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An analysis is presented of the diversity and faunal turn-
over of Jurassic ammonites related to transgressive/regres-
sive events. The data set contained 400 genera and 1548
species belonging to 67 ammonite zones covering the entire
Jurassic System. These data were used in the construction
of faunal turnover curves and ammonite diversities, that
correlate with sea-level fluctuation curves. Twenty-four
events of ammonite faunal turnover are analyzed through-
out the Jurassic. The most important took place at the Si-
nemurian-Carixian boundary, latest Carixian-Middle
Domerian, Domerian-Toarcian boundary, latest Middle
Toarcian-Late Toarcian, Toarcian-Aalenian boundary, lat-
est Aalenian-earliest Bajocian, latest Early Bajocian-earli-
est Late Bajocian, Early Bathonian-Middle Bathonian
boundary, latest Middle Bathonian-earliest Late Bathoni-
an, latest Bathonian-Early Callovian, earliest Early Oxfor-
dian-Middle Oxfordian, earliest Late Oxfordian-latest Ox-
fordian, latest Early Kimmeridgian, Late Kimmeridgian,
middle Early Tithonian and Early Tithonian-Late Tithon-
ian boundary. More than 75 percent of these turnovers cor-
relate with regressive-transgressive cycles in the Exxon,
and/or Hallam9s sea-level curves. In most cases, the extinc-
tion events coincide with regressive intervals, whereas orig-
ination and radiation events are related to transgressive cy-
cles. The turnovers frequently coincide with major or minor
discontinuities in the Subbetic basin (Betic Cordillera).

INTRODUCTION

The possible connection between origination and extinc-
tion processes (turnovers) and changes in sea level have
occupied researchers since the early years of the 20th cen-
tury (Suess, 1906; Grabau, 1936). However, it was only af-
ter studies by Hallam (1961, 1963, 1988), Kennedy (1977),
Guex (1981) and Haq et al. (1987, 1988) that a connection
between fluctuations in sea level and faunal turnovers
(evolution or extinction) in Mesozoic ammonites began to
proliferate (Hallam, 1989, 1990, 1992, 1997; Hallam and
Wignal, 1997; Mouterde et al., 1989, 1990; Collom, 1990;
Reboulet et al., 1992; Rawson, 1993; Branger and Gonnin,
1994; Hoedemaeker, 1995; O’Dogherty et al., 2000).

Ammonites were more stenotypic than other groups of
invertebrates and were affected by small environmental
changes. This is the main reason why they show such high
rates of renovation (extinction-speciation events) during
their evolutionary history (Hallam, 1988, 1990). The well-
studied extinctions appear to be clearly linked to stages of
shallowing water and sea-level regressions, which re-
duced the habitats of those forms living on epicontinental
platforms. Deepening processes due to a rise in sea level,
on the contrary, produced new habitats, origination and
radiation of new taxa, and/or immigration of taxa already
existing in other regions (Hallam, 1981, 1990, 1992, 1996,
1997; Donovan, 1985; Bayer and McGhee, 1985; House,
1989, 1993; Ward, 1996; Wiedmann and Kullmann, 1996).
Anoxic phenomena, possibly connected with the first stag-
es of transgressive phases, may have had effects similar to
those during regressive phases (Hallam, 1987, 1990;
House, 1993; Ward, 1996; Wiedmann and Kullmann,
1996; Jiménez et al., 1996), in which some taxa disap-
peared.

The aim of the present study is to investigate the possi-
ble interconnections between the evolutionary history of
Jurassic ammonites observed in the Betic Cordillera and
global eustatic events. But, prior to presenting the analy-
sis of ammonite faunal turnover, the possible potential bi-
ases generated by the taxonomic splitting and taphonomic
process they undergone must be discussed. (1) It may be
assumed that the ammonite groups analyzed are colored
by the ‘‘monograph effect’’ generated by the amount of tax-
onomic splitting they have received. In the present case,
most of the ammonites analyzed at the specific and gener-
ic level come from the same area (Betic Cordillera) and,
moreover, all ammonite groups (Ammonitina, Lytocerati-
na and Phylloceratina) that occur in a wide stratigraphic
interval were studied only by one author or team (e.g.,
Sandoval or Linares and Sandoval studied all Middle Ju-
rassic ammonites). This implies that all ammonites from
these stratigraphic intervals, especially at a specific level,
were studied with the same taxonomic criteria and, there-
fore, are not colored by taxonomic splitting. Divisions at
the genus or subgenus level can be partially colored, espe-
cially in those groups that present marked dimorphism. In
this case, a single genus can be separated into two mor-
phologic subgenera [e.g., E. (Emileia) and E. (Otoites)].
Ammonite dimorphism is very common throughout the
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FIGURE 1—Sketch map of the Betic Cordillera (southern Spain) showing the different paleogeographic domains and the position (numbers
on the map) of the areas in which the stratigraphic sections analyzed are located. See key localities in Table 1.

Jurassic (especially during the Middle Jurassic), a fact
that may alter the total number of genera. However, the
number of dimorphic pairs in each of the biochronologic
unit analyzed is quite homogeneous. Therefore, the poten-
tial bias from taxonomic splitting is minimal and the data
are scarcely affected. (2) Also, there could be a potential
bias introduced by taphonomic processes. Most ammo-
nites analyzed are from the Betic Cordillera, and specifi-
cally from the Subbetic basin. Hence, these all originate
from the same paleogeographic domain (Fig. 1). For the
complete Jurassic, Subbetic sediments are characterized
by Tethyan pelagic facies. From the latest Early Jurassic
to Late Jurassic, the Subbetic basin had well-defined pe-
lagic troughs and swells. In these paleogeographic do-
mains the possibility of fossils being affected by sea-level
changes is lower than in shallow water platforms, in
which during sea-level falls, fossils deposited shoreward
during high sea-level intervals will be exposed to powerful
taphonomic processes. Based upon these parameters, it is
assumed that in such a paleogeographic domain, as ana-
lyzed here, taphonomic processes do not introduce a nota-
ble bias in to the analyses.

ANALYSIS OF FAUNAL TURNOVER:
METHODOLOGY

Recently, O’Dogherty et al. (2000) plotted a curve based
on the quantification of ammonite diversity and faunal
turnover related to major discontinuities recorded in the
Betic Cordillera. For this, it is hypothesized, as Hallam

(1987, 1990, 1989, 1990) indicated, that ammonite faunal
turnovers reflect global eustatic changes. This curve was
used to trace changes in sea level during the Jurassic in
the Betic Cordillera, and compared with the curves of Hal-
lam (1988) and Haq et al. (1988). In the present study, the
objective is a different one: here sea-level changes on a
global scale were analyzed and the influence of these on
ammonoids evolutionary processes (origination and ex-
tinction events) are demonstrated. In the present study, a
synthesis of biochronological data from scientific papers
and Ph.D. theses written since the early 70’s, providing a
data set of 400 genera and 1548 ammonite species coming
from 67 ammonite zones covering the entire Jurassic,
have been used. Figure 1 indicates the approximate geo-
graphic locations of the Betic areas in which Jurassic sec-
tions were sampled bed by bed; Table 1 (same numbers as
in Figure 1) shows the stratigraphic interval represented
in each area and the authors who studied (from a bio-
stratigraphic standpoint) the localities listed.

Taking this database as a starting point, biochronologi-
cal charts for genera (Fig. 2) have been constructed. Such
data are used as points of reference in the analysis of fau-
nal turnover (extinctions vs. originations, see below). A
more detailed range chart for ammonite species is pre-
sented in Appendix 1, to provide a precise picture of am-
monite distribution in the Betic Cordillera. It should be
noted that the time-range chart of the ammonite genera
that appear in Figure 2, and species (Appendix 1) refer
only to taxa recovered from the Betic Cordillera and does
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TABLE 1—Study areas, sampled intervals in each area, and authors who have studied each area. The column on the left side indicates the
different Betic areas from which data about the distribution vertical range of the ammonites were obtained (same numbers as Figure 1). The
central column shows the stratigraphic intervals studied in each locality. The column on the right side indicates the authors who made bio-
stratigraphic studies of the localities.

Localities Studied interval Authors

1, 2, 3, 4.–Puerto Lorente, Segura
de la Sierra, Elche de la Sierra,
Fuente Álamo

Oxfordian-Kimmeridgian Rodrı́guez-Tovar, 1993

5.–Sierra de Estepa Upper Callovian-Oxfordian Sequeiros, 1974; Sequeiros and Olóriz, 1979; Olóriz, 1978.
6.–Sierra de Gaena-Carcabuey Domerian-Tithonian Rivas, 1972; Sequeiros, 1974; Olóriz, 1978; Olóriz and Tavera,

1979; Mangold, 1979; Braga, 1983; Sandoval, 1983, 1986, 1990;
Checa, 1985; Tavera, 1985; Jiménez, 1986; Caracuel, 1996.

7.–Sierra de Cabra Callovian-Tithonian Sequeiros, 1974, 1979, 1987; Sequeiros and Olóriz, 1979; Olóriz,
1978; Tavera, 1985.

8.–Sierra de los Judı́os Upper Bajocian-Tithonian Sequeiros, 1974; Olóriz, 1978; Sandoval, 1983.
9.–Sierra del Ahillo Toarcian-Tithonian Sequeiros, 1974; Olóriz, 1978; Sandoval, 1983.

10, 11.–La Coronilla-Collado de
Gracia, Cornicabra-Ventisquero

Upper Bajocian-Tithonian Sequeiros, 1974; Olóriz, 1978; Sandoval, 1983, 1990; Tavera, 1985.

12.–Otiñar-Rı́o Frı́o Carixian-Tithonian Rivas, 1972, 1979; Olóriz, 1978; Braga, 1983; Sandoval, 1983; Tav-
era, 1985; Jiménez, 1986; Linares and Sandoval, 1993.

13.–Carchel-Las Pilas-Puerto Rico Carixian-Tithonian Olóriz, 1978; Garcı́a-Hernández et al., 1979; Braga, 1983; Sando-
val, 1983; Tavera, 1985.

14.–La Cerradura Domerian-Toarcian Braga et al., 1982; Braga, 1983; Jiménez, 1986; Jiménez and Ri-
vas, 1991, 1992.

15.–Puente Duda Carixian-Toarcian Braga, 1983; Jiménez, 1986; Jiménez and Rivas, 1991, 1992.
16.–Cortijo Mazagrán-Sierra de la

Sagra
Domerian-Tithonian Braga, 1983; Sandoval, 1983; Tavera, 1985; Jiménez, 1986.

17.–Sierra de Jorquera Carixian-Toarcian Braga, 1983; Jiménez, 1986; Jiménez and Rivas, 1991, 1992.
18, 19.–Sierra de Mojantes, Cortijo

Majarazán
Carixian-Tithonian Seyfried, 1978; Braga, 1983; Tavera, 1985; Jiménez, 1986; Jiménez

and Rivas, 1991, 1992.
20, 21.–Cerro de May Valera, Sierra

de Quı́par
Domerian-Tithonian Seyfried, 1978; Mangold, 1979; Sandoval, 1983; Tavera, 1985; Car-

acuel, 1996.
22, 23.–Sierra de Lugar, Sierra del

Corque
Carixian-Tithonian Seyfried, 1978; Braga, 1983; Mangold, 1979; Checa and Sequeiros,

1990; Sandoval, 1990; Caracuel, 1996; Caracuel et al., 2000.
24.–Sierra de Crevillente Carixian-Tithonian Seyfried, 1978; Mangold, 1979; Braga, 1983.
25.–Sierra del Reclot Carixian-Tithonian Seyfried, 1978; Sandoval, unpublished data.
26.–Sierra de Chanzas Carixian-Aalenian Rivas, 1972; Braga, 1983; Jiménez, 1986.
27.–Sierra de San Pedro Aalenian-Lower Bajocian Linares and Sandoval, 1986, 1990, 1993.
28.–Illora-Sierra Pelada Carixian-Toarcian Rivas, 1972; Braga, 1983; Jiménez, 1986
29.–Sierra Elvira Carixian-Toarcian Rivas, 1972; Garcı́a-Hernández et al., 1979; Braga, 1983; Jiménez,

1986; Jiménez and Rivas, 1979.
30.–Colomera Domerian-Toarcian Rivas, 1972; Garcı́a-Hernández et al., 1979; Jiménez and Rivas,

1979, 1991, 1992; Braga et al., 1982; Braga, 1983; Jiménez,
1986.

31.–Puerto del Zegrı́, Sierra de las
Cabras

Domerian-Aalenian. Rivas, 1972; Braga, 1893; Jiménez, 1986; Jiménez and Rivas,
1979, 1991, 1992; Linares and Sandoval, 1993; Garcı́a-Gómez et
al., 1994.

32, 33.—Montillana, Sierra de Alta
Coloma.

Domerian-Tithonian Rivas, 1972; Sequeiros, 1974; Olóriz, 1978; Braga, 1983; Sandoval,
1983, 1986, 1990; Linares and Sandoval, 1990, 1993, 1996; Tav-
era, 1985; Jiménez, 1986.

34.–Iznalloz Domerian-Toarcian Rivas, 1972; Braga, 1983; Jiménez, 1986.
35.–Cerro Méndez Toarcian-Lower Bajocian Garcı́a-Hernández et al., 1979; Jiménez, 1986; Jiménez and Rivas,

1979, 1992, 1993; Sandoval, 1983; Linares and Sandoval, 1993;
Garcı́a-Gómez et al., 1994.

36.–Rı́o Fardes Aalenian-Lower Bajocian Hernández-Molina et al., 1991; Linares and Sandoval, 1993.
37.–Sierra de Ponce Toarcian-Lower Bajocian Seyfried, 1978.
38.–Sierra de Ricote Toarcian-Tithonian Olóriz, 1978; Seyfried, 1978; Sandoval, 1983, 1990; Linares and

Sandoval, 1977, 1990, 1993; Braga et al., 1985; Tavera, 1985;
Jiménez, 1986; Jiménez and Rivas, 1992, 1993; Garcı́a-Gómez et
al., 1994.

39, 40, 41.–Cañete-Teba, Sierra de
Huma, Toscal

Oxfordian-Tithonian Sequeiros, 1974; Sequeiros and Olóriz, 1979; Olóriz, 1978.

42.–Sierra Gorda Upper Aalenian-Tithonian Sequeiros, 1974, 1979; Olóriz, 1978; Sandoval, 1983, 1990; Checa,
1985; Tavera, 1985; Linares and Sandoval, 1993.

43, 44.–Sierra Harana (Internal
Subbetic)

Bajocian-Tithonian Sequeiros, 1974; Sequeiros and Olóriz, 1979; Olóriz, 1978; Sando-
val, 1983, 1986, 1990; Checa, 1985; Tavera, 1985.

45.–Baños de Alhama Hettangian-Sinemurian Braga et al., 1984a, b, c.
46.–Sierra Harana (Penibetic) Hettangian-Sinemurian Braga et al., 1984a, b, c.
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FIGURE 2—Temporal distribution of ammonite genera recorded in the Betic Cordillera sorted by first occurrence data.
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not reflect taxon global ranges. Figure 2 shows that the
taxon-distribution range covers the entire zone, although
this necessarily may not be the case, because taxa with a
FAD (first appearance datum) or LAD (last appearance
datum) within a zone are considered to have a time range
that covers the entire zone. Numbers 1 to 67 in successive
figures indicate (with minor local modifications) the Med-
iterranean standard ammonite zones (Cariou and Hantz-
pergue, 1997), as listed in Figure 2.

Herein diversity is defined as the number of different
species or genera present in each zone. These raw data are
used in the elaboration of a synthetic diversity curve (Fig.
3B, re-drawn from O’Dogherty et al., 2000) on which the
rate of turnover as the number of originations minus the
number of extinctions during each ammonite zone is plot-
ted.

This method has two minor drawbacks: (1) the subjec-
tivity involved in tracing the curves; and (2) the fact that
this empirical approach does not take into account the
magnitude of the extinction or origination related to total
diversity. The faunal turnover means could be biased if
the extinction-origination curves were constructed when
only FAD’s were subtracted from LAD’s, especially when a
great number of extinctions and originations are involved.
To test a previous interpretation (O’Dogherty et al., 2000),
the present study introduces a new approach that analyz-
es the faunal-assemblage similarity between two succes-
sive zones.

Interzonal Distance Expressed by Means of a New Fau-
nal-similarity Coefficient

Guex (1987) proposed a method for testing the signifi-
cance of faunal turnover rates by studying the distance, or
dissimilarity, between each adjacent discrete zone.

Let i and j be two discrete biochronological units (zones
in this case). For each pair of adjacent units i and j, a dis-
tance measure can be calculated—Dij—defined as follows:

Dij 5 Li/Ti 1Fj/Tj

Where Li 5 the number of LAD’s in unit i
Ti 5 the total number of taxa in unit i
Fj 5 the number of FAD’s in unit j and
Tj 5 the total number of taxa in unit j
This coefficient varies between 0 and 2. Its lowest theo-

retical value 0 means that units i and j are identical (how-
ever, this is never the case), and its maximum value 2
means that i and j have no common elements.

Low D values indicate a good fossil record and/or grad-
ual faunal change; in other words, there is a high degree of
similarity between two successive zones. Very high D val-
ues indicate that there are few common elements between
two successive zones, and express either a poor vertical re-
cord, and/or high extinction and origination rates, and/or
gaps in the stratigraphic record. Of course, the results ob-
tained by this method need to be interpreted together with
the stratigraphic data available in a region (analysis of
major discontinuities, stratigraphic position within the se-
quence stratigraphic context, changes in sedimentation
rate, stratigraphic gaps, hard-grounds, quality and quan-
tity of the fossiliferous contents, etc.). This is required to
differentiate D peaks due to rapid faunal-turnover rates
from those that exist as an artifact of the stratigraphic re-
cord (Holland, 1995).

The Dij coefficient has been applied to the data compiled
in the present paper, in particular to originations and ex-
tinctions of species occurring in each ammonite zone (Ta-
ble 2, Fig. 3A). The curve (D 5 interzonal distance, Fig.
3A) is used to distinguish the major extinction and radia-
tion events, and it is compared with the curve of faunal
turnover proposed by O’Dogherty et al. (2000; Fig. 3B). It
is noted in curve 3A that the high values (close to 2) in the
Lower Lias can be explained by the poor ammonoid re-
cords in this interval. In the Middle-Late Toarcian transi-
tion (Gradata Zone), a major faunal change as well as a
minor lacuna in several areas of the Subbetic generate the
high value of D. Other high values of Dij (e.g., between Dis-
cites-Laeviuscula Zones or between Propinquans-Hum-
phriesianum Zones) are related to major faunal turnover
where a great number of extinctions and originations are
involved and, consequently, the relative number of com-
mon elements (species or genera) between two successive
units are extremely low.

Rate of Faunal Turnover: Tivariate FAD-LAD Diagrams

The method used in the present study differs from pre-
vious ones (Chaloner and Hallam, 1994; Larwood, 1988;
Donovan, 1989; Kauffman and Walliser, 1990; Lawton
and May, 1995) in that it allows a precise evaluation of the
relationships between sub-contemporaneous extinctions
and originations in the fossil record. Such an approach
(see Guex, 1991) was designed for quantitative studies
concerned with the relationship between extinction and
origination events occurring within the same zone. Guex’s
(1991) method was designed to differentiate between ex-
tinction and minimal diversity. From the vertical taxa dis-
tribution given by the range chart in Figure 2 (also Appen-
dix 1), bivariate cumulative graphs (Fig. 4) relating the
number of genera (Fig. 4A) and species (Fig. 4B) originat-
ing and disappearing in each ammonite zone have been
constructed. The extinction events are identified in these
plots by the steepest parts of the curve (great accumulated
number of disappearances versus low number of appear-
ances), and the diversification episodes are characterized
by the flattest parts of the curve (great accumulated num-
ber of appearances versus low number of disappearances).
The number of disappearances divided by the number of
originations in each zone gives the slope variations of the
faunal turnover curve for each zone considered (see bot-
tom curves of Fig. 4A, B). These variations at the bottom of
the diagrams show some peaks, which serve to identify
major ammonite-extinction events throughout the time
interval analyzed. Several major ammonite-extinction
events in the Betic Jurassic are indicated in Figure 4 by
arrows and the corresponding ammonite zone number.

The graphs show relative consistency of the ammonite
faunal-turnover rates throughout the Jurassic. Figure 4,
diversification episodes are followed by extinction phases
of equal duration and vice-versa. The general trend of the
curve is approximately 45º in all the diagrams considered
(genera or species). This observation reinforces the idea of
equal zone duration, as first proposed by Westermann
(1984).

