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The ontogeny, palaeobiology and systemétic
palaeontology of some Lower Liassic Belemnitida
by
J.T.F.S. Bolton
Abstract

The Belemnite Marls of the Dorset coast constitute the
jamesoni and ibex Zones of that area. This study is eésentially
a revision of the total belemnite fauna of these beds, with a
preliminary appraisal of the belemnites from the overlying basal
Green Ammonite Beds (davoei Zone). Twelve morphospecies are
described which are defimed by their rostral ontogeny and other
morphometric data.

Probable sexual dimorphism into relatively stout and slender

rostra is demonstrated for four species (Belemnites longissimus

Miller, B. charmouthensis Mayer, B. imus (Land) and B. cricki

(Lissajous]]).

It is recognised that, at different localities and horizons,
single species may be represented by assemblages that vary with
respect to age and sex of individuals, and it is concluded that
such belemnite assemblages are at least partly due to local
population structures analagoué to those that are found in modern
cephalopods.

Early ontogeny, rostral form and function, epirostra and
surface ornamentation are briefly discussed with reference to the

species described.
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Chapter T

History of research

This chapter is divided into two parts. The first deals with
the more remarkable misconceptions concerning the nature of the
belemnite rostrum that have existed in both folklore and scholarship
since ancient times. The second documents the more viable, if less
colourful, idea of the belemnite as a molluscan animal, and includes
a brief survey of those works that are directly pertinent to the

scope of this thesis.

Antique notions

In the Buropean Renalssance there were several widely divergent

and fantastical hypotheses that sought to account for the origin of

fossils in general and belemnites in particular. With the exception

of the insights of enlightened individuals such as Leonardo da Vinci’
and his contemporary Girolamo Fracastoro (Edwards 1967) the majority

of early proposals were variants on the theme of lusus naturae.

However, belemnite rostra, presumably because they have no easily
recognizable modern counterparts, tended to be regarded with rather
more ambivalence. The majority of their supposed identities are
easily comprehended: thunderbolts, faery fingers, spectres' candles
and teeth (praeternatural and mundane), are all consistent with the
projectile or digit shape that is characteristic of most rostra.
Such'beliefs are found especially in the folklore of areas which
have the appropiate geology, and may perhaps be detected in the works
of various Classical authors. It is also easy to understand the many
rational authors of the sixteenth to eighteenth centuries who were

of the opinion that belemnites were natural concretions of some sort.

More mysterious is the recurrent conviction that belemnites were to

“\39‘\{1\ Unniug,, \
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be identified with the lyncurium, lyngourion or lyncourion of

ancient authors. To avoid confusion at the outset, the classical
sources that are relevant to Renalissance scholarship are outlined

below. The earliest reference is in De Lapidibus of Theophrastus

(c. 315 - 305 B.C.):

"...the lyngurium, which is carved into signets and is as hard
as any stone, has an unusual power. For it attracts other objects
just as amber does, and some people maintain that it acts not only
on straws and leaves, but also on thin pieces of copper and iron,
as Diocles maintained. The lyngurium is cold and very clear. A wild
lynx produces better stones than a tame animal, and a male better ones
than a female... The stone is discovered only when experienced
searchers dig it up, for when the lynx has passed its urine, it con-
ceals it and scrapes soil over it. Moreover, the 1 ium needs
considerable working. Similarly, amber is a stone %for the amber of
Liguria is dug from the earth), and of this likewise a power of
attraction is an attribute. ...Then there are some [stones] which
.o .differ from each other although they share the same name. For
instance, there is the "sard", of which the transparent, ruddier
kind is known as the "female", while the transparent but darker
variety is known as the "male". The same is true of the lyngurium,
the female being the more transparent and paler.”

(v, verses 28 - 31; transl. & ed. Eicholz 1965, p. 67 - 9)

Ovid (43 B.C. - 17 A.D.) was probably drawing on Theophrastus
when he attributed to Pythagoras this statement:

"Conquered India gave his lynxes to Bacchus, god of the vine
cluster. Men say that whenever these animals empty their bladders,
the contents turn to stone and harden in contact with the air."
(Metamorphoses, Book XV 391 - 430, transl. Innes, 1955, p. 345)
(Pythagoras died about 150 years before Theophrastus was born.)

Pliny The Eldef (23 - 79 A.D.), having translated from Greek
to Latin Theophrastus' article on precious stones, denied both that
there was a stone called lyncurium and that the urine of an animal
could become converted to a stony mass. However, he does report
that Demostrate gave the name lyncurion to amber, since he believed
it to have formed from lynx urine.

Other early authors who mention petrified lynx urine, often in

connection with amber, include Dioscorides (late Brd century B.C.),



Solinus (3rd century A,.D., "an unprincipled plagiarist, popular in
the Middle Ages for his brevity.") and Isidore of Seville (c. 570 -
636 A.D.).

This curious motif resurfaced during the Renaissance, when, in
de Blainville's words,
"the first authors who spoke of it were those who were concerned
with mineralogy, and particularly with medical materials, and, as
often happened in this period, the virtues attributed to these were
equivalent to thelr supposed origins. Hence, as Theophrastus had
said that the lyncurium was the urine of the lynx converted to stone,
it was concluded that this stone, when dissolved in a solvent, was
very effective in acting contrary to gravel [of the urinary tract],
no doubt by some kind of affinity. Thus it became merely a matter
of finding the lyncurium. But, as with Theophrastus himself, there
was some confusion between lyncurium and amber, and when the latter
was found in alluvial terrain in Prussia along with fragments of
belemnite from the Chalk which had hitherto been regarded as amber,
one begins to see how the transition was made from lyncurium to
belemnite." (1827, p. 5 - 6, my transl.).

Unfortunately, adequate documentation of this idea does not
become available until the middie of the sixteenth century. However,
since the more sober authors of this period found it necessary to
refute the correspondence of belemnite, lyncurium and lynx urine,
it is apparent that this distinctly Mediaeval prophylactic must have
had some popularity before this time. It is also telling that, as
late as 1696, Jacobaeus denied that belemnites from the island of
Mén (just south of Zealand) were petrified lynx urine on the grounds
that there were no lynxes in Denmark! On the other hand, Chretien
Encelius (1557), in his treatise on metals, was convinced that the
large number of stories on the subject were proof that lynx urine
solidified to form lyncurium, although he was probably not cognizant
of belemnites.

Most authors subsequent to Encelius firmly reject the concept
of petrified urine, but, probably because of the confusion between

amber and fragments of orange Cretaceous belemnites (eg. Libavius

(1601), they often believed belemnites to be hardened amber;



Elsholtz (1678) compared belemnites with amber), the belief that
ancient authors were referring (at least in part) to belemnites
when they spoke of lyncurium hés continued to plague classical
commentators and palaeontologists up to the present day. De Bocdt
(1609 gives lxpcuriﬁs as a synonym for belemni£e. Miller (1826)
writes, with no apparent Jjustification, |

"The ancients observed these fossils;. and in Ovid's Metamorphoses
it is stated that the urine of the Indian lynx became converted into

stone before it reached the ground, and thus formed the Belemnites,
which were therefore named Lapides Lyncis, Lyacurium etc.”

(1823, p. 46).

Other authors impute this identification'fo pre-scientific
authors, nger (1958, p. 701) beingbone of the most recent.

The most likely identity of 1churium ﬁould appear to be a
clear, unflawed amber, bearing in mind the properties given by
Theophrastus of electrostatic attraction, transparency and implied
similarity to yelloﬁ and red sard. This view has been iterated by
other workers (Caley and Richards 1956, p. 109).

The clue to the whole situation is perhaps to be found in
Theophrasfus' mention of Diocles (see quote ébove), vho was probably
the same Diocles as the fourth century B,C. physician who made a
close study of the kidneys and urinary tract (Eichholz 1965, p. 67 -
9). We may suggest that in a dissected lynx he encountered some
kidney stoﬁes of a yellow colour, and that he concluded that some
natural stone of similar appearance had a similar origin., This
idea was disseminated amongst various early authors in a somewhat
garbled fashion, starting with Theophrastus, and was quoted a thousand
or so years after Isidore (6% to ?th century) in the works of
Western European natural historians, although, as already implied,
there seems.tc have been some undocumented tradition spanning this
interval., Owing to a fully Jjustified confusion between lyncurium

and amber, and an understandable confusion between amber and the



orange belemnite fragments which are derived from the Chalk, a
number of authors regarded lyncurium as a synonym for belemnite;
the final stage of the irony is the definitive statement in several
more or less modern works that the ancients believed belemnites to
be the petrified urine of the lynx.

Some of the less enigmatic misconceptions will now be considered,
but in rather less detail than the foregoing.

"Thunder was always more dreadful to uneducated people than
lightning, and all over the world there has been a great desire to
_find the source of that mystical power - the "thunder-bolt"."
(Taylor 1885, p. 297). This exalted office has probably been filled
by the belemnite rostrum ever since people noticed them washed out
on field surfaces or from clayey hill and cliff outcroﬁs after heavy
storms. Pliny wrote of several varieties of "thunderstone", or
"cefaﬁnia", one of which is elongated. Presumably, "ceraunia" means
"single horn". Of another variety, he.réported that, "the Magi hunt
for it zealously because it is found only in a place that has been
struck by a thunderbolt." (Nat. Hist. Book 37, transi. Eichholz 1962).
Some "ceraﬁﬁiae" were said by Pliny to resémble axe-heads, which has
led to a modern identification of them with flint implements (Edwards
1967, p. 40), which need not be exclusive of other interpretatioms.

References to thunderbolts by various authors since the
Renaissance imply that belemnites were widely believed to be thunder-
bolﬁs, thus Césalpin (1596) regards certain stones that were believed
to have fallen with thunder as owing their origin to some kind of
marine sheil; Platt (1764), who knew that belemnites were shells
allied to nautili, writes of two "species", one of which is "common
im most counties of this kingdom, and_vglgarly known by the name of

"Thunderbolt"." (p. 40). Taylor (1885) had "a vivid remembrance of



of a veterinary surgeon, of such eminenée that I dared not contra-
dict him then, who triumphantly brbught a real "thunder-bolt". A
cow had been killed by lightning, and this "thunder-bolt" was found
Just underneath her." (pp. 298 - 9). This was an Oolitic beleﬁnite
from the boulder.clay of the Easﬁern counties. I have encountered
a farmer in the Midlands who was similarly convinced.

This‘fancy is not confined to Europe: a modern Sioux medicine
man speaks of the South Dakota Badlands as harbouring the bones of
monsters, petrified sea shells and turtles, along with "many 55251
Eéﬂé - bolts of lightning which havé_turned into black stones
shaped like spear points." OFf igggég,'the thunderbolt, he says,
"Sometimes it hits a horse. You see'allhthé veins burn up, like an

.X—ray. Afterward you find one of these black stones embedded in the
earth where the lightning struck." (Fire and Erdoes 1972, p. 238 -
241). This is a stfiking contemporary repetition of both Pliny and
thé Victorian vet. )

An early popular belief in belemnites as stony fingers may

perhaps be detected in Pliny, who wrote that, "Idaeil dactyli or

Fingers of Ida, have the colour of iron and reproduce the shape of
the human thumb." (Nat. Hist., Book 38, Section LI. transl. Eichholz
1962, p. 303). Since'thevRenaissance (eg. Belon, 1553), it has
:been regarded as likely that these stones were belemnites; a modern
translator of Pliny endorses tﬁis view (Eichholz 1962, p. 303).

De Blainville (1827, p. 25), gives digifi diaboli, or devil's

fingers, as a rare name for belemnites used in Germany. An esoteric
use of belemnite rostra is reflected in the terms "Alpfescht",
"Alpschos" and "Alpschosstein", meaning respectively "incubus arrow”,
"incubus shot" and "incubus shot stone”. These were supposed to be

"an excellent reMedy against the incubus, ...a supposition as



veritable as the malady".
Other strange epithets reported by de Blainville from German

authors include Spectrorum candela ("spectres' candleéﬁ,'gzxrhxnchi

("sharp beaks"), which was applied only to sharp, pointed species.

and Corvinus lapis, Qerived from Rabenstein ("raven stone"), which
was applied to those species that were more or less recurved at the
apex.,

A number of authors up to the 18th-century regarded belemnites
as being of inorganic origin, often as some sort of stalactite (eg.
Imperato 1599; Grew 1681; Scheuchzer 1702; Lang 1708; Kindmann 1737;
all in de Blainville 1827). In conflict with such_authors were
those who maintained an organic origin, although a number of phyla
were invoked: Cesalpin believed they were shells of some sort; |
Mercati (1541 - 93), a pupil of Cesalpin, suggested they might be
petrified dates; Lhwyd (1699), who coined the term "alveolus",
appears to have regarded them as concretions formed inside various
marine tubular organisms; Helwing (1717) placed them amongst the
"zéophytes"; Volkmann (1720) supposed that they were spines or even
vertebral columns of fishes, partly because he considered only the
phragmocone which he bonfused with orthoceratid nautiloids, whose
chambers very superficially resemble vertebrae; Klein (1731, 1740),
although he regarded most belemnites as chambered cephalopods,
insisted ‘that slender, fusiform varieties (which are often found
without the alveolus) were echinoid radioles. The accepted view of
the belemnite as a squid-like cephalopodvarose in the earlf 1gth
century, and by the end of the century had virtually ousted all
other scholarly interpretations. The next section of this chapter
briefly traces the development of the concept up to the present day,

with particular reference to those authors who refer to belemnites



from the Lower Lias.

Bélemnites as cephalopods

The térm "belemnite" was apparently first used in print by
Agricola (1546) (Edwards 1967, p. 40), but the first author to
realise the correct affinities of these "figured stones" was Ehrhart
(1724). He demonstrated, 1) that they were marine shells related to
the nautili and Spirula 2) that the rostrum grew by addition of
external layers and 3) that their chemical composition strongly
indicated their‘organic origin;' His conclusions were admitted by
various other natural historians, including Klein‘(1731, 1740),
Linnaeus (1747), Brander (1754) and Platt (1764). Platt, having
quoted from Brander, "the belemnite belongs to the testaceous part
of the animal kingdom and to the family of the nautili", adds,
"And I would beg leave further to add, that this gentlemén's state-
ments are greatly strengthened by the surprising analogy which the
belemnite bears to the little peerly concamerated shell, or cornu
Ammonis; and the orthoceratites, to the large nautilus; the former

having its siphunculus on the verge, as the latter has it in the
centre of the diaphragm, or partition of each cell or chamber."

(p: 41).

However, he regarded the siphunéle as housing a "little gutt or
ductus, by dilating or contracting of which the animal, it should
seem, may go out or into its cell at pleasure" (p. 45). While he
appreciated that the rostrum must have formed by superposition of
layers fpom external tissues, having observed a specimen "whose
laminae were in a manner dissected and laid open by the vague acid,
or some other corroding menstruum, which everywhere pervades the
earth,"” he suggested the following picturesque mode of formation:
the animal

"very likely goes out in quest of food, but travels only upon the
guard or rampart, leaving a trail behind, as all snails do; which
hardening into a testacecous substance, increases the dimensions of

the outer walls, both in length and thickness, from the cell or
chamber, to the bottom of the point of the whole belemnite. The



animal in its progress and return clasps the whole guard, as a snail
does a small branch of a tree in the gardens, and where the two sides
meet, there the sulcus is formed." (p. 45).

Note the attempt to explain the significance of the commonly occurring
ventral rostral furrow.

By analogy with fossil and living nautili, Platt suggested that
belemnites might still inhabit the seas, and concluded his paper with
the reasonable exhortation,

"strictly to examine the coasts where nautili are fdund. Persons
commissioned to collect shells and other curiosities, generally
grasp at such things as feast the eye; not regarding those of less
beauty and lustre, which would help us in our researches... A
premium, offered by a Society of Vertuosi, might encourage our sea-
faring gentlemen to search the sevetral coasts, upon which they touch
in their long voyages, and to use dragnets as they do in drudging
for oysters... And great improvements might be expected, if their
inquiries should be successful." (p. 52).

Lamarck published the first taxonomically formal description of
a belemnite in 1801. His singie genus, Belemnites, whicﬁ he had

described without figures or type species in 1799, contained only

one species, B. paxillosa (sic) and was based on figurés by XKlein

(1731) and Breynius (1732), which unfortunately represent several
species.
- The earliest formal description of material from the Belemnite

- Marls is due to Miller (1826), to whit B. longissimus, and possibly

“B. elongatus, both from the "Lyas and lyas clay" of "Lyme in Dorset-

shire" (p. 60, Pls VII, VIII).»-He made detailed observations on the
phragmocone and rostrum, which led him to conclude that the skeleton
was internal and that the rostrum was initially crystalline and
dense rather than porous and bouyant; the latter view was promulgated
by various authors, including Lamarck, who assumed‘the rostrum to
have the texture of the modern Sepia phragmocone. In support of his
conclusion, Miller found that the size of a coné of oiled paper

necessary to support a rostrum in water {the cone being glued into



an empty alveolué) was " of no larger size than from some known
.fine specimens we may fairly conclﬁde the cuter chamber to have
attained”. (p. 49). |

De Blainville (1827) published a 136 page_treaﬁise.on belemnites,
vhich, amongst other things, coniains an excellent history of ideas
on the subject, including a conprehensive annotated catalogue of

authors ranging from the 16th

century to His own.time.
His classification‘encompasses about 50 species, including
those of Miller. A few species are recorded from the "blue Lias"

(broadly equivalent to the Lower Lias rather than the Blue Lias

sensu stricto) of Britain and the Continent.

Various other classifications were.erected over the next half
_century. These are conveniently summarised by Fhillips (1865 p.25)
whose monograph provides an excellent synthesis of Juiaséic belemnite
taxonomy up to thatldate. Several nek'species from the Dorset
Léwer Lias are included.

Simpson, an enthusiastic museum cufator at Whitby, described
24 species from the Lower Lias of Yorkshire, 19 of which were new;
unfortunately, no figures were published (1855, 1884).

In 1842, 4'Orbigny recognized sexual dimorphism in belemnite
‘ rostra, but hié conclﬁsioﬁs were generally ignored or refuted.

Other 19th century authors of note include Voltz (an Engineer-
in-Chief in Paris, who published an important monograph, "Sur les
Belemnites" (1830)); Buckland (1837); Owen (1844); Mantell (1848,
1849); Quenstedt (1852); Mayer (1863); Huxley (1864) (who gave a
very detailed account of belemnite structure and coined the term
"pro-ostracum"), Tate and Blake (1876) (who provided descriptions
and good figures of Liassic belemnites from Yorkshire) and Douville

(1892) .
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The study of belemnites in the early 20th century was largely
the province of Continental workers. It could be said that their
principal concern was the gross phylogeny of the group, and to
this end large numbers of genera, usually with few species, were
erected and made to evolve from each other. Nevertheless, ﬁhylogenetic
speculation apart, practical taxonomic systems were developed; in
particular, Naef (1922) proposed a supra-generic classification
which iﬁ modified form (Jeletzky 1966) is probably the most widely
accepted.,

Other significant studies are those of Lissajous (1907, 1925,
1927), Werner (1912), Pavlow (1913), Abel (1916) and Stolley (1919),
but the single most important paper‘from the point of view of this
thesis is that by Lang (1928) on the Belemnite Marls of Charmouth.
He provided a detailed sgétigraphical column and deécribed 26 species
of belemnite, 19 of which were new. Although this number is here
considerably reduced, most of his obséfVations.on the changing forms
of rostra from bed to bed are valid but require elaboration and
reinterpretation.

More recent works which deal with or include references to
Lower Liassic material are those of Roger (1952), Schwegler (1961 -
1965), Jeletzky (1966) and Schumann (1974). Schumann's paper, on
the belemnites of the North German Lias gamma, is of particular
relevance.

. The microstructure of the belemnite skeleton, and especially
of the phragmocone, has been exhaustively dggcribed and discussed,
notably by Christinsen (1925), Muller-Stoll (1936), Mutvei (1964)
and Jeletzky (1966). The information obtained by the use of the
light microscope has been augmented and modified by recent SEM

studies (Barskov 1973 a & b; Spaeth, 1975).
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Following the pioneering work of Urey (1947, 1951) and Epstein
et al (1953), oxygen isotope analysls on belemnite rostra became
popular, but the effectiveness of this technique for absolute
palaeotemperature determination is dubious (Longinelli 1969; Spaeth-
1971; Veizer 1974). However, isotopic s£udies have helped t6
elucidate the primary structure and composition of belemnite skele-
tal parts.

The ocurrence or not of sexual dimorphism in belemnites (mainly
as manifested in the rostra), althéugh often discussed, is still
disputed. Attempted demonstrations of its existence are rare in the
literature; I have noted only one published papsr.(Delattre 1956)

which takes it as its main theme.
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Chapter 2

Stratigraphy

The Lias of North West Eurcpe

Sedimentation in North West Europe durlng Liassic times fook.
Place in an epeiric sea whose broad extent remained constant. Litho-
faclies variation may be viewed within the context of an active system
of basins and swells ﬁpon which may have been superimposed the effects
of eustatic changes in sea level.

Basins were.areas of more or less continous argillaceous sedi-
mentation, in contrast to swells which are recognized by condensed
sequences. Principal Liassic basins were, on the present Continent,
the North West German and Paris Basins, and, in the British Isles,
the Hebridean, North Eastern and Wessex Basins (Hallam 1961). The
principal British swells were those of Mgrket Weighton, the Vale of
Moreton and the Mendips (Arkell 1933, p. 3_1).

Lithological cycles of various scales occur, related at least
partly to eustatic oscillations in sea level, Hallam (1961) pro-
posed eleven main cycles for the Lias, independent of the basin-swell
system, which were at first regarded as being due to gradual shallow-
ing followed by rapid deepening. It was later recognized, however,
"that asymmetrical sedimentary cycles of various types might be
expressions of symmetrical eustatic controls" (Hallam 1975, p. 164)
and a pattern of rapid rise - long stand - rapid fall was favoured
for most large cycles (Hallam 1978, pp. 25 - 6).

The mechanism controlling these afparent changes in sea-level
is debatable; they have tentatively been related to changes in the
volume of the ocean ridges (Hallam 1969, 1978). However, as Donovan
and Jones (1979) have pointed out, large scale sea level changes due

to this are "likely to be related to phenomena manifested over spans
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of about 10 - 30 million years" (p. 191), which may at least partly
account for the general transgression that occurred during Lower
Liassic times, but the rather smaller scale cycles recognized by
Hallam are probably too rapid to be thus explained.

Small scale cycles (of the order of 1 m, see beloﬁ) have been
attributed to a combination of eustatic and local epeirogenic control
(Sellwood 1970, p. 503; Hallam 1978, p. 16), but again there is the
problem of finding a suitable mechanism that would operate quickly
enough. Donovan et al (1979), pointing out that the length of these
small scale cycles was of the ordér of 105 yearé, suggest that,
"Rather than such rapid oscillations‘in sea level, we favour a more
complex process possibly involving the dévelbpment and destruction
pf thermoclines, These changes could both change ﬂhe concentrations
of mineral salts and so affect biological productivity on the sur-
face waters, the production of skeletal calcite, and also the type
of biological activity on and below the depositional interface,

They would also influence the distribution of clay particles." (p. 172).

The Lower Pliensbachian was a time of transgression over lands
that now border the North Atlantic (Hallam 1969) and related to
this are major changes in invertebrate faunas that occur over the
Sinemurian - Pliensbachian boundary. Groups which were particularly
affected are the brachiopods, ammcnites, belemnites, ostracods and
foraminifera (Hallam 1961, pp. 142 - 51). |

Sellwood (1970, 1972) has considered in detail the boundary
between the Sinemurian and Pliensbachian in Britain. "In northern
Britain, the commencement of the Pliensbachian is generally marked
by a loss of quartz sand, and in southern Britain by an increase in

the carbonate content of the sediment." (1972, p. 125). He was con-
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cerned mainly with the small scale sedimentary cycles that occur in

the raricostatum and jamesoni. Zones, defining three major types,
each consisting of "coarsening upwards sequences in which the sedi-
ments, trace and body fossils indicate increasing environmental
energy toward the cycle tops." (1970, p..489).

Type 2 cycles, 0.15 - 0.9 m thick, characterize tHe Belemnite

Marls (jamesoni and ibex Zones) of Dorset and are therefore described

here. Basically, they consist of limestone - marl rhythms, the
"limestones" typilcally containing 50 - 75% carbonate with a large

clay fraction, whilst the "marls" are still moré argillaceous with

a carbonate content of 30 - 60%. Thé‘carbonate in the "limestones"
consists partly of bioclastic debris (small échinoid spines, faecal
pellets and ostracods) which forms about 40% of the rock. SEM studies
have shown that the fine grained matrix consists largely of cocco-
lithsvand microcrystélline calcite growing on clay flakes. The clay
minéral composi£ion of bofh "marls" and "limestones" is about 95%
illite and 5% kaolinite (Sellwood 1970, p. 497).

Trace fossils include Rhizocorallium, Thalassinoides Chondrites

and Diplocraterion, which occur in various relations to the "lime-

stone" and "marl" units, as described by Sellwood (1970, p. 497).
Bituminous shales may'occui within the"mérls", their lower boundaries
:being gradational while the tops are well defined and penetrated by
small "marl" filled Chondrifésrburrows. As stated above, Sellwood
- favoured combined eustatic and epeirogenic oscillations in sea level
to account for these cycles, but their origin is still obscure.
Returning to somewhat larger scale cyqles in the Lower Pliens-
bachian, Donovan gi él (1979), in their discussion of the Lower
Liassic transgression of the London Platfofm, postulated three
stillstands corresponding to three comparatively highly cnlcareous

layers which form geophysical members (the "70","85" and "100") in
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the upprermost Lower Lias of the Chipping Norton district. Each
stgndstill was followed by a period of more arglllaceous sedimentat-
ion.

The "70" marker occurs in the bre&isgina Subzone of the fémésdﬁi
Zone and is correlated by Donovan et al with a series of calcareous
beds in the Dorset coast Belemnite Marls quoted as the "Lower Paler
Marls" (beds 106 - 109), which belong, however, to the taylori Sub-
zone, and presumably the "Lower Pale Band" (beds 11la - e) is intended.

The "85'" is probably in the upper iaidaﬁi Subzone of the iﬁég
Zone, and in the Chipping Norton area corresponds to beds representing
slow deposition and containing a diverse fauna. NQ Belemnite Marl
horizon is suggested as a correlate, but in fact bed 120c (see below)
corresponds very well.

The "100" is tentatively related to the Belemnite Stone (bed 121,
ibex Zone, luridum Subzone). Furthermore, "The deposition of this
marker and the clay sedimentation of maéuiatﬁﬁ Subzone age may repre-
sent the last stage of the transgression of the Lower Lias, followed
by shallowing and increasing amounts of calcareous and silty or sandy
beds grading up into the silis and sands of the Middle Lias (margari-
iéigg Zone)" (Donovan et él, D. 171).

In the Belemnite Maxlé, each of the above mentioned stillstand
horizons is sandwiched between more argillaceous beds, the Belemnite
Stone in particular beling succeeded by the soft, clayey Green Ammonite
Beds (mostly davoei Zone), the topmost few metres of which are some-

vwhat sandy and form the base of the marggatatﬁs Zone,

The Belemnite Marls of the Dorset coast

YAnyone standing on the beach between Charmouth and Lyme, and
looking up at the bluffs and precipices of Black Ven, is struck by
the contrast between the pale, blue-grey colour of the third, and
highest, Lias precipice and the deeper shade of the underlying Black
Marl. These pale marls, about 75 ft (23 m) thick, soon pass off the
eastern shoulder of Black Ven, but are readily picked up again as
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the eye follows the line of stratification eastwards, and across the
valley to Stonebarrow Cliff. There the pale marls make the second
precipice, but soon dip to the beach to form most of the long, low
cliff reaching from Westhay to the Ridge fault." (Lang 1928, p.179).
These are the Belemnite Marls, which consist predominantly of
alternations of argillaceous calcilutite and calcareous clay, with
occasional bituminous shales (Sellwood 1972). The sequence is shown

in figure 2.

Day (1863) produced the first detailed description of this form-

ation, which he defined as the beds succeeding strata containing

Ammonites raricostatus (= Echioceras raricostatum) and including as

its roof formation the easily recognizable Belemnite Stone. His term
for the formation, the '"Belemnite Beds'', was abandoned by Lang (1913,
p.408; 1928, p.182) to avoid confusion with the term '"Belemnite

Bed" which was used by several authors (eg. Phillips, 1865-<70) to

refer to a short series of richly fossiliferous beds near the top of
the Belemnite Marls.

In 1906, Woodward published an account in the Geological Survey
Memoir on the Lias which closely resembled Day's; as Lang (1928,
p.183) states,

"What emerges from Day's and Woodward's sections is that the beds
below the Belemnite Shales [bed 119 of Langl are somewhat indefiinite;
but (1) that there are pale, hard 'limestones' in the middle of the
series; (2) that towards the base there are about 30 ft. of darker
marls and (3) that there are limestones at the base of the marls."
In the seoond edition of the Memoir (1911), Woodward suggests

the term "Stonebarrow Beds'", but it is Lang's term that has gained
general acceptance.

In a series of papers (1913, 1914, 1917) culminating in his
definitive description of 1928, Lang divided the Belemnite Marls into
no fewer than 41 horizons ranging in thickness from %" to 27'6".

With the assistance of Spath (1928; also in Lang, 1928), fourteen

ammonite zones were superimposed on this stratigraphic sequence;
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this zonal scheme has been superseded by that of Dean, Donovan and
Howarth (1961), slightly revised by Palmer (197%4) and confirmed in
Cope gi.gl'(1980). Lang's lithological sequence has been adopted
with little modification.

