C T .. Il P 
Du W III PI Do Po Dh Lt Ht 
O. ... 

Hw Hw Hw HW 
,. ... Hw Hw Hw Hw 

• 
7.1 1.00 • Hie 14.0 IS. ~) 1. '3') .60') .220 1.2.0 .SUO .3(10 • use .0139 .:2'30 .120 .~HO 

E 10 
• 

11.oel·100 15.0 16.0 1.00 • ~Ol) .200 1.10 .7S0 .230 .045 .015 .2'31j • lI~O .011) 

Q 
1Z.I s~·· .100 1;.0 113.0 1.10 .2el) .1813 1.05 .751) .150 .1340 .02~ • 35~) .080 .01)5 . ~-

15 .900 .100 18.0 6.1)1) 1.05 .100 .160 1.e~ , i'30 .100 ,1)45 .025 .3E:O .171.0 .00.2 

» 

Discussion: 

This morphospecies is found in association with y. magistrorum, 
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and the range of variation between the two may well be continuousJ never-

theless they do form significantly separate clusters. ~. submagistrorum 

has approximately the same ornament as ~. magistrorum, and approximately 

the same involute, discoidal shape as V. henkei. 



Vallites henkei (Schmidt) 

Plate IV, 7, 8. 

Eumorphocaras subreticulatum Schmidt, 1925, pl. xxv, figs. 4,5,6. 

Homoceras henkei Schmidt, 1934, p. 456. 

v. Homoceras henkei Schmidt, Sisat & Hudson 1943, pl. xxv,figs. 5,7. 

v. Homoceras aff. eostriolatum Biset & Hudson 1943, pl. xxv. fig. 6. 

v. Homoceras hankei Schmidt, Stubblefield in Stephens ~!!., 1953, 

pl. vi, fig. 9. 

v. Homoceras henkei Schmidt, Hodson. 1957, pl. C, 2, pl. E, 4, 5. 

Homoceras henkei Schmidt. Patteisky, 1959, pl.i, 23. 

Homoceras henkai Schmidt, Bouckaart, 1961. 

Vallites henkei (Schmidt), Ruzhentsev & Sogoslovskaya, 1971. 

Vallites henkei (Schmidtl, R & 8, 1978. pl. xiv, figs. 8-10. 
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Holotypa: The specimen illustrated by H. Schmidt (1925, pl. xxv, fig.4) 

from RIa zone, Gerlingsen. W. Germany. 

Stratigraphic Range: RIa and topmost H2c zones. 

Code in analyses: HRIAE (Clusters Y3~ Z6) 

Matrix of Character Values: 
I c T • • p 

I 

10 

J 12.1 

1.00 .100 14.0 19.e 1.80 .688 .221 1.<48 .838 .381 .1Si .ee3 .169 .140 .010 

11.001.050 ".0 17.8 1.00 .:588 .281 1..30 .see .238 .IMS .007 .290 .130 .910 

1.ge .920 16.e 16 •. 0 1.08 .288 .1. 1.2:5 .see .1~ .845 .008 .220 .110 .00:; 

15 1.00 .200 .1~ .~ .810 .2:58 .sse .002 

2D 
• n WI .n ~ WI til -M III III .. 

10 .070 .210 .24e .0<4Ia .200 .391 .818 e .828 .828 e 
E 11 .099 .250 .268 .039 .2hl .. 388 .82i il .018 .Q38 8 • a 

2D .110 .290 .299 .918 .239 .370 .028 e .llIle .831 • 
Discussion: 

This morphospecies is involute and discoidal with sinuous simple 

ornament on the flanks and venter. The most notable feature, however, is 

the ornamentation on the umbilical shoulder, which takas tha form of a 

crenulata spiral ridge. This feature is maximally developed in this 

morphospecies, and it is therefore not diagnostic or typical of the genus. 
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Vallites sp. aff. henkei 

Stratigraphic Range: RIa zone. 

Code in Analyses: HRIAG 

Character Values: see data for cluster HRlAX3 (Section 4.1.11. 

Discussion: 

This form is represented by a few poorly preserved specimens (GSM 

EWJ 3460, 3442 & 3437) from the Knott Copy borehole. near Settle. York-

shire. It is particularly notable for its extremely tight umbilicus. 

even in smallspecimensJ otherwise it seems to resemble V. henkei. -
Vallites mutabile (Bisat & Hudson) 

Plate IV, 9. V. 6. 

v. Homoceratoides mutabile Btsat & Hudson, 1943. pl. xxv. fig. 2. 

Holotype: GSM SH 3256. from RIal zone. Lumbutts Clough. Woodhouse. 

Todmorden, Yorkshire. For measurements, see Appendix 2, no. 345. 

Stratigraphic Range: RIa zone. 

Code in Analyses: HRlAA 

Matrix of Character Values: 

• c T N R , 
I 

Du 
De 

HI 
HW 

7~ .S90 .85e 13.0 14.8 1.05 .150 .zse 1.41 .SJe .128 .015 .013 .i4B .118 .01~ 

10 

! 12.1 .gee .109 28.0 10.9 1.10 .159 .lS0 1.15 .739 .06Q .928 .887 .2M .... 895 

11 .900 .080 18.09.08 1.10 .120 .160 1.lIa .730 .060.022 .eee.291.188 .008 

10 .190 .300 .329 .039 .220 .400 .030 0 .930 .e3i .aDZ 

I II 
C 

.~.~.~.~.~.~.~ 0 .~.~.~ 

.210 .~0 .340 .0:0 .240 .3<48 .028 .901 .810 .010 .ee2 2D 

Discussion: 

This morphospecies appears to have few characters which justify its 

original inclusion in Homoceratoides. It shows typical VaIl1tes ornament 

with a loW umbilical ridge divided into short plications or nodes. 
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Vallites varicatum (H. Schmidt) 

Plate V, 5 I 6. 

Homoceratoides varicatum H. Schmidt, 1933, figs. 73, 74. 

Homoceratoides varicatum H. SchmidtJ Sisat & Hudson, 1943, pl.xxv,fig.l 

Homoceratoides varicatus H. Schmidt. Hodson, 1957, pl. E, 1.2.3. 

Homoceratoides varicatus H. Schmidt J Souckaert, 1961. 

Holotype: The specimen figured by H. Schmidt (1933, fig. 73) from RIal 

zone. east of Neheim, near Arnsberg, W. Germany. For measurements. 

see Appendix 2b. 

Stratigraphic Range: RIa zone. 

Code in Analyses: HRIAS 

Matrix of Character Values,: 
s c T N " .. 

Ii 

Du 
6'a 

w 
Hw ". Hw 

PI 
Hw 

Do 
HW 

Dh 
Hw L.!. 

Hw 
Ht 
Nw 

7.1 1.C0 .10e 30.0 9.513 2.00 .400 .3~0 1.30 .830 .1~O .030 .002 .08e .410 .0ZS 

E 10 0 30.0 .01S .018 .120 .380 .010 
~ 
0 

12.1 1.aO 0 28.0 11.0 1.00 .1'50 .01S .911 .130 .zse .005 

11 1.00 9 26.0 7.00 1.00 .200 .021 .003 .lS0 .170 .085 

2D 

Discussion: 

• V. varicatum shows typical Vallites char~cters, except its distinctive 

long bifurcating plications, which are not sufficient to justify inclusion 

in Homoceratoides. 

Vallites !E' aff. varicatum 

Plate V, 7. 

Stratigraphic Range: ?R lb zone. 

Code in analyses: HRISS (Clusters X3~ Yl~ Z3) 

Matrix of Character Values: 

s c T N It 

1 

U .SOO 

E 10 .131) 20.13 9.~)0 1.35 
.!I 
0 12:1 .350 .120 18.0 9.00 1.30 

15 .900 .0139 17.0 9.S9 1.35 

2D 
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Da 
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w 
Hw 

1.30 

1.15 

• SOt) 
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Hw 
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.i'61il 

.740 

PI Do 
Hw HW 

.050 .01S 

.ElS0 .020 
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.Else .015 

Po 
HW 

.001 

Dh 
liw 

.01Sea 

.£102 .130 

L,!. HI 
Hw HW 

.280 .010 

.130 .00:5 

.003 .178 .170 .003 

.005 .200 .210 .003 
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Discussion: 

This morphospecies is composed of specimens from a locality in 

Ireland which are doubtfully attributed to RIb zone, a RIa age now seems 

more likely. This uncertainty prohibits confidence as to its status. 

Vallites striolatum (Phillips) 

Plate VI, 1, 2. 

Goniatites striolatus Phillips, 1836, pl. xix, figs. 15-18. 

Glyphioceras striolatum (Phillips) Haug. 1898, pl. i, figs. 26,27. 

Homoceras striolatum (Phillips) 8isat, 1924, pp. 107,108 (pars.) 

Homoceras striolatum (Phillips) Demanet, 1941, pl. xvii, fig. 9. 

Homoceras striolatum (Phillips) 8isat & Hudson, 1943, pl.xxvii,fig.l. 

Homoceras moorei Bouckaert. 1961. 

Homoceras striolatum (Phillips) 80uckaert. 1961. 

Vallites striolatum (Phillips) Ramsbottom, 1977. p. 288. 

Lectosyntypes: The specimens illustrated by Phillips (1836. pl. xix, 

figs. 14-18) from RIb zone. Kulkeagh, near Enniskillen, Rep. of 

Ireland. For measurements, see Appendix 2b. 

Stratigraphic Range: RIb zone. 

Code in Analyses: HRlBA 

Matrix of Character Values: 
Do po Dh 

J 

s c T N " 
Uu 
De 

w 
HW ". .... 

Hw " HW liw HW HW ':!. 
Hw 

He 
Hw 

10 .S29 .15026.9 :25.0 1.130 .129 .198 1.313 .780 .039.910 .003 .080.060 .003 

tL5 .S~0 .2ee 24.0 22.~ 1.00 .080 .170 1.2Q .760 .02~ .920 .011 .130 .0~e .002 

11 .S80 .180 21.0 21.9 1.e9 .989 .039 .028 .022 .1Se .060 .1301 

~ ~ ~ ~ ~ ffl ~ M W ffl ~ 

• .170 .310 .ZS0 0 .210 .390 .010 0 .040 .035 a 

11 e .035 .025 

3D .190 .330 .280 .eSg .240 .390 .92~ .e01 .030 .02e .001 

Discussion: 

V. striolatum differs from species of Vallites in R zone by show
la 

ing more consistent crenulation on the umbilical margin, when preservation 



allows, and by having a less prominent umbilical rim. 
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Cluster HRlSZl includes one specimen (no. 87, Plate VI,S) which has 

been included in Homoceras spira10ides Sisat & Hudson. Although this 

specimen, the ho10type, cannot be separated on this evidence from V. 

striolatum. nevertheless Figure 20 shows two other specimens referred to 

tl. spira10ides (nos. 245 & 88, Plate VI,4) plotting distant from V. strio

latum. These specimens were not included in cluster analyses, being too 

large, so their significance is not known. It seems likely, though, that 

H. spiraloides is distinct from V. strio1etum but is poorly founded. 

Va11ites ~. aff. striolatum 

Plata VI, 3. 

Stratigraphic Range: RIb zone. 

Code in Analyses: HRIBC (Clusters X2~ Z2) 

Matrix of Character Values: 

I c T N H , Du W HI PI Do Po DII Lt HI 
D. HW -. HW MW HW HW MW MW Hw 

• 
U looa[ 0 Jo·'ll 11•00 0 .10011.10 .7~ol.070 .026 .020 .248 e e I 

! • o~ .038 30.0 6.0e 1.0e e .1101.09 .6:30 .100 .028 .021 .310 .018 a 
1Z.I .~e .0se 30.1i1 6.50 1.00 e .118 1.1!e .620 .150 .S38 .022 .370 .048 0 

11 .300 .070 30.0 7.09 1.ee .200 .130 1.10 .600 .188 .Q3S .022 .410 .870 .002 

• 
Discussion: 

Only known with certainty from two poorly preserved specimens. 

Apparently much more smoothly ornamented than V. striolatum. 
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Genus Bogdanoceras Ruzhentsev & Bogoslovskaya, 1971. 

Goniatites: De Koninck, 1843 (pars.) 

Glyphioceras: Haug, 1898 (pars.) 

Homoceras: H. Schmidt, 1924 (pars.), Delepine, 1941 (pars.), Patt-

eisky, 1959 (pars.), Ruzhentsev & Bogoslovskaya, 1971 (pars.), 

1978 (pars.) 

Bogdanoceras: Ruzhentsev & Bogoslovskaya, 1971, 1978. 

Type species: Bogdanoceras bifurcum Ruzhentsev & Bogoslovskaya, 1971, 

from Nm2bl and Nm2b2 zones of the Southern Urals. 

Characteristics 

The position in A-space of this genus is shown on Figure 39. The 

histograms on Figure 37 indicate that this position corresponds with 

possession of the following character states: 

Shell shape - includes the most evolute and broad Homoceratids. 

Coarse ornament - some forms have tubercles, and strong ribbing is 

more likely to be developed than in other genera. 

sometimes showing strong bifurcation. 

Fine ornament - striae quite widely spaced. 

Apertura1 form - lingua and ocular sinus usually strong, but hyponomic 

sinus particularly weak. 

Suture 

Composition 

- lobes and saddles are particularly tall compared to 

other Homoceratids, and the median saddle is wide. 

The lobes tend to have terminal prongs. (From Fig.54). 

B. bifurcum Ruzhentsev & Bogoslovskaya, 1971, ~. beyrichianum (De 

Koninck, 1843) (Goniatites), S. haugi (R & S, 1978) (Homoceras). 

Discussion 

An extreme and aberrant group amongst Homoceratids. Ruzhentsev and 

Sogoslovskaya (1978) appear to have overlooked the similarity between B. 

bifurcum and S haugi astrictum, which they place in different genera. 

Stratigraphic Distribution 

Chokierian (HlbJ and Kinderscoutian (R l ) in the U.S.S.R. 
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Sogdanoceras beyrichianum (De Koninck) 

Plate II, 4. 

Goniatites beyrichianum De Koninck, 1843. 

Glyphioceras beyrichianum var. crenata Haug, 1898, pl. i, figs. 1, 

4, 5, 17, lB. 

Glyphioceras beyrichianum var. coronata Haug, 1898, pl. i, figs. 2, 

15, 16. 

Homoceras beyr1chianum (De Koninck), H. Schmidt, 1924, pl. xxv,fig.l. 

Homoceras beyrich1anum (De Koninck), Patteisky, 1959, pl. ii, fig. 3 

(pars.). 

Homoceras coronatum coronatum (Haug), Ruzhentsev & Bogoslovskaya, 

1978, pl. xv. figs. 1, 2, 3. 

Homoceras coronatum nudum (Haug), ~uzhentsev & Bogoslovskaya, 1978, 

pl. xvi, figs. 1, 2. 

Lectotype: The specimen T1gured by Haug (18S8, pl. i, fig. 2), from the 

!. beyrichianum band near Liege. Belgium. For measurements, see 

Appendix 2b. 

Stratigraphic Range: Hlb zone. 

Coda in Analyses: tflBe (C1 uster- Z:::;:) 

Matrix of Character Values: 
C T .. I , ~ w ". ... Do Po Dh lot Ht I - HW HW HW HW liw HW HW Hw 

• 
7.1 1.00 e 7 .. 08 11.~ 1.08 .888 .488 2.~ .see .s~o .030 e 0 .118 .O3~ 

I 10 1.90 0 S •• %3.0 1.08 .see .480 2.28 .910 .6ec0 .040 " 0 .090 .O2~ 
~ 12.1 1.90 e ~'4 .• 1.08 1." .478 2.0'5 .969 • 739 .04~ .~01 0 .e130 .01~ 

11 1.ee 9 18.8 16.8 1.89 .888 .~ 1.99 1.99 .750 .040 .001 e .060 .005 

2D 

Discussion: 

This morphospecies is quite evolute and coronate, and is remarkable in 

that, for much of its ontogeny, it has no hyponomic sinus, and the ribs 

n 
arch forward to what is, in efTect, a IJgua situated on the venter. This 

is quite different from the apertural form of Homoceras species. 

As Haug (1898) and Ruzhentsev & Bogoslovskaya (1978) illustrate, this 
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morphosecies is highly variable and its limits are difficult to define. 

It may incorporate the two species here referred to ?~. ~., both of' 

which differ in possessing ventral grooves. Analysis using larger samples 

than were available here may result in a refinement of the taxonomic 

divisions in this fauna. 



Genus Homoceratoides Bisat, 1924. 

Homoceratoides: Bisat, 1924 

Type species: Homoceratoides prereticulatum Bisat, 1924. from H2c zone, 

Holden Beck, Silsden, Yorkshire. 

Characteristics: 

The position in A-space of this genus is shown on Figure 39. The 

23J 

histograms on Figure 37 indicate that this position crresponds with poss-

ession of the following character states: 

Shell shape - average Homoceratid. 

Coarse ornament - strong bifurcating ribs and plications. 

Fine ornament - may show faint crenulation and spirals. 

Apertural form - strong lingua and hyponomic sinus notable even in 

small specimens. 

Suture 

Composition 
• 

- lateral saddle narrower than most Homoceratids, all 

lobes and saddles tend to become particularly tall 

in later ontogeny. The leteral lobe tends to be in

flated. (Information from Fig. 54.) 

Htd. prereticulatum Bisat, 1924, Htd. doolinense !£. nov. 

Discussion 

The present analysis restricts the genus to the distinctive forms in 

H zone - no other species previously allocated to Homoceratoides has 
2c 

comparable early growth stages. Attention is drawn, however, to similarities 

with Russian species of Brevikites, unanalysed here. This demands further 

study. 

Stratigraphic Distribution 

Topmost Alportian (H2c zone). 



Homoceratoides prereticulatum 8isat 

Plate IV, 1, 3, 4. 

Homoceratoides prereticulatum Siaat, 1924. pl. i, fig. 3. 

Lectotype: 8M C25749. from H2c zone, Holden Beck. Silsden, Yorkshire. 

For measurements. see Appendix 2b. 

Stratigraphic Range: H2c zone. 

Code in Analyses: H2CB (Clusters Y2, 13) 

Matrix of Character Velues: 

• c T N 

I 
" 

, Dv 
6'1 

w 
liw ." .,. 

Hw 
PI Do 
liw Hw 

• J 12.1 
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• 1.08 8 12.0 11.8 1.88 .see .178 .~e .798 .~ .848 .ee3 .218.238 e 

Discussion: 

The distinctive ribbing. with prominent furcations. of the young 
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specimens make the H2c zone species quite distinct from Homoceratid forma 

from other horizons. Within this feuna. however. two morphospecies of 

Homoceratoides are recognised in the cluster analysis. ~. preret1culatum 

differs from~. doolinense by having finer ornament end by being sliahtly 

more involute. although these differences are only clear on young spectmena. 

Most published illustrations referred to this species. for exemple these 

of Bouckaert (19611. ere of poorly preserved. older specimens end cennot 

be definately allocated to one or other morphospecies. 

Homoceratoides doolinense!£. nov. 

Plate IV, 2. 5. 

Holotype: GSM LZ3035 G. from the~. prereticulatum band at Phosphate 

Mine. River Aille. Doolin. Co. Clare. Rep. of Ireland. For meesure-

ments. see Appendix 2. no. 332. 

stratigraphic Range: H2c zone. 

Code in Analyses: H2CA (Clust.(·:~r~~ Vl.! Z:?) 



Matrix of Character Values: 
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.240 .460 .490 .020 .320 .~0 .010 .001 0 .0Z9 .002 

Discussion: 
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More evolute and with. stronger tcbercles end ribs than Htd. preret-

iculatum. 
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Genus Bashkortoceras Ruzhentsev & Bogos1ovskaya, 1971 

Homoceras: Oe1epine, 1941 (pars.) J Ruzhentsev & Bogos1ovskaya, 1'971 

~pars.), 1978 (pars.). 

Bashkortoceras: R & B, 1971 (pars.), 1978 (pars.). 

Umbetoceras: R & B, 1971, 1978. 

Parahomoceras: R & B, 1971, 1978. 

'Type species: Bashkortoceras sa1avati R & B, 1971, from Nm2b2 zone of 

the Southern Urals. 

Characteristics 

The position in A-space of this genus is shown on Figure 39. The 

histograms on Figure 36 indicate that this position corresponds with 

possession of the following character states: 

Shell shape - evo1ute and broad. 

Coarse ornament - p1ications, tubercles and ribs not well developed, 

but likely to possess a ventral groove. 

Fine ornament - simple, widely spaced. 

Apertura1 form - tendency to have a strong ocular sinus, otherwise 

simple. 

Suture 

Composition 

- lobes and saddles lower than any other analysed genus, 

ventral sedd1e also narrow. Terminal prongs on lobes 

not well developed. (Information from Fig. 54). 

B. salavati Ruzhentsev & Bogoslovskaya, 1971J B. asperum (R & B,1971) 

(Par'ahomoceras) J B. africanum (R & B, 1971) (Parahomoceras) I ~. scharty

mense (R & B, 1978) (Homoceras)J ~. uskalykense (R & B, 1971) (Umbetoceras)J 

~. aravanense (R & B, 1978) (Umbetoceras), ~. kurui1icum (R & B, 1978) 

(Umbetoceras); B. karsak1ense (R & 8, 1978) (Umbetoceras). 

Discussion 

Ruzhentsev and Bogoslovskaya's (1971) division of these species into 

various genera was monothetica11y based, particularly with reference to 

presence of systems of "intra-ventral ridges". This criterion is not 

supported here, and is outweighed by similarities which reinforce the 

coherence of the genus. 



Stratigraphic Distribution 

?Gen. nov. 

Homoceras: Ruzhentsev & 80gos10vskaya. 1971(pars.J. 1978 (pars.). 

Characteristics 

The position in A-space of this possible genus is shown on Figure 

39. The histograms on Figure 37 indicate that this position corresponds 

with possession of the following character states: 

Shell shape evolute and broad. 

Coarse ornament - moderately strong ribs) may have bifurcating plic

ations. Strong ventral groove. 

Fine ornament - suggestion of spiral ornament. otherwise normal. 
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Apertural form - aperture arches forward to form a relatively strong 

ocular sinus. 

Suture - similar to Bogdanoceras. 

Composition 

?Homoceras alveatum Ruzhentsev & Bogoslovskaya. 1971) ?Homoceras 

subalveatum R & B. 1971. 

Discussion 

Two species represented by only three known specimens. The ventral 

groove is critical in separating this group from Bogdanoceras and Bash

kortoceras. and until this is shown not to be pathological. generiC 

status is doubtful. 

Stratigraphic Distribution 
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5. 3. FAMILY GASTRIOCERATIDAE Hyatt, 1884 

Characteristics 

For reasons explained in Section 4.2.5.3, the Reticuloceratidae 

Librovitch (1957), cannot be separated from the Gastrioceratidae. Conse-

quently, this forms a large and varied taxon. The principal components 

plot of Figure 57 gives an impression of this variety, and the histogram 

of Figure 52 suggests the following generalisations about the character 

states present in the family: 

Shell shape - very variable, but tends to be more eva lute than 

the Homoceratidae. 

Coarse ornament - tubercles and plications often strong, and these 

may show bifurcation. Ribbing usually weak. 

Fine ornament - more delicate than most Homoceratids, with crenu

lation of striae and associated spiral ornament 

very common. 

Apertural form - both the lingua and hyponomic sinus tend to be 

strong. 

Suture 

Composition 

- the lateral saddle is usually wide at the expense 

of the median saddle, but both tend to be rather 

short compared to the Homoceratids. Most forms do 

not develop significant prongs on the lobes in the 

size range analysed here. 

The following genera can be included in this family: 

Phillipsoceras Ruzhentsev and Bogoslovskaya, 1975. 

Retites McCaleb, 1964 (incorporating Alur1tes Ruzhentsev & Bogo

slovskaya, 1975J Tectiret1tes R & S, 1975J Quinn1tes Manger & 

Saunders, 1980). 

Ret1cu1oceras S1sat, 1924. 

Si1inguites Librovitch, 1946. 

Arkanites McCaleb, Quinn & Furnish, 1964. 

Otleyoceras ~.~. 

Gastrioceras Hyatt, 1884. 



Agastrioceras C. Schmidt, 1938. 

Lissogastrioceras Gordon, 1965. 

Cance110ceras Ruzhentsev & Bogos1ovskaya, 1969. 

Stratigraphic Distribution 

Kinderscoutian to basal Westphalian C. 

Genus Phi11ipsoceras Ruzhentsev & Bogoslovskaya, 1975 

Gastrioceras: Foord, 1903 (pars.) 

Reticuloceras: Bisat, 1924 (pars.), Bisat & Hudson. 1943 (pars.), 

Hodson. 1957} Bouckaert, 1961 (pars.). 

Eumorphoceras: H. Schmidt, 1925 (pars.). 
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Phillipsoceras: Ruzhentsev & 8ogos1ovskaya, 1975 (pars.), 1978(pars.). 

