
ECOLOGY, STRATIGRAPHY AND 
PHYLOGENY OF THE 

HETEROMORPH AMMONOIDEA 
OF THE ALBIAN 

NEALE MONKS 

SUBMITTED FOR THE DEGREE OF DOCTOR 
OF PHILOSPHY, IMPERIAL COLLEGE 

ROYAL SCHOOL OF MINES, 
IMPERIAL COLLEGE, 
SOUTH KENSINGTON, 

LONDON SW7 

AND 

NATURAL HISTORY MUSEUM, 
DEPARTMENT OF PALAEONTOLOGY, 

SOUTH KENSINGTON, 
LONDON SW7 





Ecology, Stratigraphy, and Phylogeny of the Hderomorph Ammonoidea of the Albian 

SHORT ABSTRACT 

The heteromorph ammonites (Molluscs: Cephalopoda: Ammonoidea: Ancyloceratida) of the 

Albian stage of the Cretaceous are reviewed from phylogenetic, morphological, and 

evolutionary perspectives. By use of cladistic analysis (using computer-based parsimony 

analysis) it is possible to hypothesise a likely evolutionary procession of ancestors and 

descendants, and to test the monophyletic nature of the families of Turrilitaceae, and to define 

the relationship of these families with each other and with the Ancylocerateceae from which 

they are presumed to have evolved. 

Analysis of fbnctional morphology indicates that heteromorph ammonites may have formed 

two distinct ecological groups: benthic or demersal forms which lived at a variety of depths 

on or close to the sea floor, and planktonic forms which were confined to deep water (greater 

than 100 to 200 metres) and were ecologically equivalent to modem Spirula and the cranchid 

squids. Both benthic and planktonic forms passed through a planktonic juvenile stag.e, which 

was may have been the important dispersive stage of the life cycle, resulting in the fossils of 

heteromorph ammonites being known from every continent. 

Heterochronic processes are identified as important evolutionary mechanisms. The origin of 

the major planktonic groups of tumlitaceaen heteromorph ammonites can be characterised by 

progenesis, the precocious onset of maturity at a size and r n o r p h o ~ o ~ ~  comparable to the 

juveniles of the ancestors. 
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DETAILED SUMMARY 

Heteromorph ammonites were an important and diverse element of the Albian (Lower 

Cretaceous) ammonoid fauna. They have been recorded from Europe, Asia Minor, Japan, 

northern and southern Africa, Madagascar, India, Australasia, Antarctica, western Canada, 

southern USA, Mexico, Venezuela, and Patagonia. These localities indicate that they were 

widely distributed throughout the Hoplitinid and Tethyan provinces. In the Gault Clay 

(Middle and Upper Albian) at Folkestone, heteromorph ammonites make up approximately 

onequarter of the known species of ammonoid. They are absent from the Albian ammonite 

faunas of the Arctic (Gastroplitid) province. 

Heteromorph ammonite phylogenetics have not been widely studied, and hitherto no 

computer based parsimony analyses have bcen performed. In this thesis a computer such an 

analysis is undertaken. Characters are derived from the gross morphology of the shell, the 

ornamentation of the shell, the ontogeny of the shell and rates of appearances of the 

ornamentation, and the shape and symmetry of the suture line. a l e  resulting data matrix is 

searched using the Apple Macintosh computer program PAUP version 3.1.1 (Swofford, 1993) 

and the resulting trees examined using statistical tests such as Bremer decay indices and 

bootstrapping, and congruence with the stratigraphical record of the ammonites is also 

considered (Smith, 1993). 

The heteromorph ammonites of the Lower Greensand, Gault Clay, Upper Greensand and 

Cambridge Greensand formations of southern England have not been comprehensively 

revised since the work of Spath (1923-1943) and Casey (1961). Also, while this thesis 

concentrates on the heteromorph ammonites of the Albian of southern England, global 

heteromorph ammonite faunas are also reviewed and compared. The phylogeny derived from 

the cladistic analysis is used to help revise the systematics at the family, genus and species 

level. The result is a fill revision of the Albian Anisoceratidac, Baculitidae, Hamitidae, 

Ptychocentidae, Scaphitidae, and Turrilitidae. The key changes are summarised below: 

1. The Albian Anisocentidae include the genera Anisocerns, Protnnisoceras, Rossolites, 

lrdiohnmites and Tuberolechites (= Lechites(nlbero1echires)). With the exception of 

Protanisocerns, these are all monophyletic genera. Protanisocerns remains 

paraphyletic and something of a series of grade tasa of primitive Anisoceratidae. The 

entire family is monophyletic and derived from the Hamitdae, this is contrn the 

proposal to amalgamate the families Anisocentidae and Hamitidae proposed by 

Wiedmann & Marcinowski (1990). 
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2. During the Albian only two genera are recognised as members of a n~onophyletic 

family Baculitidae: these are Lechites and Sciponoceras. A new species of 

Sciponoceras is described here, Sciponoceras skipperae. The tuberculate baculiticone 

Tuberolechites is removed to the Anisocentidae, the presence of paired nodes along 

the venter being a synapomorphy of that family. The inclusion of this subgenus as a 

tuberculate subgenus ofLechites as proposed by Cooper & Kennedy (1977) and Wright 

et a1 (1996) is not supported here. 

3. The Hamitidae remains problematical. The family itself is paraphyletic, characterised 

only by the absence of the features diagnostic of the families of which it gives rise. 

Two monospecifc genera are recognised, Metohamites and Scaphamites. Other species 

previously included within Metahamites are shown to be members of the 

Anisoceratidae, specifically Protanisoceras arrogans (= Metahamites elegans) and 

Protanisoceras dalpiazi. The genera Homites, Lytohamites, Hemiptychoceras, and 

Hamitella are grade groups of increasingly tightly coiled Hamitidae, some with helical 

juvenile whorls. Monophyly of none of these tam can be convincingly proven. The 

genus Stomohamites is not supported at all by this analysis, even as a gnde group, and 

its usage for certain Upper Albian Hamitidae is not endorsed. 

4. The helical Albian heteromorphs comprise the monophyletic family Turrilitidae. This 

family is derived from the Hamitidae, the immediate sister group of Hamitidae being 

the genus Hamitella, which are chancterised by relatively large helical juvenile coils. 

The tubercles of certain Turrilitidae are shown to be fairly unlike those of the 

Anisoceratidae and the hypothesised origin of these tuberculate Turrilitidae from that 

family (as stated by Matsumoto, 1967, Klinger & Kennedy, 1977) is not supported. 

5 .  Although primarily Upper Cretaceous in range, the Scaphitidae appear in the Upper 

Albian. The genera Scophites and Eoscaphites are recognised as forming a 

monophyletic family Scaphitidae derived from the Hamitidae. The genus Worthoceras 

is not included and referred to the F'tychocemtidae with which it shares morphological 

and sutural details, as proposed by Wiedmann (1965). The Scaphitidae are 

consequently not separate offshoots of the Lytocerataceae, and the value of a 

superfamily Scaphitaceae to reflect an origin independent of the Turrilitaceae or 

Ancylocerataccae as maintained by some authors (Wright, 1953, Besonov & 

Mikhailova, 1983) is questionable. However, the derivation of the Scaphitidae from the 

hamitid Scaphamites as proposed by Wiedmann & Marcinowski (1985) is not proven 

by this analysis. 
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6 .  The Ptychoceratidae are provisionally retained within the Ancylocerataceae, including 

the genera Ptychoceras (= Mastigoceras), Psilohamites, and Worthoceras. 

Worthoceras has been previously included within the Scaphitidae (Henderson, 1973, 

Cooper, 1994a). The genus Hamitoides is also discussed and also retained within the 

Ancylocerataceae, although familial rank is uncertain. It appears to be closely related to 

Lubeceras, as proposed by Wiedmann & Dieni (1968), and this family is included 

within the paraphyletic Ancylocerataceae (including the monophyletic Ptychoceratidae) 

which form the sister group to the monophyletic Turrilitaceae. 

Heteromorph ammonites have been previously considered to have been planktonic to a 

greater or lesser degree (Nesis, 1986, Westermann, 1996), in this study the morphology of the 

shell is reexamined using mathematical and physical modelling techniques. The results 

indicate that ancylocones, aspinocones, and hamiticones could have been adapted to a 

benthonic habit. If the ammonite is restored as a small compact animal which does not fill the 

entire shell (see Monks &Young, 1998), and is then positioned near the aperture with the 

head and tentacles extended out of the shell, these shell morphologies will be oriented with 

the aperture toward the sea floor. Retraction of the body, using the paired head retractor 

muscles, shift the centre of mass and the orientation, pulling the aperture anpay from the sea 

floor. These morphologies are called "tilters" and could fbnction in the way proposed by 

Kakabadza & Sharakadza (1993) but without the need to move water around the 

phragmocone to change the centre of mass. Baculiticones, ptychocones, and turriliticones are 

described as "non-tilters" since they do not change orientation if the body moves within the 

shell. They have a fixed orientation, with the long axis vertical, and show streamlining in that 

direction. This sugests that they were adapted to rapid or efficient vertical migration and 

could have been analogous in lifestyle to the modem vertically migrating coleoids such as 

Spintla spintla and the Cranchidae which live in moderately deep water by day (100 to 

600m), rising to the surface to feed at night. 

The ontogeny of the heteromorphs is conservative. The eggs of heteromorph ammonites are 

unknown, however the nepionic constriction is taken to indicate the size at hatching and 

indicates that most were about 1 mm in length when they hatched (Tanabe et al, 1980, 

Lebrun, 1996). This is consistent with modem oceanic cephalopods which produce large 

numbers of small eggs from which planktonic juveniles emerge (Mangold, 1987). The 

planktonic juveniles had smooth shells which were crioconic and coiled in one plane, this is 

the neanic stage. Helicosity appeared in the next stage of growth (if it appeared at all), 

described here as the jztvenile-A stage. Coiling was still crioconic, but the shell also acquired 

the adult ornament, such as ribs or tubercles. The next stage is referred to as the juvenile-B 
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stage, at which point "heteromorph-coiling" becomes apparent, such as by the breaking of the 

regular spiral into either straight shafts, sharp bends, and hooks. 

The relative duration of the juvenile-A and juvenile-B growvth stages can be identified as 

evidence of heterochronic processes. The tilting morphotypes tend toward having juvenile-A 

and juvenile-B growth stages of approximately similar duration. In contrast, the non-tilting 

Turrilitidae can be derived from the hamitid genus Hamitella through progressive expansion 

of the helical juvenile-A stage and loss of the planarjuvenile-B stage. Equally, the 

Baculitidae exhibit a dissimilarity between the proportions of the juvenile-A and juvenile-B 

growth stages. The juvenile-A growth stage is very reduced, and almost the entire shell is 

formed by a single straight shaft. The ontogeny of the Turrilitidae and the Baculitidae are 

discussed in reference to their modes of life, and it is concluded that both exhibit degrees of 

progenesis consistent \with the view that these lineages remain planktonic as adults where the 

others become benthic or demersal. 
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CHAPTER ONE: INTRODUCTION 

Background And Development Of The Thesis 

This thesis has its fundamental origins in discussions by a number of palaeontologists at the 

Natural History Museum on the state of ammonitology. Foremost anlong these were Andy 

Gale, Brian Rosen, and Noel Morris, whose attention had been drawn by the apparent reliance 

of modern ammonitologists on rather old and dated work for their concepts of ammonite 

palaeobiology. Brian had initially raiscd the problem of ammonite palaeoecology following a 

series of undergraduate classes he had been giving, finding that there had been very little 

review of the concepts within the subject in the last fifty years. Although the view that 

heteromorphs were decadent lineages chancterising the overall decline of the ammonites 

which were heading toward inevitable extinction has now been refuted (see Wiedmann, 

1969), our understanding of how these ammonites lived and evolved is still limited. 

As a whole ammonitologists have been conservative, at least in part because the value of the 

group has been weighted more in favour of the stratignphical utility of the fossils than on the 

ecology, morphology and evolution of ammonites as animals. What palaeobiology does exist 

is based on a limited number of paradigms, of which by far the most influential is the inferred 

similarity of ammonites with the 'living fossil' Nnzrtiltrs. There are alternatives, of which one 

of the interesting is that ammonite shells need not have been external. A number of species of 

ammonite have been demonstrated to have at least partial enclosure of the shell in mantle 

during life (Doguzhaeva & Mutvei, 1989, 1993b). Parallels could be d r a m  between an 

endocochleate ammonite and the modern coleoid Spinrb spinrln which has an internal shell, 

and which lives in deep water feeding on plankton. 

Cladistic methods have not been applied to anlmonite tasonomy, which is consequently 

fragmentary and largely bascd on stratigraphical calibration of inferred morpl~ological 

transitions (e.g., on certain Ancylocentidae, Casey, 1960, on the Scaphitidae, Wiedmann, 

1965, and on the Tumlitidae, Klinger & Kennedy, 1980). There are two obvious problems to 

these studies: the assumption that the fossil record is sufficiently complete to furnish all the 

critical data, and that the morphological transitions depend on n priori hypotheses of 

evolutionary progression that colour the nature and types of data studied. 

To undertake a phylogcnetic analysis two things are required: a sample of tam sufficiently 

rich in characters to build up a data-matrix, and a certainty that the fossil species being 

studied belong to a monophyletic clade themselves, even if their esact relationships are 
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uncertain. Andy Gale's attention had been focused on the well preserved heteromorph 

ammonites of the stratigraphically detailed Albian section at Folkestone, Kent (FIGURE 1.0). 

The ammonites there are as diverse morphologically as any ammonite fauna anywhere in the 

world: of well over 200 species of ammonite recorded there, at least onequarter are 

heteromorphs (Casey in Smart et al, 1966). Almost all of those heteromorphs belong to a 

single superfamily, the Turrilitaceae, and the section spans the history of the group from their 

first appearance of the earliest families, the Hamitidae and Anisocentidae ((Lower Albian, 

Douvilleiceras mammi~lahtm Zone), through to the origin of three families which reach their 

zenith in subsequent stages (namely the Tunilitidae in the Middle Albian and Baculitidae in 

the Upper Albian). The Folkestone section also contains the earliest members of the 

Scaphitaceae (the genus Eoscaphites). The Scaphitaceae are partially recoiled heteromorphs 

of which are tremendously diverse and widespread in the Upper Cretaceous. While many of 

the fossils found at Folkestone can be found elsewhere, in most places they are part of poorly 

resolved or condensed series of beds (e.g., Escragnolles in south-eastern France, or the 

condensed Albian of the Tatra mountains in Poland). In contrast the Folkestone section is 

well understood and contains relatively few breaks in sedimentation (Owen, 1971a). All in 

all, the Albian can be thought of as a time of great diversification for the heteromorph 

ammonites, and the Folkestone Sands and Gault Clay at Folkestone perhaps the best place in 

the world to study it. 

So, at heart the fundamental problem is this: Ammonitology has been slow to review 

established paradigms, with the result that a limited number of ideas have been infrequently 

challenged or discussed. And the collections in the Museum as well as easy access to new 

material froin the Folkestone section provide the ideal material to make a detailed study of the 

evolution of the heteromorph an~monites. Thus, in, 1994 it was proposed that a biologist be 

given the opportunity to work with ammonites 

Structure And Content Of The Thesis 

Many theses are unwieldy aggregations of research and review articles, united by a common 

author and a title that bears a greater or lesser relationship with the actual content. My 

intention is that this thesis should not be one of those. I have attempted to write what amounts 

to a natural history of a diverse and successfil, but hitherto poorly understood, group of 

cephalopods. 

I have delibentely dividcd the main body of this thesis into three parts, although this is 

admittedly artificial and serves here only to make reading and reviewing easier. The first 

section is tasonomic, and concerned with using a modem technique (parsimony analysis) to 
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resolve the systematics of the group. Even this division glosses over the circular nature of 

phylogenetic studies. In practice while describing the morphology of individual species feeds 

directly into the character matrix on which the cladistics is based, the evolution of the data 

matrix and cladistic process itself causes changes in the way characters are considered and 

described. It is often said that this belies the subjective nature of cladistics as a science. My 

belief is that this circular action is a kind of 'fine tuning' of the definitions as views on the 

homology of characters changes rather than as fbdging data to fit an hypothesis. 

The second section is on the functional morphology, specifically on the relationship between 

shell geometry, orientation and position in the water column, and the mode of life of 

heteromorph ammonites. Parts of this work have been published in papers on the functional 

morphology of belemnites (Monks et al, 1995) and heteromorph ammonites (Monks & 

Young, 1998). My o ~ \ ~ n  view is that too much certainty has been applied to a relatively old 

model of amn~onite anatomy (specifically, Truenian, 1941), and that there are equally 

plausible alternatives that bctter fit some of the available evidence. 

The final section draws the first two threads togcther to produce a synthesis on the evolution 

of the Albian heteron~orphs. Use of cladistics is new to ammonitology, and my o\vn views on 

the functional morphology of the hcteromorphs compared to other authors has (I submit) lead 

to new and important conclusions on the ta~onomy and phylogeny of the group. 
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GLOSSARY OF TERMS 

There are a large number of morphological, physical and ecological terms used in this thesis. 

To save explaining them at every instance, I have included this glossary. Based largely on the 

general ammonite reviews by Lehmann (198 1) and Lebrun (1996). Asterisks (*) indicate new 

terms introduced in this thesis. 

AMMONOIDEA: A subclass of the Cephalopoda, generally known as ammonoids. 

Sometimes divided into the mostly Palaeozoic 

"palaeoammonoids" and the largely Jurassic and Cretaceous 

"neoammonoids". The latter group includes the true ammonites, 

the order Ammonitida, and the heteromorph ammonites, the 

order Ancyloceratida. 

ANCYLOCONIC: 

ANNULAR RIB: 

ASPINOCONIC: 

(FIGURE 1.1) Where coiling resembles the Aptian heteromorph 

Ancyloceros. Typically only part of the phngmocone is coiled in 

a planar or helical spiral. The later part of the phngmocone and 

the entire living chamber form a deep U-shaped hook with two 

subparallel shafts connected by a 180" bend. The oman~entation 

on the straight parts, and especially the living chamber, are often 

different to that of the phragmocone. Sometimes described as 

han~itid, along with hamiticones (q.v.) by certain authors (e.g., 

Spath, 1923-1943) the usage of Casey (1960) is adopted here. 

A rib that goes around the entire circumference of the whorl. 

Annular ribs may or may not be weakened on the dorsal or 

ventral surface, but contrast with minor ribs which are limited to 

a small portion of the whorl (q.v.). 

(FIGURE 1.2) Where coiling resembles the Aptian heteromorph 

Aspinoceros. Typically the entire phngmocone is a simple planar 

spiral with a regular rate of expansion. The living chm~bcr is 

marked by a slight increase in expansion rate (and often a change 

in ornament) and the formation of a sl~allow hook. There are no 

straight shafts (c.f. ancyloconic coiling). Sometimes described as 

ancyloconic (e.g., Spath, 1923-1943) the usage of Casey (1960) 

is adopted here. 
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ASYMMETRY: (Of suture.) When viewed from the ventral or dorsal surface, the 

left and right hand sides of the suture line (q.v.) are usually 

similar. In some cases they are not, and one side may exhibit 

reduction, compression or simplification. Such a suture line is 

described as asymmetrical. 

APICAL ANGLE: The angle formed by the sides of the shell of a helically coiled 

ammonite at the apex (the top of the spire). 

BACULITICONIC: (FIGURE 1.3) Where coiling resembles the Upper Cretaceous 

heteromorph ammonite Boctrlites. The entire post-neanoconch 

shell forms a single straight shaft. Also referred to as orthoconic 

by some authors, although orthocone nautiloids lack the initial 

spiral. 

BIFURCATION: 

BULLA: 

CENTRE OF 

BUOYANCY: 

Splitting of ribs into tnro, usually toward the venter. In cases 

where the splitting occurs at a tubercle, the rib may be described 

as being fibulate. 

A radially elongate structure on the internal mould of an 

ammonite indicative of a spine. The attached spine is rarely 

preserved. Bullate tubercles are typically tear-drop shaped. On 

tumliticone ammonites which bear them, the sharp end of the 

tubercle points toward the apex. 

Centre of mass of the fluid displaced by an object completely 

immersed in that fluid. By Archimedes' Rule, the volume of the 

displaced water is equal to the volume of the object. In effect, the 

pivot point of a free-floating object. 

CENTRE OF MASS: Point through which the mass (weight) of an object can be 

considered to act. Also known as the centre of gravity. 

COLEOIDEA: A subclass of the Cephalopoda, commonly referred to as the 

inkfish, and including the squid, cuttlefish, octopuses and 

vampire-squids. The dominant cephalopods of Cainozoic marine 

communities, they were also widespread in Mesozoic seas (such 

as the belemnites, order Belemnitida). 
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COLLAR: A thickened annular rib at the final aperture (peristome) of the 

shell usually associated with maturity (q.v.). Apertural collars 

may be singular or paired. 

CONSTRICTION: 

CRIOCONIC: 

EFFACEMENT: 

FIBULATE: 

HAMITICONIC: 

HETEROMORPH: 

A brief but distinct contraction of the diameter of the whorl. 

Constrictions may be periodic throughout ontogeny or associated 

with maturity only (q.v.). 

Where coiling resembles the Lower Cretaceous heteromorph 

Criocerns. The entire shell consist of an open planar spiral, with 

no change in rate of expansion at any stage (cf, aspinoconic). 

Reduction in the height (profile) of a rib. 

Also known as "button and loop". See bifurcation of ribs (q.v.). 

(FIGURE 1.4) Where coiling resembles the Albian and 

Cenoinanian heteromorph Hnmites. Only the initial part of the 

shell is a planar or helical spiral, the remainder of the shell 

consists of three subparallel straight shafts. The last shaft and the 

preceding bend are usually living chamber. The three shafts are 

not in contact (c.f. ptychoconic). lllere may be little or no 

difference in the ornamentation of the pllragmocone and living 

chan~ber. Hamiticones and ancylocones are sometimes referred 

to as hamitid coiling (e.g. Spath, 1923-1943), the stricter sense of 

hamitid in Casey (1960) is considered here to be synonymous 

with hamiticone. 

Ammonites which have shells which depart from planar, regular 

spiral coiling. Heteromorph lineqes are generally taken to be 

those which have reached this state secondarily, is., from regular 

coiled ancestors. This is reflected in the possession of a planar 

regular coiled phase in the earliest stages of ontogeny. 

Heteromorph ammonites appear periodically in unrelated 

lineages in the Triassic, Jurassic and Cretaceous (cf. 

Heteromorpha). 

HETEROMORPHA: Term used in the sense of Casey (1960) in reference to the 

Ancylocerataceae and Turrilitaceae of the Upper Jurassic and 
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HOMOMORPH: 

"JUVENILE-A: 

"JUVENILE-B: 

LOBE: 

MAJOR RIB: 

MATURITY: 

MINOR RIB: 

Cretaceous. As a group characterised by uncoiled shells and a 

tendency in many lineages to~vard helicosity. In most tasa the 

suture line is quadrilobate. The origins of the group are uncertain. 

Planar, spiral coiled ammonite. This is the typical morphology of 

most ammonoids (cf. heteromorph). 

(FIGURE 1.6) A name coined here for the period of growth 

proceeding from the neanoconch and ending at the onset of 

juvenile-B growth (see below). Juvenile-A growth is 

characterised by regular spiral coiling, as with the neanoconch, 

but with the acquisition of adult-style ornament (e.g., tubercles). 

Possibly an arbitrary division, but the change in coiling may 

signifjr a change in ecology. In the adult, juvenile-A growth is 

represented by the early part of the phngmocone. 

(FIGURE 1.6) A nanie coined here for the period of growth 

proceeding from the end ofjuvenile-A growth (see above) and 

ending with the onset of mature growth. Juvenile-B growth is 

characterised by a departure from the regular spiral gro\vth of 

juvenile-A. In the adult, juvenile-B is represented by the later 

part of the phngmocone. 

A part of the suture line (q.v.). Lobes represent the insertion of 

the posterior folds of the septa into the internal \\?all of the shell. 

They are very variable and have been used widely for taxonomy. 

An annular rib (q.v.). In contrast to minor ribs (or striae) \vhich 

are incomplete. 

(FIGURE 1.8) Maturity is marked by the approximation of the 

septa, which indicates a slowing down (or cessation) of somatic 

growth. Mature growth is taken here to comprise the final living 

chamber and any structure associated with it, such as collars. 

An incomplete rib, usually covering only the ventral surface of 

the shell (c.f. major rib). 
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NEANOCONCH: The immediate post hatching phase of gro~vth. The neanoconch 

lacks the ornament found on the juvenile and mature shell. 

NODE: 

PEELING: 

RECTI RADIATE: 

RURSIRADIATE: 

SADDLE: 

STABILITY: 

SUTURE LINE: 

A structure on the internal mould of an ammonite indicative of a 

spine which is approximately circular at the base (c.f. bulla). 

A particular mode of predation in ~vhicli a predator cuts away a 

narrow strip along the living chamber of a shell and can then 

draw out the soft tissues of the prey. Peeling predators are very 

common in modem seas, although most are benthic crustaceans 

such as crabs, mantis shrimps, and spiny lobsters. 

A description of a rib which is arranged radially. 

A description of a rib in which the ventral (peripheral) edge is 

oriented away from the aperture. 

A part of the suture line (q.v.). Saddles represent the insertion of 

the antcrior folds of the septa into the internal \\la11 of the shell. 

They are not so variable as lobes and have less taxonomic value. 

The ability of a structure or system to resist perturbation. Applies 

to ammonites and other free-floating or swimming animals 

relates to the ability of the animal to resist displacement. 

A suture line is a diagrammatic representation of the insertion of 

the folds of the septa into the internal wall of the shell. I l e  line 

can be dividcd into lobes and saddles. Suture lines are very 

variable and have been widely used for taxonomic purposes. 

TUBERCLE: Projections from the main body of the shell which give rise to 

spines. 

TURRILITICONIC: (FIGURE 1.5) Where coiling resembles the Cenomanian 

heteromorph fitrrilites. The entire post-neanoconch shell is 

coiled helically, the rate of translation usually being 

approximately constant. 
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UMBILICUS: The central \vhorls of an ammonite shell. In heteromorphs it is 

typically open, the whorls are not in contact and later whorls do 

not cover the preceding ones. In the Scaphitidae the un~bilicus 

tends to be closed and later whorls overgrow the earlier ones. 
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CHAPTER TWO: CLADISTIC ANALYSIS 

Summary 

The Albian hctcromorph ammonites can be divided into two groups, the monophyletic 

Turrilitaceae, and the paraphyletic Ancylocentaceae. The Turrilitaceae may be further 

subdivided into at least four families, three of which (the Anisocentidae, Baculitidae, and 

Scaphitidae) are here demonstrated to be monophyletic, and a fourth panphyletic Hamitidae 

from which the other thrce are derived. The Ancylocerataceae are poorly represented in the 

Albian, being more diverse in the Aptian, but at least one monophyletic family can be 

recognised, the Ptychocentidae, \vhich is the sister group to the Turrilitaceae. 

Within the Turrilitaceae threc distinct trends can be observed. One is toward the acquisition 

of tubercles, which chancterises the Anisoceratidae and the Scaphitidae. A sccond trend is 

toward regular coiling and subsequent loss of the long body chambers and open \vhorls, this is 

seen in the Scaphitidae. A final trcnd is seen in the Anisocentidae and the Hamitidae toward 

helicosity. Ammonites with tightly foldcd hamiticonic shells usually begin \vith a helical 

juvenile phase, helicosity persists through into adulthood among the Turrilitidae, together 

with asymmetry of the suture, closure of the umbilicus, and vertical shifting of the siphuncle. 

Cladistic analysis provides an objcctive was of resolving ammonite taxonomy, although 

hitherto it has been deemcd to have little value compared with stratigraphy. The conclusions 

derived from this analysis at least show a parsimonious pattern of character change, which 

satisfies modem thinking on ta~onomic research. Equally, a well thought out phylogeny 

provides a good framework for deducing the evolution of ammonite form and function. 
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Introduction 

Ammonites a s  cephalopods 

Of the, 100,000 species of mollusc alive today, rather less than, 1,000 are cephalopods. The 

high level taxonomy of the cephalopods is currently in a state of flux, reflecting the gradual 

application of cladistic over traditional methods of systematic practise (Vecchione, 1994, 

Voight, 1997). 

Traditionally, the extant cephalopods have been classified within tsvo subclasses, the 

Nautiloidea and the Coeloidea. The Nautiloidea comprises a single order, Nautilida, with a 

single genus, Nalctilzrs. The Coleoidea are far more diverse and includes four orders, the 

Sepioidea, the Teuthoidea, the Octopoda, and the Vampyromorpha. Voss (1977) has 

summarised this systematic approach (FIGURE 2.1). The relationship of the Ammonoidea 

with the other cephalopods has been debated, although historically they have been allied with 

the Nautiloidea on the basis of the external shell and the supposed shared characteristic of 

four gill lamellae (Miller 8: Furnish in Arkell et ol, 1957). 

More recently Berthold &: Engeser (1987) proposed a revision of cephalopod taxonomy using 

cladistics (FIGURE 2.2). l l e i r  tasonomy reflects a belief that the Ammonoidea and 

Coleoidea are sister groups united into a taxon Angusteradulata on the similarity of the radula 

of these two groups compared with Nautiloids (Lehmann, 1967, Nixon, 1995). This change in 

taxonomy has caused a reassessment of the validity of Nautilzrs as a model for ammonite 

anatomy and lifestyle (Jacobs &: Landman, 1994), and even the possibility of lineal descent of 

octopods from ammonites (Lewvy, 1996). l l le problem remains that many of the ammonite 

tasa, especially the Palacozoic and Triassic orders, are "grade groups" stating more about 

perceived evolutionary pathways than actual natural clades (Engeser, 1996). 

There are tsvo different views of heteromorph ammonite tisonomy that can be best describcd 

as being 'traditional' on the one hand and 'phylogenetic' on the other. The traditional school 

recognises at least three different superfamilies of heteromorph ammonites: the 

Ancylocerataceae, Turrilitaceae, and Scaphitaceae (FIGURE 2.3). These groups evolved 

independently from the Lytoceratina (Wright, 1952) or from the Ammonitida (Casey, 1960) 

and are united under the 'Hetcromorphat on the basis of their uncoiled shells only. 

Some authors have attempted to dcrnonstrate intergradation of taxa by examining changes in 

a range of characters and not just coiling mode, and thereby create a phylogenetic basis to 

ta..onomy (Wiedmann, 1965, 1969, Schinde~wrolf, 1968). Wiedmann (1962) and Wiedmann & 
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Dieni (1968) undcrtook important reclassifications of the Albian heteromorphs using this 

approach. The suture line has been supposed to be an important source of taxonomic data, 

since it is complex but probably conservative within lineages, compared with external 

ornamentation, for example (Wiedmann, 1966). The resulting taxonomies differ from the 

traditional ones in a number of important ways, such as the positioning of Worthoceras with 

Ptychoceras and not Scaphites, and the unification of the Anisocentidae and Hamitidae 

(FIGURE 2.4) 

Examinations of suture lines have recently been used to suggest independent origins of the 

Ancylocemtaceae and Tunilitaceae, the former from the Ammonitida and the latter from the 

Lytoceratida (Doguzhaeva 8: Mikhailova, 1983), although this conclusion was rejected by 

Wiedmann 8: Kakabadza (1993) who demonstrated that the sutural morphology of the 

supposed ancylocerataccan Ptychoceras is variable and can be indistinguishable from that of 

a turrilitacean. As things stand now, the phylogenetic approach to ammonite taxonomy has 

not been filly tested. Wiedniann's studies lack a broad base of morphological characters and 

a wide ranging analysis of tasa, tending to concentrate on discrete lineages using supposedly 

diagnostic features. This makes it difficult to come to any general conclusions on the 

phylogeny of the group. 

In general, the traditional heteromorph taxonomy is still the most widely used system, as 

summarised most recently in the revised Treatise on Invertebrate Paleontology (Wright etal, 

1996). The Treatise is essentially concerned with pigeon-holing genera within a recognised 

framework, and accepts the polyphyletic nature of certain taxa. 

The fanlilies of heteromorph ammonites are based around 'form genera' which epitomise the 

characteristics of the family as a whole. This is historical in origin and reflccts the successive 

decomposition of certain very broad genera - i.e., Baczilites Lamarck, 1799, Tzirrilites 

Lamarck, 1801, Scnphites Parkinson, 18 1 1, and Hamites Parkinson, 18 1 1 - from the early, 

19th century into successively more exclusive genera within families such as the Baculitidae, 

Tumlitidae, Scaphitidac and Hamitidae. Tlle evolution and breadth of these tam are briefly 

summarised below. 

F a m i l y  Bacu l i t idae  Meek,  1876 

There is probably only one genus reprcscntative of the Baculitidae in the Albian, the Upper 

Albian genus Lechites (Spath, 1923). Within that a distinctive subgenus Tzlberolechites has 

been described, characterised by paired ventral tubercles (Cooper 8: Kennedy, 1977). The 

exact origins of the family remain cryptic but a monophyletic origin \vitllin the Haniitidae has 
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been presumed (FIGURE 2.5, Spath, 1941, Matsumoto, 1959, Matsumoto 8: Obata, 1963, 

Cooper & Kennedy, 1977). Indeed, the closeness of the Baculitidae and Hamitidae was 

underlined by the inclusion of the Hamitidae as a subfamily within the Baculitidae by 

Wiedmann, defining that group as having, 1 or 3 straight shafts (Wiedmann, 1962,1968). 

Certainly the suture lines, ornamentation and apertural modifications of the early baculitids 

such as Lechites can be seen in many Hamitidae. 

Family Turrilitidae Meek, 1876 

In contrast with the Baculitidae, the Tunilitidae are fairly diverse throughout the Middle and 

Upper Albian. They are exemplified by the Cenomanian ammonite Tzrrrilites which is 

helically coiled throughout post-neanic ontogeny. Within the Albian stage there are five 

generally recognised genera in total, Proturrilitoides, Ttrrrilitoides, Pseztdhelicoceros, 

Mariella, and Ostlingoceros(Wright et ol, 1996), although Scholz (1979) considered 

Proturrilitoides, Etrrilitoides and Ostlingoceras to be subgenera of Tzrrrilites and removed 

Pseudhelicoceros to the Anisoceratidae as a subgenus of Anisoceros. Moriello and 

Ostlingoceros are restricted to the Upper Albian and range into the Lower Cenomanian. 

Prohtrrilitoides and Tztrrilitoides are so similar to juvenile Hamitidae that derivation of the 

former from the latter has been believed for a long time (Spath, 1937, Breistroffer, 1953). 

However, monophyly has not been presumed for the group. Spat11 (1937,1939) and 

Matsumoto (1967) postulatcd a diphyletic origin for the Tunilitidae (FIGURE 2.6). The non- 

tuberculate Tumlitidae such as Proturrilitoides and Tttrrilitoides are derived from the 

Hamitidae, while the tuberculate Tumlitidae such as Pselrdhelicoceros arise from the 

Anisoceratidae. Klinger 8: Kennedy (1978) discussed this possibility, but they did not 

propose dividing the family Turrilitidae into two monophyletic tasa, and believed that 

tuberculation may have evolved independently among the Tumlitidae. 

Superfamily Scaphitaceae Meek, 1876 

The Scaphitaceae were not originally viewed as tunilitaceaean derivatives because the suture 

lines commonly have more than four lobes. The origins and the affinities of the group remain 

problematical, opinion divided between an origin from the Lytocerataceae independent of the 

Tumlitaceae (Wright, 1953, Bcsonov & Mikhailova, 1983), or derived from the Tumlitaceae, 

specifically the Hamitidae (Wiedmann, 1965, Wiedmann & Marcino~ilski, 1985). 

Spath considercd the Scaphitidae to be possibly polyphyletic derivatives of the 

Lytocerataceae. Albian species such as Eoscophifes circtcloris ~vas considered to 
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morphologically close to true Lytocerns, although superficial similarity with Hnmites \\?as 

noted. The genus Worthocerns, at that stage only known from North America, was cited as an 

independently evolving scaphitid, pcrhaps giving rise to American Scophites where 

Eoscnphites circztlnris was ancestral to the Eurasian forms (Spath, 1937). In contrast, Wright 

(1952) believed the Scaphitaceae to be monophyletic, and rather than a separate lineage, 

Worthoceras represcntcd an early offshoot of the Scaphitaceae, the subfamily Otoscaphitinae, 

characterised by small size and a quadrilobate suture. The remaining scaphitids were placed 

in the Scaphitinae (Wright, 1953). In a recent phylogenetic review of the Scaphitaceae, 

Cooper (1994a) recognised three families: the Otoscaphitidae, the Scaphitidac, and the 

Eoscaphitidae, containing the genus Eoscnphites only, from which the other two families are 

derived (FIGURE 2.7). 

Wiedmann (1965) has demonstrated that even scaphitids with more than four lobes when 

mature are quadrilobate when young. The extra lobes develop from divisions within the 

umbilical saddle and were termed pseudolobes to distinguish them from the true lobes, which 

are present from the very start. Furthermore, Wiedmann could show a progressive increase in 

sutural complexity beginning with Hnmites, through Eoscophites and on through Scnphites 

and Hoploscnphites. This removed the direct link with the Lytocerataceae which have 

similarly complex sutures, and instead derives the scaphitids from the Turrilitaceae through 

Hnmites, rendcring the suture line an example of convergence with Lytocerns rather than a 

shared, derived fcature. Wiedmann 8: Marcinowski (1985) believe that Scnphomites is the 

link between the Hamitidae and the Scaphitaceae (FIGURE 2.8). The independcnt origin of 

Worthocerns, first postulated by Spath, \\?as considered by Wicdmann to be correct, and that 

Worthocerns is a ptycoceratid offshoot (Wiedmann, 1965), although this has not been \videly 

accepted (Henderson, 1973, Cooper, 1994a). 

Famil ies  Anisoceratidae Hyatt, 1900  (In: Zittel,  1900)  and 
Hamitidae Hyatt, 1900  (In: Zittel,  1900)  

Separation of these faniilics has bcen much dcbated, and so they are here considered together. 

While superficially quite distinct, problems arise when classifjling species which seem to 

bridge the divide bet\vecn the two fanlilies. 

Initially, Hnmites covered both tuberculate and non-tuberculate irregularly coiled animonites, 

later Pictet (1 854) dcviscd the genus Anisocerns to include the tubcrculate forms only. Both 

genera were included within the Hamitidae by Gill (1 871). Hyatt later divided the family into 

the non-tuberculate Hamitidac and tubcrculatc Anisocentidac (Hyatt, 1900 (In: Zittel, 1900)), 

this is still the most widcly accepted taxonomy (Wright et nl, 1996). This is bascd on a 
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presumed origination of tubercles in one Lower Albian stock, which gave rise through 

Protanisoceras to Anisoceras, Idiohamites and allied genera (Spath, 1923,1925a). While the 

Anisoceratidae may well be characterised by the presence of tubercles, the Hamitidae remains 

an illdefined group comprising those heteromorphs lacking features characteristic of the 

other taxa. 

Wiedmann suspcctcd that the separation of the tuberculate and non-tuberculate heteromorphs 

might be artificial, and that tuberculation may have evolved more than once, and includcd 

both sorts of hetcromorphs within the family Hamitidae (Wiedmann, 1962, Wiedmann & 

Marcinowski, 1990). The likely flexibility of tuberculation as a character is underlined by the 

'Tncipicnt tuberculation" of Hnmites hybridzrs and the "transitional forms" between Hamites 

praegibboslrs and Protanisoceras blancheti recorded by Casey (1961). Other than the 

presence of tubcrcles, anisoceratids are very like han~itids in tem~s of ribbing, suture line 

morphology, and coiling mode. In addition, the small size of some species of Hamites and 

Protanisoceras results in the suture lines being relatively simple, so interpretation of the lobe 

morphology can be ambiguous (E. D. McKenzie, pers. comm.). 

Hanzitoides and Ptychoceras 

The relationships of these genera to the other Albian heteromorphs is uncertain. Hamitoides, 

an incompletely known tuberculate anlmonite, has superficially Hamites-like omanlent, 

except that the annular ribs are often bifurcate. The bifurcations are slightly raised, and like 

Scaphites, may give rise to weak bullate tubercles. Spath considercd it to be an aberrant 

member of the Anisoceratidae (Spath, 1939). Arkell et ol(1957) considered the 

Labeceratidae, within which Hamitoides was provisionally placed, to be derived from the 

Lytoceratidae and allied with the Scaphitidae within the Scaphitaceae. On the other hand, 

Wiedmann & Dieni (1968) placed the Labeceratidae, including Hamitoides, within the 

Hamitidae. More rccently the Labeceratidae have been demonstrated to be Ancylocerataceae 

which resemble Scophites (Forster, 1975, Henderson, 1990, Wright et al, 1996). Hnmitoides 

is provisionally placed within this predon~inantly southern hemisphere family, but the 

fragmentary nature of its fossil record makes this assignment uncertain. 

Equally perplexing is the dwarf hetcromorph P~choceras.  Wiedmann (1962) believed the 

separation of this genus into a family Ptychocentidae within the Ancylocentaceae to be 

artificial, considering the closeness of coiling mode with the unquestioned hamitid 

Hemiptychoceras. The suture line \vhich had been believed to be more like that of typical 

Ancylocerataceae in having trifid lateral and umbilical lobes was demonstrated to be an 
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unstable and probably undiagnostic character on which to base this assignment (Wiedmann & 

Kakabadza, 1993). Wright eta1 (1996) have maintained the position of the Ptychocentidae 

within the Ancylocentaceae. 

Other than the families Ptychocentidae and Labecentidae, the Ancylocerataceae appear to be 

absent from Albian ammonite faunas (Wright et 02,1996). 

Ammonite phylogenetics and previous use of the cladistic 

methodology 

The phylogenetic basis for taxonomy as propounded by Wiedmann (1962,1965,1969), 

Wiedmann & Dieni (1968) and Wiedrnann & Marcinowski (1985) is attractive since it 

attempts to interpret the diversification of the group as a series of evolutionary events. 

However, these taxonomies suffer from the lack of an explicit methodology, tcnding to be a 

subjective analysis of characters such as the suture line in defence of an n priori hypothesis of 

heteromorph ammonite evolution. Ideally, a phylogeny should be built on as objective a 

series of data as possible, with the minimum number of assumptions made beforehand. 

Cladistics is a powerful method for constructing phylogenies, and parsimony analysis one of 

the simplest approaches. 

Cladistic analysis makes two assumptions: that life itself originated once and subsequently 

diversified, and that the distribution of characters among organisms rcflects a natural order 

which can be classified (Smith, 1994), and that the only taxonomic units that are meaningkl, 

monophyletic ones, termed natural groups or clndes (Hennig, 1966). Ammonites have been 

studied cladistically very rarely. Matsumoto (1967) and Klinger & Kennedy (1978) have 

constructed a fairly detailed phylogenies of the Nostocentidae and Tunilitidae but did not 

substantiate their proposals with descriptions of the changes at the implied nodes. Landman 

(1989), Cooper (l991,1992,1994a, 1994b, 1997) and Engeser (1996) have uscd hand-crafted 

cladograms to elaborate on hypotheses of ammonoid evolution. Hand crafted cladograms are 

based on an intuitive or hypothetical belief in the natunl order of a group of taxa, perhaps 

derived from stratigraphy or observable ecological trcnds. Usually the operator begins by 

trying to build all the possible trees and reserving those that match the original hypothesis. 

However, as a the number of tasa incrcases, it becomes less easy to appreciate all the possible 

trees. l l le  solution to this is to use a computer, which is very good at doing these sorts of 

tasks vcry quickly. Computer-bascd parsimony analysis is one such method. It has never been 

used to construct cladognms for ammonite groups, perhaps because of the perceived lack of 

characters (T. Engeser, pers. comm.). 
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In this study parsinlony analysis is used, specifically the Apple Macintosh program 

Phylogenetic Analysis Using Parsimony (PAUP version 3.1.1, Swofford, 1993). Parsimony 

analysis works on the premise that the tree (cladogram) with the fewest character state 

changes (steps) is the most likely to reflect the natural order (actual history) of the group since 

it requires the least number of chorncter originntion events (homologies). This means that the 

number of parallelisms (honioplasies) are minimised (Kluge, 1984). 

The PAUP analysis works on a data matrix, which includes infomlation on the morphological 

characters observed in the ammonites studied. This requires the characters to be coded, which 

makes the data available to the computer, and also builds into the data matrix assumptions on 

the nature of the characters. There is an extensive literature on the value of the two main 

coding methods, which will be briefly summarised here. 

The simplest form of coding is Binary (or AbsenceIPresence) Coding. This has been 

advocated by Pleijel(1995) as being the least subjective method since it makes no prior 

assumptions of honlology of the various characters and character states but treats every 

possible permutation of character prescnce and state as an individual character which is either 

absent or present. Binary coding \vould, for esample, code bullate tubercles and clavate 

tubercles as individual, unique characters. 

Pimental & Riggins (1987) and Meier (1994) reject Binary Coding in favour of Multistate 

Coding. Multistate Coding identifies discrete sets of states applicable to a specific character, 

and concludes that each state is hon~ologous with every other state. The hndanlental point is 

that while Binary Coding vie\vs every morphologically different feature as an independent 

character that is either there or not, Multistate Coding rccognises more complex characters 

which may be abscnt or present in one of a range of morphologies. In terms of evolutionary 

theory, while a Multistate-bascd analysis would recognise a single origination event for a 

character followed by a radiation into n different states, a Binary-based analysis instead 

recognises n different, independent origination events. For this analysis I concur with 

Pimental & Riggins (1987) and Meier (1994) in the inappropriateness of binary coding for 

cladistic analysis, and have instead follo\ved the pattern of Voiglit (1997), mho produced a 

cladistic analysis of extant Octopoda. She used multistate characters, predominantly 

unordered, but including ordercd characters where justifiable (see individual character 

descriptions, below). I find it difficult to justifjr coding for each different shape of tubercle as 

a separate character, or a bifid lobe as a scparately evolved, distinct structure from a trifid 

one. 

Ordering means that instead of the n different character states being considered to be able to 

interchange freely, it is assumed that the evolutionary progression happencd along a certain 
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order, from state a to state b to state c...and so on. During the search this affects the length of 

the trees found. Whcn character states are deemed unordered, then the length of the change 

from any one state to any other state is counted as, 1. In contrast, for an ordered character, the 

length is equal to the number of intermediate states it must pass through. The result is that 

during a parsimony analysis, trees which involve stepwise changes along a character state 

progression will be favoured (i.e., have fewer steps) than those which have character states 

changing through many different transitions (i.e., have more steps). 

The construction of an evolutionary tree brings together the tasonomic organisation of the 

taxa from the cladistic analysis and the resolution of the stratigraphical record. Where a 

cladognm is exclusively about nesting tava within a hierarchical structure through a formal 

character analysis, an evolutionary tree attempts to say something about the history of a 

group, especially in terms of ancestors and descendants (Smith, 1994). 

For this study a spccific procedure was procedure: 

(1) Identification and formalisation of the taxa to be analysed. This study 

concentrates on the Albian heteromorph anlmonites, of which the best collections 

have been made from the Gault Clay at Folkestone, England and Escragnolles, 

France, although ammonites from other localities were included. The full list of 

species studied is listed in Figure 2.4. I l e  number of tasa studied is limited by the 

memory available to the computer and the ability of the computer program to analyse 

large data scts within a reasonable length of time. 

(2) Deciding on the coding method. In this instance limited ordering was applied to a 

multistate character data matrix. The assumption being that a limited number of 

characters evolved along a set path~vay, and that by allowing this a priori hypothesis 

to stand, polarisation of the cladogram in favour of the supposed ancestor - 
descendant lineage would be enhanced. 

(3) Derivation of the data matrix from the observable characters pertaining to each 

taxon. One problem identified by colleagues (N. J. Morris, W. J. Kennedy) is to \\.hat 

extent the cladogram and the data matrix it is based on reflects the morphological 

variation within the various ammonite species studied. In this study it was decided 

that to avoid the question of whcther a recorded character was representative of the 

taxon as a \vhole, the data entered into the matrix would as for as possible be based 

on a comparison ofholotype and lectotype material, either through direct 

examination of tlle type material or by using published dcscriptive or figurative 

articles. Effectively this makes this an analysis of type specimen material rather than 
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species. Thus, by implication, the results are vnlidfor the species ns defined by the 

type mnteriol. The data were inputted via the Apple Macintosh computer program 

MacClade version 3.05 (Maddison 8: Maddison, 1992). This process required filly 

redescribing the species examined. 

(4) Searching of the data matrix using PAUP. The search was performed under the 

ACCTRAN optimisation, which explains homoplasy in terms of reversals. The 

Heuristic algorithm was selected, using the random addition sequence and steepest 

descent options. Branch swapping was by the tree bisection-reconnection method. All 

trees were unrooted, and all characters unweighted. After the first run the characters 

are re-weighted by the Rescaled Consistency Index (RC) and the search performed 

again. At each stage, 10 replicates were run to mavimise the chance of identifying all 

the shortest trees. After this search the trees are reserved for investigation. 

(5 )  Filtering the tees. Where more than one tree is identified by PAUP it becomes 

necessary to filter the trees. Within PAUP it is possible to reserve more resolved trees 

over less resolved ones (i.e., escludcs a tree with a polytomy where an alternative 

more resolved but compatible tree exists). l l i s  is based on an assumption that 

evolution 11s  progressed by a series of dichoton~ies: i.e., one parent lineage has give 

rise to two daughter ones. A second approach is to select specific trees by 

identification of key topological features. Two features are looked for here: (a) the 

congruence of divergences on the cladognm with appeannces of lineages or taxa 

within the stratigraphic record, and (b) the recognition of likely groups of taxa. 

(a) Stratigraphical congruence. Congruence exists where elements of 

the topology of the tree are close to the pattern identifiable from the 

fossil record alone. In affect the assumption is that stratigraphy is a 

fair mirror of the phylogeny of an evolving lineage. Thus, of n- 

equally parsimonious trees, the ones which requires the fewest ghost 

lineages are more likcly to be correct than ones \vith many ghost 

lineages. 

(b) Species clustering. Some polytomies in the consensus tree will be 

brought about by individual taxa being located in different places on 

the basis of uncertainty (absence of data) or lack of resolution 

(insufficient diagnostic characters). If an assumption is made that 

\vhere transitional forms can be observed in the fossil record between 

any given tma, these tasa are more likely to be closely relatcd to one 

anothcr ( i t . ,  form a clade) that to any other tava. In practise this 
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allo~\~s the operator to select from n equally parsimonious trees those 

specific trees which contain the clade or clades believed npriori to 

exist on the basis of the these transitional forms. 

(6)  Randomisation confidence testing. This tests for the degree of order (covariation 

behvcen characters) of the cladogm compared with a number of randomly 

generated trees derived from the same data set. Faith & Cranston (1990) suggest that 

if the cladognm is shorter than 95 percent of the random trees, then there is a 95 

percent confidcncc level that the cladogram contains more hierarchical structure than 

would be expcctcd by chance. However, such testing says nothing about the location 

of the regions of order within the cladogm. PAUP can generate random trees. 

(7) Bootstrap testing. This is based on a method devised by Felsenstein (1985) in which 

sets of characters or tasa are randomly selected and resampled to build up a 

'bootstrap' tree which can be comparcd with the original cladogranl. A well- 

supported clade should occur in both the original cladogram and the bootstrap tree. 

PAUP includes a bootstrap testing option. Bootstrap values are considered to be 

highly conservative measures of the accuracy of tree structure (Smith, 1993), and 

Hillis & Bull (1993) found that bootstrap value of a give branch within a tree are 

consistently lower than the probability that the branch is correct. 

(8) Bremer support. This is a test of the robustness of the clades within the cladogmn 

by step~visc increases in the lengh of the trees retained. More robust clades \\rill 

persist into longer trees, and the number of steps between the original cladogram (the 

shortest tree) and the point at which the clade collapses is the Bremer support value. 

This is based on an approach devised by Bremer (1988) and can be performed jointly 

with PAUP aid Autodecay (Eriksson & Wikstrdni, 1995). 

Outgroup Taxon 

My outgroup tason is Ancyloceros matheroninnzrm d'orbigny, 1842, the type species of the 

genus Ancylocerns, the type genus of the family Ancyloeeratidae, and a tjpical representative 

of the Ancyloccrataceae. This txson provides a reference against which the cl~ancter states of 

all the other tasa cai  be comparcd. In selecting an outgroup it is implicit that the selectcd 

a son  is considercd to be "primitive" morphologically in comparison with the other tasa 

being studied. This statement can be argued cither way: The Ancylocerataceae do antedate the 

Tumlitaceae, and so must have evolved earlier. Also, the Tumlitaceae are believed to be a 



Ecology, Stmtigrapl~y, and Pllylogeny of the IIeteron~oqh Ammonoidea of the Albian 

separate, monophyletic group with respect to the Ancylocerataceae. However, as discussed 

earlier the Tunilitaceae and the Ancylocentaceac may have actually had quite separate 

origins among the regularly coiled Ammonoidea. 

Ingroup Taxa 

Sixty-eight ta>ra were included in the analysis, and cover most of the Albian heteromorph 

ammonite species known from Europe, the Near East, Africa, and Madagascar as well as 

many from North and South America, Australia, and Antarctica. The range of species chosen 

covers all the morphotypes and includes species from all the genera recorded with certainty 

from Albian rocks. Individual species have been included where the fossil record is sufficient 

to provide the suite of morpl~ological characters needcd. The n~orphological data is based on 

the type material, wherc possible from esanlination of the type specimens, othenvise from 

published descriptions. This ensures that the characters recorded for any given specimen is 

correct with respect to the species dcscribed, although other specimens attributed to that 

species may differ in some detail. l l le tz~onomy below is based on that of Wright et ol 

(1996). A detailed account of these species is provided in the nex? chapter, together with my 

own revision of this taxonomy. 

Superfamily Ancylocerataceae 

Family Ptychoceratidae 

Ptychocerns ndpresstim J. Sowerby, 18 14 = Mostigoceros odpresszim Boehm, 1925 

Uppcr Albian of Europe, Mesico and Australia 

Ptychocerns lcreve (Pictet, 1847) = Ptychoceros minimtim Rouchadzt, 1933 

Upper Aptian and Lower Albian of Europe, Asia Minor and North Africa 

Family Labeceratidae 

Lnbecerns (Lnbecerns) plostictim S path, 1925 

Upper Albian of Southern Africa 

Homitoides nisticlis Spath, 1939 

Upper Albian of Europe 

Superfamily Scaphitaceae 

Family Scaphitidae 
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Scophites hzrgnrdionus d'orbigny, 1840 = Scophites meriani Pictet & Campiche, 

186 1, Scophites simplex Jukes-Brown, 1875 

Upper Albian of Europe, Middle East, North Africa, and Madagascar 

Eoscophites circlrloris (J de C .  SoL~erby, 1836) 

Upper Albian of Europe 

Eoscnphites subcircztloris (Spath, 1937) 

Upper Albian of Europe, North Africa, and Madagascar 

Worthoceras worthense (Adkins, 1920) 

Upper Albian of North America and Japan. 

Worthocerns pygmnettm Butjor, 199 1 

Upper Albian of Europe 

Superfamily Turrilitaceae 

Family Anisoceratidae, 1 

Anisocerns nrmotum (J. Somerby, 18 17) 

Upper Albian of Europe, Middle East, Africa, India, Australia, and North 

America 

Anisoceros arrognns (Giebel, 1852) = Hnmites elegnns d'orbigny, 1842 

Middle and Upper Albian of Europe 

Anisocerns pernrmotlrm Pictet & Campiche, 186 1 

Upper Albian of Europe, Madagascar and North America 

Anisocerns sazrssztreonzts (Pictet, 1847) 

Upper Albian of Europe, Africa, India, Australia, North and Central America 

Protnnisocerns (Protnnisocerns) ro~rlininnltm (d'orbigny, 1842) = Toxoceros lnrdyi 

Pictct & Rencvier, 1854. 

Lowcr Albian of Europe and North Africa 

Protonisocerns (Protnnisocerns) cnntinnlrm S path, 1939 

Lower Albian of Europe 

Protnnisocerns (Protnnisocerns) coptense Casey, 196 1 

Lo\ver Albian of Europe 

Protnnisocerns (Protmisoceros) bloncheti (Pictet 8: Campiche, 1861) 

Lower Albian of Europe 

Protnnisocerns (Protnnisocerns) hnlleri (Pictet & Campiche, 186 1) 

Lower Albian of Europe and India 

Protnnisocerns (Protnnisoceros) vozrcherinnlrm (Pictet, 1 847) 

Lower Albian of Europe 
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Protonisoceros (Protonisoceros) octeon (d'orbigny, 1 85 0) 

Lower Albian of Europe 

Protonisoceros (Heteroclinus) nodosum (J. So\\rerby, 18 18) 

Lower Albian of Europe 

Protonisoceras (Torqtristylus) anglicum (Spath, 1939) 

Lower Albian of Europe 

Idiohomites tttberculohrs (J. Sowerby, 18 18) 

Lower Albian of Europe and Australia 

Idiohomites spiniger (J. Sowerby, 18 18) 

Upper Albian of Europe 

Metahamites soblieri (d'orbigny, 1842) 

Middle Albian of Europe 

Metohomites dolpiozi Wiedmann 8: Dieni, 1968 

Uppcr Albian of Europe 

Rossolites szrperbzrm (Collignon, 1949) 

Lower Albian of Europe and Madagascar 

Rossolites ricordii nov. sp. = Rossolites imloyi (Leanza, 1970) of Riccardi,, 1988. 

Lo\\?er Albian of Europe and South America 

Family Hamitidae ' 

Homites ottentiohts J. Sowerby, 18 14 

Middle Albian of Europe, India, Madagascar, and North and Ccntnl America 

Homites conipresslrs J. Sowerby, 18 14 

Middle Albian of Europe, North Africa, and Madqascar 

Homitesfirnohrs Brogniart, 1822 = Hamites ptychoceratoides Spath, 194 1 

Upper Albian of Europe and Southern Africa 

Homites gordneri Spath, 194 1 

Middle and Uppcr Albian of Europe and Central America 

Homites hybridtrs Casey, 1961 

Lower Albian of Europe 

Hamites inctrrvotus Brown, 1837 

Upper Albian of Europe 

Homites internieditrs J. Sowerby, 1814 = Hnmites odkinsi Scott, 1928 

Upper Albian of Europe, North and Central America 

Homites moxinitrs J. Sowerby, 18 14 

Middle and Uppcr Albian of Europe and Australia 

Homites nokonsis Adkins & Winton, 1920 = Homites strbvirgtilohts Spath, 1941 

Upper Albian of Europe, Middle East, North Africa, and North America 
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Hnmites pnrkinsoni (Fleming, 18 14) = Hnmites charpenteri Spath, 194 1, Hnmites 

duplicntzu Pictct & Campiche, 1861, Hnmites simplex d'orbigny, 1842, 

Stoniohnmites renevieri Breistroffer, 1947 

Upper Albian of Europe, Middle East, Southern Africa, Madagascar, Australia 

and North America 

Homites prnegibboszis Spath, 194 1 

Lo\\?er Albian of Europe, India and Madagascar 

Hnmites renzi Kennedy, 1996 

Upper Albian of Europe 

Hamites rotundus J .  Somerby, 18 14 

Middle Albian of Europe and Madagascar 

Hnniites tenlticostohts Spath, 194 1 

Middle Albian of Europe and Madagascar 

Hnmites tenzris J .  Sotverby, 1 8 14 

Middle Albian of Europe and Madagascar 

Homites virgltlohts Brogniart, 1822 = Honiites venetiznnzrs Pictet, 1847 

Upper Albian of Europe, Middle East, Southern Africa, Madagascar, North 

America, Antarctica and Australia 

Hamitella onnzrlntlrm (d'orbigny, 1842) = Hnmites nrbrohtndzrs Spath, 194 1, 

Hnmites helicoides Wiedmann, 1962a, ? Notostreptites exilis Henderson, 1989 

Middle and Upper Albian of Europe, Madasascar, and Australia 

Hnmites (Psilohnmites) bozrchnrdinnzrs (d'orbigny, 1842) 

Upper Albian of Europe 

Homites (Lyrohomites) similis Casey, 196 1 

Upper Albian of Europe, Southern Africa and Madagascar 

Hamites (Lytohnmites) slrlcntostrinhts Wiedmann 8: Dieni, 1968 

Upper Albian of Europe 

Hemiptychocerns gnl~ltinzinz Spath, 1925 

Upper Albian of Europe and Madagascar 

Scnphnmites pnssendorferi Wicdn~ann 8: Marcinowski, 1985 

Albian (exact horizon unknown) of Europe 

Family Baculitidae ' 

Lechites (Lechites) gnttdini (Pictet & Campiche, 186 1) 

Upper Albian of Europe, Southern Africa, Australia, Antarctica and Central 

America 

Lechites (Lechites) moreti Breistroffer, 1936 

Uppcr Albian of Europe 
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Lechites (Lechites) con~onchensis (Adkins, 1920) 

Upper Albian of North and Central America 

Lechites (Tuberolechites) regifex Cooper & Kennedy, 1977 

Upper Albim of Europe 

Sciponoceras skipperae nov. sp. 

Upper Albian of Europe 

Family Turrilitidae 

Proturrilitoides astieriantcs (d'orbigny, 1842) 

Middle Albian of Europe 

Prohtrrilitoides seneqtlierinntts (d'orbigny, 1842) 

Middle Albian of Europe 

Turrilitoides htrgnrdiontts (d'orbigny, 1 842) 

Upper Albian of Europe 

fitrrilitoides densicostnhts (Passendorfer, 1930) 

Middle and Upper Albian of Europe 

Turrilitoides intermeditu (Pictet & Campiche, 186 1) 

Upper Albian of Europe 

Psettdhelicoceras robertinntrm (d'orbigny, 1842) 

Middle and Upper Albian of Europe, Madagascar, and North America 

Psetrdhelicocerns gntrltintrm Spath, 1937 

Upper Albian of Europe 

Psettdhelicoceras psetldoelegons S path, 1937 

Upper Albian of Europe 

Mariella bergeri (Brogniart, 1822) = Ttrrrilites worthensis Adkins, 1920, Tzrrrilites 

circtmlotoeniottrs Scott, 1926 

Uppcr Albian of Europe, Middle East, North and Southern Africa, Madagascar 

and North America 

Mariella cnntabrigiensis (Jukes-Brown, 1877) 

Upper Albian of Europe. North Africa, and Japan 

Mariello gresslyi (Pictet 6 Canlpiche, 1861) 

Uppcr Albian of Europe, North Africa and Madagascar 

Mariella miliaris (Pictet 8: Campiche, 186 1) 

Upper Albian of Europe, North and Soutl~ern Africa, Madagascar, and North 

America 

Mariello nobilis (Jukes-Brown, 1877) 

Upper Albian of Europe and North America 

Ostlingocerns ptrzosionttm (d'orbigny, 1842) 
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Upper Albian of Europe, Middle East and Madagascar 

NOTES: 

1. Of the hxa studied, Ileteroclirrtrs Casey, 1961 and Torqrris~lus Casey, 1961 have been variously 

regarded as full gencra, subgenera, or simply synonyms of Protanisocems. h~etalramites is another 

problematic taxon u~llich has been generally classified witlin the Anisoceratidae. However, the type 

species, hfetalranrites sublieti d'Orbigny, 1842, is non-tuberculate. Gebhard (1 975) and Wicdmann & 

Boess (1983) have discussed this species at Icngth and consider it to be a subgenus of Hanrites and not a 

member of tlle Anisoceratidae at all. 

2. Hanrites has k e n  repeatedly split into a different genera and subgenera. This is a reflection on the fact 

that Ilanrites is largely defined on the basis of not obviously being anything else rather than having any 

characteristic features of its own (such as tubercles or a nlicromorpllic initial coil). Stonrolranrites is 

considered by many authors to be a straight synonym ofllanrites. The type species is Hanrites viwrlatirs 

Brogniart, 1822. Stonrolranrites llas historically included most of the Upper Albian and later hamitids, 

frequently with apertural collars, and usually with approsimately equally sized bifid lateral and u~nbilical 

lobes. Stonrolranrites las  been variously used as a subgenus ofHanrites or a separate genus in its O U ~  

right (see Spath, 1931, Arkell et al, 1957). IIonfever, since not all ~~ppsedSron~olranrites luve aperh~ral 

collars arrd similar size lobes, and the general trend was si~nply to lump all Uppe7 Albian and later 

Hanrites as Stonrolranrites, the name has largely been dropped (see Wright & Kennedy 1981,1995, 

Wright et al, 19%). Ilanritella is a rarely used gcneric name for predominantly helical hamitids. rile 

type species is Ilelicoceras arrrrrrlatrrnr d'orbigny, 1832. Breistroffer proposed the name in lieu of 

Ilelicoceras uzhich is occupied by a gastropod (Ilelicocems Koenig, 1825), although the identity of the 

type material was nncertain. Examination of the type material in the d'orbigny Collection at the Natural 

History Museum in Paris seems to support the view that this species and Hanrites srrbtvtrrr~drs Spath 

1941 are conspccific. L.vto1ranrites is a genus of large, indistinctly ribbcd hanitids uith relatively florid 

suture lines. The type species is Lytoltanrites sinrilis Casey, 1961. n l i s  species covers most of the 

spccullens previously dcscribcd as Ifanrites nrrrlticostahts Brown, 1837. However, the type specimen of 

that species is 'specifically indctenninate' and may in fact be simply a piece ofArrisocer~as (see Casey, 

1961, Wright & Kennedy, 1995). Plesioltanrites Breistroffer, 1947 is based on tlis same fragment, so is 

considered to be rtonrnt hrbirrnr. 

3. The bacditid Leclrites flirberoleclrites) regiJk Cooper & Kennedy, 1977 is only kno\\n from fragments. 

It is a straight shelled (bcditiconic) a~lunonite much like other Leclrites but with paired ventral 

tubercles. 
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Characters Analysed 

The comparative morphology of heteromorph ammonites is largely restricted to shell 

characteristics including coiling mode, ornamentation, apertural modifications, suture lines, 

and siphuncle morphology. No aptychi or ndulae are known from Albian heteromorphs 

(although they are known from some Upper Cretaceous heteromorphs such as Bnculites, see 

Arkell, 1957). Consequently, the selection of characters is based upon a pragmatic approach 

to what is observable in the fossil record. On the one hand, for a cladistic analysis to have any 

resolution, morphological distinctions need to be made, on the other it is important not to 

select characters or states of an ambiguous or subjective nature. 

Essentially the characters can be divided into two suites based on the shell and the suture line. 

Shell characters reflect three aspects of the life of an ammonite: (i) the ontogeny (growth) of 

the animal, (ii) the sex of the ammonite, and (iii) the adaptive or functional morphology. The 

finctional morphology of heteromorph ammonites is not well understood, and previous 

investigations have bcen limited in scope (see discussion in Monks &Young, 1998). 

Functional morphology has consequently not been coded for here. 

Sexual dimorphism was probably quite common among ammonites, and apertural collars and 

constrictions may be usehl indicators of this with hcteromorphs (Wright & Kennedy, 1993), 

as may the differences in sizes of some species like Hnmites mnximtis and Anisoceros 

saussurennus (pers. obs.). As Wright & Kennedy point out, while collars have been recorded 

from some Upper Albian Hnmites, entire specimens of the Lower and Middle Albian Hnmites 

have not bcen preserved and so the absence of records of collars in these species may be an 

artefact of an inadequate fossil record. 

The ontogeny of the heteromorph ammonites is fairly wvell understood and the fossil record 

sufficiently detailed for almost the entire growth sequence (life cycle) to be follo\ved. Thus 

ontogeny provides the richest source of characters for this analysis. At a gross level, coiling 

mode itself can be observed, but most characters vary through ontogeny, such as the tendency 

toward helicosity or the presence of tubercles. To code for this adequately, the ontogeny of 

the ammonite is here divided into four distinct stages: 

(1) Neanic. A smooth shelled, probably planktonic stage. In all species the shell 

(neanoconch) consists of a planar regular coil, in most of the Turrilitaceae the coil is 

open. The coil is closed in the Ancylocerataccae and most Scaphitaceae. The 

neanoconch reaches from a few millimetres to a centimetre or so in diameter before 

ornamentation appears, indicating the onset of the juvenile stages of gro\w.th. 
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(2) Juvenile-A. At this stage the ammonite has acquircd omanlentation comparable to 

the adult, although there may be small differences (e.g., distribution of tubercles or 

density of ribs). Coiling mode is similar to that of the neanoconch. 

(3) Juvenile-B. As juvenile-A, but with differences in coiling, usually heteromorphic in 

style. Some evidence of sexual dimorphism may be present, such as ultimate size, but 

collars, etc., absent. 

(4) Adult. Maturity, shell growth may slow or stop, including the approsimation of the 

septa. Scsual dimorphism, if present, is at this stage pronounced and complete. 

For each stage of grotvth obscrvations can be made on the whorl section, the presence and 

morphology of tubercles, and the presence and morphology of ribs. For each of these 

ontogenetic stages morphological characters can be different, so at each stage of ontogeny the 

characters were coded for indepcndcntly. 

The suture line is another highly variable fcature, but with a less discernible relationship to 

ontogeny and functional morphology. However, in contrast to the gross morphology of the 

shell, the suture line can be well preserved on fragmentary material. The characters coded for 

here have been chosen as the least ambiguous characters possible, even at the risk of losing 

resolution: specifically, whether the lobes were bifid or trifid or the dorso-ventral saddle 

oblique or not. For example the relative sizes of individual lobes and sutures have not been 

considered, although this has been used previously, e.g., in defining Stornohamites (see Spath, 

1941). This character is altogether too variable both within a species and through ontogeny as 

Cooper (1994a) has pointed out. Equally, the degree of symmetry of individual lobes and 

saddles (as distinct from the symmetry of the suture line in toto) has not been coded for. This 

character varies depending on the stage of ontogeny, especially if helical and planar 

fragments of the same specimen are compared, that the reliability of this character needs to be 

questioned. In short, only the basic features were coded for and a conservative series of states 

recognised, e.g., the lobe is either bifid or trifid. l l e r e  is no 'asyn~metrically bifid' or 

'subtrifid' requiring subjective appraisals of the specimen. Such an approach makes it easy 

for another operator to code a specimen in a way directly comparable with the method 

adopted here, opening up the possibility for other workers to develop the data set and 

investigate the relationships of anlmonites not described here. 

The characters and character states are listed below. Where the character is deemed to be 

ordered it is stated and justified, othenvise all characters are unordered. The characters 

themselves are largely self explanatory, although reference to the preceding glossary of 
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morphological terms may be useful. T l~e  characters are based upon fully grown, individuals, 

so references to the phragmocone or living chamber, escept where stated othenvise, imply the 

phragmocone at maturity and the final living chamber. 

1. Siphuncle is ventral or lateral. 

(0) Siphuncle lies dong the mid-line of the shell along the ventral surface. 

(I) Siphuncle is close to the mid-line but is displaced slightly adapically. 

(2) Siphuncle displaced adapically a id  well away from the mid-line to the upper part 

of the exposed face. 

ORDERED: The shifting of the siphuncle is only scen among helically coilcd 

ammonite. It is probably fair to assume that this is an ordered, evolutionary series of 

events associated with the tightening the helical coil and assuming an orientation wit11 

apex of the shell upwards and the aperture downwards (see Klinger, 1980). 

2. Shell coiling mode. 

(0) Regular spiral. 

(1) Aspinoconic 

(2) Ancyloconic 

(3) Haniiticonie 

(4) Ptychoconic 

(5) Baculiticonic 

3. Micromorphic initial coil. 

(0) Spiral coiling persistent from neanoconch into juvenile stage. 

(1) Spiral coiling limitcd to neanoconch only. 

4. Neanoconch is crioconic. 

(0) The ncanoconch is an involute, planar spiral with successive \vhorls in contact. 

(1) The neanoconch is an opcn, planar spiral with the whorls not in contact. 

5. Helicosity. 

(0) No helicosity at any stage. 

(1) Neanoconch planar, juvenile-A helical, juvenile-B and mature planar. 
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(2) Neanoconch planar, juvenile-A and juvenile-B helical, mature planar. 

(3) Neanoconch planar, juvenile-A, juvenile-B, and mature helical. 

ORDERED: Helicosity is relatively common among the juveniles heteromorphs, and 

is exhibited by progressively fewer ma. My assumption is that this represents an 

evolutionary progression to\vards the more helical taxa from planar and weakly 

helical forms. 

6. Helical part closed. 

(0) Successive whorls of helix not in contact. 

(1) Successive whorls of helix in contact but whorl section not affected. 

(2) Successive whorls of helix strongly compressed and whorl section distorted. 

ORDERED: Again associated with increasingly tight helical coiling. In all non- 

Tunilitidae heteromorplis the helical parts of the shell are not in contact. 

7. Coiling imperforate. 

(0) Initial part of planar spiral open (wide umbilicus). 

(1) Initial part of planar spiral closed (narrow umbilicus). 

8. Whorl section of juvenile-A. 

(0) Circular. 

(1) Laterally coniprcssed. 

(2) Dorso-ventrally compressed (= depresscd) but whorls or shafts not in contact. 

(3) Dorso-ventrally compressed, tvhorls or shafts in contact producing some 

distortion. 

(4) Semi-lunate. 

(5) Polygonal. 

9. Whorl section of juvenile-B coil circular. 

(0) Circular. 

(1) Laterally comprcssed. 

(2) Dorso-ventrally compressed (= depressed) but whorls or shafts not in contact. 

(3) Dorso-ventrally conipressed, whorls or shafts in contact producing some 

distortion. 
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(4) Semi-lunate. 

(5) Polygonal. 

10. Whorl section of mature coil circular. 

(0) Circular. 

(1) Laterally compressed. 

(2) Dorso-ventrally compressed (= depressed) but whorls or shafts not in contact. 

(3) Dorso-ventrally compressed, whorls or shafts in contact producing some 

distortion. 

(4) Scmi-lunate. 

(5) Polygonal. 

11. Apertural constriction. 

(0) Absent. 

(1) Present. 

12. Periodic constrictions. 

(0) Absent. 

(1) Present. 

13. Oblique constrictions. 

(0) Absent. 

(1) Present. 

14. Paired collars. 

(0) Absent. 

(1) Present. 

15. Single collar. 

(0) Absent. 

(1) Present. 

16. Lappets. 
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(0) Absent. 

(1) Prescnt. 

17. Major ribs. 

(0) Absent. 

(1) Present. 

18. Major ribs dorsally effaced. 

(0) Not effaced. 

(1) Partially effaced. 

(2) Effaccd conlpletely. 

19. Minor ribs. 

(0) Absent. 

(1) Present. 

20. Paired ventral tubercles. 

(0) Absent. 

(1) Present. 

21. Paired ventrolateral tubercles. 

(0) Absent. 

(1) Present. 

22. Ribs split on ventral surface or between ventral tubercles. 

(0) Not split (= simple). 

(1) Split (= fibulate, button-and-loop if associated with tubercles). 

23. Ribs split ventrolateral surface or between ventrolateral tubercles. 

(0) Not split (= simple). 

(1) Split (= fibulate, button-and-loop if associated with tubercles). 
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24. Ventral tubercle distribution. 

(0) None. 

(1) Phragmocone only. 

(2) Phragmocone and living chamber. 

(3) Living chamber only. 

25. Morphology of ventral tubercles. 

(0) Bullate. 

(1) Circular. 

(2) Clavate. 

26. Ventrolateral tubercle distribution. 

(0) None. 

(1) Phragmocone only. 

(2) Phragmocone and living chambcr. 

(3) Living chambcr only. 

27. Morphology of ventrolateral tubercles. 

(0) Bullate. 

(I) Circular. 

(2) Clavate. 

28. Raised bifurcation. 

(0) Absent. 

(1) Present. 

29. Ribs on phragmocone flattened ventrally. 

(0) No. 

(1) Yes. 

30. Morphology of ribs on phragmocone. 
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(0) Straight. 

inuous. (1) S' 

31. Ribs on living chamber flattened ventrally, 

(0) No. 

(1) Yes. 

32. Morphology of ribs on living chamber. 

(0) Straight. 

inuous. (1) S' 

33. Secondary bulla. 

(0) Abscnt. 

(1) Present. 

34. Suture asymmetrical. 

(0) No. 

(1) Early part of phragmocone only. 

(2) All of phragmocone. 

ORDERED: The asymmetry of the suture sccn in the Hamitidae and the Turrilitidae 

can be observed to take place gradually through the series Hamitella to 

Prohlrrilitoides to Ttirrilitoides. It is probably an ordered, evolutionary series of 

events associated with the tightening the l~clical coil and assuming an orientation with 

the apcrture do~~n~vards .  

35. Pseudolobes. 

(0) Absent. 

(1) Present. 

36. Internal lobes. 

(0) Bifid. 

(1) Trifid. 
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37. Lateral lobes. 

(0) Bifid. 

(1) Trifid. 

38. Umbilical lobes. 

(0) Bifid. 

(1) Trifid. 

39. Internal lobes. 

(0) Bifid. 

(1) Trifid. 

40. Lateral Saddles. 

(0) Bifid. 

(1) Trifid. 

41. Dorso-ventral saddle. 

(0) Bifid. 

(1) Oblique. 

The data matrix for this analysis is presented in tabular fonn in APPENDIX 1 and in a 
NEXUS file fornut (rcadable by MscClade and PAUP) on the floppy disk. 

Results 

Tree statistics and topology 

The PAUP analysis produccd 2200 trees. The strict consensus and 50% majority rule 

consensus trees of this run are presented in FIGURES 2.9 and 2.10.11ese trees have a length 

of 173 steps. 
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The data set was re-weighted by the Rescaled Consistency Index using tl~at option in PAUP 

and run again. This produced 158 trees. The strict consensus and 50% majority rule consensus 

trees of this second run are presented in FIGURES 2.1 1 and 2.12. Filtering within PAUP 

reduced the number of trees from 158 to 6. These six trees are presented in FIGURE 2.13. 

The following were identified as sources of variation within the six trees examined: 

(1)  The positioning of the taxa Hnmites tenuis, Hnmites hybridzts, Homites prnegibbostrs 

and Scnphomites pnssendot$eri. These taxa form a sister group to Metnhnmites 

sablieri. 

Resolution: Stntignphically this group is difficult to resolve. Hnmitesprnegibbostrs 

and Hnntites hybridtrs are both from the Dozlvifleicerns mammi~~nhrm Zone of the 

Lower Albian. Homites tentris and Metohnmites soblieri both appear in the lower part 

of the Middle Albian. Scnphnmites has an uncertain stntignphical range, being 

recordcd from condensed beds ranging from the Dozrvilleicerns momntillotum to 

Stoliczkoin dispnr Zones of the Albian. Morphologically, Scnphnmites can be 

distinguished from the other three species by the irregular helical coiling. On the 

other hand the suture line and overall ornamentation are very similar to Homites 

hybridzis. Metnhnmites and Hnmites tenztis are hamiticonic, while Scnphnmites and 

Hamites prnegibbostrs are broadly ancyloconic, and Hnniites hybridzis is aspinoconic. 

I would suggest making Hnmites hybridtrs and Scnphomites sister tasa, since they 

share similar morphology and stntignphical range may be compatible. The sister 

group to them would be Hnmitesproegibbostrs, which is very similar to Homites 

hybridtrs but is a more loosely coiled and with a trifid umbilical lobe. Hnmites tenuis, 

the outgroup to these three species is yet more open in coiling (being haniticonic) but 

is othenvise very similar. 

(2)  The positioning of the tason Hnmites gnrdneri, and the clade (Hnmites intermeditrs + 
Hnmites interntedius) . 

Resolution: 'Illis is impossible to resolve from the stratigraphy or the morphology 

since both clades have identical origins (upper Middle Albian, Etrhoplites nteondrintts 

Subzone). These three species are also very similar, and it could be argued that they 

form a range of n~orphotypes within one broadly recognisable species, Hnmites 

mnximus: tending toward reduction of ribbing (Homites intermedius) or toivard 

ancyloconic coiling (Hnmites gnrdneri). 
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In conclusion, the 6 trees can probably be safely reduccd to two on the basis of resolving the 

positions of Honiites tenuis, Homites hybridzts, Homites proegibboszu and Scnphomites 

passendorfen. The positions of the Homites gordneri, Homites intermedizts and Hamites 

intermedius cannot be resolved with any confidence. These trees are both figured here 

together with their topological statistics (FIGURE 2.14). 

The Consistency Index and Retention Index values of both trees are the same: 0.39 and 0.75 

respectively. The Consistency Index is a measurement of homoplasy, where lo\ver values 

imply greater degrees of homoplasy within the data set (Goloboff, 1991). A value of 0.39 is 

relatively low and implies a high degree of homoplasy. The Retention Index is a reflection of 

the number of character state reversals (Smith 1993). The value of 0.75 is fairly high, 

suggesting that relatively fcw charactcr state exist within the data set. The Rescaled 

Consistcncy Index is a compound of the two indices, and is a conservative estimate of the 

amount of order within the data set (S\vofford 1993). Trce 1 has a slightly higher Rescaled 

Consistency Index than Tree 2,0.30 compared to 0.29, although this difference is small and 

may be a rounding error. These values are relatively low. 

Bootstrap values 

The data matrix is searchcd using the bootstrap method described by Felsenstein (1985). The 

One hundred replicates were performed to maviniise the reliability of the conclusions based 

on the search. The resulting bootstrap tree (FIGURE 2.15) gives support values for certain 

branches, the percentage valucs indicate the number of trees ~vithin which the clade 

concerned occurred, the more times the clade occurs, the better supported the clade, hence 

high values are best. 

(1) The clade of Psilohomites bozrchordicmus + (Ptychoceros odpressum + ( Worthoceros 

worthense + Worthoceros pygmoeum)) is weakly supported with a bootstrap value of 

53%. Ho~vever, the clade (~tychoceroi odpresssm + (Worthoceros worthense + 
Worthocerospygmoeum)) is very well-supported \\it11 a value of 98%. The clade of 

(Worthoceros worthense + Worthocerospygmoezrm) is has a moderately high 

bootstrap value of 68%, indicating that this clade occurred in about two-thirds of all 

the generated trees. 

(2) The genus Anisoceros (i.e., Anisoceros sozrssureontts, A. ormntum, and A. 

perormotum) forms a robust clade with a bootstrap value of, 100%. Tile clade of A. 

ormaturn and A. perornlotzrnt occurs in about two-thirds of all the generated trees, 

rating a bootstrap value of 68%. 
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(3) The clade Protonisoceras roulinionw and P. contianzim is recorded from rather less 

than two thirds of all the trees, rating a bootstrap value of 59%. 

(4) The genus Idiohamites (i.e., Idiohomites tlibercttlattim and I. spiniger) is well- 

supported with a bootstrap value of 83%. 

( 5 )  The Scaphitidae (i.e., Eoscnphites cirarlnris + (Eoscnphites sltbcirarloris and 

Scaphites hirgnrdimus) are modcntely ~vell-supported with a bootstrap value of 52%. 

However, the clade comprising Eoscnphites szrbcirailnris and Scnphites htignrdinn~is 

is very well-supported, occurring in 95% of the bootstrap trees. 

(6) The Turrilitidae are fairly \\fell-supported occurring in over two thirds of all the 

bootstrap trees, rating a bootstrap value of 68%. l l i s  fanlily as tested includes 

Proturrilitoides nstierinnirs, Ttrrrilitoides hirgordinnirs, Mnriella bergeri, 

Ostlingoceros plrzosinntrm, Pselrdhelicocerns robertinnum, Ps. cntenottrm, and Ps. 

pseudoelegons. 

(7) A clade comprising Proturrilitoides nstierinnlrs and Ttrrrilitoides hirgnrdinntis is 

well-supported, with a bootstrap value of 74%. 

(8) A clade comprising Mnrielln bergeri, Ostlingocerns pilzosinntrm, Pseirdhelicocerns 

roberrinnurn, Ps. cotenntum, and Ps. psetldoelegnns is well-supported with bootstrap 

value of 83%. Within this clade Mnrielln bergeri, Ostlingocerns plrzosinnum, 

Pselrdhelicocerns robertionirm, and Ps. cotenotirm f o m ~  a nested clade with a 

bootstrap value of 86%, again a high score. Finally, a clade nested within that, 

comprising Mnrielln bergeri and Ostlingocernspizosian~~nt is well-supported with a 

bootstrap value of 88%. 

Bremer support test 

The Bremer support values are presented in FIGURE 2.16. The values recorded range from 0 

to 18. The highest values occur at the follo\tring nodes, implying a high degree of robustness 

to these clades: 

(1) Bremer support value, 18.11e clade (Scnphites hilgnrdinntis + Eoscnphites 

subcirctrlnris). 
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(2) Bremer support value, 17. The clade (Mariello bergeri + Ostlingoceros 

puzosionum). 

(3) Bremer support value, 16. The clade (Anisoceras armatltm + Anisoceras 

perarmahtm) . 

All the remaining nodes have rclatively low values, from 0 to 4. 

Randomisation confidence test 

The most parsimonious trees measure, 173 steps in length. One thousand randomly generated 

trees fall in the lcngth ranges 414 to 474 steps. Thus the deduccd cladognm is shorter than all 

the randomly gencntcd trces, implying a high likelihood in the data set having phylogenetic 

signal. 

Conclusions 

From this analysis, the tasonomy of the Albian heteromorphs can be rcdrafled in the light of 

the likely phylogeny of the group. My trees broadly concur with the taxonomy of Wright et nl 

(1996) in placing Homitoides and Ptychoceros outside of the Tunilitaceae and within the 

Ancylocentaceae. This cladistic analysis does not support the Il~pothesis that the Baculitidae 

and Ptychocentidae are sister groups within the Tumlitaceae (Wiedn~ann & Dieni, 1968, 

Marcinowski & Wiedmann, 1990). The Tumlitaceae include the Anisocentidae, Baculitidae, 

Hamitidae, and Turrilitidae. The Scaphitidae are also shown to be monophyletic once 

Worthoceros is rernovcd to the Ptychoceratidae as proposed by Wiedmann (1965) and 

supported by this study. The nced for a separate superfamily Scaphitaceae is questionable 

given the monophyletic origin of the scaphitids as studied here from the Hamitidae. However, 

since only a small proportion of the known scaphitids occur in the Albian, and these post- 

Albian spccics have not bcen examined, there is not the evidence to prove or disprove the 

monophyletic nature of the Scaphitaceae as a \\.hole. So I provisionally retain the 

Scaphitaceac as a supcrfamily. 

(1) Validity of the Hamitidae uncertain. Within this family are the origins of four other 

families: the Anisoceratidae, Baculitidae, Scaphitidae and Turrilitidae. Vie sister 

group of the Turrilitidae is a group of five hamitids with helical juvenile stages: 

Hamitello onnzrlotum, Homites rohtndits, Homites gordneri, Homites mnximus, and 

Homites intermedius. These last four species should be transferred to the gcnus 
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Hamitella, making this a panphyletic outgroup to the Turrilitidae. The sister group to 

the Turrilitidac + Hamitella clade is a clade comprising of Hemiptychoceras 

gatiltintim and Homites parkinsoni. I \vould propose that Hamites pnrkinsoni sl~ould 

be moved into Hemiptychoceras. Hamites strlcatostriahts and the Anisoceratidae 

form a polytomy with the clade of Hemiptychoceras, Hamitella, and the Tunilitidae. 

The next group down is Lytohamites a genus including tsvo species, Lytohamites 

similis and Lytohamitesjrnattls. The exact status of Hamites sulcatostriatus is 

uncertain, but I believe that it is closer to Hemiptychoceras than Lytohnmites for more 

fully discussed in the entry for that species in the next chapter, but a key feature is 

that this specics has constrictions along the body chamber, which are also a feature of 

Hemiptychoceras. 

The remainder of the Hamitidae are very difficult to classify at this stage and require 

hrther work. There arc tivelve species, of which nine are generally recognised as 

Homites: 

Homites attenlrohrs 

Hamites compress~u 

Hamites hybridus 

Hamites inarrvotzts 

Homites nokonsis 

Homites praegibbostrs 

Hamites renzi 

Hamites tentiicostattis 

Homites tentiis 

These spccies do not fonil a neat monophyletic clade which could be recogniscd as 

the true Homites. lliey form an array of heteromorph ammonites with primitive 

tunilitaceaean features (such as simple annular ribs, planar coiling, and an open 

crioconic juvenile-A coil). They are here provisionally retaincd within Hamites. 

Two hamitids studied here, Scnphomitespmsendorferi and Metaliamites soblieri, 

represent monospccific genera. No other spccies of Scophamites have been described 

thus far. The position of Scnphnmites within the Hamitidae is supported (as in Wright 

et 01, 1996), but marking this species out as the transition from the Haniitidae to the 

Scaphitaceae is not supported (as proposed by Wiedn~ann &: Marcino\vski, 1985). 

Metahan~ites is also recognised as a member of the Hamitidae, as proposed by 

Gebhard (1975) and Wiedmann &: Boess (1984). The other alleged species of 

Meinhamites 1~11ich arc tuberculate are here excluded from the Hamitidae on that 
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basis. These are 'Metohamites elegnns' = Anisocerns nrrognns and Metnhnmites 

dolpinzi. Both are transferrcd to the Anisoceratidae on the basis of possession of 

symmetrically paired tubercles. 

The problem of the position and validity of Stomohcrmites can be reviewed. Homites 

virgulatus, the type species of Stomohamites does not foml the basis of any obvious 

clades. It is a single species branching from a polytomy including the other 

systematically unresolved Homites, and as such Stomohnmites should probably be 

considered a straight synonym of Hnmites at least until this genus can be more fully 

understood. 

By and larpje the stratigraphy and phylogcny of the Hamitidae cannot really be 

assessed until the taxonomy of the group is more thoroughly investigated. Ho~vever, 

in general it can be said that the more primitive species (Homites, Scophamites, 

Metnhamites) either appear in or are confined to tlle Lower and Middle Albian, and 

the more derived Lytohamites and Hemiptychocerns are restricted to the Upper 

Albian (FIGURE 2.17). On the other hand, Hnmitello, which is supposedly a more 

derived taxon than either Lytohamites or Heniiptychocerns ranges through the entire 

Middle and Upper Albian. 

(2) Anisoceratidae. This genus includes the monophyletic genera Anisoceras, 

Idiohnmites, Ttiberolechites, and Rossnlites. and the paraphyletic genus 

Protnnisocerns. The union of this family with the Hanlitidae (e.g., Wiedmann, 1962, 

Marcinowski & Wiedmann, 1990) is here rejected. There is a reasonable match with 

stratigraphy: the most derived genera are Anisocerns, Idiohnmites, and Tziberolechites 

which are Upper Albian and Cenomanian in range, while the more primitive 

Rossnlites and Protnnisocerns are largely confined to the Lower and Middle Albian, 

as shown in the phylostratigraphy presented in FIGURE 2.17. l l le Anisoceratidae are 

determined to be offshoots of the Hamitidae, which have a comparable stratigraphical 

range, both groups being known from the Lower Albian (Leymeriello tnrdejircntn 

Zone). 

Protnnisocerns represents the primitive stock from which the more derived 

Anisocentidae are derived. Although it is paraphyletic, it is recognised here because 

it forms a reasonable series of grade-groups between the outgroup (the Hamitidae) 

and the more derived genera (Anisocerns, Idiohamites, Rossnlites, and 

Tuberolechites). However the subgenus Protcrnisocercrs (Heteroclintrs) is completely 

rejectcd since the two dcscribed species of Protnnisocerns (Heteroclintrs), 

Protnnisocerns (Heteroclinus) nodostim and Protnnisocerns (Heteroclintrs) hnlleri do 
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not form a monophylctic clade. On the other hand, the validity of Protanisoceras 

(Torquisfylus) at generic or subgeneric rank is difficult to assess since it represents 

but one species. I only disregard it hcre because it forms part of a polytomy with 

Protanisoceras ncteon and Protanisocerns blnncheti. 

Two spccies of Protonisoceros as recognised here have been previously includcd in 

other genera: Anisoceras arrogans (= 'Metohamites elegans') and Metahnmites 

dalpiazi. Protanisocerns arrogans is here the sister tavon of Rossalites and quite 

distinct from Anisoceras proper. It lacks the most characteristic synapomorphy of 

Rossalites, the fision of ventral and ventrolatenl tubercles on the living chamber, and 

so is left within the ancestral if unresolved Protanisoceros stock. Both this species 

and Protanisoceros dolpinzi had been included within the genus Metnhan~ites 

(Wiedmann 8: Dieni, 1968, Wright et al, 1996). As I recognise that genus, a non- 

tuberculate hamitid, both of these species must be escluded since they have 

symmetrically paired tubercles. Protanisoceros dalpiazi is positioned in the 

cladognm as the sister tason to all the other Anisoceratidae studied here. It may 

therefore be considered the most primitive member of the Anisocentidae known. 

Rossalites is an early offshoot and as mentioned above is easily recognised by the 

fision of ventral and ventrolateral tub.erclcs on the living chamber to form clavate 

ridges. This clade is strongly supported and recognition of Rossalites as discussed by 

Casey (1961) is agrccd with here. 

Anisoceras and Idiohnmites are sister groups and appear at about the same time in the 

Upper Albian. Both tasa are monophyletic and supported by this analysis. 

(3) Scaphitidae. The derivation of this group from the Hmitidae as proposed by 

Wiedmann (1965) is supported. Only thrcc species of scaphite are rccognised here, so 

the data are too limited to make any broad statements about this very large, mostly 

Upper Crctaccous, family. Two gencn of scaphite are here included, Eoscnphites and 

Scaphites. Worthoceras is transferred to the Ptychoceratidae as originally proposed by 

Wiedmann (1965). Within thc rcmaining Scaphitidae are three species. Because of the 

number of characters that support a clade comprising Eoscnyhites stibcirctilaris and 

Scaphites hugardiantis, togethcr with the strong bootstnp and Bremer support values, 

I propose returning Eoscaphites strbcirctrlaris to the genus Scaphites as originally 

placed by Spath (1937). Conscqucntly, the single remaining species of Eoscaphites, 

Eoscnphites circtrlnris, remains the sister tason of the other scaphites. Although a 

monophylctic clade it barely reasonable to form a new family for this one species. 
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Thus a family, Eoscaphitidae, as proposed by Cooper (1994a) probably cannot be 

endorscd. 

The match with stratigraphy is reasonable. The most primitive genus, the lower 

Upper Albian Eoscnphites, is the outgroup of the more derived upper Upper Albian to 

Upper Campanian genus Scaphires (FIGURE 2.17). The rooting of this family within 

the Hamitidae is also reasonable since that family is present in the Upper Albian. 

Although few scaphites have been examined here, an important general statement can 

be made. The closed (imperforate) coiling of Scophites and most other scaphites is 

not a primitive character even though it can be observed in many Ancylocerataceae. 

In other words, the imperforate coiling of scaphites and of homomorph ammonites 

are not homologous. The ancestors of the Scaphitidae have open (perforate) juvenile- 

A coils, as does Eoscnphites circulnris, the earliest known member of the 

Scaphitidae. Imperforate coiling among the Scaphitidae is a re-evolved or convergent 

feature, perhaps as a consequence of the general trend toward homomorphic coiling 

seen in this group. In addition, the tuberculation observed on some of the Scaphitidae 

evolved independently of that among the Anisoceratidae. Scaphitid tuberculation, at 

least as seen among the Albian forms, appears as raised areas where the ribs bifurcate 

over the ventral surface. 

Given the derivation of the scaphites from the hamitids, the value in retaining a 

superfamily Scaphitaceae for the scaphites is questionable. This superfamily was 

devised in the belief that the origin of the scaphitiform heteromorph ammonites from 

the Lytocerataceae was independent of the turrilitaceaen heteromorphs (Wright, 

1953, Besonov 8: Mikhailova, 1983). If the scaphites are simply another group of 

tunilitaceaen heteromorphs derived from the Hamitidae (like the Anisoceratidae, 

Baculitidae, and Turrilitidae), then the need for a separate superfamily is negated. 

Baculitidae. This family contains Lechites and Sciponocerns but not Lechites 

(Tuberolechites), \vhich is now identified as a probably orthoconic Protnnisocerns 

derivative within the Anisoceratidae. 11e  group as a whole is characterised by 

reduction of the juvenile-A coiling phase (micromorphy), the remainder of the shell 

being a single straight shaft. The sister taxon to the Baculitidae is Hamites nokonsis, 

which share similar ornamentation as \ilell as apcrtural constrictions. The sister clade 

to the clade comprising both the Baculitidae and Hamites nokonsis is the clade of 

Hnmites sensti stricto. Since Hnmites nokonsis and the two baculitids have an Upper 

Albian nnge, this clade concurs \\?ell with stratigraphy (FIGURE 2.17). The origin of 
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the Baculitidae from the Hamitidac (see Spath, 194 1) is therefore supported by this 

analysis. 

(5 )  Turrilitidae. The monophyly of this group is supported. Prohrrrilitoides, 

Turrilitoides, Psetrdhelicocerns, T2rrriIites, and Ostlingocerns form a clade derived 

from the Hamitidae via Hamitella. They are characterised by helical coiling 

throughout post-ncanic ontogeny, asymmetry of the suture, and lateral displacen~ent 

of the siphuncle. The polyphyletic origin of this group suggested by Klinger &: 

Kennedy (1978) and Wright et a1 (1996) is consequently here rejected. 

The phylogeny of the Tumlitidae matches stratigraphy very well (FIGURE 2.17). The 

most primitive genus Prohrrrilitoides ranges through the Middle Albian, the more 

derived Pse~idhelicoceros and Ttrrrilitoides from the upper Middle Albian to the 

lower Upper Albian, and the most derived Mnrielln and Ostlingocerns are confined to 

the uppcr Upper Albian. 

The tuberculation of Pseudlielicocerns, Ostlingocerns, and Mnrielln and that of the 

Anisoccntidae are not homologous and do not imply a shared, derived feature 

(Klinger 8: Kennedy, 1978, Scholz, 1979). As stated above, tubercles appear as 

symmetrical pair on the ventral and ventrolateral surfaces of the Anisoceratidae. In 

contrast, the tubercles of those members ofthe Tumlitidae that bear them are not 

symmetrically paircd, either morphologically or across the siphuncle, and develop 

serially along the rib, becoming more numerous with ontogeny as the rib becomes 

increasingly long and subdivided. Initially, each rib is divided into a small series of 

distinct bullate tubercles or ridges along the outer part of its length from which 

develop approximately circular spines. As ontogeny progresses, further division of 

the rib may give rise to additional tubercles on subsequent whorls. Generally, the first 

tuberclc lies bctween thc external lobe and thc outer lateral lobe, and the remaining 

tubcrcles are distributed over the outer Iatcral and umbilical lobes. The tubercles of 

early whorls may bc covered by succeeding ~vhorls, but form distinct depressions in 

the overlying shell where the attached spine \vas overgrown. 

(6)  Ptychoceratidae. This is as a monophyletic family containing the three genen 

Psilohontites, Ptychocerns, and Worthoceros. Worthocerns (in being ancyloconic) 

probably deserves subfanlilial distinction from the straight shelled ptychoceratids. I 

would therefore propose that two subfan~ilics should be recogniscd, the paraphylctic 

outgroup Ptychoccratinae, and the monophyletic ingroup Wortllocentinae. 11is 

broadly conforms ~vith the inclusion of Worrhocerns in the Ptychocentidae suggested 

by Wicdmann (1963) but maintains the distinctiveness of Worthocerns as a Scnphites 
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homeomorph as \\?ell as its much later stratigraphical occurrence (Upper Albian to 

Lower Turonian) compared with Prychoceros (Lower Aptian to Upper Albian). 

Psilohamites boltchnrdiontrs is included within the Ptychoceratinae. At one point 

Spath (1941, p. 655,660) supposed that this species should be included within the 

genus Mastigocerns (now Ptychocerns) but later described it as a subgenus of 

Hamites and therefore a member of the Harnitidae (Spath, 1941). This analysis bears 

out that original view, although until the coiling is more fully kno\vn I retain the 

genus level distinction on the basis of the apparently orthoconic coiling of 

Psilohamites and the consistently ptychoconic coiling of Ptychocerns. 

The stratigraphy does not match the phylogeny perfectly (FIGURE 2.17). While the 

most derived genus Worthoceras is also the geologically youngest (Upper Albiai), 

the least derived genus Psilohnmites is also Upper Albian. Ptychoceras itself extends 

at least into the Aptian, which may highlight a lack of resolution within this clade and 

a need for additional work. 

(7) Labeceratidae. Hamitoides appears to be related to Lnbeceras, presumably within a 

family Labeceratidae (as proposed by Spath, 1925, 1939). The Labeceratidae are not 

members of the Turrilitaceae (as proposed by Arkell et 01,1957, Marcino\vski 8: 

Wiedmann, 1990) but rather members of their outgroup, the parapliyletic 

Anyclocerataceae (Wright et al, 1996). 
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Proposed Taxonornic Revision 

A cladograrn is an alternative to an hienrchical taxonomy, and not a supplement to it. 

Nevertheless, few ammonitologists are likely to use cladogms over taxonomies in the 

immediate future, and for this reason I have chosen to present the final review of the Albian 

heteromorphs in an orthodox, Linnaean hierarchical taxonomy. The topolog of these trees 

and their affect on the systematics of the Albian heteromorphs are discussed in the next 

chapter, but a brief summary is given below. I believe the revision of the taxonomy of the 

Albian heteromorph ammonites that I present here is a first step toward a fully phylogenetic 

classification of the Albian hetcromorph an~monites. 

Superfamily Ancylocerataceae 

Family Labeceratidae 

Hamitoides rtisticzis Spath, 1939 

Family Ptychoceratidae 
Subfamily Ptychoceratinae 

Psilohomites bouchnrdionzis (d'orbigny, 1842) 

Ptychocerns odpresstini J. So\verby, 18 14 

Ptychocerns lneve (Pictet, 1847) 

Subfamily Worthoceratinae 

Worthocerns wortliense (Adkins, 1920) 

Worthoceros pysmoettm Butjor, 199 1 

Superfamily Turrilitaceae 

Family Hamitidae 

Hnmites nttentrnhis J .  Sowerby, 18 14 

Homites compresstu J. Sowerby, 18 14 

Homites hybridus Cascy, 196 1 

Hnmites inctiwotzis Bro\vn, 1837 

Hnmites nokonsis Adkins & Winton, 1920 
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Hnniites prnegibbostu Spath, 194 1 

Hamites renzi Kenncdy, 1996 

Hamites tenuicostohis Spath, 194 1 

Hamites tenziis J. Sowerby, 18 14 

Hamites virgulnhrs Brogniart, 1822 

Scnphnmites pnssendorfleri Wiedmmn & Marcinow ski, 1 985 

Lytohamites similis Casey, 196 1 

Lytohnmites jrnntzis Brogniart, 1822 

Hemiptychocerns gnziltinzim Spath, 1925 

Hemiptychocerns pnrkinsoni (Fleming, 18 14) 

Hemiptychocerns szt/cntostrinhis (Wiedmann & Dieni, 1968) 

Homitella annzilotzim (d'orbigny, 1842) 

Hnmitelln gnrdneri Spath, 194 1 

Hamitelln intermeditis J. Sowerby, 18 14 

Hamitelln mnximris J. So~verby, 18 14 

Hnmitelln rohindtis J. Sowerby, 18 14 

Metohnmites snblieri (d'orbigny, 1842) 

Family Anisoceratidae 

Anisocerns nrmntzim (J. Sowerby, 1 8 1 7) 

Anisocernspernrnintzim Pictct & Campiche, 186 1 

Anisoceros sotissureonzis (Pictct, 1847) 

Rossalites sziperbum (Collignon, 1949) 

Rossnlites ricnrdii nov. sp. 