A though the Apoderoceras Limestone (bed 105) makes an easily
recognizable mapping base for the formation, there has been some doubt
as to exactly where the base of the j@ﬁésoﬂi Zone - and hence of
the Pliensbachian - should be drawn. This depends on pinpointing

the non-sequence responsible for the absence of the top of the rari-

1926, pp. 148 - 9, 155). Lang placed the non-sequence just above the
base of the Hummocky Limestone (bed 103) due to the last occurrence

of Echioceras raricostatum on the base of this bed, but it is now

believed to be represented by the impersistent layer of hodules 2 cm
above bed 103 (Sellwood, 1922, p. 145), and the lowest bed of the
bjaméédﬁi Zone is thus the few centimetres of shale between this no-
dgle horizon and bed 105. Below the nodule band are small, intra-
formational clasts of limestone, which occur both in the shales and
in the top part of bed 103, indicating an erosive phase.

The taylori Subzone

The Apoderoceras L;méstone, which contains large deroéeratid
ammonites, is the first member of a series of argillaceous calcilﬁ-
tite and calcareous clay rhythms that maké up most 6f this subzcne,
which includes’ the beds from 104 (top, see above) to 109, Bed 108,
which was not further divided by Lang, inclq@es two horizons of
bituminous shale. Only the one at the base was recorded by Sell-
wood (1972). The second, about 0.3 m below bed 109, was found by °
the present writer to contain fairly‘common vertebrate remains, in-
cluding ganoid fish (fragmental and more or less complete), ichthyo-

saur fragments and cne fairly well articulated skeleton; this suggests
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a low energy environment, which is consistent with the lithology.
Like the rest of the Belemnite Marls, the qusil assemblages of

this subzone are of rather low diversity, consisting mainly of
“ammonites, belemnite rostra, brachiopods, thin shelled pectinid bi-
valves (Chlamxs spp.)? crinoid fragments and occasional nautiloids
(in the Apoderoceras Limestone), together with trace fossils typical

of Sellwood's type 2 cycles.

Due to the overlapping of the index ammonites, these subzones
cannot usually be separated (Cope éﬁ él 1980, p. 48). Together they
span beds 110 - 114, commencing with about 8.5 m of dark calcareous
clay, bed 110a of Lang, with faint alternations of more and less
calcareous layers in its middle portion and bituminous shales near
the base. For the purpose of the present.work, bed 110 (a and b) is
divided into five units (I to V), based on belemnite assemblages,
which are matched witﬁ the twenty-four lithological units into which
Sellwood (1972, p. 143) divided this bed. (These lithological units
are.generally difficult to make out in the field, being best seen
when the rock-is clean and just damp.)

Beds 110b and 111 comprise thfee well-defined type 2 cycles,
(perhaps corresponding to a regional stillstand - see above) whilst
bed 112 consists of darkér, less calcareous alternations, with a
bituminous shale near the top.

Bed 111 is-to some extent characterized by the terebratulid

Cincta, which is also quite commen in the similar group of rhythms
that form bed 113. i

Ichthyosaur remains occur sporadically in bed 110; of particular
interest ﬁas a small articulated skeleton from near the middle of

the bed which after partial cleaning has revealed several arm hooks,

presumably belemnitid, in the stomach-rib cage region.
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The fauna of beds 113 and 114 consists mainly of ammonites and
brachiopods, belemnites being rather less prolific relative to most
of the Belemnite Marls.

The jamesoni Subgone

This subzone encompasses about twent& calcilutite~clay rhythms,
most of whichare thinner and less visiﬁly obvious than those below.
They constitute beds 115 to 118a (or b) of Lang. Bed 115 is not
readily accessible in the cliffs, and was not recognized in any
beach exposures. Lang comments that, "The bed appears to be thinner
at Ridgewater than at Westhay Water" (1928, p. 193). He gives its
thickness as 8 ft. (2.4 m) which is in fact the thicknésé at Westhay
Water; at Ridgewater, the bed has thinned to about 1.5 m, although
in both places it seems to consist of about ten calcilutite-clay
pairs. Apart from this horizon ( and not counting the discontinous
Belemnite Stone), all the beds of the Belemnite Marls appear to be
of constant thickness between Black Ven and Golden Cap. (The over-
lying Green Ammonite Beds, however, show quite marked variations in
thickness over the same area.)

Bed 116, a dark calcareous clay, is characterized by an absence
of belemnites, but is otherwise siﬁilar in fauna to the rest of the
formation. Belemnites opcﬁr in bed 117 (which is not accessible in
the cliffs and is only occasionally bared of sand on its beach ex-

posures) and become abundant in bed 118a.

The masseanum Subzone

This subzone includes five faint cycles of argillaceous calcilu-
tite and calcareous clay, beds 118b and ¢ of Lang. Lang's bed 118b
was one inch thick, lithologically indistinguishable from bed 118c,

and constituted for him a zone of Coeloceras pettos which is now
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obsolete (Dean et él 1961, pp. 463 - 4),

The valdani Subzone

Beds 118d to 120e constitute the Véi&éﬂi Subzone. Bed 119
marks a change from the pattern of calcilutite-clay rhythms that
prevail from bed 111 upwards, consisting instead of alternations of
more or less calcareous shale (the "Belemnite Shéles“ of various
authors). Bed 120a - b (combined by Lang himself, 1928, p. 191) is
a dark, pyritic bituminous shale capped by a layer of pyrite nodules,
with sporadic pyrite nodules occuring throughout the bed:

Bed 120c, as previously remarked, is a condensed bed, being a
dark grey, often indurated, pyritic calcareous shgle which is packed
with belemnites and other molluscs to such an extent that the majori-
ty oflspecimens are cracked and diagenetically deformed. The belem-

nite fauna is unusual, including specimens with epirostra (probably

account of the occurrence of B. longissimus (q.v.).. A possible

hastitid also occurs (?Hééfifés sp. nov. (q.v.)) which is unique to
this horizon, Bed 120c forms the centre of the vaguely defined
"Belemnite Bed" of various nineteenth century authors and of local
collectors (probably including Mafy Anning) up to the present day;
the rest of bed 120 is gsually included in this term, and on occasion
it probably connoted beds as far down as 118 and as far up as the
basal Green Ammonite Beds. Beds 120d and e are lithologically simi-

lar to 120a - b, although pyrite nodules are less common.

The luridum Subzone

The Belemnite Stone, bed 121, is an irregular, discontinous
limestone, which is easily recognigzed both iﬁ'éiﬁg and in fallen
blocks by virtue of its creamy weathering and contained fauna. It
is a condensed rock, being the only repfesentative in Dorset of the

luridum Subzone. As its name implies, it is full of belemnites,
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usually undeformed (this perhaps being due to early lithification,

cf. bed 120c¢c above) but difficult to extract, and aleo contains well
preserved ammonites (particularly Liparoceratids, Lytoceras sps and

Tragophylloceras sps), gastropods and bivalves.

The comparatively long shallow phase represented by the Belemnite
Stone was apparently followed by a consistently deep water period of
sedimentation represented by the soft, highly argillaceous Green

Ammonite Beds that represent the davoei Zone and basal margaritatus

Zone.in this area. Lang's (1936) bed numbers are again utilized,
the belemnite fauna of the basal members (beds 122a-c) being briefly
considered in rélation to the Belemnite Marls (see Belemnites

nitidus, B. aduncatus, ?Coeloteuthis sp. and H. microstylus).

Outcrops of the Belemnite Marls and basal Green Ammonite Beds

The only good outcrops of the Belemnite Marls are on the coast
between Lyme Regis and Seatown. A number of small, usually temporary,
inland exposures were recorded by Lang (1932) for mapping purposes.
Most of these are in the upper part of the formation, and especially
in the Belemnite Stone which tends to form a small but well-marked
feature and may have been occasionally quarried. The belemnites
recovered from these exposures have all been recognized from
corresponding horizons on the coast.

In situ collecting is impracticable on Black Ven as the forma-
tion occurs in rather precarious slopes. As Lang said, "except for
verifying the similarity of the western with the eastern sequence,
there is no point in collecting with difficulty from the third
precipice of Black Ven.'" Further to the west, the formation has been
removed by the Cretaceous Gault/Upper Greensand overstep. To the east,
the formation is brought down to beach level between the eastern end
of Stonebarrow Hill and the eastern end of Golden Cap; both the dip
of the strata and a number of faults give rise to a nearly

complete set of beach and foreshore exposures,
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the only beds difficult of access being 115 and 116. The distribution
of these exposures is shown on the accompanying map; it must also be
remembered that their extent fluctuates drastically as a result of
the distribution of beach sand and pebbles; also, erosion is fairly
rapid, so that since Lang published his definitive papers on the
Charmouth Lower Lias, the beach exposures of all of the beds with
appréciable dip have moved several metres from where he mapped them.

The basal Green Ammonite Beds are well exposed in wave cut
platforms below Golden Cap; when the tide is out, belemnites can
easily be picked or prised out of the sticky wet clay. No good
collecting stations exist in the higher reaches of the formation,
although occasional in situ specimens can be recovered from the low
cliffs to the west and east of Golden Cap.

South West Germany

Material from various localities in the Swabian Alps was examined
in the Staatliches Museum flir Naturkunde in Ludwigsberg (near
Stuttgart), and some specimens were collected from the Pliensbachian
(mostly ibex and davoei Zones) in the classic exposures in the Wutach
valley area, near Aselfingen, South West Germany, at the western
end of the Swabian Liassic outcrop (fig.4). Due to extensive scree
cover, in situ collecting is not possible from many beds, and more
weight is given in the present work to material in the museum
collection, especially that figured by Werner (1912).

The Sinemurian-Pliensbachian boundery in this area may in some
places be marked by a non-sequence as it is in some parts of Britain
(Arkell 1956, p.129).

The term "Pliensbachian' or "Pliemsbachgruppe', introduced by
Oppel in 1858, was named after the village of Pliensbach on the

northern edge of the Swabian Alps. This rather overgrown type

section is exposed in a stream, and, by dint of excavation, Schlatter
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(1977) has elucidated the stratigraphy of the Lower Pliensbachian
portion of it. He regards it as unlikely that there is a non-se-~
quence at the base, and points out that at other localities (includ-

ing Aselfingen), the macdonelli and aplanatum Subzones are present

(1977, 2. 7 - 8).

In this area, the Lower Pliensbachian is represented largely
by limestones and calcareous clays that closely resemble the more
indurated horizons of the Belemnite Marls. Similar rhythms are
present, but are only apparent when weathered. If this geﬁ}ally more
calcareous regime represents conditions corresponding to the more
calcareous part of the Dorset sequence, thenmeaningful comparisons
between the respective belemnite faunas can be made, since certain
belemnites that areconspicously absent from the more calcareous
portions of the Belemnite Marls appear to be nearly complefely ab-
sent from the Swabian Pliensbachilan.

The Aselfihgen outcrop, which consists of a continous section
from the Upper Sinemurian to the base of the Aalenian, is exposed
iﬁ a ravine formed by a small stream (the Aubach). Here, the Pliens-
bachian is somewhat condensed, the Lower Pliensbachian consisting of
about 3 m of limestone and calcareous clay. Nevertheless, all the

subzones appear to be present.
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Map of localities FIG. 1

D - Dorset coast, Charmouth and Seatown
Y - Yorkshire coast

A - Aselfingen

0 - Ostercappeln
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FIG.2

Section through the Belemnite lMarls

and basal Green. Ammonite Beds exposed
between Charmouth and Seétown, Dorset.
Carbonate percentages after Sellwood,

1972,
key

[ ] argillaceous calcilutite

calcareous clay

E§§§ bituminous shale
coo ]limestone nodules
e - - pyrite nodules
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Chapter 4

Systematic Palaeontology

The belemnites of the Lower Pliensbachian of the Dorset
coast were found to be naturally divisible into three genera,

Belemnites, Hastites and Coeloteuthis, of which representatives

of the first are by far the most abundant and diverse.

All the species descbibed are also regarded as natural
taxa, being based on bed-by-bed morphometric study which
usually clearly and objectivély delimits discrete ghéups that
constitute the adopted morphospecies and also often reveals
a subsidiary dimorphism thét is probably sexual. Furthermore,
there emerges a picture of stratigraphically fluctuating
morphology for some of the species that is largely responsible
for the proliferation of taxa préviously descr ibed from these
beds. i

Twelve species were recognized in the Belemnite Marls,
(Jjamesoni and ibex Zénes] all of which are described, the

greatest attention being given to those included in Belemnites.

Four species ([Belemnites nitidus, B. aduncatus, Hastites

microstylus and Coeloteuthis sp.) were Pecoghized in a com-

paratively smali sample from the Gréén Ammonite Beds [davoei

Zone), all of which also occur in the Belemnite Marls.
Supra-generic claésiFication follows that proposéd by

Jeletzky (1966).
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Class CEPHALOPODA Cuvier, 1794

Subclass COLEQIDEA Bather, 1888

Order BELEMNITIDA Zittel, 1885
Family BELEMNITIDAE d'Orbigny, ;845

Type genus Belemnites Lamarck, 17389

Subfamily BELEMNITINAE d'Orbigny, 1845

Genus BELEMNITES Lamarck, 17399

Type species Belemnites paxillosus Lamarck, 1801; Pliensbachian

Revised description

Rostrum highly variable, subconical and sfurdy to very
slender, subfusiform {(clavate). Transverse section usually
compressed. Apical linme goniolineate, somewhat closer to
ventral side of guard.

Dorsolateral apical furrows and paired lateral #urbows
nearly always present, although degreé of development varies.
Alveolar angle Pemafkably invariable,-bétween 25° and 30°.
Epirostrum may be present.

Discussion

The present usage of Belemnites is that of Jeletsky

(1866) but subgemnera (B. (Belemnites]) Lamark, 1789 and

B. Pseudohastites Naef, 1922) are not utilized. As with sub-

species, the present writer believes that, at least in the
case of the belemnites studied here, these additional taxa are
too arbitrary to be of any practical value or biological

significance. The above description is based on Jeletzky's

diagnoses of these two subgenera (B. Belemnites being '"sturdy

to fFairly slender" and B. Pseudohastites being "slender to very

slender']. Jeletzky (1866, p.141) believed paired lateral

lines to be well developed only in '"Pseudohastites and allied
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forms'; certainly they tend to be best developed in the more

slender species, but all the species described here under

Belemnites possess paired lateral furrows in some dégree, these

tending to be wider and shallower in the more robust species.
Lang (1928) utilised four genera to deséribe material

from the Belemnite Marls and Green Ammonite beds tEat is here

all included in Belemnites; these were Clastoteuthis gen. nov.,

Passaloteuthis Lissa jous,- 1915, Angeloteuthis gen. nov. and

Pseudohastites Naef, 1922. HRespectively two, eleven, four
- and five species were described under these genera, which, were
these genera to be retained, would here be reduced to one, four

one and two species. Instead, eight species of Belemnites are

defined, Clastoteuthis and Angeloteuthis representing the

stoutest species and Pseudohastites the slenderest. As implied

above, the morphological conmtinuity of this series precludes
the effective use of subgeners. -

The forms assigned to Pseudohastites by Lang (1928] do

show some affinities with Hastites, in which genus they were

included by Schumann (1974). In particular, Belemnites

longissimus (= Pseudohastites cultellus, P. arundineus, P.

junceus and P. longissimus in Lang (1928)] often displays

characters which are regarded as hastitid, although morpho-
logically it is probkably best regarded as a slender end member

of Belemnites. B. longissimus is a likely ancestor of Hastites,

First appearing at the base of the jamesoni Zone whilst the

earliest true Hastites (H. microstylus) first appears in the

upper jamesoni Zone (_jamesoni or, possibly, brevispina

Subzone]. Relevant characters of the rostra of typical

Belemnites (such as B. nitidus, B. aduncatus and "B. paxillosus"],

B. longissimus and typical Hastites (H. microstylus and
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"H. clavatus') are qualitatively compared below.

Belemnites

1) Moderate to
large size, stout
to fairly slenden
2) Cylindrical to
slightly clavate.
- 3) Apical furrows
well developed.

Paired lateral
furrows variably
developed.

4)

5) Apical line fairly
straight,
goniolincate
slightly
excentric.

Epirostrum some-
times developed.

6)

7) Well calcified.

Belemnites
longissimus

Moderate to large
size, fairly to very
slender.

Cylindrical to mod-
erately clavate.

Apical furrows
poorly developed.

Paired lateral
furrows usually well
developed.

Apical line fairly
straight,
goniolineate
slightly excentric.

Epirostrum some-
times developed.

Well calcified.

Stratigraphical range of Belemnites

PliensBachian

Hastites

Small size,
slender.

very

Very clavate.
Apical furrows absent.

Paired lateral furrows
usually well
developed.

Apical line curved,
cyrtolineale strongly
excentric.

Epirostrum never
observed.

Frequently poorly

calcified in alveolar
region.
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Belemnites longissimus Miller, 1826

Plates 1-3; Plate 4, figs.. 6, 7.

1826 Belemnites longissimus sp. nov.; Miller, p.60,

pl8, figs. 1 and 2.

1827 Belemnites longissimus Miller; de Blainville,

pp-385-86, pl.4, fig.7, cop. Miller 1826.

1867 Belemnites longissimus Miller; Phillips, p.66,
pl.13, fig.32. |

l867 Belemnites junceus sp. nov.; Phillips, p.67,

pl.13, fig.33.

7?1869 Belemnites longissimus Miller; Dumortier, p.44,

pl.-4, figs. 7-11l.

7?1927 Hastites junceus (Phillips); Lissajous, pp.33-35,

pl.3, figs. 20, 20a, 20b.

v.1928 Pseudohastites cultellus sp. nov.; Lang, p.2ll,
pl.15, fig.l. -

v 1928 Pseudohastites longissimus (Miller]; Lang, pp.2l1-212,

pl.1l5, fig.5; text fig. 3, rno.8.

v.1928 Pseudohastites junceus (Phillips); Lang, pp.212-213,

pl.-15, fig.5; text fig.3, no.4

v.1l928 Pseudohastites arundineus sp. nov.; Lang, pp.213-215,
pl.1l5, fig. 4; text fig. 3, no.S.

186e2b Belemnites junceus Phillips; Schwegler, pp.l155-157,

text fig. 40.

7?1974 Hastites junceus (Phillips); Schumann, pp.36-37,

pl.5, figs 14 and 15.

Neotxee

BMNH C28037 (Pseudohastites longissimus), Belemnite Marls,

bed 110a (110 V], Westhay Cliff, near Charmouth, Dorset.

38



Established by Lang (1328), pp.211-212, pl.15, fig.S.

Other material

Author's collection, Belemnite Marls, Charmouth: 156 specimens
bed 104: TB1032, TBl1033, TBl1l035, TB1036

bed 110 II: D81, D92, TB276, TB282, TB287, TB292, TB293,

TB297-300, TB303, TB7Sl
bed 110 III: D83, TBl60-164, TBl74; TBl75, TB1883, fBBDS—
313, TB327-336, TB346
bed 110 Iv: TBl176-173, TB18l1-188, TB190, TB351, TB357-
359, TB362-372, TB374, TB390-395, TB406, TB407,
TB40S, TB4ll-415, TB424-423
bed 110 Vv: D100-104, D111, D112, D118, D124, D125, TB43,
TB45, TB56-538, TBl65-170, TBl72, TB;73, TB441-457,
TB498, TBS50l1-506, TBS521i, TB524, TBl0O46, TBl0D47
bed 120c: TB1l25, TBl27, TBll22-1127, TBl1129, TBl136
Belemnitiferous Marls, road cutting on—A303, near Tintinhull,
Dorset. 0S ref. SY497205: uncatalogued fragmentary material.
BMNH, coll. and/or det. W.D. Lang, Belemnite Marls, Charmouth:
4] specimens.

bed 104: (Pseudohastites cultellus) C29045 (holotype),

C29046, (C28480-29492, C=29484, C=29495

bed 110a: (Pseudohastites longissimus) €C28033, C29034,

C238S035, C42138, C42139; (Pseudohastites junceus)

C29008 (neotype), C29009, C29111-29118, C43907-433908,

C42563, C4338l1l1l; (Pseudohastites arundineus) C29021-

29025, C238026 (holotype], C28028-29030, C35564

bed 110b: (Pseudohastites longissimus) C29032, C2S036,

bed 120c: (Hastites cf. stonebarraoensis) C29512

BMNH, material aother than Lang's; labelled with various genera,




larger specimens junceus, smaller longissimus: 13 specimens.

bed 110: CB6051, C28505, C42550, C45719, C45746-45749
bed 120c: C45840
horizon indet.: (C42552-42554, C4631S

Description

Rostrum very slender and greatly elongated, profile
markedly clavate to tapering. Section cﬁmpressed, sub-circular
to sub-quadrate, typically most quadrate towards anterior of
rostrum. In clavate rostra, compression is often most
pronounced in the narrowed anterior portion,

Apical furrows weakly developed. Paired léteral furrows
usually well developed; typically, the upper Ffurrow comﬁences
near the apex as a fairly deep groove, widening into a shallow
depression or concave facet in the anterior half of the rostrum.
The lower furrow commences as a thin éeep groove which is usually
bowed downwards. This merges into a Fécet in the middle portion
of the rostrum, and then narrows and deepens again into a fairly
wide anterior groove which is separated from the upper furrow by
a ridge (fFig.111A]).

Apical striae may be present.

Alveolus very short in relation to rostfum, typically 12-17%
of total rostral length.

Epirostrum may be present.

Oimorphism is well developed.

A few specimens were found in which the phragmocone extends
beyond the rostrum, although it is invariably Eadly crushed.

As with the alveolus, it is short compared with cther species,
the preserved ante-rostral length not exceeding 33% of the total

rostral length.

40



Discussion

The neotype selected by Lang for his Pseudohastites

longissimus closely agrees with the lost specimen figured by

Phillips (1867, pl.8, fig.32); this lost specim=n is presumably -
that which Phillips believed might have served Millér as his
holotype (Phillips 1867, p.66), although Lang evidently believed
Phillips!'! and Miller's figured specimens to be separate, saying
that he had been urmable to trace either of them (Lang 1928,
p.212). | ”

The interpretation of Belemnites longissimus Miller must

take into especial consideration three previous works: Miller
(1826), Phillips (1867) and Lang {1928]). Lang's utilisation of

the generic name Pseudohastites is a separate problem which is

considered at the beginning of this chapter.
| Miller's plate 8, figure 1 is aéheasonable representation
of a half grown rostrum of the specieéﬂas here defined, thus his
specific name is given priority over any names subsequently
applied to the Eostra of fully grown specimens. Phillips?®
plate 8, figure 32 is a more detailed print, possibly of the
same specimen (see above). Miller's specimen was from the
"Lyas and lyas clay" of Lyme Regis, and Phiilips gives the same
locality. OfF particular importance is Phillips' further state-
ment (p.SE], "] have a few examples from the Belemnite-bed under
Golden Cliff, but none of thése specimens are sufficient for
good description." Furthermore, the fragmentary type material
of his mew sgpecies, E.Aiunceus, is also ascribed to "Golden Cliff,
near Lymehﬁegis" (PRillips 1867, p.87].—

When Phillips and other iSth Century authors mention the

“"Belemnite-bed" of this part of the coast, they invariably refer
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to the very fossiliferous top few feet aof the Belemnite Marls,
from about bed 118 upwards, and especially bed 120c which is g
thin condensed band packed with more or less broken and crushed
rostra. These beds outchop'on the shore below Golden Cap and
have long constituted a classic collecting ground. Due in part
to the nature of his material, Phllips did not realise that his

B. junceus is the fully grown rostrum oFAE. longissimus, a

delusion also shared by Léng who erected neotypes for both of
these species, collected furthermore from the abundant, well
preserved material in the lower part of the Belemnite Marls
(bed 110), which on the coast are only exposed well to the west

of Golden Cap. Lang erected two further species of Pseudohastites,

to whit P. cultellus (bed 104) and P. arundineus (bed 110}, that

are here regarded as conspecific with Belemnites longissimus.

Lang was firmly of the opinion that the forms he grouped as
"Pseudohastites" were confined to the lower part of the Belemnite

Marls (1928, pp.211-213), so that he defined P. longissimus on

the basis of Phillips!' figure but excluded those specimens of
Phillips from ""the Belemnite Bed under Golden Cliff, which are
necessarily from a higher horizon than bed 110". Of

Pseudohastites junceus he said, "... the locality menticned by
Phillips does not include bed 110. But the fact that Phillips
quoted Golden Cap as 'Golden Cliff' suggests a vagueness which
might easily have extended the conmnotation to the cliffs at
Westhay ... I know of no belemnite from Golden Cap that could be
identified with Phillips' fig.33; whereas ... it is a good
representation of the longer of two forms mentioned as common in
Bed 110a" (Lang 1928, p.213].

In fact, the present author has collected unequivocal

specimens of B. longissimus from bed 120c below Golden Cap.(pl.3,fig.

Although it is fairly scarce at this horizon (and usually crushed),
Lang himself collected a particularly slender, tapering specimen

(BMNH C29512) which, in his determination to restrict
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Pseudohastites to lower horizons, he named as "Hastites cf.
stonebarroensis" (1928, p.191). Also in the BMNH is a more
typical specimen of B. longissimus, C45840, which, according to
the label is Pseudohastites junceus from the Crumbiy Bedb
(=120d-e), from the J. Harrison collection, purchased 1865.
Judging from its distorted preservation, it probably came from
the top surface of bed 120c; in common with several other

specimens from this horizon, it appears to have an epirostrum.

Thus Phillips' records of "B. longissimus" and'B. junceus"
from the "Belemnite-bed" below "Golden Cliff" upon which the

interpretation of B. longissimus Miller must laﬁgely rest, do not

need to be regarded as vague. It is moreover apparent that he was
not mgch aware of the outcrops in the lower part of the Belemnite
Marls that appear only to the west of Gblden Cap, as he could

not otherwise have failed to collect good complete specimens of

B. longissimus from the excellent exposures below Westhay Cliff.

Another clue to his lack of knowledge of these exposures is his
mention of a squat belemnite from the "Lias of Lyme Regis",

"allied to B. insculptus" (from the Inferior Oolite) to which he

does not give a name and which he regards as very rare (Phillips
1867, p.46, diag.l18; pl;S, fig.13). This specimen can definitely
be ascribed to B. abruptus (Lang) (g.v.] which occurs in beds 110
to 114; it is scarce, but hardly '"very rare", most in situ
specimens being collected from below Westhay Cliff.

To summarise, Phillips' own poorly preserved material of

'B. longissimus" and "B. junceus" came from bed iEOc, including

his figured type of B. jumceus. The figured specimen of

B. longissimus was not his; it might have been Miller's original
specimen, and almost certainly came fraom bed 110. Phillips was

not aware of the faunas from this horizon upon which Lang (1928)
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defined his species. 0On the other hand, Lang did not acknowledge

the presence of ""Pseudohastites" in beds higher than 110, claiming

that Phillips' locality for B. junceus was vague enough to
include Westhay Cliff and therefore beds much lower than 120c,

and that specimens of E. longissimus from bed 120c (including

both Phillips' and his own) were to be assigned to Hastites.

We may conclude that Lang's immature neotype of Pseudohastites

longissimus from bed 110 is a reasonable duplicate of the type

specimen (or specimens) employed by Miller and Phillips, and that
the species may be interpreted on this basis.

Use of Rhillips' specific name, " junceus'", has continued
until recent times; notable instances apart from Lang (1928) are

Hastites junceus (Phillips) of Lissajous (1927) and Schumann

(1974]). Both authors apply the term to a comparatively robust

belemnite that is similar to but even more stout than certain

specimens of B. longissimus from bed 104 (= Pseudohastites

cultellus Lang) and the lower part of bed 110. Lissajous' figured
specimen from the "zone a Polymorphites Jamesoni de Lime Regig"

is probably a specimen of Belemnites charmouthensis Mayer (g.v.];

he also records the sbecies from the jamesoni Zone of Limas
(Rhone) (Lissajous 1927, pp.33-35, pl.3, figs 20, 20a, 20b).
Schumann's plate 5, figure 14 is similar whilst his figure 15
represents an even stouter form that is similar to B. nitidus
Phillips. Both of these figured specimens are from the taylori
Subzone of Ustercappeln, North Germany (this subzomne at Charmouth
includes beds 105-109). |

However, Schumann did recognize that Lang's four species

(Pseudohastites arundineus, P. cultellus, P. Jjunceus and

P. longissimus) are conspecific; uncertainty about the status of

B. longissimus Miller et auctorum led him to employ the specific
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name junceus (Schumann 1974, p.36).
Ontogeny

The ontogeny of this species is particularly interesting in
that a number of specimens display exceptionally clear primary
spherules (fig.9) (see p.238 ), representing early loci of
calcite growth in the aborally developing mantle. These spherules
seem to control the initial elongation of the rostrum after the
first few saucer-like layers [corresponding in part to the
"primordial guard" of Jeletzky (1966]] have been deposited on the
protoconch. The number of spherules observed in this region
varies between one and six.

By the time that the post-alveoclar length of the rostrum
is 1-2mm, the profile of the whole rostrum is qﬁite even, the
convolutions'imposed on the eafliest layers by the sgpherules
having been smoothed out by nonsconceétric deposition of sub-
sequent lamellae. At this point, theré often occurs the earliest
sfrong growth lime, suggesting that a higtus in growth is
characteristic at this stage of development. This line clearly
delimits a more or less conical profile, which may be constricted
in front of the protobonch to produce a very thick claviform
profile (fig.l10A). The apex of this growth stage is frequently
of a sub-mucronate or drawn out gppearance; this can sometimes
be seen to be due to deposition of the lamellae at the apex
around another calcite spherule (fig.l0A). The alveolus is
approximately half of the total length of ‘the rostrum in these
earliest stages of growth. |

Until it has achieved a post alveolar length (Lp) of 4-6mm,
diameter (Dp) l.2-1.4dmm, the rostrum only gradually becomes more

slender. Then, a sudden change in the slope of Op:Lp occurs
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(fFig.B8) elongation occurring at a relatively greater rate than

thickening, compared with any other species of Belemnites from

these horizons. Growth continues with no further sharp changes
in slope until fFull size is attained. The relativ¢~length of
the alveolus gradually-decreases>to less than 20% of the total
rostral length.