Type species: Gastrioceras circumplicatile Foard, 1903, from RIa zone, 

Lisdoonvarna, Co, Clare, Rep, of Ireland. 

Characteristics 

The position in A-space of this genus is shown on Figure 45, and the 

histogram an Figure 43 indicates that this position corresponds with poss

ession of the following character states: 

Shell shape - variable but moderate. 

Coarse ornament - rather average for the family. 

Fine ornament - striae fairly widely spaced. 

Apertural form - less sinuosity than most Reticuloceratids s. 1. 

suture - particularly small median saddle. Lobes simple. 

(information from Fig. 54). 

Composition 

Ph. circumplic~tile (Foard, 1903) (Gastrioceras), Ph. coreticulatum 

(Bisat & Hudson, 1943) (Reticuloceras), ~. nodosum (B & H,1943) (Retic

uloceras); ~. stubblefieldi (B & H, 1943) (Reticuloceras) I Ph. tiro 

(Gordan, 1968) CRetic41oceras)} Ph. devium (Ruzhentsev & Bogoslovskaya) 

(Reticuloceras)J ~. surenense (R & B,1978) (Reticuloceras)I Ph. micro

reticu1atum (Yang Feng-qing, 1979) (Reticulocerasll ~. heibergensis 

(NassiChuk, 1975) (Bi1inguites)J ~. berestovense (Popov, 1979) (Biling-
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uites); Ph. malus (Ruzhentsev & Bogoslovskaya. 1978) (Tectiretites); 

Ph. obscurus (R 8. B, 1978) (Retites); Ph. betarhipaeum R 8. B, 1978, Ph.' 

remissum R 8. 8, 1978; Ph. linguatum R 8. 8, 1978, ~. gammarhipaeum R 8. 3, 

1978; Ph. separatum R 8. 8, 1978; Ph. gradile R 8. B, 1978. 

Discussion 

Phillipsoceras. as defined here, is quite close to the original 

generic concept. except for the removal of some finely ornamented m~rpho

species. here placed in Otleyoceras ~. nov. 

Stratigraphic Distribution 

Kinderscoutian (R l ) in Britain and the South Urals. apparently 

higher Namurian elsewhere. 

Phil11psoceras circump11cat1le (Foard) 

Plate VII. 1. 8. 

Gastr10ceras c1rcumplicat1le Foord. 1903. pl. x1x. figs. 12, 13. 

Eumorphoceras inconstans (Phillips) H. Schmidt. 1925, pl.xxv,flgs.7,8. 

Reticuloceras circumplicat1le (Foord) 8lsat 8. Hudsnn, 1943. pl. xxv, 

figs. 1. 2. 

v. Reticuloceras circumplicatlle (Foard) Hodson, 1957. pl. A, pl. B, 

figs. 1. 2. 4. 

Reticuloceras compressum (Sisat 8. Hudson) Bouckaert, 1961. 

Phil11psoceras c1rcumpl1catlle (Foard) Ruzhentsev 8. Bogoslovskaya. 

1975. p. 55. 

Phillipsoceras circumplicatile (Foord) R & 8, 1978, p. 245. 

Lectotype: GSE 4803K. from the~. c1rcumplicatile band. Lisdoonvarna. 

Co. Clare. Rep. of Ireland. For measurements, see P.ppendix 3b. 

Stratigraphic Range: RIal zone. 

Code ln Analyses: RlAlC (Clusters:, X2~ '{.2~ :;::1) 
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Discussion 
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'0 Dh ".!. Ht ... MW MW Hw Hw 

e .970 .330 .~55 

0 .180 .330 .947 

€I .310 .380 .040 

" .350 .440 .0 .. 2 

e .250 .4se .947 

0 .1~0 .400 .6~ 

Quite evolute and with distinctive coarse ornament, which most readily 

distinguishes it from.Dtleyoceras coronatum. Sisat and Hudson's (1943) 

Reticuloceras umbilicatum is an old age form which may belong here. In 

addition. and more importantly. there is a possibility that the type 

specimens of ~. inconstans (Phillips. 1641) may be conspecific. This 

would make~. circump11cat11e, the type species of the genus, a junior 

synonym of Ph. inconstans. and potentially change the type of the genus. 

In view of the importance of this problem. a conservative approach is 

adopted here pending exsm1nat1on and analysis of Phillips' type material. 

Ph1111psoceras stubblefield1 (Sisat & Hudson) 

plate X, 2, 4. 

VI Reticu10ceras st~bblefieldi S1sat & Hudson, 1943, pl.xxix, fig. 1. 

Phi1lipsoceras stubblefie1d1 (Bisat & Hudson) Ruzhentsev & Sogoslov-

skaya, 1978. p. 245. 

Holotype: GSM 63064, from RIb zona. Earle's cement works, near Hope, 

Derbyshire. For measurements. see Appendix 3, no. 307. 

Stratigrapbic Range: Rlb zone. 

Code in Analyses: RIBB y •... ' 
.'\ .. ;... -14 
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Matrix of Character Values: 
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1Z.I .75e .6S0 1~.e 8.00 1.40 .200 .310 .87e .338 .1'" .0t)S .26EJ .2S0 .01~ ,. .760 .730 13.0 a.ee 1.40 .200 .289 .850 .388 .120 .013 .zse .2ZB .010 

21) 1.749 .see 11.ala.ea 1.20 .200 .240 1.920 .4ae .1~ .926 .330 .lS0 • tllel 
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I 11 .13".1 .2~ .290 .030 .1~0 .320 .010 e .01:5 .828 .882 a 
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Discussion: 

Approximately central to the range of var1et10n in RIb zone. 

Ph1l1ipsoceras nodosum (Bisat & Hudson) 

Plate X, 1. 

v. Reticuloceras nodosum Bisat & Hudson, 1943. pl. xxix, fig. S. 

PhiIIipsoceras nodosum (Bisat & Hudson) Ruzhentsev & Bogoslovskeye, 

1978. p. 245. 

Holotype: GSM 63088, from RIb zone, Swint Clough. Alport VeI1ey. Derby

shire. For measurements, see Appendix 3. no. 148. 

Stratigraphic Range: Rlb zone. 

Code in Analyses: RlBC (Clusters X3~ Y3) 

Matrix of Character Values: 

J 

I 

,.I 
10 

1%.1 

s c T N " I" 

l.e9 e lS.0 7.00 1.90 .409 .580 

.see .~5e 17.0 6.98 1.60 .359 .440 

.769 .020 , •.• 6.001" •• 1.300, .• '0' 

.769 14.0 7.ee 1.se .3ee .388 

11 .700 13.0 s.ae 1.40 .300 .3se 

21) 

Discussion: 
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The most evolute and coarsely ornamented of the RIb zone ~euneJ it 

is consequently rath3r typical of its genus. 
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Phillipsoceras coreticulatum (Bisat & Hudson) 

Plate XI, 4, 5. 

Eumorphoceras reticulatum (Phillips) H. Schmidt, 1925, pl. xxv, figs. 

16. 17, 19. 20. 

Reticuloceras eoreticulatum Bisat. 1924. p.131 (pars.). 

Reticuloceras ret1culatum (Phillips) B1sat. 1924, pl. iv, fig.l (pars.). 

v. Reticuloceras coreticulatum Bisat & Hudson. 1943, pl. x~1i. fig. 2. 

Phi11ipsocerGS coreticulatum (Bisat & Hudson) Ruzhentsev & Bogoslov-

skaya. 1976. p. 245. 

Holotype: GSM FOR 1620. from Rlc zone. Geve1sberg, Westphalia. West 

Germany. For measurements, see Appendix 3. no. 62. 

Stratigraphic Range: R1c zone. 

Code in Analyses: R1CB (C1 usb:?r" Z2) 

Matrix of Character Values: 
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Discussion: 

Includes the most evolute and coarsely ornamented specimens in R
1c 

zone. which show clear affinities with ~. c1rcump1icati1e. 
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Ot1eyoceras gen. ~. 

Reticu1oceras: Bisat, 1924 (pars.); Bisat & Hudson, 1943 (pars.); 

Stubblefield in Stephens ~~., 1953 (pars.); Patteisky, 1959 

(pars.); Bouckaert, 1961 (pars.); Ramsbottom in Earp ~ ~., 

1961 (pars.). 

Phi11ipsoceras: Ruzhentsev & Bogos1ovskaya, 1975 (pars.), 1978(pars.). 

Bilinguites: ?Nassichuk, 1975 (pars.). 

Type species: Reticu1o~eras coronatum Bisat & Hudson, 1943, from RIal 

zone, Otley, Yorkshire. 

Characteristics 

The position of this genus in A-space is shown on Figure 43, and the 

histogram on Figure 43 indicates that this position corresponds with poss

ession of the following character states: 

Shell shape - average Reticuloceret1d 9.1. 

Coarse ornament - fairly strong tuberc1es/p1icetions. 

Fine ornament - striae dense, spiral orn~ment developed. 

Apertura1 form - not greatly sinuous, but tends to arch forward to the 

lingua. 

Suture - average amongst the Gastrioceratidae (from Fig.54). 

Composition 

D. coronatum (Bisat & Hudson, 1943) (Reticuloceras); Q. compressum 

(Bisat & Hudson, 1943) (Reticuloceras) I £. paucicrenulatum (Bisat & Hudson, 

1943) (Reticuloceras); ?D. canadensis (Nassichuk, 1975) (Bilinguites); O. 

bouckaerti~. nov., £. gracilingua ~. ~. 

Discussion 

The finer ornament most readily distinguishes this genus from Phillip

soceras , to which it is nevertheless phenetically close. The genus may 

be exclusively N. W. European. 

Stratigraphic Distribution 

Kinderscoutian (RIa) to Lower Marsdenian (R
2a

). 
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Otleyoceras coronatum (S1sat & Hudson) 

Plate VII, 3, 7. 

v. Ret1culoceras coronatum Sisat & Hudson, 1943, pl. xviii, fig. 3. 

v. Reticuloceras coronatum Sisat & HudsonJ Stubblefield in Stephens et 

~., lSS3, pl. vi, fig. 11. 

Phillipsoceras coronatum (Sisat & Hudson) Ruzhentsev & 8ogoslovskaya. 

1978, p. 245. 

Holotype: GSM Oa 2031, from RIal zone, Storris House, Otley. Yorkshire. 

For measurements, see Appendix 3, no. 56. 

Stratigraphic Range: RIal zone. 

Code in Analyses: RIAlS (Clusters X3, Yi, Z2) 

Matrix of Character Values: 
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Discussion: 

Retains a coronate shape to a later ontogenetic stage than any other 

Rl zone species. Chosen as the type for the genus because of its charact

er.istic association of this shell shape with closely spaced delicate striae. 

The holotype is regrettably an atypically extreme example of this morphology. 

Otleyoceras compressum (Sis at & Hudson) 

Plate VII 2, 4. 5, 6. 

v. Reticuloceras compressum Sisat & Hudson, 1943, pl.xxx, fig.6 (pars.) 

v. Reticuloceras compressum Hodson, 1957. pl. 8, figs. 3, 5. 

Reticuloceras c1rcumplica~ile (Foord) Patteisky, 1959, pl.i, figs. 

29, 30, 31, 33. 
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Holotype: GSM 63093. Tram RIal zone. Samlesbury Bottoms. near Blackburn. 

Lancashire. For measurements. see Appendix 3. no. 52. 

Stratigraphie Range: RIal zone. 

Code in Analyses: RIAIA (Clust€;w~; \/ "~I' 
/\ ',';' If 
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Discussion: 

Includes the most involute members aT the genus and aT the RIal zone 

Tauna. 

Ot1eyoceras paucicrenu1atum (Bisat & Hudson) 

Plate VIII. 1. 2. 

v. Ret1culoceras paucicrenulatum Bisat & Hudson. 1943. p. 427. 

v. Reticu10ceras paucicrenu1atum Bisat & Hudson, Ramsbottom in Earp ~ 

!l .. 1961. pl. xi. Tig. 3. 

Reticuloceras gu1incki Bouckaert. 1961. 

Phi11ipsoceres paucicrenu1atum (Bisat & Hudson) Ruzhentsev & Bogoslov-

skaya. 1978. p. 245. 

Holotype: GSM 71074. from R1a2 zone. Lumbutts Clough. Woodhouse. Yorkshire. 

For measurements. see Appendix 3. no. 181. 

Stratigraphic Range: Rla2 zone 

Code in AnalYBes~ RIA28 (Cl Lister-~;;; US ~ ')6 ~ ~\13 ~ J' J.., y J. <, Z ""f' 
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.75e .sa 12.0 a.01el 1.70 .30e .41a 1.se • aso .Ne .0S0 

e 
Ir) 

0 

.0t1l 

3D. .788 .640 18.9 8.08 1.~ .3013 .3S0 1.se .810 .S:58 .10e .1303 

WI WI ell 411 til fli gil "" I" JII "" 
• .898 .348 .368 .96Q .1&8 .4se .010 lit .049 .938 .003 

.1~ .388 .398 .838 .178 .440 .01S .091 .030 .010 .002 

.208 .428 .438 .el~ .130 • ~ .01S 0 .025 e 0 
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Dh U HI 
Hw 

... riw Hw 
.250 .310 .955 

.320 .360 .06'5 

.lb0 .390 .06:5 

• 3S0 • 40& .0S' 

.480 .370 .0:;0 

.470 .230 .81:' 

The coarse ornament oT this morphospecies makes it the closest of 

its genus to Phillipsoceras. Its inclusion in Dtleyoceras here is largely 

contributed to by the strong forward arching oT striae towards the lingua. 

Otleyoceras ~ouckaerti ~. nov. 

Plate VIII. 3. 4. 

ReticuloceraB aff. circumpl1cat1le Sisat & Hudson. 1943, pl.xx1v,Tig.4. 

Ret1culocaras paucicrenulatum (B1sat & Hudson) Bouckaert. 1961. 

Holotype: GSM LZ 1893. ~rom Rla2 zone at Roughlee, Pendle, Lancashire. 

For measurements. see Appendix 3, no. 173. 

Stratigraphic Range: Rla2 zone. 

Code in Analyses: R1A2A (CILlster·~::; U4, 1·,)5. v.J:::.,X.l, Yl., ;.:::,~) 

Matrix of Character Values: 

T , Du W RI " Do Dh U HI • C • • 0. ... ... ... 
Hw 

... ... 
HW Hw Hw Hw Hw Hw 

I .330 • 139 18.0 

'·'·1'·""1· ... 
.420 1.SS .a70 .53Q .060 .;:~0 .440 .0:55 

7.1 .779 • .268 14.8 18.8 1.88 .208 .439 1.&9 .830 .620 .0Ta 9 .300 • ·HO .065 

J • 
.770 .~ 12.8 1Le 1.68 .208 .430 1.3i .310 .670 .QS0 Q .360 .400 .eb~ 

1Z.I • 779 .4S8 11.8 I&.I"O_!""" . ..,1 '.e.! .St • 
.740 .196 0 .380 .400 .055 

11 • 7Sfj • SJa 12. 0 19.8 1.79 .290 .410 1.ae .810 .760 .110 .901 .480 .370 .050 

». .788 .648 18.8 18.8 l.Si .280 .350 1.6~ .780 .550 .lea .003 .479 .230 .01~ 

an l1li III M ell tn gil .. II III JII ",. 
10 .130 .310 .2l30 .&40 .1" .439 .010 0 .040 .1330 .e04 

I 1 • .170 .349 .3S9 .870 .lS8 .408 .910 e • 02~ • (12S • 003 
.SI 
A 

.Z10 .3:30 .400 .0se .211 .• 370 .tiUS 0 2D .eL5 .028 .001 
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Discussion: 

This morphospecies is a more involute contemporary of O. paucicren~-

latum. As is frequently the case, the more involute form is also narrower, 

has reduced coarse ornament and a stronger hyponomic sinus. 

Otleyoceras gracilingua !£. nov. 

Plate XII, 3. 

Reticuloceras gracile BisatJ Bouckaert, 1961. 

Holotype: GSM Zl 5266 from the R2a zone at Sabden Brook, east of Whalley, 

Lancashire. For maesurements, see Appendix 3, no. 417. 

Stratigraphic Range: R2a zone. 

Code in Analyses: R2AC 

Matrix of Character Values: 

I 

i 

7.1 

10 

12.1 

11 

• c T • • • w ... " Do Hw HW 
.330 .279 18.0 9.ae 1.30 .199 .~31 "1.70 .930 .~00 .120 

.760 .360 22.0 9.0e 1.70 .190 .420 1.S0 .• S80 .~3e .130 

.740 .438 30.9 9.89 1.70 .1ee .418 1.~5 .84a .~89 .1~0 

.138 .:1211 37.8 9.88 1'·69t·'88 '·_11..9 ..... 669 .,48 
.7S8 .600 42.0 S.OO 1.30 .198 .0f88 1.48 .770 .n9 .130 

.828 .&40 41.0 8.ee 1.9& .188 .391 .730 .630 .1ee 

.n Itn l1li ~ oil fll III tall III In 1111 

10 .070 .319 .300 .119 .228 .~ .811 I .830 .918 8 

11 .110 .260 .~ .066 .208 .428 .818 0 .830 .020 iii 

2D .1'50 .270 .278 .839 .1S1 .368 • 8 .839 .048 9 

Discussion: 

Po 
HW 

Dh 
Hw La H.!. 

HW Hw 

o .090 .~S0 .110 

o .230 .480 .090 

Ii) .340 • ..s0 .078 

o .400 .450 .955 

o .420 .420 .040 

o .460 .280 .910 

An evolute form with strong p11cations when young, but with closely 

spaced, fine striae. This morphospecies shows a clear similarity with other 

Otleyoceras species, despite its occurence with Bilinguites spp. in R2a zone. 

This morphospecies was described by 81sat & Ramsbottom (unpublished MS) 

who first used the specific name gracilingua. 
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Genus Reticuloceras Bisat 

Goniatites: Phillips, 1836 (pars.). 

Glyphioceras: Foord & Crick. 1897 (pars.); Haug, 1898 (pars.). 

Glyphioceras (Beyrichoceras~: Fuord, 1903 (pars.). 

Reticuloceras: Bisat, 1924 (pars.); 1928 (pars.); S1sat & Hudson, 1943 

(pars.); Patteisky. 1959 (pars.); Souckaert. 1961 (pars.); Quinn, 

1966 (pars.); Ruzhentsev & Sogoslovskaya. 1978 (pars.); Popov. 1979 

(pars.); Manger & Saunders. 1980. 

Eumorphoceras: H. Schmidt, 1925 (pars.). 

Tectiretites: Ruzhentsev & Bogoslovskaye, 1978 (pars.). 

Type species: Goniatites reticulatus Phillips. 1836, from RIc zone of 

Yorkshire. 

Characteristics 

The position in A-space of this genus is shown on Figure 45, and the 

histogram on Figure 43 indicates that this position corresponds with poss-

ession of the following character st~tes: 

Shell shape - moderately to st~cngly involute. 

Coarse ornament - generally weak. 

Fine ornament - closely spaced with fairly prominent spi~als. 

Apertural form - lingual projection weak. Rather featureless except 

for freqwent develop~ent of a projection near the 

umbilical shoulder. 

Suture 

Composition 

- average; central to the range of variation in the 

family. (Information from Figure 54.) 

R. ret:culatum (Phi11ios, 1836) (Goniatitesl, R. pu1che11um (Foord, 
. -

1903) (G1yphioceras (Seyrichoceras)); ~. dubium Sisat & Hudson, 1943; R. 

samlesburyense Sisat & Hudson, 1943; ~. eoreticulatum Bisat, 1928J R. 

regu1arwm Sisat & Hudson, 1943; R. subcarinatus (Ruzhentsev & Eogoslovskaya, 

1978) (Alurites); ~. excultum R & S, 1978: R. instatum R & S, 1978, R. 

orientale R & B, 1978J R. feninse Popov. 1979; R. tersum Popov. 1979: R. 

wainwrighti Quinn, 1966. 
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Discussion 

The definition of the genus presented here differs little from that 

of Ruzhentsev & 8ogos1ovskaya (1978). 

Stratigraphic Distribution 

Kinderscoutian (Rla2 to RIc zones). 

Reticuloceras pulchellum (Foord) 

Plate VIII, 5. 6) IX.- 3. 4. 

Glyphioceras (Seyrichoceras) pulchellum Foord. 1903. pl.xix. fig. 5. 

Reticuloceras pu1chellum (Foord) Sisat & Hudson. 1943. pl.xxvii1.fig.B. 

v. Reticuloceras aff. pulche1lum 8isat & Hudson. 1943. pl.xxix.figs.4.S. 

v. Reticu10ceras todmordenense Sisat & Hudson. 1943. pl. xxiii. f1gs.1-S. 

v, Reticuloceras adpressum Sisat & Hudson. 1943. p. 420. 

Reticuloceras adpressum Sisat & Hudson. Souckaert. 1961. 

Holotype: GSE 3450c. from Rl zone. Rathcahill. near Abbeyfield. Co. 

Limerick. Rep. of Ireland. For measurements. see Appendix 3b. 

Stratigraphic Range: Rla2 zone and possibly RIal' 

Code in Analyses: RlA2D (Clusters Ul~ V2, W2~ X2. Y2. Z2) 

Matrix of Character Values: 
• c 

I 

DJ 'o! '" PI Do ... De. I!. HI 
T N R , ~ ~ ~ ~ ~ ~ ~ ~ ~ 

25.9 •• eel'.'.\ ..... 390 1 •••• 828 .380."" • .110 ......... 

22.8 8.98 1.48 .480 .358 1.78 .S0e .400 .070 .0el .230 .280 .eJS 

10 

I 12.1 

• 900 

.748 

.720 

.748 

20.0 8.50 1.20 .3~0 .280 1.Se .780 .33e .070 .003 .250 .2ea .81~ 

28.0 9.00 1.10 .3~0 .240 1.45 .780 .300 .070 .~ .270 .100 .805 

'1 .780 .65928.0 11.0 1.09 .200 .240 1.30 .790.280 .080 .004 .330.928.e8i 

2It. .860 .sse 24.0 1.90 .298 .240 1.28 .710 .140 .030 .094 .~00 0 

all bll en dn a/l til ,II l1li III /11 kll 

10 .1313 .310 .320 .010 .160 .399 .010 .001 .010 .010 .001 

1 ,. • lS.a .330 .361) .e20 .ISe .370 .01e Q .010 .010 0 
0 

2It .220 .360 .410 .02~ .laS .360 .elO 0 .005 Ii) Ii) 

Discussion: 

A rather finely ornamented. moderately involute form. R. subreticulatum 

is similar but has shorter plications and a stron~er hyponomic sinus. with 

still finer ornament and develops a tighter umbilicus. 

There is no evidence forthcoming from this study to separate type ~. 
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todmordenense and ~. adpressum from~. pu1chel1um. The anomalous cluster 

RlA2X4, composed of one specimen, may be similar to the former but does 

not include type material. 

Reticuloceras subreticulatum (Foord) 

Plate IX, 1, 2. 

Glyphioceras (Beyrichoceras) subreticulatum Foard, 1903, pl. xlix. 

figs. 6. 7. 

Reticuloceras subreticulatum (Foard) Sisat & Hudson. 1943. pl.xxvi. 

fig. 3. 

v. Reticuloceras aff. pulche11um Sisat & Hudson. 1943, p1.xxviii.figs. 

2, 5, 6. 

v. Reticu10ceras subreticulatum (Foard) Ramsbottom in Earp ~~ •• 1961. 

pl. xi. fig. 2. 

Reticuloceras subreticulatum (Foard) Souckaert. 1961. 

Lectotype: GSE 84SC, from R1a2 zone. Foynes Island, Limerick. Rep. of 

Ireland. For measurements. see Appendix 3b. 

stratigraphic Range: Rla2 zone and possibly Rlal , 

Code in Analyses: RlA2C 

Matrix of Character Values: 

J 

I 

I 

7.1 

12.1 

s C 

t .IJO 

.~e 

.7S0 

.760 

Du W '" ,. o. D" LI Ht 
T .. " , 6. HW HW Hw H. Hw HW HW 

32.0 '2.0\' ... \.' ... 360 1.5' .SSO ..... 120 .ll •• 350 .... 
24.0 12.8 1.70 .250 .310 1.~0 .S~0 .,~a .070 .001 .140 .280 .030 

23.0 11.0 1.S0 .2~0 .240 1.40 .220 .240 .e~ .003 .21Q .200 .01~ 

• .710 .S30 24.0 5.90 1 ••• 200 .220 1.30 .780 .310 .• ~30 .021 .290 .949 .9W2 

» .~8 .S09 29.0 8.00 1.39 .1~0 .290 1.20 .730 .420 .05u .033 .1tO .100 .002 

.11 IJ/I III .. It .11 fIt I" "" '" l" "It 

• .090 .~0 .290 .e4S .140 .410 .010 e .02~ .01~ .001 

11 

211 

.1~a .30u .339 .040 .lS0 .400 .01~ .00t .020 .01Q .003 

.200 .380 .360 .030 .180 .410 .020 .001 .910 .005 .0Q6 

Discussion: 

An attractive morphospecies. with the finest ornament and the most 

involute. discoidal form of the Rla zone fauna. except for the rare and 

poorly known R. dubium. 
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Reticuloceras samlesburyense Bisat & Hudson 

Plate VIII. 6. 8. 

v. Reticuloceras sam1esburyense Bisat & Hudson, 1943. pl. xxiv, fig. 3. 