Protnnisocerns rnulininnzlrn (d'orbigny, 1 842) 

Protnnisoceros cantionrim S path, 1939 

Protnnisoceros coptense , 196 1 

Protonisocerns blnncheti (Pictct & Campiche, 1861) 

Protnnisoceros holleri (Pictet & Campiche, 186 1) 

Protnnisocerns vnzicherinnzrm (Pictet, 1847) 

Protnnisocerns nodoszim (J. Sowerby, 18 18) 

Protnnisocerns ongliczim (Spath, 1939) 

Protnnisocerns ncteon (d'orbigny, 1 85 0) 

Protnnisocerns arrogons (Giebcl, 1852) 

Protnnisoceros dnlyinzi (Wiedmann & Dieni, 1968) 

Eiberolechites regifx Cooper & Kennedy, 1977 

Idiohomites tuberczilohis (J. So\verby, 18 18) 

Idiohomites spiniger (J. Sowerby, 18 18) 
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Family Baculitidae 

Lechites (Lechites) gotrdini (Pictet & Campiche, 1861) 

Lechites (Lechites) moreti Brcistroffer, 1936 

Lechites (Lechites) comonchensis (Adkins, 1920) 

Sciponoceros skipperoe nov. sp. 

Family Turrilitidae 

Proturrilitoides astierionus (d'orbigny, 1842) 

Prohtrrilitoides seneqtrieriontts (d'orbigny, 1842) 

Turrilitoides htrgordionzu (Spath, 1923) 

firrrilitoides densicostohrs (Passendorfer, 1930) 

firrrilitoides intermeditrs (Pictet 8: Campiche, 1861) 

Psetrdhelicoceros robertiontrm (d'orbigny, 1842) 

Psezrdhelicoceros goziltintrm Spath, 1937 

Pseudhelicoceros psetrdoelegons S path, 1937 

Mariella bergeri (Brogniart, 1822) 

Moriello contobrigiensis (Jukes-Brown, 1877) 

Moriello gresslyi (Pictet 8: Campiche, 186 1) 

Moriello milioris (Pictet 8: Campiche, 1861) 

Moriello nobilis (Jukes-Brown, 1877) 

Ostlinogoceros pzrzosionzrm (d'orbigny, 1842) 

Superfamily Scaphitaceae 

Family Scaphitidae 

Scophites htigordiontrs d'orbigny, 1840 

Scophites strbcirculoris (Spath, 1937) 

Eoscophites circzrloris (J de C. Sowerby, 1836) 

CHAPTER THREE: SPECIES DESCRIPTIONS 

Summary 
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Thc systematics of thc Albian hctcromorph ammonitcs arc comprcl~cnsively rcviscd with 

rcfcrcncc to the cladistic analysis prcscntcd in this thcsis. This providcs a more phylogenctic 

vicw of thc naturc of the fmilics and gcncn of thesc ammonitcs. Full s)non)mies are givcn, 

togcthcr with location of thc t)pc material, as ~vcll as diagnoses, gcognphid, and 

stntignphical occurrcnccs. 
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Superfamily ANCYLOCERATACEAE hleek, 1876 

This group has low divcrsity in the Albian, comprucd with its zcnith in the Lower Aptian. 

Conscqucntly, the phylogeny and systematics of thc group cannot rcally be assessed from the 

fcw spccics studicd hcrc. tIo\vcvcr, a fcw observations can bc made. Firstly, the validity of 

thc suturc linc as a diagnostic chmctcr of this group must be qucstioncd. All 

Anycloccntaccac havc quadrilobatc suturcs. Although the Iatcnl and umbilical lobcs arc 

usually trifid, thcy an: bifid in somc Ptychoccntidac. This has bcen noted by Wiedmann & 

Kakabadza (1992), altliougli thcy rcsolvcd this by placing thc Ptychocentidac in thc 

Turrilibccac. This ignorcs the fact that many Hmitidac have trifrd lobes, and this cladistic 

analysis indicatcs tlia thc morphology of thcsc Iatcnl lobcs arc poor indicators of 

supcrfmilid rank. hlorc chanctcristic sccms to bc thc diffcrcnccs in early ontogcny. 

Ancyloccntaccac and Turrilihccac. hlost Turrilitaccac havc opcn crioconic juvcnilc stagcs. 

at lcast carly on. In contrast, thc Anycloccntaccac gencnlly havc closed, modcntcly involutc 

to evolutc coils through most or all of thc juvcnib gro\\*th stagcs, opcning up only for thc 

latest part of thc plingnioconc and thc hook-shapcd living chmbcr. Even thc 

Ptychoccntidac, \vliich have rcduccd initial coils, follow this gcncd pttcm. Later stnight 

shafls cnvclop prcccding oncs, so in this scnsc tlic coiling could bc tcrmcd involute, albeit in a 
nthcr distorted way. 

Family LADECERATIDAE Spath, 1925 

I havc not studicd thc Labcccratidac in any dctail sincc thcy arc a prcdominmtly Austnl 

group of mmonitcs with 3 low divcrsity in Europc and only onc spccics is rccordod from thc 

Anglo-Paris basin. Tic relationship of that single spccics, Hamitoides nrstictrs, has bcen 
widcly dcbatcd. Tic  cladogm convincingly placcs this spccics outsidc of the Turrilitaccru: 

but within thc Ancyloccntaccac (contra hlxcino\vski & Wicdmann, 1990), but its position 
within thc Labcccratidac niust rcmain provisional until that frunily is rnorc fully analyscd. 

Genus IIAAIITOIDES Spath ,  1925 

Largc ancyloconcs with a plmar, closcd initial and juvcnilc coil, follo\vcd by a shdlow, hook 
sliapcd living chanibcr. Whorl scction circular, ommicnt hmitid-likc, lacking tubcrclcs, but 

with occasional bifurcating ribs. n i c  suturc linc is quadrilobatc with trifid lobcs. S)non)ms: 

nonc. Typc spccics: Ilomitoidcs nrstictrs (Spath, 1939). 
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I I A h l I T O I D E S  HUSTICUS SPATII, 1939 

1939 I lmi~o i i i rs  lush'c~~s Sph. p. 602, pI. GI, fig 2, test-fig 2 17. 

? 1939 Ilanii~oiikes 17rsticus Spt11. Spth pl. 66, figs 3-5. 

1982 Iluniitoi~ies cf. stluied (Pictct), Bmgn er a1 pl. I, fig 6. 

1990 Ilanii~oiiles ntsficus Spnlh. Miucino\vski & Wicxkm p. 46, pl. 3. fig. 12. 

Type material Holotypc by original designation of Spath (1939) BhINH C.850q from the 

Uppcr Albim (probably Diploceros crisrorum Subzonc) of Folkcstonc, England. 

Description Of uncertain form, sincc only fngmcnts arc knonn. Probably ancyloconic, no 

tncc of hclicosity rccogniscd. Whorl scction subcircular. Omamcntation consists of bold, 

simplc, bi- and triplicatc annular ribs, cffaccd dorsally. On thc phngmoconc thc ribs arc 

mostly simplc (closcly rcscnibling fngmcnts of Hamitella moximrrs), bmching of thc ribs 

bccomcs morc pronounccd ovcr thc hook and final shaA. The suturc of this spccics is 

unknown, howcvcr othcr spccics in the gcnus posscss 3 quadrilobatc suturc that is 

symmetrical across tlic siphunclc. n i c  cxtcmal, la tcd ,  umbilical and intcrnal lobes arc trifid. 

The cxtcmal sdd lc  is trifid, tlic rcniaindcr arc bifid. 

Discussion n i c  family Labcccntidac has bccn variously clssificd within the 

Ancyloccntaccac and as thc Turrilihccac, but it is currently placcd within the 

Ancyloccntaccac by most taxonomists (Wright et of, 1996). Thc suturc ofhlamiroides, with 

predominantly tritid lobcs, is typical of thc Ancyloccntaccac, but thc s tn t ignph id  

occumncc is niuch Iatcr than most of the Northcrn Ilcmisphcrc rcprcscntativcs of this 

supcrfanlily. R. Cascy (pcrs. conim.) bclicvcs that at I c s t  somc fngmcnts from Europc arc 

pathological spccinicns of tlomirello moximrrs, and that any occurrcnccs of this Southcm 

Ilcmisplicrc family in Europc sliould bc trcatcd with caution. 

Occurrence Uppcr Albian (Diploceros crisrahrm Subzonc) of England. Polish spccimcns 

(from thc Tatra mountains) arc froni condcnscd Albian beds (Cleonlcerasj70rldrrm to 

Morroniceros ol~onense Subzoncs). 
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This fmi ly  has bccn placcd variously within thc Tumlihceac (Arkcll etal,  1957), as a 

subfmily of thc Baculitidac (IVicdmm 8: Dicni, 1968). and as a family in thc 

Ancyloccntaccac (Wright etal, 1996). hly cladistic analysis clearly sho~vs that thc 

Ptyclioccntidac arc thc sistcr group of thc cladc coniprising thc Tumlihccac (i.c., fmilics 

Hmitidac, Anisoccntidac, Baculitidac, and Tumlitidac) and the Saphitidac. Uniquely 

among thc Ancyloccrataccac, thcsc zunmonitc devclop stnight shclls and haw rcduccd initid 

spinl coils. Tlicy also lack annular ribbing. Thc Ptyc1ioccntin;lc evolved appcar during thc 

Aptian and dic out during thc Uppcr Albian, thc \Vorthoccntinac appcar in thc Uppcr Albian 

and m g c  into thc Turonian (FIGURE 2.17). Both subfmilics arc \vidcly distributcd. 

Subfamily PTYCIIOCERATINAE nov. subfam. 

With thc inclusion of thc gcnus JVo~hoceros within thc chocentidac, 3 distinction is made 

hcrc bctwccn tlic stnight-slicllcd fomis with simplc apcrturcs (thc Ptychoccntinac) and thc 

spiral coilcd fornis \vIiich havc apcrturcs ommcntcd with Iappcts (the \Vorthoccntinac). 

Genus  PSILOIIAAIITES Spath, 1941 

lncomplctcly kno\\n, apparently stnight shcllcd hctcromorph ammonites. Initial coil 

unkno\vn. Omanicntation abscnt. Suturc quadrilobatc, chancteriscd by an oblique dorso- 

vcntnl saddlc. Synonynis: nonc. Typc spccics: Psilohornires bo~rchordiontrs (d'orbigny, 

1842). 

PSILOIIA AfITES I lOUCIIAHDlANUS D'ORIlIGNY,  1842 

I842 Ilanrites bolrcltanlimttu d'orbigny p. 540, pl. 132. figs 1 1-13. 

194 1 Psilolunrites bovclmtrliatr~ts (d'ohigny), Spth p. 655. tat-fig 240. 

1947 PsildKrnri~es sp. 1. So\vaby, I3rcistilrolkr p. 48. 

1 957b Ilmri/c.s (Plildtcrnti~rs) aturwbtr~nt (dSOrbigny), Wright in AAcll c/ alp. 2 16, t~yl-fig 

243 (24  b) 

1976 Ilunti~es (Psildranrites) barclr(~nliatr~u d'Orbigny, Kenndy & IIylcocL p. 9. 

1977 Psildu~nri~es borrclnnliatrcu d'Orbigny, Miillips p. 157.1 58, 
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Type material Ilolotypc by nionotypy thc original ofd'orbigny (1842, pl. 32, figs 11-13). 

From thc Uppcr Gault (Uppcr Albian, Hysteroceros voricosrim Subzonc) of Wissant, Pas de 

Calais, Fmcc. 

Description Laterally comprcsscd orthocone with no ommentation. Initial coil unknown 

(perhaps 3 microniorpliic planar coil?). No known apcrtunl collars. Suturc linc poorly known. 

Juvcnilc suturcs figurcd by d'orbigny (1842) and Spath (1942): apparently quadrilobatc and 

symmetrical across thc siphuncle. The cxtcrnal and Iatenl lobcs arc of similar size and bifid, 

thc umbilical lobc is also bifid but 3 shade smallcr, and the intcrnal lobe smallcr still and 

bifid. No pscudolobcs. Thc vcntnl saddle is indistinctly trifid. Thc remaining saddles arc 

simplc, fairly broad and bifid, thc dorso-vcntnl saddle bcing slightly oblique and comparable 

in this rcspcct \\.it11 Ptychoceros. 

Discussion As notcd by Spath, thc suturcs arc nthcr distantly spaccd in thc figured matcrial 

(Spath, 194 1, tcst-fig 230). This, togcthcr with thc cstrcmc simplicity of thc suturc itself and 

thc small sizc of thc fragnicnts found, may suggest that thc spccimcns previously figund 

bclong to a juvcnilcs. At onc point, Spath (1941, p. 655,660) bclievcd that this material may 

be part of a Ptychoceros spccics, but the abscncc of a scmi-lunatc whorl scction immediately 

distinguishes this spccics from any known Albian P~choceras, although the lack or ornamcnt 
and thc simplc bifid lobcs arc vcry similar. 

Occurrence Uppcr Gault (Hysteroceros wricosrim Subzone) and possibly also from the 

Uppcr Grccnsand of Southcrn England and France. 

Genus PTYCIIOCERAS d90rbigny,  1842 

Small, tightly foldcd ptychoconcs. Ncanoconch closcd or ncxly so. \Vhorl section distorted 

whcrc adjaccnt shafts arc in conbct, the Iatcr s h a h  ovcrgrowing and sometimes entircly 
covcring thc carlicr shafts. Omanicnt \vc& or abscnt, although constrictions may devclop 

pcriodically or a thc apcrturc. Suturc quadrilobatc, chanctcriscd by an oblique dono-vcntnl 
saddlc. Synonynis: hfostigoceros Dochm, 1925, Tricoloccros \Vhitchousc, 1 928. T)pc 
spccies: Ptychoceros prrzosionrrm (d 'Orbigny, 1 842). 

P T Y C I I O C E H A S  A D P H I ~ S S U A I  ( P I C T E T ,  1847) 

Figures 3.1,3.2 
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18 14 Ilanritcs acipmssru J. So\verby p. 140. pl. 61. fig 6. 

1820 Ilanritcs atiprvsstrs J. Sotvcrby, Dc'france p. 218. 

1821 Ilanri~es aclp,vssus J. Sowerby, Dcfrnnce p. 189. 

1828 Ilanritcs atbwssru J, Sotwrby, Flcming p. 250. 

1837 Ilunri~cs acipmssru J. So\vcrby, Broun p. 3, pl. 2, fig 4. 

1852 Ilanrites aclprvssru J. So~\rrby, d'Orbigny p. 555. 

1858 Ilanritcs adpressus J. Sowrby, Qu~~stedl p. 29J. 

1850 Porlrorernr adpuus (J. Sowerby), d'Orbigny p 125. 

1852 Porlrorernr adpssunr (J. Sowcrby), Giebl p. 287. 

1854 P~rlrocems aciprssunr (J. So\vcrby), Morris p. 3 13. 

1861 P~rlroretws adprrssrmr (J. S o ~ b y ) ,  Fictct & Cmpichc p. 108. 

l875a llanrites aciprvssrrs J. So\vcrby, N~umclyr p. 28. 

1875b Ilanritcs acipmssru J. Sowcrby, N ~ u u y r  p. 897. 

1875 Porlrocetus (Ilanri~es) aipressunr (J. Sowerby), Toply p. 432. 

1879 Porlrocem aciptrm (J. Sowcrby ), Price p. 76. 

IJOII 1897 Porlrorems adprrssrtnr (J. So\~*aby), Parollit & R o ~ r ~ l l i  p. 105. 

1 !MO P~rlrorems actyrcssus (J. So\vcxby), Jdes-Dro\\nu p. 459. 

1 MI Porlrorems clostrtvicies Edlcriclgc p. 110, pi. 15, figs 6-9. 

1923 Dip~rlrore~ws n ~ ~ b t s e  IMse p. 137, pl. 10, figs 1-8. 

1923 Porlrocems acipolrrrm (J. Sowaby), Spth p. 76. 

1925 A frrs~igocems acipvsstinr (J. Solverby) W u n  p. 202, pl. 10, figs 1.5. 

1928 Tricolocems clar~emiies (Edicriclgu), Whitdiousc p. 279. 

1932 Porliorerus cf. glubcr Whitcavcs. Collignon p. 21. pl. 4, figs 20.2 1. 

I !N l Afa~tigocems acipssrrnr (J. Sowerby) Spth p 657, In--fig 24 1 a-m. 

1% I Af~~srigocerus aciprrurmr (J. So\\rrby) SchinJc7volf p. 105. tat-fig 57. 

1M8 P~r~rlroctrrrsaciptrurtnr (J. Sowcrby). W i ~ n n n n  & Dimi p. 49.50, pl. 4, fig. 14, tek1- 

figs. 17, 18. 

197 1 P~rlrocems aciprrsrrinr (I. So\trrby). I Iollis p. 592, tat-fig I. 

1 977 P~rlrorems atiprssltm (J. So~uby),  Illillips p. 1 58. 

1990 P~rlrocems atlprssrtnr (J. Sobvuby). Iknduson p. 125. test-figs. IOo-f. 

Type material Holotypc by monotypy thc original of J. So\vcrby (1814, pl. 61 fig 6). From 

thc Uppcr Gault (Uppcr Albian), locality unknolvn. This spccimcn is lost. Sp th  dcsignatcd a 

ncotypc I3MNI1 C.39930 (1941, p. 658) from thc Uppcr Gault (Uppcr Albian, Il'sreroceros 
vorlcos~im Subzonc) of Folkcstonc, England. 

Description A small ptychoconc. Whorl scction of fint shaft subcircular. Tl~c second and 

third shafts arc approximately subcircular and partially enclosc thc prcccding shafts. Annular 
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ribbing or tubcrclcs arc lacking, but thc living chmbcr has pcriodic \\-cak constrictions. 

Suturc linc quadrilobatc and symmctrial across thc sipliunclc. Thc estcrnal and latcnl lobcs 

arc of siniilar sizc and s>mnictric;llly bifid. n i c  umbilical lobc is smallcr but also bifid. Thc 

intcmal lobc is similar in size to tlic cstcrnd and umbilical lobcs but s~mmctricdly trifid. No 

pscudolobcs. Wlc vcntnl saddlc is trifid. I i c  remaining saddlcs arc simplc, fairly dccp and 

bifid. 

Discussion Mostigoceros Bochm, 1925 is now wnsidcrcd to bc a junior qmon>m of 

Ptychoceras d'orbigny, 1832 (Wright er 01, 1996). Originally hfosrigocems w:ts cstablishcd 

on thc slight diffcrcnccs in thc suturc line (slightly distortcd but still bifid) and thc 

observation that all thc kno\vn spccimcns ofhfostigoceras had but two shah, where 

Pgchoceros havc thrcc (Dochm, 1925). Furthcr spccimcns latcr established that hfosrigoceros 

docs in fact havc thrcc shah  like Ptychoceros (Spath, 194 1). Also, thc suture lines of 

Afostigoceros may simply bc distortcd as a rcsult of thc tighter packing of thc shafts Wright 
ef al, 1996). 

Occurrence hfiddlc and Uppcr Albim of England, Fmcc, Sardinia, hfadagascar, hicsico 

and Australia. In England this spccics is rccordcd from the Hysteroceras varicosrrm Subzone 

only. Rccords from niorc southcrly loalitics - including hfdagasar and Australia - 
suggcst thc total rangc may bc morc, including the cntirc hfortonicers injlotrrm Zone. 

PTYCIIOCEKAS IAEVE I\IATIIERON, 1842 

Figures 33-33 

1842 P9rl1oce1as lac.vis Matl~ron p. 266, pl. 4 1. fig 3. 

1850 Porlronmt laevis Matlwron, d'Orbipy p. 1 IS. 

1860 Porl~l,occms lr~eve MaU~cron. Oostcr p. 86, pl. 58, figs 9.10. 

1862 Porlrocems laerv MnUlcron, Coqucmd p. 285. 

11011 1 869 Porl~onmr laevis Matlwron, Gabb p. 144. pl. 25, fig 2 1. 

1897 Porl~ontr~s ac!pvuunr (J. So\\*crby), h o r n  & bnarclli p 105. 

1907 P9rl1onms laeve MaU~cron. P c w i n q u i  p. 90. 

1920 Por11onm.r laevs MaU~cron, Fallot p. 16. 

1933 Porl~onms nri~rinrrtnr RoucllarfrC, p 180, pl. 1, fig 8. 

1957 Porl~orems sp., Abncla A Rcvilla p. 9, ligs 10.1 I .  

I Porl~orcmas nri~rinrrtnr Roucllad~L.6 Druvchitchic p. 265, pl. I I .  fig 5. 

1962a Porltowms I(~erce,a hew Matl~ron. Wialmnm p. 90, pl. 7, lig. 1 .  

test-figs 3 I ,  32. 
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1987 P ~ c l r o c c r r  laerr Math~ron. Irmnel p. 127. 

1989 P~clrocems nrit~rrnrr~s Rouchadzt, Dogwhacva & Mutvei p. 9-1. pl. 3.4. 

1989 Pf)clrocems laeve Inetr Mathcron, Fbllomi p. 120, pl. 3, fig, 17. 

1992 P~$rorems nrirrrrnrus Rouchnctrd, W i d m  & KPhbilLL8 p. 3%. 

text-fig 3. 

Type material Holotypc by monotjpy thc original of hlathcron (1 842, pl. 41 fig 3). From the 

Uppcr Aptim of Cassis and Gargas, South-htcm Fmcc. The original appcars to bc lost. 

Description A ptycl~oconic ammonitc similar to Ptychoceras crdpressum but thc scwnd and 

third shafts do not cnclosc tile prcccding shafts. No tubcrclcs or ribs, but weak pcriodic 

constrictions may bc prcscnt. Suture linc quadrilobatc and sjmmctrid across the siphunclc. 

VIC cstcmal and IatcnI lobcs an: of similar sizc and sjmmetrically bifid. Thc umbilical lobe 

is smallcr, also bifid, but asymmetrically so. l i c  intcmal lobe is similar in sizc to the cstcmd 

and un~bilical lobcs in sizc but symmctrically tritid. No pscudolobcs. The ventral saddle is 

bifid or indistinctly trifid. VIC remaining sddlcs arc simplc, fairly dccp and bifid. 

Discussion This spccics has bccn wnfuscd with P&choceros adpressrrm from which it can 

distinguished by its grcater sizc and a lcsscr dcgrcc of imprcssion of the first shaft into the 

sccond. Thc ontogcny of this spccics, undcr tlic n m c  P~choceras minimzlm Rouchad&, 

1933, has bccn fully dcscribcd by Wicdmann & Kakabdzd (1992). 

Occurrence From thc Uppcr Aptian and Lower Albim of Fmcc, Austria, S\vitzerlmd, 

hlallorccl, Spain, North-Eastcm Africa, and Gcorgicl. Also found in the condcnscd hliddle 

Albian fauna of Escmgnollcs, Fmcc. 

Subfamily \VORTIIOCERATINAE nov.  s u b f a n ~ .  

A group of small, aspinioconic a~iimonitcs similar to thc Ptychocentinac, cshibiting a lack of 

annular ribbing and pcriodic constrictions, but with ilpcrturcs ommcntcd with la tcd Iappcts. 

Ccnus IVORTIIOCERAS Adkins, 1928 

Smdl ancyloconic aninionitcs superficially similar to Scophites. Ncmoconch closcd. Initial 

coil closcd and Iargcly covcrcd by Iatcr whorls. Ommentation weak or abscnt, although 

pcriodic apcrtunl constrictions may bc prcscnt, and thc final apcrtun: dcvclops Iappcts in 
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some species. Suture quadrilobate, the dorso-ventral saddle being distinctly subsymn~etrical 

and rather oblique. Type spccies: Worthoceros worthense (Adkins, 1920) 

WORTHOCERAS WOKTHENSE ( A D K I N S ,  1920 )  

1920 IIanrlrlirra wot~l~erisis Adkins p. 51,71, pl. 2, figs 23-26, text-fig 3. 

1923 Afacroscaplritcs? sp., BOse p. 129, pl. 9, fig 23-28. 

1924 Abcroscaplritespla~for~~~s Scott p. 18, pl. 9, figs 6, text-figs 4,6. 

1924 Ifanrulitra wot~l~et~sis  Adkins, Scott p. 18. 

1928 flan~rrlitra n*ot~l~etrsis Adkins, BOse p. 146. 

1928 Il'ortl~oceraspla~dorarnr (Scott), Adkhs p. 21 9. 

1928 I170~lroco.as wortlretue (Adkins), Adkhs p. 24,2 19, pl. 20, figs 8, text-fig 3. 

1933 Il'ot~lroceras n~ortl~etrse (Adkins), Adkins p. 38 1 . 
1937 Il'ortlroceras wortIretise (Adkins), Spatll p. 498. 

1332 Il'ortlroceras n1ort1retise (Adkins), Spath p. 719. 

1942 I170rtlroceras pla&dorslmr (Scott), Morcman p. 2 15. 

not1 195 1 Il'ortl~oceras vortl~etise (Adkins), Cobban p. 6. 

1953 Il'ot~lroceras pla~dorslmr (Scott), Wright p. 474. 

1953 Ii'ortlroceras n~ortlretrse (Adkins), Wright p. 474. 

195% IVot~lrocet.aspla~dor~~~s (Scott), Arkell et a1 p. 23 1, text-fig 255(3). 

1965 Il'ot~ltoceraspla~dors~rn~ (Scott), Clark p. 61, pl. 23, figs 4. 

1965 IVor.rl,oceras wortlrense (Adkins), Clark p. 61, pl. 23, figs 1-3,s-10, text-fig 22a. 

1965 I V o ~ l ~ o c e t ~ s p l u ~ d o r ~ ~ ~ n ~  (Scott), Wicdmann p. 439, pl. 59, figs 5, text-fig 1011. 

1965 IVortI~oceras worflret~se (Adkins), Wiedmann p. 439, PI. 59, figs 6,7, text-fig 1Oa-c. 

1987 Ii'ot~ltocetursplu~dorst~n~ (Scott), Matsnmoto & Yokoi p. 43,44. 

1987 IIrot~thocems n~ortlroise (Adkins), Matsumoto t Yokoi p. 44. 

199 1 IVortlroceras platydorm (Scott), Bujtor, p 539. 

1991 IVot-tIroceras w~ortlrerrse (Adkins), Bujtor, p 539. 

1994 I~'or.tlrocet.aspfa~dor~~mr (Scott), Emerson et a1 p. 338. 

1994 Il'ot~l~oceras n~ortl~ct~se (Adkins), Emerson et al p. 338. 

1996 IC'o~lrocet.aspla&dorsrmi (Scott), Wright t Kenncdy p. 380. 

1996 Il'ortlrocerasplagdor~~rn~ (Scott), Wright et a1 p. 258. text-fig 200a, b. 

Type material Holotype by original designation BEG 20994 of Adkins (1920, pl. 2, fig 26). 

From the Pa\vpa\v Formation (Upper Albian) , near Fort Worth, Texas, USA. 

Description Ancylocone of small proportions (approximately, 10 mm in height) cl~aracterised 

by a lack of ornamentation and a simple suturc line. The hook is a little dceper than the coil is 
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wide. Whorl section initially circular to slightly laterally compressed, becoming dorso- 

ventrally flattened a~td finally semilunate as the coil bccomes progressively more involute. 

The whorl section of the descending shaft is dorso-ventrally compressed, flattened dorsally 

but not truly semilunate. The living chamber is similar. Ornament consists of occasional 

constrictions on the descending shaft, these can resemble oblique, bullate tubercles or nodes. 

Apertural collars unknown. Microconchs possess paired lateral lappets. Suture line 

quadrilobate and symmetrical across the siphuncle. Entire suture relatively simple. The 

external, lateral and internal lobes are of similar size, the umbilical a shade smaller. External 

lobe bifid. Lateral, umbilical and internal lobes approximately trifid. No pseudolobcs. Ventral 

saddle indistinctly trifid. First lateral and umbilical saddles symmetrically bifid. The dorso- 

ventral saddle is subs~mmetrically bifid. 

Discussion The type of Mncroscnphites ploydorszis Scott, 1942 (= Worthocerosplotydorszim 

(Scott, 1942)) is lost. This species appears to be very similar to Worthoceros worthense 

(Adkins), but some~vhat smaller and the constrictions on the descending shaft are weak or 

absent, they are generally kept as a separate species within Worthocerns on the basis of 

differing stratigraphic occurrences even though only very limited material of Worthocerns 

platydorslim has been studied since (Clark, 1965). The suture lines are virtually identical, and 

position of the final septum for both species is very similar. The most apparent difference is 

the weakness or lack of constrictions in Worthocerns worthense. They are here suggested to 

be synonyms for a widcr ranging, rather variable, ammonite. 

Occurrence Principally recorded from the Upper Albian (Mortoniceras infohim and 

Stoliczkoio dispor Zones) of Tesas and Japan. Specimens described by Bose (1925) from the 

'Vraconian' of Mesico appcar to be Worthoceros of sotttc sort, and may be conspecific with 

this spccies, although Wright 8: Kennedy (1996) believe a lo~ver Upper Albian age to be more 

likely. 

W O R T H O C E R A S  P Y G M A E U M  RUJTOR, 1991 

199 1 Jl'ortlroce~as~gn~ae~~n~ Bujtor, p 537, test-fig 2. 

1996 ~~'ot7/roceras~gn10~11n1 Bujtor, Kenncdy in Gale et a1 p. 586, test-fig 30 (g, i, n). 

Type material Holotypc by original designation Hungarian Geological Institute K.13731 of 

Bujtor (1991, test-fig 2a, b). From a borehole into the B61y Sandstone (Upper Albian) , made 

at Bdy, Hungary. 
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Description A very small ancylocone with an imperforate initial coil. The hook is 

approximately as deep as the coil is wide (resembling Eoscaphites circularis in this respect). 

Whorl section unknown (only compressed fossils are known). The later part of the coiled 

section overgrows the earlier parts to a modest degree but the umbilicus remains broad. There 

is no ribbing and tubercles are absent. Ornament consists of occasional constrictions on the 

descending shaft. Apcrtural collars absent. Microconchs possess paired lateral lappets. Suture 

line unknown. 

Occurrence As holotype. Also the Upper Albian (Stoliczkain dispar Zone) of France (Mont 

Risou). 
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Superfamily TURRILITACEAE Meek, 1876 

This is the dominant group of Albian heteromorphs. Unlike the Ancylocerataceae, the early 

part of shell is a crioconic spiral with the whorls widely spaced. ornamentation is highly 

variable, but usually consists of annular ribs and tubercles. Suture line quadrilobate. 

Compared with the Anyclocerataceae there are more tasa with helical coiling, especially as 

juveniles. 

Family HAMITIDAE Hyatt, 1900  (In: Zittel,  1900)  

An ill-defined group of aspinoconic, ancylcoconic and hamiticonic ammonites. 'Illis group 

has no key synapomorplly and currently comprises those t a u  not includcd in the rccogniscd 

families Anisoceratidae, Baculitidae, Scaphitidae, or Tunilitidae. In a gencral \\lay it can be 

viewed as the primitive stock from which these families are derived, and exhibits features 

common to them all, namely open coiling, simple annular ribs. Hamitids appear during the 

Lower Albian and persist on into the Cenomanian (FIGURE 2.17), and have been recorded 

from Europe, Africa, Asia, the Americas, Australia and Antarctica. 

Genus H A M I T E S  Parkinson, 1811 

Non tuberculate aspinoconic, ancylcoconic or han~iticonic heteromorpll an~monites, generally 

planar throughout (rarely with a weakly helical initial coil). Annular ribs simple and generally 

effaced dorsally, apertural collars present on microconchs of some spccies. Suture line 

quadrilobate. Synonyms: Tornezitocerns Hyatt, 1900 (In: Zittel, 1900), Stoniohnniites 

Breistroffer, 1947. Type species: Hornites ottenziotzrs (J. de C. Sowerby, 1814) 

H A M I T E S  A T T E N U A T U S  J .  SOWERBY, 1814 

Figures 3.6-3.8 

1814 Ilanrites attetrrratrrs J.  Sowerby p. 137, pl. 61, figs 4,5. 

1820 Ilanrites attewzratus J .  Sowcrby, Dcfrmce p. 249. 

1822 IIanrites attetaratrts J .  Sourerby, Mantel1 p. 93, pl. 19, figs 29.30 11011 pl. 23, figs 8.13. 

1825 Ilanrites attetruatzrs J .  Sowcrby, de Nmn p. 153. 

1828 Banrlita attalrrata ( J .  Sowerby), Flcr~ing p. 250. 
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1837 Ilanritcs attetrrratrrs J. Soulerby, Brow p. 2, pl. 1, fig 5. 

1837 Ilanrites atterrrratrrs J. Sowerby, J.  de C. Sowerby in Fitton p. 337, pl. 7, figs 3. 

1838 Ilanrites attenuatrrs J. Sowerby, d'Archiac p. 306. 

1838 Hanrites attenuatus J. Sowerby, Michelin p. 102. 

1842 Hanrites attctrttatus J. Sowerby, d'Orbigny p. 533 pars, non pl. 13 1, figs 9-13. 

1847 t h i t e s  attenrratrrs J. Sowerby, Graves p. 103. 

1847 Ilanrites attcrrrratus J. Sowerby, Pictet in Pictet & ROUX p. 132, pl. 388 (pars?). 

1848 tlanrites attetrrratus J. Sowerby, Qucnstedt p. 288. 

1851 Elanrites atterrtratus J. So\verby, Comuel p. 415. 

1852 Ilanritcs attctrrtatrrs J. Sowerby, Giebcl p. 306. 

1853 Ilanrites atterruattts J. Sowerby, Studer pp 83,476. 

1853 llanritcs anetaratrts J. So\verby, Cottcau p. 16. 

1854b Ilanrites atterrrratrrs J. Sou~erby, Pictet p. 708. 

1854 Ilanrites attetrrtattts J.  Sowerby, Monis p. 305. 

1854 IIanrites atterrrratrrs J.  Sowerby, Rcnevier p. 40. 

1854 Ilanrites atterrrratrts J. Sowerby, Rencvier p. 40. 

1859 Ilanrites attenrratrts J.  Sowcrby, Clienu p. 120. 

7 1860 l h r i t e s  atterrtrat~is J. Sowerby, Ooster p. 78. 

1861 Ilanrites attertrratus J. So\ttaby, Pictct tt Canpiche p. 78. 

186 1 Ilanrites atte~rrratus J. Sowerby, Pictct p. 17. 

1868 Ilanrites arterrrratrrs J. So\verby, de Rance p. 168. 

1871 Ilantitcs attetrrratrrs J. Sowerby, Phillips p. 44 1. 

1874 Ifanrites atterrtratrrs J. Sowerby, Price p. 363. 

187% Ifanrites atterruatrrs J. So\verby, Neumayr p. 28. 

1875b Ilnnritcs attetruatrrs J. So\verby, Ne~uiiayr p. 897. 

1875 Ilanrites attenlratrrs J.  Sowerby, Topley p. 43 1. 

1875 Il(rnrites otteraratrrs J .  Sowerby, Barrois p. 302. 

7 1879 llunrites attctruatrrs J. Sowerby, Price p. 76. 

1884 Ilanrites attenrmtrrs J. So\verby, Zittel p. 444. 

1888 Ilanritcs atterrrrattts J. Souperby, Lapparet tt Fridel pl. 14, fig 20. 

trot1 1889 IIanritcs attetrtratrrs J. Sowerby, Bristow p. 280. 

7 1897 Ilanrites sp., Newton p. 77. 

1898a Hanrites anerrrrotrrs J. So\verby, Crick p. 79, pl. 17, figs 6-9. 

1900 Ilanrites attenrratrrs J. Sowerby, likes-Bro\\me p. 459. 

trot1 1 MO Tonrcutocoas (Ilamitcs) attorrrattrs ( J .  So\verby), Hyatt in Zittel p. 586. 

1907 Ilanrites attcrrrratrrs J. Sowerby, Kilinn in Frecll p. 62. 

trott 1307 Ilanritcs atterrrrattts J. So\tferby, Stehnam p. 336, fig 581. 

191 0 Ilanrites atterlrratrrs J. So\tferby, P~rvinq~iihe p. 18. 

191 2 Ilanrites anetrrrutrrs J. Sowerby, Ganz p. 61. 
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191 8 Elanrites anerruatrrs J .  Sowerby, Tomitch p. 3. 

? 1921 Elanrites atterrrratrrs J. Sowerby, Passendorfer p. 236. 

1922 Tot71crrtoceras attelirratrrs (J. Sowerby), Spath p. 148, 149. 

trot1 1923 Ilanritcs attelrrratus J. Sowerby, B ~ S C  p. 132, pl. 9, figs 43-45. 

1923 Ilanrites ane~rrratus J. Sowerby, Spat11 p. 75. 

1923 Ilaniites aflerrrratus J. Sowerby, Spat11 p. 142. 

1925a Ilanrites atterrtrattrs J. Sowerby, Syath p. 189. 

1925b Ilanrites attortratus J. Sowerby, Spalll p. 33. 

tro11 1926 Ilanrites atte~rrratus Mantell, Diencr p. 66. 

? 1926a tlunrites ane~rrratus J. Sowerby, Jayet p. 186,189. 

1926 llantites attelrrratrrs J. Sowcrby, Whitehouse p. 225. 

? 1927 tlanritcs atterrtrotrts J. Sowcrby, C j l  p. 564. 

1930 Ilunrites atterlrratrrs J. Sowaby, Spat11 p. 57. 

7 1930 Hanrites atte~rrratus J. Sowerby, Passendorfer p. 66 1. 

1934 Ilanrites a/telirratrts Pictd, Hcilil h Seitz p. 203. 

1934 Ilanrites cf. anenrratrrs Pictet, Dcstombes p. 6. 

1938 Ilcrnrites attcraratus J. Sowcrby, Roman p. 45. 

1938 Illrnrites atterrrrat~rs J. So\verby, Anderson p. 217. 

1940 To17reutoceras (Ilanritcs) anertrratrrs (J. Sowerby), Breistroffcr p. 156. 

1939 Ifanrites ane~rrrahrs J. Sowerby, Spat11 p. 605. 

194 1 Ilanritcs attcrrrtatrrs J. Sowerby, Spath p. 6 1 1 pl. 67, figs 14-1 8, pl. 68, fig, 1, text-fig 

219. 

1942 Ilanrites atteittraius J .  Sowcrby, EIaas p. 173-174. 

1942 Ilanrites anernrotus J. So\verby, Spath p. 681. 

1947 lI~nritc!s attcntmtrrs J .  Sowerby, Breistrofferp. 44. 

IN9 Ilanrites attetrrratrrs J. Sowerby, Collignon p. 123. 

1955 Ifonrites nttcnrrotrs J. So\vcrby, Milbotunc p. 238,239. 

11011 1957 Ilanrites aff atterruatus J. So\vcrby, Ahncla & de la Revilla p. 8.36, pl. 9, fig 4. 

1957b Ilanrites attelrrratus J. Sowerby, Wright in Arkell et a1 p. 2 16, text-fig 243 (3a-c). 

1958 Ifanrites anerruatrts J. So\verby, Owen p. 157. 

1960 Ilanrites ancrrrratrrs J. Sowerby, Owen p. 373. 

1966 Ilanrites atterrrrotrrs J. So\verby, Cascy (in Snlart et al) p. 11 1. 

1971a llanrites attelrrratrrs J. Sowerby, Owen p. 34, 152. 

1976 Ilanritcs anerlrrotrts J. Sowerby, Kennedy & IIancock p. 6,7. 

1977 1Ianrites anenrrattrs J. Sowcrby, Phillips p. 79-80. 

1 979 Ilanrites attell rrahs J. Sowerby, Collignon p. 5, pl. 1, fig 5. 

1985 Ilonrites (IIanrites) anelsratrts J. Sowerby, Marcinowski h Wiednann p. 209-2 11. 

1989 Ilanrites anerrrtatrts J. Sowaby, Fblhni p. 123, pl. 4, figs 4-6. 
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1990 Hanrites (llanrites) arterilratrrs J .  Sowerby, Marcino\vski & Wiedlnann p. 34, pl. 2 figs 

9-1 1 ,  test-fig 19. 

7 1995 Ilanritcs cf. anetnratrrs J .  So\\rerby, Seyed-Emanli & Ilnnlel p. 382, test-fig 19. 

Type material Lectotype by subsequent designation of Spath (1941), BMNH C.79895, the 

pyritic cast figurcd by J. Sowerby (1814, pl. 61, fig 4). The paralectotype, BMNH C.79896, 

(pl. 61, fig 5, 1814) is a mould in pale grey clay. Both are from the Lower Gault (Middle 

Albian) of Folkestone, England. 

Description Planar or weakly helical initial coil, reaching a diameter of, 1.0 to 1.5 cms, 

followed by three straight shafts. The first two are more-or-less parallel, but the final shaft 

may curve or bend to some degree (but see discussion, below).The whorl section is slightly 

compressed laterally. The annular ribs are slightly sinuous, fine but blunt and moderately 

effaced dorsally. Rib index of 5 to 6. Ribbing is rectiradiate along the first shaft, becoming 

prorsiradiate along the sccond shaft, and then rectiradiate to slightly rursiradiate along the 

final shaft. Suture quadrilobate with s~mmetrically bifid lateral lobe, smaller trifid umbilical 

lobe and internal lobcs. Quadrilobate, suture line symmetrical across the siphuncle. External 

and lateral lobes similar size, and larger than the similar sized umbilical and internal lobes. 

External and lateral lobes syn~nletrically bifid. Umbilical and internal lobes trifid. No 

pseudolobes. Ventral saddle indistinctly trifid, lateral and umbilical lobes fairly broad and 

symmetrically bifid. Dorsolateral saddle also bifid but somewhat smaller. 

Discussion This spccics is not synonymous with Homites ottentrotus mutation delto Spath, 

1941 which differs in a number of \\rays from typical Hamites ottenzrotus. 1 1 e  principal 

differences are in size and shape, Homites ottentrattrs mutation delta being substantially larger 

and with a curved, laterally compressed living chan~ber. Hamites attenzmtus sometimes has an 

irregular living chamber with a slight bend or kinks to it, but it is not comparable with the 

regular arc characteristic of Homites nttenzrahrs mutation delta. The suture lines are similar, 

with bifid external and lateral lobes and trifid umbilical and internal lobes, but Homites 

attenuottrs mutation delta has a larger, more deeply incised lateral lobe not seen in Hamites 

attentrattts. Homites ottenzrottrs mutation delta is a synonym of Homites tenzricostotlrs Spath, 

1941. 

Occurrence From the lower Middle Albian (Hoplites dentohrs and Etrhoplites loricotzts 

Zones) of Europe (England, France, Spain and Poland), India, Western Madagascar, Mexico 

and Western USA, possibly also Inn  and Algeria. 
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H A M I T E S  C O M P R E S S U S  J .  SOWERBY,  1814  

Figure 3.91 

1814 Ilanrites conrpressus J. Sowcrby, p. 138, pl. 61, figs 7,8. 

1820 Ilanrites conrpressus J. Sowerby, Dcfnnce, p. 249. 

1825 Ilanrites conrpressris J. Sowerby, dc IImn p. 154. 

1828 Ikrculita conrpressa (J. Soulcrby),Flen~ing p. 250. 

1828 Ilanrites conrpressrrs J. Sowerby, Risso p. 102. 

1837 Elanrites conipresstrs J. Sowerby, Brow p. 2, pl. 3, fig 7. 

1840 Ilanrites conrpressrrs J. Sowerby, Rocmer p. 92, pl. 8, fig 9. 

184 1 Ilanrites conrpressw J. Sowerby, Moson pl. 8, fig 9. 

1848 tlunrites conrpressris J. Sowerby, Quenstedt (pnrs) p. 291, pl. 21, fig, 19. 

1854 Ilanrites conrpressrrs J. Sowerby, Morris p. 305. 

1861 tlanritcs conrpressris J. Sowverby, Pictet & Campiclle p. 97. 

1890 Ilanrites conrpressris J. Sowerby, Renevier p. 340. 

1898a Ilunrites conrpressrrs J. Soncrby, Crick p. 61. 

19 16 Elanrites cf. conrpressris J. Sowerby, Douvillk p. 96. 

1928 Ilunrites conrpressris J. Sowverby, Neaverson p. 396, test-fig 57. 

1932 IIanrites conrpressris J. Sowverby, Collignon p. 24, pl. 4, figs 18,19. 

1939 Ilanrites conrpressrrs J. Sowverby, Sp th  p. 605. 

1941 Ilanrites conrpressris J. Sowverby, Spath p. 617, pl. 68, figs 10,11,13, text-fig 222. 

1 I flanrites conrpressrrs var. gturcilis Sptll p. 61 9, pl. 68, fig, 12. 

1942 Ilanrites conrpressrrs J. So\verby, EIaas p. 175, pl. 43, figs la-e. 

1932 Ilunrites conrpressris var. gracilis Spadl, IIaas p. 175, pl. 43, figs 2-4, test-fig 26a,b. 

1947 Ilcrnrites conipressrrs J. So\verby, Breiskoffer p. 45,49. 

1949 Ilanrites conrpressus J. Sowvcrby, Collignon p. 124. 

1960 tlcinrites alT conrpresstrs J. Sowcrby. Owen p. 373. 

1966 Ilanrites conrpressris J. Sowverby, Casey (in Smart ct al) p. 11 1. 

19G6 Ilanrites conrpressris gracilis Spnth, Casey (in Smart et al) p. 1 1 1. 

1968 flanrites (Ilanritcs) conrp,rssrrs contptrssrrs (J. Sowverby), Renz p. 64, pl. 11, fig 8 (a-c), 

test figs 23a. 

19G8 Ihnrites (Ijonrites) conpressus J. Sowverby, Wicd~nam & Dieni p. 57, tcst-figs 30,3 1. 

197 1 a IIanrites conrpressris Spath, O ~ t n  p. 1 52. 

1971 a Ilunrites conrpressris gracilis Spath. Owen p. 152. 

1976 IIantites (Ijanrites) contpresstis J. Sowcrby, Marcinowvski & Naidin p. 97, pl. 1, fig 2. 

1977 Ilonrites conrpressris J. Sowerby, Phillips p. 80. 

1979 Ilunrites conrpressrrs J. Sowcrby, Collignon p. 5. 

1989 Ilanrites conrpressrrs J. Sowcrby, Fulhni p. 123, pl. 4, figs 12-13. 
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11011 1995 Ilunrites conrpresstls J. So\verby, Seyed-Emami & Iln~llel p. 383, test-fig 12, 13,20. 

Type material Lectotype by subsequent designation of Spath (1941) BMNH C.70387, the 

larger of the two specimens figured by J. Sowerby (pl. 61, figs 7). The smaller specimen 

BMNH C.79388 is the paralectotype (pl. 61, figs 8). Both are from the Lower Gault (Middle 

Albian) of Folkestone, England. 

Description Planispiral aspinocone with distinctive extreme lateral compression and dense, 

sharp ribbing. Ribs approximately rectindiate but varying, often toward being slightly 

prorsiradiate on the phragmocone. Rib index 5 to 10, effaced dorsally but very strong and 

sharp ventrally. Apertunl collars unknown. No tubercles. Quadrilobate, suture line 

symmetrical across the siphuncle. External and lateral lobes of similar size, and slightly 

broader and dceper than umbilical and internal lobes. External lobe bifid, lateral lobe 

subsymmetrically so. Unibilical and internal lobes trifid. No pseudolobes. Saddles narrow and 

fairly florid. Ventral saddle trifid, lateral, umbilical, and dorsolateral saddles symmetrically 

bifid. 

Discussion The most conipressed and densely radiate fornis (rib index 10 or more) were 

considered by Spat11 (194 1) to be distinct variety, Hamites compresszis gracilis (subgenotypc 

BMNH C.89093). This subspecies is discussed in depth by Haas (1942). 

Occurrence Lower Gault (Middle Albian, Ezihoplites loricattis to Etihoplites latrtzts Zones) of 

Europe, Western Madagascar, and possibly also Angola. 

H A M I T E S  H Y B R I D U S  CASEY,  1961 

Figure 3.10 

1 %I Hunrites Iybridrrs Casey, p. 97, pl. 22, figs 1,2 (a-c), text-fig 33 (d-f). 

Type material Holotype by original designation of Casey (1961, pl. 22, figs 1 8: 2), GSM 

Zm.2195. Pantypes exist but not figured: GSM Zk 4876, Zk 4909. From the Folkestone 

Sands, Main Mamniillatum Bcd (Lo\lrer Albian) at Copt Point, Folkestone, England. 

Description Seemingly an aspinocone a iiritli subcircular to slightly dorso-ventrally 

compressed section. Annular ribs rcctindiate or very slightly rursimdiate. Rib index 4 or 5. 

Ribs attenuate dorsally, flattened very slightly ventrally, in some cases giving the impression 

of very weak tuberculation. Apertunl collars unknown. Quadrilobate, suture line symmetrical 
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across the siphuncle. Esternal and lateral lobes similar in size, umbilical and internal lobes 

smaller. External lobe synimetrically bifid. Lateral lobe asymnietrically bifid. Umbilical and 

internal lobes trifid. No pseudolobes. Saddles narrow and fairly florid. Ventral and lateral 

saddles symmetrically bifid. Umbilical saddle asymmetrically bifid. Dorsolateral saddle 

symmetrically bifid. 

Occurrence As holotype. 

H A M I T E S  I N C U R V A T U S  BROWN, 1837 

Figure 3.92 

181 1 Ilanritcs sp. Parkinson p. 10, pl. 1, fig 2. 

1837 IIunritcs irrcttn~atrrs Brown p. 2, pl. 1, fig 2. 

7 1848 Ilantites conrpressrrs J. Sowerby, Qucnstedt p. 291, pl. 21, fig, 18. 

1850 Ilanrites irrternredirrs (nor Sowerby), Mantell pl. 61, fig 2. 

1939 Ilanritcs irrcrirl~otrrs Brown, Spath p. 605. 

1941 Ilanrites itrcruvatrrs Bronn, Spath p. 619, pl. 68, figs 18,19, test-fig 223. 

7 1942 Ilantites conrpresstrs J .  Sowerby, Haas p. 175, pl. 43, figs 1 a-e. 

7 1942 Ilanrites conrpressrrs var. gmcilis Spath, Haas p. 175, pl. 43, figs 2-4, test-fig 26a.b. 

1360 Ilanrites cf. itrcrrnatrs B O w  p. 374. 

1966 Ilanrites irrcro-vatris Brown, Casey (in Snlart et al) p. 11 1. 

1968 Ilanrites (Ilanrites) conrpresstrs J. So\verby, Wiedlllam d Dicni p. 57, tcst-figs 30,31. 

1977 IIanrites irrcrrnatrrs J. So\verby, Phillips p. 81. 

7 1979 Ilaniites atterrtratris J. Sowerby, Collignon p. 5, pl. 1, fig 4. 

1985 Ilanrites (Ilanrites) conrpwssrrs J .  Sowerby, Marcinowski d Widmam p. 209. 

1990 Ilanrites (flanrites) irrcrrrvahis Bro\%n, Marcinowski d Wiednlann p. 36. 

not1 1995 Ilanrites irrcrrnvitus J. Sowerby, Seyed-Enlami d Inunel p. 383, test-fig 21,22. 

Type material Holotype by monotypy BMNH C.79390 figured by Brown (1837, pl. 1, fig 4). 

From the Upper Gault (Upper Albian) of Folkestone, England. 

Description Very similar to Hnmites compresslis J. Sowerby in being an highly coiiipressed 

aspinocone with sharp, fine ribbing. Rib index approsimately 7, effaced dorsally but very 

strong and sharp ventrally. Ribs generally fairly straight. Apertural collars unknown. No 

tubercle. Quadrilobate, suture line symmetrical across the siphuncle. External lobe bifid and 

similar in depth to the trifid unibilical lobe. Lateral lobe larger, deeply incised and 

subs~mn~ctrically bifid. Umbilical lobe subsyiiimetrically bifid. Internal lobe syninietrically 
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trifid. No pscudolobes. Saddles narrow and fairly florid. Ventral saddle trifid, lateral, 

umbilical, and dorsolateral saddles symmetrically bifid. 

Discussion The rclationship between Hamites compresstts and Hamites incttrvnttts probably 

reflccts a gradual phenotypic change over time. Some authors do not recognise the division 

into bvo different species at all (e.g., Wiedmann 8: Dieni, 1968, Marcinowski & Wiedmann, 

1985). Hamites incurvattts tends towards having slightly sparser ribs, and the ribs a little 

sharper in profile. Othenvise the tnro species are identical. 

Occurrence Lower Upper Albian (Diplocerns cristattrm and Hysteroceras orbignyi 

Subzoncs) of England, perhaps also from the condensed Albian series of Wiekla Rhvien, 

Poland and possibly Angola. 

H A M I T E S  N O K O N S I S  ADKINS & WINTON, 1920 

Figure 3.11 

Ilanritcs sp. B Winton & Adkins, p. 23. 

Ilanritcs trohrsis Adkins & Winton, p, 18,39-40, pl. 6, figs 5-6. 

Ilanritcs rrokor~sis Adkins & Winton, Adkins p 40. 

Ilanritcs trokorlsis Adkins & Winton, Scott, p 65. 

tlanrites rrokotrsis Adkins & Winton, Adkins, p, 19,208, pl. 12, fig 2. 

Ilonrites trokotrsis Adkins & Winton, Adkins & Arick p 43. 

Ilanritcs (Stonrolranritcs) d~cplicatrrs (Pictet & Campiche), Spatl~ pl. 72, fig, 15. 

Ilanrites (Stonrolranritcs) cl~atpetrtcti var. lirieata Spat11 p. 64, pl. 72, fig, 19-22, te~?-fig 

234i, j. 

Hanritcs (Stonrolranritcs) srrbvirgiclatrrs Spath, p. 645, test-fig 234a-c, g-h. 

Ilanritcs (Stonrolranritcs) stcb~drglrlah~s Spath, test-fig 234d. e. 

Elanritcs contpressics J. Soarerby, 11x1s p. 175, pl. 43, figs la-e. 

tlunritcs conrpress~cs var. gtwcilis Spath, Haas p. 175, pl. 43, figs 2-4, test-fig 26a.b. 

Ilanritcs cf. trohrsis Adkins & Winton, EIaas, p, 183-184, pl. 43, fig 20a, b, text-fig 

26k. 

Hanritcs rrokorrsis Adkins & Winton, Perkins, p 27. 

Ifanrites (Stonro1ranrites) strb~~itgtrlahrs (Spatl~), Collignon p. 36, tex?-fig 109 1. 

Stonrolranritcs troko~rsis Adkins & Winton, S\venscn, p 62-63, pl. 2, fig, 14. 

Stonrolmnritcs trokotlsis Adkins & Winton, Clark, p 20-21, pl. 1, fig, 11, pl. 2, fig, 14, 

test-fig 3b. 
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IIanritcs (Stonrolmnrites) sltbvitgrrlahts Spath. Renz p. 66, pl. 1 1 ,  figs 3.4, test figs 23c, 

24a. 

Stonro1ranritcs sttbvitgtrfahrs (Spatl~), Kennedy p. 628. 

IIunrites (Stonrolranrites) sub~irgrrlattrs Spath, Kennedy & I Iancock p. 10. 

Stonrd~anrites subvirgrrfahrs Spatl~, Phillips p. 172. 

Stonrolranrites cf. subvb.gtrfahrs Spath, Gallois & Morton p. 357,362. 

Hanrites nokortsis Adkins & Winton, Emerson et a1 p 288. 

Elanrites subvit.grrlattrs SpaUl, Wright & Kennedy p. 299, pl. 87, figs 3-5. 

tIanrites conrpressus J. Sowerby, Seyed-Emuni & 111lrnel p. 383, text-fig 12,13,20. 

Ilanritcs itrarn~utrrs J. Sowerby, Seyed-Emami & Immel p. 383, test-fig 21,22. 

Ilanrires slrbvirgulatus Spath, Kennedy in Gale et a1 p. 567, fig 20 (d, e, j), fig 25 (g, h, 

j) fig 26 0, k). 

Type material Holotype by original dcsignation ofAdkins &: Winton (1920, pl. 6, fig 6 )  

BEG 20984 from the Duck Crcek Limestone (Upper Albian, Mortoniceros inflotztm Zone) at 

a site near Fort Worth, Tesas. 

Description Incompletely known aspinocone or shallow-hooked ancylocone. Initial coiling 

unknown. At least one, 180" bend and two subparallel straight shafts. Distinctive laterally 

compressed whorl section. Ribbing totally effaced dorsally but \\?ell developed ventrally. Rib 

index around 3 to 4 on the phragmocone, increasing nearer the aperture to 7 to 8. The ribs are 

variable in orientation and may be slightly sinuous. The apertures of n~icroconclls are 

constricted, but paired ribs like those of Hemip~chocernspnrkinsoni do not develop. Suture 

line is quadrilobate and syn~n~etrical across the siphuncle. The exqernal and lateral and 

umbilical lobes are of similar size, and the internal lobe is slightly smaller. Exqemal lobe 

symmetrically bifid. Lateral and umbilical lobes subsymmctrically bifid. I l e  internal lobe 

symmetrically trifid. No pseudolobes. Ventral saddle small and trifid. Lateral, umbilical and 

dorso-ventral saddles rathcr broad and bifid. 

Discussion The holotype of Hamites nokonsis is a poorly preserved frasment. Identification 

of this species with Hnnlites sztbvirgttlntl~s is therefore tentative. I ~ e y  share a similar mode of 

coiling and have highly compressed whorl sections. In both the ribbing is sinuous and effaced 

on the dorsal surface. Stratigraphical range of the t\vo spccies is identical. 

Occurrence Upper Albian (Upper Mortoniceras inflntlrm and Stoticzkoia dispnr Subzones) of 

Europe, Angola, Iran, and Tesas. 
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H A M I T E S  P K A E G I B B O S U S  S P A T H ,  1941 

Figures 3.12,3.13 

flanrites ptaegibbosus Spath p. 605. 

Ilanritesptaegibboszrs Spath, Spadl p. 627, pl. 70, figs 13-15, test-fig 227 (a-f). 

Ilanrites ptaegibbosus Spatl~, Breistroffer p. 24,40. 

Ilanritesptaegibboszrs Spath. Collignon p. 124. 

llunrites ptaegibbosru Spatll, Cascy p. 97. 

Ilanritesptaegibbosrcr Spatl~, Casey p. 94, pl. 22, figs 4 (a, b), 5 (a-c), text-fig 33 (a, b) 

Hanrites di-rorri Cascy p. 97, pl. 22. figs 6 (ac), texq-fig 33c. 

fl~~nritesptoegibbos~cs Spath, Owen p. 369. 

IIunritcsptaegibboslrs Spath, Phillips p. 82. 

Ilanritesptaegibbosrrs Spath, Krislma p. 49,51-52, id. 1, figs 1-5. 

Type material Holotype by original designation of Spath (1941, test-fig 227a-c) BMNH 

C.47441 from the Casey Collection. From the Folkestone Sands, Main Mammillatum Bed 

(Lower Albian) of Copt Point, Folkestone, England. 

Description Ancylocone with a subcircular to slightly dorso-ventrally con~pressed whorl 

section. Annular ribs effaced dorsally but sharp ventrally, slightly prorsiradiate on the 

phragmocone, becoming rectiradiate near the aperture. Rib index of 5 to 6 .  No known 

apertural collars. Tubcrculation absent. Suture quadrilobate and symmetrical across the 

siphuncle. External and lateral lobes of similar size, umbilical and internal lobes rather 

smaller. Extcrnal lobc symmetrically bifid. Lateral lobe subsymmetrically bifid. Un~bilical 

lobe symmetrically trifid. Internal lobe symmetrically bifid. Pseudolobes absent. Ventral 

saddle indistinctly trifid. First lateral and umbilical lobes rather broad, simple and 

subsymmetrically bifid. Dorsol;lteral saddle also bifid but somewhat smaller. 

Discussion Homites dixoni Casey is identical to this species in ornament, coiling mode and 

the characters of the suturc line, the only differences lie in overall size, ~ p i c a l  Homites dixoni 

are generally larger than Homites proegibbosus. It may be that Homites dixoni is the 

microconch and Homites proegibboslls the macroconch of a sexually dimorphic pair. 

Occurrence Lower Albian (Douvilleiceros mommilloturn Zone) of England, France, India 

and Western Madagascar. 
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H A M I T E S  R E N Z I  KENNEDY, 1996 

Figure 3.14 

1968 Hanrites (Plesiolianiites) nrtilticostahis Brow, Renz pl. 11, fig 28 (a-c), text-fig 23q, 

24d. 

1968 IIanrites (Plesiolranritcs) aff. sinrilis Casey, Renz pl. 11, fig 29,30, text-fig 23p, 24e. 

1996 IIanrites rvrrzi Kennedy in Gale et al, p. 567, fig 20 (a, g, I), fig 25 (e). 

Type material Holotype by original designation of Kennedy in Gale et a1 (1996, text-fig 

20L), BMNH CA. 941 19. From the Mames Bleues, Upper Albian (Stoliczknia d i s p r  

Subzone) of Mont Risou, Hautes-Alpcs, France. 

Description Aspinocone with laterally compressed \vhorl section. Finc annular ribs, 

weakened but not absent dorsally, more-or-less rectiradiate and slightly sinuous. Rib index 

13-14 on phngmocone, decreasing to 8 nearer the aperture. Ribs moderately flattened in 

profile and the space between each rib is approximately equal to that of the width of tile rib. 

No tubercles, apcrtural collars unknown. Suture line quadrilobate and symmetrical across the 

siphuncle. I l e  external, latenl and umbilical lobes are of similar size, the internal lobe is 

smaller. The external lobe is sjmmetrically bifid, the latcral and un~bilical lobes are 

subsqmmetrically bifid. I l e  umbilical lobe is trifid. There are no pseudolobes. l e  ventral 

saddle is trifid, the lateral, umbilical and dorso-ventral saddles are bifid. 

Occurrence Upper Albian (Stoliczkoin d i s p r  Subzone), geographical range as holotjpe, plus 

La Vnconne, Saint-Crois, S\vitzerland. A specimen in the Natural History Museum 

collection (BMNH C.4762) suggcsts tlle Cambridge Greensand (Upper Albian) of England as 

well. 

H A M I T E S  T E N U I C O S T A T U S  S P A T H ,  1941 

Figure 3.9 

1941 IIanrites atterrriat?is mu~tationdelta SpoUl p. 61 1, pl. 67, figs 3-7,13, pl. 68, fig 5, text- 

fig 218 (i, j). 

1 94 1 Ilanrites teliuicostahis Spat11 p. 614 pl. 68, figs 2.3, test-fig 220. 

1947 Ihnrites terrtiicostahis S p d ~ ,  Breistroffcr p. 44. 

1 949 Ilanrites ter~tiicostattis Spath, Collignon p. 123. 

1958 Elanrites teririicostafirs Spath, O\ven p. 157. 
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1971a IIanrites tertrricostahts Spatll, owen p. 17, 19,40,?7, 152. 

1977 Ilanrites tetrrricostatrrs Spath, Pl~illips p. 83. 

1979 IIanlitcs tcrtlricostahrs Spatll, Collignon p. 4, pl. 1, fig 3. 

1989 Hantites terrtricostahts Spath, F6llmi p. 123, pl. 4, figs 9. 

Type material Holotype by original designation of Spath (1941, text-fig 2204 BMNH 

C.3976la. From the Lower Gault (Middle Albian) of Copt Point, Folkestone, England. 

Description Ancylocone with lateral compression and a greater or lesser degree of ventral 

flattening. Ribs sharp and fine, dorsally effaced. The ribs are straight and slightly 

prorsindiate to rcctiradiate on the phragmocone but become sinuous and rursiradiate nearer 

the aperture. Rib index 12-15 on the phragmocone, down to around 8 nearer the aperture. No 

known apertural collars. Tuberculation absent. Suture quadrilobate and symmetrical across 

the siphuncle. External and lateral lobcs bifid and of similar size, umbilical and internal lobes 

rather smaller and trifid. Pseudolobes absent. Ventral saddle indistinctly trifid. First lateral 

and umbilical lobes narrow and bifid, dorsolateral saddle also bifid but somewhat smaller. 

Discussion In the original description Spath ackno\vledges the close relationship between this 

species and Homites ottenziottrs. Even so, fragments of this spccies can be distinguishcd from 

Hamites attenuohis on the basis of the greater whorl diameter, flattencd ventral surface, and 

by the curved coiling. Some specimens lack ventral flattening but are othenvise identical to 

typical Homites tenuicosmttis. Such specimens were named by Spath Homites ottenliottis 

mutation delta, but are here considered to be merely varieties of Homites ten~ricostotus. 

Occurrence Lohrer Gault (Middle Albian, Anohoplites intermedills to Mojsisovicsio 

subdelortiei Subzoncs) of England, France, and Western Madagascar. 

H A M I T E S  T E N U I S  J .  SOWERBY, 1814 

Figures 3.15,3.16,3.93,3.94 

1814 Ilanrites terrrris J.  Sowerby p. 136, pl. 61, fig, 1 .  

1814 Ilanrites gibbosrrs J .  Sou1erby p. 140, pl. 62, fig 4. 

1820 Ilanrites gibbosus J. Sowcrby, Dcfrance p. 249. 

1820 Ilanrites terrrris J. Sowerby, Dcfrance p. 249. 

1825 Ilanrites gibbas~rs J. Sowaby, de Ham, p. 153. 

1825 llanlites terruis J. Sowverby, de Ham, p. 153. 

1828 bculita gibbosa (J. Sowerby), Flcr~ing, p. 250. 
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1828 Brrcrrlita teirrris (J. Sotverby), Flaning. p. 250. 

1829 Elanrites terrrtis J. Sowerby, Mantell, p. 2 1 1. 

1832 tlanrites teirnis J. So\verby, Passy, p. 333. 

1837 Ilanrites gibbostis J. Sowerby, Brown, p. 3, pl. 3, fig, 1. 

1837 IIanrites gibbosrrs J. Sowerby, Fitton, p. 367. 

1837 Ilanrites terirris J. Sowerby, Fitton, p. 1 13,367. 

1837 Ilanrites tentiis J. Sowerby, d'Arcluac, p. 306. 

1848 Ilanrites terrtris J. Sowerby, Quenstedt @ i ~ )  p. 295, pl. 21, fig, 17. 

1898a IIanrites teitrris J. Sowerby, Crick, p. 62. 

1925 Tonreritoceras teinte J. So\verby, Spath, p. 189. 

1940 Ilanrites teitriis J. Sowerby, Breistmffer, p. 156. 

1928 llanrites conrpressrrs J. Sowerby, Neaverson p. 396, test-fig 57. 

1939 Ilanrites gibbosrrs J. Sowcrby, Spat11 p. 605. 

1941 Ilanritesgibbosrrs J. So\\rrby, Spat11 p. 625, pl. 70, figs 6-1 1, te~3-figs 226,227 (g). 

1939 Ilanrites teirrris J. Sowerby, Spath p. 605. 

194 1 Ilanritcs teirrris J. So\verby, Spat11 p. 628, pl. 68 fig, 14,70, figs 2,16,17-15, pl. 7 1, fig 

2, test-fig 228. 

1947 Ilanrites gibbosris J. So\\rerby, Breistroffcr p. 45,49. 

1947 Ilanrites tcrnris J. Sowerby, Brcistmffer p. 45,49. 

1939 I-lanrites tentiis J. Sowerby, Collignon p. 124. 

1955 Ilanrites gibbosrrs J. Sowerby, Milbourne p. 238. 

1958 Ilanrites gibbosrrs J. Sowerby, Owen p. 157. 

1960 Ilanrites gibbosrrs J. So\\.erby, Owen p. 374. 

1965 Ilanrites terrrris J. So\verby. Wicdlnann p. 4-43, tcx3-fig 14. 

1966 IIanrites tcrlrris J. Sowerby, Casey (in Snlartet al) p. 11 1, p1.4, fig, 12. 

197 1 a Ilanrites gibbostis J. So\\rerby, Otven p. 152. 

197 1 a Ilanrites teirrris J. So\verby, Owen p. 152. 

197 1 a Hrrntites terrtris srrbairriaria Spath, Owen p. 152. 

1977 Elanrites gibbostrs J. So\\rerby, Phillips p. 80-81. 

1977 Ilantites teiltris J. Sonrerby, Phillips p. 83-83. 

1989 Ilanrites tenriis J. Sowerby, F(ll11ni p. 123, pl. 4, figs 12-13. 

7 1995 Ilanrites cf. gibbosrrs J. So\~~crby, Sqed-Enmmi Rr Inllnel p. 382, tn?-fig 14. 

Type material Holotype by monotypy BMNH C.43989 figured by J. Sowerby (1814, pl. 61, 

fig, 1). From the Lower Gault (Middle Albian) of Copt Point, Folkestone, England. 

Description Hamiticone with a planar spiral beginning and three subparallel straight shafts. 

The spiral and first shaft do not lie in the same plane as the final nvo shafts but rather meet at 

an angle of about 10". Whorl section initially laterally compressed, becoming subcircular 
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through the first 180' bend and then dorso-ventrally compressed for the remainder ofthe 

shell. Annular ribbing initially rectiradiate to prorsindiate along the coil and first shaft, very 

fine and dorsally effaced. After the first bend is characteristically rectindiate, sharp and 

angular, giving a ccrtain 'accordion-like' appearance making fragments of this species easy to 

identify. Suture quadrilobate and symmetrical across the siphuncle. External and lateral lobes 

bifid and of similar size, umbilical and internal lobes rather smaller and trifid. Pseudolobes 

absent. Ventral saddle indistinctly trifid. First lateral and umbilical lobes narrow and bifid, 

dorsolateral saddle also bifid but somewhat smaller. 

Discussion The early and late ontogenetic phases of this species were originally described by 

J. Sowerby (1814) as separate species: the rather finely ribbed spiral and first shaft as Hamites 

tentris and the more coarsely ribbed and slightly dorso-ventrally con~pressed second and third 

shafts as Hamites gibboszu. More complete specimens clearly sho\v that they belong together 

(FIGURE 3.14; reconstructed in FIGURE 3.16). 

Occurrence Middle Albian and basal Upper Albian (upper Annhoplites interniedilts to lower 

Diploceras cristaftrm Subzones) of England, France, and Western Madagascar, less certainly 

also the Upper Albian of Iran. 

H A M I T E S  VIKGULATUS BROGNIART, 1822 

Figures 3.17,3.18 

1822 Ilunrites virgrrlattrs Brogniart in Cuvicr & Brogniart, pl. 0, fig 6. 

? 1842 Elonrites vi~grrlohrs Brogniart, d'orbigny p. 545, pl. 134, figs 1- 4. 

1847 Ilunrites vitgrrlatlrs Brogniart, Pictet & Roux p. 135, pl. 14, figs 8,lO. 

not, 1847 IIanrites r~irgtrlahrs Brogninrt, Pictct & Roux pl. 14, figs 7,9. 

1847 Ilunrites r~etrctziutrlrs Pictct in Pictet & Rous p. 134, pl. 14, fig 6. 

1850 Ilunrites virgtrlatlrs Brogniart, d'orbigny p. 126. 

1852 Hanrites r~irgrtlatrrs Brogninrt, Giebcl p. 3 1 1. 

1853 Ilunrites r,itgrrlorlrs Brogni'art, Studcr p. 476. 

1854 Ilunrites r~ilgrrlatrrs Brogniart, Renevier p. 40. 

11011 1854 b flanrites vilgrrlutrrs Brogninrt, Pictct, pl. 56, fig 4. 

1860 Elmrites r~itgrrlut~rs Brogniart, Oostcr p. 79. 

1861 IIonrites vitgrrlatrrs Brogniart, Pictct & Campiche p. 85, pl. 54, figs 6,7. 

1861 ilanrites vitgrtlatlrs Brogniart, Pictct p. 2 1. 

1861 Ilunrites r~i?tletzia~rrrs Pictet, Pictet & Canpiche p. 98. 

1875a Ilnnrites r~it.grtluttrs Brogniart, Ne~unayr p. 3 1. 
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1875b flanrites virgrrlatrrs Brogniart, Neulnayr p. 899. 

1875a Elanrites voretziatrrrs Pictet, Neunlayr p. 30. 

I 875b fIlrnrites ve~rekia~rrfs Pictet, Neunlayr p. 899. 

1879 Hanrites virgrrlatrrs Brogniart, Price p. 76. 

1881 Elanritcs vi~grlatrrs Brogniart, Pcnning & Jukes-Bro~ne p. 151. 

1887 Hanrites virgtrlatrrs Brogniart, Meunia p. 62, pls., 1, fig 4. 

1888 Hanrites vi~grlatus Brogniart, Choffat p. 71. 

1890 EIanrites vitgrlatrrs Brogniart, Renevier p. 340. 

1897 Ilanrites vi~grlatus Brogniart, Cowper Recd p. 1 16. 

1900 flanrites vitgrlatus Brogniart, JukesBroune p. 459. 

1905 Elanritcs vitgrhtrrs Brogniart, Choffat p. 39. 

1907 Hanrites v i t g f l h s  Brogniart, Pervinquihe p. 84. 

1907 II<rnrites vorekianrfs Pictct, Jacob p. 330. 

1910 IImrites v i~g~la t r~s  Brogniart, Pervinquihe p. 18. 

191 0 Ifanrites vcrrctzinrrrrs Pictet, Pcrvinqui6re p. 18. 

1912 IIanritcs vbgrrlntrrs Brogniart, Ganz p. 12. 

1921 Tot,rcrrtocems ~d~gulahrnr (Brogniart), Spat11 p. 288. 

1922 Tor7reutocet.a~ vitgrrlatr~nr (Brogniart), Spat11 p. 148. 

11011 1923 flcrnrites cf. ~~errctziorrus Pictct, B6se p. 134, pl. 9, figs 50-53. 

192% Tor.rrerrtocer.as vitgulahmr (Brogniart), Spat11 p. 189. 

, 1925 Ilcrnrites vi~grlatrcs d'Orbigny, Diener p. 70. 

, 1925 IIanritcs ~~grekiarrus Pictet, Diener p. 70. 

7 1926a ilanrites virgrrlotrcs d'orbigny, Jayet p. 186. 

tror~ 1927 Ilanrites vi~gulatrrs Brogniart, Ciry p. 564. 

1930 Elanrites vir.grrlatrrs Brogniart, Passcndorfer p. 660. 

1930 Ilanrites 1~etrckiattus Pictet, Passendorfer p. 660. 

193 1 Hanrites virgulatrcs Brogniart, Breistroffer p. 195. 

193 1 flanritcs l)e~rekiatrus Pictct, Breistroffer p. 195. 

1932 Tot.rretrtocer.as vitgrflahmr (Brogniart), Spat11 p. 117. 

1932 Elanritcs vbgulatrrs Qucnstcdt, Barbu p. 15. 

1933 llanritcs virgrrbtrrs Brogniart, Breistroffer p. 234. 

1934 EIanrites vitgrlatrrs Pictet, Heim & Seitz p. 234. 

1936 Tot.rrcutoceras vi~grlahmr (Brogniart), Breistroffa p. 63. 

1940 Ilanrites (Stonrolranrites) ldrgrflahrs (Pictct & Campicl~e), Brcistroffer p. 84, 157. 

1940 Ilanrites (Stonrolranritcs) verretzia~rus (Pictet), Breistroffer p. 157. 

1 947 IIanritcs ~~it.grrlatrrs Brogniart, Breistroffer p. 55. 

1947 Ilonrites btvgtriatti Breistroffcr p. 65.77. 

1948 Stonrdranritcs vi~grrlatrrs Brogniart, Collignon p. 124. 

1957 Ilonrites (Stonrolranritcs) vitgrlahrs Brogniart, Ahllela & Revilla p. 35, pl. 9, fig, 1. 
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1957b Stonrolranrites 1)itgtrlahls (Brogniart), Wright in Arkell et a lp .  217. 

1362 Stonrdmnrites ver~ekiarrrrs (Pictd), Swcnscn p. 64, pl. I, fig, 1-6, test fig 4,5. 

1962 Stontdranrites virgrr/ahrs (Brogniart), Swvensen p. 65, pl. 1, fig, 13, pl. 2, fig, 15, test fig 

6. 

1962 Ilanrites (Stonrolranrites) rdrgrr/ahrs (Brogniart), Wiednlann p.180, pl. 10, figs 3, test 

fig 40. 

1962a Hanrites (Stontolrantites) cf. vitgttlahts (Brogniart), Wiednlnnn p. 97. 

1 x 5  Stonrdran~ites virgrrlatus (Brogniart), Clark p. 21, pl. I, fig, 13, pl. 2, fig, 15, test fig 5. 

1965 Stonrdranrites ve~retziatrus (Pictet), Clark p. 2 1, pl. 1, figs 1-6, text-fig 3c, 4. 

1968 Ilanrites (Sfonrolranrites) vetretzia~irrs srrlcattrs (Pictet), Rcnz p. 67, pl. 11, figs 27 (a-c), 

test figs 23n 

1968 Hanrites (~onrolranrites) vertetziarrrrs vcrrekiaritts (Pictct), p. 67, p. 1, 11, figs 15 (a<), 

16 (a-c), test figs 23f, 24b. 

1968 Hanrites (Stonrolranrites) vitgulahrs virgrrlattrs (Brogniart), Renz p. 65, pl. 11, figs 9 (a- 

c), 10 (a-c), 1 1 (a-c), tcxt figs 23 (b-d). 

1968 Ilanrites (Stonrolranrites) vitgtrlattrs itrtetl7rphrs Renz p. 66, pl. 11, figs 25 (a-c), 26 (a, 

b), test figs 23m,24c. 

1 %8 IIrrnrites (Ilantites) vitgrrlahrs Brogniart, Wiccknann & Dicni p. 53, pl. 5, figs 1.2, 10, 

pl.7,figs1,2,lO,pl. 16,fig,l,testfigs21-27. 

? 1970 Stonrolranriies verretziarrtrs (Pictet), Kennedy p. 628. 

1975 Hanrites (Ilanrites) vhgulahrs Brogniart, F6rster p. 163, pl. 4, fig 4. 

1976 Ilanrites (Stonrolmnrites) vitg.rtlahrs Brogniart, Kennedy B Hancock p. 10. 

7 1976 Ilanrites (2lanrites) aff. ottetirrahts J. So~verby, Uircinowski B Naidin p. 98, pl. 1, fig 

3. 

1976 Ilanrites (Ston~olranritcs) vitgu/ahrs Brogniart, Marcinowski & Naidin p. 98, pl. 1, figs 

4,5. 

1977 Stonrdranrites vitgrr!ahrs Brogninxt, Phillips p. 172. 

1979a Ilanrites (flanrites) \~itgtrlahrs Brogniart, Scllolz p. 18 p a n .  

1979b Ilanrites (Ilanrites) vitgtrlohrs Brogniart. Scholz p. 592,605, pl. I, figs 3,4. 

1980 Elanrites (Stontol~anrites) 1)irgtrlahds (Brogniart), Marcinowski p. 251. 

1982 Hanrites (flanrites) ~jirgrrlahrs Brogniart, Braga et a1 p. 706, test-figs 2-4. 

1985 Ilonrites (Ilanrites) virgttlahrs Brogniart, Marcinowski B Wiedll~ann p. 209. 

1987 Stonrdronrites vetrctziattrrs Pictet, Plullips p. 11 1. 

1988 Stonrohanrites cf. vitgtrlattrs (Spath), Dclanoy & Lntil, p. 750. 

1988 Stonrolranrites vbgrrlahrs (Brogniart), hlanoy & Latil, p. 752. 

1989 Hunrites vitgrrlat~rs Brogniart, F6ll1ni p. 124, pl. 4, figs 24-26. 

1989 Ilanrites cf. ritgrrlatrts Brogniart, Horvntll pl. 2, fig, 1. 

1990 Ilanrites vbgnlatw Brogniart, Henderson p. 130, pl. 13, figs a-e, iq.  

1990 Ilanrites (Ilanrites) ~~itgrtlahrs Brogniart, Marcinowski & Wied~llann p. 36, pl. 2, fig 2. 
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1992 t!unritcs vitgrrluttcs Brogniart, Kelly & Moncrieff p. 776, pl. 712. 

Type material Holotype by monotypy the original of Brogniart (in Cuvier & Brogniart pl. 0, 

fig 6,1822). m e  specin~en appears to be lost. From the Upper Albian of Montqne des Fit, 

Savoy, France. 

Description Aspinoconic to ancyloconic, broadly helical as a juvenile, although irregularly 

so. Whorl section subcircular or laterally compressed. Annular ribs straight and fine, effaced 

dorsally, rib index of 4 to 6. Ribs prorsimdiate along coiled section, tending toward being 

rectiradiate on straighter sections. Apertural collars unknown. Suture quadrilobate and 

symmetrical across the siphuncle. External and lateral and umbilical lobes of similar size, 

internal lobes rather smaller and simpler. Esternal lobe sjmmetrically bifid, lateral and 

umbilical lobes subsymmetrically so. Internal lobe trifid. Pseudolobes absent. Ventral saddle 

indistinctly trifid. First lateral, un~bilical and dorsolateral lobes bifid, and rather broad and 

simple. 

Discussion Honiites virgtrlotzrs is the genotype of the genus Stoniohnniites Breistroffer, 1940, 

distinguished by toxoceratiform coiling, dorsal effacement of the ribs, and a suture line with 

similar sized bifid lateral and un~bilical lobcs. Other species attributed to Stomoliomites 

(Hamitesjirnotzts, Hnniites nokonsis, Honiitesporkinsoni) typically have apertural collars: 

these are not found on Honiites virgulnttts, and these spccies do not form a clade with 

Homites virgulntzu that might be recognised as the genus Stomohomites. The suture line is not 

as consistent a character as Breistroffer bclieved (Wright & Kennedy, 198 1) and 

Stomohomites is now generally considered to be a synonym of Hnmites (Wiedmann & Dieni, 

1968, Wright et 01, 1996). Hnmites venehinnlrs Pictet, 1847 has generally been recognised as 

a distinct spccies on the basis of slightly coarser ribbing, transitions between the two widcly 

occur and they are probably no more than polyn~orphs of the one spccies (Scholz, 1979). I 

disagree with Scholz (1979) on the synonymisation of virtually all the Upper Albian hamitids: 

Hamites virgtrlohrs can be clearly distinguisl~cd from the other species in lacking apertural 

collars. Lytohomitesfirnotzrs and Homitesporkinsoni can also be distinguished consistently 

and should be recognised as separate species (see individual species entries for Lytoliomites 

Jirnotus and Hem@tychoceros porkinsono. 

Occurrence Uppcr Albian (at least from the Collihoplites allitis Subzone, perllaps earlier) 

into the Lower Ccnomanian (Colycoceros gtrernngeri Zones), including the Upper Gault, 

Cambridge Greensand, and Lower Chalk formations. Widcly distributed, including records 

from England and Europe, Crimea, Westcm Madagascar, Angola, Antarctica, Northem 

Australia, and North America. 
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Genus S C A P H A M I T E S  Wiedmann & Marcinowski, 1965 

Non tuberculate irregularly coilcd ancylocone with helical initial phase and distorted final 

hook. Suture quadrilobate. Synonyms: none. A monospecific genus. Type species: 

Scnphnmitespnssendorferi (Wicdmann & Marcinowski, 1985) 

S C A P H A M I T E S  P A S S E N D O R F E R I  WIEDMANN & MARCINOWSKI,  1985 

? 1930 Ileteroceras sp. Passendorfa p. 670, p1.4 fig 76, test-fig 27. 

1985 Scaplranritespasser~dotfiri Wiedlnann & Marcinowski, p. 453, text-figs 2,3,6. 

1990 Scap~ranritespassctrtlot$~i W i e & n a ~  & Marcino\vski, Marcinowski & Wied~llam p. 

47, pl. 5 (1-4). 

1994 Scapltantites sp., Coolxr p. 166. 

1996 Scaplranritespasscrrdo~ti Wiechnann & Marcinowski, Wright et a1 p. 24 1, test fig, 

188 (2a, b). 

Type material Neotype by original designation of Wiedmann & Marcino~vski (1985) 

Podsta~vowej Institute of Geology, Univcrsity of Warsan? WR.96. Five paratypes: IGPUW 

WR.90a, WR.9la, WR.92a, WR.93b, WR.95b. From the condensed Glauconitic Albian fauna 

(CleonicernsjIoridzrm to Mortonicerns nltonense Subzones) of Wiekla Rbwien, Tatra 

Mountains of Poland, exact horizon unkno\vn. 

Description Ancylocone, rather similar to Protnnisoceros nnglicttnt (Spath, 1939) in mode of 

coiling, with a hclical initial coil and an irregular hook. Whorl section dorso-ventrally 

compressed. Ribs twisted and weakened dorsally, slightly prorsiradiate to rursiradiate on the 

phtqmocone, rcctiradiate on the living chamber. Rib index 4 to 5. No known apertural 

collars, possible apcrtural constriction. Tuberculation absent. Suture quadrilobate, strongly 

asymmetrical across the siphuncle during the helical phase beconling symmetrical on the 

straight shafts. Estcmal and lateral lobes bifid and of similar size, umbilical and internal lobes 

rather smaller and trifid. Pseudolobes absent. Ventral saddle indistinctly trifid. First lateral 

and umbilical saddlcs narrow and bifid, dorsolateral saddle also bifid but somewhat smaller. 

Discussion Although considered by Wiedmann & Marcinowski (1985) to be a direct ancestor 

to the Scaphitaceae, Cooper (1994) believed it more likely to be an hamitid convergent in 

form with Scnphites, and morc so with Protnnisoceros nnglicztm. 

Occurrence As holotype. 
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Genus LYTOHAMITES Casey, 1961 

Non tuberculate hamiticonic heteromorph ammonites, planar throughout. Annular ribs simple 

and effaced dorsally. Ribbing becomes less dense near the final aperture, and apertunl collars 

may be present on the microconchs. Suture line quadrilobate. Synonyms: none. Type species: 

Lytohamites similis (Casey, 196 1) 

L Y T O H A  M I T E S  SIMZLIS  CASEY, 1961 

Figures 3.19,3.20 

11011 1822 Ifanrites sp. Mantell p. 123, p1.23, fig 5. 

1837 Ilanritcs nrrrlticostahrs Brown p. 3, pl. 2, fig 9. 

1889 Ilonritcs nrrr/ticosbtrrs Bro\\n. Brown pl. 2, fig 9. 

1889a Ilanrites sp., Crick p. 62. 

192 1 IIanrites nov. sp., Spath p. 257. 

1937 Plesiolronrites nrulticostatrrs (Brown), Breistroffer p. 52.62. 

1957 Ifanrites atteriuatrts J. Sowerby, Alnlcla & Revilla p. 35, pl. 8, fig 6. 

1957 IIanritcs mtrardrrs J. So\verby, Allncla & Revilla p. 36, pl. 9, fig 4. 

1957 Ifanrites sp. nov., J .  So\verby, Ahnela & Revilla p. 36, pl. 9, fig 5. 

1957b Plesiolranrites nrrrlticostahts (Bro~~n),  Wright in Arkell et a1 p. 217, test-fig 243 (6a). 

1962 Ifanrites (Plesiolronrites) nrrrlticostatus (Brow), Wicdnlann p. 181, test-fig 4 1. 

1963 Ilcrnrites (Stonrolranrites) cf. nrrrlticostahrs (Brown), Collignon p. 25, test-fig 1077. 

1965 Plesiolranites (Lytdranritcs) sinrilis Casey, Wicdmann p. 406,433. 

1968 Ilanrites (Plesiolmanritcs) nrirlticost~trrs (Brow), Renz p. 64, pl. 11, fig 28 (a-c), texZ 

figs23 (q,d) 

1968 IIcrnriti*~ (Plesiolromites) sinrilis (Casey), Renz p. 64, pl. 11 .figs 29 (a, b), 30 (a-c), text 

figs 23p. 23e. 

1976 Lytolranrites s i i i  Casey, Kennedy & I-Iancock p. 10. 

1976 Ilcrnrites (Plesiolmnrites) sinrilis Casey, Marcinowski & Naidin p. 99, pl. 1, fig, 1. 

1977 Lytohanrites sinrilis Cascy, Phillips p. 112. 

1979 Ilonrites (Stonrolranrites) nrrtlticostatrrs (Brown), Collignon p. 5. 

Pars 1979 Arisoceras (Arrisoce~us) pserrdoelcgnris Pictct & Campiche, Scholz p. 28. 

1985 Ilanrites (Plesio1ranritcs) sinrilis Cascy, Marcinowski & Wiednann p. 205. 

1989 Ifanrites sinrilis Casey, FOlhni p. 124, pl. 4, figs 27-29. 

1990 Lytolronrites sinrilis Casey, Mcnderson p. 132, test-figs, 13 (f-h), 14. 

1990 flonrites (Plesiolionritcs) nrtrlticostahrs Brown, Marcinowski & Wicdmann p. 39, pl. 3, 

fig 5, pl. 25, fig 2. 
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11011 1990 Ilanrites (Plesiolranrites) nK nr~rlticostat~rs Brown, Marcino\vski & Wiednann p. 40, 

pl. 15. fig 2. 

1996 Elanrites (Lj~tol~anrites) sinrilis Cnsey, Wright et a1 p. 24 1, test-figs, 188 (4 a, b). 

Type material Lectotype by subsequent designation of Casey (1961) BMNH C.4762a, 

previously figured by Spath (194 1, pl. 71, fig, 16, text-fig 236f). From the Cambridge 

Greensand (Uppcr Albian) of Cambridge, England. 

Description Hamiticone with a laterally compressed section and fairly sharp bends between 

the shafts. Fine subannular ribbing (completely absent dorsally), slightly rursiradiate, rib 

index of, 10 to 12 on earlicr parts of shell, decreasing to about 8 near the aperture. Ribs 

moderately flattened in profile and the space between each rib is approsimately equal to that 

of the width of the rib. Apertural collars not known, tuberculation absent. Quadrilobate suture 

line symmetrical across the siphuncle. Estemal lobe similar in depth to un~bilical lobe. 

Lateral lobe larger, deeply incised and subsymn~etrically bifid. Umbilical lobe 

subsy~nmetrically bifid and a little smaller than the lateral lobe. Intemal lobe smaller than 

umbilical lobe and synlmetrically trifid. No pseudolobes. Saddles narrow and florid. Ventral 

saddle trifid, lateral, un~bilical, and dorsolateral saddles subsyn~metrically bifid. 

Discussion Scholz (1979) believed that this species was derived from the Anisoceros through 

weakening of the tuberculation, making it a rather extreme fonn of Anisoceros pseltdoelegons 

with which it shares deeply incised and florid bifid lateral lobes, very fine ribbing, and a 

subcircular to cotnprcssed whorl section. Lytohonlites similis is not synonymous with Homites 

multicostotus Broivn (Figure 3.21, see also the discussion in Casey, 1961, p. 92) from the 

Lower Cenomanian of Susses, England. The type of Homites mlt~ticostahis is a compressed 

fragment generally considered to be 'generically and specifically indeterminate' (Kennedy, 

1971). Since the genus Plesiohomites Breistroffer, 1946 is based on the type specimen of 

Homites multicostotlis, it is not available, despite use by some authors (see synonymy above). 

Occurrence From the Upper Albian (Stoliczkoio dispar Zone) of England, France, Poland, 

Spain, Angola and Madagascar. 

L Y T O H A M I T E S  F U N A T U S  BROGNIART, 1822 

Figures 3.22-3.24 

1822 I~anrilesfirrahrs Brogniart p. 395, pl. 7(0), figs 7a, b. 

1940 I-Ic~nritesjirtrat~rs Brogniort, Breistro ffer p. 1 57. 
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1339 t~anritesfitra~rs Brogniart, Spat11 p. 605. 

1941 Ilanrites (Stonrolranrites)jirr~atlrs Brogniart, Spatl~ p. 650, pl. 72, figs 1-2,23, test-fig 

237. 

1947 Stonrdranritespb,clroce,atoides (Spath), Breistroffer p. 60. 

not1 1W8 tlanrites (S~onrolranrites) cf.futtattrs Brogiart, Renz p. 69, p1. 1 1 ,  figs 24% 24b, text- 

fig 23(1). 

1977 Stonrdranritesjirrtrafrrs Brogniart, Pl~illips p. 171. 

1977 Stonrolran~itcsptycl~oce,afoides (Spath), Phillips p. 172. 

? 1979 Ifanrites (Stonrolranrites)jrt~atlrs Brogiart, Collignon p. 6, pl. 1, fig 6. 

Type material Lcctotype by subsequent designation of Spath (1941), the larger of the two 

specimens figured by Brogniart (pl. 7(0), figs 7a). From the Upper Albian of Montagne des 

Fiz, Savoy, France. 

Description Hamiticonc with lateral compression and characteriscd by very tight folding, 

markedly rursindiate ribbing after each of the very tight, 180" bends, and the definite 'pinch' 

to these bends. Initial coiling helical, subsequent shafts planar. The ribs become more 

rectiradiate approaching the aperture where they seem to form rectindiate to slightly 

rursindiate irregular collars (at least on microconchs). No tubcrcles. Ribs are sharp and well 

defined, effaced dorsally, the rib index is 4. Along the living chamber the ribs tend toward a 

scale-like aspect, especially near the aperture of smaller individuals, the presumed 

microconchs. Scxual diniorphism marked, microconchs smaller at a whorl height of about 60- 

100 mm (about half the size of macroconchs) with coarse, scaly ribbing on the living 

chamber. Quadrilobate, suture line symmetrical across the siphuncle. Bifid external, lateral 

and umbilical lobes similar in size. Internal lobe slightly smaller and symmetrically trifid. No 

pseudolobes. Saddles narrow and fairly florid. Ventral saddle trifid, lateral, umbilical, and 

dorsolatcnl saddlcs symn~etrically bifid. 

Discussion At the bcnds the inner face appears to follow a different curve to the outer, so the 

midway point of the bcnd appcars to bc squeezcd. The shafts widen very quickly after each 

bend. Homites also have, 180' bcnds, but they are gentler and the ribbing is less rursindiate 

or rectindiate throughout. I l i s  tightness of thc coiling is aln~ost ptychoconic, but this species 

can be distinguished from true Ptychoceros by the absence of periodic constriction. Spat11 

commented on the variation within the spccies but referrcd the smaller, son~e\\.hat coarse 

ribbed specimens to Honrites ptychocerotoides. This appears to be an unnecessary distinction, 

and Homites ptychocerotoides is most likely the nIicroconch of Lytohomitesjlnotus. 11e 

macroconchs of Lytohomitesfirnotrrs have very sharp anglcd ribs, which are only rarely scale- 

like. 
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Occurrence Upper Albian (Stoliczknin dispnr) of England and France. 

Genus  HEMIPTYCHOCERAS Spath,  1925 

Non tuberculate hamiticonic heteromorph ammonites, with a helical initial coil or planar 

throughout. Dcnsity of ribs on the living chamber different to that on the phragmocone. 

Apertural collars may be present on the microconchs. Constrictions either periodic or 

restricted to final aperture. Suture line quadrilobate. Synonyms: none. Type species: 

Hemiptychoceros gnultinum (Pictet, 1847) 

H E M I P T Y C I I O C E K A S  GAULTINUM (PICTET, 1847 

Figure 3.25 

1817 P ~ r l r o c o m  garrl~irrrtnr Pictct in Pictct & Rou~x p. 139-140, pl. 15, fig 5,6. 

no11 1865 Pr)rlroceras gattltirrrrnr Pictct, Stoliczka p, 195, pl. 90, fig, 10. 

11011 1907 P~rlroceras gatrltirrrrnr Pictet, Boulle, Lemoine. & Tl~dvenin p. 56, pi. 13, fig. 1. 

192% Iienripfyclroceras garrltirrrrnr (Pictct), Spat11 p.189. 

1938 P~r110cer.a~ gaultiir~rnr (J. So\\ferby), Roman p. 49. 

1957b Iienripfycl~oceras gatr1ti111rn1 (Pictet), Arkell et al p. 21 6-2 17, tex?-fig 243 (5). 

1M8 Ilemip~cl~ocems garrltirrrrnt (Pictet), Wied~nann & Dieni p. 61, pl. 5 figs 6,8, pl. 6, fig, 

12, text-fig 34,35. 

? 1971 Ilenripyclloceras garrltirrrrnr (Pictct), Macsotay p. 1708, pl. 3, fig, 1. 

1979 EienripfycIroceras gatrltirrrmr garrltilrr~n~ (Pictet), Scholz p. 20. 

1982 Ilen~iphcl~ocerns garrltilr~m~ garrltirtrtnt (Pictct), Braga er a1 pl. 1, fig 3, text figs 2-4. 

1987 Ilenripyclroccras gatrlti11trnt (Pictct), hnmcl p. 127. 

1990 IIentipfycl~ocer~s garrltir~rmt (Pictct), Marcinowski & Wiedmann p. 40, tex--fig 22. 

1996 Iientipfycl~oceras garrltirrrrnr (Pictct), Kennedy in Gale et a1 p. 569-571, test-figs 2ln-e, 

g-i, k, 22b, e-g. 23b. 

1996 IIemipfycIroccras gatrltiiircnr (Pictct), Wright et al, 1996 p. 241, test-fig 188,187. 

Type material Holotypc by monotypy the original of Pictet in Pictet &: Roux (1847, pl. 15, 

figs 5,6).  From the Upper Gault (Uppcr Albian) of Sasonet, Savoy, France. 

Description Hamiticonc morc closely folded than any Hnmites but the shafts are not in 

contact and the whorl section is subcircular and not distorted. Initial coil unknown (although 

the tightness of the folding implies helical or micromorphic planar coiling). Annular ribs only 
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slightly effaced dorsally, rcctiradiate throughout. Rib index 4 to 6 on phragmocone and rather 

less (3 to 4) on the living chanlber. Both macro- and microconchs possess apertunl 

constrictions and apcrtural collars consisting of a pair of expanded ribs. Suture line 

quadrilobate and symmetrical across the siphuncle. The external and lateral lobes are of 

similar size and symmetrically bifid. The umbilical lobe is smaller but also bifid. The internal 

lobe is similar in size to the external and umbilical lobes but symmetrically trifid. No 

pseudolobes. The ventral saddle is trifid. The remaining saddles are simple, fairly deep and 

bifid. 

Discussion Sexual dimorphism limited to differences in size, the microconchs being about 

one third to one half the size of the macroconchs (see Kennedy in Gale et 01, 1996). 

Lytohamitesfirnatlis Brogniart 1822 can look rather similar, but the ribbing tends to be 

sharper and somewhat oblique. The ribs on Hemiptychocerns gatrltinzim are straighter, rather 

broad and flattened in profile. 

Occurrence Upper Albian and Loiver Cenomanian of Southern Europe, Poland, Madagascar, 

and Venezuela. A spccimen in the Manchester Museum (Dixon Collection), L. 6827 labelled 

as Hamites compresstrs from the Cambridge Greensand of Cambridge is the only specimen so 

far recorded from England. 

H E M I P T Y C H O C E R A S  P A K K I N S O N I  ( F L E M I N G ,  1814)  

Figures 3.27-3.34 

181 1 tlonrites sp., Parkinson p. 144, pl. 10, fig 5. 

1828 L3acrrlita parkbisorri, Fleming p. 250. 

1837 Ifanrites arertrbhrs (trorr Desluyes) Brow, p. 3, pl. 1, fig, 10. 

184 1 Ifanrites conpress~rs J. Sowerby, Moson pl. 8, fig 9. 

1842 Ilanrites sinrplex d'orbigny, p. 550, pl. 134, figs 12-14. 

1847 Ifanrites clratptrteri Pictet in Pictet & ROU p. 129, pl. 14, figs 1 (a-e). 

1817 tlanrites ~~irgrlatvs Brogniart, Pictct in Pictet & Rous, pl. 14, figs 7,9. 

1848 tlanrites parkitrsorri Fleming, Bronn p. 568. 

1850 ~lonritesparkittsotri (rrotr J. Sowerby), pl. 61, fig 5. 

1852 Ifanritesparkitrsorri (Fhning), Gicbcl p. 306. 

1854b Ilanrites vbg11atri.s Brogniart, Pictct, pl. 56, fig 4. 

1854 tfanritcsparkksorii (Fleming), Morris p. 305. 

1861 Hanrites driplicarus Pictet & Campiche p. 98. 

1861 tfanritesparkitisorri (Fleming), Pictd Rr Crunpiche p. 98. 
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1866 llanritcs diplicat~rs Pictet & Campiche, Pictct & Renevier p. 103. 

187% Ilanrites dtplicatus Pictct & Crunpiche, Neumayr p. 29. 

1875b Ilanrites ~hplicatirs Pictet & Campiche, Neunlayr p. 897. 

1890 Hanritcs dlrplicatus Pictet & Canlpiche, Renevier p. 330. 

192% Ilanrites d~rplicat~rs Pictet & Callpiche, Spath p. 189. 

1930 Ilanrites drplicattrs Pictet & Canpiche, Breistroffcr p. 195. 

1940 Elanrites (Stonrolranrites) htplicatrrs Pictet & Canlpiclle, Breistroffcr p. 157. 

1940 Ilanritcs (Stonrolranrites) sinrplex (d'Orbigny), Breistroffer p. 157. 

1871 Ilanritesparkitisorri (Fleming), Phillips p. 431. 

1939 Ilanritcsparkksotii (Fleming), Spath p. 605. 

1940 Ilanrites (Stonrolranrites) sinrplex (d'orbigny), Breistroffer p. 157. 

194 1 Ilanrites (Stonrolranrites) dntrplicatrrs (Pictet & Campiche), Spath p. 640-632, pl. 72. figs 

12-14,16, text-fig 232. 

t1o11 1 941 Ilanritcs (Stonrolianrites) d~rplimtrrs (Pictet & Campicl~e), Spath pl. 72, fig, 15. 