When rostral growth curves are plotted for a number of
specimens, it becomes appérent that, when post alveolar length
exceeds 30-40mm, a narrow but distinct morphological gap appears,
separating more robust from relatively slender individuals.

With smaller specimens, although robust and gracile adults tend
to have respectively robust and gracilé early growth stages,
there.is a degree of overlap which prevents positive differentia-
tion between them.

The degree of dimorphism is'enhahceq by & gradual increase
in the élope of the curves of most roﬁdst specimens. This
commences at a post alveolar length of 40-60mm, corresponding
to an increase in rate of thickening relative to increase in
length. Contrasted with this is the almost limear growth of the
gracile form which commences at the early stage (Lp = 4-6mm])
mentioned above (cf. the similar but more pronounced dimorphism

in B. charmouthensis). This allometry of growth in the robust

form is responsible for the high degree of variation shown by

the larger specimens from beds 110 IV-V, as depicted in the

scatter diagram in figure 7B. The effect is less noticeable in
beds 110 1I-111, figure 7A, as some of the robust specimens in
their early stages continue to increase rapidly in girth for longer
then usual, i.e. to a past alveclar length of 8-=14mm rather than
4-6mm. Subsequent to this, their curves Flatten off more than

is usual, so that eventually they intersect the curves
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representing the rest of the robust individuals, after which fge
usual slight increase in slope occurs. Specimens of this sort
occur particularly in bed 110 11, but are not uncommon up to
bed 110 V; it is impractical to separate them as a different
species, although they are distinguished as thianglés in the
scatter and growth diagrams.

A series of specimens illustrative of dimorphism is sHDwn
in plate 3.

Stratigraphical variation

This species first appears in the upper half of bed 104,
which marks the base of the Pliensbachian in tre Charmouth area.

Because it is here more robust than the majority of specimens

from bed 110, Lang plmced it in a new species, Pseudohastites
cultellus, which was confined to bed 104 alone. However, as
it is indistinguishable from some of the more robust specimens

of Belemnites longissimus from bed llD>(especially 110 11-111),

it is mot practicable to raise it to the status of a separate
species. Specihens from bed 104 are rarely clavate, but this
also is in accord with a large minority of those from bed 110.
BMNH specimen C29494, collected by Lang and labelled

"Pseudohastites Pcultellus", is distinctly clavate (1.17 in

vertical plane); the holotype of P. cultellus, C29045, although

it may be clavate, is deForhed, both by apparently abnormal |
growth resulting in an uneveh, "lumpy" profile, and by a post-
mortem breakage (common at this horizon) about half way along

the rostrum (see Lang 1928, pl.l15, fig.l). The present author's
specimens'From this horizon are not clavate; three other specimens

of P. cultellus recorded by Lang (1928, p.195) could not be

located in the BMNH collections]).

The next appearance of B. longissimus is in bed 110 II,
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whence it persists to the top of bed 110 V, giving an unbroken
record through nearly 9m of the sequence. In bed 110 II, anly
the robust form appears to be present.

Dimorphism is first apparent in bed 110 III, is particularly
noticeable in bed 110 1V and is still clearly maniFésted in bed
110 V. The longest and most slender specimens occur in bed 110 1IV.

Figure 13 shows that there is a general increase in
clavateness from bed 104 préhds. Both gracile and robust forms
exhibit the same range of variation in this character at a given
horizon. The fact. that this character changes equally in each
dimorph throughout the three horizons where dimorphism occurs
could be regarded as circumstantial evidence that they belong to
one species, i.e. degree of clavateness is, in this case, s
specific character, not sex linkad, that Flucfuates in time.
| The degree of ocompression of the rostrum changes only very
slightly from horizon to horizon [Figlia]; again, gracile and
robust forms are identical in this character.

Lang (1928]) erected Pseudohastites ardhineus to include the

stouter forms of Belemnites longissimus from bed 110. The

chronological and sexual variations described above are
responsible for -his rather confused attempt to distinguish two

species on this basis: "The somewhat clavate and much elongated
belemnites common throughout bed 110 , though ... varying
considerably and, toc some extent, continuously in shape and
proportions, yet group themselves around two modes ... It is
convenient, since any complete specimen can generally be referred
without hesitation to one of these two forms P. arundineus and

P. Jjunceus, respectively more and less stout , to regard them,
At least provisionally, as distinct species.'" (pp.213-214)..

Specimens of B. longissimus from bed 120C are for the most

part so crushad and fractured as to preclude accurate measurement.
However, they appear to resemble closely those from bed 110, and

apparently include both gracile and robust forms although the
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sample is too inadequate to establish the definite presence or
absence of dimorphism. Well developed epirostra are common at
this horizon;'speciméns with short spirostra sometimes occur in
bed 110. Epirostra are further discussed on p.253.

It is at once noticeable that B. longissimus in the

Belemnite Marls is confined to beds of comparatively low
carbonate content (see fig.2). The upper part of bed 104 is
composed of a soft, dark shale which belies the high carbonate
content given by Sellwood (1874, texf fig.l2); the impersistent
layer of cdcareous nodules in the middle of bed 104 may be
responsible for this figure. |

Between beds 104 and 110, the carbonate content oscillates
between 60 and 80%. Throughout bed 110, it is nearly always

less than 60%, B. longissimus reappearing in bed 110 II and con-

tinuing in gbundance to the roof of bed 110 V. Thereafter, its
only recorded occurrence is in bed 120C (carbonate approx. 65%],
which in the Belemnite Marls is the only markedly condensed
horizon other than the Belemnite Stone. The seguence between
beds 110 and 120C consists of very pronounced alternations of
dark, soft and light indurated.marls, carbonate content rapidly
oscillating between about 40 and 75%;

The comparatively stout form (Lp = 110mm, Dp = 9.5mm)
from North Germany assigned by Schumann (1974) to Hastites

junceus (Phillips), which is possibly a geographical variant of

B. longissimus, ranges, according to him, from the taylori to the

valdani Subzome. This corresponds to beds 105-120 of the
Belemnite Marls. His material (ll specimens) is from two

localities, Rottorf and Ostercappeln and is most similar in

ahpearance to B. longissimus from bed 104 of the Belemnite Marls.

At Rottorf, the sequence is unlike the Belemnite Marls, consisting
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as it does of alternations of oolitic ironstone, limestone and
marl, while at Ostercappeln undifferentiated marls only are
present (thus resembling bed 110 of the Belemnite Marls].

Very few belemnites assignable to B. longissimus have been’

recorded from South Germany (the only probable hecoed noted being
Schwegler 1962b, p.155, fig.40, from DUrnau); examination of
material in the Staatliches Museum fur Naturkunde in Stuttgart
and of the well hepreeented Lower end Middle Lias of Aselfingen
failed to produce eny-epecimens. The lithologies of the Lower

Lias in this region are very similar to those sequences in the

Belemnite Marls from which B. longissimus is absent. 0On the other

hand, species do occur commonly which in the Belemnite Marls. show

no facies dependency (B. nitidus, B. charmouthensis and B.

abruptus).

Thus the available evidence suggests that B. longissimus

preferred an environment or environmenee represented by a regime
of sedimentation comparatively low in carbonate and high in
argillaceous meferiel; this probably carresponds to the deeper,
and therefore less turbulent, phases of deeosition at this time,
which may have been more suitable for the animal bearing one of
the most slender and perhaps most delicate eF belemnite rostra
in the whole of the geological record.

Distribution

1. Charmouth, Dorset: Beiemnite Marls, jamesoni and ibex
Zones, beds 104, 110 I1I1-Vv, 1l20C.

2. Tintinhull, Dorset: Bdemnitiferous Marls, 7lateral
equivalent of beds 110 IV-V. B

3. DUrnau, Whrttemberg, South West Germany: Lias gamma

(Schwegler 1972b).

?4. Rottorf and Ostercappeln, North Germany: Lias gamma l-2b
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(Schumann 1974).

?5. Limas, Rhone, France: jémesoni Zone (Lissajous 1927].
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PIG.9

Belemnites longissimus: camera lucida

drawings of median longitudinal polished

: TB17%

< P
1

sections.

: TB367 (robust) bed 110 IV, x50
(with photograph)

: TB506 (juvenile) bed 110 V, x50

(gracile) bed 110 V, x50

protoconch.

rostral lamellae

primary spherules

sparry calcite-filled void between:
prismatic and nacreous layers of
protoconch

fracture
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FiG.10

Belemnites longissimus: camera lucida

drawings of median longitudinal polished
sections.

: TB357 (gracile) bed 110 IV, x24

: TB329 (robust) bed 110 III, x24

TB188 (robust) bed 110 IV, x24
TB363 (robust) bed 110 IV, x24
p - protoconch

r - earliest clear rostral growth line
.8 = primary spherule
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FIG.11

Belemnites longissimus: camera lucida

drawings of median longitudinal polished
sections., '

A: TB36% (robust) bed 110 IV, x6
B:: IB188 (robust) bed 110 IV, x6
C: TB357 (gracile) bed 110 IV, x6.

r - earliest clear rostral growth line
o = oubter surface of rostrum '
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Belemnites charmouthensis Mayer, 1864

Belemnites umbilicatus sp. nov.; de Bléinville, p. 97,

Belemnites umbilicatus de Blainville; d'Orbigny, p. 86 -

Belemnites charmouthensis sp. nov.; Mayer, p. 364 (no

Belemnites charmouthensis sp. nov.; Mayer, p. 364 (no

figure), fimbriatus beds, Saint Fortunat, Rhone.

Belemnites charmouthensis Mayer; Dumortier, p. 50, pl. 5.

Belemnites charmouthensis Mayer; Tate and Blake, p. 317,

Belemnites charmouthensis Mayer; Simpson, p. 55.

Belemnites charmouthensis Mayer; Werner, p. 116, Taf.

Belemnites charmouthensis Mayer; Thompson, p. 102.

Hastites charmouthensis (Mayer); Lissajous, p. 69.

Hastites junceus (Fhillips); Lissajous, p. 33 - 35, pl.

Pseudohastites charmouthensis (Mayer); Lang, p. 215,

Passaloteuthis argillarum sp. nov. Lang; p. 200.

Belemnites charmouthensis Mayer; Schwegler, p. 97 - 98,

Hastites clavatus charmouthensis (Mayer); Schumann,

Pl.4 figs.1-D s PL. 5, figs.1-6.
1827

. 3, fig, 11.
1840

87, pl. 6, figs. 6 - 11,
1864

figure), jamesoni Zone, Charmouth.
1864
1869
1876

pl. 4, fig. 5.
1884
1912

i0, fig. 16.
1910
1925
1927

3, figs._zo, 20a, 20b.
1928

pl. 15, fig. 2; text fig. 3, no. 3.
1928
1962

figs. 36, 37. -
1974

p. 32 - 33,vTaf. 6, figs. 8 - 14, 16.
1974

Hastites junceus (Phillips); Schumann, p. 36 - 37, Taf.

5, fig. 14 only.
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Neotype

BMNH €29042 (Pseudohastites charmoﬁthensis), Belemnite Marls, bed

110a (110 I), 28 ft. 6 in. below 111, Westhay Cliff, near Charmouth,

Dorset. Established by Lang (1928) p. 215, pl. 15, fig. 2.

Other material

Author's collection, Belemnite Marls, Charmouth: 89 specimens
bed 108 I: TB215, TB216, TB217, TB590 - 593, TB601 - 611,

TB853 ~ 857

633, TB636

bed 109: ?TB6L6

bed 110 I: 138, D85, TB271 - 275, TB277 - 280, TB288, TB290,
TB291

bed 110 ITI: TB315, TB316; TB317, TB322, TB340, TB341, TB342,
TB347, TB348 ;

bed 110 IV: TB180, TB222, TB225, TB373, TB375, TB377, TB378,
TB379, TB396, TB397, TB398, TB401, TB4O2, TB405, TBLOS,

TBY10, TBU418, TBYL9, TBU20, TBL22, ?TB516 (2 B.nitidus

)

BMNH, coll. W.D. Lang, Belemnite Marls, Charmouth: 8 specimens
bed 107: C33174

bed 110a, 29 ft. below top (=110 I): C28873 ("Passaloteuthis

bed 110a, exact horizon not specified (=110 I - V): C29043,

C43906, C43910, C43913, CLL931

Description

Rostrum fairly slender (usually somewhat more so than that of

B. nitidus ), profile variable, distinctly clavate to slightly

tapering. Section nearly always compressed, sometimes highly so,
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particularly in the anterior portion of the rostrum. Paired iatera1’
furrows well developed.

Dimorphism apparent when sufficient size is attained, adult
rostra Being readily separable into gracile and robust forms.

Alveolus short, typically 25 to 35% of the total rostral length.

Discussion
Mayer's original description (1864, p. 364; no figure) of

Belemnites charmouthensis as a moderate sized, clavate, elongated

and markedly compressed belemnite with paired lateral lines and a
small alveolus was matched by Lang (1928, p. 215) to a form occurring
in bed 110 of the Belemnite Marls, with particular mention of the

subclavate forms from the lowest part of that bed. He assigned the

species to Pseudohastites. In actual fact, Mayer's .designated
material, consisting perhaps of only two specimens, came from the
"fimbriatus beds" of Rhdne (equivalent to the topmost beds of the

Belemnite Marls) (collected by Dumortier) as well as from the jamesoni
Zone of Charmouth. As Lang pointed out, it is obviously desir able
to base the species on type material from the latter source, especially
as it is probable that the Rhdne material is éf a different species
(see below).

In the absence of Mayer's holotype or syntypes, Lang selected
as neotype a specimen collected 28% ft. from the top of bed 110,
which places it in bed 110 I. (I assume that he measured 1 ft. up
from the base of the bed and subtracted this from his estimate of
29 ft. 6 in. for the complete thickness of bed 110; to measure
accurately 28% ft. of strata exposed in wave-cut platforms and
irregular cliffs would be well nigh impossible.)

Although this neotype, which closely matches Mayer's measure-

ments, is acceptably a specimen of B. charmouthensis, it is more
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slender than any other conspecific specimens collected by either
Lang or the present author, illustrating the tendency to nominate
types that caricature rather than characterize the species in
question. Mayer stated the length to be 81 mm and the diameter
(position unspecified) as 6.5 mm; Lang's neotype has a length of
78 mm (with a slightly daned apex) and a maximum diameter of 6.7
mm,

In accord with Mayer's diagnosis, samples ascribed to ﬁ.'char-
mouthensis have consisted largely of clavate beleﬁnites of modest
size, Without detailed analyses, material from other localities and
horizons described by various authors can only be placed in tenta-
tive-relation to the material from the type locality.

Werner's figured specimen (1912, Taf. 10, fig. 16) from the
Lias gamma of Balingen, South West Germany; is not clavate but is
similar to some Charmouth specimens (ég. TB516, pl1.5, fig. 5, a
fairly large, gracile specimen.from beé 110 IV).

Schumann (1974, p. 36) acknowledges Lang's neotype, but‘his

figured material of Hastites clavatus charmouthensis (Taf. 6, figs.

8 - 14, 16), from Rottorf and Ostercappeln, North Germany, is all
from a higher stratigraphical level (equivalent to beds 113 - 120

in the Belemnite Marls) than that in which Belemnites charmouthensis

occurs in Dorset. Howeve;, the figurea specimens from Ostercappeln
(from Lias gamma 1d, equivalent to Belemnite Marls beds 113 - 114)
certainly are strikingly similar to those from Charmouth, and are
very likely to be of the same species. On the other hand, the
Rottorf specimens (from Lias gamma 2c¢, equivalent to Belemnite Marls
beds 118c - 121) reveal an uncompressed transverse section and a
strongly curved and excentric awial line %hich is characteristic of

certain Hastites 1like forms which occur frequently from the ibex

Zone upwards at localities throughout Europe; the present author
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Dorset (see p.193). It is probable that the Rhdne speci-
men mentioned by Mayer belonged to this group, which only super-

ficially resembles B. charmouthensis sensu Lang and even then can

usually be distinguished from it by its comparatively uncompressed
rostral section. The correct affinities of this material were
realiged by Schumann when he assigned it to the genus Hastites.

One slightly earlier clavate specimen from Lias gamma la (equi-

valent to Belemnite Marls beds 105 - 109) is a possible candidate

for inclusion in B. charmouthensis; Schumann (Taf. 5, fig. 14)

called it Hastites junceus (Phillips), and it could indeed belong

to B. longissimus (q.v.) which in the present work includes B. junbeus

(Phillips). Again, a specimen figured by Lissajous (1927, pl. 3,

fig. 20) as Hastites junceus (Phillips) from the jamesoni Zone of

"Lime Regis" may be a short B. longissimus from the upper part of

bed 104 (it is slightly deformed, as are most rostra from this hori-

zon) or a slender B. charmouthensis, perhaps from bed 108.
Doubts similar to those outlined above apply to other references

cited in the synonomy. Thus B. umbilicatus de Blainville is insuf-

ficiently stratigraphically localised (clayey limestones with Gryphaea
arcuata of Basse—Normandié, and Vieux Pont, nr.’Bayeux (1827, p.97)),
but as it occurs with "la bélemnite biéanaliculée" (1827, pm1. 2, fig.
7) which is probably to be identified with one of the common belem-

nitids from the ibex and davoei Zones which have prominent apical

furrows (Belemnites aduncatus (q.v.)) it is likely to be one of the
true hastitids already alluded to.

As realised by Lang (1928, p. 215), Dumortier's figure (1869,
p. 50, pl. 5) is supposedly based on the épecimen mentioned by

Mayer as being from the Rheone fimbriatus beds, and so is probably

not valid.
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B. charmouthensis may occur in the Jjamesoni Zone of the York-

éhire coast; appropiate material waé described under this name by
Tate and Blake (1876, p. 317, pl. 4, fig. 5), although Lang regarded
the figured specimen as too stout to be of the same species.

One specimen (C28873) regardéd by Lang as a small example of

Passal obteuthis argillarum belongs to B. charmouthensis; this was the

only specimen from the base of bed 110 which he attributed to .

P. argillarum.

In common with most belemnititds, B. charmouthensis is somewhat

difficult to characterize due to its lack of distinction from the
mainstream of belemnite forms, represented at this stratigraphical
level (jamesoni Zone) mainly by B. nitidus (q.v.); it may also

occasionally be confused with B. longissimus; elsewhere, as has been

shown, it has been confused with later hastitids (ibgg and dévoéi
Zones) - indeed, Mayér himself was partly responsible for this, and
deépite the general acceptance of the &alidity of Lang's neotype
and redefinition, subsequent misinterpretations are frequent.

To conclude, B. charmouthensis sensu Lang lies within the limits

of variation of a form that is not always markedly clavate, it being
mainly the specimens from bed 110 I at Charmouth that most satis-
factorily fulfil Mayer's criteria., At other horizons, it is most
likely to be confused with slender, incompletely grown specimens of
B.Vﬁitidus, particularly if samples contain few rostra. . Scatter and
growth diagrams derived from carefully collected assemblages pro-
vide the most reliable means of differentiation between these two

species.

Ontogeny

Few specimens were found to show clear early growth stages in

longitudinal section. Those that do (fig.1D) reveal the early
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rostrum, post-alveolar length about 2.5 mm, to be a fairly slénder
cone, slightly inflected posterior to the position of the protoconch.
The alveolus 1s somewhat excentric and occupies slightly more than
half of the total length of the rostrum. An axially positioned
spherule (see p.238lis enclosed by the earliestclear growth laminae
in the specimen shown in fig.1DA, but the generally poor preservation

of shell detail in all the sectioned specimens of B, charﬁoﬁﬂﬁéﬁsis

does not disclose whether or not primary spherules play much part
in early rostral formation.

A distinct change in the growth curve at a post- alveolar length
of 5 to 10 mm harks an increase in rate of iengthening relative to
thickening. This continues‘in a linear fashion in those forms that
eventually become recognizable as gracile rostra, whereas the com-
parative rate of thickening gradually increaées again to give rise
to robust rostra; the rate of divergence between the two forms is
commonly accelerated by a sudden markedbincrease in rate of thickening
in the robust specimens, hence the grdﬁth curves for these may be
comparatively complex. The combingtion of these effects produces
the most striking graphical example of dimorphism out of all the
observed Belemnite Marls material; in section, robust and gracile
specimens are distinguishable at a post-alveolar iength of 40 - 50
mm, It is perhaps surprising that thié-dimorphism does not really
show up in the scatter_diaéram of total length/diameter (fig.l4A),
This is mainly due to the inaccuracy inherent in measuring the alveo-
lar component of the rostral length, so that, although gracile and
robust specimens plot in the appropiate parts ;f the diagram, the
rift between them is obscured.

The rostrum becomes compressed at a fairly early stage, although
the aforementioned paucity of clear growth lines conceals the size

at which this would first be noticeable. The six smallest whole
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specimens collected (total length 17 - 36 mm), which incidentally

are all from bed 108 (see below), are all at least slightly compressed,
so this character probably develops before a post-alveolar length of
about 10 mm is attained. Three of these specimens are clavéte and

the other three are nearly so (vertical clavateness = 0.97 - 1.09),

so it appears that the transition between a gently tapering, conical
and a clavate profile occurs between post-alveolar lengths of about

10 - 20 mm.

Both robust and gracile forms achieve similar degrees of clavate-
ness and compression. It should be noted that, as compression is
nearly constant throughout most of the rostral length, so the cla-
vatenéss is roughly the same whether measured in a horizontal or vér—

tical plane.

Stratigraphical variation

to be confined in the Belemnite Marls to bed 110a, listing firmly
identified specimens only from the bottom foot of this bed (=110 I).

However, BMNH C33174, identified by him as P. charmouthensis sub-

sequent to the 1928 paper, is from bed 107, thus extending the range
down into the taylori Subzone. It is surprising that he missed it
in bed 108 (consisting of about 1 m of soft, dark, calcareous clay)

where it is common and easily collected; in fact, he only recorded

two belemnite rostra (of Passaloteuthis ima) from this horizon, so
his examination of it was probably rather cursory. Material from

higher in bed 110 was at least partly confused with B. hitidus

his samples being very small (fig.5 ).

As previously stated, B. charmouthensis is at its most character-

istic in bed 110 I, where it is unlikely to be mistaken for anything

else. Below this, specimens do not reach as large a size and are
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also not usually as clavate or compressed (fig.16 ) (this being
only in small part due to the combination of smaller size and allo-
metric growth). In beds 110 III - IV, it attains its largest size
and conseguently its clearest degree of dimorphism, although, unlike

B. longissimus (q.v.), both sexes are probably present at each hori-

zon. Again, it is not so strongly clavate or compressed, and is very
likely to be confused with similar sized (up to about 50 mm total

length) rostra of B.nitidus .. The most effective way of distin-

guishing between them is by graphing post-alveolar length (La) against
diameter at the protoconch (Dp); this reveals the interesting fact

that, in bed 110 IV, B. nitidus is present only in juvenile form

(fig105 . If B.nitidus had not thus been present, I would

probably have regarded the fully grown B. charmouthensis material

from this horizon as a somewhat slender (although not remarkedly so)

stratigraphical variant of B. nitidus 1'. Both species fluctuated

chronologically with regard to slendernesé, clavateness and compress-
ion, so that analysis of reasonably sized assemblages is reguired to

distinguish them clearly at a given horizon.

Distfibution

1) Charmouth, Dorset: Belemnite Marls, vj-am‘es.on»i AZone, ‘t-azlnor.i and
éolimofghﬁs Subzones, beds 107 - 110 I, 110 IITI, 110 1V,

2) ?Yorkshire coast, varibus localities (Tate & Blake 1876):
Jjamesoni Zone. |

3) ?Balingen, Huttlingen and Hinterweiler, Wirttemberg, West Ger-

| many: Schwarjura gamma, ?jamesoni Zone (Wéfner 1912).

4) ?Rottorf and Ostercappeln, North Germanyﬁ jamesoni Zone, Lias

gamma ic - 1d (Schumann 1974),
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FIG.15

Belemnites charmouthensis: camera lucida

drawings of median longitudinal polished
sections. '

:: TB615 (indeterminate) bed 108 II, x12
: TB602 (indeterminate) bed 108 I, x12
: TB410 (gracile) bed 110 IV, x12

: TB348 (robust) bed. 110 III, x4

p - protoconch .
r - earliest. clear rostral growth line
s' - primary spherule







FIG.16

Belemnites charmouthensis
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Belemnites nitidus Phillips, 1867

Plates 6-16.

- ?plB36 Belemnites ovalis sp.rnov.; Buckland, vol.ii, p.68S,

pl.44', Figs 7, B.

7?1855 Belemnites elegans sp.nov.; Simpson, p.él (ho Fig.]).

71863 Belemnites virgatus sp.nov.; Mayer, pp.190-191

(ho fFig.].

?plB67 Belemnites bucklandi sp.nov.; Phillips, p.53, pl.8,
fig.1l8 (specimens from Golden Cap, Belemnite Bed
only]).

1867 Belemnites nitidus sp.nov.; Phillips, p.67, pl.13,

figs 34a, b.

71867 Belemnites elegans Simpson; Phillips, p.84, pl.z20,

fig.50.

71869 Belemnites armatus sp.nov;; Dumortier, p.40, pl.l,

figs 13-16.

7?1876 Belemnites virgatus Mayer; Tate and Blake, p.318,

pl.4, fig.7.

71883 Belemnites armatus Dumortier; Mayer-tEymar, p.641
(no fig.]).

71884 Belemnites armatus Dumorﬁier; MéyeP—EymaP, p.55
(ro fFig.J.

v.l812 Belemnites virgatus Mayer; Werner, p.1l20, pl.1l1l, fig.4.

v.1928 Passaloteuthis afgillahum sp.nov.; Lang, p.200, pl.13,

fig.7; text-fig.3, no.S5.

v.1928 Passaloteuthis stonebarroensis sp.rnov.; Lang,

pp.200-201, pl.13, fig.6; text-fig.2, no.2.

v.1928 Passaloteuthis elongata (Miller); Lang, pp.20l1-202,

pl.13, fig.8; text-fig.3, nol.

v.1928 Passaloteuthis westhaiensis sp.nov.; Lang, p.202,

pl.1l3, fig.9; text-fig.2, no.l.
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v. 1928 Passaloteuthis woottonensis sp.nov.; Lang, pp.202-203,

pl.14, fig.l.

v.1l928 Passaloteuthis seatownensis sp.nov.; Lang, p.203,

pl.l4, fig.3.

v.1928 Passaloteuthis dayi ép.nov.; Lang, p.204, pl.l4,
fig.2; text-fig.2, no.5.

p.l1928 Passaloteuthis apicicurvata de Blainville; Lang,

p.205-206, specimens from bed 120c only.

71962b Belemnites virgatus Mayer; Schwegler, pp.l127-128,
fig.2l.

1974 Belemnites paxillosus elongatus Miller; Schumann,

pp.23-24, pl.2, fig.14; pl.3, figs 3-5.

1874 Belemnites armatus armatus Dumortier; Schumann, p.26,

pl.3, fig.b; pl.4, figs 1, 2, 7, 8.

1974 Belemnites armatus dayi (Lang); Schumann, pp.26-27,

pl.4, figs 3-B. -

Type material

The incomplete rostrum of Belemnites nitidus figured by

Phillips (18867) plate 13, figure 34a, has not been traced;
Oxford University Museum specimen number J15071, identified by
J.A. Jeletzky (J. Powell pers. com.) as that figured by Phillips
(1867} in plate 13, figure 34b, is here chosen as lectotype.
Phillips gave the horizon and locality as '"Belemnite-bed, Golden
Cliff, Lyme Regis", i.e. the topmost beds of the Belemnite Marls
exposed below Golden Cap. Both of his figured specimens are

typical of material from beds 117 and 1l18a.

Other material

The following BMNH specimens, designated as types by Lang
(1928), form a convenient suite of topotypes aof B. nitidus; they

are all from the Belemnite Marls exposed between Charmouth and
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Seatown:

Cc28880

C28889

ca28302

c288394

Cll1414

Cl1407

Due to

an appendix.

holotype
holotype
neotype

holotype
holotype
holotype

its size,

Passaloteuthis argillarum; bed 110b (1101V).

1o

. stonebarroensis; bed 110s (110 V).

P. elongata (Miller); bed 1lllc.

P. westhaiensis; bed 112 (middle).

P. seatownensis; bed 120.

P. dayi; bed 120.

the list of material studied is given as

Total numbers are:

Author's collection, Belemnite Marls and Green Ammonite

Beds, between Charmouth and Seatown, Dorset: 572 specimens.

BMNH, collected and/or determined by W.D. Lang, Belemnite

Marls, near Charmouth: B85 épecimens.

Staatl. Mus. Nat., Stuttgart, jamesoni and ibex Zones,

Wurttemberg:

Description

4 specimens. T

Rostrum of generalized belemnitid form, moderately slender

to moderately stout,

somewhat rounded,

praofile clavate to tapering. Apex acute to

not usually recurved (cf. B. aduncatus).

Section variable, usually more or less compressed. Paired lateral

furrows usually present,often strongly developed egpecially in

more elongate specimens. Dorsolateral apical furrows well

developed.

occur rarely].

Possibly dimorphic (i.e. possible gracile rostra

Alveolus of moderate length relative to rostrum, typically

30-50% of total rostral length, the longer alveoli being

associated with stouter rostra.