Reticuloceras todmordenense var. uhlenbruchense Patteisky. 1959. pl. 

3. figs. 13-18, pl. 4. figs. 1-7, 9-15, 17-22. 

Reticu10ceras umbi1icatum Bisat & Hudson, Patteisky. 1959.pl.4,figs.B.16. 

Reticu10ceras todmordenense Bisat & Hudson, Bouckaert, 1961. 

Phi11ipsoceras sam1esburyense (Bisat & Hudson) Ruzhentsev & Bogoslov-

skaya, 1978, p. 245. 

Holotype: GSM 63085. from R1a2 zone, Samlesbury Bottoms, near Blackburn. 

Lancashire. For measurements, see Appendix 3, no. 32B. 

Stratigraphie Range: Rla2 zone. 

Code in Analyses: RIA2E (C1 Llstt"?t'"S U3 ~ 1/'7' 
'y .. ~, ~ 

Matrix of Character Values: 

I 

J tU 

• 
1. 

C T Nil,. D,.!! ~ II. '1 Do ,! D,.!! ':!. H.l 
• D. Hw HW Hw itw Hw I1w Hw Hw 

\'''"1"3 .. \28.8\,.00\2.38\.388 .- l." ." •. 238..... • .128 ........ 
.870 .409 18.0 9.80 2.ge .399 .359 1.70 .910 .260 .980 .012 .lS0 .zse .040 

.7~ .4~0 24.9 8.50 1.se .259 .260 1.40 .328 .240 .059 .eOl 21.0 .1ge .a29 

1.74el.6801~.e!8.ee\1.ee!.2ee \.288!1.291.830 .220 .080 .881 .,,0 .2:;0 .e",,1 
.108 .700 2s.e 7.ee l.se .20e .170 1.10 .7Se .236 .1~i 0 .400 e e 

Discussion: 

Somewhat more evolute and coarse than other Rla2 Reticuloceras species. 

Reticuloceras dubium Bisat & Hudson 

Plate IX,S. 

v. Reticuloceras dubium Bisat & Hudson. 1943, p. 421. 

Holotype: GSM WE 1108, from R1a2 zone, Bottom Beck. Spofforth Hagga. York

shire. For measurements. see Appendix 3, no. ,90. 

Stratigraphic Range: Rla2 zone. 

Code in Analyses: R1A2G (Cl u;-:;;t£.'~r-s; V"~", W.l" Z 1) 
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Matrix of Character Values: 

• C T N " 
, Du W 

'" " Do '0 Dh Lt HI 
6'. tlw ... HW iiw tlw tlw iiw tlw Hw 

I 1.0~ .0~a ·'32.13 1.10 .200 .290 .7~O .'500 .10i1 () .200 \) iii 

7.1 ~,'<a~ 1""1" •• 1'''&1 .560 .450 .110 .00S .3S~ " iii 

• • .$0 .299 38.0 1.00 .100 .250 .810 .329 .100 .020 .250 .1iI3e .ei2 
. ! 

IU .SED .200 39." 1.90 .100 .210 .769 .320 • lEla .ElZZ .260 .020 0 

• .ssa .170 4'¥t 1.09 .100 .200 .740 .350 .110 .020 .280 0 9 

a. I.see .129 48.81 11.001.180 .199 1. 710 .430 .149 .013 .360 0 e I 
Discussj,on: 

An aberrant form, with very atypical ornament and an extremely inv-

olute, discoidal ~n=pe. 

Ret1culoceras eoreticu1atum 8isat 

.Plate X, 3. 

Ret1culcceras eoreticu1atum 8isat, 1928, p. 131 (pars.). 

v. Ret1cu1oceras eoret1cu1atum SisatJ 8isat & Hudson. 1943. p. 418. 

Ret1culoceras regularum 81sat & HudsonJ 80uckaert, 1961. 

Lectotype: SSM 71069, from Rlb zone. Pend1e Water, east of Rough Lee, 

Pend1e, Lancashire. For measurements. see Appendix 3, no. 101. 

stratigraphic Range: Rlb zone. 

Code in An~lyses: R1BA (Clusters Xl. Yl~ Z2) 

Matrix of Character Values: 

• 
7.1 

I • 
i 1Z.I 

11 
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I 11 
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c T II II , Du w· ". PI Do , Dh 
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.078 '6""~ .... 1'.281.21181.2781 
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all 1111 GIl U .,1 In III 
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"" 
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.760 .210 .ElS0 .011 .290 .180 .01~ 

.170 .20e .ElS0 .012 .240 .030 .005 

'.830 .210 .125 .010 .30e " e 

II. ,II 11/1 

.030 .030 .. 901 

.lS0 .330 .430 .19~ .210 .410 .039 .003 .025 .030 .003· 

.230 .399 .'le .14e .~e .380 .030 .006 .020 .030 .0el 

Discussion: 

The position of this morpho species with respect to the R zone 
~ Ib 
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fauna is analogous to that of ~. pu1che11um in R1a2 • Note that only one 

cluster CR1BZ2) separates ~. eoret1culatum from~. regu1arum. and that 

the Lectotype of the former is too large to have been included in any 

sample for cluster analysis. The taxonomic distinction between the two 

must be regarded as slight. 

Reticu10ceras regularum Bisat & Hudson 

Plate X, 5, 6. 

v. Reticu10ceras regularum Sisat & Hudson, 1943 • .p. 416. 

v. Reticuloceras moorei Slsat & Hudson. 1943, p. 413. 

Phi11ipsoceras regu1arum (Blsat & Hudson) Ruzhentsev & Bogoslovskaya. 

1976. p. 245. 

Holotype: GSM 71061, from RIb zone at Shewbroad Clough, Todmorden, York

shire. For measurements, see Appendix 3, no. 256. 

stratigraphic Range: Rlb zone. 

Code in Analyses: RlBE 

Matrix of Character Values: 

, 
7.1 

1. 

• c T • I .. 
.920 .100 13.0 10.0 1.20 .409 .378 

.760 .440 16.0 10.e 1.18 .388 .311 

.100 ···t···1 '.'"1'"1.38111
.218

1 
.sse .708 19.8 9.ee 1.38 .388 ..Z!S 

.sse .660 18.9 9.09 1.20 .388 .• 241 

'.798 .+40 13.019.08 1.00' .281 • .1S8 

Discussion: 

.929 .179 .L10 0 .110 .280 .040 

.869 .2?0 .100 e .120 .230 .020 

.799 .248 .090 .90S .160 .210 .010 

.7S8 .240 .080 .011 .lS0 .1SO .~10 

.738 .248 .990 .099 .lS0 .12Q .e0S 

\.710 .~ .125 .007 .1se .030 .0Elll 

The holotypes of both!. regularum and!. moorei are included in 

clusters allocated to this morphospec1es. but that of R. regularum 1s 

more central, and therefore more representative. 

~. regularum is moderately involute but is noticeably narrow. Orn

ament is rather typical of the assemblage. but th$ lingua and hyponomic 

sinus are weak. 
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Reticuloceras reticulatum (Phillips) 

Plate XI. 1. 2. 3. 6. 

Goniatites reticulatus Phillips. 1836. pl. xix. figs. 26. 27. 

Glyphioceras reticulatum (Phillips) Haug, 1898. pl.i. figs.38.39.4l.42. 

Reticuloceras reticulatum (Phillips) Siset. 1924, pl.iv, fig. 2. 

Eumorphoceras reticulatum (Phillips) H. Schmidt. 1925. pl.xxv. fig. lB. 

Reticuloceras reticulatum (Phillips) Biset & Hudson, 1943. p.4l1 (pars.) 

Reticuloceras reticulatum (Phillips) Patte1sky. 1959. pl.v1.fig.2S. 

Lectotype: The specimen figured by Phillips [1836. pl.xix. fig. 26). 

probably from High Green Wood. Todmorden. Yorkshire (see Bisat & Hudson 

1943. p. 411). For measurements. see Appendix 3b. 

Stratigraphic Range: RIc zone. 

Code 1n Analyses: RICA 

Matrix of Character Values: 

I 

7.1 

Du W ~ " ~ seT N R , ~ ~ _ _ _ 

1.0e £I 14.0 S.Ge 1.70 .lee .520 2.ao .928 .S48 .109 

.939 .3S0 18. e S. ee 1. 40 .300 • 380 1. 70 • sse • 42S .088 

Pta DII ':!. Ht 
Hw tiw Hw HW 
e .839 .709 .~ 

e .1,0 .219 .830 

11 

.760 .S40 21.0 s.eo 1.20 .250 .308 1.40 .see .348 .070 .8&4 .1Sa .139 .029 

1. 78"1" _12' •• ' .... 1' ... 1 .... 1.2 
.. '1."" . """ .308 .07' ..... 258 ..... 01 . 

• 680 .670 2S.e 10.0 1.00 .190 .210 1.29 .741 .308 .use .811 .319.048 Q 

2D. • 720 .~ 2i.0 1.ee .1ge .18e 1.05 .760 .lSe .1eD -"~7 .3£0 e 0 

all 1111 all dll III fll ,II "" 1/1 JII l1li 

10 .eso .2Se .28&.1 .020 .100 .449 .010 10) .0468 .821 • 
I ,. .129 .370 .340 0 .160 .410 .020 e .848 •• • oS a .210 .390 .9419 e .039." • 2D .130 .430 .3S0 0 

Discussion: 

The commonest morphospecies 1n the RIc zone feune. It shows ewell 

developed sinuous aperture and good reticulate ornament. The shell shape 

is the most discoidal in Rl zone. R. davisi (Foard & Crick. 1897J is 
c -

probably an old age form of this morphospecies. 



Genus Bi1inguites Librovitch. 1946. 

Goniatites: Salter. 1864. 

G1yphioceras (Beyrichoceras): Foord, 1903. 

Reticu1oceras: Bisat, 1924 (pars.); Wright, 1926/ Oemanet, 1941 

(pars.); Patteisky, 1959 (pars.); Popov, 1979 (pars.). 

Eumorphoceras: H. Schmidt, 1925 (pars.). 

Reticu10ceras (Bilinguites): Librovitch, 1946. 

Bilinguites: Nassichuk, 1975/ Ruzhentsev & Bogoslovskaya, 1978; 

Popov, 1979; Manger & Saunders, 1980. 

Type species: Reticuloceras superbilingue Bisat, 1924, from R2c and G 

zones, N. England. 

Characteristics 
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The position in A-space of this genus is shown on Figure 45, and the 

histogram on Figure 43 indicates that this position corresponds with poss

ession of the following character states: 

Shell shape - generally involute. 

Coarse ornament - plications and ribs slight or absent. 

Fine ornament - striae closely spaced. Crenuletion and associ~ted 

spirals weak. 

Apertural form - lingual projection and/or ocular sinus strongly 

developed. Hyponomic sinus also prominent. 

Suture - generally rather flat, with a small median saddle. 

Terminal prongs on lobes only weak. (From fig. 54). 

Composition 

~. superbilingue (Bisat, 1924) (Reticuloceras)/ ~. bilingue (Salter, 

1864) (Goniat1tes); ~. gracile (Bisat, 1924) (Reticuloceras); ~. meta

bilingue (Wright, 1926) (Reticuloceras)/ B. degeneratus Ruzhentsev & Bogo

slovskaya, 1978; B. ex1mius R & B, 1978; B. pavlovensis Popov, 1979; B. 

eliasi Manger & Saunders, 1980/ B. involutum sp. ~.; B. ~~. nov.; 

B. pulobilingue~. ~.; B. filobilingue~. ~.; B. golcerensis sp. ~.: 

B. ruzhentsevi ~. nov. 
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Discussion 

This genus is extreme amongst the Gastrioceratidae in many of its 

characters. and so is quite distinct. As used here. Bi1inguites differs 

little from the original description. 

stratigraphic Distribution 

Marsdenian to Westphalian A (R2a to G2 zones). 

Bilinguites gracile (Bisat) 

Plate XII. 1. 2. 

Reticuloceras reticu1atum mute gracile Bisat, 1924, p. 51. 

Re:ticuloceras reticu1atum mut. ex Bisat, 1924, pI. ii, figs. 1. 2. B. 

Phillipsoceras gracile (Bisat) Ruzhentsev & Bogoslovskaya. 1978,p.245. 

lectotype: 8MC 25753, Trom R2a zone immediately above the Kinderscout 

Grit, Rake Dike, Holme, Yorkshire. For measurements, see Appendix 3b. 

Stratigraphic Range: R2a zone. 

Code in Analyses: R2AA (Cluster- 21) 

Matrix of Character Values: 
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7.1 

I 10 

is 12.1 
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Hw 
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HW Hw 
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.688 .638 .... 8 8.0811.281.288 .278 1 .. 20 • "'" •• 3 •• 170 
.630 .640 44.9 S.00 1.20 .109 .~7e .730 .4~0 .170 

~ Oil Lt Nt 
HW HW .... 

ifw Hw 

e .330 .440 .048 

0 .390 .320 .025 

0 .440 .~0 .01~ 

0 .500 • 180 .au; 

0 .530 • 159 • ~l1e 

211 .S:S0.~ .420 8.00 1.10 .100 .248 .6se .380 .160 .001 .500 .eS0 .005 

o .930 .0~O e 

I 11 .me .260 .260 .020 .140 .420 .01e 0 .03'1 .ele .001. 
i! 

211 .120 .300 .330 .030 .160 .3se .020 0 .010 .010 .003 

Discussion: 

An involute form with very fine, strongly crenulate striae and 

prominent spirals. There are strong plicetions on the umbilical margin 

when young. This is the average R2a zone morphology. 
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8i1inguites involutum~. nov. 

Plate XII, 4. 

Reticuloceras reticulatum (Sisat) Demanet, 1941, pl.xvii,figs.13,14. 

Holotype: GSM Da 855, from R2a zone, just above the Kinderscout Grit. Rag 

Clough, Holme. Yorkshire. For measurements. see Appendix 3, no. 400. 

Stratigraphie Range: R2a zone. 

Code in Analyses: R2A8 (Cl ust'?'f" Z2) 

Matrix of Character Values: 

I 

11 

2D 

10 

J 11 

2D 

Du W III " Do Po Dh 1.1 Ht 
• C T N R P ~ ~ ~ ~ ~ .~ ~ ~ ~ 

.sse .200 41.e 7.00 1.40 .300 .349 1.S0 .860 .700 .090 .994 .070 .3ee .el~ 

.818 .22848.8 7.09 1.29 .280 .290 1.40 .840 .700 .140 .093 .220 .200 .010 

.799 .230 38.0 7.~9 1.1~ .200 .2~9 1.30 .SZ0 .680 .200 .e03 .360 .190 .09~ 

........ 37 •• S. 90 1'. ,t , .. , .... j,. 2 •• s, •. se •. 250 .002 • ••• .... • 

.829 .230 35.0 a.oe 1.19 .1~ .200 1.10 .S00 .630 .270 .002 .540 0 e 

.870 .230 ~.8 8.eo 1.18 .1ee .179 .778 .~4a .260 .092 .639 a e 

.n Itn en dn .n rn III 1111 In '" 1111 

.070 .250 .280 .e8e .139 .420 0 0 .020 .0Ut e 

.130 .30e .260 .970 .190 .420 .039 e .020 .rCl2.a .001 

.1ge .350 .360 .aSEI .249 .419 .020 0 .010 .020 .091 

Discussion: 

The most extremely involute member of the fauna. with relatively 

weak plication when young. Crenulation and spiral ornament is only weeKly 

developed. in c~mparison with the other R2a zone speciesJ consequently 

this morphospec1es is closest of the zone to R2b forms. 

8ilinguites bilingue tSalterl 

Plate XIII. 1. 2. 

Gon1atites b111hgu1s Salter. 1864, p. 60, f1g.14. 

v. Reticuloceras reticulatum mute ~ S1sat, 1924, pl. vii, fig. 2. 

Reticuloceras bil1ngue (Salter) Demanet, 1941, pl.xviii. figs.1-4. 

Ret1culoceras b1l1ngue (Salter) Patteisky. 1959. pl. vi, fig. 19. 

Ret1culoceras bilingue (Salter) Souckaert, 1961. 

8ilinguites bilinguis (Salter) Ruzhentsev & Sogoslovskaya. 1978,p.283. 

Lectotype: GSM 30831, from R2b zone. Pule Moss, Diggle. Lancashire. For 

measurements, see Appendix 3, no. 489. 



Stratigraphic Range: R2b zone. 

Code in Analyses: R2BA 

Matrix of Character Values: 

• C T 

I 1.90 €I 19.0 

7.1 .~ .130 22.0 

J 
10 .940 .230 22.0 

12.1 .919 .280 20.9 

11 .910 .440 22.e 

2D .919 .380 2S.B 

Discussion: 

N " 
Du 
51 

1.S0 .190 .320 

1.40 .100 .309 

1.09 .108 .170 

W A. '1 Do '0 Dh Lr HI 
HW HW HW HW HW HW HW HW 

.870 .~00 .:230 o .G00 .240 .020 

.810 .600 .250 a .7~0 .210 .01~ 

.740 .740 .250 a .760 .14e .010 

.~0 .7~e .240 e .720 .030 0 

.790 .620 .230 .094 .649 0 e 

. ~e .~ .lS0 .003 .sse e o 

This is central with respect to the v~ri~tion within the faun~. 
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Bisat (1924) and subsequent authors have recognised early and late forms 

of this basiC morphospecies, ~nd these have been named. In this study, 

the R
2b 

zone is reg~rded as a unit, and the rel~tionships between morpho

species here defined and the stratigraphically early or l~te forms is 

investigated separ~tely in Chapter 7. 

B. bilingue is not distinguished here from R. bilinguoides Bls~t & 

Ramsbottom (unpublished MS). 

Bi1inguites !£. ~ff. bilingue 

Stratigraphic Range: R2b zone. 

Code in Analyses: R2BF (Clusters W3~ X4~ Z2) 

Matrix of Char~cter Values: 
I C T 

, 1.£10 e 19.0 

7.1 .9:50 .130 2:2.0 

J 
10 .948 .230 2:2.0 

1U .918 .288 28. a 

• .sea .388 23.0 

3D .s:58 .388 28.0 

Discussion: 

N " 
, DII 

01 

1.40 .200 .300 

1.ee .lea .160 

w ".1 PI De 
HW Hw HW Ii. 

'0 DII L,!. Hj. 
;tw liw Hw "w 

.970 .'500 .238 o .G00 .240 .020 

.S10 .600 .2:50 0 .7~0 .210 .01~ 

.740 .740 .2:50 0 .760 .149 .010 

.740 .740 .240 a .720 .930 0 

.730 .780 .230 0 .678 e 0 

.780 .;2~ .2G0 .001 .720 .010 e 

Not distinguished in analyses from~. bi1ingue when young, and 

difficult to separate in practice even in later growth stages. 



8i1inguites f110bi1ingue sp. nov. 

Plate XIII, 3, 4, 5. 

Holotype: GSM AT 3110, from the R2b zone at 8uckstone House, Marsden, 

Yorkshire. For measurements, see Appendix 3, no. 546. 

stratigraphie Range: R2b zone. 

Code in Analyses: R288 (Clusters W5~ X5, Y2, 23) 

Matrix of Character Values: 

• C T 

I L •• 11823.8 

1S 1.88 .120 21.8 

I • 1.88 .128 28.8 

Ra .sse .388 23.8 

• .s:se .+48 ~.8 

a. 1.88 .1ee ~.e 

Oiscus!d.on: 

N " 
, Du W 

D'I Hw 

2.10 .200 .390 

1.48 .100 .378 

1 ••• 1ee .1~ 

It, 1'1 Do '0 Ch Lt Ht ... HW Hw 
... ... .... .... 

Hw Hw Hw Hw Hw 

.1310 .400 .1013 0 0 .340 .029 

.B29 .440 .240 .902 .2~O .230 .010 

.g40 .~20 .330 .eea .~20 0 e 

.SSO .~ .290 .alS .470 e 0 

.840 .:548 .2S8 .01S .460 e 0 

.75B .4&0 .210 .014 .S30 0 0 
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Particularly notable for a slight umbilical projection on the aper-

ture. which is not developed to the same extent in other contemporary 

forms. and for the very slight plications, although this criterion is 

difficult to use re~bly. Otherwise it is close to 8. bilingue. 

8ilinguites metabilingue (Wright) 

Plate XIII. 6-8. 

v. Reticuloceras reticulatum early mut.y·Wright, 1926,pl.xii,figs.l,2,6. 

Reticuloceras reticulatum mute metabilingue Wright, 1927, p. 114. 

Reticuloceras eometabilingue Ramsbottom, 1969, p.75. 

Ho1otype: GSM 37920. from R2b zone above the He1mshore Grit, Witton Farm, 

Longworth Valley. Egerton, Lancashire. For measurements, see Appendix 

3. no. 592. 

stratigraphic Range: ~ zone. 

Code in Analyses: R2BE (Clusters W4, X7, Y3, Z71 

Matrix of Character Values: 
Du w It, " Do '0 Dh L.!. H. I C T • • , - ... ... 

Hw 
.... .... 

Hw 
.... DI Hw Hw Hw Hw Hw Hw 

I 1.80 0 19.e 2.ea .209 .468 .940 .900 .280 .001 .02O.420.ose 
, .. .918 .288 19.8 La. .2M .419 .910 .900 .Z80 .901 .120 .320 .OZtl 

J 
10 .830 .400 18.e .8:50 .seo .288 a .280 .230 .elS 

11.1 .888 .428 17.8 .790 .78£1 .270 6 .:sse .1:50 .010 

1. .360 .3se 18.8 .720 .see ~21e e .720 .190 .1iI0~ 

a. .878 .36e 28.0 .188 .228 .719 .sse • .360 e .848 .96El €I 
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Discussion: 

Spirals and crenulation are relatively strong. The lingua is strong 

but does not project greatly from the aperture because of the ~~ching 

back of the ocular sinus on the flanks. 

The type material of !. eometabilingue (Ramsbottom, 1969 ) is inc

luded in this morphospecies. The stratigraphic use of this previously 

recognised species is investigated in Chapter 7. 

8ilinguites !£_ ~. metab11ingue 

Stratigraphic Range: R2b zone. 

Code in Analyses: R28H (Clusters Y6~ Z6) 

Char~cter Values: see dat~ for clusters R28Y6 & ZS, Section 4.1.2. 

Discussion: 

Manifested as a distinct form only in the few poorly preserved 

specimens forming two clusters. 

8il1nguites ~ .!E: ~. 

Plate XII, 5J XIII, 9. 

Ret1culoceras ret1culatum mut.~. 8isat, 1924, pl. iii, fig. 9. 

Reticuloceras (cf.?) bil1ngue Patta1sky, 1959, pl. vi, fig. 22. 

Holotype: BMC 25756, from ~ zone in the.Saltaire boring, Yorkshire. 

For measurements, see Appendix 3b. 

Stratigraphic Range: R2b zone. 

Code in Analyses: R28C (Clusters W2~ Xl. V5, 24) 

Matrix of Character Values: 

• C T N " P -r. w .- " De '0 Cit U Ht 
'-

, ... - - Hw Hw -Hw ... Hw Hw Hw 

• 1.90 13 24.9 2.00 .108 .~ .709 .:528 .169 0 .41;0 .360 .020 

7.' .S89 .:::00 23.0 1.79 • Hie .318 .688 .sa .168 e .S4e .Z60 .012 
0 

J 10 .a~a .300 22.9 .79S .S19 .178 9 .~ao .180 .010 
Q 

tz.I .sa9 .~ 26.0 .78e .S18 .189 .992 .S&9 .129 .B93 
11 .:390 .370 25.0 .700 .S29 .209 .001 .609.080 .e01 

211 .880 .~00 18.9 1.ee .1ee .221 .688 .sse .21B .e01 .639 .&29 .005 



266 

Discussion: 

Moderately evolute. and with strong plications. but especially 

notable Tor its pronounced crenulation and spiral ornament. 

First named by Sisat & Ramsbottom (1969. unpublished MS) whose 

holotype is adopted here. 

Bilinguites pulobilingue !£.~. 

Plate XII. S. 

Reticuloceras reticulatum mut.~ 8isat. 1924. pl.~i. fig. 7. 

Eumorphoceras bilingue (Salter) H. Schmidt. 1925. pl. xxv. fig.22. 