I941 Ihnrites (Stonrolianrites) clratpcriteti (Pictct), Spat11 p. 642-645, pl. 72, fig, 17, 18, text- 

fig 234a-11. 

11011 194 1 tlanrites (Stonrolranrites) chatpetiteti var. Iitreata Spat11 p. 64, pl. 72, fig, 19-22, text-fig 

234i. j. 

19-41 Ilanrites (Stonrohanrites) ibex Spath p. 647, pl. 71, fig, 14, text-fig 235. 

194 1 Ilanritcs (Stonrol~anrites) parki,rsotii (Fleming), Spat11 p. 653, text-fig 239. 

1 947 Stonrdiantites clratpolteti (Pictct), Breistroffer p. 52. 

1947 Stonrdranrites dirplicatrrs (Pictct & Canpiche), Breistrofi p. 53. 

1947 Stonrohanrites litreatrts (Spath), Breistroffer p. 62,65,93. 

1947 StonrolranritespatrC-iruolri (Flaning), Breistroffcr p. 53,65. 

1947 Stonrdraniitcs rer~cvieti, Breistroffer p. 93. 

1957b Stonrolranrites dttplicat~rs (Pictct & Canpiche), Wright in Arkell et alp. 217, text-fig 

233 (4a,b), 234 (la,b). 

1939 Stonrdranritcs drp/icahrs (Pictct & Canlpiche), Collignon p. 124. 

1949 Stonrolranritcs clrarpaiteti (Pictct), Collignon p. 124. 

1951 IJaniites (Stonrolranrites) sinplex (d'orbigny), Wright & Wright p. 14. 

1955 Ifanrites sinrplex d'orbigny, Sornay (fasc., 18). 

t~otr 1959 Ilanrites (Stonrokanritcs) sinrplex (d'Orbigny), Cielinski, p. 35, pl. 3, fig 7. 

1963 Ilanrites (Stonrolranrites) sinrplcx (d'Orbigny), Wright p. 597, pl. 87, fig, 1. 

1964 Stonrohanrites sinrp1c.r (d'orbigny), Collignon p. 6,9, pl. 318, fig, 1358, pl. 319, figs 

1370-1 372. 

1964 Itiiolianritcs volripale~rsis Collignon, p. 8,  pl. 3 19, figs 1366, 1367. 

1966 Ilanrites (Stonrolmnrites) parkirrsotri (Fleming), Casey (in S~nart et al) p. 11 1. 

1968 Ilanritcs (Stonrolranritcs) prkit~sotri (Flcn~ing), Renz p. 68, pl. 1 1, figs 12 (a, b), 17 (a, 

c), test figs 23 (g, 0). 
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1968 Hanrites (Stonrolranrites) drrplicatrcs (Pictct & Canpiche), Renz p. 68, pl. 11, figs 19 (a, 

b), 20 (a, b), 21 (a-c), text-figs 23 (11-k). 

1968 Hanrites (Stonrolranrites) litreatrcs (Spath), Renz p. 68, pl. 11, figs 22 (a-c), 23 (a-c). 

1968 IIanrites (Hanrites) clrarparteri Pictet, Wiednlam & Dieni p. 56, pl. 5, figs 3,9, text- 

figs 28,29. 

1970 Stonrdranrites sinrplex (d'orbigny), Kennedy p. 631,634,638,648,651. 

1971 Stmohanritcs sinrplex (d'orbigny), Kennedy p. 6 pars, pl. 1 fig, 1. 

1972 Stonrolranrites cf. S. sinpiex (d'Orbigny), Cobban & Scott p. 44,pl. 13, figs 5-10, pl. 17, 

figs 3,4. 

1975 IIanrites (Stonrolranrites) clratperrteri (Pictet), FOrster p. 164, pl. 4, fig 5, text-fig 34, 

35. 

1975 Stonrolranrites cf. S. sinrplex (d'orbigny), Hattin pl. 2 figs i, j. 

1976 Stonrdranrites sinrplex (d'Orbigny), Juignct & Kennedy p. 51, pl. 1, figs 8-1 0. 

1976 Elanrites (Stonrolranrites) parhitrsotri (Fleming), Kenncdy & Hancock p. 9. 

1976 Hanrites (Stontolranrites) clratpenteti (Pictet), Kennedy & Hancock p. 10. 

1976 IIanrites (Stonrolranrites) dtrpli~trrs (Pictet L Campiche), Kennedy & Hancock p. 10. 

1977 Stonrolrmrites cf. S. sinrplcx (d'orbigny), Hattin fig 5.3. 

1977 Stonrolronrites cf. S. sinrplex (d'Orbigny), Kauffnlan pl. 17, figs 8.9. 

1977 Stonrolranrites clrarper~teri (Pictet), Plullips p. 171. 

1977 Stonro/ranrites drrplicahrs (Pictet & Canpichc), Pliillips p. 171. 

1977 Stonrdrunrites ibex Spath, Phillips p. 171. 

1977 Stonrolranritespatkitrsotii (Flcliling), Plullips p. 171. 

1977 Stontolranritcs sintplex (d'Orbigny), Phillips p. 172. 

1978 Ilanrites (Ilanrites) cf. S. sinrplex (d'orbigny), Kennedy & Hancock pl. 9, figs 5.10-14. 

1979 Hanrites (Stonrolranritcs) clratpcrrteti (Pictet), Collignon p. 5. 

1979 Ilanritcs (Stonrolranrites) sinrplex (d'orbigny), Kennedy, Cllahida & Djafarian p. 9, pl. 

I ,  fig 5. 

1979 IIanrites (Ilrnrites) sinrplex (d'orbigny), Iliunel p. 630, pl. 4, fig 3. 

1980 IIantites (Slonro/ranritcs) drrplicahrs (Pictet & Campiche), Marcino\vski p. 250. pl. 3, 

figs 1.2. 

1980 IIanrites (Stonrolranritcs) sinrplex (d'orbigny), Marcinowski p. 25 1. 

1983 Ilanritcs sinrplcx (d'orbigny), Kenncdy & Juignet p. 13, figs 15 (a-d), 17 (a-w), 26 fi), 
37 (v, w). 

1985 IIanritcs (llanrites) clratpcrrteri (Pictet), IlnmelL Seyed-Emami, p. 109, pl. 7, fig 6. 

1985 IIanrites (IIunrites) dtcplicahcs (Pictet & Canpiche), Immel & Sqed-Eman~i, p. 109, pl. 

7, fig 7. 

1985 Ilanrites (lIanritcs) sinrplcx (d'orbigny), Imn~el& Syed-Eman~i, p. 109. 

1986 Ilanrites cf. sinrplex (d'orbigny), Kennedy, Amddro L Collctd, p. 2 10, fig 4g. 

1987 Ihnritcs (IIanritcs) cf. sinrplex (d'orbigny), Inllnel p. 125. 
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Stonrdranrites clratpmiten' (Pictet), Plullips p. 11 1. 

Stonrolianiites clrcplicahrs (Pictct & Campiche), Phillips p. 1 1  1 .  

Stoniolranritcs sinrplex (d'orbigny), Pllillips p. 1 1 1 .  

Stonrdranrites sp. aff. drrplicaf~cs (Pictet & Canpiche). Delanoy & Latil, p. 752. 

tlanrites c f  sinrplex (d'orbigny), Cobban, Hook & K e ~ c d y  p. 56, figs 59,92 (a-k). 

Elaniites (Stonrolranrites) cf. dzrplicatus, Butjor, p 537. 

Stonrdranrites sinplex (d'orbigny), Tl~omel (pars)pl. 10, fig, 12, pl. 3 1, fig 4. 

Ilanrites drplicatus Pictet & Campiche, Kennedy in Gale et a lp p 565, fig, 16 (1, n, p.), 

fig 20 (11, i, k). 

Type material Holotype by monotypy is the original of Parkinson's figure (Parkinson, 18 1 1, 

pl. 10, fig 5). This specimen is lost and a neotype was designated by Spath, BMNH C.88727, 

from the Upper Greensand (Upper Albian) of Devizcs, Wiltshire (Spath, 1941). 

Description Hamiticonc with a helical juvenile whorl, follo\ved by three, subparallel straight 

shafts and an approsinlately circular or laterally compressed whorl section. Ribbing 

moderately effaced dorsally, but sharp ventrally. On the helix the ribs are twistcd and slightly 

prorsiradiate, but they straighten out and become rectindiate over the shafts. Near the 

aperture the ribs bccomc slightly prorsiradiate. Microconcl~s possess apertural collars, a pair 

of expanded final ribs separated by a clearly defined constriction. Rib density variable, but 

usually fairly fine and sharp, rib index around 4 to 7. Rib density increases near the aperture, 

to about 8. Suture line is quadrilobate and symmetrical across the siphuncle. The external and 

lateral and internal lobes are of similar size, and the umbilical lobe sn~aller. Estemal lobe 

symmetrically bifid. Lateral and umbilical lobes subsymmetrically bifid. The internal lobe 

symmetrically trifid. 

Discussion This species nlas previously includcd within Honrites. It differs from typical 

Hamites in the variation of rib density along the conch, something more comn~only seen in 

Hemiptychoceros and also the development of apertural collars and constrictions. The 

position within the cladogranl indicates this species is the sister tason of Hemiptychocerns 

goultinum. The final living chambers of both species display a change in ornament from the 

phqmocone to the living chanlber, as \\re11 as paired annular collars and constrictions. A 

number of species arc synonyms of Homites prkinsoni: Homites chorpenteri Spath, 194 1, 

Hamites dzrplicohrs Pictet 8: Campiche, 186 1, Homites simplex d'orbigny, 1842, and 

Stomohomites renevieri Breistroffer, 1947. 

Occurrence Upper Gault, condensed Upper Albian faunas including the Cambridge 

Greensand, and t l~c Lo\i7cr Chalk (Upper Albian, Stoliczkoio dispor Zone to Lower 

Cenomanian, Colycoceros gtiermgeri Zone), widely distributed including records from 
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Southern England, North-Western and Centnl Europe, Iran, Western Madagascar, Northern 

Australia, and western North America. 

1962 IIantites (Plesiohantites) slrlcatosm'anrs Wicdnnm p. 182, pl. 10, fig 5, pl. 13, figs 5, 

6, test-fig 42.43. 

? 1962 EIantites (Plesioltantites) mrlcatosh.iahrs Widnam pl. 10, figs 4. 

Type material Holotype by original designation of Wiedmann (1962, pl. 10, fig 5), 

Department of Geology and Palaeontology, Institute of Tiibingen, Ce. 1 16U5 1. From the 

Upper Albian of Izudiaga, Navarre, Northern Spain. 

Description Hcteromorph of uncertain coiling mode, probably hamiticonic but only 

fragments (the holotype and syntype material) of this species are kno~vn. Whorl section more 

or less dorsoventrally compressed. Ornamentation consists of weak ribs when small, but 

othenvise quite smooth. There are periodic constrictions, but apertunl modifications are 

unknown. No tubcrcles. Suture quadrilobate and symmetrical across the siphuncle. External 

lobe similar in depth to umbilical lobe. Lateral lobe larger, deeply inciscd and 

subsymmetrically bifid. Umbilical lobe subsymmetrically bifid. Internal lobe symmetrically 

trifid. External, latcnl and internal lobes similar in size, un~bilical lobe slightly smaller. No 

pseudolobes. Saddles narro\Ir and fairly florid. Ventral saddle trifid, lateral, umbilical, and 

dorsolateral saddlcs subsymmetrically bifid. 

Discussion Plesiohnmites, in which Wiedmann placed this species, as Hnmites 

(Plesiohnmites) s~rlcntostriotw, 1962, is a nomen dubitrm used incorrectly for Lytohnmites. 

The cladogram places this trrson within a three-fold polytomy \vith the Anisocentidae on the 

one side and the clade (Hemiptychocerns + Hamitella + Tzirrilitdne) on the other. 11e  sister 

group of this entire polytomous group is Lytohnmites. Therefore, while affinity with 

Lytohamites cannot be denied, it cannot be proved either. More importantly, the periodic 

constrictions of this species are not a feature of Lytohnmites (Lytohnmitesjrnnhrs 

notwithstanding) or hamitids in general. Apertunl constrictions are common to some of the 

Anisocentidae, all Hemiptychocerns and many Turrilitidae. This suggests that constrictions 

may be a derived feature, and may indicate a relationship rather closer to the Anisoceratidae, 

Hemiptychocerns or Turrilitidae. The Turrilitidae are too far removed on the cladognm to be 

relevant to the position of this spccies, besides the fact that the coiling is straight and not 

helical. Abscnce of tuberclcs excludes it from the Anisocentidae. I classify it here with 

Hemiptychocerns provisionally, suggesting that the periodic constrictions may be 



Ecology, Stratigraphy, and Phylogeny of the ZIdcromorpl~ Anunonoidca of the Albian 

homologous with the apertural constrictions of Hemiptychocerns gnzlltinztm and 

Hemiptychocernspnrkinsoni. Possibly constrictions developed priniitively all along the conch 

as seen in this species (and to some extent basal Anisocentidae like Rossnlites) and only 

subsequently -but independently - became restricted to the final aperture at maturity. We 

must await the discovery of more complete specimens to provide more characters for analysis 

before the position of this enigmatic aid interesting species is hl ly  resolved. 

Occurrence As holotype. 

Genus HAMITELLA Breistroffer, 1947 

Non tubcrculate aspinoconic, ancyloconic or hamiticonic ammonites, with a pronounced and 

tightly coilcd helical initial phase becoming planar later. Annular ribbing simple, usually 

continuous on the helical sections but cffaced dorsally on the planar parts. Apertural collars 

and constrictions absent. Suture line quadrilobate, strongly asjmmetrical during the helical 

phase. Synonym: Helicocerns d'orbigny, 1842 non Kocnig, 1825. Type species: Hnmitelln 

cnntianzrm (d'orbigny, 1842) 

H A M I T E L L A  A N N U L A T U M  (D'ORBICNY, 1 8 4 2 )  

Figures 3.35-3.37 

11011 1837 Ilanrites arr~rrrrtlahts Brown p. 3,pl. 1, fig, 10. 

18-42 Ilelicocetns alwr~lattmr d'orbigny p. 61 1, pl. 148, figs 7-9. 

1850 Ilelicocetas atrtnrbttmr d'orbigny, d'orbigny p. 127. 

1861 tlelicocetas atrtnrlattmr d'Orbigny, Pictct & Campiche p. 117. 

1865 Ilelicoccms at~ttufattmr d'orbigny, Stoliczka (in Oldham) p. 183. 

1875b Tttrrilites orerrrlanm~ (d'orbigny), Ncumayr p. 900. 

192% Ilelicocetas ai~rrrrlatlrnr d'Orbigny, Spath p. 190. 

nor, 1932 Ilaniires arlrlrrfattrs Collignon p. 22,p. 14, fig 9. 

1938 Ilelicocoas a~mrtrbttrnr d'Orbigny, Roman p. 447, pl. 45 fig 427,427a. 

1939 Ilelicocctas atrtttrlatlmr d'Orbigny, Spath p. 604. 

1939 Ilcrntites srrbt~o~t~trd~~s Spath, p. 605. 

7 1940 Ilelicocetns sp., Brcistroffcr p. 157. 

194 1 Ilanrites srrbvottrtmdtrs Spalh, Slx~th p. 616, pl. 68, figs 6-9. 

1942 Ilanrites slrbrottrt~drrs Spalh, Spath p. 68 1. 

1933 Ilclicocctas a~arufatrmr d'Orbigny, Shimcr & Slmck p. 593. 
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1947 IIelicocetas atrtrrtlatrrn~ d'Orbigny, Brcistroffcr p. 46,95. 

1949 Ilanritcs srrbrotrarhs Spatll, Collignon p. 124. 

tiotr 1957 IIanrites cf. atrrrrilatrrnr d'orbigny, Ahnela & de la Revilla p. 8,36, pl. 9, fig 3. 

195% IIanrites (IIanritclla) aturuluttrnr (d'Orbigny), Wright in Arkell et a1 p. 216. 

1960 Ilanritcs swbrorrr~~dtis Spi~th, Owen p. 152. 

1 %2a IIanrites (Ilanrites) Irelicoidcs Wiedlnann, p. 96. 

1%5 llanrites strbrotr~trd~rs Spath, Clark p. 20. 

1966 IIanrites mbrotrurdlis Spatll, Cascy (in Smart et al) p. 1 1 I. 

1971a Hunrites srrbrottrtidrrs Spath, Owen p. 152. 

1976 IIunrites subrvtrrrrdus Spath, Kennedy & Hancock p. 7,8. 

1977 IIanrites srrbrotrrtid~~s Spatl~, Plullips p. 83. 

1978 IIunritcs srrbtvtritrhrs Spath, Klinger & Kennedy p. 35, pl. 9, figs a-b. 

1980 IIunrites sribrotrirrdrrs Spath, Krisllna p. 49,5142, pl. I, figs 1,3. 

1985 IIunrites (Ilanrites) Irclicoicfes Widnann, W i d n m  & Marcinowski p. 454. 

1987 Ilanrites srrbrotrrtrdrrs Spatll, Pllillips p. 4 1. 

? 1989 Notostrcptitcs exilis Henderson p. 136, text-figs, 15t-fl; 16a. 1%. 

Type material The type matcrial of this species is not known with certainty (W, J,  Kennedy, 

pers. comm.), but the larger of the t\vo specimens comprising d'orbigny Collection 5843, 

appears to be the original of d'orbigny (1842, pl. 148, fig 7). This specimen is from the 

condensed faunas (Lyellicerns lyelli to Diplocerns cristntzim Subzones) of Clar, near 

Escragnolles, France. 

Description Ancylocone with open, helical initial coil aid hvo subparallel shafts. Helicosity 

similar to that of some Prohrrrilitoides, though the coils are not in contact. Tlie \vhorl section 

is circular, with oblique but sharp annular ribs, barely attenuate dorsally if at all. Tlie ribs are 

prorsindiate froni within the helix, and rursiradiate froni without, and noticeably twisted with 

respect to the siphuncle. The ribbing is approximately rectiradiate on the straight sections. 

There rib index is nnges froni 4 to 7, with the less dense ribbing being characteristic of 

microconchs. Tile niaxi~iiuni dianieter of the helix is about 4 cms for microconchs and 6 cms 

for macroconchs. No known apertural collars. Tuberculation absent. Suture quadrilobate, 

strongly asymnictrical across the siphuncle during the helical phase, ~vhicli is protracted, 

becoming symmetrical on the straight shafts. External and lateral lobes bifid and of similar 

size, umbilical and internal lobes rather smaller and trifid. Pseudolobes absent. Ventral saddle 

indistinctly trifid. First latenl and umbilical saddles narrow and bifid, dorsolatenl saddle also 

bifid but sorne\vhat smaller. 

Discussion Hnmitelln nnntilntzrm can only be distinguished from Homitello rotundzrs J. 

Sowerby, 1814 on the basis of the finer ribbing, although there is some variability, and 
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transition forms occur bct\\rccn the two. More generally kno\vn as Homites szlbrohrndtrs 

Spath, 194 1. Comparisons bchveen the type material of Homites subrotzrndzts and Homitelln 

annulotum indicate that thcy are conspccific. The small helical turrilitid Notostreptites exilis 

Henderson, 1989 may also be conspecific. The described fragments of that species appear to 

be juvenile stages of Homitello onntdohlm. The asymmetrical suture, helical coiling and 

sparse, sinuous ribbing of the juvenile stage ofNotostreptites exilis are identical similar to 

that of Homitello onnzrlotum. The slight displacement of the siphuncle which Henderson 

(1989) describcd, may also be observed in Homitello anntrlahlm juveniles where the 

preservation is adequate. W. J. Kennedy (pers. comm.) believes that this species may in fact 

be a juvenile specimcn of Prohelicoceros sp., but unlike that genus the specimens in the 

d'orbigny collection lacks any hint of tuberculation. 

Occurrence Predominantly from the Lower Gault (Middle Albian) of England, France, and 

Western Madagascar. Also the condensed 'Vraconian' fauna (Stoliczkoio dispor Zone) of 

Salazac, France, and thc Middle Albian condcnsed faunas (LyeNiceros lyelli to Diploceros 

cristotzlm Subzoncs) of Escngnolles, Fnnce. Possibly also from northern Australia. 

H A M I T E L L A  G A K D N E K I  ( S P A T H ,  1941)  

Figures 3.38-3.40 

1923 flrnrites ititetntediirs J .  So\\rerby, BOX p. 132, pl. 9, figs 46-49. 

1939 Ilanrites gar~ltreri Spatli p. 605. 

194 1 Ilantitcs gat.tit~eri Spatli, Slx~tl~ p. 621, pl. 70 fig 3-5. 

1942 Ilanritcs gatdtreri J .  Sowerby, Spath p. 681. 

1968 IIanrites (Stonrolmnrites) cf.,/iamhrs Brogniart, Renz p. 69, pl. 1 1 ,  figs 24% 24b, test- 

fig 23(1). 

1 977 Ilanritcs gotdtren' Spath, Plullips p. 80. 

1990 flanritcs (Ilanritcs) nraxin~irs J .  So\\rrby, Marcinowski Rr Wiednlann p. 33, pl. 3, fig, 1. 

Type material Holotype by original designation of Spath (1941) BMNH C.37958. From the 

Upper Gault (Upper Albian) of Folkestone, England. 

Description Aspinoconc \\lit11 early helical phase and planar living chamber. Whorl section 

circular. Ribs sinuous, fairly blunt, very like those of Honiitello nioximw, slightly 

prorsiradiate and twisted on the helical part becoming straight and rectindiate along the 

phragmocone. Rib index 4 to 5. No kno\vn apcrtural collars. Tuberculation absent. Suture 

quadrilobate, strongly asymmetrical across the siphuncle during the helical phase, which is 
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protracted, becoming symmetrical on tlle s tnight  shafts. Esternal and lateral lobes bifid and 

of similar size, umbilical and internal lobes rather smaller and trifid. Pseudolobes absent. 

Ventral saddle indistinctly trifid. First lateral and umbilical saddles narrow and bifid, 

dorsolateral saddle also bifid but somewhat smaller. 

Discussion Frequently misidentified with Hnmitelln mnximtts with which it clearly 

intergrades morpl~ologically. Circular section and sinuous, blunt ribbing as well as the helical 

juvenile phase separate this species of Hnmites compresstu and Hnmites incuwnttrs. 

Occurrence Lower and Upper Gault (Middle and Upper Albian, Etrhoplites menndrintts to 

Hysteroceras orbignyi Subzones) of England. Also from the condenscd Albian faunas 

(Cleonicernsjloridzim to Mortonicerns nltonense Subzones) of Wiekla R6\vien, Southern 

Poland, and condcnsed Stoliczknio dispnr Zone faunas of Saint-Crois, S\vitzerland and 

Carnacho, Mesico. Other records of Hnmitello mnxinitrs may be Hnmitelln gnrdneri. 

H A M I T E L L A  I N T E H M E D I U S  ( J .  SOWERBY,  1814) 

Figure  3.41 

1814 flanritcs ititetnrc?tlirrs J .  Sowerby., p. 139, pl. 62, figs 3a, b, 4a, b. 

noti . 1814 llanritcs brtcmrcdi~rs J .  So\verby. pl. 62, figs 2a, b). 

1822 Ilunrites ilrtcmredilrs J .  Sowverby, Mantell p. 93, pl. 23, fig, 12. 

1825 Ilanrites bltetnraiilrs J .  So\verby, de IIaan p. 153. 

1828 Buctrlita irrton~edia (J. Sowerby), Flaning p. 250. 

1829 Ilanritcs irrtetnredizis J. S~\\~erby, Mantell p. 24. 

1833 Ilanrites i~rternredi~rs J. Sowerby, Mantell p. 160, test-fig 3. 

1837 Ilanrites brternredizu J. So~\vrby, Brown p. 2, pl. 3, fig 2. 

1837 Ilunrites brternraii1rs J. Sowerby, Fitton p. 113. 

1848 Hanritcs ktetnreditrs J. So\verby, Qucnstedt p. 290, pl. 21, figs 9 -12. 

1848 Ilanrites illtemredilrs J. Soutrby, Bronn p. 567. 

nott 1850 Ilanrites itrtcmrec~irrs J. So\vcrby, Mantell pl. 61, figs 2,5. 

1852 llunritcs itrtetnredi~rs J. Soucrby, Giebel p. 307. 

1854 Ilanrites i~rtetnredilr.~ J. Sou~erby, Morris p. 181. 

1875 Ilanritcs i~itelnrenitrs J. Sowerby, Topley p. 432. 

nor1 1879 flanrites bltetnraiizrs J. Sowerby, Price p. 76. 

1 887 flunrites itltetnredizcs J. So\\lerby, Wood\vard p. 384. 

11011 1897 IIunritcs irrtctnrcdirrs J. S~\\~erby, Co~tper Reed p. 76. 

1898a Ilanrites irrternredirrs J. So\tlcrby, Crick p. 61. 
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1900 Ilanrites itrternretlius J. Soacrby, Jukes-Browne p. 459. 

1923 Ilanrites itrtetnretlitrs J. Sowcrby, Spth p. 75. 

1923 I!anrites irrternredirrs J. Sowerby, BUse p. 132, pl. 9, figs 46-49. 

1928 Ilanrites adkitrsi Scott p. 11 6, p1.16 (10.13). 

1925 Ilanrites irrternredi~rs J. Sotwrby, Diener p. 67. 

1925 Ilanrites irttcmreciius J. Sowcrby, Dewvey et a1 p. 8. 

no11 1926a Elanrites itrternreditrs J. So\verby, Jayet p. 186. 

1929 Hanrites irrtemreditrs J. Sowerby, Gossling p. 252. 

? 1930 Ilanrites itrternredius J. Sowerby, Passendorfer p. 663. 

1931 IIanrites adkitrsi Scott, Adkins p. 208. 

1939 Hanrites itrternredius J. Sowerby, Sptll p. 605. 

194 1 IIanrites itrtetnredirrs J. Sowverby, Sptll p. 632 pl. 70 fig, 19,7l, figs 3,5, test-fig 229 

(ad, n~). 

1941 Ilanrites irlternredirrs opalitra Spatll p. 633 pl. 70, fig 20, test-fig 229 (e-g). 

1941 Ilrmrites itrtetnrediw distitrcta Spath p. 633 pl. 71, figs 4-6, test-fig 229 (n -p). 

1942 Elanrites itrtetnredir~s J. Sou-erby, Spatll p. 681. 

3957 Ilanrites cf. arrtrrrbhrnr d'orbigny, Alnlela & de la Revilla p. 8.36, pl. 9, fig 3. 

1962 Ilanritcs atikit~si Scott, Swensen p. 61. 

1962 Hanrites itrternreditrs J. Sowerby, S\wfcllscn p. 60, pl. 1, figs 10,14. 

1965 IIanrites adkitui Scott, Clark p. 19. 

1965 Ilanrites itrternreditrs J. Sowverby, Clark p. 19, pl. 1, figs 10,14, test-fig 3a. 

1966 Elanrites itrternredirrs Spth, Casq (in S~nart et al) p. 11 1. 

1966 Ifanrites irrtctnreditrs opalirra Spath, Casey (in Slnart et al) p. 1 1 1. 

1966 Ilanrites itrtetnredirrs distirrcta Sp~th, Casey (in Snlart et al) p. 1 1 1. 

1968 Hanritcs (Stonrolranrites) cf./irtmtrrs (Brogniart) p. 69, pl. 11, figs 24 (a, b), test figs 23 

(1). 

1976 Ilanrites itrtetnreditrs J. Sowerby, Kennedy & Hancock p. 9. 

1976 Hanrites irrternretlirrs opalitla Spath, Kennedy h Hancock p. 9. 

1976 Ilanritcs itrtetnrctlirrs distitrcfa Spat11, Kennedy h Hnncock p. 9. 

1977 Ilanrites itrtetnredirrs J. Sowerby, Phillips p. 8 1. 

1982 Ilanrites itrterntetiitrs J. Sowverby, Gallois h Morton p. 357. 

1989 Ilanrites itrtetnredirrs J. So~verby, FUlln-~i p. 124, pl. 4, figs 17-23. 

? 1989 Ilonrites irrtemretii~rs J. Sowerby, Honratll pl. 6, fig 6. 

Type material Lcctotypc by subsequent designation of Spath (1941) BMNH C.43994d, the 

original of one of the spccin~cns figurcd by Sowerby (1814, pl. 62, fig 4b - third specimen, 

bottom row). Two of the specimcns figured as Hornitella intermedills are in fact Hamitella 

maximlrs (pl. 62, fig 2 -the first tn70 specimens from the left, top ro~v).The remaining 
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specimens ( pl. 62, figs 3a,b and 4a) are paralcctotypes. From the Upper Gault (Upper Albian) 

of Folkestone, England. 

Description Very similar to Homitello moximzrs, differing primarily in having less dense, 

rather more sinuous, ribbing and a greater degree of dorsal effacement to the ribs. Hamiticone 

with early helical phase and thrce planar shafts including the living chamber. Whorl section 

circular. Ribs sinuous, fairly blunt, slightly prorsiradiate on the helix and on the first two 

shafts becoming straighter and more or less rursiradiate along the living chamber. Rib index 3 

to 6, highest near the aperture. No known apertural collars. Tuberculation absent. Suture 

quadrilobate, strongly asymmetrical across the siphuncle during the helical phase bccoming 

symmetrical on the straight shafts. Ex?emal and lateral lobes bifid and of similar size, 

umbilical and internal lobcs rather smaller and trifid. Pscudolobes absent. Ventral saddle 

indistinctly trifid. First latcral and un~bilical saddles narrow and bifid, dorsolateral saddle also 

bifid but somewhat smallcr. 

Discussion Like Homitello gordneri, this spccies intergrades morphologically wit11 Honiitello 

moximus. The taxonomic status of this spccies has been discussed by Smensen (1962) and 

Clark (1965), including the suppression of the variety Homites intermedizts distinct0 Spath 

and the synonymisation of Honiites odkinsf ~v i t l~  the present species. The subspecies Hamites 

intermedizrs opolino Spath is a nanle applied to specimens from Bed IX at Folkestone, 

England, which have a characteristic metallic-pearly shine. As such, it has no taxonomic 

value. 

Occurrence Upper Albim (Mortoniceros inflcrtrtm Zone) of England, France, Germany and 

westem and south-\vestcm North America. Less certainly from the Upper Albian (Stoliczkoia 

dispor Zone) of Mexico. 

H A M I T E L L A  M A X I M U S  ( J .  SOWERBY, 1814)  

Figures 3.42-3.44 

1814 IIantitcs nraxinrrrs J .  So~\~crby p. 138, pl. 62, fig, 1 .  

1820 IIonritcs nraxinrrrs J. So\~erby, Dcfrance p. 249. 

1822 Ilanrites nro.rinrrrs J. So\vcrby, Mantell p. 93. 

1825 Ilanrites nra.rinrrrs J. Sowerby, dc Haan p. 154. 

1 828 Bactrlita nraxinra (J. Sowerby), Fleming p. 250. 

1837 tlanritcs nraxinrus J. S~\\~crby, Brown p. 2, pl. 1 ,  fig, 14. 

1837 Ilanritcs trchrs J. Soaverby, Brown p. 3, pl. 1, fig, 1 I. 
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1837 Ilanritcs nra.rinrtts J. Sowerby, Fitton p. 1 13. 

1 84 1 Ilanrites nra.rinrrrs J. Sowerby, Moxon pl. 13, fig, 1 1. 

1842 Ifanrites nrarinrrrs J. So\vcrby, Pictct in Pictet & Roux p. 129. 

1848 Ifanrites nra.rinrtrs J. Sowerby, Quenstcdt p. 289, pl. 21, figs 6 (a-c), 7 (a-c). 

1848 Hanrites nra.rinrus J. Sowerby, Bronn p. 508. 

1852 Ilanrites nraxinrrrs J. Sowcrby, Giebel p. 306. 

1854 Ifanrites nra.rinrtrs J. Sowerby, Monis p. 305. 

1861 Ifanrites nra.rinttrs J. So\verby, Pictct & Campiche p. 96. 

1874 Ilanrites nra.rin J. Sowerby, Price p. 363. 

1875a Ifanrites nraxinrrts J. Sowerby, Neuunayr p. 29. 

1875b Ifanrites nra.rinrrrs J. Sowerby, Neumayr p. 898. 

1875 Ilanrites nra.rinrrrs J. Sowerby, Topley p. 432. 

1879 Ilanrites nraxinars J .  Sowerby, Price p. 76. 

1884 Ilanrites nroxintrts J. Sowerby, Zittel p. 434. 

noit 1890 Ilanrites nra.rinrtrs J. So\verby, Rencvicr p. 340. 

11011 1897 Ilonrites nroxinrrrs J .  Sowerby, Parona & Bonarclli p. 104, pl. 14, fig, 14. 

1898b Ilonrites nra.rinrrrs J. Sowerby, Crick p. 79, pl. 17, figs 6-9. 

1 900 Ifanrites nra.rinr 11s J. Sowerby, Jukes-Bro\tne p. 459. 

tr011 1905 Ilantitcs n~axinrrrs J. Sowerby, I-Iitzel p. 878. 

? 1912 Ilanrites nra.rinrrrs J. So\verby, Ganz p. 48. 

1923 Ifanrites nraxintrrs J.  Sowerby, Spalath p. 75. 

1925 flunrites nra.rinrtrs J. So\vcrby , Dewey et a1 p. 8.  

? 1926 Ifanrites cf. nra.rinrrrs J. So\verby, Wluitehouse p. 226, pl. 39, fig 2. 

1929 Ifanrites nra.rinnrs J. Sowcrby, Brown p. 6. 

11011 193 1 Ilanrites nra.vintus J .  Sowvcrby, Breistroffer p. 2 12. 

? 1934 Ifanrites nra.rinrrrs J. So\vcrby, Hcun & Seitz p. 205. 

1938 If~rnrites nra.rinrrrs J. Sowerby, Dcstolnbes & Desto~nbcs p. 7. 

1939 Ifanrites nra.rinrrrs J. So\vcrby, Spat11 p. 605. 

194 1 Ifanrites nra.rinnrs J .  Sowerby, Spntll p. 62 1 pl. 68, fig 20, pl. 69, figs 1-5, pl. 70, figs 1, 

tcxt-fig 224 (a-e). 

1 94 1 Ilanrites nra.rinrrr rcctrrs @ro\\n), p. 623 PI. 68, figs 15-16.20. pl. 69, figs 6-9, PI. 70, 

fig, 18.1~~3-fig 224 (a-e). 

1942 llanrites nra.rintrrs J. Souvrby, SPth p. 681. 

1947 Ifanrites nra.rinrrrs J. So~verby, Breistroffer p. 49. 

1 949 Ilanrites nrarinnrs J. Sowerby, Collignon p. 124. 

1954 Ifanrites nra.rinrrrs J. S~\\~erby, O\\,cn p. 237. 

1955 Ifanrites nra.rinrrrs J. Sowcrby, Milboumc p. 237. 

1960 Ilcmrites nra.rinrrts J. Sowerby, Onm p. 374. 

1960 Ifanrites nra.rinrtrs trctrrs @ro\\n), Owen p. 374. 
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1960 Ilanrites nra.rinrtrs J. Sowerby, O\ven p. 152. 

1966 Elanrites nra.rinrrrs J. Sowverby, Casey (in Slnart et al) p. 1 1 1. 

1968 Ilanrites nra.rinrrrs J. Sowvcrby, Jordan p. 50. 

1971 a Hanrites nra.rinsts J .  Sowverby, O\vcn p. 152. 

1976 Elanrites nra.rinrrrs J .  Sowerby, Kennedy & IIancock p. 7-9. 

1976 EIanrites nrarinrrrs rectus (Brolvn), Kennedy & E~ancock p. 8,9. 

1977 Elanrites nraxinrus J. So\verby, Phillips p. 8 1-82. 

1977 Hanrites nra.rinrrrs rectrrs (Bronn), Phillip p. 82. 

1982 Hanrites irrternrcditrs J. Sowverby, Gallois & Morton p. 358. 

1984 Hcrnrites nra.rinrus J. Sowvcrby, EIcnderson pl. 49, fig 7. 

1985 Hanrites (Hanrites) nra.rinrrrs J .  Sowvcrby, Marcinowski & Wiedmann p. 209. 

1987 Elanrites nra.rinrtrs J. Sowcrby, Phillips p. 4 1. 

1989 Ilanrites nra.rinrrrs J. Sowverby, FOlltni p. 124, pl. 4, figs 14-1 6. 

1990 Ilunrites (ilanrites) nra.rinars J .  Sowcrby, Marcinowski & Wiedlnann p. 35, pl. 3, fig, 1 .  

1990 Elanrites (llanritcs) rectrrs (Browin), Marcinowski & Wicdnlam p. 35, pl. 2, fig, 14, 

test-fig 20. 

1995 EIunrites cf. nraxinnrs J .  Sowerby, Scyed-Emami & Inunel p. 382, test-fig 15. 

Type material Neotype by subsequent designation of Spath (1941) BMNH C.43993b, the 

original of one of the spccimens figured by Sowerby (18 14, pl. 62, fig, 1 - tlie curved 

frqment). The other specimen, BMNH C.43993a is the paralectobpe (1814, pl. 62, fig, 1 - 
the straight fragment). From the Lower Gault (Middle Albian) of Folkestone, England. 

Description Haniiticone with helical initial coil. Differs from the superficially very similar 

Hamitella intermedizrs in having denser ribbing, which is less sinuous (but still niore so than 

Hamitella annlllatzlm or Hamitella rohmdzls). Rib index 4 to 6. Vie ribs are fairly blunt in 

aspect, twisted on tlie helical section, becoming straight and niore or less rectiradiate on die 

straight shafts. Whorl section circular. No known apertural collars. Tuberculation absent. 

Suture quadrilobate, strongly asymmetrical across the siphuncle during the helical phase 

becoming symmetrical on tlie straight shafts. External and lateral lobes bifid and of similar 

size, umbilical and internal lobes ratlier smaller aid trifid. Pseudolobes absent. Ventral saddle 

indistinctly trifid. First Iatcral and unibilical saddles narrow and bifid, dorsolatcral saddle also 

bifid but somewhat smaller. Vie suture is considerably more florid than Spatli's figure ~ o u l d  

suggest (Spath, 194 1, test-fig 224e). 

Discussion Muscle scars have been described near the final septum of this specimen (Crick, 

1898). Probably the largest hamitid (although Hamitella intermedizrs and Lytohamites similis 

may be comparable). Vie helical section varies in diameter from 4 to 8 crns in diameter, and 

the whorl height of from 20 to 30 crns. This variation in size may represent sexual 
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dimorphism. The subspecies Homitelln rnnxim~u rechis (Brown) is based on one of the rather 

smaller, finer ribbcd specimens, and Wiedmann &: Marcinowski (1990) considered it to be a 

true species. 

Occurrence Middle and Uppcr Albian. In the Gault of southern England from the Ezihoplites 

meandrinus up to the Diploceras cristnhim Subzone, from where it intergrades with 

Hamitella intermedius. Also from the condensed Middle and Upper Albian faunas of south- 

eastern France and the condensed Albian faunas of southern Poland. Possibly also from 

Germany and Eastern Australia. 

H A M I T E L L A  KOTUNDUS ( J .  SOWERBY,  1814) 

Figures 3.45-3.48 

181 4 tlunrites ~.otrartlrrs J .  Sowerby p. 136, pl. 61, figs 2.3. 

1820 Ilontitcs rotlurtirrs J. S~w\~erby, Defrance p. 249. 

1822 Ilcrnrites ~wtlardrrs J. So\\rrby, Mantell pl. 7, figs 5 (a -c). 

1825 Ilanrites t.otrrntirrs J. Sowcrby, de I Iam p. 154. 

1828 Lkrcrrlita rottrrrda (J. Sow\'erby), Fleming p. 250. 

1837 IIanritcs rotrrttdrrs J. So\l2erby, Brown p. 2, pl. 2, fig 7. 

1837 Ilcrnrites ~otrr~rdns J. S~w\~crby, J. de C. So\werby in Fitton p. 337, pl. 7, figs 1-2. 

18.11 Ifernrites ~otlrndrrs J. S~w\~crby, Moson pl. 13, fig, 12. 

18-12 IIanritcs rotrardrrs J. So\wlerby, d'orbigny p. 536, pl. 132, figs 1-4. 

18-12 Ilelicocctas gmci1i.r dd'Orbigny p. 61 1. pl. 148, figs 10-15. 

1847 thnrites totmrdrrs J. Sowcrby, Pictet in Pictet & Roux p. 129, pl. 14, figs 1 (a-e). 

1848 Ifanrites rotrrrrdrs J. S~w\~crby, Brom p. 568. 

18.18 Ilanrites ~otturdrts J. Sowerby, Quenstedt p. 288. 

1852 Ilcrnrites ~ot~r~mdrts J. Sow\*erby, Gicbcl p. 306. 

1854b Ilcmrites totrrrrhrs J. So\verby, Pictct p. 708. 

1854 IIanrites rotrrtrdrrs J .  Sowcrby, Monis p. 305. 

1860 tlanrites ~vtrrrrdrs J. So~\~erby, Mackie p. 83, fig 8. 

1861 Ilcrnrites totrcndrrs J. Sowcrby, Pictct & Campiche p. 120. 

1966 Ilanritcs ~otrrrttlrrs J. Sow\aby, Casey (in Smart etnl) p. 11 1. 

1868 Ilanrites totrorhrs J. Sowcrby, de Rance p. 170. 

1874 Ilmtites rohrtrtlrts J. So\tlcrby, Price p. 363. 

1875a Tunilites ( I ~ ~ ~ ~ c o c c ~ Y I s )  rohltdrrs J. Sow\~crby, Neu~~~ayr  p. 33. 

1875b Ttrrtilites (Ilclicocems) ro.otrarthrs J .  Sowerby, Neumayr p. 901. 

1875 Ilanrites tot~rndrrs J. Sowvcrby, Toplq p. 436. 



Ecology, Stmtigrapl~y, and Phylogeny of the I-Icterornorph Anunonoidea of t11e Albian 

N O I ~  1884 IIanrites ~.otrorhrs J. Sowverby, Zittel p. 434, text-fig 621. 

1898a flanrites roturr(1rrs J. So\tlerby, Crick p. 79, pl. 17, figs 6-9. 

1898 IIanrites ~otromdis J. Sowverby, Dollfus p. 9. 

1900 IIanrites ~.ottrrrdahahmr J. Sowerby, Jukes-Browne p. 459. 

no11 1900 Torrreritocems roturtdrrs ( J .  Sowerby), Hyatt in Zittel p. 586, text-fig 1226. 

1905 IIanrites rotraidus J. Sowerby, Hitzel p. 879. 

1918 Ilanrites rorrr~tdus J. Sowerby, Tomitcll p. 3. 

? 1922 IIanrites ~.otritrd~s J. Sowerby, Hehn & Seitz p. 205. 

no11 1922 IIanrites 1.orlr11d11s J. Sowerby, Stieler p. 43. 

1922 Ilelicoce~us roru~~drrnr (J. Sowerby), Sptll p. 150. 

1925 tIelicocems rotri~idtin~ (J. Sowvcrby), Spatl~ p. 190. 

1938 fIe/icoccrus roh~rd~rnr (J. Sowerby), Deston~bes p. 8. 

1939 Ilanlites rorlrrrtitrn~ J. Sowerby, Spatll p. 605. 

194 1 Ilanrites rotrirrhint J. Sowerby, Spath p. 6 1 1 pl. 67, figs 14-1 8, p!. 68, fig, 1, text-fig 

219. 

1942 Ilanrites ~ottr~tdrrs J. Sowcrby, Spat11 p. 68 1. 

1947 IIanrites ~oaardris J. Sowverby, Brcistroffer p. 44,45. 

1949 IIanrites r.otrrrmlrs J. Sowaby, Collignon p. 123. 

noti 1957 IIanrites aff ~.otri~rdrrs J. Sowerby, Almela & de la Revilla p. 8,36, pl. 9, fig 4. 

1958 IIanritcs ~.orlr~ldlis J. Sowverby, Owwfcn p. 157. 

1960 IIanrites ~wtrattirrs J. Sowvaby, Owen p. 372,373. 

1966 Ilanrites ~.otrrrmhs J. Sowerby, Cascy (in Stnart et al) p. 1 11. 

197 1 a Ilanrites 1.ot1111hs J.  Sowwrby, Owven p. 1 52. 

1976 IIanrites ~.orrurdrrs J. Sowerby, Kennedy & Hancock p. 6,7. 

1977 Ilanrites ~ottr~rdrrs J. Sowerby, Phillips p. 82-83. 

1985 Ilanrites (llanrites) rohordris J. Sowverby, Marcinowski & Wiednann p. 209. 

1989 Ilanrites ~.ottirrdrts J. Sowcrby, Fdlhni p. 124, pl. 4, figs 27-29. 

1990 Iluntites (Ilnnrites) rohrllhs J. Sowerby, Marcinowski & Wicdnlnnn p. 36, pl. 2 fig, 

13. 

Type material Lectotype by subsequent dcsignation of Spath (1941) BMNH C.43990a, the 

original of J. So~\rcrby (1 8 14, pl. 61, fig 2 -the larger of the two figured spccimens). 

Panlectotypes exist: BMNH C.43990b (1814, pl. 61, fig 2 - the smaller of the hvo figured 

specimens) and BMNH C.43990~ (1814, pl. 61, fig 3). From the Lo\ver Gault (Middle 

Albian) of Folkcstone, England. 

Description Ancylocone with opcn, helical initial coil and hvo subparallel shafts, very similar 

to Homitella onnzilntum, diffcring primarily in the finer and more denscly packed ribbing and 

a rather weaker dcgrce of asymmetry to the suturc line. Thc whorl section is circular, \vith 
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oblique but sharp annular ribs, barely attenuate dorsally if at all. The ribs are prorsiradiate 

from within the helix, and rursiradiate from without, and twisted with respect to the 

siphuncle. The ribbing becomcs approximately rectindiate on the straight sections. There rib 

index is ranges from 4 to 7, with the less dense ribbing being characteristic of microconchs. 

No known apertural collars. Tuberculation absent. Suture quadrilobate, strongly asymmetrical 

across the siphuncle during the helical phase, and becoming symmetrical on the straight 

shafts. External and lateral lobes bifid and of similar size, umbilical and internal lobes rather 

smaller and trifid. Pseudolobes absent. Ventral saddle indistinctly trifid. First lateral and 

umbilical saddles narrow and bifid, dorsolateral saddle also bifid but somewhat smaller. 

Discussion Separation of this species and Homitello onntilotztm is based on fine detail of 

ornamentation only, t l~c  t\vo species intergrade morphologically. The type material of 

Helicoceros grocilis d'orbigny, 1842 is lost, but it seems to be very similar to Hornitello 

rohindzts. 

Occurrence Lower Gault (Middle Albian, Hoplites spothi to Ezihoplites nitidus Subzones) of 

England, France, and Westcrn Madagascar. Also from the Middle Albian condensed faunas 

(Lyelliceros lyelli to DQloceros cristotllm Subzoncs) of Escragnolles, France, and the 

condensed Glauconitic Albian faunas (Chelonicerosfloridzrm to Mortoniceros oltonense 

Subzones) of Wiekla Rb~vicn, Poland. 

Genus  M E T A H A M I T E S  Spath ,  1930 

Non-tuberculate ancylcoconcs, planar throughout. Annular ribs simple and effaced dorsally. 

Periodic constrictions along the phragmocone and living chamber. Apertural collars and 

constrictions unknown. Suture line quadrilobate. Synonyms: none. Type species: 

Me tohamites soblieri (d'orbigny, 1 842) 

M E T A H A M I T E S  S A H L I E K I  ( D ' O R B I G N Y ,  1842)  

Figures 3.49'3.50 

11011 I842 Ilanrites sablicti d'Orbigny p. 533, pl. 133, figs 6-10. 

1930 Afetalranritcs sablieti (d'orbigny), Spatll p. 57. 

1957b Afemlronritcs sablioi (d'orbigny), Wright in Arkell et a1 p. 220. 

1 !XI Afetalranrites sablieli (d'orbigny), Casey p. 99. 

1968 Ilanriles (7(fctalranrilcs) sablieli (d'orbigny), Wiedlna~ Rr Dicni p. 58. 
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1979 Elanrites sablieri (d'orbigny), Sclmolz p. 17. 

1979 Ilnnrites (nfetalranrites) sablieri, Gebhard p. 53, pl. 2, figs 2-3, tcxt-fig 29. 

1984 IInnrites (nfetalranrites) sablieri (d'orbigny), Wiedmam & Boess p. 495, fig 4 (a-e, i). 

1990 Afet(rlrun~ites sablieti (d'orbigny), Marcinowski ik Wicdmann p. 37. 

1996 Afetalmnrites sablieri (d'orbigny), Wright et a1 p. 235. 

Type material Lectotype by subsequent designation of Spath (1930), the original of 

d'orbigny (1842, pl. 83, fig 6) Museum of Natural History, Paris, 58 13a. Refigured by 

Wiedmann & Bocss (1984, fig 4ae). From the Lo\ver Gault (Middle Albian), Quartier de 

Clar, Escragnolle, France. 

Description Earliest stages unknown. Ancylocone with no trace of helicosity or twisting. Tile 

two shafts are straight and long and the bend between them is tight. Laterally coillpressed 

whorl section but with pcriodic constrictions. Fine annular ribbing on phragmocone straight 

and prorsiradiate. The final shaft, the living chamber, has the ribs becoming lcss prorsiradiate 

along its length and finally rectiradiate ncar the aperture. On the phragmocone and the living 

chamber the ribs are partially effaced on the dorsal surface, but only the living chamber has 

visible striae or secondary ribs on the dorsum. These striae are barely discernible on the 

flanks and absent vcntrally. The rib density on the phngmocone is higher (approximately, 10) 

than on the living chan~ber (approximately 4). Apertunl collars or constrictions unknown. No 

tubercules. Whorl height is approximately 60 mm. Suture line quadrilobate, florid and 

symmetrical across the siphuncle. External, lateral and un~bilical lobcs of similar size, internal 

lobe slightly smaller. Estcrnal lobe symmetrically bifid. Lateral lobe asymmetrically bifid. 

Umbilical and internal lobes symmetrically trifid. Pscudolobes absent. The ventral saddle is 

trifid, the first lateral, un~bilical and dorso-ventral saddlcs are bifid. All saddles are fairly 

narrow. 

Discussion l l i s  genus has previously been taken to include a number of tuberculate species 

along with a Mctallanlites sablieri, a non-tuberculate species. Consequently, the genus has 

been generally placed within the tuberculate Anisoceratidac (Wright et 01, 1996). Cladistic 

analysis clearly sho~vs that Metahomites sablieri is not includcd within a monophyletic 

Anisocentidae, and is bctter referred to the Hamitidae. Ho\\lever, the tuberculate species are 

shown to be mcn~bcrs of the Anisoceratidae. l l e y  cannot be considered to be part of a 

monophyletic genus Metohomites. Tl~cse species are discussed below, provisionally as 

members of the gcnus Protonisoceros, Protonisoceros orrogons and Protonisoceros dolpiozi. 

Occurrence Middle Albian (Hoplites dentotzis Zone, especially the Hoplites spothi Subzone) 

of France, Sardinia, Poland. Possible Metohamites soblieri have been recorded from the 

Middle Albian (Hoplites spothi Subzone) at Maidstone, Kent. 
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Fami ly  ANISOCERATIDAE Hyatt ,  1900  (In: Zittel ,  1900)  

A family of hcteromorphs derived from the Hamitidac, and chancterised by tl~e acquisition of 

paired ventral and ventrolateral tubercles. Anisoceratids first appear during the Lower Albian 

and persist on into the Santonian (FIGURE 2.17). They have been recordcd from Albian 

rocks around the world. 

Genus ANISOCERAS Pictet, 1854 

Ancylcoconic ammonitcs, with a helical initial coil bccoming planar for the later part of tlle 

phragmocone and t l~c  living chan~bcr. Annular ribs simple or fibulate, effaced dorsally. Striae 

(minor ribs) frcqucntly develop on the dorsal surface running on to the lower parts of the 

flanks, situated bctwecn the annular ribs. Ventral andlor ventrolateral tubercles usually at 

point where ribs divide and are symn~ctrically paired across the siphuncle. Apcrtural collars 

present in some species. Suturc line quadrilobate. Synonyms: none. Type species: Anisocerns 

sazusureonzrs (Pictet, 1847) 

A N I S O C E H A S  SA U S S U R E A  NUS ( P I C T E T ,  1847)  

Figures 3.51,3.54a 

1847 Ilanrites sarrssrrrearrlrs Pictet in Pictet L ROUX p. 118, pl. 13, figs 1-4. 

1 850 Arc3,loceras sa1rssrrrea)rrrs (Pictct), d'orbigny p. 125. 

1852 tfanrites sarrss~r,mr~~rs Pictct, Giebcl p. 298. 

1854b Arisocerws sausslrrvarrlts (Pictet), Pictet p. 705, pl. 61, figs 12, 12a. 

1859 Arisoceras satrsstrrvarrus (Pictet), Chenu p. 93, fig 406. 

1860 Arisocerws sa1rssu)vaIrIls (Pictct), Ooster p. 97. 

1861 Arisoceras sa~rssravar~~rs (Pictet), Pictet p. 21 pars? 

tr011 1861 Honrites satrss~~rea~t~rs Pictet, 1Iauer p. 644, pl. 2, fig, 1. 

1866 Arisocerws sarrssrtrvarllcs (Pictet), Stoliczka in O ~ ~ ~ I N I I  p. 175,176. 

1866 Arisocerws sarrssrrrrarrus (Pictet), Pictet & Rcnevier p. 103. 

1874 tlanrites amratus J. Sowerby, Price p. 363. 

187% Ifanrites sarrssurearrlrs Pictct, Neumayr p. 30. 

1875b Ifrrnrites salrssrrrearrtrs Pictct, Ncuunayr p. 30. 

1875 Arisoceras sarrss~rrvatnts (Pictet), Jukes-Bro\tne p. 288. 

1875 Arisocelns (Ilnnrites) sarrss1rrea)ars (Pictet), I~I6bcrt & Toucas 74. 
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1879 kdsocems saussrrtearnrs (Pictet & Campiche), Price p. 76. 

1885 Ifanrites sarrssrrrearrrrs (Pictet), Fallot p. 7 1. 

norr 1889 Ifanrites satrsstrrei Pictct, Killian p. 289. 

1897 kiisoceras sarrssureatrrrs (Pictet), Co\\pcr-Reed p. 116. 

1907 Hanrites sartssrrrearrrrs Pictet, Boule, Lenloine & Tl~kvenin p. 35. 

191 8 kiisoceras sarrssrrtvanrrs (Pictet), Tomitch p. 3,5, 11. 

1921 Aiisoceras sarrssutvarius (Pictet), Spath p. 289. 

1922 kiisoceras sarrssrrrea~ttrs (Pictet), Spat11 p. 15 1. 

1923 kiisoceras sarrssrrtvatrrrs (Pictct), BOse p. 144. 

no11 1925 Arisocet-as sarrssutvatirrs (Pictet), Diener p. 73. 

1926 krisocet-as sarrssrrreatirts (Pictet), Wlutel~ousc p. 23 1. 

1926a Arisoceras sartssrrreatrris (Pictct). Jayet p. 186. 

1926b kiisoceras sarrssurvarrrrs (Pictct), Jayet p. 156. 

1926c kiisoceras sarrssrrtvatrrrs (Pictct), Jayet p. 17 1. 

1930 ffanrites sp. (Pictet), Rocl~e p. 393. 

1932 Ifanrites (Arrisoceras) sarrssrtreatirrs (Pictct), Collignon p. 20. 

1932 kiisocerns sarrsslrrvatirrs (Pictet), Spatll in White p. 117. 

1933 kiisoceras sarrssrr~va~i~~s (Pictct), Brcistroffer p. 234. 

1933 krisoceras saussrrtvatirrs (Pictct), Heun & Scitz pp, 199-2 17. 

1936 krisoceras sarrsstrtvatitrs (Pictet), Collignon in Besairie p. 79, 197. 

1938 krisoceras saussr~~~atnrs (Pictct), Roman p. 5 1, pl. 5, fig 48. 

1939 Arisocetns sarrssrrtratrrrs (Pictct), Spat11 p. 541,551, pl. 61, figs 1,2, pl. 62, fig, I, pl. 

64, fig 9, tex-9-fig 193. 

1957 krisocetns sarrssrr~vartrrs (Pictet), Wright in Arkell et al, p. 220, test fig 246 (5a-c). 

1968 krisoceras sarrssrovarirrs sarrssrrreanus (Pictet), Rcnz p. 77, pl. 15, figs 2,6, pl. 16, fig 

8, test-fig 27e, 28b. 

1968 krisoceras sarrssrttvatrrrs h@sciahmr Renz p. n, pl. 15, figs 5, test-fig 2811. 

1968 krisoceras sarrssurratrrrs (Pictct), Wie&llann & Dieni p. 66, pl. 7, fig 7, test-fig 40. 

1976 /itrisoceras saussrnvamrs (Pictet). Kennedy & Ilancock p. 9, 10. 

1977 krisocetns sarrssrr~varrrrs (Pictct), Phillips p. 16-17. 

1993 krisoceras sartssrrrratirrs (Pictct), Enunerson et a1 p. 280. 

1996 krisoceras sarrssrrrvatrrrs (Pictct), Wright et a1 p. 237, test-fig 187 (3a-3c). 

Type material Lcctotype by subsequent designation of Whitehouse (1926), figurcd by Pictet 

in Pictet 8: Rous (1847, pl. 13, fig 2a). From the Upper Albim of Sasonet, Savoy, France. 

Description Large ancylocone 1vit1i a \ireakly helical juvenile coil (apical aillgle 

approximately 150"). Whorl section initially subcircular, becoming laterally compressed for 

the straight part of the plingniocone and all of die final living chamber. Ommientation is 



Ecology, Stntigraphy, and Phylogeny of the Hcteron~o~ph Anu~lonoidea of the Albian 

variable, but generally consists of annular ribs, moderately effaced dorsally, interspersed wit11 

minor ribs along the dorsal surface. On the straight part of the phragmocone the ventral 

tubercles are clavate and ventrolateral tubercles are circular. The ribs divide at the 

ventrolateral tubercles and pass through the ventral tubercles, becoming reunited at the 

opposite ventrolateral tubercle. This changes on the living chamber, where the ventral and 

ventrolateral tubercles become bullate, and he ribs do not divide. Non-tuberculate ribs are 

present on the phragmocone and the living chamber. The rib index is approximately 4 to 6, 

every second to fourth rib bearing tubercles. The suture line is florid with deeply incised lobes 

and saddles, quadrilobate, and symmetrical across the siphuncle. The external, lateral and 

umbilical lobes are of similar size and the internal lobe significantly smaller. The external 

lobe is bifid. The lateral and umbilical lobes are subsymmetrically bifid. The internal lobe is 

trifid. No pseudolobes. The ventral saddle is indistinctly trifid. The first lateral, umbilical and 

dorso-ventral saddles are subsymmetrically bifid. 

Discussion One of the largest heteromorph ammonites of the Upper Albian, and can be easily 

distinguished from other Anisocercrs by sheer size. The initial coil reaches a diameter of 

about, 10 crns, and the overall shell height is between 50 to 60 crns. 

Occurrence Upper Albian. Cosmopolitan, having been recorded throughout Europe, North 

Africa, Angola, Western Madagascar, Southern India, Qucensland, Australia, North and 

Central America. 

A N I S O C E R A S  A R M A T U M  ( J .  S O W E R B Y ,  1817)  

Figures 3.53,3.54b 

Ifanrites atnrahrs J .  Sowerby, p. 153, pl. 168. 

Ifanrites amrahrs J. So\tlerby, Defmnce p. 250. 

Ifanrites atnrahrs J. So\tlerby, hk7ntell p. 121, pl. 23, figs 3-4. 

Ifanrites atnrahls J. So~\~erby, dc Haan p. 152. 

Bactrlita atnrata (J. Sowerby), Flcnling p. 250. 

Ifanrites atnrahrs J. Sowerby, Brogniart p. 403. 

Ifanrites atnratrrs J. Sowerby, Passy p. 333. 

Ifanrites atnratus J. Sowerby, Finon p. 333. 

Ifanrites amrahrs J. Sowerby, Buckland p. 65, pl. 64, figs 9, 10. 

Ifanrites atnnmtrrs J. Sowcrby, Bro\tn p. 2, pl. 2, fig 6. 

Ilanrites atnratrrs J .  Sowerby, Rwmer p. 94, pl. IS, fig 2. 

Ifanrites atnrattrs J. Sowerby, d'orbigny p. 547, pl. 135. 
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1842 Ilanrites amrattrs J. Soiverby, Matllcron p. 266. 

1844 Ilanrites atnrohrs J. Sowerby, Raulin p. 173, 174. 

1847 Ilanrites arnratzrs J. Soiverby, Pictct in Pictct & Rous p. 377. 

1847 Ilanritcs arnrahrs J. Sowverby, Qtenstcdt p. 292. 

1849 Ilanrites arnmtzrs J. Sowvcrby, Gcinitz p. 122. 

1850 krcyloceras arntatrrs J. Sowerby, d'orbigny p. 147. 

1851 IIanrites arnratrrs J. Sowerby, Dison pl. 29, fig, 13. 

185 1 Ilanrites atnmhrs J. Sowerby, Lory p. 62. 

1851 Ilanrites arnrahrs J. Sowcrby, d'Archiac p. 225,372. 

1852 Ilanrites atnrahts J. Sowvcrby, Giebel p. 296. 

1854 Ilanrites atnrahrs J. Sowverby, Morris p. 305. 

1854b Ilanrites atnrahrs J. %wilcrby, Pictet p. 705. 

1856 Ifanrites atnrattrs J. Sowerby, von Stronlbcck p. 49 1. 

3 858 Ilanrites atnrahrs J. Sowvcrby, Mortillct p. 253. 

1861 krisoceras atnrattrs (J. Sowverby). Pictet & Canpiche pl. 48, fig 3. 

1861 kri.socerasp.sctrdoelegnrts Pictet & Canlpiclle p. 69, pl. 50, figs 5,8. 

1861 krisocerns arnrahrs (J. Sowvcrby), Pictct p. 21. 

1861 Ifanrites (hrisoceras) atnrahrs (J. Sowcrby), Haucr p. 644, pl. 1, figs 9,10. 

1866 krisoceras mnmtwnt (J. Sowvcrby), Stoliczka p. 172. 

1866 krisocetns atnrattrs (J. Sowvcrby), Pictct & Renevicr p. 103. 

18G8 krisoceras atnraes (J. Sowvcrby), de Rance p. 168,169. 

1871 Ilanrites arnrahrs J. Sowerby, Miillips p. 44 1. 

1874 Ilanrites ornmtrts J. So\verby, Price p. 363. 

1875 krisocercrs atmuttis (J. Soulcrby), Jtikes-Browvne p. 288. 

1875a Ifanrites atnrahrs (J. S~w\~crby), Nctunayr p. 28. 

1875b Ilanrites atnratzrs (J. Sowvcrby), Nctu~~ayr p. 397. 

1875 IIanrites arnrattrs (J. Sowvcrby), Toplcy p. 431,436. 

1878 krisoceras arnrotttnr J. Sowcrby, Barrois p. 253. 

1879 tlrrisocons amrahm, (J. Sowcrby), Price p. 76. 

1884 Ilanrites arnrahrs (J. Sowirerby), IIomasham in Judd p. 736. 

1889 Ilanrites arnrahrs (J. Sowwrcrby), Bristow p, 280. 

1889 krisoceras arnrahmr J. Sowerby, Kilian p. 289. 

1890 Arisocours atnmtzmr (J. Sow\wby), Rcncvicr p. 340. 

1895 krisocons atnmnmr (J. Sowcrby), Kosstllat p. 149. 

1897 Ilanrites (4rrisoceras) arnrahmr J. Sowverby, Sunionesc~~ p. 70. 

1897 Ilanrites arnrahmr (J. Sowverby), Cowipcr Reed p. 1 16. 

1899 krisocetns arnrattmr J. Sowverby, Popovici-Hatzcg p. 10. 

1900 krisoceras atnrohmr (J. Sowvcrby), Jukes-Browvne p. 459. 

1902 Ilanrites atnratrrs (J. Sowvcrby), Anderson p. 89. 



Ecology, Stmtigrapliy, and Phylogeny of the Heteromorpl~ Anunonoidea of the Albian 

1905 krisoceras atnrahmr J. Sowerby, Choflat p. 41, pl. 1, fig 6. 

1907 clrrisocems atnrahrnr (J. Sowerby), Jacob p. 333. 

1907 Ilanrites (krisocems?) amrahinr J. Sowerby, Pcrvinquukre p. 84, pl. 4, figs 3,3. 

1907 Hanrites (krisocetas) atnrahrnt J. So\\lerby, Boule et a1 p. 55. 

1939 Atrisoceras arnrahis (J. Sowerby), Spth p. 543, pl. 59, fig 6, pl. 60, fig, 1, pl. 61, figs 

9-1 1, pl. 62, fig 5, pl. 63, fig 5, text-fig 191. 

1939 krisoceraspsetr~ioelegatrs Pictet & Cailpiclic, Spatll p. 556, pl. 59, fig 5, pl. 60, figs 2, 

3, pl. 63, fig, 12, text-fig 196 (ad). 

1962 krisocems arnrahrnt (J. Sowerby), W i d n a m  p. 186, text-figs 46.47. 

1965 krisoceras arnrahrnr (J. Sowerby), Clark p. 25, pl. 5,  fig 4, pl. 6, fig 6, text-fig 7a. 

1968 krisoccras amrahinr (J. Sowerby), Renz p. 75, pl. 15, figs 1,3, text-fig 27d. 28a. 

1971 krisocetas arnrahrnr (J. Sowcrby), Kennedy, p. 14, pl. 5, fig, 11. 

1976 krisocems atnrahmr (J. So\verby), Kennedy & Hancock p. 10,14. 

1977 krisocems atnratrrm (J. Sowerby), Plullips p. 16. 

1979 krisocems (Atrisocems) amrahrnr (J. Sowaby), Coopr & Kennedy, p. 200, t~d-figs, 

13a,b, 14d,e, 16a,c,e,i,17-, 19. 

1979 krisocems (Atrisocetos) atnrahmr (J. So\\'crby), Scholz, p. 25, pl. 2, figs 1-10, pl. 3, 

figs 1-5, pl. 4. figs 1-3, text-figs Sac. 

1977 krisoceraspsetrdoelegatts (Pictet & Canpiche), Plullips p. 16. 

1982 krisocems (Anisoccras) atniahmr (Pictet & Campiche), Braga et a! pl. 1, fig 5, text 

figs 2-4. 

1987 krisocetos atnrahmr (Pictet & Campiche), Inuliel p. 129. 

1988 ktisoceras cf. atnrahmr (J. Sowcrby), Ali-Zade p. 343, pl. 18, fig 6% b. 

1989 krisoceras (Atrisocetas) amrahrnr (Pictet & Campiclie), Hovatll pl. 1, fig 8, pl. 2, fig 2, 

p1.3. fig 7. 

? 1995 Arisoceras cf. atnrahmt (J. So\verby), Wright & Kennedy, p. 302, pl. 88, figs 3,15, pl. 

91, figs 8,9, test-fig 130(1). 

Type material Holotype by monotypy, University of Osford Museum K675a, the specin~en 

figured by J. So\\rerby (pl. 168, 1817) from the Chalk Marl (Upper Albian) at Benson, 

Oxfordshire. 

Description Ancylocone, similar to Anisocerns snzisszirennzis in general morphology and 

coiling mode. Can be distinguished from that species by generally smaller size and 

differences in ornament. While thc tuberculation on the phngmocone of both species is 

similar, the ribs are fincr and more densely packcd, with a rib index of 6 to 8. Also, 

tuberculation on the final living chamber is quite different: whereas the ventral and 

ventrolateral tubcrclcs on Anisocerns sntissziremw become bullate, they remain clavate on 
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Anisocerns sousstrrennzts. The ventrolateral tubercles also become rather weak. The  suture 

line is  similar to  Anisocerns sotwstireonus. 

Discussion The  immature suture has been described (Swensen, 1962, p. 67, test-fig 8), and 

resembles that of typical Protonisoceros. This may suggests that the relative complexity of 

the mature suture in Anisocerns, which is often taken to distinguish that genus from the 

otherwise similar Protonisoceros, may be a consequence of its much larger size. 

Occurrence Upper Albian. Like Anisoceros satissureanw, very widely distributed, being 

recorded throughout Europe (including Southern England and the Isle of Wight, France, 

Hungary, Romania and Poland), Azerbaijan, North Africa, Angola and Western Madagascar, 

Southern India, Western North America (including Texas and Utah), and Queensland, 

Australia. This species may also range into the  Cenomanian (Kennedy, 1971, Wright 8: 

Kennedy, 1995). 

A N I S O C E K A S  P E K A K M A T U M  P I C T E T  S. CAMPICHE, 1861 

Figures 3.52,3.54c 

krisoccraspra~nra/us Pictet h Campiche, p. 65, pl. 48, fig, l(2-4). 

krisocetns mnmhtnr Pictct & Canpiche, p. 62, pl. 48, fig 7,8, pl. 49, figs 1-3,5,6,7. 

krisoceras utnrahrni J. Sowerby, Stoliczka, p. 172, pl. 81, figs 8-10, pl. 82, fig, 1. 

~risoceraspetntnrahts Pictct Rr Campiche, Pictct & Renevier, p. 13. 

,~risoce~nsptn~nmhmr Pictct & Crunpiche, Renevicr, p. 340. 

krisoceras poamrahtnr Pictct & Crunpiche. Bbse, p. 143. 

ilrisocetns mnrahmr Pictct, Spath p. 191. 

Arisoceras pictcti Spatll p. 432. 

krisocetns cf. pturmrahmr Pictet & Canpiche, Spath, p. 5 1. 

krisocetulspratnrahtnr Pictct & Canpiche, Spath, p. 548, pl. 59, figs 1-3. pl. 61, fig 3- 

7, test-fig 192. 

krisoceraspcratnrahmr Pictet Rr Ciunpiche, Breistroffer p. 62. 

tlrrisoceras pratnrahtni Pictct Rr Canpiche, Rcynlent p. 12, pl. I ,fig, 1. 

krisocc?tnsprarnrahtn~ Pictct Rr Canpiche, Collignon p. 50, test-figs, 1126,1127. 

krisoceraspratnrahmr Pictet Rr Canpiche, Dieni Rr Massari p. 798. 

ilrrisoconspratnrat~rnt Pictct Rr Canpiche, Clark p. 25, pl. 6, figs 1.3.7. 

~~risoceraspratnrahmtpetntnratrmr (Pictct Rr Cmpiche), Renz p. 74, pl. 13, fig 5, pl. 

14, figs 1,2,3,5, test-fig 27a, 28g. 

krisoceras prarnrahmr sinrplexRcnz p. 75, pl. 13, fig 7, pl. 14, fig 4, test-fig 27li. 
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1968 Aiisoceras vracorieme Renz p. 74, pl. 16, fig 2, tcxq-fig 7b. 

1976 ~iisoce~asperatn~ah~n~ (Pictct & Campiche), Kennedy & Hancock p. 10. 

1977 Aiisocerasperatnrahrm (Pictet & Campiche), Phillip p. 16. 

1977 ctrisoccras picreti (Spath), Phillips p. 16. 

Type material Lcctotype by subsequent designation of Spath (1939) the original of Pictet & 

Campiche (1861, pl. 49, fig, 1) from the Upper Gault (Upper Albian) of Sainte Croix, 

Switzerland. 

Description Ancylocone, similar to Anisoceros armahtm in size, general morphology and 

coiling mode. Can be only be distinguishcd from Anisoceros ormntum by differences in 

ornament. On the phragmocone the tubcrculation is similar to Anisocerns solrssureonzrs and 

Anisocerns orniotum, but every rib bear tubercules, whereas there are two or three non- 

tuberculate ribs on both Anisocerns so1isstireonzis and Anisocerns ormotum. 11e  ribs are 

rather more effaced on the dorsal surface than is the case with Anisoceros ormohim. The 

living chamber is similar to Anisoceros ornmhrni, although the ventrolateral tubercles are 

more strongly developed. The suture line is similar to Anisoceros sotisstireonus. 

Occurrence Upper Albian. Widely distributed in Europe, also Western Madagascar and 

Texas. 

Genus ROSSALITES Casey, 1961 

Large tuberculate ancylcoconic ammonites. Initial coil unkno~vn, remainder of shell planar. 

Annular ribs simplc, effaced dorsally. Secondary (minor) ribs develop dorsally between the 

annular ribs. Ventnl tubercles throughout, ventrolateral tubercles if present are separate on 

the phragmocone, but unite with the ventral tubercles along the living chamber. Tubercles 

symmetrically paircd across the siphuncle. Non-tuberculate ribs interspersed between 

tuberculate ribs. Apertunl collars unknown. Periodic constrictions may develop. Suture line 

quadrilobate. Synonyms: none. Type species: Rossolites sziperbum (Collignon, 1949) 

ROSSALITES S U P E R R U M  (COLLIGNON, 1949)  

Figure 3.55 

1949 Protariisocems s~tper.br~nr Collignon p. 53. 

1961 Rossalites slper.brm~ (Collignon), Casey p. 1 1  5, pl. 38 (a-c). 
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1961 Rossalites on~etri Casey p. 117, p1.38 (4 e). 

1963 Rossalites gtwcilis Collignon p. 32, pl. 254, fig, 1086. 

1977 Rossalites on~etri Casey, Phillips p. 161. 

1996 Rossalites srpet61mt (Collignon), Wright et a1 p. 235, text-fig 185 (68-c). 

1996 Rossalites on*etii Casey, Wright el alp. 235, test-fig 185 (6d). 

Type material Holotype by original designation of Collignon, 1949. From the Lemuroceras 

Beds, Douvilleiceras mammillatl~m Zone, of Ambarimaninga, Western Madagascar. 

Description Ancylocone with subcircular to slightly compressed whorl section. Annular ribs 

on phragmocone prorsiradiate approaching final hook, fairly fine and weakened dorsally, rib 

index of 3. Every second to fourth ribs bcars symmetrically paired ventrolateral and ventral 

nodes . The ventrolateral pair of nodes are slightly bullate, the ventral pair circular tending 

towards being clavatc. Both pairs are quite distinct and separate on the phragmocone but 

become more elongate and merging on living chamber. Apertural constrictions or collars 

unkno\vn. Suture line quadrilobate, florid and symmetrical across the siphuncle. Esternal, 

lateral, and intcrnal lobcs of similar size. Umbilical lobe much smallcr. E~?ernal and lateral 

lobes symmctrically bifid. Umbilical lobes indistinct trifid. Internal lobe symmetrically trifid. 

Pseudolobes absent. The ventral saddle is trifid, the first lateral, umbilical and dorso-ventral 

saddles are bifid. 

Occurrence As holotype. Also Lower Albian (Dotrvilleiceras mammi~!ohrm Zone) of 

England and perhaps France. 

ROSSALITES KICCARDII NOV. S P .  

Figures 3.56-3.58 

11011 1970 LEclrites inrlu~i Leanza p. 2 1 1, pl. 10, figs 1, 2. 

I ~ O I ~  1977 Leclrites inrlu~i Leanza, Coopcr & Kenndy p. 653. 

? 1986 cf. Afetulranrites sp. BrrSliCret et a1 pl. 7, fig 7. 

1988 Rossalites inrla~i (Lead) ,  Riccardi p. 57, pl. 12, fig 7-9. 

Type material Holotype by monotypy here dcsignatcd the original of Riccardi (pl. 12, figs 7- 

9, 1949), MLP 17369. From t l~c  Lower Albian (Do~rvilleiceras mamn~illattrm Zone) of Santa 

Cruz, Argentina 
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Description Ancylocone with slightly compressed whorl section. Annular ribs on 

phrag.mocone prorsiradiate approaching final hook, fairly fine and weakened dorsally. Rib 

index on phragmoconc approsimately 6. Symmetrically paired ventrolatcnl and ventral nodes 

borne by every fourth to sidh rib. Both pairs of nodes are approximately circular in section. 

As with Rossolites szrperbzrm the ornamentation changes on the phragmocone: The ribs 

become lcss distinct on the hook and eventually merge into bullate, raised ribs. l l ~ e  rib index 

decreases to approximately 3. On the living chamber minor ribs are intercalated between the 

major ribs on the dorsal surface. Apertural constrictions or collars unknown. Suture line 

unknown. 

Discussion This spccies is not conspecific with the holotype of "Lechites" imlnyi figurcd by 

Leanza (1970) from the Upper Aptian of Patagonia with which it was originally identified by 

Riccardi (1988). It is similar to Rossolites slrperbz~m, but differs in finer, more densely packed 

annular ribbing and the presence of circular ventral and ventrolateral tubercles. Therefore I 

propose a new nanle, Rossolites riccordii, in honour of A. C. Riccardi. "Lechites " imloyi 

itself is a heteromorph of some sort according to Cooper & Kennedy (1977), but certainly not 

a true Lechites (~vhich do not appear until the Upper Albian). 

Occurrence As for the holotype. Also from the Lower Albian (Leymeriello tordefirrcntn 

Zone, Leymeriello regtrloris Subzone) of South Eastern France.. 

Genus  PROTANISOCERAS Spath ,  1923 

Tuberculate aspinoconic or ancylcoconic ammonites. Initial coil planar or rarely helical, 

remainder of shell planar. Annular ribs simple, effaced dorsally. Secondary (minor) ribs 

absent. Ventral and ventrolateral tubercles separate on the phragmocone, and are 

symmetrically paircd across the siphuncle. Density of tubercles unstable and distribution on 

living chamber and phragmocone often different. Apertural collars and constrictions 

unknown. Suture line quadrilobate, not so florid as Anisoceros but this may be reflection of 

the smaller size of Protonisoceros at maturity. Synonyms: Heteroclinzrs Casey, 196 1, 

Torqzristylus Casey, 196 1. Type species: Protonisoceros roulinionzrm (d'orbigny, 1842) 

P R O T A N I S O C E R A S  RAULINIANUM (D'ORBIGNY, 1 8 4 2 )  

Figure 3.59 

18.42 Ilunlites tatrli~rblus d'orbigny p. 536, pl. 133, figs 5-8 only? 

116 
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lrort 1847 Ifanrites ~arrlirriatrtrs d'orbigny, Quenstedt p. 192. 

1847 Ifanrites mrrlitriatrtrs d'orbigny, Pictet in Pictet & ROILY p. 378, pl. 12, fig 4. 

1850 Elanrites mrrlitriarrrts d'orbigny, d'orbigny p. 126. 

185 1 Ifanrites ~arrlirriarrtrs d'orbigny, Comuel p. 126. 

1852 Ifanrites rntrlirliarnrs d'orbigny. Giebel p. 300. 

1853 Ilanrites mulitriatrrrs d'orbigny. Cotteau p. 16. 

1854 To.rocerns lard'i Pictet & Renevicr p. 26, pl. 2, fig 3 (a-c). 

1858 Ifanrites ralrlirriatrrrs d'orbigny, Leymerie & Raulin p. 475. 

not1 1860 Ifanrites ~atrlir~iarrrts d'orbigny, Ooster p. 75. 

1861 To.rocetas latrfii Pictet & Renevier, Pictet & Campiche p. 55. 

1861 Elanrites 1aulirriatrr4s d'orbigny, Pictet & Crunpiclle p. 79, pl. 3, figs 13-20. 

1861 Ifanrites tnrrlirriatrrrs d'orbigny, Pictet p. 17. 

1875a flontites mtrliriiar~lrs d'orbigny, Nciunayr p. 899. 

1878 Ifanrites ~atrlirriarrrts d'orbigny, Barrois p. 271. 

1885 Ilanrites ~arrli~iiorilrs d'orbigny, Fallot p. 114. 

1905 Ifanrites ~atrlirriams d'orbigny, Hitzel p. 879. 

1909 Toxoceras lur~bi Pictct & Renevier, Sinzow p. 30. 

191 3 Ifanrites ~,arlirriatnrs d'orbigny, Kilian p. 330. 

191 3 To.rocons lrtdji Pictet & Renevicr, Kilian p. 356. 

191 5 Toxoceras lardyi Pictct & Renevicr, Kilian & Rebod p. 74. 

1918 Wanrites ~nttlitiiu~iirs d'orbigny, Tomitch pp 3,7. 

1923a Protorrisocetus rcrulirriantmr (d'orbigny), Spth p. 75. 

1923b Protarrisocetas ratrlirriarrrmr (d'orbigny), Spth p. 32. 

1926 ffanrifes ~atrlirriorrrrs (d'orbigny), Jayet p. 179. 

1930 Protanisoce~as mtrlirriarrtrnr (d'Orbigny), Spath p. 58. 

1933a Prototrisocetns ratrlirriatrtcnr (d'orbigny), Breistroffcr p. 194-1 95. 

1936 Protanisoceras ratrlirriaitrmt (d'Orbigny), Cmey p. 446. 

1939 Protatrisocetas rcrrr/itriatr~mr (d'Orbigny), Spath p. 565-568, test-fig 200 (a-c). trwr pl. 

64, fig, 13. 

1939 Protarrisocctns ,aulirriatrrmr var. conrnrtirris (d'orbigny), Spat11 p. 566, pl. 64, fig, 13, 

test-fig 200 (g-h). 

1939 Protarrisoce~ns crrrrtiar~trnr SpaUl p. 567, pl. 63, fig, 10, text-fig 201 (e-g). 

1939 Protarrisoceras aff. altet?ro-trrbetrrrlahmr (Leynltrie), Spat11 p. 568, pl. 63, fig, 13. 

1942 Protorrisocetas mirlirriarrtrnr (d'orbigny), Spath p. 680. 

1942 Pmtarrisocoas al/et?ro-hrbcrcrrlatt~nr (Leymerie), SpaUl p. 680. 

1947 Protarrisocetas ,atrlirriaritmr var. conmrirnis Spath, Brcistroffer p. 26,28,40. 

1947 Protrnrisocons cf. ratrliriiatamr (dYOrbigny), Breistroffer p. 4 1. 

1947 To.rocems larrbi Pictet & Renevier, Breistroffer p. 28. 

I I O ~ I  1947 Protarrisocctws mtrlirriurrrmr (d'Orbigny), Wright & Wright p. 166. 
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1957b Protarrisoccrrrs mulirriarrlinr (d'orbigny). Wright in Arkell et 01 p. 220, test-fig 246 

(3a.b). 

195 1 Prottrnisocetus rarrlitriattrmt (d'orbigny), Cascy p. 97. 

1953 Protarrisocetns rarrlirriarlrrnr (d'orbigny), Basse p. 61 0. 

1954 Protarrisocetns rarrlirriar~rrnt var. isis (d'orbigny), Moret & Malunoud p. 272. 

1957b Protar~isoceras ralrlirliarrlrnr (d'orbigny), Wright in Arkell et a1 p. 218-220, text-fig 

246 (3a,b). 

1961 Proturrisocems (ptvtutrisoceras) raulitriarrtinr (d'orbigny), Casey p. 100, pl. 23, fig 9, 

pl. 24 fig 6, pl. 25 fig 2, text-fig 34. 

1961 Protarrisocetns (Protanisoceres) latdyi (d'Orbigny), Casey p. 103, pl. 23, figs 5.6, 

tcst-fig 35 (a-c). 

1961 Protorrisocetas (Protarrisocetns) veatrosrmr Casey p. 103, pl. 23, figs 3,4. 

1976 Pt.otarrisocetns (Protanisocons) vetltroszmr Casey, Kennedy & Hancock p. 5.6. 

1976 Protorrisocctas (P,.otarrisoceras) rarrlirriarrrmr (d'orbigny), Kennedy & Hancock p. 5, 

6. 

1976 Protarrisoceras (Pt.otarrisoccms) latnyi (d'Orbigny), Kennedy & I-Iancock p. 5,6. 

1977 Protarrisocems lrrdji (d'orbigny), Phillips p. 153. 

1977 Protarrisoceras rnrrlirriarrrmt (d'orbigny), Phillips p. 153. 

1977 Protanisocetns I~nlh.oson1 Cascy, Phillips p. 153. 

1995 krisocetns (Protmrisocetns) tntrlirrianrint (d'orbigny), Seyed-Emnmi & Inunel p. 383, 

tcst-fig 23. 

1996 Protarrisocetas (P,.otarrisoceras) ra~rlirriar~rrnr (d'orbigny), Wright et a1 p. 234, text-fig 

181 (2a-c). 

Type material Lectotype by subsequent designation of Spath (1939) Raulin Collection, 

School of Mines, Paris 762pnrs, the originals of d'orbigny (1842, pl. 134). From the 

condensed Leymerielln regzilnris to Do~ivilleicerns mnmmillotzim bed of MachCromCnil, 

Ardennes, France. 

Description Ancyloconic, ~vith a planar initial coil and tn70 subparallel shafts. Whorl section 

subcircular, deprcsscd during initial coiling, bccoming less so along shafts. Straight annular 

ribs coarse and modcntcly attenuate dorsally and flattcned ventrally, weakly prorsindiate on 

initial coil bccoming approsimately rectiradiate along shafts and rursiradiate near aperture. 

Rib index approsiniately 2-4. Certain ribs bear paired circular ventral nodes and usually 

ventrolateral nodes. Evcry rib of the living chamber is tuberculate, earlier ribs, especially 

along the juvenile coil have irregularly distributed non-tubcrculate ribs. l i e  coiling phase 

may have two to tlirce non-tuberculate ribs bchveen tubcrculate ones. The suture line is 

quadrilobate, modcntely florid and symnietrical across the siphuncle. Estemal, latcral and 

internal lobes of similar size, umbilical lobe much smaller. Estemal lobe syn~n~etrically bifid. 
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Lateral and unlbilical lobes asymnietrically trifid. Internal lobes symmetrically trifid. 

Pseudolobes absent. The ventral saddle is indistinctly trifid, the first lateral, umbilical and 

dorso-ventral saddlcs are bifid. All saddles are fairly broad and simple. 

Discussion l e  reconstructed figure of d'orbigny (1842) is in part incorrect: this species 

does not possess fibulate ribbing bct\veen the ventral nodes. Protnnisoceras lordyi (Pictet 8: 

Renevier), Protnnisocerns roulininnzim variety comm~inis (Spath), is distinguishcd on the 

basis of sharper ribbing and having three or more non-tuberculate ribs between tuberculate 

ones. Since Protnnisocerns ralilininnlrm have a similar proportion of tuberculate and non- 

tuberculate, rather fine, ribs during the coiling phase, and the holotype of Protnnisocerns 

lardyi is dso  a juvenile coil, distinction between the two species is questionable. The suture 

line, coiling, and general appearance is othenvise very similar. Protnnisocerns ventroslirn 

Casey are also includcd within this species. The suture line is similar to typical 

Protnnisocerns rntrlinimum. The major difference is that the ribs bctween the ventral nodes 

appear to be fibulate, but esaiiination of the holotype suggest that this is an artefact of 

preservation: the ribs have bcen \iVorn flat, and are quite different to the distinctly fibulate ribs 

of Protnnisocerns nodos~rm. 

Occurrence Lowcr Albian, Douvilleicerns mammillntzrm Zone (Cleonicerosjloridum to 

Protohoplitesp~rzosinn~rs Subzones). Widely recorded from Europe (including France, 

Southern England, S\vitzcrland, and Germany), also Egypt. 

P K O T A N I S O C E R A S  CANTIANUA! SPATH, 1939 

Figure 3.60 

1939 Protarrisoceras carrtiarr~nr Spth p. 567, pl. 63, fig, 10, tcst-fig 201 (a-d). 

no11 1939 Protatrisoceras crnrtiarrrrni Spatll p. 567, pl. 63, fig, 10, test-fig 201 (e-k). 

1942 Protarlisoceras carrtiarrrrnr Spath, Spat11 p. 680. 

1947 Protarrisoceras carrtiarlrmr Slxtll, Breistroffer p. 40. 

1%1 Protarrisocoas (Protanisoceras) carrtiarrrmr Spath, Casey p. 104, pl. 23, figs 1,2, pl. 

25, fig 3, tcxt-fig 35 (q, r), 36a. 

1977 Pmtarlisoceras catrtiatrtmr SpaUl, Phillips p. 152. 

1989 Protarrisoceras carrtiarttmr Spatll, F6lh11i p. 125, pl. 4, fig 30. 

Type material Holotype by original designation of Spat11 (1939) BMNH C.48915. From the 

Main Mammillatum Bcd (Lower Albian, Dorrvilleicerns mnmmillottlm Zone) of Copt Point, 

Folkestone, England. 
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Description Ancyloconic with planar coiling initially and two subparallel shafts. Dorso- 

ventrally compresscd except for the living chamber near the aperture which bcconies more 

subcircular in section. Annular ribs coarse and straight, very weak dorsally and flattened 

ventrally, straight, prorsiradiate along shafts becoming rectiradiate along shafls and then 

rursindiate near the aperture. Rib index 3 to 4 on septate parts of shell. All (or at least most) 

ribs bear paired circular ventral nodes, ventrolateral nodes weak or absent. Suture line similar 

to Protonisoceros roulinionzim, being quadrilobate, moderately florid and synlmetrical across 

the siphuncle. External, lateral and internal lobes of similar size, umbilical lobe much smaller. 

External lobe symmetrically bifid. Latcral and umbilical lobes asymmetrically trifid. Internal 

lobes symmetrically trifid. Pseudolobes absent. l i e  ventral saddle is indistinctly trifid, the 

first lateral, umbilical and dorso-ventral saddles are bifid. All saddles are fairly broad and 

simple. 

Discussion Diffcrs from Protonisoceros roulinionum. primarily in the \veakness of the 

ventrolateral tuberculation and the irregular distribution of nodes. 

Occurrence Lower Albian, Dotivilleiceros niommillotzim Zone of England, France and 

Austria 

P R O T A N I S O C E R A S  C O P T E N S E ,  1961 

Figure 3.61 

1361 Protariisocetas (Pt~otariisocerws) coptetise Cascy p. 105, pl. 23, fig 7, texq-fig 36b. 

1977 Protatiisocoas coptcrise , Phillips p. 152. 

Type material Holotype by original designation of Casey (1961) BMNH C.71971. From the 

Main Mammillatum Bcd (Lower Albian, Dotivilleiceros mommillotzim Zone) of Copt Point, 

Folkestone, England. 

Description Shape and ornamentation of phragmocone similar to Protonisoceros contionum, 

but with total absence of ventrolateral tuberculation, and the ventral nodes being found on 

only the second or third ribs. Living chamber unknown, probably similar to Protonisoceros 

cantianzim. Suture line quadrilobate, nioderately florid and symmetrical across the siphuncle. 

External, lateral and internal lobes of similar size, umbilical lobe much smaller. Esternal lobe 

symmetrically bifid. Lateral lobe subsymn~etrically bifid. Umbilical lobe asymmetrically 

trifid. Internal lobe syn~tiictrically trifid. Pseudolobcs abscnt. The ventral saddle is indistinctly 
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trifid, the first latcral, un~bilical and dorso-ventral saddles are bifid. All saddles are fairly 

broad and simple. 

Discussion Since this spccies is known only from a the holotype, the morphological range of 

this species cannot be compared with other Protnnisocerns. Although the suture line is 

simple, the f q m e n t  appears to be of the coiled part of the phra~mocone, and thus the 

simplicity of the suture may be consistent with an early stage of ontogeny. Whether the adult 

had a particularly simple suture line is unknown. 

Occurrence As for the holotype. 

P R O T A N I S O C E K A S  BLANCHETI  (PICTET & CAMPICHE, 1861) 

Figures 3.62,3.63 

Attg'loceras blattcltcti Pictct & Campiche p. 33, pl. 47, figs 1-10. 

Ifanrites blatrclreri (Pictd), Nc~urlayr p. 897. 

Attisoceras blattcltcti (Pictet & Campiche), Jacob pp 3 15,326. 

Attcyloceras blatrclteti Pictct & Canlpiche, Sonurlenneir p. 377. 

Attg'loceras blattcl~eti Pictet & Canpiche, Ganz pp 61,121. 

Protuttisoceras blarrclreti Pictet & Campiche, Spath pp 568,572. 

Protartisocons cutitiatt~rnt Spth p. 567, pl. 63, fig, 10, text-fig 201 (h-k). 

Protatiisoreras blattclteti Pictct & Canlpiche, Breistroffer p. 40. 

Protattisocetns (Protnttisocetas) bluttclreti (Pictct & Campiche), Casey p. 106, pl. 23, 

fig 8, pl. 21, figs 7-9, test-fig 35 (d, i), 36c. 

Protatiisoretns bla~rclrcti (Pictet & Campiche), Phillips p. 152. 

Proturrisoce~ws blattclteti (Pictet & Can~piclle), Phillips p. 97. 

Type material Lectotype by subsequent designation of Spath (1939), the original of Pictet & 

Campiche (1861, pl. 47, fig 2a-d). Rcfigurcd by Casey (test-fig 35d-f, 1961). From the Lo~ver 

Albian of Sainte-Crois, Sivitzerland. 

Description Ancylocone \vith planar coiled juvenile phase and two subparallel straight shafts. 

Whorl section subcircular, flattened ventrally, aln~ost pentagonal in form. Annular ribs 

sharper and finer than Protonisoceros roulinionzlnl and attenuate only slightly dorsally, 

flattened a little ventrally. Ribs straight on shafts, slightly prorsiradiate on coil tending to be 

approximately rcctiradiate on straight sections and slightly sinuous ovcr the bcnd bct\k7een the 

shafts. Rib indcs 4 to 5. Most ribs on coiled sections bear paired circular nodes ventrally, 
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tuberculation bccomcs less regular on later stages and is \\leak or absent from the final living 

chamber. No ventrolateral nodes. Suture line quadrilobate, moderately florid and symmetrical 

across the siphuncle. Estcmal, lateral and internal lobes of similar size, umbilical lobe much 

smaller. External lobe symmetrically bifid. Lateral lobe subsymmetrically bifid. Umbilical 

lobe symmetrically bifid. Internal lobe symmetrically bifid. Pseudolobes absent. The ventral 

saddle is indistinctly trifid, the first lateral, umbilical and dorso-ventral saddles arc bifid. All 

saddles are fairly broad and simple. 

Occurrence Lo\ver Albian, Dozrvilleiceros momnlillottlm Zone, Cleonicerosfloridtrm 

Subzone, of England. Also from condensed Lo\vcr and Middle Albian series in Sivitzerland 

and France. 

P R O T A N Z S O C E H A S  HALLEHZ (PICTET & CAMPICHE, 1861)  

1861 Elanrites Irolleri Pictet & Canpiche, p. 84, pl. 54, figs 1-5. 

1861 Elanrites Iralleri Pictct Rr Canlpiche, Pictet p. 17. 

187% Ilanrites lralleri Pictet Rr Canpiche, Ncunlayr p. 29. 

1875b Ilanrites Iralleti Pictct Rr Callpiche, Nemnayr p. 898. 

1907 Ilanrites Iralleti Pictet & Callpiche, Jacob p. 315. 

? 191 8 Ilanritcs hollcti Pictct & Crunpichc, Tonlitcl~ p. 3,5. 

1930 Protarrisocetus Iralleri (Pictet and Campiche), Spatll p. 58 

1939 Protatrisocetus lralleti (Pictet and Campiche), Spatll p. 572-3, test-fig 201ad. 

trot1 1939 Protatrisocems Iralleti (Pictct and Campiche), Spatl~ test-fig 204e-11. 

? 1%1 Protanisoceras (Protariisocems) cf. lralleri (Pictct and Canpiche), Cnsey p. 11 1 ,  pl. 

24. fig, 10. 

Type material Lectotype by subsequent designation of Spath (1939) the original of Pictet 8: 

Campiche (1861, pl. 54, fig, l a d  ). From the Middle Albian, Saintc-Crois, Switzerland. 

Description Ancylocone, imperfectly known, but similar to otlier Protnnisoceros. Planar 

initial coil. Wliorl section initially subcircular bccoming somewhat laterally compressed. 

Annular ribs blunt and ratlicr weak, moderately attenuate dorsally, flattened slightly ventrally. 

Ribs straight, slightly prorsiradiate on initial coil, bcconiing approsimately rectiradiate on 

straight scctions, if slightly sinuous over the bcnd bchvecn the shafts. Rib indes 2 to 3. Every 

second rib on coilcd sections bear pairs of circular nodes ventrally and ventrolaterally, the 

ventrolateral pair bccoming rather weak or absent altogether from the straiglitcr parts of the 

phrag,mocone and the living chamber. Suture line quadrilobate, moderatcly florid and 

symmetrical across the siphunele. External, latcral and internal lobes of similar size, uli~bilical 
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lobe much smaller. Esten~al lobe symmetrically bifid. Lateral lobe subsymmetrically bifid. 

Umbilical lobe syn~n~etrically trifid. Internal lobe s~mnietrically bifid. Pseudolobes absent. 

The ventral saddle is indistinctly trifid, the first lateral, umbilical and dorso-ventral saddles 

are bifid. All saddles are fairly broad and simple. 

Occurrence Lower Gault (Middle Albian, Hoplites dentntzis Zone) of Southern England, 

France, Switzerland and India. 

P R O T A N I S O C E R A S  V A U C H E R I A N U M  (PICTET, 1847) 

1847 Ctiocetns vatrcltcriatitu Pictet (in Pictct & Rous) p. 367, pl. 12, fig, 1. 

1861 kiqvloceras vauclioiar~tts (Pictct), Pictct & Campiche p. 31, pl. 46, figs 1-4. 

1961 Pmtattisocetns (Protatiisocons) ~at~clterior~tmr (Pictet), Cascy p. 107, pl. 25, fig 7,8, 

test-fig 35 (m. n). 

1977 Protariisocetns vcrt~cl~criat~trn~ (Pictet), Phillips p. 152. 

Type material Holotype by monotypy, the original of Pictet (1847, pl. 12, fig, 1). From the 

Lower Albian of Gorges, Bellegarde, S\vitzerland. 

Description Ancylocone with paired ventral tubercles on every second or third rib on the 

phragmocone and living chamber. Tile ribs bearing the tubercles are some\\lhat raised 

compared to non-tubcrculate ribs. Wllorl section approximately circular. Suture line 

quadrilobate, moderately florid and symnietricd across the siphuncle. External, Iatcral and 

internal lobes of similar size, umbilical lobe much smaller. Esternal lobe syn~metrically bifid. 

Lateral lobe subsynimetrically bifid. Umbilical lobe symn~etrically trifid. Internal lobe 

symmetrically bifid. Pseudolobes absent. Tile ventral saddle is indistinctly trifid, the first 

lateral, umbilical and dorso-ventral saddles are bifid. All saddles are fairly broad and simple. 

Discussion. Can be distinguished from the similar Protnnisocercrs bloncheti by the 

persistence of the ventral tubercles onto the living chamber. 

Occurrence Lower Albian, Dozivilleicerns mammillotzrm Zone of England and France. 

P R O T A N I S O C E R A S  NODOSUM (J .  SOWERBY, 1818) 

Figure 3.64 
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181 8 Ilonrites I I O ~ O S I I S  J. Sowcrby p. 30, pl. 2 16, fig 3. 

11011 181 8 Ilcrnrites ~iotlostrs J. Sowcrby, Fitton p. 113,367. 

1828 Bacrrlita ~~otiosrrs (J. Sowerby), Fleming p. 25 1. 

1837 IIanritcs spilriger (11ot1 J. dc C. Sowerby), J. dc C. So\verby in Fitton p. 337, pl. 7, fig 4. 

1837 IIanrites aarleahrs Fitton p. 11 3. 

1837 Ilanlites rtotiosrrs J. So\verby, Brown p. 2, pl. 2, fig 5. 

1842 Ilanrites/lLmioslrs d'orbigny p. 535, pl. 131. figs 14-16. 

7 1847 Ilanritesjl~.nrosrcs d'orbigny, Pictet & ROUX p. 126, pl. 12, figs 9, 10. 

1848 IlanritesJlem~osr~s d'orbigny, Brom p. 567. 

1842 Ilanrites rrodosr~s J. So\vcrby, d'orbigny p. 528. 

11011 1842 Ilunrites spkiger Fitton, d'orbigny p. 538. 

1850 IlunritcsJle.nrosrrs d'orbigny, d'orbigny p. 126. 

1852 IlonritesJle.nrosrrs d'orbigny, Gicbcl p. 304. 

1852 Ilonrites ~~otlosrrs J. Sowerby, Giebcl p. 324. 

1854 flanlitesjl~xrtosrrs dYOrbigny, Pictct p. 708. 

1860 IlonritesJlc.nrosrrs d'orbigny, Oostcr p. 76. 

1861 Ilanrites r~otlostrs J. So\verby, Pictet Rr Canpiche p. 42. 

1861 ttrq~locerus acrrleatrrs (Fitton), Pictct Rr Campiche p. 42. 

1861 IIcmritesJ7enros1u d'orbigny, Pictct & Ciul~picl~e p. 93. 

1 861 tt~cyloceras spilligoimt (J. Sowerby), Pictct & Campiche p. 362. 

1875a Ilanrites actrleahrs Fitton, Ncunlayr p. 28. 

187% Ilan~itesJle~r~rosrrs d'orbigny, Ne~uilayr p. 29. 

1875b IIcrnrites onr!eahrs Fitton, Nctunayr p. 897. 

1875b IIonritesJle.nro.~rrs d'Orbigny, Neiu~layr p. 898. 

11011 1875 Il~lnrites (Ttrrtilites)Jl~~n~osr~s, Topky p. 432. 

? 1875 Ilunrites notlostrs J. So\vcrby, Toplcy p. 432. 

1878 IlanritesJle.rrrosrts d'Orbigny, Bamis p. 271. 

1878 Elanrites rrotiosus d'orbigny, Barrois p. 271. 

1879 IlanritesJlexrros~rs d'orbigny, Price p. 76. 

1879 Ilanrites ~iotlosrrs J. Sowerby, Price p. 76. 

1879 krq~locems spblige~imr (J. So~vcrby), Price p. 76. 

1888 ilr~c}~!occras spi~ligetiml (J. So\verby), Prestwich p. 279, text-fig 145d. 

1 900 ilrrq~loceros spitrigcnmr (J. So\\lerby), Jukes-Bro\\nc p. 459. 

191 8 Ilonrites~e.rrrosrts d'orbigny, Tomitch p. 3. 

1923a Prola~risoceras? aarleahm~ (J. Sowerby), Spnth p. 75. 

1925b Protarrisocetns? actrleahrnr (J. Sowcrby), Sp th  p. 33. 