Survivorship curve plots also have been constructed by
using a sample of 400 ammonite genera and 1548 species
recorded in the Betic Jurassic, and the survivorship dura-
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TABLE 2—Table of Interzonal distance. In this table, n indicates the number assigned to each ammonite Zone; T, refers to total diversity by
unity, the total number of genera or species recorded in each ammonite zone; L, last-appearance data, number of extinction in each zone; F,
first-appearance data, number of first appearance by zone; Dij, is the interzonal distance, Dij 5 Li/Ti 1 Fj/Tj, (see text).

Substage Zone n

Genera

T L F

Species

T L F

Interzonal distance (Dij)

Interzone Species Genera

Early Berriasian Jacobi 68 16 5 9 18 18 3

Late Tithonian
Durangites
Transitorius
Simplisphinctes

67
66
65

20
24
36

4
11
8

6
7
9

41
69
65

24
49
40

21
44
44

D67 68

D66 67

D65 66

0,75
1,22
1,25

0.76
0,76
0,51

Early Tithonian

Burckhardticeras
Admirandum
Richteri
Verruciferum
Albertinum
Hybonotum

64
63
62
61
60
59

25
26
31
34
32
38

8
4
6
6
6

13

3
1
3
8
7

15

57
50
48
75
61
82

36
17
15
35
28
53

24
17
8

42
32
44

D64 65

D63 64

D62 63

D61 62

D60 61

D59 60

1,31
0,76
0,65
0,63
1,02
1,17

0,57
0,27
0,23
0,27
0,42
0,56

Late Kimmeridgian
Beckeri
Cavouri
Compsum

58
57
56

27
21
25

4
1
7

7
3
3

71
41
47

33
11
21

41
15
9

D58 59

D57 58

D56 57

1,00
0,85
0,81

0,54
0,31
0,42

Early Kimmeridgian
Divisum
Strombecki
Platynota

55
54
53

34
34
31

12
6
4

6
6

10

87
61
63

49
24
28

50
27
33

D55 56

D54 55

D53 54

0,75
0,97
0,89

0,47
0,35
0,31

Late Oxfordian
Planula
Bimammatum
Bifurcatus

52
51
50

29
34
34

7
10
9

4
9
7

61
79
74

32
40
40

22
47
31

D52 53

D51 52

D50 51

1,05
0,87
1,14

0,56
0,43
0,53

Middle Oxfordian Transversarium
Pilcatilis

49
48

31
20

4
2

14
9

69
35

28
11

45
26

D49 50

D48 49

0,82
0,97

0,33
0,55

Early Oxfordian Renggeri
Athletoides

47
46

17
11

6
0

7
4

23
11

14
3

15
5

D47 48

D46 47

1,35
0,92

0,80
0,41

Late Callovian Lamberti
Athleta

45
44

7
9

0
3

1
3

8
11

2
5

2
5

D45 46

D44 45

0,70
0,70

0,36
0,48

Middle Callovian Coronatum
Anceps

43
42

10
16

4
9

2
3

12
37

6
29

4
20

D43 44

D42 43

0,95
1,12

0,73
0,76

Early Callovian Gracilis
Bullatus

41
40

27
22

13
1

7
9

77
35

60
16

57
25

D41 42

D40 41

1,32
1,20

0,67
0,30

Late Bathonian Discus
Orbis

39
38

13
17

0
4

1
2

14
28

1
17

1
11

D39 40

D38 39

0,79
0,68

0,41
0,31

Middle Bathonian Costatus
Sofanus

37
36

23
22

8
2

3
9

62
34

45
14

42
22

D37 38

D36 37

1,12
1,09

0,47
0,22

Early Bathonian Aurigerus
Zigzag

35
34

23
26

10
4

1
11

49
54

37
23

18
32

D35 36

D34 35

1,40
0,79

0,84
0,20

Late Bajocian
Parkinsoni
Garantiana
Niortense

33
32
31

21
27
26

8
8
5

4
6

11

41
39
68

19
20
45

22
16
56

D33 34

D32 33

D31 32

1,06
1,05
1,07

0,80
0,49
0,41

Early Bajocian

Humphriesianum
Propinquans
Laeviuscula
Discites

30
29
28
27

30
25
27
25

15
11
8

12

15
7

14
5

56
65
55
56

44
57
29
43

48
39
42
30

D30 31

D29 30

D28 29

D27 28

1,61
1,73
1,13
1,53

0,92
0,94
0.58
1,00

Late Aalenian Concavum 26 27 7 12 53 27 37 D26 27 1,05 0,46

Middle Aalenian Bradfordensis
Murchisonae

25
24

22
17

7
3

8
4

41
31

25
13

23
12

D25 26

D24 25

1,31
0,98

0,76
0,54

Early Aalenian Opalinum 23 15 2 7 31 12 21 D23 24 0,77 0,37

Late Toarcian
Aalensis
Reynesi
Fallaciosum

22
21
20

13
14
12

7
4
3

5
5
1

36
25
21

26
14
13

25
17
14

D22 23

D21 22

D20 21

1,40
1,25
1,30

1,01
0,67
0,61

Middle Toarcian Gradata
Bifrons

19
18

23
25

12
9

7
15

29
42

22
27

14
33

D19 20

D18 19

1,43
1,13

0,61
0,66

Early Toarcian Serpentinum
Polymorphum

17
16

18
14

8
9

13
3

24
22

15
17

19
8

D17 18

D16 17

1,41
1,56

1,04
1,37

Late Domerian Emaciatum 15 16 5 4 48 34 31 D15 16 1,07 0,53
Middle Domerian Algovianum 14 18 6 8 49 32 38 D14 15 1,30 0,58
Early Domerian Lavinianum 13 19 3 4 23 12 13 D13 14 1,30 0,60
Late Carixian Dilectum 12 11 2 6 25 15 21 D12 13 1,17 0,39
Middle Carixian Demonense 11 9 4 4 15 11 11 D11 12 1,57 0,99
Early Carixian Aenigmaticum 10 9 4 5 13 9 12 D10 11 1,43 0,89

Late Sinemurian

Raricostatum
Oxynotum
Obtusum
Turneri

9
8
7
6

6
5

10
7

2
2
6
0

3
1
3
1

7
6

10
7

6
2
8
5

6
1
8
4

D9 10

D8 9

D7 8

D6 7

1,78
1,52
1,13
1,51

0,89
0,83
0,77
0,30

Early Sinemurian Semicostatum
Bucklandi

5
4

10
6

4
3

7
3

13
9

10
7

11
7

D5 6

D4 5

1,34
1,62

0,54
1,20

Late Hettangian Angulata
Liasicus

3
2

6
5

3
3

4
2

10
12

8
11

9
11

D3 4

D2 3

1,58
1,82

1,00
1,27

Early Hettangian Planorbis 1 5 2 5 5 4 5 D1 2 1,72 0,80
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FIGURE 3—Origination-extinction (species turnover) curves made by
analytical (interzonal distance; A) and empirical (B) approaches (B
from O’Dogherty et al., 2000). In curve (A), most of the very high
values of interzonal distance (gray bars) indicate high extinction and
origination rates (major species turnover) for two adjacent zones; low
values indicate a high degree of similarity (minor species turnover)
between two successive ammonite zones. The species turnover curve
(B) indicates the differences between the numbers of FAD’s (first ap-
pearance datum’s) and LAD’s (last appearance datum’s) in each zone
or subzone, with an indication of corresponding values (numbers) on
both sides of the vertical axis (numbers at the left side and the right
side of the vertical axis). The black bars indicate that extinctions ex-
ceeded new appearances (negative values with LAD. FAD) and de-
crease of diversity; white bars indicate appearances exceeded extinc-
tions (positive values; FAD.LAD) and the consequent increase of di-
versity.

tion has been measured (Fig. 5). As absolute timescales
present diverse problems, especially at zone or subzone
levels, ammonite zones instead of absolute time have been
used when plotting of these curves. Each zone has been
considered to be of equal duration, although this is not
necessary certain (McArthur et al., 2000; see also Fig. 7).
Likewise, the taxon-distribution range is considered to
have covered the entire ammonite zone, which is often not
the case because many ammonites species cover less than
a zone. The curves plot the number of genera or species
surviving by zones throughout the Jurassic. The duration
of a great number of genera (up to 150) is limited to one
zone. The slope of the survivorship curves only corrobo-
rates a rapid evolutionary rate for the ammonites, which
is typical of taxa that easily are affected by small environ-
mental changes, such as is the case with several eustatic
changes. Both species and generic curves present the
same pattern: a rapid decrease in slope (approximately
80% of the species or genera survived less than 2 time
zones), which is typical of a fast-evolving group.

SEA-LEVEL CHANGES AND EPISODES OF MAJOR
FAUNAL TURNOVER: ANALYSIS

In this section, a detailed analysis of successive ammo-
nite extinction, origination, and radiation processes in the
Western Tethys is presented, based upon the chronologi-
cal data of the taxa (Table 2, Fig. 2, Appendix 1) recorded
in the Betic Cordillera and in nearby areas with similar
paleogeographic characteristics. Faunal turnovers are
compared with the sea-level changes that are documented
in the Exxon curves (Haq et al., 1988) and those of Hallam
(1988), and with the curves plotted in other regions (Hes-
selbo and Jenkyns, 1998; De Graciansky et al., 1998; Jac-
quin et al., 1998; Hardenbol et al., 1998), as well as with
other stratigraphic events (discontinuity and condensa-
tion) registered in the Betic Cordillera.

In addition, with the data from a study on distribution
ranking (Fig. 2; Appendix 1), a diversity curve both at the
generic and at the species levels has been developed,
showing the maximum ammonite diversity intervals dur-
ing the entire Jurassic (Fig. 6). Moreover, Figure 7 shows
the diversity and origination-extinction curves (from Fig.
3B) plotted against the global sea-level change curves pro-
posed by Haq et al. (1988) and Hallam (1988).

At the end of the Triassic, the Ceratitida went extinct
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FIGURE 4—Bivariate cumulative extinctions vs. cumulative origination
diagrams used in the analysis of the rate of faunal turnover. Based
on data from range charts given in Figure 2 (genera) and Appendix 1
(species). (A) Faunal turnover of genera by zone. (B) Faunal turnover
of species by zone. Dotted curve at the bottom of each diagram rep-
resents the slope of the curve at each ammonite zone, high values
indicate major extinction events (enlarged x10). The observed major
extinctions are as follows (numbers indicate the same ammonite zone
than in Figure 2): Early Sinemurian, Bucklandi Zone (4); Late Sine-
murian, Obtusum-Oxynotum Zones (7–8); Domerian-Toarcian bound-
ary, Emaciatum-Polymorphum Zones (15–16); Middle Toarcian-Late
Toarcian boundary, Gradata–Fallaciosum Zones (19–20); latest Toar-
cian, Aalensis Zone (22); earliest Bajocian, Discites Zone (27); Early
Bajocian, Propinquans Zone (29); Late Bajocian, Garantiana-Parkin-
soni Zones (32–33); latest Early Bathonian, Aurigerus Zone (35); Mid-
dle-Late Bathonian boundary, Costatus-Orbis Zones (37–38); Early-
Middle Callovian, Gracilis-Coronatum Zones (41–43); latest Early Ox-
fordian, Renggeri Zone (47); earliest Late Oxfordian, Bifurcatus Zone
(50); latest Oxfordian, Planula Zone, (52); Early-Late Kimmeridgian
boundary, Divisum-Compsum Zones (55–56); latest Early Tithonian,
Richteri-Burckhardticeras Zones (62–64); mid Late Tithonian, Transi-
torius Zone (66), only genera.

FIGURE 5—Ammonite survivor curves. (A) Survivor curve of genera
by zones based on 400 ammonite genera recorded in the Betic Cor-
dillera covering the entire Jurassic; (B) Survivor curve of species by
zones. Data based on 1548 ammonite species recorded in the Betic
Cordillera covering the entire Jurassic. Note that 35% of ammonite
genera and almost 70% of species limit their stratigraphic range to a
single biochronological unit.

and were replaced in the Early Lias by the first Ammoni-
tida. This turnover took place during a strongly regressive
phase followed by a long transgression (R1 and T1 in Hal-
lam, 1989, 1990) and with the lower limit of the UAB-1
and UAB-2 mega-sequence boundary of the Exxon curve.
Beginning in the Hettangian onwards, a series of evolu-
tionary processes (extinctions, originations, and radia-
tions) occurred, and it is these events and their possible
connection with global sea-level changes that will be dis-
cussed. In the transgressive phase of the UAB-2.1 cycle,
the diversification and expansion of the first Ammonitina
(Psiloceratidae) took place. From this first Jurassic am-
monite expansion, 24 major ammonite turnover events
have been recorded in the entire Jurassic of the Betic Cor-
dillera.

1. Early Sinemurian (Bucklandi-Semicostatum Zones)

The first important turnover of Jurassic ammonoids
took place near the Hettangian/Sinemurian boundary
(high Dij values at generic and specific levels between the
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FIGURE 6—Generic and specific diversity with reference to major ex-
tinction events (as in Figure 4, numbers indicate the ammonite zone).
The intervals of maximum relative diversity correspond to: Early Si-
nemurian, Semicostatum Zone (5); Late Sinemurian, Obtusum Zone
(7); Late Carixian, Dilectum Zone (12); Middle-Late Domerian, Algo-
vianum-Emaciatum Zones (14–15); Middle Toarcian, Bifrons Zone
(18); latest Late Toarcian, Aalensis Zone (22); Late Aalenian, Con-
cavum Zone (26), only generic level; Early Bajocian, Propinquans
Zone (29); earliest Late Bajocian, Niortense Zone (31); Early Bath-
onian, Zigzag Zone (34); Middle Bathonian, Costatus Zone (37); Early
Callovian, Gracilis Zone (41); earliest-mid Late Oxfordian, Bifurcatus-
Bimammatum Zones (50–51); Early Kimmeridgian, Divisum Zone
(55); Late Kimmeridgian-Early Tithonian, Beckeri-Hybonotum Zones
(58–59); Early Tithonian, Verruciferum Zone (61); earliest Late Tithon-
ian, Simplisphinctes Zone (65), only generic level; Late Tithonian,
Transitorius Zone (66), only species level. Bottom curves as in Figure
5 (slope of the faunal turnover curve, where high values signify major
extinction events). Sd 5 species level, Gd 5 generic level. A con-
spicuous correlation appears between extinction peaks (bottom
curves) and drop in diversity.

Bucklandi-Semicostatum Zones; Table 2, Fig. 3A), when
the forms belonging to the family Psiloceratidae and many
Schlotheimiidae went extinct and were later replaced by
Arietitidae. According to Hallam (1988, 1990), this turn-
over was connected with the latest Hettangian regression
(Hallam’s R2, 1990) which caused the extinction, and with
the Early Sinemurian transgressive phase (Hallam’s T2,
1988; Figs. 3, 7) which favored originations and radiation.
This turnover also fits with the boundary between the
UAB-2 and UAB-3 super-cycles, and with the transgres-
sive phase of this latter cycle of the Exxon curve (see Mou-
terde et al., 1990; Hardenbol et al., 1998). Few ammonites
have been recorded in the Betic Cordillera in the Lower
Lias, and these have been found nearly always in overlap-
ping areas between the internal and external zones of the
Cordillera (Braga et al., 1984a, b, c). Nevertheless, these
areas present the clearest examples of ammonite turn-
overs in this time interval.

2. Late Sinemurian (Obtusum-Oxynotum Zones)

The extinction of Arietitinae, Agassiceratinae, and As-
teroceratinae and the radiation of the last Psilocerataceae
(Echioceratidae and Oxynoticeratidae) and of the first
Eoderocerataceae occurred in the Early-Late Sinemurian.
This turnover is marked by high values of the Dij coeffi-
cients between the Obtusum and Oxynotum Zones (Table
2, Fig. 3A). This turnover is related to the inter-Sinemuri-

an discontinuity, which appears at some locations within
of the Betic Cordillera (Rey, 1993; Nieto, 1997). Also, this
turnover correlates with (1) Hallam’s regressive phase R2,
which caused extinction, (2) with transgressive phase T3

(Hallam, 1988), which, possibly, produced originations
and radiations, and with (3) the boundary between the
UAB-3.1 and UAB-3.2 cycles and with the transgressive
phase of this cycle in the Exxon curve (Fig. 7). For the
same period, significant changes also are detected in the
curve of Hesselbo and Jenkyns (1998).

3. Sinemurian-Carixian Boundary (Raricostaum-Aenig-
maticum Zones)

At the Sinemurian-Carixian boundary, the Echiocerati-
dae and most of the Oxynoticeratidae became extinct,
whereas Coeloceratinae, Polymorphitidae, Phricodocera-
tinae, and Liparoceratidae originated (Fig. 2; see also
Mouterde et al., 1990). In the outer zones of the Betic Cor-
dillera, this event occurs slightly before the demise of the
carbonate platform, and there is an important strati-
graphic discontinuity related to this event (Vera, 1988;
Rey, 1993; Nieto, 1997). This faunal turnover, with high
Dij values, especially at the species level, between Raricos-
taum-Aenigmaticum Zones (Table 2, Fig. 3A), correlates
very well with a regressive interval in the Late Sinemuri-
an (Hallam’s R3, 1988) and with a third-order boundary
(UAB-3.2/UAB3.3 in the Exxon curve). This is followed by
a transgressive interval in the Early Pliensbachian (Hal-
lam’s T4, 1988; Fig. 7), which is also reflected in the Exxon
curve. In addition, Hesselbo and Jenkyns (1998) located a
maximum flooding surface near the Sinemurian/Carixian
boundary, equivalent to the Si5/Pl1 sequence boundary
and Pl1 transgressive phase of Tethyan sequences (Har-
denbol et al., 1998).

4. Middle-Late Carixian (Demonense-Dilectum Zones)

In the Middle-Late Carixian transition, the extinction of
the Acanthopleuroceratinae (Tropidoceras, Metaderoceras,
Duvaliceras) and Polymorphitidae (Uptonia, etc.) took
place, followed by the origination of the Hildoceratidae
(the Harpoceratinae Protogrammoceras and Fuciniceras)
and of the Dactylioceratidae (Cetonoceras, Reynesocoelo-
ceras). In terms of sea-level fluctuations, this major turn-
over, with high interzonal distance (Dij coefficient) be-
tween the Demonense and Dilectum Zones (Table 2, Fig.
3A) can be placed within Hallam’s (1988) T4 transgressive
phase. It coincides with the boundary between the UAB-
3.3 and UAB-3.4 cycles and with the transgressive phase
of the UAB-3.4 cycle in the Exxon curve (Fig. 7). Similar
events occurred in the Paris Basin (De Graciansky et al.,
1998). Except for the faunal turnover, no significant
stratigraphic event has been recorded in the Betic Cordil-
lera during this time interval.

5. Latest Carixian-Middle Domerian (Dilectum to Algo-
vianum Zones)

At the Early-Late Pliensbachian (Carixian-Domerian)
boundary, the last Oxynoticeratidae and the Liparocera-
tidae disappeared in the Betic Cordillera (although Lipar-
oceratidae range until Mid-Domerian in the Submediter-
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ranean). In the Betic Cordillera, this event coincides with
the maximum abundance of Harpoceratinae (e.g., Proto-
grammoceras, Fuciniceras, Lioceratoides). The Arieticera-
tinae, which predominated in the Mediterranean domain
(and in the Betic Cordillera), appeared later, as did the
Amaltheidae, which predominated in the Sub-Boreal do-
main. The latter reached the Mediterranean basins only
intermittently, and are preserved only within transgres-
sive sequences. High values of Dij coefficient, especially at
the species level, appear between the Dilectum-Lavinian-
um and the Lavinianum-Algovianum Zones (Table 2, Fig.
3A), indicating a major turnover. In this turnover, origi-
nations surpass extinctions with a corresponding increase
of diversity in the Algovianum and Emaciatum Zones (Fig.
6). The extinction processes may correspond to Hallam’s
(1988) R4 regressive phase and to the boundary between
the Exxon curve cycles UAB-3 and UAB-4 (Fig. 7). The ra-
diations of the Amaltheidae and Arieticeratinae appear to
correspond quite closely to Hallam’s T5 transgressive
phase and to the transgressive phase in the UAB-4.2
third-order cycle in the Exxon curve.

In the Betic Cordillera, the regressive phase of the Ca-
rixian-Domerian boundary (Early-Middle Pliensbachian)
is reflected by reduced facies and by stratigraphic discon-
tinuities that are very well expressed in some areas of the
Subbetic (Braga, 1983; Braga et al., 1982; O’Dogherty et
al., 2000). The Middle-Late Domerian matches a trans-
gressive phase that allowed the Arieticeratinae to migrate
to the Sub-Boreal domain and the Amaltheidae to the
Mediterranean domain (Braga, 1983; Braga et al., 1982).