Reticuloceras bilingue (Salter) Demanet. 1941. pl. xviii. fig.5. 

Holotype: GSM AT 3618. from R2b zone at Pule Hill. Marsden. Yorkshire. 

For measurements, see Appendix 3. no. 467. 

Stratigraphic Range: R2b zone. 

Code in Analyses: R2BD (Clust.ers Wi ~ ::(2~ Y4) 

Matrix of Character Values: 
T N .. " 

Ou W II. PI 0- ... OIl is HI • c D. - - ... Hw ... '-
... Nw Hw Hw Hw Hw 

I .960 .1~0 20.0 1.!59 .200 .310 .320 .,~ .238 .en .428 .268 .828 

7.1 .928 .239 Z8.8 1.48 .200 .278 .829 .S48 .240 .006 .489 .189 .919 

I 
10 .see .340 23.0 1.30 .!~~ .S20 .SS8 .248 .002 .~ .140 .005 

12.1 .939 .3Z9 28.8 1.39 .199 .288 .7ge .688 .248 .eel .688 .lee .B'" 
11 .S20 .360 24.0 1.30 .1N .288 .770 .888 .280 .091 • ?28 .898 .885 

2D .818 .640 17.0 1.3e .1ee .248 • S78 .58 .230 0 .~ • .120 13 

Discussion: 

Particularly evolute in early ontogeny, and striae are coarsely 

spaced. Lingua strongly projected. 

First named by Bisat & Ramsbottom (1969, unpublished MS) whose 

holotype is adopted here. 

8ilinguites ~. aff pulobilingue 

Stratigraphic Range: R2b zone. 

Code in Analyses: R2BG 



Matrix of Cha~acter Values: 
s c T 

• .9130 .150 20.0 

7.1 .920 .230 29.0 

e 10 .300 .2:50 29.0 .. 
Q 

12.1 .SS0 .290 18.0 
1. .sao .240 13.0 

20 .see .270 13.0 

Discussion: 

N " 
, Du 

D'. 
1.!50 .200 .310 

1.40 .1130 .270 

1.30 .lee .260 

1.40 .1130 .230 

1.~ .100 .230 

1.S0 .1130 .zze 

w 
HW '" ... Hw 

lit Do 
Hw HW '0 Hw 

Dh 
HW 

L.!. Ht 
Hw HW 

.S20 .540 .230 .009 .420 .260 .020 

.820 .540 .2413 .006 .480 .180 .010 

.S20 .550 .240 .002 .~60 .148 .003 

.76& .680 .21313 .eal .740 .139 .G0S 

.760 .se0 .200 0 .310 .120 .010 

.see .620 .260 0 .750 .160 .010 
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Not distinguished in analysis from~. pulobi1ingue when young, end 

postulated later ontogeny is anomalousJ consequently the, validity of the 

morphospecies is uncertein. The anomalous specimen forming cluster R2BY7 

(no. 496, Plate XII, 7) may be related to this form. 

B1l1nguites superb1l1ngue (81satl 

Plate XIV, 2. 

Ret1culoceras reticu1atum mut.v Bisat, 1924, pl. v, figs. 6, 7. 

Ret1culoceras ret1culatum mute superbi11ngue B1sat, 1924, p. 51. 

Eumorphoceras superb11ingue (Biset) H, Schmidt, 1925, pl.xxv,f1g.26. 

Reticuloceras superbilingue BisatJ Damanet, 1941, p1.xviii, fig. 7. 

Ret1culoceras (B111nguites) superbi1inguis (Bisat) L1brovitch. 1946, 

p. 79. 

Reticuloceras superbilingue superb11ingue BisatJ Patteisky, 1959, 

pl. ix, figs. 19-33. 

8ilinguites superbilinguis (Bisat) Ruzhentsev & Bogoslovskaya, 1978, 

pl. xxxvii, fig. 5. 

Lectotype: BMC C25763, from R2c zone from a borehole et Brow Grains, 

r1el tham, Yorkshire. For measurements, see Appendix 3b. 

Stratigraphic Range: R2c to G2a zones. 

Code in Analyses: R2CA (Cluster' Zl) 

Matrix of Character Values: 
I C T N " 

, Du 
6'. ~w ~w '~w D~w '~w D~w ~w H~w 

• 
7.1 

I 10 

it 12.1 ,. 
211. 

1.00 0 24.0 

.SS0 .sea 24.0 

.sse .130 23.0 

.940 1.170 28.01 
.940 .2Z0 33.0 

.950 .238 43.0 

1.30 .100 .230 

1.20 .100 .220 

1.10 .100 .200 

11.001·10al·1801 
1.00 .100 .188 

1.ee .le0 .188 

.S10 .740 .229 .00~ .470 .128 .1313 

.799 .700 .220 .003 .SJu .079 .095 

.7S0 .640 .240 .002 .730 .048 e 
1.77~ .610 .29131.0021.780 e 0/ 

.1~0 .598 .240 .002 .778 e e 

.720 .~79 .220 .&81 .739 e 8 
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Discussion: 

Highly involute and also distinguishable from R2b zone morphospecies 

by its almost complete lack of crenulation, except on the lingua. 

81l1ngu1tes !£. aff. superbilingue 

Plate XIV, 1. 

Stratigraphie Range: R2c ?to G2a zones. 

Code in Analyses: R2C8 (CILIstf..?r- Z2) 

Matrix of Character Values: 
I C T N R .. Ou W 

01 -Hw 
R' " Do ttw Hw H. 

'0 DII ':!. Ht 
Hw Hw Hw HW 

I 1.00 0 27 •. 0 1.3e .100 .290 .840 .320 .308 o .~20 .048 .010 

7.1 .970 .120 24.8 1.18 .100 .220 .880 .74e .270 o .640 .010 .0~ 

J 
10 .sse .17e 22.0 1.08.100.170 

1Z.I .991.139 ~.01 11.eel. u~el.lsel 
.7:10 .6:10 .240 0 .74e 8 e 

1.720 .600 .2001 e (.S60 EI e I 
11 .39 .139 29.0 1.08 .100 .138 .720 .~48 .lS8 e .639 e 9 

». .~9 .170 36.0 1 ••• 108 .128 .~ .480 .160 .eel .~80 e 0 

Discussion: 

In practice, not distinguishable from~. superb1l1ngue - they are 

separated largely by the persistence of slight plications, which are 

generally difficult to discern. 

811inguites golcarensis !£. nov. 

Plate XIV, ~. 

Reticuloceras superbilingue SisatJ Souckaert, 1961. 

H010type: GSM AT 3516, from R2c zone at Heath House Wood, near G01car, 

Yorkshire. For measurements, se Appendix 3, no. 616. 

Stratigraphic, Range: R2c zone. 

Code in Analyses: R2CC (Cl LIster- Z~.:::) 

Matri)t of Character Values: 
Du w I C T N I .. "' " Do ,. Oil L.!. Ht 01 - , 

HW Hw .Hw Hw HW Hw Hw Hw 
I 1.00 0 12.0 2.00 .108 .399 .8130 .SS0 .J40 0 .'00 .1sa .810 

7.1 .988 0 12.8 1.80 .108 .348 .840 .880 .340 e .S7e .lS0 .907 

J • 
.340 .179 12.0 1.88 .100 .299 .520 .sse .348 e .740 .148 .807 

11.1 .9191.278 13.el 11•eel·180 1.2301 [. see .8:10 .3301 o 1.9,o .128 .9071 
11 .900 .2.70 lS.0 1.se •. 10e .1se .791:1 .aee .3ee a .900 .129 .097 
», .999 .158 27.0 1.78 .100 .140 • 720 .~e .260 0 .780 .118 0 



Discussion: 

Somewhat more evolute and generally more coarsely ornamented than 

B. superbilingue. 

Bilinguites ruzhentsevi ~. nov. 

Plata XIV, 3. 

Holotype: GSM Ze 2023. from R2c zone at River Ogden. ! mile north of 

Helmshore, Lancashire. For measure~ents, see Appendix 3, no. 596. 

Stratigraphic Range: R2c zone. 

Code in Analyses: R2CO (Clust.er'· Z4) 

Matrix o~ Character Values: 
Du w It.!. ,. Do ,. Dh La Ht 

j 

• c T 

• .sse .880 17.9 

,. .see .~ 17.0 

• .see .239 17.0 .. .9381.1'" 18.01 
11 .960 .100 ie.e 

•• 1.80 .~ 29.e .. Itll 011 

N 

dll 

It , ~ ~ ~ ~ ~ ~ ~ ~ ~ 

2.48 .200 .290 1.30 .S4Q .1~0 .270 .002 .300 .488 .02~ 

2.10 .190 .270 1.18 .S88 .30e .270 .092 .430 .lee .012 

1.70 .100 .210 1.09 .S08 .540 .270 .992 .580 .299 .99& 

11.:seI.lIa01.1E~e/.see I. 740 .700 .2601.0021. sse .10e .003/ 

1.30 .100 .lS0 .a00 .7~e .a20 .~~ .001 .7~0 .040 .001 

1.ee .100 .129 o 

,II til g/l hi! 1/1 III 1111 

:I .090 .269 .220 .040 .lS9 .449 .0113 0 .038 .948 ra 

11 

• 
.080 .319 .239 .e~o .Z10 .410 

.070 .480 .300 .0~0 .230 .408 

o 

e o .020 .0:50 

e 
e 

D1scuBB1on~ 

Very much more evolute and coarser than the rest of the R2c fauna. 

,. 
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Genus Retites McCaleb. 1964 

Retites: McCaleb. 1964; McCaleb. 1968; Ruzhentsev & Bogoslovskaya, 

1978 (pars.), Manger & Saunders. 1980. 

Gastrioceras (Branneroceras): Gordon. 1965 (pars.). 

Branneroceras: Gordon. 1968 (pars.). 

Phillipsoceras: Ruzhentsev & Bogoslovskaya. 1975 (pars.), 1978 (pars.). 

Alurites: Ruzhentsev & Bogoslovskaya. 1975 (pars.), 1978 (pars.). 

Tectiretites: Ruzhentsev & Boboslovskaya. 1975 (pars.); 1978 (pars.). 

Reticuloceras: Saunders, manger & Gordon. 1977 (pars.). 

Quinnites: Manger & Saunders, 1980. 

Type species: Re. semiretia. McCaleb, 1964, from the Hale Formation, 

Arkansas, U.S.A. 

Characteristics 

The position in A-space of this genus is shown on Figure 45, and the 

histograms on Figure 43 indicates that this position corresponds with poss

ession of the following character states: 

Shell shape - the most evolute of the Reticulocerat1dae s.l. 

Coarse ornament - tubercles/p11cations particularly strong and with 

prominent bifurcation. 

Fine ornament - spirals conspicuous, striae widely spaced. 

Apertural form - lingua and ocular sinus quite pronounced but umbilical 

projection not so. Hyponomic sinus weaker than other 

Reticuloceratidae s.l. 

Sutere 

Composition 

- lateral saddle quite broad. Someforms have notably 

tall lobes and saddles. Terminal prongs on lobes not 

well developed. 

Re. semiretia McCaleb, 1964, Re. henbesti (Gordon, 1965) (Gastriocerasl, 

Re. textum (Gordon, 1965) (Gastrioceras); Re. alpharhipaeum (Ruzhentsev & 

Bogoslovskaya, 1975) (Phil1ipsoceras); Re. costatus (R & B, 1975) (Alurites); 

Re. asianus (R & B, 1978) (Alurites); Re. hodsoni (R & B,1975) (Tectiret

ites); Re. confinis (R & 8, 1978) CTectiretites)I Re. juvenilatus (R & 8, 

1978) (Tectiretites); Re. laxus (R & B, 1978) (Tectiretites), Re. posterus 



(R & B. 1975) CTectiretites), Re. ortivus R & B. 1978. 

Discussion 
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The genera proposed by previous authors which are here amalgamated 

were distinguished on monothetic criteria. and each itself incorporated a 

large variation in other characters. Teetiretites was distinguished by 

its hood-shaped whorl cross section in later ontogenYJ Alurites by its 

wide umbilicus and narrow whorls, Quinnites by its nGastrioceratid n sut

ure. The present study shows that these features are not so significant 

when all morphological characters are considered. 

Stratigraphic Range 

Throughout Rl zone in U.S.A. and U.S.S.R.J probably into R2 in U.S.A.J 

unknown in Europe. 
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Genus Arkanites McCaleb, Quinn & Furnish, 1964 

Eumorphoceras: Quinn, McCaleb & Webb, 1962 (pars.). 

Arkanites: McCaleb, Quinn & Furnish, 1964J Ruzhentsez & Bogoslov

skaya, 1978J Manger & Saunders, 1980. 

Type species: Eumorphoceras relictus Quinn, McCaleb & Webb, 1962, from 

the Hale Formation, Arkansas, U.S.A. 

Characteristics 

The position in A-space of this genus is shown on Figure 45, and the 

histograms on Figure 43 indicate that this position corresponds with poss

ession of the following character states: 

Shell shape - evolute. 

Coarse ornament - strong plications. 

Fine ornament - widely spaced with weak spiral striae. 

Apertural form - particularly deep ocular sinus and pronounced lingua 

formed close to the venter. 

Suture 

Composition 

- similar to Retites, but with a particularly high 

median saddle and a strong convexity of the lateral 

lobe. (Information from Fig. 54.) 

A. relictus Quinn, McCaleb & Webb, 1962. 

Discussion 

A very distinctive genus, apparently combining the aperture shape of 

Bilinguites with the shell shape and ornament of Retites. 

Stratigraphic Range 

Near top of Halian, U.S.A.J ?R2c and ?G
la 

equivalents. 
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Genus Cancel10ceras Ruzhentsev & Bogoslovskaya, 1971. 

Gastrioceras: Bisat, 1923, 1924 (pars.), 1940; H. Schmidt, 1925; 

Demanet, 1941; Patteisky, 1959; Bouckaert, 1961; Ramsbottom & 

Calver, 1962 (pars,). 

Cancelloceras: Ruzhentsev & Bogoslovskaya, 1971, 1978 (pars.); Popov 

1979. 

Type species: Gastrioceras cancellatum Sisat, 1923, from G
la 

zone of 

Meanwood, near Leeds, Yorkshire. 

Characteristics 

The position in A-space of this genus is shown on Figure 51; the 

histograms on Figure 49 show that this posiyion corresponds with possession 

of the following character states: 

Shell shape - variable, most quite evolute. 

Coarse ornament - tubercles show more bifurcation than most Gastriocer

atidae s.l. 

Fine ornament - strong crenulation and spiral; transverse striae usually 

widely spaced. 

Apertural form - fairly deep ocular sinus. 

Suture - ventral saddle narrow, lateral saddle low.(From Fig.54) 

Composition 

C. cancellatum LSisat, 1923) (GastrioceraslJ £. crencellatum (Sisat, 

1924) (Gastrioceras); C. branneroides (Sisat, 1940) (Gastr1oceraiJ; C. 

rurae (Schmidt. 1925) (Gastrioceras)J £. martini (Schmidt, 1925) (Gastr1o-

ceras) ; C. asianum Ruzhentsev & Sogoslovskaya, 1978J C. parasianum R & B, 

1978; C. bisati R & B. 1978; C. elegans R & S, 1978} C. extenuatum R & B, 

1978; C. del1catum Popov, 1979, C. - tenerum Popov, 1979} C. solidum Popov. 

1979; C. cancellatoides !E.' nov. ; C. evansi sp. nov. 

Discussion 

As used here, Cancelloceras is close to the original definition, but 

with some finely ornamented, Gastrioceras-like forms excluded. 

Stratigraphic Range 

Yeadonian (Gla ) in Europe, Nm2c2 zone in the U.S.S.R. 



274 

Cancelloceras cancellatum (Sisat) 

v. Gastrioceras cancellatum Bisat. 1923. pl. viii. figs. 1. 2. 

v. Gastrioceras cancellatum SisatJ Ramsbottom & Calver. 1962. pl.xiv. 

figs. 4. 5. 

Cancelloceras cancellatum (Sisat) Ruzhentsev & Sogoslovskaya. 1978. 

p. 290. 

Lectotype: BMC 25767. from the C. cancellatum band. Meanwood.Leeds. York-

shire. For measurements. see Appendix 4b. 

Stratigraphic Range: C. cancellatum horizon. Gl zone. 
- a 

Discussion: 

The lectotype of C. cancellatum regrettably represents a rare form 

which is not apparent in analyses. It is relatively evolute. with very 

strong tubercles. and yet has exceptionally fine ornament. like £. evansi. 

The name G. cancellatum has been used in the past to describe many other 

commoner forms in Gla zone. 

Cancelloceras brannero1des (Bisat) 

v. Gastrioceras branneroides Sisat. 1940. fig. 2. 

Cancelloceras branneroides (Bisat) Ruzhentsev & Bogoslovskaya. 1978. 

p. 290. 

Holotype: GSM 62441. from below the £. cancellatum horizon. Minera Mill. 

near Wrexham. N. Wales. For measurements. see Appendix 4. no. 15. 

Stratigraphic Range: C. branneroides horizon. below C. cancellatum hori-

zan. Gla zone. 

Discussion: 

Not present in analyses. Most specimens are poorly preserved. but it 

is apparent that the species has coarse ornament and strong spirals. Large 

tubercles bifurcate and give rise to ribs. It is probably quite evolute. 
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Cance110ceras crence11atum (Bisat) 

Plate XIV. 8. 

v. Gastrioceras cance11atum var. crence11atum Bisat. 1924. pl.iv. fig.S. 

Gastrioceras cancellatum Bisat, Demanet. 1941. pl. xviii. fig. 13. 

v. Gastrioceras cancel1atum crence1latum BisatJ Patteisky. 1959. pl. xi. 

figs. 3-S. 6-10, pl. xii. fig. 20J pl. xiii. fig. 5. 

v. Gastrioceras crencellatum BisatJ Ramsbottom & Ca1ver. 1962. pl. xiv. 

figs. 6. 7. 

Cance1loceras crence11atum (Bieat) Ruzhentaev & Bogoslovakaya. 1978. 

p. 290. 

Lectotype: GSM RE 4330. ~rom the C. crencel1atum horizon. G1a zone at 

Roysnaw Brickworks. Blackburn. Lancashire. For measurements. see 

Appendix 4. no. 27. 

Stratigraphic Range: Gla zone. 

Code in Analyses: GlAA (Clusters W2~ Xl~ Y2, Z4) 

Matrix of Character Valu8B~ 

• ·c T " 11 , .,. w ". " Do Ito DII La Ht 
De Hw 14w liw liw 14w Hw MW Hw 

I .~0 .ZJ0 27.0 "-" 1.88 .381 .... 1.70 .120 If) • EI40 • 800 • age 

7.1 .830 .~ ZS.I 8. ... 1.80 .381 .«58 1.~ .ese e .860 .::i~e .06e 

J 
10 .090 .760 ZS.8 8.:58 1.08 .308 .~ 1.68 .920 .201iJ .965 0 .070 .4~9 .e4~ 

12.1 .S28 .&48 l2.1 L~·l.80 .288 .<4«5 1.68 .899 .180 .853 0 .080 .430 .045 

II .470 .898 37 .. 1 8.M 1.N.28I .3&3 1..~ .868 .158 .948 0 .100 .409 .045 

2D .660 .868 38... a.:sa 1.00 .1ee .315 1.~ .820 .lB0 .0Je .OO~ .110 .4ee .050 

Discussion: 

Evolut~, with long tubercles stretched across the flanks and a char-

acteristica11y cancellate ornament. which is coarser than £. cancellatum. 

This morphospecies is probably not equivalent to £. martini (H. Schmidt. 

1925). despite the contention of Biaat (1940) to this effectJ the latter 

is more extremely evolute. to an extent not found on British specimens. 



Cancelloceras cancellatoides ~. nov. 

Plate XIV,S. 

Gastrioceras cancellatum crencellatum Sisat. Patteisky, 1959, pl. 

xii, fig. 2. 

Holotype: GSM ARS 623, from the C. cancellatum horizon, G1azone. For 

measorements, see Appendix 4b. 

Stratigraphic Range: £. cancellatum • Gla zo~ 

Code in Analyses: GlAD (CILlsters W5~ X4~ \'4~ 26) 

Matrix of Character Values: 
W III PI a- Pe D" U H~w Hw 

., 
1iw Ii.. HW HW MW Hw s c T N " 

, 
I 1.00 .Z00 21.0 6.00 1.00 .Ze8 .• 401 .89& .3~0 .060 

7.1 .82£1 .490 21.9 6.50 1.0e .100 .368 .878 0 .390 .e~e 

I 
10 .ssa .7SB 21.0 7.20 1.08 .190 .32S 

12.1 .sse .980 22.0 7.80 1.08 .108 .295 

.see .158 .89 e .250 .048 

.7Sa .111 .~ 0 .220 .033 

11 .4Sfj .838 26.0 S.70 1.98 .lee .~0 .119 .G7a .835 .ass .170 .628 

:l1li. .480.768 26.0 9.:50 1.Be • ute .22S .688 .ase .S? • eee .lse .022 

Discussion: 

This morphospecies has coarser ornament and larger tubercles than 
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C. evansi. It is the morpho species most often identified as C. cancellatum 

by virtue of its relative abundance. 

Cancelloceras ~. aff. cancellatoides 

Stratigraphic Range: Gla zone. 

Code in Analyses: GIAE (Clusters W5~ X4~ 25) 

Character Values: see data fof cluster GlAZS. Section 4.1.3. 

Discussion: 

Only distiguished in later ontogeny, when it retains a more evolute 

shape than C. cancellatoides. 

Cancelloceras evansi !E' nov. 

Plate XIV, 6. 

Gastrioceras cancellatum Bisat, Demanet. 1941. pl.xviii. figs.lO.ll. 

Holotype: GSM LZB 1621. from the C. cancellatum marine band. at Glyn 

Neath Sank. South Wales. For measurements. see Appendix 4b. 

Stratigraphic Range: C. cancellatum horizon. GIs zone. 

Code 1n Analyses: GIAB 



Matrix of Character Values: 

I 

1 

7.1 

10 

S 12.1 

s c T N " 
, Du 

Oa 
.Se8 .629 40.0 6.09 1.00 .200 .400 

.~ .82848.96.70 1.80 .108 .350 

.sse .320 52.0 7.00 1.00 .100 .315 

.510 .810 S3.0 7.~ l.ee .1ge .3ee 

W ... 
Hw "' " Do '0 D" La Hi. HW HW HW Itw 

... ... 
Hw Hw 

.900 .290 .OS5 0 .050 .39 .128 

.840 .250 .870 0 .070 .l20 .0r.5 

.1320 .220 .068 a .098 .380 .&4S 

.soa .20e .~7 e .138 .2S8 .622 

11 .450 .se0 S2.~ a.a9 1.00 .2~0 .255 1.65 .77e .150 .050 .010 .238 .229 .813 

.430 .sea 53.0 8.~ 1.0e .10e .258 1.50 .730 .120 .047 .820 .248 ..2DO .91:5 

all bll ell elll all til Oil hI! III JII lell 

10 .136 .230 .190 e .130 .lSe .021 0 .042 .033 0 

J 15 .170 .300 .29'.1 .840 .200 .410 .0~3 0 .042 .038 0 
G 

.lS8 .~0 .330 .Q70 .219 .360 .035 0 .013 .017 9 2D 

Discussion: 

This morphospecies has extremely fine transverse striae. and this 
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tends to emphasise the spiral ornament, which is consequently often domin-

ant. Tubercles are quite small, and the shell is involute compared to most 

other Cancelloceras species. It is perhaps the commonest element of the 

fauna. C. evansi is probably the same form as that called Gaatrioceras 

!a' ~. by Heptonstall (1964, unpublished thesis). 

Cancelloceras !£. aff. evansi 

stratigraphic Range: Gla zone. 

Code in Analyses: GIAG (Cluste~s Wi. Xl. Y4. Z3) 

Character Values: see data for cluster GIAZ3, Section 4.1.3. 

Discussion: 

Distinct only at one ontogenetic stage and the ontogeny is difficult 

to reconstruct. The cluster consists largely of poorly preserved specimens 

which nevertheless show characteristic fine ornament. 
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Genus Agastrioceras Schmidt, 1938. 

Ammonites: von Buch. 1832; Beyrich. 1884. 

Glyphioceras: Frech. 1902. 

Eumorphoceras: C. Schmidt. 1924 (pars.). 

Gastrioceras: Haug. 1898 (pars.); Foord. 1903; Wedekind. 1914; C. 

Schmidt. 1924 (pars.); H. Schmidt. 1924 (pars.), Chalmers, 1936 

(pars.); Oelepine, 1937; Oemanet. 1943; Ramsbottom & Ca1ver, 

1962 (pars.); Patteisky. 1965 (pars.); Popov, 1979. 

Agastrioceras: Schmidt in Kukuk, 1938, Patteisky. 1959. 1965; Rams-

bottom & Calver, 1962, Nassichuk, 1975. 