11011 1926 Ilun~itesJlt!.nros~rs d'orbigny, Jayct p. 186. 
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11011 1926 Appunficetas rtodosrrs (J. So\verby), Wlitchouse p 230. 

tlott 1930 Ijanrites cf.JZex~rosrrs d'orbigny, Passcndorfer p. 660 

11011 1933 Afetalt~~nritesJZem~osrrs (d'orbigny ), Breistroffer p. 234. 

1936 Protatiisocetas nov. sp.? Casey, p 447. 

1939 Protatrisocems ~rotlosunr (d'orbigny), Spath p. 573, pl. 54, figs 1-8, te~q-fig 205a-f. 

1939 Pmtatrisore~asj7em10~11s (d'orbigny), Spth p. 577, text-fig 205 (g-p). 

1961 Protatrisocetas (Heteroclittus) ~rodosrrs (J. Sowerby), Casey, p. 98 (footnote). 

1962a Arisoceras (Protatrisoceras) trodosrcnt (J. Sowerby), Wiedmann p. 109, pl. 7, fig 8, 

text-fig 34. 

1977 Ileteroclitrrrs ~iodosus (J. So\vcrby), Phillips p. 86. 

1977 Protat~isocetosJZem~osrts (d'orbigny), Phillips p. 152-1 53. 

1996 Protatrisocetns (IIetwoclitirts) trodostrs (J. So\verby), Wright ct alp. 234, test-fig 184 

(3). 

Type material Holotypc by monotypy the original of So\\rcrby's figure (1 818, pl. 216, fig 3) 

BMNH C.43997a. From the Lower Gault of Folkestone, England. 

Description Ancylocone with a helical juvenile phase and two relatively short subparallel 

straight shafts, although tlie sccond shaft tends toward irregularity near the aperture. Like 

Hamitello, the helical coil overlies the rather closely packed straight shafts. Whorl section 

subcircular on helix tcnding to be slightly laterally compressed along the straight sections. 

Annular ribs fine, \srcakly attenuate dorsally but strong ventrally. Ribbing twisted and a little 

sinuous on helical phase and pcrsisting thus onto the first shaft. On later parts of the first shaft 

and on the living chamber the ribs are prorsiradiate, becoming rectiradiate and then 

rursiradiate through bcnd and onto the living chamber, and finally rectiradiate again near 

aperture. Rib index of 6 to 8. No obvious constrictions at aperture. Every second to fourth rib 

bears a pair of circular ventral nodes, ribbing most dense on helix and thinning out over 

straight sections and onto the living chambcr. Ventrolateral tuberculation absent. Between tlie 

ventral nodes the ribbing is flattened and slightly convex, aln~ost fibulate in appearance. 

Suture line quadrilobate, moderately florid and symmetrical across the siphuncle. External, 

lateral and internal lobes of similar size, umbilical lobe somewhat smaller. External lobe 

symmetrically bifid. Lateral lobe s~mmetrically bifid. Umbilical lobe symmetrically trifid. 

Internal lobe synimetrically trifid. Pseudolobcs absent. The vcntral saddle is indistinctly trifid, 

the first lateral, umbilical and dorso-ventral saddles are bifid. The saddles are less broad than 

some other Protnnisocerns but remain fairly simple. 

Discussion Protonisocernsflexuoszrm d'orbigny is bascd on a fragment of the juvenile coil 

allegedly from Wissant, France. 11e  specimen on which the figure is supposedly is based, 

Museum ofNatural History, Paris, R1034, is Iabclled as being from Boulogne, France, this 
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specimen is similar to juvenile Protnnisocerns nodosum except that it is very slightly dorso- 

ventrally comprcsscd. The specimen figurcd by d'orbigny is laterally compressed, and 

probably conspecific with Protnnisocerns nodoszim. Therefore status of Protnnisocerns 

jlexuostim vis-A-vis Protnnisocerns nodoszim is therefore uncertain. The two are at least very 

closely related, most probably identical, and considcred to be synonyms here. 

Occurrence Widcly recordcd from the Lower Gault (Middle Albian Lyellicerns lyelli to 

Anohoplites intermedizu Subzones) of England, France, and Gem~any. 

P R O T A N I S O C E R A S  ANGLICUM ( S P A T H ,  1939) 

Figures 3.65,3.66 

Ilanritcs rrcx/oslrs J .  Sowerby p. 30, pl. 216, fig 3. 

Tlrnilitcs sp. Price, p. 140. 

Heliocc?ras spp. Cascy, p. 446. 

Prolrelicocetns atrglictrnr Spat11 p. 562, pl. 63, fig, 14, tcst-fig 199 (a-g). 

Prohclicoceras arrglictrnr Spclth, Breistroffer p. 134. 

Protarrisocetns (Torq~rispl~rs) mtgliclmr (Spatll), Casey, p. 113, pl. 22, figs 7-12, test 

fig 37. 

Torqr~isplr~s atrglicrrnr (Spath), Pilillips p. 176. 

Prolrclicoceras atiglictmt Spath, Collignon p. 7, pl. 1, fig 7a, b, Sa, b. 

Prota~risocons (TorqIristyilrs) arrglictrnr (Spath), Wright ct a1 p. 234, test-fig 184 (la- 

c). 

Type material Holotype by original designation of Casey, BMNH C.48913 from the Main 

Mammillatum Bcd (Lower Albian) of Folkestone, England. 

Description Ancyloconic with a hclical initial coil and an abbreviate hook distinctly t\vistcd 

relative to the hclis. Whorl section subcircular throughout, slightly flattencd ventrally. 

Annular ribs fairly blunt and coarse, approximately rectiradiate but variable, rib indes of 3 to 

4. Ribbing attenuate dorsally and flattcncd ventrally bctween the nodcs. Circular paired 

ventral nodcs on every rib, but very ~\?cakly dcfined. No ventrolateral nodcs. Nodes absent 

from the living chan~bcr. Suture line quadrilobate, moderately florid and symmetrical across 

the siphuncle. Extcmal, lateral and intcmal lobes of sin~ilar size, umbilical lobe sn~aller. 

External lobe symmetrically bifid. Latcral lobe symmetrically bifid. Un~bilical lobe 

indistinctly bifid. Internal lobe symmetrically trifid. Pseudolobes absent. The ventral saddle is 



Ecology, Stratigraplly, and Phylogeny of the IIcteromorpl~ Anu~lonoidca of the Albian 

indistinctly trifid, the first lateral, umbilical and dorso-ventral saddles are bifid. The saddles 

are rather broad aid simple. 

Occurrence Upper Greensand (Lower Albian). Predominantly from the condensed Regularis- 

Mammillatum Beds of Machtromtnil, Ardennes, France and the condensed Mammillatum 

Beds of Southern England. Also from the Shenley Limestone (Leymeriella regularis 

Subzone) of Southern England. Possibly also from the Lower Gault (Middle Albian, Hoplites 

dentatus Zone) of Clar, Escragnolles, France. 

P R O T A N I S O C E R A S  ACTEON (D'ORBIGNY, 1850)  

Figure 3.67 

tlonrites acteott d'orbigny p. 126. 

Hanrites acteotl d'orbigny, Giebel p. 3 15. 

Ilanrites nov. sp. cf. vitgrrbt~rs Pictd. Jacob p. 315. 

Ilanrites acteotl d'orbigny, Breistroffer p. 133. 

Protatlisocons cf. mtrlitliantcnr (d'orbigny). Wright & Wright p. 166. 

Protonisoccras bhlclrcti (Pictet & Campiche), Wright & Wright p. 85. 

Prolrelicoceras atrglicltnl Spath, Wright & Wright p. 85. 

Protarrisocoas blatrcl~cti (Pictet & Campiche), Breistroffer & Villoutreys p. 70. 

Pt.otatrisocetas (Protatiisocems) acteotr (d'orbigny), Cascy p. 109, pl. 24, fig, 1-4, 

text-fig 35 (0, p.), 36d. 

Pt.otarrisocc?tas (Protatlisocetas) Iiet~gesti, Cascy p. 110, pl. 25, fig 4-6. 

Pt*otatrisocems acteotr (d'orbigny). Pllillips p. 152. 

Protat~isocems acteott (d'orbigny), F6llmi p. 126, pl. 5, fig, 1. 

Type material Lectotype by subsequent designation of Casey (1961) from the Lower 

Greensand (Lower Albian) of Clar, near Escragnolle, South-East France. No specimens were 

figured by d'orbigny, but one specimen from the d'orbigny collection tvas figured in the full 

description given by Casey (1961, test-fig 350,p, 36 d). 

Description Ancylocone with a subcircular whorl section tvith distinct flattening between the 

ventral nodes. Ribs broad and fairly coarse, n~oderately attenuate dorsally and flattened 

ventrally, bearing paired circular ventral nodes. No ventrolateral nodes. Rib index 4 to 5. 

Suture line quadrilobate, nloderatcly florid and syninietrical across the siphuncle. External, 

lateral and internal lobcs of similar size, umbilical lobe smaller. External lobe s~mmetrically 

bifid. Lateral lobc symmetrically bifid. Umbilical lobc indistinctly bifid. Internal lobe 
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symmetrically trifid. Pscudolobes absent. The ventral saddle is indistinctly trifid, the first 

lateral, un~bilical and dorso-ventral saddles are bifid. The saddles are rather broad and simple. 

Occurrence Lowcr Albian (Douvilleiceras mommillattrm Zone) of England, France and 

Austria. 

P R O T A N I S O C E K A S  A K K O G A N S  (D'ORBICNY,  1842)  

Figure 3.68 

)to11 1819 Ifanrites elegarrs Parkinson p. 543, pl. 133, figs 6-10. 

1842 Ifonrites elegliru d'orbigny p. 543, PI. 133, figs 1-5. 

1847 Ifanrites elegarls d'orbigny, Qumdstcdt p. 291, pl. 21, fig 8. 

1848 Ifanrites elegaris d'orbigny, Pictct p. 123, pl. 13, fig 8. 

1852 Ifrrnrites ar~ogarrs Giebclp. 305. 

1861 kri.~meraspse~mdoclegaru Pictet & Campiche pl. 50, figs 6,7. 

1873 Ifanrites elegarrs d'orbigny, Price p. 363. 

1926 Arisoceras canrpiclrei Spath p. 432. 

1939 Afetalranrites? anwgarrs (Giebcl), SPth p. 559. 

1939 krisocems canrpiclrei Spnt11, Spatll p. 559. texl-fig 197. 

IIOII 1939 k~isocctns ccmrpiclrei Spatl~, Spat11 p!. 63, figs 6.7. 

1940 firmrites fifetalranrites) elegnrls (d'orbigny), Breistroffer p. 155. 

1937 krisocems conrpiclrei Spnth, Breistroffcr p. 62. 

1968 Arisoceras (iitrisoceras) canrpiclrei Spath, Renz p. 78, pl. 15, figs 7,8, tat-figs 27f, 

28d. 

1968 klisoceras (A~risocetns) anvgarls (d'Orbigny), Wicdlnnnn & Dicni p. 69, pl. 7, fig, 10, 

pl. 8, figs 5,7,11, test-figs46-50. 

1989 Arisoceras (clrrisocetns) nr7vprs (d'orbigny), Follmi p. 127, pl. 5, figs 6-8. 

1996 Afetalranrites elcgarrs (d'Orbigny), Wright et a1 p. 235, test-fig 186 (la-b). 

Type material Lectotype by subsequent designation of Kennedy & Juignet (199s) a body 

chamber fragment from the Escragnolle material (Museum of Natural History, Paris 

d'orbigny collection 5808). From the Lower Gault (Middle Albian), Quartier de Clar, 

Escngnolle, France. 

Description Earliest stages unkno\vn. Ancylocone with no trace of helicosity or twisting. The 

two shafts are straight and long and the bend between them is tight. Both shafts bear ventrally 

paired nodes and thcsc may cover more than one rib. Laterally conlpressed whorl section but 
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with periodic constrictions. Fine annular ribbing on phragmocone straigl~t and prorsiradiate. 

The final shaft, the living chamber, has the ribs bccorning less prorsiradiate along its length 

and finally rcctindiate near the aperture. On the phragmocone and the living chamber the ribs 

are partially effaccd on the dorsal surface, but only the living chamber has visible striae or 

secondary ribs on the dorsum. These striae are barely disccmible on the flanks and absent 

ventrally. The rib density on the phragmocone is higher (approximately, 10) than on the living 

chamber (approsimately 4). Tuberculation consists of circular based nodes, arranged 

symmetrically across the ventral surface, which may cover up to four ribs on the 

phmgmocone. On the living chamber the nodes are present on every second or third rib. 

Apcrtural collars or constrictions unkno\vn. Wiorl height is approximately, 150 mm. Suture 

line quadrilobate, florid and symmetrical across the siphuncle. Estemal, lateral and umbilical 

lobes of similar size, internal lobe slightly smaller. External, lateral and un~bilical lobes bifid, 

internal lobe trifid. Pscudolobes absent. l e  ventral saddle is trifid, the first lateral, umbilical 

and dorso-ventral saddles arc bifid. All saddles are fairly narrow. 

Discussion. This specics is more widcly known as Metohomites elegons (d'orbigny, 1842) 

although the type spccies of Metohomites lacks tubcrcles. Wiedmann &: Dieni (1968) 

removed this specics to Anisoceros, leaving Metohnmites lvithin the non-tuberculate 

Hamitidae. My cladistic analysis does not support tlie inclusion of this species \vitll 

Anisoceros, but placement \vithin the Anisoceratidae more generally is supported. For that 

reason I provisionally include this species within the parapliyletic Protonisoceros. Spath 

(1939) discussed the synonymy of d'orbigny's specics Hamites elegons with Homites 

orrogons Gicbel, 1 852. 

Occurrence Middle and Upper Albian of England, France, Sardinia and Switzerland. 

P R O T A N I S O C E R A S  D A L P I A Z I  (WIEDhIANN & DIENI, 1968) 

1968 tlunrites (iifetuhanrites) dulpinri, Wiedmann Rr Dieni p. 60, pl. 6, fig 5, text-fig 32,33. 

1987 Afetul~~inrites dulpiori Wiedlna~ Rr Dicni, Inmlel p. 126. 

1990 Ilenrip/ycI~occras dalpiori Marcinowski Rr Wic&nm p. 40. 

Type material Holotype by original designation of Wicdmann &: Dieni (1968) Museuni of 

Natural History, Paris specimen 5813a from the condensed Middle and Upper Albian beds of 

Orosei, Sardinia. Exact stratigraphical horizon unkno\vn. 

Description Inconiplctely knonm, probably hamiticonic with a broadly subcircular \vhorl 

scction flattened vcntnlly. Ribbing consists of heavier annular ribs with ventral tubercles (rib 
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index of about 2) intcrspersed \vitI~ 0 to 2 finer, non-tuberculate ribs. Ribbing effaced sligl~tly 

on the dorsum, ribs prorsiradiate. Tubercles circular in section. Suture line quadrilobate, 

moderately florid and symrr~ctrical across the siphuncle. External, lateral and internal lobes of 

similar size, umbilical lobc slightly smaller. Lateral lobe and umbilical lobes asymmetrically 

bifid. External and internal lobes symmetrical, external lobc bifid, internal trifid. Pseudolobes 

absent. The ventral saddle is trifid, the first lateral, umbilical and dorso-ventral saddles are 

bifid. All saddles are fairly narrow. 

Discussion Originally described as Metnhnmites dolpiozi Wiedmann &: Dieni, 1968, 

Marcinowski & Wiedmann (1990) redefined Hemiptychocerns to include this species, 

characterising Hemiptychocerns as hanliticonic an~n~onites with a "profound change in the 

sculpture of the smaller shafts, final hook, and body chanlbcr shaft." They also considered the 

suture line to be of value, especially thc large trifid internal lobe. However, the possession of 

tubercles is quite unlike any known Hemiptychocerns and should exclude this species from 

the Hamitidae. Sin~ilarly, Metohamites elegcms, the type species ofMetnhnmites, lack 

tubercles, the planar initial coiling, irregularly distributed ventrally paired tubercles, and 

moderately deeply incised bifid lobes support referral to the genus Protnnisoceros. 

Occurrence As holotypc. Also from the Upper Albian at Tennbodenbach, near Salzach, 

Germany. 

Genus TUBEROLECHITES Cooper & Kennedy, 1977 

Tuberculate baculiticonic ammonites. Unknown initial coil, remainder of shell straight. 

Annular ribs simple, effaced dorsally. Secondary (minor) ribs absent. Ventral tubercles 

symmetrically paired across the siphunclc. Apertural collars unknown. Suture line unkno~vn. 

Synonyms: none. Type spccics: Tziberolechites regifex (Cooper &: Kenncdy, 1977) 

T U B E K O L E C H I T E S  K E G I F E X  COOPER & KENNEDY, 1977 

Figure 3.69 

1977 Lcclrites (T(~rbnalec1rites) regiJiex Cooper & Kennedy, p. 654, pl. 8, fig, 1-15. 

1979 Lcclrites gat r i~ r i  trorioszrs Scllolz, p. 15, pl. 1, figs 11-16. 

1996 Oclrites firbmlecltitcs) regiJiex Cooper & Kemcdy, Wright et a1 p. 255, test-figs, 

198 (4a, b). 
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Type material Holotype by original designation of Cooper & Kenncdy (1977, pl. 8, figs 1-4) 

Sedgewick Museum, Cambridge B97675 and pantypes SM B7668, B97583, and B97675. 

From the Cambridge Greensand (Upper Albian, Stoliczkoia dispor Zone) of Cambridge, 

England. 

Description Incompletely known - only straight fragments are known, so coiling is 

presumcd to have becn baculitid with initial micromorphic coil. Whorl section laterally 

compresscd. Straight, prorsiradiate annular ribs, completely effaced dorsally. Rib index 2.5 - 
5. Each rib bears a pair of cylindrical nodes, arranged symmetrically across the venter. 

Between the nodes the ribs are flattened slightly. No known apertunl collars. Suture line 

unknown. 

Discussion Tzrberolechites can be confused Idiohomites, which occur at the same 

stratignphical horizons. It can be distinguishcd from Idiohomites on the basis of differences 

in ornament: Whilc Idiohomites generally have ventral and ventrolateral pairs of tubercles, 

Tuberolechites only have ventral tubercles. Sccondly, on the straight sections of the 

phragmocone, the ribbing on Idiohnn~ites is approximately rectiradiate, whereas that of 

Tuberolechites is strongly prorsiradiate. This species was originally included within tlle 

Baculitidae, as Lechites (Tzlberolechites) regifex Cooper & Kennedy, 1977. However, all 

other baculitids lack tubcrcles, and the symn~etrically paircd ventral tubcrcles of 

Tuberolechites are very similar to those of the Anisoceratidae. Furthermore, the cladistic 

analysis perfomled hcre suggests that this species should be removed from the Baculitidae 

and into the Anisoceratidae, where it is a derived from the genus Protonisoceros, although the 

ontogeny and suture line have not yet bcen describcd, so this conclusion may need to be 

revised. Tuberolechites appears to have becn straight-shclled member of the Anisoceratidae, 

perhaps convergcnt with the evolution of the Baculitidae from tlle Hamitidae. 

Occurrence Upper Albian of southern England (Upper Gault and Cambridge Greensand) and 

Europe (Bakony Mountains, West Hungary, and Salazac, France). 

Genus IDIOIIAMITES Spath ,  1925 

Tuberculate ancyloconic ammonites, less closely folded than tlle othenvise similar 

Anisocerns, with the living chamber usually describing a shallow hook. Shell planar 

throughout ontogeny. Annular ribs simple and never fibulate (unlike Anisoceros). 'Ille ribs are 

effaced dorsally. Sccondary (minor) ribs absent. Ventral and/or ventrolateral tubcrcles 

symmetrically paircd across the siphuncle. Tuberclcs may be absent from living chanlber. 
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Apertural collars unkno\\fn. Suture line quadrilobate. Synonyms: none. Type species: 

Idiohomites tziberclllntzls (J. de C. Sowerby, 18 18). 

I D I O H A M I T E S  T U B E K C U L A T U S  (J .  SOWERBY, 1818)  

Figure 3.70 

1818 IIanritcs trrbcrctrlah~s J. Sowerby p. 30, pl. 216, fig 4 , s .  

1 828 Bacrrlita trrbetnrlahrs (J. Sowerby), Fluning p. 25 1. 

1842 EIanrites hrberctr!ahrs J. Sowerby, d'Orbigny p. 528. 

1848 tIanritcs trtbe,~trlattrs J. Sowerby, Quenstcdt p. 292. 

1850 IIanritcs trrberrrr!ahrs (J. So\verby), d'orbigny p. 123. 

186 1 Elanrites ttrbercrrlahrs (J. Sowerby),Pictet & Campiche p. 42. 

11011 1868 IIanritcs tubercu/uhrs (J. Sowerby), de Rance p. 169. 

110tt 1875 Ilanritcs trrbwctrlattrs (J. Sowerby), de Rwce p. 3436. 

11011 1879 Arqlocctns trrbctrrrlahrnr (J. So\trrby), Price p. 76. 

1r01t 1879 tIcrnrites trrbercrrlatus (J. So~\~erby), Price p. 76. 

IJOII 1897 Arcyloccms trrbercrrlahmr (J. Sowerby), Co\\lxr Reed p. 116. 

1898a llanritcs hrbcrcrrlahrs J. So\tvrby, Crick p. 62. 

1900 Arqloccras trrberrrrlahrnr (J. Sowcrby), Jtkes-Bro\\ne p. 459 pars. 

1923 Arisoccras hrberctrlattrnr (J. Sowerby), Spatll p. 76. 

1925a Itliolranritcs trrbctrrrlanrs (J. Sowerby), Spath p. 189. 

1934 hfetc~I~anritcs/Iext~osrrs (d3Orbigny), Breistroffer p. 234. 

1939 Itliolranrites trrberrrrlahrs (J. So\\lerby), Spath p. 582-584, pl. 64, fig, 12, pl. 65, figs 

3.4.10, test-fig 206 (a-11). 

195% Idiolranritcs ttrbcrrrrlatrts (J. Sowerby), Wright in Arkell el a1 p. 220. 

1977 Itliolrantitcs hrbcrcrrlanrs (J .  So\\ferby), Phillips p. 98. 

1989 Itliolmnritcs arbe~nrlahrs (J. So~\~crby), Henderson p. 137, tcx?-fig 18e-j. 

1 996 Itliolrcrnritcs trrberctrlahrs (J. So\\lerby), Wright ct a1 p. 237. 

Type material Lectotype by subsequent designation of Spat11 (1939) BMNH C.43998~ the 

original of J. Sowerby (1 8 18 pl. 2 16, fig 5). The paralcctotypes BMNH C.43998a and 

C43998b are also figurcd by So\\~erby (18 18 pl. 216, fig 4). From the Upper Gault of 

Folkestone, Kent. 

Description A planar ancylocone with an initially spiral juvenile stage follo\ved by tiyo 

subparallel shafts. Whorl section laterally cornpresscd tl~roughout. Straight annular ribs, fairly 

sharp and fine, slightly cffaced dorsally. Rib index of 4 to 6. On the initial spiral pl~ase the 
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ribs are slightly rursiradiate to rectiradiate, becoming prorsiradiate on the straight part of the 

phragmocone and then rectiradiate on the living chamber. There are no known apertural 

collars or constrictions. About every third to fifth rib bears paired circular to bullate ventral 

nodes. The same ribs may or may not bear circular ventrolateral nodcs. Tuberculation 

becomes weaker on the later parts of the phragmocone, and may be absent from the living 

chamber altogcthcr. Suture line quadrilobate, moderately florid and symmetrical across the 

siphuncle. External and lateral lobes of similar size and larger than the siniilarly sized 

umbilical and internal lobes. External lobe symmetrically bifid. Lateral and umbilical lobes 

subsjmmetrically bifid. Internal lobe symmetrically bifid. Pseudolobes absent. The ventral 

saddle is indistinctly trifid, the first latcral, umbilical and dorso-ventral saddles are bifid. ' I l~e 

saddles are rather narrow and florid. 

Discussion Idiohnniites spiniger (see bclow) differs fro111 Idiohnmites tz~berczilotw in liaving 

stronger ventrolatcral tubcrculation and dceper and more clavate ventral nodes. l i e  ribbing of 

Idiohnmites spiniger is slightly more dense and a little finer. Even so, the two species are 

probably closely related, and Spatli (1939) coliimented on the many specimens \vhich arc 

intermediate in niorpl~ology bctween the t\vo species. 

Occurrence From the Uppcr Gault (Upper Albian Hysterocerns vnricosz~m to Cnllihoplites 

aziritis Subzones) of England, France and Australia. 

I D I O H A M I T E S  S P I N I G E R  ( J .  SOWERBY, 1818)  

Figure 3.71,3.72 

181 8 Ilrmrites trrborirlanrs J. So\ilcrby p. 30, pl. 2 16, fig 4.5. 

1818 Ilanrifes spitrigcr J. Sowerby p. 29, pl. 216, fig 2. 

1828 Bacirlita spirligcr (J. Sowerby), Fleming p. 251. 

1 8-1 1 Ilanrites spitriger J. Sowerby, Moson pl. 13, fig, 13. 

18-12 Elanrites spirtiger J. Sowerby, d'orbigny p. 528. 

1838 Ilanrites spirriger J. So~i'erby, Qusnstedt p. 292, pl. 21, fig 20. 

1850 Arvlocetns spbiigcr (J. Sowcrby), d'orbigny p. 125. 

1852 Ar~locerns spiriigcr (J. Sowerby), Giebel p. 324. 

1861 Aic),locerns spiriiger (J. Sowerby), Pictct & Campiche p. 42. 

)lo11 1874 Arcyloceras spiriiget11nt (J. Sowerby), Price p. 362. 

7 1874 To.xocetas sp., Price p 363. 

, 1875a IIanrites spir~iger J. Sowerby, Nc~unayr p. 30. 

1875b Ilanrites spirrigcr J. So\ilerby, Ncun~ayr p. 899. 
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not1 1875 krcylocems spirriget7mr (J. Sowerby), Topley p. 431,436. 

7 1878 krcyloceras spitriger (J. Sowerby), Banois p. 271. 

11011 1882 krcyloceras spitrigcnmr (J. Sowerby), Fischer p. 398, pl. 3, fig, 10. 

tlort 1884 krcyloccms spitriger~tnr (J. Sowerby), I-Iomersham in Judd p. 736. 

1898a Elanrites spirtiger J. So\\lcrby, Crick p. 62. 

1900 k~cyloceras trrbetrtilafunr? (J. Sowvcrby), Jukes-Brojvne p. 88. 

1923 krc~~loceras spitrige~'~inr (J. Sowerby), Spath p. 76. 

1925b k~cyloceras spitriget7tnt (J. Sowverby), Spth p. 36. 

1926 Iian~itesjlext~osrts d'orbigny, Jayet p. 186. 

1926 Applrtriiceras spitligo.tmr (J. Sowerby), Whitehouse p. 229 pars? 

1939 Itiiolranritcs spirriger (J. Soiverby), Spatll p. 584-587, pl. 64, figs 10,Il. pl. 65, fig, 12, 

tcst-fig 206i, 207. 

1939 Idiolranrites slrbspirtiger, Spatll p. 586, test-fig 208. 

1942 Idiol~anrites spitrigcr (J. So\\trby), Haas, p. 195, pl. 46, figs 4a-c, test-figs 31% b. 

1957b Itiiolranrites spitrigcr (J. Sowerby), Wright in Arkell et a1 p. 220, telt-fig 246 (6ad). 

1977 Itiiolranritcs spitriger (J. So\verby), Pllillips p. 98. 

1979 Liiolranritcs slrbspitriger (Spath ), Collignon p. 12, pl. 3, figs 2a, b. 

1987 Itiiol~anrites spittiger (J. So\verby), Inunel p. 130. 

1989 Itiiolranrites sslrbspit~iger (Slmth ), Henderson p. 137, test-fig 1%-d, 19a. 

1996 Liiolranrites spirriger (J. Sowerby), Wright et a1 p. 237, test-fig 187 (2d). 

Type material Lcctotype by subsequent designation of Spath (1939) BMNH C.43996aY the 

larger of the threc fragments figured by J. Sowerby (1 8 18 pl. 2 16, fig 2). The remaining 

fragments, BMNH C.43996b and C.43996~ are the paratypes and appear to be lost. From the 

Upper Gault of Folkestone, Kent. 

Description A planar ancylocone with an initially spiral juvenile stage follo\ved by tn70 

subparallel shafts. Whorl scction Iatcrally co~~ipressed tl~roughout. Straight annular ribs, fairly 

sharp and fine, slightly cffaccd dorsally. Rib index of 6 to 6. On the initial spiral phase the 

ribs are slightly rursiradiate to rectiradide, becoming prorsindiate on the straight part of the 

phragmocone and tl~cn rectiradiatc on the living chaniber. Tllerc are no known apertural 

collars or constrictions. Approsiniatcly cvcry fifth rib bears paircd clavate ventral and circular 

ventrolateral nodes. Tubcrculation fairly strong throughout, even on the living chamber. 

Suture line quadrilobate, n~oderately florid and symmetrical across the siphuncle. External 

and lateral lobes of similar sizc and larger than the siniilarly sized umbilical and internal 

lobes. External lobe symmetrically bifid. Lateral and umbilical lobes subsyn~metrically bifid. 

Internal lobe symmetrically bifid. Pseudolobcs abscnt. The ventral saddle is indistinctly trifid, 

the first lateral, umbilical and dorso-vcntral saddles are bifid. The saddles are rather narrow 

and florid. 
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Occurrence Froin the Uppcr Gault (Upper Albim Hysterocerm voricoszrm to Callihoplites 

azrritis Subzones) of England and France. 
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Family BACULITIDAE Meek, 1876 

Heteromorph ammonites characterised by the reduction of the post-ncanic juvenile-A coiling, 

the ammonitclla and ncanoconch lcading straight into an orthoconic shaft. Apcrture usually 

modified, with collars, constrictions or lappets. Tl~e Baculitidae appcar during the Upper 

Albian (FIGURE 2.17) although at a low diversity, bccoming a n1uc11 more important and 

diverse group during the entire Upper Cretaceous. Albian baculitids have been recorded from 

Europe, Africa, the Americas, Australia and Antarctica. 

Genus LECIIITES Nowak,  1908 

Non tubcrculate baculiticonic an~monites. Planar throughout ontogeny, initially a small open 

spiral which straigl~tcns into a single shaft. Annular ribbing simple, oftcn reduced and 

irregular. Apcrtunl modifications distinctive: microconchs possess constrictions and collars 

like some Homites, macroconchs dcvclop a curved hood but lack constrictions. Suture 

quadrilobate. Synonyms: none. Type species: Lechites gozidini (Pictet &: Campiche, 1861). 

LECHITES GAULIINI P I C T E T  & CAMPICHE, 1861 

Figure 3.73 

Bacirlites gatrditii Pictct & Campiche, p. 112, pl. 45, figs 5-9. 

Bacirlites gairdiiii Pictd & Canpiche, p. 112, pl. 55, figs 10, 1 1. 

B~cirlitesgati~iitti Pictct & Canpiche, von IIauer p. 648, pl. 2, figs 5-10. 

Bacrrlites gaiidiriiPictct & Canpiche, Stoliczka p. 119, pl. 91, figs 9-7. 

lkrcirlites goirditii Pictd & Canpiche, Pictct R: Renevier p. 1 19, pl. 91, figs 9-7. 

Bacirlites gautlitii Pictct & Canpiche, Price p. 76. 

Bacrrlites garrditri Pictct & Canpiche, Rcncvicr p. 340. 

Bacirlites gaiiditii Pictct & Canpiche, Kossnlat p. 154. 

Bacrrlites gairhii Pictct & Canpiche, Simionescu p. 271. 

Bactrlites gairditii Pictct & Canpiche, Popovici-Elatzeg p. 11. 

Bacirlites gaiitiitii Pictct & Canpiche. Jukes-Bro~ine p. 459. 

Baci~lites gairrlirii Pictct & Canpiche, Boule, Lanoine R: Thkvenin p. 64, pl. IS, fig, 1. 

Bacrrlitcs gairditii Pictct & Callpiche, No\iok p. 350. 

Bacrrlitcs gairditii Pictet R: Cal~piche, PervinquiL:re p. 11. 

Bacrrlites ga~rditii Pictct R: Canpiche, Ganz p. 19. 
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1923 Bacrrlitcs cf. garidittiPictet & Canpiche, Bdse p. 157. 

1923 Leclritcs grrriditri (Pictct & Canpiche), Spath p. 76. 

1925 Leclritcs gariditti (Pictct & Canpiche), Diencr p. 60. 

1926 Leclritcs gatiditti (Pictct & Campiche), Wl~itdlouse p. 225. 

1929 Baculitcs ga~rdittiPictct & Campiche, Collignon p. 70, pl. 7, fig, 12. 

1932 Bacrilitcs gariditti Pictet & Canpiche, Barbu p. 16. 

1933 Leclrites gatrditri (Pictet & Canpiche), Brcistroffer p. 195. 

1933 Bactrlitcs garrtiit~iPictct & Campiche, Collignon p. 25, pl. 5, fig 8. 

1935 Leclritcs gazitlirii (Pictct & Canpiche), Shhluu p. 185. 

1936 Baculitcs gartditri Pictct & Campiche, Venzo p. 11 8, pl. 10, fig 3. 

1936 Leclritcs gariditri (Pictct & Canpiche), Brcistroffer p. 66. 

1940 Leclritcs guritiitli (Pictct & Canlpiche), Breistroffer p. 158. 

1941 Leclritcs garctiitri (Pictct & Canpiche), Spat11 p. 662, pl. 72, figs 4-7,9,10, text-figs 

242. 

194 1 Leclritcs aff. nrorcti Slxqth p. 665, pl. 72, fig 8, text-figs 213 (e-k). 

194 1 Leclritcs conrnr~rris Spalh p. 666, text-figs 241 (ac). 

1947 Leclritcs gatiditti (Pictct & Canpiche), Brcistroffcr p. 63. 

1947 Leclritcs gariditti var. taticostata, Breistroffcr p. 63. 

195 1 Leclritcs gariditri var. mricostahrs Breistroffer, Wright & Wright p. 16. 

1957b Leclritcsgut~tiitri (Pictet & Campiche), Wright in Arkell et a1 p. 218, test-fig 245 (la- 

c). 

19G3 Leclrites gariditti (Pictct & Canpiche). Collignon p. 25, test-fig 1075. 

1963 Leclritcs cf. garitiitri (Pictet & Canpiche), Collignon p. 25, test-fig 1076. 

19G8 Leclritcsgariditii (Pictet & Canpiche), wid ma^ & Dieni p. 64, pl. 6, figs 1-5.7-9. 

test fig 36. 

1968 Leclritcs italicris, Wied~nann & Dicni p. 64, pl. 6, fig, 10, test fig 37. 

1968 Leclritcs gatiditri (Pictet & Campiche), Renz p. 80, pl. 17, figs 1-4, text-fig 29e. 

1 %8 Leclritcs conrnrtirris Spath, Rcnz p. 81, pl. 17, figs 6,13. tcst-fig 29 (c-d). 

19G8 Lcclritcs taricostattrs Rcnz p. 82, p1. 16, figs 1 1, pl. 17, fig 7, text-fig 29 (1). 

1968 Lcclritcs canrpiclrei Rcnz p. 82, pl. 17, figs 8-10, test-fig 29111. 

1968 Leclritcs ~~tacottetisis Renz p. 82, pl. 17, figs 11,12,14, 15, text-fig 29 (b, g, 11, k). 

1971 Leclri t~s~sci~cta Scllolz, Renz p. 431, test-figs, 1-2. 

1977 Leclritcs gariditri (Pictct & Canpiche), Cooper & K e ~ c d y  p. 64 1-654, test-fig 1,2,4- 

8. 

1977 Lccllitcs gatitlitti (Pictct & Canlpiche), Phillips p. 105. 

1977 Leclritcs conmrtrt~is Spatll, Phillips p. 105. 

1977 hclritcs gatrtlilii gntiditri (Pictet & Canpiche), Scholz p. 12, pl. 1, figs 1-9, test-figs 5 

(a. b). 

ttott 1977 Leclritcs gatiditti nrotrti (Brcistroffer), Scholz p. 11, pl. 1, figs 10, test-fig 5c. 
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Leclrites gatrditri ~tariostrs Scllolz p. 15, pl. 1, figs 1 1-1 6. 

Leclrites ga~rciitti (Pictet & Canpiche), Bmga et a1 pl. 1, fig 4, text-figs 2-4. 

Leclritcs gatrirri (Pictet & Campiche), Syed-Emami p. 11 2 pl. 7, figs 1 1. 

Leclrites gatrdilri (Pictet & Campiche), 1mmc.l p. 128 

Leclrites gatrditri (Pictct & Ca~lpiche), Phillips p. 54-55. 

Leclrites gatrditri (Pictet & Canlpiche), Delanoy & Latil, p. 752, pl. 1, fig 5. 

Leclrites aff. gatrditri (Pictct & Campiche), FOllmi p. 120, pl. 3, fig, 17. 

Lec~rites con~nrtalis Spadl, Horvadi pl. 3, fig 8. 

Leclrites gairditri (Pictet & Canpiche), IIorvatli pl. 1, fig 6. 

Leclrites gairciitri (Pictct & C~mnpiche), Henderson p. 129, text-fig 12 (a-m). 

Leclrites gartditri (Pictct & Canpiche), Kelly & Moncrieff test-fig 12. 

Leclrites gorrditri (Pictet & Campiche), Emerson el a1 p. 319. 

LEclrites gutrciitri (Pictet & Canpiche), Wright et a1 p. 255, test-figs, 198 (321-e). 

Type material Holotype by monotypy the original of Pictet 8: Campiche (1861, pl. 14, figs 

5-9). The specimen is now lost. From the Upper Albian of Sainte-Croix, S\vitzerland. 

Description Microniorphic planar initial coil followed by a single, straight shaft. Wl~orl 

section approsimatcly circular or slightly laterally compressed. Ribbing moderately to very 

fine, straight and prorsiradiatc on the stnight section, rib index from 3 to 8. Tuberculation 

absent. Apertural modifications develop in both micro- and macroconchs: in the microconchs 

this takes the form of constrictions similar to those of Homites nokonsis, in the n~acroconchs 

the aperture curvcs dorsally to form the so-called apertural hood. Quadrilobate suture line 

symmetrical across the siphuncle. The estemal, lateral, and umbilical lobes are similar in size 

and bifid, the intenial lobe is smaller and trifid. There are no pseudolobes. The ventral saddle 

is indistinctly trifid. The first Iatcral, umbilical, and dorso-ventral saddles are rather narrow 

and bifid. 

Discussion A variable, \videspread species, Cooper 8: Kennedy (1977) synonymised Lechites 

commltnis Spatli ~vith Lechites goudini on the basis of the many transitions which occur. 

Occurrence Recorded from the Upper Albian of Europe, Angola, Madagascar, Australia, 

Antarctica and Mesico. 

LECHITES M O K E T I  BREISTROFFER, 1936 

1861 Bactrlites gatrditri Pictct & Canpiche, p. 112, pl. 45, figs 10,l l .  

1936 Ikrcirlites nroreti Breistroffcr, p. 66. 
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Leclritcs nrowti Breistroffer, Spath p. 665, text-figs 243 (a-d). 

Leclritcs aK nrorcti Spnth p. 665, pl. 72, fig 8, te~t-figs 243 (e-k). 

Leclritcs nrotati Brcistroffer, Clark, p. 23. 

Leclritcs nrowti Breistroffer, Wiedn~ann C Dieni p. 64, pl. 6, fig, 11. 

Leclrites nrotrti Breistroffer, Cooper C Kennedy, p. 651. 

Lecltitcs nrorati Breistroffcr, Phillips p. 105. 

Leclritcs garrditri nrotrti (Breistroffer), Scl~olz p. 14, pl. 1, figs 10, test-fig 5c. 

Leclrircs nrotrti Breistroffcr, Horvatl~ pl. 3, fig 3, pl. 4, fig, 1. 

Type material Holotype by monotypy the original of Pictet 8: Canpiche (1861, pl. 14, fig, 

10). From the Upper Albian of Sainte-Croix, Switzerland. 

Description Similar to Lechites golldini Pictet 8: Canlpiche but differing in ornamentation. 

The ribs are heavy and rather scale like, producing internal moulds with slight but 

characteristic periodic constrictions. Rib dcnsity fairly low (rib indes of 1 to 2). The ribs are 

somewhat sinuous, being prorsindiate along the dorsum, straightening across the flanks and 

over the venter. Quadrilobate suture line symmetrical across the siphuncle. T l ~ e  esternal, 

lateral, and umbilical lobcs are similar in size and bifid, the internal lobc is smaller and trifid. 

There are no pseudolobcs. The ventnl saddle is indistinctly trifid. The first lateral, umbilical, 

and dorso-vcntral saddles are bifid and perhaps a little broader and simpler than those of 

Lechites goudini. 

Occurrence Upper Albian (Stoliczkoin dispor Zone) faunas of England, France and Hungary. 

L E C H I T E S  C O M A N C H E N S I S  ( A D K I N S ,  1 9 2 0 )  

lkrc~rlitcs sp. Winton C Adkins, p. 21.69. 

Bncrrlitcs conrorrclretrsis Adkins, p. 51.74, pl. 2, figs 20-22. 

C'r.toclrilrrs (?) conra~rclrerrsis Adkins, Adkins p. 207, pl. 10, fig 9. 

Bucrrlites conrarrclrerrsis Adkins, Dose p. 146. 

~r.toclriltrs (?) conra~rcl~crrsis (Adkins), S~XIUI, p. 666. 

Leclrircs conratrclrelrsis (Adkins), Clark, p. 23, pl. 3, figs l,2,5-11, p1.4, fig, 16, test- 

fig 6a. 

hclritcs conratrc~relrsis (Adkins), Coopcr & Kennedy, p. 653. 

Leclrites conrarrclrcrrsis (Adkins), Emerson et a1 p. 31 9. 
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Type material Lcctotype by subsequent designation of Clark (1965) the original of Adkins 

(1920, pl. 2, figs 20) BEG 20997. The remaining specimens figured are paralectotypes: BEG 

20998 and BEG 20999. From the Pawpaw Shale (Uppcr Albian) of Fort Worth, Texas. 

Description Very similar to Lechites moreti (with which it may be synonymous) but with a 

slightly higher rib density (rib index 2-3) and a less scale-like aspect to the ribbing. 

Occurrence As holotype. Also from the Upper Albian (Stoliczkaia dispar Zone) of Utah and 

Northern Mexico. 

Genus SCIPONOCERAS Hyntt,  1894 

Baculitid ammonitcs si~tlilar to Lechites but lacking annular ribbing. Periodic constrictions 

along the ventral surface, othcnvise the shell is quite smooth. Apertural collars different to 

Lechites, consisting of a scries of exaggcratcd folds or constrictions similar to those on the 

body chamber plus a high collar and sometimes Suture quadrilobate. Synonyms: none. Type 

species: Sciponocera.~ hoctrloides (Mantell, 1 8 22). 

S C I P O N O C E K A S  S K I P P E H A E  NOV. S P .  

Figure 3.74 

194 1 Leclrites conmarrlis Spat11 p. 667, tcx?-fig 244(f-11). 

1968 Dcl~ircs sp. indct Rcnz p. 83, pl. 17, figs 16.17, test-fig 29f. 

Type material BMNH C.93268 from the Upper Albian (Stoliczkaia dispar Zone, 

MortonicerasperinJatum Subzone) of Melcombe Horsey, Dorset, England. 

Description Straight shells lacking any annular ribbing but with very weak prorsiradiate 

periodic constrictions on the ventral surface, running over the lower park of the flanks. Whorl 

section laterally compressed. Suture line is preserved on only one of the available specimens, 

and at that poorly, but appcars to comprise bifid lateral and umbilical lobes. 

Discussion New spccies bascd on fragments (BMNH C.93268, C.93267) collected by H. G 

Owen and W. J. Kenncdy from thc Uppcr Grcensand of Dorset. The distinctive constrictions 

of Sciponoceras distinguish this spccies from the more common Upper Albian baculitid 

Lechites gazrdini. Sciponoceras skipperae is similar to Sciponoceras bactrloides Mantell, 1822 
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which is found in the Lo\vcr Cenomanian, but shows a lesser degree of lateral compression 

and the constrictions are weaker. The suture line is seems to be less dceply incised, but this 

may be a reflection of the relatively small size of the fragments esamined. Even so, the 

closeness of gcnenl f o m ~  may indicate that this species is the immediate forerunner of 

Sciponoceras bnc~rloides. Both fragments are of the living chambers and suggest an absolute 

length 600 mm. Namcd in honour of my collcague Jackie Skipper, at the Natunl History 

Museum, London. 

Occurrence As holotype and else\vhere in Dorset, England. Also from the Upper Albian of 

La Vnconne, Switzerland. 



Ecology, Stratigraphy, and Phylogeny of the IIcteromorph Anmionoidea of the Albian 

Family TURRILITIDAE Meek,  1876 

Heteromorph ammonite derivcd from tlie Hamitidae and characteriscd by persistent post- 

neanic helical coiling, apical shifting of the siphuncle, acquisition of non-symnietrically 

paired tubcrclcs, and an asymmetrical suture line. The Turrilitidae appear during the Middle 

Albian and persist through into tlie Cenomalian (FIGURE 2.17). Middle Albian species have 

been recorded mainly from Europe while Upper Albian representatives of this family are 

known from the Amcricas, Africa, Asia, and Australia. 

Genus PROTURRILITOIDES Breistroffer, 1940 

Loosely to moderately tightly coilcd helical a~~nionitcs with low spire. Umbilicus closed. 

Where whorls are in contact profile concave, othenvise the 1i711orl section is approximately 

oval or subcircular. Ribbing complete, sinuous and ~vitl~out tubercles or bullae. Aperture lacks 

collars or constrictions. Siphuncle not displaced towards apex. Suture quadrilobate and 

asymmetrical. Synonyms: none. Type species: Protzlrrilitoides ostierionzrs (d'orbigny, 1842). 

PROTURRILITOIDES A S T I E R I A N U S  ( D ' O R B I G N Y ,  1 8 4 2 )  

Figure 3.55 

1842 firrrilites astieriarrirs d'orbigny, p. 578, pl. 140, figs 8-1 1. 

1930 Heter.ocerrrs cf. soreqirierfarrtrnr (d'orbigny), Passcndorfcr p. 696, twt-fig 26. 

1937 fir,rilitoides astieriarrrrs d'orbigny, Spath p. 525. 

1947 Prot~wtilitoitles astietiaairs (d'orbigny), Breistroffer p. 46. 

1953 Proturrilitoides astieriarl~rs (d'orbigny), Breistroffer p. 1350. 

1957b Prot~rrtilitoitfes astieriarrrrs (d'orbigny), Arkell et a1 p. L220, test-fig 248(1). 

1978 Prohn7ilitoitles astieriarrrrs (d'orbigny), Klinger & Kennedy pl. 9, figs 11, i. 

1987 Prottn.tilitoihs astieriawrrs (d'orbigny) Phillips p. 98. 

1985 Prot~militoitles astieriarrrr.~ (d'orbigny), Marcino\vski p. 209. 

1990 Protur7ilitoities astieria~rrrs (d'orbigny), Marcino\vski & Wiedlnann p. 49, pl. 4, fig 5. 

Type material Tlic original of d'orbigny (1842, pl. 140, figs 8-1 1) from Astier, near 

Escngnolle, France. This spccimen appears to be lost (W. J. Kennedy, pers. comm.). 
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Description Low spired turriliticone (apical angle approximately 80") coiling destrally or 

sinistrally. The un~bilicus is closed although may become open for final living chamber. 

Whorl section comprcsscd where successive coils are impressed but othenvise subcircular to 

oval. Ornament very similar to that of Hornitella being simple annular ribs and rather sinuous 

and oblique over the flanks. Rib index 6-8 (typically 36 ribs per whorl on the phragmocone). 

Toward the apcrture the ribbing becomes rather stronger and the spaces between each rib 

more constricted, but othenvise paired collars like those of Tttrrilitoides unknown. Unlike 

Turrilitoides the siphuncle is not displaced. Suture line similar to Turrilitoides: quadrilobate 

and asymmetrical. The e~qernal and lateral lobes are of approximately similar size, the 

umbilical and internal lobcs being rather smallcr. The esternd, lateral and umbilical lobes are 

bifid, the internal lobe is trifid. The saddles are rather broad and bifid. 

Discussion Prottlrrilitoides \\,as proposed as a subgenus of Tzrrrilitoides with which it is 

clearly related (Breistroffcr, 1940). It differs most obviously from Tzrrrilitoides in having an 

open coil and a generally more obtuse apical angle. 

Occurrence Middlc Albian (Errhoplites loricottrs and Ezrhoplites louttu Zone) of France and 

Poland. The French material is confined to condensed scqucnces at Escragnolle, which may 

indicate a range estcnding into the Hoplites dentnttrs Zone. 

P R O T U R R I L I T O I D E S  S E N E Q U I E R I A N U S  (D'ORBICNY, 1 8 4 2 )  

Figure 3.76 

1842 Ttrrtilitcs setteqtricriairrrs d'orbigny, p. 579, pl. 14 1, figs 1,2. 

trot1 1930 Ileterocetm cf. smteqtrietia~ttrnr (d'orbigny), Passcndorfer p. 696, text-fig 26. 

1937 Ttrrtilitoihs settcqtrietianrrs d'orbigny, Spat11 p. 525. 

1947 Protr~r~ilitoitfes setteqtrietiatrrrs (d'orbigny), Breistroffer p. 46. 

1989 Ttrrtilitoicfes (P~otrrt~ilitoi&s) cf. soteqtrietiatrzrs (d'orbigny), F6llmi p. 1 19. 

1990 Prottrtrilitoides settcqtrietiatrris (d'orbigny), Marcinowski Rr Wiedlnann p. 49. 

1 9 9 ~  Protrirtilitoid~?s sctreqtricria~ttis (d'orbigny), Kennedy Rr Juignet p. 109, pl. 230. 

Type material The original of d'orbigny (1 842, pl. 14 I, fig, l ,2)  from Aiglun, near Var, 

south eastern France. Vlis speciltlen appears to be lost (W. J. Kennedy, pcrs. comm.). 

Description Similar to Proturrilitoides ostieronlrs but differing in I~aving finer, more dcnsely 

packed ribbing. The whorl scction is morc circular than in that spccies, and the apical angle 
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more acute, but othcnvise the coiling mode is comparable. Suture line similar, quadrilobate 

and asymmetrical. 

Occurrence A rare, Middle Albian (Ez:hoplites loricntzrs and Ezrhoplites lntrtzts Zone) form so 

far recordcd only from south-eastem France and Vorarlbcrg, Austria. 

Genus TURRILITOIDES Spath,  1923 

Moderately tightly coiled hclical ammonites. Umbilicus closed, but whorls only just in 

contact and whorl scction not distorted or flattened. Ribbing conlplete, sinuous and without 

tubercles or bullae. Apcrture constricted and bordered by paired collars similar to those of 

Hamitespnrkinsoni. Siplluncle displaced towards apex. Suture quadrilobate and 

asymmetrical. Synonyms: none. Type species: Tzrrrilitoides hzrgnrdinnus (d'orbigny, 1842). 

T U R R I L I T O I D E S  IIUGAKDIANUS (D'ORBIGNY, 1 8 4 2 )  

Figure 3.77 

1842 Ttrtrilitcs htrgattiiar~~s d'Orbigny, p. 588, pl. 147, figs 9-1 1. 

1 S47 Trr,rilitcs liriganiia~rtis d'Orbigny, Pictet & Roux p. 155, PI. 15, fig, 12. 

IS48 T~ir~ilites l~trgotriiat~trs d'orbigny, Bronn p. 1329. 

1850 Ttrrtilites 1111go1rlia111rs d'orbigny, d'Orbigny p. 127. 

1854 T~rrrr'lites l~rrgattiiarrrts d'orbigny, Pictet, p. 712. 

1860 Ttirrilites htigatriia~~rts d'Orbigny, Oostcr p. 95. 

1861 T~tr~ilitcs Iittgatrlia~~us d'orbigny, Pictet & Campiche p. 128, pl. 62, figs 1-7. 

1866 Ttarilites Irrrgatrliat~~rs d'orbigny, Pictet & Rcncvicr p. 105. 

11011 1874 Trrrtilitcs krgatriiatit~s d'Orbigny, Price p. 363. 

11011 1875 Tt~rrilitcs lrtiga~rliat~trs d'orbigny, Tol)ley p. 43 1. 

187% Trrrrilitcs l~rrga~rlionirs d'orbigny, Nc~ullayr p. 32. 

1875b Ttu7ilitcs Iirrga~rfiar~us d'orbigny, Ncul~ayr p. 901. 

1890 Tturilites I~t~gatrliar~rrs d'orbigny, Renevier p. 339. 

1897 Ttr~ilitcs lirtgottiia~~tis d'orbigny, Co\tpcr Recd p. 116. 

11011 1 NO T~irlilites 1111gntriinr1trs d'orbigny, Jukes-Brow p. 43 1. 

110t1 1907 Tta7ilitcs lrtrgo~diat~tts d'Orbigny, Jacob p. 327. 

11ot1 1923 T1117ilites Irt~ga~rfiat~trs d'orbigny, Spatll p. 75. 

IIOII 1925 Ttr17ilites 1111gatrlia11us d'orbigny. Spatll p. 34. 

1926 Tta7ilitoinLs lii~ga~rlia~rt~s (d'orbigny), Spatll p. 339. 
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Ttrrtilitoides cf. Irlrgarcliattw (d'orbigny), Breistroffcr p. 232. 

Tlrt7ilites cf. hrrgalrliatrrrs (d'orbigny), I-Ieun & Seitz p. 209. 

Ttrnilitoitles Irrrgatrfiat~trs (d'orbigny), Breistroffer p. 67. 

T11t7ilitoitles Irrrgatdiatrr~s (d'orbigny), Spatl~ p. 526,111. 58, figs 13-19, text-fig 184. 

Turtilitoides Irtrgatrliatrus var. ctassicostatus Spat11 p. 527, p1. 58, figs 12,20. 

Tlinilitoitles Irrrgadiatrus (d'orbigny), Breistroffer p. 150. 

Tut7ilitoitles Irrrgatdiatrus (d'orbigny), Breistroffer p. 60. 

Tunilitoitfcs Irrrgatdiatrrrs var. cmssicostahrs Spatlb Breistroffer p. 60. 

Trrnilitoitles Irrrgatdiarrrrs (d'Orbigny), Matsunloto p. 336. 

Turtilitoides Irtrgatdiarrus (d'orbigny), Wie&nm & Dieni p. 78, pl. 9, fig 3, test-figs 

57,58. 

Ttrrtilitoidcs Irlrgatrfiarrus (d'orbigny), Renz p. 84, pl. 17, figs 18-21. tex?-figs 30a. 

T~rrtilitoides Irlrganiiatrrrs crassicostatlrs (Spth), Renz p. 83. 

Trirtilitoides Irr~gatrfiar~lrs (d'orbigny), Klinger & Kennedy pl. 9, fig K. 

Tro7ilitoitfes (rut~ilitoides) Irrrgardiarrrrs (d'Orbigny) Scllolz p. 34, p1.7, figs 1,3,5,8, 

9,13, text-figs, 1 la-d (only). 

Tut~ilitoitles (rrrt7ilitoides) Irtrgatrliatrus (d'orbigny) Scholz pl. 7, figs 2,4,6,7,10- 

12,14,16. 

Ttrt~ilitoitles l~r~gatrliatrtrs (d'Orbigny), Marcinowski & Wied~nann p. 209. 

Tut~ilitoitles Ir~rgatrliarr~is (d'orbigny), Dclanoy & Latil p. 752. 

T11t7ilitoities (Trrt~ilitoidcs) hrrgardiarlus (d'orbigny), F(lllmi p. 119, pl. 3, fig, 16. 

Turtilitoitfes fi~t.r.ilitoides) Irtrgardiatars (d'Orbigny), Marcinowski & Wicd~nann p. 

50, pl. 4, figs 9.10. 

Trirtilitoitles Irlrgatrlia~rrrs d'orbigny, Wright et al p. 23 1, tex?-fig 189 (3). 

T1rt7ilitoities lrrrgatrfiarrrrs d'orbigny, Kennedy in Gale ct a1 p. 580, test-fig 16a-d. 

Type material The snlaller of the tnro spccimens from the Upper Albian at Montagne des Fiz 

(South East France) figured by d'orbigny (1842, pl. 147, figs 10, 11) by subsequent 

designation of Spath (1937). 

Description High spircd turriliticone (apical angle approsimately 20") coiling destnlly or 

sinistrally. rile un~bilicus is closed. Whorl section compressed where successive coils are 

imprcsscd but othcnvise subcircular to oval. Omamcnt very similar to that of Hnnlites, simple 

annular ribs but rather sinuous and oblique. Rib index 4-6 (t~pically 24 ribs per ~vhorl on the 

phragmocone) although varying on the final living chamber. At the aperture paired collars 

separated by a single constriction may develop (microconchs?). I l e  siphuncle is displaced 

and does not lie over the internal lobe, it is raised laterally to\vard the spire and lies bctwecn 

the lateral and umbilical lobes. Suture line strongly asymmetrical, the inner half of the suture 

line being simpler and more co~nprcssed than the outer half. Suture quadrilobate. The estcrnal 
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and lateral lobes are of approsinlately similar size, the umbilical and internal lobes being 

rather smaller. The estemal, lateral and unlbilical lobes arc bifid, the internal lobe is trifid. 

The saddles are rathcr broad a ~ d  bifid. 

Discussion llrrrilitoides is similar to Protlrrrilitoides but is characteriscd by a the 

displacement of thc siphuncle (toward the apex of the spire), the smaller apical angle, more 

close packing of the whorls, and a closed umbilicus. Both Ttrrrilitoides and Proturrilitoides 

lack the bullate tubcrclcs seen in the other Albian Turrilitidae such as Mctriella, 

Ostlingocercrs, and Pse~idhelicoceros. On the other hand, their ornamentation bears 

comparisons with some of the Hanlitidae. Scholz considered the two other species of 

Turrilitoides to be no more than subspecies of T~irrilitoides h~rgardianlls (Scholz, 1979). 

Marcinowski and Wicdmann prcfcr a separation to be maintained although they acknowledge 

that the only differences slight morphological variations and separation may be difficult 

(Marcinowski & Wiedniann, 1990). 

Occurrence Uppcr Albi'm (Mortoniceras inflotlrm Zone), exact range unknown. Recorded 

from England (prcdomina~tly thc Canbridge Grccnsand), Switzerland, Hungary, Poland, 

Sardinia, and France. Pcrhaps also Pakistan. 

T U R R I L I T O I D E S  D E N S I C O S T A T U S  (PASSENDORFER, 1930) 

Figure 3.78 

~wril i tes Ittrgatziiarttrs d'orbigny, Price p. 363. 

Tunilites ltrrgatriiar~us d'orbigny, Topley p. 43 1 .  

Ttrrrilites Ittrgatriic~ritrs d'orbigny, Jukes-Brown p. 43 1. 

Ttrrrilitcs Ittrgarriiarttrs d'orbigny, Jacob p. 327. 

Tirrrilites lttrgatziiarttrs d'orbigny, Spath p. 75. 

Tiwtilites Ittrgatriiatars d'orbigny, Spatll p. 34. 

Ttrtrilitoities derisicostatus Passendorfa, pl. 4, fig 70. 

Ttrnilitoities tiertsicostahrs (Passcndorfer), S l ~ t h  p. 529, pl. 58, figs 5-7. test-fig 186. 

Tiurilitoitles Iitrgarrliattrrs (d'orbigny). Breistroffer p. 1350. 

Ttirrilitoidcs deruicostahrs (Passcndorfer), Collignon p. 46, te\?-fig 1 1 19. 

Proturrilitoities ~iersicostanmi (Passcndorfer), Casey in Smart et al, p. 1 10. 

Ttrtrilitoities deltsicostahrs (Passendorfer), Klinga Rc Kennedy pl. 9, figs M, 0. 

Ttrtrilitoides (Tun.ilitoides) detuicostafirs (Passendorfcr), Scholz p. 35. 

Turrilitoities deitsicostatus (Passendorfer). Marcinowski & Wiedfinm p. 209. 

Ttrrtilitcs firtrilitoides) Ittrgo~iatrtts d'orbigny, Elovartl~ pl. 1, fig, I, pl. 2, fig 6. 
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1990 Ttrrtilitoides (Ttrrrilitoides) tierrsicostahrs (Passendorfer), Marcinowski Rr W i e d ~ n m  

p.50,p1.4,figs 11,12. 

Type material Holotype by monotypy the specimen from the Upper Albian of Wiekla 

Rbwiin, Tatra (Poland) figured by Passendorfer (1930, pl. 4, fig 70). 

Description High spired turriliticone similar to Tzcrrilitoides htrgordinnlcs but differing in the 

greater apical angle (approximately 25') and the finer more closely packed ribbing (rib index 

8). The whorl section is oval, compressed somewhat where the whorl impacts against the 

preceding part of the shell. Apertunl collars and constriction well developed on microconchs. 

No tuberculation. Suture similar to that of Tzrrrilitoides hzignrdiontcs. 

Occurrence Middle and Upper Albian, Drhoplites lozehrs and Mortoniceras inflnttrm Zones 

of England and Poland. The specimen recordcd from the Middle Albian of Madagascar 

(Collignon, 1963) is considered by Marcinowski & Wiedmann (1990) to be uncertain. It is 

very small and worn, and the ornamentation is unclear. 

T U R R I L I T O I I I E S  I N T E K M E D I U S  (PICTET & CAMPICHE, 1861)  

1861 Ttrrtilites brtetnreditrs Pictct Rr Campiche, p. 127, pl. 57, fig, 14. 

1890 Turrili~es irrtetntedilrs Pictct Rr Campiche, Renevier p. 339. 

1937 Ttrrrilitoicies itrtetnreditrs (Pictd Rr Crunpiche), Spath pp. 527,529,530. 

1947 Ttrrrilitoides irrtetnredirrs (Pictct Rr Cmipiche), Brcistrofi p. 60. 

1 %2a Ttrtrilitoicies irr~ernrcclitrs (Pictct Rr Canpiclie), Wicdlllam p. 189, pl. 13, fig 7. 

1 %8 Ttrrrili~oicies (Ttrrr.iIitoit?es) irrtetnreditls (Pictd Rr Ca~lpichc), Renz p. 84, pl. 17, figs 

24-26, test-fig 30f. 

1979 Ttrrrilitoicies (rrrrrilitoicies) bternredius (Pictct Rr Canpiche), Scl~olz pl. 7, figs 2,4,6, 

7,lO-12.14. 

1985 Ttrnililok?~~ irrternteditrs (Pictct Rr Canpiche), Marcinowski Rr Wiedmam p. 209. 

1990 Ttrtrilitoinc?~ fltrtriliroides) irrtetnreditrs (Pictet Rr Canpiche), M?rcinowski Rr 

Wicdl~mm p. 50, pl. 4, figs 6-8. 

Type material Lcctotypc by subsequent designation of Renz (1968) the specimen from the 

Upper Albian of Sainte-Croix, Switzerland figured by Pictet 8: Canpiche (1861, pl. 57, fig, 

14). 

Description High spired turriliticone similar to Tzrrrilitoides hzcgnrdinnus but with a much 

greater apical angle (approsimately 45") and the slightly finer and more closely packed 
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ribbing (rib index 6). There are typically about 30 ribs per whorl on the phragniocone. The 

ribs are less sinuous than in Ttirrilitoides hzlgnrdionus . Whorl section similar to Ttirrilitoides 

hzigordionw . Apcrtunl collars and constrictions unkno~vn. No tuberculation. Suture similar 

to T~irrilitoides htlgnrdionzis . 

Occurrence Upper Albian (Mortonicercrs inflcthtm Zones) of England, France, Switzerland, 

Hungary, Spain and Poland. 

Genus PSEUDIIELICOCERAS Spath ,  1921 

Loosely to modcratcly tightly coilcd helical ammonites with low spire. Unibilicus open. 

Whorl section is approximately oval or subcircular. Ribbing complete although weakened on 

the inside of the spire. Tuberculation \yell developed and consists of series of bullate to 

circular ridges intcrspcrscd betwecn the plain annular ribs. Siphuncle displaced t~ \ \~ards  apes. 

Suture quadrilobate and asymmetrical. Synonyms: Spirocerns Meck, 1876 non Quenstedt, 

1858, Stibhelicocerns Breistroffcr, 1953, Pornhelicocerns Breistroffer, 1953. T}Q~ species: 

Psetidhelicoceros robertinnzim (d'O rbigny, 1 842). 

P S E U D H E L I C O C E K A S  K O R E R T I A N U M  ( D ' O R B I G N Y ,  1 8 4 2 )  

Figure 3.79 

1842 Ttrtrilites twbet~iatnrs d'orbigny, p. 585, pl. 162, figs 1-4. 

1847 T1117ilites twberti~~rtrs d'Orbigny, Pictet & Roux p. 143. 

18-48 Trrrrilites tobertia~rtrs d'orbigny, Bronn p. 1329. 

1848 Ttrrtilitcs t.obertiatrrrs d'orbigny, Qumstcdt p. 302, pl. 22, fig 5. 

1850 Ttrnilitcs t.oboliarirrs d'orbigny, d'orbigny p. 127. 

1854 Ilelicocetns ~ e t ~ i o r r r r s  (d'orbigny), Pictct, p. 71 3, pl. 56, fig, 10. 

1859 T~rrtilites twbertiattrrs d'orbigny, Cl~mu p. 96, test-fig 422. 

1861 I lclicocons rdettiatrrrnt (d'orbigny), Pictet & Campiche p. 12 1. 

1866 tlelicocetas rdet t ia t r tm~ d'Orbigny, Pictet & Renevicr p. 105. 

1874 T~rrtilites sp. Price p. 76. 

187% T~rrtilites twbo~iarrtrs d'orbigny, Ne~unayr p. 33. 

1875b T~uri l i tes robertianrrs d'orbigny, Ne~unayr p. 901. 

1879 Ilclicocetas rde t t i a rea  d'orbigny, Price p. 76. 

1881 Ttrnilites rwbertiatnrs d'orbigny, Wright pp. 201,244, test-figs 95,144. 

1890 Ttrrtilitcs ~.obertiamrs d'orbigny, Rcncvicr p. 339. 
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11011 1896 Ilelicocoas roberlianrmr d'orbigny, Parona & Bonarelli p. 106. 

1907 Trr17ilites t.obertiarrrrs d'orbigny, Jacob p. 330. 

1907 Arcyloce~ns? sp. Etheridge, p. 16, pl. 9, figs 2,3, p!. 10, figs 4,5. 

191 8 Trrrrilites robertiarrrrs d'orbigny, Tomitcl~ p. 7. 

192 1 Pserrtilrelicoceras robe~n'alirtnr (d'Orbigny), Spath p. 1 12. 

1926 Tr117ilites t.obertiarrrts d'orbigny, Jayct p. 186. 

1932 Tunilites (Ilelicocems) robctii d'Orbigny, Collignon p. 18, p!. 1, figs 2 !,2 1 a. 

1933 Pserrtilrelicoce~urs robcrtialrrmr (d'orbigny), Breistroffcr p. 234. 

1934 Trrlrilites robertialrrcs d'orbigny, Nein & Scitz pp. 199,206. 

1936 Pserrtil~elicoce~ns robcrtiarlrmr (d'orbigny), Breistroffer p. 66. 

1937 Pserrdlrelicocer.asas robertimirmr (d'Orbigny), Spath p. 532, pl. 63, figs 34-37, text-fig 

187,189b. 

1937 Pserr~ilrelicoceras qrradrit~rberotlatr~nr Spat11 p. 531, test-fig 190d-f. 

1940 Pserrtilrclicoce~ns qrratititrrbernrlatr~n~  spat!^, Breistroffer p. 46. 

1942 Pserrtilrclicoce~ns qrrodritrtberarlot~~nr Spth. Haas p. 200, p!. 43, fig 7, p!. 45, fig 8, 

test-fig 33a. 

1953 Pserrcilrelicoce~ns robertimrrmr (d'orbigny), Breistroffer p. 1350. 

1957b Pser~~ilrelicoccras robertia~irmr (dYOrbigny), Arkell et a1 p. L222, test-fig 248(2). 

1965 Pserrtilrelicoce~rrs robertiarrrmr (d'orbigny), Clark p. 38, pl. 8, figs 5,6, pl. 9, fig 5, pl. 

10, fig, I .  

1965 Pserrdlrclicoccras robwtimamt (d'orbigny), Clark p. 38, pl. 8, fig 8, p!. 9, fig 4, pl. 10, 

fig 5. 

1968 Pserrtilrelicoccras robertiarrrtnr (d'orbigny), Wied~nann & Dieni p. 75, pl. 8, fig, 12, 

test-fig 54. 

1977 Pserrdlrelicoceras robertirrtrrtni (d'orbigny), Phillips p. 154. 

1979 Arisoceras (Pserrdlrelicoce~as) robertiarirrnr (d'orbigny), Scholz p. 30, pl. 6, figs 5-1 1, 

test-lig 9. 

1979 Pserrtilrelicoceras sp. Collignon p. 13, pl. 3, fig 3. 

1985 Pserttilrelicoceras robertimrrmr (d'orbigny), Marcinowski p. 209. 

1989 Pserrtllrelicoceras robe~~iarrrtnr (d'orbigny), F~llmi p. 128, pl. 5, fig, 12. 

1990 Pserttilrelicoceras gracile IIcndcrson p. 133, test-figs, 1%-l, ! 6b, 17a. 

? 1990 Pserrtilrelicoceras cf. robertiatrrtnr (d'orbigny), Marcinowski & Widmam p. 48. 

Type material Lectotype by subsequent designation of Spat11 (1937), thc larger of the htro 

specimens figurcd by d'orbigny (1842, pl. 142, figs l,2). From the Middle Albian of Pert- 

du-Rhene, France. 

Description A loosely coiled hclical ammonite. Whorl section laterally conlpressed. 

Ornamentation consists of thickened annular ribs bearing four (rarely three) circular bullae, 
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the ribs being alniost conipletcly effaccd on the inside of the spire. T l~e  second and third 

bullae are larger than the first and fourth. One or t\vo simple ribs may be intercalated bctiveen 

the bullate ribs. Rib indes 3-4, approsimately 24 ribs per complete whorl. No apertural 

constrictions or collars are known. Suture line quadrilobate and asymmetrical. External, 

lateral and umbilical lobes bifid, intcrnal lobe trifid. 

Discussion Comparisons with Anisoceratidae have been made and some authors refer this 

genus to that family, either at gcneric rank (Follmi, 1989) or as a subgenus of Anisocerns 

(Scholz, 1979). Morc conservatively, others propose that this species connects the tuberculate 

turrilitids with the Anisoceratidae (Wright et nl, 1996). I agree with the observation of 

Klinger &: Kennedy (1978) that the tuberculation seen in the Anisoceratidae and the 

Tumlitidae are not alike, and may imply convergcnce rather than common ancestry. The 

presence of three rather than the usual four tubercles in some spccimens of Psezldhelicocerns 

robertinnlim is similar to the instability of the fifth row of tubercles seen in some Morielln. 

The tubercles seen in nienibers of tlie Anisoceratidae dcvelop in matching pairs on the ventral 

and ventrolatenl surfaces. Each tubcrcle within each pair is identical at any given stage of 

growth. In contrast, the tubcrclcs of Psezldhelicoceros and Moriello develop as longitudinal 

series, and there is no symmetry across the long asis. Tubercles appear as bullae, or ridges, to 

the ribs, which become increasingly developed as the shell grows. n i e  last row oftcn docs not 

appear until late in ontogeny. This supports the idea of a different mode or regulation of 

developnicnt, and thus an absence of homology behveen anisocentid and turrilitid tubercles. 

Occurrence Widcly recorded from the Middle and Upper Albirui (Ezrhoplites lnzrttts and 

Mortonicerns infitztm Zones) England, France, Sardinia, Austria, Angola, Madagascar, and 

Texas. 

P S E U D H E L I C O C E K A S  GA ULTINUM S P A T H ,  1937 

Figure 3.80 

1937 Pserrtllrelicoceras garrlti~nmr Spat11 p. 538, pl. 63, figs 27-30. 

1977 Pser~tilrclicocetns ga111ti1111nr Sp~th, Phillips p. 153. 

Type material Holotype BMNH C.38225 by original designation of Spath. From the Gault 

Clay of Folkestonc (Uppcr Albian, Mortonicerns inflntum Zone). 

Description Modcntcly tightly coiled helical ammonite with four rows of tubcrcles, the first 

two being fairly roundcd and well dcvelopcd, and the last two more elongate and rather faint. 
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A weakening or break in the ribbing bcbveen the second and third tubercle running slightly 

below the widcst point of the whorl is reminiscent of Ostlingoceros. Apical angle 

approximately 30" to 40". Whorl section oval, comprcsscd laterally. Ribbing much finer than 

Pseztdhelicoceros robertionzim. The ribs are sinuous, strong on the upper and lower surfaces 

but weakened bcbvecn the second and third row of tubercles and effaced on the inside of the 

spire. Rib index 4-5, and about 30 ribs per complete whorl. The umbilicus is closed. Apertunl 

collars and constrictions unkno\vn. Siphuncle displaced laterally as with other 

Pseudhelicoceros. Suture incompletely known but apparently similar to Pseudhelicoceros 

robertionum. 

Occurrence As holotype. 

P S E U D H E L I C O C E K A S  Y S E U D O E L E G A N S  S P A T H ,  1937 

Figure 3.81 

Ttrnilifes elcgarrs d'orbigny , Moms p. 3 13. 

Ti~rrilires e lqpru d'orbigny, Price p. 363. 

Rrt~ilites elegans d'Orbigny, Topley p. 432. 

Tirrtilites elegarrs d'orbigny, Price p. 78. 

T~rrrilitcs elegn~rs d'orbigny, Jukes-Bro\\n p. 460. 

Pseirtllrelicocetns sp., Dcwey p. 264. 

Pseirtllrclicoceraspset1t~oe1eg0t1~ Spat11 p. 534, pl. 62, figs 29-35, pl. 63, figs 31-33, 

text-figs, l88a-c, l89a. 

Pscr~dlrclicoceras psetrr/oclegatrs SpUlth, Breistroffa p. 48. 

hf~rt7'ellapotagwrica Leanza, p. 214, tcxt-fig. 12. 

Pserrd11elicocet.a.s pseirdocleg~rrrs Spath, Pllillips p. 1 54. 

Pseirdl~elicoce~ris pserrtloelegarrs SpnUl, Plullips p. 99. 

Type material Holotype by original designation of Spath BMNH C.32894 from the Gault 

Clay (Upper Albian, Diploceros cristotuni Subzonc) of Folkestone. 

Description A moderately tightly coilcd helical ammonite. Apical angle approsimately 40". 

Ribs tubcrculate, nther sharpcr and more sinuous than Psezrdhelicoceros goultin~im. Rib 

index of abut 4, and approximately 24 ribs per complcte whorl. Umbilicus open, the whorls 

are not in contact. Whorl section basically a laterally con~pressed oval but slightly polygonal 

on the tuberculate side. Three or four roms of elongate tubercles similar to those ofMoriello, 

the first row is just above the siphuncle, which is displaced upwards and runs at about the 
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widest point of the \vhorl. When small only the first three rows are filly developed and the 

final row is just a simple ridge or bulla to the rib. Apertural modifications unkno\\n. Suture 

line similar to that of Pseudhelicoceras robertianum. 

Occurrence From thc lower Uppcr Albian (Mortoniceras injhtltm Zone, Diploceras 

cristatum Subzone) of England and France. Possibly also from the Upper Albian of 

Patagonia, Argentina. 

Genus MARIELLA Nowak,  1916 

Modentcly to vcry tightly coiled helical ammonites. Whorls tightly packed and section 

flattened at point of contact. Umbilicus closed. Ribbing incomplete and divided into bullae. 

Siphuncle displaced adapically. Suture quadrilobate and highly asymmetrical. Synonyn~s: 

Paraturrilites Breistroffer, 1947, Bergericeras Wiedmann, 1962. Type species: Mariella 

bergeri (Brogniart, 1 822). 

M A R I E L L A  REKGEKI (BROGNIART, 1822)  

Figure 3.82 

1822 Ttrrtilites berg~ri Brogniart p. 395, pl. 7, figs 3a, b. 

1837 Ttrrtilitcs bet;po.i Brogniart, Buckland p. 65, pl. 44. fig, 14. 

1842 Tturilitcs betgeti Brogniart, d'orbigny p. 530, pl. 143. fig 5. 

1848 Ttrtrilites betgeri Brogni'art, Bronn p. 1329. 

1850 Ttorilites betgeti Brogninrt, d'orbigny p. 127. 

1854 Ttrrtilites bogeri Brogniart, Pictet p. 712, pl. 56, fig 7. 

1859 Ttttrilites betgcri Brogniart, Cl~cnu p. 96, text-fig 420. 

1860 Ttitrilites betgeri Brogninrt, Ooster p. 94. 

1861 Ttrrtilitcs betgeti Brogniart, Pictct & Canpiche p. 133, pl. 63, figs 1-4. 

1875 Ttrnilites bctgeri Brogninrt, Pictet & Rcncvier p. 106. 

1875 Ttrt~ilites bo.goi Brogniart, Jukes-Browne p. 289. 

1875 T~irtilites bergen' Brogniart, Toplcy p. 43 1. 

187% firtrilites bogmi Brogniart, Naunayr p. 32. 

1875b Tttrtilitcs bctgeri Brogniart, Newnayr p. 901. 

1878 Ttrrtilitcs betgcti Brogniart, Barrois p. 302. 

1879 Tttrtilites betgri Brogniart, Price p. 78-79. 

1890 Ttrtrilites betgeti Brogni'ut, Rcnsvier p. 339. 
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1897 Trirrilites b o g o i  Brogniart, Co\vpcr Reed p. 116. 

1900 f irrri l i tcs betgcri Brogniart, Jukes-Bm\\ne p. 460. 

1906 Turrilitcs boger i  Brogniart, Douvill6 p. 2 10, pl. 14, figs 6,7. 

1907 Trinil i tes bcrgeri Brogniart, Boulc et a1 p. 38. 

1907 Turrilites betgeti Brogniart, Jacob p. 333. 

191 2 Turrilites boger i  Brogniart, Ganz p. 3. 

1925 Tunilites betgeri Brogniart, Diener p. 80. 

1926 Trrtrilites bctgeri Brogniart, Jayet p. 156. 

1926 Turrilites bergeti Brogninrt, Scott p. 114,144-145, pl. 2, fig 2. 

? 1929 Turrilites betgeri Brogniart, Collignon p. 66, pl. 4, fig, 19. 

1930 Turtilites bergen' Brogniart, Passcndorfer p. 66, pl. 4. fig, 19. 

193 1 Trnrilites bergeti Brogniart, Breistroffer p. 1203. 

1936a Trrrrilitcs bergcti Brogniart, Breistroffer p. 63. 

1936b Trrrrilites bergeti Brogniart, Breistroffa p. 66, pl. 4, fig, 19. 

1937 At~rriella bcrgeti (Brogniart), Spath p. 509,510-514,pl. 62, fig 28, te~9-fig 178. 

1937 Atat ic lb  bcrgcri var. crassitlrbetrrrlata Spath p. 51 3. 

1940 Atoriello bctgcri var. cotrdricierrsis, Breistroffer p. 149. 

1947 PamhrrTilites bcrgcti var. crassitrrborrrlafa (Spatli), Breistroffcr p. 62. 

1933 Parafrrr~il ites be tgo i  (d'orbigny), Breistroffer p. 135 1. 

1958 Trrrrilites bergeti (Bmgniart), Anderson p. 193, pl. 11, fig 2. 

1937b Afariella betgeti (Brogniart), Wright in Arkell et a1 p. 222, test-fig 248 (4). 

1962 Patnhrn.ilites (Betgericerrrs) bctgcti (Brogninrt), Wiedniann p. 189. 

1962 Paratrrrrilites (Bergeticems) b o g o i  ctassifirbemlata (Spath), Wiedlnann p. 190, pl. 

11, fig, 1. 

1963 Patntwr?ilites (B~rga iccms)  bergmi (Bmgniart), Dicni h Massari p. 798. 

1968 Atcrriellu (Atariella) bergcri betgeti (Brogniart), Renz p. 85, pl. 17, fig 37.41, pl. 18, 

fig 3,4,8, text-fig 3lfA. 

1968 hfariella (Afatiella) betgeti cf. cotrdriciet~sis Breistroffer, Renz p. 86, pl. 17, fig 37.27, 

test-fig 320. 

1 %8 A tariella (A fariella) ctnssitrrbcrrrrlata crulssh~borri lota Spath, Renz p. 86, pl. 18, figs 

5,6, test-figs 31a. 32i. 

1 968 Atariella (Atoriella) ctn.s.sitrrborrrlata e.rhpnra Renz p. 87, pl. 18, fig 9. 

? 1968 Atariclla (Afatiella) nov. sp. Rcnz p. 87, pl. 18, fig 7, test-fig 32(1). 

1968 Parwhmilires (Bergericetns) bergeri (Bmgninrt), Wiedlnann h Dieni p. 80, pl. 7, fig 9. 

pl. 9. figs 2,5. 

1977 A tariella b o g o i  (Brogniart), Phillips p. 1 16. 

1978 Aluriella betgeri (13rogninrt), Klinger h Kennedy p. 28, pl. lh, tch3-fig 6e. 

? 1978 A tariella cf boger i  (Brogniart), Klinga h Kennedy p. 28. 

1982 Trrrrilitcs (Betgoiccms) b c t w t i  (Brogniart), Braga et a1 pl. 1, fig, 1, test-figs 2-4. 
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1982 A fariella betget?' (Brogniart), Scyed-Emanli p. 41 9, pl. 2, figs 11,12. 

1985 A briclla betget?' (Brogniart), Seyed-Emalli p. 1 1  1 pl. 2, figs 1 1 ,  12. 

1987 T~arilitcs flergericeras) bergeri (Brogniart), Hovarth pl. 4, fig 4. 

1988 hfut?'ella betget?' (Brogniart), Ali-Zade p. 344, pl. 7, fig 2. 

1988 hfariella betget?' (Brogniart), Delanoy & Latil, p. 752, pl. 1, fig 5. 

1995 hfuriella (nfatiella) bcrgcri (Brogniart), Sqed-Enlami & Inul~el p. 384, test-figs, 17, 

18. 

1996 hfariella bcrgeti (Brogniart), Wright et a1 p. 243, tex?-fig 190 (3). 

Type material Holotypc by monotypy the original of Brogniart (1822, pl. 7, fig 3). From the 

Upper Albian of Fiz, Savoy, France. 

Description Turriliticone with closcd coiling is closed, the whorls compressed sufficiently to 

produce angular, polygonal whorl scction. As with otl.lerMnrielln, coiling can be destral or 

sinistral. During the ncanoconch stage, the shcll coils in one plane. Coiling quickly becomes 

more helical through the early juvenile-A stage to form the high spire characteristic of the 

genus. At maturity, the apical angle is approximatcly 30". The subannular ribs are initially 

divided into four distinct bullate tubercles or ridges, becoming more circular with ontogeny. 

A fifth tubercle gradually differentiates from the fourth tubercle on the latest n71~orls. The first 

tubercle lies bctivccn the external and lateral lobes. The second and third tubercles are over 

the lateral lobe itsclf. The fourth and fifth tubercles are bet\veen the lateral and umbilical 

lobes. =ley are generally covercd by succeeding ~vhorls and form distinct depressions where 

the attachcd spine tvas overgrown by the later shell gro\vth. The individual ribs are slightly 

oblique (about 20" to 30" to the vertical), approsimately 20 or more to each whorl. Suture line 

is quadrilobate, clcarly asymmetrical across the siphuncle. Vle estemal and lateral lobes are 

of approximatcly similar size, the un~bilical lobe is sornc\vhat smaller, and the internal lobe 

very smaller still. External lobe \veakly asymmetrical and bifid, the outer leaf slightly larger 

but similar in shape to the inner leaf. Lateral and umbilical lobes are asymmetrically bifid, the 

umbilical lobe being slightly smaller than the lateral lobe. The internal lobe is symmetrically 

trifid. No pscudolobcs. Ventral saddle trifid, first lateral, umbilical, and dorsolatcral saddles 

asymmetrically bifid. 

Discussion Confusion has esisted over the validity of the name Mnrielln in respect to the use 

of the genus name Morioello for a gastropod. Breistroffer proposed the name Porottrrrilites, 

with the spccies Moriellngresslyi as type (Brcistroffer, 1947). Subsequently, Wiedn~ann 

(1962) considered Mnrielln bergeri to be sufficiently distinct from Pornturrilites gresslyi as 

to warrant a separatc subgenus, Bergericerns. Klingcr &: Kennedy (1978) declared that 

Mariella is a valid namc and thesc alternatives should be abandoned, and I have not uscd 

them here. 
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Occurrence Cosniopolitan distribution throughout the latest Upper Albian (Stoliczknio dispnr 

Zone) including much of Europe, Azerbaijan, North Africa, Momnbique, Madagascar, 

Australia, California and Tesas. 

M A R I E L L A  C A N T A H R I G I E N S I S  (JUKES-BROWNE, 1877)  

Figure 3.83 

Tt117ilites catabtigierais Jukes-Brownc p. 493. 

Trrtrilites wicsti var. catttabtigiertsis Cowpcr Recd p. 116. 

firrtilites catabtfgietuis Jukes-Browne, Slmtll p. 429. 

Afariella catabt.igiettsis Jukes-Bro\\ne, Spatl~ p. 51 8, pl. 57, fig 36, pl. 58, figs 1,2, 

tcst-fig 181 a,b, I82 d, e. 

A flirielb gtvssbi var. catttabrigiettsis (Jukes-Browne), Breistrofir p. 150. 

Pflrahorilitcs gressljd var. catrtabtigietlsis (Jukes-Browne), Breistrofftr p. 60. 

Ahtiella cf. catttubrigiertsis (Jles-Brow), Nakai L Matsunloto p. 7, pl. 1, fig 4. 

A Icrriella (A fatiello) catabrigiewsis (Jtlkes-Bronne), Renz p. 88, pl. 17, fig 3 1, test-fig 

3 111,32n. 

A fat~iclla catitabtigicrrsis (Pictd L Canpiche), Plullips p. 1 16. 

Type material Lectotype by subsequent designation of Spath (1937, p. 518) Scdgewick 

Museum, Cambridge B.38502, one of the specimens collected by Jukes-Browne. (1861, pl. 

57, fig, 1 la-c). From the Cambridgc Grecnsand (Upper Albian) near Canbridge, England. 

Description Turriliticone \\it11 closcd coiling is closed, coiling destrally or sinistnlly. T l~e  

whorls are compressed sufficiently to produce angular, polygonal \~liorl section. Apical angle 

similar to or slightly greatcr than, that ofMnrielln bergeri (30' to 40"). Subannular ribs 

initially divided into three stiiall bullate to circular tubercles, later whorls see the gradual 

appearance of a fourth bullate tubercle close to the third. It is covered by subsequent growth. 

'There are approsiniately 20 ribs per whorl. m e  first and second tubercles are close together 

and lie bct\vcen the estemal and lateral lobes. The third tubercle lics over the lateral lobe. Tlie 

fourth tubercle, if prcscnt, is between the latcnl and unibilical lobe. Each rib is slightly 

oblique (about 30" to the vertical). The tubercles have bullate sections at tlie base throughout. 

Suture line perhaps slightly more like that of Tirrrilitoides htrgnrdinntts than Mnrielln bergeri 

in that the estcmal, lateral and umbilical lobes are of approsiniately similar size. The suture is 

quadrilobate and clcarly asyninietrical across the siphuncle. Tlie esternal, latenl and 

umbilical lobes are of approsiniatcly similar size and the internal lobe very much smaller. 
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External lobc very weakly asymmetrical and bifid, the outer leaf a little larger but similar in 

overall shape to the inner leaf. Latcral and umbilical lobes are as~mmetrically bifid. Tile 

umbilical lobc is slightly smaller than the lateral lobc. The internal lobe is synlmetrically 

trifid. No pseudolobcs. Vcntml saddle trifid, first lateral, umbilical, and dorsolateral saddles 

asymmetrically bifid. 

Discussion. This spccies is very similar to Moriella gresslyi, and they probably intergrade, 

making separation of thc two difficult (Brcistroffer 1947, Nakai 8: Matsunloto 1968). I l e  

principal differcnces are the slightly greatcr apical angle of this species the rather smaller 

circular tubercles. 

Occurrence Uppcr Albian (Stoliczknia dispor Zone) of England, France, Switzerland, 

Tunisia and probably Japan. 

M A R I E L L A  G K E S S L Y I  (PICTET & CAMPICHE, 1861) 

1861 Ttrnilites gress!\i Pictet h Campiche p. 132, pl. 57, figs 11-13. 

187% Ttrnilites gresslyi Pictet h Campiche, Neumayr p. 32. 

187% Ttrrtilites gwsslyi Pictet h Campiche, Neumayr p. 901. 

1890 Ttirtilites gresslyi Pictet & Campiche, Renevier p. 339. 

191 0 Ttrr-tilites gresslyiPictet & Campiche, Pervinqt~bre p. 54. 

1 923 Ttrrtilires gress3,iPictet & Canpiche, Bdse p. 147. 

1925 Ttrrtilites gress!vi F'ictct h Campiche, Dicncr p. 83. 

1929 Ttrrtilitcs gresslyi Pictct h Campiche, Collignon p. 65, pl. 1, fig, 15. 

1936a Ttinilitcs gresslyi Pictct Kr Campiche, Breistroffer p. 65. PI. 1, fig, 15. 

1937 Alariella gtesslji (Pictet h Canlpiche), Spath p. 516, pl. 58, figs 3,4, test-fig 180. 

1940 hfarielln grcsslyi (Pictet h Campicl~e), Breistroffer p. 149. 

1337 Paratrrt~ilites grrsslyi (Pictet h Campiche), Breistroffer p. 60. 

1339 Pa,otrrtrilites grrsslyi (Pictet h Campiche), Collignon p. 47, pl. 258, fig, 1122. 

1953 Patntiitrilitcs grcss!)i (Pictct h Campiche), Brcistroffcr p. 1350. 

1 %8 Afariella (Afaticlla) gressF bi/irrrata Renz p. 89, pl. 17, fig 42, test-fig 3 le, 32c. 

1968 Ahriella (A fatiello) pss!\ti gress!vi (Pictct h Campiche), Renz p. 89, pl. 17, fig 30, 

32,33, test-fig 31c, 32a, b. 

1977 Afatiella gtess!vi (Pictct h Cmnpiclle), Phillips p. 1 16. 

? 1978 A fariella cf. grrsslyi (Pictet h Campiche), Klinger h Kenncdy p. 26, pl. 7e 
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Type material Lcctotypc by subscquent designation of Spatll (1937, p. 516) the original of 

Pictet 22 Campiche (1861, pl. 57, fig, 1 la-c). From the Upper Albian of Sainte-Crois, 

Switzerland. 

Description Turriliticonc with closed coiling is closed, coiling may be dexqral or sinistral. 

The whorls comprcsscd sufficiently to produce angular, polygonal whorl section. Apical 

angle similar to that ofMariella bergeri (approsimately 30'). Subannular ribs initially divided 

into thrce small and circular tubercles, the latest ~vhorls may bear a fourth row of tubercles, 

approximately 20 ribs per \vhorl. The fourth tubercle, if present, is usually enveloped by 

succeeding shell growth. The distribution of tubercles is similar to that ofMariella bergeri. 

The suture is quadrilobate and clearly asymmetrical across the siphuncle. The external, lateral 

and umbilical lobcs are of approsimately similar size and the internal lobe very much smaller. 

External lobc very ~vcakly asymmetrical and bifid, the outer lcaf a little larger but similar in 

overall shape to the inner leaf. Latcral and umbilical lobes are as~mmetrically bifid. The 

umbilical lobe is slightly smaller than the lateral lobe. The internal lobe is symmetrically 

trifid. No pseudolobes. Vcntnl saddle trifid, first lateral, umbilical, and dorsolatenl saddles 

asymmetrically bifid. 

Occurrence Upper Albian (Stoliczknia dispnr Zone) of England, France, Switzerland, 

Algeria, and Westcm Madagascar. 

M A R I E L L A  M I L I A R I S  (PICTET & CAMPICHE, 1861) 

Figure 3.81 

1861 T~/t-tilites betgeri var. nriliatis Pictct & Campiche p. 136, pl. 58, fig 5. 

IN3  T~rt-tilites betgeti var. nriliaris Pictct & Campiche, Choffat p. IS. 

1936a Tunilites betgeti var. nrilioris Pictet & Campiche, Breistroffer p. 66. 

1937 Afatiella nrilinris (Pictct & Campiche), Spatll p. 514, pl. 57, figs 25.26, test-fig 179. 

1968 Afariella (Afatiello) nriliatis (Pictct & Canpiche), Renz p. 88, pl. 18, fig, 10, test-fig 

31m, 3211. 

1977 Afciriella nriliaris (Pictct & Campicl~e), Phillips p. 116. 

1978 A fatiella nriliatis (Pictet & Campiche), Klingcr & Kennedy p. 29, pl. 3j, test-fig 8e. 

Type material Holotypc by monotypy the original of Pictet & Campiche (1861, pl. 58, fig 5). 

From the Uppcr Albim of Saintc-Croix, Switzerland. 
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Description Turriliticone \\lit11 closcd coiling is closcd, destrally or sinistrally coiled. l e  

whorls are compresscd suficicntly to produce angular, polygonal whorl section. Apical angle 

greater than that of Moriello bergeri (approsimately 70") producing a squatter, almost 

trochoform, coil. Subannular ribs initially divided into four small but distinct bullate tubercles 

or ridges, bccoming more circular with ontogeny. Ribs are oblique as with Moriello bergeri 

but each rib is much finer, with up to 40 pcr complete whorl. Suture line is quadrilobate, 

clearly asymmetrical across the siphuncle. 11e esternal, and Iated are of approsimately 

similar size. The un~bilical lobe is somewhat smaller and the internal lobe very smaller still. 

External lobe tveakly asymmetrical and bifid, the outer leaf slightly larger but similar in shape 

to the inner leaf. Lateral and un~bilical lobes are asymmetrically bifid, the umbilical lobe 

being slightly smallcr than the lateral lobe. The internal lobe is symmetrically trifid. No 

pseudolobes. Vcntnl saddle trifid, first lateral, un~bilical, and dorsolatenl saddles 

asymmetrically bifid. 

Discussion The validity of this species has becn questioned, in may be a variety ofMoriello 

bergeri (Wicdmann & Dicni, 1968). It is distinguished only by more dense, but rather finer, 

tuberculation and a grcater apical angle, but transitions between the t\vo are kno\vn (Spath, 

1936). 

Occurrence Widespread, cosmopolitan distribution similar to that ofMoriello bergeri 

throughout the Upper Albian (Stoliczkoio dispor Zone) including much of Europe, 

Madqascar, South Africa and California. 

MARIELLA NORILIS (JUKES-BROWNE, 1877)  

Figure 3.85 

Ttr17ilites trobilis Jukcs-Bro\\ne p. 493, pl. 21. fig, I. 

fiwtilites trobilis Jtkes-Bronne, Co\\l>cr Reed p. 116. 

firrtr'lites trobilis Jukes-Bro\\ne, Jukes-Bronne p.460. 

T1117ilites ttobilis Jukes-Bro\\nc, Spatl~ p. 429. 

T1a7ilites rrobilis Jikes-Broune, Spatll p. 520, pl. 58, figs 10, 11, test-fig 182. 

Parat~rt~ilitcs rrobilis (Jukcs-Bro\\ne), Breistroffer p. 60. 

Parcrhrtri/ites rrobilis var. cnrcioria Brcistroffer p. 60. 

Patut1rt7ili1es tiobilis var. brvwitei Breistroffer p. 96. 

Alariella (nfariella) rrobilis brorcvrci (Brcistroffer), Rcnz p. 90, pl. 17, fig 35,36,38, 

39, test-fig 31i, 32e. 
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1968 Ahriella (Afatiella) trlobilis crtrciotrlo (Breistroffer), Rcnz p. 90, pl. 17, fig 34, text-fig 

3 1 b, 32d. 

1968 Afariclla flfatiello) rrlobilis rrobilis (Jukes-Bro\\ne), Renz p. 89, pl. 17, fig 28,40, test- 

fig 31(1), 32k. 

1977 hfatiella rrlobilis (Jikes-Bro\\ne), Plullips p. 1 17. 

Type material Holotype by monotypy the original of Pictet 8: Campiche (1861, pl. 58, fig 5). 

From the Uppcr Albian of Sainte-Croix, S\vitzerland. 

Description Turriliticone with closcd coiling is closed, the whorls compressed sufficiently to 

produce angular, polygonal \\rl~orl section. Apical angle similar to that ofMoriello bergeri 

(approxiniatcly 30"). Subannular ribs initially divided into three, occasionally four, small but 

circular to clavate tubercles. Distribution of tubercles similar to that ofMoriello 

cnntobrigiensis. Approximately 20 ribs per lvhorl. The fourth tubercle, if prescnt, is usually 

enveloped by succccding shcll gro~vth. The suturc is similar to that ofMorielln 

contnbrigiensis. 

Discussion Comparcd with the very similar Moriello cnntnbrigiensis this species is 

charactcrised by a more sinuous ribbing and n t l~cr  weaker tubcrculation. The earliest \vhorls 

lack any obvious tubcrculation at all. 

Occurrence Uppcr Albim (Stoliczknio dispor Zone) of England, France and Switzerland. 

Also from Texas. 

M A R I E L L A  W O K T I I E N S I S  (ADKINS & WINTON, 1920) 

Tirrrilites wortlrlctrlsis Adkins & Winton, Adkins p. 78, pl. 3, figs 1,6. 

Tirwilites q. Adkins p. 78, pl. 3, figs 2,4. 

Tirnilires sp. B. Adkins p. 45, pl. 7, figs 7,8. 

Tirt-tili~es q). Adkins & Winton pl. 7, figs 9-1 2. 

Trrt-tilites sp. Winton & Adkins p. 69. 

Ttrt7ilitcs worllrlensis Adkins & Winton p. 28,4445, pl. 7, figs 10, I I, 13. 

Ttrrrilites rc~orrlrouis Adkins & Winton, Winton p. 59, pl. 6, fig 4. 

T~rnilites circtrnrtrrer~iotrlrs Scott p. 79,144-145, pl. 1, figs lo', lo", 11. 

Tirrtilites n~ortlrlet~sis Adkins & Winton, Adkins p. 24,2 15, pl. 21, fig, I. 

Tirrrilites wortlrewsis Adkins & Winton, B6se p. 146-147. 

Parat~rt~ilitcs wortl~oisis (Brogni'a), Breistroffer p. 66. 

"Tirrrilites " vortlrmrsis Adkins & Winton, PLrkins p. 39. 



2 d hctfclt flLtie1k1) d t c t l d s  (AJLins & Winton). Chlr p. 303-304, mt-fig 2. 

1365 . \h~delt fldtrirlt)  d t n l d s  ( A J L h  (t \Vinton).Chk p. 41-42, pl. 1 I. fig 3.6, pl. 

12, ftpr 1-9. PI. 16. figs4. 5. tat-fig 16. 

19N AL~riclt  wwltcc~tb (AJLiru L WinlonX rrnuson rt a/. p 291. 

Type nrntcrial1lolot)pc by original designation the spccimcn figured by Adkins & \\'inton 

(1920, pl. 7, fig. 10) froni t!rc Paivpw Clay fomrjtion at S y m o r c  Crcck near Fonh \\'oh, 
T c w .  

Description A vcr). m d l  tumliticonc tsith closcd coiling. Thc tthorl section in circular to 
somc\\ha rurgular (but Icss so than obcr Alilricllil). Coiling dcxtnl or sinistnl. A p i d  ;urglc 

approxinratcly 4Q'. Subsnnular ribs initially divided into thrcc distinct bullatc tubcrclc~ or 
ridges, bcconring nlorc circular nith ontogcny. A fourth tubcnlc gnduallp appcw on the 

later t\horls. On a11 uvc thc find living chamber the fourth tubcnlc is covcrcd by succccdin~ 

\\hods but distinct d ~ p ~ s s i o n s  pcnitt ~ h c r c  drc spine \\as ovcrgro\vn. The individual ribs ;uc 

slightly obliquc (about, 10' to drc venial), approuinratcly, 15 to 20 ribs pcr \\hod. Sutun: 
lint similar to ALrrlelh krgcrl.  

Discussion This fomr is closely ~ l a t c d  to Al'iriclki brrgcrl \\hich is vinudly identical at 3 

compmblc six,  and only diffcn tthcn Iargc. Diffcrcnccs bct\\ccn maturc Aforicll~ b c W d  

a d  Aforlelln wor~)~c*n.tls arc thc s)ighll)* blunter a p i d  mglc and fc\\cr tubcrclcs. This 
mmonitc almost ccminly rcpnttcnts a dtvarf' form ofAl~riclln bcaerl, cdibiting progcnctic 
6ro\\'th, i.c., maturity in Altrricllr vorrhensls is rcachcd at a size and nlorpholosy closcl~ 

complrnblc ttirh that of inrnratun: Al~irirll~7 bcgcrl. I t  nuy bc bcttcr to rcfcr to this spccics ;Is 
a subspccics of Ak~r~c l I~ i  bcrgcr~. 

Occurrence Rcstrictcd to thc Uppcr Albisn o f T c u  and d jxcn t  as. 

lli6hly comprcsscd, high-spircd hclic~l mlnronitc t\ith closed unrbilicus and y l g u l ~  \\hod 
section. Ribbing distinctive: vcr). stnight md sharply dcfincd, \\ith onc or two ro\\s of small 
bullac on ihc adapical surface divided by n ~ c 3 c n i n g  or brcdi in thc ribbing. forming 
shdlo\v gmvc. Siplwnclc displwcd d ~ p i u l l y .  Sutun: qudrilobtc and highly 
as)mmctricd. Synon)ms: mnc. T ) p  species: Osrlmn~cmsp~~:osi~nrrm (d'orbisny, 1842). 
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O S T L I N G O C E R A S  PUZOSIANUM (D'ORIIICNY, 1 8 4 2 )  

Figure 3.86 

1842 fiu.~ilitcsprrzosiarrlrs d'Orbigny p. 523, pl. 143, figs 1,2. 

1847 Trrrrilitcs przosiarrrrs d'orbigny, Pictet & ROUX p. 15 1, pl. 15, figs 9% b. 

1848 Trrrtilitesprtzosiarrus d'Orbigny, Brom p. 1329. 

1850 Trrrrilitcs prrzosiarrlrs d'orbigny, d'Orbigny p. 127. 

1854 ~r,rilitesprrzosiarllrs d'orbigny, Pictct p. 712. 