6. Domerian-Toarcian Boundary—Middle Toarcian (Ema-
ciatum-lower part of the Bifrons Zones)

A large number of the ammonoids from the Domerian
disappeared at the Domerian-Toarcian boundary. Only a
few genera (e.g., Neolioceratoides, Fontanelliceras, Dacty-
lioceras) survived into the Polymorphum Zone, particular-
ly in the Mediterranean (Jiménez, 1986; Jiménez and Ri-
vas, 1992; Jiménez et al., 1996; Fig. 2). This extinction
may be connected with a relative fall in sea level (Hallam’s
r6, 1990) which may correspond to the limit of the UAB-
4.2/UAB-4.3 cycles of the Exxon curve near the Pliensba-
chian-Toarcian boundary (Fig. 7). In fact, the extinction
preceded the anoxia, which is concomitant with the sub-
sequent transgressive phase.

After this extinction, a new phase of ammonite diversi-
fication began in the Serpentinum Zone, both at generic
(Fig. 2) and specific levels, giving very high values of Dij

between the Polymorphum and Serpentinum Zone (Table
2, Fig. 3A). This is true even though the fossils registered
in the Betic Cordillera are both scarce and sporadic
(Jiménez and Rivas, 1991, 1992). The appearance of new
ammonites (various Dactylioceratidae, Harpoceratinae,
and Hildoceratinae) may be connected with the fact that
during the transgressive interval (UAB-4–3 of Haq et al.’s
[1988] curve and T6 [Hallam, 1988]) the marine habitats
would have expanded, especially in marginal basins,
where these taxa may have originated. The taxa that orig-
inated in the marginal basins would later have entered
the Mediterranean basins (including the Betic). In fact, al-
most all the ammonites, especially platicones and serpen-
ticones, appear to be diachronous in the Betic Cordillera

with respect to marginal basins such as the Iberian Cor-
dillera (Goy et al., 1988). Throughout this transgressive
phase, a profound turnover in ammonite associations took
place and the originations became even more important in
the Bifrons Zone (a maximum relative in specific and ge-
neric diversity) than in the Serpentinum Zone (Figs. 2, 6,
7). This turnover affected mainly platicone and serpenti-
cone forms (possibly linked to shallow environments; Wes-
termann, 1990, 1996). Genera such as Catacoeloceras, Zu-
godactylites, Peronoceras, and Collina appeared among
the Dactylioceratidae; Hildoceras, Mercaticeras, and Pseu-
domercaticeras among the Hildoceratinae; and the first
Phymatoceratinae and Bouleiceratinae also originated
(Fig. 2). The oxycone forms, mainly Harpoceratinae (Poly-
plectus, Pseudolioceras) which might have been adapted to
deeper environments and, thus, less susceptible to fluctu-
ations in sea level, underwent only minimal changes.

7. Latest Middle Toarcian-Late Toarcian (Bifrons to
Aalensis Zones)

An important ammonite turnover took place between
the Bifrons and Gradata Zones (with maximum extinc-
tion, almost coinciding with the upper limit of the Gemma
Subzone). Extinctions clearly surpassed originations (Fig.
6) in this turnover (very high values of Dij between the Bif-
rons-Gradata and Gradata-Fallaciosum Zones; Table 2,
Figs. 2, 3A). The Dactylioceratidae and most of the Hildo-
ceratinae (including Hildoceras) went extinct (Jiménez
and Rivas, 1991) between the Bifrons-Gradata. During
the Bifrons Zone, these taxa predominated in the Western
Tethys (Collina also predominated in the base of the Gra-
data Zone). These extinctions may be connected with a pe-
riod of relatively low sea-level (Hallam’s r7, 1990, Fig. 7)
and with the regressive phase of the To4 cycle of Tethyan
sequences (Jacquin et al., 1998; Hardenbol et al., 1998),
which is recorded in the Betic Cordillera as a stratigraphic
discontinuity. This event is consistently present in the
Subbetic swells and may appear locally in basin facies
(Median Subbetic), where it may cover the lower part of
Gradata Zone and the Fallaciosum Zone.

In the lower part of the Fallaciosum Zone (in the Medi-
terranean), the Grammoceratinae and Hammatocerati-
nae became diversified and later radiated. This diversifi-
cation may be related to Hallam’s T7 transgressive phase
which, in turn, is connected with the transgressive phase
of the UAB-4.4 cycle in the Exxon curve. However, this
transgressive phase was apparently not major, and the
communication pathways between the Mediterranean
and the Central European basins continued to be restrict-
ed, given that there are hardly any common elements be-
tween the two basins.

The transgressive phase of the UAB-4.5 cycle, which
was probably greater than reflected in the Exxon curve,
and which would be included in Hallam’s (1988) T7 trans-
gressive interval, reestablished communication between
the Boreal, the Submediterranean, and the Mediterra-
nean basins. New taxa (Erycitidae and Graphoceratidae,
such as Dumortieria and Catulloceras) appeared and ra-
diated within this interval, and occupied the various pa-
leogeographic regions. Only forms associated with rela-
tively deeper environments, such as the Phylloceratidae
and fine-ribbed Lytoceratidae, are not yet found (or only
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FIGURE 7—Curves for diversity (grey left) and for origination-extinction (black left) against global sea-level-change curves proposed by Haq
et al. (1988; right) and Hallam (1988; middle, including the transgression and regression—T, R—and regression—r—in Hallam, 1990). (A)
Hettangian to Aalenian times; (B) Bajocian to Tithonian times. Ammonite zonation on the left corresponds to the standard Mediterranean zones
(Cariou and Hantzpergue, 1997) with local modifications. Ammonite zonation of the right is that used by Haq et al. (1988). Arrows and numbers
indicate the ammonite zone.

very seldom present) in areas outside the Mediterranean
region.

At the boundary between the Reynesi and Aalensis
Zones, Dumortieria and Polyplectus disappeared and were
replaced by new Grammoceratinae, such as Pleydellia and
Cotteswoldia, which predominated in the latest Toarcian.
These events occurred at almost the same time as the end
of the UAB-4.5 transgressive phase in the Exxon curve,
and coincide with a regressive interval in Hallam’s curve
(Fig. 7) and with transgressive phase of Toa6 in Hardenbol
et al. (1998). In the Betic Cordillera, Upper Toarcian sedi-
ments generally are well represented in the Median Sub-
betic, but in swell areas this sub-stage usually accompa-
nies a stratigraphic discontinuity that may cover up the
Lower and Middle Aalenian, which clearly shows the gen-
erally regressive character of this interval.

8. Toarcian/Aalenian Boundary-Middle Aalenian (Aalen-
sis to Bradfordensis Zones)

The genera Pleydellia, Cotteswoldia, and Catulloceras
became extinct near the Toarcian-Aalenian boundary, and
Tmetoceratinae and Leioceratinae appeared and radiated
(Fig. 2). High Dij values, at generic and specific levels, oc-
cur between the Aalensis and Opalinum Zones (Table 2,
Fig. 3A). The Toarcian/Aalenian boundary coincides with
a regressive period that can be seen in Hallam’s (1988)
curve and in the Betic Cordillera, where the Buckmani
(latest Toarcian) and Opalinum Subzones (earliest Aalen-
ian) are very poorly represented, even in a typical trough
facies such as the Median Subbetic. In turn, these sea-lev-
el fluctuations may correlate with the UAB-4.5 and UAB-
4.6 Exxon curve cycle boundaries (Fig. 7) and with the
boundary of the sequences Toa6 and Toa7 (Hardenbol et
al., 1998), and would appear to be responsible for faunal
extinction.

The Comptum Subzone, which is well represented both
in the Betic Cordillera and almost all over the world (Lin-
ares and Sandoval, 1993), corresponds to a small trans-
gressive interval (the end of the transgressive phase of the
UAB-4.6 Exxon curve cycle). This coincides with the most
widespread diversification of Leioceratinae, Tmetocerati-
nae, and Erycitidae (Spinammatoceras appears for the
first time). This transgressive interval is followed by a re-
gression that reaches its peak near the lower part of the
Murchisonae Zone (the boundary between the UAB and
LZA super-cycles in the Exxon curve; Fig. 7). The events
connected with this cycle boundary, together with the
transgressive phase of the LZA-1.1 cycle (transgressive
phase of Aa2 in Hardenbol et al., 1998), which developed
during the Bradfordensis and Concavum Zones (Fig. 7),
first brought about the isolation of, and later communica-
tion between, different basins. Change in basinal configu-
ration may have caused a minor turnover event between
the Murchisonae and Bradfordensis Zones (Table 2, Figs.

2, 3A) with the evolution of Leioceratinae to Graphocera-
tinae. Also possibly connected with this event is the ap-
pearance and radiation of some characteristically Medi-
terranean Erycitidae (Abbasitoides, Malladaites and Hap-
lopleuroceras), of the last Grammoceratinae (Vacekia, As-
thenoceras and Fontannesia), and others. At the same time
as these forms characteristic of the Mediterranean ocean
basins appear, other genera originated, such as Staufenia,
that are found only in the epicontinental seas and must
have arisen in small isolated marginal basins within these
domains (Bayer and McGhee, 1985).

9. Latest Aalenian-earliest Bajocian (Concavum-Laevius-
cula Zones)

Between the Concavum and Laeviuscula Zones, one of
the most important faunal turnovers in the evolutionary
history of Mesozoic ammonoids took place (Fig. 2A, Appen-
dix 1) although their diversity barely changed (Figs. 6, 7).
Very high Dij values can be seen between the Concavum-
Discites and, especially between the Discites-Laeviuscula
Zones. Near the Aalenian Bajocian boundary, all the am-
monite groups that predominated in the Aalenian (Gra-
phoceratidae, Grammoceratinae, Tmetoceratinae, Ham-
matoceratidae and Erycitidae) disappeared. Subsequent-
ly, new groups originated and spread (among them the su-
perfamilies Haplocerataceae and Stephanocerataceae)
such as the Haploceratidae (Haploceratinae and Bradfor-
diinae), Strigoceratidae, Sonniniidae, Otoitidae, and Ste-
phanoceratidae. A broad transgressive episode can be
seen in the Exxon curve (Haq et al., 1988; LZA-1.1 cycle
transgressive interval) which ranges from the Bradfor-
densis to the Laeviuscula Zone. However, the curves pre-
sented by Hallam show a regressive interval (Hallam’s R5,
1988, and r8, 1990) which would be placed very near to this
boundary, followed by a transgression (T8 in Early Bajo-
cian; Fig. 7). Also, in Tethyan sequences, Hardenbol et al.
(1998) differentiate a sequence boundary in the Discites
Zone. In the Betic Cordillera, the Aalenian is well repre-
sented only in the Median Subbetic; in the swells, the In-
ternal Subbetic, and most of the External Subbetic, it co-
incides with a discontinuity (Linares and Sandoval, 1993).
The transgressive interval in the Early Bajocian is easily
recognizable so that in many areas of the Subbetic swells
the Lower Bajocian lithologies lie directly on top of Lower
Aalenian or even older strata (Sandoval, 1983; Linares
and Sandoval, 1993; Rey, 1993; Nieto, 1997). These events
(the regression and later transgression) offer a satisfacto-
ry explanation for the turnovers described above. Almost
all the ammonoids first recorded in the latest Aalenian or
at the beginning of the Bajocian could have originated in
the ocean basin (Tethys), because they appear earlier in
the Betic than in the Central European continental ba-
sins. During the transgressive phase (T8, Hallam’s, 1988),
the migration of taxa from the Mediterranean to Central
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Europe may have been facilitated (Sandoval and Chan-
dler, 2000).

10. Early Bajocian (Propinquans-Humphriesianum
Zones)

An important faunal turnover took place (Table 2, Figs.
2, 3A, 6,) near the boundary between the Propinquans and
Humphriesianum Zones (Hebridica and Romani Sub-
zones) which can be seen in the disappearance of the Oto-
itidae, Bradfordiinae, Sonniniidae (except for Dorseten-
sia), and Labyrinthoceras. This extinction occurred slight-
ly before the appearance of other taxa (e.g., Oppeliidae
and Sphaeroceratidae), and also before the maximum di-
versity and abundance of the Stephanoceratidae. In the
Exxon curve, high-stand deposits end at the boundary be-
tween the Propinquans and Humphriesianum Zones
where a sequence boundary (LZA-1.1/LZA-1.2) appears.
This event, coinciding approximately with the end of Hal-
lam’s (1988) T8 and R6 (Fig. 7), do not explain satisfactorily
this ammonite turnover. Mouterde et al. (1989), Gonnin et
al. (1992, 1993) and Tethyan sequences (De Graciansky et
al., 1998; Hardenbol et al., 1998) show a regressive inter-
val in the Propinquans Zone, which is followed by a major
transgression in the lower part of the Humphriesianum
Zone (Hebridica Subzone). These events—a drop in sea
level followed by a rise—explain this important turnover.
In the Betic Cordillera, this event is detected as a discon-
tinuity in some sectors of the Subbetic (O’Dogherty et al.,
2000).

11. Latest Early Bajocian-earliest Late Bajocian (Hum-
phriesianum-Niortense Zones)

At the Early-Late Bajocian boundary (the final stage of
the Humphriesianum Zone-Niortense Zone), another im-
portant ammonite turnover took place (Fig. 2) although di-
versity scarcely varies (Fig. 6). High Dij values, at both the
generic and specific levels, appear between the Humphrie-
sianum-Niortense Zones (Table 2, Fig. 3A). The most im-
portant events were the extinction of most Stephanocera-
tidae (except for the dimorph pair Cadomites-Polyplectites)
and of the last Sonniniidae, on the one hand, and the orig-
ination and radiation of the Perisphinctidae (Leptosphinc-
tinae), Parkinsoniidae, and Spiroceratidae on the other.
The sphaerocones (Sphaeroceratidae) and oxycones (Op-
peliidae, Haploceratidae and Strigoceratidae), which
probably lived in deeper environments, survived almost
unaffected (Sandoval, 1983, 1986). According to the Exxon
curve (Haq et al., 1988), this turnover took place during
the transgressive interval of the LZA.2.1 cycle, which ex-
tended from the Humphriesianum Zone to the middle part
of the Garantiana Zone. In Hallam’s (1988) curve, these
events co-occur with R9 (the inter-Humphriesianum re-
gression) and T8 (the Late Bajocian transgression; Fig. 7).
Hardenbol et al. (1998) show a regressive interval, which
includes the upper part of the Humphriesianum Zone and
the lower part of the Niortense Zone, and a relative maxi-
mum transgressive in the middle part of Niortense Zone.
A discontinuity appears in many areas of the Subbetic
swells in the Betic Cordillera which, depending on paleo-
geography, ranges from the upper part of the Humphrie-
sianum Zone to the lower part of the Niortense Zone, while

the remainder of this zone and part of the Garantiana are
transgressive. This last transgressive phase would ex-
plain the origination of the Perisphinctidae and Parkin-
soniidae from Stephanoceratidae, which probably oc-
curred in marginal basins of the Tethys (the Hispanic Cor-
ridor or Protoatlantic; Sandoval and Westermann, 1986).
The transgressive phase would further explain the com-
munication between the Central European basins and the
Tethys and, indeed, that between the Tethys and the East-
ern Pacific (via the Hispanic Corridor) with frequent mi-
gration among the different paleobiogeographic realms
and provinces.

12. Latest Bajocian (Garantiana-Parkinsoni Zones)

Between the Garantiana and the base of the Parkinsoni
Zone, the Garantianinae went extinct, the Sphaerocerati-
dae disappeared in the Western Tethys (they continued in
the Eastern Pacific), the Leptosphinctinae were replaced
by the Zigzagiceratinae, Spiroceras also went extinct, and
the Morphoceratidae (Dimorphinites-Vigoriceras) origi-
nated and radiated in the Mediterranean (Fig. 2), al-
though this turnover is minor at generic and specific levels
(Table 2, Fig. 3A). In the curve proposed by Haq et al.
(1988), and within a generally transgressive context, a se-
quence boundary appears between third-order cycles
(LAZ-2.1/LAZ-2.2) in the upper part of the Garantiana
Zone, while the whole of the Parkinsoni Zone coincides
with a low-stand system tract (Fig. 7). In Hallam’s (1988,
1990) curves, a small regressive interval can be distin-
guished within a major transgressive interval (T9) near
the Bajocian/Bathonian boundary, which also covers the
Lower Bathonian (Fig. 7). In the Mediterranean province,
the upper part of the Garantiana Zone coincides with a
maximum regressive of the Bj4 sequence, and the trans-
gressive phase occurs in the lower part of the Parkinsoni
Zone (Hardenbol et al., 1998). In the Betic Cordillera,
there is no major stratigraphic discontinuity in the Par-
kinsoni Zone, because uppermost Bajocian lithologies are
found in many areas of the Subbetic swells. All these
stratigraphic events, especially Tethyan sequences, satis-
factorily explain the turnover.

13. Early Bathonian—Middle Bathonian Boundary (Au-
rigerus-Sofanus Zones)

Near the boundary between Early and Middle Bathoni-
an another major turnover in the ammonite associations
took place, with very high values of Dij coefficients be-
tween the Aurigerus and Sofanus Zones (Table 2, Figs. 2,
3A). The most important events of this turnover were the
extinction of the Parkinsoniidae (which were predominant
in Central Europe throughout the Late Bajocian and Ear-
ly Bathonian), the Morphoceratidae, Nannolytoceras (the
predominant genus during the uppermost Bajocian and
Lower Bathonian in the Betic Cordillera), and the extinc-
tion of several Tethyan Phylloceratina. These extinctions
were followed by the first appearance of the Tulitidae
(Bullatimorphites, Tulites, Morrisiceras, Lycetticeras),
Hecticoceratinae (Eohecticoceras and Prohecticoceras) and
several Perisphinctidae (Wagnericeras, Choffatia, Homoeo-
planulites). A third-order boundary (LZA-2.2/LZA-2.4) be-
tween the Progracilis and Subcontractus Zones appears in
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the Exxon curve (Haq et al., 1988), while we find no major
event on Hallam’s (1988) curve, which shows a generally
transgressive tendency (T10) throughout the Early and
Middle Bathonian (Fig. 7). However, in Tethyan sequenc-
es, Hardenbol et al. (1998) recognize a cycle boundary in
the Aurigerus Zone, which co-occurs with extinction
events. In the Betic Cordillera, this event coincides with a
minor stratigraphic lacuna, that covers at least the earli-
est Middle Bathonian.

14. Latest Middle Bathonian—earliest Late Bathonian
(Costatus-Orbis Zones)

Between the latest Middle Bathonian (Costatus Zone)
and the earliest Late Bathonian, Cadomites went extinct
in the Western Mediterranean, although it continued in
Central Europe (Dietl and Herold, 1986). The genera Wag-
nericeras, Procerites, and Bullatimorphites also became ex-
tinct while Epistrenoceras, Hemigarantia, and various An-
dean forms (Eurycephalytinae and Neuqueniceratinae)
appeared. This relatively major turnover (high values of
Dij coefficients between the Costatus and Orbis Zones; Ta-
ble 2, Figs. 2, 3A) coincides with a third-order cycle bound-
ary (LZA-2.3/LZA-2.4) which occurs in the upper part of
the Hodsoni Zone (Costatus) in the Exxon curve (Haq et
al., 1988), with the transgressive phase of the LZA-2.1 cy-
cle, the Bat4 in the Tethyan sequences (Hardenbol et al.,
1998), and also with a small regressive interval followed
by another transgression (T11) appearing in the last third
of the Late Bathonian in the Hallam’s (1988) curve (Fig.
7). A notable discontinuity appears in the Subbetic swells
in the lower part of the Upper Bathonian and/or in the up-
per part of the Middle Bathonian. This discontinuity, in
some areas, may cover the Late Bathonian to Middle Ox-
fordian interval while, in other places, part of the Upper
Bathonian (Orbis Zone), the Callovian, and the Lower Ox-
fordian are present. This regression in the earliest Late
Bathonian and the later transgression in the Orbis Zone
would explain the minor turnovers that took place during
this interval.

