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Text-fig. 10. A, median section of the living chamber in a fully grown shell, to show the annular elevation and attachment site for the
retractor muscles (arm) and the apertural mantle attachment layer with vertical pores (p); B, reconstruction of the lateral side of the soft
body, to show the myo-adhesive epithelial zones I and I (aa, pa), lateral termination of the retractor muscle (rm), mantle surface (m), and
apertural mantle actachment zone with finger-like epithelial extensions (epx).
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Figure 2.11 Hard- and soft-part components of the siphuncle. The three-part connecting
ring (p‘elhclc. chalky tube, and horny tube) enclose the siphuncular strand, composed of outer
epithelium, and inner blood circulatory region (from Ward ef al. 1980).

BODY CHAMBER

Figure 1.19 ic view of
Ward et al. 1980).

of septum and siphuncle (from

Text-fig. 9. Median sections of the ventral shell wall in a fully grown shell; B, in the last chamber to show two inner prismatic layers (my, ma)
separated by an organic lmell; C, at the base of the living chamber to show the thickened myostracal layer (my), which forms a
conspicuous ridge (ar) on the adapertural margin of the annular elevation; D, at the apertural margin where the mantle attachment layer (ma)
d by vertical canals; E, detail of vertical pores.

layer; nac, nacreous laver.
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Siphuncular
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shell wall

Prochoanitic neck

Fig. 4.1. Retro-, pro-, and amphichoanitic septal necks in the Mesozoic
Ammonoidea shown in oblique (left) and lateral (right) views. With simplified

septa: arrows indicate the adoral direction.




ORGANIC COMPONENTS OF PRISMATIC LAYERS

VylucCovanie schranky
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Fig. 1. Radial section of the mantle edge of a bivalve to show the relationship between the
shell and mantle. (Not to scale.) EPS, Extrapallial space; IE, inner epithelium; IF, inner fold;

LPM, longitudinal pallial muscle; MC, mucous cell; MF, middle fold; NC, nacreous shell layer; y rﬂ’gfgié
OE, outer epithelium; OF, outer fold; P, periostracum; PG, periostracal groove; PL, pallial line; . = _.,\%1- 0,
PM_ nallial muscle: PN. nallial nerve: PR orismatic <hell laver. Windungs- ? il . %

. ‘ . ) ] Fig. 12. Diagram of the formation of nacreous layers near the growing edge of a bivalve
Fig. 7. Columnar nacreous layer (Amphalius rusticus). Vertical fracture. Bar = 20 pm. shell. The shell edge is to the left. Four layers are in the process of crystal deposition and

{Courtesy of Dr. S. Uozumi.) growth. a, Early crystal formation; b, crystals increase in size and form a complete lamella; ¢,
development of a lamella on a sheet of matrix. (Erben, 1972.)




barre centrale de la
région cicatrixielle
complexe musculaire
manteau
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périostracal

branchie

bourgeon tentaculaire complexe occulaire
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Fig. 9A-B. Embryons de Nautilus belauensis. A. Durant les stades précoces de l'organogenese, les muscles rétracteurs
céphaliques (complexe musculaire) sont libres et situés en avant du sillon périostracal. B. A un stade ultérieur du
développement, avant la sécrétion de la premigre cloison, les muscles rétracteurs céphaliques, situés en arriere du sillon
périostracal, sont attachés a la coquille (ici enlevée) (A-B dessinés d’aprés Mutvei et al,, 1993). C-D Coquille
embryonnaire de Cenoceras sp. (Toarcien, Saint-Quentin-Fallavier, Isére, France). C. L'élévation lentoide de la région
cicatrixielle est entourée d’'une constriction (fleche) marquant I’apparition des premigres stries de croissance et le début
du mode accrétionnaire de la croissance coquilligre. D. La fin du stade « région ventrale plane » (fleche) coincide avec
I'apparition du sinus hyponomal et une allométrie positive d’accroissement de la largeur du tube coquillier.




Nautilus

male and female

Figure 5.8‘ Juvenile shell of N. macromphalus, showing nepionic constriction, and pre- and
post-hatching shell ornamentation. The constriction forms after the secretion of the seventh
septum.
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o TENTACLE
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Figure 5.10 Cross sections of male and female Nautilus, demonstrating sexual differences.
The male shell is wider, to accommodate the large spadix (from Saunders & Spinosa 1978).