Well developed epirostrum sometimes present.
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Discussion

The corpus of belemnites here placed in B. nitidus has
in the past yielded forms that became the types for a surprisingly
large number of species. This can be attributed to thé
generalized but variable belemnitid form assumed by'the rostra
of B. nitidus, which provides a somewhat vague and featureless
field upon which authors have projected their own particular
predispositions towards belemnite taxonomy.

The data assembled in the preéent work suggest strongly that
a large méjority of the "conventional" belemnites from the whole
of the Belemnite Marls and probably from the lateral equivalents
in the rest of N.W. Europe, are best regarded as constitutiﬁg
one species whose morphology fluctuated slightly but frequently
in time. |

Unless accompanied by pheqise sﬁﬁatigraphical information,
references to forms that should perhaﬁé be included in this
species are apt to be too ambiguous to be of much taxonomic
value, hence the guestion marks in the synonymy. The earliest
unequivocal description of a belemnite belonging to the species
as here defined is Phillips' B. nitidus (1867y p.67, pl.13,
Fig.34a] whose untraced Fiéuhed specimen, although incomplete,

quite closely matches Lang's holotype of Passaloteuthis

woottonensis and similar material in the BMNH and present author's

collections from beds 117 and 118a. The well developed paired
lateral furrows shown in the figure of Phillips' specimen appear
to be more marked than is usual, but this is due to his method
of illustrating belemnite rostra with strongly oblique lighting
and is characteristic of many of hies pl;tes. The "'shorter
variety" of B. nitidus figured by him as plate 8, figure 34b,

particularly resembles several specimens from bed 117, and is a
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suitable lectotype.

It is possible that a detailed analysis of material from
the jamesoni and ibex Zones of the Yorkshire coast would show
that B. elegans Simpson (1855, p.31) (figured in Phillips 1867,
pl.1l0, fig.50) is conspecific with B. nitidus. Phillips himself
states, ''Specimens occgr at Lyme Regis, referred by me to
B. nitidus (p.67], and figured as a short variety (P1.XIII,
fig.34b), which are much like this fossil, but have not the apical
striae, and always present more or less of the double lateral
grooving" (op. cit., p.B5). He also comments an the variation in
degree of compression of the rostra of B. elegéns, which is an
important feature in the preéent treatment of B. nitidus .
Similarly, B. virgétus of Mayer and otheﬁ authors, from various
European localities and horizons, may include some comparatively
slender clavate specimens of B. nitidus. In particular, material
figured under this name by Werner (1812, p.120, Taf.1l, fig.4)
from the Lias gamma of Durnau, Wurttemberg and by Tate & Blake

(1876, p.318, pl.4, figs 7a, 7b) from the jamesoni Zone of the

Yorkshire coast is almost certainly conspecific with B. nitidus.

Lang'é (1928) description of Qarious species of Passaloteuthis,
mostly from the Belemnite Marls, provides a u5eFul standard for
consideration of the stratigraphical vahiation of B. nitidus.

In his treatment of this genus, he utilised.eleveh specific

names, nine of which were new. Two are here retained (as

Belemnites imus (Lang]) andlg. ridgensis (Langl]), two are

incorporated into B. aduncatus Miller (Passaloteuthis auricipitis

Lang and P. apicicurvata (de Blainville), principally from the

Green Ammonite Beds, davoei Zone) and the Eemaining seven are
incorporated into B. nitidus Phillips (to which Lang did not
refer). Of these seven, six names were Rew whilst B. elongatus

Miller was considered to be applicable (as Passaloteuthis elongata)

to forms from beds llb-d which Lang (1928, p.202) considered
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Miller's figures to resemble. However, Miller's figures show a
specimen with a well presérved ante-rostral phragmocone and he
also states the rostrum to be of a dark brown colour (1823, p.6O,
pl.7, figs 6-8]. Neither of thesé conditions is met in specimens
from beds lllb-d; on the other hand, brown réstra are characteristic
of the Green Ammonite Beds and complete phhagmoconés are sometimes
associated with them, so it is more likely that this was‘the
source of Miller's type; it is possibly a comparétively feature-
less specimen of B. aduncatus Miller (q.Q.]. The term elongatus
is thus not available for the species undéh discussion, otherwise
it would have priority aver nitidus. |

The diagnostic bases of Lang's seven species must now be
considered in order to justify the taxonomy here proposed. In
asceﬁding stratigraphical order and with their diagnostic
features summarised, they are:

1) Passaloteuthis argillarum, beds- 110a-b: slender, resembling

P. elongata, but smaller and not as slim.

2) P. stonebarroensis, beds 110a-b: stout, resembling

P. ridgensis and P. auricipitis, but less stout; less pronounced

dorsolateral furrows.

3) P. elongata,bed lll: large, slim rostrum, exceeded in

slimness by P. westhaiensis, P. woottonensis, P. dayi and

P. seatownensis; rather marked dorsolateral furrows.- -

4) P. westhaiensig bed 112: resembles P. elongata, but more

slender and tapering; shallow but marked dorsolateral furrows.

5) P. woottonensis, beds 115-118a: resembles P. westhaiensis

but still more elongate.

6) P. seatownensis, beds 1l20a-d: resembles P. woottonensis

but still more slender.

7) P. dayi, beds 118-120c: about as slender as P. westhaiensis
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which it resembles, but less tapering than P. westhaiensis or

P. elongatag dorsolateral furrows obscure.

Obviously, relative slenderness was the major criterion
used by Lang; however, unless quantified, this parameter is
rather vague. If Figure 77 is examined, it will be seen that
"slenderness'" in B. nitidus as measured by the ratio of total
rostral length (L) to vertical diameter fluctuates chronologically
in a seemingly directionless;manner, thus beiying Lang's

statement that, when placed in stratigraphical order, P. argillarum,

P. elongata, P. westhaiensis, P. woottonensis and P. seatownensis

are in order of increasing slenderness (1928, p.199). However,

when horizontal diameter is considered, there is a remarkable

directional series from beds 110 V to 117 - ten samples in ail -
where "slenderness" does increase. This.is ahother way of saying
tHat the degree of compression increéses throughout this seriesA
[Figs 45-46). The degree of cﬁange ébom bed to bed i; slight

and is not here conéidered to be su%Ficient to distinguish

separate species; thus guantification of Lang's diagnostic ériteria
suggests that his gpecies cannot be considered to be valid. When

other parameters are examined (clavateness, form of juvenile

rostra, growth curves) a pattern of slight bed by bed fluctuation

again emerges. Furthermore, in the cases of Passaloteuthis

argillarum and P. stonebarroensis from bed 110 and P. dayi and

P. seatownensis from bed 120, each bed was found to contain only

one variable form.

Specimens from bed 120c ascribed by Lang to P. apicicurvatus

(= B. aduncatus g.v.) are probably B. nitidus; they closely
resemble material from beds 120a-b. From the present author's
collection, a numkber of smaller crushed specimens bearing epirostra,

also from bed 120c, are more tentatively assigned to B. nitidus;
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they appear to resemble epirostrid specimens from beds 117-118a.
Schumann's (1974) study of belemnites from the North German

Lias gamma incorporated six of Lang's species (P. argillarum not

being mentioned) in two species, three sub-species of the genus

Belemnites from the jamesoni and ibex Zones: P. elongata

(Miller) became B. paxillosus elongatus Miller; P. stonebarroensis

Lang became B. armatus armatus Dumortier; P. dayi Lang became

B. armatus dayi (Lang), and possibly included P. westhaiensis,

P. woottonensis and P. seatownensis. (Schumann 1974, pp.23-27).
Whilst it is probable that Schumann's material Pépresents a
series similar to that ocourring in the Belemnite Marls, the
present writer feels that this utilisation of sub-species is
unnecessary and obscures a simpler relation between successive
assemblages. There is certainly no justification for separating

P. elongata sensu Lang at species level when all the other forms

are only separated as sub-épecies; in the Belemnite Marls, it
occurs in the middle of the sequence, and is a morphological and
chronological bridge between lower and higher assemblages of

B. nitidus.

Lang's main purpose in delimiting so many species was to
provide zonation by means of belemnités, and'iﬁ this context it
could be useful to retain his speciés as sub-species or varieties;
biologically speaking, this may be misleading, and it seems best
to regard B. nitidus as a long ranged, slightly Fluctuéting but
essentially static species of conservative form.

Ontogeny ‘ -

Development of the rostral profile normally follows a
simple pattern, with a more or léss linear increase in length
relative to diameter after a post—alveolar_length of 5-10mm is

attained.
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The earliest visible growth laminae reveal a sub-conical
rostrum, post-alveolar length about lmm, being more cylindrical
in the'alveolar portion. At this stage, the alveolus itself is
approximately half the total length of réstrum, noticeably
excentric but not nearly so much so as-in, for example,-B. imus
or B. abruptus. |

A few specimens are well enough preserved to digplay clearly
the crescentic structure immediately posterior to the protoconch
(Fig.39a), interpreﬁed by Barskov (1972, 1973) as a primary void
between the inner, prismatic and outer, nacreous layers of the
protoconch, diagenetically filled with sparry calcite and often
interpreted as a solid "pri mordial rostrum'. .This is further
discussed on p.240.

Calcite spherules, believed to be primary, are sometimes
vigible within the earliest distinguishable rostrum.

Growth usually continues to produce the characteristically
unremarkable rostrum that typifies this species. There is a
tendenéy for a grédual increase in relative rate of thickening
to occur in the later stages, which, couplea with a period of
early concentric growth around the earliest conical lamellae,
produces a gently sinuous growth curve (e.g. in beds 108-110,
fig.29). Also in bed llé, there are a few specimens where growth
is more nearly limear, but only three specimens were observed
which attain sufficient size (post-alveolar length greater than
about 55mm) to separate them from the others. A number of smaller
specimens share this growth style, and it is possible that this
is an instance of dimorphism. It is suggestive that a similar
pattern (i.e. linear growth leading to gracile forms, an upward
curve leading to robust forms) is a clear feature of

B. charmouthensis (g.v), where the numbers of each form are more
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nearly matched. (However, equality of numbers is not a necessary
test of sexual dimorphism in cephalopods, especially when
collected from a single locality: éee p.197.

To make matters more confusing, these linear growth curves
closely match what appear to be the prevalent modes aof ghowfh of
the species at other horizons [e.g; ll2d-f, 118-120), which could
be held to justify the existence of two separate species} On the
other hand, the morphological gap between the two forms in bed 110
is occupied by forms from other horizons, and so it is most
feasible to Pegard the morphology of the one species to be subject
to irregular oscillations from bed to bed, perhaps with dimorphic
forms being variably represented. I£ is entirely feasible that
male or female forms predominate at particular horizons, and even
that, in view of the oscillating morphology, robust rostra at one
horizon are homeomorphic with gracile rostra at another -
relatively clear cases of dimorphism in other species involve a
difference in diameter of only 2mm or so.

A number of specimens of B. nitidus from beds 115, 117 and,
especially, 118a (and possibly 120c) have well developed epirostra,
which, gs Figure 35 shows, are only formed after the normal
rostrum has reached a post alveolar length of at least 30mm.

The size grouping suggests that, where present, the epirostrum
develops in different specimens at gbout the same point in their
ontogeny. (Note that the specimens plotted in figure 35 came
from several bedding planes, and so this feature is not related
to a unique population) Up to the development of the epirostrum,
there is in section no perceptible difference between these and
non-epirostrid specimens.

Epirostra are discussed in more detail on p.253, but it may

as well be stated here that their function remains enigmatic. It
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may be significant that from bed 118a, approximately equal numbers
of specimens of comparable size with and without epirostralwere
obtained (21 with, 23 without] suggesting that this may be a
special case of sexual dimorphism with, for once, each sex

equally represented.

Epirostra do not éppear to have been previously recorded
from these beds.

In some assemblages, for example those from beds 108-110,
llb-d, ll2 and 117 rostra DF-E. Nnitidus occur in two or three
distinct size groups (figs 18—23). This mortality pattern could
be due to a combination of several factors, such as (1) yearly
mortality of one, two and ﬁhree year old individuals with the
low mortality of certain sizes due to rapid seasonal .growth and/or
seasonal migration; (2], as (1], but with ‘year groups replaced by
several spawning groups from different times of one year; (3)
post-reproductive mortality oF'matuhé‘populations.

Seasoﬁal migration is further $UQgested by the occurrence
at certain horizons of juvenile B. nitidus only (e.g. 110 1V,
fig.B87) or larger specimens only te.g. lllg, ll2d-f, figs 91, 93).
The composition of belemnite populations is further discussed
on p.197, : - |

Growth is Qariably allometricuwith respect to clavateness
and compression of the rostrum (fig.50). There is a tendency for
individuals to become ﬁoticeably clavate and comphesséd at a
fairly early stage (post-alveolar length 15-20mm, total length
20-30mm] . Clavateness then normally decreases throughout
ontogény but does not usually change much after a total rostral
length of 40mm is reached, thus justiFying the use of, where
possible, specimens over this length in constructing the diagrams

of degrees of clavateness in different beds (figs 47-49).
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Compression usually increases slightly throughout ontogeny,
although in some cases this is preceeded by a fairly sharp'dhop
between a total rostral length of about 20-40mm (fig.50b; this
is somewhat illusory, as the drop corresponds to the mortality
gap between juveniles and the rest of the assemblage; so that
specimens oF,intermediéte size and compression do not occur).
Again, specimens over 40mm long were utilised for the diagrahé
of compreséion (Figs. 44-46).

Stratigraphical variation

The fluctuations in moéphology alluded to above,'consisting
mainly of slight non-directional changes in slenderness and
compression and in degree of clavateness, are documented in
figure 77 and figures 44 - 49. Size distribution also fluctuates
(Figs.41-43), which has a slight effect on measurément of mean
values of the above parameters as these features digplay some
allometry in their ontogeny. That ths_eFFect of size disthibﬁtion
on these cﬁahacters is slight is -shown by figure 50, which
reveals the actual differences in'compheséion and degree of
clavateness for equivalent size groups from five different horizons.

The most remarkable feature of this variation is the "trend"
towards increasing compression in bedé llD'V'tb 117, Lalthough
there is one slight reversal betweeri beds llle ana 112d-f) before
and after which apparently random fluctuations occur. No
definite explanation can be suggested for this trend;‘perhaps
selection was occurring for some streamlining advantage. It is
interesting (and typical of the rather ambiguous hints often
encountered in belemnite reaearch) that another guite different
species (B. cricki g.v.) with high compression should appear
immediately after the curtailment of this apparent directional

series.
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Assuming that the forms here grouped under the‘heading of
B. nitidus do represent one species, then it has been found in
nearly all of the lithological unité of the Belemnite Marls, and
a few specimeﬁs have been collected fram the basal Green Ammonite
Beds, mostly where exposed below Goldeq Cap (beds 1l22a-c DF-Lang
(138361). in the Green Ammonite Beds, it is numerically
subordinate to B. aduncatus, which may be the result of competition.
B. aduncatus First occurs, rarely, in the top few beds of the
Belemnite Marls and becomes fairly common in beds 120d-121. The
bélemnite fauna of bed 121 (the Bélemnite Stone, a condensed ped
representing the luridum Subzone and usually régarded as the top
bed of the Belemnite Marls]) is in general like that of beds l22a-c,

with B. aduncatus and Hastites microstylus predominating and with

only small numbers of B. nitidus.

Distribution

B. nitidus probably has a wide géographical distribution,
and there is good evidence in the~liteéature (see list below)
that it occurs at other localities Qith a similar range of
morphological variation to that shown in the Belemnite Marls of
Dorset.

1. Charmouth, Dorset: Belemnite Marls, jamesoni and ibex Zones,
beds 104-121; Green Ammonite Beds, davoei Zone, maculatum Subzone,
beds l22a-c.

Other probaﬁle localities, jamesoni and ibex Zones, inclgde:

2. Yorkshire Coaét (especially Robin Hood's Bay) (Phillips 1867;
Tate and Blake 1876). -

3. Durnau, Balingen, Boll and Aselfingen, Wurttemberg, West
Germany (Werner 1912; pers. obs.).

4. Rottorf and Ostercappeln, North Germany [(Schumann 1974).

5. Rhone basin, France (Mayer 1863; Dumortier 1869).
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FIG. 28
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FIG. 37
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FIG.39

Belemnites nitidus: camera lucida

drawings of median longitudinal poliéhed
sections.

: TB661 bed 111b, x2U

(with photograph)
TB270 bed 110 II, x12

TB661 bed 111b, x12

protoconch :
earliest clear rostral growth line

primary: spherules

9 0 BT
I

sparry calcite-filled void between
prismatic and nacreous layers of
protoconch



FIG.40 Belemnites nitidus: camera lucida

drawings of median longitudinal polished
sections.

A: TB681 beds 112a-c, x12
B: TB117 beds 120a-b, x12
C: TB118 ‘beds 120a-b, x12

P - protoconch'
r - earliest clear rostral growth line
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FIG. 43
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Belemnites nitidus FIG.47
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‘Belemnites imus (Lang 1928)

Plates 17, 18.

v 1928  Passaloteuthis ima sp. nov.; Lang, pp. 199 - 200, pl. 13,

fig. 5; text fig. 3, no. 10

p. 1928 Passaloteuthis stonebarroensis sp. nov.; Lang, pp. 200 -

201

Holotype
BMNH C28989 (Passaloteuthis ima), Belemnite Marls, bed 108, fore-

shore below Westhay Cliff, Charmouth. Established by Iang (1928),

ppn 199 - 200, Plu 13' figl 5-

Other material

Author's collection, Belemnite Marls, near Charmouth, Dorset: 39

specimens
. bed 106c: TB84B

bed 107: D75

bed 108: D8O, TB597, TB599, TB613, TBS52 :

bed 110 I: no specimens collected, but impression probably of
this species seen below Westhay Cliff.

bed 110 II: D84, D86, D87, D89, D94, TB284

bed 110 III: TB324, TB794

bed 110 IV: TB223, TB226, TB227, TB229, TB230, TB352 - 354,

| TB360, TB361, TB380, TB382 - 385,.TB399, TB514, TB515,
TB1044 |
BMNH, coll. W.D. Lang, Belemnite Marls, Charmouth: 16 specimens

bed 104: (Passaloteuthis cf. ima)?C29496

bed 105: (Passaloteuthis ef. ima)?C29498, C35561

bed 106: (28866, C29499, C29500, C42029

bed 107: (Passaloteuthis cf. ima) C29501
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bed 108: €28990

bed 110 I: C43790, C43793; (Passaloteuthis cf. ima) CL3860

beds 110 IT - IV: (Passaloteuthis stonebarroensis) 28890 -

28892, C43801

Description

Rostrum stout, never clavate in vertical plane, occasionally
very siightly so in horizontal plane. Section compressed, usually
with distinctive sub-pentagonal outline in anterior portion of
rostrum, caused by ventrolateral facets (fig.11D) which are especially
well developed in larger specimens.

Dorsolateral apical furrows often present. Paired lateral
furrows weakly developed; where present, they are integral with the
ventrolateral facets.

Dimorphism into comparatively stout and slender forms is pre-
sent, and is also manifest in the length»of the alveolus relétive to
the rostrum (an effect dependent upon the diameter of the rostrum).
In robust forms, the alveolus averages 53% of the total rostral
length, whilst in gracile forms it averages 60%.

Epirostrum unknown.

Discussion

The holotype, from bed 108, is a small rostrum of this species

bu£ is £ypica1 of this horizon. _It is fractﬁréd across the apex of‘
the.phragmoconé, and measurements taken from this point firmly
identify it as a gracilirostrid specimen (fig.52). In his 1928
paper, Lang regarded the species as restricted to beds 106 - 108,
However, he apparently later amended this view as two specimens in

the BMNH that were determined by him as Passaloteuthis ima (cl3790,

C43793) were collected from the base of bed 110. (The labels

actually state "109 or base 110", but the comparatively dark ad-
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herent matrix'suggests bed 110 I). Material classified by him as
P. cf. ima is from beds 104, 105, 107 and the base of 110. Not
recoghizing dimorphism, his diagnosis of P. ima was based mainly on
gracile rostra. Robust specimens, which are frequentlyhconsiderabiy
more massive (especially in beds 110 II - IV) were assigned by hiﬁ

to P. stonebarroensis (= B. nitidus Phillips of the present work).

However, B. imus can be distinguished from B. nitidus by the for-
mer's comparatively conical profile, sub-pentagonal transverse

section and, very clearly, by pomparison of early growth lamellae
in longitudinal section. Robust specimens of B; imus approach in

stoutness B. abruptus; which may be closely related.

B. imus is not a common belemnite, which probably contributed
to Lang's limited recognition of it. Other authors do not seem to
have been aware of it at all, and attempts to recognize conspecific

material in other works have not been successful.

Ontogeny

The rostral ontogeny of this species is graphically simple,
essentially consisting of almost linear growth from a conical
Jjuvenile profile to a somewhat less conical adult profile, with
DP/I.p decreasing at'a very low rate throughout most of the structure's
development. Slight variations in this basic pattern produce an
easily recognizable degree of-dimorphism into robust and gracile
forms.,

Early growth lamellae are often poorly visible in this species,
but tend to be most clearly developed in gracile specimens. For
this reason, the camera lucida drawings of early growth stages were
taken from these. It must be emphasized that, apart from this
difference in clarity, the early stages of the two forms are indis-

tinguishable from each other.
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As with most specimens from the Belemnite Marls, details of
the phragmocone are very poorly preserved.

The earliest visible rostral growth stage, with a pOSt alveolar
length of about 2 mm, is always markedly excentric, to such an ex-
tent that the ventral surface is practically contigous'to the
phragmocone and has to accommodate to the bulge of the protocqnch
(figs.53A,B). 1In this respect, it is very similar to B. abruptus,
and fhe relationship between these two belemnites ié discussed under.
the iatter's heading. The degree of excentricity rapidly decreases
to a more usual level.

The specimen illustrated in figé.53AJ3displays some minor
convolutions in the post-alveolar ventral pbrtion of this early
growth stage which may be due to deposition around primary calcite
spherules (see p.238). However, in B. imus, early rostral form
cannot be seen to be noticeably influenced by such deposits, and
éohfoluted lamellae were not observed in.other examples of the
species.

Growth continues in the uniform manner ppeviously indicated,
with a slight decrease in the gradient DP/Lp occurring at a post~
alveolar length of 35 - 40 mm in those individuals here regarded as
gracilirostrid members of the species. The resultant dimorphism is
readily apparent in the growth curves shown in fig.52 . Subsequent
to the appearance of dimorphism, some specimens, both gracile and
robust, show a more marked flattening of this curve before their
final shape is assumed: that is to say there is a sudden late
elongation of the rostrum which, although co;paratively slight,
brings to mind the formation of an epirostrum. This feature, which
results in a more gentle taper to the apex, was not observed in any

other species, with the possible exception of B. aduncatus (q.v.).
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(Forms with "true" epirostra (notably B. nitidus) occur rarely in
the upper beds of the Belemnite Marls but bear little resemblance
to B. imus.)

Dimorphism in B. imus is also manifested in the length of the
alveolus, the growth of which relative to the post—alvéolar length
is plotted in figHS2B. As stated elsewhere (p.29), méasurement of
alveolar léngth is liable to greater error- than the»other parameters,

and in species with comparatively short alveoli (eg. B. éharmouthen-

sis, B. longissimus) it is too inaccurate to be of much use in this

respect. However, in B.-imus, it may generally be stated that the
alveolus is longer in robust speciméns; this is due to the greater
thickness and hence length of the anterior (alveolar) portion of
lthe rostrum. There is no evidence thatAthe phragmocones themselves
are different. Both gracile and robust forms achieve similar post-
alveolar lengths.

In both forms, lateral facets gradually develop to produce the
sub-pentagonal cross-section which is characteristic of the species.
Specimens fractured across or near to the prétoconch reveal that
the earliest visible stages are circular in transverse section.

It is interesting that no rostra of juvenile B;-iﬁus were
found; that this is not anAartifact of post mortal distribution or
preservatioﬁ is suggestedvby the occurrence of B. imus at several
horizons in the comﬁany of giééies shé%ihg mor;-é;mplete_aée variat-
ijon (figs.79-87 ). The implications of this and comparable obser-

vations on other assemblages are discussed on p.197.

Stratigraphical Qariation

B, imﬁs is stable in form throughout its occurrence in the
Belemnite Marls, although it tends to achieve a larger size in bed

110, Since its growth is less allometric than that of most belemnite
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specles, this does not produce the common apparent effect of a
morphological change. The species is also remarkable for the over-
all low degree of variation in its morphology, which could be re-
lated to the apparently small size of its population, which in turn

is possibly connected with the speciation of B, abruptus (q.v.).

Distribution

Charmouth, Dorset: Belemnite Marls, jameéoni Zone, ta-xl-or‘i and

Edlxmorg-hus Subzones, beds ?104, ?105, 106 - 110 IV.
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FIG.52
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VU S

FIG.5% Belemnites imus: camera lucida drawings
of median longitudinal polished sections.

A: D86 (gracile) bed 108 II, x24
B: D86 (gracile) bed 108 II, x12
C: TB352 (gracile) bed 110 IV, x12

p - protoconch

r - earliest clear rostral growth line

V. = sparry calcite-filled void between
prismatic and nacreous layers of

protoconch




FIG. 53
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I'IG.54

Belemnites imus: camera lucida drawings

of median longitudinal polished sections.

A: D86 (gracile) bed 108 II, x6
B: TB380 (gracile) bed 110 IV, x6

r - earliest clear rostral growth line
o - outer surface of rostrum




FIG.5&
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non

cf.

cf.

cf.

non

non

non

v¥

1827
1836
1858
1866
1866

1866

1866

1906

1907

1912

1922

1925

1928

Belemnites abruptus (Lang, 1928)

.Plate19, figs-4; Plate?0, figsJ-3; Flate21, figsJ-4.

Belemnites brevis sp. nov.; de Blainville, pp. 86 - 88,

plo 3. figs- 1 - 30

Belemnites ?brevis de Blainville; Buckland, vol. 2,

p. 70, pl. 44', fig. 14,

Belemnites brevis de Blainville; Quenstedt, PP. 72, 74,
pl. 8, fig. 14.

Belemnites infundibulum sp. nov.; Phillips, pp. 36 - 37,

pl. 1, fig. 3; diag. 17.

Belemnites excavatus sp. nov.; Phillips, pp. 37 - 38,
Pl. 2, fig. 4. v,s'',s'L only.

Belemnites calcar sp. nov.; Phillips, p. 38, pl. 2,

fig. 5. non fig. 5.1'""'

"Belemnite from the Lias, allied to B. insculptus";

Phillips, p. 46, pl. 5, fig. 13; diag.18.

Coeloteuthis calcar (Phillips); Lissajous, p. 265

" not traced, but fig. reproduced in Roger 1952 .

Belemnites (Coeloteuthis) calcar Phillips; Lissajous,

p. 75, pl. 1, fig. 26.

Belemnites excavatus Phillips; Werner, p. 112 - 3,

pl. 10, fig. 6.

Coeloteuthis excavata (Phillips); Naef, pp. 229 - 230,

figs. 84 i,k cop. Phillips 1867.

Coeloteuthis excavatus [sic] Phillips; Lissajous, pp. 21 -

22, fig. 10 cop. Phillips 1867.

Clastoteuthis abrupta sp. nov.; Lang, pp. 196 - 197,

pl. 13, fig. 1; text fig. 3, no. 7.
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v ., 1928

p. 1950

Clastoteuthis stantonensis sp. nov.; Lang, pp. 197 -

198, pi. 13, fig. 2; text fig. 3, no. 6.

non 1952

cf. 1962

1962
| v 1962

non 1974

Holotype

Coeloteuthis excavata (Phillips); Bairstow, pp. 226 -
227.

Coeloteuthis calcar (Phillips); Roger 1952, p. 709 -
710, fig. 21. cop. Lissajous 1906

Belemnites calcar Phillips; Schwegler, pp. 17 - 18,

fig. 12.

Belemnites aff. calcar Phillips; Schwegler, pp. 18 - 19,

fig. 13.

Belemnites excavatus Phillips; Schwegler, pp. 19 - 20,

fig. 14, cop. Werner 1912

Coeloteuthis excavata (Phillips); Schumann, pp. 27 - 28,

pl. 4, fig. 9.

BMNH (28864 (Clastoteuthis abrupta), Belemnite Marls, bed 11l b,
Westhay Cliff, near Charmouth, Dorset. BEstablished by Lang (1928)

p. 197, pl. 13, fig. 1.

Other material

Author's collection, Belemnite Marls, Charmouth: 34 specimens

bed 110 IV: ?TB356 (juv.), TB795

bed 110 V (1$wer)= D105, D106, D175, TBAL, TB520, TB523,
TB1045, TB1048, TB1049

bed 110 V (upper): D115, D128, TB51, TB438, TB477,
TB496 (juv.), TB509, TB522, TB530, TB536, ?TB542,
TB545, TB796, TB1050

bed 111 a: TB654

‘bed 111 b: D133, ?TB67 (juv.)
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bed 111 (inferred); D177
beds 112 a - c: TB103, TB811, TBB28, TBB29
beds 112 d - £: TB703
bed 114: TB1051
Belemnitiferous Marls, road cutting on A303, near Tintinhull,
Dorset, 0S ref. SYW97205: 1 specimen
TB1211
BMNH, coll. W.D. Lang, Belemnite Marls, Charmouth: 5 specimens
bed 110 b (=top 110 V): ©28862, 028867
bed 111 b: (28863

bed 112 d: (28861 (holotype C18toteuthis stantdnensis)

bed 112 e: (28860 (Clastoteuthis stantonensis)
Staatl. Mus. Nat., Stuttgart: 2 specimens

One specimen labelled "Belemnites brevis tertius",

coll. Hermann (1947) Lias gamma, Hinterweiler.

One specimen labelled "Belemnites excavatus Phillips",

' figured in Werner (1912) pl. 10, fig. 6. Lias gamma,

Balingen.