15. Latest Bathonian—Early Callovian (Discus to Gracilis
Zones)

No deposits belonging to the Discus Zone (very poorly
represented in the world) have been found in the Subbetic
swells, which indicates the zone to be a broadly regressive
interval. Even in those areas where this zone is present,
low ammonite diversity is recorded (Mangold, 1970; Man-
gold and Rioult, 1997). The most notable faunal events in
the Western Tethys during this interval include the ex-
tinction of Epistrenoceras, Hemigarantia, Clydoniceras,
and several Perisphinctidae. According to the Exxon
curve, the last important change in sea level recorded in
the Bathonian was a conspicuous regression related to the
boundary of the super-cycles LZA-2/LZA-3 in the Discus
Zone, which is an equivalent boundary of the Tethyan se-
quence Bat5 of Hardenbol et al. (1998). However, Hallam’s
(1988) curve does not show any regressive interval (R7) un-
til the Bathonian/Callovian boundary (Fig. 7).

In Early Callovian (Bullatus and, especially, Gracilis
Zones) in the Western Tethys, widespread diversification
of the Perisphinctidae and the Tulitidae took place togeth-

er with the first record of Macrocephalitidae and Reineck-
eiidae. These forms presumably migrated from the West-
ern Pacific, because similar forms appeared in the Upper
Bathonian in the Andean province and in Mexico (Cariou,
1984; Sandoval et al., 1990; Riccardi and Westermann,
1991), or in the Western Tethys (Westermann and Callo-
mon, 1988). Several Boreal and Andean groups (Kosmo-
ceratidae and Eurycephalytinae, respectively) diversified
during the Early Callovian. High values of Dij occur be-
tween the Bullatus and Gracilis and Anceps Zones (Table
2, Figs. 2, 3A). This faunal turnover occurred at the same
time as Hallam’s (1988) R7 regressive and T12 phases, and
the transgressive phase of the LZA-3.1 cycle in the Exxon
curve (Haq et al., 1988; Fig. 7) equivalent to the transgres-
sive cycle of Call1 of the Tethyan sequences (Hardenbol et
al., 1998). In the Betic Cordillera, this turnover is connect-
ed with a major stratigraphic event that appears to mark
the beginning of a transgressive phase after a long regres-
sive interval. This is based upon materials from the Bul-
latus Zone that overlie the Middle Bathonian or even older
strata in some areas of the Subbetic swells, while in other
areas the oldest Callovian materials belong to the Gracilis
Zone.

16. Middle-Late Callovian (Anceps to Lamberti Zones)

A major ammonite turnover occurred in Middle-Late
Callovian (Fig. 2); the most significant events include the
successive extinctions of the Macrocephalitidae, Tulitidae,
Reineckeiidae, Strigoceratidae, Hecticoceratinae, and var-
ious groups of Perisphinctidae (Zigzagiceratinae and
Grossouvriinae), all of which were the dominant ammo-
nite groups during Early-Middle Callovian and earliest
Late Callovian. These forms were replaced by Peltocerati-
nae, Euaspidoceratinae, Taramelliceratinae, and others.
Throughout this turnover extinctions clearly surpass orig-
inations (Table 2, Fig. 3A) and, consequently, diversity de-
creases (Fig. 6). This may be linked to a regressive interval
(R8; Hallam, 1988) which covers the Middle and earliest
Late Callovian and to a moderately transgressive interval
(placed between R8 and R9) in Upper Callovian (Fig. 7).
These intervals are more or less equivalent to the low-
stand system tract of the third-order cycle LAZ.3.2 in the
Exxon curve and the transgressive phase of this same cy-
cle, likewise equivalent with the lower boundary of the se-
quence Call3 and with the transgressive cycle of the Teth-
yan sequences of Hardenbol et al. (1998). In the Betic Cor-
dillera, there is a well-developed discontinuity in the Mid-
dle and Upper Callovian, such that the Upper Callovian
materials rarely are found in the Subbetic swells. When
such materials are found, they are limited to banks a few
centimeters thick and are only in small areas of the Inter-
nal Subbetic (Sequeiros, 1974, 1987; Sequeiros and Olóriz,
1979) or the External Subbetic (Checa and Sequeiros,
1990).

17. Early Oxfordian-earliest Middle Oxfordian (Renggeri-
Plicatilis Zones)

During the Early Oxfordian, ammonite associations
were similar to those found in the latest Callovian when
Peltoceratinae and Euaspidoceratinae (Euaspidoceras)
predominated. In the central sector of the Betic Cordillera,
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the Lower Oxfordian (as in the Upper Callovian) coincides
with a stratigraphic gap (Sequeiros, 1974, 1987; Sequeiros
and Olóriz, 1979), while in the eastern sector it is present,
but poorly represented (Checa and Sequeiros, 1990; Cara-
cuel, 1996). The Late Callovian–Early Oxfordian disconti-
nuity may correspond to the super-cycle LZA-3/LZA-4
boundary in the Exxon curve (Fig. 7) and with Ox1/Ox2 se-
quence boundary of Tethyan sequences.

In the earlier half of the Middle Oxfordian (Plicatilis
Zone), a diversification of the Haploceratidae, Taramelli-
ceratinae, Ochetoceratinae, Pachyceratidae, Euaspidocer-
atinae, and Perisphinctinae took place, together with the
appearance of the first representatives of Passendorferi-
inae. Although the diversity is low (Fig. 6), the values of Dij

between the Renggeri and Plicatilis Zones are highs (Ta-
ble 2, Fig. 3A). This diversification coincides with the T14

transgressive phase, which appears in the Middle Oxfor-
dian in the Hallam’s (1996) curve; this would correspond
to the transgressive phase of the LZA-4.3 in the Exxon
curve (Fig. 7).

18. Earliest Late Oxfordian-latest Oxfordian (Bifurcatus
to Planula Zones)

In the early Late Oxfordian, a new ammonite turnover
occurred that is characterized by the extinction of most of
the Euaspidoceratinae, Peltoceratinae, Perisphinctinae,
and several Taramelliceratinae, all of which predominat-
ed in the Middle Oxfordian. These were replaced by other
forms such as the Ochetoceratinae, Epipeltoceratinae, As-
pidoceratinae, Physodoceratinae, Idoceratinae, Ataxiocer-
atinae, Aulacostephaninae, Streblitinae, and new Tara-
melliceratinae (Metahaploceras), which dominated in the
Late Oxfordian, together with the Phylloceratina. Major
turnovers took place between the Bifurcatus and Bimam-
matum Zones where originations overpass extinction
(maximum in diversity, Fig. 6) and high values of Dij are
recorded (Table 2, Fig. 3). In studies carried out in the
Subbetic basin, condensed sediments from the Transver-
sarium and Bifurcatus Zones are found, but no major dis-
continuity in the deposits belonging to this time interval
are noted (Sequeiros, 1974; Caracuel, 1996). This turnover
may have been caused by a sea-level fall in the Late Oxfor-
dian (Bimammatum and Planula Zones): R11 on Hallam’s
(1988) curve. At the same time, these events may be cor-
related with the boundary between the LZA-4.3 and LZA-
4.4 sequences, the transgressive phase of this cycle in the
Exxon curve (Fig. 7), with the Ox5/Ox6 boundary, and
with the transgressive cycle of Ox6 of Tethyan sequences
(Hardenbol et al., 1998).

19. Early Kimmeridgian (Platynota-Divisum Zones)

During the Kimmeridgian, the ammonoid associations
underwent several turnovers at both the genus and the
species levels. At the Oxfordian/Kimmeridgian boundary
some taxa became extinct and others originated (Table 2,
Fig. 2), a fact that may be related to the R12 regression and
to a slight transgressive phase that appears in Hallam’s
curve (Fig. 7). The first major turnover occurred between
the Platynota and Strombecki-Divisum Zones, in which
some common Late Oxfordian and Early Kimmeridgian
forms went extinct and there were a major diversifications

within the Taramelliceratinae, Passendorferiinae (Ne-
brodites, Mesosimoceras) and Streblitinae (Olóriz, 1978,
1979; Rodrı́guez-Tovar, 1993; Caracuel, 1996), resulting
in maximum diversity in the Divisum Zone (Table 2, Figs.
2, 3A, 6). This extinction and the subsequent diversifica-
tion may be connected with the R13 regressive phase of the
Early Kimmeridgian, and with the T16 transgressive
phase of the Early-Late Kimmeridgian boundary on Hal-
lam’s (1988) curve. In turn, it may correspond to the third-
order sequence boundary between the LZA-4.4 and LZA-
4.5 cycles (Strombecki Zone) and the transgressive phase
of this cycle on the curve (Haq et al., 1988), which covers
the Divisum Zone and lower part of the Compsum (Fig. 7).

20. Late Kimmeridgian (Compsum-Beckeri Zones)

Another turnover, almost as important as that de-
scribed above (Fig. 2), took place in the Late Kimmeridgi-
an (Compsum and Beckeri Zones). The Aulacostephani-
nae, Idoceratinae, Passendorferiinae, and Ataxiocerati-
nae, as well as several Ochetoceratinae and Taramellicer-
atinae, went extinct during the Compsum and Cavouri
Zones. These were replaced by two new subfamilies of the
Perisphinctidae (Lithacoceratinae and Torquatisphincti-
nae) and by the Hybonoticeratinae, all of which were to
predominate during latest Kimmeridgian and most of the
Early Tithonian (see Olóriz, 1978; Caracuel, 1996). This
turnover was especially significant between the Cavouri
and Beckeri Zones with high values of Dij coefficients (Ta-
ble 2, Fig. 3A). No notable discontinuity for this time inter-
val has been recognized in the Betic Cordillera, but the
Subbetic swells show all the cycles represented in the
Exxon curve (Caracuel, 1996). This turnover can be corre-
lated readily with the LZA-4.5/LZA-4.6 cycle boundary,
equivalent to Kim3/Kim4 Tethyan sequence boundary
(Compsum Zone), and with the transgressive phase of this
cycle, which developed in Late Kimmeridgian (Cavouri
and Beckeri Zones; Fig. 7). However, it does not coincide
with any important event on Hallam’s (1988) curve, where
the entire interval is included in the T16 transgressive
phase.

21. Earliest Early Tithonian (Hybonotum-Albertinum
Zones)

No major stratigraphic gaps or discontinuities are re-
corded in the Tithonian sediments from the Subbetic
swells, where all the Mediterranean standard ammonite
zones have been recognized (Olóriz, 1978; Tavera, 1985;
Caracuel, 1996, etc.). In that domain, Caracuel (1996) reg-
istered all the cycles that appear in the Exxon curve. In
the Early Tithonian (in the upper part of the Hybonotum
Zone and in the lower part of the Albertinum Zone), Sow-
erbyceras, which predominated throughout the Kimmer-
idgian, and the Hybonoticeratinae went extinct (Fig. 2).
This extinction coincided with the origination of the Sim-
oceratinae, but extinction events dominated over origina-
tions with a consequent decrease in diversity (Fig. 6). High
Dij values are recorded between the Hybonotum and Al-
bertinum Zones (Table 2, Fig. 3A). On his curves, Hallam
records no eustatic change that can be correlated with this
turnover. The turnover may be connected with the bound-
ary between the LZA-4.6 and LZA-4.7 cycles in the Exxon
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curve, with the transgressive phase of the LZA-4.7 cycle
(Fig. 7), the boundary between sequences Kim5/Ti1, and
the transgressive phase of Ti1 in the Tethyan sequences
(Hardenbol et al., 1998).

22. Mid-Early Tithonian (Albertinum-Verruciferum
Zones)

In the upper part of the Albertinum Zone and the lower
part of the Verruciferum Zone, the Taramelliceratinae,
Glochiceratidae, and most of the Aspidoceratinae and
Physodoceratinae disappeared. The greatest diversifica-
tion of the Simoceratinae and a major generic turnover
within the Haploceratidae, Lithacoceratinae, and Torqua-
tisphinctinae followed this extinction (Fig. 2). At the spe-
cific level, the Dij value is high between the Albertinum-
Verruciferum Zones (Table 2, Fig. 3A). Originations clear-
ly surpassed extinctions, thereby increasing diversity (Fig.
6). In turn, this turnover coincides with the boundary be-
tween the second-order sequences LZA-4.7 and LZB-1.1
and with a small stratigraphic gap that has been detected
in the Betic Cordillera (Rey, 1993; Nieto, 1997). The turn-
over does not fit in with any significant event in Hallam’s
(1988) curve (Fig. 7). The originations coincide with the
transgressive phase of LZB-1.1.

23. Early Tithonian-Late Tithonian Boundary

At the boundary between Early and Late Tithonian
(Burckhardticeras and Simplisphinctes Zones), the Oche-
toceratinae, Streblitinae, Simoceratinae, and Torquatis-
phinctinae disappeared, whereas the Himalayitidae and
Aulacostephaninae originated and became predominant
during the Late Tithonian (Fig. 2). This turnover, notable
at the species level (Table 2, Fig. 3A), may be connected
with the R14, the T18 intervals of Hallam’s (1988) curve,
and with the boundary between the LZB-1.1 and LZB-1.2
of the transgressive phase in the Exxon curve (Fig. 7).
These are equivalents to the boundary between Ti3/Ti4 cy-
cles and transgressive phase of Ti4 in Tethyan sequences
(Hardenbol et al., 1998).

24. Late Tithonian (Transitorius-Durangites Zones)

A minor ammonite turnover occurred in the Late Ti-
thonian with the extinction of the last representatives of
the Perisphinctidae (Lithacoceratinae and later Paraula-
cosphinctinae) and the appearance of Berriasellidae and
Spiticeratinae (Table 2, Figs. 2, 3A). This is the last Juras-
sic ammonite turnover recorded in the Western Tethys, a
fact that may be correlated with the LZB-1.2 and LZB-1.3
sequence boundary and with the transgressive phase of
the LZB-1.3 cycle in the Exxon curve (Ti4/Ti5 sequence
boundary of Tethyan sequences in Hardenbol et al., 1998).
These events are not shown in Hallam’s curves (Fig. 7).

As indicated in Figure 6, with rare exceptions (e.g., Con-
cavum, Simplisphinctes, and Transitorius Zones), the in-
tervals of maximum generic and specific diversity coin-
cide. Highest diversities occur especially in the Middle-
Late Domerian, Middle Toarcian, Early Bajocian-earliest
Late Bajocian, Early Bathonian, latest Middle Bathonian,
Early Callovian, early Late Oxfordian, latest Early Kim-
meridgian, latest Kimmeridgian-earliest Tithonian, mid-

Early Tithonian and Late Tithonian. Minimal relative di-
versities occur in the Late Sinemurian, earliest Toarcian,
Middle-Late Toarcian boundary, Early-Middle Aalenian
boundary, latest Bathonian, Late Callovian-Early Oxfor-
dian, latest Oxfordian, Late Kimmeridgian, and latest
Early Tithonian. A comparison of the diversities with glob-
al sea-level-change curves (Fig. 7) shows that maximum
relative diversities coincide mostly with transgressive
peaks (e.g., Bifrons, Niortense, Gracilis, Divisum, Hybon-
otum, and Verruciferum Zones) in the Exxon, Hallam
(1988) or Hardenbol et al. (1988) curves, whereas regres-
sive peaks (e.g., Murchisonae, Discus, Lamberti-Atleto-
ides Zones) correlate with minimal relative diversities.

The origination-extinction curve (Fig.7, black left curve)
indicates that most extinction events are related to regres-
sive intervals (cycle boundaries in the Exxon curve), and
that origination and radiation events appear to be corre-
lated well with transgressive intervals of Hallam’s curve
(1988) and with transgressive cycles in the Exxon curve
(Haq et al., 1988). Comparison of the origination-extinc-
tion curve with Tethyan sequences (Hardenbol et al.,
1998) results in a better correlation.

DISCUSSIONS

A study of ammonite associations recorded in the Juras-
sic lithologies of the Betic Cordillera reveals a series of
faunal turnover events. The most common pattern con-
sists of periods in which extinctions predominate followed
by periods during which new taxa appeared and radiated.
For many time intervals in the Betic Cordillera there is a
direct relationship between stratigraphic gaps and faunal
turnover. The causes for ammonite faunal turnover could
be quite diverse. Decreases in diversity and extinction
events can be strongly affected both by biotic and abiotic
factors, although the latter play a more important role
(i.e., competition with other taxa, environmental pertur-
bations, such as thermal stress, tectonic events, alter-
ations of the distribution areas, etc.). Likewise, biotic and
abiotic events can be the factors generating the origina-
tions and radiation of new taxa. It should be noted that
many of these factors are affected by others (e.g., climatic
changes directly affect to biotic events but, at times, cli-
matic changes can act on sea level which in turn may alter
the distribution and area of continental and marine envi-
ronments). Likewise, two or more factors can generate the
same effect (e.g., sea-level fall and climatic cooling can ac-
celerate extinction processes). As shown by Hallam and
Wignall (1997), small environmental perturbations can
strongly affect shallow-water organisms, a habitat in
which many ammonites lived (Westermann, 1990, 1996).
The comparative analysis of intervals in which ammonite
turnovers took place, on the one hand, and global changes
in sea level, on the other, demonstrates that most major
faunal turnovers are correlated with eustatic cycles. Ex-
tinction almost always coincided with regressive phases,
while the origination and radiation of new taxa (species,
genera, etc.) were connected with transgressive episodes.
Consequently, it is concluded that sea-level fall and the
corresponding regression were the main causes of ammo-
nite extinctions in the Subbetic basin. High sea-level with
corresponding transgression, which resulted in the origi-
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nation of new habitats, are the main factors influencing
ammonite origination and radiation.

Exactly how these changes came about, however, is not
yet clear. In many cases the regressive events (well docu-
mented in the Betic Cordillera by discontinuities) in-
creased the isolation of the marine biota and, in turn, ex-
tinguished many taxa and decreased the diversity. Such
extinctions are particularly important in taxa that lived in
shallow environments (usually heavily ornamented ser-
penticone forms), precisely those that were more prone to
undergo evolutionary changes. The observed data might
suggest that the Phylloceratina, Lytoceratina, and many
oxyconic Haplocerataceae (conservative and very abun-
dant in Betic Cordillera, also in other typically basin are-
as) were unaffected by sea-level changes in terms of evo-
lution and extinction. The adaptation of these groups to
deep-water habitats may satisfactorily explain this fact.

On the other hand, the isolation of ammonite popula-
tions in marginal basins, either towards the end of regres-
sive phases or, more probably, during the early stages of
transgressive cycles, favors origination and the later ap-
pearance of new taxa, as was shown by Bayer and McGhee
(1985).

These new taxa (isolated in marginal basins during pe-
riods of low sea level) would have taken advantage of the
following transgressive cycles to radiate and occupy new
areas. It may be during these latter intervals that taxa
reached their widest geographical distribution and, in
most cases, where they are first recorded.
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quentelle des séries du Bajocien Inférieur au Bathonien Moyen du
seuil du Poitou et de son versan Aquitain (France): Comptes Ren-
dues de l’Académie des Sciences de Paris, v. 316, Série II, p. 209–
215.

GOY, A., JIMÉNEZ, A., MARTı́NEZ, G., and RIVAS, P., 1988, Difficulties
in correlating the Toarcian Ammonite successions of the Iberian
and Betic Cordilleras: in Rocha, R.B., and Soares, A.F., eds., 2nd
International Symposium on Jurassic Stratigraphy: Lisboa, v. 1,
p. 155–178.

GRABAU, A.W., 1936, Oscillation or pulsation?: 16th International
Geological Congress, Washington, Report 1, p. 539–552.

GUEX, J., 1981, Associations virtuelles et discontinuités dans la dis-
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sector central de las Cordilleras Béticas: Ph.D. Thesis, University
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ibérico de la Cordillera Bética: Revista de la Sociedad Geológica de
España, v. 1, p. 373–391.

WARD, P., 1996. Ammonoid Extinction: in Ladman, N.H., Tanabe, K.,
and Davis, R.H., eds., Ammonoid Paleobiology: Plenum Press,
New York, p. 815–824.

WESTERMANN, G.E.G., 1984, Gauging the duration of stage: A new ap-
proach for the Jurassic: Episodes, v. 7, p. 2–28.

WESTERMANN, G.E.G., 1990, New developments in ecology of Jurassic
Cretaceous ammonoids: in Pallini, G., Cecca, F., Cresta, S., and
Santantonio, M., eds., Fossili, Evolutione, Ambiente, Tecnostam-
pa: Ostra Vetere, Italy, p. 459–478.

WESTERMANN, G.E.G., 1996, Ammonoid Life and Habitat: in Lad-
man, N.H., Tanabe, K., and Davis, R.H., eds., Ammonoid Paleobi-
ology: Plenum Press, New York, p. 607–707.

WESTERMANN, G.E.G., and CALLOMON, J.H., 1988, The Macrocephal-
itinae and associated Bathonian and Early Callovian (Jurassic)
Ammonoids of the Sula Islands and New Guinea, Palaeontogra-
phica Abteilung A, v. 140, p. 1–116.