1861 Trirrilitcsprzosiarrrs d'Orbigny, Pictct & Campiche p. 139, pl. 59, figs 3-6. 

1866 Ttrrtilitcsprzosiarrzrs d'orbigny, Pictet & Renevier p. 106. 

1875a Ttrrrilitcsp~rzosiarrrs d'orbigny, Nc~u~lnyr p. 33. 

1875b Trrrn'litcs ptrzosia~~t~s d'orbigny, Neumayr p. 90 1. 

1878 Trrrrilitespzrzosi d'Orbigny, Bayle pl. 49, figs 1.2. 

1878 Tru.tilitcsprzosia~~r~s d'orbigny, B m i s  p. 302. 

1890 firrtilitcs p~rzosiarr~ts d'orbigny, Rcnevicr p. 339. 

1897 Trurilites p~rzosiatrrts d'orbigny , Co\\pcr R e d  p. 1 16. 

1900 Tz~r~ilitcspzrzosiar~lcs d'Orbigny, Jukes-Broune p. 460. 

1907 Trurilites przosiarrtu d'orbigny, Jacob p. 333. 

1907 T~irrilites (Ostlirrg~~erus) prrzosi~tr~~s d9Orbigny, Pervinquihre p. 100. 

1912 Trw~ilitcspuosiuntu d'orbigny, Ganz p. 3. 

1930 Trurilitcs cf. prrzosiarrzrs d'orbigny, Passcndorfer p. 672. 

1936 Ostlirrgoceras prrzosiatrtmr (d'orbigny), Brcistrofi p. 63. 

1937 Ostlirrgocerosprrzosiarrrrnr (d'orbigny), Sp th  p. 533, pl. 58, figs 38-40, test-fig 183. 

1937 Ostlirrgoceras ptrrosiar~t~nr (d'orbigny), Stolly p. 5 1. 

1947 Ostlir~gocctns prrzosiarrrrnr (d'orbigny), Breistroffa p. 62. 

1 953 Ostlirrgoceras prrzosicrnrrnr (d'orbigny), Breistroffcr p. 1350. 

1957b Ostlitrgoceras (Ostlirrgocetws) prrzo.siarr~nr (d'orbigny), Wright in Arkell et 01 p. 222, 

test-fig 248 (7). 

1979 Ttrrrilitcs (Os/lirrgocetus) prrzosiar~rrnr (d'Orbigny), Scholz p. 42, pl. 9, figs 4-1 3, test- 

fig Ilk. 

1963 Ostlirrgoccraspuzosia~~~~n~ (d'Orbigny), Collignon pl. 257, fig, 11 13. 

1968 Ostlirrgoceros (Osrlirrgoccms) prrzosiarrrtnr (d'Orbigny), Renz p. 92, pl. 18, figs 12-15. 

19G8 Osrlir~goceras (Osrlirrgoceras) prrzosifotnrc Spth, Renz p. 93, pl. 18, fig, 18. 

1968 Ostlirrgoccrws (Ostlirrgocems) ptrzosiarrrrnr (d'orbigny), Wiedl~lann & Dieni p. 79, pl. 

9, fig, 1-4. 

1977 Ostlirrgoccras ptrzosiot~~~nr (d'orbigny ), Plullips p. 132. 

1977 Os~lirrgocctnsprrzosiarrtmr (d'orbigny), Scycd-Enlami p. 128. 



Ecology, Stmtigrapliy, and Phylogeny of the lIctcromorpll Anunonoidca of the Albian 

1982 Ostli~rgoccrasptrzosiarrr~nr (d'orbigny), Syed-Emami p. 426, pl. 3, figs 12,13, pl. 4, 

figs 1-3,12,13. 

1988 Ostlirrgocerasprrzosia~~~inr (d'orbigny), Dclnnoy & Latil p. 752. 

1989 T~rrrilircs (Ostlirtgocerus) prrzosicrrrrrnr d'orbigny, Movartl~ pl. 4. figs 2.7. 

? 1989 Osrlirrgoccras sp. indct. Owen p. 377, pl. 1 ,  fig 9. 

Type material Holotype by monotypy the original ofd'orbigny (1842, pl. 143, figs 1,2). 

Spccimcn in the Puzos Collcction at the School of Mines, Paris. From Reposoir, Savoy, south 

eastern France. 

Description A high spircd tuniliticone immediately recognisable by the flattened whorl 

profile and sharp ribbing with distinctive adapical groove. The \vhorl section is polygonal and 

the flattened faces of adjaccnt \\~horls fit ncatly together giving the entire spire a very closely 

packed, conical appearance. Laterally the \vhorl profile is also flattened in contrast to the 

convex, subcircular profilc ofMoriello. The ribs are incomplete, being absent on the inner 

surface of the whorl. Approsimatcly 35 to 40 straight ribs per whorl, each rib bcars one or 

two small bullatc to circular tubcrcles dividcd by a weakening or break in the rib. Apertural 

collars and constrictions unkno\\n. The suture line is comparable to Moriella bergeri, being 

quadrilobatc but highly asymmetrical. 

Discussion The relationship bctwcen this species and the nrc  Lo\\?er Cenomanian form 

Ostlingocerosp~rzosifornie Spath, 1937 is uncertain, the latter may be merely a variety. It is 

distinguished by having sinuous rather than straight ribbing, sce discussion in Renz (1968). 

Scholz (1979) considcrcd Ostlingoceros to be a subgenus of firrrilites. However, 

Ostlingoceros is much more flattcncd on thc outcr whorl surface than any Tztrrilites or 

Moriello, and thcir are only two tubcrcles which are much smaller than those of fitrrilites and 

most Moriella (although perhaps comparable with Moriello milioris). Most authors therefore 

considcr Ostlingoceros to bc quite distinct from citller Morielln or firrrilites. 

Occurrence From the Uppcr Albianand the Lower Ccnomanian of north west Europe, 

including England, France, Sardinia, and Poland, also from Madagascar and Inn. 
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Superfamily SCAPHITACEAE Gill, 1871 

The validity of this taxon cannot be hlly justificd on the basis of this cladogram. As 

originally conceived, tlic Scaphitaccae co~iiprised a number of divergent lineages (including 

Worrhocerns as well as Scophites and Eoscophites) with a monophyletic origin within the 

Lytocerataceae (Wright, 1953). l i i s  is in contrast with the derivation of tile Tumlitaceae 

from the Ancyloccntaccae. It has been proposed by Wiedmann (1965) and supported by this 

cladistic analysis that the true scapliites, the family Scaphitidae, can be derived from the 

Hamitidae within the Turrilitaceae, and that the dwarf scaphite Worrhoceros is rather an 

offshoot of the Ptychoceratidae. It would appear then the Scaphitidae are a monopliyletic 

family of recoiled hctcron~orpli animonites derived from the Hamitidae of equivalent standing 

to the Turrilitidae, Baculitidae, or Anisocentidae. 

Family SCAPHITIDAE Gil l ,  1871 

Recoilcd I~ctcromorpli ammonite characterised by closurc of the un~bilicus within a more or 

less involute spiral phngnioconc. Ribbing also tcnds to bifidity, the divergence being raised 

somewhat and often producing bullate tubercles. The aperture of some species ornamented 

with a single constriction and collar. l i e  Scaphitidae appear during the Upper Albian but 

bccome much more divcrsc through the Upper Crctaccous. They have been recordcd from 

Albian dcposits in Europe, North Africa, Madagascar, and the Middle East. 

Genus E O S C A  PHITES Breistroffer, 1947 

Non tuberculate shallow hookcd ancyloconic animonites. Planar throughout ontogeny, initial 

coil closed (iniperfontc), not as globose or involute as Scophites. Annular ribs occasionally 

divide over ventral surface. Apcrti~nl modifications unkno\vn. Suture quadrilobate. 

Synonyms: none. Type spccies: Eoscaphites circllloris (J. de C. So\verby, 1836). 

E O S C A P H I T E S  C I R C U L A R I S  ( J .  D E  C. SOWERBY,  1836) 

Figure 3.87 

. 
1836 hmrarites cirrrrbtis J. dc C .  So\\ferby p. 337, pl. 11, fig 20. 

1837 hrnrwritcs citrrrlotis J. dc C .  S~\\~crby, Bro\\n pl. 20, fig. 10. 
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18.28 hrnrwritcs citrrrlotis J. de C. Sowehy, Brom p. 37. 

1854 hrnrwritcs citrrilaris J. de C .  Sowverby, Morris p. 296. 

1868 Anmrwritcs citrulatis J. de C .  Sowerby, dc Rance p. 168. 

1875 Anmrwlitcs citrulatis J. de C .  Sonrehy, Topley p. 431. 

1933a Scapl~itcs citrrrlatis (J. dc C .  Sotverby), Spth p. 427, test-figs 4 (d-j). 

1934 Scapllites circrilatis ( J .  dc C .  Sowvehy), Spth p. 496. 

1933 Scoplritcs cirrrrlatis (J. dc C .  Sowerby), Spth p. 496. 

1937 Scnplrites citrrilatis (J. de C .  So\verby), Spth p. 499, pl. 62, figs 1-9, text-fig 174. 

1932 Sccrplrites citrirlatis (J. de C .  Sowerby), Spth p. 680. 

1957b Eoscaplriies cirmluris (1. de C .  Sowvcrby), Wright in Arkell et of p. 228, test-fig 255 

(6a-c). 

1965' Eoscaplriics circltlaris (J. de C .  Sowvcrby), Wiedllann p. 403, pl. 53, figs 1-3, test-figs, 

1 (a-c). 

1977 Eoscnplritcs cit~cltlatis (J. de C .  Sowerby), Pllillips p. 59. 

1985 Eoscnplritcs cbrrilaris (J. dc C .  Sowerby), Wie&ll'm & Marcinowski 456-461, text- 

figs 4 (ad), 5 (a, b). 

1996 Eoscnpl~itcs cirnrlaris (J. de C .  Sowverby), Wright eta1 p. 260, tcxt-figs 202 (la-c). 

Type material Holotypc by monotypy the original of Fitton (1836, pl. 20, fig, lo), though 

this appears to bc is lost. Spath has dcsignated BMNH C.41555 as neotype (Spatli, 1937). 

From thc Uppcr Gault (Upper Albian) of Folkestone, Kent. 

Description Ancylocone \\?ith a perforate, convolute initial coil and a shallow hook about 

equal in dcpth to the dianictcr of the coil. Whorl section circular initially, beco~iiing 

increasingly dorso-ventrally co~iipresscd through the coil and shafts. l i e  shell becomes 

flattened dorsally where descending shaft overgro\vs initial coil. Annular ribs straight and 

fine, rectiradiate to slightly prorsindiate. Dorsally the ribs are weakened only very slightly. 

Rib index of 8 to 10 on initial coil, dccrcasing to about 6 on the desccnding shaft as \\rell as 

becoming coarser. Ribs moderately flattened in profile. Space behvecn ribs irregular, but is 

approximately cqual to that of the \\iidth of thc rib. Ribs occasionally branch ventrolaterally, . 
raised slightly at thc bifurcations to form incipient bullate nodes. Apertuml collars unkno\\yn. 

Suture line quadrilobate arid synimetrical across the siphuncle. El-ernal and lateral lobes 

similar in size and bifid. Umbilical lobc smaller and bifid. Internal lobe alniost as large as 

external and lateral lobcs, but simplcr and trifid. Pseudolobes absent. Ventral saddle \\reakly 

trifid, first lateral, umbilical, and dorsolateral saddlcs bifid. 

, Discussion The ornmcnt of Eoscophites circtrlnris resembles that of Lytohamites similis, as 

discussed by Wicdmann (1965). Early (coiled) stages of Lytohnmites similis have not been 

describcd, though curvcd scctions of comparable sizc show weaker ornamentation and a more 
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complcx suture liiic than siiiiilar size fngniciits of Eoscophites circtrloris (c.g., BMNH 

C.4525). 

Occurrence Lower part of the Upper Albian (Mortoniceros infottrm Zone), of England, 

France. 

Genus SCAPIIITES Parkinson, 1811 

Tubcrculate shallow hooked ancyloconic ammonites. Planar throughout ontogeny, initial coil 

closed (iniperforatc) in most spccies, usually fairly globose and involute. Annular ribs divide 

over ventral surface, tubercles prcsent where ribs bifurcate. Apcrtural modifications may be 

present in some spccics, consisting of a constriction follo\ved by a single collar. Suture 

quadrilobate during initial stages of growth, pscudolobcs develop with maturity and may 

produce five or niorc lobcs in total (sce Wicdniann, 1965). Synonyms: Holcoscophites 
1 Nowak, 19 16. Type spccics: Scophites htrgordiontu d'orbigny, 1840. 

S C A P H I T E S  I1UGAHL)IANUS D'ORBIGNY, 1840 

Figure 3.88 

1840 Scapl~ites I~rrgotrfiat~rrs d'orbigny p. 52 1. 

18-47 Scnplrites lr~rgattliatrus d'orbigny, Pictet in Pictct & ROUS p. 370, pl. 12, figs 2a-d. 

1 848 Sccrpl~ites lrtrgatrfint~~~s d'orbigny, Brom p. 11 18. 

11011 1848 Scaplrites Irrrgatrliarars d'orbigny, Pictct p. 370, pl. 12, figs 2a-d. 

1850 Scnplrites lrrrgatriiat~~~s d'Orbigny, d'Orbigny p. 125. 

1854b Scaplritcs krgatrliatrtrs d'orbigny, Pictct p. 702. 

1859 Scoplriles Irtrgottliatrtrs d'orbigny, Cllcnu p. 9 1. 

1860 Scaplriies Irrigatriiatirrs d'orbigny, Oostcr p. 3. 

186 1 Sccrplrites l~~rgatriia~rrrs d'orbigny, von Hauler p. 649, pl. 2, figs 11, 12. 

1861 Scoplrites nreriatri Pictet & Campiche p. 16, pl. 43, figs 6a, b. 

1865 hmrotrites (Scaplrites) eqrralis (J.  dc C. Sowerby), Secly p. 225 pars. 

1865 hrnrorritcs (Scnplrites) nret-htri Pictct & Can~piclle, Stxlcy p. 225. 

1866 Scoplrites nrerioni Pictct & Campiclie, Pictet & Renevier p. 102. 

1875 Scaplrites cqrmlis (J. de C. Sowerby), Topley p. 432. 

1875 Scophites Irrrgatriiatrrrs d'orbigny, Ildbcrt & Munier-Chahnas p. 116, pl. 5, figs 7a, b. 

1875 Scnplritcs lrrrgotriianrrs d'orbigny. Ncu~mayr p. 42. 

1875 Scoplritcs krgattfic~trrrs d'orbigny, Neiuliayr p. 925. 
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1875 Scaplrites mcriarri Jukes-Browne, p. 287, pl. 14, fig, 1. 

1875 Scapliites nteriarii Pictet & Campiche, Neuunayr p. 225. 

1875 Scaplrites nreriatti var. sinrplex Jukes-Browne, p. 287, pl. 14, fig 3. 

1879 Scaplrites hrrgarrlianus d'Orbigny, Price p. 76 pars. 

1879 Scaplrites nreriarii Pictet & Campiche, Price p. 78. 

1879 Scapliites sinrplex Jukes-Browne, Price p. 78. 

1890 Scaplrites hrrgarrliarrus d'Orbigny, Renevier p. 339 pars. 

1890 Scaplrites nreriarri Pictet & Campiche. Renevier p. 339. 

1891 Scaplrites nreriani Pictet & Campiche, Woods p. 13 1. 

1891 Scaplrites nreriawi var. sinrplex Jukes-Browne, Woods p. 131. 

1897 Scaplrites hrrganliartus var. nreriani Pictet & Campiche, Cowper Reed p. 1 16. 

1897 Scaplrites hrrgarrlianrrs d'Orbigny, Cowper Reed p. 1 16. 

1897 Scaplrites nrerfatri var. sinrplcr Juikes-Browvne, Cowpcr Reed p. 116. 

1900 Scaplrites lrrrgatrliartrrs d'Orbigny, Jukes-Browne p. 459 pars. 

1900 Scaplrites meriani Pictet & Campiche, Jukes-Browne p. 459. 

1907 Scaplrites nreriarti Pictct & Campiche, Jacob p. 333. 

1910 Scaplrites hrrgarrliartrrs d'Orbigny, Pervinquiere p. 24, pl. 2, figs 1,2, text-fig 8. 

191 6 Ilolcoscaplrites lrrrgarrliatrus (d'orbigny), Nowak p. 57,62. 

non 1923a Scaplrites hrrganlianrts (J. de C. Sowerby), Spath p. 76. 

1925 Scaplrites lrugarrliarrrts d'Orbigny, Diencr p. 119 (pars). 

1925 Scaplrites l~rrgarriiarrrrs d'Orbigny, Diener p. 199. 

non 1925b Scaplrites lrrrgarriiarnts (J. de C. Sowerby), Spath p. 36. 

1926a Scaplrites hrrgartfiarrrrs d'Orbigny, Jayet p. 186. 

1926b Scaplrites l~rrgarriiarrrrs d'orbigny, Jayet p. 156. 

1926~ Scaplrites lrrrgarriiarrrts d'Orbigny, Jayet p. 171. 

? 1929 Scaplrites hrrganlianrrs d'orbigny, Collignon p. 29. 

7 1929 Holcoscaphites nrcriarri (Pictet & Canlpiche), Passendorfer p. 659. 

? 193 1 Scaplrites Irrcgarriiarars d'Orbigny, Breistroffer p. 1203. 

1931 Scaplrites nreriani Pictet & Renevier, Breistroffer p. 1203 (pars?). 

1931 Scaplrites cf. Irtrgardianrrs d'orbigny, Breistroffer p. 232. 

1936 Scaplrites lrrrgatrjia~~rrs d'Orbigny, Breistroffer p. 67. 

1936 Scaplrites nreriarri Pictet & Campiche, Breistroffer p. 67 @an?). 

1937 Scaplrites hrrgarrliarrrrs d'(>rbigny, Spath p. 502, pl. 57, fig 24, tat-figs, 175a, b,, 176a, 

b, g-i. 

1937 Scaplrites sinrplex Jukes-Browne, Spat11 p. 504, pl. 57, figs 13-23, text-figs, 176c-f,, 

177ae. 

1942 Scaplrites lrtrganiianrrs d'Orbigny, Spatll p. 680. 

1942 Scaplrites sinrp1e.r Juikes-Browvne, Spath p. 680. 

1963 Scaplritcs nreriani (Pictet & Cul~picl~e), Collignon p. 57, text-fig 1142. 



Ecology, Stratigraphy, and Phylogeny of the Heteron~orpl~ Ammonoidea of the Albian 

1965 Scaplrites (Scaplrites) hrrgadiarirrs d'Orbigny, Wiednlann p. 423, pl. 54, fig 5, pl. 57 

figs 1,2,6,7, text-figs 5d, e. 

1965 Scapltites nreriarii (Pictet & Canlpiche), Wiednlam p. 426, pl. 54, fig 6, pl. 57, figs 3, 

4, test-figs 5 (a-c). 

1965 Scapltites sinrplex Jukes-Browne, Wiedmann p. 412, pl. 54, figs 1,7, pl. 55, figs 4,5, 

text-fig 3e. 

1968 Scapltites (Scapltites) hliganfianus d'orbigny, Renz p. 93, pl. 18, figs 17. 

1968 Scaplrites (Scapltites) nteriarri (Pictet & Campiche), Wiedrnann & Dieni p. 84, pl. 7, fig 

4,pl. 8, fig 4,pl. 15, fig 8. 

1968 Scapltites (Scapliites) siniplex d'Orbigny, Renz p. 93. 

1968 Scapltites (Scaphites) Irugatriiarrus d'Orbigny, Wiednlann & Dieni p. 83, pl. 7, fig 3. 

1976 Scapltites (Scapltites) sinrplex (Jukes-Brown), Marcinowski & Naidin p. 99, pl. 1, fig 7. 

? 1976 Scapltites (Scaplrites) cf. hrrgairiiartus (d'orbigny), Marcinowski & Naidin p. 100, pl. 

1, fig 8. 

? 1976 Scapltites (Scapltites) cf. nteriani (Pictet & Campiche), Marcinowski & Naidin p. 100, 

pl. 1, figs 9.10. 

1977 Scapltites ltrrgairfiarrrrs d'Orbigny, Phillips p. 163. 

1977 Scapltites sinrplex Juikes-Brome, Phillips p. 163. 

1979 Scaplrites (Scapltites) ltrrga~rfianrrs d'Orbigny, Scholz p. 43, pl. 1, figs 20-25. 

1979 Scapltites (Scapltites) nteiiani Pictet & Campiche, Scholz p. 44, pl. 1, figs 26,27,28. 

1982 Scaplrites ltrrgartfiartrrs d'orbigny, Bmga et a1 p.7,10, test-figs 2-4. 

1982 Scapltites sinrplex Jukes-Browe, Braga et a1 p.7,10. 

1989 Scapltites (Scophites) ltrrgarrliai~rts d'Orbigny, Hovartll pl. 1, fig. 3. 

1989 Scapltites (Scapltites) nnreriairi Pictet & Campiche, Hovarth pl. 2, fig. 4. 

1990 Scapltites (Scaplrites) hrrganiianlrs d'orbigny, Cooper 

1990 Scaplritcs htrganfiantrs d'Orbigny, Henderson p. 127, test-fig 10 (i-m). 

1994a Scapltites hrrgarriianus d'Orbigny, Cooper p. 168, text-fig 1 (e-g). 

1996 Scapltites (Scapl~ites) hirgadiarrus d'orbigny, Kennedy in Gale et a1 p. 589,590, text- 

fig 17 a-c, g. 

? 1996 Yezoites srrbe~~oltrtrrs BOse, Gale et a1 p. 589, texT-fig 30 (b, c, 11, j, k). 

Type material Spath designated the specimen figured by Hebert & Munier-Chalmas (1875, 

pl. 5, fig 7) as lectotype in the absence of preserved types in the d'orbigny collection (Spath, 

1937, p 503, Wiedmann, 1965 p 423-424). Although Htbert & Munier-Chalmas examined 

d'orbigny's material, the figured specimen is not from the same locality: the d'orbigny 

specimens were stated to be from the Upper Gault of Fiz, Savoy, France, while that of Htbert 

& Munier-Chalmas is from the Upper Gault of Salazac, Gare, France. Under International 

Commision on Zoological Nomenclature rules this renders Spath's designation invalid. The 

status of the type material remains uncertain. 
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Description A morphologically variable, small ( Shell height 40-50 mm.) scaphitiform 

ammonite. Globose in form with an involute imperforate initial coil with a semi-lunate whorl 

section and a shallow, hooked living chamber. Ribs annular, fine and sinuous across the 

venter very much weakened dorsally and absent where whorls impact. Ribbing becomes 

bifurcate ventrally across the living chamber. Rib index variable, from, 10 to 26 (highest 

where ribs are bifurcate), though typically ribs become less densely packed near the aperture. 

Constricted aperture with a collar consisting of a single thickened rib. Tuberculation variable 

but sparse, confined to the latest part of the phragmocone and the living chamber, 

ventrolaterdly paired nodes bullate to circular, covering one or two ribs arising where the ribs 

divide. Suture line essentially quadrilobate but with small pseudolobe developing late in 

ontogeny, symmetrical across the siphuncle. Exqernal, lateral and internal lobes similar in 

size, umbilical lobe and pseudolobe smaller. External lobe bifid. Lateral lobe 

subsymmetrically bifid. Umbilical lobe subs~mmetric~lly trifid. Internal lobe trifid. A 
pseudolobe is present, it is synlmetrically trifid, but not parallel with the true lobes. Ventral 

saddle indistinctly trifid. First lateral, umbilical, and dorsolateral saddles symmetrically bifid. 

Discussion The synonymy of Scopliites merioni and Scophites simplex with Scophites 

hugnrdionzts (e.g., Scholz, 1979, Cooper, 1990, Cooper, 1994a) has not been accepted by all 

authors (e.g., Kennedy in Gale et al, 1996). The specimens recorded as Yezoites sz~bevolzrtzrs 

(Bose) in Gale et a1 (1996) differ from the type material of that species in being imperforate, 

having very weak bullate tuberculation, and possessing bifurcating ribs, additionally, Yezoites 

is otherwise only recorded from the Upper Cretaceous. It is more likely that these are simply 

small Scophites. 

Occurrence Widely recorded from the Upper Gault (Upper Albian) of Europe and elsewhere 

(England, France, Spain, Sardinia, Hungary, Switzerland, Crimea, Iran, Algeria, and Western 

Madagascar), also the Canlbridge Greensand (Upper Albian) of England. 

S C A P H I T E S  SUBCIRCULARIS (SPATH,  1937) 

Figure 3.89 

1874 Scoplrires circrrbtis (J. de C.  Sowerby), Price p. 363. 

1879 Scoplrites citrribis (J. dc C .  Sowerby), Price p. 76. 

1900 Scoplrites lrtrgatrtia~trts (d'orbigny), Jukes-Browne p. 459 pars. 

1923a Scoplrites lrrrgotrfiartrrs (J. de C .  Sowerby), SpUl p. 76. 

1925b Scaplrites lrtrgatrfiartrrs (J. de C .  So\\rrby), SpaUl p. 36. 
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1933a Scapl~ites citrrrlaris (J. & C .  Sowverby), Spath p. 427. 

1937 Scaplrites strbcirc~Iaris Spat11 p. 501, pl. 62, figs 10-12, text-fig 175e. 

1912 Scapltitcs mbcitrtrlatis Spt11, Spth p. 680. 

1963 Scaplrites cf. srrbcitru~aris (Spath), Collignon p. 57, test-figs, 1143,1144. 

1965 Eoscaplrites strbcircularis (Spath), Wiedmann p. 404, pl. 53, figs 4-6, pl. 54, figs 2,3, 

4,8,9,pl. 55, figs 1-3, text-figs, 1 (d-f), 2. 

1977 Eoscapllites srrbcimrlaris (Spath), Phillips p. 59. 

1985 Eoscaplritcs srrbcimrlaris (Spatl~), Wie&nann & Marcinowski p. 456-461, tex3-figs 4 

(e-l),5 (c. dl. 

1989 Eoscnplrites srrbcirnrlaris (Spath), F(i1hni p. 120, pl. 3, fig, 18. 

1996 Eoscaplrites strbcirntlatis (Spath), Wright et a1 p. 260, test-figs 202 (Id, e). 

Type material Holotype BMNH C.38206 by original designation of Spath (1933, pl. 62, fig, 

10, text-fig 175e). From the Upper Gault (Upper Albian) of Folkestone, England. 

Description Scaphiticone with a tightly coiled (but perforate) initial coil partially envelopcd 

by the descending shaft. Whorl section dorso-ventrally compressed initially, semi-lunate later. 

Annular ribs fine, sinuous and bifurcating across the venter of the phragmocone, becoming 

straighter, coarser and less branched on the living chamber. Near the aperture the ribs become 

branched once more, with slight bullate nodes where they divide on the ventrolateral surface. 

Rib index of about 8. Apcrture slightly constricted, single inflated rib forms collar. Suture 

quadrilobate and symmetrical across the siphuncle. Estemal and lateral lobe similar in size 

and bifid, the lateral lobe slightly subsymmetrical. Umbilical lobe subsymmetrically bifid and 

smaller. Internal lobe similar in size to external and lateral lobes but narrower and trifid. 

Pseudolobes absent. Ventral saddle indistinctly trifid, first lateral, umbilical, and dorsolateral 

saddles fairly broad and bifid. 

Discussion This species is more like typical Scaphitidae than Eoscnphites in having bullate 

nodes, branching ribs with distinct sinuosity and an apertural constriction. On the other hand, 

the initial coil is still perforate and the suture lacks pseudolobes. The cladistic analysis 

indicates a closer affinity to Scnphites hzrgnrdionzrs than Eoscnphites circzrlnris, although it 

has previously been included within Eoscnphites. Therefore I provisionally move this species 

to Scnphites, although this must bc reviewed with reference to the other Scaphitidae in due 

course. 

Occurrence Lower part of the Upper Albian (Mortonicerns inflaturn Zone), of England, 

France, Austria, Algeria and Western Madagascar. 
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CHAPTER FOUR: FUNCTIONAL MORPHOLOGY 

Summary 

A number of methods are identified and discussed for estimating physical parameters such as 

centre of mass, centre of buoyancy and orientation of a range of heteromorph ammonite 

morphologies. These involve either mathematical modelling (using spreadsheet analysis 

software) or making scale models. These methods indicate that there heteromorph ammonite 

morphologies can be divided into t~vo  groups: tilters and non-tilters. Tilting ammonites could 

orient themselves by moving the body to the aperture, which would cause the shell to rotate 

such that the aperture ~vould point toward the seafloor. In such a position, the ammonite 

would be well able to feed and crawl about. This class of ammonite includes aspinocones, 

ancylocones, and hamiticones, although these shell shapes produce drag, the geometry would 

allow this tilting action to occur more efficiently than a regular spiral, The non-tilting 

ammonites lack this ability to tilt and they are fixed in a single, head-do\\m\?ards orientation. 

They also exhibit streamlining, and are more likely to have been vertically migrating, 

planktonic filter feeders or prcdators comparable to modem cranchid squids or Spinlln. 
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Introduction 

The functional morphology of ammonites has been widely debated and heteromorph 

ammonites are no exception. Modem cephalopods can be divided into the externally-shelled 

nautiloids and the internally-shelled coleoids. Inevitably, most comparisons have been made 

between the ammonites and the modem nautiloids, but recently the validity of this 

comparison has been questioned (Jacobs & Landman, 1993). 

Functional Morphology of the Nautilus 

Natrtiltts is the only ectocochlcate cephalopod, and consequently more comparisons have been 

made between ammonites and Nazrtiltis than \vith any other extant cephalopod (Jacobs & 

Landman, 1993). It lives on the distal edges of the continental shelves and around offshore 

islands of the tropical Indo-Pacific (Saunders &Ward, 1987, Ward, 1987). The shell is very 

well known, perhaps even having been described by Aristotle in the Fourth Century BC 
(Barnes, 1985). It is a simple logarithmic s p i d ,  divided up by concave septa, except for the 

final living chamber which accounts for approximately one third of the final whorl (FIGURE 

4.1, Owen, 1832). The chambers are emptied as the animal grows and provides near neutral 

buoyancy (Ward et 01, 1977, Chamberlain, 1979). 

Personal observations of captive Natrtibis suggest that it spends much of the time on the 

bottom of aquaria and is not so active as cuttlefish or octopus, and this appears to be true for 

Nazitiltis in the \\~ild (Carlson, 1987, O'Dor et 01, 1993). Ventilation is achieved in t \ ~ o  jvays, 

when inactive by simple undulations of the anterior flaps of the mantle, which form a funnel 

(the hyponome) drawing \\rater over the gills, and \\?hen more active by pulling the head into 

the shell and forcing an exchange of water within the mantle cavity (Johansen et 01, 1978, 

Wells, 1987). 

The Nautiltrs is an slow swimmer compared with squid or cuttlefish and cannot sustain 

maximum speed for long (Chamberlain, 19804 Baldwin, 1987). S\vimming is inefficient 

because the centre of mass, though \vhicli the locomotive force is exerted, is below the centre 

of buoyancy. This results in a rocking motion like a pendulum (Chamberlain, 1980a, 1991, 

1993). The shcll shape is also rather depressed and produces a lot of drag (Chamberlain, 

1969, 1976, 1980b). Hoivever, Nazitihts is able to direct the jet using the hyponome, which 

sticks out of a notch in the ventral part of thc shell (the hyponomic sinus). 
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When threatened, the Nnzrtilzts does not swim away but relies on its shell for defence. It is 

able to withdraw the head and arms into the mantle cavity, and seals the aperture with the 

hood. It cannot respire with the hood down bccause it cannot ventilate (Wells &Wells, 1985, 

Wells et al, 1992). The blood of Nnzttiltis constitutes a greater part of body mass than in any 

other cephalopod alive today, and it is thought that the blood is the main store of oxygen 

when the animal is closed up inside the shell (Redmond, 1978). 

Ammonites and Nalitiliis compared 

Ammonite shells are diverse, but typically have longer body chambers than nautiloids; as 

much as one whorl or more, compared with the one-third of a whorl of Nazttilus (Ebel, 1990). 

The head retractor muscles are relatively small and there is no hyponomic sinus (Mutvei, 

1964, 1975, Doguzhaeva & Mutvei, 1991). Finally, comparisons with Notrtihts indicate that 

ammonite shells produced more drag, especially open coiled forms (Chamberlain, 1976). This 

has lead to the conclusion that most ammonites were worse swimmers than Nnzrtiltts (von Pia, 

1923, Lehmann, 1975), and that only some of the most streamlined forms were even 

comparable (Bayer, 1982). Heteromorph anlmonites may even have been incapable of 

swimming at all, open or strongly ornamented shells may have created too much drag for the 

jet to overcome (Ward & Westennann, 1977). 

The relationship between shell shape and ecology of ammonites in general has been widely 

debated (Westermann, 1996). The aberrant form of many heteromorph ammonites has been 

cited variously as evidence for a being sessile (e.g., Nipponites, Morton, 1958), as benthonic 

crawlers (e.g., Mncroscnphites, Ebel, 1985), as shoaling nektobenthonic opportunists (e.g., 

Polyprychocerns, Matsumoto 8: Nihongi), as planktonic drifters (e.g., Diplonioceros, Nesis, 

1986), as vertical migrators (e.g., Tzirrilites, Ward, 1979), and as active swimmers of the 

upper waters (e.g., Bnculites, Matsumoto, 1962). 

Ammonites and coleoids compared - squid, cuttlefishes, and 
octopuses 

If ammonites could not s\vini then perhaps parallels could be drawn with the planktonic 

mesopelagic squids like Crnnchio and the unusual little cuttlefish Spintla rather than Nntrtilzts 

(FIGURES 4.2 & 4.3). Crncliin is typical of a large number of planktonic or weakly 

swimming squids which rctain amnlonium ions in their tissues to provide buoyancy (the 

Cranchidae). In life the are oriented with the head do\vn~vards, snatching any small fish or 

shrimps. Cranchid squid often perfom1 vertical migrations, rising into shallo\\? water to feed at 
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night, and then sinking into the dcpths during the day (Clarke, 1962, 1965, Denton, 1973). 

Spintla is similar in habit and morphology, but instead of ammonium ions has an open coiled 

shell within its body superficially like that of a small ammonite (Bruun, 1943, 1955, Denton 

& Gilpin-Brown, 197 1). 

Another coleoid with which ammonites have been compared is the cuttlefish Sepia. Sepia has 

an internal shell (unlike Nautibts) but the shell nevertheless retains its buoyancy function 

(Denton & Gilpin Brown, 1961% 1973). The shell is divided into many small chambers, each 

of which is bounded by a thin layer of siphuncular tissue (Denton & Gilpin Brown, 1961~). 

By adjusting the amount and distribution of gas within these chambers the orientation of the 

animal can be regulated, as well as its absolute density (Denton & Gilpin Brown, 1961b, 

1971). Kakabadza & Sharakadza (1993) proposcd that anln~onites may have been able to 

regulate the camera1 gases and fluids in a comparable way, and in doing so changed the 

orientation of the shell relative to the sea floor. 

Sepia (like most coleoids) ventilates the mantle cavity by contraction of the circular muscles 

which make up the mantle (Packard & Trueman, 1974). T l~e  water is expelled through the 

siphon, which is a structure analogous to the hyponome of Nozttiltts in knction, this action 

serves both to draw fresh water over the gills and remove waste, and also to provide the thrust 

needed for rapid swimming (Young, 1959, Packard, 1972, Chamberlain, 1993). Jacobs 8: 

Landman (1993) have suggested that ammonites also had circular muscles around the mantle 

cavity, and could ventilate in a similar way. Sepia also has muscular fins along the flanks, 

these serve are used for sloiver swimming (Trueman, 1983). Belemnites may have had similar 

fins (Monks et al, 1996) but there is no evidence that ammonites had them. 

Finally, it is possible that some heteromorph ammonites may have been benthonic like 

octopuses. Diener (1912) proposed this first, and the idea has been recently revised by Ebel, 

who proposes that ammonites may have been negatively buoyant (Ebcl, 1983,1985) and that 

the body chamber was too long to allow jet propelled swimming after the Nnrttilus model 

(Ebel, 1992, 1993). Within the model proposed by Ebel, the coiling of the shell is not an 

adaptation to locomotion, but rather a reflection of the way the shell was folded up as a result 

of some regulatory process during growth. As Ebcl(1992, p. 185) con~n~ents, ",..it is possible 

that the shell [shape] was of less iniportance to the animal than to the tasonomist." 

A new idea - the floating gastropod model 

Okamoto (1987) suggested that in some heteromorphs the orientation of the shell may be 

reflected by the morphology of the annular ribs. Except for the planktonic juvenile-A stage 
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rib obliquity appears to indicate the aperture maintained a regular angle to the sea floor, 

suggestive of a benthonic lifestyle. Okamoto proposcd that although the shell was neutrally 

buoyant, that neutral buoyancy was so the shell could be carried easily by the essentially 

benthonic animal, and not to raise the animal off the sea floor or to facilitate swimming or 

vertical migration. 

Monks 8: Young (1998) elaborated this model, and demonstrated that by moving the body 

within the shell, even ammonites with hook or U-shaped body chambers need not necessarily 

be oriented with the aperture upwards, but could be oriented with the apcrture fonvards or 

toward the sea floor. This would allow the ammonite to crawl about using its arms. Monks 8: 

Young interpret the ammonitc as occupying a relatively small part of the living chanlber 

compared with Nazltilus, as such it is able to move frccly from the front to the back of the 

relatively long living chmbcr. T l~e  shell retains a defensive fhnction, but does not necd to be 

streamlined since the ammonite does not swim. Because the ammonite is effectively 

weightless, the arms need not be particularly muscular, just strong enough to push the animal 

gently in the direction it ~vishcd to travcl. It would also be very light, movement over soft or 

silty substrates tvould be without the threat of sinking and the mantle cavity and gills could 

easily be kept clear of tllc scdiment. 

Possible Paradigms 

From these comparisons, it is possible to formulate four basic cephalopod fi~nctional 

morphologies with which anmonites could be compared: neutrally buoyant Nazltilzls, the 

cuttlefish \vhich is able to changc dcnsity and orientation by regulating the fluid and gas 

within the shell, the octopus, which is negatively buoyant and cra\\rls about on its arms, and 

finally a sort of floating gastropod-like n~odcl. These are summarised bclow. Animations 

(MOVIES 1 to 3) are uscd to demonstrate the relationship between the centre of mass, centre 

of buoyancy, and the orientation of the anlmonite. 

The Nautilus model. In this model the ammonite shell is taken to be strictly analogous with 

the shell of Nazltiltis in fonll aid function. Tlle animal fills the living chamber completely, 

and orientation and buoyancy are effectively static (MOVIE 1). 11is is the model forrnalised 

by Trueman (1941) and is the most \videly used, e.g., in the Treatise on Invertebrate 

Paleontology (Arkell et 01, 1957). 

The cuttlefish model. This model is similar to that of the Natrtikrs model, except that the 

ammonite is capable of moving camera1 fluids about within the shell in a manner similar to 
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that of the modem cuttlefish (MOVIE 2). This model was proposed by Kakabadza & 

Shankadza (1993). 

The gastropod model. 11is is the model devised by Ebel (1992) within which the ammonite 

fills the entire living chamber but the phngmocone itself is not large enough to make the shell 

neutrally buoyant. As a result, the ammonite cannot swim or float, and instead crawls about 

on the sea bed. Since the anlmonite isn't floating, posture depends not on the shell but on the 

position at which the body is adopting as it cnwls about (FIGURE 4.4). 

The floating gastropod model. This model is a combination of the cuttlefish and gastropod 

models. The shell is neutrally buoyant, and the ammonite s~vims or crawls about on or near 

the seafloor. Such a lifestyle was s u ~ e s t e d  by Okamoto (1987) and I have developed a 

fbnctional explanation of how this might work in Monks &Young (1998). 

Deducing posture and density 

A freely floating, completely immerscd body (like an ammonite) reaches a stable equilibrium 

when the centre of mass is vertically below the centre of buoyancy. By locating the centre of 

buoyancy and the centre of mass, it is possible to infer the vertical axis of a resting ammonite 

at equilibrium. A s\vin~niing ammonite would be subject to additional forces (thrust, from the 

jet of water, and dng, as the ammonite is propelled through the surrounding sea water). These 

bvo forces are not considered here. 

The centre of blroyancy is the centre of mass of the water displaced by the object, and is 

effectively the pivot point about which the shell rotates. Since the density of water is unifonn, 

it is a fbnction of the shope of the displaced water only. The centre of mass is the point 

through which the weight of the object acts: but since the ammonite is made up of a 

heterogeneous group of materials of differing density, the centre of mass is a hnction of the 

composition as well as of shape. 

If a straight line is drawn passing tl~rougl~ the centre of mass and the centre of buoyancy, 

since at equilibriun~ the centre of mass will lie vertically below the centre of buoyancy, the 

vertical axis of the shell can be deduced (FIGURE 4.54. Also, since the centre of buoyancy is 

dependent on the shape and volun~e of the water displaced by the ammonite (which is more or 

less a fixed point) it can be taken to be apivor. If the ammonite is rotated, a force will be 

developed which will cause the an~monite to rotate back to stable equilibrium. This force is 

the restorative force. Since the ammonite w7ill rotate about the pivot (the centre of buoyancy), 

the restorative force is directly proportional to the angle between the angle made by the line 
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passing through the original vertical asis and a line passing through the centre of buoyancy 

and the centre of mass in the disturbed orientation (FIGURE 4.5b). 

However, if the centre of mass moves within the shcll, it will cause the ammonite to depart 

from the stable equilibrium and a restorative force will be developed (FIGURE 4.5~).  In this 

case, since the centre of mass has moved, the ammonite will rotate about the pivot until it 

acquires a new orientation which positions the centre of mass vertically below the centre of 

buoyancy (FIGURE 4.5d). 

Therefore, if the orientation of the ammonite is to be deduced, then the locations of the 

centres of mass and buoyancy nced to be found. There arc two ways of doing this: 

(1) Use a computer to model the ammonite mathen~atically. This can be done by 

using a spreadsheet program such as Microsoft Excel or ClarisWorks. The ammonite 

is reconstructed as a volume of rotation, and this volume can be divided up into a 

series consisting of a series of cylindrical elements running along the line of rotation. 

Each cylinder is made up of concentric rings of different materials (e.g., tissue, water, 

camenl gases, aragonite or calcite). 11e  volume, and therefore mass, of each of these 

rings can be calculatcd. From these data it is possible deduce the displacen~ent and 

therefore the density of the ammonite. By taking moments for each of these cylinders 

it is possible to locate t l~e ccntrcs of mass and buoyancy. I developed this method for 

investigating belcmnite functional morpl~ology (Monks et 01, 1996). Although 

precise, delightfully simple and easy to manipulate, this approach is limited to shapes 

approximating to concs or cylinders (i.e., baculiticones and tumliticones). 

(2) Physically model the ammonite and investigate the beliaviour of the shape 

empirically. This is less precise but is useful for shapes that cannot be reduced to 

simple volumes of rotation. Monks &Young (1998) used this approach when 

devising the floating snail hypothesis of ammonite functional morphology. 

Spreadsheet analysis of ammonite orientation 

The great advantage of matl~eniatical models is that the affcct of changing one or more 

parameters can be easily investigatcd. For esample, what happens if the thickness of the shell 

is increased? What is the maximum loading a certain sized phngmocone could cany? What is 

the affcct of changing the dcnsity of the shcll material or soft tissues? These sorts of questions 

can be ans\vercd by using this approach, and the optimality (or othenvise) of the shell design 

investigated. A key qucstion is this: Is the phngmocone large enough to cany an entirely 
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filled body chamber? If not, then this could be cited as evidence against the Nntitikis model 

and in favour of the floating gastropod model. 

There are basically three stages. Firstly the centre of buoyancy is located. Then the centre of 

mass. Finally, the orientation and the dcnsity of the ammonite can be deduced. The shell will 

be oriented with the centre of mass vertically below the centre of buoyancy. Density can be 

found by calculating the mass of the ammonite and the mass of the water it displaces. The 

mass of the ammonite divided by the mass of the displaced water gives the density. By 

analogy with modern cephalopods, we would anticipate the density of the ammonite to be 

equal to that of sea water, such that the ammonite had neutml buoyancy. 

This analysis was perfomled on approximations of the baculiticonic ammonite Sciponocerns 

and the closely coiled turriliticone Ostlingocerns. The values for phragmocone, shell, and 

tissue density are taken from Okanioto (1988) which are based on published values taken 

from living Nnutiltq and the living chambers of both ammonites are considered to be entirely 

filled with soft tissues. From specimens of Sciponocerns in the collections of the BMNH the 

overall length of the shell is estimated to be 600 mni, of which the body chamber comprises 

the final 300 mm, with a whorl diameter of 33 nim. I l e  whorl is assumed to be circular and 

the conch a perfcct cone. The specimen of Ostlingoceros is taken 60 mm in height, with an 

apical angle of 23" , where the umbilicus comprise a conical empty space (apical angle = 6") 

bounded by the conch. The living chamber accounts for the final whorl, or about 20 mm of 

the height of the helix. 

Stage 1: Locating the centre of  buoyancy 

(1) A silhouette of the ammonite is drawn on graph paper. T l~e  length of the ammonite is 

becomes the x-asis, and the width the y-axis. 

(2) The volume of rotation of this silhouette along the x-axis mill generate a solid of the 

same shape as the original ammonite. 

(3) The volume of rotation is divided into a series of cylinders along the x-axis. The 

volumes of each of these cylinders is calculatcd. 

(4) The voluine of each cylinder is multiplied by the density of sea water (approsimately 

1.025 mg pcr cubic millinletre). 



Ecology, Stratigraphy, and Pllylogeny of the 1Ideromorph Anunonoidm of the Albian 

(5) Thc sum of all masses of all tlic cylinders is tlie mass of the water displaced by tlie 

ammonite. 

(6)  The centre of buoyancy lies at the centre of mass of this displaced water. The distance 

of each cylinder (taken here from the origin of tlie x-axis) niultiplied by its mass 

gives the moment of the entire solid. The sum of all these moments dividcd by the 

sum of the masses of each cylinder gives the distance of tlie centre of mass of the 

displaced water from the origin of the x-axis. 

Stage 2: Locating the centre of  mass 

(1) Each of tlicse rectangles can be subdivided into rectangles consisting of gas, soft 

tissues, and shell. Water within the mantle cavity is equal in density to the estemal 

medium and can be ignored since it is freely communicating with the outside sea 

water and so is not 'part' of tlie animal. These are arranged in a series from the x-axis 

outwards. The phngmocone will consist of gas first and then shcll. l i e  mantle cavity 

will consist of either soft tissucs and then shell. Finally, the head and amis \\rill be 

made of only soft tissues. 

(2) Each of these materials has different densities. The density of these tissues is based 

on Okamoto (1987). Shell = 2.62 nigInlm3, phngmocone = 0.1048 niglnim3, aid 

tissues = 1.067 mglmm3. Note: thc density of the phragmocone includes tlie ( a 

density of 0.1 niglmni3, and the septa, which occupy 4% of the phragmocone and 

have a dcnsity equal to that of the shell (FIGURE 4.5). 

(3) The mass of each volunie of rotation is calculated by finding thc volume of each 

region within the volunle of rotation, calculating the mass of that region, and then 

summing tlie masscs for a11 the regions within the volume of rotation. 

(4) The centre of mass is located by dividing the sum of the nioinents of all of tliese 

volumes of rotation by die sum of die masses of the volumes of rotation with respcct 

to an arbitrarily chosen point. 

Stage 3: Estimating the orientation and density 

(1) The centre of mass \\rill be located vertically below the centrc of buoyancy providing 

the object is freely floating and complctely immersed. 
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(2 The density of the animal will be equal to the total mass of the animal divided by the 

volume of the water it displaces. This can be found from the spreadsheet by summing 

the masses of the volun~es of rotation and then dividing that by the mass of the water 

displaced by these volullles of rotation. 

(3) This value can be compared with the density of sea water to see whether the animal is 

negatively, neutrally, or positively buoyant. By changing variables in the spreadsheet 

(such as the shcll thickness) the affect on density can be seen. 

Calculation of errors 

The procedures for dcducing density, centres of mass, and centres of buoyancy are repeated 

using valucs fS% of the values used for the dcnsity of the phragmocone, shell and tissues. 

This gives an indication of the variability in the deduced values from these calculations 

brought about by a relatively small change in the inputted parameters, and hence the overall 

reliability of the deduced data. 

Results 

Baculiticonic and turriliticonic an~monites are most amenable to study in this way since they 

are essentially orthocones, although formed in different ways, altllough functionally they are 

thought to have bchaved in similar ways (Klinger, 1980). FIGURE 4.6 sumniarises the data 

derived from these spreadshccts: the mass of the ammonites, the displacen~ent of water, the 

overall density of the ammonites of the two shells, and the relative positions of the centre of 

buoyancy and centre of mass. The full spreadsheets are presented on the floppy disk as 

Microsoft Excel version 4 files. 

(1) Sciponoceros The density of this anlmonite, 1.26 mg/mm3, is 123% of that of seawater, 

therefore this ammonite would be negatively buoyant as reconstructed 

here and could not have floated. 11e  centre of mass lies nearcr the apex of 

thc shcll than the centre of buoyancy. Therefore t l~e orientation of the of 

this ammonite ~vould be with the aperh~rc do~vn~vards. 

(2) Ostlingoceros The dcnsity of this ammonite, 1.18 mg/nlm3, is 115% that of seawater. 

Like Sciponoceros, as reconstructed, this ammonite \vould not float. The 

centre of mass lies nearer the apex of the shell than the centre of 
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buoyancy. Therefore the orientation of the of this ammonite \vould also be 

with the aperture do\vn\vards. 

In summary, it can be stated that as reconstructed here using values for the density of the 

shell, phragmocone, and soft tissues taken from Natitilzrs, neither Sciponoceras nor 

Ostlingoceras would have had sufficient buoyancy to be free-floating as they are generally 

thought to have done. How do these calculated densities change if the inputted values for the 

density of each material is changed? 

The 5% errors to the dcnsities of the phngmocone, shell material, and soft tissues as 

described in Okan~oto (1987) were calculated, these are listed here in tables (FIGURES 4.7% 

b), and graphically(F1GURES 4.8% b). It appears than small changes in the values used for 

the density of the phragmocone, shell material, and soft tissues have only a minor affect on 

overall density. Changes in the density of the phragmocone have hardly any affect (less than 

1%) in both cases. Xle affccts of changing the other parameters are summarised below: 

(1) Sciponoceras A 5% incrcase or decrcase in the dcnsity of the shell material produces a 

2% increase or decrease in overall dcnsity. A 5% increase or decrease in 

the dcnsity of the soft tissues produces a 3% increase or decrease in 

overall dcnsity. 

(2) Ostlingoceros A 5% incrcase or decrease in the density of the shell material produces 

identical changes to those calculated for Sciponoceras. 

The greatcst variations occur where the density of the soft tissues are changed. For 

Sciponoceras the range is from 1.23 to 1.30 mg/mm3, for Ostlingoceras, 1.1 5 to 1.2 1 

mg/mm3. While we can estimate the density of the shell using fossil shell material as a guide, 

and the density of seawater now is presun~ably similar to the density of sea\vater during the 

Cretaceous, the density of the soft tissues cannot be directly known. Ammonite tissues have 

not been preserved as fossils. The valucs used here, taken from Okamoto (1987), are based on 

comparisons with modem Nautilus and other living ccphalopods. Changing the value of the 

density of soft tissues, as described above, produces changes in overall density. Nevertheless, 

the conservative estimates of shell and tissuc density uscd results in ammonites substantially 

more dense than seawater ( from 115 to 123% the density of sea\vater). It is reasonable to 

state that ammonites with an anatomy exactly like the ones modelled here could not have 

been neutrally buoyant, and that t l~e esccss density margin is so great that this probably not 

simply because of an inappropriate estimate of shell matcrial or tissue density. 
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These preliminary rcsults would seem to indicate that if ammonites were built in a Nozrtihrs- 

like way, with the living chan~ber filled with relatively dcnse tissues, then they may not have 

been neutrally buoyant. Let us assume that ammonite ecology requires that ammonites, like 

many cephalopods in general, floated. Is it possible to "redesign" these ammonites so that 

they were neutrally buoyant? If the values of shell, soft tissue, and seawater density remain 

the same, there arc two important \vays the reconstruction of the ammonite could be changcd. 

The first is to increase the size of the phragmocone, in affect providing more buoyancy. The 

shape and size of shell are known from the fossils, so this cannot be done. The second 

alternative is to reduce the payload, i.e., make the animal within the same sized shell smnller: 

(1) Sciponocerns A 50% decrease in the amount of "payload" in the living chamber reduces 

the dcnsity to 0.86 mg/mm3. Such an ammonite would easily float, since 

this value is below the density of sea~vater. 

(2) Ostlingocerns A similar rcduction in payload results in a similar decrease in overall 

density. As with Sciponocerns, such an ammonite could easily float. 

There is no compelling fossil evidence to indicate the size or shape of the soft body parts 

within the living chamber of ammonites, but most comparisons have been with Nnutilzrs, 

which fills the relatively short body chamber of its shell. The "floating gastropod" model 

proposed by Monks 8: Young (1998) supposed that the animal's body was relatively small 

and occupied only part of the living chamber. This is consistent with the results of the above 

analysis which suggest that the living chanlbcr might not have been entirely fillcd with soft 

tissues. For the next part ofthe analysis, this hypothesis is applied to shell forms not 

amenable to spreadsheet analysis, to see \\.hat the affect of a partially fillcd living chamber 

would be on orientation. 

Using Plasticene models 

Modelling a cephalopod using volu~t~es of rotation works well ~vhere the animal has a single 

rotational asis of symmetry. Ancylocones, aspinocones, hamiticones and ptychocones lack 

this property so cannot be dcscribcd as a radially symmetrical solid. Instead, I have adopted 

the method used by Monks 8: Young (1998), who modelled the ammonite in Plasticene. 

Experiments allow inference of the approximate orientation of the ammonite, but the mass of 

the ammonite in life and thc total dcnsity are more difficult to estimate. 

In the Nozrtilzrs model and the cuttlefish modcl thc \\rater displaced is approximately equal to 

the volume of the pl~ragmocone and the living chamber, since both are filled (the 
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phngmocone iw~itli gas and camenl fluids, the living chamber with the animal). In contrast, 

the floating gastropod model of Monks 8: Young (1998) reduces tlie size of the animal sucli 

that most of the living chamber is empty. In effect, the water is displaced largcly by the 

phngmocone, and the displaccnient of the aninial is a small enough proportion of die entire 

displacement of the ammonite to disregard. 

This procedure can be dividcd into three stages: 

Stage 1: Locating the centre of  buoyancy 

The ccntre of buoyancy is the centre of niass of the displaced water. Since this is a fhnction of 

shape alone, this can be estiniatcd by modelling tlic part of the ammonite 1vhic11 displaces 

water and identifying its centre of niass with a material of uniform density, such as Plasticene. 

The Plasticene modcls (FIGURE 4.94 are suspendcd from a series arbitrary points by a light 

thread and allo\ved to conic to rest. A vertical line was drawn from the point of suspension 

downwards for each diffcrcnt suspcnsion point. Wlicre the lines cross is the centre of niass of 

the Plasticene shape, and tliercfore the centre of buoyancy of the ammonite (FIGURE 4.9b). 

Stage 2: Estimating the centre of Inass 

The centre of mass is more difficult to dcduce since we know nothing about the density or 

mass distribution of tlie annionite soft body parts, or how much fluid \\?as within the shell. 

While I agree with Trucnian's (1941) cstimation that the body nras the most massive part of 

the ammonite, I bclieve that the body need not have occupied the entire body chamber, as has 

been suggestcd by Monks 8: Young (1998). llicrcfore I estimate the soft tissues of the aniliial 

to have occupied only a portion of tlie entire body chamber. The spreadsheet analysis 

describcd above suggests that an ammonite occupying fifty percent of the living chamber 

would be a sufficiently small payload to be buoycd by tlie phngmocone, so let us assume that 

the ammonite animal occupicd about one half of the volume of die living chamber. l l ie 

positioning of tlie body would now affcct the position of the centre of mass, since the body 

could potentially be near the front of the aperture (i.e., with the head sticking out of the 

aperture), or near tlie final scptutii (i.e., with the head and arms witlidranm and the animal 

retractcd to the back of tlie shcll). l l ie rcst of tlie living cliamber mould be filled with 

sea\vater, freely communicating with the outside sea\llater, except for the mantle lining the 

shell and the retractor muscles (FIGURE 4.10). 
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Stage 3: Deducing the orientation of  the ammonite 

As described previously, the ammonite would orient itself with the centre of mass vertically 

beneath the centre of buoyancy. Therefore any movement of the centre of mass (as predicted 

by the floating gastropod model, and likely if the animal filled only a fraction of the living 

chamber) results in a change in orientation because of the change in the position of the centre 

of mass relative to the pivot point (the centre of buoyancy). 

Results 

Using a combination of mathematical (spreadshcct) and physical modelling, six different 

shapes of heteromorpli ammonites were examined: 

(1) Aspinocone (e.g., Hamitella gardneri FIGURE 4.1 la) 

(2) Ancylocone (e.g., Anisoceros armatlim FIGURE 4.1 1b) 

(3) Haniiticonc (e.g. Hamitella maximtls FIGURE 4.1 1 c) 

(4) Baculiticone (e.g., Lechites gatidini FIGURE 4.1 1d) 

( 5 )  Low, opcn turriliticone (e.g., Hamitella sp. juvenile FIGURE 4.1 1e) 

(7) High, closed turriliticone (e.g., Ostlingocerasptizosinntim FIGURE 4.1 If) 

(6) Ptychoconc (c.g., Ptychoceros ndpresstim FIGURE 4.1 1g) 

The centres of mass and buoyancy are plotted on diagrams of tliese shells using the floating 

gastropod modcl proposcd here. A new parameter arises from applying the floating gastropod 

model to amnionite oricntation, the "rotational angle". This is the angle fom~ed at the 

intersection of tlie linc passing through the centre of buoyancy and the centre of mass with the 

head out of the shell, and the line passing through the centre of buoyancy and the centre of 

mass with the head and body pulled back. Since the first line is the vertical axis of the 

ammonite with head emergent, and the second line the vertical asis when the animal is 

withdrawn, the angle describes the rotation of the shell between these two conditions. The 

rotational angles of the seven ammonites esamincd here are sumniarised in FIGURE 4.12. 

Low Rotational Angles: Baculiticones, Ptychocones, and 
Turrili ticones 

Baculiticones, ptychoconcs, and turriliticones have rotational anglcs close to zero. Vie centre 

of mass when tlie hcad is estcndcd is more or less vertically beneath the centre of mass when 
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the head is withdrawn. Both these points will lie bencath the centre of buoyancy. Thus, 

whatever the position of the body, these ammonites \\,ere oricnted with the aperture more or 

less dowvn\vards. In baculiticones, this is because they are simple cones, and the centres of 

mass and buoyancy are a11 located along the long axis of the shell. Although ptychocones are 

similar to hamiticones, they differ in being highly involute (where hamiticones are open): this 

results in a shape more like an orthocone, but formed from three straight shafts pressed into 

one another. Functionally, it behaves more like an orthocone than an hamiticone, since 

moving the mass in the living chamber tends to raise or lower the centre of mass along a 

straight line roughly vertically beneath the centre of buoyancy. So while the proxin~ity of the 

centre of mass to the centre of buoyancy may change, the angle of the line connecting the two 

points remains approximatcly constant. Tuniliticones are convergent with baculiticones in 

producing an effcctively conical shell, but do so by helically coiling around a single long axis. 

High Rotational Angles: Aspinocones, Ancylocones, and 
Hami ticones 

The aspinocones, ancyloconcs, and hamiticones have rotational angles from 30' to 100". The 

centre of mass when the hcad is estcndcd is not located vertically beneath the centre of mass 

with the head withdrawn. Therefore when the body moves between the aperture and the back 

of the shell, it \\rill cause the shell to rotate. These ammonites can orient the aperture fonvards 

and downwards when the head and amls are positioned toward the front of the apcrture. 

Hamiticones have the greatest rotational angles. In these morphologies thc living chamber 

(and sometimes the later part of the phragmocone) is hooked shaped, rather than simply 

carrying on the spiral of the juvenile-A shell. In aspinocones only the living chamber departs 

from the juvenile spiral, and then only slightly. The centre of buoyancy is within the spiral 

part of the shell, and the centre of nlass moves within the final hook (FIGURE 4.1 la). 

Ancylocones and hamiticones dcpart from spiral coiling earlier, giving rise to a deeper hook 

shape formed by two or more panllel shah .  The centre of buoyancy is located on the straight 

part of the phragmocone (FIGURES 4.1 Ib, 4.1 Ic), and the centre of mass moves along the 

straight final living chmbcr 1~11ich runs parallel to the straight part of the phragmocone. 11is 

results in a wider angle of rotation. 

Tilters and Non-Tilters: A new morphological classification? 

These shells can thus be classified into two groups: tilters and non-tilters, depending on 

whether the rotational angle is suficicntly large to allow the shell to rotate when the body 

moves between the apcrture and the back of the shell. The tilting sl~clls are typified by the 
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ancylocones and espccially the haniiticones, which possess large angles of rotation. This 

could allow the shell aperture to be oriented toward the substrate irrespective of the U-shaped 

body chamber sin~ply by moving the body toward the aperture. Aspinocones have a snialler, 

more limited ability to rotate. Non-tilters, which include the baculiticones, turriliticones, and 

ptychocones cannot change orientation in this way, since the vertical line through tlie centre 

of mass and buoyancy is fixed. The centre of mass may move closer to or further from the 

centre of buoyancy, but its angle to that point is constant. These shells would be oriented with 

the aperture downwards. The application of this distinction between tilting and non-tilting 

morphologies is considcrcd in the nest chapter, and compared with the distribution and 

inferred ecology of the hetcromorpli ammonites. 
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CHAPTER FIVE: HETEROMORPH AMMONITE 
ECOLOGY 

Summary 

The hetcromorph arnmonitcs are very widely distributed throughout the European (hoplitinid) 

and Tetl~yan provinces although thcy secm to have been absent from the Arctic (gastroplitid) 

province. Tl~is indicates that hcteroniorph arnmonitcs had an effective mode of distribution, 

possibly by activcly sivimming or drifting as adults, or more likely through a planktonic 

juvenile stage. Some spccics of animonitc, such as Lechites gcrz~dini, can be found on every 

continent. 

Although hctcromorph ammonites of both the tilting and non-tilting morphotypes are found 

together in rclativcly deep water sediments, non-tilting forms arc apparently absent from 

shallow water sediments. This indicates that thc benthonic tilting ammonites \irere less 

sensitive to \vater depth. A brief rcvicw of published obscrvations of heteromorph ammonite 

distribution seems to agrcc with the hypothesis that the non-tilting forms were planktonic 

animals and the tilting forms were benthonic or deniersal. 
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Albian palaeogeography 

The Albian Stage lasted from approximately 113 to 97 million years ago. FIGURE 5.la is a 

palaeocontinental reconstruction of the lo\ver Upper Albian around 100 million years ago, 

based on Barron (1987). Key events during this time are the opening of the Atlantic Ocean, 

the drifting of the African and Indian plates toward Eurasia, and the persistence of the 

connection betwecn the Antarctic and Australasian plates. Tl~rough that time there was an 

overall increase in sea level (Haq et a1 1957, Haq 1991), and this is reflected in the 

widespread occurrence of marine sediments of Albian age which have been recorded from 

localities around on every continent (Owen 1971% Barron et ol 1981, Frakes et a1 1987, Kelly 

8: Moncrieff 1992): 

Eurasia 

There appear to have been three broad marine connections across mainland Europe (FIGURE 

5.lb). A small channel ran from southern England through northern Spain do\i7n to the 

Balearics (Wiedniann 1962, 1962a). A second much larger channel also begins in southern 

England, but instead occupied a band through northern and south-eastem France, across 

Austria and Switzerland and into the Balkans. Finally, a third channel occupied a broad area 

encompassing the North Sea, Denmark, parts of northern and central Gerniany, and central 

Poland (Owen 1979). Tliese last t\t70 channels united at the Balkans, and spread out over 

much of the Caucasus, westcrn Russia aid down past the Caspian and into Iran (Immel dk 

Seyed-Eman~i 1985, Scyed-Emanli 8: Imniel 1995). A separate region of Albian marine 

sediments is recordcd from northern Russia, part of a transgression which opened up a 

connection bctwccn this \vest Siberian basin and the Arctic Sea, the aninionites and 

inoceramid bivalves rccordcd here are comparable with those of northern Canada and the 

gastropilitinid province in general (O\ven 1973, Jcletzky 1980, Vakhranieev 1987). Albian 

strata in China are mainly non-marine and so lack ammonites, but heteromorph ammonites 

such as Mnrielln have bccn recorded from Albian sedinients in Japan (Matsunloto 1963, Chen 

Pei-Ji 1987). 

India and Madagascar 

Marine sediments of Albial age have been recordcd from few places in the Indian 

subcontinent, priniarily from the west and the east (Spath 1930, Krishna 1980). Madagascar 

was still joined to the Indian plate during thc Albian. In Madagascar the Albian sediments are 
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restricted to the \vestcmmost cdgc of the island (Collignon 1963). Overall, the Indian- 

Madagscan platc was dry land during thc Albian (Barron et 011981). 

Africa 

Like India and Madagascar, most of Africa was dry land during tile Albian, and marine 

sediments are relatively scarce. Ammonites have been recovered from sediments of Albian 

age in Angola, Algeria, Egypt, Mozambique, South Africa, and Tunisia (Spath 1921, 1922, 

1925% H a s  1942, Collignon 1979, Forstcr 1975, Klinger 8: Kennedy 1978). Anoxic 

conditions existed in the proto-South Atlantic running bet\veen the South American and 

African plates (Reymcnt et ol 1987). 

Australasia and Antarctica 

Australasia, New Zcaland, and Antarctica \irere joined together during the Albian. For the 

most part they ~ \ ~ c r c  both dry land. Marine sediments are present from certain localities, 

indicating that a major sca\\?ay csisted across Australia, running from northern Queensland 

down through into north-\vestem Victoria and northern and central South Australia (Frakes et 

a1 1987. Amrnonitcs and othcr marine invertebrates recovered from Alexander Island indicate 

that this island along the cdgcs of thc Antarctic continent were at least periodically submerged 

(Kelly 8: Moncrieff 1992). 

South America 

Marine rocks of Albian age arc largely confincd to the southern part of the South American 

continent, which \vas espcricncing a major phase of tcctonic uplift (Riccardi 1987, 1988). 

Nevertheless, ammonites have bccn recovcrcd from Venezuela, Peru, and Argentina, largely 

comparable with the Tethyan ammonites found in Eurasia and Madagascar (Leanza 1970, 

Macsotay 197 1, Owen 197 1 a). 

Central and North Anlerica 

The Central and North American Albian marine sediments appear to have bcen deposited in 

three, largely separate basins. To the north \vest, along the \vestem Canadian coastline and 

into Alaska lay part ofthe circuni-Pacific basin \vhich also includcd Japan. Ammonitcs 
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collected from the Albian of Canada and of Japan are similar (Jeletzky 1977). A second basin, 

covering centnl and northern Canada and the northernmost parts of the USA, fornis part of 

the Arctic basin which also includes t l~e northernmost fringes of Europe and Siberia (Owen 

1979, Jeletzky 1980). Tllcre were no connections betwcen these two basins as far as is known 

(Barron et ol1981), although there may have bcen sporadic faunal exchanges betlveen the 

Arctic and the Europcan marine rcalms (Owen 1984). A third basin occupied the southern and 

south-western part of the USA and the northern part of Mexico, this was the Western Interior 

basin (Reeside 1927, Jclctzky 1968, Kauffman 1977). This area of marine sedimcnts opened 

into the southern part of the proto-North Atlantic. 

Albian heteromorph ammonite palaeobiogeography 

Albian ammonite faunas can be divided into distinctive faunal provinces. These provinces 

represent assemblages of ammonites which \\?ere to a degree isolated from one another. 11e  

ovenll pattern is of three distinct ammonite asscrnblages: an Arctic province covering the 

central and eastcrn Canada and part of northern North America, a north-\vest European 

province dominatcd by hoplitinids, and broadly Tetl~yan provinces everywhere else. 

Compared with the hon~omorph ammonites (\\there there is a distinction between the 

hoplitinids on one hand and tllc bnncocentids and mortonicerids on the other), tlie 

hetcromorphs appcar to have bccn distributed frcely throughout tllc European and Tethyan 

provinces. Thcre \irerc, howevcr, some centres of spccics level endemism such as the Late 

Albian Western Intcrior sca of the United States. 

As far as north-west Europe is concerned, ammonites from Lower Albian sediments are 

predominantly fon~is associated with the European province, such as Leymerielln, Sonnerntin, 

and Dottvilleiceros. Middle and Upper Albian faunas remain European in ovenll 

composition, including various hoplitinids, but there arc also some Tethyan ammonites. Tl~ese 

include Lyellicerns and Brnncocerns in Middle Albian and Mortonicerns and Hysterocerns in 

Upper Albian scdinients. An al~nionite spccies from the Arctic province an~n~onite has been 

recordcd from the early Uppcr Albian at Folkestonc, a single specimen of Pseltdopstroplites 

cnntiantrs (Owen, 1984). Below is a summary of all the major ammonite provinces of the 

Albian: 

European ammonite provinces 

Arctic (gastroplitid) province 
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This fauna has bccn studicd in most detail in northern and eastern Canada but stretches across 

Greenland and the entire northcrn part of Eunsia, including Siberia (Jelctzky 1968, 1980). A 

chanctcristic gcnus of anlmonitcs from the Arctic faunal province is Gostropilites. As noted 

above, ammonites from the Arctic province seem to have made only one incursion into the 

European province during the early Upper Albian, evidenced by a single specimen of 

Pseudogastroplites contiontrs having bcen recorded from the lower Diploceros cristatzrm 

Subzone of Folkcstone, England (Owen 1984). No ancyloceratacean or turrilitacean 

heteromorph ammonitcs have bcen recordcd from the Arctic province during the Albian 

(although Scophites and Boctrlites do occur in the later stages of the Cretaceous). 

European (hoplitinid) province 

The European provincc is characteriscd by a large number of endemic hoplitinid ammonites 

including the gcncra Hoplites, Ezihoplites, Anohoplites and Dimorphoplites. This faunal 

province includes the entire Anglo-Paris basin, as ~vell as much of central and northern 

Europe (including northern France, Gcrmany, and Poland) and the western part of the Russia 

and around the Caspian Sea (O\ven 1979). The hetcromorph ammonite faunas are diverse 

here. Hamitids and anisoccratids occur tliroughout the Albian and are widely recorded, while 

turrilitids and ptychocentids tend to bc rarer. Although in general the species recorded in the 

European province may also bc found elsewhere, such as Homites and Mariello, there are a 

few endemic monospccific genera, such as Scophonlites possendorferi, Psilohomites 

bouchordionzis and Tuberolechites regifix. 11ese may rcflect sollie degree of isolation at 

certain times. 

Tethyan (brancoceratid) province 

South of the Europcai province, running from Spain and southern France as far east as Iran 

and Pakistan comprises, and south to Madagascar and Angola, and the Tethyan faunal 

province (Owen 1971a). Tile most chanctcristic ammonites of the Tethyan province are 

Lyelliceratid and Mojsisovicsiid animonites. Characteristic genera of the Tethyan province 

include Lyelliceros, Oxytropidoceros, Mortoniceros aid Brmcoceros. Tilere are some genera 

of heteromorph ammonite which are common throughout the Albian in the Tcthyan province 

but are abundant only occasionally in the European province. Thesc include the Middle 

Albian tumlitids and ptychoceratids such as Psezidhelicoceros, Prohrrrilitoides, Ttrrrilitoides, 

Worthoceros, and Ptychoceros. On the othcr hand, species of Homites, Anisoceros and 

Protonisoceros are common to both provinces, \vhile Metohomites, Rossolites, and 
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Hemiptychcocerns are more co~llmonly recorded from Tethyan faunas and occur hardly at all 

in European ones. 

Non-European Tethyan ammonite provinces 

North Pacific Province 

The Albian ammonite faunas of the \vestern parts of Canada and of Japan contrast with those 

of northern and western Canada in resembling the Tethyan fauna. Homomorph ammonites 

such as Cleonicerns and Mortonicerns are present but hoplitinids are lacking. There are a 

number of heteromorph genera in common between the North Pacific and Tethyan provinces, 

such as Ptychoceros and Pset~dhelicocerns, and even some species in common with the 

Western Interior province of the Americas, including Worthocerns worthense and Mnrielln 

cnntnbrigiensis (Jeletzky 1977). Consequently, despite the proximity of this province to the 

Arctic Gastropilitinid province, it is clearly more akin to the Tethyan. 

Australasian and Antarctic provinces 

The Australian and Antarctic an~monite faunas are very close to that of the Tethyan, but do 

include rather more anycloceratacean than turrilitacean heteromorph ammonites such as 

Mylocerns and Lnbecerns than are found in the Europcan province. Overall the ammonite 

faunas are similar to those of the Tethyan province. The Australian and NNV Zealand 

heteromorph fauna does include some turrilitaccan ammonites in common with the European 

fauna of north-\vest Europe, such as Hnmitelln nnntrlnturn and Hnmites virgulntus, while the 

Antarctic fauna includes the bsculitid Lechites gnzidini (Henderson 1973, 1990, Kelly 62 

Moncrieff 1992). 

Western Interior province 

This ammonite fauna is bcst known from Texas and Utah but also covers parts of California 

and the northern part of Mexico. The anlmonite fauna appears to be closely related to that of 

the Tethyan realm, sharing many genera such as Mortonicerns and Schloenbachia (Emerson 

et a1 1994). There arc many hcteromorph genera in common between the Texan and the 

European and Tetllyan provinces, such as Hnmites, Idiohnmites, Worthocerns, Mnriello, and 

Anisoceros, and even a numbcr of sharcd species, sucll as Anisocerns ormntum, Hnmitello 



Ecology, Stntigmphy, and Pllylogeny of the Iicttrroniorph Anmionoida of the Albian 

intermedius and Hnmites nokonsis. However, therc are some endcmic species, such as 

Lechites comnnchensis and Mariella worthensis (Clark 1965). 

South American province 

This covers a number of faunas rccorded from Peru, Patagonia, Venezuela and elseivhere, 

with homomorph amnionitc faunas that compare well with those of the Tctl~yan province. The 

ammonites rccordcd include Lyelliceras and Brancoceras. Relatively few hcteromorphs have 

been recordcd from this province, but they broadly resemble those of the Tethyan province, 

including species of Rossnlites, Hemiptychocerns, and Hamites (Macsotay 197 l,O\ven 

197 la, Riccardi 1988). 

Albian marine environments 

The Albian is niarkcd by an overall progressive rise in sea-level, There are hvo major 

transgressive cpisodcs \~hich arc important to this thesis. l i e  first marks the boundary 

behvecn the Aptian and tlic Albian, during the Early Crctaccous the connection between the 

North Sea and Atlantic \\.as only gradually opcning, and at times the Channel was relatively 

shallo\v. n e  sccond event is the start of tlic Late Cretaccous traisgression \vhich began in the 

Albian, succcssivcly giving rise to tlic dccpcr water Upper Greensand and Chalk (Zeiglcr 

1982, Haq 1984, Rawson 1992). 

During the Late Aptian and the Early Albian marine sands indicate shallow connections 

between the North Sea, thc Atlantic and thc dccper sea over southem France. By the Late 

Albian dccpcr water marine clay facies covercd eastem and south-eastem England which 

represent a dcep water channel stretching to die south and east, while the shallow sand facies 

are more rcstricted to Ivestcrn England (FIGURE 5.2a). O\ven (1974, 1992) has described the 

evolution of the Anglo-Basin. Early Albian scdinients indicate a continuation of the Lower 

Greensand facics from the Aptian, and consist of shallow water sands and clays with evidence 

for periodic stomi crosion. On the basis of this evidence, a dcpth of less tlian 100111 has been 

estimatcd for the Lower Grccnsand seas during the Early Albian (Owen, 1992). l ~ e  

ammonite fauna of thc Lower Greensand is relatively restricted, lacking the Tetliyan 

Phylloceratina and Lytoccntina, although there mere repcatcd incursions of other Tethyan 

Ammonitina. About four-fifths of the rccordcd species are regularly coilcd Amnionitina, a id  
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the remaining fifth are ancyloccratacean hcteromorphs. Closely related species can be found 

in the Tethyan province, indicating that the there \trcre connections bct\vecn the Anglo-Paris 

Basin and the southern European seas (Casey, 1960). 

In the Anglo-Paris basin, the transition from shallow water sands a id  clays to deeper water 

clays indicate the boundary bctween the Lo\ver and Middle Albian. (Casey 1955, Owen 

1971% Smart 1997), although the transition from Lower Greensand to Gault Clay facies took 

place at different tinies in different places, being dependcnt on the geomorphology of the 

location (Casey 1950, 195 1, 1954, Owen 1958, 1960). In southern England, relatively few 

ammonites (heteromorphs or homomorphs) arc found in the Gault Clays earlier tllan the 

Middle Albian, although deeper water clay facies similar to the Gault Clay existed earlier in 

southern France (such as thc Vocontian Basin) and northern Spain, where heteromorph 

ammonites appcarcd carlier than they do in the Anglo-Paris basin (Wicdmann 1962, Brbhtret 

et a2 1986). 

The Late Albian was a pcriod of relatively constant, rapid deposition indicating an increase in 

sea depth across southern and castern England (FIGURE 5.2b). Uplift of the London Platform 

during the Diploceros cristotlrm subzone raised a section of seafloor sufficiently for a series 

of winnowing events to occur and give rise to phosphatic beds at intervals through the 

Diploceros crismhrm, Hysteroceros orbignyi, and especially the Hysteroceros voricostim 

Subzones (O\ven, 197 1 b, 1992). A pcriod of erosion and subsequent relvorking of Stoliczkoio 

dispar sediments during the Lo\ver Cenomanian incorporated many Late Albian fossils in the 

Lower Cenomanian "Cambridge Grecnsand" of Cambridgeshire (Cooper & Kennedy 1977). 

Price (1977) coniparcd the relative abundance of bcnthonic aid planktonic foraminifera 

(FIGURE 5.3) of the Anglo-Paris basin through the Middle and Upper Albian. From this it 

can be seen that C~hilc the trcnd is from a rclatively small proportion of planktonic 

foraminifera to faunas almost cxclusivcly composed of them, there are periods of low 

abundance of planktonic forarninifcra during the base of the Hoplites dentotus Zone, at the 

top of the Euhoplies loricottrs Zonc, and during the middle Mortoniceros inflntlim Zone. This 

could be read as implying that \vhile a gradual increase in water depth occurred through the 

Albian, there were rcversals. At Folkestone, for example, evidcnce of occasional breaks in 

sediment dcposition, condensation, and re\vorking of older fossils into younger beds conies 

from series of phosphatic nodule beds, as noted above, thc nearby tectonic activity may be 

responsible for somc of these cvents (O\vcn 1971a). 

Absolute depth of the Gault Clay at Folkestone is controversial. Estimates for thc depth at 

Folkestone during tile Middle Albian (Hoplites sporhi Subzone) range from 30 metres to 

between 100 and 200 nlctres (Akpan, Farrow and Morris, 1982; Knight, 1994). Rosen (1977) 
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compared Upper Albian coral faunas at Folkestone and Haldon (East Dcvon), and concluded 

that the Haldon scdiments represent a shallow bay (less than 50 metres). Hetcroli~orph 

ammonites are abscnt from Haldon, but are common in scdiments of the sanie age at 

Folkestone, which Rosen suggestcd were deposited in water of about 90 to 250 metres. 

Temperature 

Oxygen isotope analysis can be used to estimate palaeoteniperatures, since the ratio of ''0 to 

160 incorporated into calcium carbonates and phosphates or calcium phosphate is temperature 

dependent. Studics pcrfomied by Douglas &Woodruff (198 1, using calcium carbonate 

planktonic foraniinifera tests and coccoliths), and Kolodny & Raab (1988, using calcium 

phosphatic fish bones, shark teeth) have indicated that the Cretaceous in general had a warm 

climate, building up to a peak during the Cenomanian and then declining toward the 

Maastrichtian. Conscqucntly, the Albian can be intcrpreted as having been a period of 

steadily warming global tcnipcrature. Rosen (1977) has studied tlie Late Albian coral faunas 

at Folkestone, aid suggestcd a ~ a t c r  temperature of at least 17°C. Hudson & Anderson 

(1989) estimated a range of sea temperatures for north-west Europe during the latest Albian 

of 12-25°C (median = 18.5"C) using aragonitic macrofossils, and from 10-22°C (median = 

16°C) using calcitic niacrofossils, early Albian sca temperatures being 2-3'C lo\ver. These 

temperatures are signicantly \tramier than the prescnt day North Sea or English Channel, a id  

suggest a climate much more tropical in nature. The slight differences in the temperature 

ranges dcduced from aragonitic and calcitic fossils reflect the different diagenetic pathways of 

aragonite and calcite. 

Heteromorph ammonite ecology 

If tlie abundancc of planktonic foraminifera rccorded by Price (1977) are taken to iniply 

relative water dcpth, is thcre any pattern to the distribution of tilting and non-tilting 

heteromorph ammonites? FIGURE 5.4 plots a relative depth curve against a stratigraphical 

axis, and the occurrcnces of tilting and non-tilting genera are mapped against this. The Lotver 

Albian is excluded since tlie overall diversity of heteromorph aninionites is low, and 

moreover the non-tilting fomis are abscnt from England at this time. It can be seen that tilting 

heteromorph a~imonitcs exist throughout tlie Middle and Upper Albian. In contrast, the non- 

tilting ammonites are more-or-less limitcd to deep water phases. 
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There are other pieces of evidence that support the idea that the division of morpllologies into 

tilters and non-tilters reflects the division of hetcromorph ammonite lifestyles into benthonic 

and planktonic. 

(1) Orientation of the shell. Aspinocones, ancylocones, and hamiticones would be 

orientcd with the aperture fonvards and down when the animal was positioned near 

the apcrture. This \vould be very convenient for gathering food as well as using its 

arms to crawl about like a modem octopus. The head down orientation of the 

baculiticones, turriliticones and ptychoconcs parallels a similar orientation scen in 

mesopelqic planktonic cephalopods such as Spirulo and Cronchio. Their buoyancy 

devices - such as a gas filled shell or ammonium rich tissues - are located toward 

the posterior (Bruun, 1943, Denton, 1973). The arms and tentacles trail do\vnwards to 

snare prey, which appear to be mostly pelagic crustaceans (Ballantine eral, 1981). 

(2) Orientation of the exhalent current. The exhalent currents of baculiticones, 

tumliticones and ptychocones was supposed by Klinger (1980) to be more or less 

aligned with the long axis of the animal. l i s  is broadly supported by this study. 

Although the eshalent siphons are not exactly aligned, the siphons of modem 

cephalopods are flesible and it is likely the siphons of ammonites were too, and so 

could be adjustcd as required. This is thc most efficient condition for swinln~ing, if 

the animals mere capable of doing so. In contrast, the exhalent currents of 

aspinocones, ancylocones, and hamiticones are not so aligned, and swimming \vould 

have bcen con~parativcly inefficient (FIGURE 5.5). 

(3) Streamlining of the shell. Baculiticones, turriliticones and ptychocones are 

streamlined along the vertical axis of the shell, along which they \vould most likely 

have moved. The shell is also closed, reducing draz, so movement \vould have been 

efficient compared with the opcn, unstreamlincd shells of the aspinocones, 

ancylocones, and hamiticones. Swimming ~vould have been limited to vertical 

migrations, pcrhaps comparable \vith niodcm Spinilo and mid\vater squid like 

Cronchio. 

(4) Annular ribbing. Since ammonites could not seal the aperture with an operculun~ or 

hood, they must have relied on the mechanical strength of the shell to deter a 

predator. By analogy with gastropods and bivalves, the developn~ent of ribs, 

constrictions and spines could be scen as ways of enhancing the defensive potential 

of the shell (Vcrmcij, 1987). l l e s e  ribs are fully developed in the tilting 

morphotypes. The non-tilting forms tend to have reduced ribbing (most Turrilitidae 

and Baculitidac) or have lost the ribs totally (some Ptychoceratidae). Annular ribs are 
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primarily usekl for deterring peeling predators, which tend to be benthonic, and are 

usually seen on bcnthic animals like snails and clams (Vermeij, 1993). Spines are 

usekl against predators that crusli the entire shell or attempt to swallow the shell 

whole, and can be seen in benthic (e.g., sea-urchins and the cemented pecten 

Spondylus), nektonic (e.g., the porcupine fish Diodon), and planktonic animals (e.g., 

many larval fish and crustacea). Spines are found on non-tilting as well as tilting 

morphotypes. 

(5) Evidence of predation by benthic predators. Evidence that at least some 

heteromorpli anintonites \\?ere predated on by benthic crustaceans may come from a 

numbcr of Hamitella specimens collected from Folkestone and in the Natural History 

Muscuni collections. (FIGURE 5.6 &: 5.7). Tliis fonn of damage is comparable to that 

classified by Hcngsbacli (1996) asfirma verticata and onc of the coninionest 

pathologies, found on a wide variety of aninionites (Keupp, 1976). Tlie ribs and shell 

have bcen pceled away in a narrow band, and subsequently repaired by tlie mantle 

causing the characteristic backward bending of the ribs and growtli lines. These 

specimens can be compared to gastropod snail shells that have been peeled 

experinientally (FIGURE 5.8), and are different to those of other forms of predation 

or attack (Vermeij, 1993). Such attacks are perfontied by certain modem crustaceans 

which pcel away the shell to esposc thc soft body of the snail. Since the specimens 

show repair as \vcll, we can be sure tllat the ammonite was alive when the shell was 

attacked, and the dantage is not a post-mortem effect. Post-mortem damage ntight be 

expected if thc dcad ammonite \ira.s eaten by some scavenger, or the shell \vas used by 

a hermit crab. During the Albian, there were benthic crustaceans that could have 

causcd such daniage, such as Diatrlox which has been recorded from die Gault Clay 

and Cambridge Grccnsaid (FIGURE 5.9, Wright &: Collins, 1972). 

(6) Shell rotation. Movenicnt of the animal from the front of tlie living chanber to die 

back changes the orientation of tilting morpliotypes. Tliis raises tlie aperture, tlie 

weakest part of tlic shell, clear of thc sea floor and perhaps make it more difficult for 

predators to handle. 

(7) In situ preservation as benthos. There are examples where such ammonites seem to 

have bcen prescrvcd as part of tlie bcnthos, e.g., a school of Polyptychoceras (an 

haniiticonic ammonite) preserved ~vithin the shell of the much larger homomorphic 

amnionitcs Etrpachydiscus (Matsumoto 8: Nihongi, 1979). The Polyptychoceras are 

arranged in such a way as suggests rapid burial \vith none of tlie damage to these 

fragile shclls associated with transport. As such, this implies tlie Pokptychoceros 
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s\vam into thc empty Ezlpnchydisctrs shell, the authors suggests they \Irere nesting in 

way co~iipanble to modem octopuses in caves. Hamiticones are tilting ammonites. 

(8) Absence of tilters during bottom water anoxia events. Batt (1989) and 

Westermann (1996) have commented on the general disappearance of Scnpl7ites and 

Hamites from sediments during periods of bottom water anoxia. These ammonites 

occur in the prcccding and succeeding normal marine conditions. In contrast the non- 

tilting Tunilitids and baculitids occur throughout, apparently unbothered by bottom 

water anosia. Westcrmann evcn suggests that Bnculites may have been able to 

tolerate anosic conditions: this is unlikely, as all estant ceplialopods are estremely 

aerobic organisms. O\ven (pers. comm.) has observed that Albian heteromorph 

ammonites as wcll as benthic molluscs are absent from probably dysacrobic or anosic 

sediments at Selboume (Owen, 1963), where tlie hoplitinid ammonites, which were 

presumably uppcr water nekton, are \\?ell developed. 

(9) Facies association of tilting morphotypes. Aspinocones, micylocones, and 

hamiticones tend to be associated with clay or marl facies rather than sandy ones, 

which suggests that these aninionites were substrate dependent (or at least choosy), 

and tend to be scarcc or absent from dcep water and oceanic facies (Marcino\vski & 

Wiedmann, 1990, Westem~ann, 1996). 

(10) Facies association of non-tilting morphotypes. Baculiticones, turriliticones and 

ptychoconcs are more commonly associated with deep water, either the distal part of 

the shelf, the slopc, or the opcn ocean. Helical fomis are especially \\re11 known for 

their broad distribution and occurrence in a wide range of lithologies (Kennedy & 

Cobban, 1976), and a similar pattcm is known for baculitids (Matsumoto & Obata, 

1963). 

(1 1) Global distribution of tilting and non-tilting morphotypes. Both niorpliotypes are 

charactcriscd by a very \vide distribution at species level (as described in tlie 

systcniatic part of this thesis). If aspinocones, ancylocones, and hamitico~ies \\we 

poor s\vininiers and most likely benthic crawlers, then their distributive phase must 

have bcen either as planktonic eggs or juveniles. While ammonites eggs are virtually 

unkno\\~n, tlle larval stages of both tilters and non-tilters seem to have been planktonic 

and occur in a \vide variety of facies (Marcinowski, 1974, Kennedy &: Cobban, 1976, 

Marcino\vski, 1980). In this light, then the small ptychocones can be vie\ved as 

progenctic ammonites, and the baculiticones and tumliticones as neotenic 

amnionitcs. Tllcse foniis estended the juvenile planktonic habit into maturity, either 
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by retaining small size (ptychoconcs) or slowing or arresting development 

(baculiticones and tumliticones). 

(12) Utility of helical coiling. Helicosity is eshibited by many juvenile heteron~orphs as 

well as adult Turrilitidae. The advantages of being helical are uncertain, but Rigby &: 

Rickards (1989) and Rigby (1992) have suggested that rotation was common among 

vertically migrating planktonic graptolite colonies. Rotation allowed the colonies to 

sweep through more water than they would othenvise have done, since the colony 

would function as a kind of screw. Consequently they would have been able to gather 

more food. By analogy, helical heteromorph ammonites \\rould have rotated while 

swimming up or down, and could have swept their tentacles tl~rough the water in a 

similar fashion. 

(13) Adaptations to deep water. T l~e  complcx suturcs of helically coiled ammonites in 

general may indicate an ability to live in decp water (Batt, 1991). Most of the 

Tumlitidae have vertically displaced siphuncles (FIGURE 5.10, Klinger, 1980). This 

has becn interprctcd as an adaptation for decoupling the camera1 fluids within each 

chamber from the siphuncle. In the modem cephalopods this appears to increase the 

efficiency of canieral emptying at dcpth, and may imply that these ammonite \\.ere 

capablc of vcrtical migrations from deep water into shallo\\r in a manner similar to 

Notitiltis or .S)inrln (Ward, 1979). Baculiticones and ptychocones have siphuncles 

which run vertically (rather than spirally) down the shell, so vertical displacement of 

the siphuncle is not possible. Functionally, such a siphuncle is effectively decoupled 

anyivay since only a small part of the it \trould bc in contact with fluid (FIGURE 

5.1 1). 
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CHAPTER SIX: HETEROMORPH AMMONITE 
EVOLUTION 

Summary 

Heteromorph amrnonitcs are inferred to have passed through a five stage life cycle: egg, 

larva, juvenile-A, juvcnilc-B, and maturity. By comparing the phylogeny deduced from the 

cladistic analysis with the ontogcny and ecology of the individual species, it is possible to 

devise a likely evolutionary scenario accounting for the diversification of the heteromorph 

ammonites through the Albian. Hcterochronic processes were clcarly important, and both the 

Baculitidae and Tunilitidae can be vie\ved as paedomorphic derivatives of the Hamitidae. In 

both cases they retain characteristics of the juvcnile morphologies of typical Hamitidae, and 

appear to have rctaincd thc juvenile habit within the plankton. 

It is therefore proposed to place the Albian hctcron~orph an~n~onites into two ecological 

groups: meroplankton and holoplankton. Mcroplanktonic forms include the Anisoceratidae, 

Hamitidae, and Scaphitidae, which passed through a planktonic juvenile stage but eventually 

settled on or ncar the sca floor when mature. In contrast, the holoplanktonic forms, tlle 

Baculitidae and Tumlitidae, \Irere planktonic for thcir entire lives, and are derived (through 

paedomorphosis) from the planktonic stagcs of thcir ancestors. Thcy most probably lived in 

moderately deep \i7ater and may have performed vertical migrations comparable to modem 

mesopelagic squid. 

The Baculitidae \\.ere holopla~lktonic dcrivatives of the Hamitidae. Their immediate ancestors 

had simplified their coiling mode from ancyloconic to aspinoconic. These hanlitids probably 

retained the planktonic or slow s\vinlming lifestyle of the crioconic juveniles of more typical 

hamitids. Baculiticones were also crioconic, but briefly, the rcmainder of the shell consisting 

of a single straight shaft. 

The Ancyloccratidae arc meroplanktonic derivatives of the Hanlitidae, but are predominantly 

ancyloconic. They \irere largely benthonic in habit. Although spines appearcd among the 

juveniles of the primitive spccies, the more dcrived spccies are tuberculate throughout. 

Within the meroplanktonic Hamitidae there are three gencral body plans: aspinocones, 

ancylocones, and hamiticoncs. Thcse modes of shcll coiling allo\ved the animal to orient the 

aperture toward thc sca floor so \\?ere \yell adapted to life on the sea floor. A helical juvenile 
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phase is cotlintonly exltibitcd by hantiticones and allows the three straight shafts to be closely 

packed without intcrfercnce front the early crioconic part of the shell. One species, Hnmites 

temtis, achieved tlte same result not by ltclical coiling but by the second and third shafts lying 

in plane slightly anglcd to that of the earlier part of the shell. 

The Turrilitidae are holoplanktonic and maintain the juvenile mode of coiling of their hamitid 

ancestors throughout ontogeny. Tubercles also appear in this group, but independently of 

those in the Ancyloceratidae. 

The Scaphitidae show convergence with l~ontomorphic ammonites by reverting to regular and 

moderately involute spiral coiling togctlter with closure of the umbilicus. Tubercles develop 

in this family as niscd rcgions \vltere ribs bifurcate. 
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Life cycles and life styles 

The evidcnce summariscd in Chapters Four and Five can be used to revise our understanding 

of hctcromorph ammonite ecology. Most importantly, even if tilting heteromorphs inhabited 

the plankton as juvcnilcs, as adults they lived on or near the sea floor, and at least three 

families of non-tilting hctcro~norph ammonitcs were adapted to life in the midwater plankton. 

(1) Egg stage. Very little is known about ammonite egg biology. By analogy with 

Nnzttihts, the nepionic constriction is taken to indicate the point at which the 

ammonite hatchcd, so can be used to infer the approximate size of the egg itself 

(Tanabe et ol, 1980, Lebrun, 1996). The Late Crctaceous hcteroniorph Scnphites 

whitfieldi for exanlple rcachcd a diamcter of 0.7 mm at hatching (Landmann et 01, 

1996), and a spccimen in the NHM of Hnmites renuis has an ammonitella measuring 

about 1 mm in diamctcr BMNH 39768, Spath, 1941). Ammonite hatchlings are 

comparable in size with the hatchlings of species \vhich produce large numbers of 

planktonic eggs, primarily the oceanic squid such as Dosidiczrs. Species such as the 

cuttlefish Sepia and the coastal squid Loligo, or Octoptts, \\lhich offers brood care, are 

much biggcr at hatching (FIGURE 6.1, bascd partially on Mangold, 1987). 

(2)  Neanoconch. After hatching, the ammonite laid do~vn a sn~ooth, open spiral shell 

which is kno\vn as the ncanoconch, This stage of the life cycle is the neanic growth 

stage, and appcars to be common to ammonites in general (Kulicki, 1974, Shigeta, 

1993, Bucher et nl Ward, 1986, 1996). Some authors have suggested that this stage of 

the life cycle, 1~11ich is absent from the life cycle of modem Nautilus, made 

ammonitcs particularly vulnerable to disturbance of t l~c plankton, and may account 

for their dcn~isc at the end of thc Crctaccous (Ward, 1986, 1992, Ward &: Bandel, 

1987). 

(3) Juvenile-A stage. The end of the neanic gro\\;th stase is characterised by the 

appcarance of adult omamentation (e.g., ribs or spines). 11is is the first stage of 

juvcnile gro\\.th, ~vhich I call the Juvenile-A gro\\.th stage, and is essentially "lion- 

heteromorph". Coiling remains similar to that of the preceding stage, basically an 

open spiral, but hclical in some tasa. 

(4) Juvenile-B stage. 11is later stage of gro\vth began with the dcparture from regular 

spiral coiling, i s . ,  the appearance of "heteromorph" shell coiling mode. The relative 

proportions of the spiral sl~cll gro\\.th of the juvenile-A stage and the uncoiled gro\vth 

of the juvcnilc-B stage dcfine shell shape (FIGURE 6.2). 
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( 5 )  Maturity. Indicators of maturity were the approsinlation of the septa and the 

development of the final living chambcr, i.e., cessation of growth of the 

phwmocone. Associated with this \\.ere the development of sexual characters, such 

as lappcts and collars. Ammonites in general appear to have had determinate growth, 

is., they reach a certain size and shape and then stop. 

To summarise, mature turrilitaceacn ammonites produced large numbers of small eggs and 

probably offered little or no brood care. After hatching, the small juveniles drifted in the 

plankton. At maturity, some morpllologies appear to have been adapted for a midwatcr, 

planktonic habit while othcrs \\?ere more likely to have lived on or near the sea-floor. 

These different shcll n~orphologies can bc describcd in terms of ontogeny. The relationship 

between ontogeny and phylogeny of ammonites has been discussed by various authors (Clark, 

1962, Matsunloto, 1964, Kom, 1995). In this study, it is possible to use the cladistic analysis 

to indicate the likely morpl~ological transitions. 

Interpreting evolution from the cladogram 

Connections bctwccn spccies have historically been dcduced on the basis of similarity, tivo 

similar-looking spccies arc likely to be closcly related than to dissimilar spccies. Spath (1941) 

used this method to infcr ~norphological transitions, and hence evolution of the Albian 

heteromorplts (FIGURE 6.3). Yle problcnl with this approach, or any non-phylogenetic 

approach, is that the inferred directions andpotterns are imaginedfirst, and thcn the tasa 

arranged to fit. An approach likc this, bascd on an apriori hypothesis has many 

shortcomings, \\3lich havc all bcen \\.ell discussed elsc\\.hcre (Smith, 1993). A tasono~nic 

framework based on thc ~l~inin~unl  number of assumptions indicates the directions of the 

morphological transitions between tasa before the hypothesis of evolutionary or adaptational 

change is dcscribcd. Tltc cladogmti deduced earlier gives us this information, by indicating 

which spccies are   no st closcly relatcd to cach other, which taxonomic units are meaningful 

and which are not, and which spccies are primitive and which are derived. 

I have reviewed the litcraturc which csists on thc diversification and origins of the five 

recognised families of Albian Turrilitaccae in Chapter T\k70. Monophyly of the 

Anisoccratidae, Baculitidae, Scaphitidac, and Turrilitidae has bcen established in Chapter 

Three. Also, all four of thcse groups have bccn dcmonstnted to be derived from the broad, 

paraphyletic group of hctcron~orpl~s generally referred to as t l~e Hamitidae. The Hanlitidae 

have bccn here intcrprctcd as a group of ammonites with a planktonic juvenile stage and a 
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benthonic adult stage on the basis of the functional morphology of their shell shapes 

(aspinocones, ancyloconcs, and hamiticones). In contrast, the remaining two derived groups 

have unique coiling modes and a different way of life. 11ey have bcen secn to be most likely 

planktonic and have non-tilting shell morphologies. With these inferrcd ecologies and life 

cycles, can the cladogram offer more detail on the exact progression of evolutionary change 

within each lincage, and tell us something about how and why these changes took place? 

Origins and radiation of the Anisoceratidae 

The Anisocentidae are comparable with the Hamitidae in terms of coiling modes: 

ancylocones and hamiticones predominate. ornamentation is similar, with simple annular 

ribs, although thcre is a tendency for ribs to bifircate in some tam (many Anisocerns, some 

Protnnisocerns). Thc principal difference bct\vcen tllc Hamitidae and the Anisoceratidae is 

the dcvelopmcnt on thc latter of ventral and ventrolateral tubercles, these tubercles are 

different to those of othcr tuberculatc hcteromorphs as summarised below: 

Anisoceratid tubercles: Tubcrclcs approsinlately conical. Tubercle usually dcvclops fro111 a 

single rib. Symmetrically paired over the siphuncle. Always appear 

as pairs. Primitively ventral tubercles on the early part of 

phragmocone only, ventral and ventrolateral tubercles throughout 

ontogeny of most derived species only. 

Scaphitid tubercles: Tubcrcles bullate, elongatc and flange-like. Tubercles usually 

dcvclop where the ribs bifurcate. Syn~metrically paired over the 

siphuncle. Always appear as pairs. Primitively confined to the living 

chambcr. 

Turrilitid tubercles: Tubcrclcs bullate. Tubcrcles develop from a single rib. Not 

symmetrically paired over the siphunclc. T\vo to five tuberclcs may 

be prcscnt. Even on earliest tuberculate turrilitids, tubercles weakest 

on early part of phragmocone becoming more numerous and well 

developed on the final living chamber. 

The latest common mcestors of the Anisoceratidae, Scaphitidae and the Tumlitidae are the 

Hamitidae. 11ey lack tuberclcs. Conscqucntly, tubercles are not a primitive feature of the 

heteromorphs inhcrited from some ancestral tuberculate member of the Anyclocerataceae. 

They have instead arisen uniquely ~vithin the Anisoceratidae, Scaphitidac and the Tunilitidae. 

Morphologically they arc also all quite distinct. The differences in morphology and the 
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separate origins of tubcrcles among the groups indicate by tl~e cladistic analysis refutes the 

hypothesis tliat the tubcrculate Turrilitidae are derived from the Anisocentidae, since the 

tubercles in the t\vo groups are not the same (scc Klinger 8: Kennedy, 1978, Scholz, 1979, 

Wright et al, 1996). 