-bescfigtion

Rostrum very robust, very short;relative to‘ité diameter,
profile tending to a conical appearénce which is not so apparent in
the larger specimené. Transverse section sub—trapezoidal; narrowing
towards dorsal surface. Apex blunt, sometimes umbilicate; ventral
surface curves round_strongly to the apex; dorsal surface curves
more gradually.

Wide, fairly shallow apical furrows-are usually well developed.

These merge anteriorly into lateral facets encompassing weak lateral

grooves which are usually paired; the groo?es are developed mainly
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in the anterior part of the rostrum. (The facets are responsible
for the trapezoidal section).
Alveolus very deep, typically about 60% of the total rostral

length, and is markedly excentric (excentricity = 1.5 - 2.0).

Discussion
The holotype, collected by Lang from bed 111 b at Westhay Cliff,
is a large ‘but otherwise typical example of the species. It might

also be desireable to nominate as a paratype the holotype of Clasto-

teuthis stantonensis Lang (B.M. (N.H.) €28861) from bed 112; this
species was founded on the characteristically small specimens of

Belemnites abruptus that occur above bed 111.

Although the interpretation of this species on the basis of
Lang's type material is quite straightforward, it is necessary to
consider the past usage of other specific names, notably excévatus
and, to a lesser extent, caléar,'in connection with B.vabruﬁfﬁs and
superficially similar forms from various localities and horizons.
Unfortunately, the position is furthér complicated by the freguent

application of Lissajous' (1906) generic name Coeloteuthis to some

or all of the forms under consideration. The confusion is exacer-

bated by the commonly held opinion that Coeloteuthis typifies a

sub-family Coeloteuthinae that is to be distinguished from the

Belemnitinae mainly by the comparatively large volume taken up by its

is morphologically intermediate between these two sub-families,
although it is clearly closely related to B."imus (q.v.) which
undeniably belongs to the Belemnitinae. The basic aim of the follow-
ing discussion is to extract B. abruptus from this imbroglio; it can
then be recognized as a discrete species, at the stout end of the

morphological series regarded here as constituting the genus Belemnites.
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The earliest uneguivocal reference-to B. abruptus is probably

the "Belemnite from the Lias, allied to B. insculptus" of Phillips

(1866, p. 46) which he regarded as a very rare belemnite from the
upper part of the Lower Lias of the Dorset coast. This'suggests
that Phillips was not well acquaihted with the lower fortion of the
Belemnite Marls, including horizon 110 V in which B;-éﬁrﬁéﬁﬁs is

quite often encountered (see also p.43). " As he does not give a

name to this specimen, it is clear that he regards the species to

which it belongs to be distinct from his new species B, excavatus

and B..caiédr which are externally rather simiiar to it. The excellent
engraving of the unnamed belemnite (pl. 5, fig. 13) in fact repre-
sents a typical specimen of B, abrugtus,.whilst his text fig.18 p.46
‘Shows that its alveolus is distinctly smaller in'proportion to the

rostrum than in the figured section of B. excavatus (pl. 2, fig. 45).

Phillips figured two specimens under the name of B. excavatus;

thé longitudinally sectioned specimen referred to above is that upon
which the most important points of his diagnosis are based. Buckland
(1836, pl. 44, fig. 14) had published a figﬁre of the same specimen
under the tentative name of B. brevis? which reveals the rostrum as
a thin sheath around the alveolus, "like the finger of a thick leather
glove", (3; Bré?is was erected by de Blainville in 1827 as a holdall
name for several species of short Lower Liassic belemnite, desigﬁating
thrée varieties of which two (b & c¢) reéémﬁie E. ébfubﬁus, but ﬁére

positive identification is not possible.) This was later made the

type of the genus Coeiofeﬁﬂhis (Lissajous 1906, 1925) which was
adopted by the majority of authors. The extreme rarity of such coelo-
- teuthine belemnites is attested by the fact that most of these authors

copy their illustrations of Coeloteuthis from earlier works (see

synonomy) so that ultimately several figures are derived from the

one specimen utilized by Buckman and Phillips, which, ironically, is
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lost. Bairstow (1950) suggested that, "judging from the figure, it
is a non-median section, liable to be misunderstood", which might be

held to account for the rarity of Coeloteuthis. However, a few

corroborative specimens with true coeloteuthine internal sfructure
have been described and figured (Lissajous (1906) copied in Roger
(1952); Schumann 1974).

Therefore Phillips' description and figure can be taken to

demonstrated an intention to apply'the name B, excavatus to what was

ISubsequently to be described as a ébeloteuthine belemnite.

Phillips' other figured specimen of B. excavatus (pl. IT, fig.

by, s", s', 1), which Bairstow located in the Oxford University
Museunm (Bairstow 1950) and thus designated as the lectotype of Coelo-

teuthis excavata, is probably conspecific with B. abruptus, in which

case it is distinct from B. excavatus as intended by Phillips. Bair-

stow attempted to establish the depthlof its alveolus by means of an
X-ray skiagram. However, thisvis an uﬂreliablé method due to the
fact that an apparently alveolar 6utiine could be due to a discon-
tinuity in the rostrum such as a growth layer impregnated by pyrite

or a change in the texture of rostral calcite (see Roger 1952, p. 709,

fig. 20 (3,4) for such a specimen of Nannobelus acutus). In this
case, the depth of the "aiveolar" outline, with its apex about 7 mm
from the apex of the rostrunm, correspohds very closely to the position
of a prominent anjunusual change in the appearance of the lamellae
that is observed in several sectioned specimens of B. abrugfus (see
below, and fig.57). If this X-ray outline g;g correspond to the
alveolus, then it would, as Bairstow pointed out, "occupy more of

the guard than is usual in Clastoteuthis, but less than authors have

supposed it to occupy in Coeloteuthis" (1950, p. 227). However, as

we have seen, Coeloteuthis does possess a proportionately deeper

alveolus-than this. Thus, whether or not the alveolus of this

133



specimen is shallower than indicated by the X-ray, it is not a suit-

able lectotype of Coeloteuthis excavata. (It is also poorly localized -

"Lyme Regis... probably in the upper part of the Lower Lias").
Bairstow was probably correct in saying that it "represénts the

same genus to which Dr. Lang applied the name Clastoteuthis", hence

Clastoteuthis is not be regarded as a Junlor synonym of Goeloteuthis

Lissajous; also, B. abruptus ( = Clastoteuthis abrupta Lang and

C. stantonensis Iang) is distinct from B. excavatus sensu Phillips.

Phillips' B. calcar (1866, p. 38, pl. II, fig. 5) more closely
resembles B. abruptus, but his designated material is mostly from
the Lower Sinemurian (bucklandi Zoné). A single specimen from an

unspecified horizon in the Belemnite Marls (fig. 51''') appears to

be very similar to three rare examples in the author's collection

(P1.21, fig. 5 ) which could be juveniles of B. éﬁrugtus -
Phillips himself suggests that this specimen may not belong to
B.‘calcaf. So, unless further research should indicate that B. abrup-
tus from the Lower Pliensbachian is an unaltered descendant of B. cal-
car from the Lower Sinemurian, they will be fegarded as distinct
species; at present, the most likely immediate ancestor of B. abrup-
tus seems to be B. imus.

Having established that B. abruptus (lLang), B. excavatus Phillips

and B. calcar Phillips are separate species automatically disposes
of sevefél works that aré based on Phillips' figﬁrés and which may

regard Clastoteuthis abruptus Lang and C. stantonensis Lang as Jjunior

synonyms of either of Phillips' terms (see synonymy). However, a
few authors have described material under the specific names excava-

tus or calcar (Coeloteuthis or Belemnites) which is almost certainly

conspecific with B. abruptus. This is obviously the case with material
from the German Lias gamma (Werner 1912, pl. 10, fig. 6; Schwegler

1962, fig. 13), and possibly with some of Lissajous' material from
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Macon, France (1907, pl. 1, fig. 26).
The above discussion essentially does no more than vindicate

Lang's own remarks on the distinctness of Clastoteuthis abrupta
D

from coeloteuthine forms. The identity of C. étantoﬁéﬁsis with

C. abrupta is revealed by morphometric study and is detailed below.

Ontbgenx

Some fine detail of the shell struc ture around the protoconch
shown in fig S56Awould geem.to support Barskov's (1973) model of the
initial stages of belemnitid ontogeny. However, the preservation is
not good enough to allow a firm description and consideration of
this phase of ontogeny is deferred to p.238,

The earliest clear rostral growth stage, with a post alveolar
length of abéut 2 mm, characteristically has an uneven conical pro-
file and is highly excentric (fig.5f3_  ). The ventral laminae of
the rostrum may follow the bulge of the protoconch; B. imus is the
only 6ther belemnite observed in which this appears to be normal.
Amongst the weakly defined 1aminae'fgrmed pfior to the first clear
growth stage there are sometimes clear indications of primary
spherules which appear at least partly to control the initial
irregularity of the early rostral profiie (see p.238).

In the épecimens from which lohgitudinal sectioﬁs were prepared,
prominent growth lines tend to be absent- after these initial étages
until a post—alveolaf length of 10 - 14 mm is attained. (Fainter
growth lines, if carefully traced, can be used to provide inter-

vening points on the growth curves.) The apical fegion contained

within the well defined lamellae at this 1éngth of rostrum consists
of a jumble of calcite spherules, often partly surrounded by con-
centric lamellae, interspersed with darker organic material (figsf57L5E9L

The apex formed by the lamellae enclosing this
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material has a somewhat elongated profile, so that the whole étructure
can resemble a partly developed epirostrum in internal detail. A
similar structure was observed by Jeletzky as a diagnostic feature

of Megateuthis (1966, p. 70; pl. 12, fig. 1), where the axial part
of‘the Jjuvenile rostrum "appears to be built largely of ill-defined

laminae obscurae™. ©Such poorly organized apical material often

occupies much of the axial region of B. abruptus, in which case it
appears to be responsiﬁle for the apical umbilicus observed in

several specimens, due probably to slight weathering" ( figJSQC).
This was also noticed by Jeletzky in Megéféﬁfﬁis, and is very probably
the principal céuse of the occasional umbilicae observed in many
other belemnites. |

In B. abruptus, it is interesting that the most marked region‘
of apical disorganization corresponds to (i.e° it is enclosed by)
the aformentioned series of prominent growth lines, pale coloured
and hence relatively poor in ofganic méterial, which also correspond
to a distinct change of gradient in ﬁhe plotted growth curves, with
a relative increase in rate of thiékening relative to lengthening
(fig 56A). Growth subsequently remains more or less linear, giving
rise to the characteristically stubby rostrum.

The distribution and possible significance bf poorly organized
rostral material is discussed elsewhere (p.255); what is of particular
interest here is that, prior to the change in the gradient of the
growth curve, the rostrum is virtually identical to that of . juvenile
B; imus. In effect, juvenile rostra of these two species would be
indistinguishable until a post-alveolar lenggh of about 10 - 15 mm
is achieved. In actual fact, the only juvenile specimens found were
associated with B. aﬁrugtus, no appropiaté specimens having been
found in those beds where B. imus occurs.

During these early stages, both species have an unremarkable
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circular cross section, lateral facets first becoming noticeable a
little 1ater§ in B. imus these tend to face ventro-laterally, whilst
in B. abruptus they occupy a more normal slightly ddrso—lateral
position but otherwise are of similar extent. .

* At Charmouth B. abruptus first appears at the top'of bed 110 TV
(one specimen only), about 3.0 m below bed 111, whilst the highest
specimens 6f B.Iimﬁs are.from Just below this, about 3.5 m below bed
111,

In consideration of this stratigraphical distribution and early
ontogenetic similarity (the subsequent divergance being heralded by
a distinct ontogenetic event in B. ébrugtus, namely the temporary
development of a peculiar apical structure); it must be regarded as
.a strong possibility that BQ dbrugtﬁs descended directly from B. imﬁs.
That this 1s a rapid speciation event perhaps actually occurring at
this locality is cifcumstantially supported by the fact that each
species is here present only in small rumbers (see eg. Gould and -
Eldredge 1977, D. 121) . Furthermore, B-. a"t.)-:t;u‘:g-tnus is rare elsewhere,
whilst B;-imds is so far unrecognigzed outsidé the Charmouth area.

In addition, as fully grown B. dbfﬁgﬁﬁs rostra present juvenile
features of both species (deep alveolus and coniform profile), it is
tempting to suggest it asvan instance of paedomorphosis; the growth
curves in fig{iiA\are immediately distinguished by maintaining
throughout their length the steep slope chara;teristic ofiearly
growth,

Dimorphism is not so far apparent in th;s species, although it
might be expected in view of its apparently élose relationship to
B. imus. One sectioned specimen (TB1045), represented by the right-
most point in fig.5H5A, does display a growth curve which separates
it somewhat from the others. Although it shows a marked growth stage

with a post-alveolar length of 12 mm, this does not presage the
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usual change in gradient and the complete specimen is conéeqﬁently
a little more slender than most of the others., External measurements
‘on specimens of B. abruptus where the position of the protoconch is
not known are of little use in this respect, due to a) the rapid
variation in diameter along its length and b) the large percentage
error inherent in estimating the complete length of the rostrum due
to its comparative shortness.

A larger collection is required to clarify this matter; at

present, the scarcity of the material makes furthér sectioning unde-

sireable.

Stratigraphical variation -

112 only (1928, p. 196). The present study extends this range down
to 3.0 m below bed 111 and up to bed 114.

The isolated specimen mentioned,aboée from the top of bed 110
IV is fully grown and somewhat slender for the species, although not
remarkably so - it is by no means an "intermediate" form between
B. imus and B. abruptus.

Bed 110 V has yielded the majority of specimens, and from this
horizon one may reasonably expect to find onevor two épecimens per
day when collecting from the foreshore and cliff at Westhay Cliff.
Above bed 110, B. abruptus is very rare; the few specimens recorded
from above bed 111 are all comparatively small which led Lang to

erect the species Clastoteuthis stantonensis-for them. These small

rostra are in fact identical to small specimens from lower horizons
which all fall within the range of growthcurves of larger examples,
as does the growth curve of Lang's sectioned specimen (C28860) from

bed 112 e, Apart from this variation in size attained, B. abrugtﬁs
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appears to remain constant in form throughout its short range.

.Three specimens which are probably juvenile B. abruptus were
found (pl .%2)’, fig.g ), being assigned to this species rather than
B. imus because of their stratigraphical position.

Four other small conical rostra, altl{ough superficially similar

to B. abruptus/B. imus juveniles, have exceptionally deep alveoli

~invested with a thin layer of rostral material, and thus may be true

coeloteuthine belemnites (see pa79).

Distribution

1) Charmouth, Dorset: Belemnite Marls, ja.hesoni Zone, polymorphus
and brevispina Subzones, beds 110 IV, 110 V, 111 a - d, 112 a2 - £,
114,

2) Tintinhull, Dorset: Belemnitiferous Marls, with B. longissimus,

?lateral equivalent of beds 110 IV - V,
3) Balingen and Hinterweiler, Wﬂrttemberg, W. Germany: Lias gamma
4) Macon, Saone et Loire, France: "Charmouthian" (Lur. Pliensbachian)

"(Lissajous, 1907).
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Belemnites abruptus

beds 110IV-114
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FIG.56 Belemnites abruptus: camera lucida

drawings of median longitudinal polished
sections,

A:vD175 bed 140 V; x24 -

B: TB1045 bed 110 V, x24
G: TBIO45 bed 110 V, xé

- protoconch 

earliest clear rostral growth line
- primary spherules

< w89
1

- sparry calcite-filled void between
prismatic and nacreous layers of
protoconch '




FIG.56
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IIG.57

Belemnites abruptus: camera lucida

drawing of median longitudinal polished
section of specimen D175, bed 110 V, x6.

(Bee also figs. 58 and 594,B)

a - poorly defined material along apical
line '

b - prominent growth line enclosing (a)
and marking change of slope in growth
curve (see text) ,

¢ - region of pale lamellae surrounding (b),
reflecting low original organic content

bars indicate portions of rostrum shown
in figs. 58A and 59a

(The posterior part of the alveolus is filled

with sparry calcite containing traces of septa;

formed gypsum crystals.)

the anterior part of the alveolus is filled
with argillaceous material containing well




FIG. 57



FIG.58 Belemnites abruptus: camera lucida

drawings of median longitudinal polished
section of specimen D175. ‘
(See also figs. 59A,B)

A: portion of rostrum indicated by in fig; 57,
x12 ‘

B: part of (4), x24

Note spherulitic calcite and convoluted
lamellae,




FIG.58
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FIG.59

Belemnite s abruptus: photographS'bf

median longitudinal polished sections,

: D175 bed 110 V, x6: part of rostrum shown

in fig. 57

: D175, x12: area shown in fig 58A

D106 bed 110 V, x6, showing weathered apical
region filled with matrix material, producing
an umbilicus at the apex '







non 1820
non 1827
1828

non 1830-33
non 1849
p. 1866
1867
1925
1927
v 1928
v 1928
v .1928
v 1928

Belemnites cricki (Lissajous, 192?)

Plates 22,23.

Belemﬁites penicillétus sp., nov., Schlottheim, p. 50.

Belemnites penicillatus Schlottheim; de Blainville,
p. 89, pl. 3, fig. 7.

Belemnites penicillatus de Blainville (sic); Sowerby,

p. 181, pl. 590, figs. 5 & 6.

Belemnites oxyéonus sp. nov.; Hehl in Zieten, p. 27,

pl. 1, fig. 5.

Belemnites tripaftitus oxyconus Hehl; Quenstedt, p. 419,

Pl. 26, figs. 19 & 20.

Belemnites penicillatus Sowerby (sic) Phillips, p. 3%,

pl. 1, fig. 2.

Beiemnites ngcoﬁus Quenstedt (sic); Phillips, pp. 87 - -

89, diag. 23, p. 88.

Belemnites cricki sp. nov.; Lissajous, p. 116 (no

description or fig.).

Prototeuthis cricki sp. nov.; Lissajous, p. 7, pl. 1,

figs. 1 & 2.

Angeloteuthis gabriel sp. nov.; Lang, pp. 206 - 208,

‘pl. 15, figs. 11 & 12; text fig. 2, no. 10.

Angeloteuthis raphael sp. nov.; Lang, pp. 208 = 209,

pl. 15, figs. 9 & 10; text fig. 2, no. 8.

Angel oteuthis michael sp. nov.; Lang, p. 209, pl. 15,

figs. 13 & 14; text fig. 2, no. 8.

Angeloteuthis uriel sp. nov.; Lang, p. 209 - 211,

pl. 13, figs. 3 & 4; text fig. 2, no. 9.
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Type material

In the absence of a holotype, a lectotype should be selected
from material in University of Lyon, collected by Lissajous from the
"Belemnite bed" (in this case, beds 118b - 119) of Charmouth, which
is probably still extant.

Failing this, BMNH (28939 (holotype Angeloteuthis gabriel

Lang), from bed 118c, would be a suitable neotype.

.dfhéf ﬁateriéi

Author's collection, Belemnite Marls, foreshore below and to west of
Golden Cap, nr. Charmouth, Dorset: 120 specimens |
beds 118b - ¢: D139, TB?51 - 756, TB?758, TB?60, TB765 - 788,
TB877 - 896, TB995 - 1024
beds 118¢c (top) - 118 d: TBBYS - 917, TBY19, TBY2L - 925
bed 119: D137 - 140, TB108, TB1085 - 1090
BMNH, coll. W.D. Lang, Belemnite Marls, nr. Charmouth, Dorset;
51 specimens
bed 118b: (A. gabriel) C28937, (28938, C28961; (A. raphael)
C28962, C28967, C28968
bed 118c: (A. gabriel) C28927 - 28935, C28937 - 028939 (holotype),
C28947, C28961, C28971, C43850; (A. raphael) C28943 -
28945 (holotype), C28946, C28948, C28950 - 28954, C28956 -
28960, C28969, C43843, C43886; (A. michael) C28942, C28972,
02897§, €29511; (A. uriel) C28983
bed 118d: (A. uriel) €28982, C28984, €28985 (holotype)
bed 119: (A. raphael) C28977, C€28980; (A. michael) C2981

(holotype)

Description

Rostrum medium sized, short relative to diameter, cylindrical

or slightly tapering for 60 - 70% of its length, then narrowing
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rapidly to the apex. Transverse sectiqn.usually strongly compressed
from an early stage and increasing harkedly during ontogeny.

Apex variable, blunt to sharply pointed, often recurved towards
the dorsal éurface. Often umbilicate., .

Wide, shallow apical furrows.usually well developed, merging
anteriorly into lateral facets which may encompass shallow lateral
furrows. frominent apical striae often present.

Epirostrum occasionélly developed, usually short and/or incom-
pletely preserved.

Alveolus slightly excentric, typically 30 - 50% of total rostral
length. |

Rostra almost certainly dimorphic, élthough bimodal distribut-
ion into comparatively stout and slender forms is not as marked as
in some other species.

.Discﬁséion 3

The interpretation of B}'éfidki is based on Lissajous' post-
humously published description (1927, in Roman (ed.)) of a srpecies
from the "belemnite Bed" of Charmouth that obviously corresponds to
material from beds 118b - 119 which comprise part of the vaguely
defined "Belemnite Bed" of earlier collectors and authors. The
figures accompanying the description (1927, pl. 1, figs. 1 & 2) are
of specimens in Lissajous' collection from the Lower Pliensbachian
of Cheltenham (no further details are given) which were selected by
the editor, Roman. This locality not being mentioned in the descript-
ion, a lectotype should be chosen from Lissajbus' Charmouth material,
if this is still extant.

The elements of Lissajous' diagnosis (1927, p. 7) are incorpor-
ated with the description given above, with only one important

difference: he regarded the degree of compression of the rostrum to
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be much less marked in the adults than in juveniles, whereas in

fact the reverse is normally the case. It is probable that his

sample was small and not representative in this respect, comparative-

1y uncompressed larger rostra being very much in the minority. He
also does not mention the occurrence of epirostra, which occur very
occasionally in the species.

Earlier references to this belemnite (see synonymy) do not
distinguish it from superficially similar species whose types are
from widely separated horizons. Hence although this form from the

Charmouth "Belemnite Bed" has been known at least -since the early

where pl. 590, figs. 5 & 6 are very good figures of B. cricki from
below Golden Cap), cricki is the earliest acceptable specific name.

B. penicillatus Schlotheim, 1820, and Schlotheim interpreted

by de Blainville, 1827, is from the Upper Lias or Middle Jurassic,
and probably belongs to the group of B}"acﬁariﬁs Schlotheim (Lissa-
jous 1925, p. 120).

Phillips' (1866, pp. 34 - 37, pl. 1, fig. 2) B. penicillatus

de Blainville includes specimens from Golden Cap and nearby which
are definitely of B. cricki, and from the "Lower Lias (middle part)

near Cheltenham", vwhich may be. His material from the Sinemurian

. hear Bristol) almost certainly represents one or more other species,

neither B. penibillatﬁs nor B. cricki. Specimens from the Lower

Lias of Antrim and of Robin Hood's Bay, Yorkshire, are also, pro-

bably incorrectly, ascribed to B. penicillatus, but I do not know

whether B. cricki occurs in these areas. Unfortunately, Phillips'
figured specimens are not individually localised.
A B..ogxédﬁus Hehl (in Zieten, 1830 - 33) is a Toarcian form

(Lissajous 1925, p. 116). Phillips (1867, pp. 87 - 89, diag. 23)
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applied the name (attributing authorship to Quenstedt, who, h§wever,'
was in accord with Zieten's publication (Quenstedt 1849, p. 419))
to probable specimens of B. cricki, showing recurved apices, from
"Cheltenham, in the Belemnite Bed of the Lower Lias". Apparently

Lissajous originally intended to base his Prototeuthis cricki on

this material (Lissajous 1925, p. 116: Belemnites cricki is proposed,

without figure or description, in place of Phillips' B, oxyconus
which is preoccupied) but, as shown above, a lectotype or neotype
from Charmouth is required. .

Lang (1928, pp. 206 - 211) divided the single species under

discussion into four species, with characteristic reservations,

éxtent, being. very variable, both in proportions of length to breadth
and in the amount of cbmpreésion." (p. 206); Theé species are dis-
tinguished on grounds of relative shortness and slenderness, rela-
tive amount of compression and form of'the apex. In fact, the con-
tinuity of variation in these charactérs precludes such a separation.
There is apparently a division (apparent only from internal measure-
ments - see below) into two adult rostral forms which are here regard-
ed as probable gracile and robust sexual dimorphs.

Lang was aware of Lissajous' (1927) paper, listing Prototeuthis

AAAAAAA L .Lang
cricki as a possible synonym of Angeloteuthis gabriel (1928, p. 207).

After 1928, there are no fresh intefbreiétibns of the species,

although Schumann (1974, P. 23) regarded Anééloteuthis réphael Lang

and A;-gabriei Lang as possible synonyms of Belemnites paxillosus
gdkiliosus Lamarck, a suggestion that is not endorsed here.
Ontogeny -

The rostral ontogeny of this species can be described essential-

ly as growth from a small, only slightly compressed cone to a rather

stubby adult rostrum which is normally strongly compressed. As
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figures683 to64 show, the early conical profile gives way to the
adult parallel sided profile with rapidly tapering‘apex at an early
stage (post-alveolaf length about 4 mm).

Throughout onfogeny, the rate of thickening of the vertical
diameter tends tb increase slightly relative to rate of lengthening,
which shows as the geﬁtle upward curve of most of the growth curves
in figure62. Horizontal diameter increases at a slower relative
rate, producing the marked increase in compression represented in
figure6s5C.

In figureG2, the distribution of growtﬁ lines and points fe-
presenting whole specimens is suggestive of diﬁorphism, with gracile
and robust specimens being distinguishable on these internal parameters
at post-alveolar lengths greater than about 25 mm. This dimorphism
is only manifest in the sample from bed 118b and most of 118¢c (see
below). The degrees of compression observed within each group are
identical, which is consistent with observations on other more ob-
viously dimorphic species from the Belemnite Marls.,

One or two primary spherules are occasionally visible within
the area enclosed by the earliest clear growth iaminae.

When the rostrum is more or less fully grown, an epirostrum is
very occasionally developed (pl.22, fig.2 ); no complete examples
were collected, the structure being represented by a few mm of

crushed tub e with a weathered appearance. ~

Stratigraphical variation

The material studied is divided into three stratigraphic samples:
1) from beds 118b and most of 118c, 2) from the topmost two units of
bed 118c and all of 118d and 3) from bed 119,

Lang (1928, p. 206) commented that the length of Angeloteuthis

| abriel "decreases with the height of its horizon, since the longest
gaorie. _ ‘

forms occur in 118b and the shortest high in 118¢". This statement
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is supported by the present research which shows that specimens of

Belemnites cricki over 60 mm long are common only below the top

units of bed 118c (fig.6H4). Iang's other three species of Aﬂgeid—
teuthis also fit into (and were partly based upon) this length dis-
tribution, thus A. michael (118¢ (top) - 119) and A. uriel (118¢c - 4)
include mostly rather stout and short specimens of B. Eriéki, and
longer specimens and encompasses in particular specimens from beds
118b ~ ¢ which are here regarded as probable gracile rostra of the
dimorphic species (fig.60).

If the variation in form observed in beds 118b -c ié due to
dimorphism, then only the robust form is present in beds 118c (top)
to 119, Intermittent occurrence of one or other dimorph is consistent
with the observed vertical distributions of the other dimorphic species.
discussed in the present work.

In the sample measured, rostra from beds 118c (top) - d tend to
be slightly more compressed than those from below and above, although

" a larger sample is required to determine the level of significance

of this. Effectively, apart from the supposed effects of dimorphism,
the species remains morphologically stable throughout its short range

in the Belemnite Marls.

As yet, too little material is known from other localities for
a detailed comparison to be made with that from the Charmouth area.
often has an upwardly recurved apex, which strongly resembles that

commonly developed in B. aduncatus (q.v.) which is common from bed

121 upwards although it first occurs in bed 117. The two species

have little else in common.
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Distribution

1) Charmouth, Dorset: Belemnite Marls, ibex Zone, masseanum and
valdani Subzones, beds 118b - 119,
2) Cheltenham, Gloucestershire: ibex Zone, Belemnite Bed (Lissa-

Jous, 1927, pl. 1, figs. 1 & 2).
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FIG.62
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FIG.63

Belemnites cricki: camera lucida drawings

of median longitudinal polished sections,
A: TB1009 (gracile) beds 118b-c, x12
B: TB909 (robust) bed 118c (tpp),,x12
C: TB1007 (gracile) beds 118b-c, x12

p - protoconcﬁ

r - earliest clear rostral growth line
s - primary spherule '







FIG.6H4 Belemnites cricki: camera lucida drawings

of median longitudinal polished sections,
A: TB909 (robust) bed 118c¢c (top), x6
B: TB1007 (gracile) beds 118b-c, x6

o =~ outer surface of rostrum.
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Belemnites cricki FIG.65
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Belemnites ridgensis (Lang 1928)

Plate24 figs.1,2

1928  Passaloteuthis ridgensis sp. nov.; Lang, pp. 203 - 204, pl.

i, fig. 6; text fig. 3, no. 2.

Holotype

BMNH C28907 (Passaloteuthis ridgensis), Belemnite Marls, bed 118c,

foreshore South East of Golden Cap (below Ridge Cliff), near Seatown,

Dorset. Established by Lang (1928) p. 203, pl. 14, fig. 6.

ther ﬁaterial

Author's collection, Belemnite Marls, foreshore between Westhay
Cliff and Golden Cap, near Charmouth: 7 specimens

beds 112d-f: ?TB702

bed 117: TB?49, TB?750

bed 118a: TB988

bed 118c: TB?763, TB1030, TB1031
BMNH, coll, W.D. Lang, Belemnite Marls, foreshore below Golden Cap:
3 specimens o

bed 118c: €28908 - 28910
ﬁéécfigtion

Rostra attaining fairly large size, stout, tending to be slight-
ly clavate in the horizontal plane, not usually so in the vertical.