WIEDMANN, J., and KULLMANN, J.,1996, Crises in Ammonoid Evolu-
tion: in Ladman, N.H., Tanabe, K., and Davis, R.H., eds., Ammo-
noid Paleobiology: Plenum Press, New York, p. 795–813.

ACCEPTED JANUARY 16, 2001



AMMONITE EVOLUTION AND SEA-LEVEL CHANGES 331

APPENDIX 1
Ranges of genera and species recorded in the Betic Jurassic. Numbers 1 to 69 indicate the Mediterranean standard ammonite zones.

Psiloceras 1 1
Psiloceras gr. naumanni 1 1
Caloceras 1 1
Caloceras sp. 1 1
Waehneroceras 1 2
Waehneroceras gr. tenerum 1 1
Waehneroceras gr. gernense 1 1
Waehneroceras calcimontanum 2 2
Waehneroceras gr. frigga 2 2
Waehneroceras anisophyllum 2 2
Waehneroceras megastoma 2 2
Waehneroceras portlocki 2 2
Waehneroceras toxophorum 2 2
Phylloceras 1 69
Phylloceras sp ind. 1 69
Phylloceras meneghinii 10 15
Phylloceras frondosum 13 15
Phylloceras trifoliatum 31 33
Phylloceras kudernatschi 31 42
Phylloceras viator 31 42
Lytoceras 1 69
Lytoceras etruscum 5 5
Lytoceras fimbriatum 11 18
Lytoceras villae 12 14
Lytoceras tortum 12 14
Lytoceras tauromenense 14 15
Lytoceras loricatum 14 16
Lytoceras francisci 22 26
Lytoceras rasile 22 28
Lytoceras amplum 28 29
Lytoceras eudesianum 30 31
Lytoceras adelae 33 47
Lytoceras polyanchomenum 47 53
Lytoceras orsinii 49 58
Lytoceras polycyclum 50 58
Lytoceras municipale 54 67
Lytoceras sutile 58 66
Lytoceras montanum 58 69
Lytoceras liebigi 59 67
Discamphiceras 2 2
Discamphiceras emmerichi 2 2
Discamphiceras kammerkarense 2 2
Discamphiceras sp. 2 2
Alsatites 2 2
Alsatites sublaqueus 2 2
Alsatites sp. 2 2
Schloteimia 3 3
Schloteimia marmorea 3 3
Schloteimia cf. angulota 3 3
Schloteimia sp. 3 3
Kammerkaroceras 3 3
Kammerkaroceras emmrichi 3 3
Vermiceras (Paracaloceras) 3 3
V. (Paracaloceras) coregonense 3 3
V. (Vermiceras) ligusticum 3 3
V. (Paracaloceras) euceras 3 3
Vermiceras (Vermiceras) 3 4
V. (Vermiceras) supraspiratum 3 3
V. (Vermiceras) sp. 3 4
V. (Vermiceras) solarioides 3 4
V. (Vermiceras) ultraspiratum 4 4
Coroniceras 4 4
Coroniceras rotiforme 4 4
Coroniceras sp. 4 4
Ectocentrites 4 4
Ectocentrites petersi 4 4
Ectocentrites sp. 4 4
Angulaticeras 4 7
Angulaticeras sp. 4 6
Angulaticeras boucaultianum 7 7
Sulciferites 5 5
Sulciferites sp. 5 5
Tmaegoceras 5 5
Tmaegoceras crassiceps 5 5
Lytoconites 5 5
Lytoconites hierlatzicus 5 5
Tragolytoceras 5 5
Tragolytoceras adneticum 5 5
Tragolytoceras sp. 5 5
Hypasteroceras 5 7
Hypasteroceras laevissimum 5 5
Hypasteroceras exiguum 7 7
Geyeroceras 5 7
Geyeroceras cylindricum 5 7
Arnioceras 5 8
Arnioceras mendax 5 5
Arnioceras ceratitoides 5 5
Arnioceras anomaliferum 5 5
Arnioceras cf. oppeli 6 6
Arnioceras pluriplicatum 6 6
Arnioceras dimorphum 6 6
Arnioceras gr. pluriplicatum 7 7
Arnioceras sp. 7 8
Partschiceras 6 18
Parschiceras sp. 1 6 6

Partschiceras striatocostatum 12 18
Partschiceras proclive 14 15
Asteroceras 7 7
Asteroceras suevicum 7 7
Asteroceras sp. 7 7
Juraphyllites 7 7
Juraphyllites sp. 7 7
Epophioceras 7 7
Epophioceras landrioti 7 7
Tmaegophioceras 8 8
Tmaegophioceras laeve 8 8
Paltechioceras 9 9
Paltechioceras boehmi 9 9
Paltechioceras babaricum 9 9
Paltechioceras aplanatum 98 9
Paltechioceras sp. 9 9
Epideroceras 9 9
Epideroceras grande 9 9
Zetoceras 9 16
Zetoceras oenotrium 9 9
Zetoceras bonarellii 12 16
Zetoceras cf. lavizzari 13 15
Gemmeralloceras 10 10
Gemmeralloceras aenigamticum 10 10
Gemmeralloceras cortesei 10 10
Gemmeralloceras alloplocum 10 10
Gemmeralloceras granuliferum 10 10
Polymorphytes 10 10
Polymorphytes mixtus 10 10
Coeloceras 10 10
Coeloceras pettos 10 10
Coeloceras depresum 10 10
Coeloceras subpettos 10 10
Coeloderoceras 10 10
Coeloderoceras sellae 10 10
Tropidoceras 10 11
Tropidoceras flandrini 10 11
Tropidoceras erytraeum 10 11
Tropidoceras mediterraneum 11 11
Tropidoceras zitteli 11 11
Tropidoceras demonense 11 11
Tropidoceras calliplocum 11 11
Dubariceras 11 11
Dubariceras dubari 11 11
Metaderoceras 11 11
Metaderoceras evolutum 11 11
Metaderoceras gemmellaroi 11 11
Metaderoceras meneghinii 11 11
Uptonia 11 11
Uptonia sp 11 11
Radstockiceras 11 12
Radstockiceras sp. 1 11 12
Radstockiceras whiltshieri 12 12
Radstockiceras pseudosaemani 12 12
Radstockiceras oscensis 12 12
Reynessocoeloceras 12 12
Reynessocoeloceras colubriforme 12 12
Reynessocoeloceras obesum 12 12
Reynessocoeloceras indunense 12 12
Reynessocoeloceras fallax 12 12
Becheiceras 12 13
Becheiceras gallicum 12 12
Becheiceras bechei 12 13
Calaiceras 12 14
Calaiceras calais 12 13
Calaiceras hantkeni 14 14
Fuciniceras 12 14
Fuciniceras dubari 12 12
Fuciniceras bastiani 12 12
Fuciniceras portisi 13 13
Fuciniceras lavinianum 13 13
Fuciniceras brevispiratum 13 13
Fuciniceras isseli 13 13
Fuciniceras cornacaldense 13 14
Protogrammoceras 12 16
Protogrammoceras sp. 12 12
Protogrammoceras mehallense 12 12
Protogrammoceras carixiense 12 12
Protogrammoceras dilectum 12 12
Protogrammoceras celebratum 13 13
Protogrammoceras bonarelli 13 13
Protogrammoceras aequiondulatum 14 14
Protogrammoceras ilurcense 14 14
Protogrammoceras meneghinii 14 14
Protogrammoceras sublythense 14 14
Protogrammoceras decoratum 14 15
Protogrammoceras honestum 14 15
Protogrammoceras veliferum 15 16
Protogrammoceras bassanii 15 16
Calliphylloceras 12 69
Calliphylloceras bicicollae 12 18
Calliphylloceras nilsoni 18 22
Calliphylloceras altisulcatum 21 30
Calliphylloceras disputabile 31 45
Calliphylloceras manfredi 47 53

Calliphylloceras silesianum 49 57
Calliphylloceras benacense 53 59
Calliphylloceras cochi 59 64
Fieldingiceras 13 13
Fieldingiceras fieldingii 13 13
Reynecoeloceras (Cetonoceras) 13 13
R. (Cetonoceras) psiloceroides 13 13
Reynesoceras 13 14
Reynesoceras italicum 13 13
Reynesoceras acanthoides 14 14
Reynesoceras ragazzonii 14 14
Reynesoceras mortilleti 14 14
Arieticeras 13 14
Arieticeras apertum 13 13
Arieticeras amalthei 14 14
Arieticeras disputabile 14 14
Arieticeras micrasteria 14 14
Arieticeras delcampanae 14 14
Arieticeras algovianum 14 14
Arieticeras bertrandi 14 14
Leptaleoceras 14 14
Leptaleoceras ochocoense 14 14
Leptaleoceras guerrerense 14 14
Leptaleoceras insigne 14 14
Leptaleoceras macrum 14 14
Leptaleoceras ugdulenai 14 14
Leptaleoceras canavarii 14 14
Leptaleoceras prognatum 14 14
Leptaleoceras accuratum 14 14
Leptaleoceras praeaccuratum 14 14
Leptaleoceras sp. 1 14 14
Amaltheus 14 14
Amaltheus margaritatus 14 14
Emaciaticeras 14 15
Emaciaticeras villae 14 14
Emaciaticeras levidorsatum 14 14
Emaciaticeras speciosum 14 14
Emaciaticeras lotii 15 15
Emaciaticeras imitator 15 15
Emaciaticeras emaciatum 15 15
Emaciaticeras falculum 15 15
Emaciaticeras archimedis 15 15
Emaciaticeras timaei 15 15
Emaciaticeras gracile 15 15
Audaxlytoceras 14 15
Audaxlytoceras grandonense 14 15
Phricodoceras 14 15
Phricodoceras paronai 14 15
Lioceratoides 14 16
Lioceratoides exapatus 14 14
Lioceratoides naumachensis 15 15
Lioceratoides fucinianus 15 15
Lioceratoides serotinus 15 15
Lioceratoides aradasi 15 15
Lioceratoides lorioli 15 16
Lioceratoides micitoi 15 16
Fontanelliceras 14 16
Fontanelliceras fontanellense 14 16
Fontanelliceras perspiratum 15 15
Fontanelliceras sp. 15 16
Dactylioceras (Eodactylites) 14 16
D. (Eodactylites) sp. 14 16
D. (Eodactylites) polymorphum 16 16
D. (Eodactylites) pseudocommune 16 16
D. (Eodactylites) mirabile 16 16
D. (Eodactylites) simplex 16 16
Canavaria (Tauromeniceras) 15 15
C. (Tauromeniceras) elisa 15 15
C. (Tauromeniceras) nerina 15 15
C. (Tauromeniceras) nodosa 15 15
C. (Tauromeniceras) occidentalis 15 15
Pleuroceras 15 15
Pleuroceras solare 15 15
Neolioceratoides 15 16
Neolioceratoides dinae 15 15
Neolioceratoides expulsum 15 15
Neolioceratoides schopeni 15 15
Neolioceratoides hoffmanni 15 16
Canavaria (Canavaria) 15 16
C. (Canavaria) zancleana 15 15
C. (Canavaria) peloritana 15 15
C. (Canavaria) naxensis 15 15
C. (Canavaria) gregalis 15 15
C. (Canavaria) finitima 15 15
C. (Canavaria) festiva 16 16
Holcolytoceras 16 16
Holcolytoceras sp. 16 16
Harpoceras (Tiltoniceras) 16 16
H. (Tiltoniceras) sp. 16 16
Dactylioceras (Dactylioceras) 16 18
D. (Dactylioceras) gr. polymorphum 16 18
Dactylioceras (Orthodactylites) 17 17
D. (Orthodactylites) andaluciensis 17 17
Eleganticeras 17 17

Eleganticeras elegantum 17 17
Eleganticeras elegans 17 17
Taffertia 17 17
Taffertia taffertensis 17 17
Taffertia iblanensis 17 17
Ovaticeras 17 17
Ovaticeras ovatum 17 17
Hildaites 17 17
Hildaites striatus 17 17
Hildaites levisoni 17 17
Hildaites gyralis 17 17
Hildaites serpentinus 17 17
Hildaites proserpentinus 17 17
Orthildaites 17 17
Orthildaites douvillei 17 17
Leukadiella 17 17
Leukadiella sp. 17 17
Harpoceras (Harpoceras) 17 17
H. (Harpoceras) mediterraneum 17 17
Harpoceras (Maconiceras) 17 17
H. (Maconiceras) sp. 17 18
Nodicoeloceras 17 18
Nodicoeloceras merlai 17 18
Nodicoeloceras angelonii 17 18
Polyplectus 17 21
Polyplectus discoides 17 21
Osperleioceras 17 22
Osperleioceras bicarinatum 17 19
Osperleioceras carezi 17 21
Osperleioceras subbeticum 21 22
Osperleioceras wunstorfi 21 22
Osperleioceras reynesi 21 22
Pseudolioceras 17 22
Pseudolioceras sp. 17 22
Platystrophites 18 18
Platystrophites latus 18 18
Peronoceras 18 18
Peronoceras sp. 18 18
Zugodactylites 18 18
Zugodactylites braunianus 18 18
Hildoceras 18 18
Hildoceras sublevisoni 18 18
Hildoceras lusitanicum 18 18
Hildoceras crassum 18 18
Hildoceras caterinii 18 18
Hildoceras tethysi 18 18
Hildoceras apertum 18 18
Hildoceras bifrons 18 18
Hildoceras semipolitum 18 18
Hildoceras angusticostatum 18 18
Frechiella 18 18
Frechiella karmercarensis 18 18
Transicoeloceras 18 19
Transicoeloceras viallii 18 19
Catacoeloceras 18 19
Catacoeloceras crassum 18 19
Porpoceras 18 19
Porpoceras vortex 18 18
Porpoceras vorticellum 18 18
Collina 18 19
Collina gemma 18 19
Collina lauxi 19 19
Mercaticeras 18 19
Mercaticeras mercati 18 18
Mercaticeras recurvicostatum 18 18
Mercaticeras umbilicatum 18 18
Mercaticeras thyrrenicum 18 19
Mercaticeras dilatum 18 19
Pseudomercaticeras 18 19
Pseudomercaticeras rotaries 18 19
Pseudomercaticeras frantzi 19 19
Phymatoceras 18 19
Phymatoceras elegans 18 18
Phymatoceras jardense 18 18
Phymatoceras iserense 18 18
Phymatoceras armatum 18 19
Phymatoceras erbaense 19 19
Phymatoceras merlai 19 19
Phymatoceras venustullum 19 19
Brodieia 19 18
Brodieia viallii 18 19
Crassiceras 18 19
Crassiceras sp. 18 19
Alocolytoceras 18 30
Alocolytoceras dorcadis 18 19
Alocolytoceras germanii 19 19
Alocolytoceras irregulare 20 22
Alocolytoceras ophioneum 22 30
Paroniceras 19 19
Paroniceras sp. 19 19
Haugia 19 19
Haugia sp. 19 19
Merlaites 19 19
Merlaites gradatus 19 19
Merlaites alticarinatus 19 19
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Podagrosites 19 20
Podagrosites sp. 19 20
Pseudogrammoceras 19 19
Pseudogrammoceras aratum 19 19
Pseudogrammoceras pinnai 20 20
Pseudogrammoceras garnatensis 20 20
Pseudogrammoceras retrocostatum 20 20
Pseudogrammoceras andaluciensis 20 20
Pseudogrammoceras mediterraneum 20 20
Pseudogrammoceras struckmanni 20 20
Pseudogrammoceras gr. bingmanni 20 20
Pseudogrammoceras gr. fallaciosum 20 20
Geczyceras 19 21
Geczyceras sp. 19 21
Geczyceras victorii 20 21
Geczyceras porcarelensis 21 21
Geczyceras meneghinii 21 21
Hammatoceras 19 22
Hammatoceras sp. 19 22
Hammatoceras insigne 20 20
Pseudolillia 20 20
Pseudolillia donovani 20 20
Pseudolillia emiliana 20 20
Pseudolillia murvillensis 20 20
Denckmania 21 21
Denckmania sp. 21 21
Dumortieria 21 21
Dumortieria levesquei 21 21
Dumortieria rhodanica 21 21
Dumortieria latiumbilicata 21 21
Dumortieria moorei 21 21
Catulloceras 21 21
Catulloceras evolutisimus 22 21
Catulloceras dumortieri 22 22
Catulloceras perroudi 22 22
Catulloceras insignisimilis 22 22
Erycites 22 25
Erycites elaphus 21 21
Erycites picenus 21 21
Erycites subquadratus 22 23
Erycites fallifax 23 24
Erycites gonionotus 24 25
Erycites intermedius 25 25
Holcophylloceras 21 69
Holcophylloceras ultramontanum 21 29
Holcophylloceras sp 21 69
Holcophylloceras zignodianum 30 59
Holcophylloceras mediterraneum 41 59
Holcophylloceras polyolcum 49 65
Holcophylloceras baraebse 57 59
Paradumortieria 22 22
Paradumortieria tectiforme 22 22
Cotteswoldia 22 22
Cotteswoldia crinita 22 22
Cotteswoldia venustula 22 22
Cotteswoldia costulata 22 22
Cotteswoldia attrita 22 22
Pleydellia 22 22
Pleydellia arcuata 22 22
Pleydellia subcompta 22 22
Pleydellia folleata 22 22
Pleydellia aalensis 22 22
Pleydellia fluens 22 22
Pleydellia falcifer 22 22
Pleydellia burtonensis 22 22
Pleydellia leura 22 22
Pleydellia mactra 22 22
Pleydellia buckmanni 122 22
Pleydellia misera 22 22
Parammatoceras 22 24
Parammatoceras sieboldi 22 24
Parammatoceras alleoni 23 23
Parammatoceras auerbachense 23 24
Ptychophylloceras 22 59
Ptychophylloceras chonomphalum 22 26
Ptychophylloceras tatricum 23 26
Ptychophylloceras xeinossulcatum 26 30
Ptychophylloceras flabellatum 34 41
Ptychophylloceras ptychocum 59 69
Ptychophylloceras semisulcatum 61 69
Leioceras (Leioceras) 23 23
L. (Leioceras) opalinum 23 23
L. (Leioceras) crassicostatum 23 23
L. (Leioceras) uncum 23 23
L. (Leioceras) uncinatum 23 23
L. (Leioceras) gracile 23 23
Leioceras (Cypholioceras) 23 23
L. (Cypholioceras) lineatum 23 23
L. (Cypholioceras) comptum 23 23
L. (Cypholioceras) bifidatum 23 23
Tmetoceras 23 25
Tmetoceras scissum 23 25
Tmetoceras hollandae 24 24
Spinammatoceras 23 25
Spinammatoceras pugnax 23 24
Spinammatoceras tenax 24 25
Spinammatoceras shindewolfi 24 25
Spinammatoceras sp 1 25 25
Vacekia 23 26
Vacekia stephensi 23 26