The tuberculation exhibited by the various Anisoceratidae is not uniform. FIGURE 6.4 is a 

cldognm of the Anisocentidae together with diagrammatic representations of the 

tuberculation on the phngmocone and living chambers. The more priniitive species of this 

family tend to possess ventral tubercles largely confined to the phngmocone only, \vhile the 

more derived species have ventrolatenl tubercles as well and both pairs of tubercles extend 

onto the final living chamber. There are exceptions, Rossolites being most apparent. Species 

within this genus have well developed ventral and vcntrolatcral tubcrcles on the 

phragmocone, which h s e  into thickened bullatc nodcs on the living chambcr. Nevertheless, 

the general pattcm stands and concurs \\?ell with the stratigraphy as has been discusscd in 

Chapter 2. 

The cladistic analysis suggests that the most primitive Anisocentidae are the small (sub-30 

cms whorl height) animonites of the gcnus Protnnisocerns. Even \vithin this (admittedly 

paraphyletic) genus tubcrculation is variable. This is summarised below, together with the 

stntignphical occurrence. It should be noted that the cladogram contrasts with tlle 

stratigraphy some\vliat, since the Lower Albim fomis are not all considered priniitive or the 

Middle and Uppcr Albian spccies as niore dcrived. 

Basal species (ventral tubercles on phragmocone only) 

Protnnisocerns dnlyiozi (Middle 8: Uppcr Albian) 

Protnnisocerns onglicz(m (Lomcr Albian) 

Protnnisocerns ncteon (Lo\ve r Al bian) 

Protnnisocerns blnncheti (Lo\ver Albian) 

Middle species (ventral tubercles on phragmocone and living chamber) 

Protnnisocerns coptense (Lo\ver Al bian) 

Protnnisocerns nodoslrs (Middle Albian) 

Protnnisocerns vnzrcherinnum (Lower Albian) 

Derived species (ventral and ventrolateral tubercles on phragmocone and living 

chamber) 
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Protnnisocerns cnntinnzrni (Lower Albian) 

Protnnisocerns rntrlininnzr m (Lo~ve r Albian) 

Protnnisocerns hnlleri (Middle Albian) 

This suggests that ventral tubercles appeared first on the juvenile stages of growth are 

primitive, and that retention of tubercles later into growth, and the acquisition of ventrolateral 

tubercles, are more advanced features. These tubercles may have been some sort of defence, 

as discussed earlier, perhaps having evolved initially as a defence for the planktonic juvenile 

s e e s .  Juveniles of the modem teleost Molo moln or sunfish, and many larval crabs and 

mussels, bear spines immediately after hatching. 

There are hvo derivative stocks from Protnnisocerns: the Lower Albian Rossnlites and the 

Upper Albian (and into the Cenomanian) Idiohnmites - Anisocerns lineage. Rossnlites is an 

ammonite at least fifty-percent larger than typical Protonisocerns, reaching a whorl height of 

30 to 40 crns. Although Idiohnmites is comparable in size with Rossolites, Anisocerns is much 

bigger, with a whorl height of 60 crns or more. All three genera bear ventral and ventrolateral 

tubercles, as \veil as modification to the final living chamber such one or more constrictions 

and apertural collars. In Rossolites thc ventral and ventrolatenl tubercles bccome fused into 

clavate or keyhole shaped ridges. In Idiohnmites the ribs bearing ribs become less frcquent 

than those which do not. Anisocerns shows the reverse of this, a decline in the number of non- 

tuberculate ribs, although the ribs, which are usually fairly coarse and fibulate on the 

phngmocone become straight and simple and rather fine. It is also the only one of these 

genera to known bear apertural collars. In all thrce general, but especially Rossnlites and 

Anisocerns, the suture lines beconle more florid at maturity than those of Protnnisocerns. 

Thus, this appears to be a size dependent feature, rather than a tasonomic character, so I 

would hesitate to use suture line floridity as a diagnostic character of either genus (cf. Wright 

et al, 1996). 

Origins of the Baculitidae 

Only a limited numbcr of baculitids are known from the Albian: three n~orpllologically 

intergrading Lechites species and one species of Sciponocerns. The nearest relatives to this 

clade are firstly Hnmites nokonsis. This species has an open spin1 shells, probably crioconic 

or aspinoconic, and coiling in one plane. Similar spiral coiling is ubiquitous to heteromorph 

ammonites during the juvenile-A stages, during which time the ammonites were probably 

transitional betwecn life in the plankton and becoming more adapted to living on or near the 

sea floor (for which ancyloconic or haniticonic shell shapes were best). Both Lechites and 

Sciponocerns pass through a bricf, open spiral juvenile-A stage. "Illis gives the impression of 
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the micromorphic coiling of tlte Baculitidae recapitulating phylogeny by echoing the juvenile- 

A coiling of the ancestral Homites. 

Although crioconic to aspinoconic in coiling mode, Homites nokonsis is convincingly rooted 

within the predominantly ancyloconic or hamiticonic Hamitidae. If ancylocones and 

hamiticones of adult Homites are tlte bctter adapted to life on tlte sea floor, then tlte coiling of 

Hamites nokonsis could be interpreted as a neotcnic coiling mode, i.e., although the size of an 

adult Homites it has a coiling litode more like that of a typical juvenile Homites. Perhaps this 

form was better adaptcd to staying in the plankton. The baculiticonic coiling mode is derived 

from this, by reduction of tlte size of the open spiral part of the shell (micromorphy) and 

development of a single straight shaft which was perhaps better suited to a vertically 

migrating lifestyle (FIGURE 6.5a). While tlte single shaft could be ho~nologous with the first 

of the three shafts, the spiral coiling of Homites nokonsis suggests that the straight shafts 

characteristic of morc basal hattitids had alrcady bcen lost within this lineage. These is in 

contrast to the view of Wiedniann & Dicni (1968) that a natural group can be made of the 

baculitids and hamitids on thc basis of the odd-numbcr of straight shafts. Instead, the straight 

shells of tlte baculitids sccnts to have evolved (or re-evolved) independently. 

Such an evolutionary history contrasts with that proposcd by Matsuntoto & Obata (1962), in 

which the primitive baculitids were vie\ved as benthonic (FIGURE 6.5b) and the later ones as 

planktonic or nektonic (FIGURE 6.5~) .  Tliey suggested that the earlicr baculitids (such as 

Sciponoceros) witlt circular whorl sections and apertural hoods, lived on the sea floor. Tlte 

shell was niscd off the scdiment by its omn buoyancy but the head and arms \\.ere oriented 

toward the sea floor and in this \tray the ammonite grubbed about for food. The latcr fomis 

had laterally contpresscd whorl sections and vcntral kcels. These forms were interpretcd as 

being more activc s\\~intntcrs in ntidwater. Matsu~noto &: Obata (1962) and Klinger (1980) 

suggestcd that sontc baculitids might have fillcd the apical chambers with water. I t i s  \vould 

counterbalance thc hcad, and tlte sltcll \vould have adopted a horizontal attitude. Such water- 

filled chambcrs \\~ould havc bcen comparable in fbnction to the camcral deposits of orthocone 

nautiloids (Flo\\ler, 1955) or the guard of bclcmnites (Monks et ol, 1996). 

Origins of the Scaphit idak 

Only a small number of scapkites are studied hcrc, so only a limited discussion of tltis 

predominately post-Albian group of ammonites is possible. The Scaphitidae secm to have 

been derivcd froni the Hariiitidae but not via Scophamiles as proposcd by Wiedmann & 

Marcinowski (1985). Thc most basal member of tltc family, Eoscophites circ~rloris, is an 

ancyloconc, but much more tightly coilcd than is a typical Honrites. Also, the \vhorl section is 
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more dorso-ventrally comprcssed. The more derived Eoscnphites subcirczrloris is similar, but 

with more compressed ivhorl scction and a closed (imperforate) coil. Unlike Eoscnphites 

circtrlaris which has simple annular ribs, those of Eoscnphites strbcirct~laris bifurcate over the 

ventral surface. Whcre they divide they are slightly raised. The most derived species, and the 

only true Albian scaphite, is Scnpl7ites hzrgordionzu. This ammonite is similar to Eoscnphites 

subcircularis but the \vhorl section is yet more compressed, and the shell more depressed, 

becoming semi-lunatc where the later whorls overgrow the younger. The shape is 

characteristic of scaphites in general, being rather round and globular. As with Eoscnphites 

subcircttlnris the ribs bifurcate, and where they do so small bullate or conical spines develop. 

The trend among the Scaphitidae is towards increasingly depressed and compact ancyloconic 

shell forms with inipcrforate initial coils. The tubercles are different to those of the 

Anisoccratidae or thc Turrilitidac, and dcvelop from bifurcations of the annular ribs. This 

pattern is consistent with thc derivation of Scophites from Eoscnphites, and both from the 

Hamitidae, as proposed by Wicd~nann (1965). The actual functional morphology of the 

Scaphitidae is less certain, although the ancyloconic coiling indicates a benthonic lifestyle. 

The recoiling of the shcll and closing of the unlbilicus could be indicative of inlprovements in 

swimming ability since thcse changes would have the affcct of reducing the anlount of drag 

produccd by thc shell. Possibly the Scaphitidae \\?ere more active nektobenthonic or demersal 

ammonites than the Hanlitidae or Ancyloceratidae (FIGURE 6.6). Even so, the observations 

made by Batt (1989, 1991) indicate that scaphites were excluded from dysaerobic bottom 

waters, and probably lived near the sea floor, and \\rere subject to the conditions thcre. 

The Hamitidae and the origins of the Turrilitidae 

The Turrilitidae are the sister group of the paraphyletic genus Homitella, a group of harnitids 

charactcrised by protractcd helical coiling and a general reduction in the lcngtll and number of 

the straight shafts. The evolution of the Tumlitdae can therefore be dividcd into three 

separate events: the appcarance of helical coiling during the transition from Hnmites to 

Hamitella, thc disappcarancc of straight shafts and retention of helical coiling from Hamitella 

to the primitive non-tubcrculate turrilitids, and finally the radiation of the Turrilitidae, 

especially the appcarance of tubcrculatc forms like Mnrielln. 

Of the Hamitidae of ~vhich juvenile shells are kno\\rn, helical coiling is prcdominaltly a 

feature of hamiticonic coilcd species: 

Helically coiled hamitids 



Ecology, Stratigraphy, and Pl~ylogeny of thc Hcteroinoyl~ Ailuilonoidca of the Albian 

Homites ottenziotzis - hamiticone 

Hnmitelln anntrlntzinr - hatliticone 

Hamitella gnrdneri - ancylocone 

Hamitelln intermedilts - hamiticone 

Hamitelln mnximzis - hamiticone 

Hamitella rohindzis - hamiticone 

Heniiptychocerns porkinsoni - hamiticone 

Scnphomites pnssendorferi - distorted ancylocone 

Non-helically coiled hamitids 

Hamites compressus - ancylocone 

Honiites hybridzis - aspinocone 

Hnmites incziwotzis - ancylocone 

Hamites nokonsis - ancylocone 

Hamites prnegibboslis - ancylocone 

Hnmites renzi - ancylocone 

Homifes tenziicosfntlis - ancylocone 

Hnmites tentiis - hm~iticonc 

Hnmites virgzrlntlis - aspinocone or ancylocone 

Only one hmliticonic spccies was not helical at any stage, Hnmites tenziis. In this species the 

thrce shafts do not lie in thc same plane (FIGURE 6.7). 1 1 e  initial coil and the first shaft lies 

in one plane. The second and third shaft lie \vithin a second plane about slightly anglcd (about 

10") to the first plane. If this change in plane did not occur, then the second shaft ~vould 

eventually run into the juvenile-A coil and gro~vth nlould have to stop, but since the second 

shaft is angled away from the initial coil growth can persist uninterrupted. Helical coiling of 

the juvenile-A shell providcs exactly the same functionality but in a different way. By 

describing a helix for the first part of shell growth, the later shafts can all lie in the one plane 

without running into the juvenile-A coil (FIGURE 6.8). Helical coiling is therefore a mode of 

growth which allows tightly coiled haniiticonic shells to develop. ancylocones do not nced an 

helical initial coil since thc ascending part of the U-shaped body chamber terminates prior to 

it reaching the coil. 

The cladogram indicatcs that the planar, and prcdominantly non-hamiticonic, hmitids occupy 

the more basal position (Honrites, Scophnmites, and as far as is kno\vn, Metnhomites). 

Lytohnmites is more dcrived, and Hemiptychocerns yet more so. Hnmitello is the most 

derived helically coiling hmitid, and is the sistcr group ofthe Tunilitidac (FIGURE 6.9). No 

juvenile coils of Lytolionrites have bccn found but they are hamiticonic and may have bcen 
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helical. Juveniles of only one spccics of Hemiptychoceras are known (Hemiptychoceras 

parkinsoni) but these are helical, all known species of Hemiptychoceras are hamiticonic. All 

juvenile Hamitella arc hclical. Furthermore, t l~e sutures of Hamitella during the helical phase 

are asymmetrical and comparable \kith those of tlie Tumlitidae in this respect. 

Within Hamitella thcrc are five spccies (FIGURE 6.10). Hamitella intermediiis and Hamitella 

maximus are t\vo closcly relatcd and perhaps identical species that represent the least derived 

members of the gcnus. They are large hamiticoncs (\vhorl heights of over 30 crns, compared 

with the typical, 10 to 15 crns range ofHamites) with an helically coiled juvenile shells. 

Hamitella gardneri is a large aspinocone, which is more or less helical for most of its growth, 

although the living chanibcr is planar. The most derived spccies of Hamitella, Hamitella 

rohindzis and Hamitella annzilatzrm, are both rather small, compact ancylocones. While the 

helices are similar in size to the other Hamitella species, the U-shaped body chambers are 

very short comparcd with thc first two shafts of Homitella maximirs or Hamitella intermedius, 

or with the hook of Hamitella gardneri. Thcy may be progenetic Hamitella species (senszr 

McNamara, 1990), witll the hclical juvenile phase equivalent in size and form to the ancestral 

species, but with the later parts of the shell, i.e., tlle final hook shapcd body chaiiber, being 

reduced. 

Thcse progenctic Hamitella specics are the sister groups of tlie Tumlitidae. Compared with 

Hamitello, the Tunilitidae gcnerally lack any hook shaped body chamber (although in some 

cases abcrrant hooks may develop, W. J. Kennedy, pers. comm.). The most basal (and 

presumably most priniitivc) member of thc Turrilitidae is Protzrrrilitoides. These animonite is 

virtually identical to the juvenile phases of Hamitella annirlatzrm or Hamitella rotzindzis, with 

a relatively low spircd but fairly compact helical shcll. The whorls are not in contact and are 

circular in section with annular ribs more or less continuous around t l~e perimeter. This 

species can be casily dcrived from these later Hamitella by completely arresting the adult 

shell development. Protzirrilitoides may therefore be a progenctic derivative of Hamitella 

(senszi McNamara, 1990). Ttirrilitoides is a more derived species and shows a tightening of 

the coil and a sharper apical angle. 

The utility of the change from planar to hclical adult coiling may therefore have co~iiplex 

historic reasons. Hclicosity originally evolved to allow hamiticonic coiling. The 'giant' 

Hamitella maximits, for esaniple, has a hclical stage proportionally similar to the helix of 

Hamites atteniiahrs, but in absolute terms it must have taken a longer period of time to 

develop. Pcrhaps coincidentally tlle helix providcd a good design for life in the plankton, for 

the reasons discusscd above. The progcnctic spccics of Hamitella have proportionally bigger 

helices comparcd with either Hamites atteniiatus or Hamitella maximiis. The hook-shaped 

living chamber, which I bclicvc was an adaptation to life on the sca-floor, was a relatively 
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minor part of the shell. These specics of Hamitella must have spent more of their lives in the 

plankton than eithcr Honiites ottentinttrs or Hornitelto moximus. Loss of the hook-shaped 

living chanlbcr in the Turrilitidae indicates loss of the bcnthonic phase altogethcr, and 

adoption of a planktonic lifestyle throughout the lifc-cycle (FIGURE 6.11). 

This evolutionary hypothesis fits the stratigraphy reasonable \\fell. The planar coiling hamitids 

appearcd in thc Early Albian, and hamitids with brief hclices such as Homites attentrotzls are 

k n o w  from the earliest Middle Albian. The progenetic Homitello species with the reduced 

hook-shapcd living chambcrs appcar later in the early Middle Albian, and the first of the 

Tumlitidae, such as Prottlrrilitoides, are kno\vn from the middle part of the Middle Albian 

(FIGURE 2.17). 

The origin of the Tumlitidac can therefore be explained by observing the development of 

helical coiling among the Hamitidae. The radiation of the Turrilitidae is marked by the 

acquisition of tubcrcles indcpcndcntly of their origin among the Anisoceratidae and 

Scaphitidae. The Anisoccratidae have becn especially idcntified as possible ancestors of the 

Turrilitidae on thc basis of tubcrculation, as has becn discussed earlier. Dcvclopment of the 

tubercles has bccn generally dcscribcd in Chapter T\vo, and for each species in Chapter 

Three, but thc basic pattcnl in this: Initially, each rib is divided into a small series of distinct 

bullate tubercles or ridges along thc outer part of its length from \\rhich develop spines. As 

ontogeny progrcsscs, the rib may divide firther to give rise to additional tubcrcles on 

subsequcnt whorls. Neithcr Prottirrilitoides nor Ttrrrilitoides posscss spines. Ornamentation 

in these species is limited to hanitid-style annular ribbing. 

Tubcrculation is first secn in Psetrdhelicoceros, a genus comprising three spccies of 

moderately tightly coilcd ammonites with up to four tubcrcles on each rib. Illat there are four 

tubercles in this spccies has made comparisons with thc Anisoccratidae attractive, and Scholz 

(1979a) considcrcd Psetrdl7eticoceros a subgenus ofrlnisoceros. However, the tubercles do 

not develop as pairs symmetrically arranged across the siphuncle. The ontogeny of the 

tubercles in this genus is consistent enough to demonstrate a quite different pattern. At first 

only two or thrcc tubcrclcs arc dcvclopcd, lying over the lateral lobe and toivard the unlbilical 

lobe. The fourth tubcrclc only bccon~cs evidcnt at or near the final living chamber. In the 

most primitive spccies, Psezidhelicoceros robertionum, the tubercles are arranged on evcry 

second to fourth rib with non-tubcrculate rib intercalated between them. The rcmaining 

species of Pseudl7eticoceros and all Morietto and Osttingoceros lack non-tuberculate ribs. 

The presence of non-tuberculatc ribs may represent the primitive condition for tuberculate 

Tumlitidae. 
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In contrast to the development of the tubercles, the annular ribs become weaker and less 

complete through the Tumlitidae. This may reflect a change in the nature of t l~e predators 

which these ammonites had to deal with. On the sea-floor, predators which peel shells may 

have bcen common, and were better dealt with annular ribs and collars. In the plankton such 

predators are rare, and more comliion were predators 1vhic11 swallow the shell \\?hole, against 

which outward sticking spincs are useful. 

Moriella and Os~lingocerns are sister groups and represent the most derived Turrilitidae 

studied here. They are characterised by very compact, closed coiling and moderately to very 

acute apical angles. In Moriello species there are four or five bullate tubercles by the final 

living chamber, in Osrlingoceros tliere are only hvo tubercles. The tubercles in both genera 

tend to be fairly small co~iipared with those of Pselrdl~elicoceros robertionltm and circular and 

give rise to narrow spines. 

Within Moriello, there arc a number of observable differences, specifically variations in the 

apical angle, the coarseness of the ribbing, and the rate of development of the tubercles, 

which distinguished species. 

Conclusion 

The evolution of the turrilitacean heteromorph ammonites can be summarised as a serics of 

diversification events, based upon the acquisition of novel morphological features on the one 

hand, and on changes in the ntes of appearances of existing morpliological fcatures on the 

other. If these events can be compared with the inferred mode of life of the iiiajor groups of 

ammonites and thcir functional morphology, then the result is a hypothesis which links 

together ontogeny, pliylogcny, and ecology. 

As described here the scminal event is the radiation ofthe Hamitidae, which gave rise directly 

to the Anisoccratidae by acquisition of symn~ctrically paired tubercles, to tlie Baculitidae by 

reduction of the juvenile coil and development of a single, straight shaft, to t l~e Scaphitidae 

through recoiling of the shell and truncation of the living chamber hook, and finally to the 

Turrilitidae by acquisition of a helical growth phase and truncation of the planar parts of the 

phngmocone and the living chamber. Ho\\?cver, this study has bcen restricted to the Albian, 

and radiation of the Scaphitidae and the Baculitidae (and to a lesser extent the Turrilitidae) 

took place during the Ccnonianian and later. Therefore an obvious ex--ension of this work 

would be to use conipanble phylogenetic tcchniqucs to investigate the further development of 

the heteromorph ammonites. Also, t l~e origins of the post-Albian heteromorph ammonite 

groups Diplomocentidac and Nostoccntidae cannot be commented on at all from this study. 
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Parallels in morphology bcbveen thc Hmitidae and the Diplon~ocentidae are especially 

strong (e.g., betsvecn Homites and Diplomoceros). 
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CHAPTER SEVEN: CONCLUSIONS 

Conclusions and disscussions 

Heteromorph ammonites were the Cretaceous equivalent of the modem octopods. Like that 

group, they were primarily benthonic and displayed adaptations for life on or near the sea 

floor. The Anisoceratidae, Hamitidae, and Scaphitidac show a range of adaptations to a 

benthic life, such as bcing able to tilt the apcrture to\vard the substrate, and the development 

of defense against bcnthic predators like crabs. Also like octopods, they gave rise to midwater 

and planktonic fonns. In the case of the hcteromorph an~monites, the planktonic niidwater 

forms included the Baculitidac and the Turrilitidae, and probably the Ptychoceratidae. These 

forms have do\vn\vard orientcd apertures and streamlining along the vertical axis, 

consequently they would have been well suited to diurnal migrations similar to those of 

modem midwater cephalopods. 

Docs the division of the Albian hcteromorph ammonite fauna into bcnthic and planktonic 

forms have any utility in understanding Cretaceous marine environments and ecosystems? 

Certainly the Albiai hcteromorphs mere widely distributcd and occur in almost all anlmonite 

faunas known from the Europe,m and Tethyan provinces. The benthic forms - the tilting 

morphotypcs - appear to have been present in the widest range of facies, ranging from 

relatively sIialIo\v to nlodentcly deep \vatcr. In contrast, the planktonic non-tilting fom~s  are 

more restricted and broadly associated with deep water, transgressive phases (FIGURE 7.1). 

We must be critical of such data, since the fact that shells are incorporatcd in sediments at a 

certain dcpth docs not imply the anlmonite lived in that particular location, since the shells 

may have come from else\vhcre. 

Post-mortem drift 

Firstly, it is highly likely that animonite shells drifted after death.. A good parallel may be 

Spintla, which has a small intcmal shell which becomes separated from the body after death 

and occasionally gets washed up on beaches. My o\vn observations of these shells indicates a 

relatively diverse fauna of animals can encrust these shells (Taylor 8: Monks 1997), 

suggesting the shclls may have drifted for \\leeks or months. Potentially, the substantially 

larger heteromorph ammonite shells could have drifted for even longer, and been transported 

far from the place the an~lnonite lived. 
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The resistance of hctcroinorph ammonite shells to damage would depend upon the coiling 

mode. The open hanliticones and the long, narrow baculiticones \vould be expected to be the 

most fragile, ~vhile the rclatively conlpact and closed scaphiticones and tumliticones might be 

more durable. A cursory esamination of the material in the Natural History Museum 

collections does suggest that \~hi le  Hamites and Lechites are often found as fragments, there 

are many complete specimens as \veil. Also, although the helical turrilitids and scaphitids are 

relatively complete, they lack any encrustation of pseudoplanktonic organisms. While in life 

they may well have kept the shells clear of fouling organisms, clean shells are not consistent 

with having drifted in the plankton for long periods post mortem. 

Together, these observations may suggest that these shells did not drift for long after death, if 

at all. The relatively complete hanliticones must have been interred soon after death. Even if 

scavengers like womls and crustaceans could have quickly eaten the soft parts out of the 

living chamber \\ithout damaging the shell, movement of the water could be expected to 

break up the shell. Equally, ifthe planktonic hcteromorplls \\?ere like Spinrla, then \vhy do 

their shells lack apost niortem epifauna? The only conclusioil can be that the shells sank 

rapidly after death. Thus a reasonable case can be argued for assuming that heteromorph 

ammonite shells are prescrvcd in scdimcnts close to where the animals thenlselves lived. 

Defining the deep water habit 

The second problem lies in the csact definition of deep \later. Tllere main factor that could 

affect the distribution of vertically migrating ammonites \vould be water depth.. Modem 

vertically migrating animals make up the DSL, or deep scattering laycr, an assemblage of 

animals including latern fish, cranchid squid, euphausid crustaceans, and siphonophores. The 

name is a reference to their tendcney to reflect sound, scattering the sonar \i7aves used for 

navigation. During the day they remain in dcep watcr, but at night, when the predators are 

unable to hunt they rise to feed on the plankton, and then sink back dorm again before 

daybreak. This cycle bct\vecn the depths during the day and the surface at night is a dilirnnl 

vertical migration (Carson, 1956, Sumich, 1992). 

Why do these animals make these diurnal vertical migrations? One hypothesis is that it 

provides a refuge from the predaors \vhich live near the surface, such as sharks, tuna, loliginid 

and ommastrcphid squids \vhich generally hunt by sight. By sinking into dcep water during 

the day they evadc these predators. On the other hand, during the night these predators cannot 

hunt, so by rising into the surface water the DSL animals can feed more safely. So for vertical 

migration to be provide an effective refuge, the arnmonitcs must be able to sink into depths 

adequate to escape froin their predators. Depcnding on the turbidity of the water, visually 
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hunting predators occur in thc top 100 to 200 metrcs of \vatcry and typical DSL animals 

remain at about 100 to 600 metrcs during the day. 

So by analogy, vertically migrating ammonites ~vould be expected to have lived at depths in 

excess of 100 mctres. Where these vertically migrating ammonites are lacking, such as in the 

Folkestone Sands and Gault Clays of the Lower and much of the Middle Albian in southern 

England, we can intcrprct thcsc sediments as having bcen laid do\\% at depths less than 100 

metres. 

Heteromorphs in an  ecological context 

I have made a case herc for believing that heteromorph ammonites were more diverse than 

has been previously assunicd. They were not all plankton fecders, drifting passively like 

siphophores or jellyfish do today. There \Irere midwater forms, but tlley were well adapted for 

a diurnal, vertically migrating lifestyle, feeding on planktonic crustaceans and fishes at night 

and then rctreating into dcepcr \vatcr during the day. Others were bcnthonic, crawling or 

swimming close to die sea floor, relying more on tlicir shell for defcnce than escape. FIGURE 

7.2 is a comparison bet\veen modem cephalopod faunas and the faunas of the Albian. Vie 

heteromorph ammonites may have filled-in nichcs which the more generalised honlo~ilorph 

ammonites did not, although there is grcat variation anlong homomorph ammonites and they 

may have bccn just as diverse in tlieir habits. 

MODERN FAUNA ALBIAN FAUNA 

Squid (e.g., Loligo) Belcninites, homomorph ammonites 

Cuttle fi sli (e .g ., Sepia) Homo~norph anilnonites (maybe Scnphites?) 

Octopus (e.g., Octoptis) Tilters (Hnmites, Anisocerns) 

Spirula (e.g., Spinlln) Small non-tilters (Ppchocerns) 

Cranchid squid (e.g., Crnnchin) Big non-tiltcrs (Lechites, Moriello) 

Pearly nautilus (e .g., Noutiltis) Homomorph ammonites and nautiloids 

The shcer numbcrs of modern spirulas, cranchid squid and octopuses around today gives a 

fair indication of the productivity of such modes of life (Clark, 1965, Roper, e tnl  1984). If 

heteromorphs occupied comparable nichcs, then they may have been just as important to the 

marine ecosystcm. If some wcrc benthonically associatcd, perhaps they can be used to help 

interpret bottom water conditions. Far from bcing aberrant, heteromorphs \\,ere a key part of 

the ammonite faunas of the Albian, and arc nforthy of study in their own right, and not only in 

comparison \vitIi tlicir bcttcr knomn cousins, the regularly coiled Ammonitina. 
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Further work 

Two major problems \ifere described in this thesis: the absence of a phylogenetic taxonomy, 

and the limitations of our understanding of hcteroniorph functional morphology. I have 

attempted to address both of these problems here. l i e  taxonomy of these ammonites has been 

reviewed and revised using a computer-based parsimony approach, which is consistent with 

modem taxonomic practise. Functional morpliology has been studied using relatively simple 

modelling techniqucs, but even so the results are interesting in showing that radically 

different ideas on the function of heteromorph ammonite shell geometry can be produced by 

re-assessing the assu~iiptions on \11liicli the previous ideas mere based. I have also tried to 

show how an understanding of the functional morphology can help us understand the 

cladognms which a parsimony-based cladistic approach produces, in essence devising an 

evolutionary story from the pliylogeny. 

However, the story is only as good as tlie data on which it is based, and there is good reason 

to believe that at least sollie of thesc approaches can be improved. Phylogenetic analysis is 

dependent on the quantity of the data and the methods used, and heteromorph ammonites 

could be considered to be rather poor in characters. Although the shell shape, coiling mode, 

and suture line are kno~vn froni niost species there are obvious gaps in other areas. The 

aptychi have not bccn described from Albian heteromorplis altllough they are kno\ul froni 

baculitids and scaphitids from youngcr strata (Arkell, 1957). l i e  record of muscle scars is 

scarcely any bctter, being known from Hamitello mnximlrs only (Crick, 1898). Nothing is 

known about the gut contents, and like all ammonites, very little is known about the soft body 

anatomy of the hetcromorplis. 

Any of these sets of cllancters could contain infomiation critical to understanding the 

phylogeny of the group, but until such time as specimens are found which yield this datq we 

must rely on the more liniitcd shcll-character data set. T ie  existing data set could be analysed 

using other techniques. l i e  coliiputers used to aialyscs die data set used here are limited in 

power and spccd to running only a heuristic searcli on data sets of this size. Such searches are 

not gztoronteed to find the most parsimonious trees (Sivofford, 1993). It is therefore possible 

that shorter trees \irere not found \vliich ~vould cliaige the topology of tlie cladognm and 

could radically change tlic phylogeny of the group. Iniprovemcnts in coniputing hardware 

make it possible that running the same data set on a faster machine could force a revision of 

the phylogenetic statements made here. More importantly, a iy  of tlie cliaracters I have used 

could be interpreted differently by another opcrator, niost critically my statements of 

homology and ordcred progression. Changing these assumptions ~ ~ o u l d  change the data 
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matrix, and consequently the results of the analysis. By making the data set available here in 

an explicit way, one of the strengths of the cladistic approach is highlighted: Any new 

operator can examine my data set and the character descriptions it is based upon, and then 

choose to revise and re-run the analysis. 

Besides the taxonomy, the functional aspects of this thesis are open to a good deal of 

refinement. The modelling methods used here are crude, and better mathematical modelling 

could be used to estimate the density of the ammonites and the orientation of the shells. 

Although the baculiticones and tuniliticones \\rere analysed mathematically and are probably 

reasonably sound, the remaining morphologies were very largely based on guesswork, 

specifically in the estimation of the centre of mass (i.e., the size and mass of t l~e soft body 

parts). Other modelling methods could be used to investigate the hydrostatics and 

hydrodynanlics, such as the use of wind-tunnels as described in Monks et 01 (1996) in 

reference to bclcmnite morphology. 

On balance while I bclicve that this thesis has opened up new channels of research, it has by 

no means exhausted them, and I hope very much that heteromorph anlmonites will remain a 

focus of palaeobiological and systematic study. 
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LIST OF FIGURES 

FIGURE 1.0: Stratigraphical log of Folkestone con~piled with A. S. Gale. 

FIGURE 1.1: Ancyloceras nmtheronianum, an ammonite with ancyloconic coiling. 

FIGURE 1.2: Homifello gordneri, an ammonite with aspinoconic coiling. 

FIGURE 1.3: Lechites gotrdini, an an~nionite with baculiticonic coiling. 

FIGURE 1.4: Homitello moximzrs, an annlonite with hamiticonic coiling mhen mature. 

FIGURE 1.5: Homitello moxim~rs, an anlil~onitc with turriliticonic (helical) coiling during the 

juvenile stage. 

FIGURE 1.6: The juvenile-A stase persisted through the dcvelop~~lent of the post-neanic 

crioconic part of the phmgn~oconc. Fcatures which exist on this part of t l~e shell are termed 

here to have been dcvelopcd during the juvenile-A growth s tap.  

FIGURE 1.7: The juvenile-B stage immediately follo\ved the juvenile-A stage. It is separated 

from the juvenilc-A stage by thc appearance of a brcak in regular coiling. Features which 

appear on this part of the phragmocone are termed here to have bcen associatcd with the 

juvenile-B growth stage. 

FIGURE 1.8: T l~c  a~lmonite reached morzrrity when developn~ent of the phragmocone 

slowed dorm or ceased altogcthcr. Mature characters are therefore those features apparent on 

the final living chamber. Modifications of thc final living chamber, such as the development 

of apcrtural constrictions and collars, are apparent in some species. 

FIGURE 2.1: The traditional taxononly of the class Cephalopoda based on Voss (1977). The 

Nautiloidca and Anii~~onoidea are sollietimes referrcd to as the Tetrabnnchiata, on the 

assumption that anlmonitcs had two pairs of gills, like modem Nolctiltls. All nautiloids and 

probably all ammonoids had estcrnal shells. T l~c  Colcoidea all have a single pair of gills, and 

are therefore named the Dibmnchiata. Belemnites (order Belcmnoidea) plus a number of 

other minor groups also bclong to the Coleoidea. Coleoids have internal, often rcduced, 

shells. They are the dominant cepllalopods alive today. 
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FIGURE 2.2: Berthold & Engescr (1987) and Engeser (1996) have revised cephalopod 

taxonomy phylogcnctically using both living and fossil groups. They have demonstrated that 

ammonoids and coleoids are more closely relatcd to each other than either are to the 

nautiliods, despite the similarity of the external shells of nautiloids and ammonoids. This 

supports the union of the Ammonoidea and Coleoidea within the Angusteradulata as proposed 

by Lehmann (1967) and supported by Nison (1995). Lewy (1996) has postulated that 

ammonoids may evcn be ancestral to certain octopuses by comparisons of the morpliology of 

the shells of ammonites with the egg-cases of the pelagic octopus Argonnzctn. 

FIGURE 2.3: A taxonomy of the heteromorph ammonites of the Albian discussed in this 

thesis, based on Spath (1923-1943), Breistroffer (1940, 1947), Casey (1961), Renz (1968), 

Cooper & Kenncdy (1977), Cooper (1994a), and Wright et nl (1996). 

FIGURE 2.4: The proposcd "phylogenetic" taxononly of the heteromorph ammonites of the 

Albian devised and uscd by Wicdniann (1962) and Wiedmarln & Dieni (1968), arid most 

recently discussed by Marcinowski & Wiedmann (1990). 

FIGURE 2.5: Origins of the Baculitidae as postulated by Spat11 (1941) and Matsunloto & 

Obata (1963). 

FIGURE 2.6: The diphyletic origins of the Tumlitidae as described by Matsunioto (1967) and 

Klinger & Kenncdy (1978). The tuberculate turrilitids (Pseudhelicocerns, Mnrielln, and 

Ostlingocerns) are sccn to have a scparate origin from the non-tuberculate turrilitids 

(Proturrilitoides, Tlrrrilitoides). 

FIGURE 2.7: Pliylogcny of the Scaphitaceae, as dcscribed by Cooper (1994a). During the 

Albian, the Scaphitaceae divide into tlie Otoscaphitinae (including Worthocerns) and the 

Scaphitinaae (including Scophites). 

FIGURE 2.8: Wiedmann (1965) and Wiedniann & Marcinowski (1985) exclude Worthocem 

from the Scaphitaceae, and trace the origins of the Scaphitaceae to the harnitid genus 

Scnphomites . 

FIGURE 2.9: Strict co~isctisus trce produced from 2,200 trecs. 

FIGURE 2.10: 50% majority rule conscnsus tree produced from 2,200 trees. 

FIGURE 2.1 1: Aftcr rclveighting, tlie strict conscnsus trce produced from 158 trees. 
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FIGURE 2.12: Aftcr rcweighting, the 50% majority rule consensus trce produced froni 158 

trees. 

FIGURE 2.13 a-b: T l~c  six rcscrvcd trees from the 158 rcmeighted trees. 

FIGURE 2.14 a-b: The final two trces chosen. 

FIGURE 2.15: Bootstrap values of 1000 replicates. The black circles ( 0 )  indicate nodes 

supportcd by all replicatcs. Valucs in circles indicate the percentage of rcplicates containing 

that node. 

FIGURE 2.16: Bre~ncr support values. T l~e  figurcs in the square boses indicate the number of 

steps requircd to collapse that node. 

FIGURE 2.17: Phylostntigraphy of the Albian heteromorph aninionites. 

FIGURE 3.1 8: 3.2: Ptychocerns adpressum. Dorsal and lateral viclvs of the holotype, BMNH 

C.39330 from Bcd X of thc Gault Clay at Copt Point, Folkestone. Scale bar = 10 mm. 

FIGURE 3.3: Ppchocerns loeve. BMNH C.3520. Latcnl view of part of the second and third 

shafts. From thc Middlc Albian of Escragnollcs, France. Esact stratignphical horizon 

unrecorded. 

FIGURE 3.4 8: 3.5: Ptychocerns Ineve. BMNH C.46837. Dorsal and lateral view of part of 

the second and third shafts. Also froni the Middle Albian of Escngnolles, France. 

FIGURE 3.6: Hnmites ottenuottis. Lateral view of BMNH C.8566 from the Gault Clay 

(Middle Albian) at Copt Point, Folkestone. Scale bar = 10 mni. 

FIGURE 3.7: Hnniites attcnlmtw. Criococonic juvenile \vhorl, BMNH (3.8566 froni the Gault 

Clay (Middle Albiai) at Copt Point, Folkestone. Scalc bar = 10 nini. 

FIGURE 3.8: Hamites ottentmttrs transition to Hnniites fenlricostohrs. Latcral view of BMNH 

C.852 from the Gault Clay (Middle Albian) at Copt Point, Folkestone. Scale bar = 10 mm. 

FIGURE 3.9: Hnniites tentiicostntlis. Latcnl view. BMNH C.29874 from the Gault Clay 

(Middlc Albian) at Copt Point, Folkestone. Scale bar = 10 mm. 
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FIGURE 3.1 0: Hnmites hybridtrs. Lateral view of the holotype, Zni 2 195 from the Main 

Mammillatum Bcds at Folkestone, Kent. Scalc bar = 10 mm. 

FIGURE 3.1 1: Hnmites nokonsis. Lateral view of BMNH C.39920 from the Upper Albian 

(dispar Zone) of Hol~~rorth House, Dorsct. 'Iliis specimen is the holotype of Hnmites 

subvirgulatus, a spccies considcrcd here to be junior synonym of Homites nokonsis. Scale bar 

= 10 mm. 

FIGURE 3.12: Hnmitespraegibbosus. Lateral view of BMNH C.47444 from the Main 

Mammillatum Bcds at Folkcstonc, Kent. Scale bar = 10 mm. 

FIGURE 3.13: Homitesprnegibboslis. Latcnl view of BMNH C.47442 from the Main 

Mammillatum Bcds at Folkestone, Kent. Scale bar = 10 nun. 

FIGURE 3.14: Honlites renzi. Lateral view of the holotypc, BMNH C.94119 from the Marnes 

Bleues, Upper Albian (dispor Zone) of Mont Risou, Hautes-Alpes, France. Scale bar = 10 

mm. 

FIGURE 3.15a,3.15b: Hon~ites tenuis. Lateral and ventral views of a specimen from the 

author's collection. From the Gault Clay (Lower Albian) at Copt Point, Folkestone, Kent. 

Scale bar = 10 mm. 

FIGURE 3.16: Hnmites tenuis. Reconstruction of Hnmites tenzris, here feeding on surface 

water plankton. The key diagnostic fcatures of this spccies arc labelled. The orientation of this 

ammonite is bxcd upon T r u c n ~ a ~  (1 94 1). 

FIGURE 3.17: Hnniites virgulntus. Lateral view of the BMNH C.77628 from the Cambridge 

Greensand (Uppcr Albian) of Cambridge. Scale bar = 10 mm. 

FIGURE 3.18: Hnnlites virgtrlnttts. Lateral view of the BMNH C.77635 from the Canbridge 

Greensand (Upper Albian) of Cambridge. Scale bar = 10 mm. 

FIGURE 3.19: Lytohnmites siniilis. Latenl view of the holotjpe specimen, BMNH C.4762a 

from the Cambridge Grcensand (Upper Albian) of Cambridge. Scale bar = 10 mm. 

FIGURE 3.20: Lytohnn~ites similis. Part of the final shaft of a large specimen. BMNH 

C.4769a from the Canibridge Grcensand (Uppcr Albian) of Cambridge. Scale bar = 10 mm. 
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FIGURE 3.2 1: "Homites mt~lticosmtus". The holotype specimen, although the validity of the 

species name is qucstioncd (sce Kenncdy, 1971). BMNH (3.36572 from the Chalk Marl 

(Lower Cenomaniai), Hamscy, Sussex. Scale bar = 10 mni. 

FIGURE 3.22: Lytohomitesjirnotus. Mature aperture of a niicroconch of BMNH C.39927 

from the Cambridge Grecnsand (Upper Albian, dispor Zone), Cambridge. Scale bar = 10 nini. 

FIGURE 3.23: Lytol~nmitesjirnotzrs. Lateral view of a niacroconch, BMNH C.25 176 from tlie 

Cambridge Greensand (Upper Albian, dispor Zone), Cambridge. Note the appearance of the 

scale-like ribbing on the final living chamber. Scale bar = 10 mm. 

FIGURE 3.24: Lytohon7itesjirnottrs. Macroconchs, BMNH C.39923 from the Cambridge 

Greensand (Uppcr Albian, dispor Zone), Canibridge. Scale bar = 10 mni. 

FIGURE 3.25a, 3.25b: Hemiptychoceros gorrltinzlm. Ventral and dorsal views of BMNH 

C.46855 from die Gault Clay (Upper Albian) at Escragnolles, South East France. Scale bar = 

10 mm. 

FIGURE 3.26: Hemiptychoceros prkinsoni. Lateral vicw of BMNH C.77637 from the 

Cambridge Greensand (Uppcr Albian, dispor Zone), Cambridge. Scale bar = 10 nim. 

FIGURE 3.27: Hemiptjwhoceros porkinsoni. Lo\ver Cenomanian specimen BMNH C.722 16 

from Chinnor, ncar Dunstablc, Bedfordshire. Scale bar = 10 mm. 

FIGURE 3.28: Hemiptychoceros porkinsoni. Lo\ver Cenomanian (Tzrrrilites costottrs 

assemblage, Cenomanian Bascnient Bcd) spccimcn BMNH C.76361 fro111 Buckland Ne\vton, 

Dorset. This specinicn sho\t~s the apertural constrictions and collars cliaracteristic of the genus 

(toward the top of tlie photograph). Scalc bar = 10 nim. 

FIGURE 3.29: Hemiptychoceros porkinsoni. Lateral view of spccimen BMNH C.76361 from 

the Upper Albian (dispor Zone) at Punfield Cove, Dorsct. Scalc bar = 10 nim. 

FIGURE 3.30a, 3.30b: Hemip~~chocerosporkinsoni. Ncotype specimen BMNH C.76361 

from the Upper Grcclisand Mal~i~stonc (Uppcr Albian, dispor Zone) from Dcvizes, Wiltshire. 

This is part of the weakly helical phngmocone, as evidcnccd by the twisted ribs. Scale bar = 

10 mm. 
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FIGURE 3.3 1: Hemiptychocerosporkinsoni. Well prcserved examples of the constriction and 

paired apertural collars typical of this spccies and the gcnus. BMNH C.76361 from the 

Cambridge Grccnsand (Uppcr Albian, dispnr Zone) of Cambridge. Scale bar = 10 mm. 

FIGURE 3.32: Hemiptychoceros porkinsoni. Lateral view of BMNH C.4761e from the 

Cambridge Grecnsand (Uppcr Albian, dispnr Zone), Cambridge. Scale bar = 10 mm. 

FIGURE 3.33 Hemiptychoceros porkinsoni. Lateral view of the mature living chamber of 

BMNH C.90889 from the Upper Albian, dispor Zone at Punfield Cove, Dorset. One of the 

apertunl collars are visible to\vard the top of the fragment. Scale bar = 10 mm. 

FIGURE 3.34a, 3.34b: Hemiptychocerosporkinsoni. BMNH C.7763 1 from the Can~bridge 

Greensand (Uppcr Albian, dispnr Zone), Callbridge. Part of the tightly helically coiled 

phragmocone. Scale bar = 10 nim. 

FIGURE 3.35: Homitello nnnzrlntum. Helical phragmocone BMNH C.853 from the Lower 

Gault, (Middle Albian, from Copt Point, Folkestone. Scale bar = 10 mm. 

FIGURE 3.36a, 3.36b: Hnniitello nnntllottrm. Lateral a ~ d  vcntnl view of part of the 

phragmocone with thc characteristically twistcd ribs of this genus. BMNH C.39904 from the 

Lo\ver Gault, (Middlc Albian, from Copt Point, Folkestone. Scale bar = 10 mm. 

FIGURE 3.37a,3.37b: Hnmitello onnulottrm. BMNH C.4568 from the condcnsed Gault Clay 

(Middle and Upper Albian) of Escragnollcs, South East France. Scale bar = 10 mm. 

FIGURE 3.38: Hnmitelln gordneri. A spccimen ~irith a dceper, more ancyloconic hook than 

usual, and apparcntly transitional to Homitelln moximtrs. BMNH C.857 from the Upper Gault 

(Upper Albian), at Copt Point, Folkestone, Kent. Scalc bar = 10 mm. 

FIGURE 3.39: Homitello gordneri. BMNH C.73654 from the Uppcr Gault (Upper Albian), at 

Copt Point, Folkestone, Kcnt. Scale bar = 10 mm. 

FIGURE 3.40: Homitello gordneri. Reconstruction in two possible modes of life: (a) as a 

planktonic driftcr with upturncd apcrturcs, and (b) as a dcmersal or bcnthonic prcdator or 

scavenger with the apcrture orientcd do\~n~\lards. Thc estimated positions of the centres of 

mass (black circles) and buoyancy (\\bite circles) are labelled, and these are critical in 

determining orientation. Sce Chaptcrs 4 and 5 for discussion on how these ammonite 

lifestyles \\?ere rcconstructcd. 
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FIGURE 3.41: Homitello interrnedius. Lateral view of BMNH C.852 from the Upper Gault 

(Upper Albian) at Copt Point, Folkcstonc, Kcnt. Note n~alfonncd (damaged?) rib just above 

crack on the right hand side of the specimen. Scale bar= 10 mm. 

FIGURE 3.42a, 3.42b: Honlitello rnoximtrs. Latcml (3.42a) and ventral (3.42b) views of the 

helically coilcd juvcnilc shcll BMNH C.3012 from the Lo\ver Gault (Middle Albian) at Copt 

Point, Folkcstonc, Kcnt. This specimen bclongs to the variety rectlis of Spath (1941). 11is 

variety has finer ribbing than the type matcrial of Han~itella nmoxin~zrs. Some authors consider 

it a scpante species (c.g., Wiedmann 8: Marcinowski, 1990). Scale bar = 10 mm. 

FIGURE 3.43: Hon~itello moximus. Lateral view of BMNH C.852 from the Lo\ver Gault 

(Middle Albian), at Copt Point, Folkestone, Kent. Scale bar = 10 m n ~ .  

FIGURE 3.44: Hon~itello nroximlrs. Reconstruction of complete shell, with kcy diagnostic 

features labcllcd. 

FIGURE 3.45: Hornitella rottrndtrs. Helical coil of phngn~ocone and part of the first straight 

shaft. BMNH C.853 from the Lower Gault (Middle Albian) at Copt Point, Folkestone, Kent. 

Scale bar = 10 mni. 

FIGURE 3.46a, 3.46b: Hornitello rohindlrs. Vcntral and lateral views of a fragment of the 

helical part of the phragmocone. Uncatalogued specimen from the author's collection. From 

the Lower Gault (Middlc Albian) at Copt Point, Folkestone, Kent. Note the malformed rib 

indicated by the arrow (Figure 3.46a). Scale bar = 10 nini. 

FIGURE 3.47: Homitello rotzindzrs. Helical part of the phragmocone. BMNH C.849, from the 

Lower Gault (Middlc Albian) at Copt Point, Folkestone, Kent. Scale bar = 10 mm. 

FIGURE 3.48: Homitello rottrndzrs. Almost complete spccili~en displaying the initial helis 

followed by thc tn70 straight shafts. Mature Hornitello onnztlotzin7 are similar, but the two 

straight shafts are proportionally shorter. BMNH C.853, from the Lon~er Gault (Middle 

Albian) at Copt Point, Folkcstonc, Kent. Scalc bar = 10 n~ni. 

FIGURE 3.49a, 3.49b: Metol~on~ites soblieri. Ventral and lateral views of the later part of the 

phragmocone and the mature living chamber. BMNH C.54600 from the condensed Middle 

and Uppcr Albian Gault Clay at Escragnolles, South East France. Scale bar = 10 mm. 
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FIGURE 3.50: Metnhnmites soblieri. Lateral vicw. BMNH C.46904 from the condensed 

Middle and Uppcr Albian Gault Clay at Escragnollcs, South East France. Scale bar = 10 mm. 

FIGURE 3.5 1: Anisocerns sntisstrrenntis. A large specimen viewed laterally (3.5 la) and 

ventrally (3.5 lb). BMNH C.3646 from the Uppcr Greensand (Upper Albian, dispor Zone) of 

the Isle of Wight, csact locality unknown. Scale bar = 100 mm. 

FIGURE 3.52: Anisocerns pernrmntum. Lateral (3.52a) and ventral (3.52b) views. BMNH 

C.36721 from the Upper Greensand (Upper Albian, dispnr Zone), Hanlsey, near Lewes, 

Sussex. Scale bar = 10 mm. 

FIGURE! 3.53: Anisocerns nrn~otlrni. A reconstruction based on the holotype, University of 

Oxford Museum spccimcn K675a C.3646 from the Chalk Marl (Uppcr Albian, dispnr Zone), 

Benson, Oxfordshirc. Scalc bar = 10 mm. 

FIGURE 3.54: Diagranln~atic rcprcsentations of the scctions of the shell of the three principal 

species of Albian Anisocerns, based upon the descriptions in the text. Anisocerns 

saussurenntis (3.54a) dcvclops bullate tubercles on the living chanlber. Anisocerns nrnlottlm 

(3.54b) has clavate ventral tubcrcles and rather weak circular or clavate tubercles on the 

living chambcr. Anisocernspernrmnttrn~ (3.54~) is similar to Anisocerns nrmottlm, but lacks 

the intermediate, non-tuberculate ribs on the phragmocone and the ventrolateral tubcrcles on 

the living chambcr are more stronsly dcvclopcd. 

FIGURE 3.55: Rossnlites strperbunl. Lateral (3.5%) and ventral (3.55b) views. BMNH 

C.71996 from the Lower Greensand (Folkestone Beds, Main Mammillatum Bcd) at Copt 

Point, Folkestone, Kent. Scale bar = 10 mm. 

FIGURE 3.56: Rossnlites riccordi. Later part of phra~mocone and final living chamber. Notc 

the separate rows of ventral and vcntrolateral tubercles fuse along tlle final living chamber 

into bullate ridgcs. This is characteristic of the genus. Uncatalogued specimens from the W. 

J. Kennedy collection, University of Osford Museum. From the Lo\ver Albian (Leymerielln 

regularis Zone), Col des Prk, Guittard, France. Scale bar = 10 mm. 

FIGURE 3.57: Rossnlites riccordi. Part of the phragmocone. Also from the W. J. Kennedy 

collection, University of Osford Muscun~. From the Lo\ster Albian (Leymerielln regtrlnris 

Zone), Col des Pr6, Guittard, France. Scale bar = 10 mm. 
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FIGURE 3.58: Rossolites riccordi. Spiral part of phragmocone. Uncatalogucd specimens 

from the W. J. Kcnncdy collcction, University of Oxford Museum. From the Lower Albian 

(Leymeriello regzlloris Zone), Col dcs Prd, Guittard, France. Scale bar = 10 nim. 

FIGURE 3.59: Protonisoceros rozrlininnzrm. Viewed laterally (3.594 and ventrolaterally 

(3.59b). BMNH C.30791 from the Lower Albian (Folkestone Beds, Main Mammillatum 

Bed) at Copt Point, Folkcstone, Kent. Scale bar = 10 mm. 

FIGURE 3.60: Protonisoceros contionzrm. Viewed laterally (3.60a) and ventrally (3.60b). 

BMNH C.48915 from the Lower Albian (Folkestone Bcds, Main Mammillatum Bed) at Copt 

Point, Folkestone, Kent. Scale bar = 10 mm. 

FIGURE 3.61 : Protonisoceros coptense. Lateral (3.61a) and ventral (3.6 1 b) vie\\ls of the 

holotype, BMNH C.7197 1 from the Folkcstone Beds (Main Mammillatum Bcds) at Copt 

Point, Folkestone, Kent. Scale bar = 10 mm. 

FIGURE 3.62: Protonisoceros blmcheti. Latcral(3.62a) and ventral (3.62b) vie\\ls of BMNH 

C.84763 from the Folkcstone Bcds (Main Man~millatum Bcds) at Copt Point, Folkcstone, 

Kent. Note the wcak ventral tubcrclcs, a characteristic of this spccies. Scale bar = 10 mm. 

FIGURE 3.63: Protonisoceros bloncheti. Lateral (3.63a) and ventral (3.63b) vie\irs of BMNH 

C.84763 froni tile Lower Grccnsand - Gault Clay Junction Beds at Copt Point, Folkestone, 

Kent. Scale bar = 10 mni. 

FIGURE 3.64: Protonisoceros nodostim. Latcral view of a well preserved specimen, BMNH 

C.47539 from the Lower Gault (Middle Albian) at Copt Point, Folkestone, Kent. Scale bar = 

10 mm. 

FIGURE 3.65: Protonisoceros ongliczrm. Lateral (3.6%) and ventral (3.65b) vie\vs of the 

holotype, BMNH C.48913 from the Folkestone Bcds (Main Mamniillatum Beds) at Copt 

Point, Folkestone, Kcnt. Scalc bar = 10 mm. 

FIGURE 3.66: Profonisoceros onglicztm. Lateral (3.66a) and ventral (3.66b) vie\\ls BMNH 

C.48913 froni thc Woburn Sands Formation, Shcnlcy Limestone (mrdefirrcotn Zone, 

regztloris Subzonc) at Munday's Hill Pit, near Leighton Buzzard, Bcdfordshire. Scale bar = 

10 mm. 
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FIGURE 3.67: Protnnisocerns ncteon. Lateral (3.67a) and ventral (3.67b) views of BMNH 

C.71967 from the Folkcstone Beds (Main Manlmillatum Bcds) at Copt Point, Folkestone, 

Kent. Scale bar = 10 mm. 

FIGURE 3.68: Protnnisocerns nrrognns. Lateral (3.68a) and ventral (3.68b) views of BMNH 

C.46908 from the condcnsed Middle Albian bcds of Escragnolles, South East France. Scale 

bar= 10 mm. 

FIGURE 3.69: Tztberolechites regifex. Lateral (3.69a) and ventnl(3.69b) views of part of the 

living chamber of BMNH C. 18325 from the Upper Gault (Upper Albian) at Glynde, Susses. 

Note the malformed ribs. Scale bar = 10 mm. 

FIGURE 3.70: Idiohnniites ttuberculntus. Lateral view of BMNH C.39943 from the Upper 

Gault (Upper Albian, injlntlrm Zone, vnricoslrm Subzonc)at Copt Point, Folkestone, Kent. 

Scale bar = 10 mm. 

FIGURE 3.7 1: Idiohnniites spiniger. Latcnl view of BMNH C.3982 1 froin the Upper Gault 

(Upper Albian, infntuni Zone, vnricostim Subzone)at Copt Point, Folkestone, Kent. Scale bar 

= 10 mm. 

FIGURE 3.72: Idiohnmites spiniger. Lateral (3.72a) and ventral (3.72b) views of the early 

part of the phragmoconc. Unlike Anisocerns, with which Idiohnmites might othenvise be 

conkscd, the juvenile coil is planar like most Protnnisocerns. BMNH C.39821 from the 

Upper Gault (Uppcr Albian, injlntzim Zone, vnricost~m Subzone)at Copt Point, Folkestone, 

Kent. Scale bar = 10 mm. 

FIGURE 3.73: Lechites gnudini. Lateral view of BMNH C.77661 from the Uppcr Gault 

(Upper Albian, injlntzim Zonc) at Copt Point, Folkestone, Kent. This specimen is a 

macroconch, and exhibits the constriction and collar t>pical of the genus. Scale bar = 10 mm. 

FIGURE 3.74: Sciponoceros skipperne. Lateral (3.744 and vcntral(3.74b) views of the 

holotype specin~en, BMNH C.93268. l l i s  spccirnen consists mainly of part of the living 

chamber, although the final scptum is preserved. From the Upper Albian, dispor Zone at 

Melcombe Horscy, Dorsctshire. Scale bar = 10 mm. 

FIGURE 3.75: Proturrilitoides nstierinmrs. BMNH C.46574b. From tlle condensed Middle 

and Uppcr Albian at Escngnolles, South East France. Scalc bar = 10 mm. 
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FIGURE 3.76: Prottrrrilitoides scneq~rierinnus. BMNH C.46867. From the condensed Middle 

and Upper Albian at Escngnolles, South East France. Scale bar = 10 mm. 

FIGURE 3.77: Ttrrrili/oides htrgnrdinnzn. BMNH C.3802. From the Cambridge Greensand 

(Upper Albian, dispnr Zonc) of Cambridgeshire, esact locality unrecorded. Scale bar = 10 

mm. 

FIGURE 3.78: Ttrrrilitoides dcnsicosmtus. BMNH C.3802. From the Lower Gault (Middle 

Albian, lnzrtzrs Zone, nitidtu Subzone) at Copt Point, Folkestone, Kent. Scale bar = 10 mm. 

FIGURE 3.79: Psetrdhelicocerns robertionum. Large piece of the final living chanlber. 

BMNH C.3802. Fro111 the Upper Gault (Upper Albian, inflcrttrn~ Zone) at Copt Point, 

Folkestone, Kent. Scale bar = 10 mm. 

FIGURE 3.80: Pseudhelicoceros gntrltinlrm. BMNH C.382 13. The brcak in the ribs between 

the second and third rows of tubercles are characteristic of this specics. Fro111 the Upper Gault 

(Upper Albian, injlntum Zone) at Copt Point, Folkestone, Kent. Scale bar = 10 mm. 

FIGURE 3.8 1: Psetrdhelicocerns psetrdoelegons. BMNH C.382 10. This specimen is sho\\n 

from the ventral (3.81a) and latcral(3.81b) surfaces, in life, the shell \\fould have becn 

oriented on its side compared with planar coilcd an~n~onites, with the lateral surface 

downwards. The bullate tubercles are labelled, from rows 1 to 5. From the Upper Gault 

(Upper Albian, inflnttrnt Zone, cristnhrm Subzone) at Copt Point, Folkestone, Kent. Scale bar 

= 10 mm. 

FIGURE 3.82: Mnrielln bergeri. BMNH C.3802. The rows of tubercles are labelled from 1 to 

4. In life the tubercles \vould have had long spines attached to them, the indentations made by 

the spines on early whorls can be secn on later ~vhorls which overgrow the spines. From the 

Upper Grecnsaid (Uppcr Albian, dispnr Zone) at Warminster, Wiltshirc. Scale bar = 10 mm. 

FIGURE 3.83: Aiorielln contobrigiensis. The relatively coarse ribbing and bullate tubercles 

are characteristic of this spccies. BMNH C.34739 from the Cambridge Greensand (Upper 

Albian, dispnr Zone) of Cambridge, esact locality unrecorded. Scale bar = 10 mm. 

FIGURE 3.84: Morielln milinris. Compared with otherMoriella, this species has fine ribs and 

slender, conical tubcrclcs. BMNH C.93449 from thc Can~bridge Greensand (Upper Albian, 

dispnr Zone) of Cambridge, esact locality unrecorded. Scale bar = 10 mn1. 
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FIGURE 3.85: Moriello nobilis, BMNH C.38216 from tl~e Cambridge Greensand (Upper 

Albian, dispor Zonc) of Cambridge, esact locality unrecorded. Scale bar = 10 mm. 

FIGURE 3.86: Ostlingocerosptizosiontrm. BMNH C.38199 from the Upper Albian, dispor 

Zone, at Man o' War Cove, Dorsctshire of. This specimen sho\vs the reduced tuberculation 

and flattened sides characteristic of the genus. Scale bar = 10 mm. 

FIGURE 3.87: Eoscophites circtiloris. Neotype specimen, BMNH C.41555 from the Upper 

Gault (Uppcr Albian, inflottim Zone, voricoszlm Subzone) at Copt Point, Folkestone, Kent. 

Scale bar = 10 mm. 

FIGURE 3.88: Scophiles stibcirczrloris. Holotype specimen, BMNH C.38206 from the Upper 

Gault (Uppcr Albian, inflortirn Zone, voricoszim Subzone) at Copt Point, Folkestone, Kent. 

Scale bar = 10 mm. 

FIGURE 3.89: ScopJ7ites htrgordiontrs. BMNH C.39662 from tlle Cambridge Greensand 

(Upper Albian, dispor Zone) of Canbridge, esact locality unrecorded. Scale bar = 10 mm. 

FIGURE 3.90: Scophites htrgordinn~rs. Restored sllell with the key featurcs Iabellcd. 

FIGURE 3.91: Homites compressus. BMNH C.854 from the Lower Gault (Middle Albian) at 

Copt Point, Folkcstone, Kcnt. Scale bar = 10 mm. 

FIGURE 3.92: Hon~ites incuwottis. BMNH (3.75247 from the Uppcr Gault (Uppcr Albian) at 

Copt Point, Folkestone, Kcnt. Scale bar = 10 mm. 

FIGURE 3.93: Hamites tentiis. BMNH C.852 from thc Lo\ver Gault (Middle Albian) at Copt 

Point, Folkestone, Kent. Scale bar = 10 mm. 

FIGURE 3.94: Hon~ites tenuis. Uncatalogued spccimcn collected by A. S. Gale fro111 the 

Spccton Clay (Middle Albian, infermedi~ts Subzone), Speeton, Norfolk. Scale bar = 10 mm. 

FIGURE 4.1: Hcniiscction through t l~c shell of Noti~ihlspompilitis, the common nautilus. 

FIGURE 4.2: Cronchio scobro, based on spccinlens in the Spirit Collection of the Mollusca 

Section, BMNH. Cronchia is a n~csopcla~ic squid, and is here oriented in its life position, 

with the h c d  domn\vards. 
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FIGURE 4.3: Sj)irtiIn spirtlln, based on spccinicns in the Spirit Collection of tlie Mollusca 

Section, BMNH. Spirzlln is a mesopelagic scpiid ~vitli a characteristic internal coiled shell, 

and is hcre oricntcd in its life position, \vitIi tlie llcad do\vn\vards. It is shown here in life 

(Figure 4.3a) and scctioncd (Figure 4.3b). 

FIGURE 4.4: An ammonite based on thc hypothesis that ammonites were negatively buoyant 

animals which crawlcd about on tlle sea floor (Ebel, 1992, 1993). In this model, the shell does 

not provide buoyancy aid so plays no part in the orientation of the animal relative to the sea 

floor, this is dcpcndent on thc ccntre of mass of the ammonite and the streng,th and adhesion 

of the arms. 

FIGURE 4.5: An ammonite at stable equilibrium is positioned with the centre of mass 

vertically below tlie centre of buoyancy (Figurc 4.521). If the animonite is rotatcd such that the 

centre of mass is movcd through an angle a (Figure 4.5b) a restorative force proportional to a 
will be generated, tcnding to re-position tlie ccntrc of mass vertically bcncath the centre of 

buoyancy. Equally, if thc centre of mass moves within the shell, anotlicr restorative force will 

be developed (Figure 4.5c), and the shcll \ \ r i l l  tend to rotate and reposition tlie centre of mass 

vertically bcneath the ccntre of buoyancy (Figurc 4.5d). 

FIGURE 4.6: Diagrammatic section through an heteromorph annionite, with representative 

values for the dcnsity of shell, phrasn~ocone, and soft tissues taken from Okamoto (1988). 

The density valucs arc given in milligrams per cubic millimetre. Sea water has a density of 

approximately 1.025 nig/nini2. 

FIGURE 4.7: Su~iiniary of the hydrostatic properties of Sciponocerns (Figure 4.74 

Ostlingocercrs and (Figure 4.7b) bascd upon the analysis described in the test. 

FIGURE 4.8: Variation in the dcnsity of the baculiticonic ammonite Sciponocercrs (Figure 

4.8a) and Ostlingocerns (Figurc 4.8b) bascd upon f 5% variations in the density of 

phragmocone, shcll material, and soft tissues. 

FIGURE 4.9: Top, the plasticcne models of equal volume and ~vhorl expansion rate but 

differing in coiling mode (Figurc 4.94. From left to riglit: hamiticone, ancylocone, a id  

aspinocone. Bottom, a schematic diagram of tlie testing rig used (Figure 4.9b). 

FIGURE 4.10: Rcconstmction of a the living chamber with the soft body parts restored (in 

section). Thc chambcr is lined by maitlc, a id  tlie main body of the animal attached 

anteriorally by a muscular collar and posteriorally by the paired retractor muscles (FIGURE 

4.10a). The muscular collar docs not coniplctcly seal off the aperture (FIGURE 4. lob), 
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allowing movement of water over the gills, as well as allo\\ling water behind the animal to 

escape when thc head is pullcd back (FIGURE 4.10~). 

FIGURE 4.1 la: Rcconstruction of an aspinoconic ammonite, Homitelln gordneri, with 

estimated centre of buoyancy (black square) and centres of mass with the head and arms 

extended (white circle) and withdn\\m (black circle). A broken line indicates the vertical 

when the hcad and amls are extended, and a solid line when the head and anlls are 

withdrawn. The angle at which these lines meet is the angle of rotation. 

FIGURE 4.1 1 b: Reconstruction of an ancyloconic ammonite, Anisoceros nrmotum, with 

estimatcd ccntre of buoyancy (black square) and centres of mass with the head and arms 

extended (white circlc) and withdraj\~n (black circlc). A broken line indicates tile vertical 

when the head and anils arc estendcd, and a solid line \vhcn the head and amls are 

withdrawn. The angle at which these lincs mect is the angle of rotation. 

FIGURE 4.1 1c: Reconstruction of an hamiticonic amn~onitc, Hamifello moxirnus, with 

estimated ccntre of buoyancy (black square) and ccntres of mass with the head and amls 

extended (white circlc) and withdra\vn (black circle). A broken line indicates the vertical 

when the head and anns are cstended, and a solid line when the head and arms are 

withdrawn. The angle at which thesc lines mect is the angle of rotation. 

FIGURE 4.1 Id: Reconstruction of a baculiticonic ammonite, Lechites gotrdini, \vith estimated 

centre of buoyancy (black square) and centrcs of mass with the head and amls estended 

(white circle) and withdn\vn (black circlc). A broken line indicatcs the vertical \\?hen the head 

and arms are estendcd, and a solid line \\.hen the head and amls are withdra\vn. The angle at 

which these lincs nicct is thc angle of rotation. 

FIGURE 4.1 le: Reconstruction of a low spircd turriliticonic ammonite, a juvenile Homitello 

sp. with estimatcd ccntre of buoyancy (black square) and centres of mass \\lith the head and 

arms extended (\\rhite circlc) and \vithdra\\n (black circle). A broken line indicates the vertical 

when the head and amls arc estcndcd, and a solid line when the head and a m ~ s  are 

withdrawn. The angle at which these lines mcet is the angle of rotation. 

FIGURE 4.1 If: Rcconstruction of a high spircd turriliticonic ammonite, Ostlingoceros 

puzosiontim, \\it11 estiniatcd centrc of buoyancy (black square) and centrcs of mass with the 

head and arms exqcnded (whitc circle) and withdn\vn (black circle). A broken line indicates 

the vertical \\?hen thc hcad and amls are extended, and a solid line when the head and anils are 

withdrawn. The angle at \vhich these lines meet is the angle of rotation. 
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FIGURE 4.1 19: Reconstruction of a ptychcoconic anlmonite, Ptychoceros odpressum, with 

estimated centre of buoyancy (black square) and centres of mass \\riritll the head a ~ d  amls 

extended (white circle) and \vithdn\vn (black circle). A broken line indicates the vertical 

when the head and arms are cstendcd, and a solid line when the head and arms are 

withdrawn. The angle at which thcsc lines meet is the angle of rotation. 

FIGURE 4.12: Table of the seven ammonite n~orphologies described in the test (Chapter 4) 

together with tlic dcduccd rotational angles. Each slicll niorpl~ology can be classified by 

whether it has 'lilting" ability or not, which is dependent on the size of the rotational angle. 

As dcscribed in the test, tiltling n~orphologies have large rotational angles, and movement of 

the body betwecn the aperture and thc back of the shell \\rould cause the anlmonite to rotate, 

typically with the aperture to\vard tlie sea floor whcn the head and amis are estended. In 

contrast non-tilting fonns have small or zero rotational angles, and movement of the body 

within the shcll causes little or no change in oricntation. 

FIGURE 5.la: Infcrrcd position of the continents during tlie Lo\ver Albial (105 to 100 

million years ago) redrawn aficr Hnq (1984). 

FIGURE 5.lb: Coastlines of North West Europe during the same time pcriod, based on Owen 

(1979) \irith the principal marine basins labclled. Names in brackets - e.g., (Greenland) - 
indicate present-day geographical locations. 

FIGURE 5.2: Loiver Albian (Figure 5.2a) a id  Uppcr Albian (Figure 5.2b) palaeogeographical 

reconstructions rcdnwn after Raivson (1992). Principal facics types are indicated. 

FIGURE 5.3: Relative abundance of planktonic foranlinifen as a percentage of total 

(planktonic + bcnthic) numbcr of foramanifcra. Based on Price (1977) the abundance are in 

terms of numbcrs of spccics recordcd from each an~n~onite subzone. 

FIGURE 5.4: Idcaliscd section of the Gault Sea bascd on the estimates of water depth 

discussed in the text (Chapter 5). The rangcs of thc tilting niorpl~otypes (aspinocones, 

ancylocones, and hamiticoncs) and the non-tilting niorphotypcs (baculiticones, ptychocones, 

and turriliticones) as infcrrcd from their Occurcnce in the fossil record are plotted. The tilting 

forms are found in sediments suggesting a wider range of depths than the non-tilting fonlis, 

which were restricted to dceper water facies. 

FIGURE 5.5: Lines of forcc gcneratcd by jet-propulsion compared in a tilting morphotype 

(Figure 5.5% an aspinoconc) and a non-tilting morphotype (Figure 5.5b, a baculiticone). The 
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line of force will act through the ccntrc of mass. In the aspinocone, this line of force meets the 

vertical axis of the antnionitc tangentially, conscqucntly some of the force will produce a 

rotation of the shell around the pivot point (the ccntre of buoyancy). This rotation wastes 

energy and so s\vininiing ~vould bc inefficient.. In contrast, with the baculiticone, tlte centre of 

mass, centre of buoyancy and the line of force are all lined up along the vertical asis and none 

of the energy is lost this way. 

FIGURE 5.6: Hornitello intermediw. Uncatalogued specimen from Bed IX, Copt Point, 

Folkestone. Author's collcction, BMNH. Oriented with apertud-end of shell toward bottom 

of the pag.e. Shcll damage and rcpair along the mid line of this specimen, note bisected ribs 

where the shcll \tras pcelcd with only gradual rcformation of later ribs. The original shell 

material is preserved in this specimen. Scale bar = 10 nini. 

FIGURE 5.7: Hornitello moximus. BMNH C.73900, froni Copt Point, Folkestone, esact 

stntignphical horizon unrccordcd. Oricnted with the apcrtural-end of the shell to\vards the 

left hand side of the pagc. SItcll daniage in tltis specimcn is slightly bclow the midline of the 

shell, and evidcnced by dcfomtation of tlte ribs. Original shell material of this specimen 

preserved. Scale bar = 10 mnt. 

FIGURE 5.8: Arnptrllorio sp. Esa~ttple of an artificially "peeled" apple snail shell. The shell 

damag.e extends about 5 nim inwards from the aperture, roughly along the niidline of the 

whorl. Subscquent rcpair has fillcd in part of the damage. 

FIGURE 5.9: Restorcd claw of Diotrlox@liceps. Bascd upon BMNH In.30098 from thc 

Gault Clay at Folkcstone. Robust chelipcds iirit.11 smooth short chelac like these can be seen in 

modem crabs which pccl sltclls open, such as Coloppo. Cnbs which crush shells, like 

Cancer, have chclae with molarifonn proccsses. Scale bar = 10 mm. 

FIGURE 5.10: Diagraitmatic section through a typical helically coilcd ammonite of the 

family Tunilitidac. According to Klinger (1980) the helical coiling and displacement oftlte 

siphuncle obscrved in most Turrulitidac givc rise to a situation whcrcby the siphuncle is 'de- 

coupled' from the canicml fluids. This supposedly increases the efficiency of camera1 

emptying. 

FIGURE 5.1 1: Diagranimatic scction through a typical baculiticonic ammonite of tlie family 

Baculitidae. A conscquencc of thc coiling of baculiticones is that the siphuncle is effectively 

de-coupled for most of its lcngtli sincc it docs not lie on tlie vcntml surface of the shell, the 

usual position in most regularly coilcd animonitcs. 
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FIGURE 6.1: Comparisons of the sizcs of various cephdopods at hatching. Based on Tanabe 

et a1 (1980), Mangold (1987), Lebrun (1996) and Landmann et ol  (1996). The Notrtillrs is 

demersal immediately aftcr hatching, as is the coillnlon cuttlefish. The species of squid and 

octopus figurcd here reprcscnt estremes of thc range of sizes known for these groups, and all 

appear to be planktonic for at least the early part of their life cycle. The two heteromorph 

ammonites are more comparable with the squid and octopus than \vith the Notrtibrs, and this 

suggests that they were planktonic after hatching. The scale bar is 50 mm. 

FIGURE 6.2: Four ammonites for comparison of the coiling mode and relative sizes of the 

juvenile-A, juvcnilc-B, and mature gro\vth phases: Figure 6.2a: Homitello gordneri, Figure 

6.2b: Ancylowrns matheronianlrm, Figure 6.2~:  Homitello moximtrs, Figure 6.2d: Lechites 

goltdini . 

FIGURE 6.3: Intcrclatioilships behvccn the Albian hcteromorphs postulated by Spat11 (1923- 

1943). 

FIGURE 6.4: Phylogeny of the Anisoccratidae based on the cladogram described in Chapter 

2. The tuberculation on the phragn~oconc and the living chamber of each species is also 

figured diagrammatically, it clcar that anlong the more primitive species tuberculation tends 

to be limitcd to the phragmocone, ~vhile tubcrculation on the living chamber as well as the 

phragmocone is characteristic of the morc derived species. 

FIGURE 6.5: Evolution of the Baculitidae postulated hcre compared with the hypothesis 

suggested by Matsumoto & Obata (1964). In this thesis the baculitids are viewed as neotenic 

derivatives of the Hamitidae ~ ~ h i c h  were adaptcd to a planktonic lifestyle with the long asis 

vertical (Figure 6.5a). Matsumoto & Obata (1964) proposed that baculitids \irere originally 

benthonic (Figurc 6.5b) arid that the orthoconic shell shape was an adaptation for squid-like 

swimming with the long asis horizontal (Figure 6.5~) .  

FIGURE 6.6: Scophifes htlgnrdiontls rcconstructcd as a bcnthonic animal, with the aperture 

toward the sca floor. 

FIGURE 6.7: Homites ten~ris is an hamiticonic hamitid with the planar coil and first shaft 

slightly angled with rcspcct to the plane in which the second and third shaft lie, as illustrated 

by these ventral (Figurc 6.7a) and lateral (Figure 6.7b) vie~vs of a restorcd shell. 

FIGURE 6.8: Homitello mnximtrs is an hanliticonic hamitid which contrasts with Homites 

tenlris by having all three shafts in a singlc plane, but with the juvenile coil being hclical. 
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This is illustrated by thcse reconstructions of a juvenile (Figure 6.8a) and subadult (Figure 

6.8b). The adults havc three shafts, but for clarity a subadult with only t\vo shafts is shown 

here. 

FIGURE 6.9: Cladognm sho\ving the relationships of the genera Lytohomites, 

Hemiptychoceros, Homitello, Prottirrilitoides, Ttirrilitoides, Pseiidl~elicoceros, Moriello, and 

Ostlingoceros. 

FIGURE 6.10: Cladogranl showing the relationships of the species Homitella onntilotilm, H. 

gardneri, H. intermedius, H. moximw, and H. rotiindiis. with the Turrilitidae. 

FIGURE 6.1 1: Ontogcny of Hontitello moximiis. From this diagram, it is apparent that the 

more derived Hontitelln (such as Hontitello onntilottim) and the Turrilitidae may be derived 

by heterochronic proccsses. Honiitello onniilottrm has only two straight shafts and the helix is 

relatively larger, and is similar to the immature (but bcnthonic) Homitello mnximtis. In 

contrast the Turrilitidae lack any straight shafts but instcad have large and more persistent 

helices. They thcrcforc resemble the planktonic juvenile Hnmitello ntoximtis. 

FIGURE 7.1: Relative numbcrs of tilting and non-tilting species of hetcromorph ammonite 

through the Albian in Southcast England bascd upon Spath (1923-1943), Casey (1961,1966), 

and Cooper lk Kennedy (1977) but with rcfcrcnce to the species revisions presented in this 

thesis. The numbcrs of spccies of each functional morphotype recordcd from each mmonite 

subzone. 

FIGURE 7.2: Comparisons bctiveen modem and Albian marine cephalopods: 

MODERN FAUNA ALBIAN FAUNA 

Squid (e.g., Loligo) Belemnitcs, hoinomorph ammonites 

Cuttlefish (e.g., Scpio) Hoinomorph an~n~onites (maybe Scopl~ites?) 

Octopus (e.g., Octopus) Tilters (Homites, Anisoceros) 

Spirula (e.g., Spinilo) Sinall non-tiltcrs (Ptychoceros) 

Cranchid squid (e.g., Crcmcl~io) Big non-tilters (Lecl~ites, Moriello) 

Pearly nautilus (e.g., Nouriliis) Homomorph ammonites and nautiloids 
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APPENDIX ONE 

Data matrix uscd in tlle cladistic analyses described in the text (Chapters 2 and 3). Question 
marks (?) indicate missing data. 
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APPENDIX TWO 

Distribution o f  the hctcromorphs studicd here from sediments o f  Albian age. 

1 ANISOCERATIDAE 

2 BACULITIDAE & SCAPHITIDAE 

3 HAMITIDAE 

4 TURRILITIDAE 

5 PTYCHOCERATIDAE & HAMITOIDES 









@ Proturriltoides spp. 

Turrilitoides spp. 

@ Pseudhelicoceras spp. 

Mariella spp. 

@ Ostlingoceras spp. n 





Ecology, Stratigraphy, and Phylogeny of the Hetcronmorph Anmlonoidea of the Albian 

REFERENCES 

Adkins W. S. 1920. T91c Weno and Pa\\lpa\v fonnations of the Texas Comanchean. 

University of Texas Bulletin, 1856: 1-172, 11 pls. 

Adkins W. S. 1923. Gcology and mineral resources of McLennan County. University of 

Texas Bulletin, 2340: 1-202,4 pls. 

Adkins W. S. 1928. Handbook of Texas Cretaceous Fossils. University of Texas Bulletin, 

2838: 1-330,37 pls. 

Adkins W. S. & Arick M. B. 1930. Gcology of Bell County, Texas. University of Texas 

Bulletin, 3016: 1-92. 

Adkins W. S. & Winton W. M. 1920a. Palcontological Corrclation of the Fredericksburg and 

Washita Fon~lations in North Tesas. University of Texas Bulletin, 1945: 1- 

128,21 pls. 

Akpan E. B., Farrow. G. E. & Morris. N. J. 1982. Limpet grazing on Cretaceous algal-borcd 

ammonites. Palaeontology, 25: 361-367. 

Alexander R. McN. 1990. Animals. Can~bridge University Press, Cambridge, UK. 

Ali-Zadc A. A. 1988. Cretaceous Fauna of Azerbaijan. 344 pp. Acadcmy of Azerbaijan 

SSR., Institute of Geology, Baku, Azerbaijan. 

Almela A. & de la Rcvilla J 1957. Fbsiles piritosus del Cretbceo de la Sierra de Ricote 

(Murcia). Boletin del lnstituto Geol6gico Y Minero de Espaiia, 68: 45-83. 

Anderson F. M. 1938. Lo\\?cr Cretaceous Deposits in California and Oregon. Geological 

Society of America Special Paper, 16: 1-399. 

Anderson F. M. 1958, Upper Crctaccous of thc Pacific Coast. Bulletin of the Geological 

Society of America, 71: 1-378. 

Anon. 1995. Gigantic fossils reveal ncw traits. Geotimes, August 1995: 7-8. 

d'Archiac E. J. A. D. de St. S. 1839.Obscrvations sur Ic Groupe moyen de la formation 

Cr6tacC.c. Memoir de la Societe Geologique de France, 1: 261-31 1. 

Arkell, W. J., Fumish, W. M., Kummcl, B., Miller, A.K., Moore, R. C., Schindc\volf, 0. H., 

Sylvcstcr-Bradlcy, P. C., &Wright C. W. 1957a. Introduction to 

An~n~onoidca, p. Ll-L10. In Moore, R. C. (ed.), Treatise on Invertebrate 

Paleontology, Part L, Mollusca 4. Geological Society of America & 

University of Kansas Press, Lawrence, Boulder, Colorado & Lawrence, 

Kansas. 

Arkcll, W. J., Kummcl, B., 8: Wright C. W. 1957b. Mesozoic Ammonoidca, p. L80-L490. In 

Moore, R. C. (ed.), Treatise on Invertebrate Paleontology, Part L, 

Mollusca 4. Geological Society of America & University of Kansas Press, 

La\vrcnce, Bouldcr, Colorado & La\ivrence, Kansas. 



Ecology. Stmtigral~lly, and Phylogeny of the Hctcroomrpl~ Anu~~onoidca of the Albian 

Baldwin J. 1987. Energy metabolism of Nozrrihis s\vimming muscles, p. 325-330. In W. B. 

Saundcrs & N. H. Landman (eds.), Narrtilus: The Biology and 

Palaeobiology of A Living Fossil. Plenuin Press, New York, USA. 

Ballantine J. A., Robcrts J. C., & Morris R. J. Sterols of the cephdopod Spinrla spinrln. 

Journal of tlie Marine Biological Association, UK, 61: 843-850. 

Bandel K. 1988 Opcrculum aid buccal mass of ammonites, p. 653-678. In Wiedmann J. & 

Kulliiiaiin J. (cds.), Ceplialopoda-Present and Past. 0. H. Scliindewolf 

symposiuni (Second International Ceplialopod Symposium) Tubingen 

1985. Schwcizerbarts'che, Stuttgart, Gcmiany. 

Barbu I. Z. 1932. Catalogul Cephalopodclor fosilc din Romania. Academia Roniana. Analele, 

Memoriile Sectiunii Stiintifico, Scries 3, Volume 8, Memoir 8: 1-35. 

Barnes J. 1985. The Complete Works of Aristotle. Volume 1. pp. 1250. Princeton 

University Press, Princeton, New Jersey, USA. 

Barrois C. 1878. M6moirc sur Ic Tcrnin Crdtacd des Ardcnnes etudes r6gions voisines. 

Annales de la Societe Geologique du Nord, 5: 227-487. 

Barron E. J., Harrison C. G.. A., Sloan J. L. &Hay \W. W. 1981. Paleogepgraphy, 180 niillion 

ycars ago to the prescnt. Eclogae Geologicae Helvetiae, 74: 433-470. 

Barron E. J. 1987. Crctaccous plate tcctonic reconstructions. Palaeogeography, 

Palaeoclimatology, Palaeecology, 59: 3-30. 

Basse E. 1931. Monograpliie Paleontologique du Critaci de la Province de Maintiranon, 

Madagascar. Gouverment General de Madagascar et Dependencies 

Service des Mines, p. 1-87, 13 pls. 

Batt R. J. 1989. Ammonite shell niorphotjpe distributions in the Western Interior Greenhorn 

Sca and soiiie paleoecological implications. Palaios, 4: 32-42 

Batt R. J. 1991. Sutural aniplitudc of animonite shclls as a paleocnvironniental indicator. 

Letliaia, 24: 2 19-225. 

Bayer U. 1974. Die Ruiizelscliiclit - ein Leiclibauelenient der annionitenschale. 

PalHontologisclie Zeitsclirift, 48: 6-15. 

Bayer U. 1982. Aniiiionite iiia~ieuverability - a new look at the hnction of shell geometry. 

Neues Jalirbuch fiir Geologie und Palaontologie Abhandlung 164: 154- 

157. 

Behrcns D. W. 1980. Pacific coast nudibranchs: a guide to tlie opistliobranclis of 

Northeastern Pacific. 112 pp. Sea Challengers, Los Osea, California, USA. 

Benavidcs-Chccras V. E. 1956. Cretaceous systcm in Northern Peru. Bulletin of tlie 

American Museum of Natural History, 108: 357-498. 

Berthold T. & Eiigcscr T. 1987. Phylogenctic analysis and systematization of the 

Ccplialopoda. Verliandlungen des Naturwissenschaftlichen Vereins in 

Hamburg, Neue Folge, 29: 187-220. 



Ecology, Stmtigrapl,hy, md Phylogeny of the Hctcromorph Anmlonoida of the Albim 

Besonov N. V. &: Mikhailova I. A. 1983. Evolution of the Jurassic-Crctaceous Ammonoidea. 

Doklady Akademii Nauk SSSR 269: 733-737. 

Boehm, J. 1925. Fauna dcs obercii Alb bei Ootrnarsum (Holland). Zeitschrift der Deutschen 

Geologischen Gesellschaft, 77: 198-205. 

Boucher-Rodoni R. &: Mangold K. 1994. Amnionia Production in Ceplialopods, 

Physiological and Evolutionary Aspects, p. 53-60. In H. 0 .  Portner, R. K. 

O'Dor &: D. L. Macmillan (eds.), Pliysiology of Cephalopod Molluscs- 

Lifestyle and Performance Adaptations. Gordon & Breach Science 

Publishers S. A., Basel, S\vitzcrland. 

Bouchet, P. 1997. Inventorying the molluscan diversity of the \\rorld: what is our rate of 

progrcss? Veliger, 40: 1-1 1. 

Boule M., Lcmoinc P., 8: Tliivcnin A. 1907. Paliontologie de Madagascar. 3. Ctphalopodes 

crdtaciques dcs Environs de Dicgo Suarez. Annales de Palkontologie, 1 (4): 

173-192. 

Bose E. 1923. Algunas Faunas Crctaceas de Zacatecas, Dunngo y Gucrrio. Boletin del 

lnstituto Geologico de Mexico, 25: 1-193. 

Bose E. 1928. Cretaceous Ammonites from Tesas and northern Mcsico. University of Texas 

Bulletin, 2748: 143-312, 18 pls. 

Boyle P. R. 1981. Molluscs and man. Institute of Biology's studies in biology 134, 1-66. 

Edward Arnold, London, UK. 

Boyle P. R. 1987 Molluscan coniparisons, p. 307-327. In P. R. Boyle (ed.), Cephalopod Life 

Cycles, Part 2. Acadc~iiic Press, London, UK. 

Boyle P. R. 1991. The UFAW handbook on the care and management of cephalopods in 

tlie laboratory. 63 pp. Uiiivcrsities Federation for Animal Welfare, Potters 

Bar, UK. 

Boyle P. R., Grisley M. R., &: Robcrtson G. 1986 Crustacca in tlie diet of Eledone cirrhosa 

Mollusca: Ccplialopoda dcteniiincd by serological methods. Journal of the 

Marine Biological Association of the United Kingdom, 66: 867-879. 

Brags J. C., Company M., Garcia-Hern6ndcz M., Linarcs A., Rivas P. 8: Sandoval J. 1982. El 

Albcnse Supcrior en el sector de Huescar (Province dc Gnnada, Cordilleras 

Bcticas). Cuadermos Geologia Ibkrica, 8: 703-720. 

Breistroffcr M. 193 la. Sur 1'6tage Albicn en Chantreuse (Isitre et Savoie). Compte Rendu de 

ltAcademie des Sciences, 93: 1202-1204. 

Breistroffcr M. 1933. ~ t u d c  de I'ttage Albien en Cliartreusc (Isitre et Savoie). Travaux 

Laboratoire de Gkologie L'Universit6 de Grenoble, 1933: 187-236. 

Breistroffcr M. 1934. Sur le giscment fossilif@rc albicn d'Entr6ves-en-Bauges (Savoie). 

Association Francaise pour I'Avancement des Sciences de Chambery, 

Ge6logie et Mineralogie, 1933: 233-234. 



Ecology, Stratigraplly, and Pl~ylogcny of the Hctcromorpl~ Anunonoidm of t11e Albiali 

Breistroffcr M. 1936a. Les subdivisions du Vraconicn dans le Sud-Est France. Bulletin 

Societe Gtologique de France, [5] iv, 63-68. 

Breistroffcr M. 1936b. Sur quclques ammonites rarcs du Vraconien de France. Compte 

Rendu Sommaire des seances de la Societe Gtologique de  France, 2,23- 

25. 

Breistroffer M. 1940. Rdvision dcs anlnionites dcs Vraconicn de Salazac (Gard) et 

considerations gdndrales sur ce sousetage albicn. Travaux Laboratoire de 

Gtologie L'Universitt! de Grenoble, 22: 1-101. 

Breistroffer M. 1946. Sur l'iige csacts des gr2s verts de Cambridge (Angleterre). Compte 

Rendu Sommaire des seances de la Societe Gtologique de  France, 1946: 

309-3 12. 

Breistroffer M. 1947. Sur Ics zones d'ammonitcs de 1'Albicn de France et d'Angleterre. 

Travaux Laboratoire de Gtologie L'Universitt de Grenoble, 26: 1-88. 

Breistroffcr M. 1933. L'dvolution dcs T~irrilitidds albiens ct cenomaniens. Comptes Rendus 

de Acadtmie Sciences de France, 237: 1349-1351. 

Breistroffer M. & Villoutrcys 0. 1933. Les ammonites albicnnes de Pielle (Alpes- 

Maratimes). Travaux Laboratoire de Gtologie L'Universitt! de Grenoble, 

30: 69-74. 

Brkhdrct J. G., Caron M., & Dclamctte hl 1986. Niveaux riches en matiere organique dans 

1'Albicn Voconticn, quelqes caracteres du paleoenvironment, essai 

d'intcrpreation genctique. Documents de la Bureau de Recherches 

Geologiques et Rlinieres, 110: 141-191. 

Bremer, K. 1988. The limits of an~ino acid scquence data in angiospcm~ phylogenetic 

reconstruction. Evolution, 42: 795-803, 

Bristow H. W. 1889. Geology of the Isle of Wight. Memoir of the Gcological Survey 

(England and Walcs), sccond cdition 349 pp. + 7 pls. Gcological Survey UK, 

London, UK. 

Brogniart A. 1822. In Cuvicr G. L. C. F. D. & Brogniart A. (eds.), Description gtologiques 

des environs de Paris. Paris, France. 

Brogniart A. 1829. Tableau des Terrains qui composent I'tcorce du globe ou essai su r  le 

structure de la partie connue de la Terre. viii + 435 pp. Paris, France. 

Bronn H. G. 1848. Index Palaeontologicus, Nomenclator. Volume 1, lsssiv + 755 pp, 

volun~c 2 776-1382. Stuttgart. 

Brown H. J. W. 1929. Notcs on the Gcology of the Vale of Holmesdale, bet\vecn Maidstone 

and London. Proceedings of the Croydon Natural History Society, 10: 1- 

6. 

Brown T. 1837. Atlas of Fossil Conchology. 273 pp + 97 pls. London, UK. 

Brown T. 1889. Atlas of Fossil Conchology. Second edition, 230 pp + 97 pls. London, UK. 



Ecology, Stntigrapl~y, and Phylogcny of the Ilctcromoq~h Allullonoidea of the Albian 

Bruun A. F. 1943. The biology of S')irzrIn spirzrln (L.). Carlsberg Foundation's Oceanographic 

Espcdition round tlie World 1928-1930. Dana Report, 24: 1-46. 

Bruun A. F. 1955. New light on tlie biology ofSpirulo, a niesopelagic ceplialopod, p. 61-72. 

In Essays in the Natural Sciences in Honour of Captain Allan Hancock. 

University of Southern California Press, Los Angeles. 

Bucher H., Landnian N. H., Klofak S. M., & Guex J. 1996. Mode and rate of growth in 

animonoids, 407-461. In Landman N. H., Tanabe K., Davis R. A. (eds.), 

Ammonoid Paleobiology, Topics in Geobiology Volume 13. Plenum Press, 

Ncw York, USA. 

Buchsbaum R. 1968 Animals Without Backbones. Ninth UK edition. 2 volunies, 404 pp. 

Penguin Books, London, UK. 

Buckland W. 1837. Geology and Mineralogy, considered with reference to Natural 

Theology. Bridgewater Treatise 6.2 volumes. svi + 599 pp, vii + 128 pp, 

87 pls. Williani Pickering, London, UK. 

Bujtor L. 1991. A ncw I.Yoril7ocern.s (Ammonoidca, Cretaceous) from Hungary, and rcmarks 

on the distribution of PVortl7oceros spccics. Geological Magazine, 128: 537- 

542. 

Buvignier, A. 1852. Statistique geologique, mineralogique, nlinerallurgique, et 

paleontologique du departenlent de la Meuse, &c. li + 624 pp, atlas 52 pp. 

Paris, France. 

Carlson B. A. 1987. Collection and maintenance ofNozrtihrs, p. 563-578. In W. B. Saunders 

& N. H. Landliian (cds.), Nautilus: The Biology and Palaeobiology of A 

Living Fossil. Plcnulii Press, New York, USA. 

Carson R. 1956. The Sea Around Us. Pcnguin Books, London, UK. 224 pp. 

Casey R. 1936. Rcccnt Additions to tlie Ammonoid Faunas of Folkestone. Geological 

Magazine, 63: 444-448. 

Casey R. 1950. Tlic junction of the Gault and Lowver Grecnsmd in East Susses and at 

Folkestone, Kent. Proceedings of the Geologists' Association, 61: 268-298. 

Casey R. 1951 .11~  Zonal Position of the Gault-Lo~ver Grecnsand Junction Bcds at 

Wrecclcslim, Surrey. Proceedings of the Geologists' Association, 62: 95- 

99. 

Casey R. 1954. Notcs on the base oftlie Gault in Wiltshire. Proceedings of the Geologists' 

Association, 66: 23 1-234. 

Casey, R. 1960. A Monograph of the Ammonoidea of the Lower Greensand. 

Monographs of the Palaeontographical Society. Volume 1, p. i-sssiii, 1- 

44, pls. 1-10. 

Casey, R. 1961. A Monograph of the Ammonoidea of the Lower Greensand. 

Monographs of the PalaeontograpliicaI Society. Volume 2, p. 45-1 18, pls. 

11-25. 



Ecology, Stratigraplly, md Pllylogcny of the I Ictcrol~iorpli Anui~onoidca of the Albian 

Chambcrlain J. A. 1969. Technique for scalc modelling cephalopod shells. Palaeontology, 

12: 48-55. 

Chamberlain J. A. 1976. Flow patterns and drag coefficients of ccphalopod shells. 

Paleontology, 19: 539-563. 

Chamberlain J. A. 1979. Camera1 liquid in Noutilzrs and ammonites. Paleobiology, 5: 40-49. 

Charnbcrlain J. A. 1980a. Motor pcrforrnatlce and jet propulsion in Nozrtilzrs: implications for 

ccphalopod paleobiology and evolution. Bulletin of the American 

Malacological Union, 123-127. 

Chamberlain J. A. 1980b. Thc role of body estension in cephalopod loconiotion. 

Palaeontology, 23: 445-461. 

Chambcrlain J. A. 1980c. Hydromcchanical design of fossil cephalopods, p. 289-336. In 

House, M. R. & Scnior, J. R. (eds.), The Ammonoidea. Systematics 

Association Special Volume 18. Academic Press, London. UK. 

Chamberlain J. A. 1991. Cephalopod loco~notor design and evolution. the constraints ofjet 

propulsion, p. 57-98. Biomechanics in Evolution, Society for 

Experimental Biology Seminar Series 36. Cambridge University Press, 

Canibridge, UK. 

Chambcrlain J. A. 1993. Loconlotion in ancient seas: constraint and opportunity in 

cephalopod adaptive design. Geobios, 15: 49-61. 

Chambcrlain J. A. & Westcnnann G 1976. Hydrodynamic properties of ccphalopod sllcll 

omamcnt. Paleobiology, 6: 168-172. 

Checa A. G. &: Garcia-Ruiz J. M. 1996. Morphogenesis ofthe Septum in Animonoids, 253- 

296. In Landnian N. H., Taiabe K., Davis R. A. (eds.), Ammonoid 

Paleobiology, Topics in Geobiology Volume 13. Plcnum Press, Ncw York, 

USA. 

Chen Pci-Ji 1987. Crctaccous paleogcognphy in China. Palaeogeography, 

Palaeoclimatology, Palaeecology, 59: 49-56. 

Chenu J. G. Manuel de Conchyologie et de Palbontologie conchyologique, Vol. 1. vii + 
508 pp. 

Christensen W. K. 1976. Palacobiogcograpliy of Latc Cretaceous belenlnites of Europe. 

Pallontologische Zeitschrift, 50: 1 13-129. 

Cielinski S. 1959. The Albian and Cenomaniati in the northern periphery of the S\viety Kryz 

Mountains. Institute of Geology Prace, 28: 1-95. 

Ciry R. 1927. Rcvision de la Faune Albicnne du Dipartment de la C6te d'Or. Bulletin de la 

Societe dtHistoire Naturelle de Toulouse, 62: 549-575. 

Clark, D. L. 1962 Pacdon~orphosis, accclcration, and caenogencsis in the evolution of Tesas 

Crctaccous a~n~nonoids. Evolution, 16: 300-305. 

Clark, D. L. 1965 Hctcron~orph anlnionoids from the Albian and Cenomanian of Tesas and 

adjaccnt arcas. Geological Society of America Memoir, 95: 1-99. 



Ecology, Stntigraplly, and Phylogeny of the Mctcron~orpl~ Anlmonoida of the Albian 

Clarke, M. R. 1962 Respiratory and s\\~imniing movements in the cephalopod Cronchio 

scobro. Nature, 196: 35 1-352. 

Clarke, M. R. 1966. A review of the systematics and ecology of oceanic squids. Advances in 

Marine Biology, 4: 93-300. 

Cobban W. A. 1951. Scaphitoid cephalopods of the Colorado Group. USGS Professional 

Paper, 239: 1-42 + 21 pls. 

Cobban W. A., Hook S. C. &: Kenncdy W. J. 1989. Upper Cretaceous rocks and ammonite 

faunas of south-\vestem New Mexico. Menloir of the New Mexico Bureau 

of Mines and Mineral Resources, 45: 1-137. 

Cobban W. A. & Scott G. R. 1972. Stratigraphy and anlmonite fauna of the Graneros Shale 

and Greenhorn Limestone near Pucblo, New Mexico. USGS Professional 

Paper, 645: 1-108 + 41 pls. 

Collignon M. 1932. Le an~monites pyritcuses de I'Albien superieur du Mont Raynaud a 

Madagascar. Annales Geologique du Service des Mines, 2: 5-36. 

Collignon M. 1949. Recherches sur les faunes albiennes de Madagascar. 1.1'Albien 

d'Ambarin1aninga. Annales Geologique du Service des Mines, 16: 1-128. 

Collignon M. 1963. Atlas des fossiles caracteristique de hladagascar: X Albien. xv + 184 

pp. Servicc Gcologique, Tananarive, Madagascar. 

Collignon M. 1964. Atlas des fossiles caracteristique de Madagascar: XI Cenomanien. s i  

+ 152 pp. Service Geologique, Tananarive, Madagascar. 

Collignon M. 1979. Ammonites du Cretacd Moyen-Superieur de I'Angola, p. 1-73, PIS. 1-31. 

I11 Collignon M. (ed.), Reconliecinlento Cientifco de Angola. Academia das 

Ciincias dc Lisboa, Lisbon, Portugal. 

Cooper M. R. 1990. A revision of the Scaphitidae (Cretaceous Ammonoidea) from the 

Can~bridgc Grcensand. Neues Jahrbuch fur Geologie und Palaontologie 

Abhandlung 178: 285-308. 

Cooper M. R. 1991. Towards a pliylogcnetic classification of the Cretaceous ammonites. 1. 

Collingnoncerataceae. Neues Jahrbuch fur Geologie und Palaontologie 

Abhandlung 182: 1-19. 

Cooper M. R. 1992. To~vards a pl~ylogcnetic classification of the Cretaceous ammonites. 2. 

Lyelliccrataccae. Neues Jahrbuch fur Geologie und Palaontologie 

Abhandlung 185: 21-38. 

Cooper M. R. 1994a. To\\?ards a pliylogenetic classification of the Cretaceous ammonites. 3. 

Scaphitaceae. Neues Jahrbuch fur Geologie und Palaontologie 

Abhandlung 193: 165-193. 

Cooper M. R. 19943. To\vards a phylogenetic classification of the Cretaceous ammonites. 3. 

Phlycticriocentaceae. Neues Jahrbuch fur Geologie und Palaontologie 

Abhandlung 194: 361-378. 



Ecology, Stntigraplly, and Phylogeny of the I Idero~norpll Ammonoida of the Albian 

Cooper M. R. 1997. To\\rards a phylogcnetic classification of the Cretaceous ammonites. 3. 

Euoniphaloceratidae. Neues Jahrbuch fur Geologie und Palaontologie 

Abhandlung 203: 1-21. 

Cooper M. R. 8: Kenncdy W. J. 1977. A revision of the Baculitidae of the Cambridge 

Grecnsand. Neues Jahrbuch fur Geologie und Palaontologie Monatshefte 

1977 (10): 641-658. 

Cope, J. C. W. 1968. Epizoic oystcrs on Kininieridgian ammonites. Palaeontology, 11: 19- 

20. 

Coquand H. 1862. Gdologie ct paltontologie de la region sud de la Province de Constatine. 

Memoir de la Societe d'Emulation de la Provence, 2: 430-456. 