‘Section always depressed in posterior half of rostrum,oftén 80
in anterior. This depression is associated W;th a characteristic
flattening of the ventral surface, coupled with ventro-lateral in-
flation, which produces a distinctive outline to the section (fig.110C),

vPaired lateral furrows variably Qeveloped; the upper ones are
usually fairly prominent and merge into well developed dorsolateral

apical furrows.
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Alveolus occupies 40 - 60% of total rostral length, and is
moderately excentric.
Dimorphism not recognigzed.

Epirostrum unknown.

Discussion

This rare but distinctive belemnite was defined by Lang (1928,
Do 203) on the basis of its unelongated apex and stout rostrum
bearing broad, well-defined dorsolateral furrows, "particularly con-
spicous at the épex". The unusual ventral flattening and depressed
section of the rostrum were not mentioned, althouéh the depression
is apparent from the measurements given of specimen C28910.

Lang's four specimens are all from bed 118c. The present
author has specimens from beds 118a, 118c and 117, with a possible
specimen from beds 112d~-f (pl.24 fig.3 ); the latter is smaller
than the others, comparatively élender and markedly clavate. .It
shares, however, the ventral flattening, rostral depression and
prominent dorsoclateral furrows of the much larger specimens from
the type horizon, and does not resemble other material (mostly
B. nitidus (qg.v.)) from beds 1124-f.

Too few specimens are known to provide definitive information
on ontogeny and stratigraphical variation. Due to the inadequacy
of the sgmple, the data: on compression, clavateness and length are
Presented for individual specimens (figs.G8A-D).

The species has not been recognized outside the type area.

Possible synonym of Belemnites paxillosus paxiilosus Lamarck, but,

in view of the distinctive characters described above, B, ridgensis

is best regarded as a serarate species. -
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Distribution

Charmouth and Seatown, Dorset: Belemnite Marls, jamesoni Zone,

brevispina Subzone, ?beds 112d-f, jamesoni Subzone, beds 117, 118a;

ibex Zone, masseanum Subzone, bed 118c.
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FIG.67
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Belemnites ridgensis FIG. 68
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1826

1826

1827

1827

1829

1830

1840

1846

1858

1866

1866

1876

- b2

- 49

1883

1907

Belemnites aduncatus Miller, 1826

Plates 25-27

Belemnites aduncatus sp. nov.; Miller, p.. 59, pl. 8,

figs. 6, 7, 8.

Belemnites elongatus sp. nov.; Miller, p. 60, pl. 7,

figs- 6, ?, 8.

Belemnites apicicurvatus sp. nov.; de Blainville,

pp. 76 - 77, pl. 2, fig. 6.

78, pl. 4, fig. 2 (cop. Miller).

Belemnites elongatus Miller; Sowerby, p. 178, pl.

590, fig., 1.

Belemnites apicicurvatus de Blainville; Zieten, p. 30,

Taf. 23, fig. 4.

Belemnites elbngatus Miller; 4'Orbigny, pp. 90 - 92,

pl. 8, figs. 6 - 11.

Belemnites paxillosus numismalis subsp. nov.; Quen-

stedt, p.. 399, Taf. 23, fig. 21.

Belemnite§ paxillosus numismalis Quenstedt; Quenstedt,

p. 137, Taf. 17, fig. 12.

Belemnifeé.apicicurvatus de Blainville; Phillips,

pp. 49 - 50, pl. 6, Tig. 16.

Belemnites elongatus Sowerby (sic); Phillips, pp.

50 - 52, pl. 8, fig. 7.

Belemnités épicicurvatus de Blainville; Tate and

Blake, p. 319 (no fig.).

Belemnites apicicurvatus de Blainville; Mayer-Eymar,

p. 611 (no fig.).

Béléﬁnites (Megateuthis) apicicurvatus de Blainville;
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Lissajous,_p. 77, pl. 1, fig. 17.

1912 Belemnites apicicur?atus de Blainville; Werner,

p. 119, Taf, 11, figs. 2, 3.

1922 Passaloteuthis gpiéicurvata (de Blainville); Naef,

p. 234, text fig. 85 b.

1925 Belemnites aduncatus Miller; Lissajous, p. 52 (no
fig.).
1925 Belemnites apicicurvatus de Blainville; Lissdjous,

p. % (no fig.).

1928 Passaloteuthis auficipiﬁis sp. nov.; Lang, p. 204,

pl. 14, fig. 4, text fig. 2, no. 4.

p. 1928 Passalotéuihis apicicurvaia (de Blainville); Lang,

pp. 205 - 206, pl. 14, fig. 5; text fig..2, no. 3.

(not material from bed 120c).

1962 b Beiemnites apicicurvatus de Blainville; Schwegler,

pp. 123 - 125, text figs. 17, 18.

? 1962 b Bélemnites aff. apiéicurvatus de Blainville; Schwegler,

1974 Belemnites paxillosus apicicurvatus de Blainville;

Schumann, pp. 24 - 25, Taf. 2, figs. 9 - 13; Taf. 3,

figs. 1 - 2.

Neotype

1204, Westhay Water, near Charmouth, Dorset. Established by Lang

(1928) p. 205 (not figured).

Author's collection, Belemnite Marls, between Charmouth and Sea-

town, Dorset: 14 specimens
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bed 117: TB858
beds 118vb-c: TB874, TB875
beds 120d-e: TB147 - 149, TB1137 - 1141
bed 121: TB157, TB1214, TB1217, TB1218
Green Ammonite Beds, foreshore beiow Golden Cap: 75 spgcimens
beds 122a-c: TB546 - 552, TB554 - 561, TB5GY - 567, TB571 -
581, TB918, TB920, TB1156 - 1172, TB1175 - 1191
horizon uncertain: D136, D210, D211, Dzij - 219

? ibex and davoel Zones, Wutach valley, near Aselfingen, South West

Germany: numerous uncatalogued specimens, mostly fragmentary.
BMNH, coll. and/or det. W.D. Lang, Belemnite Marls, near Golden Cap:
15 specimens

bed 119: (Pdééaloteuthis auricipitis) 029421; (P. apicicurvata)

€29243

bed 120d: (P. apicicurvata) C28845, C28846, €29184, €29189,

29194, C29244; (P. cf. apiclcutvata) C29515; (P. aurici-

pitis) C28949 (holotype), 28922

bed 120e: (P. apicicurvata) 28839, €28923,

bed 121: (P. apicicurvata) 29529, C29530

Green Ammonite Beds, Golden Cap:18 specimens (after Lang, 1936)

bed 122a: (P. apicicurvata) Ch2172

bed 122b: (P.apicicurvata) Ch2173, Ch2202

bed 122c: (P. apicicurvata) C2892L, L2010, Ch2166, Ch2167,

Ch2176 - 42179

bed 122d: (P. apicicurvata) C42020; (P. auricipitis) C42021

bed 126b: (P. auricipitis) C42013, CL2095

bed 126c: (P. auricipitis) C42180

bed 127: (P. auricipitis) €28921, C42015
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Description

Rostrum usually fairly stout, approximately cylindrical for
much of its length, may be slightly clavate particularly in hori-
zontal plane. Section nearly always compressed, oval to sub—rect-
angular., |

Apex very acute, usually recurved, "narrowed apically to a
slender point which is unsymmetrical, owing to the ventral outline
generally curving regularly ﬁpwards, and the dorsal outline general -~
ly at first curving abruptly,downwafds, and then flattening to a
nearly horizontal direction." (Lang 1928, P. 205). Apex commonly
deformed (i.e. bilaterally asymmetrical), sometimes hocked (aduncate).

Apical dorsolateral grooves prominent, dorsal and ventral
grooves often-presegt together with more conventional striae.
Paired lateral furrows fainf, the upper members sometimes continuous
with apical dorsolateral érooves.

Alveolus slightly excentric, tjpicélly occﬁpying 25 - 4W0% of
total rostral length.

Rostral surface of larger specimens often bears a raised striated
or reticulated ornamentation.

Epirostrum unknown.

Discussion

The type (now lost) upon which Miller's Belemnites aduncatus

was based (1826, pl. 8, fig. 6) is an apically deformed example of

the common and ubiquitous species usually referred to B. apicicurva-

}B_s_ de Blainville (1827). Although it may be argued that Miller's
specimen is pathological and hence not a suitable holotype, apical
malformation is in fact fairly common in this species, and two of
the present author's specimens from the Green Ammonite Beds (pl.253,

fig.3 ) and one from the Belemnite Stone display hooked apices
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that resemble that shown in Miller's figure.

De Blainville recognized that Miller's B. aduncatus differed

only in slight degree from B. apicicurvatus: "This speciles, Belem-

nites aduncatus, which was established by Mr. Miller, does not

appear to differ much from my Belemnites apicicurvatus, except that

its apex is more pointed, more hooked, and the apical furrows are
deeper and more numerous." (1827, p. 77).

A locality is not given for Miller's holotype, but he does say
that the species. comes from the "Lyas and lyas clay" of Lyme Regis
and Weymouth. As there are no Liassic outcrops near Weymouth, it is
obviously desirable to select a neotype from the Lyme Regis area.

(The reference to Weymouth was perhaps based on Oxford Clay material.)

from loose fallen material, are the outcrops in the upper-Belemnite

Marls and lower Green Ammonite Beds in the vicinity of Golden Cap,

and Lang's neotype of Passaloteuthis apicicurvata from the nearby

Westhay Water is thus an appropiate basis for interpretation of the
species.,

Miller's figured specimen (also lost) of Belémﬁites elongatus

(1826, pl. 7, figs. 6 - 8) is probably a comparatively featureless

specimen of B. aduncatus from the Green Ammonite Beds or, possibly,

the Belemnite Stone. (Tt is only "elongate" by virtue of the pre-
servation of the complete or nearly complete phragmocone.). Lack of
morpﬁological detail coupled with its vague stratigraphic position

(as with B. aduncatus, "Lyas and lyas clay") do not permit positive

identification, and B. elongatus must be regarded as an unavailable

name.

Lang (1928), following Naef (1922), placed B. apicicurvatus

in the genus'Péssaloteuthis Lissajous (1915) (under which name it

appears in the BMNH handbook "Mesozolc Fossils" (1962)) and erected
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a further species, P. auricipitis (1928, p. 204, ,pl. 14, fig. 14),

based on stout rostra from the ibex and ddvoei Zones of the Char-
mouth area, which is almost certainly conspecific with his more

slender P. aplcicurvata from the same horizons.

Schumann's figured material from North Germany, given subspecies

status as Belemnites paxillosus apicicurvatus (1974, pl. 2, figs.

9 - 13; pl. 3, figs. 1,A2) agrees well with the material from the
type area, and also includes (pl. 3, fig. 1) a specimen with a
hooked apex, very similar in this respect to Miller's holotype of

B, aduncatus although Schumann makes no reference to this.

Ont ogeny

A more cdetailed discussion of the ontogeny of B. aduncatus

awaits a fuller study of the belemnite fauna of the Green Ammonite
Beds.

The early growth stages seen in brpgen or sectioned specimens
are more robust and tending to conicity than in B}‘nitidus, with
which the species is most likely to be confused. This character
persists to a fairly late stage, and is apparent in many more or
less half grown rostra (total length 40 - 60 mm).

Degrees of compression and clavateness tend to increase slightly
with size, although they never become rarticularly marked.

B Figureﬁ%QEHOWs that the rostra of B. éduncatué,‘from the beds

examined, fall_into two very clearly defined size groups, whilst a
third may be rebresented by the two smallest srecimens. This size
distribution is very similar to that observed in some samples of

B. nitidus, and such patterns are discussed on p.20Q0. One extremely

large specimen of B. aduncatus was collected (p1.27, fig.l ),

represented by the point at L = 150 mm, Dy, gnt. = 19.4 mm, which it

is tempting to regard as a rare survivor into its fourth year (or

season) .
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The etiolated apex that 1s the most obvious feature of the
species develops gradually, sé that although clearly present in
many specimens of the second (40 - 80 mm) size group, it is most
distinctive in the third group.

Many specimens, mostly in the third group, display some sur-
face ornamentation, usually of a reticulated or striated pattern but
sometimes including areas of small longitudinally elongated pustules.
These markings are quite distinct from the commonly observed ridges
and depressions caused by etching and exfoliation of growth laminae,>

and are further considered on p.258.

Stratigraphical variation

This species was only collected in reasonable numbers from the
basal Green Ammonite Beds. UFrom the limited number of specimens
recovered from the Belemnite Marls, it appears that there is a
slight reduction in the degree of clavateness from the Belemﬁite
Marls to the Green Ammonite Beds. The degree of compression remains
stable (figs.71A,72 ). A single specimen (TB858, pl.25, fig.d ),

which is fairly clavate, was found in bed 117, and is the earliest

specimens of B. aduncatus known to me. Occasional specimens occur
in beds 118 and 119, but the species only becomes reasonably common

in bed 1204, In bed 1Zi and the overlying Green Ammonite Beds it is

numerically Superior"to B.:nitiﬂus which Is-the commonest belemnite
in the Belemnite Marls.

Records of Belemnites apicicurvatus are frequent (see synonymy)

and cover many localities; virtually all of them refer to material

that is probably conspecific with B, aduncatus, the range of forms

illustrated generally agreeing closely with the species as it occurs
in Dorset. Occasionally, longer and more slender specimens have

been described (eg. Werner 1912, Taf. i1, fig, 2, from Lias gamma
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of Eislingen, South West Germany; this specimen 1s very similar to

that described as B. paxillosus numismalis, by Quenstedt (1858, Taf.

17, fig. 12) from Pliensbach). It is quite probable that these are

variants of B. aduncatus; the single exceptionally large specimen,

mentioned above under "Ontogeny", approaches these forms.

Distribution.

1) Charmouth and Seatown, Dorset: Belemnite Marls, jéﬁésoﬁi Zoné,
jamesoni Subzone, bed 117 (one specimen), 118b; ibex Zone, beds

118c - 121; Green Ammonite Beds, davoéi Zone, beds 122 - 127.

2) Many other European localities, ibex and davoei Zones.

172



Belemnites aduncatus

Dy ant 'L
beds 117-122 ¢

FIG.69

20
181 ¢
16. . [ ¢
@) . °
® o
14 ° s O [
° fo) )
12 (9() ©
..:e..
10 1 w?l O
(= * o g™
Eg| o
[
:_ .8 @ ®
c
I’t! .
=3 . key
: author’s coll., bed 117
S beds 118b-c
" beds 120d-e
bed 121
" beds122a-c
100 120 140 160

173



20,

18

16 1

14 ]

12 1

in mm
(00

.cp:p

FIG.70

Belemnites aduncatus
Dp :L’.p
beds 118b-122c¢

key
® author's coll., beds 118b-c

@) " »  beds 120d-e
° " » beds 122a-c¢

20 40 60 80 100 120
Lp .in mm

174



FIG.T1
Belemnifes aduncatus
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Belemnites aduncatus
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Subfamily COELOTEUTHINAE Naef, 1922

Type genus: Coeloteuthis Lissajous,'by monotypy .

Genus COELOTEUTHIS Lissajous, 1906

Type species: Coeloteuthis excavata (Phillips, 1866); Lower Pliens-

| bachian, Belemnite Marls, Dorset coast.

ﬁeécrigfidn

Rostrum attaining only a moderate size, profile an obtuse-cone.
Dorsolateral furrows present. Transverse section subcircular or
subquadrangular.,

Alveolar cavity occupies nearly the whole of the rostrum, which
is reduced to a rather thin casing around the alveolus.

Epirostrum unknown.

Discussidn
The above descfiption is based on Lissajous (1925, p. 21).
The principal character of the genﬁs is the extreme depth of
the alveolus, and recognition is straightforward if this criterion

is applied. Belemnites abruptus (q.v.), which externally resembles

it, is quite clearly a stout representative of Belemnites. Once

this is realised, Coeloteuthis remains as an extremely rare genus,

encountered very_sporadically in the Lower Elien;bachian. The few
well attested occurrences of it known to the present author are of
this age (Phillips 1866; Roger (after Lissajous) 1952; Schumann
1974) although Lissajous (1925, p. 22) regarded its range as Lower
Pliensbachian to Aalenian. Obviously more research is desir able,
the genus being likely to remain poorly understood until largerv
samples become available. At present, its distinctive rostral
development is considered sufficient to warrant its inclusion in a

separate subfamily Coeloteuthinae Naef.
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The curious synonymous homonymy of Coeloteuthis ILissajous, 1906

and Coeloteuthis Stolley, 1919 was pointed out by Bairstow (1950,

P, 226).

Stratigraphic range

Lower Pliensbachian - ? Aalenian.
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? Coeloteuthié SP.

P1.20fig.5 P1.21 figs, 6,7

of. 1836 Belemnites ?brevis de Blainville; Buckland, vol. 2,

P. 70, pl. Mh4', fig. 14,

cf. 1866 Belemnites excavatus sp. nov.; Phillips, pp. 37 - 38,

pl. 2, fig. & S only.

cf. 1906 Coeloteuthis calcar (Phillips); Lissajous, p. 265 (not
traced) .
of. 1922 Coeloteuthis excavata (Phillips); Naef, pp. 229 - 230,

fig. 8% i only (cop. Phillips 1866).

cf. 1925 Coeloteuthis excavatus [sic] (Phillips); Lissajous,

pp. 21 - 22, fig. 10 (cop. Phillips 1865).

cf. 1974 Coeloteuthis excavata (Phillips); Schumann, pp. 27 - 28,

Taf. 4, fig. 9.

Material

Author's collection, Belemnite Marls, Charmouth, Dorset: 3 specimens
bed 110 IV: TB389
bed 111b: TB8O5
?bed 110 (fallen block): 130

Green Ammonite Beds, foreshore below Golden Cap: 1 specimen

beds 122a - c:  TB562

Description _
Rostrum small, conical, slightly compressed. Apex fairly blunt.

Dorsolateral apical furrows present, mergimg anteriorly into dorso-
lateral facets which may be furrowed; the appearance of furrows can
be due to the crushing of the very fragile guard around the alveolus.

Alveolus occupies most of the rostrum, with the post-alveolar

length not exceeding about 5 mm. Total length (L) of the rostrum
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cannot be validly ascertained due to gradual thinning of rostral
material against phragmocone wall.

Specimen TB562 (pl.21 fig.7 ) has part of the phragmocone
preserved in a crushed state; total preserved length of phragmocone
and rostrum is 40 mm, estimated post-alveolar length of rostrum is

3 mm.

Discussion
The four specimens in the author's collection are all some-

what smaller than the flgured specimens of Coeloteuthls listed in

the synonymy, but are generally similar to these in their conicity
and relative depth of alveolus. Two specimens (TB389, TB805) from
the Belemnite Marls were fractured, permitting the post-alveclar
rostral length to be estimated, this being 3 - 4 mm in each case.
Specimen TB562 from the Green Ammonite Beds is virtually identical

in appearance to TB389.

No attempt has been made to study the ontogeny of this species,
but it presumably includes the gradual concentric accretion of nor-

mal rostral lamellae around the growing phragmocone.

Stratlgraphlcal varlatlon

The four specimens listed here, from the jamesoni Zone, beds

110 qnd,liib, and‘déQdéi Zone, beds 122a - ¢, are all of similar

size and form.
Schumann's (1974, Taf. 4, fig. 9) similar but larger single

specimen of Coeloteﬁthis excavata from Ostercappeln, North Germany,

is from the ibex Zone (Lias gamma 2c, equivalent to bed 121 of the
Belemnite Marls). This specimen is sectioned, and closely resembles

the sectioned specimen, now lost, figured by Phillips (1866, pl. 2,
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fig. 4 S) upon which the genus was founded.

Distribution

Charmouth, Dorset: Belemnite Marls, jamesoni Zone, polymorphus and
brevispina Subzones, beds 110 IV and 111b; Green Ammonite Beds,

davoei Zone, maculatum Subzone, beds 122a - c.

181



Family HASTITIDAE Naef, 1922
Type genus Hastites Mayer-Eymar, 1883

Genus HASTITES Mayer-Eymar, 1883

Type species: Hastites clavatus(Stahl, 1824); Upper Pliensbachian.

Description

Rostra slender, clavate, often highly so. Apical furrows ab-
sent. Adoral part of the rostrum bears sharply incised paired late-
ral furrows. Transverse section rounded tetragonal to hexagonal in
stem portion, ovél to circular in inflated portion. Apical line
tends to be cyrtolineate, strongly excentric along most of its
length. Alveolar angle variable, 18 -~ 300.

Epirostra unknown.

Discussion
The above description is slightly modified after Schumann (1974,
P 28), who describes the apical line as ortho- or cyrtolineate,

due presumably to his inclusion in the genus of species allied to

mus (q.v.). The present author regards a cyrtolineate, excentric
apical line as an identifying characteristic of Hastites.

Poor calcification gf the alveolar part of the rostrum is a
characteristic of the family Hastitidae as defineq by Jeletzky
(1966).

Stratigraphical range

Lower Pliensbachian, upper Jamesoni Zone (?bréVisEina Subzone) -

Toarcian.



Hastites microstylus (Phillips, 1867)

Pl.28, figs 1-3.

non 1824

1866

1867

1869

1876

1883

1925

1928

1928

1928

13828

2?1974

1974

pl974

non 1974

Belemnites clavatus Schlotheim interpreted by Stahl,
p.3}, pl.l, fig.2.

Belemnites clavatus Blainville (sic); Phillips,

p.39, pl.3, fig.7.

Belemnites microstylus sp.nov.; Phillips, p.66, pl.13,

fig.316 (not fig.31 0O].

Belemnites microstylus Phillips; Dumortier, p.45,
pl.4.

Belemnites microstylus Phillips; Tate § Blake, p.321.

Belemnites microstylus Phillips; Mayer-Eymar, p.642.

Hastites microstylus (Phillips); Lissajous, p.110.

Hastites fustiformis sp.nov.; Lang, p.218, pl.l5,

fig.6. -

Hastites spadix-ari (Simpson); Lang, pp.218-220,

pl.15, fig.s.

Hastites microstylus (Phillips]; Lang, p.220.

Hastites stonebarroensis sp.nov.; Lang, p.220, pl.l5,

Fig.7. ' .

Hastites clavatus clavatus (Stahl); Schumann pp.30-32.

Hastites spadix-ari (Simpson); Schumann, p.33, pl.6,

figs 15, 17, 18; pl.7, figs 1-10.

Hastites microstylus microstylus (Phillips); Schumann,

pp.34-35, pl.7, figs 1le2-21 (mot fig.ll); pl.8, fig.l,
?fig.a.

Hastites microstylus araris (Dumortier); Schumann,

pp.35-36, pl.8, figs 3-8.

Type material

GSM 94536 in the Geological Survey Museum was chosen as
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lectotype by Lang (1928, p.220) and is here retained. This was

Figured by Phillips (1867, pl.13, fig.31G) as Belemnites microstylus

collected by Day "in a nodule from the Belemnite-bed of Lyme Regis' -
probably the Belemnite Stone (bed 121)] but possibly the Green
Ammonite Beds overlying it.

Dther material

Author's collection, Belemnite Marls, between Charmouth
and Seatown, Dorset: 23vépeéimensf
bed 118a: TB993, TBY9A (both Fragmentary).
bed 119: TBl066-1069, TBl078-1084..
beds l20a-b: TBl1108-1113.
beds 120d-e: D144, TB146, TBl5l.
bed 121: TBl5L.
.Green Ammonite Beds, Golden Cap: 18 specimens.
beds l22a-c: D204, DEOS,A%BSS3;AT8582-587, TBl11S2-1200.
7ibex and davoei Zones, near AselFingeﬁ} South West Germany:

numerous uncatalogued specimens, mostly fragmentary.

BMNH, coll. and/or det. W.D.Lang, Belemnite Marls, nsar Golden

Cap, unless otherwise stated: 4 specimens.

bed 119: (Hastites spadix-ari) C2899; (H. fustiformis)
29003 (holotype; from Green Pit Knap, north of

Charmouth)..

bed 121: (H. spadix-ari) C28997; (H. stonebarroensis)
Cl1996.
Green Ammonite Beds, near Golden Cap: 27 specimens.

bed 1l22a: (H. spadix-ari) c29002.

bed 122b: (H. spadix-ari) C42175; (H. stonebarroensis)

c4z2201.
bed 122c: (H. stonebarroensis) C28991 (holotype), C42000,

C42205, C42206.
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bed 1l22d: (H. spadix-ari) c28996.

bed 123: (H. stonebarroensis) C42184.

bed ?124: (ﬂ. fustiformis] C29005.

bed 124: (H. stonebarroensis] C42001.

bed 125: (H. stonebarrocensis] C42003.

bed 127: (H. spadix-ari) C42009, C42039.

bed 129: (H. fustiformis) C42031, C42032; (H. spadix-ari)

C29001, C42033; (H. stonebarroensis] C288%92-28995,

C42034-42036.

bed 131: (H. fustiformis) C42030.

bed 132: (H. fustiformis] C42022.

Description

Rostrum small to medium, strongly clavate, extremely slender
in anterior portion. Transverse section nearly circular in
post-alveolar portion, usually slightiy compressed but sometimes
slightly depressed. Sections of ante%ior portion sub-guadrate.
Apical line cyrtolimeate, apex of rostrum tending to migrate
upwards relative to axis of phragmocone during growth, producing
a somewhat curved profile. 'Apex acute to globular, depending on

position of maximum diameter of inflated portion of rostrum.

Paired lateral furrows well developed. Apical furrows absent.

Alveolar portion of rostrum freguently poorly calcified and
exFoliated. Alveolus very short, usually léss than 10% of total
rostral iength. |

Dimorphism not detected.

Epirostrum unknaown.

Discussion

Hastites microstylus as here definmed is based mainly on

material from the ibex and davoei Zones, although it first

appears in the upper jamesoni Zone and persists into at least
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the lower margaritatus Zone. It is clearly closely related to

H. clavatus, the type material of which is Toarcian (Lang 1928,
p.218) and it is quite possible that the two are conspecific,

further research being required to test this. The long ranges
of species of Hastites and species of its probable descendants

Hibolithes and Belemnopsis were accepted by Jeletzky (1966, p.l144),

but actual ranges were not given.

The present research indicates that only one species of
H. clavatus - like belemnite is present in the upper Belemnite
Marls and Green Ammonite Beds of Dorset, the earliest valid type

specimen being the lectotype of Hastites microstylus (Philips)

detailed sbove.
The species is highly variable, a fact which Phillips

(1866, p.338) encountered when he assigned to Belemnites clavatus

several upper Lower Lias specimens from various English localities.

This variability led Lang (1928) to describe four species

(Hastites fustiformis sp. nov., H. spadix-ari (Simpson], H.

microstylus (Phillips) and H. stonebarrocensis sp. nov.) with the

reservation that, "There is some grading between the forms; but,
on the whole, the specimens group themselves in this way, and
the arrangement, even if it should ultimately prove to be
artificial, is provisionally convenient."  (.ang 1928, p.217].
Morphometric study does not support this division (figs.73-75).
Ontogeny

The ontogeny of this species was not examined in detail,
but the section drawn in figure 76A reveals an early rostrum that,
as might be expected, is more slender than in any of the species

of Belemnites studied here. From the earliest atages, the

alveolus is comparatively very short and the rostrum clavate,

the postion of minimum diameter being just anterior to the
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protoconch; this suggests that the maximum efficierncy of the
rostrum as a counterbalance was important right from the earliest
period of the animal's life, which in turn is possibly related to
a greater degree of activity in young Hastites compahed_witﬁ

Belemnites.

Stratigraphical variation

As well as showing wide variation in form at a single horizon,
there is some slight shifting of morphology from bed to bed. At
Charmouth, speciméns from bed 119 tend to éttainu fhe largest
size (compare figs.73 and 74), but samples Froﬁ all beds seem
to belong to one adult size group.

Specimens from the GBreen Ammonite Beds are generally less
compressed than those from the Belemnite Marls (fig.75), and are
often slightly depressed in the posterior inflated pﬁrtion of the

rostrum.

Histograms of élavateness were not constructed as the very
high values found in many specimens would require more than 30
ranks on the scale used for other species, and, variation in this
character being large, a correspondingly large sample would be
required to produce useful comparative diagrams.

The material from North Germany described and figured by
Schumann (1974]) under several sub-species headings of Hastites

clavatus and H. microstylus (see synonymy) revealsa range of

form and stratigraphical distribution similar to that. observed
in Dorset. . “

Distribution

This species is widely distributed. Localities where its
vertical range may be established -include:

l. Charmouth, Dorset: Belemnite Marls, jamesoni Zone, jamesoni
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Subzone, bed 1l18a (two fragmentary specimens in author's

collection) to base of margaritus Zone (top of Green Ammonite

Beds] and possibly above.

2. BRottorf and Ostercappeln, North Germany: jamesoni Zoﬁe,
jamesoni Subzone to davoei Zone, figulinum Subzone (Schumann
1874].

3. Robin Hood's Bay and Huntcliff, Yorkshire: ibex and aavoei

Zones (Phillips 1866 (Belemnites clavatus) and personal observa-

" tion).
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FIG.73

Hastites microstylus
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FIG.74

Hastites microstylus
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Hastites microstrylus FIG. 75
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FIG.76

Camera lucida drawings of median
longitudinal polished sections.

A: Hastites microstylus: TB1078 bed 119, x24
B: Hastites sp. nov.: TB152 bed 1204, x24

p = protoconch
0o - outer surface of rostrum
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Hastites sp. nov.