Nautilus macromphalus

juvenilna schranka s
nepionickou konstrikciou




Porovnanie stavby nautilusa a amonita

SIPHUNCLE

SEPTUM

BODY CHAMBER

SHELLS OF THE AMMONOIDS differ from those of the nauti-
loids in two respects. The septa (chamber walls) of the nautiloid shells
are smooth, curved surfaces. The septal sutures (lines along which
the septa intersect the inner wall of the shell) are gentle curves. The
septa of ammonoid shells, on the other hand, are fluted at the periph-
ery, and the septal sutures are folded into complex, frilled curves.

SEPTUM

SIPHUNCLE

BODY CHAMBER

The complexity of the septa and septal sutures of the ammonoid shell
made it possible for the shell wall to be relatively thin. The other dif-
ference between the nautiloids and the ammonoids is the position of
the siphuncle, the organ that empties the walled-off chambers of flu-
id. In the nautiloids the siphuncle generally passes through the cen-
ter of the whorl; in the ammonoids it is on the outer wall of the whorl,
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Figure 7.2 Phylogenetic relationships among higher taxa of nautiloid cephalopods. The
width of each of these cladograms or spindle diagrams reflects species richness. with 10
species equal to bar in upper left of graph (from Dzik 1981).




Vaginoceras
obyvacia

o - sifon
= L ]/ septalne
N /7 f hrdlo

: endokény

vhutrosifonalne
ulozeniny

Endoceratida (vrch. kam. — devon)

-ortokonne alebo endogastricky zahnuté
-az 9 m dlh¢é

-rovny okraj, niekedy ventralny sinus
-hladka schr., niekedy pozdiz. a prieg. orn.
-ventralny sifon, cylindricky a Siroky
-vnutrosifonalne uloZeniny (endokony)




Tarphyceras

Phragmoceras

Tarphyceratida sp. ord. — vrch. devon

-exogastricke

-vel’ka protokoncha

-ortokonne az planiSpiralne
-cylindricky sifon, meniaci poziciu
pocas ontogenezy

DiSCOSOI’id& ord. — vrch. devon

-endogastrické

-kratkokonicke, zahnuté a priame schr.
-centralny alebo ventralny sifon
-hrubé, vypuklé sif. trubice




Rad: Orthoceratida

Orthoceratida ordovik — vrch. trias

-ortokonne a cyrtokonne

-subcentralne ulozeny sifon

-hladke¢ alebo nevyrazne orn. schranky
-formy so Spir. exogastr. schr.

Oncoceratida ord. - karb.

-endogastricke, zahnute
-ventralny sifon

-tenk¢é, vypukle sif. trubice
-kratka obyvacia komorka

Pentamerce ras




Nautilida devon — recent

-planiSpiralne vinuta schranka

-tenky sifon, centralny az subcentralny
-kratke a rovné sept. hrdla

-hladké alebo nevyrazne orn. schranky
-vel'mi jednoducha sutura —
nautiloidny typ

Paracenoceras .«

Fic. 319, *Solenochilus springeri (WHITE & St. Jorn) (Aipocerataceae-Solenochilidae) (p. K441).




J Tetlragonites glabrus

< Shell diameter: 10 em

J Displacement: 200 em’  (100%)

J Volume ratio of body chamber: [ 74%)

J Volume of solt tissue: 136.2 em’ (6B.10%)
({Removed after death)

2 Total volume of sheil: 22.70 cm’ (11.35%)

J Total volume of camerae: 41.14em’ (20.57%)
(No cameral liquid)

4 Sea water: 1.026 gicm’
J Soft lissue: 1.067 gicm’
4 Shell material: 2.62 giem'

RESULTS

surface
< 14% walerlogging

B

neutral
14% walerlogging

C

> 14% walerlogging
1.212 gicrm at 100%

D

I — e o —
: floating | to coast
|| | surfacing
¥ @ @
= | (sinking |
g I @ epifaunal attach.
& l @ puncture
2 N\ . depth limit to surface YNV
=]
E | never surfncinﬁ
=
@ intact shell
[
S
Depth Time

Fig. 2. Distribution of Aturia during the Palacocene (star) and the Eocene (circle) [position of the continents, of the emerged lands

and palacoceanographic reconstructions during the Palacocene after Haq (1984)]




Nautilus

NAUTILUS
MAIN LIFE AREA

K
I

L] LIVE RECORDS

| o  DRIFT SHELL RECORZS

Figure 3. Map showing the relationship of living and postmortem distributions of Nautilus to approximate ocean
currents. Updated from House (1973).