Comuel J. 185 1. Catalogue dcs coquilles de Mollusques. EntomostracCs et Foramanif6res du 

tcrnin crdtact infdreur de la Haute-Mame avec diverses observations 

rclativcs Ace tcrrain. Bulletin de la Societe Geologique de France (second 

series), 9: 430-456. 

Cotteau G. H. 1853. ~ t u d c s  sur le Mollusques fossiles de dtpartmcnt de 1'Yonne. Bulletin de 

la Societe Sciences et I'IIistoire Naturelles de I'Yonne, 2: 430-456. 

Cousteau J-Y, Bcniard J F, &: Diolc P. 1973. Octopus and squid: the soft intelligence. 304 

pp. Casscll, London, UK. 

Cro\vthcr, P. R. 1990. Collection care and status material. In Briggs, D. E. G. 8: Croik.ther, P. 

R. (eds.), Palaeobiology-A Synthesis. Black\\rell Scientific Publications, 

Osford, UK. 

Crick G. C. 18983. List of the Types and Figured Specimens of Fossil Cephalopoda in the 

British Museum (Natural History). 103 pp. London, UK. 

Crick G. C. 1898b. On the niuscular attachment of the animal to its shell in some Fossil 

Cephalopoda (Animonoidea). Transactions of the Linnaean Society of 

London (Zoology), 7: 71-1 13. 

Dauphin Y 19793. Contribution h I'dtudc de la foni~ation des gisements de CCphalopodes. I. 

Lcs coquillcs dc Spirules (Dibranchiata) de Nouvelle Calddonie. Cahiers 

Indo-Pacifique, l(2): 165-194. 

Dauphin Y 1979b. Contribution A IYtude dc la foniiation des sisenients de CCphalopodes. 11. 

Lcs coquillcs de Spirulcs (Dibranchiata, Cephalopoda) dc l'ile Maurice 

(Ocdan Indicn). Cahiers Indo-Pacifique, l(3): 335-351. 

Dcfrancc M. J. L. Dictionaire des Sciences naturelles, Conchyologie. Volunie 20: 1-572. 

Dclanoy G. 8: Latil J-L. 1988. Ddcouvcrte d'un nouveau gisement Albien dans les environs 

dc Drap (Alpcs-Mantimes) ct dcscription d'une riche animonitofaune d'age 

Albicn terminal. Geobios, 21: 749-771. 

Denton E. J. 1973. On buoyancy in the livcs of modem and fossil ceplialopods. Proceedings 

of the Royal Society of London Series B, 185: 273-299. 



Ecology, Stntigmplly, and Pllylogeny of the EIc.tcromorph Ammonoidea of the Albinn 

Dcnton E. J. & Gilpin-Brown J. B. 1961a. Yle buoyancy of the cuttlefisli Sepia. Journal of 

the Marine Biological Association of the United Kingdom, 41: 319-342. 

Dcnton E. J. & Gilpin-Bronln J. B. 1961b. The effcct of light on the buoyancy of the 

cuttlefish. Journal of tlie Marine Biological Association of the United 

Kingdom, 41: 343-350. 

Denton E. J. & Gilpin-Brown J. B. 1961c. The distribution of gas and liquid within the 

cuttlcbonc. Journal of the Marine Biological Association of the United 

Kingdom, 41: 365-381. 

Dcnton E. J. & Gilpin-Bro\vn J. B. 1971. Further observations on the bouyancy of Spirula. 

Journal of tlie Marine Biological Association of the United Kingdom, 51: 

363-373. 

Denton E. J. 8: Gilpin-Bro~~n J. B. 1973. Flotation meclianisms in modem and fossil 

cephalopods. Advances in Marine Biology, 1 1: 197-268. 

Dewey H. The Geology of the Cantcrbury District. Proceedings of the Geologists' 

Association, 36: 257-290. 

Destombcs J. P. &: Destombcs P. 1938. Note sur Ie Gault de Wissant. Annales de la Societe 

Geologique du Nord, 62: 98-1 13. 

Destombcs P. & Dcstonibes J. P. 1965. Distribution Zonale des Animonitcs das 1'Albien du 

Bassin de Paris. Memoire du Bureau de Reclierclies Geologiques et 

Minieres, 34: 255-270. 

Diener C. 1912. Lcbcns~\~eisc und Verbreitung dcr Ammoniten. Neues Jllirbucli fiir 

Mineralogie und Geologic, 2: 67-89. 

Diener C. 1925. Fossilium Catalogus. 1, Animalin. Pt 29, Ammonoidea neocretacea. 244 

pp. W. Junk, Berlin, Germany. 

Dicni J. & Massari F. 1963. LC Cr6t;lcd: infdricur d'0rosei (Sardaignc) et les analogies avec 

cclui dc sud-cst de la France, p. 759-799. In Colloque sur le Cretace infericur 

(Lyon, Scptcmbcr 1963). Bureau de Recherclies Geologiques et Minieres 

hlemoires 34. ssi + 840 pp. 

Dison F. 1851. The Geology of Sussex, or the Geology and fossils of the Tertiary and 

Cretaceous formations of Sussex [cdited, with preface by Sir Richard 

O~vcn]. xsiv + 469 pp, 65 pl. London, UK. 

Doguzhaeva L. 1982. Rhythms of ammonoid shell secretion. Letliaia, 15: 385-394. 

Doguzhaeva L. & Mikhailova 1.1982. T l~c  gcnus Luppovia and the phylogeny of Cretaceous 

hcterolilorpl~ic aninionoids. Letliaia, 15: 55-65. 

Doguzhaeva L. & Mutvci H. 1989. P/ychoceros - a heteromorphic lytoceratid with truncated 

shell and modified ultrastructure (Molluscs: Ammonoidea). 

Palaeontograpliica A, 208: 91-12 1. 



Ecology, Stmtigroplly, md Phylogeny of the Hctcromorph Anunonoida of the Albian 

Doguzhaeva L. & Mutvei H. 1991. Organization of the soft body in Aconocerns 

(Ammonitina), interpreted on the basis of shcll morphology and muscle 

scars. Palaeontographica A, 218: 17-33. 

Doguzhaeva L. & Mutvci H.1992. Radula of the Early Cretaceous ammonite Aconoceras 

(Molluscs: Cephdopoda). Palaeontographica A, 223: 167-177. 

DoguA~aeva L. & Mutvei H. 1993a. Shell ultrastructure, muscle-scars and buccal apparatus in 

ammonoids. Ceobios, 15: 11 1-1 19. 

Doguzhaeva L. & Mutvci H. 1993b. Structural features in Cretaccous ammonoids indicative 

of semi-internal or internal shells, p. 99-1 14. In House, M. R. & Senior, J. R. 

(cds.), The Ammonoidea. Systematics Association Special Volume 47. 

Clarcndon Press, Oxford, UK. 

Doguzhaeva L. & Mutvei H. 1996. Attachment of the Body to the Shcll in Ammonoids, 44- 

63. In Landman N. H., Tanabe K., Davis R A. (eds.), Ammonoid 

Paleobiology, Topics in Geobiology Volume 13. Plenum Press, New York, 

USA. 

Dollfus G. 1898. Discussion sur Ic Base de l'dtage Ctnomanien, Ternin Crdtacique. Feuille 

des Jeunes Naturilistes, 328 (iii), 28: 1-13. 

Dommcrgues J-L. 1994. Tlle Jurassic ammonite Coelocerns: an atypical example of 

dilnorpllic progenesis elucidated by cladistics. Lethaia, 27: 143-152. 

Donovon D. T. 1949. Observations on the Mesozoic Rocks of Geographical Society 0, East 

Greenland. Meddelelser om Cronland, 149: 1-14. 

Donovon D. T. 1953. The Jurassic and Crctaccous Stratigraphy aid Palacontology of Trail1 

0 ,  East Greenland. Meddelelser om Cronland, 11 1: 1-150. 

Donovan S. K. 1989. Tapl~ononlic significance of the encrustation of the dead shell of Recent 

Spir~rln spinrln (Linnd) (Ccphalopoda: Coleoidea) by L e p s  nnntijern Linni 

(Cirrcpcdia: Thoncia). Journal of Paleontology, 63(5): 698-702. 

Douvilld H. 1916. Ternins Sccondaircs Massif Moghan. Memoir de la Academie Sciences 

de France, 54: 1-184. 

Douvilld R. 1906. Esquisse geologique des Prealpes Subbetiques (partie central). 

Dissertation, University of Paris. 

Dubourdieu G. 1953. Amrnonitcs nouvelles des Monts du Melltgue. Bulletin du Service de 

la Carte Geologique de L'Algerie. l-er Serie Palt2ontologie, 16: 1-76, + 4 

pls. 

Dzik Jerzy 1986 Uncalcified ccpllalopod jaws from the Middle Jurassic of Poland. Neues 

Jahrbuch fur Ceologie und Palaontologie Monatshefte, 1: 405-417. 

Ebcl K. 1983. Bcrccl~nungcn zur Sch\vebcfdligkeit von Ammoniten (~alkulations on the 

buoyancy ofamn~onitcs). Neues Jahrbuch fur Geologie und Palaontologie 

Monatshefte, 1983: 614-640. 



Ecology, Strntigrnpl~y, and Phylogeny of the I1clcromoq)h Ammonoidca of the Albinn 

Ebel K. 1985. Gclliiuscspirale und Scptenform bei Ammoniten unter den Annahn~e vagil 

bcnthischcr Lebcnsweise. PalHontologische Zeitschrift, 59: 109-123. 

Ebel K. 1990. Swimming abilities of ammonites and limitations. Pallontologisclie 

Zeitschrift, 62: 25-37. 

Ebel K. 1992. Mode of lifc and soft body shape of heteromorph ammonites. Lethaia, 25: 

179-193. 

Ebcl K. 1993. Negative buoyancy of anlmonoids-reply. Lethaia, 26: 260. 

Emmerson B. L., Emmcrson J. H., Akers R. E. and Akers T. J. 1994. Texas Cretaceous 

Ammonites and Nautiloids. Texas Paleontology Series, 5: 1-439. 

Palcontology Section, Houston Gem and Mineral Society, Houston, Tesas. 

Engeser T. 1996. The Position of the Ammonoidea within the Cepllalopoda, p. 3-19. In 

Landman N. H., Tanabc K., Davis R. A. (eds.), Ammonoid Paleobiology, 

Topics in Geobiology Volunie 13. Plenum Press, New York, USA. 

Eriksson T. 8: Wikstrom N. 1995. Autodecay. Version 3. Apple Macintosh comptiter 

program. 

Ethcridge R. 1904. On the occurrence of the genus Ptychocerns (?) and other additional 

fossils in the Crctaccous bcds of the Northern Temtory of South Australia. 

Records of tlie Australian Museum, 5: 108-1 15. 

Faith D. P. 8: Cranston P. S. (1990). Could a cladogranl this short have arisen by chance 

alone?: On pcm~ut;ltion tests for cladistic structure. Cladistics, 7: 1-28. 

Fallot E. 1885. ~ t u d c  giologiquc sur les ~ t a g e s  moyens et supiricur du Terrain CritacC dans 

Ic Sud-Est dc la France. Annales de Sciences Geologique, 3 (7): 289-299. 

Fallot P. 1920. La Fauncs dc Mamcs Aptiennes et Albiennes dc la rcgion dYAndraintz, 

Majorque. Trabajos del Museo Nacional de Ciencias Naturales. Serie 

Geology, 26: 1-68. 

Favre, E. 1873. Sur la classification dcs ammonites. Bulletin de la Societe geologique de 

France, 3. serie, 1: 353-355. 

Feduccia A. 1996. The Origin and Evolution of Birds. 420 pp. Yale University Press, Ncw 

Havcn, USA. 

Felsenstein J. (1985). Confidcnce limits on phylogenies: an approach using the bootstrap. 

Evolution, 39: 783-781. 

Fitton W. H. 1835. Observations on some of the Strata between the Chalk and the Osford 

Oolite in the South East of England. Transactions of the Geological Society 

of London, 2: 103-390. 

Fleming J. 1828. A History of British Animals. 565 pp. London, UK. 

Flower R. H. 1955. Cailcral deposits in orthoconic nautiloids. Geological Magazine, 92: 89- 

103. 



Ecology, Stntigraplly. md  Pllylogcny of the Metcrotllorpl~ Anum~onoidca of the Albian 

Follomi K. B. 1989. Bcschreibung neugefunder Ammonoidca aus der Vorarlberger 

Garscl~clla-Fonllation (Aptian - Albiai). Jahrbuch der Geologisclien 

Bundesanstalt, 132: 7-104. 

Forster R. 1975. Die geologosche Enhvicklung von Siid-Mozambique seit der Unterkreide 

und dic Ammoniten Fauna von Unterkreide und Cenoman. Geologisches 

Jahrbuch, 12: 3-324. 

Frakes L. A., Burger D., Apthorpe M., Wisenian J., Dcttmann M., Alley N., Flint R, 

Gravestock D., Ludbrrok N., Backhouse J., Skwaro S., Scheibnerova V., 

McMinn A., Moore P. S., Bolton B. R., Douglas J. G., Christ R., Wade M., 

Molnar R. E., McGo~i~an B., Balme B. E., & Day R. A. 1987. Australian 

Crctaceous shorelines, stage by stage. Palaeogeography, 

Palaeoclimatology, Palaeecology, 59: 3 1-48. 

Gabb W. B. 1864-1869. Geological Survey of California. Palaeontology, 1: 1-243,2: 1-299. 

Gale A. S., Kenncdy W. J., Bumctt J. A., Caron M. & Marshall J. D. 1997. The Late Albian 

to Early Ccnomanian succession near Rosans (DrGmes, S E France), an 

integntcd study (ammonites, inocenniids, planktonic, nannofossils, osygcn 

and carbon isotopes). Cretaceous Research, 17: 5 15-606. 

Gallois R. W. & Mortcr A. A. 1982. Thc stratigraphy of the Gault of East Anglia. 

Proceedings of the Geologists' Association, 93: 35 1-368. 

Ganz E. 1912. Stratigraphic der nlittclcren Krcide (Gargasicn und Albien) der oberen 

hclvctischen Dccken in der Ndrdlichen Sch~veizeralpen. Neue 

Denkschriften der Schweizerischen Naturforschenden Gesellschaft, 47: 

1-148. 

Geczy B. 1960 A Neoanlmoideak eletniodjarol . Foldtani Kozlony Magyar Foldtani 

Tarsulat, 90: 200-203. 

Ghiretti, F. 1966 Respiration, p. 175-208. In K. M. Wilbur & C. M. Yonge (eds.), Physiology 

of Mollusca, Part 2. Academic Prcss, New York, USA. 

Giebel C. G. 1852. Die Fauna der Vorwelt Volume 3, Mollusken. svi + 856 pp. Leipzig, 

Gennaly. 

Gienitz H. B. 1849. Das Quadersandsteingebirge oder Kreideregebirge in Deutschland. 

293 pp, 12 pls. Frciburg, Gcrmany. 

Gill T. 1871. Arrangcnicnt of the Faniilies of Mollusks. Smithsonian Miscellaneous 

Collection, 227: 1-11?. 

Goloboff P. A. 1991. Homoplasy and thc choice among cladogmms. Cladistics, 7: 15-232. 

Gossling F. 1929. Thc Gcology of the Country around Reigate. Proceedings of the 

Geologists' Association, 40: 197-259. 

Gould S. J. 1977. Ontogeny and Phylogeny. Belknap Press, Cambridge, UK. 

Graves L. Essais sur le topograpliie gebgnostique du dbpartment. de I'Oise. 804 pp. 

Bcauvais, France. 



Ecology, Stmtigrapl~y, and Pl~ylogcny of the tIctcromo~$~ Anuilonoidua of the Albian 

de Haan G. 1825. Monographiae Aninioniteorum et Goniatiteorum. vii + 168. Lugdui 

Batavorum, Holland. 

Grisley M. S. 1993 Scpantion and partial characterization of salivary enzymes espresscd 

during prey handling in the octopus Eledone cirrhosa. Comparative 

Biochemistry and Physiology, 105B: 183-192. 

Grisley M. S. & Boylc P. R. 1990 Chitinase, a new enzyme in octopus saliva. Comparative 

Biochemistry and Physiology, 95B: 31 1-316. 

Haas 0 1942. The Vernay collcction of Cretaceous (Albian) Ammonites from Angola. 

Bulletin of the American Museum of Natural History, 81: 1-224. 

Hancock J. M. & Kauffman E. G. 1979. The great transgressions of the Late Cretaceous. 

Journal of tlie Geological Society of London, 136: 175-186. 

Hattin D. E. 1975. Stratigraphy and depositional environment of the Greenhorn Limestone 

(Uppcr Cretaceous) of Kansas. Bulletin of the Kansas University 

Geological Survey, 209: 1-128. 

Hattin D. E. 1977. Uppcr Cretaceous stratigraphy, paleontology and paleoecology of Western 

Kansas with a section on the Pierre Shale by W. A. Cobban. Mountain 

Geologist, 14: 175-218. 

von Hauer F. 1861. Ubcr die Pctrefaktcn der Kreidcformation des Bakonyer Waldes. 

Sitzungs-Berischte kaiserlischen und koenigslischen der Akademie der 

Wissenscliaften in Wien, 44: 63 1-659. 

Haq B. 1984. Palcoceanography: A synoptic overview of 200 million years of ocean history, 

201-230. In Haq B. U & Millimm J. D. (eds.) Marine Geology and 

Oceanography of tlie Arabian Sea and Central Pakistan. Van Nostrand 

Reinhold, New York, USA. 

Haq B. 199 1. Sequence stratigraphy, sea-level change and significance for the deep sea. 

International Association of Sedimentologists Special Publication, 12: 3- 

39. 

Haq B., Hardcnbol, J. & Vail, P. R. 1987. Chronology and fluctuating sca levels since the 

Triassic. Science, 235: 1156-1 166. 

Hdbcrt E. & Toucas A. 1875. Matdriaus pour servir A la dcscription du terrain crdtact 

supdrieur en France. Dcscription du Basin d'uchaux. Annales de Sciences 

Geologique, 5: 1-132. 

Heim A. & Scitz 0. 1934. Dic Mittlcre Kreide in den alpcn von Rlleintal und Voralberg und 

das problcm der Kondensation. Denkscliriften der Schweizerischen 

Naturforschenden Gesellschaft, 69: 185-3 10. 

Hellcr J. 1990. Longevity in Molluscs. Malacologia, 3 1: 259-295. 

Henderson R. A. 1973. Clarcnce and Raukun~ara Series (Albian - ?Santonian) Ammonoidea 

from Ne\vZealand. Journal of the Royal Society of New Zealand, 3: 71- 

123. 



Ecology, Stmtigrepl~y, and Phylogeny of the IIctcromorph Ammonoidw of the Albian 

Henderson R. A. 1984. A muscle attachment proposal for scptal hnction in Mesozoic 

ammonoids. Palaeontology, 27: 461-486. 

Henderson R. A. 1990, Late Albian ammonitcs from the Northcrn Territory, Australia. 

Alcheringa, 14: 109-148. 

Hengsbach R. 1996. Amnionoid Pathology, 581-605. In Landman N. H., Tanabe K., Davis R. 

A. (cds.), Am~iionoid Paleobiology, Topics in Geobiology Volume 13. 

Plcnum Prcss, New York, USA. 

Hewitt R. A. 1985. Numerical aspccts of sutural ontogeny in the Ammonitina and 

Lytoceratina. Neues Jahrbuch fiir Geologie und PalHontologie 

Abhandlung, 170: 273-290. 

Hewitt R. A. 1996. Architccture and Strength of the Ammonoid Shell, 297-339. In Landman 

N. H., Tanabe K., Davis R. A. (cds.), Ammonoid Paleobiology, Topics in 

Geobiology Volume 13. Plenum Prcss, New York, USA. 

Hewitt R. A, Wcstcnnann G. E. G., 8: Clicca A 1993 Gro\\.th ratcs of ammonites estimated 

from aptychi, p. 203-208. In S. Elmi, C. Mangold & Y. Almeras (eds.), 3- 

eme Symposium international sur le Cephalopodes actuels et fossiles. 

Geobios Memoire Special 15. 

Hillis D. M. & Bull J. J. 1993. An empirical test of bootstrapping as a method for assessing 

confidcncc in pliylogcnctic analysis. Heredity, 83: 189-195. 

Hitzel E. 1905. Sur Ics fossiles de 1'~tage albien rccueillis par M. A. Gutbhard dans la rcgion 

d'Escragnolles (Alpcs-Maritirnes). Bulletin de la Societe Geologique de 

France, fourth series, 2: 874-880. 

Hollis E. 1971. Occurcnce of the aninionite Ptychocers gn~rltinlrnt (J. Sowerby) in the Upper 

Albian of Kcnt, England. Palaeontology, 14: 592-594. 

House, M. R. 1993. Fluctuations in anlnionoid evolution and possible environmental controls, 

p. 13-34. In House, M. R. & Senior, J. R. (eds.), The Ammonoidea. 

Systematics Association Special Volu~ne 47. Clarcndon Press, Osford, UK. 

Howartl~ M. K. 1992 The ammonite family Hildoceratidae in the Lower Jurassic of 

Britain. Monograph of The Palaeontographical Society. The 

Palacontographical Socicty, London, UK. 
Immel H. 1979. Cenonian-Animoniten aus dcn Loscnsteiner Schichten der Bayerischen- 

Alpcn, p. 607-644. In Wiedniann J. (ed.), Aspekte der Kriede Europas: 

beitraege zum 1 Symposium Deutsche Kriede-Bindeglied zwischen 

Boreal und Tethyz-Muenster in Westfalen April 1978. International 
. , Union of Geological Sciences. Series A, Volume 6. 

Immel H. 1987. Die Krcidcamnionitcn dcr Ndrdlichen Kalkalpcn. Zitteliana, 15: 3-163. 

Immcl H. & Scycd-Emanii K. 1985. Die Krcideaninioniten dcs Gl;lukoniticalkes (0 .  Alb-0. 

Ccnonian) dcs Kolak-Qazi-Gebirgcs siiddstlicli von Esfalian (Zentraliran). 

Zitteliana, 12: 87-137. 



Ecology, Stmtigraphy, and Pllylogcny of the IIctcromor),l~ Anunonoidm of the Albian 

Ivanov A. N. & Pictrcsson de Saint-Aubin J. 1995. Sur Ie mode de vie planctonique dcs 

amnlonitcs n~esozoi'ques. Association Geologique Auboise Bulletin 

Annuel, 16: 41-48. 

Jacobs D. K. & Landman N. H. 1993 Noutiltis-A poor model for function and behaviour of 

ammonoids? Lethaia, 26: 101-188. 

Jayet A. 19263. ~ t u d e  stratignphique de la Pcrte-du-RhBne, prks de Bcllegarde (Ain). 

Eclogae Geologicae Helvetiae, 20: 159-222. 

Jayet A. 1926b. Sur Ics n~dlangcs de faunes de 1'Albidn du Genevois (Haute-Savoie). Compte 

Rendu des seances de la Societe de Physique et d'liistoire Naturelle de 

Geneve, 43: 155-158. 

Jayet A. 1926c. L'Albicn du Rcposoir (Aravis, Haute-Savoie). Compte Rendu des seances 

de la Societe de Physique et dlHistoire Naturelle de Geneve, 43: 170-172. 

Jelctzky J. A. 1968. Macrofossil Zones of the Marine Cretaceous of the Westenl Interior of 

Canada and tllcir correlation with the Zones and Stages of Europe and the of 

Westcnl Intcrior of the Unitcd States. Canada Geological Survey Paper, 

64-1 1: 1-100. 

Jeletzky J. A. 1977. Mid-Cretaceous (Aptian to Coniacian) history of the pacific Slope of 

Canada. Mid-Cretaceous Events, Palaeontological Society of Japan 

Special Papers, 21: 97-126. 

Jeletzky J. A. 1980. New or fom~erly poorly known, biochronologically important 

gastroplitinid and cocniccntid (Ammonitida) taxa from the Middle Albian 

rocks of n~id\vcstcm and Arctic Canada. Canada Geological Survey Paper, 

79-22: 1-62. 

Johanscn K., Rcdmond J. R. & Bounle G. B. 1978 Respiratory eschaige and transport of 

osygcn in Nntitiltispompili~is. Journal of Experimental Zoology, 205: 27- 

35. 

Jones D. L. 1961. Musclc attachment inlpressions in a Crctaceous ammonite. Journal of 

Paleontology, 35: 502-504. 

Jordan R 1968. Zur Anatonlie mcsozoischer Amnloniten nach den Strukturalele~r~enten der 

Gel13use-Inncn\vand. Beiliefte zum Geologischen Jahrbuch, 77: 1-64. 

Juignct P. & Kennedy W. J. 1976. Fauncs d'Ammonitcs et biostratigraphie comparte du 

Cdnomanien du nord-ouest de la France (Nom~andie). Bulletin Trimestriel 

de la Societe Geologique de Normandie et des Amis du Museum du 

llavre, 63: 1-1 93. 

Jukes- Brown A. J. 1900. The Cretaceous rocks of Great Britain. Memoirs of the 

Geological survey of the United Kingdom. Volume 1: The Gault and 

Upper Greensand of England. siv + 499 pp, 5 pls. 

Judd J. W. 1884. Nature and Relations of the Jurassic deposits which undcrlie London. 

Quarterly Journal of the Geological Society of London, 40: 724,729-762. 



Ecology, Stratigraphy, and Phylogeny of the Hct:tcromorpl~ Anunonoida of the Albian 

Kakabadza M. V, 8: Shankadza M. Z. 1993 On the mode of life of heteroniorph ammonites 

hcterocone, ancylocone, ptychocone), p. 209-215. In S. Elmi, C. Mangold 8: 

Y. Almeras (eds.), 3-eme Symposium international sur  le Cephalopodes 

actuels et fossiles. Geobios Memoire Special 15. 

Kaplan U. 8: Schmid F. 1988. Die heteromorphen Ammoniten der Gattungen 

E~ibostrychocerns und H~phnntocerrrs aus dem Turon NW-Deutschlands. 

Geologie und PalHontologie in Westfalen, 12: 47-87. 

Kauffman. E. G. 1977. Illustrated guide to biostratignphically important Cretaceous 

macrofossils, Western Intcrior Basin USA. Mountain Geologist, 14: 225- 

274. 

Kelley S. R. A. &: Moncrieff A. C. M. 1992. Marine molluscan constraints on the ag.e of 

Crctaccous forcsts of Alesandcr Island, Antarctica. Geological Magazine, 

129: 771-778. 

Kennedy W. J. 1970. A Corrclation of the Uppemiost Albian and the Cenomanian of South- 

West England. Proceedings of the Geologists' Association, 81: 613-678. 

Kennedy W. J. 1971. Cenomaniat Ammonites front Southem England. Special Papers in 

Palaeontology, 8:l-133 pp, 64 pls. 

Kennedy W. J. 1993. Amnlonite faunas of the European Mastrichtian, diversity and 

estinction, p. 285-326. In House, M. R. 8: Senior, J. R. (eds.), The 

Ammonoidea. Systematics Association Special Volume 47. Clarendon 

Press, Osford, UK. 

Kennedy W. J., Amidro F. 8: Collctt C. 1986. Late Cenomanian and Turonian ammonites 

from the Ardcnnes, Aubc and Yonne, eastem Paris Basin. Neues Jalirbucll 

fiir Geologie und PalHontologie Abhandlung, 172: 193-217. 

Kennedy W. J., Chahida M. R. 8: Djafarian M. A. 1978. Cenonlanian cephalopods from the 

Glauconitic Limestone south-east of Esfaltan. Acta Geologica Polonica, 24: 

3-50, PIS. 1 -8. 

Kennedy W. J. 8: Cobbm W. A. 1976. Aspects of ammonite biology, biogeography and 

biostratigraphy. Special Papers in Palaeontology, 17: 1-94 pp. 

Kennedy W. J. 8: Hancock J. M. 1976. The Mid-Cretaceous of the United Kingdom. Annales 

du Museum d1I1istoire Naturelle de Nice, 4: 1-72. 

Kennedy W. J., Hancock J. M. 8: Christenscn W. K. 1980. Albian and Cenomanian 

ammonites from the island of Bomholm (Dcnmark). Bulletin of the 

Geological Society of Denmark, 29: 203-244. 

Kennedy W. J. 8: Juignet P. 1983.A revision of the ammonite faunas of the type Cenomanian. 

1. Introduction, Ancylocentina. Cretaceous Research, 4: 3-83. 

Keupp H 1976. Ncuc Beispicle fur Regc~ierationsmcchanis~~~s bei verlctzcn und knnken 

A~iintonitcn. PalHontologische Zeitschrift, 51: 70-77. 



Ecology, Stratigraphy, and Mlylogcny of thc IIdcromoryh Armnonoidea of the Albian 

Kilian W. 1907-1913. Unterkriede (Palaeocrctacicum). In Frcch F., Lethaea Geognostic 2, 

Mesozoic, Volume 3, Kreide. 

Klassen G. J., Mooi R. D., & Locke A. 199 1. Consistency indices and random data. 

Systematic Zoology, 40: 446-457. 

Klinger, H. C. 1980. Speculations on Buoyancy Control and Ecology in some Heteromorph 

Ammonites, p. 337-355. In House, M. R & Senior, J. R. (eds.), The 

Ammonoidea. Systematics Association Special Volume 18. Academic 

Press, London, UK. 

Klinger, H. C. & Kcnncdy W. J. 1978. Turrilitidae (Cretaceous Ammonoidea) from South 

Africa, with a discussion of the evolution and limits of the family. Journal of 

Molluscan Studies, 44: 1-48. 

Kluge A. G. 1984. T l~e  relevance of parsimony to phylogenctic inference. In Duncan, T. & 

Stuessey, T. F. (eds.), Cladistics: Perspectives on the Reconstruction of 

Evolutionary History. Colun~bia University Press, New York, USA. 

Kluge A. G. & Farris J. S. 1969. Quantitative phyletics and the evolution of anunns. 

Systematic Zoology, 18: 1-32. 

Knetchel M. M., Richards E. F. & Rathbun M. V. 1947. Mcsozoic Fossils of the Peruvian 

Andcs. Johns Hopkins University Studies in Geology, 15: 1-150,50 PIS. 

Knight R. 1. 1994. Mid- and Early Late Albian benthic palaeoenvironnlents of the 

Anglo-Paris basin. PhD Thesis (University of Osford). 

Knight R. I. 1997. Bcnthic palaeoecology of the Gault Clay Fom~ation (mid and basal Upper 

Albian) ofthe \vestern Anglo-Paris Basin. Proceedings of the Geologists' 

Association, 108: 81-103. 

Kolodny Y. & R a b  M. 1988. Osygen isotopes in phosphatic fish remains from Israel: 

Palcotl~cnnoniet~y of tropical Cretaceous and Tertiary shelf waters. 

Palaeogography, Palaeoclimatology, Palaeoecology, 64: 59-67. 

Kom D. 1995. Pacdo~i~orphosis of ammonoids as a rcsult of sea level fluctuations in the Late 

Dcvonian Wockhrmerio Shale. Lethnia, 28: 155-165. 

Kossmat F. 1895. Untcrsuchungen iiber die siidindische Kreidfomlation. Beitrage zur 

PaIHontologie und Geologie ~sterreich-ungarns und des Orients, 9: 97- 

203. 

Krishna J. 1980. Uncoilcd ammonites of Middle Albian (Lower Cretaceous) age from Habur 

Scrics, Jaisalmer, Rajasthan. Journal of the Palaeontological Society of 

India, 23 8: 24,49-54. 

Kulicki C. 1974. Remarks on the embryology and postembryonal development of ammonites. 

Acta Palaeontologica Polonica, 19: 201-224. 

Kulicki C. 1979. The animonitc shell: Its structure, development and biological significance. 

Palaeontologica Polonica, 39: 97-142. 



Ecology, Stntigraphy, and Phylogeny of the IIdcromorph Anunonoidca of the Albian 

Kulicki C., Doguzlieava L. A, 8: Kabanov G. K. 1988 Notrtilzrs jaw like elements of a juvenile 

amnionite, p. 679-686. In Wiedniann J. & Kull~iiann J. (eds.), 

Ceplialopoda-Present and Past. 0. H. Scliindewolf symposium (Second 

International Ceplialopod Synlposiuni) Tubingen 1985. 

Sch\vcizcrbarts'che, Stuttgart, Gcrrnany. 

Landman N. H. 1989. Itcmtive progenisis in Upper Cretaceous ammonites. Paleobiology, 15: 

95-1 17. 

Landman N. H. & Cochran J. K. 1987. Gro\i-th and longevity of Natrtilus, p. 401-420. In W. 

B. Saundcrs & N. H. Landman (eds.), Nautilus: The Biology and 

Palaeobiology of A Living Fossil. Plenum Press, New York, USA. 

Landman N. H., Taiabc K., & Shigeta Y. 1996 Animonoid embryonic development, p. 343- 

405. In Landnian N. H., Tanabc K., Davis R. A. (eds.), Ammonoid 

Paleobiology, Topics in Geobiology Volume 13. Plenum Press, New York, 

USA. 

Lane F. W. 1960. Kingdom of the Octopus. xs + 300 pp, 52 pls. Sheridan House, New 

York, USA. 

de Lapparcnt A. A. & Fritcl P. 1888. Fossiles cliaracteristiques des Terrains 

sidimentaires. Volume 2 Fossiles secondaires. 20 pls. Paris, Fmnce. 

Larcher C., Rat P. & Malampris M. 1965. Docunients Paldontologiques et Stmtigrapliiques 

sur 1'Albien de 1'Aubc. Memoire du Bureau de Recherches Geologiques et 

Minieres, 34: 237-253. 

Leanza A. F. 1970. Ammonitcs nucvos o pocos concidos dcl Aptiano, Albiano y 

Ccno~iianiano dc 10s Andcs Australes con notas acerca de su posicion 

estntigrafica. Revista de la Associaci6n Geol6gica Argentina, 25: 197- 

261. 

Lebrun P. 1996. Amnionitcs. Mintraux et Fossiles, Hors-Skrie 4: 1-96. 

Lee P. G. 1994. Nutrition of ccplialopods: Fueling the Systcm, p. 35-52. In H. 0. Portner, R 

K. O'Dor & D. L. Macniillan (eds.), Pliysiology of Ceplialopod Molluscs- 

Lifestyle and Performance Adaptations. Gordon & Breach Science 

Publisl~crs S. A., Bascl, S~i~itzcrland. 

Lehmann U. 1967. Aninionitcn niit Kicfcmpparat und Radula aus Lias-Gcschicbcn. 

PaIHontologische Zeitsclirift, 41: 38-45. 

Lehmann U. 1975. Ubcr Nahmng und Ern5lirungsiveise von Ammonites. PalIontologische 

Zeitsclirift, 49: 187-195. 

Lehmann U. 1981 The Ammonites. 246 pp. Cambridge University Press, Cambridge, UK. 

Lehmann U 1985. Zur Anatomie dcr Ammoniten: Tintcnbeutel, Kienien, Augen. 

Pallontologisclie Zeitsclirift, 59: 99-108. 

Lchmann U. & Hillmcr G. 1983. Fossil Invertebrates. xiv + 350 pp. Cariibridge University 

Prcss, Cambridge, UK. 



Ecology, Stratigra})liy, and Phylogeny of the l Icteromo~li  Anunonoidca of the Albian 

Lehmann U. & Wcitschat W, 1973 Zur Anatomie und Okologie von Animoniten: Fundc von 

Kropf und Kicmcn. PalHontologische Zeitschrift, 47: 69-76. 

Lemoine P. 191 1. Geologie du Bassin de Paris. 408 pp , 9  pls. Paris, France. 

Leymerie A. 8: Raulin V. 1858. Statistique geologique du department de I'Yonne. 864 pp, 

4 pls. Paris, France. 

Lewvy Z. Octopods: Nude ammonoids that survived the Crctaceous-Tertiary boundary mass 

exqinction. Geology, 24: 627-630. 

Lory C. 185 1. Sur la sdrie des tcrrain crdtacds du department de l'Is&re. Bulletin de la Societe 

Geologique de France (second series), 9: 5 1-71. 

Mackie S. J. 1860. Gcology of Folkestone. Geologist, 3: p. 41-45,s 1-90, 121-13 1,201-207, 

28 1-284,32 1-327,353-357,393-396. 

Macsotay 0. 1971. Significado cronolo~ico y palcoecologico de 10s amonites dcsenrollados 

dc la foni~acion Chupista del grupo Caracas. IV Congrcso Geologico 

Vcnczolano 1969. Boletin de Geologia, Special Publication, 5: 1703-1714. 

Madisson, W. P. & Madisson, D. R. 1992. MacClade: Analysis of Phylogeny and 

Character Evolution, Version 3.05. Sinmer Associates, Sunderlaid, 

Massachusetts, USA. Apple Macintosh comptrterprogram. 

Malinowka L. 1989. Geology of Poland, Part 2c, Rfesozoic, Cretaceous. 422 pp. Warsaw, 

Poland. 

Mangold K. 1987 Rcproduction, p. 157-200. In P. R. Boyle (ed.), Cephalopod Life Cycles. 

Part 2. Acadcmic Prcss, London, UK. 

Mantell G. A. 1822. Fossils of the South Downs. 320 pp, 43 pls. London, UK. 

Mantell G. A. 1829. A scientific catalogue of the organic remains of Sussex. Transactions of 

the Geological Society, 2: 201-216. 

Mantell G. A. 1833. The Geology of South East England. 415 pp, 7 pls. London, UK. 

Mantell G. A. 1850. Pictorial Atlas of Fossil Remains. 72 pls. London, UK. 

Marcinowski R. 1970. T l~c  Crctaccous transgressive deposits east of Czestocho\va (Polish 

J u n  Chain). Acta Geologica Polonica, 20: 413-449, pls. 1 -4. 

Marcinowski R. 1974. The transgrcssive Cretaceous deposits (Uppcr Albian through 

Turoniai) of the Polish Jura Chain. Acta Geologica Polonica, 24: 117-217, 

pls. 1 -30. 

Marcinowski R. 1980. Cenomanian ammonites from the Gemlan Democratic Republic, 

Poland, and thc Sovict Union. Acta Geologica Polonica, 30: 215-325, pls. 1 

-1 8 

Marcinoivski R. & Naidin D. P. 1976. An Uppcr Albian anl~ilonite fauna from Crimca. Acta 

Geologica Polonica, 26: 83-1 19, pls. 1 -9. 

Marcinowski R. & Wicdmann J. 1985. The Albial animonite fauna of Poland and its 

palcogeographical significance. Acta Geologica Polonica, 35: 200-219. 



Ecology, Stratigraphy, wd Miylogcny of the I-Ictcromo~h An~monoidca of the Albian 

Marcinowski R. & Wicdmann J. 1990. The Albian ammonites of Poland. Palaeontologica 

Polonica, 50: 1-94 +24 pls. 

Matheron P. P. E. 1842-43. Catalogue methodique et descriptif des Corps organises 

fossiles du departement des Bouclies-du-Rhone et lieux circonvoisins, 

precede d'un Memoire sur les terrains superieurs au Gres Bigarre du 

S.E. de la France. 269 pp. 41 pls. Marseille, France,Isszled in foztrpnrts, of 

which rhefirst (pp. 1-95, pls., i-xiii) oppenred in 1812, the remainder, 

contnining rhe whole of the pnleontological text, in 1513. 

Matsumoto T. 1959. Upper Cretaceous Ammonites of California, part 1. Memoirs of the 

Faculty of Science, Kyushu University, Series D, Geology, 8(4): 1-171. 

Matsumoto T. 1963. Tlle Cretaceous p. 99- 128. In F. Takai, T. Matsumoto, & R. Toriyama 

(eds.) Geology of Japan. University of Tokyo Prcss, Tokyo, Japan. 

Matsumoto T. 1964. Ontogeny and evolution in some Crctaceous ammonites. Fossils, 8: 67- 

76. 

Matsumoto T. 1965. Faunal changes in Crctaceous cephalopods. Fossils, 9: 24-29. 

Matsumoto T. 1967. Evolution of the Nostoceratidae. Memoirs of the Faculty of Science, 

Kyushu University, Series D, Geology, 18(2): 33 1-347. 

Matsumoto T. 1973. Late Crctaccous An~monoidca, p. 421-429. I11 A. Hallani (ed.), Atlas of 

Palaeobiogeograpliy. Elsevier, Amsterdam, Holland. 

Matsumoto T. & Obata I. 1963. A nionogmph oftlle Baculitidae from Japan. Memoirs of the 

Faculty of Science, Kyusliu University, Series D, Geology, 8(1): 1-1 16. 

Matsumoto T. 8: Nihongi M. 1979. An interesting mode of Occurcnce of Polyptychoceros 

(Crctaccous Hctero~~~orph Ammonoid). Proceedings of the Japan Academy 

Series B, 55: 1 15-1 19. 

Matsumoto T. 8: Yokoi K. 1987. Tiny aninionite Worrhocerns from Hokkaido (Studies of 

Crctaccous Anlmonitcs from Hokkaido, Japan). Transactions and 

Proceedings of the Palaeontological Society of Japan, 146: 43-48. 

McNamara K. J. 1990. Hctcrochrony. p. 11 1-1 19. In D. E. G. Brigjs & P. R. Crowtller (eds.) 

Palaeobiology - A synthesis. BIack\vell, Osford, UK. 

Missouri Country. Monograph, United States Geological and Geographical Survey of the 

Territories, 9: 629 pp, 45 pls. 

Meier R 1994. On the inappropriateness of prcsence/abscnce recoding for non-additive 

multistde chanctcrs in computerizcd cladistic analyses. Zoologischer 

Anzeiger, 232: 201-2 12. 

Meunier S. 1888. Contribution h la Gdologie dc I'Afrique occidentale. Bulletin de la Societe 

Geologique de France, 16: 61-63. 

Michelin H. 1838. Note sur le argile dependant du Gault, observde au Gaty, pris GCrodot. 

hleriioir de la Societe Geologique de France, I: 97-103. 



Ecology, Stratigraphy, and Phylogeny of the IIetcromorph A~~unonoidea of the Albian 

Milbourne R. A. 1955. The Gault at Greatness Lmc, Sevenoaks, Kent. Proceedings of the 

Geologists* Association, 66: 235-242. 

Monks N., Hardwick J. D., & Gale A. S. 1996. The hnction of the belemnite guard. 

Paliontologische Zeitschrift, 70: 425-431. 

Monks N. &Young J. R. 1998. The hnctional morphology of Cretaceous heteromorph 

ammonites. Palaeontologica Electronica, 1. 

Morct L. & Mallmoud I. G. E. 1954. Nouvelles observations stntignphiques et 

pal6ontologiques sur 1'Albien du Massif du Moghan. Travaux Laboratoire 

de Geologie L9Universit6 de Crenoble, 3 1: 269-274. 

Moms J. 1854. A Catalogue of British Fossils. 222 pp. London, UK. 

Morton J. E. 1958 Molluscs. Hutchinson, London, UK. 

Morton N. 198 1 Aptychi: the myth of t l~c ammonite operculum. Lethaia, 14: 57-61. 

Moxon C. 1841. Fossils of British Strata. siii + 34 pls. London, UK. 

Mutvei H. 1964. Rcmarks on the anatomy of recent and fossil Cephalopoda. 

Paliontologische Zeitschrift, 49: 196-202. 

Mutvei H. 1975. The mode of life of ammonoids. Stockliolm Contributions to Geology, 11: 

653-688. 

Nakai I & Maturnoto T. 1968. On some ammonites froin the Cretaceous Fujikawa formation 

of Shikoku. Journal of Science of the Hiroshima University, Series C, 

6(1): 1-15. 

Neaverson E. 1928. Stratigraphical Palaeontology. xiv + 525 pp. London, UK. 

Neumayr M. 1875a. Die An~illonitcn der Kreidc und die Sytematik der Ammonitcn. 

Zeitschrift der Deutsclien Geologisclien Gesellscliaft, 27: 854-942. 

Neumayr M. 1875b. Ubcr Kreide An~monitidcn. Sitzungsberichte Akademie der 

Wissenschaften, 71: 639-693. 

Nixon M. 1987 Cephalopod dicts, p. 201-219. In P. R. Boyle (ed.), Cephalopod Life Cycles. 

Part 2. Academic Prcss, London, UK. 

Nixon M. 1988a The buccal mass of fossil and recent Cephalopoda, p. 103-1 12. In M. R. 

Clarkc & E. R. Truenlan (eds.), The Mollusca, Volume 12, Paleontology 

and Neontology of Cephalopods. Academic Press, London, UK. 

Nixon M. 1988b. Thc fccding mecha~~isms and dicts of cephalopods-living and fossil, p. 641- 

652. In Wicdn~ann J.  & Kullmann J. (eds.), In Wiedrnann J. & Kullmmn J.  
(cds.), Ceplialopoda-Present and Past. O.H. Schindewolf symposium 

(Second International Cephalopod Symposium) Tubingen 1985. 

Sch\\cizcrbarts'che, Stuttgart, Gennany. 

Nixon M. 1995. A no~i~cilclaturc for t l~e ndula of the Ccphalopoda (Molluscs)-living and 

fossil. Journal of the Zoological Society of London, 236: 73-8 1. 



Ecology, Stmtigraplly, and Mlylogeny of the IIdcron~orph Anunonoidea of t11c Albian 

Nixon M. 1996. Morphology of the Ja\\fs and Radula in Ammonoids, p. 815-824. In Landman 

N. H., Taiabe K., Davis R. A. (eds.), Ammonoid Paleobiology, Topics in 

Geobiology Volume 13. Plenum Prcss, Ncw York, USA. 

Nowak J. 1908. Untersuchungen iiber die Cephalopoden der oberen Kreide in Polen. Bulletin 

of tlie Academy of Science of Cracovie, [B]: 327-353, pls. 40-45. 

Nowak J. 1916. Uber die bifiden Loben dcr oberkretazischen Ammoniten und ihre Bedeutung 

h r  die Systcmatik. Bulletin of the Academy of Science of Cracovie, [B]: 1- 

13. 

O'Dor R. K., Forsl.the J., Webber D. M., Wells J., &Wells M. J. 1993 Activity levels of 

Notltillrs in the wild. Nature, 362: 626-628. 

O'Dor R. K., Hoar J. A., Webber D. M., Carey F. G., Tanaka S., Martins H. R., 8: Porteiro F. 

M. 1994. Squid (Loligo forbesi) performance and metabolic rates in nature. 

Marine and Freshwater Bel~aviour and Physiology, 25: 163-17. 

O'Dor R. K., Portner H. 0 .  & Shadnrick R. E. 1990 Squids as elite athletes: locomotory, 

rcspiratory, and circulatory intcgntion, p. 481-503. In D. L. Gilbert, W. J. 

Adelman & J. M. Arnold (eds.), Squid as Experimental Animals. Plenum 

Prcss, Ncw York, USA. 

Okamoto T. 1988a. Analysis of hctcromorph animonoids by differential geometry. 

Palaeontology, 3 1: 35-52. 

Okamoto T. 1988b. Developmental regulation and morpliological saltation in the 

heteromorph ammonite Nipponites. Paleobiology, 14: 272-286. 

Oldham T. 1865. The Fossil Cephalopoda of tlie Cretaceous Rocks of Southern India. 

Mcn~oirs of the Geological Survey, Palaeontologica Indica. Calcutta, India. 

d'orbigny A. 1842. Paliontologie Franqaise. 662 pp + 148 pls. Paris, Francc. 

d'orbigny A. 1850. Prodrome de Pal6ontologie, Volume 2.428 pp. Paris, France. 

Owen, R. 1832 Memoir on tlie Pearly Nautilus Nautilirspompiliirs Linnaeus with 

illustrations of its external form and internal structure. Richard Taylor, 

London, UK. 

Owen R. 1844. A dcscriptioii of certain bclcninitcs prcscrved with a great proportion of their 

soft parts in thc Oxford Clay at Christian Malford, Wiltshire. Philosophical 

Transactions of the Royal Society of London, 1844: 65-85. 

Owen H. G. 1954. The Gault at Greatness Lane, Sevenoaks. Proceedings of the Geologists' 

Association, 65: 235-242. 

Owen H. G. 1958. Lower Gault Sections in the Northern Weald and the Zoning of tlie Lo~iler 

Gault. Proceedings of the Geologists' Association, 69: 148-165. 

Owen H. G. 1960. Thc Gault-Lower Greensand Junction and the Lower Gault of the 

Maidstonc By-pass (East Section) Kent. Proceedings of the Geologists' 

Association, 71: 364-378. 



Ecology, Stntigrapl~y, and Phylogeny of the I Ictcron~orph Anunonoid~ of t l~e Albian 

Owen H. G. 1963. Sonle sections in the Gault of thc Wcald. Proceedings of the Geologists* 

Association, 74: 35-53. 

Owen H. G. 1971a. Middlc Albian Stratigraphy in the Anglo-Paris Basin. Bulletin of the 

British Museum (Natural History) Supplement 8. 164 pp + 3 pls. BMNH, 

London., UK. 

Owen H. G. 1971b. The stratigraphy of the Gault in the Thames Estuary and its bearing on 

thc Mcsozoic tcctonic history of the area. Proceedings of the Geologists* 

Association, 82: 187-207. 

Owen H. G. 1973. Amnlonitc faunal provinces in the middle and upper Albian and their 

palaeogeograpllic significance. The Boreal Lower Cretaceous, Geological 

Journal Special Edition 5, 145-154. 

Owen H. G. 1979. Ammonite zonal stratigraphy in the Albian of North Germany and its 

sctting in the Hoplitinid fauanal province. p. 563-588. In Wiednlann J. (ed.), 

Aspekte der Kriede Europas: beitraege zum 1 Symposium Deutsche 

Kriede-Bindeglied zwischen Boreal und Tethyz-Muenster in Westfalen 

April 1978. International Union of Geological Sciences. Series A, Volume 

6. 

Owen H. G. 1984. Albian stage and substage boundaries. Bulletin of the Geological Society 

of Denmark, 33: 184-189. 

Owen H. G. 1992. Tllc Gault-Lo\vcr Greensand Junction Beds in the Northern Weald 

(England) and Wissant (France), and their depositional environment. 

Proceedings of the Geologists' Association, 103: 83-1 10. 

Packard A. 1972. Cephalopods and fish: the limits of convergence. Biological Reviews, 47: 

24 1-307. 

Packard A. &: Trucman E. R. 1974 Muscular activity of thc mantle of Sepia and Loligo 

Ccphalopoda during respiratory rnovcments and jetting, and its physiological 

intcrprctation. Journal of Experimental Biology, 61: 41 1-419. 

Parkinson J. 18 1 1. Organic Remains of a Former World, Volume 3. Shenvood Ncely & 

Joncs, London, UK. 

Parona C. F. & Bonarclli E. G. 1897. Fossili albiani d'Escragnolles, del Nizzardo e della 

Liguria occidcntale. Palaeontographica Italica, 2: 53-1 12. 

Passcndorfcr E. 192 1. Sur Ie Crctace hauttatrique dc la Tatra. Bulletin de la Societe 

Geologique de Pologne, 1: 217-250. 

Passendorfcr E. 1930. ~ t u d e  stntigrapllique et paldontologie du CretacC de la Sine 

hauttatriquc dans Ics Tatras. Travaux du Service Geologique de Pologne, 

2: 5 1 1-676. 

Passy A. 1832. Description geologique du department de la Seine-Inferieur. 371 pp. 

Rouen, Francc. 



Ecology. Slmtigralilly, and Phylogeny of the IIctcro~~ioq~h Amnonoidea of the Albian 

Perkins B. F. 1961. Biostratigmphic studies in the Comanche (Cretaceous) Series of Nortl~em 

Mesico and Texas. Geological Society of America Memoir, 83: 1-138. 

Pewinquerc L. 1910. Sur quelques Ammonites du Crktact Algtrien. Memoir de la Societe 

Geologique de France, Palt!ontologie, 17 (42): 1-86. 

Phillips D. 1977. Catalogue of the Type and Figured specimens of Mesozoic Ammonidea 

in the British Museum (Natural History). 220 pp. British Museum 

(Natural History), London, UK. 

Phillips D. 1987. Additions to the Catalogues of the Type and Figured specimens of 

Mesozoic Ammonidea in the British Museum (Natural History). 155 pp. 

British Museum (Natural History), London, UK. 

von Pia J. 1923. Ubcr die ethologische Bedcutung einigcr Hauptzuge in der 

Stan~mesgescl~lichte dcs Cephalopoden. Annales der Naturhistorische 

Museum die Wien, 36. 

Pictet F. J. 1847. Descriptions des Molli~sques fossiles qui se trouvent dans le Grts Verts des 

environs de Gtncve. 1. Ctphalopodes. Memoir de la Societe de Physique et 

d'Histoire Naturelle de Geneve, 11 (2): 257-412. 

Pictet F. J. 1854a. Notc sur le Succession dcs Mollusques ctphalopodes pendant l'tpoque 

crktactc dans Ic region des Alpcs Suisse et du Jura. Archives de Sciences 

Bibl. Univ, Nouvelle Shies, 10: 1-28. 

Pictet F. J. 1854b. Ccphalopodcs, p. 583-716. In Pictet F. J. Trait6 de Paltontologie. Paris, 

Francc. 

Pictct F. J. & Catnpichc G. 186 1. Description des fossiles du Terrain Crttacds des environs de 

Ste. Crois Materiaux pour la Paleontologic Suisse (2), part 1: 29-380, pls. 

1-43. Gcncva, S\vitzcrland. 

Pictet F. J. & Rcncvier E. 1854. Description dcs fossiles du ternin aptien de la Perts-du- 

Rhonc et des environs de Saintc-Crois. Matbriaux pour la Pal6ontologie 

Suisse (I), part 1: 1-184, pls. 1-23. Geneva, S~vitzcrland. 

Pictet F. J. 8: Rencvier E. 1866. Notices gdologiques et palContologiqucs sur les Alpes 

vaudoise ct Ics rtgions environnants. Bulletin de la Societe Vaudoise 

Sciences Naturelles, 9: 117-138. 

Pictct F. J. & Rous W. 1847. Description des Rlollusques fossiles qui trouvent dans les 

Gres Verts des environs de Geneve. 558 pp + 51 pls. Fick, Gcncva. 

Pimentel R. A. & Riggin R. 1987. The nature of cladistic data. Cladistics, 3: 201-209. 

Pleijel F. 1995. On chanctcr coding for phylogeny reconstruction. Cladistics, 11: 309-3 15. 

Price F. G. H. 1874. On thc Gault of Folkestonc. Quarterly Journal of the Geological 

Society of London, 30: 342-366. 

Price F. G. H. 1879. The Gault. 8 1 pp. Taylor & Francis, London, UK. 

Qucnstcdt F. A. 1845-49. Petrefactenkunde Deuthschlands (i) Cephalopoden. 6 volumes, 

1: 1845,2, 1846,3, 1847,4 &5,1848, and 6, 1849. 



Ecology, Slntigraphy, and Pllylogrny of the IIdcrotno~ph Anunonoidca of the Albian 

de Rance C. E 1868. On the Albian, or Gault, of Folkcstone. Geological Magazine, 5: 163- 

171. 

Raulin F. V. 1844. Notc sur la position gtognostique de la gaize ou pierre morte de 

1'Argonne. Bulletin de la Societe Geologique de France, second series, 1: 

171-175. 

Raup, D. M. 1966. Gcomctric analysis of shell coiling: general problems. Journal of 

Paleontology, 40: 1178-1 190. 

Raup, D. M. 1967. Gcomctric analysis of shell coiling: coiling in ammonoids. Journal of 

Paleontology, 41: 43-65. 

Rawson P. F. 1992. Cretaceous. pp. 355-388. In P. McL. D. Duff & A. J. Smith (eds.) 

Geology of England & Wales. The Geological Society, London, UK. 

Redmond J. R. 1978 Bohr cffcct of the pcarly nautilus, Natrtiltls niacronphnhu. Special 

Science and Technology, I: 45-50. 

Reeside J. B. 1927. The ccpllalopods of the Eagle Sandstone and related fornlations in the 

Westcm Intcrior of the United States. USGS Professional Paper, 15 1: 1 -40 

+ 45 pls. 

Reitner J. & Urlichs M. 1983. Echte Weicl~tcilbclemnitcl~ aus dcm Untertoarcium 

(Posidonicnschiefer) Sud~~estdcutschlands. Neues Jahrbuch fiir Geologie 

und Pallontologie, 165: 450-465. 

Renevier E. 1890. Monognphie des Hautcs-alpcs Vaudoises. Materiaux pour la Carte 

Geologique de la Suisse, 16: 1-563. 

Renz 0. 1968. Die Amnionoidca in1 Stntotyp dcs Vraconnien bci Smite-Crois (Kanton 

Waadt). Schweizerische PalHontologische Abhandlung I Memoires suisses 

de Paleontologic, 87: 1-99, pls. 1-18. 

Reyment R. A. 1955. Thc Crctaceous ammonoidea of Southern Nigeria and the Southern 

Cameroons. Bulletin of the Geological Survey of Nigeria, 25: 1-1 12,25 

pls. 

Reyment R. A. 8: Dinglc R. V. 1987. Palcogeognphy of Africa during the Cretaccous period. 

Palaeogeography, Palaeoclimatology, Palaeecology, 59: 93-1 16. 

Riccardi A. C. 1987. Cretaccous paleogcognphy of Southern South America. 

Palaeogeography, Palaeoclimatology, Palaeecology, 59: 169-195. 

Riccardi A. C. 1988. The Cretaccous Systcm of Southern South America. Geological Society 

of America hlemoir, 168: 1-161. 

Rigby S. & Rickards R. B. 1989. New evidence for the life habit of gnptoloids from physical 

modelling. Paleobiology, 15: 402-413. 

Rigby S. 1992. Gnptoloid fccding efficiency, rotation and astogeny. Lethaia, 25: 51-68. 

Risso A. 1828. Histoire naturelles des principales Productions de I'Europe Meridionale, 

volunie 4. sii + 439 pp. Paris, France. 



Ecology, Stratigrapl~y, md Mlylopcny of the ~Ictcromorph An~monoidea of the Albian 

Roche E. 1930. ~ t u d e s  geologiques dans le region meridionale du Maroc occidental. 542 

pp, 24 pls. Scrvices des Mines et da la Carte gCologiques. Macon, France. 

Roemer F. A. 1840. Die Versteinerung des Norddeutschen Kreidegebirges, part 1.48pp + 
7 pls. 

Roman F. 1938. Les Ammonites Jurassiques et Crktacks. 554 pp + 53 pls. Masson, Paris, 

France. 

Roper C. F. E., S\\recney M. J., & Nauen C. E. 1984. Cephalopods of the World. An 

annotated and illustrated catalogue of species of interest to fisheries. 

FA0 Spccies Catalogue Volume. 3. FA0 Fisheries Synopsis 125, volume 3. 

Unitcd Nations Developmcnt Programme. 

Saunders W. B. 8: Shapiro. E. A. 1986. Calculations and simulation of arnmonoid 

hydrostatics. Paleobiology, 12: 64-79. 

Saunders W. B. &Ward P. D. 1987 Ecology, distribution, and population characteristics of 

Notitiltis, p. 137-162. In W. B. Saundcrs & N. H. Land~nan (eds.), Nautilus: 

The Biology and Palaeobiology of A Living Fossil. Plenu~ii Press, New 

York, USA. 

Schindewolf 0. H. 1934. Ubcr Epoken auf Ccphalopoden-Gehausen. Palaontologische 

Zeitschrift, 16: 15-3 1. 

Schindewolf 0. H. 1961. Studien zur Sta~nmesgeschichte der Ammoniten. Akademie der 

Wissenschaften und der Literatur zu Rlainz. Abhandlung der 

Mathematische-naturwissenschaftlichen Klasse, 1961: 1-136. 

Schmidt H. 1930 Ubcr die Be\vegungs\veisc dcr Schalen-cephalopoden. Palaontologiscl~e 

Zeitschrift, 12: 194-208. 

Schoeller, H. 1942. Considdntions sur Ics an~monites dites dtroulds (I'origine de leus 

formcs). Bulletin Societe Geologique de France, [5] vii, 233-250. 

Scholz G. 1971. Uj Lechitcs faj a bakonyi fclsbalbai rdtegekbol. Fbldtani KCizlbny, 101: 431- 

433. 

Scholz G. 1979a. Die Ammonitcn des Vncon (Obenlb dispor-zone) des Bakony-Gebirges 

(Westungam) und eine revision dcs Wichtigstcn Vracon-Arten dcr West- 

Meditcrrvlcn Fauncnprovinz. Palaeontograplica A, 165: 1-136,30 pls. 

Scholz G. 1979b Vracon-Ammonitcn (Obcralb, dispar-Zone) aus dem Flammenmergel von 

Salzgitter, p. 589-606,5 pls. In Wicdmann J. (ed.), Aspekte der Kriede 

Europas: beitraege zum 1 Symposium Deutsche Kriede-Bindeglied 

zwischen Boreal und Tethyz-Muenster in Westfalen April 1978. 

International Union of Geological Sciences. Series A, Volume 6. 

Scott G. 1924. Some gerontic ammonites of the Duck Creek Fom~ation. Texas Christian 

University Quarterly, I: 1-3 1. 

Scott G. 1928. Amnionites of thc genus Diploceros and a ne\\? Homites from the Tesas 

Cretaceous. Journal of Paleontology, 2: 108-1 18. 



Ecology, Stmligral>lly, md Phylogeny of thc I-leteromorph Ammonoidea of the Albian 

Seilacher, A. 1960. Epizoans as a key to ammonoid ecology. Journal of Paleontology, 34: 

189-193. 

Seilacher A. &: Wiesnauer E. 1978. Prescrvational history of the Belemnites. Neues 

Jalirbuch fiir Geologie und PalHontologie, 157: 145-149. 

Seilacher A. &: La Barbera M 1995. Ammonites as Cartesian Divers. Palaios, 10: 493-506. 

Seyed-Emami 1982. Turrilitidae (Ammonoidea) aus dem Glaukonitkalk bei Esfd~an 

(Zentraliran). Neues Jahrbuch fur Geologie und Pallontologie, 163: 4 17- 

434. 

Seyed-Emami &: Immel H. 1995. Ammoniten aus dcm Alb (Kreide) von Shir-Kuh (N'Yazd 

Zcntnlinn). Pallontologische Zeitschrift, 69: 377-399. 

Shadwick R. E. 1994. Mechanical Organization of the Mantle and Circulatory System of 

Cephalopods, p. 69-86. In H. 0. Partner, R. K. O'Dor 61: D. L. Macmillan 

(cds.), Pliysiology of Ceplialopod Molluscs-Lifestyle and Performance 

Adaptations. Gordon 61: Breach Science Publishers S. A,, Basel, 

S\vitzerla~d. 

Shigeta Y. 1993 Post-hatching aid early life history of Cretaceous ammonoidea. Letliaia, 26: 

133-145. 

Shimer H. W. &: Shrock R. R. 1944. Index fossils of North America. is + 837 pp. Wiley 61: 

Sons, New York, USA. 

Shimzu S. 1935. The Upper Crctaccous Cephalopoda of Japan (1). Journal of the Shanghai 

Science Institute, I: 159-226. 

Simionescu J. 1897. Ubcr cine Untcr-Cenomanfauna aus den Karpathen Rum&~icns. 

Verhandlungen der Geologisclien Reiclisanstalt, 1897: 267-273. 

Smart J. G. O., Bisson G., 61: Worssam B. C. 1966. Geology of the Country around 

Canterbury and Folkestone. Rlemoirs of the Geological Survey of Great 

Britain 289,305 & 306 (combined). 337 pp. HMSO, London, UK. 

Smart P. J. 1997. VIC basal Gault and Gault-Wobum Sands junction beds in Chamberlain's 

Barn Quarry, leighton Buzzard, Bcdfordshire, England. Proceedings of the 

Geologists' Association, 108: 287-292. 

Sommermcir L. 1910. Dic Fauna des Aptcin und Albicn ill1 nordlichen Peru. Neues Jarbiich 

f i r  Rlineralogie und Pallontologie, 30: 3 13-382. 

Sornay J. 1955. Hantites s intplc~.  Palaeontologia Universalis fasc. 18. Museum National 
. . &Histoire Naturclle, Paris, France. 

Sowerby J. 18 12-1 822. Mineral Conchology. pls. 1-383. London, UK. 

Sowerby J de C. 1823-1846. Mineral Conchology. pls. 384-648. London, UK. 

Spacth C. 1975. Zur Frage dcr Sch\\~inimvcrliiiltisse bei Bclemniten in AbhSngigkeit von 

~, PriniSrgefiige dcr Hartteile. PaIHontologische Zeitschrift, 49: 321-33 1. 

Spat. L. F. 1919 Notcs on Ammonites, Parts 1 to 5. Geological Magazine 6,27-35,6571, 

1 15-122, 170-1 77, 61: 220-225 rcspcctively. 



Ecology, Stmtigral>l~y, md M~ylogeny of the I Ictcromolyh Amnonoidca of the Albian 

Spath L. F. 1921. On Crctaccous Ammonoidea from Zululand. Annals of the Soutl~ African 

Museuni, 12: 217-321. 

Spath L. F. 1922. On Crctaccous An~nlonoidca from Angola. Transactions of the Royal 

Society of Edinburgh, 53: 91-160. 

Spath L. F. 1923-1943. A Monograph of the Ammonoidea of the Gault. Monographs of 

the Palaeontographicd Society, p. 1-787, pls. 1-72. 

Spath L. F. 1923a. Excursions to Folkestone, with notes on the Zonation of the Gault. 

Proceedings of tlie Geologists' Association, 34: 70-76. 

Spath L. F. 1923b. On the Ammonitc horizons of the Gault and Contiguous Deposits. 

Summary of progress of the Geological Survey of Great Britain and the 

Museum of Practical Geology, 1922: 139-149, Appcndix 2. 

Spatll L. F. 1925a. On Uppcr Albian Ammonoidea from Portuguese East Africa, with an 

appendix on Uppcr Cretaceous ammonites from Maputoland. Annals of tlie 

Transvaal Museum, 21: 179-200. 

Spath L. F. 1925b. Notcs on the Ammonites of the Lo~ver Greensand and Gault, Folkestone 

and ncigl~bourhood, p. 31-36. In Walton J. W. (ed.), Folkestone and the 

country around. HMSO, London, UK. 

Spath L. F. 1925c. Sur quclqucs Amnlonitcs de Gault, nolilnites par P. Reynts. Annals de la 

Muse6 I'Histoire Naturelles, 20: 1-15. 

Spath L. F. 1926 On new anlnionites from the English Chalk. Geological Magazine, 62: 77- 

83. 

Spath L. F. 1928. Tllc Albian Ammonoidca of Nigeria (Appendix to the Nigerian Coalfields). 

Bulletin of the Geological Survery of Nigeria, 12, pp 51-54. 

Spath L. F. 1930 1 1 c  fossil fauna of the Smana  Range and some neighbouring areas, 5, The 

Lo\\rcr Crctaccous An~monoidea with notes on Albian Cephalopoda from 

Hazara. Memoirs of the Geological Survey of India, Palaeontologica 

Indica (new series), 15: 50-66, pls. 8-9. 

Spath, L. F. 1933a. Tlle evolution of the Cephalopoda. Biological Reviews, 8: 418-462. 

Spath, L. F. 1933b. A Monograph of the Ammonoidea of the Gault, Part X. Monographs 

of the Palaeontographical Society. pp 41 1-442, pls. 43-48. 

Spath, L. F. 1934. A Monograph of the Ammonoidea of the Gault, Part XI. Monographs 

of the Palaeontographicid Society. pp 443-496, pls. 49-56. 

Spath, L. F. 1937. A Monograph of the Ammonoidea of the Gault, Part XII. Monographs 

of the Palaeontographicd Society. pp 497-540, pls. 57-58. 

Spath, L. F. 1939. A Monograph of the Anlmonoidea of the Gault, Part XIII. 
-, 

Monographs of the Palaeontographicd Society. pp 541-608, pls. 59-64. 

Spath, L. F. 1941. A Monograph of the Anitnonoidea of the Gault, Part XIV. 

Monographs of the Palaeontographicd Society. pp 609-668, pls. 65-72. 



Ecology, Stmtigral~l~y, nnd Phylogeny of the Hcteromoyh Amnonoidea of the Albian 

Spatli, L. F. 1942. A Monograph of the Ammonoidea of the Gault, Part  XV. Monographs 

of the Palaeontographical Society. pp 669-720. 

Spath L. F. 1946. Prcliniinary notes on the Cretaceous ammonite faunas of East Greenland 

Meddelelser on1 Gronland, 132: 1-12. 

Stieler C. 1922. obcr  Gault- und Cenoman- Animoniten aus den1 Cenoman des Cap Blanc 

Nez, niit besondcr Beriicksichtigung der Gattung Schloenbochio, Neumayr. 

Neues Jarbiich fiir Mineralogie und PalHontologie, 42: 19-44. 

Steinmann G. 1907. Ein fiihrung in die Palaeontologie (Cephalopoda). si i  + 542 pp. 

Leipzig, Gcniiany. 

Stolley E. 1937. Die Stntignphie dcs nordcutchen oberen Gaults, Minimtrs-Tons und 

Flammcnmcrgcls in1 Verglcicli mit dem englischen Lower und Upper Gault. 

Neues JHhrbuch fiir Mineralogie und Geologie, 78: 1-65. 

von Strombcck A. 1856. ifbcr das Alter des Flaiinicnmergels in nord\vestlichen Deutschland. 

Zeitschrift der Deutschen Geologiscllen Gesellschaft, 6: 483-493. 

Studcr B. 1853. Geologie der schweiz. Volunie 2 Nordliche Nebenzone der Alpen: J u n  und 

Hiigellaid. vii + 447 pp. 

Sumich J. L. 1992. An introduction to the biology of marine life. W. C. Brown, Dubcque, 

Indiana, USA. xii + 449 pp. 

Swensen A. J. 1962. Anisoccntidae and Haiiiitidae (Amnionoidea) from the Cretaceous of 

Texas and Utali. Brigham Young University Geological Studies 9: 53-82. 

Swofford, D. L. 1993. PAUP, Phylogenetic Analysis Using Parsimony, Version 3.1. Apple 

Macintosh con~puter progroni. 

Tanabe K. & Fukuda Y. 1987 Mouth part histology and niorphology, p. 3 13-322. In W. B. 

Saundcrs 8: N. H. Landman (eds.), Nautilus: The Biology and 

Palaeobiology of A Living Fossil. Plenu~ii Press, New York, USA. 

Tanabe K., Fukuda Y., & Obata L. 1980. Oiitogenctic development and functional 

niorphology in the early growth stages of three Crctaceous ammonites. 

Bulletin of the National Science Rluseum, Tokyo, Series C Geology, 6: 9- 
I <  26. 

Tanabe K., Obata I., & Futakanii M. 198 1. Early shell morphology in some Upper Cretaceous 

hctcroniorph amnionitcs. Transactions and Proceedings of the 

Palaeontological Society of Japan, New Series, 124: 2 15-234. 

Taylor P. D. 8: Monks N. 1997. A ncw clicilostome bryozoan genus epiplanktonic on 

n~olliiscs a id  algae. invertebrate Biology, 116: 39-5 1, plus cover 

illustntion. 

Tazaki K. & Fyfe W. S. 1996. Bioinincnlizatioii of Iron in An~nionitcs: Exceptional 

Prcscrvation of Anatomical Structure in a Fossilized Ammonite. Bulletin de 
I .  I'lnstitute oc6anographique, Monaco Special Volume, 14: 401-412. 



Ecology, Stmtigrapl~y, and Phylogeny of the fIctcromoqh Al~monoidea of the Albian 

Teall J. J. H. 1875. Tlie Potton and Wicken Pliospliatic Deposits. Sedgwick Prize Essay 

for 1873. Cambridge University Press, Canibridge, UK. 

Thomel G. 1992. Ammonites du Cinomanien et du Turoniien du Sud-Est France. 

Volu~iies 1,422 pp, volun~e 2,383 pp. Nice, France. 

Tomitch M. I. 1918. Contributions a la connaisance de 1'Ctage Albicn dans le Sud-est de la 

France. Notes Provenqales du Dr Guibhard, 4: p. 1-12. 

Topley W. 1875. The Geology of the Weald. Memoir of the Geological Survey of the UK. 

xiv + 503 pp, 8 pls. HMSO, London, UK. 

Trueman A. E. 1941. Thc ammonite body-climber, with special reference to the buoyancy 

and mode of life of the living ammonite. Quarterly Journal of tlie 

Geological Society of London, 384: 339-383. 

Trueman E. R. 1983 Locomotio~i in molluscs, p. 155-198. In K. M. Wilbur & C. M. Yonge 

(cds.), Tlie Molluscs, Volume 4, Physiology Part 1. Academic Press, New 

York, USA. 

Vakhramecv V. A. Crctaceous paleogcography of the USSR Palaeogeography, 

Palaeocliniatology, Palneecology, 59: 57-67. 

Vecchione M. 1994. Systcniatics and the Lifestyle and Performance of Cephalopods, p. 179- 

192. In H. 0. Portncr, R. K. O'Dor 8: D. L. Macmillan (eds.), Physiology of 

Ceplialopod Rlolluscs-Lifestyle and Performance Adaptations. Gordon 

& Brcach Scicnce Publishers S. A., Basel, S\\litzcrland. 

Venzo S. 1936. Ccfalopodi dcl Cretacea medio-superiore dello Zululand. Palaeontograhica 

Italica, 36: 59-133. 

Vermeij G. J. 1977. The Mcsozoic marine revolutions: Evidence from snails, predators, and 

grazers. Paleobiology, 3: 245-258. 

Vermeij. G. J. 1987. Evolution and escalation. Princcton University Press, New Jersey, 

USA. s v  + 527 pp. 

Vermeij G. J. 1993. A Natural History of Shells. Princeton University Press, New Jersey, 

USA. vii + 207 pp, 22 pls. 

Voss G. L. 1977. Classification of Recent ccphalopods. Symposium of tlie Zoological 

Society of London, 38: 575-579. 

W q e n  W. 1870. Uebcr die Ansatzstelle der Haflmuskeln beim Naziriltis und den 

Ammoniden. Palneontograpliica, 17: 185-210. 

Ward P. D. 1979. Functional niorphology of Cretaceous helically-coiled ammonite shells. 

Paleobiology, 5: 415-422. 

Ward P. D. 1983. Nalrtiltrs mocromyholtis, p. 11-28. In P. R. Boyle (ed.), Cephalopod Life 

Cycles, Part 1. Acadcinic Press, London, UK. 

Ward P. D. 1986. Crctaceous ammonite shell shapes. Malacologia, 27: 3-28. 

Ward P. D. 1987. The Natural history of Norrtilrrs. Allen & Unwin, London, UK. siv + 267 

PP. 



Ecology, Stratigraphy, and Phylogeny of the Hdcro~llorpll am no no id^ of the Albian 

Ward P. D. 1992. On Methuselah's trail: living fossils and the great extinctions. Frceman, 

Ncw York, USA. sii + 2 12 pp. 

Ward P. D. 1996. An~~nonoid Exqinction, p. 815-824. In: Landman N. H., Tanabe K., Davis 

R. A. (eds.), Amnlonoid Paleobiology, Topics in Geobiology Volume 13. 

Plenum Press, New York, USA. 

Ward P. D. & Bandcl K. 1987 Life history strategies in fossil cephalopods, p. 327-350. In P. 

R. Boyle (cd.), Ceplialopod Life Cycles Part 2. Academic Press, London, 

UK. 

Ward P. D., Stone R., Westcrmann G. E. G. & Martin, A. 1977. Notes on animal weight, 

can~cnl  fluids, swimming speed and colour poljmorphism of the cephalopod 

Nnutiltis nincrompl~nl~is in the Fiji Islands. Paleobiology, 3: 377-388. 

Wells M. J. 1987 Ventilation and osygen extraction by Nntitibu, p. 339-350. In W. B. 

Saundcrs & N. H. Landman (cds.), Nautilus: The Biology and 

Palaeobiology of A Living Fossil. Plenum Press, New York, USA. 

Wells M. J. 1994. Evolution of a Racing Snail, p. 1-12.111 H. 0 .  Portncr, R. K. O'Dor & D. L. 

Macniillan (cds.), Physiology of Cephalopod Molluscs-Lifestyle and 

Performance Adaptations. Gordon & Brcach Science Publishers S. A., 

Bascl, S\\ritzcrland. 

Wells M. J. & Smith P. J. S. 1985 The ventilation cycle in Octopus. Journal of 

Experimental Biology, 1 16: 375-383. 

Wells M. J. & Wclls J. 1985 Ventilation and osygen uptake by Nntitiltu. Journal of 

Experimental Biology, 118: 297-3 12. 

Wells M. J., Wclls J., & O'Dor R. K. 1992 Life at lo\v osygen tensions: the bchaviour of 

Nolrtilus ponipilizis and the biology of extinct fonns. Journal of the Marine 

Biological Association of tlie United Kingdom, 72: 313-328. 

Westermann G. E. G. 197 1. Fonn, Structure and Function of Shell and Siphuncle in Coiled 

Mcsozoic Anin~onoids. Life Sciences Contributions of the Royal Ontario 

Museum, 78: 1-39. 

Westennann G. E. G. 197ja. Modcl for origin, function and fabrication of flutcd cephalopod 

scpta. PaIHontologisclie Zeitsclirift, 49: 235-253. 

Westermann G. E. G. 1975b. Remarks on Mutvei and Reyn~cnt's hypothesis regarding 

ammonoid phragmocones. Palaeontology, 18: 437-439. 

Westcmiann G. E. G. 1982. I l e  connccting rings of Nnutillis and Mcsozoic atnn~onoids: 

i~nplications for anlmonoid bbhjmctry. Letliaia, 15: 373-384. 

Westermann G. E. G. 1990. New dcvelopmcnts in ecology of Jurassic-Cretaceous 

ammonoids, p. 459-478. In: Pallini G., Crcsta S., & Santantonio M. (eds.), 

Fossili, Evolutione, Ambiente. Atti I1 Cenvenio Internationale Pergola 

1987. Comite Ccntcnario R. Piccinini, Pergola, Italy. 



Ecology. Stratigraphy, and Phylogeny of thc IIstao111orp11 Allu~lonoida of tl~e Albian 

Westcrmann G. E. G. 1993. On the allcgcd negative buoyancy of ammonoids. Letliaia, 26: 

246. 

Westem~ann G. E. G. 1996. Anlmorroid life and habit, 607-707. In Landman N. H., Tanabe 

K., Davis R. A. (cds.), Ammonoid Paleobiology, Topics in Geobiology 

Volume 13. Plenum Prcss, Ncw York, USA. 

Westermann G. E. G. &Ward P. D. 1980. Scptuni morphology and bathymetry in 

ccpl~alopods. Paleobiology, 6: 48-50. 

Whitchouse F. W. 1926. The Crctaccous Ammonoidea of Eastern Australia. Memoirs of tlie 

Queensland Museum, 8: 195-242. 

Whitehousc F. W. 1928. I l e  correlation of thc marine Cretaceous dcposits of Australia. 

Report of tlie 18th meeting, Australian Association for tlie Advancement 

of Science, 1926: 275-280. 

Wiedmann J. 1962. Aninionitcn aus der Vascogotischen krcide (Nordspanien). 1. 

Phylloccratina, Lytoceratina. Palaeontograpliica A, 118: 119-237. 

Wicdmann J. 1962a. Unterkrcidc-Ammonitcn von Mallorca (1). Akademie der 

Wissenscliaften und der Literatur (Abhandlung der Mathematische- 

Natunvissensliaftlichen Klasse), 1962 1: 1-148. 

Wiedmann J. 1965. Origin, limits, and systcniatic position ofScaphites. Palaeontology, 8: 

397-453. 

Wiedmann J. 1966. Stanin~esgcschichte und system den posttriadischen ammonoidecn, ein 

iiberblick. Neues Jalirbuch fiir Geologie und PaIIontologie Abliandlung, 

125: 49-79 & 127: 12-81. 

Wiedmann J. 1969. Thc hctcro~iiorphs and ailmonoid elqinction. Biological Reviews, 44: 

563-602. 

Wiedmann J. & Bocss J. 1984. Ammonitenhnde aus der Biskaya-Synkline (Nordspanien)- 

Krcidcglicdcrung und Altcr dcs Krcide-Vulkanismus. Eclogae Geologica 

Helvetiae, 77: 483-510. 

Wiedmann J. 8: Dicni I. 1968. Die Kreide Sardinicns und ihre Cephalopoden. 

Palaeontograpliica Italica, 64: 1-171, pls. 1-18. 

Wiedmann J. & Marcinowski R. 1985. Scnpl~amitespassendorferi n. g. n. sp. (Animo~ioidea, 

Crctaccous)-ancestor of Scaphitaceae Meek. Neues Jalirbuch fiir Geologie 

und Pallontologie Monatsliefte, 8: 449-463. 

Wiedmann J. & Kakabadza M. V. 1993. Suture investigations and the classification of 

Crctaccous hctcromorph ammonites. Geobios, 15: 393-399. 

Wignall P. B. & Hallan1 A. 1991. Biofacics, stratigraphic distribution and depositional 

models of British onshore Jurassic black shales, p. 291-309. In Tyson R. V. 

& Pcarson T. H. (eds.), Modern and Ancient Continental Shelf Anoxia. 

. , Geological Society Special Publication 58. 

Wilkinson M. 1992. Ordcrcd versus unordcrcd characters. Cladistics, 8: 375-385. 



Ecology, Stntigral>lly, and Mlylogeny of the IIctcromoq>h Anuilonoidca of the Albinn 

Winton W. M. & Adkins W. S. 1920. The gcology of Tarnnt County. University of Texas 

Bulletin, 1931: 1-122,6 pls. 

Woods H. 1891. Catalogue of the Type Fossils in the Woodwardian Museum, 

Cambridge. xii + 120 pp. Cambridge, UK. 

Woodward H. B. 1887. The Geology of England and Wales. xv+ 670 pp. London, UK. 

Wright. C. W. 1952. A classification of the Crctaceous ammonites. Journal of Paleontology, 

26: 213-222. 

Wright. C. W. 1953. Notcs on Cretaceous anlnionitcs. 1. Scaphitidae. Annals and Magazine 

of Natural History Series 2, 6: 473-476. 

Wright. C. W. 1980. Cretaceous Ammonoidea. 157-154. In House, M. R. & Senior, J. R. 

(cds.), The Ammonoidea. Systematics Association Special Volume 18. 

Acadcniic Prcss, London, UK. 

Wright C. W., Callonion J. H., & Ho\\?arth M. K. 1996. Cretaceous Ammonoidea. L.1-L.362. 

In: Kacslcr R. L. (ed.), Treatise on Invertebrate Paleontology Part L. 

Mollusca 4 (Revised). sviii + 362 pp. Geological Society of America & 

University of Kansas Prcss, Boulder, Colorado $ Lawrence, Kansas. 

Wright C. W. & Collins J. S. H. 1972. British Crctaceous Crabs. Monographs of the 

Palaeontograpl~icd Society, p. 1-1 14, pls. 1-22. 

Wright C. W. & Kcnncdy W. J. 198 1. l i e  Animonoidca of the Plcnus Marls and the Lower 

Chalk. hlonographs of the Palaeontographical Society, p. 1-148, pls. 1-32. 

Wright C. W. & Kcnncdy W. J. 1984. Vie Ammonoidea of the Lo\17er Chalk. Part 1. 

Monographs of tlie Palaeontographical Society, p. 1-126, pls. 1-40. 

Wright C. W. & Kcnncdy W. J. 1995. The Ammonidea of the Lo\vcr Chalk. Part 4. 

Monographs of the Palaeontographicd Society, p. 295-319, pls. 87-94. 

Wright C. W. 6 Kcnnedy W. J. 1996. The Amlnonidea of the Lower Chalk. Part 5. 

Monographs of the Palaeontographica1 Society, p. 320-403, pls. 95-124. 

Wright C. W. & Wright E. V. 195 1. A Survcy of the fossil Cephalopoda of the Chalk. 

Monographs of the Palaeontographical Society, p. 1-40. 

Wright T. 1878-1886. Monograph of the Lias Aninionites of the British Islands. Monographs 

of the Palaeontographical Society, p. 1-503. 

Yonge C. M. & Tllotiipso~i T. E. 1978. Living Marine Molluscs. Collins, London, UK. 288 

PP. 
Young J. Z. 1959. Squids, Cuttlefislics and Octopuses. Proceedings of tlie Royal Institution 

of Great Britain, 37: 394-41 1. 

Zeiglcr P. 1982. Geological Atlas of Western and Central Europe. Shell International 

Pctrolcuni Maatschappij B. V., Amstcrdani, Netherlands. 130 pp. 

Zittcl K. A. 1884. IIandbucIi der Palaeontologie. Munich, Geniiany. 

Zittel K. A. 1900. Textbook of palaeontology. hlacmillan & Co., London, UK. Tronsloted 

by Eos~mon C. R. 



Ecology, Stntigra])l~y, and Miylogeny of tllc ~Icleromorph Arnnlonoidm of the Albian 



FIGURES 



ECology, Stratigraphy, and Phylogeny of the Het eromorph Ammonoidea of the Albian 

FIGURE 1.0 Stratigraphical logs of the GauR Clay section at Copt Point, Folkestone, Kent. Compiled with A S Gale. 
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Figure 1.2 

I RC*RE 1 1 : Ancyloceras matheronianum, an ammonite with ancycloconic coiling. 
I / RCXRE 1 .2: Hamitella gardneri, an ammonite with aspinoconic coiling. 

i 
I 

RCXRE 1.3 : Lechites gaudini, an ammonite with baculit iconic coiling. 

i FlCXRE 1 .4: Hamitella maximus, an ammonite with hamiticonic coiling when mature. 
i 
I FlGLRE 1.5 : Hamitella maximus, an ammonite with t urriliti conic (helical) coiling during the 
! juvenile stage. 
I 



Ecology, Stratigraphy, and Phylogeny of the Het eromorph Ammonoidea of the Albian 

RGLRE 1.6: The juvenile-A st age persisted through the development of the post -neanic crioconic 
part of the phragmocone. Features which exist on this part of the shell are termed here t o  have 
been developed during the juvenile-A growt h stage. 

RGLRE 1.7: The juvenile-B stage immediately followed the juvenile-A st age. It is seperat ed from 
the juvenile-A st age by the appearance of a break in regular coiling. Featu res which appear on this 
part of the phragmocone are termed here to have been associated with the juvenile-B growth stage. 

FIGLRE 1.8: The ammonite reached maturity when development of the phragmocone slowed down 
or ceased alt ogeth er. Mature charact ers are therefore th ose features apparent on the final living 
chamber. Modifications of the final living chamber, such as the development of apert ural 
constrict ions and collars, are apparent in some species. 
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Class 
CEPHALOPODA 

Subclass ~ NAUTILOIDEA 

Order NAUTlLlDA 

Pearly nautiluses 
Nautilus spp. 

Subclass Subclass 
AMMONOIDEA COLEOIDEA 

(ext inct)  

Order OCTOPODA 

Cirrat e (e.g. 
Cirroteuthis) and 

incirrat e (e.g. Octopus, 
Argonautabct opods 

Order VAMPYROMORPHA 

Vampire squid 
Vampyrot eut his 

inf  ernalis 

Order TBJTHOIDEA I 

Order SEPlOlDEA 

Spirula, Sepia and other 
cuttlefishes 

Myopsid (e.g. Loligo and 
oegopsid (e.g. Illex, 

Cranchia) squids 

RGlRE 2.1: The traditional taxonomy of the class Cephalopoda based on Voss (1977). The 
Naut iloidea and Ammonoidea are sometimes ref erred t o  as the Tet rabranchiat a, on the assumption 
that ammonites had two pairs of gills, like modern Nautilus. All nautiloids and probably all 
ammonoids had external shells. The Coleoidea all have a single pair of gills, and are therefore 
named the Dibranchiata. Belemnit es (order Belemnoidea) plus a number of other minor groups 
also belong t o  th e Coleoidea. Coleoids have internal, oft en reduced, shells. They are the dominant 
cephalopods alive t oday . 
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Class 

CEPHALOPODA 

Subclass 
NAUTILOIDEA 

Subclass Subclass 
AMMONOIDEA COLEOIDEA 

(ext inct )  

Order NAUTlLlDA I 

VAMPYROMORPHA 

OCTOPODA 

OEGOPSIDA rn 

RGLRE 2.2: Berthold & Engeser (1 987) and Engeser (1 996) have revised cephalopod taxonomy 
phylogeneti cally using both living and fossil groups. They have demonst rated that ammonoids and 
coleoids are more closely related t o  each other than either are t o  the nautiliods, despite the 
similarity of the external shells of nautiloids and ammonoids. This supports the union of the 
Ammonoidea and Coeloidea within the Angusteradulata as proposed by Lehmann (1 967) and 
supported by Nixon (1 995). Lewy (19 96) has postulated that ammonoids may even be ancestral 
to  certain octopuses by comparisons of the morphology of the shells of ammonites with the egg- 
casesof t hepelagicoctop od Argonauta. 
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Superfa mily Ancylocerata ceae Meek, 187 6 

Family Pt ychocerat idae Meek, 1 876 

Ptychoceras d'orbigny, 1842 

Family Labecerat idae Spath, 1 925 

Labeceras Spath, 1925 
Hamitoides Spath, 1925 

Superfamily Scaphitaceae Gill, 1 871 

Family Scaphit idae Gill, 1 871 

Subfamily Scaphit inae Gill, 1 87 1 

Scaphites Parkinson, 181 1 
Eoscaphites Breistroffer, 1947 

Subfamily Ot oscaphit inae Wright, 1 953 

Worthoceras Adkins, 1928 

Superfa mily Turrilitaceae Meek, 18 76 

Family Anisocerat idae Hyat t, 1 9 00 

Anisoceras Pictet, 1854 
Protanisoceras Spath, 1923 
Protanisoceras (Heteroclinus) Casey, 1961 
Protanisoceras (Torquistylus) Casey, 1961 
Rossalites Casey, 1961 
Metahamites Spath, 1930 

Family Hamit idae Hyat t, 1 9 00 

Hamites Parkinson, 181 1 
Hamites (Psilohamites) Spath, 1941 
Hamites (Lytohamites) Casey, 1961 
Hamites (Stomohamites) Breistroffer, 1940 
Hemiptychoceras Spath, 1925 
Scaphamites Wiedrnann & Marcinowski, 1985 

Family Baculit idae Meek, 1 876 
RGCRE 2.3 : A Taxonomy 
of the heter omorph Lechites Nowak, 1908 

ammonites of the Albian Lechites (Tuberolechites) Cooper & Kennedy, 1977 

discussed in this thesis, Sciponoceras Hyatt, 1894 

based on Spat h ( 1 9 23 - 
1 94 3), Breist rof f er Family Turrilitidae Meek, 1876 

(1940, 1947), Casey Proturrilitoides Breistroffer, 1940 
(1961), Renz (1 968), Turrilitoides Spath, 1 923 
Cooper & Kennedy Pseudhelicoceras Spath, 1 921 

(1 97 7), Cooper Mariella Nowak, 1916 

(1 994a), and Wright et Ostlingoceras Hyatt, 1900 

a1 (1996). - 
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Superfamily Ancylocerataceae Meek, 187 6 

Family Labecerat idae Spath, 1 925 

Labeceras Spath, 1925 
Hamitoides Spath, 1925 

Superfamily Scaphitaceae Gill, 1 871 

Family Scaphit idae Gill, 1 871 

Scaphites Parkinson, 181 1 
Eoscaphites Breistroffer, 1947 

Superfamily Turrilitaceae Meek, 18 76 

Family Anisocerat idae Hyat t, 1 9 00 

Anisoceras Pictet, 1854 
Protanisoceras Spath, 1923 
Protanisoceras (Heteroclinus) Casey, 1961 
Protanisoceras (Torquistylus) Casey, 1961 
Rossalites Casey, 1961 
Metahamites Spath, 1930 
Hamites Parkinson, 181 1 
Hamites (Psilohamites) Spath, 1941 
Hamites (Lytohamites) Casey, 1961 
Hamites (Stomohamites) Breistroffer, 1 940 
Hemiptychoceras Spath, 1925 
Scaphamites Wiedmann & Marcinowski, 1985 

Family Baculitidae Meek, 1876 

Lechites Nowak, 1908 
Lechites (Tuberolechites) Cooper & Kennedy, 1977 
Sciponoceras Hyatt, 1894 

Family Turrilit idae Meek, 1 876 

Proturrilitoides Breistroffer, 1940 
Turrilitoides Spath, 1923 
Pseudhelicoceras Spath, 1921 
Mariella Nowak, 1916 
Ostlingoceras Hyatt, 1900 

Family Ptychocerat idae Meek, 1 876 

Ptychoceras d'orbigny, 1842 
Worthoceras Adkins. 1928 

RGLRE 2.4: The proposed "phylogenet ic" taxonomy of the het eromorph ammonites of the Albian 
devised and used by Wiedmann (1 962) and Wiedmann & Dieni (1968), and most recently 
discussed by Marcinowski & Wiedmann (1 990). 
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RGLRE 2.5 

Pro t urrilit oides 

Pseudhelicoceras 

RGlRE 2.5 : Origins of the Baculit id= as postulated by Spath ( 19 4 1) and Mat sumot o & Obat a 
(1  963) .  

RGLRE 2.6: The diphyleti c origins of the Turrilit id= as described by Matsumot o (1 9 67)  and 
Klinger & Kennedy ( 1 97 8 ) .  The tu berculat e tu rriliti ds ( Pseudhelicoceras, Mariella, and 
Ostlingoceras) are seen t o  have a seperat e origin from the non-t uberculat e t urrilit ids 
( Prot urrilit oides, Turrilit oides) . 
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FIGLRE 2.7 

FIGLRE 2.7: Phylogeny of the Scaphitaces, as described by Cooper (1 994a). During the Albian, 
the Scaphitacea divide into the Otoscaphit i n a  (including Worthoceras) and the Scaphit inaa 
(including Scaphit es) . 

FIGLRE 2.8 : Wiedmann (1965) and Wiedmann & Marcinowski (1 985) exclude Wort hoceras from 
the Scaphit aces, and trace the origins of the Scaphit aces t o  the hamit id genus Scaphamites. 
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ANCK- 
rusticus 

I 

LA-S 
PSYLa-MrnS 
-s 
pygmaeum 
wort hense 
LYTa-MMTeS 
t enuicostatus 
virgula t us 
incurvat us 
funa tus 
compressus 
M M W  
renzi 
msml7Es 
subcircularis 
 WITS 
nokonsis 
LEHllES 
ST=- 
W A M M T E S  - h bridus 

- & t j l ~ 1 4 ~ 5  
I - t enuis - praegibbosus 

sulcat ost fiat us 
parkinso ni E H m l m a m a w s  
gardneri 
maximus 
int ermedius 
rot undus - ti4MTHL.A 
~ m m a a s  

I c N W L r r o D E  
J PSEULHEU- - - robertianum - catenarum 

IWWEL LA * QST'UN-S 
dalpiazi 
arrogans 

-msALEs 

M 

- blancheti 
act eon - TCFIQUmC(S 
vaucherianun 

L TuBEEaEwlITES 
ETERXUNUS 
copt ense 
FRXA NI-R4S 
cantianum 
halleri 
ID/-5 

'-C spiniger 
I 

AN/-S 
armatum -G perarmturn 

FIGURE 2.9: Strict consensus tree produced from 2,200 trees. 
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ANCna=rnS 
rust icus 
L A E E r n S  
PSILOHA MITES 
PTYCHOCWAS 
pygmaeum 
wort hense 

I META HA MITES 
tenuis 
praegibbosus 
hybridus 
SCA HAMITES 
HA MITES 

s a m O C m s  
virgulat us 

I mSCA WITES 
subcircularis 
SWHITES 
LYTOHAMIES - C funatus 
sulcatost fiat us 
parkinsoni c HBMIPTYCHCEWAS . int ermedius 4 maxim us - gardneri 

I rot undus 
I HAMITQLA 

PROTU~LITOIDES 
I I C TUIWILITODES 

I 

I PSEUDHELICCEER4S 
robert ianum - cat enat um 
MAWQLA -C a s n l m c e m s  
dalpiazi 
arrogans C Alss4L lES - blanchet i 

I act eon - T W U I S M C ( S  - vaucherianum 
copte nse - PFDTA NEOQEW 
cant ianum 

a HETEROCLINUS 

C TUBERLECHITES - halleri 

II IDIOHA MITES 
spiniger F perarmat armat um um 

FIGURE 2.10: 50% majority rule consensus tree produced from 2,200 trees. - 

tenuicostat us 
incurvat us 

s compressus 
renzi 
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nokonsis 
L ECHl TES 
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ANCMCEBWS 
rust icus 

I 

LABEEFMS 
PSILOHA MITES 
mCHOC8145 
PYgmaeum 
worthense 
METAHA MITES - hybridus 

I 

W H I T E S  
nokonsis 
L ECHITES 
r n F o N O r n S  
renzi - - compressus 

I - incurvat us 
HA MITES 
tenuicostatus 
LYTOHAMITES C funatus 

- SC4 PHA MITES - t enuis 

- 

- praegibbosus 
virgulat us 
m s C 4 m l T 5  
subcircularis 

sulcatostriat us 
parkinsoni c HEMIPTYCHOCWAS 

I g a r d n e r i  
maxim us 
int ermedius 

I rot undus 
HA MlTEL LA 

L 
PFFOTURRILITOIDES 
TUFISILITOIDES 
P s N D H a I m S  

I - robert ianum - catenat urn 
MAWELLA 
C\STLINWCsl4S 
dalpiazi 

- 
I 

arrogans - m A L I T E S  

HETCROCL INUS - TUBCROLECHITES 
vaucherianum 
P#) TANIS13caE4s 
cant ianum 

m halleri - IDIOHAMITES 4 spiniger 
a 

A NIS IEWS 3 armat urn 
perarmat um 

FIGURE 2.11: After  reweigting, the strict consensus tree produced f r o m  158 trees. 

- blanchet i 
acteon 

- - TOIUUISM US 
copt ense 
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ANCYLOCERAS 
rusticus 
LABECERAS 

- 
PSILOHAMITES 

I 

hybridus 
SCA PHAMITES 
virgula tus 
EOSCAPHITES 
subcircularis 
SCA PHITES 
nokonsis 
LECHITES 
SCIPONOCERAS 
renzi - - compressus . - incuntatus 
HAMITES < tenuicostatus 
LYTOHAMfrES 
funatus 

PTYCHOCERAS 
pygmaeum 
worthense 
METAHAMITES 
tenuis 
praegibbosus 

I 

sulcatostriatus 
parkinsoni 

b HEMIPTYCHOCERAS 
gardneri 
intermedius 
maxim us 
rotundus 
HAMITELLA 
PROTURRlLlTOlDES 
TURRlLlTOlDES 
PSEUDHELICOCERAS - robertianum - catenatum 
MARIELLA < OSTUNGOCERAS 
dalpiazi 
arrogans - ROSSALITES 

- 
HETEROCLINUS 
TUBEROLECHITES - vaucherianum 

PROTANISOCERAS 
cantianum 

I halleri 

% 
IDlOHAMrrES 
spiniger 
ANISOCERAS 
armatum 
perarmatum 

FIGURE 2.12: After reweigting, the 50% majority rule consensus tree produced from 158 

blancheti r acteon 

- I TORQUISTYLUS 
coptense 
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ANCYLOCERAS 
rusticus 

- 
LABECERAS 
PSILOHAMITES 

I tenuis 
hybridus 
SCAPHAMITES 
virgulatus 
EOSCAPHITES 
subcirculark 
SCAPHtTES 
nokonsis 
L ECHITES 
SCIPONOCERAS 
renzi - - compressus 

I - incurvatus 
HAMITES 
tenuicostatus 
LYTOHAMITES 

C funatus 

PTYCHOCERAS 
pygmaeum 
worthense 

I METAHAMITES 
praegibbosus 

3 

sulcatostrktus 
parkinsoni t HEMIPNCHOCERAS 
intermedius 

C maximus 
I 

I 

- HAMITELLA 
PROTURRlLlTOlDES 
TURRlLlTOlDES 
PSEUDHELlCOCERAS - robertianum . - catenatum 
MARIELLA "t OSTUNGOCERAS 
dalpiazi 
arrogans - ROSSALITES 

gardneri 

blancheti r acteon 

I 

- 
- 

rotundus 

L TORQUISTYLUS 
coptense 
HETEROCLINUS 
TUBEROLECHITES 
vaucherianum 

-% 
PROTANISOCERAS 
cantianum 
halleri 
IDlOHAMtTES 
spiniger 
ANISOCERAS 
armatum 
perarmalum 

FIGURE 2.13a: One of the six reserved trees from the 158 reweighted trees. 
A 
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( FIGURE 2.13b: One of the six reserved trees from the 158 reweighted trees. I 

ANCYLOCERAS 
rusticus 
LABECERAS 

- 
PSILOHA MITES 

I 

hybrids 
SCAPHAMITES 
virgulatus 
EOSCAPHITES 
subcircularis 
S,CA PHITES 
nokonsis 
LECHITES 
SCIPONOCERAS 
renzi - - compressus - incurvatus 

I 

HAM1 TES 
tenuicostatus 
L YTOHA MI TES 

PTYCHOCERAS 
pygmaeum 
worthense 

I METAHAMITES 
praegibbosus 
tenuis 

: 

funatus 

I 

rn 

sulca tostriatus 
parkinsoni 

C HEMIPTYCHOCERAS 
gardneri 

PSEUDHEUCOCERAS 

L 

I - ca tenatum 
MARIELLA < OSNNGOCERAS 
dalpiazi 
arrogans 

intermedius 
C maximus 

roberlianum 

. 

I 

HETEROCLINUS 
TUBEROLECHITES - vaucherianum 
PROTANISOCEtMS 
cantianum 
hallerl 
IDIOl-L4 MITES 
spiniger 
ANISOCEtMS 
armatum 
perarmatum 

ROSSALlTES - blancheti 
acteon 

I 

rotundus 

- TORQUISTYLUS 
coptense 

I 

PRO NRRIUTOIDES 
HAMITEL LA 

L TURRlLlTOlDES 
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ANCYLOCERAS 
rusticus 
LABECERAS 

FIGURE 2.13~:  One of the six reserved trees from the 158 reweighted trees. 