'P1.28 figd, PL.29, fig]

7 1864 Belemnites charmouthensis sp. nov.; Mayer, p. 364 (no

figure), “fimbriatus beds", Saint Fortunat, Rhone.

non 1864 Belemnites charmouthensis sp. nov.; Mayer, p. 364 (no

figure), jamesoni Zone, Charmouth.

? 1869 Belemnites charmouthensis Mayer; Dumortier, p. 50,
Pl. 5,
p 1974 Hastites clavatus charmouthensis (Mayer); Schumann,

pp. 32 - 33, Taf. 6, fig. 10, 11 only.

Material
Author's collection, Belemnite Marls, foreshore below Golden Cap,
near Charmouth, Dorset: 7 specimens

bed 120 d: TB129, TB131, TB140, T3145,.T3150, TB152, TB153
Description

Rostrum fairly small, slender and markedly clavate. Section not
more than slightly compressed, sometimes slightly depressed in
posterior inflated portion of rostrum. Faint paired lateral furrcus
present, the lower 6nes tending to be stronger. Apical furrows ab-
sent.,

Apical line curved upwards and excentric, especially anteriorly.

Alveolus fairly short, less than 25% of total rostral length.

Dimorphism not apparent.

Discﬁssion

This rare belemnite, which is immediately distinguishable from
its contemporaries by its strongly excentric apical line, was found
in the Belemnite Marls only in bed 120d; but very similar material,

probably of the same species, appears to occur more commonly at
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other European localities. It is possibly conspecific with Mayer's

invalid paratype of Belemnites charmouthensis from the "fimbriatus

beds" of Rhone (discussed on pp. 61 -63), and is almost certainly

conspecific with material from the ibex Zone of Rottorf, North Ger-

many, included by Schumann (1974) in Hastites clavatus charmouthenéis.

It differs from Belemnites charmouthensis as here defined in the

excentriciﬁy and curvature of its apical line, its comparatively
uncompressed section and lack of apical furrows. These characters,
added to the clavateness of the rostrum, are here considered to

warrant the inclusion of this species in the genus Hastites.

Ontogénx

As the species was only recognized at a late stage in the pre-
‘paration of this report, its ontogeny has not been investigated in
detail. The stem region of one specimen (TB152) was sectioned longi-
tudinally (fig.76B), and this agrees wiﬁh Schumann's single figured -
section from the ibex Zone, Lias gamma 25.(1974, Taf. 6, fig. 11),

which reveals early growth stages (post-alveolar length 5 - 10 mm)

to be slender and slightly clavate.

Distribufidn

1) Golden Cap, near Charﬁouth, Dorset: Belemnite Marls, ibex Zone,

valdani Subzone, bed 120d.

2) Rottorf, North Germany: ibex Zone, valdani Subzone, Lias gamma

2b (Schumann 1974)

3) ? Saint Fortunat, Rhone, France; ibex Zone, ? davoei Zone,

("fimbriatus beds") (Mayer 1864).
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?Hastites sp. nov,

P1.29 fig.2

cf. 1974 Hastites compressoides sp; nov.; Schumann, pp. 37 - 39,

Taf., 8, fig. 9 - 17

Materidl
Author's collection, Belemnite Marls, foreshore below Golden
Cap, Dorset: ?3 specimens.
bed 120c: TB1135, also two uncatalogued specimens, probably
of the same species, on the surface of a slab taken from

bed 120c.

Description
Rostrum small, strongly clavate especially in horizontal plane

due to strong degree of compression in anterior portion. Transverse
section of inflated posterior portion suﬁ-circular, only slightly
compressed; anterior section sub—quadrate; Paired lateral furrows
present, lower ones more strongly developed, Apical furrows absent.
Apex rounded and sub-mucronate, faintly striated; symmetrical in
vertical plane.

Dimensions of specimen TB1135 are (in mm): L46; Dy post 8.2;
Dh,post, 8.2; Dy.ant, 7+1; Dn.ant. 5:2. Derived indices are:

comp. ant, 1.37; comp- post. 1,073 clav. y, 1.24; clav. ., 1.58.

Discussion

This species resembles H. compressoides Schumann in general

appearance, and bed 120c in which it occurs is stratigraphically a

very close eguivalent of those beds in North Germany from which

Schumann records H. compressoides ("Lias gamma 2b Mitte", which
places it in the middle of the valdani Subzone; at Charmouth, this

subzone includes beds 118d - 120e).
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The species differs from H. compressoides in that the_maximum.
compression in the latter is in the inflated posterior portion of
the rostrum, rather than in the stem region,

Until more material is obtained, the status of this.species
must remain in questipn: It is provisionally assignedlto Haétites
on the grounds of its strong clavateness and absence of apical
furrows. A re-examination of bed 120c in its exposures below Golden
Cap may yield a few more specimens; unfortunately, the effective
exposed area of the bed is rather small, much.of it being covered
by seaweed, and much of the material in it was crushed and fractured
prior to lithification. |

Ontogeny

rostra are slender and cylindrical, the club form developing only

gradually (Schumann 1974, p. 38).

Distribution

Golden Cap, near Charmouth, Dorset: Belemnite Marls, ibex Zone,

valdani Subzone, bed 120c.
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Chagter 5

Aspects of palaeocbiology

Assemblages and populations

It is well known that modern cephalopod schools or
local populations>are of very variable constitution in
respect of age and sex of individuals and fossil cephalopod
assemblages probably often reflect similar patterns.

Peiagic cephélopod schools may comprise (a) adults
of one sex only, (b) adults of both sexes, (c) juveniles
6F both sexes, or (d] adults and juveniles of both sexes
(Kennedy and Cobban 18976, p.5). Where Fossil cephalopod
assemblages represent local mortality patterns (as opposed
to post mortem drifted remains) it may be possible to
reoognizé such groupings, and they are indeed well
established for ammonites (Kennedy and Cobban 1876, p.34).
Large assemblages of adults may be due to mass mortality
following spawning. Partial segregation of sexes in local
populations (i.e. lack of a one to one ratio of adult
males to females where both are present] is often found
in modern cephalobod schools (Westermann in Westermarnn (ed.)
1968, p.l8) and, agasin, is frequently encountered in
ammonite assemblages. Imn modern cephalopods; this may be
due either to the earlier migration of females to egg
laying grounds or to sampling errors (Westermann op. cit.,
pp-18-20). 1In fossil assemblages, additional factors may
contribute to apparent partial segregation, including
(a) contamination of the local population with drifted
mater ial, (b] fohmation of the entire aésemblage From

drifted material or (c) formation of the assemblage from
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successive (e.g. seasonal) migrating populations of
segregated sexes; at a given locality, if sedimentation
had been slow enough, a collection made from a single
bedding plane could easily represent several years
accumulation of material. For a modern example of such

behaviour, (in Octopus vulgaris (which, although largely

benthonic in mode of l1ife, is migratory), matufe males

are present the whole year round in the area of Banyuls-
sur-Mer (France), whilst females with matufe eggs are
found from March to August and brooding females may remain
until October tMangold_and Boletzky i973].

Further complications in the interpretation of fossil
assemblages are suggested by other studies on modern
cephalopods, and four examples are given here:

(a) There may exist more than on¢ morphological variety
of a species within a restficted.érea, reproductively

partially isolated by migratoryﬁbehaviour‘and different
maturation times. Thus in the Gulf of Arcachon (France)

there are three varieties of Sepia officinalis. 0One of

these inhabits shallow water in the summer months while
sexually immature, and moves tq‘deeper‘wéters at the
approach of winter to lay eggs.:'The other two varieties
mighaté #rom"deepeb t6 shallower water_to spawn, one in
early spring and the other in summer. Intermediate forms
exist, due probably to occasional interbreeding made
possible by some overlap in periods oé'sexual maturity
(Tompsett 1939). The life span of Sebia is probably about
one year (Packard 1972). )

(b) Morphometric sexual dimorphism is not manifested in

all cephalopod species. More importantly, where present
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in some it may not be evident in very closely related
species. For example, in the squid Illex, three geographical
subspecies, or possibly species, are recognized, only two

of which are clearly dimorphic (the males being larger,

which is a little unusuall) (Mangold et al 1969, pp.1l155-56).
(c) Rate of growth can be considerably affected by
temperature and food supply, fhus size may not always be
closely related to age, and size at sexual maturity may

vary considerably (see, for example, the laboratory studies

on Octopus vulgaris by Mangold and Boletzky 1873). Cold

water populations take longer to reach maturity: in the

case of Sepia officinalis, which normally dies after

spawning at the end of its first year, two year classes

are found to enter the English Channel (Packard 1872,

p.28l1) (Specimens in captivity have been reported as living
for about two yearé, with one period of spawning eight

to ten months, with the males especially tending to

suévive afterwards (Schroeder 1973). Perhaps this is
related to artificial feeding or other factors of captivity.
Temperature was constant at EGDC.)

(d) The interpretation of size classes in modern cephalopads
is not straightForwaéd, often relating to seasonal rather
ﬁhan yearly hétching.r Simple year claéées may exist, but
it appears probable that most modern cephalopods have a
life span of two years or less, mass mortality, a£ least

of females, occurring after spawning (Packard 18972, p.281).

Most growth occurs in the first few months: Sepia

officinalis and the Japanese species of cuttlefish lay
down one cuttlebone layer a day for the first few weeks

or months of life and thereafter cease. Sepia officinalis
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has fast and slow growing classes of individuals, hatched
respectively at the beginning and end of the growing
season, aﬁd in Japanese squid two seasonal age classes
occur, '"probably representing populations with different
reproductive cycles and migration patterns'" (Packard 1972,
p.280).

Whatever their origin, size classes (up to three or
perhaps four) were found to be often present in samples
of species:DF-belemnites From'the Dorset coast lLower
Pliensbachian. Very similar groupings weré found by

Hewitt (1980) in assemblages of Belemnopsis and Cylindroteuthis

from the Callovian of Brora, Sutherland. Three size
groups were recognized in each genus, being particularly

well definmed in Belemnopsis. It was postulated that

these represented year groups, thé discrete mortality
clusters being due to concenthatioa of growth dur ing

summer and higher mortality in winter. Hewitt concluded
that, "Size frequency distributions show that Jurassic
belemnites were seldom if ever concentirated by localised
post-spawning mortality" (Hewitt 1880, p.191), although

he also suggested that, "It is probable that the third

size group were adults that died a few days after spawning"
[p,188]; If this was so, then belemnites were different

in this respeét from most modern cephalopods as

individuals of the third size group are much less abundant
than the others, which would imply an unusually high
mortality rate in the smaller, supposedly sexually immature
specimens, with post-spawning mortality éccounting for

oﬁly a smail percentage of total mortality. [Note that

the element of mortality due to predation cannot be
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assessed; although whole rostra only are considered in
the present work, it is conceivable that whole rostra
were excreted or regurgitated by some predators which
might significantly bias the samples.)

However, these size groups and those here identified
from the Belemnite Marls and Green Ammonite Beds are
consistent with the three or four yéah life span for
most belemnites as suggested by Stevens [1985, p.65J,
based on observation of prominent growth lamellae.
Depending largely on studies of Jurassic and Cretaceous
belemnites from the Indo-Pacific region, he found that
assemblages consisted mostly of the third and fourth
growth stages, and attributed this to post-spawning
mortality. He also pointed out that mass mortality may
on occasion be due to catastrophes such as earthquakes
or dinoflagellate blooming, and ciées some modern
examples.

The belemnite assemblages from each adopted unit
of the Belemnite Marls and Green Ammonite Beds are shown
in figures 78 to 103 in the Form of envelopes that include
all the measurable specimens collected. Figure 77, based
mainly on "adult' g'adolescent" specimens (L. greater -than -
40mm) gives an overall view of the species present in
each unit, "slenderness" indicating the\approximate rostral
profile. -

These assemblages include both of the mortality dis-
tribution types found by Stevens (1965) and Hewitt (1980},
together with some others, and are consistent with what
has been said of school compositions and migrations of

modern cephalopods, although the relative contribution of

201



these factors cannot be determined.

The species occur in the Fbllowing types aof size
grouping:

1) Three or four groups, juvehile to adult sizes.

e.g. beds l22 a-c Belemnites aduncatus

beds 118a, 117, 111 b-d B. nitidus

2) Same size range as (1), but grouping weaker or
rnot recognizable (may be two clear groups, the
~se¢ond corresponding to groups two and three
(or four)).
e.g. beds l1ll2 d-f, lle a-c, 110 Vv  B. nitidus

bed 110 V B. longissimus

3) Mostly adults only, broadly equivalent to size
group three; this is of frequent occurrence.

e.g. beds 122 a-c Hastites microstylus

bed 119 B. criéki

H. microstylus
bed 110 V B. abruptus
bed 110 IV B. imus

B. charmouthensis

B. longissimus

4) Mostly "adolescents" only, broadly equivalent

to size group two.

e.g. bed 122 a-c B. nitidus
bed 118 b-d B. nitidus-
bed 108 1 B. charmouthensis

5) "Juveniles'" only, broadly equivalent to group
one; this is rarely demonstrated due to
difficulties in identification.

e.g. bed 110. 1V B. nitidus
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In some samples, there is a tentative interspecific
vpattern of size distribution; when the normally large and
abundant B. nitidus is restricted in size, other large
species seem to be numerically well developed. Thus, in
beds 122 a-c, B. aduncatus is numerically dominant, in

beds 118 b-d, B. cricki, whilst in bed 110 IV B. imus

and B. charmouthensis are the dominant large belemnites

(also B. longissimus, which at other horizons is numerically
co-dominant with B. nitidus).

These patterns are likely to be largely due to
school compositions of local populations, aithough the
cosmopol itan appearance of B. aduncatus in the ibex and
davoei Zones and the general rarity of B. nitidus from the
davoei Zones onwards suggests a more widespread reduction
and perhaps extinction of the latter that may be related
to competition from B. aduncatus. '

Probable sexual dimorphism is also represented where
possible on these diagrams, and is further discussed below.
Of course, one of the main problems in the inter-

pretation of these assemﬁlages is that each one was
collected from a definite thickness of rock representing

a fairly long period of time. (As a_simplistic_calculation,.
assuming an ammonite zone to represent 1,000,000 years,
then the Belemnite Marls were deposited in 2,000,000 years;
they are here represented by 29 belemnite assemblages
(including bed 116 with a sample size of zero), so on
average each assemblage covers about 35,000 years.] On

the other hand, the assemblages are usually well defined,
and appear to be uniform in profile throughout their ramnge,

thus it appears likely that a good proportion of them
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represent temporarily stable local populations (with or
without regular migration patterns).

Changing local conditions wéuld be likely to affect
breeding areas énd migration linked segregation patterﬁs,
and this could largely account‘For the varying distribution
of size classes and sexes in individual species from
successive beds. Size changes could also be due to direct
environmental effects on growth, which were invoked by
Hewitt and Hufst (1977) to expiain the size changes in
liperoceratid ammonites from the ibex and davoei Zones of
Southern England.

The situation is Further complicated by the shifting
morphology displayed by va-ious species (described in the
previous chapter), but until a great deal more inFoFmation
is available concerning other localities it cannot Ee
decided if this is due to overall fluctuations within
species or to succession of facies controlled varieties.

As mentioned under ﬁStratigraphy",'beds 110 and 108
of Lang (1928)] are, for the purpose of this work, sub-
divided on the basis of belemnite assemblages; although
there are corresgponding lithological differences, these
are not easily recognizable in the field. The assemblages
are:

110 v: Belemnites abruptus (adult)

B. nitidus (juvenile-adult, some size
grouping)

B. longissimus (juvenile-adult, dimorphic)

110 1Iv: B. abruptus very rare (one adult and one
probable juvenile)

B imus (adult only, dimorphic) .
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B. nitidus (juvenile only)
B. charmouthensis (adult, dimorphic)’
B. longissimus (mostly adult, dimorphic)
110 III: B. imus (rare, two adult specimens)
B. nitidus (juvenile-small adult)
B. charmouthensis (mostly adult,
dimorphism not evident)
B. loﬁgiésimus {mostly adult, dimorphic]
110 II: B. imgg.[adult, dimorphism not evident])
B. nitidus [ juvenile-small adult)
B. longissimus (adult, dimorphism not
evident)
110 I:. + B charmouthensis-(mostlyvsmall adult,
dimorphism not evident])
108 II: B. imus (rare, two adult specimens)
B. nitidus (rare, éwo Juvenile specimens)
B. charmouthensis ([ juvenile-adult,
dimorphism possibly present; larger
sample required)
108 I: B. imus (adult)
B. nitidus ( juvenile-adult)
B. charmouthensis ( juvenile-adult,

dimorphism not evident])

These assemblages are shown in figures 81 to 88,
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FIG. 86
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Sexual dimorphism

Attempts have been made for well over a centufy
(starting with d'Orbigny 1840-42]) to recognize sexual
dimorphism in belemnites, usually by ana;ogy wiﬁh.body
and shell dimensions in modern dibranchiates,' Some authors
(e.g. Lissajous 1925, pp.43-44), whilst accepting the
possibilify of dimorphism in principle, have conéluéed
that its Pecognition'in rostra is difficult if not
impossible, and it has been panted out that the anterior
parts of the shell, particularly the pro-ostracum, are more
likely to be affected by diFFeFences in gonads or body
shape [(e.g. Stevens 1965, p.54; Pihckney 1975, p.83).

Whehe definite rostral dimorphism has been claimed

(é.g. Delattre 1956), it has been regarded by other workers
as possibly due to intraspecific variation and inadequate
sarﬁpling° Varyingly tentative degrees of rostral
dimorphism are commonly reported (e.g. Phillips 1870;

Lissa jous 1925; Challinor 13975; Rinckﬁéy 1975; Hewitt 1880]),
mostly hinging on different degrees of slenderness.

Detailed numerical analyses are sparse; as an example

Delattre (1956) provided data, but no diagrams, for

supposed dimorphism in Aaleniamn Acrocoelites and Brachybelus

from Mamers, France. He Qtilized the same parameters as
the present work and data for two pairs are plotteﬁ in
figure 104. He described three pairs of dimorphs, members
of a pair being termed types 'A' and 'B'. Type A Forms
had a shallower alveolus, more slender rostrum and more
tapering apex than type B. (Note that, where phragmocones
are similar, rostra with a greater diameter in the

alveolar region necessarily have deeper alveoli.) This
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style of dimorphism is very similar to that described here
in species from the Belemnite Marls. Unfortunately, as
the FiQUPé shows, there is little sign of bimodality and,
as Stevens (1965, p.54) suggested, normal intraspeciFié
variation would account for the ob;erved diFFePehceg in
morphology. It is possible that a larger sample would
vindicate DOelattre; in particular, the range of variation

in the Acrocoelites triscissus and A. conoideus pair is

similar to that observed in some of the clearly dimorphic

pairs described here (e.g. Belemnites imus). (Delattre

did not formalize his taxonomy, retaining two specific
names for one supposed dimorphic species.)

fhe equivocal nature of most reported instances of
dimorphism is due largely to reliance on observétions of
only the final growth stage of each rostrum (i.e. the whole
specimen). As with ammonites, onédgenetic studies are
required to identify juvenile similarity and subsequent
separation of dimorphs. For the present research,
specimens were chosen at random from whole assemblages
and were longitudinally sectioned. The clusters of growth
curves derived from these specimens, as well as clearly
defining morphospecies, oFtep shoy-A§_§ybséq§§hy_mqrq or
well_deVeloped bifurcation within single species. Data
Fhom.suitably'FPactured unsectioned rostra plot vehy.well
onto the growth curve clusters (e.g. fig.l05).

The dimorphism resulting from this bifurcation, where
present, is detailed for each species in the previous
chapter. The terms "robust" and '"'gracile'" have been
adopted to describe dimorphic rostra. Different styles

of dimorphism may be recognized, depending on which growth
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curves (Dp:Lp) change slope to produce the biFurcation;
In the Belemnite Marls, the following patterns were
observed:

1) Gracile lines decrease slope, robust lines

remain nearly constant: Belemnites imus.

2) Robust lines increase élope, gracile lines

remain nearly constant: B. charmouthensis,

B. longissimus and possibly B. nitidus.

3) Bothsets of iinés incréase slope, robust more

so: B. cricki.

In some other instances (e.g. B. nitidus in beds
111 b-d and 112, see figs. 31 and 32), although dimorphism
is not apparent, the degree of variation in specimens
above a certain size noticeably inoreaseé; and it is
possible that there is here a "céhcealed" dimorphism.
Statistical analysis of a larger ééhple might reveal a
degree of bimodality in some such cases.

Assuming that it is sexual in origin, the actual
function (if any) of rostral dimorphism is obscure. The
most obvious suggestion would be that the male and female
anatomies require slightly diFFahent cdunterbalances once
a certain degree of maturity is:heached, possibly relatsd
to egg mass or brood pouch development in the females.

It is not at present poséible to identify the sex of each
dimorph; it may be that a better knowledge of variation
in pro-ostraca would throw more light on the nature of

belemnite dimorphism.
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. | FIG.105
Bed 110 IV | Dp ‘Lp :

1 Belemnites abruptus
2 B.imus

3 B.charmouthensis

L B.longissimus

5 B.nitidus

r=robust
g=gracile
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Early ontogeny

Various interpretations of the structural components
and ontogeny of the belemnitid skeleton have been
proposed (e.g: Huxley 1864; Naef 1922; MUller-Stoll 1936;
Mutvei 13864; Jeletzliyy 1966) with é general lack o€
agreement between authors that is probably due mainly to
differences in preservation and preparation of material
and reliance on conventional light microscopes. However,
use of the scanning electron microscope has clarified
some of the more contentious details of structure, and ih
particular work by Barskov 1973 (a, b) on Upper Jurassic

Pachyteuthis and Lower Cretaceous Conobelus and Mesohibolites

has done much to elucidate early ontogeny.

The present research, while dependent on light
microscope, in general supports Barskov's model of early
ontogeny. This model is augmentea'by the observation in
many Belemnite Marl specimens of opague spherulitic
calcite structures, with a diameter of the order of 0O.lmm,
posterior to the protoconch. In a number of instances
(e.g. fig.9), rostral lamellae are clearly seen to be
convoluted concentrigaily with these spherules which are
thus regarded as being of primary origin, and are here
termed "primary spherules". They were probably initisl
loci of rostral calcite growth, deposited within the
elongating mantle epithel ium to provide a framework for the
deposition of mormal rostral lamellae. Although most
commonly observed within the area bounded by the earliest
clear lamellae, they may occur at any point along the
apical line where they were probably rapidly secreted

within the soft growing apex of the mantle before being-
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surrounded by lamellar material. Primary spherules wsre
not observed in all specimens.and are not regarded as
obligatory skeletal elements; this mode of calcite
deposition is appropriate where rapid elongation of ﬁhe
mantle occurs, and would probably have been largely
dependent on external conditions (e.g. temperature,

salinity, food supply). Spherules are most common ir the

more slender species, particularly B. longissimus.
The structural elements of the protoconch and éarly

phragmocone and the ontogenetic interpretation of the

early belemnitid shell are shown in figure 106. The growth

stages shown are as follows:

1) Skeleton external, formed by initial inner
prismatic layer of protocohch.

2) Mantle extruded, secreting outer prismatic layer
of protoconch so that the skeletoﬁ‘is now internal.

3] Protoconch sealed off by closing membrane (an
extension of the prismatic layers) to form a buoyancy
chamber.

4) Deposition of nacreous layer around protoconch
gnd commencement 0? phragmocone wall consisting of one
imnher prismatic layer.anqrthio%feh_naghequs layer. The
nacreous layer frequently, if not always, encloses a
boss-shaped void on the posterior face of the protoconch
which, being filled with diagenetic sparry calcite, has
been misinterpreted as a skeletal element (see below) .
Barskov, (1973b, p.221) by analogy with the ammonites;
associates the deposition of the nacreous layer with a
diFFerentiétioﬁ of the shell epithelium accompanying

metamorphosis from a larval form.
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5) Formation of first rostral layers as boss on the
posterior face of the nacreous layer of the protoconch,
with subsequent elongation of the mantle and deposition
of primary spherules. Continued growth of phragmocone,
with Formation of septa and siphuncle [only one septum
and connecting ring of the siphuncle are shown).

6) Deposition of convoluted rostral lamellae around
primary spherules and‘subsequent smoothing -out of rostral
profile. Rostral lameliée probably consisted of
alternations of prismatic calcite and nacreous arasgonite
with some degree of primary porosity. (Barskov 13873b;
Spaeth 1871 ; Spaeth 1975).

Note thét rostral growth cannot be cqrrelated with
phragmocone growth, so the relative timing sugéested above
cannot be proven. The initial elongation of the rostrum
is assted to correspond approximately to the initial
development of camerae in the phragmocone.

| The void formed by the nacreous layer on the posterior
Face of the protoconch was not recogniéed as such by
Jeletzky (1966), although it is oFfen Filled with secondary
sparry calcite identical to that usually occubying the
protoconch (e.g. Jeletzky lSBB,lpl.ll, fig.1l). He
included it in a sﬁructuhe that he termed the "primordial
guard" (lSGB,'p.lEQJ, appearing in the suborder Belemnitina
as a saucer adhering directly to the outer wall of the
protoconch and restricted to its apical part. Although
the bulk of this structure consists.of secondary calcite,
a few lamellae external and concentric to the apical part
of the nacreous layer can sometimes be seen, but, like the

primary sphsrules, they were probably not obligatory
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features of rostral development but depended rather on
the rate of elongation of the posterior mantle.

Subsequent development of the rostrum has been
described for each species under the relevant headings;
early profiles of various species from the Beleﬁnite Marls
are shown in figures 107 and 108. These different forms
presumably provided appropriate counterbalancing for
different shapes of yﬁung animal. Although the form of
the rostrum at this stage more or less prefigures that of
the adult, it is invarigbly more stout and has g deeper
alveolus; this may partly have been to protect the Fragile
protocench and early phragmocone during‘the animal's

juvenile stages.
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FIG.106

A: structure of the protoconch and first
phragmocone chamber
(after Barskov 1973%a)

B: early ontogeny; see text for details
(1-4 after Barskov 1973b; 5-6 after
Barskov 1973%b and pers. obs.)
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F1G.107
Typical early rostral profiles :

Belemnites abruptfus

/_4emni’res imus

Tmm

Belemnites cricki

Belemnites nitidus
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: FIG.108
Typical early rostral profiles

Belemnites cﬁarmou’rhensis

Belemnites longissimus

Hastites sp.nov.

Hastites microstylus
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Rostral form and function

It is generally accepted (e.g. Stevens 1965, p.49)
that the belemnite rostrum Functioned principally as a
counterweight, while its development as a protection for
the phragmocone was usually DF'secéndary importance.

The variation in shape of the rostrum encountered
in the Lower Pliensbachien is considerable, ranging from

short obtuse cones (?Coeloteuthis sp., Belemnites abruptus)

where phragmocone protection may be an important function,
to highly slender elongate formsg, often stfcngly clavate

(B. longissimus, Hastites spp.]}. If the entire belemnite

fauna of the Belemnite Marls is considered, then every
degree of slenderness between these extremes is present.

It is reasonable to suppose that this variation is
to some degree related to variation in form in the rest
of the animal; however, the only sﬁher structure whose form
can be deduced -~ the phragmoconé - was found to be
remarkably similar, at least in its alveolar portion, in
all of the species studied [Fig.lQS]. There is almost
certainly a wide variation in the size attained by
phragmocones of various species; from the few reasonably

well preserved specimens found, it appears that the

phragmoéones of the slenderest species (B. longissimus)

are &uch shorter than in stouter species of comparébie
rostral length (B. aduncatus]) (fig.ll2]).

Usually, the rostrum is the only structure available
from which to deduce its own significance, but, despite
this, some useful speculation is possible. Firstly, it is
likely that much rostral variation, particularly intra-

specific variation, was not closely related to function.
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As Schumann (18974, p.l4) pointed out, belemnite taxonomy
is "upheld by features which Formerly played only a minor
role in tHe life of the animal. Such is the case, for
instance, with the cross section (in so far as its shape
is not determined by the impressions of the Furrowg). It
is especially true of the shape of the apex; whether it
was more or less acute or obtuse was in generai completely
insignificant to the organism" (my transl.). He is in
effect stating that much rostfal variation is due to low
selection pressure. This is also borne oﬁt by the
surprisingly common occurrences of deformed or damaged
and regenerated roétra that manage to have reached full
size subsequent to initial deformation or fracture,
suggesting that a deformed rostrum was not particulahly
disadvantageous to the animal. ‘

One aspect of rostral form Qhése function can bé
recognized is that which results in a more effective use
of available skeletal material as a counterbalance.
Obviously, the eFFegﬁive turning moment of a given mars of
rostral material is maximised by placing as much of it as
possible as far away. as possible from the centre of
buoyancy of the animal. Forms with long,vsle@der rostra
(including epirostra - see below) and/or clavate rostra
may Ee explaiﬁed in this way. There may also be sthéam—
lining advantages. These characters are found separately
or in combination in many Jurassic and Cretaceous belemnites;
of interest here is the lineage that commenced with Hastites,
which Fihst appears in the jamesoni Zone. The Hastitidae,
and, later; the Belemnopseidae (see Jeletzky 1966)] developed

characters that show them to have differed significantly in
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organization from the Belemnitidae. In addition to
pdssessing a clavate rostrum that is often extremely
slender in the alveolar portion, the Hastitidae show a
"strong tendency toward development of shallow ventro- and
dorsoalveolar Furﬁows and toward partial to complete
destruction of apparently poorly calcified alveolar part

of guard, commonly resulting in Actinocamax - like

appearance at alveolar end." (Jeletzky 1966, p.143). In,

for example, Hastites microstylus, the extraordinarily
thin alveolar part of the rostrum and the additional
fragility conferred by its poor calcification suggest that
it was supported by more soft tissue than in other
belemnites; at least some belemnite rostra are supposed to
have been only thinly covered by mantle tissue (Seilacher 1968].
Increased internalization oF_?he rostrum in the
Hastilidae may be reflected in ventral and dorsal alveolar
furrows, not found in the Belemnitidase, which may
indicate an increased vascular supply to this part of the
animal.