Type species: Glyphioceras subcrenatum var. carinete Frech, from Gla 

zone of West Germany. 

Characteristics 

The position in A-space of this genus is shown on Figure 51, and the 

histograms on Figure 49 indicate that this position corresponds with poss-

ession of the following character states: 

She1l shape - the most involute of the Gastrioceratidae 5.1. 

Coarse ornament - tubercles small or absent. 

Fine orname~t - striae closely spaced, crenulation usually weak. 

Apertural shape - relatively deep hyponomic sinus and shallow ocu~ar 

sinus. 

Suture 

Composition 

- ventral saddle wide relative to outer saddle; all 

saddles low; lateral lobe simple. (From Fig.54.) 

A. carinatum (Frech, 1902) (Glyphioceras), A. crenu1atum (Bisat,1924) 

(Gastrioceras), A. cumbriense (Bisat, 1924) (Gastrioceras); A. subcrenatum 

(Beyrich, 1884) (Ammonites), A. circumnodosum (Foard. 1903) (Gastrioceras); 

A. retrorsum (Chalmers, 1936) (Gastrioceras); ~. ameliae (Schmidt, 1938) 

(Gastrioceras); A. adleri Patteisky, 1965; ~. depressum (Oelepine, 1937) 

(Gastrioceras)J A. lupinum (Popov. 1979) (Gastrioceras) J A. kutejnikovense 

(Popov, 1979) (Gastrioceras); A. magrawi~. nov.; ~. calveri sp. ~.; ~. 

noncrenatum~. ~.; A. spiralis ~. ~.; A. belgiensis ~. 

coronatum ~. ~. 

nov oJ A. sub-
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Discussion 

The original generic definition of Agastrioc~ras. which only encom~ 

passed forms without tubercles, is here expanded to include forms with 

small tubercles. if associated with fairly involute shell shape and fine 

ornament. There is no objective discrete boundary between possession of 

small tubercles and absence of tubercles. 

Stratigraphic Range 

Yeadonian (Gla zone) to Westphalian C. 

Agastrioceras carinatum (Frech) 

Plate XIV, 7. 

Glyphioceras subcrenatum var. carinata Frech, 1902, p1.x1vi.b, figs.l.2. 

Eumorphoceras carinatum (Frech) C. Schmidt, 1924, pl.xiv, figs. 1.2. 

v. Agastrioceras carinatum (Frech) Patteisky, 1959, pl. x. figs. 1-l2J pl. 

xi, figs. 26-291 pl. xii, figs. 1-3. l4-l7J pl. xiii. figs.4,22. 

v. Agastrioceras carinatum (Frech) Ramsbottom & Calver, 1962, pl.xiv,fig.8. 

Agastrioceras carinatum (Frech) Petteisky. 1965. pl. iii. fig. 11. 

e 
Holotype: The s~cimen figured by Frech (1902, pl. xlvi.b, fig.2) from 

Essen. West Germany. For measurements. see Appendix 4b. 

Stratigraphic Range: C. crencellatum horizon, Gla zone. 

Code in Analyses: GlAF Yo.:: 
,J. 

Matrix of Character Values: 

I 

7.1 

10 

J 12.1 

tI 

3D. 

Du W ,.. " Do 
seT N R , ~ ~ ~ ~ ~ 

JIo D" L.!. Ht 
Hw HW Hw HW 

.940 .J00 41.0 1.~0 1.80 .2ee .340 1.6~ .S~O .200 .09~ e .010 .270 .~ 

.858 .418 44.8 8.ee 1.Oe .190 .~ 1.78 .780 .lS0 .070 .003 .0S0 .160 .015 

.:~e .S19 45.9 8.'0 1.00 .100 .280 1.78 .720 .150 .ese .00:3 .070 .0130 .919 

.798 .599 46.8 8.58 1.ee .108 .275 1.65 .S60 .100 .060 .810 .090 .100 .005 

.790 .SS0 47.0 8.S9 1.ee .100 .270 1.40 .S30 .140 .~67 .elS .148 .050 e 

.718 .760 48.0 8.58 1.00 .180 .260 1.30 .S10 .160 .072 .020 .230 .048 0 

Discussion: 

This is the most involute member of the G fauna. and is also recog
la 

nisable by its early loss of tubercles during ontogeny. There is a strong 

hyponomic sinus. but the ornament is variable. with spi~als sometimes prom-

inent. 
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Agastrioceras ~. aff. carinatum 

Stratigraphic Range: G1a zone. 

Code in. Analyses: G1AC (Clusters W4~ X3, Y5. 27) 

Character Values: see data for cluster GIAZ7. Section 4.1.3. 

Discussion: 

separate from A. carinatum only at larger sizes. when it becomes less 

involute. 

Agastrioceras crenu1atum (Sisat) 

Plate XV. 5. 

v. Gastrioceras crenulatum Sisat. 1924. pl. v. figs. 1, 4. 

Gastrioceras cumbriense SisatJ De1epine. 1941. pl. vii, figs. 18-21. 

v. Gastrioceras crenulatum SiaatJ Ramsbottom & Calver. 1962, pl. xv.fig.3. 

Cance1loceras crenulatum (Siaat) Ruzhentsev & Bogoslovakaya, 1978.p.290. 

Lectotype: BMC 25764. from the~. cumbriense horizon. Withins Scar, Haw-

orth. Yorkshire. For measurements. see Appendix 4b. 

stratigraphic Range: G1b zone. 

Code in Analyses: GIBe (CILlster~:; w::::;~ X5, Y6~ 24) 

Matrix of Character Values: 
Du W RI ~o DII U Ht 

• 
7.1 

leT N R ~ ~ ~ ~ 

.360 .280 19.0 7.38 1.90 .2eo .~0 I.S0 

.990 .~ 21.0 7.79 1.00 .~00 .l30 1.70 

HW Hw Hw HW 
e .070 .320 .031 

.050 e .use .2~0 .030 

J 10 
t2.I 

.8~0 .610 22.08.00 1.00 .100 .295 1.'9 .900 .e80 .035 0 .062 .220 .025 

.~ .788 23.8 7.88 l.ea .100 .290 1.40 .730 .060 .030 .e02 .068 .200 .020 

.810 .820 23.5 7.58 1.00 .100 .280 1.30 .Gle .040 .025 .004 .eg0 .180 .022 

J 

,. 
21. .7~a .870 22.0 7.30 1.00 .100 .279 1.20 .020 .005 .100 .170 .029 

an bll on dn .n tn .11 "" III III kn 

• .120 .220 .230 .020 .190 .400 .021 .002 .028 .034 0 

• 
• 

.1ei .200 .230 .910 .180 .330 .01' .001 .~20 .040 .002 

.080 .180 .230 9 .170 .3S0 .010 0 .020 .040 .904 

Discussion: 

Moderately involute. but particularly distinc~1ve because ita strong 

crenulation is ~ot associated with any great development of spiral ornament, 

as is usually the case. 
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Agastrioceras ~. aff. crenulatum 

Stratigraphic Range: Glb zone. 

Code in Analyses: G18A (Clusters W3. X5~ 14. Z2) 

Character Values: see data for clusters G18Y4 & G18Z2. Section 4.1.3. 

Discussion: 

Represented by poorly preserved specimens. Apparently more evolute 

then A. crenulatum in later growth stages. 

Agastrioceras cumbriense (Bisat) 

Plate 'IN. 1. 2. 

v. Gastrioceras crenulatum var. cumbriense 8isat. 1924. pl. v, fig.2. 

Gastrincares cumbriense BisatJ Patteisky. 1959. pl. xiii. fig. 14. 

Gastriocaras cumbriense Bisat, Bouckaert. 1961. 

v. Gastrioceras cumbriense Bisat, Ramsbottom & Calver. 1962, pl.xv,fig.l. 

Cancalloceras cumbriense (Bisat) Ruzhantsev & 8ogoslovskaya, 1978.p.290. 

Lectotype: Specimen figured by Bisat (1924, pl. v, fig. 2) from the ~. 

cumbriense band, 8igrigg, Cumbria. For measurements, see Appendix 4b. 

Stratigraphie Range: Glb zone. 

Code in analyses: GlBD (Cl.u!.=.ltel~=; \,,11, X~:;:, v:::~ Z5) 

Matrix of Character Values: 
• C TN" , Du W 6'. HW 

... ... 
Hw 

lit D. 
Hw Hw 

,. Oh Lt Ht 
liw liw Hw Hw 

e .321 9 lJ.e 8.ee 1.20 .~oe .450 2.33 .090 e .070 .~S0 .10a 

I • 12.1 

._ .168 12.5 7.78 1.29 .490 .409 1.90 .850 .300 .9se 0 .070 .509 .1(1S 

.851 .248 18.3 7." 1.68 .409 .379 1.8~ .828 .200 .075 .901 .079 .430 .19S 

.811 .368 18.9 7.38 1.se .400 .379 1.80 .sse .220 .a70 .0~2 .075 .450 .105 

.111 .~ S.50 6.88 2.eo .400 .419 1.70 .7S0 .159 .0$5 .095 .ose .450 .lea 

.714a .7e8 S.ei 6.68 2.00 .409 .430 1.Sa .ilO .osa .400 .~S5 

Discussion: 

Rather evolute and coarsely ornamented, Figure 51 shows it to be only 

marginally includable in Agastrioceras. 

Agastrioceras !£. A aff. cumbriense 

Stratigraphic Range: G1b zone. 

Code in Analyses: GIBF (C 1 us; t (:~r· ~;; l.,~ 1. :x -'I ~ y:: . z ~:::;) 



Matrix of Character Values: 

1 

'1 

Du seT N .. , 61 
.sse .~sc 14.0 7.50 1.00 .2~e .340 

.940 .240 15.0 1.se 1.80 .100 .l2S 

.550 .440 lS.S 7.50 1.130 .1~0 .325 

.969 .see 16.5 1.50 1.ee .100 .~"'!i 

.SS0 .760 17.0 7.~0 1.08 .109 .330 

.985 .868 18.e 7.50 1.88 .100 .335 

Discussion: 

W ... 
Hw 

RI '1 Do '0 Dh LJ. '41 ... HW HW HW ... HW Hw Hw Hw 
• S5ij .2~0 .lEJ0 e .120 .420 .0S5 

.S20 .1se .Gse 0 .090 .3:50 .050 

.790 .1513 .060 I;) .eee .2513 .93' 

.769 .120 .047 0 .080 .200 .e~ 

.750 .lea .03e .010 .0i'e .230 .5120 

.730 .070 .020 .alD .ee0 .1se .el~ 

Distinguished only in enelyses G18X and GISY. when it is somewhat 

intermediate between A. cumbrienss and A. crenulatum. 

Agastrioceras.!a' S aff. cumbriense 

Stratigraphic Range: G1b zona. 

Code in Analyses: GlBE (CILlster-s W2, X:3~ y~!., 25) 

Character Values: see data for cluster G1SW2. Section 4.1.3. 

Discussion: 

Distinct only in analysis of smallest specimens. Very close to ~. 

cum~rienseJ possibly a fabrication resulting from poor preservation. 

Agastr10ceres subcrenatum (Seyrichl 

Plate YNI, 1. 

Ammonites carbonarius von Buch, 1832, pl. ii, fig. 9, iv. 

Ammonites subcrenatus Sch10theimJ Beyrich. 1884. PP. 213-4. 
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Glyph10ceras subcrenatus Schlothe1mJ Frech. 1902. pl. xlvi.b. fig. 5. 

Gastrioceras 1angenbranmi Wedekind. 1914, figs. 4. S. 

Gastrioceres carbonarium von Such • subcrenatum Sch10theimJ C. Schmidt. 

1924. pl. xvi. fig. 2. 

Gastrioceras cumbriense Sisat. Demenet. 1943. pl. viii. fig9.2.6.11. 

Agastrioceras subcrenatum (Frech) Patteisky. 1965. pl. iii. figs. 14, 

17. 18. p1.iv. figs. 2-16. 

Lsctotyps: The specimen figured by von Buch (1832. pl. ii. fig. 9, iv). 

from the Subcrenatum Marine Sand. West Germany. For measurements, see 

Appendix 4b. 



Stratigraphic Range: Basal Westphalian A. 

Code in Analyses: G2AD (Clusters U2~ V4, W2, X5, Y4) 

Matrix of Character Values: 

• 
10 

J 1Z.I 

S 

1.09 

1.88 

L.00 

1.ee 

c T N " 
Du 
6'a 

w 
Hw '" ... Hw 

o 20.9 a.eo 1.00 .209 .Jge 1.70 .949 

9 29.9 8.1le 1.99 .290 .349 1.60 .920 

o 21.0 S.0Q 1.09 .290 .zse 1.S0 .900 

e 23.8 8.08 1.00 .209 .278 1.40 .ssa 

'" Do 1"0 Dh L.!. Ht 
itw Hw Hw Hw Hw HW 
e .0SQ .010 .9J0 .140 .019 

" .~ .910 .ase .lee .985 

o .04~ .01S .170 .060 .002 

o .038 .020 .210 .640 .001 

11 .SZ0 .200 36.9 s.ee 1.00 .1ei .~ 1.30 .a .J.38 .QJ2 .040 .288 .028 8 

.860 .300 44.9 8.00 1.00 .1ee .2SQ 1.2\) .&ltl .z5e .SJS .e69 .310 0 a 

Discussion: 
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A moderately involute morphospecies with fine ornament. reduced tuber-

cles and a fairly sinuous aperture. Older spec1mens may show almost smooth 

shell surfaces. Despite the variety of morphology present in G2a zone. and 

the taxonomic splitting of the fauna advocated hera. most published illus-

trations labelled ~. subcrenatum show smooth. poorly crenulate specimens 

which best fit this morphospecies. 

The complex synonymy of A. subcrenatum is dealt with in detail by 

Ramsbottom and Calver (1962). 

Agastrioceras !£. aff. subcren8tum 

Plate XVII. 3. 

Stratigraphic Range:- G2a zone. 

Code in Analyses: G2AC (Clusters U2~ V4, W6~ X3, .,/~::) 

Matrix of Character Values: 

• 
S 

1.00 

C TN'" Di-i. 
o 19.0 9.JO 1.00 .309 .399 l.se 

II 
itw " 0-Mw Hw '0 Ot. Ia ~ 

Hw Iiw ii'w Mw 
.O~ .ase .378 .938 

7.' 1.ee 9 22.9 9.10 1.00 .298 .378 1.65 .909 .040 .060 .005 .lee .269 .i29 

.950 .100 24.0 8.99 1. .208 .340 1.5:l .a8Q .035 .05a .003 .12:5 .1~ .au. 10 

1. 
.880 .300 ~.9 8.79 1.90 .288 .J29 1 ... ~ .S49 .036 .~ .i19 .16Q .101 .~ 

.860 .490 26.9 e.~ t.00 .200 .303 t.35 .660 .028 .OJ8 .~1~ .218 .i5I .812 

.869 .489 26.0 7.80 1.ee .209 .30:5 1.25 .see .tUB .820 .029 .240 .i2I .au 

~ ~ ~ ~ ~ M ~ M m ~ u 
10 .180.230 .258 e .220.410. i04 • eez .096.... 8 

1. .090 .250 .210 o .210 .399 .003 .002 .004 .983 .eel 
= .080 .210 .1se 11 .200 .350 .002 .082 .002 .092 .892 

Oiscussion: 

Becomes broeder than A. subcrenatum in later ontogeny. end hes Tiner 

ornament. 
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Agastrioceras magrawi ~. nov. 

Plate XVII. 1. 2. 

Gastrioceras cumbriense Bisat; Demanet. 1943. pl. viii. fig. 10. 

Holotype: GSM LZB 1359. from the Subcrenatum Marine Band et Windmill Inn. 

Wrightingto"n. Lancashire. For measurements. see Appendix 4. no. 630. 

Stretigraphic Range: G2 zone. probably only G2a • 

Code in Analyses: G2AI (Clusters U5~ V6~ W'7~ Xl, Y2) 

Matrix of Character Values: 

, 
7.1 

E 10 

.i5 
12.1 

11 

20. 

10 

J ,. 
0 

211 

C 
, Du W R. 1'1 Do ... 1»11 I:!. .,.. 

I T N R 6. HW HW Hw Hw Hw H. Hw _ 

1.00 III 22.0 9.20 1.'0 .2El0 .420 2.40 .930 .120 .06:5 .9&4 .&1:5 ..... a78 

1.00 .950 22.0 9.00 1.40 .ZBe .380 2.30 .980 .U~0 .868 .IUi .868 .378 .8:5:5 

.950 .15923.0 S.S0 1.39.20e.36S 2.Ht .sse.8ge .860.828 .188 .J68 .64~ 

.850 .390 26.0 8.S9 1.28 .108 .J~ 1.99 .788 .870 .868 .eJe .1se .348 ..83S 

.840 .400 33.0 S.30 1.ee .109 .335 1.18 ~see 0 .055 .liMe .~ .~88 .&1 

.see .459 39.0 7.701.90 .190.325 1.50.550 0 .845 .~e.JSO.120 .818 

.128 .270 .290 .018 .220 .368 .018 e .818.886 8 

.11Q .,50 .270 e .218 .350 .015 e o .08l e 

.100 .230 .230 e .200 .330 .010 .e01 a 

Discussion: 

Much broeder than ~. subcrenatum. ~nd with crenulation only strong on 

the tubercles. Ornament is much finer. but the diemeter of tne umbilicus 1~ 

rather varieble, specimens from t~e Embury Shale of Devon ere more involute 

than those illustrated here. Fragments of older specimens ere very similar 

to those of A. subcrenatum. 

Agastrioceras !£ .. aff. magrewi 

Stratigraphic Range: G2a zone. 

Code in Analyses: G2AH (C1 Llst.ers Ul. Vc:.
...J ~j 

Matrix of Character Values: 

• 
7.1 

10 

J 12.1 

tl 

2D. 

Du W 
• C T N R , D. Hw ". ... 

Hw 
" 00 
HW Hw 'i. D~w 'L 1-

l.ee .eso 28.8 9.90 1.~0 .20e .41:5 2.50 .0S~ .060 .4~0 .861 

1.88 .858 28.8 8.80 1.20 .2e9 .400 2.25 .539 .1Je .1355 .003 .080 .369 .~ 

1.00 .05022.0 8.70 1.10 .2eg .380 2.05 "90~ .120 .e4~ .907 .100 .318 .835 

1.60 .le8 24.8 8.68 1.18 .200 .370 1.99 .a70 .110 .035 .010 .110 .278 .838 

1.00 .150 38.0 8.70 1.10 .200 .340 1.70 .SlO .090 .030 .ali .1~0 .238 .825 

.960 .299 38.9 9.'0 1.08 .200 .3·15 1.60 .150 .080 .030 .0'1) .200 ""-"8 .828 
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.11 bll ell dll ell 'II gil till 1/1 ,II 11/1 

10 .190 .380 .340 .040 .2213 .3:30 .1330 .001 .l3l~ .01~ -:I 

J 11 .290 .320 .30e .1310 .2413 .340 .1323 .0eZ .0113 .9i1S Ii) 

0 
.270 .Z:3'l .020 .250 .3113 .01S .003 .9ElS 2ID .210 0 e 

Discussion: 

Early ontogeny uncertain. Specimens allocated here are poorly preservedJ 

features appear to be similar to A. magraw1 but less extreme. 

Agastrioceras calveri~. nov. 

Plate XV. 6. 7. 

Holotype: GSM CL 194. from the Embury Shale. probably G2a zone. Hescott 

quarry. near Hartland. Devon. For measurements. see Appendix 4. no.921. 

Stratigraphic Range: Embury Shale. probably G2a zone. 

Code in Analyses: G2AJ (Clusters U8, V8~ W8) 

Matrix of Character Values: 

• 

11 

Du W III PI Do '0 DII U HI 
leT N " , ~ ~ ~ ~ ~ ~ ~ ~ ~ 

.S20 .200 14.0 9.30 2.28 .4ee .3813 2.05 .s~a .lS0 .06~ .910 .039 .Jse .060 

.940 .290 13.0 9.20 2.18 .409 .340 1.83 .S08 .120 .O~~ .al~ .080 .320 .&4~ 

.980 .150 16.0 9.10 2.013 .3ie .310 1.113 .a60 .lea .QS0 .02e .1~O .240 .039 

1.ee .lB0 17.0 9.00 1.79 .309 .ZS5 1.60 .820 .aae .045 .&2S .220 .1se .020 

1.08 .109 29.0 9.00 1.130 .300 .275 1.45 .770 .1370 .035 .03e .l'0 .00a .010 

1.00 .100 24.0 9.00 1.00 .390 .260 1.30 .e50 .925 .400 a .005 

Discussion: 

Rather broad and with distinctive sinuous. coarse striae. Possibly 

restricted to South West England. 

Agastrioceras spira1is!£. nov. 

Plate 'tNI, 4. 5. 

Ho1otype: GSM LZB 1435. from the Subcrenatum Marine Band. Heaton House. 

Upholland. Lancashire. For measurements. see Appendix 4. no. 877. 

Stratigraphic Range: G2a zone. 

Code in Analyses: G2AE (Clusters U3~ V3, W5. X4) 

Matrix of Character Values: 
I C T N II , Du 

5. 
W 
Hw 

I .900 .100 16.0 10.0 1.00 .300 .3Se 1.e5 

III ... 
Hw 

'1 Hw 
Do 

HW 
.ea9 

'0 Hw 
DII ... 
Hw 

L.!.. 
Hw 

H,1 
Hw 

.1380 .4130 .040 

7.1 .889 .290 18.09.'0 1.00 .290 .345 1.75 .900 .040 .970 .005 .1~O .~70 .025 

J 
1Z.I 

10 

11 

.eOl .150 .160 .01S 

e 
8 
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Discussion: 

Shows the strongest ornament of G2a zone morphospecies. Striae consid

erably coarser than A. subcrenatum. This is the most abundant morphospecies 

in collections from bullions in Lancashire, and occurs commonly crushed in 

shale elsewhere. but seems to have eluded description previously. 

Cluster G2AW3 (specimen no. 869, Plate XVI, 6) is a related but anom-

al~us single specimen with particularly well developed crenulation and tub-

ercles 

Agastrioceras !E. A. aff. spiralis 

Plate XVI, 2. 

Stratigraphie Range: G2a zone. 

Code in Analyses: G2AG (Clusters U3~ V3~ Wl~ X4) 

Character Values: see data for cluster G2AWI, Section 4.1.3. 

Discussion: 

Distinct only in one analysis, when it is similar but with smaller 

tubercles. 

Agastrioceras !E. B aff. spiralis 

Stratigraphic Range: G2a zone. 

Code in Analyses: G2AA (Clusters Ul~ VL, X·I.I·) 

Matrix of Character Values! 
Ou W RI '1 00 Po Oil Lt Itt 

leT N R , ~ ~ ~ HW Hw Hw Hw Hw Hw 
• 1.00 e 21.0 7.70 1.ea .200 .37S 1.90 .900 o .065 .020 .010 .320 .040 

., .. 
• J 1Z.I 

• 
• 
• 

J • • 

1.69 0 21.0 7.80 1.00 .2£10 .3~O 1.75 .S79 £I .055 .eze .09~ .300 .0Z0 

• ....... 21 •••• ""1 ' .• ''I"29iI .33<1 '.SS ...... 0J9[ ·""'1· ... . 140 .<oIl •• ,~ 
.929 .100 21.0 8.19 1.09 .1~ .lla I.S0 .8~0 .090 .045 .el~ .180 .210 .010 

.870 • .230 24.0 S.Z0 1.l()tt .• 100 .300 1.45 .780 .0S9 .0St1 .017 .220 .129 .09S 

.84e 1.488 29.0Is.00 11. 001.109 1.213:5 1.351. 73fJ .9401.0751.020 1.240 .020 .0821 
all bn en fin .n fll I" "'1 In In "1 

.lS0 .290 .330 .060 .210 .390 .023 .001 .013 .02:5 .eel 

.140 .2'0 .290 .0:50 .2fJ0 .370 .929 .091 .009 .020 .093 

.129 .210 .250 .940 .190 .J50 .917 .001 .006 .016 .004 

Discussion: 

Intermediate between A. spiralis and A. subcrenatum. 
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Agastrioceras noncrenatum~. nov. 

Plate XVI, 3. 

Holotype: GSM LZB 1464. from the Subcrenatum Marine Band at Heaton House. 

Upholland. Lancashire. For measurements. see Appendix 4. no. 912. 

StratisrephiC Range: G2a zone. 

Code in Analyses: G2A8 (Clusters U4~ V2~ W4) 

Matrix of Character Values: 

I • .. 
.a 

S Du W III '1 D. '0 DII Lj. Ht 
C T II II ,. 6'1 Hw iiw HwHw HW HW HwHw 

1.88 e 36.0 1.60 1.0e .200 .469 2.~0 .900 .lS9 .070 e .0S8 .20e .925 

.sse I lB.e 7.78 1~8& .1ee .4202.05 .870 .140 .esa .885 .eee .lS0 .028 

_t158 ..... 37.8 7 ... 1." .100 .385 , .... 838 "2''1"83',]"'" ., ... 148 .... 