I &  
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ANCYLOCERAS 
rusticus 
LABECERAS 

I 

PSILOHAMITES 

1 

: 

PTYCHOCERAS 
pygmaeum 
worthense 
METAHAMITES 
tenuis 
SCA PHAMl TES 
hybridus 
praegibbosus 
vitgulatus 
EOSCAPHITES 
subcircularis 
SCA PHlTES 
nokonsis 
L ECHITES 
SCIPONOCERAS 
renzi - cornpressus 

I - imutvatm 
HAMITES 
tenuicostatus 
LYTOHAMllES 
funatus 

I 

HETEROCLINUS 
TUBEROLECHI TES 
vaucherianum 
PROTANISOCERAS 

-% 
halleri 
IDIOHAMITES 
spiniger 
ANISOCERAS 
armatum 
perannatum 

FIGURE 2.13d: One of the six reserved trees from the 158 reweighted trees. 

sulca tostriatus 
parkinsoni 
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Figure 3.1 Figure 3.2 

Figure 3.4 

Figure 3.3 
3 

. ?ffA? 

Figure 3.5 

nGU?E 3.1 & 3.2: Pt ychoceras adpressurn. Dorsal and lateral views of the ho lotype, BMNH 
c.393 30 from Bed X of the Gault Clay at Copt Point, Folkestone. Scale bar = 1 0 mm. 

n a E  3.3: Ptychoceras I ~ v e .  BMNH C.352 0. Lateral view of part of the second and third shafts. 
From the Middle Albian of Escagnolles, France. Exact strat igraphical horizon unrecorded. 

q a E  3.4 & 3.5: Ptychoceras Izve. BMNH C.46837. Dorsal and lateral view of part of the second 
and third shafts. Also from the Middle Albian of Escagnolles, France. 
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Figure 3.7 

gure 3.6 

I I 

Figur 

Figure 3.9 

MGLRE 3.6: Hamites attenuatus. Lateral view of BMNH C.8566 from the Gault Clay (Middle 
Albian) at Copt Point, Folkestone. Scale bar = 10 mm. 
MGLRE 3.7: Hamites a ttenuatus. Criococonic juvenile whorl, BMNH C.8566 from the Gaul t Clay 
(Middle Albian) at Copt Point, Folkestone. Scale bar = 10 mm. 
R U E  3.8: Hamites a tt enuatus t ransit ion to  Hamites tenuicosta tus. Lateral view of BMNH C.85 2 
from the Gault Clay (Middle Albian) at Copt Point, Folkestone. Scale bar = 1 0 mm. 
R-E 3.9: Hamites tenuicostatus. Lateral view. EMNH C.29874 from the Gault Clay (Middle 
Albian) at Copt Point, Folkestone. Scale bar = 10 mm. 
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RGLRE 3.10: Hamites hybridus. Lateral view of the holot ype, Zm 2 195 from the Main 
Mammillatum Beds at Folkestone, Kent. Scale bar = 10 mm. 

RGLRE 3.11 : Hamites nokonsis. Lateral view of BMNH C.39920 from the Upper Albian (dispar 
Zone) of Holwort h House, Dorset. This specimen is the holotype of Hamites subvirgulatus, a 
species considered here to be junior synonym of Hamites nokonsis. Scale bar = 10 mm. 

RGLRE 3.12: Hamites praegibbosus. Lateral view of BMNH C.47444 from the Main Mammillatum 
Beds at Folkest one, Kent. Scale bar = 10 mm. 
RGLRE 3.13: Hamites praegibbosus. Lateral view of BMNH C.47 442 from the Main Mammillatum 
Beds at Folkestone, Kent. Scale bar = 10 mm. 
FORE 3.14: Hamites renzi. Lateral view of the holotype, BMNH C.941 1 9 from the Marnes Bleus, 
Upper Albian (dispar Zone) of Mont Rkou, Hautes-Alpes, France. Scale bar = 10 mm. 
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Figure 
3.15a 

- 
Figure 
3.1 5b 

FIGURE 3.15a, 3.15b: Hamites tenuis. Lateral and ventral views of a specimen from the 
author's collection. From the Gault Clay (Lower Albian) at Copt Point, Folkestone, Kent. 
Scale bar = 10 mm. 
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First bend slightly twisted, 
resulting in an angle of about 
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planes of the first and second 

shafts. The whorl progressess 
from the lateral compression 
of the early juvenile-A shell 

t o  the dorso-ventral 
compression of the later 

phragmocone and the living Figure 
3.1 6 chamber. 

Mature phragmocone similar 
t o  later part of phragmocone, 

\ 
with distinct dorso-vent ral 
flattening and coarse, sharp 
rect iradiate ribbing. 

1 

'leanoconch and juvenile-A 
rlhorl simple planar coil. Juvenile-B straightened and 

q i b b i n g  a p p r o x i m a t e l y  very compressed laterally. 
yet iradiate and whorl sect ion Abbing prorsiradiate, quite 
;ubcircular fine and effaced dorsally. 

9-E 3.1 6: Hamites tenuis. Reconst ruct ion of Hamites tenuis, here feeding on surface water 
:lankton. The key diagnostic features of this species are labelled. The orientation of this ammonite is 
~ s s e d  upon Trueman (1  94 1). 
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Figure 

3.20 

Figure 
3.1 9 

9GtRE 3.17: Hamites virgulatus. Lateral view of the BMNH C.77 628 from the Cambridge 
Qeensand (Upper Albian) of Cambridge. Scale bar = 10 mm. 

rlGtRE 3.18: Hamites virgulatus. Lateral view of the BMNH C.77 635 from the Cambridge 
%sensand (Upper Albian) of Cambridge. Scale bar = 10 mm. 

' lGtRE 3.19: Lytohamites similis. Lateral view of the holo type specimen, BMNH C.4762a from 
+be Cambridge Greensand (Upper Albian) of Cambridge. Scale bar = 10 mm. 

= r a E  3.20: Lytohamites similis. Part of the final shaft of a large specimen. BMNH C.476 9a from 
'he Cambridge Greensand (Upper Albian) of Cambridge. Scale bar = 10 mm. 

4 M E  3.2 1: " Hamites multicostatus". The holotype specimen, although the validity of the 
y~ecies name is questioned (see Kennedy, 1971 ). BMNH C.36 572 from the Chalk Marl (Lower 
~,~nomanian), Hamsey, Sussex. Scale bar = 10 mm. 
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Figure 

Figure 
3.25a 

I 

- Figure 
3.23 

Figure 

7 Figure I - Figure 1 

RGLRE 3.22: Lytohamites funatus. Mature aperture of a microconch of BMNH C.399 27 from the I 
Cambridge Greensand (Upper Albian, dispar Zone), Cambridge. Scale bar = 1 0  mm. 

RGLRE 3.23: Lytohamites funatus. Lateral view of a macroconch, BMNH C.251 76 from the 
Cambridge Greensand (Upper Albian, dispar Zone), Cambridge. Note the appearance of the scale- 
like ribbing on the final living chamber. Scale bar = 10 mm. 

RGLRE 3.24: Lytohamites funatus. Macroconchs, BMNH C.39923 from the Cambridge Greensand 
{Upper Albian, dispar Zone), Cambridge. Scale bar = 10 mm. 

n m E  3.25a, 3.2513: Hemip tychoceras gaultinum. Ventral and dorsal views of BMNH C.4685 5 
from the Gault Clay (Upper Albian) at Escragnolles, South East France. Scale bar = 10 mm. 

R U E  3.26: Hemiptychoceras parkinsoni. Lateral view of BMNH C.7763 7 from the Cambridge 
eeensand (Upper Albian, dispar Zone), Cambridge. Scale bar = 10 mm. 
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RGLRE 3.27: Hemiptychoceras parkinsoni Lower Cenomaninan specimen BMNH C.72 21 6 from 
Chinnor, near Dunstable, Bedfordshire. Scale bar = 10 mm. 

RGLRE 3.28: Hemiptychoceras parkinsoni. Lower Cenomaninan ( Turrilites costa tus assemblage, 
Cenomanian Basement Bed) specimen BMNH C.76361 from Buckand Newton, Dorset. This 
specimen shows the apertural constrict ions and collars characteristic of the genus (toward the top 
of the photograph). Scale bar = 10 mm. 

RGLRE 3.29: Hemiptychoceras parkinsoni. Lateral view of specimen BMNH C.7636 1 from the 
Upper Albian (dispar Zone) at Punfield Cove, Dorset. Scale bar = 1 0  mm. 

FIGLRE 3.30a, 3.3 Ob: Hemiptychoceras parkinsoni Neot ype specimen BMNH C.7636 1 from the 
upper Greensand Malmstone (Upper Albian, dispar Zone) from Devizes, Wilshire. This is part of 
the weakly helical phragmocone, as evidenced by the twisted ribs. Scale bar = 10 mm. 

RGLRE 3.31 : Hemip tychoceras parkinsoni Well preserved examples of the constrict ion and 
paired apertural collars typical of this species and the genus. BMNH C.7636 1 from the Cambridge 
Beensand (Upper Albian, dispar Zone) of Cambridge. Scale bar = 10 mm. - 
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Figure 
3.33 

Figure 3.34a - 
RGLRE 3.3 2: Hemip tychoceras parkinsoni. Lateral view of BMNH C.476 1 e from the Cambridge 
Beensand (Upper Albian, dispar Zone), Cambridge. Scale bar = 10 mm. 

RGLRE 3.33 Hemiptychoceras parkinsoni. Lateral view of the mature living chamber of BMNH 
C.908 89 from the Upper Albian, dispar Zone at Punfield Cove, Dorset. One of the apert ural collars 
are visible toward the top of the fragment. Scale bar = 10 mm. 

RGLRE 3.34a, 3.34 b: Hemip tychoceras parkinsoni. BMNH C.7 76 31 from the Cambridge 
~eensand  (Upper Albian, dispar Zone), Cambridge. Part of the tightly helically coiled 
phragmocone. Scale bar = 10 mm. 
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Figure 
3.35 

Figure 
3.37a 

Figure 
3.36a 

Figure 
3.36b 

R-E 3.35: Hamitella annulatum. Helical phragmocone BMNH C.853 from the Lower Gault, 
(Middle Albian, from Copt Point, Folkestone. Scale bar = 1 0  mm. 
R M E  3.36a, 3.36b: Hamitella annula tum. Lateral and vent ral view of part of the phragmocone 
with the characteristically twisted ribs of this genus. BMNH C.39904 from the Lower Gault, 
(Middle Albian, from Copt Point, Folkestone. Scale bar = 1 0  mm. 

n M E  3.37a, 3.37 b: Hamitella annulatum. BMNH C.4568 from the condensed Gaul t Clay (Middle 
and Upper Albian) of Escragnolles, South East France. Scale bar = 10 mm. 



i Ecology, Stratigraphy, and Phylogeny of the Heteromorph Ammonoidea of the Albian 
I 

RGLRE 3.38: Hamitella gardneri. A specimen with a deeper, more ancycloconic hook than usual, 
and apparently t ransi tional t o  Hamit ella maximus. BMNH C.857 f rom the Upper Gaul t (Upper 
Albian), a t  Copt Point, Folkest one, Kent. Scale bar = 1 0 mm. 



Ecology, Stratigraphy, and Phylogeny of the Heteromorph Ammonoidea of the Albian 
I 

~ 

FlGLRE 3.39: Hamitella gardneri. BMNH C.73654 from the Upper Gault (Upper Albian), at Copt 
Point, Folkestone, Kent. Scale bar = 1 0 mm. 



I Ecology, Stratigraphy, and Phylogeny of the Het eromorph Ammonoidea of the Albian I 

nWFE 3.40: Hamitella gardneri. Wconstruction in two possible modes of life: (a) as a planktonic drifter 
with upturned apertures; and (b) as a demersal or benthonic predator or scavenger with the aperture 
oriented downwards. The estimated posit ions of the centres of mass (black circles) and buoyancy (white 
circles) are labelled, and these are critical in determining orientation. See Chapters 4 and 5 for discussion 
on how these ammonite lifestyles were reconstructed. 
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Figure 
3.42a 

Figure - 
3.42b 

RQJFE 3.41: Hamitella intermedius. Lateral view of BMNH C.852 from the Upper Gault (Upper Albian) at 
copt Point, Folkes tone, Kent. Note malformed (damaged?) rib just above crack on the right hand side of the 
specimen. Scale bar = 10 rnrn. 

I RQJFE 3.42a, 3.4213: Hamitella maximus. Lateral (3.42a) and ventral (3.42b) views of the helically coiled 
juvenile shell BMNH C.3012 from the Lower Gault (Middle Albian) at Copt Point, Folkestone, Kent. This 
specimen belongs to the variety rectus of Spat h ( 194 1 ) . This variety has finer ribbing than the type 
material of Hamitella maximus. Some authors consider it a seperate species (e.g., Wiedrnann & 
Marcinowski, 1990). Scale bar = 10 rnrn. 
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Rgure 3.44 

nQJFE 3.43: Hamitella maximus. Lateral view of BMNH C.852 from the Lower Gault (Middle Albian), at 
copt Point, Folkestone, Kent. Scale bar = 10 mm. 

~QJFIE 3.44: Hamitella maximus. Reconstruction of complete shell, with key diagnostic features labelled. I 
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FlQJFE 3.45: Hamitella rotundus. Helical coil of phragmocone and part of the first straight shaf t. BMNH 
C.853 from the Lower Gault (Middle Albian) at Copt Point, Folkestone, Kent. Scale bar = 10 mm. 

FlQJFE 3.46a, 3.46b: Hamitella rotundus. Ventral and lat era1 views of a fragment of the helical part of the 
phragmocone. Uncatalogued specimen from the author's collect ion. From the Lower Gault (Middle Albian) 
at Copt Point, Folkestone, Kent. Note the malformed rib indicated by the arrow (Figure 3.46a). Scale bar = 
10 mm. 

FIQJFE 3.47: Hamitella rotundus. Helical part of the phragmocone. BMNH C.849, from the Lower Gault 
(Middle Albian) a t  Copt Point, Folkestone, Kent. Scale bar = 10 mm. I 
F~QJFE 3.48: Hamitella rotundus. Almost complete specimen displaying the initial helix followed by the I 
two straight shafts. Mature Hamitella annulaturn are similar, but  the two straight shafts are I 
~ r o p o r t  ionally shorter. BMNH C.853, from the Lower Gault (Middle Albian) at Copt Point, Folkest one, 
Kent. Scale bar = 1 0 mm. - 
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/ Rgure 3.49a I 
Figure 3.49b 

Figure 3.50 

FIGUFE 3.49a, 3.49b: Metahamites sablieri. Ventral and lateral views of the later part of the phragmocone 

, and the mature living chamber. BMNH C.54600 from the condensed Middle and Upper Albian Gault Clay at 
I Escragnolles, South East France. Scale bar = 10 mm. 

, RGUFE 3.50: Metahamites sablieri. Lateral view. BMNH C.46904 from the condensed Middle and Upper 
Albian Gault Clay at Escragnolles, South East France. Scale bar = 10 mm. 
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Figure 
3.51 a 

Figure 
3.51 b 

naFE 3.51: Anisoceras saussureanus. A large specimen viewed laterally (3.51a) and ventrally (3.51 b). 
BMNH C.3646 from the Upper Greensand (Upper Albian, dispar Zone) of the Isle of Wight, exact locality 
unknown. Scale bar = 100 mm. - 
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Figure 
3.52a 

Figure 
3.52b 

RQJFE 3.52: Anisoceras perarmaturn. Lateral (3.52a) and ventral (3.52b) views. BMNH C.36721 from 
the Upper Greensand (Upper Albian, dispar Zone), Hamsey, near Lewes, Sussex. Scale bar = 10 mm. 



Figure 3.53 

I 
~QJE  3.53: Anisoceras armaturn. A reconstruction based on the holotype, University of Oxford Museum 
specimen K675a C.3646 from the Chalk Marl (Upper Albian, dispar Zone), Benson, Oxfordshire. Scale bar 
= 10 mm. I 
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PHRAGMOCONE LIVING CHAMBER 
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Figure 
3.54a 
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Figure 
3.54b 

Figure 
3 . 5 4 ~  

A NISOCERAS PERA RMA TUM 

FIGURE 3.54a - 3 .54~ :  Diagrammatic representations of the sections of the shell of the three principal 
species of Albian Anisoceras, based upon the descriptions in the text. Anisoceras saussureanus (3.54a) 
develops bullate tubercles on the living chamber. Anisoceras armatum (3.54b) has clavate ventral 
tubercules and rather weak circular or clavate tubercles on the living chamber. Anisoceras perarmatum 
(3 .54~)  is similar to Anisoceras armatum, but lacks the intermediate, non-tuberculate ribs on the 
phragmocone and the venterolateral tubercles on the living chamber are more strongly developed. 
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Figure 
3.55a 

Figure 3.55b 

f lWE 3.55: Rossalites superbum. Lateral (3.55a) and ventral (3.55b) views. BMNH C.71996 from the 
Lower Greensand (Folkes tone Beds, Main Mammilatum Bed) at Copt Point, Folkestone, Kent. Scale bar = 10 
mm. I 
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- Figure 3.56 Figure 3.57 

3.56: Rossalites riccardi. Later part of phragmocone and final living chamber. Note the separate 
rows of ventral and venterolateral tubercles fuse along the final living chamber into bullate ridges. This is 
characteristic of the genus. Uncat alogued specimens from the W. J. Kennedy collection, University of 
&ford Museum. From the Lower Albian (Leymeriella regularis Zone), Col des Pre, Guittard, France. Scale 
bar = 10 mm. 

f law 3.57: Rossalites riccardi. Part of  the phragmocone. Also from the W. J. Kennedy collection, 
University of Oxford Museum. From the Lower Albian (Leymeriella regularis Zone), Col des Pre, Guitt ard, 
France. Scale bar = 10 mm. 



Ecology, Stratigraphy, and Phylogeny of the Het eromorph Ammonoidea of the Albian 

Figure 3.58 

Figure 3.59a 

'en terolat era1 tubercle 
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Figure 3.59b 

m 
Rgure 3.60a 

Ventral tubercle 

m 
Rgure 3.60b 

n G U E  3.58: Fbssalites riccardi. Spiral part of phragmocone. Uncat alogued specimens f rom the W. J. 
Kennedy collection, University of Oxford Museum. From the Lower Albian (Leymeriella regularis Zone), 
Col des Pr6, Guittard, France. Scale bar = 10 mm. 

FlGUFE 3.59: Protanisoceras raulinianum. Viewed laterally (3.59a) and ventrolaterally (3.5gb). BMNH 
c.30791 from the Lower Albian (Folkestone Beds, Main Mammillatum Bed) at Copt Point, Folkestone, Kent. 
Scale bar = 10 mm. 

WGUE 3.60: Protanisoceras can tianum. Viewed laterally (3.60a) and ventrally (3.60b). BMNH C.48915 
, f ram the Lower Albian (Folkestone Beds, Main Mammillatum Bed) at Copt Point, Folkestone, Kent. Scale 

bar = 10 mm. 
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Figure 
3.61 a 

Figure 
3.63b 

Figure 
3.61 b 

Figure Figure 

u .'-Y , .  Figure 
3.65a 

FlWE 3.6 1 : Protanisoceras coptense. Lat era1 ( 3.6 1 a) and ventral ( 3.6 1 b) views of the holot ype, BMNH 
C.71971 from the Folkestone Beds (Main Mammillat um Beds) at Copt Point, Folkestone, Kent. Scale bar = 
10 mm. 

na.JFE 3.62: Protanisoceras blancheti. Lateral (3.62a) and ventral (3.62b) views of BMNH C.84763 from 
the Folkestone Beds (Main Mammillat urn Beds) at Copt Point, Folkestone, Kent. Note the weak ventral 
tubercles, a characteristic of this species. Scale bar = 10 mm. 

FIWE 3.63: Protanisoceras blancheti. Lateral (3.63a) and ventral (3.63b) views of BMNH C.84763 from 
the Lower Greensand - Gault Clay Junction Beds at Copt Point, Folkestone, Kent. Scale bar = 10 mm. 

3.64: Pro tanisoceras nodosum. Lat era1 view of a well preserved specimen, BMNH C.47539 from 
the Lower Gault (Middle Albian) at Copt Point. Folkestone, Kent. Scale bar = 10 mm. 

3.65: Pro tanisoceras anglicum. Lateral (3.65a) and ventral (3.65b) views of the holo type, BMNH 
c.48913 from the Folkestone Beds (Main Mammillat um Beds) at Copt Point, Folkestone, Kent. Scale bar = 
10 mm. 
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Figure 
3.66a 

gure 
67a 

FIGUE 3.66: Pro tanisoceras anglicum. Lateral (3.66a) and ventral (3.66b) views BMNH C.48913 from the 
Woburn Sands Formation, Shenley Limestone (tardefurcata Zone, regularis Subzone) at Munday's Hill Pit, 
near Leigh ton Buzzard, Bedfordshire. Scale bar = 10 rnm. 

nQJE 3.67: Protanisoceras acteon. Lateral (3.67a) and ventral (3.67b) views of BMNH C.71967 from 
the Folkestone Beds (Main Mammillat urn Beds) at Copt Point, Folkestone, Kent. Scale bar = 10 rnm. 

FIGURE 3.68: Protanisoceras arrogans. Lateral (3.68a) and ventral (3.68b) views of BMNH C.46908 from 
the condesnsed Middle Albian beds of Escragnolles, South East France. Scale bar = 10 mm. 

FIELIFE 3.69: Tuberolechites regifex. Lateral (3.69a) and ventral (3.69b) views of part of the living 
chamber of BMNH C.18325 from the Upper Gault (Upper Albian) at aynde, Sussex. Note the malformed 
ribs. Scale bar = 10 mrn. 
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/ Figure 3.70 
Figure 3.70 

Figure 
3.70a 

- Figure 3.70b 

RGUE 3.70: ldiohamites tuberculatus. Lateral view of BMNH C.39943 from the Upper Gault (Upper 
Albian, inflatum Zone, varicosum Subzone)at Copt Point, Folkestone, Kent. Scale bar = 10 mm. 

3.71 : ldiohamites spiniger. Lateral view of BMNH C.39821 from the Upper Gault (Upper Albian, 
inflaturn Zone, varicosum Subzone)at Copt Point, Folkestone, Kent. Scale bar = 10 mm. 

3.72: ldiohamites spiniger. Lateral (3.72a) and ventral (3.72b) views of the early part of the 
phragmocone. Unlike Anisoceras, with which ldiohamites might otherwise be confused, the juvenile coil is 
planar like most Protanisoceras. BMNH C.39821 from the Upper Gault (Upper Albian, inflatum Zone, 
varicosum Subzone)at Copt Point, Folkestone, Kent. Scale bar = 10 mm. 
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Final septum 

Figure 
3.74a 

I Figure 3.74b 

~x~JFE 3.73: Lechites gaudini Lat era1 view of BMNH C.77661 from the Upper Gault (Upper Albian, 
inflaturn Zone) at Copt Point, Folkestone, Kent. This specimen is a macroconch, and exhibits the 

ion and collar typical of the genus. Scale bar = 10 mm. 

flwFIE 3.74: Sciponoceras skipperi. Lat era1 ( 3.74a) and ventral ( 3.74b) views of the holotype specimen, 
BMNH C.93268. This specimen consists mainly of part of the living chamber, although the final septum is 
preserved. From the Upper Albian, dispar Zone at Melcombe Horsey, Dorsetshire. Scale bar = 10 mm. 
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Figure 3.75 Figure 3.76 - 
Figure 3.77 

Figure 3.79 

FIGURE 3.75: Proturrilitoides astierianus. BMNH C.46574b. From the condensed Middle and Upper Albian at 
~~cragnol les,  South East France. Scale bar = 10 mm. 

FI~JE 3.76: Proturrilitoides senequierianus. BMNH C.46867. From the condensed Middle and Upper Albian 
at Escragnolles, South East France. Scale bar = 1 0 mm. 

nuJE 3.77: Turrilitoides hugardianus. BMNH C.3802. From the Cambridge Greensand (Upper Albian, 
&par Zone) of Cambridgeshire, exact locality unrecorded. Scale bar = 10 mm. 

RUE 3.78: Turrilitoides densicos tat us. BMNH C.3802. From the Lower Gault (Middle Albian, /au tus 
Zone, nitidus Subzone) at Copt Point, Folkestone, Kent. Scale bar = 10 mm. 

n u ~ E  3.79: Pseudhelicoceras robertianum. Large piece of the final living chamber. BMNH C.3802. From 
the Upper Quit (Upper Albian, inflatum Zone) at Copt Point, Folkestone, Kent. Scale bar = 10 mm. 
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Rgure 3.81a 

Figure 3.80 

gure 3.8 

Figure 3.82 

I 

FlQJFE 3.80: Pseudhelicoceras gaultinum. BMNH (2.3821 3. The break in the ribs between the second and 
t hrid rows of tubercles are characteristic of this species. From the Upper Gault (Upper Albian, inflatum 
Zone) at Copt Point, Folkest one, Ken t. Scale bar = 10 mm. 

flQJFE 3.81 : Beudhelicoceras pseudoelegans. BMNH C.38210. This specimen is shown f rom the ventral 
(3.81 a) and lat era1 (3.81 b) surfaces; in life, the shell would have been oriented on its side compared with 
planar coiled ammonites, with the lateral surface downwards. The bullate tubercles are labelled, from 
rows 1 to  5. From the Upper Gault (Upper Albian, inflatum Zone, cristatum Subzone) at Copt Point, 
FolkeStOne, Kent. Scale bar = 10 mm. 

RQJE 3.82: Mariella bergeri. BMNH C.3802. The rows of tubercles are labelled from 1 to  4. In life the 
tubercles would have had long spines attached to  them; the inden tat ions made by the spines on early 
whorls can be seen on later whorls which overgrow the spines. From the Upper Greensand (Upper Albian, 
&par Zone) at Warminster, Wiltshire. Scale bar = 10 mm. 
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I Figure 3.83 

gure 3.85 

Figure 3.84 

Figure 

FIQJE 3.83: Mariella cantabrigiensis. The relatively coarse ribbing and bullate tubercles are 
, characteristic of this species. BMNH C.34739 f rom the Cambridge Greensand (Upper Albian, dispar Zone) 
1 of Cambridge, exact locality unrecorded. Scale bar = 10 mm. 

1 FIUJFE 3.84: Mariella miliaris. Comapared with other Mariella. this species has fine ribs and slender. 
, conical tubercles. BMNH C.93449 from the Cambridge Greensand (Upper Albian, dispar Zone) of 
I 

Cambridge, exact locality unrecorded. Scale bar = 10 mm. 
I 

RUJFIE 3.85: Mariella nobilis. BMNH C.38216 from the Cambridge Greensand (Upper Albian, dispar Zone) 
i of Cambridge, exact locality unrecorded. Scale bar = 10 mm. I 
: FIGURE 3.86: Ostlingoceras puzosianum. BMNH C.38199 f rom the Upper Albian, dispar Zone, at Man o' War 

Cove, Dorset shire of. This specimen shows the reduced t uberculat ion and flattened sides characteristic of 
the genus. Scale bar = 10 mm. 

- 
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Figure 3.87 

Fine 

Figure 3.88 

Involute coil 

flGUFE 3.87: Eoscaphites circularis. Neotype specimen, BMNH C.41555 from the Upper Gault (Upper 
1 Albian, inflaturn Zone, varicosum Subzone) at Copt Point, Folkestone, Kent. Scale bar = 10 mm. 

FIGURE 3.88: Scaphites subcircularis. Holot ype specimen, BMNH C.3 8206 from the Upper Gault (Upper 
I 

Albian, inflaturn Zone, varicosum Subzone) at Copt Point, Folkestone, Kent. Scale bar = 10 mm. 

FIGUFE 3.89: Scaphites hugardianus. BMNH C.39662 from the Cambridge Greensand (Upper Albian, dispar 
I Zone) of Cambridge, exact locality unrecorded. Scale bar = 10 mm. 

3.90: Scaphites hugardianus. Wstored shell with the key features labelled. 
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Figure 3.92 - 
Figure 3.91 - 

Figure 3.94 

I ' FlWE 3.91: Hamites compressus. BMNH C.854 from the Lower Gault (Middle Albian) at Copt Point, 
Folkestone, Kent. Scale bar = 10 mm. 

I 

1 FlGUF(E 3.92: Hamites incurvatus. BMNH C.75247 from the Upper Gaul! (Upper Albian) at Copt Point, 
! Folkest one, Kent. Scale bar = 10 mm. 

, F l W E  3.93: Hamites tenuis. BMNH C.852 from the Lower Gault (Middle Albian) at Copt Point, Folkestone, 
1 Kent. Scale bar = 10 mm. 
I 

I F ~ W E  3.94: Hamites tenuis. Uncatalogued specimen collected by A. S. Gale f rom the Speeton Clay (Middle 
I Albian, intermedius Subzone), Speeton, Norfolk. Scale bar = 10 mm. 
i 
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I 

! 
I 

FIGUFE 4.1 : Hemisect ion through the shell of Nautilus pompilius, the common nautilus. 

- 
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FIGURE 4.2 

FIGURE 4.2: Cranchia scabra, based on specimens in the Spirit Collection of the Mollusca Section, 
BMNH. Cranchia is a mesopelagic squid, and is here oriented in its life position, with the head 
downwards. 

C 

Arms 
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FIGURE 4.3b 

FIGURE 4.3: Spirula spirula, based on specimens in the Spirit Collection of the Mollusca Section, 
BMNH. Spirula is a mesopelagic sepiid with a characteristic internal coiled shell, and is here 
oriented in its life position, with the head downwards. I t  is shown here in life (Figure 4.3a) and 
sectioned (Figure 4.3b). 
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FIGURE 4.4: An ammonite based on the hypothesis that ammonites were negatively buoyant animals 
which crawled about on the sea floor (Ebel, 1992, 1993). In this model, the shell does not provide 
buoyancy and so plays no part in the orientation of the animal relative t o  the sea floor; this is 
dependent on the centre of mass of the ammonite and the strength and adhesion of the arms. - 
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Vertical axis \I 

Centre of 

of mass 

I t  I angle a 
\ 

Restorative Force 

Figure 4.5b 

4 
Figure 

Force T 
Figure 4 . 5 ~  Figure 4.5d 

FIGURE 4.5: An ammonite at stable equilibrium is positioned with the centre of mass vertically below 
thecentre of buoyancy (Figure 4.5a). If the ammonite is rotated such that the centre of mass is moved 
through anangle a (Figure 4.5b) a restorative force proportional to a will be generated, tending to 
re-position the centreof mass vertically beneath the centre of buoyancy. Equally, if the centre of 
mass moves within the shehanother restorative force will be developed (Figure 4 . 5 ~ ) ~  and the shell 
will tend to rotate and reposition thecentre of mass vertically beneath the centre of buoyancy (Figure 
4.5d). 
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PROTOCONCH END 

Shell 
(density = 2.62) 

Phragmocone 
including gas 

andseptae 
(density = 

0.1048) 

Living chamber 
(density = 1.067) 

APERTURAL END 

FIGURE 4.6: Diagrammatic section through an heteromorph ammonite, with representitive values 
for the density of shell, phragmocone, and soft tissues taken from Okamoto (1 988). The density 
values are given in milligrammes per cubic millimeter. Sea water has a density of approximately 

1.025 mg/mm2. 
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FIGURE 4.7a: Summary of the hydrostatic properties of Sciponoceras based upon the 
analysis described in the text. 

FIGURE 4.7b: Summary of the hydrostatic properties of Ostlingoceras based upon the 
analysis described in the text. 

I- . . 
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Figure 4.9a 

n Retort stand 

v Figure 4.9b 

I 

KlGURE 4.9: Top. the Plasticene models of equal volume and whorl expansion rate but differing in coiling 
?ode (Figure 4.9a). From left to  right: hamiticone, ancylocone, and aspinocone. Bottom, a schematic 
?lagram of the testing rig used (Figure 4.9b). 
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FIGURE 4.1 1 a: Reconstruction of an aspinoconic ammonite, Hamitella gardneri, with estimated centre of 
buoyancy (black square) and centres of mass with the head and arms extended (white circle) and 
withdrawn (black circle). A broken line indicates the vertical when the head and arms are extended, and a 
solid line when the head and arms are withdrawn. The angle at which these lines meet is the angle of 
rotation. 

i 

Rotational angle = 30" 1 



Rotational angle c 60" 

FIGURE 4.1 1 b: Reconstruction of an ancycloconic ammonite Anisoceras armatum with estimated centre of 
buoyancy (black square) and centres of mass with the head and arms extended (white circle) and 
withdrawn (black circle). A broken line indicates the vertical when the head and arms are extended, and a 
solid line when the head and arms are withdrawn. The angle at which these lines meet is the angle of 
rotation. 



Rotational angle u 100" 

1 FIGURE 4.1 1 c: Reconstruction of an hamiticonic ammonite. Hamitella maximus, with estimated centre of 
I 
1 buoyancy (black square) and centres of mass with the head and arms extended (white circle) and 
I withdrawn (black circle). A broken line indicates the vertical when the head and arms are extended, and a 
I solid line when the head and arms are withdrawn. The angle at which these lines meet is the angle of 

rotation. 
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Rot 

* 

FIGURE 4.1 1e: Reconstruction of a low spired turriliticonic ammonite, a juvenile Hamitella sp. with 
estimated centre of buoyancy (black square) and centres of mass with the head and arms extended (white 
circle) and withdrawn (black circle). A broken line indicates the vertical when the head and arms are 
extended, and a solid line when the head and arms are withdrawn. The angle a t  which these lines meet is 
the angle of rotation. 
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FIGURE 4.1 1F. Reconstruction of a high spired turriliticonic ammonite, Ostlingoceras puzosianum, with 
estimated centre of buoyancy (black square) and centres of mass with the head and arms extended (white 
circle) and withdrawn (black circle). A broken line indicates the vertical when the head and arms are 
extended, and a solid line when the head and arms are withdrawn. The angle at which these lines meet is 
the angle of rotation. 
i 

Rotational angle e 5" 
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FIGURE 4.1 1 g: Reconstruction of a ptychcoconic ammonite, Ptychoceras adpressurn, with estimated centre 
of buoyancy (black square) and centres of mass with the head and arms extended (white circle) and 
withdrawn (black circle). A broken line indicates the vertical when the head and arms are extended, and a 
solid line when the head and arms are withdrawn. The angle at which these lines meet is the angle of 
rotation. 
I 
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Figure 4.1 1 

- 
FIGURE 4.1 2: Table of the seven ammonite mophologies described in the text (Chapter 4) together with the 
deduced rotational angles. Each shell morphology can be classified by whether it has "tiltingn ability or 
not, which is dependent on the size of the rotational angle. As described in the text, tiltling morphologies 
have large rotational angles, and movement of the body between the aperture and the back of the shell 
would cause the ammonite to rotate, typically with the aperture toward the sea floor when the head and 
arms are extended. In contrast non-tilting forms have small or zero rotational angles, and movement of 
the body within the shell causes little or no change in orientation. - 

SHELL MORPHOLOGY 

ASPINOCONE 

ANCYCLOCONE 

HAMITICONE 

BACULITICONE 

OPEN, LOW SPIRED 
TURRILITICONE 

CLOSED, HIGH SPIRED 
TURRILITICONE 

PTYCHOCONE 

ROTATIONAL ANGLE 

30" (MODERATE) 

60" (HIGH) 

100" (HIGH) 

O" (LOW) 

10" (LOW) 

So (LOW) 

So (LOW) 

TILTING ABILITY 

YES 

YES 

YES 

NO 

NO 

NO 

NO 
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I Greenland Europe I 
North America Asia 

INDO-PACIFIC 

South America Aust ralia 

Antarctica India 

Afr ica Madagascar 

\ \ Anglo-Paris 
basin 
( HOPLITINID) 

North German 
basin 

( HOPLITINID) 

R U E  5.1 a: Inferred position of the con tinen ts during the Lower Albian ( 105 t o  100 million years ago) 
redrawn after Haq ( 1984). 

R U E  5. lb:  Coastlines of North West Europe during the same time period, based on Owen (1979) with the 
prinicpal marine basins labelled. Names in brackets - e.g., (Greenland) - indicate present-day 
geographical locat ions. 
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Land 
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Figure 5.2a 
Sands (marinc) 

Figure 5.2b 

Marls and cla\:s 
(marinc) 

Clays (marinc) 

1 FIQJFE 5.2: Lower Albian (Figure 5.2a) and Upper Albian (Figure 5.2b) palaeogeographical reconstructions 
/ redrawn after Fbwson (1 992). Principal facies types are indicated. 





Tilting ammonites 

Non-t ilt ing ammonites 
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50 m 

100 m 

150 m 

200 m 

FIQJIE 5.4: ldealised section of the mult Sea based on the estimates of water depth discussed in the text (Chapter 5). The ranges of the tilting morphotypes 
(aspinocones, ancyclocones, and hamit icones) and the non-t It ing morphot ypes (baculi ticones, p tychocones, and t urrili ticones) as inferred from their occurence 
in the fossil record are plotted. The tilting forms are found in sediments suggesting a wider range of det hs than t he non-t ilt ing forms, which were restricted to  
deeper water facies. 
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Centre of mass 

Figure 5.5b 

t 

FIGURE 5.5: Lines of force generated by jet-propulsion compared in a tilting morphotype (Figure 5.5a; an asplnocone) and a non-tilting morphotype (Figure 
5.5b;a baculiticone). The line of force wrll act through the centre of mass. In the aspinocone, thls line of force meets the vertical axis of the ammonite 
tangentially,consequently some of the force w~l l  produce a rotation of the shell around the plvot point (the centre of buoyancy). Th~s rotation wastes energy and 
so swimmingwould be inefficient.. In contrast, with the bacul~t~cone, the centre of mass, centre of buoyancy and the line of force are all llned up along the 
vertical axis and noneof the energy is lost this way. 
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Figure 5..7 

lrnrsa Figure 5.8 
chelae 

.I. J repair 

Figure 5.9 

FIGUFE 5.6: Hamitella in termedius. Uncat alogued specimen from Bed IX, Copt Point, Folkest one. Author's 
collection, BMNH. Oriented with apertural-end of shell toward bottom of the page. Shell damage and repair 
along the mid line of this specimen; note bisected ribs where the shell was peeled with only gradual 
reformation of later ribs. The original shell material is preserved in this specimen. Scale bar = 10 mm. 

FIGURE 5.7: Hamitella maximus. BMNH C.73900, from Copt Point, Folkestone; exact stratigraphical 
horizon unrecorded. Oriented with the apert ural-end of the shell towards the lef t hand side of the page. 
Shell damage in this specimen is slightly below the midline of the shell, and evidenced by deformation of 
the ribs. Original shell material of this specimen preserved. Scale bar = 10 mm. 

FIGUFE 5.8: Ampullaria sp. Example of an artificially "peeled" apple snail shell. The shell damage extends 
about 5 mm inwards from the aperture, roughly along the midline of the whorl. Subsequent repair has 
filled in part of the damage. 

FIGURE 5.9: Restored claw of Diaulax feliceps. Based upon BMNH ln.30098 from the Geult Clay at 
Folkest one. mbust chelipeds with smooth short chelae like these can be seen in modern crabs which peel 
shells open, such as Calappa. Crabs which crush shells, like Cancer, have chelae with molariform 
processes. Scale bar = 10 mm. 
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Level of the 

Figure 5.1 0 Figure 5.1 1 

FIGURE 5.10: Diagrammatic section through a typical helically coiled ammonite of the family Turrilitidae. 
According to  Klinger (1 980) the helical coiling and displacement of the siphuncle observed in most 
Turrulitidae give rise t o  a situation whereby the siphuncle is 'de-coupled' from the cameral fluids. This 
supposedly increases the efficiency of camera1 emptying. 

FIGURE 5.1 1: Diagrammatic section through a typical baculiticonic ammonite of the family Baculitidae. A 
consequence of the coiling of baculiticones is that the siphuncle is effectively de-coupled for most of its 
length since it does not lie on the ventral surface of the shell, the usual position in most regularly coiled 
ammonites. 

. 

A 
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Scaphite 
Scaphites whitfieldi 

Oceanic squid 
Dosidicus gigas 

Paper nautilus (oceanic 
octopus) Argonautus 

nodosus 

Hamitid 
Hamites tenuis 

Common cuttlefish 
Sepia officialis 

Coastal octopus 
Octopus vulgaris 

Coastal squid 
Loligo vulgaris 

FIGURE 6.1: Comparisons of the sizes of various cephalopods at hatching. Based on Tanabe e t  a1 (1 980), 
Mangold (1 987), Lebrun (1 996) and Landmann et a1 (1 996). The Nautilus is demersal immediately after 
hatching, as is the common cuttlefish. The species of squid and octopus figured here represent extremes of 
the range of sizes known for these groups, and all appear to  be planktonic for at least the early part of 
their life cycle. The two heteromorph ammonites are more comparable with the squid and octopus than 
with the Nautilus, and this suggests that they were planktonic after hatching. The scale bar is 50 mm. 
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I Figure 6.2d I 

R Q J E  6.2: Four ammonit es for comparison of the coiling mode and relative sizes of the juvenile-A, 
juvenile-6, and mature growth phases: 

R Q J E  6.2a: Hamitella gardneri 
R Q J E  6.2 b: Ancycloceras matheronianum 
R Q J E  6 . 2 ~ :  /-/amitella maximus 
FIQJE 6.2d: Lechites gaudini 
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Scaphit idae 

Turrilit idae 

FIUJFE 6.3: Interelationships between the Albian heteromorphs postulated by Spat h ( 1923-1 943). I 
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FIGURE 6.4: Phylogeny of the Anisocerat id~ based on the cladogram described in Chapter 2. The 
t uberculat ion on the phragmocone and the living chamber of each species is also figured diagrammatically; 
i t  it clear that among the more primitive species tuberculation tends t o  be limited to  the phragmocone, 
while tuberculation on the living chamber as well as the phragmocone is characteristic of the more derived 
species. 
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Figure 6.5a 

Figure 6.5b 

.--1. -. .. __ 

Figure 6 . 5 ~  

-__- 

FIGURE 6.5: Evolution of the Bacul i t id~ postulated here compared with the hypothesis suggested by by 
Matsumoto & Obata (1964). In this thesis the baculitids are viewed as neotenic derivatives of the 
Hamitidz which were adapted to  a planktonic lifestyle with the long axis vertical (Figure 6.5a). 
Matsumoto & Obata (1964) proposed that baculitids were originally benthonic (Figure 6.5b) and that the 
orthoconic shell shape was an adaptation for squid-like swimming with the long axis horizontal (Figure 
6 .5~ ) .  

A 



Figure 6.6 
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- 
FIGURE 6.6: Scaphites hugardianus reconstructed as a benthonic animal, with the aperture toward the sea 
floor. 
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Angled bend, about 10" 

Figure 6.7a 

Figure 6.7b 

Figure 6.8a 

Helical coil 

FIGUIE 6.7: Hamites tenuis is a harniticonic harnitid with the planar coil and first shaft slightly angled with 
respect t o  the plane in which the second and third shaft lie, as illustrated by these ventral (Figure 6.7a) 
and lateral (Figure 6.7b) views of a restored shell. 

FIGUE 6.8: Hamitella maximus is a hamit iconic hami tid which contrasts with Hamites tenuis by having all 
three shafts in a single plane, but with the juvenile coil being helical. This is illustrated by these 
reconstructions of a juvenile (Figure 6.8a) and subadult (Figure 6.8b). The adults have three shafts, but 
for clarity a subadult with only two shafts is shown here. 
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A new cheilostome bryozoan genus pseudoplanktonic on molluscs and algae 

Paul D. Taylor" and Neale Monks 

Department of Palaeontology, The Natural History Museum. London SW7 SBD, UK 

Abstract. The little-known bryozoan Membranipora eburnea HINCKS is redescribed and des- 
ignated the type species of the new genus Jellyella. The twinned ancestrula of this malacos- 
tegan-grade cheilostome places it within the Membraniporidae, along with Membranipora and 
Bijlustra. Jellyella is distinguished by the presence of intricately branched processes (spinules) 
projecting into the zooidal chambers, and a calcitic skeletal ultrastructure of transversely ar- 
ranged, elongate spindles. The "Gulf weed bryozoan," Membranipora tuberculata (Bosc), is 
also assigned to the new genus as Jellyella tuberculata. Both species of Jellyella seem primarily 
to encrust floating substrates: based on available museum material, J. eburnea usually grows 
on drifting shells of dead individuals of the cephalopod Spirula but can also be found as an 
epizoan of the floating gastropod Janthina and on algae; J. tuberculata is normally an epiphyte 
of Sargassum. Collections of Spirula shells from beaches around the Indian, Pacific, and At- 
lantic Oceans are commonly encrusted by J. ebumea but very seldom by any other bryozoans. 
Jellyella is therefore interpreted as a rare example of a pseudoplanktonic genus among the 
typically benthic bryozoans. 

Additional key words: Membraniporidae, Membranipora eburnea, M. tuberculata, Spirula, 
Janthina 

Bryozoans are typically benthic animals living as 
sessile components of sea-bed communities. However, 
they occasionally inhabit higher levels of the water 
column. Freshwater bryozoans often encrust floating 
substrates such as water lily leaves. A free-floating 
ctenostome bryozoan has recently been discovered in 
the Antarctic (Peck et al. 1995), and a pseudoplank- 
tonic lifestyle is achieved by some marine species 
whose colonies become attached to floating or swim- 
ming substrates. For example, bryozoans may grow on 
floating algae, particularly Sargassum, and plastic ar- 
tifacts (Winston 1982b; Stevens et al. 1996). Various- 
species of bryozoans have been found living as epi- 
zoans of marine turtles (e.g., Frazier et al. 1992). sea- 
snakes (e.g., Key et al. 199% and the cephalopod 
Nautilus (e.g., Landman et al. 1987). Pseudoplanktonic 
bryozoans have also been recorded encrusting dead 
shells of another cephalopod, Spirula (Dauphin 
1979a.b). but have never been thoroughly described. 

The current study suggests that Spirula shells (Figs. 
1, 2) provide a principal substrate for the cheilostome 
species originally described as Membranipora eburnea 
by Hincks (1891). The same bryozoan species is also 

.Author with whom to correspond. Telephone 0171-938- 
9409; Fax 0171-938-9277; e-mail pdt@nhm.ac.uk 

here recorded for the first time encrusting shells of the 
planktonic gastropod Janthina (Figs. 4, 5), apparently 
while the snail was alive. Morphological similarities 
between M. eburnea and M. tuberculata (Bosc 1802). 
a species usually living as an epiphyte of floating Sar- 
gassum (Fig. 3). suggest that the species are conge- 
neric with one another but not with the type species 
of Membranipora, M. membranacea. A new genus is 
therefore proposed for these two pseudoplanktonic 
bryozoans. 

Shells of the cephalopod Spirula spirula LINNAEUS 
1758 can be found in considerable numbers in beach 
drift in many parts of the world. Spirula, the only truly 
oceanic sepioid, has an open spiral shell, up to about 
2 cm in diameter, with simple concave sutures. The 
shell is internal, occupying the hindmost end of the 
animal, whose normal orientation when living is with 
the head down and shell upwards (Bruun 1943), the 
shell providing neutral buoyancy (Denton & Gilpin- 
Brown 1973). Spirula is thought to be a vertically 
migrating predator. Juveniles commonly occur below 
1000 m; adults may rise to depths of less than 100 m 
(Bruun 1943, 1955). Populations are concentrated 
around the Gulf of Mexico and Canary Islands in the 
North Atlantic; from 'the Cape of Good Hope .along 
the East African coast in the Indian Ocean; and from 
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Figs. 1. 2. 4, 5. Jc~ll\~c~llrr c,hlo-t~c,rr (HINCKS). Fig. 1. Colonies encrusting a Spirrrl(r shell from Port Eli/ahcth. Sotlth At'ric:,. 
NHM Ic)C)6.1.2h.44. Scale bar, S mm. Fig. 2. Colonies encrusting a .~,,;,-ltllr shell with hroken urnbilic~ls from Wrytern 
Auhtrrtlia. NHM I99h. 1.26.1. Scale bar. 5 mm. Figs. 4. 5. Large colonies encrusting the apical region of a .Intlthitltr shell 
from Port Eli7:lbeth. Soilth Afric:~. NHM 190h.l.2h.43. Scale bar>. 10 mm. Fig. 3. .I~~llyc~llrr trtht,r('rll(rf(~ ( R o s ~ ) .  Colony 
t.ncrusting a .Str,:qtr.s.srtr?l bladder from the Atlantic. NHM 199h.l.2h.60. Scale bar. 3 mm. 

the south Indian coast. through thc South-East Asian 
islands to the west coilst of  New Zcaland in the Pacific 
(Clarke 1966). Rruun ( 1955) considered the distribu- 
tion of Spir-lrlcr to be limited by the 10" C thermocline 
at 300 ni depth. After death. the shcll bccomcs dis- 
sociated from thc cadaver. and may float at the sea 
surfltce. sometimes accumulating a pseudoplanktonic 
biota (Dauphin Ic)79a,b; Donovan 1989). 

The genus .ltrrltl~ir~cr includes five species of pten- 
oglossid prosohranch ga5tropods (Laursen 1953 ). Jan- 

thinids arc characterized by a holoplanktonic lifestyle, 
fr~cilitatcd by the production and use of a bubble-raft. 
and arc all thought to be predators. feeding on hyclro- 
zo;ln cnidarians such as Vc~lclln (Graham 1971). Epi- 
mans of Jnt~tl~ir~cl have been recorded by Laursen 
( 1953) and Wilson & Wilson ( 1  956). Laurscn found a 
cl~lster of Lcytr.s sp. attached to the apex of the gastro- 
pod shcll. and egg ribbons of the opisthobranch Glnrr- 
cr1.r trt1trr1tic~rr.s. Wilson & Wilson also found I,(.pn.v, 
identified as L. ~~~c.titlcrttr. although these were growing 
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from a point on the columnella near the aperture, and 
colonies of the hydroid Laomeda geniculata. 

The objectives of the current paper are: (1) to de- 
scribe the skeletal morphology and revise the system- 
atics of Membranipora eburnea HINCKS, placing it in 
the new genus Jellyella together with Membranipora 
tuberculata Bosc; (2) to recognize Jellyella eburnea 
as a widely distributed but largely overlooked fouling 
organism of floating Spirula and Janthina shells in the 
Indian and Pacific Oceans especially; and (3) to iden- 
tify Jellyella as an ecologically unusual clade of bry- 
ozoans with a mode of life that appears to be predom- 
inantly pseudoplanktonic. 

Methods 

The impetus for this study came from a collection 
of bryozoan-encrusted shells of Spirula made in West- 
em Australia during 1995 by A.S. Gale. Additional 
material was obtained by searching the bryozoan and 
cephalopod collections in the NHM (The Natural His- 
tory Museum, London), FMNH (Field Museum of 
Natural History, Chicago; courtesy of J. Voight), and 
from Y. Dauphin (UniversitC d'Orsay, Paris). All avail- 
able specimens were dry. 

For low resolution scanning electron microscopy of 
uncoated specimens (Figs. 6-15), we used an IS1 
ABT-55 microscope equipped with an environmental 
chamber and a back-scattered electron detector (see 
Taylor 1986; Taylor & Jones 1996). Specimens with 
membranes dried and damaged but partly intact were 
scanned in situ on their substrates. NaOC1-bleached 
specimens (treated with diluted sodium hypochlorite 
laundry bleach) were also scanned to give clearer im- 
ages of the skeleton. Bleaching usually caused colo- 
nies to detach from their substrates allowing under- 
sides to be examined (e.g., Fig. 13). For high resolu- 
tion scanning electron microscopy of bleached, coated 
specimens (Figs. 16-19) for skeletal ultrastructure, we 
used an Hitachi S-800 field emission microscope. 

Mineralogical compositions of skeletons were de- 
termined using an X-ray diffractometer. 

Taxonomy 

Membranipora. (Nitscheina CANU 1900 is an objective 
junior synonym of Membranipora; see Borg 1931). 
Conopeum is also sometimes included in the Mem- 
braniporidae but this genus lacks the diagnostic mem- 
braniporid apomorphy of a twinned ancestrula (Figs. 
12, 13, 15) and is better placed in the paraphyletic 
Electridae STACH, pending a satisfactory subdivision 
of this family into monophyletic groupings. 

The family Membraniporidae is normally attributed 
to Busk (1854). However, the name was first published 
as a valid indication by Busk (1852). the same year 
that d'orbigny (1852: 217) apparently published the 
family Biflustridae, which is here placed in synonymy 
with Membraniporidae. 

Family Membraniporidae BUSK 1852 

Remarks. The Membraniporidae as here under- 
stood is a monophyletic family of malacostegine chei- 
lostomes characterized by the apomorphy of a twinned 
ancestrula (and associated pattern of larval metamor- 
phosis, see Stricker 1989). Hitherto two genera- 
Membranipora and Biflustra-have been assigned to 
the Membraniporidae, although some authors (e.g., 
Cook 1968) have placed BiJlustra in synonymy with 

Jellyella new genus 

Type species. Membranipora eburnea HINCKS 
1891. 

Other species. Flustra tuberculata BOSC 1802; 
Membranipora sp. of Winston (1982a). 

Diagnosis. Membraniporidae with moderately to 
well-developed gymnocyst produced into tubercles. 
andor spines proximally and around the opesium; 
cryptocyst absent or forming a narrow, pustulose prox- 
imal shelf; lateral vertical walls occasionally with un- 
calcified bands; spinules typically numerous, elabo- 
rately branched; plectriform apparatus sometimes pres- 
ent; skeletal wall ultrastructure dominantly of elongate 
spindle-shaped crystallites arranged transversely to 
wall growth direction; skeleton calcitic; typically pseu- 
doplanktonic. 

Derivation of name. After Eliza C. Jelly in rec- 
ognition of her important contributions to bryozoology 
during the last century (Jelly 1889). 

Remarks. Species of Jellyella have more extensive 
gymnocysts than do most species of either Biflustra or 
Membranipora, and there are differences in the ultra- 
structure and sometimes mineralogy of the skeletal 
walls. These walls are spherulitic in Membranipora, 
laminar in BiJEustra, but comprise elongate, transverse- 
ly disposed spindles in Jellyella. Whereas Membrani- 
pora has an aragonitic skeleton (Bone & Wass 1990; 
confirmed herein), the skeletons of both Biflustra and 
Jellyella are calcitic. The type species of Membrani- 
pora, M. membranacea (Linnaeus 1758). is also dis- 
tinguished by the presence of "tower cells," columnar 
kenozooids formed through modification of autozooids 
in late ontogeny (Cook & Chimonides 1980). Biflustra 
is more heavily calcified than Jellyella and has an ex- 
tensive shelf-like proximal cryptocyst. 

Soft part anatomy, with the exception of the dried 
operculum and frontal membrane, is unknown in the 
type species of Jellyella. However, in colonies of J. 
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tuberculata from Ghana, Cook (1985) observed that 
the zooids had 12 to 14 tentacles, each about 0.20 mm 
long, and which were protruded only as far as their 
bases. The larva in the type species is unknown but 
that of J. tuberculata is Cyphonautes sargassi LOH- 
MANN 1904. 

Jellyella eburnea (HINCKS 1891) 

1891 Membranipora eburnea HINCKS, p. 289, pl. 7, fig. 5. 
1898 Membranipora tehuelcha D'ORBIGNY var. intertuber- 

culata WATERS, p. 676, pl. 48, figs. 1-2. 
?I921 Membranipora eburnea HINCKS: Marcus, p. 7, fig. 4. 
197% "Membranipora" eburnea HINCKS: Dauphin, p. 175, 

pl. 2, figs. A, B, G, I, J; pl. 3, figs. e, f. 
1979b "Membranipora" eburnea HINCKS: Dauphin. p. 343. 

fig. 4 h. i; fig. 5 a. c. f. 
1996 Membranipora eburnea HINCKS: Stevens et al., PI. 1, 

fig. D. 

Type specimens. Hincks' original description 
(1891) provides few clues useful in pinpointing the 

type of this species. The figure is too stylized 
to be matched with a real specimen, and the only po- 
tentially useful information given is "Loc. ?Queens- 
land (Miss ~ ~ l l y ) . "  The Hincks Collection at the NHM 
includes only one cavity slide (99.5.1.578) labeled 
Membranipora eburnea HINCKS, with no locality or 
collector data. This contains two dried pieces of algae, 
each encrusted by one colony. Zooidal morphology in 
the larger and better preserved colony (Fig. 8) corre- 
sponds fairly well with Hincks' description and figure 
of the species. The smaller colony is heavily abraded 
but is likely also to be of the same species. The species 
catalog for the Recent bryozoan collections states that 
specimen 99.5.1.578 "seems to be from Jelly." There- 
fore, the two colonies registered as 99.5.1.578 are in- 
terpreted as syntypes. The larger colony is herein cho- 
sen as the lectotype and the smaller the paralectotype 
of J. eburnea. 

Other material (precise locality information is 
lacking for most specimens). NHM 1996.1.26.1 to 
1996.1.26.9, Western Australia, A.S. Gale Collection, 
1995; 1996.1.26.10, South Africa, Ponsonby Collec- 

tion; 1996.1.26.1 1, Green Island, Great Barrier Reef, 
Queensland, Australia, M. Hill Collection, 1964; 
1996.1.26.12, no locality, Bowerbank Collection; 
1996.1.26.13, no locality, B.R. Lucas Collection; 
1966.1.26.14 to 1966.1.26.16, Deuba, Fiji, G.S. & 
M.M. Robinson Collection, 1968-7 1; 1996.1.26.17. 
Mombasa Beach, Kenya; 1996.1.26.18, beach speci- 
men, Kenyan coast, E Pim Collection, 1986; 
1996.1.26.19 to 1996.1.26.23, Kanumua (Ile des Pins), 
New Caledonia, Y. Dauphin Collection; 1996.1.26.24 
to 1996.1.26.30, Phare AmCdCe, New Caledonia, Y. 
Dauphin Collection; 1996.1.26.3 1 to 1996.1.26.36, 
Noumea, New Caledonia, Y. Dauphin Collection; 
1996.1.26. 37 to 1996.1.26. 39, Tuliar, Madagascar, Y. 
Dauphin Collection; 89.1.1.1, 1996.1.26.40 to 
1996.1.26. 58, Port Elizabeth, South Africa. FMNH 
83566a. Miami Beach, Florida. 

Description. Separate descriptions are provided for 
the type and other material because of contrasts in sub- 
strates, specimen condition, and observable morpho- 
logical characters. 

1- Lectotype and paralectotype: Colonies encrust- 
ing algal fronds, cracked and partly abraded. Lectotype 
colony 5.3 mm in maximum diameter, asymmetrical, 
without a circumferential growing edge, the two lateral 
edges of the colony not joining behind the colony or- 
igin. Paralectotype colony 2.3 mm in maximum di- 
ameter with a circumferential growing edge and a 
more or less central origin. ~ 0 t h  lectotype and para- 
lectoty~e are elongated at right angles to the initial 
growth direction of the colonies. Ancestrular area de- 
stroyed in lectotype, heavily worn in paralectotype but 
outline shape of twinned ancestrula still visible, the 
basal lengths of the two unequal-sized zooids being 
about 290 Fm and 350 pm and their basal widths 150 
pm and 180 pm. 

Autozooids elongate rhombic (Fig. 8). from 410 to 
600 pm in length and 230 to 300 pm in greatest width, 
arranged aP~roximatel~ in quincunx. Proximal gym- 
nocyst occupying one-third to one-half of the frontal 
length, tapering distally along lateral margins of ope- 
sium and lacking altogether in distal third of zooid; 

~ j ~ ~ .  6-11. Jellyella ebumea (HINCKS). Back-scattered SEMs of uncoated specimens. ~ i ~ .  6. Bleached colony detached 
from a Spirula shell; typically spinose zooids on the right and an unusual patch of lightly calcified on he left. 
Western Australia. NHM 1996.1-26.7, Scale bw 500 Fm. Fig. 7. Early growth stages of a colony with a spiral 

 en ens land. NHM 1996.1.26.11- Scale bw 200 Fm- Fig. 8. Group of Unbleached .mids from the lectotype. 
NHM 99.5.1.578. Scale bar, 100 km. Fig- 9. Growing edge of the colony in ~ i ~ .  7. ~ ~ ~ ~ l ~ ~ i ~ ~  gymnocystal 

spines and spinule~ are visible in the new buds. Scale bq 100 Fm. Fig. 10- Growing edge of a different colony showing 
evidence of Skeletal repair. Madagascar. NHM 1996.1.26.37. Scale bar, 100 irm. Fig. 11. Etchings on the surface of a 
Janlhina shell from which a br~ozoan has been removed by Each shallow pit comsponds to the basal 
window of a bryozoan =mid. South Africa. NHM 1996.12610. Scale bar., 200 pm. 
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calcification smooth; surface folded into rucks and 
spines that can be seen forming in zooids at growing 
edge. Spines variably developed, irregular, hollow, 
open-ended or closed, blunt, curved, up to 100 pm 
long; typically one or two short tubercle-like, distally 
curved spines near proximal end of gymnocyst; about 
8-12 longer spines surrounding and overarching the 
opesium in zooids within zone of astogenetic repeti- 
tion. Cryptocyst apparently lacking. Remnants of oper- 
cula visible at distal ends of some zooids, crescent- 
shaped, about 140 pm in maximum width, narrower 
along proximal hingeline. Surface of frontal membrane 
and operculum covered by widely spaced small pus- 
tules. 

No ovicells, avicularia, or other heterozooids. 
2. Other material: Colonies encrusting shells of 

Spirula or Janthina, up to 15 mm in maximum di- 
ameter, initially fan-shaped but developing a circum- 
ferential growing edge by about the 30-zooid stage 
following coalescence of lateral lobes of growing edge 
behind ancestrula (Fig. 6). Unequal growth of lateral 
lobes sometimes resulting in a spiral pattern of zooids 
around ancestrula (Fig. 7). Giant buds occasionally 
present, associated with prolonged zones of ontoge- 
netic change. Ancestrular complex comprising two 
complete twinned zooids together with the proximal 
parts of one to three additional zooids budded between 
the twins (Fig. 12). Complex defined most clearly on 
colony underside (Fig. 13), subcircular, slightly elon- 
gated transversely, 380-440 pm long by 430-510 pm 
wide, bounded by a distinct furrow. Twinned ancestru- 
lar zooids, each longer than wide, ovoidal in frontal 
outline, joined proximolaterally for a little more than 
half of their length, long axes diverging at about 60"; 
basal wall almost entirely uncalcified; gymnocyst oc- 
cupying at least two-thirds of frontal length, convex, 
proximally horizontal, distally sloping; proximal mural 
rim gently folded, usually without clear tubercles or 
spines except for a few colonies; opesium ovoidal, di- 
rected slightly distally; spinules absent. 

Autozooids indistinctly rhombic in frontal outline, 
longer than wide, arranged approximately quincunxi- 
ally. Basal walls invariably uncalcified apart from a 
marginal rim about 70 pm wide (rarely 300 pm) sur- 
rounding a basal window; substrate may be etched be- 
neath basal window (Fig. 1 1); fissures representing cu- 
ticular insertions visible between adjacent zooid rows 
on colony undersides, lacking between zooids within 
a row. Gymnocyst well developed, proximal gymno- 
cyst generally occupying about one-half to one-third 
of the frontal area except in skeletally immature zooids 
close to the growing edge, tapering distally and absent 
at distal end of zooids; smoothly calcified surface flut- 
ed or folded into rucks, tubercles, or spines variable 

in prominence and number (Fig. 9); spines short, hol- 
low, sometimes open-ended (Fig. 8) but more often 
rounded and terminally closed, hook-like, those adja- 
cent to the opesium bending over frontal membrane 
but not reaching the mid-line, occasionally with trans- 
verse furrows; one or sometimes more distally directed 
tubercles present in proximal part of gymnocyst, often 
originating along border with proximal neighboring 
zooid, very occasionally longer and spine-like. Cryp- 
tocyst lacking. Opesium ovoidal, longer than wide. 
Operculum crescent-shaped, about 130-150 pm wide. 
with a marginal sclerite. Vertical walls forming a nar- 
row shelf at distal end of zooid, and often with minor 
buttresses in comers of zooids and at junctions with 
basal walls. Pore chambers lacking. Simple pores pres- 
ent in lateral vertical walls separating zooidal series, 
located close to basal walls, about 25 pm in diameter. 
Multiporous septulae developed in transverse vertical 
walls adjacent to basal walls; individual pores about 1 
pm in diameter, centered within depressions separated 
by slight buttresses, sometimes two or more pores 
sharing the same depression. Spinules (Fig. 16) arising 
from lateral vertical walls and underside of gymnocyst 
in zooids close to growing edge but apparently broken- 
off or resorbed in more mature zooids; profusely and 
complexly branched, antler-like, very fine, about 5-10 
pm in diameter at the base, tapering to less than 0.5 
pm diameter at the tips; present from the first post- 
ancestrular generation onwards. 

No ovicells or avicularia. Kenozooids present in 
areas of crowding, particularly where growing edges 
coalesce. 

Skeletal walls largely comprising elongate spindle- 
shaped to fibrous crystallites, very small (-1 pm long 
by 0.2 pm wide) and seemingly disorganized in first- 
formed parts of walls (Fig. 17), becoming larger (up 
to 0.5 pm wide) and orientated transverse to wall 
growth direction in older walls (Fig. 18); fibers visible 
on undersides of basal walls meet in a chevron pattern 
where they converge on grooves formed by cuticular 
insertions between zooidal rows. Thin laminar layer 
(Fig. 19), apparently consisting of coalesced subhex- 
agonal tablets, may overlie fibers and line zooidal 
chambers. Skeleton entirely of calcite. 

Measurements. See Table 1. 
Remarks. Subsequent to Hincks' original descrip- 

tion of J. eburnea in 1891, this species name almost 
disappeared from the bryozoan literature apart from a 
brief citation by Waters (1898, p. 671) and a question- 
able record from Sumatra (Marcus 1921). In two pa- 
pers on Spirula, however, Dauphin (1979a,b) figured 
colonies of J. eburnea from New Caledonia and Mau- 
ritius which had been correctly identified by E. Buge. 
Buge hinted at a possible generic re-assignment to 
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Table 1. Zooid dimensions measured in Jellyella eburnea. 
Each parameter was measured in 10 zooids from the epi- 
phytic lectotype and one colony from Western Australia 
(Gale Collection) encrusting a Spirula shell. 

Mean + SD Range 

zooid length lectotype 510 t 70 410-600 
W. Aust. 610 + 30 570-630 

zooid width lectotype 270 f 20 230-300 
W. Aust. 280 + 30 230-320 

opesium length lectotype 330 2 50 260-420 
W. Aust. 530 + 20 480-570 

opesium width lectotype 180 + 20 150-200 
W. Aust. 220 + 20 200-260 

Electra but the presence of a twinned ancestrula (Figs. 
12, 13) precludes placing J. eburnea in this genus. 
Gordon & Parker (1991b, p. 119) suggested that J. 
eburnea may belong to their new genus Mychoplectra 
(type species Lepralia pocula HUTTON). However, My- 
choplectra is characterized by the presence of a plec- 
triform apparatus, a comb-like structure projecting 
down into the zooidal cavity from close to the proxi- 
mal edge of the opesium (Gordon & Parker 1991a). A 
plectriform apparatus is clearly absent in J. eburnea, 
although it may exist in some specimens of J. tuber- 
culata. Nevertheless, a fairly close relationship be- 
tween J. eburnea and the type species of Mychoplectra 
may be possible to judge from similarities in zooidal 
morphology. Unfortunately, the ancestrula has not 
been described in Mychoplectra. Gordon & Parker 
(1991b) assigned their genus to the Electridae, imply- 
ing a simple ancestrula, whereas J. eburnea has a 
twinned ancestrula and clearly belongs to the Mem- 
braniporidae. Carbonate mineralogy and skeletal ultra- 
structure are also unknown in Mychoplectra. More re- 
cently, Stevens et al. (1996) have recorded and figured 
one colony of J. eburnea encrusting a drift plastic bot- 
tle from a beach in northern New Zealand. 

The formally named species showing greatest re- 
semblance to J. ebumea is the widespread "Mem- 
branipora" tuberculata (Bosc), commonly found as 
an epiphyte of floating Sargassum (Fig. 3) and here 
re-assigned to Jellyella. Like that of J. eburnea, the 
proximal gymnocyst of J. tuberculata is generally well 
developed; typically, a pair of large tubercles (Fig. 14), 
which may coalesce, are developed on the proximal 
gymnocyst (Cook 1968, 1985; Marcus 1937; Osburn 
1950; Mawatari 1974; Voigt 1993). These are remi- 
niscent of the tubercles and gymnocystal spines of J. 
eburnea. Branched "spinous processes" (denticles or 
spinules) project into the zooidal chamber from the 
walls of the zooid (see Gordon & Parker 1991a; de- 

scribed as "cervicorn spines or rays" by Waters 1898, 
p. 675). However, J. tuberculata has a cryptocyst that 
forms a distinct shelf in most specimens (Cook 1268; 
Mawatari 1974) and may be pustulose (Fig. 14) or 
non-pustulose (compare Ristedt 1977, pl. 1, figs. 3 and 
4). The comb-like spines (plectriform apparatus) pres- 
ent in some zooids of J. tuberculata (Gordon & Parker 
1991a) have not yet been found in J. eburnea. The 
ancestrular complex of J. tuberculata (see Hastings 
1930; Maturo 1957; Muiioz et al. 1991) is very similar 
to that of J. eburnea (compare Figs. 13 and 15). 

The species described by Winston (1982a, p. 120) 
as Membranipora sp. is probably closely related to J. 
eburnea. This un-named species from the east coast of 
Florida was found only on wood and plastic objects in 
beach drift. The proximal gymnocyst is not as well 
developed as that in typical J. eburnea, and Winston 
mentions that, unlike those in J. eburnea, the ends of 
the gymnocystal spines may be bifid, but other aspects 
of skeletal morphology are strikingly similar. 

Variations in zooidal morphology occur among dif- 
ferent populations of J. eburnea. In particular, the lec- 
totype specimen has shorter zooids with proportion- 
ately longer gymnocysts than material from Western 
Australia, whereas colonies from Queensland and 
Madagascar have particularly well-developed gymno- 
cystal spines, especially when compared to Janthina- 
encrusting colonies from South Africa. These varia- 
tions, however, are typically less than astogeneticlrni- 
croenvironmental variations which can be observed 
within single colonies (e.g., Fig. 6) and do not cur- 
rently provide a useable basis for distinguishing more 
than one species. 

Discussion 

Morphology 

Jellyella is placed in the paraphyletic suborder Ma- 
lacostegina. Malacostegans (i.e., cheilostomes with a 
cyphonautes larva) have a relatively low taxonomic 
diversity and lack the disparity in skeletal morphology 
found in ovicellate neocheilostomes: avicularia seldom 
occur in malacostegans, frontal walls are simple in 
structure, and a restricted range of colony-forms is de- 
veloped (Taylor 1987). The recognition of the new ge- 
nus Jellyella does not dilute this contrast appreciably. 
As is typical for malacostegans, the skeleton of Jelly- 
ella is comparatively uncomplicated, and polymorphic 
zooids are absent. However, the unusual spinules and 
gymnocystal spines, as well as the skeletal ultrastruc- 
ture and mineralogy of the new genus, do deserve 
comment. 

Spinules. Spectacular spinules (Fig. 16) project into 
the zooidal chamber from the lateral walls and the un- 
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Fip.  12-15. R;~ck-scattered SEMs of  uncoated specimens. Figs. 12, 13. J C , / ~ ~ [ / ( ~  rbl,rr (,(, 
12. Flrly showing twinnetl :uicestrula (center). Distal is clownwards. M d -. vrowth stages " agarcar NHM lWh.l .Zh.17. h;lr, ?()() Fig. 13. 

Ancestr~llar complex, clearly differentiated from the surrounding zooids. seen an 
underside of colony removed from its sLlhstratc hy blenching. Note windows in the basal walls of the zooids. Western A 
u\;frnlin. NHM IOOh. 1 .?h.h. s c -a 1 bi~r. 200  pm. Figs. 14. 15. 1 .  rr~br,r.lrL~*r. Atlantic 1946.1.26.M). Fig. 14. Zooids with proxim;ll tahercles which 

ave been tnlncsted by ble;~ching. showing the hollc,w interiors. S~:lle bar. I00 pm. Fig. 15. undenide of colony showing 
nncestrul:lr com,,lc~. Sc:lle bar. 200  I*m 

( j e r s i d ~  o f  the  pymnocysf  in J .  e / ) ~ i r t ~ ~ w .  These  spillLlles 
:Ire most  c lear ly visihle in n e w  buds  at  the g rowing  
edges of' c o l o ~ l i c s  a n d  d o  not gcIIt.r;llly persist in on- 
logenetically m:ltilre r o o i d s  where  only their s tumps  

seen in ch loroxed  specimens.  T h e  disappearance o f  
5p ino lc s  'jul-inp r (mid ;~ l  o a t o p e n y  m a y  h e  d u e  ei ther  t o  
l.esOrpfion 10 h reak i~gu ,  the latter perhaps caused hy 

m o v u l l C ~ ~  o f  the  prrlypide. S i m i l i ~ r  structures were  

dcscr.ihed by V(,igI Xi C o o k  ( 1983) a s  "interior spinous 
pr~,cCssrs.- in [he  ;lscophor;~n chei lostotne C(l//t~/,o,ino 

p(msi.s.yialo HARMER 1957. ~ i k ~  [he spinules of J .  

lhose o f  C. p,rosi.r.~i,tln ;Ire in t r i c i l t r ly  
"'inched 'lnd 

most obvious  in ( ~ n t o g e n e t i ~ ; ~ l l y  it*- 
mature rooids. The functionel signitic;lnce spinules 
i n  cheilostomes has  been discussed by various authors  
(e.g.. l926: Ristedt 1977; V(>igt X: C ~ o k  

I g X 3 ) .  most 'lgreeing thilt they ;Ire likely hc d c k t l -  
however. similar t m ~ r 3 1  spines i n  cyclostomes 

were regarded 
Farmer ( 1 9 7 9 )  ;Is ;1ftachnlents fijr 

membranes  and  muscles, 
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Figs. 16-19. Jr/ /yc , l / rr  rhrrnlecr. Secondary SEMs of coated specimens. Western Australi:~. Fig. 16. F3r;tnched spinule\ in :i 

newly budded ;rooid. NHM 1996.1.16.8. Sc:lle bar. 20 pm. Figs. 17-19. Skeletal ultrastructure. NHM 1996. 1.26.9. Fig. 17. 
Distal growing edge of gylnnocyst seen froln the underside showing increase in crystallite size and transverse orientation 
of spindles with w:lll drvelopnient. Scale bar, 2 pm. Fig. 18. Elongate spindles on the underside of the gymnocy\t about 
30 p m  proximal to the growing edge of the wall. Many of the crystallites are partially dissociated from the wall. due to 
bleaching. Scale bar, 2 pm. Fig. 10. Basal wall of ~ o o i d  seen from the interior showing thin zooecinl lining of platey 
crystallites overlying main wall fabric of  elong:tte spindles. Scale bar. I Fm. 

Gymnocystal spines. The crudely constructed in other cases they form structures rescnihling gastro- 
gymnocystal spines (Figs. 7-10) of J .  c.h,,rr~c~t~ origi- pod varices. At their lnaxilnilm development. these 
nate through folding of the proxim:ll gymnocyst. spines overarch much of the vulnerable frontal Inem- 
Sometimes they develop into boss-like tubercles. hut brane of the zooid. suggesting an anti-preclntor role. as 
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with the spinules discussed above. If so, the variable mineral utilized by malacostegans, judging from the 
development of gymnocystal spines among popula- calcitic composition of early representatives of the 
tions of J. eburnea could indicate differing levels of "group," the aragonitic skeleton in Membranipora 
predation. The least spinose colonies encountered were sensu strict0 may be an autapomorphy of this genus. 
epizoans of the living gastropod Janthina (see below), 
a host which may well have discouraged bryozoan ~ i ~ ~ ~ i ~ ~ ~ i ~ ~  and ecology 
predators. Conversely, some of the most spinose col- 
onies show examples of skeletal repair of former Evidence from the museum collections available 
growing edges (Fig. 10). Repair possibly followed suggests that Jellyella eburnea lives mainly as an en- 
damage inflicted by a predator which may attack grow- cruster of the drifting shells of dead Spirula (Figs. 1, 
ing edges of cheilostomes where the frontal membrane 2), although it is also found on algae and on shells of 
is thin (Ryland 1976, p. 423). Nothing is currently the snail Janthina (Figs. 4, 5). While this apparent 
known about predators of J. eburnea. However, Cook preference for floating mollusc shells may have been 
(1985: P. 18, ~ 1 .  3A) found that a species of the nu- exaggerated by the abundance of Spirula shells in mu- 
&branch genus Corambe fed upon J. tuberculafa. seum collections, it is unlikely to be entirely a Sam- 
probably using a suctorial mechanism. piing artifact. Colonies of J. ebumea encrusting Spir- 

Skeletal ultrastructure and mineralogy. The skel- ula shells are known from Florida, south Africa, East 
etal walls of J. eburnea are composed predominantly Africa, Madagascar, Mauritius, Fiji, Australia, and 
of elongate spindle-like crystallites orientated trans- New Caledonia. These data show that J. eburnea is 
versely to the direction of wall growth (Fig. 17). Partly very widely distributed on Spirula shells even though 
covering this fabric in some walls is a thin layer of the data are largely derived from chance finds of 
platey ~r~s ta l l i t e s  (Fig. 1% seemingly only one CrYs- beached shells collected for the sake of the molluscs 
tallite thick and forming a zooecial lining. Ristedt rather than the bryozoans that encrusted them. A more 
(1977) described skeletal ultrastructures in various complete picture of the geographical distribution of 
species of Membranipora sensu lato (including Biflus- this Potentially extremely abundant species would ne- 
tra) with which J. eburnea can be compared. He found cessitate collections made specifically for bryozoans. 
three basic fabrics: (1) spherulitic with needles a- Dauphin found J. eburnea to be present on 36% of 
ranged perpendicularly to wall surfaces; (2) laminar 300 S~irulQ shells from New Caledonia (Dauphin 
with tablets flattened parallel to wall surfaces and with 1979a), and on 27% of 295 Spirula shells from Mau- 
screw dislocations ("semi-nacre," see Weedon & Tay- ritius (Dauphin 197%). It often shares this substrate 
lor 1995); and (3) a fabric of needles arranged more- with the stalked barnacles, &pas spp. (see Dauphin 
or-less parallel to wall surfaces. Fabric 1 occurred in 1979a; Donovan 1989) and with diatoms (Dauphin 
Mernbranjpora rnernbranacea (L.1, the type species of 197% pers- obs). However, with one exception, a sin- 
~ ~ ~ b ~ ~ ~ i p ~ r a ,  as well as M. tenuis (DESOR) and M. gle colony of a ~heilostom~ (tentatively identified as 
arborescens (CANU & BASSLER). Fabric 2 characterized Electra tenella HINCKS) from Miami ~ ~ ~ ~ h ,  Florida 
,,M. savartii, the type species of Biflustra* and fabric (FMNH 835661, J. eburnea is the sole bryozoan found 

was found in J. ruberculata. Although Ristedt fig- on the S P ~ N I ~ ~  shells in h e  collections examined for 
ured fabric 3 only in fractured walls, this fabric a P  this study or in those recorded in the literature. cola- 
pears to be very ~imilar if not identical to the fabric nies Showed no obvious site pattern on these shells: 
here found in J. eburnea. A correlation of skeletalul- they were found on both the umbilical and outer 
trastmcture with larger-~ale characters of the skeleton whorls, on the Outer or inner sides of the whorls, and 
in these two species corroborates the inference that occasionally on the concave surfaces of septa. 
they are closely related. The of J. eburnea attached to Janthjna 

An analysis of bleached specimens using X-ray dif- shells all came from Port Elizabeth, South Africa, and 
fraction showed that JellyeNa ebumea* J. tuberculatal were in a batch of Specimens mixed with Spirula shells 
and Bipustra savartii all have calcitic skeletons. How- encrusted by J- ebumea. Unfortunately, it is not known 
ever, ~ ~ ~ b ~ ~ ~ i p o r a  rnernbranacea from the British whether the sample was from a single location, or 

was found to have a skeleton of aragonite- Bone whether it represented beach drift or was collected at 
Wass (1990: table 1) also found an aragonitic sea. In each of the 10 encrusted Janthina shells the 

in ~ ~ ~ t ~ ~ l i a n  material of membranacea. The dominant bryozoan colony had its origin at the apex 
logenetic value of these mineralogical differences of the gasvopod shell and extended down towards the 

P ~ Y  ,mains 
until more is known about miner- aperture but did not extend onto the internal surfacer 

variations among cheilostome br~ozoans-  of the she1' (Figs. 4, 5). This suggests encrustation of 
However, as calcite appears to be the primitive bio- a living gastropod rather than a dead shell, an infer- 
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ence that is confirmed in one case by overgrowth and tributions in tropical to warm temperate oceanic en- 
entrapment of bryozoan zooids by an advancing whorl vironments. J. tuberculata occurs in warm waters of 
of the gastropod shell (NHM 1996.1.26.41). Living in- the Atlantic, Indian, and Pacific Oceans, a pan-oceanic 
dividuals of Janthina hang downwards from a float distribution paralleled by that of J. eburnea. As a ge- 
consisting of mucus-coated air bubbles such that the nus, Jellyella can be characterized as species-poor but 
shell apex is lowermost (Wilson & Wilson 1956, pl. geographically widespread. 
1, fig. 1). Therefore, the colonies developed preferen- The larva of J. eburnea is either unknown or un- 
tially on that part of the shell most distant from the recognized but that of J. tuberculata is a long-lived 
float and the sea surface. This recruitment pattern (cf. cyphonautes called Cyphonautes sargassi LOHMANN. 
Keough & Downes 1982) could result from early mor- The absence of ovicells, the presence of a twinned 
tality of colonies in unfavorable locations, or larval ancestrula, and the general morphology of the skeleton 
settlement behavior. If the latter was the cause, then (cf. Taylor 1987) are strong evidence that J. eburnea 
either negatively phototactic or positively geotactic and "Membranipora" sp. of Winston (1982a) also 
crawling of the larvae on contact with the substrate possess cyphonautes larvae. Given the uncertainties in 
could be involved. Positive geotaxis is thought to be the systematics of membraniporids resulting from the 
more likely because, as SilCn & Jansson (1972) have paucity of taxonomic characters, it would be particu- 
noted, the limited available evidence suggests that cy- larly useful to have more information about larval 
phonautes larvae, like those known in J. tuberculata morphology in Jellyella for comparison with Mem- 
and inferred for J. eburnea, are indifferent to light. branipora membranacea and other malacostegans. 
Geotaxis occurs in some cheilostomes with coronate Most cheilostome species have coronate larvae that 
larvae (see Bishop 1988). but we have found no re- are brooded until their release, do not feed, and live 
ported instances of a geopositive reaction (Ryland only a short time (hours or days) in the plankton before 
1977; McKinney & McKinney 1993) of the sort in- settling. In contrast, cyphonautes larvae, characteristic 
ferred for colonies of J. eburnea encrusting Janthina. of the paraphyletic malacostegans, are not brooded, 
As noted above, there is no obvious pattern of distri- have the potential to feed while in the plankton, and 
bution of colonies of J. eburnea on Spirula shells: the may live for a longer period (weeks or months) before 
changing and variable orientation of drifting Spirula settlement (although the cyphonautes larvae of some 
shells probably explains the lack of pattern even if the nearshore species are apparently shorter lived, see 
larvae settled consistently on the lowest part of the Dudley 1973). Possible adaptive values of such non- 
shell. planktotrophic and planktotrophic larval types, which 

Two records of J. eburnea on brown algae are re- can be found in numerous marine invertebrate groups, 
corded: the type material of the species, which is may be diverse (see Strathmann 1980. 1986). The long 
thought to be from Australia, and some poorly pre- residency of cyphonautes larvae in the plankton could 
served colonies, questionably of J. eburnea, from the be of importance with respect to the pseudoplanktonic 
Straits of Magellan (NHM 99.5.1.435). It is not known ecology of adult colonies of Jellyella. Long-lived lar- 
whether these algae were benthic or floating when en- vae potentially have prolonged periods of competence 
crusted. Artificial floating substrates may also be used during which they can settle, thus increasing the 
by J. eburnea: Stevens et al. (1996) found one colony chances of the larva locating patchily distributed and 
on a plastic bottle collected from a northern New Zea- ephemeral substrates. The drifting Spirula shells col- 
land beach. onized by J. eburnea probably represent just such sub- 

The similarities in skeletal morphology discussed strates. 
above imply that J. tuberculata is the closest relative 
of J. eburnea. These two species also show clear eco- Acknowledgments. Andy Gale (university of Greenwich) 
logical and biogeographical parallels. Both are, or ap- and Yannick Dauphin (UniversitC d'orsay, Paris) kindly do- 
pear t~ be, predominantly pseudoplank~onic~ J. tuber- nated specimens for study. Mike Weedon assisted during 

culata is best known as an epiphyte of the floating alga SEM work, and Terry Greenwood undertook the X-ray dif- 
fractometry. Dennis Gordon (NIWA, Wellington) is thanked Sargassum (Fig. 3) and is sometimes called the "Gulf for taxonomic advice, and Bill Banta and Judy w,nston for 

weed bryozoan" (Osburn 1950; Ryland 1974). al- helpful referees. 
though it may also be found in nearshore locations on 
various benthic algae (e.g., Winston & Eiseman 1980) References 
and occasionally on other substrates including plastic, ~ i ~ h ~ ~  JDD 1988. Disarticulated bivalve shells as sub- 
shells, stones, and pottery shards (Cook 1985; Stevens suates for encrustation by the bryozoan Cribrilina punc- 
et al. 1996) and even sea snakes (Kropach & Soule turata in the Plio-Pleistocene Red Crag of eastern Eng- 
1973). Both species have very wide geographical dis- land. Palaeontology 31: 237-253. 
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The Function of the Belemnite Guard 

W~th 7 figures and 1 table 

Ku r z f a s s u n g : Anhand von Cylindroteuthis puzosiana (D'ORBIGNY) wurde ein Belemnitentier re- 
konstruiert, an dem A~ftriebs~unkt und Schwerpunkt bestimmt wurden. Die Gasfullun des Phrag- 
mokons envies sich als ausreichend fur die S~hwebfihi~keit des Tieres. Um die Bedeutung 8es Rostrum 
fiir die Schwebf'ihigkeit zu bestimmen, wurden physikalische Parameter eines Belemnitentieres ohne 
Rostrum berechnet. Ein Modell eines Belemnitentieres wurde im Windkanal getestet. Dabei zeigte es sich, 
d d  Flossen am Rostrum zum Erzeugen von dynamischem Auftrieb gedient haben konnen. 

Abstract  : A reconstruction of the belemnite animal was performed on Cylindroteuthis puzosiana 
(D'ORBIGNY) to locate the centres of buoyancy and mass. The gas inclusion was found to be sufficient to 
?rovide neutral buoyancy. The reconstruction was modified to re resent a belemnite without a guard, and 
lu mechanics compared with the real belemnite. A model of a beyemnite was tested in a wind tunnel, and 
showed that fins on the rostrum could have been used to generate dynamic lift. 

Introduction 

Belemnites are familiar fossils, but aspects of their palaeobiology are still unclear. Using 
exceptional fossils with soft body part preservation described by REITNER ~r URLICHS (1983), it 
is possible to  observe the relative positions of the guard, phragmocone, jaws and arms and 
hooks. Belemnites lived in near-shore to  mid-shelf environments (CHRISTENSEN 1976; WIGNALL 
~r HALLAM 1991). A possible belemnite anatomy is given in Fig. 1. The aragonitic phragmocone 
is brevicone to orthocone, with simple concave sutures. Anterior to  the phragmocone lies the 
pro-ostracum, a simple aragonitic plate similar t o  the gladius of squid. The guard, o r  rostrum, 
lies posterior to  the phragiocone, 

The phragmocone reduces the density of the animal and so increases buoyancy. FLOWER 
(1955), CHAMBERLAIN (1991) and others have discussed how the positions of the centres of mass 
and buoyancy affect shell hydrostatics. The centre of buoyancy is the point at which the lifting 
force of the flotation device can be considered t o  work, and can be located by finding the centre 
of mass of the displaced water. The shell is most stable with the centre of mass directly below the 
centre of buoyancy. 

The guard, which is the part of the animal most often fossilised, is an external calcitic deposit 
(supposedly analogous t o  the internal camera1 deposits of nautiloids), which acts as a coun- 
terbalance for the soft tissues anterior t o  the phragmocone (SEILACHER ~r WIESENAUER 1978; 
DOYLE 1985). Other functions for the p a r d  have been considered. ZWEV sr MAKHLIN (1965) 
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Cromwell Road, London, SW7 5BD, UK and Royal School of Mines, Imperial College, Prince Consort 
Road, London, SW7 ZAZ, UK; Dr. J. D. HARDWICK, Department of Civil Engineering, Imperial College, 
Imperial College Road, London, SW7 2AZ, UK; Prof. A.S. GALE, School of Earth Sciences, University of 
Greenwich, Pembroke, Chatham Maritime, Kent, ME4 4AW, UK, and Department of Palaeontology, 
Natural History Museum, Cromwell Road, London, SW7 SBD, UK. 

0031-0220/96/0070-0425 $ 1.75 
a 1996 E. Schweizerban'sche Ve~la~sbuchhandlung, D-70176 Stuttgan 



426 Nc.~lc Monks, J .  1)aviJ I~Iard\vick & !\n~lrc\v S. Galc 

Arm (with hooks) 

GU 

Siphon 

I:i;. I .  licconstruction of a longitudin,il sccri~n t h r c i ~ ~ ~ l i  C~~lintlrotc~~ithi~ /i~tj.o,r,r,r,t. I t  i \  notcwot-thy th.11 
the m,uitlc cavity is rclativcly sm.~ll. the gills, gonad< .ind viwcr.1 nccdin: 10 hc p.~clicil into q ~ ~ i t c  a stiiall 
space ctimparctl with moclcrn squid. 

-. 
dm- 

--%, , 

e 
-\ L 
\ 8 

b 

I 
L 

1 . 1 ~ .  I .  :\ \VCI I  ~ I C U . ~ . \ ~ . ( I  \ I ~ c L I I ~ ~ ~ . I ~  ot ( . j l i ~ i ~ i ~ ~ ~ ~ i ~ t / ~ i ~ / ~ : ~ i ~ , \ i . r ~ i , i  ~ l l \ l i  \ I  I1 i 2 i - 2 1 .  1 1 1 1 ,  \ ~ N ~ I I I ~ , . I ~  \ / I , I \ \ \  L I I C  
;u.~-.ln;ctilcnr t i t  rlic gu.i~-cl \ v i t l ~  rlic plir.~;tnr~~~itic (\vli~L.li 11.1, I>cc~i c,~riiprc\\ctl) .11i<I rlic pto-~t\rr . ic~~~ii .  ' l 'c i t ,~l  

Icngrli 450 mm. 

suggested that the guard might have function as n wave cutter at the i r -wntcr  intcrf,lcc, .iltIiough 
with tlie exception of the short  glides niadc hy  'flying' squids, modern ccpli.~lopods all remain 
c o ~ i i ~ l c t e l ~  immersed. SIJAI..TH (1975) believed t h ~ t  the gua r~ i  \\,as originall! less ~nassivc, csti- 
maring up tc, 2OC%/;, porosity. After death, addition.11 ccrncntntion o f  the calcitic fihrcs occurred 
during nn early stngc of diagcncsis. STI:VI:NS (1965) hypothcsisecl th.it fins were attached t o  the 
guard, citing vasculnrization of the cxrcrnal surtncc of the guard and the s~-c.l l leJ later'~l grooves 
as evidence. 

Soft b o ~ l y  part prcscr\lation indicates that the guard call account for  hct\vcen one  fifth . ~ n d  
one  third of the total Icngtli, including the arms ( 0 v . r . ~  1844; 1 l u s 1 . 1 : ~  lS64, 1877; I<I:ITNI'K R 

URI.ICHS 1983); SO the guard rcprcsents a consider.~hlc investment of energy .ind materials. The  
question addressed by this study is this: what .~Jvant.lgcs did the guard provide that nn 
orthocone shell with internal deposits could not? To this c n ~ i ,  .I n.ell prcscrvcd zpccimcn of 
Cylindrotc~this puzoslnnrr (Fig. 2)  was restored and its rn.lsc, ccntrc of m.iss .ind ccntrc of 
buoyancy calculated. The  effect of tlie guard on ~icnsiry w'is investigated, n \veil .is replncing tllc 



T h e  1:unction of the Rclcmnitc Guard 

Fig. 3. Kcconstruction of CYlindrotr~ithisprrzosil7nn. Tlic fin has hccn shown with a simple flapping wave 
charactrristic of slow moving squid in a gentle current. In stronger currents, the hclernnite could hold the 
fins stiffly, generating lift, a n ~ l  soaring efficiently. At escape speeds, the fin could he licld against the body t o  
reduce drag. 

guard with calcitic infilling and floodcd chambers. The hypnthcsis that the guard could have 
functioned as a support for fins was tcstcd hy making a rnodcl and examining its hchaviour in a 
wind tunnncl. 

Experiments and results 

Specimens of Cylindroteuthis puzosiann from tlic collccrions at thc Natural History Mu- 
scum, London, include many with alveolar, phragmoconc, and pro-ostracum material wcll 
prcscrvcd. Specimen 32572 (Fig. 2, Callovian of Wiltshirc, U.K.) is onc of thc most complete, 
and formcd tlic basis of  thc rcstoration (Fig. 3). A pcrspcx modcl (125 mm long) was con- 
structed. Cardboard fins were attached using adhcsivc. 

Tlic volumc of a rcconstructcd animal, its dcnsity and its centres of mass and buoyancy were 
calculatcd by diving the animal into simple cylindrical clcrncnts along its Icngth. Thc  guard was 
takcn to  be a solid piece of  calcitc of density 2.74 mgl~nm'. Tlic phragmoconc was assumcd to  bc 
gas-filled and with a density o f  O mg/mm3. Mantlc, hcad and arnis were estirnatcd to  hc of 
dcnsity 1.075 mg/mm3 bascd on I-oligo muscle (AI.~<XANDI<R 1990). Mantlc cavity was cstimatcd 
to  bc thrce-quartcrs filled with scawatcr and one-quarter fillcd with tissuc of density 1.050 mg/ 
mni3. Thc  dcduccd physical paramctcrs arc givcn in Tab. I .  

Tab. 1. Summarv of the physical parameters of the reconstructed belemnites. T h e  reconstructed heleninite 
has a dcnsity below that ot seawater s o  is buoyant. T h e  guardless design ("Without Guard"), has centres of 
mass and huoyancv separatcci, s o  while it is huoyant it is also unstable. I f  the pclsterior clian~hcrs are 
flooded sufficient to  makc the two  points coincident, and tlic mean dcnsity becomes greater than that of 
seawater ("Flooded Clianihcrs") s o  the animal ceases t o  he huoyant. Infilling posterior chambers to d o  the 
samc rliing also increases the mean dcnsity, and the bclcninite again loses buoyancy ("Camera1 1)cposits"). 
T h e  mass of calcitc used t o  creatc this result is tlic samc as that of tlic guard in the nornial hcletiinitc: thus 
tlic guard produces stability without losing buoyancy. 

Total Length (m): 1 0.50 1 0.35 
With Guard 

Total Mass (kg): 1 1.02 O_,d-O, 1 0.93 
Centre of Mass 
(m, from tip of arms): 1 1 

Without Guard Flooded Chambers 

I I 

Camera1 Deposits 

Centre of Buoyancy 
(m. from tip of arms): 

Tolal Volume (dm'): 

Mean Denslty (mglmm?: 

0.17 

1.02 

1.023 

0.16 

0.99 

0.930 

0.99 

1.055 

0.99 

1.032 
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Cardboard fin. glued to dorsal n / outlace of model 

Direction of airflow .- over model 

"Guard" section of the 

belemnite model 

Fig. 4. Illustrations of the five designs of fin used. Each 
shape is of e ual area, so that lift is dependent on the 
shape of the ?in and not its size. 

Manipulating the data in a simple spreadsheet allows investigation of the effect of removing 
the guard, flooding posterior chambers of the phragmocone with seawater, and filing posterior 
chambers with calcite. These results are also given in Tab. 1. The masses of calcite used to 
produce the guard in a normal belemnite and internal deposits in a guardless form are also 
presented. 

Five different fin designs were tried, each of equal surface area. The fin types are shown in 
Fig. 4: two rectangles, (a) and (b); a circle (c); and two kites, (d) obtuse angle leading; and (e) 
acute angle leading. The fins were attached to the dorsal surface of the guard, from the apex; and 
had the same curve as the guard from front to back but were otherwise not twisted. 

Providing that the Reynolds' numbers are equal, the behaviour of a scaled-down model in a 

Fig. 5. Diagram illustratin the forces ac- 
ting on the belemnite moiel (shown as a 
silhouette) in the wind tunnel. The mass of 
the model M acts throu h the centre of 
mass C.  This is counterei by the force of 
the spring, F acting through S. When the 

b 
D d - air is mown a lift~ng force L is generated 

by the fins 8rough.J. The model is pivoted 
at a oint P, from which moments are taken 
to feduce the magnitude of L. L is de- 

r pendent on the speed of airflow and the 
M shape of the fins. 
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Fig. 6. Graph of lift against speed for the five fin 
shapes tested. The circular fin clearly outperforms 
the other designs at airspeeds greater than 8 m/s. 

Lift (N) 

Speed (m/s) 

wind tunnel is identical to that of the full sized animal in seawater. Testing in air is advantageous 
largely because it is easier to work with at high speeds compared with water. Rapidly moving 
water in enclosed chambers tends to generate a great deal of turbulence, which interferes with 
the smooth flow of water over the model. 

The model is pivoted at a point P and suspended by a spring of known elasticity and relaxed 
length at a point S (Fig. 5). The distance between the points P and S is the distance D. The mass 
of the animal M acts through a centre of mass C. C and P are separated by the distance d. Thus, a 
turning moment exists of magnitude Md. Opposing this turning moment is the moment of the 
spring at point S. This has a magnitude FD, where F is the force of the spring and is directly 
proportional to its extension. - A 

When air moves, a lift force L is generated. This force acts at a point J (which for most wings 
is located at about one-fourth of the chord-distance from the leading edge) a distance W from 
the pivot. In both the model and the real belemnite, this is close to the tip of the guard. The lift 
force generates a moment LW which relieves some of the load on the spring, letting it extend. 
This extension is measured and the lift can be calculated. With increasing speed, lift increases and 
the spring extends. With each increase, a force was applied to the spring to push the model back 
to the horizontal so that the angle of attack was not a factor in how much lift was developed. 

Tests were not carried out above 12.5 m/s (eauivalent to a belemnite swimming at 0.23 m/s) . A - 
for design (e): this particular fin design was the least stable at high speeds. In all other cases the 
belemnite model was taken up to 15 mls (a real belemnite speed of 0.28 m/s). The results are 
summarised in Figure 6. These speeds are all relatively slow compared with modern squid. 
Cruising speed for squid (at least in captivity) appears to be between 0 and 1 m/s (O'DOR et al. 
1990) and in the wild they can reach a maximum speed of at least 2.1 m / s  (ALEXANDER 1990). 

Discussion 

Mathematical modelling indicates that the guard is a better counterbalance than infilling with 
calcite or flooding posterior chambers. There is no need to invoke SPAETH'S model of diagenetic 
cementation to 'explain away' the excess density of the guard: a belemnite with a calcitic guard is 
both stable and positively buoyant (see Tab. 1, "With Guard"). 
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Blood vessels over guard 

Both muscle pair8 contracted \ i 

\ 
Shell-sacreling part of 
mantle 

Vein 

Fig. 7. Reconstruction of a transverse sec- 
tion through the guard of Cylindroteuthis 
puzosiana The guard itself is sheathed in 
connective tissues and mantle. The fins are 
extensions of the mantle musculature (like 
modern squid), with paired muscles being 
used to maintain tone or generate waves. 

Cuttlefish maintain stability in the desired orientation and water depth by emptying or 
flooding some of the chambers. The phragmocone must be sufficiently large to still provide 
adequate buoyancy. In the case of the belemnite, the phragmocone is not large enough. If 
enough of the shell is flooded to acquire the correct orientation, the overall density of the animal 
exceeds that of sea-water and the animal ceases to be neutrally buoyant (Tab. 1, "Flooded 
Chambers"). It is therefore unlikely that the phragmocone of the belemnite operated in a way 
analogous to the cuttlefish, with chambers being continually emptied and flooded to control 
orientation and buoyancy. . . 

Instead, the belemnite would have behaved in a way more like that of Spirula (DENTON L 

GILPIN-BROWN 1971). Once a chamber was emptied, it remained so; and chambers were con- 
tinually formed and emptied throughout the lifetime of the animal, keeping pace with growth. 
Like Spirula, the belemnite would have been neutrally or only slightly negatively buoyant. To 
migrate up or down the water column, the belemnite would have had to actively swim. 

Infilling with calcite also reduces the buoyancy of the animal. Unlike an orthocone nautiloid, 
the phragmocone is not large enough to accept internal deposits and still provide sufficient lift to 
keep the animal neutrally buoyant (Tab. I, "Camera1 Depositsm). By putting the deposits on the 
outside, the belemnite gains stability without losing quite so much buoyancy. Although less 
buoyant than a guardless belemnite (Tab. 1, "wthout Guard"); the centres of mass and 
buoyancy are coincident and so is more stable. 

  he guard provides a rigid structure from which such fins could generate lift and turning 
forces. Compared with a squid, a large proportion of the internal volume is taken up by 
phragmocone; implying a smaller amount left over for the mantle cavity, so the amount of water 
that could be expelled would have been less. This is a critical factor in cephalopod swimming 
efficiency (CHAMBERLAIN 1991). A belemnite has more dead weight and a smaller amount of 
water to jet with than a similar sized squid. Large fins would allow the animal to coast on 
ambient water currents in the manner suggested for some squid (O'DOR et al. 1994). 

Lateral grooves can be seen in C. p~zosiuna, suggesting the fins may have been attached to the 
sides. In the model the fins were glued onto the dorsal surface for practical reasons. In life, the 
animal would have been able to alter the shaoe and angle of the fins. The model cannot re- -. 

produce this, since the fins are rigid. Overall, w'hile the m:del gives an indication of how the fins 
might have behaved and what shape the fins might have been; the actual form and function of 
the fins, if they existed at all, could have been different. 



The Function of the Belemnite Guard 43 1 

A possible anatomy is this: T h e  muscles are arranged in  antagonistic pairs, distally forming 
the fin, and proximally spreading o u t  into a circular structure and merging with mantle 'tunic' 
surrounding the guard (Fig. 7). The  muscle pairs would raise o r  lower a part of the fin, and the 
whole series of muscles acting uniformly along the rostrum could either raise o r  lower the fin 
for manoeuvring. A swimming wave could be  generated by the  muscle pairs rhythmically 
raising o r  lowering part of the fin in a synchronised manner. 
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