Pt. Bactritoidea devon — sp. trias

-nickedy povaZzovany za najprim. Ammonoidea
-jeden rad: Bactritida

-uniformné, ortokénne alebo mierne cyrtok. schr.
-mala protokoncha s nep. konstrikcoiu

-vel’ka obyvacia komorka

-konkavne septa

-subventralny sifon, presuva sa po€as ontog. na ventr.
-jednoducha sutara, niekedy plytky ventral. lalok

Bactrites Cyrtobractites Anetoceras  Erbenoceras  Teicherticeras Mimagoniatites  Agoniatites

MIMAGONIATITES ——==— ANARCESTES

TEICHERTICERAS =——a= (CONVOI UTICERAS
ERBENOCERAS

BACTRITES —————= 1 OBOBACTRITES

Fig. 5.22. Morphological series of the first, Lower Devonian ammonoids of the main
lineage starting from Bacrrites. L.obe lines and aspects of coiling of the corresponding
juvenile portions are shown. £ External or ventral lobe; L lateral lobe; / internal or
dorsal lobe. (After Teichert, in Teichert and Yochelson 1967 (partly) and Erben
1964)




Ammonoidea

vinutie a tvary schranok

Grossouvria R :
Spinikosmoceras Caloceras
(serpentikonny,

planulatny)

Dimorphinites Fagesia

Longobardites
(sferokénny) (kadikénny)

(oxykénny)

HETEROMORPH AMMONITE SHELLS are in some instances so
bizarre that they were once thought to be the product of “genetic
exhaustion,” foretelling the extinction of the ammonites. Even now
the variety of the shell shapes precludes simple generalizations about
their adaptive significance. The heteromorphs shown here are (from
left to right) members of the genera Sciponoceras, Anisoceras, Nip-
ponites, Nostoceras and (lower right) Didymoceras. Most of the het-

eromorphs probably led passive, floating lives. Many early Creta-
ceous heteromorphs seem to have depended on shell ornament for

pr ion against pred . Late Cret: heteromorphs, how-
ever, particularly those with a U-shaped hook at the end of their
shell, may have floated at middle depths in the ocean and so escaped
the tinental-shelf habitats of their bottom-dwelling and
perhaps also the predators that invaded them in the M ic era.
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Ammonoidea
ontogeneza

A

ammonitela

juvenil
FIGURE 1. Schematic drawings of four growth stages in the ontogeny of Hoploscaphites
nicolletii, macroconch (Late Cretaceous), in lateral and transverse cross-sectional views. (A)

Ammonitella. Scale bar, 500 pm. (B) Neanoconch. Scale bar, 1 mm. (C) Juvenile. Scale bar, 5 mm.
(D) Adult. Scale bar, 1 cm.
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NAUTILUS

GAUDRY CERAS

DORSAL

con, lis

P T

ANTERIOR
POSTERIOR

VENTRAL

Fig. 5. Diagrams of the restored buceal mass structure of Gaudryceras sp. (night) compared with that of Nawaluy pompilins (median
section; Ieft). up. j.. upper jaw: low. j.. lower jaw: bec.. beccublast cells: J. mus., jaw musc
radular sac; mus. rad. sup.. radular support muscles: sal. pap.. salivary papilla; buc. lat.. lateral buccal palp: oes.. ocsophagus: cal.
d., calcarcous deposits [rhyncholite (upper jaw) & conchorhynch (lower jaw)]: con. tis., connecting tissue with epithelial cells: 1
m., labial margin (‘lip’): b. g., inferior buecal ganglion. Terminology mostly from Young (1965)

rad. 1., radular teeth; rad. s.,

Text-fig. 8. Aconeceras. A: reconstruction of the hyponome retractor (lvr), cephalic retractor (Ir), dorsal muscle (dr), ventral muscle (vr) and
cephalic region of the body; according to this reconstruction, the head and hyponome (h) extended further out from the shell aperture than
those in Nautilus (compare with Fig. 7); note that the hyponome (h) in Aconeceras was large and supported by the rostrum (r), and that the mantle
(m) extended in the apertural region over the shell surface; apt, aptychus B: cross-section of the shell with the hyponome retractors, cephalic
retractors, dorsal muscles (lvr, Ir, dr) and extended mantle (m).




Ly ‘.ﬁ‘ e

. Fic. 147. Magnified cross sections of aptychi, show-
Cornaptychus Laevaptychus Punctaptychus ing internal structure of the shell (661). A, Laevap-

tychus; B, Lamellaptychus; C, Punctaptychus.