.. 158 .188 38.8 8.88 1.88 .198 .3se 1.88 .790 .1ge .S2~ .012 .118 .120 .010 

.859 .189 45.0 8.28 1.a0 .100 .325 1.69 .778 .978 .828 .013 .140 .070 .0ee 

.1158 .288 ~.e 8.~ 1.08 .10e .380 1.~ .ne .sse .a2~ .813 .179 .050 e 

DiscusnDn~ 

Crenul~t1on in this morphospecies is amongst the weakest of the G2a 

zone fauna. otherwise its morphology is average. 

Agastrioceras circumnodosum (Foord) 

Gastrioceras listeri (Martin) Haug, 169B. pl. i. fig. 28. 

Gastrioceras circumnodosum Foord. 1903. pl. xlix. fig. 10. 

v. Gastrioceras normalis Chalmers. 1936, pl. ii. figs. 7. 6. 

v. Gastrioceres retrorsum Chalmers. 1936. pl. ii. figs. 4, 6. 

~str1oceras c1rcumnodosum Foard) Ramsbottom & Calver. 1962,pl. xv, 

figs. 6-6. 

Gastrioceres circumnodosum Foord) Patteisky. 1965. pl. viii. f1gs.7.l0. 

Gastrioceras listeri (Martin) Popov, 1979, pl. xi. figs. 4-6. 

Lectotype: Specimen fiaured by Foord (1903, pl. xlix. fig. 10). from the 

L1steri Marine Bend, F1roda, Kilkenny. Rep. of Ireland. For measurements, 

tree Appendix 4b. 

StratigraphiC Range: listeri Marine Band. G
2b

• 

Code in Analyses: G2BD 



Matrix of Character Velues: 
c T N " 

, Du 
6'a 

w 
HW 

II. .. 
Hw 

• 
• 

.370 e 43.0 7.20 1.ee .300 .~JQ 2.75 .970 

" 00 Hw Hw 
'0 Dh ':!. Ht 
Hw Hw Hw Hw 

.970 o .ose .470 .110 

to 

I 12.1 

.940 .100 4S.a 8.20 1.09 .109 .440 2.2~ .sse .220 .045 .001 .L10 .370 .060 

.948 .158 48.0 S.08 1.ee .100 .JSe 2.e~ .600 .20& .037 .1102 .140 .369 .0se 

,. .940 .200 51.9 10.9 l.ee .1ee .3S2 1.~.300 0 .030 .020 .220 .330 .048 

2t. .920.2S8 '7.9 19.e 1.88 .lee .338 1.70 .150 e .Q25 .ale .300 .290 .1030 

~ ~ ~ ~ ~ M ~ M ~ ~ ~ 

• .180 .400 .419 .030 .220 .391 .111 8 .818 .S09 e 

I • .180 .390 .410 .020 .200 .398 .812 8 .087 .009 0 
is 

2t .140 .380 .4Ul .0HI .188 .38I).4iIII 8 .8i4.089 e 

Discussion: 
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Moderately involute. Ornament is very fine with crenulation strong 

only around the umbilical rim. 

Agastrioceras ~. afT. c1rcumnodosum 

Plate XVIII, 3. 

Stratigraphie Range: G2b zone. 

Code in Analyses: G2BG (Cluster-so U4, V5~ ~~6~ X2. Yl~ Z1) 

Character Values: see data for clusters G2BU4 & G2BW6, Section 4.1.3. 

Discussion: 

Ontogeny almost inseparable from A. circumnodosum. 

Agastrioceras retrorsum (Chalmersl 

Plate XVIII. 4, 5. 

Gastrioceras c1rcumnodosum Foord) H. Schmidt, pl. xxvi, figs. 12,13. 

v. Gastrioceras retrorsum Chalmers, 1936, pl. ii. fig. 3. 

Gastrioceras listeri (Martin) Oemanet. 1943, pl. viii, fig. 14. 

Holotype: GSM 96455, from the Listeri Marine Band, Ravenhead Quarry. Up-

holland. Lancashire. For measurements, see Appendix 4, no. 146. 

Stratigraphic Range: Listeri Marine Band, G2b • 

Code in Analyses: G2BE ( C 1 us t e r- s I.F:: ~ lJoJ"7 '. X :I. 'I ·Y 1. Z 1 \ 



Matrix of Character Values: 
s 

1 1.00 

c T N , Du 
6'. 

w -Hw 

o 47.0 8.00 1.e0 .200 .395 2.20 

AI ... 
Hw 

" 00 liw liw 
'0 Dh U HI 
liw liw liw HW 

.0:59 o .002 .400 .070 

7~ 1.90.989 49.0 8.20 1.ee .10e .355 2.05 .920 .150 .032 e .~30.325 .O~0 

'1 

211. 

.980 .120 'Z.g S.59 1.0e .100 .343 1.93 .900 .109 .025 0 .055 .260 .040 

.969 .288 ~.e 8.se 1.ee .100 .330 1.95 .sse .eae .018 .010 ~12:S • .220 .030 

.920 .Z99 ~8.0 8.80 1.e0 .100 .310 1.6? .840 .040 .012 .824 -215 .168 .823 

Discussion: 
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Similar to ~. circumnodosum but more involute end with weaker tuber-

eles - consequently it approaches ~'. suberenatum in shape. 

Of the specimens which Ca1mers (1936) illustrated. only the ho1otype 

belongs to this morphospecies. 

Agastrioceras subcoronatum!e' nov. 

Plate XVIII. 3. 

Holotype: GSM LZ8 1112. from the Listeri Marine Band. Ravanheed Brickworks. 

Shore, Lencashire. For measurements. see Appendix 4, no. 757. 

Stratigraphie Range: G2b zone. 

Code in Analyses: G2BF (Clusters U3~ \/2~ W2. X3, V:l~ Z1) 

Matrix of Character Values: 

1 

7.1 

10 

J 12.1 ,. 

10 

I '1 it 
211 

~ w ~ ~ ~ ~ ~ ~ ~ • C T ~ R , ~ ~ ~ Ii'w _ _ _ _ ~ 

1.00 9 36.S 8.20 1.90 .388 .485 2.48 .9Z8 .e18 .Q6S 9 .821.448 ... 

.968 .lee J2.0 7.39 1.88 .288 .448 2.20 .SSEl .020 .060 9 .040.'378 .060 

.990 .129 31.0 8.38 1.ee .208 .41S 2.10 .sao .030.ess e .8~.331.~ 

.888 .1~ 30.0 8.88 1.ea .1ee .395 2.ge .870 .850 .&45 .101 .075 .m ... 

• sse .129 11.e 9.29 i.ee .109 .J19 1.95 .860 .159 .035 .0&4 .115 .l18 .QJ0 

.929 .180 35.e 9.38 1.ee .1ee .lS0 1.75 .930 .lee .021 .007 .lS9 .281 .eJQ 

III 1»11 III elil ,II fll ,II "" In 1/1 lin 

.160 .J18 .338 .050 .209 .360 .030 I) • 92' .~ut ~ 

.140 .290 .3Jtl .020 .188 .330 .e22 a .010 13 Ii) 

.130 .280 .330 0 .170 .3\1) .01S 0 .00-5 Q e 

Discussion: 

Evolute and broadJ intermediate between ~. circumnadosum and Gastria-

ceras coronatum. 
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Agastrioceras adleri Patteisky 

Plate XVII. 5. 6. 

v. Gastrioceras crenulatum BisatJ Oemanet. 1943. pl. vi. figs. 5. 22. 

v. Gastrioceras crenulatum var. weristerense Demanet. 1943. pl. vii. 

figs. 5, 11, 14. 

Gastrioceras weristerense DemanetJ Bouckaert, 1961, fig. 4. 

v. Agastrioceras adleri Patteisky, 1965, pl. v, figs. 5-11. 

Holotype: Specimen figured by Patteisky (1965. pl. v, fig. 5) from the 

Listeri Marine Band, Essen, West Germany. For measurements, see 
Appendix 4b. 

Stratigraphic Range: Listeri Marine Band, G2b • 

Code in Analyses: G2BH (Clusters U6. V6, W4~ Y2, Z2) 

Matrix of Character Values: 

I. 

7.1 

10 

I 1Z.I 

~ w ~ " ~ h ~ U ~ 
• C TN" It 6'1 liw Hw IiwHw HW Hw"wltw 

.84e .300 16.0 9.0i 1.48 .Jee .4~e 2.~S .sse .100 .873 .005 .elS .438 .e7~ 

.888 .see 16.8 S.78 1.38 .300 .~ 2.10 .9S0 .e,,~ .EIS7 .010 .070 .430 ."60 

.810 .~e 16.6 a.se 1.3a .200 .3~ 1.S8 .940 .920 .041 .el~ .1eS .480 .~ 

.720 .888 16.9 8.38 1.40 .200 .350 1.78 .S30 e .035 .1Il20 .148 .398 .Cl40 

,. .820 .S0Q 16.0 9.00 1.40 .200 .335 1.80.900 e .02~ .039 .199 .370 .048 

a .810.sse 17.9 7.70 1.48 .290 .330 1.Se .sse e .el1 .G3~ .230 .350 .040 

~ ~ ~ ~ ~ ffl ~ M m ffl ~ 

10 .299 .360 .• 420 .070 .288 .4I!Ie .04S e .020 .019 .813 

• 
2D 

.~e .340 .390 .~e .28e .390 .034 .001 .010 .028 .008 

.210 .330 .3S9 .919 .239 .lSe .02S.082 e .02S .e18 

Discus.sion: 

Moderately evolute, striae quite widely spaced and crenulate 1n young 

specimens. Spiral ornament often conspicuous. 

Patteisky (1965) erroneously included this species in Agastrioceras 

on the basis of absence of tubercles. The type specimens, though crushed. 

do, in fact. have tubercles. but A. adleri is retained in the genus here 

on the basis of other shell characters, though only marginally. 

This morpho species occurs in England as well as continental Europe. 
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Agastrioceras be1giensis~. nov. 

Plate XVII. 4. 

v. Gastrioceras crenulatum Bisat; Demanet, 1943,p1.vi,figs.2,·9,lD,16,16. 

v. Gastrioceras crenulatum var. weristerense Demanet, 1943, pl. vii, 

figs. 3.6.7.15.18. 

Gastrioceras weristerense Demanet; Bouckaert. 1961. figs.l,2,3,S. 

HO,lotype: Specimen figured by Demanet (1943, p1.vii, fig.7) from the 

Listeri Marine Band. Werister. Belgium. For measurements see App. 4b. 

Stratigraphic Range: Listeri Marine Band, G2b • 

Code in Analyses: G2BA (CILlst~:?rs lj4" ~oJl~ )(7) 

Matrix of Character Values: 

I 

7.' 
10 

J 12.5 

DII W '" fit Do 
seT N " , ~ ~ ~ ~ ~ 

.960 .330 22.0 s.se 1.40 .400 .44~ 2.~e .8ea .250 .030 

.see .438 28.8 6.00 1.40 .3oa .42~ 2.25 .9~O .20e .027 

.850 .500 18.9 6.3e 1.40 .200 .410 2.10' .esa .10e .02i 

.829 .550 17.9 6.S9 1.se .290 .400 2.05 .820 .0'8 .02S 

Po Dh L.!, Ht 
HW HW Hw Hw 
e .019 .370 .lij0 

o .039 .JSe .080 

e .ase .370 .07S 

e .0S8 .386 .070 

1. .780 .S08 15.9 7.70 2.~0 .200 .3ga 1.S5 .710 Q .011 .002 .140 .330 .070 

3)' .768 .see 14.9 S.se 2.50 .260 .385 1.se .ssa Q .819 .e93 .200 .400 .070 

Discussion: 

Intermediate between A. adleri and Gastrioceras weristerense in most 

char~ctersJ it is consequently close to inclusion in Gastrioceras (see 

FigureSl. It occurs in England as well as continental Europe. 
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Genus Gastrioceras Hyatt, 1884 

Ammonites: Sowerby, 1825; Beyrich, 1884. 

Gastrioceras: Hyatt, 1884; Foord & Crick, 1897 (pars.); Haug, 1898) 

Wedekind, 1914; C. Schmidt, 1924; Wright, 1927; Chalmers, 1936 

(pars.); Demanet, 1943 (pars.); Ramsbottom & Ca1ver, 1962 (pars.)) 

Patteisky, 1965 (pars.); McCaleb, 1968 (pars.); Nassichuk, 1975 

(pars.). 

Lissogastrioceras: Gordon, 1965 (pars.)J Nassichuk, 1975 (pars.). 

Cance11oceras: Ruzhentsev & Bogos1ovskaya, 1971, 1978 (pars.)J Man-

ger & Saunders, 1980. 

Type species: Ammonites listeri, Sowerby, 1812, from Westphalian A of 

England. 

Characteristics 

The position in A-space of this genus is shown on Figure 51, and the 

histograms of Figure 49 show that this position corresponds with posseSSion 

of the following character states: 

Shell shape - evolute. 

Coarse ornament - strong tubercles, often bifurcating. 

Fine ornament - widely spaced, usually poorly crenulate. 

Apertural form - hyponomic sinus relatively weak, ocular sinus strong. 

Suture - lobes and saddles tall; ventral saddle large; prongs 

on lobes well developed. (Information from Fig. 54). 

Composition 

G. 1isteri (Sowerby, 1825) (Ammonites); Q. lineatum Wright, 1927; G. 

coronatum Foord & Crick, 1897) G. weristerense Demanet, 1943; G. araium Mc-- -
Caleb, 1968; Q. melvi11ensis Nassichuk, 1975J Q. contractum (Ruzhentsev & 

Bogoslovskaya, 1978) (Cancelloceras); Q. di1atatum (R & 8, 1978) (Cance11o

ceras); Q. infans (Popov, 1979) (Cancelloceras)J Q. huntsvillense (Manger & 

Saunders, 1980) (Cancelloceras); Q. pseudocrence11atum~. nov. 



293 

Discussion 

The genus Gastrioceras is restricted here to the more coronate. coarse-

1y ornamented species of the Gastrioceratidae s.l. 

Strat1graphic Range 

Marsden1an CR2b zone) to Westphalian A. 

Gastr10ceras pseudocrencellatum!£. nov. 

Plats XV. 3. 4. 

Gastrioceras crenu1atum B1satJ Patte1sky. 1959. pl. xii. figs. 6. 7. 

Gastr10ceras crenulatum BisatJ Bouckaert. 1961. 

Holotype: GSM JS 46B. from the~. cumbriense band. Blue Scar Clough. Stan-

bury Moor. Yorkshire. For measurements. see Appendix 4. no. 41. 

StratigraphiC Range: Glb zone. 

Code 1n Analyses: GlBB (Clusters W4~ X2~ Vi, Zi) 

Mat.rix of Character Values:. 
• 4: TN" , 011 W '" PI Do '0 D" U Ht 

~ ~ ~ ~ ~ ~ ~ ~.~ 

• .868 .498 14.08.09 l.2S .300 .41e 1.90 .929 .188 .130 .010 .030 .~20 .es~ 

u 

• lu 

.15t .888 14.8 S.Ja 2.88 .288 .~ 1.se .sao .1~ • Ute .010 .e~o .~~e .e~~ 

.111 .~ 16.8 a.3I 1.3e .200 .372 1.8~ .848 .120 .080 .010 .e7~ .3~8 .0~ 

.688 .838 17.S 8.ee 1.ee .209 .370 1.S0 .S00 .100 .0&0 .010 a7B .J0a .040 

• .748.898 21.:1 7.9 1.08 .2ee .370 1.S8 .002 .069 .260 .038 

JI. .8:58 .918 ZOOS 7.08 1.ee .200 .36:5 1.~ 

Discussion: 

Quite &volute, with the beet developed cancellate ornament in G
1b 

zone. Only mar&1nally included in Gastrioceras rather than Cancel10ceras. 

Gastriocaras !£. aff. listeri 

Stratigraphic Range: Subcranatum Marine Band CG2a zone). 

Code 1n Analyses: G2AF (Clusters U6~ W9) 

Matrix of Character Values: 
• C T • • " 

'II 
HW '" ... Hw 't Di. '~. D~w 'a'. Hii. 

• .960 8 J4.8 6.70 1.~ .208 .498 2.S0 .042 .04:1 .400 .170 

7.1 

• J 12.1 

• 
» 

.940 .850 22.8 7.29 1.48 .388 .460 2.55 .980 .~0 .a3e 

.950 1.1~ 16.81 7•60 \1· l81·..ee1·440 2.351.560 .2001.8201 

.978 .180 18.9 8.00 1.28 .6&9 .420 2.20 .920 .160 .013 

1.ee I. lee s. eel s. ~911.1al. 708 [ .390 l.9!5] .880 • l28 \.9981 
1.88 .188 8.sa 1.8& .see .3~ 1.80 .~e .see .1305 

o .0S0 .370 .160 

j 1.080 .369 .1:10[ 

e .090 .3~B .140 

" I. 130 .348 .1201 
e .I~e .330 .110 
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Discussion: 

A rare form known only from poor specimens. It is distinctly coro~3te 

when young and resembles Q. listeri. although not quite so morphologic:11} 

extreme~ The morphospecies is certainly the most evolute and coarsest :~ 

G2a zone. and its recognition is important to avoid stratigraphic conf~sion 

with the Listeri Marine Band (G2b zone). It has been recorded from Devc~ 

and South Wales. 

This morphospecies may be equivalent to Q. carbonarium recorded f~:m 

the same horizon in 8elgium and West GermanY6 which also has very strc-g 

tubercles (see Patteisky. 1965). ~. carbonarium. however. has only bee~ 

descrioed as large specimens which are not easily comparable with Brit~sh 

material. 

Gastrioceras listeri (Sowerby) 

Plate XVIII. 1. 2. 

Ammonites listeri Sowerby. 1625. 

Gastrioceras listeri (Martin) Foord & Cr1ck6 1697. 

Gastrioceras listeri (Martin) Haug. 1898. pl. 1. T1gs. 29-31. 

Gastrioceras kahrsi Wedekind. 1914. figs. 7. B. 

Gastrioceras 1isteri (Martin) H. Schmidt, 1924. pl. xxvi. fig. 11. 

v. Gastrioceras listeri (Martin) Chalmers. 1936, pl. ii. figs. 1. 2. 

v. Gastrioceras listeri (Martin) Demanet,1943.c1.v111.fig.15Jpl.ix.f~g.S. 

v. Gastrioceras listeri (Sowerby) Ramsbottom & Calver.1962.pl.xv,fig. 9. 

v. Gastrioceras listeri (Sowerby) Patteisky, 1965. pl. v, figs. 12-17J 

pl. vi, figs. 1-5. 

v. Gastrioceras 1isteri coronatum Foord & Crick, Patteisky. 1965. pl. vi,· 

figs. 1-5. 

Lectotype: 8M 439D96, from the Listeri Marine Band, north of Halifax. 

Yorkshire. For measurements. see Appendix 4b. 

Stratigraphic Range: Listeri Marine 8and (G
2b 

zone). 

Code in Analyses: G288 (Cll .• ls.ten::; Ul. W~':::" X6. l~S) 
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Quite a distinctive morphospecies: very coronate, with coarse ornament 

and crenulate only around the umbilicus. 

Gastrioceras coronatum Foard & Crick 

v. Gastrioceras coronatum Foard & Crick, 1897, p.236. 

Holotype: BM 97356, from the Listeri Marine Band, locality unknown. For 

measurements, see Appendix 4b. 

Stratigraphic Range: Listeri Marine Band (G2b zone). 

Discussion: 

The holotype is of a rare form not present in analyses. The spectmens 

usually referred to this species are extreme forms of ~. lister!, the true 

G. coronatum has closely spaced striae, and does not have ribs or tubercles 

developed to the same extent. 

This appears to be ·a case where the chosen type specimen dOBS not 

correspond with the popular concept of the species. 

Gastrioceras weristerense Demanet 

v. Gastrioceras crenulatum var. weristerense Demanet, 1943. pl.vii. 

figs. 1,2,13. 

v. Gastrioceras crenulatum BisatJ Demanet. 1943, pl. vi. fig. 3. 

v. Gastrioceras weristerense DemanetJ Patteisky. 1965. pl. ix. fig. 1. 

Lectotype (here chosen): the specimen figured by Demanet (1943. pl. vii, 

fig. 1] from the Listeri Marine Band. Werister. Belgium. For measure

ments. see Appendix 4b. 

Stratigraphic Range: Lister! Marine Band (see Ramsbottom & Calver. 19621. 

Code in Analyses: G2BI (Clusters U2~ X8 ~ Y4) 
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Similar in shape to~. listeri. but striae are fine. delicate and 

extensively crenulate. and spiral ornament is viSible. 

Gastrioceras !£. aff. weristerense 

Stratigraphic Range: Listeri Marine Band (G2b zane). 

Code in Analyses: G2BC (C 1 Lt!:ter s U2 ~ Y3) 

Character Values: see data for clusters G2BXS & G2BY3. Section 4.1.3. 

Discussion: 
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Only twa specimensJ apparently less crenulate than G. weristerense. 
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Genus Lissogastrioceras Gordon, 1965 

Gastrioceras: Miller & Owen, 1944 (pars.)l McCaleb. 1968 (pars.) .. 

Gastrioceras (Lissogastrioceras): Gordon. 1965: Nassichuk, 1975. 

Type species: Gastrioceras fittsi Miller & Owen, 1944, from the Bloyd 

formation, Arkansas, U.S.A. 

Characteristics: 

The position in A-space of this genus is shown on Figure 51, and the 

histograms of Figure 49 indicate that this position corresponds to poss

ession of the following character states: 

Shell shape - evolute and particularly broad, some nearly coronate. 

Coarse ornament - tubercles very strong. Little sign of bifurcation. 

Fine ornament - striae very fine and close. Crenulation and spirals 

weak. 

Apertural form - hyponomic sinus quite shallow, ocular sinus deep. 

Suture - median saddle large. terminal prongs on lobes quite 

well developed. 

Composition 

L. fittsi (Miller & Owen. 1944) (Gastrioceras)l L. attenuatum (McCaleb 

1968) (Gastrioceras): L. glenisteri (Nassichuk, 1975) (Gastrioceras (Lisso

gastrioceras)). 

Discussion 

Gordon (1965) distinguished L1ssogastrioceras on the basis of a mono

thetic criterion - absence of striae on the venter. Here the concept of the 

genus is changed slightly to incorporate other characters. The general shell 

shape is quite distinctive. Note that Gastrioceras araium McCaleb (1968) 

has had to be excluded from Lissogastrioceras because of this. 

The genus is not present in Britain. 

Stratigraphic Range 

Topmost Namurian and Westphalian. 
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PLATE r 



PLATE I 

Hla zone Homoceratids 

1. Vallites lancastria sp. ~. (code HlAA). Spec. no. GSM 82852. from 

the~. subglobosum band at Samlesbury Bottoms. near Blackburn, 

Lancashire. (1M). 

2. Vallites lancastria~. nov. (code HlAA). Holotype. Spec. no. GSM 

82854, horizon and locality as for 1. above. 

3. Homoceras subglobosum Sisat (code HlAC). Spec. no. GSM Zi 4536. 

from the~. subglobosum band. Lisdoonvarna, Co. Clare. Rep. of 

Ireland. (IM). 

4. Homoceras subglobosum Bisat (code HlAC). Spec. no. GSM 95364. from 

the H. subglobosum band at Gill Beck. Cowling. Yorkshire. (IM). 

5. Vallites lancastria sp. ~. (code HlAA). Spec. no. GSM 59993. from 

the~. subglobosum band at Fairborough Wood. Staffordshire. 

6. Vallites lancastria~. ~. (code HlAA). Spec. no. GSM LZ 1973. 

horizon and locality as for 4. above. 

7. Vallites gillense sp. ~. (code HlAB). Holotype. Spec. no. GSM 

59999. horizon and locality as for 5. above. 

All photographs X3 magnification. 

All specimens in this and the following plates are complete or 

fragmentary casts. except where the following abbreviations are used: 

IM - Internal Mould 

EM - External Mould 

LC - Laterally Crushed 

VLC - Ventra-Laterally Crushed 
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PLATE II 

Hlb & H2a zone Homoceratids 

1. Homoceras diadema (Beyrich) (code HIBA). Spec. no. GSM 50614, from 

the ~. beyrichianum band, Lisdoonvarna, Co. Clare, Rep. of 

Ireland. 

2. Homoceras diadema (Beyrich) (code HIBA). Spec. no. GSM 50613, 

horizon and locality as for 1. above. 

3. Homoceras~. aff. diadema (code HIBB). Spec. no. GSM Ze 1964, 

from the~. beyrichianum band at Mam Tor, Castleton, Derby

shire. (IM). 