‘"The paired lateral furrows or lines are similar to
those Found‘in many of the Belemniti&ae, but are nearly
always well developed whereas in the Belemnitidae they are
of very variable depth even within single species. On the
other hand, the dorsoventral apical furrows that are nearly
always present in the Belemnitidae as posterior extensions
of the upper lateral furrows are invariably absent in the
Hastitidae. The furrow patterns observed in the species
dealt with here are shown in figs. 110 and 1l11. As
discussed by Stevens (1965, pp.49-50), lateral furrows

probably represent "the points of termingtion (against the
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flanks of the guard] of lateral structures such as fing!".
The transverse section of the rostrum often varies
much within and between species, and is only occasionally
of practical taxonomic value (e.g. in B. imgé], Most
belemnite rostra are more or less compressed al&ng the
whole length. In Lower Pliensbachian species in which
some cepression occurs, it is usually most marked in the
posterior portion of the rostrum (e.g. B. ridgensis].
The shape of the section is partly determined by the
rostral furrows and facets; representative sections
(taken across the apex of the alveolus) are shown in

figs. 110 and 111).
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FIG.109

: B. cricki: D139 (robust) beds 118b-c

Drawings traced from photographs of
median longitudinal sections to show
alveolar profile.

All x2.

Belemnites longissimus: 147 (robust) bed 110

B. nitidus: D121 bed 110 V

: B. imus: D87 (robust) bed 110 II

abruptus: D175 bed 110 V

fos]

oz
c

nitidus: TB117 beds 120a-b
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FIG.110

Belemnites cricki

?Coeloteuthis sp.

: B. ridgensis-

: B. aduncatus

Hastites microstylius

: H. sp. nov.

: 7H. sp. nov.

Dashed lines indicate course of furrows;
hatched areas represent facets or very
wide, shallow furrows. '
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(sections at alveolar apices)

M L2 i L N R
(o e il a kil === -
A B
N C—

Bt e s i cciccaad

VA ciyrs I35t ses55555557
‘ C
——

HI5555 555 S
B A Y FVT ST IV I 1Y AT TSV agae— .
D

250




FPIG.111

Belemnites longissimus

: B. charmouthensis

B. nitidus

: B. imus

: B. abruptus

Dashed lines indicate course of furrows;
hatched areas represent facets or very

wide, shallow furrows.




: FIG.M
Furrow patterns and transverse sections |

(sections at alveolar apices)
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FIG.112

Reconstrﬁctions_of Belemniﬁes aduncatus

and B. longissimus to show probable

sizes of phragmocones.

A: based on three specimens in the authorfS"
collection from unknown horizons (loose
blocks) in the Green. Ammonite Beds.

B: based on TB178 and TB369, bed 110 IV .
(see also pl. 2, fig. 7). ‘ '




F1G.112

Belemnites longissimus

Belemnites aduncatus
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Epirosti-a

Occurrences of belemnites with posterior tubular
extensions to the rostrum are well known and poorly
understood. These epirostra have a simple structure, con-
sisting of an outer wall of normal rostral lamellae enclosing
a hollow fFilled with an ill-sorted mixture of organic
material and calcite, sometimes showing a crude lémihation
in well preserved specimens. The epirosthgm is often
markedly narrower thén the rostrum, which produces a.
distinctive profile in uncrushed specimens (fig. 113A); the
majority of epirostra are preserved in a crushed state.

As suggested by Krymgol'ts: (1958, p.150 (p.240 oF.
translation)), the epirostrum probabLy arises due to a

rapid elongation of the mantle and temporary cessation of

normal lamellar deposition? pPDdQCing the poorly structured
core before normal deposition rgcﬁﬁmencés to form the outer
tube. MUller-Stoll (1936) attempted to show that the
epirostrum could be resorbed, leaving a scarred umbilicate
apex to the rostrum, and he figured an impressive series

of sections of uncrushed speciméns in support of this

idea (MUller-Stoll 1935, pls.1-8]. This is an attractive
hypothesis that merits further investigation; if vindicated,
it would imply that epirostra were more commonly developed
than is realised. UnForfunately, the material from the
Belemnite Marls is of little use in this respect as the
epirostra are almost invariably badly crushed and show
little internal detail. They are also rare at most
horizons.

Various functions have been proposed for the epirostrum,

commonly invoking sexual dimorphism (e.g. d!'Orbigny 1840-42;
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Lissajous 1925); others include: an additional balancing
organ [(hot sex linked), a protection for the rostrum and a
regulator of rostral development, but, as Roger (1952
pp-700-701) concludes, none of these can be proven;

In the Belemnite Marls, specimens with epiFostra
occur sporadically in various beds. Short examples are

sometimes observed in Belemnites longissimus (bed 110) and

B. cricki (bed 118 b-c]) and better developed but poorly

preserved specimens of at least two species [(B. longissimus

and B. nitidus) occur in bed 120 c. The best and most
consistent development of epirostra was found in B. nitidus
in bed 118 a (although with occasional examples from

beds 115, 117 and 120d) where, as described on p.8]
approximately half of the "adult!" rostra bear epirostra,
which is suggestive of sexual diﬁdrphism. The other
interesting point arising from phié>assémblage is that

the epirostra all appear to have initially developed in
size group 2 specimens (fig.96) (L is measured to the point
of commencement of the epirostrum). The combined rostrum
and epirostrum (not measured, as these epirostra were
usually broken prior to Fossilization] hatches or exceeds
the rostral length of group 3 specimens, while Héméining
more slender.

As with other occurrences [(e.g. Cuspiteuthis tubularis

from the Jet Rock of the Yorkshire Coast), these epirostrid
specimens often bear an irregﬂ}ar, longitudinally ridged
suPFaée pattern, developed particularly on the dorsal
surface of the rostral portion [plfl4, Fig.4). This
feature is not invariably present within a single species;

it may have some function as an improved attachment area
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for the extended mantle, or it may simply be a localisedr
depletion of skeletal material due to the sudden
requirements OF-epiPOstPum formation.

It is likely that the key to an understanding of the
epirostrum lies in regarding it not as a distiﬁct
structure that is either present or absent but as a more
or less occasional response of essentially normal rostral
growth to some as yet unidentified change of conditions
within the animal. This view is supported by the
occurrence in other contexts of loosely organized material
Pesembling the epirostrum core materigl, in each case
probably corresponding to a period of rapid mantle growﬁh.
Observed instances include:

1} The material observed within the-apicél region
of early growth laminae of B. abfugtus, and also reported

in Megateuthis (which often has_an(epihosthum as well)

(see pJ35 3. 1In B. abruptus at this stage, the rostral
profile is somewhat irregular, recalling the inflected
profile seen in epirostrid specimens of other species.

2) Smaller volumes of similar material dong the
apical line, between the well deyeloped lamellae, in many
specimens of most of the speciesiexamined. PPDP ca;ciFicaj
tion along the apical line (corresponding pérhaps to the
rapidly dividing cells dF the mantle at its apex)] is
probably hesponéible for the weathereq_umbiiicus seen in
many belemnite spebies.

3] Material associated with regeneration (of damaged
rostra or with pathological growth. Abel (1816, pp.215-216,

figs. 83—85] figures an impressive series of sections of

Cretaceous Hibolites and Duvalia in which the clearly
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visible broken rostrum is surrounded first by undifferentiated
material (especially in the apical region, where the shell
epithelium may have been more active) and then by normal
laminge (the eventual rostral profile being much deformed].-

A comparable deformed specimen of 7Acraocoelites sp. from

an ungspecified horizon in the Upper Lias of the Yorkshire
Coast is shown in figure 113B, showing poorly organized
material with some crude lamination around the apical
region and following the direction of regenerated growth.
The original rostrum in this case does not seem to have
been fractured, and the condition may have been due to
localized mantle damage, for example by the bite of a fish
or reptile.

It is reasonable to suppose that thé.epibbstrum Was

developed as a counterbalance to- some alteration (probably

a decrease] in the buoyancy of the anterior part of the
animal, that moved the centre of buoyancy backwards. Net
alterations in buoyancy could probably be compensated for
by active control of phragmocone Fluids, as in the modern
cuttlefish (Dentaon and‘Gilpin—Brown 1973). Conceivable
causes of imbalance include the,develéﬁment of egg masses
or brood pouches in the female or a_requﬁipq in_t%ssug o
buoyancy due to fat loss in both sexes at:-the onset of
spawning. The major objéction to such reasoning is the
general rarity of epirostra. However,. if resorption could
be shown to have occurred, this objection would largely

vanish and the occasional local abundance of epirostra

would be explained.
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FIG.113

A:

Diagram showing relationship between:
rostrum and epirostrum.

Sketch: x1 of section through a deformed.
rostrum of ?7Acrocoelites sp. (alveolar

portion missing), U. Lias, N. Yorkshire
coast., with photograph:x6 of the
regenerated apex (coll. J. R. Senior).







Ornamentation

Apart from the furrows andAapical striae, the
ma jority éF rostra studied were devoid of ornamentation.
Two notable exceptions were observed: 1) the irregular
ridged pattern occuring on the dorsal surface of the

majority of specimens of Belemnites nitidus that bear

epirostra (pl.14) and 2) the raised linear, reticulated

and punctate patterns of variable extent on the surface

of several of the larger specimens of B. aduncatus from the
Green Ammonite Beds (pl.26, Fig.l; pl.27, Fig.EJ.

As previously mentioned, epirostrid specimens of
various species bear the type of surface pattern shown by
B. nitidus, and striated ornamentation on B. aduncatus
has been noted in the past (e.g. Phillips 1866, b.49].

The primary nature of such pétterns is demonstrated
by one specimen of B. aduncatus [pi.ES, fig.3) which shows
that each raised element of the ornament is built up of
concentric lamellae that abut on the earlier smooth '
surface, rather than being due to weathering along the
radiating prismatic crystal faces of the rostrum.

It is feasible that the ornamentation in both species
is a consequence of a reduction in the activity of the_
shell sécreting epithelium, in the first case locally as
a result of the requirements of epirostrum formation and in
the second case more generally, perhaps as g result of old
age. Due to its sporadic occurrence in these species,
such ornamentation is not considered to have any taxonomic
value.

Coleoid beaks

Two isolated beak elements were found, one from bed 110 V
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and one from a fallen block of the Green Ammonite Beds,
probably beds l22 a-c (pl.29, figs. 3-4). Both are
calcareous, and the one from bed 110 V is surrounded by

a fragile carbonaceoﬁs structure that presumably represents
its original support. As yet, no éomparative study-has
been made of these specimens, and their affinities are
uncertain although both are probably belemnitid. The

one from the Green Ammonite Beds occurred in association

with several specimens of Belemnites aduncatus.
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Appendix

Belemnites nitidus: list of material. Author's collection, Belem-

nite Marls and Green Ammnonite Beds between Charmouth and Seatown,
Dorset: 572 specimens
bed 104: TB1039, ?TB1042 (fragment)
,  bed 105: uncatalogued fragmentary material, probably this species.
bed 106: TB29 - 32, TB34 - 37, TB84Y - 847, TB84Y
bed 107: D74, TB38 - 42,‘T3214,‘TB850, TB851
bed 108: TB218, TB594, TB595, TBE0O, TB612, TB626, TBéju,
TB635, TB856
bed 109: TB637 - 646
bed 110 II: TB270, TB281, TB283, TB285, TB295, TB296, TB302,
TB304, TB305 |
bed 110 ITI: D98, TB314, TB318 - 321, TB323, TB325; TB326,
T8337, TB338, TBI3, TBIM, TE3LS, TBIL
bed 110 IV: TB224, TB228, TB231, TB355, TB386, TB387, TB388,
' TB4O3, TB4O3a, TBLOL | _
bed 110 V (1wr.): D107 - 110, TB233 - 238, TBU16, TB421, TB517,
TB518, TB519
bed 110 V (upr.): )
L less than 40 mm: D126, TB46,VTB241,.TB439, TBU4LO,
TBu73 - b76, TB4BS, TB493, TB513, TB535
L = 40 - 80 mm: D116, D117, D120 - 123, TB240, TB40O,
TB430, TBU435, TBUE2 - 472, TBUBZ - 485, TB491, TB4Y2,
TB527, TB528, TB529, TB534, TB541, TBS54L
L greater than 80 mn: D113, Dii4, D119, D129, TBA4? - 50,
| TB52, TB53, TB54, TB60, TBA431.- 434, TBUS8 - 461,
TBH?8 - 481, TB4B? - 49O, TBUOL, TBLYY,TB500, TB507,

TB508, TB525, TB526, TB531, TB532, TB533, TB537 -
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540, TB543, ?TB511, 512 (?gracile)

bed 11ia: D130, D131, D132, TB61, TB63, TB510, TBG647 - 653,
TB767

bed 111b: D134, TB6L, TB655 - 664, TB798 - 805, TBBO?

bed 1ilc: D135, TB68 - 73, TBE6S - 671, TBBOG

bed 11id: TB74 - 84, TB243, TB672, TB673, TB674, TB80?, TB808,
TB809

bed 11le: TB85 - 92, TB675, TB810

beds 112a - c: TB93 - 105, TB6?6 - 693, TB811 - 827

beds 112d - f: TB24k4 - 247, TB694 - 702, TB704 - 709,TB830 -
838 | _ |

bed 113: TB84 (pathological).

bed 114: . TB8A41, TB842, TB843, TB1052, TB1053

bed 115: TB1054 - 1062 |

bed 117: TB710 - 748, TB859 - 873

bed 118a: TBEG3, TBYZ9 - 984 |

beds 118b - d: TB757, TB759, TB?éi, TB764, TB783, TB784, TB8Y6,
TB897, TB926, TBY27, TB928, TB1025 - 1029

bed 119: TB107, TB1063, TB1064, TB1065, TB1070 - 1077, TB1091

beds 120a -~ b: TB109, TB110, TBil2, TB113, TB115 - 119, TB133,
TB1093 - 1106

bed 120c: Dih6, TB120 - 123, TB126, TBiiik - 1121, ?TBizh,

 ?TB1128, ?TB1130 - 1133
beds 1204 - e: D141 - 143, TB128, TB130, TB131, TB134 - 141,
TB143, TB144, TB155, TB156, TB1140, TB1142 - 1155
bed 121: TB158, TBi215, TB1216
Green Ammonite Beds, below Golden Cap: 10 specimens
beds 122a - c¢: D208, D209, TB568 - 5%0, TB589, TB1173, TB1174,
TB1212, TB1213

Belemnitiferous Marls, road cutting on A303, near Tintinhull, Dorset.
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0S ref. SY497205: uncatalogued fragmentary material. ?Jjamesoni to
dayoei Zones, Wutach valley, near Aselfingen, South West Germany:
uncatalogued fragmentary material.

BMNH, coll. and/or det. W.D, Lang, Belemnite Marls, Charmouth and.

surrounding area: 85 specimens

C43814; 28883 - 28887, ©28889 (holotype), C28890 - 28892,
c43801, C57216 - 57218

bed 110b: (P. argillarum) 028879, C28880 (holotype), CL43813,

C43815; (P. stonebarroensis) 26882

bed 111b: (P. elongata) C28990, C28991, C289903 - 289906,
29507

bed 111c: (P. elongata) 028902 (neotype)

bed 111d: (P. elongata) C29506

bed 112b: (P. westhaiensis) C28896

bed 112d: (P. westhaiensis) 28898, €28899, C43757, CU43759

bed 112e: (P. westhaiensis) €28895, C28912 - 28917, C43771

bed 112f: (P. westhaiensis) €28893, C43782

bed 112 "about the middle": (P. westhaiensis) 028894 (holotype)

bed 115: (P. woottonensis) 028919, CL3767

bed 117 or 118a: (P.>ﬁoottonénéis) 28918 (holotype)

bed 118a: (P. woottonensis) C28920, C29509, C29510

bed 119: (P. dayi) C29242
beds 120a = b: (P. dayi) C29168, 029171, 29173, 29183,

€29235; (P. seatownensis) C29238, C29516

bed 120c: (P, apicicurvata) C 29195, €29202, C29225;

(P. cf. apicicurvata) €29519; (P. dayi) C29520;

(P. seatownensis) 29206, C2951&, C29517
?hed 120c: (P, dayi) €11350, C11385, €11387, C11407 (holotype);

(P;-seatownensis) Cé742, C11414 (holotype)
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bed 120d: (P. seatownensis) 29148, 29201, C29518

Staatl. Mus. Nat., Stuttgart: 4specimens

One specimen labelled "Belemnites virgatus Mayer", figured in
Werner (1912), pl. 11, fig. 4. Lias gamma, Dirnau.

Three specimens, coll. Schlatter, no identification, from Lias

gamma, Nurtingen.
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PLATE 1

Belemnites longissimus Miller

All specimens shown in right-lateral and

dorsal views. All x1°

Fig.
Fig.,
Fig.
Fig.
Fig,
Fig.
Fig,

* -

o

o

O F WY
°

o

7.

TB297 (robust), bed 110 II.
TB299 (robust), bed 110 IT.
TB30% (robust), bed 110 II,
TB331 (robust), bed 110 III,
TB161 (robust), bed 110 IIT,
TB163 (gracile), bed 110 III.
D8% (gracile), bed 110 III.
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PLATE 2

Belemnites longissimus Miller:

All specimens

‘Fig. 1. TB358
dorsal views,

Fig. 2. TB370
dorsal views; note

Fig. 3. TB178

Fig. 4, TB4I1
dorsal views.

Fig. 5. TB18Y

Fig., 6. TB426
dorsal views.

Fig. 7. TB37/2

Fig. 8. TB423

Fig. 9. TB371

) lateral and dorsal

from bed 110 IV, All x1,
(gracile), right-lateral and

(gracile), right lateral and
short epirostrum.

(gracile), left-lateral view.
(robust), right-lateral and

(gracile), dorsal view.
(robust), right-lateral and

(juvenile ), right-lateral view,
(juvenile), right-lateral view.
(?robust, pathological), right-
views. '
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PILATE 3

Belemnites longissimus Miller

Figs. 1-11. Series illustrating dimorphism;
all right-lateral views; all specimens from bed
110 V; all x1. '

Pigs. 1-3. Juvenile, TB167, TB166, TBIOLG.
Figs. 4-7. Gracile, D112, TB502, TB498, TB448.
Figs. 8-11. Robust, TB521, D100, TB4S51, TB524.,

Fig. 12. TB455, deformed gracile rostrum, bed
110 V, right-lateral view. '
Fig. 13. TB1122, diagenetically deformed rostrum,

bed 120c, right lateral and dorsal views.
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PLATE 4

Figso 1-5. Belemnites charmodthensis Mayer
All specimens shown in left-lateral, dorsal and

ventral views. All x1. Dimorphism not clear due

to small size of rostra.

Fig.

Hig,-

Fig,
Fig.
Fig.

(4

L]

& W -
o

TB618, bed 108 II.

TB633, bed 108 II, deformed rostrum.
TB622, bed 108 II. .

D85, bed 110 I.

138, bed 110 I.

Figs. 6, 7. Belemnites longissimus Miller

Both specimens shown in left-lateral and dorsal views.,
Both from bed 104. Both x1. '

Fig. 6. TB1036 (juvenile).
Fig. 7. TB1032 (?robust).







PLATE 5

Belemnites charmouthensis Mayer-

All specimens

and ventral views.

Fig.
Fig,
Fig,
Fig.,
Fig,
Fig.

1.
2.
5o
4,
5o
6.

TB398
TB402
TB378
TB373
TB516
TB180

shown in left-lateral, dorsal .
All from bed 110 IV, All x1.

(robust).
(robust).
(robust).
(gracile).
(gracile).
(gracile).
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PLATE ©

Belemnites nitidus Phillips

All x1.

Fig. 1. TB845, bed 106, left-lateral and
dorsal views.
Fig. 2. D74, bed 107, left—laterai and dorsal

Fig. 3. TB595, bed 108 I, left-lateral,
dorsal and ventral views. :







PLATE 7

Belemnites nitidus Phillips.

Figs. 1=7, specimens shown in left-lateral,

dorsal and ventral views. Figs. 8-10, specimens
shown in left-lateral view. All from bed 110 V.

A1l x1.

Fig.,
Fig.
Tig.,
Fig.
Fig.

Fig..

Fig.
Fig.
Fig.,
Fig.

7o
8.
9.

10. TB 476.

CTB491.,

D122.
TB482 .«
TB484 .
TB468,
D123,
TB473,
TB241.
D126,
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PLATE 8

Belemnites nitidus Philiips

All specimens shown in left-lateral, dorsal

and venbtral views.

Fig.
Fig,
Tig.
Fig,

10

(-

TB537.

All from bed 110 IV. All x1.

TB490O.

TB48,
TB529.







PLATE 9

Belemnites nitidus Phillips

All x1.

Fig. 1. TB799, bed 111b, left-lateral, dorsal -

and ventral views.

rig. 2. TB72, bed 111c, left-lateral, dorsal
‘and ventral views. o

Fig. 3. TB672, bed 111d, left-lateral, dorsal
and ventral views. ' ‘

Fig. 4. TB84, bed 1114, left-lateral and
dorsal views. . '

Fig. 5. TBY75, bed 1114, left-lateral and
dorsal views. ‘
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PLATE 10

Belemnites nitidus Phillips

All x1.

Fig, 1. D135, bed 111e, left-lateral and

‘dorsal views.

Fig. 2. TB677, beds 112a-c, left-lateral,
dorsal and ventral views.

Fig. 5. TB185, beds 112a-c, left lateral,
dorsal and ventral views.

Fig. 4. TB825, beds 112a-c, left-lateral
and dorsal views. .

Fig. 5. TB682, beds 112a-c, left-lateral,
dorsal and ventral views.







PLATE 11

Belemnites nitidus Phillips

All specimens. from beds 112d-f. All x1.
Pig. 1. TB245, left-lateral and ventral views.

Figs. 2-7. ALl specimens shown in left-~
lateral and dorsal viewse.

Fig. 2. TB705.
Fig. 3. TB83%3.
Fig. 4. TB698.
Fig. 5. TB835.
Pig. 6. TB699.
Fig. 7. TB701.
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- PLATE 12

Belemnites nitidus Phiilips

A1l specimens shown in left-lateral, dorsal
and ventral views. All from beds 112d-f. All x1,

Pig. 1. TB830.
Fig. 2. TBYO4,
Fig. 3. TB696.
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PLATE 13

Belemnites nitidus PhillipsA'

All specimens shown in left-lateral, dorsal
and ventral views. All x1.

Fig.

Fig.
Fig,
Fig,

1. TBY713%, bed 117,

2. TB932, bed 118a.

3. TB929, bed 118a. |
4, TB966, bed 118a; with epirostrum.
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PLATE 14

Belemnites nitidus Phillipé
All specimens from bed 118a.

Fig. 1. 1B968, left-lateral, dorsal and

" ventral views; specimen from which the epirostrum

was. broken prior to burial. x1.

Fig. 2. TB98%, left-lateral, dorsal and
ventral views; with epirostrum. x1.

Fig. 3. TB9/4, left-lateral, dorsal and
ventral views; with epirostrum. x1.

Fig. 4. TB974, dorsal view showing epirostrum
and wrinkled ornamentation on rostrum. x2.






PLATE 15

Belemnites nitidus Phillips

All x1.

Fig. 1. TB78%, beds 118b-c, left-lateral,

“dorsal and ventral views.

Fig. 2. TB1132, bed 120c, left-lateral and
dorsal wviews; with epirostrum.

Fig. 3. TB1070, bed 119, left—lateral, dorsal
and ventral views. . ' '

Fig. 4. TB115, beds 120a-b, left-lateral,
dorsal and ventral views.






PLATE 16

Belemnites nitidus Phillips

All specimens»shown in léftrlateral, dorsal
and ventral views. All x1.

Fig. 1. TB1119, bed 120c.
Fig. 2. TB1142, bed 120d.
Fig. 3. TB568, beds 122a-c.






PLATE 17

Belemnites imus (Lang)

All ¥,

Fig. 1. D75 (robust), bed 107, left-lateral,
~dorsal and ventral views. ' '
Fig. 2. TB353 (gracile), bed 110 IV, left-
lateral and dorsal views.
Fig. 3. TB361 (gracile), bed 110 IV, left-
- lateral and dorsal views. '






PLATE 18

Belemnites imus (Lang)

Fig. 1. TB22% (robust), bed 110 IV, left-
lateral, dorsal and ventral views. x1.
Fig. 2. TB229 (robust), bed 110 IV, left-

lateral, dorsal and ventral views. x1.






PLATE 19

Belemnites abruptus (Lang)

All specimens shown in left—iateral, dorsal
and ventral views. All from bed 110 V. All x1.

Fig, 1. TB10O48,
Fig., 2. TBuL,

Fig. 3. TB520.
Fig. 4. TB1049.






PLATE 20
All specimens x1.

Figs. 1-4. Belemnites abruptué (Lang)

All specimens shown in left-lateral, dorsal and
ventral views. All from bed 110 V. .

Fig. 1. TB51.
Fig. 2. D128,
Pig. 3. TB530.
Fig. 4. TB509.

Fig. 5. ?Coeloteuthis sp., TB389, bed 110 V,
?left-lateral and 7dorsal views.

Tig. 6. Belemnites 7abruptus, TB542, bed 110 V,
left-lateral and dorsal views.







PLATE 21
All specimens x1.

Figs. 1-4. Belemnites abruptus (Lang)

All specimens shown in left-lateral, dorsal and
ventral views. '

1. D133, bed 111b.
Fig. 2. TB703%, beds 112d-f.
Fig. 3. TB1051, bed 114.

4, TB828, beds 112a-c.

Iig.

Fig.

Fig. 5. Belemnites 7abruptus, TB67, bed 111b,
left-lateral and dorsal views.

Figs. 6, 7% ?Coeloteuthis sp.

Fig. 6. TB805, bed 111b, ?left-lateral

~and ?dorsal views.

Fig. 7. TBS562, beds 122a-c, ?left-lateral
view, ' -
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PLATE 22 .

Belemnites cricki (Lissajous)

- A1l xX1.

Fig. 1. TB758 (?gracile), beds 118b-c, left-
lateral, dorsal and ventral views.
Fig. 2. TB775 (gracile), beds 118b-c, left-

“lateral, dorsal and ventral Views; with:épirostrum°

Fig. 3. TB921 (juvenile), bed 118c (top),
left-lateral and dorsal views. :

Fig. 4. TB767 (?robust), beds.118b-c, left-
lateral, dorsal and ventral views. ' '

Fig. 5. TB1023 (juvenile), beds 148b—c,
left-lateral and dorsal views.

Fig. 6. TB925 (juvenile), bed 118c: (top),
left-lateral and dorsal views.






PLATE 2%

Belemnites cricki (Lissajous)

All specimens shown. in left—lateral, dorsal
and ventral views. All x1.

FPig. 1. TB898 (robust), bed 118c(top).

Fig. 2. TB915. (?robust), bed 118c(top).

Fig. 3. D137 (?robust), bed 119;,nofe weath=
ered and striated apex.

Pig. 4. TBI917? (?robust), bed 118c(top).

Fig. 5. TB1088 (?robust), bed 119.

Fig. 6. TB1087 (?robust), bed 119,







PLATE 24

BelemﬁiteSrridgensis.(Lahg)

~ All specimens shown in. left-lateral, dorsal
and ventral views. All x1.

Fig. 1. TB1030, bed 118c.
Fig. 2. TB?750, bed 117. ' : .
Fig. 3. Belemnites: ?ridgensis, TB702, beds:112d-f.







PLATE 25

Belemnites aduncatus Miller

A1l specimens. shown in left-lateral, dorsal
and ventral views. All x1.

Fig. 1. TB858, bed 117.
Fig. 2. TB147, bed 120d. |
Fig. 3. TB549, beds 122a-c; note hooked apex.







PLATE 26

Belemnites aduncatus-Miller}

All specimens from beds 122a-c.

Fig. 1. TB547, left-lateral, dorsal and ventral
. views., x1. A

Fig, 2. TB547, part. of anterior véntral surface
showing ornament. x6. (The surface is. covered with
a thin layer of cemented hatrix.) .

Fig. 5. TB547, TS through part of anterior
ventral surface of rostrum, showing concentric
laminations of ornament. x25.

Fig. 4, TB554, left-lateral, dorsal and ventral
views. x1. : :

Fig. 5. TB561, left-lateral, dorsal and ventral
views, x1.







PLATE 27

Belemnites aduncafus Miller

All specimens from beds 122a-c.

Fig. 1. TB1156, right-lateral view. x1.

Fig. 2. TB1157, part of posterior lateral
surface showing ornament. x6. ‘

Fig. 3. TB1157, left-lateral, dorsal and
ventral views. x1. ' '
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PILATE 28

Figs. 1-3. Hastites microstylﬁé Phillips

All specimens shown in left-lateral, dorsal and
ventral views. All x1.

Fig. 1. TB1079, bed 119.
Fig. 2. TB1082, bed 119.
Fig. 3. TB1195, beds 122a-c.

Fig. 4. Hastites sp. nov., TB131, bed 120d,
left-lateral, dorsal and ventral views. Xx1. A







PLATE 29

Fig. 1. Hastites sp. nov., TB140, bed 1204,
left-lateral,dorsal and ventral views. x1.

Fig. 2. ?Hastites sp. nov., TB1153, bed 120c,.
left-lateral, dorsal and ventral views. x1. "

Fig. 3. ?Belemnitid beak element, bed 110V. x6.

Pig. 4. ?Belemnitid beak element, beds ?4223—0,

anterior and posterior views. X06.
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