Bredyia 23 26
Bredyia subinsigne 23 24
Bredyia diadematoides 25 26
Abbasitoides 23 26
Abbasitoides sp 23 24
Abbasitoides modestum 26 26
Ancolioceras 24 24
Ancolioceras opalinoides 24 24
Ancolioceras cariniferum 24 24
Ancolioceras subacutum 24 24
Ludwigia 24 24
Ludwigia haugi 24 24
Ludwigia obtusiformis 24 24
Ludwigia murchisonae 24 25
Ludwigia gradata 25 25
Ludwigia rustica 25 25
Ludwigia umbilicata 25 25
Staufenia 24 25
Staufenia sp 24 25
Planammatoceras 24 25
‘‘Planammatoceras’’ lorteti 23 23
‘‘Planammatoceras’’ procerinsigne 23 24
Planammatoceras planinsigne 23 25
Planammatoceras tenuinuinsigne 23 25
Planammatoceras tenerum 24 24
Planammatoceras planiforme 25 25
Planammatoceras klimakomphalum 26 26
Brasilia (Brasilia) 25 25
B. (Brasilia) bradfordensis 25 25
B. (Brasilia) gigantea 25 25
B. (Brasilia) similis 25 25
B. (Brasilia) falcifera 25 25
B. (Brasilia) tutcheri 25 25
Brasilia (Pseudographoceras) 25 25
B. (Pseudographoceras) helvetica 25 25
B. (Pseudographoceras) umbilicata 25 25
B. (Pseudographoceras) litterata 25 25
B. (Pseudographoceras) delecta 25 25
Malladaites 25 26
Malladaites pertinax 25 26
Malladaites vaceki 25 26
Malladaites striatum 26 26
Malladaites sp 1 26 26
Ambersites 25 26
Ambersites gardincola 25 26
Ambersites sp 1 26 26
Abbasites 25 26
Abbasites abbas 25 26
Asthenoceras 25 27
Asthenoceras nannodes 25 25
Asthenoceras intermedium 26 26
Asthenoceras sp 1 27 27
Euaptetoceras 25 27
Euaptetoceras sp. 25 27
Euaptetoceras amplectem 26 26
Euaptetoceras amaltheiforme 26 27
Lissoceras 25 38
Lissoceras sp 1 25 25
Lissoceras depereti 26 29
Lissoceras semicostulatum 29 30
Lissoceras oolithicum 31 32
Lissoceras psilodiscum 33 35
Lissoceras ventriplanum 36 38
Graphoceras (Ludwigella) 26 26
G. (Ludwigella) arcitenens 26 26
G. (Ludwigella) cornu 26 26
G. (Ludwigella) rudis 26 26
Graphoceras (Graphoceras) 26 27
G. (Graphoceras) concavum 26 26
G. (Graphoceras) decorum 26 26
G. (Graphoceras) V scriptum 26 26
G. (Graphoceras) pulcrum 26 26
G. (Graphoceras) formosum 26 27
G. (Graphoceras) limitatum 26 27
Ricardiceras (Riccardiceras) 26 27
R. (Riccardiceras) telegdirothi 26 27
R. (Riccardiceras) longalvum 26 27
R. (Riccardiceras) westermanni 27 27
R. (Riccardiceras) limatum 27 27
Ricardiceras (‘‘Trilobiticeras’’) 26 27
R. ‘‘(Trilobiticeras)’’ sp. 26 27
Praestrigites 26 27
Praestrigites sp 1 26 26
Praestrigites destotus 26 27
Eudmetoceras (Eudmetoceras) 26 27
Eudmetoceras eudmetum 26 27
Eudmetoceras (Rhodaniceras) 26 27
E. (Rhodaniceras) prosphues 26 27
Nannoceras 26 27
Nannoceras nannomorphum 27 27
Nannoceras schlumbergeri 27 27
Haplopleuroceras 26 27
Haplopleuroceras subspinatum 26 27
Haplopleuroceras mundum 26 27
Haplopleuroceras inaequalicostatum 26 27
Haplopleuroceras eximium 26 27
Haplopleuroceras mouterdei 27 27
Haplopleuroceras sp 1 27 27
Fontannesia 26 28
‘‘Fontannesia’’ concentrica 26 27

‘‘Fontannesia’’ aurita 26 27
Fontannesia montillanensis 27 27
Fontannesia tortiva 27 27
Fontanennesia granmoceroides 27 28
Euhoploceras 26 28
Euhoploceras sp 1 26 26
Euhoploceras acanthodes 26 27
Euhoploceras marginatum 27 27
Euhoploceras subdecoratum 27 27
Euhoploceras sp 2 27 27
Euhoploceras modestum 27 28
Euhoploceras adicrum 28 28
Bradfordia 26 30
Bradfordia helenae 26 26
Bradfordia gracilobata 26 26
Bradfordia inclusa 26 28
Bradfordia costidensa 27 29
Bradfordia renzi 28 28
Bradfordia praeradiata 28 29
Bradfordia liomphala 29 29
Bradfordia involuta 29 29
Hyperlioceras (Hyperlioceras) 27 27
H. (Hyperlioceras) desori 27 27
H. (Hyperlioceras) discitiformis 27 27
H. (Hyperlioceras) walkeri 27 27
H. (Hyperlioceras) mundum 27 27
H. (Hyperlioceras) incisum 27 27
Hyperlioceras (Braunsina) 27 27
H. (Braunsina) fastigata 27 27
H. (Braunsina) elegantula 27 27
H. (Braunsina) inflata 27 27
H. (Braunsina) contorta 27 27
H. (Braunsina) juncta 27 27
H. (Braunsina) tenuistriata 27 27
Zurcheria 27 28
Zurcheria inscontans 27 27
Zurcheria ubaldi 27 28
Docidoceras (Docidoceras) 27 28
D. (Docidoceras) lievi 27 27
D. (Docidoceras) sp 28 28
Docidoceras (Trilobiticeras) 27 28
D. (Trilobiticeras) trilobitoides 27 27
D. (Trilobiticeras) sp 28 28
Fissilobiceras 28 28
Fissilobiceras ovalis 28 28
Fissilobiceras fissilobatum 28 28
Fissilobiceras gingense 28 28
Mollistephanus 28 28
Mollistephanus mollis 28 28
Mollistephanus hispaniensis 28 28
Frogdenites 28 28
Frogdenites spiniger 28 28
Frogdenites sp 1 28 28
Pelekodites 28 29
Pelekodites pelekus 28 28
Pelekodites lauxi 28 28
Pelekodites zurcheri 28 29
Pelekodites sulcatus 28 29
Hebetoxyites 28 29
Hebetoxyites clipeus 28 29
Hebetoxyites incongruens 28 29
Hebetoxyites mouterdei 28 29
Witchellia (Witchellia) 28 29
W. (Witchellia) connata 28 28
W. (Witchellia hyalina 28 28
W. (Witchellia) sayni 28 28
W. (Witchellia) rubra 28 29
W. (Witchellia) albida 28 29
W. (Witchellia) romanoides 28 29
W. (Witchellia) laeviuscula 28 28
Witchellia (Maceratites) 28 29
W. (Maceratites) aurifer 28 28
W. (Maceratites) moisyi 28 28
W. (Maceratites) spatians 28 28
W. (Maceratites) macer 28 29
Sonninia 28 29
Sonninia alsatica 28 28
Sonninia corrugata 28 29
Sonninia propinquans 28 29
Sonninia soberbyi 29 29
Sonninia patella 29 29
Sonninia felix 29 29
Sonninia jugifera 29 29
Kumatostephanus (Kumatostephanus) 28 29
K. (Kumatostephanus) perjucundus 29 29
K. (Kumatostephanus) kumaterus 29 29
K. (Kumatostephanus) paucicosta 29 29
Kumatostephanus (Gerzenites) 28 29
K. (Gerzenites) antiquus 28 29
K. (Gerzenites) rugosus 29 29
K. (Gerzenites) aff. kialagvikensis 29 29
Emileia (Emileia) 28 29
E. (Emileia) catamorpha 28 28
E. (Emileia) malenotata 28 28
E. (Emileia) contranens 28 29
E. (Emileia) bulligera 29 29
E. (Emileia) polyschides 29 29
E. (Emileia) vagabunda 29 29
E. (Emileia) greppini 29 29
Emileia (Otoites) 28 29

E. (Otoites) douvillei 28 28
E. (Otoites) contracta 28 29
E. (Otoites) fortis 28 29
E. (Otoites) pauper 28 29
E. (Otoites) tumulosa 29 29
Skirroceras (Skirroceras) 28 30
S. (Skirroceras) baylei 28 29
S. (Skirroceras) scolex 29 29
S. (Skirroceras) leptogirale 29 29
S. (Skirroceras) sp 1 29 29
S. (Skirroceras) macrum 29 30
S. (Skirroceras) dolichoecus 30 30
S. (Skirroceras) kirschneri 30 30
Skirroceras (Epalxites) 28 29
S. (Epalxites) anceps 29 30
S. (Epalxites)? latansatus 29 29
S. (Epalxites) sp 1 29 29
Labyrinthoceras 29 29
Labyrinthoceras intricatum 29 29
Labyrinthoceras meniscum 29 29
Labyrinthoceras manselli 29 29
Labyrinthoceras sp 1 29 29
Papilliceras 29 29
Papilliceras mesacanthum 29 29
Dorsetensia (Dorsetensia) 29 30
D. (Dorsetensia) hebridica 29 29
D. (Dorsetensia) liostraca 30 30
Dorsetensia (Nannina) 29 30
D. (Nannina) hannoverana 29 29
D. (Nannina) pinguis 29 29
D. (Nannina) westfalica 29 29
D. (Nannina) regrediens 30 30
Toxamblyites 29 30
Toxamblyites paviai 29 29
Toxamblyites densicostatus 29 29
Toxamblyites fasciculatus 30 30
Strigoceras (Cadomoceras) 29 33
S. (Cadomoceras) costellatum 29 29
S. (Cadomoceras) nepos 31 31
S. (Cadomoceras) cadomense 31 32
S. (Cadomoceras) sp 31 33
Strigoceras (Strigoceras) 29 33
S. (Strigoceras) comprexum 29 29
S. (Strigoceras) pseudostrigifer 29 30
S. (Strigoceras) paronai 30 31
S. (Strigoceras) truellei 31 33
Poecilomorphus (Poecilomorphus) 30 30
P. (Poecilomorphus) cycloides 30 30
Poecilomorphus (Micropoecilomorphus) 30 30
P. (Micropoecilomorphus) vicetinus 30 30
Stephanoceras (Stephanoceras) 30 30
S. (Stephanoceras) mutabile 30 30
S. (Stephanoceras) humphriesianum 30 30
S. (Stephanoceras) scalare 30 30
S. (Stephanoceras) pyritosum 30 30
S. (Stephanoceras) umbilicum 30 30
S. (Stephanoceras) zogenreuthense 30 30
S. (Stephanoceras) tlenceni 30 30
S. (Stephanoceras) bigoti 30 30
S. (Stephanoceras) tenuicostatum 30 30
S. (Stephanoceras) zieteni 30 30
Stephanoceras (Itinsaites) 30 30
S. (Itinsaites) goluvebi 30 30
S. (Itinsaites) gracilis 30 30
S. (Itinsaites) braikenridgii 30 30
S. (Itinsaites) flexus 30 30
S. (Itinsaites) masckei 30 30
S. (Itinsaites) vulgaricostatus 30 30
Stemmatoceras (Stemmatoceras) 30 30
St. (Stemmatoceras) gibbosus 30 30
St. (Stemmatoceras) frechi 30 30
Stemmatoceras (Germanites) 30 30
St. (Germanites) sp 30 30
Teloceras (Teloceras) 30 30
T. (Teloceras) coronatum 30 30
T. (Teloceras) triptolemus 30 30
Teloceras (Normannites) 30 30
T. (Normannites) orbigniyi 30 30
T. (Normannites) fortis 30 30
Chondroceras 30 31
Chondroceras evolvescens 30 30
Chondroceras defontii 30 30
Chondroceras grandiforme 30 30
Chondroceras gervillii 30 30
Chondroceras canovense 31 31
Chondroceras fasciculatum 31 31
Oppelia (Oppelia) 30 32
O. (Oppelia) subradiata 30 30
O. (Oppelia) subtilcostata 30 30
O. (Oppelia) waageni 30 30
O. (Oppelia) flexa 30 31
O. (Oppelia) sp 30 32
O. (Oppelia) goniophora 31 31
Sphaeroceras 30 32
Sphaeroceras brongniarti 30 31
Sphaeroceras wrigthi 31 31
Sphaeroceras auritum 32 32
Sphaeroceras tenuicostatum 32 32
Nannolytoceras 30 35
Nannolytoceras pigmaeum 30 33
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Nannolytoceras poliyhelictum 30 33
Nannolytoceras tripartitum 33 35
Oppelia (Oecotraustes) 30 35
O. (Oecotraustes) genicularis 30 31
O. (Oecotraustes) pulcher 31 31
O. (Oecotraustes) umbilicatum 31 31
O. (Oecotraustes) costiger 32 34
O. (Oecotraustes) bomfordi 33 34
O. (Oecotraustes) nodifer 33 34
O. (Oecotraustes) decipiens 33 35
O. (Oecotraustes) formosus 34 35
Cadomites (Polyplectites) 30 37
C. (Polyplectites) sp 30 37
C. (Polyplectites) psilacanthoides 31 31
C. (Polyplectites) zlatarskii 33 33
C. (Polyplectites) cornutus 34 35
C. (Polyplectites) rozyckii 34 35
C. (Polyplectites) linguiferum 37 37
Cadomites (Cadomites) 30 37
C. (Cadomites) sp 1 30 30
C. (Cadomites) humphriesiformis 31 31
C. (Cadomites) psilacanthus 31 31
C. (Cadomites) septicostatus 31 31
C. (Cadomites) lissajousi 31 31
C. (Cadomites) deslongchampsi 31 32
C. (Cadomites) orbignyi 31 35
C. (Cadomites) sturanii 32 32
C. (Cadomites) exstinctus 32 34
C. (Cadomites) daubenyi 33 33
C. (Cadomites) bremeri 36 37
C. (Cadomites) rectolobatus 36 37
Caumontisphinctes (Caumonstisphinctes) 31 31
C. (Caumontisphinctes) nodatus 31 31
C. (Caumontisphinctes) polygiralis 31 31
C. (Caumontisphinctes) sp 1 31 31
Caumonstisphinctes (Infraparkinsonia) 31 31
C. (Infraparkinsonia) phaulus 31 31
C. (Infraparkinsonia) debilis 31 31
Strenoceras 31 31
Strenoceras bajociense 31 31
Strenoceras bigoti 31 31
Orthogarantiana 31 31
Orthogarantiana haugi 31 31
Orthogaraantiana densicostata 31 31
Orthogarantiana inflata 31 31
Trimarginia 31 32
Trimarginia iberica 31 31
Trimarginia sp 31 32
Garantiana 31 32
Garantiana baculata 31 31
Garantiana garantiana 32 32
Spiroceras 31 32
Spiroceras cylindricumum 31 31
Spiroceras laevigatum 31 31
Spiroceras ricotensis 31 31
Spiroceras sauzeanum 31 31
Spiroceras orbignyi 31 32
Spiroceras annulatum 32 32
Leptosphinctes (Leptosphinctes) 31 32
L. (Leptosphinctes) coronarius 31 31
L. (Leptosphinctes) garnieri 31 31
L. (Leptosphinctes) leptus 31 31
L. (Leptosphinctes) ultimus 31 31
L. (Leptosphinctes) festonensis 31 31
L. (Leptosphinctes) perpicuus 31 31
L. (Leptosphinctes) davidsoni 31 32
L. (Leptosphinctes) sp 1 31 32
Leptosphinctes (Cleistosphinctes) 31 32
L. (Cleistosphinctes) cleistus 31 31
L. (Cleistosphinctes) obsoletus 31 31
L. (Cleistosphinctes) torquis 31 31
L. (Cleistosphinctes) interruptus 31 31
L. (Cleistosphinctes) sp 1 31 31
L.? (Cleistosphinctes)? sp 2 32 32
Bajocisphinctes 31 32
Bajocisphinctes bajociensis 31 32
Bigotites 31 33
Bigotites? aff. curvatus 31 31
Bigotites? aff. nicolescoi 31 32
Bigotites tuberculatus 33 33
Dimorphinites (Dimorphinites) 32 33
D. (Dimorphinites) sp 32 33
D. (Dimorphinites) centriglobus 33 33
D. (Dimorphinites) dimorphus 33 33
Dimorphinites (Vigoriceras) 32 33
D. (Vigoriceras) sp 32 32
D. (Vigoriceras) defrancei 33 33
Vermisphinctes (Vermisphinctes) 32 33
V. (Vermisphinctes) subdivisus 32 32
V. (Vermisphinctes) vermiformis 33 33
V. (Vermisphinctes) martinsi 33 33
Vermisphinctes (Prosisphinctes) 32 33
V. (Prosisphinctes) stomphus 32 32
V. (Prosisphinctes) meseres 32 33
V. (Prosisphinctes) gliphus 32 33
V. (Prosisphinctes) hoffmanni 33 33
Adabofoloceras 32 37
Adabofoloceras hagagense 32 37
Adabofoloceras abichi 33 35
Oxycerites 32 41

Oxycerites plicatellum 32 32
Oxycerites limosus 33 34
Oxycerites fallax 34 34
Oxycerites seebachi 34 35
Oxycerites yeovilensis 35 35
Oxycerites oxus 35 36
Oxycerites orbis 38 38
Oxicerites calloviensis 41 41
Parkinsonia 33 33
Parkinsonia rarecostata 33 33
Parkinsonia parkinsoni 33 33
Lobosphinctes (Lobosphinctes) 33 34
L. (Lobosphinctes) intersectus 33 34
Lobosphinctes (Planisphinctes) 33 34
L. (Planisphinctes) dorni 33 34
L. (Planisphinctes) planilobus 34 34
Paroecotraustes 33 38
Paroecotraustes sp 33 38
Oraniceras 34 34
Oraniceras gyrumbilicum 34 34
Oraniceras hamyanense 34 34
Gonolkites 34 34
Gonolkites convergens 34 34
Eohecticoceras 34 35
Eohecticoceras huguenini 34 34
Eohecticoceras primaeum 35 35
Morphoceras (Morphoceras) 34 35
M. (Morphoceras) dimorphitiforme 34 34
M. (Morphoceras) ellipticum 34 34
M. (Morphoceras) multiforme 34 34
M. (Morphoceras) parvum 34 34
M (Morphoceras) jactatum 34 34
M. (Morphoceras) thalmamni 34 34
M. (Morphoceras) egrediens 34 35
M. (Morphoceras) macrescens 34 35
M. (Morphoceras) patescens 34 35
Morphoceras (Ebrayiceras) 34 35
M. (Ebrayiceras) rursum 34 34
M. (Ebrayiceras) problematicum 34 34
M. (Ebrayiceras) sulcatum 34 35
Asphinctites 34 35
Asphinctites pinguis 34 34
Asphinctites replictum 34 35
Asphinctites) patrulii 35 35
Asphinctites transyvanicum 35 35
Asphinctites recinctum 35 35
Zigzagiceras (Zigzagiceras) 34 35
Z. (Zigzagiceras) sp 34 35
Z. (Zigzagiceras) lenthayensis 35 35
Zigzagiceras (Procerozigzag) 34 35
Z. (Procerozigzag) sp 34 35
Z. (Procerozigzag) crassizigzag 35 35
Z. (Procerozigzag) postpollubrum 35 35
Z. (Procerozigzag) garnieri 35 35
Z. (Procerozigzag) aff. Postpollubrum 35 35
Z. (Procerozigzag) sp 1 35 35
Z. (Procerozigzag) sp 2 35 35
Micromphalites 34 35
Micromphalites pustuliferus 35 35
Micromphalites sp. 34 35
Procerites (Semiradzkia) 34 37
P. (Siemiradzkia) lissajousi 34 34
P. (Siemiradzkia) phaulomorphus 34 35
P. (Siemiradzkia) procerus 35 35
P. (Siemiradzkia) demariae 37 37
P. (Siemiradzkia) gallus 37 37
P. (Siemiradzkia) verciacensis 37 37
P. (Siemiradzkia) sp 1 37 37
P. (Siemiradzkia) sp 2 37 37
P. (Siemiradzkia) sp 3 37 37
P. (Siemiradzkia) sp 4 37 37
Procerites (Procerites) 34 38
P. (Procerites) clausiprocerus 34 35
P. (Procerites) tmetolobus 34 35
P. (Procerites) subprocerus 35 35
P. (Procerites) laeviplex 35 35
P. (Procerites) progracilis 36 37
P. (Procerites) arkelli 37 37
P. (Procerites) lemonei 37 37
P. (Procerites) quercinus 37 37
P. (Procerites) subcongener 37 37
P. (Procerites) twinhoensis 37 37
P. (Procerites) sp 1 37 37
P. (Procerites) hodsoni 37 38
Polisphinctites 35 35
Polisphinctites sp 35 35
Tulites (Tulites) 36 36
T. (Tulites) subcontractus 36 36
T. (Tulites) mustela 36 36
T. (Tulites) rugifer 36 36
T (Tulites) sp 1 36 36
Tulites (Trolliceras) 36 36
T. (Trolliceras) sp 36 36
Wagnericeras 36 37
Wagnericeras eichbergensis 37 37
Wagnericeras arbustigerum 37 37
Wagnericeras fortecostatum 37 37
Wagnericeras pseudosubtilis 37 37
Wagnericeras supensum 37 37
Wagnericeras aff. suspensum 37 37