4. Bogdanoceras beyrichianum (De Koninck) (code HIBC). Spec. no. GSM 

26296, from the ~. beyrichianum band at Tenby, Pembrokeshire. 

5. Homoceras smithii (Brown) (code H2AC/O). Spec. no. GSM Zi 4603, 

from the H. smithii band at River Aille, Phosphate Mine, 

Doolin, Co. Clare, Rep. of Ireland. 

6. Homoceras smithii (Brown) (code H2AC/0). Spec. no. GSM Zi 4596, 

horizon and locality as for 5. above. 

7. Homoceras gibsoni~. ~. (code H2AE). Spec. no. GSM Zi 4607x, 

horizon and locality as for 5. above. 

8. Homoceras gibsoni~. ~. (code H2AE). Holotype. Spec. no. GSM 

Zi 4606, horizon and locality as for 5. above. 

For notes, see Plate I. 
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PLATE III 



PLATE III 

H2b zone Homoceratids 

1. Homoceras parundulatum~. ~. (code H2BA). Spec. no. GSM Zi 4548 

2217, from the H. undulatum band, River AllIe. Doolin. Co. Clare, 

Rep. of Ireland. 

2. Homoceras~. aff. undulatum (code H2BC). Spec. no. GSM Zi 4548 

2154, horizon and locality as for 1. above. (IM). 

3. Homoceras undulatum (Brown) (code H2BD). Spec. no. GSM Zi 4548 2152, 

horizon and locality as for 1. above. (IM). 

4. Homoceras!E' aff. parundulatum Ccode H2BB). Spec. no. GSM Zi 4548 

K43/3D, horizon and locality as for 1. above. 

5. Homoceras parundulatum~. ~. (code H2BA). Holotype. Spec. no. 

GSM Zi 4548 2076, horizon and locality as for 1. above. (IM). 

For notes, see Plate I. 
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PLATE IV 



PLATE IV 

H2c & RIa zone Homoceratids 

1. Homoceratoides prereticulatum Bisat (unanalysed specimen). Spec. no. 

GSM Zi 4669, from the Htd. prereticulatum band. Holden Beck. 

Silsden, Yorkshire. 

2. Homoceratoides doolinense sp.~. (code H2CA). Spec. no. GSM LZ 

~034R. from the~. prereticulatum band. Phosphate Mine. River 

AllIe. Doolin. Co. Clare. Rep. of Ireland. 

3. Homoceratoides prereticulatum Bisat (code H2CB). Spec. no. GSM LZ 

3034 Z. horizon and locality as for 2. above. (1M). 

4. Homoceratoides prereticulatum Bisat (code H2CB). Spec. no. GSM LZ 

3034P. horizon and locality as for 2. above. (1M). 

5. Homoceratoides doolinense sp.~. (code H2CA). Holotype. Spec. no. 

G5M LZ 3035G. horizon and locality as for 2. above. (1M). 

6. Homoceras eostriolatum Sisat (code H2CC). Spec. no. GSM 6050. from 

?H2c zone. Samlesbury Bottoms. near Blackburn. Lancashire. 

7. Val lites henkei (Schmidt) (code HRIAE). Spec. no. GSM 86934. from 

RIa zone. River Aille. Batlyteig Bridge. near Lisdoonvarna. Co. 

Clare, Rep. of Ireland. 

8. Vallites henkei (Schmidt) (unanalysed specimen). Spec. no. G5M 73342. 

from RIa zone. Saunders Brick Pit. Pinhoe. Exeter, Devon. 

9. Vallites mutabile (Bisat & Hudson) (code HRIAA). Spec. no. GSM 86913. 

from RIa zone. River Aille. Phosphate Mine. near Roadford. Co. 

Clare. Rep. of Ireland. 

For notes. see Plate I. 
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PLATE V 

R1a zone Homoceratlds 

1. Va11ites!E. aff. magistrorum (Hodson) (code HR1AF). Spec. no. GSM 

71458. from RIa zone. Backstone Beck. I1kley Station, Yorkshire. 

2. Vallites magistrorum (Hodson) (code HR1AC). Spec. no. GSM 86911, 

from R
la 

zone, River Aille, Ballyteig Bridge, near Lisdoonvarna, 

Co. Clare, Rep. of Ireland. 

3. Vallites magistrorum (Hodson) (code HR1AC]. Spec. no. GSM 71454, 

horizon and locality as for 1. above. 

4. Vallites submagistrorum~. ~. Ccode HR1AO). Ho10type. Spec. no. 

GSM 71452, horizon and locality as for 1. above. 

5. Va11ites var1catum (H. Schmidt) (code HRIABJ. Spec. no. GSM 90012, 

horizon and locality as for 1. above. 

6. Vallites varicatum (H. Schmidt] Ccode HR1AB). Spec. no. GSM Zi 4684, 

from R1 zone, Ballshanny House, Ki1fenora, Co. Clare, Rep. of 

Ireland. 

7. Vallites varicatum CH. Schmidt) (code HR1BBJ. Spec. no. GSM Zi 4667, 

from Rl zone, Kilmoon River, Lisdoonvarna, Co. Clare, Rep. of 

Ireland. 

8. Val lites mutabile (Bisat & Hudson) Ccode HR1AAJ. Holotype. Spec. no. 

GSM SH 3256, from RIa zone, Lumbutts Clough, Woodhouse, Todmorden, 

Yorkshire. (LCJ. 

For notes, see Plate I. 



1 2 

3 

4 

6 

7 8 



303 

PLATE VI 



PLATE VI 

RIb to R2c zone Homoceratids 

1. Vallites striolatum (Phillips) (code HRIBA). Spec. no. GSM Zl 6049. 

from RIb zone. Samlesbury Bottoms. near Blackburn. Lancashire. (IM). 

2. Vallites striolatum (Phillips) (code HRIBA). Spec. no. GSM Zl 6060. 

horizon and locality as for 1. above. 

3. Vallites sp. aff. striolatum (code HRIBC). Spec. no. GSM 30814. from 

RIb zone. Todmorden. Yorkshire. 

4. Homoceras spiraloides (Bisat & Hudson). Spec. no. GSM 63089. from the 

Ph. nodosum band. Swint Clough. Alport Valley. Derbyshire. See 

note. p.232 • 

5. Vallites striolatum (Phillips) (code HRIBA). Spec. no. GSM 63090. 

horizon and locality as for 4. above. See note. p. 232. 

6. Homoceras fortelirifer (Ramsbottom) (code HRICGA). Spec. no. GSM IPS 

734. from the R2c zone. Rocher End Brook. Bradfield. Yorkshire. 

(LC). 

7. Homoceras fortelirifer (Ramsbottom) (code HRICGA). Spec. no. GSM LZ 

3601. from R2c zone. Pears House Clough. Strines. Sugworth. 

Yorkshire. (LC). 

8. Homoceras divaricatum (Hind) (code HRIBO). Spec. no. GSM 59849. from 

RIb zone. Fairborough Wood. Cliffe Park Station. Staffs. (LC). 

For notes. see Plate I. 
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PLATE VII 



PLATE VII 

RIal zone Gastrioceratids 

1. Phillipsoceras clrcumpllcatl1e (Foord) (code RIAIC). Spec. no. GSM Z1 

4695. from the Ph. clrcump11catl1e band. Ballyshanny House. near 

Kl1fenora. Co. Clare. Rep. of Ireland. (1M). 

2. Otleyoceras compressum (Blsat & Hudson) (code RIAIA). Spec. no. GSM 

~5231. from the Ph. clrcumpllcatl1e band. Lisdoonvarna. Co. Clare. 

Rep. of Ireland. 

3. Otleyoceras coronatum (Bisat & Hudson) (code RIAIB). Spec. no. GSM Zi 

4702A. horizon and locality as for 1. above. 

4. Otleyoceras compressum (Bisat & Hudson) (code RIAIA). Spec. no. GSM 

Zi 4691. horizon and locality as for 1. above. 

5. Otleyoceras compressum (Bisat & Hudson) (code RIAIA). Holotype. Spec. 

no. GSM 63093, from RIal zone. Samlesbury Bottoms. Lancashire. 

6. Otleyoceras compressum (Blsat & Hudson) (code RIAIA). Spec. no. GSM 

Zi 4698. horizon and locality as for 1. above. 

7. Otleyoceras coronatum (Bisat & Hudson) (code RIAIB). Holotype. Spec. 

no. GSM Oa 2031. from RIal zone. Storris House. Otley. Yorkshire. 

8. Phillipsoceras circumplicatile (Foard) (code RlAlC). Spec. no. GSM 

59986. from RIal zone. Spring Wood, Staffordshire. 

For notes, see Plate I. 



1 2 

3 

4 

5 

6 
8 

7 



305 

PLATE VIII 



PLATE VIII 

R zo ne Gastrioceratids la2 

1. Otleyoceras paucicrenulatum (Sisat & Hudson) (code RlA2S). Spec. no. 

GSM LZ 1893. from R
1a2 

zone. Roughlee. Pendle. Lancashire. 

2. Otleyoceras paucicrenulatum (Bisat & Hudson) (code RIA2B). Spec. no. 

GSM LZ 1892. horizon and locality as for 1. above. (IM). 

3. Otleyoceras bouckaerti~. ~. (code RIA2A). Soec. no. GSM LZ 1948. 

horizon and locality as for 1. above. (IM) . 

4. Otleyoceras bouckaert1~. ~. (code RIA2A). Holotype. Spec. no. GSM 

LZ 1954. horizon and locality as for 1. above. 

5. Reticuloceras pulchellum (Foard) (code RlA2D). Spec. no. GSM Zl 6021. 

horizon and locality as for 1. above. (IM). 

6. Reticuloceras samlesburyense Bisat & Hudson (code RIA2E). Spec. no. 

GSM 63086, from Rla2 zone, Alport Bridge, Ashop Valley. Derbyshire. 

7. Ret1culoceras pulchellum (Foard) (code RlA2D). Spec. no. GSM Zl 6011. 

horizon and locality as for 1. above. (IM). 

B. Ret1culoceras samlesburyense Sisat & Hudson (code RlA2E). Holotype. 

Spec. no. GSM 63085. from Rla2 zone. Samlesbury Bottoms. near 

Blackburn, Lancashire. (IM). 

For notes. see Plate I. 
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PLATE IX 

Rla2 zone Gastrioceratids 

1. Reticuloceras subreticulatum (Foord) (code RIA2C). Spec. no. GSM 85386. 

from the Rla2 zone. Blakes Bridge. Slieve Elva. Co. Clare. Rep. of 

Ireland. 

2. Reticuloceras subreticulatum (Foord) (code RIA2C). Spec. no. GSM LZ 

1988. horizon and locality as for 1. above. 

3. Reticuloceras pulchel1um (Foord) (code RIA20). Spec. no. GSM 83930. from 

Rla2 zone. Roughlee. Pendle. Lancashire. 

4. Reticuloceras pulchellum (Foord) (code RIA20). Spec. no. GSM 71132. from 

Rla2 zone. Lumbutts Clough. Woodhouse. Todmorden. Yorkshire. (LC1. 

5. Reticuloceras dubium Bisat & Hudson (code RlA2G). Holotype. Spec. no. 

GSM WE 1108, from R1a2 zone. Bottom Beck. Spofforth Haggs. Yorkshire. 

(LC1. 

For notes. see Plate I. 
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PLATE X 

RIb zone Gastrioceratids 

1. Phillipsoceras nodosum (Bisat & Hudson) (code RIBC). Spec. no. GSM 

71120, from RIb zone, Swint Clough, Alport Valley, Derbyshire. (IM). 

2. Phillipsoceras stubb1efie1di (Bisat & Hudson) (code RIBB). Spec. no. 

GSM 89948, from RIb zone, Cliffs of Moher, near O'Brien's Tower, Co. 

Clare, Rep. of Ireland. 

3. Reticuloceras eoreticulatum Bisat (code R1BA). Spec. no. GSM 71069. from 

RIb zone. Roughlee. Pend1e. Lancashire. 

4. PhiI1ipsoceras stubblefieldi (Sisat & Hudson) (code RISS). Spec. no. 

GSM 71117. horizon and locality as for 1. above. (IM). 

5, Ret1culoceras regularum Sisat & Hudson (code RISD). Spec. no. GSM 73340. 

from RIb zone, Saunders Srick Pit, Pinhoe. near Exeter. Devon. 

6. Reticuloceras regularum Sisat & Hudson (code RISD). Spec. no. GSM 71057. 

from Rlb zone. Samlesbury Bottoms. near Blackburn. Lancashire. 

For notes. see Plate I. 
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PLATE XI 



PLATE XI 

RIc zone Gastrioceratids 

1. Reticuloceras reticulatum (Phillips) (code RICA). Spec. no. GSM 52158# 

from RIc zone. Crimsworth Dene, Hebden Bridge. Yorkshire. (IM). 

2. Ret1culoceras reticulatum (Phillips) (code RICA). Spec. no. GSM 62446. 

horizon and locality as for 1. above. 

3. Reticuloceras reticulatum (Phillips) (code RICA). Spec. no. GSM 71104. 

horizon and locality as for 1. above. (IM). 

4. Phi1l1psoceras coret1culatum (Bisat & Hudson) (code RICB). Spec. no. 

GSM 52159, horizon and locality as for 1. above. 

5. Phillipsoceras coreticulatum (Bisat & Hudson) (code RICB). Spec. no. 

GSM T2alS. from RIc zone. Shell Brook. Mare Knowles. N. Staffs. 

6. Reticuloceras reticulatum (Phillips) (code RICA). Spec. no. GSM LZ 340. 

from RIc zona, Pondan Clough. Stanbury. Yorkshire. (LC). 

For notes, see Plate I. 
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PLATE XII 

R2a and R2b zone Gastrioceratids 

1. Silinguites gracile (Sisat) (code R2AA). Spec. no. GSM 30806. from 

R2a zone. Felt House Wood. S.W. of Leek. Staffordshire. 

2. Silinguites gracile (Sisat) (code R2AA). Spec. no. GSM Zl 5256. from 

R2a zone, Star Wood. Oakamoor. Staffordshire. 

3. Otleyoceras gracilingua sp. ~. (code R2AC). Holotype. Spec. no. GSM 

Zl 5268, from R2a zone, Sabden Brook. east of Whalley. Lancashire. 

4. Silinguites involutum!E' ~. (code R2AB). Holotype. Spec. no. GSM 

Oa 855. from R2a zone. Rag Clough. Holme. Yorkshire. (LC1. 

5. Silinguites ~!E' ~. (code R2SC). Spec. no. GSM AT 3103. from 

R2b zone. Linsgreave Clough, Rishworth, Yorkshire. (LC1. 

6. Silinguites pulobilingue!E' ~. (code R2BO). Spec. no. GSM RE 4593. 

from R2b zone. Wittenstall Clough. Cornholme, Yorkshire. (LC). 

7. Bilinguites~. aff. beta (code R2BG). Spec. no. GSM Da 2286. from R2b 
zone, High Cote. Riddlesden, Yorkshire. (EM). 

For notes, see Plate I. 
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PLATE XIII 

R2b zone Gastrioceratids 

1. Bilinguites bilingue (Salter) (code R2BA). Spec. no. GSM AT 3076. 

from R2b zone. Dean Clough. Scammonden. Yorkshire. (EM). 

2. Bilinguites bilingue (Salter) (code R2BA). Spec. no. GSM S026SA. from 

R2b zone. Wakefield Waterworks Tunnel. Barkisland. Yorkshire. 

3. B1l1nguites f1lobilingue ~. ~. (code R2BB). Spec. no. GSM AT 3103. 

from R2b zone. Linsgreave Clough. Rishworth. Yorkshire. (LC). 

4. B1linguites f1lobilingue ~. ~. (code R2BB). Spec. no. GSM AT 3195. 

from R
2b 

zone. Mansergh House. Slaithwaite. Yorkshire. (EM). 

5. Bilinguites f1lobilingue ~. ~. (code R2BB). Holotype. Spec. no. 

GSM AT 3110. from R
2b 

zone. Buckstone House. Marsden. Yorkshire. 

(EM). 

6. Bilinguites metabilingue (Wright) (code R2BE). Spec. no. GSM 37931. 

from R
2b 

zone. Higher Hempshaws. Belmont. Lancashire. (LC1. 

7. Bilinguites metabilingue (Wright) (code R2BE). Spec. no. GSM Ze 1908. 

from R
2b 

zone. Beeley. Derbyshire. (LC). 

8. Bilinguites metabilingue (Wright) (code R2BE). Spec. no. GSM 37930. 

horizon and locality as for 6. above. (LC). 

9. Bilinguites ~~. ~. (code R2BC). Spec. no. GSM Re 4574. from 

R
2b 

zone. Wittenstall Clough. Cornholme Station. Yorkshire. (LC1. 

For notes. see Plate I. 
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PLATE XIV 



PLATE XIV 

R2c & G1a zone Gastrioceratids 

1. Bilinguites~. aff. superbilingue (code R2CB). Spec. no. GSM AT 

3136C. from R
2c 

zone. Gospat Clough. Stainland. Yorkshire. (LC). 

2. Bi1inguites superbi1ingue (Bisat) (code R2CA). Spec. no. GSM AT 3136B. 

horizon and locality as for 1. above. (LC). 

3. Bi1inguites ruzhentsevi ~. ~. Ccode R2CD). Holotype. Spec. no. GSM 

Ze 2023. from R2c zone. River Ogden. north of Helmshore. Lanca-

shire. CIM). 

4. Bi1inguites g01carensis sp. nov. (code R2CC). Holotype. Spec. no. GSM 

AT 3518. from R
2c 

zone, Heath House Wood. Golcar, Yorkshire. (LC). 

5. Cance110ceras cance11atoides!E' ~. (code G1AB). H010type. Spec. no. 

GSM ARS 623. from the C. cancellatum band. Orchard Farm. Derbyshire. 

(LC). 

6. Cancelloceras evansi sp. ~. (code GlAD). Holotype. Spec. no. GSM LZS 

1621. from the £. cancellatum band, Glyn Neath Bank. South Wales. 

7. Agastrioceras carinatum (Frech) (code G1AE). Spec. no. GSM ARS 707. 

from the £. crencellatum horizon. Orchard Farm. Derbyshire. (LC). 

8. Cancelloceras crence11atum (Blsat) (code GIAA). Lectotype. Spec. no. 

GSM RE 4330. from the £. crence11atum horizon. Royshaw Brickworks, 

Blackburn. Lancashire. (VLC). 

For notes. see Plate I. 
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PLATE XV 



PLATE YN 

Glb & G2a zone Gastrioceratids 

1. Gastrioceras~. aff. cumbriense (unana1ysed specimen). Spec. no. 

GSM ARS 327, from the A. cumbriense band, Withins Scar. Haworth, 

Yorkshire. (VLC). 

2. Agastrioceras cumbriense (Bisat) Ccode GIBD). Spec. no. GSM RE 3169, 

.from the A. cumbriense band, Bigrigg, Cumbria. CLC). 

3. Gastrioceras pseudocrencellatum~. ~. Ccode GIBBl. Holotype. Spec. 

no. GSM JS 468, from the A. cumbriense band, Blue Scar Clough, 

Stanbury Maar. Yorkshire. (LC). 

4. Gastrioceras pseudocrencellatum~. ~. (code GIBBl. Spec. no. GSM 

ARS 386, horizon and locality as for 1. above. (LC). 

5. Agastrioceras crenulatum (Bisat) (code GIBC). Spec. no. GSM ARS 379, 

horizon and locality as for 1. above. (LC). 

6. Agastrioceras calveri~. ~. "(code G2AJl. Holotype. Spec. no. GSM 

CL 194, from G2a zone, Hescott Ouarry. Hartland. Devan. 

7. Agastrioceras calveri~. ~. (code G2AJ). Spec. no. GSM ARS 1910. 

from G2a zone. Embury Cove, near Hartland. Devon. 

For notes. see Plate I. 
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PLATE XVI 



PLATE XVI 

Subcrenatum Marine Band Gastrioceratids 

1. Agastrioceras subcrenatum (Beyrich) (code G2AO). Spec. no. GSM LZB 

1459. from the Subcrenatum Marine Band. Heaton House. Upholland. 

Lancashire. 

2. Agastrioceras~. A aff. spiralis (code G2AG). Spec. no. GSM LZB 

1407. horizon and locality as for 1. above. 

3. Agastrioceras noncrenatum SPa nov. (code G2AB). Holotype. Spec. no. 

GSM LZB 1484. horizon and locality as for 1. above. 

4. Agastrioceras spiral is ~. ~. (code G2AE). Ho10type. Spec. no. GSM 

LZB 1435. horizon and locality as for 1. above. 

5. Agastrioceras spiralis ~.~. (code G2AE). Spec. no. GSM LZB 1429. 

horizon and locality as for 1. above. 

S. Agastrioceras ?spiralis ~. nov. (code G2AK). Spec. no. GSM LZB 1420. 

horizon and locality as for 1. above. See page 

For notes. see Plate I. 
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PLATE XVII 



PLATE XVII 

Subcrenatum & Listeri Marine Band Gastrioceratids 

1. Agastrioceras magrawi ~. ~. (code G2AI). Spec. no. GSM LZB 658. 

from the Subcrenatum Marine Band. Heaton House, Upholland. 

Lancashire. 

2. Agastrioceras magrawi~. ~. (code G2AI). Holotype. Spec. no. GSM 

~ZB 1359, horizon and locality as for 1. above. 

3. Agastrioceras Spa aff. subcrenatum (code G2AK). Spec. no. GSM LZB 

974, horizon and locality as for 1. above. 

4. Agastrioceras belgiensis~. ~. (code G2BA). Spec. no. GSM LZB 429. 

from the Listeri Marine Band, Shore, Lancashire. 

5. Agastrioceras adleri Patteisky (code G2BH). Spec. no. GSM LZB 424. 

horizon and locality as for 4. above. 

6. Agastrioceras adleri Patteisky (code G2BH). Spec. no. GSM FOR 2185. 

from the Listeri Marine Band, Werister. Belgium. 

For notes, see Plate I. 
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PLATE XVIII 



PLATE XVIII 

Listeri Marine Band Gastrioceratids 

1. Gastrioceras listeri (Sowerby) (code G2BB). Spec. no. GSM ARS 1920, 

from the Listeri Marine Band, Mouth Mill, Clovelly, Devon. (IM). 

2. Gastrioceres listeri (Sowerby) (code G2BB). Spec. no. GSM LZB 426, 

from the Listeri Marine Band, Shore, Lancashire. 

3. Agastrioceras~. aff. circumnodosum (code G2BF). Spec. no. GSM LZ8 

1112, from the Listeri Marine Band, Ravenhead Brickworks, Shore, 

Lancashire. 

4. Agastrioceras retrorsum (Chalmers) (code G2BE). Spec. no. GSM LZS 

1093, horizon and locality as for 3. above. 

5. Agastrioceras retrorsum (Chalmers) (code G2BE). Spec. no. GSM LZ8 

1097, horizon and locality as for 3. above. 

For notes, see Plate I. 
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The phylogenetic lineages constructed here are the result of 

the application of the algorithm described in Section 3.3.2., as 

applied to the minimum spanning trees shown in Figures 36, 42 & 48. 

Although this algorithm is objective, it does not necessarily arrive 

~t the truth, but can only suggest the most likely interpretation. 

Its results must be regarded as speculative. though interesting. and 

should not take precedence over phenetic information in devising 

taxonomic structure. 

In all three phylogenetic reconstructions which follow, lineages 

depart markedly from the lines on the minimum spanning tree, suggest

ing that convergence is an important complication. 

6.1. PHYLOGENY OF THE HOMOCERATIOAE 

Figure 58 shows the result of the phylogenetic interpretation 

of Figure 36. 

Note. firstly. that the origins of this family must necessarily 

be outside the scope of this study. 

The earliest forms are of Hla zone age in Britain; the earliest 

Russian forms are well linked with the British Hlb zone fauna. It is 

reasonable. then. to regard the British Hla zone morphospecies as 

ancestral to the whole family. The Homoceras smithii (H2A) and H. 

undulatum (H2B) faunas are readily derivable from the HI zone forms, 

together with the bulk of the genus Homoceras. right through to the 

Upper Namurian. The derivation of the dominantly Russian forms to the 

right of Figure 58 is. however. rather tenuous. 

The Vallites species of RIa zone may have evolved rapidly from 

the H. undulatum fauna. or slower but cryptically from the more disc

oidal Hla zone morphospecies. V. varicatum, previously included in 

Homoceratoides. can be placed in a transitional series with type Vall-
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ites, but the origin of true Homoceratoides is still not ascertained 

with any confidence. 

Of the Homoceratid genera, Bogdanoceras, Homoceratoides and ?Gen. 

nov. are monophyletic according to the present schemel Homoceras is 

very nearly SOi but Vallites and Bashkortoceras are polyphyletic from 

at least two ancestral morphospecies. 

6.2. PHYLOGENY OF THE RETICULOCERATIDAE 5.1. 

Figure 59 shows the results of the phylogenetic interpretation 

of Figure 42. 