DORSAL

ANTERIOR
POSTERIOR

VENTRAL

Figure 19.3 Three-dimensional reconstruction of the jawe apparatuses of selected ammonoids (A-D)
and extant cephalopods (E-H) (viewed from the anterolateral side). A, Eoasianites (Late Carboniferous
Goniatitina; normal tvpe; after Bandel, 1988: fig. 6). B. Psiloceras (Early Jurassic Ammoniting;
anaptychus type; after Lehmann, 1975: fig. 3). C. Hildoceras (Early Jurassic Ammonitina; aptyehus
type; after Lehmann, 1975; fig, 4). D. Gaudryeeras (Late Cretaceous Lytocerating; rhynchaptychus type;
after Tanabe et al., 1980a: fig. 9). E. Nautilus (Nautilida, Nautiloidea). F. Sepia (Sepioidea; Coleoidea).
G. Octopus (Octopoda, Coleoidea). H. Vampyroteuthis (Vampyromorpha; Coleoideq; after Clarke, 1986;
figs. 126, 127)




Rhyncholites K475

anterior anterior anterior

hood

furrow

posterior posterior posterior

dorsal ventral lateral

A B C

Fic. 312. Rhyncholite terminology. A, dorsal view; B, ventral view: C, lateral view (Teichert, Moore, &
Zeller, n).
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sfarbenie schranky Goniatitida




exualny dimorphizmus
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Fig. 4. Stephanoceras-Otoites/Normannites. Mr: Amm., Humphriesianus pinguis
Quenstedt, 1886-7, pl. 65, fig. 12. M2: Amm. Humphriesianus Quenstedt, ibid.,
fig. 9. M3: Amm. Humphriesianus macer Quenstedt, ibid,, fig. 10. Middle
Bajocian, Bayeux. mi, 2: Ammonites contractus Quenstedt, 1886-7, pl. 64, fig. 16,
pl. 65, fig.'1. m3: Amm. Braikenridgii Quenstedt, 1886-7, pl. 65, fig. 6. Brown
Jura &, Swabia, Xo-5.

Fig. 2. M: Grammoceras audax Buckman (1887-1907,
pl. xxviii, fig. 4). m: Grammoceras arenaceum (Buck-
man) (=Canavarella? arenacea Buckman, 1887-1907, pl.
xxviii, fig. 20). Both specimens from the Striatulum Beds,
Cotteswold Sands, Gloucestershire,

Fig. 3. M: Graphoceras cavatum (Buckman) (=Lioceras concavum var,
v-scripturmn Buckman, =Lucya cavata Buckman, 1887-1909, pl. ix, fig. 1).
m: Ludwigina cornu (Buckman) (=Ludwigella cornu Buckman, 1887-1909,
pl. iv, fig. 3). Both specimens from the Concavum Zone, Bradford Abbas.




vnutrodruhova variabilita

Fig. 8. A-C: Parasibirites kolymensis Bycukov, Upper Olenckian, Grambergi Zone,
Kolymensis Subzone; Arctic Siberia; basin of the lower reaches of Olenek River, Mene
River. Thin ophioconic, ribbed or weakly bullate variants.

Parasimbirskites kolymensis




Anarcestida sp. dev. — vrch. devon

-ventralny retrochoaniticky sifon
-goniatitova sutura

-planiSpiralne vinutie

-hladka, zriedkavo ornamentovana schr.
-umbilikalna perforacia

Fic. 17. Agoniatites vanuxemi (Harr), M.Dev.,
N.Y.;

Fic. 18. Suture of Agoniatites vanuxem: (Harr), M.
Dev., N.Y.;

Fic. 21. Anarcestes ( Anarcestes) lateseprarus plebeius
(BARrRANDE), M.Dev., Czech.; X1 (1).

D Anarcestes
C

Agoniatites
B

Mimaganiatites

Gyroceratites

Fic. 13. Sutures of_Gyrorerarz}'r: (A), Mimagonia-
utes (B), Agoniatites (C), and Anarcestes (D)




Clymeniida vrch. devon
-planiSpiralna schranka
-Caste konstrikcie, goniatitova sutura

-dorzalny, retrochoaniticky sifon

Clymenia

8b
e Kosmoclymenia
: M y
Protoxyclymenia
5
Piriclymenia

Kosmoclymenia

M
6
Platyclymenia
Trochoclymenia

== =
= 2
= ——=

2 3
Platyclymenia Trigonoclymenia Pleuroclymenia

Fic. 41. Clymeniidae (p. L43-L44).