Wagnericeras wagneri 37 37
Wagnericeras sp 1 37 37
Wagnericeras sp 2 37 37
Bullatimorphites (Bullatimorphites) 36 37
B. (Bullatimorphites) sofanum 36 36
B. (Bullatimorphites) latecentratus 36 36
B. (Bullatimorphites) eszterense 36 37
B. (Bullatimorphites) bullatimorphus 37 37
B. (Bullatimorphites) costatus 37 37
B. (Bullatimorphites) perisphinctoides 37 37
B. (Bullatimorphites) ymir 37 37
B. (Bullatimorphites) sp 1 37 37
Bullatimorphites (Sphaeroptychius) 37 36
B. (Sphaeroptychius) sp 36 36
B. (Sphaeroptychius) marginatus 37 37
Prohecticoceras 36 38
Prohecticoceras mariorae 36 36
Prohecticoceras ochraceum 37 37
Prohecticoceras retrocostatum 38 38
Homoeophanulites (Homoeoplanulites) 36 41
H. (Homoeoplanulites) pseudoannularis 36 38
H. (Homoeoplanulites) buchbergensis 37 37
H. (Homoeoplanulites) sp 1 37 37
H. (Homoeoplanulites) homeomorphus 37 38
H. (Homoeoplanulites) mangoldi 37 38
H. (Homoeoplanulites) aequalis 38 38
H. (Homoeoplanulites) furculus 40 40
H. (Homoeoplanulites) demariae 40 40
H. (Homoeoplanulites) baluchistanensis 40 40
H. (Homoeoplanulites) leptus 40 40
H. (Homoeoplanulites) balinensis 40 41
Homoeoplanulites (Parachoffatia) 36 41
H. (Parachoffatia) evolutum 36 36
H. (Parachoffatia) arisphinctoides 37 37
H. (Parachoffatia) arkelli 38 38
H. (Parachoffatia) subbackeriae 38 41
H. (Parachoffatia) funatus 40 41
H. (Parachoffatia) sp cf. arisphinctoides 41 41
Choffatia (Subgrossouvria) 36 42
Ch. (Subgrossouvria) uriniacensis 36 36
Ch. (Subgrossouvria) sp 2 36 36
Ch. (Subgrossouvria) sp 1 36 36
Ch. (Subgrossouvria) rakotondramazawai 36 37
Ch. (Subgrossouvria) sp 1 36 37
Ch. (Subgrossouvria) cerealis 37 38
Ch. (Subgrossouvria) kranaiforme 38 38
Ch. (Subgrossouvria) sp ind. 40 42
Ch. (Subgrossouvria) aberrans1 41 41
Ch. (Subgrossouvria) aberrans 41 42
Ch. (Subgrossouvria) recuperoi 42 42
Ch. (Subgrossouvria) ornata 42 42
Alcidellus 37 37
Alcidellus tenuistriatus 37 37
Alcidellus subdiscus 37 37
Choffatia (Choffatia) 37 43
Ch. (Choffatia) precursor 37 37
Ch. (Choffatia) sp 1 37 37
Ch. (Choffatia) sp 2 37 38
Ch. (Choffatia) vicenti 38 38
Ch. (Choffatia) leptonata 40 40
Ch. (Choffatia) cesadarensis 40 40
Ch. (Choffatia) transitoria 41 41
Ch. (Choffatia) sakuntala 41 41
Ch. (Choffatia) dumortieri 41 41
Ch. (Choffatia) waageni 41 41
Ch. (Choffatia) cobra 41 41
Ch. (Choffatia) pannonica 41 41
Ch. (Choffatia) soorkensis 41 42
Ch. (Choffatia) prorsocostata 41 43
Ch. (Choffatia) perdagata 42 42
Choffatia (Grossouvria) 37 43
Ch. (Grossouvria) sp 37 43
Ch. (Grossouvria) torosa 38 38
Ch. (Grossouvria) gracilis 40 40
Ch. (Grossouvria) sciutoi 41 41
Ch. (Grossouvria) evexa 41 41
Ch. (Grossouvria) curvicosta 41 41
Ch. (Grossouvria) prahecquensis 41 41
Ch. (Grossouvria) evoluta 42 42
Keraiceras (Kheraiceras) 38 41
K. (Kheraiceras) hannoveranus 38 38
K. (Kheraiceras) bullatus 38 41
K. (Kheraiceras) prahecquense 40 41
Kerhaiceras (Bomburites) 38 41
K. (Bomburites) uhligi 38 38
K. (Bomburites) microstoma 40 40
Parapatoceras 40 40
Parapatoceras calloviensis 40 40
Parapatoceras distans 40 40
Macrocephalites (Macrocephalites) 40 41
M. (Macrocephalites) verus 40 40
M. (Macrocephalites) jacquoti 40 40
M. (Macrocephalites) sauvegeati 40 40
M. (Macrocephalites) macrocephalus 40 41
M. (Macrocephalites) compressus 41 41
M. (Macrocephalites) gracilis 41 41
Macrocephalites (Dolikephalites) 40 41
M. (Dolikephalites) dolius 40 40
M. (Dolikephalites) sp 40 41
Macrocephalites (Kamptokephalites) 40 41

M. (Kamptokephalites) sp 40 41
Indosphinctes (Elatmites) 40 41
I. (Elatmites) sp 1 40 41
Reineckeia (Tyrannites) 40 41
R. (Tyrannites) grossouvrei 40 40
R. (Tyrannites) pictava 41 41
R. (Tyrannites) convexa 41 41
R. (Tyrannites) franconica 41 41
R. (Tyrannites) tyranna 41 41
Iindosphinctes (Indosphinctes) 40 42
I. (Indosphinctes) brenoni 40 40
I. (Indosphinctes) patina 41 41
I. (Indosphinctes) choffati 41 41
I. (Indosphinctes) caroli 41 41
I. (Indosphinctes) pseudopatina 41 41
I. (Indosphinctes) lancharesi 41 41
I. (Indosphinctes) subpatina 41 41
I. (Indosphinctes) urbanus 41 41
I. (Indosphinctes) indicus 41 41
I. (Indosphinctes) linaresi 41 41
I. (Indosphinctes) roberti 42 42
Lissoceratoides 40 53
Lissoceratoides sp 1 40 42
Lissoceratoides erato 48 53
Paralcidia 41 41
Paralcidia sp 41 41
Hecticoceras (Chanasia) 41 41
H. (Chanasia) hartmanni 41 41
H. (Chanasia) buckmanni 41 41
H. (Chanasia) chanasiense 41 41
H. (Chanasia) navense 41 41
Hecticoceras (Zieteniceras) 41 41
Hecticoceras (Zieteniceras) kiliani 41 41
H. (Zieteniceras) pseudolunula 41 41
H. (Zieteniceras) striantulum 41 41
Hecticoceras (Hecticoceras) 41 42
H. (Hecticoceras) boginense 41 41
H. (Hecticoceras) proximum 41 41
H. (Hecticoceras) rectangulare 41 41
H. (Hecticoceras) posterium 42 42
Collotia 41 42
C. oxyptycha 41 41
C. aff. spathi 41 41
C. multicostata 42 42
Reineckeia (Reineckeia) 41 42
R. (Reineckeia) turgida 41 41
R. (Reineckeia) spinosa 41 41
R. (Reineckeia) platyrana 41 41
R. (Reineckeia) tyranniformis 41 41
R. (Reineckeia) lifolensis 41 42
R. (Reineckeia) stuebeli 41 42
R. (Reineckeia) pseudoatipodum 41 42
R. (Reineckeia) anceps 42 42
R. (Reineckeia) euactis 42 42
R. (Reineckeia) sudsteinmanni 42 42
Rehmannia (Rehmannia) 41 42
R. (Rehmannia) rehmanni 41 41
R. (Rehmannia) grossouvrei 41 41
R. (Rehmannia) laugieri 41 41
R. (Rehmannia) freii 41 41
R. (Rehmannia) wendti 41 41
R. (Rehmannia) sp 42 42
Hecticoceras (Jeanneticeras) 42 42
H. (Jeanneticeras) pleurospanium 42 42
H. (Jeanneticeras) giroudi 42 42
H. (Jeanneticeras) pauper 42 42
Rehmannia (Loczyceras) 42 42
R. (Loczyceras) sagestana 42 42
R. (Loczyceras) balusseaui 42 42
R. (Loczyceras) greppini 42 42
R. (Loczyceras) sp 1 42 42
Phlycticeras 42 42
Phlycticeras suevicum 42 42
Phlycticeras franconicum 42 42
Flabellia 43 43
Flabellia lineata 43 43
Erymnoceras 43 43
Erymnoceras baylei 43 43
Erymnoceras sp. 1 43 43
Erymnoceras coronatum 43 43
Orionoides 44 44
Orionoides cayeuxi 44 44
Orionoides sp. 44 44
Peltoceras 44 44
Peltoceras athleta 44 44
Peltoceras trifidum 44 44
Chamoussetia 44 44
Chamoussetia galdrynus 44 44
Neocampylites 45 46
Neocampylites sp 45 46
Peltomorphites 46 47
Peltomorphites subeugenii 46 46
Peltomorphites sp 46 47
Pseudogregoryceras 46 47
Pseudogregoryceras sp 1 46 47
Pseudogregoryceras itenis 47 47
Parawedekindia 46 47
Parawedekindia sp. 1 46 46
Parawedekindia sp. gr. gerberi sp 47 47
Euaspidoceras 46 51
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Euaspidoceras babeanum 46 49
Euaspidoceras ferrugineum 47 47
Euaspidoceras ovale 47 47
Euaspidoceras meriani 47 47
Euaspidoceras douvillei 48 49
Euaspidoceras vettersianum 48 49
Euaspidoceras acantheen 48 49
Euaspidoceras catena 48 49
Euaspidoceras paucituberculatum 48 50
Euaspidoceras perarmatum 49 49
Euaspidoceras oegir 49 50
Euaspidoceras costatum 49 50
Euaspidoceras sparsispinatum 49 51
Euaspidoceras wildenbergense 49 51
Euaspidoceras tenuispinatum 50 50
Euaspidoceras lenki 50 50
Euaspidoceras eucyphum 51 51
Euaspidoceras hypselum 51 51
Euaspidoceras variornatum 51 51
Rursiceras 47 47
Rursiceras sp 47 47
Peltoceratoides 47 47
Peltoceratoides sp 1 47 47
Peltomorphytes 47 47
Peltomorphytes sp. 1 47 47
Prososphinctes 47 48
Prososphinctes matheyi 47 47
Prososphinctes bourseaui 47 47
Prososphinctes claramontanum 48 48
Perisphinctes (Properisphinctes) 47 48
Perisphinctes (Properisphinctes) bernensis 47 48
Creniceras 47 56
Creniceras renggeri 47 47
Creniceras dentatum 56 56
Sowerbyceras 47 60
Sowerbyceras tortisulcatum. 47 54
Sowerbyceras silenum 50 57
Sowerbyceras loryi 53 60
Sowerbyceras pseudosilenum. 57 60
Perisphinctes (Otosphinctes) 48 49
P. (Otosphinctes) spathi 48 48
P. (Otosphinctes) pulvinus 48 49
P. (Otosphinctes) vermicularis 48 49
P. (Otosphinctes) sorliensis 49 49
Perisphinctes (Kranaosphinctes) 48 49
P. (Kranaosphinctes) sp. 48 49
Pachyceras (Tornquistes) 48 49
P. (Tornquistes) kobyi 48 48
P. (Tornquistes) romani 48 48
P. (Tornquistes) liesbergensis 48 48
P. (Tornquistes) sp. 1 48 49
Perisphinctes (Arisphinctes) 48 50
P. (Arisphinctes) cotovui 48 48
P. (Arisphinctes) plicatilis 48 49
P. (Arisphinctes) maximum 49 49
P. (Arisphinctes) helenai 49 50
Taramelliceras (Proscaphites) 48 50
T. (Proscaphites) anar 48 49
T. (Proscaphites) gessneri 50 50
Paraspidoceras 48 50
Paraspidoceras helymense 48 49
Paraspidoceras choffati 49 50
Perisphinctes (Dichotomosphinctes) 48 51
P. (Dichotomosphinctes) antecedens 48 48
P. (Dichotomosphinctes) rotoides 48 48
P. (Dichotomosphinctes) episcopalis 48 48
P. (Dichotomosphinctes) buckmani 48 48
P. (Dichotomosphinctes) luciaeformis 48 49
P. (Dichotomosphinctes) dobrogensis 49 49
P. (Dichotomosphinctes) maltonensis 49 49
P. (Dichotomosphinctes) wartae 49 50
P. (Dichotomosphinctes) elisabethae 49 50
P. (Dichotomosphinctes) ultimus 51 51
Passendorferia (Enayites) 48 52
P. (Enayites) birmensdorfensis 48 50
P. (Enayites) sp 1 50 51
P. (Enayites) gygii 51 52
P. (Enayites) rozaki 51 52
P. (Enayites) arancensis 52 52
P. (Enayites) wierzbowskii 52 52
Taramelliceras (Taramelliceras) 48 60
T. (Taramelliceras) callicerum 48 50
T. (Taramelliceras) psedotrachinotum 49 49
T. (Taramelliceras) sarasini 49 51
T. (Taramelliceras) costatum 49 52
T. (Taramelliceras) pichleri 51 51
T. (Taramelliceras) lochense 51 51
T. (Taramelliceras) hauffianum 51 51
T. (Taramelliceras) broilii 52 52
T. (Taramelliceras) trachinotum 54 55
T. (Taramelliceras) subcallicarum 54 56
T. (Taramelliceras) platyconcha 55 55
T. (Taramelliceras) compsum 55 56
T. (Taramelliceras) psedoflexuosum 55 56
T. (Taramelliceras) pugile pugiloides 55 56
T. (Taramelliceras) mikoi 55 57
T. (Taramelliceras) franciscanum 56 59
T. (Taramelliceras) rebouletianum 57 57
T. (Taramelliceras) pugile pugile 57 58
T. (Taramelliceras) (?) prolitographicum 58 59

T. (Taramelliceras) schwageri 59 59
T. (Taramelliceras) aesopicum 59 60
Larcheria 49 49
Larcheria larcheri 49 49
Larcheria sp. 1 49 49
Perisphinctes (Perisphinctes) 49 50
P. (Perisphinctes) panthieri 49 50
P. (Perisphinctes) parandieri 49 50
P. (Perisphinctes) cuneicostatus 49 50
Perisphinctes (Dichotomoceras) 49 50
P. (Dichotomoceras) bifurcatus 50 50
P. (Dichotomoceras) bifurcatoides 50 50
P. (Dichotomoceras) stenocycloides 50 50
P. (Dichotomoceras) grossouvrei 50 50
P. (Dichotomoceras) crassus 50 50
P. (Dichotomoceras) falculae 50 50
Gregoryceras 49 50
Gregoryceras transversarium 49 49
Gregoryceras romani 49 50
Gregoryceras riazi 49 50
Gregoryceras fouquei 49 50
Struebinia 49 50
Struebinia edwardsianum 49 50
Struebinia struebini 49 50
Struebinia sp 1 49 50
Sequeirosia 49 50
Sequeirosia trichoplocus 49 50
Sequeirosia brochwiczi 50 50
Trimarginites 49 51
Trimarginites henrici 49 49
Trimarginites stenorhynchum 49 50
Trimarginites arolicum 50 50
Trimarginites trimarginatus 50 51
Neaspidoceras 49 51
Neaspidoceras tenuispinatum 49 51
Neaspidoceras tietzei 50 51
Neaspidoceras rudiscense 51 51
Microbiplices 49 51
Microbiplices sp. 49 51
Mirosphinctes 49 52
Mirosphinctes bukowskii 49 50
Mirosphinctes niedzwiedzkii 50 50
Mirosphinctes myczynskii 51 52
Subdiscosphinctes 49 52
Subdiscosphinctes richei 49 49
Subdiscosphinctes aeneas 49 49
Subdiscosphinctes mindowe 50 51
Subdiscosphinctes dybowskii 50 51
Subdiscosphinctes freibergi 51 52
Subdiscosphinctes castroi 51 52
Subdiscosphinctes sutneri 52 52
Glochiceras (Coryceras) 49 52
G. (Coryceras) crenatum 49 49
G. (Coryceras) modestiforme 50 52
G. (Coryceras) microdomum 51 52
G. (Coryceras) canale 51 52
G. (Coryceras) micronodosum 51 52
Glochiceras (Glochiceras) 49 59
G. (Glochiceras) tectum 49 49
G. (Glochiceras) subclausum 49 49
G. (Glochiceras) nimbatum 49 54
G. (Glochiceras) sp 55 59
Ochetoceras 49 59
Ochetoceras hispidum 49 50
Ochetoceras canaliculatum 49 50
Ochetoceras marantianum 51 51
Ochetoceras cristatum 51 52
Ochetoceras canaliferum 56 59
Passendorferia (Passendorferia) 50 50
P. (Passendorferia) teresiformis 50 50
P. (Passendorferia) torcalense 50 50
P. (Passendorferia) ziegleri 50 50
P. (Passendorferia) uptonioides 50 50
Clambites 50 51
Clambites schwabi 50 51
Clambites clambus 51 51
Clambites aequicostatum 51 51
Orthosphinctes (Pseudorthosphinctes) 50 51
Orthosphinctes (Pseudorthosphinctes) sp 50 51
Cubaspidoceras 50 51
Cubaspidoceras sp 1 50 51
Extranodites 50 52
Extranodites mandatum 50 50
Extranodites magdalenae 51 51
Extranodites sp. 52 52
Taramelliceras (Strebliticeras) 50 52
T. (Strebliticeras) externonodosum 50 52
T. (Strebliticeras) tegularum 51 52
Orthosphinctes (Orthosphinctes) 50 55
O. (Orthosphinctes) tiziani 50 51
O. (Orthosphinctes) fontannesi 50 51
O. (Orthosphinctes) colubrinus 51 51
O. (Orthosphinctes) gredingensis 51 51
O. (Orthosphinctes) delgadoi 51 51
O. (Orthosphinctes) mogosensis 51 52
O. (Orthosphinctes) polygyratus 51 55
O. (Orthosphinctes) lucingensis 52 52
O. (Orthosphinctes) tizianiformis 52 54
O. (Orthosphinctes) pseodopolyplacoides 53 53
O. (Orthosphinctes) freybergei 53 54

O. (Orthosphinctes) torresensis 54 54
O. (Orthosphinctes) subdolus 55 55
Geyssantia 51 51
Geyssantia sp 51 51
Epipeltoceras 51 51
Epipeltoceras semimammatum 51 51
Epipeltoceras bimammatum 51 51
Epipeltoceras semiarmatum 51 51
Epipeltoceras circumcostatum 51 51
Epipeltoceras berrense 51 51
Epipeltoceras teptense 51 51
Epipeltoceras stromeri 51 51
Epaspidoceras 51 53
Epaspidoceras corona 51 51
Epaspidoceras rupellense 51 51
Epaspidoceras dornasense 51 52
Epaspidoceras mamillanum 51 53
Barthelia 51 53
Bartelia subbetica 51 53
Physodoceras 51 54
Physodoceras wolfi 51 54
Physodoceras altenense 52 54
Taramelliceras (Metahaploceras) 51 56
T. (Metahaploceras) litocerum 51 52
T. (Metahaploceras) wenzeli 51 52
T. (Metahaploceras) pseudowenzeli 52 52
T. (Metahaploceras) kobyi 52 53
T. (Metahaploceras) falcula 52 53
T. (Metahaploceras) subnereus 53 53
T. (Metahaploceras) crassatus 53 53
T. (Metahaploceras) rigidum 53 53
T. (Metahaploceras) strombecki 53 54
T. (Metahaploceras) nodosiusculum 54 54
T. (Metahaploceras) sp A 55 56
Sutneria 51 58
Sutneria galar 51 53
Sutneria thieli 52 53
Sutneria platynota 53 53
Sutneria cyclodorsata 54 55
Sutneria batalleri 54 55
Sutneria eumela 57 58
Sutneria rebholzi 58 58
Pseudowaagenia 51 58
Pseudowaagenia micropla 51 56
Pseudowaagenia dietli 56 56
Pseudowaagenia haynaldi 56 58
Pseudowaagenia acanthomphala 58 58
Aspidoceras 51 69
Aspidoceras binodum 51 56
Aspidoceras sesquinodosum 51 59
Aspidoceras linaresi 54 55
Aspidoceras uninodosum 55 56
Aspidoceras longispinum 55 59
Aspidoceras hystricosum 57 59
Aspidoceras apenninicum 57 59
Aspidoceras rafaeli 59 64
Aspidoceras rogoznicense 59 69
Aspidoceras taverai 68 68
Subnebrodites 52 52
Subnebrodites planula 52 52
Subnebrodites laxevolutum 52 52
Subnebrodites proteron 52 52
Subnebrodites minutum 52 52
Subnebrodites schröederi 52 52
Subnebrodites sp A 52 52
Benetticeras 52 53
Benetticeras benetti 52 53
Streblites 52 59
Streblites tenuilobatus 52 55
Streblites weinlandi 55 55
Streblites frotho 52 52
Streblites tegulatus 54 54
Streblites folgaricus 58 59
Glochiceras (Lingulaticeras) 52 68
G. (Lingulaticeras) nudatum 52 54
G. (Lingulaticeras) lingulatum 53 55
G. (Lingulaticeras) fialar 55 56
G. (Lingulaticeras) crenosum 55 59
G. (Lingulaticeras) procurvum 58 58
G. (Lingulaticeras) falcotuberosum 58 58
G. (Lingulaticeras) tuberculatum 58 59
G. (Lingulaticeras) pseudocaractheis 59 59
G. (Lingulaticeras) modestum 59 59
G. (Lingulaticeras) carachteis 61 68
Ataxioceras (Schneidia) 53 54
A. (Schneidia) elmii 53 53
A. (Schneidia) lussacense 53 53
A. (Schneidia) guilherandense 53 53
A. (Schneidia) sp 53 54
Benacoceras 53 54
Benacoceras heteroplocus 53 53
Benacoceras sp 1 54 54
Lessiniceras 53 55
Lessiniceras ptychoides 53 55
Lessiniceras raschii 54 54
Presimoceras 53 55
Presimoceras hossingense 53 53
Presimoceras teres 53 54
Presimoceras nudulatum 54 54
Presimoceras herbichi 55 55