The origin of this group is not clear from this study; the earli

est forms are quite different from the Homoceratidae. Ruzhentsev and 

Bogoslovskaya (1978) derive this group from the Surenitidae; this 

hypothesis is compatible with the evidence of this study. 

Once again, the earliest forms appear to be British - there are 

no Russian Reticuloceratids contemporary with Vallites henkei. The 

first Russian species are closest to RIb or Rla2 zone morphospecies, 

from which they diversify largely by becoming more evolute and devel

oping coarser ornament. Several lineages are recognisable, each orig

inatinp, in a British morphospecies and terminating in Russian or Amer

ican forms. Interestingly, American species occur in several branches 

and can usually be derived from Russian faunas, for example Retites 

semiretia, Arkanites, Reticuloceras wainwrighti and Phillipsoceras 

tiro. This points to a geographical connection. 

Notice that the coarser, more evolute lineages (to the right of 

Figure 59) become extinct in Europe in RIc times. whereas the more 

discoidal. involute stock, derived from R. pulchellum (RIA20), devel

oped and proliferated as the Bilinguites assemblages. 

According to this scheme, Bilinguites, Reticuloceras and Arkanites 

are monophyletic, as are the bulk of Retites and Phillipsoceras, but 

otleyoceras is notably not so. 
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6.3. PHYLOGENY OF THE GASTRIOCERATIDAE s.l. 

e Figure 60 shows t~result of the phylogenetic interpretation of 

Figure 48. 

The origin of the Gastrioceratidae ~.!. is again problematic. The 

earliest forms are from British R2b zone, but these are rare and as yet 

poorly known. Gastrioceras lineatum from R
2c 

zone is quite common and 

well known, but this species does not elucidate the situation - it is 

similar to Westphalian forms and does not suggest an ancestor outside 

its genus. 

It is not possible to determine which of the Russian Nm
2

c
2 

and 

British Gla zone Gastrioceratidae ~.!. are earliest. The Russian spec

ies are, however, rather peripheral and could not have directly given 

rise to the bulk of the genus Gastrioceras. The R~ssian faunas show 

conspicuous radiation away from the central Cancelloceras delicatum, 

which is p~obably the local ancestor. 

Development of the Westphalian diverse faunas from the British 

Upper Namurian morphospecies can be traced with some confidence -

there ara several linear transitional series spanning G
l 

to G zones 
a 2b 

which are readily observed on Figure 48. 

T~e genus Lissogastrioceras, from North America, seems to have 

evolved from the smoothly ornamented elements of the Listeri Marine 

8and fauna. 

Accordi~g to this scheme, Agastrioceras and Lissogastrioceras are 

m~nophyletic and Cancelloceras is very nearly so. Gastrioceras, in 

contrast, is seriously polyphyletic, with five different ancestors in 

other genera. 
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6.4. GENERAL OBSERVATIONS 

It was noted in Section 4.2.5.5. that fairly continu

ous variation within faunas suggests that the morphospecies 

involved have common ancestors within that fauna. If this 

is so, then it is inevitable that the above phylogenies are 

incorrect. True phylogenetic lineages would span the 

ranges of intra-faunal variation, and connections between 

faunas would only number one per pair of successive faunas. 

Also, given the rapid radiation within the fauna, it would 

be difficult to establish the true ancestral form. 

The two alternative possibilities of evolutionary 

progression are illustrated in Figure 61. 

If phy logeny proceeds as in Figures 58, 59 & 60 , then 

evolution must occur in the phases between preserved faunas, 

in which case the punctuated equilibria model of Eldredge 

and Gould (1972) would apply. However, if evolutionary 

radiation occurs within the period of the preserved fauna, 

then the phylogenetic progression from fauna to fauna is 

likely to be dictated simply by the particular element of 

the fauna which survives the transition, which would be 

determined by the environmental change; and evolutionary 

rates could be gradual. There seems to be no decisive 

evidence on this point forthcoming from this study. 
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CHAPTER 7 

STRATIGRAPHIC INFERENCES AND APPLICATIONS 

7.0. INTRODUCTION 

The scope for numerical methods in biostratigraphic 

work is vast. Subjective correlation based on shared 

species or overall faunal resemblance could be replaced by 

a subjective scheme whereby bioatratigraphic comparisons 

are given an objective numerical measure of resemblance. 

In the present study it has not been possible to develop all 

the possible means of numerical biostratigraphy, nor to 

apply them to all horizons at all locations. Nevertheless, 

it would be of interest to a) investigate the phenetic 

relationships between distant but possibly contemporaneous 

faunas, and b) assess the detailed succession of pheno

types in a sequence at individual localities. 

It is only possible here to give examples of the 

applications of numerical methods to stratigraphic problems 

within that part of the Silesian considered here. 

7 .1. 

7.1.1. 

INTERNATIONAL CORRELATION 

Britain - U.S.S.R. 

The correlation of the Silesian of the southern Urals, 

U.S.S.R., with the British succession has been summarised 

by Ruzhentsev & Bogoslovskaya (1978). The correlation is 

aided by the occurrence of species common to both regions, 

for example Vallites henkei and Bilinguites superbilingue, 

which suggest not only stratigraphic correlation but also a 

palaeogeographical connection. However, widespread species 

are not dominant in their respective assemblages - provin-
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cialism dominates the species distributions. Interchange 

of forms did take place, though, and so there are definite 

similarities between faunas of the two provinces, independ-

ent of shared species. The positions of the various 

faunas on Figures 40, 46 & 52 show that Russian faunas are 

separated from the nearest British forms in a systematic 

manner - usually in the direction of the third principal 

component. This parallel development of faunas suggests 

correlations which support those of Ruzhentsev & 

Bogoslovskaya (1978): 

Russian zone British zone 

Nm 2al Hlb 

Nm 2a2 H2 

Nm2b1 RIa 

Nm2b2 RIb 

Nm 2b3 RIc 

Nm2cl R2b / c 

Nm 2c2 R2c / Gl 

7.1.2. Europe - U.S.A. 

The North American Silesian succession is not complete _ 

there are large unconformities particularly towards the base, 

and no goniatites referable to H zone occur. The lowest 

record in the North American mid-continent of goniatites 

included in this study is of a fauna including Retites 

semiretia, Ph1111psoceres tiro and R. wainwrighti, which 

occurs between two unconformities in the lower Morrowan. 

Manger & Saunders (1980) correlate this fauna with the R 
la 

zone of Britain and Nm2b1 zone of the U.S.S.R. However, 

the phenetic affinities of this assemblage are with species 



326 

from the Russian Nm2b3 zone (see figure 42) which correlates 

with the British RIc zone. The subsequent fauna of the 

N. American mid-continent, above an unconformity, is domi

nated by "Cuinnites" henbesti, and Manger & Saunders' 

(£e. £li.) correlation of this with the R2b zone is com-

patible with the evidence from the present study. Con

sequently, it seems likely that the unconformity at the 

base of the ~wer Morrowan is greater than previously 

thought, and that the unconformity separating the R. 

semiretia and "C." henbesti faunas is less so. 

7.2. CORRELATION WITHIN BRITAIN 

The bulk of the data used in the faunal analyses in 

this study were from Britain, but there was no further 

geographical restriction. Consequently, specimens from 

diverse localities were numerically compared. Samples were 

prepared comprising specimens from a restricted strati

graphic interval, but the quality of the original strati

graphic designation is often open to doubt. The faunal 

analyses therefore provided a reassessment of the strati

graphic designations - if specimens from diverse localities 

are from the same horizon, then those specimens should mix 

well in clusters. If stratigraphic levels are confused 

between localities, then specimens from different localities 

will be from different horizons and will plot in different 

clusters, with little mixing. 

for example, faunas from the Westphalian A of Devon 

are geographically distant from the well known faunas of 

the north of England, so the precise correlation is not 

certain. An assemblage collected at Mouth Mill, Clovelly, 
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has been correlated with the Listeri Marine Band; these 

specimens (nos. 571 - 610 ) were therefore included in 

tha t ana lysi s • The resu Its (pege 158) shows tha t these 

specimens are well integrated phenetically with the north 

England specimens - the correlation appears sound. 

Contrastingly, specimens from the Embury shale of Devon 

have been identified as belonging to the Subcrenatum Marine 

Band, but when incorporated in the appropriate analysis 

( page 153 ) the Embury shale specimens (n09.916-936) are not 

entirely integrated with typical north England Subcrenatum 

Marine Band forms. There is some affinity, but the corre

lation clearly cannot be regarded as exact and certain. 

The discrepancy may be due to the local Culm facies; the 

cyclicity which determines the persistence of marine bands 

elsewhere (see Section 1.2.) may well be locally disrupted 

in effect. 

7.3. STRATIGRAPHICAL RESOLUTION 

Two major complications occur when using goniatite 

faunas for correlation in the Silesian. Firstly, the vari

ation within faunas means that more than one form is char

acteristic of each horizon. Secondly, this same variation 

results in phenetic overlap between horizons, so that not 

all specimens in a fauna are stratigraphically diagnostic. 

7.3.1. The Problem of Variation Within Faunas 

The first problem is illustrated by Figure 62, which 

shows the result of the application of the algorithm for 

identification, described in Section 3.4., to a fauna from 

the Hlb zone at Gill Beck, Cowling, Yorkshire. The morpho

species from this zone isolated by analysis in Section 4.1. 
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to established species. 



329 

(page 109) are diverse; so there is no particular point 

in A-space which corresponds to that particular strati

graphic level. Figure 62 shows that the analysed specimens 

are correspondingly scattered over the range of Homoceratid 

forms, and many are identified by the algorithm as Russian 

forms, which is interesting but possibly deceptive. Never

theless, it is obvious that many of the new specimens are 

phenetically close to the morphospecies Bogdanoceres 

beyrichianum (HIBC), and this gives a good stratigraphic 

designation. 

The important points here are that a) not all the 

identifications suggested by Figure 62 need be correct -

some are contradictory; b) nevertheless the bulk of the 

analysed specimens suggest the correct biostratigraphic 

designation; and C) one particular element (HIBC) of the 

fauna provides the best correlation - other morphospecies 

(HIS A & HISS) appear to have been useless in this analysis. 

7.3.2. The Problem of Phenetic Overlap 

This difficulty is well illustrated by Figure 63, 

which shows the distribution in A-space of specimens from 

detailed horizons in RZ zone, compared with the standard 

data from Reticuloceratid ~. morphospecies. The relevant 

morphospecies definitions resulted from analyses of each 

of the relatively crude divisions, RIC' RZa ' R2b , RZc; the 

specimens with which they are ordinated were collected from 

apparently distinct horizons within those zones. 

It is notable that the specimens from the precise 

horizons do tend to occupy a fairly diagnostic region of 

A-space, although there is some overlap. However, it ia 
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also apparent that these regions do not fit in well with 

the phenetic faunal transition from RIc to R2c ' This 

suggests either that the faunal transition based on the 

morphospecies is not entirely accurate, or that the recog

nised zonal subdivisions characterised by forms such as 

~. metabilingue are not entirely valid. It seems likely 

that the detailed subdivisions are recognised not by over

all phenetic criteria but by the occurrence of certain 

possibly unrepresentative diagnostic forms. 

This and related problems would be elucidated by a 

detailed study of the phenetic range of whole faunas from 

successive horizons; new specimens could then be easily 

allocated to one or other horizon, with an attached prob

ability. 

It is clear that similar but more detailed and 

exhaustive studies than have been possible here would yield 

much information of practical and theoretical interest. 
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81. SIoewur'oa<.l Cluuyh, 10tIlllur den, Yur I'..,. 
82. S..,WH. Tr",""Io, Pew'v-fai, GJamorgall. 
83. Shell [lrooL, 11arelol.owles. St.ffs. 
84. Cray Hill. WillI.", /lUllS." Eyglest.oll, ClI,' Du,halll. 
8::1. Tr umfleet Bur'ellol .. , 8 III. N.E. uf Doncaster, Yur hs. 
86. 111e CuullltJes, Lpel'" Stdffs. 
87. lIurse Hay Clollyh, Bailillg5, Yorl',,,, 
88. [I<olnl<fleld Mills Botehole, Mold lir .... " •• Huddersfil"ld, Yorks. 
89. Foster Clouyh, Mylholmruvd, Yor ks. 
90. 1I<.Ilmp WUlJds, flul ...... Yorl' ... 



"ii. 111111· ... ':1,,""". liI·,ItI'"" 110. lI,d.I,'''. YIOII",. 
"f. I< 1< I. I", ..... By .. w",".., I'ur ... I,ulll. Y ..... dull. y", I, ',>. 
'/~. r",lt lIt1u",.' WUIIU, I. .. t<tl·, HI .. ' ... . 
."". IJUd,·IIII.y CllIllyl. MIII-,. B.II., 1. ..... ~ .. lIucl, lIutld ... r ... 1' ",Ill, yu,I ... 
9~. L uall C I ouylo, LudiJ"'lIdr~ll. Yor"". 
9~ •• flay CllJllyh, Sr i.uJ'''Q S\.u" .. lIul ••• U)u ... l", .. IJIl, YlI' kli" 
91. st n' WUllU, Udl, .. mtJut, N. 61 at ..... 
.,,8. {H 11111 l" "~J, N.ll> , t> ft.,...", I ...... t •• 
'Y'}. MUlII.1 I~u.ad, 1'1"'" I It 11. t1.~, "'LI~·'" 

l'.'(I. Li"",yrlili'W'/ ClutJyl., WoO), Glu" .. , III •• IowlI"Io. Y"r~,". 
101. 'Ielill 1~lllUqh. l:Iut..:h,tulIl<" "Quaw, MoII.od'· ... Yu,l,u. 
1'.12. Lrmdl HlIl~s, IIIcll.;l<wLJod, Rimhwur'tlo. Yur 1(5. 
1(13. WI ttl:!lIst.dl Clou~,", Corrwhul." .. , Va .... ' ... 
lull. Fa/astone Euy~. UobeLross. Yorl<s. 
1 (15. Sltl1r t Se. dr. II", dhead C 1 ouy". Mar lOden. Yor k s. 
106. Fair'weather G,eE!1I B.H., Four Lane E"ds, Br'adford, Yorl(s. 
107. Vitdlen Clough, Mall!Oer'gh House, Siaithwait.e, Vorks. 
lflB .. 1114h Culp., RiddlosUfJoU, Yurk!i. 
109. Pule Muss. DlyylH, Yurks. 
110. Ramsdell Clough, Hull.bridge, Yor ks. 
111. Phoenix M111s S.H., Yarks. 
112. ~ldrk Brldye MIll S.H., Yarks. 
11~. Hudge Clough, Slubbins stn., RcUIIsilottu ... , LaIlLS. 

11'1. llldC" !'HI-H, luw,," Re,;., Uppl'rll,oIlY, Hol'lI'.irlh, Yur".". 
115. Pemluukeshire. 
116. Ret.! Lane Dike, Lower Moutson Place, Staildalld, Yor"5. 
117. Rake Dike. Holme, )la,~,s. 
118. Hooley /ley Far III, ".lI<al, Clleshlre. 
119. R. De,welll, Et .. ."ley, Oerbs. 
12u. lOr e<it. Clough, Deallhead, Scam",unuell, Yor "5. 
121. Nether ends Beck, Parsonage lriany1e, Sowerby, Yorl',s. 
122. Grouse 11'111, GJo5sop,,'Hayfield RUd!i, \ler tis. 
123. G'dlle 8.1-1., Ilaslingdell, Lallcs. 
124. WakE..fielt.! W .. tE" worLs Iuullel, RippOIIIJell, Y('w"s. 
1 :l5. Hai gil Gut ler, 51.11 thwai le, Vur hs. 
1 .. '6. [<L1rellOle, F ... liscowle .. r\l~IY. Slll., BldI.:I,!JUYlI, L .. IIL». 
127. Nail SLar BeLk, SUIIIIY Bank, Yorks. 
128. Mould Gr",ave, Hoyle Sar k, Marsll. O>:enhope, Vor 1<5. 

129. Hewe"uen, Yarh,s. 
l~,<). Butterly Clougtl, Ma,sdell , Vor 1<5. 
1!;1. fl. 'fLJllye, 1·1t11 lIill, lUllye Mum f(u., l<ullulI, Yurl--s. 
132. WltlUJJ5 Far'nt, H.Jll Wuou, LOllgwurtlo Valley, Ey"rtull, Yor",5. 
133. Gospal Clough, Outlalle Church, Stainlalld, Yurk",. 
134. R. Ogden, HEtllllsloOre, La"e.s. 
135. Thuill Bor ",IIole, CWIllYLlY se, S. Wales. 
136. NUl I""''' tOil B.H., fJCJulhweJ l, N"lls. 
1..57. Chatsworth Fark, Chesterfield, Verbs. 
1.38. Nu. 2 B.H., Wi 1.11"",1 FLJld, ChLirley, LclIlCS. 



, 13°/. 

140. 
I'll. 
142. 
143. 
1'14. 
145. 
146. 
t 4 I. 
148. 
149. 
151). 
151. 
152. 
153. 
1 ~)Il. 
155. 
156. 
15-' . 
158. 
159. 
160. 
161-
1t12. 
163. 
164. 
165. 
166. 
167. 
168. 
169. 
1'10. 
17l. 
172. 
173. 
114. 
175. 
176. 
177. 
178. 
179. 
180. 
IA!. 
HI? 
!In. 
184. 
I fI~. 
186. 

tdyl", Slolle, 8 Ill. W.N.W. uf Chester-field, 
N.W. Hr"lmsllur., Stn., La"c;s. 
itt-aLII lIouse Wuod, Gul,-,." L.",,::s. 
Moss Bunellol P., Doncaster-, Vor I<s. 
Nc~w HlJu~~ Far ai, Upper Cullun, DL~t LJr.,. 
War-dell's luwer, f':llyp"rsJ~y Res., Staffs. 
Cr- ilJde .. Cluuyh, R ... wtenstall, L,,"cs. 
Miller-a ~1l11, Wrexl,alll, N. Wales. 
Slowell BallI. [.urellul ... 
E",kr'jllY Bur £'hule, Eakr iny, Nults. 
Veadul. Brick ~< lile Wer"ks, Esholt, Ve,ks. 
r'Jrd Mill, lIulmfirth, Yor-ks. 

Der bs. 

Ruysllaw Br H:kwo, k5, Ell ac.,burn, Lancs. 
Bla"",.. Rhymll.,y, Mo"mouth. 
Hulden Clouyh, Cowpe Mill, Waler fool, Lall!:s. 
III lie Scar Clu,-,yl., U. PUilUell, St.;.IIl.1ur V Muur, Ycr k' •• 
Hlwy. Lutling, s. uf 81Y.lgy, Cumb.la. 
Redwal et' CI ougt., Par tsnloutl. Stn., Yu. I<s. 
Rodmeo,' Bor ellol e. 
Wall Grange BrlCk Pit, staffs. 
Park HOllse Mine, Big'lyg, Climbria. 
Scwr'd-yr-Ei/la, Bret::oll, 5. Wales. 
Ynyscar'lJwll Farm, Nant GwilleV, Bla'nmgall. 
13. alII Br ouk/Cheesllell 1:1r'00k, lurf Muor, Lall!:s. 
Howroyd Clough, Gor'].lley Res., lodmo' dell, YorkS. 
Nab Scar, Shady Bank, O"enIICpe, Vur ks. 
Scar Hill, Wilhill!i, Haworth, Yorl-;s. 
1',II11WS I ey Emlli<lIbllefl L, CI,,,,,, .Of: k, Lalle s. 
Hel ",,,,',ore-Has} i ngden Road, Hell1lshor e SU'., Litllcs. 
Mor'., Hall Res. B.H., Br 19l1ll,omlee, Yor "''''. 
DIU Man's Hill, Bromilev, Belmont, Lanc:s. 
Fr'ng Hall, N. Slaffs. 
Iidl i fa". 
AlI,ber gate Dr' i cl;wor'ks, lJer bys"J' e. 
High Mur'cr oftfold, nr. Rochdale, Lalle",. 
LO~ler LOII,ax, Bu, y, Lanes. 
Eaves Lane Colliery, ['luckll"ll, Staff",. 
LilU",loll Cullie,'v, Staffs. 
lIillllev Colliery, DlIdley, Staffs. 
Or i ck Pi t, (\!,h 111Il. Muw CuP. Stdf f s. 

N. Staffs. 
flltoll Colliery, Altun, Ilerbs. 
Elmtoll Gn~ell 9.11., E 1 mt r.IIl, Ilur hs. 
w .. "",c;ro )1",d II. Wlll1~mnllt II, r."r" .. ,~1 I • 
Wat IiIr 1".,,,1, 01 tlha ... , 1 .. ,11;0\_ 

Svke Culliery, Rochdale, Lanes. 
[ ... lliull MIll", Elidekllllf " , L .. llc",. 
Hr.,,,,e ~ Jocl'i?V Inn, Huddet'!ifleJd Rd., Ellallll, Yorks. 



187. Buggart Br iyg Cui I ier y, SurnJ .. y, L",nc". 
18B. SI,ure Edye, 01 dh .. ", , Lallcs. 
IS? Waterhouse Pit, rag Lock, Eiland, yo,I, ... 
1</ .... Hapton Valley Colliery, IHac:kbur-n, Lallc,;;. 
191. SI,or .. , Lancs. 
1.,,2. H.u, ison Glube Wor k!ii £I.H. 
193. IHddulph Gr ","ye, Staffs. 
19'1. kav"IIlIead Quarry, Upholland, LallCS. 
195. Mouth Mill, Clovelly, N. Devon. 
196. St."pbaek, Darwen Hill, Lancs. 
197. Thackley funnel, Bawdon st"., Yorks. 
198. Harl'ock Hill, Wrig/,tH'gtoll, Lalles. 
19? Whitehavell Lau"dry [I.H., Whitehaven, C"mbria. 
200. Bur IIside Lall .. , Hepwor-th, Vorl,s. 
2(11. Ashton Park Burehole, Bl'istul. 
2~'2. Hawkswor tI, DL,ar r y, Newby Stll., Vor ks. 
203. Ticl<l'ill B.II., Hilldley LanE', Nult.s. 
2(1'1. liallk Hall Culliery, ltll,"l .. y, LanLs. 
205. Doll Br i dge, Leeming Res., YOI I<~. 
2(16. Alston Works Bor ehole. 
2(.17. Abersyc:.han B.H., 11ollmuuthshire. 
20S. StorTS Mine, Barnsley, Yorks. 
209. Windmill IIIn, Wr-ightillgtoll, L.UKS. 

:!IO. Greellsitle Mills Elurehul",. 
211. Harp-hole, 1',ll~e"ny, Irel ... ,d. 
212. Hdr bour- Scar 5, Hawor th Moor, Vor ks. 
213. Middle Moor- Clough, stallbur-y, Yor ks. 
214. Bently Hole Scar, WithillS, Stallbllry, YDrko,;. 
215. Red Mines Clough, Wlthi,,"', Sta"hury, Vorks. 
216. Estiolt TUllllel, Ehhult, Yorks. 
21/. Gill Beck, Ash House Farfll, Hawksworth, Yorks. 
218. Glovenshaw Pit, Baildon, Yorks. 
219. ,Close Brow Quar-ry, Rishton, La"cs. 
220. C/,atham Hill, Green's House, Port!-;mouth, Lanes. 
221. Red Brook, Lydgate Mill, Liltleborollgh, LarKS. 
222. n,e Precipice, South Rar/,stlell, Walsden, Lanes. 
223. Nuttall Mill, Brooksbottoms, Lancs. 
224. SUllny Clough, Br-ooksloottoflls, Lallcs. 
225. Shaly Dingle, Egg Hillock, III'. Bel fII(J11t, LilllCS. 
226. N.W. of Cowan Res., ~lltworth, Lanes. 
22.7. Fcu . .:i t. Sln., Lanes. 
228. NeCldon MIddle Res., Rochdale, I. .. IILS. 
229. Ratten Clough, Por-tslllouth Stll., Lallcs. 
230. Deeply Vale, Bury, Lanes. 
231. Gr-ee"thor lie, Edge .. ,orth, Lancs. 



2.~2. E.Cf.:.'L.JJam lilll, Itellsluylh:illfl., LUlllbr"Ja. 
4:'J.~". lIunl.udl "lUIIUt:!l, nr. ALC.r-lIlyt.UII, LdfU':5. 
2.,,,. Healoll House Drift Mille, Ullhull .. nll, Lalles. 
23::>. IlesLcolt Quarry, Hartland, N.Devull. 
2:~\6. Lower BrowlIslldlll Far m, Har tlalld, N.Uevo". 
2.31. Nor' t on Far rn. Har II anll. N. Devoll. 
238. [Juw;t, .. nnolll, Bel yi um. 
2::"1. Cllulde" Belgium. 
2'1'). flI pur l Br i dye. Asho,. Vall ey, D~>r bs. 
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