4b

Y Y AV
m
3e\‘{/'\/'\x—\/\/ =

Wocklumeria

Pachyclymenia

Wocklumeria

Biloclymenia

Miroclymenia
Fic. 40. Wocklumeriidae, Glatziellidae (p. L42).

|
|




Goniatitida st. dev. - vrch. perm

-planiSpiralne vinuta schranka

-vacsinou hladka

-ventralny, prochoaniticky sifon

-goniatitova sutura, nickedy ceratitova

Fic. 57. Agathiceras suessi GEMMELLARO, M.Perm.
Sicily; X2 (24).

F16. 19. Mimagoniatites zorgensis (Roemer), L.
Dev., Ger.;

Fic. 85. Pseudoparalegoceras williamsi MiLLer &  Fic. 88. Pseudogastrioceras abichi (M6LLER),
Downs, L.Penn., Ark.; X0.6 (110). U.Perm., Armenia; 0.8 (103).

: Fic. 86. Paragastrioceras jossae (pE VERNEUIL), M.Perm., Urals; % 1.5 (110). Fic. 48. Tornoceras ( Tornoceras) crebriseptum Rax-
Fic. 58. Agathiceras frechi Bose, U.Penn., Tex.; monp, U.Dev., Mont.; 4-D, enlarged (110).
X2 (54).




Prolecanitida sp. karb. — sp. trias
-ploché, diskovité schranky, Siroky umb.
-vacsinou hladke

-ventralny, retrochoaniticky sifon
-goniatitova alebo ceratitova sutira
-predkovia vSetkych mezozoickych
amonoidov

U )

Fic. 111. Prolecanites americanus MILLER & GARNER,
U.Miss., Ind.; 4,B, X1; C, X2 (110).

Fie. 112. Protocanites lyoni (MEEx & WORTHEN),
L.Miss., Mo.; 4,B, X1; C, X2 (110).




Ceratitida vrch. perm — vrch. trias
-planiSpiralne vinutie, heteromorphy
-ornamentovaneé

-ventralny, prochoaniticky sifon
-ceratitova, zriedkavo amonitova sutura

Distichites

Choristoceras Peripleurites Rhabdoceras Cochloceras Sympolycyclus

Frc. 199, Noridiscitidae, Distichitidae, Choristoceratidae, Cochloceratidae (p. L167-L169).

Paratrachyceras

Sirenites Nevadites

Frc. 190. Trachyceratidae (p. L158-L160).

Ceratites




Ammonitida Ammonitina

Lytoceras
Phylloceratina
(trias — krieda)

-involutne schranky
-ventralny sifon
-jednoducha ornamentacia
-zlozita amonitova suttra
s fyloidalnymi ukonceniami
-taxony s dlhym stratigraf. r.

(sp. jura — vrch. krieda)
-evolutne 1 involutne
-heteromorfné
-ornamentovane
-amonitova, v kriede

aj pseudoceratitova sut.
-polymorphismus

Lytoceratina
(Jura — krieda)
-evolutne schranky
-ventralny sifon
-jednoducha ornamentacia
-najkomplikovanejSie amon.
sutury

Cadomites psilacanthus (Wermbter, 1891), Upper Bajocian, Bayeux




Ancyloceratida (kricda)

-vacsinou heteromorfné schranky
-zavity sa odlepuju

-Casto priama alebo hakovite zahnuta
obyv. komorka

-ornamentovane

-sutiira amonitova, blizka lytoceratidne;j

Scaphites

Ancyloceras

Figure 4 - Ptychoceras. Hypothetical reconstruction of the
relationship between the soft body and shell : in a : the shell
is reconstructed as internal, and in b : as semi-internal. Re-
construction hypothétique des relations entre la partie molle
des corps et la coquille ; a : la coquille est supposée interne ; b:
elle est supposée semi-interne.




Mature Modifications and Sexual Dimorphism 80
| : . Types of
4 — Diagnostic features for dimorphism species
112]3]|atbe structure
60
a
AT
% 40
' =
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Az % 20
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M= macrocench

m= microconch

O = aperture
modifications as
secondary sexual ’
features

ATTRRRRRRRR Y

jvv}
DUBIOUS SEXUAL DIM.

Ci1

|

FIGURE 4. Significance of the main types of species structure in Jurassic ammonoids related to
dimorphism, with an indication of their diagnostic features (striped bars indicate a level of
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Neumayr and Uhlig, 1881; 2 M and m, Kosmoceras Waagen, 1869; 3 M and m, Hildaites Buckman,
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species structure (A-D) and the diagnostic features for dimorphism (1—4) are discussed in the
text.
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Planche I. Vampyronassa rhodanica nov. gen., nov. sp.