Presimoceras ludovicii 55 55
Presimoceras planulascinctus 55 55
Ataxioceras (Ataxioceras) 53 55
A. (Ataxioceras) sp 53 55
Progeronia 53 55
Progeronia progeron 53 54
Progeronia unı́compta 55 55
Progeronia breviceps 55 55
Orthosphinctes (Ardescia) 53 55
O. (Ardescia) proinconditus 53 53
O. (Ardescia) desmoides 53 53
O. (Ardescia) thieuloyi 53 53
O. (Ardescia) achaireri 53 53
O. (Ardescia) enayi 53 53
O. (Ardescia) dobelmasi 53 53
O. (Ardescia) inconditus 54 55
O. (Ardescia) parayensis 55 55
Orthosphinctes (Lithacosphinctes) 53 55
O. (Lithacosphinctes) pseudoachiles 53 52
O. (Lithacosphinctes) subachiles 53 53
O. (Lithacosphinctes) stromeri 53 53
O. (Lithacosphinctes) evolutum 53 55
O. (Lithacosphinctes) ernesti 53 55
Nebrodites (Nebrodites) 53 56
N. (Nebrodites) malletianus 53 55
N. (Nebrodites) macerrimus 53 55
N. (Nebrodites) sp 1 54 54
N. (Nebrodites) agrigentinus 54 55
N. (Nebrodites) hospes 54 55
N. (Nebrodites) planicyclum 54 56
N. (Nebrodites) caffisii 54 56
N. (Nebrodites) minor 55 55
N. (Nebrodites) heimi 55 55
N. (Nebrodites) grecoi 55 55
N. (Nebrodites) doublieri 55 55
N. (Nebrodites) ferrarii 55 55
N. (Nebrodites) rhodanensis 55 55
N. (Nebrodites) favareense 55 56
N. (Nebrodites) peltoideus 55 56
Idoceras 53 56
Idoceras sautieri 53 55
Idoceras balderum 55 55
Idoceras sp. 1 55 55
Idoceras hararinum 55 56
Trenerites 54 54
Trenerites sp 54 54
Eurynoticeras 54 54
Eurynoticeras paparellii 54 54
Ataxioceras (Parataxioceras) 54 54
A. (Parataxioceras) hippolytense 54 54
A. (Parataxioceras) lothari 54 54
A. (Parataxioceras) evolutum 54 54
Simosphinctes (Ceratosphinctes) 54 55
S. (Ceratosphinctes) sp. 1 54 55
S. (Ceratosphinctes) rachystrophus 55 55
Metastreblites 54 55
Metastreblites ellipticus 54 54
Metastreblites praesemiformis 54 55
Katroliceras 54 55
Katroliceras serraopima 54 55
Katroliceras geyeri 55 55
Katroliceras atavum 55 55
Garnierisphinctes 55 55
Garnierisphinctes championneti 55 55
Garnierisphinctes semigarnieri 55 55
Badenia 55 55
Badenia sp 55 55
Crussoliceras 55 56
Crussoliceras divisum 55 55
Crussoliceras acer 55 55
Crussoliceras almolaense 55 55
Crussoliceras geyeri 55 55
Crussoliceras postdivisum 55 56
Orthaspidoceras 55 56
Orthaspidoceras uhlandi 55 55
Orthaspidoceras ziegleri 55 56
Orthaspidoceras garibaldii 55 56
Simaspidoceras 55 56
Simaspidoceras bucki 55 56
Simaspidoceras sp. 55 56
Discosphinctoides (Discosphinctoides) 55 58
D. (Discosphinctoides) capillaceus 55 55
D. (Discosphinctoides) roubyanus 55 57
D. (Discosphinctoides) praenuntius 55 58
D. (Discosphinctoides) stenocyclus 57 57
D. (Discosphinctoides) delcampanai 57 58
Biplisphinctes 56 59
Biplisphinctes cimbricus 56 58
Biplisphinctes spathi 56 58
Biplisphinctes uracensis 58 58
Biplisphinctes isolatus 58 59
Biplisphinctes tithoni 59 59
Pachysphinctes 56 63
Pachysphinctes sp 1 56 59
Pachysphinctes adelus 58 58
Pachysphinctes marellei 58 58
Pachysphinctes bathyplocus 58 59
Pachysphinctes robustum 61 61
Pachysphinctes symetricus 61 63
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Schaireria 56 69
Schaireria neumayri 56 61
Schaireria pipini 58 61
Schaireria avellana 59 61
Schaireria neoburgensis 59 61
Schaireria longaeva 68 69
Nebrodites (Mesosimoceras) 57 57
N. (Mesosimoceras) cavouri 57 57
N. (Mesosimoceras) risgoviensis 57 57
N. (Mesosimoceras) sp. 1 57 57
Haploceras (Hemihaploceras) 57 59
H. (Hemihaploceras) nobile 57 59
Subplanites 57 59
Subplanites siliceous 57 57
Subplanites praenuntians 57 58
Subplanites malargensis 58 58
Subplanites elegans 58 58
Subplanites subulmense 58 59
Subplanites rueppellanus 58 59
Subplanites rigidus 59 59
Haploceras (Zitteliceras) 58 58
H. (Zitteliceras) schwageri 58 58
Virgalithacoceras 58 59
Virgalithacoceras copei 58 58
Virgalithacoceras tantalus 58 58
Virgalithacoceras riedense 58 59
Virgalithacoceras rolli 59 59
Hybonoticeras (Hybonoticeras) 58 59
H. (Hybonoticeras) harpephorum 58 58
H. (Hybonoticeras) pressulum 58 58
H. (Hybonoticeras) ciliatum 58 58
H. (Hybonoticeras) knopi 58 58
H. (Hybonoticeras) beckeri 58 58
H. (Hybonoticeras) hybonotum 59 59
H. (Hybonoticeras) robustum 59 59
H. (Hybonoticeras) peltoceratoides 59 59
H. (Hybonoticeras) autharis 59 59
H. (Hybonoticeras) exuberatum 59 59
H. (Hybonoticeras) hildebrandti 59 59
H. (Hybonoticeras) pseudohybonotum 59 59
Hybonoticeras (Hybonotella) 58 59
H. (Hybonotella) attenuatum 58 58
H. (Hybonotella) modulum 58 59
H. (Hybonotella) striatulum 58 59
Torquatisphinctes 58 61
Torquatisphinctes transiens 58 58
Torquatisphinctes symonensis 58 58
Torquatisphinctes filiplex 58 58
Torquatisphinctes pseudosubkatrolense 58 58
Torquatisphinctes neuburgensis 58 58
Torquatisphinctes modestus 58 58
Torquatisphinctes laxus 58 59
Torquatisphinctes primus 60 60
Torquatisphinctes regularis 61 61
Lithacoceras 58 62
Lithococeras subulmense 58 59
Lithacoceras ulmensoides 58 59
Lithacoceras ulmense 59 59
Lithacoceras hahni 59 59
Lithacoceras chalmasi 61 62
Substreblites 58 64
Substreblites zonarius 58 59
Substreblites sp 1 59 64
Hildoglochiceras 59 59
Hildoglochiceras sp 59 59
Hybonoticeras (Hybopeltoceras) 59 59
H. (Hybopeltoceras) linaresi 59 59
Glochiceras (Paralingulaticeras) 59 59
G. (Paralingulaticeras) nodosum 59 59
G. (Paralingulaticeras) lithographicum 59 59
G. (Paralingulaticeras) parcevali 59 59
Taramelliceras (Fontannesiella) 59 60
T. (Fontannesiella) disceptanda 59 59
T. (Fontannesiella) valentina 59 60
Taramelliceras (Parastreblites) 59 60
T. (Parastreblites) sp. 59 60
T. (Parastreblites) circumnodosum 59 60
T. (Parastreblites) waageni 60 60
Heterokeratinites 59 60
Heterokeratinites sp 59 60
Subplanitoides 59 63
Subplanitoides hoelderi 59 59
Subplanitoides schwertschageri 60 60
Subplanitoides apenninicum 60 60
Subplanitoides oppeli 60 60
Subplanitoides mediterraneus 61 61
Subplanitoides contiguus 61 61
Subplanitoides spinelense 61 61
Subplanitoides gevreyi 61 61
Subplanitoides zeissi 61 61
Subplanitoides radiatus 61 62
Subplanitoides sp 61 63

Subplanitoides pouzinensis 63 63
Pseudolissoceras 59 63
Pseudolissoceras rasile 59 60
Pseudolissoceras sp 1 60 60
Pseudolissoceras planiusculum 60 63
Pseudolissoceras bavaricum 61 61
Pseudolissoceras zitteli 63 63
Discosphinctoides (Pseudodiscosphinctes) 59 63
D. (Pseudodiscosphinctes) ardescicus 59 59
D. (Pseudodiscosphinctes) geron 60 61
D. (Pseudodiscosphinctes) rhodaniforme 61 61
D. (Pseudodiscosphinctes) fortesi 63 63
D. (Pseudodiscosphinctes) sp. 1 63 63
Neochetoceras 59 64
Neochetoceras steraspis 59 63
Neochetoceras mucronatum 60 60
Neochetoceras pseudodarwini 60 60
Neochetoceras griesbachiforme 63 64
Semiformiceras 59 64
Semiformiceras gemmellaroi 59 64
Semiformiceras semiforme 61 61
Semiformiceras fallauxi 62 63
Semiformiceras birkenmajeri 63 63
Semiformiceras darwini 63 63
Parapallasiceras 59 65
Parapallasiceras pseudocontiguus 59 63
Parapallasiceras pseudocolubrinoides 60 60
Parapallasiceras euscultum 60 60
Parapallasiceras toucasi 60 60
Parapallasiceras katroliforme 60 61
Parapallasiceras sp 1 61 61
Parapallasiceras praecox 61 64
Parapallasiceras recticostatum 64 64
Parapallasiceras bifurcus 64 64
Parapallasiceras sinus 64 64
Parapallasiceras gaenensis 65 65
Protetragonites 59 69
Protetragonites quadrisulcatum 59 69
Haploceras (Haploceras) 59 69
H. (Haploceras) subelimatum 59 59
H. (Haploceras) elimatum 59 69
H. (Haploceras) staszycii 59 69
H. (Haploceras) crassiferum 60 61
H. (Haploceras) tithonius 60 65
H. (Haploceras) woehleri 63 63
Haploceras (Hypolissoeras) 59 69
H. (Hypolissoeras) carachtheis 59 69
H. (Hypolissoceras) verruciferum 61 61
H. (Hypolissoceras) temephorum 61 61
H. (Hypolissoceras) rhitonomum 63 64
H. (Hypolissoceras) cristifer 64 65
H. (Hypolissoceras) leiosoma 65 69
Dorsoplanitoides (Ammerfeldia) 60 60
D. (Ammerfeldia) sp 60 60
Parakeratinites 60 61
Parkeratinites rohrbachensis 60 60
Parakeratinites communis 60 60
Parakeratinites sp A 60 61
Franconites 60 61
Franconites magnus 60 60
Franconites pectinatiformis 60 60
Franconites tenuiplicatus 60 60
Franconites pseudojubatus 60 61
Pseudokatroliceras 60 62
Pseudokatroliceras sp A 60 62
Virgatosimoceras 60 62
Virgatosimoceras albertinum 60 60
Virgatosimoceras micrum 60 60
Virgatosimoceras uniformis 60 60
Virgatosimoceras achiardii 60 60
Virgatosimoceras routhpletzi 61 61
Virgatosimoceras sp 1 61 62
Sublithacoceras 60 64
Sublithacoceras sphinctum 60 64
Sublithacoceras sp 1 62 62
Subdichotomoceras 60 65
Subdichotomoceras pseudocolubrinus 60 65
Subdichotomoceras gaginsarense 61 62
Subdichotomoceras sp 1 61 62
Simocosmoceras 61 61
Simocosmoceras adversum 61 61
Usseliceras 61 61
Usseliceras parvinodosum 61 61
Dorsoplanitoides (Dorsoplanitoides) 61 61
Dorsoplanitoides triplicatus 61 61
Dorsoplanitoides pseudomirabilis 61 61
Dorsoplanitoides acer 61 61
Richterella 61 62
Richterella sp 1 61 62
Richterella richteri 62 62
Richterella striata 62 62
Richterella intermedia 62 62

Paraberriasella 61 62
Paraberriasella proverta 61 62
Paraberriasella flexuosa 61 62
Paraberriasella tenuistriata 61 62
Simoceras (Simoceras) 61 64
S. (Simoceras) aisinense 61 61
S. (Simoceras) schwertschlageri 61 64
S. (Simoceras) admirandum 63 63
S. (Simoceras) volamense 64 64
S. (Simoceras) magnus 64 64
‘‘Danubisphinctes’’ 61 65
‘‘Danubisphinctes’’ bartheli 61 61
‘‘Danubisphinctes’’ palatinum 61 61
‘‘Danubisphinctes’’ palmae 61 61
‘‘Danubisphinctes’’ subdanubiensis 61 61
‘‘Danubisphinctes’’ sp 61 61
‘‘Danubisphinctes’’ pseudoserpens 65 65
Lemencia 61 65
Lemencia mazenoti 61 61
Lemencia nitida 61 64
Lemencia parvula 63 63
Lemencia pergrata 63 64
Lemencia patula 63 64
Lemencia pseudociliata 63 64
Lemencia strangulata 63 64
Lemencia prava 64 64
Lemencia pseudopergrata 64 64
Lemencia interposita 64 64
Lemencia parvicostata 64 64
Lemencia sp 2 64 64
Lemencia sp 1 65 65
Pseudohimalayites 62 62
Pseudohimalayites steinmanni 62 62
Simoceras (Lytogyroceras) 62 64
S. (Lytogyoceras) subbeticum 62 64
S. (Lytogyroceras) volanensoides 63 63
S. (Lytogyroceras) strictus 64 64
Aulacosphinctes 62 66
Aulacosphinctes rectefurcatus 62 64
Aulacosphinctes trifidus 64 64
Aulacosphinctes quadri 64 64
Aulacosphinctes berriaselliformis 64 64
Aulacosphinctes moerickeanus 64 65
Aulacosphinctes parvulus 64 66
Aulacosphinctes venustus 65 65
Aulacosphinctes sulcatus 65 66
Aulacosphinctes hollandi 66 66
Aulacosphinctes macer 66 66
Simoceras (Simolytoceras) 63 64
S. (Simolytoceras) biruncinatum 63 63
S. (Simolytoceras) andaluciense 64 64
Burckhardticeras 64 64
Burckhardticeras peroni 64 64
Burckhardticeras ponti 64 64
Burckhardticeras armonicus 64 4
Cordubiceras 64 65
Cordubiceras nexus 64 64
Cordubiceras maius 64 65
Cordubiceras geminatum 65 65
Cordubiceras busnardoi 65 65
Cordubiceras cordubae 65 65
Cordubiceras principale 65 65
Djurjuriceras 64 66
Djurjuriceras annularius 64 64
Djurjuriceras mediterraneum 65 65
Djurjuriceras sinuosum 65 65
Djurjuriceras mutari 65 66
Toucasiella 65 65
Toucasiella gerardi 65 65
Hemisimoceras 65 65
Hemisimoceras sp 1 65 65
Simplisphinctes 65 65
Simplisphinctes evolutus 65 65
Simplisphinctes sandovali 65 65
Simplisphinctes rivasi 65 65
Simplisphinctes alcobitense 65 65
Simplisphinctes adnormis 65 65
Simplisphinctes piriformis 65 65
Oloriziceras 65 66
Oloriziceras ellipticum 65 65
Oloriziceras discoidale 65 65
Oloriziceras schneidi 65 65
Oloriziceras checai 65 65
Oloriziceras magnum 65 65
Oloriziceras faucium 65 65
Oloriziceras densecostatus 65 65
Oloriziceras sp 1 65 65
Oloriziceras salarensis 65 66
Oloriziceras crassus 66 66
Tithopeltoceras 65 66
Tithopeltoceras arkelli 65 65
Tithopeltoceras haranensis 65 65

Tithopeltoceras parakasbensis 66 66
Tithopeltoceras primum 66 66
Simospiticeras 65 66
Simospiticeras lojense 65 66
Simospiticeras cristatum 66 66
Micracanthoceras (Micracanthoceras) 65 66
M. (Micracanthoceras) microcanthum 65 66
M. (Micracanthoceras) brightoni 66 66
Micracanthoceras (Corongoceras) 65 68
M. (Corongoceras) lotenoense 65 65
M. (Corongoceras) minor 65 65
M. (Corongoceras) mendozanum 65 65
M. (Corongoceras) flexuosum 65 65
M. (Corongoceras) ornatum 65 65
M. (Corongoceras) leanzai 65 65
M. (Corongoceras) radians 65 66
M. (Corongoceras) rhodanicum 65 66
M. (Corongoceras) symbolum 65 66
M. (Corongoceras) hispanicum 66 66
M. (Corongoceras) hexagonus 66 67
M. (Corongoceras) köllikeri 68 68
Cyrtosiceras 65 68
Cyrtosiceras macrotelum 65 68
Himalayites 66 66
Himalayites coroniformis 66 66
Himalayites cortazari 66 66
Himalayites linaresi 66 66
Pseudosimplisphinctes 66 66
Pseudosimplisphinctes bragai 66 66
Pseudosimplisphinctes jimenezi 66 66
Moravisphinctes 66 66
Moravisphinctes moravicus 66 66
Moravisphinctes flexuosus 66 66
Moravisphinctes fischeri 66 66
Moravisphinctes latus 66 66
Moravisphinctes tenuis 66 66
Moravisphinctes sp 1 66 66
Zittelia 66 66
Zittelia collignoni 66 66
Zittelia eudichotoma 66 66
Zittelia linoptycha 66 66
Zittelia algeriana 66 66
Zittelia krantzi 66 66
Andalusphinctes 66 66
Andalusphinctes sapunovi 66 66
Andalusphinctes lemenciformis 66 66
Andalusphinctes fontannnesi 66 66
Andalusphinctes rigidus 66 66
Paraulacosphinctes 66 67
Paraulacosphinctes transitorius 66 66
Paraulacosphinctes archivelensis 66 66
Paraulacosphinctes algarensis 66 66
Paraulacosphinctes elegans 66 66
Paraulacosphinctes zakharovi 66 66
Paraulacosphinctes schindewolfi 66 66
Paraulacosphinctes inflatus 66 66
Paraulacosphinctes tuberculatus 66 66
Paraulacosphinctes exiguus 66 66
Paraulacosphinctes comprexus 66 66
Paraulacosphinctes validus 66 66
Paraulacosphinctes senoides 66 67
Paraulacosphinctes senex 66 67
Paraulacosphinctes complanatus 66 67
Protacanthodiscus 66 68
Protacanthodiscus coronatus 66 67
Protacanthodiscus andreai 67 67
Protacanthodiscus darwini 67 67
Protacanthodiscus nodosus 67 67
Protacanthodiscus sp 1 67 67
Protacanthodiscus heterocosmus 67 68
Substeuroceras 67 67
Substeuroceras sp 1 67 67
Kossmatia 67 67
Kossmatia sp 1 67 67
Neoperisphinctes 67 67
Neoperisphinctes falloti 67 67
Neoperisphinctes nexus 67 67
Durangites 67 68
Durangites acanthicus 67 67
Durangites vulgaris 67 67
Durangites singularis 67 67
Durangites apertus 67 67
Durangites gigantis 67 67
Durangites humboldti 67 67
Durangites heilprini 67 67
Durangites malladae 67 67
Durangites astillensis 67 67
Durangites sutneroides 67 68
B. (Berriasella) 67 69
B. (Berriasella) tithónica 67 69
B. (Pseudosubplanites) 67 69
B. (Pseudosubplanites) lorioli 67 68


